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Dear Mr. Wall, 
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1. INTRODUCTION  

1.1 Background 

The Powell River Marina Avenue Transfer Site is located in an exhausted gravel pit on the east side of 
Marine Avenue in proximity to the Willingdon Beach Campground.  The subject property is comprised 
of two lots owned by the City of Powell River (COPD).  A solid waste incinerator was operated on the 
subject property between the early 1970’s and July, 1995.  Bottom ash (clinker) from the incinerator was 
retained on site in four distinct piles totaling some 38,000 m3.  Since the incinerator was closed 
municipal solid waste (MSW) has been transferred out of region, originally to the Cache Creek Landfill, 
and more recently to Rabanco Landfill.  Demolition waste has been transferred to the Ecowaste Landfill. 
 
In 1996 COPD retained Pottinger Gaherty to characterize the ash stockpiles and to provide 
recommendations for remediation.  Pottinger Gaherty concluded that the ash contains waste material that 
contains elevated levels of metals and organic pollutants including copper, lead, zinc, barium PAH’s and 
dioxins and furans that exceed industrial level (IL) standards, but all of the concentrations remain below 
special waste levels.  Pottinger Gaherty recommended that he best strategy for managing the waste is to 
risk assess / risk manage (RA/RM).  RA/RM would involve capping the waste piles and undertaking 
monitoring to ensure that migration of contaminants is not occurring. 
 
In addition to stockpiles of bottom ash, the City of Powell River (COPR) uses the property to stockpile 
other waste and recyclable materials including glass, tires, roofing, gyproc, broken asphalt, wood chips, 
stumps, yard waste, broken concrete, demolition waste clean fill and asbestos.  In total, some 68,350 m3 
of waste and recyclable materials are stockpiled on site. 
 
In 2003, COPR retained Keystone Environmental to undertake a Preliminary Site Investigation of the 
subject properties.  In addition to the bottom ash piles, Keystone identified a number of material 
stockpiles that may have impacted site soil and/or groundwater at levels of concern.  These included the 
gypsum wallboard pile, the roofing shingle pile, the ground wood waste pile (as result of potential for 
pressure treated wood), the truck wash area, the asphalt pile, the burn pile, the Squatter’s Creek waste 
relocation pile, the former above ground diesel tank pad, the scrap metal pile, the grocery store fire pile. 
 
COPR submitted a closure plan for the property to the Ministry of Environment (MOE) on December 
29, 1995, but the plan was not approved as per MOE’s record.  Since then responsibility for the Solid 
Waste function, including closure of existing waste management sites, has been transferred to the Powell 
River Regional District (PRRD).  PRRD retained Sperling Hansen Associates (SHA) to develop a 
Closure Plan for the ash landfill site.  
 
Final closure of the site must be completed in a manner that will ensure long term protection of the 
environment. The closure activities generally require a number of constructed works to be completed 
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such as storm water controls and gas controls, and significant ongoing monitoring and maintenance will 
be required. The closure and post closure requirements, along with SHA’s recommended design cover 
system will be further presented in this report.  

1.2 Purpose and Scope 

A proposal was prepared and submitted to the Powell River Regional District on September 3rd, 2013. 
The proposal was accepted and SHA was asked to complete the closure plan as per Ministry of 
Environment’s (MOE) requirements. The recommended work plan consisted of the five major tasks, 
each with numerous sub-tasks, as listed in the following sections. 

1.2.1 Project Startup, Management and Coordination Meetings 

The first task - Project Start-up included the following sub-tasks:   

 Start-Up Meeting 

 Liaison with the MOE 

 Project Management  

1.2.2 Background Review 

Included the following sub-tasks: 

 Background Review  

 Data Compilation 

 Water Quality Review 

 Site History Review  

 Rough Closure Concept Development 

1.2.3 Field Program 

Included the following sub-tasks:   

 Site Orientation and Initial Inspection 

 Base Map Processing 

 Test Pit Program to Characterize Waste (17 test pits) 

 Water Level Survey and Ditch Inspection / Conductivity Survey 

 Water Quality Sampling 

 Ash and Woodchips material sampling 

 GPS Site Survey 

 Drilling of three groundwater monitoring wells 
 
SHA understands that the use of locally available materials may reduce the closure cost significantly. 
The field program also included an investigation of the locally available materials on-site. 
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1.2.4 Data Analysis 

Included the following sub-tasks:  

 Compile Filling and Closure Activity History  

 Analyze Site Geology 

 Conduct Volumetric Analysis 

 Compile Water Quality Data (Surface Water, Groundwater Stations) 

 Compile Landfill Gas Monitoring Data 

 Surface Water Flow Mapping and Interpretation 

 Climate Interpretation, Evapotranspiration & IDF Analysis 
 
We gathered all available survey data and water quality results from COPR and the PRRD. SHA also 
collected all other available relevant data from them. Based on the available data and information, we 
will be able to characterize the site.  

1.2.5 Closure Plan 

Included the following sub-tasks:  

 End Use Plan and Grading Strategy 

 HELP Modelling Analysis of Cover Options 

 Geotechnical Design for Slope Stability 

 Barrier Layer Selection and Design 

 Top Soil Design Considerations 

 Vegetation Design Considerations 

 Erosion Analysis 

 Landfill Gas Monitoring 

 Landfill Gas Management Plan 

 Runoff Water Diversion Routing 

 Surface Water Ditching and Erosion Protection 

 Cut and Fill Assessment and Closure Material Balance Analysis 

 Closure Cost Analysis 

 Post Closure Maintenance  

 Post Closure Monitoring Program 

1.2.6 Reporting 

Included the following sub-tasks:  

 Draft Report Preparation 

 Final Reporting 
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2. SITE CHARACTERIZATION 

2.1 Physical Setting 

The Marine Avenue waste management site is located on the Marine Avenue across the Willingdon 
Beach Park. The location of the site relative to the region is shown in Figure 2-1. Photo 2-1 shows an 
aerial view of the site including buildings and other facilities in the surrounding area. 
 

 
 Photo 1: Aerial View of the Marine Avenue site with approximate boundaries of the existing site 

2.2 Site History  

Prior to the late 1960’s the Site and adjacent properties were forested and undeveloped. Gravel 
extraction operations were on-site circa 1970 and subsequently expanded onto the adjacent properties 
north, northwest and east of the site. The site is approximately 6.4 ha. A property map is presented at 
the end of Appendix A.  
 
COPD constructed a small incinerator on the subject property in the early 1970’s.  Permit PR-509 was 
issued to the COPD on April 21, 1971 authorizing the discharge of inert incinerator residue to a parcel 
of land on portion of Block 36, District Lot 450, Group 1, New Westminster District, Plan 8096 as 
shown in the attached map with the permit presented in Appendix A.  The permit was first amended on 
December 17th, 1992 .  A second amendment was issued on April 1st, 1993 ordering that all disposal of 

N
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refuse be stopped effective February 28th, 1994 and that the incinerator be upgraded to comply with 
Best Control Technology as outlined in the document “Emission Criteria for Municipal Solid Waste 
Incinerators” published by the MOE in June 1991. The last amendment issued on February 2nd, 1994 
required that effective October 15, 1994, all discharge be ceased and existing refuse burner 
(incinerator) be closed.  
 
Since closure of the incinerator a range of materials have been stockpiled on site in addition to the 
residual clinker/ash.  The stockpiles include gypsum wall-board, roofing materials, chipped wood 
products, asphalt, concrete, glass, tires, demolition waste, asbestos, clean fill, yard waste and some 
scrap metal as shown on Figure 2-2 and presented  in Table 2-1. 
 
In 1996 the COPD retained Pottinger Gaherty to undertake a study to characterize the bottom ash 
stored at the solid wate transfer site.  They concluded that the ash contained elevated levels of metals 
and organics that exceeded industrial land use levels, but that contaminant concentrations were found 
to be below special waste levels.  Pottinger Gaherty recommended that the waste materials be risk 
managed on site.  Their report is included in Appendix L.  In 2000, the PRRD undertook an inventory 
of waste materials and quantities stockpiled on-site as presented in Appendix L.  In 2003, the COPD 
retained Keystone Environmental to undertake a Preliminary Site Investigation – Stage 1 to assess the 
potential for constituents of concern to be present in soil and/or groundwater and to quantify the 
approximate volumes of materials stored on site.  Keystone’s Phase I investigation concluded that 
there were numerous materials stored on site that presented potential for releasing contaminants to soil 
and or groundwater.  Their report is presented in Appendix L. 
 
For this report, SHA has independently quantified the volumes of each waste material stored on-site, 
as determined during our December 2013 field program, and considered the end use of each waste 
type as summarized in Table 2-1 below. Table 2-1 shows that the volume of ash is the largest waste 
category of all (56% by volume and 66% by estimated weight). The unit weights of the materials from 
the available literature were used to convert volumes into tonnage. A more detailed description of the 
end use of each waste type (upcycling, recycling, reuse, or relocation) is presented in Chapter 6. 
 
Clinker or incinerator bottom ash is present in the northwest and northeast of the site as identified by 
Piles F, D, M and Q on Figure 2-2. SHA estimates the total volume of ash to be 38,000 m3. Keystone 
(2003) identified the potential for constituents of concern in the ash to impact site soil and/or 
groundwater.  
 
A pile of waste glass which consists primarily of broken windows and bottles is located on the north-
west corner of the site (Pile E). A pile of tires (Pile B) is also located on the north-west corner of the 
site. Another pile of tires was removed from the site in 1998.  
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Table 2-1 Type, Quantities and End Use of Stockpiled Waste Materials at Marine Ave. Site 

WASTE TYPE PILE
APPROXIMATE 

TOTAL QUANTITY 
(m³)

FIGURE 
COLOUR 
LEGEND

RELOCATED RECYCLED
REUSED

UNIT WEIGHT 

(tonnes/m3)

WEIGHT 
(tonnes)

F 20,000 X 1.45 29,000

D 7,200 X 1.45 10,440

M 800 X 1.45 1,160
Q 10,000 X 1.45 14,500

GLASS E 2,000 X 0.48 960
TIRES B 100 X 0.60 60

A 1,800 X 0.40 720
G 1,500 X 0.40 600

GYPROC H 3,000 X 0.60 1,800
L 1,500 X 2.30 3,450
I 500 X 2.30 1,150
T 100 X 2.30 230

WOOD CHIPS J 8,000 X 0.63 5,040
STUMPS K 2,000 X 0.63 1,260

N 1,000 X 1.80 1,800
O 200 X 1.80 360

CONCRETE P 1,000 X 2.50 2,500
DEMO C 2,500 X 0.80 2,000

R 2,000 X 1.30 2,600
S 3,000 X 1.30 3,900

ASBESTOS U 150 X 1.60 240
Total 68,350 83,770

ASH

ROOFING

ASPHALT

YARD WASTE

CLEAN FILL

 
 
Two piles of roofing materials consisting of tar and gravel roofing from construction trades can be 
found on site, one to the north and one to the east (Pile A and G). Keystone (2003) identified the 
potential for constituents of concern in these materials to impact the site soil and/or groundwater. 
 
A pile of gyproc can be found on the east side of the site (Pile H) consisting of wallboard from the 
construction trades. Keystone (2003) noted that the gypsum board may be leaching acid and 
contaminating the ground water or reacting adversely with the stockpiled scrap metal. 
 
Several piles of waste asphalt pavement are present throughout the site (Piles L, I, and T). Keystone 
(2003) noted that constituents of concern from asphalt that include polycyclic aromatic hydrocarbons 
(PAH), nitrogen, sulphur, oxygen and various metals may potentially impact the soil and groundwater 
on site. 
 
Woodchips consisting of tub-ground trees and lumber and tree stumps are piled on the west side of the 
site (Piles J and K). Because treated construction materials were included in the ground material, both 
the District and Keystone (2003) identified the potential for constituents of concern in these materials 
to impact the site soil and/or groundwater. 
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Two piles of yard waste are found towards the south of the property (Piles N and O). The yard waste 
consists of soil, grass, leaves and branches. The District noted in 2000 that there is nothing to indicate 
that this yard waste may be contaminated. 
 
Concrete piles are found towards the southeast of the site (Pile P), some of which contains rebar and/or 
paint.  
 
Demo waste is piled at the north edge of the site (Pile C). SHA’s closure plan includes the re-use/ 
relocation on-site of the demo waste for regrading purposes, see Chapter 6.  
 
A pile of clean fill is found on the north side of the site (Pile R). Another is found on the southeast of 
the site (Pile N), where it covers the material recovered from the burnt-down grocery store. Keystone 
(2003) noted that constituents of concern may be present in the grocery store waste, including asbestos 
and PCB’s, may potentially impact the soil and groundwater on site. 
 
A small amount of asbestos containing material is stockpiled near the northeast ash pile (Pile U), 
which may potentially impact the soil and groundwater on site.  
 

2.3 Climate 

The Marine Avenue site is located within a moderately wet region of the province. Table 2-2 presents 
the average monthly precipitation and temperature at Powell River Airport Station representing the 
Marine Avenue site as reported by Environment Canada. The average annual precipitation is 1205.4 
mm with 1160.0 mm of rain and 46.5 cm of snowfall.  The average annual temperature is 9.6oC with 
an average peak of 17.2oC occurring in July and a minimum average of 3.1oC occurring in December. 
The maximum average snowfall of 13.6 cm occurs in January.  
 
Table 2-2 Climate Data for Marine Avenue Transfer Site (Airport Station, 1981 to 2010) 

  Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Annual 

Rainfall (mm) 145.7 101.9 104.2 83.2 76.6 67.6 37.5 45.3 54.7 125.5 171.6 146.5 1160 

Snowfall (cm) 13.6 7.8 6.8 0.1 0 0 0 0 0 0.3 6.5 11.5 46.5 

Total Precipitation 
(mm) 

158.9 109.4 110.7 83.3 76.6 67.6 37.5 45.3 54.7 125.8 178 157.8 
1205.4 

Avg. Temperature 
(oC) 

3.6 3.9 5.9 8.6 11.9 14.9 17.2 17.2 14.1 9.4 5.3 3.1 
9.6 

2.4 Water Budget Analysis 

A key aspect of this project was to conduct a water budget analysis and evaluate the existing and 
future leachate generation potential from the site. A water balance was performed on the site for open 
condition before closure using the Thornthwaite Model as well as the HELP model which is presented 
in Chapter 4.  
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2.5 Geology  

The subject property is located in an area covered by marine and glacio marine sediments of the 
Capilano Group.  These sediments, laid down during the late stages of the last glaciation include 
gravelly, sandy stoney, clay and clay veneer.  The sediments are normally found overlying earlier 
deposits of glacial till deposited during the active ice age.  A map of surficial geology of the Powell 
River area is presented in Appendix H-1. 
 
SHA drilled three boreholes on site to investigate local geologic and hydrogeologic conditions.  
Borehole MW13-1 to the north of the site showed up to 9 m depth of fine sand to silt before end of the 
hole (EOH).  Borehole MW132 in the middle of the site found a variety of materials including fine 
flowing sand, rock, gravel, asphalt, till, saturated sand and clay, respectively, to a depth of 10m EOH. 
Borehole MW13-3 to the south showed dense till with some cobbles and boulders to a depth of 13m, 
then saturated gravels and sands to 15m EOH.  Borehole logs from the monitoring well boreholes 
installed by SHA in 2013 are shown in Appendix B.  A geologic section plotting the logs and the 
water table is presented in Figure 2-3.  Borehole locations are shown in Figure 2-4. 
 
SHA also excavated 17 test pits on the property to further characterize shallow geologic conditions 
and the depth of waste materials stored on site.  Test pit logs are presented in Appendix B.  Test pit 
locations are shown on Figure 2-2.  Test pits revealed that where encountered waste materials were 
found to depths of 2 to 4 m.  Sand was the dominant material encountered beneath the waste piles and 
in test pits that did not encounter waste. 

2.6 Hydrogeology 

Groundwater is expected to follow regional topography flowing from areas of higher elevation to areas 
of lower elevation.  As reported in the borehole logs, static water table was found between 5.25 m 
below grade at the north end of the side, increasing to 13.46 m below grade at the south end of the site.  
Local groundwater flow direction may vary as a result of local conditions such as topography, 
geology, and the presence of drainage channels and buried utilities, subject to confirmation with field 
measurements. Estimated groundwater table contours across the landfill indicate that the groundwater 
flow direction is towards the south-southwest. 
 
SHA inferred approximate water table contours based on the three water level measurements and 
creek water table intersections.  The these equipotential contours are shown on Figure 2-4.  They 
indicate groundwater flow to the south-southwest and a gradient of about 10 m in 100 m, which is a 
fairly steep hydraulic gradient.  Based on a sand hydraulic conductivity estimated at 1x10-3 cm/s, the 
advective groundwater flow velocity is estimated to be on the order of 300 m per year. 
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2.7 Landfill Gas Quality 

2.7.1 Landfill Gas Composition 

Landfill gas consists of principal gases of CO2 and CH4 (in large amounts) and trace gases in very 
small amounts (e.g., N2, S2, O2, etc.). Depending on number of factors including waste composition 
and age of the Landfill, the exact percentage of each component of LFG varies but typically municipal 
solid waste landfill gas comprises 45- 60% methane (CH4), 40- 60% carbon dioxide (CO2), small 
amounts of nitrogen (N2), oxygen (O2), ammonia (NH3), hydrogen sulfide (H2S), hydrogen (H2), 
sulfides (S2), carbon monoxide (CO), and non-methane organic compounds (NMOCs) such as 
trichloroethylene, benzene, and vinyl chloride (Tchobanoglous et al., 1993).   
 
Methane can become explosive when the gas is diluted with atmospheric oxygen and nitrogen to 
concentrations between 5 and 15% on a volume basis. This range corresponds to the lower explosive 
limit (LEL) and the upper explosive limits (UEL).  Methane is lighter than air, which means that it can 
migrate up through the ground and accumulate in buildings and other structures at or around the 
landfill. 
 
The main danger with carbon dioxide is its high density.  Carbon dioxide can therefore displace the air 
from structures such as manholes and wells, which could cause asphyxiation for someone entering 
such a structure without properly checking the conditions and using confined space entry procedures. 
 
Carbon monoxide (CO) can appear in landfill gas at low concentrations under certain conditions.  This 
gas is highly toxic at higher concentrations (> 500 ppm) and will cause headaches and nausea at 
concentrations of less than 100 ppm. The presence of carbon monoxide above 500 ppm is a very 
strong indicator of a potential underground landfill fire.  Carbon monoxide is formed when organic 
material is incompletely combusted, which is often the case with underground fires. 
 
There are number of factors affecting quantities and rates of LFG generation most important of which 
are landfilled solid waste density, moisture content, composition and age, as well as landfill design 
aspects with regard to leachate management system and landfill cover. 
 
There is no record from the PRRD of any LFG monitoring conducted at the site.  Although the 
incinerator ash is unlikely to produce significant quantities of LFG, it is possible that the stockpiles of 
organic waste and demolition waste that is buried on site are producing some methane and other 
decomposition gases. 

2.7.2 Landfill Gas Migration and Monitoring 

Landfill gas can migrate great distances from landfills under favourable conditions.  Landfill gas will 
migrate along the path of least resistance, by convection, from areas of high pressure to areas of low 
pressure, or by diffusion, from areas of higher concentration to areas of lower concentration. If vertical 
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venting to the atmosphere is restricted, lateral migration can occur through coarse-grained soils or 
along other pathways such as conduits, drain tile and sewers.  Given the sandy strata that is present 
beneath waste materials, the potential for LFG migration does exist at this site. 
 
Currently there is no information available on landfill gas migration at the site.  SHA recommends that 
a landfill gas migration risk assessment be completed for the site.  

2.8 Field Program 

SHA staff visited the Powell River Marine Avenue site on three different occasions. This section 
provides a summary of the findings of Sperling Hansen Associates (SHA) field program for the 
Closure at Powell River Marine Avenue site.  The information in this section reflects all field data 
collected to date by SHA.  The closure design was based on this information, as well additional data 
collected from the previous reports and information provided by the City of Powell River as well as 
the PRRD. The tasks performed during each visit are described in the following sections: 

2.8.1  Initial Site Visit 

Dr. Tony Sperling and Dr. Iqbal Bhuiyan of SHA initially visited the site on August 16th, 2013, 
accompanied by Sean McGinn from the PRRD.  Items that were discussed during this site visit 
included the following issues: 
 

 History of the site 

 End-use plan would be to turn the site into a recycling station on one half and a botanical 
garden on the other half  

 Use of locally available materials for closure and the possibility of utilizing fabricated soil 
from the organic materials on site as top soil on top of the landfill 

 Obtain topographic survey data if available or conduct a topographic survey 

 Install monitoring wells if necessary 

2.8.2 Survey and Field Investigation 

From December 9 to 16, 2013, SHA staff Mark Manning and Anthony Koeck conducted a field 
investigation and a GPS topographic survey of the site. The field investigation included a test pit 
program, conductivity survey, water level sounding in the monitoring wells, and water quality 
sampling and testing. Existing topography is shown in Figure 6-1.  

2.8.3 Test Pit Program 

A series of seventeen test pits were dug on the landfill surface at various locations (See Figure 2-3).  
The objective of the test pit program was to characterize the composition of waste and the existing 
cover material (silt/sand) as well as the depth of this material above the waste and to verify if it is an 
acceptable material for use in the final cover construction and to determine the existing water table 
elevation in the site. Various photographs showing typical test pit conditions are shown below, with 
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the detailed test pit logs and additional photographs attached in Appendix B and Appendix C 
respectively.  The test pits were located to allow for a representative sample of the current waste 
materials stockpiled across the site. 
 
The findings of the test pits showed that the various waste material present across the site typically 
occur at depths of 2 to 4 below grade.   The amount of cover soil on top of waste materials ranged 
from no cover soil found at multiple test pits to a maximum thickness of 0.4 cm observed at TP-12.  
The composition of the cover soil consisted mainly of silt and sand, mixed with some coarse sand and 
cobbles.  The uncovered waste from the test pits consisted mainly of ash, roofing materials and woody 
debris.  TP-7, 10, 14, 15, 16 and 17 consisted of clean fill. 

  
Photo 2: TP-1      Photo 3: TP-2 

 

  
Photo 4: TP-3      Photo 5: TP-4 
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  Photo 6: TP-5      Photo 7: TP-6 
 

  
Photo 8: TP-7       Photo 9: TP-8 

 

  
Photo 10: TP-9      Photo 11: TP-10 
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 Photo 12: TP-11      Photo 13: TP-12 
 

  
Photo 14: TP-13      Photo 15: TP-14 

 

  
 Photo 16: TP-15      Photo 17: TP-16 
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 Photo 18: TP-17 

2.8.4 Groundwater Elevations 

The groundwater sampling field methodology employed included measurement of the static water 
level in the well to determine the depth to the water table as well as the total depth of the well 
(required to determine the depth of the water column within the monitoring well). Groundwater well 
elevations as measured by SHA on December 14, 2013, are shown in the Table below. The same data 
is plotted on Section in Figure 2-3. 

 
Table 2-3: Marine Avenue Site Groundwater Levels 

Powell River Marine Avenue Groundwater Levels - Dec. 14, 2013

Total Well Water Level Ground Stick up Water Table 

Location Depth TOP Depth TOP Elevation Height Elevation

MW 13-1 8.23 5.89 54.2 0.61 48.92

MW13-2 10.71 8.04 39.5 0.76 32.22

MW 13-3 16.22 13.46 26.8 0.83 14.17  
 

2.8.5 Site Investigation with MOE and Surface Water Sampling 

Subsequently, Dr. Tony Sperling and Dr. Iqbal from SHA undertook a second visit to the site on 
March 26th, 2014.  They were joined on site by David O’Malley and Ashley Smith from the MOE and 
Mike Wall from the PRRD. 
 
During the visit the team observed the piles of different types of waste. Ashley pointed out that the 
MOE will support the PRRD and City of Powell River (CoPR) to achieve final closure of the site. 
 
The MOE recommended the PRRD consider the following options for removal of discharged waste 
from the site: 
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 Option 1: Recycle and haul away all of the waste to appropriate disposal or recycling locations. 

 Option 2: Excavate and haul all the waste to the Airport landfill site and dispose there.  

 Option 3: Ship waste to Ecowaste Landfill or Rabanco. 

 Option 4: Upcycle, Reuse, and/or Recycle Materials on Site along with Proper Public 
Consultation 

 
With regards to Option 1, Dr. Sperling expressed concern that digging waste should be avoided as 
much as possible, or else proper precautions should be followed, as digging may create unexpected 
hazards such as asbestos exposure. 
 
With regard to Option 2, Dr. Sperling mentioned that several residents have already raised concerns 
about possible impacts from waste present at the Airport site, concerns that the PRRD and the CoPR 
have been dealing with for long time.  Although data from ongoing monitoring programs have shown 
that the Airport site has not had any significant impact on the surrounding environment to date, 
disposing of additional wastes with known elevated metal, dioxin and furan levels from the Incinerator 
Site could potentially create concerns among the neighbours as well increase the potential for 
impacting the surrounding environment.  
 
The MOE also recommended that the PRRD quantify the contaminants of concern at the Marine 
Avenue Transfer Site and that the PRRD undertake due diligence to develop options for the long term 
viability of the site. 
 
Mr. Smith pointed out that it would be much easier for the PRRD to secure a Certificate of 
Compliance (CoC), if needed, if the site is cleaned up. If the PRRD chose the option to risk manage 
the waste in place and develop a solution that involves capping the waste in situ, then the process will 
require public consultation as part of an amendment to the permit. 
 
Dr. Sperling replied that SHA will initiate discussions with PRRD staff and will develop game plan for 
managing the waste materials in the most practical and cost effective manner. 
 
Dr. Tony Sperling and Dr. Iqbal also completed a water quality sampling program during the visit as 
described in Section 2.8.6. 

2.8.6 Water Quality Sampling and Testing 

Water sampling was conducted by SHA field staff using established BC Ministry of Environment 
(MOE) and environmental industry protocols for water level measurement, well development, sample 
collection, sample preservation and storage techniques, where applicable. This ensured the collection 
of and representative samples for laboratory analysis.  
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The water sampling field methodology employed included, where applicable, measurement of the 
static water level in the well to determine the depth to the water table as well as the total depth of the 
well (required to determine the depth of the water column within the monitoring well). 
 
Groundwater: Groundwater samples were collected by SHA on December 14, 2013 at three locations 
(MW13-1, MW13-2 and MW13-3 as shown in Figure 2-4).  The samples were submitted to the 
laboratory for analysis.  Results are shown in Table 2-4. The levels of manganese at MW13-2 
exceeded BC Water Quality guidelines for Drinking Water, and the levels of iron at MW13-2 
exceeded the BC Water Quality guidelines for both Drinking Water and the Protection of Aquatic 
Life. All other parameters were below guidelines. Iron and manganese are common indicators of 
landfill leachate.  These metals are easily mobilized under acidic reducing conditions that are 
frequently encountered when impacted leachate enters the groundwater flow system.  Iron and 
manganese are also encountered at elevated levels in many natural environments where reducing 
conditions exist, for example near wetlands and bogs. 
 
The groundwater test results indicate that the groundwater is generally of good quality. There may be a 
slight impact from landfill leachate on groundwater quality at MW13-2.. However, iron occurs 
naturally at high levels in the groundwater throughout B.C., and iron levels frequently exceed 
guidelines even in the absence of pollution. In general, the water quality at this site is of acceptable 
quality provided the water does not reach any drinking water wells in the immediate vicinity.  
 
Surface Water: Spot readings of conductivity were taken during the field visit along the ditches and 
watercourses on the site as shown in Figure 2-4. Readings ranged from a low of 100 µS/cm in the 
unnamed creek to the east of the site to 290 µS/cm in the western ditch, indicative of little or no 
impact from landfill leachate.  Waters impacted with leachate typically record conductivities of 500 
uS/cm for lightly impacted waters to more than 1,000 uS/cm for heavily impacted waters. 
 
Surface water samples were collected by SHA on March 25, 2014 at three locations (SW-1, SW-2 and 
SW-3 as shown in Figure 2-4) and were submitted to the laboratory for analysis. Results are shown in 
Table 2-5. The levels of iron at all three locations exceeded the BC Water Quality guidelines for both 
Drinking Water and the Protection of Aquatic Life, including the upgradient location.  Again, the 
presence of elevated iron levels in surface waters occurs frequently throughout B.C. as a result of 
natural processes. There is no evidence that surface water is adversely impacted by landfill leachate. 

2.8.7 Ash and Woodchips Analysis 

Landfilled incinerator bottom ash samples were collected by SHA on July 3, 2014 at four locations 
(F-1, F-2, F-3 and D-1) as shown in Figure 2-3. Samples were submitted to Maxxam laboratories and 
were analyzed for PAH, total metals, pH, moisture, dioxins and furans.   
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Landfilled woodchip samples were collected by SHA on July 3, 2014 at two locations (J-1 and J-2) as 
shown in Figure 2-3 and were submitted on July 7, 2014, to Exova laboratories and were analysed for 
TKN, CN-TOC, metals, moisture, pH and heating value.  
 
Ash and woodchip sample results were compared against the BC Contaminated Sites Regulation. The 
planned future use for the site is commercial land (CL) and urban park (UL). For the parameters 
analysed, the limits are the same in both CL and UL therefore all results were compared to CSR-CL. 
Drinking water (DW) standards apply because the Site is located in an area in which future use of 
groundwater for drinking water cannot be excluded, therefore protection of groundwater used for 
drinking water  was selected as a site-specific factor. Because drinking water guidelines are also the 
most stringent of the site-specific factors, all results were compared to CSR-CL (DW) to provide a 
conservative estimate of water quality at the site.  
 
Ash: The following ash samples exceeded CSR-CL guidelines for DW: F-1 (total arsenic, barium and 
chromium; F-2 (total chromium); F-3 (total arsenic) and F-4 (total chromium). PAH levels were all 
low or below detection limits. The moisture content of the ash ranged from 6.3% to 16.0%. Dioxins 
and furan levels were adjusted for equivalency factors, and the resulting aggregate value for each ash 
sample ranged from 0.0226 ppb to 0.0876 ppb, well below the limit of 100ppb prescribed by the B.C. 
EMA Hazardous Waste Regulations. Refer to Table 2-6 for a summary of the lab results. 
 
Landfilled incinerator bottom ash samples had previously been analysed by Pottinger Gaherty 
Environmental Consultants Ltd. in a report dated June 11, 1996. Exceedances of water quality 
guidelines for the bottom ash were noted for copper, lead and zinc, using the applicable guidelines of 
the day. Guidelines have changed since 1996, with new designations based on land use and site-
specific factors altering the allowable limits, therefore comparing guideline exceedances between time 
periods is not applicable here. In general, the ash sampled by SHA in 2014 has greater levels of total 
metals in the soil than that which was sampled in 1996.  
 
Woodchips: Both woodchip samples exceeded CSR-DW guidelines for total chromium. Total 
Kjeldahl nitrogen ranged from 0.32% to 0.46%. Moisture ranged from 43.3% to 44.5%. Heating 
values ranged from 5,282 kJ/kg to 7,110 kJ/kg. Refer to Table 2-6 for a summary of the lab results. 
 
Raw data for ash and woodchips analysis is presented in Appendix D. 
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Table 2-4: Groundwater Quality Data

 Sample ID MW13-1 MW13-2 MW13-3
 Site Location Marine Ave Marine Ave Marine Ave

Parameter  Date Sampled 12/14/2013 12/14/2013 12/14/2013
  Detection Limit BCWQG-DW1,2 BCWQG-AW1,2  
Conductivity uS/cm 2 700 - 126 347 215
Hardness (as CaCO3) mg/L 0.5 > 500 4 - 45.3 151 87.3
pH pH 0.1 6.5 - 8.5 - 7.05 6.9 6.96
Total Suspended Solids mg/L 3 - - 709 418 869
Total Dissolved Solids mg/L 10 - - 100 192 144
Ammonia, Total (as N) mg/L 0.005 - - <0.0050 1.42 0.106
Bromide (Br) mg/L 0.05 - - <0.050 <0.050 <0.050
Chloride (Cl) mg/L 0.5 250 150 9.72 7.06 9.63
Fluoride (F) mg/L 0.02 1.5 0.2-0.3 0.027 0.142 0.06
Nitrate (as N) mg/L 0.005 10 200 0.171 0.0642 0.526
Nitrite (as N) mg/L 0.001 1 0.06-0.6 <0.0010 0.0052 0.0021
Sulfate (SO4) mg/L 0.5 500 - 5.98 3.06 12
Sulphide as S mg/L 0.02 0.05 - <0.020 <0.020 <0.020
Aluminum (Al)-Dissolved mg/L 0.005 0.2 0.1 (ph>6.5) <0.0050 0.0269 0.0377
Antimony (Sb)-Dissolved mg/L 0.0005 0.006 0.002 <0.00050 <0.00050 <0.00050
Arsenic (As)-Dissolved mg/L 0.0005 0.025 0.005 <0.00050 0.00294 <0.00050
Barium (Ba)-Dissolved mg/L 0.02 1 5 <0.020 0.032 <0.020
Beryllium (Be)-Dissolved mg/L 0.001 - 0.0053 <0.0010 <0.0010 <0.0010
Boron (B)-Dissolved mg/L 0.1 5 1.2 <0.10 <0.10 <0.10
Cadmium (Cd)-Dissolved mg/L 0.00001 0.005 - <0.000010 0.000076 0.000034
Calcium (Ca)-Dissolved mg/L 0.1 - - 13.3 52.8 25.6
Chromium (Cr)-Dissolved mg/L 0.001 0.05 0.009 <0.0010 <0.0010 <0.0010
Cobalt (Co)-Dissolved mg/L 0.0003 - 0.11 <0.00030 0.00335 0.002
Copper (Cu)-Dissolved mg/L 0.001 1 Hardness <0.0010 <0.0010 0.001
Iron (Fe)-Dissolved mg/L 0.03 0.3 0.35 <0.030 13.7 0.083
Lead (Pb)-Dissolved mg/L 0.0005 0.05 - <0.00050 <0.00050 <0.00050
Lithium (Li)-Dissolved mg/L 0.005 - - <0.0050 <0.0050 <0.0050
Magnesium (Mg)-Dissolved mg/L 0.1 100 - 2.94 4.71 5.69
Manganese (Mn)-Dissolved mg/L 0.0003 0.05 0.8-3.8 0.0102 0.627 0.404
Mercury (Hg)-Dissolved mg/L 0.00001 0.001 0.0001 <0.000010 <0.000010 <0.000010
Molybdenum (Mo)-Dissolved mg/L 0.001 0.25 2 <0.0010 0.0019 0.0021
Nickel (Ni)-Dissolved mg/L 0.001 - 0.025-0.15 <0.0010 0.0015 0.0018
Potassium (K)-Dissolved mg/L 2 - - <2.0 12 4.1
Selenium (Se)-Dissolved mg/L 0.0001 0.01 0.001 0.00011 <0.00010 <0.00010
Silver (Ag)-Dissolved mg/L 0.00002 0.05 0.00005-0.003 <0.000020 <0.000020 <0.000020
Sodium (Na)-Dissolved mg/L 2 200 - 7.9 9.6 17.4
Thallium (Tl)-Dissolved mg/L 0.0002 0.002 - <0.00020 <0.00020 <0.00020
Tin (Sn)-Dissolved mg/L 0.0005 - - <0.00050 <0.00050 <0.00050
Titanium (Ti)-Dissolved mg/L 0.01 0.1 0.1 <0.010 <0.010 <0.010
Uranium (U)-Dissolved mg/L 0.0002 0.1 0.3 <0.00020 0.00159 0.00035
Vanadium (V)-Dissolved mg/L 0.001 0.1 - <0.0010 <0.0010 <0.0010
Zinc (Zn)-Dissolved mg/L 0.005 5 - <0.0050 0.0101 0.0108
COD mg/L 20 - - <20 74 47
Phenols (4AAP) mg/L 0.001 - - <0.0010 0.0040 * <0.0010

Notes:
Exceedences of drinking water guidelines
Exceedences of both drinking water and aquatic life criteria

1.  B.C. Environment Approved & Working Criteria for Water Quality, 2006.
2. Limits for metals are for total concentrations, not dissolved. As such, they are intended as guidelines, rather than approved criteria.
3. Aesthetic criteria related to taste or appearance.
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Table 2-5: Surface Water Quality Data

 Sample ID SW-1 SW-2 SW-3
 Site Location Marine Avenue Marine Avenue Marine Avenue

Parameter  Date Sampled 25/03/2014 25/03/2014 25/03/2014
 Units Detection Limit BCWQG-DW1,2 BCWQG-AW1,2    
Conductivity uS/cm 2 700 - 81.3 185 88.6
Hardness (as CaCO3) mg/L 0.5 > 500 3 - 26.8 71.6 29.5
pH pH 0.1 6.5 - 8.5 - 7.64 7.9 7.71
Total Suspended Solids mg/L 3 - - 20.1 34.9 23.5
Total Dissolved Solids mg/L 10 - - 55 101 68
Ammonia, Total (as N) mg/L 0.005 - - 0.0057 0.0112 0.0059
Bromide (Br) mg/L 0.05 - - <0.050 <0.050 <0.050
Chloride (Cl) mg/L 0.5 250 150 7.85 7.59 7.87
Fluoride (F) mg/L 0.02 1.5 0.2-0.3 0.029 0.043 0.025
Nitrate (as N) mg/L 0.005 10 200 0.202 0.196 0.212
Nitrite (as N) mg/L 0.001 1 0.06-0.6 0.0015 0.0019 0.0014
Sulfate (SO4) mg/L 0.5 500 - 2.49 16.4 3.19
Aluminum (Al)-Total mg/L 0.005 0.2 0.1 (ph>6.5) 0.521 0.774 0.566
Antimony (Sb)-Total mg/L 0.0005 0.006 0.002 <0.00050 0.00054 <0.00050
Arsenic (As)-Total mg/L 0.0005 0.025 0.005 <0.00050 0.0007 <0.00050
Barium (Ba)-Total mg/L 0.02 1 5 <0.020 <0.020 <0.020
Beryllium (Be)-Total mg/L 0.001 - 0.0053 <0.0010 <0.0010 <0.0010
Boron (B)-Total mg/L 0.1 5 1.2 <0.10 <0.10 <0.10
Cadmium (Cd)-Total mg/L 0.00001 0.005 - <0.000010 0.000033 <0.000010
Calcium (Ca)-Total mg/L 0.1 - - 7.98 21.4 8.83
Chromium (Cr)-Total mg/L 0.001 0.05 0.009 <0.0010 <0.0010 <0.0010
Cobalt (Co)-Total mg/L 0.0003 - 0.11 <0.00030 0.00034 <0.00030
Copper (Cu)-Total mg/L 0.001 1 Hardness 0.0015 0.0057 0.0016
Iron (Fe)-Total mg/L 0.03 0.3 0.35 1.07 3.01 1.13
Lead (Pb)-Total mg/L 0.0005 0.05 - <0.00050 0.00273 0.00056
Lithium (Li)-Total mg/L 0.005 - - <0.0050 <0.0050 <0.0050
Magnesium (Mg)-Total mg/L 0.1 100 - 1.66 4.39 1.81
Manganese (Mn)-Total mg/L 0.0003 0.05 0.8-3.8 0.0297 0.139 0.0376
Mercury (Hg)-Total mg/L 0.00001 0.001 0.0001 <0.000010 <0.000010 <0.000010
Molybdenum (Mo)-Total mg/L 0.001 0.25 2 <0.0010 <0.0010 <0.0010
Nickel (Ni)-Total mg/L 0.001 - 0.025-0.15 <0.0010 <0.0010 <0.0010
Potassium (K)-Total mg/L 2 - - <2.0 3.1 <2.0
Selenium (Se)-Total mg/L 0.0001 0.01 0.001 <0.00010 <0.00010 <0.00010
Silver (Ag)-Total mg/L 0.00002 0.05 0.00005-0.003 <0.000020 <0.000020 <0.000020
Sodium (Na)-Total mg/L 2 200 - 6.2 9.6 6.6
Thallium (Tl)-Total mg/L 0.0002 0.002 - <0.00020 <0.00020 <0.00020
Tin (Sn)-Total mg/L 0.0005 - - <0.00050 <0.00050 <0.00050
Titanium (Ti)-Total mg/L 0.01 0.1 0.1 0.028 0.036 0.028
Uranium (U)-Total mg/L 0.0002 0.1 0.3 <0.00020 0.00046 <0.00020
Vanadium (V)-Total mg/L 0.001 0.1 - 0.002 0.0025 0.0021
Zinc (Zn)-Total mg/L 0.005 5 - <0.0050 0.0142 <0.0050
COD mg/L 20 - - <20 40 <20
Phenols (4AAP) mg/L 0.001 - - 0.0015 0.0045 0.0043

