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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 (Sl) 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 Sl
monitoring schedule to date:

Table 1: Slope Inclinometer Monitoring Schedule

Installation: SI-1 SI-2 SI-3 Sl-4 SI-5 SI-6 SI-7
Location: Avery Lane Avery Lane Abbott Drive \/Sog/r?(?(jr Abbott Drive Dixon Street C':Eif;r::m
Depth SI Read 142 ft/43 m 244t/ 74 m 334 ft/102 m 504 ft/ 154 m 474 1t/ 144 m 502 ft /153 m 410ft/125m
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 Sl 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, SlI-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 Sl readings to date. The Sl 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 . .
- Location (A) Max. (B) Max. Interpretation Notes
' Down Slope | Across Slope
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
Abbott & o Casing blocked at 39 m between May
SI-3 62** 10** sliding at 39 m depth
Bettcher 2002 and Nov 2002.
Voyageur o Casing blocked at 51 m between May
Sl-4 60** 8** sliding at 51 m depth
School 2002 and Nov 2002.
Abbott Casing compression, 37 to 92 m depth.
0
SI-5 Ori 105** il sliding at 37 m depth Casing blocked at 35 m between Dec
rive
2003 and June 2004.
Dixon o Casing blocked at 28 m between Nov
SI-6 90** 23** sliding at 28 m depth
Street 2001 and May 2002.
Casing blocked at 68 m between May
Lewis & o 2002 and Nov 2002, continued reading
SI-7 ) B55*** 20%** sliding at 27 m and 68 m depths ) ] -
Pierce 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 Sl 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 Sl data presented in Appendix A:

e 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.

e 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

. ) Vibrating Wire . Vibrating Wire .
Installation Type: Standpipe . Standpipe . Standpipe

Piezometer Piezometer

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

oy b bep 54.2-60.2 38.0 39.6-39.9 49.0 44.0-452 | 26.4-27.8
Type of Casin

yp g Stick-up Stick-up Stick-up Stick-up Flush-Mount

Protector
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:




City of Quesnel &
West Quesnel Stability Stud
April 1Q5, 2005 / g ame
KX0439801
Page 4

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 BHO03-04A-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 2004'). 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.

! 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 ame
KX0439801
Page 6
Table 5: Terasen Gas Movement Hub Data to January 2005
VIOV R Date Installed Horiz_ontal Displacement Since Installation
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 Sl 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. Nick C. Polysou, P.Eng.
Geotechnical Engineer 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 B

Slope Inclinometer Velocity Plots
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APPENDIX C
Groundwater Level Plots
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APPENDIX D
Precipitation Data Plots
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APPENDIX E
Terasen GPS Movement Hub Survey Data and Plots



Tabla 1: Summary of Monitoring Data from Saplember 1298 io December 1998

Slation Seplember, 1938 = December, 1998 Change Horizontal Vecior
e Location (Landmark, Road) Nothing | Easting | Clevabon| MNohing | Easting | Elevation | Norhing | Easting | Elevation] Total- || Magnitude Azimuth
M i (7 (m) | (mAsL (m (m) | (mASL (m) (m) | (masy | (m)

2 Donnely/Dodds Intersection | 5869992878 | 531420.902| 563.021 ][ 5869992 871 | 531420.907 | 663.014 || -0.007 | 0.005 | -0007 | 0.009 || 0.000 | 144.462
1 N Picard Placa (Lana} S870331.69449 | 531626.828] 557.171 § SAT0331.861 | 531626.828| 557.163 002 0001 | -0.008 | 0.012 0.2 | 355.236
5 East of Dawson/Lewis Intersection_|| 5870180.442 | 531627 208] 561,878 |§ 5870180.445| 531627.216| 551065 | 0003 | 0007 | 0013 | 0.008 | 0008 | 66.801
6 Paley Wast 5870474.774 | 531664.168| 539.628 | 5870474.771] 531664.178] 538.615 | -0.003 | 0.011 | -0013 | 0011 § 0011 | 105255
7 _Paley East 5870427287 | 531832 241| 533.473 | 5870427 289 | 531832.248| 533467 | 0002 | 0.008 | -0006 | 0008 | 0008 | 75864
8 Picard Avenus 5870326,580 | 531005.205| 536.943 | 5870328.580 | 531909.287| 536.905 | 0.000 | -0.008 | -0.038 | 0.008_J 0.008 | 270.000
] Lans between PalchettPierce || 5870063,508 | 531714.863| 548 785 | 5B70063.588 | 531714.875| 548.766 | -0.011 | 0012 | -0.018 | 0016 | 0016 | 132510
1 Pentiand/Flamingo Intersection || 5870067 437 | 531986.027| 531224 | SB70067 435 531986.023] 531210 | 0002 | -0.004 | D014 | 0004 || 0004 | 243435
15 PalmarfLawis Intarsaction SHTO0275.888 | 532052.513| 524.385 || SB70275.892 | 532052.515| 524.383 0.004 0.002 0.008 0.004 0.004 26.565
18 Healy Road 5870413504 | 532184 8684 500104 || 5870413.4%0 | 532184 850| S09.088 -0.005 =0.005 -0.018 0.007 0.007 225.000
17 Beftcher/Lark Intersection 5BE0B47 647 | 53227 862| 510.610 || 5869847 634 | 532237 872 519.569 | 0013 | 0.010 | 0011 | 0016 | 0.016 | 142431
18 Lark/Flamingo Intersection 5ABOB26.923 | 531884 617| 524,147 | 5860826620 531984.611| 524132 | 0006 | -0.006 | -0.015 | 0008 | 0.008 | 315000 |
19 AbbolUFlamingo Intersection | 5860506.532 | 531978.061| 517 225 | 5869696.534 | 531078.063| 617.219 | 0002 | 0002 | -0.006 | 0.003 | 0.003 | 45000
20 Hawk Straet @ Crane Ava. 5868364.250 | 532196.105] 504.356 || S868364.263 | 532186.108| 504.33 0,004 0.004 -0.023 0.006 0.006 45.000
Fl Lane between Avery/Alison | 5869342 896 | 532493483 | 4B5.474 || 5868343 005 | 532483482 | 485458 | 0008 | 0.008 | -0.015 | 0013 | 0013 | 45.000 |
22 Lane between Beath/Bouchia SBEOG28.968 ﬂ?ﬂai.ﬂE 4T8.920 Eﬂz&m 532811.005| 478.920 0,000 0.009 G.ME 0.009 0,009 WWB
pE] ___Dohedy Dr_-BM (GBG8134.064 | 532888 607] 475.84 | 5868134 061] 532888 60B| 475357 | 0003 | 0001 | 0027 | 0003 J| 0003 | 161665
[ 24 Salion Road (Hixon Road) 5878341.399 531390.210| 589.800 | 5878341373 531399.217 | 580.567 | -0.076 | 0007 | -0.042 | 0027 || 0.027 | 164932
26 Benchmark by Alrport - BM 5673887.634 | 533765.361| 545.420 | 5873867 622 | 533765.981| 545406 | -0.012 | 0000 | -0.023 | 0012 || 0.012 | 180.000 |
28 RﬂdBﬂlLﬂ'Pumpﬂta_ltl'ldBM S587T0190.608 | 537039.418| 505.773 || SB70190.608 | 537039.418| 595773 0,000 0.000 0.000 0.000 0.000 0000
2 Quesnel Hill 5870484.587 | 536304.120| 575.014 || 5670484.893 | 536304.135] 576.004 | 0006 | 0015 | -0.010 | 0016 | 0.016 | 68.199
B2C256 Government Benchmark at Airport SEF5411.453 533109.70@  542.947
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Table 2: Summary of Monitoring Data from Seplember 1998 to Aprl 1999

