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B
ubble m

aps of B
V

W
 at a given elevation (subsea in feet) are superim

posed on the top of S
an

A
ndres subsea depth m

ap.T
hese m

aps show
 a range in B

V
W

 values that are not closely tied to
elevation on top of the S

an
A

ndres F
orm

ation. M
oreover, values vary m

arkedly by depth in an
individual w

ell, reflecting the variation of porosity in the cyclic packstone-grainstone interval.T
he

depth slices also do not show
 any pattern of B

V
W

 variation w
ith depth, paralleling the B

V
W

 vs.
depth plot above.

T
his lack of depth pattern indicates that there is not a strong field-w

ide
transition zone, but rather local w

ell-scale variations in reservoir properties.
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A
w

ide range of fluid recoveries is noted in w
ells in the

!high volum
e area

"
of W

addell F
ield. H

igher production
generally com

es from
 1) the m

ain structural high, 2) along the northeast flank of the southeast-trending anticline
that runs through the area, and 3) along a narrow

 northeast-trending area roughly corresponding to a structural
saddle on the anticline.

In the
!high volum

e area", tight, anhydritic
!m

acro"
karst at the top of the S

an
A

ndres F
orm

ation cuts dow
n into

the underlying porous reservoir.

T
he karst zone exhibits high variability in thickness but is generally thicker on the higher portions of the

southeast-trending anticline.

T
he porous carbonate reservoir interval below

 the karst is
on the saddle area of the anticline.

A
seism

ic horizon corresponding to the"x"
m

arker (base of porous reservoir) can be interpreted across the
im

pedance volum
e.T

his horizon is truncated by the base of karst in som
e areas, suggesting an associated

change in reservoir type/quality in these areas.

A
com

parison of m
ean and center of gravity m

easures of porosity indicates that higher porosity is developed
low

er in the pay interval.

T
he m

ean seism
ic im

pedance of the reservoir interval corresponds w
ell w

ith m
ean porosity from

 w
ell logs and

allow
s porosity approxim

ation in areas of poor w
ell control.

T
he im

pedance m
aps suggest that the porous S

an
A

ndres shoals that com
prise the pay appear to have N

-N
E

trends, oblique to the m
ain S

an
A

ndres structure.T
he pattern of shoal developm

ent m
ay be controlled by deep-

seated structure.

Local karst developm
ent appears to be at a w

ell scale, greatly reducing the reservoir quality, w
hich causes

variability in oil and gas production, even w
ithin this high volum

e area

A
com

bination of factors appears to be responsible for the pay distribution in the high volum
e area of W

addell
F

ield.

locally thin

B
V
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P
hi-B

V
W

 depth profiles (left) of w
ells #1228 and adjacent #1207 are on opposing ends of the depth cluster.

W
ell #1228 is m

ore tightly clustered at low
er values at greater depth due the presence of thick karst, w

hile the
phi-B

V
W

 points associated w
ith w

ell #1207 are noticeably higher at higher elevations. W
hile both w

ells are
essentially the sam

e elevation at the top of S
an

A
ndres, as can be seen in the m

ap below
, the deeper karst at

the location of w
ell #1228 leaves pay in the packstone-grainstone facies at greater depths. T

he contrast in
location of the porous interval in these tw

o w
ells can be observed in the cross section on the right.
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W
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Top S
an

A
ndres

P
hi-B

V
W

 for S
elected W

ells

E
levation

of low
erm

ost
pay

O
bservations of the P

hi-B
V

W
depth profile plot:

W
ell #1261 is nearly the

low
est in elevation and has

the sm
allest cum

ulative P
hi-

B
V

W
 of 1.07.

W
ell #1202 is adjacent to w

ell
#1261 and at the sam

e
elevation at the top of the S

an
A

ndres, as seen in the m
ap at

right. H
ow

ever, the pay
interval in #1202 occurs at a
higher elevation due to thinner
overlying karst.T

he additional
pay interval and higher
elevation apparently led to a
relatively high cum

ulative phi-
B

V
W

 of 4.32 vs. 1.07.
W

ell #1205, near w
ell #1208,

has the low
est top of S

an
A

ndres, but pay is relatively
high and cum

ulative phi-B
V

W
is m

oderately elevated, 5.12,
com

pared to 2.98. P
hi-B

V
W

profiles are sim
ilar in pattern,

but elevation of pay in #1205
is higher due to less deeply
penetrating karst.T

hus

iii

S
tructure m

ap top of S
an

A
ndres F

orm
ation. B

ubbles
depict cum

ulative P
hi-B

V
W

 in the pay intervals of each
w

ell. P
hi-B

V
W

 is an indication of hydrocarbon pore
volum

e. N
o clear pattern is noted, including offset w

ells
w

ith large contrast in pay and structurally low
 w

ells w
ith

higher pay calculations. M
aps of cum

ulative oil and gas
production in the

!high volum
e area"

show
 sim

ilar
variation on a w

ell-to-w
ell level.

