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Abstract

Simber west field was shut in due to low reservoir pressure in Q3 2009
represented rapid decline reservoir pressure and low water cut so suggested that
minimum aquifer support to Ard-D reservoir To restore the oil production and
increase the reserve and recovery factor water injection has been perform for
Aradeiba-D reservoirs .

MBAL had been used to estimate the effectiveness of water injection in increasing

current reservoir pressure from 1400psia to targeted reservoir pressure of 2500psia

Also to determine the optimum production rate when reservoir starts
resumeproduction&to determine the timeline for reservoir pressure to achieve 2500

psi with the current water injection operating conditions .
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Chapter 1

Introduction

1.1. Background of problem:

Initially field start to produce since 2005 with four producers (SIWO01, SIWO02,
SIW03,SIW04) which were produced about 1000 bp/d each but experienced severe
decline and HGOR due to sharp pressure depletion,

The two subsequent infill wells (SIWO05, SIWO06)were unable to produce due to
HGOR, the field was shut in since 2010 due to low reservoir pressure.

The rapid decline reservoir pressure and low water cut suggested that provide

minimum aquifer support to Ard-D reservoir.

1.2. Objective of Simber Water Injection

The main objective of operating an individual injection well is to inject the maximum
amount of water without having it go out of the intended pay zone.
The goal is to maximize injection into, and only into, the oil productive zones by
i.  To perform water injection for Aradeiba-D reservoirs.
ii.  To estimate the effectiveness of water injection in increasing current reservoir
pressure from1400 psia to targeted reservoir pressure of 2500psia.

iii.  To restore the oil production and increase the reserve and recovery factor.

1.3.Theobjective of theirsearchby using Material Balance

I.  To validate the tank in place volume
ii.  To determine the timeline for reservoir pressure to achieve 2500 psi with the
current water injection operating conditions
iii. To determine the optimum production rate when reservoir start resume

production



1.4. Objective of project:

The scope of our project is use tank model to validate the water injection project

and back the wells to production by maintain pressure by using,

i.  Material balance model.
ii.  OFM software (production data).

1.5. Project Layout:

This project report has been divided into five chapters:-Chapter one represents a
brief introduction related to our project. Chapter two explains the literature review&
Theoretical Backgrounds related towater injection project. Chapter three customized
represent Basic reservoir data Field Performance before implement water injection.&
introduction to software use in research (MBAL and OFM overview). In Chapter four
we enter all require data to software and analyze the output data calculations of. Also
we make software by visual Basic language to predict liquid loading. In chapter five

we show our resultsandlastlywe put our future Recommendation.
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Chapter 2

Literature Review&Theoretical Background

2.1. Literature Review

The recovery of oil by any of the natural drive mechanisms is calledprimary
recovery. The term refers to the production of hydrocarbonsfrom a reservoir without
the use of any process (such as fluid injection)to supplement the natural energy of the
reservoir.

Performance of oil reservoirs is largely determined by the nature of theenergy,
(driving mechanism, available for moving the oil to the wellbore).
2.1.1. Primary recovery
There are basically six driving mechanisms that provide the natural energy necessary
for oil recovery:
i.  Rock and liquid expansion drive

ii.  Depletion drive

iii.  Gas cap drive

iv.  Water drive

v.  Gravity drainage drive

vi.  Combination drive
2.1.2. Secondary recovery:-
Its process of produce oil out from reservoir by use using outside energy

i.  Water flooding
ii.  Gas injection
2.1.3. Territory recovery:-
Its boost energy in reservoir to increase oil production and reduce residual oil
i.  Thermal
ii.  Chemical
iii.  Miscible

iv.  Microbial



2.1.4. Selection criteria:-
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2.2. Theoretical Background
2.2.1. Water flooding

Why is water flood the most popular Enhance Oil Recovery Scheme?

From screening criteria found that

Water is the cheapest flooding agent for Enhance Oil RecoveryThe need to
dispose of produced water
Easy and safe to inject

Proven technology

Planning a water flood scheme:

Ensure good understanding of fluid properties (PVT, water
chemicalanalysis...etc.)

