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VI RESULTS OF 2009 SUPPLEMENTAL FIELD PROGRAM 

1.1 Geophysical Surveying 
The locations of the 2009 seismic refraction lines, together with the locations of seismic survey lines completed 

during earlier investigations, are presented in Figure VI-1.   

    

1.1.1 The Seismic Refraction Method 

Seismic refraction profiling requires that an elastic pulse be generated at or near the surface using mechanical 

means (e.g. hammer, seismic gun, explosives) where the pulse propagates radially into the subsurface.  On 

encountering contrasts in elastic properties such as seismic velocities and density, the incident pulse is partially 

reflected and partially transmitted into underlying strata (as illustrated in Figure VI-2).  The so-called ray-path of 

the incident-transmitted pulse is refracted, or bent, at the boundary in accordance to Snell's law.  In particular, if 

seismic velocity increases across a boundary, the ray-path is refracted toward the boundary.  As the angle of 

incidence increases, so does the angle of refraction until the critical incident angle, ic, is reached where the pulse 

is refracted along the interface.  The critical angle, icn, at the interface between layers  n and n + 1 is a function of 

the velocity on both sides of the interface Vn and Vn+1 and can be calculated using the following equation: 

 

At the critical angle, the transmitted pulse travels along the interface and is known as the critically refracted 

wave, or head wave, and generates a secondary pulse which propagates upward and ultimately reaches the 

surface.  The head wave can then be detected by an array of sensitive motion sensors at the surface, known as 

geophones.  Relatively straight forward analysis of the time elapsed between the generation of the initial pulse at 

the shotpoint and the detection of the head wave at successively more distant geophones yields an estimate of 

layer velocity and thickness.  More sophisticated analysis uses seismic modeling software. 

As with any geophysical method, seismic profiling involves indirect measurements of subsurface conditions and 

is subject to the limitations of the particular method.  Standard limitation on depth determinations from seismic 

refraction profiling is accuracy to within approximately 10% of the actual value, subject to the assumptions of the 

seismic refraction method including:  

 Layered subsurface; 

 Generally, layer slope variations less than 20 degrees (not ground surface slope); 

 Increasing velocity with depth;  

 Relatively gradual changes in layer topography;  

 Shallowest target interface generally deeper than half the geophone spacing; and, 

 3-D effects not significant (no large variation in lithology perpendicular to line). 

 

icn  sin1 Vn / Vn1 
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While seismic refraction is a reliable choice for detecting the range to bedrock, detected bedrock is not 

necessarily located below the survey line, but may be off to the side (out of the plane).  Resulting seismic 

refraction “bedrock profiles” should be considered as the range to the nearest occurrence of bedrock (below or 

out-of-plane) relative to the survey line.   

 

1.1.2 Results 

Interpreted bedrock profiles based on the seismic refraction results are presented in Figures VI-3 through VI-10.  

Profiles are plotted as elevation from mean sea level and as depth below surface.  All profiles are plotted at a 

vertical exaggeration of 1:1 and are plotted at the same scale, except for the much longer SL-C-South, which is 

plotted at twice the scale.  Resulting seismic profiles typically consist of three layers: 

 Layer-1:  200-500 m/s – Dry, loose material; 

 Layer-2:  700-1000 m/s – Denser, and probably moister, material than Layer-1, usually comprising most of 

the overburden; and, 

 Layer-3:  3100-5100 m/s – Bedrock. 

 

The bedrock depth and velocity of the eight profiles are summarized in Table VI-1. 

Table VI-1: Summary of Interpreted Geophysical Bedrock Profiles 

Profile ID 
Bedrock Depth 

Range (m) 
Bedrock Depth 

Average (m) 
Comments 

SL-A 3.8 – 18.2 11.5 Tomography; Outcrop near line; MW09-4. 

SL-B 0.0 – 23.8 19.0 Tomography; Outcrop at W end. 

SL-C-NORTH 3.5 – 34.7 17.7 
Tomography;  

Outcrop along N end. 

SL-C-SOUTH 21.7 – 45.3 36.9 Time-Term; MW09-1 on-line. 

SL-D 14.2 – 39.2 22.4 Time-Term; MW03-2 on-line. 

SL-E 14.5 – 28.2 20.6 Time-Term 

SL-F 15.0 – 31.9 19.2 Time-Term 

SL-G 2.4 – 40.3 19.1 Time-Term; Outcrop ~30 m N near middle of line. 