1261

1205

1202

12071228

1229

1201

1206

1209

1208

Phi-BVW
= hydrocarbon pore volume

additional section is available for hydrocarbon accum
ulation.

W
ell #1228 is located adjacent to w

ell #1207 in a structurally high position
on the top of the S

an
A

ndres, but the pay interval is around 35 feet low
er.

T
he phi-B

V
W

 profiles are in sharp contrast to one another, 7.77 (one of the
highest values) vs. 3.69.A

dditionally,  the m
axim

um
 pay values (phi-B

V
W

)
for individual points decline from

 0.1 to 0.5 in w
ell #1228, as indicated by

the orange dashed line in the phi-B
V

W
 depth plot. O

ther w
ells follow

 this
trend of phi-B

V
W

 decline w
ith depth suggesting a decline in hydrocarbon

saturation, perhaps an indication of transition.
M

ost of the indications of pay (phi-B
V

W
), other than in w

ell #1261, reside
at elevations above -788 feet.T

his m
ay be an indication of the proxim

ity of
an oil/w

ater contact.
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A
fter petrophysical cut-offs are applied and the pay intervals of reservoir are identified, effective porosity can be

subtracted from
 the B

V
W

, the bulk volum
e w

ater, to estim
ate  hydrocarbon pore volum

e. D
isplaying a depth profile

of phi-B
V

W
 can provide an indication of a hydrocarbon transition zone, w

here values decrease w
ith depth,

eventually dropping to zero at the hydrocarbon/w
ater contact. S

im
ilarly, w

idespread scattering of points w
ith no

pattern reveals com
plex heterogeneity w

ith no transition zone or oil or gas w
ater contact.

T
he phi-B

V
W

 depth plot show
s som

e vague patterns related to local reservoir heterogeneity that appears to be
developed at the w

ell scale, related to the strong karst overprinting that has generally reduced the m
ore continuous

pay developed in the overlying grainstone-packstones.T
hus, karst diagenesis pays a significant role in the

heteogeneity in the
!high volum

e area".

W
ell-scale heterogeneity is sim

ilarly reflected in the cum
ulative production and seism

ic attribute data. S
eism

ic
attribute analysis suggests an elem

ent of structural control on this heterogeneity.

Low
 m

ean im
pedance in the reservoir interval has

been show
n to correspond generally to high m

ean
porosity. H

ow
ever, low

er m
ean im

pedance also
appears to correlate w

ith low
er cum

ulative
hydrocarbon pore volum

e from
 P

hi-B
V

W
, as is show

n
by w

ells #1261 and #1228 (w
hich have a thicker

karst zone), com
pared to w

ells #1202 and #1228
(w

hich have a thinner karst zone).T
his

correspondence betw
een high porosity and low

hydrocarbon pore volum
e is m

ost likely explained by
the fact that the high porosity is developed deeper in
the reservoir interval (as w

as indicated by the center
of gravity m

ap) and in areas w
ith thicker karst, the

low
er porosity upper reservoir w

ill be cut out, so that
only the deeper high porosity interval w

ill contribute
to the m

ean porosity.

A
m

ost positive curvature m
ap (show

ing antiform
bending) extracted from

 the seism
ic data volum

e
along a D

evonian horizon approxim
ately 0.6 seconds

below
 the S

an
A

ndres show
s that there is a

significant deep-seated structural control to the
northw

est-trending features in the
!high volum

e
area".A

s can be seen by the interleaved m
ost

positive curvature and m
ean reservoir interval

im
pedance m

aps, there is also an indication that
crosscutting north to northeast-trending features on
the D

evonian surface also im
pacted porosity

developm
ent in the S

an
A

ndres.

A
m

ost positive curvature m
ap extracted along the

!x"
m

arker show
s som

e of the sam
e structural trends as

the D
evonian horizon but also show

s a finer netw
ork

of lineam
ents that enclose areas w

ith diam
eters on

the order of 1500 ft (450 m
).T

hese features m
ay

indicate reservoir com
partm

entalization at a single-
w

ell scale.
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M
ost positive volum

etric curvature extracted along the
!x"

m
arker

horizon superim
posed on the m

ean im
pedance m

ap for the base karst to
!x"

m
arker interval. B

lack corresponds to tight positive (antiform
al)

curvature.

M
ost positive volum

etric curvature extracted along a D
evonian horizon

(approxim
ately 0.6 seconds below

 the S
an

A
ndres) superim

posed on the
m

ean im
pedance m

ap for the base karst to
!x"

m
arker interval. B

lack
corresponds to tight positive (antiform

al) curvature.
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