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Protecting Water, Producing Gas

Groundwater Protection
during Coalbed Methane and other Natural Gas Produc tion

Red Deer Watershed Alliance
Trochu, March 14, 2008
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The Pembina Institute

“To advance sustainable energy solutions through
research, education, consulting and advocacy.”

Founded 1985

Focus on energy and environment issues &
environmental economics

policy research and analysis

public interest advocacy and action

corporate environmental analysis and consulting
public/ school education
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Fresh and salty groundwater

Fresh = non-saline (near surface)
Salty = saline (at greater depths)

Saline water, more than 4,000 mg/| total dissolved solids
(TDS) — Alberta government definition

Alberta Environment regulates withdrawal of
non-saline water

Base of groundwater protection (BGWP)
marks base of non-saline water

Approx. 150-600 metres deep
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groundwater protection
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Coalbed Methane/Natural Gas in Coal Multi-
Stakeholder Advisory Committee (MAC)

1/3 of recommendations relate to protecting aquifers

Protect non-saline aquifers
Risk-based approach for licence application

|dentify areas where greatest risk, accelerate aquifer studies

Improve scientific information

Expand Alberta Environment monitoring network & data
Operators get baseline data before drilling

Investigate drilling/completion practices (includes
fracturing)

Investigate potential for methane migration 5
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Overview of potential impacts

Geophysical activity

Well drilling

Well stimulation — fracturing
Gas migration

Water production with gas
Handling produced water
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Geophysical activity

Do seismic exploration vibrations affect water
wells?

Studies suggest it is unlikely, but difficult to prove

Geophysical inspector estimates some complaints are
related to seismic testing (next slide)

Landowners can negotiate for water well test prior to
and after seismic testing

Are unfilled seismic shot holes potential pathway
for groundwater contamination?

Government study in progress

Landowners can negotiate for shot holes to be filled
from bottom to top 8
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Geophysical activity (2)

Geophysical Inspector (Alberta Sustainable
Resource Development) estimates that:

Up to 10% of water wells investigated likely associated
with geophysical operations

Up to 30% insufficient evidence — inconclusive

Up to 60% related to other causes (well deterioration,
lack of services, equipment failure)

Water Well Restoration or Replacement Program
— Farmers’ Advocate Office

Need records of all expenses if making a claim

9
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Well drilling

Drilling mud — potential for groundwater
contamination if water from sloughs, dugouts?

MAC Committee

Recommended study of potential impacts from drilling
and completion fluids

Alberta Energy Resources Conservation Board
(ERCB) has commissioned a 3 party study

Chlorination of water — eliminates most E. coli but
not all other bacteria

Interim information — health risks likely of short
duration and in close proximity to well bore 1
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CBM - baseline testing of water wells

Alberta Environment, May 1, 2006

If company drilling CBM well above base of groundwater

protection
Must offer to test all active water wells within 600 metres
If no water well within 600 metres, test one within 800 metres
Test for yield, water quality (including bacteria and the presence
of gas)
If there is free gas — test composition and isotopic analysis

ERCB Directive 35 — requires companies to comply

Company must give landowner copy of results
within 2 months

11
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Testing for gas

Alberta Environment — requires test for free gas
Should there be a test for dissolved gas?

If there is much gas — some gas will be free

Concentration of dissolved gas depends on:
Temperature

Pressure

Well history, such as recent pumping
Measuring equipment, etc.

Alberta Environment evaluating whether to require
dissolved gas tests

12
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Negotiate baseline water-well testing

Landowner can negotiate for additional testing, not
required by Alberta Environment
For dissolved gas — in addition to baseline protocol
For a second test after the gas well is drilled
At greater horizontal distance than in protocol (> 600 m)
Where gas (or oil) well is deeper, in saline zone
For a copy of test results bdbefere gas well is drilled

If problems later
Notify Alberta Environment, 1-800-222-6514

Then ask company to re-test water well
N.B. Document all water changes, with the date 13
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Fracturing coals seams

Fracturing opens up coal seams (or other
tight gas formations) so gas flows to wellbore

Concern that:

Fracturing fluids might enter groundwater
Fracturing fluids may contain a wide range of substances
Nitrogen used to fracture dry coal seams
EUB does not allow toxic substances for fracturing above
base of groundwater protection
Fracturing might open up pathway for gas
migration

Has fracturing affected water wells?

14
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Groundwater Protection

Reservoir/Well Schematic (Chigwell Area)
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Coal Zones may
representseveral
coalseams,
ranging in
' from 20
metres

400 m (1312 ft)

15
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Fracturing — shallow formations

Shallow fracturing of wells in Alberta has
Impacted adjacent ollfield wells

ERCB Bulletin 2005-53

ERCB Directive 27 on shallow fracturing
operations

No fracturing within 200 metres (horizontal) and
within 25 metres of base of water well

Limitation on fracturing at less than 200 metres
deep (requires impact study)

Technical review committee to learn more about

shallow fracturing
16
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Gas migration

Fracturing or reduction in pressure in coal seams
might allow gas to migrate

Production gas should not leak if surface casing is set
below water wells and surface and production casing

are cemented to surface
Leaks to surface in Lloydminster area — 1990s

Complaints in central Alberta (Horseshoe Canyon
formation)

Does gas come from coals, sandstones or from
bacteria in an aquifer or water well?

