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EXECUTIVE SUMMARY

AMEC Earth & Environmental, a division of AMEC Americas Limited (AMEC), has completed a
dewatering well test in the West Quesnel District of Quesnel, B.C. Previous studies by AMEC
have identified a large, slow-moving, ancient landslide underlying a large portion of the West
Quesnel area. AMEC has also identified that dewatering (groundwater pressure reduction) in
the slide mass was considered the most cost-effective means for reducing slide movements to
manageable levels. The objectives of the dewatering well test were as follows:

= to further understand soil and groundwater conditions underlying a selected area known
to be affected by the landslide; and

= to assess the feasibility of conventional pumped wells as a means for stabilizing the
landslide.

Two pumping wells (PW03-1 and PWO03-2) and nine observation wells (piezometers) were
installed in a test area bounded by Flamingo St., Abbott Drive, Blair Street, and Lark Avenue.
The pumping wells were completed to depths of 55 and 61 m below ground at two different
locations. PVC slotted pipe was installed at each pumping well location at depths ranging
between 30 and 55 m below ground. Observation wells were installed at three different
locations. At each location, three different wells were completed (each at its own distinct depth)
to depths ranging between 23 and 88 m below ground level.

Generally, the stratigraphy encountered within the dewatering well test area consisted of fill
overlying silt followed by a sand or gravel layer. ). There was only limited horizontal continuity in
stratigraphy between drill holes. The upper silt and granular layer was underlain by clay, locally
interbedded with thin (less than 0.6 m) lignite (coal) layers, followed by dense weathered
volcanic bedrock. The weathered volcanic bedrock has the consistency of silt or clay. Within
the dewatering well test area, the slide surface was inferred to exist within the clay and lignite
layers at depths ranging between 38 and 50 m below ground surface.

Significant flows of water were not encountered during the actual drilling installation of the wells.
However, water levels at most locations slowly rose over time to within a few metres of the
ground surface, confirming the high groundwater pressures encountered during earlier
investigation.

Short-term pumping tests were performed in PW03-1 (October 9 to November 5, 2003) and
PWO03-2 (November 6 to December 15, 2003). A longer term pumping test was then conducted
in PW03-01 (December 15, 2003 to March 8, 2004). While the wells were pumped, the volume
of water removed and the water levels in neighbouring observation wells, were recorded. The
results and conclusions of the pumping tests are summarized below:

1. Both pumping wells were pumped dry in less than 30 minutes and it took approximately
three days for water levels to recover to the point where pumping could resume. Less
than 9,000 litres of groundwater was removed during each pumping test and pumps
operated only intermittently.
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2. The observation wells generally indicated only small or negligible water level drops
during pumping of the test wells.

3. The small volume of water removed and poor response of observation wells indicated
that the stratigraphic zone containing the slide surface at the pumping well transmits
groundwater poorly. This is likely due to the fine-grained nature of the soils, lensing in
the soils such that there is little lateral continuity, and few continuous fractures in the
soils.

4. The capacity of the stratigraphic units to transmit groundwater at or near the slide
surface is variable. Dewatering directly from the slide plane is judged unlikely to be cost-
effective in lowering the groundwater pressures acting on the slide surface. Based on
conditions observed to date, pumping wells drawing from the slide plane would need to
be spaced no more than 10 m apart to have any significant impact on slide movement.

5. Of the stratigraphic units encountered, the sand and gravel units (although likely
discontinuous) overlying the slide plane offer the best potential to transmit groundwater.
The overlying, saturated, sand and gravel units likely transmit the failure zone.

Subsurface conditions within the dewatering test area may not be representative of subsurface
conditions elsewhere in the slide area. To further explore the potential for reducing groundwater
levels in the slide area, AMEC recommends the following scope of work:

« In four different areas within the West Quesnel study area, assessment of the saturated
sand and gravel units overlying the stratigraphy containing the slide surface for their
continuity and capacity to transmit groundwater.

* Pump testing and hydrogeologic assessment in at least four different areas within the
West Quesnel study area.

» Testing of innovative methods for dewatering such as vacuum enhancement of pumping
wells, as a means to enhance flow rates in any future dewatering in the area.

e Use of fast response vibrating wire piezometers should be used rather than
conventional standpipe observation wells for water level monitoring.

To further understand the geological and groundwater conditions in the study area, with a view
to implementing a long-term management plan for the study area, AMEC makes the following
recommendations (some of which are re-iterated) from our 2002 report:

* Implementation of a comprehensive surface water management plan that will reduce
groundwater infiltration within the study area.
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» Direct measurement of precipitation in the study area via a dedicated weather station.

» Continued monitoring and characterization of subsurface conditions throughout West
Quesnel via additional drilling, groundwater instrumentation, and possible use of indirect
geophysical methods (e.g. electrical resistivity tomography).

e Continued monitoring of ground movements via continued GPS surveys, installation of

additional slope indicator casings, and the possible use of innovative satellite based
remote sensing techniques (e.g. INSAR).
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1.0 INTRODUCTION

AMEC Earth & Environmental, a division of AMEC Americas Limited, (AMEC) has completed a
pilot dewatering well test in the West Quesnel area of Quesnel, B.C. (Figure 1). This report
provides the results of the pilot dewatering well tests and provides recommendations for the
next stage of dewatering/depressurization efforts in West Quesnel.

2.0 BACKGROUND

Since 1997, the presence of large-scale landslide features in a suburban area of West Quesnel
has been postulated by various geotechnical assessments. These assessments were largely
based on airphoto interpretation, surface reconnaissance, and a review of reported utility
breaks. Subsequently, lateral movements of up to 250 mm were reported at GPS monitoring
hubs installed in West Quesnel by BC Gas (now Terasen). Due largely to the absence of
detailed subsurface information, reviews of past work had been unsuccessful at documenting
the clear existence of a deep-seated landslide.

Between September 2000 and July 2002, AMEC conducted a sub-surface geotechnical
investigation in a portion of the affected area of West Quesnel. The findings of the investigation
were presented in a report entitled West Quesnel Land Stability Study, Quesnel, B.C. dated 25
October, 2002. Based on subsurface information collected from seven slope indicator
installations, two 50 mm diameter monitoring wells and two vibrating wire piezometers, AMEC
concluded that a large, deep-seated, active but slow moving landslide underlies part of the West
Quesnel area. Relatively high (in some places artesian) groundwater levels were evident in the
slide area. AMEC's report concluded that potentially the most practical and cost effective way of
improving the stability of the area (reducing movement rates to manageable levels or possibly
stopping further movement) would likely be via extensive surface and sub-surface drainage
measures focused on dewatering and/or reduction of groundwater pressures within the slide
area. A slope stability analysis presented in the report of October 25, 2002 presented factors of
safety against sliding (F) and correlated these factors of safety to arbitrary decreases in
groundwater elevation. It was concluded that in order to be effective, drainage measures would
need to draw down the groundwater levels by some 10 to 20 m over the inferred area of the
slide.

AMEC'’s study also concluded that in addition to surface drainage measures, subsurface
drainage via pumped dewatering wells would also probably be required. However, prior to
design and installation of a full dewatering well system, it was recommended that the City of
Quesnel consider a pilot dewatering well test program to further characterize the
hydrogeological conditions in the slide area, determine parameters required for design of a well
dewatering system, and to get a preliminary indication of the effectiveness and possible
configuration of a final dewatering well system. This report summarizes the results of the pilot
program to date.
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3.0 OBJECTIVE AND SCOPE OF WORK

The objective of the pilot dewatering well test was to characterize the hydrogeological conditions
underlying a select location within the overall area known to be affected by the land instability
and to assess the feasibility of effectively dewatering this area. For purposes of discussion, it is
assumed later in this report that the conditions at the site of the pilot study are similar to those
over the entire slide area. However, the investigations to date cover only a narrow corridor
across the slide and the conditions underlying most of the area are not known. It is likely that
the conditions vary appreciably across the area.

To achieve the stated objective, AMEC has completed the following scope of work:

» Collected soil samples and recorded soil stratigraphy in six piezometer boreholes drilled
at three different general locations (BH03-2AB, BH03-2C, BH03-3A, BH03-3BC, BHO3-
4AB and BH03-4C).

» Based on the stratigraphy observed at each location, specified completion of three
nested standpipe piezometers with screened intervals between 0.6 m and 1.5 m long set
at three different depths (for example at BH03-2, piezometers BH03-2A, BH03-2B, and
BHO03-2C have been completed where A is the deepest piezometer and C is the
shallowest piezometer).

» Completed single well response (slug) tests in each piezometer to assess local hydraulic
conductivities.

» Collected soil samples and recorded stratigraphy in two 150 mm diameter boreholes
completed as 100 mm diameter groundwater pumping wells (PW03-1 and PWO03-2).

* In cooperation with Ingram Well and Pump Service (IWPS), conducted a short-term
pumping test on each production well and a long-term pumping test on PW03-1.

» Collected two groundwater samples and submitted each sample for laboratory testing of
general chemistry and dissolved metals parameters.

» Compiled and interpreted data collected from the single-well response tests, short and
long-term pumping tests

» Completed this report.

Authaorization to proceed was provided by City of Quesnel purchase order number 303574 dated
June 11, 2003. Generally, the scope of work was completed in accordance with AMEC'’s
proposal dated June 2, 2003. Due to difficult drilling conditions encountered by the drill rig used
at BH03-3 and BH03-4, a borehole at the proposed location of BH03-1 was not completed. This
change in scope of work was outlined in a memorandum to the City of Quesnel dated 12
August, 2003.
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4.0 SITE DESCRIPTION

The proposed pilot dewatering well test area and the inferred extent of the West Quesnel
landslide was defined in Figure 9 of AMEC’s 2002 report. Rationale for the selection of the pilot
dewatering test well area was as follows:

» subsurface information had been previously collected at BH-3A, BH-4A and SI-5, at the
periphery of the proposed dewatering well test area; and

» there were accessible, vacant parcels of land within the proposed dewatering well test
area to allow access for the drill rig to complete the piezometers and pumping wells.

Based on the completed pumping well and piezometer locations, the pilot dewatering well test
area was modified from that presented in the 2002 AMEC report (Figure 2). The pilot
dewatering well test area finally chosen was bounded to the north by Lark Avenue; to the west
by Blair Street; to the south by Abbott Drive; and to the west by Flamingo Street (Figure 2). The
area was transected by Bettcher Street. Each of the roads in the test area was surfaced with
asphalt pavement.

Generally, the area sloped downward toward the south and southeast. The maximum elevation
of the area was approximately 527 m above mean sea level (amsl) at the southeast corner of
the intersection of Flamingo Street and Lark Avenue. The minimum elevation of the area was
approximately 498 m amsl at the northwest corner of the intersection of Blair Street and Abbott
Road. A City of Quesnel stormwater retention pond (known as the Lower Flamingo Pond) was
located within the dewatering area, approximately 40 m east of Flamingo Road. The bottom of
the retention pond was unlined and at an approximate elevation of 513 m amsl.

Residential homes were located along the south side of Lark Avenue, the north side of Abbott
Road, east side of Bettcher Street and the west side of Blair Street. A Pentecostal church
occupied the lot at the southeast corner of the intersection of Lark Avenue and Flamingo Street.
A gravel surfaced lane was located between the south boundary of the Pentecostal Church and
Lower Flamingo Pond.

Several undeveloped lots are located along the west side of Bettcher Street. Only the two
southernmost lots on the west side of Bettcher street have been developed. Along the
undeveloped lots on the west side of Bettcher Street, a City of Quesnel stormwater overflow
right-of-way (ROW) has been subdivided approximately mid-way between Lark Avenue and
Abbott Road.

The church and each of the residences are serviced by a City of Quesnel sanitary sewage
distribution system. Stormwater from areas north and northwest of the study area are allowed
to flow overland, following topographic gradients. There were no catch basins north and west of
the study area. Some components of the stormwater drainage from these areas are directed
into a stormwater retention pond (known as the Upper Flamingo Pond) located approximately
100 m west of the study area. The remaining component of stormwater flow is directed along
Flamingo Street and into the retention pond 40 m to the east. Overflow from this pond is

KX04397final.rpt.doc Page 3



City of Quesnel

Pilot Dewatering Well Test amec

KX04397
May 28, 2004

directed via the overflow ROW and discharged at a wooded location approximately 100 m east
of Blair Street. Stormwater flowing overland along Abbott Road and Bettcher Street is directed
into a catch basin located at the northeast corner of the intersection of these two streets.
Stormwater caught at this catch basin is ultimately discharged at a stormwater retention pond
located approximately 100 m southeast of Blair Street and Abbott Road.

5.0 DRILLING INVESTIGATIONS
5.1 PIEZOMETERS

Between July 8 and July 24, 2003 Geotech Drilling Services (Geotech) completed four
boreholes at two locations (BH03-3 and BHO03-4) between the Lighthouse Pentecostal Church
and the Lower Flamingo Pond using a Silverado air-rotary drill rig. At each location, the paired
boreholes were separated by less than 2 m and were considered to occupy effectively one
location. Borehole locations are provided in Figure 2. Borehole logs and piezometer completion
details are provided in Appendix A.

Borehole stratigraphy was recorded based on observations of disturbed soil grab samples and
anecdotal information including drilling difficulty and degree of saturation provided by the driller.
Drilling of each of the boreholes completed at the BH03-3 and BHO03-4 locations proceeded to
the target stratigraphic unit except in cases where the casing drive shoe broke off from the
bottom of the casing. Where the casing drive shoe broke off from the bottom of the casing
before achieving the target stratigraphic unit, either a second, deeper borehole was drilled within
2 m of the first, or the most permeable (based on recorded stratigraphy) unit(s) intersected were
selected for completion of a piezometer.

Due to drilling difficulties encountered by the drilling system used by Geotech, Cariboo Water
Wells (CWW) was retained to complete the two boreholes at the BH03-2 location. The
boreholes were completed between August 3 and August 8, 2003 immediately adjacent to the
City of Quesnel ROW using an Ingersoll-Rand TH-60 air-rotary drill rig (Figure 2).

Generally, soil grab samples were collected from cuttings blown from the borehole at intervals
ranging between 0.6 m and 3.0 m, depending on the extent of layering observed in the
stratigraphy. Seven soil samples were collected from the upper 18.4 m at BH03-3 using a split-
spoon sampler at 3.0 m intervals. Four soil samples were collected from the upper 16.8 m at
BHO03-4 using a split-spoon sampler at 3.0 m intervals. An additional split-spoon sample was
collected from 41 m below grade at BHO3-4. No soil samples were collected from BH03-2 using
the split-spoon sampler. Soil samples were collected into a labelled polyethylene bag and
shipped to AMEC'’s Kamloops office for review and future reference.
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The first borehole drilled at each location was completed with two 33.4 mm diameter PVC
standpipes having 0.6 m to 1.5 m lengths of machine-slotted pipe set at the measurement
intervals. The second borehole drilled at each location was completed with a single 33.4 mm
diameter PVC standpipe having a 0.6 m length of machine-slotted pipe set at the third selected
monitoring interval for that location. The width of slot openings at each piezometer was
0.25 mm.

The annulus between the slotted section of each piezometer and the borehole wall was
backfilled with silica sand to a height of 0.6 m above the slotted section of pipe. At BH03-3 and
BHO03-4, a 0.3 m to 0.9 m thick layer of coated bentonite pellets was placed over the silica sand.
Using a grout mixer and tremie pipe, a bentonite-cement grout mixture was placed in the
annulus over the bentonite pellets to either the ground surface or to the bottom elevation of the
second piezometer to be installed in the borehole.

At BHO03-2, bentonite chips were poured into the borehole annulus over the silica sand and
subsequently hydrated. Clean, imported 19 mm minus sand and gravel was used to backfill the
borehole annulus either to grade or to the desired completion depth of the upper piezometer. In
the latter case, an additional layer of hydrated bentonite chips was used to cap the sand and
gravel.

Each borehole was completed at grade with a 200 mm diameter steel or cast iron bolt-down well
cover set flush to grade. Each piezometer was capped slightly below grade with a PVC well cap
that had been cut at four points on its wall to facilitate the removal and placement of the well cap
and also to allow air pressure within the piezometer to equilibrate to atmospheric conditions. At
each piezometer, an arbitrary point at the top of the PVC pipe was marked with a black indelible
marker. The point is considered to be the measuring reference point at each piezometer.

The City of Quesnel completed a geodetic survey of each of the piezometers relative to a
survey monument located on Lark Avenue. The ground level elevation adjacent to each
piezometer and the elevation of the measuring reference point was recorded. Also the location
of each piezometer was recorded relative to the NAD 83 coordinate system.

A summary of the elevations and depths of each piezometer are provided in Table 1. At each

borehole location, piezometers were labelled such that piezometer ‘A’ was set at the lowest
elevation and piezometer ‘C’ was set at the highest elevation.
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Table 1
Piezometer Completion Summary
Elevation of Slotted Interval | Elevation of Annular Silica
Location Piezometer (m amsl) Sand Backfill (m amsl)
Top Bottom Top Bottom
A 429.6 428.1 431.2 426.1
BHO03-2 B 469.1 468.3 470.2 467.7
C 491.2 490.6 491.8 490.3
A 469.2 468.6 470.0 468.3
BHO03-3 B 480.4 478.9 481.0 478.9
C 487.1 485.6 487.7 485.6
A 471.0 470.4 471.6 470.1
BHO03-4 B 481.1 480.5 481.7 479.6
C 497.0 496.4 497.8 496.3

Static water levels were recorded in each of the piezometers on at least two separate dates
during August using a calibrated electric sounder. All static water levels recorded using a
calibrated electric sounder, and the dates recorded are presented in Appendix B.

On August 15 and 16, 2004 AMEC developed each of the piezometers, with the exception of
piezometer BHO03-2A. On the day that development was to take place (eight days following
completion of piezometer BH03-2A), this piezometer was not developed since it was dry.

The purpose of the development process was to restore the aquifer properties immediately
adjacent the annular silica sand backfill to their original condition before the borehole was
drilled. Piezometer development was performed by pumping a volume of groundwater out of
the well bore using a Waterra” polyethylene tubing and foot valve reciprocating pump system.
The reciprocating pump system allows for some flow of water back and forth across the slotted
section of pipe and consequently across the annular sand pack. Initially, the discharged
groundwater is clear as the standing groundwater in the piezometer is removed. As pumping
continues, the discharged water typically becomes laden with suspended silt and some fine
sand (finer than the slot opening in the slotted section of pipe). Removal of this suspended
sediment and sand is intended to restore the aquifer properties to their original condition. Upon
further pumping, the sand component of the discharged water typically is no longer observed
and the suspended silt content is reduced to some constant level. After pumping for a period of
time with no observed change in the suspended sediment component in the discharged
groundwater, pumping is stopped and the development process is complete. The results of the
development process are summarized on Table 2.
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Table 2
Piezometer Development Summary
Pumping Volume . :
Well DevDeT;[)e ed Duration Discharged Dlschargce;\r;Va'ltgtri(?nuahty on
P (minutes) L) P

BHO03-2C August 16 45 a7 White, turbid and silty

BHO03-2B August 16 48 2 Dark brown, turbid and silty

BHO03-3C August 15 32 50 Turbid with suspended white sediment,
effervescent

BHO3-3B August 15 27 27 Cloudy with trace fine _sand and dark
brown suspended sediment

BHO3-3A August 15 34 15 Cloudy with trace fine :5and and dark
brown suspended sediment

BHO3-4C August 15 29 12 Cloudy with trace fine _sand and dark
brown suspended sediment

BHO3-4B August 16 34 12 Dark brown, turbid ad some silt, some
effervescence

BHO3-4A August 16 46 12 Turbid Wlth trace fine sand; effervescent
upon discharge

52 PUMPING WELLS

Between September 15 and 18, 2003 CWW completed two 150 mm diameter boreholes for
pumping wells (PW03-1 and PWO03-2) to depths of 54.9 m and 61.0 m, respectively. Pumping
well locations were selected based on the accessibility for the drill rig, proximity to piezometer
locations, and results of the single-well response testing (described below). Borehole locations
are provided in Figure 2. Soil grab samples were collected at 1.5 m intervals from cuttings
blown out of the borehole. Borehole stratigraphy was recorded based on observations of the
grab samples and anecdotal information including drilling difficulty and degree of saturation
provided by the driller.

Generally, the borehole stratigraphy observed at PW03-1 comprised fine to medium grained
sand followed by well-graded silt, overlying interbedded layers of blue-grey clay and lignite. The
lignite was underlain by weathered green volcanic bedrock. This weathered green volcanic
bedrock unit was of sufficient density to allow CWW to drill without casing below 42.7 m at both
borehole locations. The stratigraphy observed at PWO03-2 was similar except that the
interbedded layers of blue-grey clay and lignite were not detected.

Based on observations recorded during drilling, AMEC specified completion of each pumping
well with a 100 mm diameter PVC liner with a machine-slotted section set between 48.8 m and
30.5 m below grade (at PW03-1) and 54.9 m and 30.5 m below grade (at PW03-2). The width
of slot openings at each pumping well was 0.25 mm. No annular backfill was placed within
either borehole. At each location after the PVC liner was installed, the steel casing was pulled
back to expose the entire length of slotted PVC liner. A summary of pumping well completion
details is provided in Table 3.
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Table 3
Pumping Well Completion Summary
Elevation of Slotted Interval . .
Elevation of Steel Casin
Well Depth (m) (m amsl) Bottom (m amsl) g
Top Bottom
PWO03-1 54.9 488.9 470.7 489.5
PWO03-2 61.0 472.0 447.6 472.6

Upon completion of each of the pumping wells, the water levels were observed to recover very
slowly, thus indicating slow groundwater recharge to the wells. Due to the slow rate of
recharge, the pumping wells were not developed using the drill rig, but rather during the short-
term pumping test (described in Section 7.0).

Using the survey coordinates provided by the City of Quesnel, AMEC calculated the distances
from each piezometer to each pumping well. The calculated distances are presented in Table
4.

