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Significant future reserve additions
in the Permian Basin of West Texas and
Southeastern New Mexico will come about
through improved o0il recovery techniques
(IOR) applied to existing reservoirs. The
major companies have an impressive list of
improved or enhanced recovery projects on
their strategic lists. On the other side
of the street, independents are competing
to acquire the major’'s non-strategical
properties that are judged to have IOR
potential. The Permian Basin is certainly
one of the world’s most mature producing
provinces, but it is also a frontier for
advanced IOR technology.

Primary development of the world
class Permian Age producing horizons in
the Permian Basin occurred from the mid-
1930’s through the 1950’'s. The 1960‘s was
the era of secondary recovery with the
establishment of many of the Basin'’'s water
injection projects. A majority of these
waterflood projects were probably based on
the "Tank Model" concept of a reservoir,
involving little or no geologic input.

The fallout from the initial failure of
some of these projects started industry on
the road to developing a joint geo-
logical/engineering approach. One of the
earlier papers to appear in engineering
literature discussing the geological
aspects was Dowling’s 1970 paper titled
*Application of Carbonate Environmental
Concepts ??)Secondary Recovery

Projects*™ . A recent contribution in
this area is a 1991 SPE Paper by Holtz,

References at end of paper

Ruppel and Hocott with the Bureau of
EconoT%? Geology at the University of
Texas . Reading these two papers
together shows the advances in carbonate
geology and it’s application to reservoir
exploitation.

On the engineering side, much of the
emphasis has been infill drilling. a 1974
paper by Driscoll listed nine factors that
influence addit%g?al recovery through
infill drilling . In 1976, Stiles
authored a paper on optim%z%ng waterflood
recovery in the Clearfork 4 This was
the first of several papers by Stiles and
his colleagues at Exxon that has served as
the foundation for the technology that has
evolved into reservoir characterization.

A good summary of what has been accom-
plished through infill drilling and
reservoir characterization in West Texas
carbonates ifsfontained in a 1991 article
by Wu et.al.

Nearly all the current IOR efforts,
and hence the literature, in the Permian
Basin have been directed towards the San
Andres and Clearfork carbonates. To
paraphrase Willy Sutton, the infamous bank
robber, in justifying his profession,
"that’s where the money is." The bulk of
the remaining oil-in-place {(ROIP) exists
in these two horizons where the facies
stacking nature of the marine depositional
cycles creates complex, heterogeneous
reservoirs often over a thousand feet in
gross thickness. Following primary
depletion, the remaining mobile oil
volumes within these thick sections were
the targets for secondary recovery through
water injection. Now both the remaining
mobile oil and residual o1l are targets
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for IOR technology. Major companies that
choose to remain active in the basin are
consolidAting . cheir holdings in propecties
that contain this large potential.

Hewsver, thg large Cloarfork and san
Andres regervoirs are not the only ICR
candidates in the Basin. Independeant
companies are hoping to build a reserva
base by applying IOR technology to
properties acquired from the majors. Tha
ateyrsmuras that ¢the indapendaonrs lemak for
in a IOR candidate ars:

1. Can bhe purchased for existing
preduction without paying a premium
for potential.

2, Located iz an area that can be
Aaveinpad and Aperared AT low coat.
3. Qan be udugualuly wvaluabad xt »
reasonable cost.

4. Containa a high remaining mobile
0il saturation.

The Queen sand producing trand along
beoth the northeas=ern and northwestern
margin of the Central Basin Platform meets
Ehzse srikaria (Piguws 1). Thas Quaan iz
gshallow, (3600=470G0'), the oil is not very
sour, the gravity is greatsr than 30% ApI
and the formarion i3 very susceptible to
waterflooding as proven by many succass
projects. Most of the area in these two
Queen trends had been unitized and water-
floodad by 1965 and ara currently nsar
depletion. Many of the projects contain
high mobile oil saturation dus o low
ultimate recevery. All of the projects
were developad on 40-aczre density. The
resarva potential in thesde areas is
nozmally not significant encugh to be of
interest TO The majors and ownership nas
already past to amaller companies in many
instances.

