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April 15, 2005 
KX0439801 
 
City of Quesnel 
410 Kinchant Street 
Quesnel, BC V2J 7J5 
 
Attention:  Mr. Jack Marsh, Director of Public Works 
 
RE: ON-GOING MONITORING – UPDATE REPORT FOR 2004 

WEST QUESNEL LAND STABILITY STUDY 
 
1.0 INTRODUCTION 
 
This purpose of this letter report is to provide the City of Quesnel (CoQ) with an update of the 
on-going monitoring of slope inclinometer (SI) instruments, groundwater levels, precipitation 
data and Terasen’s ground surface movement hubs for the West Quesnel area conducted 
during 2004.  
 
2.0 SLOPE INCLINOMETER MONITORING 
 
Since installation and initial survey of the seven SI installations in the late fall of 2000, AMEC 
has conducted 15 monitoring visits and one groove spiral survey. Table 1 summarizes the SI 
monitoring schedule to date: 
 

Table 1: Slope Inclinometer Monitoring Schedule 
Installation:  SI-1 SI-2 SI-3 SI-4 SI-5 SI-6 SI-7 

Location: Avery Lane Avery Lane Abbott Drive Voyager 
School Abbott Drive Dixon Street Pierce 

Crescent 

Depth SI Read 142 ft / 43 m 244 ft/ 74 m 334 ft / 102 m 504 ft / 154 m 474 ft / 144 m 502 ft / 153 m 410 ft / 125 m 

Initial Reading  21 Nov 2000 21 Nov 2000 21 Nov 2000 03 Nov 2000 28 Oct 2000 22 Nov 2000 22 Nov 2000 

Reading 1    24 Nov 2000 24 Nov 2000   

Reading 2 07 Dec 2000 07 Dec 2000 06 Dec 2000 06 Dec 2000 06 Dec 2000 06 Dec 2000 07 Dec 2000 

Reading 3 12 Jan 2001 11 Jan 2001 12 Jan 2001 11 Jan 2001 12 Jan 2001 11 Jan 2001 12 Jan 2001 

Reading 4 05 Mar 2001 05 Mar 2001 06 Mar 2001 05 Mar 2001 06 Mar 2001 05 Mar 2001 06 Mar 2001 

Reading 5 02 Apr 2001 02 Apr 2001 03 Apr 2001 02 Apr 2001 03 Apr 2001 02 Apr 2001 03 Apr 2001 

Reading 6 28 Apr 2001 28 Apr 2001 28 Apr 2001 28 Apr 2001 29 Apr 2001 28 Apr 2001 29 Apr 2001 

Spiral Survey 11 Jun 2001 11 Jun 2001 12 Jun 2001 11 Jun 2001 12 Jun 2001 11 Jun 2001 12 Jun 2001 

Reading 7 18 Jun 2001 13 Jun 2001 14 Jun 2001 14 Jun 2001 14 Jun 2001 13 Jun 2001 14 Jun 2001 

Reading 8 04 Oct 2001 04 Oct 2001 04 Oct 2001 04 Oct 2001 04 Oct 2001 26 Sep 2001 04 Oct 2001 

Reading 9 20 Nov 2001 19 Nov 2001 19 Nov 2001 19 Nov 2001 19 Nov 2001 19 Nov 2001 20 Nov 2001 

Reading 10 06 May 2002 06 May 2002 06 May 2002 06 May 2002 06 May 2002 Blocked-28m 06 May 2002 

Reading 11 19 Nov 2002 19 Nov 2002 Blocked-39m Blocked-51m 19 Nov 2002 “ Blocked–68m 

Reading 12 15 Aug 2003 15 Aug 2003 “ “ 15 Aug 2003 “ 15 Aug 2003* 

Reading 13 02 Dec 2003 02 Dec 2003 “ “ 02 Dec 2003 “ 02 Dec 2003* 

Reading 14 24 Jun 2004 24 Jun 2004 “ “ Blocked-35m “ 24 Jun 2004* 

Reading 15 10 Nov 2004 10 Nov 2004 “ “ “ “ 10 Nov 2004* 

* The SI casing was blocked at a depth of 68 m on November 19, 2002; subsequent measurements conducted above 68 m depth. 
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The SI-3, SI-4, SI-6 and SI-7 installations became blocked at depth by slide movement during 
2002. For 2004 the intent was to monitor the remaining functional installations, SI-1, SI-2, SI-5 
and just the upper portion of SI-7 twice per year.  SI-5 was found blocked at a depth of 35.4 m 
during the monitoring trip conducted on 24 June 2004.  The latest set of measurement readings 
was gathered on 10 November 2004, which included the remaining fully functional installations 
SI-1, SI-2, and only the upper portion of the partially blocked SI-7. 
 
