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ABSTRACT

A reservoir engineering study was made of the Chivington
Field, Laramie County, Wyoming, to estimate the original
oil-in-place, analyze past reservoir performance, and to
study the feasibility of water flooding.

The following average values of porosity, pay thickness,

and initial water saturation were estimated from the log

interpretation.
Weighted average porosity 17.6 percent
Average pay thickness 9.0 feet
Average initial water saturation 46.0 percent

These values were used in the estimation of the original
oil-in-place. An isovolume map was drawn, and an oil volume
of 599 acre-feet was estimated (reservoir bulk volume is
6303 acre-feet). The original oil-in-place was estimated
to be 3.762 MM STB.

From the analysis of the drill-stem test data, an ini-
tial reservoir pressure of 2090 psig, and an effective forma-
tion permeability of 43 md were estimated from Horner's plot.

From the field decline curve analysis, an ultimate
recovery of 14.0 percent of the original ail-in-place was
estimated. An estimated economic limit of 2 BOPD per well,
and an exponential decline were used in the analysis.
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The feasibility of water flooding the Chivington Field
was also studied. The Stiles method was used in the water
flood evaluation. An additional secondary recovery of 17.70
percent of the original oil-in-place was estimated at an
estimated economic water cut of 95.0 percent. The total
recovery (primary and secondary) was estimated to be 31.7

percent of the original oil-in-place.
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INTRODUCTION

The Chivington Field, located in Laramie County, Wyoming
(Figure 1) was discovered in November of 1976, with the drill-
ing and completion of Champlin 301 Amoco No. 1 (SE-SE of sec-
tion 17, T16N, R62W). This well had an initial potential of
47 BOPD, 1 BWPD. Since discovery, twelve wells have been
drilled on an average spacing of 40 acres. Only nine wells
were completed as producing wells. The three dry holes are:
Lela Bastian No. 1, NW-NW of section 21, Duncan Bastian No. 3,
NW-SW of section 20, and Lela E. Youtz  No. 2, NW-SE of section
19. Wells in the Chivington Field are drilled through the
Muddy Sandstone formation and completed with 5%-in. casing
set through the interval and perforated (Figure 2).

The most recently drilled well (1-3-78) is Kenneth
Deselms No. 1 (SE-SE of section 18). The initial potential
of this well was 47 BOPD, 12 BWPD. Over a period of nine
months the cumulative o0il production from the above-mentioned
well amounted to approximately 1400 bbl of oil. Because of
the production problems this well had, it has been shut-in
and abandoned.

Amoco currently operates seven wells with 100 percent
working interest and has 50 percent working interest in two

wells operated by Duncan Petroleum Company. By September 1977,
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total field production averaged 510 bbl o0il, with Amoco
operated wells accounting for 330 BOPD. As of Jan. 1980, the
field cumulative production amounted to 423,000 STB oil,
215,171,000 SCF gas, and 63,177 bbl water. Gas and water
productibn from Duncan Bastian lease was not reported

(Duncan Bastian No. 1, NW-NE of section 20, T16N, R62W; Duncan
Bastian No. 4, NW-SW of section 20, T16N, R62W). Only oil
production was reported for the whole lease.

The Chivingfon Field production is from the Muddy Sand-
stone formation of lower Cretaceous age at an average depth
of approximately 8000 feet. The Muddy Sandstone formation
is a member of the Dakota group. The Muddy Sandstone can
be subdivided into three separate sands. These sands are
J1, J2 and J3. The reservoir is a stratigraphic trap, with
the productive 1limits defined by a permeability barrier to
the eastern and southeastern directions of the field. The
reservolr was initially undersaturated with an initial
pressure of approximately 2090 psig.

This study was based on ddta from conventional core
analysis, well logs for each well, fluid analysis, and pro-
duction from each well. No pressure history was available,
except for an initial reservoir pressure.

A statistical analysis was made on all the core samples
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from the main pay, and the average porosity and permeability

were estimated. Logs such as SP Log, Induction Electrical

Log, and Density Log were available for each well.

The

average values of porosity, pay thickness, and initial water

saturation were estimated from the logs. Since no
were available for sufficient number of wells, the
estimated from the log interpretation were used in
mation of the original oil-in-place. An isovolume

drawn (Figure 3) and the o0il volume was estimated.

core data
values
the esti-

map was

The Horner's plot (Earlougher, 1977) was utilized in

the analysis of the drill-stem test data to estimate the

initial reservoir pressure and the effective formation per-

meability.

Decline curves analyses were made for each well and

for the whole field. An exponential decline and an economic

limit.of 2 BOPD per well were assumed 1n the analysis.

The original oil-in-place was also estimated above the

bubble point pressure, from the material balance equation.

The recovery above the bubble point pressure was estimated

by considering fluid and rock expansion. Below the bubble-

point, recovery was estimated from material balance, which

forecasts the reservoir performance by relating pressure

decline to oil recovery.
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The total flood recovery was based on the difference in
the 0il in the estimated gross swept volume at the start of
the flood and the o0il in the estimated gross swept volume at
the abandonment of the flood. The Stiles method (Stiles,
1949) was used to predict the water flood performance. The
Stiles (R) (fractional recovery) at an estimated economic
water cut of 95 percent was calculated using the modification
explained by Slider, 1976 (p. 408-409). This fractional
recovery was assumed to be the total displacement efficiency
at the abandonment of the flood.

The secondary recovery was estimated to be 17.70 percent
of the original oil-in-place. This was based on an estimated
gross swept volume of 2880 acre-feet (bulk volume under
primary drainage is 6306 acre-feet), and 1000 BBL water per
day field's injection rate. A fill-up time of 393 days and
a flood life of 12.0 years were estimated. The total recovery
from the J2 sand reservoir (primary and secondary) was esti-

mated to be 31.7 percent of the original oil-in-place.
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FIELD SUBSURFACE GEOLOGY

The Chivington Field is located in the northwest part
of the Denver basin. Production is from the Muddy Sandstone
formation, at an average depth of 8000 feet. The Muddy Sand-
stone is of lower Cretaceous age, and a member of the Dakota
group. The Dakota group consists of the Cloverly formation
(lower conglomeratic, middle shale, and upper sandstone mem-
ber), Thermopolis Shale, and Muddy Sandstone (Cronoble, 1977).

The reservoir appears to be a stratigraphic trap. The
trapping mechanism is a permeability barrier in the eastern
and southeastern sides of the field. This permeability
barrier was defined by two dry holes, Lela Bastian No. 1,

W-NW of section 21, and Duncan Bastian No. 3, NW-SW of
section 20.

Well Champlin 301 Amoco No. 4, is on the northern side
of the field. This well has a pay thickness of 2 feet. The
cumulative produced oil up to November, 1979 amounted to
4185 BBL 5f 0il. This well has been shut-in and abandoned.
Kenneth Deselms No. 1 is on the northwest side. This well
has no J2 upper (shaled out), and has been shut-in and aban-
doned. On the west side of the field is Lela E. Youtz No. 2,
which is tight and wet.

