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Executive Summary 

The 2009 Annual Report for the Cache Creek Landfill summarizes the operational, engineering, and 
environmental activities at the site during 2009 and the plan for 2010 and the first three quarters of 2011. 

The Cache Creek Landfill accepted 447,079 tonnes of municipal solid waste in 2009, and is projected to accept 
500,000 tonnes of waste annually in 2010 and thereafter.  Development of the 6.70-hectare Annex adjoining the 
existing landfill on its west boundary was approved by the Ministry of Environment in August 2009.  At the 
projected rate of discharge of 500,000 tonnes per year, it is estimated that the Cache Creek Landfill, including 
the Annex, will close in the fall of 2012.  The total available airspace volume of the landfill (including daily, 
intermediate and final cover) is estimated to be approximately 12.6 million cu.m. for a platform elevation of 
approximately 677 m.  Waste in and after 2010 will be placed in Stage 4 and the Annex. 

The environmental protection features of the landfill include:  location in a dry climate to minimize leachate 
production, soil and synthetic liners in the existing landfill, composite liner and blanket leachate collection system 
in the Annex, cover layers, leachate pumping systems, landfill gas collection and flaring system, and geological 
features that allow capture of the groundwater, if required. 

With regard to the environmental status of the landfill: 

 Information from the supplementary geophysical surveying and drilling program conducted during the 
2009 monitoring year has refined the geometry of the infilled valley that receives groundwater flow from the 
landfill.  Estimates of groundwater flow within the infilled valley are lower than previously reported (on the 
order of 19 m³/day to 26 m³/day); 

 The groundwater chemistry trends observed in 2009 were, for the most part, consistent with those 
documented in the 2008 Annual Report; 

 Groundwater quality at the Site has been influenced by the landfill.  Changes in groundwater quality are 
likely attributed to a combination of factors, including off-site migration of groundwater that has been 
influenced by landfill leachate, dust suppressant use on the site, off-site migration of landfill gas, and metal 
release from native aquifer solids.  Recent HELP modelling indicates that the estimated leachate generated 
by the closed landfill is on the order of 1,100 m³/year, which is small relative to the inbound water in the 
refuse at over 100,000 m³/year, and considerably lower than landfills situated in wetter climates; 

 Groundwater monitoring results show an increasing trend in chloride at downgradient monitoring wells 
OW1, OW2, OW4 and newly installed monitoring wells MW09-1A/B and an absence of an increasing trend 
at wells TH6 and OW3.  The chloride concentrations measured at the off-site wells in 2009 were above the 
BCWQG and CSR criteria for irrigation of 100 mg/L, but below the aesthetic criteria for drinking water 
(250 mg/L).  Based on chloride concentrations, the contribution of chloride derived from the landfill to 
groundwater appears to be on the order of a few percent (less than approximately 5% by volume).  Given 
that the estimated flow rate in the infilled valley is on the order of 19 m³/day to 26 m³/day, this chloride 
contribution would equate to less than 1 m³/day.  Efforts to reduce the release of chloride from the site to 
groundwater have consisted of the reduction of water discharged to the landfill and provisions for 
monofilling of the flyash material (which has been identified as a source of chloride) as part of the Annex 
design; 
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 The recent increasing chloride concentration trend at MW97-1 is likely attributable to the migration of 

groundwater that has been influenced by landfill leachate.  The 2009 increase in tritium concentrations at 

this well is also indicative of a landfill influence on groundwater quality.  However, elevated levels of 

chloride and tritium were not observed at newly installed monitoring well MW09-3A and B, located between 

the landfill and MW97-1, and elevated chloride has not been observed at nearby monitoring well TH6; 

 While increasing chloride trends have been identified in downgradient monitoring wells, few other 

constituents have been observed in downgradient groundwater at concentrations that represent a concern.  

Specific metals of interest that are being monitored and assessed are described below: 

 Selenium in groundwater is likely attributable to a combination of release from naturally occurring 

selenium in both the bedrock and surficial materials and the migration of groundwater that has been 

influenced by landfill leachate.  If selenium is introduced to groundwater from the landfill, some 

attenuation within the aquifer is likely.  This metal is only elevated at one downgradient location (OW4). 

 The observed increases in uranium groundwater concentrations may be the result of release from 

aquifer solids following an increase in alkalinity or decrease in pH.  The increase in uranium may not be 

related to migration of landfill leachate, but rather a change in the geochemical conditions that is 

attributable to the landfill.  Increases in groundwater alkalinity are attributed to both migration of landfill 

gas and groundwater that has been influenced by leachate. 

 Nickel in groundwater is likely attributable to a combination of migration of groundwater that has been 

influenced by landfill leachate and release from naturally occurring nickel in both the bedrock and 

surficial materials.  Nickel mobility is high in the groundwater pH (<7 s.u.) and redox conditions 

downgradient of the landfill.  Nickel concentrations appear to increase as pH decreases, which would 

be consistent with a decrease in sorption as pH decreases.  The coincident increase in chloride and 

nickel concentrations at OW4 suggests a source of groundwater influenced by landfill leachate. 

 Arsenic concentrations in Site groundwater are relatively low (ppb levels).  Correlations between 

arsenic concentration and other constituents therefore are difficult to discern.  Arsenic, if released from 

the landfill, is being attenuated in groundwater.  A change to more reducing conditions in groundwater 

would favour arsenic mobility. 

 Concentrations of VOCs in excess of BCWQG and CSR were limited to on-site well OW3 at depth, located 

immediately adjacent to the landfill.  Elsewhere, VOC concentrations are relatively low.  VOC transport may 

occur due to landfill gas or the migration of groundwater that has been influenced by landfill leachate; and 

 Routine testing of flyash material deposited in Stage IV is conducted to ensure the material is not classified 

as hazardous waste.  Additional testing of the flyash was conducted in 2009 to determine whether the 

material is responsible for the increasing concentrations of chloride and associated constituents that have 

been observed in Sump 4.  Characterization of flyash material indicates that the fly ash is a source of 

ammonia, calcium, chloride, potassium and sodium, together with a number of metals, including barium, 

chromium, lead, mercury, molybdenum, strontium and zinc. 
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Recommendations for the 2010 monitoring program include the installation of additional monitoring wells north of 

MW97-1, within the infilled valley west of TH9A/B, within the infilled valley south of OW4, and north of the Annex; 

addition of monitoring well MW309 to the upgradient monitoring well network; continued monitoring and 

assessment of landfill gas; additional characterization of the flyash material, and assessment of the migration 

potential of dust suppressant. 

In 2010 and the first three quarters of 2011, the landfill will be filled from an approximate elevation of between 

652 m and 654 m to about elevation 662 m in the existing landfill and elevation 654 m in the Annex by the middle 

of the third quarter of 2011.  The Annex area will be used as the major source of daily and intermediate cover 

soil, with relatively minor quantities of liner and cover materials to be obtained from the North Borrow pit.  

