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EXECUTIVE SUMMARY

The Fraser River Action Plan (FRAP) is a 7-year program with the mission of cleaning up
pollution, restoring the productivity of the natural environment, and implementing a
management program to ensure the long-term sustainability of the Fraser River Basin.
Inventories of point and non-point sources of pollution from both industrial and municipal
discharges, and agricultural runoff have been conducted as part of FRAP.

In April 1996, Gartner Lee Limited was retained by Environment Canada to develop an
inventory of landfills in the Fraser River Basin and characterize any associated leachate
discharges.  The objectives of this desktop study were as follows:

1. Develop a listing of all solid waste landfills within the Fraser River Basin;
2. Develop a quantitative estimate of landfill leachate discharges for each landfill;
3. Assess landfill compliance with regulatory requirements;
4. Assess leachate discharge impacts on the receiving environment; and,
5. Identify and prioritize discharges for further, more detailed assessments or abatement

efforts/activities.

A listing of solid waste landfills in the Fraser Basin was developed using a Microsoft Access
database.  The data contained in the database is a compilation of information from BC
Environment’s WASTE database, Federal Indian Band Landfill investigations, and BC
Environment’s Municipal Landfill Survey conducted in 1995.  The inventory of 383 landfills
includes:

a) 139 municipal landfills
b) 41 First Nations Landfills
c) 114 forestry and pulp and paper industry landfills
d) 89 other industrial and miscellaneous landfills

Locations for 163 municipal and First Nation landfills (91%) and 49 industrial landfills (24%)
were determined and plotted on 1:250,000 topographics maps in a MapInfo Geographical
Information system (GIS) linked to the “Access” database.  The use of a GIS system was not
included in the originally proposed scope of work.

Estimates of annual municipal landfill leachate volumes were based on waste tonnages
received, annual water surpluses and an empirical relationship derived from six landfills which
have metered leachate flow measurements from their leachate collection systems.  The
leachate flow estimates derived this way are suitable for assessing relative impacts on a basin
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and subbasin scale but are not suitable for site specific analysis due to uncertainties in the
waste tonnage data, collection system efficiencies and local variations in climatic and
hydrogeological conditions.

A detailed evaluation of 24 sets of B.C. municipal landfill leachate chemistry data was
completed.  The median values of this data were selected for use in contaminant loading
calculations.  Potential contaminants of concern in municipal and industrial leachate were
identified and discussed in relation to typical receiving environment water use including
drinking water, aquatic life, agriculture and industry.  BOD, COD, ammonia, iron, manganese
and other trace metals were determined to be the major contaminants of concern in landfill
leachate.

Landfill leachate contaminant loadings were calculated by multiplying leachate flow rates by
median leachate concentrations for the main contaminants of concern.  This was done for all
the plotted municipal landfills and the seven pulp and paper mill landfills.  The leachate
loadings were calculated for 13 sub-basins of the Fraser River and were compared to the total
river loadings in each sub-basin (where appropriate river water quality data was available).
The results show relative landfill impacts by river sub-basin and by contaminant.

The municipal landfill leachate calculations suggest that the vast majority of leachate loadings
occur in the Lower Fraser subbasin.  This is reasonable since this is where most of the
population lives and it is a very wet area.  Of the 12 selected leachate contaminants, loadings
were greatest for Chemical Oxygen Demand (COD) Biochemical Oxygen Demand (BOD),
ammonia, iron and manganese.  Trace metal loadings (arsenic, cadmium, chromium, copper,
lead, selenium and zinc) were typically many orders of magnitude lower.

The leachate loadings were also expressed as a percentage of the total river subbasin loadings
for each contaminant (where river data was available).  This data suggests that ammonia is the
most significant leachate contaminant as it constitutes 1% or more of the total river loadings
in 3 of the 7 subbasins that were assessed.  Most of the other municipal landfill leachate
contaminant loadings represent less than 0.1% of the total river loadings.

Secondary treatment of leachate from six Lower Fraser municipal landfills at the Annacis
Island Sewage Treatment (commenced in 1997, fully operational by 1998) is predicted to
reduce BOD municipal landfill leachate loadings to half of what they were in 1996 (primary
treatment).  Other contaminant loadings will also be reduced but not to the same degree.

Pulp and paper mill landfills are present in four sub-basins:  Upper Fraser, Quesnel, Thompson
and Lower Fraser. Leachate flow rates for the seven pulp and paper mill landfills in the Fraser
Basin were calculated based on estimates of landfill area times water surplus.  Leachate
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quality was based on median values from the literature (NCASI, 1992).  Pulp and paper
landfill contaminant loadings are calculated to be greatest in the Upper Fraser (three mills in
Prince George) and Quesnel (two mills in Quesnel) sub-basins.  Most of the Lower Fraser
mills do not operate landfills.  The calculations suggest that pulp and paper landfill loadings in
the Upper Fraser and Quesnel sub-basins are greater than municipal landfill loadings.  This is
mainly due to the high BOD and COD loadings which relate to the high BOD and COD
concentrations in pulp and paper landfill leachate (based on literature).

Total municipal landfill leachate loadings constitute about 0.2% of the total mass loadings in
the Fraser River.  Total pulp and paper landfill leachate loadings constitute about 0.04% of
total mass loadings in the Fraser River.

Based on the preliminary landfill leachate loadings developed in this study, it is recommended
that contaminant loadings from municipal landfills in the Lower Fraser sub-basin and pulp and
paper mills in the Upper Fraser and Quesnel sub-basins be compared with loadings from other
contaminant sources.  This will help prioritize the need for any further assessment or
abatement activities.

It is also recommended that the landfill inventory database be improved by locating a greater
percentage of industrial landfills and putting them on the GIS map.  This should be done in
cooperation with B.C. Environment since many of their Regional offices are currently
undertaking or considering similar GIS systems for landfill locations.  Regional Districts may
also be interested in utilizing and improving the landfill inventory database/GIS system which
was developed during this study.  The contaminant loading calculations should be repeated in
the future after greater than 90% of the industrial landfills have been accurately located, if
representative industrial landfill leachate data becomes available.
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SOMMAIRE

Le Plan d’action du Fraser est un programme de sept ans qu’on a mis sur pied pour dépolluer le
bassin du fleuve Fraser, rétablir sa productivité et mettre en oeuvre un plan de gestion visant à en
assurer la pérennité.. Dans le cadre de ce programme, on a effectué des inventaires des sources de
pollution ponctuelles et non ponctuelles d’origine industrielle et urbaine.

En avril 1996, Environnement Canada a demandé à Gartner Lee Limited de produire un inventaire
des décharges contrôlées situées dans le bassin du Fraser et de caractériser les lixiviats qui s’en
échappent. Cet inventaire visait les objectifs suivants :

1. Dresser la liste de tous les sites d’élimination de déchets solides.
2. Estimer les quantités de lixiviats s’échappant de chaque site.
3. Déterminer la conformité des sites aux exigences réglementaires.
4. Évaluer les incidences des lixiviats sur les milieux récepteurs.
5. Localiser les sites et les classer par ordre de priorité en prévision d’évaluations

plus approfondies ou d’activités de dépollution.

La liste des sites d’élimination de déchets solides du bassin du Fraser a été dressée sous la forme
d’une base de données créée avec le logiciel Access de Microsoft. Cette base contient des
informations provenant de la base de données WASTE du ministère de l’Environnement de la
Colombie-Britannique, d’études des décharges des bandes indiennes menées par le gouvernement
fédéral et d’un relevé des décharges municipales effectué en 1995. Les 391 sites répertoriés
comprennent :

a) 139 décharges municipales,
b) 41 décharges de bandes indiennes,
c) 113 décharges de sociétés forestières et d’usines de pâtes et papiers,
d) 98 autres décharges industrielles et autres.

La position de 163 des décharges municipales et de bandes indiennes (91 %) et de 49 des
décharges industrielles (23 %) a été déterminée puis pointée sur des cartes topographiques à
l’échelle de 1:250 000 au moyen d’un système d’information géographique (SIG) Mapinfo relié à
la base de données. L’utilisation d’un SIG n’était pas prévue dans l’énoncé initial des travaux.

Les estimations des volumes annuels de lixiviats s’échappant des décharges municipales sont
basées sur les quantités de déchets reçues, en tonnes, les surplus d’eau annuels et une relation
empirique dérivée des données sur six décharges où l’on a mesuré le flux de lixiviat dans les
collecteurs. Les estimations des volumes de lixiviat ainsi obtenues conviennent à l’évaluation des
incidences relatives à l’échelle du bassin et du sous-bassin; elles ne conviennent toutefois pas à
l’analyse d’un site en particulier en raison des incertitudes quant aux quantités de déchets, à
l’efficacité des systèmes de collecte et aux variations locales des conditions climatiques et
hydrogéologiques.
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On a effectué une évaluation détaillée de 24 ensembles de données chimiques se rapportant aux
lixiviats de décharges municipales de la Colombie-Britannique. Les médianes des valeurs ont été
déterminées en vue de calculs des charges de contaminants. De plus, on a identifié les polluants
préoccupants qui étaient présents dans les lixiviats des décharges municipales et industrielles et on
les a examinés par rapport à des composantes et à des utilisations types des milieux aquatiques
récepteurs, telles que l’eau potable, les formes de vie aquatique, l’agriculture et l’industrie. Les
principaux facteurs préoccupants à l’origine de la contamination par les lixiviats des décharges
étaient la DBO (demande biochimique en oxygène), la DCO (demande chimique en oxygène),
l’ammoniac, le fer, le manganèse et d’autres métaux à l’état de traces.

On a calculé les charges de contaminants en multipliant les valeurs des débits de lixiviat par les
concentrations médianes de lixiviat pour les principaux contaminants préoccupants, et ce pour
toutes les décharges municipales pointées et les sept décharges d’usines de pâtes et papiers. Les
charges de lixiviat ont été calculées pour 13 sous-bassins du fleuve Fraser et comparées aux
charges totales dans chaque sous-bassin (quand on disposait de données sur la qualité de l’eau
appropriées). Les résultats indiquent les incidences relatives des décharges par sous-bassin et par
contaminant.

Les calculs ayant trait aux lixiviats des décharges municipales semblent indiquer que c’est dans le
sous-bassin du bas Fraser qu’on retrouve la grande majorité des charges de lixiviat, ce qui est
plausible puisque c’est là que vivent la majeure partie des habitants et qu’il s’agit d’un milieu très
humide. Parmi les 12 facteurs de contamination examinés, ce sont la DCO, la DBO, l’ammoniac,
le fer et le manganèse qui présentaient les plus grandes charges. Les charges de métaux à l’état de
traces (arsenic, cadmium, chrome, cuivre, plomb, sélénium et zinc) leur étaient généralement
inférieures de nombreux ordres de grandeur.

On a également exprimé les charges de lixiviat en pourcentage des charges totales par sous-bassin
pour chaque contaminant (lorsqu’on disposait de données sur la qualité de l’eau). Les valeurs
obtenues portent à croire que l’ammoniac est le principal contaminant des lixiviats, car il
représente au moins 1 % des charges totales dans 3 des 7 sous-bassins étudiés. Les charges de la
plupart des autres contaminants des lixiviats s’échappant des décharges municipales représentent
moins de 0,1 % des charges totales.

Selon les prévisions, le traitement secondaire des lixiviats de six décharges municipales du bas
Fraser à la station d’épuration des eaux usées d’Annacis Island (qu’on a commencé à exploiter en
1997, mais qui sera entièrement en service en 1998) réduira les charges de lixiviat des décharges
municipales à la moitié de leur niveau de 1996 (à l’époque où elles étaient soumises à un
traitement primaire). Il permettra de réduire les charges d’autres contaminants, mais pas au même
degré.

Il existe des décharges d’usines de pâtes et papiers dans quatre sous-bassins, soit ceux du haut
Fraser, de la rivière Quesnel, de la rivière Thompson et du bas Fraser. Les débits des lixiviats
provenant des sept décharges d’usines de pâtes et papiers du bassin du Fraser ont été calculés à
partir de la superficie estimée des décharges multipliée par les excédents d’eau. La détermination
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de la qualité de l’eau reposait sur les valeurs médianes indiquées dans la documentation (NCASI,
1992). Selon les calculs, c’est dans les sous-bassins du haut Fraser (trois usines situées à Prince
George) et de la rivière Quesnel (deux usines situées à Quesnel) que les charges de contaminants
des décharges d’usines de pâtes et papiers sont les plus élevées. La plupart des usines de pâtes et
papiers du sous-bassin du bas Fraser ne possèdent pas de décharges. Toujours selon les calculs,
les charges de contaminants provenant des décharges d’usines de pâtes et papiers des sous-bassins
du haut Fraser et de la rivière Quesnel sont supérieures à celles qu’on a mesurées aux décharges
municipales. Le phénomène est attribuable surtout à la DBO et à la DCO élevées dans l’eau,
phénomène dû aux fortes DBO et DCO mesurées dans le lixiviat des décharges des usines de
pâtes et papiers (selon la documentation).

Les charges totales de lixiviat provenant des décharges municipales représentent environ 0,2 %, et
les charges totales de lixiviat provenant des décharges des usines de pâtes et papiers environ
0,04 %, des charges totales mesurées dans le Fraser.

Il est recommandé, d’après les calculs théoriques des charges de lixiviat provenant des décharges
effectués pendant l’étude, d’établir un classement par ordre de priorité des décharges municipales
du sous-bassin du bas Fraser et des décharges des usines de pâtes et papiers du sous-bassin du
haut Fraser en vue d’effectuer une évaluation plus détaillée ou de prendre des mesures de
décontamination.

Il est également recommandé d’améliorer la base de données d’inventaire des décharges en
localisant un plus grand pourcentage de décharges industrielles et en les pointant sur la carte du
SIG. Ces activités devraient être menées de concert avec le ministère de l’Environnement de la
Colombie-Britannique vu que beaucoup de bureaux régionaux de ce ministère utilisent ou
envisagent d’utiliser des SIG pour la localisation de décharges. De plus, les districts régionaux
pourraient être intéressés à utiliser et à améliorer la base de données d’inventaire des décharges et
le SIG mis au point pendant l’étude. Il faudrait refaire les calculs des charges de contaminants
quand on aura localisé avec précision plus de 90 % des décharges industrielles, si l’on peut obtenir
des données représentatives sur le lixiviat de ces décharges.
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1 INTRODUCTION

1.1 BACKGROUND

The Fraser River Action Plan (FRAP) is a 7-year program with the mission of cleaning up
pollution, restoring the productivity of the natural environment, and implementing a
management program to ensure the long-term sustainability of the Fraser River Basin
(Figure 1.1).  The Fraser Pollution Abatement Office (FPAO) of Environment Canada was
established under FRAP to coordinate activities to identify, prevent, and clean-up pollution in
the Fraser Basin.

Inventories of point and non-point sources of pollution from industrial discharges, municipal
discharges (including combined sewer overflows and urban runoff), and agricultural runoff
have been carried out under FPAO.  FPAO retained Gartner Lee Limited in April 1996 to
carry out an inventory of landfills in the Fraser River Basin and characterize any associated
leachate discharges.

The landfill inventory is presented as a Microsoft Access database on a diskette at the back of
the report.  The inventory was compiled by means of a desktop study and includes all
identified solid waste landfills within the basin. Estimates of the extent and magnitude of
landfill leachate discharges (loadings) and their relative impacts on the natural environment
were calculated.  All types of landfills i.e., municipal solid waste landfills with refuse
originating from: residential, commercial, institutional, demolition, land clearing; or
construction sources and industrial waste landfills containing industrial waste such as wood
wastes, whether operational or closed, were included in this study.

1.2 OBJECTIVES

Environment Canada requested a preliminary estimate of the quantity and quality of landfill
leachate entering the Fraser River to allow comparison of landfill impacts and loadings with
impacts from other point and non-point contaminant sources, such as sewage treatment plants
or urban runoff.  This information will help Environment Canada to prioritize the need for
further assessment or remediation of landfills and other contaminant sources throughout the
Fraser Basin.

The specific objectives of this inventory, to the extent practicable, were to:

1. Develop a listing of all solid waste landfills (both active and closed) within
the Fraser River Basin;

2. Develop a quantitative estimate of landfill leachate discharges in terms of
volume and contaminant loadings for each landfill;
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3. Assess landfill compliance with regulatory requirements;
4. Assess leachate discharge impacts on the receiving environment for each

landfill; and
5. Identify and prioritize discharges for further, more detailed assessments or

abatement efforts/activities.

1.3 SCOPE OF WORK

This project was a desktop study which involved reviewing information contained within
municipal, provincial and federal government files.  No field visits to landfills, sampling or
field measurements were included in the scope of work to confirm the accuracy or
completeness of the information in the database.  Without site-specific field inspections and
data collection it was not possible to assess regulatory compliance or leachate impacts for
individual landfills.  The landfill inventory and calculated leachate loadings are useful for
regional assessments of landfill impacts and for prioritization of regional
assessment/abatement activities, if considered in conjunction with site-specific information
from the federal, provincial, municipal and First Nation’s field inspection agencies.
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2 LANDFILL INVENTORY

The main task of this project is to determine the leachate contaminant mass loadings, and
their relative significance, of the landfills within the Fraser River Basin.  In order to
determine these values, a massive amount of data is required regarding both the landfills’ and
the basin’s physical properties.  To assist in this assessment, a database was developed to
contain all the relevant information, so that it may be manipulated and sorted in ways to
allow for complex numerical analysis of landfill leachate.

Examples of the information contained within the landfill inventory database are outlined
below:

1) Landfill location including a general location description, municipality and Regional
District;

2) Landfill owner or operator;
3) B.C. Ministry of Environment (MOE) information including regional jurisdiction,

permit status and fee status;
4) Landfill type and waste information including capacity (tonnes/day);
5) Typical landfill leachate chemistry data for different landfill types;
6) Fraser River Basin and Sub-Basin information including surface water chemistry and

flow data; and,
7) Landfill water budget information.

The database was completed using Microsoft Access Version 2.0.  A copy of the database
has been put on a diskette attached in Appendix A along with a database outline as provided
by the Database Documentor feature of Access.  The inventory database was also applied to
the desktop mapping program MapInfo for the purpose of locating landfills to determine site
specific characteristics such as water budget analysis.  A copy of the MapInfo files for the
landfill locations has also been included on the attached diskette.

The digital base maps were provided by Environment Canada.  The base maps included the
twenty-four 1:250,000 NTS Mapsheets which encompass the Fraser River Basin.  The level
of detail contained in the digital mapsheets included rivers, creeks, roads (paved and gravel),
cities and political boundaries.

2.1 INFORMATION SOURCES

Several sources of information were used to develop the landfill inventory database.  The
following steps were completed to acquire information regarding landfills:
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1) A copy of all the information available in the Ministry of Environment’s landfill
database (WASTE) was requested and reviewed;

2) A copy of a survey developed by the Ministry and completed by municipal landfills
in 1995 was reviewed;

3) Solid Waste Disposal Study reports for Federal Indian Band Landfills conducted by
Cameron Advisory Services Ltd. (CAS) were reviewed;

4) All relevant information from the WASTE database, MOE survey and CAS reports
was entered in the landfill inventory database developed for this project;

5) Complete landfill listings were generated based on the Ministry Regions which are
contained, or partially contained, within the Fraser River Basin (Lower Mainland,
Southern Interior, Cariboo, Omineca-Peace, and Skeena Regions);

6) The Ministry offices in the Lower Mainland, Southern Interior and Omineca-Peace
Regions were visited and discussions were conducted with representatives from both
the municipal and industrial sections;

7) Ministry permit files were reviewed for sites identified by Ministry staff as landfills
which have a significant potential for leachate generation;

8) Information gathered from Ministry files and during Ministry staff interviews was
entered in the database;

9) Solid Waste Management Plans for the Regional Districts which contain municipal
landfills within the Basin were reviewed and the appropriate data was entered in the
database;

10) Landfill locations were plotted in the GIS program MapInfo using the location maps
contained within the Solid Waste Management Plans and the site maps in the CAS
reports;

11) Phone interviews were conducted with landfill operators for any site which had
missing data;

12) Available landfill monitoring reports were reviewed to determine landfill leachate
characteristics; and

13) Fraser River Basin surface water chemistry results and flow data were reviewed.

Following compilation of all the data sources, the landfill inventory database contained 1,071
landfills throughout B.C.  Gartner Lee was not provided with the CAS reports for landfills
which are located outside the Fraser River Basin.  Therefore, the total of 1,071 is assumed to
be less the actual total.  Of the 1,071 landfills included in this database, it was determined
that 383 landfills are located within the boundary of the Fraser River Basin.  A table listing
all the landfills which are located within the Fraser River Basin is attached in Appendix C.

The MOE landfill permit numbers are included in the database inventory.  This allows for the
information contained in this database to be easily linked with other landfill inventories
which use the same permit numbers.  An example of a permit number is as follows:
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PR-1623(3) - where “P” is for permit; “R” is for refuse; “1623” is essentially the permit
number; and “(3)” refers to number of file amendments.

Many Federal Indian Band Landfills identified in the CAS reports are not permitted by MOE.
For the purpose of this inventory, these CAS landfill sites were assigned permit numbers
beginning with NP-30,000 - where the “NP” is for Not Permitted.  Landfills which were
closed prior to the Ministry’s permitting system (i.e. early 1970s) were also assigned NP
permit numbers.  Some privately operated landfills are not permitted by the ministry and
were also assigned NP permit numbers.  The Hope Municipal Landfill does not have an
operating permit.  However, the ministry has assigned a file number of 50260-08 to the Hope
Landfill.  This file number is used in the database to identify the Hope Landfill.

2.2 LANDFILL CATEGORIES

The sources of information used to develop the inventory did not include data regarding the
type of landfill.  A classification scheme was developed for the inventory to assist in
evaluating landfill characteristics.  The landfill categories are identified in Table 2.1.

Table 2.1 Landfill Categories

TYPE DESCRIPTION AMOUNT PERCENT
TOTAL PLOTTED PERCENT

PLOTTED

Small Municipal Landfill with serving population < 5,000 99 26% 86 87%

Medium Municipal Landfill with serving population of 5,000 to 50,000 26 7% 25 96%

MUNICIPAL Large Municipal Landfill with serving population > 50,000 14 4% 14 100%

First Nations Receives municipal type waste from First Nations community 41 11% 38 93%

SUB TOTAL 180 47% 163 91%

Logging Remote sites receiving predominantly wood debris 41 11% 1 2%

Sawmills/ Wood Manufacture Sawmills, wood manufacture and wood treatment wastes 66 17% 10 15%

Pulp Mills Pulp mill wastes 7 2% 7 100%

Camps/Recreation/Personal Small, usually remote sites receiving residential type wastes 19 5% 1 5%

INDUSTRIAL Mining Discharge to land permits associated with mining companies 16 4% 2 13%

Miscellanious Industry Variety of industries (metal, chemical, agriculture etc.) 27 7% 10 37%

DLC/Contractors Demolition, land clearing and construction wastes 18 5% 11 61%

Government Industrial Waste Government landfills which receive non-municipal type wastes 9 2% 7 78%

SUB TOTAL 203 53% 49 24%

TOTAL 383 100% 212 55%
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Landfills which were determined to be located inside the Fraser River Basin were classified
using the category listing.

2.3 INVENTORY STRUCTURE AND USE

The structure of the landfill inventory was developed as a relational database in Microsoft
Access Version 2.0.  Some of the tables contained in the database are listed below:

Table 2.2 Landfill Database Tables

BC Environment Regions
BC Environment Offices
Fraser River Basin
Fraser River Sub-Basins
Landfill Permit Numbers
Landfill Capacity
Landfill Category
Landfill Location
Landfill Owner / Operators
Landfill Fee Status (i.e. exempt/non-exempt)
Landfill Permit Status (i.e. active/closed/pending)
Landfill Water Budgets (i.e. moisture surplus)
Landfill Leachate Chemistry
Leachate Parameters
Sub-Basin Surface Water Leachate Chemistry
Sub-Basin Stream Flow Data
Surface Water Chemistry
Surface Water Stations
Stream Flow Data
MapInfo Plotted Landfills
Site Registry ID (link Permit # with Site Identifier)

The database is designed so that the tables listed above are all linked with appropriate table
relationships, allowing the data to be sorted and queried by any of the tables’ information.  A
full description of the table relationships is outlined in Appendix A.  The relational database
can provide sorted tables of data based on one or more of the listed parameters.

There were many problems encountered in trying to gather the data required to complete both
the Access and MapInfo databases.  The most difficult task was in determining the locations
of the landfills to an adequate scale.  The scope of work for the project did not include site
visits to landfills.  The location information contained within the Ministry’s database is
limited to a brief description or simply a town name.  In many cases, there was no
information available which contained information such as UTM coordinates or
latitude/longitude values.
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The locations of the landfills were determined by reviewing the site maps included in the
Regional District Solid Waste Management Plans.  Federal Indian Band landfill sites were
located by using the site maps in the CAS reports.  Industrial landfill locations were
determined from the Solid Waste Management Plans, published reports, inquiries to MOELP
offices and industries, and a search of the MOELP’s “SITE” database using the key words
“landfill”, “dump”, and “refuse”.  All identified landfill locations were plotted in the
MapInfo database.

However, no comprehensive sources for industrial landfill locations were found.  It is our
understanding that the Surrey MOELP office is in the process of obtaining longitudes and
latitudes for all the industrial landfills in their Region.  This should be incorporated into the
database when it becomes available.  The database already includes locations of industrial
landfills provided by the Williams Lake MOELP office.

From the accumulated location information, 212 landfills were plotted in the MapInfo GIS.
The locations of the 212 plotted landfills are illustrated in Figure 2.1.  The listing of the
plotted landfills is in Appendix B.  The complete listing of all landfills in the Fraser Basin is
in Appendix C.

It was difficult to accurately determine the size of the landfills.  The value for capacity which
is included in the Ministry’s waste database relates to the landfills permitted capacity.
However, the permitted capacity may be much greater than the actual amount of waste
disposed of in the landfill or the landfill may be receiving more waste than the permit allows
for.  The capacity values for the municipal landfills were corrected using the data reported in
the Ministry’s 1995 survey completed by landfill operators which includes a value for total
waste received in 1994 and an expected value for 1995.  For the landfills which were
identified in the Solid Waste Management Plans, but not included in the MOE survey, the
landfill operator was contacted to determine accurate waste tonnage values.  Based on this
data, we believe that reasonably accurate tonnage values are reported for all municipal sites
contained in the MapInfo database.  The capacity and tonnage for industrial sites could not
readily be determined and only the permitted volumes/tonnages are present in the database.
Annual capacities are reported for closed landfills (based on historical rates) so that leachate
generation rates can be calculated.  The permit status (active/closed/pending) distinguishes
closed landfills in the database.

The composition of waste disposed of in industrial landfills throughout the Fraser Basin
varies immensely.  Determining typical leachate chemistry for the various industrial landfills
proved to be problematic due to the wide variation in the types of waste, and the lack of
available data referring to the leachate chemistry produced from industrial landfills.  With the
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exception of forestry related landfills, there is very little reference material for leachate
chemistry from industrial landfills in B.C.  The only industrial landfills which we were able
to include in the leachate contaminant mass loading assessment were pulp mill landfills.

Annual monitoring is occurring at a number of municipal landfills throughout the province.
It was possible to determine what might be considered a typical leachate chemistry for a
municipal landfill.  The leachate database and the methods used to develop typical leachate
chemistry for municipal landfills is discussed in the following section.
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3 MUNICIPAL LANDFILL LEACHATE

The development of a B.C. leachate chemical composition applicable to the landfill inventory
database of municipal solid waste sites, was undertaken in two stages.  An initial chemical
data compilation was undertaken followed by statistical analysis to review mean and median
leachate chemical constituents.  A separate analysis of climatic, demographic and landfill site
operational data was conducted using Gartner Lee in-house reports, GVRD and documented
information to assess relationships linking municipal waste tonnages, geographical water
surplus, populations and leachate generation volume rates.  By multiplying the median
leachate chemical concentration by leachate generation rates, a mass loading (kg/day) was
estimated for selected leachate parameters of concern to surface waters.

3.1 INFORMATION SOURCES

Analytical chemical data for leachate samples were compiled from three data sources.  The
first source was Gartner Lee’s library of landfill investigation reports which documented sites
at which monitoring wells had been installed directly into, or in close proximity with,
landfilled solid waste.  At these monitoring well locations, the analytical chemical data was
considered to represent leachate with minimal ground water dilution, i.e. a “raw” leachate.

A second source of leachate analytical data came from the GVRD Pollution Control Office
which provided data for municipal landfill sites within GVRD jurisdiction that convey
sewered leachate to the Annacis Island Sewage Treatment Plant for disposal.

A third source of analytical data came from historical chemical composition data documented
in “Fraser River Estuary, Water Quality - Impact of Landfills”, (Atwater, Environment
Canada, 1980).

The following table provides a summary of the leachate information sources used to
formulate the generic leachate.
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Table 3.1 Leachate Chemistry Information Sources

Data Source Landfill Site Name/Location Leachate Sampling
Year

Available Consultant Foothills Boulevard, Prince George 1995
Reports Burns Bog, Delta 1995

Hartland, Victoria 1995
Glenmore, Kelowna 1991
Barnhartvale, Kamloops 1993
Quesnel 1995
Nanaimo 1996

GVRD (sewer sampling Burns Bog, Delta 1993-1996 (ongoing)
data) Port Mann, Surrey 1993-1996 (ongoing)

Braid Street, Coquitlam 1993-1996 (ongoing)
Cottonwood Drive, Maple Ridge 1993-1996 (ongoing)
Langley 1993-1996 (ongoing)
Premier Street, North Vancouver* 1993-1996 (ongoing)

Environment Canada Braid Street, Coquitlam 1978
Report (Atwater, 1980) Kerr Road, City of Vancouver 1978, 1979

Stride Avenue, Burnaby 1972, 1973
Terra Nova, Coquitlam 1972, 1973
Nelson Road, Richmond 1978
Burns Bog, Delta 1978
Port Mann, Surrey 1978

* Leachate not treated at Annacis Island STP

3.2 LEACHATE QUALITY

A comparison between coastal and interior B.C. landfill sites was undertaken to assess the
effect of different water surplus on leachate chemical quality and any implications for surface
water catchment chemical loadings.  This comparison indicated that chemical data for the
interior landfill leachate (Kamloops and Quesnel) possessed higher calcium, magnesium,
sodium, sulphate and bicarbonate plus associated higher values for conductivity, hardness
and total dissolved solids. Other differences included lower concentrations of nitrogen
(ammonia, organized TKN) and organic carbon compared to coastal landfill leachate.  The
different leachate qualities may be related to the local climatic conditions (i.e. water budget)
but could also be due to many other variables such as:  background ground water quality,
differences in the waste composition, sampling location (e.g., leachate well, leachate
collector drain, ground water monitor, seep), recent weather conditions, age of the landfill
and size of the landfill.  Given the very small sample set for interior landfills and many
potential variables, it was decided that the creation of one typical municipal landfill leachate
would be most appropriate for this broad regional study.
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All of the leachate chemical data for municipal sites was assimilated into one generic
leachate chemical database, as shown on Table 3.2.  This final compilation was based on 24
reported sets of leachate chemical analytical results from large and medium municipal solid
waste sites.  Of this total number, 18 of the data sets were from Lower Mainland sites with
the remainder being located in Kamloops (Barnhartvale), Kelowna, (Glenmore), Nanaimo
(Cedar Road), Prince George (Foothills Boulevard), Quesnel and Victoria (Hartland).

Using the data outlined in Table 3.2 of 24 leachate chemistry analytical results, a suite of
statistics was calculated for each chemical parameter including the mean, median, skew,
average deviation, population deviation and distribution of samples for one, two and three
standard deviations about the mean.  Leachate median values were assessed to be the most
representative of typical, B.C. municipal waste leachate (Table 3.3).  Other statistical values
for the mean plus (population) standard deviations were used to give an indication of the
upper-bound statistical limits for corresponding to 66%, 95% and 99% of a normal “bell-
curve” data distribution.

The concentrations of B.C. landfill leachate constituents were compared against documented
typical leachate chemical ranges reported by Freeze and Cherry (1977), Fetter (1988), the
Solid Waste Association of North America, SWANA (1991) and also Qasim and Chiang
(1994) in Table 3.4.  The published information involved a database of several hundred
North American municipal solid waste landfills and spanned many climatic regions.  The
B.C. mean and median leachate values on Table 3.3 are grouped at the lower concentration
levels for most parameters, i.e. the “raw” leachate from B.C. landfills is more dilute
compared to other areas in North America.  The published data also revealed large ranges for
individual parameters, often with an order of magnitude difference between minimum and
maximum values and occasionally, three orders of magnitude difference.  The B.C. leachate
data revealed similar ranges for some parameters and it was evident that for these data high-
value outliers had skewed data sample distributions.  Parameters most prominently affected
by the (high) outlier data included:  conductivity, pH, turbidity, chloride, sulphate, arsenic,
chromium, iron, nickel, sodium, ammonia nitrogen, nitrate and chemical oxygen demand.
For some of these parameters, (e.g. conductivity, chloride, sulphate and sodium), location of
landfill adjacent to saline or surface brackish surface waters (Burns Bog and Nelson Road) or
gypsum in the geological setting (Kelowna) had evidently affected the background ground
water quality.  However, with such a small data set of leachate chemistry, excluding data
based on local influences would have biased the data towards an unrealistically dilute quality.
Median values were selected as the best representation of typical B.C. leachate quality.

The statistical median values were therefore used to generate a municipal leachate
composition for estimating Fraser Basin receiving waters chemical loadings.



Table 3.2  Municipal Landfill Leachate Chemical Database

Landfill Category (see Table 2.1)

Location Reference units

Sampled Date 1992-96 1992-96 1992-96 1992-96 1992-96 1992-96 1978 1978 1978-79 1972-73 1972, 73, 79 1975-78

Colour cu

Conductivity µS/cm 430.8 1559 10100 1915 1960 1433 810 1567

pH units 6.2 6.4 7 6.1 5.9 11.6 6.4 7.9 6.8 7.8 6.9

Total Alkalinity [as CaCO3] mg/L 2200 399 870 323 735

Total Hardness mg/L

Total Dissolved Solids, TDS mg/L

Total Suspended Solids, TSS mg/L 18.9 161.8 29.5 91.4 92.6

Turbidity NTU

Bicarbonate, HCO3 mg/L

Carbonate, CO3 mg/L

Hydroxide, OH mg/L

Chloride, Cl mg/L 3000 173 105 106 43 146

Fluoride, F mg/L

Sulphide, SO3 mg/L 0.004 0.1 0 0.1

Sulphate, SO4 mg/L 500 33.3 7.5 9.8

Aluminum, Al mg/L 0.11 1.18 0.81 0.6 0.1 0.08 0.08

Antimony, Sb mg/L < 0.08 < 0.08

Arsenic, As mg/L 0.022 0.001 0.002 < 0.01 < 0.15 < 0.15

Barium, Ba mg/L 0.57 0.2

Beryllium, Be mg/L

Bismuth, Bi mg/L

Boron, B mg/L 1.8 0.98 0.6

Calcium, Ca mg/L 770 119 57 75

Cadmium, Cd mg/L 0.0001 0.001 0 0.001 < 0.0038 < 0.15 < 0.01

Chromium, Cr mg/L 0.0127 0.002 0 0.02 0.09 < 0.037 < 0.02 < 0.015 145

Cobalt, Co mg/L 0.001 0.01 0 < 0.02 < 0.015

Copper, Cu mg/L 0.003 0.01 0.31 0.01 < 0.07 0.01 0.01 0.29

Iron, Fe mg/L 12.89 38.4 5.44 36.49 40.28 490 42.7 9.5 80 4.5 148

Lead, Pb mg/L 0.0007 0.07 0.01 0.05 0.052 0.08 < 0.09 0.093

Lithium, Li mg/L

Magnesium, Mg mg/L 150 27.3 41 22.2

Manganese, Mn mg/L 2.68 1.26 1.45 2.15 2.8 3.07 0.3 2.06 1.6

Mercury, Hg mg/L 0.0001 < 0.1 < 0.1

Molybdenum, Mo mg/L 0.007 < 0.15 < 0.15

Nickel, Ni mg/L 0.02 0.005 0.01 0.01 0.1 < 0.13 < 0.08 6

Phosphorus, P mg/L

Potassium, K mg/L 63

Selenium, Se mg/L < 0.15 < 0.15

Silica, Si mg/L 14.6 10.6

Silver, Ag mg/L 0

Sodium, Na mg/L 1100 173 37.7

Strontium, Sr mg/L 1 0.49

Tin, Sn mg/L < 0.2 < 0.2

Thallium, Tl mg/L

Titanium, Ti mg/L < 0.009 < 0.009

Tungsten, W mg/L

Vanadium, V mg/L < 0.09 < 0.09

Zinc, Zn mg/L 0.04 0.11 0.07 0.04 0.5 0.97 0.59 0.04 0.36 0.08 0.62

Zirconium, Zr mg/L

Ammonia Nitrogen, NH4 mg/L 3.4 238 49.4 44.0 17.5 79 28.9 30 14.8 37

Organic Nitrogen, N mg/L 3.5

Total Kjeldahl Nitrogen, TKN mg/L 50 42

Nitrate, NO3 mg/L 1.55

Nitrite, NO2 mg/L

Ortho Phosphate, P mg/L

Total Phosphates, P mg/L 0.33 0.09

Biochemical Oxygen Demand, BOD mg/L 27.7 24.5 22 28.2 70

Chemical Oxygen Demand, COD mg/L 21.8 618 75.3 128.8 110.2 11000 842 116 322 48

Cyanide, CN mg/L 0.001

Oil & Grease mg/L

Phenolics mg/L 0.001 0.02 0.004 0.01 0.01

Tannin & Lignin mg/L

Total Carbon, C mg/L 2000

Total Organic Carbon, TOC mg/L 1600 101

Chlorobenzene mg/L

1,4-Dichlorobenzene mg/L

cis-1,2-Dichloroethylene mg/L

Vinyl Chloride mg/L

Benzene mg/L

Ethylbenzene mg/L

Styrene mg/L

Toluene mg/L

Total Xylenes mg/L

I J K LE F G HA B C D

11 11 11 1111 11 11 1111 11 11 11
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Table 3.2  Municipal Landfill Leachate Chemical Database

Landfill Category (see Table 2.1)

Location Reference units

Sampled Date

Colour cu

Conductivity µS/cm

pH units

Total Alkalinity [as CaCO3] mg/L

Total Hardness mg/L

Total Dissolved Solids, TDS mg/L

Total Suspended Solids, TSS mg/L

Turbidity NTU

Bicarbonate, HCO3 mg/L

Carbonate, CO3 mg/L

Hydroxide, OH mg/L

Chloride, Cl mg/L

Fluoride, F mg/L

Sulphide, SO3 mg/L

Sulphate, SO4 mg/L

Aluminum, Al mg/L

Antimony, Sb mg/L

Arsenic, As mg/L

Barium, Ba mg/L

Beryllium, Be mg/L

Bismuth, Bi mg/L

Boron, B mg/L

Calcium, Ca mg/L

Cadmium, Cd mg/L

Chromium, Cr mg/L

Cobalt, Co mg/L

Copper, Cu mg/L

Iron, Fe mg/L

Lead, Pb mg/L

Lithium, Li mg/L

Magnesium, Mg mg/L

Manganese, Mn mg/L

Mercury, Hg mg/L

Molybdenum, Mo mg/L

Nickel, Ni mg/L

Phosphorus, P mg/L

Potassium, K mg/L

Selenium, Se mg/L

Silica, Si mg/L

Silver, Ag mg/L

Sodium, Na mg/L

Strontium, Sr mg/L

Tin, Sn mg/L

Thallium, Tl mg/L

Titanium, Ti mg/L

Tungsten, W mg/L

Vanadium, V mg/L

Zinc, Zn mg/L

Zirconium, Zr mg/L

Ammonia Nitrogen, NH4 mg/L

Organic Nitrogen, N mg/L

Total Kjeldahl Nitrogen, TKN mg/L

Nitrate, NO3 mg/L

Nitrite, NO2 mg/L

Ortho Phosphate, P mg/L

Total Phosphates, P mg/L

Biochemical Oxygen Demand, BOD mg/L

Chemical Oxygen Demand, COD mg/L

Cyanide, CN mg/L

Oil & Grease mg/L

Phenolics mg/L

Tannin & Lignin mg/L

Total Carbon, C mg/L

Total Organic Carbon, TOC mg/L

Chlorobenzene mg/L

1,4-Dichlorobenzene mg/L

cis-1,2-Dichloroethylene mg/L

Vinyl Chloride mg/L

Benzene mg/L

Ethylbenzene mg/L

Styrene mg/L

Toluene mg/L

Total Xylenes mg/L

15-Jan-95 28-Mar-95 1992-94 1995 1993-96 1992-96 1978 1978 19-Feb-91 21-Apr-93 20-Oct-95 1978

50 750 600 20 80

913 15926 3209 1885 3943 39800 4510 2600 3670

8.29 7.7 7.9 7 6.7 6.8 6.7 8.3 7.13 6.75 7.9

476 6843 2420 7500 < 0.5

518 770 650 367 2880 3980 1180 564

525 21700 5240 1740

51 117.2 145.1 40.5

930 52 17 64

581 7380 1959

< 1 123

< 1 < 0.05

67.1 1545 85.3 578 990 52 237 1250

0.1 0.31 < 0.1 0.096 < 0.05 < 0.2

1.3 0.1 0.3 < 0.5 < 0.05

11 22.7 2 70 25.6 8650 2210 8.5 15.1

< 1 1 0.038 0.65 0.47 0.34 < 0.15 0.06

< 0.2 0.02

< 0.2 9 0.784 0.008 < 0.012 < 0.01 < 0.2

0.35 0.196 0.019 0.539

< 0.02 1.36 0.001

< 0.5 0.02

6.05 4.1 2.94 1.85

127 126 214.6 68 182 316 138

< 0.05 0.01 0.001 0.002 < 0.008 < 0.0002 < 0.01 0.002

0.1 0.05 0.006 0.01 0.003 0.011 0.046 < 0.3 < 0.015 0.012

< 0.07 0.02 0.005 0 < 0.02 0.005

< 0.05 0.07 0.019 0.05 0.06 0.031 0.055 < 0.01 < 0.015 < 0.01 0.02

14.8 13 18.0 0.37 15.23 36.9 13.13 2.4 0.29 < 0.03 < 0.03 0.6

< 0.25 0.05 0.003 0.01 0.026 0.13 0.001 < 0.05 0.03

0.1

48.7 110 28.1 48.7 590 759 53.4

1.12 0.71 1.75 1 2 2.59 0.405 0.65 0.15 1.15 2.5

0.3 0.00005 0.215 < 0.00005

< 0.15 0.03 0.004 < 0.04 < 0.03 0.004

0.2 0.04 0.011 0.02 0.05 0.05 0.026 0.02

10.6 0.53 0.8 0.35

4.3 925 235 34.9 29.3 109

< 1 0.0003 0.03

18.8 < 0.5

0.075 0.01 0.002 < 0.03 0.03

4.5 1164 371 6470 236 990 577

1.44 1.95

< 1.5 N/A < 0.3 0.02

< 0.5 0.03

0.07 0.009

< 0.5

< 0.15 < 0.003 0.004

0.3 0.25 0.031 0.12 0.28 0.053 0.315 < 0.01 < 0.015 0.005 0.01

0.003

< 0.1 1288 212 89 215.1 282.7 46.9 98 59 1.75 0.037 88.7

4610

2828

0.35 < 0.005 0.025 46 < 0.05 2.8 < 0.005 0.03

< 0.05 0.005 2.8 0.002 0.011

5 0.022

0.494

18 72 65 65.3 277.2 < 10 53

70 3316 484 462 415.4 642.5 194.7 460 < 25 27.1 252

0.08 0.006 0.04 0.1

3.39 3

0.066 0.09 0.51 < 0.001 0.12

225 21.7

2 102 16.5 103 85

0.007

0.005

0.03

0.035

0.0035

0.04

0.002

0.06

0.06

U V W XQ R S TM N O P

11 12 12 1211 11 11 1111 11 11 11
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Table 3.2  Municipal Landfill Leachate Chemical Database

