CHAPTER V

EFFECTS OF PRODUCTION RATE ON ULTIMATE RECOVERY

It has been doubtful whether ultimate oil recovery is affected by oil production

published but no unanimous conclusions

rate. Several studies’ results™** have bee

present.
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running the numerical reservoir model. The well is then allowed to produce at its

g teﬁvithuut the effect of the

capacity but not greater than the maximum allowable oil rate until its oil production
rate has reached the economic limit which is set to 50 STB/D. Then, the well will be
shut in. In term of gas production rate, no limitation is used. The reason of having no

limitation of gas production rate is due to the fact that the limitation of gas production
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rate is one of the factors that control ultimate recovery of oil. Producing oil from a
solution gas drive reservoir requires that gas be produced. Therefore, if the gas
production rate is limited, oil rate will be controlled accordingly. Limitation of water
production rate is also excluded from this work since there is no active aquifer.
However, water production which is from within the reservoir is insignificant. The

results of the study confirm this assumption. At initial condition, the reservoir has
i

Table 5.1 pres 5 "maxi .' i aliovrablelil production rates and the
altimate oil recovery of each
case, and average rese b pment are also tabulated. A comparison
of oil production rates from A4 s tion &f time is shown in Figure 5.1.
Figure 52 isa cnmpanson of pr ;:fvj"J g 225 'u,r which will be referred to as GOR
throughout this workyGbts "T:::T.':‘T;:.T‘.';..... o

It could be seen from thee it uliim %il recovery values obtained

for all cases are close to 10.9%. The maximfish fj ﬁ' rences is only 1%
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these diffefences are negligible.

STB.*"D As the

In term of time to reach ultimate recovery of each case, it can be seen that there
are three figures of producing days to reach ultimate recovery of oil. For the cases
which have maximum allowable oil production rates of 800 STB/D or greater the

number of days to reach ultimate recovery is 3,441. In the case which has maximum



Table 5.1. Effects of oil production rate on ultimate oil recovery for the base cases
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Case Maximum | Ultimate Oil | Time to reach [Avg. reservoir
allowable rate| Recovery ultimate pressure at
(STB/D) (%) recovery abandonment
(days) (psia)
1001 3392 612
1002 3000mm—r—] = a1 612
1003 2500 /// \\ \ 612
1004 /// \\\\\‘ 623
1005 616
1006 622
1007 625
1008 656
1009 | 10— 10991 685
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allowable oil prdduction rate of 300 STB/D, the we]l has to pmduce for 4,553 days.
In the lm’] aﬁ&ﬂ ﬁmﬁ,‘nﬁr’m 'HEB"] M reach ultimate
oil recﬂvery of the same magnitude. The case with 500 STB/D has to produce for
3,653 days prior to abandonment.

1t is found that for the cases which maximum allowable oil rates are set to
1,000 STB/D or greater, oil flow rate of each case becomes similar after the well has

been producing for a certain period (Figure 5.1). Oil flow rates of the cases which
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have maximum allowable oil production rates of 1,000, 1,500, 2,000, 2,500, 3,000 and
3,392 STB/D become close to that of one another as the well has produced for 400
days. The case with 800 STB/D has to produce for 1,000 days prior to having oil
production rate similar to that of the group with 1,000 STB/D or greater. This does
not apply to the case where maximum allowable oil production rate is set to less than

500 STB/D. On the other hand, oil p ion rates of the cases with 500 STB/D or

smaller do not follow oil produ ‘ g*Cases with 800 STB/D or greater.

es'where:mmamum allowable oil rates are high,
the well could not sustain alor "‘* Chis could be found from the
cases which have il 0 _0‘ y‘i 2,500, 3§000 and 3 ,392 STB/D. Qil
.\a bp drastically after the well
starts to produce. This i g the rate higher than the

capacity of the reservoir. TB/D could sustain this oil

rate for 20 days prior to declining Fiz s that GOR of these three cases are
; '

Oil pmduction ratgs of . 3,000 %1 3,392 STB/D become

““@ua ’iﬁa“ﬁ ﬁl’i’ﬁ e A,
abandnnwmﬂu&lﬂ Tmﬁm Wm Hﬂtamed for

150 days b&fore declining and its oil rate is very close to those of the first five cases
after the well has produced for 400 days. The case with 800 STB/D has plateau rate
for 350 days prior to declining to reach the trend of the cases with 1,000 STB/D or

greater after 1,000 days of production.