During 2010, Golder Associates Ltd. and its subconsultants will carry out periodic site visits to the landfill to 

monitor the engineering and environmental protection systems at the site. 
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1.0 INTRODUCTION 
Section 7.2 of Operational Certificate (OC) MR-7577 for the Cache Creek Landfill (Landfill) outlines the 

requirement for an annual report.  Golder Associates Ltd. (Golder) has prepared this report for 

Wastech Services Ltd. (Wastech) in response to this requirement.  The Cache Creek Landfill was first permitted 

on March 18, 1987 under Waste Management Permit No. PR-7577.  Subsequently, the OC was issued as 

OC-7577 on June 27, 1996, and was subsequently amended to MR-7577 on November 14, 2003.  The most 

recent amendment to the OC was on August 31, 2009 to include the Annex to the west of the existing landfill, 

which has been operating since 1989.  This annual report covers the period of January to December, 2009.  

Each of the following sections addresses the requirements detailed in Section 7.2 of the Operational Certificate 

and Section 7.17 of the Landfill Criteria for Municipal Solid Waste. 

In this report: 

 The currently operating Cache Creek Landfill is referred to as the “existing landfill”; 

 The 6.70-hectare property expansion to the west of the existing landfill is referred to as the “Annex”; and 

 The existing landfill and the Annex are collectively referred to as the “Cache Creek Landfill” or the “Landfill”. 

 

2.0 TOTAL TONNAGE/VOLUME DISCHARGED AND DESIGN VOLUME 
The total tonnage of municipal solid waste (MSW) placed into the Cache Creek Landfill during 2009 was 

calculated by Wastech to be 447,079 tonnes.  Wastech provided the following breakdown of the sources of this 

waste: 

 Metro Vancouver Regional District 422,422 tonnes 

 Powell River Regional District 5,003 tonnes 

 Thompson-Nicola Regional District 7,231 tonnes 

 Fly Ash 12,423 tonnes 

 

Since 1989, Stages 1 to 4 of the Landfill have received a total of 8.63 million tonnes of waste.  The volume of 

airspace filled between December 24, 2008 and December 23, 2009 was calculated to be 522,604 cu.m (m3) for 

this 12-month period (see APPENDIX I), based in part on Figure 1.  The co-ordinate system shown on Figure 1 

is a local co-ordinate system. 

The total available airspace volume of Stages 1 to 4 and the Annex (filled and unfilled airspace) is approximately 

12.6 million cu.m up to a platform elevation of approximately 677 m.  This volume includes daily, intermediate 

and final cover.  Based on our review of the Landfill surface contours to December 2009, the size of the active 

platform is estimated to be approximately 28,400 sq.m (m2). 
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3.0 REMAINING SITE LIFE AND CAPACITY 
Based on the total tonnage of MSW discharged to date, assuming an average filling rate of 500,000 tonnes in 

2010 and thereafter, and defining Stage 4 as any waste placed above elevation 575 m, all 2010 waste will be 

placed in Stage 4 and the Annex.  Based on a new comparison between bottom-of-landfill contours, Landfill 

surface contours to December 2009, and the design contours for the unfilled portion of the Landfill, the unfilled 

airspace of the total site is approximately 2 million cu.m. (± 10%, including the volume for daily, intermediate and 

final cover) up to an assumed platform elevation of approximately 677 m.  The actual top platform elevation may 

be higher or lower than this depending on the as-built final cover slope of the waste in the existing landfill and the 

as-built elevations of the Annex.  Assuming a filling rate of 500,000 tonnes/year and including a berm having its 

toe at the property line along the south, west and north boundaries of the Landfill, it is estimated that the Cache 

Creek Landfill will close in late 2012. 

Development of the Annex was approved by the Ministry of Environment in August 2009.  The Annex is 

contiguous with the existing landfill and occupies an area of approximately 6.70 hectares.  Of this area, waste 

would occupy approximately 5.77 hectares (approximately 0.80 hectares in the existing landfill property footprint 

and the remaining 4.97 hectares in the Annex), with the remainder occupied by berms, roads and surface water 

control structures. 

 

4.0 OPERATION PLAN FOR 2010 AND 2011 

4.1 Filling Plan 
The 2010 and 2011 landfilling operations will be within Stage 4 and the Annex.  The Landfill surface will be 

raised from an approximate elevation of between 652 m and 654 m in December 2009 (see Figure 2) to 

approximate elevations of 662 m in the existing landfill and 654 m in the Annex by the middle of the third quarter 

of 2011 (see Figure 10).  The planned filling sequence for 2010 and up to the third quarter of 2011 is 

summarized in Table 1 and is shown on Figures 2 to 10.  This filling sequence assumes that, in 2010 and 

thereafter, the Landfill will accept 500,000 tonnes of MSW annually (including about 12,500 tonnes of flyash).  

Figure 11 shows the design Landfill surface at a platform elevation of 677 m. 

Completion of the Landfill surface to an approximate elevation of 662 m in the northern part of the existing landfill 

will be accomplished from the end of 2009 until the end of the first quarter of 2010.  Two to three temporary 

leachate evaporation ponds will then be constructed at the north end of the 662 m platform, and filling of the 

southern part of the existing landfill to an elevation of 662 m will continue into the second quarter of 2010.  

Development of the Landfill will then shift to the Annex, with placement of flyash in the monofill area at the south 

end of the Annex and that of MSW in the area to the north of the flyash monofill.  Access ramps constructed with 

MSW will be built on the base and at the southeast corner of the Annex during filling to the 662 m platform in the 

second quarter of 2010 to provide traffic access for filling in the northern portion of the Annex.  Another ramp will 

be built at the southeast corner of the Annex to provide access to the monofill area for flyash disposal. 
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Disposal of MSW and flyash will commence at an elevation of 628 m and 640 m in the Annex, respectively, in 

the third quarter in 2010.  The MSW disposal area will first be filled to an elevation of 635 m in the third quarter of 

2010, with the flyash monofill at an elevation of approximately 642 m at the same time.  Filling in the Annex will 

then extend southward to an elevation of 640 m in the fourth quarter of 2010, at which the flyash monofill will 

reach an elevation of approximately 644 m and access to the Annex MSW area will be re-located along the west 

edge of the top platform on the existing landfill.  Access to the flyash monofill will remain at the southeast corner 

of the Annex.  Filling of the Annex will continue to an elevation of 645 m in the first quarter of 2011, and access 

to the Annex MSW area will be re-located to the southeast corner of the Annex, adjacent to that to the flyash 

monofill.  The Landfill will then be filled up to an elevation of 654 m in the third quarter of 2011.  Filling will then 

continue up to an elevation of 662 m, at which the platform in the Annex will merge with that at the existing 

landfill.  After this, filling of MSW will take place over the entire platform until Landfill closure.  It is anticipated that 

the temporary leachate evaporation ponds could likely continue to be used until the fall of 2011.  Filling of flyash 

will continue to be confined within the monofill in the Annex. 

An access road to the top of the 662 m platform and the 650 bench road shown on Figures 3 and 4 will need to 

be incorporated during landfilling in the existing landfill in the first two quarters of 2010.  Access to the Annex will 

then be provided via various access ramps or roads in or to the Annex as described above.  After filling in the 

Annex starts in the third quarter of 2010, allowance for the construction of the 650 bench road to the grades 

indicated on Figures 5 to 10 will need to be incorporated into the overall filling progression in the Landfill.  

