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City of Dawson Creek
Box 150
Dawson Creek, BC
V1G 4G4
(via email)
Attention:

Reginald C. Whiten, P.Ag. RPP, MCIP

Re:

Montney Water Project - Hydrogeologic Review

As requested by the City of Dawson Creek (CoDC), GW Solutions Inc. (GW Solutions) is
submitting this document summarising the work recently completed to assist the CoDC in their
Upper Kiskatinaw watershed characterisation and protection process.

Background
The upper Kiskatinaw River has been the source of potable water for the City of Dawson Creek
(CoDC), Pouce Coupe and near rural community since 1942. The City has been a pioneer in
watershed management with its first integrated watershed management Plan produced over 20
years ago (in 1991), and followed with an updated plan in 2003. Over the years other studies
have been completed in partnership with government and more recently with industry to map,
identify, and characterize water quality, supply and land use.
The first Source Water Protection Plan was prepared in 2007 as a requirement of the Drinking
Water Protection Act) and is now in need of updating because of greatly expanded resource
development activities in the upper Kiskatinaw River watershed. The CoDC has also
undertaken several independent initiatives following creation of its Watershed Stewardship
Program in 2009. This includes a major 3-year hydrology baseline study currently underway
with UNBC, public education and extension activities, as well as government and industry
liaison to increase collaboration for watershed management. Other efforts are aimed at
increasing greater water-use efficiency through appropriate City policies/by-laws, municipal
water-smart planning and infrastructure development for sustainable water use.
Water management has also become a priority in Northeast BC (NEBC) with a major expansion
of shale-gas development using hydraulic fracturing. This type of activity takes place at a depth
in excess of 2 km, typically requires large volumes of water with as yet unknown potential for
impacts on surface or groundwater. Other associated well-development activities and
processing infrastructure (sumps, produced water/waste disposal (wells and land) and off-site
transport) that also has the potential to affect water from spills, groundwater leakage or
the connection between what is happening at depth and what is happening at surface is still
poorly understood. Therefore, the CoDC has worked to undertake supplementary analysis of
hydrogeological information gathered through the Montney Water Project - a collaborative
government-industry water study completed in 2011. This effort to interpret results from key
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hydrogeological cross-sections is intended to investigate potential directional flows of
groundwater from surface to depth (to approximately 3 km) and how (both shallow and deep)
groundwater and surface water are connected. Other related research being undertaken with
UNBC is also helping to understand this relationship while historical hydrograph analysis of
winter base flows and local knowledge already points to the importance of groundwater
recharge in the Upper Kiskatinaw River. This research effort is considered by the CoDC as
serving two purposes i) in meeting its due diligence for source water protection and quality risk
assessment as articulated in the B.C. Drinking Water Protection Act (2001); and ii) in
addressing concerns for both short- and long-term water supply security
This initiative is being conducted as a follow-up to Phase I of the Montney Water Project (MWP),
an initiative led by Geoscience BC, supported by various BC government agencies (BC Energy
Mines and Resources, Environment, Forestry Lands and Natural Resources, and the BC Oil
and Gas Commission – OGC) with the purpose to inventory water sources (surface, shallow,
and deep groundwater) in NE BC in support of responsible development of unconventional gas
resources.
Under the water stewardship program, the CoDC is also undertaking a feasibility study for
increasing its water storage capacity from 30 days to one year, to be implemented in
approximately 2015.

Current Objectives of The Dawson Creek Water Stewardship Program
•

Update the 2007 Source Water Protection Plan as per direction for Water
Purveyor compliance (Sect 5.1) under Drinking Water Protection Act (DWPA,
2001)

•

Effective public and stakeholders engagement (industry, government, other
partners)

•

Risk Assessment for both ground and surface-water protection (DWPA, Section
11)