In the Chivington Field the Muddy Sandstone formation

is subdivided into three sands. The three sands are J1, J2
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and J3, with 0il production coming from the middle bench.
The J1 sand is composed of three separate correlatable
sands with a total thickness of approximately 22-28 feet.
Log calculations show the Jl1 sand to be wet. The J2 is
separated from the J1 sand by a shale sequence (4-8 feet thick).
The J2 sand can be broken down into two distinct correlatable
sands, an upper and lower bench. The lower bench is fairly
consistent throughout the field, with a thickness of approxi-
mately 7 to 11 feet. The upper bench is more variable, with
a maximum thickness of approximately 21 feet in the Curtis
Miller No. 1, and it is shaled out in Kenneth Deselms No. 1.
The J3 sand lies below the J2 sand, separated by a shale"
sequence (10 to 15 feet thick). The J3 sand is approximately
16 feet thick and is wet.

The shale bed separating the oil zone (J2) and the
water zones (J1 and J3) prevents cross flow between these
zones by acting as a permeability barrier.

The structure contour maps (Figures 4 and 5) on top of
J2 lower and J2 upper show a northeast-southwest trend,
which is interpreted to be of marine bar origin (Cronoble,
1977, Plate No. VII).

The Muddy Sandstone is dominantly composed of sandstones
with minor shales and siltstones. It is typically moderately

to moderately well cemented with silica, and, occasionally,
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with calcite. Dark grains (chert and heavy minerals) normally
constitute from 1 to 5 percent of the sandstones, and result
in salt-and-pepper textures. Carbonaceous wood fragments
are common. The sandstones exhibit a wide variety of bed
forms: planar-bedding, tabular and trough cross-bedding,
with bed thickness ranging from laminated to very thickly
bedded. The silt-stones typically are light gray to tan.
Shales are medium gray to black and silty.

The core analysis data and the logs show that the Muddy
Sandstone formation ranges in thickness from 75 feet in
Lela E. Youtz No. 2, to approximately 100 feet in Curtis
Miller No. 1.

The reservoir is interpreted to be of marine bar origin.
The northeast-southwest log cross-section (Plate I) shows
the continuity of the reservoir in the south direction of well
Duncan Bastian No. 4. Based on this information, an offset
new drilling location should be considered south of well Dun-
can Bastian No. 4, since the permeability barrier east of
this well was hit by Duncan Bastian No. 3, and toward the

west was the tight and wet hole Lela E. Youtz No. Z.
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"ENVIRONMENT OF DEPOSITION

The following discussion of the environment of deposition
of the Chivington Field was based on the geological discussion
presented by Cronoble, 1977 (p. 84-306).

Sediments of the Muddy were deposited during a time of
progradation. Based on surface and subsurface observations,
the formation is interpreted to have been deposited in
various transitional and shallow marine environments. The
following depositional environments can be interpreted from
Figure 6. The numbers are designating the depositional
environments.

Bars (barrier and marine), (1)

Composed of sandstones and siltstones. The sandstones
are light to medium gray, very fine to fine grained. The
siltstones are light to dark gray, commonly shaly. Grain
size 1increases and sorting improves vertically upward, so
that the coarsest and the best-sorted sand occurs at the top
of the deposit parallel to the shore line or trend of the bar.
Carbonaceous materials are common.

Point bar channel deposits, (2)

Sandstones range from very fine at the top to very
coarse at the bottom. Carbonaceous materials are common.

Trace fossils rarely are present and include planolites and
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fecal trails and tracks.

Channel-fill deposits, (3)

The channel-fill deposits observed in the cores are
interpreted to be active channel-fill deposits (cross-bedded
sandstones, carbonaceous rich at base; bioturbation increases
upward). This channel-fill is grading upward into a partial

channel-fill deposit (bioturbated shaly sandstones).
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RESERVOIR PARAMETERS

For reliable reservoir engineering calculations, reser-
voir parameters such as effective pay thickness, porosity,
permeability, and initial water saturation must be known.
The following is avdiscussion of how these parameters were

estimated.

EFFECTIVE PAY THICKNESS

Although no single method is totally satisfactory for
determination of net pay, a good approximation can be obtained
for effective pay thickness by using the spontaneous potential,
resistivity, and porosity response logs together. A porosity
cut-off of 10% and an estimated water saturation cut-off of
60% on the density log were used to determine net pay thick-
ness. The porosity cut-off of 10% can be used in the log eval-
uation since 98.5% of the samples from core analysis have
10 percent porosity or greater. This 10 percent core porosity
cut-off was found to correspond approximately to 1.4 md permea-

bility cut-off (Figure 7).

POROSITY
The porosity of the main pay was obtained from statistical
analysis (Amyx, et al., 1960) of all core samples. The core

data are classified into classes of porosity. A sample
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classification of porosity data is shown in Table 1. The
arithmetic mean average porosity was calculated by the

following equation:

_ n
9, = I ¢.F. (1)
a jo1 101
where 53 = arithmetic mean porosity, fractional
¢. = class mark (value of porosity at mid-point)

of the ith-class interval or range
n = number of class intervals

F. = frequency for ith-class interval, fraction.

The arithmetic mean porosity calculated from equation
(1) is 15.12 percent. Porosity from the core data was obtained
for every one foot interval. The porosity cut-off value of
10 percent was obtained from the porosity capacity plot
(Figure 8).

Porosity was also calculated from the density log, which
was available for all wells. The following equétion was

used (Hilchie, 1978):

P _ b
o = ma - L (2)
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where bulk density reading, gm/cc

Py

pma

grain density.
A value of 2.65 gm/cc as determined from grain density measure-
ments on core data and a fluid density of 1 gm/cc were used
for the calculation purposes. Weighted average porosity
calculated to be 17.6 percent.

Table 2 1lists the core porosity and log porosity. A
correlation between porosity obtained from conventional core
analysis and that obtained from the density log is shown in

Figures 9 and 10. This correlation is reasonable.

PERMEABILITY

The arithmetic mean permeability and geometric mean
permeability of the main pay were determined by statistical
analysis of all the core samples (Amyx, et al., 1960).

The geometric mean permeability was calculated by the

following equation:

log Eg = ilejlog(Fa)j (3)
where Eg = geometric mean permeability, md.
Fj = cumulative frequency of the Jth interval
('l?a)j = arithmetic average permeability of logarithmic

class

n = total number of classified intervals.
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Calculation of the geometric mean permeability is shown in

Table 3 and Figure 11.

CONNATE WATER SATURATION CALCULATION

In the evaluation of hydrocarbon reservoirs, the water
saturation is one of the most important parameters. The
'Rwa method (Hilchie, 1978) was used to estimate water satura-
tion. Rwa technique centers around normalizing the porosity
and resistivity logs in the water zone. This normalization
reduces the errors in water saturation calculation if a
water zone is present. The &HiisbasedontheArchie equation

of the following form:
2 = [ —
52 (4)

where = water saturation of the formation, fractional

resistivity of the virgin formation water ohm-mt.