Construction of this bench road will then continue until the third quarter in 2011, when the 654 m platform is 

reached.  The 650 bench road grades shown on the figures have been designed to accommodate 

post-construction settlement of up to 25% of the local original Landfill thickness, although some local re-grading 

will be required in the future despite this settlement allowance.  To reduce future re-grading effort, it is more 

important to construct each bench to its design grades than to maintain the plan location indicated on the figures. 

The secondary channel (storm water diversion channel) will be routed to the north and storm water management 

for the south berm area will be provided (see The Focus Corporation Ltd.’s (Focus’) correspondences in 

APPENDIX IV for details on storm water management).  According to Focus’ correspondences, the surface 

water diversions and internal drainage structures are generally in good conditions, and only minor maintenance 

works are required. 

As stated in Earth Tech Canada Inc.’s letter dated May 19, 2004, the tertiary storm water system is no longer 

required as the catchment area between the active Landfill surface and the upper secondary storm water system 

is relatively small.  However, storm water that runs onto the surface of the Landfill will be drained to the west by 

sloping the top of the active Landfill platform gradually down to the west.  The surface water collected at the 

western edge of the active platform will be directed to the south, which, in turn, drains into the natural drainage 

courses. 
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Table 1: Cache Creek Landfill – Projected Fill Sequencing in 2010 and 2011 

Quarter/Year Figure Description 
Platform 
Elevation 
(m) 

Approximate Airspace Consumed (m3) Cumulative 
Airspace 
Consumed (m3) 

Approximate Tonnes of MSW Placed Approximate 
Cumulative Tonnes of 
MSW Placed 

Existing 
Landfill 

Annex Existing 
Landfill 

Annex 

MSW Area Monofill MSW Area Monofill 

Q1/2010 2 & 3 

 Fill the northern part of the existing landfill up to an approximate 
elevation of 662 m; 

 Start constructing the 650 bench road and the access road to the 
662 m platform; and 

 Continue using the temporary haul road at the southwest corner of the 
existing landfill to access the 662 m platform. 

662 124,889 - - 124,889 92,418 - - 92,418 

Q2/2010 4 

 Fill the southern part of the existing landfill up to an approximate 
elevation of 662 m; 

 Continue construction of the 650 bench road and the access road to 
the 662 m platform; 

 Start construction of the access roads/ramps to/in the Annex; 

 Continue using the temporary haul road at the southwest corner of the 
existing landfill to access the 662 m platform; and 

 Landfill operations will shift to the Annex after the 662 m platform is 
reached. 

662 178,382 - - 303,271 132,003 - - 224,421 

Q3/2010 5 

 Start filling the Annex to approximate elevations of 635 m and 642 m 
in the MSW and flyash monofill areas, respectively; 

 Continue construction of the 650 bench road; 

 Continue using the access roads at the southeast corner of the Annex 
to access the Annex; and 

 Continue filling to an elevation of 640 m in the Annex. 

635 - 105,089 1,634 409,994 - 77,766 1,994 304,180 

Q4/2010 6 

 Fill the Annex to approximate elevations of 640 m and 644 m in the 
MSW and flyash monofill areas, respectively; 

 Continue construction of the 650 bench road; 

 Re-locate the access road to the MSW area in the Annex along the 
west edge of the top platform on the existing landfill; and 

 Continue filling to an elevation of 645 m in the Annex. 

640 - 117,145 1,822 528,961 - 86,687 2,223 393,090 

Q1/2011 7 

 Fill the Annex to an approximate elevation of 645 m; 

 Continue construction of the 650 bench road; 

 Re-locate the access road to the MSW area in the Annex to the 
southeast corner of the Annex; and 

 Continue filling to an elevation of 648 m in the Annex. 

645 - 158,125 6,2895 693,375 - 117,013 3,0005 513,103 

Q1/2011 8 

 Fill the Annex to an approximate elevation of 648 m; 

 Continue construction of the 650 bench road; 

 Continue using the access road at the southeast corner of the Annex 
to access the Annex; and 

 Continue filling to an elevation of 651 m in the Annex. 

648 - 130,156 7,440 830,971 - 96,315 2,470 611,888 

Q2/2011 9  Fill the Annex to an approximate elevation of 651 m; 651 - 138,375 8,641 977,987 - 102,398 2,626 716,911 
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Quarter/Year Figure Description 
Platform 
Elevation 
(m) 

Approximate Airspace Consumed (m3) Cumulative 
Airspace 
Consumed (m3) 

Approximate Tonnes of MSW Placed Approximate 
Cumulative Tonnes of 
MSW Placed 

Existing 
Landfill 

Annex Existing 
Landfill 

Annex 

MSW Area Monofill MSW Area Monofill 

 Continue construction of the 650 bench road; 

 Continue using the access road at the southeast corner of the Annex 
to access the Annex; and 

 Continue filling to an elevation of 654 m in the Annex. 

Q3/2011 10 

 Fill the Annex to an approximate elevation of 654 m; 

 Continue construction of the 650 bench road; 

 Continue using the access road at the southeast corner of the Annex 
to access the Annex; and 

 Continue filling to an elevation of 657 m in the Annex. 

654 - 145,364 9,013 1,132,364 - 107,569 2,758 827,239 

Notes: 1 Conversion of cubic metres to tonnes of MSW is based on an airspace utilization factor of 0.74 tonnes MSW per cubic metre airspace.  This factor is less than that used previously because settlement of MSW in the Annex is anticipated to be less than that in the existing landfill, thus resulting in a lower 
density of the compacted waste in and a smaller airspace utilization factor for this area. 

 2 Flyash was assumed to have an approximate density of 1.22 tonnes/m3 based on laboratory testing on flyash samples obtained from the Landfill in September 2009. 
 3 Refuse density is based on annual air space surveys, which neglect consolidation due to settlement. 
 4 Volumes were calculated for significant filling events only. 
 5 Airspace volumes in the Annex monofill for platforms above 640 m elevation (i.e., the base of flyash monofill) represent those up to the platforms shown in Figures 7 to 10.  These volumes may differ from those computed using the projected flyash tonnages and the assumed density of 1.22 tonnes/m3 

due to different rates of filling in the monofill and MSW areas (i.e., the MSW and monofill areas may be at different elevations at a certain time). 
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4.2 Dust Control 
Dust control efforts for 2010 will be continued in the same manner as for 2009.  Measures taken to suppress 

dust include the use of chemical dust suppressants and the use of water truck. 

Wastech indicated that, in 2009, a total of 92,700 litres (L) of magnesium chloride solution was used on the 

off-Landfill roadways for dust control.  Of this quantity, 30,830 litres were applied on June 6, 2009, and the 

remaining 61,870 litres were applied on June 7, 2009.  On the Landfill footprint, only water was used to control 

the dust. 

Alternatives to the use of magnesium chloride for dust control have been reviewed, and a summary of this 

review is included in APPENDIX XIV. 