Table 4
Distances Between Pumping Wells and Piezometers

Pumping Well Piezometer Calculated Distance (m)
PWO03-1 BHO3-2A 216
BH03-2B 216
BH03-2C 219
BHO03-3A 13.2
BH03-3B 12.0
BHO03-3C 12.0
BHO03-4A 48.7
BH03-4B 48.7
BHO03-4C 50.7
PWO03-2 BHO02-3A 8.0
BHO3-2A 161
BH03-2B 161
BH03-2C 160
BHO3-3A 318
BHO03-3B 319
BH03-3C 319
BHO03-4A 298
BH03-4B 298
BHO03-4C 297
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6.0 SINGLE-WELL RESPONSE TESTING
Single-well response testing comprised the following scope of work:

» Two rising head tests performed on BH03-2B and BH03-4A; and
» Six slug tests (falling head tests) performed on BH03-2C, BH03-3A, BH03-3B, BH03-3C,
BHO03-4B and BH03-4C.

Single-well response testing was not performed at BHO3-2A since it remained dry throughout
the test period (August 16 to September 3, 2003).

Based on the slow groundwater recharge to piezometers BH03-2B and BH03-4A observed
during the development process, non-vented pressure transducers and dataloggers were
installed in these piezometers immediately following their development to allow measurements
over a longer period of time. Since the pressure transducers are non-vented and record both
atmospheric pressure and water pressure, a pressure transducer dedicated to recording only
atmospheric pressure was suspended 2 m below the top of the PVC pipe within BH03-2A.
Using the pressure transducers and dataloggers, the recovery of water levels within these
piezometers was recorded at 30 minute (BH03-2B) and | minute (BH03-4A) intervals, between
August 16 and September 3, 2003.

After water levels in each piezometer had been given some time to recover to their static
condition following development, AMEC returned to the site on September 3, 2003 to perform
slug tests. The slug tests were performed to estimate the hydraulic conductivity of the
stratigraphic formations exposed to the sand pack around the slotted interval at each
piezometer. Due to the slow groundwater recharge observed at piezometers BH03-2B and
BHO03-4A, slug tests were not performed on these piezometers.

Each slug test was performed by initially recording the static water level within the piezometer.
A pressure transducer and datalogger was installed in the piezometer at least 3 m below the
static water level and not more than the manufacturer-defined pressure rating of the transducer.
After the pressure transducer had been set within the piezometer, the static water level was
recorded once again. A 15.9 mm diameter copper pipe (the slug), sealed at both ends, was
lowered into the piezometer so that its top was set at a depth immediately below the recorded
static water level. When lowered beneath the static water level, the slug causes instantaneous
displacement of a volume of water within the piezometer. As soon as the displacement begins,
the water level begins to equilibrate to static conditions. The rate at which the water level
equilibrates to static conditions is recorded by the pressure transducer and datalogger.
Recovery of static water levels was recorded for a period ranging between 10 minutes (BHO3-
2C) to one hour (BH03-4B, and BH03-3B).

The results of the slug tests are discussed in Section 8.0.
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7.0 PUMPING TESTS
Pumping tests performed in the dewatering well test area are summarized in Table 5.

Table 5
Pumping Test Summary

Pumping Test Period Conducted Piezometers Monitored

PWO03-1 Short Term October 9 — November 5, 2003 BHO03-3C, BH03-3B, BH03-4B

PW03-2 Short Term November 6 — December 15, 2003 BHO02-3A, BH03-2B, BH03-2B, BH03-4B

PWO03-1 Long Term | December 15, 2003 — March 8, 2004 | BHO03-2C, BH03-3B, BH03-3C, BH03-4B

Ingram Well & Pump Service (IWPS) of Quesnel, B.C. installed a 0.5 horsepower 7S05-11
Grundfos 115 Volt submersible pump with a 25 mm diameter schedule 80 drop pipe and a 25
mm diameter schedule 40 PVC sounding tube in each pumping well. At pumping well PWO03-1,
the pump intake was set at 50.3 m below the top of the top of the well casing. At pumping well
PWO03-2, the pump intake was set at 53.8 m below the top of the well casing. A flow meter,
installed at the top of the drop pipe at each pumping well, recorded the cumulative volume of
water discharged from the well.

Immediately prior to the start of the test, static water levels were recorded in each of the
piezometers and in PW03-2. Based on the recorded hydraulic conductivity at each piezometer
and its proximity to the pumping well, pressure transducers and dataloggers were installed in
selected piezometers (Table 5). Also, a pressure transducer and datalogger was installed in
PWO03-1. A datalogger suspended in air 2 m below the top of the PVC pipe at BH03-2A
continued to record atmospheric pressure. Static water levels were confirmed following
installation of the dataloggers and prior to the start of the pumping test.

After the water level in PW03-1 had recovered to its static water level (2.4 m below the top of
the casing), the short-term pumping test was started on October 9, 2003. The pump installed in
PWO03-1, powered by a portable generator, was turned on at 9:15 AM. After the pump had
operated for a period of 16 minutes, 430 litres of groundwater had been discharged from PWO03-
1 and the water level had been drawn down to the level of the pump intake. The pump was
turned off and the water level was allowed to recover over a period of approximately 3 days.
Groundwater from the well was discharged into the Lower Flamingo Pond. After 3 days, and
prior to the water level having reached its static water level, IWPS returned with a portable
generator and discharged the accumulated column of water. After pumping down the
accumulated column of water, IWPS recorded water levels using a calibrated electric sounder,
in the six closest piezometers to the pumping well. This pumping cycle continued over the
duration of the test.

A similar procedure was used in the completion of the PWO03-2 short term test and the PW03-1
long-term test. During the PWO03-2 short term pumping test, groundwater discharge was
directed into the catch basin at the northeast corner of the intersection of Abbott Road and
Bettcher Street. During the PW03-1 long-term pumping test, groundwater was discharged into
a polyethylene holding tank mounted on a vehicle. After pumping the column of water out of the
pumping well, the water in the holding tank was transported to the catch basin at the northeast
corner of the intersection of Abbott Road and Bettcher Street and discharged. Also prior to the
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start of the PW03-1 long-term pumping test, the City of Quesnel installed a calibrated guage in
the Lower Flamingo Pond, in order to record water level fluctuations in the pond during the long
term pumping test. Recorded pumping volume data and inferred flow rates are provided in
Appendix C. The discharge location and total volume pumped during each of the pumping tests
is provided in Table 6.

Table 6
Total Volume Discharged from Pumping Wells
Test Volume Discharged (L) Discharge Location
PWO03-1 Short-Term 3082 Lower Flamingo Pond
PWO03-2 Short-Term 2936 Abbott and Bettcher Catch Basin
PWO03-1 Long-Term 8055 Abbott and Bettcher Catch Basin

The pond level data recorded during the PWO03-1 long-term pumping test did not show any
reduction in pond levels during the test interval. However, had the total volume of water
discharged from PWO03-1 during the long-term test been pumped directly from the Lower
Flamingo Pond, it is unlikely that the water levels in the pond would have been affected.
Consequently, water discharged directly into the Lower Flamingo Pond during the short-term
test is unlikely to have affected the results of the test.

Volumes provided in Table 6 and flow rates provided in Appendix C are considered to be low.
In order to put the numbers into context, consider that the typical flow rate to a household is
2,273 litres/day. Flows presented in Appendix C are equivalent to less than 114 L/day or less
than 5 % of the flow required to service a household.

During the final pumping event of each short-term pumping test, a groundwater sample was
collected from the pumped well. On November 6, 2003 a groundwater sample was collected
from PWO03-1 and on December 15, 2003 a groundwater sample was collected from PWO03-2.
Each sample was collected into a 1 litre polyethylene sample bottle (to be analysed for general
chemistry) and into a 250 millilitre polyethylene sample bottle having a 1:1 nitric acid
preservative (to be analyzed for dissolved metals). The dissolved metals samples were passed
through a 0.45  filter before being placed in the bottle.

8.0 DATA INTERPRETATION
8.1 SINGLE-WELL RESPONSE TESTS

Each of the single-well response tests were interpreted using the following equation (Hvorslev,
1951):

K=r?In(L/R)/2LTo where L/R >8.
K is the hydraulic conductivity, r is the radius of the slotted section of PVC piezometer pipe, L is
the length of the annular sand pack adjacent the slotted pipe, R is the radius of the borehole

and To is the basic time lag. Hydraulic conductivity is a measure of the potential rate of flow
along a line. Each of these parameters can be determined from information provided in
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Appendix A. T is determined graphically from a graph of elapsed time versus log((H-h)/(H-Ho)).
H is the static water level of the piezometer, Ho is the water level recorded following an
instantaneous change in water level (caused by the insertion of the slug), and h is the water
level recorded during the recovery of the water level to its static condition. T is defined as the
elapsed time when the log((H-h)/(H-Ho)) of a straight-line projection of the early time recovery
data is equal to 0.37. Elapsed time versus log((H-h)/(H-Ho)) graphs for each piezometer tested
are provided in Appendix D.

The estimated hydraulic conductivities at each piezometer tested for the test intervals indicated
are presented in Table 7.

Table 7
Estimated Hydraulic Conductivities

: Test Interval (m amsl) Estimated Hydraulic
Piezometer .

Top Bottom Conductivity (m/sec)
BHO03-2C 491.8 490.3 8.5x 10°
BHO03-2B 470.2 467.7 2.6x10™
BHO03-3A 470.1 468.4 2.4x 10"
BHO03-3B 481.0 478.9 2.1x10”
BHO03-3C 488.7 485.6 5.4 x10°
BHO03-4A 471.6 470.4 2.0x10%
BHO03-4B 481.7 478.9 3.5x10°
BHO03-4C 497.6 496.4 1.8x 10"

Hydraulic conductivities on the order of 1 x 10® m/sec are considered to be at the practical limit
adequate for groundwater dewatering using conventional pumped well systems. Higher values
(eg., 1 x 10™° m/sec) are considered preferable. The lower hydraulic conductivities, measured at
most of the piezometers are considered to be too low for adequate groundwater dewatering. To
put the figures in context, if the water table was sloped at a gradient equal to the ground surface
within the pilot dewatering test area, the maximum hydraulic conductivity presented in Table 7
(8.5 x 10° m/sec) would allow movement of groundwater at a rate of 55 m/year. Similarly, the
minimum hydraulic conductivity presented in Table 7 (2.0 x 10™ m/sec) allows movement of
groundwater at a rate of 1.7 mm/year for the same gradient.
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8.2 WATER LEVEL ELEVATIONS

Water levels recorded in each piezometer using a calibrated electric sounder are presented
graphically in Figure 4. The operational periods for each of the pumping tests are also shown
on Figure 4. The recorded groundwater level elevations are presented in Appendix B.

The following observations are made from Figure 4:

* Water levels in BHO3-3B and BHO03-3C appear to be affected by pumping from PWO03-
1.

« Water levels recorded at BH03-2A, BH03-2C, BHO03-3A, BH03-4A, BHO03-4B, and
BHO03-4C were unaffected by pumping from either PW03-1 or PW03-2. The sudden
increase in water levels in BH03-3A, BH03-4B, and BHO03-4A observed after February
25, 2004 (during the latter part of the long-term test) may be due to leakage of
surficially ponded water within the surface protector into the top of the piezometer.

e It is uncertain if the increase in water level elevation recorded at BH03-2B after
February 19, 2004 is a response to one of the pumping tests or due to leakage of
surficially ponded water into the top of the piezometer.

* Water levels recorded in BHO3-2A, BH03-2B, and BHO03-4A have been recovering
(rising) since their completion, and did not achieve equilibrium before the end of the
long-term test on March 8, 2004.

* Under both static and pumping conditions, there was a consistent upward vertical
hydraulic gradient between the zones monitored by BH03-4B and BH03-4C.

* Under both static and pumping conditions there was a consistent downward vertical
hydraulic gradient across each of the piezometers installed at BH03-2.

* Under static conditions, there was a downward vertical hydraulic gradient across each
of the piezometers installed at BH03-3. However, while pumping from PWO03-1 there
was an induced upward vertical gradient across each of the piezometers installed at
BHO03-3. The start of the PW03-1 short-term pumping test created an instantaneous
upward vertical gradient across BH03-3B and BHO03-3C. However, the induced
upward hydraulic gradient from BHO3-3A was not created until 17 days following the
start of the short-term test.

Water level elevations recorded using the calibrated electric sounder presented in Figure 4 and
the recorded piezometric responses to pumping conditions were in general agreement with the
piezometer estimated hydraulic conductivities presented in Table 7.

The overall conclusion from the water level observations was that the pressures were not
influenced by the pumping tests, except at BHO3-3A and BH03-3B. This is in accordance with
the low hydraulic conductivies that appear to be present. Moreover, the very low hydraulic
conductivity values determined during the slug tests indicate that the standpipe piezometer
response would also be very slow.
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8.3 PUMPING TEST INTERPRETATION

The following data is presented graphically in Appendix D:

» Water levels recorded in PW03-1 during the short-term test;

» Atmospheric pressures recorded at BHO3-2A during each of the short-term tests and the
PWO03-1 long-term test; and

» Water levels recorded in selected piezometers (listed in Table 5) during each test.

8.1.1 General Observations

During the PWO03-1 short-term pumping test, 1 m of drawdown was recorded in BH03-3B and
3 m of drawdown was recorded at BHO03-3C, located 12 m from PWO03-1. The drawdown
recorded at these locations did not reach equilibrium during the short-term test. The water level
recorded in BH03-4B (48.7 m from PW03-1) was not affected by pumping from PW03-1. Small
(less than 15 cm) fluctuations in water levels recorded at BH03-4B correlate with recorded
atmospheric pressure variations.

During the PWO03-2 short-term pumping test, a limited drawdown effect was recorded in BHO2-
3A, located 8 m from PW03-2. The water level at BHO2-3A drew down approximately 0.8 m
before reaching equilibrium. Water levels recorded in BH03-2C and BH03-2B (160 m from
PW03-2) and in BH03-4B (298 m from PWO03-2) were not affected by pumping from PWO03-2.
Water levels recorded in BH03-2B continued to recover during the PW03-2 short-term test and
never achieved equilibrium. Small (less than 30 cm at BHO03-2C and BHO02-3
A, less than 15 cm at BH03-4B, and less than 10 cm at BH03-2B) fluctuations in water levels
recorded in each of the piezometers monitored correlate with recorded atmospheric pressure
variations. This correlation was closest at BH02-3A, where the vibrating wire piezometer from
AMEC'’s previous investigation work was installed. Some time lag in the correlation was
observed in the PVC piezometers.

Observations made from the PWO03-1 long-term test data were similar to those made for the
PWO03-1 short term test data. Approximately 2.8 m of drawdown was recorded in BH03-3B and
5.8 m of drawdown was recorded at BH03-3C, Water levels recorded at BH03-3C and BH03-3B
did not reach equilibrium during the long-term test.
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8.1.2 Transmissivity and Storativity

Drawdown has been plotted versus the log of elapsed time on a semi-logarithmic graph for
BH03-3C and BHO03-3B during both the PWO03-1 short and long-term tests. A straight-line
projection of the end of the pumping test curve has been made. The transmissivity (T in m*day)
of the formations adjacent BH03-3C and BHO03-3B have been calculated using the Cooper-
Jacob method:

T=0.183Q/As

where Q is the flow rate (in m®day) pumped from PW03-1 and As is determined graphically as
the drawdown (m) over one log cycle from a straight-line projection of the end of the pumping
test curve on the semi-logarithmic graph.

Storativity (S) has been calculated using the following equation:

S=2.25Tto/r?
Where T is the transmissivity (in m?/day), to is the time (in days) at the intercept of zero
drawdown of the straight line projection of the end of the pumping test curve, r is the distance
(m) from the piezometer to the pumped well.
Using the methods described above and the pumping test curves presented in Appendices E
and G, the transmissivty and storativity values presented in Table 8 have been calculated for

the formations adjacent the slotted sections of BH03-3C and BH03-3B.

Table 8
BHO03-3C and BH03-3B Estimated Transmissivity and Storativity

Test Interval (m) PWO03-1 Short Term Test PWO03-1 Long Term Test
Well Saivi Saivi
Transmissivity . Transmissivity .
Top Bottom (mzlday) Storativity (mzlday) Storativity
BHO3-3C | 488.7 485.6 0.0039 5.1x 10" 0.0029 4.8 x10™
BHO03-3B 481.0 478.9 0.0083 1.5x 107 0.0045 1.3x10°

Data presented in Table 8 shows good consistency between the estimated storativities and
adequate consistency between the estimated transmissivities. Table 8 also shows that
transmissivities calculated for the BH03-3B are greater than those calculated for BH03-3C. This
does not agree with the estimated hydraulic conductivities presented in Table 7 nor with the
response of the piezometers observed in the field. Estimated storativities calculated for BHO3-
3C were less than those calculated for BHO3-3B. This agrees with information provided in the
borehole log.
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8.1.3 Time-Drawdown Projections

The responses of the piezometers show that the influence of the pumping on the nearby
piezometers was small or negligible. Due to the poor transmissivity of the formations
intersected, the response times of the majority of the standpipe piezometers were too slow to
obtain accurate pore pressure responses to pumping.

The test results indicate that the transmissivities recorded at BH03-3B and BHO03-3C are
probably not representative of the overall transmissivities within the stratigraphic units in the
dewatering test area (i.e., the transmissivities are higher than average). As they are the only
piezometers where any drawdown was recorded, they have been used to develop an estimate
of minimum period to achieve the minimum required drawdowns. The drawdowns calculated
from these piezometers thus represent a “Best Case” that probably could not be realized in
actual practice.

Table 21 of AMEC’s 2002 report presented a summary of the slope stability analysis and lists
specific drawdown targets to achieve specific factors of safety against sliding (F). Achieving the
drawdown targets listed in Table 21 requires the following conditions to be true:

o Target drawdowns in each pumping well should exceed the target drawdown over the
slide area to obtain the necessary factors of safety between wells; and

* In order to achieve the necessary interference drawdown effect between wells, the
spacing between pumping wells should vary based on variations in transmissivity
between stratigraphic units.

* The reductions shown would have to occur over the entire slope or area.

Using the semi-logarithmic time-drawdown plots for BH03-3C and BH03-3B presented in
Appendix G, the projected pumping periods required to achieve the drawdowns presented In
Table 21 (AMEC, 2002) were calculated and presented in Table 9.

Table 9
Projected Pumping Periods to Achieve Increased
Factor of Safety Against Sliding (F)

: Projected Pumping Period
Required Drawdown (m) F BH03.3C BHO03.3B
5 1.17 63 days 330 days
10 1.30 420 days 19 years
15 1.43 7.6 years 442 years
20 1.55 51 years 9500 years
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Table 9 shows that using conventional submersible pumps and wells, achieving a drawdown of
10 m (and a factor of safety against sliding of 1.30) at BH03-3C by pumping from PW03-1 (12 m
away) is projected to take approximately 420 days. Achieving a similar drawdown at BH03-3B
by pumping from PWO03-1 (12 m away) is projected to take 19 years. Generally, achieving
drawdowns greater than 10 m at BHO3-3B and greater than 15 m at BHO3-3C is not considered
realistically feasible from a well pumping 12 m away, screened at similar depths.

Achieving the required drawdowns at other piezometers completed as part of this study is not
considered to be realistically feasible using conventional submersible pumps and wells.

Therefore, the overall conclusion of the work to date is that the sedimentary sequence within
which the shear surface occurs is not suitable for dewatering/depressurization using
conventional pumped wells.

8.4 ANALYTICAL CHEMISTRY RESULTS

A groundwater sample was collected from each pumping well at the end of the short term test.
A review of major ion concentrations suggests that the groundwater discharged from PW03-1 is
of a different geochemical origin than the groundwater discharged from PW03-2. Groundwater
discharged from PWO03-1 was a sodium-bicarbonate type groundwater, while groundwater
discharged from PW03-2 was a sodium-sulfate type.

Recorded general chemistry parameter concentrations and dissolved metals concentrations in
both groundwater samples are presented in Table 10. Laboratory chemistry reports are
presented in Appendix H. For comparative purposes, the analytical chemistry results are
compared to the Health Canada Guidelines for Canadian Drinking Water Quality (GCDWQ) and
the Ministry of Water Land and Air Protection (MWLAP) B.C. Approved Water Quality
Guidelines (AWQG).

Total iron and manganese concentrations and dissolved manganese concentrations in both
samples exceeded both the GCDWQ and AWQG. The dissolved iron concentration in PW03-1
exceeded both the GCDWQ and the AWQG. Turbidity levels in both samples exceeded the
GCDWQ and AWQG. The total dissolved solids concentration in the sample collected from
PWO03-2 exceeded both the GCDWQ and the AWQG. The dissolved aluminium concentration
in the sample collected from PWO03-1 exceeded the AWQG. All other parameter concentrations
analysed were less than the GCDWQ and AWQG.

The results of the tests indicate that surface disposal of appreciable quantities of groundwater
from the pumped zone might be a concern.
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9.0 CONCLUSIONS

Two wells and nine piezometers have been completed at five different locations within the pilot
dewatering test area. Generally the stratigraphy within the test area consisted of fill overlying
residual volcanogenic silt overlying a granular layer locally described as either sand or gravel.
The granular layer is underlain by volcanogenic high plastic clay locally interbedded with thin
(less than 0.6 m) lignite layers followed by dense weathered volcanic bedrock. Within the pilot
dewatering test area, the failure zone is inferred to exist within the plastic clay locally
interbedded with thin lignite layers.

The transmissivity data shows that the influence of pumping within the high plastic clay/lignite
zone on piezometers was considered to be small or negligible. Due to the poor transmissivity of
the formations intersected, the response times of the majority of the standpipe piezometers
were too slow to obtain accurate pore pressure responses to pumping. The intersection of
sufficient continuous transmissive zones within the volcanogenic stratigraphic units within the
failure zone is considered to be the limiting factor to effective reduction of pore pressures within
the dewatering test area.

