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ir-traauetian 

S i g n i f i c a n t f u t u r e reserve additions 
i n the Persian Basin of West Texas and 
Southeastern New Mexico w i l l come about 
through improved o i l recovery techniques 
(IOR) applied to e x i s t i n g r e s e r v o i r s . The 
major companies have an impressive l i s t of 
improved or enhanced recovery projects on 
t h e i r s t r a t e g i c l i s t s . On the other side 
of the s t r e e t , independents are competing 
to acquire the major's non-strategical 
p r o p e r t i e s t h a t are judged t o have IOR 
p o t e n t i a l . The Permian Basin i s c e r t a i n l y 
one of the world's most mature producing 
provinces, but i t i s also a f r o n t i e r f o r 
advanced IOR technology. 

Primary development of the world 
class Permian Age producing horizons i n 
the Permian Basin occurred from the mid-
1930's through the 1950's. The 1960's was 
the era of secondary recovery w i t h the 
establishment of many of the Basin's water 
i n j e c t i o n p r o j e c t s . A majority of these 
waterflood p r o j e c t s were probably based on 
the "Tank Model" concept of a r e s e r v o i r , 
i n v o l v i n g l i t t l e or no geologic input. 
The f a l l o u t from the i n i t i a l f a i l u r e of 
some of these projects sta r t e d industry on 
the road t o developing a j o i n t geo
log i c a l / e n g i n e e r i n g approach. One of the 
e a r l i e r papers t o appear i n engineering 
l i t e r a t u r e discussing the geological 
aspects was Dowling's 1970 paper t i t l e d 
" A p p l i c a t i o n of Carbonate Environmental 
Concepts t o Secondary Recovery 
P r o j e c t s " ^ 1 ' . A recent c o n t r i b u t i o n i n 
t h i s area i s a 1991 SPE Paper by Holtz, 

References at end of paper 

Ruppel and Hocott with the Bureau of 
Economic Geology at the U n i v e r s i t y of 
.exas (2) Reading these two papers 
together shows the advances i n carbonate 
geology and i t ' s a p p l i c a t i o n t o reservoir 
e x p l o i t a t i o n . 

On the engineering side, much of the 
emphasis has been i n f i l l d r i l l i n g . A 1974 
paper by D r i s c o l l l i s t e d nine factors that 
influence a d d i t i o n a l recovery through 
i n f i l l d r i l l i n g t 3 ) . I n 1976, S t i l e s 
authored a paper on o p t i m i z i n g waterflood 
recovery i n the C l e a r f o r k ^ 4 ' . This was 
the f i r s t of several papers by S t i l e s and 
his colleagues at Exxon t h a t has served as 
the foundation f o r the technology that has 
evolved i n t o r e s e r v o i r c h a r a c t e r i z a t i o n . 
A good summary of what has been accom
plished through i n f i l l d r i l l i n g and 
reservoir c h a r a c t e r i z a t i o n i n West Texas 
carbonates i s contained i n a 1991 a r t i c l e 
by Wu e t . a l . ' s 5 

Nearly a l l the current IOR e f f o r t s , 
and hence the l i t e r a t u r e , i n the Permian 
Basin have been directed towards the San 
Andres and Clearfork carbonates. To 
paraphrase W i l l y Sutton, the infamous bank 
robber, i n j u s t i f y i n g h i s profession, 
"that's where the money i s . " The bulk of 
the remaining o i l - i n - p l a c e (ROIP) exists 
i n these two horizons where the facies 
stacking nature of the marine depositional 
cycles creates complex, heterogeneous 
reservoirs often over a thousand feet i n 
gross thickness. Following primary 
depletion, the remaining mobile o i l 
volumes w i t h i n these t h i c k sections were 
the targets f o r secondary recovery through 
water i n j e c t i o n . Now both the remaining 
mobile o i l and residual o i l are targets 
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f o r IOR technology. Major companies that 
choose to remain active i n the basin axe 
consolidating t h e i r holdings i n propectiea 
that contain t h i s large p o t e n t i a l . 

Hsvover. t&e laiefa Cloarfork »nd S*n 
Andres reservoirs are not the only IOR 
candidates i n the Basin. Independent 
companies are hoping t o b u i l d a reserve 
base by applying IOR technology to 
properties acquired from the majors. Ihe 
att r i b u t e s that tho independents look for 
i n a IOR candidate are: 

1. Can be purchased f o r existing 
production without paying a premium 
for p o t e n t i a l . 
2. Located i a «a a r w that can be 

flavBlnpert and nn«rar.«fl at. low coat. 
J . Cmn b « udu*iu Jt Lu l y gualujl.Mi.1 Jt t ft 
reasonable cost. 
4. Contains a high remaining mobile 
o i l saturation. 
The Queen sand producing trend along 

both the northeastern and northwestern 
margin of the Central Basin Platform meets 
t i i i j i aeitaula (Piguve 1). Tko Quean io 
shallow, (3600-4700'), the o i l is not very 
sour, the g r a v i t y i s greater than 30° API 
and the formation ia very susceptible to 
waterflooding as proven by many success 
projects- Most of the area i n these two 
Queen trends had been u n i t i z e d and water-
flooded by 1965 and are currently near 
depletion. Many of the projects contain 
high mobile o i l saturation due co low 
ultimate recovery. A l l of the projectB 
were developed on 40-acre density. The 
reserve p o t e n t i a l i n these areas i s 
normally not s i g n i f i c a n t enough to be of 
intere s t to the majors ana ownership has 
already past to smaller companies i n many 
instances. 