 

4.3 Vector Control 
Vector control will continue in 2010.  Flies and mosquitoes are prevented through daily covering of the MSW and 

by the elimination of ponded water at the Landfill.  For control of rodent activity, monthly site inspections are 

carried out by PCO Services Corporation (PCO Services) of Burnaby, BC under contract to Wastech.  

Rodent activity was observed at the public disposal and truck wash areas, tippers and some areas outside 

Wastech’s office at various times in 2009, but was treated by PCO Services by applying bait and installing traps.  

In addition, holes and cracks were observed on the floor of the lower electrical room and Wastech’s office, 

respectively, in February, March and April 2009.  These locations were considered to be places where rodents, 

termites or ants entered the buildings, and were sealed shortly after they had been noticed. 

Bird control measures consist of a small working face with frequent equipment movements and adequate cover 

to discourage birds.  In addition, a “bird banger” that makes a loud banging or screaming sound is used to 

discourage birds.  During Golder’s site visits in March and November, 2009, some ravens were noted in the 

general active area.  However, the number of birds around the active area was much less than the number of 

birds at other active MSW landfills of comparative size located in the Lower Mainland of British Columbia.  Bird 

control measures should continue to be employed at the Cache Creek Landfill, in part, due to the Cache Creek 

airstrip located about 800 m south of the Landfill. 

In an e-mail dated September 2, 2009, Transport Canada declined to review the bird control program for the 

Cache Creek Landfill since Cache Creek is an aerodrome, not an airport.  Therefore, no wildlife management 

plan is required according to Transport Canada and Canadian Aviation Regulations Part III, 

Subpart I - Aerodromes. 

 

4.4 Public Disposal Area 
The public disposal area is located just south of the flare, at an elevation of approximately 567 m and will remain 

unchanged during 2010. 
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4.5 Recycle Area 
A recycle area is provided near the public disposal area to collect lead-acid batteries, corrugated cardboard, 

newsprint, metals, tires, mixed paper, and Type 2 plastic (high-density polyethylene).  The area will remain 

unchanged in 2010. 

 

4.6 Leachate Management 
Liquid that is collected from the sumps in the existing landfill is pumped into four holding tanks, one for each 

sump.  The automated pumps minimize the liquid levels in the sumps beneath the existing landfill.  The holding 

tanks are equipped with level switches and indicator lights to denote the approximate liquid level in the tanks.  

The tank level indicator lights are monitored by Wastech on a weekly basis.  In 2009, a total of 903 m3 of 

leachate was removed from the Landfill sumps.  The leachate removed from the tanks was then hauled up to the 

active platform and disposed by discharge onto the surface of the active platform.  The approximate high-density 

polyethylene (HDPE) lined plan area and leachate storage capacity at each sump are summarized in Table 2. 

Table 2: Summary of Stage 1 to 4 Sump Details 

Sump Approximate HDPE Lined Plan Area (m2) Sump Storage Capacity Leachate Tank Capacity 

1 4,750 99 m3 18.1 m3 

2 3,650 61 m3 9.1 m3 

3 7,500 133 m3 31.8 m3 

4 7,500 162 m3 31.8 m3 

 

The entire Annex will be lined with a composite liner consisting of a 60-mil HDPE geomembrane liner overlying a 

geosynthetic clay liner (GCL), and will have a blanket leachate collection system installed above the composite 

liner to collect leachate.  Excavation for the Annex commenced in December 2009, and installation of the 

composite liner, which will cover a plan area of approximately 5.77 hectares, is scheduled to commence on 

April 29, 2010.  The blanket drainage system for the Annex will consist of the following (from the top to the 

bottom): 

 300 mm thickness of sand and gravel protection layer; 

 300 mm thickness of 25 mm to 38 mm clear crushed gravel.  A 200 mm diameter HDPE perforated pipe will 

be installed at the lowest part of the Annex to convey leachate to the sump for removal; 

 Non-woven needle-punched geotextile filter/separator; 

 300 mm thickness of fine sandy silt; 

 1.5 mm (60 mil) thickness textured HDPE geomembrane liner; 

 Geosynthetic clay liner; and 

 Prepared subgrade. 
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The disposal areas for flyash and MSW in the Annex will be separated by a single row of Lock Blocks (precast 

concrete blocks) and a flexible polyvinyl chloride (PVC) geomembrane liner on the north side of the Lock Blocks.  

Silt, sand or pit run sand and gravel will be placed on either side of the Lock Blocks to provide a greater 

separation of the flyash and to separate the PVC geomembrane from the MSW.  These separation materials and 

distances control the flow of leachate from the ash to the MSW.  The leachate from the ash monofill will flow by 

gravity to a leachate storage tank on the south side of the Annex, whereas the leachate from the MSW will flow 

by gravity to a leachate storage tank on the north side of the Annex. 

In late January 2007, both Golder personnel and Wastech personnel measured high hydrogen sulphide (H2S) 

concentrations at the leachate tank for Sump #2.  A report by Golder Associates Innovative Applications 

(GAIA) Inc. (GAIA project 07-1700-0054) dated August 29, 2007 described the work that was carried out.  

Wastech continues to undertake treatment of leachate in the Sump #2 tank.  We understand that 

H2S concentrations in the tank headspace have decreased but continue to be relatively high. 

 

4.7 Landfill Gas Management 
The landfill gas (LFG) management system was operated by Wastech in 2009, except between March 3 and 

late April 2009, during which Golder provided the service.  Wastech’s new landfill engineer responsible for 

operating the landfill gas management system started on the job on April 20, 2009. 

The responsibility for providing landfill gas operational advice to Wastech was assigned to Golder on 

February 24, 2009.  GNH Engineering continues to provide design, project management and construction 

services for the installation of new wells and piping.  In 2009, Wastech provided Golder with monitoring data 

(June 9, July 15, October 15 to 19, and December 4 to 6) of the LFG management system, and Golder reviewed 

the data and provided Wastech with advice on optimizing the LFG management system at the Landfill.  

Golder also carried out a simplified pipe network analysis (Golder’s letter dated January 8, 2010) to provide 

Wastech with recommendations on pipe sizing for expansion of the existing LFG collection network (i.e., piping 

to be installed in 2010 and beyond).  In 2010, Golder will continue reviewing LFG monitoring data to be provided 

by Wastech and providing operational advice to Wastech to optimize operation of the LFG management system 

with respect to collection of methane and control of off-site flow of landfill gas, and will design a horizontal 

LFG collector in the Annex that will also be used to re-circulate leachate in the Annex.  To improve LFG 

collection efficiency in areas that have existing LFG collection wells, additional vertical LFG collection wells will 

be installed as per the Operations and Closure Plan 2009, Cache Creek, BC, December 18, 2009.  These wells 

are to be located and designed by GNH Engineering. 

The LFG extraction wells were re-numbered by Wastech in November 2009.  The new and old numbering 

systems for the LFG extraction wells installed before 2009 were provided by Wastech in November 2009, and 

are shown in Table 3, Figure 1 and Figure 11. 
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Table 3: Old and New Numbers for Landfill Gas Extraction Wells Installed before 2009 

Old Well 
No. 

New Well 
No. 

Old Well 
No. 

New Well 
No. 

Old Well 
No. 

New Well 
No. 

Old Well 
No. 

