
T
he gross producing interval in the

!high volum
e area"

has been identified as the porous zone betw
een the base of the tight,

anhydritic karst and an inform
al stratigraphic m

arker w
e have labeled the

!x"
m

arker, w
hich lies approxim

ately 150 ft (46 m
)

below
 the top of the S

an
A

ndres F
orm

ation.T
his reservoir interval is com

posed of shoal-w
ater, oolitic, fusulinid, skeletal

grainstones and packstones, characterized by biom
oldic and oom

oldic porosity w
ith scattered vugs and fractures.T

he pore
space is partly occluded by gypsum

, m
aking distinction of true pore space difficult due to the low

 bulk density of gypsum
 and its

w
aters of hydration. Log com

positional analysis w
as used to discrim

inate actual pore space.

C
om

positional analysis of the cored interval of the S
an

A
ndres F

orm
ation in w

ell #1261
w

as m
ade using the density, neutron porosity, and bulk photoelectric factor logs to

solve for proportions of dolom
ite, anhydrite, gypsum

, and porosity.T
he sonic log is a

good m
easure of interparticle porosity, but is largely insensitive to larger pores that

occur as vugs or oom
olds.

T
he com

positional solution for the S
an

A
ndres F

orm
ation in

w
ell #1261 w

as used to com
pute a variable m

atrix transit tim
e, using w

eights that
m

atched the proportions of dolom
ite, anhydrite, and gypsum

.
T

his estim
ate of sonic-

derived porosity is show
n  below

 left, together w
ith the porosity from

 the com
positional

analysis and core m
easurem

ents of porosity.T
he porosity estim

ated from
com

positional analysis represents a volum
etric m

easure of porosities of all kinds and
show

s a good concordance w
ith core data.T

he sonic porosity is a close m
atch w

ith
com

positional porosity in zones w
here all the pore space is probably interparticle, but

show
s distinctive deviations in higher porosity zones w

here part of the pore space is
vuggy or oom

oldic.  In the karst zone, the sonic porosity suggests that the low
 pore

volum
es are dom

inated by vugs.  In the oolite shoal, the higher porosity developm
ents

appear to be about equally divided by interparticle and oom
oldic pore space.

T
he high content of anhydrite and low

 porosity of the karst zone w
as strongly differentiated from

 the m
ore porous section below

the karst w
hich also appeared to be m

ore gypsiferous.Tw
o log variables w

ere used independently to estim
ate the base of the

anhydrite zone: the sonic log and the anhydrite content estim
ated from

 the density, neutron porosity, and photoelectric factor
curves.T

he low
er boundary of the karst zone w

as calculated by a zonation program
 w

hich locates zone boundaries such that
variability is m

axim
ized betw

een the zones w
hile m

inim
izing variability w

ithin the zones (B
ohling et al., 1998).
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A
n approxim

ately 2 square m
ile (5 square km

) area of W
addell F

ield, in the P
erm

ian B
asin of w

estTexas, is characterized by

O
perator-interpreted tracer and pressure data

indicate a highly com
partm

entalized reservoir
w

ith an active w
ater drive. R

eservoir
heterogeneity appears to be related to
stratigraphy and diagenesis, as w

ell as
anhydrite-cem

ented karst features associated
w

ith the subaerial exposure surface
developed on the top of the P

erm
ian S

an
A

ndres F
orm

ation.

T
he present study aim

s to characterize the
variability w

ithin the S
an

A
ndres reservoir by

m
aking use of a variety of geological,

variable fluid production, w
ith overall fluid production an order of m

agnitude greater than in surrounding areas of the field.
R

ecoveries of oil and gas for w
ells in and adjoining this

!high volum
e area"

range betw
een 100 M

 B
O

E
 and 1 M

M
 B

O
E

 per w
ell.

O
verall, nearly 50%

 of the w
ells produce 250 M

 B
O

E
 or less. In the high volum

e area, production is typically 300 M
 B

O
E

 and
m

ore per w
ell.

petrophysical, and geophysical analyses.
In particular,

M
ulti-m

ineral m
odels are essential for estim

ating effective porosities that provide good m
atches w

ith core.
S

tatistical zonation of w
ell logs provides a consistent m

ethod for identifying the base of karst.
S

eism
ic horizon m

apping provides details on the configuration of the reservoir interval.
S

eism
ic im

pedance allow
s us to determ

ine interw
ell porosity variation.

B
V

W
 profile analysis is useful for assessing spatial continuity of the reservoir.

