


Umiak N-16 Sump Monitoring Program

2 Methods

The methods for monitoring the N-16 sump follow the Protocol for thc Management of
Drilling Waste Disposal Sumps — Inuvialuit Settlement Region NWT (NWT Water Board
2006). In addition, the monitoring program was augmented, based on feedback from the
NWT Water Board (NWT Water Board, June 19, 2006), requesting the following:

¢ Soil samples to be collected in concert with EM surveys to help intcrpret the results
of the EM Surveys from 2005 and 2006.

¢ Provide the chemical characteristics of the deposited sump wastes and an
interpretation as to the condition of the waste within the sump, keeping in mind that
the EM surveys indicate that the waste has migrated outside the sump confines.

Other items requested at that time were reported on September 06, 2006 (EnCana 2006).

2.1 Visual Assessment

Visual assessments were conducted by Kavik-AXYS representatives during all visits in
2006 to document conditions on the general physical structure of the sump including:
settlement, vegetation concerns and vigor, presence or absence of ponding, erosion, stress
or tension cracks. These visual assessments were conducted both from the air and on the
ground. A general photo log of the sump and surrounding area is located in Appendix A.

2.2 Temperature

During 2004 four thermisters were installed in and surrounding the Umiak N-16 sump.
The thermisters were initially installed to depths of 14 meters including sensors located at
depths of 0.5, 0.75, 1.0, 1.5, 3.0, 4.5, 6.0, 7.5, 9.0, 10.5, 12.0 and 14.0 meters below grade
as required under NWT Water Licence No. N7L1-1797. However, it was estimated that
the sump seitled approximately 0.45 m during the first growing season and the thermister
depths within the sump were adjusted to 0.05, 0.3, 0.55, 1.05, 2.55, 4.05, 5.55, 7.03, 8.553,
10.05, 11.55, 13.55 meters below grade. Control data was collected from Thermister
1726. Thermisters 1725, 1727 and 1728 were located in the sump (Figure 1).

Temperatures were recorded twice daily at 0000 and 1200 and averaged for each month,
Graphs illustrating the averaged data for each depth of the thermisters from

September 01, 2005 to August 31, 2006 are located in Appendix B. Raw data for cach
thermister is located in Appendix C.

2.3 Electromagnetic Survey

Essis Ltd. conducted electromagnetic surveys on September 13, 2006 using a Geonics
EM31 and EM38 ground conductivity meters. These instruments were used to identify
the lateral extents of ion-rich regions which may reflect ion migration from the sump to
the surrounding areas and help identify requircment for additional sampling. Readings
from the EM38 approximate measurements of the top 1.5 m (shallow) of topsoil while
the EM31 approximates measurements of the top 5 m (deep) of topsoil. Results of the
EM survey are located in Appendix D.
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Umiak N-16 Sump Monitoring Program

24 Soil Sampling

The purpose of the soil and water investigation conducted on September 16, 2006 was to
identify, or confirm the absence of potential migration of sump constituents into adjacent
arcas as identified in the EM surveys.

Soil samples were obtained utilizing a hand driven Dutch auger. All soil samples were
removed directly from the auger by hand using clean latex gloves. Every effort was made
to eliminate the possibility of cross contamination between soil samples. Samples were
inspected for colour, visual staining, odour, and any other anomalous characteristics that
may be related to environmental contamination. Samples requiring salinity analysis were
retained in a laboratory issued zip-lock containers for analysis. Each sample intended for
hydrocarbon or organic chemical analysis was retained in a 250 ml glass jar, ensuring no
head space was evident within the jar to retain the integrity of the samples.

A minimum of ten {10) potential soil sample locations were identified by referencing the
2005 EM survey drawing and the 2006 EM field survey drawing provided by ESSIS prior
to the site investigation. The locations gencrally included:

e one (1} background sample at cach sump {from a control area) up gradicnt from the
sump at a point where a migration path has not been identified,

e (wo (2) samples near the centre of the sump;

e two (2) or three (3) samples in the centre of the arcas where migration has been
observed; and

e the remaining samples were used to delineate the lateral extent of the migration.

