Gulf of Mexico Gas
Hydrate Joint Industry
Project. Overview of
Leg Il LWD Results

Matthew Frye

Resource Evaluation Division,
Bureau of Ocean Energy Management, Herndon, VA

JIP Leg |l Science Team:

Ray Boswell Tim Collett

Dan McConnell Matthew Frye
William Shedd Paul Godfriaux
Stefan Mrozewski Gilles Guerin

Ann Cook Dianna Shelander
Jianchun Dai Rebecca Dufrene

Emrys Jones Rana Roy




Gulf of Mexico Gas Hydrate
Joint Industry Project

Chevron
U'
=~ USGS

seignce for & ehanging warkd Resource Evaluation

N=TL

JIP Members

‘ Statoi o scmumhel'ﬂﬂl' HALLIBURTON m

»
ConocoPhillips <@ o=

Mational il Corporation

Participating Groups

@ RJCE A ADA Geophysics Inc. !'_r 5
Georgia e |
L ey ?

Q i/ ||| B¢ | IRY s . P
\ TTTTTTTTTTTTTTT COLUMBIA UNIVERSITY ( Allmann & ASSO"lates )



http://www.google.com/imgres?imgurl=http://www.linkocean.cn/Geotek/geotek_logo.gif&imgrefurl=http://www.linkocean.cn/Manuf list.htm&usg=__IPRyuRzHZAmKphIgNMdDiWxrHCc=&h=155&w=230&sz=4&hl=en&start=16&tbnid=RaqCD5TX7_a9hM:&tbnh=73&tbnw=108&prev=/images?q=GeoTek&hl=en�
http://www.ldeo.columbia.edu/�

JIP Leg Il Contributors

Site Selection

Bill Shedd, Matt Frye — BOEMRE

Dan McConnell — AOA Geophysics

Dianna Shelander, Jianchun Dai — WesternGeco
Deborah Hutchinson, Carolyn Ruppel,

Tim Collett, Myung Lee — USGS

Ray Boswell, Kelly Rose — US DOE/NETL
Warren Wood — Naval Research Lab

Brandon Dugan — Rice University

Tom Latham - Chevron

Operational Planning /

Site Hazard Assessments

Dan McConnell, Zijian Zhang, Brenda Monsalve,
Hunter Danque, Jim Gharib, Ana Garcia-Garcia,
Brent Dillard, Adrian Digby — AOA Geophysics
Chris Partridge, Evan Powell,

Richard Birchwood — Schlumberger

Rana Roy, Emrys Jones — Chevron

Tim Collett — USGS

Ray Boswell, Richard Baker — US DOE/NETL
Stefan Mrozewski, Dave Goldberg — LDEO

JIP Leg Il Field Operations
Tim Collett — USGS

Ray Boswell — US DOE/NETL

Rana Roy, Emrys Jones — Chevron

Greg Pine, Mike Danley — Chevron

Dan McConnell — AOA Geophysics

Matt Frye, Bill Shedd —- BOEMRE

Rebecca Dufrene, Paul Godfriaux — BOEMRE
Stefan Mrozewski, Gilles Guerin,

Ann Cook — LDEO (Columbia U.)

JIP Executive Board

Emrys Jones — Chevron

James Howard — ConocoPhillips

Espen Sletten Andersen — Statoil ASA

Phillippe Remacle — Total E&P USA

Patrick Hooyman — Schlumberger

Matt Frye — BOEMRE

Ken’ichi Yokoi — JOGMEC

|.L. Budhiraja — Reliance Industries Ltd
Hong-Geun Im — Korea National Oil Corporation



Areas with Seismic Indications of Gas Hydrate
> 100 identified thus far
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Gulf of Mexico Gas Hydrate JIP Leg Il
April 16 — May 5, 2009

_;

Objectives

— extend knowledge to sand systems
— high-grade sites for Leg Il coring
— calibrate of seismic GH detection

— inform the BOEMRE assessment

— advance GH program protocols
— test alternative exploration models

Expedition design

— accept high geologic risk

— maximize sites/models tested
— 20 sites permitted

— real-time decision-making

—  $11.2 million LWD program



Gulf of Mexico Gas Hydrate JIP
Q4000 MODU, MV Mia, ROV Venom




JIP Leg |l featured a
state-of-the-art
bottom hole assembly

o 23.2' x 8.375” SonicVision

18.3' x 7.5” PeriScope

32’ x 8.25" TeleScope

25.2’ x 8.25” EcoScope

10’ x 8.25" GeoVision

6.75" x 8.25” Hole opener

31'x 6.5” OD MP3 (SonicScope)
6.75” PDC bit

LWD tools by Schlumberger

There were no tool failures requiring retrieval
of the drill string on JIP Leg Il