Establish good record of reservoir pressure history &productionbehavior
Establish rock and mineral properties (relative perm., clay contents,
Compressibility...etc.)

Establish geological maps (structure, net pay, cross-section)

Plan well spacing and pattern

Lease geometry & ownership
Formation continuity

Fracture system or permeability orientation

Stages of water flooding,

iv.

Interference Stage

Fill-up

Break-through

Flood-out (after break-through)



2.2.2.Goal of Water flooding

I.  Maintain Reservoir Pressure —(Pressure Maintenance)
Ii.  Support Emergency service.
iii.  Supplement Natural Water Influx
But:-
i, ii&iii are Displacement Processes and the Goal is to Displace Qil to a Production

well

Water treatment
plant
Production

well Sealing
fault

Water
injection

Figure 2.2 Wate flooding Displacement(Tarek, T.A,Book)

2.2.3. Conventional Improved Recovery (IR)

Injection of immiscible fluid

I.  Water injection
ii.  Nitrogen injection
iii.  Casing head gas reinjection

Often used in ‘secondary recovery ‘Waterfloodinglnjection of water into a reservoir
to

I.  Increases reservoir energy
ii.  Sweeps oil towards producing wells

Most widely applied secondary recovery method, Accounts for about 50% of U.S. oil

production



1865 1920 1930 1940 1950 1960 1970 1980 1990

* First recorded waterflood

Waterflood projects in Oklahoma and Texas

Widescale waterflood implementation |

Infill drilling |

Mertiary recovery|

Figure 2.3 Water flooding history

2.2.4.Factors Affecting Water flooding
I.  Gravity

Injector Producer

ii. Figure 2.4 Barriers to vertical flow(Tarek, T.A,Book)



iii.  Lateral pay discontinuities

Producing Injection
well well

B

‘7 :Trapped oilj

Figure 2.5Lateral pay discontinuities

iv.  Completion interval inconsistencies

Producing Injection
well well

~

Trapped oil -

E\\\\\\\\\\\\\\\\\\\\\\\\\\ —— Tseerie
//// A\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\g\\\\\\w

s S ///////////m@/

Trapped
Oil - Completions

Figure 2.6 Completion interval inconsistencies
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2.2.5.Field Performance before implement water injection:

First oil was achieved on June 2005

Peak production achieved on Nov 2005 with about 3200 bp/d

The reservoir become idle since Aug 2009 due to low productivity

Water cut is low, in the range of 0~40%

Current reservoir pressure has been declined to 1600 psi.

The rapid decline of reservoir pressure and low water cut suggested minimum aquifer
support to Aradeiba-D

Potentially also sand continuity and quality are poor, resulted all wells in Simbir West

experiencing low inflow

Liquid Rate 200,472 BBL/D

Simber West Production Performance 2!Ra =~ 197.0s3 BBLD

Cum Oil 1.200 MMEE L

fﬂ.

]
2
:
|
:
|

— Adtive Wells

Figure 2.7field production performances.
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2.2.6.Previous Study:-

2.2.6.1.Ekofisk (North Sea)
The Ekofisk oil field is in the North Sea, south of Norway. It is a large,

carbonate reservoir that has two zones.

Figure 2.8 [(6.4 billion bbl stock tank original oil in place (STOOIP)]

12



2.2.6.2.Wilmington Oil Field (California)
The LBU area of the Wilmington oil field (southern California, U.S.A.) is

mainly under the Long Beach harbor and contains more than 3 billion bbl of OOIP.

Figure 2.9 Areal maps of injection & production well in the Ranger —zone

2.2.6.3.Kuparuk River (Alaska North Slope)

The Kuparuk River oil field is west of the supergiant Prudhoe Bay oil field on
Alaska’s North Slope

The sandstone reservoir consists of two zones that are separated by impermeable

shale and siltstones.