S Seplember, 1998 April, 1999 Changa Horizontal Vealor
Number Location {Landmark, Road) Morihing Easting | Elevation| MNorthing Easting Elevation | Morthing | Easting | Elevation| Total* |Magnitude| Azimuth
m iy ASL mj {m ASL) {m {m (mASL) | (m

2 Donnely/Dodds Intersection SHE9902 B7E | 531420.902| 563.021 | 5885552 867 | 531420.631] 563.007 -0.011 0.029 -0.014 0.031 0.031 | 110772
4 = Picard Place (Lane) 5870331.949 | 531626.829] S57.171 | S870331.956 | 531626.856] 557.150 0.007 .o27 -0.021 0.028 0.028 75.466
5 East of Dawson/Lewis Intersection || SBT0180.442 | S31627.209] 551.978 | 5870180.438 | 531827.250| 551.951 <0.004 0.041 -0.027 0.041 0.041 95.572
6 Paley West 5B70474.774 | 531664.168| 539.628 | 5870474.788 | 531664.208| 530,613 |  0.014 0.040 | -0.015 | o.042 042 | 70.710
7 Paley Easi 5870427.207 | 531932.241] 533.473 | 5670427.300 | 531932.279| 533462 |  0.003 0.038 | -0.011 | 0.038 0038 | 85486
] Pileard Avenus S8703268.580 | 531900.295| 536.943 | 6870328.581 ) 531009.214| 536.203 0.001 0.015 -0.034 0.019 0.019 8B.987
9 Lana batween Patchett/Pierce 5870063599 | 531714.663| 545.785 | 5870063.593 | 531714.910] 549.753 | -0.006 0.047 | -0.032 | 0.047 0.047 | 97.275
14 Pentland/Flsmingo Intersection || 5670067 437 | 531986.027| 531.224 | 5670067426 | 531066.061 | 531.205 | -0.009 0034 | -0.018 | 0.035 0.035 | 104828
15 PaimeriLewis intersection S8T0275.888 | 532052.513] 524.385 | SETORT5.902 | 532052 557 | 524.361 0.014 0.044 =0.024 0045 0,045 12350
18 Haaly Road S8T0413.504 | 532184864 | 509.104 | 58470413.501 | 532184.880 | S09.054 =0.003 0.016 -0.050 0.016 0.016 1040.6:20
17 Betichar/Lark Inlersection SO69847.647 | 532237862 519,610 | 5860647634 | 532237 10| 519610 0.013 0.048 0.000 0.050 0.050 105.154
12 Lari/Flaminge Intersection SBESE26.923 | 531884.617| 524.147 | 5869A26 630 | 531984639 | 524.126 | 0.007 0.022 | -0.021 | 0.023 0.023 | 72350
19 Abbott/Flam I S880506.532 | S31978.061] 517.225 | S860696.525 | 531978,008| S517.218 -0.007 0.037 -0.007 0.038 0.038 100.713
20 Hawk Street @@ Crane Ave. 5869364.259 | 532199.105] 504.356 | 5B68064.256 | 532190.136| 504,327 | -0.003 0.031 0.029 | 0.00 0.001 | 85.528
21 Lane between AvanyAllison SBRG342 008 | 532493 483| 485474 | 5880342 0998 | 532493.516] 485.473 .00 0.033 0.001 0.033 0.033 85 532 |
22 Lana batween BaathvBouchie 5860625 968 | 532631.088] 478920 | 5860626.972 ] 532631.109| 478.520 .00 0,023 0.000 0.023 0.023 80.134
23 Doherty Dr. - BM 5869134.064 | 532888607 | 475.384 | SA60134.068 . 475.365 | 0.004 0.016 | -0.019 | 0.016 0.016 | 75.964
24 Salion Road (Hixon Rpad) 5878341.309[531300.210] 589.609 | 5878341391 531389224 | 580587 | 0008 | 0014 | 0022 | 0O16 | 0.016 | 119.745
26 Benchmark by Airport - BM SBTIBET 634 | 533765.361) 545.429 | SETIEAT.631 | 533TRS.364 | 545407 -0.003 0.003 -0.022 0.004 0.004 135.000
28 Rad Blulf Pump Station - BM 5870190.608 | 537039.418] 595.773 | 5870190.608 | 537039.418| 585.773 0.000 0.000 0.000 (L.000 0.000 | 0.000
29 Quasnel Hill 5870484 B87 | 636304.120] 575.014 | 5870484.808| 536304.133| 574.9968 | 0.011 | 0013 | -0.016 | 0017 | 0017 | 49.764

B2L.256 || Lsnwemment Banchmark at Alrpar SBT5411.453 533100.702 _542.547
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Table 3: Summary of Monitoring Data from Septembar 1998 to Decembaer 1529

-
Station . Seplember, Iﬁ Decembar, 1985 Horizontal Vector
Numt Location{Landmark, Road) Morthing Easting | Elevation] Northing Easting | Elevation | Morthing | Easting | Elevation| Total® [ Magnitude | Azimuth
{m} {m) {m ASL) ) {m} (m ASL) {m} (m) | _‘rﬁ m