The aulliw-io ti-Svtj evaluated over a 
dozen of these depleted Queen waterfloods 
f o r IOR po t e n t i a l i n recent years. The 
term "redevelopment" has been applied to 
the process of e x p l o i t i n g the pot e n t i a l of 
these depleted floods since both i n f i l l 
d r i l l i n g and the reestablishment of f u l l -
scale water i n j e c t i o n i s involved. These 
studies have required innovations to over
come a lack of qu a n t i t a t i v e data, l i m i t e d 
budgets for analyzing the p o t e n t i a l , and a 
shortage of investment funds that dictates 
a "bootstrap* approach t o development. 

This paper describes the approaches 
and analogs used i n quantifying the poten
t i a l and developing an e x p l o i t a t i o n plan 
on six separate projects- Although over 
s i x t y 20-acre i n f i l l wells have been 
d r i l l e d on three of the projects, none 
have been completely redeveloped with f u l l 
scale i n j e c t i o n . F i f t e e n d i f f e r e n t p r o j 
ects are referenced i n t h i s a r t i c l e , some 
with similar names. To f a c i l i t a t e the 
discussion, the projects have a l l been 
afcaiynwi a unique Aibsaviaticn aa chowfl an 
Table 1. 

Geology 

The Queen formation i s a complex 
sequence of sandstone, carbonates and 
evaporitas of S«»i»a (Guadalupian) age 
that axtsnd across the North Centra 1 Plat
form and the Northwest Shelf of the 
Permian Basin. The Queen i s part of the 
Artesian group, a back-reef facies of the 
Capitan-Goat Seep Reef complex which 
surrounded the Delaware Basin during 
Guadalupian time (yigure 2)> 7'. Th* Quean 
sandstones formed stratigraphic or 
str u c t u r a l - s t r a t i g r a p h i c traps across the 
Permian Basin. The redevelopment projects 
are located along the northeastern and 
northwestern margin of the Central Basin 
Platform-

Hal loy and Haaaullo doaoriae the 
l i t h o l o g y , depositional environment aad 
reservoir properties of Queen sandstones 
i n the northeastern area located i n 
Andrews County, T«xao ' 6'. Production i n 
t h i s area i s from the A and B sand members 
of the upper Queen which are described as 
wavy sheet sandstones with an average | 
thir'Vniscc r\f 17 and 7? f aa t , raKpanfi V ! 
Figure 3 i s a type log for the area. The 
deposition ot each sand was preceded by a 
major sea level f a l l exposing older high- j 
stand sediments to erosion. A slow r i s e j 
in sea l e v e l buried the eroded surface by i 
a succession of sandy braided streams, j 
a l l u v a l plains and t i d a l f l a t sandstones i 
and s i l l s t o n e s which form the Queen A and j 
B sands. Continual ri s e of the sea level , 
returned the area to the normal r j 

carbonate/evaporite-dominated shelf 
environment. 

The productive aaridu ai« Joo^iibtsu aa 
f i n e grained, well sorted, arxosic, and 
s i l t y . Petrographic studies show that the ; 

porosity which is reduced, secondary and 
inter<|ranular i n textuce, woo iroatcd Ly j 
p a r t i a l dissolution of anhydrites and j 
dolomite aeaents. The sands have a high 
gamma ray response dus to the presence of j 
feldspar. j 

j 

The sand members are readily corre- ! 
latable across the trend. The f i e l d s are 
found i n connection with elongated i 
a n t i c l i n e s , which suggests that the { 
raBervoirn wo ire £UCHI«M1 by Ihe s t i u t LUJ-*1 
entrapment on blanket sands. The f i e l d s 
were developed on uniform 40-acre spacing 
1 n A r. nor da nee with accented conceDts that 
ignored depositional or diagenetic com
p l e x i t i e s . Detailed studies have 
subsequently revealed that the f i e l d s are 
a series of stratigraphic traps. 

The Queen productive intervals are 
somewhat more complex along the north
western trend i n Lea County, New Mexico j 
where production i s p r i m a r i l y from the 
lower h a l f of the Queen section. This 
section i s l o c a l l y referred to as the 
Penrose, although on occasion t h i s desig
nation has been applied to the t o t a l Queen 
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and depositional s e t t i n g i s based on study-
i n the Keystone (Colby) f i e l d i n Winkler 
County, Texas. This f i e l d produces from 
the lower half of the Queen formation 
which i s the equivalent of the Penrose 
formation i n New Mexico^ '. I n contrast 
to the depositional environment described 
by Holly and Mazzullo f o r the northeastern 
margin area, Vanderhill a t t r i b u t e s the 
numerous separate rock u n i t s t o minor 
s h i f t s i n the l o c a l d e p o s i t i o n a l environ
ment and not large sea l e v e l f l u c t u a t i o n s . 
The sands were deposited i n a shallow 
marine s e t t i n g but i n somewhat deeper 
water than the shallow t i d a l or s t r a n d l i n e 
dolomites. Although both papers agree 
tha t the majority of the p o r o s i t y i s 
secondary i n nature, V a n d e r h i l l a t t r i 
butes i t to the d i s s o l u t i o n of feldspar. 
A t o t a l of 32 sand u n i t s s i x inches or 
greater i n thickness have been i d e n t i f i e d 
i n the Colby section. Figure 4 i s a type 
log from the Myers Langlie Mattix Unit 
which i d e n t i f i e s ten c o r r e l a t a b l e sand 
un i t s w i t h i n the gross productive 
i n t e r v a l . 

