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REPORT ON THE
EXPERIMENTAL AIR AND WATER INJECTION
SECONDARY RECOVERY PROGRAM
OF THE COOPERATIVE PRODUCING ASSOCIATION
CAPROCK FIELD, LEA AND CHAVES COUNTIES, NEW MEXICO

This is & report on the status and results of an experimental air
and water injection secondary oill recovery program as installed and operated
by the Cooperative Producin: Association in the Caprock Field, Lea and thaves
Cournties, New Mexico. This experimental air and water injection was commenced

ou Sepiember 25, 195C, and the injection of air has continued &t an average

nresgure of h?g peig with 2 daily average injectec volume of 100,(0C cubic

feet., Several attempts have been made to introduce water with the air, but
to date this has not proveo successful. Monthly bottow hole prescure, fluid
level, and pae-oll ratio surveys have been conducied on the wells immediately
surrounding, the input well, and the gross 0il pipeline ruus of the offset
leases have been collected and examined. The following are the general facis
derived from the éata obtainad: Some of the leases offset to the input well
have shown marked increases in oil productive ability., A definite pressure
in j2ction pattern is developing laterally from the input well. Little "by-
pass’ of air as would be shown by measurable increases in pas-oil ratio is

apparert. It is therefore concluded that the present experimezntal air in-

| _
Jection has been successful and as & medium for secondary oil recovery or

Ipressure maintenance, air has proven more than satisfactory. It is recom-

i
imended that the installation of & mipimum of three additional air input wells
|

|
|

i

be Immediately comsenced and that these wells be spaced to effectively encom-

pess the remainder of the field, The amount of Iincreased oil recovery to re-

sult from this air injection system cannot be accurately estimated; however,

an additional recovery equal to the total estimated primasry oil recovery is

considered probable,
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Before & fieldwide pressure maintenance, or secondary oil recovery
program can be successfully commenced, & formula for operator participation
in the expenses and the increased oil recovery must be determined. Accord-
ingly, a percentage participation formula premised on the ultimate oil re-
covery estimated to be obBtainahie by primary means on the individual leasges
as compared to the total field ultimate 0ll recovery has been calculateu. The
ectimated primary oil recovery has been determir=d by extrapolation of the
present rate of oll production decline on the individual leases to complete
abandonment., The following is a brief discusslon of the methods and basic

facts employed in this report.

HISTORY

The Cooperative Producing Associstion prior ‘o the commencement of
the current experimental air injection program fostered an effort to obtain
unified operator interest in & secondary oil recovery or pressure maintenance
program for the .Caprock Field, An operators' engineerin. comuittee was formed
with the primery purpose of examining the Caprock Field Queen sand reservoir
in order to determine its characteristics and acceptability to a secondary
0il recovery or pressure maintenance program. This study resulted in a size-
able amount of collected deta, and a concerted effort was made for its direct
utilizatidn on & fieldwide secondary c¢il recovery program. It was soon evi-
dent that little detailed information was available on the effective pay sand
thickness, its porosity and permeability, and an insufficient mumber of wells
had been cored and analyzed to enable a complete volumetric reservoir analysis.
Several of the then current drilling wells were cable tool cored within the
pay zone &and these coree were analyzed as to their acceptability to verious
types of fluids. The use of water as an injection medium was considered

reasonable, although & high degree of gilt and wax was shown to be present in

FITTING, FITTING & JONES
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some of the analyzed cores. A study was iustigated to develop a water supply
that would be sufficient for ase in =@ water Plooding operation. The evidence
showed that & good source of surface or subsurface water could only be ob-
tained after much expense, and considerable speculation existed as 1o the
amount of water that would be available, 0Ous es 8 medium for injection was
not considered practical because of a lack of usable supply iu the area. An
analysis was conductea on several typical produced gas samples from the
Caprock Field and several of these samples showed to be primerily jrert nitro-

gen and helium and would not burn, The only practical and imwediateiy avail-

able ingectine medium was therefore air. The Cooperative Producing

Agsociation, after a complete stucdy of 1its probable suitablliiy to the reser-

i voir, attempted to promote a fieldwide experimental air injection program

Many of the operators, although a:reeing 1ln principlie, lack managenent ap-

proval; consequently Cooperative Producing Association, after obtaining
aushority fron the State of New Mexico, installed and equipped at their own

