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DEEPBASINIDEVELOPMENT ENTITY (DE #2)
OVERVIEW

area designated by the ERCB,
pecial drilling/completion/testing

g of multiple stacked

ary targets: Cardium, Dunvegan, Notikewin,
Ihekr, Bluesky, Gething, Cadomin, Nikanassin, Rock
ce

= Reduces regulatory requirements for drilling and
completion programs

= No requirement for individual pressure and flow tests
for each completed interval

= Marginal zones can be completed cheaply



DE #2 OVERVIEW

Original DE #2 (2006)
m 275 townships

@ Southeastern corner
48-17W5

Expansion Area (2009)
@ 189 townships

m Ssoutheastern corner
36-3W5

m, | LEEFFL Creation of DE #2 in 2006
gErCE - T and its expansion in

Il 2009 are addressed In
[ TR B this presentation

Ak O Pt




DEEP BASIN ORIGINS
Late 1970's

Masters (1979) first recognized
the WCSB Deep Basin

A ——————



DEEP BASIN ORIGINS
B Late 1970's

- Deep Basin characterized by gas-saturated,
abnormally-pressured reservoirs

1 000

» Regional aquifers occur updip in each unit

3000
10000

after Masters (1979)



DEEP BASIN ORIGINS
Jate 1970's

Conventional
, reservoirs

ortion of total
“gOOd”
uality) reservoirs,
9 technology

Tight gas sands

| advances, higher
ded UELGCROE S

Ly reservoirs economically
ible Tight , low-pressure gas sands

ac

<€

Increasing price and technology



ASIN EXPLOITATION HISTORY
/70's — 1990's

- .

stematic exploration for
atigraphic “sweet spots”

Sy

Conventional reservoir quality
= Limited resource potential (<10 TCF)
= Little access to tight gas resource

Cadotte foreshore conglomerate
@ 9%+ , K up to 500 mD



EXPLOITATION HISTORY
2 )72 — Present

3y approach, single target

pable, lower-quality reservoirs
iently

ompletions technology

operations, facilities

domin Formation, Cutbank Ridge



[-ZXPLOITATION HISTORY
2003 — Present

ymmingling of multiple gas
gle wellbores

ulation and tie-|
vhich would be unecc

tacked low-quality reservoirs, many
1ic as single-zone producers

resource density (BCF/section) and small drainage areas
ort downspacing

S on areas with multiple productive intervals, each
- demonstrating potential for modest deliverability and
reserve

= Not an exercise in defining single-zone “prospects” with
conventional reservoir quality




EAPLOITATION HISTORY

ST
2003 — Present

dium
ace

ystematic commingling of multiple gas
eservoirs

st-central Alberta
commingling targets

Dunvegan
- channels, delta

= Viking

- shoreface

Spirit River

- valley systems (upper),
shorefaces (lower)

Bluesky - shoreface
Gething - channels

§ Cadomin - braidplain
WEE) Nikanassin
- shoreface
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DEEEISASINIEXPLOLTATION HISTORY
2005 — 2006

latory requirements hinder
)n of resource play and
0gies

cers required to n
ge blocks

application for individual

Ing flow and pressure data in each producing
adds time and expense to operations

SOLUTION — the Development Entity



W EDEVELOPMENT ENTITY CONCEPT

1tity (DE) is an entity consisting of
a specific area described in an
vhich gas may be produced

segregation in the w

bore subject to certain
specified in section 3.051 of the Oil and Gas
vation Act” (ERCB)



DEEPIBASINIDEVELOPMENT ENTITY (DE #2)
WONCEPISAND CREATION (2006)

try agreed that characteristics of the Deep
gnhation of a Development Entity

Isk of water / oil / sour gas
ential to gather full dataset in each

lany ilar wells;

ng required to establi ' eligible zones and DE #2

aries

lation of in-place gas resource required to ensure
tha e “size of the prize” would justify undertaking the
DE process

= Joint Industry and ERCB working group established
= Petrel Robertson mapping study commissioned