Phe aulbwss bave avaluated over a
dozen of thesgs depleted Queen waterfloods
for YOR potential in recent years. The
term “redevelopment® has been applied to
the process of axploiting the potantial of
these depleted flecods sincs both infill
drilling and the reagtablishment of full-
scale warer injection is involved. These
studies have required innovations to ovar-
come a lack of quantitative data, limited
budgets for analyzing the potential, and a
shortage of investment funds that dictates
a "bootstirap® approach to development.

This paper descrides the appreoaches
and analogs used in quantifying the poten-
tial and developing an exploitation plan
on six separate projects. Although over
sixty 20wacre infill wells have heea
drilled on threg of the projects, none
have been completely redeveloped with full
scale injection., Pifteen diffaerent proji-

ects ara referenced in this article. some
with similar names. To facilitate the

discussion, the projects have all been
assigned 4 unigue abbraviaetion as chown an
Table 1.

Gagalogy

The Queen formation is a complex
sequence of sandstone, carbonates and
evaporitas of Permian (Guadalupian) age
thar extend actoss the North Cantral Rlat-
form and the Northwest Shelf of the
Fermian Basin. The Queen 1§ part of the
Artesgian group, a back-reef facieg of the
Capitan-~Goat Saep Reef complex which
surroundsd the Delawars 533%9 during
Guadalupian time (Pigqure 2) }. Tha Qusan
sandstoneas formed stratigraphic or
strucrtural-stratigraphic traps across the
Permian Basin. The redevelopment projects
are lecatad along the northeastrern and
northwestarn margin ¢f the Cantral Basin
Dlacform.

Halloy and Massulls dossrids tie
lithology, depositional environment and
regervolr properties of Queen sandstones
in the northeastern ar?g located in
Andrewe County, Taxag ). Production in
+his area is from the A and B sand members
of the upper Queen which are described as
wavy sheet sandstones with an average
thinknace Af 17 and 77 faer, rvarpertively.
Figure 3 is a type log for tha area. The
deposition of sach sand was preceded by a
maior sea level fall exposing older high-
grand sediments to erosion., A slow rige
in gea lavel buried the eroded surface by
a succession of sandy braided streams,
alluval plains arnd tidal flat sandstones
and sillstones which form the Queen A and
B sandg. Continual rise of the sea lavel
returnad the area to the normal
carbonate/evaporite-dominaced shelf
snvironment.

The productive sands aze duwosibed as
fine grained, well sorted, arkeosic, and
gilty. Perrographic studies show that the
pozosity which {s raduced, secondary and
intergranular iz textuze, wan éreated by
partial dissolution of anhydrites and
dolomite cements. The sanda have a high
gamma ray responsa dus to the presence of
feldspaczx.

The sand members ars rsadily corre-
latable across the trand. The fialds are
found in connection with elongatad
anticlines, which suggeats that the
raservolrs wuece fuzmed by Lhe stoucvlusal
gnctrapment on blanket sands. The fialds
were developed on uniform 40-acre spacing
in acrordance with accepted concepts that
ignored depositiocnal or diagenetic com-
plexities. Detailed atudias have
gubsequently revealed that tha fields are
a gseries of stratigraphic trapas.

The Queen productive intervals arae
somswhat more complex aleng the nerth-
wesgtaern trand in Lea County, New Mexiceo
whara production {s primarily from the
lower half of the Queen saction. This
section 13 locally referred to as tha
Penros4, although on ocacagion thip dogig-
nation has bsen applied to the total Queen




SPE

23956 T. S.

HICKMAN AND C. D.

HUNTER

o

and depositional setting is based on study
in the Keystone (Colby) field in Winkler
County, Texas. This field produces from
the lower half of the Queen formation
which is the eguivalent 9§ the Penrose
formation in New Mexico(’). In contrast
to the depositional environment described
by Holly and Mazzullo for the northeastern
marg:n area, Vanderhill attributes the
numerous separate rock units to minor
shifts in the local depositicnal environ-
ment and not large sea level fluctuations.
The sands were deposited in a shallow
marine setting but in somewhat deeper
water than the shallow tidal or strandline
dolomites. Although both papers agree
that the majority of the porosity is
secondary in nature, Vanderhill attri-
butes it to the dissolution of feldspar.