Location Reference

A City of Langley Landfill, Langley, Leachate Sewer Sampling (GVRD)

B Coquitlam Landfill, Leachate Sewer Sampling (GVRD), Sample Point 1

C Coquitlam Landfill, Leachate Sewer Sampling (GVRD), Sample Point #2

D Maple Ridge District Landfill, Maple Ridge, Leachate Sewer Sampling (GVRD)

E Lions Gate Landfill, Premier Street North Vancouver District, Leachate Sewer Sampling (GVRD), Sample 
Point #1

F Lions Gate Landfill, Premier Street North Vancouver District, Leachate Sewer Sampling (GVRD), Sample 
Point #2

G Nelson Road, Richmond, Summary of Leachate Monitoring Results, Refuse Wells

H Coquitlam Landfill, Monitoring Data from Sampling Point 4

I Kerr Road Landfill, City of Vancouver, Leachate Monitoring Data

J Terra Nova Landfill, Comparison of Leachate Constituents, Weir #2 (Popeye Creek)

K Stride Avenue Landfill, Burnaby, Constituent Concentrations

L Maple Ridge Landfill, Well Monitoring Data, Well #3 (PCB)

M Foothills Boulevard Landfill, Prince George, Station # 94-5 (Agra)

N Burns Bog Landfill, Vancouver, Station # MW-62, 66, 68 (Gartner Lee)

O Burns Bog Landfill, Vancouver, Pumped Leachate (Gartner Lee)

P Hartland Landfill, Victoria, 1995 Arithmetic Means (Gartner Lee)

Q City of Vancouver Landfill, Vancouver, Leachate Sewer Sampling (GVRD)

R Port Mann Landfill, Surrey, Leachate Sewer Sampling (GVRD)

S Port Mann Landfill, District of Surrey, Well #2

T Burns Bog Landfill, Monitoring Data from Wells 3 and 4

U Glenmore Landfill, Kelowna, Sample #6-1

V Barnhartvale Landfill, Kamloops, Station # OW2 (n/a)

W Quesnel Landfill, Quesnel, Station # OW1 (Agra)

X Nanaimo Landfill, Cedar Road, Leachate Sewer Sampling (GLL)

Sec3tbls.xls-6/19/98-3.2 ref



Table 3.3  Statistical Analysis of Municipal Leachate Chemistry

Data Range Descriptive Statistics Standard Deviations
Units Minimum Maximum Mean Median Skew Sample Population

Colour cu 20 750 300.0 80.0 0.7 347.1 310.4
Conductivity µS/cm 430.8 39800 5660.6 1960.0 3.2 9621.1 9333.8
pH units 5.9 11.6 7.3 7.0 2.3 1.2 1.2
Total Alkalinity [as CaCO3] mg/L 0.5 7500 2176.7 802.5 1.5 2752.4 2611.2
Total Hardness mg/L 367 3980 1363.6 710.0 1.5 1330.3 1244.4
Total Dissolved Solids, TDS mg/L 525 21700 7301.3 3490.0 1.8 9805.1 8491.4
Total Suspended Solids, TSS mg/L 18.9 161.8 83.1 91.4 0.3 51.5 48.5
Turbidity NTU 17 930 265.8 58.0 2.0 443.3 383.9
Bicarbonate, HCO3 mg/L 581 7380 3306.7 1959.0 1.5 3594.3 2934.7
Carbonate, CO3 mg/L 1 123 62.0 62.0 0.0 0.0 0.0
Hydroxide, OH mg/L 0.05 1 0.5 0.5 0.0 0.0 0.0
Chloride, Cl mg/L 43 3000 598.4 159.5 2.0 850.2 819.3
Fluoride, F mg/L 0.05 0.31 0.1 0.1 1.3 0.1 0.1
Sulphide, SO3 mg/L 0 1.3 0.3 0.1 2.3 0.4 0.4
Sulphate, SO4 mg/L 2 8650 889.7 22.7 3.3 2409.6 2315.1
Aluminum, Al mg/L 0.038 1.18 0.4 0.3 0.6 0.4 0.4
Antimony, Sb mg/L 0.02 0.2 0.1 0.1 1.1 0.1 0.1
Arsenic, As mg/L 0.001 9 0.8 0.0 3.6 2.5 2.4
Barium, Ba mg/L 0.019 0.57 0.3 0.3 0.0 0.2 0.2
Beryllium, Be mg/L 0.001 1.36 0.5 0.0 1.7 0.8 0.6
Bismuth, Bi mg/L 0.02 0.5 0.3 0.3 0.0 0.0 0.0
Boron, B mg/L 0.6 6.05 2.6 1.9 1.0 1.9 1.8
Calcium, Ca mg/L 57 770 199.3 127.0 2.6 203.4 193.9
Cadmium, Cd mg/L 0 0.15 0.0 0.0 3.3 0.0 0.0
Chromium, Cr mg/L 0 145 7.7 0.0 4.4 33.3 32.4
Cobalt, Co mg/L 0 0.07 0.0 0.0 2.4 0.0 0.0
Copper, Cu mg/L 0.003 0.31 0.1 0.0 2.5 0.1 0.1
Iron, Fe mg/L 0.03 490 44.5 13.1 4.1 102.7 100.4
Lead, Pb mg/L 0.0007 0.25 0.1 0.1 2.0 0.1 0.1
Lithium, Li mg/L 0.1 0.1 0.1 0.1 0.0 0.0 0.0
Magnesium, Mg mg/L 22.2 759 170.8 48.7 1.9 254.8 243.0
Manganese, Mn mg/L 0.15 3.07 1.6 1.5 0.0 0.9 0.9
Mercury, Hg mg/L 0.00005 0.3 0.1 0.1 0.9 0.1 0.1
Molybdenum, Mo mg/L 0.004 0.15 0.1 0.0 0.7 0.1 0.1
Nickel, Ni mg/L 0.005 6 0.4 0.0 4.0 1.5 1.4
Phosphorus, P mg/L 0.35 10.6 3.1 0.7 2.0 5.0 4.4
Potassium, K mg/L 4.3 925 200.1 63.0 2.4 328.8 304.4
Selenium, Se mg/L 0.0003 1 0.3 0.2 2.1 0.4 0.4
Silica, Si mg/L 0.5 18.8 11.1 12.6 -1.0 7.8 6.8
Silver, Ag mg/L 0 0.075 0.0 0.0 1.4 0.0 0.0
Sodium, Na mg/L 4.5 6470 1112.3 474.0 2.9 1931.9 1832.8
Strontium, Sr mg/L 0.49 1.95 1.2 1.2 0.0 0.6 0.5
Tin, Sn mg/L 0.02 1.5 0.4 0.2 2.1 0.6 0.5
Thallium, Tl mg/L 0.03 0.5 0.3 0.3 0.0 0.0 0.0
Titanium, Ti mg/L 0.009 0.07 0.0 0.0 2.0 0.0 0.0
Tungsten, W mg/L 0.5 0.5 0.5 0.5 0.0 0.0 0.0
Vanadium, V mg/L 0.003 0.15 0.1 0.1 0.1 0.1 0.1
Zinc, Zn mg/L 0.005 0.97 0.2 0.1 1.5 0.3 0.3
Zirconium, Zr mg/L 0.003 0.003 0.0 0.0 0.0 0.0 0.0
Ammonia Nitrogen, NH4 mg/L 0.037 1288 132.9 48.2 4.0 271.1 264.9
Organic Nitrogen, N mg/L 3.5 4610 2306.8 2306.8 0.0 0.0 0.0
Total Kjeldahl Nitrogen, TKN mg/L 42 2828 973.3 50.0 1.7 1606.2 1311.5
Nitrate, NO3 mg/L 0.005 46 5.6 0.1 3.0 15.2 14.3
Nitrite, NO2 mg/L 0.002 2.8 0.6 0.0 2.2 1.2 1.1
Ortho Phosphate, P mg/L 0.022 5 2.5 2.5 0.0 0.0 0.0
Total Phosphates, P mg/L 0.09 0.494 0.3 0.3 -0.6 0.2 0.2
Biochemical Oxygen Demand, BOD mg/L 10 277.2 61.1 40.6 2.9 71.7 68.6
Chemical Oxygen Demand, COD mg/L 21.8 11000 934.8 252.0 4.0 2410.8 2352.7
Cyanide, CN mg/L 0.001 0.1 0.0 0.0 0.3 0.0 0.0
Oil & Grease mg/L 3 3.39 3.2 3.2 0.0 0.0 0.0
Phenolics mg/L 0.001 0.51 0.1 0.0 2.8 0.2 0.1
Tannin & Lignin mg/L 21.7 225 123.4 123.4 0.0 0.0 0.0
Total Carbon, C mg/L 2000 2000 2000.0 2000.0 0.0 0.0 0.0
Total Organic Carbon, TOC mg/L 2 1600 287.1 101.0 2.6 580.5 537.4
Chlorobenzene mg/L 0.007 0.007 0.0 0.0 0.0 0.0 0.0
1,4-Dichlorobenzene mg/L 0.005 0.005 0.0 0.0 0.0 0.0 0.0
cis-1,2-Dichloroethylene mg/L 0.03 0.03 0.0 0.0 0.0 0.0 0.0
Vinyl Chloride mg/L 0.035 0.035 0.0 0.0 0.0 0.0 0.0
Benzene mg/L 0.0035 0.0035 0.0 0.0 0.0 0.0 0.0
Ethylbenzene mg/L 0.04 0.04 0.0 0.0 0.0 0.0 0.0
Styrene mg/L 0.002 0.002 0.0 0.0 0.0 0.0 0.0
Toluene mg/L 0.06 0.06 0.1 0.1 0.0 0.0 0.0
Total Xylenes mg/L 0.06 0.06 0.1 0.1 0.0 0.0 0.0
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Table 3.3  Statistical Analysis of Municipal Leachate Chemistry

Units

Colour cu

Conductivity µS/cm

pH units

Total Alkalinity [as CaCO3] mg/L

Total Hardness mg/L

Total Dissolved Solids, TDS mg/L

Total Suspended Solids, TSS mg/L

Turbidity NTU

Bicarbonate, HCO3 mg/L

Carbonate, CO3 mg/L

Hydroxide, OH mg/L

Chloride, Cl mg/L

Fluoride, F mg/L

Sulphide, SO3 mg/L

Sulphate, SO4 mg/L

Aluminum, Al mg/L

Antimony, Sb mg/L

Arsenic, As mg/L

Barium, Ba mg/L

Beryllium, Be mg/L

Bismuth, Bi mg/L

Boron, B mg/L

Calcium, Ca mg/L

Cadmium, Cd mg/L

Chromium, Cr mg/L

Cobalt, Co mg/L

Copper, Cu mg/L

Iron, Fe mg/L

Lead, Pb mg/L

Lithium, Li mg/L

Magnesium, Mg mg/L

Manganese, Mn mg/L

Mercury, Hg mg/L

Molybdenum, Mo mg/L

Nickel, Ni mg/L

Phosphorus, P mg/L

Potassium, K mg/L

Selenium, Se mg/L

Silica, Si mg/L

Silver, Ag mg/L

Sodium, Na mg/L

Strontium, Sr mg/L

Tin, Sn mg/L

Thallium, Tl mg/L

Titanium, Ti mg/L

Tungsten, W mg/L

Vanadium, V mg/L

Zinc, Zn mg/L

Zirconium, Zr mg/L

Ammonia Nitrogen, NH4 mg/L

Organic Nitrogen, N mg/L

Total Kjeldahl Nitrogen, TKN mg/L

Nitrate, NO3 mg/L

Nitrite, NO2 mg/L

Ortho Phosphate, P mg/L

Total Phosphates, P mg/L

Biochemical Oxygen Demand, BOD mg/L

Chemical Oxygen Demand, COD mg/L

Cyanide, CN mg/L

Oil & Grease mg/L

Phenolics mg/L

Tannin & Lignin mg/L

Total Carbon, C mg/L

Total Organic Carbon, TOC mg/L

Chlorobenzene mg/L

1,4-Dichlorobenzene mg/L

cis-1,2-Dichloroethylene mg/L

Vinyl Chloride mg/L

Benzene mg/L

Ethylbenzene mg/L

Styrene mg/L

Toluene mg/L

Total Xylenes mg/L

Normal (Population) Distribution Ranges

66.67% Limits 95.00% Limits 99.75% Limits
Lower Upper Lower Upper Lower Upper

n/a 610.4 n/a 920.8 n/a 1231.3

n/a 14994.5 n/a 24328.3 n/a 33662.2

6.1 8.4 4.9 9.6 3.8 10.8

n/a 4787.8 n/a 7399.0 n/a 10010.2

119.2 2608.0 n/a 3852.4 n/a 5096.8

n/a 15792.7 n/a 24284.1 n/a 32775.6

34.6 131.6 n/a 180.2 n/a 228.7

n/a 649.6 n/a 1033.5 n/a 1417.4

372.0 6241.4 n/a 9176.1 n/a 12110.8

62.0 62.0 62.0 62.0 62.0 62.0

0.5 0.5 0.5 0.5 0.5 0.5

n/a 1417.7 n/a 2236.9 n/a 3056.2

0.1 0.2 n/a 0.3 n/a 0.4

n/a 0.7 n/a 1.1 n/a 1.5

n/a 3204.7 n/a 5519.8 n/a 7834.9

0.1 0.8 n/a 1.2 n/a 1.6

0.0 0.2 n/a 0.2 n/a 0.3

n/a 3.2 n/a 5.6 n/a 7.9

0.1 0.5 n/a 0.7 n/a 0.9

n/a 1.1 n/a 1.7 n/a 2.4

0.3 0.3 0.3 0.3 0.3 0.3

0.8 4.4 n/a 6.2 n/a 7.9

5.4 393.2 n/a 587.1 n/a 781.0

n/a 0.1 n/a 0.1 n/a 0.1

n/a 40.0 n/a 72.4 n/a 104.8

n/a 0.0 n/a 0.1 n/a 0.1

n/a 0.1 n/a 0.2 n/a 0.3

n/a 144.9 n/a 245.3 n/a 345.7

n/a 0.1 n/a 0.2 n/a 0.2

0.1 0.1 0.1 0.1 0.1 0.1

n/a 413.7 n/a 656.7 n/a 899.6

0.7 2.4 n/a 3.3 n/a 4.2

n/a 0.2 n/a 0.3 n/a 0.4

n/a 0.1 n/a 0.2 n/a 0.3

n/a 1.9 n/a 3.3 n/a 4.7

n/a 7.4 n/a 11.8 n/a 16.1

n/a 504.5 n/a 808.9 n/a 1113.3

n/a 0.6 n/a 1.0 n/a 1.4

4.3 17.9 n/a 24.7 n/a 31.5

n/a 0.1 n/a 0.1 n/a 0.1
n/a 2945.1 n/a 4777.9 n/a 6610.7

0.7 1.8 0.1 2.3 n/a 2.8

n/a 1.0 n/a 1.5 n/a 2.1

0.3 0.3 0.3 0.3 0.3 0.3

n/a 0.1 n/a 0.1 n/a 0.1

0.5 0.5 0.5 0.5 0.5 0.5

0.0 0.1 n/a 0.2 n/a 0.2

n/a 0.5 n/a 0.7 n/a 1.0

0.0 0.0 0.0 0.0 0.0 0.0

n/a 397.8 n/a 662.6 n/a 927.5

2306.8 2306.8 2306.8 2306.8 2306.8 2306.8

n/a 2284.8 n/a 3596.2 n/a 4907.7

n/a 19.9 n/a 34.2 n/a 48.5

n/a 1.7 n/a 2.8 n/a 3.9

2.5 2.5 2.5 2.5 2.5 2.5

0.1 0.5 n/a 0.6 n/a 0.8

n/a 129.7 n/a 198.3 n/a 267.0

n/a 3287.5 n/a 5640.3 n/a 7993.0

0.0 0.1 n/a 0.1 n/a 0.2

3.2 3.2 3.2 3.2 3.2 3.2

n/a 0.2 n/a 0.4 n/a 0.5

123.4 123.4 123.4 123.4 123.4 123.4

2000.0 2000.0 2000.0 2000.0 2000.0 2000.0

n/a 824.5 n/a 1361.9 n/a 1899.4

0.0 0.0 0.0 0.0 0.0 0.0

0.0 0.0 0.0 0.0 0.0 0.0

0.0 0.0 0.0 0.0 0.0 0.0

0.0 0.0 0.0 0.0 0.0 0.0

0.0 0.0 0.0 0.0 0.0 0.0

0.0 0.0 0.0 0.0 0.0 0.0

0.0 0.0 0.0 0.0 0.0 0.0

0.1 0.1 0.1 0.1 0.1 0.1

0.1 0.1 0.1 0.1 0.1 0.1
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Table 3.4  Mean and Median Leachate Composition

B.C Leachate  (1997) Documented Leachate Chemistry
Units Mean Median Mean Plus Standard Deviation Sample Freeze & Fetter Swana Qasim&Chiang

1 Stdev'n 2 Stdev'n 3 Stdev'n Size Cherry (1979)] (1988) (1991) (1994)

Colour cu 300.0 80.0 610.4 920.8 1231.3 5
Conductivity µS/cm 5660.6 1960.0 14994.5 24328.3 33662.2 17 480-72500
pH units 7.3 7.0 8.4 9.6 10.8 22 4-8 5-8.9 5.3-8.5 6.9
Total Alkalinity [as CaCO3] mg/L 2176.7 802.5 4787.8 7399.0 10010.2 10 500-10,000 0-15050 1000-10,000 5404
Total Hardness mg/L 1363.6 710.0 2608.0 3852.4 5096.8 8 52-225000 300-10,000 4652
Total Dissolved Solids, TDS mg/L 7301.3 3490.0 15792.7 24284.1 32775.6 4 5000-40,000 584-50430 13029
Total Suspended Solids, TSS mg/L 83.1 91.4 131.6 180.2 228.7 9 2-140900 200-1000 1044
Turbidity NTU 265.8 58.0 649.6 1033.5 1417.4 4
Bicarbonate, HCO3 mg/L 3306.7 1959.0 6241.4 9176.1 12110.8 3
Carbonate, CO3 mg/L 62.0 62.0 62.0 62.0 62.0 2
Hydroxide, OH mg/L 0.5 0.5 0.5 0.5 0.5 2
Chloride, Cl mg/L 598.4 159.5 1417.7 2236.9 3056.2 14 300-3000 2-11375 100-3000 4240
Fluoride, F mg/L 0.1 0.1 0.2 0.3 0.4 6
Sulphide, SO3 mg/L 0.3 0.1 0.7 1.1 1.5 9
Sulphate, SO4 mg/L 889.7 22.7 3204.7 5519.8 7834.9 13 10-1000 0-1850 100-1500 462
Aluminum, Al mg/L 0.4 0.3 0.8 1.2 1.6 15 0-85
Antimony, Sb mg/L 0.1 0.1 0.2 0.2 0.3 4 0-3.19
Arsenic, As mg/L 0.8 0.0 3.2 5.6 7.9 13 0-70.2
Barium, Ba mg/L 0.3 0.3 0.5 0.7 0.9 6 0-12.5
Beryllium, Be mg/L 0.5 0.0 1.1 1.7 2.4 3 0-0.36
Bismuth, Bi mg/L 0.3 0.3 0.3 0.3 0.3 2
Boron, B mg/L 2.6 1.9 4.4 6.2 7.9 7 .87-13
Calcium, Ca mg/L 199.3 127.0 393.2 587.1 781.0 11 100-3000 200-2500 818
Cadmium, Cd mg/L 0.0 0.0 0.1 0.1 0.1 15 0-0.4 0.09
Chromium, Cr mg/L 7.7 0.0 40.0 72.4 104.8 19 0-5.6 0.28
Cobalt, Co mg/L 0.0 0.0 0.0 0.1 0.1 11
Copper, Cu mg/L 0.1 0.0 0.1 0.2 0.3 19 <10 0-4.06 0.39
Iron, Fe mg/L 44.5 13.1 144.9 245.3 345.7 23 1-1000 0-1500 50-600 312
Lead, Pb mg/L 0.1 0.1 0.1 0.2 0.2 17 <5 0-14.2 0.67
Lithium, Li mg/L 0.1 0.1 0.1 0.1 0.1 1
Magnesium, Mg mg/L 170.8 48.7 413.7 656.7 899.6 11 100-1500 120-780 50-1500 453
Manganese, Mn mg/L 1.6 1.5 2.4 3.3 4.2 20 0.01-100 0-31.1
Mercury, Hg mg/L 0.1 0.1 0.2 0.3 0.4 7 <0.2 0-0.01 0.007
Molybdenum, Mo mg/L 0.1 0.0 0.1 0.2 0.3 9 0.01-1.43
Nickel, Ni mg/L 0.4 0.0 1.9 3.3 4.7 16 0.01-1 0-7.5 1.55
Phosphorus, P mg/L 3.1 0.7 7.4 11.8 16.1 4
Potassium, K mg/L 200.1 63.0 504.5 808.9 1113.3 7 200-1000 0-2800 200-2000 961
Selenium, Se mg/L 0.3 0.2 0.6 1.0 1.4 5 0-1.85
Silica, Si mg/L 11.1 12.6 17.9 24.7 31.5 4
Silver, Ag mg/L 0.0 0.0 0.1 0.1 0.1 6 0-1.96
Sodium, Na mg/L 1112.3 474.0 2945.1 4777.9 6610.7 10 200-1200 12-6010 200-2000 1354
Strontium, Sr mg/L 1.2 1.2 1.8 2.3 2.8 4
Tin, Sn mg/L 0.4 0.2 1.0 1.5 2.1 5 0-0.16
Thallium, Tl mg/L 0.3 0.3 0.3 0.3 0.3 2 0-0.78
Titanium, Ti mg/L 0.0 0.0 0.1 0.1 0.1 4
Tungsten, W mg/L 0.5 0.5 0.5 0.5 0.5 1
Vanadium, V mg/L 0.1 0.1 0.1 0.2 0.2 5
Zinc, Zn mg/L 0.2 0.1 0.5 0.7 1.0 22 0.1-100 0-731 21
Zirconium, Zr mg/L 0.0 0.0 0.0 0.0 0.0 1
Ammonia Nitrogen, NH4 mg/L 132.9 48.2 397.8 662.6 927.5 22 10-1000 0-1200 10-800 1001
Organic Nitrogen, N mg/L 2306.8 2306.8 2306.8 2306.8 2306.8 2 10-1000
Total Kjeldahl Nitrogen, TKN mg/L 973.3 50.0 2284.8 3596.2 4907.7 3 2-3320 984
Nitrate, NO3 mg/L 5.6 0.1 19.9 34.2 48.5 9 0.1-10 0-250
Nitrite, NO2 mg/L 0.6 0.0 1.7 2.8 3.9 5 0-1.46 5-40
Ortho Phosphate, P mg/L 2.5 2.5 2.5 2.5 2.5 2 1-50
Total Phosphates, P mg/L 0.3 0.3 0.5 0.6 0.8 3 1-100 0-234 1-70 3
Biochemical Oxygen Demand, BOD mg/L 61.1 40.6 129.7 198.3 267.0 12 0-195000 2000-30000 10907
Chemical Oxygen Demand, COD mg/L 934.8 252.0 3287.5 5640.3 7993.0 21 1000-90,000 6.6-97900 3000-45000 18533
Cyanide, CN mg/L 0.0 0.0 0.1 0.1 0.2 5 0-6 <0.10
Oil & Grease mg/L 3.2 3.2 3.2 3.2 3.2 2
Phenolics mg/L 0.1 0.0 0.2 0.4 0.5 10
Tannin & Lignin mg/L 123.4 123.4 123.4 123.4 123.4 2
Total Carbon, C mg/L 2000.0 2000.0 2000.0 2000.0 2000.0 1
Total Organic Carbon, TOC mg/L 287.1 101.0 824.5 1361.9 1899.4 7 200-30,000 0-30500 1500-20000
Chlorobenzene mg/L 0.0 0.0 0.0 0.0 0.0 1
1,4-Dichlorobenzene mg/L 0.0 0.0 0.0 0.0 0.0 1
cis-1,2-Dichloroethylene mg/L 0.0 0.0 0.0 0.0 0.0 1
Vinyl Chloride mg/L 0.0 0.0 0.0 0.0 0.0 1
Benzene mg/L 0.0 0.0 0.0 0.0 0.0 1
Ethylbenzene mg/L 0.0 0.0 0.0 0.0 0.0 1
Styrene mg/L 0.0 0.0 0.0 0.0 0.0 1
Toluene mg/L 0.1 0.1 0.1 0.1 0.1 1
Total Xylenes mg/L 0.1 0.1 0.1 0.1 0.1 1
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3.3 LEACHATE QUANTITY

Reliable measurements of leachate volume were available for six B.C. landfills which have
leachate collection and flow monitoring systems, i.e. five GVRD sites plus Victoria.  These
data were used to develop empirical relationships between leachate flow, waste daily tonnage
and water surplus.

Data for leachate generation quantities came from two principal sources, recent sewer
discharge data (GVRD) and documented data (Gartner Lee library).  During 1992-93, the
GVRD installed flow rate measurement equipment to monitor sewer discharges from five
municipal landfill sites conveying leachate to the Annacis Island Treatment Plant.  These
GVRD sites included:  City of Langley, Coquitlam (Braid St.), Delta (Burns Bog), Maple
Ridge (Cottonwood Drive) and Surrey (Port Mann).

The measured leachate flows (GVRD Sewers) were tabulated together with landfill operating
area, daily waste tonnage and annual water surplus for the six different landfill sites (Table
3.5).

Table 3.5 Measured Leachate Flow Rates

Landfill Name Measured Parameters Water
and/or Location Area Surplus Waste Surplus2

(ref.) (m2) (m3/sec) (tonnes/day) m
City of Langley 808,0001 0.003 98.7 0.813
Coquitlam – Braid Street 400,0001 0.002 753.2 1.321
Maple Ridge – Cottonwood Drive 118,0001 0.004 22.8 1.575
Surrey – Port Mann 275,000 0.003 438.1 1.295
Vancouver – Burns Bog 1,720,000 0.038 1,067.8 0.610
Victoria – Hartland 257,000 0.008 491.2 0.457

1 Based on Environment Canada, 1980

2 Based on Farley Climate Mapping, Map #27, 1966

Landfill leachate quantities are usually estimated by multiplying the landfill area by the
annual water surplus (precipitation – evapotranspiration).  Leachate quantity estimates are
often refined based on knowledge of the landfill cover (% covered, slopes, permeability) and
knowledge of any ground water or surface water inflow contributions to leachate generation.

For this regional study it was not possible to obtain accurate up-to-date information on the
landfill areas or landfill cover conditions and it was not possible to calculate a water budget
for each site.
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Instead, we utilized the following approach.  We input a water surplus map of the whole
province (Farley Climate Mapping, 1966), into the MapInfo GIS system and then used the
GIS system to provide an interpolated water surplus for each landfill location.  Two
statistical comparisons were made using the six data set values for waste tonnage
(tonnes/day), measured leachate flow (m3/sec) and water surplus (m), as shown on Table 3.5.
A direct comparison of the relationship between waste tonnage (x-axis) and measured
leachate flow (y1-axis) gave a least-squares linear correlation (R2) of 0.62 for a zero intercept
origin, i.e. zero leachate flow for zero waste, as shown on Figure 3.1.

As noted in Table 3.5, the water surplus data spans a range from 0.457 m (Hartland) to
1.575 m (Cottonwood Drive).  As an attempt to remove the effects of water surplus variation
for a better correlation, the leachate flow (m3/sec) was divided by water surplus (m) to give a
normalized leachate flow (y2-axis).  The least-squares linear correlation (R2) remained little-
changed at 0.60, for a zero interest origin. Therefore, since the second correlation (x versus
y2) could potentially reduce water surplus variation caused by geographic location, it was
selected as the overall empirical relationship to estimate leachate flows from waste tonnages,
as shown:

Leachate Flow (m3/s) = waste (tonnes/day) ×  Water Surplus (m)
 ×  3.6212  ×  10-5     m2 / sec

tonnes/day

Leachate flow rates for all plotted municipal landfills were calculated using this formula.
These flow values were used in the contaminant loading calculations discussed in Section 8
of this report.

We feel that this empirical formula approach to calculating leachate volumes is reasonable
for a regional study on the scale of the Fraser Basin.  The empirical formula could be refined
and correlation improved if there was metered leachate flow data for more landfills,
particularly in the drier parts of the province.  Furthermore, the efficiency (% of total
leachate collected) of the leachate collection systems is not known in most cases and
undoubtedly affects the correlation coefficient (R2).

Landfill waste tonnage values (tonnes/day) were obtained from the following sources:

♦ A survey of operating municipal landfills conducted in 1995 by B.C. Environment (R.
Dalrymple, pers. com.) (considered to be most accurate data available).

♦ Waste quantity values in landfill permits (where more accurate data not available)
(waste density assumed to be 1.0 tonnes/m3 for unit conversion of all waste types)
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♦ In a few cases, landfill permits for small sites only provided population numbers.
Waste tonnages were estimated by multiplying population times 2.2 kg/day/person.

Waste generation statistics for Canada showed that between 1989 and 1996, Canadian waste
generation values increased from 1.7 to 1.9 kg/day per capita and that B.C. had the highest
generation rate of nearly 2.2 kg/day per capita in 1994 (Recycling Council of B.C.)  Of the
803 kg of solid waste per person in B.C. generated in 1994, 203 kg was diverted from
landfills and incinerators for recycling.
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4 INDUSTRIAL LANDFILL LEACHATE

Industrial landfills contain refuse and wastes specific to the industry generating the waste.
Many different types of industrial landfills exist in B.C. and the most common ones include:

♦ woodwaste landfills
♦ demolition, land clearing and construction (DLC) landfills
♦ pulp and paper mill landfills
♦ metal manufacturing landfills

The size of industrial landfills and waste composition is highly variable and dependent upon
the industry generating the waste.  As a result, industrial landfill leachate composition is
more diverse than municipal landfill leachate.  Table 4.1 presents a summary of industrial
wastes and potential contaminants of concern associated with industrial landfill leachate.

Table 4.1 Summary of Industrial Waste Landfills and Associated Leachate Characteristics

Industrial Landfill
Category

Waste Type Potential Contaminants of
Concern (PCOC)

Comments

Pulp and Paper Mills Pulp mill residuals,
wood debris

BOD, COD, metals,
pH, sulphide,
organohalides, phenols,
ammonia

PCOC can vary
depending on process
utilized.

Sawmill/Wood
Manufacturing

Wood waste –
residual branches,
saw dust, bark

Phenols, BOD, COD,
Fe, Mn, Ammonia,
resin acids, tannins and
lignins

PCOC can vary
depending on tree
species and type of
operation

Logging Wood waste –
residual bark,
branches, hogfuel,
soil, shop wastes

Phenols, BOD, COD,
Fe, Mn, Ammonia,
resin acids, tannins and
lignins

PCOC can vary
depending on tree
species and type of
operation

Metal
Manufacturing

Residual slag and
metal processing
material, foundry
sands

Metals - Cu, Fe, Pb and
Ni. Organic compounds
used in processing

PCOC highly variable
depending on processes
utilized

Mining Domestic Refuse
and Shop Wastes

Same as municipal
waste

Camps and Private
Landfills

Domestic Refuse Same as municipal
waste

Miscellaneous
Industries

Processing Waste Highly variable
depending on industry
type

DLC Contractors Demolition, Land
Clearing and
Construction Waste

Sulphate, phenols,
Sulphide, Ammonia,
Fe, Mn

PCOC variable
depending on waste
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Demolition landfills receive construction and demolition debris.  Waste composition at these
landfills consists of wood products, bricks and concrete and in the past, gypsum wallboard.
Leachate chemistry data from these landfills is very limited; however, water quality data
from GLL files shows that several parameters can be elevated in leachate derived from these
landfills.  Potential contaminants of concern include ammonia, dissolved sulphide (H2S), iron
and manganese.

Woodwaste landfill waste composition can vary from dryland log sort debris to sawmill
woodwaste.  The contaminants of concern associated with woodwaste landfills include BOD,
COD, Fe, Mn, ammonia, tannins and lignins, resin acids and phenols.

Industrial landfills receiving pulp waste contain wood debris,  as well as residual chemicals
contained in the ‘grits and dregs’.  Leachate containing inorganic and organic constituents is
produced at this type of landfill.  Leachate constituents vary with the type of process utilized
at the mills (i.e. Kraft or Virgin Pulp Processes).

We were unable to assemble a comprehensive database of leachate quality data for B.C. pulp
and paper mills.  However, the National Council of the Paper Industry for Air and Stream
Improvement (NCASI 1992) has developed a database of over 5,000 individual analyses of
22 different pulp and paper mill landfill leachates for 241 parameters.  Table 4.2 presents
their database median concentrations for potential contaminants of concern in pulp and paper
mill landfill leachate.  Also provided are the same water quality guidelines as applied to
municipal landfills.

Contaminant loadings were calculated for seven pulp and paper mill landfills in the Fraser
Basin.  Leachate volumes were based on rough estimates of the landfill area multiplied by the
water surplus.  Where leachate collection and treatment is practiced, a 50% reduction in
loadings was assumed.  The median contaminant concentrations (NCASI 1992) in Table 4.2
were also used in the loading calculations.

Some leachate is collected and treated at the Weyerhauser Landfill in Kamloops and the
Cariboo Pulp and Paper Landfills in Quesnel.  Three of the Lower Mainland pulp and paper
mills (Newstech, Island Paper, Scott Paper) do not have landfills and dispose of their sludges
(mixed with municipal biosolids) by using it as a soil amendment applied to forest lands or
sod farms.
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Table 4.2 Contaminant Concentrations in Pulp Mill Leachate

Parameter Documented
Median

Concentrations+

MOELP
Drinking

Water
Criteria++

MOELP
Freshwater
Aquatic Life

Criteria++

CCME
Freshwater
Aquatic Life
Criteria+++

Ammonia^ 152 NA 0.102-2.081 1.37-2.21

BOD^ 2000 NA NA NA
COD^ 2870 NA NA NA
Iron^ 22 0.3** 0.3** 0.3**
Arsenic 200 25 50 50
Cadmium 5 5 0.2 – 1. 8* 0.2 – 1. 8*
Copper 15 500 200* 2 – 4*
Chromium 5 50 2 – 50 2 – 20
Lead 5 50 3 – 330* 1 – 7*
Selenium 1 10 1 1
Zinc 78 5000** 30 – 95 30
Phenol 150 NA 1 1
Toluene 35 NA NA 300
p-Cresol 1190 NA NA NA

Notes:
All values reported as µg/L unless noted otherwise
^ values reported as mg/L.
* Criteria dependent on Hardness
** Criteria for aesthetics
1 Criteria dependent upon pH and Temperature
+ after (NCASI Technical Bulletin No. 643, 1992)
++ after (MOELP, 1995)
+++ after (CCME, 1991)
NA indicates value not available
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5 LEACHATE CONTAMINANT DISCUSSION

Potential contaminants of concern in municipal landfill leachate are presented in this section.
Industrial landfill leachate is highly variable in chemical composition but in many cases has
similar potential contaminants of concern.  The contaminants have been divided into two
categories to show their relative potential for impact on the environment; contaminants of
major concern and contaminants of minor concern.

Each parameter is described in terms of its potential impact on drinking water, fresh water
aquatic life (FWAL) and to a lesser degree industrial, agricultural and recreational usages.

5.1 CONTAMINANTS OF MAJOR CONCERN

Biochemical Oxygen Demand (BOD)
BOD is a general parameter which represents the oxygen demand for the biodegradable
portion of the total organics present in the leachate.  BOD concentrations in landfill leachate
range in value from 100 to 30,000 mg/L (Qasim and Chiang, 1994).  In general, BOD levels
are high in the early stages of the landfill and rapidly decline as the fill ages.

No water quality guidelines exist for BOD, however, related guidelines for dissolved oxygen
are available.  Elevated BOD content in leachate is known to consume oxygen vital to most
desirable aquatic life species present in receiving waters which is a concern and should be
monitored accordingly.

Chemical Oxygen Demand (COD)
COD represents the oxygen demand exerted by chemical reactions involving organic
material in the leachate.  Landfill leachate typically has COD values ranging from 100 to
60,000 mg/L (Qasim and Chiang, 1994).  COD levels within leachate varies with the age of
the landfill with high levels during the early stages of operation and a gradual decline with
age.

Water quality criteria and guidelines for COD do not exist; however, guidelines relating to
oxygen, upon which COD exerts an influence, are available for freshwater and aquatic life.
Water bodies receiving landfill leachate with elevated COD content are known to consume
oxygen necessary for the survival of some aquatic life species.
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Ammonia
Ammonia (NH4

+) is one constituent of the nitrogen cycle resulting from the decomposition of
nitrogenous organic matter present in landfill waste.  Leachate typically contains ammonia at
concentrations ranging from 10 to 800 mg/L (Qasim and Chiang, 1994).  Un-ionized
ammonia concentrations are pH and temperature dependent and are the form of nitrogen
most toxic to fish (MOELP, 1995).

There are no ammonia criteria for drinking water usage available at this time (MOELP,
1995).  Similarly, no criteria are available for industrial, agricultural or recreational water
usage.

Ammonia is known to be toxic to aquatic life at elevated concentrations.  Water quality
criteria for aquatic life are pH- and temperature-dependent (MOELP, 1995).  In addition, the
criteria are available for ‘maximum allowable concentration’ which protects against acutely
toxic effects and ‘30-day average’ against chronic effects (MOELP, 1995).  Ammonia
toxicity to fish results from ammonia ions interfering with the transfer of oxygen to the gills.
As a result, ammonia levels in leachate are a concern and should be monitored.

Other nutrients, such as nitrate, nitrite and phosphorous are rarely present in landfill leachate
at concentrations which result in significant environmental impacts.  Due to the anaerobic
conditions in leachate, ammonia is usually the stable form of nitrogen, rather than nitrate or
nitrite.  Phosphorous is strongly adsorbed onto soil and is taken up by plants.  Phosphorous
concentrations in leachate rapidly decrease as leachate moves away from a landfill through
the subsurface.

Iron
Iron in leachate is generated by the corrosion of metal alloys by water in the presence of
oxygen or by dissolution of iron oxides and hydroxides from waste or soil where conditions
are anaerobic.  Deeper within solid waste fill, where conditions are reducing, iron is present
in the ferric (Fe3+) state and remains soluble.  Iron is readily converted to the ferrous (Fe2+)
state when it is discharged to surface water bodies within leachate where it forms red
hydroxide precipitates.  High iron concentrations can also occur in background ground
waters due to natural conditions.  Total iron values in landfill leachate ranges from 20 to
1,200 mg/L (Qasim and Chiang, 1994).

Iron is not considered to be a concern to human health.  The MOELP drinking water quality
criterion of 0.3 mg/L is based on aesthetics (taste, staining).
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Toxicological effects of iron on aquatic life are well documented and accordingly, water
quality criteria for aquatic life are available. The main concern from iron is the precipitation
of iron hydroxides on fish gills and eggs which can impair the proper exchange of gases and
result in toxic effects (McKee and Wolf, 1963). In addition, iron is acutely toxic to some
aquatic insects.

Industrial usage of water containing elevated iron levels can be of concern for some
industrial processes. Iron can interfere with operations through interactions such as staining
and chemical reaction.  Criteria levels vary with the industrial process involved.

Iron concentrations in irrigation water for agricultural water usage is regulated (criteria
available) for neutral to alkaline fine-textured soils.

Manganese
Manganese is a constituent of metal alloys, dry cell batteries, glass, ceramics and many other
products.  It is also a very common constituent of soils.  Like iron, it occurs in divalent and
tri-valent ionic states.  Manganese is mobilized through the corrosion of metal alloys by
water in the presence of oxygen.  Manganese present in natural soils can be mobilized by
percolating anaerobic leachate.  Under reducing or anaerobic conditions, such as in leachate,
manganese is soluble and stable as Mn3+ (McKee and Wolf, 1963).  Total manganese values
in leachate range from 20 mg/L to 1,200 mg/L.

As with iron, manganese is not considered to be a concern to human health; however, a
MOELP drinking water quality criterion based on aesthetics (taste, staining) is available.

Toxicological effects of manganese on aquatic life have been observed for only a few
species. A water quality guideline is available as a range (0.1 to 1.0 mg/L) (MOELP, 1995).
Manganese is toxic to fish at high concentrations; however the toxic effect is slow (McKee
and Wolf, 1963).  In addition, some toxic effects have been observed in algae and a few other
insect species.

Industrial usage of water containing elevated manganese levels can be of concern for some
industrial processes. Manganese can interfere with operations through interactions such as
staining and chemical reaction.  Criteria levels vary with the industrial process involved.

Manganese is known to be toxic to many plants (McKee and Wolf, 1963). As a result,
elevated manganese concentration in irrigation water for agricultural water usage is regulated
(criteria available) for neutral to alkaline fine-textured soils (MOELP, 1995).
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Trace Metals
Many other trace metals are present in landfill leachate; however, they have low solubility in
leachate due to its near-neutral pH.  Any soluble trace metal constituents are present at
concentrations below 1 mg/L.  However, they show toxicity at low concentrations.  The
following table lists trace metals found in leachate, their typical concentrations and relevant
MOELP Water Quality Criteria.

Table 5.1 Trace Metals in Leachate

Trace Metal Table 3.4

Median B.C.

Leachate

Concentrations

Documented

Median Leachate

Concentrations+

MOELP

Drinking

Water

Criteria++

MOELP

Freshwater

Aquatic Life

Criteria++

CCME

Freshwater

Aquatic Life

Criteria+++

Arsenic 22 42 25 50 50
Cadmium 2 22 5 0.2 – 1. 8* 0.2 – 1. 8*

Copper 2 168 500 200* 2 – 4*
Chromium 15 175 50 2 – 50 2 – 20
Lead 100 162 50 3 – 330* 1 – 7*
Selenium 200 12 10 1 1
Zinc 100 8,320 5000** 30 30
Notes:
All values reported as µg/L

* Criteria dependent on Hardness

** Criteria for aesthetics
+ (Qasim and Chiang, 1994)
++ (MOELP, 1995)

+++ (CCME, 1991)

Comparison of typical median concentrations of trace metals and drinking water criteria
shows that for some metals (As, Cu, Se, Zn) the concentrations are within, or near the
drinking water criteria.   The remaining metals exceed the criteria by a factor of between 3
and 5.  Leachate concentrations for these trace metals can be high enough to be a concern in
drinking water usage.  It should be noted that further reduction in concentrations can be
expected along the ground water flow path by mixing dilution prior to discharge to possible
water supply sources.

Fresh water aquatic life are generally more sensitive to trace metal concentrations as
reflected in the aquatic life criteria which are lower than the drinking water criteria. Trace
metals are known to be toxic to fish and other small invertebrates (MOELP, 1995 and McKee
and Wolf, 1963).  In addition, metals such as lead and selenium will bioaccumulate in fish
and, as a result, are a concern if the fish are consumed by humans.
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For industrial water users lead and zinc are a concern because these metals can interfere with
some industrial processes.

Agricultural water users such as livestock watering and irrigation, are also be affected by the
trace metals lead, copper, chromium, cadmium, zinc and selenium (MOELP, 1995).  These
metals are toxic to plants and livestock at relatively low concentrations.