For salinity analysis, two discreet soil samples were obtained from each sample location
in the sump cap at intervals of approximately 0.4 cm or until the auger was rejected by
the permafrost. Samples obtained in the areas adjacent to the sump were a composite of
all material within the corehole. Hydrocarbon samples were a composite of the top 0.8
cm of the sump cap or until rejection of the auger by permafrost. Samples were submitted
to ALS Laboratories (ALS) and tracked using a chain of custody process to verify which
samples require laboratory analysis. All samples were stored in coolers under suppressed
temperature conditions until submission to the laboratory. See Tables 1 and 2 for the
tabulated salinity and hydrocarbon results and Figure 1 for location of sample points. See
Appendix E for the certified laboratory results from ALS.

25 Water Sampling

During the site visit, an electrical conductivity (EC) meter was utilized to field test
anomalies observed within the surficial water in and around the sump. At locations where
potential migration paths were observed and the EC meter detccted elevated
concentrations of ionic activity, water samples were obtained at arm’s length, stored in a
laboratory issued 500 ml plastic jar and submitted to ALS Laboratory for salinity
analysis. A background sample of surficial water (N16-W10) was obtained up gradient of
the sump, in a location not anticipated to be effected by migration from the sump. See
Table 3 for tabulated salinity water results and Figure 1 for locations of sample points,
See Appendix E for the certified laboratory results from ALS.
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Umiak N-16 Sump Monitoring Program

2.6 Guideline Selection

The guidelines used to compare the results from the soil and water sampling programs
includes the Canadian Council of Ministers of the Environment’s (CCME) Soil and
Water Quality Guidclines for:

o  Soil salinity for residential and parkland,
¢  Soil hydrocarbon for residential and parkland; and
e Water for freshwater and aquatic life.
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Umiak N-16 Sump Monitoring Program

Table 2 Umiak N-16 Sump - Soil Sampling Hydrocarbon Results

Sample ID N16-H1 N16-H2

Depth
(m) 0.0-0.8 0.0-0.8
Detection
Parameters Units Limits | Guidelines'

Benzene mg/kg 0.005 0.5 <0.005 | <0.005
Toluene mg/kg 0.01 0.8 <0.01 <0.01
Ethylbenzene mg’kg 0.01 1.2 <0.01 <0.01
Xylenes mg/kg 0.01 1.0 <0.01 <0.01
F1 (C6-C10) mg/kg 5 260 <5 <5
F1-BTEX mgrkg 5 2 <5 <5
F2 (C10-C16) mgkg 5 900 10 10
F3 (C16-C34) mg/kg 5 800 120 | 200
F4 (C34-C50) mg/kg 5 5600 74 130
Total Hydrocarbons (C6-C50) mg/kg 5 - 200 340
Chromatogram to baseline at nC50 - N/A? - NG NO
% Moisture % 0.1 - 17 9.9

NOTES:

1. Canadian Council of Ministers of the Environment (CCME}. 2001. Canada Wide Standards for
Petroleum Hydrocarbons (PHC) in Soil. Winnipeg, MB. For Residential and Parkland (Highlighted

celis exceed criteria).
2. N/A - Not Appticable
3. (-) No guideline
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Umiak N-16 Sump Monitoring Program

3 Results

3.1 Visual Assessment

Visual assessments during 2006 revealed no evidence of ponding, erosion, stress, tension
cracks on the cap or surface of the sump. There was no evidence of settling within the
sump. Vegetation establishment on the sump cap has been moderate with clusters of
vegetation growth (See Photo | in Appendix A). Vegetation surrounding the sump cap
showed no visual signs of stress (Photo 2 in Appendix A). Permafrost depths were
between 0.86 and (.92 on the sump cap and ranged between 0.35 and 0.48 m in the arcas
adjacent to the sump (see depths of samples in Table 1). There was very little moisture
contained in the active layer of the sump cap.

3.2 Temperature

Thermister 1728 was identified as corrupted when the data from the thermisters was
downloaded during the initial site visit in May 2006. Therefore, no data was available for
Thermister 1728 during the 2005/2006 monitoring period. The thermister was sent to the
distributor to be repaired. The distributor attempted to extract data from the logger but
was unsuccessful. The thermister has subsequently been repaired and reattached. Logging
of data was reinstated on September 16, 2006. New data from 2006/2007 will be
generated for the 2007 Annual Sump Monitoring Report.

