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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.
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2.0 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.

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

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

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.

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.

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.

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

Table 1: Airphotos Reviewed

Airphoto Year Scale Colour

30BCC97136 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

KX03904 Page 1
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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 visit to west Quesnel to review general site conditions and
determine potential slope inclinometer (SI) 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 SI-4 and SI-7. The Sl installation data is summarized in
Table 2 below.

This water well rig is not a conventional rig for a geotechnical drilling, since only disturbed
sampling of materials returned in the air stream is possible. However, the water well rig was not
chosen primarily for sampling, but to allow reliable and economic installation of the slope
inclinometers.

Table 2: Sl Installation Data

Sl SI-1 SI-2 SI-3 Sl-4 SI-5 SI-6 SI-7
Street Avery Lane Avery Lane Abbott Drive Voyager Abbott Drive Dixon Street Pierce
School Crescent
Date of 25 Oct., 23 Oct., 27 Oct., 13 Oct,, 5 Oct.. 2000 16 Oct., 19 Oct,,
Completion 2000 2000 2000 2000 N 2000 2000
A, Bearing (°) o o o o o o o
(True North) 120 120 120 110 110 105 100
Depth of 143 f
Installation * eet 245 feet 336 feet 520 feet 475 feet 507 feet 412 feet
43.6m 74.6 m 102.4 m 158 m 1448 m 154.5m 1256 m
(feet/m)
Sl 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 503.43 m 537.581m 517.666 m 557.723 m 542.217 m
(m A.S.L)*
Elevation of
ground surface 479.547 m 485.062 m 502.61 m 536.855 m 516.887 m 556.883 m 541.557 m
(m A.S.L)*
Northing** 5869298.105 | 5869342.656 | 5869598.068 | 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 Table 2) to avoid having the Sl probe touch the bottom of the
hole. The depth is measured from the top of the casing.
**World Geodetic System 94 datum

A slope inclinometer consists of a plastic casing that will deform in response to ground
deformation caused by slope movements or settlement. Photo 4 shows Sl casing being
installed into SI-7. Photo 5 shows the grout pump and grouting supplies used to fill the annulus
between the casing and the borehole wall.
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2.4 S| Monitoring

An initial reading of the profile of the installed Sl casing was taken with an Sl probe following the
installation of the SI casing once the grout had set (approximately 10 to 20 days after
completion of installation). Subsequent readings are compared to the initial reading to
determine if any ground deformation has occurred. Two directions monitored in the casing.
The A direction was oriented parallel to the approximate direction of expected movement, in this
case downslope toward the Fraser River. The B direction is across slope, perpendicular to the
A direction.

The casing is read from the bottom at intervals of 2 ft, using a probe that ride in the grooves of
the casing. At each depth increment, the inclination of the casing in the A. and B directions is
measured. At each depth increment, the change 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 profile of the change in inclination of the casing can be
calculated. Where a discrete slide surface cuts across the casing, movement of the slide
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 SI-3 Sl-4 SI-5 SI-6 SI-7

. ) Voyager . . Pierce
Location Avery Lane Avery Lane Abbott Drive School Abbott Drive Dixon Street Crescent

Depth S| Read 142 ft 244 ft 334 ft 504 ft 474 ft 502 ft 410 ft

to (feet/m) 43 m 74 m 102 m 154 m 144 m 153 m 125 m

Spiral Reading | 11 Jun. 2001 | 11 Jun. 2001 | 12 Jun. 2001 | 11 Jun.2001 | 12 Jun.2001 | 11 Jun. 2001 | 12 Jun. 2001

Initial Reading | ) oy 2000 | 21 Nov. 2000 | 21 Nov. 2000 | 3 Nov.2000 | 28 Oct. 2000 | 22 Nov. 2000 | 22 Nov. 2000

Date
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 6 Dec. 2000 | 11 Jan. 2001 | 12 Jan. 2001
Reading 3 5 Mar. 2001 5 Mar. 2001 6 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
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2.5 Public Meetings
AMEC has made presentations at two public meetings for the City of Quesnel detailed below:

21 September, 2000: AMEC provided a presentation to the residents of West Quesnel detailing
the proposed scope of work of the West Quesnel Land Stability Study.

18 May, 2001: AMEC provided a presentation to the residents of West Quesnel detailing the
preliminary results of the Stage 1 assessment.

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.

KX03904 Page 4
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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.

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 Sl 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 SI-2 SI-3 Sl-4 SI-5 SI-6 SI-7

Clockwise spiral at

. 9.9° 16.7° 24.1° 30.0° 29.6° 39.7° 17.8°
bottom of casing
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4.2.2 Calculated S| Data

The results of the Sl 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. Incremental 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. Paositive movements on the
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 SlI 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.
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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 Sl 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 SI-1 are characteristic of settlement
above 28 m depth. The deflections at 40 m depth were small on the incremental plot.

4231 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
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
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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.

4232 Sl1-4

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.

4.23.3 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.

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.

3. 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.
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4234 S1-6

1. Absolute position: Relative to the top of the casing, the bottom of casing SI-6 was
approximately 20 000 mm downbhill (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.

2. Cumulative deflection: There was a slip surface at approximately 28 m depth in SI-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.

4235 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
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.
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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 SI Displacements 18 June, 2001

Zone/Depth of Slip

Sl Location .
displacement Surfaces

Interpretations

= 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

Avery approximately to the elevation of the shallower movement in SI-2.

SI-1 Lane 12t022m 42 m Given the depth of the slip surface in SI-2, the base of SI-1 could
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 .
SI-2 L Above 60 m be towards the Fraser River.

ane m
= The movement zones were within Tertiary silt and clay.

= 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 Above 39 m 39m be towards the Fraser River.
Bettcher )
= 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 appeared to be towards the
Sl-4 Above 51 m 51m )
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 hole.

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

= The slip surface was within Tertiary sediments.
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Table 5: Interpretation of Sl Displacements 18 June, 2001

Zone/Depth of Slip

Sl Location . Interpretations
displacement Surfaces
= 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 the upper slip surface at 28 m depth appeared to
SI-7 Pierce Above 68 m . .
Street 68 m be toward the Fraser River (east) with a small component towards
ree
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 SI-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.
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 SI and GPS displacements are plotted as vectors. The S| 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
SI’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.
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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”
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 SI'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
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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:

1. Selection of borehole locations.

2. Drilling of boreholes to collect detailed soil samples.

3. Installation of piezomenters to monitor pore water pressures.

4. Logging the drill holes.

5. Detailed laboratory testing of collected core samples.

6. Continued monitoring of existing Sl installations

7. Monitoring pore water pressures through at least 1 spring season

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 repsrl has been prepared for the exclusive use of the City of Quesnel and ther
representatives for specific application to the area within this report. Any use which a third party
makes of this report, or any refiance on or decisions made based on It, are the responsibility of
such third partles, AMEG accepls 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 engineering
orinciples and practice. No other warranty, expressed or implied, is made.

8.0 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:

Drum Cavers, M.Eng., P.Eng,, P.Geo.
Principal Engineer
Mambear, Technical Council

DREm
2004xage slalus
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Photo 1: Looking northwest at study area from end of Veneer Road (off of the Plywood Hill Road) in south Quesnel.
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Photo 2: Drilling SI-4 at Voyager School
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Photo 3: Drilling SI-7 at corner of Lewis Drive and Pierce Cresent
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Photo 4: Installing Sl Pipe in SI-7 at Lewis Drive and Pierce Crescent
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Photo 5: Grout Mixer and supplies taken at SI-7 located at Lewis Drive and Pierce Crescent
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Photo 6: Example of S| probe and datamate reader
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Photo 8: Splral Probe and 505 foot SI cable ready to be Iowered down Sl-3 on Abbott Drive
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CTTET7TT VE T (i



CUENT: CITY OF QUESNEL PROJECT: W.OUESNEL LAND STABILITY STUDY BOREHOLE NO: BH-2
QUESNEL, B, DRILUNG CONTRACTOR: CARIBO0 WATER WELLS PROJECT NO; KX03304 |
DRILLING TYPE: WATER WELL R DRILUNG METHOD: AIR ROTARY ELEVATION: 485862 m i
SaPLE TYPE  [lvee NO RECOVERY  DXISPUT SPOON o8 preven  [JooRe Rerume

SOIL
DESCRIPTION

SAND (medium to fine grained), trace sill,
loose to compact, brown, damp to dry

E | ASPT W (BLOWS/300 mm) A
= 0 40 5

ADDITIONAL £
INFORMATION

o s uc (LD
=

SOIL SYMBOL

SAWPLE TYFE
SAMPLE MO
SPT(N)

e T L R

SILT and SAND, trace gravel, trace
cobbles, very stiff to hord, brown, moist
(Till or Colluvium)

[

| GRAVEL (subrounded to subangular), some
I! silt to silty, some sond, troce clay,

Il brown, wel, NOTE: silt and sond are

| loyered :

%1 (Possible Australion Creek Formotion)
SILT, clayey, some sand, troce lo some
qravel, low to medium plostic, blue to
brown, wel

1

i s

Ul

SILT, gravelly to some grovel, some cloy,
trace sond, low lo medium plostic, blue 1o
brown, wet

SILT, clayey, some sand, troce lo some

qrovel, low lo medium plostic, blue 1o
brown, wel

vl CRAVEL ond SAND (coorse groined), frace [ g
ilt, irace cloy, brown, wel s
SILT, cloyey, troce to some sand, troce
gravel, low plastic, blue to brown, wel