Generally, the recreational water usage criterion is based on drinking water guidelines.
Accordingly, cadmium, chromium, zinc, copper and lead are a concern for recreational water
impacted by leachate.

5.2 CONTAMINANTS OF MINOR CONCERN

Chloride
Chloride values in leachate ranges from 200 to 3000 mg/L (Qasim and Chiang, 1994). It is
derived from the dissolution of highly solublized salts initially present within the landfill
waste.  Chloride concentrations decline over time as they are gradually leached out of the
waste.  Chloride is relatively unreactive as it migrates, and as a result is often a good tracer of
leachate plume location.

Chloride concentrations above 250 mg/L in drinking water are considered to be an aesthetic
(taste) concern.  Landfill leachate can contain chloride in excess of 250 mg/L, but no health
risk to humans is associated with these concentrations.

Leachate containing chloride in concentrations between 25 and 19,000 mg/L may be a
concern for industrial usage depending on the process involved (MOELP, 1995).  For
agricultural usage (irrigation), the chloride concentration criterion is between 100 and 700
mg/L depending on the crop (MOELP, 1994).  It is unlikely that chlorides will be a concern
unless leachate is directly applied to agricultural fields or used in industrial processes.

pH
The pH of leachate influences chemical processes (precipitation, dissolution, redox reactions
and sorption) and will affect the speciation of many other constituents such as metals.
Typical municipal landfill leachate generally has a pH ranging from 4.5 to 7.5 (Qasim and
Chiang, 1994).  Our leachate chemistry database indicates a range of 5.9 to 7.9, a median of
7.0 and a mean of 7.3.  By comparison, natural rainwater has a pH of approximately 5.6.
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Acidic conditions are more characteristic of the initial anaerobic biodegradation state of the
refuse.  Under these acidic pH conditions the leachate will dissolve more chemical
constituents (metal oxides, hydroxides and carbonate species), decrease the sorptive capacity
of the refuse, and increase ion exchange between leachate and organic matter.  Leachate will
rapidly neutralize and increase in pH to 7 or 8 as volatile fatty acids are consumed (Qasim
and Chiang, 1994).  Limited concerns over pH levels in leachate are warranted for drinking
water and freshwater aquatic life (FWAL) uses.

The pH ranges recommended for drinking water usage are between 6.5 and 8.5 (MOELP,
1995).  This range is based on minimizing solubilization of heavy metals and salts from
water distribution pipes and the precipitation of carbonate salts in the distribution system, and
maximizing the effect of chlorination.

The acceptable pH values for aquatic life are based on changes in pH from background
conditions as a result of an impact such as a landfill.  No significant decreases in pH are
allowed if the background pH is below 6.5 and no significant increases are allowed if the
background pH is above 9.0 (MOELP, 1995).  Aquatic organisms are stressed at the extreme
ends of the 6.5 – 9.0 pH range.  The pH of landfill leachate is not a major concern to aquatic
life since few landfills in British Columbia contain leachate with pH values below 6.5 or
above 9.0.  In addition, mixing with ground water and receiving water will generally
moderate the pH values to within acceptable ranges.

Trace Organics
Trace organic compounds are also present in landfill leachate.  They are derived from
residual organic chemicals contained in the waste fill which are predominantly man-made
(not naturally occurring).  Many of these compounds have relatively high aqueous
solubilities and, as a result, are readily dissolved and available for migration with prevailing
ground water flow.  There are very low water quality guidelines (ppb level) for these
compounds.

Trace organic compounds include aromatic and aliphatic hydrocarbons (BTEX), chlorinated
solvents, polychlorinated biphenyls (PCBs), polycyclic aromatic hydrocarbons (PAHs) and
chlorinated phenols. Many of these organics are volatile can be mobile in the vapour phase
within unsaturated soils.  A list of most frequently measured organics at landfill sites is
presented below (Plumb and Pitchford, 1985).
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Table 5.2 Trace Organics in Leachate

Chlorinated Solvents: Aromatic Hydrocarbons:
Trichloroethane Toluene
Methylene chloride Ethylbenzene
Tetrachloroethene PAHs:
1,1-Dichloroethane bis-(2-ethylhexyl) phthalate
1,2-trans-Dichloroethane Di-n-butyl phthalate
Chloroform Napthalene
Ethyl Benzene Phenolics:
1,2-Dichlorethane Phenols
1,1-Dichlorethane Miscellaneous:
Vinyl Chloride Acetone
Chloroethane

In the ground water system some organic compounds are readily attenuated under aerobic
and anaerobic conditions through several processes including adsorption, biodegradation,
dilution and oxidation-reduction reactions.  Consequently, concentrations of organic
compounds in leachate contaminated discharge waters can be greatly reduced from original
source concentrations, thus reducing their impacts.

Trace organic compounds are regulated by MOELP criteria for PCBs, PAHs and
chlorophenols.  Drinking water guidelines are available for PCB, PAHs and chlorophenols.
The criteria for these parameter groups are set at very low levels (in many cases less than 1
µg/L) and are based on both aesthetic and toxicological concerns.

Aquatic species are sensitive to trace organics and some species, such as fish, can
bioaccumulate organic compounds in fatty tissue.  As a result, aquatic life criteria are also set
very low and in many cases include criteria for animal tissue limits.

With the exception of chlorophenols, only a few trace organic water quality guidelines exist
for industrial, agricultural (irrigation) and recreational water use.
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6 RECEIVING WATER ASSESSMENT

6.1 IDENTIFICATION OF RECEIVING WATERS AND FLOWS

An Environment Canada drainage map supplied for this project (Westwater, 1991), depicted
13 drainage sub-basins within the overall Fraser River Basin.  The borders of the Fraser
River Sub-Basins are illustrated in Figure 6.1.  This map was compared to documented
reference maps for British Columbia and associated historical streamflow information
(Historical Streamflow Summary - British Columbia, Inland Waters Directorate, Water
Resources Branch, Environment Canada, 1989).  Historical streamflow data within the 13
sub-basins is summarized in Table 6.1.  Within each sub-basin, the furthest downstream
hydrometric station was identified and the total surface water flow and mean annual flow
(m3/sec) were determined.  The 13 hydrometric stations were entered in the MapInfo
database using a latitude and longitude reference.

6.2 RECEIVING WATER QUALITY

The Environment Canada hydrometric flow stations do not have documented surface water
quality data.  A review of Provincial and Federal surface water monitoring locations was
undertaken to identify surface water sampling locations that could be assigned to each of the
13 primary sub-basin principal water courses.

Surface water analytical chemistry records were requested for Provincial monitoring stations
in the Environmental Monitoring System (EMS) maintained by the Resources Inventory &
Data Management Branch, B.C. Ministry of Environment.  The stations were entered in the
MapInfo database using a latitude and longitude reference.

The surface water quality information was tabulated according to leachate contaminants of
major concern (Table 6.2) and contaminants of minor concern (Table 6.3).  The annual mean
flow data from Table 6.1 was multiplied by mean surface water chemical data in Tables 6.2
and 6.3 to provide estimates of river mass loadings for each of the 13 sub-basins (for the 12
chemical parameters of major concern).  Figure 6.2 illustrates the water quality sampling
locations and landfill locations and permit numbers for the North Thompson Sub-Basin.
Similar maps can be plotted for all 13 subbasins from the MapInfo disk which accompanies
this report.







Drainage Basins Hydrometric Station Mean Flow Data (m3/sec)

Period of Record
Sub-Basin Flow Station Location ID Number Monthly Min. Monthly Max. Annual First Last

Table 6.1  Streamflow Data by Sub-Basin

North Thompson 8LB North Thompson River 08LB064 81.1 1360 428 1958 - 1988
(at McLure)

South Thompson 8LE South Thompson River 08LE069 101 843 299 1958 - 1970
(at Monte Creek)

Thompson 8LF Thompson River 08LF051 215 2350 775 1951 - 1988
Chilcotin 8MB Chilcotin River 08MB005 26.3 239 96.2 1970 - 1988

(below Big Creek)
Middle Fraser 8MF Fraser River 08MF035 1060 7260 2860 1966 - 1986

(near Agassiz)
Bridge-Seton 8ME Bridge River 08ME001 15.1 284 101 1913 - 1948

(near Shalalth)
Lillooet 8MG Harrison River 08MG013 217 950 447 1951 - 1988

(near Harrison Hot Springs)
Lower Fraser 8MH Fraser River 08MH126 1740 8810 3650 1965 - 1988

(at Port Mann Pumping Station)
Nechako 8JC Nechako River 08JC001 76.4 262 152 1915 - 1988

(at Vanderhoof)
Stuart 8JE Stuart River 08JE001 45.8 292 130 1929 - 1988

(near Fort St. James)
(near Prince George)

Upper Fraser 8KB Fraser River 08KB001 180 2200 814 1950 - 1988
(at Shelley)

West Road 8KG West Road River 08KG001 11 118 32.5 1952 - 1988
(near Cinema)

Quesnel 8KH Cariboo River 08KH003 18.9 272 93.5 1928 - 1988
(below Kangaroo Creek)

Environment Canada, Inland Waters Directorate, Water Resources Branch. 1989. Historical Streamflow Summary to 1988. Minster of Supply and Service Canada
Period of record is not always continuous and therefore may not reflect number of data in set.
Mean Monthly Minimum flow data typically in February - March.
Mean Monthly Maximum flow data typically in May - June.

(Sec6tbls.xls-6/19/98-Table6.1)



Table 6.2  Receiving Surface Water Quality for Contaminants of Major Concern

Main Parameters Trace Parameters
Drainage Basin Reference 

Name
Environmental Monitoring 
System (EMS) Reference
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North Thompson 600002 1.9 0.01 0.26 0.01 0.005 0.001 0.005 0.002 0.0015 0.0065

South Thompson 0600135 10 0.005 0.22 0.009 0.04 0.002 0.002 0.002 0.03 0.03 0.01

Thompson 0600005 10 2.2 0.01 0.105 0.01 0.005 0.001 0.0002 0.001 0.0001 0.005

Chilcotin 0600024 0.28 0.01 0.0055 0.002 0.005

Middle Fraser -data pending-

Bridge-Seton -data pending-

Lillooet 0301506 10 0.011 0.72 0.02 0.25 0.01 0.0075 0.006 0.1 0.0075

Lower Fraser 0301311 0.645 0.026 0.04 0.002 0.004 0.003 0.002 0.03 0.008

Nechako 0400450 0.333 0.12 0.01 0.25 0.00525 0.01 0.0055 0.0525 0.01

Stuart 0920101 5.8 0.005 0.055 0.01 0.005 0.001 0.0003 0.004 0.001 0.0055

Upper Fraser 0400031 0.05 4.6 0.07 0.0005 0.01 0.004 0.001 0.02

West Road -data pending-

Quesnel -data pending-

Notes: 1. data represents median analytical results from Provincial monitoring program

2. all concentrations are in mg/L

3. values represent total concentration, i.e. (dissolved plus solids)

6/19/98-Sec6tbls.xls-Table6.2



Table 6.3  Receiving Surface Water Quality for Contaminants of Minor Concern

Parameters
Drainage Basin Reference 

Name
Environmental Monitoring 
System (EMS) Reference

C
hl

or
id

e
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North Thompson 600002 0.3 7.6 0.002

South Thompson 0600135 0.5 7.7

Thompson 0600005 0.8 7.7 0.002

Chilcotin 0600024 7.5

Middle Fraser -data pending-

Bridge-Seton -data pending-

Lillooet 0301506 2 7.85

Lower Fraser 0301311 7.8 0.02

Nechako 0400450 3.55 7.6

Stuart 0920101 0.3 7.8

Upper Fraser 0400031 0.6 7.9

West Road -data pending-

Quesnel -data pending-

Notes:

1.  data represents mean analytical results from Provincial monitoring program

2.  all concentrations are in mg/L and pH in pH units

3.  values represent total concentration, i.e. (dissolved plus solids)

Sec6tbls.xls-6/19/98-Table6.3
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6.3 RECEIVING WATER USES

From the regional perspective of this study, it is difficult to differentiate the sub-basins from
a water use perspective.  Water uses within the 13 sub-basins of the Fraser River Basin may
vary from primarily agricultural uses such as crop watering and ranching in the Thompson
Valley to industrial uses in the Lower Fraser and Nechako sub-basins.  However, all the sub-
basins support some users in virtually all of the general categories of fish and wildlife,
domestic, agriculture, industrial, recreation and aesthetics.  Therefore a detailed information
search on the extent of water use within each of these categories was not pursued.

Fisheries and aquatic life are considered particularly sensitive to impacts from landfill
leachate discharges.  The Fraser River is considered the largest salmon producing river in the
world.  It supports all five species of pacific salmon (sockeye, pink, chum, coho and chinook)
as well as dozens of other species, many of which are recreationally valuable.  The number of
adult salmon returning to spawn each year in the thousands of tributary streams and rivers
which make up the Fraser River Basin, will fluctuate due to natural variations in the
population life cycles and due to fishing pressures.  Hundreds of thousands, if not millions, of
adult salmon return to spawn each year in the Fraser River Basin.  Hundreds of millions of
offspring are produced from these salmon spawners which migrate out to sea and eventually
return to the river, supporting a large and valuable fishery.

In order to address the potential impacts of a landfill on local fish populations detailed site
specific biophysical information is required such as proximity of fish bearing streams to the
landfill and characteristics of the local ground water flow regime.  Early in this landfill
inventory project, it was realized that for the vast majority of landfills this site-specific
information is not available.  In some cases the landfill could not be accurately located on a
topographic map to identify streams in the immediate vicinity.  Therefore it is not practical to
identify stream specific impacts at this basin-wide study scale.  Any impact assessment using
the available information at this scale would be too imprecise to be meaningful.

Through discussions with the Department of Fisheries and Oceans (DFO), useful sources of
information were identified which could be used to determine the fish habitats available and
fisheries resources in streams identified in the vicinity of landfills.  The Fisheries Information
Summary System (FISS) is a data management program which compiles and organizes
information on fish populations and fish habitats in the Province of British Columbia.
Fisheries information on a specific stream or watershed can be searched based on a stream
name or by geographically referencing the stream on one of the FISS maps.  Information on
important spawning areas for different species of salmonids and historical escapement data
can be obtained from FISS.
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Most of the data in FISS is available digitally and is in the form of a large database.  The
FISS database is being updated continuously and any current fisheries data put in the landfill
inventory would rapidly become outdated.  This database can be accessed electronically over
the internet.  Through discussions with the FISS program manager, Brad Mason, it was
concluded that it would be more effective to exclude the FISS database from the landfill
inventory database.  Instead, reference should be made to the FISS data on the internet where
updates are continuously made and therefore, the most up to date information is available.

Fisheries Information Summary System contacts

Internet: http://habitat.pac.dfo.ca

Program Coordinator:
Brad Mason

604-666-7015

Department of Fisheries and Oceans
Habitat Management Division

Habitat and Enhancement Branch
327-555 West Hastings St.

Vancouver, B.C.
V6B 5G3

For hardcopies of the database reports and maps contact:

Archetype Print Ltd.
(604) 602-0282

For site-specific landfill assessments, additional fisheries information must be collected from
local sources.  The Department of Fisheries and Oceans and the B.C. Ministry of
Environment Lands and Parks both maintain regional and district offices with staff
knowledgeable of local fish populations.
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7 LEACHATE COLLECTION AND TREATMENT

7.1 MUNICIPAL LANDFILLS

At present, the GVRD sewage treatment plant located at Annacis Island receives leachate
from four closed landfills and two operational landfills within the GVRD, as listed in
Table 7.1.

Table 7.1 GVRD Landfills Collecting Leachate for Treatment at Annacis Island STP

Location Status Operator Average Leachate Flow1

(Nov. ‘92 - Sept. ‘96)
Braid Street Closed City of Coquitlam 215 m3/d
Langley Closed City of Langley 286 m3/d
Cottonwood Drive Closed District of Maple Ridge 364 m3/d
Burns Bog Open GVRD 3,283 m3/d
Port Mann Open Corporation of Surrey 297 m3/d
Kerr Road Closed City of Vancouver 124 m3/d   2

1 Data supplied by Source Control Office, GVRD

2 Estimate from Atwater, 1980

The City of Langley Landfill is actually located outside the boundary for the Fraser River
Basin.  However, it was included in this study because its’ leachate collection system
discharges into the Fraser River via the Annacis Island Sewage Treatment Plant.

Landfill leachate conveyed to the Annacis Island sewage treatment plant has historically only
received primary treatment but will be receiving secondary treatment commencing in 1997.
Primary treatment reduces the total solids volume by nearly 60% (L. Rogers, GVRD, pers.
com.).  It is anticipated that 30% of the total Annacis treatment plant sewage flows will
receive secondary treatment in mid 1997, increasing to 100% by the end of 1998.  For the 12
parameters of major concern, available documentation regarding potential reduction in
concentrations brought about by primary and secondary treatment are summarized on
Table 7.2.
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Table 7.2 Annacis Island – Primary and Secondary Treated Effluent

Reductions in Leachate Constituents of Concern

The Chilliwack (Bailey Road), and closed Abbotsford Landfill (Valley Road) have perimeter
leachate drains or sumps which collect leachate and convey it to the local municipal sewage
treatment plant.  The degree of treatment afforded varies depending on the degree of
sophistication of the treatment plant.

The Cache Creek Landfill operated by Wastech, which receives GVRD municipal waste, has
a liner and leachate collection system.  Due to the dry climate it is expected that only
minimal amounts of leachate will be produced at this site.  Any leachate produced will be
managed by recirculating it back into the landfill and by promoting evaporation.  We have
assumed no contaminant loadings from this landfill in our section 8 analysis of regional
landfill loadings to the Fraser River.

Leachate Reduction Achienved In Comments/
Constituent Leachate Constituents (%) References
Parameters Primary Secondary (see notes)

Ammonia-N 0 % 0 % 1

Arsenic 46 % 77 % 3
BOD 35 % 85 % 3

Cadmium 40 % 77 % 4, 3
Chromium 30 % 77 % 4, 3

COD 20 % 50 % 2
Copper 25 % 77 % 4, 3

Iron 28 % 77 % 4, 3
Lead 35 % 77 % 4, 3

Manganese 8 % 77 % 4, 3
Selenium 46 % 77 % 3

Zinc 30 % 77 % 4, 3

Notes:
1.  Primary and secondary ammonia concentrations assumed to remain at
     17.5 mg/L for average annual treated flow, ("Pre-discharge Monitoring
     Dilution/Dispersion Study", Seaconsult Marine Research Ltd., Oct. 1996).

2.  No data to indicate primary or secondary reduction in parameter.  Percent 
      reductions estimated, less than BOD but greater than 0%

3.  "Environmental Pollution Control Alternatives: Municipal Wastewater",
      EPA-625/5-76-012, U.S. EPA

4.  Primary treatment (%) reductions based on average influent and effluent
     metals concentration data from Annacis Island STP (1990) contained in
     "Pre-design Report For Annacis Island And Lulu Island Wastewater
     Treatment Plants", Vol. (Annacis Island), ABR Consultants, March 1992.
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Most smaller, remote landfills rely on natural renovation of leachate in soils or wetlands and
do not have leachate collection or treatment systems.

7.2 INDUSTRIAL LANDFILLS

Two commercially-operated landfills with leachate collection systems practice sprinkler
aeration treatment prior to discharge (Atlantic Waste System, Maple Ridge) and aeration
followed by discharge to a natural wetland for “final polishing” treatment (Ecowaste
Limited, Richmond).

Very few other industrial landfills have leachate and treatment systems.  The Weyerhauser
Landfill in Kamloops has a leachate collection and treatment system.  They do not have an
engineered landfill liner or containment system but do collect leachate seepage from the toe
of the landfill and pipe it into the Kamloops municipal wastewater treatment plant which is
located nearby.  The Cariboo Pulp and Paper Mill in Quesnel also collected leachate from
their new lined landfill and pipe it to their wastewater treatment plant.
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8 CONTAMINANT MASS LOADING ASSESSMENT

Contaminant mass loadings can be calculated to assess the impact of a contaminant source on
a receiving water body.  Contaminant mass loadings are calculated by multiplying the
contaminant concentration by the flow rate.  The significance of a contaminant source can be
evaluated by comparing it to the total mass loadings present in the receiving water body.
This has been done for the 163 municipal and First Nations’ landfills plotted in MapInfo as
well as for the seven pulp and paper mill landfills in the Fraser Basin.

8.1 MUNICIPAL LANDFILL LEACHATE MASS LOADINGS

Mass loadings for the municipal and First Nations’ landfills were calculated by multiplying
the median leachate concentration (mg/L) from Table 3.4 times a flow rate calculated from
the annual waste tonnage, water budget and an empirical relationship defined in Section 3.3
of this report.  Loadings were calculated for the 12 main leachate contaminants of concern
for each plotted landfill.  These results are presented in Appendix D.  Table 8.1 presents a
summary of the municipal landfill leachate loadings for each of the 13 sub-basins.

The total river loadings for each sub-basin are also presented for comparison purposes.
These were calculated from the annual mean river water concentrations (where available) and
flows presented in Section 6 of this report.  The landfill leachate loadings are also presented
as a percentage of total river loadings on Table 8.1 to show their relative impact.

The municipal landfill leachate calculations suggest that the vast majority of leachate
loadings occur in the Lower Fraser subbasin.  This is reasonable since this is where most of
the population lives and it is a very wet area.  Of the 12 selected leachate contaminants,
loadings were greatest for Chemical Oxygen Demand (COD), Biochemical Oxygen Demand
(BOD), ammonia, iron and manganese.  Trace metal loadings (arsenic, cadmium, chromium,
copper, lead, selenium and zinc) were typically many orders of magnitude lower.

The leachate loadings were also expressed as a percentage of the total river subbasin loadings
for each contaminant (where river data was available).  This data suggests that ammonia is
the most significant municipal leachate contaminant as it constitutes 1% or more of the total
river loadings in 3 of the 7 subbasins that were assessed.  Most of the other municipal landfill
leachate contaminant loadings represent less than 0.1% of the total river loadings.



Table 8.1     Municipal Landfill Contaminant Mass Loadings by Sub-Basin

Sub-Basin

Landfill River Total % Landfill River Total Landfill River Total Landfill River Total % Landfill River Total % Landfill River Total %

Bridge-Seton 1.91E-01 8.72E-05 1.61E-01 7.93E-06 5.95E-05 9.99E-01

Chilcotin 2.30E-01 1.05E-04 1.94E-01 9.55E-06 45.7 0.000% 7.16E-05 1.20E+00

Lillooet 3.67E-01 424.8 0.086% 1.68E-04 9655.2 0.000% 3.10E-01 1.53E-05 386.2 0.000% 1.14E-04 289.7 0.000% 1.92E+00 386208.0 0.000%

Lower Fraser 3.80E+02 1.14E-01 12614.4 0.001% 2.37E+02 1.11E-02 630.7 0.002% 9.19E-02 1261.4 0.007% 1.69E+03

Middle Fraser 2.43E+00 1.11E-03 2.05E+00 1.01E-04 7.58E-04 1.27E+01

Nechako 2.82E-01 4373.2 0.006% 1.29E-04 3283.2 0.000% 2.38E-01 1.17E-05 68.9 0.000% 8.79E-05 131.3 0.000% 1.48E+00

North Thompson 9.80E-01 369.8 0.265% 4.48E-04 184.9 0.000% 8.26E-01 4.07E-05 37.0 0.000% 3.05E-04 184.9 0.000% 5.13E+00 70260.5 0.007%

Quesnel 1.20E+00 5.50E-04 1.02E+00 5.00E-05 3.75E-04 6.30E+00

South Thompson 1.93E+00 129.2 1.491% 8.80E-04 1033.3 0.000% 1.62E+00 8.00E-05 51.7 0.000% 6.00E-04 51.7 0.001% 1.01E+01 258336.0 0.004%

Stuart 2.51E+00 56.2 4.468% 1.15E-03 56.2 0.002% 2.12E+00 1.04E-04 11.2 0.001% 7.82E-04 3.4 0.023% 1.31E+01 65145.6 0.020%

Thompson 6.39E+00 669.6 0.954% 2.92E-03 334.8 0.001% 5.39E+00 669600.0 0.001% 2.65E-04 67.0 0.000% 1.99E-03 13.4 0.015% 3.34E+01 147312.0 0.023%

Upper Fraser 5.06E-01 3516.5 0.014% 2.31E-04 4.27E-01 2.10E-05 35.2 0.000% 1.58E-04 703.3 0.000% 2.65E+00

West Road 1.80E-02 8.22E-06 1.52E-02 7.47E-07 5.60E-06 9.41E-02

TOTALS 3.97E+02 1.22E-01 2.51E+02 1.18E-02 9.72E-02 1.78E+03

Sub Basin

Landfill River Total % Landfill River Total % Landfill River Total % Landfill River Total % Landfill River Total % Landfill River Total %

Bridge-Seton 7.93E-05 5.21E-02 1.98E-04 6.05E-03 5.95E-04 3.77E-04

Chilcotin 9.55E-05 6.27E-02 2327.3 0.003% 2.39E-04 16.6 0.001% 7.28E-03 83.1 0.009% 7.16E-04 4.54E-04 41.6 0.001%

Lillooet 1.53E-04 231.7 0.000% 1.00E-01 27807.0 0.000% 3.81E-04 3862.1 0.000% 1.16E-02 772.4 0.002% 1.14E-03 7.25E-04 289.7 0.000%

Lower Fraser 1.34E-01 946.1 0.014% 8.20E+01 203407.2 0.040% 2.91E-01 630.7 0.046% 1.13E+01 8199.4 0.138% 7.77E-01 9460.8 0.008% 5.82E-01 2522.9 0.023%

Middle Fraser 1.01E-03 6.64E-01 2.53E-03 7.71E-02 7.58E-03 4.80E-03

Nechako 1.17E-04 72.2 0.000% 7.69E-02 1575.9 0.005% 2.93E-04 689.5 0.000% 8.93E-03 131.3 0.007% 8.79E-04 5.56E-04 131.3 0.000%

North Thompson 4.07E-04 74.0 0.001% 2.67E-01 9614.6 0.003% 1.02E-03 55.5 0.002% 3.10E-02 369.8 0.008% 3.05E-03 1.93E-03 240.4 0.001%

Quesnel 5.00E-04 3.28E-01 1.25E-03 3.82E-02 3.75E-03 2.38E-03

South Thompson 8.00E-04 51.7 0.002% 5.25E-01 5683.4 0.009% 2.00E-03 775.0 0.000% 6.10E-02 232.5 0.026% 6.00E-03 775.0 0.001% 3.80E-03 258.3 0.001%

Stuart 1.04E-03 44.9 0.002% 6.84E-01 617.8 0.111% 2.61E-03 11.2 0.023% 7.95E-02 112.3 0.071% 7.82E-03 4.95E-03 61.8 0.008%

Thompson 2.65E-03 1.74E+00 7030.8 0.025% 6.63E-03 67.0 0.010% 2.02E-01 669.6 0.030% 1.99E-02 6.7 0.297% 1.26E-02 334.8 0.004%

Upper Fraser 2.10E-04 281.3 0.000% 1.38E-01 323516.2 0.000% 5.25E-04 70.3 0.001% 1.60E-02 4923.1 0.000% 1.58E-03 9.98E-04 1406.6 0.000%

West Road 7.47E-06 4.90E-03 1.87E-05 5.70E-04 5.60E-05 3.55E-05

TOTALS 1.41E-01 8.66E+01 3.09E-01 1.19E+01 8.30E-01 6.15E-01

Chromium COD

Selenium Zinc

Ammonia-N Arsenic

Copper Iron Lead Manganese

BOD Cadmium

All values are expressed in kg/day.
% = Leachate Loading / Total River Loading * 100
Includes Primary Treatment for six Lower Fraser Landfills.
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The municipal landfill leachate loadings are considered suitable for assessing relative
impacts on a regional basis because the waste volume data (used to calculate leachate flows)
was recently updated by B.C. Environment and because we were able to locate 91% of the
landfill sites.  They are not sufficiently site specific to allow assessment of compliance or
impact for individual landfills.

The loadings in Table 8.1 assume primary treatment for six Lower Fraser sub-basin landfills.
Table 8.2 presents loading reductions for primary and secondary treatment at these landfills
based on the data in Table 7.2 of this report.  In 1998 leachate from all six of these Lower
Fraser sub-basin landfills will receive full secondary treatment at the Annacis Sewage
Treatment Plant.  The greatest improvement will be in BOD with a reduction of about 120
kg/day.  This suggests a substantial decrease when compared to the total BOD loading for the
entire Fraser Basin of 251 kg/day.

Table 8.2 Lower Fraser Sub-Basin Municipal Landfill Leachate Contaminant Mass

Loadings – With and Without Treatment

1. Primary Treatment for six Lower Fraser Landfills (1996 conditions)
2. Secondary Treatment for six Lower Fraser Landfills (1998 conditions)

8.2 PULP AND PAPER LANDFILL LEACHATE MASS LOADINGS

Estimates of leachate discharge rates for pulp and paper mills in the Fraser Basin are
presented in Table 8.3.

kg/day % Remaining kg/day % Remaining kg/day % Remaining

Ammonia-N 380.245 100% 380.245 100% 380.245 100%

Arsenic 0.174 100% 0.114 66% 0.074 42%

BOD 320.622 100% 236.605 74% 116.581 36%

Cadmium 0.016 100% 0.011 70% 0.007 42%

Chromium 0.118 100% 0.092 78% 0.050 42%

COD 1990.069 100% 1692.077 85% 1245.091 63%

Copper 0.158 100% 0.134 85% 0.067 42%

Iron 103.689 100% 81.952 79% 43.913 42%

Lead 0.395 100% 0.291 74% 0.167 42%

Manganese 12.043 100% 11.322 94% 5.100 42%

Selenium 1.185 100% 0.777 66% 0.502 42%

Zinc 0.750 100% 0.582 78% 0.318 42%

TOTAL 2809.463 100% 2404.202 86% 1792.114 64%

No Treatment Primary Secondary
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The leachate flow rates are based on approximate landfill areas times the water surplus data.
Leachate loadings are assumed to be reduced by 50% at the two landfills which collect and
treat some or all of their leachate.  Leachate contaminant mass loadings for the seven pulp
and paper mill landfills in the Fraser Basin are presented in Table 8.4.  The leachate
concentrations are based on the median values in Table 4.2 (NCASI, 1992).

Table 8.3 Pulp and Paper Mill Landfill Leachate Flows

Pulp and paper landfill contaminant loadings are calculated to be greatest in the Upper Fraser
(three mills in Prince George) and Quesnel (two mills in Quesnel) sub-basins.  Most of the
Lower Fraser mills do not operate landfills.  The calculations suggest that pulp and paper
landfill loadings in the Upper Fraser and Quesnel sub-basins are greater than municipal
landfill loadings.  This is mainly due to the high BOD and COD loadings which relate to the
high BOD and COD concentrations for pulp and paper landfill leachate taken from the
literature.

Table 8.4 Pulp Mill Contaminant Mass Loadings by Sub-Basin (kg/day)

1. Loadings reduced by 50% for collection & treatment (PR-01678, PR-01521)

Sub-Basin File # Ammonia-N Arsenic BOD Cadmium Chromium COD Copper Iron Lead Manganese Selenium Zinc
Upper Fraser PR-6114(1) 6.77E+00 8.90E-03 8.90E+01 2.23E-04 2.23E-03 1.28E+02 6.68E-04 9.79E-01 2.23E-03 2.45E-01 4.45E-05 3.47E-03

Upper Fraser PR-5000(2) 3.38E+00 4.45E-03 4.45E+01 1.11E-04 1.11E-03 6.39E+01 3.34E-04 4.90E-01 1.11E-03 1.22E-01 2.23E-05 1.74E-03

Quesnel PR-518(3) 3.17E+00 4.17E-03 4.17E+01 1.04E-04 1.04E-03 5.99E+01 3.13E-04 4.59E-01 1.04E-03 1.15E-01 2.09E-05 1.63E-03

Quesnel PR-1678(1) 2.11E-01 2.78E-04 2.78E+00 6.95E-06 6.95E-05 3.99E+00 2.09E-05 3.06E-02 6.95E-05 7.65E-03 1.39E-06 1.08E-04

Quesnel PR-5320(1) 1.27E+00 1.67E-03 1.67E+01 4.17E-05 4.17E-04 2.40E+01 1.25E-04 1.84E-01 4.17E-04 4.59E-02 8.35E-06 6.51E-04

Thompson PR-1521(2) 5.29E-01 6.95E-04 6.95E+00 1.74E-05 1.74E-04 9.98E+00 5.22E-05 7.65E-02 1.74E-04 1.91E-02 3.48E-06 2.71E-04

Lower Fraser PR-5936(2) 8.46E-01 1.11E-03 1.11E+01 2.78E-05 2.78E-04 1.60E+01 8.35E-05 1.22E-01 2.78E-04 3.06E-02 5.56E-06 4.34E-04

Refuse Approx Water Leachate Leachate
Sub Basin Company Permit Area Surplus Collection & Flow Rate

ha m/yr Treatment m3/s
Upper Fraser Canfor-Intercontinental Pulp PR-06114 16 0.1016 no 5.151E-04

Northwood Pulp and Timber PR-05000 8 0.1016 no 2.576E-04
Quesnel Cariboo Pulp and Paper PR-00518 15 0.0508 no 2.415E-04

Cariboo Pulp and Paper PR-01678 2 0.0508 yes 1.610E-05
Quesnel River Pulp and Paper/Norm Purcell PR-05320 6 0.0508 no 9.659E-05

Thompson Weyerhauser Canada PR-01521 10 0.0254 yes 4.024E-05
Lower Fraser Crown Packaging PR-05936 1 0.2032 no 6.439E-05
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8.3 SUMMARY

Table 8.5 presents the total (all 12 contaminants summed) municipal landfill leachate
loadings and the total pulp and paper mill loadings by sub-basin.  These results suggest that
municipal landfill leachate loadings in the Lower Fraser Basin are the most significant by far.
This is due to the high water surplus and large landfill size in this highly populated area.  As
stated above, pulp and paper landfills contribute significant loadings compared to municipal
landfills in the Upper Fraser and Quesnel sub-basins.

Table 8.5 Summary of Total Contaminant Mass Loadings

(kg/day)

Total municipal landfill loadings and pulp and paper landfill loadings were compared to total
river mass loadings (based on available river data from Table 8.1).  Municipal landfill
leachate loadings were about 0.2% of total river loadings.  Pulp and paper leachate loadings
were about 0.04% of total river loadings.

The loadings presented in Table 8.5 are only for the 212 landfills (55% of 383 landfills in
database) which were plotted on MapInfo.  However, most of the municipal landfills and all
the pulp and paper mill landfills were plotted.  It is estimated that the data presented in
Table 8.5 may represent more than 90% of the overall landfill loadings to the Fraser Basin.
The amount of landfill leachate loadings from remote logging and mining operations or
private camps and resorts is expected to be minimal.

SUB BASIN MUNICIPAL
LOADINGS

PULP MILL
LOADINGS

Bridge-Seton 1.4

Chilcotin 1.7

Lillooet 2.7

Lower Fraser 2404.2 28.1

Middle Fraser 18.0

Nechako 2.1

North Thompson 7.2

Quesnel 8.9 154.5

South Thompson 14.2

Stuart 18.5

Thompson 47.2 17.6

Upper Fraser 3.7 337.1

West Road 0.1

TOTAL 2530.1 537.3
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9 CONCLUSIONS

1. A listing of solid waste landfills (open and closed) located in the Fraser Basin was
compiled.  The list include 391 landfills including:

a) 139 municipal landfills
b) 41 First Nations Landfills
c) 114 forestry and pulp and paper industry landfills
d) 89 other industrial and miscellaneous landfills

2. The Landfill Inventory is contained in an “Access” database containing the following
tables:

♦ BC Environment Regions
♦ BC Environment Offices
♦ Fraser River Basin
♦ Fraser River Sub-Basins
♦ Landfill Permit Numbers
♦ Landfill Capacity
♦ Landfill Category
♦ Landfill Location
♦ Landfill Owner / Operators
♦ Landfill Fee Status (i.e. exempt/non-exempt)
♦ Landfill Permit Status (i.e. active/closed/pending)
♦ Landfill Water Budgets (i.e. moisture surplus)
♦ Landfill Leachate Chemistry
♦ Leachate Parameters
♦ Sub-Basin Surface Water Leachate Chemistry
♦ Sub-Basin Stream Flow Data
♦ Surface Water Chemistry
♦ Surface Water Stations
♦ Stream Flow Data
♦ MapInfo Plotted Landfills
♦ Site Registry ID (link Permit # with Site Identifier)

The database can be used to produce sorted data tables in either “Access” or “Excel”
formats.

3. Locations for 180 municipal and First Nation landfills (91%) and 49 industrial
landfills (24%) were determined and plotted on 1:250,000 topographic maps in a
MapInfo Geographical Information System (GIS) linked to the “Access” database.
The use of a GIS system was not included in the originally proposed scope of work.
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4. Estimates of annual municipal landfill leachate volumes were based on waste
tonnages received, annual water surpluses and an empirical relationship derived from
six landfills which have metered leachate flow measurements from their leachate
collection systems.  The leachate flow estimates derived this way are suitable for
assessing relative impacts on a basin and subbasin scale but are not suitable for site
specific analysis due to uncertainties in the waste tonnage data, collection system
efficiencies and local variations in climatic and hydrogeological conditions.

5. A detailed evaluation of 24 sets of B.C. municipal landfill leachate chemistry data
was completed.  The median values of this data were selected for use in contaminant
loading calculations. Potential contaminants of concern in municipal and industrial
leachate were identified and discussed in relation to typical receiving environment
water use including drinking water, aquatic life, agriculture and industry.  BOD,
COD, ammonia, iron, manganese and other trace metals were determined to be the
major contaminants of concern in landfill leachate.

6. Landfill leachate contaminant loadings were calculated by multiplying leachate flow
rates by median leachate concentrations for the main contaminants of concern.  This
was done for all the plotted municipal landfills (212) and the seven pulp and paper
mill landfills.  The leachate loadings were calculated for 13 sub-basins of the Fraser
River and were compared to the total river loadings in each sub-basin (where
appropriate river water quality data was available).  The results show relative landfill
impacts by river sub-basin and by contaminant.

The municipal landfill leachate calculations suggest that the vast majority of leachate
loadings occur in the Lower Fraser subbasin.  This is reasonable since this is where
most of the population lives and it is a very wet area.  Of the 12 selected leachate
contaminants, loadings were greatest for Chemical Oxygen Demand (COD)
Biochemical Oxygen Demand (BOD), ammonia, iron and manganese.  Trace metal
loadings (arsenic, cadmium, chromium, copper, lead, selenium and zinc) were
typically many orders of magnitude lower.

The leachate loadings were also expressed as a percentage of the total river subbasin
loadings for each contaminant (where river data was available).  This data suggests
that ammonia is the most significant leachate contaminant as it constitutes 1% or
more of the total river loadings in 3 of the 7 subbasins that were assessed.  Most of
the other municipal landfill leachate contaminant loadings represent less than 0.1% of
the total river loadings.
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7. Secondary treatment of leachate from six Lower Fraser municipal landfills at the
Annacis Island Sewage Treatment (commenced in 1997, fully operational by 1998) is
predicted to cut BOD municipal landfill leachate loadings to half of what they were in
1996 (primary treatment).  Other contaminant loadings will also be reduced but not to
the same degree.

8. Pulp and paper mill landfills are present in four sub-basins:  Upper Fraser, Quesnel,
Thompson and Lower Fraser. Leachate flow rates for the seven pulp and paper mill
landfills in the Fraser Basin were calculated based on estimates of landfill area times
water surplus.  Leachate quality was based on median values from the literature
(NCASI, 1992).  Pulp and paper landfill contaminant loadings are calculated to be
greatest in the Upper Fraser (three mills in Prince George) and Quesnel (two mills in
Quesnel) sub-basins.  Most of the Lower Fraser mills do not operate landfills.  The
calculations suggest that pulp and paper landfill loadings in the Upper Fraser and
Quesnel sub-basins are greater than municipal landfill loadings.  This is mainly due to
the high BOD and COD loadings which relate to the high BOD and COD
concentrations in pulp and paper landfill leachate (based on literature).

9. Total municipal landfill leachate loadings constitute about 0.2% of the total mass
loadings in the Fraser River.  Total pulp and paper landfill leachate loadings
constitute about 0.04% of total mass loadings in the Fraser River.

10. The theoretical landfill leachate flows, concentrations and contaminant loadings are
only appropriate for assessing relative impacts on a basin and sub-basin basis.  The
data available within the scope of this project is not sufficiently site specific to allow
assessment of individual landfills for compliance with regulatory requirements or
leachate impacts on the receiving environment.
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10 RECOMMENDATIONS

Based on the results of this study, the following recommendations are provided:

1. Based on the preliminary landfill leachate loadings developed in this study, it
is recommended that contaminant loadings from municipal landfills in the
Lower Fraser sub-basin and pulp and paper mills in the Upper Fraser and
Quesnel sub-basins be compared with loadings from other contaminant
sources.  This will help prioritize the need for any further assessment or
abatement activities.

2. The landfill inventory database should be improved by locating a greater
percentage of industrial landfills and putting them on a GIS map.  This should
be done in cooperation with B.C. Environment since many of their offices are
currently undertaking or considering similar GIS systems for landfill
locations.  Regional Districts may also be interested in utilizing and improving
the landfill inventory database/GIS system which was developed during this
study.