New Well 
No. 

1 510110-06 18 Unproductive 35 570030-04 50 550030-06 

2 510100-06 19 550010-06 36 570050-04 51 590010-07 

3 510090-96 20 Unproductive 37 570060-04 52 590020-07 

4 510080-96 21 Unproductive 38 570070-04 53 590030-07 

5 510070-05 22 Unproductive 39 570090-04 54 590040-07 

6 510060-05 23 530100-99 39B 570100-07 55 590050-07 

7 510050-05 24 530090-05 40 570110-04 56 590060-07 

8 510040-05 25 530080-99D 40B 570120-07 57 590070-07 

9 510030-06 26 530070-05 41 570130-04 58 590080-07 

10 510020-96 27 530060-00D 42 570150-04 59 590090-07 

11 510010-96 28 550020-06D 43 550110-06 60 590100-07 

12 Unproductive 29 550120-00 44 550100-06 61 590110-07 

13 530050-96 30 570160-01D 45 550080-06 62 590120-07 

14 530040-07 31 Unproductive 46 550070-06 63 590130-07 

15 530030-07 32 Unproductive 47 550060-06   

16 530020-06 33 570010-04 48 550050-06   

17 530010-96 34 570020-04 49 550040-06   

Note: Based on the new well numbers provided by Wastech, Golder understands that new well numbers are not assigned to 
unproductive LFG extraction wells. 

 

4.8 North Borrow Pit 
The total volume of material removed from the North Borrow pit in 2009 is estimated to be 164,770 cu.m as 

indicated in T.R. Underwood Engineering Consulting Group’s letter dated January 6, 2010, of which 

approximately 152,620 cu.m was used for daily, intermediate and final cover, 1,815 cu.m was used for liner, and 

the remaining 10,335 cu.m was used for topsoil.  In 2010, the majority of material to be used for daily, 

intermediate and final cover will be obtained from the Annex, with only minor quantities of liner and cover 

materials to be obtained from the North Borrow pit.  Wastech estimates that, in 2010, the amount of material to 

be removed from the North Borrow pit will be less than 15,000 m3. 

 

4.9 Daily and Intermediate Cover 
During 2009, daily and intermediate cover material was obtained from the North Borrow pit.  The volume of cover 

material removed from the North Borrow pit was approximately 164,770 cu.m.  In 2010, it is anticipated that the 

majority of material to be used for daily and intermediate cover will be obtained from the Annex, with only minor 

quantities of cover material be obtained from the North Borrow pit. 
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4.10 Vegetation for Final Cover 
Observations of the vegetation conditions of the final cover were made during Golder’s March and 

November 2009 site visits.  We understand that, in November 2009, topsoil was placed on lower Landfill slopes 

and was mixed to a depth of 200 mm with the existing soil on the slopes.  This topsoil is understood to consist of 

topsoil obtained from the Annex mixed with mushroom compost in a 50/50 split.  Golder issued a report dated 

July 9, 2009 and titled “Vegetation Prescription, Cache Creek Landfill,” which provided recommendations for 

improving the vegetative cover on the final cover at the Landfill.  Wastech has installed an irrigation system and 

this system will continue to be used to irrigate the vegetation of the final cover so that it can become established. 

 

5.0 GROUNDWATER CHEMISTRY, GAS AND SUMP MONITORING 
With regard to the environmental status of the landfill: 

 Information from the supplementary geophysical surveying and drilling program conducted during the 
2009 monitoring year has refined the geometry of the infilled valley that receives groundwater flow from the 
landfill.  Estimates of groundwater flow within the infilled valley are lower than previously reported (on the 
order of 19 m³/day to 26 m³/day); 

 The groundwater chemistry trends observed in 2009 were, for the most part, consistent with those 
documented in the 2008 Annual Report; 

 Groundwater quality at the Site has been influenced by the landfill.  Changes in groundwater quality are 
likely attributed to a combination of factors, including off-site migration of groundwater that has been 
influenced by landfill leachate, dust suppressant use on the site, off-site migration of landfill gas, and metal 
release from native aquifer solids.  Recent HELP modelling indicates that the estimated leachate generated 
by the closed landfill is on the order of 1,100 m³/year, which is small relative to the inbound water in the 
refuse at over 100,000 m³/year, and considerably lower than landfills situated in wetter climates; 

 Groundwater monitoring results show an increasing trend in chloride at downgradient monitoring wells 
OW1, OW2, OW4 and newly installed monitoring wells MW09-1A/B and an absence of an increasing trend 
at wells TH6 and OW3.  The chloride concentrations measured at the off-site wells in 2009 were above the 
BCWQG and CSR criteria for irrigation of 100 mg/L, but below the aesthetic criteria for drinking water 
(250 mg/L).  Based on chloride concentrations, the contribution of chloride derived from the landfill to 
groundwater appears to be on the order of a few percent (less than approximately 5% by volume).  Given 
that the estimated flow rate in the infilled valley is on the order of 19 m³/day to 26 m³/day, this chloride 
contribution would equate to less than 1 m³/day.  Efforts to reduce the release of chloride from the site to 
groundwater have consisted of the reduction of water discharged to the landfill and provisions for 
monofilling of the flyash material (which has been identified as a source of chloride) as part of the Annex 
design; 

 The recent increasing chloride concentration trend at MW97-1 is likely attributable to the migration of 
groundwater that has been influenced by landfill leachate.  The 2009 increase in tritium concentrations at 
this well is also indicative of a landfill influence on groundwater quality.  However, elevated levels of 
chloride and tritium were not observed at newly installed monitoring well MW09-3A and B, located between 
the landfill and MW97-1, and elevated chloride has not been observed at nearby monitoring well TH6; 



 

2009 CACHE CREEK LANDFILL ANNUAL REPORT 

 

April 30, 2010 
Report No. 10-1411-0028/2100 11 

 

 While increasing chloride trends have been identified in downgradient monitoring wells, few other 

constituents have been observed in downgradient groundwater at concentrations that represent a concern.  

Specific metals of interest that are being monitored and assessed are described below: 

 Selenium in groundwater is likely attributable to a combination of release from naturally occurring 

selenium in both the bedrock and surficial materials and the migration of groundwater that has been 

influenced by landfill leachate.  If selenium is introduced to groundwater from the landfill, some 

attenuation within the aquifer is likely.  This metal is only elevated at one downgradient location (OW4); 

 The observed increases in uranium groundwater concentrations may be the result of release from 

aquifer solids following an increase in alkalinity or decrease in pH.  The increase in uranium may not be 

related to migration of landfill leachate, but rather a change in the geochemical conditions that is 

attributable to the landfill.  Increases in groundwater alkalinity are attributed to both migration of landfill 

gas and groundwater that has been influenced by leachate; 

 Nickel in groundwater is likely attributable to a combination of migration of groundwater that has been 

influenced by landfill leachate and release from naturally occurring nickel in both the bedrock and 

surficial materials.  Nickel mobility is high in the groundwater pH (<7 s.u.) and redox conditions 

downgradient of the landfill.  Nickel concentrations appear to increase as pH decreases, which would 

be consistent with a decrease in sorption as pH decreases.  The coincident increase in chloride and 

nickel concentrations at OW4 suggests a source of groundwater influenced by landfill leachate; and 

 Arsenic concentrations in Site groundwater are relatively low (ppb levels).  Correlations between 

arsenic concentration and other constituents therefore are difficult to discern.  Arsenic, if released from 

the landfill, is being attenuated in groundwater.  A change to more reducing conditions in groundwater 

would favour arsenic mobility.  

