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Abstract

Reservoir studies of naturally repressured reservoirs are
highly problematic. Thus, their reserve estimation is
notoriously in error. This is aggravated by the presence of
communicating areas. The repressurization is due to the
enhancement of the reservoir energy sourced by additional
undeveloped productive zone(s). The aim of this study
was to determine the source of constant recharging
(repressurization) of a reservoir in the Niger Delta Oil
Field. Several techniques were adopted to investigate the
source of repressurization of the reservoir. An unknown
productive zone was identified to be communicating with
the reservoir which increased the STOIIP by over 100%.
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INTRODUCTION

The production of crude oil to the surface is of great
concern to the petroleum Engineer (Ademola, 2008a). A
form of energy is therefore essential for the production
of the crude oil to the surface. The overall performance
of an oil reservoir is largely determined by the nature
of the energy, that is the driving mechanism available
for moving the oil to the wellbore (Craft and Hawkins,
1959; Obah, 1991; Ademola, 2008b). In an oil reservoir,
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production results from a mechanism which utilizes the
existing pressure, which is the natural energy indigenous
to the reservoir (Obah, 1991; Smithson, 2016). During the
course of oil production from a reservoir, there is usually a
pressure decline resulting from withdrawal of fluids from
the reservoir and in agreement with the law of conservation
of mass. This is actually obtained throughout the primary
life of the reservoir. A situation may arise where the decline
in pressure is followed by appreciation of pressure (see
figure 2). This pressure increase may occur naturally (Obah,
1991) or due to a pressure maintenance scheme embarked
upon to arrest the decline (Dake, 1978; Smithson, 2016).
If the aquifer is large, the pressure maintenance could be
carried out for a long period of time (Smithson, 2016).
Exceptionally, there may be a case where a reservoir
can be getting energy in some form, from outside the
limits of the presently defined area. This is a situation
where the reservoir is being repressured naturally. When
repressurization occurs naturally, it implies that voidage
replacement is greater than the withdrawal as a result of
the additional energy source (Obah, 1991). The sources of
energy of the reservoir may be either:

i. Additional Interconnected Productive Zone

ii. Unrecognized Water Drive That Is Constantly
Influencing the Reservoir (Crichlow, 1972a).
On the other hand the repressurization may be natural
and on a regional scale or may be induced by hydraulic-
fracture treatments during well completions, or both. In
this case, matrix-driven properties are very much in play,
but small fractures swarms or larger fractures within the
region correlated with basement faults and fractures may
be the major contributing factors (Byrnes et al., 2007).

In this work, we investigated the source of
repressurization of a reservoir in the Niger

Delta oil field of Nigeria by subjecting the reservoir
to material balance calculation to re-evaluate the STOIIP.
This was necessary to know if the initial STOIIP
obtained was in error. Thereafter, the aquifer strength



was determined by calculating the water influx into the
reservoir and finally efficiency rate test was carried out to
ascertain any possible communication.

Assumption
No hydraulic fracture treatment was carried out on the
wells of the reservoir understudy.

This study presents various techniques adopted to
determine the source of repressurization of the reservoir.

1. EVALUATION PROCEDURE

Constant repressurization of reservoir

!

Evaluation of STOIIP

l

Calculation of water mflux into the reservoir

l

Further subjection of reservoir to efficiency rate test

}

Establishment of source of repressurization

Figure 1
Flow chart of the methodology

During the declining pressure period during production,
it was expected that a state of equilibrium would ensue,
when the voidage withdrawal is equal to the replacement.
This is however not the case with repressured reservoirs
(Obah, 1991), it was observed that up to the point of
pressure increase, that is after thirteen (13) months of
production, the pressure started building up steadily
keeping the production characteristics of the reservoir
unstable (Ademola, 2008a; Ademola, 2008b). The
reservoir was subjected to material balance calculation to
re-evaluate the STOIIP. This was achieved by matching
observed production with pressure data using the Havlena
and Odeh approach (Havlena, and Odeh, 1963; Havkena,
and Odeh, 1964; Dake, 1978). The strength of the aquifer
was determined by calculating the water influx into the
reservoir through the Hurst and Van Everdigen method.
Due to the fact that the withdrawal leads to an increase in
pressure, at the point of repressurization, a negative sign
convention was used for the water influx term at that point
(Crichlow, 1972b).

w, =-U2Z AW p(ALL) (1)

The reservoir was further subjected to efficiency rate
test to get a clear evidence of any possible communication.
The source of repressurization was established by
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comparing the results obtained by material balance
calculation with that of the volumetrically determined
values, the result of the water influx calculation and finally
that of the efficiency rate test.