A totral of 32 sand units six inches or
greater in thickness have been identified
in the Colby section. Figure 4 is a type
log from the Myers Langlie Mattix Unit
wnich identifies ten correlatable sand
units within the gross productive
interval.

Concec<s

At first glance the old adage, poor
primary recovery gives poor secondary
recovery, would appear to hold true within
the Queen formation. Projects with good
primary performance exhibited good sec-
ondary recovery. Conversely projects with
poor secondary recovery invariably had low
primary recovery. That mindset combined
with the concept that the pay intervals
are continuous sands across structural
traps may help explain why many projects
were essentially abandoned after poor
initial secondary response.

High remaining mobile o©il saturation
in a depleted waterflood is due to a lack
of vertical and areal injection coverage.
Poor vertical coverage can result from:
1) pay intervals not fully identified, 2)
inefficient completion technigues, 3) out
cf zone injection, 4) pay intervals not
completely penetrated, 5) water gquality.
The lack of areal injection coverage can
be due to: l) lateral discontinuity, 2)
insufficient well density, 3) inadequate
injection to withdrawal ratio, 4) improper
pattern alignment, S) directicnal perme-
ability, 6) inadequate withdrawals.

Overall the lack of injection cover-
age results from the relationship between
natural, i.e. reservoir and f£f1luid param-
eters, and controlled, i.e. reservoir
management, factors. Within the thick
Permian carbonate sequences, the IOR
potential is predominately a function of
reservoir heterogeneity. 1In the Queen,
where the lithologies are not nearly so
complex, the potential results more from
low reservoir energy, completion in effi-
ciencies and operational difficulties.

The primary and secondary development
techniques utilized in the Queen reflected

prevailing concepts which have since been
rendered obsolete by engineering and
geological advances.

TANFL (there ain't no free lunches),
applies also to depleted Queen water-
floods. Contrary to popular belief,
blanket infill drilling is not necessarily
the solution. An integrated geological
/engineering analysis 1s required to focus
redevelopment on the most highly produc-
tive areas. Emphasis is not on maximizing
recovery, but coptimizing 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 their
homework may achieve less than anticipated
results.

Appxoach

This section was initially titled
methodology, which suggested a routine
approach to a problem. The peculiar
nature of each project, the availability
of data and the financial situation of the
operator requires flexibility and inno-
vations in the analysis and exploitation.
However, the goals of each study were
similar: 1) identify the potential, 2)
quantify the potential, 3) map the distri-
bution of the potential, 4) design an
optimum exploitation plan, 5) project
performance, 6) forecast economics, 7) set
Up a surveillance and data gathering
program.

1. Identifying the potential
requires determination or understanding of
why primary and/or secondary recovery was
low. The starting peint is to charac-
terize the reservoir which fortunately
does not require the complex facies
identification process necessary with
carbonate reservoirs. Defining the net
pay sequence from logs, cores, and tests
is usually sufficient. A key step is
determining the well completion efficiency
from cross-sections connotated with com-
pletion and test information. This
involves tedious and time-consuming work,
but is indispensable for identifying zones
that have not been drained due to being
behind pipe, inefficiently completed or
not penetrated. Knowledge is also gained
about zonation and continuity. This
characterization effort combined with
information about original reservoir
conditions, usually explains the primary
recovery.

Understanding the reasons for
low secondary response is critical to
judging the potential. This requires a
secondary performance review to analyze
injection/withdrawal ratio, injection
efficiency, oil response, pattern align-
ment, directional permeability and
operaticnal problems.
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2. Quantifying the potential
invelves volumetric determination of
original o{l-in-place (QOIP). 2Again this
ig gimpler for the Queen than for the
Permian carbonateg even with the nozrmal
lack of data. The varicus sand units are
correlatable ovar a wide area. The
porosity-permeability relationship is
fairly constant allowing use of a gingle
porogity cut-off value within a unit forx
determining net pay. Also, an average
watar saturation can usually be egtimated
with reasonable accuracy.

It was possible tc detormine a
usable QOIP volume on five of the six
waterfloods being discugsed. Adjusting
the COIP volume for cumulative production
and residual) oil gives the remaining
mobile oil-in-place velume which reprs-
gents the varget for an IOR project.