 Concentrations of VOCs in excess of BCWQG and CSR were limited to on-site well OW3 at depth, located 

immediately adjacent to the landfill.  Elsewhere, VOC concentrations are relatively low.  VOC transport may 

occur due to landfill gas or the migration of groundwater that has been influenced by landfill leachate; and 

 Routine testing of flyash material deposited in Stage IV is conducted to ensure the material is not classified 

as hazardous waste.  Additional testing of the flyash was conducted in 2009 to determine whether the 

material is responsible for the increasing concentrations of chloride and associated constituents that have 

been observed in Sump 4.  Characterization of flyash material indicates that the fly ash is a source of 

ammonia, calcium, chloride, potassium and sodium, together with a number of metals, including barium, 

chromium, lead, mercury, molybdenum, strontium and zinc. 

 

Recommendations for the 2010 monitoring program include the installation of additional monitoring wells north of 

MW97-1, within the infilled valley west of TH9A/B, within the infilled valley south of OW4, and north of the Annex; 

addition of monitoring well MW309 to the upgradient monitoring well network; continued monitoring and 

assessment of landfill gas; additional characterization of the flyash material, and assessment of the migration 

potential of dust suppressant. 
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6.0 FLYASH QUALITY 
Chemical testing using the Toxicity Characteristic Leaching Procedure (TCLP) was carried out on 15 ash 

samples collected by Montenay Inc. in 2009 and January 2010.  The results of chemical testing on the leachate 

generated from the flyash using the TCLP are maintained by Metro Vancouver, and were provided by Wastech 

on February 26 and March 2, 2010 (see APPENDIX XIII).  The results are summarized in Table 4, together with 

the Hazardous Waste Regulation Leachate Quality Standards (HWRLQS).  The results indicate that 

concentrations of metals in the flyash leachate samples were either below the detection limits or less than the 

limits defined by the HWRLQS. 

Table 4: Summary of Chemical Test Results on 2009 Flyash Leachate Samples 

Leachate Metals 
(TCLP) 

HWRLQS 
(mg/L) 

Minimum 
(mg/L) 

Maximum 
(mg/L) 

Average 
(mg/L) 

Standard 
Deviation (mg/L) 

Aluminum  0.30 5.50 2.93 1.87 

Barium 100 0.24 2.34 1.37 0.55 

Boron 500 0.05 0.87 0.28 0.26 

Calcium  1,010 5,040 4,151 967 

Chromium 5 0.05 0.10 0.06 0.01 

Magnesium  0.05 61.70 5.38 16.26 

Molybdenum  0.10 0.30 0.17 0.06 

Silicon  0.20 11.50 1.52 2.81 

Strontium  1.99 17.70 11.41 3.58 

Zinc 500 0.05 1.40 0.39 0.50 

Selenium 1 0.009 0.021 0.014 0.005 

 

7.0 CHANGES FROM APPROVED PLAN 
No change was made from the approved plan described in Operational Certificate MR-7577. 

 

8.0 UPDATES TO CONTINGENCY PLAN 
No updates to the contingency plan are considered necessary. 

 

9.0 LANDFILL GAS MANAGEMENT SYSTEM – SYSTEM OPERATION 

9.1 Operations Record for 2009 

Initial start-up of the landfill gas (LFG) management system at the Cache Creek Landfill occurred on 

April 21, 1997.  Expansions and enhancements to the system have occurred since that time.  A plan detailing the 

current LFG system and its expansion until a Landfill platform elevation of 677 m is shown on Figure 11.  

An expansion to the LFG collection system, designed by GNH Engineering, occurred in 2009.  Of the 20 new 

wells that were installed, 16 were shallow wells installed to a maximum depth of 18.3 m, and four were deep 

wells installed to a maximum depth of 45.7 m.  Fifteen of the shallow wells were installed on the 610 bench road 
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(designated as 610010-09 to 610150-09), and the remaining shallow well was installed on the 590 bench road 

(designated as 590140-09).  Three of the deep wells were installed on the 570 bench road (designated as 

570040-09D, 570080-09D and 570140-09D), and the remaining deep well was installed on the 550 bench road 

(designated as 550090-09D).  These new wells were installed in the summer of 2009 and were connected to the 

LFG management system on August 28, 2009.  Information of these new wells is summarized in Table 5. 

Table 5: 2009 New Landfill Gas Well Information 

Well Number Depth (m) Well Type 
Length of Well Material (m) 

Pea Gravel Bentonite Pipe 

550090-09D 45.7 Deep 36.7 8 9 

570040-09D 30 Deep 22.0 8 9 

570080-09D 36 Deep 28.0 8 9 

570140-09D 36 Deep 28.0 8 9 

590140-09 7.6 Shallow 3.1 4.5 6.5 

610010-09 15 Shallow 10.0 4.5 6.5 

610020-09 18.3 Shallow 13.3 4.5 6.5 

610030-09 18.3 Shallow 13.3 4.5 6.5 

610040-09 18.3 Shallow 13.3 4.5 6.5 

610050-09 18.3 Shallow 13.3 4.5 6.5 

610060-09 18.3 Shallow 13.3 4.5 6.5 

610070-09 18.3 Shallow 13.3 4.5 6.5 

610080-09 18.3 Shallow 13.3 4.5 6.5 

610090-09 18.3 Shallow 13.3 4.5 6.5 

610100-09 18.3 Shallow 13.3 4.5 6.5 

610110-09 18.3 Shallow 13.3 4.5 6.5 

610120-09 18.3 Shallow 13.3 4.5 6.5 

610130-09 18.3 Shallow 13.3 4.5 6.5 

610140-09 10 Shallow 5.0 4.5 6.5 

610150-09 10 Shallow 5.0 4.5 6.5 

 

In addition, a network of horizontal gas trenches consisting of perforated pipes was put down on the 645 m 

platform in 2009.  Based on GNH Engineering Ltd.’s as-built drawings for the 2009 LFG system expansion at the 

Landfill dated November 30, 2009, the gas trenches are 1 m deep and 1.5 m wide, and are backfilled with 

75 mm (3 inch) diameter round rock encapsulated in non-woven geotextile.  The perforated pipes connecting the 

gas trenches are 150 mm diameter HDPE DR 17 pipes that are buried in trenches that are 1 m deep and 1.5 m 

wide, and are surrounded by 50 mm (2 inch) diameter round rock encapsulated in non-woven geotextile. 