Notes:
Exceedences of both drinking water and aquatic life criteria

1.  B.C. Ministry of Environment Approved & Working Criteria for Water Quality, 2006.
2.  Limits for metals are for total concentrations, not dissolved. As such, they are intended as guidelines, rather than approved criteria.
3.  Aesthetic criteria related to taste or appearance.
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Table 2-6: Powell River Landfill Marine Site Ash and Woodchip Sample Lab Results 
Compared to CSR guidelines for Commercial Lands (CL)

Sampling Date 2014/07/03 2014/07/03 2014/07/03 2014/07/03 2014/07/03 2014/07/03
Material Sampled Ash Ash Ash Ash Woodchips Woodchips

Location F-1 F-2 F-3 D-1 J-1 J-2

Criteria CSR-CL (6) CSR-CL (6)

pH 6.10
CSR-CL (6)

pH 6.60

Physical Properties
Soluble (2:1) pH pH 7.56 8.00 7.87 7.96 - 6.10 - 6.60
Total Kjeldahl Nitrogen % - - - - - 0.46 - 0.32
Moisture % 10.0 16.0 13.0 6.3 - 43.3 - 44.5
Heating Value kJ/kg - - - - - 5,282 - 7,110
Total Metals by ICPMS
Total Aluminum (Al) mg/kg 11900 16200 13400 15900 - - - -
Total Antimony (Sb) mg/kg 39.0 44.3 44.4 22.2 - 4.1 - 10.3
Total Arsenic (As) mg/kg 15 75.0 12.9 32.1 8.57 15 12.30 15 14.20
Total Barium (Ba) mg/kg 400 646 213 226 246 400 100 400 105
Total Beryllium (Be) mg/kg <0.40 <0.40 <0.40 <0.40 - <0.01 - <0.01
Total Bismuth (Bi) mg/kg 0.63 0.43 0.47 0.94 - - - -
Total Boron (B) - 1.13 - 2.28
Total Cadmium (Cd) mg/kg 200 (1) 1.94 3.68 2.44 2.97 1.5 (4) 1.05 3 (5) 0.75
Total Calcium (Ca) mg/kg 20300 21200 18400 22900 - 3120 - 3010
Total Chromium (Cr) mg/kg 60 62.0 71.2 43.0 91.5 60 88.7 60 146.0
Total Cobalt (Co) mg/kg 10.7 7.96 7.08 10.1 - 5.7 - 6.4
Total Copper (Cu) mg/kg 350000 (2) 341 956 866 619 15000 (4) 43 350000 (2) 60
Total Iron (Fe) mg/kg 45600 58700 46900 37000 - - - -
Total Lead (Pb) mg/kg 4000 (2) 344 435 1030 496 250 (4) 121 4000 (2) 179
Total Lithium (Li) mg/kg 5.4 6.2 5.2 6.3 - 4.4 - 3.1
Total Magnesium (Mg) mg/kg 3450 3150 2900 3350 - - - -
Total Manganese (Mn) mg/kg 487 1160 602 867 - - - -
Total Mercury (Hg) mg/kg 0.077 <0.050 0.057 <0.050 - 0.202 - 0.168
Total Molybdenum (Mo) mg/kg 10.4 12.6 9.35 5.67 - 7.69 - 9.23
Total Nickel (Ni) mg/kg 62.7 93.7 45.5 93.9 - 24.1 - 28.9
Total Phosphorus (P) mg/kg 1180 1930 1590 2240 - 45 - 33
Total Potassium (K) mg/kg 1430 1310 1080 1330 - 205 - 161
Total Selenium (Se) mg/kg <0.50 <0.50 <0.50 <0.50 - <0.3 - <0.3
Total Silver (Ag) mg/kg 0.583 1.43 0.998 1.56 - <0.2 - <0.2
Total Sodium (Na) mg/kg 989 1820 1670 1880 - <30 - 50
Total Strontium (Sr) mg/kg 84.8 81.7 74.3 81.3 - 52.1 - 39.7
Total Thallium (Tl) mg/kg <0.050 <0.050 <0.050 <0.050 - <0.3 - <0.3
Total Tin (Sn) mg/kg 45.2 57.3 66.3 54.4 - 2.7 - 2.8
Total Titanium (Ti) mg/kg 531 731 719 790 - - - -
Total Uranium (U) mg/kg 0.827 0.432 0.628 0.415 - - - -
Total Vanadium (V) mg/kg 36.0 32.2 32.6 36.9 - 44.8 - 35.9
Total Zinc (Zn) mg/kg 15000 (3) 1620 1480 1210 1790 1000 (4) 218 7500 (5) 255
Total Zirconium (Zr) mg/kg 0.99 2.39 1.91 2.72 - - - -
Polycyclic Aromatics
Naphthalene mg/kg <0.050 0.10 <0.050 <0.050 - - - -
2-Methylnaphthalene mg/kg <0.050 <0.050 <0.050 <0.050 - - - -
Acenaphthylene mg/kg <0.050 <0.050 <0.050 <0.050 - - - -
Acenaphthene mg/kg <0.050 <0.050 <0.050 <0.050 - - - -
Fluorene mg/kg <0.050 <0.050 <0.050 <0.050 - - - -
Phenanthrene mg/kg 0.059 0.11 0.072 0.18 - - - -
Anthracene mg/kg <0.050 <0.050 <0.050 <0.050 - - - -
Fluoranthene mg/kg 0.052 0.081 0.064 0.27 - - - -
Pyrene mg/kg 0.056 0.065 0.060 0.22 - - - -
Benzo(a)anthracene mg/kg <0.050 <0.050 <0.050 0.068 - - - -
Chrysene mg/kg <0.050 <0.050 <0.050 0.082 - - - -
Benzo(b&j)fluoranthene mg/kg <0.059 <0.050 <0.050 <0.050 - - - -
Benzo(k)fluoranthene mg/kg <0.050 <0.050 <0.050 <0.050 - - - -
Benzo(a)pyrene mg/kg <0.050 <0.050 <0.050 <0.050 - - - -
Indeno(1,2,3-cd)pyrene mg/kg <0.050 <0.050 <0.050 <0.050 - - - -
Dibenz(a,h)anthracene mg/kg <0.050 <0.050 <0.050 <0.050 - - - -
Benzo(g,h,i)perylene mg/kg 0.084 <0.050 <0.050 <0.050 - - - -
Low Molecular Weight PAH`s mg/kg 0.059 0.22 0.073 0.18 - - - -
High Molecular Weight PAH`s mg/kg 0.19 0.15 0.12 0.64 - - - -
Total PAH mg/kg 0.25 0.36 0.20 0.83 - - - -

NOTES 1.0 Shading indicates exceedance of Guideline
1. Based on pH range 7.5 to 8.0
2. Based on pH greater than or equal to 6.5
3. Based on ph greater than or equal to 7.0
4. Based on pH range 6.0 to 6.5
5. Based on pH range 6.5 to 7.0
6. CSR-CL = Contaminated Sites Regulations - Commercial Land end-use

Site specific factor : Groundwater used for drinking water
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3. DESIGN OBJECTIVES FOR CLOSURE 

3.1 Purpose 

This Chapter describes the goals and objectives of the closure plan.  Design objectives and goals for 
closure are based in part on Provincial regulations and in part on Sperling Hansen Associates’ 
experience with landfill closures throughout British Columbia.  The specific characteristics of the final 
cover will depend on the particular end use taking into consideration, the type of waste and the design 
objectives for the cover. 

3.2 Future End Use 

The site is currently being used as a storage and transfer site for different types of waste and recyclable 
materials.  

PRRD is required to submit a Closure Plan for the site. The plan shall include information regarding: 
 

 Leachate generation and migration, including the need to assess existing conditions and compare with 
historical data, and develop a leachate control strategy, if needed. 

 Surface and groundwater quality performance criteria. 

 Existing topographic conditions and final topography. 

 Final grade requirements and the need for future structural fills. 

 Relocation strategy for materials that can be cost effectively recycled. 

 Utility crossings as well as site access.  

 Final cover design, including a review of alternative design concepts. 

 Surface water drainage management on the final grades. 

 Landfill gas generation, emission and control. 

 Control of erosion and sedimentation during closure activities and for post closure. 

 Implementation of a fire protection plan to deal with potential combustion of the wastes. 

 A review of site access and security for closure and post closure. 

 Establish a monitoring program and frequency that includes surface water and groundwater, landfill 
gas (if needed), performance of the final cover and surface drainage, slope stability and settlement 
(when required). 

 End use strategy post closure. 
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3.3 Overview of Regulations 

 
The Provincial regulatory standards and guidelines applicable to the site are described in the following 
sections.  As mentioned in the updated Criteria, municipal waste landfilling is a specified activity in 
Schedule 2 of the Contaminated Sites Regulation (CSR). Section 40 of Environmental Management Act 
(EMA) requires, at the time of decommissioning (when site no longer accepts waste), the Owner to 
submit a site profile to the MOE.  
 
The approval of a Closure Plan does not exempt the property Owner from the duty to submit a site 
profile nor does it prevent a local government to issue an authorization, such as a development permit as 
specified in Section 40(1) of the EMA. 
 
Based on the discussions with the MOE, the CSR in conjunction with the BC Landfill Criteria for 
Municipal Solid Waste and the BC Guidelines for Environmental Monitoring at Municipal Waste 
Landfills are applied to assess the environmental conditions at the Site to develop a Closure Plan. If a 
Certificate of Compliance is requested for a site, the MOE recommends that the professionals involved 
in landfill closure and site remediation work together to share information. 
 

3.3.1 Site Profile Requirement 

SHA understands that a site profile for the Site will be submitted to the MOE by the PRRD under a 
separate cover at a later date. 

3.3.2 Landfill Criteria for Municipal Solid Waste 

The Provincial Government issued the Landfill Criteria for Municipal Solid Waste in June 1993.  The 
Criteria provide guidelines for development, operation and closure of landfills in British Columbia.  The 
Criteria are not regulations; rather, they are guidelines to be used by Regional Waste Managers as 
standards in permits, waste management plans and operational certificates issued under the Waste 
Management Act. A draft updated criteria originally developed by SHA was launched at the SWANA 
Conference in Richmond on the 6th December, 2013 and will be finalized by the MOE in 2014. SHA has 
followed the existing criteria in developing this plan, any changes that may need to be adjusted when the 
new criteria is finalized and comes into effect have been highlighted. 

3.3.3 Contaminated Site Criteria  

The contaminated sites statutes in the Province of British Columbia are regulated by the Environmental 
Management Act (EMA), and the Contaminated Sites Regulation 1997 (CSR) as amended in March 18, 
2013. This legislation includes a comprehensive framework for environmental investigation. In 1988, 
the Hazardous Waste Regulation (HWR) pursuant to the EMA came into force and was amended in 
April 1, 2009.  The HWR identifies certain wastes as being particularly hazardous. 
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If the Site is redeveloped in the future for a different land use, it will have to be assessed and remediated 
within the regulatory framework for contaminated sites. Currently, the legislation governing 
contaminated sites in British Columbia consists of the EMA, the CSR and the HWR. 
 
The CSR specifies numeric concentration limits for a large number of substances.  In soil, generic 
numerical standards have been established for some parameters, and matrix numerical standards have 
been established for others.  Different standards have been designated for various uses of the land, 
industrial (IL), commercial (CL), residential (RL), urban park (PL) or agricultural (AL), to protect 
environmentally sensitive organisms or to protect human health (matrix numerical standards).  In water, 
generic numerical standards have been established to protect specific uses of the groundwater, 
specifically aquatic life (AW), irrigation (IW), livestock watering (LW) and drinking water (DW).  
When the concentration of one or more contaminants exceeds the applicable numeric standards, 
corrective or remedial action is called for. Remedial action can either reduce the concentration of 
offending substances or parameters to less than the applicable numeric standard or can reduce the risk to 
human health and the environment to less than defined limits using specific engineered or administrative 
controls. 
 

3.3.4 Hazardous Waste Regulation 

Section 41.1 of the Hazardous Waste Regulation states that a person must not store, treat or use 
hydrocarbon contaminated soil without approved procedures and the hydrocarbon contaminated soil will 
be treated as a hazardous waste if one or more items listed in Colum I of the table in Section 41.1 is 
present. The hydrocarbon contaminated soil must be spread in single layers not exceeding 0.3 m 
thickness per year. 
 
Treated hydrocarbon contaminated soil which is no longer a hazardous waste may be disposed of in a 
landfill if approval is secured  before disposal takes place. 

3.3.5 Groundwater Standards 

No water wells were found during a water well search conducted by Keystone Environmental 
(Keystone, 2003). However, drinking water (DW) standards may apply as the Site is located in an area 
in which future use of groundwater for drinking water cannot be excluded.  The analytical results of 
groundwater should be interpreted using the most suitable water quality criteria.  At present, these are 
the “British Columbia Approved Water Quality Guidelines Criteria (BCAWQGC): 2006 Edition” 
(updated August, 2006), for the protection of aquatic life (AW) and drinking water quality (DW) as per 
the BC Landfill Criteria for Municipal Solid Waste, 1993. 
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3.3.6 Soil Standards 

The previous land use was for municipal waste incineration and landfilling which is considered a CSR 
Schedule 2 Industrial or Commercial activity.  The Site is envisioned to be used as a Recycling Centre/ 
Resource Recovery Park. At that stage, an investigation should be carried out before using for the 
planned commercial purpose and the CSR CL numerical standards need to be used to characterize the 
soil and to determine possible soil contamination. 

3.3.7 Surface Water Guidelines 

The site is crossed by a small drainage course. Hence, the BC Approved and Working Water Quality 
Guidelines (BC AWWQG) for freshwater are applicable at the site. 

3.4 Compilation of Regulations and Design Objectives 

This section presents a compilation of all key regulations extracted from the applicable regulations and 
closure design objectives based on SHA’s experience and discussions with the various stakeholders.    

3.4.1 Landfill Closure Plans  

The Landfill closure plan shall include information regarding: 

 Estimated total waste volumes and tonnages in place, and the closure date; 

 Existing topographic conditions; 

 A topographic plan showing the final elevation contours of the landfill and surface water diversion 
and drainage controls; 

 Final grading requirements and the need for future structural fills; 

 Slope stability of existing landfill slopes and the need to design final grades and soil covers to 
maintain reasonably acceptable long-term performance; 

 A review of site access and security for closure and post closure; 

 Consideration of all utility crossings; 

 Design of the final cover including the thickness and permeability of the barrier layers and drainage 
layers and information on topsoil, vegetative cover and erosion prevention controls; 

 Final cover design, including a review of alternative design concepts; 

 Surface water drainage management on the final grades; 

 Control of erosion and sedimentation during closure activities and for post closure; 

 Leachate generation and migration, including the need to assess existing conditions and compare with 
historic data, and develop a leachate control strategy, if needed; 

 Landfill gas generation, emission and control; 

 Surface and groundwater quality performance criteria; 

 Rodent and nuisance wildlife control procedures; 

 Implementation of a fire protection plan to deal with potential combustion of the wastes; 
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 Establish a monitoring program and frequency that includes surface water  and groundwater, landfill 
gas (if required), performance of the final cover and surface drainage, slope stability and settlement (if 
required); 

 A plan for the operation of any required pollution abatement engineering works such as leachate and 
landfill gas collection/treatment systems for a minimum post-closure period of 25 years as per the 
existing criteria. The post closure care period has been extended to 30 years as per the draft criteria 
launched at the SWANA Conference by the MOE on 6th December for public comments; 

 A plan for monitoring groundwater, surface water, landfill gas, erosion and settlement for a minimum 
post-closure period of 25/30 years; 

 Contingencies to address environmental impact concerns that may arise during the minimum post-
closure period of 25/30 years; 

 An estimated cost, updated annually, to carry out closure and post-closure activities for a minimum 
period of 25/30 years; 

 Procedures for notifying the public about closure and alternate waste disposal plans; 

 Proposed implementation schedule for the closure aspects of the plan; and 

 Proposed end use of the property after closure 

3.4.2 Landfill Settlement  

 Long-term settlement is an issue at most landfills due to the organic content of the waste. 
Additional settlement can occur in the foundation soil beneath the landfill due to the surcharge of 
the overlying waste. Since, as described in Section 3.6, the landfill area is mostly filled with 
incinerator ash and the proposed transfer bay area will be created as a holding cell with 
incinerator ash, very little settlement is expected to occur. 

 The option of construction of buildings or other structures will be explored.  Settlement issues 
will be addressed and evaluated. 

 If construction of buildings or other structures are contemplated, the possible Contaminated Sites 
Regulation (CSR) implications will have to be investigated. 

 The construction of buildings or other structures is not recommended on waste for a minimum 
period of 25 years after closure due to concerns about combustible gas and excessive settlement. 

 If buildings or other structures are constructed on site, further authorization through the CSR is 
required to obtain the necessary legal instrument. 

3.4.3 Final Cover 

The Final Cover Design is described in detail in Chapter 8.  Key issues, as per the criteria, are 
summarized below: 

 The owner shall apply final cover to any area of the landfill that will not receive further fill for 
grading purposes.  Final cover shall be applied within one year of completing the subject area or 
within 90 days of landfill closure. As per the new Criteria, final cover shall be placed within 180 
days on any part of the landfill footprint at final contours; 
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 The final cover shall consist of a minimum of 1.0 metre of low permeability (<1x10-5 cm/s) 
compacted (or equivalent) cap plus a minimum of 0.15 metre of topsoil and suitable vegetative 
cover. As per the new Criteria, the final cover shall consist of a minimum of 0.6 metre of low 
permeability (  <1x10-5 cm/s for landfill sites located in arid regions and <1x10-7 cm/s  for 
landfill sites located in non-arid regions) compacted (or equivalent) cap plus a minimum of 0.15 
metre of topsoil and suitable vegetative cover; 

 Final cover shall be sloped at a minimum of 4% at the top plateau to promote surface water 
runoff. As per the new criteria, the top plateau shall be a minimum of 10%;    

 Surface water runoff shall be directed into collection systems and disbursed into existing 
streams; 

 The barrier layer shall be protected with a minimum 150 mm thick topsoil layer with approved 
vegetation established. As per the new Criteria, the topsoil layer shall be 300 mm thick. 

 Soil used in the final cover system, including the barrier layer, drainage layer, top soil layer and 
landscaping material must first be remediated such that all hazardous substances in the soil do 
not exceed the Industrial Level (<IL); 

 A schedule shall be prepared for progressive grading fill, progressive closure and final cover 
application;  

 Information shall be provided as to the types of materials that will comprise the final cover. 
 
It is noted that according to the CSR, the movement of soil exceeding the levels in Column II of 
Schedule 7 in the CSR will require a Contaminated Soil Relocation Agreement (CSRA). 

3.4.4 Runoff Controls   

Surface Water and Runoff Control that will be required is summarized below: 

 Surface water diversion works are required. 

 Appropriate run-off/run-on control measures shall be provided in the final cover system. 

 Run-off from the final cover system shall be directed outside the leachate collection system. 

3.4.5 Gas Venting or Recovery Systems   

Landfill Gas Management will be discussed in detail in Chapter 5. In general the requirements for 
landfill gas management state: 

 An assessment of the need for a Landfill gas recovery system shall be conducted for landfills 
with a total capacity exceeding 100,000 tonnes or for landfills that are receiving 10,000 tonnes 
of waste per year or more after January 2008. 

 If the assessment indicates that the emissions of non-methane organic compounds (NMOCs) 
exceed or are expected to exceed 150 tonnes/year, a gas recovery and management system is 
mandatory as per existing BC Landfill Criteria for MSW 1993. 

 If production of methane exceeds 1,000 tonnes/year a gas recovery and management system 
becomes mandatory as per Landfill Gas Management Regulation 2008 
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3.5 End Use Objective 

The end use plan for the Marine Ave Transfer Site is to construct a Recycling Centre and Resource 
Recovery Park on approximately half of the site area and a Botanical Garden and Compost Facility on 
the remaining half of the site as shown in Figure 6-2.  The Recycling Centre and Resource Recovery 
Park are envisioned to be developed with a similar concept as used in the Peerless Road Recycling 
Centre in Cowichan Valley Regional District. The Botanical Garden will be a demonstration site for the 
Botanical Garden Society of Powell River.  

3.6 End Use Plan and Grading Strategy 

The preferred end use of the Marine Avenue Transfer Site is discussed in detail in Chapter 6. The 
proposed Closure Plan involves upcycle, reuse, recycle and innovative use of the materials on-site as 
much as possible. The site would incorporate a large pile of contaminated incinerator waste (ash) and 
DLC waste relocated from the north-west corner of the Site under an engineered landfill cover. Cover 
material for the synthetic membrane would be non-contaminated fill or materials sourced at the site 
and/or imported. The remaining ash, as described in Table 2-1, will be relocated into a holding cell.  
Only Roofing and Gyproc are planned to be recycled off-site. All other materials listed in Table 2-1 are 
planned to be either reused or recycled in innovative ways at the site. A detailed grading plan for the 
Recycling Centre has been discussed in Chapter 6. The availability and utilization of other materials are 
discussed in Chapter 11. 
 
The Botanical Garden Society of Powell River expressed an interest to the PRRD to use their innovative 
ideas to remediate and restore the site. They proposed converting the entire site into a botanical garden. 
To achieve this goal in a cost effective manner they recommended combining methods of 
phytoremediation (plants), bioremediation (bacteria) and mycoremediation (fungi) in an ecological 
restoration framework. Although the restoration and remediation of the site in this fashion is not 
considered the lowest risk approach, the PRRD would like to develop a botanical garden on a portion of 
the site as shown on Figure 6-2 where this methodology, referred to as eco-remediation, is expected to 
be applied to some extent by the Society as part of research initiatives. 
 
The woodchips, stumps and yard waste are planned to be utilized for composting facility and a portion 
or all of the wood chips are envisioned to be used for making fabricated topsoil at the site. This plan is 
described in more detail in Chapter 10. 
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4 LEACHATE MANAGEMENT 

4.1. Leachate Management 

Landfill leachate is generated by precipitation filtering through the soil cover into the underlying refuse 
layer and from moisture contained in the waste being squeezed out by compaction from the weight of 
overlying solid waste. The volume of leachate produced depends on several factors. The most relevant 
factors are the type of refuse, local climate, the surface area of the cells and the type of cover 
incorporated in the refuse. 
 
Marine Avenue Transfer Site receives an average of 1205 mm of precipitation annually. Therefore, 
potential leachate impact issues at the site would have occurred had the landfill been used for MSW 
containing organic waste.  Over time precipitation may mobilize contaminants contained in the ash and 
in the various material stockpiles that exist on the site. 

4.2. Leachate Generation Potential 

The Marine Avenue Transfer Site has a moderate leachate generation potential, based on the amount of 
precipitation received at the Site and based on natural protection and attenuation by the underlying 
material. A comparison of the leachate generation potential of Marine Avenue Transfer Site with other 
sites in B.C. is provided in Figure 4-1. The leachate generation potential of all the sites has been 
calculated using Thornthwaite Model. 

4.3. Water Balance 

A key aspect of this project was to conduct a water budget analysis and evaluate the existing and future 
leachate generation potential from the Landfill. A Water Balance was performed on the landfill site 
using the Thornthwaite Model as well as the HELP model. The results of the two analyses are discussed 
in the following sections.  

4.3.1 Thornthwaite Model 
Currently, this Landfill site depends on natural attenuation by the underlying soil to limit leachate 
impacts.  Several piles of different types of waste are scattered all around the site. To estimate the 
amount of leachate that is being generated before closure, SHA conducted a water balance analysis for 
the site using the Thornthwaite and Mather (1957) numerical method to determine leachate production 
potential for the site after consolidation of the waste piles. This method is a water balance approach to 
modelling surface water fluxes that employs a relatively simple method of estimating the partition of 
soil evaporation and recharge. 
 
The water balance examines the relationship between precipitation and evapotranspiration, the process 
involving the return of water to the atmosphere through evaporation and transpiration by vegetation. 
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During the winter months, precipitation will typically exceed evapotranspiration resulting in a moisture 
surplus. During the summer months, precipitation rates will be less than evapotranspiration rates thereby 
resulting in a moisture deficit. A moisture surplus will result in water flowing over the landfill surface as 
runoff, being retained in storage (i.e. snow or soil moisture) or infiltrating and generating leachate. 
During a moisture deficit, water is drawn out of surface soils, thereby decreasing the soil moisture 
content. 
 
The incinerator ash is planned to be consolidated as per the grading plan described in Chapter 6. A total 
area of 1.21 Ha would be generated together for the landfill and the transfer bay area.  Table 4-1 and 
Figure 4-2 present a Water Budget Summary for the site based on the Thornthwaite Method on a month 
by month basis, based on site-specific climate data. The analysis predicts that the 1205 mm/yr of 
precipitation will be portioned as follows: Run-off 362 mm, evapotranspiration 383 mm/yr, and 
percolation 461 mm/yr.  
 
The total footprint of the landfill and the transfer bay together occupying approximately 1.20 ha will 
produce about 9,876 m3 (0.31 L/s) of leachate per year before closure when surface water run-off is 
considered to contribute to the leachate generation according to the Thornthwaite Method. The Landfill 
and the holding cell for the proposed transfer bay area is proposed to be closed with proper surface water 
management that will prevent the inclusion of clean water with the leachate. As such, leachate 
generation from the site will be reduced to that amount generated only by percolation. The total final 
footprint of 1.21 ha before closure, is expected to generate 5,532 m3/yr (0.17 L/s) of leachate. 

4.3.2 HELP Model 
A 50-year simulation of leachate production at the site was run using the Hydrological Evaluation of 
Landfill Performance (HELP) model. The average monthly precipitation rate and temperature based on 
the Environment Canada Climatic Normal Data (1981 to 2010) were input into the model. The average 
annual precipitation created by the HELP model was 1229.9 mm; however, the actual average recorded 
annual precipitation at the Powell River Airport Station is slightly lower at 1205.4 mm/yr. This 
difference is due to the artificial parameters that the HELP model uses to simulate the weather.  
 
The results are summarized in Table 4-2. The simulation suggests that much of the precipitation that 
falls on the site is returned to the atmosphere through the process of evapotranspiration. Under open 
conditions 40.1% of the precipitation (493.2 mm/yr) will be returned to the atmosphere through 
evapotranspiration, while 1.0% (12.45 mm/yr) will shed as run-off. Of the remaining precipitation, 
58.9% (724.0 mm/yr) is predicted to become leachate, leaving 0.01 % (0.15 mm/yr) precipitation for 
storage change. A breakdown of the precipitation outcome is shown Figure 4-3. 
 
For the 1.21 ha area of landfill and proposed transfer bay area, the amount of leachate generated before 
closure according to the HELP modelling is 8,760 m3/year (0.28 L/s).  
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Table 4-3 below shows a comparison between the key results found using the Thornthwaite method and 
the HELP model. The leachate production estimation for open conditions, using HELP modelling, 
forecasts annual leachate percolation at 724 mm/year compared to 461 mm/year predicted by the 
Thornthwaite method, primarily because the HELP model forecasts significantly less run-off (12.6 mm 
for the HELP model vs. 362.0 mm for the Thornthwaite model). Unlike the Thornthwaite method, the 
HELP model has the option to define the geometry and the hydrogeological properties of different layers 
which may result in a variation in run-off and leachate generation estimation. Since the HELP model is 
especially designed for landfill systems including various combinations of vegetation, cover soils, waste 
cells, lateral drain layers, low permeability barrier soils, and synthetic geomembrane liner, the results 
from this model are used for all further analysis.  
   
Table 4-3: Comparison between Thornthwaite Method and HELP Model Results 

Method Evapotranspiration Run-off Percolation to Leachate 
mm/year % mm/year % mm/year % 

Thornthwaite 639 53.0 362.0 30.0 461.0 38.3 
HELP 493.2 40.1 12.45 1.01 724.2 58.9 
 

 

4.4. Leachate Management Strategy 

The leachate management concept for the Marine Avenue Transfer Site has been developed to achieve 
the following objectives: 
 

 Keep clean water clean by diverting run-on and run-off; and 

 Minimize percolation by designing an impermeable cover system;  
 
The Site is a natural barrier and natural control site, as it does not feature a leachate 
containment/collection/disposal system. Section 6.1.1 of the Landfill Criteria (1993) lists the criteria for 
a natural control facility as: 
 

 The bottommost solid waste cell is to be 1.2 metres above the seasonal high water table.  Greater 
or lesser separations depths may be approved based on soil permeability and the leachate 
renovation capacity of the soil. 

 There is to be at least a 2 metre thick layer of low permeability soil with a hydraulic conductivity 
of 1 x 10-6 cm/s of less (i.e. silt or clay), below each of the bottommost waste cells.  Lesser 
thicknesses or no layers of low permeability soil may be approved based on the potential for 
leachate generation and the unsaturated depth, permeability and leachate renovation capability of 
the existing soil. 
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Based on recent water quality results at this Site, the water quality of both surface water and 
groundwater is good.  The concentrations of some of the parameters in the groundwater samples and 
surface water samples collected during the monitoring events were slightly higher than the applicable 
standards. Because waste materials will be consolidated into a thicker column and there will be greater 
potential for reducing conditions that could leach metals SHA recommends a geomembrane cover 
system for closure of the consolidated landfill portion of the site and asphalt pavement along with WP20 
to reduce the leachate generation significantly in the transfer station area, as presented in Chapter 8, 
Table 8-2. The proposed cover system installation will also bring the site into compliance with the 
existing as well as the new Landfill Criteria for Municipal Solid Waste.  
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Table 4-1: Water Budget Summary - Using Thornthwaite Model
Marine Avenue Transfer Site landfill - 100 mm Soil Moisture Retention

Component Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Annual
31 28 31 30 31 30 31 31 30 31 30 31

Precipitation
Rainfall (mm) 145.7 101.9 104.2 83.2 76.6 67.6 37.5 45.3 54.7 125.5 171.6 146.5 1160

Snowfall (cm) 13.6 7.8 6.8 0.1 0 0 0 0 0 0.3 6.5 11.5 46.5

Total Precipitation (mm) P 158.9 109.4 110.7 83.3 76.6 67.6 37.5 45.3 54.7 125.8 178 157.8 1205.4

Standard Deviation (mm) n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a

Avg. Temperature (oC) T 3.6 3.9 5.9 8.6 11.9 14.9 17.2 17.2 14.1 9.4 5.3 3.1 9.6

Snow Storage and Melt
Month End Snow Cover (cm) 1 0 0 0 0 0 0 0 0 0 1 3

Change in Snow Cover (cm) -2.0 -1.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 1.0 2.0

Snow Melt (cm) 15.6 8.8 6.8 0.1 0.0 0.0 0.0 0.0 0.0 0.3 5.5 9.5

Available Precipitation (mm) AP 160.9 110.5 110.8 83.3 76.6 67.6 37.5 45.3 54.7 125.8 177.0 155.8 1206

Evapotranspiration
Heat Index "i" 0.58 0.97 1.29 2.27 3.72 5.22 6.49 6.49 4.81 2.60 1.09 0.48 36.0

Unadjusted Potential ET (mm) UPET 0.6 0.6 0.9 1.4 1.9 2.5 2.9 2.9 2.3 1.5 0.8 0.5

Monthly Duration Corr. r 22.5 23.7 30.6 34.5 39.6 40.2 40.5 37.2 31.5 27.6 22.8 21.3

Adjusted Potential ET (mm) PET 12.4 14.2 27.5 46.6 75.2 98.5 115.4 106.0 72.5 41.4 18.2 10.7 639

Runoff
Co-efficient of run-off* Cro 0.30 0.30 0.30 0.30 0.30 0.30 0.30 0.30 0.30 0.30 0.30 0.30

Run-off RO 48.3 33.1 33.3 25.0 23.0 20.3 11.3 13.6 16.4 37.7 53.1 46.7 362

Infiltration & Water Shortage
Infiltration (mm) INF 112.7 77.3 77.6 58.3 53.6 47.3 26.3 31.7 38.3 88.1 123.9 109.0

Water Available for Storage (mm) INF-PET 100.3 63.1 50.0 11.7 -21.6 -51.2 -89.2 -74.3 -34.2 46.7 105.6 98.4

Cumulative Water Shortage (mm) ACCWL 100.3 163.4 213.4 225.2 203.6 152.4 63.2 -11.1 -45.3 1.4 107.0 205.4

Storage
Soil Storage (mm) ST 88.0 87.0 75.0 62.0 46.0 36.0 31.0 34.0 47.5 66.0 83.0 84.0

Change in Soil Storage (mm) DeltaST 4.0 -1.0 -12.0 -13.0 -16.0 -10.0 -5.0 3.0 13.5 18.5 17.0 1.0

Actual ET (mm) AET 12.4 14.2 27.5 46.6 69.6 57.3 31.3 28.7 24.8 41.4 18.2 10.7 383

Percolation
Percolation PERC 96.3 64.1 62.0 24.7 0.0 0.0 0.0 0.0 0.0 28.2 88.6 97.4 461

Station Data: 1206

Latitude = 49o 49'54.02" N Source: Canadian Climate Normals 1981-2010, British Columbia, Environment Canada

Longitude = 124o 29'28.34" W
Elevation = 125 m

Soil Retention Capacity = 100 mm

Marine Avenue Transfer Site  Landfill Closure Plan
Powell River Regional District
PRJ13043
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0 493 40.1% 12.45 1.0% N/A N/A 724 58.9% 724.00 58.9% 0.15 0.01% 1229.8
1 481 39.1% 51.13 4.2% N/A N/A 696.53 56.6% 696.53 56.6% 0.78 0.1% 1229.9
2 513 41.7% 1.39 0.1% 566.1 46.0% 141.52 11.508% 141.52 11.5% 7.70 0.6% 1229.9
3 513 41.7% 1.4 0.1% 714.7 58.1% 0.4 0.0% 0.40 0.0% 0.20 0.0% 1229.9
4 216 17.5% 1014.32 82.5% 0 0.0% 0.02 0.0% 0.02 0.0% -0.01 0.0% 1229.9

0 493 40.1% 13.75 1.1% N/A N/A 723.1 58.8% 723.10 58.8% -0.31 0.0% 1229.9
1 481 39.1% 51.2 4.2% N/A N/A 696.4 56.6% 696.40 56.6% 0.79 0.1% 1229.8
2 513 41.8% 2.29 0.2% 588.9 N/A 117.55 9.559% 117.55 9.6% 7.68 0.6% 1229.9
3 513 41.8% 2.29 0.2% 714 58.1% 0.09 0.0% 0.09 0.0% 0.07 0.0% 1229.9

4 216 17.5% 1014.13 82.5% 0.02 0.0% 0.02 0.0% 0.02 0.0% -0.01 0.0% 1229.9

Open- Existing 
Closed - Option 1- Clay Cover - MOE
Closed - Option 2- Clay Cover (SHA) w ith a Drainage Layer
Closed - Option 3 - Geomembrane Cover w ith a Drainage Layer

Closed - Option 4 - Paved w ith Asphalt

Closed- Option 4- Paved w ith Asphalt

Scenario Modelled 

Open- Existing 

33% Slope

Crest

Closed - Option 3 - Geomembrane Cover w ith a Drainage Layer

Closed - Option 1- Clay Cover - MOE
Closed - Option 2- Clay Cover (SHA) w ith a Drainage Layer
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5. LANDFILL GAS MANAGEMENT 

5.1 Introduction 

Landfill gas (LFG) emissions and odours are a concern due to potential health issues, nuisance odours 
and because LFG contributes to global climate change.  When a geomembrane final cover is applied, if 
the generated LFG is not vented, gas pressures can build up beneath the final cover, ultimately leading to 
uplift and potentially damaging the cover system. Additionally, gas can migrate from the site to nearby 
properties and structures if it is prevented from venting directly to the atmosphere and / or if there is a 
preferential pathway for the gas to travel easily off of the site. 
 
LFG is a by-product of the natural decomposition of organic materials in landfills.  The most common 
form of LFG, which is created when biological anaerobic decomposition occurs, consists primarily of 
equal parts methane (CH4) and carbon dioxide (CO2).  Other trace constituents include more than 166 
different Non-Methane Organic Compounds (NMOC), nitrogen (N2) and oxygen (O2); the 
concentrations of these constituents are subject to the amount and composition of contributing waste 
material within the landfill, the decomposition rate of the specific contributing material, and the level of 
atmospheric air intrusion into the landfill. 
 
Methane, at concentrations between 5 to 15 % by volume in air, will cause an explosion if it comes in 
contact with an ignition source (flame).  The lower end of the range (5%) is referred to as the lower 
explosive limit (LEL).  Combustible gases are a concern in relation to LFG migration issues. 
 
Carbon dioxide, another major component of LFG, is found at low concentrations in atmospheric air. The 
main danger posed by CO2 is that it can displace atmospheric air in confined structures such as manholes and 
wells.  This could cause asphyxiation for someone entering such a structure without properly checking the 
conditions. 
 
LFG may also contain Hydrogen Sulphide (H2S), which originates from biological consumption of 
sulphur found in gypsum wallboard, depending on the sulphur content of the waste filled.  Hydrogen 
Sulphide is highly toxic in concentrations above 50 ppm (i.e. 0.005%).  Normally H2S can be smelled at 
concentrations as low as 0.05 ppm, and by 3 ppm, a distinctive odour of rotten egg is normally noted.  A 
concern with H2S is that the ability to smell the gas decreases gradually with increased exposure.  At 
concentrations between 10 and 50 ppm, most people experience headaches and nausea.   
 

5.2 Landfill Criteria  

According to the British Columbia (BC) Landfill Criteria (Landfill Criteria) for Municipal Solid Waste 
(1993), landfills with more than 100,000 tonnes of refuse require an assessment of the potential 
emissions of NMOCs.  If the assessment reveals that the emission of NMOCs exceeds or is expected to 
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surpass 150 tonnes/year, the installation and operation of a landfill gas recovery and management system 
is mandatory.  An interim second edition of the Landfill Criteria was recently released by the BC 
Ministry of Environment (MOE). Stakeholders were asked to provide the MOE with any comments and 
feedback on the Draft before June 30, 2014. The final version of the new Landfill Criteria is yet to be 
released by the BC MOE. 
 
The MOE has also developed a new LFG Management Regulation that came into effect on January 1st, 
2009. This regulation is stricter than the initial Landfill Criteria to support BC’s commitment to reduce 
greenhouse gases (GHG) by 2020 to at least 33% below the 2007 levels. The regulation applies to 
landfill sites that accepted Municipal Solid Waste (MSW) for disposal on or after January 1st, 2009 or 
which have 100,000 tonnes or more of MSW in place, or receive 10,000 tonnes or more of MSW for 
disposal into the landfill site in any calendar year after 2008. If a landfill is determined to generate 1,000 
tonnes or more of methane per year, the regulation requires that an active landfill gas management 
system be installed by 2016. This system, if required, is to capture at least 75% of the generated LFG 
and to reduce methane emissions by flaring (thermal oxidation) or other methods that would result in the 
same amount of emission reduction as flaring.   
 
