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The Pattani Basin, Gulf of Thailand, is characterized by small, faulted, and vertically
stacked fluvial reservoirs. The oil and gas reserves per well are small and are developed
through low cost wells. Any additional investments, such as water injection pipelines and
pumps are hard to justify. Water dump flood is proved technology, and it could be a viable
IOR technique for small oil reservoirs. This study evaluates dump flooding in the Pattani
Basin, Gulf of Thailand via finite difference numerical simulation and aims to identify
parameters such the ratio of aquifer to reservoir size that yield successful dump flooding
projects. This study evaluated the following scenarios: (1) comparing three wells producing
under solution-gas drive mechanism against water dump flood from an edge well and a water
dump flood from a center well, (2) comparing the performance of water dump flood as a
function of the aquifer size, (3) evaluating the impact of well productivity index (PT) on the
oil recovery for the water dump flood, (4) evaluating the impact of well injectivity index (II)
on the oil recovery for the water dump flood, (5) studying viability and performance of water
dump flood at reservoir depths of 4000, 6000, and 8000 ft TVDSS, (6) studying viability and
performance of an underlying aquifer dump flooding, (7). Simulating more cases by changing
oil gravity, and (8) performing simulation runs to study the optimal depletion point to begin
the water dump flooding,

The study found that dump flooding can increase the recovery factor up to 12 percent
depending on the choice of well location and aquifer to reservoir size. The results of the study
suggest that the best well locations are edge wells. The study suggests that there is an optimal
aquifer to reservoir ratio around 43 RBL/RBL that maximizes oil recovery factor. Finally, the
oil recovery efficiency for all different times to start water dump flood is higher than no water

dump flood.
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CHAPTER |

INTRODUCTION

1.1 Introduction and problem statement

Dump flooding is a secondary recovery technique developed around 1924 and still in
use today. Water dump flooding is a well established process which uses the water from
overlaying or underlying aquifer to waterflood (i.e. pressure support and/or oil displacement)
an oil reservoir by inducing cross flow of water between the aquifer and the oil reservoir (see
Figure 1-1).
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Figure 1- 1: Schematic of a dump flood using an overlaying aquifer to support production

from an oil reservoir.

For a water dump flood project to succeed, it is required that the aquifer pressure is
higher than the pressure in the oil reservoir and that the injectivity in the reservoir sand and
productivity of the aquifer are significant enough to receive and produce enough water to
support the oil production from the reservoir. Additionally, the volume of the aquifer should
be large enough relative to the oil reservoir to provide support during the life of the oil

production.



This thesis intends to study water dump flood in a field in Thailand. Different
conditions in the reservoir have impacts on water dump flood performance. Although the
same concept of water dump flood can be applied to an underlying aquifer, there are different
advantages in using an overlaying or an underlying aquifer. An overlaying aquifer may have
significantly higher porosity and higher deliverability (higher permeability). In addition, the
reservoir temperature may be lower, thus increasing the potential to generate thermal stresses
and thermal fractures (increased injectivity in the oil reservoir). On the other hand, the deeper
aquifer may have higher pressures or give better wellbore accessibility and reduce well
intervention work after the waterflood is finished. Other conditions such as injector position,
aquifer size, well productivity index, well injectivity index, API gravity and time to begin
water dump flood will be studied and simulated by reservoir simulation runs. The result from

each case will be compared and discussed.
1.2 Objectives

This study aims to evaluate dump flooding in the Gulf of Thailand and identify
parameters such as ratio of aquifer size to OOIP, requirements in injectivity, and productivity
that yield successful projects. This technique has the potential to open many sands to
secondary recovery due to constrained environment such as facility limitations and water

availability.



CHAPTER I

LITERATURE REVIEW

There have been many studies on water dump flooding which reported the success of
water dump flood technique.

Davies ™ concerned the monitoring of the dumpflood rates, a problem which has
existed in the oil producing industry due to the fact that the rate may not stay constant over
the life of the dumpflood project. The author presented a derivation of equations describing
the fluid transfer rate, and a computer program to solve the equations has been designed to
alleviate the problem of monitoring the dump flooding rates. The conclusion from
investigation of dumpflooding is that the actual fluid transfer rate can be monitored, within an
acceptable accuracy, for oil-field practical purposes with the condition that regular fluid level
measurements and periodic rate determinations are required.

