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INTRODUC'T It

A 23nm thick 01l zone was discovered in the well 31/2-5. The oil
zone was overlain by a gas cap and underlain by a water zone.
The GOC wvas located at 1578 mRKB with the VOC at 1601 mRKB. The
formation consisted of very loose sand and few measurements on

rock properties was performed in the interval of interest.

The well was opened up for flow the 30.6.81 and flowed till
13.7.81, During this period there were a short shut down the
7.7.81. The duration of this shut down was 9.2 hrs. When the
production was increased the 10,7.81 the GOR increased from the
solution gas oil ratio of 360 SCF/STB til around 1400 SCF/STB
The well was choked down the last day of the test and a decline
in the produced GOR was observed.

As was pointed out in ref 1 a transient test on the o0il zone in
this well would be difficult to analyse by a traditional
pressure respons analysis technique. It was therefore decided
to use a numerical radial simulator to match the GOR and WOR

performance observed during the test.
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1 MODEL AND DATA DESCRIPTION

1.1 MODEL USED

The base for the model used in this study was the model
described in ref.l. The reservoir was divided into two zones,
the upper one at 1530-1564 mRKB and the lower one at

1564-1616 mRKB. 2Zone 1 had a permeability of 2500 md while the

permeability for zone 2 was used as one of the matching

parameters together with the vertical permeability and the

relative permeability. The GOC was located at 1578 mRKB and the
OWC at 1601 mRKB.

The dimensions used in the model were:

Az(ft):
95.1, 29.5, 10.1, 6.14, 3x12.0, 9.8, 3x9.8, 6.3, 10.1,
32.8

Ar(ft) :
4.6, 8., 14.,, 25., 43., 75., 130., 400., 700., 1225,,
2140.

Layer 1-4 : Gas zone !
Layer 5-11 : 0il zone !
Layer 12-14: VWater zone

Layer 8 : Producing interval

The normalized relative permeability curves that were used are

given in Figs. 4 and 5 in ref.l.

1.2 PVT DATA

The PVT data used were based upon measurements performed on a
RFT (2) sample from 31/2-5. This PVT report was not available
at the time the study given in ref. 1 was performed. Such that

this study used the new set of PVT data. The main difference




between the fluid properties obtained by correlations and the
measured results was the oil viscosity. (,, = 1.32 cp was

measured on the oil sample compared to 2.17 cp from
correlations) .,

The following equations were used to calculate the PVT
properties used in the model. The results are given in
Table 1,

- - — B
Rs Rsf (Rspb Rsp) of 1
Bodb
Bo = chip BOf 2
Bod
B = .0283 _2ZT 3
g P

RSf : Gas oil ratio by flashing bubble point o0il through a
given set of separators (SCF/STB)

R : Gas in solution at pressure p (SCF/STB)

s
Rspb: Gas in solution at the bubble point pressure (SCF/STB)
Rsp : Gas in solution at pressure p (SCF/STB)

Bof : Flash formation volume factor

Bod : Differential formation volume factor at the bubble
point pressure

Bodp: Differential formation volume factor at pressure p

In addition to the data given in Table 1 the following data were

used :
o

Reservoir temperature 160 °F

Bubble point pressure 2280 psia
Initial pressure (at GOC) 2280 psia
Water viscosity .45 cp

Water density 1.045 J/cc

Gas gravity .635 (air=1.0)
Stock tank oil density .850 9/cc

I, =T | D SU AP S S VU DD SIS Py



1

Table 1 PVT Properties Used
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1.3 RATE DATA.

Fig. 1 gives the separator flash formation volume factor and
separator GOR as a function of separator pressure. (These data
are from one stage separations and are given in the RFT(Z)
fluid analysis report). O0il rate was given as separator barrels
per day and the gas rates were given as SCF per separator
barrel. These rates were corrected to STB/day and SCF/STB by
using Fig. 1, i.e. for a given separator pressure the Bose

and GOR were estimated and
sep

Qo (STB/day) = Qo (SEPBBL/day) /BoSep

= *
GOR (SCF/STB) GOR (SCF/SEPBBL) BoSep + GOR(SCF/STB)sep

0il rates that were measured are given in Fig. 2 and the
corrected values used are given in Table 2 and plotted vs time
in Fig 3. These values were average values over a time
interval, i.e 730 STB/day was the average value between 0-3 hrs,
2300 STB/day was the average production from 3 to 6 hrs. and so
on.