Il
L=

'"S![ 1, cloyey, troce grovel, trace sand
(fine groined), medium to high plastic,
blue to brown, wel, Bsoloted ‘sond or
grovel seams or gravelly zones

I
i

e || :
. e LOGGED BY: DLD COMPLETION DEPTH: 74.7 m
MEC Earth & Environmental Limited/vewD er: v COMPLETE: 10/2¢/00

Page | of 2
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CLIENT: CITY OF QUESNEL

PROJECT: W.QUESNEL LAND STABILITY STUDY

BOREHOLE NO: BH-2

QUESHEL, B.C. DRILUNG CONTRACTOR: CARIBOO WATER WELLS PROJECT NO: KXD3804

DRILLING TYPE: WATER WELL RIG DRILUING METHOD: AIR ROTARY ELEVATION: 485.862 m

sapLE TP [l NO RECOVERY  DXJSPUT SPOON  F=GRaB nuo RETURN [ ooRe Rerv
- g = &
o il Sl | SOIL t,z = aoomonaL |
2 [Nl e e DESCRIPTION L e—

' 20 4 & & i
S 1) S R SR T S L
=

End of Borehole at 74.7 m

Sl casing instolled to 746 m

5| Ao groove oriented of Az = 120 degrees
No waler abserved in hole after 50 hours
Estimated well production 0 gpm

MEC

Earth & Environmental Limited

LOCGED BY: DLD

[COMPLETION DEPTH: 74.7 m

REVIEWED BY: NCP

|COMPLETE: 10/24/00
| Page 7 of 2




CUENT: CITY OF QUESNEL

PROJECT: W.QUESNEL LAND STABILTY STUDY

BOREHOLE NO: BH-J

QUESNEL, B.C.

DRILLING CONTRACTOR: CARIBOO WATER WELLS

PROJECT NO: KXD3004

DRILLING TYPE: WATER WELL RiG DRILLING METHOD: AIR ROTARY

ELEVATION: 50343 m

saple e [l

[/Tho recoverr [Jseut spoon Eﬂmﬂ [ﬂ]uuu RETURN mm RETURN

=

xsg-wqgnumém e a E SOIL
-
b

DESCRIPTION

SAMPLE TYPE
SAMPLE NO

ADDITIONAL
INFORMATION

SPT(N)
Depth(7t)

)

{ SAND, sty to some silt, trace to some
i‘ gravel (il or colluvium), structureless
i! In preces recovered, brown, wet

i
ki) |
fieh-
IL*;! Saturated zone encounlersd batwesn 4.6 1o
Jaf815.1 m. This z0ne may be sandier than

{fR] the soil cbove and below

i3
ki

1"[ SAND, some silt to silly, trace to some
_ Ili‘i! gravel, irace clay, bedded with some — 2
h Il..i! cloyey silt and gravel layers, brown,

B H| Rock fragments recovered appearad lo be

quortz, chert, limestone, bosalt and
coarse-grained igneous rocks,
(Passitle Australion Creek Formation)

i
i

0

i

- Jad
" [ffa] Seil colour is blue. Once recovered,
= 13dH samples appeared to oxidize to brown,

TR GRAVEL (anquler), sandy, some sil, trace
- JErcloy, bedded, blue matrix which cridized J

L

lﬁih o brown.
itii SILT, seme clay, trace to some

0 sond, trace grovel (mainly fine

4

MEC Earth &

LOGGED BY: DLD

COMPLETION DEPTH: 109.8 m

Environmental LimitedEvevo v ne

COMPLETE: 10,/27,/00

Page 1 of 3|




CLENT: CITY OF QUESHEL

PROJECT: W.QUESNEL LAND STABIUTY STUDY

BOREHOLE NO: BH-J

QUESNEL, B.C.

DRILUNG CCNTRACTOR: CARIBOO WATER WELLS

PROJECT NO: KXD3904

DRILLING TYPE: WATER WELL RIG

DRILLING METHOD: AR ROTARY

ELEVATION: 503.43 m

Sawple TrPE e

|0 recovir Dseut spoon Horae

-E A S;g' i1 iﬂamsg@m rrgaljl a

SOIL

C%: F'L.IE‘I: M. uﬂ.um

0 40 & 8

SOL SYMBOL

DESCRIPTION

£ IYPE

SAWPL

ADDITIONAL
INFORMATION

e s o
SR ;

=

angulor igneous fragments), very hard as
noted by driller, low to medium plastic,
bedded, biue la brown

(axidizes os above)

SILT, sandy, some fo trace grovel, lrace
clay, low to non ploslic, bedded, blue o
brown

SILT, somne sand [fine—grained), some
gravel (rounded and anguler fragments),
some silt, trace ¢lay, hard, low Lo non
plastic, badded, blue fo brown (pxidized
as chove)

gp—
1

T3¢ CRAVEL ond SAND (fine—grainad or
coarse-groined), some sill to silty,
bedded, blue to steal grey which oxidized
to brown

(LT

AMEC Earth é& En

LOGGED BY: DLD

COMPLETION DEPTH: 109.8 m

vironmental Limited[FEerers: e

COMPLETE: 10/27,/00

Page 2 of 3




CLIENT: CITY OF QUESNEL

PROJECT: W.QUESNEL LAND STABILITY STUDY

BOREHOLE NO: BH-J

QUESNEL, B.C.

DRILUNG CONTRACTOR: CARIBOO WATER WELLS

PROJECT NO: KX03504

DRILLING TYPE: WATER WELL RIG

DRILLNG METHOD: AIR ROTARY

FLEVATION: 50343 m

SaWPLE TIPE  Iuee

w0 REcovirr  PXJseur sroon  Horas

FLASTIC M.C. Liginh
| e |

A SPT "N 300 ma
g7 ow/sm ol |

S0IL SYMBOL

&  [Deptim)

===}

W% @ 8

—

5o
£

e

r'|'1 l'lil]-lll

MUD RETURN | ] JCORE RETURN

SOIL
DESCRIPTION

SAWPLE TYPE

SAMPLE NO

SPT(N)

ADDITIONAL £
INFORMATION | &

I

End of Borehole at 109.8 m

51 inslalled to 102.4 m

5l Ao groove oriented Az = 120 degrees
Estimated well production 0 GPM

No water in hole upon completion

R BT PR L e

”
g

LOGGED BY. DLD

[COMPLETON OCPTI: 1098 0

AMEC Earth & Environmental Limitedevevo ev. i

COMPLETE: 10/27/00

Page Jof 3




CUENT: CITY OF QUESNEL

PROJECT: W.QUESNEL LAND STABILITY STUDY

BOREHOLE MO: BH-4

QUESHEL, B.C.

DRILLING CONTRACTOR: CARIBOO WATER WELLS

PROJECT NO: KX03904

DRILLING TYPE: WATER WELL RIG

DRILLING METHOD: AIR ROTARY

ELEVATION: 537.581 m

SAMPLE TYPE  [fres [va recovire— [Jseur sPoo Eoeng (Iuuo v [ JcoRe Retumn

=l Ll
A SPT W (OLOWS/300 ) s | & = =3 =
A il | SOIL o =| aomova. |2
el |- DESCRIPTION 32| 7| INFoRMATION | &
0 @ e @ | | | _
T e A R AT R Possible FILL, SILT, some sand
(fine—qgrained), troce rootlets forganics, =8
soft, non to low plastic, ocasional thin
sand loyers, brown, moist to wet
= 12
SILT and SAND (fine-grained), trace gravel = 5
(mainly anqulor fragments), compoct, =
non plostic, structureless, brown, =N
damp lo wet +4
SILT, some sond to sandy (mainly =5
fine—groined), trace to some clay, m
trace gravel, non fo low plastic,
structureless, brown, meist to wet
(Possible Ll or ¢olluvium)
=K
——
..... g 7
— 7o
=
| M GRAVEL, sandy (mainty coarse—grained, B=E
<| trace fine-groined), trace silt (less than
W 37 estimated) £
Y =g
@ | SAND (mainly coarse—grained, some e
a, fine—groined), grovelly, troce =il
28 bedded with some gravel layers, brown s
: .L“' (Possitle Australian Cresk Formation) f
IL.;I SAND (coarse and fine—qrained), some
AR grovel, some silt, bedded, brown 1450
—! 12 1500
155.0
1600
LOGED BY: DLD COMPLETION DEPTH: 158.5 m
REVEWED BY: NCP COMPLETE: 10/13/00
Poge 1 of 4




CUENT: CITY OF QUESNEL PROJECT: W.QUESNEL LAND STABILITY STUDY BOREHOLE NO: BH—4
QUESNEL, B.C. DRILLING CONTRACTOR: CARIEO0 WATER WELLS | PROJECT NO: KX03904
DRILLING TYPE: WATER WELL RIG DRILLING METHOD: AIR ROTARY ELEVATION: 537,581 m
SaMPLE TYPE e [wo recovery— DXJsPUT SPoon o Mo reven  [[Jooee reven |
= SFT "N | 300 mm) 2 £lg _-
E & mm) A (5] —
g A B2 = SOIL e Z ADDITIONAL
i B g DESCRIPTION § Z“|  INFORMATION
20 40 60 80

SAND (mainly fine-grained) and SILT, trace
clay, trace gravel, bedded, brown

I

HHETE

15

IELEOTTEAT

16

[LLETEEEET TR

17

LI

LOGGED BY: DLD COMPLETION DEPTH: 158.5 m

'\{E(, Earth & Environmental L1m1tedlmﬂrcn BY- NeP COPLIE 0/ ﬁ_
gge 2ol 4




CLENT: CITY OF QUESNEL

PROJECT: W.QUESNEL LAND STABILITY STUDY

BOREHOLE NO: BH-4

QUESNEL, B.C.

