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Abstract

Reinecke field is an upper Pennsylvanian to lowest Permian carbonate buildup in the southern part of the
Horseshoe Atoll, west Texas, United States. The field and surrounding areas have been imaged with three 3-D
seismic surveys and penetrated by many wells. Although Reinecke is commonly referred to as a reefal reservoir,
deposition occurred in stratified sequences, 50-100 ft (15-30 m) thick, dominated by wackestones, packstones,
and grainstones. Boundstones (mainly rich in phylloid algae) constitute only 16% of the buildup. Seismic
reflectors within the buildup parallel sequence boundaries and are truncated at the margins of the buildup.
Three-dimensional seismic surveys show that the top of the Reinecke buildup is highly irregular with more than
470 ft (143 m) of relief. Deep-marine shales overlie the reservoir and act as a seal for this stratigraphic trap.
Reinecke's irregular, mounded morphology is the result of localized carbonate growth and erosional truncation.
Much of the erosional truncation probably occurred in a deep-marine environment.

Reinecke's south dome acts a single continuous reservoir dominated by limestone (70%) with 25% dolomite.
Limestone porosity is generally 5-18% (average of 11.2%) and permeability is 1-1000 md (average of 166 md).
Dolomite porosity is lower (average of 8.3%), but permeability is higher (average of 894 md). Discontinuous
low-permeability layers parallel to stratification serve as low-permeability baffles; however, patchy replacive
dolomites cut through stratification and act as high-permeability vertical conduits. Good reservoir continuity,
low-permeability baffles, and artificially enhanced bottom-water drive helped to recover more than 50% of the
original oil in place. Excellent vertical reservoir continuity has allowed implementation of a crestal CO; flood at
Reinecke field. CO, is being injected into the top of the structure, displacing residual and bypassed mobile oil
downward for recovery in lower parts of the reservoir.

Introduction

Reinecke field is a stratigraphic trap for oil in a “reefal” buildup. Reinecke field is part of the Horseshoe Atoll, a
northward-opening arc of upper Pennsylvanian carbonate buildups in the Midland Basin of west Texas, United
States (Figures land 2). Horseshoe Atoll fields are a series of stratigraphic traps that have produced more than 2
billion bbl of oil and are characterized by high permeability and high recovery efficiencies (near 50% of
original oil in place [OOIP] after waterflooding) (Galloway et al., 1983). Fields on the eastern side of the
Horseshoe Atoll have stratified porosity with permeability barriers to vertical flow. Reinecke and other fields on
the south and west sides of the Horseshoe Atoll have vertical permeability pathways that allow the top of the
reservoir to be in pressure communication with the underlying aquifer (i.e., they produce like reefal reservoirs)
(Crawford et al., 1984; Saller et al., 1999).



Approximately 83 million bbl of oil have been produced from Reinecke field (approximately 3 mi® [8 km’];
Figure 3) since its discovery in 1950. The south dome of Reinecke field (approximately 1 mi® [2.6 km?]), the
focus of this chapter, has produced 46 million bbl of oil. The carbonate reservoir at the south dome of Reinecke
field has approximately 470 ft (143 m) of depositional and erosional relief above its original oil-water contact at
-4600 ft (-1400 m) subsea. The area has no significant tectonic deformation. The shallow-marine carbonate
thins laterally and is overlain by a deep-marine shale that acts as a vertical and lateral seal. Deep-marine shales
of Pennsylvanian and Early Permian age are generally assumed to be the source for the Reinecke oil.

This joint Unocal-Japan National Oil Company reservoir characterization project helped to better understand
the south dome at Reinecke field to implement a crestal CO, flood. Major parts of the project included (1)
deepening and coring of many wells that initially only penetrated the uppermost part of the reservoir, (2)
acquisition and interpretation of multiple three-dimensional (3-D) seismic surveys, (3) construction of a
geocellular reservoir model, (4) fluid-flow simulation and history match of the reservoir from time of discovery
(1950) to the present, and (5) use that model to predict CO; flood response. Before the start of this project, only
a few wells penetrated the entire reservoir section in the south dome of Reinecke field. In the early phases of
this project, most wells were deepened to near the original oil-water contact. The database for this study
includes 12 cored wells and 60 wells with wire-line logs.
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Figure 1. Location of Reinecke field and paleogeography
during the late Pennsylvanian.
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Figure 2. Schematic cross section across the eastern part of the Midland Basin (based in part on Galloway et al., 1983).

