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SESIOEBN=NE/INSERE0=207% Finded Research
el eeiclize and @uantify Methane

syalee REseurce Associated With: Barrow
~ Gag Flafes

?Gi)htribute to Global Research Effort
= Jlreugh Practical Research

s Advance North Slope Borough's
Understanding of It's Energy Supply

® Prove Hydrate Productivity
o Add Gas Reserves and Production




s EALECRSIUEYA(SEISmIC, WEIFLog, ,
FoUicon History, Geochem)
OIS0 Barrow Gas Fields—East Field,
,South Eield, Walakpa

= 5*-* Eliased Approach

= s |ntegrate Prior Research Efforts/Current
Knowledge
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SR SICSERARCOmpleteatarJuly;, 2007, Withr positive
es& liStiom Hydrate Stability Model

BRSIEEe B initiated August 1, 2007 and

‘___ e

‘r'npleted March 2008. Supported decision to
_p'roceed 1o Phase 2

= = s'Pliase 2 initiated December 1, 2008. Design and

dill"dedicated hydrate production test and
elhservation well
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M EEHPETELITERCTECIERALS AU Ry arater Staility Zene
l\/lorle SUPRONE HYydate Stability Zone 1n East Barrow.
rlnrl Y _alakpa Flefels

o e rlal Balance studies in East Barrow and Walakpa
e eld Sliggest external recharge but with no water
& Teduction or breakthrough.

== Slgg@ests pressure support by methane hydrate dissociation

e Objectives for Phase 1A of the Study have been met,
and support further reservoir study.
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Temp Gradient & Hydrate Stability Zone for E Barrow Wells . .
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Pressure vs Time P/Z Vs Gp Comparison
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EMB Model — Pressure (P) vs. Time plot and P/Z vs. Gp plot for East Barrow gas reservoir
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Geo loejic Mlgela

mpleted mapping and log analysis of
\ alakpa E&S Barrow: Poeol reservoirs

= _3 Sl geostatistical modell built for E. Barrow

,E_ = 2nd Walakpa Fields

=

— ssResenvolr Modeling

— Viateral balance and full-field reservoir
simulation results support hydrate influence




Depth grid on Top Upper Barrow Sandstone, Depth Grid on Top Walakpa Sandstone,
E Barrow Field Walakpa Gas Field
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Map of East Barrow Gas Field with Seismic Line through Proposed East Barrow
Proposed Hydrate Test Well Location Hydrate Test Well Location




Seismic Line through Proposed Walakpa
Hydrate Test Well Location
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Map of Walakpa Gas Field with Proposed

Hydrate Test Well Location
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CUMULATIVE GAS PRODUCTION
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Well#14 HISTORY MATCHING
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History match EB# 14 well Fieldwide Average Pressure History Match
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ConglusieagsefieelSlIric] s

UOPoN0iR26 ESCE o VI will be produced
EEREEITOVWAtOUO N depressurization
m 1 d981-2037

_‘? % i 284 BSCF (56BSCF) of MH will be
:“'_' _produced in-Walakpa from 1981-2037
— assuming current well set and rates
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o va__ EXISIERCE O STt mEthane My drates
- Pro_f:' ydieite dissociation and production
pEsigiraneranlifFmethane hydrate production

= jest well
e :
g Baiow in Q3-2010
s {*hydrates are encountered, complete and test

® [ no hydrates, move to Walakpa for hydrate test
— Walakpa Well Q1-2011

® | hydrates are encountered, complete and test

—




E Barrow Hydrate Test Well
Conceptual Design

J k13-3/8” or 20” Conductor @ 60’ Note: Not to scale

Base of Permafrost

or 13-3/8” Casing @ 1400’

~

\\; 9-5/8"

Kick Off Shoe

Armored Wire with Thermistors

{ Hydrate
= in sandstone

strapped externally to casing.

e Base of Hydrates

| N

7" or 9-5/8” Casing at 2100’