DRILUNG CONTRACTOR: CARIBOO WATER WELLS

PROJECT NO: KX03904

DRILLING TYPE: WATER WELL RiG

DRILLING METHOD: AIR ROTARY

ELEVATION: 537.581 m

SAMPLE TYPE  [ffruec v recoverr — DsPur spoon Eomie Mo rern [ Joore Rerun |
ad
E | % sz mma 5 SOIL % =4 =
‘%’ — 0w N & 4= ol g. ADDITIONAL =
PLASTC . S =
- il A DESCRIPTION = 3|7 | WNFORMATION | &
= 3300
=315.0
- 3400
M50
Y00
1850
|2 il SAND (coarse to fine—grained), silly, some i
- l]' gravel, troce to some clay, bedded, brown = R o3
' il = 0.0
3750
=330,
= 385.0
= 3800
= 1850
4000
=405.0
- 4100
net — 20
i i!i Layered sillstone (mudstone), sondstone “hbid
A4 B conglomerote ond coarse ongular sond ond 21 4200
ng
: EEE’ fine grovel layers, light brown to reddish = 4080
- "I::n:-wn b
4 iljil cased to 128 m due to gravel loyer = 4300
ikl AND {IEM to ﬂl}urse~gruined}, some sili, 4350
Iltil oma 1o troce qrovel, bedded, brown
IEE’i Layered sillstone, sondstone and = g
L8¢§ conglomerate, light grey to brown/black. = 23 450
hhi There may be some non-lithofied = o
Iktil coarse-grained sand/gravel layers B S
o Itl 4550
g |
4 %00
£65.0,
4700,
24 4150
|
T e 3 ﬂ 400,
Eagol-+ 4850
e 1l e ol — 25 =000
|LOGGED BY: DLD COMPLETION DEPTH: 158.5 m
AMEC Earth & Env “[COMPLETE: 10/73/00

ironmental Limitedlm‘ﬁ:_a\-: NGP

Page 3 of 4
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CUENT: CITY OF QUESNEL

PROJECT: W.QUESNEL LAND STABILITY STUOY

BOREHOLE M0: BH-4

End of Borshole ot 158.5 m
5l instolled to 158 m

SI Ao groove oriented ot Az = 110 degrees
Stotic woter level ot 97.6 m 18 hrs

after complelion of borehole

Estimated well production 2 to 3 GPM

QUESNEL, B.C. ¥ DRILUNG CONTRACTOR: CARIBOO WATER WELLS | PROJECT NO: KX0300¢ e
DRILLING TYPE: WATER WELL RIG DRLUNG METHOD: AIR ROTARY ELEVATION: 537.581 m il
SavPLE TYPE (e [wo recovery  [<Jseur seoon omee [[[Jowo rensn [ Jooee Revue il
oo Rl = dio i
E| g 2 SOIL ;; Z| aoDmoNAL | £
o - - pes
Tl sl B i DESCRIPTION S13| 5| INFORMATION | &
Lo
&

AMEC

Earth & Environmental Limited/rvem s e

LOGGED BY. DLD

COMPLETION DEPTH: 158.5 m

COMPLETE: 10/13/00

Pana 4 of 4 |

el v




CLIENT: CITY OF QUESNEL PROJECT: W.OUESNEL LAND STABILITY STUDY BOREHOLE NO: BH—5
QUESHEL, B.C. DRILLING CONTRACTOR: CARIBOO WATER WELLS PROJECT WO: KXD3304
DRILLING TYPE: WATER WELL RIG DRILLING METHOD: AR ROTARY ELEVATION: 517.723 m
SAPLE TYPE e [worecovirr Dlseurseon s MUD RETURN [ ] JCORE RETURN
i = 2 o
£ | A SPT W (BLOWS/300 mm)a | 2B 2| =
(o ol SOIL ; 5|Z| soomona. | E
o ap | 5 T B
3 L DESCRIPTION 3|Z(¥|  INFORMATION | &
ol % e e ow it
BN Possible FILL, SAND, some gravel, trace s
T wsilt, compoct to loose, brown, domp 1 54
10 SAND and SILT, some to trace clay, trace 100
qravel (till or collovium), low plastic, '
{prown, domp to moist 150
SAND, some sill, no rock fragments or 09
grovel observed, brown, wet
250
; 300
SAND and SILT, some to troce dlay, frace i i
ravel, low plostic, brown, domp to wet 400
?pussil:de till or colluvium) 50
= 500
550
€00
€50
00
= 750
ang
= 850
800
350
_TI;H!I{!
= 1060
100
TSI, some clay, trace sond, troce .
grovel, bedded with some sandy and 1200
grovelly layers, medium to 1250l
low plastic, hard/portially fithified, |
stesl grey fo green b |
(Possitds Australian Creek Formation) = 1350
'm.ns
1450,
. — F1500!
=1550
j— LI T TS I o - ‘mtl
' ' : —[LOGGED BY. DD COMPLETION DEFTH: 152.4 m
AMEC Earth & Environmental Limitedjrves er e COWLETE T0/05/00
Page 1 4
TTFTT I VR R



CUENT: CITY OF QUESNEL

PROJECT: W.QUESKNEL LAND STABILITY STUDY

BOREHOLE NO: BH-5

QUESNEL, B.C.

DRILLING CONTRACTOR: CARIBO0 WATER WELLS

PROJECT NO: KX03904

DRILLING TYPE: WATER WELL RIG

DRILLING METHOD: AIR ROTARY i’

SaMPLE TVPE v

ELEVATION: 517.723 m

orecowrr  [sursooN B8 [[[worouRn [ JJooRe ReruRn

= T T

- ] =

E | ASPTN" (BLOWS/300 mm) & & = ) ereng
O il ll SOIL Calz|  soomova | E
: : DESCRIPTION 2317 womwmon | £
= 1950

|

1.5 m thick white soil layer, no changes
in composition

1.5 m thick light grey scil loyer, no =1 §
change in composition
= 5
SILT, some clay, some sand, some
gravel, low plastic, bedded, brown to blue -
7

SILT, some sand, some cloy, lroce
gravel, bedded with sondy and grovelly
elilayers, low lo non plastic, hord/partilly
ithified, sleel, sleel grey lo green
SAND (medium to coarse with less

S fire—groined), troce sit, trace to some
t gravel (fine-grained), very =
.5 dense/partially lithified, brown to bive

A
1

EEMEC Earth & En

LOGGED BY: DLD

COMPLETION DEPTIE 1524 m

vironmental Limitedmevo ev:we

COMPLETE: 10/05/00

Page 2 of 4




CLIENT: CITY OF QUESNEL

PROJECT: W.QUESNEL LAND STABILITY STUDY

BOREHOLE NO: BH-5

QUESNEL, B.C.

DRILUNG CONTRACTOR: CARIBOO WATER WELLS

DRILLING TYPE: WATER WELL RIG

PROJECT NO: KX03904

DRILUNG METHOD: AIR ROTARY

ELEVATION: 517.723 m

R

g%

15,5 Hole was left open for 15 hours, no static
{@ @ water cbserved when drilling recommenced

sanPLE TYPE  [lfruee [Aworecoverr  [saurseoon joene [0 wcrven [ JcoRe Rerumn
E | AT N (BLOWS/300 mm) E al o o
o o el = SOIL 7 g Z|  ADDITIONAL S
X [REE am  Gwg DESCRIPTION 513|”| INFORMATION | &
20 . 40 i B
i S ok — 10 3300
_:ljﬁﬂ

1

LT

12
13
‘8| Possible woter toble encountered, some —
a ‘| woter flowing into hole 14
15
16
@l Woler producing seom encountered,
17

al estimaled production 5 GPM

I

Wash Sieve Anolysis:
16% Grovel

1% Sond

12% Silt or Clay

MEC E

arth & Environmental Limitedrevewm er: e

LOGGED BY: DLD

COMPLETION DEPTH: 152.4 m |

COMPLETE: 10/05,/00

Page 3 of 4




CLIENT: CITY OF QUESNEL PROJECT: W.QUESNEL LAND STABILITY STUDY BOREHOLE NO: BH--5
QUESNEL, B.C. DRILLING CONTRACTOR: CARIBOO WATER WELLS PROJECT NO: KX03304
DRILLING TYPE: WATER WELL RIG : ORILUNG METHOD: AIR ROTARY ELEVATION: 517.723 m |
savPLE TYPE e [/Jho RECOVERY  DRSPUT SPOON 6B (Mo rean [ Jcore revure
T | awrw monsswmma |8 SOIL % 21 : =
G Ml vl - Slu|Z| aoomowa |
= o ol =
R DESCRIPTION 22| ”| INFORMATION | &
N 40 & E-'J =
Em];“."'i : E‘% = e
: End of borehole at 152.4 m
Sl casing installed to 144.8 m due lo
cuttings ot bose of hole
Sl Ao groove aligned ot Az = 110 degrees
Static water level not measured
Estimaled well production 5 GPM
Tremie pipe was only lowered to 73.2 m
during grouling due to on obstruction ol
this depth
|
) . |LOGGED BY: DID COMPLETION DEPTH: 152.4
kEnvironmental Limited|rvewo & e e e