| expense an experimertal air irjection well,

AIR ARD WATER INJECTION

In Au ust of 1750 a compressor station was erected, a water well
drillad, and the Cooperative Produclng Association, Malco-Maxwell State A-2,
in Section 31, Township 12 South, Range 32 East, was suitably equipped for
air and water injectlon. This experimental ailr injection program was suc-
cessfully commenced on September 25, 1950, and has subsequently injected sn
evera;e dailly volume of 1C0,00C cubic feet at an average pressure of 470
pounds (Page 3¢). A basjic assumption was made prior to the imstallation of
the air in_ection pro;ram that a periodic introduction nf water with the air

would probebly create a more efficient secondary recovery "sweep", however,

ithe in, =zctlon of water has heen attempted on several occasions without success

(Page 38). The lack of ab.Llity of this well to accept the injection of water

T TFITING, £ TTING & JOWES
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is undoubtedly the result of a fine silt condition of the sand pay of the
present ipput well, and does not in itself preclude the successful periodic
introduction of air and water in other input wells,

During the entire month of February, 1950, mechanical compressor
difficulties were experienced &and it was found necessary to shut down the
compressor station. An immediate effect of the shutdown was apparent in the
Cocperative Producing Association, Malco-Maxwell State "A" and "G" leases,
but little effect was noticed in wells located one-quarter to one-half mile
from the input well. This fact was one of the first indications that the ex-
perimentel air injection system was operating effectively.

Monthly bottom hole pressure surveys by use of a Sonolog acoustic
well measurement meter have been conducted on all the wells surroundinz the
input well., It is evident from the enclosed pressure maps that a definite
lateral pressure pattern is developing end an increase in pressure is noted
on wells showing increased oil productive capacity (Page 35). A direct cor-
relation between bottom hole pressure and fluid level is not yet apparent, al-
though it is anticipated that in the future increases in static fluid level
with pressure will be experienced. A careful study wes made of the pipeline
runs of the surrounding leases, and it is evident that the oil productive
ability of many of the offset leases heve been materially increased (Page 37).
The leases actively affected are the Gulf, Lea-State and Lea-State "B", and
the. Manry & Company, State "A" lease in Section 6; Creat Western, State "R in
Section 5; the Cooperative Producing Associetion "A" and "G" leases 1n Section
31; the Phillips, Cap-State lease and Great Western "Q" lease; and especially
the Mid-Continent No. 1 "“13" in Section 32.

Prior to the injection of alr it was anticipated that explosive
mixtures might be formed and "by-pass" of the eir, when used without water,

would occur at & greater than normal expected rate, A close check has been

FITTING, FITTING & JONEB



meintained on the surrounding wells, anc it is apparent that although in-
creases in tubing and casing pressure have been noted, measurable increases
in gas- cr air-oil ratios have not occurred,

The increased o0il production shown by the ofrset leasas and the
definite pressure pattern forming surrounding the input well plus the lack of
measursble "by-pass' is considered conclusive evidence that the present ex~
perimental air ingjection has proven successful and practical. It is there-
fore recommerded that a wminluum of three additional injection wells be
equipped to service the remainder of the [field. The propused wells are as
shown on the enclosed map (Page 34), one in Section ~; ome in Section 12,
T-13-8, R-31-E, and an additional well in Sectica 7. T-13-8, R-32-E. The
actual location of thesce future input wells has aot been rigidly determined
and is primarily bnsed on the 2ffective radisl area of the present injection
well, The proper placement of thesge injection wells mey el.ininate the future

necessity of additisnal conditions will

dictate the futurs requirements, The present compressor facilities can un-
doubtedly be enlarged <to sarvice ore of the additicnal injection wells and
thereby the proposed three-well system would require only one additional com-
pressor statinn,