£ 2

Rt = total resistivity of formation, ohm-mt.
-
FR = ;% , formation resistivity factor
. ¢

m = the porosity exponent.

A log-log plot of the formation resistivity vs. porosity was
used to determine the porosity exponent. A porosity exponent

of 1.7 was obtained (Figure 12).
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In Rwa analysis, the water saturation for each zone is

assumed to be one, from the Archie equation:

'-nl';u
o it

wa

(5)

If we assume that Rw is constant through the zone of interest,

the lowest value of Rwa calculated is very close to Rw and

hence can be used for Rw’ Water saturation is then:

~

S2 = - . (6)

wa
An R, of 0.23 ohm-mt was used in the log evaluation, which

is the lowest value calculated from the Rwa technique.

Table 4 1lists Rwa'valuesobtained from log analysis. An

example of log calculation and a summary of the log analysis

results are shown in Tables 5 and 6.
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VOLUMETRIC DETERMINATION OF ORIGINAL OIL-IN-PLACE

As there were insufficient pressure data to obtain the
reservoir size by material balance calculations, it was
necessary to determine the reservoir size by volumetric
methods. ’

An isovolume map was drawn and the oil volume in acre-

feet was obtained. Using the following equation, the oil

volume in acre-feet was calculated (Craft, et al., 1959):

Vo= HCAo + Ay + Ay #+----+A 4 +5A ) + H A (7)

-1

where Vv is the volume in acre-feet of oil

H = the contour interval, ft
A's = the areas, in acres, inside the zero, first,
second, etc. contours
Hn = the thickness above the top contour.

An o0il volume of 599 acre-feet was calculated (Table 7).
Based on this o0il volume, an original oil-in-place was esti-
mated to be 3.762 MM STB. The following equation was used

in the calculation of oil-in-place (Hilchie, 1978):

N = 7758 x V/Boi (8)
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where BOi is the original oil formation volume factor,
(1.2361 bbl/STB),
and 7758 bbl/acre-foot.

An isopach map for the Chivington Field was also drawn
(Figure 13). The productive acres were estimated to be

approximately 842 acres.
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FLUID PROPERTIES

Fluid properties in this study were obtained from the
analysis performed on a recombination sample taken from
Well: Kenneth Deselms No. 1.° This sample was taken when the
reservoir was approximately one and a half years old.

These analyses show that the reservoir was initially
undersaturated with a bubble point pressure of 753 psia
compared to an initial reservoir pressure of 2090 psig.

This initial reservoir pressure was obtained from the analy-
sis of the initial shut-in of a drill-stem test, which was
taken in well: Champlin 301 Amoco No. 1. In addition, an
effective formation permeability was estimated to be 43 md.
Horner's plot was utilized in the drill-stem analysis (Figure
14).

The 011 formation-volume factor, solution gas-oil ratio,
oiliviscosity, gas formation volume factor, gas viscosity, and
gas deviation factor as a function of reservoir pressure
are shown in Figures 15 through 20, respectively. The fol-
lowing is a summary of the oil properties at bubble-point
pressure:

Bubble point pressure 753 psia
0il formation volume factor 1.2504 bbl/STB

Solution gas-o0il ratio 276 SCF/STB
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0il viscosity.

Reservoir temperature

18

0.729 Cp
203°F
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RESERVOIR PERFORMANCE HISTORY

OIL PRODUCTION

The production from Chivington Field commenced July,
1976, and a peak production rate of 690 BOPD was reached in
Feb., 1977. Since Feb., 1977, a decline rate of approximately
35 percent has occurred. The last reported field production

rate was 120 BOPD (Jan., 1980).

GAS PRODUCTION

After the start of production the first peak of the
field daily gas-o0il ratio was in June, 1977, 731 SCF/STB.
Later, the gas-0il ratio went up and down until it reached
a maximum of 1165 SCF/STB in June, 1978. From June, 1978
until October, 1979, again the gas-oil ratio went up and
down, and after that the gas-o0il ratio went to a sharp in-
crease of 4500 SCF/STB. Referring to Figure 21, it can be
said that the field daily gas-o0il ratio was going up, and
its fluctuation was mainly because of the shutting-in of some
of the wells that were experiencing high gas-o0il ratio,
such as Champlin 301 Amoco No. 4. The sharp increase in the
gas-0il ratio (4500 SCF/STB) is mainly because the field
production was from wells on top of the structure, such as

Curtis Miller No. 1.
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WATER PRODUCTION

The field's water cut reached a maximum of 41.0 per-
cent in Jan., 1978 and this was because of the casing prob-
lem in well Champlin 301 Amoco No. 2 (casing leak). The
water production from this well went up to 375 BWPD. Another
increase in the field's water cut was noticed in the last
few months of 1979, and this was mainly because of the inac-
curacy in the field's production data of the last few months
of 1979. For example, 0il production from Duncan Bastian
lease was not reported for the last two months of 1979. Also,

0il production from Lela E. Youtz No. 1 was not reported.
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DECLINE-CURVE ANALYSIS

Decline-curve analysis is one of the reservoir engineer-
ing tools that could be used in the estimation of remaining
reserve, ultimate reserve, and remaining life for a pool,
lease or a well. This may be done by plotting the produc-
tion data on a semi-log paper (production rate vs. time).
Tables 8 through 16 1ist the production data for all wells
and for the Chivington Field.

An exponential decline and an estimated economic limit
of 2 BOPD per well were used in the decline curve analysis
(Figures 22-28). Wells such as Kenneth Deselms No. 1 and
Champlin Amoco No. 2 were produced down to 2 BOPD.

To make the data easier to interpret, it can generally
be smoothed by calculating averages for periods of time and
plotting the averages at the middle of the time increment
used for averaging. A period of six months was used in the
determination of the averages. The following equations

were used to calculate the averages (Campbell, 1959):

Q9. + 9 L 49, .9 4+ 49, ;4
= 1 2 3 4 5 [
Qavel ~© 3 (9)

a, + 9, 49, +9, + 9,4

7
Qave2 ~ 6 (10)
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where Uvel = the average production rate for the
first six month period
Ayer = the average production rate for the
second six month period
qQi, Q2, ----- Q, = the monthly production rate
for 1st, 2nd, and n periods.
From the semi-log plot, the decline rate, remaining

life, remaining reserve, and ultimate recovery were cal-

culated using the following equations:

a, = a,; x e Pt (11)
lnig— = -Dt (12)
Y01
N, = -q-‘i—]’j& (13)
where q_. = monthly production rate at the beginning of

o1l

~ the time period
Ay = monthly production rate at the end of the time
period
t = time period (years)
D = yearly decline rate
Np = remaining reserve in STB.

Ultimate recovery = cumulative recovery + remaining reserve.

Table 17 lists the results of the decline curves analyses.
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The ultimate recovery for the Chivington Field was estimated
to be 516,204 STB, which compares very well with the sum of
the individual wells'ultimate recovery of 531,134 STB. The
field's ultimate recovery is approximately.14.0 percent of
the original oil-in-place.