Concepts 

At f i r s t glance the o l d adage, poor 
primary recovery gives poor secondary 
recovery, would appear to hold true w i t h i n 
the Queen formation. Projects w i t h good 
primary performance e x h i b i t e d good sec
ondary recovery. Conversely p r o j e c t s w i t h 
poor secondary recovery i n v a r i a b l y had low 
primary recovery. That mindset combined 
w i t h the concept th a t the pay i n t e r v a l s 
are continuous sands across s t r u c t u r a l 
traps may help explain why many projects 
were es s e n t i a l l y abandoned a f t e r poor 
i n i t i a l secondary response. 

High remaining mobile o i l s a t u r a t i o n 
i n a depleted waterflood i s due t o a lack 
of v e r t i c a l and areal i n j e c t i o n coverage. 
Poor v e r t i c a l coverage can r e s u l t from: 
1) pay i n t e r v a l s not f u l l y i d e n t i f i e d , 2) 
i n e f f i c i e n t completion techniques, 3) out 
of zone i n j e c t i o n , 4) pay i n t e r v a l s not 
completely penetrated, 5) water q u a l i t y . 
The lack of areal i n j e c t i o n coverage can 
be due t o : 1) l a t e r a l d i s c o n t i n u i t y , 2) 
i n s u f f i c i e n t well density, 3) inadequate 
i n j e c t i o n to withdrawal r a t i o , 4) improper 
p a t t e r n alignment, 5} d i r e c t i o n a l perme
a b i l i t y , 6) inadequate withdrawals. 

Overall the lack of i n j e c t i o n cover
age r e s u l t s from the r e l a t i o n s h i p between 
n a t u r a l , i.e. res e r v o i r and f l u i d param
ete r s , and c o n t r o l l e d , i . e . r e s e r v o i r 
management, fact o r s . Within the t h i c k 
Permian carbonate sequences, the IOR 
p o t e n t i a l i s predominately a fu n c t i o n of 
r e s e r v o i r heterogeneity. I n the Queen, 
where the l i t h o l o g i e s are not nearly so 
complex, the p o t e n t i a l r e s u l t s more from 
low reservoir energy, completion i n e f f i 
ciencies and operational d i f f i c u l t i e s . 
The primary and secondary development 
techniques u t i l i z e d i n the Queen r e f l e c t e d 

p r e v a i l i n g concepts which have since been 
rendered obsolete by engineering and 
geological advances. 

TANFL (there a i n ' t no free lunches), 
applies also to depleted Queen water-
floods. Contrary to popular b e l i e f , 
blanket i n f i l l d r i l l i n g i s not necessarily 
the s o l u t i o n . An integrated geological 
/engineering analysis i s required to focus 
redevelopment on the most highly produc
t i v e areas. Emphasis i s not on maximizing 
recovery, but optimizing economics. This 
requires sound reservoir management tech
niques at every stage from the analysis 
and design through the implementation and 
surveillance. Companies that acquire 
depleted waterfloods without doing t h e i r 
homework may achieve less than anticipated 
r e s u l t s . 

Approach 

This section was i n i t i a l l y t i t l e d 
methodology, which suggested a routine 
approach to a problem. The peculiar 
nature of each pr o j e c t , the a v a i l a b i l i t y 
of data and the f i n a n c i a l s i t u a t i o n of the 
operator requires f l e x i b i l i t y and inno
vations i n the analysis and e x p l o i t a t i o n . 
However, the goals of each study were 
s i m i l a r : 1) i d e n t i f y the p o t e n t i a l , 2) 
quantify the p o t e n t i a l , 3) map the d i s t r i 
b ution of the p o t e n t i a l , 4) design an 
optimum e x p l o i t a t i o n plan, 5) project 
performance, 6) forecast economics, 7) set 
up a surveillance, and data gathering 
program. 

i 

1. I d e n t i f y i n g the p o t e n t i a l I 
requires determination or understanding of j 
why primary and/or secondary recovery was i 
low. The s t a r t i n g point i s to charac- j 
t e r i z e the reservoir which fortunately j 
does not require the complex facies i 
i d e n t i f i c a t i o n process necessary with '> 
carbonate reservoirs. Defining the net | 
pay sequence from logs, cores, and tests ! 
i s usually s u f f i c i e n t . A key step i s 
determining the well completion e f f i c i e n c y 
from cross-sections connotated with com
p l e t i o n and t e s t information. This 
involves tedious and time-consuming work, 
but i s indispensable for i d e n t i f y i n g zones 
tha t have not been drained due to being 
behind pipe, i n e f f i c i e n t l y completed or 
not penetrated. Knowledge i s also gained 
about zonation and c o n t i n u i t y . This 
c h a r a c t e r i z a t i o n e f f o r t combined with 
information about o r i g i n a l reservoir 
conditions, usually explains the primary 
recovery. 

