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1.0 INTRODUCTION

Over the past few years, the possible presence of large scale landslide features has been
proposed by others in a suburban area of West Quesnel. These reports have been largely
based on airphoto interpretation, surface reconnaissance, and a review of reported utility
breaks. More recently, lateral movements of up to 194 mm have been reported for hubs
monitored by GPS in West Quesnel. Reviews of past work have been unable to conclusively
determine whether or not the observed and postulated movements were due to seasonal frost
heaving, shallow localized ground movements, larger scale deep-seated landsliding, settlement,
measurement inaccuracies or a combination thereof. Detailed subsurface conditions in West

Quesnel were unknown.

Based on the lack of detailed subsurface information, including whether a deep-seated slide
existed, the City of Quesnel (CofQ) has contracted AMEC Earth & Environmental Limited
(AMEC) to conduct the West Quesnel Land Stability Study. The proposed scope of work for the
West Quesnel Land Stability Study was divided in 3 Stages: :

= Stage 1: Project planning, reconnaissance, data gathering, slope inclinometer
installation and monitoring. The aim of this work was to determine whether or not deep-
seated sliding was present.

» Stage 2: Detailed drilling, sampling, piezometer installation and monitoring

= Stage 3: Analysis, remedial recommendations and final reporting

Stages 2 and 3 would only be undertaken in the event that deep-seated slide movements were
found in Stage 1. The scope of work was detailed in AMEC's proposal of 31 May, 2000 to the
CofQ. This report summarizes AMEC’s work to date on the West Quesnel Land Stability Study
and forms the final report for Stage 1, which is now completed. Figure 1 and Photo 1 show the

study area.
20 SUMMARY OF WORK CARRIED OUT

2.1 Office Review/Background Research
During the work, the following documents have been reviewed:

1 Geotechncial Consultant Reports: Section 10.1 (References) lists the geotechnical
consultant reports reviewed by AMEC. Reports reviewed included documents prepared by
AMEC (and its predecessor companies), C.O. Brawner Engineering Ltd., GeoNorth
Engineering Ltd., Golder Associates Ltd., Dr. N.R. Morgenstern and Dr. D.M. Cruden of the
University of Alberta, R.E Graham Limited and Thurber Engineering Limited.

2 Geological Background Documents: Section 10.2 lists the geological background
documents reviewed for this wark.

3. Ministry of Transportation (MoT) Files: Files from the MoT Prince George office including
weather data were reviewed.

KX03904 Page 1
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4. Ministry of the Environment, Lands and Parks (MELP) Files: Water well records posted on
the internet by the Water Management Division of the Ministry of Environment, Lands and
Parks (MELP) were reviewed. The water well locations were shown on 1:5 000 scale
groundwater location maps provided by MELP.

5 BC Gas Utility Data: AMEC has reviewed BC Gas GPS hub monitoring data which has
been collected since September of 1998. In addition, BC Gas has provided AMEC with their

line break data for the study area.

6. City of Quesnel Data: The CofQ is currently collecting utility break records, geotechnical
reports submitted to the CofQ and information from West Quesnel homeowners. AMEC will
review this information during future stages of the work.

7. Airphotos: Table 1 below details the airphotos reviewed during Stage 1.

Table 1: Airphotos Reviewed
Airphoto Year Scale Colour
30BCCY7136 no. 73 and 74, 143 1997 1:20 000 Colour
and 144

BCB91026 no.126 and 127 1991 1:15 000 Black and White
BCB85014 no. 203 to 204 1985 1:15 000 Black and White
BC5709 no. 241 and 242 1976 1:15 000 Black and White
BC5328 no. 225 and 226 1969 1:30 000 Black and White
BC949 no. 93 and 94 1949 1:50 000 Black and White

2.2 Site Reconnaissance Visit

On September Mr. Nick Polysou, P.Eng., Mr. Drum Cavers, M.Eng., P.Eng., P.Geo., and Mr.
Doug Dewar, P.Eng., of AMEC, accompanied by Mr. Jack Marsh of the City of Quesnel,
conducted a site reconnaissance Vvisit to west Quesnel to review general site conditions and
determine potential slope inclinometer (S!) locations. Following the site reconnaissance visit,

seven potential Sl locations were selected.

2.3 Sl Installation

From 2 to 27 October, 2001, 7 boreholes were drilled using a compressed air-rotary water well
drill supplied by Cariboo Water Wells of Prince George, BC. Mr. Doug Dewar of AMEC was
present during the drilling of the boreholes to conduct a preliminary log of soil conditions and to
supervise the installation of the 7 slope inclinometers (Sl) in the boreholes. Photos 2 and 3
show the boreholes being drilled for Sl-4 and SI-7. The Sl installation data is summarized in

Table 2 below.
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This water well rig is not a conventional rig forag
sampling of materials returned in th
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inclinometers.

e air stream is poss
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eotechnical drilling, since only disturbed
ible. However, the water well rig was not
t to allow reliable and economic installation of the slope

Table 2: Sl Installation Data

Sl Sli-1 Sl-2 Sl-3 Sl-4 SI-5 Si-6 SI-7
Street Avery Lane Avery Lane Abbott Drive \g)gii?;r Abbott Drive Dixon Street Cf;esg::nt
Date of 25 Oct., 23 Oct., 27 Oct., 13.0ct., 5 Oct., 2000 16 Oct., 19 Oct.,

Completion 2000 2000 2000 2000 i 2000 2000
A, Bearing (°) & - & o o ° o
(True North) 120 120 120 110 110 105 100
lngtiﬂ:;igi ) 143 feet 245 feet 336 feet 520 feet 475 feet 507 feet 412 feet
436m 746m 1024 m 158 m 1448 m 154.5m 1256 m
(feet/m)
S| pipe stick up ‘
above ground 720 mm 800 mm 820 mm 726 mm 779 mm 840 mm 660 mm
surface (mm)
Elevation of top
of Sl casing 480.267 m 485.862 m 503.43m 537.581m 517.666 m 557.723 m 542.217 m
(mAS.L)*"
Elevation of
ground surface 479.547 m 485.062 m 502.61m 536.8556 m 516.887 m 556.883 m 541.557 m
(m AS.L)™
Northing™ 5869298.105 | 5869342.656 5869508.068 | 5869878.155 | 5869633.237 5869933.443 | 5870231.729
Easting** 532568.712 532489.826 532273.051 531829.52 531919.02 531509.906 531798.61

*The Sl installation depth is deeper than the depth it is read (refer to Ta

hole. The depth is measured from the top of the casing.

*\World Geodetic System 94 datum

A slope inclinometer consists of a plastic casin
deformation caused by slop
installed into SI-7. Photo 5 shows the grou

between the casing and the borehole wall.

2.4 S| Monitoring

An initial reading of the profile of the installed S casing w
installation of the Sl casing once the
completion of installation).
determine if any ground de
The A direction was oriented parallel to
case downslope toward the Fraser River.

A direction.

The casing is read from the bottom at inte
the casing. At each depth increment, the
measured. At each depth increment, the ¢

Subsequent rea
formation has occurred. Two
the approximate direction o
The B direction is across slope, perpendicular to the

grout had set

e movements or settlement.
t pump and grouting supplie

ble 2) to aveid having the Sl probe touch the bottom of the

g that will deform in response to ground
Photo 4 shows S| casing being
s used to fill the annulus

as taken with an S| probe following the
(approximately 10 to 20 days after
dings are compared to the initial reading to
directions monitored in the casing.
f expected movement, in this

rvals of 2 ft, using a probe that ride in the grooves of
inclination of the casing in the A. and B directions is
hange in inclination of the casing from the original

readings allows the movement of the casing to be calculated. By adding up the incremental

movements of the casing, a complete
calculated. Where a discrete slide su
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surface will result in a more rapid change in tilt of the inclinometer casing, allowing the location
of the slip surface to be determined.

To facilitate the handling of the large amounts of data from the field, the field measurements
were recorded on a DataMate readout unit and transferred to a computer for processing. GTILT
PLUS software (Mitre Software Corporation) was used to reduce and calculate the data.

The orientations of the A and B. directions may rotate with depth due to the accumulation of
small amounts a spiral in the casing over large depths. In a deep casing, such as those
installed on this project, the amount of rotation may be sufficient to appreciably rotate the
apparent movement directions. The spiral rotation of the grooves was measured using a
special spiral monitoring tool. The calculated results for the slope inclinometers were corrected
for the measured spiral error. Photo 8 shows the spiral probe being prepared to be lowered

down SI-3.

The SI monitoring schedule including the spiral readings are shown in Table 3 below:

Table 3: SI Monitoring Schedule

Sl Si-1 SI-2 S1-3 Sl-4 Sl-5 SI-6 SI-7
. . Vayager . : Pierce
Location Avery Lane Avery Lane Abbott Drive Sehodl Abbott Drive | Dixon Street Giascent
Depth Sl Read 142 ft 244 ft 334 ft 504 ft 474 ft 502 ft 410 ft
to (feet/m) 43m 74 m 102 m 154 m 144 m 153 m 125m
Spiral Reading 11 Jun. 2001 | 11 Jun. 2001 12 Jun. 2001 | 11 Jun. 2001 12 Jun. 2001 | 11 Jun. 2001 12 Jun. 2001
'”'t'a'D':f:d'”g 21 Nov. 2000 | 21 Nov. 2000 | 21 Nov. 2000 | 3Nov.2000 | 28 0ct 2000 | 22 Nov. 2000 } 22 Nov. 2000
Initial Reading | 7 Dec. 2000 7 Dec. 2000 | 6 Dec.2000 | 24 Nov. 2000 | 24 Nov. 2000 | 6 Dec. 2000 7 Dec. 2000
Reading 2 12 Jan. 2001 | 11 Jan. 2001 | 12 Jan. 2001 | 6 Dec.2000 | 6Dec. 2000 | 11 Jan. 2001 | 12 Jan. 2001
Reading 3 5 Mar. 2001 5 Mar. 2001 & Mar. 2001 | 11 Jan. 2001 | 12 Jan. 2001 | 5 Mar. 2001 6 Mar. 2001
Reading 4 2 Apr. 2001 2 Apr. 2001 3 Apr. 2001 5 Mar. 2001 6 Mar. 2001 2 Apr. 2001 3 Apr. 2001
Reading 5 28 Apr. 2001 | 28 Apr. 2001 28 Apr. 2001 2 Apr. 2001 3 Apr. 2001 28 Apr. 2001 | 29 Apr. 2001
Reading 6 18 Jun. 2001 | 13 Jun. 2001 | 14 Jun. 2001 | 28 Apr. 2001 [ 29 Apr. 2001 13 Jun. 2001 | 14 Jun. 2001
Reading 7 13 Jun. 2001 | 14 Jun. 2001

2.5 Public Meetings

AMEC has made presentations at two publi

21 September, 2000: AMEC provided a pres

the proposed scope of work of the West Que

18 May, 2001: AMEC -provided a presentation to the residen

preliminary results of the Stage 1 assessment.

KX03904
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3.0 PRELIMINARY DATA COLLECTED

3.1 Precipitation Data

The monthly total precipitation data was obtained from Environment Canada for the Quesnel
Airport. Plots of the recorded data through 1975 to 2000 are shown in Figures 2 and 3 along
with historical data and the cumulative difference. The historical data is based on a 30 year
moving mean, where an average over 30 years was calculated for each month beginning with
1975. To calculate the thirty year moving mean for 1975, data was taken back to 1946 and all
the monthly values were averaged over that 30 year interval. The cumulative difference is the
sum of difference between the recorded data and the historical mean beginning with January
1975 and ending December 2000. This plot shows the trend of the recorded precipitation
whether it is increasing or decreasing (i.e. wetter or drier trends) compared to the historical

mean.

The precipitation data indicates that the period from 1975 through the spring of 1988 was close
to or slightly below average. From the spring of 1988 through the end of 1996, conditions
tended to be much wetter than normal, with 1991 being close to average. From 1997 to date,
conditions have been average, tending to be drier than normal during the last two years.

