ERNST WATER WELL
COMPLAINT REVIEW

Prepared by:
Alexander Blyth, P.Geol., Ph.D.
Alberta Research Council Inc.
Permit to Practice P03619

Prepared for:
Alberta Environment
10th Floor Oxbridge Place
9820 - 106 Street
Edmonton, Alberta T5K 2J6

December 31, 2007

Contact Information:
Alec Blyth
Alberta Research Council Inc.
3608 – 33 Street NW
Calgary, Alberta T2L 2A6
Phone: 403-210-5345
E-mail: blyth@arc.ab.ca

ERNST WATER WELL COMPLAINT REVIEW

ALBERTA RESEARCH COUNCIL INC.

DECEMBER 31, 2007

II

ERNST WATER WELL COMPLAINT REVIEW

DECEMBER 31, 2007

EXECUTIVE SUMMARY

In early 2006 Alberta Environment (AENV) staff contacted Ms. Ernst to investigate a water well
complaint and made arrangements to undertake sampling. The Alberta Research Council (ARC)
was contracted by AENV to critically review the scientific and technical data contained in the
AENV and Alberta Energy and Utilities (AEUB) Ernst water well complaint file. In addition, ARC
was asked to do an independent review of all relevant data, including new data that has become
available through Directive 35 (Standard Baseline Water-Well Testing for CBM/NGC
Operations).
The ARC independent review and evaluation involved the examination of all the data contained
in the AENV file and the following additional lines of evidence:
x
x
x

x
x

Review of the local and regional geology and hydrostratigraphy.
Calculation of hydraulic gradients between the aquifer in the Upper Horseshoe Canyon
Formation and the CBM wells.
A theoretical review of the potential of methane migration along a fracture (potentially
induced by well stimulation) between the Horseshoe Canyon aquifer and the CBM well
using the observed pressure gradients.
An estimation of the change in dissolved methane concentrations in the Ernst well
related to the measured decrease in well water levels from 2003 to 2007.
A graphical and statistical approach to the evaluation of the major ion, bacteria, gas and
isotope chemistry of the Ernst well, 145 surrounding water wells from the AENV
database and CBM wells in the area.

The Alberta Research Council’s overall conclusion of the evidence from the review of the AENV
and AEUB files, along with a new review and evaluation of additional data and concepts, is that
energy development projects in the area most likely have not adversely affected Ms. Ernst’s
private water supply well.
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INTRODUCTION

The Alberta Research Council (ARC) was contracted by Alberta Environment (AENV) to
conduct a review of the technical and scientific data on the subject of a complaint placed by
landowner Ms. Jessica Ernst, located SE-13-027-22 W4M, near Rosebud, Alberta. The
complaint was about Coal Bed Methane (CBM) activities undertaken by EnCana Corporation
and her concerns about the presence of methane gas in her water well and an associated or
simultaneous decrease in water quality. Historically, methane has been observed in water wells
in the Rosebud area. This is an expected occurrence because most water wells in the area are
completed in coal. The complainant suggests that CBM activities in the area have increased the
amount of methane in her well. ARC undertook this review to assess whether the evidence
suggests that energy resource extraction operations have impacted the water quality on the
landowner’s property through the migration of methane from the CBM well to the water wells.
ARC agreed to work under contract to Alberta Environment (AENV) to independently assess the
situation and provide conclusions identifying whether or not the AENV investigation suggests
groundwater has been impacted by CBM or conventional oil/gas extraction activities in the area.
This report summarizes ARC’s independent conclusions based on scientific and technical data
surrounding the investigation of the complaint. The review is based primarily on the collected
information in AENV’s water well complaint file. Available scientific and technical data include
groundwater quality data, water well construction characteristics, oil and gas extraction and
production activities, and local groundwater gas characteristics. In addition, ARC endeavoured
to compile, review and assess supplementary information not included within the complaint file.
This supplementary information includes results of an evaluation of CBM Baseline water well
testing data in the general area (provided by AENV and Komex), digital elevation maps and a
geological cross section of the area constructed by ARC.

2
2.1

REGIONAL GEOLOGIC AND HYDROGEOLOGIC SETTING
Stratigraphy

The study area is found within the Alberta Basin. A complete review of the geology of the basin
is provided in Mossop and Shetsen (1994). A brief overview is given below. The Alberta basin
originated in the late Proterozoic by rifting of the North American craton Early sedimentary
deposition was dominated by carbonates, evaporates and shale. Uplift of the Rocky Mountains
in the early Cretaceous deposited fluvial sandstone and shale into the developing foreland
basin. Sea level rises and falls during the middle to late Cretaceous resulted in deposition of
marine shale and coal-bearing fluvial sandstone. Peat accumulation provided the source
material for the major coal-bearing strata including the Manville, Belly River and Edmonton
(including the Horseshoe Canyon Formation) groups. The latter two formations are where the
EnCana CBM wells are completed. A period of compression and uplift in the Tertiary led to the
deposition of fluvial sandstone, siltstone and shale. Peat accumulation provided the source
material for the coals in the Cretaceous/Tertiary Scollard Formation and the Tertiary Paskapoo
ALBERTA RESEARCH COUNCIL INC.
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Formation. Glaciation during the Quaternary eroded the bedrock and deposited unconsolidated
sediments on the bedrock. A description of the geology encountered in the area of investigation
is as follows:
Belly River Group
The deepest formation penetrated by the EnCana CBM wells is the Belly River Group. The
upper part (Oldman Formation) of the Belly River Group consists of sandstones, siltstones and
coal (Lethbridge) deposited in a floodplain and lacustrian environment (Beaton et al. 2002).
Bearpaw Formation
A marine transgression deposited fine-grained marine sediments of the Bearpaw Formation
directly onto the Belly River Group. These sediments are predominantly shale and siltstone, with
some sandstone beds and claystone (Macdonald et al. 1987).
Edmonton Group
The Edmonton group is comprised of four formations, from oldest to youngest: the Horseshoe
Canyon Formation, the Whitemud Formation, The Battle Formation and the Scollard Formation.
Onlt the Horsehoe Canyon is present in the study area. The Horseshow Canyon formation
consists of shale, siltstone and coal (Basal, Rockyford, Drumheller, and Weaver), deposited in
deltaic and fluvial environments (Beaton et al 2002). In the area, the Horseshoe Canyon
Formation is covered by Late Tertiary–Quaternary unconsolidated sediments or till.
2.2

Regional Stress Regime

The stress regime of upper Cretaceous – Tertiary coal-bearing strata in Alberta has a strong
correlation to permeability and fracture directions in coal (face cleats). This in turn has a strong
control on the direction that “fluids” (both gas and water) tend to migrate in these strata. Rock
mechanics theory and field measurements shows that fractures trend in a direction normal to
the least compressive stress. Horizontal stress orientations in Alberta have been measured
using well breakout analyses (i.e. damage to boreholes caused by stresses acting on the rock)
(Bachu and Michael 2002). Based on breakout analysis the most likely azimuth (orientation) of
fractures and face cleats in the coal would be about 55°. No energy wells within a 2 km radius
line up on a 055° azimuth to the Ernst well. This suggests that based on the likely fracture
orientation, there is a low potential for any fluid (water or gas) leaking from an energy well to
migrate towards the Ernst well. One well (00/14-12-027-22 W4M) is located approximately 800
m on a 70° azimuth. This well however is conventional gas. This well, and others, were
investigated in section 3 of this report.

