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Cantama Tower 2000, 400 -3 TN
Calgary, AB T2P 4H2
Phone; (403) 222-7100

Water Register: N7L1-1777
October 30, 2006

N.W.T Water Board
PO Box 1326
Yellowknife, NT
X1A 2N9

Attention: Mr. Gordon Wray

Dear Mr. Wray:

Re:  Devon Itiginkpac F-29 Sump Assessment -

As indicated previously (April 2006) Devon has retained the services of - Kiggiak-EBA to assist
in the assessment and future planning for the F-29 drilling sump. Attached is-a copy of Kiggiak-
EBA’s report for the F-29 site. In June (June, 29, 2006) the NWT Water Board requestéd Turther
information concerning Devon’s 2005 F-29 Sump Monitoring Program Report. The attached

‘report provides an assessment of the site based on data acquired from Devon’s monitoring

prograrm, and addresses the questions posed by the NWT Water Board in June.

Devon continues to monitor the F-29 sump and recently (September 2006) completed an EM
survey and download of ground temperature data. Devon is currently contemplating next steps
for the F-29 location in association with the well partner (Shell Canada).

Devon apologizes for the timing of this submission and invites comments with respect to the
Kiggiak- EBA report.

Sincerely,
DEVON CANADA CORPORATION

el: (403) 232-7294
Fax: (403) 232-7407
peter.millman@devoncanada.com
attachments: 2
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document holder
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This repott reviews the extent of salt contamination adjacent to the sump at the Itiginkpak
F-29 well site, and provides recommendations for remediation of the area and for
re-establishing containment of drilling wastes in the sump. It has been ptepared by
Kiggiak-EBA Consulting Ltd. (Kiggiak-EBA), an Inuvialuit company, with technical
support by EBA Engineering Consultants Ltd. (EBA). Devon Canada Corporation
(Devon) is the operator of the site, at which it drilled an exploration well in eatly 2003.

The Ttiginkpak IF-29 site is located, as indicated on Figute 1, approximately 38 km
west-northwest of Inuvik, in the Mackenzie Delta. This location is approximately 7.5 km
off of the winter road route between Aklavik and Inuvik, and about 71 km by ice-road from
Inuvik (the winter road route is subject to change due to early season ice conditions).
Figure 2 provides a recent topographic survey of the site area showing the sump at the west
end of the lease. The sump is approximately 70 m from the nearest channel bank, and a
similar distance from a small lake to the south.

In the years following well completion, Devon has been monitoring the site, including
recording ground temperatures from thermistor strings, conducting shallow electromagnetic
geophysical (EM) sutveys, and sutface water chemical testing. This monitoring indicates
that potassium chloride salt contamination from the drilling wastes is spreading from the
sump in several areas and off the lease to the southwest. Section 3.0 of this report desctibes
the areas of contamination and basis for this interpretation.

As a consequence of these observations, the Northwest Territories Water Board, which has
been receiving copies of Devon’s monitoring reports, in January 2006 directed Devon to
“submit a plan for the reclamation of water and soils impacted by mugration of
contaminants from the F-29 drilling waste sump ... (including) provisions for ongoing
monitoring of the site once the reclamation work 1s completed...”. The following report is
intended to address the first of these requirements.

Kigpiak-EBA was retained in May 2006 to prepate a reclamation (remediation) plan for the
F-29 sump. Initially, this included a review of site monitoring reports (References 1 to 6)
and Water Board correspondence with Devon. The teview also considered obsetvations
and notes prepared by EBA (2003) which had been retained to obsetve the sump
excavation, to provide geotechnical guidance for the closure of the sump, and to provide
and install three thermistor cables at the site.

In June 2006, this report’s authors visited the site to obtain a first-hand appreciation for the
layout and condition of the sump, and to consider alternate remediation options.
Photograph 1 and Photograph 2 provide an indication of conditions at the site in
June 2006. At that time, samples were taken from the ponds and wet areas around the
sump. These were submitted to ALS Laboratory Group for salinity analyses and the results

a2
KIGGIAK - EBA

K131037 Itpinkprk F29 Sump Remadiation, Pl Reportdog



KE1037/1100118
October 2006
2

have been reported separately to Devon. Copies of that data are also enclosed in
Appendix A with an assessment of the potential severity of the impact of the salt
contamination, prepared by one of EBA’s senior environmental specialists.

Kiggiak-EBA subsequently commissioned Inukshuk Geomatics Ltd. (Inukshuk) to conduct
a detailed topographic survey of the site which was requited for planning drainage repairs,
setting grades for remediation works, and to allow quantity calculations for contracting the
remediation works. ‘The results of that sutvey which was completed on July 29, 2006 ate
dlustrated on Figure 2.

Essis Ltd. have recently completed an EM survey of the site for Devon and a report is
being prepared. Devon have indicated that Kiggiak-EEBA will be asked to teview the 2006
data obtained by Essis when the report is available.

