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IDENTIFICATION OF MAIN PRODUCING ZONES
NORTHEAST PUERTO CHIQUITO
AND
SOUTHWEST PUERTO CHIQUITO

BENSON-MONTIN-GREER DRLG. CORP.
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Sec. 10.15] GAS-DRIVE RESERVOIRS 487

where k. is the permeability to oil, k is the oil viscosity, Ay is the density
difference between the oil and gas,! and.# is the dip angle. If A be the
thickness of the oil sone normal to the direction of dip, the volume rate

Fio. 10,39,

of oil downdip free-fall migration, in stock-tank measure, will be

= keAvghsin g
| Qo=v.h B 2)
per unit distance parallel to the strike, §, being the formation-volume factor
of the oil. The drainage per unit projected surface area of gas-oil contact
is therefore

Yoot ORYRE YL <

_ koBygsin?g _ ko Ay sin? @
Q Y 21.29 R (bbl/day)/acre, 3)

where k, is expressed in millidarcys and Ay as a specific gravity. The
corresponding rate of vertical fall of the gas-oil-contact plane will be?

20 = 2.744 X 109 -"2-“—'7;}"-‘—‘—” ft/day, )

- where f is the net porosity vacated by the oil drainage.

1If the gas phase is immobile and not continuous, there will be no buoyancy reaction
on the oil due to the gas and Ay should be replaced by the oil density ~.

1 In practice the gas-oil contact will not lie strictly in a plane because of permea.blhty
variations. Moreover, even if the permeability were uniform, the gas-oil contact would
be a capillary transition zone rather than a sharp geometrical plane (cf. Sec. 7.9).
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PART B - METHOD OF CALCULATING
GRAVITY DRAINAGE RATES

Muskat (Reference No. 4) has shown the equation giving
maximum possible gravity drainage rates. This equation , in terms

- .of barrels per day per surface acre of gas-o0ll contact, 1is:
21.29 kd sin®-=- (V1 - 2)
» B
— where Q = gravity drainage rate, barrels per day
per surface acre of gas-o0il contact

- Q

— k = permeability to o0il, md
d = difference in specific gravities of
— 0oil and gas (water = 1.0)
po= oil viscosity, cp
B B = FVF of oil
- = angle of dip of formation

The formation thickness and dip of the beds are shown

- schematically in the following diagram:

With reference to the above sketch, we may determine

: NN Y= VN W
the surface area of gas-0il contact to be: 7’ /{/
azAZV%f Fhe Srvhe

/ » \ h
Area of contact = ( h 6}/ 5,280) = .121 Zre= (VI - 3)

Multiplying Equation VI-2 by Equation VI-3, and

converting to darcys, yields: Gopp X &"ﬂ.: ELLL
Acre VWP _/72/Z£>
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Q - 2,580 h X d sin -=- (VI - i)

P B

gravity drainage rate in BOPD
per linear mile of gas-0il contact
along the strike

where @

which is an equation useful to us, as we now have the gravity
drainage rate in terms of properties we can determine directly
from well tests (transmissibility) or other readily available
sources. As stated in Part II of the text, this formula is used

to calculate the gravity drainagevrates shown on Figure 5.

APPENDIX VI
Page 5
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- CHAPTER 1V. Research Engineering

Lance Creek Sundance Reservoir Performance—a Unitized
— , Pressure-maintenance Project

By Lincorx F. Erking,* R. W. FRENcHt aND WAYNE E. GLENN,} MEmsBERs AIME
(Denver and Tulsa Meetings, September—October 1047)

ABSTRACT A simplified theory of regional drainage of
THeE Lance Creek Sundance reservoir pro- 0il from upstructure location to downstructure
vides a case history of 10 years performance of a  location due to gravity is presented and

ORLLING THE . Oll, SATURATION 7 ~—
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F16 1—COLUMNAR SECTION AND COMPOSITE LOG, LANCE CREEX FIELD.

reservoir in which unit operation has permitted checked by means of comparison of “reser-
— effective utilization of gravity drainage aug- voir” permeability and “well” permeability
mented by primary pressure control with from the pool performance. Good order of
injection of gas into top structural wells. magnitude agreement was obtained.
Detailed performance of the reservoir is pre- Individual well performance and overall
sented by means of maps of well status, reser-  reservoir performance indicate possibility that
voir pressure, individual well recovery, etc.,, maintenance of pressure makes ineffective
and by pool-performance charts. Analysis of those parts of the reservoir in which per-
reservoir performance indicates only minor meability is too low to permit effective drainage
water encroachment, so that gravity, injected  of oil by action of gravity. Oil from these parts
gas, and expansion of gas are the main oil- can be recovered only when pressure is reduced

expulsive agents. locally by selective withdrawal or when overall
— —_— reservoir pressure is finally reduced.
- Manuscript received at the office of the
Institute Sept. 7, 1947. Issued as TP zg4or in INTRODUCTION
Pr_rnéc:’:.xvu T:lcnol?r.gcv. 1;Luly xgés ou The L Creek oil field. T .sh
— ntinent o., Ponca City, a.; e Lance Creek oil field, Townships 35
t address The Standard Oil Co. (Ohio), L
‘6’&‘:;‘0,,; City. O kf Standar 0. (Ohie) and 36N, Range 65W, Niobrara: €ounty,
CmfyT?)klitmd“d Oil Co. (Ohio), Oklshoma Wyoming, was discovered in October
t'Contmenta.l 0il Co., Ponca City, Okla. 1018, when Ohio Well No. State 1 was
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separation of oil and gas. In an under-
ground petroleum reservoir, this is partly
offset by capiltary forces, which primarily
control ultimate segregation, and frictional
or viscosity effects, which primarily control
rate of segregation. Gravity segregation can