3.2 Water Well Data

AMEC is currently in the process of collected water well data and interviewing local water well
drillers. The data collection is not completed and information will be included in future reporting.

4.0 SUMMARY OF FINDINGS

4.1 Borehole Logs

During the drilling of the boreholes for the Sl installations, AMEC compiled borehole logs based
on the drill cuttings returned to the surface during the air rotary drilling. Appendix E contains the
preliminary logs for the boreholes. Note that these borehole logs should be considered

approximate due to the following limitations:

1. Samples collected from the drilling cuttings were disturbed and may be segregated during
travel to the surface.

2. Bedding and other features would be destroyed or disturbed during drilling.

3 Water with a detergent additive was injected into the boreholes to assist with drilling in most
boreholes, particularly at depth. The water many have further disturbed drill cuttings.

4. The depth where the cuttings originated was estimated based on the time for the cuttings to
be returned to the surface from depth. Note that depths where there was a significant
change in soil or rock type could be accurately estimated due to changes in the drill

behavior.

KX03904 Page 5



g

The City of Quesnel ame
Stage 1 Status Report, West Quesnel Land Stability Study '

Quesnel, BC
13 August, 2001

5 Thin beds may be missed due to the cuttings being mixed with adjacent beds during travel
to the surface.

In spite of the limitations of logging the disturbed cuttings on air rotary rigs, 10 years experience
with the use of this method as shown that reasonable logs may be obtained.

4.2 Slope Inclinometer Data

4.2.1 Spiral Readings

Table 4 summarizes the spiral at the bottom of the S! casings. The complete data set includes
the variation of spiral with depth down each casing. The spiral survey results show the
clockwise rotation between the top and bottom of the Sl casing.

Table 4: Results of Spiral Survey of Sl Installations
Sl Si-1 S1-2 SI-3 Sl-4 SI-5 SI-6 SI-7

Clockwise spiral at
bottom of casing

9.9° 1672 24.1° 30.0° 29.6° 38.7° 17.8°

4.2.2 Calculated Sl Data

The results of the S| readings to date corrected for measured casing spiral are attached in
Appendix D. These plots presented include absolute profiles, cumulative displacement plots,
incremental displacement plots and velocity plots. These terms are defined below.

1 Absolute profile plots show the actual profile of the casing after installation. The scale of the
absolute profile plot varies with Sl installation depending on the orientation of the hole. The
absolute profile of the casing is relatively unimportant for most applications. In particular,
whether or not the casing is vertical and straight is generally not a major factor in obtaining
good movement data since the change from the initial orientations is measured, not the
change from vertical. However, the absolute orientation of the casing can be useful in
particular circumstances. For example, if the casing is undergoing compression, then the
bends in the casing may tend to move out at existing bends.

2. |ncremental plots show the individual changes in inclination of the casing at each reading
elevation. The incremental plots have a 25 mm horizontal scale. These plots are useful for
examining the depth and character of movements.

3. Cumulative_plots show the overall apparent movement change of the Sl casing since
installation relative to the bottom of the hole. As discussed in Section 2.0, movement is
measured in two mutually perpendicular directions, A and B. The A direction is oriented to
be “downslope” whereas the B direction is across slope. The actual orientation of each of
the casings is shown on Figure 4 and summarized in Table 2. Positive movements on the

KX03904 Page 6
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cumulative plots are downslope on Direction A and across the slope to the right when
looking downhill for Direction B. The cumulative plots have a 75 mm horizontal scale.

4. Velocity plots shows the displacement versus time over a given depth interval. Velocity
plots are presented for A and B directions at selected intervals.

4.2.3 Discussion

The discussion below shows that there was good evidence of translational slide movements on
discrete shear surfaces in most of the Si installations. Figure 5 shows the Sl locations and
summarizes the interpreted movement vectors. .

A review of the velocity plots for all Sl installations indicates a general acceleration of
movements in the spring of 2001 as compared to the initial datasets collected during the winter
or 2000/2001. This acceleration may be due to groundwater recharge from surface precipitation
and snowmelt. '

4.2.31 S1-1

1. Absolute position: SI-1 was relatively straight and vertical with relative deviations between
the bottom and top of the hole of less than 50 mm in the A direction (downslope) and 400
mm in the B direction (across slope to the north).

2 Cumulative deflection: A small lateral shift of 2 mm was evident in the casing at
approximately 41 m depth with some additional deflection around 28 m. The deflection at
41 m was first evident April 2001. There appeared to be surface deflections of less than 5
mm at the top of the casing. There was some bulging of the S| casing towards the east
(downslope) and north above 28 m depth. This may be due to vertical settlement of the
casing, possibly combined with grout loss in a gravel layer between 16 and 21.3 m depth
(grout loss is not known for certain to have occurred in this gravel layer, but could explain

the observed deformations).

3. |Incremental deflection: The incremental deflections for SlI-1 are characteristic of settlement
above 28 m depth. The deflections at 40 m depth were small on the incremental plot.

4.2.3.2 S1-2

1. Absolute_position: ‘As shown on the plot contained in Appendix D, at the bottom of SI-2
there was 4800 mm of downslope deflection (A direction) and 2400 mm of across slope (B
direction, north) relative to top of the hole.

2 Cumulative deflection: Clear translational movement surfaces are evident at 60 m and 42 m
depth. The total deformation over the period of monitoring was approximately 21 mm to the

KX03904 Page 7
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east (downslope) in the A direction and 5 mm to the south in the B direction at the ground
surface. Very slight backward rotation was evident above 42 m depth in the A direction.

3 Incremental deflection: The two potential slip surfaces were shown as spikes in the data at
approximately 60 m and 42 m depth. The shear surfaces appeared to be less than 0.6 m
thick (i.e., the shear surface was contained within a the length of the slope inclinometer
probe).

S1-3:

1. Absolute position: Relative to the top of the casing, the bottom of the casing in SI-3 was
approximately 3000 mm downslope (A direction) and 3000 mm across slope to the north (B

direction).

2 Cumulative deflection: There was a slip surface evident at approximately 39 m depth.
Deflections along the slip surface over the period of monitoring were approximately 33 mm
to the east (downslope) in the A direction and 2 mm to the north in the B direction.

3. Incremental deflection: The incremental deflection plot showed consistent movement along
a slip surface at approximately 39 m depth. The was also a small incremental deflection
evident on the 12 January, 2001 set of readings at 53 to 54 m which was not evident on
later readings. The small deflection could be due to dirt in the casing and is not regarded as
a true slope movement since the deflection was not evident in later data sets.

4.2.3.3 S1-4

1. Absolute position: Relative to the top of the casing, the bottom of SI-4 was less than 250
mm uphill (A direction) and was approximately 3700 mm south (B direction).

2 Cumulative deflection: There was clear evidence of translational movement at 51 m with
movements of 32 mm in the A direction (downslope to the east) and 4 mm in the B direction
(north toward Baker Creek).

3 Incremental deflection: The incremental deflection plot showed the slip surface at 51 m
depth. As with most of the other shear surfaces, the thickness appeared to be less than the
length of the slope inclinometer probe.

'4.2.3.4 S1-5

1. Absolute position: The bottom of SI-5 was approximately 1100 mm downslope (A direction)
and 2400 mm north (B direction) of the top of the casing.

KX03904 ‘ Page 8
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2

Cumulative deflection As indicated on the log for BH-5, grouting problems were experienced
during installation of the casing. Due to sloughing of the hole, it was not possible to lower
the grout pipe below 73 m. It appears that after grouting of the hole, the grout may have
drained past the obstruction, resulting in the lower part of the hole being grouted and the
upper part of the hole being mostly ungrouted. As a result, the sinusoidal deflections of the
casing between approximately 90 m and 38 m are interpreted to be a result of possible
slight axial compression of the casing, combined with the casing moving relatively freely in
the hole. The maximum deflections of the casing correspond to the approximate
dimensions of the annular space around the casing. At a depth of 37 m, translational
movement has occurred. It is likely that the total translational movement is greater than not
shown, by an amount equal to the total annular space within the hole or approximately 63
mm.

Incremental deflection: As indicated above, the casing is likely ungrouted between at least
37 m and approximately 90 m. Incremental deflections reflect this ungrouted nature of the
hole. It is possible that additional lateral deflections could become evident overtime within

the zone from 38 to 90 m.

4235 S1-6

Absolute position: Relative to the top of the casing, the bottom of casing Sl-6 was
approximately 20 000 mm downhill (A direction) and 11 000 mm south (B direction). The
casing and increasing curvature with depth with an inclination of approximately 16° near the
bottom of the hole.

Cumulative deflection: There was a slip surface at approximately 28 m depth in Sl-6. There
was approximately 34 mm of downslope (to the east) deflection in the downslope in the A
direction and 2 mm of deflection toward the north in the B direction. There was also an
apparent but gradual systematic shift evident on the plot below 28 m depth. The shift may
be caused by small systematic errors in the readings due to some effect relating to the
almost “J" shape of the casing installation.

3. Incremental deflection: The slip surface at 28 m was evident on the incremental plots.

4.2.3.6 S1-7

1 Absolute position: ~ Relative to the top of the casing, the bottom of SI-7 was found in
approximately 12 500 mm upslope (A direction) and 15 000 mm north (B direction).

2 Cumulative deflection: There were discreet slip surfaces evident at approximately 68 m and

27 m depth in SI-7. The total movement over the period of monitoring was approximately 25
mm downslope (to the east). In the B direction (across slope), the movement at 27 m was 3

KX03204 Page 9
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mm to the south and the movement at 68 m was 3 mm to the north. Below 68 m depth,
there appeared to be an apparent but gradual systematic shift on the plot. The shift may be
caused by a minor shift in the readings due to some effect relating to the almost “J” shape of
the casing installation. :

3. Incremental deflection: The slip surfaces at 68 m and 27 m depth m were evident on the
incremental plots.

4.3 BC Gas GPS Hub Monitoring Data

Figure 5 shows the location of the BC Gas GPS Monitoring Hubs and the associated
displacement vectors over two periods:

1. From September 1998 to May 2001 ,
2 From December 2000 to May 2001 (this period roughly corresponds to the period
AMEC has been monitoring the SI's).
Appendix E contains the BC Gas Monitoring Hub data used to prepare the vector data shown
on Figure 5.

5.0 DISCUSSION

5.1 Interpretation of Slope Inclinometer Data

Table 5 provides a summary of Sl casing deformations to June 18, 2001.

Table 5: Interpretation of Sl Displacements 18 June, 2001

Zone/Depth of Sl
Si Location oner=ep ) Interpretations

displacement Surfaces

« There are small movements of 2 mm at 41 m depth and additional
movements of 11 mm at 28 m depth in the A direction.

» The depth of the lower movement (41 m) corresponded
approximately to the elevation of the shallower movement in SI-2.

Ave
Si-1 ¥ 12t022m 42 m Given the depth of the slip surface in SI-2, the base of SI-1 could

Lane :
be above a deeper slip surface.

= Movement appeared to be within the Tertiary sediments.

« There was possible settlement in the casing between 12 and 28 m
depth.

= There were well-defined thin slip surfaces at 60 and 42 m depth.

« Displacements of the ground above the slip surface appeared to

Avery 40 and 60 be towards the Fraser River.

Above 60 m i ; ;
Lane m » The movement zones were within Tertiary silt and clay.

S1-2
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Table 5: Interpretation of Sl Displacements 18 June, 2001

Zone/Depth of Sli
Sl Location P ol Interpretations

displacement Surfaces

« There was a well-defined slip surface at 39 m depth.
» Displacements of the ground above the slip surface appeared to
Abbott and
SI-3 Betich Above 39 m 39m be towards the Fraser River.
ettcher :
« The movements on was located a short distance above a gravel

seam within Tertiary sand interbedded with clay silt.

