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1.  Introduction

1.1 Background

Wastech Services Ltd. (Wastech), a member of the Belkorp Group of Companies, is seeking
approval to extend an existing solid waste landfill on Crown lands located within the
municipal boundaries of the Village of Cache Creek. The existing landfill site, located on the
southern edge of the Village of Cache Creek, was developed in four stages over a 48 hectare
(ha) area with a total waste capacity of approximately 8 million tonnes.

The Cache Creek Landfill has operated since 1989. The current permitted site capacity is
sufficient to allow the site to operate until 2010. The planned extension area of Stage 5 will
extend the existing facility by approximately 40 ha, and will provide approximately 15
million tonnes of increased capacity. This action is intended to provide Metro Vancouver
with interim disposal capacity while it develops and implements various zero waste
programs.

1.2 Scope

In the proposal that CH2M HILL submitted to Belkorp Environmental Services Inc. on
September 5, 2006, the following scope of work was outlined with reference to completing a
hydrogeological site investigation:

¢ Undertake a drilling program

— adrilling company to drill boreholes and install monitoring wells at six to eight
locations across the proposed landfill extension to provide information on
overburden thickness, the location of the water table, and groundwater flow
direction

¢ Compile borehole logs and retain a local firm to survey new well locations

¢ Undertake groundwater sampling and laboratory analyses

¢ Document results of the hydrogeological investigation in a technical report, including;:
— Describing field activities and findings

— Providing analysis of the hydrogeological information obtained to identify site
characteristics that could affect the proposed landfill extension

1.3 Objectives

This report has the following objectives:

¢ Characterize the geology and hydrogeology beneath the proposed Stage 5 extension area
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INTRODUCTION

¢ Characterize upgradient and downgradient groundwater quality

* Assess the suitability of the Stage 5 extension area for the disposal of solid waste with
regards to:

— Hydraulic containment of leachate
— Favorability of site conditions for the extension of the landfill
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2.  Existing Data Concerning Landfill
Stages 1 through 4

2.1 Physical Setting

The Cache Creek Landfill is located adjacent to the Trans-Canada Highway just south of the
Village of Cache Creek, British Columbia (Figure 1). The area of the proposed Stage 5
extension is relatively steep with elevation increasing from approximately 635 metres (m) to
780 m above sea level.

2.2 Climate

The annual precipitation for the Cache Creek area is approximately 285 millimetres (mm),
based on Environment Canada data for the period 1983-1998. Annual potential
evapotranspiration is estimated to be 637 mm (Golder, 1989). The wettest period of the year
occurs from May to August (Table 1). The majority of the precipitation is received in the
form of storm events that occur during summer months (Golder, 1995). The calculated 1-
year return, 24-hour storm event is 10 mm of precipitation; the calculated 100-year return,
24-hour maximum precipitation is 51 mm +/- 5 mm for a 50% confidence limit (Golder,
1995).

2.3 Geology

The Cache Creek Landfill is located within a south-southeast trending glacial valley or
channel that became partially in filled with glacial and post-glacial sediments during the last
period of glaciation (Golder, 1995). The valley, which is centered on and parallel to the
Trans-Canada Highway, narrows at the north end and opens up to the south into the
Bonaparte River Valley. It is separated from the Bonaparte River Valley to the northeast by a
drumlinized bedrock ridge, and to the east by a medial moraine ridge (Golder, 1995). The
west side of the valley, where the landfill is situated, consists of moderately steep upper
slopes and lower gentle slopes. The upper slope is generally bedrock-controlled and covered
by a thin mantle of glacial and post-glacial sediments. The lower reaches of the slope are
inferred to have been formed by alluvial and fluvial deposits that in filled the bedrock
channel (Golder, 1995).

The existing landfill footprint is underlain by bedrock consisting of the Mélange belt of the
Cache Creek Group (Golder, 1995). The dominant rock type is cherty argillite, along with
argillite, meta-volcanic greenstone, limestone, chert, sericite and chlorite schists (Golder,
1995). The upper zone of the meta-sedimentary rock is generally weathered. The nature of
the weathered zone is highly variable, absent in some areas and over 10 m thick in other
areas. The bedrock on the hill slope is overlain by a layer of dense basal till and is highly
variable in thickness. The till is generally thin or absent within the in-filled canyon. The
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EXISTING DATA CONCERNING LANDFILL
STAGES 1 THROUGH 4

upper slope is also covered with a layer of sand and gravel, and silty sand and gravel
inferred to be ablation sediments up to 3 m thick. In the areas of Stages 1 through 3, the
basal till and bedrock is inferred to be blanketed by ice-contact sands and gravels that
thicken towards the axis of the bedrock channel (Golder, 1995).

ZCeBrla-:;Monthly Precipitation 1983-1998, Environment Canada Site Name: Cache Creek 16 Mile, Climate Id 1161215
Month Average Precipitation (mm)
January 14
February 11
March 10

April 20
May 31
June 42
July 37
August 33
September 25
October 24
November 24
December 20

Data sourced from the Environment Canada National Climate Data and Information Archive

The majority of the channel is in-filled by thick (up to 40 m) mudflow alluvial fan deposits
originating at the mouths of major gullies on the western slope (Golder, 1995). The lower
portion of the fans generally consists of coarse silty sand, while the upper portion of the fans
generally consists of coarser silty sand and gravel, and sandy gravel. A discontinuous unit
of post-glacial clayey silt with some fine sand is found on top of, below, and in pockets
within the ice-contact sands and gravels (Golder, 1995).

The following table summarizes the different geological units present at the Cache Creek
Landfill.
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EXISTING DATA CONCERNING LANDFILL
STAGES 1 THROUGH 4

TABLE 2
Geological Units and Description
Geological Unit Description
1 A thin veneer of loose, wind-blown silt and silty fine sand up to 1 m thick deposit in some
of the canyon areas
2 Sand and gravel with 5 to 30% silt located at the upper portion of the alluvial fan
deposits within the in-filled canyon
3 Silts and fine sands with a trace of clay located at the lower portion of the alluvial fan
deposits in the in-filled canyon
4 Ice-contact sands and gravels within the in-filled canyon
5 A discontinuous pro-glacial clayey silt with some fine sand located on top of, within and

below Unit 4 and on top of bedrock and Basal till

6 Ablation till — Layer of sand and gravel with 15 to 30% silt on upper slope

7 Dense basal till

8 Upper zone of meta-sedimentary bedrock (weathered)

9 Cherty Argillite, Argillite, meta-volcanic greenstone, limestone, chert, sericite, chlorite,
and schists

10 Silty sand and gravel

11 Sandy gravel

12 Dense basal till

Geological unit description summary sourced from Golder (1995).

