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Introduction

Unconventional gas plays have changed the face of
exploration and development in NEBC

s Huge gas resources over very large dareas

 Intensive development - horizontal drilling, multi-frac
stimulations

Environmental impacts must be addressed
e Access to new, undrilled areas
e Roads, pipelines, materials
e Water is the most critical issue
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Why is Water so Important?

Large water volumes required to make up frac fluids

e Horn River Basin - up to 4000 m3 per frac, up to 28 fracs per
horizontal leg

Contaminated flowback / produced water must be
disposed of safely

Recycling can reduce volumes of new water required and
disposal capacity required, but -
e Substantial amount of water stays in the ground during each
frac operation

e Chemistry of flowback waters necessitates some disposal
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Addressing Water Issues

Producers in WCSB are acutely aware of importance of
addressing water issues early, before large-scale
development begins

e Prefer to use deep saline groundwater to avoid conflicts with
domestic and agricultural use of potable water

e Producer groups have enlisted technical support from
Geoscience BC and provincial government
 Also provided confidential data and financial support

Provincial government has worked to fine-tune the
regulatory framework to support water access and disposal
needs
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Horn River Basin — Overview

Devonian Muskwa Formation - true shale gas target

Shale gas play in a shale-dominated basin

e Drilling for conventional targets on southern and
eastern basin flanks

e Play area practically undrilled prior to Muskwa discovery

Large, water-based fracs were established early as
essential to economic success of the play
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HRB — Water Issues

Lacks large through-flowing rivers or large lakes
Surficial geology and aquifers not mapped

Deep subsurface aquifers not mapped
e Well control lacking over most of basin

Horn River Basin Producers Group recognized issues
during initial delineation work

e Enlisted technical support from Geoscience BC
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Geoscience BC — HRB Aquifer Project

Geoscience BC is a not-for-profit technical organization,
originally funded by provincial grant

e Tasked with undertaking geoscience-based projects to
promote minerals and petroleum exploration in B.C.

e Received large grant, targeted at HRB, in 2007

HRB Producers Group identified water sourcing and
disposal as primary geoscience-related issue for shale gas
development

Phase I program set up in 2009
- Determine distribution and capacity of deep subsurface,
non-potable aquifers in the HRB as:
- Potential sources of water for shale gas completions

- Potential disposal sites for water produced during shale gas
completions and production
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Horn River Basin
Primary Reservoir Units

BUCKINGHORSE

-——2-——300-800 m

A
» Mississippian carbonate platform

PEBOLT el * Local reservoir development

-'——----l‘_ 0 DETRITAL Within CYCleS

O S I : :
UPPER [y Ll T /e gty * More consistent and higher-
RUNDLE Il'lllllllllllllllllllh'\ : -

T T3 quality reservoir at upper surface
MIDDLE 2 I e e e e e e e CARBONATE in “Detrital” zone
RUNDLE | PR PLATFORM

e e e e e e e e e e Mattson sandstones (not shown)

| I (N (N (N N (N N (N (U (N (N N N N

I - 1. oL/ * to west in Bovie Fault Zone and

5 . .

LOWER I:LI|||IJ|-I|IJ|-:|_:_|-:I-|:|:|:|:|:|:|:VV Liard Basin
RUNDLE e i e T L

L Pt * Cretaceous sandstones

— e Gething to east
PEKISKO | | | | | | | | || | 1 | 1

T Y- 5004300m * Bluesky to southeast

L4 o1 1 1 o1 o1 o1t  Chinkeh (not shown) in Liard Basin

BANFF N N S




Peroaity

Poem [}

Totsl Paron %) Visally Evton sted Porm.
Size | Lithology ® g I( Gaolsgical Descriptions
a8 i
ig:s

DEBOLT

"

DL £ryptin, com ¥ 1, com cryptaain, m e b
geod intein gir. com it with sbund solies, coltic
graiest, com callic glisentic MOST, near

shaoraon shere envirens el of deposiion 1213 com

&% par, 13+ com dh ¥, com DK.CHERT,

L5 ABLNDANT, Itk gy, mikracef un, com chalky
e, l-comiy rgdibs eous, tom coneks, b pos
rngapera 13% pee <08

L5 cryptemicro tie, mado bem, i cringids,

L2 cryptoamicro s, Ry, I, < pes i crinaids,
syengimen (71, ¥ 119, o ieSinfvggy par, T par,