M
ulti-trace seism

ic attributes, such as volum
etric curvature, provide added detail in our interpretation of reservoir

com
partm

entalization.

iiiiii A
significant num

ber of carbonate reservoirs w
orldw

ide have been m
odified by karst. K

arst can im
pact reservoir perform

ance
either by enhancing or destroying porosity/perm

eability.

W
e integrated core, log, 3D

 seism
ic, and production data to identify the nature, distribution, and im

pact of karst in a P
erm

ian S
an

A
ndres carbonate reservoir in W

addell F
ield, w

estTexas.T
he reservoir in our study area is highly com

partm
entalized and fluid

production is extrem
ely variable. R

eservoir heterogeneity appears to be related to stratigraphy and diagenesis, as w
ell as karst

features associated w
ith a subaerial exposure surface at the top of the S

an
A

ndres F
orm

ation. C
ore data indicate that the

upperm
ost S

an
A

ndres consists of sporadically porous
!m

acro"
karst, characterized by intense chaotic brecciation and anhydrite

replacem
ent, follow

ed by isolated, late stage anhydrite dissolution.T
he karst overprints high frequency sequences com

posed of
gypsiferous oolitic, fusulinid, and skeletal packstone-grainstone reservoir rock w

ith m
oldic, vug, and fracture porosity. W

e used
w

ireline log petrophysical solutions to quantitatively discrim
inate the anhydritic karst from

 the underlying packstone-grainstone
strata in uncored w

ells.T
he base of the karst zone corresponds to a sharp decrease in seism

ic im
pedance, and 3D

 seism
ic data

are used to m
ap the base of karst betw

een w
ells.

T
he karst zone exhibits high variability in thickness; how

ever, the zone is
generally thicker on higher portions of a S

E
-trending anticline that runs through the study area, suggesting a structural control on

karst developm
ent. S

eism
ic data show

 that the karst zone truncates the base of the porous reservoir in som
e areas and seism

ic
attributes reveal potential reservoir com

partm
ent boundaries. B

etter understanding of local karst control on fluid flow
 in this

reservoir can im
prove reservoir m

anagem
ent decisions. A
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T
he sequence fram

ew
ork for the U

pper P
erm

ian (G
uadalupian) S

an
A

ndres F
orm

ation is
based on the study of surface exposures in the G

uadalupe M
ountains of W

estTexas.T
he

dolom
itic reservoir in W

addell F
ield is com

prised of cyclic oolitic grainstones, specifically
G

8 and G
9 high frequency sequences (H

F
S

) believed to be 4th-order (0.1-1 M
a)

periodicity (F
rench and K

erans, 2004). In the
!high volum

e area", the regional stratal
boundary that separates G

8 from
 G

9 has not been precisely located and tied into the
regional stratigraphic fram

ew
ork.

T
he G

8 and G
9 H

F
S

 reservoir interval overlies a regional bypass surface corresponding to
the top of the B

rushy C
anyon in the outcrop (also equivalent to the top of G

4 H
F

S
).

Interpretations of surface exposures of these strata indicate that the inner and m
iddle ram

p
lithofacies during the G

8 H
F

S
 underw

ent backstepping, w
hile the G

9 H
F

S
 w

as involved in
forw

ard stepping, reflecting relative fall in sea level (F
rench and K

erans, 2004).T
hese

observations, coupled w
ith seism

ic interpretations on the eastern edge of the C
entral

B
asin P

latform
 (Q

ifeng D
ou, pers. com

m
.), suggest that the succession of oolitic shoals in

W
addell F

ield are com
prised of a retrogradational to aggradational to progradational stratal architecture resulting in southeastw

ard
lateral accretion of a shallow

 shelf through W
addell F

ield tow
ard the eastern m

argin of the C
entral B

asin P
latform

.
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n for upper Leonardian and low
er

G
uadalupian section in the P

erm
ian B

asin.A
fter R

uppel
and B

ebout (2001).
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A
tim

e structure m
ap of the top of the G

rayburg from
 a 3D

seism
ic survey over W

addell F
ield show

s the regional
structural configuration. T

he black box highlights the
!high volum

e area"
study area.

S
im

plified geological m
ap of the S

an
A

ndres F
orm

ation in the
P

erm
ian B

asin show
ing locations of m

ajor oil fields (S
cholle,

http://geoinfo.nm
t.edu/staff/scholle/guadalupe.htm

l; after W
ard

et al.,1986). O
ur study area is in W

addell F
ield, northern C

rane
C

ounty, T
X

, located on the east central flank of the C
entral

B
asin P

latform
.

