Should Horizontal Wellbores
be Logged?
An analytical approach to hydraulic

fracturing entry positioning and
completion equipment selection
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Agenda

* Existing horizontal well completion
techniques

* Multi “port” completions systems
* Wireline pumpdown plug and shoot
* Coil plug and shoot
 Abrasive jet perforating
* Value of micro-seismic data

» Horizontal well logging technology
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Completion Techniques

* Multi-port completion systems
— Hydraulically Isolated Frac Entry Systems

— Often engineered prior to well being drilled
and more geared towards spacing than
reservoir characteristics.

— Service provider supplies entire horizontal
completion system

ICe@TA™



Customer ZoneSelect Installation - 11 Zones SUMMARY SHEET lect
Weath ’ —=eE
e e n Fristery fytie
Final Installation Report
“===  Mr Good Customer |"‘" MEZ Sumn Template | hee [ P o e il e
fana |"" 1 1943 mm, P-110, 17.25 kp'm, Westhedord Fioas Shoe 5543 | 12600 | o&r |zoTace
P—— Lo 144.3 mm, P-110, 17.25 kp'm, ¥LC Sal Locking Landing Colar 3243 | 12600 | 027 [o7a04
P ol Lawiton 1403 BA3-7520 somrer =2 Lawion 194.3 mm, P-110, Z0.09 ka'm, ZoneSelec Frac Sleeve 7TA Tos Seeve 5857 | 14000 03 | 303000
pr—— e PR p— ~ — 194.3 mm, P-110, Z0.09 kg'm ARES™ Hydraulic Coen Hole Facker 5543 | 14700 | sz |4mtars
e Edrgnibon HO 1-200-621-602 === Cal Lawion = 14 Jan 2009 il cd ol
143 pi Eac = - T
— T p— — e ——— 194.3 mm, P-110, Z0.09 kp'm ZoreSalect Frac Sless 5242 | 14000 | 125 |17
{mmj L] ImEE, mnk 194.3 mm, P-110, 17.25 ka'm MTD Fermznsn: Liner Too Facker 13800 | 15900 BE | 151450
Cazng 1 3423 55 0 18BE.00
- p p Motes
Un=r 1 1728 =140 1614 60 20T.E3
et 81 Hall & [E]
[ — Lr\c!:' i inj I“‘l‘l-l-l (150 8 ninﬂ: .Pll“'j:““ Wall Bpaaliia
im)
T Mmazured Depmn 309000 mHE T Tree Vertiza® D=t 155730 meB
1 119.28 1 A nia
E e 3 T=0 =10 Intarmadime Cazing Pl 1,E85.00 mHE Cmen Hols Sz 155.0 mm
3 12836 3 [EH EEEH
151577 m i = = 5
- 2 B33 4 200 20.82 Linsr Epesifia
g 11388 3 203 235 ERH
5 TS E = == =i Liner Tap 1544 50 minE Shoe Dapth ITHAZ mHE
7 1t T 2.53 275 E5.ES Taial Un=r Lengh 158423 m Liner LagdCresrap 15050 m
E 0104 [] 278 300 TE.2D
a 19244 ] I E 335 E2.55 NTD Liner Top Packer Is complete wilh Upper Seal Bore
| = 3 = 2 =
1E55.00 M D 10 ":J'f 2 3"’: fE: ‘E'if' ZormSeisd 7TA Toa Slsays Opaning Eressors 23 WP (S pine ¥ S800 KFa)
) | 11 11258 1 353 R EFH
i ! .
,i [ 1z
I L Hotss
',' I Al dapltes given In he bem cescripbion tabis ane fops, and the dapins glven on e packers In T ool sHng lusTaton
1] below ar= camier s emenis.
Zone lengths are caioslated fom packer cenler slement o packer cenier element
- PrT— F— The T T s PRSTT— F—

Zone 11

Sharen 871
THIER

JTIYAEm

CLEE] AREE &1 AHES #11 AHES A ARES B AHES A7 ARES ¥ AREY& P FRES K
Ty VT W F17 Bdm M B 981 Sgm ) | Zdr4m Lol el Opsn Hols Sk
e
E.25 1250

f A



Completion Techniques

* Wireline Plug and Shoot Completion
— Pumpdown or tractor conveyed

— Equipment is conveyed into the horizontal,
with traditional electric line plug setting and
select fire perforating procedures
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Completion Techniques