DesBrisay et al. ! designed an underlying aquifer dump flooding. Unsteady-state
radial flow equations were used to match the observed pressure drawdown of water zone. In
addition, an aquifer analysis based upon the performance of several wells indicated that other
sources would be needed. The results indicated that it was low of capable of sustained
production rate. This limit due to the lower water zone was limited to area of oil reef. In order
to fill the remainder of injection requirement for prolong the life of injection project, a
shallower water zone was used to provide the remaining water required.

Fujita et al. P! presented 5 years’ operation of water dumping by shallow aquifer
water into a peripheral oil zone. A reservoir simulation study was conducted to find the most
economical method of maximizing the ultimate oil recovery. The injection performance of
water dumping wells can be observed only at initial completion or when a work over takes

place.



Yao et al.  determined the feasibility of dump-flood pilot testing. Reservoir models
were built using a 3-D reservoir simulator that included the oil zone and water zone.
Simulation was used to design the optimum number of injectors in these heterogeneous
reservoirs. The pilot flood simulation showed that the dump flood was feasible. The modeling
also showed that adding a pump accelerates the oil recovery. As the dump flood progresses,
injection rates decrease as the pressures in the two zones begin to equilibrate. The water zone
pressure decreases while the oil zone pressure increases. In the second step, downhole pump
injection was added to maintain higher injection rates. Pump-aided reverse dump-flooding
method can improve sweep efficiencies and delay breakthrough times.

Luis et al. P! presented a natural water dump flooding from lower water reservoir.
This natural water flooding method attempts to use water and energy from higher pressure
reservoir to lower pressure reservoir. The variation of the rate due to the increasing in
pressure in reservoir with time is considered. As an observation, it shows a good
communication with increment of pressure after beginning of the injection. With an
increment in pressure of 300 psi, the oil production rate increased from 10 to 20 BPD, and
production of 230 BPD oil is obtained in the observation well.

Quttainah and Hunaif ® presented a pilot project of dumpflood to prove the viability
of water dump flood and quantify sweep benefits. The dumpflood proved to be an excellent
way to pressure support the falling reservoir pressure, but the analysis of injectivity & water
sweep still wating on full results.

Quttainah and Maraghi ¥ demonstrated the design to extend a production plateau of a
water dump flood process. The authors considered three main development options: water
injection, infill drilling and combined development options. Many simulation runs were made
to evaluate the best scenario. The recommended option is combined dumpflood. Water
injection and infill drilling is the optimum development option that maximizes the oil plateau
extension. The dump flood operation provides pressure support and increases oil sweep, and
infill producers allow the remaining swept oil to be recovered. Due to infill drilling and water
dump flood, the simulation results show that the oil plateau extends to 11 years instead of 4.5

years with water dump flood under plateau extension option.



Friedel et al. ® identified improved oil recovery potential for depleted reservoir using
water dump flood. They investigated 2 dump flooding studies: dump flooding from a
neighboring aquifer and dump flood from a deeper higher pressure aquifer. In the first case,
the fluid flow between the two reservoirs is not controlled in the field (as the completions are
simply commingled and water flow is entirely governed by existing pressure difference). A
simulation model was used to assess the efficiency of the dump flood. When producing from
the oil reservoir, the amount of dump water increases with the pressure difference. Results
show that the dump flooding process is harmful to the oil recovery for some of the wells. The
increase in water cut causes these wells to be shut-in earlier and lowers the predicted oil
recovery. The result of this case is unfavorable. The limited initial pressure difference
between the source and target reservoirs does not provide enough driving force to replace the
voidage in the target reservoir and fails to keep the target reservoir pressure stable. In the
second case, dump flooding from a deeper high pressure aquifer was investigated. The dump
flood wellbore penetrates deeper reservoirs with significant higher pressure differential of up
to 1500 psi. In order to evaluate the impact of deeper aquifer pressure, two cases were run.
Bottom hole injection pressures were set to 500 psi and 1000 psi pressure differentials for
two cases respectively. The result shows that the effect of the higher pressure aquifer can be
noticed. With water rates more than doubled, voidage replacement ratio increases to 20%.
But the resulting of water encroachment swept area is very similar to low-pressure dump
flood case.