28

Figure 5.3 is a plot of pressure difference between average reservoir pressure
and bottom hole pressure. This figure is used to explain the above phenomena.
Consider the cases which have maximum allowable oil production rates equal 1,500
STB/D or greater. As the well starts to produce, pressure differences for each case are
not similar. Therefore, oil production rates at the beginning for each case are different.

Pressure difference for each case becomes identical as the well has produced for 160

days. This is consistent with the jfvest gationd from a comparison of oil
G&m difference for the case
with 1,000 STB/D becomes s hat of the » 1 500 STB/D or greater
after the well has producgd 9 days. At this time, Ifs.0il production rate falls into
X urthermore, GOR
becomes very close as

of preducing time of each case is

Average reservoir

plotted in Figure 5.4. It could be 58

P

igure that average reservoir pressure

of each case is similar §inp the cases which have maximum-alfowable oil rates equal to
Y Yy
or greater than 1,000 S

3D ; axim ‘i n allowable oil rate of 500

STB/D has higher average fegervoir pressure.qln addition to average reservoir
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to maximurh allowable oil rate. The higher maximum allowable oil rate results in more
rapid drop in average reservoir pressure. The cases with maximum allowable oil rate
of 1,000 STB/D or greater have similar average reservoir pressure.

It is further found that the average reservoir pressure at abandonment of each
case varies between 612 and 685 psia. Considering the cases which have time to reach

recovery of 3,341 days indicates that average reservoir pressure at abandonment varies
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between 612 to 625 psia. This variation is considered negligible. Only the case with
maximum allowable oil production rate of 500 STB/D has average reservoir pressure
at abandonment of 656 psia. The highest average reservoir pressure at abandonment is
of the case with 300 STB/D.

Average reservoir pressure is an indicator that determines energy of the

reservoir. Difference between initial average reservoir pressure and average reservoir

at the end of natural depleg it Wi \
allowable oil productiod // \.\b
cases that let the reservae P§ dus 4l h -aa'ff‘ ’ \\\* 1

consistent to the result off thgh. MAtELECo \ 15, more oil is left in the

Owable rate. This is

reservoir for the case of 300
Figure 5.5isa compan 'r:':‘ , F Laction as a function of producing

time. It can be seen tly f,—;_—————_—_ ’-' 1 maximum allowable oil

rate of 1,000 STB/D or Eater e almost'id . In l@eaﬂy and middle life of the

e e A W’i‘ Wﬁ“fﬁ?"” e

have lower oil recgyery fractions than that of the cases of 800 STB!'D or greater.
HnweverﬂtWﬁW?m Wﬂ% 'F':H:’l]la: close to that
of the caseaqwuh maximum allowable oil rate of 800 STB/D or greater at the end of
the natural depletion process.

From the above observations it can be concluded that ultimate oil recovery of a
closed reservoir having homogenous properties and solution gas drive mechanism is
independent on rate. It should be emphasized that the ultimate oil recovery mentioned

in this study is measured at the abandonment. Although the magnitude of the ultimate
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oil recovery of the cases which have different maximum allowable oil rates are
approximately equal, recovery of oil at the same time of all cases are not equal. The
case which has the lowest maximum allowable production rate has the longest time to
reach ultimate recovery. It could be further noticed from Figure 5.5 that as maximum

allowable oil rate is greater or equal to a certain value, recovery of oil at various

producing time is approximately equaly lnythis case it is found that the cases with 800

n the reservoir as a function

ailable. These plots are

used as tools for investigati havior i the resenyoir as the well has been producing.
Consider Figure 5.2 wic ison of GOR obtained from

each case. It is found that the cast \ allowable oil rates of 1,000 STB/D

or greater have simil { OR ber = ‘Tollow typical GOR

e case wﬂ 500 STB/D has a more

gentle mcreasmﬁf ﬁ)ﬁ , Wof the solution gas

drive reservoir. Fjgure 56isa plnt uf' GOR for the ﬁrst year of pmductmn Itis

found er i @@n@ﬂ;wm M’%ﬂzﬁu STB/D or

greater are sumlar since the beginning of production. The case with 1,500 STB/D has

behavior of the solution

slightly lower GOR at the first 100 days, prior to becoming similar to that of the first
group. Furthermore, the case with 1,000 STB/D has similar GOR behavior to that of
this group after the well has produced for approximately 250 days while GOR of the
case with 800 STB/D become similar to that of the first group after 300 days. The

case with 500 STB/D has almost constant GOR of approximately 500 SCF/STB
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during the first year and GOR of the case with 300 STB/D remains at 500 SCE/STB
for the first year.