MWD/LWD Datasets

SonicVISION
Wavelorms
amplevuds

L
¥

MP1
W peetorT

Degpih (mbsf

i g

z |2 |

E algfl

-

g g- - ....._..__l,r-_.ﬂu...__ e A

PERS——p——— Y L TR e F e il i

=
£
-1/
¢ ot T e B i1 W ¥
- Fovesy "
_W ..r.l‘!.._lr_! t..\ it et N

Erphbuce

g
I

i il T ._..._ A e

P el .,.L.__... g et ! Wity 1 |

. __.._1(}[.. ___.I__._._. ’ ._.i_.....:..l{_.l. s, A p

18 .....__...__._r_._.._.v [ |

ORI T

__.__H.J_t.f

" Wty
J._ T e .-.x..-i..‘..._.‘._.....f. '

_ —

e paad

.....
™ ..1__.__ 1-._'._!..1...-

_... m“___t_ ﬁ._._. . .:. 13. ij.. .*,__ﬂ,v_ .ﬂ_g.__ . v G

AP T .,.__._..ff ol |
Y

T

E[Lt'l—l.ill‘i’ll{-’%i L-T

f. " L
_r.. .....E.??iié?t¢§ﬁuﬁﬂg¥u¥. " g

(ki

i JATfJ__.iﬁj._.._....__...Jsffl.#..&j
{ o ok
| A P p—-

o ._ o = i .JI..J\__:FF.._.I e

' Chamane PO e LA s b

L By ._.l-..)}.l.lr..l..._.-f\-....
, e PV

g “ g i g i lj.-}....!tal...l..};....._..}us e

158 = : % : .

L) Lndec

B0
100
240
20
e
30



GOM JIP Leg Il: Well Sites
21 days — 3 sites — 7 holes — 15,300’ section

Water | Water | Total Depth | Total Depth of
Depth | Depth of Hole Hole Below
Hole APl Number Latitude | Longitude | (feet) |[RKB (ft)] RKB (ft) Seafloor (ft)
26° 55' 94° 54’
AC 21 A 608054007000 | 25.0550" | 00.8545" | 4889 | 4940 6700 1760
26° 56' 94° 53
AC 21 B 608054007100 | 40.3922" | 36.4053" | 4883 | 4934 6050 1116
27° 00 90° 25
GC 955 H | 608114053700 | 03.2836" | 35.447/5" | 6670 [ 6721 8654 1933
27° 01" 90° 25
GC 9551 [608114054400 | 00.7414" | 17.2257" | 6770 | 6822 9027 2205
27° 00 90° 26"
GC 955 Q | 608114054300 | 08.5611" 12.0500" | 6516 | 6567 8078 1511
26° 39' 91° 41"
WR 313 G | 608124003900 | 48.7355" | 02.3996" | 6562 | 6614 10200 3586
26° 39' 91° 40
WR 313 H [ 608124004000 | 46.0997" | 34.2051" | 6450 | 6501 9770 3269




Gulf of Mexico JIP Leg Il
April 16 — May 5, 2009
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Leg Il Sites Schematic

Shelf.slope . Alaminos Canyon 21

JIP LEG Il SITES
Walker Ridge 313 Green Canyon 955

Modified with permission (Kendall 2006)



Walker Ridge 313 — Terrebonne Basin
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ite Elements

Walker Ridge 313 S
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Pre-Drill Seismic Prediction
gas hydrate saturation

/|

35.0 995
. - - - Hutchinson et al. 2009
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WR 313 LWD Results

4" Shedd et al. 2010
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Walker Ridge 313 LWD Results

“blue” unit
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Walker Ridge 313 LWD Results

“orange” unit

WR313-H

¥
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2750
Cook et al. 2009
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Depth(fbsf)

WR 313 - Orange Sand

Gas Hydrate Saturation

Walker Ridge 313-H “Orange Horizon” )
Compressional
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Additional WR 313 GH WR313-G

| o | e R T e M i W 4T sow (e VRO

Occurrences
Pore-filling in sands

« Shallow Sands
— Numerous thin sands
— High saturation
— Virtually all sands filled

— Up to 1,500" above the
BGHS

« Stratigraphically-deeper
horizons

— Sand occurrence in
“green” unit confirmed

— High probability that all
phase reversals observed
= GH-filled sands




Additional GH Occurrences — WR 313

Fracture-filling in shallow muds

WR313-H
e (Occurrence WR313H .