The remaining reserve from well Champlin 301 Amoco No. 2
of 1600 bbl is questionable, because of the decline curve
being very difficult to extrapolate. It is clear from the
‘production performance curve that this well was having many
productioh problems during its production life, such as
casing problems. The well's performance curves are shown

in Figures 29 through 37.
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PRIMARY PERFORMANCE

To determine how much of the oil-in-place will be
recovered, primary performance calculations must be done.
The following is a discussion of how the primary performance

calculations were made.

RECOVERY ABOVE THE BUBBLE POINT PRESSURE

The o0il recovery due to fluid and rock expansion that
occurred during a pressure drop from the discovery pressure
of approximately 2090 psig to the bubble-point pressure of
767.7 psig, was calculated by the following equation (Craft,

et al., 1959):

. C (1-S,..)C_ + S_.C
NP/N - AP[:f + wi’ o wi é] (14)

(1 - 8,3) (B
ol

where NP/N = recovery, fractional,

AP = Pressure drop from initial pressure to bubble-
point pressure, psi,

Ce = rock compressibility, vol./vol./psi,

Co = 0il compressibility, vol./vol./psi,
Cw = water compressibility, vol./vol./psi,
S. . = initial water saturation, fractional,
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B
o

LI}

0il formation volume factor, bbl/STB

B

oi initial oil formation volume factor, bb1l/STB.

The value of the 0il compressibility was obtained
from reservoir fluid analysis. The rock and water compressi-
bilities were obtained from Craft, et al., 1959 (p. 130-132).

The values were found to be as follows:

0il compressibility = 9.66 x 10 ® vol./vol./psi,
Rock compressibility = 3.95 x 10 ® vol./vol./psi,

Water compressibility = 3.86 x 10 ® vol./vol./psi.

Recovery above the bubble point due to fluid and rock
expansion was calculated to be 2.7% of the original oil-in-

place, or 101,574 STB.

RESERVOIR PERFORMANCE BELOW THE BUBBLE POINT PRESSURE

The recovery due to solution gas drive below the bﬁbble
point was obtained by using Schilthuis material balance (Guer-
rero, 1968). The material balance forecasts the reservoir
performance by relating pressure decline to oil recovery.

Schilthuis' form of the material balance equation for

a depletion type pool is as follows (Guerrero, 1968):

N_{B., + B (R, - R
v - e PelRp - Koyl (15)
By - Bob
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In addition to this equation, two others are required:
the instantaneous gas-oil ratio equation:

K u_ B
0
i s Kg n OFE (16)

and the total liquid-saturation equation:

B
Sp = S,; * (1-swi)x[1N-NP)/@](§§ga (17)

where N, = cumulative o0il production, fractional

N = oil-in-place, for this material balance N=1 bbl,

Bt = total formation volume factor, bbl/STB,

Bg = gas volume factor, bbl/SCF,

B0 = 011 formation volume factor, bb1l/STB,

Mg = 0oil viscosity, centipoise,

Rp = cumulative GOR, SCE/STB,

Ug = gas viscosity, centipoise,

RS = solution gas-o0il ratio, SCF/STB,

Kg/KO = gas-0il relative permeability, fractional,

RSi = initial solution gas, SCF/STB

Ri = instantaneous gas-oil ratio, SCF/STB,

SL = total liquid saturation, fractional of pore volume,
Swi = initial water saturation, fractional,

b = subscript indicating bubble point.
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Finding performance and ultimate o0il recovery with
equations (15), (16) and (17) involves a trial-and-error
procedure. In these computations it is convenient to use
equation (15) in a modified form obtained by dividing each

side by N or:

N
) ("P/N)[B, + Bg(RP - RgyJ]

Bt B Bob

(18)

Equation (17) can also be modified to a more convenient

form:
. (N-NP)/N B - -
S, =S .+ (1 -5 .)x =Ny O (19)
L wil wil N/N BOb
N )
or ("P /)
1.000 - N
S, = S5 * (1-5;) x 5 /N x B, . (20)

Calculations involve the solution of equation (18) at
each reservoir pressure of interest. A pressure decrement
of 50 psi was used in the calculations. When the correct
value for (i? is used in equation (18) for a certailn pres-
sure, the right hand side will compute to be 1.0; if not
the whole calculation must be repeated again.

Results of the material balance calculations indicate

23.7% of the original oil-in-place at the bubble point

pressure could be recovered by solution gas drive at a reservoir
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abandonment pressure of 100 psia. Table 18 lists the results
of the material balance calculations, and Figures 38 and
39 show the Chivington Field depletion-drive performance.

According to material balance calculations, the total
primary recovery by fluid and rock expansion and solution
gas would be 26.4 percent of the original oil-in-place.
Theoretically speaking, an ultimate primary recovery of 26.4
percent of the original oil-in-place calculated from the
material balance can be expected since the ultimate primary
recovery from solution gas drive reservoir ranges from 10.0
to 30.0 percent of the original oil-in-place (Arps, J.J. et
al., 1955). The following factors will have a considerably
large effect on the ultimate primary recovery from the
Chivington Field.

1.) Some of the o0il will be trapped between the pro-
ducing wells and the defined permeability barrier in the
eastern and southwestern sides of the field because of the
gravity effects.

2.) Curtis Miller No. 2 and Lela E. Youtz No. 1 are the
only two wells completed in the two producing zones. The
other wells are producing only from one zone (J2 upper or
J2 lower). Considering the shale bed between the two pro-
ducing zones, some 0il will be trapped between the producing

wells because of the stratification effects.
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From the actual reservoir performance (July, 1976 to
December, 1979), a cumulative oil of 423,000 STB had been
produced. This represents a cumulative primary recovery of
11.3 percent of the original oil-in-place (N = 3.762 MM STB).
By the time the field reaches its economic limit of 2 BOPD per
well, the actual ultimate recovery will be inrelatively close
agreement with that estimated from the field's decline
curve analysis. An ultimate recovery of 14.0 of the original
oil-in-place was estimated from the decline curve analysis.

Although production from the J2Z sand reservoir commenced
July, 1976, the first gas production reported was in May, 1977
(sale gas). A gas-o0il ratio of 488 SCF/STB was recorded (ini-
tial solution gas-oil ratio is 276 SCF per STB from PVT data).
This indicates that the reservoir went below the bubble-point
pressure some time before May, 1977. If we assume that (based
on the recorded gas-o0il ratio), the reservoir was approximately
at the bubble-point pressure by May, 1977, the original oil-in-
place can be calculated from the material balance equation.
However, the calculated original oil-in-place will be greater
than the actual original oil-in-place, because the cumulative
0il production at May, 1977 is certainly greater than the cumu-
lative 0il produced at the time the reservoir hit its bubble-
point pressure.

The calculation of the original oil-in-place by material
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balance equation is shown in the Appendix. An original
oil-in-place was estimated to be 4.984 MM STB. This value
is not a representative value since there was no pressure

history.