2 Donnely/Dodds Intersection | 5869992 878 | 531420.602| 563.021 || 5869992.670] 531420.978 | 563.027 | 0.001 | 0.076 ; 0076 | 0076 | 89.246 |
4 Picard Place {Lane) S870331.848 | 531626.828] 557.171 || 5870331.993 | 531626.885 | 557.160 0.044 0.056 -0.011 0.0M 0.071 51.843
5 East of Dawson/Lewis Intersection || 5870180.442 | 531627.209] 551.978 | 5870180.448 S)1627.288 | 551.853 0,006 0,079 0025 | 0.073 0.079 85,657
6 Faley Wesl SBT0AT4.774 | 531664.168] 535628 I 5870474.805 | 531664.2359 | 538.608 0.031 0.071 -0.020 0.077 0.077 66413
T Paley East 56T0427.297 | 531832 241 533473 § 58704 27.321 | 531932.307 | 533 481 0.024 0.066 “0.012 0.070 0.070 70.017
] Picard Avenue 58T0328.580 | 531900.205] 536.043 § 5870328.609 | 531000.354 | 535,000 0.028 0.058 -0.034 0.068 0.066 63.825
Fl Lane batween PalchettPierce SBT0063.599| 531714.853| 540.785 || SBT0063.614 | 531714.965 | 549774 0.015 0.102 0,011 0,103 0.103 81.634
14 Pentland/Flamingo Intersection SET0067.437 | 531986.027| 531.224 || 5870067 441 ] 531086116 | 531,199 0,004 0.089 -0.025 0.089 0.089 87 427
15 FalmerLawis Intargection SB70Z75.888 | 532052.513] 524.385 || S870275.903 | 532052 580 | 524.376 0.015 0.076 0,004 0.077 0.077 TH.835
18 - Haaly Road 5870413.504 | 532184.864| 509.104 || S8T0413.508 | 532184.007 | 500.068 0,005 0.043 -0.035 0,043 0.043 B3 387
17 Beticher/Lark Intersection 5869847 647 | 532237 862 | 519.510 || SBA0B4T 644 | 532237.958 | 519608 | -0.003 0.096 -0.002 0,006 0,006 91,790
18 Lark/Flaminge Inlersaction 5869826 923 | 531084 817| 524.147 J SBE9826.923 | 531584685 524.127 0.000 0,078 -0.020 | 0.078 0,078 0,000
19 AbbattiFlaminge Inlersection 5869596532 | 531978.061| 517.225 | 5B60506.510 | 531078 134 | 517.213 0.013 0.073 -0.012 0.074 0.074 100.098
20 Hawk Streel @ Crane Ave. 5868364.250 | 532199.105| 504.356 || 5860364.259 | 532199.176 | 504.353 0,000 0.071 -0.003 0.071 0.071 90,000
21 Lane betwaon Avery Alison 5869342996 | 532493.483| 485.474 || 5869342.008 | 532493.530 | 4B5.478 0.00:2 0.058 0,004 0.056 0,058 A7 055
22 u‘ﬁm“ﬁwm 5868628.968 | 532631.086| 478.920 || 5869628.969 | 532631.117 | 478.922 | 0.001 0.031 | 0002 | 0.031 0.031_| 88.152
73 Doherty Dr. - BM SBE0134.004 | 5A2R08 607 | 475,084 || 5860134.060 | 512888.628] 475374 | 0.005 0.021_| -0.010 | 0.022 D.0z2 [
24 Salton Road (Hixon Road) S8785341.399 | 531359.210| 589609 | 5A7A341.303 | 531300.221 | 580.506 | -0.006 0.011 0.013 | 0.013 0.013 | 118.610
26 Benchmark by Airport - BM S8TIBA7.634 [ 533765 361| 5454230 § 5873867 630 | 533765.367 | 545409 | -0.004 0.006 -0.020 | 0.007 0.007 | 123.680
2B Rad Bluft Pump Station - BM 5870190608 | 537039.418] 595.773 || S870180.608 | 537039.418| 595773 0.000 0.000 0.000 0.000 0.000 0.000
2§ Cruaansd Hill SE70484.887 | SI6304.120 S575.014 || SRT04B4.896 | 536304.133 | 575.002 || 0.009 0.013 -0.012 0.018 0,018 55,305

B2C256 || Govemmant Benchmark al Amparl 5875411.453 533109.702 542 947

* Met Horizontal Displacemant



Tabda 4: Summary of Monitoring Data from September 1988 to February 2000

Sl Seplember, 1998 February, 2000 Cha Horizontal Veclor

N Location (Landmark, Road) Morthing Easting |[Elevation] Northing Easling | Elevation | Norhing | Easling | Elevation| Total® [| Magnitude| Azimuth
bl m | tm) l(masu)} _ (m) (m) mAsL) | (m) (m) | masy) | (m)
F: 5 Intersection | 58699592.878 | 531420.902] 563.021 mﬁﬁ.ﬁ-ﬂ S31420.976 | 563.0068 -0.004 0.074 =0.015 0.074 0.074 93,0594
4 - Picard Place {Lane) 5870331.949 | 531626.828| 557 171 || 5870331.885| 531626.884 | 557.159 0.036 0.055 -0.012 0.0685 0,085 56.793
] East of Dawson/Lewis Intersection || 5670180.442 | 531627.209] 551.978 || 5870180.447 | 531627.269 | 551048 | 0.005 | 0.080 | -0.030 | 0.080 {| 0.080 | 86.424
[ Paley Wast SAT04TA. TT4 | 531664, 168 538628 || SATO4TA. 829 | 531664.236 | 539.608 0.055 0.068 =0.020 0.08T 0.087 51.023
7 Palgy East SETO427.297 | 531932.241| 533,473 || 5870427 327 | 531932311 | 533.457 0.030 0.070 -0.016 0.07% 0.076 665,801
8 Picard Avenus 5870328.580 | 531909.295| 536.043 || 5670328.801 | 531900.348 | 536,807 0.021 005 | -0036 | 0.058 0.058 | 68749
g Lane between Patchell/Pierce 5870063500 | 531714.863| 540,785 || 5A70063.507 | 531714.058 | 548.773 || -0.002 0096 | -0.012 | 0098 0096 | 91193
14 Pentiand'Flamings [ntersection SHTO0GT.437 | 531966.027 | 531.224 || S870067.437 | 531986106 | 53121 0.000 0.079 -0.003 0.079 0.073 90.000
15 PalmernLewis Intersection 5870275888 | 532052.513] 524.385 || SATO275.906 | 532052.581 | 524.364 0.018 0.068 =0.021 0.070 0.070 T5.17T4
6 Healy Road 5870413.504 | 632164.564| 509.104 | 5870413.515| 532184.912 | 509.064 || 0.011 0.048 | -0.040 | 0.040 | 0.040 | 77.008
17 Beticher/Lark Inlersection 5860847.647 | 532237 862] 519,610 || 5860647634 | 532237.062 | 510603 || -0.01: 0.100 | -0.007 | 0.101 0101 | 97.407
18 Lark/Flamingo Intersection 58(8826.923 | 531984.617| 524.147 | 5A69826.918 | 531984.684 | 524.127 || -0.004 0,067 | -0.020 | 0.067 0.067 | 93417
19 Abbaott/Flamingo Intersection S869596.532 | 531978.061) 517.225 § SA69596.525| 531978.140 | 517.238 =0.007 0.078 0,013 0.078 0.078 95.064
20 Hawk Sireel (@ Crane Ave. SBG5364.259 | 532189.105] 504.356 || SB69364.255) 532199.171 | 504.340 | -0.004 0066 | -0.016 | 0.066 0.066 | 93468
21 Lane batwaen Avary/Alison S860342.906 | 532403483 | 4B5.474 || 5A50342.994 | 532493.539 | 485472 | -0.002 D.OSE | -D.ODZ | 0,05 0.056 | 92045
22 Lane D_-lenﬂn BeathvBouchie SEEOGEE. 068 532‘531&&&&.52!] SEE062E.979 532631.& 478.918 0.011 0.031 =0.002 0.033 0.033 0463
23 Doharty Dr. - BM EBG0134.004 | 532688.607| 475,364 || 5BE0134,068 | 512688.624 | 475973 0.004 5.017 =0.011 0.01?- ﬁ.a'l? FEHE
24 Salton Road (Hixan Road) SHTA341.198 | 531399.210] 589.509 || SBrE341.9768 | 531999.228 | 5A8.588 || -0.021 0018 | 0.010 | 0.028 0.028 | 138.398
25 Benchmark by Airport - BM SAT3BAT.634 | 533765.381| 545420 || 5873887.631| 533765.367 | 545417 || -0.003 0.006 | -0.012 | 0.007 0.007 | 116.565
28 Red Bluf! Pump Station - BM SET0190.608 | S3T030.418] S95.773 || SET0190.808 | 537030.418 | S05.773 0.000 0.000 0.000 0.000 0.000 0.000
29 Cuesnal Hill SBT0484 BRT | 536304.120] 575.014 || 5870484 806 | 536304.131 | 575.008 0.009 0.011 <0008 0.014 0.014 50.711