Kuparuk River field

e——)

Figure 2.10 [A (62% of STOOIP) and C (38%of STOOIP)]

13



2.2.6.4.Started in Unity at November 2001, with WSW03 & 04

1-To Provide artificial aquifer support to Ghazal, Zarga and Aradeiba Reservaoirs.
2-To improve the areal and vertical sweep efficiency moving the oil to the producers.
3-To raise the depleted reservoir pressure at the desired reservoirs pressure and
sustain void age replacement ratio.

4-To improve the Recovery factor

14
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Chapter 3

Methodology

Data QC

data)

(Pressure data, Production |
data, PVT data & core

Data preparation
(Pressure data from SGS,

RFT, Production data from |

OFM, PVT data from
model correlations & core
data)

PVT input to MBAL
software & QC with
correlations

Aquifer Model using

Carter Tracy —

Output (Analytical Method
for Pressure Match,
Graphical Method for
OlIP)

4

OIIP Comparison with
Static & Dynamic Models

Tank Pressure
Match

Tank data input (General
data, Core data,
Production data) & QC

16




3.1. Material Balance:

The material balance concept is based on the principle of conservation of mass:
Mass of fluids originally in place = fluids produced + Remaining fluids in place.

This can be synthesized in the fundamental equation:
F=N.E:+ We

Where:

F is the production

EcEis this expansion term, depending on PVT and reservoir parameters

We is the water influx term

The material balance program uses a conceptual model of the reservoir to
predict the reservoir behavior based on the effects of reservoir fluids production and
gas to water injection.

The material balance equation is zero-dimensional, meaning that is based on a
tank model and does not take into account the geometry of the reservoir, the drainage
areas, the position and orientation of the wells, etc.

However, the material balance approach can be a very useful tool in performing
many tasks, some of which are highlighted below:

e Quantify different parameters of a reservoir such as hydrocarbon in place, gas
cap size, etc.

e Determine the presence, the type and size of an aquifer, encroachment angle,
etc.

e Estimate the depth of the Gas/Oil, Water/Oil, Gas/Water contacts.

e Predict the reservoir pressure for a given production and/or injection schedule,

e Predict the reservoir performance and manifold back pressures for a given
production schedule.

e Predict the reservoir performance and well production for a give manifold
pressure schedule.

17



3.2. MBAL Software Over view

MBAL is a reservoir modeling tool, this tool was designed to allow for greater
understanding of the current reservoir behavior and perform predictions while
determining its depletion.

Reservoir modeling can be carried out within MBAL with the use of several

different tools to focus on different aspects:-

I Material Balance,
ii. Reservoir Allocation
iii. Monte Carlo volumetric,
iv. Decline Curve Analysis,
V. 1-D Model (Buckley-Leverett)
Vi. Multi-Layer (relative permeability averaging)

Vil. Tight Gas Type Curve tool

== MBAL 10.5 - IPM 7.5 - Materi:
jcel Options  BVT  Input

v Materia Balance
Reservoir Alocation

Monte Carlo

Decline Curve Analysis
1D Model

MLt Layer

Tight Gas Type Curves

Figure3.1.Selection Material Balance.

18



The material balance approach can be a very useful tool in performing many

tasks:-

Quantify different parameters of a reservoir such as hydrocarbon in
place, gascap size,

Determine the presence, the type and size of an aquifer, encroachment
angle, etc.

Predict the reservoir pressure for a given production and/or injection
schedule

Predict the reservoir performance and well production for a given

manifold pressure

When a volume of oil is produced from a reservoir, the space once occupied by

this volume must be filled by something else

®

Q‘) P
New Gas Cap

Gas Volume

Evolved Gas

Gas Injection
= Water Injection

Rock Expansion

—5

Remaining Oil

Mel Water

Figure 3.2 Tank balance
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3.2.1.MBAL Software- Input Data

Input Data
Item Unit Formation A
GOR Scf/STB 5
API Degrees 20
Gas Gravity Sp.gr 0.74
Water Salinity ppm 3000
H2S f 0
Co2 f 0
N2 f 0
Pi psia 1866
Avg Thickness m 16.18
Porosity f 0.19
Connate Water Saturation f 0.2
Water Compressibility psi-1 2.99E-06
Initial Gas cap Scf 0
Oil in Place MMSTB 100.77
Start Oil Production Date Mar-2002
Rock Compressibility psi-1 3.50E-06

MBAL Software- Input Data Table 3.1

20



3.2.2.Setting up the Basic Model

=™ MBAL 8.00 - IPM 5.00 - Material Balance - res1.mbi
ke Tool Options PVT Input History Matching Production Prediction View Units Help

Figure 3.3In this screen, the fluid has been defined as oil.

