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Abstract

The Wara reservoir in Greater Burgan Field has been on production since 1948. The pressure has declined below bubble point
pressure in several parts of the reservoir prompting the need for a pressure maintenance program. A Pilot scale water injection
program and associated tracer application was initiated in 2010 to understand the waterflood response and gather information to
design a full field scale waterflood. This article highlights the results of the application of tracer and Pressure transient analysis
(PTA) in mitigating the uncertainties and to develop improved waterflood strategies in the Wara reservoir. The highly
heterogeneous nature of the Wara reservoir poses major challenges in managing the waterflood and improving its effectiveness.
Complex depositional reservoir geometry coupled with the presence of faults/flow barriers and variation of fluid properties
results in a complicated plumbing system in the Wara reservoir. Pressure transient studies provide insight to reservoir
connectivity and presence of fault/baffles. Understanding the injector-producer connectivity is crucial in managing the
waterflood effectively to optimize the volumetric sweep efficiency. The pilot tracer program offers insight to injector-producer
connectivity, and water movement within the reservoir. The combination of PTA and tracer injection in the Wara reservoir has
been extremely helpful in the following: (1) Understanding the injector-producer connectivity, (2) building a better subsurface
description for development planning and reservoir simulation, (3) optimizing well spacing, (4) volumetric sweep and strategy
for improvement, and (5) identifying development opportunities.
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An extensive tracer monitoring program in the pilot water injection area has provided valuable information in understanding the
flood front movement in this area. In the Wara waterflood area, tracer breakthrough times vary between 1 and 7 years of
injection. This is an indication of the complex nature of the reservoir connectivity and fluid movement within the reservoir.
Integration of PTA and the application of tracer injection in a complex and heterogeneous reservoir has provided valuable
insights to waterflood behavior and enabled modifications to the development strategy to optimize sweep efficiency, well
spacing and pattern development in where reservoir connectivity relatively low.
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Overview

This presentation highlights how the application of Tracer and Pressure
transient analysis (PTA) helped in

- Mitigating the uncertainties
- to have improved waterflood strategies
in Wara reservoir in Burgan field which is currently under waterflood.
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Outline

* Geological Introduction
* Interference study, PBU and PFO

* Tracer application
* Integration of PTA and Tracer

 Summary and conclusion
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Introduction Burgan

WARA is one of the main producing reservoir
Long production history, Limited aquifer support
leading to accelerated pressure depletion

Step-in peripheral water injection was identified
as the best Pressure Maintenance Project for
Wara, known as WPMP

Burgan Upper-1

Burgan Upper-2

Burgan Middle

Burgan Lower-1

Burgan Lower-2

Complex depositional
environment

Tidally dominated deltaic
system
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Challenges and Uncertainties in Wara

There are several challenges involved in WARA waterflood
* Giant size, vertical and lateral heterogeneities

PROD A INJECTOR PROD B

e Uncertainties in

e Reservoir quality Worst sand o
quality shale

A//V
—

* Sand continuity

Best
sand
quality

PRD A and INJ, say 200mD connection Good
PRD B and INJ, say 1000mD connection sand

quality
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Interference study result-2009 Interference study Sequence
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Interference study result-2009

tht INJ-1 \ uop1 o851 R ir Evaluation S
~ S e o eservoir Evaluation Summary
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FP-2 INJ-2 ° A ) * Average Reservoir Permeability = 420 mD
. &y '/ 0Bs-3 0BS-4 (using average thickness 46 ft)
\ [ ) [ )
\ AY « 4 - . o
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/’ z&-.____./ J ® Producers.
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Fp..s g o= ’¢’Ug"5 QOBS;OBS_S Injectors.
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” Ll .
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INTERFERENCE STUDY 2012
Interference study Sequence
— — - Gauges lowered in Injectors and producers
Fo | Steestt . 0 ° before the test.
- . 0BS-2 .
Fp-2 S ° - Interference test conducted in stages
S OBS-3  OBS-4
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UDP-7 ) 0BS-9 ST Clinector
® ® 10
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Map : Interference Results and PTA Results

Layer 1 Adjusted TOF k map RUBIS Two Layer Models Layer 2 Adjusted PBU/PFO Map

rieanps RUBIS Two-Layer Model:
o | merinsgish SRR S « Thin High-perm based on

Interference.