— Seen In both JIP wells =i 3 Jr—
— About 500’ thick l T =
— Sgh elevated, but — S T R
uncertain % f b
— Stratal bound " | AT -l
— No clear seismic :
manifestation £ ¥
— Origin unclear i :
| : —
* Log Response » e =1 i Sl .
— Fracture forms O e 3 A1 Q‘. i
observable on azimuthal B i
resistivity data e —Hi-LU
— Anisotropic resistivity ) \ f-_ __ :',
' f
Cook et al. 2010 il
al <l
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GC 955 Targets

Strong “leading peak” amplitudes
GC955-Q GC955-H

2.700

2.800

2.900

3.000

3.100

3.200

3.300




Green Canyon 955-H LWD Results
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Green Canyon 955-H LWD Results

Complex faulted channel-levee system
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Depth (fbsf)

Green Canyon 955-H LWD Results
~100’ of GH in sand
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Green Canyon 955-H Results
Both fracture/mud and pore-fill/sand modes
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Green Canyon 955-H Results

Complex geologic controls

Caliper (in) Gamma Ray (API) Resistivity (ohm*®*m) Density (gm/cc) Hydrate Saturation
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AC 21 Site Elements

Prior evidence of shallow, resistive sand

1995 “Rockefeller”
2 ohm-m RES

it _ merahl.
1‘ =i ©2009 WesternGeco Used by Permission N -:




Alaminos Canyon 21
Regional shallow sand target
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Alaminos Canyon 21 — Sand Model

North Entry _
3 miles

East Entry

Frye et al. 2010
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Alaminos Canyon 21 Results
consistent 2 ohm-m resistivity
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AC 21 LWD Results

low-to-moderate, but uncertain, Sh

Gas Hydrate Saturation potentially 20% to 40%
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JIP Leg Il — Key Findings
Significant accumulations of high concentration
GH in sand reservoirs in the GOM

BOEMRE assessment model results validated

Assessment with LWD tools excellent, cores
required to answer many questions

Pre-drill identification from seismic reliable for
select accumulations

GH can occur throughout the section

GH occurrence appears controlled often by
reservoir conditions

Controls/occurrence at BGHS may be complex

33



JIP Leg Il — Implications

Gas hydrate R&D
— 1,000’ deeper than any previous research well

e Full data collection from LWD

* (Gas hydrate confirmed in sand reservoirs
at multiple sites

— Excellent research sites for further data
acquisition defined

« Confirmation of research approach
— focus on the reservoir (hydrates in sands)
— “direct” detection

— use/tailor existing hydrocarbon exploration
concepts

34



Gulf of Mexico JIP — Next Steps

» Leg Il Data analysis and
Reporting

— JMPG Special Volume 2012

— Integrate with existing and
new datasets (ex. CSEM)

— Initial results reports at
DOE/NETL website

» Leg lll preparations
— Spring 2012
— Additional LWD

— Pressure coring with new
device

« Longer (3-meters)

* Deeper water

35



Anticipated Leg llI

possible coring targets + timeframes
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Gulf of Mexico Gas Hydrate Joint Industry Project Leg Il:
LWD Methods

Stefan Mrozewski®, Gilles Guerin', Ann Cook®, Timothy Collett’, & Ray BoswelF

Introduction
The downhole logging program during JIP Leg Il was
designed to assess the distribution and concentration of
gas hydrates below the seafloor in the Gulf of Mexico. Six

The LWD tools used during JIP Leg Il were the MP3
(multipole acoustic - recently commercialized under
the name SonicScope), geoVISION (electrical imaging),
EcoScope (propagation resistivity, density and neutron),

JIP Leg Il Reportin

logging-wh|

drilling (M) A .

