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INTRODUCTION 

Waterflooding in the Caprock Queen Field 
began with a pilot waterflood initiated in 1956. 
Today, essentially the entire field is under water- 
flood. There are 13 different projects in opera- 
tion; ele\~en are units while two are of the co- 
operati\:e type. All P3 projects have utilized 80- 
acre five-spot patterns. This case history is pre- 
sented in order to depict the general performance 
of 13 successful Queen Sand tvaterfloods, and 
should be helpful in predicting the performance 
of other waterfloods that may be initiated in 
similar reservoirs. 

In many caases the engine,, is forced to use 
experience factoi,s 01’ “rules of thumb” in ortlei, 
to predict the performance of a proposecl ivatcr- 
flood. \Vhen aclecluate reservoir, data is a\.ail:ible 
he should, of c’ouise, make use of it in predicting 
performance. Hourever, e\.en after making c,al- 
culations and the corresponding predictions, the 
engineer should attempt to compare his predic- 
tions with actual performance of other floods, 
either in operation or depleted, which are similar 
to the flood he is proposing. Quite often there 
;IIY floods in the same field or in the same 
foi,mation in a nearby field that ai’e comparable 
to the proposetl flood. A review of the perform- 
anc*e of similar floods can be helpful, not only 
in designing the injection system and selectin,g 
a pattern, but also in making a reasonable pre- 
dication of the performance that can be expected. 

The clata used in preparing this case history 
was taken from reports puhlishecl by the Ne\v 
filexic.0 Oil ant1 Gas F;ngineeiing Committee, 

LOCATION 

. 

The Caprock (Jueen Field is located in east- 
ern Cha\.es County and western Lea County, 
New Mexico in ToLvnships 12, l:l, 14 and 15 
South. Range 31 F:ast and in Townships 12 and 
13. Range 3’ 14:ast. The field trends noi*theast to 
south\vest along the Rlescalero Esc~arpment. It 
is o\.er 23 miles long and up to three miles 

wide. Location of the field is shown in Fig. 1, 
while the project outlines are shown in Fig. 2. 

PRIMARY HISTORY 

Primary development took place over a per- 
iod of 17 years. The initial discovery was on 
the north edge of the field in Section 30. T-12-S. 
R-32-F: in No\remher 1940. The central portion 
of the field was discovered in June 1953 in Sec- 
tion 15, T-13-S, R-31-E:. At that time the northern 
area consisted of some 120 wells and had declined 
tlrastirally in pi,oducing rate as shown in Fig. 3, 
which is the field perfoimance curve. l>y 1956, 
as ;I i‘esult of further discoveries and de\.elop- 
ment in the central and south areas. the field 
consisted of o\.er 500 wells. The producing rate 
in 1!)5(i. as indicatetl by Fig. 3. was near 450,000 
bt)l of oil pei’ month. 

Primal,\ de\-elopment i,esulted in the tliilling 
of o\.ei’ (i40 lvells on K-acre spac,ing. Some fringe 
tli?lling took p1ac.e dulin g secondary recover!. op- 
ei,ations. For the 18,000 developed acres rve esti- 
mate the ultimate primai,y oil recovery at some 
30 to 35 million bhl of oil. This estimate is based 
on decline c’ui’\-e analyses of the 13 injection pi’o- 
jects, of u-liic-h se\-era1 \v-ei’e in an earl!, 01’ middle 
stage of primary depletion vyhen injection was 
initiated and did not have well established de- 
cline trends. 

A1’ERAGE RFSER\‘OIR AND FLl’ID 
PROPERTIES 

The Queen Sand, 01% “Red Sand” as it is 
called locally, is an upper member of the Queen 
formation of Peimian Age. Average depth to 
the top of the pay is 3600 ft. The resell-air is a 
stratigraphic trap with ‘some 50 ft of relief, and 
a regional easterly dip of 25 ft mi. Oil produc- 

tion has been due to a solution gas tlri\.e, al- 
though there is an extensive gas cap along the 
western edge of the field offsetting the South 
Cupi,ock ITnit Boundary. An oil-water contact 
exists along the eastern edge of the field; how- 
evei.. no effecti1.e water* dri1.e has been reported. 



Properties of the Queen Sand vary consider- 
ably o\‘er the field with the overall average 
properties reported to be: nine feet of net pay, 
19 per cent porosity. 150 to 200 rnd permeability 
and 26 per cent water saturation. The initial 
solution gas-oil l,;ttio, estimated at X0 SCF, B, 
\vas rather lo\\- and pmbably resulted in a rela- 
ti\.ely poor primary l~eco\~ery, which no doubt 
enhanced the rec~o\‘e~~y by waterflooding. 

In 1950. an attempt at sec,ondary reco\‘ery by 
Nile injection 1i.a~ initiatccl. Reports of this at- 
tempt indicaate that fai1ui.e \vas clue to rapid 
biwktliiwigli of the ait, at piwtuceix with rel- 
ait\-el>. little gain in oil piwluc?ion. 