BASINIDEVELOPMENT ENTITY (DE #2)
STRATLIGRAPHIC COLUMN

Cardium

Dunvegan

e Deep Basin reservoirs from
Paddy (Viking) Nikanassin to Cardium

Cadotte

Spirit River

Bluesky

Gething
Cadomin

Nikanassin

Rock Creek

////////////
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\WSIN DEVELOPMENT ENTITY
NGRTHE DE #2 OUTLINE

1posite of updip Deep Basin
eservoir units
ical — proven Deep Basin producer

limit — major Foa thrust faults that could
Deep Basin pressure and fluid regimes

asternmost significant fault traces mapped at surface

, 2quires at least 3-4 gas tests in each township to be
|nclu 20 in DE #2



DEEPIBEASIN DEVELOPMENT ENTITY
SAWINGHIHE DE #2 OUTLINE

s



DEEPBASIN DEVELOPMENT ENTITY
sASERESOURCE MAPPING

place gas resource was required to
ze of the prize” would justify creating

eservoirs with
nassin

in

y
irit River
- Cadotte
= Cardium

t in-place gas volumes




DEEFSSASIN DEVELOPMENT ENTITY
sASTRESOURCE MAPPING

using four wells per township (where

margin east to Deep Basin edge

sach, net d, average porosity picked on logs

saturation, formation pre
RCB pool data
I

e, temperature, Z factor mapped

lable contoured and gridded in GeoGraphix

ymbined to produce “resource density” map, expressed
ection

Total gas resource calculated for proposed DBDE

m EXAMPLE - Cadomin Formation



CADOMIN GAS RESOURCE MAPPING
LN ES S POROUS SAND ISOPACH

1. Net porous isopach values
picked on logs
e Cadomin cutoff 3% @

e Hand contoured and
digitized (O - 45 m)

\
_______



CADOMIN GAS RESOURCE MAPPING
2y AVERAGE POROSITY

2. Average porosity values picked
on logs

e Values up to 12%

e Computer contoured, no
geological bias imposed

® Contour values 3 - 8%, with
scattered spots to 11%



CADOMIN GAS RESOURCE MAPPING
Sy GAS SATURATION

3. Gas saturation values from ERCB
pool data

e Computer contoured, no geological
bias imposed

® \Values 60 - 85%



CADOMIN GAS RESOURCE MAPPING
AT EMPERATURE

4. Temperature values from ERCB
pool data
e Values 355 - 395° K
® Insufficient data to contour
® Temperature data plotted against

depth to derive temperature /
depth relationship

e Temperature mapped as
function of depth



CADOMVMIN GAS RESOURCE MAPPING
DWRESERVOIR PRESSURE

5. Pressure values from ERCB
pool data
e Values 17,500 - 42,500 kPa

® |nsufficient data to contour

® Pressure data plotted against
depth to derive pressure /
depth relationship

e Pressure mapped as function of
depth



CADOMVMIN GAS RESOURCE MAPPING
6, Z FACTOR

6. Z factor values from ERCB pool
data
e Values range 87.5 - 107.5

e Computer contoured, no geological
bias imposed



CADOMIN GAS RESOURCE MAPPING
RESOURCEDENSITY (BCF / SECTION)

7. Gas resource density
calculated at up to
35 BCF/section

e Total 78 TCF Gas in Place
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DEEPISASIN DEVELOPMENT ENTITY
RESOURCE MAPPING - RESULTS

Formation

‘ Nikanassin

. Cadomin

TCF (in place) Area (km2)

Gething

! Bluesky

. Spirit River
Cadotte

Simonette

Cardium

TOTAL



SASIN DEVELOPMENT ENTITY
ON IN 2008 / 2009

DBDE concept proven by production

ehensive mapping
c commingling is required



Address concerns regarding potential inclusion of sour
and/or oil-bearing zones in DE #2



Cardium

Paddy (Viking)
Cadotte

Spirit River

Bluesky

Gething

Cadomin

Nikanassin

DEMZ82008 / 2009 EXPANSION
SITRATLGRAPHIC COLUMN

Dunvegan / Paddy / Viking / Cadotte
e Geographic ranges do not expand DE #2
e Can be commingled where encountered

Montney
e Unproven Deep Basin regime
e Concerns re sour gas



DEY/222008 / 2009 EXPANSION
NABOUNDARIES and LIMITS

=i

e Fernie edge is delimiter to southeast
e separates Jurassic / Cretaceous sands

e CAPP proposed western limit
at Deep Basin edge

DE#2 (2009) e ERCB recognizes principle, but

ADDITION : requires 3-4 gas wells per
township to allow inclusion in

expanded DE

e Boundary can be reviewed as
drilling density increases

e Operators are responsible for dealing
with “problem zones” (sour, oil)
appropriately by excluding them from
commingling

REVISED CAPP
PROPOSAL

\ |



DEEPEASIN DEVELOPMENT ENTITY
SCONCLUSIONS

Tertiary
Scollard

Wapiti
Belly River
Chinook

instrumental in Cardium

efficient
ion, and allowing
n capture of gas

Dunvegan

Paddy
Cadotte
Harmon
Notikewin

Falher
Wilrich

Gething

Cadomin

Nikanassin

Triassic

Modified after Leroux 2004, 2006

3900 m