1

Thick lower perm to equal PBU
-k

&
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Tracer Injection Program

0BS-1

— INJ-1 UDP-1
: 4 { e
UDP-2 ® @
® 0BS-2
F';z INJ-2 - ()
> ’ 0BS-3 0BS-4
FP-3 ® " ®
INJ-3 UD.M UDP-4 02 >
FP-4 i : 0BS-6
° INJ-4 UDP-5
e % 5] ©
BS-7
FP-5 1 UD.M 0 @085-8
o > -
. | 0BS-9
INJ-6 UDP-7 °
FP-6 2 O C @B
Q INJ-7 UDP-8 . 0BS-11
FP-7
[ )
Tracer Type Quantity
Well .
recommended Required (Kg)
INJ-1 T-190c 165
INJ-2 T-190b 65
INJ-3 T-190a 135
INJ-4 T-158¢ 160
INJ-5 T-140a 250
INJ-6 T-140c 175
INJ-7 T-158a 150

13t Middle East Geosciences Conference and Exhibition

K= S S =

Quantify injection water flowing from one injector to a specific
Producer using percentage of tracer produced.

Identify source of produced water

Calibration of simulation models using first tracer breakthrough
time.

Calculate Volumetric sweep efficiency using average tracer
transit time from each injector to producer wells.

Test communication through Fault block/channel.

Fault transmissibility: If fault block communication occurs tracer
will enable quantification of fault block flow.

Determine high permeable channel fingering between injector
and producers from the shape of the tracer concentration
versus time curves.

Initial plan:

1. Weekly sampling in first line wells

2. One sample per month for second line wells.
3. Analyze every third sample from a well.
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Tracer Breakthrough

Distance, [Breakthrough time, Order of
INJ-1 UDP-1 0BS-1
FP-1 ° ° kms days occurrence
« DP-2 4 v 1.00 349
zg \‘_' e 1
g 9 1.00 1181 2
£ INJ-2 ©
’ 0BS-3 0BS4 1.32 1250 3
~ 1.20 1334 4
F;3 3.32 1621 5
~ 2.42 1747 6
FP-4 1.40 1992 7
@® 1.26 2202 7
1.40 2202 7
50 1.58 2202 8
= 0.89 2202 9
FP-6 ] @ "Bs-m 1.67 2203 10
L UDP-8 vy OBS.-11 1.80 2272 11
,7"" () ht 1.00 2412 11
First breaktfrp{ﬁh 2.00 2412 12
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Tracer Breakthrough
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Use of Tracer data in Integrated Sub-surface Model

KOC BP 2015 [stratigraphy Sch ic Wi Strati hy, R irL R dR i Archi v;:f'.l
stratigraphy | Picks chematic Wara Stratigraphy, Reservoir Layering and Reservoir Architecture o
‘offshore’ mudstones
AHS Wara-90 Ahmadi carbonates 7
Shale o
Wara-80
s
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wu z
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o
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= |2
Wara60 | | e i g S S S .t Tt
% o
WM2 3 |E
= |z
2
[t
Wara-50
glauconite rich transgressive sandstones
WM3 Wara-30 glauconite ri nsgressive sal nes
‘Estuarine’ mudstones
o
0 —
Wara-25 = E
H
Wara-20 s
g
WL Wara-15 g
-~
Wara-10
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MAS Mauddud Packestone / Wackestone: potentially Karstic top
Limestone Horizontal Scale: ~4 km (~13,000 ft) |

Tracer breakthrough data is used
to validate the reservoir layering
model and connectivity.

Tracer breakthrough data
recognize tortuous flow-paths in
parts of the Wara Formation are
common .

The new understanding of
reservoir flow units and reservoir
architecture help to frame
production-injection strategies,
completion options and
surveillance plans.
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Integration of PTA and Tracer breakthrc?uh da

Interference Tracer ISD

ta

& ‘ @ L]
J .

e |[dentify e Inject in all ¢ Integrate both
reservoir injectors PTA data and
connectivity e Water sample Tracer

* Recognize from all breakthrough
possible producers data
communication * |dentify flooded ¢ |dentify

area potential
development

e |[dentify area
need more alise
injection * Propose
additional wells
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Summary and Conclusion

Integration of Tracer and PTA data helped the following

* toidentify potential development areas to improve waterflood
performance.

* Revision of well spacing

* Modification of Injection pattern from line drive to 5 spot

e Calibration of simulation model

* Improve sub-surface understanding of the reservoir