Understanding the reasons f o r 
low secondary response i s c r i t i c a l to 
judging the p o t e n t i a l . This requires a 
secondary performance review to analyze 
inje c t i o n / w i t h d r a w a l r a t i o , i n j e c t i o n 
e f f i c i e n c y , o i l response, pattern a l i g n 
ment, d i r e c t i o n a l permeability and 
operational problems. 
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2. Quantifying the potential 
involve* volumetric determination of 
o r i g i n a l o i l - i n - p l a e e (OOIP). Again t h i s 
i s simpler f o r the Queen than f o r the 
Persian carbonates even with the normal 
lack of data. The various sand units are 
corre l a t a b l e over a wide area. The 
porosity-permeability relationship i s 
f a i r l y constant allowing use of a single 
p o r o s i t y c u t - o f f value w i t h i n a u n i t f o r 
determining net pay. Also, an average 
water saturation can usually be estimated 
w i t h reasonable accuracy. 

I t was possible tc determine a 
usable OOIP volume on f i v e of the six 
waterfloods being discussed. Adjusting 
the OOIP volume f o r cumulative production 
and res i d u a l o i l gives the remaining 
mobile o i l - i n - p l a c e volume which repre
sents the target f o r an IOR project. 

3. The d i s t r i b u t i o n of tha 
remaining mobile o i l volume i s essential 
t o focusing the redevelopment e f f o r t i n 
the moat productive areas. Direct cal
c u l a t i o n of current saturations i s 
impossible due to ths influence of past 
produrtf.ion/injection operations. Detail 
analysis of in d i v i d u a l well and pattern 
performanee reveals trends i a secondary 
response. To some degree, t h i s replaces 
the facies d i s t r i b u t i o n studies l n carbon
ate r eservoirs. Secondary response has 
varied g r e a t l y w i t h i n the ind i v i d u a l Queen 
waterfloods studied. The areas of good 
rssponse usually r e l a t e to favorable rock 
properties, completion eixiciency ana 
adequate i n j e c t i o n support. Conversely, 
areas of poor secondary response exhibit 
under-injection, lack of i n j e c t i o n cover-
aye, unfavorable reaarvoir properties and 
operational problems. 

4. The optimum design of a 
redevelopment project i s based on re
maining mobile o i l q u a n t i f i c a t i o n and 
d i s t r i b u t i o n studies. Independent oper
ators normally obtain outside funding to 
undertake development projects. This 
requires a low r i s k project with a reason
able economic forecast that provides the 
investor w i t h an acceptable rate of 
ret u r n . To achieve t h i s s i t u a t i o n the 
waHawaTnnnwnt i s ateQed, s t a f ^ i ^ d with the 
highest p o t e n t i a l and lowest r i s k area 
f i r s t , then u t i l i z i n g the information 
gained i n the f i r s t stage to lower the 
r i s k and improve the forecast on the 
second stage. 

5. Projecting the performance 
of a redevelopment Stage involve? analogy 
and l i m i t e d i n r n i d r i l l i n g reaulta within 
the areas of i n t e r e s t . Simplistic mod
e l i n g was done to aid i n the performance 
projections on some projects. 

6. I n t h i s age of dwindling 
p r o f i t margins, i t i s extremely important 
th a t r e a l i s t i c development and operating 
costs be used i n forecasting the eco

nomics. The operator should be involved 
i n both designing and costing the imple
mentation plan. Obviously the o i l price 
forecast i s c r i t i c a l t o the economics. 
Pricing i s normally dictated by the 
operator or investor. 

7. Additional data gathering 
and performance surveillance are c r i t i c a l 
to the success of these staged Queen re
development projects and are an in t e g r a l 
part of the implementation plan. The 
amount of i n f i l l d r i l l i n g involved pro
vides a l o t of quantitative information 
from modern loos, cores and tests. This 
information along with performance sur
veillance improves the design and lowers 
the r i s k of the next phase. The a b i l i t y 
to bootstrap one phase from another i s 
c r u c i a l both to the technical success and 
the a b i l i t y of the operator to obtain 
f i n a n c i a l backing. 

Analogy 

The Queen formation has proven t o be 
a good waterflood candidate. Table 2 i s a 
summary of recoveries for successful 
waterflood projects i n tha two areas. The 
io«aci«ne af these waterflood* i n r a l a t i o n 
to the six redevelopment projects are 
shown by Hyaie 5. Tho j^ojjfaumafloo of tho 
Sxxcn Means Queen Unit has been excellent 
as a resu l t of both good reservoir prop
e r t i e s and advanced reservoir management 
practices i n the design and implementation 
of the flood* The other projects are 
more t y p i c a l of successful QuMa water
floods with low primary recovery but a 
secondary/primary r a t i o greater than oce. 