•

Improvement of water security
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Project Objectives
The objectives of this project were the following:
1. Review hydrogeological information resulting from completion of Phase 1 of the Montney
Water Project (MWP) and other related hydrological studies completed by the CoDC or
other agencies for watershed characterization and protection.
2. Develop hydrogeological figures and drawings (e.g., three-dimensional cross sections)
illustrating what is presently known about both the surface and groundwater and their
interaction. This was to be completed focusing on key sub-basins in the Upper
Kiskatinaw watershed considered by the CoDC to be of significance from many years of
observation (as evidenced by headwall springs, observed artesian conditions, etc.).
3. Identify potential recharge areas and mechanisms, e.g., the upper elevations of Oetata
and Halfmoon, and Jackpine sub-basin; and at least one other major aquifer zone
requiring further study within the East Kiskatinaw sub-basin based on several completed
source wells that have been approved by the OGC since 2007.
4. Recommend a groundwater monitoring plan (locations, parameters and schedule),
taking into account potential risks of surface and groundwater contamination.
5. Provide recommended Terms of Reference for future aquifer mapping and monitoring
studies.

Results
This section presents a summary of the completed review of information and an outline of the
new findings, focusing on the Upper Kiskatinaw watershed and the Oetata Halfmoon sub-basin,
referred to as the study area in this report.
The results were presented to the CoDC on March 26, 2012. The series of slides used for
support of the presentation of the results are provided in a separate document (available online
on the CoDc website in the Water and Environmental Section), and in Appendix 1.

Geology'
The bedrock geology of the study area has been well defined in terms of sequence of layers.
The WMP has generated eight cross-sections in the Plain Area, one going through the Oetata
sub-basin (Figure 1). However, these cross sections still require interpretation and visualization
in order to make the information readily understandable to the layperson. This has been done
by GW Solutions for this study (Figure 2).
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Figure 1: Geological cross-section (DD’) produced for WMP for the Plains area

Figure 2: Part of cross-section DD' redrawn by GW Solutions
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Hydrology'
The network of streams has been mapped and river flows are being monitored through a series
of gauges at 8 monitoring stations (Figure 3). The results of the work completed to date has
been presented in several documents (Hirshfield, 2011; Gopal Chandra Saha, 2012).
According to Gopal (2012), groundwater contributes significantly to stream flow with ratio
ranging between 63% and 92%.

Figure 3: Location of surface water monitoring stations
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Shallow Aquifers
Bedrock aquifers and shallow overburden aquifers have been mapped to some extent (Figure 4)
with aquifer characterization completed for the lower Kiskatinaw as part of the WMP.
Unfortunately, the absence of groundwater data prevented the mapping of aquifers in the upper
Kiskatinaw watershed, and the City is making effort to facilitate further research to support its
watershed stewardship goals.

Figure 4: Mapped aquifers (x indicate bedrock aquifers, dots refer to overburden aquifers)
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Deep Aquifers
Deep aquifers have been assessed as part of the WMP and further analyses of the piezometric
conditions have been completed by GW Solutions for the study area. An illustration of the
hydraulic head mapped for the WMP is presented in Figure 5. One of the key contributions of
GW Solutions to the hydrogeological knowledge has been to create illustrations that illustrate
and integrate information on geology, gas plays, bedrock aquifers, and piezometric conditions
(Figure 6).

Figure 5: Hydraulic head (piezometric level) in Baldonnel Formation (by Canadian Discovery extract of figure).
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Figure 6: Piezometric levels in formations (dotted lines illustrating hydraulic head for Halfway,
Baldonnel and Cadotte Formations are interpreted from maps produced for WMP)

Figure 6 illustrates the bedrock lithology, the identified plays and the hydrogeological conditions
along a vertical east-west cross section through the Oetata watershed, in particular:
•

The various bedrock formations; the gas bearing plays are shown in yellow, the water
bearing plays in light blue, and the plays containing both gas and water in green;

•

The narrow rectangles illustrate where water levels would rise in hypothetical wells that
would be completed at various depths, in the various bedrock formations. The dark blue
columns represent the estimated recorded low water levels (based on reported formation
pressure1) and the dark blue columns the estimated highest recorded water levels. The
values of the corresponding levels are shown with a blue background when the
estimated water level is above ground level, indicative of potential artesian pressures
(e.g., 650 m agl means 650 m above ground level).