2.4 Hydrogeology

The hydrogeology beneath the existing landfill footprint (Stages 1 through 4) on the western
side slope of the valley has been previously described by Golder (1995). Based on Golder’s
findings, overall groundwater flow beneath the existing landfill footprint is predominantly
directed toward the east-southeast. The water table has an average gradient of about

0.3 m/m. Within the in-filled valley to the east of the existing landfill footprints,
groundwater flow is toward the south. The hydraulic gradient within the in-filled valley is
estimated to range between 0.013 to 0.027 m/m.

In 1995, Golder determined that groundwater flow is controlled by site topography on the
sloping terrain of the western valley. At this time Golder also commented that localized
areas of groundwater recharge are expected within the elevated upper slope where bedrock
is close to the surface. Golder (1995) states that vertical hydraulic gradients upgradient of
the existing landfill footprint within the glacial overburden are downward (inferring
groundwater recharge), while upward vertical hydraulic gradients exist downgradient of
the existing landfill footprint toward the base of the valley.

Five hydrostratigraphic units that were identified by Golder (1995) are presented in Table 3.

348007B101_ES102008005VBC 2-3
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EXISTING DATA CONCERNING LANDFILL
STAGES 1 THROUGH 4

TABLE 3
Hydrostratigraphic Units
Geological Unit Description
2 Sand and gravel with 5% to 30% silt located at the upper portion of the alluvial fan
deposits within the in-filled canyon
3 Silts and fine sands with a trace of clay located at the lower portion of the alluvial fan
deposits in the in-filled canyon
4 Ice-contact sands and gravels within the in-filled canyon
8 Upper zone of meta-sedimentary bedrock (weathered)
9 Cherty Argillite, Argillite, meta-volcanic greenstone, limestone, chert, sericite, chlorite,

and schists

Geological unit description summary sourced from Golder (1995).

On the upper western slope, the main hydrostratigraphic units are inferred to be Units 8
and 9. Within geologic Unit 8 and based on bore logs, the thickness of the saturated zone of
the weathered bedrock through which groundwater movement is likely to occur is
estimated to be in the order of 1 m. Golder estimated the hydraulic conductivity, hydraulic
gradient, and porosity to be 0.0017 m/day, 0.3 m/m, and 0.02 to 0.10 respectively. The rate
of groundwater movement within Unit 8 beneath Stage 4 was estimated by Golder to be in
the range of 0.05 m/day (19 m/year) to 0.3 m/day (95 m/year).
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3.  Characterization of the Proposed Stage 5
Extension

3.1 Introduction

CH2M HILL completed field investigations at the proposed Stage 5 extension site in July,
August and September 2008, and January and February 2009. This section summarizes all of
the field investigations that have been completed as part of this scope of work and provides
an analysis of the proposed extension site geology, hydrogeology, and groundwater
chemistry.

3.2 Geology

A total of nine boreholes and ten monitoring wells were drilled to depths ranging from

5.5 m to 69.5 m below the existing ground surface at the locations shown on Figure 2.
Boreholes and monitoring wells were advanced using sonic drilling equipment, allowing
the collection of highly representative continuous core samples through the entire depth of
the borehole. Bore logs are included in Appendix A. Bore logs show that the depth to
bedrock (predominantly Schist) ranges between 1.8 m to more than 52 m below the existing
ground surface.

The following subsection summarizes the soil conditions encountered or inferred at six
areas across the proposed Stage 5 extension area. Soil conditions can vary significantly
between borehole locations, and therefore caution should be exercised when interpolating
subsurface conditions between borehole locations.

In the southeastern area of the proposed Stage 5 extension (MW307), the geology consists of
gravelly topsoil overlying a light brown silty sand with gravel which grades into a dark
brown silty sand with gravel deposits to a depth of 11.6 m below ground surface. Dense clay
till with gravel is present between 11.6 m and 17 m below ground surface. Underlying the
dense clay till is a clay that overlies weathered schist located at 19.5 m below ground
surface. A thin bed of dark grey dense clay was encountered within the weathered schist
between 22.6 m and 24.7 m below ground surface.

In the southwestern area of the proposed Stage 5 extension (MW312), the geology consists of
silty and sandy gravels overlying sands, silt and clay. A thick clay layer is encountered from
15 m to 36 m below ground surface which overlies a thin layer of interbedded small and
large gravels between 35.75 m and 37.05 m below ground surface. This interbedded gravel
layer is likely to represent a stream paleochannel. Beneath the paleochannel is an extensive
clay layer which extends to 52 m below ground surface. Underlying the clay layer,
moderately weathered schist is encountered between 52 m to 62 m below ground surface
which grades to unweathered schist below 62 m below ground surface.
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CHARACTERIZATION OF THE PROPOSED STAGE 5 EXTENSION

The geology of the central area of the proposed Stage 5 extension (MW308) comprises a
sandy loam overlying a silty gravel. Dark grey sandy gravel is located between 4.2 m and
18.9 m below ground surface, with a very dark grey sandy clay approximately 1 m thick
overlying weathered schist that starts at 20.2 m below ground surface.

The northern area of the proposed extension (MW309) has a geological profile consisting of
topsoil overlying a light brown sandy gravel, and a silty gravel with a distinctive slightly
dense clay layer between 8 m to 8.6 m below ground surface. Schist is encountered from 12.2
m below ground surface.

The eastern edge of the proposed extension (MW306) encompasses a geological profile
consisting of silty gravel with sand extending to 5.5 m below ground surface. Dark grey silty
clay beneath the silty gravel overlies a weathered bedrock which is encountered 9.2 m below
ground surface. The weathered bedrock was not identified due to the pulverizing of the
sample by the sonic drill rig.

The western area of the proposed extension (BH410) consists of a thin layer of topsoil
overlying sandy gravels and sand that extend to 5.5 m below ground surface. Sandy and
silty clay layers extend from 5.5 m to 16 m below ground surface and overly a 6 metre thick
gravel layer. Schist is encountered at 21.6 metres below ground surface.