Based on the disposal activities discussed in Chapter 2, the LFG Management Regulation does not apply 
to the Marine Avenue Transfer Site. Furthermore, a minimal amount of organic waste including wood 
chips, stumps, yard waste, and demo waste, totaling approximately 10,000 tonnes has been historically 
deposited at this site. These materials are planned to be reused for composting and/or be remediated at 
the Botanical Garden. Therefore, SHA believes that conducting a LFG generation assessment 
(modeling) is not necessary for the Marine Avenue Transfer Site. However, a quick calculation shows 
that by reusing and remediating the deposited organic material, the PRRD will avoid an annual GHG 
emission of approximately 210 tonnes CO2-e.  Figure 5-1 shows the potential GHG emissions from the 
existing deposited organic material. 

 
Figure 5-1 Potential GHG Emissions from the Existing Organic Wastes Deposited on site 
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5.3 Landfill Gas Management Strategy 

It is expected that the existing waste will emit very small amounts of LFG to the environment during the 
post closure period.  As discussed previously, the majority of waste material is inorganic and will be 
relocated beneath the closure area including the DLC waste which will be used to re-grade the site to the 
final design contours and appropriate side slopes. Therefore, it is safe to assume that the landfill will 
continue to generate a minimal amount of landfill gas.  However, this amount will not trigger mandatory 
LFG collection, as specified in the LFG Regulations.  Thus, active collection of LFG is not considered 
necessary at the Marine Avenue Transfer Site and also the LFG Regulation does not warrant that.  
 
The fate of the small amount of the generated LFG will largely depend on the final cover system 
constructed. As described in Chapter 8, SHA recommends final cover systems for the Marine Avenue 
Transfer Site that includes passive gas collectors and vents. The proposed passive LFG collection system 
is shown in Figure 5-2. Horizontal LFG collectors are preferred as they will result in fewer penetrations 
of the final cover and minimize any interference with the intended end use.  The horizontal gas 
collectors should be installed in trenches under the final cap which will be installed during closure 
construction. Horizontal collectors will be connected to several gooseneck vents. 

5.4 LFG Monitoring  

Landfill gas sampling should be carried out monthly for CH4 (vol %), LEL (%), CO (ppm), O2 (vol %) 
and H2S (ppm).  SHA also recommends that Hydrogen (H2) gas be analyzed for at this site since large 
amounts of bottom ash has been historically deposited in the site. Typically, H2 can be produced when 
elemental Aluminum (present in incinerator bottom ash) is deposited at a landfill. Elemental aluminum 
reacts with water to produce aluminum hydroxide and gaseous hydrogen.  H2 is explosive. 
 
The LFG monitoring data and interpretation need to be included in the annual report as mentioned in the 
Section 7.17 of the BC Landfill Criteria for Municipal Solid Waste (MSW).  Following Guidelines for 
Environmental Monitoring at MSW Landfills and Landfill Criteria for MSW Landfills, this program 
should be based on bar-hole punch probe gas monitoring along the property boundary, at an interval of 
approximately 100 m between two measurement points.   
 
SHA recommends the bar-hole punch gas monitoring be conducted for 4 to 6 months on a monthly basis 
to monitor the gas migration potential from the landfill.  However, the amount of gas generation from 
this site is nearly zero. Therefore, we recommend once low LFG levels are confirmed by the initial 
monitoring results, the frequency of such monitoring can be reduced to quarterly readings after 
reviewing these initial results with the MOE. Nevertheless, according to the existing Landfill Criteria, if 
methane concentrations exceed the recommended performance criteria (100% LEL at property 
boundaries or 25% LEL in on-site structures), then a more detailed assessment of landfill gas migration 
should be conducted to determine if any corrective actions are necessary.   
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6. GRADING PLAN 

6.1 MOE Closure Requirements and Design Considerations 

The grading concept for Marine Avenue site was developed to meet all the MOE slope constraints 
listed in the Landfill Criteria for Municipal Solid Waste (MOE, 1993) as well as SHA’s standard 
design guidelines for developing industrial landfills in B.C.  These design criteria include: 
 

 Side slopes no steeper than 3H:1V. 

 Crest at slopes steeper than 4% to meet MOE Criteria – SHA recommends 2-4% slopes will 
be sufficient based on the age or nature of the waste and final cover structure. 

 Ramps/roads no steeper than 8%. 

 Ramps/roads to provide a minimum 10 m wide operating surface – SHA recommends 6 m 
wide will be sufficient for the site for one-way trafic. 

 Maintenance access to all areas of landfill. 

 Run-off discharge control. 
 

6.2 End Use Plan 

The planned end use of the Marine Avenue site is to be a Recycling Centre and Resource Recovery 
Park (RCRRP) on approximately half of the area and a Botanical Garden and a Composting Facility 
on the remaining half.   
 
The proposed grading plan for the closure of the site will help PRRD to realize its vision by 
incorporating all possible materials on the site for reuse and recycling in the engineered cover 
system and transfer bay area construction.  The recycling centre will be a one-stop shop for 
upcycling, recycling, reuse, recovery and will involve collaboration with local businesses. 
 
PRRD also envisions that the RCRRP will be surrounded and interwoven with a locally organized 
botanical garden that would provide for aesthetic, sound buffering, shade and carbon sequestering 
values while focusing on the main goal of remediating the site using natural remediation processes.  
 
Once finished, the RCRRP and the Botanical Garden combination will attract many user groups as 
well as provide for an educational experience that will promote environmental stewardship. The 
educational experience will attract not only local user and school groups but also environmentally 
minded visitors, lifecycle-type educators and students from British Columbia and beyond.  This will 
create business opportunities and varying degrees of employment opportunities including 
opportunities for people with disabilities.  
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The PRRD has a future plan to implement curb-side organics pick-up. The proposed composting 
facility will help the PRRD achieve the Zero Waste goal. As shown in Table 2-1, the wood chips in 
Pile J, Stumps in Pile K and Yard waste in Pile N and O can be used for composting.  The finished 
compost or the yard waste can also be used as an ingredient of the fabricated topsoil to be used in the 
final cover system.  

6.3 Grading Plan 

The grading plan for the site is to excavate all the ash stockpiled throughout the landfill and 
consolidate it in one location, and then place a cover system on the ash waste. Figure 6-1 shows the 
existing contours based on the December, 2013 survey completed by SHA. Figure 6-2 shows the 
planned end uses for the site. Figure 6-3 shows a conceptual plan and proposed final contours of the 
site after closure.  
 
The Cut and Fill of final contours versus existing contours are shown in Figure 6-4. The cut and fill 
has been calculated based on the regraded surface created after the removal of Ash Pile Q, leaving 
one-fifth of Pile Q beneath the ground surface that falls within the transfer bay/holding cell area and 
relocating roofing Piles, A,G and Gyproc Pile H for recycling. Ash Pile F will remain in place and 
be covered as a landfill. The borrow area generated after removal of the material in Ash Pile Q, of 
which a portion is below the surface, will be filled by the available clean fill from Piles R and S.   
 
Ash Pile F shown in Figure 2-5 that has 20,000 m3 in place will remain in its place and be developed 
as a landfill. As shown in Table 2-1, the 8,000 m3 of ash in Pile D and M will be relocated either to 
the new landfill or to the holding cell/ transfer bay area. Ash Pile Q contains 10,000 m3 of ash of 
which around 50% is buried under the ground surface.  Approximately one-fifth of the 10,000 m3 
will remain under the ground surface in the transfer bay area and will not need to be relocated. 
Hence, 8,500 m3 of ash will be relocated from Pile Q to the Transfer Bay/ Holding Cell area. A total 
of 2,500 m3 of Construction and Demolition Waste from Pile C will be relocated to the landfill area 
to serve as grading fill for regrading along with the ash.  
 
The PRRD has contracted with Augusta, a local recycler, to recycle a total 3,300 m3 of roofing 
material from Pile A and G and 3,000 m3 of gyproc.  
 
A total of 2,600 m3 of asphalt from Pile L, I and T will be ground up and used to surface the 
Transfer Bay Area/Holding Cell crest, the access roads and the internal roads. 
 
As mentioned in Section 6.2, a total 8,000 m3 of woodchips from Pile J and 2,000 m3 of Stumps 
from Pile K will be composted on site and consumed in a locally fabricated soil product. As 
discussed in Chapter 2, wood chips and stumps will be transported to Catalyst Paper Mill for their 
co-generation facility if the Mill agrees to receive the chipped waste based on the heating value of 
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the woodchips. Catalyst Paper Mill has also agreed to accept asbestos-containing waste identified 
near Pile F into their landfill site. 
 
A total of 2,000 m3 of Glass from Pile E will be reused in the drainage layer and/or will be upcycled 
for making a unique concrete floor at the resource recovery park.  A total of 100 m3 of tires from 
Pile B will be recycled or will be applied in an innovative use at the site in the landfill or the transfer 
bay area closure construction. 
 
A total of 1,000 m3 of concrete will be used in the base or sub-base layer of on-site roads. 
 
A total of 5,000 m3 of clean fill from Pile R and S will be used for refilling the excavated area that 
will be created when ash from Pile Q is relocated.  
 

6.3.1 Cut and Fill Volumes 

Table 6-1 presents a summary of the cut and fills volumes. The Cut and Fill drawing shown in 
Figure 6-4 indicates that a total of 22,500 m3 of airspace will be available, of which 13,000 m3 is in 
the Transfer Bay/ Holding Cell area and 9,500 m3 is in the landfill area. This volume includes the air 
space consumed by the waste and by the final cover system. 
 
The total volume of waste (ash and DLC waste) to be relocated to either the landfill area or the 
transfer bay/holding cell area is 19,200 m3. SHA’s experience with other landfill closures shows that 
approximately 25% compaction will occur during relocation and regrading. In addition, 
approximately 10% settlement will occur initially. Thus the total resulting waste volume is expected 
to be 12,480 m3.  
 
The total volume of final cover material is 10,722 m3. Waste and cover together will require 23,202 
m3 of airspace. As there are some approximations in the calculation and estimation of the volumes, 
SHA believes that the 22,500 m3 of design airspace provided will accommodate the waste and cover 
system.  
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Table 6-1: Cut and Fill Volume Summary 

Location Volume (m
3
)

Airspace Landfill 9,500                 
Holding Cell/Transfer Bay Area 13,000               

22,500               
Waste Relocated Ash from  Pile Q 8,500                 

Relocated Ash from  Pile D and M 8,200                 
Relocated DLC 2,500                 

19,200               
Compaction (25%) (4,800)                
Settlement (10%) (1,920)                

12,480               
Cover Landfill Area Slope 3,836                 

Landfill Area Crest 2,079                 
Transfer Bay Area Slope 1,950                 
Transfer Bay Area Crest 2,857                 

10,722               
Waste and Cover 23,202                
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7. GEOTECHNICAL CONSIDERATIONS 

7.1 Underlying Stratigraphy  

In December 2013, SHA completed a test pit program as shown on Figure 2-5. The findings of the 
test pits showed various depths of different material throughout the landfill. The uncovered waste 
from the test pits consisted mainly of ash.  Sand was the predominant native material encountered 
below the waste. 
 
A map of surficial geology of the Powell River area is presented in H1 in Appendix H. The area 
where the landfill is located has Marine and Glacio-Marine deposits which has varied gravelly, 
sandy stoney, clay and clay veneer over till. 

7.2 Settlement Issues 

7.2.1 Overview  

Long term settlement is an issue at most landfills as the organic content of the solid waste stream 
deposited in the landfill decomposes.  It has been SHA’s experience that MSW landfills initially 
settle at a rate of about 2% per year (2 cm settlement per 1 m of refuse thickness).  Additional 
settlement can also occur in the foundation soils beneath the landfill due to the surcharge of 
overlying waste.  For example, at Vancouver Landfill, settlement of up to 6.0 m was experienced in 
the foundations. Due to the mostly ash content of the waste deposited or relocated at the Marine 
Avenue Site, settlement is expected to be slower and to occur at a smaller rate after initial 
settlement.  
 

7.2.2 Expected Settlement 

The average height of the waste lift in the landfill is 7.0 m, while in the transfer bay area the 
relocated ash thickness would be 3.0 m. Therefore any expected initial settlement is likely to have 
already occurred in the existing waste in the landfill portion. 
  
A small amount of settlement is expected to continue to occur at the site into the long term, 25 to 50 
years into the future. SHA anticipates settlement rates of 1-20% for first 5 years as a result of 
regarding, after which a settlement rate of gradually decreasing to 0.25% per year should be 
anticipated. 
 

7.3 Slope Stability Analysis 

The purpose of this section is to prove that the proposed final design for the Marine Avenue Site 
Landfill is within acceptable factor of safety for failure and that the slope stability is improved to 
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acceptable levels as a result of the design. Since the Transfer bay area/holding cell height will be 
constructed to a height of only 3 m and reinforced with a lock-block wall with proper reinforcing 
material, stability will not be an issue for this portion of the closure construction. Stability of the 
landfill site was modeled using the program SLIDE 4.0 designed for 2D slope stability analysis for 
soil and rock slopes. 
 

7.3.1 Instability History 

Based on the available information no record of instability was found. Furthermore, no sign of 
instability was noticed during the site visits on August 2013 and March 2014. 
 

7.3.2 Slope Stability Model  

To verify stability of the proposed regrading, SHA conducted a detailed analysis using SLIDE 
computer analysis. The slope stability models discussed below have been developed largely from 
strength parameters based on SHA’s own experience and using commonly adopted lower bound 
geotechnical parameters, existing contour data, the final proposed contours, and the expected worst 
case leachate mounding levels in the landfills. 
 
A cross section was selected through a representative sloped area of the Landfill portion of the 
closure site. The cross section was developed from the proposed design contours shown in Figure 
7-1. The cross section location analyzed is identified in plan view in the Figure. A section view of 
the cross section used in the stability analyses is located in Figure H-2 in Appendix H which shows 
the underlying geology of the landfill, the proposed profile and the material parameters used in the 
analysis. The analysis was performed using the limit equilibrium technique and the Bishop 
Simplified method of analysis. Materials are modeled using a Mohr-Coulomb strength envelope. 
The soil profile for the cross section was developed from Test pits and Borehole logs developed by 
SHA. 
 
Failure scenarios were modeled for both static and seismic (earthquake) conditions for the proposed 
and existing profiles. The following factors of safety (FOS) for slope failure have been adopted as 
minimum standards: 
 

 Static Conditions adjacent to Developed Land and Infrastructure 1.5 

 Static Conditions adjacent to Undeveloped Land   1.3 

 Seismic (Earthquake) Loading adjacent to Developed Land  1.0 
 
A pseudo-static analysis was performed to determine if the slopes would be stable during an 
earthquake when subjected to peak ground acceleration expected for the area. The 2005 National 
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Research Council of Canada’s Structural Commentaries User’s Guide (NRC, 2005) provides seismic 
values for a number of locations across Canada. The peak horizontal ground acceleration (PGA) of 
0.31 g for the Powell River Marine Avnue Landfill was found using the website 
http://earthquakescanada.nrcan.gc.ca.  This PGA has a probability of exceedance of 2% in 50 years.   
 
The PGA acts momentarily in one direction and its use with static material properties may yield very 
low and incorrect factors of safety. The United States Environmental Protection Agency document 
“RCRA Subtitle D (258) Seismic Design Guidance for Municipal Waste Landfill Facilities (1995)” 
recommends using a seismic coefficient (ks) of 50% of the PGA, in combination with the dynamic 
shear strength properties of the materials.  In this case, the dynamic shear strength properties were 
assumed to be the same as the static shear properties.  Using this method, the resultant design PGA 
would be 0.165 which would provide better factor of safety.  However, we have selected a 
conservative PGA as 0.31. A vertical acceleration was also applied to the model and is typically 
between 60% and 75% of the horizontal acceleration. Therefore, 0.19 g for the vertical acceleration 
was chosen.  
 
A number of assumptions were made in the process of simplifying complex situations in the field to 
a computer model: 
 

 Strength characteristics of the ground materials were generalized; 

 Stabilizing effects of vegetative cover on the side slopes were not included; 

 Ground water levels were assumed to be groundwater contours as shown in Figure 2-2.  
 

7.3.3 Soil Strength Parameters  

Table 7-1 outlines the geotechnical parameters used for the modeled materials. Five types of 
materials were chosen to represent the site conditions: landfill cover, waste material (ash), an 
underlying silt layer, a gravel/till layer, a sand layer and a till layer.  
 
As there was no data available on the shear strength properties of the materials that constitute the 
geologic profile of the landfill and the surrounding area, most of the parameters of the underlying 
foundation material used in this analysis were taken from SHA’s previous works. Shear strength 
properties of incinerator ash were taken from a study performed by Geliga et al (2010). 
 



Powell River Marine Avenue Site Closure Plan               7-4  
Powell River Regional District     
PRJ13043              
 

Table 7-1 Geotechnical Parameters for SLIDE Analysis 

Material 
  

Unit Weight, γ 
(kN/m3) 

Cohesion, c’ 
(kN/m2) 

Internal Friction 
Angle, φ’ (degrees) 

Incinerator Ash  20 0 27 

Silt and Sand with Cobble 18 0 30 

DLC Waste 12 0 35 
 

7.3.4 Ground Water Conditions 

Groundwater surface elevations beneath the landfill range from approximately 48.9 masl (near 
MW13-1) to 14.17 masl (near MW13-3) as mentioned in Chapter 2 and shown in Figure 2-2. As 
shown in Figure 2-3, the estimated groundwater table contours across the landfill indicate that the 
groundwater flow direction is towards south and slightly towards the east. 
 

7.3.5 Global Slope Stability Results 

Results of the SLIDE analysis for the proposed grading design conditions can be found in 
Appendix I, Figures I-1. The figure shows the soil profile, the resultant failure circle, the minimum 
FOS and the deep-seated FOS if the minimum FOS is a shallow slump failure. The following table 
summarizes the lowest FOS obtained for the cross section, the FOS of the deep-seated failure, the 
FOS under seismic condition and the expected horizontal movement of the proposed slope if a 
design earthquake did occur. 
 
Table 7-2 Results from Slope Stability Analysis 

Slope 
Cross 
Section 

Condition 
Slope 

Height 
(m) 

Slope 
Angle 
(H:V) 

FOS 
Static  

 
FOS 

Seismic 

Maximum 
Seismic 

Displacement 
(mm)* 

A-A’ Proposed 10 3.00:1 1.56 0.822 17.9 
* Numbers determined from Newmark Seismic Deformation Analysis. See Appendix K for calculations. 

 
The proposed design is stable for the static loading condition with FOS values exceeding 1.50 from, 
the standard mentioned before, to 1.56. For the seismic loading conditions, the FOS was determined 
to be 0.822. The seismic results for the proposed section are presented in Figure I-2 in Appendix I.  
 
SHA is confident that the parameters and water tables used in the analysis were conservative and 
that the actual FOS’s are likely higher. Over the long term, it is anticipated that the FOS will 
increase as settlement occurs within the landfill.  
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As the dynamic FOS was less than 1.0, indicating a potentially unstable situation, SHA undertook a 
Newmark seismic deformation analysis to determine whether an earthquake would generate large 
scale movement.  The analysis showed a maximum displacement of 17.9 mm which is considered 
stable. 

7.4    Veneer Stability Analysis 

A detailed slope stability analysis was conducted to verify that the cover system proposed for a 
typical slope at this Site would remain stable at different expected mounding depths above the 
barrier layer. The analysis was conducted for both static conditions and for seismic conditions as 
would be experienced during an earthquake. Figure H-3 in Appendix H shows a cross-section of the 
cover veneer. 
 
The longest continuous veneer slope to receive final cover will be 10 m in vertical height with a 
maximum slope of 3.0H: 1V. Stability of this veneer geometry was modeled using the program 
SLIDE 4.0 designed to be used for 2D slope stability analysis for soil and rock slopes.  
 
The following industry standard factors of safety (FOS) for slope failure have been adopted as 
design goals: 
 

 Static Conditions     1.5 

 Seismic Loading (pseudo-static analysis) 1.0 
 

7.4.1 Mounding and Cover System Shear Strength Parameter Review 

Three mounding scenarios namely for 20 mm, 200 mm and 300 mm were considered for veneer 
stability analysis.  
 
Table 7-3 outlines the geotechnical parameters expected within various materials in the cover 
system. All parameters selected are considered conservative and have been obtained either through 
past experience, review of literature, testing done by SHA in the past, and estimations of expected 
strength.  
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Table 7-3 Material Properties used in SLIDE  

Material 
Unit Weight, γ 

(kN/m3) 
Cohesion, c 

(kN/m2) 
Internal Friction 

Angle, φ (degrees) 

Topsoil (woodchips/ sand/ 
biosolids) 

14 2 30 

Gravel 18 0 35 

Geotextile-Geomembrane 
Interface 

18 1.53 26 

DLC Waste 12 0 35 

Ash 20 0 27 

 
The selected topsoil unit weight was adopted from a typical soil blend comprised of one part wood 
chips, one part biosolids and one part sand while the strength properties were estimated.  
 

7.4.2 SLIDE Stability Analysis for Cover Veneer 

Veneer stability analysis was performed using SLIDE. The static FOS for all three mounding depth 
scenarios were found to be 2.47. The results of the SLIDE analysis are presented in Table 7-4 and in 
Figures J-1 to J-3 for static conditions and in Figures J-4 to J-6 for seismic conditions as presented in 
Appendix J.  The results indicate that the final cover veneer will be very stable. 
 
Table 7-4 SLIDE Slope Stability Analysis Results 
Mounding Depth (mm) Static FOS Seismic FOS 
20 2.47 1.248 
200 2.47 1.248 
300 2.47 1.248 
 
Static Seismic Risk 
≥1.5 ≥1.0 Stable 
1.0 to 1.49 0.6 to 1.0 Elevated Risk 
<1.0 <0.6 Unstable 
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7.4.3 Seismic Considerations 

The proposed design is stable for the static loading condition. For the seismic loading condition, 
FOS less than 1.0 was obtained as shown in Table 7-2. As described in Section 7.3.2, a highly 
conservative PGA value has been assumed. If the seismic coefficient (ks) of 50% of the PGA value 
is used as recommended in the US EPA RCRA Subtitle D (258) Seismic Design Guidance for 
Municipal Waste Landfill Facilities (1995), then the FOS for the seismic condition was found to be 
greater than 1.0. The seismic result is summarized in Table 7-2 and also presented in Figure I-2 in 
Appendix I and discussed in Section 7.3.5.  
 
The results for the seismic analysis for veneer stability are documented in Table 7-4. The result for 
the 20 mm, 200 mm and 300 mm mounding scenarios show that the seismic FOS are 1.248 for all 
three mounding scenarios. The veneer is found to be stable (i.e. FOS>1.0) in all mounding scenarios 
for strength parameters as shown in Table 7-3 and used in the analyses.  
 
Based on our experience on closure construction on several similar landfills in the River Road area 
of Delta, it is recommended that backfill materials be placed with a very light LGP Dozer with a 
total machine height of less than 8 tonnes (e.g., John Deere 450J) during construction. 
 

7.4.4 Newmark Seismic Displacement Analysis  

As there is no way to prevent instability of the slopes in a seismic event, dynamic displacements 
were calculated using the Newmark Method (1965) to see if the movement of the failed slope would 
be significant.  For each case, SLIDE was used to calculate the yield horizontal acceleration 
resulting in a static FOS of 1.0.  Calculations are provided in Appendix K.  The Newmark equation 
was then solved for the expected displacement during the design earthquake.  It was found that the 
resultant deformation of a seismic event would not produce major movement in the slope.  As shown 
in Table 7-2, 17.9 mm of horizontal movement is expected for a 1 in 475 year event, which is a 
minor amount.  
 
The expected movement, as a result of slope failure, is considered minimal in this area.  
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Table 8-1: HELP MODEL PROFILE AND SCENARIOS

Open
Existing Option 1 (Clay- MOE) Option 2 (Clay - SHA) Option 3 (Geomembrane) Option 4 (Paved Surface)

Poor Stand of Grass
Evaporative Zone Depth  = 
20cm

Evaporative Zone Depth= 
51cm

Evaporative Zone Depth= 
51cm

Evaporative Zone Depth= 
51cm

Layer 1 Material Intermediate Cover Topsoil Topsoil Topsoil Asphalt
Function Vertical Percolation Layer Vertical Percolation Layer Vertical Percolation Layer Vertical Percolation Layer Vertical Percolation Layer
Thickness (mm) 300 150 300 300 300
K Value (cm/s) 1x10-4 1x10-4 1x10-4 1x10-4 1x10-10

Layer 2 Material Incinerator Ash Refuse Clay Clay Gravel Gravel
Function Vertical Percolation Layer Barrier Layer Barrier Layer Drainage Layer Base and Sub-Base
Thickness (mm) 3,000-7,000 1000 1000 200 700
K Value (cm/s) 2x10-3 1x10-5 1x10-6 5x10-1 5x10-1

Layer 3 Material Silty Sand Layer Intermediate Cover Intermediate Cover Geomembrane WP20
Function Bottom Barrier Layer Vertical Percolation Layer Vertical Percolation Layer Barrier Layer Barrier Layer
Thickness (mm) 2,000 300 300 40 Mil 16 Mil
K Value (cm/s) 1x10-4 1x10-4 1x10-4 4.0x10-13 5.4x10-10

Layer 4 Material  Refuse  Refuse Intermediate Cover Intermediate Cover
Function Vertical Percolation Layer Vertical Percolation Layer Vertical Percolation Layer Vertical Percolation Layer
Thickness (mm) 3,000-7,000 3,000-7,000 300 300
K Value (cm/s) 2x10-3 2x10-3 1x10-4 1x10-4

Layer 5 Material Silty Sand Layer Silty Sand Layer Refuse Refuse
Function Bottom Barrier Layer Bottom Barrier Layer Vertical Percolation Layer Vertical Percolation Layer
Thickness (mm) 2,000 2,000 3,000-7,000 3,000-7,000
K Value (cm/s) 1x10-4 1x10-4 2x10-3 2x10-3

Layer 6 Material Silty Sand Layer Silty Sand Layer
Function Bottom Barrier Layer Bottom Barrier Layer
Thickness (mm) 2,000 2,000
K Value (cm/s) 1x10-4 1x10-4

Layers

Vegetation

Closed

Powell River Marine Avenue Site Closure Plan
Powell River Regional District
 PRJ13043

SPERLING
HANSEN

ASSOCIATES
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0 493 40.1% 12.45 1.0% N/A N/A 724 58.9% 724.00 58.9% 0.15 0.01% 1229.8
1 481 39.1% 51.13 4.2% N/A N/A 696.53 56.6% 696.53 56.6% 0.78 0.1% 1229.9
2 513 41.7% 1.39 0.1% 566.1 46.0% 141.52 11.508% 141.52 11.5% 7.70 0.6% 1229.9
3 513 41.7% 1.4 0.1% 714.7 58.1% 0.4 0.0% 0.40 0.0% 0.20 0.0% 1229.9
4 216 17.5% 1014.32 82.5% 0 0.0% 0.02 0.0% 0.02 0.0% -0.01 0.0% 1229.9

0 493 40.1% 13.75 1.1% N/A N/A 723.1 58.8% 723.10 58.8% -0.31 0.0% 1229.9
1 481 39.1% 51.2 4.2% N/A N/A 696.4 56.6% 696.40 56.6% 0.79 0.1% 1229.8
2 513 41.8% 2.29 0.2% 588.9 N/A 117.55 9.559% 117.55 9.6% 7.68 0.6% 1229.9
3 513 41.8% 2.29 0.2% 714 58.1% 0.09 0.0% 0.09 0.0% 0.07 0.0% 1229.9

4 216 17.5% 1014.13 82.5% 0.02 0.0% 0.02 0.0% 0.02 0.0% -0.01 0.0% 1229.9

Open- Existing 
Closed - Option 1- Clay Cover - MOE
Closed - Option 2- Clay Cover (SHA) w ith a Drainage Layer
Closed - Option 3 - Geomembrane Cover w ith a Drainage Layer

Closed - Option 4 - Paved w ith Asphalt

Closed- Option 4- Paved w ith Asphalt

Scenario Modelled 

Open- Existing 

33% Slope

Crest

Closed - Option 3 - Geomembrane Cover w ith a Drainage Layer

Closed - Option 1- Clay Cover - MOE
Closed - Option 2- Clay Cover (SHA) w ith a Drainage Layer
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10. TOP SOIL, VEGETATION AND FAUNA 

10.1    Introduction 

This chapter describes the elements of the closure plan that will ensure that a vibrant ecosystem is 
established on the closed landfill areas.  The elements described in this chapter include the procedures 
for establishing appropriate soil horizons that are conducive to plant growth, and the planting of native 
grass, shrub and tree species that will thrive in the environment and create a habitat that will ultimately 
provide the attributes that will, over time, allow for the area to be colonized by wildlife. 

10.2    Soil, Vegetation and Habitat Objectives 

The objectives of the closure activities include: 

 Creation of topographical differences within economic and regulatory constraints, 

 Utilization of native trees, shrubs and grasses, and  

 Provision of appropriate erosion control through primarily shallow rooted and fast growing 
plant species  

 

10.3    Landscaping Plan  

Based on the basic closure design principles of the project, namely environmental protection, 
compliance with regulatory requirements and flexibility of closure plan, the following objectives were 
established in designing the overall landscaping plan: 

 
Objectives: 

 To create a protective layer for the final cover system, 

 To provide and enhance wildlife habitat, 

 To provide erosion control protection for the final cover system. 

 To create a planting structure or framework that would be applicable and flexible for 
at least two end use options. 

 
In general, the successful establishment of a plant community is largely based on the soil characteristics 
at the site. By providing the appropriate soil conditions for a specific plant community, the likelihood of 
successful establishment increases significantly.   

10.4     Soil Quality and Quantity 

The soil placed over the barrier layer serves three main functions. It provides a structural media to 
support the above ground portion of established plants, water holding capacity to store and supply 
moisture in periods of drought, and essential plant nutrients for optimum growth. To an extent these 
factors are inter-related. 
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The depth and structure of the soil is important as a structural media for plant growth.  Without 
sufficient rooting depth, taller plant species, or species with a larger wind sail can wind-throw, resulting 
in a loss of vegetation and increased erosion. The organic matter concentration and soil texture are 
important in water storage and release. These same characteristics are important in the adsorption and 
release of nutrients to growing plants. There must also be a readily available and cycling supply of 
nutrients for the soil exchange complexes to adsorb and release these nutrients to plants. 
 
The quality of the soil used in closure activities is the “ecosystem capital” on which the subsequent plant 
communities develop. Without sufficient soil depth and appropriate soil physical, chemical and 
biological characteristics the vegetation community will not be sustainable, and will require increased 
maintenance through repeated seeding and nutrient additions.   
 
Plants allocate photosynthate to balance the requirements for water, nutrients and light. In restored 
ecosystems with insufficient water storage or a lack of nutrients, plant resources are directed below 
ground, extending roots down to obtain water and laterally to acquire nutrients. If provided with a 
sufficient soil water and nutrient reserve, there is a balance between above and below ground plant 
growth. The prevention of barrier layer penetration by roots is important in the establishment of 
vegetation on a closed landfill. Appropriate soil quality and quantity will ensure the establishment of a 
sustainable community of vegetation without any adverse risk to the landfill cover integrity. 
 
In the closure of many landfills the growing media placed as final cover is fabricated – allowing a design 
to meet certain soil specifications.  Depending on the availability of growing media, existing soils can be 
amended with different materials or a soil can be created de novo. Municipal biosolids, pulp mill 
sludges, woodwaste, ash, compost, animal manures, greenwaste, fish morts, food processing wastes, 
sand and mine tailings have all been used in the fabrication of productive growth media to exacting 
specifications. 
 
The proposed landfill closure plan proposes to use a fabricated top soil produced from locally stockpiled 
materials including wood chips, yard and garden waste and sand to provide a uniform coverage of at 
least 300 mm (up to 600 mm) depth over the site. The quality of this soil has not been determined. In 
conjunction with final closure activities this soil should be analyzed for standard soil physical and 
chemical parameters. Typically, stockpiled or imported soil requires some form of amendment – either 
inorganic or chemical fertilizer additions or organic soil amendments to provide for an optimum 
growing media. A preliminary investigation into soil quality may reveal an opportunity to use local 
organic “wastes” as soil amendments, recycling these materials and assisting in the development of a 
soil that will sustain a diverse community of plants. 
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10.5    Climate and Plant Establishment 

The relatively thin veneer of final cover soil (minimum 300 mm) proposed is not a sufficient depth for 
the establishment of trees on the landfill. An increased soil depth would be required to provide sufficient 
water holding capacity for trees. A 300 mm subsoil layer has been proposed in the closure plan, which 
will serve this purpose to some extent. If tap-rooted species such as pine are to be planted, a 1500 mm 
thick subsoil layer is recommended.  A 300 mm soil depth is adequate for the establishment of a 
community of grasses. With an appropriate seed mixture and application rate, the germination and 
establishment of grasses should be rapid, resulting in the establishment of a dense community of grasses 
and legumes. Once established, this community of grasses should suppress the survival of tree seedlings 
germinating from the seedbank or from neighbouring trees through competition for light. 
 
Species selected for the vegetative community that will be established on the landfill should possess an 
extensive fibrous root system, which will assist with soil stability. The aboveground portions of the 
plants should facilitate water interception and mitigate the erosive action of precipitation directly on the 
soil surface. Vegetation without a large standing dry biomass during the summer moisture deficit period 
will minimize fuel loading for accidental ignition and minimize the chance of fire. 
 
Soil nutrient and/or amendment requirements should be assessed through a soil test, and, if chemical 
additions are required these should be completed after the soil placement is complete. In the absence of a 
soil test, between 300 to 400 kg ha-1 of a balanced starter fertilizer (6-24-24) should be applied and 
harrowed (or raked) to incorporate the fertilizer. A recommended seed mix for the landfill is: 
 

Table 10-1.  Suggested Species of Grass 

Species % by weight 
Kentucky bluegrass 15% 
Hard fescue 15% 
Creeping red fescue 30% 
Annual rye grass 10% 
Perennial rye grass 10% 
White clover 20% 

 
If knapweed is a concern, a portion of the creeping red fescue should be replaced with orchard grass. 
The seed mixture should be applied after fertilization and in the early spring, just after the snow is gone, 
or if this is not possible in late fall before permanent snowfall. The legumes (clover) should be 
inoculated. The suggested seeding rate is 35 to 40 kg ha-1. It is assumed that the site will not be irrigated. 
Under irrigation a different seed mixture would be recommended. It is not recommended that the newly 
seeded community be irrigated to enhance germination and survival. Artificial conditions of increased 
moisture can result in inadequate root growth required for long-term erosion prevention and 
sustainability. 
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10.6    Organic Residuals in Fabricated Soils – Case Studies 

Two case studies provide the background and regional experience for the use of organic residuals in the 
fabrication of growing media in reclamation and landfill closure. 
 
The first case study presents Construction Aggregates Limited – Sechelt Mine, an aggregate mine on 
BC’s Sunshine Coast. In an innovative approach to attain successful reclamation the mine partnered 
with the local pulp and paper mill and local municipalities to develop a regional organic residuals mine 
reclamation program. Sludge and lime mud from the mill and municipal biosolids are being used at the 
mine site in the fabrication of soil products for use in reclamation. Ongoing environmental monitoring 
has shown environmental benefits without adverse environmental impacts. 
 
In the second case study mill sludge and dry land sort debris were used in the fabrication of a soil 
amendment in the establishment of vegetation on Howe Sound Pulp and Paper Limited Partnership’s 
closed ash landfill located in Port Mellon, BC. A self-sustaining community of vegetation supporting 
local wildlife now exists over the closed landfill. 

10.6.1   Construction Aggregates Limited Fabricated Soil 

Construction Aggregates Limited (CAL) Sechelt Mine is one of the largest aggregate mines in the 
world, covering over 400 ha (1,000 acres) and producing up to 6 million tonnes of high quality 
aggregate product per annum. Aggregate from this coastal mining operation is shipped by barge and 
freighter along the Pacific Rim, from San Francisco to Alaska. The mine is located on BC’s Sunshine 
Coast. 

 
In 1995, CAL was looking to improve their reclamation program and initiated a partnership with Howe 
Sound Pulp and Paper Limited Partnership (HSLP) and municipalities with the establishment of a series 
of demonstration plots using various application rates and mixtures of the paper mill sludge and 
biosolids. These demonstration plots, clearly visible to the community of Sechelt, allowed for the 
refinement of application rates and the ability to tailor these mixtures to the specific site characteristics. 
Based on the success of the research and demonstration plots, CAL and HSLP have continued with a 
large-scale operational organic reclamation program that uses mill sludge, lime mud and biosolids in 
reclamation. 
 
HSLP combined primary and secondary sludge is typically dewatered to approximately 25% solids and 
transported by truck to CAL for land application. The nitrogen content is approximately 2%. All but one 
of the trace elements is present in low concentrations and often below those of background soils. The 
exception is zinc, which is an additive often required in the treatment process to remedy hydrogen 
sulfide production. The sludge is sampled throughout transport and use to monitor quality. The sludge is 
mixed with sand and/or lime mud, aggregate wash fines or wood waste to produce “CAL Reclamation 
Mix” (Mix). Mix ratios are determined using a model that optimizes the ratios to obtain target fertility, 
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organic matter and texture. The Mix is used on areas of the mine devoid of vegetation and when a one-
time application is required. The Mix is fabricated using an ALLU bucket or equivalent mixing 
technology. The mixture is applied and contoured over the site using standard mine equipment. 
Incorporation of the reclamation mix is not completed on slopes, but is practiced on the top of berms and 
settling ponds. 
 
The Mix application rate is calculated for each specific reclamation area. In many applications, the Mix 
is the soil in which the plants were seeded or planted. The development of a plant community, and 
subsequent leaf litter and root turnover, initiate ongoing nutrient cycling. Fast growing pioneer plant 
species are often established to facilitate nutrient cycling and pedogenic processes. Soil and foliage 
samples collected following application ensure that the reclamation objectives have been attained. The 
developing soil may require subsequent fertilization with either municipal biosolids or inorganic 
fertilizers to maintain soil productivity. Photographs of Populus spp. trees established in an operational 
reclamation area are shown in Photo 9-1. 
 

 
Photo 9-1: Poplar trees established in fabricated soil 

10.6.2   Howe Sound Pulp and Paper Landfill Closure Growing Media 

HSLP is a pulp and paper mill located in Port Mellon, on the Sunshine Coast. HSLP typically produces 
1,000 metric tons day of bleached Kraft pulp and 550 metric tons a day of newsprint. As part of its 
ongoing operations, HSLP closed an old landfill. In combination with closure operations there was a 
need to improve the visual quality and restore a self-sustaining community of vegetation on the covered 
landfill. HSLP pursued the use of pulp sludge to form a growing media on the top of the closed landfill. 
A thin mantle of sand placed on the geomembrane (for protection) was not conducive to the 
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incorporation of pulp sludge, nor would it support a sustainable community of vegetation.  The use of 
pulp sludge alone as a growing media would supply excess nutrients. The opportunity of using mill 
TMP rejects as a carbon source was evaluated – mixing the high nitrogen sludge with the high carbon 
TMP rejects to fabricate a soil amendment that would regulate the supply of nutrients and increase the 
organic matter content. An appropriate mix ratio was determined, and authorization for the project 
sought from the British Columbia Ministry of Water, Land and Air Protection (now Ministry of 
Environment). 

10.7    Enhancing Wildlife Habitat 

Further wildlife habitat enhancement treatments could include: placement of coarse woody debris and 
snags, standing deadwood, rock piles, and nest boxes for cavity nesters. Within each broad category, 
further biodiversity could occur by varying microclimatic conditions such as soil depth, topography, 
available coarse woody debris, rock groupings and plant species. 
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11. MATERIALS MANAGEMENT 

11.1 Material Availability 

The materials onsite include a variety of waste materials, recyclable construction materials, and clean 
fill.  In total approximately 68,350 m3 or 83,770 tonnes of material are available on site as shown on 
Figure 2-2 and presented in Tables 11-1 and 11-2. The PRRD envisions utilizing most of the materials 
on-site. If some of the materials cannot be utilized on site, they will be either recycled or relocated. The 
following two scenarios describe PRRD’s material utilization and management plan: 
 
Scenario 1: Involves reusing everything on-site except asbestos waste 
 
Scenario 2: Involves relocating woodchips, stumps and asbestos to Catalyst Paper and recycling the 
glass and tires. 
 