Water well drillers reported 900 of 360,000 water wells had
gas when drilled

26,000 wells drilled through or completed in coal seams
17
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Gas In water wells

Methane — odourless In natural state, non-toxic
Low levels of methane Iin water, not a concern

10 — 28 mg/l methane in water
Investigate, as methane levels may be increasing to
dangerous levels
Over 28 mg/l methane in water
Will be released to the air, at surface temperature and
pressure
5-15% methane in air could explode, If exposed to
a flame, spark, pilot light or cause asphyxiation

MUST VENT WATER WELLS TO THE AIR 1
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Problem well investigations

Alberta Environment investigates problem
water wells (with assistance from ERCB)

For example:

Red Deer Region - Jan. 1 — Oct 15, 2007

62 water well complaints in total
21 CBM-related complaints
16 CBM complaints investigated

0 CBM complaints where uncertainty or any link to
CBM

7 cases outstanding 19
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Analysis of problem water wells with gas

Gas composition
Proportion of different gases helps identify source
Mainly methane (some carbon dioxide and nitrogen)
Natural gas wells —> methane, ethane, propane, butane

Gas from bacteria in water —> mainly methane (very
small amount of ethane)

But — shallow natural gas is often formed by bacterial!

|sotopic analysis

Helps identify the source of gas in water wells, by
matching to gas in water and/or the formation
20
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Cross-plot of carbon isotope values for methane

and ethane in Alberta gases from different origins
From Dr. K. Muehlenbachs
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Investigation of four water well complaints

Alberta Environment engaged Alberta Research Council (ARC) to
iInvestigate 4 problem wells (3 in Rosebud area, one near Wetaskiwin)
Water well owner complaints:

Livestock refusing water

Methane gas in water

Increased methane gas in water

Mineral and bacteria deposits in well and plumbing system
Dr. Alec Blyth, ARC Report, January 2008:

Used data from earlier investigations, provided by Alberta Environment

Concluded water wells most likely not adversely affected by energy
developments — but one well does have gas from 5000 ft. deep

Report reviewed by Dr. Karlis Muehlenbachs and Barb Tilley, U of Alberta
Some of baseline wells used for comparison may have been impacted by CBM
ARC report did not analyze ethane isotope ratios
Lack of coal isotope data

Concluded that “Overall conclusion of Dr. Blyth's report ... to be premature.”
22
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Dewatering of coal seams

Distinguish between CBM wells with non-
saline and saline water and “dry” wells

Remove water from coal — so gas can flow

ERCB requires produced water to be re-
Injected into deep wells (unless alternative is
approved)

Deep CBM wells e.g., Mannville — saline water

23
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Commingling of gas in well bore

Commingling = mixing gas from different
formations in the wellbore

Company must notify ERCB if well produces more
than 5 m3water per month, if wellbore is
perforated above base of groundwater protection

ERCB Directive 44

Requires action to prevent commingling of water

e.g., close off perforations into shallow formation

No commingling allowed from above and below
base of groundwater protection if formations
produce water 25
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Diversion of shallow groundwater

Company must apply to Alberta Environment to divert
non-saline groundwater

Guidelines for Groundwater Diversion for Coalbed
Methane/Natural Gas in Coal Development

Requires technical survey — prior to application for licence to
withdraw water from coals

Water must not be withdrawn below the top of a confined

aquifer

Under revision — will apply only to larger withdrawals
Code of Practice will apply to smaller volumes

Limits will probably be 5 — 30 m3/month or 100 m3/section

N.B. Water well for household use allowed to divert
up to 1,250 m3/year 26
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Beneficial use of produced water

Alberta Environment considering beneficial use of
produced water

No surface discharge allowed at present
Water may need treatment to reduce salinity

Surface Water Quality Guidelines for Use in Alberta —
currently apply to discharge of industrial waste water

If produced water is used — must monitor salinity, etc
Potable water: ideally less than 500 mg/l TDS
For livestock: may be up to 3,000 mg/l TDS
For irrigation: 500 — 3,500 mg/l TDS

Depends on crop and sodium adsorption ratio of the s@ilme rertina msinte

www.pernrbina.org
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W hat landowners can do

Negotiate for baseline water well testing

Even if gas (or oil) wells are drilled below base of
groundwater protection

Keep baseline study carefully

Vent all water wells — as a precaution
Some gas as shallow as 35 metres in N. Alberta

Maintain water wells

1996 report on M.D. of Kneehill shows problems before
CBM development, e.g., sulphate-reducing bacteria

See Water Wellsthat Last for Generations
Avalilable from Alberta Agriculture and Food
Use a biodispersant and new (lower) levels of chlorine e

© 2005 The Pemrbina Institute
www.pernrbina.org




-PEMBINA

~institute Sustainable Energy Solutions

Pembina’s recommendations to
government include:

Protect groundwater to greater depth
l.e. with salinity up to 10,000 mg/I total dissolved solids

Improve knowledge of fresh groundwater
Increase # of monitoring wells

Extend requirement for industry to conduct baseline water
well testing

Improve system for handling and reporting on complaints

Ensure long-term funding to enable sustainable, integrated
management of province’s groundwater

AL
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Need for integrated decision-making
process in Alberta

Structural obstacles to integrated decision-
making
Policy and planning vacuum
Decision-making silos and fragmentation
Entrenched incrementalism

Lack of effective public participation in decision
making




-PEMBINA

~institute Sustainable Energy Solutions

Decision-making by Sectoral Silos

31
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Towards Integrated Decision Making

Policy framework for sustainability — living
within limits
Effective integrated planning

Changes to rights issuance, project review
and regulatory processes

Meaningful public involvement at all stages
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The report, Protecting Water, Producing Gas, Is
available online at www.pembina.org
The report was made possible by grants from:

33
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Any guestions?

The Pembina Institute is a non-profit organization
engaged in advocacy and education

We welcome and rely on donations to support our work
Donate online at www.pembina.org

Keep up-to-date by registering for Pembina E-news

34
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