Cross-sections showing the relative location of selected boreholes, monitoring wells and
inferred geology between monitoring locations across the proposed Stage 5 extension are
provided in Figures 4 through 7.

3.3 Hydrogeology

3.3.1 Monitoring Wells

A total of ten monitoring wells (MW306, MW307, MW307B, MW308, MW309, MW310,
MW311, MW312S, MW312D and MW418) were drilled to depths ranging from 11.6 m to
69.5 m below the existing ground surface at the locations shown on Figure 2. Monitoring
wells MW306, MW307, MW308 and MW309 were drilled between July 8th and July 10th
2008 using a truck-mounted sonic drill rig operated by Sonic Drilling Ltd. Monitoring well
MW418 was drilled on August 28th and 29th 2008 using a track-mounted sonic drill rig
operated by Mud Bay Drilling. Monitoring wells MW307B, MW310, MW311, MW312S and
MW312D were drilled between January 20, 2009 and February 1, 2009 using a track-
mounted sonic drill rig operated by Mud Bay Drilling. A summary of the well construction
details is provided in Table 4.

All monitoring wells were constructed of 50 mm diameter PVC pipe (refer to Table 4 for
well construction details). Protective steel casings with locking lids were installed at each
monitoring well location to protect the PVC riser pipes.
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CHARACTERIZATION OF THE PROPOSED STAGE 5 EXTENSION

TABLE 4
Construction Details for Monitoring Wells Installed By CH2M HILL
Monitoring Date Top of Ground Casing Total Well Screen Interval Geology Well
Well Drilled Casing Elevation Diameter Well (m asl) Screened
Elevation (m asl) (mm) Depth Within
(m asl) (m)
MW306 7/8/2008 640.541 639.592 50 11.600 627.992 - 630.992 Bedrock
Schist
MW307 7/9/2008 684.668 683.874 50 25.600 658.274 - 661.274
(Bedrock)
MW307B  2/1/2009  684.450  683.706 50  19.150  664.786-665.509 2l (Glacial
Overburden)
Schist
MW308 7/10/2008  722.809 722.050 50 25.000 697.050 - 700.050
(Bedrock)
Gravel (Glacial
MW309  7/10/2008 645.866  645.012 50 13.400  631.812-634.612 Overburden)
and Schist
(Bedrock)
Schist
MW310 1/20/2009  766.954 765.673 50 26.360 739.313 - 742.313 (Bedrock)
Schist
MW311 1/31/2009  740.125 739.286 50 29.000 710.286 - 713.286
(Bedrock)
MW312S  1/21/2009  737.780 736.945 50 37.050 699.895 - 700.895 Gravel
MW312D  1/21/2009  737.780 736.945 50 69.500 667.445 - 669.945 Schist
(Bedrock)
Silt and Sand
MW418 8/28/2008  706.253 705.514 50 17.400 689.514 - 692.914 (Glacial
(see note below)
Overburden)

Note: MW418 screen interval is effectively 692.914 - 698.514 m asl due to a 5.6 m vertical sand pack interval which
extends above the screen.

3.3.2 Slug Tests

Hydraulic testing was completed by CH2M HILL at monitoring wells MW306, MW307,
MW308, MW309 and MW418 on September 11, 2008 and MW307B, MW310, MW311 and
MW?312D on February 25, 2009 to estimate hydraulic conductivity. Prior to slug testing, a
survey of static groundwater levels was recorded (Table 5).

Two methods were used for conducting the slug tests. Slug tests carried out at monitoring
wells MW306, MW307, MW308, MW309 and MW418 involved bailing (rising head test) a
volume of groundwater from each of the monitoring wells and recording the recovery of the
groundwater level until the water level recovered near the pre-test static water level. Slug
tests carried out at monitoring wells MW307B, MW310, MW311 and MW312D involved
inserting and removing a solid 1.5 m long, 38 mm diameter PVC slug to displace the
groundwater in the monitoring well. This method allowed for both rising and falling head
tests to be completed. The changes in groundwater level during all the slug tests were
recorded by Solinst Levelogger pressure transducers with a measurement range of 5 m.
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CHARACTERIZATION OF THE PROPOSED STAGE 5 EXTENSION

Slug test data was analyzed using the AquiferWin32 version 3.28 software package. The
Hvorslev analysis method was used to calculate hydraulic conductivity for each of the slug
tests (refer to Appendix B for analysis graphs). Slug test data for the following wells
(MW307B - Rising and Falling Head, MW310 - Rising Head and MW312D - Falling Head)
was not used in the calculation of hydraulic conductivity due to questionable data.

Hydraulic conductivities calculated from the slug tests range from 0.002 m/d to 0.063 m/d
(MW306, MW307, MW308, MW310, MW311 and MW312D) for bedrock (Unit 9), and 0.004
m/d to 0.074 m/d (MW309 and MW418) for silty gravel(Unit 6).

3.3.3 Groundwater Elevations

Static groundwater levels were measured in 22 monitoring wells across the existing Cache
Creek landfill and proposed extension site using a Solinst electronic water level meter.
Depth to groundwater measurements were recorded in all monitoring wells to the top of
casing.

Monitoring well MW312S was constructed within the stream paleochannel gravels
described in Section 3.2 to investigate whether a shallow hydrostratigraphic unit was
present within the glacial overburden overlying schist. Groundwater level monitoring
identified that this gravel layer is not saturated and therefore is not characterized as a
hydrostratigraphic unit.

Groundwater elevations recorded on September 11, 2008 and February 25, 2009 are
tabulated in Table 5.

