CSD Petroleum Industry Course

Material Balance Problem 1

The time-production-pressure data listed below are actual values
obtained during the evaluation of an exploration prospect offshore from
Trinidad. The discovery well, to which the data apply, was produced for
short intervals between May 10,1963 and February 15, 1965. The question
that you are to answer is

" What 1s the maximum amount »f stocktank oil initially
in place in the reservoir unit connected to this well ?"

Note the word maximum. In order for a material balance calculation
to yield a maximum value of oil with these date one assumes the following
reservoir conditions to exist :

1. there is no initial gas cap present

. there is no water influx into the o0il reservoir

3. the reservoir oil is . initially saturated at the initial
reservoir pressure of 2840 psig. This is assumed because
the producing gas-oil ratio, R , of the first time period
is larger than the solution gag-oil ratio at 2840 psig. In
other words, some free gas was produced almost immediately.

N

Cumulative Production -
Avg, pressure

Tank oil Gas
Date Barrels MCF psig
5/10/63 0 0 2840
7/23/63 36933 - 37851 2660
5/7/64 65465 74137 2364%*
6/11/64 75629 . 91910 2338%*
7/02/64 85544 115256 2375%
2/15/65 96100 148200 2305

PVT dat taken from general correlations are as follows

Pressure R B B
psig cfb® bb1/5b1 volvol
2840 827 1.528
2660 772 1.563 0.00618
2364 . 680 1.636 0.00680
2338 675 1.648 0.00691
2375 685 1.634 0.00674
2305 665 1.655 0.00702

* These pressures may be in error as the amount of time given
for buildup was limited. The other pressures are believed to be good.



S S N S e, S P

380

CSD Petroleum Industry Course

Material Balance Problem 2

(This is a problem that illustrates the use of the straight line
material balance method for a dry gas field. The problem has two parts:
the first to determine the initial gas in place, the gas in place at the
present time, and the character of the water influx from the aquifer. The
second part of the problem is to predict average pressure and cumulative
water that will have entered the field four years in the future.)

Gas withdrawals from the XYZ Field have been relatively constant

at 24 Mmcf/d. for the first 10 years of production. This has resulted
in the following time-pressure-production data:

Datum Cum.Gas Prod.

pate FreSSyre 109 scF p/Z 5
1967.0 3300 0 4000 0.00431
1969.0 3025 17.52 3738 0.00462
1971.0 2830 35.04 3520 0.00490
1973.0 2670 52.56 3330 0.00519
1975.0 2525 70.08 3160 0.00546
1977.0 2390 87.60 ¥ 2990 c 0.00577

Gas contained in the XYZ field is of 0.7 gravity. Average res-
ervoir temperature is 1500 F. (at datum) and the California pressure
base applies. These conditions were used to develop the p/Z and B

values listed above.

PART 1. (Past performance)

With the above history data determine the initial gas in place,
G, at 1967.0 date, the gas remaining at 1977.0 (report as surface cubic
feet), and the Schilthuis steady state efflux constant, k.(ft3/psi—years)

PART 2. (Future performance)

As a result of market demand it is proposed to 1ncrease the off-
take rate 257 to 30 Mmcf/d. The question to be answered are :

1. What will the average field pressure be after four years (1981.0)
of production at this sustained rate?

2. What will be the total water ( cu.ft.) that will have entered
the reservoir as of 1981.0 ?

Following are values of gas properties should you need them:

Pressure B

psia Z pl/z g

1800 0.816 2206 0.00782
1900 0.810 2346 0.00735
2000 0.807 2480 0.00696
2100 0.804 2615 0.00660
2200 0.800 2750 0.00627
2300 0.800 2875 0.00600
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Material Balance Problem 3

(This problem is an application of the straight line material
balance method to a reservoilr having an initilal gas cap, some water production,
and gas injection during later life.

The object is to test whether an

assumption of no water influx is justified and to determine the best values

of the initial oil

reservoir having no water influx.
oil in place (STB) and the initial total gas in place

and gas in place.)

The data below came from an actual field in Southernm Califormia. The
value of m was estimated from electric log data.
are used for reporting pressures - one in the o0il band and one in the gas
cap. (See Column 6 & 7 pressure values) The equation for Y is a means of
getting additional significant figures for the By values in Column 8.

ASSIGNMENT
In the columns provided below the data set up a computational scheme
to provide parameters needed for a straight line material balance for a
Determine the best value of the initial
( Mmcf).