S
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A
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C
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1 m
i

A
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!

S
ubsea depth m

ap of the top of the S
an

A
ndres F

orm
ation for the

!high volum
e

area"
of W

addell F
ield.

S
tructurally, the

!high volum
e area"

of W
addell F

ield is located on the east
central flank of the C

entral B
asin P

latform
.

T
he northw

est portion of the
!high volum

e area"
is structurally higher than

areas to the south and east, although the highest structure does not
correspond to the highest production.A

southeast-trending plunging anticline
approxim

ately tw
o m

iles long crosscuts the study area, show
ing a relief of

approxim
ately 75 ft (23 m

) and a w
idth of approxim

ately one m
ile (1.6 km

).A
shallow

 saddle in the central m
apped area exhibits elevated gas and total

fluid production.

S
eism

ic profile
across the shelf
m

argin of the
C

entral B
asin

P
latform

 show
ing

reflector
configurations that
lead to the
interpretation of the
G

4 to top S
an

A
ndres as a

transgressive
system

s tract and
the top S

an
A

ndres
to G

rayurg as a
highstand system

s
tract.
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A

C
um

ulative oil and gas (left), cum
ulative total fluid (oil+

gas+
w

ater) (center), and cum
ulative gas (right) m

aps in
barrels of oil equivalent (B

O
E

) show
ing

.A
conversion factor of 5.7 M

C
F

 gas
to one equivalent bbl of oil w

as used in the conversion to B
O

E
.

the
!high volum

e area"
of W

addell F
ield

D
epth contours for the top of the S

an
A

ndres
F

orm
ation are superim

posed.

LIT
H

O
FA

C
IE

S
C

ores of the upper S
an

A
ndres F

orm
ation w

ere taken from
 tw

o w
ells w

ithin the
!high

volum
e area", W

. N
. W

addel #1204 and W
. N

. W
addell #1261. C

ore descriptions
provided by the operator indicate an upper karst interval in these w

ells involving
m

acroscopic collapse and chaotic brecciation and extensive anhydrite replacem
ent of

gypsum
 in the upper S

an
A

ndres F
orm

ation. In contrast, the
!porous karst zone"

and
!karsted and bioturbated fusulinid shoal"

below
 the m

ain karst zone in w
ell #1204 is less

intensely karsted, w
ithout m

acro-scale chaotic brecciation and anhydrite replacem
ent.

T
his cm

-scale dissolution and brecciation is recognized here as
!m

icro"
karst w

here the
m

atrix is essentially intact.T
he m

atrix properties in the m
icrokarst intervals are also

probably dom
inant in term

s of fluid flow
.T

hus, the low
er karsted zones in w

ell #1204 are
placed in the in situ bedded carbonate reservoir of the S

an
A

ndres F
orm

ation.

A
n exam

ple of the results of the karstic zone m
ethodology is show

n
for the cored w

ell #1261 w
ell and tw

o neighboring w
ells. In w

ell
#1261, the core description subdivision of the upper S

an
A

ndres
F

orm
ation betw

een the karst zone and porous, oolitic shoal facies is
closely m

atched by the zonation picks based on the sonic and
estim

ated-anhydrite logs. N
ote the significant variation in thickness

of the interpreted karst zone in the three w
ells.

E
stim

ates of the depth of the base of the low
-porosity zone and anhydrite

phase at the top of the S
an

A
ndres F

orm
ation w

ere com
piled for all w

ells
w

ith density, neutron, photoelectric factor, and sonic logs.  In w
ells w

here
only a sonic log w

as available, the estim
ate w

as restricted to the base of the
low

-porosity section.

G
enerally, the thickness of the low

 porosity
K

arst zone is greatest on the southeast-
trending anticline that cuts through the

!high
volum

e area". H
ow

ever, this zone show
s

high spatial variability, punctuated
by anom

alies w
here the "karstic" interval is

either m
arkedly thick or thin. In a few

 w
ells,

there w
as no evidence of a low

-porosity,
anhydritic zone at the top of the S

an
A

ndres
and this w

as interpreted as an absence of
karst developm

ent.
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B

Isopach m
ap of upper tight zone of S

an
A

ndres F
orm

ation interpreted as karst,
w

ith top of S
an

A
ndres F

orm
ation

subsea depth contours superim
posed.