« There was a well-defined slip surface at 51 m depth.
Voyageur » Displacements above the slip surface a eared to be towards the
Sl-4 y24 Above 51'm 51 m g ) 8 AP o
School Fraser River.

= The shear surface was within soils logged as Tertiary sand.

= The casing was undergoing apparent compression movements
from 36 to 93 m depth. The casing movements in this area may be
a result of grouting problems; in particular, there may be no grout
within this part of the haole.

Abbott » Apparent translational movement was occurring at a depth of

Si-5 ) Above 93 m 37m )

Drive approximately 37 m.

« The movement direction was east towards the Fraser River.

» The depth of movement corresponded to the top of the Tertiary
sediments. There may be additional movements deeper in the

hole that is not been detected to date.

» There was a well-defined slip surface at 28 depth.

Dixon « Movements below 28 m may be a result of the deviation of the

Sl-6 Above 28 m 28m . R
Street casing from vertical and may not represent real movement.

« The slip surface was within Tertiary sediments.

» There were well-defined slip surfaces at 68 and 27 m depth.

« Displacements of the lower slip surface at 68 m depth appeared to
be toward the Fraser River (east) with a small component towards
the north.

Lewis and 27 m and = Displacements of ihe upper slip surface at 28 m depth appeared to

Si-7 . Above 68 m = :

Price 68 m be toward the Fraser River (east) with a small component towards
the south.

= The upper slip surface appeared to be near the top of the Tertiary
sentiments and the lower slip surface was within the Tertiary

sediments.

Note that the displacements shown In Figure 5 for S1-6 and SI-7 are for the displacements of the
SI's judged to be not caused by systematic shifts due to the bends in the casing installation.

There is a possibility that at SI-6 and SI-7 Sl terminate above the bottom of the slide, given the
shifts in the cumulative plots. However, a review of Figure 5 indicates that the corrected
movements along the slip surfaces in SI-6 and SI-7 are comparable to the movements observed
in the other Sl installations. Additionally, it is evident that the base of the Sl casing in SI-1 is
above the probable slip surface of the slide, given the depth of the slip surface observed in SI-2.

KX03904 Page 11
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Both of the foregoing factors indicate that most or all of the slide movements have probably
been recorded by the slope inclinometer casings.

The velocity plots indicate an increased rate of movement during the spring between the Aril
and May readings for all Sl installations. This would be expected, as spring is typically the
wettest time of year.

5.2 Comparison of Slope inclinometer Data to BC Gas Monitoring Hub Data

On Figure 5 the S| and GPS displacements are plotted as vectors. The Sl data has been
collected from November 2001 to June 2001 while the GPS data is shown as two vectors, one
for all available GPS data from September 1998 to May 2001 and one from December 2000 to
May 2001. The latter dates roughly correspond to the period AMEC has been monitoring the

SP’s.

The azimuths of the displacement for the vectors of the GPS Data from September 1998 to May
2001 appear to correspond to the general trend of the azimuths for AMEC's Sl data. When the
data is compared over the more recent period from December 2000 to June 2001, some of the
GPS data appears to correspond to the Sl data while some BC Gas data indicated upslope or
side slope movements. Further discussion of the GPS data would require access to the original
data sets and calculations.

It is understood that BC Gas currently has contracted a GPS consultant to provide comments on
the potential accuracy and errors in the GPS data. At the time of writing this report, BC Gas had
not received the report from their GPS consultant. Note that AMEC has also recommended that
BC Gas obtain an outside review of their GPS data to confirm is accuracies.

AMEC will provide more comments and a detailed comparison of the GPS data and Sl data
during future stages of the work once more SI/GPS data has been collected and the accuracies
of the GPS data are better understood.

6.0 CONCLUSIONS

The following conclusions can be drawn from the data collected during Stage 1 of the West
Quesnel Land Stability Study:

1. The study area is located within a large ancient landslide complex that appeared to be
slowly moving at average rates of approximately 25 to 50 mm/year (1 to 2 inches/year) over
the period from November 2000 to June 2001.

2. The depths of the slip surface appeared to range from 28 to 68 m below the ground surface.
3. The simplest interpretation of the data is that there is one overall slide complex, rather than

a series of smaller slides terminating between the various slope inclinometers. The
relatively similar movement directions and magnitudes also favour the “single slide”

KX03904 Page 12
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interpretation. The similarity of the movement vectors across the slide also indicates a
possibility of limited differential movement between various slide blocks, compared to many
other large slides.

4. The average inclination of the slide slip surface would be approximately 2° based on Figure
6. This is an extremely low angle, although not unprecedented, and may indicate that
appreciable pore water pressures aid ongoing movement.

5. There is a possibility the toe of the slide may extend to the Fraser River in some areas.

6. The sliding may be within a pre-glacial (Tertiary) sediment sequence composed primarily of
silt and clay.

Figure 6 shows a cross section of West Quesnel showing the depths of the zones of movement
observed within the Sl's. The preliminary borehole logs are summarized on the cross section.

In future stages of the West Quesnel Land Stability Study AMEC should investigate:
1. The material properties and nature of the soil within which the slide is moving,
2. The porewater/groundwater conditions in the study area, and

3. The probable lateral extent of the slide, including location of the top scarp, flanks and toe of
the slide.

7.0 RECOMMENDATIONS FOR FURTHER WORK (STAGE 2)

Given the ground movements observed during Stage 1, AMEC recommends that Stage 2 of the
work proceed. The scope of work for Stage 2 is detailed in AMEC's proposal of 31 May, 2000
to the City of Quesnel and includes:

Selection of borehole locations.

Drilling of boreholes to collect detailed soil samples.

Installation of piezomenters to monitor pore water pressures.
Logging the drill holes.

Detailed laboratory testing of collected core samples.

Continued monitoring of existing S installations

Monitoring pore water pressures through at least 1 spring season

o s L I

AMEC could start work on Stage 2 in early August, 2001. As part of the work, AMEC also
recommends that a digital elevation model be produced for West Quesnel. This model could be
used as a base for more accurate mapping, plotting of data, and production of cross sections for
slope stability analysis. -
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8.0 LIMITATIONS

This report has been prepared for the exclusive use of the City of Quesnel and their
representatives 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.

This report was prepared in accordance with generally accepted geotechnical enginéering
principles and practice. No other warranty, expressed or implied, is made.

9.0 CLOSURE

Please do not hesitate to contact the undersigned at (250) 564-3243 should you have any
questions or require further information.

Sincerely,
Reviewed by:
NS
Doug DewaF-M:S¢., P.Eng. Drum Cavers, M.Eng., P.Eng., P.Geo.
Geotechnical Engineer Principal Engineer
w e Member, Technical Council
#eESSIO R
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CUENT: CITY OF QUESNEL

PROJECT: ¥.QUESNEL LAND STABILITY STUDY

BOREHOLE NO: BH-—1

QUESNEL, B.C.

DRILUNG CONTRACTOR: CARIBOO WATER WELLS

PROJECT NO: KX03904

DRILLING TYPE: WATER WELL RIG

DRILLING METHOD: AIR ROTARY

ELEVATION: 480.267 m

SAMPLE TYPE

B ruse

[/]no Recovery

DXspum spoon EJoraB

(T JMuo ReTURN

[ F]Jcore rerur:

20 40 €

A SPT "N" (BLOWS/300 mm) A

£9

FLASTIC M.C.

uquip

:

1
T

20 40

€0

1

&

SOIL SYMBOL

SOIL
DESCRIPTION

SAMPLE TYPE

SAMPLE NO

SPT(N)

ADDITIONAL
INFORMATION

=3

M

T oD =0 =Y
[y

=3

QD

W

SAND and GRAVEL, trace silt, bedded, brown
to grey, damp

SILT and CLAY, trace sand, trace gravel,
medium to high plastic, bedded, light
brown, moist

SILT and CLAY, trace sand, trace organics
(lignite), medium to high plastic, grey to
blue, moist to wet, isolated sandy seams

(Possible Australian Creek Farmation)

SILT, trace clay, organics (approx. 40%
lignite by volume), soft, low plastic,
structureless, black, wet

SILT, trace clay, trace orgonics,

soft, low plastic, structureless,

light brown to blue, wet

[

End of Borehole ot 44.2 m

Sl installed to 43.6 m B

St Ao groove oriented Az = 120 degrees

Estimated well production 0 GPM

2 No water observed, dry on completion L
LOGGED BY: DLD

REVIEWED BY: NCP

Appendix C

- 49.0
I~ 50.0

COMPLETION DEPTH: 45.%
COMPLETE: 10/25/00

rid

AMEC Farth & Environmental Limited

G /07722 V2:ATPU (HAED)




CLIENT: CITY OF QUESNEL PROJECT: W.QUESNEL LAND STABILITY STUDY BOREHOLE NO: BH-2
QUESNEL, B.C. DRILLING CONTRACTOR: CARIBOQ WATER WELLS PROJECT NO: KX03904
DRILLING TYPE: WATER WELL RIG DRILLING METHOD: AIR ROTARY ELEVATION: 485.862 m
SAMPLE TYPE  [Ellruee [/Ino recovery  [XJseur spoon  EoraB [ Mo Return [ Jcore ReTuRs
o & o

“= | ASPT N (BLOWS/300 mm) A | 22 = | =

O e el SOIL lg|=|  vpmona

[=% Tl | o

& |fuste  ue = DESCRIPTION S/2| 2|  INFORMATION

20 40 60 ' e
=00 ,,,”g;" 2] SAND (mediurn to fine grained), trace silt, =
E:-?.:G ; ‘;,“@m"@'@ loose to cornpact, brown, damp to dry E
E 30 | 2% = =
4.0 oo 1 3
E 50 " leSYSAND, gravelly, trace silt, bedded,
£ 6.0 1,8, 8 brown, damp to dry =
7.0 194 . =
= o84 Cobbles encountered ot 6.7 m E
ggg AT SILT and SAND, trace gravel, trace | 3
E il cobbles, very stiff to hard, brown, moist = 3
E ok (Till or Colluvium) E
E 120 3
=130 | 3
= a0 3
=150 :
E:?g «; GRAVEL (subrounded to subangular), some — E
E oo X ﬁé silt to silty, some sand, trace clay, 3
E 10| _.;f“ﬂ brown, wet, NOTE: silt and sond are 3
::20_0 i SN "1 k]yefed %
910 | N (Possible Australion Creek Formation)
220 | SILT, clayey, sorme sand, trace to some
- 23.0 gravel, low to medium plostic, blue to ) :
- 240 brown, wet
250
= 26.0
SN SILT, grovelly to some grovel. some clay,
E 520 trace sand, low to medium plastic, blue to
= 200 brown, wet
— 30.0
—31.0 SILT, cloyey, some sand, trace to some
- 32.0 gravel, low to medium plostic, blue to
- 950 = | brown, wet
5:5522 ' 'Q.iT::'\\Q GRAVEL and SAND (coarse grained), trace 1
6.0 W silt, trace clay, brown, wet fi
E_ 310 SILT, cloyey, trace to some sand, troce
. 33.0 gravel, low plostic, blue to brown, wet
330 —
E—40.0
E 410
E 42,0
E- 430
440 SILT, clayey, trace gravel, trace send —
450 (fine grained), medium to high plastic, ]
- 46.0 blue to brown, wet, isolated Sand or
(—41.0 grovel seams or gravelly zones
— 43.0
490 |-
e e o
. L. LOGGED BY: DLD COMPLETION DEPTH: 74.7 m
MEC Earth & Environmental LimitedFevere e. e CONPLETE: 10/2¢/00_
age

G17a777% TEA% 1 (FeS0)




[CLIENT: CITY OF QUESNEL PROJECT: W.QUESNEL LAND STABILITY STUDY BOREHOLE NO: BH-7
QUESNEL, B.C. DRILLING CONTRACTOR: CARIBOQ WATER WELLS PROJECT NO: KX03904
DRILLING TYPE: WATER WELL RIG DRILLING METHOD: AIR ROTARY ELEVATION: 485.862 m
savPLE TYPE e [/]no recovery  [XJspuT spoon  EJoRe8 ([[Muo return— [H]coRe Rerusn

