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A!@u!st

A three dimensional conditional simulation model,
ifitegrating a comprehensive data base coupled with
engineering, geological, amt petdo@* ada, b
significantlyenhancedreservoirmanagementcapabilitiesin
the Schneider (Buds) Field. Presented are the results of a
series of conditional simulations of the Schneider (Buds)
Field, The Schneider (Buds) Field ISdeveloped in a Buds
reef complex. Porosity types change Jgnificant.lybetween
reservoir facies. A three dimensional conditional simula-
tion generated using only well control points did not
adequatelycharacterizethe reservoir, An intermediatetwo
dimert”iontd conditional simulation using additional
assumptions was then genera~ to refine and control the
final time dimensional conditional simulation. The
resulting three dimensional conditional simulation delin-
eates permeabilitydistributions that better: 1) represent the
calculated heterogeneity,2) match the available core data,
and 3) model the geologic characterization. including the
defhd facies. The resulting distdbutioms have been
applied to a three dimensional fluid flow simulation to
better predict fluid movement through the reservoir.

Introduction,

The Schneider (Buds) Field is located in Wood
County,Texas, approximatelylM miles w of Dm= IMM
the town of Gainesville (F@u’e 1). Production,is ftom
Cretaceous reefal Buda Limestone discovered under the
overhangof the Hahkesvillesalt dome (F&ure2). Bounded
by faults to the east and west, the updip limit is the salt
dome, and the downdip limit is a tar mat/water contact.
Or&inally a depletion drive black oil wemoir, it was
undersaturatedat discovery. The field was discoveredby
the Dan Peacock No. 1 well flowing 1,008 BOPD with a
I,()@()psi flowing tubing pmssurt from perforations at
9,400 feet on March 4, 1988 (F@um 3). The field was
unitized and a water injection project initiated in October,
$990, with thrte producing wells and one injection well.

Productionlhlection History

Production began in the Schneider (Buds) Field in
March, 1988, with the discovery well, the Peacock No. 1,
Four wells have been drilled in the field with the discovery
weUconvened to injection in October, 1990, As of August
31, 1991,cumulative production from the field was 1,286
MSTB with recent production mtes averaging a total of
1,500BOPKIfor the current thee producingwells (Figure
4), Cumulativewater injection as of August31,1991, was

References and figures at end of paper
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687 MSTB with recent injection rates in the Peacock No.
1 averaging 2,400 BWIPD. The cumulative injection/
withdrawal ratio since October, 1990, is 1.3.

Pressure History

The original nxervoir pressure at -9,022 feet subsea
was 4,090 psia (Figure 5). This black oil reservoir was
undersaturated by 765 psi with an original bubble point
pnxsurc of 3,325 psia. Bottomhole pnxsures were taken
when each well was initially completed and then on a
regular, quarterly basis. The mervoir pmsure fell
quicklyuntil the bubble point pressurewas reachedin early
1989. Production rates were voluntarily restricted to 300
BOPD per well to preserve reservoir energy until the field
was unitized and water injection initiated.

A relatively inexpensive but useful interfwence test
was wmducted when injection began in October, 1991.
The Peacock No. 1, Jones No. 2, and Jones No, 3 STH
welis haveextremely high flow capacity and reachaverage
reservoir pressure in less than 24 hours of shut-in. Base-
line static pnxsutes were obtained in all three wells with
Amerada gauges just prior to injection in the Peacuck No
1, The pressures were in close agreement and averaged
2,910 psia. Thereafter, on a weekly basis, the wells were
shut-in overnight and bottomhole static pressures were
obtained. Pressure responsedue to injectionwas measured
on both the Jones No. 2 and Jones No. 3 STH after two
weeks of injection. Prwssumswe~ recorded weekly for
several months. This pressure information has proven
invaluable to properly match the interwell reservoir flow
capacity in the fluid flow simulator.