A filelawidsz seczoncer, 01l recovery or pressure naintenarce program
requires the determination of an equitable participation formuila. The usual
methods of calculatirng *he eifective reservoir volume of the individual well
for a basis of participatior. is in this instance not practical. The data

available on the 21} pav zone thicknecs; its effectiveness or character are

not considered adequsate. A caraful and complete study was made of the Caprock

Field current and past 21l production historv (Pages 12 to 24). All of the

leages in the field heve shown for the past year an lnability to produce their

prorated allowable and are nroducing at capacity production rates. 0il

FITTING, FITTING & JONEBR
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production decline graphs have been prepared on all of the leases in the
field, and individual monthly 0il production decline percentages for each
ilease has been determined (Pages 3% to 1Cl). The average per well oil pro-
duction for the first three months of 1050 have been used on each lease to
dgrive an ultimate 0il recovery by primary mwears through the extrapolation
of this 0ll production rate at the current indicated decline to conplete
well abandonment (Pages & to 11). 1Ir instances where the presert injection
program has affected the current lease oil nroduction decline rates, a de-
cline rate has been determined prior to the inj2ction and a present everage
0il production has been estimated from this curve., The resultant ultimate
0oil recoveries as calculated for the indlvidual leases have been compiled
into operators' interests and fleldwide totals. The total estimated ultimate
oil recovery by primary means assignable to the leases of the indivudual
operators has been empleyed in calculating the percentage interest it bears
to the total field ultimate oil recovery (Page 8). This method of partici-
pation analysis is considered to result in the most egqultable formula that
can be determined for the Caprock Field reservoir and should be the basic

participation of any cooperative or unit agreement promulgated for the field.
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SUMMARY OF FIELD INTEREST

CAPROCK FIELD

LEA AKD CHAVES COUNTIES, NEW MEXICO

Rumber Est. Uit. Percentage
Pro- 0il Rec. Interest  Percentage
No. ductive by Primary 1in Total of Total
Operator Wells Acres Means Field Ult, Wells
WORKING INTEREST
British-American 2 80 84,751 2.03785 1.56250
Cities Service 0il Co. 3 120 10¢,537 2.41629 2.34375
Cooperative Prod. Assn. 391 1560 1,425,136 34.25145 30. 46875
Delfern 0Oil Co. 15 6C0 768,443 18.46862 11.71875
Great Western Prcd. Inc. 172 720 584,505 14,1686 13.28125
Gulf 0il Corporation 7 280 il 19C 3. 465kl 5.h6875
Manry & Company b 160 92,089 2.21325 3.12500
Mid-Continent Pet. Corp. 1 it} 23,996 0.57672 0.78125
Prillips Pet. Co. 6 240 127,746 3.07C22 L 68750
roiis, A. K. iy 160 174,470 4.15318 3.12500
Resler 0il Co. 5 200 82,751 1.98882 3.90625
Vickers Pet. Corp. 19 78¢C 4ok, 280 9.71639 1k 84375
Watson Drlg. Co. 2 80 33,341 0.80131 1.56250
Williams L 160 109,529 2.63240 3.125C0
TOTAL 128 512C 4%,16¢,8043  100.0000G 106, 0GOUC
ROYALTY INTEREST

State 113 4520 478,33 91.91171 88.28125
Williams 15 600 42,067 8.08829 11.71875
TOTAL 128 5120 520,106%  100.0CCCC  100.CO0OGO

lOne well currently cleaning out to compiete
20ne well recently abandoned.
3Excludes cumulative oil recovery of non-producing abandoned leases.

Gross royalty recovery of estimated ultimate oil recovery by primary means,
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Daily Cum,
Oper- Delly Yoie Cum. Volume Vol, Vol,
ating Air Air Infectilen  Water Water
Date Hours _Injected Triected Pressure  Inlected Injected

