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Schematic Reservoir Model
Development Scenario Options

3 Miles

Methane
Hydrate Free Gas

‘
» Calculate Recovery Factors Water

» Evaluate/Contrast Single/Multiple Methods



Simple Model:
Depressurization Under Hydrate

Typical Production Profiles
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Geologic Description < Simulation Model




5 STARS Reservoir Model R equ"f

Gas Hydrate Di

2nd Refined Milne Point grid: 6/9/2004
Hydrate Saturation 2005-01-02

175 Meter Horizontal Well
3 12” Tubing
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ervolr Model Results
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2nd Refined Milne Point grid: 6/9/2004
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Intra-HR/drate Production Scenarios

lacement: In Hydrate zone where
initial S,, greater than or equal to irreducible S,,

2nd Refined Milne Point grid: 6/9/2004
40 % Qil Saturation 2005-01-01

Init S,




Gas Rate SC (ft3iday)

Gas Rate SC (ftifday)

Intra-Hydrate Production Scenarios
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Stage 1: Single Well Pilot Testing

2hd Refined Milne Point grid: 6/9/2004 -
Ternary 2018-10-20 S




Stage 2: Multi-well testing/calibration
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Stage 2: Multi-Well Pilot Testing
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Stage 4: Full-field development
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Stage 5: Resource Harvesting
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Stage 6: Manage/Expand Resource

3

K Yo x ¥ oK. K
= ¥ 0% A x| A s EXFExx K| x ¥
i e * X R KX
WK X K| K NEEEEX KK K| kL x
% RO . . O D d
HURSHK K 3
P I o
w0k % % x| kNG R
K /N ol
* x\x
K W

»
B

i{"'
.II.\\
A\




Stage 7: New Technology/Infilling
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Type Wells
Reference Case High Upside Case

North Slope Hydrate Forecasts

North Slope Hydrate Forecasts
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Reference Case

Gas and Water Production Forecast
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Upside Case

Gas and Water Production Forecast
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Extreme Upside Case
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Mount Elbert MDT 3
Key Results -

Confirmation of gas release via
depressurization

Clear indication that
depressurization alone may not be
sufficient in select (T) settings

Confirmation of mobile water phase
e Sgh = 65%; 25% = Swirr
e Sgh = 75%; 10% = Swirr

Determination of intrinsic K
« 0.12-0.17mD

Reformation kinetics may be
Important

Detailed reservoir heterogeneity B
may control productivity F
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MDT Testing

Pulse pressures through the
system : measure responses
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Packer inflates
to full contact
with borehole
How much gas is
1.0 cf downhole?
Tool )
Zero %
Intake

sceen | The red annular area
to the left is 1.5 cf
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MDT Testing
Annular Space is critical
in this low rate case
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MDT Results Reservoir Modeling
International Code Comparison Group
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_'| 50-year Production Scenarios:
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1. Mt. Elbert-like formation
2.5-3.0°C, Sh = 65%,
P~ 6.7 MPa

2. PBU L-Pad
5.0-6.5°C, Sh.=75%,
P~73-7.7 MPa, 2 zones

3. Down-dip formation
10-12°C, Sh = 75%,
P~8-9.MPa,
2 zones, near base of GHSZ

Res EF\/JJF Modeling
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Simulation of Alternative Locations
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Simulation of Alternative Locations

Mt. ELbert C2 MDT History Matching
MTELBERT
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C-Unit Heterogeneity Affects
Simulation Saturation Profiles

POR, Saturations

model POR
— Swir
——NMR POR
— NMR Sh
——Density POR




Effect of permeability & porosity
heterogeneity on predicted production rates

homogenous
heterogenous
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Affects of Reservoir Heterogeneity
Detail time Scale

— 50-layer log data model
- - =Problem 7a base case

=
1
-
—
3
E
O
w)
a
et
[
(18
uw
L
@

Time (day)




MCFGPD

1000

1a

& . (J = [ -
ol also takes a lonc s NG olo 5
— —
77 —
/ An example of published |—""
7 simulation study rates
: (8 mmscf/d average)
= N

=y
L L

—

Li:;: 3 g ﬁi L= ' e——— i — —— — — :
R eth i Mallik Flow Test *
%4 ~ L~ i (=70 to 140 mscf/d)

T T

Note long clean-up times !

ra

C2 MDT rate (0.3 mscf/d) !

IJE

D4

=yt

04

ula]

ul=]

Daily P rod

oy

0s

ul=]




FI %
| 1| .
=h

1]
N _.._.-"
l=

[

® Project Overview
3:" f’

:gl Resource Characterization

i
4
,._\_.I
i:f':l |
4'

: tratigraphic Test Results

servoir Simulation

oductlon Testl i L IS

o
‘Eu 1.!.-.!”L“”_l|||-!I|_|||!!!| »

Y meh



Coal Bed Methane Analog?
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Number of CBM Wells (x1,000)

COALBED METHANE WELLS IN U.S.




COALBED METHANE PRODUCTION IN U.S.
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PROVED COALBED METHANE RESERVES AS
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Coalbed-Methane Pilots: Timing, Design, and Analysis

Four distinct, sequential phases form
a recommended process for coalbed-
methane (CBM) -prospect assessment:
initial screening, reconnaissance, pilot
testing, and final appraisal. A step-
wise approach through these phases
provides a program of progressively
ramping work and cost, while creat-
ing a series of discrete decision points
at which analysis of results and risks
can be assessed. The focus here is on
the third phase, pilot testing, which
normally takes place after reconnais-
sance and before final appraisal.