LEASE DESCRIPTION

The lease is located on an island in the Mackenzie Delta. Taylor Channel is on the north
side of the lease and there 1s a small lake to the south of it. In this part of the Delta, the
maximum surface elevation is less than 5 m and the lease area is only about 2 m above the
summer channel level. The west end of the lease 1s relatively flat with a slight slope to the
southwest. A low, southwest trending swale, which originally provided drainage for the
west end of the lease, was blocked by the sump and now contains ponded water.

Most of the lease, which was cleared of trees, shows a healthy level of natural re-vegetation
since 2003. The sump area, however, is generally bare and shows the imprint of a dozer’s
tracks. Grading work done to improve drainage from the cap and from the pond on the
cast side of the sump by Devon m 2005 probably stripped away any natural re-vegetation
that may have extsted from these areas.

Figure 2 indicates that the sump cap is about 0.2 m to (0.8 m above the level of the
surrounding site. EBA 2003 reports that it was initially built-up by 1.5 m to 2.0 m above
level grade. The extent to which this loss of relief results from thaw and settlement of
ice-rich cap backfill, or from thawing of the icy layers and ground ice in the cover (below
ground portion of the cap) that Devon put over the drilling wastes, or from grading work
by Devon in 2005, is not clear.

Ground temperature monitoring reported in Newpark, 2005 indicates that seasonal thaw
reaches about 1.5 m below grade in disturbed areas (Newpatk Area C) and 0.9 m in the
naturally re-vegetated areas of the lease (Newpark Area A). Furthermore, the average
annual ground temperature appears to be between -3°C and -4°C. In this temperature
range, the drilling wastes, which originally were dry mixed with zeolite, may contain
unfrozen pockets of saline-rich water.

W
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3.2

SALT CONTAMINATION

Figure 3, interpreted from the EM surveys conducted by Essis and reported by Newpatk in
2005, indicates the extent of three areas of concern. Chemical analyses of soil and water
samples (1EG, 2005) show that the primary contamination and contributor to the high
apparent conductivity values is potassium chloride (salt). Potassium chlotide is a significant
component of the buried drilling wastes.

The September 2003 EM survey, conducted by Lssis, shows an area of anomalously high
apparent conductivity that is approximately 12 m wide between the south end of the sump
and the southern lease boundary. Apparent conductivity is generally a measure of the
electrical properties of water in the soil pores and more saline soil-water mixes will have
higher apparent conductivity values. The 2003 sutvey did not extend off-lease to identify
whether the apparent contamination had spread beyond the lease boundary.

A similar survey conducted in September 2005 by Essis shows the area of apparent
contamination between the sump and southern lease boundary had grown to 25 m wide. In
the 2005 survey, the plume of inferred contamination can be traced southwestetly to about
80 m off the lease, although the most significant concentrations appear to extend only
about 15 m beyond the lease boundary. An area of dead or distressed tree growth is evident
in photos of the area adjacent to the lease.

EM sutveys across the pond that has formed in the blocked swale on the east side of the
sump, suggest that ponding may have impacted the permafrost containment zone adjacent
to the sump. A small pocket of elevated apparent conductivity has developed in the pond,
suggesting the possible escape of some of the unfrozen saline-rich water associated with the
drilling wastes.

A thitd area of concern that is similarly indicated by high apparent conductivity
measurements made by Hssis first appeared in the September 2005 EM sutvey. It is located
adjacent to the north {or northwest) corner of the sump. Regrading work by Devon in the
summer of 2005 may have something to do with the recent development of this area of
high apparent conductivity.

0 INTERPRETATION OF SUMP GEOMETRY.

In order to appreciate grading recommendations and fill areas outlined below, it is necessary
to clearly indicate our understanding of the geometry of the sump. This is somewhat
difficult because there are no reports of a proper sump perimeter sutvey notr are there
as-build drawings of the sump cap. The source of the “sump outline” which appears on all
the Essis EM sutvey drawings and which is shown on Figure 3 is unknown. From site
pictures and comments in EBA 2003, the as-built geometty of the sump and condition of
the backfill are intetpreted to have been as follows:

a) 'The sump cap was placed to 1.5 m to 2.00 m above surtounding grade.

10
(> Q\fl—(’/

KEIN37 Bginkpak F29 Semp Remediation Phn Reporcdoc KIGGIAK - EBA



KE1037/1100118
October 2006
4

b) The crest (outer top edge) of the backfill was 2 m to 3 m outside the petimeter of the
excavation.

c) Sideslopes of the backfill were graded to approximately 3H:1V.

d) The soil cover, (over the drilling wastes up to ground level) was placed in 0.5 m thick
lifts, which wete each flooded and allowed to freeze-back, before proceeding with the
next lift.

e) Pictures, in Newpark 2003, suggest the excavation was approximately 5 m deep, except
for the area of the access ramp, which was located in the northeast corner.

f) Devon repotts that the drilling wastes (cuttings) were dry-mixed with zeolite to dectease
the mobility of salts and heavy metals, and these were placed at least 3.5 m below grade.

g) Verbal reports suggest the drilling wastes had a maximum depth of 1.5 m in the bottom
of the sump. There are also reports that the bottom of the pit containing the frozen
drilling wastes was flooded and allowed to freeze (i.e., the ice-covet), before the soil
cover was placed. This was done to encapsulate the drilling wastes in ice.

h) Although the original ground elevations were not surveyed for the sump area,
Inukshuk’s survey (Figure 3) suggest the average pre-construction grade near the north
end of the sump was approximately at Elevaton 4.2, near the middle it was
approximately at Elevation 4.1, and near the south end it was approximately at
Elevation 4.0.