Substantiating the low Queen reser
vo i r energy i s d i f f i c u l t xiuce priaary 
development occurred over 30 years ago. 
Pressure and ?VT data have been un
obtainable so far. The Means Queen Field 
was reported to have i n i t i a l gas-in-
solution of 360 cu f t / b b l at an o r i g i n a l 
reservoir pressure of 1570 paig' 8^. 
I n i t i a l potentials i n the WDQSC reported 
GORs i n the 150-350 cu f t range. I n i t i a l 
GORs i n the SUC10 and SUC2U area were i n 
tha 300-500 cu f t / b b l range. 

Dltimate recoveries have been higher 
i». wi.* cuu*.*v «»s*a««ftmnrta rhsn in 
the tea County projects. S t r a t i -
graphically, the Queen i s more complex 
along the northwestern shelf margin. The 
SRQU and SESRQU aru completed i n bdth tho 
Seven Rivers and Queen/Penrose in t e r v a l s . 
The Sevan Rivers and part of the Opper 
Queen are gas-bearing, although t h i a may 
have had l i t t l e impact en tho waterflood 
performance i n view of the horizontal 
s t r a t i f i c a t i o n involved. The presence of 
high mobile o i l saturation i n under-
performing Queen waterfloods was confirmed 
by i n f i l l d r i l l i n g . Table 3 summarizes 
i n f i l l d r i l l i n g results i n the study areas 
that were available to the authors. 
Except for the S-VAD, i n f i l l d r i l l i n g 
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occurred on projects i n an advanced stage 
of depletion where i n j e c t i o n had been 
reduced t o the return of produced water. 
Although some of the i n f i l l wells achieved 
economic recoveries without active water 
i n j e c t i o n support, they are the excep
ti o n s . E f f e c t i v e water i n j e c t i o n i n t o 
closed patterns i s required to provide the 
reservoir energy and sweep necessary f o r 
the economic recovery of remaining mobile 
o i l through i n f i l l d r i l l i n g . 

The Bridge operated MFQAU i s a d i r e c t 
south o f f s e t to the Sirgo SUC2U (Figure 
5A). A t o t a l of 17 wells were d r i l l e d i n 
the eastern two-thirds of the Unit during 
1988-89 e i t h e r as 20-acre i n f i l l or 
replacement wells (Figure 7). A semi-
symmetrical i n j e c t i o n p a t t e r n was 
established creating several s i t u a t i o n s 
that approximate 20-acre i n f i l l d r i l l i n g 
w i t h f u l l i n j e c t i o n support. Some wells 
have maintained high producing rates f o r 
several years i n contrast to the rapid 
decline experienced by most Queen i n f i l l 
w e l l s . Well No. 4532, which i s o f f s e t by 
3 i n f e c t i o n wells, p o t e n t i a l e d f o r 110 
30PD on 3/89 and was tested f o r 70 BOPD on 
3/91 and 108 BOPD on 7/91. The p e r f o r 
mance of t h i s u n i t with i n f i l l d r i l l i n g i s 
shown by Figure 6. The incremental aver
age i n f i l l recovery i s estimated at 52 MB 
per w e l l . 

Bridge has done s i m i l a r redevelopment 
on the UL34QU. I n d i v i d u a l w e l l informa
t i o n was not available, but the recent 
u n i t performance suggests t h a t the pro
duction increases realized from the 
d r i l l i n g of i n f i l l and replacement wells 
are being sustained by water i n j e c t i o n 
(Figure 8 ) . 

A l l of the projects i n the study" 
areas have been subjected t o m i l l i o n s of 
barrels of water i n j e c t i o n . Water satu
r a t i o n s and consequently permeability to 
water, while e r r a t i c , are high throughout 
much of the reservoir. The redeveloped 
projects w i l l produce at high water cuts 
from the s t a r t , r e q u i r i n g the handling of 
large volumes of water. Economic recovery 
under these circumstances d i c t a t e s t h a t 
the redevelopment focus on the most pro
spective areas and be designed to produce 
the most o i l i n the least time. 

Project Analysis 

Table 4 summarizes basic data on the 
six redevelopment p r o j e c t s . The develop
ment and performance h i s t o r y of the 
i n d i v i d u a l u n i t s are summarized on Figures 
9-14. Table 5 presents primary and sec
ondary performance parameters f o r the 
p r o j e c t s . Each project i s scheduled to be 
redeveloped on for t y - a c r e five-spot i n 
j e c t i o n patterns (20-acre w e l l density) i n 
phases s t a r t i n g with the lowest r i s k phase 
f i r s t . Implementation of each phase 
depends on r e s u l t s from the preceding 
phase. Redevelopment plans and the basis 

f o r recovery projections are summarized on 
Table 6. A f i n a l residual o i l saturation 
of 30% was assumed f o r a l l cases. The 
conformance factors were based on e s t i 
mates of v e r t i c a l coverage and areal sweep 
fo r each p r o j e c t as modified by the de
t a i l e d performance analyses. 

I n f i l l d r i i i i n g has been completed on 
j u s t one of the six redevelopment pro
j e c t s . F u l l scale pattern i n j e c t i o n has 
not yet been implemented i n any project. 
The presence of high mobile o i l saturation 
has been established on a l l the projects 
e i t h e r by i n f i l l d r i l l i n g w i t h i n the pro
j e c t or on a d i r e c t o f f s e t . 