X pilot m-ate1 iiijec,tion pl,ojcct was initiated 
iii 1!)3(i in the nottlieim ai’ea 1)~. Gixi~itlge, Cult’ 
and C;l,eat \\Yestelm I)lAlling cmnpanies. This c’o- 
opeiati\.e \.entuixe cwnsisted of two SO-ac,re five- 
spot patterns. The iiijec~ted lvatei. \vas ohtainetl 
f’l~rn shallm~ ft,esh \vater sands and needed no 
filtixtion. Injection rates of from 500 to (NO 
t:\\-1’1) p,el. \vell caused oil production response 
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in about seven months, which was reported to 
be about 80 per cent of fill-up calculations. The 
response varied in intensity at the nearby pro- 
ducers and indicated definite effectiveness of 
waterflooding on Xl-acre five-spot patterns. 

WATERFLOOD OPERATIONS 

Soon after response, 2880 acres around the 
pilot were unitized as Unit No. 1. Unit No. 2, 
which also had a successful pilot project, was 
formed soon, after. The third unit (North Cen- 
tral) was then formed, making a total of 6880 
acres under unitized waterflood operation in 
1950. The area encompassed by these units is 
shown in Fig. 2. During the time the first three 
units were being formed, Cities Service also in- 
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itiated a pilot in the Drickey area which re- 
sponded successfully and led to the forming of 
the Drickey Unit. Figure 3, which represents to- 
tal field oil production, shows the time of initial 
water injection for each project. The circled 
numbers in Fig. 3 correspond with the circled 
numbers in Figs. 4 through 16, which are per- 
formance curves of the individual projects. 

As a result of the indicated effectiveness of 
the early projects, the Oil Conservation Commis- 
sion granted a capacity type allowable, where 
needed, to prevent loss of oil across lease lines. 
However,-by 1959, the success of the Caprock 
waterfloods was interpreted by some to indicate 
that all fields would respond accordingly and 
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that a gl’eat number of projects would be initi- 
ated over a short period of time, and thus pas- 

sibly suppress exploratory drilling. The end 
l.esult of this interpretation was the Commis- 
sion’s adopting Rule 701 to control the rate of 
tle\.elopment in and the producing rate of future 
injection pl,ojects. Of c’oul’se, as Fig. 3 relates, 
even though the effecti\reness of xvaterflooding 
was pl’o\.en, it took a considerable period of time 
to t’o1~1 units and begin injection operations. 
This tlel:~y in forming units for waterflooding 
probably had more effect on the field oil produc- 
tion I,ate than did Rule 701. 

I’erfol*n;lanc,e of indi\-idual projects is shown 
in b’igs. 3 thl>ough I!i. \Yith a few exceptions the 
l)el~fol~manc~e cul’\-es are similar and have a “text 
I,ook” shape. In most cases 50 per cent water 
c,ut o(‘(‘ui’s shoitly after peak oil rates. Projects 
suc~h as 1 , 10 and 1 I al’e large projects and were 
tle\.cl(~l,etl in stages mostly due to Rule 701. In 
these c.ases, 50 per cent water cut precedes peak 
oil ~xt.es. Project 10 was placed on injection in 
an eai,l>- stage of primal,y depletion causing a 

c,onsitlerable amount of primary oil to be pro- 
tluc,etl with waterflood oil. This flood operatetl 
:~t top allowable for two years. Projects 4 and !) 
resulted from fringe drilling after waterflood 
tle\~elopment had taken place, offsetting the two 
ai~eas, ant1 appeal. to ha1.e been stimulated at 
the time of drilling. 

As of <January 1, l!)fi7 the field had produced 
(i0 million bbl of oil with an estimated 13 million 
\,bl left to be produced. Deducting 30 to 35 mil- 
lion hbl of estimated ultimate primary oil recov- 
Cl’)‘, \~~ateiflootl oil rec’o\.ery will he 38 to 413 
million 1)bl. The i*atio of secondaiy to priniar!. 
IYYT)\~~~~J~ Mill :~\.r’lxge between 1.1 and 1 .4 for 
the enti1.e fieltf. 

The apl)lic~ation of other “lules of thumb” to 
these 1:: pl~ojt~c~ts, t)csitle the fact that watei~floocl 
recw\~ei~~~ is g:reater than pi’imaiy reco\-cry. also 

intlic,ates watel~l’lootling in the Capiw~k Queen 

l’ieltl has been highly suc~cessful. The I,atio of 

injection rate to peak oil producing rate normally 
\raries from 2 to 12 in successful floods. In the 
Caprock Queen this ratio varied from 1.9 to 5.5 
for the 13 projects invollred. The ratio was less 
than two in three small floods (projects 3. 4 and 
91, which apparently received benefit from offset 
injection. The highest ratio (5.5) was for project 
11 that has almost 50 per cent of its periphery 
bordering the gas cap. A ratio of 5.5 is consider- 
ably lower than would be expected under similar 
circumstances. 

Another useful rule of thumb is the ratio 
of ultimate water injection requirements to sec- 
ondary oil produced. Normally it takes approxi- 
mately 10 bbl of injected water to produce one 
bbl of waterflood oil. For the three oldest full- 
scale waterfloods, which are now near depletion, 
this ratio varies from 7.i’ to 8.4. These projects 
will probably be abandoned at a ratio of about 
9 to 1. The difference between a ratio of !) and 
10 may seem insignificant but in the Caprock 
Queen Field this diffeleence represents more than 
40 million bbl of water injection. 
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