30
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SECONDARY PERFORMANCE

The field production performance indicates that the
field daily gas-oil ratio is increasing, which means that
the reservoir pressure is declining. This also means that
the shale beds separating the J2 sand from J1 sand above
and J3 sand below are acting as a permeability barrier, and
preventing any noticeable communication between these zones
(J1 and J3 are water zones).

Analysis of the core data from the producing sand shows
that permeability variation is high. The permeability
variation is defined as follows (Dykstra, et al., 1960):

a) Permeabilities in a distributidn are tabulated in
descending order with their corresponding cumulative fre-
quencies.

b) The permeabilities and cumulative frequencies were
plotted on log-probability paper, respectively (Figure 40).

c) The best straight line was drawn through the points.
If the points do not lie approximately on a straight line,
the terminal points are weighted less heavily than the
central points.

d) The permeability variation was calculated by the

following equation (Craig, 1971):
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V = ? : (21)

where

<
"

permeability variation, fractional
K50 = permeability at 50 percent of cumulative

frequency, md (on straight line)

-
[}

84.1 permeability at 84.1 percent of decreasing

cumulative frequency, md (or straight line).

On the application of equation (21), the permeability
variation was calculated to be 0.825.

There was no relative permeability data obtained on cores
from the producing J2 sand. Reservoir characteristics were
submitted to Amoco Research Center and relative permeability
curves were generated (Research Department Handbook, page IV-
AZ2a-2). Figures 41 and 42 present water-oil and gas-oil rela-
tive permeability respectively.

Wells in the Chivington Field were drilled on equal
spacing (40 acres). The existing wells were used as producers
and injectors in a Five-Spot pattern. The following wells con-
sidered to be the proposed injection wells:

1. Champlin 301 Amoco No. 1

2. Champlin 301 Amoco No. 2 4. Lela E. Youtz No. 1

3. Kenneth Deselms No. 1 5. Curtis Miller No. 1
A reasonable gross swept volume is obtained by (1) delineat-

ing the gross swept volume with a line constructed by joining

adjacent edge producing and injection wells and adjoining edge
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injecting wells, but not adjoining edge producing wells
(Slider, 1976, p. 397-98). Figure 43 explains how the
gross swept volume was estimated. The gross swept volume

was estimated to be 2880.0 acre-feet.

DETERMINATION OF OIL SATURATION AT START OF WATER FLOODING

Water flood was estimated to start at a reservoir pres-

sure of 100 psia. The o0il saturation at start of flood may

be estimated by material and volumetric balance. When

(Np) stock tank barrels have been produced from a volumetric

undersaturated reservoir, and the average reservoir pressure

is P, the volume of the reméining 0il is (N-NP)BO. Since

the 1nitial pore volume of the reservoir Vp is (Calhoun, 1976):
v - ob (22)
P il-Swii

and since the o0il saturation is the o0il volume divided by

the pore volume,

(N-Np)B_(1-S ;)

Sop ~ NB_, (23)
Np : . .
where - = primary recovery by depletion, fractional (0.14)
from Schilthuis' material balance, conservative est.,
B, = 0il formation-volume factor at start of flood
(1.1756 bbl/STB),
S = 0il saturation at start of the flood, fractional

op
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BOb = 01l formation volume factor at bubble point
pressure (1.2504 bb1/STB),
wi - average initial water saturation at start
of flood (0.46), (from log interpretation).
The o0il saturation at the start of water flood calculated

from equation (23) to be 43.6 percent pore volume.

RESIDUAL OIL SATURATION AFTER WATER FLOODING

011 saturation from conventional core analysis will
generally be less than water flooding residual in-situ values.
Rathmell, et al. (Feb., 1973, p. 175-185) proposed a method
for estimating residual o0il saturation from core saturation

using the following equation:

(SO) = (SO) X BO x E (24)
res. core

where (S) = average post-waterflood residual oil
saturation in the flooded region of
the reservoir, fractional

(S) = average oil saturation from cores, (15.3%)

0oil formation-volume factor at start

o]
]

of water flooding (1.1756 bbl/STB),

E = bleeding factor- proposed to be 1.11.
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An average residual oil saturation from core analysis
was estimated to be 15.3 percent pore volume. Using equation
(24), the residual o0il saturation after water flood calculated

to be 20.0 percent pore volume.

PREDICTING TOTAL FLOOD RECOVERY

The prediction of total flood recovery from the Chivington

Field was based on the following equation (Slider, 1976):

Npg = T7580E,Vy, (Soo - Sop) /By, (25)
where pr = Total flood recovery, STB
¢ = weighted average porosify, fractional (0.176),
Et = total displacement efficiency, fractional (0.84),
sz = gross swept volume, acre-feet, (2880),
SOp = 0il saturation at start of the flood, fractional,
BOp = 01l formation-volume factor at start of the
flood,
SOr = residual oil saturation at flood abandonment,
fractional.

Total displacement efficiency at flood abandonment was
calculated to be 84.0 percent. Calculation of the total dis-
placement efficiency will be discussed later in the Appendix.
The recovery from water flood was estimated to be approxi-

mately 17.70 percent of the original oil-in-place.
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SECONDARY RECOVERY PERFORMANCE PREDICTION METHOD

The core permeability data from the producing zone in
the Chivington Field shows a large permeability variation.
This permeability variation is the result of permeability
stratification, which should be taken into account in the
prediction of secondary recovery performance. An average
permeability for the zone of interest in the injection wells
has been used for the calculation of water flood performance.

There are many methods, which take into account the
permeability distribution in the calculation of the waterflood
performance. One of these methods is the Stiles method
(Stiles, Jan., 1949), which was used in the secondary recovery
prediction. Stiles' method assumes:

(a) Linear geometry

(b) The distance of advance of the flood front in any
zone 1is proportional to the absolute permeability of that
zone.

(c) There is no vertical or cross flow between zones.

(d) The production in any zone at the out flow end
(wells) changes abruptly from oil to water.

(e) The water cut at the producing end (wells) depends
upon the millidarcy-feet of capacity flowing oil at any time

and the millidarcy-feet which have broken through to water
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production.

(f) All beds have the same porosity, the same relative
permeability to oil ahead of the flood front and the
same relative permeability to water behind.the flood front,
and all beds undergo the same change in o0il saturation ASO due
to water displacement.

The forms of the Stiles equations presented in Craft,
et al. (1959) were utilized in the waterflood calculations.
The equations are:

h.k. + (C. - C.)

R=-L -t (26)
t)
whére R = Recovery, fractional, (Stiles, R),
hj = feet totally flooded,
ht = total feet of formation,
Ct = total capacity of the formation in millidarcy-
feet
Cj = millidarcy-feet which have been completely
flooded,
Ct-Cj = the difference being the millidarcy-feet still

producing oil at the out flow end.
The following equation was used to calculate surface

water cut,
AC.
£ =

J
AC. + (C, - C;
v J ( t J

(27)

)

where Cj, C, are as previously defined, and

t
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A= ;9 . ;EE X Bo (28)
w TO
Kro = the relative permeability to o0il in the o0il bank,
w the relative permeability to water in the watered
zone
My = 0il viscosity, centipoise (1.115 centipoise)
u, = water viscosity, centipoise (0.9 centipoise).