The pace of development i s dependent 
upon the a b i l i t y of small independents to 
raise c a p i t a l i n today's market. Not only 
are the redevelopment stages ranked ac
cording to r i s k and p o t e n t i a l , but also 
the p r o j e c t s . The lower p r i o r i t y projects 
are deferred u n t i l the investment climate 
improves or the project i s upgraded by 
a d d i t i o n a l information or o f f s e t perform
ance . 

1. West Dollarhide Queen Unit 

The Sirgo-operated WDQU produces from 
what i s termed the Penrose but i s equiv
alent to the t o t a l Queen Section at 3600 
fe e t . The development and performance 
h i s t o r y i s shown on Figure 9. The pr o j e c t 
was acquired ess e n t i a l l y as a salvage 
operation w i t h ^lans to work over wells i n 
an attempt to increase production. The 
o r i g i n a l f e a s i b i l i t y study suggested that 
the u n i t had good i n f i l l p o t e n t i a l due to 
numerous possible productive zones eit h e r 
behind pipe or not penetrated. A prelim
i n a r i l y study i n 1986 used l i m i t e d data to 
make a volumetric estimation of OOIP and 
remaining mobile o i l (Table 4). The u n i t 
was divided i n t o f i v e phases based on 
p o t e n t i a l and r i s k as determined by i n d i 
v i d u a l w e l l performance analysis (Figure 
16) . Phases 1 and 2 were located i n the 
area of good secondary response (Figure 
17) . Based on the 1986 study, t h i r t y 
i n f i l l wells were d r i l l e d and the study 
revised i n 1988 u t i l i z i n g the information 
gained. As each we l l was d r i l l e d , the 
logs were analyzed to improve the data 
base f o r volumetric calculations and 
reserve estimations. The OOIP volume was 
revised from 3 4 MMB to 4 4 MMB, so the 
o r i g i n a l volumetrics proved reasonable i n 
s p i t e of the lack of data. Figures 15A 
and 15B show the o r i g i n a l and revised net 
pay isopach maps. 

The u n i t production increased from 
40 BOPD to 1500 BOPD upon completion of 
the f i r s t 30 i n f i l l wells which almost 
equals the peak primary response from 60 
w e l l s . A number of the i n f i l l wells had 
i n i t i a l p o t e n t i a l i n excess of 200 BOPD, 
p o s i t i v e evidence of the high mobile o i l 
s a t u r a t i o n remaining w i t h i n areas of the 
u n i t . Without water i n j e c t i o n support. 
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however, the w e l l * declined rapidly. 
Figure la shows the average per well pro
duction by months for the i n f i l l wells. 

A t o t a l of 52 wells were d r i l l e d to 
complete the i n f i l l development scheduled 
iax phases 1«4. Phase 5 was considered 
high r i s k because af high water satu
r a t i o n . This analysis has been c6rt£î aied 
by l i m i t e d i n f i l l d r i l l i n g i n the phase 
area. 

2. Skelly - Penrose 3 Unit 

The Sirgo-operatsa S-FBU produces 
from the same Queen/Penrose section as the 
WDQSU i n Lea County, New Mexico (Figure 
3). The development and performance 
h i s t o r y i s shown on Figure 10. Following 
rapid primary depletion, water i n j e c t i o n 
was i n i t i a t e d i n 1966 with a i l response 
peaking at 500 BOPD i n early 1971. The 
u n i t has experienced a high water cut 
throughout i t ' s l i f e . I n j e c t i o n has been 
reduced to the disposal of produced water. 
A majority of t h * walls were completed i n 
tha Penrose a&ly. Prior to waterflooding, 
the upper Queen section exhibited high 
GORs. 'primary recovery only averaged 23 
MB per well with a secondary primary 
recovery r a t i o estimated at 1.0. In con
t r a s t , the o f f - n e t t i n g S-PAO. averaged 66 
MB ± w w » l i -*A<i« ps ia ia j^y af<,a«'*«lfy « i « K 
the secondary primary r a t i o estimated at 
1.22 (Table 2). A detailed 3tudy of the 
S-PAd has not been made that might explain 
the recovery differences. This large of a 
difference oa projects with the sane 
o r i g i n a l operator probably involves pay 
q u a l i t y . 

Due to a lack of data, no attempt was 
made to calculate unit-wide volumetrics. 
A s i m p l i f i e d reservoir modal was con
structed tot 1) t e s t the reasonableness of 
estimated reservoir parameters, 2) 
approximate primary and secondary per
formance f o r an average w e l l , and 3) 
establish a basis for estimating re-
developmwuU .I'dserves. 

