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wangiderable tise hes been speut in & study of the Lagroc: Fleld
Reservuly in urder to determine the probable results from s secondary oil
refovelrh progian.  AD englnsering conmittee was fourmed of the Caprock Field
Gpersiory sl o coucsried effort vas rads, primerily by the Cooperstive
Froducin, -ssocistion, to organize a fieldwide application of » secondary
recovery urugras. (Conerete svidence vss presented by all coampsnies that some
type f sremdary recovery motbod wes fsusible spd would probebly increase
the —oouny o recoverable 0il. The dats presented, hovever, did not con-
clas:voly 50w the definite type of injection medium that would be aygplieable
for the field, T0 inject water ints the (aprock pay vas not coneidered eco-
pomical doe to the scarcity of any known surface or subsurface water in the

Tiw vae of u88 wes ot sedvieable in that there was insufficient wol-

x

#vaiicbie with whiek o sttespt & sccondary recovery or repressuring
{ses Tubulsticn 1). The oaly logical solution o the problen vos

LA
*

T»;i

g
injection of alr, btut dus W experimestal oature of this method of &wetwn,
BgPEsent :.fﬁZ}@, the various operstors could not be resched,

“orking on the supposilion that o secondary recovery method vas
abgcicteiy useentisl for the fulure Lif'e of the field snd widh full resli-
gation thal oov ig the times o commence guch & progrea before all the aveili-
able repsrvolr energy is depleted. the Cooperative Producing Association de-~
cided to Murrulate plane for aa experisentel air injection progrsm. The
.mlz;éii}ﬁ%‘s reached aftier a complete investigation wss that the injection
shosLd be sxperinentally commenced on the State "A° lesse iocsted in the

north =i o the field, sad that air witbout sdditive casinghesd pse should
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be used v.is the introduction Of memsursd guantities of water to crecte a
“Bweey;; or vani’ effect. The mixing of sir and the produced casinghesd gas
was Dol considered fems.Lie in that G.P.H. test of the gas produced by offset
welis showed & gasuline content that would probediy be dangerous to process
in thaet explosive mixteres might oceur (see Tabulatics 2). The following is
& br.el swiwry of the informstion derived by this investigation of the
properiics with estlmetes s8 to the amount of sdditiomal il recovery that

sey be axpected by thc agplication of & secondsry recovery program:

CAPROCK PIELD DISCUSBION

Tue Caprock Field of Lea and Chaves Counties, Nev MHexico is yener-
#lly ilocsted in Townships 12 snd 13 Scuth and Banges 31 snd 32 Bast., The
field was discovered by G. P. Livermore, State-Dean No. 1, located in Section
30, ¥-32-¢. B-32-8B, vwhen an oil productive Queen sand meaber was encountered
betwean an interval of 3025 to 3052 feet. This well was subsequently deepen-
ed to 5385 feet in order to test the San Andres limestone; bowever, the zome
wag viiored, The Vwell ves thus plugged bach to the upper oil shov sad com-
pleted for O barrels of oil per day b October of 194G,

To Jumary 1, 1949, there had been 136 wells drilled in the Caprock
area of which 10 were completed as dry holes, 91 were pumping and 33 vere
flowins. As of the present date the :mjority of the wells in the field are
beln, jumped,; apd there are two wells shut in &3 A result of edge vater en-
croschment. The Caprock FPleld bas s cumilative 0il recovery to Jemusry 1,
1989 of 2,012,680 barrels. During the year of 1988, 12k producing wells
produced 232,269 barrels of oil with 2,08k barvels of vater. The crude is
38 deproes gravity with a sulpbur contest of 1.7 W cent. Until Septesber
1, 1947 the oil produced from this field was ourtailed as e result of inede-

gquate crude chipping facilities; however, at shis tins the Stenolind Pipe
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Line Cuapany Jostalied s gatbering s sten, and eapacity production hes subse-
guently occcurrad. |

The o1l sccmmlation in the Caprock Field is copsidared to be &
permesbility lens or strstigraphic trup within the Artesis Red Sund, a newmber
of the Gueen Lundstone of Permisn Age, ovccurring betwesn o depth of 300G to
3200 feat. ’:%w eand i8 Tine to coarsely greined and is, in the oil producstive
parts, oxidized o a gray-white color. The permesbility ls pot uniform,
vary:ng, both 1z vertical and borigontal distridtutionm., The pay section is
approximetely 25 feet in gross thickness with an aversge of eight to ten fest
of oet affective pay.

wells in the ares sre genersiiy drilied by rotary ts the point of
gett ny the o1l string on top of the 0il productive sand and are completed
with esple tools, It wvas gensral practice in the gompletion of many Ceprock
wells to berely penetrate the more permsable mamber of the pay section. Re-
worg couplestions of s-wme of these older welis have shown that the higher rate
of production decline exhibhited by many of these wells cui be decroased by
drilling of the coumplete pay section and shooting with frum 30 to 120 quarts
of pitroglycerine,