System Oplions

V vore | Yoonce| D e
Tool Oplions User Information
Reservoir Fhid T~ | Company |
Tank Model |Single Tank - Fieid|

PYT Model | Simple PYT = )

Production Histoy [By Tank Location|
Composiional Model |Hore Platform
Mix Ingection Fluid |1 Analyst |

Referance Time |01/01/1955  date dfmy

Date Stamp | [Clrl+Erbes for roew lire)

Figure3.4. Selection Model
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3.2.3. Plotting

Plot Variables

/ Done annc:aI

Stream

3 Prediction

? Help

Flot

Wersus

Maole Parcent NZ

HNumbear of Praducers

Dil Density

il FwF

0il Rate

0il Recowveary Factor

0il Relative Fearm.

Qil Eaturatian

Dil Wiscosity

FProducing GOR

Resersoir Injection

Resermoir Yoidoge

Fesersoir Voidage Balance

Saolution GOR
ure

Time

Wiater Compressibility

water Cut

Wwater Cut Fraom Relatve Fermeahilitite:

water FvF

Wwiater Rate

Satar Ralative Parm

4

HNumber of Producers

il Dansity

il FF

il Rate

0il Recowery Factor

il Relative Pearm.

0il Saturation

Qil Viscosity

Producing GOR

Fieservoir Injection
Feservoirvoidage
ReservoirYoidage Balance
Solution GOR
TankPressure

Time

Water Compressikility
Wlater Cut

Wy'ater Cut From Felalive Permeabiliite:
Whater FWF

Water Fate

YWater Relatve Perm.
Whiatar Saturatinn

<

Figure 3.50rder plot variable

3.3. Basic Reservoir Data

Porosity -Permeability Information

I.  Based on Routine Core Analysis of SIW-2 (Air perm).
ii.  Calibrated with permeability result from DST at SIW-1, SIW-2 & SIW-3

SW -2: Poroslty-Fermeaabkility Plot (Aradslba )

- ———————

o808 a5

o
.
-]

e

m rmeakilly, mD

.03 e

O _SS0sx

porosiny,

Figure 3.6.Porosity -Permeability Information
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Figure3.7.Simber west wells depth distribution
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3.4. OFM overview

OFM (Oil Field Manager) is application software with an array of tools to manage oil
and gas data. It has many useful functions from simple plots to decline curve analysis
OFM stored the data in a separate database and this database can be shared and used
by several parties.

Templates can be generated where users can customize it based on his requirement
that will speed up his analysis well or field wise.

In field we have 2 licenses shared among users
3.5. Fundamental relationship
Software — OFM — what it can offer??

3.5.1. Production Plot

(To study well performance over time)

[ —— Gross (Bpd) TOVA_SOUTH|

P

WAy JUN

2006
—— WC%( %) TONA_S0UTH|

P !

ot pmt o N

Figure 3.8Production performance plot using OFM
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3.5.2. Analysis plot

To analysis the water production behavior

(D W& axv - @l chEE@%EN (2%
| < b [HED! =

b i (2 10 bl | B W AOFM GRNPOCHFINALWOR plot gr ~]

00

CV .CumProdays ([ days )

@ Map:anpoc J = PlobTOMA, . J [~ Forecast P = Uniitled

ﬂ T Fiter | €39 Errors [} well Info |'\D Status | [T Historical Fit [5 summary | [ Database Forecast

