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Pros and Cons of Underbalanced Drilling for Tight Gas

Presentation Overview

« May need unconventional drilling for
unconventional gas.

e UBD definition and overview

e 3 field examples with pros and cons
- 3 ways to do it

e Summary/conclusions



UBD Definition & Overview

Drilling with the well flowing
Typically at ~200 psi below reservoir pressure.

Potential benefits
- reduced formation damage
- test while drilling, change direction if needed
- ROP increase

Potential drawbacks
- higher dayrate & equipment spread
- formation instability
- Initial field personnel concerns
- significant FEL to ensure safety



For unconventional gas —
things to think about.....

-Would the formation flow if drilled
without damage?

-Is the formation stable enough for UBD?

- Will the higher cost be economic?
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»11,000-13,000" TVD
» 650’ pay
»Limestone fractured
»300° F

»Depleted <3 ppg BHP
(was 14 ppQ)

Con - Hit this shale
and will get
stuck.

No problem
shales in
payzone




e

.

=,

: Rt
i o I P
§ - ' 71 .
. oL = s 3
o '-n’e.‘—"' » o : -
% Tty - & X o
" "‘-..—;-_ 1‘ #
: 3\
" 7 b

50@7?00”'

1500 scfm N

12 MMscfd out well (2 VM

— A . T 0 L] 4
at - g — - e W ; o

-

- - ‘:J‘ - U
e x R £ «r -

Con Very Iérge surface klf
For extreme UBD operatlpn

* = 2 .'s-- . B ‘H. -




Sajaa 15/Sajaa 15 L1 (Leg B)




Sajaa 07/Sajaa 7 L1 (Leg B)

< —
N

4gSO<>
SOOO
. S~




Gas Rate, MMCFD
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Pro - Why it was done!

Big production rate increases.




North Slope Fields LISBURNE

Alaska |
. Aretic acean ¢

-
Lisburne

-__K“_h__’/

[ Kuparuk
[] Non Kuparuk

Lisburne carbonate — 2B Bbl OOIP, poor recovery to date <10%.
Tight carbonate, need fractures to flow.

In 2006, pilot similar concept as Sharjah

Target reservoir exposure with ROP, prod info, less damage.



Coiled Tubing Drilling capability
on the North Slope

Pro — easy to trip with well flowing with
continuous coil tubing.




Lisburne CTD UBD

Surface drilling kit

Gas lift for underbalance

Drill with diesel

Send returns to LPC (600 psi)
Remove solids at rigsite

NoO pumping, compression, or
flare

7 months of FEL

pumped
down

coil as drilling
fluid

Pro — diesel does not disperse
mudstones I

) Gas lift line
Production

to LPC

Parent Well

Diesel Drlg
Fluid

Tiger tanks Flowback

separator
@ 600 psi
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Con - still a large surface kit

Fully Asssmbled Surface Kit

Nordic 2




First Well
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7-5/8" 33.74#lft 6.765" ID
4-1/2" 12 6#/ft 3.958" ID
4-1/2" Th Collar [ 10666.46

Tubing Centralizer |§ 10667.24

TOWS = TOW = 10684.50 ft
Set 7/15/2006 at 7°RHS

10684.5 ft to 10697 ft 12489.00 ft

10693.99 ft

4" "GS" Profile
Lower Snap Latch
10697.12 ft

45 KB Whipstock Packer
10697.92 ft
10698.82 ft

10701.77 ft
10702.88 ft

2.313" "XN" Nipple w/ C/W Gauges

Pro - Lots of
reservoir
exposure

4-1/2" Collar 10707.00 ft
7-5/8" Collar 10707.00 ft

10707.95 ft 2-7/8" EUE PJ with WLEG

TOWS 10715.00 ft

3-5/8" X 4-1/2" Monobore
Whipstock
12,800 ft

RA Marker 10723.60 ft
BOW 10725.00 ft

BOWS 10727.44 ft

oos Second Well
l| 7-5/8" 337411t 6.765" ID
4 4-1/2" 12.64/1t 3.958" ID

8,930.00 ft

758 Colet | Milled window 8935.8 ft to 8947 ft

21-Aug-2006

BOT Guidestock
Guidestock designed to allow smaller tham 2.35" OD
tools to pass but will divert tools > OD of 2.41" to divert
out into lateral

TD 8-29-2006 at 00:30 hrs.

11,500 ft
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Snap Latch
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BT

Record length 2564

12501

S AT PO

|
3.70" OD (turned down) 2.188" "XN" Nipple

Plug pulled 8/31/2006

TR

4-1/2" Thg Collar 8,968.00 ft

2-7/8" EUE PJ with WLEG

Btm of Tail Pipe

TOW
8960.00 ft

Cut short due to

dolomite instability
LS-iGALl

o BT Al o L AT L AP

Lower Snap Latch

516 AL1 PBA[TE7OT

897313 ft
8974.40 ft

45 KB Whipstock Packer

K

[Top of Guages |8977.84 ft [ i
8979.10 ft 5 § Plug pulled 8/19/2006

E g 2-7/8" EUE PJ with WLEG
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TOWS 9097.00 ft

3-5/8" X 4-1/2" Monobore
Whipstock

L5-16A 10,875 ft

RA Marker 9105.60 ft
BOW 9109.00 ft

BOWS 9109.44 ft
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Lisburne UBD Summary

Outstanding HSE performance

Drilling

 Remarkable bit runs of 832°, 729’, 780°, and 977’ md (all records).
* Dirilled 666’ in one day (record).

o 2564’ lateral (record, 984’ longer than any OB well).

o Total of 9,130 feet drilled.

« ROP averaged over 250 ft/day (doubled).

o 40+ BHA pressure deployments into ~1000 psi flowing WHP.

* Pilot 40% over on cost but essential lessons learned.

Production

* Produced 14,000 bbls of oil while drilling.

e Con - Higher GOR production than desired. Faults may connect upwards.
* High gas rates make UBD rate benefit analysis difficult — still assessing.

» Continue post-drill evaluation & data gathering.

e Planning for 2009 program.



Cleveland Tight Gas Sand




Anadarko Basin
Cleveland Reservoir
- Texas & Oklahoma

» Very fine-grained sandstones, rock fragments

* Top Reservoir: 6500 - 8200 ft TVD

* Net Pay: 25 - 80 ft

» Porosity: 8 - 14 %,

* Permeability: <50 microdarcies, avg. ~10
microdarcies

 Down to 4 ppg reservoir pressure

* Pro —allows drilling without severe lost circ.
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Completion System

« Utilize 2-7/8” system with external OH packers to isolate stimulations
throughout the horizontal wellbore. System utilizes ball-activated
sliding sleeves to both isolate the zone below and stimulate the next
zone. Packers straddle the sleeve to provide the isolation on the
backside.

Pro - Higher initial production seen than OB wells
‘ Con - Challenged by high cost, but working lower.
\Liner Top Packer 8

Seal Extension

RockSeal Isolation Packers

2-7/8", 6. 40ppf, N-B0 Hydril 511
Production Casing

Ball Activated Frac Ports

Hydraulic Frac Port



Summary & Conclusions

Discussed Pros & Cons of UBD & showed 3 field
examples

Potential benefits
- reduced formation damage
- test while drilling, change direction If needed
- ROP increase

Potential drawbacks
- higher dayrate & equipment spread
- formation instability

Questions to consider for unconventional gas
- Would the formation flow if drilled without damage?
- Is the formation stable enough for UBD?
- Will the higher cost be economic?
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