Fluid Promrties

A bottomhole fluid sample was obtained during the
completion of the Peacock No. 1. Bottomhole tempera-
tures have been recorded in the peacock along with other
wells in the Gainesville Dcme area. The temperature
gradient is typ;cal of the area’ and the temperatureat the
memoir datum of -9,022 fi:ct subsea is estimated to be
215 degrees F, The bubble point pressure was calculated
to be 3,325 psia at 215 degrees F. The subsequent prw-
sure history from the field demonstrated good agreement
with the p~dicted bubble point, as indicated by the
pressure-cumulativeproduction plot leveling off as pres-
sures fell below 3,325 psia. Combination tiuid propettie#3

wem calculated fmm differential liberation and separator
tests for input to the black oi! simulator. The original oil
foimation volume factor was 1.305 RB/ST’Bcorrected to
field separator conditions. The original solution @oil
ratio was565 SCF/STB, and the oil viscosity was 0.93 cp.
Stock tank oil gravity is approximately26 degrees APL

Core AcauisitiordPetroDhwical Prowxties

Every well in the reservoir was conventionallycored
for a total of 445 feet of COE material, Full diameter
whole core analysiswas performedon the cms taken fmm
the heart of the reef, the Jones No. 2 and JonesNo. 3 STH.
Kmax, K90 and Kvert were measu~d. Plug analysis was
performed on the Peacock No. 1 and the SASI Ranch No.
1. Full diameter analysis was performed on selected
intervals in the reef debris facies of the peacock. Helium
was used for all porosity measumments. The net pay
arithmetic average core permeability is 65 md. Inspection
of the core plus knowledgeof the size of the vugs typically
pment in reef facies suggest that even the wtx)le core
measuredpermeabilitiesam lower than tnie, in-situperme-
abilities. Pressure transient tests and history matching of
the injection interference pressures contlnn this observa-
tion.

A full suite of open hole well logs was m in every
weU, includingneutron, density,and sonic logs. Equations
were developed relating COEporosity to the porosity log
readings to estimate porosity in intervals of missing com
data. Average net pay porosities vary from well to well
from a high in the Peacock of 15.7 percent to a low in tk
SASI Ranch of 10,0,

Numerousspecialcore tests were conducted,including
steady state water-oil relative permeability, waterflood
displacement, unsteady state gas@ilrelative permeability,
air-brine drainage centrifuge capillary pmssum, brine-oil
imbibition centrifuge capillary pressure, and centrifuge
gas-oil relative permeability. Electrkal properties (m and
n tests) plus formationcomprossibiity wert measured, As
expected, rockcompressibilitywas greater in the mefal and
reef debris facies than in the grainstone shoal.

Geolo~ical and MetrologicalStudies

All core material from the four wells (SASI Ranch,
Peacock, Jones 2 and Jones 3 STH) were studied from the
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Schneider Field in order to establish controls on reservoir
development. Detailed descriptions of the cores wem
prepmd noting Iithology,sedimentarystructures,porosity,
groin types and petrophysical signatm. A detailed
petrographic study was also carried out using transmitted
light and scanning electron microscopy. The purposes of
this study were to: 1) document the type, size and distribu-
tion of porosity in the Schneider Field 2) determine the
originof the porosity, its ~lationship to depositionalfacies,
and controls on memoir heterogeneity, and 3) develop a
mervoir model that will allow the reliable projection of
resewoir qualhy beyond the well bore (F@n? 6).

Geological Reservoir Model

The Schneider Field nxervoir is developed in a Buda
(Lower ChWaceous)marine mef complex limestone. ‘IMs
reef complex grew on the south flank of a pale&3pogra-
phic high formed during an eariy stage of salt mwement.
Salt movement (diapirism) has been demonstratedto be a
control for reef and grainstoneshoaldistributionin the East
Texas Basin? Reefal organisms provide the source for
skeletal grains within the shoal complex. Lkhofacies
distribution indicates that the present Buds stmcture
generally represents an exaggerated model of
paleodepositionaltopography. The developmentof higher
eneqgynxf, ~ef apron carbonate sands and fotweeflshoal
debris facies on the deeper water carbonatemudstonesand
wackestones documents a shallowing upwards sequence.
Subaerial exposure terminated the developmentof Schnei-
der reef complex and enhanced memoir quality by
meteoric water leaching.