2.3

Hydrostratigraphy and Groundwater Flow and Gradients

Regional flow systems across the Alberta Basin are controlled in part by major recharge areas
along the Rocky Mountain front in western Alberta. Flow within the basin is directed northeast
along lithological boundaries towards the basin edge (Hitcheon 1969a,b). Bachu (1999)
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recognised that flow in the northern part of the basin was driven by topography northeastward,
however, flow in Upper Cretaceous rocks in the southwestern part of the basin (including the
study area) was directed southwestward, driven by erosional rebound due to stripping of up to
3800m of sediments (Parks, and Tóth 1995; Bachu 1999). Regionally, the Horseshoe Canyon
Formation acts as an aquifer above the Bearpaw Formation aquitard. Below this the upper Belly
River Formation acts as an aquifer.
In the Rosebud shallow groundwater system, flow within the overburden is directed towards the
Rosebud River to the south and southeast. Regional groundwater flow in the Upper Horseshoe
Canyon aquifer (Carbon Thompson and Weaver coals where most domestic wells including the
Ernst well are completed) is directed to the northeast (Bachu and Michael 2002). Hydraulic
conductivities of the rock are expected to be low to intermediate and yields from wells in this
area are expected to be 1 to 5 imperial gallons per minute (Borneuf 1972). The Ernst well was
tested at 2.7 imperial gallons per minute and had an estimated hydraulic conductivity of 10-6 m/s
as estimated by ARC from the available pumping test data.
In the deeper (below 200 m) Horseshoe Canyon Formation groundwater flow is also directed to
the northeast. Permeability data for the coal zones are not well reported in the literature.
However, it is expected that permeability of the coal decreases with depth of burial. Unpublished
data referred to by Bachu and Michael (2002) indicates permeabilities for deep coals on the
order of a few mD which indicates very low primary permeability. Completion data from the
EnCana wells in the area suggest that the coals (with the exception of the upper Carbon
Thompson and Weaver members of the Horseshoe Canyon) are not water saturated based on
CBM well completion data in the area.
Regionally groundwater flow in the Belly River aquifer is directed to the southwest due to
erosional uplift (Parks and Tóth 1995; Bachu 1999). Coal permeability is expected to be on the
order of a few mD, similar to that in the overlying Horseshoe Canyon coals. Completion data
from the EnCana wells in the area show that the coals are not water saturated. The implication
of this is that hydrocarbon gases are not expected to be transported from the deep (gas
saturated) coals to the shallow (water saturated) coals in a dissolved state.
Large downward vertical gradients between the upper Horseshoe Canyon aquifer (where the
Ernst well is completed) and the deeper Horseshoe Canyon coals (Drumheller and below) are
expected and were calculated (Section 4.4.2). The Horseshoe Canyon and Belly River coal
zones are underpressured (or lower) with respect to predicted hydraulic gradients based on
elevation differences. These lower pressures have been interpreted to be due to erosional
rebound caused by stripping of up to 3800m of sediments (Parks. and Tóth, 1995; Bachu 1999).

3

ENERGY WELL INFORMATION

A map of the energy wells in the vicinity of the Ernst well is shown on Figure 1. A list of gas well
information (including the drilling date, loss of circulation, surface casing depth, total depth,
ALBERTA RESEARCH COUNCIL INC.
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cement returns and perforations) was supplied to AENV by EnCana (Appendix A). All wells in
the vicinity had no reported loss of circulation during the drilling and all had adequate cement
returns to the surface during cementing of the surface and/or production casing. The closest
CBM well to the Ernst well was 00/07-13-27-22W4M. This well was completed in the Basal Belly
River Formation with perforations from 648 to 654 mKb (metres from the Kelly bushing (usually
3 to 4 metres above ground surface)). AEUB records from the Petroleum Registry show that
since November 2006 this well produces up to 2.3 m3 of water per month. This is a relatively
small amount of water that is likely coming from the Basal coal member of the Belly River
formation and water from condensation.
A review of the tour reports by Brenda Austin of the AEUB (Table 1) indicated no unusual
conditions were encountered during the drilling and completion of the energy wells adjacent to
the Ernst well. All depths on the table are in mKb. No wellbore issues that would indicate gas
migration to aquifers are evident. Compositional and/or isotopic data was available for some of
the wells in the vicinity of the Ernst well. This data will be discussed in section 4 of this report.
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Figure 1 Energy well in the vicinity of the Ernst water well.
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Table 1 AEUB review of wells near the Ernst residence.

Well Location

Spud
date/FDD/On Prod

Surface
Casing.
(mKb)

Total
Depth
(mKb)

Perforation
Depths
(mKb)
and Dates

Fracture Depths
(mKb) and Dates

Comments

00/07-13-02722W4

26 Jul 98
27 Jul 98
26 Jun 2000

38.0

746.0

648.0 – 654.0
5 Sep 98

648.0 – 654.0
9 Sep 98

No lost circulation reported
Cement returns on surface
and production casing.
No wellbore issues evident.

02/07-13-02722W4

18 May 02
23 May 02
7 Jun 02

198.0

1482.0

1438.0 – 1442.5
5 Jun 02

No frac on lower
zone

1206.0 – 1208.0
14 Oct 02

1206.0 – 1208.0
26 Oct 02

Lower zone abandoned w/
Bridge plug capped w/
cement @ 1423 – 1433 on
14 Oct 02.
No lost circulation reported
Cement returns on surface
and production casing.
No wellbore issues evident.

1426.5 – 1428.0
1 Aug 03

1426.0 – 1428.5
6 Oct 03

00/14-12-02722W4

27 Jun 03
28 Jun 03
28 Jan 07

159.0

1456.0

1426.0 – 1428.5
21 Sep 03
1205.5 – 1207.0
12 Nov 03
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1205.5 – 1207.0
7 Dec 03

No lost circulation reported.
Good cement returns on
prod. csg.
Trace returns on surface
casing and evidence of top
down cementing. Follow up
with EnCana occurring.
No wellbore issues that
would gas migration to
aquifers evident.
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ERNST WATER WELL INFORMATION
Initiation of Well Complaint

The water well complaint by Ms. Ernst was originally made in public, to the media and to
Members of the Alberta Legislative Assembly via written documents. In early 2006 AENV staff
contacted Ms. Ernst to investigate the complaint and undertake sampling.
4.2

Well Design, Construction and Maintenance

The water well drilling report for the Ernst Water Well, available through the AENV Groundwater
Information Centre (GIC) (Well ID # 0123548), is included in Appendix B. The well was
constructed (date unknown) for the landowner at the time (F.L. Feckley). There is no lithology,
well construction details or pumping test data. The only drilling information available is the
location and the total depth of the well. There is also a 1986 chemistry report. This is a drilled
well with the most likely construction technique being a hole drilled to competent bedrock with a
steel casing inserted and seated into the bedrock. It is unknown what sealed the annulus
between the borehole and the casing but it may only be drill cuttings and/or bentonite that were
placed down the annulus. This method of sealing is not preferred, as there is no way to ensure
a proper seal the entire length of the annulus. As well, the water saturated, fine grained material
likely encountered in the borehole could have lead to bentonite bridging (sticking caused by
water swelling the bentonite) at that point. If the well has indeed been constructed in this
manner, this does present concerns about the adequacy of the seal to protect against
contamination of water from ground surface entering the well. A water analyses (June 20, 2003)
did indicate coliform bacteria were present and this could indicate a poor seal in the upper part
of the well. After reaching competent bedrock, the hole would then be drilled further to the total
depth of the well which is approximately 58 m. It is unknown if a liner was installed in the well to
prevent loose material from the borehole wall entering the well. Although there is no reporting of
any screened interval, based on the reported depth of the Ernst well and using lithology from
nearby wells, it is likely that this is a multi-aquifer well completion.
Notes in the AENV complaint file indicate that the well did not have regular shock chlorination.
Bacterial analysis (June 2007) indicate that iron related bacteria (IRB) and sulphur reducing
bacteria (SRB) are present in the well water, suggesting that this is the case. Coliform bacteria
have been detected in the well (June 20, 2003) which, as indicated above, may be a result of a
poor seal.
4.3

Stratigraphy

No lithology records exist for the Ernst well. A good quality drilling report is available for a well
drilled in the same quarter section (SE-13-027-22 W4M) for the County of Wheatland (Well ID #
0123549) (included in Appendix B). Two new AENV groundwater observation well network
(GOWN) wells (installed in March 2007) are approximately 1.5 km to the east and provide
detailed lithology information.
ALBERTA RESEARCH COUNCIL INC.

-7-

ERNST WATER WELL COMPLAINT REVIEW

DECEMBER 31, 2007

A geologic cross section through the Ernst well was constructed using lithology information from
the Wheatland County well, a GOWN well and geophysical logs from the EnCana CBM well
00/07-13-027-22 W4M (Figure 2). The contour interval on this map is 2 m and the colour
shading visually denotes elevation.