3. The distribution of tha
remaining mobile oil volume is essential
to focusing the redevelopment effort in
the most productive arsas. Dirscrt cal-
culation of current saturations is
impossibla due to the influence of past
produatrion/lajection operations. Detail
analysis of individual well and pattarn
parfarmance revaals trands in secondary
regponge. 7To some degrea, this replaces
the facieg distribution studies in carbon-
ate reservoirs. Secondary response has
variad greatly within the individual Queen
waterflcods studied. The areas ¢f good
regponse usually relate to favorable rock
proparties, completion eriicidancy anda
adaquate injection support. Converssly,
areas of poor secondary response 2xhibic
under-injection, lack of injection cover-
agw, unfaverabls reggrveoir proparvies and
aperational problems.

4. 7The optimum design of a
redevaelopment project is based on re-
maining mobile oil quantification and
distribution studises. Independent oper-
ators normally obtaia outside funding te
undertake development projacts. This
regquires a low risk project with a reason~
abla economic forecast that provides the
invesgtor with an acceptable rate of

return. To achieve this situation the
radavalnnmant 18 gtaged, dtarting with the
highest potesntial and lowest risk area

first, then utilizing the information
gainad in the first stage to lower the
risk and improve the foranast on ths
gsecond stage.

5. Projscting the performance
of a radevalapment stage invelves analegy
and limited inraill A4rilling rcesulls within
the areas of interest. Simplistic mod-
eling wasa done to aid in the parformance
projections on some projects.

6. In this age of dwindling
profit marginsg, it is extremely imporrtant
that realistic development and operating
costs be used 1ln forecasting the eco-

in both designing and costing the imple-
mentation plan. Obvicusly the ¢il prics

nomics. Tha operator should be involved !
!
I

foracast is ecritical to the sconomigs.
Pricing is normally dictated by the
operator or investor.

7. Additional data gatheriag
and performance surveillance are critical
to the success of these staged Queen ro-
development projects and are an integral
pazt of the implementation plan. The
amount of infill drilliag involved pro-
vides a lot of gquantirative informatrion
from modern logs, cores and tests. This
information along with performance sur-
veillance imprcves the design and lowers
the riak of the next phase. Tha ability
t¢ boorstrap one phase from another is
crucial hoth té the technical success and
the ability of the operator to obtaina
financial backing.

Analogy

The Queen formation has proven to he
a good waterflood candidats. Table 2 is a
summary oaf recoevaries for succegsful
waterfleocod prodects in tha two arsas. The
locationes of thoge waterflondx in relation
to the 8ix rsdavelopmsant projects are
snown by ¥lguce 5. “The pexfavmanss of tho
Exxen Means Queen Unit has been exgsllant
as a result of both good reserveir prop-
erties and advanced reservoir management
practices in §§e design and implementation
of the flocd(®). The other projects are
more typtaal of successful Queen watser-
floods with low primary recaovery but a
gacondary/primary ratic greater than ore.

Substantiating the low Quesn resec-~
voizr energy :5 daifficulc wiuge primaczy
devalopment cccurred over 30 years ago.
Pressure and PVT data have been un-
obtainable so far. Ths Msans Queen Field
was reported to have initial gas~-in-
solution of 360 cu f£t/dbl at an 8§Lq;nal
regservolx pressurs of 1570 psig( .
Initial potentials in the WDQSU zeported
GORs in the 150-350 cu ft range. Initial
GORs in the SUC1U and SUC20 arsa ware in
tha 300-500 cu ft/bbl range.

Ultimats rec¢overiss have heen higher
lu e Ladwosr Qiumay wvaeawf¥iandg than in
the Lea Couanty projects. Strati-
graphacally, the Queen is more complex
along the nortiwestern shelf margin. The
SRQU and SESRQU aru coapleted ian hoth thoe
Seven Rivers and (Queen/Penrose intsarvals.
The Saven Rivers and part of the Uppar
Quaeen ars gas-baaring, although this may
have had 1ittle impa¢s on the watarflonn
performance in visw of the horizontal
stratification involved. The prasencs of
high mobile oil saturation in under-
performing Queen waterfloods was confirmed
by infill drilling. Table 3 summarizas
infill drilling reeults in the study areas
that were available to the authors.