23 79,040 73,043 LE5=T3
2 67,5354 145,575
=3 95,7531 247,587
22 V7,274 332,931
23 93,840 432,771
2L 106,440 539,211
2L, 115,552 £54,,799
24 129,032 Ty W37
L4 105,319 339,755
1 20,845 973,601
15 53,045 1,233,541
17 59,425 1,733,045
24 a0, 7355 1,173,121
24, 92,225 1,077,206
. % 22 39,4692 1,304,208
0-12=50 1% 87,330 1,445,223
1C=12=50 throush
10=19=-50 0" -
10=20=50 1 30,29, 1,024,522
10=01-50 p; 53,210 1,524,741
10=22-33 2 101,322 1,080,563
10-23=-50 22 73,975 1,700,538
10=24-50 2 97,254 1,857,792
10=25=57 2/, 98,035 1,936,727
10=26-50 24 27,357 2,083,723
10=27=5% 22 92,305 2,146,029
10=22=50 24 26,878 2,232,967
10-"2-55 A 32,9216 7,315,723 ©65=T70
G=33-50 23 96,728 2, k10,011
10-31-50 24, 37,299 2,501,000
11— 1=30 2 93,507 2505, 527
11~ 2=50 2 101,924 2,727,451
11~ 2-50 2 23,0 2,405,493
11= 4=50 24 23,00 2,322,590
11l- 5=0 21 25 2,974,157
11— A=50 2/ 26 3,060,224
11= 7=50 16 52 3,119,309
11— 8-50 ZZ, 101 3,222,777
11 2=40 24 102, 3,323,31
11-12-30 3 3 3,395,59

(Continued)
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COOPELRATIVE PRODUCING ASEOCIATIOE

AIR & WATSZH INJXCTION  RECORD.
(Continued)
Daily Cum,
Cper- Daily Vol., Cum. Volume Vol, Vol,
ating Air Air Injection ‘Vater Water
Date Hours Injected Injected Pressurs Injected Injected
11-11-50 0 0 82 32
11-12-50 0 Q 198 230
11-12-50C 0 o] 84 364,
11-1/-50 14 Pressure too high for chart
ll_lﬁ,_t)‘f’r 24 it ] n u 1t
']1 ’laj_l'(o 2 " L " 1] 1
11-17=50 hES it n n " n
11-13=-50 24 71,538 3,468,281
11-19-50 24 71,040 3,539,221
11-20-50 24 76,723 3,516,049
11-21-50 2 83,496 3,599,545
11-22-50 24 23,152 3,787,697
11-23=52 4 85,302 3,372,999
11<24=-50 24 87,120 3,960,119
11-25=-5C 24 80, 40 4,046,959
11-26=50 24 87,817 by lSA,77o
11-27-50 24 37,593 4,222,389
1-22-50 24 87, 23" 4,309,557
11-29-50 24 87,074 4,396,731
11-30-50 24 8:,"30 4,432,267
2= 1-50 2 21,153 4,563,420
12- 2=-50 24 97,35 4,663,775
12- 3-5C 24 96,349 4,757,1?
12- A-‘EO 24 .lUl 227 4” R"’t g5 l
12— 5=50 16 59,744 4,9 L4,595
2- 6-50 11 43,24 4,362,537
12— 7-50 21 81,506 5,044,043
12— 3-50 24 91,643 5,135,691
12~ 9=50 24 106,895 5,242,587
12-10-5C¢ 22 97,006 5,333,593
12-11-50 24 113,335 5,453,428
12-12-50 2 114,312 5,567,740
12-132-50 24 112,250 5,679,990
12=-14=-50 24 120,954 5,806,944
12-15-50 2 110,186 5,911,130
12-16~50 24 116,748 5,027,278
12-17-50 24 111,880 6,139,758
12-13-50 11 49,645 6,189,40
12-19-50 2 108,458 6,297,261
12-20-50 24 122,102 6,419,963
12-21-50 24 124,984 6, 544,947
12=-22=-50 24 123,329 6,662,276
12=-23-50 24 119,513 6,737,739
12-24-50 24 116,857 6,904,646
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COCPARATIVE PRODUCING ASSQOCIATICN
AIR & WATER THJECTION RECCRD
(Continued)
Daily Cum,
Orer-  Daily Vol, Cum, Vol, Vol. Vol,
ating Adr Air Injection Vater Wate
Date Hours Injected Injected Preazure Iniected Inizetad
22550 24 116,995 7,021,641
12=26=50 QL 109:586 7:131:3£7
12=27=5C 0 24 111,432 7,242,759
12-22-50 24 116,417 7,353,176
12=29=5C 24 111,830 Ty A7 L,JSé
12=30~50 24 107,155 7,€78,21l
1§-3}-:O %4 J7,5”7 7,585,738
1_ f-gi Sé ! 105,124 7,790,912
- Z=5 4 103,352 294
T 3Bl ";T 93 72:— 7’;94,?:64
a2 ,:-- q—, 2 7, ,189,029
1- 4-51 22 91,260 8,080,239
1= 6-51 16 70,363 8,150,657
1- 6-51 23 100,512 2,251,169
1- 2=-51 24 107,733 2,453,91
1- 9-51 24 106,350 &,557,267
1-10-51 24 106,L38 2,663,475
1-11-51 1% L,@OQ 2,734,844
l—}2-§l 22 140,437 9,031,151
1-13=-51 Injecting later Pressure 120 484,
1-Y-51
1-15-51 through Too High for Chart 42 526
1-31-51 " L
Repraossuring Plant down during Month of Pebruary, 19
Machanical Difficuities,
3" 1_51 2‘{& ‘31,1:4-31 ‘1 ’}")2,/\“
3— 2“51 24 '/)2,69'(’) ’), .L.)S. )72
3~ 3=51 24 34, 504 9,212,832
3- Llo";l 24— ’74,262 /,»Vﬂ-’lr*r
3= 5=51 24 74,934 9,,09
3~ 0=51 24 77,225 3,446 ,w33
3- 7-5 23 744243 9,’21,190
3- 3=51 24 77,743 9,503,274
3- 9=51 24 24,446 9,643,320
3-10-51 24 26,977 9,779,297
3-11=-51 24 37,332 O,Q"V,L,)
3-12-51 24 36,724 9,944,/)9
3-—13-71 16 57,32 \f c01 ,/43
3=-14=51 22 75,445 10,070,8?8
3=15=-51 24 24,151 10,17+.,009
3=10=5 24 101,249 Lv,'72 252
3—17-51 2&14, lll,‘/17 WC’/JAP, 75
(Continued)
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COOPBAATTVY PRUDICTIG ASGOCTATION
v.-,- rt e ™