Figure 2 Map showing location of cross-section. DEM image supplied by EnCana.
The cross-section (Figure 3) illustrates that the Ernst well is completed in coal zones of the
Upper Horseshoe Canyon Formation. Groundwater bearing zones are likely the two coal zones
at a depth of about 30 m (760 MASL) and 55m (735 MASL). The EnCana 07-13-027-22W4M
CBM well, located 650 m to the north of the Ernst well, has production casing perforations
starting at 169.5 MASL which indicates a large vertical separation (563 m) from the Ernst well. A
saturated sand and gravely sand layer was encountered in the Wheatland County well and in
the GOWN well at a depth of about 2 to 5 m. This gravely sand layer is a potential impediment
of any bentonite materials poured into a well annulus to achieve an adequate upper seal.
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Figure 3 Geologic cross-section.
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Hydrogeology
General Groundwater flow directions

Local and very shallow groundwater flow may be controlled by the unconfined sand and sandy
gravel layer encountered at a depth of 2 to 5 m in several nearby water wells. More regionally,
the shallow flow is likely controlled by topography and flow directions are likely from the Ernst
well site to the Rosebud river to the south (Borneuf 1972). In the Ernst well, the deeper confined
groundwater flow within the upper Horseshoe Canyon bedrock is part of the regional
groundwater flow system flow directed to the northeast (Bachu and Michael 2002).
4.4.2

Vertical Hydraulic Gradient

An estimation was made of the vertical hydraulic gradient between the coal zones of the Ernst
well and that of nearest EnCana CBM wells with pressure data using the following:
Depth of coal zone in Ernst well = 738 MASL.
Depth of upper coal zone in EnCana CBM well 00/06-24-027-22W4M = 655 MASL.
The head of water in the Ernst well = 780 MASL.
A shut-in pressure of 436.3 KPa was measured in the EnCana CBM well 00/06-24-02722W4M (equivalent to 44.57 m of water). Therefore the equivalent head of water in the
CBM well =699.6 MASL assuming density of 1000 kg/m3 (fresh water).
The vertical gradient is estimated from = h/l = (780-699.6)/(738-655) = 1.0. This suggests a
large downward vertical gradient. If these coal zones become connected, groundwater would
flow down into the CBM well. The rate of flow however, is going to be controlled by the
hydraulic conductivity of the flow path. For example, if a fracture connects a CBM well to an
overlying aquifer, the amount of groundwater produced could be significant, as determined by
the fracture aperture.

4.4.3

Hydraulic Conductivity

One 114 minute pumping test was performed by AENV on the Ernst well on June 6, 2007. No
analysis of this data was found in the AENV file. The aquifer test data was analysed by ARC for
this report using AQTESOLV, Version 3.50 Professional, Aquifer Test Design and Analysis
Computer Software (1996-2003 HydroSOLVE Inc.). This software provides analytical solutions
for evaluating parameters in confined, unconfined, leaky, or fractured aquifer systems, and
allows evaluation of the aquifer test data by visual curve matching to select the most appropriate
interpretation to represent aquifer conditions at the site.
The Theis (1935) and the Cooper-Jacob (1946) confined aquifer solutions were used to solve
the drawdown portion of the pumping test. An average apparent transmissivity of 3.8E-4 m2/min
(0.55 m2/day) was calculated. This value suggests that the aquifer has low to moderate
ALBERTA RESEARCH COUNCIL INC.
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transmissivity. Graphical solutions are included in Appendix C. No storativity value can be
determined because it is not possible to calculate from water level measurements taken in a
well that is being pumped. To calculate a storativity, water level measurements must be made in
a non-pumping well in a well located a short distance from the pumping well. A storativity value
of 0.005 can be estimated for this bedrock aquifer based on values reported in the literature
(Freeze and Cherry 1979).
4.4.4

Water levels and methane saturation

From water level records of the Ernst water well, there is a 1.24 m drop in the static water level
in the Ernst well from June 20, 2003 (M&M Drilling Co, Ltd.) to June 6, 2007 (AENV), which
corresponds to a drop in pressure of about 0.12 Atm (1.8 PSI) in the aquifer. This drop in
pressure is expected to have effectively decreased the solubility of methane in the water and
caused an increase in the amount of methane coming out of the water. This is similar to the
case where pressure is decreased in a carbonated drink (by opening the top) and CO2 bubbles
out of solution. An estimation of the concentration of methane in water (in the Ernst Well) at
saturation can be done using the head (height) of water above the coal zone and the Henry’s
Law equilibrium equation:
Head of water above coal zone on June 20, 2003 = 43.34 m or 4.19 Atm
Head of water above coal zone on June 6, 2007 = 42.09 m or 4.07 Atm
Henry’s constant for methane = 1.4x10-3 Moles/Atm (at 298.15 °K)
A temperature correction needs to be done to the Henry’s constant to account for the observed
temperature of 281.55 °K (8.4 °C) in the Ernst well:
Henry’s constant for methane in water at 8.4 °C = 1.02x10-3 Moles/Atm
Therefore, based on this equation, the concentration of methane in water is calculated to be
4.27x10-3 Moles/kg of water at saturation in July 2003 and 4.15x10-3 Moles/kg of water at
saturation in July 2007.
This could explain an increase in the amount of methane coming out of the water. However, it
does not explain the source of the methane.

4.4.5

Potential for Methane Gas Migration

In order to estimate methane gas migration potential from an active CBM site to an overlying
water supply aquifer, an assessment of the forces controlling the methane gas bubble migration
is helpful. If an aquifer overlying a CBM zone was connected to the CBM zone through and
induced fracture (from well stimulation) methane bubbles would tend to rise in the fracture due
to buoyancy forces. Groundwater flow downward in the fracture would tend to counteract the
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buoyancy force and prevent the bubble from rising. Appendix D provides a discussion on how
those forces are determined and presents simplified calculations (personal communication with
Dr. J, Jones, PhD., University of Waterloo) that determine what kinds of flow conditions prevent
methane gas bubble migration into an overlying water supply.

An example of the application of this approach for the case of an induced fracture connecting a
CMB zone with an overlying aquifer (e.g. either in the geological medium or in a casing annulus)
provides some estimates of groundwater flow in the fractures (under the observed gradients at
the site) were compared to the terminal velocity (maximum velocity the bubble can reach given
the density and viscosity of the fluids involved) of methane bubbles. For a 100 m fracture, the
flow velocity in the aperture would stop a methane bubble of 245 m or less from rising into an
overlying aquifer. In coal fracturing operation the intended fracture apertures are in the order of
1000 m (1 mm) (personal communication with Paul Smolarchuk, Canadian Spirit Energy). The
groundwater flow velocity in a 1 mm fracture would stop a bubble of 2.5 mm or less from rising.
This kind of assessment suggests that if an induced connection existed between the CBM well
and the Ernst water well, methane bubbles would not tend to rise in a fracture because of the
downward groundwater flow based on the hydraulic gradient estimated for the local area.
4.5

Water and Gas Chemistry

In this section ARC compiles, reviews and assesses water and gas chemistry data from the
AENV and AEUB files (Ernst well complaint file and energy well data) and additional data from
D35 water well testing in the area (collected under AEUB Directive 35). Data from D35 testing
was provided by AENV and from EnCana’s consultant (Komex). The chemistry from one
hundred and forty five (145) water well tests from a radius of approximately 10 km from the
Ernst well have become available from the new AENV database and are compared here with
the Ernst water well and the CBM wells. Of these new well results, 41 have free gas analyses
and/or isotope geochemistry. An analysis of this new chemistry data is organized into major ion
chemistry, gas chemistry and isotope geochemistry.
4.5.1

Historical Major Ion and Bacteria Chemistry Prior to Complaint

Two historical water quality analyses are available for the Ernst water well prior to the initiation
of the complaint (Table 2). Copies of the analyses are included in Appendix E. The May 2, 1986
and June 20, 2003 samples (analyzed by ARC Vegreville and WSH Labs, respectively) have
routine potability analyses with ion balances within 3%. This is an acceptable lab QA/QC. It is
not possible for ARC to comment on the field QA/QC as this type of information was not
available. Both analyses show the Ernst well exceeds the aesthetic objectives (set by the
Summary Guidelines for Canadian Drinking Water Quality set by Health Canada 2007) for total
dissolved solids (TDS) and sodium. Sodium levels in the well (about 450 mg/L) exceed the 200
mg/L guideline and may be a concern for people on sodium reduced diets. In addition, the
aesthetic objectives for iron and manganese are exceeded in the June 20, 2003 analysis. The
maximum acceptable concentration for fluoride is exceeded in both analyses. The maximum
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acceptable concentration of total coliforms was exceeded in the June 20, 2003 analysis, with
concentrations too numerous to count (TNTC). More recent sampling of this well (June 2007)
showed no coliform bacteria.