» Coiled Tubing Plug and Shoot

— Assembly conveyed on coiled tubing — plug and
perforating gun(s) are actuated using pressure

— Typically the bridge plug is set utilizing tubing
pressure and perforating guns by annular pressure

— Time delays may be used to permit perforating of
multiple intervals

Mechanical Firing Head Setting Tool Setting Tool
Collar Locator Firing Head

PerforatingGun = :', - BridgePlug



Completion Techniques

Other options include running the assembly on
coiled tubing and using pressure to set the
bridge plug and/or fire the perforating gun

— Colil Tubing pressure actuated plug and
shoot method

— Coil Tubing time delay select fire method

Mechanical Firing Head Setting Tool Setting Tool




 Abrasive Jet Perforating

— Used not only on new wells but in re-
perforating zones that have reduced
production due to the build up of sediment
by flowing oil.

— No explosives are necessary.

— Run with either jointed tubing or coiled
tubing.

— No temperature limitations

— Perforate zones from 1’ to 10’ and 4 to 20
holes at a time.

— Tools can be customized for specific
phasing.

— Plug and shoot applications can be
performed using sand jet perforators.




Microseismic Fracture
Monitoring

* Fracturing process creates mini-
earthquakes in the formation

 String of geophones used to listen for
and then pinpoint the location of these
mini-earthquakes in 3D space
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Microseismic Fracture Monitoring

Fracture Dimensions (Width, Length,
Height, Azimuth)

-rac Width -> Packer / Perf Placement
~rac Length -> Interwell Spacing

-rac Height -> Borehole Placement in
Section

Frac Azimuth -> Ideal Wellbore Azimuth
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Packer / Perf Placement
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Frac Length — Offset Well Placement
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Frac Height: is your horizontal
well at the correct depth?

Observation Well




Frac Azimuth - is your well drilled in
the proper direction to
benefit from principal stresses?
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OPEN HOLE LOGGING IN
HORIZONTAL WELLS

Why Run Open Hole Logs?
- It's all the same stuff. Right?
- We will just frac every 100m.

Coll Tubing Conveyance Options for
Open Hole Logging.
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Typical Open Hole Logging Services
For HZ Wells

GR

Caliper

Resistivity (Induction or Laterolog)
Density/Neutron Porosity

Sonic

Imaging
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Why Run Open Hole Logs?

Evaluate hole conditions for multi-stage frac
packer positioning (eliminate wasted frac $$$)

Evaluate reservoir quality for better placement of
acid or frac stimulation (eliminated wasted $$$
putting expensive treatments in the wrong
place).

Locating water production (fractures? or high
water saturation?)

Understand your reservoir (is this well
performing better/worse because of your
completion technique or the reservoir quality?)
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Using Caliper Logs To Optimize Packer
Positioning For Multizone Frac
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Using Sonic Data To Evaluate Mechanical
Rock Properties
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Using Resistivity Image Logs To Locate
Existing Fractures
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Resistivity & Porosity Data

to Evaluate Reservoir
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Combining Resistivity & Porosity Data to

Evalu
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Combining Resistivity & Porosity Data to
Evaluate Reservoir
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Coil Tubing Conveyance Options for
Open Hole Logging

— Wireline threaded through coll (logging
tools exposed).

— Memory system (logging tools
exposed).
— Shuttle deployment system (logging

tools housed within joints of drillpipe —
pressure activated release).
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Compact Well Shuttle Service (CWS)

Well Shuttle Operations

. 1. Compact tools protected
‘ inside the drillpipe while being
tripped into the wellbore.

2. Tools being “pumped” out
of drillpipe into open hole by
messenger dart or impulse
system.

3. Tools latched into position.
Drillpipe is free to rotate and
reciprocate.

4. Dirillpipe is tripped out of
well. Compact tools acquire
data in memory mode.
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Other Logging Technologies
Pertinent to the Horizontal Wellbore

« Cement Bond Log

* Production Logging

Questions ??7?
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