ALR 2 WATER INJZCTION ReCORD

(Continued)

bDaily Cur.
Oper~ Daily Vol. Cunae. Volume Vel. Vol.
ating Alr iir Injection Water YVater
Date dours _Injected Injected  Pressure  Injected 1Injected
3-18-51 24 122,723 10,486,903
3-19-51 24 92,292 12,579,195
3=22=51 24 35,236 10,665,081
3-2i-31 24 104,597 70,7ﬁ9 £72
3=22-31 2 23,239 17,365,5607
3—2}"‘51 2/‘, t.-.:, ) P’q 1:), ’ '4, 537
3-24-51 24 99,321 11,573,353
2-25=51 24 122,320 11,_76,1'7Q
3-26-51 12 h7,793 11,243,976
3=-27=51 14 72,452 11,315, 445
2-2%-51 20 79,360 11,395, 75
’J_::C)_c(‘) 2 34,386 l::., 30, 74
- 1=51 14 474240 11,477,514
4= 2-5L 19 64,732 11,:‘ ,2‘)2
L= 3=51 24 ‘:4,“00 11,594,512
h= 4= 24 23,515 11,590,034
L- 5=E1 24 23,379 11,773,413
L= H=51 24 91,785 Ll,)'w 19
Zb‘." r7“)1 21& //,14‘7 11—,965,6‘{#6
4= 3=51 24 113,399 12,079,045
4= 9=51 24 106,482 12,125,726
4=0=5L 4 16,396 12,272,002
4=l1=51 24 104,133 12,396,753
L=12=51 23 124,549 12,501,322
4=13-51 24 92,462 12,493,790
4=14-51 23 102,599
4=15-51 22 122,492 2
4=16=51 24 129,300 254,
4=17=51 24 137,434 13,001,665
{=12=51 17 96,2450 13,127,905
4=19=51 2 138,964 13,326,349
L=23=581 2 126,037 13,452,90¢
4=21-51 2 120,350 13,573,258
-22=57 24 134,272 13,707,528
4=23=51 Z4 124,520 13,232,042
-44—9 4 62,375 13,901,423
a=25=51 17 35,105 12,787,522
LeZh=m3l 24, 114,385 14,101,608
4=2T=51 0 24 123,503 14,230,116
L=2P=1 24 122,220 4, 152,936
L=23=51 24 141,573 232,309
4=30-51 20 91,2L7 14,591,276
N
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