Free gas
] .
in sandstone

— T
—— T

5-1/2" or 7" slotted liner across 1000’ of
horizontal section wired with downhole
resistance heater and Thermistors.
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ENGE Phase -2 DEG, 15 2008

|re PEIMNINS
) ct CONLACLONS
OCEAUgUSE "10
3 el G oI tats for operator, drilling contractor, rig, equipment

_ spread
-_-re;—:mu—- SPIErand oversee logistics
3"' SSenptember 110 — April '11
— Drillfand complete hydrate test well(s)

— Recover core in hydrate stability zone and analyze, make
decision on program completion

e May '11 — September '13
— Production survelllance of hydrate test well
— Collect samples and data from well and analyze results

o=
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Well Design
> RFQ/ RF ‘

— 1 Complete
i';' = Barro
'> Drill > Test Well Complete
E Barrow Walak
Test Well Test Well
%> Abandon >/

E Barrow
v Abandon
%‘S'S>Walakpa>

Drill Walakpa
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simpacts on Well Location/Design




Berroyw Gas Elelefs

BARROW GAS FIELDS AND SURROUNDING LANDS |

Major Subdivisions of Land and Native Allotments
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Top Barrow ss
Subsea Depth
C.l.=20ft




Top Barrow ss
Subsea Depth F%
(tied to wells)
C.I. =20 ft
W 500 ft grid
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Modeled"most likely hydrate stabilityszone
depth-in _East Barrowskield* _—

| East Barrow Field Area: Top Barrow Sandstone Subsea Depth |
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IRS2IANGE modellng I E BRI GWARGICALES ThE
esporsercanromperexplamed with—
Corver ozl PIESSUErCEPIEWeNRTand/or aquifier SUppert.
B9 IO LE fFEE gasi zone s being rechanrged: by
r/rlfr es.
SEEIBEICHNERPING and analyses was performed resulting

;__J ENePlS geologic (static) model for reservoir
ﬁ.- nniaton:

—

_F'r!—

seEglifEIela reservolr simulation with CMG STARS was

= perormed with a history match on production and
pressure, confirming likelihood of methane hydrates in E.
Barrow’ and \Walakpa fields.

e Narrewed the selection of locations for hydrate test wells
i E. Barrow and Walakpa.
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SINELTIVES OfiPhASE 2

» Supggort riyelraie drgcltctlon Wiirl zielclifiogel sietllEiEien)
= \/\/eH avel rnodaline Rrelisminanaresulisoraseniiachiie e

Corifll n NelYSICEINESERCE Ol ydIates
— Dri a stratlgraphlc vest-well; core and leg

_J Hree IEEe gas helow the interface, monitor hydrates,
BN OIOVENIE Oes production is supported by hydrate
= 1sassoc:|at|on

_-,_4-"'"

= —ansect Hydrate/Free gas interface with 15t or 2"9 pilot hole

~— Preduce methane through conventional technigues at rates that
Willtdisassociate hydrate in the observation well in less than 5
Vears.
— Conduct periodic and ongoing production surveillance
e' Real-time temperature/pressure changes — history match
e Time-lapse Neutron and Sonic logging to monitor change in hydrate
e \\/ater/gas ratio changes
e \Water/gas compositional changes
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SHEREERSIMUIALIoN WoJK Plan, s

Opject \ o5

1. Use fine grid sirmulztion to determine optirmeal locztion of ggservation well zire
ororluct]rj' well, zne

=S eI R IENESPPSEraittiErolSEvatien well due tor production (pressure: reduction)
frorn the Rigrl egleflegiceftoee

x
E - -
.

- Ta_s- SIPICIEENGEnEral area that is best suited to see a movement or change in the
YUIIERSIIESHE removed down dip.

;;—a. -_Result the area around wells #15 and #19 were chosen due to adeguate well &
'—'-‘—55"'“”"' SsEIsmiccontrel and relatively high dip angle.