TABLE 5
Static Groundwater Levels

Monitoring Well Top of Casing Elevation Depth to Groundwater Groundwater Elevation
(m asl) (mb TOC) (m asl)

Static Groundwater Levels Surveyed on September 11t 2008

TH1A 640.600 7.304 633.296
TH1B 640.600 4.912 635.688
TH5 598.600 18.381 580.219
TH6 496.385 20.271 476.114
TH9A 501.207 25.792 475.415
TH9B 501.207 26.491 474.716
TH10 623.200 8.161 615.039
Oow1 507.857 Not measured Not measured
owz2 499.448 Not measured Not measured
OW3 506.774 25.365 481.409
ow4 489.075 Not measured Not measured
MW305 646.555 27.258 619.297
MW306 640.541 11.367 629.174
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CHARACTERIZATION OF THE PROPOSED STAGE 5 EXTENSION

TABLE 5
Static Groundwater Levels
Monitoring Well Top of Casing Elevation Depth to Groundwater Groundwater Elevation
(m asl) (m b TOC) (m asl)
MW307 684.668 12.582 672.086
MW308 722.809 0.000 722.809
MW309 645.866 13.242 632.624
MW418 706.253 8.572 697.681

Static Groundwater Levels Surveyed on February 250 2009

TH1A 640.600 6.854 633.746
TH1B 640.600 5.351 635.249
TH10 623.200 8.118 615.082
ow2 499.448 38.81 460.638
MW305 646.555 27.205 619.350
MW306 640.541 Not measured Not measured
MW307 684.668 11.985 672.683
MW307B 684.450 18.224 666.226
MW308 722.809 Frozen Frozen
MW309 645.866 12.736 633.130
MW310 766.954 21.182 745.772
MW311 740.125 8.638 731.487
MW312S 737.780 Dry Dry
MW312D 737.780 48.705 689.075
MW418 706.253 8.778 697.475

Note: MW308 is a free-flowing artesian well, flowing approximately 0.759 m above the existing ground surface.

3.34 Groundwater Flow

Based on groundwater elevations recorded on September 11, 2008 and February 25. 2009, an
inferred groundwater elevation contour map was developed (refer to Figure 3). Beneath the
proposed Stage 5 extension, groundwater predominantly flows towards the east-north-east,
with the exception of the southwestern margin of the proposed extension area where
groundwater flow is initially toward the south before flowing towards the east. A hydraulic
gradient of 0.2 m/m was calculated from the groundwater contour data, which is similar to
previous findings by Golder Associates.

Static groundwater level measurements indicate that artesian conditions and confined
hydrostratigraphic units are present within part of the proposed Stage 5 extension area.
Artesian conditions are present in monitoring wells MW307, MW308, MW311 and
MW312D. All four monitoring wells are screened within schist (Unit 9). At MW307, the
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CHARACTERIZATION OF THE PROPOSED STAGE 5 EXTENSION

confining layer is inferred to be clay till and clay between 11.8 m and 19.5 m below ground
surface. The confining layer at MW308 is inferred to be a sandy clay layer between 19 m and
20.2 m below ground surface. At MW311, the confining layer is inferred to be a 9 m thick silt
with minor gravel layer located between 9 m and 18 m below ground surface. The schist
unit at MW312 is confined by extensive silt and clay layers located between 15 m to 52 m
below ground surface, which have previously been discussed in Section 3.2.

Static groundwater levels at four monitoring wells (MW306, MW307B, MW309 and MW310)
do not clearly indicate artesian groundwater conditions. Of these monitoring wells, MW306
and MW309 are screened across the top of the bedrock at the glacial overburden/bedrock
contact zone. MW307B is screened within a clay layer directly overlying schist. MW310 is
screened solely within schist. The observed static groundwater level within MW310 rises no
higher than the top of the schist hydrostratigraphic unit. Typically, groundwater levels
within the schist unit are above the top of the unit, indicative of both groundwater discharge
and artesian conditions. The occurrence of the piezometric surface at, rather than above the
bedrock interface, is likely a characteristic of the higher bedrock surface elevation at this
location, rather than a deviation from the groundwater discharge conditions observed
throughout the area. It is therefore interpreted that an upward vertical hydraulic gradient is
present at this location. This interpretation could be confirmed and quantified by the
construction of a deeper monitoring well adjacent to MW310 to calculate the vertical
upward gradient at this location.

MWH418 is screened within silt directly above the glacial overburden/bedrock contact zone.
MW418 has an effective screen zone larger than the 3 m PVC screen interval due to
approximately 5 m of sand pack surrounding the well casing which extends above the well
screen. The additional 5 m of sand pack intercepts a thin sand layer 8.4 m to 8.8 m below
ground surface which is likely to influence the static groundwater level recorded above the
PVC screen interval. Due to being screened within the overburden, this well is excluded
from characterization of hydraulic containment conditions within the underlying bedrock
aquifer.

Monitoring wells MW307 and MW307B were constructed as nested monitoring wells to
investigate the vertical hydraulic gradient between the schist and the inferred clay confining
unit located directly above the schist. The static groundwater levels within MW307 and
MW307B were measured as 672.683 m asl and 666.226 m asl respectively. MW307 exhibits
artesian characteristics, while MW307B does not. This shows that an upwards vertical
hydraulic gradient of 1.84 m/m exists between the schist and overlying clay confining unit.
This large upwards vertical hydraulic gradient is most likely attributed to the level of
confinement of the schist aquifer and the difference in hydraulic conductivity of the
overlying clay aquitard and schist.

Previous investigations by Golder identified that artesian conditions are present within the
deeper monitoring well at the nested piezometer MW305. MW305 Deep is screened within
Unit 9 similar to MW307, MW308, MW311 and MW312D. The static groundwater level
within the shallower MW305 monitoring well is measured directly above the contact zone
between Unit 7 and Unit 8.
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CHARACTERIZATION OF THE PROPOSED STAGE 5 EXTENSION

The rate of groundwater movement beneath Stage 5 is estimated to be in the range of 0.004

m/d (1 m/yr) to 0.068 m/d (25 m/yr) within Unit 6, and 0.005 m/day (2 m/year) to 0.145
m/day (53 m/year) within Unit 9.

3.4 Groundwater Chemistry

3.4.1 Field Methods

On July 30, 2008, groundwater samples were collected by CH2M HILL from the newly
installed monitoring wells MW307 and MW308. Groundwater samples were not able to be
collected from monitoring wells MW306 and MW309 due to insufficient water column and
very slow recharge rates. MW418 was not sampled as this well was not drilled at the time of
sampling. One field duplicate was collected from MW307.

Prior to groundwater sampling, both monitoring wells were purged of three standing well
volumes. Groundwater was sampled using a Grundfos RediFlo2 submersible pump with
controller unit and PVC sample tubing. Maxxam Analytics Inc. confirmed prior to sampling
that the use of PVC sample tubing would not affect volatile organic compound analyses as
long as a considerable volume of water was flowing through the sampling tube.