2. GENERAL OVERVIEW OF EZ-FIELD

The Ez-field consists of three main reservoirs namely: EZ-
702, EZ-710 and EZ-803 reservoirs. The field is 120km
offshore in the southern part of the Niger Delta. The field
came on stream on November, 2009. The EZ-702 is the
largest reservoir in the field. To date, the 702 reservoir
has produced from five wells with five supporting water
injectors. As at the end of August, 2011 cumulative
production from the reservoir stood at about 85.23mmstb
of oil and 56.3bcf of gas. On the other hand, EZ-710
reservoir is the second largest in the field. Currently, EZ-
710 reservoir has two producers and two water injector
wells. At the end of August, 2011 cumulative production
from the reservoir also stood at about 8.29mmstb of oil
and 9.3bcf of gas. Finally, EZ-803 reservoir which is the
reservoir understudy is the smallest reservoir in the EZ-
field. This is the only reservoir that is producing from a
single well and without a supporting water injection. The
cumulative production reaches 12.14mmstb of oil at the
end of August, 2011 which is higher than that of EZ-710
reservoir which is the second largest reservoir, with two
producers and two supporting water injectors.

3. RESULTS

The results of the investigation to determine the source
of constant recharging or repressurization of EZ-803
reservoir is thus presented.

3.1 Reservoir Ez-803

The reservoir started production in November, 2009
and is producing from a single well, EZ-18. It has an
initial reservoir pressure of 5414 Psig. The reservoir
is an undersaturated reservoir that is producing above
bubble point. The reservoir was estimated to be carrying
118mmstb determined volumetrically. The cumulative
production reaches 12.14mmstb of oil at the end of
August, 2011.The reservoir pressure declined to 5000
psi after 13 months of production before repressurizng to
5030psi and was steadly increasing as shown in Figure 1.
Material balance calculation was then carried out to affirm
the production characteristic of the reservoir. Summary of
material balance calculations is shown in Table 1, figures
3 and 4. The plot revealed a reserve of 260mmstb which
differs from the volumetric value of 118mmstb. The water
influx into the reservoir was then calculated to gain insight
of the aquifer strentgth. Table 2 shows sumary of the
water influx alculations. Finally an efficiency rate test was
carried out on reservoir EZ-803 after 55 days of shutdown.
This was to confirm if reservoir EZ-803 has any possible
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communication with unknown prolific sand. This resulted  up to the next choke setting. Table 3 shows summary of
in well EZ-18 being subjected to variable Choke settings,  efficiency rate test.
each choke setting lasted for six hours before beaming

Table 1
Summary of Material Balance Calculations
Pressure (psia) F(rb) E, (rb/st) E;, w (rb/stb) W, (rb) E, +E;, w (rb/stb) F/E, (stb) WJ/E, (stb)
5391 7.433x10° 0.0043 0.000114 749.8 0.004414 1.729x10° 1.74x10°
5365 1.513x10° 0.0120 0.000243 2347.2 0.012243 1.261 x10° 1.96 x10°
5329 2.463x10° 0.0198 0.000422 4368.4 0.020222 1.244 x10° 2.21x10°
5298 3.333x10° 0.0217 0.000576 6552.6 0.022276 1.536 x10° 3.02x10°
5260 4.380x10° 0.0275 0.000764 8802.0 0.028264 1.593 x10° 3.20x10°
5225 5.479x10° 0.0295 0.000938 11181.8 0.030438 1.857 x10° 3.79 x10°
5180 6.626 x10° 0.0321 0.001160 13789.8 0.033260 2.064 x10° 430x10°
5156 7.857 x10° 0.0358 0.001280 16039.2 0.037080 2.195 x10° 4.48x10°
5120 9.152 x10° 0.0371 0.001460 17995.2 0.038560 2.467 x10° 4.85x10°
5105 1.019x10’ 0.0413 0.001530 19657.8 0.042830 2.468 x10° 4.76 x10°
5075 1.101x10’ 0.0426 0.001680 21124.8 0.044280 2.585x10° 496 x10°
5015 1.198x107 0.0470 0.001980 24058.8 0.048980 2.549 x10° 5.12x10°
5000 1.324x107 0.0480 0.002060 26503.8 0.050060 2.758 x10° 5.52x10°
5030 1.441x107 0.0492 0.001910 26014.8 0.051110 2.929 x10° 5.29x10°
5080 1.568x107 0.0513 0.001660 23406.8 0.052960 3.057 x10° 4.56 x10°
5110 1.663x107 0.0521 0.001510 20798.8 0.055530 3.192 x10° 3.99x10°
5166 1.768x10’ 0.0543 0.001230 17995.2 0.055960 3.256 x10° 3.31x10°
5200 1.873x107 0.0549 0.001060 15061.2 0.055960 3.412 x10° 2.74x10°
Table 2 Table 3
Summary of Water Influx Calculation Summary of Efficiency Rate Test
Date Time (days) We (rb) 1" test 2" test 3" test 4" test 5" test
January, 10 30 749.8
Choke setting (x/64"
February, 10 28 2347.7 . 56 59 62 65 68
inch)
March, 10 30 4368.4
. Choke setting (%) 28.1 30.1 31.4 333 352
April, 10 30 6552.6
G duction rat
May, 10 30 8802.0 (B“’Zj PrOUction Tale 10688 20,306 21,507 22,916 24552
June, 10 30 11181.8 P
Jul 10 29 13789.8 Tubing head pressure
Y, . (psig) 2640 2573 2521 2448 2371
August, 10 31 16039.2 psig
September, 10 29 17995.2 ?Ot.to)m holepressure e 2814 4779 4763 4728
S1,
October, 10 31 19657.2 pstg
November, 10 28 21124.8 Water cut (%) 6.00 6.00 6.00 6.00 6.00
December, 10 31 24058.8 GOR (Scf/Stb) 92930  931.57 930.58 934.48 935.36
January, 11 29 26503.8 Sand production Nil Nil Nil nil Nil
February, 11 28 26992.8 Draw down (Psi) 256 286 321 337 372
March, 11 28 29600.8 _ )
Average pi (Bpd/psi) 73 71 67 68 66
June, 11 30 32208.8
Observation/Remarks
July, 1 31 330124 Rs 59.1486 scf/stb
August, 11 31 37,946.4 Bo = 1.05272 rb/stb