3. The contaminant loading calculations should be repeated in the future after
greater than 90% of the industrial landfills have been accurately located, if
representative industrial landfill leachate data becomes available.
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Page: 1Table: Table - Annacis Island Leachate Flow

Properties
Date Created: 9/10/97 10:55:32 AM Def. Updatable: True

Last Updated: 9/10/97 11:06:01 AM RecordCount: 6

Columns

Name Type Size

file_ID Number (Double) 8

Permit Number (Double) 8

Flow Rate Number (Double) 8

unit_ID Number (Double) 8

Table Indexes

Name Number of Fields

file_ID 1

file_ID, AscendingFields:

Flow Rate 1

Flow Rate, AscendingFields:

Permit 1

Permit, AscendingFields:
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Page: 2Table: Table - BC Environment Offices

Properties
Date Created: 12/3/96 7:22:24 PM Def. Updatable: True

Last Updated: 3/7/97 8:22:41 PM RecordCount: 10

Columns

Name Type Size

office_ID Number (Double) 8

MOE Office Text 255

Relationships

Reference2

Table - BC Environment Offices Table - LANDFILL LISTING

∞1office_ID office_ID

Attributes: Enforced

Attributes: One-To-Many

Table Indexes

Name Number of Fields

office_ID 1

office_ID, AscendingFields:

PrimaryKey 1

office_ID, AscendingFields:



C:\FRAP\97-19\96741.MDB Friday, June 19, 1998
Page: 3Table: Table - BC Environment Regions

Properties
Date Created: 12/3/96 7:22:02 PM Def. Updatable: True

Last Updated: 3/7/97 8:22:56 PM RecordCount: 8

Columns

Name Type Size

region_ID Number (Double) 8

MOE Region Text 255

Relationships

Reference1

Table - BC Environment Regions Table - LANDFILL LISTING

∞1region_ID region_ID

Attributes: Enforced

Attributes: One-To-Many

Table Indexes

Name Number of Fields

PrimaryKey 1

region_ID, AscendingFields:

region_ID 1

region_ID, AscendingFields:
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Page: 4Table: Table - Fraser River Basin

Properties
Date Created: 1/14/97 12:09:19 PM Def. Updatable: True

Last Updated: 9/10/97 10:20:54 AM RecordCount: 2

Columns

Name Type Size

fr_bas_ID Number (Double) 8

fraser_basin Text 50

Relationships

Reference4

Table - Fraser River Basin Table - LANDFILL LISTING

∞1fr_bas_ID fr_bas_ID

Attributes: Enforced

Attributes: One-To-Many

Table Indexes

Name Number of Fields

fraser_basin_ID 1

fr_bas_ID, AscendingFields:

PrimaryKey 1

fr_bas_ID, AscendingFields:



C:\FRAP\97-19\96741.MDB Friday, June 19, 1998
Page: 5Table: Table - Fraser River Sub-Basins

Properties
Date Created: 1/15/97 4:24:01 PM Def. Updatable: True

Last Updated: 9/10/97 10:20:27 AM RecordCount: 13

Columns

Name Type Size

sub_basin_ID Number (Double) 8

sub_basin Text 150

Relationships

Reference15

Table - LANDFILL LISTING Table - Fraser River Sub-Basins

sub_basin_ID sub_basin_ID

Attributes: Unique, Not Enforced, Left Join

Attributes: Indeterminate

Reference19

Table - Fraser River Sub-Basins Table - Stream Flow Data

∞1sub_basin_ID sub_basin_ID

Attributes: Enforced

Attributes: One-To-Many

Reference21

Table - Fraser River Sub-Basins Table - Surface Water Chemistry

∞1sub_basin_ID sub_bas_ID

Attributes: Enforced

Attributes: One-To-Many

Table Indexes

Name Number of Fields

PrimaryKey 1

sub_basin_ID, AscendingFields:

sub_basin_ID 1

sub_basin_ID, AscendingFields:
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Page: 6Table: Table - Landfill Capacity

Properties
Date Created: 12/5/96 9:42:42 AM Def. Updatable: True

Last Updated: 9/4/97 11:25:43 AM RecordCount: 1073

Columns

Name Type Size

file_ID Number (Double) 8

capacity Number (Double) 8

unit_ID Number (Double) 8

orig_capacity Number (Double) 8

orig-unit_ID Number (Double) 8

Relationships

Reference17

Table - Landfill Capacity Table - LANDFILL LISTING

11file_ID file_ID

Attributes: Unique, Enforced

Attributes: One-To-One

Table Indexes

Name Number of Fields

file_ID 1

file_ID, AscendingFields:

PrimaryKey 1

file_ID, AscendingFields:
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Properties
Date Created: 12/3/96 7:29:23 PM Def. Updatable: True

Last Updated: 9/5/97 2:50:10 PM RecordCount: 16

Columns

Name Type Size

type_ID Number (Double) 8

Type Text 255

Type Description Text 255

Relationships

Reference10

Table - Landfill Category Table - Leachate Chemistry

∞1type_ID type_ID

Attributes: Enforced

Attributes: One-To-Many

Reference7

Table - Landfill Category Table - LANDFILL LISTING

∞1type_ID type_ID

Attributes: Enforced

Attributes: One-To-Many

Table Indexes

Name Number of Fields

PrimaryKey 1

type_ID, AscendingFields:

type_ID 1

type_ID, AscendingFields:
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Properties
Date Created: 12/3/96 7:32:52 PM Def. Updatable: True

Last Updated: 3/7/97 8:24:03 PM RecordCount: 4

Columns

Name Type Size

fee_ID Number (Double) 8

Fee Text 255

Relationships

Reference9

Table - Landfill Fee Status Table - LANDFILL LISTING

∞1fee_ID fee_ID

Attributes: Enforced

Attributes: One-To-Many

Table Indexes

Name Number of Fields

fee_ID 1

fee_ID, AscendingFields:

PrimaryKey 1

fee_ID, AscendingFields:
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Properties
Date Created: 12/3/96 7:17:47 PM Def. Updatable: True

Last Updated: 8/24/97 1:20:25 PM RecordCount: 1071

Columns

Name Type Size

file_ID Number (Double) 8

PERMIT Text 50

region_ID Number (Double) 8

office_ID Number (Double) 8

reg_dist_ID Number (Double) 8

location_ID Number (Double) 8

client_ID Number (Double) 8

fr_bas_ID Number (Double) 8

type_ID Number (Double) 8

status_ID Number (Double) 8

fee_ID Number (Double) 8

sub_basin_ID Number (Double) 8

mapinfo_ID Number (Double) 8

Relationships

Reference

Table - Landfill Permit Numbers Table - LANDFILL LISTING

11file_ID file_ID

Attributes: Unique, Enforced

Attributes: One-To-One

Reference1

Table - BC Environment Regions Table - LANDFILL LISTING

∞1region_ID region_ID

Attributes: One-To-Many

Attributes: Enforced

Reference15

Table - LANDFILL LISTING Table - Fraser River Sub-Basins

sub_basin_ID sub_basin_ID

Attributes: Indeterminate

Attributes: Unique, Not Enforced, Left Join
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Reference16

Table - MapInfo Plotted Landfills Table - LANDFILL LISTING

∞1mapinfo_ID mapinfo_ID

Attributes: One-To-Many

Attributes: Enforced

Reference17

Table - Landfill Capacity Table - LANDFILL LISTING

11file_ID file_ID

Attributes: One-To-One

Attributes: Unique, Enforced

Reference18

Table - LANDFILL LISTING Table - Landfill Water Budgets

file_ID file_ID

Attributes: One-To-One

Attributes: Unique, Not Enforced, Left Join

Reference2

Table - BC Environment Offices Table - LANDFILL LISTING

∞1office_ID office_ID

Attributes: Enforced

Attributes: One-To-Many

Reference3

Table - Regional Districts Table - LANDFILL LISTING

reg_dist_ID reg_dist_ID

Attributes: Unique, Not Enforced, Right Join

Attributes: One-To-Many



C:\FRAP\97-19\96741.MDB Friday, June 19, 1998
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Reference4

Table - Fraser River Basin Table - LANDFILL LISTING

∞1fr_bas_ID fr_bas_ID

Attributes: One-To-Many

Attributes: Enforced

Reference5

Table - Landfill Location Table - LANDFILL LISTING

∞1location_ID location_ID

Attributes: One-To-Many

Attributes: Enforced

Reference6

Table - Landfill Owner / Operators Table - LANDFILL LISTING

∞1client_ID client_ID

Attributes: One-To-Many

Attributes: Enforced

Reference7

Table - Landfill Category Table - LANDFILL LISTING

∞1type_ID type_ID

Attributes: One-To-Many

Attributes: Enforced

Reference8

Table - Landfill Permit Status Table - LANDFILL LISTING

∞1status_ID status_ID

Attributes: One-To-Many

Attributes: Enforced
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Reference9

Table - Landfill Fee Status Table - LANDFILL LISTING

∞1fee_ID fee_ID

Attributes: Enforced

Attributes: One-To-Many

Table Indexes

Name Number of Fields

file_ID 1

file_ID, AscendingFields:

mapinfo_ID 1

mapinfo_ID, AscendingFields:

PrimaryKey 1

file_ID, AscendingFields:

Reference 1

file_ID, AscendingFields:

Reference1 1

region_ID, AscendingFields:

Reference16 1

mapinfo_ID, AscendingFields:

Reference17 1

file_ID, AscendingFields:

Reference2 1

office_ID, AscendingFields:

Reference4 1

fr_bas_ID, AscendingFields:

Reference5 1

location_ID, AscendingFields:

Reference6 1

client_ID, AscendingFields:

Reference7 1

type_ID, AscendingFields:

Reference8 1

status_ID, AscendingFields:

Reference9 1

fee_ID, AscendingFields:

sub_basin_ID 1

sub_basin_ID, AscendingFields:



C:\FRAP\97-19\96741.MDB Friday, June 19, 1998
Page: 13Table: Table - Landfill Location

Properties
Date Created: 12/3/96 7:25:58 PM Def. Updatable: True

Last Updated: 3/7/97 8:25:05 PM RecordCount: 808

Columns

Name Type Size

location_ID Number (Double) 8

General Location Text 255

Relationships

Reference5

Table - Landfill Location Table - LANDFILL LISTING

∞1location_ID location_ID

Attributes: Enforced

Attributes: One-To-Many

Table Indexes

Name Number of Fields

location_ID 1

location_ID, AscendingFields:

PrimaryKey 1

location_ID, AscendingFields:
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Properties
Date Created: 12/3/96 7:26:11 PM Def. Updatable: True

Last Updated: 3/7/97 8:25:15 PM RecordCount: 488

Columns

Name Type Size

client_ID Number (Double) 8

Owner / Operator Text 255

Relationships

Reference6

Table - Landfill Owner / Operators Table - LANDFILL LISTING

∞1client_ID client_ID

Attributes: Enforced

Attributes: One-To-Many

Table Indexes

Name Number of Fields

client_ID 1

client_ID, AscendingFields:

PrimaryKey 1

client_ID, AscendingFields:
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Page: 15Table: Table - Landfill Permit Numbers

Properties
Date Created: 12/3/96 7:18:06 PM Def. Updatable: True

Last Updated: 3/7/97 8:25:26 PM RecordCount: 1073

Columns

Name Type Size

file_ID Number (Double) 8

Permit Number (Double) 8

File # Text 255

Relationships

Reference

Table - Landfill Permit Numbers Table - LANDFILL LISTING

11file_ID file_ID

Attributes: Unique, Enforced

Attributes: One-To-One

Table Indexes

Name Number of Fields

File # 1

File #, AscendingFields:

file_ID 1

file_ID, AscendingFields:

Permit 1

Permit, AscendingFields:

PrimaryKey 1

file_ID, AscendingFields:
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Page: 16Table: Table - Landfill Permit Status

Properties
Date Created: 12/3/96 7:30:45 PM Def. Updatable: True

Last Updated: 3/7/97 8:25:39 PM RecordCount: 4

Columns

Name Type Size

status_ID Number (Double) 8

Status Text 255

Relationships

Reference8

Table - Landfill Permit Status Table - LANDFILL LISTING

∞1status_ID status_ID

Attributes: Enforced

Attributes: One-To-Many

Table Indexes

Name Number of Fields

PrimaryKey 1

status_ID, AscendingFields:

status_ID 1

status_ID, AscendingFields:
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Properties
Date Created: 3/4/97 1:45:05 PM Def. Updatable: True

Last Updated: 3/7/97 8:25:56 PM RecordCount: 213

Columns

Name Type Size

file_ID Number (Double) 8

water_surplus Number (Double) 8

Relationships

Reference18

Table - LANDFILL LISTING Table - Landfill Water Budgets

file_ID file_ID

Attributes: Unique, Not Enforced, Left Join

Attributes: One-To-One

Table Indexes

Name Number of Fields

file_ID 1

file_ID, AscendingFields:

PrimaryKey 1

file_ID, AscendingFields:

water_surplus 1

water_surplus, AscendingFields:
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Properties
Date Created: 2/20/97 5:22:09 PM Def. Updatable: True

Last Updated: 11/4/97 2:07:21 PM RecordCount: 2202

Columns

Name Type Size

leach_ID Number (Double) 8

type_ID Number (Double) 8

par_ID Number (Double) 8

stat_ID Number (Double) 8

value Number (Double) 8

Relationships

Reference10

Table - Landfill Category Table - Leachate Chemistry

∞1type_ID type_ID

Attributes: Enforced

Attributes: One-To-Many

Reference11

Table - Leachate Parameters Table - Leachate Chemistry

∞1par_ID par_ID

Attributes: Enforced

Attributes: One-To-Many

Reference12

Table - Statistical Functions Table - Leachate Chemistry

∞1stat_ID stat_ID

Attributes: Enforced

Attributes: One-To-Many

Table Indexes

Name Number of Fields

Reference10 1

type_ID, AscendingFields:

Reference11 1
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par_ID, AscendingFields:

Reference12 1

stat_ID, AscendingFields:
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Properties
Date Created: 2/20/97 5:21:55 PM Def. Updatable: True

Last Updated: 3/7/97 9:41:46 PM RecordCount: 73

Columns

Name Type Size

par_ID Number (Double) 8

parameter Text 255

abbrev Text 50

symbol Text 255

unit_ID Number (Double) 8

pr_incl_ID Number (Double) 8

Relationships

Reference11

Table - Leachate Parameters Table - Leachate Chemistry

∞1par_ID par_ID

Attributes: Enforced

Attributes: One-To-Many

Reference13

Table - Units Table - Leachate Parameters

∞1unit_ID unit_ID

Attributes: Enforced

Attributes: One-To-Many

Reference14

Table - Leachate Study Parameters Table - Leachate Parameters

∞1pr_incl_ID pr_incl_ID

Attributes: Enforced

Attributes: One-To-Many
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Reference23

Table - Leachate Parameters Table - Surface Water Chemistry

∞1par_ID par_ID

Attributes: Enforced

Attributes: One-To-Many

Table Indexes

Name Number of Fields

par_ID 1

par_ID, AscendingFields:

PrimaryKey 1

par_ID, AscendingFields:

Reference13 1

unit_ID, AscendingFields:

Reference14 1

pr_incl_ID, AscendingFields:
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Properties
Date Created: 2/20/97 4:54:28 PM Def. Updatable: True

Last Updated: 3/7/97 8:27:56 PM RecordCount: 2

Columns

Name Type Size

pr_incl_ID Number (Double) 8

parameters Text 100

Relationships

Reference14

Table - Leachate Study Parameters Table - Leachate Parameters

∞1pr_incl_ID pr_incl_ID

Attributes: Enforced

Attributes: One-To-Many

Table Indexes

Name Number of Fields

fraser_basin_ID 1

pr_incl_ID, AscendingFields:

PrimaryKey 1

pr_incl_ID, AscendingFields:
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Page: 23Table: Table - MapInfo Plotted Landfills

Properties
Date Created: 3/5/97 5:06:01 PM Def. Updatable: True

Last Updated: 3/7/97 8:28:14 PM RecordCount: 2

Columns

Name Type Size

mapinfo_ID Number (Double) 8

mapinfo Text 50

Relationships

Reference16

Table - MapInfo Plotted Landfills Table - LANDFILL LISTING

∞1mapinfo_ID mapinfo_ID

Attributes: Enforced

Attributes: One-To-Many

Table Indexes

Name Number of Fields

mapinfo_ID 1

mapinfo_ID, AscendingFields:

PrimaryKey 1

mapinfo_ID, AscendingFields:
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Properties
Date Created: 12/3/96 7:23:25 PM Def. Updatable: True

Last Updated: 9/10/97 10:18:45 AM RecordCount: 28

Columns

Name Type Size

reg_dist_ID Number (Double) 8

code Text 255

Regional District Text 255

Relationships

Reference3

Table - Regional Districts Table - LANDFILL LISTING

reg_dist_ID reg_dist_ID

Attributes: Unique, Not Enforced, Right Join

Attributes: One-To-Many

Table Indexes

Name Number of Fields

PrimaryKey 1

reg_dist_ID, AscendingFields:

reg_dist_ID 1

reg_dist_ID, AscendingFields:
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Properties
Date Created: 8/6/97 3:24:59 PM Def. Updatable: True

Last Updated: 8/6/97 3:29:29 PM RecordCount: 18

Columns

Name Type Size

file_ID Number (Double) 8

site_ID Number (Double) 8

Table Indexes

Name Number of Fields

file_ID 1

file_ID, AscendingFields:

site_ID 1

site_ID, AscendingFields:
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Properties
Date Created: 2/20/97 5:22:18 PM Def. Updatable: True

Last Updated: 3/7/97 8:28:46 PM RecordCount: 5

Columns

Name Type Size

stat_ID Number (Double) 8

statistical function Text 255

Relationships

Reference12

Table - Statistical Functions Table - Leachate Chemistry

∞1stat_ID stat_ID

Attributes: Enforced

Attributes: One-To-Many

Table Indexes

Name Number of Fields

PrimaryKey 1

stat_ID, AscendingFields:

stat_ID 1

stat_ID, AscendingFields:
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Properties
Date Created: 1/29/97 1:40:02 PM Def. Updatable: True

Last Updated: 3/12/97 1:12:01 PM RecordCount: 33

Columns

Name Type Size

strm_flow_cntr Number (Long) 4

sub_basin_ID Number (Double) 8

Secondary Basin Text 255

Hydrometric Station Text 255

General Location Text 255

lowest point Text 255

ID Number Text 255

min Number (Double) 8

max Number (Double) 8

annual Number (Double) 8

unit_ID Number (Double) 8

first record Number (Double) 8

last record Number (Double) 8

Relationships

Reference19

Table - Fraser River Sub-Basins Table - Stream Flow Data

∞1sub_basin_ID sub_basin_ID

Attributes: Enforced

Attributes: One-To-Many

Reference20

Table - Units Table - Stream Flow Data

∞1unit_ID unit_ID

Attributes: Enforced

Attributes: One-To-Many

Table Indexes

Name Number of Fields

PrimaryKey 1

strm_flow_cntr, AscendingFields:

Reference19 1

sub_basin_ID, AscendingFields:

Reference20 1
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unit_ID, AscendingFields:
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Properties
Date Created: 3/12/97 3:25:12 PM Def. Updatable: True

Last Updated: 3/12/97 3:38:35 PM RecordCount: 83

Columns

Name Type Size

surf_wtr_cntr Number (Long) 4

sub_bas_ID Number (Double) 8

ems_ID Number (Double) 8

par_ID Number (Double) 8

value Number (Double) 8

Relationships

Reference21

Table - Fraser River Sub-Basins Table - Surface Water Chemistry

∞1sub_basin_ID sub_bas_ID

Attributes: Enforced

Attributes: One-To-Many

Reference22

Table - Surface Water Stations Table - Surface Water Chemistry

∞1ems_ID ems_ID

Attributes: Enforced

Attributes: One-To-Many

Reference23

Table - Leachate Parameters Table - Surface Water Chemistry

∞1par_ID par_ID

Attributes: Enforced

Attributes: One-To-Many

Table Indexes

Name Number of Fields

PrimaryKey 1

surf_wtr_cntr, AscendingFields:

Reference21 1
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sub_bas_ID, AscendingFields:

Reference22 1

ems_ID, AscendingFields:

Reference23 1

par_ID, AscendingFields:
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Properties
Date Created: 3/12/97 3:25:00 PM Def. Updatable: True

Last Updated: 3/12/97 3:27:01 PM RecordCount: 9

Columns

Name Type Size

ems_ID Number (Double) 8

EMS Reference Text 255

Relationships

Reference22

Table - Surface Water Stations Table - Surface Water Chemistry

∞1ems_ID ems_ID

Attributes: Enforced

Attributes: One-To-Many

Table Indexes

Name Number of Fields

ems_ID 1

ems_ID, AscendingFields:

PrimaryKey 1

ems_ID, AscendingFields:
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Properties
Date Created: 12/5/96 9:43:04 AM Def. Updatable: True

Last Updated: 3/7/97 8:29:27 PM RecordCount: 25

Columns

Name Type Size

unit_ID Number (Double) 8

Capacity Units Text 255

Original Capacity Units Text 255

Relationships

Reference13

Table - Units Table - Leachate Parameters

∞1unit_ID unit_ID

Attributes: Enforced

Attributes: One-To-Many

Reference20

Table - Units Table - Stream Flow Data

∞1unit_ID unit_ID

Attributes: Enforced

Attributes: One-To-Many

Table Indexes

Name Number of Fields

PrimaryKey 1

unit_ID, AscendingFields:

unit_ID 1

unit_ID, AscendingFields:
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SQL
SELECT DISTINCTROW [Table - Landfill Permit Numbers].Permit, [Table - Landfill Permit Numbers].[File #], 
[Table - Leachate Parameters].abbrev AS Parameter, [Table - Leachate Chemistry].value, [Table - 
Units].[Capacity Units]
FROM ([Table - Leachate Study Parameters] INNER JOIN ([Table - Units] INNER JOIN ([Table - Statistical 
Functions] INNER JOIN ([Table - Leachate Parameters] INNER JOIN ([Table - Landfill Category] INNER JOIN 
[Table - Leachate Chemistry] ON [Table - Landfill Category].type_ID = [Table - Leachate Chemistry].type_ID) ON 
[Table - Leachate Parameters].par_ID = [Table - Leachate Chemistry].par_ID) ON [Table - Statistical 
Functions].stat_ID = [Table - Leachate Chemistry].stat_ID) ON [Table - Units].unit_ID = [Table - Leachate 
Parameters].unit_ID) ON [Table - Leachate Study Parameters].pr_incl_ID = [Table - Leachate 
Parameters].pr_incl_ID) INNER JOIN ([Table - Fraser River Basin] INNER JOIN ([Table - MapInfo Plotted 
Landfills] INNER JOIN ([Table - Landfill Permit Numbers] INNER JOIN [Table - LANDFILL LISTING] ON [Table - 
Landfill Permit Numbers].file_ID = [Table - LANDFILL LISTING].file_ID) ON [Table - MapInfo Plotted 
Landfills].mapinfo_ID = [Table - LANDFILL LISTING].mapinfo_ID) ON [Table - Fraser River Basin].fr_bas_ID = 
[Table - LANDFILL LISTING].fr_bas_ID) ON [Table - Landfill Category].type_ID = [Table - LANDFILL 
LISTING].type_ID
WHERE (([Table - Statistical Functions].stat_ID=4) AND ([Table - Landfill Category].type_ID=14 Or [Table - 
Landfill Category].type_ID=15) AND ([Table - Leachate Parameters].pr_incl_ID=1) AND ([Table - MapInfo 
Plotted Landfills].mapinfo_ID=1) AND ([Table - Fraser River Basin].fr_bas_ID=1))
ORDER BY [Table - Landfill Permit Numbers].Permit, [Table - Leachate Parameters].parameter;

Properties
Date Created: 9/10/97 12:51:29 PM Def. Updatable: True

Last Updated: 9/19/97 11:20:49 AM MaxRecords: 0

ODBCTimeout: 60 Record Locks: No Locks

Records Affected: 0 ReturnsRecords: True

Type: Select

Columns

Name Type Size

Permit Number (Double) 8

File # Text 255

Parameter Text 50

value Number (Double) 8

Capacity Units Text 255
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SQL
SELECT DISTINCTROW [Table - Landfill Permit Numbers].Permit, [Table - Landfill Permit Numbers].[File #], 
[Table - Fraser River Sub-Basins].sub_basin, [Query - Annacis Leachate].Parameter, [Query - Annacis 
Leachate]![value]*0.001*[Table - Annacis Island Leachate Flow]![Flow Rate]*86400 AS [Loadings (kg/day)]
FROM ([Query - Annacis Leachate] INNER JOIN ([Table - Annacis Island Leachate Flow] INNER JOIN [Table - 
Landfill Permit Numbers] ON [Table - Annacis Island Leachate Flow].Permit = [Table - Landfill Permit 
Numbers].Permit) ON [Query - Annacis Leachate].Permit = [Table - Landfill Permit Numbers].Permit) INNER 
JOIN ([Table - LANDFILL LISTING] LEFT JOIN [Table - Fraser River Sub-Basins] ON [Table - LANDFILL 
LISTING].sub_basin_ID = [Table - Fraser River Sub-Basins].sub_basin_ID) ON [Table - Landfill Permit 
Numbers].file_ID = [Table - LANDFILL LISTING].file_ID
ORDER BY [Table - Landfill Permit Numbers].Permit, [Query - Annacis Leachate].Parameter;

Properties
Date Created: 9/10/97 12:55:58 PM Def. Updatable: True

Last Updated: 9/10/97 1:02:41 PM MaxRecords: 0

ODBCTimeout: 60 Record Locks: No Locks

Records Affected: 0 ReturnsRecords: True

Type: Select

Columns

Name Type Size

Permit Number (Double) 8

File # Text 255

sub_basin Text 150

Parameter Text 50

Loadings (kg/day) Number (Double) 8
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SQL
TRANSFORM Avg([Query - Annacis Loadings].[Loadings (kg/day)]) AS [The Value]
SELECT [Query - Annacis Loadings].[File #], Avg([Query - Annacis Loadings].[Loadings (kg/day)]) AS [Row 
Summary]
FROM [Query - Annacis Loadings]
GROUP BY [Query - Annacis Loadings].[File #]
PIVOT [Query - Annacis Loadings].Parameter;

Properties
Date Created: 11/4/97 2:13:45 PM Def. Updatable: True

Last Updated: 11/4/97 2:14:55 PM MaxRecords: 0

ODBCTimeout: 60 Record Locks: No Locks

Records Affected: 0 ReturnsRecords: True

Type: Crosstab

Columns

Name Type Size

File # Text 255

Row Summary Number (Double) 8

Ammonia-N Number (Double) 8

Arsenic Number (Double) 8

BOD Number (Double) 8

Cadmium Number (Double) 8

Chromium Number (Double) 8

COD Number (Double) 8

Copper Number (Double) 8

Iron Number (Double) 8

Lead Number (Double) 8

Manganese Number (Double) 8

Selenium Number (Double) 8

Zinc Number (Double) 8
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SELECT DISTINCTROW [Table - Landfill Permit Numbers].Permit, [Table - Landfill Permit Numbers].[File #], 
[Table - Landfill Capacity]![capacity]*[Table - Landfill Water Budgets]![water_surplus]*0.000036212 AS [Flow 
Rate]
FROM [Table - Landfill Category] INNER JOIN ([Table - Fraser River Basin] INNER JOIN ([Table - Landfill 
Capacity] INNER JOIN ([Table - MapInfo Plotted Landfills] INNER JOIN ([Table - Landfill Permit Numbers] 
INNER JOIN (([Table - LANDFILL LISTING] LEFT JOIN [Table - Fraser River Sub-Basins] ON [Table - 
LANDFILL LISTING].sub_basin_ID = [Table - Fraser River Sub-Basins].sub_basin_ID) LEFT JOIN [Table - 
Landfill Water Budgets] ON [Table - LANDFILL LISTING].file_ID = [Table - Landfill Water Budgets].file_ID) ON 
[Table - Landfill Permit Numbers].file_ID = [Table - LANDFILL LISTING].file_ID) ON [Table - MapInfo Plotted 
Landfills].mapinfo_ID = [Table - LANDFILL LISTING].mapinfo_ID) ON [Table - Landfill Capacity].file_ID = 
[Table - LANDFILL LISTING].file_ID) ON [Table - Fraser River Basin].fr_bas_ID = [Table - LANDFILL 
LISTING].fr_bas_ID) ON [Table - Landfill Category].type_ID = [Table - LANDFILL LISTING].type_ID
WHERE (([Table - Fraser River Basin].fr_bas_ID=1) AND ([Table - LANDFILL LISTING].mapinfo_ID=1) AND 
([Table - Landfill Category].type_ID=11 Or [Table - Landfill Category].type_ID=12 Or [Table - Landfill 
Category].type_ID=13 Or [Table - Landfill Category].type_ID=14 Or [Table - Landfill Category].type_ID=15 Or 
[Table - Landfill Category].type_ID=18))
ORDER BY [Table - Landfill Permit Numbers].Permit;

Properties
Date Created: 3/7/97 8:56:49 PM Def. Updatable: True

Last Updated: 9/17/97 11:52:06 AM MaxRecords: 0

ODBCTimeout: 60 Record Locks: No Locks

Records Affected: 0 ReturnsRecords: True

Type: Select

Columns

Name Type Size

Permit Number (Double) 8

File # Text 255

Flow Rate Number (Double) 8
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SQL
SELECT DISTINCTROW [Table - Landfill Permit Numbers].file_ID, [Table - Landfill Permit Numbers].Permit, 
[Table - Landfill Permit Numbers].[File #], [Table - BC Environment Regions].[MOE Region], [Table - BC 
Environment Offices].[MOE Office], [Table - Regional Districts].[Regional District], [Table - Fraser River Sub-
Basins].sub_basin, [Table - Landfill Location].[General Location], [Table - Landfill Owner / Operators].[Owner / 
Operator], [Table - Landfill Category].Type, [Table - Landfill Capacity].capacity, [Table - Units].[Capacity Units], 
[Table - MapInfo Plotted Landfills].mapinfo
FROM [Table - Landfill Category] INNER JOIN ([Table - Landfill Owner / Operators] INNER JOIN ([Table - 
Landfill Location] INNER JOIN ([Table - Fraser River Basin] INNER JOIN ([Table - BC Environment Offices] 
INNER JOIN (([Table - Landfill Capacity] INNER JOIN [Table - Units] ON [Table - Landfill Capacity].unit_ID = 
[Table - Units].unit_ID) INNER JOIN ([Table - MapInfo Plotted Landfills] INNER JOIN ([Table - BC Environment 
Regions] INNER JOIN ([Table - Landfill Permit Numbers] INNER JOIN (([Table - Regional Districts] RIGHT JOIN 
[Table - LANDFILL LISTING] ON [Table - Regional Districts].reg_dist_ID = [Table - LANDFILL 
LISTING].reg_dist_ID) LEFT JOIN [Table - Fraser River Sub-Basins] ON [Table - LANDFILL 
LISTING].sub_basin_ID = [Table - Fraser River Sub-Basins].sub_basin_ID) ON [Table - Landfill Permit 
Numbers].file_ID = [Table - LANDFILL LISTING].file_ID) ON [Table - BC Environment Regions].region_ID = 
[Table - LANDFILL LISTING].region_ID) ON [Table - MapInfo Plotted Landfills].mapinfo_ID = [Table - LANDFILL 
LISTING].mapinfo_ID) ON [Table - Landfill Capacity].file_ID = [Table - LANDFILL LISTING].file_ID) ON [Table - 
BC Environment Offices].office_ID = [Table - LANDFILL LISTING].office_ID) ON [Table - Fraser River 
Basin].fr_bas_ID = [Table - LANDFILL LISTING].fr_bas_ID) ON [Table - Landfill Location].location_ID = [Table - 
LANDFILL LISTING].location_ID) ON [Table - Landfill Owner / Operators].client_ID = [Table - LANDFILL 
LISTING].client_ID) ON [Table - Landfill Category].type_ID = [Table - LANDFILL LISTING].type_ID
WHERE (([Table - Fraser River Basin].fr_bas_ID=1))
ORDER BY [Table - Landfill Permit Numbers].Permit, [Table - BC Environment Regions].region_ID, [Table - BC 
Environment Offices].office_ID, [Table - LANDFILL LISTING].file_ID;

Properties
Date Created: 2/21/97 10:14:55 AM Def. Updatable: True

Last Updated: 8/6/97 1:57:38 PM MaxRecords: 0

ODBCTimeout: 60 Record Locks: No Locks

Records Affected: 0 ReturnsRecords: True

Type: Select

Columns

Name Type Size

file_ID Number (Double) 8

Permit Number (Double) 8

File # Text 255

MOE Region Text 255

MOE Office Text 255

Regional District Text 255

sub_basin Text 150

General Location Text 255

Owner / Operator Text 255

Type Text 255

capacity Number (Double) 8

Capacity Units Text 255

mapinfo Text 50
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SQL
SELECT DISTINCTROW [Table - Landfill Permit Numbers].[File #], [Table - BC Environment Regions].[MOE 
Region], [Table - BC Environment Offices].[MOE Office], [Table - Regional Districts].[Regional District], [Table - 
Fraser River Sub-Basins].sub_basin, [Table - Landfill Location].[General Location], [Table - Landfill Owner / 
Operators].[Owner / Operator], [Table - Landfill Category].Type, [Table - Landfill Capacity].capacity, [Table - 
Units].[Capacity Units], [Table - MapInfo Plotted Landfills].mapinfo
FROM [Table - Landfill Category] INNER JOIN ([Table - Landfill Owner / Operators] INNER JOIN ([Table - 
Landfill Location] INNER JOIN ([Table - Fraser River Basin] INNER JOIN ([Table - BC Environment Offices] 
INNER JOIN (([Table - Landfill Capacity] INNER JOIN [Table - Units] ON [Table - Landfill Capacity].unit_ID = 
[Table - Units].unit_ID) INNER JOIN ([Table - MapInfo Plotted Landfills] INNER JOIN ([Table - BC Environment 
Regions] INNER JOIN ([Table - Landfill Permit Numbers] INNER JOIN (([Table - Regional Districts] RIGHT JOIN 
[Table - LANDFILL LISTING] ON [Table - Regional Districts].reg_dist_ID = [Table - LANDFILL 
LISTING].reg_dist_ID) LEFT JOIN [Table - Fraser River Sub-Basins] ON [Table - LANDFILL 
LISTING].sub_basin_ID = [Table - Fraser River Sub-Basins].sub_basin_ID) ON [Table - Landfill Permit 
Numbers].file_ID = [Table - LANDFILL LISTING].file_ID) ON [Table - BC Environment Regions].region_ID = 
[Table - LANDFILL LISTING].region_ID) ON [Table - MapInfo Plotted Landfills].mapinfo_ID = [Table - LANDFILL 
LISTING].mapinfo_ID) ON [Table - Landfill Capacity].file_ID = [Table - LANDFILL LISTING].file_ID) ON [Table - 
BC Environment Offices].office_ID = [Table - LANDFILL LISTING].office_ID) ON [Table - Fraser River 
Basin].fr_bas_ID = [Table - LANDFILL LISTING].fr_bas_ID) ON [Table - Landfill Location].location_ID = [Table - 
LANDFILL LISTING].location_ID) ON [Table - Landfill Owner / Operators].client_ID = [Table - LANDFILL 
LISTING].client_ID) ON [Table - Landfill Category].type_ID = [Table - LANDFILL LISTING].type_ID
WHERE (([Table - Fraser River Basin].fr_bas_ID=1) AND ([Table - MapInfo Plotted Landfills].mapinfo_ID=1))
ORDER BY [Table - Landfill Permit Numbers].Permit, [Table - BC Environment Regions].region_ID, [Table - BC 
Environment Offices].office_ID, [Table - LANDFILL LISTING].file_ID;

Properties
Date Created: 3/9/97 11:19:38 PM Def. Updatable: True

Last Updated: 9/9/97 3:16:18 PM MaxRecords: 0

ODBCTimeout: 60 Record Locks: No Locks

Records Affected: 0 ReturnsRecords: True

Type: Select

Columns

Name Type Size

File # Text 255

MOE Region Text 255

MOE Office Text 255

Regional District Text 255

sub_basin Text 150

General Location Text 255

Owner / Operator Text 255

Type Text 255

capacity Number (Double) 8

Capacity Units Text 255

mapinfo Text 50
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Name Type

Query Parameters

Text[Permit Number ?]

SQL
SELECT DISTINCTROW [Table - Landfill Permit Numbers].[File #], [Table - BC Environment Regions].[MOE 
Region], [Table - BC Environment Offices].[MOE Office], [Table - Regional Districts].[Regional District], [Table - 
Fraser River Sub-Basins].sub_basin, [Table - Landfill Location].[General Location], [Table - Landfill Owner / 
Operators].[Owner / Operator], [Table - Landfill Category].Type, [Table - Landfill Capacity].capacity, [Table - 
Units].[Capacity Units], [Table - Fraser River Basin].fraser_basin, [Table - MapInfo Plotted Landfills].mapinfo
FROM [Table - Landfill Category] INNER JOIN ([Table - Landfill Owner / Operators] INNER JOIN ([Table - 
Landfill Location] INNER JOIN ([Table - Fraser River Basin] INNER JOIN ([Table - BC Environment Offices] 
INNER JOIN (([Table - Landfill Capacity] INNER JOIN [Table - Units] ON [Table - Landfill Capacity].unit_ID = 
[Table - Units].unit_ID) INNER JOIN ([Table - MapInfo Plotted Landfills] INNER JOIN ([Table - BC Environment 
Regions] INNER JOIN ([Table - Landfill Permit Numbers] INNER JOIN (([Table - Regional Districts] RIGHT JOIN 
[Table - LANDFILL LISTING] ON [Table - Regional Districts].reg_dist_ID = [Table - LANDFILL 
LISTING].reg_dist_ID) LEFT JOIN [Table - Fraser River Sub-Basins] ON [Table - LANDFILL 
LISTING].sub_basin_ID = [Table - Fraser River Sub-Basins].sub_basin_ID) ON [Table - Landfill Permit 
Numbers].file_ID = [Table - LANDFILL LISTING].file_ID) ON [Table - BC Environment Regions].region_ID = 
[Table - LANDFILL LISTING].region_ID) ON [Table - MapInfo Plotted Landfills].mapinfo_ID = [Table - LANDFILL 
LISTING].mapinfo_ID) ON [Table - Landfill Capacity].file_ID = [Table - LANDFILL LISTING].file_ID) ON [Table - 
BC Environment Offices].office_ID = [Table - LANDFILL LISTING].office_ID) ON [Table - Fraser River 
Basin].fr_bas_ID = [Table - LANDFILL LISTING].fr_bas_ID) ON [Table - Landfill Location].location_ID = [Table - 
LANDFILL LISTING].location_ID) ON [Table - Landfill Owner / Operators].client_ID = [Table - LANDFILL 
LISTING].client_ID) ON [Table - Landfill Category].type_ID = [Table - LANDFILL LISTING].type_ID
WHERE (([Table - Landfill Permit Numbers].Permit=[Permit Number ?]));

Properties
Date Created: 8/6/97 11:40:14 PM Def. Updatable: True

Last Updated: 9/5/97 10:47:31 AM MaxRecords: 0

ODBCTimeout: 60 Record Locks: No Locks

Records Affected: 0 ReturnsRecords: True

Type: Select

Columns

Name Type Size

File # Text 255

MOE Region Text 255

MOE Office Text 255

Regional District Text 255

sub_basin Text 150

General Location Text 255

Owner / Operator Text 255

Type Text 255

capacity Number (Double) 8

Capacity Units Text 255

fraser_basin Text 50

mapinfo Text 50
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SQL
SELECT DISTINCTROW [Table - Landfill Permit Numbers].Permit, [Table - Landfill Permit Numbers].[File #], 
[Table - Leachate Parameters].abbrev AS Parameter, [Table - Leachate Chemistry].value, [Table - 
Units].[Capacity Units]
FROM ([Table - Leachate Study Parameters] INNER JOIN ([Table - Units] INNER JOIN ([Table - Statistical 
Functions] INNER JOIN ([Table - Leachate Parameters] INNER JOIN ([Table - Landfill Category] INNER JOIN 
[Table - Leachate Chemistry] ON [Table - Landfill Category].type_ID = [Table - Leachate Chemistry].type_ID) ON 
[Table - Leachate Parameters].par_ID = [Table - Leachate Chemistry].par_ID) ON [Table - Statistical 
Functions].stat_ID = [Table - Leachate Chemistry].stat_ID) ON [Table - Units].unit_ID = [Table - Leachate 
Parameters].unit_ID) ON [Table - Leachate Study Parameters].pr_incl_ID = [Table - Leachate 
Parameters].pr_incl_ID) INNER JOIN ([Table - Fraser River Basin] INNER JOIN ([Table - MapInfo Plotted 
Landfills] INNER JOIN ([Table - Landfill Permit Numbers] INNER JOIN [Table - LANDFILL LISTING] ON [Table - 
Landfill Permit Numbers].file_ID = [Table - LANDFILL LISTING].file_ID) ON [Table - MapInfo Plotted 
Landfills].mapinfo_ID = [Table - LANDFILL LISTING].mapinfo_ID) ON [Table - Fraser River Basin].fr_bas_ID = 
[Table - LANDFILL LISTING].fr_bas_ID) ON [Table - Landfill Category].type_ID = [Table - LANDFILL 
LISTING].type_ID
WHERE (([Table - Statistical Functions].stat_ID=4) AND ([Table - Landfill Category].type_ID=11 Or [Table - 
Landfill Category].type_ID=12 Or [Table - Landfill Category].type_ID=13 Or [Table - Landfill 
Category].type_ID=14 Or [Table - Landfill Category].type_ID=15 Or [Table - Landfill Category].type_ID=18) AND 
([Table - Leachate Parameters].pr_incl_ID=1) AND ([Table - MapInfo Plotted Landfills].mapinfo_ID=1) AND 
([Table - Fraser River Basin].fr_bas_ID=1))
ORDER BY [Table - Landfill Permit Numbers].Permit, [Table - Leachate Parameters].parameter;

Properties
Date Created: 2/21/97 10:59:08 AM Def. Updatable: True

Last Updated: 9/29/97 4:18:51 PM MaxRecords: 0

ODBCTimeout: 60 Record Locks: No Locks

Records Affected: 0 ReturnsRecords: True

Type: Select

Columns

Name Type Size

Permit Number (Double) 8

File # Text 255

Parameter Text 50

value Number (Double) 8

Capacity Units Text 255
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SQL
SELECT DISTINCTROW [Table - Landfill Permit Numbers].[File #], [Table - BC Environment Regions].[MOE 
Region], [Table - BC Environment Offices].[MOE Office], [Table - Regional Districts].[Regional District], [Table - 
Landfill Location].[General Location], [Table - Landfill Owner / Operators].[Owner / Operator], [Table - Landfill 
Category].Type, [Table - Landfill Permit Status].Status, [Table - Landfill Fee Status].Fee, [Table - Fraser River 
Sub-Basins].sub_basin, [Table - Fraser River Basin].fraser_basin, [Table - MapInfo Plotted Landfills].mapinfo
FROM [Table - Landfill Fee Status] INNER JOIN ([Table - Landfill Permit Status] INNER JOIN ([Table - Landfill 
Category] INNER JOIN ([Table - Landfill Owner / Operators] INNER JOIN ([Table - Landfill Location] INNER 
JOIN ([Table - Fraser River Basin] INNER JOIN ([Table - BC Environment Offices] INNER JOIN ([Table - 
MapInfo Plotted Landfills] INNER JOIN ([Table - BC Environment Regions] INNER JOIN ([Table - Landfill Permit 
Numbers] INNER JOIN (([Table - Regional Districts] RIGHT JOIN [Table - LANDFILL LISTING] ON [Table - 
Regional Districts].reg_dist_ID = [Table - LANDFILL LISTING].reg_dist_ID) LEFT JOIN [Table - Fraser River Sub-
Basins] ON [Table - LANDFILL LISTING].sub_basin_ID = [Table - Fraser River Sub-Basins].sub_basin_ID) ON 
[Table - Landfill Permit Numbers].file_ID = [Table - LANDFILL LISTING].file_ID) ON [Table - BC Environment 
Regions].region_ID = [Table - LANDFILL LISTING].region_ID) ON [Table - MapInfo Plotted Landfills].mapinfo_ID 
= [Table - LANDFILL LISTING].mapinfo_ID) ON [Table - BC Environment Offices].office_ID = [Table - 
LANDFILL LISTING].office_ID) ON [Table - Fraser River Basin].fr_bas_ID = [Table - LANDFILL 
LISTING].fr_bas_ID) ON [Table - Landfill Location].location_ID = [Table - LANDFILL LISTING].location_ID) ON 
[Table - Landfill Owner / Operators].client_ID = [Table - LANDFILL LISTING].client_ID) ON [Table - Landfill 
Category].type_ID = [Table - LANDFILL LISTING].type_ID) ON [Table - Landfill Permit Status].status_ID = 
[Table - LANDFILL LISTING].status_ID) ON [Table - Landfill Fee Status].fee_ID = [Table - LANDFILL 
LISTING].fee_ID
ORDER BY [Table - Landfill Permit Numbers].Permit;