B2C256 || Government Banchmark at Alrport SBI5411.453 533100.702 542946
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Talde 5: Summary of Monitoring Data from Seplember 1996 to May 2000

Station, y _ Seplember, 1998 _ May, 2000 Horizontal Vector
Mok Location (Landmark, Road) Merthing Easting | Elevationl] Modthing Easting Elevation || Morthing Easting | Elevation| Toial* | Magnitude| Azirmuth
Il - m m ASL m {m ASL) {m} {m} {m ASL) (m)
z Bronnoly/Dodds Intersection 9562 'Ea'ugcl._ﬁ "&T.n'i'l'q ﬁ'ﬁ Ei%ﬁ ] s63.000 | -0.018 0089 | -0.012 | 0.091 0.091 | 101.434
4 Picard Placs (Lana) 5870331.949] 531626.829] 557.171 || 5670332.002] 531626.898] 557.136 | 0.053 D.068 | -0.085 | 0.087 § 0O.087 | 52.472
5 East of Dawson/Lawis Intersection || G870180.442| 531627 208] 551.678 | 5A70180.448] 531627 207 | 6551036 | 0,008 0.058 0042 | 0088 | 0088 | 85.100
B Paley Wasl 5B70474.774] 531664, 168 530628 || 5B70474.840| 531664.240| 539,586 || 0.066 0.072 | 0.042 | 0098 | 0.098 | 47.490
7 Palay East 5870427 297| 531832.241| 533.473 || 5870427.334] 531832.321| 533440 | 0.037 0.080 | -0.024 | 0.088 | 0. 65.1749
] Picard Avanue BAT0328 580] 531000295 536.043 || S870328.607| 531000.363| 536,886 | 0.027 0.068 | -0.057 | 0.07a 0.073 | 6B 344
F] Lane between PalchellPierce || S870083.599] 53 m.a&gl 54D.785 || SB70083.593| 531714.979| 549.763 | -0.006 0116 | -0.022 | 0.116 0.116_| 82861
L] Pentland/Flamingo Intersection | 5870067.437| 531986.027] 531.224 || 5870067.432| 531986.128| 531.198 | -0.005 0.101 20.028 | 0.0 0.101 | 92.834
15 Falmer/Lewis Intersaction | 5870275.885) 532062.513] 524 385 | 5870275908 532052 504| 624.343 | 0.021 0.081 0,042 | 0.084 0.084 | 75.486
[ Healy Road | 5870413.504] 532184.864] 509.104 || 5670413.516] 532184.916] 508.071 § 0.012 0052 | 0033 | 0.0 0.053 | 77.005
17 BattcherLark intersaction SPEDB4T.6AT| 532237.862] 519.610 || 5860847 626| 532237.988| 518.583 =0.021 0.126 =0.017 0.128 0.128 90.462 |
18 LITFJFMQIHWM SBE0E26.923] 531984817 534.1-5}_’ SBE0826.903| 531984.719] 524.125 =0.020 0.102 0022 0.104 0.104 101.084
18 AbboiFlamingo Intersection 5869506 632| 531078.061] 517 225 || 58609506 602| 531978 164 517.224 | _-0.030 0002 | -0.001 | 0.107 0.107__| 108.239 |
20 Hawk Stresl ¢ Crane Ava. 5869364.250| 532199.105] 504,356 | 5860364 247| 532199193 504930 | -0.012 0088 | -0.026 | 0.089 | 0.089 | 07.765 |
21 Lane babween Avery/Allison SBE0342.506| 5324583.4813] 485.474 | S869342.085] 5324893.547 | 485486 =0.011 0.064 0.012 0.065 0,065 8. 752
2 Lane between Beath/Bouchie || 5869628.968| 532631.086| 478.920 | 5869628.064| 532631.113| 478.913 | -0.004 0.027 | -0.007 | 0027 | 0.027
] Datwarty Dr. - BM SB65134.064) 532888.6807) 475,384 | S5869134.069] 532888.617] 475.2T6 0.005 0.010 =0.008 0.011 0.011 63,435
24 Sallon Road (Hixon Road) || 5878341.999) 531399.210] 589,600 | 5878341.380| 531399.216| 580577 | -0.019 0008 | -0.032 | 0.020 0.020 | 162.474
25 Banchmark by Aliport - BM SB73887.634| 533755.381| 545420 || 5873887 633 533765 968 | 545406 | -0.001 0.007 -0.023_|_0.007 0.007 | 98.130
28 Red Blulf Pump Station - BM 5070190.608] 537039.418] 505.773 || 5670150.608] 537030.418] 595773 | 0.000 0.000 0.000 0.000 0.000 0.000
29 Cussnal Hill 5870484 887 | 536304.120] 575.014 || 5870484 802 536304.131| 574.905 | 0.005 0.011 0019 | 0012 | 0012 | 65556
56 || ovemment Benchmark at Alrport 5875411453 533109.702 542946
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Tabla G: Summary of Monitoring Data from Seplember 1958 (o Decembar 2000

Staon Seplember, 1998 Decemabar, 2000 i Horizontal Vector
Humber Location (Landmark, Road) Marthing Easting | Elevation) Naorthing Easling Elavation || Morthing Easting | Elevation| Tolal* | Magnitude| Azimuth
_ {m}) m m ASL m m m ASL) {mij {m} {m ASL) {m}