Under Scenario 1, as presented in Table 11-1, in total, an estimated 150 m³ or 240 tonnes of asbestos 

material will need to be relocated to Catalyst Paper Landfill. A total of 6,300 m3 or 3,120 tonnes of 
roofing material and gyproc will be recycled at an off-site recycle facility located in Powell River. The 
remaining 61,900 m3 or 80,410 tonnes of various materials, as presented in Table 11-1, will be reused at 
the site. Out of the remaining 61,900 m3of materials, a total of 38,000 m3 or 55,100 tonnes is ash that 
will be risk managed on site with an engineered capping system within the existing stockpile and as 
foundation fill for the transfer bay area/ holding cell. The remaining 23,900 m3 or 25,310 tonnes will be 
reused in the construction of the Recycling Centre and Resource Recovery Park development or in the 
proposed composting facility. 
 
Under Scenario 2, as presented in Table 11-2, an estimated 10,000 m3 or 6,300 tonnes of wood chips and 
stumps as well as an estimated 150 m³ or 240 tonnes of asbestos material will need to be relocated to 

Catalyst Paper Landfill. A total of 6,300 m3 or 3,120 tonnes of roofing material and gyproc as well as 
2,100 m3 or 1,020 tonnes of glass and tires will be recycled at an off-site recycle facility. The remaining 
material to be for reused on site is 49,800 m3 or 73,090 tonnes.  
 

11.2 Material Requirements 

The materials required for building the proposed cover system are topsoil, asphalt for pavement, gravel 
for gravel pad, road base and sub-base and drainage layer, sand for cushioning and gravel/rock for 
erosion control as riprap.  The cover system includes a 300mm layer of top soil and a 200mm drainage 
layer and 150 mm sand cushion on landfill area and 100 mm asphalt with 700 mm base and sub-base 
gravel pad and 150 mm sand cushion on transfer bay area.  Table 11-3 shows a material break-down for 
the proposed uses. 
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Table 11-3 – Landfill Material Requirements 

Area of Use Purpose of Use Area (m2) Topsoil (m3) Gravel (m3) Sand (m3) Asphalt (m3) Riprap (m3)

Landfill Crest Cover System 3,199 960 640 480 ‐ ‐

Landfill Slope Cover System 5,901 1,770 1,180 885 ‐ ‐

Transfer Bay Area Crest Cover System 3,361 ‐ 2,353 504 336 ‐

Transfer Bay Area Slope Cover System 3,000 900 600 450 ‐ ‐

Surace Water Ditch Surface Water Management 425 ‐ ‐ ‐ ‐ 128

Pond Bed  Surface Water Management 228 68 ‐ ‐ ‐ ‐

Pond Slope Surface Water Management 624 94 187 ‐ ‐ ‐

Acess and Internal Roads Road Base and Subbase 3,820 ‐ 1,910 ‐ 382 ‐

Recycle Area Paving  500 ‐ 250 75 ‐ ‐

Total  21,058 3,792 7,120 2,394 718 128  
 
A large portion of these materials may be manufactured onsite.  The topsoil will be fabricated with wood 
chips and clean fill from onsite along with imported biosolids.  Since the yard waste on site appeared to 
be largely composed of soil, it will be considered as clean fill in the fabrication of topsoil. The stumps 
and logs onsite could also be processed to potentially generate more wood chips. 
 
 If not overly contaminated, the glass may be processed into a suitable drainage material for placing over 
the geomembrane layer.  Tire chips will be used as bedding for any foundation. Tire chips may also be 
used for the drainage layer. 
 
Concrete available on site can be used as road sub base and road base.  This will require that rebar is 
removed and concrete is crushed down to desired gradation.  
 
The broken asphalt can be crushed to produce a suitable road base material for storage pads that will 
perform in the same fashion as pavement grindings.  This material is suitable for surfacing of light use 
storage areas and roads that do not receive a lot of traffic.  Main transfer station areas should be paved 
and tipping areas should utilize concrete pads.  
 
Total asphalt available on site is 2,100 m3. A total of 720 m3 will be used in the recycling centre and 
resource recovery park area. The rest of the asphalt will be potentially used in the access road 
construction for the botanical garden area. 
 

11.3 Material Balance 

With an estimated 8,000m³ of wood chips on site, it is possible to manufacture about 24,000m³ of 

topsoil, provided there is an ample supply of biosolids. The topsoil/biocover can also be applied on the 
botanical garden area for bioremediation. The use of engineered biocover systems to reduce fugitive 
methane (CH4) emissions from landfills is an emerging greenhouse gas (GHG) mitigation technology.  
Biocovers, fabricated using organic residuals such as biosolids and compost, can have ideal 
physicochemical properties that stimulate the growth of methanotrophic bacteria that consume CH4 and 
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produce carbon dioxide, a less potent GHG.  Biocovers can reduce the emissions of nitrous oxide (N2O) 
through nitrification and nutrient assimilation in contrast to denitrification. Globally, N2O is an 
important GHG, with a 100-year time horizon global warming potential of 310 times that of carbon 
dioxide. The Botanical Garden Society of PR will have an opportunity to conduct research in the 
designated area with fabricated biocover. The woodchips can also be used for composting. The 2,000 m3 
of stumps can also be ground and used for composting. Any clean fill needed to be used for fabrication 
may be excavated onsite.  
 
The total amount of top soil to be produced will exceed capping requirements.  The surplus will be 
utilized to establish a thick organic growing medium layer in the botanical garden area. 
 
It is assumed in the analysis that topsoil will be sourced from on-site materials. A total of 1,000 m3 of 
concrete will be used either on the gravel pad or road construction or as riprap. 
 
The total 2,000 m3 of glass available can be used in the drainage layer that requires 2,420 m3 of gravel. 
The remaining gravel need to be sourced from off-site or from the nearby gravel quarry. 



Table 11-1 : Utilization Plan for On-site Materials- Scenario 1

WASTE TYPE PILE
APPROXIMATE 

TOTAL QUANTITY 
(m³)

FIGURE 
COLOUR 
LEGEND

RELOCATED RECYCLED
REUSED

UNIT WEIGHT 

(tonnes/m3)
WEIGHT 
(tonnes)

COMMENTS

F 20,000 X 1.45 29,000 Reused and Sealed Under Landfill or  Recycle Centre Pavement
D 7,200 X 1.45 10,440 Reused and Sealed Under Landfill or  Recycle Centre Pavement
M 800 X 1.45 1,160 Reused and Sealed Under Landfill or  Recycle Centre Pavement
Q 10,000 X 1.45 14,500 Reused and Sealed Under Landfill or  Recycle Centre Pavement

GLASS E 2,000 X 0.48 960 Reused in Drainage Layer
TIRES B 100 X 0.60 60 Reused in an Innovative Way

A 1,800 X 0.40 720 Recycled
G 1,500 X 0.40 600 Recycled

GYPROC H 3,000 X 0.60 1,800 Recycled
L 1,500 X 2.30 3,450 To be Reused in the Road Pavement
I 500 X 2.30 1,150 To be Reused in the Road Pavement
T 100 X 2.30 230 To be Reused in the Road Pavement

WOOD CHIPS J 8,000 X 0.63 5,040 Reused for Composting
STUMPS K 2,000 X 0.63 1,260 Reused for Composting

N 1,000 X 1.80 1,800 Reused for Composting
O 200 X 1.80 360 Reused for Composting

CONCRETE P 1,000 X 2.50 2,500 Reused in Road Construction, Base or Sub-base Layer or for Erosion Control
DEMO C 2,500 X 0.80 2,000 Relocated to the Landfill for Regrading

R 2,000 X 1.30 2,600 Reused for regrading
S 3,000 X 1.30 3,900 Reused for regrading

ASBESTOS U 150 X 1.60 240 Relocated to Catalyst Paper
Total 68,350 83,770

Scenario 1 Note : To be relocated 150 m3         or 0.2% 240 tonnes

To be recycled 6,300 m3        or 9% 3,120 tonnes

To be Reused 61,900 m3        or 91% 80,410 tonnes
Total 68,350 83,770 tonnes

Note: Scenario 1 involves reusing everything on-site except asbestos, while Scenario 2 involves relocating  woodchips, stumps and asbestos to Catalyst Paper and Recycling Glass and Tires
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Table 11-2 : Utilization Plan for On-site Materials- Scenario 2

WASTE TYPE PILE
APPROXIMATE 

TOTAL QUANTITY 
(m³)

FIGURE 
COLOUR 
LEGEND

RELOCATED RECYCLED
REUSED

UNIT WEIGHT 

(tonnes/m3)
WEIGHT 
(tonnes)

COMMENTS

F 20,000 X 1.45 29,000 Reused and Sealed Under Landfill or  Recycle Centre Pavement
D 7,200 X 1.45 10,440 Reused and Sealed Under Landfill or  Recycle Centre Pavement
M 800 X 1.45 1,160 Reused and Sealed Under Landfill or  Recycle Centre Pavement
Q 10,000 X 1.45 14,500 Reused and Sealed Under Landfill or  Recycle Centre Pavement

GLASS E 2,000 X 0.48 960 Recycled
TIRES B 100 X 0.60 60 Recycled

A 1,800 X 0.40 720 Recycled
G 1,500 X 0.40 600 Recycled

GYPROC H 3,000 X 0.60 1,800 Recycled
L 1,500 X 2.30 3,450 To be Reused in the Road Pavement
I 500 X 2.30 1,150 To be Reused in the Road Pavement
T 100 X 2.30 230 To be Reused in the Road Pavement

WOOD CHIPS J 8,000 X 0.63 5,040 Relocated to Catalyst Paper 
STUMPS K 2,000 X 0.63 1,260 Relocated to Catalyst Paper

N 1,000 X 1.80 1,800 Reused for Composting
O 200 X 1.80 360 Reused for Composting

CONCRETE P 1,000 X 2.50 2,500 Reused in Road Construction, Base or Sub-base Layer or for Erosion Control
DEMO C 2,500 X 0.80 2,000 Relocated to the Landfill for Regrading

R 2,000 X 1.30 2,600 Reused for regrading
S 3,000 X 1.30 3,900 Reused for regrading

ASBESTOS U 150 X 1.60 240 Relocated to Catalyst Paper
Total 68,350 83,770

Scenario 2 To be relocated 10,150 m3         or 15% 6,540 tonnes

To be recycled 8,400 m3        or 12% 4,140 tonnes

To be Reused 49,800 m3        or 73% 73,090 tonnes
Total 68,350 83,770 tonnes

Note: Scenario 1 involves reusing everything on-site except asbestos, while Scenario 2 involves relocating  woodchips, stumps and asbestos to Catalyst Paper and Recycling Glass and Tires
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Item Description

Amount Length 

(m), Area (m2), 

Volume (m3)

Units Unit Rate Estimated Cost Totals

A SITE PREPARATION AND CLEAN-UP 12,100 m2

A-1 Mobilization / Demobilization 1 LS $100,000 $100,000
A-2 Smoothing and Proof Rolling 12,100 m2 $0.40 $4,840
A-3 Bottom Ash Relocation to Landfill and Transfer Station Cell 19,200 m3 $10.00 $192,000
A-4 Relocation of Asbestos to Catalyst Paper Landfill 240 tonnes $150.00 $36,000
A-5 Removal and Recycling of Gyproc 1,800 tonnes $120.00 $216,000
A-6 Removal and Recycling of Roofing Material 1,320 tonnes $120.00 $158,400
A-7 Process Organic Material to Produce Compost and Top Soil 11,200 m3 $50.00 $560,000

$1,267,240
B CLOSURE SYSTEM CONSTRUCTION

B-1 Supply and Install Sand Cushion Layer (150 mm) 12,100 m2 $7.00 $84,700
B-2 Supply and Install LLDPE Geomembrane 12,100 m2 $8.00 $96,800
B-3 Supply and Install Heavyweight Geotextile 12,100 m2 $3.00 $36,300
B-4 Supply and Install Gravel Drainage Layer (200 mm) 12,100 m2 $7.00 $84,700
B-5 Supply and Install Lightweight Geotextile 12,100 m2 $3.00 $36,300
B-6 Supply and Install Topsoil Layer (300 mm) (Fabricated) 12,100 m2 $4.00 $48,400
B-7 Hydro seeding 12,100 m2 $1.00 $12,100

$399,300
C SURFACE WATER MANAGEMENT 

C-1 Ditching 600 m $100.00 $60,000
C-2 Lined Stormwater Pond 1 LS $250,000.00 $250,000
C-3 Stormwater Culvert 140 m $90.00 $12,600
C-4 Supply and Install Surface Water Manhole 1 each $10,000.00 $10,000
C-5 Headwalls 2 each $1,500.00 $3,000

$335,600
D LANDFILL GAS MANAGEMENT SYSTEM

D-1 Excavate LFG Trench 300 m $12.00 $3,600
D-2 Supply and Install Gravel Backfill 300 m $15.00 $4,500
D-3 Supply and Install LFG Collection Pipe 300 m $25.00 $7,500
D-4 Supply and Install LFG Vents 5 each $250.00 $1,250

$16,850

SUBTOTAL (excluding HST) $2,018,990 $2,018,990
E ENGINEERING

E-1 Detailed Design and Permitting 1 LS 6.00% $121,139
E-2 On Site QA-QC 1 LS 7.00% $141,329

$262,469
F CONTINGENCY

F-1 Contingency at 15% 1 LS 15.00% $302,849
$302,849

TOTAL COST ESTIMATE (excluding HST): $2,584,307

Prepared by: Sperling Hansen Associates Inc. Construction Unit Cost Excluding Engineering and Contingency (per m2) = $166.86
Based on unit costs of past construction projects of other landfill sites. Including Engineering and Contingency (per m2) = $213.58
The plan view area has been adjusted to account for slope factors.

Unit Cost without Pond Construction Cost 192.92$                

Table 13-1
CONCEPTUAL DESIGN ENGINEERING COST ESTIMATE - MATERIAL MANAGEMENT AND CONSTRUCTION OF 

GEOMEMBRANE CLOSURE SYSTEM ON LANDFILL 
(PER SHA COVER DESIGN OPTION 3)

Powell River Marine Avenue Site Closure Plan
Powell River Regional District
PRJ13043

SPERLING
HANSEN

ASSOCIATES



Item Description

Amount Length 

(m), Area (m2), 

Volume (m3)

Units Unit Rate Estimated Cost Totals

A SITE PREPARATION 3,000 m2

A-1 Mobilization / Demobilization 1 LS $50,000 $50,000
A-2 Smoothing and Proof Rolling 3,000 m2 $0.40 $1,200
A-3 Ash Material Relocation and Compaction 8,500 m2 $12.00 $102,000

$153,200
B CLOSURE SYSTEM CONSTRUCTION

B-1 Supply and Install Sand Cushion Layer (150 mm) 3,000 m2 $4.00 $12,000
B-2 Supply and Install WPE20 Barrier Layer 3,000 m2 $4.00 $12,000
B-3 Supply and Install Heavyweight Geotextile 3,000 m2 $3.00 $9,000
B-4 Supply and Install Sub-base Gravel Drainage Layer (500 mm) 3,000 m2 $33.00 $99,000
B-5 Supply and Install Base Gravel Drainage Layer (200 mm) 3,000 m2 $13.50 $40,500
B-6 Process and Install Asphalt Layer (100 mm) 3,000 m2 $5.00 $15,000
B-7 Hydro seeding 3,000 m2 $1.00 $3,000

$190,500
C SURFACE WATER MANAGEMENT 

C-1 Catchbasins 3 each $3,000.00 $9,000
C-2 Stormwater Sewer 150 m $200.00 $30,000
C-3 Asphalt Paving for Internal Roads (100mm) 4,320 m2 $4.00 $17,280

$56,280
D TRANSFER BAY UPGRADES (15 Bay Site)

D-1 Misc Cost for Railings etc. 1 LS $60,000 $60,000
D-2 Lock Blocks 350 LS $120.00 $42,000
D-3 Subbase 720 m3 $40.00 $28,800
D-4 Concrete Pads 15 LS $5,000.00 $75,000
D-5 Paved Access Roads 3,000 m2 $40.00 $120,000
D-6 Access and Exit Ramp 1 LS $100,000 $100,000
D-7 Lighting / Electrical 1 LS $80,000 $80,000
D-8 Geogrid Reinforcment 1 LS $200,000.00 $200,000
D-9 Roll-Off Containers 15 LS $15,000.00 $225,000

$930,800

SUBTOTAL (excluding HST) $1,105,780 $1,330,780
E ENGINEERING

E-1 Detailed Design and Permitting 1 LS 10.00% $110,578
E-2 On Site QA-QC 1 LS 7.00% $77,405

$187,983
F CONTINGENCY

F-1 Contingency at 15% 1 LS 15.00% $165,867
$165,867

TOTAL COST ESTIMATE (excluding HST): $1,684,630

Prepared by: Sperling Hansen Associates Inc. Construction Unit Cost Excluding Engineering and Contingency (per m2) = $443.59
Based on unit costs of past construction projects of other landfill sites. Including Engineering and Contingency (per m2) = $561.54
The plan view area has been adjusted to account for slope factors.

Table 13-2

CONCEPTUAL DESIGN ENGINEERING COST ESTIMATE - TRANSFER STATION DEVELOPMENT AND ASPHALT 
LAYER COVER SYSTEM

(PER SHA COVER DESIGN OPTION 4)

Powell River Marine Avenue Site Closure Plan
Powell River Regional District
PRJ13043

SPERLING
HANSEN

ASSOCIATES



ANNUAL POST CLOSURE COSTS Total Area = 15,100 m2 (Lined area only)

Environmental Controls $2,000
Erosion Control 1 LS $2,000 $2,000

Maintenance $3,510
Cover system maintenance 1 LS $2,000 $2,000
Mowing & Fertilizing 15,100 m2 $0.10 $1,510

Monitoring and Reporting $30,000
Annual Water Quality Monitoring 1 LS $10,000 $10,000 annual water quality program
Annual Landfill Gas Monitoring 1 LS $5,000 $5,000 Landfill Gas Survey and Report once per year
Annual Erosion Control Inspection 1 LS $3,000 $3,000 annual inspection of erosion, slope stability
Annual Settlement Survey 1 LS $2,000 $2,000
Annual Reporting 1 LS $10,000 $10,000

Administration $20,000
Local Staff 1 LS $20,000 $20,000

TOTAL $55,510

Unit Cost (per m2 ) = $3.68

Annual Post Closure Costs
Table 13-4

Powell River Marine Avenue Site Closure Plan
Powell River Regional District
PRJ13043

SPERLING
HANSEN

ASSOCIATES
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14. CONCLUSIONS AND RECOMMENDATIONS 

14.1 Conclusions & Recommendations 

The following is a summary of key conclusions, findings and recommendations from the Powell River 
Marine Avenue Site Closure Plan. The following points are taken from the detailed report and should be 
used only to gain a general understanding of the issues described in the body of the report. 
 
Site Characterization (Chapter 2) 
An incinerator was constructed in the early 1970s at the Marine Avenue Site where operations continued 
until the early 1990s as long as the permit allowed. During operation, many materials were stockpiled on 
site including clinker/ash, gypsum wall-board, roofing materials, chipped wood products, asphalt, 
concrete, glass, tires, demolition waste, asbestos, clean fill, yard waste and some scrap metal. The site is 
approximately 6.4 ha. SHA has estimated the quantities of each waste type on-site and considered the 
end use of each waste type. Ash is the largest waste category of all (56% by volume and 66% by 
estimated weight).  
 
The Marine Avenue site is located within a moderately wet region of the province. The average annual 
precipitation is 1205.4 mm with 1160.0 mm of rain and 46.5 cm of snowfall.   
 
SHA’s field program for the Closure at Powell River Marine Avenue site included an initial site visit, in 
which the following was discussed:  
 

 History of the site 

 End-use plan would be to turn the site into a transfer site/recycling facility on the east half of the 
property and a botanical garden on the west half  

 Use of locally available materials for closure and the possibility of utilizing soil applied on top of 
the landfill 

 Obtain topographic survey data if available or conduct a topographic survey 

 Install monitoring wells if necessary 
 
SHA’s field program included a topographic survey, test pit program, groundwater well installation, 
groundwater and surface water quality monitoring, and sampling of ash and woodchips to assess 
contamination and potential for reuse as cogeneration fuel. 
 
Closure Objectives (Chapter 3) 
Chapter 3 outlined the various regulations and requirements involved with the landfill closure. The end 
use plan for the Marine Ave Transfer Site is to construct a Recycling Centre and Resource Recovery 
Park on approximately half of the site area and a Botanical Garden and Compost Facility on the 
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remaining half of the site. The Recycling Centre and Resource Recovery Park are envisioned to be 
developed with a similar concept as used in the Peerless Road Recycling Centre in Cowichan Valley 
Regional District. The Botanical Garden will be a demonstration site for the Botanical Garden Society of 
Powell River.  
 
Leachate Management (Chapter 4) 
The water balance analysis for the Landfill was performed using the Thornthwaite method as well as by 
HELP modeling. The HELP analysis predicts that the 1229.9 mm/yr of precipitation will be portioned as 
follows: Evapotranspiration 40%, Run-off 1% and Percolation to Leachate 59%.  
 
The leachate management concept for the Marine Avenue Transfer Site has been developed to achieve 
the following objectives: 
 

 Keep clean water clean by diverting run-on and run-off; and 

 Minimize percolation by designing an impermeable cover system;  
 
Landfill Gas Management (Chapter 5) 
It is expected that the existing waste will emit very small amounts of LFG to the environment during the 
post closure period.  The majority of waste material is inorganic and will be relocated beneath the 
closure area including the DLC waste which will be used to re-grade the site to the final design contours 
and appropriate side slopes. Therefore, it is safe to assume that the landfill will continue to generate a 
minimal amount of landfill gas. SHA recommends that the final cover system for the Marine Avenue 
Transfer Site landfill area include passive gas collectors and vents.  
 
Grading Plan (Chapter 6) 
The grading concept for Marine Avenue site was developed to meet all the MOE slope constraints listed 
in the Landfill Criteria for Municipal Solid Waste (MOE, 1993) as well as SHA’s standard design 
guidelines for developing industrial landfills in B.C. The proposed grading plan for the closure of the 
site will help PRRD to realize its vision by incorporating all possible materials on the site for reuse and 
recycling in the engineered cover system and transfer bay area construction. The grading plan for the 
site is to excavate all the ash stockpiled throughout the landfill and consolidate it at one location, and 
then to place a cover system on the ash waste. This will permit the construction of a Transfer Station on 
the holding cell portion of the landfill, and free up ground space for the construction of a Recycling 
Centre and Resource Recovery Park and possible future Botanical Gardens and/or composting facility. 
The remaining waste will be reused or recycled. 
 
Geotechnical Consideration (Chapter 7) 
Settlement is not expected to be an issue at this landfill (1-20% first 5 years, decreasing to 0.25% per 
year long-term). Based on the available information no record of instability was found. Furthermore, no 
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sign of instability was noticed during the site visits on August 2013 and March 2014. SHA conducted a 
detailed analysis using SLIDE computer analysis and Newmark Seismic Displacement Analysis. Failure 
scenarios were modeled for both static and seismic (earthquake) conditions for the proposed and existing 
profiles. Conservative parameters yielded factors of safety of 1.56 under static conditions and 0.822 
under seismic conditions with a conservative PGA value.  A displacement analysis confirmed thatgrond 
movements during the design earthquake would be minimal. The proposed landfill does not pose any 
significant stability or slope failure issues. 
 
Final Cover Design (Chapter 8) 
HELP modeling analysis for both the crest and side slopes was used to determine water balance. SHA 
developed four options for closure cover. Based on the results of our detailed analysis SHA concludes 
that the most effective cover system can be realized with an LLDPE geomembrane cover system with a 
drainage layer for the proposed landfill portion and an asphalt pavement layer with gravel pad and 
WPE20 or equivalent material barrier layer for the holding cell.  The holding cell area can potentially be 
used as a transfer bay facility with 15 bays for diverting various recyclables in future. The sand cushion 
layer can be used as a bedding layer for the geomembrane cap with horizontal collector trenches filled 
with coarse grained material or gravel for passive gas collection.  SHA is of the opinion that Option 3 is 
the most effective design that will meet all performance requirements for closure of the crest and slopes 
of the landfill portion and the side slope portion of the transfer bay area at the Marine Avenue Transfer 
Site.  Option 4 is the most effective design for closure of the crest of the holding cell. 
 
The Recommended Cover System as per Option 3 includes the following layers: 
 

 150 mm Sand Cushion Layer with Horizontal Trenches for Passive Gas Collection 

 40 mil LLDPE Geomembrane 

 12 oz Heavy Weight Geotextile Layer 

 200 mm Gravel Drainage Layer 

 8 oz Separation Geotextile 

 300 mm Topsoil Layer 
 
The Recommended Cover System as per Design Option 4, includes the following layers: 
 

 150 mm Sand Cushion Layer with Horizontal Trenches for Passive Gas Collection 

 16 mil WPE20 or Equivalent Material for Barrier Layer 

 12 oz Heavy Weight Geotextile Layer 

 500 mm Sub-Base Gravel Pad Layer  

 200 mm Base Gravel Pad Layer 

 100 mm Asphalt Pavement Layer 
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The holding cell will have an access ramp and an exit ramp as it will potentially be used to construct the 
Recycling Centre/Resource Park.  The holding cell will abut on the lock-block walls on the west side 
that will accommodate 15 transfer bays. Along the inside of the lock-block walls and underneath, 
engineered fill may need to be used to secure the walls. The details of the fill can be determined during 
the detailed design. 
 
The recycle area is recommended to be paved with concrete underlain by the following layers from 
bottom to top: 
 

 150 mm Sand Cushion Layer 

 500 mm Sub-Base Gravel Pad Layer  

 200 mm Base Gravel Pad Layer 
 
Surface Water Control and Run-off Management (Chapter 9) 
In order to determine the sizing of the crest and toe ditches, peak flows were determined using the 
Rational Method. The following dimensions are recommended for crest and toe ditches: 
 

 Crest Ditches – Triangular cross section, depth of 0.75m, side slopes at 2.5 H: 1V, and lined with 
erosion control blanket. 

 Toe Ditches – Triangular cross section, depth of 0.75 m, side slopes at 2.5 H:1V, and lined with 
erosion control blanket. 

 
To prevent the off-site discharge of any sediment laden surface water and provide storage during peak 
flow, SHA recommends that all captured surface water be discharged through a retention pond, that will 
provide sedimentation and wetland polishing. During the post construction period, erosion on the slopes 
will be controlled with straw mulch on completed slopes, straw wattle and straw/coconut erosion control 
material above all ditches.  The ditches should be structured with cascades and wetland pools to provide 
additional runoff polishing. 
 
Topsoil, Vegetation and Fauna (Chapter 10) 
Species selected for the vegetative community that will be established on the landfill should possess an 
extensive fibrous root system, which will assist with soil stability. The aboveground portions of the 
plants should facilitate water interception and mitigate the erosive action of precipitation directly on the 
soil surface. Vegetation without a large standing dry biomass during the summer moisture deficit period 
will minimize fuel loading for accidental ignition and minimize the chance of fire. 

 
Materials Management (Chapter 11) 
Materials Availability 
The materials onsite include a variety of waste materials, recyclable construction materials, and clean 
fill.  In total approximately 68,350 m3 or 83,770 tonnes of material are available on site. The PRRD 
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envisions utilizing most of the materials on-site. If some of the materials cannot be utilized on site, they 
will be either recycled or relocated. Two scenarios were developed for materials availability.  
 
Under Scenario 1, asbestos material will need to be relocated to Catalyst Paper Landfill, and roofing 
material and gyproc will be recycled at an off-site recycle facility located in Powell River. The 
remaining materials will be beneficially reused at the site. Out of the remaining materials, a total of 
38,000 m3 or 55,100 tonnes is ash will be risk managed in the landfill and the transfer bay area/ holding 
cell. The remaining 23,900 m3 or 25,310 tonnes of mainly organic materials will be reused in the 
construction of the Recycling Centre and Resource Recovery Park development or in the proposed 
composting facility. 
 
Under Scenario 2, wood chips and stumps as well as asbestos material will be relocated to Catalyst 
Paper Landfill. Roofing material and gyproc as well as 2,100 m3 or 1,020 tonnes of glass and tires will 
be recycled at an off-site recycle facility. The remaining material available for reuse is 49,800 m3 or 
73,090 tonnes.  
 
Materials Requirements 
The materials required for building the proposed cover system are topsoil, asphalt for pavement, gravel 
for a gravel pad, road base and sub-base and drainage layer, sand for cushioning and gravel/rock for 
erosion control as riprap.  The cover system includes a 300mm layer of top soil and a 200mm drainage 
layer and 150 mm sand cushion over the landfill area and 100 mm asphalt with 700 mm base and sub-
base gravel pad and 150 mm sand cushion in the transfer bay area. This Chapter shows how on-site 
materials may be reused to provide materials for construction.  
 
With an estimated 8,000m³ of wood chips on site, it is possible to manufacture about 24,000m³ of 

topsoil, provided there is an ample supply of biosolids. The topsoil/biocover can then be beneficially 
used during development of the botanical garden area for bioremediation. 
 
Post Closure Monitoring (Chapter 12) 
The site is currently relying on natural attenuation for leachate treatment.  Since no leachate is collected 
and/or treated at the site, no leachate monitoring is required at this time. To address the possibility that 
leachate may enter the environment for reasons unforeseen, SHA recommends the ongoing monitoring 
of three existing groundwater wells MW13-01, MW13-02 and MW-13-03, according to MoE post-
closure requirements shown in Chapter 12. Recommended surface water monitoring locations are shown 
on Figure 12-1. SHA recommends continuing to sample from the three established locations SW-1, 
SW-2, and SW-3, in addition to a new proposed location SW-4 located near the outlet of the future 
retention pond.  
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SHA recommends that a quality assurance/quality control (QA/QC) program be implemented by the 
client as part of the monitoring program. A QA/QC program is a system of procedures, checks, audits 
and corrective actions that will assist in ensuring that the data generated at the laboratory is of the 
highest achievable quality. This is of prime importance, as the monitoring data will form the basis for all 
of the conclusions regarding the impact of the landfill on the surrounding environment.   
 
 
Economic Analysis (Chapter 13) 
SHA considered several Options to close the landfill site. SHA and the PRRD were unable to find 
landfills that would accept all of the waste from the site in a cost-effective manner. SHA’s preferred 
Option and that for which costing was prepared was to Upcycle, Reuse, Recycle Materials on Site 
proceeded by an appropriate level of Public Consultation (Chapter 13, Option 4). Further, SHA 
determined that the most cost effective and successful means of closure will include a geomembrane cap 
(Design Option 3) on the slope and crest of the landfill and on the slopes of the Transfer Bay Area, as 
well as an Asphalt layer cover system (Design Option 4) for the Crest of the Transfer Bays.  
 
The summary of costs for this option is presented in the Table below.  
 
Table 14.1  Summary of Costs: 
Items  Gemembrane Closure Area Transfer Bay Crest Total

SITE PREPARATION  $                                       1,267,240 153,200$                             1,420,440$       
CLOSURE SYSTEM CONSTRUCTION  $                                          399,300 190,500$                             589,800$          
SURFACE WATER MANAGEMENT  $                                          335,600 56,280$                               391,880$          
LANDFILL GAS MANAGEMENT SYSTEM  $                                            16,850 -$                                     16,850$            
TRANSFER BAY UPGRADES  $                                                    -   930,800$                             930,800$          
ENGINEERING  $                                          262,469 187,983$                             450,451$          
CONTINGENCY  $                                          302,849 165,867$                             468,716$          

Total  $                                    2,584,307 1,684,630$                        4,268,937$     
 
The aforementioned costs include detailed design, construction QA/QC of the closure system and a 15% 
contingency.  The grand total of closure implementation and site upgrade to a 15 bay transfer site that 
can be incorporated into a modern Recycling Centre and Resource Recovery Park is estimated at 
$4,268,937. 
 
The costs for recycling facility, resource recovery facility, education centre, compost facility and any 
costs associated with the botanical garden development are not included in this Design option as they are 
additional costs and do not fall within the scope of the analysis for this report. Also, costs related to the 
decommissioning of the old incinerator have not been included. Materials from the old incinerator may 
be recyclable in the landfill closure construction, and any remaining material from decommissioning 
could be recycled.  
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A summary of the annual post closure operating costs is presented below. 
 

 Environmental Controls    $2,000 

 Maintenance     $3,510 

 Monitoring and Reporting   $30,000 

 Administration     $20,000 

 TOTAL CAPITAL COST   $55,510 
 
The annual post closure costs above exclude taxes. The annual post closure cost equates to $3.68 per 
square meter of the closed area over the 25 or 30 years during the post closure period. 
 
A post closure fund should be established by the owner of the landfill to put in place sufficient security 
to cover the costs of post closure care for a period of approximately 25 or 30 years.  The fund should 
contain sufficient reserves to pay for the net present value of approximately $55,510 of post closure care 
annually. 
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15. LIMITATIONS 
 
This report has been prepared by Sperling Hansen Associates (SHA) on behalf of the Powell River 
Regional District in accordance with generally accepted engineering practices to a level of care and skill 
normally exercised by other members of the engineering and science professions currently practicing 
under similar conditions in British Columbia, subject to the time limits and financial and physical 
constraints applicable to the services. 
 

The report, which specifically includes all tables and figures, is based on engineering analysis by SHA 
staff of data compiled during the course of the project. Except where specifically stated to the contrary, 
the information on which this study is based has been obtained from external sources. This external 
information has not been independently verified or otherwise examined by Sperling Hansen Associates 
to determine its accuracy and completeness. Sperling Hansen Associates has relied in good faith on this 
information and does not accept responsibility of any deficiency, misstatements or inaccuracies 
contained in the reports as a result of omissions, misinterpretation and/or fraudulent acts of the persons 
interviewed or contacted, or errors or omissions in the reviewed documentation. 
 

The report is intended solely for the use of the Powell River Regional District.  Any use which a third 
party makes of this report, or any reliance on, or decisions to be made based on it, are the responsibilities 
of such third parties. Sperling Hansen Associates does not accept any responsibility for other uses of the 
material contained herein nor for damages, if any, suffered by any third party because of decisions made 
or actions based on this report. Copying of this intellectual property for other purposes is not permitted. 
 

The findings and conclusions of this report are valid only as of the date of this report. The interpretations 
presented in this report and the conclusions and recommendations that are drawn are based on 
information that was made available to Sperling Hansen Associates during the course of this project. 
Should additional new data become available in the future, Sperling Hansen Associates should be 
requested to re-evaluate the findings of this report and modify the conclusions and recommendations 
drawn, as required. 
 