Properties
Date Created: 8/12/97 4:21:59 PM Def. Updatable: True

Last Updated: 9/10/97 12:50:08 PM MaxRecords: 0

ODBCTimeout: 60 Record Locks: No Locks

Records Affected: 0 ReturnsRecords: True

Type: Select

Columns

Name Type Size

File # Text 255

MOE Region Text 255

MOE Office Text 255

Regional District Text 255

General Location Text 255

Owner / Operator Text 255

Type Text 255

Status Text 255

Fee Text 255

sub_basin Text 150

fraser_basin Text 50

mapinfo Text 50
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SQL
SELECT DISTINCTROW [Table - Landfill Permit Numbers].Permit, [Table - Landfill Permit Numbers].[File #], 
[Table - Fraser River Sub-Basins].sub_basin, [Query - Landfill Leachate].Parameter, [Query - Landfill 
Leachate]![value]*0.001*[Query - Flow Rates]![Flow Rate]*86400 AS [Loadings (kg/day)]
FROM ([Query - Landfill Leachate] INNER JOIN ([Query - Flow Rates] INNER JOIN [Table - Landfill Permit 
Numbers] ON [Query - Flow Rates].Permit = [Table - Landfill Permit Numbers].Permit) ON [Query - Landfill 
Leachate].Permit = [Table - Landfill Permit Numbers].Permit) INNER JOIN ([Table - LANDFILL LISTING] LEFT 
JOIN [Table - Fraser River Sub-Basins] ON [Table - LANDFILL LISTING].sub_basin_ID = [Table - Fraser River 
Sub-Basins].sub_basin_ID) ON [Table - Landfill Permit Numbers].file_ID = [Table - LANDFILL LISTING].file_ID
ORDER BY [Table - Landfill Permit Numbers].Permit, [Query - Landfill Leachate].Parameter;

Properties
Date Created: 3/7/97 9:14:01 PM Def. Updatable: True

Last Updated: 9/10/97 10:34:36 AM MaxRecords: 0

ODBCTimeout: 60 Record Locks: No Locks

Records Affected: 0 ReturnsRecords: True

Type: Select

Columns

Name Type Size

Permit Number (Double) 8

File # Text 255

sub_basin Text 150

Parameter Text 50

Loadings (kg/day) Number (Double) 8
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SQL
TRANSFORM Avg([Query - Loadings].[Loadings (kg/day)]) AS [The Value]
SELECT [Query - Loadings].sub_basin, [Query - Loadings].Permit, [Query - Loadings].[File #]
FROM [Query - Loadings]
GROUP BY [Query - Loadings].sub_basin, [Query - Loadings].Permit, [Query - Loadings].[File #]
PIVOT [Query - Loadings].Parameter;

Properties
Date Created: 3/7/97 9:27:33 PM Def. Updatable: True

Last Updated: 12/2/97 11:28:30 PM MaxRecords: 0

ODBCTimeout: 60 Record Locks: No Locks

Records Affected: 0 ReturnsRecords: True

Type: Crosstab

Columns

Name Type Size

sub_basin Text 150

Permit Number (Double) 8

File # Text 255

Ammonia-N Number (Double) 8

Arsenic Number (Double) 8

BOD Number (Double) 8

Cadmium Number (Double) 8

Chromium Number (Double) 8

COD Number (Double) 8

Copper Number (Double) 8

Iron Number (Double) 8

Lead Number (Double) 8

Manganese Number (Double) 8

Selenium Number (Double) 8

Zinc Number (Double) 8
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SQL
SELECT DISTINCTROW [Table - Landfill Category].Type, [Table - Leachate Parameters].abbrev, [Table - 
Leachate Chemistry].value
FROM ([Table - Leachate Study Parameters] INNER JOIN ([Table - Statistical Functions] INNER JOIN ([Table - 
Leachate Parameters] INNER JOIN ([Table - Landfill Category] INNER JOIN [Table - Leachate Chemistry] ON 
[Table - Landfill Category].type_ID = [Table - Leachate Chemistry].type_ID) ON [Table - Leachate 
Parameters].par_ID = [Table - Leachate Chemistry].par_ID) ON [Table - Statistical Functions].stat_ID = [Table - 
Leachate Chemistry].stat_ID) ON [Table - Leachate Study Parameters].pr_incl_ID = [Table - Leachate 
Parameters].pr_incl_ID) INNER JOIN ([Table - Landfill Permit Numbers] INNER JOIN [Table - LANDFILL 
LISTING] ON [Table - Landfill Permit Numbers].file_ID = [Table - LANDFILL LISTING].file_ID) ON [Table - 
Landfill Category].type_ID = [Table - LANDFILL LISTING].type_ID
WHERE (([Table - Leachate Chemistry].type_ID=21) AND ([Table - Statistical Functions].stat_ID=4))
ORDER BY [Table - Leachate Parameters].abbrev;

Properties
Date Created: 9/30/97 1:31:46 PM Def. Updatable: True

Last Updated: 9/30/97 1:32:16 PM MaxRecords: 0

ODBCTimeout: 60 Record Locks: No Locks

Records Affected: 0 ReturnsRecords: True

Type: Select

Columns

Name Type Size

Type Text 255

abbrev Text 50

value Number (Double) 8
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SELECT DISTINCTROW [Table - Landfill Permit Numbers].Permit, [Table - Landfill Permit Numbers].[File #], 
[Table - Landfill Capacity]![capacity]*[Table - Landfill Water Budgets]![water_surplus]*0.0000360119 AS [Flow 
Rate]
FROM [Table - Landfill Category] INNER JOIN ([Table - Fraser River Basin] INNER JOIN ([Table - Landfill 
Capacity] INNER JOIN ([Table - MapInfo Plotted Landfills] INNER JOIN ([Table - Landfill Permit Numbers] 
INNER JOIN (([Table - LANDFILL LISTING] LEFT JOIN [Table - Fraser River Sub-Basins] ON [Table - 
LANDFILL LISTING].sub_basin_ID = [Table - Fraser River Sub-Basins].sub_basin_ID) LEFT JOIN [Table - 
Landfill Water Budgets] ON [Table - LANDFILL LISTING].file_ID = [Table - Landfill Water Budgets].file_ID) ON 
[Table - Landfill Permit Numbers].file_ID = [Table - LANDFILL LISTING].file_ID) ON [Table - MapInfo Plotted 
Landfills].mapinfo_ID = [Table - LANDFILL LISTING].mapinfo_ID) ON [Table - Landfill Capacity].file_ID = 
[Table - LANDFILL LISTING].file_ID) ON [Table - Fraser River Basin].fr_bas_ID = [Table - LANDFILL 
LISTING].fr_bas_ID) ON [Table - Landfill Category].type_ID = [Table - LANDFILL LISTING].type_ID
WHERE (([Table - Fraser River Basin].fr_bas_ID=1) AND ([Table - LANDFILL LISTING].mapinfo_ID=1) AND 
([Table - Landfill Category].type_ID=21))
ORDER BY [Table - Landfill Permit Numbers].Permit;

Properties
Date Created: 9/10/97 11:25:43 AM Def. Updatable: True

Last Updated: 9/10/97 11:25:54 AM MaxRecords: 0

ODBCTimeout: 60 Record Locks: No Locks

Records Affected: 0 ReturnsRecords: True

Type: Select

Columns

Name Type Size

Permit Number (Double) 8

File # Text 255

Flow Rate Number (Double) 8
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SELECT DISTINCTROW [Table - Landfill Permit Numbers].Permit, [Table - Landfill Permit Numbers].[File #], 
[Table - Leachate Parameters].abbrev AS Parameter, [Table - Leachate Chemistry].value, [Table - 
Units].[Capacity Units]
FROM ([Table - Leachate Study Parameters] INNER JOIN ([Table - Units] INNER JOIN ([Table - Statistical 
Functions] INNER JOIN ([Table - Leachate Parameters] INNER JOIN ([Table - Landfill Category] INNER JOIN 
[Table - Leachate Chemistry] ON [Table - Landfill Category].type_ID = [Table - Leachate Chemistry].type_ID) ON 
[Table - Leachate Parameters].par_ID = [Table - Leachate Chemistry].par_ID) ON [Table - Statistical 
Functions].stat_ID = [Table - Leachate Chemistry].stat_ID) ON [Table - Units].unit_ID = [Table - Leachate 
Parameters].unit_ID) ON [Table - Leachate Study Parameters].pr_incl_ID = [Table - Leachate 
Parameters].pr_incl_ID) INNER JOIN ([Table - Fraser River Basin] INNER JOIN ([Table - MapInfo Plotted 
Landfills] INNER JOIN ([Table - Landfill Permit Numbers] INNER JOIN [Table - LANDFILL LISTING] ON [Table - 
Landfill Permit Numbers].file_ID = [Table - LANDFILL LISTING].file_ID) ON [Table - MapInfo Plotted 
Landfills].mapinfo_ID = [Table - LANDFILL LISTING].mapinfo_ID) ON [Table - Fraser River Basin].fr_bas_ID = 
[Table - LANDFILL LISTING].fr_bas_ID) ON [Table - Landfill Category].type_ID = [Table - LANDFILL 
LISTING].type_ID
WHERE (([Table - Statistical Functions].stat_ID=4) AND ([Table - Landfill Category].type_ID=21) AND ([Table - 
Leachate Parameters].pr_incl_ID=1) AND ([Table - MapInfo Plotted Landfills].mapinfo_ID=1) AND ([Table - 
Fraser River Basin].fr_bas_ID=1))
ORDER BY [Table - Landfill Permit Numbers].Permit, [Table - Leachate Parameters].parameter;

Properties
Date Created: 9/10/97 10:40:31 AM Def. Updatable: True

Last Updated: 9/10/97 11:17:47 AM MaxRecords: 0

ODBCTimeout: 60 Record Locks: No Locks

Records Affected: 0 ReturnsRecords: True

Type: Select

Columns

Name Type Size

Permit Number (Double) 8

File # Text 255

Parameter Text 50

value Number (Double) 8

Capacity Units Text 255
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SELECT DISTINCTROW [Table - Landfill Permit Numbers].Permit, [Table - Landfill Permit Numbers].[File #], 
[Table - Fraser River Sub-Basins].sub_basin, [Query - Pulp Mill Leachate].Parameter, [Query - Pulp Mill 
Leachate]![value]*0.001*[Query - Pulp Mill Flow Rates]![Flow Rate]*86400 AS [Loadings (kg/day)]
FROM ([Query - Pulp Mill Flow Rates] INNER JOIN ([Query - Pulp Mill Leachate] INNER JOIN [Table - Landfill 
Permit Numbers] ON [Query - Pulp Mill Leachate].Permit = [Table - Landfill Permit Numbers].Permit) ON 
[Query - Pulp Mill Flow Rates].Permit = [Table - Landfill Permit Numbers].Permit) INNER JOIN ([Table - 
LANDFILL LISTING] LEFT JOIN [Table - Fraser River Sub-Basins] ON [Table - LANDFILL 
LISTING].sub_basin_ID = [Table - Fraser River Sub-Basins].sub_basin_ID) ON [Table - Landfill Permit 
Numbers].file_ID = [Table - LANDFILL LISTING].file_ID
ORDER BY [Table - Landfill Permit Numbers].Permit, [Query - Pulp Mill Leachate].Parameter;

Properties
Date Created: 9/10/97 11:18:30 AM Def. Updatable: True

Last Updated: 9/10/97 12:42:58 PM MaxRecords: 0

ODBCTimeout: 60 Record Locks: No Locks

Records Affected: 0 ReturnsRecords: True

Type: Select

Columns

Name Type Size

Permit Number (Double) 8

File # Text 255

sub_basin Text 150

Parameter Text 50

Loadings (kg/day) Number (Double) 8
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TRANSFORM Avg([Query - Pulp Mill Loadings].[Loadings (kg/day)]) AS [The Value]
SELECT [Query - Pulp Mill Loadings].[File #]
FROM [Query - Pulp Mill Loadings]
GROUP BY [Query - Pulp Mill Loadings].[File #]
PIVOT [Query - Pulp Mill Loadings].Parameter;

Properties
Date Created: 9/17/97 10:27:32 PM Def. Updatable: True

Last Updated: 9/29/97 4:01:17 PM MaxRecords: 0

ODBCTimeout: 60 Record Locks: No Locks

Records Affected: 0 ReturnsRecords: True

Type: Crosstab

Columns

Name Type Size

File # Text 255

Ammonia-N Number (Double) 8

Arsenic Number (Double) 8

BOD Number (Double) 8

Cadmium Number (Double) 8

Chromium Number (Double) 8

COD Number (Double) 8

Copper Number (Double) 8

Iron Number (Double) 8

Lead Number (Double) 8

Manganese Number (Double) 8

Selenium Number (Double) 8

Zinc Number (Double) 8



C:\FRAP\97-19\96741.MDB Friday, June 19, 1998
Page: 18Query: Query - Pulp Mills
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SELECT DISTINCTROW [Table - Landfill Permit Numbers].[File #], [Table - BC Environment Offices].[MOE 
Office], [Table - Landfill Owner / Operators].[Owner / Operator], [Table - Landfill Capacity].capacity, [Table - 
Fraser River Basin].fraser_basin, [Table - MapInfo Plotted Landfills].mapinfo
FROM [Table - Landfill Category] INNER JOIN ([Table - Landfill Owner / Operators] INNER JOIN ([Table - 
Landfill Location] INNER JOIN ([Table - Fraser River Basin] INNER JOIN ([Table - BC Environment Offices] 
INNER JOIN ([Table - MapInfo Plotted Landfills] INNER JOIN (([Table - Landfill Capacity] INNER JOIN [Table - 
Landfill Permit Numbers] ON [Table - Landfill Capacity].file_ID = [Table - Landfill Permit Numbers].file_ID) 
INNER JOIN [Table - LANDFILL LISTING] ON ([Table - Landfill Capacity].file_ID = [Table - LANDFILL 
LISTING].file_ID) AND ([Table - Landfill Permit Numbers].file_ID = [Table - LANDFILL LISTING].file_ID)) ON 
[Table - MapInfo Plotted Landfills].mapinfo_ID = [Table - LANDFILL LISTING].mapinfo_ID) ON [Table - BC 
Environment Offices].office_ID = [Table - LANDFILL LISTING].office_ID) ON [Table - Fraser River 
Basin].fr_bas_ID = [Table - LANDFILL LISTING].fr_bas_ID) ON [Table - Landfill Location].location_ID = [Table - 
LANDFILL LISTING].location_ID) ON [Table - Landfill Owner / Operators].client_ID = [Table - LANDFILL 
LISTING].client_ID) ON [Table - Landfill Category].type_ID = [Table - LANDFILL LISTING].type_ID
WHERE (([Table - Landfill Category].type_ID=21))
ORDER BY [Table - Fraser River Basin].fr_bas_ID, [Table - BC Environment Offices].office_ID, [Table - Landfill 
Permit Numbers].Permit;

Properties
Date Created: 9/5/97 12:04:56 PM Def. Updatable: True

Last Updated: 11/4/97 2:15:44 PM MaxRecords: 0

ODBCTimeout: 60 Record Locks: No Locks

Records Affected: 0 ReturnsRecords: True

Type: Select

Columns

Name Type Size

File # Text 255

MOE Office Text 255

Owner / Operator Text 255

capacity Number (Double) 8

fraser_basin Text 50

mapinfo Text 50
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TRANSFORM Sum([Query - Loadings].[Loadings (kg/day)]) AS [The Value]
SELECT [Query - Loadings].sub_basin, Sum([Query - Loadings].[Loadings (kg/day)]) AS [Row Summary]
FROM [Query - Loadings]
GROUP BY [Query - Loadings].sub_basin
PIVOT [Query - Loadings].Parameter;

Properties
Date Created: 3/10/97 11:53:09 AM Def. Updatable: True

Last Updated: 9/10/97 10:27:36 AM MaxRecords: 0

ODBCTimeout: 60 Record Locks: No Locks

Records Affected: 0 ReturnsRecords: True

Type: Crosstab

Columns

Name Type Size

sub_basin Text 150

Row Summary Number (Double) 8

Ammonia-N Number (Double) 8

Arsenic Number (Double) 8

BOD Number (Double) 8

Cadmium Number (Double) 8

Chromium Number (Double) 8

COD Number (Double) 8

Copper Number (Double) 8

Iron Number (Double) 8

Lead Number (Double) 8

Manganese Number (Double) 8

Selenium Number (Double) 8

Zinc Number (Double) 8
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SELECT DISTINCTROW [Table - Fraser River Sub-Basins].sub_basin_ID, [Table - Fraser River Sub-
Basins].sub_basin, [Table - Stream Flow Data].annual AS [Annual Flow (m3/s)], [Table - Units].[Capacity Units] 
AS Units
FROM [Table - Units] INNER JOIN ([Table - Fraser River Sub-Basins] INNER JOIN [Table - Stream Flow Data] 
ON [Table - Fraser River Sub-Basins].sub_basin_ID = [Table - Stream Flow Data].sub_basin_ID) ON [Table - 
Units].unit_ID = [Table - Stream Flow Data].unit_ID
WHERE (([Table - Stream Flow Data].[lowest point]="yes"))
ORDER BY [Table - Fraser River Sub-Basins].sub_basin_ID;

Properties
Date Created: 3/8/97 5:45:07 PM Def. Updatable: True

Last Updated: 3/12/97 3:58:11 PM MaxRecords: 0

ODBCTimeout: 60 Record Locks: No Locks

Records Affected: 0 ReturnsRecords: True

Type: Select

Columns

Name Type Size

sub_basin_ID Number (Double) 8

sub_basin Text 150

Annual Flow (m3/s) Number (Double) 8

Units Text 255
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SELECT DISTINCTROW [Table - Fraser River Sub-Basins].sub_basin, [Table - Leachate Parameters].abbrev, 
[Table - Surface Water Chemistry]![value]*0.001*[Query - Sub Basins Stream Flow]![Annual Flow (m3/s)]*86400 
AS [SW loadings (kg/day)]
FROM [Table - Leachate Parameters] INNER JOIN ([Table - Surface Water Stations] INNER JOIN ((([Table - 
Fraser River Sub-Basins] INNER JOIN [Query - Sub Basins Stream Flow] ON [Table - Fraser River Sub-
Basins].sub_basin_ID = [Query - Sub Basins Stream Flow].sub_basin_ID) INNER JOIN [Table - Stream Flow 
Data] ON [Table - Fraser River Sub-Basins].sub_basin_ID = [Table - Stream Flow Data].sub_basin_ID) INNER 
JOIN [Table - Surface Water Chemistry] ON [Table - Fraser River Sub-Basins].sub_basin_ID = [Table - Surface 
Water Chemistry].sub_bas_ID) ON [Table - Surface Water Stations].ems_ID = [Table - Surface Water 
Chemistry].ems_ID) ON [Table - Leachate Parameters].par_ID = [Table - Surface Water Chemistry].par_ID;

Properties
Date Created: 3/12/97 3:52:31 PM Def. Updatable: True

Last Updated: 3/14/97 9:56:33 AM MaxRecords: 0

ODBCTimeout: 60 Record Locks: No Locks

Records Affected: 0 ReturnsRecords: True

Type: Select

Columns

Name Type Size

sub_basin Text 150

abbrev Text 50

SW loadings (kg/day) Number (Double) 8
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TRANSFORM Avg([Query - Surface Water Loadings].[SW loadings (kg/day)]) AS [The Value]
SELECT [Query - Surface Water Loadings].sub_basin
FROM [Query - Surface Water Loadings]
GROUP BY [Query - Surface Water Loadings].sub_basin
PIVOT [Query - Surface Water Loadings].abbrev;

Properties
Date Created: 3/14/97 9:48:31 AM Def. Updatable: True

Last Updated: 9/10/97 10:50:48 AM MaxRecords: 0

ODBCTimeout: 60 Record Locks: No Locks

Records Affected: 0 ReturnsRecords: True

Type: Crosstab

Columns

Name Type Size

sub_basin Text 150

Ammonia-N Number (Double) 8

Arsenic Number (Double) 8

BOD Number (Double) 8

Cadmium Number (Double) 8

Chromium Number (Double) 8

COD Number (Double) 8

Copper Number (Double) 8

Iron Number (Double) 8

Lead Number (Double) 8

Manganese Number (Double) 8

Selenium Number (Double) 8

Zinc Number (Double) 8
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Mapinfo Plotted Landfill Inventory
Listed by Fraser River Sub-Basin

Sub-Basin Permit # MOE Office Type General Location Owner / Operator Capacity
Bridge-Seton PR-4253(4) Kamloops Small Municipal Lillooet Lillooet Village Of 3
Bridge-Seton PR-5042(3) Kamloops Small Municipal Lillooet Squamish-Lillooet Regional District 6
Bridge-Seton PR-6803(1) Kamloops Small Municipal Devine Squamish-Lillooet Regional District 4
Bridge-Seton PR-7423(1) Kamloops Small Municipal Goldbridge Squamish-Lillooet Regional District 0.6
Bridge-Seton NP-30005 N/A First Nations Seton Lake, Slosh Indian Reserve #1 Seton Lake Indian Band 0.7
Bridge-Seton NP-30013 N/A First Nations Bridge River Indian Reserve #1, north of Lillooet Bridge River Indian Band 0.3
Bridge-Seton NP-30014 N/A First Nations Nequatque Indian Reserve #1, Anderson Lake Indian Band 0.3
Chilcotin PR-4536(1) Williams Lake Small Municipal Chilanko Forks Cariboo Regional District 2
Chilcotin PR-6922(1) Williams Lake Small Municipal Nemaiah Valley Cariboo Regional District 2.3
Chilcotin PR-7200(1) Williams Lake Small Municipal Tatla Lake Cariboo Regional District 1.9
Chilcotin PR-20000(1) Williams Lake Small Municipal Punzi Lake Cariboo Regional District 1.1
Chilcotin NP-31013 Williams Lake Small Municipal Chilko Lake Municipal Landfill Unknown 1
Chilcotin PR-6821(1) Williams Lake Medium Municipal Alexis Creek Cariboo Regional District 23
Chilcotin PR-8578(1) Williams Lake Logging Hanceville-Near Sigurdson Brothers Logging Company Limited 0.1
Chilcotin NP-30023 N/A First Nations Anahim's Flat Indian Reserve #1 Anahim Indian Band 1.2
Chilcotin NP-30027 N/A First Nations Redstone Flat Indian Reserve #1 Alexis Creek Indian Band 0.5
Chilcotin NP-30036 N/A First Nations Chilko Lake Indian Reserve #1A, Nemaiah Valley Nemaiah Valley Indian Band 0.5
Chilcotin NP-30037 N/A First Nations Lohbiee Indian Reserve #3 Nemaiah Valley Indian Band 0.5
Lillooet PR-7272(5) Surrey Small Municipal Pemberton, 10 Km South Of Squamish-Lillooet Regional District 5.3
Lillooet NP-30003 N/A First Nations Skookumchuk Skookumchuk Indian Band 0.2
Lillooet NP-30004 N/A First Nations Mount Currie, Pemberton Indian Reserve #6 Pemberton Indian Band 0.3
Lower Fraser PR-3417(2) Surrey Sawmills/ Wood Manufacture Coquitlam Stella-Jones Incorporated 264
Lower Fraser NP-31005 Surrey Sawmills/ Wood Manufacture Delta Shake and Shingle Landfill Unknown 0
Lower Fraser PR-5936(2) Surrey Pulp Mills Burnaby-Wiggins Street Crown Packaging Limited 484
Lower Fraser PR-1611(1) Surrey Municipal - Primary Delta, Burns Bog City Of Vancouver 1230
Lower Fraser PR-1686(1) Surrey Municipal - Primary Surrey, Port Mann Bridge Surrey, The Corporation Of The District Of 500
Lower Fraser PR-1710(1) Surrey Municipal - Primary Maple Ridge, Cottonwood Drive, Landfill Corporation Of The District Of Maple Ridge 1
Lower Fraser PR-1898(1) Surrey Municipal - Primary Langley, 44 Avenue & 206 Street Langley, The Corporation Of The City Of 500
Lower Fraser NP-4385(1) Surrey Municipal - Primary Braid Street, Coquitlam, south of Hwy 1 Greater Vancouver Regional District 408
Lower Fraser NP-31014 Surrey Municipal - Primary Kerr Road and 64th Ave., City of Vancouver City Of Vancouver 300
Lower Fraser PR-2086(2) Surrey Miscellanious Industry Richmond-Mitchell Road Western Steel Limited 0
Lower Fraser PR-2351(1) Surrey Miscellanious Industry Port Coquitlam, 1651 Kingsway Avenue Kennametal Incorporated 2
Lower Fraser PR-3141(1) Surrey Miscellanious Industry Coquitlam - North Road Crane Canada Incorporated 27
Lower Fraser PR-4409(1) Surrey Miscellanious Industry Richmond-No. 9 Road Lafarge Canada Incorporated 1400
Lower Fraser PR-4468(1) Surrey Miscellanious Industry Delta-River Road Vito Steel Boat And Barge Construction Limited 40
Lower Fraser NP-31000 Surrey Miscellanious Industry M.R. Lidskey Landfill Unknown 0
Lower Fraser NP-31002 Surrey Miscellanious Industry ESCO Foundry Sands Unknown 0
Lower Fraser NP-31006 Surrey Miscellanious Industry Oaklands Site 21 Landfill Unknown 0

Capacity is expressed in Tonnes / Day. 1 of 6
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Sub-Basin Permit # MOE Office Type General Location Owner / Operator Capacity
Bridge-Seton PR-4253(4) Kamloops Small Municipal Lillooet Lillooet Village Of 3Lower Fraser PR-1504(1) Surrey Medium Municipal Matsqui Matsqui, The Corporation Of The District Of 45
Lower Fraser PR-1822(2) Surrey Medium Municipal Chilliwack-Matheson Road Chilliwack, District Of 96
Lower Fraser PR-3955(1) Surrey Medium Municipal Abbotsford Matsqui, The Corporation Of The District Of 12
Lower Fraser PR-7232(2) Surrey Medium Municipal Abbotsford And Matsqui Matsqui, The Corporation Of The District Of 150
Lower Fraser PR-8090(2) Surrey Medium Municipal Matsqui-Valley Road Matsqui, The Corporation Of The District Of 14
Lower Fraser PR-8203(1) Surrey Medium Municipal Chilliwack District Of Chilliwack 80
Lower Fraser PR-5443(1) Surrey Large Municipal Burnaby Burnaby, City Of 1
Lower Fraser PR-7276(3) Surrey Large Municipal Burnaby, Stride Vaenue and Marine Way Burnaby, The Corporation Of The District Of 110
Lower Fraser PR-11727(1) Surrey Large Municipal Matsqui Transfer Station Greater Vancouver Regional District 1
Lower Fraser NP-31015 Surrey Large Municipal Terra Nova, Coquitlam, south of Hwy 1 Ven Dev Enterprises Limited 270
Lower Fraser PR-5904(2) Surrey Government Industrial Waste Richmond, Iona Island Vancouver Sewerage And Drainage District 610
Lower Fraser PR-6277(2) Surrey Government Industrial Waste Richmond Landfill (Frhc Site) Fraser River Harbour Commission 0
Lower Fraser NP-31001 Surrey Government Industrial Waste GVRD Coquitlam Landfill Sludge Use Greater Vancouver Regional District 0
Lower Fraser NP-30000 N/A First Nations Laidlaw Omahill Indian Band 0.1
Lower Fraser NP-30001 N/A First Nations Seabird Island, Kent Seabird Island Indian Band 1.3
Lower Fraser PR-4922(8) Surrey DLC/Contractors Richmond, 15111 Williams Road Ecowaste Industries Limited 350
Lower Fraser PR-5135(1) Surrey DLC/Contractors Delta-River Road White, C. And I. 4
Lower Fraser PR-5358(3) Surrey DLC/Contractors Delta, 9184 River Road Buckingham Development Corporation 57
Lower Fraser PR-7707(1) Surrey DLC/Contractors Delta-River Road Alpha Manufacturing Incorporated 80
Lower Fraser PR-7709(2) Surrey DLC/Contractors Delta, 9356 & 9376 River Road 7437 Holdings Limited 81
Lower Fraser PR-7765(8) Surrey DLC/Contractors Delta, 8950, 8970 & 9108 River Road Brown, Robert 52
Lower Fraser PR-7909(1) Surrey DLC/Contractors 9376 River Road, Delta RNG Recycling;  7437 Holdings 0
Lower Fraser PR-8139(4) Surrey DLC/Contractors Delta, 9265 & 9283 River Road Meadowland Peat Limited 120
Lower Fraser PR-8177(3) Surrey DLC/Contractors Delta, 9236 River Road A D P Holdings Limited 15
Lower Fraser NP-31004 Surrey DLC/Contractors Demolition Waste Landfill Unknown 0
Lower Fraser NP-31007 Surrey DLC/Contractors Athopa Landfill Site Unknown 0
Lower Fraser PR-5984(1) Surrey Camps/Recreation/Personal Cultus Lake Cultus Lake Parks Board 1.3
Middle Fraser PR-1560(1) Prince George Small Municipal 2Km E Of Hwy 97 Hixon Bridge Fraser-Fort George Regional District 1.4
Middle Fraser PR-1603(2) Prince George Small Municipal Stoner Landfill, Stone Cr. Frst Rd. Fraser-Fort George Regional District 0.7
Middle Fraser PR-2104(1) Williams Lake Small Municipal 150 Mile House Cariboo Regional District 7.2
Middle Fraser PR-2105(1) Williams Lake Small Municipal Chimney Lake Cariboo Regional District 2
Middle Fraser PR-2541(1) Williams Lake Small Municipal Alexandria Cariboo Regional District 0.5
Middle Fraser PR-3722(1) Williams Lake Small Municipal Williams Lake Cariboo Regional District 3.2
Middle Fraser PR-3958(1) Kamloops Small Municipal Lytton Thompson-Nicola Regional District 1.2
Middle Fraser PR-4759(1) Williams Lake Small Municipal Mcleese Lake Cariboo Regional District 7.6
Middle Fraser PR-5488(1) Williams Lake Small Municipal Puntchesakut Lake Cariboo Regional District 4.5
Middle Fraser PR-5819(1) Williams Lake Small Municipal Frost Creek Cariboo Regional District 1.5

Capacity is expressed in Tonnes / Day. 2 of 6
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Bridge-Seton PR-4253(4) Kamloops Small Municipal Lillooet Lillooet Village Of 3Middle Fraser PR-6461(1) Williams Lake Small Municipal Cottonwood House Cariboo Regional District 1
Middle Fraser PR-6823(1) Williams Lake Small Municipal Frost Creek Cariboo Regional District 2
Middle Fraser PR-7374(2) Williams Lake Small Municipal Riske Creek Cariboo Regional District 1
Middle Fraser PR-7763(2) Surrey Small Municipal North Bend Regional District Of Fraser-Cheam 2.4
Middle Fraser PR-10926(1) Williams Lake Small Municipal Baker Creek Cariboo Regional District 4.7
Middle Fraser PR-1718(2) Surrey Sawmills/ Wood Manufacture Boston Bar J.S. Jones Holdings Limited 1.2
Middle Fraser PR-7206(3) Williams Lake Sawmills/ Wood Manufacture Williams Lake Lignum Ltd. And Riverside Forest Products Ltd. 4.9
Middle Fraser PR-7848(1) Williams Lake Sawmills/ Wood Manufacture Williams Lake, Glendale Weldwood Of Canada Limited 1.7
Middle Fraser PR-1642(2) Prince George Medium Municipal Cummings Rd. Landfill Fraser-Fort George Regional District 8.4
Middle Fraser PR-3277(2) Williams Lake Medium Municipal Mackenzie Ave. Williams Lake, City Of 200
Middle Fraser PR-4537(1) Williams Lake Medium Municipal Wildwood Cariboo Regional District 8.4
Middle Fraser PR-5487(1) Williams Lake Medium Municipal Lac La Hache Cariboo Regional District 12
Middle Fraser NP-50260-08 Kamloops Medium Municipal Hope The Corporation of the Town of Hope 9
Middle Fraser PR-2539(2) Williams Lake Government Industrial Waste Quesnel Government Of British Columbia, Highways 0
Middle Fraser NP-30016 N/A First Nations Nesikep Indian Reserve #6, north of Lytton Lytton Indian Band 1.5
Middle Fraser NP-30017 N/A First Nations Papyum Indian Reserve #27, Lytton Lytton Indian Band 1.5
Middle Fraser NP-30018 N/A First Nations Fountain Indian Reserve #1A, north-east of Lillooet Fountain Indian Band 0.8
Middle Fraser NP-30019 N/A First Nations Pavilion Indian Reserve #1 Pavilion Indian Band 0.3
Middle Fraser NP-30020 N/A First Nations Marble Canyon Indian Reserve #3, Pavilion Lake Pavilion Indian Band 0.3
Middle Fraser NP-30022 N/A First Nations Soda Creek Indian Reserve #1 Soda Creek Indian Band 0.2
Middle Fraser NP-30024 N/A First Nations Williams Lake Indian Reserve #1 Williams Lake Indian Band 0.4
Middle Fraser NP-30025 N/A First Nations Alexandria Indian Reserve #1, north of Marguerite Alexandria Indian Band 0.1
Middle Fraser NP-30026 N/A First Nations Alexandria Indian Reserve #3, north of Marguerite Alexandria Indian Band 0.1
Middle Fraser NP-30034 N/A First Nations Dog Creek Indian Reserve #1 Canoe Creek Indian Band 0.5
Middle Fraser NP-30035 N/A First Nations Canoe Creek Indian Reserve #1 Canoe Creek Indian Band 0.5
Nechako PR-1582(2) Smithers Small Municipal Tatalrose Regional District Of Bulkley-Nechako 0.2
Nechako PR-1707(2) Prince George Small Municipal West Lake Landfill Fraser-Fort George Regional District 3.3
Nechako PR-1759(1) Prince George Small Municipal Cluculz L. Transfer Stn Regional District Of Bulkley-Nechako 0.8
Nechako PR-1760(2) Smithers Small Municipal South Bank Regional District Of Bulkley-Nechako 1
Nechako PR-1765(1) Smithers Small Municipal Palling Regional District Of Bulkley-Nechako 0.4
Nechako PR-1850(2) Smithers Small Municipal Francois Lake Regional District Of Bulkley-Nechako 1
Nechako PR-2533(3) Prince George Small Municipal Mud R. Landfill Fraser-Fort George Regional District 1.3
Nechako PR-2535(1) Prince George Small Municipal In The Bednesti, Berman & Norman Lake Areas Regional District Of Fraser Fort George 1
Nechako PR-2586(1) Smithers Small Municipal Endako Regional District Of Bulkley-Nechako 0.6
Nechako PR-2750(2) Smithers Small Municipal Ootsa Lake Regional District Of Bulkley-Nechako 0.4
Nechako PR-3391(1) Prince George Small Municipal Fort Fraser Lf Regional District Of Bulkley-Nechako 1.3
Nechako PR-5505(1) Prince George Small Municipal Fraser Lake Lf Regional District Of Bulkley-Nechako 5
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Bridge-Seton PR-4253(4) Kamloops Small Municipal Lillooet Lillooet Village Of 3Nechako PR-6105(1) Smithers Small Municipal Grassy Plains Regional District Of Bulkley-Nechako 0.2
Nechako PR-6670(1) Prince George Small Municipal Berman L. Landfill Fraser-Fort George Regional District 1
Nechako PR-1583(6) Smithers Medium Municipal Burns Lake Regional District Of Bulkley-Nechako 16
Nechako PR-3387(1) Prince George Medium Municipal Vanderhoof Landfill Regional District Of Bulkley-Nechako 15
Nechako NP-31010 Prince George Government Industrial Waste CFS Baldy Hughes Landfill Unknown 0
Nechako NP-30032 N/A First Nations Nautley Indian Reserve #1, east end of Fraser Lake Fraser Lake Indian Band 0.4
Nechako NP-30033 N/A First Nations Seaspunkut Indian Reserve #1 Fraser Lake Indian Band 0.4
North Thompson PR-2269(1) Kamloops Small Municipal Little Fort Thompson-Nicola Regional District 0.4
North Thompson PR-2537(1) Williams Lake Small Municipal Forest Grove Cariboo Regional District 2
North Thompson PR-2749(2) Kamloops Small Municipal Barriere Thompson-Nicola Regional District 11
North Thompson PR-3025(1) Kamloops Small Municipal Blue River Thompson-Nicola Regional District 0.7
North Thompson PR-3932(1) Kamloops Small Municipal Birch Island Thompson-Nicola Regional District 0.3
North Thompson PR-4556(1) Kamloops Small Municipal Avola Thompson-Nicola Regional District 0.4
North Thompson PR-4660(1) Kamloops Small Municipal Mclure Thompson-Nicola Regional District 1
North Thompson PR-4805(1) Williams Lake Small Municipal Lone Butte Cariboo Regional District 2.2
North Thompson PR-5501(1) Williams Lake Small Municipal Eagle Creek Cariboo Regional District 4
North Thompson PR-5776(1) Williams Lake Small Municipal Sheridan Lake Cariboo Regional District 4
North Thompson PR-6619(3) Kamloops Small Municipal Paul Lake Thompson-Nicola Regional District 0.9
North Thompson PR-7644(1) Williams Lake Small Municipal Mahood Lake Cariboo Regional District 2
North Thompson PR-2670(1) Kamloops Sawmills/ Wood Manufacture Heffley Creek Tolko Industries Limited 0.5
North Thompson PR-3262(1) Kamloops Sawmills/ Wood Manufacture Heffley Creek Tolko Industries Limited 0.5
North Thompson PR-3717(1) Kamloops Sawmills/ Wood Manufacture Vavenby Slocan Forest Products Limited 0.8
North Thompson PR-1788(2) Kamloops Medium Municipal Clearwater Thompson-Nicola Regional District 15
North Thompson PR-3447(1) Kamloops Medium Municipal Heffley Creek Thompson-Nicola Regional District 24
North Thompson PR-4994(3) Williams Lake Medium Municipal 100 Mile House, Exeter Cariboo Regional District 40
North Thompson NP-31008 Kamloops Government Industrial Waste Former CFS Kamloops Landfill: Site A Unknown 0
North Thompson NP-31009 Kamloops Government Industrial Waste Former CFS Kamloops Landfill: Site B Unknown 0
North Thompson PR-5876(2) Kamloops First Nations Kamloops Indian Reserve Kamloops Indian Band 18
North Thompson NP-30028 N/A First Nations North Thompson Indian Reserve #1, Darfield North Thompson Indian Band 0.4
Quesnel PR-4533(1) Williams Lake Small Municipal Likely Cariboo Regional District 5.5
Quesnel PR-6510(1) Williams Lake Small Municipal Big Lake Cariboo Regional District 2
Quesnel PR-518(3) Williams Lake Pulp Mills South And East Of Quesnel River At Fraser River Cariboo Pulp And Paper Company Limited 1677
Quesnel PR-1678(1) Williams Lake Pulp Mills Quesnel-Barkerville Highway Cariboo Pulp And Paper Company Limited 1677
Quesnel PR-13740(1) Williams Lake Mining Quesnel - 58 Km Southeast Of Kinross Gold Corporation 2
Quesnel PR-1930(1) Williams Lake Medium Municipal Horsefly Cariboo Regional District 9.2
Quesnel PR-3132(1) Williams Lake Large Municipal Carson Pit Rd. Quesnel, City Of 126
South Thompson PR-514(1) Kamloops Small Municipal Sicamous Sicamous Waterworks District 26
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Bridge-Seton PR-4253(4) Kamloops Small Municipal Lillooet Lillooet Village Of 3South Thompson PR-1703(1) Kamloops Small Municipal Glenemma Columbia Shuswap Regional District 1
South Thompson PR-2473(1) Kamloops Small Municipal Scotch Creek Columbia Shuswap Regional District 1
South Thompson PR-3306(1) Kamloops Small Municipal Falkland Columbia Shuswap Regional District 3
South Thompson PR-3842(1) Kamloops Small Municipal Westwold Thompson-Nicola Regional District 2.6
South Thompson PR-3843(1) Kamloops Small Municipal Monte Lake Thompson-Nicola Regional District 0.2
South Thompson PR-3905(1) Kamloops Small Municipal Brennan Creek Thompson-Nicola Regional District 1
South Thompson PR-3945(1) Kamloops Small Municipal Seymour Arm Columbia Shuswap Regional District 4
South Thompson PR-3991(1) Kamloops Small Municipal Tappen Columbia Shuswap Regional District 25
South Thompson PR-4204(1) Kamloops Small Municipal Malakwa Columbia Shuswap Regional District 2
South Thompson PR-4867(1) Kamloops Small Municipal Pritchard Thompson-Nicola Regional District 1.2
South Thompson PR-7031(1) Kamloops Small Municipal Agate Bay Thompson-Nicola Regional District 1
South Thompson PR-4836(2) Kamloops Miscellanious Industry Kamloops Lafarge Canada Incorporated 1
South Thompson PR-6972(1) Kamloops Miscellanious Industry Canoe Federated Co-Operatives Limited 0.7
South Thompson PR-2911(2) Kamloops Medium Municipal Chase Thompson-Nicola Regional District 22
South Thompson PR-4778(2) Kamloops Medium Municipal Barnhartvale City Of Kamloops 66
South Thompson PR-5479(1) Kamloops Medium Municipal Salmon Arm District Of Salmon Arm 34
South Thompson NP-30029 N/A First Nations Enderby Indian Reserve #2, south of Enderby Spallumcheen Indian Band 0.6
South Thompson NP-30030 N/A First Nations Neskainlith Indian Reserve #2, south of Chase Neskainlith Indian Band 0.4
South Thompson NP-30031 N/A First Nations Sahhaltkum Indian Reserve #1, west of Chase Adams Lake Indian Band 0.7
South Thompson PR-5910(3) Kamloops DLC/Contractors Kamloops Valleyview Enterprises Limited 32
Stuart PR-4080(3) Prince George Small Municipal Chief L. Landfill Fraser-Fort George Regional District 5.4
Stuart PR-4081(2) Prince George Medium Municipal Fort St. James Lf Regional District Of Bulkley-Nechako 8.5
Stuart PR-1697(2) Prince George Large Municipal Hart Landfill City Of Prince George 157
Thompson PR-2908(1) Kamloops Small Municipal Savona Savona Waterworks District 1
Thompson PR-2910(1) Kamloops Small Municipal Spences Bridge Thompson-Nicola Regional District 0.6
Thompson PR-3041(1) Kamloops Small Municipal Ashcroft Thompson-Nicola Regional District 1
Thompson PR-3972(1) Kamloops Small Municipal 70 Mile House Thompson-Nicola Regional District 0.7
Thompson PR-4463(1) Kamloops Small Municipal Clinton Thompson-Nicola Regional District 25
Thompson PR-5631(1) Kamloops Small Municipal Mammit Lk, South Of Logan Lk Thompson-Nicola Regional District 1
Thompson PR-6455(1) Williams Lake Small Municipal Watch Lake Cariboo Regional District 0.8
Thompson PR-6804(1) Kamloops Small Municipal Loon Lake Thompson-Nicola Regional District 1
Thompson PR-11071(1) Williams Lake Small Municipal Watch Lake Cariboo Regional District 0.5
Thompson PR-2671(2) Kamloops Sawmills/ Wood Manufacture Merritt Tolko Industries Limited 0.5
Thompson PR-7655(1) Kamloops Sawmills/ Wood Manufacture Cache Creek Georgia Pacific Bldg. Material Sales Limited 3223
Thompson PR-1521(2) Kamloops Pulp Mills Kamloops Pulp Mill Weyerhaeuser Canada Limited 2180
Thompson PR-4368(1) Kamloops Mining Kamloops Afton Operating Corporation 2
Thompson PR-2233(5) Kamloops Medium Municipal Logan Lake Off Highway 97C Thompson-Nicola Regional District 12
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Bridge-Seton PR-4253(4) Kamloops Small Municipal Lillooet Lillooet Village Of 3Thompson PR-4465(1) Kamloops Medium Municipal Lower Nicola/Merritt Area Thompson-Nicola Regional District 28
Thompson PR-5725(1) Kamloops Medium Municipal Merritt Merritt, City Of 25
Thompson PR-3328(1) Kamloops Large Municipal Kamloops City Of Kamloops 166
Thompson PR-7577(1) Kamloops Large Municipal Cache Creek Wastech Services Limited 1370
Thompson NP-30006 N/A First Nations Nicola Lake, Nicola Lake Indian Reserve #1 Upper Nicola Indian Band 0.7
Thompson NP-30007 N/A First Nations Douglas Lake, Douglas Lake Indian Reserve #3 Upper Nicola Indian Band 0.7
Thompson NP-30008 N/A First Nations Shackan Indian Reserve #11 Shackan Indian Band 0.3
Thompson NP-30009 N/A First Nations Shackan Indian Reserve #11 Shackan Indian Band 0.3
Thompson NP-30010 N/A First Nations Deadman's Creek Indian Reserve, north of Savona Skeetchestn Indian Band 0.3
Thompson NP-30011 N/A First Nations Bonaparte Indian Reserve #2 Bonaparte Indian Band 0.4
Thompson NP-30012 N/A First Nations Bonaparte Indian Reserve #3/3A Bonaparte Indian Band 0.4
Thompson NP-30015 N/A First Nations Nicola Mameet Indian Reserve #1 Lower Nicola Indian Band 0.6
Thompson NP-30021 N/A First Nations Coldwater Indian Reserve #1 Coldwater Indian Band 0.5
Upper Fraser PR-1623(3) Prince George Small Municipal Willow R. Landfill Fraser-Fort George Regional District 0.9
Upper Fraser PR-2053(1) Prince George Small Municipal In Electoral Area "F" (Aleza Lake) Regional District Of Fraser Fort George 1
Upper Fraser PR-2462(1) Prince George Small Municipal Dome Cr. Landfill Fraser-Fort George Regional District 0.2
Upper Fraser PR-2465(2) Prince George Small Municipal Valemount Landfill Village Of Valemount 4.3
Upper Fraser PR-2635(1) Williams Lake Small Municipal Wells Cariboo Regional District 0.6
Upper Fraser PR-5524(2) Prince George Small Municipal Shelley Landfill Fraser-Fort George Regional District 2.2
Upper Fraser PR-5703(1) Prince George Small Municipal Sinclair Mills Landfill Fraser-Fort George Regional District 0.2
Upper Fraser PR-6424(1) Prince George Small Municipal Mcbride Landfill, Legrand Rd. Fraser-Fort George Regional District 3.9
Upper Fraser PR-6756(2) Prince George Small Municipal Aleza Lake Landfill Fraser-Fort George Regional District 0.7
Upper Fraser PR-7080(1) Williams Lake Small Municipal Wells Cariboo Regional District 4
Upper Fraser PR-5000(2) Prince George Pulp Mills Prince George Northwood Pulp And Timber Limited 2928
Upper Fraser PR-6114(1) Prince George Pulp Mills Prince George Canadian Pacific Forest Products Limited 2624
West Road PR-10953(1) Williams Lake Small Municipal Nazko - Marmot Lake Cariboo Regional District 4.7
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APPENDIX C
Complete Fraser Basin Landfill Inventory