'_T'ask Z-rapplyflecal grid refinement around the area between wells #15 and #19 and
Simulatethe hydrate layer at time 0 and current time over a broad area. Run the
EXpected case and create “artificial cases” to account for other possible scenarios.

Jrask 3i— Simulate the response at the observation well, due to production from a
nighrangle producer in the free gas leg.




| East Barrow Field Area: Top Barrow Sandstone Subsea Depth |
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FO R ALL CAS ES East Barrow Reservoir Model

Oil Saturation 1881-12-01 K layer: 1
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F]ne@ ERSimulation Work Sumpaia=sEsiZas
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- Tn
WelsS
o
Tirne “I_S WEIGRSTEEU R INME L IS preposed time: off completion of:
observeition well
Pro,cl'lE yeRreRoeIne with welll EB#14 continuing to produce at a
ECOYIE el fale Of 625 VSCF/Day
= L Cage AN e expected case with all history matched properties
e ssmied.

i

ry matched fiull fleld Conlee o)flefelelel (€100 ;C160)0)) nplefelel
| ag trig gasis for finig-gricdgd (o000 welllayel®
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: f_'- EaseBis an “artificial case” to depict a scenario with a full' column
ofthydrate still intact at the location of the observation well. Note:
RIS dees noet history match.

Case D is an “artificial case” to depict a scenario where the hydrate
columniis almoest gone at the location of the observation well. Note:
This dees noet history match.
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CASE-A (Base Case: Time 0) East Barrow Reservoir Model
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CASE'A (B ase Case T| me 1) East Barrow Reservoir Model
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CASE-B: Time O

East Barrow Reservoir Model
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CAS E'B . T| me 1 East Barrow Resenair Model

il Saturation 2010-10-01 | layer: 20

— | | | | | | | | | | | — [scale: 1119147
7,000 8,000 8,000 10,000 11,000 12,000 13,000 14,000 15,000 16,000 17,000 T 37 004

— 1 [Axis Units: ft

1,800

0.40

0.36

0.32

oo’z

0.28

0.24

0.20

10,18

012

0.0g

oLz

0.00 1225.00 245000 feet

0.04
0.00 0.25 0.50 075 1.00 km

0.00

7,000 8,000 9,000 10,000 11,000 12,000 13,000 14,000 15,000 16,000 17,000




T .. " ——
CAS E' D: T| me O East Barrow Reservoir Model
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CAS E' D: T| me 1 East Barrow Reservoir Model
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OISEEIVEIENS B lask 2! - Siimulatien: VW orksieR=icH
Well Loczitiggneeisec or STt ARENGHITIENT THmeT

> The expecied case shows nydreite decorgositon fromp oslonw (fram e
original free ge yra o ifitariace), ancl frog ine gverodelag) gl
IUEISIIGERPYARHE tIME therehservation Well is drilled, at least one
interface Is gxgedisel.

As @l Qf?% WERINNELEN OLIEr PessIble scenarios may. e feund at the
oo;f Venpwellincluding 2.) a full column of hydrate, with; nosinterface.
ROImENE A ttle to norhydrate.
- e TuII collimnrol hydrate case was artificially created by turning off
o -fhermal properties: of the overburden and underburden. This could have

— _F P —

— also Been created by tweaking other input values.

— e e smaller'column of hydrate was created by using a higher temperature
~ of overburden and underburden, leading to more hydrate dissociation.

Jhis werk suggests that an observation well near EB#19 Is a good location
and'1s expected to see adequate hydrate and an interface to monitor.
IHowever, the best placement of the producer well, and/or relocation of the
olhservation well'is dependent on what is found in the pilot (stratigraphic)
hole.