1126,97 Y 94,58 HE-0O1

Figure 3.9water production behavior using OFM

3.5.3. Production Forecasting

To study the depletion rates and mitigation plan

o b & ® A @ D = s @ e " 3 W
- P [TOMA_SOUTH

Exp. (&

...... L¥
3 | = wu’*“”""“ﬁf\l W“"\"f“'w

scenario.
Graph Edit

@ Moponpoo. | = PIUNEEM |55 Forecast: PO

x|

W Fiter €3 Errors | well info [0 Status | [T Historical Fit

Figure 3.10Production Forecasting chart by OFM
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3.5.4.Bubble map

To study the spacing and production coverage
¥, File Edt View Fiter Step Analysis Toolk ‘Window Help
FHE A% AR || ExERANEN 2R
- B |[TOMA_SOUTH

Date: 2006/10

Trz000 TTE000 TR0000 F22000
1092500 1092500

.
1090000 1000000

1087500 = 1087500

1085000 1085000

052600 1082500

1020000

CV CumGilkdbbl (M )

772000 TFEOO0 TEO000 R ]
a TE30 15860

@ Mopomooe | = PTOMA_ [ Foreoast N #2 Bubble Map:. |

: YFihEr QErmrs D well Info ‘@ Gfatus mesmrica\ Fit @Summary @Daﬂahase Forecast

Figure 3.11 Bubble map by OFM

3.6.Data to be entered

Basic data

i.  Coordinate well (X,Y)
ii.  Country/Block/Field/Well name
iii.  Production Data
iv. PVT data
v.  Allocated Monthly Production Data by Well
vi.  Well test
vii. DFL/SFL
viii.  Downtime
iX. Lab test
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Chapter 4
Results & Discussion

4.1. Evaluation of Material Balance

1. To validate the tank in place volume
2. To determine the timeline for reservoir pressure to achieve 2500 psi with the
current water injection operating conditions

3. To determine the optimum production rate when reservoir start resume production
4.2 .Assumptions:

e Single Tank mode, single PVT mode, single stage separator

e 2 case studies established due to pressure regime different (Medium & Low
Case).

Basic Reservoir Data || Rock Properties | Fluid Properties

Location: Block 2A Net Sand: 10~15m In Place: 80.75 MMsth

Discovery: November Porosity: 17 ~ 21% - Vls@cpoggé: 2:4.¢p EUR: 21.80 MMstb (27%

2002 RF)

Permeability: 10 ~
100 mD

Np: 1.20 MMstb (1.5%

MajorSand: Aradeiba-D
recovery)

Average Swi: 0.31

Initial Pressure: 3800
psi converted to WI)

Producers: 7 Ops (SIW-04

Depth: 2740 — 3100 mkb Rsi: 110 scf/stb

Table 4.1.Basic Data
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Simber West - Reservoir Pressure (SGS & SFL)

[} M w
[=] w [=]
Q =1 [=1
(=] o (=]

Reservoir Pressure, psi

[y
wl
[=1
(=)

500

0
Jan-05 Jan-06 Jan-07 Jan-08 Jan-09 Jan-10 Jan-11 Jan-12 Jan-13 Jan-14 Jan-15

OSIW-035FL  [OSW-065FL  ASIW-05SFL  OSIW-02SFL  ©SIW-D1SFL  #SIW015GS #SIWO2ZRFT #SIWO035GS  ASIWOSSGS

Figure 4.1 SGS & SFL vs Time

Pressure Analysis

Simber West Reservoir Pressure - 565 J SFL

Medium Case

Presiure, psip

Low Case

a0
Jan-0@ dan-0d Rt -0 lae -0 lan-0F  Maf-B6 a0 Jen-13 Ra-L1 Lin-12@ Rae-13 P14 ln-1%

# ShW-01 545 # M3 555 o SW-03 358 X SMi=0S 3485 xS0 SFL
i S0k L o B8 AR O ShA-08 SFL & SRA-08 P

Figure 4.2 the reservoir pressure difference established for MBAL analysis
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The reservoir pressure range is quite significant difference, 2 cases (medium & low)

established for MBAL analysis.