CLENT: CITY OF QUESNEL PROJECT: W.OUESNEL LAND STARILITY STUDY BOREHOLE NO: BH—6

QUESNEL, B.C. DRILUNG CONTRACTOR: ﬂnﬁﬂlﬂ WATER WELL PROJECT WO: KXD3904

DRILLING TYPE: WATER WELL RIG DRILLING VETHOD: AR ROTARY ELEVATION: 557.725 m

SaWPLE TrPE e [worecoverr seurseoon  jorie o e (YJcoRe revvm &

=l Lt =
T | AT (Blows/300 o) s | B - =
8 W sl ll | SOIL E y|Z| aoomova | €
g uE. T &l = g
- o GR f DESCRIPTION 33| 7| INFORMATION | &
2 4 60 e i

=2 e A3} SILT and SAND, trace gravel, trace clay, = p

=g J#4H very stiff, low plastic, moist of wet

= (4 (Possible till

E 40 or ¢olluvium)

=

E- 50

=70

80

Eﬂ"}

100

=110

INE

e L
=

SILT, some sand, trace to seme clay, trace
grovel, low o non plastic, steel grey to
blue (Possible Australion Creek Formation)

Pl

R clayey, troce sond, medium o high
plastic, blue to steel grey oxidizing to
light brown

[

' I'! 3 SAND (coarse—groined) and GRAVEL

i |‘.1 (tine—groined, angulor to sub-onqular
EL.I fragments), some sill to silty, troce
K ;! clay, olive green

-1 R Sorne seams of fine sand and silk
=\ idil were evident in cutlings

&

i,_‘ 41 Brown silty layers encounteréd
A

: EE 11 Suil colour changed to rust, haavy
: -l ovidation evident

|1
o

[--]

=

LOGGED BY: DLD (COMPLETION DEPTH: 154 m

REVEEWED BY: NCP COMPLETE: 10/16/00
Poge 1 of 4




CLIENT: CITY OF QUESNEL PROJECT: W.QUESNEL LAND STABILITY STUDY BOREHOLE HO: BH-6
QUESHNEL, B.C. DRILUNG CONTRACTOR: CARIBOO WATER WELL PROJECT NO: KXD3904 B
DRILLING TYPE: WATER WELL RiG DRILY J METHOD: AIR ROTARY ELEVATION: 557.723 m
saWPLE TYPE  [fuee [ w0 recovirr [seur seoon Fome [[Jwoo remen [ Jcore retum
E | APTW (BLOWS/303 o) 4 = E-J% =% —
o el SOIL “|a|Z|  woomona, | E
5D a| % e
] il ol v DESCRIPTION 3(Z|7| INvORMATION | &
POSSIBLE BEDROCK = 1650
e Cutlings oppeored to be from bedded white : 00
A sandstone with some less indurated z
grovelly or sondy loyers. Cuttings were Lo
anguler and sond sized, rounded fragments = 1900
not recovered =
1850
1?ZI.EI
= 1950
= 2000
S 2050
2 — § 22100
E2150
=200
=220
= = 2300
=235.0
A 2400
=450
P =0
_255.0
i Possible woler bearing seam v
E = 7550
i = 10 2700
o a0
e =200
= 7850
FaCaCy = 290 1
[ i i
=295, 0
3000
Ly =
e 2050
15251 POSSTBIE BEDROCK i i
-l Cullings appear to be [ight grey to dork 3150
S50 grey sillstone/sandstone with some = 3200
less indurated layers. Cutlings were '
angulor and coarse sand sized. S
LOGGED BY: DLD COMPLETION DEPTH: 154 m
AMFC Earth & Environmental Limited|rve sv:ne —_[CONPLETE: T0/T6/00 |
T Poge 2 of 4




CLIENT: CITY OF QUESNEL PROJECT: W.QUESNEL LAND STABILTY STUDY BOREHOLE NO: BH-6
QUESNEL, B.C. DRILUNG CONTRACTOR: CARIBOQ WATER WELL PROJECT NO: KX03504
DRILLING TYPE: WATER WELL RIG DRILLING METHOD: AR ROTARY ELEVATION: 557.723 m
SaupLe TYPE s NO RECOVERY  [XSPLT SPooN o MUD RETURN [ ] JCORE RETUR
— o E (=]
A SET S (ALOWS/ 300 mm) A = == -
-E— AR i = SOIL EI W ,E, ADDITIONAL =
[« - iy =
< sl e 3 DESCRIPTION % % “ | INFORMATION 2
0 4 & &
anamidy m
Cullings changed to white for E
. approximately 1 m then soil wos grey ogain 12
- e
==
55 — 14
2| POSSIBLE BEDROCK =
Cuttings appeored to be volcanics with
e soma quortz and minor sedimentary rock
- composition. Cutlings were typically dark
- grey with some quorlz and sandstone
fragments
o PR
- = 15
- BEA
B e
= 16
. i LOGGED BY: DLD COMPLETION DEPTH: 154 m
AMEC Earth & Environmental Limited]mve s i giets
age Jof 4 |

/e RS
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CLENT: CITY OF QUESNEL PROJECT: W.QUESNEL LAND STABILITY STUDY BOREHOLE NO: BH-7
QUESNEL, B.C. DRILUNG CONTRACTOR: CARIBOO WATER WELLS PROJECT NO: KXD3904
DRILLING TYPE: WATER WELL FIG DRILUNG METHOD: AIR ROTARY ELEVATION: 542217 m

sawPLE Tree  [lfrvec [Jwo ecovire— [sruTseoon jows [Mworerrn [[JooRe Rerumt

SOIL
DESCRIPTION

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

= SPT "W* (BLOWS/ 300 mm) 4
N W i =|  ADDITIONAL

INFORMATION

Depth(ft)

SPT

S0IL SYMBOL

SAMPLE TYPE
SAVPLE NO
(

N =g
§ PUSTG T LIGRAD
0

[

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

Soil was dark brown

Il
Pl

I
Bl

Soil was blue/steel grey
Soil was damp to moist

Soil wos brown
Soil was blue

Seil had alterating brown/blue layers

I

Trace coarse sand abserved

I

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

plostic, structureless in pieces
recovered, blue/steel grey

(Possible Australian Creek Formation)

Il

=7

Silt and chay with no sand of grave! from =
457 mto 47.3 m =550

3 _ . [LOGGED BY: DD [COMPLETION DEPTH: 128 m
AMEC Earth & Environmental Limited oo & COMPLETE: 10/19/00

Poge 1 of 3




CLIENT: CITY OF QUESNEL FROJECT; W.QUESNEL LAND STABILITY STUDY BOREHOLE NO: BH-7
QUESNEL, B.C. CRILUNG CONTRACTOR: CARIBOO WATER WELLS PROJECT NO: KXD3904
DRILLING TYPE: WATER WELL RiG CRILUNG METHOD: AIR ROTARY ELEVATICN: 542.217 m
SakPLE TVPE  [lfuee [0 Recovery Dseur seoon [jorie Mo rerven— TYcore renom
i E al o
O Ml vl 2 SOIL = Z|  ADDITIONAL
& |Psw we o 2 DESCRIPTION 3/Z(“| INFORMATION
— &
| SAND, =ome silt, troce gravel, trace clay, | |
appeared weokly layered, blue/steel gray % .
i — . ., «\OGGED BY: DLD [COMPLETION DEPTH: 128 m !
AMEC Earth & Environmental lettedlm“ BY: NP e T

I aE Ve [y



CUENT: CITY OF QUESNEL

PROJECT: W.QUESNEL LAND STABILUTY STUDY

BOREHOLE NO: BH-7

QUESNEL, B.C.

ORILUNG CONTRACTOR: CARIBOO WATER WELLS

PROJECT NO: KX03904

DRILLING TYPE: WATER WELL RIC

sanPLE TYPE  Jfuee s S =

DRILUNG METHOD: AIR ROTARY

A SPT "N° (BLOWS /300 mm) &
0 40 &0 2

Laup

SOL SYMBOL

FLEVATION: 542.217 m

SOIL 2
DESCRIPTION E

Cosing refusal on boulder or rock

n

il

———

Sl instolled to 1256 m

Ao groove oriented at Az = 100 degress
Borehele dry on completion

Estimoled well production of 0 GPM

Mo servan [coRe Revua %
ADDITIONAL ':;"
INFORMATION E

COMPLETION DEPTH: 128 m

COMPLETE: 10/19,/00

Page Jof 3




CLIENT; CITY OF QUESNEL PROJECT; W.QUESNEL LAND STABILITY STUDY BOREHOLE NO: BH—6
QUESNEL, B.C. DRILUNG CONTRACTOR: CARIEO0 WATER WELI PROJECT NO: KXO3904
DRILLING TYPE: WATER WELL AIG DRILLING METHOD: AIR ROTARY ~ | ELEVATION: 557783 m
supleTee Wvee  [wrmoes  Ddsew sy Hwe [[Jwo rervry [ Bjoore Reue
= | a e e (BLOWS/300 mm) & = y E L |
B il SOIL ol Y % ADDITIONAL
=9 v o
- O SO - DESCRIPTION 5/ Z|7|  INFORMATION
00 0w o gV E R eSS S
7| s s R - -
1318 TES
- A
End of borghole ot 154.5 m
gl instolled to 1545 m
Sl Ao groove oriented ot Az = 105 degrees
Static woter level of 38.1 m upon
completion
Estimoted well production 5 to 7 GPM
T3 e ' il ~[L066eD BY. 0D COMFLETION DEPTH: 154 m
AMEC Earth & Environmental Limitedrvewe e i CONPLEE: 10/16/00______
a4 o
T RTTT TRETR ()