Introduction
CBM gas accounts for 9% of US
domestic natural- gas production. Its
importance to lhc energy industry
has grown dramatically in the past
20 years. CBM l‘J-lOtlllLllOll is expect-
ed to continue to grow significantly
over the next decade, both in the US
and internationally.

Dual vs. Single Porosity

600,000
Q 500,000 F. 3 3 3 _
] [t the [.‘}L[{f}f s less successhul, pos-
@ 400,000 " ; . -
= sible alternatives may include extend-
m e - - e
. S ing the pilot-production period; recom-
e s - . .
2 200,000 pleting wells with ditferent stimulation
- techniques, adding more coal zones, or
100,000 + _ =
f‘ squeezing ]']t‘['[{ rations and I"L‘L'{.‘}IH|_‘JICI-
0 ing in new coal zones; drilling infill

Fig. 1—Comparison o

A stepwise phased

wells or adding wells to expand the
pilot; shutting down the existing pilot
and beginning reconnaissance or an
alternative pilot test in another portion
of the project; or abandoning the pilot,
prospect, and, perhaps, the play through

farm out or relinquishment. JPT




THE FIRST SUCCESSFUL SHALE GAS PLAY

TECHNOLOGY FOCUS

Unconventional Recovery

Have you heard the story about the “17-year overnight sensation” (Durham 2005)? Stephen Norris, SPE, is a Senior Staff

(Il\ﬂu work in northern Texas or are involved in unconventional resources, then Reservoir Engineer for J-W Operating

your answer probably is yes, and if so, please bear with me—it is a great story and Company and is |.'{\fnm:»i_1».’\ for ol

\wllh\ Ol-hd.lllglklxﬂul) TeSET gt TN it o

2 [he first well, the C.W. ﬂ];n No. Lu as an economic failure, as were the next

o 40 wells (Bowker 2003). 11 took 17 years tor the company to develop an economic

- hL]mu[m that wor Lui low many companies that you know have that kind of

o patience ! In 1999, very fux [,]{‘U[}I{ had heard ot the Barnett shale, but ]_}‘} 2001, 1t

n was well on the way to becoming the largest gas field in Texas.

« I think that stories like this make unconventional recovery a very exciting arena

te - = . . . . . .

5 in which to work. The resource is there, the demand is definitely there, and it is up
to engineers, geologists, and enlightened managers to make it happen.

n

« In this issue, we look at three great examples of applying new technology and

b know-how in the areas of coalbed methane, tight-gas-field deliquification, and gas

1: -

. hydrates. Is there another 17-year overnight sensation here? You be the judge. yPT

Bowker. K.A. 2005, Kecent Developments ol the Barnett Shale Play, Fort Worth
Basin. West Texas Geological Society Bulletin 42 (6): 4-11.

Durham, L.S. 2005. The 17-Year Overnight Sensation. Explorer 2005 (May).

www.aapg.org/explorer/2005/05may/barnett_shale.cfim. Accessed 5 June 2008,




Gas Hydrate Flow Test Decision
ario & Contingency Plal

dechnical Predicted short Design and | Rig off / design

F?_GSOU rce ) | depressurization test run short term s medium term
volumes are measurable test with Rig :

Evaluate Stimulation Options
Salt Water flush
Matrix Acid job
Cavitation
Frac
Propped Frac

Time Scale

Short term test

promising stimulation *
options Long t@rm tests f

_"..‘ Proved ¥

' Reserves P

E
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Drill and Test Vertical Well

Potential issues

1.Solids create production problems:
1.Install Gravel pack
2.Produce sand
3.(Pump) Frac sand back into fm

| 4.Cavitation (CBM Model)

nlet 5.Resin coat

6.Some combination of the above

7.0ther
2.Wellbore freezes off:
| 1.Inject methanol down capillary
2.Circulate hot gas

. T. Liequicd
) 1 ¥ outlet

3.Add electrical well heating:
Radiant or Induction

4.Add downhole combustion
3.Production volumes very small but
Increasing slowly:

1.Evaluate stimulation options

2.Soak with destabilizing agents

3.Hydraulic Fracture with

conventional or unconventional

fluids

4 .Evaluate sidetrack option



http://upload.wikimedia.org/wikipedia/commons/c/c4/Vap-Liq_Separator.png
http://images.google.com/imgres?imgurl=http://www.photodoktor.co.uk/flare.jpg&imgrefurl=http://www.photodoktor.co.uk/Industry.htm&usg=__2FBOObaur7RkkS72VpVp09F5Og0=&h=600&w=385&sz=42&hl=en&start=3&tbnid=aVlpBra2pTgS0M:&tbnh=135&tbnw=87&prev=/images%3Fq%3Dflare%2Bstack%26gbv%3D2%26hl%3Den

Failure path 1: Evaluate Stimulation
Options in Vertical Well

1. Evaluate secondary methods as a huff-n-puff
(inject-soak-produce) to measure
stimulation/extraction benefits

1.Hot and cold, liquid and gas, slow and fast,
matrix and fracture pressure
1.Water/Steam
2.Methane
3.CO,
4.PBU gas = 12% CO,
5.Inhibitors, solvents, biological
2.Continue until not successful




Failure Path 2: Sidetrack Existing Well
Drill Horizontal Section

Design with expectation of
severe sand production
Including dedicated circulation
strings, sand capable pumps
from toe and heel. Take
advantage of significant
experience in both West Sak

and Steam Assisted Gravity
Drainage (SAGD) operations.

1.Progress through prior
technology sequence using
the horizontal well.




Failure path 3: Drill Second
Vertical Pilot Location

e Drill second pilot location and attempt to confirm or
overcome negative results

e Follow pilot study procedures proven successful in CBM,
tight gas and Shale gas
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