Table 2. 0il Rates Used in the Model

ot hrs 0il Rate STB/day
0 730
3 2300
6 5250
20 5490
70 5700
174.5 5590
175 0
183.8 5800
252 6564
267 7415
299 6045
319 f 5410
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2. TESTMATCHING
2,1 TEST MATCHINC PROCEDURE
2.1.1 First approximation.

A preliminary test match was performed prior to this study. At
the time of that test match the RFT (2) report was not
available and the PVT properties was calculated by correlation
techniques. Based upon those results and the new PVT data a
horizontal parmeability of 15000 md was estimated with
kv/ku=0'6 and krw (Sor) = 0.20. This gave the

background for the first series of simulation runs performed.

These are given in Table 3 with the main results.

Table 3, Simulation Runs Performed during the 1. Step

KH (D)
:;\\_ 12 15 18
KH | Kpy(Sor)=-1 Kew(Sop)=-2 | Krw(sor)=.5
a) b) c)
.1 GOR: 363 GOR: 362 GOR: 362
WOR: O WOR: O WOR: ,007
Kyw (Sgp)=.5 K.y (Sop)=-1 K, (Sop)=-2
a) e) f)
.6 GOR: 1180 GOR: 430 GOR: 362
WOR: ,222 WOR: ,009 WOR: ,027
Kry (Sop)=+2 | Kpy(Sgyp)=.5 K,y (Sor) =1
g) h) i)
1. ! GOR: 2222 GOR: 925 GOR: 362
| WOR: 084 WOR: .23 WOR: .014

The GOR and WOR given in Table 3 were max values observed during
the simulation runs. The results obtained for each case as a
function of time are given in the appendix. Table 3 shows that
for kv/kH=.l for kH€[12,18 @ there were no gas break

through or water break through, except for case ¢ which had a

R e s i el i i i i “ P o i o
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slight iancrease in produced UOR. For K,, = 18D and kv/k”e :;1,1;

an increase in proluced VWOR was observed but with no increase in
the producsd gas oil ratio, Cases ¢, d and h had a value of .5
for the k_ (S ).
EwW ' or
production that was far too high even when the produced GORs

These cases except Case ¢, gave a water
were too low., Case ¢ hal a measurable max VOR but with no
production of gas frowm the gas cap. Even when the vertical
permeability was increased to kv/kH=l' for k, =18 D there

h
was no increase in produced GOR,

From the results obtained during the first step in the test

match procedure the following values were excluded.

2.1.2 Second approximation.

From the results in chapter 2.1.1 6 new cases were runned.
These are described in Table 4 together with Cases e and g from
Table 3.

Table 4. Simulation Runs Performed during the 2. step
kH = 15 D kH = 12 D
\Krw(sor) krw(sor)
k 1 .2 k .1 .2
v v 1
ky e) m) Ky 3) 1) i
GOR: 430 GOR: 421 GOR: 1087 GOR: 1149
.6 WOR: .009 WOR: .033 .6 | WOR: .014 WOR: .049
3
n) o) k) g)
1. GOR: 601 GOR: 644 1. | GOR: 2065 GOR: 2223
WOR: 018 WOR=.055 WOR: .029 WOR: .084

Table 4 shows that the max GORs were too low when kH= 15 D for

k,/ky €06:10 k

rw

(Sorkizl,.zj and relative permeability

Case a in ref,1. When kH=12D for krw (Sor) eEl,.gj and

k,/ky=1. the produced GORs were too high and for

LV T UIpY PP SN G U SR RS SO




. (3 )=.2 for ke {12,150 and k /k_ e [.6,1, the
k_ (5. wokoe {12,150 « J/kpe [6,1y the
proiuced WOR secemed to be high, It was therefore decided to use
interpolation in Table 4 to specify the values usced 1in the next

sten.
2.1.3 Final Results.