Listed by Permit Number Numerical Order

Permit # MOE Region MOE Office Regional District Sub-Basin General Location
PR-514(1) Southern Interior Kamloops Columbia - Shushwap South Thompson Sicamous
PR-516(1) Lower Mainland Surrey Harrison Hot Springs
PR-518(3) Cariboo Williams Lake Cariboo Quesnel South And East Of Quesnel River At Fraser River
PR-521(2) Cariboo Williams Lake Mcleese Lake
PR-523(2) Southern Interior Penticton North Okanagan Kingfisher, Mabel Lake
PR-1406(1) Omineca-Peace Prince George Fort Fraser
PR-1453(1) Lower Mainland Surrey Port Moody
PR-1504(1) Lower Mainland Surrey Fraser Valley Lower Fraser Matsqui
PR-1521(2) Southern Interior Kamloops Thompson - Nicola Thompson Kamloops Pulp Mill
PR-1560(1) Omineca-Peace Prince George Fraser - Fort George Middle Fraser 2Km E Of Hwy 97 Hixon Bridge
PR-1562(3) Southern Interior Penticton North Of Enderby, East Of Salmon Arm
PR-1582(2) Skeena Smithers Bulkley - Nechako Nechako Tatalrose
PR-1583(6) Skeena Smithers Bulkley - Nechako Nechako Burns Lake
PR-1587(1) Lower Mainland Surrey Pemberton
PR-1603(2) Omineca-Peace Prince George Fraser - Fort George Middle Fraser Stoner Landfill, Stone Cr. Frst Rd.
PR-1611(1) Lower Mainland Surrey Greater Vancouver Lower Fraser Delta, Burns Bog
PR-1623(3) Omineca-Peace Prince George Fraser - Fort George Upper Fraser Willow R. Landfill
PR-1642(2) Omineca-Peace Prince George Fraser - Fort George Middle Fraser Cummings Rd. Landfill
PR-1655(2) Lower Mainland Surrey New Westminster, 430 Canfor Avenue
PR-1678(1) Cariboo Williams Lake Cariboo Quesnel Quesnel-Barkerville Highway
PR-1685(2) Lower Mainland Surrey Surrey
PR-1686(1) Lower Mainland Surrey Greater Vancouver Lower Fraser Surrey, Port Mann Bridge
PR-1697(2) Omineca-Peace Prince George Fraser - Fort George Stuart Hart Landfill
PR-1703(1) Southern Interior Kamloops Columbia - Shushwap South Thompson Glenemma
PR-1707(2) Omineca-Peace Prince George Fraser - Fort George Nechako West Lake Landfill
PR-1710(1) Lower Mainland Surrey Fraser Valley Lower Fraser Maple Ridge, Cottonwood Drive, Landfill
PR-1718(2) Lower Mainland Surrey Fraser Valley Middle Fraser Boston Bar
PR-1759(1) Omineca-Peace Prince George Bulkley - Nechako Nechako Cluculz L. Transfer Stn
PR-1760(2) Skeena Smithers Bulkley - Nechako Nechako South Bank
PR-1765(1) Skeena Smithers Bulkley - Nechako Nechako Palling
PR-1788(2) Southern Interior Kamloops Thompson - Nicola North Thompson Clearwater
PR-1799(1) Omineca-Peace Prince George Kimball Rd Prince George
PR-1822(2) Lower Mainland Surrey Fraser Valley Lower Fraser Chilliwack-Matheson Road
PR-1850(2) Skeena Smithers Bulkley - Nechako Nechako Francois Lake
PR-1882(1) Cariboo Williams Lake 100 Mile House
PR-1891(1) Southern Interior Kamloops Paradise Lake Near Merritt
PR-1898(1) Lower Mainland Surrey Greater Vancouver Lower Fraser Langley, 44 Avenue & 206 Street
PR-1910(2) Lower Mainland Surrey Surrey, 104 Avenue & 176 Street
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APPENDIX C
Complete Fraser Basin Landfill Inventory

Listed by Permit Number Numerical Order

Permit #
PR-514(1)
PR-516(1)
PR-518(3)
PR-521(2)
PR-523(2)
PR-1406(1)
PR-1453(1)
PR-1504(1)
PR-1521(2)
PR-1560(1)
PR-1562(3)
PR-1582(2)
PR-1583(6)
PR-1587(1)
PR-1603(2)
PR-1611(1)
PR-1623(3)
PR-1642(2)
PR-1655(2)
PR-1678(1)
PR-1685(2)
PR-1686(1)
PR-1697(2)
PR-1703(1)
PR-1707(2)
PR-1710(1)
PR-1718(2)
PR-1759(1)
PR-1760(2)
PR-1765(1)
PR-1788(2)
PR-1799(1)
PR-1822(2)
PR-1850(2)
PR-1882(1)
PR-1891(1)
PR-1898(1)
PR-1910(2)

Owner / Operator Type Capacity GIS Status
Sicamous Waterworks District Small Municipal 26 Plotted in MapInfo
Harrison Hot Springs, The Corporation Of The Village Of Small Municipal 0 Not Plotted in MapInfo
Cariboo Pulp And Paper Company Limited Pulp Mills 1677 Plotted in MapInfo
Gibraltar Mines Limited Mining 36280 Not Plotted in MapInfo
North Okanagan Regional District Small Municipal 3.4 Not Plotted in MapInfo
Eurocan Pulp & Paper Company Limited Sawmills/ Wood Manufacture 0 Not Plotted in MapInfo
Petro-Canada Petroleum 6814 Not Plotted in MapInfo
Matsqui, The Corporation Of The District Of Medium Municipal 45 Plotted in MapInfo
Weyerhaeuser Canada Limited Pulp Mills 2180 Plotted in MapInfo
Fraser-Fort George Regional District Small Municipal 1.4 Plotted in MapInfo
Baird Brothers Limited DLC/Contractors 2 Not Plotted in MapInfo
Regional District Of Bulkley-Nechako Small Municipal 0.2 Plotted in MapInfo
Regional District Of Bulkley-Nechako Medium Municipal 16 Plotted in MapInfo
Squamish-Lillooet Regional District Small Municipal 1 Not Plotted in MapInfo
Fraser-Fort George Regional District Small Municipal 0.7 Plotted in MapInfo
City Of Vancouver Municipal - Primary 1230 Plotted in MapInfo
Fraser-Fort George Regional District Small Municipal 0.9 Plotted in MapInfo
Fraser-Fort George Regional District Medium Municipal 8.4 Plotted in MapInfo
Canadian Pacific Forest Products Limited Sawmills/ Wood Manufacture 139 Not Plotted in MapInfo
Cariboo Pulp And Paper Company Limited Pulp Mills 1677 Plotted in MapInfo
United Used Auto & Truck Parts Limited Miscellanious Industry 0 Not Plotted in MapInfo
Surrey, The Corporation Of The District Of Municipal - Primary 500 Plotted in MapInfo
City Of Prince George Large Municipal 157 Plotted in MapInfo
Columbia Shuswap Regional District Small Municipal 1 Plotted in MapInfo
Fraser-Fort George Regional District Small Municipal 3.3 Plotted in MapInfo
Corporation Of The District Of Maple Ridge Municipal - Primary 1 Plotted in MapInfo
J.S. Jones Holdings Limited Sawmills/ Wood Manufacture 1.2 Plotted in MapInfo
Regional District Of Bulkley-Nechako Small Municipal 0.8 Plotted in MapInfo
Regional District Of Bulkley-Nechako Small Municipal 1 Plotted in MapInfo
Regional District Of Bulkley-Nechako Small Municipal 0.4 Plotted in MapInfo
Thompson-Nicola Regional District Medium Municipal 15 Plotted in MapInfo
City Of Prince George Medium Municipal 0 Not Plotted in MapInfo
Chilliwack, District Of Medium Municipal 96 Plotted in MapInfo
Regional District Of Bulkley-Nechako Small Municipal 1 Plotted in MapInfo
Weldwood Of Canada Limited Sawmills/ Wood Manufacture 1.6 Not Plotted in MapInfo
Paradise Lakes Resort Limited Camps/Recreation/Personal 0.1 Not Plotted in MapInfo
Langley, The Corporation Of The City Of Municipal - Primary 500 Plotted in MapInfo
Parsons Channel Properties Limited Miscellanious Industry 0 Not Plotted in MapInfo
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Permit # MOE Region MOE Office Regional District Sub-Basin General Location
PR-514(1) Southern Interior Kamloops Columbia - Shushwap South Thompson SicamousPR-1930(1) Cariboo Williams Lake Cariboo Quesnel Horsefly
PR-2043(1) Lower Mainland Surrey Fraser Valley Mission
PR-2053(1) Omineca-Peace Prince George Fraser - Fort George Upper Fraser In Electoral Area "F" (Aleza Lake)
PR-2086(2) Lower Mainland Surrey Greater Vancouver Lower Fraser Richmond-Mitchell Road
PR-2104(1) Cariboo Williams Lake Cariboo Middle Fraser 150 Mile House
PR-2105(1) Cariboo Williams Lake Cariboo Middle Fraser Chimney Lake
PR-2123(1) Omineca-Peace Prince George Near Vanderhoof
PR-2232(1) Lower Mainland Surrey Agassiz, Cemetery Road
PR-2233(5) Southern Interior Kamloops Thompson - Nicola Thompson Logan Lake Off Highway 97C
PR-2269(1) Southern Interior Kamloops Thompson - Nicola North Thompson Little Fort
PR-2349(1) Southern Interior Kamloops Kamloops
PR-2351(1) Lower Mainland Surrey Greater Vancouver Lower Fraser Port Coquitlam, 1651 Kingsway Avenue
PR-2377(1) Omineca-Peace Prince George Willow Flats Landfill
PR-2460(1) Southern Interior Kamloops Highland Valley
PR-2462(1) Omineca-Peace Prince George Fraser - Fort George Upper Fraser Dome Cr. Landfill
PR-2464(1) Omineca-Peace Prince George 30 Km West Of Prince George
PR-2465(2) Omineca-Peace Prince George Fraser - Fort George Upper Fraser Valemount Landfill
PR-2473(1) Southern Interior Kamloops Columbia - Shushwap South Thompson Scotch Creek
PR-2510(3) Lower Mainland Surrey Richmond, 15100 River Road
PR-2530(1) Lower Mainland Surrey Chilliwack, 10 Km West
PR-2533(3) Omineca-Peace Prince George Fraser - Fort George Nechako Mud R. Landfill
PR-2535(1) Omineca-Peace Prince George Fraser - Fort George Nechako In The Bednesti, Berman & Norman Lake Areas
PR-2537(1) Cariboo Williams Lake Cariboo North Thompson Forest Grove
PR-2539(2) Cariboo Williams Lake Cariboo Middle Fraser Quesnel
PR-2541(1) Cariboo Williams Lake Cariboo Middle Fraser Alexandria
PR-2586(1) Skeena Smithers Bulkley - Nechako Nechako Endako
PR-2635(1) Cariboo Williams Lake Cariboo Upper Fraser Wells
PR-2670(1) Southern Interior Kamloops Thompson - Nicola North Thompson Heffley Creek
PR-2671(2) Southern Interior Kamloops Thompson - Nicola Thompson Merritt
PR-2703(1) Southern Interior Kamloops Adams Lake
PR-2749(2) Southern Interior Kamloops Thompson - Nicola North Thompson Barriere
PR-2750(2) Skeena Smithers Bulkley - Nechako Nechako Ootsa Lake
PR-2908(1) Southern Interior Kamloops Thompson - Nicola Thompson Savona
PR-2910(1) Southern Interior Kamloops Thompson - Nicola Thompson Spences Bridge
PR-2911(2) Southern Interior Kamloops Thompson - Nicola South Thompson Chase
PR-2916(1) Southern Interior Kamloops Pennask Lake
PR-2917(1) Southern Interior Kamloops Quilchena
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APPENDIX C
Complete Fraser Basin Landfill Inventory

Listed by Permit Number Numerical Order

Permit #
PR-514(1)PR-1930(1)
PR-2043(1)
PR-2053(1)
PR-2086(2)
PR-2104(1)
PR-2105(1)
PR-2123(1)
PR-2232(1)
PR-2233(5)
PR-2269(1)
PR-2349(1)
PR-2351(1)
PR-2377(1)
PR-2460(1)
PR-2462(1)
PR-2464(1)
PR-2465(2)
PR-2473(1)
PR-2510(3)
PR-2530(1)
PR-2533(3)
PR-2535(1)
PR-2537(1)
PR-2539(2)
PR-2541(1)
PR-2586(1)
PR-2635(1)
PR-2670(1)
PR-2671(2)
PR-2703(1)
PR-2749(2)
PR-2750(2)
PR-2908(1)
PR-2910(1)
PR-2911(2)
PR-2916(1)
PR-2917(1)

Owner / Operator Type Capacity GIS Status
Sicamous Waterworks District Small Municipal 26 Plotted in MapInfoCariboo Regional District Medium Municipal 9.2 Plotted in MapInfo
District Of Mission Medium Municipal 52 Not Plotted in MapInfo
Regional District Of Fraser Fort George Small Municipal 1 Plotted in MapInfo
Western Steel Limited Miscellanious Industry 0 Plotted in MapInfo
Cariboo Regional District Small Municipal 7.2 Plotted in MapInfo
Cariboo Regional District Small Municipal 2 Plotted in MapInfo
Kent Gwilliam And Glenn Gwilliam Camps/Recreation/Personal 0 Not Plotted in MapInfo
The Corporation Of The District Of Kent Small Municipal 0 Not Plotted in MapInfo
Thompson-Nicola Regional District Medium Municipal 12 Plotted in MapInfo
Thompson-Nicola Regional District Small Municipal 0.4 Plotted in MapInfo
Petro-Canada Petroleum 72486 Not Plotted in MapInfo
Kennametal Incorporated Miscellanious Industry 2 Plotted in MapInfo
Peace River Regional District Small Municipal 0 Not Plotted in MapInfo
Highland Valley Copper Corporation Mining 5 Not Plotted in MapInfo
Fraser-Fort George Regional District Small Municipal 0.2 Plotted in MapInfo
Norbraten Brothers Lumber Limited Logging 0 Not Plotted in MapInfo
Village Of Valemount Small Municipal 4.3 Plotted in MapInfo
Columbia Shuswap Regional District Small Municipal 1 Plotted in MapInfo
Eoc Holdings Incorporated DLC/Contractors 0 Not Plotted in MapInfo
Cattermole Timber Sawmills/ Wood Manufacture 1369 Not Plotted in MapInfo
Fraser-Fort George Regional District Small Municipal 1.3 Plotted in MapInfo
Regional District Of Fraser Fort George Small Municipal 1 Plotted in MapInfo
Cariboo Regional District Small Municipal 2 Plotted in MapInfo
Government Of British Columbia, Highways Government Industrial Waste 0 Plotted in MapInfo
Cariboo Regional District Small Municipal 0.5 Plotted in MapInfo
Regional District Of Bulkley-Nechako Small Municipal 0.6 Plotted in MapInfo
Cariboo Regional District Small Municipal 0.6 Plotted in MapInfo
Tolko Industries Limited Sawmills/ Wood Manufacture 0.5 Plotted in MapInfo
Tolko Industries Limited Sawmills/ Wood Manufacture 0.5 Plotted in MapInfo
International Forest Products Limited Sawmills/ Wood Manufacture 0.9 Not Plotted in MapInfo
Thompson-Nicola Regional District Small Municipal 11 Plotted in MapInfo
Regional District Of Bulkley-Nechako Small Municipal 0.4 Plotted in MapInfo
Savona Waterworks District Small Municipal 1 Plotted in MapInfo
Thompson-Nicola Regional District Small Municipal 0.6 Plotted in MapInfo
Thompson-Nicola Regional District Medium Municipal 22 Plotted in MapInfo
Pennask Lake Fishing And Game Club Camps/Recreation/Personal 0.1 Not Plotted in MapInfo
Quilchena Cattle Company Limited Miscellanious Industry 0.1 Not Plotted in MapInfo
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PR-514(1) Southern Interior Kamloops Columbia - Shushwap South Thompson SicamousPR-2918(3) Southern Interior Kamloops Bonaparte Lake
PR-2923(1) Southern Interior Kamloops Tunkwa Lake
PR-2989(1) Lower Mainland Surrey Boulder Bay Corrections Camp
PR-2990(1) Lower Mainland Surrey Stave Lake Corrections Camp
PR-3025(1) Southern Interior Kamloops Thompson - Nicola North Thompson Blue River
PR-3041(1) Southern Interior Kamloops Thompson - Nicola Thompson Ashcroft
PR-3099(4) Lower Mainland Surrey Burnaby, 201 Kensington Avenue (Shellburn Ref)
PR-3116(1) Southern Interior Kamloops Merritt
PR-3132(1) Cariboo Williams Lake Cariboo Quesnel Carson Pit Rd.
PR-3141(1) Lower Mainland Surrey Greater Vancouver Lower Fraser Coquitlam - North Road
PR-3259(1) Skeena Smithers Granisle Copper
PR-3262(1) Southern Interior Kamloops Thompson - Nicola North Thompson Heffley Creek
PR-3266(3) Skeena Smithers Endako
PR-3277(2) Cariboo Williams Lake Cariboo Middle Fraser Mackenzie Ave.
PR-3303(2) Southern Interior Kamloops Falkland
PR-3306(1) Southern Interior Kamloops Thompson - Nicola South Thompson Falkland
PR-3328(1) Southern Interior Kamloops Thompson - Nicola Thompson Kamloops
PR-3387(1) Omineca-Peace Prince George Bulkley - Nechako Nechako Vanderhoof Landfill
PR-3391(1) Omineca-Peace Prince George Bulkley - Nechako Nechako Fort Fraser Lf
PR-3417(2) Lower Mainland Surrey Greater Vancouver Lower Fraser Coquitlam
PR-3447(1) Southern Interior Kamloops Thompson - Nicola North Thompson Heffley Creek
PR-3629(2) Lower Mainland Surrey Harrison Lk., Silver Creek
PR-3717(1) Southern Interior Kamloops Thompson - Nicola North Thompson Vavenby
PR-3722(1) Cariboo Williams Lake Cariboo Middle Fraser Williams Lake
PR-3739(2) Southern Interior Kamloops Louis Creek
PR-3770(3) Lower Mainland Surrey Boston Bar
PR-3842(1) Southern Interior Kamloops Thompson - Nicola South Thompson Westwold
PR-3843(1) Southern Interior Kamloops Thompson - Nicola South Thompson Monte Lake
PR-3867(2) Lower Mainland Surrey Richmond, 7900 Nelson Road
PR-3905(1) Southern Interior Kamloops Thompson - Nicola South Thompson Brennan Creek
PR-3919(1) Cariboo Williams Lake Hendrix Lake
PR-3923(2) Omineca-Peace Prince George Mcbride
PR-3932(1) Southern Interior Kamloops Thompson - Nicola North Thompson Birch Island
PR-3945(1) Southern Interior Kamloops Thompson - Nicola South Thompson Seymour Arm
PR-3955(1) Lower Mainland Surrey Fraser Valley Lower Fraser Abbotsford
PR-3958(1) Southern Interior Kamloops Thompson - Nicola Middle Fraser Lytton
PR-3972(1) Southern Interior Kamloops Thompson - Nicola Thompson 70 Mile House
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Permit #
PR-514(1)PR-2918(3)
PR-2923(1)
PR-2989(1)
PR-2990(1)
PR-3025(1)
PR-3041(1)
PR-3099(4)
PR-3116(1)
PR-3132(1)
PR-3141(1)
PR-3259(1)
PR-3262(1)
PR-3266(3)
PR-3277(2)
PR-3303(2)
PR-3306(1)
PR-3328(1)
PR-3387(1)
PR-3391(1)
PR-3417(2)
PR-3447(1)
PR-3629(2)
PR-3717(1)
PR-3722(1)
PR-3739(2)
PR-3770(3)
PR-3842(1)
PR-3843(1)
PR-3867(2)
PR-3905(1)
PR-3919(1)
PR-3923(2)
PR-3932(1)
PR-3945(1)
PR-3955(1)
PR-3958(1)
PR-3972(1)

Owner / Operator Type Capacity GIS Status
Sicamous Waterworks District Small Municipal 26 Plotted in MapInfoSpruce Grove Hunting And Fishing Camp Camps/Recreation/Personal 0.1 Not Plotted in MapInfo
Tunkwa Lake Fishing Camp Limited Camps/Recreation/Personal 0.1 Not Plotted in MapInfo
Government Of British Columbia, Attorney General Government Industrial Waste 0.1 Not Plotted in MapInfo
Government Of British Columbia, Attorney General Government Industrial Waste 0 Not Plotted in MapInfo
Thompson-Nicola Regional District Small Municipal 0.7 Plotted in MapInfo
Thompson-Nicola Regional District Small Municipal 1 Plotted in MapInfo
Shell Canada Products Limited Petroleum 4430 Not Plotted in MapInfo
Aspen Planers Limited Sawmills/ Wood Manufacture 0.3 Not Plotted in MapInfo
Quesnel, City Of Large Municipal 126 Plotted in MapInfo
Crane Canada Incorporated Miscellanious Industry 27 Plotted in MapInfo
Maclaren Forest Products Incorporated Logging 0 Not Plotted in MapInfo
Tolko Industries Limited Sawmills/ Wood Manufacture 0.5 Plotted in MapInfo
Placer Dome Canada Limited Mining 2 Not Plotted in MapInfo
Williams Lake, City Of Medium Municipal 200 Plotted in MapInfo
Pinaus Lake Camp Camps/Recreation/Personal 0.2 Not Plotted in MapInfo
Columbia Shuswap Regional District Small Municipal 3 Plotted in MapInfo
City Of Kamloops Large Municipal 166 Plotted in MapInfo
Regional District Of Bulkley-Nechako Medium Municipal 15 Plotted in MapInfo
Regional District Of Bulkley-Nechako Small Municipal 1.3 Plotted in MapInfo
Stella-Jones Incorporated Sawmills/ Wood Manufacture 264 Plotted in MapInfo
Thompson-Nicola Regional District Medium Municipal 24 Plotted in MapInfo
International Forest Products Limited Logging 1 Not Plotted in MapInfo
Slocan Forest Products Limited Sawmills/ Wood Manufacture 0.8 Plotted in MapInfo
Cariboo Regional District Small Municipal 3.2 Plotted in MapInfo
Tolko Industries Limited Sawmills/ Wood Manufacture 0.9 Not Plotted in MapInfo
Regional District Of Fraser-Cheam Small Municipal 0 Not Plotted in MapInfo
Thompson-Nicola Regional District Small Municipal 2.6 Plotted in MapInfo
Thompson-Nicola Regional District Small Municipal 0.2 Plotted in MapInfo
Con-Force Structures Limited Miscellanious Industry 480 Not Plotted in MapInfo
Thompson-Nicola Regional District Small Municipal 1 Plotted in MapInfo
Noranda Minerals Incorporated Mining 3.9 Not Plotted in MapInfo
Zeidler Forest Industries Limited Sawmills/ Wood Manufacture 0.5 Not Plotted in MapInfo
Thompson-Nicola Regional District Small Municipal 0.3 Plotted in MapInfo
Columbia Shuswap Regional District Small Municipal 4 Plotted in MapInfo
Matsqui, The Corporation Of The District Of Medium Municipal 12 Plotted in MapInfo
Thompson-Nicola Regional District Small Municipal 1.2 Plotted in MapInfo
Thompson-Nicola Regional District Small Municipal 0.7 Plotted in MapInfo
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APPENDIX C
Complete Fraser Basin Landfill Inventory

Listed by Permit Number Numerical Order

Permit # MOE Region MOE Office Regional District Sub-Basin General Location
PR-514(1) Southern Interior Kamloops Columbia - Shushwap South Thompson SicamousPR-3991(1) Southern Interior Kamloops Columbia - Shushwap South Thompson Tappen
PR-4080(3) Omineca-Peace Prince George Fraser - Fort George Stuart Chief L. Landfill
PR-4081(2) Omineca-Peace Prince George Bulkley - Nechako Stuart Fort St. James Lf
PR-4114(1) Southern Interior Kamloops Sorrento
PR-4204(1) Southern Interior Kamloops Columbia - Shushwap South Thompson Malakwa
PR-4253(4) Southern Interior Kamloops Squamish - Lillooet Bridge-Seton Lillooet
PR-4368(1) Southern Interior Kamloops Thompson - Nicola Thompson Kamloops
NP-4385(1) Lower Mainland Surrey Greater Vancouver Lower Fraser Braid Street, Coquitlam, south of Highway 1 near Brunette Ave.
PR-4400(2) Southern Interior Kamloops Lytton
PR-4409(1) Lower Mainland Surrey Greater Vancouver Lower Fraser Richmond-No. 9 Road
PR-4428(1) Lower Mainland Surrey Surrey
PR-4463(1) Southern Interior Kamloops Thompson - Nicola Thompson Clinton
PR-4465(1) Southern Interior Kamloops Thompson - Nicola Thompson Lower Nicola/Merritt Area
PR-4468(1) Lower Mainland Surrey Greater Vancouver Lower Fraser Delta-River Road
PR-4480(2) Skeena Smithers Bell Mine
PR-4533(1) Cariboo Williams Lake Cariboo Quesnel Likely
PR-4536(1) Cariboo Williams Lake Cariboo Chilcotin Chilanko Forks
PR-4537(1) Cariboo Williams Lake Cariboo Middle Fraser Wildwood
PR-4549(1) Southern Interior Kamloops Clinton
PR-4551(1) Southern Interior Kamloops Roche Lake
PR-4556(1) Southern Interior Kamloops Thompson - Nicola North Thompson Avola
PR-4600(1) Southern Interior Kamloops Savona
PR-4660(1) Southern Interior Kamloops Thompson - Nicola North Thompson Mclure
PR-4718(1) Omineca-Peace Prince George At B.C.R Industrial Site, Prince George
PR-4759(1) Cariboo Williams Lake Cariboo Middle Fraser Mcleese Lake
PR-4777(1) Southern Interior Kamloops Near Mcgillivray Falls
PR-4778(2) Southern Interior Kamloops Thompson - Nicola South Thompson Barnhartvale
PR-4805(1) Cariboo Williams Lake Cariboo North Thompson Lone Butte
PR-4824(1) Omineca-Peace Prince George Prince George
PR-4836(2) Southern Interior Kamloops Thompson - Nicola South Thompson Kamloops
PR-4850(4) Omineca-Peace Prince George Prince George
PR-4867(1) Southern Interior Kamloops Thompson - Nicola South Thompson Pritchard
PR-4901(1) Omineca-Peace Prince George 30 Km Nw Of Mackenzie
PR-4922(8) Lower Mainland Surrey Greater Vancouver Lower Fraser Richmond, 15111 Williams Road
PR-4971(2) Lower Mainland Surrey North Delta, 10104 River Road
PR-4994(3) Cariboo Williams Lake Cariboo North Thompson 100 Mile House, Exeter
PR-4999(1) Omineca-Peace Prince George Shelley
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APPENDIX C
Complete Fraser Basin Landfill Inventory

Listed by Permit Number Numerical Order

Permit #
PR-514(1)PR-3991(1)
PR-4080(3)
PR-4081(2)
PR-4114(1)
PR-4204(1)
PR-4253(4)
PR-4368(1)
NP-4385(1)
PR-4400(2)
PR-4409(1)
PR-4428(1)
PR-4463(1)
PR-4465(1)
PR-4468(1)
PR-4480(2)
PR-4533(1)
PR-4536(1)
PR-4537(1)
PR-4549(1)
PR-4551(1)
PR-4556(1)
PR-4600(1)
PR-4660(1)
PR-4718(1)
PR-4759(1)
PR-4777(1)
PR-4778(2)
PR-4805(1)
PR-4824(1)
PR-4836(2)
PR-4850(4)
PR-4867(1)
PR-4901(1)
PR-4922(8)
PR-4971(2)
PR-4994(3)
PR-4999(1)

Owner / Operator Type Capacity GIS Status
Sicamous Waterworks District Small Municipal 26 Plotted in MapInfoColumbia Shuswap Regional District Small Municipal 25 Plotted in MapInfo
Fraser-Fort George Regional District Small Municipal 5.4 Plotted in MapInfo
Regional District Of Bulkley-Nechako Medium Municipal 8.5 Plotted in MapInfo
Cooper, Kenneth & Louise Camps/Recreation/Personal 1 Not Plotted in MapInfo
Columbia Shuswap Regional District Small Municipal 2 Plotted in MapInfo
Lillooet Village Of Small Municipal 3 Plotted in MapInfo
Afton Operating Corporation Mining 2 Plotted in MapInfo
Greater Vancouver Regional District Municipal - Primary 408 Plotted in MapInfo
Lytton Lumber Limited Sawmills/ Wood Manufacture 0.3 Not Plotted in MapInfo
Lafarge Canada Incorporated Miscellanious Industry 1400 Plotted in MapInfo
Baytree Industries Limited Miscellanious Industry 3 Not Plotted in MapInfo
Thompson-Nicola Regional District Small Municipal 25 Plotted in MapInfo
Thompson-Nicola Regional District Medium Municipal 28 Plotted in MapInfo
Vito Steel Boat And Barge Construction Limited Miscellanious Industry 40 Plotted in MapInfo
Noranda Minerals Incorporated Mining 2 Not Plotted in MapInfo
Cariboo Regional District Small Municipal 5.5 Plotted in MapInfo
Cariboo Regional District Small Municipal 2 Plotted in MapInfo
Cariboo Regional District Medium Municipal 8.4 Plotted in MapInfo
Ainsworth Lumber Company Limited Small Municipal 0.5 Not Plotted in MapInfo
Carney Enterprises Limited DLC/Contractors 0.1 Not Plotted in MapInfo
Thompson-Nicola Regional District Small Municipal 0.4 Plotted in MapInfo
Ainsworth Lumber Company Limited Sawmills/ Wood Manufacture 0.3 Not Plotted in MapInfo
Thompson-Nicola Regional District Small Municipal 1 Plotted in MapInfo
Rustad Brothers And Company Limited Miscellanious Industry 0 Not Plotted in MapInfo
Cariboo Regional District Small Municipal 7.6 Plotted in MapInfo
The Owners Strata Plan K-270 Camps/Recreation/Personal 0.1 Not Plotted in MapInfo
City Of Kamloops Medium Municipal 66 Plotted in MapInfo
Cariboo Regional District Small Municipal 2.2 Plotted in MapInfo
Northwood Pulp And Timber Limited Sawmills/ Wood Manufacture 1 Not Plotted in MapInfo
Lafarge Canada Incorporated Miscellanious Industry 1 Plotted in MapInfo
Gang-Nail Truss P.G. Limited Sawmills/ Wood Manufacture 2.6 Not Plotted in MapInfo
Thompson-Nicola Regional District Small Municipal 1.2 Plotted in MapInfo
British Columbia Forest Products Limited Logging 0 Not Plotted in MapInfo
Ecowaste Industries Limited DLC/Contractors 350 Plotted in MapInfo
Delta Cedar Products Limited Sawmills/ Wood Manufacture 0.3 Not Plotted in MapInfo
Cariboo Regional District Medium Municipal 40 Plotted in MapInfo
Northwood Pulp And Timber Limited Logging 0 Not Plotted in MapInfo
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APPENDIX C
Complete Fraser Basin Landfill Inventory

Listed by Permit Number Numerical Order

Permit # MOE Region MOE Office Regional District Sub-Basin General Location
PR-514(1) Southern Interior Kamloops Columbia - Shushwap South Thompson SicamousPR-5000(2) Omineca-Peace Prince George Fraser - Fort George Upper Fraser Prince George
PR-5002(2) Omineca-Peace Prince George Prince George - Bcr Site
PR-5042(3) Southern Interior Kamloops Squamish - Lillooet Bridge-Seton Lillooet
PR-5093(1) Southern Interior Kamloops Adams Lake
PR-5103(1) Omineca-Peace Prince George Fraser Flats, Prince George, Bc
PR-5134(1) Lower Mainland Surrey Sylvester Road,Mission
PR-5135(1) Lower Mainland Surrey Greater Vancouver Lower Fraser Delta-River Road
PR-5219(1) Southern Interior Kamloops Lytton
PR-5252(1) Cariboo Williams Lake Williams Lake
PR-5281(2) Omineca-Peace Prince George Kluskus-Ootsa Forest Road
PR-5297(1) Skeena Smithers Burns Lake
PR-5314(3) Omineca-Peace Prince George Upper Fraser
PR-5320(2) Cariboo Williams Lake Corner Of Hwy 97 And Hwy 26
PR-5335(3) Cariboo Williams Lake Quesnel
PR-5358(3) Lower Mainland Surrey Greater Vancouver Lower Fraser Delta, 9184 River Road
PR-5436(1) Southern Interior Penticton Enderby
PR-5437(2) Lower Mainland Surrey Fort Langley
PR-5443(1) Lower Mainland Surrey Greater Vancouver Lower Fraser Burnaby
PR-5476(1) Lower Mainland Surrey Burnaby-Underhill
PR-5479(1) Southern Interior Kamloops Columbia - Shushwap South Thompson Salmon Arm
PR-5487(1) Cariboo Williams Lake Cariboo Middle Fraser Lac La Hache
PR-5488(1) Cariboo Williams Lake Cariboo Middle Fraser Puntchesakut Lake
PR-5489(4) Omineca-Peace Prince George Valemount
PR-5501(1) Cariboo Williams Lake Cariboo North Thompson Eagle Creek
PR-5505(1) Omineca-Peace Prince George Bulkley - Nechako Nechako Fraser Lake Lf
PR-5524(2) Omineca-Peace Prince George Fraser - Fort George Upper Fraser Shelley Landfill
PR-5537(2) Southern Interior Kamloops Merritt
PR-5552(1) Southern Interior Kamloops Highland Valley
PR-5631(1) Southern Interior Kamloops Thompson - Nicola Thompson Mammit Lk, South Of Logan Lk
PR-5645(1) Southern Interior Kamloops Salmon Lake
PR-5650(2) Southern Interior Kamloops Vavenby
PR-5657(1) Southern Interior Penticton Enderby
PR-5668(1) Omineca-Peace Prince George Phillip Creek
PR-5677(1) Lower Mainland Surrey Pemberton
PR-5683(1) Lower Mainland Surrey Hope, 20 Km Northeast
PR-5703(1) Omineca-Peace Prince George Fraser - Fort George Upper Fraser Sinclair Mills Landfill
PR-5725(1) Southern Interior Kamloops Thompson - Nicola Thompson Merritt
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APPENDIX C
Complete Fraser Basin Landfill Inventory

Listed by Permit Number Numerical Order

Permit #
PR-514(1)PR-5000(2)
PR-5002(2)
PR-5042(3)
PR-5093(1)
PR-5103(1)
PR-5134(1)
PR-5135(1)
PR-5219(1)
PR-5252(1)
PR-5281(2)
PR-5297(1)
PR-5314(3)
PR-5320(2)
PR-5335(3)
PR-5358(3)
PR-5436(1)
PR-5437(2)
PR-5443(1)
PR-5476(1)
PR-5479(1)
PR-5487(1)
PR-5488(1)
PR-5489(4)
PR-5501(1)
PR-5505(1)
PR-5524(2)
PR-5537(2)
PR-5552(1)
PR-5631(1)
PR-5645(1)
PR-5650(2)
PR-5657(1)
PR-5668(1)
PR-5677(1)
PR-5683(1)
PR-5703(1)
PR-5725(1)

Owner / Operator Type Capacity GIS Status
Sicamous Waterworks District Small Municipal 26 Plotted in MapInfoNorthwood Pulp And Timber Limited Pulp Mills 2928 Plotted in MapInfo
Canadian Pacific Forest Products Limited - Netherlands Division Sawmills/ Wood Manufacture 1.8 Not Plotted in MapInfo
Squamish-Lillooet Regional District Small Municipal 6 Plotted in MapInfo
International Forest Products Limited Sawmills/ Wood Manufacture 0.9 Not Plotted in MapInfo
Northwood Pulp And Timber Limited Logging 0 Not Plotted in MapInfo
Valley Wood Products Limited Sawmills/ Wood Manufacture 0.1 Not Plotted in MapInfo
White, C. And I. DLC/Contractors 4 Plotted in MapInfo
Lytton Lumber Limited Sawmills/ Wood Manufacture 0.3 Not Plotted in MapInfo
West Fraser Mills Limited Sawmills/ Wood Manufacture 1.3 Not Plotted in MapInfo
Slocan Group - Plateau Division Logging 0 Not Plotted in MapInfo
Babine Forest Products Limited Sawmills/ Wood Manufacture 2.6 Not Plotted in MapInfo
Northwood Pulp And Timber Limited Sawmills/ Wood Manufacture 2.1 Not Plotted in MapInfo
Norm Purmal Contracting (Quesnel Forest Products) Sawmills/ Wood Manufacture 99 Not Plotted in MapInfo
Joe Kopetski Limited DLC/Contractors 49 Not Plotted in MapInfo
Buckingham Development Corporation DLC/Contractors 57 Plotted in MapInfo
Mardan Enterprises Limited Miscellanious Industry 2.3 Not Plotted in MapInfo
Fort Langley Recreations Limited Camps/Recreation/Personal 46 Not Plotted in MapInfo
Burnaby, City Of Large Municipal 1 Plotted in MapInfo
Shell Canada Products Limited Petroleum 95681 Not Plotted in MapInfo
District Of Salmon Arm Medium Municipal 34 Plotted in MapInfo
Cariboo Regional District Medium Municipal 12 Plotted in MapInfo
Cariboo Regional District Small Municipal 4.5 Plotted in MapInfo
Slocan Group - Tackama Division Sawmills/ Wood Manufacture 0.8 Not Plotted in MapInfo
Cariboo Regional District Small Municipal 4 Plotted in MapInfo
Regional District Of Bulkley-Nechako Small Municipal 5 Plotted in MapInfo
Fraser-Fort George Regional District Small Municipal 2.2 Plotted in MapInfo
Weyerhaeuser Canada Limited Sawmills/ Wood Manufacture 0.6 Not Plotted in MapInfo
Highmont Operating Corporation Mining 20 Not Plotted in MapInfo
Thompson-Nicola Regional District Small Municipal 1 Plotted in MapInfo
Salmon Lake Fishing Camp Camps/Recreation/Personal 0.1 Not Plotted in MapInfo
Weyerhaeuser Canada Limited Sawmills/ Wood Manufacture 0.8 Not Plotted in MapInfo
North Enderby Timber Limited Sawmills/ Wood Manufacture 0.1 Not Plotted in MapInfo
Finlay Forest Industries Incorporated Logging 2 Not Plotted in MapInfo
Pemberton Forest Products Incorporated Logging 0 Not Plotted in MapInfo
Carolin Mines Limited Mining 0 Not Plotted in MapInfo
Fraser-Fort George Regional District Small Municipal 0.2 Plotted in MapInfo
Merritt, City Of Medium Municipal 25 Plotted in MapInfo
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APPENDIX C
Complete Fraser Basin Landfill Inventory

Listed by Permit Number Numerical Order

Permit # MOE Region MOE Office Regional District Sub-Basin General Location
PR-514(1) Southern Interior Kamloops Columbia - Shushwap South Thompson SicamousPR-5733(1) Lower Mainland Surrey Harrison Lake, Tipella
PR-5776(1) Cariboo Williams Lake Cariboo North Thompson Sheridan Lake
PR-5808(2) Omineca-Peace Prince George Baker Mine
PR-5819(1) Cariboo Williams Lake Cariboo Middle Fraser Frost Creek
PR-5876(2) Southern Interior Kamloops Thompson - Nicola North Thompson Kamloops Indian Reserve
PR-5904(2) Lower Mainland Surrey Greater Vancouver Lower Fraser Richmond, Iona Island
PR-5910(3) Southern Interior Kamloops Thompson - Nicola South Thompson Kamloops
PR-5936(2) Lower Mainland Surrey Greater Vancouver Lower Fraser Burnaby-Wiggins Street
PR-5970(1) Omineca-Peace Prince George Phillip Creek
PR-5984(1) Lower Mainland Surrey Fraser Valley Lower Fraser Cultus Lake
PR-5988(2) Lower Mainland Surrey Mission, Stave Lake Road - Miracle Valley
PR-5998(1) Omineca-Peace Prince George Fraser Lake
PR-6031(1) Omineca-Peace Prince George Vanderhoof
PR-6047(3) Omineca-Peace Prince George Dunkley
PR-6048(2) Southern Interior Penticton Enderby
PR-6087(1) Omineca-Peace Prince George 28 Km S.W. Of Longworth
PR-6101(1) Omineca-Peace Prince George Strathnaver Lf
PR-6105(1) Skeena Smithers Bulkley - Nechako Nechako Grassy Plains
PR-6111(1) Lower Mainland Surrey Brandywine
PR-6114(1) Omineca-Peace Prince George Fraser - Fort George Upper Fraser Prince George
PR-6145(1) Skeena Smithers Topley
PR-6150(1) Omineca-Peace Prince George Approximately 63 Km Due Nw Of Fort St. James
PR-6214(1) Lower Mainland Surrey Surrey, 17828 - 92 Nd Avenue
PR-6222(1) Omineca-Peace Prince George Leo Cr. Rd. On Elliot Lake
PR-6226(1) Skeena Smithers Palling
PR-6236(2) Lower Mainland Surrey Harrison Mills Camp
PR-6267(2) Cariboo Williams Lake Quesnel
PR-6277(2) Lower Mainland Surrey Greater Vancouver Lower Fraser Richmond Landfill (Frhc Site)
PR-6291(1) Omineca-Peace Prince George Bowron Forestry Road
PR-6369(1) Southern Interior Kamloops Lillooet
PR-6417(1) Omineca-Peace Prince George Takla Landing Reserve Landfill
PR-6424(1) Omineca-Peace Prince George Fraser - Fort George Upper Fraser Mcbride Landfill, Legrand Rd.
PR-6455(1) Cariboo Williams Lake Cariboo Thompson Watch Lake
PR-6461(1) Cariboo Williams Lake Cariboo Middle Fraser Cottonwood House
PR-6469(1) Southern Interior Kamloops Malakwa
PR-6496(3) Omineca-Peace Prince George Prince George
PR-6510(1) Cariboo Williams Lake Cariboo Quesnel Big Lake
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APPENDIX C
Complete Fraser Basin Landfill Inventory