Thermisters 1725 and 1727 located in the sump showed a greater degree of clustering of
the temperatures in the active layer and shallow permafrost, between 0.00 m and 1.05 m
than that of the control thermister (1726), Depths exceeding 4.0 m had temperature
profiles between the control and the sump thermisters. Generally, the control thermister
data reveals a greater degree of consistency in the thermal regime in the depths between
0.0 m and 4.5 m below grade.

3.3 Electromagnetic Survey

Results of the 2006 EM38 and EM31 surveys (Appendix D) showed decreasing response
amplitudes along the axis of the sump as compared to the two previous years. As in
previous years, drilling wastes appear to be concentrated in the western portion of the
sump. The 2006 EM surveys indicate a wider dispersion of elevated conductivity around
the sump; however, hot spots recorded in 20035 are slightly reduced in magnitude in 2006.
Two new hot spots were identified this year in an area south west of the sump not
surveyed in previous years.

T N ber 2006
SNCE

KAVIK- AXYS Inc.




Umiak N-16 Sump Monitoring Program

3.4 Soil Sampling

Based on the 2005 and 2006 EM survey results, twelve (12) soil sample locations were
chosen to characterize and delineate potential impacts from the sump (Figure 1). The
salinity analysis revealed that soil samples N16-56 and N16-S7, designed to investigate
the high ionic anomalies southwest of the sump, have the highest concentrations of
general salinity parameters. Sample N16-S7 was the only sample to have electrical
conductivity concentrations that exceeded CCME guidelines. pH for all samples located
off the sump cap (including background) had values that were not within the acceptable
CCME guideline range, likely a response to naturally occurring low pH in the peaty
substrate that surrounds the sump. All other samples were within CCME guidelines. Soil
samples N16-53, N16-585 and N16-89 were located to investigate other EM survey
anomalies and migration paths on the south side of the sump. These samples had slightly
elevated salinity parameters above background conditions. Generally, all the other
samples on the south and north perimeter of the sump had values that approximate
background conditions for the area.

Two samples from the sump were submitted to the lab for hydrocarbon analysis.
Hydrocarbons were detected in both samples; however, they were under CCME
guidelines. A background hydrocarbon sample was not obtained during the site visit due
to the absence of mineral topsoil located within the vicinity of the sump.

3.5 Water Sampling

Seven (7) water samples were obtained and forwarded to the lab for salinity analysis
based on the results of the field screening (see Figure 1 for locations). There was no
surface water observed on the cap of the sump. Water samples N16-W3, N16-W7 and
N16-W8 were located to investigatc anomalies identified in the EM survey on the south
side of the sump. Water sample N16-W 15 was located to delineate the northern extent of
the anomalies identified in the EM survey. These samples had elevated electrical
conductivity, potassium and chloride values. Water samples N16-W6 and N16-W13
approximated background conditions. The pH levels for four of the seven samplcs were
not within aceeptable CCME guidelines including the background sample, likely due to
the acidic nature of the surrounding peatlands.
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4 Discussion

Results of the EM38 and EM31 surveys and the soil and water sampling program
suggests that ionic concentrations have migrated from the sump into the adjacent areas.
The EM38 survey showed clevated electrical conductivity responses extending north and
south from the sump and appears to be concentrated in the lower topographical regions.
Within these hotspots, elevated levels of potassium and chloride identified in the soil and
water sampling program verified that these elevated anomalies likely originate from the
sump. However, only one soil sample had elevated parameters that exceeded CCME
guidelines that arc¢ not a result of background conditions (S16, with a conductivity
reading of 7.44 dS/m, above CCME guideline of 2 dS/m).

One possible explanation for the mechanism causing migration of sump contents is that
the elevated salts in the sump result in a lower freezing temperature than the surrounding
environment. As the surrounding area freezes up in the fall, pressure is exerted on the
sump, which may remain unfrozen for a longer period of time. Water, high in salt
concentration, is then squeezed up and out of the sump, migrating to adjacent
topographically low areas. It appears that over time, salts may have continued to move
out of the sump, resulting in lower EM38 readings in the sump and a few areas of high
salt concentration and EM38 readings in low lying areas adjacent to the sump. Gradual
dissipation of these hot spots is apparent, through natural difution and equilibrium
processes.