B_ = the oil formation volume factor, bbl/STB (1.1756

bb1/STB).

The reservoir water cut was calculated by the following

equation:
ACj
f' = (29)
w AC. + (C_ - C.
j (C, J)
where f& = reservoir water cut, fraction
K H
A=W 0 (30)
TO My

The 0il production rate was calculated by the following

equation: '
Qsc ~ Qijél - W) (31)
o)
where Qg = 0il production rate, STB
Qij = inje;tion rate, bbl water per day
f& = reservoir water cut, fraction.

Results of the water flood calculation by Stiles' method
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are shown in Table 19 and Figures 44 and 45.

INJECTION RATE

Wells in the Chivington Field were pumped into at 2 BPM
(bbl per minute) at 1000 psig when the reservoir was at
initial pressure. This was during the acid and frac jobs
performed in some wells such as Champlin Amoco No. 1. An
injection rate of 200 BWPD per well was estimated, which
is reasonable injection rate. The total field injection
rate estimated to be 1000 BWPD. The fill-up time calcu-
lated to be 393 days, based on 1000 BWPD injection rate.
A gas saturation at the start of flood was estimated to

be 10.0 percent of the estimated gross swept volume.

PRODUCTION RATE

The maximum production rate was 328 STB oil per day
A
in Curtis Miller No. 2. Based on this production, a
peak production rate of 250 bbl fluid per day per well was

estimated for the secondary recovery.
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CONCLUSIONS AND RECOMMENDATIONS

1. The reservoir is initially undersaturated with initial
reservoir pressure of 2090 psig and an effective formation
permeability of 43 md.

2. The volumetric original oil-in-place of 3.762 MM STB is
concluded to be more accurate than that calculated from the
material balance equation of 4.984 MM STB, since there was
no pressure history.

3. Based on the actual reservoir performance, the actual
ultimate recovery from the J2 sand reservoir (J2 upper and
J2 lower) would be in close agreement with that estimated
from the decline curve analysis of 14.0 percent of the
original oil-in-place.

4. A maximum gross swept volume of 2880 acre-feet was
obtained by using the five-spot water flood pattern.

Since wells in the Chivington Field were drilled on equal 40-
acre spacing, the five-spot pattern is concluded to be
reasonable.

5. The fill-up time calculated to be 393 days using 1000
BWPD field injection rate.

6. The production performance curves of the Chivington
Field show that the reservoir pressure is declining, and 1t
is not apparent if the water zones (J1 and J3 sands) are

contributing some source of energy to the oil zone (J2).
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7. To improve the secondary recovery evaluation, actual
relative permeability data should be obtained on cores

from the producing sand (J2).

8. Pressure tests should be obtained to improve the reser-
voir evaluation.

9. The J2 sand was interpreted to be of marine bar origin.
The northeast-southwest log cross-section shows the continuity
of the J2 sand toward the south direction of well Duncan Bastian

No. 4. This well is a good production well (initial potential
125 BOPD and, 1 BWPD). Therefore, an offset location south
of Duncan Bastian No. 4 should be considered for drilling a
new well.

10. A 17.7 percent additional recovery from waterflooding
is an encouraging figure. But, before the start of any
water flood project, more investigation from an economic
point of view should be done.

11. The J2 upper and J2 lower are producing as two separate
reservoirs because of the shale bed in between (4-8 feet
thick). Therefore, to improve secondary recovery, producing
and injection wells should be completed in the two producing

zones.
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TABLE 1

POROSITY CLASSIFICATION DATA

Porosity No. of Frequency Cum.
Range Samples % Frequency Fc
<10% 2 2.90 2.90

10-12 11 15.94 18.84

12-14 13 18.84 37.68

14-16 15 21.74 59.42

16-18 14 20.29 79.71

18-20 11 15.94 95.65
20+ 3 4.35 100.00

69 99.99
Mid-value Frequency Fi¢i Cum.Capacity
of Range $% Fraction n ¢.F.
'y F. ¢ F. Ot e
i i 171 i=1 ¢t
9 0.029 0.0026 0.017 0.017,
11 0.1594 0.0175 0.116 0.133
13 0.1884 0.0245 0.162 0.295
15 0.2174 0.03261 0.216 0.511
17 0.2029 0.0345 0.2282 0.739
19 0.1594 0.0303 0.2004 0.94
21 0.0435 0.0091 0.0602 1.000

¢t = Z¢iFi = 15.12 Percent
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Log Depth
from _ to
ft.
7981 - 82

82 - 83
83 - 84
84 - 85
85 - 86
86 - 87
87 - 88
88 - 89
89 - 90
S0 - 91
91 - 92
92 - 93
93 - 94
94 - 95
95 - 96
8000 - 1
8001 - 2
8002 - 3
8003 - 4
8004 - 5
8005 - 6
8016 - 17
17 - 18
18 - 19
19 - 20
20 - 21
21 - 22
22 - 23
23 - 24
24 - 25
25 - 26
26 - 27
27 - 28
28 - 29
32 - 33

CORRELATION OF CORE POROSITY AND LOG POROSITY

2.5
2.45
2.41
2.47
2.47
2.42
2.42
2.49
2.45
2.45
2.41
2.43
2.39
2.44
'2.42
2.42
2.45
2.42
2.42
2.41
2.42
2.50
2.45
2.43
2.43
2.43
2.43
2.45
2.47
2.5
2.49
2.5
2.47
2.45
2.45

Well:

TABLE - 2

Champlin 301 Amoco No. 2

$%

9.0
12.1
15.0
10.9
10.9
13.9
13.9

9.70
12.0
12.0
15.0
13.3
16.0
13.0
14.0

Core Depth
from _ to
ft.
7993 - 94

94 - 95
95 - 96
96 - 97
97 - 98
98 - 99
7999 - 00
8000 - 1
8001 - 2
8002 - 3
8003 - 4
8004 - 5
8005 - 6
8006 - 7
8007 - 8
8010 - 11
11 - 12
12 - 13
13 - 14
14 - 15
15 - 16
8028 - 29
29 - 30
30 - 31
31 - 32
32 - 33
34 - 35
35 - 36
36 - 37
37 - 38
38 - 39
39 - 40
40 - 41
41 - 42
43 - 44

¢%

88

Core Por.
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Well:
Core depth
Log depth
Interval
from _ to
ft.
7940 - 41
41 - 42
42 - 43
43 ~ 44
44 - 45
45 - 46
46 - 47
47 - 48
48 - 49
49 - 50
50 - 51
51 - 52
52 - 53
53 - 54
54 - 55
55 - 56
56 - 57
57 - S8
58 - 59
59 - 60
60 - 61
Core depth
Log depth
7967 - 68
68 - 69
69 - 70
70 - 71
71 - 72
72 - 73
73 - 74
74 - 75
75 - 76
76 - 77
77 - 78
78 - 79
79 - 80
80 - 81
8004 - 5
8005 - 6
06 - 07
07 - 08
08 - 09
09 - 10
10 - 11
11 - 12
12 - 13
13 - 14

14

15

TABLE ~ 2 Cont.