Figure 3. Structure map in seismic time of the upper Pennsylvanian-lowest Permian carbonate at Reinecke field and
surrounding areas based on 3-D seismic data. The area has seen little tectonic deformation since the Pennsylvanian; hence, this
structure represents the shape of the carbonate buildups after deposition and erosion (late Pennsylvanian to earliest Permian
time). Contour interval is S-ms two-way traveltime (TWT). Seismic section AA’ is in Figure 4, BB’ is in Figure 6, and CC’ and
DD’ are in Figure 7. The south dome area was imaged in later 3-D seismic surveys (Figure 5) and modeled (Figures 12, 14).

Three-Dimensional Seismic Data

Three 3-D seismic surveys have been acquired at Reinecke. The first survey was shot in 1993 to locate possible
undrilled pinnacles within Reinecke field and undrilled structures away from the main field. That initial, more
regional survey (Figure 3) covered approximately 28 mi’ (72 km?) and helped in the discovery of one small
nearby field. A second survey was shot in 1997 to image the south dome (approximately 5 mi* [13 km?]) for



reservoir characterization and act as a base line for a third survey shot in 1999 to attempt to image the crestal
CO, flood.

The top of the Reinecke carbonate is shown regionally by the 1993 3-D seismic survey (Figure 3). Middle and
upper Pennsylvanian carbonates grew on a relatively flat surface (Figure 4), and hence regional patterns of
carbonate growth and erosion are shown by the structural relief on the top of the carbonate (Figure 3). The 1997
seismic survey imaged the complex top of the south dome better than the previous survey. Figure SA shows
how the south dome would be mapped by well control alone. Figure 5B shows how the top of the Reinecke
reservoir would be mapped by seismic data alone. The most accurate structural map of the top of the carbonate
buildup is the result of combined well and seismic data (Figure 5C). Seismic reflectors within the Reinecke
carbonate are generally parallel and truncated at the margin of the Reinecke structure (Figures 6 and 7).
Sequence boundaries within the reservoir interval were identified in core, but could not be identified by the
seismic data alone (Figure 6). Reflectors overlying the reservoir are basinal strata that downlap against the
carbonate buildup with an apparent progradation toward the west (Figures 2, 7).

Two main factors have made lateral variations in reservoir characteristics (porosity, permeability, and lithology)
difficult to image with the Reinecke seismic data. (1) The top of carbonate is a very irregular surface having a
very large impedance contrast with the overlying shale (Figure 6). This resulted in a very high amplitude
seismic response at the top of the Reinecke reservoir and an uneven penetration of seismic waves into the
reservoir carbonate. Most of the reservoir is less than a seismic wavelet below the top of carbonate, resulting in
most of the reservoir being in the seismic zone dominated by the shale-limestone contact. (2) Variations in
limestone and dolomite give seismic impedance responses that are similar to variations in porosity within a pure
limestone or pure dolomite. Because limestone-dolomite variations and porosity variations are scattered
throughout the reservoir, it is very difficult to separate the two.
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Figure 4. Arbitrary 3-D seismic line showing the Paleozoic section in and around Reinecke field. Note the lack of structural
deformation. Selected formation tops are shown. Middle Pennsylvanian (Strawn Formation/Desmoinesian Stage), upper
Pennsylvanian (Canyon Formation/Missourian Stage and Cisco Formation/Virgilian Stage), and lowest Wolfcampian (Lower
Permian) shallow-marine carbonates started accumulating over a relatively flat surface. Basinal shales and carbonates of
Wolfcampian age overlie the irregular upper surface of the reservoir carbonate. The Sprayberry includes basinal sand, silt,
and carbonate of Leonardian age. The San Andres shelf margin prograded from east to west (right to left) across the area. The
top San Andres is early Guadalupian. The Yates is late Guadalupian in age and is a shelf-interior equivalent to the middle
Capitan reef. See Figure 3 for location of seismic line. TWT = two-way traveltime.
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Figure S. Structure of the top of carbonate, south dome of Reinecke field. All views are from the southeast. Vertical

exaggeration is 4X. (A) Map (in ft subsea) based solely on well data. (B) Seismic two-way traveltime map (in ms). (C) Map (in
ft subsea) based on well and 3-D seismic data.
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Figure 6. Wiggle display of an arbitrary line from the 3-D seismic survey showing sequences defined by cores. Synthetic
seismograms for wells have been inserted. Note the truncation of reflectors (sequences) at the margins of the buildup. See
Figures 3 and 5B for location of seismic line.
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Figure 7. (A) Seismic line 237 (CC °) and (B) trace 243 (DD’) flattened on a Wolfcamp reflector in the basinal sediments
overlying the Reinecke reef carbonates. Reflectors apparently onlapping the Reinecke buildup are actually basinal strata
down- or baselapping against the Reinecke carbonate buildup from the east (right) with the contemporaneous shelf margin 50-
100 km farther to the east (right). See Figures 3 and 5B for location of seismic line.