Rawding et al. ) described the improved reservoir management by using intelligent
completion technology and remotely controlled hydraulic Interval Control Valve in a water
dumpflood well. It is a reliable and cost effective solution for a controlled dumpflood. With
the ability to constantly monitor and control the flow from the aquifer to support the
production reservoir, the productivity index is improved significantly from 9.8 bbl/d/psi to
30.5 bbl/d/psi.

Ming et al. 19 studied by using simple generic models to identify the optimal injection
strategy by selecting the injector location as a function of reservoir dip, ranging from 0.5 to
3.5 degrees. The model results showed that the central injector performs better than down dip
wells in a five wells line drive pattern when formation dip is less than 2.6 degree. The reason

for this conclusion is not clear due to a complicated reservoir structure in this area.



Many authors have studied the practicability of water dump flood in their specific
fields. However, there are no study of sensitivities to rock properties or fluid properties which
can affect the production performance. The aim of this paper is to identify the factors that
yield successful projects such as aquifer size, injector position, well PI, well Il, aquifer
location, API gravity and time to start water dump flooding. This technique has the potential
to open many sands to secondary recovery due to constrained environment (i.e. facility

limitations, and water availability).



CHAPTER 111

THEORY AND CONCEPT

Dump flooding improves recovery mechanism by immiscible displacement with
water where the rate and volume of water injected are controlled by natural interaction
between the aquifer used as a water source and the reservoir with little to no control from the

surface.

The performance of the waterflood will depend on the typical parameters recognized
by the industry such as heterogeneity, fluid properties, wettability, rock properties, and so on.
However, different from a typical waterflood where the operator has control on the injection
rate and the water quality, a dump flood relies on the natural interaction of the oil reservoir
and the aquifer supplying the water through the wellbore. These factors (i.e. water flow rate,
level of pressure difference, and well location) have significant impacts on the recovery
efficiency.

Because of the reasons previously described, dump floods could be simplified as being
dominated by:

e Aquifer size and its deliverabity

e Oil reservoir characteristics (rock properties)

e Injectivity, deliverability, wettability, heterogeneity, fluid properties, etc.

e Single phase flow in the tubing between aquifer and reservoir

e Compatibility of aquifer and reservoir fluids (oil & formation water)



3.1 [Injectivity
When water is injected into an oil reservoir, a pressure funnel develops around the
wellbore and dissipates logarithmically away from the well. This pressure profile is indicated

by the dashed line in Figure 3-1.
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Figure 3- 1: A sketch of pressure distribution around a water injector.

The shape of this funnel (height and how it dissipates) can be described by the
diffusivity equation. Physically, it represents how an excess mass placed into the reservoir
can move (diffuse) away from the entry point (i.e. wellbore). For radial flow and under

pseudo steady state conditions, this is described by the familiar equation:

q hk Pinj krW dp (3 )

inj — _ A
141.2[In(re/rw)—j+s] " 4B,

where Qinj = Injection rate, STB/day

k = permeability

knw = Water relative permeability

h = reservoir thickness, ft

p = average reservoir pressure, psi

Pinj = Water-injection pressure, psi

re = well’s drainage radius, ft

rwv = wellbore radius, ft

My = water viscosity, cp

Bw = water formation volume factor, bbl/STB

s = skin factor



The parameters that are important here are the formation transmissibility, the injection
pressure which is dependent on the aquifer pressure for water dump flood, reservoir pressure,
and any potential damage or skin caused by incompatibility of waters or precipitation or
scaling. Equation (3.1) indicates that a successful dump flood can be achieved when the
aquifer is large enough such that the aquifer pressure stays high, and the reservoir has large

permeability and or transmissibility (i.e. kyh).

The water injection rate, which can vary throughout the life of the project, is
influenced by many factors. The variables affecting the injection rates include the following:
e Reservoir geometry.
e Rock and fluid properties. Low injectivities are associated with tight rocks,
skin, and viscous fluids.
e Mobility of fluids.