SOIL
DESCRIPTION

A SPT "N (BLOWS/300 mm) A
20 40 60 &0

ADDITIONAL
INFORMATION

SPT(N)

FLASTIC M.C. uQuip

1 E Y —]
— D

20 40 80 &0

Depth{m)
SAMPLE NO

SOIL SYMBOL
SAMPLE TYPE

T

[

- 73.0
- 740
750
E76.0
£ 71.0
= 72.0
=790
E 80.0
810
820
830
540 |
—85.0 i
E 860 |-
g0 |-
230 |-
[—83.0 |-
00 |
910 |
£ 920 |
930 |
F-44.0 |
5.0 |
960 |
970
E—93.0

—49.0
— 100.0]

End of Borehole at 74.7 m

SI casing installed to 74.6 m

S| Ao groove oriented at Az = 120 degrees
No water observed in hole after 50 hours
Estimated well production 0 gpm

Wk s AR AR AR LI

T

- - : . . LOGGED BY: DLD COMPLETION DEPTH: 74.7 m
AMEC Farth & Environmental Limited[Feveveo e¥: nee COMPLETE: 10/24/00

1707772 VZATFU (RS0}

Page




CLIENT: CITY OF QUESNEL PROJECT: W.QUESNEL LAND STABILITY STUDY BOREHOLE NO: BH-3
QUESNEL, B.C. DRILLING CONTRACTOR: CARIBOQ WATER WELLS PROJECT NO: KX03304
DRILLING TYPE: WATER WELL RIG DRILLING METHOD: AIR ROTARY ELEVATION: 503.43 m
savpLE TYPE  [Euse [/Ino recovery  [Jseur spoon  EJoReB ([[Muo rewurn [ [ Jcore ReTuRe
3 4 o

= | ASPT "N (BLOWS/300 ram) A | O =

Gl Tk A i SOIL “I5|Z|  ADDITIONAL

7y ST C. a 2S5

E|rw  ue  uwmig DESCRIPTION Z|Z| 7|  INFORMATION

04 &0 &
::?:g - e ﬁ'ﬁ: SAND, silty to some silt, trace to some
E a1 [ 18| gravel (till or colluvium), structureless
0 'i‘_‘?ﬁz" in pieces recovered, brown, wet
40 e
2
T B o i o e LB 14048 Saturated zone encountered between 4.6 to
E-7.0 |Jof4 6.1 m. This zone may be sandier than
2.0 _::cjc'd the soil above and below
—9.0 |9 B —
100 | Bkl 1
=110 daed
:_:I?'O ] ::oﬁﬁ-
:___:ig :Efﬂ SAND, some silt to silty, trace to some
- -|fAR] gravel, trace cloy, bedded with some — 2
= 160 oY clayey silt and gravel layers, brown.
= “adet R t d
=170 At Rock fragments recovered appeare to be
E- ik .;;c§<) quartz, chert, limestone, bosalt and
190 ;j‘cji coarse—grained igneous rocks.
= 205 A 3 (Possible Australian Creek Formation)
210 c% I
=220 ol
- 230 24l
- 240 oy
=250 Bk
260 118 I
=210 st
230 e
E__.Zg_o ....... 6;64’1 i
200 fofy 3
=310 g -
X7 ikl
E 330 ey | =
340 1Rl A° 3
— 35.0 e
= %0 It
=370 ¥l
330 1R
E:‘ 33.0 ¥o !Irr_-u E
400 -8R Soil colour is blue. Once recovered,
- 41.0 WY sarnples appeared to oxidize to brown.
£ 42.0 L ARA
::43.0 E“::CT;){’
£ 440 ~aged :
5.45_0 Shiad GRAVEL (ongular), sondy, some silt, trace | |
E 450 -Erecloy, bedded, blue matrix wHich oxidized — 4
=410 ;u\to brown. l: 3
= 43.0 “LJ64 SILT, seme clay, trace to sorne »
=901 REE cE é sand, trace grovel (mainly fine g
- . L. LOGGED BY: DLD COMPLETION DEPTH: 109.8
AMEC Earth & Environmental Limited|revive sr. e COMPLETE: 10/27/00
Page 1
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CLIENT: CITY OF QUESNEL

QUESNEL, B.C.

PROJECT: W.QUESNEL LAND STABILITY STUDY

BOREHOLE NO: BH-3

DRILLING CONTRACTOR: CARIBOO WATER WELLS

PROJECT NO: KX03904

DRILLING TYPE: WATER WELL RIG

DRILUNG METHOD: AIR ROTARY

ELEVATION: 503.43 m

sakpLE TYPE  [use

[0 Recoverr  DXJSPLT spoon  EEJoRaB

(][ Mo RETURN

(1 Jcore Rerurn

A SPT "N (BLOWS /300 mm) A
20 40 6 &

Depth{m)

FLASTIC M.C. uauio

1 -»- |
r el 1

20 40 €0 8

SOIL
DESCRIPTION

SOIL SYMBOL

SAMPLE TYPE
SAMPLE NO

SPT(N)

ADDITIONAL

INFORMATION

2

h ol
oo o oo ooy

ta Lnonon L La

enoen N
b =]
o o

lllll‘Li|[lEL!LIIliIEIliL]]IiI]lIIElI

= 100.0

T )

- = 5
SNl Sa sl Al
=

3

[ =3
T el el
=

=

angular igneous fragments), very hard as
noted by driller, low to medium plastic,
bedded, blue to brown

(oxidizes as above)

Poullr="
T,
= ¥

S .

e O Cn
LA T, 8, T Oy T 0
s 3t % T T

r ==
AN R VUSRS

SILT, sandy, some to trace gravel, trace
clay, low to non plastic, bedded, blue to
brown

SILT, some sand (fine—grained), some
grovel (rounded and angular fragments),
some silt, trace clay, hard, low to non
plostic, bedded, blue to brown (oxidized
as above)

GRAVEL and SAND (fine—grained or
coarse~-grained), some silt to silty,
bedded, blue to steel grey which oxidized
to brown

e
R ‘_,‘_A:-*.,,‘

(I

UL st I REN R AR A AR LR

LOGGED BY: DLD

COMPLETION DEPTH: 109.5

AMEC Earth & Environmental Limited|Feveve ir: v

COMPLETE: 10/27/00

Paqe

61747722 1E50F U (FRSD}



CLIENT: CITY OF QUESNEL PROJECT: W.QUESNEL LAND STABILITY STUDY BOREHOLE NO: BH-J3
QUESNEL, B.C. DRILLING CONTRACTOR: CARIBOQ WATER WELLS PROJECT NO: KX03904
DRILLING TYPE: WATER WELL RIG DRILUNG METHOD: AIR ROTARY ELEVATION: 503.43 m
SaWPLe Ty [lluse [Ivo recovery  DJseur spoon  Eores (Mo return [l ]core ReTur
E | ASPTN" (BLOWS/300 mm) & c—‘%] SOIL % S| .
=l % w w |= )] 2= ADDITIONAL
_E‘L ; 0—'_‘ o [l
0 R I DESCRIPTION 22| % | INFORMATION
& 1 o
20 40 60 &
3 : %
bl =
E
=1 9 %
End of Borehole at 109.8 m %
Sl installed to 102.4 m =
Sl Ao groove oriented Az = 120 degrees =
Estimated well production O GPM =
No water in hole upon completion E
£
E
E
£
= 1500 e
. . L. LOGGED BY: DLD COMPLETION DEPTH: 109.6 ¢
AMEC Earth & Environmental Limited|Revevo r: v COMPLETE: 10/27/00
Paqe

GT75777 VS0P (0]



CLIENT: CITY OF QUESNEL PROJECT: W.QUESNEL LAND STABILITY STUDY BOREHOLE NO: BH-4
QUESNEL, B.C. DRILLING CONTRACTOR: CARIBOQ WATER WELLS PROJECT NO: KX03904
DRILLING TYPE: WATER WELL RIG DRILLING METHOD: AIR ROTARY ELEVATION: 537.581 m
saMPLE TYPE  [llTuee [Ino recovery  DJseur seoon  EoraB Mo return— []core ReTurn

SOIL
DESCRIPTION

Possible FILL, SILT, some sand
(fine—qrained), trace rootlets /organics,
soft, non to low plastic, ocasional thin
sand loyers, brown, moist to wet

= | ASPT "N" (BLOWS/30 mm) &
20 40 60 &

ADDITIONAL
INFORMATION

PLASTIC M.C. Lauip

SOIL SYMBOL

SAMPLE TYPE

SAMPLE NO
SPT(N)

I

|

SILT ond SAND {fine—grained), trace gravel
(mainly anqular fragments), compact,

non plastic, structureless, brown,

damp to wet

TITHITTHI

SILT, sorne sand to sandy (moinly
fine—qrained), trace to sorne clay,
trace gravel, non to low plastic,
structureless, brown, moist to wet
(Passible till or colluviurm)

[T

I

il

[

Ta

T T T T T eI T

[T

e
T

GRAVEL, sandy (mainly coorse—grained,
trace fine—grained), trace silt (less than
3% estimated) =

10

L oa B
Ab A

lé,&;}'
DA

4
i

E= 310 |-
2
—33.0 ;
—40.0 i
E 10| e
E 420 et

430
- 440
- 45.0
£ 46.0
E47.0
= 480

—49.0
E 30 |

(11

SAND (mainly coorse—grained, some
fine—groined), gravelly, trace silt,
bedded with some gravel layers, brown
H\(Possible Australion Creek Formation)

| SAND (coarse ond fine—grained), some
| gravel, sorne silt, bedded, brown

P
o (=]
oD

'.)'

= 11

— 1

12

-

. | & | . . LOGGED BY: DLD COMPLETION DEPTH; 158.5 1
AMEC Earth & Environmental LimitedReveve s e COMPLETE: 10/13/00

1707722 125N (Heso)

Page




CLIENT: CITY OF QUESNEL PROJECT: W.QUESNEL LAND STABILITY STUDY BOREHOLE NO: BH-4
QUESNEL, B.C. ORILLING CONTRACTOR: CARIBOO WATER WELLS PROJECT NO: KXD3304
DRILLING TYPE: WATER WELL RIG DRILLING METHOD: AIR ROTARY ELEVATION: 537.581 m
sampLE TYPe  [lfruee [Ino recoverr  DXJsPum spooN  FoRa8 [MHwo retury [ Jcore RevuRn
= &l o
= | A SPT N (BLOWS/300 mm) A | B 4 (- -
E | AR |2 SOIL “l5|Z|  aoomoval | €
= in | o ©
oL o O <
Z|se  ue o) DESCRIPTION 212\ 9| INFORMATION | &
r - 1 w) [<p]
0 40 &0 8
e 3 ; )
MY SAND (mainly fine—grained) and SILT, trace 4
"848 clay, trace gravel, bedded, brown = 13 =17
94 18
(g )
i =
AR — 14 1
8% — =
14944 —] fe
{1z)2
{Eah x
ai‘g“ =20
: ey =21
= 65.0 s _
= 66.0 LE !’;- 21
—67.0 944 2
E- 63.0 -Lfa [ || <
- 69.0 ey — :
- 70.0 5 ;E"'g‘ — 2
5:71.0 B 3<£: — 13 2
E 730 B — 2
£ 74.0 Yz
=750 2l =
F75.0 : tg. 2
—77.0 4 H 4
E 73, [ ‘
= 79.0° i — 2
- 80.0 2 — )
—81.0 M — :
::32.'3 gg’a E 16 0
=830 (0 — )
840 ?ff» = =
850 242 —]
£ 86.0 ;dj
- 87.0 ajt ¢Z~
— 23.0 04
- 89,0 A
::qgg .-.::(;Etr :
S Zs
=910 L
=920 ....céé.‘.'
330 ot —
- 94.0 e = e
950 ”ac ¥ a=
::95.0 : Cads“ > b
970 | (94
920 | a7
= g0 | N
:_1000 el e SOk e (t 1 =
. . L LOGGED BY: DLD COMPLETION DEPTH: 158.5 m
AMEC Earth & Environmental Limitedeveo s ne CONPLETE: 10/13/00___
aqe

G777 1250 (0]



CLIENT: CITY OF QUESNEL

PROJECT: W.QUESNEL LAND STABILITY STUDY

BOREHOLE NO: BH-4

QUESNEL, B.C.