Measurem Gulf of Mexico Gas Hydrate Joint Industry Project Leg II:
Alaminos Canyon 21 Site Summary

LWD tools

hole assen Matthew Frye', Williom Shedd’, Pawl Godfriaus’, Timothy Coliett’,

formation Myung Lee’, Ray Boswell, Rebecca Dufrene’, & Dan MeConnell

midst of th

drilling pal Abatrmct peological and peophysical snalyses conducted with the

tool also tr]

Thee primary goal of the Gulf of Mesco (GOM| Joint Industny
monitored | projoct (1IP) Leg B drilling gragram was 1o locate and record
into downl e peearrence of ga= hyceste in high-quality deepwater
the tools §  sand masrmie, in the fet week of ey W09, the §iP
often used|  wtilized the Hel O-4000 semi-submersble to doll and log
measuremq  Taed wells i Chi Diana sils-basin in the nombwestern GOM

ot the Aleminos Canyen (AC) 1 She, The AC 21-4 and AL
21-Bwelk condirmed the presence of an areally extenshe,
sarchich  despaater lan wlem that was  predicied
from industry 3-0 seismic data and exdsting Industry well
penetrations. The primary targets wene encountened
within 600 It of the weafloce, wall abowe the predicted base
of gas hydrate siability depth of spproximately 1,500 feat
b sara fcsow (M), The target sand fesenioins a5 s in
the & g B we s reasured 62 ft and 125 R, respectively,
and contaimed slevated formation resistivity coraistent
with low to modersie sahurations of gas hydrate (30% to

intent of ke abieg gas Iyirate-bear ing sand mesermin (e
Hutchinsnn of of., 2006, 2000k Shedd o al, 70096} and
onducting  compreheraive logging while drilling  (LWD)|
operatfons {see Collett of of, J008b] fm adeance of planned
Leg 1l coring and pressure coring, This repor presents
the geologic setting and Initial sclentific results of WD
operations conducted ai the Alasninos Campon block 21 she
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Gulf of Mexico Gas Hydrates Joint Industry Project:
Overview of Leg Il LWD Results

Ray Boswell, U_S. Department of Energy; Timothy S. Collett, U.5. Geological Survey; Dan McConnell, AOA
Geophysics; Matthew Frye and William Shedd, Minerals Management Service, Stefan Mrozewski, Gilles Guerin,
and Ann Cook; Columbia University; Dianna Shelander and Jianchun Dai, Schiumberger; Paul Godiriaux and
Rebecca Dufrene, Minerals Management Service, Emrys Jones and Rana Roy, Chevron

‘Copymight 2010, Offshore Technoiogy Conference
This paper was prepaned for presentaion akthe 2010 Offshore Technoiogy Canterence held in Houston, Texas, LSS, 3-8 May 2090

Thiz paper was seiecied for preseniaon by an OTC program comminee following review of IMomaion contaned 17 an absTac suomined by T autnons). Contenis of he paper have not been
reviewed by the Offshone Tachnology Confenence and are subject © comecton by T authans). The matenal does not necessarty nefiect any posifion of the Ofshare Technciogy Comference, I
officers, or members. , dstribution, or Sorage of any part of this paper wihowt the 'withen consent of the Ofsnore Technokogy Comference i profibied. Fermizsion o
FECACOLCE IN NG IS R ohed i AN ANaTEC of not more than 200 wonss: llusTatons may not be coped, The absract Mt contin Conspiuou o GTC copymigt.

Abstract

The Gulf of Mexico gas hydrates Jomnt Industry Project (the JIP) 13 a cooperative research program between the US
Department of Energy, collaboratng federal agencies meluding the U.S. Geeological Swvey and Minerals Management
Service, and an mternafional indusinal consortium under the leadership of Chevron. The JIP conducted its “Leg I logging-
while-dnlling (LWD) operations at three deepwater sites in the Gulf of Mexico m April and May of 2009, Leg II was
intended to expand upon previons JIP work that had focused primanly on gechazards related to dnlling through fine-grained
gas hydrate beaning systems by investigating the occwmwence and natwre of pore-filling gas hydrate in sand reservows in the
Gulf of Memeo. The locations for JIP Leg IT dnllmg were the result of an intezrated geological and geophy=ical prospecting
approach that considered direct geophy=ical evidence for gas hydrate-bearing strata in the context of evaluation of indicators
for gas sowcing, gas mugrafion pathways to the shallow section. and occwrence of sand reservoirs withun the gas hydrate
stabulity zone. The expedition experienced mimmal eperational 1ssues with the advanced LWD tool sting, and successfully
managed 2 oumber of non-gas-hydrate-related shallow dnlling hazards. Two wells dnlled m Walker Ridge block 313
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