L5: erypto-mbero sie, cam I xis, b gom crin bl pos
srvinapera, i micraf i, 12 B e I AL 7]
<003 bo A0 mDE

L& erypto-mbero tie, cam WA Imed 1, trcom

ehaliy berture, & erinehds & pes corals, com bitumines
ety

e dhgy - gy B,

15 dh gy, g0 b, itmmingies, tr.com LS: microf s,

namdie |
4 com
| 002008 =4l

h0TmD

1:2% par, <0.02 mi

SH: kg 4y B, bitmminanes, 00 LS: micro.d i,
14% por, 0 md.

5H, 7 L5, chalty, 1] ssginit

SH, tr-e9m LS. chalky,

L5: erypte wh, com miers.of uin, 8 argcemly
b ruminout., im criscid, MDST, 1% 12 con 29 001 ml
I com 0£3.2.95 md

L5: erypte-miers zie, moted off whtandt & Bed 3y,
claan o sl aegibit o crinoid, crisokdal NOS!

5+ Bk, bitumsinen

Debolt
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* Correlated on flooding surface markers
in Horn River Basin

» Stacked shoaling-upward carbonate

cycles form carbonate platform
» dominantly mudstones to wackestones /
packstones; little primary porosity
* upper parts of cycles are dolomitized in
middle of platform, in isolated wells
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* Correlated on flooding surface markers
in Horn River Basin

» Stacked shoaling-upward carbonate

cycles form carbonate platform
» dominantly mudstones to wackestones /
packstones; little primary porosity
e upper parts of cycles are dolomitized in
middle of platform in isolated wells
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Detrital Zone

e Extensive and intensive dolomitization
at pre-Cretaceous unconformity

* Poor core and sample recovery

* Poor log characterization — washed out
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Detrital Zone Outcrop Analogue
Madison Group, Northern Montana

Solution breccia, dolomitization, recrystallization
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Regional fracturing
(Giant Springs, Great Falls)
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“Horn River Basin Aquifer Characterization Project
Conclusions (1)

Stratigraphic analysis shows three subsurface units with aquifer
potential:

e Mississippian carbonate platform

e Mattson Formation

e Cretaceous sandstones

Best quality and most continuous reservoir in “Detrital” unit
capping Mississippian carbonates, particularly associated with
Debolt subcrop edge

e Very little well control in western half of HRB - is the “Detrital” more
widespread?

e Existing data support only semi-quantitative reservoir quality
assessment



Horn River Basin Aquifer Characterization Project
Conclusions (2)

Waters are saline, but suitable for use as completion fluid

e Low concentrations of sour gas seen in Mississippian waters — requires
some treatment

Extremely high permeabilities occur in Mississippian “Detrital”
unit
e Flow/injectivity tests, DST’s, cuttings samples, well logs

e Mappable along ®-h fairways

Relatively limited reservoir potential in sandstone aquifers
e Potential local “sweet spots” in Mattson and Chinkeh

Aquifer opportunities are not evenly distributed across the basin
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Horn River Basin Aquifer Characterization Project
Phase 2 Study (In Progress)

More advanced mapping of surface geology and
unconsolidated sediment cover

Remote geophysical methods to delineate shallow
channel aquifers

e Proposals for Airborne Electromagnetic Survey Pilot
Study under consideration

Update subsurface mapping with new well data
e Particularly additional test and flow / injectivity results
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Montney Play — Overview

Triassic Montney Formation

Tight gas (siltstone) Deep Basin play in Peace River Plains

e Initial development at Dawson with downspaced vertical
wells

e First horizontal multi-frac completion in 2005; now the
preferred development strategy

Recent development in Peace River Foothills
e More argillaceous westward — grades to a shale gas play

Variety of completion strategies and fluids — but all require
large water volumes

26



| /I\/Iontney Play Area — Water Issues

Several major rivers flow through area
e Seasonal flow variations are considerable
e Hydroelectric developments - existing and planned

Substantial domestic and agricultural water demands
e Dawson Creek, Fort St. John
e Urban and rural water wells

e Abundant shallow well data for surficial and shallow bedrock
aquifers

Abundant deep well control from oil and gas operations
e Some water injection wells exist, but few water source wells
e Deep aquifers have not been assessed regionally