Report prepared by:      Report reviewed by: 
 
 
Iqbal Hossain Bhuiyan, PhD, P.Eng.      
Senior Environmental Engineer    Dr. Tony Sperling, P.Eng. 
        President  
        Sperling Hansen Associates 
 
Nicholas Lamm 
Engineering Technologist 

     TS 
 
 
October 27, 2014 
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APPENDIX A 
Landfill Permit 
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APPENDIX B 
TEST PIT AND BOREHOLE LOGS 

 



Client: Powell River Regional District Test Pit: TP‐1

Project Name: Powell River Landfill Closures Logged by: Mark Manning

Site: Marine Ave. Date: Dec‐10‐13

Project Number: PRJ13043 Elevation: 39 m
Easting: 389944

Northing: 5223120

Sample Completion Depth (m) Lithology

0.5 concrete/cobbles and silty sand

1

1.5

2

2.5
silty sand with some cobbles

3

3.5

4

Total Depth: 4.03m

Notes:

No Groundwater Encountered
No Slumping of Test Pit Walls

Powell River Regional District
202‐4675 Marine Avenue
Powell River, V8A 2L2

BC

Description



Client: Powell River Regional District Test Pit: TP‐2

Project Name: Powell River Landfill Closures Logged by: Mark Manning

Site: Marine Ave. Date: Dec‐10‐13

Project Number: PRJ13043 Elevation: 39 m
Easting: 389942

Northing: 5223120

Sample Completion Depth (m) Lithology

0.5

1

1.5

2 Sand and silty sand, traces of waste

2.5

3

3.5

4

Total Depth: 3.9m

Notes:

No Groundwater Encountered
No Slumping of Test Pit Walls

Description

Powell River Regional District
202‐4675 Marine Avenue
Powell River, V8A 2L2

BC



Client: Powell River Regional District Test Pit: TP‐3

Project Name: Powell River Landfill Closures Logged by: Mark Manning

Site: Marine Ave. Date: Dec‐10‐13

Project Number: PRJ13043 Elevation: 42 m
Easting: 389979

Northing: 5523177

Sample Completion Depth (m) Lithology

0.5

1

1.5
Ash with cobbles

2

2.5

3

3.5

4

Total Depth: 3.2m

Notes:

No Groundwater Encountered

No Slumping of Test Pit Walls

Description

Powell River Regional District
202‐4675 Marine Avenue
Powell River, V8A 2L2

BC



Client: Powell River Regional District Test Pit: TP‐4

Project Name: Powell River Landfill Closures Logged by: Mark Manning

Site: Marine Ave. Date: Dec‐10‐13

Project Number: PRJ13043 Elevation: 42 m
Easting: 390015

Northing: 5523181

Sample Completion Depth (m) Lithology

0.5

Wood debris, Sand silt + rock, some charred wood

1

1.5

2

2.5

Mixed wood debris, rock and sand

3

3.5

4

Total Depth: 2.3m

Static Water Level: N/A

Notes:

End of Test Pit at 2.3 m 

No Groundwater Encountered

No Slumping of Test Pit Walls

Sample Taken at 1.8m

Description

Powell River Regional District
202‐4675 Marine Avenue
Powell River, V8A 2L2

BC



Client: Powell River Regional District Test Pit: TP‐5

Project Name: Powell River Landfill Closures Logged by: Mark Manning

Site: Marine Ave. Date: Dec‐10‐13

Project Number: PRJ13043 Elevation: 48 m
Easting: 389950

Northing: 5523339

Sample Completion Depth (m) Lithology

0.5 Shingles, roofing material

1

1.5

Stained sand

2

2.5

3

3.5

4

Total Depth: 2.3m
Static Water Level: N/A

Notes:

End of Test Pit at 2.3 m 

No Groundwater Encountered
No Slumping of Test Pit Walls
Sample Taken at 1.8m

Description

Powell River Regional District
202‐4675 Marine Avenue
Powell River, V8A 2L2

BC



Client: Powell River Regional District Test Pit: TP‐6

Project Name: Powell River Landfill Closures Logged by: Anthony Koeck

Site: Marine Ave. Date: Dec‐11‐13

Project Number: PRJ13043 Elevation: 46 m
Easting: 389937

Northing: 5523310

Sample Completion Depth (m) Lithology
Skim of topsoil and organics

0.5

1
Medium to coarse sand, stained

WT

1.5

2

2.5

3

3.5

4

Total Depth: 2.0m

Notes:

Groundwater Encountered at 1.2m

Slumping of Test Pit Walls

Description

Powell River Regional District
202‐4675 Marine Avenue
Powell River, V8A 2L2

BC



Client: Powell River Regional District Test Pit: TP‐7

Project Name: Powell River Landfill Closures Logged by: Anthony Koeck

Site: Marine Ave. Date: Dec‐11‐13

Project Number: PRJ13043 Elevation: 45 m
Easting: 5523296

Northing: 389936

Sample Completion Depth (m) Lithology
Skim of topsoil and organics

0.5

Sand w/ cobbles up to 200mm

1

1.5

2

2.5

3

3.5

4

Total Depth: 1.5m

Notes:

No slumping of walls

Description

Powell River Regional District
202‐4675 Marine Avenue
Powell River, V8A 2L2

BC



Client: Powell River Regional District Test Pit: TP‐8

Project Name: Powell River Landfill Closures Logged by: Anthony Koeck

Site: Marine Ave. Date: Dec‐11‐13

Project Number: PRJ13043 Elevation: 41 m
Easting: 389 879

Northing: 523256

Sample Completion Depth (m) Lithology
Gravel driving surface

0.5

1 Hard packed sand and 25‐75mm cobbles

1.5

2

2.5

3

3.5

4

Total Depth: 2.0m

Notes:

No Slumping of Test Pit Walls

Description

Powell River Regional District
202‐4675 Marine Avenue
Powell River, V8A 2L2

BC



Client: Powell River Regional District Test Pit: TP‐9

Project Name: Powell River Landfill Closures Logged by: Anthony Koeck

Site: Marine Ave. Date: Dec‐11‐13

Project Number: PRJ13043 Elevation: 43 m
Easting: 389843

Northing: 5523259

Sample Completion Depth (m) Lithology

0.5

1

1.5

Wood chips mixed with soil

2

2.5

3

3.5 Hard packed sand and cobbles at bottom of pit

4

Total Depth: 3.5m

Notes:

No Slumping of Test Pit Walls

Description

Powell River Regional District
202‐4675 Marine Avenue
Powell River, V8A 2L2

BC



Client: Powell River Regional District Test Pit: TP‐10

Project Name: Powell River Landfill Closures Logged by: Anthony Koeck

Site: Marine Ave. Date: Dec‐11‐13

Project Number: PRJ13043 Elevation: 42 m
Easting: 389837

Northing: 5523293

Sample Completion Depth (m) Lithology

Clean fill

0.5

Small layer of organics ‐ Old ground surface

1

sand with cobbles and fines

1.5

2

2.5

3

3.5

4

Total Depth: 1.8m

Notes:

No Slumping of Test Pit Walls

Description

Powell River Regional District
202‐4675 Marine Avenue
Powell River, V8A 2L2

BC



Client: Powell River Regional District Test Pit: TP‐11

Project Name: Powell River Landfill Closures Logged by: Anthony Koeck

Site: Marine Ave. Date: Dec‐11‐13

Project Number: PRJ13043 Elevation: 56 m
Easting: 389987

Northing: 5523327

Sample Completion Depth (m) Lithology
Skim of cover material and organics

0.5

Ash with metal

1

1.5

2

2.5

3

3.5

4

Total Depth: 1.8m

Notes:

No Slumping of Test Pit Walls

Description

Powell River Regional District
202‐4675 Marine Avenue
Powell River, V8A 2L2

BC



Client: Powell River Regional District Test Pit: TP‐12

Project Name: Powell River Landfill Closures Logged by: Anthony Koeck

Site: Marine Ave. Date: Dec‐11‐13

Project Number: PRJ13043 Elevation: 37 m
Easting: 389883

Northing: 5523205

Sample Completion Depth (m) Lithology

Cover soil

0.5

Stained sand

1

1.5

2

2.5

3

3.5

4

Total Depth: 0.9m

Notes:

No Slumping of Test Pit Walls

Description

Powell River Regional District
202‐4675 Marine Avenue
Powell River, V8A 2L2

BC



Client: Powell River Regional District Test Pit: TP‐13

Project Name: Powell River Landfill Closures Logged by: Anthony Koeck

Site: Marine Ave. Date: Dec‐11‐13

Project Number: PRJ13043 Elevation: 37 m
Easting: 389843

Northing: 5523191

Sample Completion Depth (m) Lithology
Skim of topsoil and organics

0.5

Ash

1

1.5

2 Stained sand

2.5

3

3.5

4

Total Depth: 2.1m

Notes:

No Slumping of Test Pit Walls

Description

Powell River Regional District
202‐4675 Marine Avenue
Powell River, V8A 2L2

BC



Client: Powell River Regional District Test Pit: TP‐14

Project Name: Powell River Landfill Closures Logged by: Anthony Koeck

Site: Marine Ave. Date: Dec‐11‐13

Project Number: PRJ13043 Elevation: 38 m
Easting: 389852

Northing: 5523170

Sample Completion Depth (m) Lithology

0.5

Clean fill

1

1.5 Layer of organics ‐ old ground surface

2

Sand 

2.5

3

3.5

4

Total Depth: 2.8m

Notes:

No Slumping of Test Pit Walls

Description

Powell River Regional District
202‐4675 Marine Avenue
Powell River, V8A 2L2

BC



Client: Powell River Regional District Test Pit: TP‐15

Project Name: Powell River Landfill Closures Logged by: Anthony Koeck

Site: Marine Ave. Date: Dec‐11‐13

Project Number: PRJ13043 Elevation: 34 m
Easting: 389817

Northing: 5523191

Sample Completion Depth (m) Lithology
Topsoil and roots

0.5 Clean fill

1

1.5

2

2.5

3

3.5

4

Total Depth: 1.0m

Notes:

No Slumping of Test Pit Walls

Description

Powell River Regional District
202‐4675 Marine Avenue
Powell River, V8A 2L2

BC



Client: Powell River Regional District Test Pit: TP‐16

Project Name: Powell River Landfill Closures Logged by: Anthony Koeck

Site: Marine Ave. Date: Dec‐11‐13

Project Number: PRJ13043 Elevation: 35 m
Easting: 389816

Northing: 5523207

Sample Completion Depth (m) Lithology
Topsoil and roots

0.5 Clean fill

1

1.5

2

2.5

3

3.5

4

Total Depth: 1.0m

Notes:

No Slumping of Test Pit Walls

Description

Powell River Regional District
202‐4675 Marine Avenue
Powell River, V8A 2L2

BC



Client: Powell River Regional District Test Pit: TP‐17

Project Name: Powell River Landfill Closures Logged by: Anthony Koeck

Site: Marine Ave. Date: Dec‐11‐13

Project Number: PRJ13043 Elevation: 43 m
Easting: 389969

Northing: 5523144

Sample Completion Depth (m) Lithology

0.5

1

Clean fill

1.5

2

2.5

3

3.5

4

Total Depth: 2.8m

Notes:

No Slumping of Test Pit Walls

Description

Powell River Regional District
202‐4675 Marine Avenue
Powell River, V8A 2L2

BC
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Fine Sand to Silt, Some Coarse Sand

Clay Lense
Fine Sand to Silt
Fine Sand to Silt, Some Coarse Sand
Fine Sand to Silt, Terminate Borehole at 8.38 BG

Flowing Sand, Fine to Medium, Some silt

BOREHOLE:

Dec 11, 2013

Prj13043

Date:

Client:

Site:

Project No.:

Logged By:

Notes:

Depth Lithology Description
Meters

MW13-1
Powell River Landfill Closure

Marine Way

Mark Manning

District of Powell River

Project Name:

Elevation: 36  Meters

Northing: 5523403

Easting: 389911

District of Powell River
Community Services Department

Powell River , V8A2L2

5811 Crown Ave

Borehole Terminated at 8.38 m BG where a well with a 3.05 m screen was
installed.

Page 1

 Total Depth: 8.58  Meters

Static Water Level: 5.25 Meters

S
am

p
le

Completion



 

 1

 2

 3

 4

 5

 6

 7

 8

 9

 10

 11

 12

 13

 14

 15

  

Fine Sand to Silt, Some Coarse Sand

Rock

Gravel and Asphalt Mixed with Sand

Gravel Heavily Packed

Grey Pan Till

Grey Fine Silt Sand, Saturated
Yellow Tan Sand, Saturated

Grey Clay, Hole Terminated

BOREHOLE:

Dec 12, 2013

Prj13043

Date:

Client:

Site:

Project No.:

Logged By:

Notes:

Depth Lithology Description
Meters

MW13-2
Powell River Landfill Closure

Marine Way

Mark Manning

District of Powell River

Project Name:

Elevation: 36  Meters

Northing: 5523114

Easting: 389929

District of Powell River
Community Services Department

Powell River , V8A2L2

5811 Crown Ave

Borehole Terminated at 10.06 m BG where a well with a 3.05 m screen was
installed.
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 Total Depth: 10.06 Meters

Static Water Level: 8.04 Meters

S
am

p
le

Completion
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 6

 7
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 10

 11

 12
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 14

 15

  

Dense Till and Cobbles

Coarse Till Cobbles and Boulders

Cemented Pan Till

Tan Cloured Till

Compacted Gravel and Sandy Silt Saturated

Saturated Gravels and Silty Sands

BOREHOLE:

Dec 16, 2013

Prj13043

Date:

Client:

Site:

Project No.:

Logged By:

Notes:

Depth Lithology Description
Meters

MW13-3
Powell River Landfill Closure

Marine Way

Mark Manning

District of Powell River

Project Name:

Elevation: 47 Meters

Northing: 5523041

Easting: 389856

District of Powell River
Community Services Department

Powell River , V8A2L2

5811 Crown Ave

Borehole Terminated at 15.43 m BG where a well with a 3.05 m screen was
installed.

Page 1

 Total Depth: 15.42 Meters

Static Water Level: 13.46 Meters

S
am

p
le

Completion



 
 
 
 
 
 
 
 
 
 
 
 

APPENDIX C 
Test Pit and Borehole Photo logs 
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Photograph 1: 
Marine Ave TP-1 
Excavation  

Photograph 2: 
Marine Ave TP-1 
Excavation  
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Photograph 3: 
Marine Ave TP-2 
Excavation  

Photograph 4: 
Marine Ave TP-2 
Excavation  
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Photograph 5: 
Marine Ave TP-3 
Excavation  

Photograph 6: 
Marine Ave TP-3 
Excavation  
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Photograph 7: 
Marine Ave TP-4 
Excavation  

Photograph 8: 
Marine Ave TP-4 
Excavation  
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Photograph 9: 
Marine Ave TP-5 
Excavation  

Photograph 10: 
Marine Ave TP-5 
Excavation  
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Photograph 11: 
Marine Ave TP-6 
Excavation  

Photograph 12: 
Marine Ave TP-6 
Excavation  
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Photograph 13: 
Marine Ave TP-7 
Excavation  

Photograph 14: 
Marine Ave TP-8 
Excavation  
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Photograph 15: 
Marine Ave TP-9 
Excavation  

Photograph 16: 
Marine Ave TP-9 
Excavation  
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Photograph 17: 
Marine Ave TP-10 
Excavation  

Photograph 18: 
Marine Ave TP-10 
Excavation  
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Photograph 19: 
Marine Ave TP-11 
Excavation  

Photograph 20: 
Marine Ave TP-12 
Excavation  
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Photograph 21: 
Marine Ave TP-13 
Excavation  

Photograph 22: 
Marine Ave TP-14 
Excavation  
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Photograph 23: 
Marine Ave TP-15 
Excavation  

Photograph 24: 
Marine Ave TP-16 
Excavation  
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Photograph 25: 
Marine Ave TP-17 
Excavation  

 



 
 
 
 
 
 
 
 
 
 
 
 

APPENDIX D 
Wood Chips and Ash Analytical Results 

 



MAXXAM JOB #: B456369
Received: 2014/07/04, 11:26

CERTIFICATE OF ANALYSIS

Your Project #: 13043

Report Date: 2014/08/08
Report #:   R1617938

Version: 2

Attention:Iqbal Bhuiyan

Sperling Hansen Associates
#8-1225 East Keith Road
North Vancouver, BC
CANADA          V7J 1J3

Your C.O.C. #: G091838

POWELL RIVER MARINE AVESite Location:

Sample Matrix: Soil
# Samples Received: 4

Analytical MethodLaboratory Method
Date
Analyzed

Date
ExtractedQuantityAnalyses

EPA 6020A R1 mBBY7SOP-000012014/07/082014/07/073Elements by ICPMS (total)

EPA 6020A R1 mBBY7SOP-000012014/07/092014/07/081Elements by ICPMS (total)

Ont MOE -E 3139BBY8SOP-000172014/07/07N/A4Moisture

EPA 8270DBBY8SOP-000222014/07/082014/07/062PAH in Soil by GC/MS (SIM)

EPA 8270DBBY8SOP-000222014/07/112014/07/062PAH in Soil by GC/MS (SIM)

BC MOE Lab MethodBBY WI-000332014/07/08N/A2Total LMW, HMW, Total PAH Calc

BC MOE Lab MethodBBY WI-000332014/07/11N/A2Total LMW, HMW, Total PAH Calc

BCMOE BCLM Jun2009 mBBY6SOP-000282014/07/082014/07/084pH (2:1 DI Water Extract)

2014/08/082014/08/084Dioxins/Furans Soil HRMS Subcontract (1)

* RPDs calculated using raw data. The rounding of final results may result in the apparent difference.

(1) This test was performed by Maxxam Ontario (From Burnaby)

Encryption Key

Please direct all questions regarding this Certificate of Analysis to your Project Manager.
Namita Sahni, Burnaby Project Manager
Email: NSahni@maxxam.ca
Phone# (604)639-2614
==================================================================== 
Maxxam has procedures in place to guard against improper use of the electronic signature and have the required "signatories", as per section 5.10.2 of ISO/IEC 17025:2005(E), 
signing the reports.  For Service Group specific validation please refer to the Validation Signature Page. 
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Maxxam Job #: B456369
Report Date: 2014/08/08

Sperling Hansen Associates
Client Project #: 13043

POWELL RIVER MARINE AVESite Location:

RESULTS OF CHEMICAL ANALYSES OF  SOIL

7593798ATTACHEDATTACHEDATTACHEDATTACHEDN/ASubcontract Parameter

Parameter

QC BatchD-1F-3F-2F-1Units

G091838G091838G091838G091838COC Number

2014/07/032014/07/032014/07/032014/07/03Sampling Date

KA0703KA0702KA0701KA0700Maxxam ID
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Maxxam Job #: B456369
Report Date: 2014/08/08

Sperling Hansen Associates
Client Project #: 13043

POWELL RIVER MARINE AVESite Location:

PHYSICAL TESTING (SOIL)

RDL = Reportable Detection Limit

75527160.306.3131610%Moisture

Physical Properties

QC BatchRDLD-1F-3F-2F-1Units

G091838G091838G091838G091838COC Number

2014/07/032014/07/032014/07/032014/07/03Sampling Date

KA0703KA0702KA0701KA0700Maxxam ID
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Maxxam Job #: B456369
Report Date: 2014/08/08

Sperling Hansen Associates
Client Project #: 13043

POWELL RIVER MARINE AVESite Location:

CSR/CCME METALS IN SOIL (SOIL)

N/A = Not Applicable

RDL = Reportable Detection Limit

75539780.502.7275559381.9175539782.390.99mg/kgTotal Zirconium (Zr)

75539781.0179075559381210755397814801620mg/kgTotal Zinc (Zn)

75539782.036.9755593832.6755397832.236.0mg/kgTotal Vanadium (V)

75539780.0500.41575559380.62875539780.4320.827mg/kgTotal Uranium (U)

75539781.079075559387197553978731531mg/kgTotal Titanium (Ti)

75539780.1054.4755593866.3755397857.345.2mg/kgTotal Tin (Sn)

75539780.050<0.0507555938<0.0507553978<0.050<0.050mg/kgTotal Thallium (Tl)

75539780.1081.3755593874.3755397881.784.8mg/kgTotal Strontium (Sr)

755397810018807555938167075539781820989mg/kgTotal Sodium (Na)

75539780.0501.5675559380.99875539781.430.583mg/kgTotal Silver (Ag)

75539780.50<0.507555938<0.507553978<0.50<0.50mg/kgTotal Selenium (Se)

7553978100133075559381080755397813101430mg/kgTotal Potassium (K)

755397810224075559381590755397819301180mg/kgTotal Phosphorus (P)

75539780.8093.9755593845.5755397893.762.7mg/kgTotal Nickel (Ni)

75539780.105.6775559389.35755397812.610.4mg/kgTotal Molybdenum (Mo)

75539780.050<0.05075559380.0577553978<0.0500.077mg/kgTotal Mercury (Hg)

75539780.20867755593860275539781160487mg/kgTotal Manganese (Mn)

7553978100335075559382900755397831503450mg/kgTotal Magnesium (Mg)

75539785.06.375559385.275539786.25.4mg/kgTotal Lithium (Li)

75539780.10496755593810307553978435344mg/kgTotal Lead (Pb)

75539781003700075559384690075539785870045600mg/kgTotal Iron (Fe)

75539780.5061975559388667553978956341mg/kgTotal Copper (Cu)

75539780.3010.175559387.0875539787.9610.7mg/kgTotal Cobalt (Co)

75539781.091.5755593843.0755397871.262.0mg/kgTotal Chromium (Cr)

75539781002290075559381840075539782120020300mg/kgTotal Calcium (Ca)

75539780.0502.9775559382.4475539783.681.94mg/kgTotal Cadmium (Cd)

75539780.100.9475559380.4775539780.430.63mg/kgTotal Bismuth (Bi)

75539780.40<0.407555938<0.407553978<0.40<0.40mg/kgTotal Beryllium (Be)

75539780.1024675559382267553978213646mg/kgTotal Barium (Ba)

75539780.508.57755593832.1755397812.975.0mg/kgTotal Arsenic (As)

75539780.1022.2755593844.4755397844.339.0mg/kgTotal Antimony (Sb)

75539781001590075559381340075539781620011900mg/kgTotal Aluminum (Al)

Total Metals by ICPMS

7553999N/A7.9675559477.8775539998.007.56pHSoluble (2:1) pH

Physical Properties

QC BatchRDLD-1QC BatchF-3QC BatchF-2F-1Units

G091838G091838G091838G091838COC Number

2014/07/032014/07/032014/07/032014/07/03Sampling Date

KA0703KA0702KA0701KA0700Maxxam ID
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Maxxam Job #: B456369
Report Date: 2014/08/08

Sperling Hansen Associates
Client Project #: 13043

POWELL RIVER MARINE AVESite Location:

CSR PAH IN SOIL BY GC-MS (SOIL)

(1) RDL raised due to sample matrix interference.

RDL = Reportable Detection Limit

755430487797879%TERPHENYL-D14 (sur.)

755430489858683%D8-NAPHTHALENE (sur.)

755430488818576%D8-ACENAPHTHYLENE (sur.)

755430478736974%D10-ANTHRACENE (sur.)

Surrogate Recovery (%)

75530230.0500.830.200.360.0590.25mg/kgTotal PAH

75530230.0500.640.120.150.0590.19mg/kgHigh Molecular Weight PAH`s

75530230.0500.180.0730.220.0500.059mg/kgLow Molecular Weight PAH`s

75543040.050<0.050<0.050<0.0500.0500.084mg/kgBenzo(g,h,i)perylene

75543040.050<0.050<0.050<0.0500.050<0.050mg/kgDibenz(a,h)anthracene

75543040.050<0.050<0.050<0.0500.050<0.050mg/kgIndeno(1,2,3-cd)pyrene

75543040.050<0.050<0.050<0.0500.050<0.050mg/kgBenzo(a)pyrene

75543040.050<0.050<0.050<0.0500.050<0.050mg/kgBenzo(k)fluoranthene

75543040.050<0.050<0.050<0.0500.059    <0.059 (1)mg/kgBenzo(b&j)fluoranthene

75543040.0500.082<0.050<0.0500.050<0.050mg/kgChrysene

75543040.0500.068<0.050<0.0500.050<0.050mg/kgBenzo(a)anthracene

75543040.0500.220.0600.0650.0500.056mg/kgPyrene

75543040.0500.270.0640.0810.0500.052mg/kgFluoranthene

75543040.050<0.050<0.050<0.0500.050<0.050mg/kgAnthracene

75543040.0500.180.0720.110.0500.059mg/kgPhenanthrene

75543040.050<0.050<0.050<0.0500.050<0.050mg/kgFluorene

75543040.050<0.050<0.050<0.0500.050<0.050mg/kgAcenaphthene

75543040.050<0.050<0.050<0.0500.050<0.050mg/kgAcenaphthylene

75543040.050<0.050<0.050<0.0500.050<0.050mg/kg2-Methylnaphthalene

75543040.050<0.050<0.0500.100.050<0.050mg/kgNaphthalene

Polycyclic Aromatics

QC BatchRDLD-1F-3F-2RDLF-1Units

G091838G091838G091838G091838COC Number

2014/07/032014/07/032014/07/032014/07/03Sampling Date

KA0703KA0702KA0701KA0700Maxxam ID
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Maxxam Job #: B456369
Report Date: 2014/08/08

Sperling Hansen Associates
Client Project #: 13043

POWELL RIVER MARINE AVESite Location:

GENERAL COMMENTS

Results relate only to the items tested.
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Sperling Hansen Associates
Client Project #: 13043

POWELL RIVER MARINE AVESite Location:

Maxxam Job #: B456369
Report Date: 2014/08/08

QUALITY ASSURANCE REPORT

QC Limits% RecoveryUnitsValueQC Limits% RecoveryQC Limits% RecoveryDateParameterQC Batch

QC StandardMethod BlankSpiked BlankMatrix Spike

%9460 - 1309360 - 130932014/07/07D10-ANTHRACENE (sur.)7554304

%8950 - 1309050 - 130912014/07/07D8-ACENAPHTHYLENE (sur.)7554304

%9150 - 1309150 - 130912014/07/07D8-NAPHTHALENE (sur.)7554304

%9660 - 1309860 - 130942014/07/07TERPHENYL-D14 (sur.)7554304

%<0.302014/07/07Moisture7552716

70 - 130111mg/kg<1002014/07/08Total Aluminum (Al)7553978

70 - 13094mg/kg<0.1075 - 1259875 - 1251042014/07/08Total Antimony (Sb)7553978

70 - 130100mg/kg0.60 ,RDL=0.5075 - 12510375 - 1251122014/07/08Total Arsenic (As)7553978

70 - 130102mg/kg<0.1075 - 12510175 - 125NC2014/07/08Total Barium (Ba)7553978

mg/kg<0.4075 - 12510175 - 1251092014/07/08Total Beryllium (Be)7553978

mg/kg<0.102014/07/08Total Bismuth (Bi)7553978

70 - 130105mg/kg<0.05075 - 12510875 - 1251112014/07/08Total Cadmium (Cd)7553978

70 - 13096mg/kg<1002014/07/08Total Calcium (Ca)7553978

70 - 130117mg/kg<1.075 - 12510675 - 125NC2014/07/08Total Chromium (Cr)7553978

70 - 13098mg/kg<0.3075 - 12510475 - 1251032014/07/08Total Cobalt (Co)7553978

70 - 13097mg/kg<0.5075 - 12510275 - 125NC2014/07/08Total Copper (Cu)7553978

70 - 13099mg/kg<1002014/07/08Total Iron (Fe)7553978

70 - 13098mg/kg<0.1075 - 12510375 - 1251042014/07/08Total Lead (Pb)7553978

mg/kg<5.075 - 1259575 - 1251092014/07/08Total Lithium (Li)7553978

70 - 13098mg/kg<1002014/07/08Total Magnesium (Mg)7553978

70 - 130103mg/kg<0.2075 - 12510375 - 125NC2014/07/08Total Manganese (Mn)7553978

70 - 13091mg/kg<0.05075 - 12510275 - 1251092014/07/08Total Mercury (Hg)7553978

70 - 130103mg/kg<0.1075 - 1259375 - 1251062014/07/08Total Molybdenum (Mo)7553978

70 - 13097mg/kg<0.8075 - 12510075 - 1251102014/07/08Total Nickel (Ni)7553978

70 - 13097mg/kg<102014/07/08Total Phosphorus (P)7553978

mg/kg<1002014/07/08Total Potassium (K)7553978

mg/kg<0.5075 - 12511675 - 1251222014/07/08Total Selenium (Se)7553978

mg/kg<0.05075 - 1259875 - 1251032014/07/08Total Silver (Ag)7553978

mg/kg<1002014/07/08Total Sodium (Na)7553978

70 - 130100mg/kg<0.1075 - 1259675 - 125NC2014/07/08Total Strontium (Sr)7553978

70 - 13091mg/kg<0.05075 - 1259775 - 125922014/07/08Total Thallium (Tl)7553978

mg/kg<0.1075 - 1259075 - 125972014/07/08Total Tin (Sn)7553978
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Sperling Hansen Associates
Client Project #: 13043

POWELL RIVER MARINE AVESite Location:

Maxxam Job #: B456369
Report Date: 2014/08/08

QUALITY ASSURANCE REPORT(CONT'D)

QC Limits% RecoveryUnitsValueQC Limits% RecoveryQC Limits% RecoveryDateParameterQC Batch

QC StandardMethod BlankSpiked BlankMatrix Spike

70 - 130117mg/kg<1.075 - 1259875 - 125NC2014/07/08Total Titanium (Ti)7553978

70 - 130100mg/kg<0.05075 - 1259975 - 1251072014/07/08Total Uranium (U)7553978

70 - 130114mg/kg<2.075 - 12510275 - 125NC2014/07/08Total Vanadium (V)7553978

70 - 13096mg/kg<1.075 - 12511675 - 125NC2014/07/08Total Zinc (Zn)7553978

mg/kg<0.502014/07/08Total Zirconium (Zr)7553978

97 - 1031002014/07/08Soluble (2:1) pH7553999

mg/kg<0.05050 - 1309350 - 130922014/07/072-Methylnaphthalene7554304

mg/kg<0.05050 - 1309550 - 130912014/07/07Acenaphthene7554304

mg/kg<0.05050 - 1309250 - 130902014/07/07Acenaphthylene7554304

mg/kg<0.05060 - 1309860 - 130932014/07/07Anthracene7554304

mg/kg<0.05060 - 1309260 - 130852014/07/07Benzo(a)anthracene7554304

mg/kg<0.05060 - 13010060 - 130952014/07/07Benzo(a)pyrene7554304

mg/kg<0.05060 - 13010760 - 1301012014/07/07Benzo(b&j)fluoranthene7554304

mg/kg<0.05060 - 1309560 - 130972014/07/07Benzo(g,h,i)perylene7554304

mg/kg<0.05060 - 1309360 - 130872014/07/07Benzo(k)fluoranthene7554304

mg/kg<0.05060 - 1309460 - 130872014/07/07Chrysene7554304

mg/kg<0.05060 - 13010660 - 1301082014/07/07Dibenz(a,h)anthracene7554304

mg/kg<0.05060 - 1309960 - 130932014/07/07Fluoranthene7554304

mg/kg<0.05050 - 1309650 - 130922014/07/07Fluorene7554304

mg/kg<0.05060 - 13010660 - 1301082014/07/07Indeno(1,2,3-cd)pyrene7554304

mg/kg<0.05050 - 1309350 - 130912014/07/07Naphthalene7554304

mg/kg<0.05060 - 1309160 - 130862014/07/07Phenanthrene7554304

mg/kg<0.05060 - 13010060 - 130932014/07/07Pyrene7554304

70 - 130111mg/kg<1002014/07/09Total Aluminum (Al)7555938

70 - 13089mg/kg<0.1075 - 1259675 - 1251002014/07/09Total Antimony (Sb)7555938

70 - 130101mg/kg0.83 ,RDL=0.5075 - 12510175 - 125NC2014/07/09Total Arsenic (As)7555938

70 - 130100mg/kg<0.1075 - 12510375 - 125NC2014/07/09Total Barium (Ba)7555938

mg/kg<0.4075 - 12510275 - 125982014/07/09Total Beryllium (Be)7555938

mg/kg<0.102014/07/09Total Bismuth (Bi)7555938

70 - 130106mg/kg<0.05075 - 12510675 - 1251042014/07/09Total Cadmium (Cd)7555938

70 - 13093mg/kg<1002014/07/09Total Calcium (Ca)7555938

70 - 130111mg/kg<1.075 - 12510175 - 1251032014/07/09Total Chromium (Cr)7555938
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Sperling Hansen Associates
Client Project #: 13043

POWELL RIVER MARINE AVESite Location:

Maxxam Job #: B456369
Report Date: 2014/08/08

QUALITY ASSURANCE REPORT(CONT'D)

QC Limits% RecoveryUnitsValueQC Limits% RecoveryQC Limits% RecoveryDateParameterQC Batch

QC StandardMethod BlankSpiked BlankMatrix Spike

70 - 13092mg/kg<0.3075 - 12510175 - 125NC2014/07/09Total Cobalt (Co)7555938

70 - 13092mg/kg<0.5075 - 12510775 - 1251062014/07/09Total Copper (Cu)7555938

70 - 13097mg/kg<1002014/07/09Total Iron (Fe)7555938

70 - 130101mg/kg<0.1075 - 12510675 - 1251042014/07/09Total Lead (Pb)7555938

mg/kg<5.075 - 1259975 - 125942014/07/09Total Lithium (Li)7555938

70 - 13093mg/kg<1002014/07/09Total Magnesium (Mg)7555938

70 - 13098mg/kg0.23 ,RDL=0.2075 - 12510175 - 125NC2014/07/09Total Manganese (Mn)7555938

70 - 13084mg/kg<0.05075 - 1259875 - 125962014/07/09Total Mercury (Hg)7555938

70 - 130107mg/kg<0.1075 - 1259875 - 125NC2014/07/09Total Molybdenum (Mo)7555938

70 - 13098mg/kg<0.8075 - 12510475 - 125NC2014/07/09Total Nickel (Ni)7555938

70 - 13095mg/kg<102014/07/09Total Phosphorus (P)7555938

mg/kg<1002014/07/09Total Potassium (K)7555938

mg/kg<0.5075 - 12510675 - 1251112014/07/09Total Selenium (Se)7555938

mg/kg<0.05075 - 12510175 - 125942014/07/09Total Silver (Ag)7555938

mg/kg<1002014/07/09Total Sodium (Na)7555938

70 - 130102mg/kg<0.1075 - 1259975 - 125NC2014/07/09Total Strontium (Sr)7555938

70 - 13096mg/kg<0.05075 - 1259975 - 125992014/07/09Total Thallium (Tl)7555938

mg/kg<0.1075 - 1259575 - 125922014/07/09Total Tin (Sn)7555938

70 - 130113mg/kg<1.075 - 1259375 - 125NC2014/07/09Total Titanium (Ti)7555938

70 - 130106mg/kg<0.05075 - 12510375 - 1251072014/07/09Total Uranium (U)7555938

70 - 130110mg/kg<2.075 - 1259975 - 1251012014/07/09Total Vanadium (V)7555938

70 - 13094mg/kg<1.075 - 12511275 - 125NC2014/07/09Total Zinc (Zn)7555938

mg/kg<0.502014/07/09Total Zirconium (Zr)7555938

97 - 103992014/07/08Soluble (2:1) pH7555947

NC (Matrix Spike): The recovery in the matrix spike was not calculated. The relative difference between the concentration in the parent sample and the spiked amount was too small to permit a reliable
recovery calculation (matrix spike concentration was less than 2x that of the native sample concentration).

Surrogate:  A pure or isotopically labeled compound whose behavior mirrors the analytes of interest. Used to evaluate extraction efficiency.

Method Blank:  A blank matrix containing all reagents used in the analytical procedure. Used to identify laboratory contamination.

Spiked Blank: A blank matrix sample to which a known amount of the analyte, usually from a second source, has been added. Used to evaluate method accuracy.

QC Standard: A sample of known concentration prepared by an external agency under stringent conditions.  Used as an independent check of method accuracy.

Matrix Spike:  A sample to which a known amount of the analyte of interest has been added. Used to evaluate sample matrix interference.
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Maxxam Job #: B456369
Report Date: 2014/08/08

Sperling Hansen Associates
Client Project #: 13043

POWELL RIVER MARINE AVESite Location:

VALIDATION SIGNATURE PAGE

The analytical data and all QC contained in this report were reviewed and validated by the following individual(s).

Andy Lu, Data Validation Coordinator

Namita Sahni, Burnaby Project Manager

Maxxam has procedures in place to guard against improper use of the electronic signature and have the required "signatories", as per section 5.10.2 of ISO/IEC
17025:2005(E), signing the reports.  For Service Group specific validation please refer to the Validation Signature Page.
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Report Transmission Cover Page

Exova
#104, 19575-55 A Ave.
Surrey, British Columbia
V3S 8P8, Canada

(604) 514-3322
(604) 514-3323

Surrey@exova.comE:
W: www.exova.com

T:  +1
F:  +1

Bill To: Sperling Hansen & Associates

Report To: Sperling Hansen & Associates

8 - 1225 East Keith Road

North Vancouver, BC, Canada

V7M 1J3

Attn: Iqbal  Bhuiyan

Sampled By: MN

Sperling HansenCompany:

Project:

ID:

Name:

Location:

LSD:

P.O.:

Acct code:

PM 13043

Powell River Marine

Powell River

(Additional)

Lot ID:

Control Number:

Date Received:

Date Reported:

Report Number:

1012186
B047899

Jul 4, 2014

Aug 5, 2014

1936588

Contact & Affiliation Address Delivery Commitments

Sperling Hansen & Associates

Phone: (604) 986-7723

Fax: (604) 986-7734
Email: ibhuiyan@sperlinghansen.com

(COA) by Email - Single Report

On [Lot Verification] send

(COC, Test Report) by Email - Merge Reports

On [Report Approval] send

(Test Report, COC) by Email - Merge Reports

On [Report Approval] send

(Invoice) by Email - Single Report

On [Lot Approval and Final Test Report Approval] send

(Invoice) by Email - Single Report

On [Lot Approval and Final Test Report Approval] send

8 - 1225 East Keith Road

North Vancouver, British Columbia V7M 1J3

Iqbal Bhuiyan

Notes To Clients:

Report was issued to include addition of Heating Value analysis on 1012186-1 and -2 requested by Iqbal Bhuiyan of Sperling Hansen & Associates on
July 30, 2014.  Previous report 1929847.

•

%TKN analysis was performed by a subcontract laboratory. See attached 3 page report #2014715160918_0015.•
Heating Value analysis was performed by a subcontract laboratory. See attached 3 page certificate of analysis 14-612535.•

The information contained on this and all other pages transmitted, is intended for the addressee only and is considered confidential.
If the reader is not the intended recipient, you are hereby notified that any use, dissemination, distribution or copy of this transmission is strictly prohibited.

If you receive this transmission by error, or if this transmission is not satisfactory, please notify us by telephone.

www.exova.com/about/terms-and-conditionsTerms and Conditions:



Analytical Report

Exova
#104, 19575-55 A Ave.
Surrey, British Columbia
V3S 8P8, Canada

(604) 514-3322
(604) 514-3323

Surrey@exova.comE:
W: www.exova.com

T:  +1
F:  +1

Bill To: Sperling Hansen & Associates

Report To: Sperling Hansen & Associates

8 - 1225 East Keith Road

North Vancouver, BC, Canada

V7M 1J3

Attn: Iqbal  Bhuiyan

Sampled By: MN

Sperling HansenCompany:

Project:

ID:

Name:

Location:

LSD:

P.O.:

Acct code:

PM 13043

Powell River Marine

Powell River

(Additional)

Lot ID:

Control Number:

Date Received:

Date Reported:

Report Number:

1012186
B047899

Jul 4, 2014

Aug 5, 2014

1936588

Reference Number 1012186-1 1012186-2

Sample Date Jul 03, 2014 Jul 03, 2014

Sample Time NA NA

Sample Location

Sample Description J-1 J-2

Matrix Soil Soil

Analyte Units Results Results Results Nominal Detection
Limit

Available Nutrients

Nitrate - N Available ug/g 3 <2 2

Phosphorus Available ug/g 45 33 5

Potassium Available ug/g 205 161 25

Sulfate-S Available mg/kg 38 30 1

Calcium Available mg/kg 3120 3010 30

Magnesium Available mg/kg 283 185 5

Sodium Available mg/kg <30 50 30

Ammonium - N Available-dry basis ug/g 1.2 1.3 0.3

Classification

C:N Ratio 38.6 37.4 0.1

Carbon Total % 16.7 13.5 0.02

Nitrogen Total % 0.43 0.36 0.02

Organic Matter Calculated Value % 33.2 26.8 0.04

Carbon Total Organic % 16.6 13.4 0.04

Hot Water Soluble

Boron Water Soluble ug/g 1.13 2.28 0.02

Metals Strong Acid Digestion

Antimony Strong Acid Extractable ug/g 4.1 10.3 0.5

Arsenic Strong Acid Extractable ug/g 12.3 14.2 0.2

Barium Strong Acid Extractable ug/g 100 105 0.03

Beryllium Strong Acid Extractable ug/g <0.01 <0.01 0.01

Cadmium Strong Acid Extractable ug/g 1.05 0.75 0.05

Chromium Strong Acid Extractable ug/g 88.7 146 0.04

Cobalt Strong Acid Extractable ug/g 5.68 6.38 0.05

Copper Strong Acid Extractable ug/g 43.1 59.5 0.05

Lead Strong Acid Extractable ug/g 121 179 0.3

Lithium Strong Acid Extractable ug/g 4.4 3.1 0.1

Mercury Strong Acid Extractable ug/g 0.202 0.168 0.003

Molybdenum Strong Acid Extractable ug/g 7.69 9.23 0.05

Nickel Strong Acid Extractable ug/g 24.1 28.9 0.1

Selenium Strong Acid Extractable ug/g <0.3 <0.3 0.3

Silver Strong Acid Extractable ug/g <0.2 <0.2 0.2

Strontium Strong Acid Extractable ug/g 52.1 39.7 0.02

Thallium Strong Acid Extractable ug/g <0.3 <0.3 0.3

Tin Strong Acid Extractable ug/g 2.7 2.8 0.2

Vanadium Strong Acid Extractable ug/g 44.8 35.9 0.1

www.exova.com/about/terms-and-conditionsTerms and Conditions:

Page 1 of 4



Analytical Report

Exova
#104, 19575-55 A Ave.
Surrey, British Columbia
V3S 8P8, Canada

(604) 514-3322
(604) 514-3323

Surrey@exova.comE:
W: www.exova.com

T:  +1
F:  +1

Bill To: Sperling Hansen & Associates

Report To: Sperling Hansen & Associates

8 - 1225 East Keith Road

North Vancouver, BC, Canada

V7M 1J3

Attn: Iqbal  Bhuiyan

Sampled By: MN

Sperling HansenCompany:

Project:

ID:

Name:

Location:

LSD:

P.O.:

Acct code:

PM 13043

Powell River Marine

Powell River

(Additional)

Lot ID:

Control Number:

Date Received:

Date Reported:

Report Number:

1012186
B047899

Jul 4, 2014

Aug 5, 2014

1936588

Reference Number 1012186-1 1012186-2

Sample Date Jul 03, 2014 Jul 03, 2014

Sample Time NA NA

Sample Location

Sample Description J-1 J-2

Matrix Soil Soil

Analyte Units Results Results Results Nominal Detection
Limit

Metals Strong Acid Digestion - Continued

Zinc Strong Acid Extractable ug/g 218 255 0.1

Physical and Aggregate Properties

Moisture Wet Weight @ 105°C % 43.3 44.5 0.1

Soil Acidity

pH 1:2 Soil:Water pH 6.1 6.6 0.5

Randy Neumann, BSc

Vice President

Approved by:

Data have been validated by Analytical Quality Control and Exova’s Integrated Data Validation System (IDVS).
Generation and distribution of the report, and approval by the digitized signature above, are performed through a secure and controlled automatic process.

www.exova.com/about/terms-and-conditionsTerms and Conditions:
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Methodology and Notes

Exova
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8 - 1225 East Keith Road

North Vancouver, BC, Canada

V7M 1J3

Attn: Iqbal  Bhuiyan

Sampled By: MN

Sperling HansenCompany:

Project:

ID:

Name:

Location:

LSD:

P.O.:

Acct code:

PM 13043

Powell River Marine

Powell River

(Additional)

Lot ID:

Control Number:

Date Received:

Date Reported:

Report Number:

1012186
B047899

Jul 4, 2014

Aug 5, 2014

1936588

Method of Analysis
Method Name Reference Method Date Analysis

Started
Location

Ammonium-N (Extractable) in Soil Carter 08-Jul-14 Exova Edmonton* Extraction of NO3-N and NH4-N with
2.0 M KCl, 6.2

Boron - Hot Water Soluble (Surrey) McKeague 10-Jul-14 Exova Surrey* Hot Water Soluble Boron -
Azomethine-H Method, 4.61

Macronutrients in General Soils McKeague 08-Jul-14 Exova Edmonton* Ammonium Acetate Extractable
Cations, 4.51

Metals (Strong Acid Leachable) in soils
(Surrey)

B.C.M.O.E 07-Jul-14 Exova Surrey* Strong Acid Leachable Metals (SALM)
in Soil, V 1.0, SALM

Moisture Carter 08-Jul-14 Exova Edmonton* Gravimetric Method with Oven Drying,
51.2

Nutrients in General Soil Comm. Soil Sci. Pl.
Anal.