1) 'The east pond area does not appear on project photos in Newpatk 2003 to be as deep
as it is in Inukshuk’s 2006 survey. Likely the atea has settled by as much as 0.5 m due to
deeper thaw resulting from the ponded water.

Figure 4 schematically shows the interpreted cross-section of the sump, as it was first
completed. The outline of the sump excavation, presented on Figure 3, has been
determined conservatively by working back from the toe of the fill, which is teliably
distinguishable on the ground and on Inukshuk’s surveyed topography. As a minimum, the
edge of the excavation should be approximately 6.0 m inside the toe of the fill. [Calculated
as 1.5 m (the minimum height of fill) x 3 (for 3H:1V sideslopes) + 1.5 m (fot the minimum
distance that the crest is reported to have been outside the excavation)]. The following

recommendations assume the edge of the sump excavation consetvatively is only 5.0 m
inside the limits of the fill.

REMEDIATION REQUIREMEN

For the sump to contain partially unfrozen drilling wastes with saline-water pockets, several
remediation design criteria must be satisfied, as follows:

!
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6.1

The sump must have a sufficiently thick soil cap (>1.5 m above surrounding ground
level) that it does not thaw through to allow surface water mnto the sump ot to release

drilling waste fluids.

The atea of contaminated cap soils in the north half of the sump (see Figure 3) should
be covered by a similar 1.5 m of thaw-stable fill, because it could thaw more deeply than
uncontaminated cap soils.

The sutface of the cap must be graded to drain properly; otherwise ponding will cause it
to thaw more deeply. (Ponded water acts as a heat source and promotes deeper thaw.)
A top slope of 2.5% is recommended to promote runoff.

Seasonal thaw (the active layer) in the containment zone around the petimeter of the
sump must not extend deeper than the top of the ice cap, which is intetpreted to be
about elevation 2.8 m.

Some othet requitements that must be incorporated in the remediation design include:

providing a drainage path for water ponding on the east side of the sump;
ptotecting the sump cap from etosion caused by drainage;

removing salt contaminated soils within the active layer along the southwest side of the
sump;

confining in situ salt contaminated soil in the area north of the sump and in the east
pond area by covering with sufficient soil (>1.5 m) that it becomes encapsulated in
permaftrost; and

establishing a cover of grasses over the sump and adjacent disturbed areas to help resist
erosion and improve (cool) the ground temperature regime.

SUMP CAP

The proposed temediation wotk on the sump cap is intended to re-establish a frozen seal
over the cover soils and drilling wastes.

Essis 2005 clearly indicates that the north central part of the cap has been contaminated
with salts and Drawing 1 indicates that the thickness of the cap has declined substantially
from its original hetght of 1.5 m to 2.0 m above grade. For this to have occurred, requires:

a)

b)

thawing of about 4.5 m of non-saline cap and cover soils and its consolidation, which is
not supported by the thermistor monitoring data;

thawing of saline-rich drilling wastes and the flood-cover water and subsequent
displacement of unfrozen saline drilling fluids into and through the backfill; or

\|/
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6.2

c) removing considerable matetial during regrading activities in 2005.

A plausible intetpretation is that some of the drilling wastes or water with which it was
flooded have partially thawed as they warmed up to average ground temperatures. This
would occur at ground temperatures that would not thaw the non-saline covetr and cap
soils. Subsequently, some of that saline-rich water has been displaced by the weight of the
backfill and it may have mixed into the backfill.

To create a new cap that will prevent the ingress of precipitation and promote propet
drainage, a new cap should be placed over the existing cap to a height of at approximately
1.5 m above the thinnest part of the existing cap. The surface of the new cap cover should
be sloped at a minimum 2.5% grade to promote runoff. The cap should extend to cover
the entire existing cap fill area and extend at beyond the original sump boundaries in areas
where contamination has been identified. The sideslopes of the fill should be trimmed to
2.5H:1V. Except where confined by the lease boundaries. Figure 5 shows recommended
design grades and design sections. This would requite approximately 3,500 m’ of in-place
fill plus allowances for bulking and consolidation.

It is recommended that the new cap cover be constructed of pit-tun granular fill, such as
the material which can be obtained from the Navy Road Pit in Inuvik. The pit-run should
be free from significant snow, ground-ice, large frozen lumps, and boulders. It should be
placed in thin (< 0.20 m) lifts, and track-packed.