Producers have come to appreciate scope of water source and
disposal issues as individual pools have been developed

27



" Geoscience BC — Montney Water Project

Geoscience BC guided initiation and development of
Montney Water Project, modeled on work in HRB

Comprehensive assessment of surface, shallow
groundwater, and deep saline aquifers

e Collaborative effort with industry, provincial government,
universities, and communities

Phase I program set up in 2010; completion Q2 2011

- Data gathering and database creation are key activities for
surface and shallow bedrock assessment

- Comprehensive regional deep saline aquifer mapping based
on existing well and test data

28
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/ /I\/Iontney Water Project — Surface Water

Montney play area encompasses parts of several major
watersheds - including Peace, Pine, Halfway, Kiskatinaw

Each has particular issues and demands
e Seasonal / variable water flow - some recent droughts
e Agricultural / domestic demands
e Hydroelectric developments

Studies are designed to better characterize and understand
hydrology of each watershed

e Acquiring additional stream flow data is critical
e Support for academic projects



~ MWP - Surficial Geology and Shallow Aquifers
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WP — Surficial Geology and Shallow Aquifers

Compile existing maps and databases on shallow
bedrock and unconsolidated sediment cover

Create comprehensive databases of shallow well data,
identifying usage, water quality, and volumes

Consistently identify and map shallow aquifers

Compile all information into spatial data model



~ Montney Deep Aquifer Study Areas
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Plains - several potential
aquifer zones in Lower
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potential, possible Debolt
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Plains
Cadomin

Peace River alluvial fan
source area

Deep Basin (non-
aquifer) area to south

Best aquifer potential to
north and east



Plains
Bluesky

Chamberlain Delta to
south
e Poor aquifer potential
— fine-grained, Deep
Basin

Broad shoreface to
north
e Substantial aquifer

potential, increasing
to east



Foothills
Gething

Confluence of Spirit River
and Edmonton valley
systems

e Thick basal sands with good
continuity

Substantial aquifer
potential only in southeast

e Degradation of reservoir
quality westward



Foothills
Bluesky

Thick estuarine valley fill
in northwest

e Dominantly fine-grained,
Deep Basin

Stacked shorefaces in
south

e Some aquifer potential -
good porosity, wet on logs
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Deep Subsurface Aquifer Characterization

Regionally significant aquifers mapped
e Gross isopach, net porous reservoir, average porosity

Test and production data assessed to characterize
potential reservoir performance

e Regional hydrogeology
e Fluid chemistries - suitability as frac fluids
e Model long-term productivity and injectivity rates

Final outputs will be like Horn River Basin study

39



’ /I\/Iontney Water Project - Summary

Collaborative effort, led by Geoscience BC
e Industry, provincial government, community support

* Identify secure long-term water sources; minimize
potential conflicts with existing water users

Comprehensive assessment of surface, shallow
groundwater, and deep saline aquifers as water sources

Wastewater disposal — deep saline aquifers

Alternative solutions - e.g., Shell using Dawson Creek
municipal wastewater

40



" Other Unconventional Play Areas

Cordova Embayment

e Devonian shale gas potential - earlier stage of
development than Horn River Basin

e More developed infrastructure, but faces similar water
source and disposal issues

Liard Basin
e Thicker shale section with unconventional potential
e Chinkeh tight oil play at Maxhamish

e May be most challenging area for water - most deep
subsurface aquifers have shaled out

41
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Conclusions (1)

Unconventional gas plays have changed the face of
exploration and development in NEBC

High-capacity water sources and safe wastewater
disposal are key issues to successful development
e Careful planning is required to identify appropriate

sources and disposal sites, while minimizing
environmental and community impacts

Joint Geoscience BC and Horn River Basin Producers

Group Aquifer project identified deep saline aquifers

in the Horn River Basin that are now important water
sources supporting the HRB shale gas play

42
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Conclusions (2)

Geoscience BC Montney Water Project, undertaken with
support from industry, provincial government, and
universities, will better define scope and potential
solutions for industry water needs in the Montney play
fairway

Additional (Phase 2) work will be required in both HRB
and Montney to address issues more comprehensively

Other NEBC unconventional play areas - Liard Basin and
Cordova Embayment - will face similar water issues as
prospectivity is defined and development ramps up

13
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