4.3. Material Balance Case Study

4.3.1. Medium Case

First enter fluid properties

Input Parameters

Formation GOR ’1107 scf/STB
Oil gravity |38 APl
Gas gravity ’EIBi sp. gravity
Water salinity W ppm
Mole percent H2S h percent
Mole percent CO2 h percent
Mole percent N2 h percent

Oil - Black Oil: Data Input

/Done x(;ancel ? Help t::..‘_Match Iable [_';ﬂ Import l-'lrﬂgxport ECQIC E;::nt

Separator

[Srgestage R

Correlations

|Standing v

0il Viscosity

Pb,RsBo

|Beggs el

v Use Matching
Controlled Miscibility

t al LI

[ ables

Figure 4.3Due to Limit fluid data available, correlation was used to generate the PVT

data

Oil - Black Qil: Matching

/ Dene x:;ancel ? Help Duatch @ Reset| (' Import | 2 Plot Imtopg

Temperature |§Eﬂ degF

Bubble Point |355EI psig

Pressure Gas Ol il
Ratio FvF

psig scf/STB RB/STB

Table 1 (1-2156) A
hd

il
Viscosity

centipoise

Gas Gas
FVF Viscosity

ft3/sct centipoise

3550 110 1.02

24

Figure 4.4 Black Oil Input Data
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PVT — Correlations generated PVT data

Figure 4.5Pressure vs Oil viscosity

Figure 4.6Pressure vs oil FVF
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Figure 4.8pressure vs GOR
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Figure 4.9pressure vs Gas FVF
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Tank Input Data - Tank

L3
/Done x';al‘":e' ? Help p.'rr‘ Import

Parameters

Tank Water Rock Rock  |Pore Volume
Parameters I nfh Compress. | Compaction| s Depth

Relative | Production
Permeability | History

Tank Type |0i =l
Temperature degF

Initial Pressure |3250 psig

Parosity fraction
Connate ‘Water S aturation fraction

W ater Compressibility 1/psi

Initial Gas Cap

Original Oil In Place [80.75 MMSTE
Start of Production date d/m/y

Mest >> Validate

Monitor Contacts
Gas Con [gln]

W ater Coning

The in place value estimated
from static model was honored
in the MBAL study

Calculate Pb... |

Figure 4.10.No aquifer attach as understood from reservoir pressure and water cut behavior

Tank Input Data - Water Influx

/Done xI;ancel ? Help

Tark W ater Rock Rock Pore Valume
Parameters Influs Compress. | Compaction| vs Depth

Relative | Production
Pemmeability | History

Model |None

=

Figure 4.11.Tank Input Data — Water Influx

34



Typical Kr was used

Tank Input Data - Relative Permeabilities

/ Done anHCEI ? Help IE‘ Plot llm Copy E Calc

Tank ‘Water Rock Rock |PoreVolume| Relative | Production
Parameters | flua Compress. | Compaction| wsDepth | Permeability | History

Fel Perm. from ;I Water Sweep Eff. percent
Hysteresis | No ] Gas Sweep EFf. percent

Modified |No |

Residual End Point | Exponent
S aturation

fraction fraction
K 031 0.4
Ko 0.3 0.7
Kig 01 05

<< Prior Mest >> WARNIMG ; Enter zaturations relative to total system

Figure 4.12 Tank Input Data —Rermeabilities.
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4.4. Production Data

Oil & Water production from OFM database
4.4.1.Comulative water production

Production History - Simber West

SATIBTIAMD

G@M

2000 I
01/06/2005 08/08/2007 15/10/2009 23/12/2011 01/03/2014
Time (date d/m/vy)

Reservoir Pressure
unulative Water Production

Figure 4.13Pressure&Cumulative water production

4.4.2Comulative oil production

Production History - Simber West

M

2800

—— 0

01/06e/2005 08/08/2007 - 15/10/2009 23/12/2011 01/03/2014

Time (date d/m/y)

Figure 4.14Pressure & Cumulative oil production
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4.4.3Comulative GOR

Finish Replot Seales Diplay Output Vansbles. Help

Production History - Simber West

5 ATIE TN

2000 I
01/06/2005 08/08/2007 15/10/2009 23/12/2011 01/03/2014
Time (date d/m/y)

leservoir Pressure

umulative

Figure 4.15Pressure & cumulative GOR production

Gas production was estimated base on Rsi of 110 Scf/stb due to no gas measurement
available
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4.7. MBAL - History Match (Analytical Method)

4.7.1. Matching on Energy Balance
*By using the original estimated in place (80.75 MMstb), the theoretical
reservoir pressure should be high, but in reality, the reservoir pressure is lower
than that.