Listed by Permit Number Numerical Order

Permit #
PR-514(1)PR-5733(1)
PR-5776(1)
PR-5808(2)
PR-5819(1)
PR-5876(2)
PR-5904(2)
PR-5910(3)
PR-5936(2)
PR-5970(1)
PR-5984(1)
PR-5988(2)
PR-5998(1)
PR-6031(1)
PR-6047(3)
PR-6048(2)
PR-6087(1)
PR-6101(1)
PR-6105(1)
PR-6111(1)
PR-6114(1)
PR-6145(1)
PR-6150(1)
PR-6214(1)
PR-6222(1)
PR-6226(1)
PR-6236(2)
PR-6267(2)
PR-6277(2)
PR-6291(1)
PR-6369(1)
PR-6417(1)
PR-6424(1)
PR-6455(1)
PR-6461(1)
PR-6469(1)
PR-6496(3)
PR-6510(1)

Owner / Operator Type Capacity GIS Status
Sicamous Waterworks District Small Municipal 26 Plotted in MapInfoCanadian Pacific Forest Products Limited Logging 1 Not Plotted in MapInfo
Cariboo Regional District Small Municipal 4 Plotted in MapInfo
Sable Resources Limited Mining 180 Not Plotted in MapInfo
Cariboo Regional District Small Municipal 1.5 Plotted in MapInfo
Kamloops Indian Band First Nations 18 Plotted in MapInfo
Greater Vancouver Sewerage And Drainage District Government Industrial Waste 610 Plotted in MapInfo
Valleyview Enterprises Limited DLC/Contractors 32 Plotted in MapInfo
Crown Packaging Limited Pulp Mills 484 Plotted in MapInfo
Fletcher Challenge Canada Limited Logging 0 Not Plotted in MapInfo
Cultus Lake Parks Board Camps/Recreation/Personal 1.3 Plotted in MapInfo
The Governing Council Of The Salvation Army In Canada Camps/Recreation/Personal 0.3 Not Plotted in MapInfo
Eurocan Pulp And Paper Company Logging 0 Not Plotted in MapInfo
L And M Lumber Limited Sawmills/ Wood Manufacture 1.1 Not Plotted in MapInfo
Dunkley Lumber Limited Sawmills/ Wood Manufacture 1.1 Not Plotted in MapInfo
North Okanagan Regional District Small Municipal 2 Not Plotted in MapInfo
Rustad Brothers And Company Limited Logging 0 Not Plotted in MapInfo
Cariboo Regional District Small Municipal 0 Not Plotted in MapInfo
Regional District Of Bulkley-Nechako Small Municipal 0.2 Plotted in MapInfo
Northair Mines Limited Mining 0 Not Plotted in MapInfo
Canadian Pacific Forest Products Limited Pulp Mills 2624 Plotted in MapInfo
Bell Pole Company Limited Sawmills/ Wood Manufacture 110 Not Plotted in MapInfo
Apollo Forest Products Limited Logging 0 Not Plotted in MapInfo
Hayden, Arthur Camps/Recreation/Personal 0 Not Plotted in MapInfo
Netherland Overseas Mills Logging 0 Not Plotted in MapInfo
Decker Lake Forest Products Limited Sawmills/ Wood Manufacture 0.6 Not Plotted in MapInfo
Canadian Pacific Forest Products Limited Sawmills/ Wood Manufacture 2.8 Not Plotted in MapInfo
C. & C. Wood Products Limited Sawmills/ Wood Manufacture 0.3 Not Plotted in MapInfo
Fraser River Harbour Commission Government Industrial Waste 0 Plotted in MapInfo
Northwood Pulp And Timber Limited Logging 0 Not Plotted in MapInfo
Walden North Enterprises Logging 1 Not Plotted in MapInfo
Takla Lake Band Council First Nations 0 Not Plotted in MapInfo
Fraser-Fort George Regional District Small Municipal 3.9 Plotted in MapInfo
Cariboo Regional District Small Municipal 0.8 Plotted in MapInfo
Cariboo Regional District Small Municipal 1 Plotted in MapInfo
Westar Timber Limited Sawmills/ Wood Manufacture 0.3 Not Plotted in MapInfo
Northwood Pulp And Timber Limited Sawmills/ Wood Manufacture 1.7 Not Plotted in MapInfo
Cariboo Regional District Small Municipal 2 Plotted in MapInfo
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APPENDIX C
Complete Fraser Basin Landfill Inventory

Listed by Permit Number Numerical Order

Permit # MOE Region MOE Office Regional District Sub-Basin General Location
PR-514(1) Southern Interior Kamloops Columbia - Shushwap South Thompson SicamousPR-6574(3) Lower Mainland Surrey Burnaby, 7625 Meadow Avenue
PR-6619(3) Southern Interior Kamloops Thompson - Nicola North Thompson Paul Lake
PR-6670(1) Omineca-Peace Prince George Fraser - Fort George Nechako Berman L. Landfill
PR-6697(1) Southern Interior Kamloops Kamloops
PR-6718(2) Omineca-Peace Prince George Fort St James
PR-6728(1) Omineca-Peace Prince George Bugle Lake (About 60 Km East Of Fort St James)
PR-6756(2) Omineca-Peace Prince George Fraser - Fort George Upper Fraser Aleza Lake Landfill
PR-6773(1) Skeena Smithers Cassiar
PR-6774(2) Skeena Smithers Kitimat - Stikine Stewart
PR-6802(1) Southern Interior Kamloops Kamloops
PR-6803(1) Southern Interior Kamloops Squamish - Lillooet Bridge-Seton Devine
PR-6804(1) Southern Interior Kamloops Thompson - Nicola Thompson Loon Lake
PR-6805(1) Southern Interior Kamloops Aspen Grove
PR-6821(1) Cariboo Williams Lake Cariboo Chilcotin Alexis Creek
PR-6823(1) Cariboo Williams Lake Cariboo Middle Fraser Frost Creek
PR-6864(5) Omineca-Peace Prince George Engen-Near Vanderhoof
PR-6894(2) Lower Mainland Surrey Port Moody, Ioco
PR-6911(1) Omineca-Peace Prince George See Comments
PR-6922(1) Cariboo Williams Lake Cariboo Chilcotin Nemaiah Valley
PR-6972(1) Southern Interior Kamloops Columbia - Shushwap South Thompson Canoe
PR-7021(1) Omineca-Peace Prince George 90 Km S.E. Of Pg Beside The Bowron River
PR-7025(1) Omineca-Peace Prince George Near Babette Lake In The Mcgregor Valley
PR-7031(1) Southern Interior Kamloops Thompson - Nicola South Thompson Agate Bay
PR-7074(1) Southern Interior Kamloops Shuswap Lake-Anstey Arm
PR-7080(1) Cariboo Williams Lake Cariboo Upper Fraser Wells
PR-7083(2) Cariboo Williams Lake Williams Lake
PR-7086(1) Cariboo Williams Lake Exeter
PR-7092(2) Omineca-Peace Prince George Bcr Industrial Site
PR-7093(2) Omineca-Peace Prince George Prince George - Bcr Site
PR-7094(2) Omineca-Peace Prince George Takla
PR-7112(2) Lower Mainland Surrey Burnaby, 5201 Penzance Drive
PR-7200(1) Cariboo Williams Lake Cariboo Chilcotin Tatla Lake
PR-7206(3) Cariboo Williams Lake Cariboo Middle Fraser Williams Lake
PR-7208(2) Cariboo Williams Lake Williams Lake
PR-7232(2) Lower Mainland Surrey Fraser Valley Lower Fraser Abbotsford And Matsqui
PR-7255(3) Omineca-Peace Prince George Fort St James
PR-7272(5) Lower Mainland Surrey Squamish - Lillooet Lillooet Pemberton, 10 Km South Of
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APPENDIX C
Complete Fraser Basin Landfill Inventory

Listed by Permit Number Numerical Order

Permit #
PR-514(1)PR-6574(3)
PR-6619(3)
PR-6670(1)
PR-6697(1)
PR-6718(2)
PR-6728(1)
PR-6756(2)
PR-6773(1)
PR-6774(2)
PR-6802(1)
PR-6803(1)
PR-6804(1)
PR-6805(1)
PR-6821(1)
PR-6823(1)
PR-6864(5)
PR-6894(2)
PR-6911(1)
PR-6922(1)
PR-6972(1)
PR-7021(1)
PR-7025(1)
PR-7031(1)
PR-7074(1)
PR-7080(1)
PR-7083(2)
PR-7086(1)
PR-7092(2)
PR-7093(2)
PR-7094(2)
PR-7112(2)
PR-7200(1)
PR-7206(3)
PR-7208(2)
PR-7232(2)
PR-7255(3)
PR-7272(5)

Owner / Operator Type Capacity GIS Status
Sicamous Waterworks District Small Municipal 26 Plotted in MapInfoMeadowland Peat Limited DLC/Contractors 100 Not Plotted in MapInfo
Thompson-Nicola Regional District Small Municipal 0.9 Plotted in MapInfo
Fraser-Fort George Regional District Small Municipal 1 Plotted in MapInfo
Conagra Resource Management Company Miscellanious Industry 1 Not Plotted in MapInfo
Apollo Forest Products Limited Sawmills/ Wood Manufacture 0.9 Not Plotted in MapInfo
Takla Logging Company Logging 0 Not Plotted in MapInfo
Fraser-Fort George Regional District Small Municipal 0.7 Plotted in MapInfo
Erickson Gold Mining Corporation Mining 0 Not Plotted in MapInfo
Stewart, District Of Small Municipal 2.7 Not Plotted in MapInfo
Petro-Canada Petroleum 0 Not Plotted in MapInfo
Squamish-Lillooet Regional District Small Municipal 4 Plotted in MapInfo
Thompson-Nicola Regional District Small Municipal 1 Plotted in MapInfo
Thompson-Nicola Regional District Small Municipal 0 Not Plotted in MapInfo
Cariboo Regional District Medium Municipal 23 Plotted in MapInfo
Cariboo Regional District Small Municipal 2 Plotted in MapInfo
Slocan Group - Plateau Division Sawmills/ Wood Manufacture 2.9 Not Plotted in MapInfo
Imperial Oil Limited Petroleum 7666 Not Plotted in MapInfo
The Pas Lumber Company Limited Logging 0 Not Plotted in MapInfo
Cariboo Regional District Small Municipal 2.3 Plotted in MapInfo
Federated Co-Operatives Limited Miscellanious Industry 0.7 Plotted in MapInfo
Rustad Brothers And Company Limited Logging 0 Not Plotted in MapInfo
Canroc International Corporation Mining 0 Not Plotted in MapInfo
Thompson-Nicola Regional District Small Municipal 1 Plotted in MapInfo
The Owners Strata Plan K611 Camps/Recreation/Personal 1 Not Plotted in MapInfo
Cariboo Regional District Small Municipal 4 Plotted in MapInfo
Weldwood Of Canada Limited Sawmills/ Wood Manufacture 1.7 Not Plotted in MapInfo
Ainsworth Lumber Company Limited Sawmills/ Wood Manufacture 1.3 Not Plotted in MapInfo
Carrier Lumber Limited Sawmills/ Wood Manufacture 1.3 Not Plotted in MapInfo
Rustad Brothers And Company Limited Sawmills/ Wood Manufacture 1 Not Plotted in MapInfo
Canadian Pacific Forest Products Limited Sawmills/ Wood Manufacture 1.6 Not Plotted in MapInfo
Chevron Canada Limited Petroleum 6303 Not Plotted in MapInfo
Cariboo Regional District Small Municipal 1.9 Plotted in MapInfo
Lignum Limited And Riverside Forest Products (Williams Lake) Limited Sawmills/ Wood Manufacture 4.9 Plotted in MapInfo
Timberwest Forest Limited Sawmills/ Wood Manufacture 2 Not Plotted in MapInfo
Matsqui, The Corporation Of The District Of Medium Municipal 150 Plotted in MapInfo
Stuart Lake Lumber Company Limited Sawmills/ Wood Manufacture 0.6 Not Plotted in MapInfo
Squamish-Lillooet Regional District Small Municipal 5.3 Plotted in MapInfo
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APPENDIX C
Complete Fraser Basin Landfill Inventory

Listed by Permit Number Numerical Order

Permit # MOE Region MOE Office Regional District Sub-Basin General Location
PR-514(1) Southern Interior Kamloops Columbia - Shushwap South Thompson SicamousPR-7276(3) Lower Mainland Surrey Greater Vancouver Lower Fraser Burnaby, Stride Vaenue and Marine Way
PR-7313(2) Omineca-Peace Prince George Tete Jaune Cache
PR-7335(1) Skeena Smithers Rancheria
PR-7368(1) Omineca-Peace Prince George Laprise
PR-7374(2) Cariboo Williams Lake Cariboo Middle Fraser Riske Creek
PR-7412(1) Omineca-Peace Prince George Approximately 5 Km West Of Vanderhoof
PR-7418(1) Omineca-Peace Prince George At The C.N.R. Industrial Site Prince George, Bc
PR-7423(1) Southern Interior Kamloops Squamish - Lillooet Bridge-Seton Goldbridge
PR-7480(1) Omineca-Peace Prince George Prince George - Blackwater Rd.
PR-7482(1) Omineca-Peace Prince George Mcgeachy Pit Vanderhoof
PR-7483(2) Omineca-Peace Prince George Lejac
PR-7484(2) Omineca-Peace Prince George Isle Pierre
PR-7523(2) Omineca-Peace Prince George Bulkley - Nechako Nancut Reserve (Portage) Landfill
PR-7577(1) Southern Interior Kamloops Thompson - Nicola Thompson Cache Creek
PR-7598(1) Omineca-Peace Prince George Bear Lake
PR-7643(1) Cariboo Williams Lake Black Dome Mountain
PR-7644(1) Cariboo Williams Lake Cariboo North Thompson Mahood Lake
PR-7655(1) Southern Interior Kamloops Thompson - Nicola Thompson Cache Creek
PR-7677(2) Omineca-Peace Prince George Prince George
PR-7685(1) Skeena Smithers Burns Lake
PR-7707(1) Lower Mainland Surrey Greater Vancouver Lower Fraser Delta-River Road
PR-7709(2) Lower Mainland Surrey Greater Vancouver Lower Fraser Delta, 9356 & 9376 River Road
PR-7763(2) Lower Mainland Surrey Fraser Valley Middle Fraser North Bend
PR-7765(8) Lower Mainland Surrey Greater Vancouver Lower Fraser Delta, 8950, 8970 & 9108 River Road
PR-7766(2) Lower Mainland Surrey Big Silver Creek
PR-7812(1) Lower Mainland Surrey Langley
PR-7848(1) Cariboo Williams Lake Cariboo Middle Fraser Williams Lake, Glendale
PR-7909(1) Lower Mainland Surrey Greater Vancouver Lower Fraser 9376 River Road, Delta
PR-7915(1) Omineca-Peace Prince George Prince George-Bcr Industr Site
PR-7918(1) Omineca-Peace Prince George Chetwynd
PR-7990(3) Lower Mainland Surrey Mission, 33151 Commercial Street
PR-8032(1) Lower Mainland Surrey Harrison Lake, 20 Mile Bay
PR-8073(1) Omineca-Peace Prince George Pk Landfill, Pine Pass
PR-8090(2) Lower Mainland Surrey Fraser Valley Lower Fraser Matsqui-Valley Road
PR-8132(1) Lower Mainland Surrey Mission
PR-8139(4) Lower Mainland Surrey Greater Vancouver Lower Fraser Delta, 9265 & 9283 River Road
PR-8145(1) Southern Interior Kamloops Barriere-25 Km. East
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APPENDIX C
Complete Fraser Basin Landfill Inventory

Listed by Permit Number Numerical Order

Permit #
PR-514(1)PR-7276(3)
PR-7313(2)
PR-7335(1)
PR-7368(1)
PR-7374(2)
PR-7412(1)
PR-7418(1)
PR-7423(1)
PR-7480(1)
PR-7482(1)
PR-7483(2)
PR-7484(2)
PR-7523(2)
PR-7577(1)
PR-7598(1)
PR-7643(1)
PR-7644(1)
PR-7655(1)
PR-7677(2)
PR-7685(1)
PR-7707(1)
PR-7709(2)
PR-7763(2)
PR-7765(8)
PR-7766(2)
PR-7812(1)
PR-7848(1)
PR-7909(1)
PR-7915(1)
PR-7918(1)
PR-7990(3)
PR-8032(1)
PR-8073(1)
PR-8090(2)
PR-8132(1)
PR-8139(4)
PR-8145(1)

Owner / Operator Type Capacity GIS Status
Sicamous Waterworks District Small Municipal 26 Plotted in MapInfoBurnaby, The Corporation Of The District Of Large Municipal 110 Plotted in MapInfo
Hauer Brothers Lumber Limited Sawmills/ Wood Manufacture 0.1 Not Plotted in MapInfo
Regional Resources Limited Logging 1 Not Plotted in MapInfo
D. Hall And Associates Camps/Recreation/Personal 0 Not Plotted in MapInfo
Cariboo Regional District Small Municipal 1 Plotted in MapInfo
Bond Brothers Sawmill Limited Sawmills/ Wood Manufacture 0 Not Plotted in MapInfo
Brink Forest Products Limited Sawmills/ Wood Manufacture 0 Not Plotted in MapInfo
Squamish-Lillooet Regional District Small Municipal 0.6 Plotted in MapInfo
Canadian Pacific Forest Products Limited Sawmills/ Wood Manufacture 1.2 Not Plotted in MapInfo
Regional District Of Bulkley-Nechako Small Municipal 0 Not Plotted in MapInfo
West Fraser Mills Limited Logging 0.2 Not Plotted in MapInfo
Canadian Pacific Forest Products Limited Logging 1 Not Plotted in MapInfo
Yekooche Band, Yee Koo Che Indian Reserve #3 First Nations 2 Not Plotted in MapInfo
Wastech Services Limited Large Municipal 1370 Plotted in MapInfo
Canadian Pacific Forest Products Limited - Polar Division Logging 1.2 Not Plotted in MapInfo
Blackdome Mining Corporation Mining 1 Not Plotted in MapInfo
Cariboo Regional District Small Municipal 2 Plotted in MapInfo
Georgia Pacific Bldg. Material Sales Limited Sawmills/ Wood Manufacture 3223 Plotted in MapInfo
Husky Oil Operations Limited Petroleum 1960 Not Plotted in MapInfo
Babine Forest Products Limited Sawmills/ Wood Manufacture 2.6 Not Plotted in MapInfo
Alpha Manufacturing Incorporated DLC/Contractors 80 Plotted in MapInfo
7437 Holdings Limited DLC/Contractors 81 Plotted in MapInfo
Regional District Of Fraser-Cheam Small Municipal 2.4 Plotted in MapInfo
Brown, Robert DLC/Contractors 52 Plotted in MapInfo
Pacific Forest Products Limited Logging 1 Not Plotted in MapInfo
Neufeld, Hugo And Helen Camps/Recreation/Personal 10 Not Plotted in MapInfo
Weldwood Of Canada Limited Sawmills/ Wood Manufacture 1.7 Plotted in MapInfo
RNG Recycling;  7437 Holdings DLC/Contractors 0 Plotted in MapInfo
Woodland Lumber Limited Sawmills/ Wood Manufacture 0.1 Not Plotted in MapInfo
District Of Chetwynd Small Municipal 0 Not Plotted in MapInfo
West Coast Forest Products Limited Sawmills/ Wood Manufacture 461 Not Plotted in MapInfo
Prettys' Timber Company Limited Logging 1 Not Plotted in MapInfo
Powder King Ski Village Limited Camps/Recreation/Personal 0 Not Plotted in MapInfo
Matsqui, The Corporation Of The District Of Medium Municipal 14 Plotted in MapInfo
Fletcher Challenge Canada Limited Sawmills/ Wood Manufacture 165 Not Plotted in MapInfo
Meadowland Peat Limited DLC/Contractors 120 Plotted in MapInfo
Minnova Incorporated Mining 422 Not Plotted in MapInfo
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APPENDIX C
Complete Fraser Basin Landfill Inventory

Listed by Permit Number Numerical Order

Permit # MOE Region MOE Office Regional District Sub-Basin General Location
PR-514(1) Southern Interior Kamloops Columbia - Shushwap South Thompson SicamousPR-8160(1) Lower Mainland Surrey Harrison Hot Springs-37Km N.
PR-8177(3) Lower Mainland Surrey Greater Vancouver Lower Fraser Delta, 9236 River Road
PR-8203(1) Lower Mainland Surrey Fraser Valley Lower Fraser Chilliwack
PR-8260(1) Lower Mainland Surrey Harrison Hot Springs
PR-8262(1) Lower Mainland Surrey Pemberton - 10 Km S.W.
PR-8263(3) Lower Mainland Surrey Pemberton, 5 Km South
PR-8308(1) Southern Interior Kamloops Barriere
PR-8425(1) Lower Mainland Surrey Pemberton
PR-8431(2) Lower Mainland Surrey Surrey, 9670 187 Street
PR-8452(1) Omineca-Peace Prince George Herrick Road - Kilometre 15
PR-8466(2) Omineca-Peace Prince George Knewstub Lake Camp
PR-8513(3) Lower Mainland Surrey Pemberton, 10 Km South
PR-8578(1) Cariboo Williams Lake Cariboo Chilcotin Hanceville-Near
PR-8798(1) Cariboo Williams Lake 100 Mile House
PR-8799(2) Cariboo Williams Lake Williams Lake
PR-8809(2) Cariboo Williams Lake Williams Lake
PR-8857(1) Skeena Smithers Big Windsor River
PR-8891(1) Southern Interior Kamloops Barriere
PR-8895(1) Southern Interior Kamloops Malakwa
PR-8896(1) Southern Interior Kamloops Seymour Arm
PR-8980(3) Lower Mainland Surrey Head Of Pitt Lake, North Of Maple Ridge
PR-9040(2) Omineca-Peace Prince George Buffalo Head Camp - Finbow - 5 Km From Paul & Finl
PR-9046(1) Omineca-Peace Prince George 100 Metres East Of Tachie Rd.
PR-10720(1) Lower Mainland Surrey Hope, 1 Km East Of Airport
PR-10855(1) Cariboo Williams Lake Exeter Rd.  100 Mile House
PR-10926(1) Cariboo Williams Lake Cariboo Middle Fraser Baker Creek
PR-10939(3) Omineca-Peace Prince George Cirque Mining Claim Liard
PR-10953(1) Cariboo Williams Lake Cariboo West Road Nazko - Marmot Lake
PR-11071(1) Cariboo Williams Lake Cariboo Thompson Watch Lake
PR-11191(1) Southern Interior Kamloops Salmon Arm
PR-11198(1) Southern Interior Kamloops Kamloops
PR-11320(1) Southern Interior Kamloops Kamloops
PR-11608(1) Lower Mainland Surrey 25330 - 88Th Avenue, Langley, Bc
PR-11655(2) Omineca-Peace Prince George Lovell Cove On Takla Lake
PR-11727(1) Lower Mainland Surrey Fraser Valley Lower Fraser Matsqui Transfer Station
PR-12038(1) Skeena Smithers Greenville
PR-12139(1) Lower Mainland Surrey Surrey, Barnston Island R.R. #12
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APPENDIX C
Complete Fraser Basin Landfill Inventory

Listed by Permit Number Numerical Order

Permit #
PR-514(1)PR-8160(1)
PR-8177(3)
PR-8203(1)
PR-8260(1)
PR-8262(1)
PR-8263(3)
PR-8308(1)
PR-8425(1)
PR-8431(2)
PR-8452(1)
PR-8466(2)
PR-8513(3)
PR-8578(1)
PR-8798(1)
PR-8799(2)
PR-8809(2)
PR-8857(1)
PR-8891(1)
PR-8895(1)
PR-8896(1)
PR-8980(3)
PR-9040(2)
PR-9046(1)
PR-10720(1)
PR-10855(1)
PR-10926(1)
PR-10939(3)
PR-10953(1)
PR-11071(1)
PR-11191(1)
PR-11198(1)
PR-11320(1)
PR-11608(1)
PR-11655(2)
PR-11727(1)
PR-12038(1)
PR-12139(1)

Owner / Operator Type Capacity GIS Status
Sicamous Waterworks District Small Municipal 26 Plotted in MapInfoInternational Forest Products Limited Logging 241 Not Plotted in MapInfo
A D P Holdings Limited DLC/Contractors 15 Plotted in MapInfo
District Of Chilliwack Medium Municipal 80 Plotted in MapInfo
Canadian Pacific Forest Products Limited Logging 132 Not Plotted in MapInfo
Pacific Forest Products Limited Logging 110 Not Plotted in MapInfo
Pacific Forest Products Limited Logging 132 Not Plotted in MapInfo
Silver Star Ranch Limited Miscellanious Industry 0.2 Not Plotted in MapInfo
Creekside Forest Products Limited Logging 0.1 Not Plotted in MapInfo
Highland Foundry Limited Miscellanious Industry 3 Not Plotted in MapInfo
Northwood Pulp And Timber Limited Logging 0 Not Plotted in MapInfo
Alcan Smelters And Chemicals Limited Miscellanious Industry 0 Not Plotted in MapInfo
Pacific Forest Products Limited Logging 124 Not Plotted in MapInfo
Sigurdson Brothers Logging Company Limited Logging 0.1 Plotted in MapInfo
100 Mile Wood Products Limited Sawmills/ Wood Manufacture 0.1 Not Plotted in MapInfo
Timberwest Forest Limited Sawmills/ Wood Manufacture 2 Not Plotted in MapInfo
Nw Energy (Williams Lake) Limited Partnership Miscellanious Industry 267 Not Plotted in MapInfo
Boyle And Dean Logging Logging 206 Not Plotted in MapInfo
Gilbert Smith Forest Products Limited Sawmills/ Wood Manufacture 0.2 Not Plotted in MapInfo
Westar Timber Limited Sawmills/ Wood Manufacture 0.4 Not Plotted in MapInfo
Federated Co-Operatives Limited Miscellanious Industry 0.3 Not Plotted in MapInfo
J.S. Jones Holdings Limited Logging 329 Not Plotted in MapInfo
Timberwest Forest Limited Logging 0 Not Plotted in MapInfo
Bell Pole Company Limited Logging 22 Not Plotted in MapInfo
Valley Helicopters Limited Miscellanious Industry 25 Not Plotted in MapInfo
Schmidt Logging Limited Logging 3 Not Plotted in MapInfo
Cariboo Regional District Small Municipal 4.7 Plotted in MapInfo
Cirque Operating Corporation Mining 3500 Not Plotted in MapInfo
Cariboo Regional District Small Municipal 4.7 Plotted in MapInfo
Cariboo Regional District Small Municipal 0.5 Plotted in MapInfo
B Z Enterprises Limited DLC/Contractors 15 Not Plotted in MapInfo
A.C. & E.J. Blackwell DLC/Contractors 20 Not Plotted in MapInfo
Skitchine Lodge Limited Camps/Recreation/Personal 0 Not Plotted in MapInfo
Carol Tremblay And Robert Darwin Miscellanious Industry 29707 Not Plotted in MapInfo
Rustad Brothers And Company Limited Logging 0 Not Plotted in MapInfo
Greater Vancouver Regional District Large Municipal 1 Plotted in MapInfo
Lakalzap Indian Band First Nations 0 Not Plotted in MapInfo
Halliday, Anne Camps/Recreation/Personal 2676 Not Plotted in MapInfo
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APPENDIX C
Complete Fraser Basin Landfill Inventory

Listed by Permit Number Numerical Order

Permit # MOE Region MOE Office Regional District Sub-Basin General Location
PR-514(1) Southern Interior Kamloops Columbia - Shushwap South Thompson SicamousPR-12290(1) Southern Interior Kamloops Campbell Creek Industrial Park
PR-12615(1) Cariboo Williams Lake Quesnel - 3 Km South Of
PR-12912(1) Lower Mainland Surrey Vancouver, S.E.Or Quebec And Keefer St.
PR-13740(1) Cariboo Williams Lake Cariboo Quesnel Quesnel - 58 Km Southeast Of
PR-13753(1) Lower Mainland Surrey Delta, 40Th St, 46A St, 72Nd St
PR-14271(1) Cariboo Williams Lake Quesnel Lake
PR-20000(1) Cariboo Williams Lake Cariboo Chilcotin Punzi Lake
NP-30000 N/A N/A Fraser Valley Lower Fraser Laidlaw
NP-30001 N/A N/A Fraser Valley Lower Fraser Seabird Island, Kent
NP-30003 N/A N/A Fraser Valley Lillooet Skookumchuk
NP-30004 N/A N/A Squamish - Lillooet Lillooet Mount Currie, Pemberton Indian Reserve #6
NP-30005 N/A N/A Squamish - Lillooet Bridge-Seton Seton Lake, Slosh Indian Reserve #1
NP-30006 N/A N/A Thompson - Nicola Thompson Nicola Lake, Nicola Lake Indian Reserve #1
NP-30007 N/A N/A Thompson - Nicola Thompson Douglas Lake, Douglas Lake Indian Reserve #3
NP-30008 N/A N/A Thompson - Nicola Thompson Shackan Indian Reserve #11, south-east of Spences Bridge
NP-30009 N/A N/A Thompson - Nicola Thompson Shackan Indian Reserve #11, south-east of Spences Bridge
NP-30010 N/A N/A Thompson - Nicola Thompson Deadman's Creek Indian Reserve, north of Savona
NP-30011 N/A N/A Thompson - Nicola Thompson Bonaparte Indian Reserve #2
NP-30012 N/A N/A Thompson - Nicola Thompson Bonaparte Indian Reserve #3/3A, north of Cache Creek
NP-30013 N/A N/A Squamish - Lillooet Bridge-Seton Bridge River Indian Reserve #1, north of Lillooet
NP-30014 N/A N/A Squamish - Lillooet Bridge-Seton Nequatque Indian Reserve #1, south end of Anderson Lake at Devine
NP-30015 N/A N/A Thompson - Nicola Thompson Nicola Mameet Indian Reserve #1, north-west of Merritt
NP-30016 N/A N/A Squamish - Lillooet Middle Fraser Nesikep Indian Reserve #6, north of Lytton
NP-30017 N/A N/A Thompson - Nicola Middle Fraser Papyum Indian Reserve #27, Lytton
NP-30018 N/A N/A Squamish - Lillooet Middle Fraser Fountain Indian Reserve #1A, north-east of Lillooet
NP-30019 N/A N/A Thompson - Nicola Middle Fraser Pavilion Indian Reserve #1
NP-30020 N/A N/A Thompson - Nicola Middle Fraser Marble Canyon Indian Reserve #3, Pavilion Lake
NP-30021 N/A N/A Thompson - Nicola Thompson Coldwater Indian Reserve #1
NP-30022 N/A N/A Cariboo Middle Fraser Soda Creek Indian Reserve #1
NP-30023 N/A N/A Cariboo Chilcotin Anahim's Flat Indian Reserve #1
NP-30024 N/A N/A Cariboo Middle Fraser Williams Lake Indian Reserve #1, west of 150 Mile House
NP-30025 N/A N/A Cariboo Middle Fraser Alexandria Indian Reserve #1, north of Marguerite
NP-30026 N/A N/A Cariboo Middle Fraser Alexandria Indian Reserve #3, north of Marguerite
NP-30027 N/A N/A Cariboo Chilcotin Redstone Flat Indian Reserve #1, north-east of Chilanko Forks
NP-30028 N/A N/A Thompson - Nicola North Thompson North Thompson Indian Reserve #1, Darfield
NP-30029 N/A N/A North Okanagan South Thompson Enderby Indian Reserve #2, south of Enderby
NP-30030 N/A N/A Thompson - Nicola South Thompson Neskainlith Indian Reserve #2, south of Chase
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APPENDIX C
Complete Fraser Basin Landfill Inventory

Listed by Permit Number Numerical Order

Permit #
PR-514(1)PR-12290(1)
PR-12615(1)
PR-12912(1)
PR-13740(1)
PR-13753(1)
PR-14271(1)
PR-20000(1)
NP-30000
NP-30001
NP-30003
NP-30004
NP-30005
NP-30006
NP-30007
NP-30008
NP-30009
NP-30010
NP-30011
NP-30012
NP-30013
NP-30014
NP-30015
NP-30016
NP-30017
NP-30018
NP-30019
NP-30020
NP-30021
NP-30022
NP-30023
NP-30024
NP-30025
NP-30026
NP-30027
NP-30028
NP-30029
NP-30030

Owner / Operator Type Capacity GIS Status
Sicamous Waterworks District Small Municipal 26 Plotted in MapInfoMeeker Log & Timber Limited Sawmills/ Wood Manufacture 2 Not Plotted in MapInfo
Weldwood Of Canada Limited Sawmills/ Wood Manufacture 1.9 Not Plotted in MapInfo
Chinese Merchants Association Parking Association Miscellanious Industry 8.7 Not Plotted in MapInfo
Kinross Gold Corporation Mining 2 Plotted in MapInfo
Instant Lawns Turf Farms (1994) Limited Miscellanious Industry 0 Not Plotted in MapInfo
West Fraser Mills Limited Logging 548 Not Plotted in MapInfo
Cariboo Regional District Small Municipal 1.1 Plotted in MapInfo
Omahill Indian Band First Nations 0.1 Plotted in MapInfo
Seabird Island Indian Band First Nations 1.3 Plotted in MapInfo
Skookumchuk Indian Band First Nations 0.2 Plotted in MapInfo
Pemberton Indian Band First Nations 0.3 Plotted in MapInfo
Seton Lake Indian Band First Nations 0.7 Plotted in MapInfo
Upper Nicola Indian Band First Nations 0.7 Plotted in MapInfo
Upper Nicola Indian Band First Nations 0.7 Plotted in MapInfo
Shackan Indian Band First Nations 0.3 Plotted in MapInfo
Shackan Indian Band First Nations 0.3 Plotted in MapInfo
Skeetchestn Indian Band First Nations 0.3 Plotted in MapInfo
Bonaparte Indian Band First Nations 0.4 Plotted in MapInfo
Bonaparte Indian Band First Nations 0.4 Plotted in MapInfo
Bridge River Indian Band First Nations 0.3 Plotted in MapInfo
Anderson Lake Indian Band First Nations 0.3 Plotted in MapInfo
Lower Nicola Indian Band First Nations 0.6 Plotted in MapInfo
Lytton Indian Band First Nations 1.5 Plotted in MapInfo
Lytton Indian Band First Nations 1.5 Plotted in MapInfo
Fountain Indian Band First Nations 0.8 Plotted in MapInfo
Pavilion Indian Band First Nations 0.3 Plotted in MapInfo
Pavilion Indian Band First Nations 0.3 Plotted in MapInfo
Coldwater Indian Band First Nations 0.5 Plotted in MapInfo
Soda Creek Indian Band First Nations 0.2 Plotted in MapInfo
Anahim Indian Band First Nations 1.2 Plotted in MapInfo
Williams Lake Indian Band First Nations 0.4 Plotted in MapInfo
Alexandria Indian Band First Nations 0.1 Plotted in MapInfo
Alexandria Indian Band First Nations 0.1 Plotted in MapInfo
Alexis Creek Indian Band First Nations 0.5 Plotted in MapInfo
North Thompson Indian Band First Nations 0.4 Plotted in MapInfo
Spallumcheen Indian Band First Nations 0.6 Plotted in MapInfo
Neskainlith Indian Band First Nations 0.4 Plotted in MapInfo
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APPENDIX C
Complete Fraser Basin Landfill Inventory

Listed by Permit Number Numerical Order

Permit # MOE Region MOE Office Regional District Sub-Basin General Location
PR-514(1) Southern Interior Kamloops Columbia - Shushwap South Thompson SicamousNP-30031 N/A N/A Thompson - Nicola South Thompson Sahhaltkum Indian Reserve #1, west of Chase
NP-30032 N/A N/A Bulkley - Nechako Nechako Nautley Indian Reserve #1, east end of Fraser Lake
NP-30033 N/A N/A Bulkley - Nechako Nechako Seaspunkut Indian Reserve #1, east of city of Fraser Lake
NP-30034 N/A N/A Cariboo Middle Fraser Dog Creek Indian Reserve #1
NP-30035 N/A N/A Thompson - Nicola Middle Fraser Canoe Creek Indian Reserve #1
NP-30036 N/A N/A Cariboo Chilcotin Chilko Lake Indian Reserve #1A, Nemaiah Valley
NP-30037 N/A N/A Cariboo Chilcotin Lohbiee Indian Reserve #3, east end of Konni Lake, Nemaiah Valley
NP-31000 Lower Mainland Surrey Fraser Valley Lower Fraser M.R. Lidskey Landfill
NP-31001 Lower Mainland Surrey Greater Vancouver Lower Fraser GVRD Coquitlam Landfill Sludge Use
NP-31002 Lower Mainland Surrey Greater Vancouver Lower Fraser ESCO Foundry Sands
NP-31004 Lower Mainland Surrey Greater Vancouver Lower Fraser Demolition Waste Landfill
NP-31005 Lower Mainland Surrey Greater Vancouver Lower Fraser Delta Shake and Shingle Landfill
NP-31006 Lower Mainland Surrey Greater Vancouver Lower Fraser Oaklands Site 21 Landfill
NP-31007 Lower Mainland Surrey Greater Vancouver Lower Fraser Athopa Landfill Site
NP-31008 Southern Interior Kamloops Thompson - Nicola North Thompson Former CFS Kamloops Landfill: Site A
NP-31009 Southern Interior Kamloops Thompson - Nicola North Thompson Former CFS Kamloops Landfill: Site B
NP-31010 Omineca-Peace Prince George Fraser - Fort George Nechako CFS Baldy Hughes Landfill
NP-31013 Cariboo Williams Lake Cariboo Chilcotin Chilko Lake Municipal Landfill
NP-31014 Lower Mainland Surrey Greater Vancouver Lower Fraser Kerr Road and 64th Ave., City of Vancouver
NP-31015 Lower Mainland Surrey Greater Vancouver Lower Fraser Terra Nova, Coquitlam, south of Hwy 1, east of King Edward Ave.
NP-50260-08 Southern Interior Kamloops Fraser Valley Middle Fraser Hope
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APPENDIX C
Complete Fraser Basin Landfill Inventory

Listed by Permit Number Numerical Order

Permit #
PR-514(1)NP-30031
NP-30032
NP-30033
NP-30034
NP-30035
NP-30036
NP-30037
NP-31000
NP-31001
NP-31002
NP-31004
NP-31005
NP-31006
NP-31007
NP-31008
NP-31009
NP-31010
NP-31013
NP-31014
NP-31015
NP-50260-08

Owner / Operator Type Capacity GIS Status
Sicamous Waterworks District Small Municipal 26 Plotted in MapInfoAdams Lake Indian Band First Nations 0.7 Plotted in MapInfo
Fraser Lake Indian Band First Nations 0.4 Plotted in MapInfo
Fraser Lake Indian Band First Nations 0.4 Plotted in MapInfo
Canoe Creek Indian Band First Nations 0.5 Plotted in MapInfo
Canoe Creek Indian Band First Nations 0.5 Plotted in MapInfo
Nemaiah Valley Indian Band First Nations 0.5 Plotted in MapInfo
Nemaiah Valley Indian Band First Nations 0.5 Plotted in MapInfo
Unknown Miscellanious Industry 0 Plotted in MapInfo
Greater Vancouver Regional District Government Industrial Waste 0 Plotted in MapInfo
Unknown Miscellanious Industry 0 Plotted in MapInfo
Unknown DLC/Contractors 0 Plotted in MapInfo
Unknown Sawmills/ Wood Manufacture 0 Plotted in MapInfo
Unknown Miscellanious Industry 0 Plotted in MapInfo
Unknown DLC/Contractors 0 Plotted in MapInfo
Unknown Government Industrial Waste 0 Plotted in MapInfo
Unknown Government Industrial Waste 0 Plotted in MapInfo
Unknown Government Industrial Waste 0 Plotted in MapInfo
Unknown Small Municipal 1 Plotted in MapInfo
City Of Vancouver Municipal - Primary 300 Plotted in MapInfo
Ven Dev Enterprises Ltd., Crown Zellerbach's Fraser Mills Division Large Municipal 270 Plotted in MapInfo
The Corporation of the Town of Hope Medium Municipal 9 Plotted in MapInfo
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APPENDIX D
Municipal Landfill Contaminant Mass Loadings