AMEC Earth and Environmental - Pr. George

Position (mm) Position (mm)
-500 -250 o 250 500 500 250 i 250 500
v} r T T 0 LEGEND ] T
. B 21 Nov2000
'l B—F 7 Dez2000
Al {s = 12Jan2001 st
| i b 5 Mar2001
| 2 Apranoi
10 10 & BA0N o+
¥—3 18.Jun2001
151 15 15
20 20 20
Depth Depth
(m) m |
25 25 25 k=
0F 130 30+
asr 135 ar
o 140 Ref. Elevation 0 or
Corrected for Spiral
i | 1
500 250 o 250 500 500 -250 ] 250 500
Absolute Position Absolute Posilion
Direction A Direction B

KX03804 W. Quesnel Stability Study, Inclinometer SI-1 Corr.
Lower Avery Lane



{rm}

AMEC Earth and Environmental - Pr. George

10}

148

25

40F

-25

125 a 12.5

Incremental Deflection
Direction A

KX03804 W,

Deflection (mm)
25 25 125 o 125 25
o LEGEND 0 : a : =
Initizl 21 Now2000
B0  70ec2000
g %  12Jan200 sk 15
i b 5 Mar2001
2 Apr001
o * 2B Apra001 1ah L
¥— 18 Jun2001
118 15 15
120 20 420
Depth
{m
125 251 125
130 30| 130
135 asr 135
140 Ref. Elevation 0 40r 140
Corrected for Spiral
[ 1
25 25 425 0 12.5 25

Incremental Deflection
Direction B

CQuesnel Stability Study, Inclinometer 51-1 Corr.
Lower Avery Lane



{mj

]

AMEC Earth and Environmental - Pr. George

Deflechon (mm)
=375 o s 8 -TH 375 q4r s 7E
r o LEGEND 0 : ; 3
Initial 21 MovZ00D
B—=a 7 Dec2000
45 — 12 Jan2001 5l 45
5 Mar20i1
2 Apra0ad
Jio &= 28 Aprao0t 10 110
— 18 Jun2001
15 161 115
{20 20k 20
Depth
{my)
125 25+ 125
440 3@ = 130
140 Rel. Elevation 0 a0r 1%
Corracted for Spiral
I 3 1 1 1
-37.5 0 378 75 -5 -315 1] 375 75
Cumulative Deflection Cumulative Deflection
Direction A Direction B

KX03804 W. Quesnel Stability Study, Inclinometer SI-1 Corr.
Lower Avery Lane



Displ.
{mm}

AMEC Earth and Environmental - Pr. George

1 Deo2000 1 Janz001 1 Feh2001 1 Mar2001 1 Apr2001 1 May2001 1 Jun2001 1 Jul2001
. — . - —— T T T 1 T
2ok Displacements shown are in the A Direction 170
BO0F - 60
[y o 20.4/43.6 m
181436 m
s 150
——+ InOM1Em
Corrected for Spiral
40 140
|
30 130
20 120
101 P p— _1'0
= = =
ool 1 S0 ___Gﬂ_ﬂ___ﬂ_..an—:—ﬁ_,__.m
e e e
e
=10 1-10
1 Decz000 1 Jan2001 1 Feb2001 1 Mar2001 1Apr2001 1 May2000 1 Jun2001 1 Jul2001

KX03004 W. Quesnel Stability Study, Inclinometer S1-1 Corr.

Lower Avery Lane



Displ.

(mm)

AMEC Earth and Environmental - Pr. George

1 DecZ000 1 Jan2001 1 Fab2001 1 Mar2001 1 Apr2001 1 May2001 1 Jun2001 1 Jul2001
T T T — E—— T = | —] T T
70 - Displacements shown are in the B Direction
I
|
60/
! O 20.4/436 m
|
| m——  1AM1.Em
m -
At 30.9M1.Bm
Corractad for Spiral
w L
30 -
il o
1afF
[:l"'---_._.|l + + o — ¥ - #
-;::E-_-_‘__""--—_.______‘
R—
B —
-10] o ——
I Y F— i i L L A i i
1 Dec2000 1 Jan2001 1 Feb2001 1 Mar2001 1 Apr2001 1 May2001 1 Jun2001 1 Jul2001

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

Lower Avery Lane

0

20

10

-10



AMEC Earth and Environmental - Pr. George

Position (mm)
2500 B000: i B000 2500 0 2500 5000
I ﬂ ﬂ' ] n
B—8 21 Nov2000
G——i 7 Dec2000
T 41 Jan2001
10— 5mar2001 10 110
2 Apra0o1
&——=a 28 Apr2001
—x 13 1
20 Jun200 20 120
130 30r 130
Depth
()
140 40F 140
50 Sor = 50
<180 B0 160
Ref. Elevation 0
=710 i) kL
Corracted for Spiral
[ [] [
<5000 <2500 0 2600 &000 -5000 -2500 1] 2500 S000
Absolute Position Absolute Position
Direction A Direction B

KX03804 W. Quesnel Stability Study, Inclinometer SI1-2 Corr.
Upper Avery Lane



AMEC Earth and Environmental - Pr. George

Daflaction (mm) Deflection (mm)
-25 125 0 12.5 25 . 25 128 0 128 25
o T T T n LEGEND 0 T T 10
Initial 21 New2000
| b= 7 Dec2000
A— 11 Jan2001
10F 110 e £ Mar2001 10 110
| 2 Apr20d
a——a 28 Apr2001
e i
20k 20 13 Juni200 a0 1ag
- 130 301 130
Depth Degpth
(mi) (m)
401 140 40 {40
50 &0 G0 50
601 180 60 180
Ref. Elevation 0 |
70 170 701 170
Corrected for Spiral
25 128 0 125 25 =25 -12.5 0 125 25
Incremental Deflection Incremental Deflection
Direction A Direction B

KX03904 W. Quesnel Stability Study, Inclinometer SI-2 Corr.
Upper Avary Lane



AMEC Earth and Environmental - Pr. George

Direction A

Deflection (mm)
75 375 0 s 75 .
0 - . ; o LEGEND
Iniral 21 Mov2000
E—48 7 Dec200D
< 11 .Jan2001
. 0 ——  5marz001
— 2 Apr2001
&——d& 28 Apr200
T
20- - 13 Jun2001
|
1
30r 130
Depih
{m)
40 140
50 g;% B0
3
.;‘l.':f
.
b
23
6OF 3 160
Ref. Elevalicn O
mr
Corected for Spiral
[ ] 1
=75 =375 o ars 75
Cumulative Deflection

Denth
{mj}

Deflection (mm)
-T5 =375 ] s 75
1] T T 0
i
10F 110
20F 120
wr 130
401 140
s0r 150
801 160
Tar 170
| |
-5 -57.5 0 375 -

Cumulative Deflection
Direction B

KX03504 W. Quesnel Stability Study. Inclinometer SI1-2 Corr.

Upper Avery Lane



AMEC Earth and Environmental - Pr. George

1 Dac2000 1 Jan2001 1 Feb2001 1 Mar2004 1 Apr2001 1 May2001 1 Jun2001 1 Jui2001
e : : : : ’ : :
20l Displacements shown are in the A Direclion 70
B8ar - 80
B——i  BE.EE1.3m
w4 13 m
=4 130
—t 1613 m
Corracted far Spiral
40k 40
a0t <30
Displ.
{mmj} -
20 ___,_,,_,_——f""_ <20
..-"'ff
.,-*"’Ff
10 |- e "y <110
 —— S el e e
e ma—— & - — _ﬂ._'-_r-_'_ R q,n..--—"'_'-_'_
u*iir—‘— ~ . <0
10+ -10
e e —— = e - i s— il ————— i 1 - L 1 i
1 DecZ000 1 Jan2001 1 Feb2001 1 Mar2001 1 Apr2001 1 May 2001 1 Jun2001 1 Jul2001

KX03904 W. Quesnel Stability Study, Inclinometer SI-2 Corr.

Upper Avery Lane



AMEC Earth and Environmental - Pr. George

1 Dec2000 1 Jan2001 1 Feb2001 1 Mar2001 1 Apr2001 1 MayZ001 1 Jun2001 1 Jul2001
T po— — T R T T T T o
70} Displacements shown are in the B Direction 0
2ol § {80
O—8 &8 AME13Im
— 413 m
50| <50
— B3I m
Corrected for Spiral
40 140
0 7130
Displ.
{mm)
200 420
10} 4116
P ——_——m
o = =i = 5 = - T E = - _—;__—_.___—.-—--——;__ — =0
-1 -10
| i i i i i A ! I
1 DecZ000 1 Jan2001 1 Feb2001 1 Mar2001 1 Apr2001 1 May2001 1 Jun2001 1 Jul2001

KX03904 W. Quesnel Stability Study, Inclinometer SI-2 Corr.

Upper Avery Lane



Displ.

(mm)

AMEC Earth and Environmental - Pr. George

| Dec2000 1 Jan2001 1 Feb2001 1 Mar2001 1 Apr2001 1 May2001 1 Junz001 1 Jul2001
T g T T T T T ™
ol Displacements shown are in the B Direction 170
Q| B0
O—i  BRAME1.Im
We— 41143 m
80+ 150
— 411613 m
40 140
301 -130
|
20 120
10 110
QL —_— .__? — - v ; g T - —pmMm 10
e e S -t
-10 -10
1 Dec2000 1 Jan2001 1 Feb2001 1 Mar2001 1 Apr2001 1 May2001 1 Jun2001 1 Jul2001

KX03904 W. Quesnel Stability Study, Inclinometer Si-2 Corr.