Injectivity index is an important parameter used in the evaluation of waterflood
performance. It is defined as the rate of water injection over the pressure difference between
water injection pressure and average reservoir pressure. It has the unit of barrels per day per
pound per square inch (bbl/d/psi). Decline in water injectivity is observed during the early
stages of injection into a reservoir depleted by solution gas drive. This occurs as pore spaces
initially occupied by free gas are gradually filled up. Following fill-up, the injectivity of
water depends upon the mobility ratio. As shown in Figure 3-2, it remains constant in the
case of unit mobility ratio and increases when the mobility ratio is greater than unity
(favorable for displacing oil). It is obvious from Equation (3.2) that the mobility ratio
depends upon the relative permeability characteristics as well as upon the fluid viscosities.
Therefore, the water injectivity index increases with greater mobility. Again, well injectivity
may deteriorate noticeably during the life of a waterflood project as a consequence of

formation damage around the wellbore.
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Figure 3- 2: Water injectivity variations in a radial system. [11]

The mobility ratio is defined as the mobility of the displacing phase (water) over that

of displaced phase (oil). This is given as follows:

M = 7%“’ I:,'u‘”} (3.2)
! 14]
where M = water-oil mobility
knw = water relative permeability
kro = 0il relative permeability
My = Water viscosity, cp

Ho = oil viscosity, cp

The reference permeability is based on two different and separate regions in the
reservoir during waterflood. Reference ¥ suggested calculating the mobility ratio prior to
water breakthrough, i.e., ky, at the average water saturation in the swept region, and ki, in the
unswept zone.

Well injectivity is a function of the distance between the injector and producer, along
with the pressure drop between the wells. Well injectivity is also a function of the formation

thickness, oil viscosity, and effective permeability to the displaced fluid among other factors.
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3.2 Productivity

The relationship between well inflow rate and pressure drawdown has often been
expressed in term of a productivity index, PI. Since most of the well life is spent in a flow
regime that is approximating the pseudo steady state, the productivity index is a valuable
methodology for predicting the future performance of wells.

The productivity index can be numerically calculated in terms of semi steady-state

PI = hk ( Keo j
) 33
l41.2[|n(re/rw)—i+5] 1,8, (33)

flow conditions as:

Since most of the well life is spent in a flow regime that is approximating the pseudo
steady-state, the productivity index is a valuable methodology for predicting the future
performance of wells. Further, by monitoring the productivity index during the life of a well,
it is possible to determine if the well has become damaged due to completion, production,

injection operations, or mechanical problems.

3.3 Overall recovery efficiency

The overall recovery factor (efficiency) of any secondary or tertiary oil recovery
method is the product of a combination of three individual efficiency factors as given by the

following generalized expression:
RF —E,E E, (3.4)

where RF = overall recovery factor
Ep = displacement efficiency
Ea = areal sweep efficiency

Ev = vertical sweep efficiency

3.3.1 Displacement efficiency
The displacement efficiency, Ep, is the fraction of movable oil that has been displaced
from the swept zone at any given time or pore volume injected. Factor affecting displacement
efficiencies are:
» Oil and water viscosities

« Oil formation volume factors at the start and end of flood
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« Oil saturations at the start and end of flood
* Relative permeability characteristics

Displacement efficiency that is governed by rock and fluid properties is given by:

Sy S,
BDE BO (3'5)
ED N SDE
where Soi = initial oil saturation at start of flood

B,i = oil formation volume factor at start of flood, bbl/STB
S, = average oil saturation in the flood pattern at a particular point
during the flood

B, = oil formation volume factor at a particular point, bbl/STB

3.3.2 Sweep efficiency

Sweep efficiency is related to permeability variations, fluid properties, fluid
distribution, fluid saturation and fracture systems. Adverse permeability variations result in
poor sweep efficiency, rapid water breakthrough and high water production.

Volumetric sweep efficiency is a product of EAEy. It represents the overall fraction of
the flood pattern that is contacted by the injected fluid.

The areal sweep efficiency, E,, is the fractional area of the pattern that is swept by the
displacing fluid. It increases steadily with injection from the start of the flood until
breakthrough occurs, after which E, continues to increase at a slower rate. The major factors
determining areal sweep efficiency are:

* Fluid mobilities

* Pattern type

* Areal heterogeneity

* Total volume of fluid injected

If directional permeability trends can be identified, injection and production wells can
be arranged to take advantage of the trends to enhance areal sweep efficiency. It is also
possible to maximize areal sweep efficiency through a careful management of pressure

distribution and proper injection—production pattern selection.
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The vertical sweep efficiency, Ey, is the fraction of the vertical section of the pay zone
that is contacted by injected fluids. It is a product of Ex Ey. The vertical sweep efficiency is
primarily a function of:

* Vertical heterogeneity
* Degree of gravity segregation
* Fluid mobilities

* Total injection volume

3.4 Optimum time to waterflood

The following factors are important when determining the optimum time (or reservoir
pressure) to initiate a secondary recovery project:

e Reservoir oil viscosity. Water injection should be initiated when the reservoir
pressure reaches its bubble-point pressure since the oil viscosity reaches its
minimum value at this pressure. The mobility of the oil will increase with
decreasing oil viscosity, which in turns improves the sweeping efficiency.

e Productivity of producing wells. A high reservoir pressure is desirable to
increase the productivity of producing wells, which prolongs the flowing
period of the wells, decreases lifting costs, and may shorten the overall life of
the project.

e A high oil relative permeability, i.e., high oil saturation, means more oil
recovery with less production of the displacing fluid. On the other hand, low
oil saturation means a low oil relative permeability with more production of

the displacing fluid at a given time.



CHAPTER IV

RESERVOIR MODEL CONSTRUCTION

Water dump flood is a system consisting of aquifer layer and reservoir layer which are
separated from one another. In order to study the behavior of water dump flood, reservoir
simulator was used as a tool to predict oil production in different scenarios.

The following sections will describe the simulation models construction under the
assumption on being homogeneous. Reservoir properties and fluid properties base on filed

data are also presented.

4.1 Reservoir model

This study uses a finite difference, black oil, three dimensional numerical model using
Chevron’s in-house simulator called CHEARS. A generic model resembling the structure
(i.e. the sealing bounding faults, and a small dip angle of 1 degree in the x direction and 5
degrees in the y direction) and a typical well development plan (i.e. wells along the top of the
structure every 400 m and some 200 ft away from the fault) was used to create the simulation
model. The grid blocks are 100ftx100ft areally and 1.5 ft thick. The grid dimensions are
39x8x22. The first layer represents the aquifer and is 60 ft thick. The oil reservoir is 300 ft
below the aquifer and is represented by layers 3 to 22, and each layer is 1.5ft thick. The top of
aquifer layer was located at a depth of 4,000 ft with an initial pressure of 1,650 psia and top
of reservoir was located at depth of 4,360 with 1,800 psia at initial condition. A sketch of the
reservoir model is shown in Figure 4-1.

Sensitivity to grid size was performed using local grid refinement (LGR) around the
three wells and it was concluded that the resolution of the coarse grid was satisfactory. The
LGR used a refinement of three coarse cells along well 1 to well 3. Each coarse cell was
subdivided into nine cells (3x3). The coarse cells were 100ftx100ft while the LGR cells were
33ftx33ft.
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Figure 4- 1: Structural model of oil reservoir and overlaying aquifer.

A side-view of structural model is shown in Figure 4-2. Well 2 was set as center well
with full to base, perforated from layer 3 to layer 22. Well 1 and well 3 were set as edge wells,

being perforated from layer 3 to layer 10.
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Figure 4- 2: Side view of Structural model of oil reservoir and overlaying aquifer.



4.2 Rock and fluid properties

4.2.1 Rock properties

The reservoir properties were chosen based on average trends from the basin and vary
with depth (i.e. porosity, initial pressure, and temperature) and the PVT properties were
chosen from a depth relationship developed from the scarce PVT analyses that exist in the oil
assets. Rock properties of the oil reservoir and aquifer for the base case are shown in Table 4-
1. The reservoir properties are estimated from basin trends such that porosity is about 28%,

permeability is in the range of 300 to 800 mD, reservoir temperature is 200°F, and reservoir

pressure is about 1800 psia.

Table 4- 1: Rock properties for base case.

Layer Parameter Value
Top structure (top of aquifer), ft 4000
Thickness (1™ Layer), ft 60
1% layer : ( _ yer)
) Porosity, fraction 0.3
(aquifer)
kyand ky, mD 1000
kz, mD 50
2" layer _ <
Thickness (2 layer), ft 300
(shale)
Top structure (top of the reservoir), ft 4,360
Reservoir pressure, psia 1800
» od Reservoir temperature, °F 200
37 —-22" layer
(oil reservoir) | Thickness (3" — 22" layer), 1.5 ft/layer 30
Porosity, fraction 0.28
kyand ky, mD 800
kz, mD 0.5
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4.2.2 Fluid properties
Reservoir fluid properties were estimated from field data. At initial condition, the
reservoir fluids consist of oil and water. The fluid properties were used to calculate water
viscosity, mobility ratio, pore volume of oil and original oil in place for the base case as
shown in Table 4-2. The correlations were matched with parameters by non-linear regression
to make the best fit to PVT data.