Attached in Appendix A, are plots of the SI readings to date.  The SI readings are generally 
presented in incremental and cumulative displacement plots, with a 50 mm and 100 mm 
horizontal displacement scale versus depth.  The incremental plots show the individual changes 
in inclination of the casing at each reading depth. Consistent sharp sideways spikes in the 
incremental data plots are typical of slide shearing surfaces at depth. The cumulative 
displacement plots are constructed by adding together the incremental changes starting from 
the bottom of the installation and show the overall apparent lateral displacement profile of the SI 
casing relative to its initial location. Consistent sharp kinks or bends in the cumulative 
displacement profiles are typical of slide shearing surfaces. 
 
Two channels (directions) of measurement are presented: A and B.  The A channel is oriented 
to be approximately “down slope” whereas the B channel is approximately “across slope”.  The 
actual orientation of each of the casing channels is shown on previously supplied mapping.  
Positive movements on the cumulative plots are down slope (east) on Channel A and across the 
slope to the right (south) when looking downhill for Channel B. 
 
Table 2 presents AMEC’s observations based on the slope inclinometer data gathered to date. 
Figure 1 shows the locations of the slope inclinometers, along with their displacement vectors at 
approximately ground surface level measured up till November 2004 or when blocked. 
 

Table 2: Slope Inclinometer Casing Displacement Summary 
Casing Displacement (mm)* 

Installation 
No. 

Location (A) Max. 
Down Slope 

(B) Max. 
Across Slope 

Interpretation Notes 

SI-1 Avery Lane 26 20 sliding at 26 and 40 m depths  operational 

SI-2 Avery Lane 87 11 sliding at 42 and 60 m depths  operational 

SI-3 
Abbott & 
Bettcher 

62** 10** sliding at 39 m depth 
Casing blocked at 39 m between May 
2002 and Nov 2002. 

SI-4 
Voyageur 

School 
60** 8** sliding at 51 m depth 

Casing blocked at 51 m between May 
2002 and Nov 2002. 

SI-5 
Abbott 
Drive  

105** 3** sliding at 37 m depth 
Casing compression, 37 to 92 m depth.  
Casing blocked at 35 m between Dec 
2003 and June 2004. 

SI-6 
Dixon 
Street 

90** 23** sliding at 28 m depth 
Casing blocked at 28 m between Nov 
2001 and May 2002. 

SI-7 
Lewis & 
 Pierce 

55*** 20*** sliding at 27 m and 68 m depths 

Casing blocked at 68 m between May 
2002 and Nov 2002, continued reading 
casing above 68 m depth to monitor slip 
surface at 27 m depth 

* Maximum total lateral displacement measured at depth, from Nov. 2000 to Nov. 2004 or until blocked. 
** Displacements are reported until last reading prior to the SI being blocked. 
*** Displacements above 27 m depth relative to below 68 m only are reported after May 2002. 
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The following notes should be read while reviewing the SI data presented in Appendix A: 
 

• A second set of plots for SI-5 has been included with the readings previous to 3 April 
2001 omitted to eliminate the wave like profile (casing compression) observed in the raw 
data.  This plot may present a clearer representation of how much of the SI deformation 
may have been attributable to lateral ground movement, as opposed to vertical 
compression of the casing. 

• A second set of plots has been included for SI-7 for the portion of the borehole above 
68 m depth which is still being monitored, but these plots do not reflect movements that 
are likely occurring below 68 m depth.   

 
Included in Appendix B are plots of cumulative horizontal displacement versus time (velocity 
plots) at selected depths for the remaining active slope inclinometers.  Velocity plots are given in 
the downhill A channel direction (positive displacements indicate movement toward the east, 
and negative toward the west) and in the cross slope B channel direction (positive 
displacements indicate movement toward the south and negative displacements toward the 
north).  
 