2 Donnely/Dodds Intersection || 5960992 878] 631420, 021 . X 908 || -0.081 | 0136 | -0.023 | 0.139 | 0.139 | 102.841
[ Picard Place (Lane) 5870031.948] 531626.820] 557.171 || 5670332.013] 531626.939] 557.146 || 0.064 0110 | 0.025 | 0.127 | 0.127 | 50.808
5 East of Dawson/Lowis Intersection || 5870180442 531627 208 5561.978 || 5870180.441] 531627.341| 551.847 || -0.001 0132 | 0031 | 0132 | 0132 | 90.434
[ Fabey Wost 5870474.774| 531664, 168] 535.620 || 5870474.883| 531664276 539,568 | 0109 0108 | -0040 | 0153 | 0453 | 44.736
7 Palery East 5870427.297| 531932.241] 533.473 || 5870427 348 531532.349] 533.436 || 0.051 D108 | -0.037 | 0.418 | 0418 | 64.722
8 Picard Avanua 5870328 580| 531000 205] 536.043 53?_[132&.53-5 S531808.356 EM-B_H 0058 0101 -(.058 0115 0115 B0 004
] Lane between PalchellPierce || SB70063.999] 5317 14,863 549.785 || 5870063.603] 531715.031] 549.752 | 0.004 0168 | 0,032 | 0188 0,168 | B8.636
14 Pentland/Flamingo Intersection || 5870067437 531986.027| 531.224 || 5870067.420| 531986.169| 531.198 | -0.008 0.142 | 0.026 | 0.142 D142 | 93235 |
15 PalmesLowis Inersecion 5B70275.088| 532052 513| 624385 | 5870275.922| 532052 628| 524.353 | 0.034 0115 | -0.032 | 0120 0120 | 73.530
16 Healy Road 5870413.504] 532184.864] 500.104 § 5870413.524] 532184.543] 500062 ||  0.020 0079 | -0.042 | 0.081 0.081 | 75.793
17 Batichar/Lark Intarsaction SBERBAT 64T 532237 862 S19.610 § S869847.618| 532238.022] 519.580 =0.028 0.160 =0.0G0 0.163 0.163 100.273
18 I.art."FEmhgn Inlarsaction 53593_2‘5.923 531984.817] 524.147 | 5869826.907| 531984.751] 524.107 -0.018 0.134 -0.040 0.135 0.135 95809
19 AbbolUF la Iritersection 5880508532 531978.081] 517,225 || 5869506 531] 531978.200] 517.202 || -0.001 0139 | -0023 | 0139 | 0.139 | 90.412
20 Hawk ﬁt%ﬁmﬁw. = : ;@ﬁ.w‘i‘ 504,356 || 5860364.240] 532109.240] 504,315 || -0.018 0135 | -0.041 | 0136 0136 | 98,011
21 Lana batwean Avany/Allisan SBGR342.556| 512493.480] 485474 Eﬁﬁmlﬂuﬂ S32480.555] 485488 0.011 0.072 0.014 0.073 0.073 81.314
72 Lana between BeathBouchie | 5869628.968] 532631.086] 478.920 || 5869628 980 532631.118] 478.908 | 0.012 0.032 0.012 | 0.034 0.034 | 69.444
23 Dulu‘hr[k.-ﬁhl 5869134064 | 532888.607] 4T5.384 EBﬁﬂiﬂ.Dﬂ'El 5328BB.635] 475383 0.017 0.029 =0.001 0.034 0034 58,621
24 Salton Road (Hixon H.ua_d] 5ATAI41.309| 531309.210] S89.609 || SATA341.370] 531399 224 | 589501 -0.020 0.014 =0.018 0.024 0.024 145.008
26 Benchmark by Airport - BM SB73B87 B34| 533765.381| 545420 || BAT3887 631] 534765,388| 45412 | -0.003 0,007 3017 | 0.008 0008 | 1151
28 Red Bluff Pump Station - EM 5870190.608| 537020.418] 595773 || 58701080.608] 537030.418] 605773 |  0.000 0.000 0000 | 0000 J 0000 | 0.000
75 Queasnel Hill 5870484.887| 536304.120] 575.014 || 5870484.890] 536304.129] 575.002 | 0.003 0009 | 0012 | 0009 § 0009 | 71665

B2U256

Govemnment Banchmark at Alrport

5875411453 533100.702 _542.948

* Net Horizontal Displacement



Table 7: Summary of Monitoring Data from September 1998 to May 2001

September, 1540 May, 2001 Honzontal Veclor
ms'“mb“r Lecalion [Landmark, Road) Morthing Easting [ Elevation| Morthing Easting [ Elevation Easting | Elevation| Total * {Magnitude| Azimuth
! {m) {m] m ASL) {m) m) {m ASL} {m} (m) {m ASL) {m} i
F] DonnelyDodds intersection SHE0OU2.8TE | 531420902 | 563.021 || S869002.046 | 531421.051 | 562986 § -0.032 0.149 -0.035 0.152 0,152 102.121 |
4 Picard Place (Lang) 5870331.949 | 531626.820 | 557.171 || 5870332.019 | 531826836 | 557100 | 0070 | 0107 | -0071 | 0128 | 04128 | 56.807 |
5 Eﬂd Dawson/Lewis Inlersection || S870180.442 | S31627.208 | 551.978 || S670180.438 | 531627348 | 551.823 ~0.004 0.140 =0.055 0.140 0.140 81,637
-] Paley Wesl 5&?94?4.??-_1_ 531664.168 | 539.828 || S870474.888 | 531664.285 | 538.551 0.112 0,117 .077T 0.162 0.162 46.251
T Paley East S8T0427.207 | 531932.241 | 533.473 || 5B70427.250 | 531932364 | 533417 || 0.062 0.123 =-0.056 0.138 0.138 63.249
-] Picard Avenue SE70328.580 | 531200205 | 536.943 )| 5870328.636 | S31909.408 | 538.872 0.056 0.113 =0.071 0.126 0,126 63.638
[] Lana babwean Patchett/Plerce SB7T00B3.509 | 531714.863 | 549.785 || 5870063.598 | 531715.033 | 549.740 || -0.001 0170 ={.045 0.170 0.170 90,337
14 Pantkand/Flaming Inberseclion 5870067437 | 531986.027 | 531.224 | 5SET0067.422 | 531986.180 | 531183 | -0.015 0.162 -0.031 0.163 0.163 95.280
15 Palmer/Lewis. Intersection SAT02T5.888 | S32052.513 | 524,385 | SET0275.914 | G32052.630 | 524.335 0.028 0.117 -0.050 0.120 0.120 77471
16 Healy Road 5870413504 | 532184 864 | 509104 § 5870413 622 | 532184 942 | 509,052 0.018 0.078 =0.052 0.080 0.080 T7.005
17 Batichar/Lark Intersaction 5860847 647 | 532237.862 | 518.610 J§ 5869847 618 | 532238.054 | 519,581 -0.028 0.192 =0.029 0.194 0.194 098.297
18 Lark/Flamingo Intersaction 5860826823 | 531084.617 | 524.147 | 5866826 857 | 531084.774 | 624.104 | -0.031 0.157 0,043 0,160 0.160 [ 101.170
18 AbbottFlamingo Inlersaction 5860506.532 | 531978.061 | 517.225 | SB60506 487 | 531578.205 | 517.207 | -0045 | 0144 | -0.018 | 0.151 0.151 | 107.354
20 Hawk Streel @ Crane Ave. 5868364.259 | 532155.105 | 504.356 || S860064.221 | 532199.244 | 504.315 || -0.038 0,138 -0.041 0,144 0,144 105,290
R Lane betwesn AverylAlson 5860342.008 | 532403483 | 485474 | 5BE0342.971 | 532403 555 | 485475 || -0.025 0.072 0,001 0.076 0.076 | 108.148
22 Lane bebween Bea chie S869628.068 | 532631.086 | 478.020 | SBEDG28.062 | S32631.106 | 476.608 | -0.006 0.020 -0.012 0.021 0.021 106G. 688
23 Cr. - BM 5866134 064 | 537888 607 | 475384 | 5868134.053 | 532888618 | 475346 || -0.011 0.041 -0.038 .01 0.018 135.
24 Zallon Road (Hixon Road) 5878341399 | 531392.210 | 580.600 |[ 5878341388 | 5313890.222 | 589.575 | -0.011 0.012 -0.034 0.01 0.016 32.510
26 Banchmark by Alrport - BM CATIRAT 634 | 533765361 | 545420 |l 5872887 61 | 533765.969 | 545 AQT -0.003 0.008 -0.022 0.009 0.008 110.558
24 Red Bluff Pump Station - BM SAT0180.608 | 537039418 | 585773 | S87T0190.608 | 5370309418 | 595773 0.000 0.000 0.000 0.000 0.000 0000
29 Quasnal Hill 5RT0484 887 | 536304 920 | 575.014 || 5870484 8R4 | 536304.133 | 574.998 0 -0.003 0.013 =0.018 0.013 0013 102,905
izczﬁa Fovernment Banchmark at Alrport 5875411.453 _533109.702 542948