Groundwater temperature, pH, oxidation/reduction potential (ORP), dissolved oxygen,
total dissolved solids (TDS) and conductivity were recorded in the field (refer Table 6) using
a Horiba U-22 MPS water quality probe. These field parameters were measured and
recorded to provide an indication of stabilized groundwater conditions before sampling
occurred. Samples collected for metals analysis were field filtered using a 0.45 m field filter.

TABLE 6
Groundwater Field Parameters

Parameter Units MW307 MW308
Temperature °C 11.3 11
pH pH Units 7.8 7.75
Oxidation/Reduction Potential (ORP) mV -198 170
Dissolved Oxygen mg/L 1.81 1.18
Total Dissolved Solids (TDS) ppm 1.2 1.6
Electrical Conductivity pS/cm 2560 2080
3.4.2 Results

Groundwater samples were analyzed for inorganics, nutrients, dissolved and total metals,
and organics (volatile organic compounds (VOCs)). Groundwater chemistry results are
presented in Tables 7 through 10 (full laboratory transcripts provided in Appendix C).
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343 Groundwater Quality Beneath the Proposed Stage 5 Extension

The major ion chemistry of groundwater samples from monitoring wells MW307 and
MW308 is described below. Determination of the water type provides an indication of the
dominant minerals found in the geological formations that groundwater flows through. The
chemical water type is determined by characterizing the cations and anions in the water
sampled. All ions with concentrations surpassing 10% of the molar concentration in the
solution are considered to be major ions, The water type expression is formed by listing the
major ions in order from highest composition to lowest composition, with cations listed first
followed by anions.

The major ion chemistry of groundwater samples collected from monitoring wells MW307
and MW308 is consistent with groundwater that has been in contact with bedrock
containing magnesium, carbonate and sulphate minerals. Groundwater sampled from
MW307 is a Mg-Na-Ca-HCO;-SO4 water type solution, while groundwater sampled from
MW308 is a Mg-Ca-Na-50;-HCO; water type solution. Groundwater from MW307 is
characterized by magnesium, sodium and calcium cations, while groundwater from MW308
is characterized by magnesium, calcium and sodium cations. Bicarbonate is the dominant
anion in groundwater sampled from MW307, while sulphate is the dominant anion in
groundwater sampled from MW308. These water types are similar to water type
descriptions of groundwater from monitoring wells MW305 and TH1 previously reported
by Golder (1995).

Several constituents exceed the British Columbia Approved Water Quality Guidelines 2006
for Drinking Water and Contact Recreation (revised August 2006). Electrical conductivity in
MW307 and MW308 exceeds the criteria for drinking water of 500 pys/cm. Hardness and
sulphate in MW308 exceed the drinking water guideline of 500 mg/L and 500 mg/L
respectively.

Dissolved iron and manganese in both MW307 and MW308 exceed the drinking water
guideline values of 300 ug/L and 50 ug/L respectively. In MW308, zinc also exceeds the
guideline value of 5 ug/L. The exceedances of iron, manganese and zinc in groundwater are
related to the natural geochemistry of the geology and soils that groundwater is flowing
through. Each of the monitoring wells sampled are located upgradient of potential
anthropogenic influences, which enforces the idea of naturally occurring iron, manganese
and zinc concentrations in groundwater beneath the proposed Stage 5 extension.

The concentration of total metals within groundwater samples collected from MW307 and
MW?308 are related to the particulate matter within the groundwater sample. Total metal
concentrations provide an indication of the minerals within the geology that groundwater
was sampled from. The only British Columbia Approved Water Quality Guideline for
Drinking Water and Contact Recreation for total metals is chromium (50 ug/L), chromium
concentrations in groundwater analyzed are below the guideline.

A duplicate groundwater sample was collected from MW307 as part of a field quality
assurance and quality control check (QA/QC). The duplicate sample results are generally
similar to the original MW307 sample, although there are slight differences between the two
samples (higher concentrations of dissolved zinc and some total metals in the duplicate
sample). This may be related to a higher total suspended solid concentration in the duplicate
sample compared with the original MW307 sample, as all other chemistry parameters are
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similar. The higher total suspended solid concentration in the duplicate sample is most
likely related to slightly over purging of the monitoring well and entrainment of sediment
between the collection of the original MW307 sample and the duplicate sample.

All VOCs were reported below the laboratory detection limit.

344 Groundwater Quality in Downgradient Monitoring Wells

The groundwater chemistry directly downgradient of the proposed Stage 5 extension has
been characterized and monitored by Golder as part of the monitoring of the Stage 4 landfill
operation. Groundwater samples have historically been analyzed for leachate parameters
and volatile organic compounds.

Historical groundwater chemistry results from monitoring wells MW305 and TH1 show
that VOCs have been detected at trace concentrations within groundwater directly
upgradient of the Stage 4 landfill. Toluene, chloroethane, dichlorodifluoromethane,
dichloromethane and tetrachloroethylene have all been detected in groundwater below
applicable criteria upgradient of Stage 4. Golder hypothesize that the presence of VOCs in
groundwater upgradient of existing landfill operations are the result of partitioning of VOC
constituents into water from landfill gas that has migrated beyond the existing landfill site
boundaries.
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TABLE 7
General Chemistry

Table 1 Water

Sample ID Quality Guidelines’ Units Mw307 19722 MwW308
Bromide (Br) nv (ug/L) 0.4 0.5 0.3
Nitrite (N) 1 (mglL) 0.006 0.013 <0.005
Nitrate (N) 10 (mglL) <0.02 <0.02 <0.02
Alkalinity (Total as CaCO3) nv (ug/L) 390 390 510
Alkalinity (PP as CaC03) nv (uglL) <0.5 <0.5 <0.5
Bicarbonate (HCO3) nv (uglL) 480 430 620
Carbonate (CO3) nv (uglL) <0.5 <0.5 <0.5
Hydroxide (OH) nv (uglL) <0.5 <0.5 <0.5
Dissolved Sulphate (SO4) 5003 (mglL) 360 360 660
Dissolved Chloride (Cl) 2503 (mglL) 9.1 9.2 8.6
Total Kjeldahl Nitrogen (Calc) nv (uglL) 1.82 1.81 0.52
Ammonia (N) nv (ug/L) 1.41 1.44 0.345
Nitrate plus Nitrite (N) nv (uglL) <0.02 <0.02 <0.02
Total Nitrogen (N) nv (uglL) 1.82 1.81 0.52
Total Phosphorus (P) nv (ugl/L) 0.058 0.08 0.138
Conductivity 500 3 (uS/cm) 1400 1300 1700
pH 6.5t08.5 pH Units 8.3 8.3 8.2
Total Suspended Solids nv (mglL) 20 64 7