The test results show that conventional dewatering from the slide surface and/or immediately
surrounding strata is unlikely to be successful. Although local permeable stratigraphic units
were encountered during drilling, the more permeable strata are evidently not laterally
continuous, severely limiting the extent of groundwater drawdown. The test results further
indicate that, assuming homogeneous stratigraphy having transmissivities as high as those
recorded at BH03-3B, and BH03-3C, pumping well spacings of not more than 10 m would be
required to achieve groundwater level reductions sufficient (minimum 10 m reduction over the
study area) to effectively improve stability. Given that the stratigraphy observed in completed
boreholes was not homogeneous or continuous and that transmissivities over most of the area
tested appears to be considerably less than those recorded at BHO3-3B and BH03-3C, then
effective reduction of pore pressures is not considered to be feasible by conventional
submersible pumps and wells pumping from near the failure zone.

The hydrogeological conditions of the stratigraphic units overlying the clay/lignite zone may be
more conducive to dewatering, although these strata are likely still discontinuous. Based on
static vertical groundwater gradients observed in the various piezometers, the saturated
overlying stratigraphic units are considered to locally recharge the failure zone. Thus,
dewatering within the sediments overlying the clay/lignite sequence may offer a potential
“secondary” means of reduction of groundwater pressures along the failure zone.
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10.0 RECOMMENDATIONS

Due to the poor transmissivities encountered within stratigraphy located at or near the depth of
the failure zone it is apparent that further hydrogeologic investigation is required to assess the
potential for direct sub-surface reduction of groundwater levels in the slide area. AMEC
recommends further hydrogeologic exploratory work proceed on two fronts:

1. Exploration and hydrogeologic assessment of the transmissivity of the saturated
stratigraphic units overlying the failure zone to determine whether dewatering of the
overlying strata is feasible and whether a suitable pressure response can be induced
along the failure surface.

2. Testing of innovative methods for dewatering such as vacuum enhancement of pumping
wells, to determine whether this would assist the economics of future
dewatering/depressurization. Vacuum dewatering has been applied in several cases to
sub-horizontal drain systems with good success and has also been applied in a few
cases to well installations. Previous experience with the method has been very good in
some instances. The method is potentially applicable to hydraulic conductivities in the
range of 10 to 107 m/s, which is within the range determined by the testing to date.

If further exploration and assessment is undertaken, the following additional preliminary
recommendations for the wells and monitoring piezometers are made:

3. AMEC recommends that one of assessment areas be located within close proximity to
the most recent test area, another be located further upslope along the axis of known
information (Section shown on Figure 7 of AMEC’s 2002 report), and that at least two
more test areas be located in areas of unknown subsurface information (i.e. north of the
existing information).

4. Each 150 mm diameter pumping well should be completed with a 100 mm diameter PVC
pipe slotted over the entire saturated area of the borehole. The wells should extend
down below the sand/gravel layer to the depth of failure.

5. A6 m to 10 m long bentonite slurry or cement surface seal should be installed to seal
the wells, in order to allow application of a vacuum to enhance flow rates discharged
from the stratigraphy.

6. Due to the expected low permeability of the formations, fast response vibrating wire
piezometers should be used for observation wells rather than standpipe piezometers.
Piezometer distribution should include three piezometers: one in upper formations, one
in the sand/gravel layer and one near the shear surface.
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Effective direct sub-surface dewatering is one part of an overall long term management plan for
the study area. Given that it will take additional time and resources to fully explore effective
pumping well options, AMEC recommends the following (some of which have been re-iterated
from our 2002 report):

7.

10.

11.

Implementation of a comprehensive surface water management plan that will reduce
groundwater infiltration within the study area. Containment of stormwater runoff through
development of a closed stormwater management plan should be undertaken for West
Quesnel. Infiltration from the existing system may be creating increased pore pressures
along the failure surfaces, which in turn would be expected to result in increased
movement rates.

In conjunction with implementation of a comprehensive storm water management plan,
direct information on actual precipitation in the study area would be useful. Installation of
a dedicated weather station in West Quesnel should be considered.

Continue to monitor groundwater levels and ground movements via the existing
instrumentation (wells, piezometers and slope inclinometers) and GPS hub surveys.

Determination of more detail on slide movements via installation of additional slope
inclinometers, more surface monitoring GPS hubs and/or satellite methods would allow
determination of zones of extension and compression which would be of great
assistance in the operation of utilities and determination of critical areas within the study
area. Interferometry applied to satellite based synthetic aperture radar images (INSAR) is
a newer method for determining surface movements that should be considered.

Additional characterization of subsurface stratigraphy throughout West Quesnel is
required. Specifically, information about stratigraphy is generally only known along one
section through the slide. There may be substantial lateral variation in material
properties that could affect future decision-making. Additional drilling and coring
locations are required. Further, AMEC recommends that a geophysical survey (such as
electrical resistivity tomography) be considered as a potential tool to identify sub-surface
stratigraphy and zones of higher transmissivity. The geophysical survey could
potentially be used to optimise the location of the additional drill holes and possible
future pumping wells.
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11.0 CLOSURE

Recommendations presented herein are based on a geotechnical evaluation of the findings of
the site investigation noted. The geotechnical sampling and testing was conducted in
accordance with industry standard practices and the proposed scope of work for this project. If
conditions other than those reported are noted during subsequent phases of the project, AMEC
should be notified and be given the opportunity to review and revise the current
recommendations, if necessary. The general limitations of this report are specified in
Appendix |.

This report has been prepared for the exclusive use of the City of Quesnel for specific
application to the area within this report. Any use which a third party makes of this report, or
any reliance on or decisions made based on it, are the responsibility of such third parties.
AMEC accepts no responsibility for damages, if any, suffered by any third party as a result of
decisions made or actions based on this report. It has been prepared in accordance with
generally accepted soil and foundation engineering practices. No other warranty, expressed or
implied, is made.

We trust that this information meets your current requirements. If you have any questions or
concerns, please contact the undersigned at your convenience.

Recommendations presented herein may not be valid if an adequate level of review or
inspection is not provided during construction.
Respectfully submitted,

AMEC Earth & Environmental

Reviewed by:
Scott Green, P.Eng. Drum Cavers, M.Eng.,P.Eng.,P.Geo.
Hydrogeologist Principal Geotechnical Engineer

Nick Polysou, P.Eng.
Senior Geotechnical Engineer

SG:NP/rmm
KX04397final.rpt.doc
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APPENDIX A
BOREHOLE LOGS AND PIEZOMETER COMPLETION DETAILS
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APPENDIX B
WATER LEVEL MONITORING DATA
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APPENDIX C
RECORDED PUMPING VOLUME DATA AND INFERRED FLOW RATES
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APPENDIX D
SINGLE-WELL RESPONSE TEST CURVES
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APPENDIX E
PWO03-1 SHORT-TERM PUMPING TEST CURVES
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APPENDIX F
PWO03-2 SHORT-TERM PUMPING TEST CURVES
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PWO03-1 LONG-TERM PUMPING TEST CURVES
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Table 10: West Quesnel Pilot Dewatering Test, Analytical Chemistry Results

Parameter

Concentration (mg/L)

November 6, 2003

December 15, 2003

B.C.Approved
Water Quality

Guidelines for
Canadian

Guidelines | Drinking Water
PWO03-1 PW03-2 (2001) Quality (2001)
General Chemistry
Calcium 24.3 74.1 ns ns
Magnesium 10 27.3 ns ns
Potassiuum 5.5 8.4 ns ns
Sodium 112 127 ns ns
Total Iron 17 1.75 0.3 0.3
Total Manganese 0.21 0.16 0.05 0.05
Bicarbonate 385 215 ns ns
Carbonate <1 <1 ns ns
Chloride 7.0 7.3 250 250
Fluoride 0.47 0.18 1.5 1.5
Hydroxide <1 <1 ns ns
Nitrate <0.05 <0.05 10 10
Nitrite <0.05 <0.05 ns 3.2
Sulphate 34.9 391 500 500
Conductivity (uS/cm) 627 1,080 ns ns
pH 8.29 8.08 6.5-8.5 6.5-8.5
Turbidity (NTU) 660 43 1 1
Total Alkalinity 316 176 ns ns
Total Dissolved Solids 288 716 500 500
Total Hardness 100 297 500 ns
Dissolved Metals
Aluminum 1.31 0.12 0.1 ns
Antimony <0.002 0.005 0.006 0.006
Arsenic 0.006 0.008 0.025 0.025
Barium 0.35 0.14 1.0 1.0
Beryllium <0.0005 <0.0005 ns ns
Boron 0.1 <0.1 5 5
Cadmium 0.0002 <0.0001 0.005 0.005
Calcium 27.9 73.4 ns ns
Chromium 0.002 <0.001 0.05 0.05
Cobalt <0.001 <0.001 ns ns
Copper 0.011 0.003 1 1.0
Iron 1.95 0.25 0.3 0.3
Lead 0.006 <0.001 0.010 0.010
Magnesium 10 26.2 ns ns
Manganese 0.075 0.139 0.05 0.05
Mercury <0.0002 <0.0002 0.001 0.001
Molybdenum 0.052 0.106 ns ns
Nickel 0.018 0.022 ns ns
Selenium <0.005 0.006 0.01 0.01
Silver <0.0005 <0.0005 ns ns
Sodium 94.8 128 200 200
Thallium <0.002 <0.002 ns ns
Titanium 0.032 0.007 ns ns
Uranium <0.01 <0.01 0.1 0.02
Vanadium 0.005 <0.001 ns ns
Zinc 0.091 0.077 5.0 5.0

Notes:

mg/L
uS/cm
NTU

<

ns
Bold

Italics

milligrams per litre equivalent to parts per million by volume
microSiemens per centimetre
Nephelometric Turbidity Units
less than analytical detection limit indicated

no listed standard

indicates concentration exceeds Guidelines for Canadian Drinking Water
Quality and B.C. Approved Water quality Guidelines
indicates concentration exceeds B.C. Approved Water Quality Guidelines

AMEC Earth Environmental Limited
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West Quesnel Pilot De-Watering Project

Water Elevations Recorded in Piezometers using Calibrated Electric Sounder
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o

L3 &5 6B

/—200mm @ bolt down steel well cover,
— flush to grade

SAND AND GRAVEL (SP), fine to coarse grained sand, sub-rounded gravel, trace silt, brown, loose, . ';
10— moist (FILL) A b | =150mm @ steel casing
5 5128  3.7m SILT (ML), some clay, trace sand, low plasticity, tan brown, firm to dense, moist 3 ',; (wall thickness 4.78mm)
20— (WEATHERED VOLCANIC BEDROCK) : N A /—SDR 21, 33.40mm @ blank PVC pipe
. " /’./
10 o K
40— SER
15 -grey below 13.7m ' e1—— 19mm minus Sand and Gravel Backfil
50— S
499.7 16'8m"CI.TA_Y_(C_H7,_s,6rTq€§iTt,_ high plasticity, muiti-coloured reddish-brown 1o light green, firm fo dense, moist — | _:: Ana
60 4976 18.9m--WEATHERED VOLCANIC BEDROCK) ________________________ ] ]l
- ' ' SAND (SM), fine to coarse grained sand, some silt, grey, compact to dense, moist _ oL
70— -gravelly below 20.1m. Gravel texture suggests it has been re-heated. MENES
80—, SRRk
-wet below 25.9m HEE
90— I
100—r—30 —=—Bottom of steel casing at
1845 320 29.87m below grade
' ~M™"SILT AND CLAY (CH), trace sand, high plasticity, light green, firm to dense |
10— (WEATHERED VOLCANIC BEDROCK)
—35 -driller began adding water to borehole below 32.0m below grade il Slough
1204 -trace to some semi-consolidated clasts (gravel) below 37.2m below grade
130——40 ZB7B7
Y {4+ Static Water Level recorded in
140— Piezometer B = 40.88m below grade
(recorded on October 8, 2003)
150484717 448N g T AND CLAY (CHY, Tace fo some black sand, Figh piasticty, frm, dark brown """ "] 2] Hydrated Bentonite Chips
4700 46.5MTiERTTE, Very weak, dark brown foblack 7T TTTTTTTTTT T T | 2] _f$——silica Sand
468.3 48 2M-—mmmm e e e e e o Hi— Piezometer B
160— SILT AND CLAY (CH), high plasticity, firm to dense, green (WEATHERED VOLCANIC BEDROCK) 7 Machine slotted, schedule 40, 33.40mm @
—350 PVC pipe (slot opening 0.254mm) set
170— -light green below 51.8m below grade Z between 48.2m (468.3m elevation) and
. S 47 4m (469.1m elevation) below grade
s_ee ‘._.f_.f » Hydrated Bentonite Chips
-hard drilling below 56.4m below grade O ‘ N
190— -trace sand below 57.9m below grade z__- s
60 4569 60 31 S m o o
200— 496.2 60.3m-gjpr (CH), clayey, trace to some sand, trace gravel, green I
4543 62 2m__-gal_smgieju_sgljig_.4_m_ge_lcyv_g£a_d§,_d_rﬂ_le_d_opgn_rpl_e_f@m_g.gm____________________________________g. B ‘-"' —a—150mm @ Casing drive shoe cut off
' SILT (ML), sandy, trace gravel, dense, light grey. Gravel comprised of semi-consolidated clasts B oleS at61.9m below grade
210— (WEATHERED VOLCANIC BEDROCK) L I O '
65 451 0 B5.5M=— m s o i __________________ rol |- e———19mm minus Sand and Gravel Backfill
' ' SAND (SM), silty, trace gravel, dense, light grey, (WEATHERED VOLCANIC BEDROCK) L LTS ‘1
220 4494 BTAM 5T I, Sandy, tace gravel, dense, ight grey, (NEATHERED VOLGANIC BEDROCK) 7™~ ISIRE
i < 4 . N
. 124 A 1) S
230——70/446.4  70.1M 550 1S STy race gravel. dense, Tight grey. (WEATHERED VOLGANIC BEDROCK] 1] [ =—152mm @ borehole wall
I i
1 .
20— 4434 T3AM g T, Clayey, some sand, trace gravel, dense, gt grey, (WEATHERED VOLGANIC BEDROCK) ™ T E e
—75 [ L]
250— 7 7
— Hydrated Bentonite Chips
260— 80
Static Water Level recorded in
270— Piezometer A = 80.84m below grade
4373 79'2m__Sﬁl._T_A_r\TD_CI._A_Y_(CE)Tt?a_cEEa_nfi,_tFaEe_ gravel, medium piasticity, dense, light grey. Gravel comprised of semi-consolidated | (recorded on October 8, 2003)
280——85 4312  85.3m--dlasts (WEATHERED VOLCANICBEDROCK) ____________________ __________________________|
' SAND (SM), silty, trace to some gravel, dense, grey, (WEATHERED VOLCANIC BEDROCK) Silica Sand
290—| 4281 884M-mgmsmm - momm o mm o m ool Plezometer A
' AM™SAND (SM), silty, trace to some clay, dense, light grey, (WEATHERED VOLCANIC BEDROCK) Machine slotted, schedule 40, 33.40mm @
4261  90.4m PVC pipe (slot opening 0.254mm) set
300— End of borehole at 90.4m below grade between 88.4m (428.1m elevation) and
86.9m (429.6m elevation) below grade
Notes:
BHO03-2AB drilled and completed between August 3 and August 7, 2003 using an Ingersoll-Rand TH-60 air-rotary
drill rig provided by Cariboo Water Wells.
BH03-2AB logged by Homan Arabshahi, P.Eng and reviewed by Scott Green, P.Eng, soil samples collected along 1.5m intervals.
None of the soil samples collected from BH03-2AB have been subject to laboratory testing.
Ground Surface Elevation = 516.479m Vertical Scale:
Piezometer 2A = 532207.573East, 5869742.429North; Elevation of measuring datum = 516.389m om 3 . 9 12
Piezometer 2B = 532207.564East, 5869742.394North; Elevation of measuring datum = 516.371m
Elevations relative to Geodatic Datum NAD 83 0
TLE: BH03-2A,B Borehole Log and TS MARCH 2004
ame Piezometer Completion Details JOB o ase7
PROJECT: DRAWN BY: |PROJECT MGR:
WEST QUESNEL PILOT DE-WATERING WELL TEST |5 56

CITY OF QUESNEL QUESNEL, BC

DRAFTING\KX04397\BH03-2AB.DWG

FIGURE # BH03-2A,B




200mm @ bolt down steel

%1 %l %@% 0 //_ well cover, flush to grade
' “M™"SAND AND GRAVEL (SP), fine to coarse grained sand, sub-rounded gravel, trace silt, j n
brown, loose, moist (FILL) . “
"y
— 5135  3.0m ; -
10 ™"SAND (SP), fine to coarse grained sand, some gravel, trace to some silt, brown, loose, - J7150mm & steel casing
moist . (wall thickness 4.78mm)
5110 1
20— S, 5.om SILT (ML), some clay, trace gravel, low plasticity, tan brown, firm to dense, moist . J 1 </—SDR 21, 33.40mm ]
(WEATHERED VOLCANIC BEDROCK). Gravel consists of semi-consolidated clasts 1 blank PVC pipe
30— | ¥ | Static Water Level in
L 10 . o Piezometer C = 8.93m below grade
-olive brown below 10.7m ' 4 (recorded on October 8, 2003)
40— -localized oxidation along fractures in clasts below 12.2m _ ‘
-grey below 14.3m _ o 19mm minus Sand and Gravel Backfill
50— 15 501.0  15.5M=— === = —m — — 1
' o CLAY (CH), some silt, trace gravel, high plasticity, firm to dense, multi-coloured reddish . .
brown to light green, (WEATHERED VOLCANIC BEDROCK) 1
60— 4982 ABBMimmmn L
% 8.3m SAND (SM), fine to coarse grained, some silt, trace to some clay, some gravel, compact : ¥
L 20 to dense, grey, moist. Gravel texture suggests it has been re-heated. B
70— -gravelly below 21.3m p
4 .
4943 22.2m GRAVEL (GM), sub-rounded, some sand, some silt, trace clay, compact to dense, grey, 1 1] 150mm @ casing drive shoe
moist - M
80— -no clay, trace silt observed, wet below 24.4m rtz ?{.‘LHydrated Bentonite Chips
—25 it e——Sjlica Sand
4906 25 9M— o ) I Piezometer C
SAND (SM), fine to coarse grained, some sub-rounded gravel, trace to some silt, / Machine slotted, schedule 40, 33.40mm @
90— compact, grey, saturated PVC pipe (slot opening 0.254mm) set
o between 25.9m (490.6m elevation) and
-silty with some clay below 29.0m / 25.3m (491.2m elevation) below grade
— 486. Mmoo LLL /Q :187.3mm @ borehole wall
100— 30 8.5 30.0m End of borehole at 30.0m below grade
Hydrated Bentonite Chips
10— Notes:
BHO03-2C drilled and completed between August 7 and August 8, 2003 using an Ingersoll-Rand TH-60 air-rotary drill
rig provided by Cariboo Water Wells.
BHO03-2C logged by Scott Green, P.Eng, Soil samples collected along 1.5m intervals.
None of the soil samples collected from BH03-2C have been subject to laboratory testing.
Ground Surface Elevation = 516.514m
Water Level Measuring Reference Elevation = 516.416m
Piezometer 2C = 532210.041East, 5869742.276North
Elevations relative to Geodatic Datum NAD 83
Vertical Scale:
1:200
TITLE: BH03-2C Borehole LOg and DATE: MARCH 2004
ame Piezometer Completion Details JOB s oze7
PROJECT: DRAWN gYﬁ Uiz |PROJECTSgGR:
CLIENT: WEST QUESNEL PILOT DE-WATERING WELL TEST :

CITY OF QUESNEL

QUESNEL, BC

CADFILE:
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FIGURE #: BH03'2C




. 200mm @ bolt down steel
%l %l e|56¥gtl10n - 0.0m /_Well cover, flush to grade
' 7 SAND (SM), fine to coarse grained, gravelly, some silt, compact, brown, moist, (FILL)
N~=+—114.3mm @ borehole wall
10— 516.1 3.0m . - - .
SAND (SM), fine to coarse grained, some silt, trace clay, trace gravel, compact, grey, moist A\ AN Static Water Level in
I 514.2 4.9m i Piezometer A = 3.85m below grade
SILT (ML), trace to some sand, trace to some clay, trace gravel, firm, grey, moist (recorded on October 8, 2003)
20— ’
1. 7.6m
518 6m SILT (ML), some sand, some gravel, trace to some clay, soft, brown, moist
30—
—10
4 10.7m
508 0.7m SAND (SP), fine to coarse grained, some angular gravel, trace silt, compact, brown, moist ;gskzg\,/g:s;ﬁemm 2
40— 506.9  12.2m
m SAND AND GRAVEL (SM), fine to coarse grained, some silt, some clay, compact, grey, ’ %
moist
504.8  14.3m
50—t—15 m SILT (ML), some fine grained sand, trace to some clay, trace gravel, firm, grey, moist
60— -some gravel below 18.3m
- 499.3  19.8m
2 m GRAVEL (GM), sub-rounded, some sand, some silt, trace clay, compact to dense, grey,
70— moist
80— . -silty below 24.4m \—Bentonite - Cement Grout
4932  259m
m SILT (ML), some fine grained sand, some gravel, trace to some clay, stiff, grey, moist
90—
—30
100— -trace gravel below 30.5m
487.7  31.4m
4868 32 3$ SAND (SM), fine to coarse grained, some gravel, some silt, trace clay, compact, grey
' 7 CLAY (CL), some silt, medium plasticity, stiff to dense, dark brown to black, moist. Some lignite
110— -trace fine sand between 32.6m and 32.9m
-trace lignite below 34.1m
—35
4828  36.3m
120— LIGNITE, very weak, dark brown to black
ﬁg%% %ggm CLAY (CH), trace to some silt, high plasticity, stiff, grey, moist
’ ' LIGNITE, very weak, dark brown to black
479, .3m
130—_40 98 39.3m CLAY (CH), trace silt, trace sand, high plasticity, brown and grey
4780 M4 -0.5m thick layer of lignite observed between 40.1m and 40.6m below grade
477'3 41 '8m LIGNITE, very weak, dark brown to black
140— ' ' CLAY (CH), trace silt, trace gravel, high plasticity, stiff, grey and brown
-no gravel observed below 42.7m
-some silt observed below 43.6m
45 2;28 22})?? SAND (SM), fine to coarse grained, some silt, compact o dense, grey
150—| 473'1 46.0rrl CLAY (CH), trace to some silt, high plasticity, stiff, grey
' ST (ML), some sand, some gravel, trace clay, low plasticity, stiff to dense, olive brown,
moist. Gravel consists of semi-consolidated clasts (WEATHERED VOLCANIC
BEDROCK) %r
160— o7 tod /) (/s—Hydrated Bentonite Chips
50 ' M SAND (SM), fine to coarse grained, some silt, some gravel, dense, light green __.‘:-_:___o_—fjhca Sand
468.5 B0 = = == e E ¥ Piezometer A
SILT (ML), some gravel, trace clay, stiff to dense, olive brown. Gravel consists of Machine slotted, schedule 40, 33.40mm @
170— semi-consolidated clasts (WEATHERED VOLCANIC BEDROCK) PVC pipe (slot opening 0.254mm) set
-some clay below 51.8m between 50.6m (468.6m elevation) and
4652  53.9m % 50.0m (469.2m elevation) below grade
180—L__s5 m End of borehole at 53.9m below grade due to broken drive shoe Hydrated Bentonite Chips
Notes:
BHO03-3A drilled and completed between July 22 and July 24, 2003 using a Silverado air-rotary drill rig equipped with a ROTAX rig bit
provided by Geotech Drilling Services Ltd.
BHO03-3A logged by Homan Arabshahi, P.Eng and reviewed by Scott Green, P.Eng, soil samples collected along 1.5m intervals.
None of the soil samples collected from BH03-3A have been subject to laboratory testing.
Ground Surface Elevation = 519.148m
Water Level Measuring Reference Elevation = 519.098m
Piezometer 3A = 532006.533East, 5869770.816North
Elevations relative to Geodatic Datum NAD 83
Vertical Scale:
om 2 4 6 8
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200mm @ bolt down steel well cover, flush to grade
/ Static Water Level in