DRILLING CONTRACTOR: CARIBOQ WATER WELLS

PROJECT NO: KXD3904

DRILLING TYPE: WATER WELL RIG

DRILLING METHOD: AIR ROTARY

ELEVATION: 537.581 m

AMEC Earth & Environmental Limited

LOGGED BY: DLD

COMPLETION DEPTH: 158.5

REVIEWED BY: NCP

COMPLETE: 10/13/00

Paqe

01757722 10k (HE0)

sampLe TYPE  [lvuse 7o Recovery  pJsput spoon  EjoRea (w0 rerwrn [ JCoRE ReTUR
=) &l o
= | ASPT'N (BLOWS/300 mm)a | D - | -
AR RoReg |2 SOIL |G| 2| ADDITIONAL
pra) 7] | &
oy a L s
- e DESCRIPTION 22| 9| INFORMATION
= T =
20 4_0 _ 60 &
X i 25 ;__
e =
2] =
- - [HH] SAND (coarse to fine—grained), silty, some
- A gravel, trace to some clay, bedded, brown — 18
el
[
I
%
Y
P rg
HY -
a — 19
K —
|
Z =
43 - =
=g
2 Layered siltstone (mudstone), sondstone f
#l conglomerate and coarse ongular sond ond = 21 g
[Hlfine grovel loyers, light brown to reddish | 3
J§iibrowin = :
SHole cased to 128 m due to gravel layer .
;’\SAND (fine to coarse—grained), some silt,
il isorne to trace qravel, bedded, brown
4§ Layered siltstone, sondstane ond —
: conglomerate, light grey to brown/black. =F5
fil There may be some non-lithofied —
Al coarse-qrained sand/gravel layers
2
i
b
zlz
...... EH = 24
_ ;':T%
- 150.0] g—cAL =5



CLIENT: CITY OF QUESNEL PROJECT: ¥.QUESNEL LAND STABILITY STUDY BOREHOLE NO: BH—4
QUESNEL, B.C. DRILLING CONTRACTOR: CARIBOO WATER WELLS PROJECT NO: KXD3904
DRILLING TYPE: WATER WELL RIG DRILUING METHOD: AIR ROTARY ELEVATION: 537.581 m
saupLe TyPe  [Elvee o recoverr  DJseut spoon  EoRas (M wvo return [ Joore ReTus
o &l o
= | ASPT "N (BLOWS/300 mm) A | D Z | =
A ol el | SOIL “|S|Z|  ADDITIONAL
@ gl o
Hiane B e DESCRIPTION S|Z| 9|  INFORMATION
e L L 3
-
4 3
g =
Z A ==
tl‘.’
End of Borehole at 158.5 m
St installed to 158 m
Sl Ao groave oriented ot Az = 110 degrees
Static water level ot 97.6 m 18 hrs
after completion of borehole
Estimoted well production 2 to 3 GPM
E
= 700.0] - ~
. o LOGGED BY: DLD COMPLETION DEPTH: 158.5 1
AMEC Earth & Environmental Limited[REVEvD &% ke COMPLETE: 10/13/00___
age -

61767772 1Z50P (Aeg)



CLIENT: CITY OF QUESNEL

PROJECT: W.QUESNEL LAND STABILITY STUDY

BOREHOLE NO: BH-5

QUESNEL, B.C.

DRILLING CONTRACTOR: CARIBOQ WATER WELLS

PROJECT NO: KXD3904

DRILLING TYPE: WATER WELL RIG

DRILLING METHOD: AIR ROTARY

ELEVATION: 517.723 m

B uee

$_AMPLE TYPE

[Jno recoverr [XJsput spoon  EGRAB

[][JMu0 RETURN

[ ]core rerurn

20 40 &

A SPT "N" (BLOWS/300 ram) A
&0

SOIL

PLASTIC MC.

1 e

g

DESCRIPTION

I L

SAMPLE TYPE
SAMPLE NO

SPT(N)

ADDITIONAL
INFORMATION

E 410
£ 42.0
= 43.0
440
— 450
- 46.0
E47.0
- 43.0
£ 49.0

20 40 & &

el L

Possible FILL, SAND, some gravel, trace
silt, compact to loose, brown, damp

Q’@ SOIL SYMBOL

RPN

SAND and SILT, some to trace clay, trace
gravel (till or colluvium), low plastic,
brown, damp to moist

=
LAV
E—

o

SAND, some silt, no rock fragments or
gravel observed, brown, wek

D el =
o
N‘ LaNY

=
? ]
=

S VRN

SAND and SILT, some to trace clay, trace
gravel, low plostic, brown, domp to wet
(possible tili or colluvium)

SILT, some clay, trace sand, trace
grovel, bedded with some sandy and
gravelly layers, medium to

low plastic, hard/partiolly lithified,
steel grey to green

(Passible Australion Creek Formation)

AMEC Barth &

LOGGED BY: DLD

COMPLETION DEPTH: 152.4 1

Fnvironmental Limited|Reveve sv: nce

COMPLETE: 10/05/00

Page

01707722 VIE0FM (HRE0)
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CLENT: CITY OF QUESNEL

PROJECT: W.QUESNEL LAND STABIUTY STUDY

BOREHOLE NO: BH-5

QUESNEL, B.C. DRILLING CONTRACTOR: CARIBOQ WATER WELLS PROJECT NO: KX03904
DRILLING TYPE: WATER WELL RIG DRILUING METHQOD: AIR ROTARY ELEVATION: 517.723 m
SAMPLE TYPE  [RTuee o recovery  [XJseur spoon  EJoRaB (Mo rerwre [ Jcore ReTrl

= | A SPT"N" (BLOWS/300 mm) A 2 o)

E | AR R |2 SOIL = 2l=|  aprTioNaL

= . =

R R - DESCRIPTION 12| 7| INFORMATION

20 40 60 8 _

E-510 |- =
£ 52.0 =
E53.0 =
540 =
- 55.0 =
— 56.0 | =
E 510 |- = =
;Z‘;g 1.5 m thick white soil layer, no changes %
E 6.0 in composition =
610 =
£ 62.0 =
| 63.0 1.5 m thick light grey soil layer, no = -
- 64.0 change in composition 5
—65.0 =
- 66.0 =
—67.0 =
— 62.0 = 5 =
— 69.0 3
=700 E
E—71.0 -
—72.0 E
I—73.0 3
740 SILT, some clay, some sand, some _ 3
£ 750 gravel, low plastic, bedded, brown to bluz =K E
- 76.0
71,0
e |
- 79.0
— 0.0
E81.0

02,0 [ g ddigindin e e L 7 .

F-83.0 SILT, some sand, some clay, trace

E-BAG [rodomrongrstenin g et SE0 D ggrovel, bedded with sandy and gravelly

—85.0 _;;°%°@ layers, low to non plastic, hord/partially

— 25.0 ;;;j"g'ﬂg fithified, steel, steel grey to green R

810 e SAND (medium to coarse with less i
- &3.0 18,4 fine—qrained), trace silt, trace to some g
- 830 "jiiiﬁgﬁ‘ gravel (fine-grained), very — 8 5
::?g § 1A dense/portially lithified, brown to blue

1.0 e

920 |- c.@oe‘i

E-93.0 1 1866 — ¢

=940 |- “la

95,0 |- Yo'

g0 |- "l de .

9101 il

F-93.0 ) e 96 Y

£ 99.0 1 B!

- 100.0] : e e

AMEC Earth

& En

LOGGED BY: DLD

COMPLETION DEPTH: 152.4

COMPLETE: 10/05/00

vironmental Limited]reveveo sv: nee

Page
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CLIENT: CITY OF QUESNEL

PROJECT: W.QUESNEL LAND STABILITY STUDY

BOREHOLE NO: BH-5

QUESNEL, B.C.

DRILLING CONTRACTOR: CARIBOQ WATER WELLS

PROJECT NO: KXD33904

DRILLING TYPE: WATER WELL RIG

DRILUNG METHOD: AIR ROTARY

ELEVATION: 517.723 m

SAMPLE TYPE

B ruee

[Jno recovery  Dseum spoon  EoRA

([ Mo RETURN

[ ]]core Reur

20

40

A SPTN" (BLOWS/300 rnm) &
1

&0

SOIL

FLASTIC

Depth{m)

M.C.

uquin

SOIL SYMBOL

DESCRIPTION

—

20

40

€0

n

SAMPLE TYPE

SAMPLE NO

SPT(N)

ADDITIONAL

INFORMATION

= 150.0[ -

t
Q.:@s:
OPAS

N
2D >0 0

P

a}m"é&
(oY)

Hole was left open for 15 hours, no static
water observed when drilling recommenced

S G)ZE,
DD o

o
=
=7

SeVeSeds
(SRR o

SESESEEe

Possible water iable encountered, some
water flowing into hale

e
0 DD 0 o

®°z®%®%®%®%®§é®z@®}&
000 0D

=5
=S
=0 =

S
™)

a}&“gg@ié
DT

Woter producing seam encountered,
estimated production 5 GPM

=]
oo
0%

&;

S

@‘;QQ:?
D 20 =0

¥
i)

=l
o

[

LTI [T

[T

[T

[T

T

—_
(=

1

12

13

14

15

16

¥

Wash Sieve Analysis:
16% Gravel -

72% Sand

127% Silt or Clay

Saut s st MR R s R R R R R R

LOGGED BY: DLD

COMPLETION DEPTH: 1

524

MEC Earth & Environmental Limited|revewe sv: ic

COMPLETE: 10/05/00

Paqe

GT767/77 Ve (FRS]



CLENT: CITY OF QUESNEL

PROJECT: W.QUESNEL LAND STABILTY STUDY

BOREHOLE NO: BH-5

QUESNEL, B.C.

DRILLING CONTRACTOR: CARIBOQ WATER WELLS

PROJECT NO: KX03904

DRILLING TYPE: WATER WELL RIG

DRILLING METHOD: AIR ROTARY

ELEVATION: 517.723 m

SAMPLE TYPE

Bl e

[/\no recoverr  DXJseum spoon EJoRaB

[T o RETURN

{1 Jcore Retuen

Depth{m)

A SPT "N" (BLOWS/300 mm) A
20 40 60 &0

SOIL

FLASTIC W.C. Lauip

1 oy i
| - 1

20 40 60 g0

SAMPLE NO

DESCRIPTION

SOIL SYMBOL
SAMPLE TYPE

SPT(N)

ADDITIONAL
INFORMATION

E 150.0]...

F-151.0

192,
E-193.
=194,
E— 195,

—-152.0( -
F153.0]
1540 -
1550/
E156.0| -
E-157.0(
153,01
E 159.0|-
E-150.0|
E-161.0)-
£ 162.0|-
= 163.0-
F 1640/
1650
F186.0|
E167.0|
- 163.0]
E-169.0:
£170.0|
E171.0|
E1720]
1730/
E-174.0
E175.0
1760
E177.0
E172.0
—179.0
E130.0
E181.0
E182.0
£183.0
E-184.0
E185.0
E 1860
E187.0
-183.0
= 183.0
E180.0]
- 191.0] -

1950 -
:':197.0
£—-198.0{-

ol
ol
0,.
ol

F-199.0(-
E- 2000)

4

=
q
£

I

°@®
2D
[=s]

End of borehole at 152.4 m

SI casing installed to 144.8 m due to
cutlings ot bose of hole

Sl Ao groove aligned at Az = 110 degrees
Static water level not measured

Estimated well production 5 GPM

Tremie pipe was only lowered to 73.2 m
during grouting due to an abstruction at
this depth

ladansatistausina s ue s i A R AR R AR

\hiadstadl

6176777

AMEC Earth & Environmental Limited

LOGGED BY: DLD

COMPLETION DEPTH: 152.4 n

REVIEWED BY: NCP

COMPLETE: 10/05/00

Page ¢
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CLIENT: CITY OF QUESNEL

PROJECT: W.QUESNEL LAND STABILTY STUDY

BOREHOLE NO: BH-6

QUESNEL, B.C.

