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EXECUTIVE SUMMARY

The Alberni-Clayoquot Regional District (ACRD) operates the West Coast Landfill (WCL)
under Operational Certificate MR-05634. The WCL has operated as a landfill since 1980 and
accepts solid waste from the District of Ucluelet, District of Tofino, Parks Canada, ACRD
Electoral Area C (Long Beach) and First Nations Communities Toquaht, Ucluelet, Ahousaht,
Tla-o-qui-aht and Hesquiaht. Daily operations were carried out by Ucluelet Disposals Ltd,
under contract to the ACRD.

This report is intended to meet the annual reporting requirements for the 2009 operating year,
as required by the operational certificate and the Landfill Criteria for Munipcal Solid Waste
published by the BC Ministry of Environment (MoE) in 1993.

During 2010, approximately 4,560 tonnes of waste was landfilled at the WCL. Based on
topographic survey data and landfill weights, a filling density of 0.2 tonnes/m? was calculated.
This density is low and is attributed to additional filling and cover material placement
associated with the anticipated transfer of site operations. A filling density of 0.49 tonnes/m?3 is
considered appropriate for future projections. Using the preliminary design criteria (Ministry of
Environment approved footprint area (not entire site), finished slopes of 3:1 and finished
elevation of 120 m) and the current filling rates, it is estimated that the landfill will reach
capacity in the year 2093. More detailed analysis of the future landfill design will be provided in
the design, operations and closure report.

The operations and maintenance expenditures for 2010 were $581,380.18. These expenditures
included daily operations, miscellaneous expenditures such as recycling programs, water
quality monitoring and engineering fees, administration and landfill closure and post-closure
fund allocations.

The bi-monthly water quality sampling program continued throughout 2010. The results
indicated slight leachate impacts. Leachate generated in the landfill is collected and directed to
the leachate storage lagoon, where it is then pumped and dispersed through an irrigation
system and treated by overland and subsurface flow. Monitoring results indicate that the
irrigation treatment is reducing leachate concentrations, even during summer months when
dilution is lowest and concentrations are highest. An electromagnetic survey was completed to
try and identify a potential leachate seepage pathway along the western landfill boundary. It
recommended that an inspection and minor investigation on part of the west leachate collection
ditch should be completed.

In 2009, the MoE released a new Landfill Gas Management Regulation to eliminate greenhouse gas
emissions from landfills. As the volume of waste currently in the WCL is approximately 98,500
tonnes and below the MoE’s requirement of 100,000 tonnes, a landfill gas generation assessment
is not yet required. Using current filling rates, it is estimated that the WCL will reach 100,000

2010 Annual Report - West Coast Landfill \{:[ﬂ
| -

=2
5



2010 Annual Report - West Coast Landfill January 2012

tonnes in 2011, thus requiring a landfill gas generation report to be completed and submitted to
MoE by March 31, 2012.

Operations continued as normal through 2010. As of December 31, 2010, the existing landfill
operator will no longer be running the landfill and a new temporary contractor will take over
daily operations. Besides minor changes to daily operations, there are no major projects planned
for the 2011 operating year.

An operations and closure plan has not yet been developed for the WCL. A closure and post-
closure plan is scheduled to be completed by December 31, 2011.
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1. INTRODUCTION

The Alberni-Clayoquot Regional District (ACRD) operates the West Coast Landfill (WCL)
under the British Columbia Waste Management Act Operational Certificate Number MR-05634,
issued April 12, 2005. A copy of the operational certificate has been attached in Appendix A.
The operational certificate provides the conditions for which the WCL is authorized to manage
recyclable material and waste from the ACRD.

The WCL has been used as a landfill since 1980. The WCL is located approximately 9 km
northwest of the Tofino-Ucluelet junction, on the east side of the highway. A site location plan is
included as Figure 1. The landfill accepts various forms of solid waste that is collected from the
District of Tofino, District of Ucluelet, Parks Canada, ACRD Electoral District C (Long Beach)
and First Nations communities Toquaht, Ucluelet, Ahousaht, Tla-o-qui-aht and Hesquiaht. In
2010, the landfill was operated by Ucluelet Disposals Ltd. under contract to the ACRD. They
were responsible for daily operations, and maintaining landfill records.