Tabda 8: Summary of Monitoring Data from Septamber 1988 to Decamber 2004

TE
Station Sopuaer, WD Decembar, 2001 r-lmm_'aal'_\ﬁgt_
i Location (Landmark, Road) orthing Easting | Elevation | Mosthing Easting | Elevalion § Morthing | Easting | Elevation | Total® [ Magnitude | Azimuth
{m) {m} im ASL) | m m mASL) | (m) (m) I (mASL {m)
2 DonnelyDodds Inlersection 5860092.876 | 5631420902 | 563.021 § 5869992.844 | 531421.079 | 562.068 | -0.034 | 0477 | 0.033 | 0.180 | 0.180 | 100.874
4 Ficard Place (Lane] 5670331049 | 53162682 | 557.171 § 6870332.030 | 531625.050 | 557.116 || 0.081 | 0130 | -0.055 | 0.153 | 0.153 | s8.074
5 East of Dawson/Lewls Infersection 5870180442 | 531627.206 | 551.978 | 5870180.440 | 531627.379 | 551043 | 0.007 | 0.170 | -0.035 | 0.170 | 0.170 | &7.542
] Palay Vast SBT0474.774 | 531664168 | 539.628 || 5870474.904 | 531604.208 | 530664 || 0.180 | 0.130 | -0.064 | 0.084 | 0184 | 45,000
7 Paley East SB70427.207 | 631602.241 | 533,473 | 5870427.563 | 531532.376 | 533430 | 0.066 | 0135 | -0.043 | 0,50 | 0150 | 83.047
B Picard SB70326.560 | 531908205 | 536.043 | 6670326645 | 531900423 | 536882 | 0.065 | 0.128 | -0.081 | 0144 | 0.144 | 63.078
] Lana batwean Patchati/Fiarce 5870063.569 | 531714.863 | 548.785 | 5870063587 | 631715.086 | 549.752 || -0012 | 0203 | -0.033 | 0.203 | 0.203 | 03,383 |
14 PentiandFlamingo Inlarsaction 5870067.437 | 531986.027 | 531.224 | 5670067.415 | 531986.217 | 631.202 | 0.018 | 0.150 | -0.022 | 0.191 0191 | 95412 |
15 PaimesLowis Intersection 5870275888 | 632062513 | 524385 || 5870275.010 | 532082.652 | 524.338 || 0022 | 0139 | -0.048 | 0.141 0.141 | B1.006
16 Healy Road 5870413.504 | 532164.864 | 508.104 | 5870413.630 | 532184.084 | 500054 | 0026 | 0.120 | 0.060 | 0.123 0123 | 77.775
17 BaticherLark Intarsaction 5069847647 | 532237.862 | 519.810 || 5869847.610 | 532236.084 | 519.605 | -0.037 | 0.222 | -0.005 | 0.275 D225 | 99.462 |
18 Lark/Flamingo Intersection GEAOH26.023 | 531984.617 | 524.147 || 5860826.506 | 531984.810 | b2d.120 | -0.017 | 0.983 | -0.018 | 0.194 0.194 | 95,034
18 ___ AbboltFlamingo Intersection 5B60556.62 | 631078.061 | 517.225 || 5869508493 | 531078.237 | 517.234 | -0.030 | 0.176 | 0.009 | 0.160 0180 | 102.494
20 Hawk Streel ) Crane Ave, 5869354250 | 533166105 | 504.356 | SRAUG64.223 | 532190.265 | 504.332 || 0.006 | 0160 | -0.024 | 0.164 0164 | 102.680
21 Lana batwean Avery/Alison 5869342.996 | 532463.403 | 485.474 | 5860342.058 | 532403567 | 485450 | -0.038 | 0078 | 0016 | 0.088 0088 | 115,688
2 Lane between Beath/Bouchin S58696268.068 | 632631.006 | 478.920 | 5880628.067 | 532631.124 | 478.927 | 0.001 | 0.038 | 0.007 | 0.038 0.0 | 61.507
23 Doharty Dr.- BM____ 5869134.064 | 532888607 | 475.384 || 5889134.068 | 53268633 | 475.373 | 0002 | 0026 | 0011 | 0026 | 0.095 T
24 Salton Road (Hivon Road) SO78341.389 | 531369.210 | 589609 _
26 Banchmark by Airport - BM SHY388T.634 | 533785.361 | 545.420 | SATIAAT.A35 | 533TES.370 | 545327 | 0.001 0008 | 002 | 0.009 0.009 | 83.660
28 Red Bluff Pump Station - BM SET0190.608 | 537030.418 | 5095.773
0 Quesnel Hil 5870484.887 | 536304120 | 675.014
30 ||West End of Doods Avenue sl Finlay Road 5850080288 831217807 575401
K] Blair Sireal 6366768124 | 532338411 | 508.144
3z Lawis DriverBaabien Avenue 5870076631 | 532553.538 | 481.540
3 South End of Allard Streal 58689124.370 | 532345660 | 485,343
3d Abbolt Road and Blair Sireel GRAODSET.BA2 | 532354.852 | 494462
35 Levwis, Driver Morth of Couldwell Streel 5860572.261 3.710 | 473.080
3 Anderson Drive at Abbott Drive 5880315.625 | 532602 784 | 4r6.837
ar Dawvson Sireet al Abbotl Driva 5660644.821 | 531567.708 | 545.684
13 __CQuesnal No. 1 Station - BM 5870193.015 | 537018.228 | 506.514
33 Anderson Avenus at Wade Avenue S860071.053 | 532473.037 | 476.875
40 _Lawis Drive East of Haaly Streat S870303.346 | 532408.207 | 403,530
“B2C25E Govemment Banchmark at Arport SBT54 11,453 | 533109.702 | 542946