Upper Avery Lane



AMEC Earth and Environmental - Pr. George

Pesition (mm) Position (mm)
-5000 2500 G000 -5000 -2500 0 2500 S000
0 T o LEGEND 0 T T 10
L € 21 Nov2000
E—rtl & Dac2000
101 110 e 12 Jan2001 10 10
——+ B Ma2001
3 Apr2001
20 20 i 20r 120
& e 28 Apr2001
e 14 Jun2001
0 440 k- 430
a0 140 40r 140
Hr 4150 i iy 150
Depth Depth
{m} {m)
i) g =60 BOr &0
TOI 170 TOF 470
i - BO BOF 180
a0 480 a0 90
Ref. Elevation O
Correcled for Spiral
100 1100 1001 4100
i i 1 1
5000 -2500 a 2500 5000 -5000 2500 0 2600 5000
Absolute Position Absolute Position
Direction A Direction B

KX03804 W. Quesnel Stability Study, Inclinometer 81-3 Corr.
Abbott Drive near Bettcher



AMEC Earth and Environmental - Pr. George

Deflection {mm) Deeflection (mm)
-25 -12.8 o 128 25 25 -12.5 0 125 25
0 . : g LEGEND 0 ” . G
Irnitizd 21 Now20040
E 2 8 Dec2000
wr 110 »=—= 12 Jan2001 1ar |4
k =T & Mar2001
A Apran01
201 120 20{ 120
28 Apr200M
—X 14 Jun2001 :
aor 130 30r 130
40 140 40r 440
sof 150 sof 150
Degth Degth
{m) (m}
BOF 60 BOk 160
Tor 170 for 170
a0 180 a0 'l 80
o 90 sor 80
Rel. Elevation 0
Corrected for Sparal
100 7110a 100 100
| [] 1 1
-25 -12.5 0 12.5 25 -25 -12.5 4] 125 25

Incremental Deflaction
Direction B

Incremental Deflection
Direction A

KX03904 W. Quesnel Stability Study, Inclinometer S1-3 Corr.
Abbott Drive near Bettchar



AMEC Earth and Environmental - Pr. George

KX03804 W. Quesnel Stability Study, Inclinometer SI-3 Corr.
Abbott Drive near Beticher

Deflection (mm)
75 -a1s 375 75 75 375 a 375 75
o : g s LEGEND 0 : . ‘ 0
Initial 21 Nov2000
E—4 & Dec2000
10r 10 »—= 12 jan20m 101 1@
=+ 6Mar2001
3 Apr2004
20 120 i 207 120
a——a 28 Apr200
N 14 Jun2001
30 130 aor 30
|
40r 140 401 140
s0F 150 s0F 150
Depth Depth
() (m})
80r 180 &0 1]
70F 170 701 470
8of {80 sof 180
80 190 ook {80
Ref, Elevation 0
Cormected for Spiral
1001 1100 100+ 1100
i . [] i R 1
75 375 o 35 75 75 375 (] 375 75
Cumulative Deflection Cumulative Deflection
Direction A Direction B



Displ.
{mm)

o

-1

1 Dac2000 1 Jan2001

AMEC Earth and Environmental - Pr. George

1 Feb2001 1 Mar2001 1 Apr2001 1 May2001

1 Jun2001

1 Jul2001

B—-=a 3817369 m

We——i=  {.5R89m

_t 131022 m

Cormected for Spiral

Displacements shown are in the A Direction

1 Dec2000 1 Jan2001

1 Feb2001 1 Mar2001 1 Apr2001 1 May2001

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

1 Jun2001




AMEC Earth and Environmental - Pr. George

1 Dec2000 1 Jan2001 1 Feb2001 1 Mar2001 1 Apr2001 1 May2001 1 Jun2001 1 Jul2001
I ] T T T T T 1 ¥
I : ;
70k Displacements shown are in the B Direction 470
80 - 180
| O—= 351/398m
w— 15399m
S0 150
I +—— 151021 m
Correctad for Spiral
40 440
30 30
Displ.
(i)
20 120
10 410
_ﬁ
O — :ﬁ‘F"_‘ = s -z — 0
—
=10 1-10
L i L I 1 ] 1 L
1 Dec2000 1 Jan2001 1 Feb2001 1 Mar2001 1 Apr2001 1 May2001 1 Jun2001 1 Jul2001

KX03204 W. Quesnel Stability Study, Inclinometer SI-3 Corr.

Abbott Drive near Bettcher



AMEC Earth and Environmental - Pr. George

Poailion (mm) Prosition {mm)
5000 -2500 0 2500 5000 5000 -2500 0 2500 5000
0 . ; p LEGEND 0 | T 0
—a 3 wa
B——= 24 New2000
T Dec2000
aor 1 ——  smerz001 Ar 1%
2 Apr2001
st 28 Apr2001 I
m L o 4‘D — 14 Jun2001 40 L 40
B0 B0 (il 80
Deplh Depth
{m} {m)
a0 180 gor 180
1001 1100 100 4100
120F 1120 120 <120
1401 4140 Raf. Elavation 1 140 1140
Corrected for Spiral
I 1 ] 1 |
5000 -2600 a 2500 5000 =500 -2500 0 2500 5000
Absolute Position Absolute Position
Direction A Direction B

KX03204 W.Quesnel Stability Study, Inclinometer S1-4 Corr.

Voyageur School



AMEC Earth and Environmental - Pr. Gecrge

Deflection (mm) Deflection {mm)
25 -i25 0 12.5 25 25 125 0 125 25
0 | : p LEGEND 0, : - . o
Initial 3 Nen2000 |
G——s 24 Now2000
% §Dec2000
- § r 120
0 0 5 Mar2001 o
2 Apr2001
a——h 28 Apr2001
X
&0 &0 B0+ 180
Depth Deplh
() {m)
80 180 BOF 180
|
1001 1100 100 {100
120F 4120 1201 - 120
|
4 L 4140
140 140 Rer Elevation 1 140
Correcied for Spiral
i 1 1
25 A28 0 125 5 25 128 o 125 25
Incremental Deflection Incremental Deflection
Direction A Direction B

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

Voyageur School



AMEC Earth and Environmental - Pr. George
Deflection {mmj} Defiection (mm)
75 375 0 KT 75 75 -37.5 a 75 75
o " . § LEGEND o . : o
Imitial 3 Mow2000
E— 24 Nov2000
= & Dec2000
r 1 +——  smar2001 | ™
2 Apra20o
st 28 Apr2001
antk dqg ¥ 14 Jun2001 anr- H40
F
[=1]n <160 BO 460
Depth Degth
(m} {m}

&0 180 80 180
100+ 1100 100 4100
1201 1120 1201 1120

|
1
140 1190 Rer. Elevation 1 1401 140
Corrected for Spiral
1 I [ i
75 375 o T 75 75 -37.5 a 37.5 75
Cumulative Deflection Cumulative Deflection

Direction A

Direction B

KX03804 W.Quesnel Stability Study, Inclinometer Sl-4 Corr.

Voyageur School



Digpl.
(mm)

AMEC Earth and Environmental - Pr. Gecrge

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

Voyageur School

1 Dec2000 1 Jan2001 1 Feb2001 1 Mar2001 1 Apr2001 1 May2001 1 Jun2001 1 Jul2001
-0 - Displacements shown are in the A Direction i .
60| 80
o 50.3/52.1m
w— G0
s0r -150
—t 15524 m
Cortected for Spiral
401 140
aof e 10
| / e ,/P/ 20
10 M 410
=
e — e —— e ———
S P ﬂr_'_-_ﬂ_._"_-_'__—.____-_._ &
01 — -10
A0F 1-10
i . i o ) i i i 1 R [l { e
1 Dec2000 1 Jan2001 1 Feb2001 1 Mar2001 1 Apr2001 1 May2001 1.Jun2001 1 Jul2001



Duispl,
{mim)

AMEC Earth and Environmental - Pr. Gearge

1 Dec2000 1 Jan2001 1 Feb2001 1 Mar2001 1 Apr2001 1 May2001 1 Jun2001 1 JulZ001
|'_ - — T T T T L] T T |
70 Displacements shown are in the B Direction 170
afa] |60

B—=a 03521 m
W—r 1.8M0Z2.1m
50 “| 50
—d 15521 m
Corractad for Spiral
40 <140
|
30| a0
20 120
-110
— _'___.___._— T___-___\_ -
+ -
_'__-‘_‘___"——-__
e | H——e ot 1o
_‘ﬂ-ﬂ—-.__,____‘__m________ —~+
—
--10
" i i i il i i i g
1 Dec2000 1 Jan2001 1 Fab2001 1 Mar2001 1 Apr2001 1 May2001 1 Jun2001 1 2001

KX03%04 W.Quesnel Stability Study, Inclinometer Si-4 Corr.