This report is intended to meet the 2010 annual reporting requirements for operations and
environmental monitoring at the WCL, as required by the operational certificate and the Landfill
Criteria for Municipal Solid Waste published by BC Ministry of Environment (MoE) in 1993. Thus,
this report includes discussion of:

e Total volume and/or tonnage of waste discharged into the landfill for the year;
e Approved design volume;

¢ Remaining site life and capacity;

e Operational plans for the next 12 months;

e Operation and maintenance expenditures;

e Leachate, water quality and landfill gas monitoring data and interpretation;

¢ Amounts of leachate collected, treated and disposed;

e Any changes from approved reports, plans and specifications;

e An up to date contingency plan, noting any amendments made to the plan during the
year;

e Amount of landfill gas collected and its disposition; and,

e Review of the closure plan and associated estimated costs.
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2. SOLID WASTE QUANTIFICATION AND LANDFILL CAPACITY

A Solid Waste Management Plan (SWMP) was prepared for the ACRD by Gartner Lee Limited
in 2007. The objective of the report was to update the 1996 Regional Solid Waste Management
Plan to reflect the current status of solid waste operations and the current public and political
direction. The SWMP outlines how the ACRD will comply with relevant regulations and
operational certificates. Several programs are being implemented to reduce the amount of solid
waste entering the landfill. Some of these programs include a composting program and
curbside recycling program.

The WCL is currently accepting waste and charging tipping fees according to ACRD Bylaw No.
R1010-1. A copy of ACRD Bylaw No. R1010-1 is attached as Appendix B. The weight of solid
waste entering the landfill in 2010 is summarized in Table 1 below.

Table 1: Measured Weight of Solid Waste Entering the WCL in 2010

Accepted Waste Weight
(tonnes)
Commercial Waste 3114
Residential Waste 618
Animal/Fish 4.5
Construction/Demolition Waste 688
Covered Solid Waste (0-145 kg) 127
Fridges and Freezers (each) 89
Gypsum 14
Steel 43
Washers, Dryers, Stoves (each) 164
Tires (each) 57
Recycling 82

Of the above listed weights, the corrugated cardboard, fridges and freezers, steel, washers and
tires are not landfilled but are stockpiled and subsequently removed for recycling. The amount
of material landfilled during 2010 is approximately 4,560 tonnes.

Landfilling continued throughout 2010 with active filling in the north and west edges of the
landfill footprint. The landfill footprint and other notable site features are shown on Figure 2.

As of the end of 2010, there is an estimated 98,500 tonnes of solid waste at the WCL.

Topographic surveys of the landfill face were conducted on May 23, 2009, June 14, 2010 and
January 4, 2011.

Using the available data, approximately 9835 m3 was added to the landfill between May 23,
2009 and June 14, 2010. The weight of material added during this time is approximately 4,867
tonnes, resulting in an estimated filling density of 0.49 tonnes/m?.
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The survey between June 14, 2010 and January 4, 2011 indicate an increase in volume of 13,195
m?3. The estimated weight of solid waste filled during this period is approximately 2,680 tonnes,
resulting in an estimated filling density of only 0.2 tonnes/m3. This density is significantly
lower than previous years and is likely due to a large volume of fill during this period. The
larger fill volume is attributed to extra filling and cover material placement associated with the
anticipated transfer of site operations from the existing contractor to a new one at the end of
2010.

After negotiation with Ministry of Environment, property setbacks have been reduced to 15m
on the east and south edges of the property. Land to the north, east and west is owned by
forestry companies and zoned A4 - Forest Service Area. The land is currently undeveloped and
will not be developed in the foreseeable future. Land to the south of the property consists of a
dedicated road allowance adjacent to the Pacific Rim National Park reserve.

Based on a preliminary design using the Ministry of Environment approved footprint area (not
the entire site), finished slopes of 3H to 1V and a finished elevation of 120 m, there is
approximately 840,000 m? available before the landfill reaches full capacity. While it is expected
that there will be an increase in population, it has been assumed that an increase in the amount
of recycling and a reduction of solid waste material will balance this, if not reduce it. Based on a
filling density of approximately 0.49 tonnes/m?and an average annual solid waste weight of
5,000 tonnes, the landfill is estimated to reach capacity in the year 2093. A number of factors
will impact the length of tenure for the site. These include:

e The control and treatment of leachate;

e Reviewing the option of turning the WCL into a transfer station for transferring
solid waste to the Alberni Valley Landfill, should it become more economically
viable; and,

¢ Continued co-operation and acceptance by Parks Canada.

A more detailed analysis of the future landfill design will be provided in the design, operations
and closure report.
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3. OPERATION AND MAINTENANCE EXPENDITURES FOR 2010
A summary of the 2010 expenditures for the WCL are provided in Table 2 below.