Four major limestone lithofacies are ~cognized in the
Schneider reef complex. The productive mervoir
lithofacies are: mef debris, reef, and shoaling grainstone
apron (Figures 7, 8, and 9). The fourth lithofacies, a pm-
reef limestone, is not considered productive. These
hthofacies developed in a vertical and off-stmcture direc-
tion. Resetvoir porosity distributionis controlledby depo-
sitional facies, early diagenesis and bitumen distribution,

Three major typss of porosity(affectingnxervoir char-
acteristics) am present in the Schneider Field: 1) skel-
moldic porosity (formed shortly after deposition by selec-
tive dissolution of skeletal grains, particularly corals); 2)
primary interparticle porosity (formed at the time of depo-
sition~ and 3) micro-fractum porosity (formed during

burial and associated with stRsses genemted during salt
movement). Porosity types change and nxervoir quality
decniases down section and down dip.

Solid hydrocarbons (bitumen) also seriously degrade
the nxmoir quality in the lower portions of the Schneider
Field. Ovendl degradation of reservoirquality by porosity
plugging bitumen increases with depth, creating an asphalt
seal at or near the oiVwatercontact. Ttds asphalt seal is
analogousto what is found in the nearby HawkinsField.S’
Bitumen and pyre-bitumens can form by a number of
diffenmt processes? so the distribution of the bitumen
within the memoir offers clues to its origin. The occur-
rence of the solid hydrocarbon in the lower pwtion of the
reservoirand in associationwith the major fauk to the west
indicates that water washing may be responsible for its
development, Additional data is required to confirm this
interpretation.

Reservoir Lithofacies

Pre-reefLimestones- This non-nmvoir quality lithofacies
is present in the base of the cored Buda Formation(F@re
10F). The importance of this lithofacies increases in a
down dip direction. Skeletal wackestone is the dominate
limestone lithology and interfingers with the overlying
packstone-grainstones of the reef debris lithofacies.
Skeletal grains include foraminifera,pelecypod,gastropod,
echhioid and coral fragments. Stylolites and micro-frac-
tures are common. These mud dominated carbonate
sediments wem deposited in a low energy (below wave
base) marine environment. Porosity is poorly developed
because of the abundance of carbonate mud and the
common occurrence of bitumen filling moldic pcms.

Reef Debris - TMs lithofacies is composedof a coamening
upwardssequenceof nonscmd to poorlysortedpackstones
and grainstones interfimgered with the mud dominated
wackestonesof the pm-mef facies (Figures 10C and 10D).
Skeletal fragments consisting of large randomly oriented
corals and stromatoporoidsdominate the sediment, Other
skeletal grains include mollusk (including Inoceramus),
coral and echinoid fragments. TM lithofacies intetimgem
with the basinwardand underlying pre+eef limestonesand
up-dip reef facies.

Depositionof this lithofwies occurred to the front of
the mef compIex facies. Storm and gravity transport of
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reef derived sedments into deeper water, basinwamiof the
reef, is responsible for deposition. Continued reef devel-
opmentused the proximal reef debris deposits as a base for
furtherbasinwati growthleading to an interfingeringof the
two lithofacies. Reef debris depositsare commonand have
been documentedin recent and ancientcarbonatesystems?

Porosity consists of early secondarygrain moldic and
primary pores. Resenwir quality is variable and tends to
decrease with increasing carbonate mud matrix conten~
Permeability meastwments may provide an inaccurate
measure of the flow characteristics within this facies
because of the presence of randomly oriented, very large
skeletal components. These partially leached skeletal
components and the surrounding lithified carbonate muds
can exceed the size of the CONsample. Permeability
measurements can be misleading when single grains m
larger than the com diameter.