Bxcept for the $-PAU, infil} drilling
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occurred on projects in an advanced stage
of depletion where injection had been
reduced to the return of produced water.
Although some of the infill wells achieved
economic recoveries without active water
injection support, they are the excep-
tions. Effective water injection into
closed patterns is required to provide the
reservoir energy and sweep necessary for
the economic recovery of remaining mobile
oil through infill drilling.

The Bridge operated MFQAU is a direct
south coffset to the Sirgo SUC2U (Figure
SA). A total of 17 wells were drilled in
the eastern two-thirds of the Unit during
1988-89 either as 20-acre infill or
replacement wells (Figure 7). A semi-
symmetrical injection pattern was
established creating several situations
that approximate 20-acre infill drilling
with full injection support. Some wells
have maintained high producing rates for
several vears in contrast to the rapid
decline experienced by most Queen infill
wells. Well No. 4532, which is offset by
32 lnjection wells, potentialed for 110
SB0PD on 8/89 and was tested for 70 BOPD on
3/91 and 108 BOPD on 7/91. The perfor-
mance of this unit with infill drilling is
shown by Figure 6. The incremental aver-
age infill recovery is estimated at 52 MB
per well.

Bridge has done similar redevelopment
on the ULB4QU. Individual well informa-
tion was not available, but the recent
unit performance suggests that the pro-
duction increases realized from the
drilling of infill and replacement wells
are being sustained by water injection
(Figure 8).

"All of the projects in the study
areas have been subjected to millions of
barrels of water injection. Water satu-
rations ané consequently permeability to
water, while erratic, are high throughout
much of the reserveir. The redeveloped
projects will produce at high water cuts
from the start, requiring the handling of
large volumes of water. Economic recovery
under these circumstances dictates that
the redevelopment focus on the most pro-
spective areas and be designed to produce
the most 0il in the least time.

b—-\qg:o a==1xsi g

Table 4 summarizes basic data on the
six redevelopment projects. The develop-
ment and performance history of the
individual units are summarized on Figures
8-14. Table 5 presents primary and sec-
ondary performance parameters for the
projects. Each project is scheduled to be
redeveloped on forty-acre five-spot in-
jection patterns (20-acre well density) in
phases starting with the lowest risk phase
first. Implementation of each phase
depends on results from the preceding
phase. Redevelopment plans and the basis

for recovery projections are summarized on
Table 6. A final res.dual oil saturaction
of 30% was assumed for all cases. The
conformance factors were based on esti-~
mates of vertical coverage and areal sweep
for each project as modified by the de-
tailed performance analyses.

Infill drilling has been completed on
just one of the six redevelopment pro-
jects. Full scale pattern injection has
not yet been implemented in any project.
The presence of high mobile oil saturation
has been established on all the projects
either by infill drilling within the pro-
ject or on a direct offset.

The pace of development is dependent
upon the ability of small independents to
raise capital in today’'s market. ©Not only
are the redevelopment stages ranked ac-
cording to risk and potential, but also
the projects. The lower priority projects
are deferred until the investment climate
improves or the project i1s upgraded by
additional informaticon or offset perform-
ance.

i. West Dcllaxnhide Queen Unitc

The Sirgo-operated WDQU produces from
what is termed the Penrose but is equiv-
alent to the total Queen Section at 3600
feet. The development and performance
history is shown on Figure 9. The project
was acquired essentially as a salvage
operation with plans to work over wells in
an attempt to increase production. The
original feasibility study suggested that
the unit had good infill potential due to
numerous possible productive zones either
behind pipe or not penetrated. A prelim-
inarily study in 1986 used limited data to
make a volumetric estimation of OOIP and
remaining mobile oil (Table 4). The unit
was divided into five phases based on
potential and risk as determined by indi-
vidual well performance analysis (Figure
16). Phases ! and 2 were located in the
area of good secondary response (Fiqure
17). Based on the 1986 study, thirty
infill wells were drilled and the study
revised in 1988 utilizing the information
gained. As each well was drilled, the
logs were analyzed to improve the data
base for volumetric calculations and
reserve estimations. The OQIP volume was
revigsed from 34 MMB to 44 MMB, soc the
original volumetrics proved reasonable in
spite of the lack of data. Figures 15A
and 158 show the original and revised net
pay isopach maps.