Depositional Facies and Stratigraphy

The main reservoir at Reinecke field is an upper Pennsylvanian to lowest Permian carbonate, which is overlain
and sealed by siliciclastic and carbonate mud of Early Permian age. The reservoir at Reinecke field is mainly
limestone (70%) with substantial dolomite (25%) and minor amounts of mixed limestone-dolomite (20-80%
dolomite; 5% of reservoir). Shale is present in trace amounts (<1%). Most of the Reinecke reservoir occurs in
three main sequences (between sequence boundaries 100 and 400) that are stratified and typically 15-30 m thick
(Figures 8 and 9). Those three sequences are Virgilian (late Pennsylvanian) in age (G. Wilde, personal
communication, 1997), and hence part of the Cisco Formation. Cores show fractures, root traces, caliches, and
brecciation immediately below sequence boundaries 100, 200, 300, and 400. Small amounts of oil also occur in
Wolfcampian (Lower Permian) pinnacles (above the 100 marker) and in the Canyon Formation (Missourian;
below the 400 marker, but above the oil-water contact).

Deposition of these sequences occurred during “ice-house” times, and hence were subjected to high-amplitude
sea level fluctuations (Veevers and Powell, 1987). Sequences typically have a thin basal part, a thick middle
part, and upper part with variable thickness (Figures 8 and 9). Basal parts generally contain thin shale and/or
bioclastic packstone-grainstone. The middle of sequences is dominated by fossiliferous wackestone (commonly
phylloid algal wackestone) and phylloid algal boundstone. Grainstone is common in the upper part of sequences
(Figures 8 and 9). Crinoidal grainstone occurs in the upper part of the two uppermost Pennsylvanian sequences.
Oolitic grainstone is also common in the upper part of the two lower sequences (Figure 9). Nine main carbonate
depositional facies are present, and boundstone comprises only 16% of this “reefal” buildup (Table 1).

Carbonates above horizon 100 are highly variable in thickness and have a sharp upper contact with the
overlying shale. Wells near the edge of the south dome have none of this Wolfcamp interval present (Figure 9).
Thin accumulations of fossiliferous packstone and grainstone occur immediately above horizon 100, and
fossiliferous wackestone dominates the rest of the interval. Crinoids and phylloid algae are common. Many
fractures and vugs filled with coarse, fibrous to prismatic cement are also present above horizon 100. In the
#277 well, the uppermost Wolfcamp carbonate is a dark lime mudstone that is overlain by a thin spiculitic chert
and then dark shale that acts as the seal for the Reinecke reservoir (Figure 8).
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Figure 8. Core and wire-line logs for a “typical” south dome well, #277. Horizons 100, 200, 300, and 400 have paleosoil-related
features below them and are interpreted as sequence boundaries. Thin shales are immediately above sequence boundaries 300
and 400. Stable isotope data are from whole rock samples. GRNST = grainstone; PKST = packstone; WKST = wackestone;
MUDST = mudstone.



276 278
_4210”3; 55 255 66 266 77 277 88 288 99 SE

Uncored Uncored

—4400
4
#.‘
—4500
— 2007

_—48——-"'_—'_-_300-—-- - i
gﬁﬂ = — -rd' d -"-_-_-_-\
38 ~_=mpios 7l
— 4{3‘:}-—-
P Ooid grainstone (Il Phylloid algal boundstone lmj
e s — Egg:lsl;f:nrgus i o — — Sequence boundary

Figure 9. Structural cross section showing facies and stratigraphy across the south dome of Reinecke field. Facies are from
core data. Horizons 100, 200, 300, and 400 are sequence boundaries with soil-related features. See Figure SA for location of
cross section.

Facies Average Average horizontal  Average vertical Percentage of
porosity (%) permeability (md)  permeability (md)  limestone facies

1. Ooid grainstone 9.3 20.4 4
2. Bioclastic (crinoidal) grainstone 12.3 157, 6.9 22
3. Packstone 11.8 199.6 6.0 9
4. Phylloid boundstone 12.0 690.3 82.6 13
5. Bryozoan boundstone 11.2 377 3
6. Phylloid wackestone-packstone 11.2 196.4 11.1 24
7. Bryvozoan wackestone 129 2000 2
8. Fossiliferous wackestone-packstone 10.5 29.5 12.1 22
9. Mudstone 1.4 0.79 0.01 1
Total limestone — average 11.2 165.8 11.0 100

Eight Inardred and sixty-five feet of limestone were cored and analvieed.,

Table 1. Reinecke depositional facies—limestone.