DRILLING CONTRACTOR: CARIBOQ WATER WELL

PROJECT NO: KX03904

DRILLING TYPE: WATER WELL RIG

DRILUNG METHOD: AIR ROTARY

ELEVATION: §57.723 m

. M

SAMPLE TYPE

[/Ino Recoverr

D<Jseut spoon =Joras

[T Mo ReTuRN

(X JcoRre Retur

720 40

A SPT "N" (BLOWS/30G rmm) A
6 &0

FLASTIC M.C.

Depth(m)

1 -
&

uau

F

2Q

40

=
o
[us)
=
>_
n
o=
o
17

SOIL
DESCRIPTION

SAMPLE TYPE

SAMPLE NO

SPT(N)

ADDITIONAL
INFORMATION

SILT and SA

ND, trace gravel, trace clay,

]
4

very stiff, low plastic, moist ot wet

(Possible till
or colluvium)

!
:

sl YA

1048

* M
d
2

b
1k
i

i
%
K

{

A IO Y I N R Y W

>

S
LA W O A AN W )

e
-

f:?’

f
t
)
{
{

o
“'\.‘_ &'\‘ =

L
o

o
o T,

SILT, some sand, trace to scme clay, trace
gravel, low to non plastic, steel grey to
blue (Possible Australian Creek Formation)

SILT, cloyey, trace sond, medium to high
plastic, blue to steel grey oxidizing to
light brown

e

F=S
‘\‘\‘r AN - l\\_‘

o A
o= LV I\ YU N
L WA

o
LV N ) B LV WEAN

o

SAND (coarse—grained) and GRAVEL
(fine—grained, angulor to sub—angular
fragments), some silt to silty, trace
clay, olive green

Sorne seams of fine sond and silt
were evident in cuttings

Brown silty layers encounteréd

Soil colour changed to rust, heavy

Il oxidotion evident

%
i

AMEC

LOGGED BY: DLD

COMPLETION DEPTH: 154 m_

REVIEWED BY: NCP

COMPLETE: 10/16/00

Page |
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CLIENT: CITY OF QUESNEL PROJECT: W.QUESNEL LAND STABILITY STUDY BOREHOLE NO: BH—-6
QUESNEL, B.C. DRILLING CONTRACTOR: CARIBOO WATER WELL PROJECT NO: KX03804
DRILLING TYPE: WATER WELL RIC DRILLING METHOD: AIR ROTARY ELEVATION: §57.723 m

saMpLE TYPE [ETuee [no recovery  X]sPut spoon  Eores (I[JMuo rerurn [ ]core ReTurn

SOIL
DESCRIPTION

POSSIBLE BEDROCK

Cultings appeored to be from bedded white
sandstone with some less indurated
gravelly or sandy layers. Cuttings were
angulor ond sand sized, rounded fragments
not recovered

A ST "N (BLOWS/300 mm) &
20 40 80 &)

)

ADDITIONAL | -
INFORMATION | «

Depth{m)

PLASTIC M.C. UG
r—

20 40 602

SOIL SYMBOL
SAMPLE NO
SPT(N

SAMPLE TYPE

o 500 [
—‘Jl 0

E 520
—53.0
E 540
s—_— 550
— 56.0
E57.0
E 5.0
F-59.0
= £0.0
E 61.0
620
63,0
E 640
—65.0
£ ¢6.0
— 67.0
E 6.0
E69.0
E 700
g— 71.0

T

S e

=730

Possible water bearing seam

E 830 |-
840 |-
850 |
860 |
F87.0 |
830 |
- 89.0
E 40,0
910 |
£ 920 |
930 |
940
- 95.0
E- 95.0
470
960

9.0
= 10001

-5 POSSIBLE BEDROCK i
B3 Cuttings appear to be light grey to dark
B grey siltstone/sandstone with some
fii;.w less indurated layers. Cuttings were
% angulor and coarse sond sized.

| f

LOGGED BY: DLD COMPLETION DEPTH: 154 m
AMEC Earth & Environmental Limited]reveve sr: e COMPLETE: 10/16/00

17677 VZS T (Fes]
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CLIENT: CITY OF QUESNEL PROJECT: W.QUESNEL LAND STABILITY STUDY BOREHOLE NO: BH-6
QUESNEL, B.C. DRILLING CONTRACTOR: CARIBOQ WATER WELL PROJECT NO: KX03904
DRILLING TYPE: WATER WELL RIG ORILLING METHOD: AIR ROTARY ELEVATION: 557.723 m
SAMPLE TYPE  [RllTuse [Ino recovery  <Jspur spoon  E=joraB [[[Jmuo Return [ JcoRe ReTuRn -
= | A SPT UMY (BLOWS/300 mm) & ale
E | A e SOIL Zl5|=| ADDITIONAL
a Tl & |
gpEsE us e DESCRIPTION $/2|“|  INFORMATION
.4 1 N .

0 40 6 &

| %% SOIL SYMBOL

Cuttings changed to white for
556 approximately 1 m then soil was grey again = 12

13

e Mdaiaitauatatay it g st WML N TR S L R

_‘ 1 14
~BSSI POSSIBLE BEDROCK
Cuttings appeared to be volcanics with
some quortz and minar sedimentary rock
" BaA composition. Cuttings were typically dork
grey with some quartz ond sandstone
fragments
DO
— 15
£ i
§ - H —{ 16
L s o BAS :
. L. LOGGED BY: DLD COMPLETION DEPTH: 154 m
\MEC Barth & Environmental Limited[Revere sr: v OOHPLETE: 10/16/00___
Qqe .

175777 VESTFU (RS0}



CLIENT: CITY OF QUESNEL PROJECT: W.QUESNEL LAND STABILITY STUDY BOREHOLE NO: BH-7/
QUESNEL, B.C. DRILLING CONTRACTOR: CARIBOQ WATER WELLS PROJECT NO: KX03304
DRILLING TYPE: WATER WELL RIG DRILLING METHOD: AIR ROTARY ELEVATION: 542.217 m

saMPLE TYPE  [lee [Inorecovery  DJspur spoon  [EoRAB (I[Jmuo returw [ ]core Rerurs

SOIL
DESCRIPTION

SILT, trace to some sand (fine—grained),
trace clay, low to medium plastic,
structureless, brown, wet

A SPT "N" (BLOWS/300 mm) A
20 40 60 8

ADDITIONAL
INFORMATION

PLASTIC M.C. LQuip

== - i

20 40 60 80

SOIL SYMBOL
SAMPLE TYPE
SAMPLE NO
SPT(N)

TR T

SILT and CLAY, trace sond (fine—grained),
medium to low plastic, weokly bedded,
light to tan brown, moist to wet (Possible
glaciolacustrine depasits)

Soil was dark brown

R

Soil was blue/steel grey
Soil was damp to rnoist

Soil was brawn
Soil was blue

Soil had alternating brown/blue layers =

Trace coarse sand observed

IL

SILT, some clay, trace sand, trace gravel
(less than 2%), low yo high

plastic, structureless in pieces
recovered, blue/steel grey | ¢
(Possible Australion Creek Formation)

it ettt AR RAAR AL EARIRRIRIRALAA IR ERIRRER A RUARLRIAARI

Silt and clay with no sand of gravel from
457 mto 47.5 m

= 500

, o LOGGED BY: DLD COMPLETION DEPTH: 128 %
AMEC Earth & Environmental LimiUedFevewt sy: e COMPLETE: 10/19/00

C7aT7T TEATR (FE)
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CLIENT: CITY OF QUESNEL

PROJECT: W.QUESNEL LAND STABILITY STUDY

BOREHOLE NO: BH—7

QUESNEL, B.C.

DRILLING CONTRACTOR: CARIBOQ WATER WELLS

PROJECT NO: KX03304

DRILLING TYPE: WATER WELL RIG

ORILLING METHOD: AIR ROTARY

ELEVATION: 542.217 m

saMpLE TYPE  [Eluse [/]no Recoverr  DXJspuT seoon  EJoras [[[J#uo return [ ]coRe ReTURN
=l & o
= | ASPT R (BLOWS/300 mm) A | @D = |
AR |2 SOIL “I5|Z|  ADDITIONAL
= v i oo o
(@ X . (O
S [ s an) g DESCRIPTION S|2|9|  INFORMATION
I - 1 v (%]
e . L,
— 8§ z;
94| SAND, some silt, trace gravel, troce clay, ||
%ﬁ?h appeared weakly layered, blue/steel grey E ;
3! H —
[( —
(e .
a4
t g
"84

LOGGED BY: DLD

COMPLETION DEPTH: 128 m

AMEC Earth & Environmental Limitec|Revewen sy nep

COMPLETE: 10/19/00

Page %
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CUENT: CITY OF QUESNEL

PROJECT: W.QUESNEL LAND STABILITY STUDY

| BOREHOLE NO: BH—-7

QUESNEL, B.C.

DRILUNG COMTRACTOR: CARIBOO WATER WELLS

PROJECT NO: KXD3904

DRILLING TYPE: WATER WELL RIG

DRILUNG METHOD: AIR ROTARY

ELEVATION: 542.217 m

SAMPLE TYPE  [luse

[/]vo recoverr  [X]sPLm sPooN  FEoRa8

([ JMuo ReTURN

[[]core returs

20

= | asPr N (BLOWS/300 mm) &
0 60 &0

PLASTIC MC.

SOIL SYMBOL

SOIL
DESCRIPTION

SAMPLE TYPE

ADDITIONAL
INFORMATION

SAMPLE NO
SPT(N)

20 40 60

s
LAV

o

o

LAY B ) R, v
% ¥ RS

=l
AL
ua

2

Cores

VRO OV (VW W N ML AN

7

o

e

.

o
)

S O P
T\\‘ “\k LAN

e i O
o or

P O\ P (N R, W L\ O O T

Po

Casing refusal on boulder or rock

Il

End of borehole at 128 m

Sl installed to 125.6 m

Ao groove oriented ot Az = 100 degrees
Borehale dry on completion

Estimoted well production of 0 GPM

11

|
|

AMEC

LOGGED BY: DLD

COMPLETION DEPTH: 128 m

Earth & Environmental Limited|eveweo sr: nc

COMPLETE: 10/19/00

Page 3

/0722 12431 (F90)



CUENT: CITY OF QUESNEL

PROJECT: W.QUESNEL LAND STABILITY STUDY

BOREHOLE NO: BH-6

QUESNEL, B.C.

DRILLING CONTRACTOR: CARIBOG WATER WELL

PROJECT NO: KX03904

DRILLING TYPE: WATER WELL RIG

DRILLING METHOD: AIR ROTARY

ELEVATION: 597.723 m

samPLE TYPE st

[/Jno Recovery  [XJsPuT soon  EeRaB

([ Jmuo ReTRN

[ T]core Reuen

60

A SPT "N (BLOWS/300 mm) A
20 &)

PLASTIC M.C.