4.5.2

Major Ions, Metals and Bacterial Chemistry

In addition to the historic water analysis from the Ernst well, several new water analyses were
performed (Table 2). These routine potability analyses have a ion balances of 3% which is an
acceptable value. The analyses show the Ernst well exceeds the aesthetic objectives for total
dissolved solids (TDS), sodium and chloride. No parameters with health criteria (i.e. with
maximum acceptable concentrations) have been exceeded. Copies of the analyses are included
in Appendix E.
The major ion chemistry of the D35 water wells, the Ernst well and the GOWN wells is
presented on Figure 4. There is a strong positive correlation of specific water types in the area,
namely sodium-bicarbonate (Na-HCO3) and sodium-bicarbonate-chloride (Na-HCO3-Cl) type
waters, with the presence of methane in the water (shown in Figure 4). The Ernst water well
falls into this group. It is reported that in the reducing conditions, found where methane occurs in
coalbed zones, it is expected that biochemical reduction of dissolved sulphate occurs, causing
precipitation of sulphides, resulting in depleted dissolved sulphate content. Bicarbonate, on the
other hand, tends to be enriched as a result of carbonate dissolution by oxygenated recharge
water and by sulphate reduction methane production (fermentation). Calcium and magnesium
tend to be depleted by inorganic precipitation of calcite due to reduced solubility in the presence
of elevated bicarbonate (Van Voast 2003).
The major ion chemistry is presented on Schoeller plots (Figure 5 and 6). Most of the wells with
methane have depleted calcium, magnesium and sulphate. Again, these wells show the water
wells with methane tends to have sodium-bicarbonate (Na-HCO3) or sodium-bicarbonatechloride (Na-HCO3-Cl) type waters. The Ernst water well falls into this group.
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mg/L, MDL=6
mg/L, MDL=1
mg/L, MDL=6
g/L, MDL=0.01
g/L, MDL=0.01
g/L, MDL=0.01
g/L, MDL=0.01
g/L, MDL=0.01
‰ PDB

(ppm), MDL=1000
(ppm), MDL=300
(ppm), MDL=1000
(ppm), MDL=0.05
(ppm), MDL=0.05
(ppm), MDL=0.05
(ppm), MDL=0.05
(ppm), MDL=0.05
‰ PDB
‰ PDB
‰ PDB
‰ PDB
‰ PDB
‰ PDB

Dissolved Gas Analysis
Nitrogen
Carbon Dioxide
Oxygen
Methane
Ethane
Propane
n-Butane
i-Butane
13C Methane

Free Gas Analysis
Nitrogen
Carbon Dioxide
Oxygen
Methane
Ethane
Propane
n-Butane
i-Butane
13C CO2
13C Methane
13C Ethane
13C Propane
13C n-Butane
13C i-Butane
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-----------------------------

-------------------

-----------------

-----------------------------

-------------------

-----------------

-----------------------------

------14200
-----------

<0.0005
<0.0005
<0.0005
<0.0005
<0.1
<0.05
-----

--------present
present

(mg/L)
(mg/L)
(mg/L)
(mg/L)
(mg/L)
(mg/L)
(mg/L)
(mg/L)

TNTC
--0
-------

Dissolved Hydrocarbons
Benzene
Toluene
EthylBenzene
Xylenes
F1(C6-C10)
F2 (C10-C16)
F3(C16-C34)
F4(C34-C50)

-------------

(cfu/100mL)
(mpn/100mL)
(cfu/100mL)
(mpn/100mL)
(cfu/100mL)
(cfu/mL)

Ernst Well

Bacteria
Total Coliforms
Total Coliforms
Escherichia Coli
Escherichia Coli
S Reducing Bacteria
Iron Related Bacteria

Ernst Well

Date
Laboratory
pH
EC
TDS-calculated
Total Alk. as CaCO3
Sodium
Potassium
Calcium
Magnesium
Iron
Iron (total)
Manganese
Manganese (total)
Chloride
Fluoride
Sulphate
Carbonate
Bicarbonate
NO3 as N
NO2 as N
NO2+NO3 as N
Ion Balance %

Ernst Well

Units

dd/mm/yyyy (hh:mm) 02/05/1986 20/06/2003 03/03/2006 10:00
ARC Veg
WSH Labs
ASL
(units)
8.3
8.4
8.2
(μS/cm)
1880
1480
1920
(mg/L)
1102
1044
1020
(mg/L)
692
664
644
(mg/L)
465
439
423
(mg/L)
1
<0.5
1
(mg/L)
4
4.9
4.1
(mg/L)
2
0.3
0.4
(mg/L)
0.05
--1.18
(mg/L)
----0.42
(mg/L)
--0.066
--(mg/L)
----0.008
(mg/L)
210
200
199
(mg/L)
1.57
1.7
0.9
(mg/L)
<5
<0.6
<0.5
(mg/L)
--6
<5
(mg/L)
843
795
786
(mg/L)
--<0.2
0.2
(mg/L)
<0.05
<0.3
0.2
(mg/L)
<0.05
<0.2
0.39
(%)
103
102
103

Parameter

-----------------------------

------11200
-----------

<0.0005
<0.0005
<0.0005
<0.0005
<0.1
<0.05
-----

--------present
present

03/03/2006 11:00
ASL
8.3
2050
1150
652
479
1.1
4.9
0.52
--0.505
--0.008
300
0.8
<0.5
<5
796
0.28
<0.05
0.28
93.1

Ernst Well

Table 2 Chemical Analyses for the Ernst Water Well
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Ernst Well

-----------------------------

------12800
-----------

<0.0005
<0.0005
<0.0005
<0.0005
<0.1
0.12
-----

--------present
present

03/03/2006 12:30
ASL
8.2
1940
1100
682
450
1
4.6
0.46
--0.349
--0.007
252
0.9
<0.5
<5
832
<0.05
<0.05
<0.05
92.1

Ernst Well

Ernst Well

Ernst Well

-----------------------------

-------------------

-----------------

--<1
--<1
200
9000
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137000
1240
4330
881000.00
26.70
<0.05
<0.05
<0.05
-------------

12.30
434.00
3.38
24300.00
2.21
<0.01
<0.01
<0.01
---

<0.0001
<0.0001
<0.0001
<0.0001
<0.01
<0.005
<0.02
<0.02

-------------

-----------------2.80
-67.40
nd
nd
nd
nd

-----------------66.3

-----------------

-------------

06/06/2007 06/06/2007 06/06/2007
ASL
ARC Veg
U of C
8.6
----1860
--------1080
691
--------443
0.1
----1.1
----0.1
----0.075
----0.369
----0.004
----0.008
----220
----------<0.5
----16
----810
----0.08
----<0.05
----0.08
----96.6
-----

-----------------------------

-----------------

--0.024
0.0024
0.3
-----

-----------------------------

-----------------

0.005
-----------

0
0
0
0
-----

--------------------------1.5
------10
1
10
---

-------------

MAC

AO
6.5 - 8.5
--500
--200
------0.3
--0.05
--250
--500
-------------

GCDWQ Recommended Limit

GCDWQ - Health Canada Guidelines for Canadian Drinking Water Quality (2007)
AO - Aesthetic objective
MAC - Maximum acceptable concentration
TNTC - Too numerous to count
nd - not detected by gas chromatography so not run for isotopes
--- not analyzed
Bold font denotes exceedence of GCDWQ limit
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Figure 4. Piper plot of water chemistry from the Ernst well, Surrounding D35 water wells and the
GOWN wells.
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Figure 5 Schoeller plot of water wells with methane present.

Figure 6 Schoeller plot of water wells with no methane.
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Dissolved Organic Chemistry

An analysis for EPA volatile priority pollutants and extractable priority pollutants and CCME
hydrocarbons (F1234) are available for the Ernst well (Appendix E). All volatile and extractable
organic compounds were below the analytical detection limit with the exception of two
compounds not expected to be related to CBM activities. These compounds are 2-Methyl-2Propanol (2 g/l), an alcohol used as is used as a solvent, and Bis (2-ethylhexyl) phthalate (3.6
g/l), a plasticizer used in PVC plastic (Grant Prill, ARC, personal communication). A likely
source for latter compound is new plastic tubing used during sampling. All BTEX and F1234
analyses were below detection limit with the exception of F2 (0.12 g/l) from the March 3, 2006
sample taken at 12:30 pm. No Canadian Drinking Water Guideline limits have been exceeded
for EPA priority pollutants or CCME hydrocarbons. One reliable dissolved gas analysis with a
high precision (method detection limit = 0.01g/L) was performed on the Ernst well (Table 2)
with methane and a small amount of ethane detected.