EAST-SIDE POND

The proposed remediation work on the east side of the sump is intended to raise the
confining permafrost table to about elevation 4.0 m which would be higher than the normal
high water level of the pond.

To push the ponded water away from the sump, the west end of the pond should be filled
for a distance of 10 m from the interpreted original edge of the sump excavation, or about
5 m wider than the cap fill outlined above. The fill should not be allowed to block either
outlet from the pond. It should extend the length of the sump and have a height of at least
1.5 m above the pond outlet level (to elevation 5.4 m). Final sideslopes on the fill in this
section should be 2H:1V. Before the fill is placed, pond ice should be removed from the fill
area. The pond ice, which could have a low level of salinity, can be wasted at the east end
of the lease. The berm can be constructed of pit-run granular fill, sourced and placed as
described above.

These recommendations recognize that some ponding will remain in the atea on the east
side of the proposed fill area. This ponding will be far enough from the edge of the sump
that a secure containment bartier is maintained.

A second assumption is that the contaminated active layer soils, shown near the south end
of the pond on Figure 3, can be left in-place and mostly will be immobilized when buried
under 1.5 m ot more of frost-stable capping soil.

|/
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6.3

6.4

SOUTH-SIDE CONTAMINATION

Salt contaminated near surface soils should be removed to a depth of about 1.0 m below
grade during the winter of 2007 from the area indicated on Figure 3. Contaminated soils
from between the sump and southwestern lease boundary (an atea of approximately
25 m x 8 m) should be ripped, excavated, loaded in trucks, and hauled to Inuvik for
disposal. The southwestern edge of the excavation should be the lease boundaty.

The resulting excavation should be backfilled with Inuvik (Navy Road Pit) pit-tun which
must be handled uniquely to ensure that it will provide containment to at least 1.5 m above
the level of dulling wastes. The back-fill must be placed in 0.20 m lifts, water-saturated, and
track-packed or tamped with by a backhoe. The lifts should be placed several hours apatt
to allow them to freeze. The actual time required should be adjusted according to air
temperature. This will be a difficult winter construction task which must be well planned in
advance.

The sump cap should be extended in this area to cover the excavation zone to the extent
possible without blocking drainage. The south edge of the new cap should have a top
elevation as indicated on Figure 5 and it should extend from about 5.0 m beyond the west
edge of the sub-cut area around the southeast end of the sump. The toe of the new cap
should be placed about 1.0 m from the lease boundary and the south facing slope may need
to be as steep as 2FIV to allow for a drainage path between the betm and the lease
boundary. ‘The south-side berm should be wrapped around the southeast cotner of the
sump to meet the east-side berm, and must not impede drainage from the pond at the 4.1 m
elevation level.

These recommendations do not include remediation of the soils and distressed {dead)
vegetation which are located beyond the lease boundary in a southwestetly ditection. The
plume of saline contamination appears on EM mapping (Essis, 2005) to extend to about
80 m off the lease. It should be left to attenuate naturally which should occur after its
soutce has been cut-off by the measures described above. This is further discussed in
Appendix A.

NORTH-SIDE CONTAINMENT

With the apparent collapse of the north half of the sump cap (ot removal of some of the
cap during the 2005 re-grading effort) and the contaminaton of some of the cap soil, it is
prudent to ensute that perimeter containment is maintained. Remediation measutes, which
include extending the new cap to cover the area of concern identified in 2005, are
recommended to ensure that permafrost does not thaw to below the level of the original
ground.

|/
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6.5

DRAINAGE AND EROSION CONTROL

Drainage from the east-side pond and runoff from the sump cap will be directed northward
into the ditch at about the 3.9 m level ot southwestetly into the natural swale at about the
4.1 m level. Hydraulic and/or thermal erosion is possible in both ateas, until they become
re-vegetated. Consequently, it is recommended that a stockpile of 100 m’ of clean, quarry
rock or coarse gravel is placed on the lease to provide a soutce of erosion resistant fill for
remediation, should it be requited. The stockpile should be configuted to allow deep
seasonal thaw and internal drainage if it is not to be ice-bonded when needed.

_ RECOMMENDATIONS FOR CONSTRUCTION CONTROL

The remediation plan presented above requites planning, care and good workmanship if it is
to be successful. Alternately, the suggested minimum fill thicknesses should be increased to
provide a more conservative insulating soil cap.