Interpretation of Depositional History

Although the south dome of Reinecke field has a mounded or “reefal” morphology, it is composed of fairly
stratiform sequences that apparently formed in response to variations in relative and probably eustatic sea level.
Sequence boundaries are identified by soil- and exposure-related features (fractures, root traces, caliches, and
brecciation) observed in core. Abrupt decreases in bulk-rock stable carbon and oxygen-isotope ratios below
those surfaces support subaerial exposure (Figure 8). A depositional model for typical sequences is shown in
Figure 10. The uppermost carbonate (lower Wolfcampian; above “100” marker) in the Reinecke buildup
contains a no petrographic, cathodoluminescent, or stable isotopic evidence of freshwater diagenesis or
subaerial exposure (J.A.D. Dickson, personal communication, 1999), suggesting that the last stage of erosion
was not associated with subaerial exposure.



Relief on the Reinecke carbonate structure is probably the result of differential carbonate growth, subaerial
karstification, and deep-marine erosion following deposition and drowning of the Reinecke buildup. As the 3-D
seismic data show (Figures 3, 6, 7), the upper surface of the Reinecke carbonate buildup is very irregular.
Several sequences (Wolfcampian and parts of two Pennsylvanian) are truncated by that surface (Figures 3, 6,
and 7), suggesting that the top of carbonate is, at least in part, erosional. Strata overlying Reinecke and other
Horseshoe Atoll fields are deep-water shales and carbonate sediment gravity flows (Vest, 1970; Galloway et al.,
1983). The apparent seismic onlap of basinal strata (Figures 6 and 7) is really downlap or baselap of the distal
toes of Wolfcamp sequences whose shelf margin is 50-100 km to the east (Figures 1 and 2). The Reinecke area
remained in a deep-marine environment from drowning in the earliest Wolfcampian (earliest Permian) through
much of the Leonardian (middle Permian) (Figure 2). During that time, lowstand clastic and carbonate slope
strata prograded from the east and north and largely filled the Midland Basin. Final filling of the basin occurred
during deposition of the San Andres Formation (upper Leonardian and lower Guadalupian; Figure 2). Shallow-
marine carbonate and evaporite deposition dominated the Reinecke area during the rest of the Guadalupian and
Ochoan (middle and Late Permian; above San Andres Formation).

Distribution of Porosity, Dolomite, and Permeability

Most porosity at Reinecke occurs in sequences subjected to subaerial exposure and meteoric diagenesis.
Meteoric diagenesis associated with subaerial exposure apparently helped preserve intergranular porosity and
microporosity in micrite by creating a lithified framework that resisted compaction during subsequent burial.
Porosity is widespread in carbonates below sequence boundary 100 (Figure 8). Most carbonates above sequence
boundary 100 are not porous. Calcite cements are volumetrically minor throughout the Reinecke buildup. Many
pores (molds, vugs, fractures) in the Reinecke reservoir were created by leaching of biotic constituents and
dolomitization (Crawford et al., 1984).

Excluding lime mudstones, depositional facies that are still limestone have similar average porosities (9.3-
12.9%; Table 1). Permeability is highly variable depending on pore types within facies. Phylloid algal
boundstone generally has the highest permeability. Lime wackestone and packstone with intercrystalline
microporosity have lower average permeabilities (Table 1). Bioclastic grainstone with significant intergranular
porosity has moderate permeability.

Dolomite is a later diagenetic phase that replaced parts of many different depositional facies during moderately
deep burial (J.A.D. Dickson, personal communication, 1989). Dolomite has generally lower porosity (average
of 8.3%) and higher permeability (average horizontal and vertical permeabilities of 894 and 334 md,
respectively) than limestones (average porosity of 11.2%; average horizontal and vertical permeabilities of 165
and 11 md, respectively) (Table 2; Figure 10). Dolomites with substantial vuggy and coarse intercrystalline
porosity have very high permeability (>500 md). Shale is present in small amounts (<1%); however, it is locally
important as a barrier to vertical fluid flow.