According to GNH Engineering Ltd., a new skid, with a new blower and candlestick flare, having a maximum 

capacity of 750 acfm (actual cubic feet per minute) of LFG was commissioned in April 2006.  The older blower 

and flare skid, which was commissioned in 1997 and has a maximum flare capacity of about 640 scfm of LFG at 

50% methane, was operated in unison with the new blower and flare starting on June 16, 2009.  Previously, only 

one blower was operated. 
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The flare(s) was shut down for an equivalent of 8.4 days in 2009, mostly due to electrical power 

outages, excessive vibrations due to worn mechanical components, and inclement weather conditions in the 

area.  Table 6 summarizes the dates, as well as numbers of hours and days that the flare(s) was shut down in 

2009. 

Table 6: Summary of Flare Down-time in 2009 

Date Number of Hours Number of Days 

January 25 to 27, 2009 30 1.25 

February 5, 2009 2 0.08 

February 14, 2009 6.7 0.27 

February 16, 2009 7 0.29 

February 18, 2009 7 0.29 

February 19, 2009 10 0.42 

February 21, 2009 20 0.83 

February 23, 2009 5 0.21 

February 24, 2009 2 0.08 

February 25, 2009 22 0.92 

March 2, 2009 21 0.88 

March 20, 2009 13.6 0.57 

April 21, 2009 11 0.46 

April 23, 2009 18 0.75 

May 2, 2009 5 0.21 

May 18, 2009 1 0.04 

July 6, 2009 4 0.17 

October 9, 2009 1.8 0.08 

October 14, 2009 7.5 0.31 

October 29, 2009 0.8 0.03 

October 31, 2009 6 0.25 

Total 201.4 8.4 

 

9.2 Results of Landfill Gas Extraction System Monitoring 
APPENDIX III provides plots of LFG content for the period of March 19 to November 3, 2009 for the flare station 

and each of the 82 LFG extraction wells.  Plots are also provided for on-site monitoring locations OW1-GP1 and 

OW1-GP2.  The plots of on-site monitoring locations focus on the effect of the LFG extraction system on the 

LFG levels in these wells in 2009.  The plots provided in APPENDIX X of these same wells show long-term 

performance trends since January 1992. 

 



 

2009 CACHE CREEK LANDFILL ANNUAL REPORT 

 

April 30, 2010 
Report No. 10-1411-0028/2100 15 

 

9.3 Landfill Gas Quantities 
Based on the data provided by Wastech, it is estimated that the blowers and the flares were operational for 

approximately 356.6 days in 2009 (98% of the year), and collected and flared approximately 11.3 million 

standard cubic metres (397 million standard cubic feet) of landfill gas.  This is equivalent to an average landfill 

gas collection rate in 2009 of 755 standard cubic feet per minute or 1,285 standard cubic metres per hour.  

Of this amount, approximately 5.7 million cu.m (201 million standard cubic feet) or 50.5% of the total extracted 

gas was methane, representing about 210 TJ (199 billion BTU) of energy.  Carbon dioxide constituted 

approximately another 35% of the total extracted gas. 

The reduction of greenhouse gas (GHG) emissions due to the flaring of the LFG at the Cache Creek Landfill in 

2009 is estimated to be approximately 77,400 tonnes of CO2 equivalents.  This estimate of GHG emission 

reduction is based on a standard temperature of 70°F (21ºC) and 1 atm. pressure, to which the flow meter is 

standardized. 

 

10.0 LANDFILL GAS MANAGEMENT SYSTEM – OFF-SITE FLOW 
Wastech provided plots of their monitoring of off-site wells (MW97-1 GP, MW97-1 Well, and MW97-2 GP2) and 

these are included in APPENDIX III.  Independently, Golder has carried out quarterly monitoring of the off-site 

monitoring wells and the results are provided in the Review of 2009 Groundwater and Gas Monitoring Results 

report (APPENDIX X). 

 

11.0 SUMMARY OF SITE VISITS 
The following site visits were carried out by Golder Associates Ltd. (Golder) or The Focus Corporation Ltd. 

(Focus) in 2009.  Figure 12 shows the approximate locations of in-situ density tests carried out on the fill material 

used to construct the west berm of the Annex in UTM NAD83 co-ordinates. 

 

March 4, 2009 
A brief site visit by Colin Wong, P.Eng. of Golder included observations of the placement of soil liner, 

intermediate and final cover.  The observations and comments made during the site visit are provided in Golder’s 

letter dated March 19, 2009.  Observational coverage of the Landfill during this site visit was less than that in 

previous site visits because the surficial cover soil was frozen and the soil below this stratum appeared to be 

frozen, both of which made it difficult to walk on the soil cover. 

In summary, Golder indicated that the filling of the Landfill was in overall compliance with Golder’s engineering 

design, except that the blind flange on the 200 mm diameter LFG header near the rock bluff, at about 

10180N 95110E, was leaking at the time of the site visit.  Golder recommended in our March 19, 2009 letter that 

this leak be repaired. 
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August 11, 2009 
Semi-annual site visit by Bruce Kenning, P. Eng. of Focus.  Mr. Kenning’s observations and comments regarding 

surface water drainage were provided in a letter dated August 14, 2009.  In summary, Focus indicated that the 

surface water diversions and internal drainage works were generally in good condition, and completion of minor 

maintenance works was recommended.  In particular, Focus suggested that consideration be given to: 

 Re-constructing the small rip-rap drop structure from the west ditch of the main forestry access road to the 

C-D Diversion at the inlet side of Culvert #9; 

 Removing sediments from the mid-reach section of the A Creek Diversion (i.e., a 30 to 40 m long zone at 

the location where the fence crosses the channel) to maintain a minimum channel design depth of 1.0 m; 

 Replacing Culvert #1A with an 800 mm diameter culvert and re-aligning it to flow to Culvert #1, or removing 

this culvert entirely; 

 Deepening the roadside ditch to the west of the North Borrow pit that directs flow in a southerly direction to 

Culvert #1A; 

 Re-shaping the rip-rap lining of the rock bluff inter-bench channel to deepen the channel cross-section; and 

 Assessing the stability of the Lock-Bloc headwall at D Creek Diversion Culvert #2. 

 

November 12, 2009 
Semi-annual site visit by Bruce Kenning, P. Eng. of Focus.  Mr. Kenning’s observations and comments regarding 

surface water drainage were provided in a letter dated November 19, 2009.  In summary, Focus indicated that 

the surface water diversions and internal drainage works were generally in good condition, and completion of 

minor maintenance works was recommended.  In particular, Focus suggested that, due to construction of the 

Annex: 

 A large sediment trap/retention basin be built at or near the inlet to Culvert #3.  This should be co-ordinated 

with an engineered ditch along or near the new west fence line; 

 The inlet of Culvert #1 on the B Creek be kept clear of loose material to allow drainage of the local 

construction area; and 

 The sediment traps on the A Creek and A Creek itself be monitored regularly to check for increased rates of 

erosion and sediment accumulation. 

 

Subsequent to this site visit, Focus prepared a plan showing the alignment, cross-section and profile of drainage 

structures to the north of the Annex to manage surface water flowing from the Annex. 
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November 18, 2009 
A brief site visit by Colin Wong, P.Eng. of Golder included observations of the placement of intermediate and 

final cover.  The observations and comments made during the site visit are provided in Golder’s letter dated 

November 24, 2009.  The following summarizes Golder’s observations during the site visit: 

 Groundwater monitoring well TH-10 was being decommissioned under the full-time monitoring of Golder; 

 A soil layer over the lower slopes was observed.  This soil was understood to consist of topsoil from the 

Annex mixed with mushroom compost in a 50/50 split; and 

 Excavation for the Annex and construction of the Annex perimeter berm were underway. 