Table 4- 2: Fluid properties and pore volumes for base case

Parameter Value
Oil gravity, °API 35
Gas specific gravity 0.85 (air =1)
Water salinity, ppm 2000
CO,, N3, H,S content 0%
Py, Rs & B, correlation Glaso
Oil viscosity correlation *Petrosky et al.
Solution gas-oil ratio @ initial condition, scf/STB 200
Bubble point pressure, psia 1017
Rock compressibility, (psi™) 10.0E-06
Water formation volume factor @ initial condition,
s 1.0412
Oil formation volume factor @ initial condition,
VAT 1.1785
Oil viscosity, cp 1.0635
Water viscosity, cp 0.3013
Mobility ratio 1.7648
Aquifer pore volume, RBBL 9.9847E+6
Reservoir pore volume, RBBL 4.6664E+6
OOIP, STB 1.3113E+6

* Pressure-Volume-Temperature Correlations for Gulf of Mexico Crude Qils, G.E.
Petrosky Jr. and F.F. Farshad.



4.3 SCAL (Special core analysis)

Fluid saturations and relative permeability curves are obtained from field data as

shown in Table 4-3, Figures 4-3 and 4-4.

Table 4- 3: Parameters for relative permeability curves.

Parameter Value
Connate water saturation, Sy, 0.35
Residual oil saturation to water, Sorw 0.35
Critical gas saturation, S 0.05
Residual oil saturation to gas, Sorg 0.37
Water relative permeability at Sopy 0.4
Oil relative permeability at Sy, 0.8
Water relative permeability at Sorg 0.4
Oil relative permeability at Sqc 0.8
Oil Correy exponent, n, 2.5
Water Correy exponent, ny 2.5
Gas Correy exponent, ng 2.5
1.0
Kro
Kiw
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0.6
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Figure 4- 3: Water/oil relative permeability curves.

18



19

1.0
Kro
Krg
0.8
0.6
0.4
0.2
00 | U A b dn T T —— | ) T
0.0 0.2 0.4 0.6 0.8 1.0

Figure 4- 4: Gas/oil relative permeability curves.

4.4 \Wellbore

All wells in the model have a standard well completion design with 2-7/8 inch
monobore tubing with gas lift. Gas is being injected at depth of 3,100 ft. The schematic of

wellbore configuration is shown in Figure 4.5
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Figure 4- 5: Wellbore schematic.
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4.5 Vertical flow performance

The producers were coupled to vertical lift performance tables (i.e. VLP or Flowtables)
and the constraints were set to resemble those observed in the Benchamas field. The gas-lift
rate for producing wells is fixed at 500 MSCF/DAY.

Production constraints and economic limit for production optimization are shown in
Table 4-4. The specified wellhead pressure (minimum well head pressure) is used as a
constraint for production wells. Production flow rate and wellhead pressure are related to
bottom-hole pressure by using flow table. The simulator can then determine the
corresponding bottom-hole pressure for any combination of phase flow rates and wellhead
pressure within the range of the table. The computed bottom-hole pressure is then used in
determining the limiting constraint for the well during the time step. The well will be
automatically shut-in if the maximum water cut and minimum oil rate of producer exceeds

the economic limit.

Table 4- 4: Production constraints and economic limit

Parameter Value
Maximum liquid rate, STB/D 500
Minimum well head pressure, psia 114.7
Maximum water cut 0.95
Minimum oil rate, STB/D 20

4.6 Sensitivity parameters

There are many factors which can affect the production performance such as aquifer
size, injector position, well PI, well II, aquifer location, APl and time to start water dump
flooding. In this study, the sensitivities to these factors would be performed at the shallowest

depth scenario only.



CHAPTER V
WATER DUMP FLOOD RESULT

In this chapter, many scenarios were simulated to evaluate the viability of water dump
flood in the Gulf of Thailand by using a generic reservoir model (previously described) with
reservoir and fluid properties similar to those measured in the Gulf of Thailand. These
conceptual studies are very helpful in understanding water dump flood behavior. The studies

focus on understanding the impact of the following factors on oil production:

e Injector location

e Aquifer size

e Productivity/ Injectivity index
e Reservoir depth

e API gravity

e Timing of waterflood.