4.5.4

Atmospheric Elements and Hydrocarbon Gas Chemistry

One reliable free gas analysis with a high precision (method detection limit = 0.01g/L) is
available for the Ernst well (Table 2). The sample appears to be free from atmospheric
contamination (based on low oxygen and nitrogen values). The gas sample contains 881,000
ppm methane and 26.7 ppm ethane. C3 and higher gases were below the detection limit of 0.05
ppm. In addition to the Ernst well, 36 nearby water wells from the D35 database and 3 GOWN
wells have gas chemistry. Methane and ethane concentration are similar to those measured in
the Ernst well. A more rigorous, statistical approach to gas concentrations and isotopes is
presented at the end of this section.
4.5.5

Stable Carbon Isotope Chemistry on Hydrocarbon Gas

Stable carbon isotopes sometimes can be used to help in the identification of the origin of gas in
water wells. One carbon isotope analyses on hydrocarbon gas was available for the Ernst well
(Table 2). In addition to the Ernst well, 27 nearby water wells from the D35 database and 3
GOWN wells have carbon isotope analyses on hydrocarbon gases and carbon dioxide. Carbon
isotope analyses were available for the EnCana CBM wells located in 08-12-027-22 W4M, 0314-027-22 W4M, 07-13-027-22 W4M, 06-24-027-22 W4M and 14-12-027-22 W4M. Carbon
isotope analyses were also available for the EnCana conventional gas wells located in 08-12027-22 W4M and 14-12-027-22 W4M.
Isotopic results from the Ernst well and the GOWN wells in Rosebud and Redland were
performed by the Applied Geochemistry group at the University of Calgary using a gas
chromatograph coupled to a Finnigan MAT delta plus XL mass spectrometer (3 kV). This
analytical setup requires at least 500 ppm methane, 300 ppm ethane and 200 ppm propane in
the injected gas to stay in the linear range of the mass spectrometer (Dr. Bernhard Mayer,
personal communication). The reported 13C values have a precision of +-0.5 per mil for both
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free and dissolved gases (He headspace equilibration technique). The analytical techniques for
gas isotope results reported for the D35 water wells are not known.
Several of the energy wells tested have questionable quality data. The qualitative QA/QC
assessment of the EnCana well data is presented in Table 3. The GC analysis for 02/08-12027-22 W4M and 00/08-12-027-22 W4M appears to be representative of CBM and conventional
gas respectively, but the isotope values of the methane are not. It appears that the samples
may have got mixed up and the CBM gas sample was labelled as the conventional gas sample
and vice versa. The sample from 00/03-14-027-22 W4M is air contaminated, based on the
composition being predominantly nitrogen and oxygen, with hydrocarbons below the detection
limit. These analyses were not used in the ARC evaluation.
The new deep GOWN well in Rosebud, completed in the Drumheller coals, is representative of
shallow (140 m) CBM in the area. Several of the CBM wells are representative of CBM gas
compositions. However, deeper CBM well gas carbon isotopes are not well represented in the
area due to the problems noted above. Data from CBM wells from Township 45, Ranges 20 and
21 used to compare the Ernst well carbon isotopes to typical deeper CBM well carbon isotopes.
Table 3 Energy well QA/QC data quality.
Well Name
02/08-12-027-22W4M

Type
CBM

GC
Yes

00/03-14-027-22W4M
00/07-13-027-22W4M
00/06-24-027-22W4M
00/08-12-027-22W4M

CBM
CBM
CBM
Conv.

Yes
Yes
Yes
Yes

00/14-12-027-22W4M

Conv.

Yes

ALBERTA RESEARCH COUNCIL INC.

Isotopes Data Quality
Yes
Isotope results may be from 00/08-12
(lab error?)
Yes
Air contaminated sample
No
Acceptable
No
Acceptable
Yes
Isotope results may be from 00/08-12
(lab error?)
Yes
Acceptable
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A histogram of the carbon isotope values of methane from the Ernst water well, the surrounding
D35 water wells, CBM wells and conventional gas is presented in Figure 7. The methane values
for the Ernst well fall within the general peak for methane values. A statistical analysis of the
mean isotopic compositions is presented at the end of this section. From a visual observation of
the plot, it is observed that the CBM wells have a less depleted methane isotope signature,
while the one conventional gas signature is even less depleted. The D35 wells and Ernst well
have methane isotope signatures that fall within the range of -60 to -80, typical of biogenic
methane (Schoell 1980; Whiticar et al. 1986; Rice 1993).

6

5

4

D35 Wells

n

Ernst Well
3

Gown Wells
CBM Wells
Conv. Gas

2

1

0
-80

-76

-72

-68

-64

-60

-56

-52

13
G C Methane

Figure 7 Histogram of the carbon isotope values of methane in all water wells and CBM wells.
A histogram of the carbon isotope values of ethane from the D35 water wells, the GOWN well,
CBM wells and conventional gas is presented in Figure 8. The Ernst well and two of the GOWN
wells do not contain enough ethane to get a meaningful ethane carbon isotope signature (i.e.
below the method detection limit) therefore they do not appear on the diagram. The CBM wells
have ethane isotope signatures that fall within the general range for the surrounding D35 water
wells. The conventional gas well (Viking Formation) has a much less depleted ethane isotope
signature.
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-38
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G C Ethane

Figure 8. Histogram of the carbon isotope values of ethane in all water wells and CBM wells.
A plot of the methane concentration versus the methane carbon isotope signature (13C Methane)
is presented on Figure 9. Below the line at -60 ‰ typically represents a biogenic (bacterial)
origin for methane (Schoell 1980 and 1983; Whiticar et al 1986; Rice 1993). The CBM well has
a 13C Methane value that is less enriched than the typical range of -60 to -80 ‰, typical of
biogenic methane. This value represents a mixed thermogenic and biogenic origin. The water
well data, including the Ernst well, all have 13C Methane values that are clearly biogenic.
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Figure 9. Methane concentration versus G13C of methane.
A plot of the ethane concentration versus the ethane carbon isotope signature (13C Ethane) is
presented on Figure 10. Most of the water wells have ethane concentrations below the lab
detection limit (as high as 100 ppm for some analyses). The Ernst well has 26.6 ppm ethane,
below the method detection limit to run carbon isotopic analysis of ethane and therefore does
not appear on the plot. Of the D35 wells with detectable ethane, concentrations are several
times less than that observed in the CBM wells or the deep GOWN well in Rosebud. The 13C
13
Ethane values of the water wells are within the range of  CEthane values observed in the CBM well
and the GOWN well. The ethane concentration and isotopic signature of ethane from the
conventional gas well is markedly different from the water wells and the CBM wells. A more
rigorous statistical approach to mean isotope values is presented at the end of this section.
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Figure 10. Ethane concentration versus 13C of ethane.
A plot of the methane carbon isotope signature (13C Methane) versus the ethane carbon isotope
signature (13C Ethane) is presented on Figure 11. The Ernst well does not appear on this plot
because ethane isotopes were below the method detection limit. The 13C Methane values of the
CBM wells, the deep GOWN well and the conventional gas well are less depleted than the
water wells. The 13C Ethane values of the CBM wells and the GOWN well are similar to the D35
water wells.
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Figure 11. 13C Methane versus 13C Ethane.
A plot of the carbon isotopes of coexisting methane and CO2 from water wells are presented on
Figure 12. Lines of equal carbon isotope fractionation (D) between methane and CO2 are
shown. These lines do not necessarily represent isotopic equilibrium, rather, they indicate the
magnitude of isotopic separation between these coexisting pairs of carbon species (methane
and carbon dioxide). Data above the D=1.055 line can be indicative of methane origination from
the CO2 reduction pathway while data below this line can be indicative of methane origination
from the fermentation pathway (Whiticar et al. 1986). The data indicates that methane from the
Ernst well and the majority of D35 well originates from the microbial reduction of CO2 (i.e.
biogenic origin).
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Figure 12. 13C Methane versus 13C CO2. The  value is a line of equal fractionation between
methane and CO2.

Both the hydrocarbon gas composition and the isotopic signatures can be modified by mixing
between different sources of gases (such as biogenic methane with thermogenic methane).
These hypothetical mixing curves can be calculated using the equations of Jenden et al. (1993)
shown on Figure 13. The y-axis of this plot is the ratio of methane to all other hydrocarbon
gases.
For this investigation three different end member gases were considered to be the most likely
sources and to be mixed in varying ratios: the statistical average biogenic gas in the area, a gas
with an isotopic signature similar to the Ernst well, and typical CBM gas.
The first mixing scenario was the average biogenic gas found in the D35 water well
([Methane=437104 ppm], 13Cmethane=-68.7 ‰) mixed with a typical CBM gas ([Methane=876700
ppm], 13Cmethane=-55.7 ‰). The second scenario was this same average methane concentration
gas with a methane isotopic signature (13Cmethane=-68 ‰) chosen so the Ernst well would fall on
the curve, mixed with the CBM gas. The tick marks on the curves represent mixtures of CBM
gas with the gas from water wells, ranging from 0% to 100%
The Ernst well mixing curve 2 shows a possible 4% mix of the CBM member with a biogenic
end-member (chosen to fall though the well). While this is possible, the gas composition and
13Cmethane value of the Ernst well is not statistically any different from the average D35 water
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well (discussed below). A similar plot can be constructed for ethane. This plot is not shown as
the Ernst well had ethane concentrations below the method detection limit for isotopic analysis.