•

The three dashed lines represent the estimated hydraulic head (or piezometric level or
elevation of the water table) in three formations (Halfway, Baldonnel and Cadotte),
based on information provided by the WMP.

'

1"From%drill%stem%tests%and%available%records"
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Potential'Issues'
Aquifer and Water quality
One of the objectives of this phase of work was to identify the potential issues, based on a
review of available information. The identified potential risks of impact to groundwater and
aquifer quality are the following:
•

The potential uncontrolled migration of hydraulic fracturing (HF) fluids or poor quality fluids
(e.g., saline water) along pathways generated during the HF process such as illustrated in
Figure 7:
o

HF fractures and abandoned wells (a);

o

HF fractures and existing fracture network connecting deep horizons with shallow
horizons (b).

o

These pathways could end either at surface (e.g. wellhead of abandoned wells or
poorly sealed wells), or at the bottom of shallow aquifers. The groundwater
movement could occur during hydraulic fracturing and also post fracturing where
the piezometric level at depths exceeds the piezometric levels of shallow
aquifers.

a
b

Figure 7: Illustration of potential impacts of hydraulic fracturing on water quality
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Aquifer and Groundwater pressure
The movement of groundwater between aquifers at different piezometric levels may result from
the creation of pathways between these aquifers. The scenarios illustrated in Figure 8 and 9
should be considered possible, should the conditions be encountered or created.
Figure 8 illustrates that the groundwater pressure at depth in the Cadotte formation (a) is lower
by 100 m or 200 m that the piezometric level in the shallow aquifers (b) directly connected to the
surface water system. Over time (e.g., in 5, 10 or 20 years), poorly sealed and/or aging wells
may create pathways between these two aquifer systems (c). A depressurization of the shallow
aquifer system may follow over years and decades (d). The resulting lowering of the shallow
water table would have a direct impact on the reduction of the flows in the streams and rivers,
on the temperature of the surface water, and on the potential drying up of surface water features
(e.g. wetlands, shallow lakes, small tributaries, etc.).

Figure 8: Illustration of potential drop of water table in shallow aquifers
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Figure 9 illustrates how the hydraulic fracturing of the target and deep formations (e.g., the
Montney formation) will significantly modify the hydraulic permeability of these deep formations
(a). In addition, the long-term extraction of the fluids at depth will likely result in the
depressurization and lowering of the piezometric conditions at depth (b). Similar to what has
been described for the previous scenario, over time, poorly sealed and/or aging wells may
create pathways between the shallow aquifer systems at surface and the newly created deep
aquifers (c). A depressurization of the shallow aquifer system may follow over years and
decades (d). The resulting lowering of the shallow water table would have a direct impact on
the reduction of the flows in the streams and rivers, on the temperature of the surface water,
and on the potential drying up of surface water features (e.g. wetlands, shallow lakes, small
tributaries, etc.).

Figure 9: Illustration of potential drop of shallow water table due to deep depressurisation
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These scenarios, and their potential significant effects on the surface water systems, highly
depend on the pathways created by a certain percentage of the wells over time. For this study,
GW Solutions has collected information that indicates the problem exists. Unfortunately, little
information is available to quantity the extent of the problem. Therefore, GW Solutions
recommends that the following be done:
•

To complete a review of available information describing and quantifying how deep
drilled wells can become pathways between formations;

•

To complete a conceptual, analytical, and simple numerical model illustrating the above
described scenarios in a pilot area (e.g., the Oetata Halfmoon sub-basin or other) in
order to further assess if the expressed concerns are valid (the risks are high or
moderate) or should be refuted (the risks are low). This recommended task should also
help identifying what the critical parameters would be and what should be further
assessed and/or monitored.