Duncan Bastian No. 1 NW-NE Sec. 20, T16N, R62W

7941
7938
'}

b Log
2.37 17.0
2.39 15.8
2.34 18.8
2.33 19.4
2.36 17.6
2.37 17.0
2.32 20.0
2.325 19.7
2.325 19.7
2.30 21.2
2.35 18.2
2.37 17.0
2.45 12.0
2.45 12.0
2.55 6.0
2.50 10.0
2.46 12.0
2.42 14.0
2.42 14
2.42 14
2.40 15.0
7968.4 ft.
7966 ft.
2.48 10.0
2.45 12.0
2.41 14.5
2.39 15.8
2.39 15.8
2.35 18.2
2.345 18.5
2.32 19.4
2.365 17.3
2.365 17.3
2.365 17.3
2.40 15.2
2.45 12.1
2.35 18.2
2.43 13.9
2.45 12.1
2.425 13.6
2.425 13.6
2.47 11.0
2.5 9.1
2.48 10.3
2.48 10.3
2.51 8.5
2.52 7.9
2.51 8.5

Core Int.
from _ to
ft.
7943 ~ 44
44 ~ 45
45 ~ 46
46 ~ 47
47 - 48
48 - 49
49 - 50
50 - 51
51 - 52
52 - 53
53 - 54
54 - S5
55 - 56
56 - 57
57 - 58
58 - 59
59 - 60
60 - 61
61 - 62
62 - 63
63 - 64

7969 - 70
70 - 71
71 - 72
72 - 73
73 - 74
74 - 75
75 - 76
76 - 77
77 - 78
78 - 79
79 - 80
80 - 81
8l - 82
82 - 83
8010 - 11
11 - 12
12 - 13
13 - 14
14 - 15
15 - 16
16 - 17
17 - 18
18 - 19
19 - 20
20 - 21

¢
Core

16.3
16.4
17.6
18.9
16.3
16.9
21.3
21.0
21.3
20.8
13.8
17.9
13.9
14.1

5.2
11.0
15.2
16.0
16.0
15.5
14.0

11.4
10.5
14.0
14.3
15.6
17.1
18.7
18.1
18.0
17.2
17.6
16.8
16.9
18.1
14.9
12.9
13.5
11.8
12.5
10.8
12.7
11.8
10.4

7.5

8.0

89
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TABLE 3
9 OMETRIC MEAN PERMEABILITY CALCULATION

Using a permeability cut-off of 2 md.

Permeability Average
Range Permeability _ No. of Frequency
md. of Range log (Ka)j Samples Fraction Fj
2.0-5.0 3.97 0.599 7 0.08
5.1-10.0 7.433 0.871 9 0.1
10.1-20.0 16.286 1.212 7 0.08
20.1-40.0 31.75 1.5 12 0.14
40.1-80.0 58.04 1.76 28 0.32
80.1-160.0 102.61 2.01 23 0.26
160,.1-320 175 2.243 1 0.01
. - 5:’&'» 87
N — .
_ _ _ Perméfability Cumulative
Fj log (Ka)j Fj(Ka)j (Ka) Capacity Capacity
0.05 0.3176 3.97 0.0059 0.99994
0.09 0.7433 7.433 0.01381 0.9941
0.1 1.3029 16.286 0.0242 0.9803
0.21 4.445 31.75 0.08261 0.956
0.56 18.5728 58.04 0.34515 - 0.8735
0.52 26.6786 102.61 0.49579 0.5283
0.02 1.75 .~ 175.0 0.03252 0.03252
) K
n —
r F. 1 K ). = 1.55
2T 0g (K;) 5

Geometric mean permeability = antilog 1.55 = 36 md.

Arithmetic average permeability = 55 md.
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TABLE 4
WATER RESISTIVITY FROM R, . TECHNIQUE

WELL Rwa ohm-mt.
J1 sand J3 sand
CA #1 ---- 0.24
CA #2 0.24 --—-
CA #4 0.24 ---
CM #1 0.3 0.23
CM #2 0.25 0.46
DB #1 0.25 0.28
LY #1 0.24 0.36
0.23 SP.log
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TABLE - 5 _
EXAMPLE LOG CALCULATION
Well: Curtis Miller No. 1

Interval °h m

ft. gm/cc o8 Fp =14 Ry

- 7938 - 40 2.3 21 13.96 6

& 40 - 44 2.26 24 11.61 7

z 44 - 46 2.4 15 24.73 8
2 46 - 48 2.4 15 24.73 7.5

N 50 - 54 2.39 16 23.13 7

A 58 - 62 2.45 12 36.14 21

62 - 64 2.41 14.5 26.51 29

64 - 66 2.31 20.6 14.66 32

66 - 68 2.3 21.2 13.97 38

68 - 70 2.29 21.8 13.31 42

70 - 72 2.34 18.8 17.16 40

72 - 74 2.28 22.4 12.69 36

74 - 76 2.35 18.2 18.14 24

76 - 78 2.36 19.0 19.22 9

8008 - 10 2.475 11 45.35 20

10 - 14 2.46 12 39.43 9

24 - 26 2.45 12 36.14 10

26 - 28 2.38 16 21.7 10
28 - 30 2.44 13 33.26 9.5

Weighted Average Porosity
Weighted Average Water Saturation

Pay Thickness

N W

[ =] [eNeNoNoNo)
« o .

. e

= w W o

2.18
2,72
3.16
2.33
2.84
1.32
0.47

0.44
0.23
0.28

0.46
0.29

20%
34%
14 feet

92

29 | 4
27 \l%
31

28
42
70.0

72
100
91
71
89
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TABLE 6

SUMMARY OF LOG CALCULATION

Well Ave. %
Champlin 301 Amoco 15.15
No. 1 No Pay
Champlin 301 Amoco 14.7
No. 2 No Pay
Champlin 301 Amoco No Pay
No. 4 17.0
Curtis Miller 19.6
No. 1 No Pay
Curtis Miller 13.3
No. 2 20.6
Lela E. Youtz No. 1  16.1
18.1
Duncan Bastian No. 1 17.5
No Pay
Duncan Bastian No. 4 No Pay
16.7
Kenneth Deselms No Pay
No. 1 16.8
Dry Holes
1. Lela Bastian No. 1
2. Duncan Bastian No. 3

3. Lela Youtz No. 2

h

Y

oo co O

10

52.

56.
44.

55.
47.

44,

40.

53.

oP

64

¢h(1-S )

0.287

oo

o oo

0.