A f i v e - w e l l twenty-acre i n f i l l pro
gram on the o f f s e t t i n g S-PAU i n 1973-74 
proved successful with the incremental 
average recovery estimated at 90 MB per 
w e l l . These wells were located i n the 
i n t e r i o r of the u n i t where active i n 
j e c t i o n was occurring. Six i n f i l l wells 
were d r i l l e d by Sirgo on the S-PBU i n 1988 
with potentials ranging from 7 to 32 BOPD. 
S i n c e t h e i u f l l l w e l l s hove no e££e«tiv4 
i n j e c t i o n support, production has 
declined -

3. Myers Langley Mattix Unit 

The Texaco-operated MLM'J i s also 
located i n the Queen/Penrose trend of Lea 
County, New Mexico (Figure 5), but is 
several times larger than the WDSQU or S-
PBO projects. Primary development began 
i n 1936 i n the u n i t area and continued 
Lliiuu<ih 19C1. Water i f t j e s t i o n did not 
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begin u n t i l 1975 and the project i s s t i l l 
an active waterflood. The development and j 
performance history i s shown on Figure 11. 

primary recovery was estimated at 
7.8% and the secondary primary recovery 
r a t i o at 0.7fi. » detailed performance 
gnu l y s i s found a wide v a r i a t i o n i n sec
ondary Eesp*ii«*. Fifteen wells had peak 
secondary o i l response exceeding 100 BOPD. j 
Fourteen wells are projected to produce 
over 100 MB of secondary o i l each. 

Five menty^acre i n f i l l walla ware j 
d r i l l e d ir . laso. i n spite or inadequate : 

i n j e c t i o n support, several of these wells 
encountered s i g n i f i c a n t reserves, i n 
cluding one well projected to recover over 
200 MS. Redevelopment i s projected to 
achieve an improved primary recovery r a t i o 
of 3.0 fox i n ultimate recovery of 23*. 

4, Magutex Queen Unit 

The Sirgo-operated MXQU i s a depleted 
waterflood producing from the A and a 
aAiids <s£ the Uppojt Quoen aoation i n 
Andrews County, Texas. Water i n j e c t i o n 
was i n i t i a t e d i n 1963 with only marginal 
o i l response (Figure 14). Accurate water 
production and i n j e c t i o n data were not 
available her.ween 1980-90. Currently, 
v*+l,y p r o d u c f l d wat«s i o Ko^iv^ i A j & o ^ a a . 

Primary recovery was estimated at 
7.2% and the secondary primary recovery 
r a t i o at 0.93 f o r a total- recovery of only 
15%; Thia ia less than half o£ the ra-
oovery experienced by successful Queen 
waterfloods i n the same producing trend 
(5»bl* 2) . i]*v*vBr, an analysis- ef i n 
d i v i d u a l well performance indicated that 
two w«li3 had produced over 240 MB of 
secondary o i l each and another four weiis 
produced around 100 MB of secondary o i l 
per we l l . These six wells account f a r 
nearly 60% Of the t o t a l secondary re
covery. The overall poor secondary 
performance resulted from out-of-zone 
i u j o p t i o n , c h a n n e l i n g due t o e*S#SSiVe 
i n j e c t i o n s pressure and downhole scaling 
problems- The proposed redevelopment i s 
projected to increase the improved-to-
primary recovery r a t i o to 2.2, giving a 
22.7$ ultimate recovery. 

5-?, Stats University Consolidated |1 and 
#2 Units 

Tho Sirgo-operated SUC10 and SUC2U 
are adjacent to one another i n the Upper 
Queen producing trend. They share a 
common development and operating h i s t o r y 
w ith 40-acre primary development occurring 
i n the late 1950'a and water i n j e c t i o n 
s t a r t i n g i n 1961 (Figures 12 and 13). 
Both projects are depleted waterfloods, 
i n j e c t i n g only produced water. SUC2U was 
never f u l l y developed as indicated by the 
average density of 57 acres per we l l . 
Primary recovery waa leas than 1% f o r both 
u n i t s and ultimate recovery is only i n 
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the 15% range. Similar t o che ocher Queen 
pro j e c t s studied, areas of good secondary 
response were found i n both p r o j e c t s . 

A low inje c t i o n - w i t h d r a w a l balance 
and operational problems contributed to 
poor secondary performance. Both u n i t s 
received pressured water from the Means 
System i n l i e u of having t h e i r own inje c 
t i o n f a c i l i t i e s . The Bridge-operated 
MFQAU p r o j e c t has achieved some s i g n i f i 
cant r e s u l t s where i n f i l l wells are being 
supported by water i n j e c t i o n (Table 3 and 
Figure 8). MFQAU o f f s e t s the SUC1U and 
SUC2U t o the south (Figure 5). Rede
velopment of the SUC1U i s projected to 
give an improved/primary recovery r a t i o of 
3.0 f o r a 23% ultimate recovery. Simi
l a r l y , redevelopment of the SUC2U i s 
projected to give an improved/primary 
r a t i o of 2.3 f o r a 23% u l t i m a t e recovery 
also. 

Conclusions 

I n f i l l d r i i i i n g has confirmed 
th a t some depleted Queen Sand Waterfloods 
s t i l l contain high mobile o i l saturations. 

2. This mobile o i l s a t u r a t i o n i s not 
uniformly d i s t r i b u t e d and d e t a i l e d analy
sis i s required to define the more 
prospective areas. 

3. The economic recovery of the 
remaining mobile o i l requires redevelop
ment of the waterfloods by i n f i l l d r i l l i n g 
and adequate water i n j e c t i o n support. 

4. Good re s e r v o i r management and 
fina n c i n g requirements d i c t a t e t h a t the 
most prospective areas be exp l o i t e d f i r s t 
and the r e s u l t s used t o upgrade the other 
stages. 