SUMMARY OF AVAILABLE DATA

sveilable reservoir information on the Caprock Field is not suffi-
cient for & complete sualysis of this accumilatiocn. fhere is @ complete lach
of gas-0il rativ history on a fieldwide basis, and slectric logs have been
™y ok but two wells. Core ssalysis is svailsbie on several walls; howevar,
thene annliyses appear to be confined %o the less permeable parts of the pay
gection, T bis is as & result of extremely difficult experience with either
rotary ar cable ool core barrels in recovering the more ypermssable, oon-

cemented, pay section. A single bottom bole 841 sample in the field bas been

taken. Fhysical weil record data are availabie, sand poy thickness iz gener-
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have oot drilled to the entirs pay saction. Geveral records of bBottom hole
presgure surveys are enclosed, tut productivity indices have noi been taken.
The oil production record is complete as reportsd 1o the State Conservetion
Commnicaion; howewer, it is conly reliable by task datteries.

The not effectivé pay of the Caprock Field is sstimated to comgrise
from =.ight to ten feet of Tiae to course-grained, well oil-saturnted send-
stones. The permeability of ome part of the pay ssction is of high order,
This zone has been apalysed from 250 to &50 millidarcies om two different
sampiszs. The oll is undersaturated wiih gas, and & solution gas-ail ratio
is repcrted on one analysis to be 260 cubic feet per barrel. The porosity
is high, aversging 1Y per cent on the uwicemented perts, and the comnsts water
conkent is varisble from s lowest poiat of 6.9 to 31.8 for an overall sversge
of approximetely 18 per cent.

Little evidence axists to substantiate s water drive in the field.
The water currently produced by edge wells is considered to be as & result of
relesce of formstion connate water with the lowvering reserwiir pressures. The
rate of weter influx does not appesr tc be proportiomsl to the rate of flaid
withdrawsl from the reservoir. There are many indiecations of permeabllity
barriers within the field, and it is ressonsbie to ssmume that reservolr edge
&rxienmyenn,mw'mt sffactive pressure maintenancs frum
water influx. & concrste effort was made {0 detersine whether or not the
operators in the fleld would be interested in sréificisl water flood, sir or
ges injectico program. Mach effort and time was put into this undertakinag;
however, the various operstors in the field were evidenmtly reticent to ¢o-

operate with one another.
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0IL_RESERVE ESTIMATION

The oil reserves cstimated to be recoverabdle by primary means from
the Cooperative Producing Associsted properties have heen attsmpted Ly tiree
separate methods.

911 Pro@uction Declines

The use of oil product.on decline was considered applicable as the
| properties bave produced to cepacity since the imstallation of a pipeliae to
the fiels in Septesber of 1947. All leases bave besn exsmined separstely,
and enclosed are oil pruduction decline graphs om the Stete "A° and "G"
iems:s located in the area of the proposed experimeatal air injection and for
comparison, s graph on all of the lesses (Enclaswre 2). The present ipdi-
cated decline for the 8tate "A™ lease is 3.25 per cemt per montk, The caleu-
lated fature expected o)l recovery t0 an aconomie limit of 30 bdarrele per
well per month is 12,2k0 barreis for an ult mate oil recovery per well of
5,847 barrels. The State ‘G’ lesse, vith s present decline rate of .15 per
cent per month, is caiculatsd to have & future oil recovery of 15,518 barreis
for an ultimate 4il recovery per well of 51,552 berrels. An eversge of all
Coopurative Producing Association wells has shown a deciins of three per cent
per sonth for future estimated oil recovery per wall, % the economic limit
of 30 barrsls per welil per month of 11,800 barrels, or an sitimate oil re-
covery per weil of 356,052 barrels,

Pressure Decline versus Cumulstive 01l Produ

jeass gverage bottom hole pressurs data from several genersl field-
wide surveys have been plotted against the cumiative oil production of these
leases (Zncloswre 3}. Bottom hole pressure maps of the last avellable sur-
veys are also enclosed (Emelosures 5, & and 7). It is calculated on pressure

declins that the Btate 4™ will bave an ultimate oil recovery per weil t0 &
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depletion pressurg of 5C p.85.i.§., epproximmtaly 57,851 barrels with a future
0il recavery of 5250 barrels of oil. On the seme set of conditions it s
estizated that the five-well state "G" lesse will bave ult.mate 0il recovery
per wall of 33,60( barrels for a future recovery of 3566 barreis. Ths bot-
tom hole pressure survey of March 16, 1950 4.4 mot include all of the subject
wells, Wt neing an sverage of 200 pound pressure deeline, confirmation of
the curve established by previcus surveys is obtained.