08-Jul-14 Exova Edmonton* Modified Kelowna Soil Test, Vol 26,
1995

pH and EC - 1:2 (Surrey) Carter 09-Jul-14 Exova Surrey* Soil pH (1:2 Water), 16.2

Sulfate in General Soil McKeague 08-Jul-14 Exova Edmonton* Sulfate Extractable by 0.1M CaCl2,
4.47

Total Carbon, Nitrogen & Sulfur by
Leco Combustion (Surrey)

SSSA Book Series 5 05-Jul-14 Exova Surrey* Nitrogen-Total, Ch 37

Total Carbon, Nitrogen & Sulfur by
Leco Combustion (Surrey)

SSSA Book Series 5 05-Jul-14 Exova Surrey* Total Carbon, Organic Carbon, and
Organic Matter, Ch 34

* Reference Method Modified

References
B.C.M.O.E B.C. Ministry of Environment

Carter Soil Sampling and Methods of Analysis.

Comm. Soil Sci. Pl. Communications in Soil Science and Plant Analysis

McKeague Manual on Soil Sampling and Methods of Analysis

www.exova.com/about/terms-and-conditionsTerms and Conditions:
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Methodology and Notes
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Comments:
Report was issued to include addition of Heating Value analysis on 1012186-1 and -2 requested by Iqbal Bhuiyan of Sperling Hansen & Associates on
July 30, 2014.  Previous report 1929847.

•

%TKN analysis was performed by a subcontract laboratory. See attached 3 page report #2014715160918_0015.•
Heating Value analysis was performed by a subcontract laboratory. See attached 3 page certificate of analysis 14-612535.•

Please direct any inquiries regarding this report to our Client Services group.
Results relate only to samples as submitted.

The test report shall not be reproduced except in full, without the written approval of the laboratory.
www.exova.com/about/terms-and-conditionsTerms and Conditions:
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EXOVA ENVIRONMENTAL ONTARIO Certificate of Analysis

Dear Edmonton:

Please find attached the analytical results for your samples.  If you have any questions regarding this report, please do not hesitate to call (613-727-5692).

  
Report Number:  1414039 
Date Submitted:  2014-07-09
Date Reported:  2014-07-15
Project:    1012186
COC #:    787367
  

APPROVAL:                                                                      

Laboratory Supervisor, Inorganics

Lorna Wilson

Page 1 of 3

Exova (Ottawa) is certified and accredited for specific parameters by:
CALA, Canadian Association for Laboratory Accreditation (to ISO 17025), OMAFRA, Ontario Ministry of Agriculture, Food and Rural Affairs (for farm soils), Licensed by Ontario MOE for specific tests in drinking water.

Exova (Mississauga) is accredited for specific parameters by:
SCC, Standards Council of Canada (to ISO 17025)

Please note: Field data, where presented on the report, has been provided by the client and is presented for informational purposes only.

Guideline values listed on this report are provided for ease of use (informational purposes) only. Exova recommends consulting the official provincial or federal guideline as required.

Client:  Exova Canada Inc. (Edmonton)
       7217 Roper Rd.
     Edmonton, AB
      T6B 3J4
Attention:    Edmonton
PO#:      519888 
Invoice to: Exova Canada Inc. (Edmonton)

Report Comments:

 



EXOVA OTTAWA Certificate of Analysis

Client:  Exova Canada Inc. (Edmonton)
       7217 Roper Rd.
     Edmonton, AB
      T6B 3J4
Attention:    Edmonton
PO#:      519888 
Invoice to: Exova Canada Inc. (Edmonton)

  
Report Number:  1414039 
Date Submitted:  2014-07-09
Date Reported:  2014-07-15
Project:    1012186
COC #:    787367
  

Lab I.D.
Sample Matrix
Sample Type
Sampling Date
Sample I.D.

Group Analyte MRL Units Guideline

0.46 0.32 %0.01 Total Kjeldahl NitrogenNutrients

1117996
Soil

2014-07-03
1012186 - 2

1117995
Soil

2014-07-03
1012186 - 1

Group Analyte MRL Units Guideline

Lab I.D.
Sample Matrix
Sample Type
Sampling Date
Sample I.D.

Page 2 of 3146 Colonnade Rd. Unit 8, Ottawa, ON K2E 7Y1

** = Analysis completed at Mississauga, Ontario.
Results relate only to the parameters tested on the samples submitted.
Methods references and/or additional QA/QC information available on request.

Guideline =                   * = Guideline Exceedence MRL = Method Reporting Limit, AO = Aesthetic Objective, OG = Operational Guideline, 
MAC = Maximum Acceptable Concentration, IMAC = Interim Maximum Acceptable 
Concentration, STD = Standard, PWQO = Provincial Water Quality Guideline, IPWQO 
= Interim Provincial Water Quality Objective, TDR = Typical Desired Range



EXOVA OTTAWA Certificate of Analysis

Client:  Exova Canada Inc. (Edmonton)
       7217 Roper Rd.
     Edmonton, AB
      T6B 3J4
Attention:    Edmonton
PO#:      519888 
Invoice to: Exova Canada Inc. (Edmonton)

  
Report Number:  1414039 
Date Submitted:  2014-07-09
Date Reported:  2014-07-15
Project:    1012186
COC #:    787367
  

QC 
% Rec

BlankAnalyte

 QC Summary

QC
Limits

272699Run No Analysis Date 2014-07-14 Method C SM4500-Norg-B

98 90-110Total Kjeldahl Nitrogen <0.01 %

Page 3 of 3146 Colonnade Rd. Unit 8, Ottawa, ON K2E 7Y1

** = Analysis completed at Mississauga, Ontario.
Results relate only to the parameters tested on the samples submitted.
Methods references and/or additional QA/QC information available on request.

Guideline =                   * = Guideline Exceedence MRL = Method Reporting Limit, AO = Aesthetic Objective, OG = Operational Guideline, 
MAC = Maximum Acceptable Concentration, IMAC = Interim Maximum Acceptable 
Concentration, STD = Standard, PWQO = Provincial Water Quality Guideline, IPWQO 
= Interim Provincial Water Quality Objective, TDR = Typical Desired Range











Your Project #: B456369                        
Your C.O.C. #: na

Attention: Namita Sahni
Maxxam Analytics
4606 Canada Way
Burnaby, BC
V5G 1K5

Report Date: 2014/08/08
Report #:   R3114518

Version: 1

CERTIFICATE OF ANALYSIS

MAXXAM JOB #: B4B9759
Received: 2014/07/09, 10:45

Sample Matrix: Soil
# Samples Received: 4

Date Date Method
Analyses Quantity Extracted Analyzed Laboratory Method Reference
Dioxins/Furans in Soil (EPS 1/RM/23) ( 1 ) 2 2014/07/16 2014/07/26 BRL SOP-00410 EPS 1/RM/23 m        
Dioxins/Furans in Soil (EPS 1/RM/23) ( 1 ) 2 2014/07/16 2014/07/27 BRL SOP-00410 EPS 1/RM/23 m        

* RPDs calculated using raw data.  The rounding of final results may result in the apparent difference.
* Results relate only to the items tested.

(1) Soils are reported on a dry weight basis unless otherwise specified.

Confirmatory runs for 2,3,7,8-TCDF are performed only if the primary result is greater than the RDL.

Encryption Key

Please direct all questions regarding this Certificate of Analysis to your Project Manager.

Shaun Nowickyj, Customer Service
Email: SNowickyj@maxxam.ca
Phone# (905) 817-5700

====================================================================
Maxxam has procedures in place to guard against improper use of the electronic signature and have the required "signatories", as per section
5.10.2 of ISO/IEC 17025:2005(E), signing the reports.  For Service Group specific validation please refer to the Validation Signature Page.

Total cover pages: 1
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Maxxam Analytics
Maxxam  Job  #: B4B9759 Client Project #: B456369
Report Date: 2014/08/08

DIOXINS AND FURANS BY HRMS (SOIL)

Maxxam ID WP8477 WP8478 WP8479 WP8480
Sampling Date 2014/07/03 2014/07/03 2014/07/03 2014/07/03

Units KA0700 \ F-1 RDL KA0701 \ F-2 RDL KA0702 \ F-3 RDL KA0703 \ D-1 RDL QC Batch

Dioxins & Furans
2,3,7,8-Tetra CDD pg/g 1.28 5.00 4.89 0.999 2.38 2.50 2.03 0.999 3688431
1,2,3,7,8-Penta CDD pg/g 5.75 5.00 12.5 0.999 6.65 2.50 4.23 0.999 3688431
1,2,3,4,7,8-Hexa CDD pg/g <3.61(1) 5.00 11.8 0.999 5.49 2.50 3.94 0.999 3688431
1,2,3,6,7,8-Hexa CDD pg/g 33.5 5.00 36.9 0.999 24.8 2.50 13.1 0.999 3688431
1,2,3,7,8,9-Hexa CDD pg/g 23.3 5.00 42.8(2) 0.999 23.5 2.50 14.5(2) 0.999 3688431
1,2,3,4,6,7,8-Hepta CDD pg/g 270 5.00 271(3) 4.99 207 2.50 94.8 0.999 3688431
Octa CDD pg/g 2050 50.0 1940 9.99 1860 25.0 372 9.99 3688431
Total Tetra CDD pg/g 49.4 5.00 195 0.999 94.8 2.50 77.3 0.999 3688431
Total Penta CDD pg/g 41.3 5.00 219 0.999 107 2.50 74.7 0.999 3688431
Total Hexa CDD pg/g 283 5.00 428 0.999 253 2.50 148 0.999 3688431
Total Hepta CDD pg/g 551 5.00 569(3) 4.99 435 2.50 190 0.999 3688431
2,3,7,8-Tetra CDF pg/g 25.5 5.00 130 0.999 56.8 2.50 37.5 0.999 3688431
1,2,3,7,8-Penta CDF pg/g 4.82 5.00 28.4 0.999 13.4 2.50 <9.32(4) 0.999 3688431
2,3,4,7,8-Penta CDF pg/g 10.5 5.00 55.0 0.999 23.0 2.50 13.3 0.999 3688431
1,2,3,4,7,8-Hexa CDF pg/g 17.2 5.00 112(2) 0.999 49.8(2) 2.50 9.07 0.999 3688431
1,2,3,6,7,8-Hexa CDF pg/g 7.26 5.00 37.0 0.999 16.4 2.50 9.76 0.999 3688431
2,3,4,6,7,8-Hexa CDF pg/g 7.99 5.00 47.8 0.999 21.2 2.50 9.16 0.999 3688431
1,2,3,7,8,9-Hexa CDF pg/g <0.897 5.00 1.82 0.999 0.88 2.50 0.600 0.999 3688431
1,2,3,4,6,7,8-Hepta CDF pg/g 44.6 5.00 188 0.999 89.5 2.50 43.4 0.999 3688431
1,2,3,4,7,8,9-Hepta CDF pg/g <2.42(1) 5.00 11.3 0.999 5.60 2.50 3.40 0.999 3688431
Octa CDF pg/g 55.6 50.0 101 9.99 56.5 25.0 30.8 9.99 3688431
Total Tetra CDF pg/g 111 5.00 717 0.999 306 2.50 201 0.999 3688431
Total Penta CDF pg/g 156 5.00 544 0.999 259 2.50 119 0.999 3688431
Total Hexa CDF pg/g 116 5.00 397 0.999 185 2.50 95.3 0.999 3688431
Total Hepta CDF pg/g 96.2 5.00 266 0.999 136 2.50 65.7 0.999 3688431

RDL = Reportable Detection Limit
QC Batch = Quality Control Batch
(1) - EMPC / NDR - Peak detected does not meet ratio criteria and has resulted in an elevated detection limit.
(2) - EMPC / Merged Peak
(3) - From 5x dilution.
(4) - EMPC / DPE -  Diphenylether interference present caused dibenzofuran detected to become a "non-detect" with an elevated detection limit.
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Maxxam Analytics
Maxxam  Job  #: B4B9759 Client Project #: B456369
Report Date: 2014/08/08

DIOXINS AND FURANS BY HRMS (SOIL)

Maxxam ID WP8477 WP8478 WP8479 WP8480
Sampling Date 2014/07/03 2014/07/03 2014/07/03 2014/07/03

Units KA0700 \ F-1 RDL KA0701 \ F-2 RDL KA0702 \ F-3 RDL KA0703 \ D-1 RDL QC Batch

Surrogate Recovery (%)
C13-1234678 HeptaCDD % 78 72 72 72 3688431
C13-1234678 HeptaCDF % 64 67 73 73 3688431
C13-123678 HexaCDD % 83 81 93 81 3688431
C13-123678 HexaCDF % 78 82 93 81 3688431
C13-12378 PentaCDD % 68 82 79 74 3688431
C13-12378 PentaCDF % 54 66 65 58 3688431
C13-2378 TetraCDD % 60 69 71 68 3688431
C13-2378 TetraCDF % 69 79 85 72 3688431
C13-OCDD % 55 59 53 54 3688431

RDL = Reportable Detection Limit
QC Batch = Quality Control Batch
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Maxxam Analytics
Maxxam  Job  #: B4B9759 Client Project #: B456369
Report Date: 2014/08/08

Package 1 3.0°C
Each temperature is the average of up to three cooler temperatures taken at receipt

GENERAL COMMENTS

Page 4 of 7



Maxxam Analytics
Maxxam  Job  #: B4B9759 Client Project #: B456369
Report Date: 2014/08/08

QUALITY ASSURANCE REPORT

Spiked Blank Method Blank RPD
QC Batch Parameter Date % Recovery QC Limits Value Units Value (%) QC Limits
3688431 C13-1234678 HeptaCDD 2014/07/26 91 30 - 130 62 %
3688431 C13-1234678 HeptaCDF 2014/07/26 79 30 - 130 55 %
3688431 C13-123678 HexaCDD 2014/07/26 85 30 - 130 58 %
3688431 C13-123678 HexaCDF 2014/07/26 84 30 - 130 57 %
3688431 C13-12378 PentaCDD 2014/07/26 87 30 - 130 66 %
3688431 C13-12378 PentaCDF 2014/07/26 66 30 - 130 51 %
3688431 C13-2378 TetraCDD 2014/07/26 64 30 - 130 46 %
3688431 C13-2378 TetraCDF 2014/07/26 73 30 - 130 57 %
3688431 C13-OCDD 2014/07/26 86 30 - 130 57 %
3688431 2,3,7,8-Tetra CDD 2014/07/26 111 80 - 140 <0.101 pg/g NC (1) 25
3688431 1,2,3,7,8-Penta CDD 2014/07/26 93 80 - 140 <0.0993 pg/g NC 25
3688431 1,2,3,4,7,8-Hexa CDD 2014/07/26 99 80 - 140 <0.0972 pg/g NC 25
3688431 1,2,3,6,7,8-Hexa CDD 2014/07/26 104 80 - 140 <0.102 pg/g NC 25
3688431 1,2,3,7,8,9-Hexa CDD 2014/07/26 103 80 - 140 <0.0918 pg/g NC 25
3688431 1,2,3,4,6,7,8-Hepta CDD 2014/07/26 89 80 - 140 <0.0990 pg/g NC 25
3688431 Octa CDD 2014/07/26 100 80 - 140 0.5, RDL=10.0 pg/g NC 25
3688431 2,3,7,8-Tetra CDF 2014/07/26 90 80 - 140 <0.0987 pg/g NC 25
3688431 1,2,3,7,8-Penta CDF 2014/07/26 107 80 - 140 <0.101 pg/g NC 25
3688431 2,3,4,7,8-Penta CDF 2014/07/26 105 80 - 140 <0.0985 pg/g NC 25
3688431 1,2,3,4,7,8-Hexa CDF 2014/07/26 92 80 - 140 <0.0931 pg/g NC 25
3688431 1,2,3,6,7,8-Hexa CDF 2014/07/26 96 80 - 140 <0.0864 pg/g NC 25
3688431 2,3,4,6,7,8-Hexa CDF 2014/07/26 100 80 - 140 <0.101 pg/g NC 25
3688431 1,2,3,7,8,9-Hexa CDF 2014/07/26 93 80 - 140 <0.106 pg/g NC 25
3688431 1,2,3,4,6,7,8-Hepta CDF 2014/07/26 99 80 - 140 <0.0904 pg/g NC (1) 25
3688431 1,2,3,4,7,8,9-Hepta CDF 2014/07/26 95 80 - 140 <0.115 pg/g NC 25
3688431 Octa CDF 2014/07/26 94 80 - 140 <0.0954 pg/g NC 25
3688431 Total Tetra CDD 2014/07/26 <0.101 pg/g NC 25
3688431 Total Penta CDD 2014/07/26 <0.0993 pg/g NC 25
3688431 Total Hexa CDD 2014/07/26 <0.0968 pg/g NC 25
3688431 Total Hepta CDD 2014/07/26 <0.0990 pg/g NC 25
3688431 Total Tetra CDF 2014/07/26 <0.0987 pg/g NC 25
3688431 Total Penta CDF 2014/07/26 <0.0995 pg/g NC 25
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Maxxam Analytics
Maxxam  Job  #: B4B9759 Client Project #: B456369
Report Date: 2014/08/08

QUALITY ASSURANCE REPORT

Spiked Blank Method Blank RPD
QC Batch Parameter Date % Recovery QC Limits Value Units Value (%) QC Limits
3688431 Total Hexa CDF 2014/07/26 <0.0960 pg/g NC 25
3688431 Total Hepta CDF 2014/07/26 <0.101 pg/g NC (1) 25

N/A = Not Applicable
RDL = Reportable Detection Limit
RPD = Relative Percent Difference
Spiked Blank: A blank matrix sample to which a known amount of the analyte, usually from a second source, has been added. Used to evaluate method accuracy.
Method Blank:  A blank matrix containing all reagents used in the analytical procedure. Used to identify laboratory contamination.
Surrogate:  A pure or isotopically labeled compound whose behavior mirrors the analytes of interest. Used to evaluate extraction efficiency.
NC (Duplicate RPD): The duplicate RPD was not calculated. The concentration in the sample and/or duplicate was too low to permit a reliable RPD calculation (one or both samples < 5x RDL).
(1) - EMPC / NDR - Peak detected does not meet ratio criteria and has resulted in an elevated detection limit.
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The analytical data and all QC contained in this report were reviewed and validated by the following individual(s).

Branko Vrzic, A.SC.T., Senior Analyst, HRMS Services                     

Owen Cosby, BSc.C.Chem, Supervisor, HRMS Services                         

====================================================================
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ISO/IEC 17025:2005(E), signing the reports.  For Service Group specific validation please refer to the Validation Signature Page.
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APPENDIX E 
LFG Modelling Results 

 



CH4 CO2-e LFG LFG NMOC

tonnes/year tonnes/year scfm m3/year tonnes/year

1996 0 0 0 0 0.0
1997 8 159 2 32,280 0.9
1998 15 308 4 62,618 1.8
1999 21 449 6 91,178 2.6
2000 20 423 6 85,828 2.5
2001 19 398 5 80,920 2.3
2002 18 376 5 76,415 2.2
2003 17 356 5 72,275 2.1
2004 16 337 5 68,468 2.0
2005 15 320 4 64,962 1.9
2006 14 304 4 61,729 1.8
2007 14 289 4 58,747 1.7
2008 13 276 4 55,990 1.6
2009 13 263 4 53,440 1.5
2010 12 252 3 51,078 1.5
2011 11 241 3 48,886 1.4
2012 11 231 3 46,850 1.3
2013 11 221 3 44,956 1.3
2014 10 213 3 43,192 1.2
2015 10 205 3 41,545 1.2
2016 9 197 3 40,007 1.2
2017 9 190 3 38,567 1.1
2018 9 183 3 37,217 1.1
2019 8 177 2 35,950 1.0
2020 8 171 2 34,758 1.0
2021 8 166 2 33,636 1.0
2022 8 160 2 32,577 0.9
2023 7 155 2 31,577 0.9
2024 7 151 2 30,630 0.9
2025 7 146 2 29,732 0.9
2026 7 142 2 28,880 0.8
2027 7 138 2 28,070 0.8
2028 6 134 2 27,299 0.8
2029 6 131 2 26,563 0.8
2030 6 127 2 25,860 0.7
2031 6 124 2 25,189 0.7
2032 6 121 2 24,545 0.7
2033 6 118 2 23,929 0.7
2034 5 115 2 23,336 0.7
2035 5 112 2 22,767 0.7
2036 5 109 1 22,220 0.6
2037 5 107 1 21,692 0.6
2038 5 104 1 21,183 0.6
2039 5 102 1 20,692 0.6
2040 5 100 1 20,217 0.6

Year

Landfill Gas Generation Model Results for the Marine Avenue Transfer Site

0

5

10

15

20

25

M
et

ha
ne

 (
to

nn
es

/y
ea

r)

Year

Methane (tonnes)

Methane (tonnes)

0

50

100

150

200

250

20
13

20
14

20
15

20
16

20
17

20
18

20
19

20
20

20
21

20
22

20
23

20
24

20
25

20
26

20
27

20
28

20
29

20
30

20
31

20
32

20
33

20
34

P
o

te
n

tia
l G

H
G

 E
m

is
si

o
n

s 
(t

o
n

n
e

s 
C

O
2
-e

 y
e

a
r-1

)

Year



 
 
 
 
 
 
 
 
 
 
 
 

APPENDIX F 
Ditch Design Calculations 

 



Q = 0.0028Ci A

Q = peak runoff rate (m3/s) (100yr event)
i  = rainfall intensity (mm/hr) for design period and for time of concentration
A = watershed area (m2)

Tc = 0.0195L0.77S-0.385

Tc = time of concentration (min)

L = maximum length of flow (m)
S = drainage area grade (m/m)

Typical Area
Material Top Soil

Vegetation Pasture
Topography Rolling

A1 A2 A3 A4
Catchment Area (A, m2) = 6,700 8,200 13,400 25,800
Catchment Area (A, ha) = 0.67 0.82 1.34 2.58

Runoff Coefficient - C = 0.85 0.85 0.85 0.85

Time of concentration - Tc

Typical slope (S, m/m) = 0.250 0.250 0.330 0.330
Length of flow (L, m) = 30 80 350 350

Tc (min) = 0.456 0.971 2.719 2.719

Tc (hrs) = 0.008 0.016 0.045 0.045
If Tc <5mins, use 5mins 5mins 5mins 5mins

Peak Storm Intensity (i , mm/hr) = 90 90 90 90
Peak Flow (Q, m3/s) = 0.14 0.18 0.29 0.55

Peak Flow (Q, L/s) = 144 176 287 553

Typical Catchment Area

Sum(C1A1 + C2A2…)

Sum(A1 + A2…)
C =

Powell River Airport Landfill
Rational Method

Storm Flows - Rational Method (BC Agricultural Drainage Manual - 1997)

Powell River Airport Landfill
Closure Plan
PRJ13043

Sperling
Hansen

Associates



Powell River Airport Landfill
Closure Plan
PRJ13043

Sperling
Hansen

Associates

Rational Method

Z1 = 2.5

Z2 = 2.5

Flow Depth (y) = 0.5 m
Bottom Width (b) = 0 m (Trapezoid Sections Only)

Area (A) = 0.6250 m2

Wetted Perimeter (P) = 2.6926 m
Hydraulic Radius (R) = 0.2321 m

Longitudinal Ditch Slope (S) = 0.250 m/m

Manning's n = 0.02 Rip rap Lined

Qrequired = 0.55 m3/s
Qavailable = 5.90 m3/s

5901 L/s

Velocity = 2.381 m/s 7.81 ft/s

Powell River Airport Landfill
North Crest Ditch Design

Q
AR S

n
=

2
3

1
2



Powell River Airport Landfill
Closure Plan
PRJ13043

Sperling
Hansen

Associates

Rational Method

Z1 = 2.5

Z2 = 2.5

Flow Depth (y) = 0.5 m
Bottom Width (b) = 0 m (Trapezoid Sections Only)

Area (A) = 0.6250 m2

Wetted Perimeter (P) = 2.6926 m
Hydraulic Radius (R) = 0.2321 m

Longitudinal Ditch Slope (S) = 0.250 m/m

Manning's n = 0.02 Rip rap Lined

Qrequired = 0.46 m3/s
Qavailable = 5.90 m3/s

5901 L/s

Velocity = 1.993 m/s 6.54 ft/s

Powell River Airport Landfill
South Crest Ditch Design

Q
AR S

n
=

2
3

1
2



Powell River Airport Landfill
Closure Plan
PRJ13043

Sperling
Hansen

Associates

Maximum Flow, d = 0.7D
Flow Depth (d) = 0.315 m

Pipe Diameter (D) = 0.45 m
Pipe Diameter (D) = 17.72 in.

Theta (θ) = 3.965 radians

Area (A) = 0.1189 m2

Wetted Perimeter (P) = 0.8920 m
Hydraulic Radius (R) = 0.1333 m

Pipe Slope (S) = 0.142 m/m

Manning's n = 0.015

Qrequired = 0.61 m3/s
Qavailable = 0.781 m3/s

781 L/s
Velocity = 4.547 m/s

14.919 ft/s

Powell River Airport Landfill
Pond Culvert Design

Corrugated HDPE with smooth inner walls

θ

Q
AR S

n
=

2
3

1
2



Powell River Airport Landfill
Closure Plan
PRJ13043

Sperling
Hansen

Associates

Pond Catchment Area (A, m2) = 28,300  

Q = 0.0028Ci A - peak runoff rate (m3/s)
i  = rainfall intensity (mm/hr) for design period
A =  watershed area (ha)
C = 0.85      Runoff Coefficient

Phase 2 Allowable Discharge (L/s)

Vstorage = 2,175       m3

1 : 25y 13

i Q T Vrunoff Vstorage Vdischarge Vstored qeffective Tempty

mm/hr m3/s min m3 m3 m3 m3 L/s h
70 0.471 5 141 2,175    4 138 13.00     2.9
50 0.337 10 202 2,175    8 194 13.00     4.2
45 0.303 15 273 2,175    12 261 13.00     5.6
29 0.195 30 352 2,175    23 328 13.00     7.0
20 0.135 60 485 2,175    47 438 13.00     9.4
15 0.101 120 727 2,175    94 634 13.00     13.5
8 0.054 360 1164 2,175    281 883 13.00     18.9

5.9 0.040 720 1717 2,175    562 1155 13.00     24.7
4 0.027 1440 2328 2,175    1123 1205 13.00     25.7

Discharge rate (L/s)= 

Discharge Rates Evaluation
Storm Water Retention Design



 
 
 
 
 
 
 
 
 
 
 
 

APPENDIX G 
Water Quality Results 
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Sample ID 
Description

Client ID

Sampled Date

Grouping Analyte

Sampled Time

ALS  ENVIRONMENTAL  ANALYTICAL  REPORT

L1436334 CONTD....
2PAGE of

* Please refer to the Reference Information section for an explanation of any qualifiers detected.

Version: FINAL   

8

WATER

S-Water S-Water S-Water S-Water S-Water
25-MAR-14 25-MAR-14 25-MAR-14 25-MAR-14 25-MAR-14

AIRPORT SW-1 AIRPORT SW-2 AIRPORT SW-3 MARINE SW-1 MARINE SW-2

L1436334-1 L1436334-2 L1436334-3 L1436334-4 L1436334-5

Conductivity (uS/cm)

Hardness (as CaCO3) (mg/L)

pH (pH)

Total Suspended Solids (mg/L)

Total Dissolved Solids (mg/L)

Ammonia, Total (as N) (mg/L)

Bromide (Br) (mg/L)

Chloride (Cl) (mg/L)

Fluoride (F) (mg/L)

Nitrate (as N) (mg/L)

Nitrite (as N) (mg/L)

Sulfate (SO4) (mg/L)

Aluminum (Al)-Total (mg/L)

Antimony (Sb)-Total (mg/L)

Arsenic (As)-Total (mg/L)

Barium (Ba)-Total (mg/L)

Beryllium (Be)-Total (mg/L)

Boron (B)-Total (mg/L)

Cadmium (Cd)-Total (mg/L)

Calcium (Ca)-Total (mg/L)

Chromium (Cr)-Total (mg/L)

Cobalt (Co)-Total (mg/L)

Copper (Cu)-Total (mg/L)

Iron (Fe)-Total (mg/L)

Lead (Pb)-Total (mg/L)

Lithium (Li)-Total (mg/L)

Magnesium (Mg)-Total (mg/L)

Manganese (Mn)-Total (mg/L)

Mercury (Hg)-Total (mg/L)

Molybdenum (Mo)-Total (mg/L)

Nickel (Ni)-Total (mg/L)

Potassium (K)-Total (mg/L)

Selenium (Se)-Total (mg/L)

Silver (Ag)-Total (mg/L)

Sodium (Na)-Total (mg/L)

Thallium (Tl)-Total (mg/L)

Tin (Sn)-Total (mg/L)

56.4 400 64.2 81.3 185

16.7 176 20.7 26.8 71.6

7.32 7.99 7.35 7.64 7.90

3.1 <3.0 6.1 20.1 34.9

54 257 69 55 101

0.0094 <0.0050 0.0096 0.0057 0.0112

<0.050 <0.050 <0.050 <0.050 <0.050

5.69 6.49 5.70 7.85 7.59

0.022 0.046 0.023 0.029 0.043

0.239 4.03 0.292 0.202 0.196

<0.0010 0.0018 <0.0010 0.0015 0.0019

1.86 25.5 2.75 2.49 16.4

0.521 0.290 0.477 0.521 0.774

<0.00050 <0.00050 <0.00050 <0.00050 0.00054

<0.00050 <0.00050 <0.00050 <0.00050 0.00070

<0.020 <0.020 <0.020 <0.020 <0.020

<0.0010 <0.0010 <0.0010 <0.0010 <0.0010

<0.10 0.17 <0.10 <0.10 <0.10

<0.000010 <0.000010 <0.000010 <0.000010 0.000033

4.78 55.5 5.92 7.98 21.4

<0.0010 <0.0010 <0.0010 <0.0010 <0.0010

<0.00030 <0.00030 <0.00030 <0.00030 0.00034

0.0012 <0.0010 <0.0010 0.0015 0.0057

0.436 0.239 0.418 1.07 3.01

<0.00050 <0.00050 <0.00050 <0.00050 0.00273

<0.0050 <0.0050 <0.0050 <0.0050 <0.0050

1.15 8.98 1.43 1.66 4.39

0.0129 0.00546 0.0125 0.0297 0.139

<0.000010 <0.000010 <0.000010 <0.000010 <0.000010

<0.0010 <0.0010 <0.0010 <0.0010 <0.0010

<0.0010 <0.0010 <0.0010 <0.0010 <0.0010

<2.0 3.5 <2.0 <2.0 3.1

<0.00010 <0.00010 <0.00010 <0.00010 <0.00010

<0.000020 <0.000020 <0.000020 <0.000020 <0.000020

5.0 18.2 5.4 6.2 9.6

<0.00020 <0.00020 <0.00020 <0.00020 <0.00020

<0.00050 <0.00050 <0.00050 <0.00050 <0.00050

Physical Tests

Anions and 
Nutrients

Total Metals
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Sample ID 
Description

Client ID

Sampled Date

Grouping Analyte

Sampled Time

ALS  ENVIRONMENTAL  ANALYTICAL  REPORT

L1436334 CONTD....
3PAGE of

* Please refer to the Reference Information section for an explanation of any qualifiers detected.

Version: FINAL   

8

WATER

S-Water
25-MAR-14

MARINE SW-3

L1436334-6

Conductivity (uS/cm)

Hardness (as CaCO3) (mg/L)

pH (pH)

Total Suspended Solids (mg/L)

Total Dissolved Solids (mg/L)

Ammonia, Total (as N) (mg/L)

Bromide (Br) (mg/L)

Chloride (Cl) (mg/L)

Fluoride (F) (mg/L)

Nitrate (as N) (mg/L)

Nitrite (as N) (mg/L)

Sulfate (SO4) (mg/L)

Aluminum (Al)-Total (mg/L)

Antimony (Sb)-Total (mg/L)

Arsenic (As)-Total (mg/L)

Barium (Ba)-Total (mg/L)

Beryllium (Be)-Total (mg/L)

Boron (B)-Total (mg/L)

Cadmium (Cd)-Total (mg/L)

Calcium (Ca)-Total (mg/L)

Chromium (Cr)-Total (mg/L)

Cobalt (Co)-Total (mg/L)

Copper (Cu)-Total (mg/L)

Iron (Fe)-Total (mg/L)

Lead (Pb)-Total (mg/L)

Lithium (Li)-Total (mg/L)

Magnesium (Mg)-Total (mg/L)

Manganese (Mn)-Total (mg/L)

Mercury (Hg)-Total (mg/L)

Molybdenum (Mo)-Total (mg/L)

Nickel (Ni)-Total (mg/L)

Potassium (K)-Total (mg/L)

Selenium (Se)-Total (mg/L)

Silver (Ag)-Total (mg/L)

Sodium (Na)-Total (mg/L)

Thallium (Tl)-Total (mg/L)

Tin (Sn)-Total (mg/L)

88.6

29.5

7.71

23.5

68

0.0059

<0.050

7.87

0.025

0.212

0.0014

3.19

0.566

<0.00050

<0.00050

<0.020

<0.0010

<0.10

<0.000010

8.83

<0.0010

<0.00030

0.0016

1.13

0.00056

<0.0050

1.81

0.0376

<0.000010

<0.0010

<0.0010

<2.0

<0.00010

<0.000020

6.6

<0.00020

<0.00050

Physical Tests

Anions and 
Nutrients

Total Metals
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Sample ID 
Description

Client ID

Sampled Date

Grouping Analyte

Sampled Time
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L1436334 CONTD....
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* Please refer to the Reference Information section for an explanation of any qualifiers detected.

Version: FINAL   

8

WATER

S-Water S-Water S-Water S-Water S-Water
25-MAR-14 25-MAR-14 25-MAR-14 25-MAR-14 25-MAR-14

AIRPORT SW-1 AIRPORT SW-2 AIRPORT SW-3 MARINE SW-1 MARINE SW-2

L1436334-1 L1436334-2 L1436334-3 L1436334-4 L1436334-5

Titanium (Ti)-Total (mg/L)

Uranium (U)-Total (mg/L)

Vanadium (V)-Total (mg/L)

Zinc (Zn)-Total (mg/L)

COD (mg/L)

Phenols (4AAP) (mg/L)

0.017 0.023 0.016 0.028 0.036

<0.00020 <0.00020 <0.00020 <0.00020 0.00046

0.0026 0.0013 0.0025 0.0020 0.0025

<0.0050 <0.0050 <0.0050 <0.0050 0.0142

26 <20 20 <20 40

0.0029 0.0026 0.0032 0.0015 0.0045

Total Metals

Aggregate 
Organics
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Sample ID 
Description

Client ID

Sampled Date

Grouping Analyte

Sampled Time

ALS  ENVIRONMENTAL  ANALYTICAL  REPORT

L1436334 CONTD....
5PAGE of

* Please refer to the Reference Information section for an explanation of any qualifiers detected.

Version: FINAL   

8

WATER

S-Water
25-MAR-14

MARINE SW-3

L1436334-6

Titanium (Ti)-Total (mg/L)

Uranium (U)-Total (mg/L)

Vanadium (V)-Total (mg/L)

Zinc (Zn)-Total (mg/L)

COD (mg/L)

Phenols (4AAP) (mg/L)

0.028

<0.00020

0.0021

<0.0050

<20

0.0043

Total Metals

Aggregate 
Organics



Reference Information

L1436334-1 Water sample(s) for total mercury analysis was not submitted in glass container with 
HCl preservative.  Results may be biased low.

Qualifiers for Individual Samples Listed:

Sample Number

AIRPORT SW-1

Client Sample  ID       Description      

DLM

MS-B

Detection Limit Adjusted due to sample matrix effects.

Matrix Spike recovery could not be accurately calculated due to high analyte background in sample.

Qualifiers for Individual Parameters Listed:

WSMT

Qualifiers  for Sample Submission Listed:

WSMT Water sample(s) for total mercury analysis was not submitted in glass container with HCl preservative.  Results may be biased 
low.

Qualifier      

Description Qualifier      

Description       Qualifier      

03-APR-14 18:04 (MT)

L1436334 CONTD....

6PAGE of

ANIONS-BR-IC-VA

ANIONS-CL-IC-VA

ANIONS-F-IC-VA

ANIONS-NO2-IC-VA

ANIONS-NO3-IC-VA

ANIONS-SO4-IC-VA

COD-COL-VA

EC-PCT-VA

HARDNESS-CALC-VA

HG-TOT-LOW-CVAFS-VA

MET-T-CCMS-VA

Bromide by Ion Chromatography

Chloride by Ion Chromatography

Fluoride by Ion Chromatography

Nitrite in Water by Ion Chromatography

Nitrate in Water by Ion Chromatography

Sulfate by Ion Chromatography

Chemical Oxygen Demand by Colorimetric

Conductivity (Automated)

Hardness

Total Mercury in Water by CVAFS(Low)

Total Metals in Water by CRC ICPMS

This analysis is carried out using procedures adapted from APHA Method 4110 B. "Ion Chromatography with Chemical Suppression of Eluent 
Conductivity" and EPA Method 300.0 "Determination of Inorganic Anions by Ion Chromatography".

This analysis is carried out using procedures adapted from APHA Method 4110 B. "Ion Chromatography with Chemical Suppression of Eluent 
Conductivity" and EPA Method 300.0 "Determination of Inorganic Anions by Ion Chromatography".

This analysis is carried out using procedures adapted from APHA Method 4110 B. "Ion Chromatography with Chemical Suppression of Eluent 
Conductivity" and EPA Method 300.0 "Determination of Inorganic Anions by Ion Chromatography".

This analysis is carried out using procedures adapted from EPA Method 300.0 "Determination of Inorganic Anions by Ion Chromatography". Nitrite is 
detected by UV absorbance.

This analysis is carried out using procedures adapted from EPA Method 300.0 "Determination of Inorganic Anions by Ion Chromatography". Nitrate is 
detected by UV absorbance.

This analysis is carried out using procedures adapted from APHA Method 4110 B. "Ion Chromatography with Chemical Suppression of Eluent 
Conductivity" and EPA Method 300.0 "Determination of Inorganic Anions by Ion Chromatography".

This analysis is carried out using procedures adapted from APHA Method 5220 "Chemical Oxygen Demand (COD)". Chemical oxygen demand is 
determined using the closed reflux colourimetric method.

This analysis is carried out using procedures adapted from APHA Method 2510 "Conductivity". Conductivity is determined using a conductivity 
electrode.

Hardness (also known as Total Hardness) is calculated from the sum of Calcium and Magnesium concentrations, expressed in CaCO3 equivalents.  
Dissolved Calcium and Magnesium concentrations are preferentially used for the hardness calculation.

This analysis is carried out using procedures adapted from "Standard Methods for the Examination of Water and Wastewater" published by the 
American Public Health Association, and with procedures adapted from "Test Methods for Evaluating Solid Waste" SW-846 published by the United 
States Environmental Protection Agency (EPA).  The procedure involves a cold-oxidation of the acidified sample using bromine monochloride prior to 
reduction of the sample with stannous chloride.  Instrumental analysis is by cold vapour atomic fluorescence spectrophotometry or atomic absorption 
spectrophotometry (EPA Method 245.7).

ALS Test Code Test Description

Water

Water

Water

Water

Water

Water

Water

Water

Water

Water

Water

APHA 4110 B.

APHA 4110 B.

APHA 4110 B.

EPA 300.0

EPA 300.0

APHA 4110 B.