Reef Facies - This M.hofaciesis characterized by thick
coral/stromatopomidboundstoneswith a patch quilt distri-
bution of discxmtinuouswackestone,packstone and grain-
stone units (FiguRs 10A and 10J3), In addition to cmal,
skeletal components include echinoid, mollusk (pelecypod
and gastropod), stmmatopomid, algae and forarninifera,
Carbonate mud matrix is commonly present having been
depositedin the baffled aieas betwtxmcoral stmmaiopomid
colonies. M.hification of the mud matrix and the early
leaching of the skeletal components (corals, stroma-
toporoidsand mollusk) mstdted in large vuggy and tubular
pore spaces. Coral and stromatopomid colonization and
prolific growth on the south flank of the Gainesville
paleotopographic high formed the main reef complex,
Current, wave and biological erosion of the reef complex
were the sourtw of the sediments for the basinward
shoaling grainstonesand reef debris Mhofacies. Subaerial
exposunsterminated mef development.

Porositycmdsts of early secondaryand primarypmvs.
The large size and volumetric importance. of leached
skeletalcomponentsand dwhered pore primarypore spaces
withh this faciesaccounts for its overall excellentreservoir
quslity.

Shoaling (3rainstone Apron - This lithofaciw consists of
skeletal grainstones developed to the front of the main
patch reef complex by wave and current reworkingof reef
sediments(Figure 10I3),Skeletalgrains includebrokenand
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kriging, referred to as “conditional simulation” has been
devised to help account for fine scale property variations
and maintain the actual heterogeneityof the nxervoir.19xs7

Conditional simulation is the process of constructing
unsoothed realizations, using geostatistical techniques,
that honor the data at well control points (conditional).
The steps in conditional simulation are:

1,

2.

3?

4.

5.

6.

Define an autocovariance model(s) based on the
data obtained fmm the reservoir,

Krige a surface through the actual well control
data.

ConsWct an unconditional realization using the
autocovariance model. This nxdizationdoes not
honor data valuea at control point locations, but
does simulateboth large and fine scalevarkdility
that is similar to the actualdistributiondefinedby
the autocovarianeemodel.

Krige a surface through the values obtained from
the unconditional realization in step 3 using only
t~se v@ues~ ~ ac~~ weU]~~ns.

Subtractthe kriged surfacefromthe unconditional
realization to obtain a residual field. This residu-
al contains only small scale variationsand, since
the kriged surface uses the values at the control
points, the residual at these locations is zero.

Add the residual from step 5 to the krigedsurface
of step 2, The twking realization honors the
well controlpoints withheterogeneitycomparable
to the data obtained from the mervoir.

~

Them are five basic steps to pmpa~ for the condition-
al simulation procedure described above. se? Yan# for
more information.

Determine Probability Distribution

Most methods for testing probabilitydistributions are
for independentdata and may not be suitable for data with
sting spatial correlation. Because of this, visual inspec-

tion of the probabilitydensity function,pdf [or histogram)
determines the proper type of distribution. ‘I’hepdf is
chosen because it offers both easy identificationof symme-
try and the ptwence of multiple peaks.

For the Schneider (Buds) Field, the pdf of the loga-
rithm of permeability for each facies in the memoir can
best be approximatedby normal distributions (the perme-
abtiity is log normally distributed). The three nxtwoir
facies show variationsin the mesn and variance. However,
there is sufllcient overlap on the pdf for the thee facies so
that the diffenmes in the mean and variance aw adequate-
ly reflected from the conditioning of the well data (step 2
above).

Variogmrn

A variogram is used to identify an autocovwimce
model. Log pmneabilities were used because of greater
pnxision and the observed log normal pdf, ‘flte
variogramsfor each of the facies were linear and exhibked
large fluctuations. Large fluctuations of the variogram
indicate long-range spatial cmelation because carelation
reduces precision (increases fluctuations). A straight-line
fit to the variogram implies a fractal model that does not
level off as happens, for example, in a spherical model.
Fractalmodelsmathematicallydescribethe complexshapes
found in nature and have been used in a wide variety of
geostatistical applications.’’’mz%~

R/s Plot

The slope of the nxcaled range (F@ plo~sx is used
to determine the fractal exponent H of the fractal model,
Even if the fractal model is not used, it is advisable to
make an IUS plot to check the presence of long range
conflation, Because the variogram is more pnxise when
the separation distance is small, and the IUS plot is mom
precise when it is large, the I@ plot is mom reliable in
infe~ng long range correlation than the variogram which
tends to under-estimate long range correlation.