)  (m) elevation (m)
O——0 ST OOM o 5 AND GRAVEL (SP), fine to coarse grained sand, trace silt, compact, N Piezometer B = 1.14m below grade
brown, moist (FILL) \ 4 NN (recgrded on Octoper 8,2003)
517.0 21m N Static Water Level in
10— SILT (ML), some clay, some fine grained sand, trace to some gravel, medium Piezometer C = 1.82m below grade
plasticity, soft, brown, wet (recorded on October 8, 2003)
—>5
20— SDR 21, 33.40mm @ blank PVC pipe
-some sand to sandy, trace gravel, firm to stiff below 6.6m /
A
30—
10 -0.3m thick layer of weak, friable, rock at 9.8m below grade
508.1 1.0 Vs ~=—114.3mm @ borehole wall
' “M"SAND AND GRAVEL (SM), fine to coarse grained sand, some silt, trace clay,
40—
506.3 12.8m compact, brown, wet . .
SILT (ML), clayey, trace to some fine grained sand, trace gravel, medium
plasticity, firm, grey, wet \ Bentonite Cement Grout
_ 15 .
50 5039 15-2m SAND (SM), fine grained, silty, trace clay, compact to dense, grey, wet
. 5002 18.9
' ST (ML), clayey, trace gravel, firm, grey
—20 -water added to borehole by drillers below 18.9m, some fine grained sand below 18.9m]
4981  21.0m
70— 43;3 2 o1 g§ SAND (SM), fine grained, silty, some gravel, trace clay, dense, brown
' T SILT (ML), clayey, sandy, some gravel, high plasticity, stiff to dense, brown, trace
lignite
80— 4947  24.4m
25 4938 25 32 SAND AND GRAVEL (SM), trace to some silt, dense, brown
' ST (ML), clayey, some sand, trace gravel, high plasticity, dense, brown
90—
10— 486  305m }
' 7 GRAVEL (GP), sub-rounded, some sand, trace silt, dense, grey ‘A . % Coated Bentonite Pellets
ST e Silica Sand
A Piezometer C —Coated Bentonite Pellets
10— . > Machine slotted, schedule 40, 33.40mm @
ﬁgg; gﬁgrﬁ—‘-mwm nioblack — PVC pi lot ing 0.254 t
L35 CLAY (CH), some silt, trace sand, high plasticity, dense, grey and black pipe (slot opening 0.254mm) se
4834  35.7m between 33.5m (485.6m elevation) and
4828  36.3m—o T very weak dark brown fo black 32.0m (487.1m elevation) below grade
120— ' " CLAY (CH), some silt, high plasticity, dense, grey to light brown > Bentonite Cement Grout :
/] Coated Bentonite Pellets
480.4 .7m ili
130—1 80 38.7m LIGNITE, very weak, dark brown to black o : Fs’ilgggrizrt]gr B
40 4787 40.4m—-.3m thick dlay layer observed between 39.3m and 39.6m below grade e Machine slotted, schedule 40, 33.40mm @
CLAY (CH), some silt, high plasticity, dense, grey and black PVC pipe (slot opening 0.254mm) set
477. 41.8m i
140—1 476 2 4 3: LIGNITE, very weak, dark brown to black between 40.2m (478.9m elevation) and
475'5 43.6n‘l CLAY (CH), trace to some silt, trace sand, high plasticity, dense, grey 3;3-7mh(480.4m elevation) below grade
' 7 CLAY (CH), some silt, trace sand, high plasticity, dense, grey (WEATHERED VOLCANICS) oug
- 4743  44.8m
150— 45 m End of borehole at 44.8m below grade due to broken drive shoe.
Notes:
BH03-3B,C drilled and completed between July 18 and July 22, 2003 using a Silverado air-rotary drill rig
equipped with an ODEX drill bit provided by Geotech Drilling Services Ltd.
BH03-3B,C logged by Shiloh Jorgensen, EIT and reviewed by Scott Green, P.Eng.
Soil samples collected along 1.5m intervals.
None of the soil samples collected from BH03-3B,C have been subject to laboratory testing.
Ground Surface Elevation = 519.132m
Piezometer 3B = 522005.235East, 5869720.439North; Elevation of measuring datum = 519.065m.
Piezometer 3C = 532005.199East, 5869770.423North; Elevation of measuring datum = 519.107m
Elevations relative to Geodatic Datum NAD 83
Vertical Scale:
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200mm @ bolt down steel well cover, flush to grade
(ft) (m) elevation (m) /_ :
0——0 5198 0.0m . ,
SILT (ML), some fine grained sand, trace to some clay, trace to some gravel,
medium plasticity, soft, olive brown, moist to wet (FILL)
10—
% Static Water Level in
—5 2119 M SAND AND GRAVEL(SPY.frace SIf, brown, most (F;fffrﬁneeéeéf gcfazzrrangg&?rade
20— ' ' SILT AND CLAY (ML), trace sand, trace gravel, medium plasticity, firm to stiff, ’
grey, moist. Mottled along fractures
-brown below 7.2m
-silty sand layers observed (2mm-0.3mm thick) at 7.2m, 9.1m and 10.1m
30— -stiff to dense below 9.1m
—10 —~=—114.3mm @ borehole wall
40— gg;; E;m SAND (SM), fine to medium grained, trace to some silt, trace gravel, compact, grey, saturated
' M SILT AND CLAY (ML), medium plasticity, firm to stiff, grey, moist. Texture along .
partings was smooth and amorphous \ Bentonite Cement Grout
50— 19
502.1 17.7m——Lignite layer observed at 17.4m below grade
60— ' ' SILT AND CLAY (ML), some fine grained black sand, medium plasticity, firm to
stiff, grey, moist
—20 SDR 21, 33.40mm @ blank PVC pipe
70— ) 7/ﬁ_
-Lignite layer (0.3m thick) observed between 22.2m to 22.5m below grade
496.3  23.5m
80— 4954 24 4K LIGNITE, very weak, dark brown to black
—T ' " SILT AND CLAY (ML), trace fine grained black sand, medium plasticity, firm to
stiff, grey, moist
-no sand observed below 25.9m below grade
90— -0.3m thick lignite layer observed between 30.5m and 30.8m below grade
10—
Y 5\ Static Water Level in
110— Piezometer A = 32.38m below grade
(recorded on October 8, 2003)
—35
-driller began adding water below 36.3m
120— 2338 %ggm LIGNITE, very weak, dark brown to black
' ' SILT AND CLAY (ML), some fine grained black sand, medium plasticity, firm to 2 % % Coated Bentonite Pellets
stiff, grey, moist L [T T Silica Sand
-Lignite layer (0.3m thick) observed between 39.0m and 39.3m below grade 3 L Piezometer B
130— 40 -Lignite layer (0.3m thick) observed between 47.5m and 47.8m below grade Machine slotted, schedule 40, 33.40mm @
PVC pipe (slot opening 0.254mm) set
between 39.3m (480.5m elevation) and
140—]| 38.7m (481.1m elevation) below grade
45 \‘< Bentonite Cement Grout
150—
4719  47.9m > Coated Bentonite Pellets
160— m CLAY (CH), silty, trace to some sand, high plasticity, dense, light green, moist to wet ZA: Silica Sand
4701 49.7m (WEATHERED VOLCANIC BEDROCK), trace gravel below 48.8m below grade o Piezometer A
—50 ' " End of borehole at 49.7m below grade due to broken drive shoe. Machine slotted, schedule 40, 33.40mm
PVC pipe (slot opening 0.254mm) set
between 49.4m (470.4m elevation) and
48.8m (471.0m elevation) below grade
Notes:
BHO03-4A,B drilled and completed between July 8 and July 17, 2003 using a Silverado air-rotary drill rig
equipped with an ODEX drill bit provided by Geotech Drilling Services Ltd.
BHO03-4A,B logged by Shiloh Jorgensen, EIT and reviewed by Scott Green, P.Eng.
Soil samples collected along 1.5m intervals.
None of the soil samples collected from BH03-4A,B have been subject to laboratory testing.
Ground Surface Elevation = 519.773m
Piezometer 4A = 532040.983East, 5869782.793North; Elevation of measuring datum = 519.723m.
Piezometer 4B = 532041.022East, 5869782.830North; Elevation of measuring datum = 519.716m.
Elevations relative to Geodatic Datum NAD 83
Vertical Scale:
om 2 4 6 8
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200mm @ bolt down steel well cover, flush to grade
(ft) (m) elevation (m) /_ :
0——0 519.8 0.0m
m SILT (ML), some fine grained sand, trace to some clay, trace to some gravel,
medium plasticity, soft, olive brown, moist to wet (FILL)
10—
—9 gm% ggm SAND AND GRAVEL (SP), frace silt, brown, moist X Xﬁ‘\ Static Water Level in
20— ' ' SILT AND CLAY (ML), trace sand, trace gravel, medium plasticity, firm to stiff, Piezometer C = 5.14m below grade
grey, moist. Mottled along fractures (recorded on October 8, 2003)
-brown below 7.2m
-silty sand layers observed (2mm-0.3mm thick) at 7.2m, 9.1m and 10.1m
30— -stiff to dense below 9.1m
—10 —~=—114.3mm @ borehole wall
40— gg;; ggm SAND (SM), fine to medium grained, trace to some silt, trace gravel, compact, grey, saturated
' adl SILT AND CLAY (ML), medium plasticity, firm to stiff, grey, moist. Texture along .
partings was smooth and amorphous N Bentonite Cement Grout
50— 10
/—SDR 21, 33.40mm @ blank PVC pipe
502.1 17 7m——Lignite layer observed at 17.4m below grade
60— SILT AND CLAY (ML), some fine grained black sand, medium plasticity, firm to A
stiff, grey, moist
20
70— o ) z Coated Bentonite Pellets
-Lignite layer (0.3m thick) observed between 22.2m to 22.5m below grade ra Silica Sand
496.3 23.5m Hfe- Piezometer C
80— End of borehole at 23.5m below grade. Machine slotted, schedule 40, 33.40mm @
—25 PVC pipe (slot opening 0.254mm) set
between 23.5m (496.4m elevation) and
22.9m (497.0m elevation) below grade
Notes:
BH03-4C drilled and completed between July 17 and July 18, 2003 using a Silverado air-rotary drill rig
equipped with an ODEX drill bit provided by Geotech Drilling Services Ltd.
BHO03-4C log is based on samples collected from BH03-4A, B, located 20m northeast of BH03-4A, B.
Ground Surface Elevation = 519.827m
Water Level Measuring Reference Elevation = 519.765m
Piezometer 4C = 532042.934East, 5869783.479North
Elevations relative to Geodatic Datum NAD 83
Vertical Scale:
om 2 4 6 8
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(ft) (m) elevation (m

0—0

520.1
519.2
518.3

516.4

5143

504.9

150mm @ galvanized steel, lockable, well cap

SAND (SP), fine to coarse grained, trace silt, some gravel, loose, brown, dry (FILL)
SAND (SP), fine to medium grained, trace silt, loose, tan brown, dry

SILT (ML), some sand, trace to some clay, trace gravel, medium plasticity, soft, grey,
moist to wet

SAND (SP), fine to medium grained, trace silt, some gravel, compact, dark grey, moist.
Some groundwater seepage observed at 5.5m below grade

SILT (ML), some clay, trace to some sand, trace gravel, medium plasticity, soft, olive brown
-driller began adding water below 5.8m below grade

-grey below 11.6m

15.2m

SILT (ML), some clay, some gravel, trace fine sand, layered, firm, grey
-clay exists as layers 0.25m to 0.30m thick

—=——0.6m 150mm @ steel casing riser

Top of PVC liner 1.5m from top
of steel casing riser

™~ Static Water Level = 1.80m below grade
(recorded on October 8, 2003)

—=—150mm @ steel well casing
(wall thickness 4.78mm)

114.3mm @ Schedule 40, blank PVC pipe

GRAVEL (GP), subrounded, trace silt, some fine to coarse grained sand, grey
-dark brown with some lignite below 31.4m

LIGNITE, very weak, dark brown to black
CLAY (CH), trace to some silt, high plasticity, light grey, firm to stiff

LIGNITE, very weak, dark brown to black
CLAY (CH), trace silt, trace black course grained sand, high plasticity, blue grey, firm to stiff

CLAY (CH), trace silt, some lignite, high plasticity, dark brown to black

CLAY (CH), trace silt, high plasticity, light brown, firm
LIGNITE, very weak, dark brown to black. Thin (<10 c¢m thick), clay layers interbedded
with lignite

CLAY (CH), trace silt, trace to some black sand, high plasticity, light brown, firm
-drilled open hole from 42.7m

CLAY (CH), trace silt, trace to some black and green sand, very stiff to dense
(WEATHERED VOLCANIC BEDROCK)

—~=—150mm @ casing drive shoe

—=—187.3mm @ borehole wall

H——114.3mm @ Schedule 40
machine slotted, PVC pipe
(slot opening = 0.254mm)

l==——152mm @ borehole wall

-thin (<2 cm thick) layers of lignite observed at 1.5m spacing
-0.2m thick layer of light brown clay at 47.5m below grade

54.9m

——114.3mm @,
schedule 40, blank
PVC tail pipe

End of borehole at 54.9m below grade

Notes:

PW03-1 drilled and completed between September 15 and September 16, 2003 using an Ingersall-Rand
TH-60 air-rotary drill rig provided by Cariboo Water Wells.

PWO03-1 logged by Scott Green, P.Eng, soil samples collected along 1.5m intervals.

None of the soil samples collected from PW03-1 have been subject to laboratory testing.

Ground Surface Elevation = 520.068m

Water Level Measuring Reference Elevation = 520.710m

Northing = 5869772.498

Easting = 531993.423

Elevations relative to Geodatic Datum NAD 83

Vertical Scale:
Om 2 4

i
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)
0—

(m) elevation (m)

—0

503.4

501.6

499 4

497.2

465.0

/—150mm @ galvanized steel, lockable, well cap

0.0m SAND (SM), fine to medium grained, trace silt, brown, loose, moist (FILL)

-dark brown to black below 1.5m
SAND (SM), fine to medium grained, trace silt, trace gravel, brown, loose to compact, moist

1.8m

4.0m
Om SAND (SM), fine to medium grained, silty, trace clay, brown, loose, wet

6.2m
SILT (ML), trace to some sand, some gravel, trace to some clay, brown, dense, wet.

Isolated cobbles (TILL)

-some clay below 10.4m

-grey below 13.1m
-driller began adding water to borehole at 14.0m below grade

-clayey below 27.4m below grade

—=——0.9m 150mm @ steel casing riser

Static Water Level = 4.08m below grade
(recorded on October 8, 2003)

—=—150mm @ steel well casing
(wall thickness 4.78mm)

114.3mm @ Schedule 40, blank PVC pipe

+—~=—150mm @ casing drive shoe

-15 cm thick gravel layer observed at 37.5m below grade

38.4m
m CLAY (CL), trace silt, some sand, very dense, green, moist

(WEATHERED VOLCANIC BEDROCK)

-no sand observed between 41.1m and 43.3m below grade

-driller drilled open hole below 42.7m below grade with casing drive shoe at 42.7m
no groundwater seepage was observed in borehole after it was left undisturbed overnight

-thin (<15 cm thick) lignite layers observed at 46.6m and 48.5m below grade
-sandy between 47.2m and 48.2m below grade

~=—187.3mm @ borehole wall

114.3mm @ Schedule 40,
machine slotted, PVC pipe
(slot opening = 0.254mm)

|
I
|
P
|
I
|
|
|
|
|
|

|

|

|

|

|

|

|

|

|

|
|
I
|

i—=—152mm @ borehole wall

-less weathered below 56.4m below grade

—114.3mm @, schedule 40,
blank PVC tail pipe

61.0m End of borehole at 61.0m below grade

Notes:

PWO03-2 drilled and completed between September 17 and September 18, 2003 using an Ingersall-Rand
TH-60 air-rotary drill rig provided by Cariboo Water Wells.

PWO03-2 logged by Scott Green, P.Eng, soil samples collected along 1.5m intervals.

None of the soil samples collected from PW03-2 have been subject to laboratory testing.

Ground Surface Elevation = 503.409m

Water Level Measuring Reference Elevation = 504.278m

Northing = 5869595.405

Easting = 532272.268

Elevations relative to Geodatic Datum NAD 83

Vertical Scale:
Om 2 4

e
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Water Level Monitoring Data - West Quesnel Pilot Dewatering Test Page 1 of 4

Monitor Top of Relative Elevation (m)
Casing
Elevation
(m) 06-Aug-03| 07-Aug-03| 08-Aug-03| 14-Aug-03 [ 15-Aug-03| 03-Sep-03| 15-Sep-03| 01-Oct-03 | 02-Oct-03 | 06-Oct-03 [ 08-Oct-03 | 09-Oct-03 | 12-Oct-03 | 15-Oct-03 | 19-Oct-03 | 22-Oct-03 [ 26-Oct-03
BHO03-2A 516.39
DTW dry dry dry 80.75 80.63
WL 435.64 435.76
BHO3-2B 516.37 DTW 45.65 45.56 42.82 40.77
WL 470.72 470.81 473.55 475.60
BHO3-2C 516.42 DTW 9.55 9.52 9.17 8.83 8.86
WL 506.87 506.90 507.25 507.59 507.55
BHO3-3A 519.02 DTW 7.40 7.18 6.87 5.64 5.54 6.05 3.80 3.78 3.69 3.60 3.52 3.44 3.36
WL 511.62 511.84 512.15 513.38 513.48 512.97 515.22 515.24 515.32 515.42 515.50 515.58 515.66
BHO03-3B 519.07
DTW 2.54 2.51 2.33 1.65 1.60 1.66 1.07 1.03 1.13 1.19 1.32 1.46 1.66
WL 516.53 516.56 516.74 517.42 517.47 517.41 518.00 518.04 517.93 517.88 517.75 517.61 517.40
BHO03-3C 519.11
DTW 0.98 0.99 0.96 0.82 0.81 0.97 1.79 1.75 2.15 2.41 2.91 3.26 3.77
WL 518.13 518.12 518.15 518.29 518.30 518.14 517.32 517.36 516.96 516.69 516.20 515.84 515.33
BHO3-4A s19.72 DTW 36.62 36.50 36.23 34.48 34.32 34.04 32.33 32.16 31.11 30.43 29.68 29.03 28.16
WL 483.10 483.22 483.49 485.24 485.40 485.68 487.40 487.56 488.62 489.29 490.04 490.70 491.56
BHO3-4B s19.72 DTW 4.55 4.62 4.60 4.41 4.36 4.10 3.73 3.69 3.75 3.78 3.80 3.74 3.75
WL 515.17 515.10 515.12 515.31 515.36 515.62 515.99 516.03 515.97 515.94 515.92 515.97 515.96
BHO03-4C 519.77
DTW 5.60 5.68 5.66 5.56 5.55 5.60 5.08 5.08 5.13 5.11 5.11 5.10 5.15
WL 514.17 514.09 514.11 514.21 514.22 514.17 514.68 514.68 514.64 514.65 514.65 514.66 514.61
PW03-1 520.07 DTW 5.07 4.03 2.48 2.44 2.42
WL 515.00 516.04 517.59 517.63 517.64
PW03-2 50341 DTW 13.57 2.95 4.88 4.95 4.95
WL 489.84 500.46 498.53 498.46 498.46
POND 510.00 =@
WL

- denotes no data

Depth to Water from
NG Top of PVC Casing (m)
WL Water Elevation (m)
RDG Stake Reading