APHA 5220 D. CHEMICAL OXYGEN DEMAND

APHA 2510 Auto. Conduc.

APHA 2340B

EPA 245.7

APHA 3030 B&E / EPA SW-846 6020A

Method Reference** Matrix 

Test Method References:            

Version: FINAL   

Applies to Sample Number(s)Parameter Qualifier

L1436334-1, -2, -3, -4, -5, -6
L1436334-1, -2, -3, -4, -5, -6
L1436334-1, -2, -3, -4, -5, -6

Bromide (Br)
Calcium (Ca)-Total
Sodium (Na)-Total

DLM
MS-B
MS-B

QC Samples with Qualifiers & Comments:

Duplicate
Matrix Spike
Matrix Spike

QC Type Description
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MET-TOT-ICP-VA

NH3-F-VA

PH-PCT-VA

PH-PCT-VA

PHENOLS-4AAP-ED

TDS-VA

TSS-VA

Total Metals in Water by ICPOES

Ammonia in Water by Fluorescence

pH by Meter (Automated)

pH by Meter (Automated)

Phenols (4AAP)

Total Dissolved Solids by Gravimetric

Total Suspended Solids by Gravimetric

This analysis is carried out using procedures adapted from "Standard Methods for the Examination of Water and Wastewater" published by the 
American Public Health Association, and with procedures adapted from "Test Methods for Evaluating Solid Waste" SW-846 published by the United 
States Environmental Protection Agency (EPA).  The procedures may involve preliminary sample treatment by acid digestion, using hotblock, or 
filtration (APHA 3030B&E).  Instrumental analysis is by collision cell inductively coupled plasma - mass spectrometry (modified from EPA Method 
6020A).

This analysis is carried out using procedures adapted from "Standard Methods for the Examination of Water and Wastewater" published by the 
American Public Health Association, and with procedures adapted from "Test Methods for Evaluating Solid Waste" SW-846 published by the United 
States Environmental Protection Agency (EPA).  The procedures may involve preliminary sample treatment by acid digestion, using either hotblock or 
microwave oven (EPA Method 3005A).  Instrumental analysis is by inductively coupled plasma - optical emission spectrophotometry (EPA Method 
6010B).

This analysis is carried out, on sulfuric acid preserved samples, using procedures modified from J. Environ. Monit., 2005, 7, 37 - 42, The Royal Society
of Chemistry, "Flow-injection analysis with fluorescence detection for the determination of trace levels of ammonium in seawater", Roslyn J. Waston et 
al.

This analysis is carried out using procedures adapted from APHA Method 4500-H "pH Value". The pH is determined in the laboratory using a pH 
electrode

It is recommended that this analysis be conducted in the field.

This analysis is carried out using procedures adapted from APHA Method 4500-H "pH Value". The pH is determined in the laboratory using a pH 
electrode

It is recommended that this analysis be conducted in the field.

This analysis is carried out using procedures adapted from ENVIRODAT VMV 06537 689, Method Code 154, in "Methods Manual for Chemical 
Analysis of Water and Wastes" published by the Alberta Environmental Centre.  This automated method is based on the distillation of phenol and 
subsequent reaction of the distillate with alkaline ferricyanide and 4-aminoantipyrine to form a red complex which is measured at 505 nm.

This analysis is carried out using procedures adapted from APHA Method 2540 "Solids". Solids are determined gravimetrically. Total Dissolved Solids 
(TDS) are determined by filtering a sample through a glass fibre filter, TDS is determined by evaporating the filtrate to dryness at 180 degrees celsius.

This analysis is carried out using procedures adapted from APHA Method 2540 "Solids". Solids are determined gravimetrically. Total Suspended 
Solids (TSS) are determined by filtering a sample through a glass fibre filter, TSS is determined by drying the filter at 104 degrees celsius.

Water

Water

Water

Water

Water

Water

Water

EPA SW-846 3005A/6010B

J. ENVIRON. MONIT., 2005, 7, 37-42, RSC

APHA 4500-H "pH Value"

APHA 4500-H pH Value

AB ENV.06537-COLORIMETRIC

APHA 2540 C - GRAVIMETRIC

APHA 2540 D - GRAVIMETRIC

** ALS test methods may incorporate modifications from specified reference methods to improve performance.

The last two letters of the above test code(s) indicate the laboratory that performed analytical analysis for that test. Refer to the list below:

Laboratory Definition Code Laboratory Location

ED

VA

ALS ENVIRONMENTAL - EDMONTON, ALBERTA, CANADA

ALS ENVIRONMENTAL - VANCOUVER, BRITISH COLUMBIA, CANADA

Chain of Custody Numbers:

10-368543

Version: FINAL   
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GLOSSARY OF REPORT TERMS
Surrogate - A compound that is similar in behaviour to target analyte(s), but that does not occur naturally in environmental samples.  For
applicable tests, surrogates are added to samples prior to analysis as a check on recovery.
mg/kg - milligrams per kilogram based on dry weight of sample.
mg/kg wwt - milligrams per kilogram based on wet weight of sample.
mg/kg lwt - milligrams per kilogram based on lipid-adjusted weight of sample.
mg/L - milligrams per litre.
< - Less than.
D.L. - The reported Detection Limit, also known as the Limit of Reporting (LOR).
N/A - Result not available.  Refer to qualifier code and definition for explanation.

Test results reported relate only to the samples as received by the laboratory.
UNLESS OTHERWISE STATED, ALL SAMPLES WERE RECEIVED IN ACCEPTABLE CONDITION.
Analytical results in unsigned test reports with the DRAFT watermark are subject to change, pending final QC review.

Version: FINAL   
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Quality Control Report
Page 1 of

Client:

Contact:

SPERLING HANSEN ASSOCIATES INC.
# 8 - 1225 East Keith Road 
North Vancouver  BC  V7J 1J3
Mark Manning

Report Date: 03-APR-14Workorder: L1436334

Test Matrix Reference Result Qualifier Units RPD Limit Analyzed

ANIONS-BR-IC-VA

ANIONS-CL-IC-VA

Water

Water

R2811712

R2811712

Batch

Batch

LCS

LCS

MB

MB

MB

MB

MB

MS

MS

LCS

LCS

MB

MB

MB

MB

MB

MS

MS

MS

WG1849482-15

WG1849482-2

WG1849482-1

WG1849482-10

WG1849482-13

WG1849482-4

WG1849482-7

WG1849482-11

WG1849482-8

WG1849482-15

WG1849482-2

WG1849482-1

WG1849482-10

WG1849482-13

WG1849482-4

WG1849482-7

WG1849482-11

WG1849482-14

WG1849482-5

L1436121-8

L1436096-10

L1436121-8

L1436432-2

L1435966-2

Bromide (Br)

Bromide (Br)

Bromide (Br)

Bromide (Br)

Bromide (Br)

Bromide (Br)

Bromide (Br)

Bromide (Br)

Bromide (Br)

Chloride (Cl)

Chloride (Cl)

Chloride (Cl)

Chloride (Cl)

Chloride (Cl)

Chloride (Cl)

Chloride (Cl)

Chloride (Cl)

Chloride (Cl)

105.8

102.1

<0.050

<0.050

<0.050

<0.050

<0.050

104.0

110.4

102.4

102.2

<0.50

<0.50

<0.50

<0.50

<0.50

101.4

101.1

26-MAR-14

26-MAR-14

26-MAR-14

26-MAR-14

26-MAR-14

26-MAR-14

26-MAR-14

26-MAR-14

26-MAR-14

26-MAR-14

26-MAR-14

26-MAR-14

26-MAR-14

26-MAR-14

26-MAR-14

26-MAR-14

26-MAR-14

26-MAR-14

85-115

85-115

75-125

75-125

90-110

90-110

75-125

75-125

%

%

mg/L

mg/L

mg/L

mg/L

mg/L

%

%

%

%

mg/L

mg/L

mg/L

mg/L

mg/L

%

%

0.05

0.05

0.05

0.05

0.05

0.5

0.5

0.5

0.5

0.5
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Quality Control Report
Page 2 ofReport Date: 03-APR-14Workorder: L1436334

Test Matrix Reference Result Qualifier Units RPD Limit Analyzed

ANIONS-CL-IC-VA

ANIONS-F-IC-VA

ANIONS-NO2-IC-VA

Water

Water

Water

R2811712

R2811712

R2811712

Batch

Batch

Batch

MS

MS

LCS

LCS

MB

MB

MB

MB

MB

MS

MS

MS

LCS

LCS

MB

MB

MB

WG1849482-5

WG1849482-8

WG1849482-15

WG1849482-2

WG1849482-1

WG1849482-10

WG1849482-13

WG1849482-4

WG1849482-7

WG1849482-11

WG1849482-14

WG1849482-8

WG1849482-15

WG1849482-2

WG1849482-1

WG1849482-10

WG1849482-13

L1435966-2

L1436096-10

L1436121-8

L1436432-2

L1436096-10

Chloride (Cl)

Chloride (Cl)

Fluoride (F)

Fluoride (F)

Fluoride (F)

Fluoride (F)

Fluoride (F)

Fluoride (F)

Fluoride (F)

Fluoride (F)

Fluoride (F)

Fluoride (F)

Nitrite (as N)

Nitrite (as N)

Nitrite (as N)

Nitrite (as N)

Nitrite (as N)

101.6

99.9

108.8

108.5

<0.020

<0.020

<0.020

<0.020

<0.020

111.4

110.5

108.0

102.0

101.6

<0.0010

<0.0010

<0.0010

26-MAR-14

26-MAR-14

26-MAR-14

26-MAR-14

26-MAR-14

26-MAR-14

26-MAR-14

26-MAR-14

26-MAR-14

26-MAR-14

26-MAR-14

26-MAR-14

26-MAR-14

26-MAR-14

26-MAR-14

26-MAR-14

26-MAR-14

75-125

75-125

90-110

90-110

75-125

75-125

75-125

90-110

90-110

%

%

%

%

mg/L

mg/L

mg/L

mg/L

mg/L

%

%

%

%

%

mg/L

mg/L

mg/L

0.02

0.02

0.02

0.02

0.02

0.001

0.001

0.001
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Quality Control Report
Page 3 ofReport Date: 03-APR-14Workorder: L1436334

Test Matrix Reference Result Qualifier Units RPD Limit Analyzed

ANIONS-NO2-IC-VA

ANIONS-NO3-IC-VA

ANIONS-SO4-IC-VA

Water

Water

Water

R2811712

R2811712

R2811712

Batch

Batch

Batch

MB

MB

MS

MS

MS

LCS

LCS

MB

MB

MB

MB

MB

MS

MS

MS

LCS

LCS

WG1849482-4

WG1849482-7

WG1849482-11

WG1849482-14

WG1849482-8

WG1849482-15

WG1849482-2

WG1849482-1

WG1849482-10

WG1849482-13

WG1849482-4

WG1849482-7

WG1849482-11

WG1849482-14

WG1849482-8

WG1849482-15

WG1849482-2

L1436121-8

L1436432-2

L1436096-10

L1436121-8

L1436432-2

L1436096-10

Nitrite (as N)

Nitrite (as N)

Nitrite (as N)

Nitrite (as N)

Nitrite (as N)

Nitrate (as N)

Nitrate (as N)

Nitrate (as N)

Nitrate (as N)

Nitrate (as N)

Nitrate (as N)

Nitrate (as N)

Nitrate (as N)

Nitrate (as N)

Nitrate (as N)

Sulfate (SO4)

Sulfate (SO4)

<0.0010

<0.0010

100.3

99.0

100.2

102.3

102.0

<0.0050

<0.0050

<0.0050

<0.0050

<0.0050

98.9

97.5

100.5

103.0

102.7

26-MAR-14

26-MAR-14

26-MAR-14

26-MAR-14

26-MAR-14

26-MAR-14

26-MAR-14

26-MAR-14

26-MAR-14

26-MAR-14

26-MAR-14

26-MAR-14

26-MAR-14

26-MAR-14

26-MAR-14

26-MAR-14

26-MAR-14

75-125

75-125

75-125

90-110

90-110

75-125

75-125

75-125

90-110

90-110

mg/L

mg/L

%

%

%

%

%

mg/L

mg/L

mg/L

mg/L

mg/L

%

%

%

%

%

0.001

0.001

0.005

0.005

0.005

0.005

0.005
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Quality Control Report
Page 4 ofReport Date: 03-APR-14Workorder: L1436334

Test Matrix Reference Result Qualifier Units RPD Limit Analyzed

ANIONS-SO4-IC-VA

COD-COL-VA

EC-PCT-VA

Water

Water

Water

R2811712

R2811551

R2811411

Batch

Batch

Batch

MB

MB

MB

MB

MB

MS

MS

MS

MS

LCS

LCS

MB

MB

CRM

CRM

CRM

CRM

WG1849482-1

WG1849482-10

WG1849482-13

WG1849482-4

WG1849482-7

WG1849482-11

WG1849482-14

WG1849482-5

WG1849482-8

WG1850048-3

WG1850048-5

WG1850048-1

WG1850048-4

WG1849403-17

WG1849403-18

WG1849403-19

WG1849403-20

L1436121-8

L1436432-2

L1435966-2

L1436096-10

VA-EC-PCT-CONTROL

VA-EC-PCT-CONTROL

VA-EC-PCT-CONTROL

VA-EC-PCT-CONTROL

Sulfate (SO4)

Sulfate (SO4)

Sulfate (SO4)

Sulfate (SO4)

Sulfate (SO4)

Sulfate (SO4)

Sulfate (SO4)

Sulfate (SO4)

Sulfate (SO4)

COD

COD

COD

COD

Conductivity

Conductivity

Conductivity

Conductivity

<0.50

<0.50

<0.50

<0.50

<0.50

101.6

101.6

100.4

92.8

99.2

98.1

<20

<20

100.7

99.1

99.2

100.5

26-MAR-14

26-MAR-14

26-MAR-14

26-MAR-14

26-MAR-14

26-MAR-14

26-MAR-14

26-MAR-14

26-MAR-14

27-MAR-14

27-MAR-14

27-MAR-14

27-MAR-14

26-MAR-14

26-MAR-14

26-MAR-14

26-MAR-14

75-125

75-125

75-125

75-125

85-115

85-115

90-110

90-110

90-110

90-110

mg/L

mg/L

mg/L

mg/L

mg/L

%

%

%

%

%

%

mg/L

mg/L

%

%

%

%

0.5

0.5

0.5

0.5

0.5

20

20
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Quality Control Report
Page 5 ofReport Date: 03-APR-14Workorder: L1436334

Test Matrix Reference Result Qualifier Units RPD Limit Analyzed

EC-PCT-VA

HG-TOT-LOW-CVAFS-VA

MET-T-CCMS-VA

Water

Water

Water

R2811411

R2811762

R2813318

Batch

Batch

Batch

CRM

MB

MB

MB

MB

MB

DUP

LCS

MB

MS

MS

MS

CRM

WG1849403-21

WG1849403-1

WG1849403-2

WG1849403-3

WG1849403-4

WG1849403-5

WG1850491-8

WG1850491-6

WG1850491-5

WG1850491-14

WG1850491-15

WG1850491-16

WG1851197-3

VA-EC-PCT-CONTROL

L1436334-1

L1436483-1

L1436334-2

L1436620-1

VA-HIGH-WATRM

Conductivity

Conductivity

Conductivity

Conductivity

Conductivity

Conductivity

Mercury (Hg)-Total

Mercury (Hg)-Total

Mercury (Hg)-Total

Mercury (Hg)-Total

Mercury (Hg)-Total

Mercury (Hg)-Total

Aluminum (Al)-Total

Antimony (Sb)-Total

Arsenic (As)-Total

Beryllium (Be)-Total

Cadmium (Cd)-Total

Chromium (Cr)-Total

Cobalt (Co)-Total

Copper (Cu)-Total

100.7

<2.0

<2.0

<2.0

<2.0

<2.0

<0.000010

97.0

<0.000010

88.9

92.1

96.8

100.1

100.9

97.7

96.1

101.6

99.6

97.4

96.3

26-MAR-14

26-MAR-14

26-MAR-14

26-MAR-14

26-MAR-14

26-MAR-14

27-MAR-14

27-MAR-14

27-MAR-14

27-MAR-14

27-MAR-14

27-MAR-14

29-MAR-14

29-MAR-14

29-MAR-14

29-MAR-14

29-MAR-14

29-MAR-14

29-MAR-14

29-MAR-14

N/A 20

90-110

80-120

70-130

70-130

70-130

80-120

80-120

80-120

80-120

80-120

80-120

80-120

80-120

%

uS/cm

uS/cm

uS/cm

uS/cm

uS/cm

mg/L

%

mg/L

%

%

%

%

%

%

%

%

%

%

%

2

2

2

2

2

0.00001

RPD-NA<0.000010
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Quality Control Report
Page 6 ofReport Date: 03-APR-14Workorder: L1436334

Test Matrix Reference Result Qualifier Units RPD Limit Analyzed

MET-T-CCMS-VA

MET-TOT-ICP-VA

Water

Water

R2813318

R2814038

Batch

Batch

CRM

MB

MB

WG1851197-3

WG1851197-1

WG1851197-1

VA-HIGH-WATRM
Lead (Pb)-Total

Lithium (Li)-Total

Manganese (Mn)-Total

Molybdenum (Mo)-Total

Nickel (Ni)-Total

Selenium (Se)-Total

Silver (Ag)-Total

Thallium (Tl)-Total

Tin (Sn)-Total

Uranium (U)-Total

Vanadium (V)-Total

Aluminum (Al)-Total

Antimony (Sb)-Total

Arsenic (As)-Total

Beryllium (Be)-Total

Cadmium (Cd)-Total

Chromium (Cr)-Total

Cobalt (Co)-Total

Copper (Cu)-Total

Lead (Pb)-Total

Lithium (Li)-Total

Manganese (Mn)-Total

Molybdenum (Mo)-Total

Nickel (Ni)-Total

Selenium (Se)-Total

Silver (Ag)-Total

Tin (Sn)-Total

Uranium (U)-Total

Vanadium (V)-Total

Thallium (Tl)-Total

96.6

96.3

101.3

96.3

97.6

98.2

101.4

99.9

99.9

98.2

99.6

<0.0030

<0.00010

<0.00010

<0.00010

<0.000010

<0.00010

<0.00010

<0.00050

<0.000050

<0.00050

<0.000050

<0.000050

<0.00050

<0.00010

<0.000010

<0.00010

<0.000010

<0.0010

<0.000010

29-MAR-14

29-MAR-14

29-MAR-14

29-MAR-14

29-MAR-14

29-MAR-14

29-MAR-14

29-MAR-14

29-MAR-14

29-MAR-14

29-MAR-14

29-MAR-14

29-MAR-14

29-MAR-14

29-MAR-14

29-MAR-14

29-MAR-14

29-MAR-14

29-MAR-14

29-MAR-14

29-MAR-14

29-MAR-14

29-MAR-14

29-MAR-14

29-MAR-14

29-MAR-14

29-MAR-14

29-MAR-14

29-MAR-14

31-MAR-14

80-120

80-120

80-120

80-120

80-120

80-120

80-120

80-120

80-120

80-120

80-120

%

%

%

%

%

%

%

%

%

%

%

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

0.003

0.0001

0.0001

0.0001

0.00001

0.0001

0.0001

0.0005

0.00005

0.0005

0.00005

0.00005

0.0005

0.0001

0.00001

0.0001

0.00001

0.001

0.00001
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Quality Control Report
Page 7 ofReport Date: 03-APR-14Workorder: L1436334

Test Matrix Reference Result Qualifier Units RPD Limit Analyzed

MET-TOT-ICP-VA

NH3-F-VA

Water

Water

R2813526

R2813768

R2814976

Batch

Batch

Batch

CRM

MB

MS

CRM

CRM

WG1851197-3

WG1851197-1

WG1851197-4

WG1852631-10

WG1852631-2

VA-HIGH-WATRM

L1437394-1

VA-NH3-F

VA-NH3-F

Barium (Ba)-Total

Boron (B)-Total

Calcium (Ca)-Total

Iron (Fe)-Total

Magnesium (Mg)-Total

Potassium (K)-Total

Sodium (Na)-Total

Titanium (Ti)-Total

Zinc (Zn)-Total

Barium (Ba)-Total

Boron (B)-Total

Calcium (Ca)-Total

Iron (Fe)-Total

Magnesium (Mg)-Total

Potassium (K)-Total

Sodium (Na)-Total

Titanium (Ti)-Total

Zinc (Zn)-Total

Boron (B)-Total

Calcium (Ca)-Total

Iron (Fe)-Total

Magnesium (Mg)-Total

Potassium (K)-Total

Sodium (Na)-Total

Titanium (Ti)-Total

Zinc (Zn)-Total

Ammonia, Total (as N)

Ammonia, Total (as N)

101.4

99.9

105.0

98.8

104.0

101.9

102.5

106.3

100.2

<0.010

<0.10

<0.050

<0.030

<0.10

<2.0

<2.0

<0.010

<0.0050

101.2

N/A

93.3

100.5

103.8

N/A

101.1

91.1

98.3

99.5

29-MAR-14

29-MAR-14

29-MAR-14

29-MAR-14

29-MAR-14

29-MAR-14

29-MAR-14

29-MAR-14

29-MAR-14

29-MAR-14

29-MAR-14

29-MAR-14

29-MAR-14

29-MAR-14

29-MAR-14

29-MAR-14

29-MAR-14

29-MAR-14

31-MAR-14

31-MAR-14

31-MAR-14

31-MAR-14

31-MAR-14

31-MAR-14

31-MAR-14

31-MAR-14

02-APR-14

02-APR-14

80-120

80-120

80-120

80-120

80-120

80-120

80-120

80-120

80-120

70-130

-

70-130

70-130

70-130

-

70-130

70-130

85-115

85-115

%

%

%

%

%

%

%

%

%

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

%

%

%

%

%

%

%

%

%

%

MS-B

MS-B

0.01

0.1

0.05

0.03

0.1

2

2

0.01

0.005
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Quality Control Report
Page 8 ofReport Date: 03-APR-14Workorder: L1436334

Test Matrix Reference Result Qualifier Units RPD Limit Analyzed

NH3-F-VA

PH-PCT-VA

PHENOLS-4AAP-ED

Water

Water

Water

R2814976

R2811411

R2812204

Batch

Batch

Batch

CRM

CRM

CRM

MB

MB

MB

MB

MB

MS

MS

CRM

CRM

CRM

CRM

CRM

LCS

MB

WG1852631-4

WG1852631-6

WG1852631-8

WG1852631-1

WG1852631-3

WG1852631-5

WG1852631-7

WG1852631-9

WG1852631-12

WG1852631-14

WG1849403-25

WG1849403-26

WG1849403-27

WG1849403-28

WG1849403-29

WG1850967-3

WG1850967-2

VA-NH3-F

VA-NH3-F

VA-NH3-F

L1435746-8

L1435804-1

VA-PH7-BUF

VA-PH7-BUF

VA-PH7-BUF

VA-PH7-BUF

VA-PH7-BUF

Ammonia, Total (as N)

Ammonia, Total (as N)

Ammonia, Total (as N)

Ammonia, Total (as N)

Ammonia, Total (as N)

Ammonia, Total (as N)

Ammonia, Total (as N)

Ammonia, Total (as N)

Ammonia, Total (as N)

Ammonia, Total (as N)

pH

pH

pH

pH

pH

Phenols (4AAP)

Phenols (4AAP)

96.7

101.0

98.8

<0.0050

<0.0050

<0.0050

<0.0050

<0.0050

102.0

100.4

7.04

7.04

7.04

7.05

7.04

100.0

<0.0010

02-APR-14

02-APR-14

02-APR-14

02-APR-14

02-APR-14

02-APR-14

02-APR-14

02-APR-14

02-APR-14

02-APR-14

26-MAR-14

26-MAR-14

26-MAR-14

26-MAR-14

26-MAR-14

28-MAR-14

28-MAR-14

85-115

85-115

85-115

75-125

75-125

6.9-7.1

6.9-7.1

6.9-7.1

6.9-7.1

6.9-7.1

85-115

%

%

%

mg/L

mg/L

mg/L

mg/L

mg/L

%

%

pH

pH

pH

pH

pH

%

mg/L

0.005

0.005

0.005

0.005

0.005

0.001
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Quality Control Report
Page 9 ofReport Date: 03-APR-14Workorder: L1436334

Test Matrix Reference Result Qualifier Units RPD Limit Analyzed

PHENOLS-4AAP-ED

TDS-VA

TSS-VA

Water

Water

Water

R2812204

R2811770

R2811412

Batch

Batch

Batch

MS

DUP

LCS

LCS

MB

MB

LCS

LCS

MB

MB

WG1850967-6

WG1849952-3

WG1849952-2

WG1849952-5

WG1849952-1

WG1849952-4

WG1849951-2

WG1849951-5

WG1849951-1

WG1849951-4

L1434626-6

L1436334-2

Phenols (4AAP)

Total Dissolved Solids

Total Dissolved Solids

Total Dissolved Solids

Total Dissolved Solids

Total Dissolved Solids

Total Suspended Solids

Total Suspended Solids

Total Suspended Solids

Total Suspended Solids

98.0

261

101.1

101.7

<10

<10

90.5

102.8

<3.0

<3.0

28-MAR-14

27-MAR-14

27-MAR-14

27-MAR-14

27-MAR-14

27-MAR-14

27-MAR-14

27-MAR-14

27-MAR-14

27-MAR-14

1.6 20

75-125

85-115

85-115

85-115

85-115

%

mg/L

%

%

mg/L

mg/L

%

%

mg/L

mg/L

10

10

3

3

257
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Quality Control Report
Page 10 ofReport Date: 03-APR-14Workorder: L1436334

Sample Parameter Qualifier Definitions:

Description Qualifier      

J

MS-B

RPD-NA

Duplicate results and limits are expressed in terms of absolute difference.

Matrix Spike recovery could not be accurately calculated due to high analyte background in sample.

Relative Percent Difference Not Available due to result(s) being less than detection limit.

Limit    ALS Control Limit (Data Quality Objectives)
DUP     Duplicate
RPD     Relative Percent Difference
N/A        Not Available
LCS      Laboratory Control Sample
SRM     Standard Reference Material
MS        Matrix Spike
MSD     Matrix Spike Duplicate
ADE      Average Desorption Efficiency
MB        Method Blank
IRM       Internal Reference Material
CRM     Certified Reference Material
CCV      Continuing Calibration Verification
CVS      Calibration Verification Standard
LCSD   Laboratory Control Sample Duplicate

Legend:
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Quality Control Report
Page 11 ofReport Date: 03-APR-14Workorder: L1436334

ALS Product Description   
Sample  

ID   Sampling Date   Date Processed   Rec. HT Actual HT

Physical Tests

1
2
3
4
5
6

25-MAR-14
25-MAR-14
25-MAR-14
25-MAR-14
25-MAR-14
25-MAR-14

26-MAR-14 23:00
26-MAR-14 23:00
26-MAR-14 23:00
26-MAR-14 23:00
26-MAR-14 23:00
26-MAR-14 23:00

0.25
0.25
0.25
0.25
0.25
0.25

35
35
35
35
35
35

pH by Meter (Automated)
EHTR-FM
EHTR-FM
EHTR-FM
EHTR-FM
EHTR-FM
EHTR-FM

Qualifier   

Legend & Qualifier Definitions:

The ALS Quality Control Report is provided to ALS clients upon request.  ALS includes comprehensive QC checks with every analysis to 
ensure our high standards of quality are met.  Each QC result has a known or expected target value, which is compared against pre-
determined data quality objectives to provide confidence in the accuracy of associated test results.

Please note that this report may contain QC results from anonymous Sample Duplicates and Matrix Spikes that do not originate from this 
Work Order.

Hold Time Exceedances:

Notes*:
Where actual sampling date is not provided to ALS, the date (& time) of receipt is used for calculation purposes.
Where actual sampling time is not provided to ALS, the earlier of 12 noon on the sampling date or the time (& date) of receipt is
used for calculation purposes.  Samples for L1436334 were received on 25-MAR-14 19:25.

ALS recommended hold times may vary by province.  They are assigned to meet known provincial and/or federal government
requirements.  In the absence of regulatory hold times, ALS establishes recommendations based on guidelines published by the
US EPA, APHA Standard Methods, or Environment Canada (where available).  For more information, please contact ALS.

Units 

hours
hours
hours
hours
hours
hours

EHTR-FM:  
EHTR:        
EHTL:         
EHT:         
Rec. HT:   

Exceeded ALS recommended hold time prior to sample receipt.  Field Measurement recommended.
Exceeded ALS recommended hold time prior to sample receipt.
Exceeded ALS recommended hold time prior to analysis.  Sample was received less than 24 hours prior to expiry.
Exceeded ALS recommended hold time prior to analysis.
ALS recommended hold time (see units).
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[This report shall not be reproduced except in full without the written authority of the Laboratory.]
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Version:
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27-DEC-13 11:08 (MT)

Sample ID 
Description

Client ID

Sampled Date

Grouping Analyte

Sampled Time

ALS  ENVIRONMENTAL  ANALYTICAL  REPORT

L1404125 CONTD....
2PAGE of

* Please refer to the Reference Information section for an explanation of any qualifiers detected.

Version: FINAL   

8

WATER

G-Water G-Water G-Water G-Water G-Water
14-DEC-13 14-DEC-13 14-DEC-13 14-DEC-13 14-DEC-13

MW-2 MW-3 MW-8 MW-9 MW13-1

L1404125-1 L1404125-2 L1404125-3 L1404125-4 L1404125-5

Conductivity (uS/cm)

Hardness (as CaCO3) (mg/L)

pH (pH)

Total Suspended Solids (mg/L)

Total Dissolved Solids (mg/L)

Ammonia, Total (as N) (mg/L)

Bromide (Br) (mg/L)

Chloride (Cl) (mg/L)

Fluoride (F) (mg/L)

Nitrate (as N) (mg/L)

Nitrite (as N) (mg/L)

Sulfate (SO4) (mg/L)

Sulphide as S (mg/L)

Dissolved Mercury Filtration Location

Dissolved Metals Filtration Location

Aluminum (Al)-Dissolved (mg/L)

Antimony (Sb)-Dissolved (mg/L)

Arsenic (As)-Dissolved (mg/L)

Barium (Ba)-Dissolved (mg/L)

Beryllium (Be)-Dissolved (mg/L)

Boron (B)-Dissolved (mg/L)

Cadmium (Cd)-Dissolved (mg/L)

Calcium (Ca)-Dissolved (mg/L)

Chromium (Cr)-Dissolved (mg/L)

Cobalt (Co)-Dissolved (mg/L)

Copper (Cu)-Dissolved (mg/L)

Iron (Fe)-Dissolved (mg/L)

Lead (Pb)-Dissolved (mg/L)

Lithium (Li)-Dissolved (mg/L)

Magnesium (Mg)-Dissolved (mg/L)

Manganese (Mn)-Dissolved (mg/L)

Mercury (Hg)-Dissolved (mg/L)

Molybdenum (Mo)-Dissolved (mg/L)

Nickel (Ni)-Dissolved (mg/L)

Potassium (K)-Dissolved (mg/L)

Selenium (Se)-Dissolved (mg/L)

Silver (Ag)-Dissolved (mg/L)

232 643 1000 687 126

106 325 505 343 45.3

7.23 7.45 7.21 7.23 7.05

4100 606 7540 347 709

1080 407 665 443 100

<0.0050 0.0056 <0.0050 <0.0050

<0.050 0.153 <0.50 0.087 <0.050

2.95 5.99 7.3 4.93 9.72

0.025 0.045 <0.20 0.031 0.027

5.29 3.38 3.83 4.51 0.171

0.0016 <0.0010 <0.010 <0.0010 <0.0010

19.2 39.9 94.9 51.1 5.98

<0.020 <0.020 <0.020 <0.020

FIELD FIELD FIELD FIELD FIELD

FIELD FIELD FIELD FIELD FIELD

0.0060 <0.0050 <0.0050 <0.0050 <0.0050

<0.00050 <0.00050 <0.00050 <0.00050 <0.00050

<0.00050 <0.00050 <0.00050 <0.00050 <0.00050

<0.020 <0.020 0.055 <0.020 <0.020

<0.0010 <0.0010 <0.0010 <0.0010 <0.0010

0.11 0.16 0.57 0.27 <0.10

0.000011 0.000013 0.000064 0.000025 <0.000010

34.2 104 147 105 13.3

<0.0010 <0.0010 <0.0010 <0.0010 <0.0010

<0.00030 <0.00030 <0.00030 <0.00030 <0.00030

<0.0010 0.0010 0.0018 0.0014 <0.0010

<0.030 <0.030 <0.030 <0.030 <0.030

<0.00050 <0.00050 <0.00050 <0.00050 <0.00050

<0.0050 <0.0050 <0.0050 <0.0050 <0.0050

5.06 16.0 33.5 19.8 2.94

0.00036 <0.00030 0.0157 <0.00030 0.0102

<0.000010 <0.000010 <0.000010 <0.000010 <0.000010

<0.0010 <0.0010 <0.0010 <0.0010 <0.0010

<0.0010 <0.0010 <0.0010 <0.0010 <0.0010

2.1 4.8 3.2 3.2 <2.0

<0.00010 <0.00010 <0.00010 <0.00010 0.00011

<0.000020 <0.000020 <0.000020 <0.000020 <0.000020

Physical Tests

Anions and 
Nutrients

Dissolved Metals

RRR

DLM

DLM

DLM



27-DEC-13 11:08 (MT)

Sample ID 
Description

Client ID

Sampled Date

Grouping Analyte

Sampled Time

ALS  ENVIRONMENTAL  ANALYTICAL  REPORT

L1404125 CONTD....
3PAGE of

* Please refer to the Reference Information section for an explanation of any qualifiers detected.

Version: FINAL   

8

WATER

G-Water G-Water
14-DEC-13 14-DEC-13

MW13-2 MW13-3

L1404125-6 L1404125-7

Conductivity (uS/cm)

Hardness (as CaCO3) (mg/L)

pH (pH)

Total Suspended Solids (mg/L)

Total Dissolved Solids (mg/L)

Ammonia, Total (as N) (mg/L)

Bromide (Br) (mg/L)

Chloride (Cl) (mg/L)

Fluoride (F) (mg/L)

Nitrate (as N) (mg/L)

Nitrite (as N) (mg/L)

Sulfate (SO4) (mg/L)

Sulphide as S (mg/L)

Dissolved Mercury Filtration Location

Dissolved Metals Filtration Location

Aluminum (Al)-Dissolved (mg/L)

Antimony (Sb)-Dissolved (mg/L)

Arsenic (As)-Dissolved (mg/L)

Barium (Ba)-Dissolved (mg/L)

Beryllium (Be)-Dissolved (mg/L)

Boron (B)-Dissolved (mg/L)

Cadmium (Cd)-Dissolved (mg/L)

Calcium (Ca)-Dissolved (mg/L)

Chromium (Cr)-Dissolved (mg/L)

Cobalt (Co)-Dissolved (mg/L)

Copper (Cu)-Dissolved (mg/L)

Iron (Fe)-Dissolved (mg/L)

Lead (Pb)-Dissolved (mg/L)

Lithium (Li)-Dissolved (mg/L)

Magnesium (Mg)-Dissolved (mg/L)

Manganese (Mn)-Dissolved (mg/L)

Mercury (Hg)-Dissolved (mg/L)

Molybdenum (Mo)-Dissolved (mg/L)

Nickel (Ni)-Dissolved (mg/L)

Potassium (K)-Dissolved (mg/L)

Selenium (Se)-Dissolved (mg/L)

Silver (Ag)-Dissolved (mg/L)

347 215

151 87.3

6.90 6.96

418 869

192 144

1.42 0.106

<0.050 <0.050

7.06 9.63

0.142 0.060

0.0642 0.526

0.0052 0.0021

3.06 12.0

<0.020 <0.020

FIELD FIELD

FIELD FIELD

0.0269 0.0377

<0.00050 <0.00050

0.00294 <0.00050

0.032 <0.020

<0.0010 <0.0010

<0.10 <0.10

0.000076 0.000034

52.8 25.6

<0.0010 <0.0010

0.00335 0.00200

<0.0010 0.0010

13.7 0.083

<0.00050 <0.00050

<0.0050 <0.0050

4.71 5.69

0.627 0.404

<0.000010 <0.000010

0.0019 0.0021

0.0015 0.0018

12.0 4.1

<0.00010 <0.00010

<0.000020 <0.000020

Physical Tests

Anions and 
Nutrients

Dissolved Metals



27-DEC-13 11:08 (MT)

Sample ID 
Description

Client ID

Sampled Date

Grouping Analyte

Sampled Time

ALS  ENVIRONMENTAL  ANALYTICAL  REPORT

L1404125 CONTD....
4PAGE of

* Please refer to the Reference Information section for an explanation of any qualifiers detected.

Version: FINAL   

8

WATER

G-Water G-Water G-Water G-Water G-Water
14-DEC-13 14-DEC-13 14-DEC-13 14-DEC-13 14-DEC-13

MW-2 MW-3 MW-8 MW-9 MW13-1

L1404125-1 L1404125-2 L1404125-3 L1404125-4 L1404125-5

Sodium (Na)-Dissolved (mg/L)

Thallium (Tl)-Dissolved (mg/L)

Tin (Sn)-Dissolved (mg/L)

Titanium (Ti)-Dissolved (mg/L)

Uranium (U)-Dissolved (mg/L)

Vanadium (V)-Dissolved (mg/L)

Zinc (Zn)-Dissolved (mg/L)

COD (mg/L)

Phenols (4AAP) (mg/L)

12.2 28.7 70.4 32.5 7.9

<0.00020 <0.00020 <0.00020 <0.00020 <0.00020

<0.00050 <0.00050 <0.00050 <0.00050 <0.00050

<0.010 0.014 0.017 0.014 <0.010

<0.00020 0.00154 0.0107 0.00367 <0.00020

<0.0010 0.0013 0.0022 0.0016 <0.0010

<0.0050 <0.0050 0.0054 <0.0050 <0.0050

37 94 23 <20

<0.0010 <0.0010 <0.0010 <0.0010

Dissolved Metals

Aggregate 
Organics



27-DEC-13 11:08 (MT)

Sample ID 
Description

Client ID

Sampled Date

Grouping Analyte

Sampled Time

ALS  ENVIRONMENTAL  ANALYTICAL  REPORT

L1404125 CONTD....
5PAGE of

* Please refer to the Reference Information section for an explanation of any qualifiers detected.

Version: FINAL   

8

WATER

G-Water G-Water
14-DEC-13 14-DEC-13

MW13-2 MW13-3

L1404125-6 L1404125-7

Sodium (Na)-Dissolved (mg/L)

Thallium (Tl)-Dissolved (mg/L)

Tin (Sn)-Dissolved (mg/L)

Titanium (Ti)-Dissolved (mg/L)

Uranium (U)-Dissolved (mg/L)

Vanadium (V)-Dissolved (mg/L)

Zinc (Zn)-Dissolved (mg/L)

COD (mg/L)

Phenols (4AAP) (mg/L)

9.6 17.4

<0.00020 <0.00020

<0.00050 <0.00050

<0.010 <0.010

0.00159 0.00035

<0.0010 <0.0010

0.0101 0.0108

74 47

0.0040 <0.0010

Dissolved Metals

Aggregate 
Organics

RRV



Reference Information

DLM

MS-B

RRR

RRV

Detection Limit Adjusted due to sample matrix effects.

Matrix Spike recovery could not be accurately calculated due to high analyte background in sample.

Refer to Report Remarks for issues regarding this analysis

Reported Result Verified By Repeat Analysis

Qualifiers for Individual Parameters Listed:

Description Qualifier      

27-DEC-13 11:08 (MT)

L1404125 CONTD....

6PAGE of

Additional Comments for Sample Listed:

Samplenum Matrix Sample Comments

L1404125-1 Water Note: sample with very fine solids, centrefudged before 
filter, and light brown colour filtrate and residue in the 
vial of TDS testing.