 

1.2 Drilling and Installation of Monitoring Wells 
As described in Appendix V, monitoring wells MW09-1A and MW09-1B were installed east of the Trans Canada 

Highway in the centre of the buried channel approximately 22 m northeast of OW2, while MW09-2A and 

MW09-2B were installed southeast of Stage 1 on the west side of the Trans Canada Highway.  Collectively, 

MW09-1A/B, OW2 and MW09-2A/B form a transect perpendicular to the direction of groundwater flow. 
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Monitoring wells MW09-3A and MW09-3B were installed north of the landfill between monitoring well MW97-1 

and Stage III, while monitoring wells MW09-4A, MW09-4B and MW09-4D were installed south of the landfill 

approximately mid-way between TH5 and OW2.   

At each of the locations, monitoring wells were screened within bedrock (A) and the overlying material (B) in 

separate boreholes.  At MW09-4, a third monitoring well (D) was also installed at depth within the competent 

bedrock.  Detailed borehole logs are provided at the end of this Appendix.  A summary of the depths of the 

screened intervals, together with a description of the geological materials within these intervals, is presented in 

Table VI-2.  

Table VI-2: 2009 Monitoring Well Installation Summary 

Well ID 
Installation 

Date 
Location 

Geologic Description of Screened 
Unit 

Screened 
Interval 
mbgs 

MW09-1A 3-Feb-09 
Downgradient (SE), off-

site 
Bedrock 48.2-51.2 

MW09-1B 5-Feb-09 
Downgradient (SE), off-

site 
Silt & Sand to Silty Sand and Gravel 36.0-39.0 

MW09-2A 6-Feb-09 
Downgradient (SE), on-

site 
Bedrock 51.3-54.3 

MW09-2B 8-Feb-09 
Downgradient (SE), on-

site 
Weathered Bedrock 43.3-46.3 

MW09-3A 20-Nov-09 Side-gradient (N), on-site Bedrock 34.2-35.7 

MW09-3B 24-Nov-09 Side-gradient (N), on-site Weathered Bedrock 28.0-29.5 

MW09-4A 25-Nov-09 Side-gradient (S), on-site Bedrock 13.1-14.6 

MW09-4B 28-Nov-09 Side-gradient (S), on-site Silt & Sand, some gravel (Till) 6.4-7.9 

MW09-4D 24-Nov-09 Side-gradient (S), on-site Competent Bedrock 75.3-78.3 

  

As shown in Table IV-2, testing of geological materials retrieved from the screened intervals indicated that 
materials that initially appeared to be unconsolidated during borehole logging at MW09-2 and MW09-3, were in 
fact, weathered bedrock.  As a result, MW09-2B and MW09-3B were screened in the upper portion of highly 
weathered bedrock, while MW09-2A and MW09-3A were screened in deeper, more competent bedrock. 

The depths to the bedrock determined by the drilling program and associated geological testing were consistent 
with the results of the geophysical survey.  Specifically, the depth to bedrock along the infilled valley southeast of 
the landfill was approximately 39 m below ground surface at MW09-1A/B and 37.5 m at MW09-2A/B, similar to 
the 40.8 m depth to bedrock encountered at OW2.  The lower portion of the in-filled valley sediments were 
characterized by silty sand and gravel to sand and gravel material at these locations.  North of the landfill at 
MW09-3A/B, bedrock was encountered approximately 28 m below ground surface and overlain by unsaturated 
silt (till-like) material.  The depth to bedrock was considerably shallower south of the landfill at MW09-4A/B/D, 
where weathered bedrock was encountered at a depth of approximately 8 m and overlain by unsaturated silt and 
sand with some gravel (till-like) material.  Competent bedrock was encountered in this location at a depth of 
approximately 15 m below ground surface.  MW09-4D was screened at a depth of 78.3 m below ground surface 
within this competent bedrock. 
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1.3 Drilling and Installation of Gas Probes 
At each monitoring location (MW09-1, MW09-2, MW09-3 and MW09-4), gas monitoring probes (GP) were 

installed within the unsaturated surficial sediments.  In addition, a gas probe was installed in the unsaturated 

sediments adjacent to upgradient monitoring well TH1A/B.  A summary of the gas probe installations installed 

during the 2009 field program are presented in Table VI-3. 

Table VI-3: 2009 Gas Probe Installation Summary 

Well ID 
Installation 

Date 
Location Geologic Description of Screened Unit 

Screened 
Interval 
mbgs 

MW09-1GP 5-Feb-09 
Downgradient (SE), off-

site 
Sand & Gravel, trace Silt 15.2-18.2 

MW09-2GP 8-Feb-09 
Downgradient (SE), on-

site 
Gravelly Sand, trace Silt to Sand & Gravel, trace 

Silt 
17.7-20.7 

MW09-3GP 24-Nov-09 Side-gradient (N), on-site Sand & Gravel, trace to some Silt 15.5-17.0 

MW09-4GP 28-Nov-09 Side-gradient (S), on-site Silt, trace to some Sand, trace Gravel (Till) 3.0-4.5 

TH1A-GP 19-Nov-09 Upgradient Sandy gravel, some Silt 2.7-4.2 

 

Water-level monitoring carried out in newly installed and existing gas probes across the site confirmed that all 

gas probes were screened in unsaturated surficial sediments. 