According to the behavior of the formation of gas in the reservoir, during the
first period of production, GOR will be constant and equal to initial solution gas oil

ratio (Rs). After the well has produced for a certain period, GOR becomes lower than

initial solution gas oil ratio. The reducti -, in GOR is because of immobility of
liberated gas in the reservoir. G s - the pressure in the reservoir
becomes lower than the bubblesnint press -. L!-Ld ts in reservoir oil having

lower gas content. How s than the critical gas

saturation, this free - - f gas measured at the

surface is less than initial®sc s saturation is greater than

\

the critical gas saturation, ¢ d will be finally greater than

initial solution gas oil ratio. VT

Shape of GOR plot indicatés that ave s saturation in the reservoir of

each case becomes g ;?ﬁ—“'; nt times. In this study,
critical gas saturation is g to 5%. Figure'S'7 presents s&mﬁm of gas at each block

in layer 1, wm:ﬂﬁ:gﬁng W%JW ﬁhimmum allowable oil

rate of 1,000 § e abscissa of this plot represents the dlstance away from the
well bore‘a tw&]:;ﬁ QﬁWM%ﬁq %’%H"lq}a Hﬂh set of data
points mpresents gas saturation values at a particular producing time. Figure 5.8 to
5.12 are plot of saturation of gas at each block of layer 2 to 6 respectively. Figure
5.13 is a plot of pressure distribution in the reservoir as the well has been producing
for 100 days. Figure 5.14 is a plot of oil saturation distribution in the reservoir as the

well has been producing for 100 days. It is shown in Figure 5.14 that the oil saturation

1 19320431
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of each layer at the first 100 days of production is not equal. Note that the initial oil
saturation of each layer is different due to the capillary effect. Therefore, oil volume in
each layer is different. It is seen from Figure 5.13 that pressure distribution of each
layer is very close. This implies that gas is liberated from oil of each layer at almost the
same time. Since oil saturation of each layer is not equal, therefore the volume of gas

fefence in the volume of liberated gas results

in the difference in gas saturatign sinc th ' of each layer is identical. This
—
fie gas.saluration at 100 days of production

. \ \\\

saturation. The liberated gagfwill ubtiméve il its sz Bation becomes at least equal

In contrast, the gas
ater than critical gas

f'the case with maximum
than critical gas saturation as the

well has produced for 100 da lowest curve in Figure 5.7. During

this time, the gas is h*a- the region with 7 :J feet around well bore.
Although it occurs only mthls region, GOR becomes im&iﬂg and greater than initial

solution gas il Wﬂm ﬁ Wwogqrﬁ that, GOR

increasing rate bedimes slower. As th3 well has bﬁ"Eﬁl'l. producing for 6’?0 days, GOR of
the msw@ﬁ‘%@!@tﬂ]ﬁ m N%Q@ %‘ﬂ@‘ﬁ&s saturation
in the auterqtelis become greater than critical gas saturation. Thus gas liberating from
oil in the reservoir flows directly to the well bore.

Formation of gas in layer 2 starts at almost the same time as that of layer 1, as
shown in Figure 5.8 in comparison to Figure 5.7. Gas starts to flow from layer 2 when

the well has produced for 100 days. At that time, the formation of gas with saturation
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greater than 5% occurs at approximately 0.5 feet from the well bore. The increasing
rate of gas saturation is not fast compared to that of the first layer.

It is seen in Figure 5.9 that the gas from layer 3 starts to flow as the well has
produced for 100 days. But the region which have gas saturation higher than critical

gas saturation is approximately 0.5 feet at that time. Gas from blocks away from the

reservoir does not increasesen h i the Eariydife.of the reservoir. Although the
gas saturation of theseT0wg
approximately 465 days afi€r ot minenced, 1t is considered that the
volume of the mobile gas libegitgt 0 4 <@ layers 2 ‘e small compared to that of the
upper three layers. This isfeg ;_ . -*_.'-- the upper three layers are
higher than that of the lower theié in Figure 5.15. Therefore, the

volume of free gas from the sidered small. Hence, it does not

T &

tedto that of the upper three
I
)
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have significant impagion

layers.
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