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Case Study I: Gas Field Development Study

I Questions: =II:>

e Investigate OGIP from MB and RS?

e How is the field performing?

e What impacts fractures have on
production behavior?

e What is the extent of encroaching
aquifer influx?

e What optimal

development

| Approach: =II:>

1. Analyze individual logs

2. Interpret seismic data for top surface

3. Build static model and reconcile data
from different sources

4. Analyze production and diagnose erratic
behaviors

5. Investigate heterogeneity from core
studies and tie hydraulic units to facies

strategies are needed?

6. Analyze all buildup and Modified Isochronal tests
7. Build dynamic model and HM
8. Investigate various exploitation i s Pressaes e N
scenarios Vsvondc | [
9. Examine surface facilities and 3 B s = Ll
capacity requirements g :___;m;;; oo
10. Recommend optimal business cases & E Epf
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I Upshot: =II=>

Reservoir has a large aquifer influx
OGIP is in close agreement from

MB and RS

Gas Rate - obs
CGR . obs
WGR - obs
Static Pressure - obs
|= == +-==+—- Awg Presswe (F\-weight) - model

Mg Pressure (HCPV wesght) - model

Isochronal and build up tests show presence of vertical fractures
Above insight helpful in matching water production is crestal wells
Able to isolate contribution to water production from condensation, aquifer influx

and behind pipe leaks

Investigate and compare various infill drill patterns and well architectures
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Case Study Il: Integrated Field Development

I Questions: =II:>

How certain are STOIIP and OGIP?
How is the field performing?

Could we improve performance without
changing water and gas handling
capabilities?

How successful will the EOR methods
be?

What are the optimal CO, WAG and
water injection performances?
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I Approach: =II:>

ol
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scenarios
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Collate data from all sources
Analyze and interpret data

Enlist data uncertainties and risks
Integrate data into static model
Perform production diagnostics
Execute sector simulations

Build dynamic model and HM
Investigate various exploitation

9. Examine surface facilities and capacity requirements

10. Deliver data, static, dynamic and :
business models
11. Recommend future directions o

I Upshot: =|I=> '

Water Cut

Reservoir is dual-porosity (not
single-porosity as described before) "
In-place volumes are 15% more than ‘
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what was originally assigned

Date

Immediate action should be taken to manage rapidly increasing GOR
Waterflood and WAG scenarios utilize existing water and gas production

efficiently

ASP and hot-water show promise but could be prohibitively expensive

Technical cases exhibit 15 MM STB incremental oil at lease expiration
Recommend pressure measurements, well tests and log analysis in specific areas
of the fields to further support hypothesis and improve understanding
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Case Study I11: Brownfield Waterflood Evaluation

I uestions: =II:>
o M=>1, Swht = 0,493, fwht = 0.733

1. Are we injecting enough water of | ™o b s
optimal quality? ol
Do we have good pattern control?
3. How does the improved geologic i
description alter our prediction? el
4. Do we have a better estimate of oil in | ..
place? w
5. How much is the ultimate recovery
potential from waterflood?
- _ 6. Is this a good candidate for tertiary air-
' injection?
7. How effective will the polymer water
shut-off be?

N

o Hudo0ft —| =

o H=200ft

2 I Approach: =|I=>

o wssive | o : 1. Integrate core, log and test data

i 2. Q/C capillary pressure and relative

permeability data

3. Perform fraction flow analysis to .. -
ascertain vertical sweep m o
4. Perform engineering analysis to obtain g B
rock type data i o
5. Production diagnostics and overall iy
balance ]~ -
6. Load simulation data, establish STOIIP  } = - &

and HM
7. Forecast and determine waterflood EUR

I Upshot: =II=>

Waterflood EUR of 29%

Water lost into the aquifer
Redesign injector-producer pattern
Design of water filters established

el AN S

5. Additional potential for air-injection
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Case Study 1V: Model Development and Application