1 -

Depth{m)

SOIL SYMBOL

I -

20 40 80

SOIL
DESCRIPTION

SAMPLE TYPE
SAMPLE NO
SPT(N)

ADDITIONAL
INFORMATION

= 15001
—151.0

E152.0
E153.0
= 1540
E155.0
E_156.0
E157.0
1530
E159.0
-160.0
-161.0
E-152.0
F-163.0
F164.0
E165.0
- 166.0
E 1670
1680
E169.0(
E170.0

E 17100
1720 -
E173.0| -
1740/
1750
1760}
E i e
E-172.0/
E-179.0|
180.0|-
1810/
E 1982.0|-
E183.0/-
—-184.0 -
E185.0} -
—185.0|-
E 1870/
o)
E1£9.0

£ 120.0
1010
E192.0|
1930}
1940
E195.0(
E 1950
E197.0
1930

- 109.0|
- 72000

End of borehole at 154.5 m

Sl installed to 154.5 m

SI Ao groove ariented at Az = 105 degrees
Stotic water level at 38.1 m upon
completion

Estimated well production 5 to 7 GPM

LOGGED BY: DLD

COMPLETION DEPTH: 154

COMPLETE: 10/16/00

Paqe 4 <

Q107722 125771 (HAS0)

AMEC Farth & Environmental Limited/reveve e v

5
5,
5
5
B
5
g
3
£
K
)
C
=
Ef
:
E
f
éf
E

pe iy
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AMEC Earth and Environmental - Pr. George

Position (mm) Position (mm)
-500 -250 0 250 500 -500 -250 0 250 500
0 T 3 T g WEGERD 0 T T 0
B——-= 21 Nov2000
F— 7 Dec2000
5k 15 v —= 12 Jan2001 st 15
==t 5 Mar2001
2 Apr2001
L—
10F {10 = 10t 110
¥—xX 18 Jun2001
151 115 1B 115
201 120 201 120
Depth Depth
(m) (m)
251 125 251 125
301 130 301 130
351 135 351 135
401 140 Ref. Elevation 0 40 40
Corrected for Spiral
1 1 1 |
-500 -250 0 250 500 -500 -250 500
Absolute Position Absolute Position
Direction A Direction B

KX03904 W. Quesnel Stability Study, Inclinometer Si-1 Corr.

Lower Avery Lane

Appendix D



AMEC Earth and Environmental - Pr. George

Deflection (mm)

-25 -12.5 0 12.5 25

0 T T 0

5 12
101 110
151 115
201 120

Depth
(m)
251 125
301 130
351 135
401 140
1 1
-25 -12.5 0 125 25

Incremental Deflection
Direction A

KX03904 W.

LEGEND

Initial 21 Nov2000

o— 7 Dec2000

¥ —% 12 Jan2001

o= 5 Mar2001
2 Apr2001

a——a 28 Apr2001

¥——X 18 Jun2001

Ref. Elevation 0

Corrected for Spiral

Depth

(m)

-25

Deflection (mm)
-125 0 125

0

101

151

201

357

401

1 L

-25

-12.5 0 125

Incremental Deflection
Direction B

Quesne! Stability Study, Inclinometer SI-1 Corr.

Lower Avery Lane

25



AMEC Earth and Environmental - Pr. George

Deflection (mm)

=75 -37.5 0 375 75
0 T T 0
5F 15
10 110
151 115
20 120
Depth
(m)
251 125
301 130
351 135
401 140
| 1
-75 -37.5 0 375 75

Cumulative Deflection

Directio_n A

KX03904 W.

LEGEND
Initial
—-=a

e NP

it

21 Nov2000
7 Dec2000
12 Jan2001
5 Mar2001

2 Apr2001

28 Apr2001
18 Jun2001

Ref. Elevation 0

Corrected for Spiral

Deflection (mm)

-75 -37.5 0 375 75
0 T ; T 0
5r 15
101 110
151 118
201 120
Depth
{m)
251 125
301 130
351 135
40 140
1 ; 1
-75 -37.5 0 a9 75

Cumulative Deflection
Direction B

Quesnel Stability Study, Inclinometer Si-1 Corr.

Lower Avery Lane
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AMEC Earth and Environmental - Pr. George

Position (mm) Position (mm)
-5000 -2500 = *

. 0 2500 5000 LEGEND 5000 2500 0 2500 5000
T T 0 0 T T 0

g—=a 21 Nov2000

gG—id 7 Dec2000

;. % 11 Jan2001
10 110 40— 5 Mar2001 101 110

2 Apr2001

a—a 28 Apr2001

¥—X 134 1
20( 120 13 Jun200 201 120
130 30r 130

Depth Depth
(m) (m)
140 401 140
150 501 150
4180 60+ 160
Ref. Elevation 0
170 701 170
Corrected for Spiral
L | 1 :
-5000 -2500 0 2500 5000 -5000 -2500 0 2500 5000
Absolute Position Absolute Position
Direction A Direction B

KX03804 W. Quesnel Stability Study, Inclinometer SI-2 Corr.
Upper Avery Lane



AMEC Earth and Environmental - Pr. George

Deflection (mm)

-25 -12.5 4] 12:5 25

0 T T T 0
101 110
201 120
30r 130

Depth
(m)
401 140
501 150
60 160
701 170
I 3 1
-25 -12.5 0 12.5 25

Incremental Deflection

Direction A.

KX03904 W.

LEGEND
Initial
B—-a

—

—t

21 Nov2000
7 Dec2000
11 Jan2001
5 Mar2001

2 Apr2001

28 Apr2001
13 Jun2001

Ref. Elevation 0

Corrected for Spiral

Depth

(m)

-25

Deflection (mm)

-12.5 0 12.5

-25

-12.5 o] 12.5

Incremental Deflection
Direction B

Quesnel Stability Study, Inclinometer SI-2 Corr.

Upper Avery Lane

25



AMEC Earth and Environmental - Pr. George

Deflection (mm) Deflection (mm)

75 -37.5 0 375 75 . -37. :
. > LEGEND 075 7.5 o 37.5 75
T RAR | T T 0
£13) Initial 21 Nov2000
21
] 'L' B—F 7 Dec2000
&
3  —=% 11 Jan2001
10F 10—+ 5Mar2001 10 110
23
'3 —% 2 Apr2001
.- %
21 a—=a 28 Apr2001
A
¥ ¥——x% 13 Jun2001
20 21 120 20F {20
3
X
13
i1
%
30t 2% 130 301 130
2%
Depth 2% Depth
(m) 2 (m)
‘i‘[
401 33 140 401 140
501 150 501 150
60} 160 601 160
Ref. Elevation 0
70F 170 701 170
Corrected for Spiral
1 J 1 t
75 -37.5 0 37.5 75 75 375 0 375 75
Cumulative Deflection Cumulative Deflection
Direction A. Direction B

KX03904 W. Quesnel Stability Study, Inclinometer SI-2 Corr.
Upper Avery Lane
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AMEC Earth and Environmental - Pr. George

Position (mm) Position (mm)
-5000 -2500 K K
‘ 0 2500 5000 LEGEND 5000 2500 0 2500 5000
0 & 1 T 0 0 T 0
i B—8 21 Nov2000
G—=a 6 Dec2000
10 110 o= 12 Jan2001 10 110
et 6 Mar2001
3 Apr2001
201 120 201 120
oA 28 Apr2001
X——X 14 Jun2001
301 130 301 130
401 140 401 140
50 150 501 150
Depth Depth
(m) (m)
60} 160 60 160
701 170 701 170
801 180 80[ 180
Q0r 190 901 190
Ref. Elevation 0
Corrected for Spiral
100 1100 100 2 1100
1 w 1 I 3 1
-5000 -2500 0 2500 5000 -5000 -2500 0 2500 5000
Absolute Position Absolute Position

Direction A Direction B

KX03904 W. Quesnel Stability Study, Inclinometer SI-3 Corr.
Abbott Drive near Bettcher



AMEC Earth and Environmental - Pr. George

Deflection (mm) Deflection (mm)
25 -12.5 0 12,5 25 -25 -125 0 12,5 25
0 : i o LEGEND o o : "
Initial 21 Nov2000
G——1& 6 Dec2000
101 119 s—= 12 Jan2001 1o 110
F— 6 Mar2001
3 Apr2001
201 120 201 4120
a——a 28 Apr2001
. XX 14 Jun2001
30 130 30 430
40 140 40 140
50 150 50F 450
Depth Depth
(m) (m})
60 160 601 4160
701 170 70F 470
80} 4180 8or 480
90 190 90r 150
Ref. Elevation 0
Corrected for Spiral
100 1100 100 4100
1 B 1 1 (]
-25 -12.5 0 12.5 25 -25 -12.5 0 12.5 25
Incremental Deflection Incremental Deflection

Direction A Direction B

KX03904 W. Quesnel Stability Study, Inclinometer SI-3 Corr.
Abbott Drive near Beticher



AMEC Earth and Environmental - Pr. George

Deflection (mm)
-75 -37.5 0 375 75
0 ' S o LEGEND
Initial 21 Nov2000
G 6 Dec2000
101 110 »—= 12 Jan2001
e 6 Mar2001
3 Apr2001
201 20
a—a 28 Apr2001
X—X 14 Jun2001
301 30
40t 140
501 50
Depth
(m)
60 60
701 70
801 80
90 90
Ref. Elevation 0
Corrected for Spiral
1001 100
1 I
-75 -37.5 0 75 75

Cumulative Deflection

Direction A

Deflection (mm)

-75 -37.5 0 37.5 75

o} T R T 0
10 110
201 120
301 -130
401 140
501 150

Depth
(m)
60 160
701 470
801 180
90 190
1001 1100
[ 1
-75 -37.5 0 37.5 s

Cumulative Deflection
Direction B

KX03904 W. Quesnel Stability Study, Inclinometer SI-3 Corr.

Abbott Drive near Bettcher
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AMEC Earth and Environmental - Pr. George

Position {mm) Position (mm)
-5000 -2500 o -
0 2500 5000 LEGEND 5000 - 2500 0 2500 5000
0 T T 0 0 T T 0
B——8 3 Nov2000 '
G——3 24 Nov2000
= 6 Dec2000
200 120 ——t 5 Mar2001 20 120
2 Apr2001
&——a 28 Apr2001
401 440 b p— ] 14 Jun2001 A0F 440
60 160 60 160
Depth Depth
(m) (m)

80 180 80 180
100 1100 1001 1100
1201 1120 . 1201 1120
1401 1140 Ref. Elevation 1 1401 1140

Corrected for Spiral
| 1 | |
-5000 -2500 0 2500 5000 -5000 -2500 0] 2500 5000
Absolute Position Absolute Position

Direction A Direction B

KX03904 W.Quesnel Stability Study, Inclinometer S1-4 Corr.
Voyageur School



Deflection (mm)

AMEC Earth and Environmental - Pr. George

Deflection (mm)

-25 -125 0 12.5 25 -25 -12.5 0 12.5 25
0 : & : o LEGEND 0 : : o
Initial 3 Nov2000
& fl 24 Nov2000
" 6 Dec2000
20 120 5 Mar2001 20 120
2 Apr2001
a—a 28 Apr2001
40F 440 *—X 14 Jun2001 40 440
60 160 60 460
Depth Depth
(m) (m)

801 180 80 180
100 100 100 4100
120F 1120 120 4120
1401 1140 Ref. Elevation 1 140 1140

Corrected for Spiral
1 1 I 1
-25 -12.5 0 125 25 -25 -125 0 12.5 25

Incremental Deflection

Direction A

Incremental Deflection

Direction B

KX03904 W.Quesnel Stability Study, Inclinometer Si-4 Corr.

Voyageur School



AMEC Earth and Environmental - Pr. George

Deflection (mm)

-75 -37.5 0 37.5 75
0 T R g 0

201 20

40 40

60 60

Depth
(m)

8o 80
100 100
120 120
1401 1140

1 J 1
=75 -37.5 0 37.5 75

Cumulative Deflection

Direction A

Deflection (mm)

-75 2
LEGEND " 3|7-5 S i 37|-5 4]
Initial 3 Nov2000
o—4a 24 Nov2000
T 6 Dec2000
+——+ 5 Mar2001 i 120
2 Apr2001
a———a 28 Apr2001
x—X 14 Jun2001 40F 140
d
60 160
Depth
(m)
801 180
1001 100
1201 1120
Ref. Elevation 1 1401 1140
Corrected for Spiral
1 i 1
-75 -37.5 0 375 7B

Cumulative Deflection
Direction B

KX03904 W.Quesnel Stability Study, Inclinometer S1-4 Corr.