The unit production increased from
40 BOPD to 1500 BOPD upon completion of
the first 30 infill wells which almost
equals the peak primary response from 60
wells. A number of the infill wells had
initial potential in excess of 200 BOPD,
positive evidence of the high mobile o0il
saturation remaining within areas of the
unit. Without water injection support,
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however, the wellas dsclined zapidly.
Pigqurs 18 shows the average per well pro-
duction by months for the infill wells.

A total of 52 wells were drilled to
complete the infill development scheduled
fo» phases l»4. Phage 5 wag cnusidarad
high risk bacause of high water satu=-
ration. This analysis has been conflizmeéd
by limited infill dxilling in the phasse
area.

2. Skxelly - Psnzose B Unit

Tha Sirgo-operated S-FBU produces
from the same Quesn/Penrosae section as the
WDQSU in Lea County, New Maxico (Figure
B}. Ths development and performance
history is shown on Figurae 10. Pollowing
rapid primary depletion, water injection
was initiamad in 1966 with oll rcapense
peaxing at 500 BOPD in e=arly 197:. The
unit has experienced a high water cut
throughout it‘s life. Injection has been
reduced to the disposal of produced water.
A majority of tha walls wara completad in
tha Penrosa suly. Nrisr o watarfloeding,
the upper Queen sertian axhibited high
GORs. Primary rscovery anly avsraged 28
4B per well with a gsecondary primary
recovery ratio estimated at 1.0. In con-
trast, the off=garting S-PAO, averaged &4
MB pei well uwiader primazy 2348%wory wieh
the secondary primary ratio estimatad at
1.22 (Tadble 2). & datailed study of the
S=-PAU has not baen made that night explain
the recovery diffesrences. This largs of a
diffarance On projects with the same
original eoperatar prokhably involves pay
qualicy.

Due to a lack of data, no attempt was
made to caleculate unit-wide volumetries.
A simplified reservoir modsel was con-
structed to: 1) test the reasonablensss of
eatimatad reservoir parameters, 2)
approximate primary and seccondary per-
formance for an average well, and 3)
egtablish a basis for estimating ra-
deavelopmenul Jaeserves.

A five~wall twenty-acre infill pro-
gram on the offgetting S$S=-PAU in 1973-74
provaed successful with the incremental
average recovery estimated at 30 MB par
wall. These wells were located in the
interior of the unit where active in-
jaction was acenrring. Six infill wells
weras drilled by Sirgo on the $-PBU in 1938
with potentials ranging from 7 teo 12 B80PD.
Since the iullll wells have no effeckive
injection support, production has
daeclined.

3. Myers Langley Mattix Unit

The Texaco-oparated MLMU i3 also
locsted in the Queen/Penrose trend of Lea
County, New Mexico (Figure 5), but is
several times larger than the WDSQU or S-
PBU projects. Primary davelopment began
in 1934 in the unit area and continued
Lhzough 1961, Water Linyeceion 4id not

baegin until 1975 and the project is still
an active waterflood. The development and
performance history is shown on Pigure i1.

Primary racovery was estimated at
7.8% and the secondary primary recovery
ratin at 0.74. A deratlad perfarmance
analysis found a wide variatian in asec-
ondary respdrse, Fifvsan walla had paak
secondary oll response exceeding 100 BOPD.
Fourtaen wells are projectad to produca
over 100 MB of secondary oil each.

Five twanty-anre infill walls were
drilied 1n 14988. {n spite of inadequate
injection suppart, several of these wells
encountered significant reserves, in-
ciluding one well projected to zecover over
200 MB. Redevelopmant is projectad o
achiave an improved primary regcovery Iatid
o€ 1.0 far an ultimate rocovery of 23k,

4, Magutsx Queen Unit

The Sirgo-operated MXQU is a depleted
waterflnod nroducing from the A and B
sands &f tho Uppoer Quosn sgetisn in
Andrews County, Taxas. Watar injection
was initiated in 1983 with only marginal
01l response (Pigure 14). Accurate water
production and injection data were not
availabla harwaan 1380-90. Currently,
wiiry producoed woetezm ie boang L(Adasswad.