•

To start a thorough groundwater chemistry (including isotopes) monitoring program to
characterize the groundwater regime, both shallow and deep, at the scale of the
watershed.
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Key Information Gaps and Recommended Next Steps
GW Solutions recommends the following, based on the completed work:
1. Keep integrating industry data, e.g.:
•

Source water wells, as per earlier request of CoDC;

•

Integration of new related data from MWP phase 1 (e.g. piezometric data from
existing wells) and UNBC preliminary results from surface/groundwater monitoring
study;

•

Integrate information from OGC regarding compliance reports and regulations, in
particular relative to:
o

the analysis of both short term and long term well integrity;

o

the monitoring of abandoned wells;

o

sump monitoring; and

o

referral of response from OGC on 2011 Notice to Gas Companies Report on
Flood Damage).

This should be done in an effort to more effectively monitor surface and groundwater interaction
in the water source protection plan, as planned for 2012.
2. Study the One-Island Lake area
•

This should be done in conjunction with the generation of a cross section along a
north south alignment passing through the One-Island Lake and extending along the
eastern boundary of the Kiskatinaw watershed.

3. Maintain and enhance dialogue and partnership between the CoDC, the OGC, the O&G
industry, BC MNRO, BC EMR, and Northern Health.
4. Pursue the initiative to convert undesired O&G wells into long term monitoring wells
instead of abandoning them.
5. Design and implement a thorough groundwater quality study.
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Proposed Groundwater Monitoring Plan
GW Solutions proposes to monitor groundwater pressure (piezometric levels) and groundwater
quality at the locations illustrated in Figure 10.

New monitoring well

Water monitoring and
sampling location

Figure 10: Proposed groundwater monitoring and sampling locations

Both Apache and Encana have proposed their water supply wells for monitoring. GW Solutions
proposes to install data loggers in these wells and to sample them for water quality analyses.
In addition, GW solutions is proposing the installation of monitoring wells at 4 locations shown in
Figure 10, based on the following rationale:
•

At each location, monitoring zones will be installed at two depths (e.g. nested wells)
in order to assess the vertical hydraulic gradient (i.e., is groundwater moving up or
down?). The upper monitoring zones should be completed at a shallow depth either
in the encountered overburden (sand and gravel) aquifer, if present, or in the first
bedrock aquifer encountered. The lower monitoring zones should be completed in
bedrock aquifers, either below the overburden aquifers, if present, or at a depth at
least 50 m deeper than the upper monitoring zone.

•

The three proposed locations in the Oetata sub-basin will allow the definition of the
hydraulic gradient (slope of the water table), from the upper ridge of the Oetata subbasin to its outlet.

Kiskatinaw – Aquifers and watershed
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The proposed location near One-Island Lake will provide information about the
recharge mechanism in the area of the lake and complement the information being
collected about surface water through the network of gauges installed in this area.
We should then know better about the surface water and groundwater interaction
near the lake.

GW Solutions understands that the BC Ministry of Environment is collecting information about
the groundwater quality in the region. Therefore GW Solutions recommends a monitoring
program that could complement the on-going assessment by selecting a similar set of
parameters (in order to compare the results), and to potentially complement with other
parameters specific to potential groundwater quality concerns. GW Solutions has also
reviewed the parameters proposed for groundwater monitoring in Alberta (Groundwater
Management Framework, 2011). Based on all these considerations, GW Solutions proposes
the following parameters for groundwater quality analyses (presented in Table 1).
Table 1: Proposed parameters for groundwater quality analyses
Type

Parameters/analysis

Full Potability

Physical parameters (e.g. conductivity, pH, total dissolved
solids, etc.), anions, cations, alkalinity, hardness, metals

Hydrocarbons

Benzene, Ethylbenzene, Toluene, Xylene (BETX), Vinyl
chloride, PAHs, phenols, methane

Isotopes

Stable and radiogenic isotopes

The sampling and analyses should be completed annually. The schedule may be adjusted in
the future based on the collected information.
The monitoring of the fluctuation of the water table should be recorded on a daily basis using
data loggers and the data should be regularly downloaded (twice a year) and reviewed by a
qualified hydrogeologist, in combination with the review of hydrological information, on an
annual basis.
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Aquifer Mapping and Groundwater Analysis - Terms of Reference
GW Solutions has produced Terms of Reference for the proposed next steps. They are
presented in a separate document.