Water Level Monitoring Data - West Quesnel Pilot Dewatering Test

Page 2 of 4

Monitor Top of Relative Elevation (m)
Casing
Elevation
(m) 29-Oct-03 [ 01-Nov-03| 05-Nov-03| 06-Nov-03 | 09-Nov-03| 12-Nov-03| 16-Nov-03| 19-Nov-03 [ 23-Nov-03| 27-Nov-03 [ 30-Nov-03 | 03-Dec-03 | 06-Dec-03 | 09-Dec-03 | 12-Dec-03| 15-Dec-03| 18-Dec-03
BHO3-2A 516.39 DTW 73.67 72.37 71.64 70.80 70.13 68.87 67.91 67.28 66.50 65.64 64.83 63.62 63.25
WL 442.72 444.02 444.75 445.58 446.26 447.52 448.48 449.10 449.88 450.75 451.56 452.77 453.14
BHO3-28 516.37 DTW 39.66 39.44 39.37 39.46 39.42 39.06 38.96 38.93 38.85 38.70 38.73 38.56 38.59
WL 476.71 476.93 477.00 476.91 476.95 477.31 477.41 477.44 477.52 477.67 477.65 477.81 477.78
BHO3-2¢ 516.42 DTW 8.82 8.75 8.78 8.99 9.05 8.73 8.75 8.80 8.78 8.69 8.76 8.67 8.726
WL 507.60 507.67 507.63 507.42 507.36 507.69 507.66 507.62 507.64 507.72 507.66 507.74 507.69
BHO3-3A 519.02 DTW 3.26 3.21 3.14 3.07 2.48
WL 515.76 515.81 515.88 515.95 516.53
BHO3-38 519.07 DTW 1.79 1.94 2.11 1.485 2.04
WL 517.28 517.13 516.95 517.58 517.02
BHO3-3C 519.11 DTW 4.11 4.39 4.77 2.47 3.32
WL 515.00 514.72 514.33 516.64 515.79
BHO3-4A 519.72 DTW 27.49 26.89 26.12 19.479 19.06
WL 492.24 492.83 493.60 500.24 500.66
BH03-48 519.72 DTW 3.69 3.69 3.68 3.57 3.60
WL 516.02 516.03 516.03 516.15 516.12
BHO3-4C s19.77 DTW 5.10 5.10 5.09 4.976 5.00
WL 514.66 514.67 514.67 514.79 514.77
PWO03-1 520.07 DTW
WL
PWO03-2 503.41 DTW
WL
POND 510.00 RDG 3.826
WL 513.83

- denotes no data

DTW

WL
RDG

Depth to Water from
Top of PVC Casing (m)
Water Elevation (m)
Stake Reading



Water Level Monitoring Data - West Quesnel Pilot Dewatering Test Page 3 of 4

Monitor Top of Relative Elevation (m)
Casing
Elevation
(m) 21-Dec-03| 24-Dec-03| 27-Dec-03 | 30-Dec-03| 02-Jan-04 | 05-Jan-04 | 08-Jan-04 | 11-Jan-04 [ 14-Jan-04 [ 17-Jan-04 [ 20-Jan-04 [ 23-Jan-04 | 27-Jan-04 | 31-Jan-04 | 03-Feb-04 | 06-Feb-04| 09-Feb-04
BHO3-2A 516.39 DTW
WL
BHO03-2B 516.37 DTW
WL
BHO03-2C 516.42 DTW
WL
BHO3-3A 519.02 DTW 2.47 2.44 2.45 2.42 2.41 241 2.36 2.35 2.32 2.36 2.34 2.34 2.15
WL 516.54 516.58 516.57 516.60 516.61 516.61 516.66 516.67 516.70 516.66 516.68 516.67 516.86
BHO3-38 519.07 DTW 2.14 2.26 2.41 2.56 2.45 2.84 2.95 3.09 3.21 3.17 3.25 3.06
WL 516.93 516.80 516.66 516.51 516.61 516.22 516.11 515.98 515.86 515.90 515.82 516.00
BHO3-3C 519.11 DTW 3.78 4.24 4.75 5.16 5.55 5.91 6.11 6.40 6.61 6.78 6.97 7.08
WL 515.33 514.87 514.35 513.95 513.55 513.19 513.00 512.70 512.49 512.33 512.13 512.03

BHO3-4A s19.72 DTW 18.68 18.28 17.91 17.52 17.16 16.81 16.48 16.14 15.81 15.45 15.04 14.73 14.35

WL 501.04 501.45 501.81 502.21 502.56 502.92 503.24 503.58 503.91 504.27 504.68 504.99 505.37
BHO3-4B s19.72 DTW 3.57 3.54 3.57 3.55 3.55 3.59 3.51 3.51 3.49 3.58 2.72 3.60 3.54
WL 516.15 516.18 516.15 516.17 516.17 516.12 516.21 516.20 516.23 516.13 517.00 516.12 516.17
BHO3-4C s19.77 DTW 4.99 4.96 4.97 4.97 4.98 5.04 4.98 4.97 4.95 4.94 4.97 4.96 4.96
WL 514.77 514.81 514.79 514.79 514.78 514.73 514.78 514.79 514.82 514.82 514.80 514.80 514.80
PWO03-1 520.07 DTW
WL
PWO03-2 503.41 DTW
WL
POND 510.00 RDG 384
WL 513.84

- denotes no data

Depth to Water from
NG Top of PVC Casing (m)
WL Water Elevation (m)
RDG Stake Reading



Water Level Monitoring Data - West Quesnel Pilot Dewatering Test

Monitor Top of Relative Elevation (m)
Casing
Elevation
(m) 12-Feb-04| 15-Feb-04| 19-Feb-04 | 22-Feb-04 | 25-Feb-04 | 28-Feb-04 | 03-Mar-04 | 08-Mar-04
BHO3-2A 516.39 DTW 46.28 45.54 44.89 44.26 43.40 42.47
WL 470.11 470.84 471.49 472.13 472.99 473.92
BHO3-28 516.37 DTW 32.06 31.15 30.51 29.96 29.26 28.50
WL 484.31 485.22 485.86 486.41 487.11 487.87
BHO3-2¢ 516.42 DTW 8.70 8.66 8.65 8.68 8.62 8.66
WL 507.72 507.76 507.77 507.74 507.80 507.76
BHO3-3A 519.02 DTW 2.10 2.09 -0.03 0.66 0.99
WL 516.92 516.93 519.05 518.36 518.03
BHO03-3B 519.07 DTW 451
WL 514.55
BHO03-3C 519.11 DTW 8.86
WL 510.25
BHO3-4A 519.72 DTW 12.69 12.35 12.12 11.89 8.88 8.70 8.50
WL 507.04 507.37 507.61 507.83 510.84 511.02 511.23
BH03-48 519.72 DTW 4.87 3.11 3.29 1.88 0.80 chile) 3.39
WL 514.85 516.60 516.43 517.84 518.91 516.59 516.33
BHO3-4C s19.77 DTW 4.89 4.85 4.84 4.83 4.76 4.83 4.85
WL 514.88 514.91 514.92 514.94 515.00 514.93 514.91
PWO03-1 520.07 DTW
WL
PWO03-2 503.41 DTW
WL
POND 510.00 RDG 3.863
WL 513.86

- denotes no data

DTW

WL
RDG

Depth to Water from
Top of PVC Casing (m)
Water Elevation (m)
Stake Reading
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West Quesnel Pilot De-Watering Test
Pumping Test Discharge Rates

Flamingo Road (PW03-1)- Short Term Pumping Test

KX04397

October 9 - November 5, 2003

Elapsed ) Meter . Cumulative Cumulative Flow Flow
. ; Elapsed Time ) Cumulative . .
Date Time Time (hours) Reading Discharge (m3) Discharge Discharge Rate Rate
(minutes) (m3) (Litres) (lgal.) (lgpm) (L/min)
October 9, 2003 9:15 0 0 6993.500 0 0 0 0 0

9:16 1 0.02 6993.560 0.060 60 13.205 13.205 60.000

9:18 3 0.05 6993.613 0.113 113 24.869 8.290 37.667

9:20 5 0.08 6993.800 0.300 300 66.024 13.205 60.000

9:22 7 0.12 6993.831 0.331 331 72.846 10.407 47.286

9:28 13 0.22 6993.850 0.350 350 77.028 5.925 26.923

9:30 15 0.25 6993.920 0.420 420 92.434 6.162 28.000

9:31 16 0.27 6993.930 0.430 430 94.634 5.915 26.875

October 12, 2003 16:08 4733 78.88 6993.930 0.430 430 94.634 0.020 0.091
16:09 4734 78.90
16:11 4736 78.93

16:12 4737 78.95 6994.090 0.590 590 129.847 0.027 0.125

16:17 4742 79.03 6994.200 0.700 700 154.056 0.032 0.148
16:23 4748 79.13

16:24 4749 79.15 6994.310 0.810 810 178.265 0.038 0.171

October 15, 2003 9:35 8660 144.33 6994.310 0.810 810 178.265 0.021 0.094

9:36 8661 144.35 6994.341 0.841 841 185.087 0.021 0.097

9:38 8663 144.38 6994.400 0.900 900 198.072 0.023 0.104

9:42 8667 144.45 6994.512 1.012 1012 222.721 0.026 0.117

9:44 8669 144.48 6994.562 1.062 1062 233.725 0.027 0.123
9:45 8670 144.50

9:46 8671 144.52 6994.611 1.111 1111 244,509 0.028 0.128

9:47 8672 144.53 6994.634 1.134 1134 249.571 0.029 0.131

9:48 8673 144.55 6994.649 1.149 1149 252.872 0.029 0.132

October 19, 2003 15:08 14753 245.88 6994.649 1.149 1149 252.872 0.017 0.078
15:10 14755 245.92

15:12 14757 245.95 6994.760 1.260 1260 277.301 0.019 0.085

15:14 14759 245.98 6994.812 1.312 1312 288.745 0.020 0.089

15:17 14762 246.03 6994.900 1.400 1400 308.112 0.021 0.095

15:19 14764 246.07 6994.940 1.440 1440 316.915 0.021 0.098

15:20 14765 246.08 6994.982 1.482 1482 326.159 0.022 0.100

October 22, 2003 12:13 18898 314.97 6994.982 1.482 1482 326.159 0.017 0.078

12:14 18899 314.98 6995.012 1.512 1512 332.761 0.018 0.080

12:15 18900 315.00 6995.046 1.546 1546 340.244 0.018 0.082

12:16 18901 315.02 6995.073 1.573 1573 346.186 0.018 0.083

12:18 18903 315.05 6995.131 1.631 1631 358.950 0.019 0.086

12:22 18907 315.12 6995.239 1.739 1739 382.719 0.020 0.092

12:23 18908 315.13 6995.258 1.758 1758 386.901 0.020 0.093

12:24 18909 315.15 6995.290 1.790 1790 393.943 0.021 0.095

12:25 18910 315.17 6995.301 1.801 1801 396.364 0.021 0.095

October 26, 2003 10:30 24555 409.25 6995.301 1.801 1801 396.364 0.016 0.073

10:31 24556 409.27 6995.330 1.830 1830 402.746 0.016 0.075

10:32 24557 409.28 6995.361 1.861 1861 409.569 0.017 0.076

10:33 24558 409.30 6995.391 1.891 1891 416.171 0.017 0.077

10:34 24559 409.32 6995.421 1.921 1921 422.774 0.017 0.078

10:35 24560 409.33 6995.450 1.950 1950 429.156 0.017 0.079

10:38 24563 409.38 6995.530 2.030 2030 446.762 0.018 0.083

10:39 24564 409.40 6995.558 2.058 2058 452.925 0.018 0.084

10:40 24565 409.42 6995.586 2.086 2086 459.087 0.019 0.085

10:41 24566 409.43 6995.609 2.109 2109 464.149 0.019 0.086

10:42 24567 409.45 6995.635 2.135 2135 469.871 0.019 0.087

October 29, 2003 14:52 29137 485.62 6995.635 2.135 2135 469.871 0.016 0.073

14:53 29138 485.63 6995.664 2.164 2164 476.253 0.016 0.074

14:54 29139 485.65 6995.698 2.198 2198 483.736 0.017 0.075

14:55 29140 485.67 6995.726 2.226 2226 489.898 0.017 0.076

14:56 29141 485.68 6995.754 2.254 2254 496.060 0.017 0.077

14:57 29142 485.70 6995.832 2.332 2332 513.227 0.018 0.080

15:00 29145 485.75 6995.868 2.368 2368 521.149 0.018 0.081

15:01 29146 485.77 6995.898 2.398 2398 527.752 0.018 0.082

15:02 29147 485.78 6995.918 2.418 2418 532.153 0.018 0.083

15:03 29148 485.80 6995.940 2.440 2440 536.995 0.018 0.084

15:04 29149 485.82 6995.964 2.464 2464 542.277 0.019 0.085

November 1, 2003 12:33 33318 555.30 6995.964 2.464 2464 542.277 0.016 0.074

12:34 33319 555.32 6995.990 2.490 2490 547.999 0.016 0.075

12:35 33320 555.33 6996.020 2.520 2520 554.602 0.017 0.076

12:36 33321 555.35 6996.052 2.552 2552 561.644 0.017 0.077

12:37 33322 555.37 6996.081 2.581 2581 568.026 0.017 0.077

12:39 33324 555.40 6996.090 2.590 2590 570.007 0.017 0.078

12:40 33325 555.42 6996.168 2.668 2668 587.173 0.018 0.080

12:41 33326 555.43 6996.190 2.690 2690 592.015 0.018 0.081

12:42 33327 555.45 6996.216 2.716 2716 597.737 0.018 0.081

12:44 33329 555.48 6996.264 2.764 2764 608.301 0.018 0.083

November 5, 2003 9:01 38834 647.23 6996.264 2.764 2764 608.301 0.016 0.071

9:02 38835 647.25 6996.292 2.792 2792 614.463 0.016 0.072

9:03 38836 647.27 6996.322 2.822 2822 621.066 0.016 0.073

9:04 38837 647.28 6996.352 2.852 2852 627.668 0.016 0.073

9:05 38838 647.30 6996.382 2.882 2882 634.271 0.016 0.074

9:08 38841 647.35 6996.466 2.966 2966 652.757 0.017 0.076

9:09 38842 647.37 6996.490 2.990 2990 658.039 0.017 0.077

9:10 38843 647.38 6996.512 3.012 3012 662.881 0.017 0.078

9:12 38845 647.42 6996.536 3.036 3036 668.163 0.017 0.078

9:13 38846 647.43 6996.582 3.082 3082 678.287 0.017 0.079



West Quesnel Pilot De-Watering Test KX04397
Pumping Test Discharge Rates November 5 - December 15, 2003

Abbott Road (PW03-2) - Short Term Pumping Test

Elapsed ) Meter . Cumulative Cumulative Flow Flow

Date Time Time Ela?hs(;egr;r;me Reading D.Cu:]UIatNeg Discharge Discharge Rate Rate
(minutes) m ischarge (M%) | jtres) (igal.) (igpm)  (L/min)

November 6, 2003 9:52 0 0 6996.583 0 0 0 0 0

9:53 1 0.02 6996.613 0.030 30 6.602 6.602  30.000
9:54 2 0.03 6996.648 0.065 65 14.305 7.153 32500
9:55 3 0.05 6996.679 0.096 96 21.128 7.043  32.000
9:56 4 0.07 6996.711 0.128 128 28.170 7.043  32.000
9:57 5 0.08 6996.756 0.173 173 38.074 7.615  34.600
9:58 6 0.10 6996.776 0.193 193 42.475 7.079  32.167
9:59 7 0.12 6996.803 0.220 220 48.418 6.917  31.429
10:00 8 0.13 6996.829 0.246 246 54.140 6.767  30.750
10:01 9 0.15 6996.855 0.272 272 59.862 6.651  30.222
10:02 10 0.17 6996.881 0.298 298 65.584 6.558  29.800
10:03 11 0.18 6996.906 0.323 323 71.086 6.462  29.364
10:04 12 0.20 6996.931 0.348 348 76.588 6.382  29.000
10:05 13 0.22 6996.958 0.375 375 82.530 6.348  28.846
10:06 14 0.23 6996.98 0.397 397 87.372 6.241  28.357
10:07 15 0.25 6997.006 0.423 423 93.094 6.206  28.200
10:08 16 0.27 6997.026 0.443 443 97.495 6.093  27.688
10:10 18 0.30 6997.049 0.466 466 102.557 5.698  25.889
10:11 19 0.32 6997.071 0.488 488 107.399 5653  25.684
November 9, 2003 14:52 4620 77.00 6997.094 0.488 488 107.399 0.023 0.106
14:53 4621 77.02 6997.120 0.514 514 113.121 0.024 0.111
14:54 4622 77.03 6997.148 0.542 542 119.283 0.026 0.117
14:55 4623 77.05 6997.176 0.570 570 125.446 0.027 0.123
14:56 4624 77.07 6997.200 0.594 594 130.728 0.028 0.128
14:57 4625 77.08 6997.224 0.618 618 136.009 0.029 0.134
14:58 4626 77.10 6997.250 0.644 644 141.732 0.031 0.139
14:59 4627 77.12 6997.276 0.670 670 147.454 0.032 0.145
15:00 4628 77.13 6997.299 0.693 693 152.515 0.033 0.150
15:01 4629 77.15 6997.320 0.714 714 157.137 0.034 0.154
15:02 4630 77.17 6997.346 0.740 740 162.859 0.035 0.160

15:03 4631 77.18 6997.362 0.756 756 166.380 0.036 0.163



Elapsed ) Meter . Cumulative Cumulative Flow Flow

Date Time Time Ela?hs(;egr;r;me Reading D.Cu:]UIatNeg Discharge Discharge Rate Rate
(minutes) m ischarge (M%) | jtres) (igal.) (igpm)  (L/min)

November 12, 2003  15:01 8949 149.15 6997.362 0.756 756 166.380 0.019 0.084
15:02 8950 149.17 6997.388 0.782 782 172.103 0.019 0.087

15:03 8951 149.18 6997.412 0.806 806 177.384 0.020 0.090

15:04 8952 149.20 6997.440 0.834 834 183.547 0.021 0.093

15:05 8953 149.22 6997.464 0.858 858 188.829 0.021 0.096

15:06 8954 149.23 6997.490 0.884 884 194.551 0.022 0.099

15:07 8955 149.25 6997.514 0.908 908 199.833 0.022 0.101

15:08 8956 149.27 6997.538 0.932 932 205.115 0.023 0.104

15:09 8957 149.28 6997.562 0.956 956 210.396 0.023 0.107

15:10 8958 149.30 6997.587 0.981 981 215.898 0.024 0.110

November 16, 2003  13:41 14629 243.82 6997.587 0.981 981 215.898 0.015 0.067
13:42 14630 243.83 6997.614 1.008 1008 221.841 0.015 0.069

13:43 14631 243.85 6997.642 1.036 1036 228.003 0.016 0.071

13:44 14632 243.87 6997.670 1.064 1064 234.165 0.016 0.073

13:45 14633 243.88 6997.694 1.088 1088 239.447 0.016 0.074

13:46 14634 243.90 6997.720 1.114 1114 245.169 0.017 0.076

13:47 14635 243.92 6997.748 1.142 1142 251.331 0.017 0.078

13:48 14636 243.93 6997.772 1.166 1166 256.613 0.018 0.080

13:49 14637 243.95 6997.796 1.190 1190 261.895 0.018 0.081

13:50 14638 243.97 6997.820 1.214 1214 267.177 0.018 0.083

13:51 14639 243.98 6997.844 1.238 1238 272.459 0.019 0.085

13:52 14640 244.00 6997.863 1.257 1257 276.641 0.019 0.086

November 19, 2003  15:05 19033 317.22 6997.863 1.257 1257 276.641 0.015 0.066
15:06 19034 317.23 6997.884 1.278 1278 281.262 0.015 0.067

15:07 19035 317.25 6997.906 1.300 1300 286.104 0.015 0.068

15:08 19036 317.27 6997.934 1.328 1328 292.266 0.015 0.070

15:09 19037 317.28 6997.960 1.354 1354 297.988 0.016 0.071

15:10 19038 317.30 6997.984 1.378 1378 303.270 0.016 0.072

15:11 19039 317.32 6998.010 1.404 1404 308.992 0.016 0.074

15:12 19040 317.33 6998.034 1.428 1428 314.274 0.017 0.075

15:13 19041 317.35 6998.058 1.452 1452 319.556 0.017 0.076

15:14 19042 317.37 6998.082 1.476 1476 324.838 0.017 0.078
November 20, 2003 13:42 20390 339.83 6998.082 1.476 1476 324.838 0.016 0.072
13:43 20391 339.85 6998.106 1.500 1500 330.120 0.016 0.074

13:44 20392 339.87 6998.136 1.530 1530 336.722 0.017 0.075

13:45 20393 339.88 6998.162 1.556 1556 342.444 0.017 0.076

13:46 20394 339.90 6998.190 1.584 1584 348.607 0.017 0.078

13:47 20395 339.92 6998.214 1.608 1608 353.889 0.017 0.079

13:48 20396 339.93 6998.242 1.636 1636 360.051 0.018 0.080

13:49 20397 339.95 6998.268 1.662 1662 365.773 0.018 0.081

13:50 20398 339.97 6998.293 1.687 1687 371.275 0.018 0.083

13:51 20399 339.98 6998.316 1.710 1710 376.337 0.018 0.084

13:52 20400 340.00 6998.340 1.734 1734 381.619 0.019 0.085

13:53 20401 340.02 6998.358 1.752 1752 385.580 0.019 0.086



Elapsed ) Meter . Cumulative Cumulative Flow Flow

Date Time Time Ela?hs(;egr;r;me Reading D.Cu:]UIatNeg Discharge Discharge Rate Rate
(minutes) m ischarge (M%) | jtres) (igal.) (igpm)  (L/min)

November 27, 2003  15:04 30552 509.20 6998.358 1.752 1752 385.580 0.013 0.057
15:05 30553 509.22 6998.384 1.778 1778 391.302 0.013 0.058

15:06 30554 509.23 6998.414 1.808 1808 397.905 0.013 0.059

15:07 30555 509.25 6998.444 1.838 1838 404.507 0.013 0.060

15:08 30556 509.27 6998.470 1.864 1864 410.229 0.013 0.061

15:09 30557 509.28 6998.496 1.890 1890 415.951 0.014 0.062

15:10 30558 509.30 6998.522 1.916 1916 421.673 0.014 0.063

15:11 30559 509.32 6998.550 1.944 1944 427.836 0.014 0.064

15:12 30560 509.33 6998.576 1.970 1970 433.558 0.014 0.064

15:13 30561 509.35 6998.598 1.992 1992 438.399 0.014 0.065

15:14 30562 509.37 6998.624 2.018 2018 444,121 0.015 0.066

15:15 30563 509.38 6998.648 2.042 2042 449.403 0.015 0.067

15:16 30564 509.40 6998.662 2.056 2056 452.484 0.015 0.067

November 30, 2003 8:45 34493 574.88 6998.662 2.056 2056 452.484 0.013 0.060
8:46 34494 574.90 6998.690 2.084 2084 458.647 0.013 0.060