5.1 Impact of injector location

The objective of first set of cases is to identify the best location for the injector
(between a crestal and a peripheral well along the fault). A series of simulation runs were
done and compared against a base case (i.e. three wells producing under solution gas drive
mechanism). Two injector locations were investigated as follows: 1) an edge well (W1), and
2) a center well (W2). The third possible location (W3) is symmetric with W1 and was
therefore excluded. Dump flooding was started since day one. This numerical experiments

were conducted for a reservoir depth of 4000 ft TVDSS.
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Figures 5-1 and 5-2 show the comparison of oil and water performance respectively
for three different cases: base case, edge well as injector, and center well as injector. Three
producing wells for base case and two producing wells with one injector well for dump flood
cases were conducted. The oil rate for the base case (black line) decline more rapidly than
that for water dump flood cases (orange and pink lines). The water production for the dump
flood cases (orange and pink lines) is higher than that for the primary case (black line). The
oil production rate decreases with time until the reservoir pressure drops below the bubble
point pressure (1017 psia). At this point, the oil production increases briefly due to increased
GOR (lower wellbore densities and backpressure), as shown in Figure 5-3. The plot in Figure

5-4 shows that the trends of average reservoir pressure are associated with oil production

rates.
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Figure 5- 1: Oil production rates for different injector locations
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Figure 5- 2: Water production trends for different injector locations
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Figure 5- 3: Gas production rates for different injector locations



25

—®%— Basecase
Edge well injectar
————— Center well ingctor

2000

1600 |

1200

800

AVGPRES (PSIA)

i,

f
.,

400 el S
| I LT e S,
0 L L L
0 400 800 1200 1600 2000
Time (DAYS)

Figure 5- 4: Average reservoir pressures for different injector locations

A series of contour maps of water saturation for layers 3, 7 and 10 of the simulation
model are used to show the differences in performance for the three scenarios investigated.
The maps for the first scenario (base case), second scenario (edge well as injector), and third
scenario (center well as injector) are shown in Figures 5-5, 5-6, and 5-7, respectively (The
contour maps for all scenarios are presented in Appendix A). For the base case (Figure 5-5),
water sweep only occurs as a consequence of aquifer encroachment around the edge wells
due to their proximity to the oil-water contact. The areas without contour lines represent
unswept zones undergoing pure primary depletion. The case of the edge injector (Figure 5-6)
shows an asymmetric map with a larger area swept by the dumpflood (on the left) as
compared to the aquifer encroachment swept area (on the right). The unswept areas (no
contours) are much smaller in this case than those in the primary depletion case, implying
larger recovery factors. The case for the center injector shows a symmetric contour map with
swept areas extending from the center to the edge wells and with the effect of aquifer

encroachment.
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Figure 5- 5: Contour map of water saturation for base case @ day 900
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Figure 5- 7: Contour map of water saturation for dump flooding via a center well injector @
day 900

Based on all analyses, edge wells are the best choice for injection location. The results
are shown numerically in Table 5-1. It is important to remember the assumption that the
center well is on the crest further from the water-oil contact, a case with a flat structure along
the fault was not investigated. As shown in Table 5-1, the center (i.e. crestal) well injection
had a detrimental impact on recovery (ARF=-5%) relative to the primary depletion case,

while conversion of one of the edge wells to injector increase recovery (ARF=+5%) relative

to the primary depletion case.

Table 5- 1: Oil recovery factors for different well locations
Case RF (%)
Base case 30.95

Edge well injector 34.05

Center well injector 25.56
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5.2 Impact of aquifer volume

The impact of aquifer size on oil recovery and rate performance was investigated via
pore volume multipliers that effectively increase or reduce the size of the aquifer.
Enlargement of aquifer size by multipliers of 2, 3, 4, 5, 10, 20, 30, 40, 50, 100 and 150 times
all showed improvements in oil recovery while reduction in the aquifer size by factors of 2, 3,
4, 5, and 10 times showed decreasing in oil recovery. The improvement in oil recovery from
larger aquifers is caused by slower pressure declines in the aquifer leading to higher and more
prolonged injection pressures. The following two sections describe the detailed results of the

reduction on aquifer size and then the i