Some of the critical ateas to control during consttuction include the following:

e inspect the fill being loaded for trucking at the pit, to minimize the amount of snow,
ground ice, large boulders, and materials that are not suitable for the site;

 strip snow and ice from the areas where fill is to be placed;
« prepare the work site with a protective ice pad, except where fill is to be placed;

» retain surveyors to stake cut areas, to set the toe and crest lines for filling, and to set
grades;

« place the fill in thin lifts and track-pack;

» install thetmister cables to allow monitoring of the effectiveness of the remedial works
(the existing thermuister cables ate not expected to survive the remedial works); and

o complete an as-built survey.
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PHOTOGRAPHS

Photo 1  Itiginkpak F-29 Lease and Sump Area — June 16, 2006 (viewed southward)
Photo 2 Itiginkpak F-29 Sump Cap and Edge of East Pond (viewed northwatd)
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ALS Laboratory LGroup

CHERESTRY £ TESTIND SERVIDE S

Environmeantal Division

ANALYTICAL REPORT

EBA ENG CONSULTANTSLTD Reported On:  29-JUN-06
ATTN: ED GROZIC

115, 200 RIVERCREST DR SE
CALGARY AB T2C 2X5

LabWork Ordor#: | L401405 . DateRecelved: 19-JUN-06

Project P.O. #: N/A
Job Reference: 1100118 DEVON ITIGINPAK F-29 SUNMP
Legal Site Desc:
CofC Numbers: 095892
Comments:
APPROVED BY!

MONICA GIBSON

Project Manager

THiIS REPORT SHALL NOT BE REPRCDUCED EXCEPT IN FULL WITHOUT THE WRITTEN AUTHORITY OF THE LABORATORY.
ANY REMAINING SAMPLES WiLL BE DISPOSED OF AFTER 30 DAYS FOLLOWING ANALYSIS. PLEASE CONTACT THHE LAB IF YOU
REQUIRE ADDITIONAL SAMPLE STORAGE TIME.

LABORATQRY ACCREDITATIONS:

+ CANADIAN ASSOCIATION FOR ENVIRDNMENTAL AMALYTICAL LABORATORIES {CAEAL)
FOR SPECIFIC TESTS AS REGISTERED BY CAEAL {(EDMONTON, CALGARY, GRANDE PRAIRIE, SASKAT QON, WINNIPEG, THUNDER BAY, WATERLOO)
= AMERICAN INDUSTRIAL HYGIENE ASSOCHIATION (AIHA) IN THE INDUSTRIAL HYGIENE FROGRAM (EDMONTGN, WINNIPEG)

+ STANDARDS CQUNCIL OF CANADA IN CODPERATION WITH THE CANADIAN FOOT INSPECTION AGENCY (GFIA] FOR FERTILZER AND FEED TESTING
(SASKATOON) AND FOR MICROBICLOGICAL TESTING IN FOOD (WINNIPEG)
LABORATORY RECOGNITIONS:

+ 3TANDARDS COUNCIL QF CANADA - GLP COMPLIANT FACILITY (EDMONTON, CTTAWA)
LABORATORY LICENCES:

« HEALTH CAMADA - ESTABLISHMENT LCENCE (EDMONTGN, OT TAW A}

ALS Canada Limited
Envirohmental Division
Part of the ALS Laboratory Group
Bay 2, 1313-44 Ave. N.E., Calgary, AR T2E 6L5
Phone: +1 403 291 9897 Fax: +1 403 291 0293 www.alsglobal.com
A Campbell Brothers Limiled Company




1100118 DEVON ITIGINPAK F-29 SUMP

L401405 CONTD....
PAGE 2 of 6

ALS LABORATORY GROUP ANALYTICAL REPORT

© L401405-¢ SAMPLE #1 EAST POND

* Sampled By:  ENG on 16-JUN-06

© Matrix: WATER

Basic Water Salinity
Chloride (CI}
Conductivity {EC)
Sulphate (SO4)
TDS {Calculated}
pH
SAR

Calcium (Ca)
Potassium (K)
Magnesium (Mg}
Sodium (Na)

SAR

116
802
6.1

521
8.0

91.7

2686

306
17

0.4

0.1

0.5

0.1

0.5

0.1
0.1

mgil
uSicm

mgiL
mgiL
pH

mgiL
mg/L
mg/L.
mgiL

. sAR

.. Extracted  Analyzeit

20-JUN-08 21-JUN-06
: ﬂzz-JUN-oe .

'20-JUN-06 21-JUN-08
23-JUN-08

22-JUN-06

20-JUN-06
29-JUN-06 -
29~JUN-06 -
29-JUN-08
20-JUN-06

LHH
JF
LHH

JF

RAZ

RAZ

'R412094
'R412421
_R412094

| R4 12421

‘R414441
‘R414441
“R414441
- RA14441
" R414441

" Revit1.00



11018 DEVON ITIGINPAK F-23 SUMP

LAD1405 CONTD....
PAGE 3 of 8

ALS LABORATORY GROUP ANALYTICAL REPORT

L401405-2 SAMPLE #2 EAST POND
: SampledBy:  ENG on 16-JUN-06
- Matrix: WATER

Basic Water Salinity
Chtoride {Cl)
Conductivity {EC)
Suiphate (S04)
TDS (Caleulzated)
pH

SAR
Calcium {Ca)
Potassium (K}
Magnesium (Mg}
Sodium (Na)