1.E+06
BIOGENIC
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D35 Water Wells
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Ernst Well
GOWN Wells
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Mixing Curve 1

1.E+02

Mixing Curve 2
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-80
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-60

-50

-40

13
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Figure 13. Mixing plot of 13C of methane versus the methane/C2+ ratio. Data for the bacterial
and thermogenic fields are from Faber and Stahl 1984.

A statistical analysis was performed on gas concentration and gas carbon isotope data. The
concentration of methane, ethane and propane along with the carbon isotope values of methane
and ethane from water wells containing methane were compared to the Ernst water well and the
CBM wells (Table 4). Hydrocarbon gases were detected in 36 of 145 (25%) of the wells in the
Rosebud and Redland area.
Student T-Tests were used to compare methane concentrations in the Ernst well with the
surrounding D35 water wells. T-Tests are based on a t-distribution, which is similar to a normal
distribution, but is dependent upon the number of samples measured. There is no significant
difference between the mean methane concentrations in the Ernst well with that of the D35
water well (5% level of significance). This statistically validates the contention that the methane
concentrations in the Ernst well is the same as that of surrounding D35 water wells
Ethane was only detected by gas chromatography in 10 of 145 (7%) wells tested. Ethane
concentrations ranged from 2 to 1700 ppm. Ethane carbon isotopes were measured in 16 wells
by mass spectrometry, a more sensitive technique. Of these ten wells the average
concentration was 619 ppm as compared to 3798 ppm in the CBM wells. Propane and butane
were not detected by gas chromatography in any of the water wells as compared to 559 ppm
ALBERTA RESEARCH COUNCIL INC.
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and 351 respectively in the CBM wells. The propane and butane carbon isotopes were
measured in two water wells but gas concentrations were below the method detection limit and
the isotopes results may not be accurate.
Student T-Tests were used to compare mean methane carbon isotope value in the Ernst well
with the surrounding D35 water wells and the CBM wells. There is no significant difference
between the mean methane carbon isotope values in the Ernst well with that of the D35 water
well (5% level of significance). This statistically validates the observation that the carbon isotope
value of the methane in the Ernst water well is the same as the methane isotope signature of
the surrounding D35 water wells.
There is a statistically significant difference between the mean methane carbon isotope values
in the D35 wells with that of the CBM wells (5% level of significance). This statistically validates
the observation that the carbon isotope values of the methane in the CBM wells is less depleted
than the methane isotope signature of the surrounding water wells.
There is a statistically significant difference between the mean methane carbon isotope values
in the Ernst well with that of the CBM wells (5% level of significance). This statistically validates
the observation that the carbon isotope values of the methane in the CBM wells is less depleted
than the methane isotope signature of the Ernst well.
Student T-Tests were used to compare mean ethane carbon isotope value in the D35 water
wells and the CBM wells. There is no statistically significant difference between the mean
ethane carbon isotope values in the D35 wells with that of the CBM wells (5% level of
significance). This statistically validates the observation that the carbon isotope values of the
ethane in the CBM wells are the same as the ethane isotope signatures of the surrounding
water wells. This does not indicate the D35 water wells have been impacted by ethane from
CBM wells. The similarity between ethane isotope signatures is expected as both the CBM wells
and the D35 water wells are completed in the same formation (but different coal members) in
the area. No statistical comparisons can be made with the Ernst well because the ethane
concentration was below the method detection limit for carbon isotopes.
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Table 4. Statistical values and T-Tests of the gas and isotope data.
D35 Water Wells
13
13
[Methane] G C Methane G C Ethane
n
Min

(ppm)
36
5

Max
Mean
Std.

(‰)

(‰)
16
-47.00

1000000
437104

-60.00
-68.67

-40.94
-44.00

D 35 and Ernst
13
Mean G CEthane

378751

4.82

1.73

D 35 and Ernst

(ppm)

(‰)

1
881000

1
-67.40

Max

881000

-67.40

Mean

881000

-67.40

0

CBM Wells
13

[Methane] G C Methane G C Ethane
(ppm)

(‰)

no significant difference

-0.259

26

no significant difference

-2.229

37

significant difference

D 35 and CBM Wells
13
Mean G CEthane

-5.667

36

significant difference

D 35 and CBM Wells

-0.573

17

no significant difference

Mean [Methane]
Ernst and CBM Wells
13
Mean G CMethane

-0.923

2

no significant difference

Ernst and CBM Wells

-3.426

10

significant difference

Mean [Methane]
D 35 and CBM Wells

13

Mean G CEthane

(‰)

3

11

3

876700
979000
930750
46660

-63.96
-56.44
-60.09
2.04

-45.72
-40.51
-43.33
2.63
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35

13

Std.

13

-1.156

Mean G CMethane

(‰)

n
Min

Min
Max
Mean
Std.

T-Test Degees of Freedom 5% level of significance

27
-79.20

Ernst Water Wells
13
13
[Methane] G C Methane G C Ethane

n

T-Test
Mean [Methane]
D 35 and Ernst
13
Mean G CMethane

Ernst and CBM Wells
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CONCLUSIONS

The Alberta Research Council review of the AENV Ernst complaint file and AEUB data, and
their independent review of additional data and aspects of the complaint, provides the following
conclusions:
x

x

x

x

x

x

x

x

x
x

x

The Ernst water well is completed in the Upper Horseshoe Canyon Formation as are
some of the upper perforations of the CBM wells. Local water wells appear to be
predominantly producing water from the Carbon Thompson and Weaver coals of the
Horseshoe Canyon Formation.
In the Rosebud area, the deep GOWN well and CBM drilling and completions records
indicate that the coals are not water saturated below the Weaver coal. Under natural
conditions, flow between these coal zones is expected to be very limited.
A local stress analysis indicates the most likely azimuth (orientation) of fractures and
face cleats in the coal would be about 055° (Bachu and Michael 2002). Any fluid (water
or gas) potentially leaking from a nearby energy well would not be directed towards the
Ernst well.
An estimate of downward vertical gradient between the Ernst well and the Horseshoe
Canyon CBM zones is 1.0. This represents a very large downward vertical gradient. If
these two zones become connected, water would very strongly want to drain down into
the CBM well.
A theoretical evaluation of the potential migration of methane as bubbles from the CBM
well to the Ernst well (through an induced fracture) suggests that the downward flow of
groundwater in the fracture would stop the upward migration of methane bubbles.
A 1.24 m drop in static water level was observed in the Ernst well from June 2003 to
June 2007. The cause of this decrease is unknown but possible causes include
groundwater resource extraction by the Ernst well or nearby users or from drought. This
drop in water level, and corresponding drop in pressure on the coal zone, can be shown
to contribute to the amount of methane dissolved in the groundwater at saturation.
For all the D35 wells in the area sodium-bicarbonate (Na-HCO3) and sodiumbicarbonate-chloride (Na-HCO3-Cl) type waters are strongly associated with the
presence of methane in the water. The Ernst water well chemistry is not unique. It, along
with many other wells in the area, has Na-HCO3-Cl type water.
The methane carbon isotope values for the Ernst well fall within the general histogram
peak for methane values for all D35 wells in the area. The CBM wells have a less
depleted methane isotope signature.
The ethane carbon isotope values for the CBM wells fall within the general histogram
peak for ethane values for all D35 wells in the area.
The CBM wells have 13C methane values that are less enriched than the typical range
(-60 to -80 ‰) for biogenic methane. This value represents a mixed thermogenic and
biogenic origin.
The water well data, including the Ernst well, all have 13C methane values that are
clearly biogenic. This means the methane likely formed at a shallow depth.
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The 13C ethane values of all the water wells are similar to the values of the CBM wells,
but concentrations are lower (indicating a different origin or potential mixing).
The hydrocarbon gas composition and isotopic values are modified by mixing between
different sources of gases. Hypothetical mixing of 4% CBM gas with a biogenic endmember can produce results similar to the Ernst well. While gas mixing is possible, the
gas composition and 13Cmethane value of the Ernst well is not statistically any different
from the average D35 water well in the area.
Student T-Tests statistically validate the observation that the carbon isotope value of the
methane in the Ernst water well is the same as the methane isotope signature of the
surrounding D35 water wells.
Student T-Tests statistically validate the observation that the carbon isotope values of
the methane in the CBM wells is different than the methane isotope signature of the
surrounding water wells.
Student T-Tests statistically validate the observation that the carbon isotope value of the
ethane in the CBM wells is the same as the ethane isotope signature of the surrounding
D35 water wells.