Voiumetyic Analysis:

Complate information is lacking to provide an adequats o0il reserve
sstimalion by the volumelric analysis method. The infurmation preeently
avaliiable froz Core iaboratories, Incorporsted, howewver, indicstes that the
folloving factors are probedbly spplicable:

Barrels per acre foot 7758
Averayge Porosity 9%
Copnate Water Factor ' .83
Shrinkage Psctor BT
fecovery factor by primary means ac%
Indicated Recoversglis 01l per acye foot 213 Bbls,
Indicated recoversble vil per acre & 8

feet net pay 170k Bols.
Assumed drainege per well &G Acres

Caleculnted ultimate oil recovery for
average well : 68,16C Bbls.

The discrepanciss sxistent betwesan the sstimated oil apparently re-
»mme,. based on pay volume, pressurs decline and prof@uction decliine is
considerable. The rate of pressurs decline is emewedingly great and should
e sericusly consldered. The rate of o:il Mh deciine “, probably
directly dependest upon the rete of pressure depletion. The end effect of

gravity drainsge is uov koowa, but it is estimamted that mechanics of
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sravity drainsge vili not be efficlemt in this field. It is, however, sppar-
ent that some method of sxperimental secondary recovery progras iz needed and
should be conmenced before all avallable reservoir enargy has been depleted.
The incraased oil recovery by sectndary methods cannot be accurately caleu-
leted from the evailable field dats, but it is emtirely possibls thsi an

additicoal 20 tu 30 per cent of the oil in place could be obitained,

1t was fairly evident that the normel secondary recovery method of
water or gas injection is oot spplieadble to these propertiss as wsater in
quantity is not svailable and sufficient gas in the ares is pon-axistent. A
sesrch wes made into the aveilable literature om the use of sir injection for
secondury recovery. There are several evident disadvantages tc the use of
sir ss an injection wmediwm, such as corrosion of eguipment, ingressing the
viseosity and decreasing the gravity of the profuced crude, formation of guns
and recycling of explosive mixtures. In order to help prevent the most
gerivus of these conditions, gum formstion and explosive mixtures, it vas
decided to inject air aftar the injection of a mossured quantity of wvater
plus additive chemicals t0 Gecresse gpum forsation snd form s “bank or swaep’
effect. It wus in addition sgreed to introduce water at set intervais in
grder to maintain the bank and decrense recycling “hypsss”. The recyeling
of possible explosive mixtures and bypass is t0 be additiomally controlled
by the use of low injectlon pressures end volumes. An investigation into
pey versus volume relstionahip in other such air injection programs showed

| that if a volume equivelent to 1000 times the gross pay,or in this case
30,000 cubic feet & day is injecied, the moat efficiency is obtained.

The present intention of the Cooparative Producing Aseociation is
$0 experimentally inject air and water in well Btate Bo. 2 "A". The volume

1o be injected is from 20 to 6,000 cubic feet of gas per day st a pressure
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not to exeeed 200 p.s.i.g. Adeguate twp-ctage air compressors vill be in-
stalled as shown on Enclosure 1, and cosplete checking of volumues both at the
input well and in a1l cutput vells will be installed. All possible safe-
guarde wiil be palatained to prevent "bypass”. The locstion of the inmput
well is such as to result in the effect frum injection being noticed on the
subject wells before th: offset producers. The voluwme to de injected is not
considared to be sufficient to allow gquick “bypsss” or imcrsasss in the oil
production of offeet weils and will undoubtedly require IO to 15 mouths be-
fore the results are noticed. The ebove outlined sethod of alr and water
injection for secopdary sil recovery iz the Caprock Field is comsidered to
R%mtmmﬁm&t%‘mttMﬁwmmlm
will probebly in & ysar indicate its relstive worth.
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State "a"= 1 1 * -
2 1, » -
3 74 15.7 121
4 24 50.2 2091
5 74 ol -
& 42 342 719
7 14 . -
- 3 b7 4 » -

State "G 1 42 32,5 ™
4 20 65.9 3295
5 &2 » -
6 20 25.2 1260
7 20 » -

Hoten State *A%-3,4,5 & 6 & State *G%-
flow a% separstor wikh 2* tastui,.
10 moasire.

*Harely encugh voltme t& run anglne aﬂ‘m - inzufficlent to
messura fron tubling.

: 6,7 tested dwring L-hour
m plate - insufficlent

FITTING, FITTING & JONES
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Lease & Yell 8o, G.p .M,

state KT Ho. 1 1.b56
state J7 Bo. 3 1.606
5. L. #Willlema No. 3 1.897
state G W, & 1L.092%

state G Bo. 1 1.393

*3lightly undersaturaged.