*This indicate the volume estimation need to be adjusted

W' Fle Tool Options PVT Input HetoryMatching Production Prediction View Unts Hel

Match Points Status :
Off

High

Medium

Low

4 M b+

(am
. 2400

.
\\‘
\

3 6 9
Calculated 0il Production (MMSTB)

Tank Temperature 215.6 (deg F) Aquifer Model None
Tank Pressure 3550 (psiqg) Aquifer System Linear A
Tank Porosity 0.2 (fraction)

Water Saturation 0.31 (fraction)

- Compressibility Use Corr (1/psi)

n Compressibility 3.49998e-6 (1/psi)
Initial Gas Cap 0
0il in Place 80.75 (MMSTB)
Production Start 01/06/2005 (date d/m/y)

Figure 4.16calculated oil production by MBAL
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4.7.2. Matching on Tank Volume
*By using the original estimated in place (80.75 MMstb), the straight line
method is not fulfill, which indicate the original estimated volume is bigger
than what it should be

*This indicate the volume estimation need to be adjusted

Method : F-We versus Et - SImber West

T

(MMEB)

F-We

0.08
Et (RB/STB)
0il in Place :34.1219 (MMSTB)

Figure 4.17Matching on Tank VVolume (calculated oil in place by MBAL)
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4.8. After matching with the SGS pressure data:
4.8.1. Matching on Tank Volume

W Finish Replot Scales Diplay Output Window Input Method BestFit Sampling Help

Method : F-We

versus Et - SImber West

(MMREB)

F-We

0il in Place

0.08
Et (RB/STB)
:9.04987 (MMSTB)

Figure 4.18Matching on Tank Volume (actual Oil in place by MBAL)

4.8.2. Matching on Energy Balance

Sampling Show Help

Auda gy Lacua

__ 2800

La canona

Match Points Status :
+ Off

FS High

= Medium

o Low

Initial Gas cap

215.

0.

0.31

Use Corr

Formation Compres 7 3.49998e-6

0il in Place 9.04997 (MMSTB)
Production Start 01/06/2005 (date d/m/v)

6 deg Acquifer Model None
3550 Aquifer System Linear A

2

0

Figure 4.19Tank Pressure vs Calculated oil production
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4.8.3. Drive Mechanism

01/01/2006 02/10/2006 03/07/2007 ) 02/04/2008 01/01/2009

Time (date d/m

Il Fluid Expansion

PV Compressibilit

Tank Tem ure 215.6

Connate Water Saturation . (fraction)
Compres 1 v (1/psi)
3.49998Be-6 (1/psi)
0
9.04997 (MMSTB)
01/06/2005 (date d/m/vy)

Aquifer Model None
Agquifer System Linear A

Figure 4.20Drive Mechanism identifying

Indicate that fluid expansion is the major energy in the reservoir

The simulated pressure match the Actual pressure data, the tank can use for prediction

Simulated pressu

Actual pressure

Average 01il Rate

Tank Pressure

Simulation

Figure 4.210il productions (Stimulated pressure vs actual pressure)

41



Finkh Replot Scales Display Ouput Variables.. Help

Figure 4.22 cumulative oil production vs time

*MBAL analysis suggested that by Nov 2014, Simber West reservoir pressure should
be reached 2500 psi

*The production should be resumed after the reservoir pressure achieve target

Figure 4.23cumulative oil prod vs time(avg oil & tank pressure)
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With the water injection rate of 1250 bwpd, and to maintain reservoir pressure at 2500

psi, suggested the production should be resumed at maximum 1200 bopd

Figure 4.24.Average water Inj vs Time (tank pressure & Time)
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4.7. Material Balance Case Study
4.7.1. Low Case

ndow Input Methed BestFt  Sampling  Help

=]

Figure 4.26.actual oil in place vs calculated from MBAL
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Similar to Medium case, the in place of low case also require to be tuned.