Listed by Fraser River Sub-Basin

Sub-Basin Permit # Ammonia-N Arsenic BOD Cadmium Chromium COD
Bridge-Seton PR-4253(4) 1.148E-02 5.245E-06 9.679E-03 4.768E-07 3.576E-06 6.008E-02
Bridge-Seton PR-5042(3) 2.296E-02 1.049E-05 1.936E-02 9.536E-07 7.152E-06 1.202E-01
Bridge-Seton PR-6803(1) 1.224E-01 5.595E-05 1.032E-01 5.086E-06 3.815E-05 6.408E-01
Bridge-Seton PR-7423(1) 1.837E-02 8.392E-06 1.549E-02 7.629E-07 5.722E-06 9.613E-02
Bridge-Seton NP-30005 5.357E-03 2.448E-06 4.517E-03 2.225E-07 1.669E-06 2.804E-02
Bridge-Seton NP-30013 1.148E-03 5.245E-07 9.679E-04 4.768E-08 3.576E-07 6.008E-03
Bridge-Seton NP-30014 9.183E-03 4.196E-06 7.743E-03 3.815E-07 2.861E-06 4.806E-02
Chilcotin PR-4536(1) 7.653E-03 3.497E-06 6.453E-03 3.179E-07 2.384E-06 4.005E-02
Chilcotin PR-6821(1) 8.801E-02 4.021E-05 7.421E-02 3.656E-06 2.742E-05 4.606E-01
Chilcotin PR-6922(1) 7.041E-02 3.217E-05 5.937E-02 2.924E-06 2.193E-05 3.685E-01
Chilcotin PR-7200(1) 7.270E-03 3.322E-06 6.130E-03 3.020E-07 2.265E-06 3.805E-02
Chilcotin PR-20000(1) 4.209E-03 1.923E-06 3.549E-03 1.748E-07 1.311E-06 2.203E-02
Chilcotin NP-30023 4.592E-03 2.098E-06 3.872E-03 1.907E-07 1.430E-06 2.403E-02
Chilcotin NP-30027 1.913E-03 8.742E-07 1.613E-03 7.947E-08 5.960E-07 1.001E-02
Chilcotin NP-30036 1.531E-02 6.993E-06 1.291E-02 6.358E-07 4.768E-06 8.011E-02
Chilcotin NP-30037 1.531E-02 6.993E-06 1.291E-02 6.358E-07 4.768E-06 8.011E-02
Chilcotin NP-31013 1.531E-02 6.993E-06 1.291E-02 6.358E-07 4.768E-06 8.011E-02
Lillooet PR-7272(5) 3.245E-01 1.483E-04 2.736E-01 1.348E-05 1.011E-04 1.698E+00
Lillooet NP-30003 2.449E-02 1.119E-05 2.065E-02 1.017E-06 7.629E-06 1.282E-01
Lillooet NP-30004 1.837E-02 8.392E-06 1.549E-02 7.629E-07 5.722E-06 9.613E-02
Lower Fraser PR-1504(1) 5.510E+00 2.518E-03 4.646E+00 2.289E-04 1.717E-03 2.884E+01
Lower Fraser PR-1611(1) 7.530E+01 1.858E-02 4.127E+01 1.877E-03 1.642E-02 3.153E+02
Lower Fraser PR-1686(1) 6.122E+01 1.511E-02 3.356E+01 1.526E-03 1.335E-02 2.563E+02
Lower Fraser PR-1710(1) 2.449E-01 6.042E-05 1.342E-01 6.103E-06 5.340E-05 1.025E+00
Lower Fraser PR-1822(2) 1.175E+01 5.371E-03 9.912E+00 4.883E-04 3.662E-03 6.152E+01
Lower Fraser PR-1898(1) 6.122E+01 1.511E-02 3.356E+01 1.526E-03 1.335E-02 2.563E+02
Lower Fraser PR-3955(1) 1.469E+00 6.714E-04 1.239E+00 6.103E-05 4.577E-04 7.690E+00
Lower Fraser NP-4385(1) 4.996E+01 1.233E-02 2.738E+01 1.245E-03 1.089E-02 2.092E+02
Lower Fraser PR-5443(1) 1.224E-01 5.595E-05 1.032E-01 5.086E-06 3.815E-05 6.408E-01
Lower Fraser PR-7232(2) 1.837E+01 8.392E-03 1.549E+01 7.629E-04 5.722E-03 9.613E+01
Lower Fraser PR-7276(3) 1.347E+01 6.154E-03 1.136E+01 5.595E-04 4.196E-03 7.049E+01
Lower Fraser PR-8090(2) 1.714E+00 7.833E-04 1.445E+00 7.120E-05 5.340E-04 8.972E+00
Lower Fraser PR-8203(1) 9.796E+00 4.476E-03 8.260E+00 4.069E-04 3.052E-03 5.127E+01
Lower Fraser PR-11727(1) 1.224E-01 5.595E-05 1.032E-01 5.086E-06 3.815E-05 6.408E-01
Lower Fraser NP-30000 1.224E-02 5.595E-06 1.032E-02 5.086E-07 3.815E-06 6.408E-02
Lower Fraser NP-30001 1.592E-01 7.273E-05 1.342E-01 6.612E-06 4.959E-05 8.331E-01
Lower Fraser NP-31014 3.673E+01 9.063E-03 2.013E+01 9.155E-04 8.011E-03 1.538E+02
Lower Fraser NP-31015 3.306E+01 1.511E-02 2.788E+01 1.373E-03 1.030E-02 1.730E+02
Middle Fraser PR-1560(1) 1.071E-02 4.895E-06 9.034E-03 4.450E-07 3.338E-06 5.607E-02
Middle Fraser PR-1603(2) 1.071E-02 4.895E-06 9.034E-03 4.450E-07 3.338E-06 5.607E-02
Middle Fraser PR-1642(2) 1.286E-01 5.874E-05 1.084E-01 5.340E-06 4.005E-05 6.729E-01
Middle Fraser PR-2104(1) 2.755E-02 1.259E-05 2.323E-02 1.144E-06 8.583E-06 1.442E-01
Middle Fraser PR-2105(1) 1.531E-02 6.993E-06 1.291E-02 6.358E-07 4.768E-06 8.011E-02
Middle Fraser PR-2541(1) 1.913E-03 8.742E-07 1.613E-03 7.947E-08 5.960E-07 1.001E-02
Middle Fraser PR-3277(2) 7.653E-01 3.497E-04 6.453E-01 3.179E-05 2.384E-04 4.005E+00
Middle Fraser PR-3722(1) 1.224E-02 5.595E-06 1.032E-02 5.086E-07 3.815E-06 6.408E-02
Middle Fraser PR-3958(1) 1.837E-02 8.392E-06 1.549E-02 7.629E-07 5.722E-06 9.613E-02
Middle Fraser PR-4537(1) 3.214E-02 1.469E-05 2.710E-02 1.335E-06 1.001E-05 1.682E-01
Middle Fraser PR-4759(1) 2.908E-02 1.329E-05 2.452E-02 1.208E-06 9.060E-06 1.522E-01
Middle Fraser PR-5487(1) 9.183E-02 4.196E-05 7.743E-02 3.815E-06 2.861E-05 4.806E-01
Middle Fraser PR-5488(1) 1.722E-02 7.867E-06 1.452E-02 7.152E-07 5.364E-06 9.012E-02
Middle Fraser PR-5819(1) 5.740E-03 2.622E-06 4.840E-03 2.384E-07 1.788E-06 3.004E-02
Middle Fraser PR-6461(1) 7.653E-03 3.497E-06 6.453E-03 3.179E-07 2.384E-06 4.005E-02
Middle Fraser PR-6823(1) 1.531E-02 6.993E-06 1.291E-02 6.358E-07 4.768E-06 8.011E-02
Middle Fraser PR-7374(2) 3.826E-03 1.748E-06 3.226E-03 1.589E-07 1.192E-06 2.003E-02
Middle Fraser PR-7763(2) 7.347E-02 3.357E-05 6.195E-02 3.052E-06 2.289E-05 3.845E-01
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APPENDIX D
Municipal Landfill Contaminant Mass Loadings

Listed by Fraser River Sub-Basin

Sub-Basin Permit #
Bridge-Seton PR-4253(4)
Bridge-Seton PR-5042(3)
Bridge-Seton PR-6803(1)
Bridge-Seton PR-7423(1)
Bridge-Seton NP-30005
Bridge-Seton NP-30013
Bridge-Seton NP-30014
Chilcotin PR-4536(1)
Chilcotin PR-6821(1)
Chilcotin PR-6922(1)
Chilcotin PR-7200(1)
Chilcotin PR-20000(1)
Chilcotin NP-30023
Chilcotin NP-30027
Chilcotin NP-30036
Chilcotin NP-30037
Chilcotin NP-31013
Lillooet PR-7272(5)
Lillooet NP-30003
Lillooet NP-30004
Lower Fraser PR-1504(1)
Lower Fraser PR-1611(1)
Lower Fraser PR-1686(1)
Lower Fraser PR-1710(1)
Lower Fraser PR-1822(2)
Lower Fraser PR-1898(1)
Lower Fraser PR-3955(1)
Lower Fraser NP-4385(1)
Lower Fraser PR-5443(1)
Lower Fraser PR-7232(2)
Lower Fraser PR-7276(3)
Lower Fraser PR-8090(2)
Lower Fraser PR-8203(1)
Lower Fraser PR-11727(1)
Lower Fraser NP-30000
Lower Fraser NP-30001
Lower Fraser NP-31014
Lower Fraser NP-31015
Middle Fraser PR-1560(1)
Middle Fraser PR-1603(2)
Middle Fraser PR-1642(2)
Middle Fraser PR-2104(1)
Middle Fraser PR-2105(1)
Middle Fraser PR-2541(1)
Middle Fraser PR-3277(2)
Middle Fraser PR-3722(1)
Middle Fraser PR-3958(1)
Middle Fraser PR-4537(1)
Middle Fraser PR-4759(1)
Middle Fraser PR-5487(1)
Middle Fraser PR-5488(1)
Middle Fraser PR-5819(1)
Middle Fraser PR-6461(1)
Middle Fraser PR-6823(1)
Middle Fraser PR-7374(2)
Middle Fraser PR-7763(2)

Copper Iron Lead Manganese Selenium Zinc
4.768E-06 3.130E-03 1.192E-05 3.636E-04 3.576E-05 2.265E-05
9.536E-06 6.261E-03 2.384E-05 7.271E-04 7.152E-05 4.530E-05
5.086E-05 3.339E-02 1.272E-04 3.878E-03 3.815E-04 2.416E-04
7.629E-06 5.008E-03 1.907E-05 5.817E-04 5.722E-05 3.624E-05
2.225E-06 1.461E-03 5.563E-06 1.697E-04 1.669E-05 1.057E-05
4.768E-07 3.130E-04 1.192E-06 3.636E-05 3.576E-06 2.265E-06
3.815E-06 2.504E-03 9.536E-06 2.909E-04 2.861E-05 1.812E-05
3.179E-06 2.087E-03 7.947E-06 2.424E-04 2.384E-05 1.510E-05
3.656E-05 2.400E-02 9.139E-05 2.787E-03 2.742E-04 1.736E-04
2.924E-05 1.920E-02 7.311E-05 2.230E-03 2.193E-04 1.389E-04
3.020E-06 1.983E-03 7.550E-06 2.303E-04 2.265E-05 1.434E-05
1.748E-06 1.148E-03 4.371E-06 1.333E-04 1.311E-05 8.305E-06
1.907E-06 1.252E-03 4.768E-06 1.454E-04 1.430E-05 9.060E-06
7.947E-07 5.217E-04 1.987E-06 6.060E-05 5.960E-06 3.775E-06
6.358E-06 4.174E-03 1.589E-05 4.848E-04 4.768E-05 3.020E-05
6.358E-06 4.174E-03 1.589E-05 4.848E-04 4.768E-05 3.020E-05
6.358E-06 4.174E-03 1.589E-05 4.848E-04 4.768E-05 3.020E-05
1.348E-04 8.848E-02 3.370E-04 1.028E-02 1.011E-03 6.402E-04
1.017E-05 6.678E-03 2.543E-05 7.756E-04 7.629E-05 4.832E-05
7.629E-06 5.008E-03 1.907E-05 5.817E-04 5.722E-05 3.624E-05
2.289E-03 1.503E+00 5.722E-03 1.745E-01 1.717E-02 1.087E-02
2.502E-02 1.479E+01 5.083E-02 2.194E+00 1.267E-01 1.040E-01
2.034E-02 1.202E+01 4.132E-02 1.784E+00 1.030E-01 8.456E-02
8.138E-05 4.808E-02 1.653E-04 7.136E-03 4.120E-04 3.382E-04
4.883E-03 3.205E+00 1.221E-02 3.723E-01 3.662E-02 2.319E-02
2.034E-02 1.202E+01 4.132E-02 1.784E+00 1.030E-01 8.456E-02
6.103E-04 4.007E-01 1.526E-03 4.654E-02 4.577E-03 2.899E-03
1.660E-02 9.809E+00 3.372E-02 1.456E+00 8.404E-02 6.900E-02
5.086E-05 3.339E-02 1.272E-04 3.878E-03 3.815E-04 2.416E-04
7.629E-03 5.008E+00 1.907E-02 5.817E-01 5.722E-02 3.624E-02
5.595E-03 3.673E+00 1.399E-02 4.266E-01 4.196E-02 2.657E-02
7.120E-04 4.675E-01 1.780E-03 5.429E-02 5.340E-03 3.382E-03
4.069E-03 2.671E+00 1.017E-02 3.102E-01 3.052E-02 1.933E-02
5.086E-05 3.339E-02 1.272E-04 3.878E-03 3.815E-04 2.416E-04
5.086E-06 3.339E-03 1.272E-05 3.878E-04 3.815E-05 2.416E-05
6.612E-05 4.341E-02 1.653E-04 5.042E-03 4.959E-04 3.141E-04
1.221E-02 7.212E+00 2.479E-02 1.070E+00 6.180E-02 5.073E-02
1.373E-02 9.015E+00 3.433E-02 1.047E+00 1.030E-01 6.523E-02
4.450E-06 2.922E-03 1.113E-05 3.393E-04 3.338E-05 2.114E-05
4.450E-06 2.922E-03 1.113E-05 3.393E-04 3.338E-05 2.114E-05
5.340E-05 3.506E-02 1.335E-04 4.072E-03 4.005E-04 2.537E-04
1.144E-05 7.513E-03 2.861E-05 8.726E-04 8.583E-05 5.436E-05
6.358E-06 4.174E-03 1.589E-05 4.848E-04 4.768E-05 3.020E-05
7.947E-07 5.217E-04 1.987E-06 6.060E-05 5.960E-06 3.775E-06
3.179E-04 2.087E-01 7.947E-04 2.424E-02 2.384E-03 1.510E-03
5.086E-06 3.339E-03 1.272E-05 3.878E-04 3.815E-05 2.416E-05
7.629E-06 5.008E-03 1.907E-05 5.817E-04 5.722E-05 3.624E-05
1.335E-05 8.765E-03 3.338E-05 1.018E-03 1.001E-04 6.342E-05
1.208E-05 7.930E-03 3.020E-05 9.211E-04 9.060E-05 5.738E-05
3.815E-05 2.504E-02 9.536E-05 2.909E-03 2.861E-04 1.812E-04
7.152E-06 4.695E-03 1.788E-05 5.454E-04 5.364E-05 3.397E-05
2.384E-06 1.565E-03 5.960E-06 1.818E-04 1.788E-05 1.132E-05
3.179E-06 2.087E-03 7.947E-06 2.424E-04 2.384E-05 1.510E-05
6.358E-06 4.174E-03 1.589E-05 4.848E-04 4.768E-05 3.020E-05
1.589E-06 1.043E-03 3.973E-06 1.212E-04 1.192E-05 7.550E-06
3.052E-05 2.003E-02 7.629E-05 2.327E-03 2.289E-04 1.450E-04
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APPENDIX D
Municipal Landfill Contaminant Mass Loadings

Listed by Fraser River Sub-Basin

Sub-Basin Permit # Ammonia-N Arsenic BOD Cadmium Chromium COD
Bridge-Seton PR-4253(4) 1.148E-02 5.245E-06 9.679E-03 4.768E-07 3.576E-06 6.008E-02Middle Fraser PR-10926(1) 1.798E-02 8.217E-06 1.516E-02 7.470E-07 5.603E-06 9.412E-02
Middle Fraser NP-30016 1.148E-02 5.245E-06 9.679E-03 4.768E-07 3.576E-06 6.008E-02
Middle Fraser NP-30017 2.296E-02 1.049E-05 1.936E-02 9.536E-07 7.152E-06 1.202E-01
Middle Fraser NP-30018 3.061E-03 1.399E-06 2.581E-03 1.272E-07 9.536E-07 1.602E-02
Middle Fraser NP-30019 1.148E-03 5.245E-07 9.679E-04 4.768E-08 3.576E-07 6.008E-03
Middle Fraser NP-30020 1.148E-03 5.245E-07 9.679E-04 4.768E-08 3.576E-07 6.008E-03
Middle Fraser NP-30022 7.653E-04 3.497E-07 6.453E-04 3.179E-08 2.384E-07 4.005E-03
Middle Fraser NP-30024 1.531E-03 6.993E-07 1.291E-03 6.358E-08 4.768E-07 8.011E-03
Middle Fraser NP-30025 3.826E-04 1.748E-07 3.226E-04 1.589E-08 1.192E-07 2.003E-03
Middle Fraser NP-30026 3.826E-04 1.748E-07 3.226E-04 1.589E-08 1.192E-07 2.003E-03
Middle Fraser NP-30034 1.913E-03 8.742E-07 1.613E-03 7.947E-08 5.960E-07 1.001E-02
Middle Fraser NP-30035 1.913E-03 8.742E-07 1.613E-03 7.947E-08 5.960E-07 1.001E-02
Middle Fraser NP-50260-08 1.102E+00 5.035E-04 9.292E-01 4.577E-05 3.433E-04 5.768E+00
Nechako PR-1582(2) 1.531E-03 6.993E-07 1.291E-03 6.358E-08 4.768E-07 8.011E-03
Nechako PR-1583(6) 1.224E-01 5.595E-05 1.032E-01 5.086E-06 3.815E-05 6.408E-01
Nechako PR-1707(2) 2.525E-02 1.154E-05 2.129E-02 1.049E-06 7.867E-06 1.322E-01
Nechako PR-1759(1) 3.061E-03 1.399E-06 2.581E-03 1.272E-07 9.536E-07 1.602E-02
Nechako PR-1760(2) 7.653E-03 3.497E-06 6.453E-03 3.179E-07 2.384E-06 4.005E-02
Nechako PR-1765(1) 3.061E-03 1.399E-06 2.581E-03 1.272E-07 9.536E-07 1.602E-02
Nechako PR-1850(2) 7.653E-03 3.497E-06 6.453E-03 3.179E-07 2.384E-06 4.005E-02
Nechako PR-2533(3) 9.949E-03 4.546E-06 8.389E-03 4.132E-07 3.099E-06 5.207E-02
Nechako PR-2535(1) 3.826E-03 1.748E-06 3.226E-03 1.589E-07 1.192E-06 2.003E-02
Nechako PR-2586(1) 4.592E-03 2.098E-06 3.872E-03 1.907E-07 1.430E-06 2.403E-02
Nechako PR-2750(2) 3.061E-03 1.399E-06 2.581E-03 1.272E-07 9.536E-07 1.602E-02
Nechako PR-3387(1) 5.740E-02 2.622E-05 4.840E-02 2.384E-06 1.788E-05 3.004E-01
Nechako PR-3391(1) 4.974E-03 2.273E-06 4.194E-03 2.066E-07 1.550E-06 2.603E-02
Nechako PR-5505(1) 1.913E-02 8.742E-06 1.613E-02 7.947E-07 5.960E-06 1.001E-01
Nechako PR-6105(1) 1.531E-03 6.993E-07 1.291E-03 6.358E-08 4.768E-07 8.011E-03
Nechako PR-6670(1) 3.826E-03 1.748E-06 3.226E-03 1.589E-07 1.192E-06 2.003E-02
Nechako NP-30032 1.531E-03 6.993E-07 1.291E-03 6.358E-08 4.768E-07 8.011E-03
Nechako NP-30033 1.531E-03 6.993E-07 1.291E-03 6.358E-08 4.768E-07 8.011E-03
North Thompson PR-1788(2) 1.148E-01 5.245E-05 9.679E-02 4.768E-06 3.576E-05 6.008E-01
North Thompson PR-2269(1) 1.531E-03 6.993E-07 1.291E-03 6.358E-08 4.768E-07 8.011E-03
North Thompson PR-2537(1) 3.061E-02 1.399E-05 2.581E-02 1.272E-06 9.536E-06 1.602E-01
North Thompson PR-2749(2) 4.209E-02 1.923E-05 3.549E-02 1.748E-06 1.311E-05 2.203E-01
North Thompson PR-3025(1) 4.286E-02 1.958E-05 3.614E-02 1.780E-06 1.335E-05 2.243E-01
North Thompson PR-3447(1) 9.183E-02 4.196E-05 7.743E-02 3.815E-06 2.861E-05 4.806E-01
North Thompson PR-3932(1) 1.148E-03 5.245E-07 9.679E-04 4.768E-08 3.576E-07 6.008E-03
North Thompson PR-4556(1) 6.122E-03 2.797E-06 5.162E-03 2.543E-07 1.907E-06 3.204E-02
North Thompson PR-4660(1) 3.826E-03 1.748E-06 3.226E-03 1.589E-07 1.192E-06 2.003E-02
North Thompson PR-4805(1) 1.684E-02 7.693E-06 1.420E-02 6.993E-07 5.245E-06 8.812E-02
North Thompson PR-4994(3) 3.061E-01 1.399E-04 2.581E-01 1.272E-05 9.536E-05 1.602E+00
North Thompson PR-5501(1) 1.224E-01 5.595E-05 1.032E-01 5.086E-06 3.815E-05 6.408E-01
North Thompson PR-5776(1) 6.122E-02 2.797E-05 5.162E-02 2.543E-06 1.907E-05 3.204E-01
North Thompson PR-5876(2) 6.888E-02 3.147E-05 5.808E-02 2.861E-06 2.146E-05 3.605E-01
North Thompson PR-6619(3) 6.888E-03 3.147E-06 5.808E-03 2.861E-07 2.146E-06 3.605E-02
North Thompson PR-7644(1) 6.122E-02 2.797E-05 5.162E-02 2.543E-06 1.907E-05 3.204E-01
North Thompson NP-30028 1.531E-03 6.993E-07 1.291E-03 6.358E-08 4.768E-07 8.011E-03
Quesnel PR-1930(1) 1.408E-01 6.434E-05 1.187E-01 5.849E-06 4.387E-05 7.370E-01
Quesnel PR-3132(1) 9.643E-01 4.406E-04 8.131E-01 4.005E-05 3.004E-04 5.047E+00
Quesnel PR-4533(1) 8.418E-02 3.846E-05 7.098E-02 3.497E-06 2.622E-05 4.406E-01
Quesnel PR-6510(1) 1.531E-02 6.993E-06 1.291E-02 6.358E-07 4.768E-06 8.011E-02
South Thompson PR-514(1) 3.980E-01 1.818E-04 3.356E-01 1.653E-05 1.240E-04 2.083E+00
South Thompson PR-1703(1) 1.531E-02 6.993E-06 1.291E-02 6.358E-07 4.768E-06 8.011E-02
South Thompson PR-2473(1) 1.531E-02 6.993E-06 1.291E-02 6.358E-07 4.768E-06 8.011E-02
South Thompson PR-2911(2) 1.684E-01 7.693E-05 1.420E-01 6.993E-06 5.245E-05 8.812E-01
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APPENDIX D
Municipal Landfill Contaminant Mass Loadings

Listed by Fraser River Sub-Basin

Sub-Basin Permit #
Bridge-Seton PR-4253(4)Middle Fraser PR-10926(1)
Middle Fraser NP-30016
Middle Fraser NP-30017
Middle Fraser NP-30018
Middle Fraser NP-30019
Middle Fraser NP-30020
Middle Fraser NP-30022
Middle Fraser NP-30024
Middle Fraser NP-30025
Middle Fraser NP-30026
Middle Fraser NP-30034
Middle Fraser NP-30035
Middle Fraser NP-50260-08
Nechako PR-1582(2)
Nechako PR-1583(6)
Nechako PR-1707(2)
Nechako PR-1759(1)
Nechako PR-1760(2)
Nechako PR-1765(1)
Nechako PR-1850(2)
Nechako PR-2533(3)
Nechako PR-2535(1)
Nechako PR-2586(1)
Nechako PR-2750(2)
Nechako PR-3387(1)
Nechako PR-3391(1)
Nechako PR-5505(1)
Nechako PR-6105(1)
Nechako PR-6670(1)
Nechako NP-30032
Nechako NP-30033
North Thompson PR-1788(2)
North Thompson PR-2269(1)
North Thompson PR-2537(1)
North Thompson PR-2749(2)
North Thompson PR-3025(1)
North Thompson PR-3447(1)
North Thompson PR-3932(1)
North Thompson PR-4556(1)
North Thompson PR-4660(1)
North Thompson PR-4805(1)
North Thompson PR-4994(3)
North Thompson PR-5501(1)
North Thompson PR-5776(1)
North Thompson PR-5876(2)
North Thompson PR-6619(3)
North Thompson PR-7644(1)
North Thompson NP-30028
Quesnel PR-1930(1)
Quesnel PR-3132(1)
Quesnel PR-4533(1)
Quesnel PR-6510(1)
South Thompson PR-514(1)
South Thompson PR-1703(1)
South Thompson PR-2473(1)
South Thompson PR-2911(2)

Copper Iron Lead Manganese Selenium Zinc
4.768E-06 3.130E-03 1.192E-05 3.636E-04 3.576E-05 2.265E-057.470E-06 4.904E-03 1.868E-05 5.696E-04 5.603E-05 3.548E-05
4.768E-06 3.130E-03 1.192E-05 3.636E-04 3.576E-05 2.265E-05
9.536E-06 6.261E-03 2.384E-05 7.271E-04 7.152E-05 4.530E-05
1.272E-06 8.347E-04 3.179E-06 9.695E-05 9.536E-06 6.040E-06
4.768E-07 3.130E-04 1.192E-06 3.636E-05 3.576E-06 2.265E-06
4.768E-07 3.130E-04 1.192E-06 3.636E-05 3.576E-06 2.265E-06
3.179E-07 2.087E-04 7.947E-07 2.424E-05 2.384E-06 1.510E-06
6.358E-07 4.174E-04 1.589E-06 4.848E-05 4.768E-06 3.020E-06
1.589E-07 1.043E-04 3.973E-07 1.212E-05 1.192E-06 7.550E-07
1.589E-07 1.043E-04 3.973E-07 1.212E-05 1.192E-06 7.550E-07
7.947E-07 5.217E-04 1.987E-06 6.060E-05 5.960E-06 3.775E-06
7.947E-07 5.217E-04 1.987E-06 6.060E-05 5.960E-06 3.775E-06
4.577E-04 3.005E-01 1.144E-03 3.490E-02 3.433E-03 2.174E-03
6.358E-07 4.174E-04 1.589E-06 4.848E-05 4.768E-06 3.020E-06
5.086E-05 3.339E-02 1.272E-04 3.878E-03 3.815E-04 2.416E-04
1.049E-05 6.887E-03 2.622E-05 7.999E-04 7.867E-05 4.983E-05
1.272E-06 8.347E-04 3.179E-06 9.695E-05 9.536E-06 6.040E-06
3.179E-06 2.087E-03 7.947E-06 2.424E-04 2.384E-05 1.510E-05
1.272E-06 8.347E-04 3.179E-06 9.695E-05 9.536E-06 6.040E-06
3.179E-06 2.087E-03 7.947E-06 2.424E-04 2.384E-05 1.510E-05
4.132E-06 2.713E-03 1.033E-05 3.151E-04 3.099E-05 1.963E-05
1.589E-06 1.043E-03 3.973E-06 1.212E-04 1.192E-05 7.550E-06
1.907E-06 1.252E-03 4.768E-06 1.454E-04 1.430E-05 9.060E-06
1.272E-06 8.347E-04 3.179E-06 9.695E-05 9.536E-06 6.040E-06
2.384E-05 1.565E-02 5.960E-05 1.818E-03 1.788E-04 1.132E-04
2.066E-06 1.356E-03 5.166E-06 1.575E-04 1.550E-05 9.814E-06
7.947E-06 5.217E-03 1.987E-05 6.060E-04 5.960E-05 3.775E-05
6.358E-07 4.174E-04 1.589E-06 4.848E-05 4.768E-06 3.020E-06
1.589E-06 1.043E-03 3.973E-06 1.212E-04 1.192E-05 7.550E-06
6.358E-07 4.174E-04 1.589E-06 4.848E-05 4.768E-06 3.020E-06
6.358E-07 4.174E-04 1.589E-06 4.848E-05 4.768E-06 3.020E-06
4.768E-05 3.130E-02 1.192E-04 3.636E-03 3.576E-04 2.265E-04
6.358E-07 4.174E-04 1.589E-06 4.848E-05 4.768E-06 3.020E-06
1.272E-05 8.347E-03 3.179E-05 9.695E-04 9.536E-05 6.040E-05
1.748E-05 1.148E-02 4.371E-05 1.333E-03 1.311E-04 8.305E-05
1.780E-05 1.169E-02 4.450E-05 1.357E-03 1.335E-04 8.456E-05
3.815E-05 2.504E-02 9.536E-05 2.909E-03 2.861E-04 1.812E-04
4.768E-07 3.130E-04 1.192E-06 3.636E-05 3.576E-06 2.265E-06
2.543E-06 1.669E-03 6.358E-06 1.939E-04 1.907E-05 1.208E-05
1.589E-06 1.043E-03 3.973E-06 1.212E-04 1.192E-05 7.550E-06
6.993E-06 4.591E-03 1.748E-05 5.332E-04 5.245E-05 3.322E-05
1.272E-04 8.347E-02 3.179E-04 9.695E-03 9.536E-04 6.040E-04
5.086E-05 3.339E-02 1.272E-04 3.878E-03 3.815E-04 2.416E-04
2.543E-05 1.669E-02 6.358E-05 1.939E-03 1.907E-04 1.208E-04
2.861E-05 1.878E-02 7.152E-05 2.181E-03 2.146E-04 1.359E-04
2.861E-06 1.878E-03 7.152E-06 2.181E-04 2.146E-05 1.359E-05
2.543E-05 1.669E-02 6.358E-05 1.939E-03 1.907E-04 1.208E-04
6.358E-07 4.174E-04 1.589E-06 4.848E-05 4.768E-06 3.020E-06
5.849E-05 3.840E-02 1.462E-04 4.460E-03 4.387E-04 2.778E-04
4.005E-04 2.629E-01 1.001E-03 3.054E-02 3.004E-03 1.902E-03
3.497E-05 2.296E-02 8.742E-05 2.666E-03 2.622E-04 1.661E-04
6.358E-06 4.174E-03 1.589E-05 4.848E-04 4.768E-05 3.020E-05
1.653E-04 1.085E-01 4.132E-04 1.260E-02 1.240E-03 7.852E-04
6.358E-06 4.174E-03 1.589E-05 4.848E-04 4.768E-05 3.020E-05
6.358E-06 4.174E-03 1.589E-05 4.848E-04 4.768E-05 3.020E-05
6.993E-05 4.591E-02 1.748E-04 5.332E-03 5.245E-04 3.322E-04
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APPENDIX D
Municipal Landfill Contaminant Mass Loadings

Listed by Fraser River Sub-Basin

Sub-Basin Permit # Ammonia-N Arsenic BOD Cadmium Chromium COD
Bridge-Seton PR-4253(4) 1.148E-02 5.245E-06 9.679E-03 4.768E-07 3.576E-06 6.008E-02South Thompson PR-3306(1) 2.296E-02 1.049E-05 1.936E-02 9.536E-07 7.152E-06 1.202E-01
South Thompson PR-3842(1) 9.949E-03 4.546E-06 8.389E-03 4.132E-07 3.099E-06 5.207E-02
South Thompson PR-3843(1) 7.653E-04 3.497E-07 6.453E-04 3.179E-08 2.384E-07 4.005E-03
South Thompson PR-3905(1) 1.531E-02 6.993E-06 1.291E-02 6.358E-07 4.768E-06 8.011E-02
South Thompson PR-3945(1) 6.122E-02 2.797E-05 5.162E-02 2.543E-06 1.907E-05 3.204E-01
South Thompson PR-3991(1) 3.826E-01 1.748E-04 3.226E-01 1.589E-05 1.192E-04 2.003E+00
South Thompson PR-4204(1) 3.061E-02 1.399E-05 2.581E-02 1.272E-06 9.536E-06 1.602E-01
South Thompson PR-4778(2) 2.525E-01 1.154E-04 2.129E-01 1.049E-05 7.867E-05 1.322E+00
South Thompson PR-4867(1) 4.592E-03 2.098E-06 3.872E-03 1.907E-07 1.430E-06 2.403E-02
South Thompson PR-5479(1) 5.204E-01 2.378E-04 4.388E-01 2.162E-05 1.621E-04 2.724E+00
South Thompson PR-7031(1) 1.531E-02 6.993E-06 1.291E-02 6.358E-07 4.768E-06 8.011E-02
South Thompson NP-30029 4.592E-03 2.098E-06 3.872E-03 1.907E-07 1.430E-06 2.403E-02
South Thompson NP-30030 3.061E-03 1.399E-06 2.581E-03 1.272E-07 9.536E-07 1.602E-02
South Thompson NP-30031 5.357E-03 2.448E-06 4.517E-03 2.225E-07 1.669E-06 2.804E-02
Stuart PR-1697(2) 2.403E+00 1.098E-03 2.026E+00 9.981E-05 7.486E-04 1.258E+01
Stuart PR-4080(3) 4.133E-02 1.888E-05 3.485E-02 1.717E-06 1.287E-05 2.163E-01
Stuart PR-4081(2) 6.505E-02 2.972E-05 5.485E-02 2.702E-06 2.026E-05 3.404E-01
Thompson PR-2233(5) 4.592E-02 2.098E-05 3.872E-02 1.907E-06 1.430E-05 2.403E-01
Thompson PR-2908(1) 3.826E-03 1.748E-06 3.226E-03 1.589E-07 1.192E-06 2.003E-02
Thompson PR-2910(1) 2.296E-03 1.049E-06 1.936E-03 9.536E-08 7.152E-07 1.202E-02
Thompson PR-3041(1) 3.826E-03 1.748E-06 3.226E-03 1.589E-07 1.192E-06 2.003E-02
Thompson PR-3328(1) 6.352E-01 2.902E-04 5.356E-01 2.638E-05 1.979E-04 3.324E+00
Thompson PR-3972(1) 5.357E-03 2.448E-06 4.517E-03 2.225E-07 1.669E-06 2.804E-02
Thompson PR-4463(1) 1.913E-01 8.742E-05 1.613E-01 7.947E-06 5.960E-05 1.001E+00
Thompson PR-4465(1) 1.071E-01 4.895E-05 9.034E-02 4.450E-06 3.338E-05 5.607E-01
Thompson PR-5631(1) 3.826E-03 1.748E-06 3.226E-03 1.589E-07 1.192E-06 2.003E-02
Thompson PR-5725(1) 9.566E-02 4.371E-05 8.066E-02 3.973E-06 2.980E-05 5.007E-01
Thompson PR-6455(1) 1.224E-02 5.595E-06 1.032E-02 5.086E-07 3.815E-06 6.408E-02
Thompson PR-6804(1) 7.653E-03 3.497E-06 6.453E-03 3.179E-07 2.384E-06 4.005E-02
Thompson PR-7577(1) 5.242E+00 2.395E-03 4.420E+00 2.177E-04 1.633E-03 2.744E+01
Thompson PR-11071(1) 7.653E-03 3.497E-06 6.453E-03 3.179E-07 2.384E-06 4.005E-02
Thompson NP-30006 5.357E-03 2.448E-06 4.517E-03 2.225E-07 1.669E-06 2.804E-02
Thompson NP-30007 5.357E-03 2.448E-06 4.517E-03 2.225E-07 1.669E-06 2.804E-02
Thompson NP-30008 1.148E-03 5.245E-07 9.679E-04 4.768E-08 3.576E-07 6.008E-03
Thompson NP-30009 1.148E-03 5.245E-07 9.679E-04 4.768E-08 3.576E-07 6.008E-03
Thompson NP-30010 1.148E-03 5.245E-07 9.679E-04 4.768E-08 3.576E-07 6.008E-03
Thompson NP-30011 3.061E-03 1.399E-06 2.581E-03 1.272E-07 9.536E-07 1.602E-02
Thompson NP-30012 3.061E-03 1.399E-06 2.581E-03 1.272E-07 9.536E-07 1.602E-02
Thompson NP-30015 2.296E-03 1.049E-06 1.936E-03 9.536E-08 7.152E-07 1.202E-02
Thompson NP-30021 1.913E-03 8.742E-07 1.613E-03 7.947E-08 5.960E-07 1.001E-02
Upper Fraser PR-1623(3) 2.755E-02 1.259E-05 2.323E-02 1.144E-06 8.583E-06 1.442E-01
Upper Fraser PR-2053(1) 3.061E-02 1.399E-05 2.581E-02 1.272E-06 9.536E-06 1.602E-01
Upper Fraser PR-2462(1) 6.122E-03 2.797E-06 5.162E-03 2.543E-07 1.907E-06 3.204E-02
Upper Fraser PR-2465(2) 3.291E-02 1.504E-05 2.775E-02 1.367E-06 1.025E-05 1.722E-01
Upper Fraser PR-2635(1) 3.673E-02 1.678E-05 3.097E-02 1.526E-06 1.144E-05 1.923E-01
Upper Fraser PR-5524(2) 3.367E-02 1.539E-05 2.839E-02 1.399E-06 1.049E-05 1.762E-01
Upper Fraser PR-5703(1) 1.224E-02 5.595E-06 1.032E-02 5.086E-07 3.815E-06 6.408E-02
Upper Fraser PR-6424(1) 5.969E-02 2.727E-05 5.033E-02 2.479E-06 1.860E-05 3.124E-01
Upper Fraser PR-6756(2) 2.143E-02 9.791E-06 1.807E-02 8.901E-07 6.675E-06 1.121E-01
Upper Fraser PR-7080(1) 2.449E-01 1.119E-04 2.065E-01 1.017E-05 7.629E-05 1.282E+00
West Road PR-10953(1) 1.798E-02 8.217E-06 1.516E-02 7.470E-07 5.603E-06 9.412E-02
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APPENDIX D
Municipal Landfill Contaminant Mass Loadings

Listed by Fraser River Sub-Basin

Sub-Basin Permit #
Bridge-Seton PR-4253(4)South Thompson PR-3306(1)
South Thompson PR-3842(1)
South Thompson PR-3843(1)
South Thompson PR-3905(1)
South Thompson PR-3945(1)
South Thompson PR-3991(1)
South Thompson PR-4204(1)
South Thompson PR-4778(2)
South Thompson PR-4867(1)
South Thompson PR-5479(1)
South Thompson PR-7031(1)
South Thompson NP-30029
South Thompson NP-30030
South Thompson NP-30031
Stuart PR-1697(2)
Stuart PR-4080(3)
Stuart PR-4081(2)
Thompson PR-2233(5)
Thompson PR-2908(1)
Thompson PR-2910(1)
Thompson PR-3041(1)
Thompson PR-3328(1)
Thompson PR-3972(1)
Thompson PR-4463(1)
Thompson PR-4465(1)
Thompson PR-5631(1)
Thompson PR-5725(1)
Thompson PR-6455(1)
Thompson PR-6804(1)
Thompson PR-7577(1)
Thompson PR-11071(1)
Thompson NP-30006
Thompson NP-30007
Thompson NP-30008
Thompson NP-30009
Thompson NP-30010
Thompson NP-30011
Thompson NP-30012
Thompson NP-30015
Thompson NP-30021
Upper Fraser PR-1623(3)
Upper Fraser PR-2053(1)
Upper Fraser PR-2462(1)
Upper Fraser PR-2465(2)
Upper Fraser PR-2635(1)
Upper Fraser PR-5524(2)
Upper Fraser PR-5703(1)
Upper Fraser PR-6424(1)
Upper Fraser PR-6756(2)
Upper Fraser PR-7080(1)
West Road PR-10953(1)

Copper Iron Lead Manganese Selenium Zinc
4.768E-06 3.130E-03 1.192E-05 3.636E-04 3.576E-05 2.265E-059.536E-06 6.261E-03 2.384E-05 7.271E-04 7.152E-05 4.530E-05
4.132E-06 2.713E-03 1.033E-05 3.151E-04 3.099E-05 1.963E-05
3.179E-07 2.087E-04 7.947E-07 2.424E-05 2.384E-06 1.510E-06
6.358E-06 4.174E-03 1.589E-05 4.848E-04 4.768E-05 3.020E-05
2.543E-05 1.669E-02 6.358E-05 1.939E-03 1.907E-04 1.208E-04
1.589E-04 1.043E-01 3.973E-04 1.212E-02 1.192E-03 7.550E-04
1.272E-05 8.347E-03 3.179E-05 9.695E-04 9.536E-05 6.040E-05
1.049E-04 6.887E-02 2.622E-04 7.999E-03 7.867E-04 4.983E-04
1.907E-06 1.252E-03 4.768E-06 1.454E-04 1.430E-05 9.060E-06
2.162E-04 1.419E-01 5.404E-04 1.648E-02 1.621E-03 1.027E-03
6.358E-06 4.174E-03 1.589E-05 4.848E-04 4.768E-05 3.020E-05
1.907E-06 1.252E-03 4.768E-06 1.454E-04 1.430E-05 9.060E-06
1.272E-06 8.347E-04 3.179E-06 9.695E-05 9.536E-06 6.040E-06
2.225E-06 1.461E-03 5.563E-06 1.697E-04 1.669E-05 1.057E-05
9.981E-04 6.553E-01 2.495E-03 7.611E-02 7.486E-03 4.741E-03
1.717E-05 1.127E-02 4.291E-05 1.309E-03 1.287E-04 8.154E-05
2.702E-05 1.774E-02 6.755E-05 2.060E-03 2.026E-04 1.283E-04
1.907E-05 1.252E-02 4.768E-05 1.454E-03 1.430E-04 9.060E-05
1.589E-06 1.043E-03 3.973E-06 1.212E-04 1.192E-05 7.550E-06
9.536E-07 6.261E-04 2.384E-06 7.271E-05 7.152E-06 4.530E-06
1.589E-06 1.043E-03 3.973E-06 1.212E-04 1.192E-05 7.550E-06
2.638E-04 1.732E-01 6.596E-04 2.012E-02 1.979E-03 1.253E-03
2.225E-06 1.461E-03 5.563E-06 1.697E-04 1.669E-05 1.057E-05
7.947E-05 5.217E-02 1.987E-04 6.060E-03 5.960E-04 3.775E-04
4.450E-05 2.922E-02 1.113E-04 3.393E-03 3.338E-04 2.114E-04
1.589E-06 1.043E-03 3.973E-06 1.212E-04 1.192E-05 7.550E-06
3.973E-05 2.609E-02 9.934E-05 3.030E-03 2.980E-04 1.887E-04
5.086E-06 3.339E-03 1.272E-05 3.878E-04 3.815E-05 2.416E-05
3.179E-06 2.087E-03 7.947E-06 2.424E-04 2.384E-05 1.510E-05
2.177E-03 1.430E+00 5.444E-03 1.660E-01 1.633E-02 1.034E-02
3.179E-06 2.087E-03 7.947E-06 2.424E-04 2.384E-05 1.510E-05
2.225E-06 1.461E-03 5.563E-06 1.697E-04 1.669E-05 1.057E-05
2.225E-06 1.461E-03 5.563E-06 1.697E-04 1.669E-05 1.057E-05
4.768E-07 3.130E-04 1.192E-06 3.636E-05 3.576E-06 2.265E-06
4.768E-07 3.130E-04 1.192E-06 3.636E-05 3.576E-06 2.265E-06
4.768E-07 3.130E-04 1.192E-06 3.636E-05 3.576E-06 2.265E-06
1.272E-06 8.347E-04 3.179E-06 9.695E-05 9.536E-06 6.040E-06
1.272E-06 8.347E-04 3.179E-06 9.695E-05 9.536E-06 6.040E-06
9.536E-07 6.261E-04 2.384E-06 7.271E-05 7.152E-06 4.530E-06
7.947E-07 5.217E-04 1.987E-06 6.060E-05 5.960E-06 3.775E-06
1.144E-05 7.513E-03 2.861E-05 8.726E-04 8.583E-05 5.436E-05
1.272E-05 8.347E-03 3.179E-05 9.695E-04 9.536E-05 6.040E-05
2.543E-06 1.669E-03 6.358E-06 1.939E-04 1.907E-05 1.208E-05
1.367E-05 8.974E-03 3.417E-05 1.042E-03 1.025E-04 6.493E-05
1.526E-05 1.002E-02 3.815E-05 1.163E-03 1.144E-04 7.248E-05
1.399E-05 9.182E-03 3.497E-05 1.066E-03 1.049E-04 6.644E-05
5.086E-06 3.339E-03 1.272E-05 3.878E-04 3.815E-05 2.416E-05
2.479E-05 1.628E-02 6.199E-05 1.891E-03 1.860E-04 1.178E-04
8.901E-06 5.843E-03 2.225E-05 6.787E-04 6.675E-05 4.228E-05
1.017E-04 6.678E-02 2.543E-04 7.756E-03 7.629E-04 4.832E-04
7.470E-06 4.904E-03 1.868E-05 5.696E-04 5.603E-05 3.548E-05
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