FITTING,

FITTING & JONES

Tabulation 2.
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WATER INJECTION TEST

c TIVE UCING ASSOCJIATION
STATE 2-4
OCTOBER 2
Pressure,
Tank Gauge Inches Barrels —JTime Pounds
231 g - 10:00 ALM, 0
231 8-3/4" .25 4.33 10:15 A.M. 0
23t 6=1/2" 2.25 38.99 10:30 A.M, 100
231 43/4" 1.75 30.33  10:45 AM. 175
231 3=3/4" 1.00 17.33 11:00 A.M, 270
231 3-1/2" .25 4.33 11:15 AM, 600
23 3-1/4" .25 4.33 11:30 A.M. 750
23'  3-1/4" - - 12:00 Noon 750
231 30 .25 4.33 1:00 P.M. 750
231 223/4" .25 4.33 2:00 P.M, 750
23t 2-3/4" - - 3:00 P.M. 750
23t 2-1/2" .25 4.33 4:00 P.M, 750
231 2.1/4" - - 5:00 P.M. 750
23t 2.1/8" A2 2.08 6:00 P.M. 750
23t 2 .13 2.25 7:00 P.M. 750
231 1-3/4" .25 4.33 8:00 P.M. 770
231 1-3/4" - - 9:00 P.M. 770
23t 1-5/8" .12 2.08 10:00 P.M, 770
23t 1-1/2" .13 2.25 11:00 P.M. 800
23 1-3/8" .12 2.08 12:00 M.N. 750
23t 1-1/4" .13 2.25 1:00 A.M, 700
TOTAL - 129.95 15 Hours

AVERAGE BARRELS OF WATER INJECTED PER HOUR - 8.66

AVERAGE BARRELS OF WATER INJECTED PER HOUR
LAST EIGHT HOURS -~ 2.17

ROGERT D. FITTING, MIDLAND, TEXAN

Tabulation 1.
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Operator's
—Operator __ __  Ares _Cent
British-American 80 1.667
Cities Service 0il Co. 120 2.500
Cooperative Prod. Assn. 1320 27.500
Delfern Oil Company 600 12.500
Great Western Prod. 720 15.000
Gulf 0il Corp. 320 6.667
Menry & Company 160 3.333
Mid-Continent 40 0.833
Phillips Petro. Co. 24,0  5.000
Polis, A.K. 160 3.333
Resler 0il Co.(Page) 200 \M.qu
Vickers Petro. Corp. 600 12.500
Watson Drlg. Co. 80 1.667
Williams, Sam 160 3.333
TOTAL 4800

(1)One well temporarily abandoned.
(2)Includes input well.

(3)Two wells Temporarily Abandoned.
(4)One well not producing.

CAPROCK FIELD OPFRATORS

PERCENTAGE PARTICIPATION FORMULA ANALYSIS

c I HE N

No. Presently Production __#omdoﬁou
Producing from 8-1-50 to from 1-1-50 to
—Nellg 8=1-51_ O 5 —
Per Pro- Per mﬁdl Per
-Wells _Cept ductiop _Cent ductdon _Cent
2 1.626 6,727 1.881 7,675  1.554
2(1) 1.626 10,384 2.904 12,699 2.571
38(2) 30.89, 97,524 27.272 141,057 28.563
15 12.195 62,373 17.442 101,246 20.502
17 13.822 62,230 17.402 80,473 16.295
5(3) 4.065 18,560 5.190 18,647 3.776
3(4)  2.439 9,960 2.785 13,494 2.732
1 0.813 2,808 0.785 2,451 0.497
6 4.878 mw.umq 6.196 28,337 5.738
4 3.252 8,910 2.492 15,363  3.111
5 4,.065 4,657 1.302 5,88, 1.191
19 15.447 38,619 10.799 51,294 10.387
2 1.626 3,332 0.933 3,926 0.796
_4 3.252  __ 9,360 2.617 11,294 2.287
123 357,601 493,840

Comparative Est.

Ultimate
...bpp.mnmnnnwmmun
Darrelg  _Cent .

84,791 2.038
100,537 2.416
1,425,136 34.251
768,443 18.469
589,505 14.168
144,190  3.466
92,089 2.213
123,996 0.577
127,746  3.070
174,470  4.193
82,751 1.989
404,280 9.716
33,31 0.80L
109,529 2.633
4,160,804

Est. Recovery by
plus 1/2 Future

..bppnmnnnuhwmm.mu
Berrels _Cegt
70,840 2.506
3.293
909,544 32.171
449,970 15.916

453,889. 16.055

93,110

107,557  3.804
60,863 2.153
12,889 0.456
121,412 4.295
99,991  3.537
150,363 1.781

290,670 10.281

24,122 0.853 -
81,965 2.899
2,827,185
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MONTHLY PER WELL OIL PRODUCTION IN BARRELS
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