By interpolating in Table 4 two new cases were runned. These

cases used the following values:

Case p: kH=l3D kv/kH=l.0 krw(Sor)=.l3

Case Q: kH=12D kv/kH=°75 krw(Sor)=.l3

The relative permeability for Cases p and Q are described in ref

1 as Case a but with a change in k__(S__). The two cases

Yw ~or
gave the following results:
Case Gor WOR
max max
P 1498 .039
Q 1535 031

These results are close to the max GOR and VIOR recorded during
the test. The lowest horizontal permeability used in this study
so far was 12 D. Since case Q gave a relative close match with
k. =12D it was decided to use lower horizontal permeabilities

H
and Cases R and S were runned.

Case R k. _=10D k /K. =.6 k (s )=0.13
H v: H rw or

Case S kH=10D kV/KH=.4 krw(Sor)=0.20

These two cases gave the following results:

Case GOR WOR
nax nax

R 1951 .030

S 1268 .035

Case R gave a too high value for max GOR produced while case 3

gave a result close to the test values.

|
|
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Case Q and R were resanned with a small change in properties.

These Cases, T and U were gilven as:

Case T kH=12.5D kv/kH=.7S krw(Sor)=.15

k. =11, k =,60 k =,17
Case U H 11.5D v/kH 6 rw(Sor) 1

and the following results were obtained

Case Gor WOR
nax nax
T 1332 .036
U 1428 .039

2.2 DISCUSSION

The four Cases P,T,U and S are summarized in Table 5.

Table 5 Summary of Results

Case Ky Ko/ Rl kpw(Sor) GORpax | WORpax
Darcy SCF/grp
P 13 1.0 .13 1498 0.039
T 12,5 .75 .15 1332 0.036
U 1145 .60 .17 1428 0.039
S 10 .40 .20 1268 0.035

The results for the four cases given in Table 5 are plotted in
Figs 411 as a function of time. Case P had a kv/kH value of

1. and Fig. 4 shows that the calculated GOR decline more rapidly
than the test GOR after the reduction in flow rate (see Fig.3)
This was interpreted as a result of a too high vertical
permeability since the flow was controlled partially by the
vertical conductivity and partially by the pressure drop in the
oil zone. And the pressure drop in the oil zone was again
mainly a function of the horizontal permeability. Thus for Case
T the vertical permeability ratio was decreased to reduce the
rate of decline of the GOR. But to get the same maxX produced
GOR the horizontal permeability had to be decreased to create

the necessary pressure drop in the formation. At the sanre time
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b

the end point of the water relative permeability curve had to be
increased to adjust the produced VOR for the decrease in the
vertical conductivity. This adjustment on the water relative
permeability curve was necessary because gas had a much higher
mobility ratio than water and the ratio between gas rate and
water rate should be the same as for the previous case. The
rate of gas flow was adjusted by the change in the
permeabilities. But this change was not large enough to get the
same water rate as for the previous case and an additional

ad justment had to increase the water mobility ratio and the
krw(sor) was increased.

The same adjustments as described above was performed for Case
U. Case U had a vertical permeability ratio kv/kH=°6' In

this case it can be observed that the rate of decline of
produced GOR was about the same for the test and simulator
results. (See Fig.8) Case S had a vertical permeability
kv/KH=0.4 and the results in Fig.10 indicate that the

simulator GOR had a lower rate of decline than the test

results. The max GOR was somewhat lower in this case than the
previous cases.

3. CONCLUSION.
Case U seems to give the best match and the data used were:

kH':ll. 5D

kv/kH=0.6

k(5 __)=.17
rw or

Rel.Perm: Case a ref.l

There was a high degree of uncertainty in the measured WOR
results. But the krw(sor) should not be far off since the
results were very sensitiv to krw(sor)' A small change in
krw(sor) gave a considerable change in produced WOR.

A KH value of 11.5 D is somewhat higher than the average core
permeabilities from zone 2 in 31/2-5 and similar formations in
the other 31/2 wells. But the representativness of the core
permeabilities is gquestionable since the formation was

unconsolidated and few measurements were performed.

e - - Lo o . . ~ - - N g S SR SOy TSN VDN = ¥ S I SR eY SV P T



The kv/kH value of 0.6 is in good agreement with values
reported in Table 1 ref, 1
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