Them is no distinctivedifference among the RISplots
of individual facies or wells in the Schneider(Buds) Field.
Analysisof the plots results in an H= 0.85 for log penne-
abUityo
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AutocovarianceModel

Combiningour observationof the @f, variogram, and
the R@ plot, the following approximate autocovariance
model was used for all the facies:

TMs is an approximation to the fractional Gaussian noise
autocovarkmcefunction. Once His known, VI is adjusted
to make the function, Equation (1), fit the experimental
mwocovariancecalculated from the com data.

Variance of the Difference between the Wells

The variograms and the R/S plots described above
establishthe autocovariancemodel in the verticaldixection.
For the horizontal direction, there is not enough data to
calculate the variogram or the R/S plot+ By assuming a
fractal model, the same fractal exponent II, estimated fmm
the vefiical direction, is used for the horizontal direction.
The only unknown in Equation (1) is the magnitudeof VI,
The variance of the difference between two wells is one
point on the horizontalvariogramand allowscalculationof
VI. From an analysis of all well pairs we can obtain VI
for the model in the horizontal direction,

In the Schneider Field the average interwell variance
is about the same as the maximumseparationvalue for the
vertical variogram. These manipulationsindicate that the
autocovariatxx function in Equation (1) applies for all
directions,but in the horizontal directionsh is stretchedby
a factor equal to the field dimensions divided by the
vertical extent.

Averaging

Fmm about 150core samples in a well, only six layen
an?to be simulated. We must therefo~ averagesix groups
of approximately 25 samples stacked vertically to reduce
the 150point data set to six points in each well. There am
vatious classical methods of averagingpermeabilitiessuch
as arithmetic, geometric, and harmonic averaging?7-’9
Power avemgin~ encompasses ali methods with its
transformationexponent p ranging fmm -1 to +1,

b]N
l/Ja

qpm?- $ -Jd’ (2)

Arithmetic averaging occurs when p= 1; when p= -1 the
procedu~ results in harmonic averaging.

The method used to determine p for our work pre.
serves the COefticient of variation, CV, of the
penneabilities, (2V is defined as the standard deviation
dividedby the mean. The C!Vis chosen as the criterion fol
two reasons. First, it is a dimensionless parameter which
directly affects dispemion and other fluid flow charac-
teristics. Second, when all permeability values me multi.
plied by a constan$ the cmfficient of variation is un.
changed. This allows the effective permeability to be
defined to achieve the same pressure dmp as the odginal
Wrmeability before averaging and at the same time
maintain the same degree of heterogeneity,

Applicationof this method rquinx assuming several
values ofp and then calculating the CV of the reduced,
averaged data SCLThe value of p that produces a reduced
data set (2V equal to the original data set CV is then
chosen. For the Schneider Field a value of p= -0.2 was
used for log permeability.

Three Dimensional Permeability Model

A 40 by 21 by 6 layer grid system was constructedta
represent the field (Figure 11). This system size provided
a balance between the detail needed for twervoir descrip.
tion and computer limitations of storage and speed. An
initial three dimensional conditional simulation was per
formedusing only the data fromthe four wells (Figure 12),
This model did honor the control points with comparable
heterogeneity suggested by the averaged com data but did
not adequately model the geological model descflbed by
the petrologist and the geologist, The four spatiaJcontrol
points are not sufficient to cause Me mathematicalprocess
of conditional simulation to match the symmetry of the
reefal depositional f’ra.nwwork, ,

$peciflcally, the permeabilities should degrade awa]
from the reefal core awa near the Jones 2 and Jones 3 STX
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to the east, southe~ south, and southwest. This is
exhibited in the easteriy direction by the pocmr quality
rock in the SASI Ranch Sufficient weli control is not
available in the other directions to cmfinn the degree of
permeability degradation suggested by the deposhionai
environment and geological model. This problem was
solved by defdng a verticai surface that wouldbe expect-
ed to contain rock quaiky similar to the SASI Ranch. A
two dimensional conditional simulation aiong this surface
would produce a field that can be input as control points in
a finai three dimensiorwlconditional simulation.