Acknowledgementa 

Appreciation i s expressed to Sirgo 
Operating, Inc. f o r permission to publish 
t h i s paper and also Bridge O i l Inc. f o r 
allowing use of c e r t a i n production data. 

References 

1. D o w l i n g , Pau l L . : " A p p l i c a t i o n o f 
Carbona te E n v i r o n m e n t a l Concepts t o 
Secondary Recovery P r o j e c t s , " paper 
p r e s e n t e d a t t he 4 5 t h A n n u a l F a l l Mee t ing 
o f t h e SPE, Houston, O c t . 4 - 7 , 1970. 

2 . H o l t z , Mark H . , R u p p e l , Stephen 
C . , and H o c o t t , C laude : " A n a l y s i s o f 
Reserve Growth P o t e n t i a l i n L e o n a r d i a n 
R e s t r i c t e d P l a t f o r m Carbona te R e s e r v o i r s , 
Permian B a s i n : An I n t e g r a t e d A p p r o a c h , " 
paper SPE 22900 p r e s e n t e d a t t h e 6 6 t h 
ATC&E o f t h e SPE, D a l l a s , O c t . 6 -9 , 1991. 

3. D r i s c o l l , Vance J . : "Recovery 
O p t i m i z a t i o n Through I n f i l l D r i l l i n g 
Concep t s , A n a l y s i s , and F i e l d R e s u l t s , " 
paper SPE 4 977 p r e s e n t e d a t t he 4 9 t h 

Annual F a l l M e e t i n g o f t h e SPE, Houston, 
Oct . 6 -9 , 1974. 

4. S t i l e s , L . H . : " O p t i m i z i n g 
W a t e r f l o o d Recovery i n a Mature Water-
f l o o d , The F u l l e r t o n C l e a r f o r k U n i t , " 
paper SPE 6198 p r e s e n t e d a t t he 51st ATC&E 
of SPE, New O r l e a n s , O c t . 3 -6 , 1976. 

5. F rench , R. L . , B r i m h a l l , a. M. 
and Wu, C. H . : "A S t a t i s t i c a l and Economic 
A n a l y s i s o f I n c r e m e n t a l W a t e r f l o o d I n f i l l 
D r i l l i n g Recover ies i n West Texas Carbon
a te R e s e r v o i r s , " paper SPE 22624 presented 
a t t h e 66 th ATC&E o f SPE, D a l l a s , Oct . 6-
9, 1991. 

6. H o l l e y , C. and M o z 2 u l l o , J . .• "The 
L i t h o l o g y , D e p o s i t i o n a l Env i ronments , and 
R e s e r v o i r P r o p e r t i e s o f Sandstones i n the 
Queen F o r m a t i o n , Magutex N o r t h , McFarland 
N o r t h , and McFar land F i e l d s , Andrews 
County , Texas ," Permian B a s i n Sec. SEPM 
Spec. Pub. 88-28 , p p . 55 -63 . 

7. V a n d e r h i l l , James 8 . : 
• D e p o s i t i o n a l S e t t i n g and R e s e r v o i r 
C h a r a c t e r i s t i c s o f Lower Queen (Permian, 
Guadalupian) Sands tones , Keystone (Colby) 
F i e l d , W i n k l e r C o u n t y , Texas , " Permian 
Bas in Sec.-SEPM P u b l i c a t i o n 91-12, p i i g _ 
129. 

8. K u n k e l , G. C.and Bag ley , J . W. , 
J r . : " C o n t r o l l e d W a t e r f l o o d i n g , Means 
Queen R e s e r v o i r , " JPT (Dec. 1965) 
1385-1388. 



OPERATOR UNIT 

ARCO Seven Rivers Queen Unit SRQU NM 

Marathon South Eunice Seven Rivers Queen Unit SESRQU NM 

Slrgo Myers Langtfe Mattix Unit MLMU NM 

Sirgo Skelly - Penrose 9 Unit S-PBU NM 

Sirgo West Dollarhide Queen Sand Unit WDQSU NM 

Texaco Skelly - Penrose A Unit S-PAU NM 

Bridge McFarland Queen Uitli BUfQU TX 

8rtdge McFarland Queen A Unit MFQAU TX 

Bridge University Land Block * Queen Uiiit UL34QU TX 

Exxon Means Queen Unit MQU TX 

Mobil McFarland Queen North Unit MFQNU TX 

Slrgo Mogutex Queen Unit MXQJ TX 

Sirgo Stote University Consolidated #1 Unit S'JCIU TX 

Slrgo State University Conseildofsd 42 Unit SUC2U TX 

SW Royaity Mcfariand Queen Unit SWMFQUTX 

Table 1 - Queen Waterflood Projects in Study Area 
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Table 2 — Pre—Redevelopment Performance on Successful Queen Wuterfloods 



figur* 2 - Permian Stratigraphy 
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Figure 5B - Location of Projects 
Andrews County, Texas 
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Figure 9 — Performance Graph 
Sirgo—West Ooilarnide Queen Sand Unit 
Lea County, New Maxico 
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Figure 10 — Performance Graph 
Sirgo-Skelly-Penroie B Unit 
Lea County, New Mexico 
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Figure 11 - Performance Graph 
~- Sirgo-Myers Langlie Mattix Unit 

Lea County, New Mexico 
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