SAR

118
780
4.7
507
8.0

924

28,2

308
17

0.1

0.5

0.1

0.5

0.1
0.1

o4

mg/l.
uS/em
mg/l
mgiL
pH

mg/L
mg/L
mg/L
mg/L
SAR

'20-JUN-06 :24-JUN-06
"22-JUN-0B -
-20-JUN-06 :21-JUN-0B
: 23-JUN-06
22-JUN-06

23JUN-06 |
23-JUN-06

23-JUN-06

23-JUN-06 -
23-JUN-06

LHH
JE
LHH

JF

H3C
HSGC
HSGC
H3C

HSC

"R412094

R412421

- R412004
{RA12421

"R413088

R413088

R413088
‘R413088
R413088

* Revit1.00



1100118 DEVON ITIGINPAK F-28 SUMP

© 1401405-3
: Sampied By:
: Matrix:

L401405 CONTD....
PAGE 4 of &

ALS LABORATORY GROUP ANALYTICAL REPORT

SAMPLE #1 NORTH POND
ENG on 16-JUN-QB
WATER

Basic Water Salinity

SAR

Chloride (Cl)
Conductivity (EC)
Sulphate (S04}
TDS (Calculated)
pH

Calcium {Ca)
Potassium (K)
Magnesium {Mg}
Sodium (Na}

SAR

393
1860
160
1210
8.2

202

139

53.8
52

0.8

0.1

0.5

=y

0.1

0.5
0.1
0.1

mg/L
uSfcm
mg/L
mg/L
pH

mgy/l
mgil
mg/l
mgiL

. SAR

20-JUN-08 21-JUN-06
, 22-JUN-06
20-JUN-06 ‘21-JUN-0B -
: 23-JUN-06 -

:22-JUN-06

23-JUN-06
:23-JUN-06 °
23-JUN-08
23-JUN-08 -
23-JUN-06 |

LHH
JF
LHH

JF

HSC
HSC
H5C
HSC
HSC

Extracted ~ Analyzéd .|

- R412094

R412421
R412094

R412421

"R413088

R413068

‘R413088
. R413088
‘R413088 .

* Rev#1.00



1100118 DEVON ITIGINPAK F-23 SUMP L401405 CONTD....
PAGE 5 of 6

ALS LABORATORY GROUP ANALYTICAL REPORT

14014054 SAMPLE #4 SOUTH POND
. Sampled By:  ENG on 16-JUN-08

© Matrix: WATER

Basic Water Satlinity : : : : . ; :
Chioride (C1) : 1960 , Y01 ¢ mgll  20-JUN-06 21-JUN-08 i LHH . R412004
Conductivity (EC) 5420 ‘ Coa usicm 22-JUN-DB © JF  R412421
Sulphate (SO4) ' 19.0 {05 . mglL  22-JUN-06-22-JUN-06  LHM R412629
TOS (Calculated) 3520 1 1L mgh 23-JUN-06 -
pH ‘ 7.9 : 04 pH 22-JUN-06 . JF :R412421

SAR f ' :. i ; '
Caicium (Ca) ; 365 ' © 05 mgf. RAZ R44441
Potassium {K) : 764 ol i mot RAZ . R414441
Magnesium (Mg) : 111 j P01 molL RAZ R414441
Sodium (Na) ; 164 ' fo1 0 mgl RAZ 'R414441
SAR : 1.9 : : . SAR RAZ ‘R414441 |

* Refer to Referenced Information for Qﬁaliﬁers (if any} and Mé;:thodoiogy.

© Revi# 1.00



1100118 DEVON [TIGINPAK F-20 SUMP L401405 CONTD....
PAGE 6 of &

Reference Information

Methods Listed (if applicab}e}: 7

ALS Teét Code Matrix Prepar'éﬁ'bhﬂivilésﬁﬁd- Référence(Bé-sé.d"On)‘ Ahalyﬁcai Method ﬁé—ferenc-e(Baséd On}
CL-CL Waler Chloride {(CF) APHA 4110 B-lon Chromatography
EC-CL Waler Canductance (EC} APHA 2510 B-electrode
PH-CL Water pH APHA 4500 H-Elecirode
SAR-CALC-CL Water SAR APHA 3120 8-ICP-DES / CSSS 1B.4-

Calc,
SO4-CL Water Suifate (SC4) APHA 4110 B-lon Chromatography
SOLIDS-TDS-CALC-CL Water TDS (Calcuiated from EC) APHA 1030 F - 0.65°EC

** | aboratory Methods employed fellow in-house procecures, which are
generally based on nationaily or internationally accepted methodologies.