S |
sl esteepeiofi Fine-Gridl Simulation Jiaskesi S

SRVEET ity andactualecaten o hydrate
colurnp/iriterface rrust ge acpowledlead,
SICENERSTIIII AORNIBEEISWIti tWorSEts ofi an
SIEEIVABIHRWENIFanofarproducer Well toraccount for:
'rrw:“ IACErtanties.

~» Ru e simulation out 5 years (duration of surveillance
"'f @im)re shew the response in the observation well
d BIEste  downdip production in the free gas leg.

o= = _' “Use simulation results and observations to plan the well
design.




CASE'A East Barrow Reservoir Model

WELL |J PLANE VlEW Grid Top (ft) 2010-10-01 K layer: 24

(2L L L IR B Pty
& 9.000 10,000 11000 12.000 13,000 14,000 15,000 1 |wee 1000

| - |l p— S S : A= Units: ft

L ¢ i il

B K 2,337
N - 7 7604
- il 2,241
E ] 2,189
C i 2,156
B : 2113
i ] 2,071
7 ] 2,028
L ] 1,985
B 0.00 162000 feet ] 1943
A 0.00 500.00 meters | |

L N O O e il

B = 1,200
B e

E 9,000 10,000 11,000 12,000 13,000 14,000 16,000 16,000 |

O 1111 1 1 1 1 1 1 1 1 1 1 1 1 1 11 11 1 1 1 1 11 | I TN A R A N I | 1 1 1 1 1 1 1 1 1 1 1 1 1 1 11 1 1 1 1 1 1 1 1 111 il




CASE_A _ East Barrow Resenwoir Model
(HYD SATURAT'ON @ TIME t%?@yrahon 2010-11-01 | layer: 20
— I

| | | | | | | | | 1 [scale: 117544

2,000 3,000 4,000 5,000 §,000 7,000 8,000 5,000 10,000 11,000 T 37004

= — |Axis Units: ft
TEST WWELL OBSERVATION WELL

0og' 1
1,300

0.40

0.36

0.32

0.28

0.24

0oo'z
2,000

— 0.20

0.16

012

0.0g

1140.00 228000 feet

0.04
0.00 0.25 0.50 0.73 1.00 km

0.00

2,000 3,000 4,000 5,000 6,000 7,000 8,000 9,000 10,000 11,000




CASE_A _ EastBarrowResemoirModel
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CASE_A _ East Barrow Reservair Model
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CASE'A East Barrow Reservoir Model

(HYD SATURATION @ TIME t £°34j8a1)'" " 'ever =
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CASE'A East Barrow Reservoir Model

(HYD SATURATION @ TIME t 24478515y e ®
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CASE'B East Barrow Reservoir Model
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CASE'B East Barrow Reservoir Model

(HYD SATURATION @ TIME t &5f5piagh 1001 Vaver: 20
TIII|||I|II|||I‘III||I|||||I|I||I|I‘IIIIIIIII||I|||II|I‘I|I||III|||||II||II‘III|II|II||°’ Scale: 1:14098

Zry: 37.00:1
Axis Units: ft

4,000 5,000 5,000 7,000

8,000 5,000 10000 11,000

0.40

0.36

0.32

0.28

0.24

0.20

0.1a

012

0.08

2090 2080 2070 2060 2050 2040 2030 2020 2M0 2000 1930 1850 1570 1880 1,850

-

— ) ) 1800.00 feet 0.04
0.00 023 0.50 073

— 0ZVz 0Lz 00Kz 060 00z 0407 090'z 0sO'z OkD'e 0QEO'Z oZ0'T OM'Z 000'Z 066l 0BE'L OL6'L 098'L  OSE')

] 0.00
4,000 5,000 £,000 7,000 8,000 9,000 10,000 11,000
|




CASE'B East Barrow Reservair Model
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CASE'B East Barrow Reservoir Model
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CASE'B East Barrow Reservoir Model
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CASE'B East Barrow Reservoir Model
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CASE-A
Temperature Proflle (Cells Contalning Vertical Observation Well)
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DEcision TTeefrom Results of Stratlgraphlc

Tast YWl —

1. Complete Stratigraphic Well as an
Observation Well;
Drill HAW downdip to free gas leg and
produce.

a raphlc Test

t)‘at Location 1 Find Full Column of Hydrate . Sidetrack and drill a HAW downdip to
intersect interface; complete the well
as a producer in the free gas leg.