Closure
The information presented herein is based on information provided in part by others. The
assessment has been carried out in accordance with generally accepted engineering practice.
No other warranty is made, either expressed or implied.
This report was prepared by personnel with professional experience in hydrogeology.
Reference should be made to the ‘GW Solutions Inc. General Conditions and Limitations’,
attached in Appendix 2 that forms a part of this report.
GW Solutions was pleased to produce this document. If you have any questions, please do not
hesitate to contact me.
Yours truly,
GW Solutions Inc.

Gilles Wendling, Ph.D., P.Eng.
President
Appendices
Appendix 1 – GW Solutions General Conditions and Limitations
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GW Solutions Inc. Reports –
General Conditions
This report incorporates and is subject
to these “General Conditions”.
1.0 USE OF REPORT
This report pertains to a specific area, a specific
site, a specific development, and a specific
scope of work. It is not applicable to any other
sites, nor should it be relied upon for types of
development other than those to which it refers.
Any variation from the site or proposed
development would necessitate a supplementary
investigation and assessment. This report and
the assessments and recommendations
contained in it are intended for the sole use of
GW SOLUTIONS’s client. GW SOLUTIONS
does not accept any responsibility for the
accuracy of any of the data, the analysis or the
recommendations contained or referenced in the
report when the report is used or relied upon by
any party other than GW SOLUTIONS’s client
unless otherwise authorized in writing by GW
SOLUTIONS. Any unauthorized use of the
report is at the sole risk of the user. This report
is subject to copyright and shall not be
reproduced either wholly or in part without the
prior, written permission of GW SOLUTIONS.
Additional copies of the report, if required, may
be obtained upon request.
2.0 LIMITATIONS OF REPORT
This report is based solely on the conditions
which
existed within the study area or on site at the
time of GW SOLUTIONS’s investigation. The
client, and any other parties using this report
with the express written consent of the client and
GW SOLUTIONS, acknowledge that conditions
affecting the environmental assessment of the
site can vary with time and that the conclusions
and recommendations set out in this report are
time sensitive. The client, and any other party
using this report with the express written consent
of the client and GW SOLUTIONS, also
acknowledge that the conclusions and
recommendations set out in this report are
based on limited observations and testing on the
area or subject site and that conditions may vary
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across the site which, in turn, could affect the
conclusions and recommendations made. The
client acknowledges that GW SOLUTIONS is
neither qualified to, nor is it making, any
recommendations with respect to the purchase,
sale, investment or development of the property,
the decisions on which are the sole responsibility
of the client.
2.1 Information Provided to GW SOLUTIONS
by Others
During the performance of the work and the
preparation of this report, GW SOLUTIONS may
have relied on information provided by persons
other than the client. While GW SOLUTIONS
endeavours to verify the accuracy of such
information when instructed to do so by the
client, GW SOLUTIONS accepts no
responsibility for the accuracy or the reliability of
such information which may affect the report.
3.0 LIMITATION OF LIABILITY
The client recognizes that property containing
contaminants and hazardous wastes creates a
high risk of claims brought by third parties
arising out of the presence of those materials. In
consideration of these risks, and in consideration
of GW SOLUTIONS providing the services
requested, the client agrees that GW
SOLUTIONS’s liability to the client, with respect
to any issues relating to contaminants or other
hazardous wastes located on the subject site
shall be limited as follows:
(1) With respect to any claims brought against
GW SOLUTIONS by the client arising out of the
provision or failure to provide services hereunder
shall be limited to the amount of fees paid by the
client to GW SOLUTIONS under this Agreement,
whether the action is based on breach of
contract or tort;
(2) With respect to claims brought by third
parties arising out of the presence of
contaminants or hazardous wastes on the
subject site, the client agrees to indemnify,
defend and hold harmless GW SOLUTIONS
from and against any and all claim or claims,
action or actions, demands, damages, penalties,
fines, losses, costs and expenses of every