Chain of Custody numbers:

095892

The fast two fetters of the above lesf code(s} indicate the laboratory that performed analylticaf analysis for that test. Refer to the list below:
Laboratory Defenition Code Laboratory Location Laboratory Definition Code Laboratory Location

CL ALS LABORATORY GROUP -
CALGARY, ALBERTA, CANADA

GLOSSARY OF REFPORT TERMS

Surr - A surrogate is an organic compound that is simitar fo the target analyte(s} in chemical composition and behavior but not narmally  defecfed
in enviromentat samples. Prior 1o sample processing, samples are forified with one or more surrogate compounds, The repofted surrogate recovery
vallie provides a measure of method efficiency. The Laboratory control iimits are determined undar column heading D.L.

mg/kg (units) - unif of concentration based on mass, parls per miffion

mg/L {units) - unit of concentration based on valume, parts per miltion

< - Less than

D.L. - Delection Limit

N/A - Result not avallable. Refer to qualifier code and definition for explanation

Test results reported relate only to the samples as received by the [aboralory.
LINLESS OTHERWISE STATED, ALL SAMPLES WERE RECEIVED IN ACCEPTABLE CONDITION,
UNLESS OTHERWISE STATED, SAMPLES ARE NOT CORRECTED FOR CLIENT FIELD BLANKS.

Although test results are generaled under strict QA/QC profocols, any unsigned test reports, faxes, or emails are considered preliminary.

ALS Laboratory Group has an extensive QA/QC program where alf analylical data reported is analyzed using approved referenced procedures
foliowed by checks and reviews by senfor managers and quality assurance personnel. However, since the results are obfained from chernical
measurements and thus cannof be guaranteed, ALS Laboratory Group assumes no liability for the use or interprelstion of the resuits.
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ENVIRO-TEST Routine Water Chemistry Report

L401405




ALS LABORATORY GROUP SOIL SALINITY CONVERSION

Lab

LAG1405

PAGE

10f 1

, . ) b .. D

© L401405-1 SAMPLE #1 EAST POND L4D1405-2 SAMPLE #2 EAST POND

" Sarmple Date: 16-JUN-08 Sampie Dale; 16-JUN-06 - :

: Matrix: WATER Matrix: WATER

: . Result : * Dry Soil Resuit : Dry Sail
, - mgll %Sat . MeqL =~ Mglkg mgiL %Sat  MegiL malkg
. Galclum (Ca) 91.7 0 458 Calcium (Ca} 924 0 461

- Potassium (K} %6 0 0.68 Potassium {K) 282 0 072 .

© Magnesium {Mg} 306 0 252 Magnesium (Mg) 30.8 S0 253

© Sodium (Na} 17 0 0.73 Sodium {Na) 7 -0 073
|14014053  SAMPLE #1 NORTH POND L401405-4  SAMPLE #4 SOUTH POND

| Sample Date:  16-JUN-06 : Sample Date:  16-JUN-06 :

* Malrix: WATER 7 Matrix: WATER .
‘ - Result : : Dry Soit ‘Result : : Dry Soﬂé
‘ t mgill . %Sat  Megl. & mokg -mgll . %Sat Megl - mMakg
© Calcium (Ca) S202 0 1007 Calcium (Ca) 5 00 1823

. Potassium (¥} T3 C @ 356 Potassium (K} 5764 . 0 19.53

: Magnesium {Mg) ©839 0 4.44 Magnesium (Mg} ;111 L0 912

. Sodivm {Na} - 52 0 228 Sodium (Na) 164 0 792 ¢

"Calculations are as per:

Methods of Analysis for Soils, Plants and Waters
Horner D. Chapman and Parker F. Pratt
University of California, Riverside, Cl,

August, 1961."




ALS Laboratory Lroup

SHERLHOAL CHEMIETRY £ T LRVICES

Environmentat Division

ALS Laboratory Group Quality Control Report

Workorder: L401405 Report Date: 29-JUN-06 Page 1 of 4
Client: EBA ENG CONSULTANTS LTD
115, 200 RIVERCREST DR SE
CALGARY AB T2C 2X5
Contact: ED GROZIC
Test Matrix Reference Resuit Qualifler Units RPD Limit Analyzed
CL-CL Water
Batch R412094
WG458050-2 DUP L401034-2
Chioride {C1} 1.2 1.0 mgil 1.9 13 20-JUN-06
WG453050-3 pup L401405-2
Chiloride (Cl) 118 119 mail 0.88 13 21-JUN-06
WG45805041 LCS
Chloride {Ch 98 % 90-111 20-JUN-06
WG458050-4 MS L401405-2
Chioride (C1) 02 % 84-108 21-JUN-08
EC-CL Water
Batch R412421
WG459123-4 LCS
Conductivity {(EC) 98 % 90-108 22-JUN-06
PH-CL Water
Batch R412421
WGE459123-1 LCS
pH 1.0 pH 6.9-7.2 22-JUN-06
SAR-CALC-CL Water
Batch R413088
WG 4509664 pup L401405-2
Calcium {Ca} 92.4 92.5 mg/L 0.15 13 23-JUN-06
Magnesium {Mg) 30.8 30.9 mgiL 0.38 13 23-JUN-06
Potassium (K) 28.2 27.8 mgiL 1.2 13 23-JUN-06
Sodium {Na) 17 17 mg/L 0.39 13 23-JUN-08
VW5G459966-3 iIRM SALSTDCL
Calgium (Ca) 105 % B6-124 23-JUN-08
Magnesium (Mg) 86 Y B5-120 23-JUN-08
Potassium (K} 95 % 73-124 23-JUN-06
Sodium {Na) 929 % 84-117 23-JUN-06
WG459966-1 LCcs
Calcium {Ca) 98 % 96-114 23-JUN-06
Magnesium {Mg) 96 % 91-109 23-JUN-06
Potassium {K) 95 % 92-110 23-JUN-06
Sodium {Na} 99 % 92.110 23-JUN-06