P, = 4290 peia

Bop = 1.6330 Rgp = 975 cfd By = 1.6291 m = 0.075 B, = 1.055

Note that two datum levels

Y = 1.75 + 0.435 (10-3)

-

DATE

N,

W

G

P

P

eF,

Bi, @P

P P P 1 o [3 t - '8 g~ "8
Bbl. Bbl. MCF MCF psia psia
(1) (2) (3) (&) (5) (6) (n (8) (9) (20)

A 5/1/60 = - L, 415 4,245 1.6291 0.00431

B 1/1/€2 k92,500 7,960 751, 300 3,V875 4,025 1.6839 0.004L4s

c 1/1/63 1,015,700 25,380 2,409,700 3,315 3,505 1.7835 0.00450

D 1/1/64 1,322,500 ya,sho 3,901,600 0 2,8ks5 2,985 1.9110 0.00556

E 7/1/64 1,LL4,600 51,080 4,437,300 607,200 | 2,895 3,052 1.8945 0.00545 0.00600

F 1/1/55 1,586,200 62,340 4,987,700 1,369,L00 2,975 3,140 1.8700 0.00533 0.00585
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Solution Material Balance Problem 2
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Solution Material Balance Problem 2 Cont.
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Solution Material Balance Problem 3
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Solution Material Balance Problem 3 Cont.

Figure 1 - Straight Line Material Balance
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llaterial Balzance Problem U

[This problem teaches the calculating procedure used to predict oil
and gas recovery factors of reservoirs that produce by solution gas drive
(depletion drive) mechanism. The general method is referred to as a Tarner

prediction, using the Tracy modification.]

(1) Tarner, J.:

"How Different Size Gas Caps and Pressure Maintenance

Programs Affect Amount of Recoverable 0il," 0il Weekly

(June 12, 1944), p. 32,

(2) Tracy, G.W.: "Simplified Form of the Material Balance Equation,"

Trans., AIME (1955), 204, 243.

The Cook Zone of the S.E. Stanford Field produces 35.1°API stock tank
0il from depths ranging from -5217"' (zone top) to -5854' (O/W contact).

Luntzel

Sy

zone top_=5217

__datum -5700__

oil-water contact -5854

Section of Cook Zone,
S.E. Stanford Field

bottomhole sample from Well Luntzel No. 4.

Datum level in this zone is
-5700'. Laboratory tests on
bottomhole samples indicate
the reservoir oil was satu-
rated in the crest of the
structure at discovery. How-
ever, the reservoir oil gets
progressively more under-
saturated as one moves away
from the crest.

The PVT data listed below
were determined by Marsden
Laboratories, Inc., on a

From early well tests, it appears

that fluid in the region of this well had a bubble point pressure of 2500

psia at the regional temperature of 180°F.

Calculations based on resistivity

logs indicate the interstitial water in the region of this well to average
20%. Average porosity (of 67 cores) is 25.5% (arithmetic).
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..e . rial 3alance Problem L Cont.

SUMMARY OF RESERVOIR FLUID PROPERTIES, WELL LUNTZEL #4, COOK ZONE

R B B U

Pressure 3s o 3g 3 (¢}
psia ft~/STB RB/STB i 4 cp
2500 650 1.325 0.00447 0.90
2300 618 1.311 0.00473 0.97
2100 586 1.296 0.00509 1.05
1900 553 1.281 0.00562 1.14
1700 520 1.266 0.00638 1:26
1500 486 1.250 0.00750 1:39
1300 450 1.233 0.00907 1.54

H B

Pressure Ug 5.615 —2—39
psia cp ug g ¢n ¢g
2500 0.0160 93.62(103) LS ©
2300 0.0158 95.84 61.00 0.0650
2100 0.0156 96.23 26.36 0.0312
1900 0.0154 94.74 1370 0.0189
1700 0.0152 92.36 7.61 0.0128
1500 0.0150 86.72 4,17 0.00927
1300 0.0148 79.43 2.19 0.00699

ASSTIGNMENT

(1) Using the attached relative permeability data published by C.R.
Knoff (Trans., AIME, 1965), calculate the percent of initial gas
and oil in the region of the Luntzel No. 4 well that would be
produced at reservoir pressures of 2300, 2100, 1900, and 1700
psia.

(2) Calculate the instantaneous producing gas-oil ratio at the above
pressures.

GUIDE ANSWERS

= N G

P P P
psia 7z I0IP % IGIP
2300 0.956 0.985

1700 4.41 799
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