Two Dhnensiond Conditional Model

The SASXRanch is the only weii to intersect the edge
of the reservoir. It exhibits the pmmr rock qwdity that the
$eologic model predcta towanJ UMeastern and southern
edges of the field. To better match the geologic model in
the three dimensional simulation, a 48 by 6 verticai, two
dimensional conditional simulation was construcw$ to
represent the surface of poorer quaiity rock at the edge of
the reservoir. The anxd extent of the two dinmsionai
surface is shown in Figwe 11. Duplicating the SASI
Ranch data at three additional points in the conditional
simulation achieved better control of the model and
provided a closer match to the geologic data.

Final Three Dimensions Conditional Simulation

The twodimensionalconditionalsimulationpermeabil-
ity values were then used, along with three additional
existing well control points, to produce a tinai three
dimtmsionalconditionalsimulation(F@Ire 13). In general,
higher penneabtiities are located in the nxf core, with
lower permeabilitiesto east and south, The finai simulated
model matched the predictedgeologicalmodelof the field.
To our knowledge, MS is the first time dimensional
conditiomd simulation that incorporates such geologic
detail,

~uid Fiow $imuiation

A fluid flow simulation was then generated to predict
the movementof fluids throughthe reswoir, As predicted
fmm the petrcdogicalstudy, history matching the interfer-
ence test pressuresrequired inmasing the permeatillitiesin
both the reef and ieef debris facies. The in-situ rtxtwoir
scaie Pelmeabtiitiesin these facies is gmter than measured

by fidl diameter, whole core analysis. The match was
achieved by multiplying the permeabilit.iesin these facies
by a scaiing factor. The technique of power averagingthe
measuredcore penneabilitiesby pmerving the CV enabies
scaling the permeabWes to match pmsure history, whiie
keeping the same degree of msemoir heterogeneity.

TIE informationproducedby tiw fluid flow simulation
is now bing used to manage the current and future
productionof the me~oir, predict future injectionrequir-
ements,and delineate the fluid flow through ti fonnatiom

Conclusions

1.

2.

3.

4.

5.

Improved reservoir management remits ftom a com-
prehensive data acquisition program coupled with
engineering, geological, and pe?.dogical studiw.

Successful thee dimensional mndkional simulation
requires the incorporation of a detailed geological
resavoir model that mliabiy projects reservoir facies
beyond the wellbore.

The SchneiderField is developed in a Buds reef com-
plex. Three reservoir facies have been identified:
reef, nxf debris, and shoaiiig grainstone apron.

‘i%epetmlogicai study predicted that both the reef and
reef debris facies in-situ penneabiiities, wouid be
greater than measumd by fuil dia!!eter whole com
analysis. Ttds obsemtion was confirmed by subse-
quent fluid flow simulation history matching,

Power averagingWnneabilities, preservingthe CV of
the original distribution, enables history matching of
pressure drops with~ut reducing the heterogeneityof
the reservoir model.

Nomenclature

BOPD
BWIPD

c(h)
Cv

h
H

Bands of oil per day
Barrels of water injected per day
Autoccmrkmce functionof separationh
Coefficientof variation, the meandivid-
ed by the standard deviation~
Separation (iag) distance
Fractai exponent
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K90

Kmax

Kvert

MSTB
N

P%

R/s P::
SCF
STB
STH

VI

.
8
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permeability measwed 90 degrees to
dinxtio.? of nmfimum \ alue
Permeability measured in direction of
maximum value
Petxneabilitymeasun?din vertical direc-
tion
ThOllSdS of stock tank bands
Number of obsavations to be power
averaged
Power averaging exponent
Probability density function
Resemoir bands
Resealed range plo~xx
Standad cubic feet
Stock tank bands

Side-track hole
Vadogram value at h=l
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