 

1.4 Response Testing 
As described in Appendix V, response testing was carried out at the newly installed monitoring wells, together 

with existing wells OW1, OW2, OW4, MW03-2A, MW07-1A, TH1A and TH6, in the spring of 2009 and the spring 

of 2010.   The tests were analyzed using most the suitable analytical solution for the conditions encountered in 

each test, consisting of the Hvorslev (1951), Bouwer and Rice (1976), Dagan (1978), and Springer-Gelhar 

(1991) methods.  These analytical solutions are incorporated into AQTESOLV®, a software package for aquifer 

test analysis.  A summary of the hydraulic conductivities estimated from these tests is presented in Table VI-4.  

Details of the analyses are provided at the end of this Appendix.      

The results of single well response tests that were performed in 1988 (Golder, 1989) on monitoring wells existing 

at that time are also summarized in Table VI-4 for reference purposes.  Following completion of those wells, the 

wells were developed and purged by bailing.  The wells were then purged as close to dry as possible, and the 

subsequent recovery of water levels in the wells were then monitored.  The tests were analyzed using the 

method of Hvorslev (1951). 

  



  

APPENDIX VI 
RESULTS OF 2009 SUPPLEMENTAL FIELD PROGRAM 

 

April 29, 2010 
Project No. 09-1435-0804 5 

 

Table VI-4: Summary of Hydraulic Conductivities from Single Well Response Tests 

Well Date K (m/s) Geologic Description of Screened Unit 

TH1A Dec-88 < 1.E-09 Bedrock 

TH1B Dec-88 4.E-07 Gravelly Sandy Silt, Weathered Bedrock 

TH3 Dec-88 4.E-07 Bedrock 

TH4 Dec-88 5.E-09 Bedrock 

TH5 Dec-88 1.E-06 Bedrock 

TH6 Dec-88 1.E-07 Silty Sand and Gravel, Weathered Bedrock 

TH7A Dec-88 4.E-09 Bedrock 

TH7B Dec-88 3.E-05 Sand some silt and gravel 

TH9A Dec-88 2.E-08 Bedrock 

TH9B Dec-88 1.E-05 Fine Sand with some silt, Weathered Bedrock 

OW1 Mar-09 9.E-04 Sandy Gravel, Weathered Bedrock 

OW2 Feb-09 6.E-04 Sandy Gravel, Weathered Bedrock 

OW4 Feb-09 2.E-04 - 

MW03-2A Feb-09 4.E-08 Bedrock 

MW07-1A Mar-09 < 1.E-9 Bedrock 

MW09-1A Mar-09 < 1.E-9 Bedrock 

MW09-1B Feb-09 4.E-03 Silt & Sand to Silty Sand and Gravel 

MW09-2B Feb-09 3.E-08 Weathered Bedrock 

MW09-3A Feb-10 4.E-07 Bedrock 

MW09-4A Feb-10 1.E-08 Bedrock 

TH1A Feb-10 6.E-09 Bedrock 

TH6 Feb-10 2.E-06 Silty Sand and Gravel, Weathered Bedrock 

 

Hydraulic conductivities estimated for TH1A and TH6 in 1988 were compared to those estimated in 2010 to 

investigate the potential for reductions in hydraulic conductivities over time due to the formation of precipitates, 

as suggested by AMEC (2009).     

Testing in TH1A in 1988 yielded a hydraulic conductivity estimate of less than 1 x 10-9 m/s.  Retesting of this well 

in 2010 resulted in a similarly low estimated hydraulic conductivity for this well of 6 x 10-9 m/s. 

Testing of well TH6 in 1988 yielded an estimated hydraulic conductivity of 1 x 10-7 m/s.  Retesting of this well in 

2010 resulted in a hydraulic conductivity estimate approximately one order of magnitude higher than this at  

2 x 10-6 m/s.  The apparent increase in the estimated hydraulic conductivity at this well is likely due to the 
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increased saturated thickness of overburden material located in the well screen during recent tests.   The water 

level in well TH6 has gradually risen about one metre since 1988, and the corresponding saturated thickness of 

the sand and gravel unit overlying the bedrock has approximately doubled.  Therefore, the higher hydraulic 

conductivity measured in 2010 is likely related to a greater portion of groundwater recharging the well from the 

more permeable surficial material rather than bedrock. 