‘be minimized by production of upstructure

wells at high gas-oil ratios; it can be made
quite effective by unit operation with
countercurrent flow of oil and gas; and it
can be made most effective with sufficient
gas injection upstructure to fill the space
voided by downdip drainage of oil. Gravity
drainage cannot be increased—according
to the popular misconception—by “ piston-
like” action of high-pressure gas in a gas
cap. Gas pressure can force oil to flow
downdip at a rate faster than gravity
drainage, but gas will flow slso in accord-
ance with effective permeabilities of the
rock to gas and to oil and in accordance
with potential gradients in each of gas and
oil phases. Overall efficiency in terms of

_gas-oil ratios will be better than gas injec-

tion into a similar flat reservoir, but it will
not be the same as true gravity drainage in
which no gas but solution gas is produced.

Making only the one basic assumption of
applicability of Darcy’s law of fluid flow
in porous media and using measurable
physical characteristics of the reservoir
rock and fluids, it is possible to calculate
with reasonable accuracy the maximum
rate at which oil can drain by gravity from
upstructure  to downstructure regions.
Certain features of the operation of the
reservoir can reduce the rate of drainage,
but at least the maximum rate has practical
significance in determining whether a
reservoir can be exploited at a desired rate
by the gravity drainage method.

Darcy’s law for downdip flow of oil
(essentially two-dimensional flow in the
‘“curved ” plane of the reservoir formation)
may be expressed as:

Q. = 1.127 % (:—-g - d, sin a) I1]
- Al STLE
Y /I mse op. 5;;9 (oor.

LINCOLN F. ELKINS, R. W. FRENCH AND WAYNE E. GLENN : 230

Where

Q. = rate of oil flow, bbl tank oil per

day.

K, = effective permeability to oil,

darcys.

H = thickness of formation exposed to
-flow, ft.

L = length of formation exposed to
flow (measured along strike or
structure contour).

U, = viscosity of oil, centipoise.

FVF = formation volume factor of oil.

P = pressure in oil phase, psi.

D = distance along dip of formation, ft.

d. = density gradient of oil, psi per foot.

sin & = sine of dip angle.

1.127 = factor to convert darcys to bar-
rels, feet, pounds per square inch,
and day system of units.

Since maximum gravity drainage will
occur in presence of static gas, and since
pressure at each point in the reservoir will
be the same in gas and oil phases except for
a small difference in capillary pressure,
the downdip pressure gradient in the gas-

.oil region may be calculated from the gas
density gradient and will be given by the
formula: : !

ldp .
125 = d,sin & {2}

where
d, = density gradient of gas, psi per foot.
Combining this with Eq 1 gives:

Q. = 1.127 K‘E'@ﬁ:._lv‘:%;—) Lsina [3]

for maximum gravity drainage. Since
- reservoirs are not perfectly symmetrical
and fluid withdrawals are not uniformly
distributed, the gas-oil contact will ad-
vance faster downdip in some areas than in
others. Since the tendency exists for oil
to seek a common level, there will be a
lateral component of flow to compensate
for the unequal advance, and the actual
flow path will exceed the shortest downdip
path and thus decrease the net downdip

/)j w/f% 9/3/7‘;/75, PSS %'-/,—}h
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GRAVITY DRAINAGE RATE—STOCK TANK BARRELS PER DAY PER LINEAR MILE ALONG THE STRIKE

GRAVITY DRAINAGE RATES

WEST PUERTO CHIQUITO
FOR CONDITIONS OF:
OIL DENSITY 44.9%/cubic foot
GAS DENSITY 5.35%/cubic foot
OIL VISCOSITY -.62 centipoises
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COMPARISON
OF GRAVITY DRAINAGE RATES
' FOR
RESERVOIR WITH FRACTURE POROSITY
WITH
RESERVOIR WITH MATRIX (SAND) POROSITY

Reservoir section 1 mile wide by 3 miles down dip
Formation dip 100 feet per mile (assume vertical permeability = 0)

Sand Fracture
.Reservoir Reservoir

Transmissibility

(darcy feet) 10 10
Thickness 20 ?
Porosity (H.C.), percent 20 ?
Permeability, horizontal
(millidarcies) 500 ?
Oil-in-place, STB/acre 31000 3000
Oil-in-place .
3 square mile section (Mbbl) 60000 5800
Solution gas drive recovery
Percent oil-in-place + 20 +6
Barrels/acre 6000 200
Barrels far 3 square mile
section (Mbbls) 11500 380
Gravity drainage recovery
At 1/2 of maximum of 55%
of oil in place (bbls/acre) 8500 800
Barrels for 3 square mile :
section (Mbbls) 16000 1500
Gravity drainage rate
BOPD/linear mile along strike 200 200
Years at gravity drainage rate
to reach equivalent solution
gas drive recovery 157 5.2

Years at gravity drainage rate
to obtain gravity drainage
reserves 220 21