.595

.16
.786
.35
.921

.288
.766

.703

.999

5

J2
J2

J2
J2

J2
J2

J2
J2

J2
J2

J2
J2

J2
J2

Jz2
J2

J2
J2

93

Zone
Upper
Lower

Upper
Lower

Upper
Lower

Upper
Lower

Upper
Lower

Upper
Lower

Upper
Lower

Upper
Lower

Upper
Lower
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TABLE 7
VOLUMETRIC CALCULATION OF ORIGINAL OIL-IN-PLACE

Planimeter (1)x0.04 (2)x22.96 Contour Volume

Reading in? acres Interval Acre-feet
0917 36.68 842.20 0.0 152.2
0740 29.60 679.62 0.2 124.0
0590 23.60 541.86 0.2 96.30
0458 18.32 420.63 0.2 73.3
03490 13.60 312.26 0.2 54.83
0257 10.28 236.10 0.2 37.84
0155 6.20 142.35 0.2 20.10
0069 2.76 63,37 0.2 8.10
0023 0.92 21.13 0.2 1.41

Maps of scale 1" = 1000'
1.0 in? = 22.96 acres (Craft, et al., 1959)
Using the trapezoidal rule the oil volume in acre-feet

0il volume in acre-feet =

V = H(LA, + Ay + Ay +----- + An-l + %An) + HA
= 0.2(%(842.2)+ 679.62 + 541.86 + 420.63 +'312.26
+ 236.1 + 142.35 + 63.37 + %(21.13)) +
(21.13)x(1.6)
= 599 acre-feet of oil
qBoi = 1.2361 bb1l/STB
S OOIP = 7758 x 599/1.2361 = 3.762 MM. STB
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TABLE 17 5

RESULTS OF DECLINE CURVES ANALYSES

Est.
Remaining Remaining Ultimate Cum.Prod. Economic
Well Decline Life Reserve Recovery up to Limit
Name Rate/Year Years BBL. BBL. 11/79 BOPD
CA #1  -0.729 3.143 9004 40802 31798 2
CA #2  -0.921 1.2 1603 25916 24313 2
CA #4 ABANDONED 4185 4185 -
™M #1  -0.831 2.25 4821 91522 86701 2
™ #2  -0.491 6.0 27452 136770 109318 2
LY #1  -0.5987 1.00 1002 8909 7909 2
DB Lease-0.427 7.0 58095 221647 163552 2BOPD/well
kD #1 ABANDONED 1383 1383 -
TOTAL 531134
TOTAL FIELD DECLINE CURVE ANALYSIS
Chivington
Field
-0.532 4.025 93158 516204 423046 2BOPD/well

_
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TABLE 19

107

STILES METHOD WATERFLOOD PERFORMANCE PREDICTION

Permeability
h.ft. md. ZK.Ah.
J K. J ]
J
1 175 175
2 131 306
3 113 419
4 111 530
5 66 596
6 55 651
7 53 704
8 44 748
9 38 786
10 17 803
11 9 812
12 7 819
13 6 825
14 3 828
£ W At
Reservoir Asc AN_/q
Water Cut  STB/ R ave
Fraction day ay
0.000 872 258
0.0548 824 72
0.1125 774 39
0.1814 714 4
0.2778 630 138
0.3572 560 60
0.4431 486 12
0.5512 392 58
0.6691 289 47
0.8019 173 375
0.8742 110 565
0.9165 73 331
0.9517 42 242
0.9990 14 1695

hjkh

175
262
339
444
330
330
371
352
342
170

84
78
42

At+393
days

651
723
762
766
904
964
976
1034
1081
1456
2021
2352
2594
4289

R

Surface

Fraction Water Cut

.338

L4275
.4728
L4775
.6082
.6584
.6671
.7013
.7218
.8193
.9127
.949

.9643
.000

HOOOODODOODOOODODODOO

Cunulative
Water
Injected

BBLSx10 *

Wi

65.
72.
76.
76.
90.
96.
97.
103.
108.
145.
202.
235.
259.
428.

OCRArNROFRF AR, PEPONDW

Fractio

.0524
.1079
.1745
. 2685
.3465
.4315
.5396
.6587
.7943
.8689
.9129
.9493
.9827
.000

HOOOOOODODODODOODOODOO

T

N

p
Cum. oil

STB

224720
284224
314342
317467
404363
437738
443522
466260
479890
544713
606810
630944
641116
664851

Cumulative

Water 0il

Rat

io

wi/Np

PN

.90
.54
.42
.41
.24
.20
.20
.22
.25
.67
.33
.73
.05
.45
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CALCULATION OF ORIGINAL OIL-IN-PLACE ABOVE THE
BUBBLE POINT PRESSURE

From the field production data (Table 9), the gas-oil
ratio of 488 SCF/STB was recorded by May, 1977 (RS = 276
SCF/STB). Therefore, it can be estimated that the reservoir
was approximately at the bubble point pressure, and the
original oil-in-place above the bubble point pressure can
be calculated from the material balance equation, assuming
the cumulative o0il production as of May,1977 as a cumulative
0il production above the bubble point pressure. The cumula-
tive oil production.ascﬂfMay;1977was 134,946 STB. The cumula-
tive 0il produced above the bubble point pressure was esti-
mated to be 2.7 percent of the original oil-in-place, or
101,574 STB of the volumetric calculated oil-in-place,
which approximates the actual cumulative production.

The effective compressibility calculated to be 20.263
x 10 ® vol./vol./psi. The original oil-in-place can be
calculated using equation (14). Therefore:

NPBob

N =
CeBoi (P = Pp)

134946 x 1.2504

—z 4.984 MM STB
20.263 x 10 x 1.2361 (2104.7 - 753)

Z
"
1]
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Because of the following two factors the volumetric
original oil-in-place was considered to be more accurate
(N = 3.762 MM STB):

1.) The uncertainty in the reservoir pressure.

2.) The inaccuracy in the field's gas production data.
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CALCULATION OF TOTAL DISPLACEMENT EFFICIENCY

L]
Bo 1 + My E;
2

Derivation of the above equation is presented in Slider (1976,

Aosf =

p. 408-409). Tﬁis is considered to be a modification of the
(A) used by Stiles (Jan., 1949).

Assuming the total displacement efficiency at the field
economic limit equal to the Stiles (R) at an estimated

economic water cut of 95.0 percent.

AC

f AC C C (27

.+ - C.

j (t J)

C, = I(kh) = 828 md-ft
0.11 _ 1.115
1 + X
_1.1756 ¢ 0.9 .80 _

e = 5 = 0.6879

Using Aeff instead of A in equation (27), and (fw = 0.95)

calculate Cj

= 799.1 md-ft.
- Cj = 828 - 799.1 = 29 md-ft.

To find hj corresponding to Cj sum the (kh) values from
the least permeable in an increasing permeability direction

until 29 md-ft is reached. The corresponding thickness will

c

-
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be hj' From Table 19,

3x1+6 x1+7x1+9x1-=25md-ft.

This corresponds to a thickness of approximately 4 ft.

Therefore:
h.k. + (C_ - C.)
= _J 3] t J
R h, k. (26)
t)
_ 10 x 17 + (29) _
= 147 x 17 0.84

This value of the Stiles R is considered to be the total
displacement efficiency in the calculation of the waterflood

prediction.