Figure 4.27data matching

Figure 4.28pressure vs calculated oil
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The suggested in place volume should be 6.86 MMstb (for Medium Case)

Figure 4.29Average oil actual pressure& estimated pressure

i.  MBAL analysis suggested that by June 2015, Simber West reservoir
pressure should be reached 2500 psi
ii.  The production should be resumed after the reservoir pressure achieve

target

Figure 4.30Average Water Injection vs tank pressure

With the water injection rate of 1250 bp/d, and to maintain reservoir pressure at 2500

psi, suggested the production should be resumed at maximum 1200 bp/d
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4.8 Observation

i.  MBAL analysis suggested that the reservoir should achieve pressure of 2500

psi by Nov 2014 (medium case) or June 2015 (low case) with production rate

of about 1100 bopd. However, close monitoring require to enhance the

understanding of subsurface to achieve optimize production.

ii.  Fluid properties (PVT data) data quality may detriment the quality of the

analysis because the main drive mechanism is fluid expansion

iii.  The reservoir pressure range indicate that the sand continuity is uncertain,

Geophysicist’s seismic input are essential to further understand the sand

continuity

4.9. Discussion, Water Injection Operation & Implementation:

i.
ii.
iii.
iv.

V.

Water injection metering performance is dissatisfactory

Untreated injection water probably caused the scale / skin formation
Water injection parameters established through injectivity test

SIW01, SIWO03 not really supported by water injection

SIWO05 supported by water injection, but experiencing +ve skin
problems probably due to untreated injection water.
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Chapter 5

Conclusions & Recommendation

5.1. Conclusion

iv.

Vi.

Simber West oil properties is suitable for water injection scheme
Geological understanding is dissatisfactory (unknown sand continuity)
STOIIP probably less than expectation (Based on MBAL analysis)
Weak and moderate aquifer available, but due to geological structure,
only support to SIWO0L1 relatively

SIW01, SIW03, SIWO05 are probably are located at different sand body
(Based on reservoir pressure respond)

SIWO03 production is fluctuating probably due to small volume of

connected sand body

5.2. Recommendation

I.  The first part requires that water be injected at the highest pressure possible

ii.  The second part limits the injection pressure to just below formation fracture

pressure.

iili.  In practice, operators commonly use a surface injection pressure of 50 psig

below formation parting pressure minus the static pressure of a column of

injection fluid.

iv.  More SGS pressure to ensure the analysis are properly calibrated

v.  Gas measurement are recommended to avoid lost count of energy

49



References:-

-Tarek, T.A,Paul,D. McKinney,(2005) Advanced_Reservoir_Engineering, Senior
Staff Advisor, V.P. Reservoir Engineering, Anadarko Petroleum Corporation,
Anadarko Canada Corporation.
-Bose,R.B. (2007) Unloading Using Auger Tool and Foam and Experimental
Identification of Liquid Loading of Low Rate Natural Gas Wells, MSc Thesis, Texas
A&M University.

-Binli,O. (2009) Overview Of Solution To Prevent Liquid-Loading Problems In
Gas Wells, MSc Thesis, Middle East Technical University.

-AGARWAL, R.G. (1980). A new method to account for producing time effects
when drawdown type curves are used to analyze pressure buildup and other test data.
SPE Paper

9289, Presented at SPE-AIME 55th Annual Technical

Conference, Dallas, Texas, Sept. 21-24

-CARTER, R. and TRACY, G. (1960). An improved method for calculations of
water influx.Trans. AIME, 152

- CRAFT, B. and HAWKINS, M. (1959). Applied Petroleum Reservoir
Engineering (Englewood Cliffs, NJ: Prentice Hall)

-HAWKINS, M. (1955). Material Balances in Expansion TypeReservoirsAbove
Bubble-Point. SPE Transactions Reprint

Series No. 3, pp. 3640

50



