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A Goals of fracturing and incredible industry achievements

A Shock and awe
1 Irrefutable field data we can no longer ignore
T Fracs do NOT perform like we thought
A Plausible mechanisms responsible for underperformance

A Evidence we can do better
T Field results i refracs & improved frac designs

| We often incorrectly blame underperformance on insufficient reservoir
quality.

It is now clear that the formations have greater potential than we
thought! The fracs are not capturing well potential.




Two basic design goals
for fracture treatment

A Adequate reservoir contact (frac length)
A Adequate flow capacity (conductivity)

Technology Progression
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Increasing our reservoir contact by 1,000,000 fold
has allowed pursuit of reservoirs with thousands of times lower perm.

Tremendous (partially recognized) impact on global reserves




Two basic design goals
for fracture treatment

A Adequate reservoir contact (frac length)
A Adequate flow capacity (conductivity)
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290 yds x 215 yds = ~560,000 ft2

Architect claims 1.7mm ft2 including all decks, concourses, stairs, etc

So maybe envision 18 NFL
stadium footprints as the surface
area of contact.

Images: ESPN, BSOblacksportsonline; Wikipedia, ticketini, turnerconstruction.com




How large are the connections between a
transverse frac and the wellbore?

Cemented & Perfed:
Suppose we have four perfs in a cluster that are connected
to the frac. Suppose thg
Footprint of 4 dimes ~ 1.6 in?

Openhole, uncemented:
Suppose frac is 1/100 wide

full circumference connec@u

circumference). 1.8 in2 About 1/10™ of a $5 bill

If | optimistically assume | successfully
initiate and sustain 100 transverse fracs, |
get a connection equivalent to 10 bills

Images: ebay, us-cash.info

Y-
R
FIVEDOLLARS zfv@

» s

Envision 18 NFL stadium footprints as
reservoir contact.

The cumulative area of connection of 100
perfectly executed transverse fracs is

it iany

about the size of one hash mark

10,000,000 ft2 : 180 in?
8 million :1

The frac conductivity may be a bottleneck!?!

Images: ESPN, BSOblacksportsonline; Wikipedia, footballidiot.com




Some field examples that challenge
our understanding

Microseismic mapping T tight gas sand
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Well B designated monitor well,
not completed.
Based on this would you frac it?

Well A & D came on at 8 mmcfd.
Well C came on at 7 mmcfd
(within normal variability)

We | | B was eve
came on at 7 mmcfd, no
indication of detrimental impact
or interference with surrounding
wells.

After 1 year, most declined to
3 mmcfd. After 5 years all
around 1 mmcfd

No apparent interaction



Fracs can have enormous reach

Two Stage Cemented Barnett Shale Lateral

/\ = First Stage Perf Clusters
A = 2nd Stage Initial Perf Clusters
A = Revised 2nd Stage Perf Clusters

Fracs can extend
>1500 feet

We know we can bash
offset wells with both
water and RA tracer
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SPE 90051

.| Fort Worth Basin — Barnett Shale
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How effectively do we drain?
Ante Creek, Montney Oil

ANTE CREEK OIL

16 years later
encountering
near-virgin
pressure.
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AnteCreck North Triassic E Pool
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Source: ARC Investor Presentation Nov 2012

Fractures Intersecting Offset Wellbores

Evidence f r aiot@affset wellS (at same depth)
Microseismic mapping
Slurry to adjacent well
Increased watercut
Solid radioactive tracer (logging)
Noise in offset monitor well

Documented in

Tight sandstone (Piceance, Jonah, Cotton
Valley, Codell)

High perm sandstone (Prudhoe)
Shale (Barnett, Marcellus, Muskwa, EF)
Dolomite (Middle Bakken) ™
Chalk (Dan)

Often EUR, fdApul se tlestso | Aint

testso fail t o I ndilpo ad @so Soop ot &
.. West-East (ft)
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Fractures Intersecting Bakken Laterals

A Sometimes adjacent wells are improved by bashing!

Snydley Shaw 7-4H (Pre-2006 Completion)
Snydley Margaret 7-3-HID3 (8 stages, 30/50 MgLite, 150K/stage)
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Figure 17. Comparison Production Plot of Snydley-Margaret 7-3-HID3 to Snydley-Shaw 7-4H
40 BOPD Gain
Enerplus SPE 139774 i Jan 2011

Haynesville Beneficial Interference Example

Offset well (900 ft away)

completed in 14 stages, SW +10# Gas 3.5 to 5 mmcfd
linear

175,000 bbl FTP 2200 to 7000+ psi

6.8 mmlbs 100 mesh, 40/70
Ottawa, 40/70 THS Water 20 to 50+ bwpd

Max concentration 2.3 ppg
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These examples are perhaps subject
to interpretation . . .

A Are there irrefutable examples that demonstrate
fracs may not be highly conductive, durable
conduits as traditionally implemented?

Marcellus Fractures Intersecting Offset Laterals

Marcellus - Slickwater

Microseismic, DFITS, downhole pressure
gauges, PTA, chemical tracers, production
interference

950 ft spacing. 1H treated 5 weeks after 2H
Cemented, 7 stage PnP
Slickwater 100 mesh, 40/70 and 30/50 sand
~6000 ft TVD

Pressure communication in 6 of 7 stages
Chem tracers from 2,3,5,6,7 recovered in 2H

After 6 months of production, each well
producing ~1 mmcfd

When one well is shut in, the other well
increases in rate by ~20% demonstrating
some degree of connection, but
clearly imperfect after 6 months.
Large pressure losses inside the
fractures. Can we fix this?

Mayerhofer SPE 145463 i Nov 2011
Pinnacle and Seneca