Report Remarks

ANIONS-BR-IC-VA

ANIONS-CL-IC-VA

ANIONS-F-IC-VA

ANIONS-NO2-IC-VA

ANIONS-NO3-IC-VA

ANIONS-SO4-IC-VA

COD-COL-VA

EC-PCT-VA

HARDNESS-CALC-VA

HG-DIS-LOW-CVAFS-VA

MET-D-CCMS-VA

Bromide by Ion Chromatography

Chloride by Ion Chromatography

Fluoride by Ion Chromatography

Nitrite in Water by Ion Chromatography

Nitrate in Water by Ion Chromatography

Sulfate by Ion Chromatography

Chemical Oxygen Demand by Colorimetric

Conductivity (Automated)

Hardness

Dissolved Mercury in Water by CVAFS(Low)

Dissolved Metals in Water by CRC ICPMS

This analysis is carried out using procedures adapted from APHA Method 4110 B. "Ion Chromatography with Chemical Suppression of Eluent 
Conductivity" and EPA Method 300.0 "Determination of Inorganic Anions by Ion Chromatography".

This analysis is carried out using procedures adapted from APHA Method 4110 B. "Ion Chromatography with Chemical Suppression of Eluent 
Conductivity" and EPA Method 300.0 "Determination of Inorganic Anions by Ion Chromatography".

This analysis is carried out using procedures adapted from APHA Method 4110 B. "Ion Chromatography with Chemical Suppression of Eluent 
Conductivity" and EPA Method 300.0 "Determination of Inorganic Anions by Ion Chromatography".

This analysis is carried out using procedures adapted from EPA Method 300.0 "Determination of Inorganic Anions by Ion Chromatography". Nitrite is 
detected by UV absorbance.

This analysis is carried out using procedures adapted from EPA Method 300.0 "Determination of Inorganic Anions by Ion Chromatography". Nitrate is 
detected by UV absorbance.

This analysis is carried out using procedures adapted from APHA Method 4110 B. "Ion Chromatography with Chemical Suppression of Eluent 
Conductivity" and EPA Method 300.0 "Determination of Inorganic Anions by Ion Chromatography".

This analysis is carried out using procedures adapted from APHA Method 5220 "Chemical Oxygen Demand (COD)". Chemical oxygen demand is 
determined using the closed reflux colourimetric method.

This analysis is carried out using procedures adapted from APHA Method 2510 "Conductivity". Conductivity is determined using a conductivity 
electrode.

Hardness (also known as Total Hardness) is calculated from the sum of Calcium and Magnesium concentrations, expressed in CaCO3 equivalents.  
Dissolved Calcium and Magnesium concentrations are preferentially used for the hardness calculation.

This analysis is carried out using procedures adapted from "Standard Methods for the Examination of Water and Wastewater" published by the 
American Public Health Association, and with procedures adapted from "Test Methods for Evaluating Solid Waste" SW-846 published by the United 
States Environmental Protection Agency (EPA).  The procedures may involve preliminary sample treatment by filtration (EPA Method 3005A) and 
involves a cold-oxidation of the acidified sample using bromine monochloride prior to reduction of the sample with stannous chloride.  Instrumental 
analysis is by cold vapour atomic fluorescence spectrophotometry or atomic absorption spectrophotometry (EPA Method 245.7).

This analysis is carried out using procedures adapted from "Standard Methods for the Examination of Water and Wastewater" published by the 
American Public Health Association, and with procedures adapted from "Test Methods for Evaluating Solid Waste" SW-846 published by the United 
States Environmental Protection Agency (EPA).  The procedures may involve preliminary sample treatment by acid digestion, using hotblock, or 
filtration (APHA 3030B&E).  Instrumental analysis is by collision cell inductively coupled plasma - mass spectrometry (modified from EPA Method 

ALS Test Code Test Description

Water

Water

Water

Water

Water

Water

Water

Water

Water

Water

Water

APHA 4110 B.

APHA 4110 B.

APHA 4110 B.

EPA 300.0

EPA 300.0

APHA 4110 B.

APHA 5220 D. CHEMICAL OXYGEN DEMAND

APHA 2510 Auto. Conduc.

APHA 2340B

EPA SW-846 3005A & EPA 245.7

APHA 3030 B&E / EPA SW-846 6020A

Method Reference** Matrix 

Test Method References:            

Version: FINAL   

Applies to Sample Number(s)Parameter Qualifier

L1404125-1, -2, -3, -4, -5, -6, -7
L1404125-2, -3, -4, -5, -6, -7
L1404125-1, -2, -3, -4, -5, -6, -7

Nitrite (as N)
Ammonia, Total (as N)
Calcium (Ca)-Dissolved

DLM
MS-B
MS-B

QC Samples with Qualifiers & Comments:

Duplicate
Matrix Spike
Matrix Spike

QC Type Description
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MET-DIS-ICP-VA

NH3-F-VA

PH-PCT-VA

PH-PCT-VA

PHENOLS-4AAP-ED

S2-T-COL-VA

TDS-VA

TSS-VA

Dissolved Metals in Water by ICPOES

Ammonia in Water by Fluorescence

pH by Meter (Automated)

pH by Meter (Automated)

Phenols (4AAP)

Total Sulphide by Colorimetric

Total Dissolved Solids by Gravimetric

Total Suspended Solids by Gravimetric

6020A).

This analysis is carried out using procedures adapted from "Standard Methods for the Examination of Water and Wastewater" published by the 
American Public Health Association, and with procedures adapted from "Test Methods for Evaluating Solid Waste" SW-846 published by the United 
States Environmental Protection Agency (EPA).  The procedure involves filtration (EPA Method 3005A) and analysis by inductively coupled plasma - 
optical emission spectrophotometry (EPA Method 6010B).

This analysis is carried out, on sulfuric acid preserved samples, using procedures modified from J. Environ. Monit., 2005, 7, 37 - 42, The Royal Society
of Chemistry, "Flow-injection analysis with fluorescence detection for the determination of trace levels of ammonium in seawater", Roslyn J. Waston et 
al.

This analysis is carried out using procedures adapted from APHA Method 4500-H "pH Value". The pH is determined in the laboratory using a pH 
electrode

It is recommended that this analysis be conducted in the field.

This analysis is carried out using procedures adapted from APHA Method 4500-H "pH Value". The pH is determined in the laboratory using a pH 
electrode

It is recommended that this analysis be conducted in the field.

This analysis is carried out using procedures adapted from ENVIRODAT VMV 06537 689, Method Code 154, in "Methods Manual for Chemical 
Analysis of Water and Wastes" published by the Alberta Environmental Centre.  This automated method is based on the distillation of phenol and 
subsequent reaction of the distillate with alkaline ferricyanide and 4-aminoantipyrine to form a red complex which is measured at 505 nm.

This analysis is carried out using procedures adapted from APHA Method 4500-S2 "Sulphide". Sulphide is determined using the methlyene blue 
colourimetric method.

This analysis is carried out using procedures adapted from APHA Method 2540 "Solids". Solids are determined gravimetrically. Total Dissolved Solids 
(TDS) are determined by filtering a sample through a glass fibre filter, TDS is determined by evaporating the filtrate to dryness at 180 degrees celsius.

This analysis is carried out using procedures adapted from APHA Method 2540 "Solids". Solids are determined gravimetrically. Total Suspended 
Solids (TSS) are determined by filtering a sample through a glass fibre filter, TSS is determined by drying the filter at 104 degrees celsius.

Water

Water

Water

Water

Water

Water

Water

Water

EPA SW-846 3005A/6010B

J. ENVIRON. MONIT., 2005, 7, 37-42, RSC

APHA 4500-H "pH Value"

APHA 4500-H pH Value

AB ENV.06537-COLORIMETRIC

APHA 4500-S2 Sulphide

APHA 2540 C - GRAVIMETRIC

APHA 2540 D - GRAVIMETRIC

** ALS test methods may incorporate modifications from specified reference methods to improve performance.

The last two letters of the above test code(s) indicate the laboratory that performed analytical analysis for that test. Refer to the list below:

Laboratory Definition Code Laboratory Location

ED

VA

ALS ENVIRONMENTAL - EDMONTON, ALBERTA, CANADA

ALS ENVIRONMENTAL - VANCOUVER, BRITISH COLUMBIA, CANADA

Chain of Custody Numbers:

10-342337

Version: FINAL   
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GLOSSARY OF REPORT TERMS
Surrogate - A compound that is similar in behaviour to target analyte(s), but that does not occur naturally in environmental samples.  For
applicable tests, surrogates are added to samples prior to analysis as a check on recovery.
mg/kg - milligrams per kilogram based on dry weight of sample.
mg/kg wwt - milligrams per kilogram based on wet weight of sample.
mg/kg lwt - milligrams per kilogram based on lipid-adjusted weight of sample.
mg/L - milligrams per litre.
< - Less than.
D.L. - The reported Detection Limit, also known as the Limit of Reporting (LOR).
N/A - Result not available.  Refer to qualifier code and definition for explanation.

Test results reported relate only to the samples as received by the laboratory.
UNLESS OTHERWISE STATED, ALL SAMPLES WERE RECEIVED IN ACCEPTABLE CONDITION.
Analytical results in unsigned test reports with the DRAFT watermark are subject to change, pending final QC review.

Version: FINAL   
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Quality Control Report
Page 1 of

Client:

Contact:

SPERLING HANSEN ASSOCIATES INC.
# 8 - 1225 East Keith Road 
North Vancouver  BC  V7J 1J3
Mark Manning

Report Date: 27-DEC-13Workorder: L1404125

Test Matrix Reference Result Qualifier Units RPD Limit Analyzed

ANIONS-BR-IC-VA

ANIONS-CL-IC-VA

ANIONS-F-IC-VA

Water

Water

Water

R2761931

R2761931

Batch

Batch

LCS

LCS

MB

MB

MB

MB

MB

MS

LCS

LCS

MB

MB

MB

MB

MB

MS

WG1806277-13

WG1806277-2

WG1806277-1

WG1806277-11

WG1806277-4

WG1806277-7

WG1806277-9

WG1806277-8

WG1806277-13

WG1806277-2

WG1806277-1

WG1806277-11

WG1806277-4

WG1806277-7

WG1806277-9

WG1806277-8

L1404225-1

L1404225-1

Bromide (Br)

Bromide (Br)

Bromide (Br)

Bromide (Br)

Bromide (Br)

Bromide (Br)

Bromide (Br)

Bromide (Br)

Chloride (Cl)

Chloride (Cl)

Chloride (Cl)

Chloride (Cl)

Chloride (Cl)

Chloride (Cl)

Chloride (Cl)

Chloride (Cl)

107.4

105.3

<0.050

<0.050

<0.050

<0.050

<0.050

102.5

103.7

103.8

<0.50

<0.50

<0.50

<0.50

<0.50

100.5

17-DEC-13

17-DEC-13

17-DEC-13

17-DEC-13

17-DEC-13

17-DEC-13

17-DEC-13

17-DEC-13

17-DEC-13

17-DEC-13

17-DEC-13

17-DEC-13

17-DEC-13

17-DEC-13

17-DEC-13

17-DEC-13

85-115

85-115

75-125

90-110

90-110

75-125

%

%

mg/L

mg/L

mg/L

mg/L

mg/L

%

%

%

mg/L

mg/L

mg/L

mg/L

mg/L

%

0.05

0.05

0.05

0.05

0.05

0.5

0.5

0.5

0.5

0.5
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Quality Control Report
Page 2 ofReport Date: 27-DEC-13Workorder: L1404125

Test Matrix Reference Result Qualifier Units RPD Limit Analyzed

ANIONS-F-IC-VA

ANIONS-NO2-IC-VA

ANIONS-NO3-IC-VA

Water

Water

Water

R2761931

R2761931

Batch

Batch

LCS

LCS

MB

MB

MB

MB

MB

MS

MS

LCS

LCS

MB

MB

MB

MB

MB

MS

WG1806277-13

WG1806277-2

WG1806277-1

WG1806277-11

WG1806277-4

WG1806277-7

WG1806277-9

WG1806277-12

WG1806277-8

WG1806277-13

WG1806277-2

WG1806277-1

WG1806277-11

WG1806277-4

WG1806277-7

WG1806277-9

WG1806277-8

L1404390-1

L1404225-1

L1404225-1

Fluoride (F)

Fluoride (F)

Fluoride (F)

Fluoride (F)

Fluoride (F)

Fluoride (F)

Fluoride (F)

Fluoride (F)

Fluoride (F)

Nitrite (as N)

Nitrite (as N)

Nitrite (as N)

Nitrite (as N)

Nitrite (as N)

Nitrite (as N)

Nitrite (as N)

Nitrite (as N)

109.7

108.9

<0.020

<0.020

<0.020

<0.020

<0.020

112.4

101.3

105.1

105.2

<0.0010

<0.0010

<0.0010

<0.0010

<0.0010

102.5

17-DEC-13

17-DEC-13

17-DEC-13

17-DEC-13

17-DEC-13

17-DEC-13

17-DEC-13

17-DEC-13

17-DEC-13

17-DEC-13

17-DEC-13

17-DEC-13

17-DEC-13

17-DEC-13

17-DEC-13

17-DEC-13

17-DEC-13

90-110

90-110

75-125

75-125

90-110

90-110

75-125

%

%

mg/L

mg/L

mg/L

mg/L

mg/L

%

%

%

%

mg/L

mg/L

mg/L

mg/L

mg/L

%

0.02

0.02

0.02

0.02

0.02

0.001

0.001

0.001

0.001

0.001
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Quality Control Report
Page 3 ofReport Date: 27-DEC-13Workorder: L1404125

Test Matrix Reference Result Qualifier Units RPD Limit Analyzed

ANIONS-NO3-IC-VA

ANIONS-SO4-IC-VA

Water

Water

R2761931

R2761931

Batch

Batch

LCS

LCS

MB

MB

MB

MB

MB

MS

MS

LCS

LCS

MB

MB

MB

MB

MB

MS

MS

MS

WG1806277-13

WG1806277-2

WG1806277-1

WG1806277-11

WG1806277-4

WG1806277-7

WG1806277-9

WG1806277-5

WG1806277-8

WG1806277-13

WG1806277-2

WG1806277-1

WG1806277-11

WG1806277-4

WG1806277-7

WG1806277-9

WG1806277-12

WG1806277-5

WG1806277-8

L1402556-9

L1404225-1

L1404390-1

L1402556-9

L1404225-1

Nitrate (as N)

Nitrate (as N)

Nitrate (as N)

Nitrate (as N)

Nitrate (as N)

Nitrate (as N)

Nitrate (as N)

Nitrate (as N)

Nitrate (as N)

Sulfate (SO4)

Sulfate (SO4)

Sulfate (SO4)

Sulfate (SO4)

Sulfate (SO4)

Sulfate (SO4)

Sulfate (SO4)

Sulfate (SO4)

Sulfate (SO4)

102.3

104.0

<0.0050

<0.0050

<0.0050

<0.0050

<0.0050

102.5

95.6

103.8

103.8

<0.50

<0.50

<0.50

<0.50

<0.50

101.4

102.6

17-DEC-13

17-DEC-13

17-DEC-13

17-DEC-13

17-DEC-13

17-DEC-13

17-DEC-13

17-DEC-13

17-DEC-13

17-DEC-13

17-DEC-13

17-DEC-13

17-DEC-13

17-DEC-13

17-DEC-13

17-DEC-13

17-DEC-13

17-DEC-13

90-110

90-110

75-125

75-125

90-110

90-110

75-125

75-125

%

%

mg/L

mg/L

mg/L

mg/L

mg/L

%

%

%

%

mg/L

mg/L

mg/L

mg/L

mg/L

%

%

0.005

0.005

0.005

0.005

0.005

0.5

0.5

0.5

0.5

0.5
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Quality Control Report
Page 4 ofReport Date: 27-DEC-13Workorder: L1404125

Test Matrix Reference Result Qualifier Units RPD Limit Analyzed

ANIONS-SO4-IC-VA

COD-COL-VA

EC-PCT-VA

Water

Water

Water

R2761931

R2763841

R2762353

Batch

Batch

Batch

MS

LCS

MB

CRM

CRM

CRM

CRM

CRM

CRM

CRM

DUP

MB

MB

MB

MB

MB

MB

WG1806277-8

WG1808741-3

WG1808741-1

WG1806691-17

WG1806691-18

WG1806691-19

WG1806691-20

WG1806691-21

WG1806691-22

WG1806691-23

WG1806691-34

WG1806691-1

WG1806691-2

WG1806691-3

WG1806691-4

WG1806691-5

WG1806691-6

L1404225-1

VA-EC-PCT-CONTROL

VA-EC-PCT-CONTROL

VA-EC-PCT-CONTROL

VA-EC-PCT-CONTROL

VA-EC-PCT-CONTROL

VA-EC-PCT-CONTROL

VA-EC-PCT-CONTROL

L1404125-7

Sulfate (SO4)

COD

COD

Conductivity

Conductivity

Conductivity

Conductivity

Conductivity

Conductivity

Conductivity

Conductivity

Conductivity

Conductivity

Conductivity

Conductivity

Conductivity

100.1

101.2

<20

98.6

96.9

97.4

98.9

98.3

99.1

98.2

217

<2.0

<2.0

<2.0

<2.0

<2.0

17-DEC-13

20-DEC-13

20-DEC-13

18-DEC-13

18-DEC-13

18-DEC-13

18-DEC-13

18-DEC-13

18-DEC-13

18-DEC-13

18-DEC-13

18-DEC-13

18-DEC-13

18-DEC-13

18-DEC-13

18-DEC-13

0.9 10

75-125

85-115

90-110

90-110

90-110

90-110

90-110

90-110

90-110

%

%

mg/L

%

%

%

%

%

%

%

uS/cm

uS/cm

uS/cm

uS/cm

uS/cm

uS/cm

20

2

2

2

2

2

215
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Quality Control Report
Page 5 ofReport Date: 27-DEC-13Workorder: L1404125

Test Matrix Reference Result Qualifier Units RPD Limit Analyzed

EC-PCT-VA

HG-DIS-LOW-CVAFS-VA

MET-D-CCMS-VA

Water

Water

Water

R2762353

R2762028

R2762539

R2762298

Batch

Batch

Batch

Batch

MB

MB

MB

MS

LCS

LCS

MB

CRM

WG1806691-6

WG1806691-7

WG1806455-1

WG1806455-4

WG1806455-2

WG1806661-3

WG1806661-1

WG1806661-2

L1403643-1

VA-HIGH-WATRM

Conductivity

Conductivity

Mercury (Hg)-Dissolved

Mercury (Hg)-Dissolved

Mercury (Hg)-Dissolved

Mercury (Hg)-Dissolved

Mercury (Hg)-Dissolved

Aluminum (Al)-Dissolved

Antimony (Sb)-Dissolved

Arsenic (As)-Dissolved

Beryllium (Be)-Dissolved

Cadmium (Cd)-Dissolved

Chromium (Cr)-Dissolved

Cobalt (Co)-Dissolved

Copper (Cu)-Dissolved

Lead (Pb)-Dissolved

Lithium (Li)-Dissolved

Manganese (Mn)-Dissolved

Molybdenum (Mo)-Dissolved

Nickel (Ni)-Dissolved

Selenium (Se)-Dissolved

Silver (Ag)-Dissolved

Thallium (Tl)-Dissolved

<2.0

<2.0

<0.000010

89.3

92.2

90.9

<0.000010

104.3

104.6

99.7

99.6

101.2

98.9

98.9

96.3

99.6

97.9

102.7

102.3

99.9

101.7

104.6

100.3

18-DEC-13

18-DEC-13

17-DEC-13

17-DEC-13

18-DEC-13

18-DEC-13

18-DEC-13

17-DEC-13

17-DEC-13

17-DEC-13

17-DEC-13

17-DEC-13

17-DEC-13

17-DEC-13

17-DEC-13

17-DEC-13

17-DEC-13

17-DEC-13

17-DEC-13

17-DEC-13

17-DEC-13

17-DEC-13

17-DEC-13

70-130

80-120

80-120

80-120

80-120

80-120

80-120

80-120

80-120

80-120

80-120

80-120

80-120

80-120

80-120

80-120

80-120

80-120

80-120

uS/cm

uS/cm

mg/L

%

%

%

mg/L

%

%

%

%

%

%

%

%

%

%

%

%

%

%

%

%

2

2

0.00001

0.00001
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Quality Control Report
Page 6 ofReport Date: 27-DEC-13Workorder: L1404125

Test Matrix Reference Result Qualifier Units RPD Limit Analyzed

MET-D-CCMS-VA Water

R2762298Batch
CRM

MB

MS

WG1806661-2

WG1806661-1

WG1806661-5

VA-HIGH-WATRM

L1404143-1

Tin (Sn)-Dissolved

Uranium (U)-Dissolved

Vanadium (V)-Dissolved

Aluminum (Al)-Dissolved

Antimony (Sb)-Dissolved

Arsenic (As)-Dissolved

Beryllium (Be)-Dissolved

Cadmium (Cd)-Dissolved

Chromium (Cr)-Dissolved

Cobalt (Co)-Dissolved

Copper (Cu)-Dissolved

Lead (Pb)-Dissolved

Lithium (Li)-Dissolved

Manganese (Mn)-Dissolved

Molybdenum (Mo)-Dissolved

Nickel (Ni)-Dissolved

Selenium (Se)-Dissolved

Silver (Ag)-Dissolved

Thallium (Tl)-Dissolved

Tin (Sn)-Dissolved

Uranium (U)-Dissolved

Vanadium (V)-Dissolved

Aluminum (Al)-Dissolved

Antimony (Sb)-Dissolved

Arsenic (As)-Dissolved

Beryllium (Be)-Dissolved

Cadmium (Cd)-Dissolved

Chromium (Cr)-Dissolved

Cobalt (Co)-Dissolved

Copper (Cu)-Dissolved

Lead (Pb)-Dissolved

Lithium (Li)-Dissolved

Manganese (Mn)-Dissolved

101.3

100.3

102.3

<0.0010

<0.00010

<0.00010

<0.00010

<0.000010

<0.00010

<0.00010

<0.00020

<0.000050

<0.00050

<0.000050

<0.000050

<0.00050

<0.00010

<0.000010

<0.000010

<0.00010

<0.000010

<0.0010

99.99

101.7

98.9

101.7

103.6

97.9

99.8

97.5

97.7

100.7

97.8

17-DEC-13

17-DEC-13

17-DEC-13

17-DEC-13

17-DEC-13

17-DEC-13

17-DEC-13

17-DEC-13

17-DEC-13

17-DEC-13

17-DEC-13

17-DEC-13

17-DEC-13

17-DEC-13

17-DEC-13

17-DEC-13

17-DEC-13

17-DEC-13

17-DEC-13

17-DEC-13

17-DEC-13

17-DEC-13

17-DEC-13

17-DEC-13

17-DEC-13

17-DEC-13

17-DEC-13

17-DEC-13

17-DEC-13

17-DEC-13

17-DEC-13

17-DEC-13

17-DEC-13

80-120

80-120

80-120

70-130

70-130

70-130

70-130

70-130

70-130

70-130

70-130

70-130

70-130

70-130

%

%

%

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

%

%

%

%

%

%

%

%

%

%

%

0.001

0.0001

0.0001

0.0001

0.00001

0.0001

0.0001

0.0002

0.00005

0.0005

0.00005

0.00005

0.0005

0.0001

0.00001

0.00001

0.0001

0.00001

0.001
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Quality Control Report
Page 7 ofReport Date: 27-DEC-13Workorder: L1404125

Test Matrix Reference Result Qualifier Units RPD Limit Analyzed

MET-D-CCMS-VA

MET-DIS-ICP-VA

Water

Water

R2762298

R2762400

R2762546

Batch

Batch

Batch

MS

CRM

MS

MB

WG1806661-5

WG1806661-2

WG1806661-5

WG1806661-1

L1404143-1

VA-HIGH-WATRM

L1404143-1

Molybdenum (Mo)-Dissolved

Nickel (Ni)-Dissolved

Selenium (Se)-Dissolved

Silver (Ag)-Dissolved

Thallium (Tl)-Dissolved

Tin (Sn)-Dissolved

Uranium (U)-Dissolved

Vanadium (V)-Dissolved

Barium (Ba)-Dissolved

Boron (B)-Dissolved

Calcium (Ca)-Dissolved

Iron (Fe)-Dissolved

Magnesium (Mg)-Dissolved

Potassium (K)-Dissolved

Sodium (Na)-Dissolved

Titanium (Ti)-Dissolved

Zinc (Zn)-Dissolved

Boron (B)-Dissolved

Calcium (Ca)-Dissolved

Iron (Fe)-Dissolved

Magnesium (Mg)-Dissolved

Potassium (K)-Dissolved

Sodium (Na)-Dissolved

Titanium (Ti)-Dissolved

Zinc (Zn)-Dissolved

Barium (Ba)-Dissolved

Boron (B)-Dissolved

Calcium (Ca)-Dissolved

Iron (Fe)-Dissolved

97.4

99.9

101.9

80.7

97.3

99.5

98.9

97.8

97.9

99.1

102.5

99.9

101.0

100.2

95.4

103.7

93.9

98.3

104.1

98.6

104.0

106.1

103.5

108.1

94.7

<0.010

<0.10

<0.050

<0.030

17-DEC-13

17-DEC-13

17-DEC-13

17-DEC-13

17-DEC-13

17-DEC-13

17-DEC-13

17-DEC-13

17-DEC-13

17-DEC-13

17-DEC-13

17-DEC-13

17-DEC-13

17-DEC-13

17-DEC-13

17-DEC-13

17-DEC-13

17-DEC-13

17-DEC-13

17-DEC-13

17-DEC-13

17-DEC-13

17-DEC-13

17-DEC-13

17-DEC-13

18-DEC-13

18-DEC-13

18-DEC-13

18-DEC-13

70-130

70-130

70-130

70-130

70-130

70-130

70-130

70-130

80-120

80-120

80-120

80-120

80-120

80-120

80-120

80-120

80-120

70-130

70-130

70-130

70-130

70-130

70-130

70-130

70-130

%

%

%

%

%

%

%

%

%

%

%

%

%

%

%

%

%

%

%

%

%

%

%

%

%

mg/L

mg/L

mg/L

mg/L

0.01

0.1

0.05

0.03
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Quality Control Report
Page 8 ofReport Date: 27-DEC-13Workorder: L1404125

Test Matrix Reference Result Qualifier Units RPD Limit Analyzed

MET-DIS-ICP-VA

NH3-F-VA

Water

Water

R2762546

R2764851

R2764770

Batch

Batch

Batch

MB

MS

CRM

CRM

CRM

CRM

CRM

DUP

MB

MB

MB

MB

WG1806661-1

WG1806661-6

WG1808137-10

WG1808137-2

WG1808137-4

WG1808137-6

WG1808137-8

WG1808137-11

WG1808137-1

WG1808137-3

WG1808137-5

WG1808137-7

L1404144-1

VA-NH3-F

VA-NH3-F

VA-NH3-F

VA-NH3-F

VA-NH3-F

L1404125-3

Magnesium (Mg)-Dissolved

Potassium (K)-Dissolved

Sodium (Na)-Dissolved

Titanium (Ti)-Dissolved

Zinc (Zn)-Dissolved

Boron (B)-Dissolved

Calcium (Ca)-Dissolved

Iron (Fe)-Dissolved

Magnesium (Mg)-Dissolved

Potassium (K)-Dissolved

Sodium (Na)-Dissolved

Titanium (Ti)-Dissolved

Zinc (Zn)-Dissolved

Ammonia, Total (as N)

Ammonia, Total (as N)

Ammonia, Total (as N)

Ammonia, Total (as N)

Ammonia, Total (as N)

Ammonia, Total (as N)

Ammonia, Total (as N)

Ammonia, Total (as N)

Ammonia, Total (as N)

<0.10

<2.0

<2.0

<0.010

<0.0050

94.2

N/A

97.8

102.7

99.2

102.8

96.9

89.2

101.3

108.7

108.0

98.1

98.1

<0.0050

<0.0050

<0.0050

<0.0050

18-DEC-13

18-DEC-13

18-DEC-13

18-DEC-13

18-DEC-13

20-DEC-13

20-DEC-13

20-DEC-13

20-DEC-13

20-DEC-13

20-DEC-13

20-DEC-13

20-DEC-13

20-DEC-13

20-DEC-13

20-DEC-13

20-DEC-13

20-DEC-13

20-DEC-13

20-DEC-13

20-DEC-13

20-DEC-13

N/A 20

70-130

-

70-130

70-130

70-130

70-130

70-130

70-130

85-115

85-115

85-115

85-115

85-115

mg/L

mg/L

mg/L

mg/L

mg/L

%

%

%

%

%

%

%

%

%

%

%

%

%

mg/L

mg/L

mg/L

mg/L

MS-B

0.1

2

2

0.01

0.005

0.005

0.005

0.005

RPD-NA0.0056
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Quality Control Report
Page 9 ofReport Date: 27-DEC-13Workorder: L1404125

Test Matrix Reference Result Qualifier Units RPD Limit Analyzed

NH3-F-VA

PH-PCT-VA

PHENOLS-4AAP-ED

S2-T-COL-VA

Water

Water

Water

Water

R2764770

R2762353

R2763402

Batch

Batch

Batch

MB

MB

MS

MS

MS

CRM

CRM

CRM

CRM

CRM

CRM

CRM

DUP

LCS

MB

MS

WG1808137-7

WG1808137-9

WG1808137-12

WG1808137-14

WG1808137-16

WG1806691-25

WG1806691-26

WG1806691-27

WG1806691-28

WG1806691-29

WG1806691-30

WG1806691-31

WG1806691-34

WG1807892-3

WG1807892-2

WG1807892-5

L1404125-3

L1404501-11

L1404144-1

VA-PH7-BUF

VA-PH7-BUF

VA-PH7-BUF

VA-PH7-BUF

VA-PH7-BUF

VA-PH7-BUF

VA-PH7-BUF

L1404125-7

L1401809-17

Ammonia, Total (as N)

Ammonia, Total (as N)

Ammonia, Total (as N)

Ammonia, Total (as N)

Ammonia, Total (as N)

pH

pH

pH

pH

pH

pH

pH

pH

Phenols (4AAP)

Phenols (4AAP)

Phenols (4AAP)

<0.0050

<0.0050

96.7

N/A

94.3

7.03

7.02

7.03

7.03

7.02

7.02

7.01

6.98

99.0

<0.0010

110.0

20-DEC-13

20-DEC-13

20-DEC-13

20-DEC-13

20-DEC-13

18-DEC-13

18-DEC-13

18-DEC-13

18-DEC-13

18-DEC-13

18-DEC-13

18-DEC-13

18-DEC-13

19-DEC-13

19-DEC-13

19-DEC-13

0.02 0.3

75-125

-

75-125

6.9-7.1

6.9-7.1

6.9-7.1

6.9-7.1

6.9-7.1

6.9-7.1

6.9-7.1

85-115

75-125

mg/L

mg/L

%

%

%

pH

pH

pH

pH

pH

pH

pH

pH

%

mg/L

%

MS-B

0.005

0.005

0.001

J6.96

12



Quality Control Report
Page 10 ofReport Date: 27-DEC-13Workorder: L1404125

Test Matrix Reference Result Qualifier Units RPD Limit Analyzed

S2-T-COL-VA

TDS-VA

TSS-VA

Water

Water

Water

R2762414

R2762210

R2762123

Batch

Batch

Batch

CRM

CRM

CRM

DUP

MB

MB

MB

LCS

LCS

MB

MB

LCS

LCS

LCS

MB

MB

MB

WG1806754-2

WG1806754-5

WG1806754-7

WG1806754-8

WG1806754-1

WG1806754-4

WG1806754-6

WG1806739-2

WG1806739-5

WG1806739-1

WG1806739-4

WG1806771-2

WG1806771-5

WG1806771-8

WG1806771-1

WG1806771-4

WG1806771-7

VA-S2-C

VA-S2-C

VA-S2-C

L1404125-2

Sulphide as S

Sulphide as S

Sulphide as S

Sulphide as S

Sulphide as S

Sulphide as S

Sulphide as S

Total Dissolved Solids

Total Dissolved Solids

Total Dissolved Solids

Total Dissolved Solids

Total Suspended Solids

Total Suspended Solids

Total Suspended Solids

Total Suspended Solids

Total Suspended Solids

Total Suspended Solids

108.3

100.8

107.5

<0.020

<0.020

<0.020

<0.020

100.0

92.2

<10

<10

104.4

98.3

98.8

<3.0

<3.0

<3.0

17-DEC-13

17-DEC-13

17-DEC-13

17-DEC-13

17-DEC-13

17-DEC-13

17-DEC-13

17-DEC-13

17-DEC-13

17-DEC-13

17-DEC-13

17-DEC-13

17-DEC-13

17-DEC-13

17-DEC-13

17-DEC-13

17-DEC-13

N/A 20

75-125

75-125

75-125

85-115

85-115

85-115

85-115

85-115

%

%

%

mg/L

mg/L

mg/L

mg/L

%

%

mg/L

mg/L

%

%

%

mg/L

mg/L

mg/L

0.02

0.02

0.02

10

10

3

3

3

RPD-NA<0.020
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Quality Control Report
Page 11 ofReport Date: 27-DEC-13Workorder: L1404125

Sample Parameter Qualifier Definitions:

Description Qualifier      

J

MS-B

RPD-NA

Duplicate results and limits are expressed in terms of absolute difference.

Matrix Spike recovery could not be accurately calculated due to high analyte background in sample.

Relative Percent Difference Not Available due to result(s) being less than detection limit.

Limit    ALS Control Limit (Data Quality Objectives)
DUP     Duplicate
RPD     Relative Percent Difference
N/A        Not Available
LCS      Laboratory Control Sample
SRM     Standard Reference Material
MS        Matrix Spike
MSD     Matrix Spike Duplicate
ADE      Average Desorption Efficiency
MB        Method Blank
IRM       Internal Reference Material
CRM     Certified Reference Material
CCV      Continuing Calibration Verification
CVS      Calibration Verification Standard
LCSD   Laboratory Control Sample Duplicate

Legend:
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Quality Control Report
Page 12 ofReport Date: 27-DEC-13Workorder: L1404125

ALS Product Description   
Sample  

ID   Sampling Date   Date Processed   Rec. HT Actual HT

Physical Tests

1
2
3
4
5
6
7

14-DEC-13
14-DEC-13
14-DEC-13
14-DEC-13
14-DEC-13
14-DEC-13
14-DEC-13

18-DEC-13 23:00
18-DEC-13 23:00
18-DEC-13 23:00
18-DEC-13 23:00
18-DEC-13 23:00
18-DEC-13 23:00
18-DEC-13 23:00

0.25
0.25
0.25
0.25
0.25
0.25
0.25

107
107
107
107
107
107
107

pH by Meter (Automated)
EHTR-FM
EHTR-FM
EHTR-FM
EHTR-FM
EHTR-FM
EHTR-FM
EHTR-FM

Qualifier   

Legend & Qualifier Definitions:

The ALS Quality Control Report is provided to ALS clients upon request.  ALS includes comprehensive QC checks with every analysis to 
ensure our high standards of quality are met.  Each QC result has a known or expected target value, which is compared against pre-
determined data quality objectives to provide confidence in the accuracy of associated test results.

Please note that this report may contain QC results from anonymous Sample Duplicates and Matrix Spikes that do not originate from this 
Work Order.

Hold Time Exceedances:

Notes*:
Where actual sampling date is not provided to ALS, the date (& time) of receipt is used for calculation purposes.
Where actual sampling time is not provided to ALS, the earlier of 12 noon on the sampling date or the time (& date) of receipt is
used for calculation purposes.  Samples for L1404125 were received on 17-DEC-13 09:20.

ALS recommended hold times may vary by province.  They are assigned to meet known provincial and/or federal government
requirements.  In the absence of regulatory hold times, ALS establishes recommendations based on guidelines published by the
US EPA, APHA Standard Methods, or Environment Canada (where available).  For more information, please contact ALS.

Units 

hours
hours
hours
hours
hours
hours
hours

EHTR-FM:  
EHTR:        
EHTL:         
EHT:         
Rec. HT:   

Exceeded ALS recommended hold time prior to sample receipt.  Field Measurement recommended.
Exceeded ALS recommended hold time prior to sample receipt.
Exceeded ALS recommended hold time prior to analysis.  Sample was received less than 24 hours prior to expiry.
Exceeded ALS recommended hold time prior to analysis.
ALS recommended hold time (see units).
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APPENDIX H 
Surfacial Geology and SLIDE X-Section 
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SLIDE Results 

 



H
A    SSOCIATES
    ANSEN
S  PERLING

DRAWING NO:

CHECKED

DRAWN

DESIGNED

yyyy/mm/dd

PROJECT NO:DATE:SCALE:PROJECT: TITLE:

Proposed 
Static Condition 

N/A 14/08/15 

IB 

IB 

TS 
FIGURE I1 

Powell River  Marine Avenue  
Site Closure Plan 

13043 
Powell River Regional 
District 



H
A    SSOCIATES
    ANSEN
S  PERLING

DRAWING NO:

CHECKED

DRAWN

DESIGNED

yyyy/mm/dd

PROJECT NO:DATE:SCALE:PROJECT: TITLE:

Proposed 
Siemic Condition 

N/A 14/08/15 

IB 

IB 

TS 
FIGURE I2 

Powell River  Marine Avenue  
Site Closure Plan 

13043 
Powell River Regional 
District 



 
 
 
 
 
 
 
 
 
 
 
 

APPENDIX J 
Veneer Stability Results  
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APPENDIX K 
Newmark Results 

 



NEWMARK Seismic Displacement Analysis
Newmark _Proposed

15/08/2014

SPERLING
HANSEN

ASSOCIATES

PROJECT: Assessment of Consolidated South 688147 BC Ltd and Gracia Landfill S  

PROJECT NUMBER: PRJ13043

LOCATION: Powell River Marine Avenue Transfer Site

UTM COORDINATES: Northing (m) Elevation (m)

DESIGN SCENARIO: Proposed Section A-A'

SEISMIC PARAMETERS

Return Period 40% Chance of 22% Chance of 10% Chance of 
Exceedance in 50 yrs Exceedance in 50 yrs Exceedance in 50 yrs

(1:100 yr event) (1:200 yr event) (1:475 yr event)
Peak Horizontal Ground
Acceleration (g)
Peak Horizontal Ground
Velocity (m/s)

SLOPE PARAMETERS

Maximum Height 10 (m)
Slope Angle 3H:1V H:V
Refuse Friction Angle 27 (degrees)
Refuse Cohesion 0 (kPa)
Slip Surface Interface Peat, Silt, Waste
Slip Surface Friction Angle 26 (degrees)
Slip Surface Cohesion 1.53 (kPa)
Yield Acceleration 0.17 (g)

N/A RATIO
1.91011236 1.307692308 0.739130435

CALCULATED NEWMARK DEFORMATION

Return Period 40% Chance of 22% Chance of 10% Chance of 
Exceedance in 50 yrs Exceedance in 50 yrs Exceedance in 50 yrs

(1:100 yr event) (1:200 yr event) (1:475 yr event)
Horizontal Displacement

(m) Upper Limit
Horizontal Displacement

(m) Medium Range
Horizontal Displacement

(m) Lower Limit

Notes: Upper limit calculated by equation:  V2/(2gN)*(A/N)

Medium range calculated by equation: V2/(2gN)*(1-N/A)*(A/N)
Lower limit calculated by equation:  6*V2/(2gN)
Lower limit applicable for N/A ratios < 0.167 (1/6)

ANALYSIS BY: Iqbal Bhuiyan
DATE Aug 15th, 2014

NEWMARK SEISMIC
DEFORMATION ANALYSIS

0.089 0.13 0.23

0.077 0.12 0.21

0.010665587 0.02590394 0.079330815

0.000930625 0.003301482 0.017888321

-0.000846973 -0.001015841 0.004666519

 SPERLING 
  HANSEN 
ASSOCIATES 



 
 
 
 
 
 
 
 
 
 
 
 

APPENDIX L 
Previous Reports 
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