Review of the 2004 slope inclinometer data indicates that there has been relatively little slope 
movement (maximum of approximately 6 mm in SI-2) detected over the last year. This is similar 
to the slowing trend noted over the last two years (since late 2002). It should however be 
pointed out that only two of the initial seven slope inclinometers are fully operational, and these 
are concentrated on the toe at one location on the slide area. Movements may be greater in 
other areas within the study area. 
 
3.0 GROUNDWATER LEVEL (PIEZOMETER) MONITORING 
 
Table 3 summarizes the standpipe and vibrating wire piezometer installation details for the 
study area. 
 

Table 3: Standpipe and Vibrating Wire Piezometer Installation Details 
BH No.: BH-2A BH-3A BH-4A1 BH-4A2 BH-6A1 BH-6A2 

Location: Avery Lane Abbott Drive Voyager School Dixon Street 

Installation Type: Standpipe 
Vibrating Wire 

Piezometer 
Standpipe 

Vibrating Wire 
Piezometer 

Standpipe 

Date of Completion: 2 Nov. 2001 15 Nov. 2001 6 Dec. 2001 18 Dec. 2001 
Screen or Tip Depth  
           (m)* 

54.2-60.2  38.0  39.6-39.9  49.0  44.0-45.2 26.4-27.8  

Type of Casing 
Protector 

Stick-up Stick-up Stick-up Stick-up Flush-Mount 

Casing Stick-up 800 mm N/A 860 mm N/A N/A 

* Depths are measured from ground surface.  Screen depth is for standpipes, tip depth is for vibrating wire piezometers. 
 
The standpipes were monitored by lowering a water level measurement tape into each pipe 
during routine visits to Quesnel and then manually recording the depth to the water. The 
standpipe monitoring schedule is shown in Table 4: 
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Table 4: Standpipe Piezometer Monitoring Schedule 
BH No.: BH-2A BH-4A1 BH-6A1 BH-6A2 

Location: Avery Lane Voyager School Dixon Street Dixon Street 

Reading 1 9 Nov. 2001    
Reading 2 15 Nov. 2001    
Reading 3 20 Nov. 2001    
Reading 4 23 Nov. 2001    
Reading 5 29 Nov. 2001    
Reading 6 04 Dec. 2001    
Reading 7 12 Dec. 2001 12 Dec. 2001   
Reading 8  13 Dec. 2001   
Reading 9  14 Dec. 2001   
Reading 10 18 Dec. 2001 18 Dec. 2001   
Reading 11   19 Dec. 2002 19 Dec. 2002 
Reading 12 28 Jan.  2002 28 Jan. 2002 28 Jan. 2002 28 Jan. 2002 
Reading 13   20 Mar. 2002 20 Mar. 2002 
Reading 14 28 Mar, 2002 28 Mar. 2002   
Reading 15 11 Apr. 2002 11 Apr. 2002 11 Apr. 2002 11 Apr. 2002 
Reading 16  06 May. 2002   
Reading 17 08 Jun. 2002 08 Jun. 2002   
Reading 18 25 Jun. 2002 25 Jun. 2002 25 Jun. 2002 25 Jun. 2002 
Reading 19 17 Aug. 2002 17 Aug. 2002 17 Aug. 2002 17 Aug. 2002 
Reading 20 31 Oct. 2002 31 Oct. 2002 31 Oct. 2002 31 Oct. 2002 
Reading 21 18 Nov. 2002 18 Nov. 2002 18 Nov. 2002 18 Nov. 2002 
Reading 22 19 Jun. 2003 19 Jun. 2003 19 Jun. 2003 19 Jun. 2003 
Reading 23 25 Nov. 2003 25 Nov. 2003 frozen over frozen over 
Reading 24 24 Jun. 2004 24 Jun. 2004 24 Jun. 2004 24 Jun. 2004 
Reading 25 1 Oct. 2004 1 Oct. 2004 1 Oct. 2004 1 Oct. 2004 
Reading 26 10 Nov. 2004 10 Nov. 2004 10 Nov. 2004 10 Nov. 2004 
 
Two test pumping wells (PW03-01, PW03-02) and 3 multi-depth observation wells (BH03-02A-
B-C, BH03-03A-B-C and BH03-04A-B-C) were installed as part of trial dewatering well pump 
testing carried out in 2003 and 2004 (summarized in AMEC report to the City of Quesnel dated 
28 May 20041). These wells act essentially as standpipe piezometers. Water levels in some of 
these installations were also measured during monitoring visits to Quesnel during 2004. 
 