Primary recovery was aestimated at
7.2% and the secondary primary racovery
ratio at 0.93 for a total raecovery of caly
15%, This i3 lsss than half of the re-
covery axparienced hy anerassful Queen
watarfleeds in the same producing trend
{Pablse 2). Hawaver, an analysisc &f in-
dividual well performancae indicatad that
rtwo wells had producad over 240 MB of
secondary oil sach and another four wells
produced around 100 MB of secondary oil
pexr wall., These 8ix wells account for
neazrly 60% of the total secondary re-
cavery. The ovaerall poor secondary
performance resulted from out-cf-zone
{ujevtion, channsling due to 4xtés3iva
injections presgsurs and downhole scaling
problems. The proposed redsvelopment is
projacted to increadge ths improved-to-
primary recovery ratio to 2.2, giviag a
22.7% ultimats recovery.

5-§, State University Consolidated $! and
#2 Units

The Sirgo-cperated SUCIU and SUC2N
are adjacent to one another in the Uppar
Quaen producing trend. They share a
common development and operatirg history
with 40-acre primary development occurring
in the late 1950’'s and water injection
starting in 196! (Pigures 12 and 13).

Both projects are depletsd watarfloods,
injecting only produced water. SUC2U was
never fully developed as indicated by the
average density of $7 acress par well.
Primary racovery waa less than 7% for hoth
unirg and nirimare racovary is only in
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the 15% range. Similar to the other Queen
projects studied, areas of good secondary
response were found in both projects,

A low injection-withdrawal balance
and operational problems contributed to
poor secondary performance. Both units
received pressured water from the Means
System in lieu of having their own injec-
tion facilities. The Bridge-operated
MFQAU project has achieved some signifi-
cant results where infill wells are being
supported by water injection (Table 3 and
Figure 8). MFQAU offsets the SUC1U and
SUC2U to the south (Figure S). Rede-
velopment of the SUClU is projected to
give an improved/primary recovery ratio of
3.0 for a 23% ultimate recovery. Simi-
larly, redevelopment of the SUC2U is
projected to give an improved/primary
ratio of 2.3 for a 23% ultimate recovery
also.

gconclusions

1. Infill drilling has ccnfirmed

that some depleted Queen Sand Waterfloods
still contain high mobile oil saturations.

2. This mobile oil saturation is not
uniformly distributed and detailed analy-
sis is required to define the more
prospective areas.

3. The economic recovez: of the
remaining mobile 0il requires redevelop-
ment of the waterfloods by infill drilling
and adequate water injection support.

4. Good reservoir management and
financing requirements dictate that the
most prospective areas be exploited first
and the results used to upgrade the other
stages.
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ARCO Seven Rivers Queen Unii SRQU  NM
Marathon South Eunice Saven Rivers Quean Unit SESRQU NM
Sirge Myers Langile Mattix Unit WLMU  NM
Sirgo Skeily - Pesnrcse 8 Unit S—PBU NM
Sirgo Wast Doilarhide Queen Sand Unit WDQSU NM
Texgco Skeily = Penrose A Unit S~PAU NM
8ridge McPariond Quesn Uil BMFQU TX
!aridg- Mcrariond Quesn A Uni MFCAU  TX
Bridge University Land Block 4 Qusen Uait UL340U TX
Exxon Megns Quesn Unit QU T4
Moblt McFariand Queen North Unit MFONU  TX
Sirgo Magutex Quesn Unit MxXQu X
Sirgo State Universily Consaddated #1 Unit SUCiU TX
Sirgo State University Consocildated #2 Unit SUCU TX
SW Royaily McFfartand Quewsn Uni! SWMFQU TX
M

Table 1 ~ Queen Waterflood Projects in Study Area
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Table 2 ~ Pre—Redeveiopmant Parformonce on Successiul Queen Waterfloods
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Figure 1 — Regional Map
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Flgure 15A — Net Pavy isopach, 1986
Sirgo—West Doilarhide Queen Sand Unit

figure 158 -~ Net Pay Isapach, 1988
Slrgo-West Jollarhide Queen Sand Unit
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