. Drill an observation well offset to the
producer and intersect the interface.

Move to Walakpa, drill stratigraphic
test well in crest of structure.




o
Well DaslefsFOU[ECiiEs s

L NCERCERNPIOUUCE AL SUTCIENT ALES 1O
fﬂcﬁ uIerhyarate layer at the
or seTvation well.

BRI esponse at the observation well

“"éhould Aot be affected by near wellbore
production affects.

s Conclusion — Dedicated single wells,
preducer drilled as a high angle or
orizontal well.
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Corineciglef Pt ERACe (LS Tio g
> Loggines EWereigeRiiellige ,

- Co;g‘[ WEST pPracuices firom Mallik and MLt.
Elyari

:TAG member(s) to be selected from those

—-  nvolved
— |nterviewing of technologists for state of art

— | .ead and support functions to be worked




"f, Methane [
Hydrate
Stability

7-5/8” Surface
Casing

Penetration #1

Monitoring Well
mi i /Hydrate/Free Gas\
Interface
Observed
from
current

Dissociation /

‘ 9-5/8” Surface

Casing
l

Cored, Logged
and completed with
5-1/2” Casing
instrumented with DTS




£ ”,__C-asing
- $_trumented
= With DTS

Hydrate
Stability
Zone

7-5/8”" Casing

5-1/2” Slotted Liner
Completed as producer

—
Penetration #'s 1 & 2

Production We

k9-5/8” Casing

Penetration #1 Cored, Logged
and plugged back.




Well DesiefiENITERRENIES

-

'very nigh level cost and economic evaluation
stiggests that two wells are required, one to

roduce and one to observe and to find hydrate
3 mterface

!_
1..__.

i

? -_:55""-':"" = The state of art of multilateral technology is still

—

,;:_-ﬂ-“_f"' ~ being Investigated to see what is possible.

It Iis likely at this shallow depth, the cost and
simplification of completion may suggest two

wellbores are preferred to one well with multi-
lateral completions.
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sStage Rig and Support Services in Prudhoe Bay
sBarge operating Spread to Barrow

*Mobilize to E. Barrow

lce/Snow road to Walakpa (if necessary)
*Demob rig and support back to Prudhoe Bay
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palleuealie)

Dte AVCUC diling, completions, testing eperations requiring
QQ_E: MuBUSHogistical’stipport.
glstlcs epReErRANenRs assets will include barges, aircraft, helicopter &
BNERICIES = Air/land/sea.
_ﬂq{é\ SerVIce SECHOr representation to approach 23-25 different
B Cempanies with varying logistics support requirements

= Need for identifying logistic synergies amoung Sservice providers
andiensurng proper integration from point of manufacture to end

User
»> Logistics support equipment inventory will be non static. Assets will
e de-mobilized as required back to PRB

» Euel burnimanagement : rig/camp/vehicles/lighting/heaters
> Well'Construction supply chain inventory management
» Walakpa access : snow pak trail vs. ice road

> Field Environmental Coordination (FEC) monitoring and reporting of
tundra travel routes

ey
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Well Design
RFQ/RF f ‘

Complete

est Well

_- E Barro

= Drill Test Well Complete

- E Barrow Walak
: T

T t Well

E Barrow
v Abandon
%‘S'S>Walakpa>

Drill Walakpa
W
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Phase Il Driling and Production Testing the Methane Hydrate Resource Potential associated with the Barrow Gas Fields
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Phase [l Driling and Preduction Testing the Methane Hydrate Rescurce Potential associated with the Barrow Gas Fields
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