The vibrating wire (VW) piezometers are water pressure transducers sealed in the boreholes 
and connected to electronic data loggers (VW mini-loggers) located at surface. The VW mini-
loggers were programmed to record daily pore water pressure readings. Near continuous 
readings were recorded for 2004. This data was downloaded during monitoring visits and 
subsequently converted to equivalent groundwater levels. 
 
Figure 1 shows the locations of the groundwater measurement installations. Appendix C 
provides graphs displaying the water levels versus time for the various installations. For 2004, 
measured groundwater levels generally remained relatively constant and similar to previous 
years’ levels. In most instances these levels were quite high, being at or near ground surface. 
 

                                                 
1 Polysou, N.C. & Green, S. 2004.  Pilot Dewatering Well Test, West Quesnel Land Stability Study.  AMEC Earth & Environmental.   
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4.0 PRECIPITATION  
 
Monthly total precipitation data was obtained from Environment Canada for the closest 
recording station, the Quesnel Airport. The 2004 precipitation data is preliminary and still 
requires official verification. A plot of the recorded total monthly precipitation from 1975 through 
2004 along with historical “monthly normal” data is shown as Chart 1 in Appendix D. The 
historical normal precipitation is based on a 30 year moving mean, where an average over the 
preceding 30 years was calculated for each month to derive what could be considered as a 
“normal” amount of precipitation for that month. 
 
Chart 2 in Appendix D presents a plot of the cumulative difference between the actual total 
precipitation experienced each month and the calculated normal total monthly precipitation, 
starting in 1975. This plot shows the trend of the recorded precipitation, and gives an indication 
of overall increasing or decreasing (i.e. wetter or drier) trends compared to what could be 
expected to be normal.  Generally horizontal trends in the plot indicate relatively normal 
precipitation, rising trends indicate extended wetter periods and falling trends indicate extended 
drier conditions than normal. 
 
The cumulative difference precipitation plot indicates that the period from 1975 through 1980 
was slightly drier than normal. This was followed by a wetter period up to about 1983 and 
relatively normal conditions from 1983 to 1986. From 1986 to 1989 a significant drying trend 
occurred. Between 1989 and 1986 precipitation conditions were generally close to normal. 
However, starting in 1996 a longer term of wetter than normal precipitation occurred all the way 
up till early 2002. From early 2002 to mid 2003 a drier period was experienced, followed by an 
only slightly wetter but probably normal amounts of precipitation to the end of 2004.  
 
5.0 GROUND SURFACE MOVEMENT HUBS 
 
Terasen Gas (formerly BC Gas) has provided AMEC with global positioning system (GPS) 
survey data for ground surface movement hubs located in the West Quesnel study area. An 
initial set of 29 hubs was installed in September 1998, some of which were benchmarks or 
references located well away from the slide study area. An additional 11 hubs were installed in 
December 2001. Survey firms contracted by Terasen Gas have conducted semi-annual and 
later annual determinations of the coordinates of these hubs. The most recent survey was 
conducted in January 2005. Appendix E contains spreadsheets with the various GPS survey 
coordinates over time, as well as Charts E1 and E2, which graph the horizontal displacement 
versus time. 
 
Figure 2 shows the locations of the GPS surveyed movement hubs in the study area together 
with vectors depicting the detected horizontal ground movement. An indication of total vertical 
movement detected at each hub location is also provided on the figure. 
 
Table 5 below summarizes the movement hub data in or near the slide study area collected to 
date. 
 
 



City of Quesnel 
West Quesnel Stability Study 
April 15, 2005 
KX0439801 
Page 6 
 

Table 5: Terasen Gas Movement Hub Data to January 2005 
Horizontal Displacement Since Installation Movement Hub Date Installed Magnitude (mm) Vector* (°) 

2 September 1998 260 99 
4 September 1998 221 55 
5 September 1998 237 89 
6 September 1998 287 43 
7 September 1998 237 62 
8 September 1998 228 66 
9 September 1998 296 90 

14 September 1998 279 92 
15 September 1998 213 76 
16 September 1998 148 72 
17 September 1998 322 96 
18 September 1998 282 97 
19 September 1998 251 102 
20 September 1998 235 106 
21 September 1998 139 112 
22 September 1998 37 95 
23 September 1998 21 104 
30 December 2001 69 100 
31 December 2001 108 86 
32 December 2001 13 154 
33 December 2001 58 101 
34 December 2001 78 108 
35 December 2001 11 117 
36 December 2001 18 89 
37 December 2001 81 98 
38 December 2001 13 122 
39 December 2001 48 137 
40 December 2001 42 86 