* Met Horizontal Displacemant



Tabls 1 Sumenany of Moritanng Dala from September 1898 1o Nov 2002

Fplormber, | G08 Decmaber, Dtaber, 2002 Change Hotizoetal Vector |
,m, ! Losation {Landmark, Read) Herring Emsling | Elevabion mm E-uw Elevalion | Marihing Ensling | Elevation | Norhing | Easiing FEitmuh
imi
2 Dionvely Dodds Infarsacts Saumauas 878 ﬁ%% mﬁﬂ_ RPN N W 57 944 |
4 Pizard Pince (Lare) SET03 G40 | G360 B0 | BST AT SATOII2.088 | 531820668 | S5T 082 | 0413 | 0.156 .
Ent of Dewson/Lewis inbersaction EETONB0AAZ | SHUaT.a00 | tetwid BETOBOABA | BAIAT 415 | 51806 | 0014 | 0206
| BATOATA TTA | 831664 188 | S30A08 SHT0ATA BT | 531684345 | 538518 | 0.187 [NTid
Paksy Fast SETOMIT J07 | S31932 241 | 631473 EBTOAZTAZY | Eai0ac 43D | 633300 | O1 | oio
] Frcard Avariss | GOTUA2B 580 | 531808 266 | 530843 EATORZH BAT | 531900470 | 5o6azs | 007 | 0954
[] Lang babween PaichstlParce | SBT0OG3.S60 | 531714 863 | 540,785 SETDOGI BB | BANTIE 120 | B40,784 | 0008 | 0267
4 Pesillasd Flarrings ininrsection EBTOOAT 437 | £31088 027 | 531 204 SATOO0T A | GAGAE IE7 | 531179 | 0078 240 IR
Fakmacl wis Inlersection GHTUZ75,808 | 632052513 | 524 385 SATOZTE 050 | 532052008 | 542208 | ooi2 [T R
Healy Foad BOTOA13.504 | 552184804 | 608 104 SATO4 13570 | 532154 994 i 150 3,063
Bnithor/,ars inisrect. | SABSALT 47 | S32207 862 | 518.610 5899847618 | 632238 138 | s1aesy | oot | 0277 | 56 358 |
18 LarFlarmingo Inbersaciion BBAGAIN 623 | 531084 817 | 624 147 GOGUR0 AE7 | 601584 A5 | G4 084 | 0028 | 0248 [ o5.085 |
] AnballTiaminga Insrssction ESUGGE B2 | S31978.081 | 617778 5855960 404 | 531570276 | 617400 | 0048 | 02156
20 Hawik Sireed £ Crans Ave. EREGH 0 | 533109.105 | 504958 BAEGAAL 218 | E32160.317 | B45313 | D04l | 0212
1 Lano botween AusryiMliison | GAhUM 2 006 | 530463453 | 485
22 Larm balwswr) BeallyBouchin B12831 088 L3z 114 | codv | Dooz | ooos
] — Daherty Or . AN .Wmnu (E32808 607 | 475 304 5 =
24 Saton Foad SHTEI 1369 | B31 10
] Benchmark by Arpon .!%_ | EB7a6HT B | Baras 361 633765364 | 545313 | 0001 | 0.008
28 Fed Bhull Eiwtion - BM | SATOIR0.A08 | 537030418
F] Ciuesriel Hil SHTD4SE BT | 535304 120
30| Wesd Erel of Dodds formines ol Firy Road | | SSIN 7857 | A7EES | D002 | 0050
F1] Elak Street [ E32338 483 | E7E 358 | 0.0 (L]
az SapsEn 543 | 508 117 .03 2005
7] Sontn Frad of Allard Street 532295999 | 481512 | 0001 | owos
ET] AbEott Foad and Bl Strest 4 0014 043
3% Ewreat £3788% 710 | amadny | 002y | nooe
36 Andersorn Drive &l Abboll Drive SIMMPLTET | 4TA.018 pota (.00
il Darezon Sues al Abboll Dvive  SMSGT.TES | 478700 U005 [
= Enssnal Mo, 1 £ation - B
3 Arednron Svmue al Wds Zoorius BiMTADES | TABZT | Dos | onzr
40 Lerwis Drive East of Stmel SIMUE.23T | A8E514 0,024 0.028
] mﬁ_ﬂ Eeim WL CTALE B

1 Harizontal Displacement



Table 11: Summary of Monitanng Data from Sepambesr 1590 to Moy 2003

e, September, 1668 Dacmaber, 7001 Hewembor, 2003 Changa Horzortal Vachor
Location {L andmadk, Road) Howthing Easiing | Blevalion lhl{::u Eastimg | Elovation |  Meshing Eastirg Elwation | Noteng | Easling | Eleallon | Tolal* | Magnlude | Azlrmiudh
3 'ﬂ???mpﬂ | S63.021 5BGBS07 B30 | 531421140 | AA2BA4 | OB | 0247 4%1 0.1 | o1 | o0 |
a Picard Place (Lara) BETOIZ1 G40 | &34 BET {71 ER70032 001 | GI1A27.004 | 657107 | 0072 | 0175 | Does | o208 § ooos | 57358
[ & Easl of Dol mwis | BsToiana4z | snsgTova | s81.678 5AT0180.438 | SEaT43 [ Sse0 f 0004 § 0337 | 0068 | 0337 0227 | p0BGS
[ Palay Weal SETOATA./T4_| E31664 168 | 530.628 BATOATA 0AY | 531684 357 | 530 960 | 0980 | Dooe | oo § 0287 | asoar
; oy Caat [ E3ga2 41 | 533473 570477382 | 531 | 533408 | 0055 | 00e8 | Does | 0210 | o2i0 | @4.333 |
] Pleawrd Avorwn 1 E=ETE GB70a20.664 | G21B004BA | BISETO § 0084 | 09&0 | o084 | nzoa | 0208 5. 140
[ Lane b Falchell e SET0ON 569 | 631714863 | 540 785 EBT0063,562 | 531715190 | Sew 745 | 0007 | oave | 040 0.278 4T3
14 Perillad Flaminge Intersestion SHTO0AT A3 | 53186.027 | 531224 ERTOORT 414 | 531086.205 | 531172 | -00es | 0258 | Doee | 0#e | 06 | esosd
15 PalmasLuwis Iniarseciion BI206E2 510 | 524 385 E870Z7S 932 [ 543 | o044 | 0481 | 0071 | o6 | 0088 | 7097 |
18 __ Heal Road R R EBT04 13536 | 632188001 | 50O OA | 0031 § 0137 | 0086 | 040 | 0.0 | 77.229 |
7 Belichme/Lark bri EREAR4TBAT | BappaT a2 | E16 810 5880047 601 | 532238158 | 519575 | D46 ¥ L.0F 030 0300 | BB.B1M
18 LarkiFlamingo Inisrsection BERGHZA Y | 31084 817 | 634 147 GBAGADE. AN | ENTOB4.073 | 524070 | D040 || 0256 0250 | 056 | #ariz
18 AbboitFaminge intemesticn £31078.081 | E17. Satotonqu7 | sawnre gar | s17.2i2 | noas ] 0083 0238 0235 | 108110 |
20 Hanw Silreed g0 Cran five SBEGIE P50 | 532100105 | 504 358 SEAGHA 193] 537199318 | 504918 | Goe6 | 0213 | 0oay | 0223 | 0223 | {07401
F1J Lmbmﬁmm GEGO342 00 | S4240% 489 | dEAATd SRR 641 | SO0 f 0045 § 0120 | o0 | 0428 | D1z | 110748
FF} Lara batwean | Sfian Gho | 633631086 | are e SHSUGZR968 | 633631 118 | dTeez2 | 0010 | 0000 | 000 | o032 | 0.032 | 107.658 |
FE] Dohenty Dr. - B SE00 134 064 EEE EAAGHA. 065 | 632688 67 | 475950
) Salton Read (Hion Road) STE31.369 | 531399.210 | 509600 =
o Benchrmark by Arpor - E33785.381 | 45429 B&73ART A0 | KoATA% 368 | Gendzs | 00D | 0007 | 090s | ooom | o008 | 124467 |
] Rind Bl Pumg Slation - B4 GTONB0808 | B37030.418 | 505773
Fo Gussrel Hil EBTO484 847 | 536304.120 | 675014 BATDSES.B75| 536304.132 | 574.863
30 Weat End of Dodds Avenue at Finkey Foad GEGEOEY 268 531217807 _BTE 401 | GAARAAS 340 ] E31217.006 | 575425 | 0006 || 0056 | o024 | ooo1 [ o061 | 07w
ET] Eiair Siraat SS06TG0. 124 | $32930.411 | 08 144 | 5e86768 122 | 532336407 | 508122 | 0002 | 0088 | 0022 | 0085 ) 0088 | 01.566 |
32 TOOTE.EM | SAEESI AN | 400G i | GAIGEN A4 | anifén | 0007 | 0008 ooz o7 0.7 191 584
= GRAE 124 ATH| BAZ245 GA0 55505124 365 | sozave.000 | 495922 | 0014 | ooz | Ooa0 | o.ow 4| 107 66a |
& GAGRGH] BAJ| SA7354 652 | 494 462 | GRBOSS1 B0 706 | dohazs | O0ez | 0087 | w0y | o 06 [ET=T]
8 1] £32883.710 | 473,000 | 605672 241 | bazsa 717 | 473078 | o020 | noo7 0014 | ooz 21| 180,705 |
] 5356315 625 784 | 476,837 | EB6GT15 631 | Saobes.702 | 4 [ 0o0e_ | ooos | o016 | Do 010 | 55688
ar ERADE44 A2 | E1GET.T0D | Adh AR4 | EAROALE B8 | 631567776 | 45704 | 0013 | 00067 0020 | D06 0058 | 100728
) TO1B0.015| SATONA 228 | G851
3 Y EHER0T1. 53] SRATA.GT | ATG.8.S | GeGw071 67a | Eazaranal | 4Teesc | 0030 | 0030 | 0023 | 004z | onaz | 195048 |
<0 SAT0303.348| 532408 707 | 493,535 | SATO0N. M5 202 | AW3.5 % | 0001 | 0035 | 0038 | 0035 J| 0035 | 0.Bsa
CBoC2ss 11, 1 [ a5 || Sa7ea 11 a53 | EAa106 702 | Eazbes | 0.000 | 0 Do | 0000 | 0000 | 0000