Overall Conclusion
x The Alberta Research Council’s overall conclusion of the evidence from the review of the
AENV and AEUB files, along with a new review and evaluation of addition data and
concepts, is that energy development projects in the area most likely have not adversely
affected Ms. Ernst’s private water supply well.
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CLOSURE

This report details a thorough review of the AENV well complaint file for Ms. Ernst regarding
Coal Bed Methane (CBM) and conventional gas activities undertaken by EnCana and the
subsequent perceived decrease in water quality of the Ernst well.
This work was carried out in accordance with accepted hydrogeological practices.
Respectfully submitted,
Alberta Research Council
Permit to Practice P03619

Alexander R. Blyth, Ph.D., P. Geol.
Research Hydrogeologist
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Water Well Drilling Report
The data contained in this report is supplied by the Driller. The province disclaims responsibility
for its accuracy.

1. Contractor & Well Owner Information
Company Name:
UNKNOWN DRILLER
Mailing Address:
UNKNOWN
WellOwner's Name:
FECKLEY, F.L.
P.O. Box Number:
723
City:

0123548
Map
1986/05/14
Imperial

2. Well Location

City or Town:
UNKNOWN AB CA
Well Location Identifier:
Mailing Address:
ROSEBUD
Province:

Drilling Company Approval No.:
99999
Postal Code:

Postal Code:
T0J 2T0
Country:

1/4 or Sec
Twp
LSD
SE
13
027
Location in Quarter
0 FT from
0 FT from
Lot
Block
Well Elev:
FT

Rge Westof
M
22
4
Boundary
Boundary
Plan

How Obtain:
Not Obtain

6. Well Yield

3. Drilling Information
Type of Work: Chemistry
Reclaimed Well
Date Reclaimed:
Method of Drilling: Drilled
Flowing Well:
Gas Present: No

Well I.D.:
Map Verified:
Date Report
Received:
Measurements:

Materials Used:
Rate: Gallons
Oil Present: No

4. Formation Log

5. Well Completion

Depth
from
ground
level (feet)

Date Started(yyyy/mm/dd):

Lithology Description

Well Depth: 190 FT
Casing Type:
Size OD: 0 Inches
Wall Thickness: 0 Inches
Bottom at: 0 FT

Proposed well use:
Domestic
Anticipated Water
Requirements/day
0 Gallons

Test Date
(yyyy/mm/dd):

Start Time:

Test Method:
Non pumping FT
static level:
Rate of water Gallons/Min
removal:
Date Completed(yyyy/mm/dd):
Depth of pump FT
intake:
Borehole Diameter: 0 Inches
Water level at FT
Liner Type:
end of
Size OD: 0 Inches
pumping:
Wall Thickness: 0 Inches
Distance from Inches
top of casing to
Top: 0 FT
Bottom: 0 FT ground level:
Depth To water level (feet)
Perforations Size:
Elapsed Time
0 Inches x 0 Inches
Drawdown Minutes:Sec Recovery
0 Inches x 0 Inches
0 Inches x 0 Inches

Perforations
from: 0 FT to: 0 FT
from: 0 FT to: 0 FT
from: 0 FT to: 0 FT
Perforated by:
Seal:
from: 0 FT
to: 0 FT
Seal:
from: 0 FT
to: 0 FT
Seal:
from: 0 FT
to: 0 FT
Screen Type:
Screen ID: 0 Inches
from: 0 FT to: 0 FT
Slot Size: 0 Inches
Screen Type:
Screen ID: 0 Inches
from: 0 FT to: 0 FT
Slot Size: 0 Inches
Screen Installation Method:
Fittings
Top:
Bottom:
Pack:
Grain Size:
Amount:
Geophysical Log Taken:
Retained on Files:
Additional Test and/or Pump Data
Chemistries taken By Driller: No
Held: 1
Documents Held: 1
Pitless Adapter Type:
Drop Pipe Type:
Length:
Diameter:
Comments:

Total Drawdown: FT
If water removal was less than 2 hr
duration, reason why:

Recommended pumping rate:
Gallons/Min
Recommended pump intake: FT
Type pump installed
Pump type:
Pump model:
H.P.:
Any further pumptest information?

7. Contractor Certification
Driller's Name:
UNKNOWN DRILLER
Certification No.:
This well was constructed in accordance with the Water Well
regulation of the Alberta Environmental Protection &
Enhancement Act. All information in this report is true.
Signature
Yr Mo Day

Report 1

Water Well Drilling Report
The data contained in this report is supplied by the Driller. The province disclaims responsibility
for its accuracy.

1. Contractor & Well Owner Information
Company Name:
M&M DRILLING CO. LTD.
Mailing Address:
BOX 1, SITE 22, RR 2
WellOwner's Name:
WHEATLAND, COUNTY OF
P.O. Box Number:
90
City:

0123549
Map
1987/10/27
Imperial

2. Well Location

City or Town:
STRATHMORE AB CA
Well Location Identifier:
Mailing Address:
STRATHMORE
Province:

Drilling Company Approval No.:
118890
Postal Code:
T1P 1K5

Postal Code:
T0J 3H0
Country:

1/4 or Sec
Twp
LSD
SE
13
027
Location in Quarter
0 FT from
0 FT from
Lot
Block
Well Elev:
FT

Rge Westof
M
22
4
Boundary
Boundary
Plan

How Obtain:
Not Obtain

6. Well Yield

3. Drilling Information
Type of Work: New Well-Abandoned
Reclaimed Well
Date Reclaimed: 1987/09/29
Method of Drilling: Rotary
Flowing Well: No
Gas Present: No

Well I.D.:
Map Verified:
Date Report
Received:
Measurements:

Materials Used: Unknown
Rate: Gallons
Oil Present: No

4. Formation Log

5. Well Completion

Depth
from
Lithology Description
ground
level (feet)
25
Brown Clay
32
Gray Clay
47
Gray Sandy Clay
58
Sand
89
Sandy Clay
93
Shale
95
Water Bearing Sandstone
97
Coal
105
Sandy Shale
107
Sandstone
115
Shale
127
Sandstone
137
Shale
165
Shale & Sandstone Ledges
175
Shale
177
Water Bearing Coal
185
Sandstone
200
Shale
207
Sandy Shale
210
Shale
212
Coal
232
Shale
235
Sandy Shale
251
Brown Shale
254
Sandstone
258
Shale
259
Water Bearing Coal
267
Shale
272
Sandy Shale & Sandstone Ledges
300
Shale

Date Started(yyyy/mm/dd):
1987/09/28
Well Depth: 300 FT
Casing Type:
Size OD: 0 Inches
Wall Thickness: 0 Inches
Bottom at: 0 FT

Proposed well use:
Municipal
Anticipated Water
Requirements/day
0 Gallons

Test Date
(yyyy/mm/dd):

Start Time:

Test Method:
Non pumping FT
static level:
Rate of water Gallons/Min
removal:
Date Completed(yyyy/mm/dd):
Depth of pump FT
1987/09/29
intake:
Borehole Diameter: 0 Inches
Water level at FT
Liner Type:
end of
Size OD: 0 Inches
pumping:
Wall Thickness: 0 Inches
Distance from Inches
top of casing to
Top: 0 FT
Bottom: 0 FT ground level:
Depth To water level (feet)
Perforations Size:
Elapsed Time
0 Inches x 0 Inches
Drawdown Minutes:Sec Recovery
0 Inches x 0 Inches
0 Inches x 0 Inches

Perforations
from: 0 FT to: 0 FT
from: 0 FT to: 0 FT
from: 0 FT to: 0 FT
Perforated by:
Seal:
from: 0 FT
to: 0 FT
Seal:
from: 0 FT
to: 0 FT
Seal:
from: 0 FT
to: 0 FT
Screen Type:
Screen ID: 0 Inches
from: 0 FT to: 0 FT
Slot Size: 0 Inches
Screen Type:
Screen ID: 0 Inches
from: 0 FT to: 0 FT
Slot Size: 0 Inches
Screen Installation Method:
Fittings
Top:
Bottom:
Pack:
Grain Size:
Amount:
Geophysical Log Taken:
Retained on Files:
Additional Test and/or Pump Data
Chemistries taken By Driller: No
Held: 0
Documents Held: 2
Pitless Adapter Type:
Drop Pipe Type:
Length:
Diameter:
Comments:
DRILLER REPORTS NOT ENOUGH WATER

Total Drawdown: FT
If water removal was less than 2 hr
duration, reason why:

Recommended pumping rate:
Gallons/Min
Recommended pump intake: FT
Type pump installed
Pump type:
Pump model:
H.P.:
Any further pumptest information?