Voyageur School



AMEC Earth and Environmental - Pr. George

Position (mm)

2500 -1250 0 1250 2500
Or T T 0
101 110
20 120
30 =430
a0 140
50 4180
B0 =160
70 170

Depth

(m) go- 180

80r 190
100 1100
110r 1110
1201 1120
130 1130
1401 1140

-2500 1260 1] 1250 2500

Absolute Position
Direction A

LEGEND
B—=a 25 Oct2000
B——18 24 Now2000
e & Dec2000
= 12 Jan2001
6 Mar2001
Se—t 3 Apr2001
X——X 29 Apr2001
bF—F 14 Jun200
Reef. Elevation 1
Corrected for Spiral

-2500
]

-1250

Position (mm)
0

10

20

40r

70t
Depth

{m) got

110F

120f

130

1

10

40

100

110

120

130

140

2500

=-1250

[

Absolute Position

Direction B

KX03804 W. Quesnel Stability Study, Inclinometer SI-5 Corr,
Abbott Drive



AMEC Earth and Environmental - Pr. George

KX03904 W. Quesnel Stability Study, Inclinometer S1-5 Corr,
Abbott Drive

Deflection (mm) Deflection (mm)
25 -125 0 125 25 25 A26 o 125 25
0 T . T o LEGEND 0 . i 0
Initial 28 Oct2000
10r 10 @ T 24 Now2000 10 10
| - " 8 Dec2000
z20r 120+ 12 Jan2001 20 20
6 Mar2004
30F 130 , & 3 Apr2001 30+ 30
5] ¥—X 29 Apr2001
40r 140 40 40
Pt 14 Jun2001
sof |50 50 -
B0~ 60 60 60
700 170 70+ 70
Dapth Depth
{m) g0 {80 (m} got &0
a0 5y 90 ag
100 {100 100} 100
110} 1110 110f 110
12ar 1120 1201 120
130 1130 130+ 130
Ref. Elevation 1
140F 4140 Corrected for Spiral 140k 140
1 1 1 [
-25 125 0 125 25 .25 425 0 125 25
Incremental Deflection Incremental Deflection
Direction A Direction B



AMEC Earth and Environmental - Pr. George

Deflection (mm)
-75 -37.5 0 ar
0 ST at mﬂ LEGEND
Initial 28 Oel2000
10 19 8 24 Nov2000
F—F G Dec2000
20 20 +——+ 12 Jan2001
& Mar2001
w W s 3apr2001
¥——x 29 Apr2001
a0 140
P4 14 Jun2001
- 150
g0r 60
70 70
Deplh
{m) gg BO
a0 a0
100 1100
110 110
120 120
130 130
Ref. Elevation 1
140} {14g Corrected for Spiral
I I |
75 375 0 ars s

Cumulative Deflection
Direction A

Deflection (mm)
=75 =375 0 s 75
0 T SR o
10 110
20F 120
30+ 130
40F 140
s0r 150
60f 1%0
T0 170
Depth
[m) BOF 4 B0
il 90
100 1100
110r 1110
120 1120
1301 130
140+ 1140
/| ']
75 375 (1] b 75
Cumulative Deflection
Direction B

KX033904 W. Quesnel Stability Study, Inclinometer SI-5 Corr.

Abbott Drive



Displ.

{mm)

AMEC Earth and Environmental - Pr. George

1 Now2000 1 Dec2000 1 Jan2001 1 Feb2001 1 Mar2001 1 Apr2001 1 May2001 1 Jun2001 1 Jul2001
L] L] T ] 1 T L] L] T
70+ Displacements shown are in the A Direction 170
80 160
G——  32/1448m
e— 5.81.Fm
50 150
+——+ 363138.1m
Cormected for Spiral
40F 40
W0 ,,/""* 130
20 <420
10} 110
|
e e
_..--'-'-’_.-a_--_--_-_ i 1 ﬂ
1-10
| L L 1 ] 1 - el
1 Nov2000 1 Dec2000 1 Jan2001 1 Feh2001 1 Mar2001 1 Apr2001 1 May2001 1 Jun2001 1 Jul2001

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

Abbaott Drive



Displ.
{mimj)

AMEC Earth and Environmental - Pr. George

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

Abhott Crive

1 Mov2000 1 Dee2000 1 Jan2001 1 Feb2001 1 Mar2001 1 Apr2001 1 May2001 1 Jun2001 1 Jul2001
70l Displacemenls shown are in the B Direction 5
B0 |-
M@ 321448 M
w— AIRLTm
51:! . -
—+ I IJ38.T1m
Corrected for Spiral
40 o
30 £
zu - —
101
) "F':":-?_:'H _': 3 e q:‘—‘_‘\“ﬂ- = —F o
W m
A0F
e m————————— I L e . L i — I | —_—
1 Nov2000 1 Dec2000 1 Jan2001 1 Feb2001 1 Mar2001 1 Apr2001 1 May2001 1 Jun2001 1 Jui20gi

T0

40

110

=10



-25000

AMEC Earth and Environmental - Pr. George

-25000

Fosition (rmm) Position {(mm)
<4 i -
zl-.m 0 1zfm ziugu — znsum 12500 0 11?51:- ﬁugu
B8 22 Nov2000
& 2 B Dec2000
= o 11 Jan2001
12 +——+  smar2001 mi 120
2 Apr2001
d———h 28 Apr2001
40 X 13 Jun2001 a0t {40
{80 BO[- 80
Depth
(m)
180 8Of {80
1100 100 1100
1120 120 1120
1140 Rt Elevation 0 140 s
Corrected for Spiral
1 L 1 1
-12500 1] 12500 25000 -28000 12500 1] 12500 25000
Absolute Position Absolute Position
Direction A Direction B

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



AMEC Earth and Environmental - Pr. George

Deflecton (mm)
=25 =12.5 (1] 1256 20
0 T T 1}
201 120
40 =40
|
I
|
|
60r 160
Depih
imj
8o 180
100 100
120 1120
1401 1140
|
I i |
29 -12.5 0 12.5 25

Incremental Deflection
Direction A

Initial 22 Nov2000
=i §Dac2000
T— 11 Jan2001
— 5 Mar2001
2 Apr2001

L & 28 Apr20in

N 13 Jun20Q1

Ref. Elevation 0
Corrected for Spiral

Dept
(mj)

Deflection (mm)

-25 -12.5 0 125 25

1] T ]
20r 420
40 140
a0r 160
h
80r 180
1001 1100
120 1120
140 4140

L i
-25 -12.5 0 126 25

Incramental Deflection
Direction B

KX03804 W.Quesnel Stability Study, Inclinometer SI1-6 Corr.
End of Dixon Street



(mj)

=79

AMEC Earth and Enviraonmental - Pr. George

375 0 37.5 75
s LEGEND

1001

1201

initial 22 Nov2000
G—4 B Dec2000
P——% 11 Jan2001
——+ 5 Mar2001
2 Apr2001
a——a 28 Apr2001
lag % 13 Jun2001

1100

1120

1140 Ret. Elevation 0
Corrected for Spiral

-37.5 0 378 75

Cumulative Deflection
Direction A

-5 s 75
0 T 1]
200 120
40F 140
gor &0
Depth
{m)
=14 180
100 1100
120 1120
140 4140
i
<75 375 i 3rs 75

Cumulative Deflection
Direction B

KX03204 W.Quesnel Stability Study, Inclinometer S1-8 Corr.
End of Dixon Street



(mm)

AMEC Earth and Environmental - Pr. George

1 Dec2000 1 Jan2001 1 Feb2001 1 Mar2001 1 Apr2001 1 May2001 1 Jun2001 1 Jul2001
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Summary of BC Gas Monitoring Data from September 1998 to May 2001

September, 1998

December, 1998

Station Location Nerthing Easting |Elevation| Northing Easting | Elevation

Number {Landmark, Road) (m) {m) (m ASL) {m}) {m) {m ASL)
2 Donnely/Dodds Intersection 5860992, 878 | 531420.902 | 563.021 | 5869992 871531420907 | 563.014
4 Picard Place {Lana) 5870331.048| 531626.829| 557.171 | 5870331.961|531626.828| 557.163
2 East of Dawson/Lewis Intersection  15870180.442 ] 531627.209| 551.978 | 5870180.445] 531627.216] 551.965
(&) Paley \West 5870474.774| 531664.168 | 539.628 | 5870474.771|531664.179| 539.615
7 Paley Easl §5870427.297 | 531932.241| 533.473 | 5870427.299]|531932.249| 533.467
8 Picard Avenue SBY0328.580] 531909.295 | 536,943 | 5870328.580| 531909287 | 536.805
9 Lane between Patchelt/Pierce 5870063.509| 531714.863 | 549.785 | 5BT70063.588| 531714.875| 549.766
14 Pentland/Flamingo Inlersection 5870067 437 | 531986.027 | 531.224 | 5B70067.435] 531986.023| 531.210
15 Palmer/Lewis Intersection 5870275 888 | 532052.513| 524,385 | 5870275.892 | 532052.515| 524.393
16 Healy Road 587041.3.504 | S32184.864 | 509.104 | 5870413.499| 532184 .859| 509.088
i Bettcher/Lark Intersection 5869847647 | 532237 862 | 519.610 | 5868847.634]532237.872| 519.599
18 Lark/Flamingo Intersection 5869826923 | 531984.617 | 524.147 | 5869826.929| 531984.611| 524,132
19 Abbott/Flamingo Intersection 5869596.532| 531978.061| 517.225 | 58659596.534 | 531978.083] 517.219
20 Hawk Street @ Crane Ave. 5869364.259| 532199.105] 504 356 | 5869364.263 | 532199109 504.333
21 Lane between Avery/Allison 5860342 096 | 532493 483 | 485474 | 5869343.005| 532493 492 485 459
22 Lane between Beath/Bouchie 5850628968 | 532631.086| 478.920 | 5869628.958 | 532631.085| 47B.920
23 Doherty Dr. - BM HB59134.064 | 532888.607| 475384 | 5869134.061 | 532888.608| 4753567
24 Salton Road (Hixon Road) 5878341.399]|531399.210| 589,609 |5878341.373|531399.217| 689.567
26 Benchmark by Airport - BM SB73887.634| 533765361 | 545429 |SBF3887.622]533765.361| 545405
28 Red Biuff Pump Station - BM 5870190.608 | 537039418 595.773 | S870190.608|537030.418| 595773
29 Quesnal Hill 5870484.887| 536304.120| 575.014 | S870484.893|536304.135| 575.004