WG459968.2 MB



ALS Laboratory Group Quality Controi Report

Workorder: 1401405 Report Date: 29-JUN-06 Page 2 of 4
Test Matrix Reference Result Qualifier Units RPD Limit Analyzed
SAR-CALC-CL Water
Batch R413088
WG459966-2 mB
Calcium (Ca} <0.5 mgik 0.5 23-JUN-06
Magnesium (Mg) <0.1 mgiL 0.1 23-JUN-06
Patassium (K} 0.3 A mgiL 0.1 23-JUN-06
Sodium (Na} <1 mgil. 1 23-JUN-06
WG459566-5 mMS L401405-2
Calcium {Ca) 100 Yo B4.120 23-JUN-06
Magnesium (Mg} 98 % 85-111 23-JUN-06
Potassium (K} 92 % 87-108 23-JUN-06
Sodium (Na) 104 ) 81-119 23-JUN-06
Batch Ra14441
WG461717-10  DUP L401405-1
Calcium (Ca) a7 90.7 mgil 14 13 29-JUN-06
Magnesium {Mg} 306 30.2 myil 1.2 13 29-JUN-06
Polassium {K) 26.8 26.6 mg/t 0.13 13 29-JUN-06
Sedium (Na) 17 16 mg/L 1.5 13 29-JUN-06
$504-CL Water
Batch R412094
WG458050-2 DUP L401031.2
Sulphate {S04) 15.9 16.1 mg/L 1.2 13 20-JUN-06
WG458050-3 DUP L401405-2
Sulphale (S04) 4.7 4.9 J mgfl. - 0.2 2 21-JUN-06
WG458050-1 LGS
Sulphate {S04) 96 % 91-110 20-JUN-06
WG458050-4 MS L401405-2
Suiphate {S04) 98 Yo 87-115 21-JUN-08
Batch R412629
WG459242-2 pup L402416-4
Sulphate {S04) 45.5 44.7 mg/L +.9 13 22-JUN-06
WG459242-3 pup L402531-3
Sulphate {S04} 18.1 18.3 mgiL 0.93 13 23-JUN-06
WG459242-5 DUP L402710-1
Sulphate (S04} 265 266 ma/lL 0.52 13 23-JUN-06
WG459242.1 LCS
Sulphate (SO4) 98 % 91-110 22-JUN-06

WG4592424 MS

L402531-3



ALS Laboratory Group Quality Control Report

Workorder: 1401405 Report Date: 29-JUN-06 Page 3 of 4
Test Matrix Reference Result Qualifier Units RPD Limit Analyzed
SQ4-CL Water
Batch R412629
WGE459242-4 MS L402531-3
Sulphate (SG4) 109 Y g7-115 23-JUN-06



ALS Laboratory Group Quality Control Report
Workorder: L401405 Report Date: 29-JUN-06 Page 4 of 4

Legend;

Limit 99% Confidence interval ({Laboratory Control Limits)
DUP  Duplicate

RPD Relative Percent Difference

NfA Not Availabie

LCS Laboratory Control Sample

SRM  Standard Reference Material

MS Matrix Spike

MSD  Matrix Spike Duplicate

ADE  Average Desomption Efficiency

MB Method Blank

IRM Internal Reference Material

CRM Certified Reference Materia!

CCV  Continuing Callbration Verification
CVS  Calibration Verification Standard
LCSD Laboratary Control Sample Duplicate

Qualifier:

RPD-NA Relative Percent Difference Not Available due {o resuli(s) being less than defection limit.
A Method blank exceeds acceptance limit. Blank correction not applled, unless the qualifier "RAMB"
(result adjusted for method blank} appears in the Analytical Report.

B Method blank result exceeds acceptance Yimit, however, it is less than 5% of sample concentration.
Biank carrection not applied.

E Matrix spike recovery may fali outside the acceptance limits due {o high sample background.

F Siiver recovery low, likely due to elevated chloride levels in sample.

G Qutiier - No assignable cause for nonconformity has been determined.

J Duplicate resuits and limit{s) are expressed in ferms of absolute difference. -

K

The sample referenced above is of a non-standard matrix type; standard QC acceptance criteria may
not be achievable.