7. Contractor Certification
Driller's Name:
UNKNOWN DRILLER
Certification No.:
VA5444
This well was constructed in accordance with the Water Well
regulation of the Alberta Environmental Protection &
Enhancement Act. All information in this report is true.
Signature
Yr Mo Day

Report 1
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15.

Drawdown (m)

10.

5.

0.
1.

10.

100.

1000.

Time (min)
ERNST WELL
Data Set:
Date: 11/19/07

Time: 12:17:13
PROJECT INFORMATION

Company: Alberta Research Council
Client: Alberta Environment
Project: 87890015
Location: SE-23-027-22 W4M
Test Well: Ernst Well
Test Date: June 6, 2007
WELL DATA
Well Name
Ernst Well

Pumping Wells
X (m)
0

Y (m)
0

Well Name
Ernst Well

Observation Wells
X (m)
0

SOLUTION
Aquifer Model: Confined
T
= 0.0003624 m2/min
Kz/Kr = 1.

Solution Method: Theis
S
b

= 0.0005065
= 0.92 m

Y (m)
0

15.

Drawdown (m)

10.

5.

0.
1.

10.

100.

1000.

Adjusted Time (min)
ERNST WELL
Data Set:
Date: 11/19/07

Time: 12:14:56
PROJECT INFORMATION

Company: Alberta Research Council
Client: Alberta Environment
Project: 87890015
Location: SE-23-027-22 W4M
Test Well: Ernst Well
Test Date: June 6, 2007
AQUIFER DATA
Saturated Thickness: 0.92 m

Anisotropy Ratio (Kz/Kr): 1.
WELL DATA

Well Name
Ernst Well

Pumping Wells
X (m)
0

Y (m)
0

Well Name
Ernst Well

Observation Wells
X (m)
0

SOLUTION
Aquifer Model: Confined
T = 0.0004045 m2/min

Solution Method: Cooper-Jacob
S = 0.0003347

Y (m)
0
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Assessment of the forces controlling the methane gas bubble migration (personal
communication with Dr. Jon Jones, PhD., University of Waterloo).

Buoyancy Force:
Buoyancy is the upward force exerted on an object produced by the surrounding fluid in which it
is fully or partially immersed due to the pressure difference of the fluid between the top and the
bottom of the object. Buoyancy is the force that gives the wings on airplanes the lift required for
them to fly.
The net upward buoyancy force is equal to the magnitude of the weight of the fluid displaced by
the object.
In simpler terms: Suppose you put a rubber ball in a beaker of water. One of three things will
happen:
1) If the weight of the rubber ball equals the weight of the volume of water it displaces: the ball
will remain stationary
2) If the weight of the ball is less than the weight of the volume of water it displaces: the ball will
begin to float upwards until it breaks through the water surface and will continue to rise until the
weight of the volume of water displaced equals the weight of the rubber ball. This is why ice
bergs float. A cubic meter of iceberg weighs less than a cubic meter of ocean water.
3) If the weight of the ball is greater than the weight of the volume of water it displaces: the
rubber ball will sink to the bottom of the beaker.

Weight Force (In Terms of Methane Gas and Water):
One cubic metre of methane gas under 1 atmosphere of pressure at 15° C has a mass of ~ 0.68
kg. One cubic metre of water under the same conditions has a mass of ~ 1000 kg. So if we
placed a bubble of methane gas in our beaker, it would always float upwards because the mass
of the methane is much less than the mass of the water it displaces.

Comparison of Forces:
Looking at the forces acting on the bubble of methane gas:
The net force pulling the methane gas bubble upwards is: Fb - Wm
Where

Fb = Buoyant force [MLT-2]
Wm = Weight of the bubble [MLT-2]

We have established that the weight of the methane gas bubble is much less than the buoyant
force (which is equal to the weight of the water that the bubble displaces). Therefore, the gas
bubble will migrate upwards at some velocity.

ALBERTA RESEARCH COUNCIL INC.

If the velocity at which the methane gas bubble is rising were to be counteracted by water
flowing downwards at the same velocity, then the bubble would remain stationary. If the water
velocity were increased, the bubble would be pushed downward. Conversely, if the water
velocity were decreased, the bubble would again begin to move upward, albeit at a slower rate.
The velocity at which a gas bubble migrates upward in a column of water is a function of the
size of the bubble, i.e. the larger the bubble, the larger the upward velocity due to the increase
in the net upward buoyant force. Also note that, as the gas bubble migrates upwards, it will be
hindered by friction exerted on the bubble due to the viscosity of the fluid it is rising through.
Calculation Results:
Given the velocity that a gas bubble migrates upward in a column of water, it is simply a matter
of determining if there is sufficient downward water velocity to counteract the upward migration
of the bubble.
Radius of gas bubble (m)

Terminal upward velocity (m/s)

1.0 x 10-6

2.18 x 10-6

1.0 x 10-5

2.18 x 10-4

1.0 x 10-4

2.18 x 10-2

1.0 x 10-3

2.18 x 100

Note: The upward velocities values listed represent theoretical maximum values. There are a
number of factors that can affect these values.
The three most likely scenarios for the migration of the gas bubbles in natural systems would be
through fractures, porous media and through cylindrical conduits like boreholes. The formulae
for calculating the water velocities in these openings can be found in any standard hydrogeology
textbook. Naturally, the site-specific conditions (and corresponding hydrological parameters) will
dictate which particular formula (or formulae) is used.

Partial List of Mitigating Factors Affecting Upward Gas Migration
1. Tortuosity: Except for the case of upward migration through a borehole, the bubble will have
to take a circuitous path in its upward migration as it manoeuvres through interconnected pore
throats or fracture networks. As a result, the upward migration of the gas will be hindered.
2. Relative Size of the Gas Bubble to Pore Throat, Borehole or Fracture Aperture it is Flowing
Through: If the diameter of the bubble is of the same order as the opening it is flowing through,
there will be additional frictional forces slowing down the upward migration of the gas. The
velocity values listed above assume that these forces are negligible.
3. Gas Entry Pressure: For the case of gas migration through fracture apertures or pore throats
that are smaller than the diameter of the gas bubble, sufficient upward buoyant force is required
for the bubble to exceed the gas entry pressure. All other factors being constant, a single gas
bubble whose initial buoyant force is insufficient to overcome the gas entry pressure will remain
trapped. However, the usual case is a large number of gas bubbles migrating simultaneously.
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As the gas consolidates at entrapment sites, the buoyancy force will increase and eventually
upward migration will resume.
4. Bubble Volume as a Function of Pressure: As the gas bubble migrates upward, the column of
fluid exerting pressure on the bubble decreases. As a result, the bubble increases in size,
thereby generating greater upward velocity due to an increase in the buoyant force. A
quantitative expression relating the dynamics between bubble expansion and while moving
upward and the accompanying increase in velocity are very difficult to obtain. For the velocities
listed above, it was assumed that the size of the bubble remains constant. Whereas the first
three mitigating factors in this list would tend to decrease the rate of upward gas migration, this
factor would increase it.
5. Any geochemical processes that would make the bubble lose mass during migration (and
thereby reduce its volume and decrease its upward velocity). However, it is very likely that this
factor would be negligible in most instances.
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University of Calgary
Carbon Isotope Analyses
Free Gas
Sample I.D.

KC62-1
KC63-1
KC64-1
KC65-1
KC66-1
KC67-1

Field Site

Rosebud #1
Jessica
Lauridain
Signer
Rosebud #2
Rosebud #3

n.a.

Not Analyzed

n.d.

Not Detected

n.r.

Not Received

13

13

13

Dissolved Gas

 CCH4
(‰)

 CC2
(‰)

 CCo2
(‰)

DCH4

-59.0
-67.4
-63.3
-66.9
-64.0
-68.1

-40.5
n.a.
n.a.
n.a.
n.d
n.d.

-5.0
-2.8
1.9
0.7
n.a
1.6

-285.0
-298.3
-291.2
-297.2
n.a.
n.a.

(‰)

13

 CCH4 13CC2 13CCO2
(‰)
(‰)
(‰)

n.r.
-66.3
-62.5
-66.3
-63.4
-69.5

n.r.
n.a.
n.a.
n.a.
n.d.
n.d.

n.r.
n.a.
n.a.
n.a
n.a.
n.a.