Table 12 Surenary of Montanng Data from Seplamber 1988 to ey 2005

- e m—— s
promiteer, 180 Janimry, 2006 Horipontal Vector
S Locatar {Larsdmark, Fosd) Easnrg Ensting | Bievaiion | Noring Euﬁm Total | Magritude | Azkrah
H
2 DonnehiDoads Intersection S31420.807 531421150 Em L3 | 0257 | oom | om0 | oe0 | pedse
] Picurd Piucs (Luna] [ E31626 625 [ E3i6aT.010 | 2570c0 ) 0128 | 0.081 | 0078 | 0031 | 0221 | s&o
5 Ennd of I S3627,509 S82T 488 | 551906 | 0008 | 0z | G072 | 0.0 07 | sEsaE
] Paley Wesi _ EATOMTA 774 | S31AAL 168 1 631664304 | 530644 | 0206 | o008 | 008 | caar § oon! | 4doe
7 Palmy Eanl SB70437.707 | 631932 341 | A3a 473 BITOZ451 | Ba342a | o411 | 0210 | Dod 0237 | 02117
g Freadd A EA1G08 206 | 638 543 1 S5686Z | U084 | 0208 | 008 i.g [FFI Y
] Lans batwesn PalchetFedce | ERT0063 599 | 531714 863 | S4mT85 3715180 | 540753 | 0001 | 0208 | hoay | ngee || 0286 | seRze
14 Perdinrd Flaminga Iniemestian ERTO0ET 437 | 531 ber | EMBRS 308 | 31102 | 00w | 0279 | 0032 | 0070 ) 0079 | o214
16 Palma] ewis Inbersect 513 SaxotzTie | s243n7 | oos3 || 0208 -008% 0.243 0213 | TE5EGG |
i8 Fesad 53184 Aid [ E3TTHE.000 | 09051 | D048 || U141 | D053 | 0148 | 0w4R | T188A
i7 ark Intarsection SI2ENT B EATEA 87 | EiGAAD § § noo0 | o 0322 | 0377 | w634z
18 531984817 1 531084.508 | 524 192 | 0038 | 0270 | 0005 | Oahz | ome | @781
(] ABBOIVE Bamings ntamect L £31978.081 : 53107507 | 617.248 | 0062 | 0248 | 0024 | ogs1 | o251 | 101,977
20 Fawe ; 533109105 : 168, 531 3] 0065 | oz | 0w | oas 235 | 106113
5 T T R Sxassa stz | assaos | coss | o1 T oo T o T oo T
= Lane between fealhHouchie [EFEINTT ¥ Ba2Ga1 12 | a7e5ad | 0003 | o037 | ooM | 0087 037 | 5548
] Dioherty Or - B84 ERBU134 (64| EI28048 607 [ATEATE | DObOB | DA | 5008 | 001 | 0021 | 104.038 |
1] " Sailon Fromd {Hison % B31306.210 | BB 808
Fi] Bonchemad by Ape - GANTO5 361 | 46 478
n P Blull Shution - B | SAT0150,508 | S37CAG 418 | 565,773
BN Guesnel Hil B389 1 20 ==
30| Wes! Ened of Drodds uresram ol Finkey Road SN BT A SE17 878 | Grsage | D01 | 0085 | DO%Ed 008 | Goe1y
31 | 508 fid E32336.510 | 1 o108 O | 0008 | 868140
32 Lewis A1 S4B 532553544 | 481545 | 00118) 0006 | 0004 | G013 1013 | 154.317
33 South End of Allard Siroet ELF] 532248.017 | 465344 | 0011 . 08T 0.058 058 | 100.823
3 ABbel Fosnd Ared Rl Sireat 2| 484482 BAZIAA 720 | dpdddd | 0 007 0.078 078 | 4
L) Lo Drive Morth ef Coultvall Sireat | 473.000 Tah | ATA0E3 a.010 [T a1 | 17487
38 Ancharson Driva st Abbotl Drive 476 637 | 58 ARG 807 | ATEB20 | 0 BT 0018 | oo | eass
T Duwson Streel al Abbolt Ceive 545 i E31547 7E9 | 545704 | O0IDAl 0.0A0 oc8 | o081 | 07568 |
38 Gusanel Mo, 1 Santon - B GEE.514 I DOOT| oo oo | o013 | 122471
30 | Anderson Avenus ol Wade Avencs THATE 53343070 | ATHB5G i [T 0048 | 136885
0 Lewis Crive Enat of Henly Seeat AT 532408.248 | 483571 | O [TH Ooez | 00z | Bsoa
B2C258 Gowermmsni T [

¥ Nl Horzontal
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Chart E1

On-Going Monitoring
West Quesnel Land Stability Study
Quesnel, BC
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City of Quesnel Chart 1: Cumulative net lateral displacement

versus time from BC Gas movement hubs
(September 1998 to January 2005)

DATE:
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City of Quesnel Chart 2: Cumulative net lateral displacement
versus time from BC Gas movement hubs
On-Going Monitoring (December 2001 to January 2005)
West Quesnel Land Stability Study
Quesnel, BC
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