8:47 34495 574.92 6998.714 2.108 2108 463.929 0.013 0.061

8:48 34496 574.93 6998.740 2.134 2134 469.651 0.014 0.062

8:49 34497 574.95 6998.768 2.162 2162 475.813 0.014 0.063

8:50 34498 574.97 6998.792 2.186 2186 481.095 0.014 0.063

8:51 34499 574.98 6998.814 2.208 2208 485.937 0.014 0.064

8:52 34500 575.00 6998.842 2.236 2236 492.099 0.014 0.065

8:53 34501 575.02 6998.866 2.260 2260 497.381 0.014 0.066

8:54 34502 575.03 6998.883 2.277 2277 501.122 0.015 0.066

December 3, 2003 12:17 39025 650.42 6998.883 2.277 2277 501.122 0.013 0.058
12:18 39026 650.43 6998.908 2.302 2302 506.624 0.013 0.059

12:19 39027 650.45 6998.938 2.332 2332 513.227 0.013 0.060

12:20 39028 650.47 6998.966 2.360 2360 519.389 0.013 0.060

12:21 39029 650.48 6998.992 2.386 2386 525.111 0.013 0.061

12:22 39030 650.50 6999.017 2.411 2411 530.613 0.014 0.062

12:23 39031 650.52 6999.042 2.436 2436 536.115 0.014 0.062

12:24 39032 650.53 6999.068 2.462 2462 541.837 0.014 0.063

12:25 39033 650.55 6999.093 2.487 2487 547.339 0.014 0.064

12:26 39034 650.57 6999.115 2.509 2509 552.181 0.014 0.064

12:27 39035 650.58 6999.133 2.527 2527 556.142 0.014 0.065



Elapsed ) Meter . Cumulative Cumulative Flow Flow

Date Time Time Ela?hs(;egr;r;me Reading D.Cu:]UIatNeg Discharge Discharge Rate Rate
(minutes) m ischarge (M%) | jtres) (igal.) (igpm)  (L/min)

December 6, 2003  12:01 43329 722.15 6999.133 2.527 2527 556.142 0.013 0.058
12:02 43330 722.17 6999.158 2.552 2552 561.644 0.013 0.059

12:03 43331 722.18 6999.188 2.582 2582 568.247 0.013 0.060

12:04 43332 722.20 6999.211 2.605 2605 573.308 0.013 0.060

12:05 43333 722.22 6999.235 2.629 2629 578.590 0.013 0.061

12:06 43334 722.23 6999.260 2.654 2654 584.092 0.013 0.061

12:07 43335 722.25 6999.287 2.681 2681 590.034 0.014 0.062

12:08 43336 722.27 6999.310 2.704 2704 595.096 0.014 0.062

12:08 43336 722.27 6999.330 2.724 2724 599.498 0.014 0.063

December 9, 2003  15:12 47840 797.33 6999.330 2.724 2724 599.498 0.013 0.057
15:13 47841 797.35 6999.356 2.750 2750 605.220 0.013 0.057

15:14 47842 797.37 6999.382 2.776 2776 610.942 0.013 0.058

15:15 47843 797.38 6999.406 2.800 2800 616.224 0.013 0.059

15:16 47844 797.40 6999.432 2.826 2826 621.946 0.013 0.059

15:17 47845 797.42 6999.460 2.854 2854 628.108 0.013 0.060

15:18 47846 797.43 6999.484 2.878 2878 633.390 0.013 0.060

15:19 47847 797.45 6999.508 2.902 2902 638.672 0.013 0.061

15:20 47848 797.47 6999.532 2.926 2926 643.954 0.013 0.061

15:20 47848 797.47 6999.542 2.936 2936 646.155 0.014 0.061

December 12, 2003  15:43 52191 869.85 6999.542 2.936 2936 646.155 0.012 0.056



West Quesnel Pilot De-Watering Test KX04397
Pumping Test Discharge Rates December 15, 2003 - March 8, 2004

Flamingo Road (PW03-1) - Long Term Pumping Test

Elapsed ) Meter ; Cumulative Cumulative Flow Flow
Date Time Time Ela?hs:ljir;r;me Reading Di:s:;la:\(/r;) Discharge Discharge Rate Rate
(minutes) (m) 9 (Litres) (lgal.) (lgpm) (L/min)
December 15, 2003  16:17 0 0 6999.544 0 0 0 0 0
16:18 1 0.02 6999.576 0.032 32 7.043 7.043 32.000
16:19 2 0.03 6999.606 0.062 62 13.645 6.822 31.000
16:20 3 0.05 6999.640 0.096 96 21.128 7.043 32.000
16:21 4 0.07 6999.670 0.126 126 27.730 6.933 31.500
16:22 5 0.08 6999.700 0.156 156 34.332 6.866 31.200
16:23 6 0.10 6999.728 0.184 184 40.495 6.749 30.667
16:24 7 0.12 6999.756 0.212 212 46.657 6.665 30.286
16:25 8 0.13 6999.786 0.242 242 53.259 6.657 30.250
16:26 9 0.15 6999.810 0.266 266 58.541 6.505 29.556
16:27 10 0.17 6999.840 0.296 296 65.144 6.514 29.600
16:28 11 0.18 6999.864 0.320 320 70.426 6.402 29.091
16:29 12 0.20 6999.886 0.342 342 75.267 6.272 28.500
16:30 13 0.22 6999.910 0.366 366 80.549 6.196 28.154
16:31 14 0.23 6999.936 0.392 392 86.271 6.162 28.000
16:31 14 0.23 6999.940 0.396 396 87.152 6.225 28.286
December 18, 2003  15:03 4246 70.77 7000.038 0.494 494 108.720 0.026 0.116
15:04 4247 70.78 7000.068 0.524 524 115.322 0.027 0.123
15:05 4248 70.80 7000.098 0.554 554 121.924 0.029 0.130
15:06 4249 70.82 7000.130 0.586 586 128.967 0.030 0.138
15:07 4250 70.83 7000.158 0.614 614 135.129 0.032 0.144
15:08 4251 70.85 7000.188 0.644 644 141.732 0.033 0.151
15:09 4252 70.87 7000.216 0.672 672 147.894 0.035 0.158
15:10 4253 70.88 7000.244 0.700 700 154.056 0.036 0.165
15:11 4254 70.90 7000.270 0.726 726 159.778 0.038 0.171
15:12 4255 70.92 7000.296 0.752 752 165.500 0.039 0.177
15:13 4256 70.93 7000.320 0.776 776 170.782 0.040 0.182
15:14 4257 70.95 7000.344 0.800 800 176.064 0.041 0.188
15:15 4258 70.97 7000.368 0.824 824 181.346 0.043 0.194
15:16 4259 70.98 7000.390 0.846 846 186.188 0.044 0.199
December 21, 2003  10:51 8314 138.57 7000.390 0.846 846 186.188 0.022 0.102
10:57 8320 138.67 7000.404 0.860 860 189.269 0.023 0.103
10:58 8321 138.68 7000.434 0.890 890 195.871 0.024 0.107
10:59 8322 138.70 7000.464 0.920 920 202.474 0.024 0.111
11:00 8323 138.72 7000.496 0.952 952 209.516 0.025 0.114
11:01 8324 138.73 7000.522 0.978 978 215.238 0.026 0.117
11:02 8325 138.75 7000.55 1.006 1006 221.400 0.027 0.121
11:03 8326 138.77 7000.576 1.032 1032 227.123 0.027 0.124
11:04 8327 138.78 7000.604 1.060 1060 233.285 0.028 0.127
11:05 8328 138.80 7000.630 1.086 1086 239.007 0.029 0.130
11:06 8329 138.82 7000.654 1.110 1110 244.289 0.029 0.133
11:07 8330 138.83 7000.678 1.134 1134 249.571 0.030 0.136
11:08 8331 138.85 7000.700 1.156 1156 254.412 0.031 0.139

11:09 8332 138.87 7000.713 1.169 1169 257.274 0.031 0.140



Elapsed ) Meter ’ Cumulative Cumulative Flow Flow

Date Time Time Elaz]sfjr;'me Reading D.Cu:]nu'a“veg Discharge Discharge Rate Rate
(minutes) (m) ischarge (m”) (Litres) (lgal.) (lgpm) (L/min)
December 24, 2003  12:39 12742 212.37 7000.714 1.170 1170 257.494 0.020 0.092
12:40 12743 212.38 7000.744 1.200 1200 264.096 0.021 0.094
12:41 12744 212.40 7000.774 1.230 1230 270.698 0.021 0.097
12:42 12745 212.42 7000.804 1.260 1260 277.301 0.022 0.099
12:43 12746 212.43 7000.834 1.290 1290 283.903 0.022 0.101
12:44 12747 212.45 7000.862 1.318 1318 290.065 0.023 0.103
12:45 12748 212.47 7000.888 1.344 1344 295.788 0.023 0.105
12:46 12749 212.48 7000.914 1.370 1370 301.510 0.024 0.107
12:47 12750 212.50 7000.940 1.396 1396 307.232 0.024 0.109
12:48 12751 212.52 7000.970 1.426 1426 313.834 0.025 0.112
12:49 12752 212.53 7000.990 1.446 1446 318.236 0.025 0.113
12:50 12753 212.55 7001.010 1.466 1466 322.637 0.025 0.115
12:51 12754 212.57 7001.036 1.492 1492 328.359 0.026 0.117
December 27,2003  10:32 16935 282.25 7001.038 1.494 1494 328.800 0.019 0.088
10:33 16936 282.27 7001.066 1.522 1522 334.962 0.020 0.090
10:34 16937 282.28 7001.094 1.550 1550 341.124 0.020 0.092
10:35 16938 282.30 7001.124 1.580 1580 347.726 0.021 0.093
10:36 16939 282.32 7001.152 1.608 1608 353.889 0.021 0.095
10:37 16940 282.33 7001.178 1.634 1634 359.611 0.021 0.096
10:38 16941 282.35 7001.204 1.660 1660 365.333 0.022 0.098
10:39 16942 282.37 7001.230 1.686 1686 371.055 0.022 0.100
10:40 16943 282.38 7001.254 1.710 1710 376.337 0.022 0.101
10:41 16944 282.40 7001.280 1.736 1736 382.059 0.023 0.102
10:42 16945 282.42 7001.300 1.756 1756 386.460 0.023 0.104
10:43 16946 282.43 7001.324 1.780 1780 391.742 0.023 0.105
10:44 16947 282.45 7001.348 1.804 1804 397.024 0.023 0.106
10:45 16948 282.47 7001.354 1.810 1810 398.345 0.024 0.107
December 30, 2003 14:02 21465 357.75 7001.354 1.810 1810 398.345 0.019 0.084
14:03 21466 357.77 7001.382 1.838 1838 404.507 0.019 0.086
14:04 21467 357.78 7001.412 1.868 1868 411.109 0.019 0.087
14:05 21468 357.80 7001.444 1.900 1900 418.152 0.019 0.089
14:06 21469 357.82 7001.472 1.928 1928 424,314 0.020 0.090
14:07 21470 357.83 7001.498 1.954 1954 430.036 0.020 0.091
14:08 21471 357.85 7001.526 1.982 1982 436.199 0.020 0.092
14:09 21472 357.87 7001.554 2.010 2010 442.361 0.021 0.094
14:10 21473 357.88 7001.578 2.034 2034 447.643 0.021 0.095
14:11 21474 357.90 7001.602 2.058 2058 452.925 0.021 0.096
14:12 21475 357.92 7001.626 2.082 2082 458.207 0.021 0.097
14:13 21476 357.93 7001.650 2.106 2106 463.488 0.022 0.098
14:14 21477 357.95 7001.668 2.124 2124 467.450 0.022 0.099



Elapsed ) Meter ’ Cumulative Cumulative Flow Flow

Date Time Time Elaz]sfjr;'me Reading D.Cu:]nu'a“veg Discharge Discharge Rate Rate
(minutes) (m) ischarge (m”) (Litres) (lgal.) (lgpm) (L/min)

January 2, 2004 12:40 25703 428.38 7001.67 2.126 2126 467.890 0.018 0.083
12:41 25704 428.40 7001.698 2.154 2154 474.052 0.018 0.084
12:42 25705 428.42 7001.728 2.184 2184 480.655 0.019 0.085
12:43 25706 428.43 7001.758 2.214 2214 487.257 0.019 0.086
12:44 25707 428.45 7001.786 2.242 2242 493.419 0.019 0.087
12:45 25708 428.47 7001.814 2.270 2270 499.582 0.019 0.088
12:46 25709 428.48 7001.842 2.298 2298 505.744 0.020 0.089
12:47 25710 428.50 7001.868 2.324 2324 511.466 0.020 0.090
12:48 25711 428.52 7001.892 2.348 2348 516.748 0.020 0.091
12:49 25712 428.53 7001.916 2.372 2372 522.030 0.020 0.092
12:50 25713 428.55 7001.940 2.396 2396 527.312 0.021 0.093
12:51 25714 428.57 7001.964 2.420 2420 532.594 0.021 0.094
12:52 25715 428.58 7001.976 2.432 2432 535.235 0.021 0.095
January 5, 2004 12:54 30037 500.62 7001.976 2.432 2432 535.235 0.018 0.081
12:55 30038 500.63 7002.004 2.460 2460 541.397 0.018 0.082
12:56 30039 500.65 7002.036 2.492 2492 548.439 0.018 0.083
12:57 30040 500.67 7002.064 2.520 2520 554.602 0.018 0.084
12:58 30041 500.68 7002.094 2.550 2550 561.204 0.019 0.085
12:59 30042 500.70 7002.120 2.576 2576 566.926 0.019 0.086
13:00 30043 500.72 7002.148 2.604 2604 573.088 0.019 0.087
13:01 30044 500.73 7002.174 2.630 2630 578.810 0.019 0.088
13:02 30045 500.75 7002.198 2.654 2654 584.092 0.019 0.088
13:03 30046 500.77 7002.224 2.680 2680 589.814 0.020 0.089
13:04 30047 500.78 7002.248 2.704 2704 595.096 0.020 0.090
13:05 30048 500.80 7002.270 2.726 2726 599.938 0.020 0.091
13:06 30049 500.82 7002.280 2.736 2736 602.139 0.020 0.091
January 8, 2004 8:41 34104 568.40 7002.28 2.736 2736 602.139 0.018 0.080
8:42 34105 568.42 7002.306 2.762 2762 607.861 0.018 0.081
8:43 34106 568.43 7002.334 2.790 2790 614.023 0.018 0.082
8:44 34107 568.45 7002.362 2.818 2818 620.185 0.018 0.083
8:45 34108 568.47 7002.388 2.844 2844 625.908 0.018 0.083
8:46 34109 568.48 7002.412 2.868 2868 631.189 0.019 0.084
8:47 34110 568.50 7002.438 2.894 2894 636.912 0.019 0.085
8:48 34111 568.52 7002.464 2.920 2920 642.634 0.019 0.086
8:49 34112 568.53 7002.486 2.942 2942 647.475 0.019 0.086
8:50 34113 568.55 7002.510 2.966 2966 652.757 0.019 0.087
8:51 34114 568.57 7002.532 2.988 2988 657.599 0.019 0.088
8:52 34115 568.58 7002.554 3.010 3010 662.441 0.019 0.088
8:53 34116 568.60 7002.576 3.032 3032 667.283 0.020 0.089
January 11, 2004  8:36 38419 640.32 7002.576 3.032 3032 667.283 0.017 0.079
8:37 38420 640.33 7002.605 3.061 3061 673.665 0.018 0.080
8:38 38421 640.35 7002.634 3.090 3090 680.047 0.018 0.080
8:40 38423 640.38 7002.690 3.146 3146 692.372 0.018 0.082
8:41 38424 640.40 7002.719 3.175 3175 698.754 0.018 0.083
8:42 38425 640.42 7002.744 3.200 3200 704.256 0.018 0.083
8:43 38426 640.43 7002.770 3.226 3226 709.978 0.018 0.084
8:44 38427 640.45 7002.793 3.249 3249 715.040 0.019 0.085
8:45 38428 640.47 7002.817 3.273 3273 720.322 0.019 0.085
8:46 38429 640.48 7002.846 3.302 3302 726.704 0.019 0.086
8:47 38430 640.50 7002.864 3.320 3320 730.666 0.019 0.086
8:48 38431 640.52 7002.880 3.336 3336 734.187 0.019 0.087



Elapsed ) Meter ’ Cumulative Cumulative Flow Flow

Date Time Time Elaz]sfjr;'me Reading D.Cu:]nu'a“veg Discharge Discharge Rate Rate
(minutes) (m) ischarge (m”) (Litres) (lgal.) (lgpm) (L/min)

January 14, 2004 9:01 42764 712.73 7002.88 3.336 3336 734.187 0.017 0.078
9:02 42765 712.75 7002.905 3.361 3361 739.689 0.017 0.079
9:03 42766 712.77 7002.936 3.392 3392 746.511 0.017 0.079
9:04 42767 712.78 7002.963 3.419 3419 752.454 0.018 0.080
9:05 42768 712.80 7002.991 3.447 3447 758.616 0.018 0.081
9:06 42769 712.82 7003.018 3.474 3474 764.558 0.018 0.081
9:07 42770 712.83 7003.043 3.499 3499 770.060 0.018 0.082
9:08 42771 712.85 7003.069 3.525 3525 775.782 0.018 0.082
9:09 42772 712.87 7003.093 3.549 3549 781.064 0.018 0.083
9:10 42773 712.88 7003.118 3.574 3574 786.566 0.018 0.084
9:11 42774 712.90 7003.140 3.596 3596 791.408 0.019 0.084
9:12 42775 712.92 7003.158 3.614 3614 795.369 0.019 0.084
January 17, 2004 14:46 47429 790.48 7003.158 3.614 3614 795.369 0.017 0.076
14:47 47430 790.50 7003.186 3.642 3642 801.531 0.017 0.077
14:48 47431 790.52 7003.214 3.670 3670 807.694 0.017 0.077
14:49 47432 790.53 7003.244 3.700 3700 814.296 0.017 0.078
14:50 47433 790.55 7003.272 3.728 3728 820.458 0.017 0.079
14:51 47434 790.57 7003.300 3.756 3756 826.620 0.017 0.079
14:52 47435 790.58 7003.324 3.780 3780 831.902 0.018 0.080
14:53 47436 790.60 7003.352 3.808 3808 838.065 0.018 0.080
14:54 47437 790.62 7003.376 3.832 3832 843.347 0.018 0.081
14:55 47438 790.63 7003.400 3.856 3856 848.628 0.018 0.081
14:56 47439 790.65 7003.422 3.878 3878 853.470 0.018 0.082
14:57 47440 790.67 7003.446 3.902 3902 858.752 0.018 0.082
14:58 47441 790.68 7003.464 3.920 3920 862.714 0.018 0.083
January 20, 2004 15:41 51804 863.40 7003.464 3.920 3920 862.714 0.017 0.076
15:42 51805 863.42 7003.492 3.948 3948 868.876 0.017 0.076
15:43 51806 863.43 7003.520 3.976 3976 875.038 0.017 0.077
15:44 51807 863.45 7003.55 4.006 4006 881.640 0.017 0.077
15:45 51808 863.47 7003.576 4.032 4032 887.363 0.017 0.078
15:46 51809 863.48 7003.602 4.058 4058 893.085 0.017 0.078
15:47 51810 863.50 7003.630 4.086 4086 899.247 0.017 0.079
15:48 51811 863.52 7003.654 4.110 4110 904.529 0.017 0.079
15:49 51812 863.53 7003.680 4.136 4136 910.251 0.018 0.080
15:50 51813 863.55 7003.702 4.158 4158 915.093 0.018 0.080
15:51 51814 863.57 7003.726 4.182 4182 920.375 0.018 0.081
15:52 51815 863.58 7003.748 4.204 4204 925.216 0.018 0.081
15:53 51816 863.60 7003.763 4.219 4219 928.518 0.018 0.081
January 23, 2004 14:50 56073 934.55 7003.763 4.219 4219 928.518 0.017 0.075
14:51 56074 934.57 7003.790 4.246 4246 934.460 0.017 0.076
14:52 56075 934.58 7003.820 4.276 4276 941.062 0.017 0.076
14:53 56076 934.60 7003.852 4.308 4308 948.105 0.017 0.077
14:54 56077 934.62 7003.878 4.334 4334 953.827 0.017 0.077
14:55 56078 934.63 7003.904 4.360 4360 959.549 0.017 0.078
14:56 56079 934.65 7003.930 4.386 4386 965.271 0.017 0.078
14:57 56080 934.67 7003.956 4.412 4412 970.993 0.017 0.079
14:58 56081 934.68 7003.980 4.436 4436 976.275 0.017 0.079
14:59 56082 934.70 7003.004 3.460 3460 761.477 0.014 0.062
15:00 56083 934.72 7003.028 3.484 3484 766.759 0.014 0.062
15:01 56084 934.73 7003.050 3.506 3506 771.600 0.014 0.063
15:02 56085 934.75 7003.060 3.516 3516 773.801 0.014 0.063



Elapsed ) Meter ’ Cumulative Cumulative Flow Flow

Date Time Time Elaz]sfjr;'me Reading D.Cu:]nu'a“veg Discharge Discharge Rate Rate
(minutes) (m) ischarge (m”) (Litres) (lgal.) (lgpm) (L/min)