Although porosity and permeability are variable, reservoir-grade porosity (>4%) and permeability (>1 md) are
fairly continuous laterally and vertically. No field-wide barriers to vertical or horizontal flow have been
recognized in the main part of the reservoir; however, dense carbonate mudstone and shale have formed local
permeability barriers or baffles. Lack of field-wide permeability barriers is, in part, because of a lack of laterally
extensive tidal flat wackestone-packstones or evaporites that effectively stratify fluid flow in many shelfal
carbonates. High-permeability dolomites cut across sequences and greatly enhance vertical fluid flow.
Therefore, reservoir fluids flow vertically and laterally through the Reinecke reservoir. As Figure 11 and Tables
1 and 2 show, permeability is related to reservoir rock type (limestone vs. dolomite). The 3-D distribution of
porosity (Figure 12A) and dolomite (Figure 12B) were extrapolated from well data following 3-D seismic
horizons. Permeability at each location (Figure 12C) was calculated using porosity and porosity vs. permeability
transforms for each lithology.




Depositional model for Reinecke

1. Initial transgression and flooding of platform:
Grainstones deposited

2. High sea level: subtidal environment (5-20 m deep) dominates;
Fossiliferous wackestone, packstones, and phylloid algal boundstones deposited

4. Sea level drops; Platform is exposed,;
Meteoric diagenesis rearranges pore structure and stabilizes mineralogy

Figure 10. Depositional model for a typical sequence.
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Figure 11. Regressions of porosity vs. permeability for limestones and dolomites in Reinecke field.



ey v — s T . £ o R il =
e : = ~3(A) Porosity model = -

Porosity i S == s '

S 0.0 (%) ;

it 5 I
Xwontewt:  sezzy QG0 2000 3000 4000 5000 G000 7000

Z front cut: =4700.0
/‘ (B) Dolomite model e

—— Property color key —

Amount of
dolomite (%)

100.0
0.0 pormeability
80.0 (mg)
700
60.0
50.0
0.0
30.0
20.0

0.0
| 00

£ exngueration: 4.0
Aelmiatly: 0.7
Inclination: 10.0
X front cut: 59323
Z front cut: =4T002.0

00D 2000 S000 4000 5000 8000 7000 8

Figure 12. Reservoir characteristics of Reinecke's south dome looking from the northeast to the southwest (at the top). Vertical
exaggerations are 4X. (A) Model for porosity distribution across the south dome of Reinecke field. (B) Model for dolomite
distribution across the south dome of Reinecke field. Values are in percent dolomite. (C) Model for permeability distribution
across the south dome of Reinecke field. Values are in millidarcy.



Facies Average Average horizontal  Average vertical Percentage of
porosity (%) permeability (md)  permeability (md)  dolomite facies

1. Ooid grainstone 0
2. Bioclastic (crinoidal) grainstone 8.0 360.7 322 4.5
3. Packstone 11.8 1780.8 30.9 4.9
4. Phylloid boundstone 12.0 140.8 0.5
5. Bryozoan boundstone 0
6. Phylloid wackestone-packstone 7.9 848.4 85.0 42.3
7. Bryozoan wackestone 4.9 3.8 3.7
8. Fossiliferous wackestone-packstone ) 846.7 1.9 41.8
9. Mudstone 2.0 1.5 <0.01 2.0
Total dolomite— average 8.28 894 334 100
Total— all (limestone, dolomite, 10.5 323 131

mixtures of both)

Three windred and rwenty feet of dolonite were cored and analvzed, The origingl depositional fiocies of some dolomites could not be deternined,
One thousand and two hundred and forty feet of limestone, dolomite, and mixed limestone-dolomite were cored.

Table 2. Reineche depositional facies—dolomite.

Production History

Reinecke field was discovered in 1950 at depths of approximately 6700 ft (-4300 ft, 1310 m subsea). The oil
was 42° API with a gas-oil ratio of 1266 ft*/bbl. Coning of bottom water was recognized as a problem early in
the development of the field. Consequently, most wells were completed open hole after penetrating only a few
feet of porosity in the upper part of the reservoir. Original 40-ac spaced wells in Reinecke field flowed for
almost 20 yr under a natural water and solution gas drive. Primary production rates at Reinecke were limited by
the Texas Railroad Commission. Reinecke field produced at its top allowable rate until 1968 (Figure 13).
Between 1950 and 1970, reservoir pressure fell from 3162 to 1984 psia, just below the reservoir's bubble point
of 2000 psia. Water injection into the underlying aquifer began in the late 1960s as part of a pressure-
maintenance program. The field was unitized in 1972, and a fieldwide pressure-maintenance program was
started. Production rates and reservoir pressure climbed as water was injected below the oil-water contact
(Figure 13). In the early 1970s, the Texas Railroad Commission raised allowable production rates, and
production rose to approximately 11,000 bbl/day. In 1977, pumps were put on producing wells and water
production increased significantly. Since 1980, water production has been increasing as oil production
decreased. Drilling of 20-ac infill wells in the middle to late 1980s provided a brief increase in oil production
(Figure 13). Primary, secondary, and infill production have produced more than 83 million bbl or 46% of the
OOIP. In the south dome, approximately 52% of the OOIP has been produced.