 
Generally the survey hub movements appear to have continued to show displacements over the 
last monitoring period from November 2003 to January 2005. However, these displacements 
were generally less than 20 mm. The 2004 movement was similar to that detected in 2003 and 
represents a much slower maximum movement rate (approximately 20 mm per year) as 
compared to the period from September 1998 to November 2002 when maximum movement 
rates in the order of 70 to 80 mm per year were measured.  
 
6.0 FUTURE WORK 
 
Given the nature of the movements observed to date, AMEC recommends continued monitoring 
of the operable SI installations and continuing collection of groundwater level data. Installation 
of 6 new slope inclinometers is currently underway, and additional groundwater instrumentation 
is also planned for 2005. For 2005, monitoring of existing instrumentation will be combined with 
regular monitoring of new slope inclinometer and groundwater instrumentation. 
 
In previous reporting and discussions with the City of Quesnel, AMEC has recommended 
installing a total precipitation monitoring device directly within the West Quesnel area. 
Establishment of a system to regularly monitor surface water levels in the various ponds has 
also been recommended and should be implemented as soon as possible. 
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Movement hub data has been very useful in determining the boundaries and rates of movement 
within the slide study area. It is recommended that a GPS survey of the movement hubs be 
conducted at least annually (by Terasen Gas or the City of Quesnel), with an increased 
frequency of survey if increasing rates of movement are indicated. 
 
AMEC recommends that a separate annual monitoring report be produced in early 2006 once 
all the 2005 data has been collected and collated. 
 
7.0 CLOSURE 
 
Thank you for the opportunity to provide assistance in this matter.  Please do not hesitate to 
contact the undersigned at 1-250-564-3243 should you have any questions or require further 
information. 
 
Respectfully submitted, 
 
AMEC Earth & Environmental Reviewed by: 
a division of AMEC Americas Limited 
 
 
 
 
Shiloh Jorgensen, E.I.T. 
Geotechnical Engineer 
 

 
 
 
 
 
Nick C. Polysou, P.Eng. 
Senior Associate, Geotechnical Engineer 
Regional Manager, Central BC 

 
NCP/lad 
 
Attachments: 
 Figure 1:  Plan, Instrument Locations and Slope Inclinometer Displacement Vectors 
 Figure 2:  Plan, Terasen GPS Movement Hubs and Displacement Vectors 
 Appendix A: Slope Inclinometer Profile Plots 
 Appendix B: Slope Inclinometer Velocity Plots 
 Appendix C: Groundwater Level Plots 
 Appendix D: Precipitation Data Plots 
 Appendix E: Terasen GPS Movement Hub Survey Data and Plots 
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APPENDIX A 
 

Slope Inclinometer Profile Plots 







































 

 

APPENDIX B 
 

Slope Inclinometer Velocity Plots















 

 

APPENDIX C 
Groundwater Level Plots
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Chart 2: Piezometric data from BH-3A. 

Chart 1: Piezometric data from BH-2A.  

SJ Apr 2005 
Chart C1 and C2 DATE: : : PROJECT No: KX043  
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Chart 4: Piezometric data from BH-6A. 

Chart 3: Piezometric data from BH-4A.  

SJ Apr 2005 
Chart C3 and C4 DATE: : : PROJECT No: KX043  
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Chart 6: Piezometric data from PW03-02. 

Chart 5: Piezometric data from PW03-01.  

SJ Apr 2005 
Chart C5 and C6 DATE: : : PROJECT No: KX043  
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Chart 8: Piezometric data from BH03-04A, B and C. 

Chart 7: Piezometric data from BH03-03A, B, and C.  

SJ Apr 2005 
Chart C7 and C8 DATE: : : PROJECT No: KX043  
98
DRAWN BY
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APPENDIX D 
Precipitation Data Plots
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Chart 2: Cumulative Difference from 1975 to 2005 

Chart 1: Monthly Precipitation from 1975 to 2005 

SJ Apr 2005 
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98
DRAWN BY
SCALE
NTS
Large 
Foundation 
Crack



 

 

APPENDIX E 
Terasen GPS Movement Hub Survey Data and Plots 
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