Vegetation on the sump cap and the surrounding arca did not indicate signs of stress due
to regional elevated salinity results; however, the assessment did not occur during the
optimum time of yecar to assess vegetation health.

Revegetation has not fully covered the sump cap after three growing seasons since the
initial reclamation. Revegctation has been sparse on the sump cap, limited to isolated
clusters. Vegetation growth may be limited due to the coarse grain topsoil and lack of
surface organics, limiting the moisture availability. Due to the coarse granular material
composing the topsoil and the high wind potential, wind erosion may be a concern over
the long-term management of the sump. However, significant wind erosion was not
observed during the site visit,

Comparing the temperature graphs for each of the thermisters over the previous year, the
temperature regime in the thermisters has appeared to be stabilized in the lower
permafrost. In the active layer and the upper permafrost, there is a greater variability in
the sequences of the graphs as the active layer in the sump is more sensitive to seasonal
climatic variations than the control thermister, This could be a result of the coarse grained
nature of the sump cap and the limiting water rctaining capability of the soil. Water has a
much higher specific heat than air, allowing climate variations of the atmosphere to have
a greater effect on the temperature in the soil of the sump cap than the water saturated
organic horizons that surround the sump. In addition, the sump cap lacks an insulating
organic layer at the surface allowing the cap to thaw and freeze more quickly and to a
greater extent then the surrounding tundra, and resulting in an active layer that is
considerably deeper than that of the surrounding area.
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Umiak N-16 Sump Mcnitoring Program

5 Recommendations

The following is a summary and proposcd dates of recommendations for the Umiak N-16
sump during 2007. These recommendations are in addition to requirements outlined in
Part H Conditions Applying to Abandornment and Restoration of the Northwest
Territories Board Licence N7L1-1797 for the EnCana Corporation Umiak N-16 Drilling
Program:

¢ Seed and fertilize the cap of the sump as necessary (April-JTune 2007).

e A visual assessment to document gencral stress to vegetation during the growing
season (June-August 2007).

¢ A follow up soil and water assessment in conjunction with the 2007 EM Survey
(September 2007).

Vegetation establishment has not been adcquate to stabilize the cap of the sump and
substantially inhibit the potential for erosion into the surrounding area. The sump cap
should be fertilized and/or revegetated with an ENR approved seed mix as required in
April-June 2007 in conjunction with the spring 2007 sump assessment and thermister
download. Seed should be broadcast at the time of year when temperature and moisture
regimes are at the optimum level to promote germination. Special care shall be taken to
ensure seeds are buried in the sump cap and that the existing vegetation is not disturbed.
Vegetation should be re-assessed during the fall 2007 site visit. 1f additional seeding is
required, an ENR approved cover crop, designed to stabilize the cap during the short-
term, have a finite life expectancy and be out competed by native vegetation should be
considered,

As part of the overall visual assessment, special attention to vegetation health should
occur in areas of high salinity concentrations. The assessment must occur during the
growing season {June-August 2007) to adequately document evidence of stress to
vegetation. The results will be compared against the surrounding vegetation.

The analytical results from the soil and water sampling assessment and the EM surveys
indicate that elevated parameters outside the sump are likely the result of migration of
ionic concentrations located within the sump. However, generally the concentrations are
located in isolated areas. If there is no or limited additional migration of sump
constituents in the future then a natural attenuation of these elevated parameters may
occur. A follow up assessment of soil and water chemistry during the fall 2007
assessment in conjunction with the required EM survey is recommended to monitor any
further changes surrounding the sump. EM38 readings indicate that the sump cap
concentrations are low and should not provide a future source of compounds that would
impact the surrounding arca.

It appears that the deep permafrost within the sump has stabilized and is responding to
climatic changes similar to the control thermister. The shallow permafrost and active
layer within the sump has not stabilized to the same level as the control thermister. With
this being the second year of a five-year monitoring program, and temperature
monitoring proceeding until 2009, no additional thermal monitoring is recommended.
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Appendix A Site Photos
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Appendix B Thermister Temperature Graphs
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