82C256 | Government Benchmark at Airport 5875411.453 533109.702 542847
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Summary of BC Gas Monitoring Data from September 1998 to May 2001

April, 1899 December, 1999
Station Location Northing Easting |Elevation| MNorthing Easting [Elevation
Number (Landmark, Road) (m) (m) (m ASL) (m) (m) (m ASL)
2 Donnely/Dodds Intersection 5860992867 | 531420.931| 563.007 | 5869992.879] 531420.978| 563.027
4 Picard Flace {Lane) S5870331.956| 531626.856| 557.150 | 5870331.993| 531626.885] 557.160
5 East of Dawson/Lewis Intersection | 5870180.438] 531627.250| 551.951 | 5870180.448] 531627.288| 551 953
5 Paley West 5870474.788| 531664.208| 539.613 | 5870474.805]531664.239| 539.608
7 Paley East 5870427.300| 531932.279| 533.462 | 5870427.321]531932.307| 533 461
8 Picard Avenue 5870328.581| 531009.314| 536.909 |5870328.609]531909.354| 536.509
g Lane between Patchett/Pierce 5870063.593| 531714.910| 549.753 | 5870063.614 | 531714.965| 549.774
14 Pentland/Flamingo Intersection 5870067.428| 5319856.061] 531.205 | 5870067.441|531986.116| 521.199
15 Falmer/Lewis Intersection 5870275,902 | 532052.557 | 524 361 | 5870275903 | 532052, 589 | 524.378
16 Healy Road 5870413.501 | 532184 880| 509.054 |5870413.509|532184.907| 509.068
17 Beltcher/Lark Intersection 58690847 634 | 532237.910| 519.610 | 5869847 644 | 532237 958| 519.608
18 Lark/Flamingo Intersection 5869626.930| 531984 630 | 524 126 | 5869826.923 | 531984 685| 524 127
19 Abbett/Flamingo Intersection 5869586.5251 5319768.098| 517.218 | 5868596.518 | 531978.134| 517.213
- 20 Hawk Street @ Crane Ave. 5860264.256 | 532199.136| 504.327 | 5889364 259 | 532199.176| 504.352
21 Lane between Avery/Allison 5860342.008| 532493.516 | 485473 | 5859342 098] 532403 539| 485478
22 Lane between Beath/Bouchie 5869628.972 | 532631.109| 478.920 | 5869628.969| 532631.117| 478.922
23 Doherty Dr. - BM 5869134.068 | 532888.623 | 475.365 | 5860134.069 | 532888.628| 475.374
24 Sallon Road (Hixon Road) 5878341.361 [ 531399.224 | 589.587 | 5878341.393| 531399.221| 589.596
26 Benchmark by Airport - BM 5B73887.631| 533765.364 | 545.407 | 5873887 630 | 56337656.367| 545.409
28 Red Biuff Pump Station - BM 5870190.608] 537039.418| 595.773 | 5870190.608 | 537039.418| 595.773
29 Quesnel Hill 58704584.898 | 536304.133| 574.998 | 5870484.896 | 536304.133| 575.002
82C256 | Government Benchmark at Airport | 5875411.453 533109.702 542.947 | 5876411.453 533109.702 542.947
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Summary of BC Gas Monitoring Data from September 1998 to May 2001

February, 2000 _ May, 2000
Station Location MNorthing Easting |Elevation| Northing Easting |Elevation
Number (Landmark, Road) (m) {m) {m ASL) {m) (m) (m ASL)
2 Donnely/Dodds Intersaction 5865992.8741531420.976| 563.006 |5869992.860|531420.991| 563.009
4 Picard Place (Lane) 5870331.985 [ 531626.884 | 557.159 | 5870332.002| 531626.898| 557.138
o East of Dawson/Lewis Intersection | 5870180.447 | 631627.289 | 551.948 | 5870180.448| 531627.297 | 551.936
B Paley West 5870474 829 | 531664.236 | 539608 | 5870474 840 531664.240| 539.586
7 Faley Easl 5870427.327 | 631932.311| 533.457 |5870427.334|531932.321| 533.449
] Picard Avenue B58703228.601| 5319209.349| 538.907 |5870328.807 | 531909.363| 536.4885
g Lane between Falcheil/Pierce 5870063.597 | 531714 9588) 549,773 | S8700621.593 | 531714.979| 549.763
14 Pentland/Flaminge Intersection 5870067 437 | 531886.106] 531.221 [5870067 432[ 531986 128] 531.198
15 FPalmer/Lawis Intersection 5870275906 | 532052 581 | 524.364 | 5870275.909| 532052 594 | 524.343
A ~ Healy Road S870413.515| 932184.812 | 509.064 |5870413.516| 532184.916| 509.071
17 Beticher/Lark Intersection 5869847.534 | 532237 952 | 519.603 | 5869847 626 532237.988| 519.593
18 LarkiFlamingo Intersection 58608265019 531084.684 | 524,127 | 5868826.903|531984.719] 524 125
18 | Abbotl/Flamingo Intersection 5869596.525] 531978.140| 517.238 | 5869596.502|531978.164| 517.224 |
» 20 Hawk Street @ Crane Ave. 5R69354.255]532199.171| 504.340 | 5869364 247 | 532199.193| 504.330
21 Lane between Avery/Allison HBEY9342.994 | 532493.530| 485.472 | HBGY347 985 | 532493.547 | 485 486
22 Lane between Beath/Bouchie S5B869528.979 | 532631.117| 478.918 | 5869628.964 | 532631.113 | 478.913
23 Doherty Dr. - BM 5860134 068 | 532888.624 | 475.373 | 5860134.069| 532888.617| 475.376
24 Salton Road (Hixon Road) 5878341378 | 531399228 | 589,598 | 5878341.380| 531399 216 | 588,577
25 Benchmark by Airport - BM 5EV3BBY.B31|533765.367| 545417 |58V3887.633| 533765.368| 545405
28 Red Bluff Pump Station - BM 5870180.608 | 537039.418| 595.773 | 5870190.808 | 537039.418| 595.773
29 Quesnel Hill 5870484896 | 536304.,131] 575,008 | 5870484,892 | 536304.131| 574.995
B2C256 | Government Benchmark at Airport | 5875411.453 533109.702 542,946 |5875411.453 533109.702 542,946
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Summary of BC Gas Monitoring Data from September 1998 to May 2001

December, 2000 May, 2001
Station Location Northing Easting |Elevation| Northing Easting |Elevation
Number {Landmark, Road) (m) () (m ASL) (m} {m) (m ASL)
2 DonnelyDodds Intersection 58R0007 847 | 531421.038 | 562,008 | 5860002 846 |531421.051| 562.986
4 ig Picard Place (Lane) 5870332.013]531626,939| 557.146 |5870332.019]531626.936] 557.100
5 East of Dawson/Lewis Intersection | 5870180.441 | 531627.341| 551.947 | 5870180.438|531627.249| 551 923
B Paley West S870474,883 | 5316684 278 | 539,588 | 5870474,886|531664.285| 538.551
7 Paley East 5870427,348 | 531032.340| 533,435 | 5870427.350]531932.364| 533.417
i Picard Avenue SR70328.636 | 531800 395 | 536 885 | SA70328.635]531909.408| 536872
S Lane betwesn Patchett/Pierce 58700683.603| 531715.031| 549.752 | 5870063.598]531715.033| 549.740
14 Pentland/Flamingo Intersection 5870057 429]| 531986.169| 531.198 | 5870067.422531986.189] 531.193
16 Falmer/Lewis Intersection SBY0275.022| 532052 628 524,363 | SBT0275.914|532052.630| 524,335
16 Healy Road 5870413 524 | 532184 943 | 500,082 | 5870413 522532184 942 | 509,052
17 Betlcher/Lark Intersection SEE0847.618 | 532238.022] 519,580 | 5869847.610]532238.054| 519.581
18 Lark/Flamingo Intersection S5869826.007 | 531984.751| 524.107 | SBE9826 892 | 531984.774] 524.104
19 Abbolt/Flaminge Intersection 5869596.531 | 531978.200| 517.202 | 5BB5596.487|531978.205] 517.207
20 Hawk Street @ Crane Ave. 5869354.240 | 532199.240| 504.315 | 58608364.221|532199.244| 504.315
21 Lane between Avery/Allison 5AG9343.007 | 532493.555| 485 488 | 5860342.971 | 532493.555| 4R5.475
22 Lane between Beath/Bouchie SARYGRZR 080 | 532631.118| 478.908 | 5BE9628.962 | 532631.106| 478 908
23 Doherty Dr. - BM 5869134.081 | 532888.636] 475.383 | 5869134.053| 532888.618| 475 346
24 Salton Road (Hixen Road) 5B78341.379|531399.224| 589.591 | 587B341.388|531399.222| 589575
26 Benchmark by Airpert - BM 5B73887.631| 533765.368| 545.412 | 5873887.631)|533765.369| 545407
28 Red Bluff Pump Station - BM 5870190.6808 | 537039 418 595.773 | 5870180608 |537039.418| 595,773
20 Quesnel Hill 5870484.890 | 536304.129| 575.002 |5870484.884 | 536304.133| 574.998
B2G256 | Government Benchmark at Airport | 5875411.453 533109.702 542,946 |5875411.453 533109.702 542,946
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