Notes:
ug/L denotes micrograms per litre
mg/L denotes milligrams per litre

nv denotes no value available in applicable standards
1 British Columbia Approved Water Quality Guidelines 2006 (updated August 2006) for drinking and recreational water
uses

2 denotes field duplicate collected at MW307

3 gesthetic objective
bold/shaded cells denotes concentrations above Standards
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TABLE 8
Dissolved Metals

Table 1 Water . )
Sample ID Quality Guidelines’ Units MW307 1972 MW308

Misc. Inorganics

Dissolved Hardness (CaCO3) 500 mg/L 478 483 877
Dissolved Metals by ICPMS

Dissolved Aluminum (Al) 0.1 ug/L 12 10 15
Dissolved Antimony (Sb) 6 ug/L <0.5 <0.5 <0.5
Dissolved Arsenic (As) 25 ug/L 1.3 1.3 34
Dissolved Barium (Ba) 1 ug/L 29 33 18
Dissolved Beryllium (Be) nv ug/L <01 <01 <01
Dissolved Bismuth (Bi) nv ug/L <1 <1 <1
Dissolved Boron (B) 5 ug/L 2340 2400 405
Dissolved Cadmium (Cd) nv ug/L 0.01 <0.01 0.02
Dissolved Chromium (Cr) nv ug/L <1 <1 <1
Dissolved Cobalt (Co) nv ug/L <0.5 <0.5 <0.5
Dissolved Copper (Cu) 1000 3 ug/L 0.2 06 05
Dissolved Iron (Fe) 300 ug/L 385 432 577
Dissolved Lead (Pb) 10 ug/L 0.3 <0.2 <0.2
Dissolved Manganese (Mn) 503 ug/L 197 201 825
Dissolved Mercury (Hg) 1 ug/L <0.02 <0.02 <0.02
Dissolved Molybdenum (Mo) nv ug/L 25 24 43
Dissolved Nickel (Ni) nv ug/L <1 <1 1
Dissolved Selenium (Se) 10 ug/L <0.1 <01 <01
Dissolved Silicon (Si) nv ug/lL 9590 9590 9570
Dissolved Silver (Ag) nv ug/lL <0.02 <0.02 <0.02
Dissolved Strontium (Sr) nv ug/L 579 569 810
Dissolved Thallium (TI) nv ug/L <0.05 <0.05 <0.05
Dissolved Tin (Sn) nv ug/L <5 <5 <5
Dissolved Titanium (Ti) nv ug/L <5 <5 <5
Dissolved Uranium (U) 20 ug/L 1.7 1.6 15.7
Dissolved Vanadium (V) nv ug/L <5 <5 <5
Dissolved Zinc (Zn) 53 ug/L <5 14 24
Dissolved Zirconium (Zr) nv ug/L <0.5 <0.5 <0.5
Dissolved Calcium (Ca) nv mg/L 84.6 85 139
Dissolved Magnesium (Mg) 500 mg/L 64.7 65.8 129
Dissolved Potassium (K) nv mg/L 10.3 10.6 1.4
Dissolved Sodium (Na) 200° mg/L 119 121 53.4
Dissolved Sulphur (S) nv mg/L 127 127 174

Notes:

ug/L denotes micrograms per litre

mg/L denotes milligrams per litre

nv denotes no value available in applicable standards

1 British Columbia Approved Water Quality Guidelines 2006 (updated August 2006) for drinking and recreational water uses
2 denotes field duplicate collected at MW307

3 aesthetic objective

bold/shaded cells denotes concentrations above Standards
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TABLE 9
Total Metals

Sample ID Table 1 Mater Quallty Units MW307 19722  MW308

uidelines'

Calculated Parameters
Total Hardness (CaC03) nv mg/L 510 517 989
Total Metals by ICPMS
Total Aluminum (Al) nv ug/L 514 1560 40
Total Antimony (Sb) nv ug/L <0.5 <0.5 <0.5
Total Arsenic (As) nv ug/L 1.6 1.7 4.1
Total Barium (Ba) nv ug/L 48 92 21
Total Beryllium (Be) nv ug/L <0.1 <0.1 <0.1
Total Bismuth (Bi) nv ug/L <1 <1 <1
Total Boron (B) nv ug/L 2440 2560 431
Total Cadmium (Cd) 5 ug/L 0.07 0.07 0.05
Total Chromium (Cr) 50 ug/L 7 21 2
Total Cobalt (Co) nv ug/L 0.7 1.8 <0.5
Total Copper (Cu) nv ug/L 2.1 5.8 1.1
Total Iron (Fe) nv ug/L 1160 2940 595
Total Lead (Pb) nv ug/L 0.3 0.8 <0.2
Total Manganese (Mn) nv ug/L 215 245 886
Total Mercury (Hg) nv ug/L <0.02 <0.02 <0.02
Total Molybdenum (Mo) nv ug/L 25 26 47
Total Nickel (Ni) nv ug/L 6 18 3
Total Selenium (Se) nv ug/L <0.1 0.1 <0.1
Total Silicon (Si) nv ug/L 10500 12800 9300
Total Silver (Ag) nv ug/L 0.09 0.33 0.02
Total Strontium (Sr) nv ug/L 596 610 836
Total Thallium (T1) nv ug/L <0.05 <0.05 <0.05
Total Tin (Sn) nv ug/lL <5 <5 <5
Total Titanium (Ti) nv ug/L 43 141 <5
Total Uranium (U) nv ug/L 1.7 1.8 16.3
Total Vanadium (V) nv ug/L <5 7 <5
Total Zinc (Zn) nv ug/L 12 16 12
Total Zirconium (Zr) nv ug/L <0.5 0.7 <0.5
Total Calcium (Ca) nv mg/L 86.7 87.6 151
Total Magnesium (Mg) nv mg/L 71.2 725 148
Total Potassium (K) nv mg/L 10.6 10.9 12.6
Total Sodium (Na) nv mg/L 129 129 61
Total Sulphur (S) nv mg/L 126 129 192