January 27, 2004 15:19 61862 1031.03 7004.060 4516 4516 993.881 0.016 0.073
15:20 61863 1031.05 7004.088 4.544 4544 1000.044 0.016 0.073
15:21 61864 1031.07 7004.118 4.574 4574 1006.646 0.016 0.074
15:22 61865 1031.08 7004.146 4.602 4602 1012.808 0.016 0.074
15:23 61866 1031.10 7004.174 4.630 4630 1018.970 0.016 0.075
15:24 61867 1031.12 7004.202 4.658 4658 1025.133 0.017 0.075
15:25 61868 1031.13 7004.228 4.684 4684 1030.855 0.017 0.076
15:26 61869 1031.15 7004.254 4.710 4710 1036.577 0.017 0.076
15:27 61870 1031.17 7004.278 4.734 4734 1041.859 0.017 0.077
15:28 61871 1031.18 7004.300 4.756 4756 1046.700 0.017 0.077
15:29 61872 1031.20 7004.326 4.782 4782 1052.423 0.017 0.077
15:30 61873 1031.22 7004.350 4.806 4806 1057.704 0.017 0.078
15:31 61874 1031.23 7004.370 4.826 4826 1062.106 0.017 0.078
January 31, 2004 12:23 67446 1124.10 7004.370 4.826 4826 1062.106 0.016 0.072
12:24 67447 1124.12 7004.398 4.854 4854 1068.268 0.016 0.072
12:25 67448 1124.13 7004.428 4.884 4884 1074.871 0.016 0.072
12:26 67449 1124.15 7004.458 4914 4914 1081.473 0.016 0.073
12:27 67450 1124.17 7004.486 4,942 4942 1087.635 0.016 0.073
12:28 67451 1124.18 7004.514 4.970 4970 1093.798 0.016 0.074
12:29 67452 1124.20 7004.540 4.996 4996 1099.520 0.016 0.074
12:30 67453 1124.22 7004.566 5.022 5022 1105.242 0.016 0.074
12:31 67454 1124.23 7004.590 5.046 5046 1110.524 0.016 0.075
12:32 67455 1124.25 7004.614 5.070 5070 1115.806 0.017 0.075
12:33 67456 1124.27 7004.638 5.094 5094 1121.088 0.017 0.076
12:34 67457 1124.28 7004.662 5.118 5118 1126.369 0.017 0.076
12:35 67458 1124.30 7004.681 5.137 5137 1130.551 0.017 0.076
February 3, 2004 14:59 71922 1198.70 7004.681 5.137 5137 1130.551 0.016 0.071
15:00 71923 1198.72 7004.710 5.166 5166 1136.933 0.016 0.072
15:01 71924 1198.73 7004.740 5.196 5196 1143.536 0.016 0.072
15:02 71925 1198.75 7004.766 5.222 5222 1149.258 0.016 0.073
15:03 71926 1198.77 7004.796 5.252 5252 1155.860 0.016 0.073
15:04 71927 1198.78 7004.822 5.278 5278 1161.582 0.016 0.073
15:05 71928 1198.80 7004.850 5.306 5306 1167.744 0.016 0.074
15:06 71929 1198.82 7004.876 5.332 5332 1173.467 0.016 0.074
15:07 71930 1198.83 7004.900 5.356 5356 1178.748 0.016 0.074
15:08 71931 1198.85 7004.924 5.380 5380 1184.030 0.016 0.075
15:09 71932 1198.87 7004.948 5.404 5404 1189.312 0.017 0.075
15:10 71933 1198.88 7004.970 5.426 5426 1194.154 0.017 0.075
15:11 71934 1198.90 7004.982 5.438 5438 1196.795 0.017 0.076
February 6, 2004 15:01 76244 1270.73 7004.982 5.438 5438 1196.795 0.016 0.071
15:02 76245 1270.75 7005.010 5.466 5466 1202.957 0.016 0.072
15:03 76246 1270.77 7005.040 5.496 5496 1209.560 0.016 0.072
15:04 76247 1270.78 7005.068 5.524 5524 1215.722 0.016 0.072
15:05 76248 1270.80 7005.096 5.552 5552 1221.884 0.016 0.073
15:06 76249 1270.82 7005.122 5.578 5578 1227.606 0.016 0.073
15:07 76250 1270.83 7005.148 5.604 5604 1233.328 0.016 0.073
15:08 76251 1270.85 7005.174 5.630 5630 1239.050 0.016 0.074
15:09 76252 1270.87 7005.200 5.656 5656 1244.772 0.016 0.074
15:10 76253 1270.88 7005.224 5.680 5680 1250.054 0.016 0.074
15:11 76254 1270.90 7005.246 5.702 5702 1254.896 0.016 0.075
15:12 76255 1270.92 7005.270 5.726 5726 1260.178 0.017 0.075
15:13 76256 1270.93 7005.276 5.732 5732 1261.499 0.017 0.075



Elapsed ) Meter ’ Cumulative Cumulative Flow Flow

Date Time Time Elaz]sfjr;'me Reading D.Cu:]nu'a“veg Discharge Discharge Rate Rate
(minutes) (m) ischarge (m”) (Litres) (lgal.) (lgpm) (L/min)

February 9, 2004 14:54 80557 1342.62 7005.276 5.732 5732 1261.499 0.016 0.071
14:56 80559 1342.65 7005.336 5.792 5792 1274.703 0.016 0.072
14:57 80560 1342.67 7005.363 5.819 5819 1280.646 0.016 0.072
14:58 80561 1342.68 7005.394 5.850 5850 1287.468 0.016 0.073
14:59 80562 1342.70 7005.423 5.879 5879 1293.850 0.016 0.073
15:00 80563 1342.72 7005.445 5.901 5901 1298.692 0.016 0.073
15:01 80564 1342.73 7005.469 5.925 5925 1303.974 0.016 0.074
15:02 80565 1342.75 7005.493 5.949 5949 1309.256 0.016 0.074
15:03 80566 1342.77 7005.518 5.974 5974 1314.758 0.016 0.074
15:04 80567 1342.78 7005.542 5.998 5998 1320.040 0.016 0.074
15:05 80568 1342.80 7005.561 6.017 6017 1324.221 0.016 0.075
15:06 80569 1342.82 7005.567 6.023 6023 1325.542 0.016 0.075
February 12, 2004 13:20 84783 1413.05 7005.567 6.023 6023 1325.542 0.016 0.071
13:21 84784 1413.07 7005.594 6.050 6050 1331.484 0.016 0.071
13:22 84785 1413.08 7005.624 6.080 6080 1338.086 0.016 0.072
13:23 84786 1413.10 7005.653 6.109 6109 1344.469 0.016 0.072
13:24 84787 1413.12 7005.680 6.136 6136 1350.411 0.016 0.072
13:25 84788 1413.13 7005.707 6.163 6163 1356.353 0.016 0.073
13:26 84789 1413.15 7005.734 6.190 6190 1362.295 0.016 0.073
13:27 84790 1413.17 7005.759 6.215 6215 1367.797 0.016 0.073
13:28 84791 1413.18 7005.782 6.238 6238 1372.859 0.016 0.074
13:29 84792 1413.20 7005.807 6.263 6263 1378.361 0.016 0.074
13:30 84793 1413.22 7005.830 6.286 6286 1383.423 0.016 0.074
13:31 84794 1413.23 7005.854 6.310 6310 1388.705 0.016 0.074
February 15, 2005 10:56 93279 1554.65 7005.854 6.310 6310 1388.705 0.015 0.068
10:57 93280 1554.67 7005.882 6.338 6338 1394.867 0.015 0.068
10:58 93281 1554.68 7005.912 6.368 6368 1401.469 0.015 0.068
10:59 93282 1554.70 7005.940 6.396 6396 1407.632 0.015 0.069
11:00 93283 1554.72 7005.968 6.424 6424 1413.794 0.015 0.069
11:01 93284 1554.73 7005.993 6.449 6449 1419.296 0.015 0.069
11:02 93285 1554.75 7006.020 6.476 6476 1425.238 0.015 0.069
11:03 93286 1554.77 7006.046 6.502 6502 1430.960 0.015 0.070
11:04 93287 1554.78 7006.069 6.525 6525 1436.022 0.015 0.070
11:05 93288 1554.80 7006.092 6.548 6548 1441.084 0.015 0.070
11:06 93289 1554.82 7006.115 6.571 6571 1446.146 0.016 0.070
11:07 93290 1554.83 7006.132 6.588 6588 1449.887 0.016 0.071
February 19, 2004 14:04 97787 1629.78 7006.132 6.588 6588 1449.887 0.015 0.067
14:05 97788 1629.80 7006.161 6.617 6617 1456.269 0.015 0.068
14:06 97789 1629.82 7006.190 6.646 6646 1462.652 0.015 0.068
14:07 97790 1629.83 7006.220 6.676 6676 1469.254 0.015 0.068
14:08 97791 1629.85 7006.249 6.705 6705 1475.636 0.015 0.069
14:09 97792 1629.87 7006.274 6.730 6730 1481.138 0.015 0.069
14:10 97793 1629.88 7006.300 6.756 6756 1486.860 0.015 0.069
14:11 97794 1629.90 7006.328 6.784 6784 1493.023 0.015 0.069
14:12 97795 1629.92 7006.353 6.809 6809 1498.525 0.015 0.070
14:13 97796 1629.93 7006.374 6.830 6830 1503.146 0.015 0.070
14:14 97797 1629.95 7006.399 6.855 6855 1508.648 0.015 0.070
14:15 97798 1629.97 7006.422 6.878 6878 1513.710 0.015 0.070
14:16 97799 1629.98 7006.434 6.890 6890 1516.351 0.016 0.070



Elapsed ) Meter ’ Cumulative Cumulative Flow Flow

Date Time Time Elaz]sfjr;'me Reading D.Cu:]nu'a“veg Discharge Discharge Rate Rate
(minutes) (m) ischarge (m”) (Litres) (lgal.) (lgpm) (L/min)

February 22, 2004 16:28 102251 1704.18 7006.434 6.890 6890 1516.351 0.015 0.067
16:29 102252 1704.20 7006.465 6.921 6921 1523.174 0.015 0.068
16:30 102253 1704.22 7006.493 6.949 6949 1529.336 0.015 0.068
16:31 102254 1704.23 7006.522 6.978 6978 1535.718 0.015 0.068
16:32 102255 1704.25 7006.549 7.005 7005 1541.660 0.015 0.069
16:33 102256 1704.27 7006.576 7.032 7032 1547.603 0.015 0.069
16:34 102257 1704.28 7006.603 7.059 7059 1553.545 0.015 0.069
16:35 102258 1704.30 7006.629 7.085 7085 1559.267 0.015 0.069
16:36 102259 1704.32 7006.653 7.109 7109 1564.549 0.015 0.070
16:37 102260 1704.33 7006.670 7.126 7126 1568.290 0.015 0.070
16:38 102261 1704.35 7006.692 7.148 7148 1573.132 0.015 0.070
16:39 102262 1704.37 7006.718 7.174 7174 1578.854 0.015 0.070
16:40 102263 1704.38 7006.724 7.180 7180 1580.174 0.015 0.070
February 25, 2004 12:29 106332 1772.20 7006.724 7.180 7180 1580.174 0.015 0.068
12:30 106333 1772.22 7006.754 7.210 7210 1586.777 0.015 0.068
12:31 106334 1772.23 7006.782 7.238 7238 1592.939 0.015 0.068
12:32 106335 1772.25 7006.810 7.266 7266 1599.101 0.015 0.068
12:33 106336 1772.27 7006.839 7.295 7295 1605.484 0.015 0.069
12:34 106337 1772.28 7006.865 7.321 7321 1611.206 0.015 0.069
12:35 106338 1772.30 7006.890 7.346 7346 1616.708 0.015 0.069
12:36 106339 1772.32 7006.916 7.372 7372 1622.430 0.015 0.069
12:37 106340 1772.33 7006.941 7.397 7397 1627.932 0.015 0.070
12:38 106341 1772.35 7006.964 7.420 7420 1632.994 0.015 0.070
12:39 106342 1772.37 7006.987 7.443 7443 1638.055 0.015 0.070
12:40 106343 1772.38 7007.008 7.464 7464 1642.677 0.015 0.070
12:41 106344 1772.40 7007.012 7.468 7468 1643.557 0.015 0.070
February 28, 2004 15:14 110817 1846.95 7007.012 7.468 7468 1643.557 0.015 0.067
15:15 110818 1846.97 7007.040 7.496 7496 1649.720 0.015 0.068
15:16 110819 1846.98 7007.068 7.524 7524 1655.882 0.015 0.068
15:17 110820 1847.00 7007.096 7.552 7552 1662.044 0.015 0.068
15:18 110821 1847.02 7007.124 7.580 7580 1668.206 0.015 0.068
15:19 110822 1847.03 7007.153 7.609 7609 1674.589 0.015 0.069
15:20 110823 1847.05 7007.176 7.632 7632 1679.651 0.015 0.069
15:21 110824 1847.07 7007.204 7.660 7660 1685.813 0.015 0.069
15:22 110825 1847.08 7007.227 7.683 7683 1690.875 0.015 0.069
15:23 110826 1847.10 7007.252 7.708 7708 1696.377 0.015 0.070
15:24 110827 1847.12 7007.275 7.731 7731 1701.438 0.015 0.070
15:25 110828 1847.13 7007.296 7.752 7752 1706.060 0.015 0.070
15:26 110829 1847.15 7007.302 7.758 7758 1707.381 0.015 0.070
March 3, 2004 14:00 116503 1941.72 7007.302 7.758 7758 1707.381 0.015 0.067
14:01 116504 1941.73 7007.331 7.787 7787 1713.763 0.015 0.067
14:02 116505 1941.75 7007.360 7.816 7816 1720.145 0.015 0.067
14:03 116506 1941.77 7007.388 7.844 7844 1726.308 0.015 0.067
14:04 116507 1941.78 7007.416 7.872 7872 1732.470 0.015 0.068
14:05 116508 1941.80 7007.444 7.900 7900 1738.632 0.015 0.068
14:06 116509 1941.82 7007.469 7.925 7925 1744.134 0.015 0.068
14:07 116510 1941.83 7007.494 7.950 7950 1749.636 0.015 0.068
14:08 116511 1941.85 7007.520 7.976 7976 1755.358 0.015 0.068
14:09 116512 1941.87 7007.544 8.000 8000 1760.640 0.015 0.069
14:10 116513 1941.88 7007.568 8.024 8024 1765.922 0.015 0.069
14:11 116514 1941.90 7007.588 8.044 8044 1770.324 0.015 0.069
14:12 116515 1941.92 7007.599 8.055 8055 1772.744 0.015 0.069
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West Quesnel PW03-1 Short Term Pumping Test

Atmospheric Pressure
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West Quesnel PW03-2 Short Term Test

Drawdown at BH02-3A
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West Quesnel PW03-1 Long-Term Pumping Test

Atmospheric Pressure
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410 - 53 Sveat @
S ame
Canaca TEE SNM
Tel: (790) 436:152
Fax (T80} 4384
ANALYTICAL REPORT
AMEC Earth & Environmental Ltd Date Recaived: 2003/11/14
913 Laval Crescent Date Sampled: 2003/11/08
Kamloops, BG V2C 5P4 Date of Report: 2003/11/27
Water Analysis
Attention: Green, Scott
Project No. KX04397 File No.: EC-46103
| Daeol | 0312377
va Analysis Analytical | Reference PWO3-1
{yyyyimid) Paramater Units Methed MOL
AD | 20031114 Caligium molL (ppmi  APHA 3120 05| 243
AD | 200311114 Magnosium | mglLippm)  APHA 3120 05 96
AD | 20031114 Potassium mgl (ppm) _ APHA 3120 05 55
AD | 20031114 Sodum molL APHA 3120 05 112
AD | 20031117 on (Total) mg/L fppm) APHA 3030e/3120| 010  17.0
AD | 20091117 | Manganese (Tolal) | mgAl (ppm) APHA 3030e3120| 001 021
AM_| 20091114 Bicarborate | molL {ppmi  APHA 2320 1 385
BM | 200811114 Carbonate mglL (ppm) __ APHA 2320 1 <1
_BM_| 200311115 Chiorige mglippml  APHA4110 | 01 1.0
AM | 20031114 Fluaride moLppm)  APHA4S00Fc | 002 047
BM | 200311114 | Hydmodda (s CaCO3) | mo/L (ppm APHA 2320 1 <1
RM | 200311/14 |  Mitrate-Marogen | molLppm)  APHA4110 | 005 <0.05
RM | 20001114 | Mirdle-Nitogen | mglL(ppm]  APHA 4110 005 <005
AM | 20031118 Suiphate molL (ppmj  APHA 4110 05| 343
RM__| 2003'11/14 | Gonductivity @ 25°C | mSicm APHAZ510 | 0001 0827 |
AM | 20001114 pH @ 25°C - APHA4S00H | 001 829
aM_ | 20001114 Turbidity NTU APHA 2130-6 1 880
AM | 200311714 | T-Alkalinity as CaCO3 | mo/L (ppenl]  APHA 2320 1 318
AM_| 200311/18 |T-Dissoived Sociids105°C mglL (ppm)  APHA2S40< | 2 28
T-Hardness 8s CaCO3 | mp/L (ppm)  APHA2340b | €0 100
Balance (sions/ons) | Rafio | APHAI030w | 001] 097

AL Analyical results pertain 10 sampies analyzed &s received.

APHA: Slandard Mathod for the Examination of Water and Wastawater, 1998, 20 Ed. Amarican Public Health Associalion.

MOL - Method Deleclion Limil

AMEC Earfh & Evrionmentl Limied has boen oo by e
Canadin fssocialion iy Ervisonmendsl Arahviical Laboralorias
(CAEAL) Ire.for spacis basty ragistered wih tha Association.

** Al gampies wil ba dsposad of atiar 30 days folawing anahsis
Plaasa cniactha lab T you requine additiona] sample stoage ima
{Bamples dewmed hazardous will e relurned ko B diont af ther
own &panse o dsposd willbe arranged ) =

Manage
Laharatory Sarvicas

/ Brenda Chomin, P.Chem.

Manager
Labaratory Sarvicas




4310 - 93 Sveat
Edrmorton, Abata
Canads THE 544
Tek: (760) 436-2152
Fac (750) 4358425

ANALYTICAL REPORT

am

AMEC Earth & Environmental Ltd
913 Laval Crescent
Kamloops, BC V2C 5P4

Water Analysis - Dissolved Metals

Altention: Green, Scott

Date Received: 2003/11/14
Date Sampled: 200311106
Date of Report: 2003/11/27

Eroeet e, M et pe e e s e e FileNo.: EC-46103
T A L T
| Aoayst_ypimid) | Parmreter | Unis | Mebod | MDLI ;
L AD_ 2003118 | Mmioum " {mgllpem) | _APHASI20 i 002: 131
| AD_ | 20001118, __ Antimeny _ (mol (ppmi = APHAIZ | 0002, <0002 |
| AD OIS [  Americ |mgllppmj  APHASID | 0005 0008 |
LG O T gl fppmy  APHAIZ0 | 003 035 |
| AD_ 2001118 | Benffum____imol(ooml_ _APHASI20 00004 <0000
| AD_ 1 2081118 |  Boon __mollemy _APHASI® | 01 01
AD_ 2003118} | Cecmum ! meflpom|__APHASI20 | OO00T 00002
AD_ 1 auoyning! |~ Cakum ___meAlgomt | APAASI20 | 621 779
_AD_ | a0031ine | Crvomum __ImofLpom| | APHAS(20 | DOOT, 0002
AD_ OIS | Cobe ___.moflfpomf | _APRASI20 | 001 <0001
| AD_ 200318 Copear | _mofloml | APAASI0 L 0002 oo
[ AD_J 200vmingl ken  imol(ppml = APHAS120 | 001 185 |
(LAD__2003MA8, Lead (mgll (ppenf  APHASI20 | 0001, 0008 |
(AD_ | 20031118,  Magnesium _ _(mgl(ppmf = APHARI20 | 05 100
| AD_ 2000118 | Manganss imgligemj  APHA%I20 | 000f 0075
| AD_ | ouiieal | Mewuy _imglipomi _APHASIZ 00002 <0002 |
| AD_ T 2009118 | | Vobderum_ imgllgom} | APHASI20 1 000r: _ 002
| AD_ " zoutine | 7 Nl imgligom) | _APHASI20 0062 00t
| AD_ 20001148 [ | Seenom __ imol{gom} __APHADI20 | 0005 <0005
| AD_ 20311481 | Sver imglipom} __APHASIZ0 00005 _<00005 |
| AD_ [ Z0NTVNSL | Sodum ____imollgomf _APHAIZ0 | 05 848
| AD_ 2003118} " Thaum | imgllgory | APHAN20 |1 0002 <0002
UAD | ZNUTUS;  Teakm _imoLlpomi _APHASI® | oori os

Al Analviical resulls pariain tn samplas analyied a3 received,

APHA: Stmindard Mathod for the Examinetion of Watsr and Westewater, 1998, 20th Ed, American Fubiis Heath Association,

MOL - Mathod Detection Limit

ANEC Earm & Bvionmantal Limiad hae bean cariiad by ha
Canadian Assodafion lo Environmenia Arelytical Laboraiorias
{CAEAL) Ire. bor sppeic lesls registered) with the Agzocation

** Al sarrples wil be dposed of altwr 30 days iollowing amalysis.
Plassa con'act the lab i you racquing additional sample slorage Sma.
{Sarmpies degened hazasdous will be relumod o o dient al their
cwn expanss o dsposal will be aranged ) =

Laboratory Services

J“é Chomin, P.Chem,

Manager
Laboratory Sarvices




AB10) - 93 Street
Edmonton, Alberta
Canach TRE 5\
Tel: (780) 4352152
Fax (780) 458425

AMALYTICAL REPORT

amec®

AMEC Earth & Environmental Ltd
913 Laval Crescent
Kamloops, BC V2C 5P4

Water Analysis - Dissolved Metals

Attention: Graan, Scott

Date Received: 2003/11/14
Date Sampled: 200311/08
Date of Repaort: 2003/11/27

Project No. KX04397 File No.: EC-46103
Date of | 0312377
Analysis Analytical Fatarence PWO3-1
Anatysl  (wyyyimid) Paramatar Units | Mathad MDL
AD | 20031118 Uranium mglippm)  APHA3120 | 001| <001 |
AD | 20031118 Vanadium mglipem|  APHA3120 | 0001)  0.05
AD | 20031118 Zine mglippm|  APHA3120 | 0.002] .01
AD | 200311113 oH @ 25°C - APHA 4500H | 0.01 =
T-Hardness as CaCO3 | mglL ippml  APHA2M0b | 60 111

Al Analybeal results perain 10 samphes analvzed a3 recalved,

APHA: Standard Method for the Examination of Waker and Wastewater, 1988, 20th Ed. Amenican Public Heaith Assocation.