Voyageur School
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AMEC Earth and Environmental - Pr. George

Paesition {(mm)
-2500 -1250
: 0 1250 2500 ) BT
0 8 T 0
? B—d
10 5 110 B—3
; P
3
20f ; Hl e
3
i
30 H L P
3
2
i ¥—X
40t 140
p—r>b
50 150
601 160
701 170
Depth
(m) gof- 180
90 190
1001 41100
110 1110
120 4120
130 41130
1401 1140
| a |
-2500 -1250 0 1250 2500

Absolute Position
Direction A

28 Oct2000
24 Nov2000
6 Dec2000
12 Jan2001
6 Mar2001

3 Apr2001

29 Apr2001
14 Jun2001

Ref. Elevation 1

Corrected for Spiral

Position (mm)

-2500 -1250 0 1250 2500

0 T %10

101 10

201 20

301 30

401 40

50 50

60 60

701 70

Depth

(m) got 80

90r 90
100 100
1101 110
1201 120
1301 130
140} : 140

L ;
-2500 -1250 0 1250 2500

Absolute Position

Direction B

KX03904 W. Quesnel Stability Study, Inclinometer SI-5 Corr.

Abbott Drive



AMEC Earth and Environmental - Pr. George

Deflection (mm)

-25 125 0 125 25
0 M : o LEGEND
‘{ Initial
10} : 110 B—4
4
20F g 120 +———+
30l € 130 , ;
4
401 : 140
p—>
50+ 150
601 160
701 q70
Depth
(m) gor 180
90t 190
1001 4100
110 § {1110
120 {120
130 1 1130
4
140F : 4140
| i |
25 -12.5 0 12,5 25

Incremental Deflection
Direction A

KX03904 W.

28 Oct2000
24 Nov2000
6 Dec2000
12 Jan2001
6 Mar2001

3 Apr2001

29 Apr2001
14 Jun2001

Ref. Elevation 1

Corrected for Spiral

Deflection (mm)

-25 -12.5 0 125 25
0 T ﬁﬁ?—ﬁ—_“* 0
10 110
201 120
301 130
401 140
501 150
60 160
701 170
Depth
(m) gof 180
aor 190
1001 1100
110 1110
1201 1120
1301 1130
1401 1140
I ¢ 1
-25 -125 0 125 25

Incremental Deflection
Direction B

Quesnel Stability Study, Inclinometer SI-5 Corr.
Abbott Drive



AMEC Earth and Environmental - Pr. George

Deflection (mm) Deflection (mm)
-75 375 0 : E -37.
375 B g emes 75 37.5 0 37.5 75
0 : 0 0 T S T 0
Initial 28 Oct2000
10 {10 B8 24 Nov2000 10F 3 110
g
$—= 6 Dec2000
20 120 +———+ 12 Jan2001 20} 120
6 Mar2001
30 30 a—u  3Apr2001 301 130
¥——X 29 Apr2001
40 40 401 440
P—> 14 Jun2001
50 50 501 450
60 60 60 160
70 70 701 170
Depth Depth
(m) 80 80 (m) got 480
90 90 901 490
100 100 100} '»;_ 4100
110 110 110f i 1110
120 120 1201 1120
i
i 4
130 £ 130 130f 1130
& Ref. Elevation 1
&
140 i 1140 Corrected for Spiral 140} ; 1140
1 f 1 1 ‘i ]
75 -37.5 0 37.5 75 -75 -375 0 375 75
Cumulative Deflection Cumulative Deflection
Direction A Direction B

KX03904 W. Quesnel Stability Study, Inclinometer SI-5 Corr.
Abbott Drive
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AMEC Earth and Environmental - Pr. George

Paosition (mm) Position {(mm)
-25000 -12500 0 0 - -
- 12500 2500 LEGEND 25000 1250 0 12500 25000
T T 0 0 T3 T 0
: B—=_ 22 Nov2000
B—1_a  6Dec2000
—< 11 Jan2001
20 1 - .
24—+ 5Mar2001 <0 A
2 Apr2001
a—aA 28 Apr2001
40 440 —X 13 Jun2001 40t - 40
60 160 60 -160
Depth Depth
(m) (m)

80 1180 80| 180
100 1100 100 1100
120 1120 1201 1120
140 1140 Ref. Elevation 0 1401 1140

Corrected for Spiral
| 2 1 | . il
-25000 -12500 0 12500 25000 -25000 -12500 0 12500 25000
Absolute Position Absolute Position
Direction A Direction B

KX03904 W.Quesnel Stability Study, Inclinometer SI-6 Corr.
End of Dixon Street



AMEC Earth and Environmental - Pr. George

Deflection {mm) Deflection (mm)
25 -125 0 12.5 25 -25 -12.5 0 12.5 25
0 ; . o LEGEND 0 : : 0
Initial 22 Nov2000
G—H 6 Dec2000
¥ 11 Jan2001
201 4120 - .
t+———+  5Mar2001 28 20
2 Apr2001
&——a 28 Apr2001
a0k a0 ¥—X 13 Jun2001 40t 140
60 160 60[ 460
Depth Depth
(m) (m)

80 180 8or 180
100+ 1100 1001 4100
120 - 1120 120} 4120
1401 1140 Ref. Elevation 0 1401 1140

Corrected for Spiral
| o 1 ] 1
-25 -125 0 12,5 25 -25 -12.5 0 125 25
Incremental Deflection Incremental Deflection
Direction A Direction B

KX03904 W.Quesnel Stability Study, Inclinometer SI-6 Corr.
End of Dixon Street



AMEC Earth and Environmental - Pr. George

Deflection {mm)

-75 -37.5 0 375 75
0 T A i 0

20 20

40 40

60 60

Depth
(m)

80 80
100 100
1201 120
140 140

L
-75 -37.5 0 375 75

Cumulative Deflection
Direction A

LEGEND
Initial 22 Nov2000
E—2 6 Dec2000
$—% 11 Jan2001
t—F 5 Mar2001
2 Apr2001
&———a 28 Apr2001
XX 13 Jun2001

Ref. Elevation 0

Corrected for Spiral

Depth

(m)

-75

Deflection (mm)
-37.5 0 375

80r

100

1201

140t

1100

1120

1140

-37.5 0 375

Cumulative Deflection
Direction B

KX03204 W.Quesnel Stability Study, Inclinometer S1-6 Corr.

End of Dixon Street

75



}924}S UOXIQ JO pu3

‘110D 9IS Jeydwouou] ‘Apnig AllligelS [BUSBND M Y0BE0XH

LoozInc | Loozune 1 LooZAeW | 1002/ | L00Z/RI 1002984 | LooZuer § 0002290 }
T T 1 T 1 T T T
Ob-F . -04-
0} 0
ou}- Hoi
0C - -02
(ww)
dsig
oet Joe
ov | Hor
[eads 1o} pajossIed
weze'ls 44—+
05 |- Hos
WEILEE e
WEESHEEE B—
09 - ‘ . 409
0Lr- uonoaIg v 8y} Ui 818 umoys sjuswade|dsig 04
1 1 1 1 1 | 1 1
Lo0ZINr | L00zZunr | LOOZAEW 1 100244V | LOOZ/EN | 1002994 | Lo0zuer | 000299Q |

ab1099 "id - [e}usWIUOIIAUT puB yuel] DIV



J9a.)S uoXiq J0 pu3

1100 g-|S Jejewoulou] ‘Apnig Ajijigels [ausenD’' M FOBE0XA

Looeinr L Loogunr 1 LoozABN | LooZIdY 1 L00Z/EN | +002924 | booguer | 000292Q L

T I T T 1 1 T T

oL . o

oL+
oz
()
dsig
ock
or | Ho¥

[ends Jo} pajoaled

WweZstd  —t
oSk -08
WEZN'LE o

Weese'se m——=

09} o9

0L~ uooalI] g 8U) Ul JB UMOYS sjuswaoe|dsig +04
1 1 1 1 1 L i A

100ZIN 1 Loozunr | J00ZABIN | L00zZidY | LOOZIEN | 1002994 | LoozZuer | 000z99Q |

561099 'Id - |[BlUsWUOIIAUT pue yued OJNY






AMEC Earth and Environmental - Pr. George

Position (mm}
-25000 -12500 0 12500 25000
0 T i 0
101 110
201 120
301 130
401 140
50 150
60 160
Depth
™) 70 170
80 180
901 190
100 1100
110 1110
120
L !
-25000 -12500 0 12500 25000

Absolute Position
Di rection A.

LEGEND
&—=a
[t

—

22 Nov2000
7 Dec2000
12 Jan2001
6 Mar2001

3 Apr2001

29 Apr2001
13 Jun2001

Ref. Elevation 0

1120 Corrected for Spiral

Position {mm)
-25000 -12500 0 12500 25000
0 T 0

101 110

20 120

301 130

401 140

501 150

60 160

Depth

™ 70 170

801 180

80 190
100 1100-
1101 1110
1201 1120

| |
-25000  -12500 0 12500 25000

Absolute Position
Direction B

KX03904 W. Quesne! Stability Study, Inclinometer SI-7 Corr.

Pierce Crescent & Lewis Drive



AMEC Earth and Environmental - Pr. George

Deflection {mm)

-25 -12.5 0 125 25
0 T 5 0
10T 110
201 120
301 130
40+ Data has been d40
corrected for
50" rotation error 150
601 160
Depth
™ 701 170
80 180
90r <190
1001 1100
1101 4110
1201
L 1
-25 -125 0 12.5 25

Incremental Deflection
Direction A

KX03904 W. Quesnel Stability Study, Inclinometer SI-7 Corr.

Pierce Crescent & Lewis Drive

LEGEND
Initial
G0

i

—t

22 Nov2000
7 Dec2000

12 Jan2001~
6 Mar2001*
3 Apr2001*
29 Apr2001*
6 Dec2001*

Ref. Elevation 0

1120 Corrected for Spiral

Deflection {mm)

-25 -12,5 0 125 25
0 T T 0
10f 110
201 120
301 130
401 Data has been H40
corrected for
501 rotation error 150
60 -160
Depth
(™) 7o} 470
801 180
90 190
100 -1100
110 1110
120 1120
1 1
-25 -12.5 0 12.5 25

Incremental Deflection

Direction B

Sets marked * include zero shift and/or rotation correclions.



AMEC Earth and Environmental - Pr. George

Deflection (mm) Deflection (mm)
=75 =375 -75 -37.5 0 375 75
0 T 0 LEGEND 0 T S — 0
Initial 22 Nov2000
f—fl
10F 10 T PRERe00 10F 110
v 12 Jan2001*
+——+ 6 Mar2001*
201 20 20 120
3 Apr2001*
a——a 29 Apr2001*
301 30 301 130
X—X 6 Dec2001*
a0k Data has been 40 40t Data has been 440
corrected for corrected for
501" rotation error 50 501 rotation error 150
60 60 601 160
Depth Depth
™) 70} 70 (™) 70 470
80 80 801 180
a0 S0 S0 190
100 100 100 1100
1o 110 1101 1110
Ref. Elevation 0
120 120 Corrected for Spiral 120 1120
| g 1 3 ]
-75 -37.5 0 375 75 -75 -37.5 0 37.5 75
Cumulative Deflection Cumulative Deflection
Direction A Direction B

KX03904 W. Quesnel Stability Study, Inclinometer SI-7 Corr.
Pierce Crescent & Lewis Drive

Sets marked * include zero shift and/or rotation corrections.
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