Notes:

ug/L denotes micrograms per litre

mg/L denotes milligrams per litre

nv denotes no value available in applicable standards

1 British Columbia Approved Water Quality Guidelines 2006 (updated August 2006) for drinking and recreational water uses
2 denotes field duplicate collected at MW307

3 aesthetic objective

bold/shaded cells denotes concentrations above Standards
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TABLE 10
Volatile Organic Compounds

Sample ID Tab'e(; Water Quality ;4 MW307 19722  MW308

uidelines’

Volatiles
VPH (VHWG to 10 - BTEX) nv ug/L <300 <300 <300
Volatile Hydrocarbons
VH C6-C10 nv ug/L <300 <300 <300
Chlorobenzenes
1,2-dichlorobenzene nv ug/L <0.5 <0.5 <0.5
1,3-dichlorobenzene nv ug/L <0.5 <0.5 <0.5
1,4-dichlorobenzene nv ug/L <0.5 <0.5 <0.5
Chlorobenzene nv ug/L <0.5 <0.5 <0.5
Monocyclic Aromatics
Benzene 5 uglL <0.5 <0.5 <0.5
Ethylbenzene 243 ug/L <0.5 <0.5 <0.5
m & p-Xylene nv ug/L <1 <1 <1
o-Xylene nv ug/L <0.5 <0.5 <0.5
Styrene nv ug/L <0.5 <0.5 <0.5
Toluene 243 ug/L <0.5 <0.5 <0.5
Xylenes (Total) 3003 ug/L <1 <1 <1
Volatiles
1,1,1,2-tetrachloroethane nv ug/L <0.5 <0.5 <0.5
1,1,1-trichloroethane nv ug/L <0.5 <0.5 <0.5
1,1,2,2-tetrachloroethane nv ug/L <0.5 <0.5 <0.5
1,1,2-trichloroethane nv ug/L <0.5 <0.5 <0.5
1,1-dichloroethane nv ug/L <0.5 <0.5 <0.5
1,1-dichloroethene nv ug/L <0.5 <0.5 <0.5
1,2-dichloroethane 5 ug/L <0.5 <0.5 <0.5
1,2-dichloropropane nv ug/L <0.5 <0.5 <0.5
Bromodichloromethane 16 uglL <1 <1 <1
Bromoform nv ug/L <1 <1 <1
Bromomethane nv ug/L <1 <1 <1
Carbon tetrachloride 5 ug/L <3 <3 <3
Chlorodibromomethane nv uglL <1 <1 <1
Chloroethane nv uglL <1 <1 <1
Chloroform nv ug/L <1 <1 <1
Chloromethane nv ug/L <1 <1 <1
cis-1,2-dichloroethene nv ug/L <1 <1 <1
cis-1,3-dichloropropene nv ug/L <1 <1 <1
Dibromoethane nv ug/L <0.2 <0.2 <0.2
Dichloromethane 50 ug/L <2 <2 <2
Methyl-tert-butylether (MTBE) 20 ug/L <4 <4 <4
Tetrachloroethene 5 ug/L <0.5 <0.5 <0.5
trans-1,2-dichloroethene nv ug/L <1 <1 <1
trans-1,3-dichloropropene nv ug/L <1 <1 <1
Trichloroethene 5 ug/L <0.5 <0.5 <0.5
Trichlorofluoromethane nv ug/L <4 <4 <4
Vinyl chloride 2 ug/L <0.5 <0.5 <05
Notes:

ug/L denotes micrograms per litre
mg/L denotes milligrams per litre
nv denotes no value available in applicable standards

1 British Columbia Approved Water Quality Guidelines 2006 (updated August 2006) for drinking and recreational water uses

2 denotes field duplicate collected at MW307

3 gesthetic objective

bold/shaded cells denotes concentrations above Standards
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4.  Site Suitability for Landfill Extension

The proposed landfill extension (cross sections of proposed landfill extension profile shown
in Figure 8) will have an engineered leachate containment and collection system. The system
will consist of a leak detection layer sandwiched between an upper and lower liner. Both the
upper and lower liners will consist of a 60 mm-thick high-density polyethylene (HDPE)
membrane placed over a geosynthetic clay liner (GCL). The leachate collection system will
consist of a continuous gravel drainage blanket designed to provide a low resistance flow
path toward the nearest collection pipe. This continuous drainage blanket will reduce the
possibility of leachate ponding on the liner, which in turn will minimize the risk of leachate
having the driving force to migrate beyond the lining system. In the event that leachate
were to escape beyond the liner system, the groundwater flow characteristics below the
extension will generally provide natural hydraulic containment as described below. In areas
where there might be discontinuity of natural hydraulic containment, engineering options
will be considered to limit the potential for leachate migration.

Static groundwater levels in monitoring wells MW307, MW308, MW311, and MW312D
indicate confined aquifer characteristics. Artesian conditions are clearly evident in all four
monitoring wells with static groundwater levels measured several metres above the well
screen and top of the screened formation. The static groundwater level in MW308 is above
the existing ground surface with groundwater free flowing above the top of the well casing.

The Stage 5 extension area appears to be located in an area where groundwater is
predominantly discharging from the bedrock upwards towards and into the glacial
overburden. Groundwater from the bedrock within the southern and eastern site extent
clearly discharges upwards towards the slope and will therefore prevent the downward
migration of leachate into the bedrock (Unit 9). This characteristic provides a natural
hydraulic containment system that would contain leachate within the site in the unlikely
event of a breach within the engineered leachate containment system. This natural hydraulic
containment is not as clearly evident across the entire proposed extension area, although is
still assumed to exist, due in part to the influence of well construction, where wells (MW306
and MW309) have been screened across the bedrock/ glacial overburden contact zone, and
the intrinsic influence of the higher hydraulic conductivity of the glacial overburden
potentially dissipating the artesian characteristics of the underlying bedrock.

The vertical migration of leachate beneath the entire Stage 5 extension through the glacial
overburden will be slow due to the inferred low permeability of the dense basal till, dense
clays and silts. Any leachate migration vertically beneath the Stage 5 extension will halt
upon contact with the top of the bedrock unit as the upwards vertical groundwater gradient
is encountered. Upon reaching this zone, the main contaminant transport pathway will be
predominantly horizontal within the overlying weathered bedrock zone as Golder (2005)
previously described.