I Model-I: =|I:>

Integrated gas toolkit encapsulated within the

framework of Excel™

I Applications: =||=>

Multiple well interference effect

N

Complex geology and reservoir architecture

3. Gas in-place — volumetrics and material
balance (P/Z for normal, under and over-pressured reservoirs)
4. Decline curves, flash calculation and fluid properties

o

Isochronal testing and gas PTA
6. IPR-VLP for production tubing sizing

| |m5200-540
05000-5200
| |=4800-5001

7. Analyze hydraulic fracture performance

IModeI-II: =II:>

Phase behavior package

IAQQIications: :II=>

(design and post-fracture analysis)

1. Multi-component flash computation
a given feed

composition

w

i 2. Two-phase

Intermediate drop outs in a multistage separator train

split

for

4. Applied to varied disciplines e.g. reservoir analysis, basin modeling, production

analysis, surface equipment design
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Gas Asset Evaluator

I Applications: :==>

1. Compare hydraulic fracturing
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performance against "
conventional drilling
2. Compare underbalanced

drilling to conventional drilling
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3. Examine investment potential in candidate horizontal wells compared to existing

offsets
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reservoir model. Production diagnostics metrics were created to get fracture location and inter-

connectedness.  Clustering techniques
were used to relate to production
diagnostic metrics. Eventually bulk
volume of water in the upper and lower
lobes of the log traces corroborated the
above findings. The combination of the
above offered reliability to the history
match results and overall forecast
scenarios.

One major difference between conventional and unconventional reservoirs is that the gas storage in
unconventional reservoirs, apart from free gas, may also contain adsorbed gas. Specialized algorithm
incorporating gas, water and condensate flow under the constraint of overall mass balance has been
devised in-house. The deliverability of both vertical and horizontal wells intercepting multi-staged
fractures can be computed. In this algorithm, gas rate, water rate, condensate rate, water saturation in
fractures and reservoir pressure, are solved implicitly by simultaneously accounting for material balance

and inflow equations for water and gas phases.
The model parameters can be perturbed to
match historical production or the model can
be used to forecast expected production
behavior of unconventional gas reservoirs. The
model has been validated against production
from shale plays across the country. One
perturbation parameter, bulk volume, provides
an estimate of Stimulated Rock Volume
(SRV). The model focuses well-by-well and
therefore has afaster turnaround time and is
repetitive, unlike speciaized fine grid-based
simulation models.
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Biography

Deepankar Biswas is the President of SiteLark, an international petroleum engineering
consulting and software firm. He has over fifteen years of hands-on experience in
industry, research laboratory and field operations. His expertise includes interdisciplinary
projects in conducting reservoir engineering and simulation studies, litigation support,
reservoir characterization, simulator development including black oil, compositional,
thermal and naturally fractured reservoir simulation projects; and working on
waterflooding/gas-cycling and hydraulic fracturing projects. His expertise also includes
reservoir engineering and production analysis of naturally fractured reservoirs (including
carbonates and clastics), and conducting enhanced oil recovery feasibility, and well and
pipeline performance evaluation and also economic analysis e.g. DCF, scenario analysis
and real options. He has been exposed to drilling operations and drilling-side of the
business.  His progressive growth through projects in different companies has
continuously evolved his engineering, implementation, management and decision making
skills.

His experience spans assignments in Middle-East, Europe, Latin America, Asia and
continental USA. He had previous tenures with such companies as Mobil E&P, ONGC,
TXU Energy Trading, Blade Energy Partners and DeGolyer and MacNaughton. He has
developed next-generation reservoir simulator for Mobil Exploration and Production. He
has performed Integrated Reservoir Studies for major international fields both at Mobil
and DeGolyer and MacNaughton. While at Blade he developed reservoir based
Underbalanced Drilling evaluation tool and championed its usefulness and application in
UBD screening through out the world.

Deepankar has a Ph.D. in Petroleum Engineering from the University of Texas at Austin.
He also received a Certificate in Corporate Finance from Southern Methodist University.
He has more than ten archival technical publications and two book chapters on real
options. He is an active member of Society of Petroleum Engineers, served as Vice
Chairman Education of SPE Dallas Chapter (2006-07) and has been a technical editor for
SPEJ. He is a professional registered engineer in the state of Texas.
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