In summary, at locations where historical and current hydraulic conductivity estimates are available, there is no 

evidence of a decline in hydraulic conductivity over time.     

 

1.5 Fly Ash Characterization 
The results of the laboratory testing conducted to characterize the fly ash material is presented in the Sump 

Appendix VIII (Sump Monitoring) and discussed in Appendix XI (Geochemical Assessment and Discussion).  

 

1.6 Sediment and Rock Characterization 
The results of the testing conducted to characterize the sediment and bedrock samples collected from the 

screened intervals during the drilling program are presented in Appendix XI (Geochemical Assessment and 

Discussion). 

 

1.7 Water Well Inventory 
Golder conducted an inventory of the water wells located within a range of approximately 2 km of the Landfill by 

conducting a search of the BC Water Resources Atlas and its water well database.  In addition, a field 

reconnaissance was conducted to identify water wells that had been reported in the immediate vicinity of the 

landfill that may not have been listed in the database. 

Eighteen water wells were listed in the BC Water Resources Atlas.  All of the wells are either located in the 

residential and commercial area at the south end of Cache Creek or in and around Boston Flats at the 

intersection of the Trans Canada Highway and Highway 97C (Figure VI-11).  Table VI-5 lists each of the wells as 

identified with their respective Well Tag Numbers.  The status of these wells (i.e., whether they are currently in 

use) was not investigated.  

Table VI-5 – Local Water Wells listed in the BC Water Resources Atlas 

Well Tag Number Total Depth (mbgs) Static Water Level (mbgs) Formation Location 

2075 4.6 1.8 Sand and Gravel Cache Creek 

4314 3.4 1.5 Gravel Cache Creek 

15285 9.1 - Gravel Cache Creek 

16086 17.7 - Bedrock Cache Creek 

16112 21.3 - Bedrock Cache Creek 
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Well Tag Number Total Depth (mbgs) Static Water Level (mbgs) Formation Location 

16231 2.4 1.2 Gravel Cache Creek 

17164 11.6 9.1 Gravel Cache Creek 

19008 3.4 1.5 Gravel Cache Creek 

38899 26.2 - Shale Bedrock Cache Creek 

27457 52.4 33.5 - Boston Flats 

49712 15.8 4.3 Gravel Boston Flats 

56099 31.4 17.7 Rocks Boston Flats 

76201 34.7 27.4 Bedrock Boston Flats 

76291 11.6 - Gravel Boston Flats 

76306 132.0 57.3 Shale Bedrock Boston Flats 

76307 16.8 7.0 Sand and Gravel Boston Flats 

80499 55.5 27.4 Shale Bedrock Boston Flats 

92706 11.9 5.3 Sand and Gravel Boston Flats 

 

Nine wells are located at the south end of Cache Creek and six of the wells were completed at depths of less 

than 12 mbgs in a surficial sand and gravel formation.  The static groundwater level in these shallow wells was 

found at a depth of 1 to 2 mbgs but was as deep as 9.1 mbgs in Well #17164.  The other three wells were 

installed in bedrock, described as shale, as deep as 26.2 mbgs.  No groundwater levels were given for these 

bedrock wells.  Nine wells are located around Boston Flats, with only four of the wells completed at depths of 

less than 20 mbgs in sand and gravel.  The static groundwater level in these shallow wells was found at a depth 

of between 4 and 7 mbgs.  The five other wells are completed in bedrock, described as shale, at depths of at 

least 30 mbgs and as deep as 132 mbgs.  The static groundwater level in the bedrock wells was always below 

20 mbgs.  The closest of these wells to the Landfill is Well #27457 to the south and Well #38899 to the north at a 

distances of greater than 1 km.   

In addition to those listed in the BC Water Resources Atlas, three other water wells are known in the area and 

have previously been documented by Golder.  Figure VI-11 shows the locations of each of these wells.  The 

“Wastech Well” is located near the Bonaparte River to the east of the Wastech Offices.  This well is 4.2 m deep 

and constructed of metal culvert material with an intake below the water table.  This well has not been active for 

some time.   

The “Chip Mill Well” was not found during the reconnaissance, but is inferred to be associated with the residence 

on the former Chip Mill property to the south of the Wastech Well.  The residence is currently serviced with 

Village water and the Chip Mill Well is not thought to be in use. 

The “Woodburn Ranch Well” is associated with the Woodburn Ranch House that is now owned by Metro 

Vancouver.  This well is actually an intake that enters an eddy of the Bonaparte River and extends horizontally 

below the water out a short distance into the Bonaparte River.  It is understood that this well is still in use. 
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