 

In summary, Golder indicated that the filling of the Landfill was in overall compliance with Golder’s engineering 

design, except for a few relatively minor maintenance items that needed to be addressed. 

 

November and December, 2009 
Golder carried out site visits on November 20, 25, 27, 30, December 3 and 5 for compaction testing.  A total of 

103 in-situ density tests were completed on the fill material used to construct the west berm of the Annex.  

In-situ testing results indicated that compaction of the berm fill was generally adequate, except for: 

 Two locations in the middle section of the berm on November 25, 2009; 

 Nine locations in the southern section of the berm on November 30, 2009; 

 Two locations in the northern section of the berm on December 3, 2009; and 

 Two locations in the northern section of the berm on December 5, 2009. 

 

The approximate in-situ density test locations in November and December 2009 are illustrated on Figure 12.  

The test locations on November 25, 27, 30 and December 3, 2009 were obtained with a hand-held GPS unit, 

and those on November 20 and December 5, 2009 were approximated based on site observations and features. 

 

12.0 SETTLEMENT MONITORING 
Landfill settlements are monitored on an annual basis at 15 monitoring points installed on the closed areas of 

Stages 1, 2 and 3.  Monitoring point Old A-8 and Old A-16 were established and first surveyed on June 10, 1994 

and February 3, 1999, respectively.  Monitoring points DL-1 to DL-3 and DL-5 were established adjacent to the 

condensate traps (drip legs) of the landfill gas management system on September 18, 1998 and 

February 22, 2000, respectively.  Monitoring points A11, and A23 to A29 were installed adjacent to LFG 

extraction wells and were first surveyed on January 9, 2001.  Monitoring point A24 was re-established close to 

LFG extraction well A-24 on December 19, 2005.  Monitoring point DL-4 was established adjacent to the 

condensate trap on December 18, 2002.  Additional monitoring points A18, A20, A30, A31 and A32 were 



 

2009 CACHE CREEK LANDFILL ANNUAL REPORT 

 

April 30, 2010 
Report No. 10-1411-0028/2100 18 

 

installed and surveyed on December 18, 2002 adjacent to LFG extraction wells.  Monitoring points DL-2, A20, 

A23, A24, and A26 were not found at the Landfill at the time of settlement monitoring, and therefore, no 

settlement data were collected from these monitoring points in 2009.  The elevations and locations of the 

monitoring points, shown in Figure 13, were last surveyed on February 11, 2010. 

Twenty two (22) settlement points were established on protection blocks close to landfill gas extraction wells 

along the 510, 530, 570, 590 and 610 bench roads.  Monitoring points B/K 33 to 39 and 42 were established at 

protection blocks close to their respective extraction wells and were first surveyed on December 21, 2004.  

Monitoring points B/K 2, 14, 15, 24, 26, 40, 41, 51, and 52 were established at protection blocks close to their 

respective extraction wells and were first surveyed on December 21, 2007.  An additional monitoring point was 

established on the protection block beside the drain close to extraction well 51 and was first surveyed on 

December 21, 2007.  Four (4) new monitoring points were established along the 610 bench road and were first 

surveyed on February 11, 2010.  The locations of these protection block monitoring points are shown in 

Figure 13, and their elevations were last surveyed on February 11, 2010. 

Figures 14 through 33 summarize the measured settlements.  The results of the settlement monitoring points on 

A23 to A29 indicate that the Landfill in this area has experienced a maximum of 5.2% to 8.0% settlement (of the 

original local Landfill thickness) between January 9, 2001 and February 11, 2010 (see Figures 14 to 33 for the 

details). 

Surveyed elevations at monitoring points A31 and A32 indicate that landfill settlements at these locations have 

been greater than the other monitored areas.  Monitoring points A31 and A32 showed settlement of about 

8.1% to 8.7% of the original local Landfill thickness between December 18, 2002 and February 11, 2010. 

Surveying of Old A-16 indicates relatively greater settlement at this location since February 3, 1999.  During the 

past 10 years (since February 3, 1999), the settlement at Old A-16 is estimated at about 9.9% of the original 

local Landfill thickness at this location.  A portion of this settlement is due to placement of additional refuse in this 

area in 1998. 

The results of the settlement monitoring points on protection blocks near extraction wells are summarized in 

Figures 26 through 33.  The dates on which these protection blocks were placed at the Landfill (i.e., t = 0 days) 

were inferred from previous plans showing the historical development of the Landfill, and are approximate.  

The results indicate that the Landfill has experienced approximately 0.03 to 3.0 m of settlements at these 

locations.  The data on monitoring point B/K 2 indicate that the north end of the 510 bench road has settled by 

1.0% (of the original local Landfill thickness) between March 31, 1996 and February 11, 2010.  The data on 

monitoring points B/K 14 and 15 indicate that the south end of the 530 bench road has experienced 0.13% 

settlement between June 30, 1996 and February 11, 2010.  The data on monitoring points B/K 24 and 26 

indicate that the north end of the 530 bench road has experienced 1.0% to 1.3% settlement between 

June 30, 1998 and February 11, 2010.  The data on monitoring points B/K 33 to 42 indicate that the 570 bench 

road has experienced total settlements of 1.9% to 6.1% between March 31, 2002 and February 11, 2010.  

The data on monitoring points 51 and 52 indicate that the south end of the 590 bench road has experienced 

2.1% to 2.6% settlements between March 31, 2004 and February 11, 2010. 

It is recommended that additional settlement monitors be established on the 610 and 630 bench roads. 
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13.0 CLOSING COMMENTS 
Golder Associates Ltd.’s staff has compiled the information contained in this Annual Report with input from 
Wastech Services Ltd.  Contributing Golder staff include: Jillian Sacré, M.Sc., P.Geo. (Principal, Hydrogeology 

Task Leader), Colin Meldrum, M.Sc. (Project Hydrogeologist), Cheryl Ross, M.Sc., Senior Hydrogeochemist 
(geochemical assessment), Christine Bieber, M.Sc., P.Geo., Hydrogeologist (geological interpretation), 
Connie Romano, M.Sc., P.Geo., Associate Hydrogeologist (water balance analysis), Rob Luzitano, M.Sc., 

Senior Geophysicist (seismic survey), Keith C. K. Lam, M.A.Sc., P.Eng. (Project Engineer), and Colin L. Y. 
Wong, M.A.Sc., P.Eng. (Principal, Project Director). 

Should there be any questions or points requiring further clarification, please contact us at (604) 296-4200. 

GOLDER ASSOCIATES LTD. 

 

 

 

Keith C. K. Lam, P.Eng.  
Project Engineer  
 

 

 

Colin L. Y. Wong, P.Eng. Jillian P. Sacré, M.Sc., P.Geo. 
Principal Principal, Hydrogeologist 
 

KCKL/CLYW/JDS/js/nnv 
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