This reservoir shows a classic “reefal” reservoir response to a weak bottom-water drive that was artificially
enhanced. Figure 14A shows simulated hydrocarbon saturation as of 1970 with a relatively horizontal oil-water
contact that had been moving up in response to production from the top of the reservoir. Between 1970 and
1977 (Figure 14B), the artificially enhanced bottom-water drive pushed much of the mobile oil to the well
perforations at the top of the reservoir. By 1996 (Figure 14C), mobile water was to the top of reservoir resulting
in oil being less than 2% of the fluid produced (i.e., >98% water cut).

As the model in Figure 14C shows, much residual oil (oil that will not naturally flow and is trapped in pores)
remains in the Reinecke reservoir. A gravity-stable crestal CO; flood is being implemented at Reinecke field to
recover substantial amounts of that residual oil as well as additional unswept mobile oil. CO; is being injected
into the top of the reservoir in five wells in the south dome (Figure 15). The overlying basinal shales should
prevent CO, from leaking up and out of the reservoir. CO; should preferentially fill the highest parts of the



reservoir and displace water and oil downward. A relatively horizontal oil bank is predicted to form and move
downward through the reservoir as CO; fills the uppermost pores in the reservoir. Water injection must continue
below the oil-water contact to maintain aquifer pressure. The remaining producing wells were deepened to near
the original oil-water contact. Those wells will recover oil as an oil bank moves down through the reservoir
below the CO, cap (Figure 15). This plan is feasible because of the excellent vertical and lateral continuity of
porosity and permeability in the Reinecke reservoir. High-permeability streaks and lack of stratigraphic
confinement of permeability within the reservoir would make a pattern flood very inefficient.
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Figure 13. Production history of Reinecke field.
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Figure 14. Reservoir simulation of the south dome showing oil saturations as of (A) 1970, (B) 1977, and 1996. Views are from
the southwest to the northeast. Oil saturations are shown as a fraction of porosity. Original water saturation in the reservoir
was approximately 20% (0.2) of pore space. Vertical relief is approximately 470 ft (143 m), and the south dome shown is
approximately 1 mi (1.6 km) across. Between 1950 and 1970, water had moved up from the original oil-water contact (top of
blue) and displaced mobile oil in the lower three to five layers (green). Water moved up through the reservoir in a fairly
uniform manner displacing mobile oil between 1970 and 1977. As the water front approached the wellbores at the top of the
reservoir (B-C), water began to “cone,” resulting in a very heterogeneous distribution of mobile oil. Significant amounts of
residual oil 25-40% of OOIP remain in the reservoir, and that is the primary target for the crestal CO, flood.
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Figure 15. Schematic diagrams of the crestal CO, flood.

Conclusions

The reservoir at Reinecke field is a carbonate buildup that was deposited during the late Pennsylvanian and
earliest Permian. Three-dimensional seismic surveys show its morphology in detail that would be impossible
with well control alone. The final geometry of Reinecke's reservoir was the product of localized carbonate
growth, karstification, and deep-marine erosion after the buildup was drowned. Deep marine erosion was
apparently responsible for much of the very irregular top of the Reinecke carbonate. Although reefal in its
morphology, the Reinecke reservoir is composed of stratiform sequences with only minor boundstone. Porosity
and permeability are continuous through the Reinecke reservoir, and hence the south dome acts as a single
container. Reinecke production is typical of “reefal” -type reservoirs with water from an underlying aquifer
pushing oil up into perforations at the top of the reservoir. This mechanism was so efficient that 50% of the
OOIP was produced by primary recovery and injection of water below the oil-water contact. A crestal CO,
flood is currently underway and is feasible because of Reinecke's excellent reservoir continuity. The main value
of the 3-D seismic surveys was to image the gross reservoir geometry in detail, which was essential for accurate
volumetrics, successful reservoir simulation, and design of the crestal CO; flood.
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