MDL - Mathod Dataction Limit

AMEC Earh & Enwironmental Limied has been certfad by ha Labaratary Services

Canadion Associaion i Environmanta Araivtical Laboratonias

(CAEAL) Ine. for spesific basts registared with Iha Assocition. é g EEE J
** ANl sampies wil ba depcead of alier 30 cays iollowing arahsis Brenda Chomin, P.Chem.

Plaasa contact iha Lab i you reguine addtional sample stoage ima Manager

{Samples deemed hazardous wil be refurned o the dient d thesr Laboratory Sanvices

own @cpanga O deposdl will ba arranged ) =




4310 - 93 Siroal

Edmonton, Alarta
Cou S am
Tk (7a0) 4352152
Fauc (To0) 4F5-8425

ANALYTICAL REPORT

AMEC Earth & Envircnmental Ltd Date of Report: 200311/27
813 Laval Crescent
Kamloops, BC V2C 5P4

Quality Control Standard

Attention: Grean, Scott

Project No. KX04357 File Mo.: EC-45103
Dew d I
Andyss Andyical Refarence Anayzed Adwiscry Targst Felerence
Andyst|  [yyywimid) Pammele Units Mathod ML | Vabe Range Vaki M.
| AD 200411/14 Calcium mgl (ppm) APHA 3120 05 | 483 433589 4960 P-CAT-01041
AD 200411/14 Magnesium mglL [ppm APHA 3120 05| 248 262344 30.30 P-CAT-01041
AD 200%11/14 Polassium mgL (ppm) APHA 3120 0s | 273 221-29.7 25.90 P-CAT-01041
AD 200311714 Sodium mglL {ppm) APHA 3120 05| 733 67.7-82.8 75.20 P-CAT-01041
| AD 20081117 lron (Total) il APHA 3030em3120) 010 ] 0418 0.170.23 0.20 B-TMO1050
AD 200817 Manganese (Tofal) | mgfl (pprm)| APHA 3030e/3120 | 0.01 ] 037 0.350.42 | 03 P-TMO1050
RM | 20084115 Chiodide mol(pom)| APHA4110 | 01| 28 2743 | a0 ce-anion-A0
RM 200311114 Fluarida mgl(ppm)| APHAGSOOFc | 002 521 | 4.45-5.44 434 W-MINOT110 =
M 200411114 Nitrate - Mitrogen | mg/'L [pom) APHA 4110 Q05| 22X 203-248 24 | t-anion-60
AM 20031115 Suiphata mgl (ppm) APHA 4110 05 141 13.5-16.5 15.00 ce-anion-G0
AM 200311114 | Conductivity @ 25°C |  mbSlem APHA 2610 | 0.001] 0443 0.3870.473 Q.04 W-MINOTT10
AM 2003/11714 pH @ 25°C — APHA4500H | 0.01] 600 5.95-6.05 6.00 | ecpH-T8
AM 20031114 Tirbidity NTU APHA 2130-b 1 15 13.9-187 1630 | T-Twb0i04) |
RM 200311114 | T-Alkalinity as CaCO3 | mg/L {ppm) APHA 2320 1 5 5162 .00 | W-MINDT 110
RM 200311718 T-Dissolved mgl (ppm)|  ASTMES540c 1 1030 B05-1345 1.0?5.!)0] W-SLDO11 21
| Solids105°C

A Analyical resuts Denain 10 Sampies Anlyzed i recenved,
APHA Standasd Mathod for the Examenasion of Wakr and Wasiswaler, 1998 201 Ed. Amanican Public Health Assocanon.
MDL - Mathod Datection Limil

AMEC Earh & Ewlonmenti Limied has been cerised by the
Canadian fascdalon lor Environmentd Amalytical Labaatones
. (CAEAL) lre. for spocik tests ragistored with the Assoction.

=* All gamphs wil ba deposad of after 30 days lollowing arafyss.
Pleasa contacttha lab if you require addtional sampls sloage Sma
(Sampies deemed hazudous will be relurned o The chend a their
own expas O doposdl wil be armanged.) =




451 - 93 Srea!
Edmorlon, Alberta
Canadh TGE Shd
Tok: (780) 436-2152
Fax: (T80} 458425

ANALYTICAL REPORT

AMEC Earth & Environmental Ltd
913 Laval Crescent
Kamloops, BC V2C 5P4

Attention: Grean, Scolt

____________________ Linils

Buari
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CAD T 200812118 Caicum

i
Ercsasdasamnmesnn ek s s e
= um

LAD _200aN12N8

bCesasadesrssssscssassssssTesscsnsnssaaka -

120 ¢
JAD 20enens | ool LMol (pom); _ APHASI20 0001, 0389 . _ 03480452 | 0.
: 1 APHA 3120 £70

' Relmncs 1 Andymd! Agwoy ! Tagel !
S Mebhod ML Vale [ Pangs | Vabe |
, 0027 030 | 025035 | 0
0078\ 00550097 0

oo oML ppm),
... Barum | mgl(pgm),_ _ APHA3120 | 003,
-.. Bentum___ . mot o), | 0,000

Lippm), | APHASIZ0 , 05 . 198 . _

[AD "1 20098 """ Vanadium” _~ [ molL (pom)’

amec®

Date of Report: 2004/01/07

Quality Control Standard

APHA312) 00087 0051 | 00440067 L 0

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

02800402

s .-

-----

""""" S5-G0i1 0% (U T 047025 110020
) j 0256 |
L. 05 L ia6 U T deadlTTTH

,a0i0) 0478 _:_ .

m),_ _APHANIN 0002 OB, _ 00400061 G5,
cmolipom),  APHAS1Z0 0001, 0102 | _ 00800110 1 010 .
m),__ APHA3120 0001, 0268 | _ 02370306 __ L 02 L
... DL (PRmL_ | APHA120 0002, 0332 1 02930378 L 034
A%

APHA: Standand Mathod for the Examination of Water and Wastawater, 1538, 20th Ed. Amarican Public Health Associafion.

MOL - Mefod Defection Limit

AMEC Earh & Environmen'al Limited has been cerfried by he
Canadion Aescoiaton fo Envirenmental Anslytical Laboratones
(CAEAL) Irc. Tor specidc tents registerad wih the Associtian.

** Al samphes will be deposed of afier 30 days following analysis.
Plaass contact the lab B you reguire addtional sarmple siorage Sma
[Samples deerned hazardous will be rebumed o e drent o thear

o exparse of deposal will e arranged.) =

Laboratory Services

File No.: EC-46303

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

,,,,, PCATOIOE2 |

B 2 o
PTMO1050




4810 -93 Sraat p
e ame
Canada TEE 5W4
Tek: (780) 436-2152
Fax (780) 45-8425
ANALYTICAL REPORT
AMEC Earth & Environmantal Ltd Date Recelved: 20031217
913 Laval Crescent Date Sampled: 2003/12/15
Kamloops, BC V2C 5P4 Date of Report: 2004/01/07
Water Analysis
Attention: Grean, Scott
Project No. KX04397 File No.: EC-45303
Date of 0313678
Analyss Analytical Referance PW03-2
Analys{ _{yyyyimid) Paramaler Units Method ML
AD | 200312119 Calelum |mglL(ppm)  APHA 3120 05 | T4
AD | 20031218 Magnesium | mglL APHANIN | 05| 73
AD | 20031218 Polassium mglippml  APHA 3D 0.5 84
AD | 20031219 Sodium molippm) APHAZI20 | 05| 13w
AD | 200312n9 lron (Total) | mg/L (ppm)_APHA 3030e3120| 0.10| 175
AD | 200312119 | Manganess (Total) |mofL (ppmi APHA303083120| 001] 0.6
RM_ | 20001217 Bicarbonate mtmmi _APHAZI0 | 1 | 25
RM | 200312117 Carbonats mglippmi APHA230 | 1 <1
AM 200312M7T Chicrida nﬂjﬁmﬁ APHA 4110 01 74
AM_ | 20031217|  Fluorde | APHA 4500Fc | 002] 0.8
AM | 200812117 | Hydroxids (as CaCOg) | mglL APHA 2320 1 <1
AM | 20031217 | Nirmis-Nitrogsn |moL(ppmi  APHA4110 | 0.05] <005
AM | 200912117] Mirte-Mirogen |mgL(opm)  APHA4110 | 005| <005
AM | 2001219 Suphate mglL APHA41I0 | 05| 3o
AM 20031217 | Conductivity & 25°C mSicm APHA 2510 0.001 1.08
RM | 20001217 pH @ 25'C - APHASS00H | 001 808
AM | 200a1217 Turbidity NTU APHA21%0D | 1 8
AM | 20081217 | T-Alalinity as CaCO3 | mg/L (pom)l  APHA 2320 1 176
AM | 20001219 [T-Dissolved Soiids105°C mglL (ppm)]  APHA2540< | 2 718
AD | 20001213 | T-Hardness as CaCO3 |molL ppm)  APHAZ3400 | 60| 287
AD | 200012119 | Balance(sionsions) | Raio | APHA1030e | 0.01] 098

Al Anaytical results periain 1o sampies analyzed as receved.
APHA: Standard Mathed for tha Examination of Water and Wastswansr, 1553, 20ih Ed. Amédican Public HanZh Association.
MOL - Mathod Dabection Limit

AMEC Earh & Environmental Limibad has been carifed by he
Canadion Associalion for Envieenmantal Amahytical Laberaiorias
[CAEAL) I, for specic les's rgistered wh the Association.

** AN sanies wil be deposed of aller 30 days iofiowing analysia. ’J" Brenda Chomin, P.Cham.
Plpacsa contac] the lab f you requine addiional sample storage ima. Manager ;
(Samples deomod hazardous will ba returmed i e ciant A thair Laberalory Services

cwn mpanda o deposal will ba aranged | &




4310 - 23 Steal
Edmorton, Albata
Canats TEE SM4
Tek: {70) 435-2152
Fax (T80 456-8425

ANALYTICAL REPORT

amecd

AMEC Earth & Environmental Ltd
913 Laval Crescent
Kamloops, BC V2C 5P4

Wate

Attention: Green, Scoft

Aotydl_ [y | Poremeter | U
A0 oo __ Mumioum__ " 'mol.(ppm}

| AD_ 20031218, _ _ Animory _ | mgll (pam}
LM-L?@@[‘%’EEL----M‘E-.,-JRLM
_AD_ ) Eo0shzie;  Barum \molL (pom]
I_AD_ 1 20081218, ___ Beryium__ __:mgl (ppm}
\_AD_ i 200an2ig.  Bomm  mol (ppm)
| AD ..-?WJE"!E--- Cagmivm__ __; mgL (ppm}__

A0 m‘”‘{..---“@!’l----’lmﬁﬂ-lﬁ.‘“}
i.&@..ﬁ-?‘l@ﬂé’lh.- Creomium__ _ _  mafL (pemy

(AD_ 2008218  Covall | moll (ppm)
_AD_ | 20081218 ___Copper _ __ ;rrsil-{m!_
| AD_ 2ocanafs. fon L mgAL. (ppm}
(_AD_ | 200N1218 | Lead | mofL (ppm)
4. T Mﬂh%ﬂﬂﬂjﬂ“ﬂﬂl
: *ﬂ L, 00a12n8 |  Manganess . mgl{gomf
(JAD G 2003f222.  Meruy | moll (pomlf
r___.j.?_@’_‘?lﬂ.L._.ﬁ!E?Pﬂﬂ.'!-...,'WL[EMI_
|_AD ; 2008M218 | Mickel ____ Mgl (pom}
| AD_ 20031218 Selenim | mgll (pomf
' AD_ i Zo0anzie) __ Siver | mpl (pemk_

. AD :_?‘!‘I}'J?I‘EL----?E'@%____J_“’NEPWH
' 20031216 Thalium * mgA. (pem)_

AT Anadviical resuits pertain 10 samples anatymed Mmcnhul

Date Received: 20031217
Dats Sampled; 200312115
Date of Report: 2004/01/07

r Analysis - Dissolved Metals

= JENg Zilm e T s A e e File No.: EC-46303
' © 031378 |
Ralerence | ; PWod-2 |
Lo Methed L O MOLL . -
APHAMZ20 | of2; _Diz_ |
__5P_|'!“'L911?Q._L.E’-P'FJ..-E?.C§_,.;
_APHA 320 | 0005, 0008

APHA 3120 | ﬂﬁG' 14 ¢

______________________ - |
_APHAZI20 | 00003 _<0.0005
__Eﬁ‘!&@??__h_‘!‘_'__f?? '
_APHA 3120 D.{Iﬂi' =00001_ 1

APHASIZ ' 001! 025

[ L IR
APHAZI20 7 0001  <DOOT |
APHAJIZ0 | 03 | - -

___________ I =

APHA 3120 -_gpc_n- 0139

APHA D12 ! 00002  <00002

CAPHASIZ) ;00020 0022

APHA 3120 | 0005! 0006 |

APHAZIZO | 05! 128 |

APHAZIZ) | 0002, <0002 _ |

__APHAZI20 ;0001 0007 |

APHA: Standand Method for he Examination of Waler and Wastewiter, 1988, 20th £d. American Pubiic Health Associalon.

MOL - Mathod Detecton Limd

ANEC Earh & Ewronronkal Limibed has been carffed by ha
Canadion Agsocaion lor Envieonmental Anabytical Laboakones
{CAEAL) ing, fior specific tasts registarad with the Assooition.

** Al sarmpies wil be dispaaed of alher 30 days iollowing analysis.
Plaasa contact the lab if you reguire addtional sample stiorage me.
{Samples dearmed hazardous will ba returned i e ciant & treir
own eoponse o disposal will ba amanged.) =

Qa0 Mananar
Laboratory Services

-

renca Chomin, P.Chem.
Manager
Laboratory Services




4510 - 53 Streed
e ame
Canath TE SN

Tk (780) 436-2152

Fax (T80 458425

ANALYTICAL REPORT
AMEC Earth & Environmental Lid Date Received: 20031217
913 Laval Crescent Date Sampled: 20031215
Kamioops, BC V2C 5P4 Date of Report: 2004/01/07

Water Analysis - Dissolved Metals

Attention: Green, Scott

Project No. KX04387 File No.: EC-45303
Date of | 0313678
Aralysis Anatytical | Reference PWO32

Analyst  frvyymid) Parametar Uniis | Methad MDL

AD_| oonar12ng Umnum  |mglipom) APHA3120 | 001| <001

AD_| 2o0an2ne Vanadium mgl(pom) _ APHA3120 | 0001] <0.001

AD | a003M218 Zinc mal [poml  APHA 3120 Dog2l 0077

AD_| 2008M12/18 preasc | | APHASOOH | 001) -

AD | 20082115 | T-Hardness as CaCC3 [pom}  APHA2340b | 60 291

Al Aralyizal resutis partain to samplas analyzas as racadvad,
APHA: Standasd Mamhad for the Examination of Water and Waswatar, 1998, 20t 4. Amasican Public Haalh Azsaciation,
MOL - Mathod Dotaction Limst

QAQC Manager
AMEC Earth & Enviormental Limbed has baen cotad by e Laboratory Services
Canadlan Asssciaton for Envirenmants Arahyvtical Labaraiodas
(GAZAL) Inc. for specibic lests ragislered with the Associlion, /&F e CJ IZ ___,)
** All sarple wil ba depeed of afier 30 days lolloving amilysis Brenda Chomin, P.Cham.
Plgase contact the lab H you require eddlicnal sanple foege ime. Manager
[Samples ceamed hazardaus wil be ratumed & he client & their Laboratory Services

e B penss o dEpos A will be Arrangad ) <



4810 - 93 Skeat

Edmonton, Abeta

Co T am
Tet (700) 4382152

Faxc (730) 4E-B45

AMALYTICAL REPORT

AMEC Earth & Environmental Ltd Date of Report: 2004/01/07
813 Laval Crescent
Kamloops, BC Y2C 5P4

Quality Control Standard

Attention: Gresn, Scof

Frojact No. KxX04387 Flle Mo.: EC-48303

Date df :

Andysis Anlytcal Ralerence Andyzed ddzory Targel | Fadaranco
Bnayd|  (yyydmid) Fanmete Uniis Method ML | Vale Fange Vale | Mo
AD | 20031249 Calcium molippm)|  APHA 3120 02| 282 _manar | %A P-CATO1042
AD | E003218 Magnesizm mglLippm)|  APHA 3120 05 | 129 10.7-14.1 12.40 F-CATO1042
AD | 031218 Polassium myl (ppm]|  APHA 3120 05| 164 | 147200 17.4D P-CATO1042
AD | 200328 Sodium mgl (pom]|  APHA 3120 05| 198 176-221 | 1880 PTMC1042
AD | 20051219 Iran [Total) mgl {pom)| APHA 3030e/3120 | 010 | 0.18 0.17-0.23 | 0.0 P-TME10ED
AD | 200012718 | Manganese (Total) | mg/L [ppm)| APHA 3030e/3120 | 001 | 037 0.350.43 | 038 P-TMO1050
AM | 20034217 Chioride )| APHA4110 | 01 [ 3 27-33 | 3 oC-anion-50
AM | P00af2n7 Flugrica | mglL (ppm}| APHA4500F-c | 002 | 510 445544 4,94 W-MING1110
BM | 20037 Milrate - Nitogen | mgL (ppm}|  APHA 4110 | 005 2.25 2.03-2.48 224 oc-anion-60
AM_ | 200312119 Sulpnate | mglippm)|  APHA 4110 05 | 142 13516.5 15.00 ce-anion-80
RM | 20031217 | Conductiity @ 25°C | mé&lem APHA 2510 | 0.D01| 0.440 0.387-0.473 0.4 W-MIKI1110
AM | 200312117 pH @ 25°C - APHA4S0OH | 001 802 5.85-6.05 6.00 co-pH-B0
RM 20031217 Turbidity NTU AFPHA 2130-b T 139187 16.30 T-Turb01041
RM_ | 20031217 | T-Alkalinity as CaCO3 [moL (pprr)|  APHAZ320 | 1 | 55 5182 56.00 W-MING1110
RM | 20031218 T-Dissolved mgl (opm)’  ASTM2540c 1| 1010 BOS+1345 1,075.00 W-SLOGT121

Seeds 05 C |

Analytical rosuRs perain io samples anakyzed as recahved.
APHA: Standard Mothod for the Examination of Wassr and Wastewater, 1538, 20t Ed. Arwncan Public Haalth Assatiation.
MOL - Mathiod Dataction Limit

QG I'ullanﬂgur
Laboratory Services

AMEC Earh & Ewionmandz] Limbed has besan cerlfed by he
Canadion Associafion b Envienmanta Arahylical Laborakories
(CAEAL) Ire. lor specibe tests ragustenad with ha Assochition,

** i sarmplos wil be depoeed of alter 30 days iollowing anelysis.
Plaasa conmet tha tab lyou require addtional sample storage ima Manager
{Samplesdeerned hazmidaus Wil ba ratumad Yo the clant o their Laboratory Services
own eepense o dispasal will be aranged ) ¥




4510 - 98 Sveat
G TSl ame
Canach T6E WM
Tal: (780) 4382182

Fax (TE0y 435-3425

ANALYTICAL REPORT

AMEC Earth & Environmental Ltd Date of Report: 2003/11/27
913 Laval Crescent
Kamloops, BC V2C 5P4

Quality Control Standard

Attention: Green, Scolt

FHJ]#EI No. KX04397

FaslsEEE s ESEEEEEEE R S-S S

File No.: EC-45103 )

______________________ T e I

Methad PNOLG Vabe 1
.02

1
i
i

UAD " 20081118 1 Bowon "mgl(ppm)| APHA3I20 ' 01 ' 04 : 030045 __ . 038y ___ P-TMOIS0 _____
AD 1T 20030118 " Cadmium 'mofLippm)|__ APHA 3120 _ 0000 DD8S0 L __ G.O780.004 | 009 |

::m " 20001118 ! Cacium . moLippm). _ APHA3I20 ' 05 | &B5 ! 433558

A . =

1T E003M1148 | Chomium__mo/lLippm)_ APHA3IZ0 00011 0324 | 0.2800402

e . - - ol e o e ST L L D T D e e

" 200118 * __ Coball____ . mglipom)__ APHAS120 | 0.001; 0376 | 03460452 | 040

-

TAOTTT200aR108 | Mckel  'molippm). _ APHA3120 ' 0,002,

AD m),__ APHAIZ0 0001, 0376 . 03480452 L 040 L BTMOI0S0 ;
LAD_ 20031178 | __ Cooper . mglippm), _APHA3I20 10002, 0309 | _ 02080351 _ . 08 . __ _ _PIMOWSO
VAD 2 P00371A8 U7 Chen i mglippm,  APHASI2 1 001 018 [ _ 01702 __ |, 020 . __ PIMO00_ |
LAD 20031178 | _lesd i mol(ppml, _ APHAI20 0001, 0249 | _ 0224007 . 027 . ____P-TMOIOSO____
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Limitations

The work performed in this report was carried out in accordance with the
Standard Terms and Conditions made part of our contract. The conclusions
presented herein are based solely upon the scope of services and time and
budgetary limitations described in our contract.

The report has been prepared in accordance with generally accepted
engineering practices. No other warranties, either expressed or implied, are
made as to the professional services provided under the terms of our contract
and included in this report.

The services performed and outlined in this report were based upon
interpretation of data collected at ten piezometers and two pumping wells.
Interpretations made from data collected at these locations are for these
locations. Our opinion cannot be extended to portions of the site not
investigated.

The objective of this report was to assess hydrogeological conditions at the
location indicated, within the context of our contract and generally accepted
engineering principles.

Our observations relating to the subsurface conditions at the site are described in
this report. It should be noted that subsurface conditions other than those
described in this report could be present.

The conclusions of this report are based in part on the information provided by
others. The possibility remains that unexpected subsurface conditions may be
encountered at the site in locations not specifically investigated. Should such an
event occur, AMEC Earth & Environmental must be notified in order that we may
determine if modifications to our conclusions are necessary.