Due to the inferred confining characteristics of the dense basal till overlying bedrock, any
excavation which fully penetrates the low permeable units may change the confining
properties of this unit, and change potential migration pathways for leachate beneath the
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proposed extension in the unlikely event of a breach within the engineered leachate
containment system.
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5. Conclusions and Recommendations

5.1 Conclusions

5.1.1 Suitability for Stage 5 Construction

¢ Groundwater is found directly overlying the bedrock surface within the glacial
overburden predominantly within the area north of a line between MW305 to MW308.
All bedrock units encountered during the investigation underlying the proposed
extension area are saturated. The bedrock aquifer is generally confined by a clayey/silty
till unit under the proposed Stage 5 footprint. In the vicinity of monitoring wells
MW312S and MW312D, the confining clay/silt unit is approximately 35 m thick. Where
the bedrock aquifer is confined, strong artesian conditions are demonstrated within
several monitoring wells advanced within the proposed footprint.

e Several areas of the proposed extension area such as the most northern and
northwestern extents in the vicinity of monitoring wells MW306 and MW309 do not
clearly show artesian conditions due to monitoring wells being screened across the
glacial overburden and bedrock contact zone, and the intrinsic influence of higher
hydraulic conductivity within the overburden dissipating the artesian characteristics of
the bedrock. It is interpreted that upward vertical groundwater gradients (discharge
conditions) exist across the entire proposed extension site.

* A strong upward vertical hydraulic gradient is evident between the bedrock and
overburden units in several locations across the proposed extension area. Within the
vicinity of monitoring well MW307 and MW307B, the upward vertical hydraulic
gradient is 1.84 m/m.

¢ The hydrogeology of the proposed extension area is generally consistent with the
conceptual site model previously developed for Stages 1 to 4. Previous comments made
by Golder (1995) with regards to groundwater recharge occurring above Stages 1
through 4 have been confirmed for the overburden units and is also likely to occur
within the area upgradient of monitoring well MW310.

e Within areas of the proposed extension where artesian conditions are present, vertical
migration of leachate breaches should they occur from Stage 5 toward the bedrock
aquifer will occur until leachate reaches low permeability confining overburden units or
the underlying bedrock aquifer. Due to the upward vertical gradient between the
bedrock and overburden, the main contaminant transport pathway is likely to be within
the weathered bedrock at the contact between the glacial overburden and bedrock. High
permeability zones within the glacial overburden may also provide preferential
pathways for lateral leachate migration. The direction of migration would be expected to
follow the direction of groundwater flow, although is likely to be heavily influenced by
the stratigraphic interface slopes (subsurface topography).
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e Construction of Stage 5 ideally should not fully penetrate the confining units in order to
maintain the integrity of the confined and artesian characteristics of the underlying
bedrock hydrostratigraphic unit, where present. If excavation of the confining unit does
occur during the construction of the landfill, to maintain the integrity of the confined
bedrock hydrostratigraphic unit, it would be appropriate to engineer and construct a
low permeability layer beneath the base of the landfill membrane or other appropriate
control measures.

Based on the findings of this hydrogeological investigation of the area currently being
considered for the proposed Stage 5 extension area of the Cache Creek landfill, it is
considered that the site is suitable for the development of a landfill if recommendations and
engineering options are incorporated into the design and construction of the landfill.

5.2 Recommendations

5.2.1 Baseline Monitoring Program

To gather baseline monitoring data in the area of the proposed Stage 5 extension, the
following monitoring program is recommended. The gathering of baseline groundwater
levels and groundwater chemistry will allow future quantification of any potential effects
on groundwater due to the construction of the proposed Stage 5 landfill extension.

¢ Manual groundwater level monitoring at all new monitoring wells (MW306, MW307,
MW307B, MW308, MW309, MW310, MW311, MW312D and MW418) should be
undertaken on a quarterly basis to establish baseline groundwater levels and seasonal
trends. It is recommended that pressure transducers are installed in monitoring wells
MW306, MW307, MW307B, MW308, MW309, MW310, MW311, MW312D and MW418 to
continuously measure groundwater levels to provide higher resolution data for trend
analysis. It is recommended that pressure transducers are downloaded on a quarterly
basis.

¢ Groundwater chemistry sampling should be undertaken on a quarterly basis to provide
baseline data on leachate indicator parameters and VOCs at the following locations:

— Upgradient monitoring wells (MW310 and MW418)
— Downgradient wells (MW305, MW306, TH1A, and TH1B)

— Monitoring wells located to the north, south and centre of the Stage 5 extension
(MW307, MW307B, MW308, MW309 and MW312D)

5.2.2 Proposed Operational Monitoring Program

If the proposed stage 5 landfill extension becomes operational, the following groundwater
monitoring program is recommended:

¢ Monthly leachate sampling from the proposed stage 5 landfill extension containment
system to allow characterization of the leachate chemistry.

¢ Quarterly groundwater sampling at monitoring wells to be determined. At a minimum,
monitoring well MW310 should be sampled due to being located upgradient of the
boundary of the proposed landfill extension. The results will enable background

52 348007B101_ES102008005VBC
COPYRIGHT 2009 BY CH2M HILL + ALL RIGHTS RESERVED. * COMPANY CONFIDENTIAL



CONCLUSIONS AND RECOMMENDATIONS

groundwater chemistry to be monitored and used to assess whether leachate is
migrating downwards into the bedrock hydrostratigraphic unit and having an effect on
groundwater beneath and downgradient of the proposed landfill extension. Monitoring
should also include monitoring wells downgradient of the proposed landfill extension
that are located upgradient of the existing Cache Creek landfill operations (Stages 1 to 4)
This will allow the actual effects of the proposed landfill extension to be monitored
without having to account for the potential influence of leachate from the existing stages
1to 4.

Quarterly manual static groundwater level measurements. The quarterly measurement
of static groundwater levels will provide an analysis of groundwater flow direction and
any changes due to the development of the proposed stage 5 landfill extension.

Production of an annual groundwater monitoring report to identify and analyze any
changes to the site hydrogeology over the operational lifespan of the proposed landfill
extension. This would also be relevant for helping identify whether any remedial actions
are required during the proposed landfill extension operation.
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