nature and kind whatsoever, including solicitorclient costs, arising or alleged to arise either in
whole or part out of services provided by GW
SOLUTIONS, whether the claim be brought
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against GW SOLUTIONS for breach of contract
or tort.
4.0 JOB SITE SAFETY
GW SOLUTIONS is only responsible for the
activities of its employees on the job site and is
not responsible for the supervision of any other
persons whatsoever. The presence of GW
SOLUTIONS personnel on site shall not be
construed in any way to relieve the client or any
other persons on site from their responsibility for
job site safety.
5.0 DISCLOSURE OF INFORMATION BY
CLIENT
The client agrees to fully cooperate with GW
SOLUTIONS with respect to the provision of all
available information on the past, present, and
proposed conditions on the site, including
historical information respecting the use of the
site. The client acknowledges that in order for
GW SOLUTIONS to properly provide the
service, GW SOLUTIONS is relying upon the full
disclosure and accuracy of any such information.
6.0 STANDARD OF CARE
Services performed by GW SOLUTIONS for this
report have been conducted in a manner
consistent with the level of skill ordinarily
exercised by members of the profession
currently practicing under similar conditions in
the jurisdiction in which the services are
provided. Engineering judgement has been
applied in developing the conclusions and/or
recommendations provided in this report. No
warranty or guarantee, express or implied, is
made concerning the test results, comments,
recommendations, or any other portion of this
report.
7.0 EMERGENCY PROCEDURES
The client undertakes to inform GW
SOLUTIONS of all hazardous conditions, or
possible hazardous conditions which are known
to it. The client recognizes that the activities of
GW SOLUTIONS may uncover previously
unknown hazardous materials or conditions and
that such discovery may result in the necessity
to undertake emergency procedures to protect
GW SOLUTIONS employees, other persons and
the environment. These procedures may involve
additional costs outside of any budgets
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previously agreed upon. The client agrees to pay
GW SOLUTIONS for any expenses incurred as
a result of such discoveries and to compensate
GW SOLUTIONS through payment of additional
fees and expenses for time spent by GW
SOLUTIONS to deal with the consequences of
such discoveries.
8.0 NOTIFICATION OF AUTHORITIES
The client acknowledges that in certain
instances the discovery of hazardous
substances or conditions and materials may
require that regulatory agencies and other
persons be informed and the client agrees that
notification to such bodies or persons as
required may be done by GW SOLUTIONS in its
reasonably exercised discretion.
9.0 OWNERSHIP OF INSTRUMENTS OF
SERVICE
The client acknowledges that all reports, plans,
and data generated by GW SOLUTIONS during
the performance of the work and other
documents prepared by GW SOLUTIONS are
considered its professional work product and
shall remain the copyright property of GW
SOLUTIONS.
10.0 ALTERNATE REPORT FORMAT
Where GW SOLUTIONS submits both electronic
file and hard copy versions of reports, drawings
and other project-related documents and
deliverables (collectively termed GW
SOLUTIONS’s instruments of professional
service), the Client agrees that only the signed
and sealed hard copy versions shall be
considered final and legally binding. The hard
copy versions submitted by GW SOLUTIONS
shall be the original documents for record and
working purposes, and, in the event of a dispute
or discrepancies, the hard copy versions shall
govern over the electronic versions.
Furthermore, the Client agrees and waives all
future right of dispute that the original hard copy
signed version archived by GW SOLUTIONS
shall be deemed to be the overall original for the
Project. The Client agrees that both electronic
file and hard copy versions of GW
SOLUTIONS’s instruments of professional
service shall not, under any circumstances, no
matter who owns or uses them, be altered by
any party except GW SOLUTIONS. The Client
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warrants that GW SOLUTIONS’s instruments of
professional service will be used only and
exactly as submitted by GW SOLUTIONS. The
Client recognizes and agrees that electronic files
submitted by GW SOLUTIONS have been
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prepared and submitted using specific software
and hardware systems. GW SOLUTIONS makes
no representation about the compatibility of
these files with the Client’s current or future
software and hardware systems.