Based on separator condition
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Figure 2
Pressure decline followed by appreciation of pressure
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Figure 3
Material balance calculations, reservoir E8-803
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Figure 4

Material balance calculations for reservoir Ez-803
Nomenclature

We = Cumulative water influx, bbl

U = water influx constant, bbl/psi

Y = Summation

Ap = Pressure drop at the boundary, psi

WD (AtD) = Dimensionless water influx

3.2 Discussion of Results
The cumulative water influx into reservoir EZ-803 stood

the water cut is very low, there is no evidence of an
unrecognized water drive influencing the reservoir. In

at 37, 946.4 rbbls. . From the calculation, this indicates
presence of aquifer but not strong enough to support the
reservoir as to cause such an appreciation of pressure.
This is purely an indication of very low water cut. Since
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this study, the result obtained from the reserve estimation
of 260 mmstb was not consistent with the volumetric
estimate of 118mmstb. This result formed the basis
for identifying the source of repressurization. The
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material balance estimate of 260mmstb indicates that the
additional energy source is as a result of interconnected
productive zones hitherto unknown. The result of the
efficiency rate test gave 6% water cut which is an
indication of near dry-oil. This is in agreement with the
water influx calculation, which shows that the aquifer
is not strong enough to support the reservoir as to cause
such pressure appreciation. The Gas oil ratio (GOR)
result maintained a near linear trend with maximum of
935 scf/stb and minimum of 929scf/stb in the wellbore.
Being an undersaturated reservoir, the GOR trend would
have been disproportionate because the critical gas
saturation would have been exceeded at the largest choke
setting. The largest choke setting was expected to flash
the reservoir fluid thereby increasing the producing gas
oil ratio (R;). This will allow the reservoir to produce
below bubble point, but the reverse was the case as the
reservoir was steadily being recharged by an unidentified
energy source while the pressure was being maintained
above bubble point. The fact that the largest choke setting
could not flash the reservoir fluid thereby increasing the
producing gas oil ratio caused the reservoir to produce
below bubble point. This is a clear evidence that reservoir
EZ-803 is communicating with another polific reservoir
sand that is constantly recharging the reservoir. In this
case of unrecognized productive zone being responsible
for the repressurization, the practical implication is the re-
evaluation of ultimate recovery and formulation of new
depletion strategies. Even though a state of equilibrium
is approximated for the repressured part of the pressure
profile, it would be expected that represurization should
not continue indefinitely. Finally, it is pertinent to point
out that after sometimes, the additional energy source
would not sustain the voidage replacement and pressure
decline would follow.

CONCLUSION

Reservoir studies of naturally repressured reservoirs
are problematic. This is worsened if communicating
areas are involved. Reserve estimation of reservoirs
whose repressurization are due to the enhancement of
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the reservoir energy sourced by additional undeveloped
productive zone are notoriously in error. Geoscientists
should accurately delineate the bed boundaries before
reservoir estimation are carried out. This study provides a
method to determine the presence of communicating areas
as a source of repressurization. Once a clear evidence
of communication has been ascertained, the practical
consequence is to drill an offset well to firm up the
additional productive acreage.
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