Table 2: 2010 WCL Operation and Maintenance Expenditures
Item Cost

Daily Operations (Staff, utilities, equipment) $420,792.82
Miscellaneous Operations Costs (promotional /educational | $22,894.01
materials, recycling)

Administration $92,934.32
Capital Cost Contribution $0.00

Engineering, Monitoring & Consulting Fees $24,759.03
Landfill Closure & Post-Closure Fund Allocation $20,000.00
Total $581,380.18

The expenditures listed above do not include costs associated with residential pickup and
garbage collection services operated by ACRD. In 2010 there were no capital projects
undertaken at the WCL. The 2010 expenditures for the WCL are within the original budgeted
amount submitted by the ACRD.

4. MONITORING DATA AND INTERPRETATION

The regular water quality monitoring program continued at the WCL through 2010. Discussion
of the monitoring results are provided below.

41.  Leachate & Water Quality

The regular water quality monitoring program continued throughout 2010, with six water
sampling events. Piteau Associates Engineering Ltd. prepared and submitted a letter report
entitled “2010 Monitoring - West Coast Land(fill — Alberni-Clayoquot Regional District”, dated July
28, 2011. The report provides the monitoring data and interpretation of results from the surface
water and leachate samples. A copy of the report is included in Appendix C. A summary of the
results are as follows:

¢ Opverall monitoring data indicate a slight leachate impact but with no obvious long term
increasing trends;

e Chloride and ammonia data for the concentrated leachate show a consistent seasonal
variation with precipitation and temperature;

e The leachate quality in the storage lagoon is comparable to concentrations around the
perimeter prior to construction of a leachate collection system and exceed the guidelines
for ammonia and some metals
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e The leachate in the storage lagoon has a quality similar to discharge expected from an
aerated sewage lagoon;

e Results for samples downstream of the leachate storage lagoon and east leachate
collector ditch show only slight leachate impacts and thus containment is considered
adequate to mitigate migration and impacts south of the site;

e Samples collected down from the irrigation site indicate that ammonia concentrations
are consistently less than at the leachate lagoon, indicating that the system is reducing
ammonia concentrations, even during the summer months (growing season) when
dilution is lowest and concentrations are highest;

e Slight leachate impacts are present during wet periods in surface water along the
western landfill boundary, down from the irrigation system;

e Significant leachate impacts were observed near the southwest corner of the landfill
boundary, west of the leachate collector ditch, indicating that some leachate is seeping
past or around the west leachate collector ditch, however ammonia concentrations have
remained in compliance with the fresh water aquatic life guidelines;

e An electromagnetic survey was conducted in the southwest corner of the landfill in
November 2009 identified a potential seepage pathway;

e Surface water sample results from Sandhill Creek indicate only very slight leachate
impacts with only iron and aluminum exceeding the applicable criteria but attributed to
background sources; and,

e Surface water sample results Sandhill Creek had two manganese exceedances in 2010,
however they are not characteristic for this site and the anomalous results are not
considered related to leachate.

It was also noted that over the past decade, there have been some changes to the water quality
in the Sandhill Creek tributary, with slight increases in ammonia and chloride concentrations.
The ammonia risk was partially mitigated by the construction and operation of the irrigation
system in 2004, however they may continue to increase gradually over time as a function of the
volume and age of waste that is contained in the landfill. Proposed operational plans for 2011
involve starting to seal the upper surface of the landfill in order to reduce and possibly mitigate
leachate generation. It is important that the landfill leachate collection and irrigation system be
properly monitored and managed.

As aresult of the above conclusions, it was recommended that the bi-monthly sampling
program be continued and lower laboratory detection limits should continue to be used for
cadmium. It was also recommended that the gauging station on Sandhill Creek be upgraded
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and calibrated to provide reliable flow monitoring data. The data could be used to calculate
loadings in the creek and relate them back to leachate strengths and quantities.

Electromagnetic Survey

An electromagnetic survey was conducted in November 2009, with a report finalized by Piteau
Associates Engineering Ltd. on February 2, 2010. A copy of the report, 2009 Leachate Excursion
Investigation, West Coast Landfill, Tofino, BC, is attached in Appendix D.

The purpose of the survey was to investigate shallow groundwater conductivity near the
southwest corner of the landfill to try to identify a potential leachate seepage pathway. The
seepage pathway was suspected after water quality sample results downstream of the west
leachate collector ditch (sample site SW-11) showed presence of leachate indicators.

The conductivities were plotted and the results indicated that there is a potential seepage
pathway along the west leachate collection ditch that should be investigated. A detailed
inspection of the west bank of the west leachate collector ditch and excavation of a shallow
trench along the ditch invert was recommended. The intent of the investigation would be to
identify the extent of permeable sediments that may underlie the ditch invert and to cut off any
seepage pathways found. Further detail on the electromagnetic survey and results are found in
2009 Leachate Excursion Investigation, West Coast landfill, Tofino, BC prepared by Piteau Associates
Engineering Ltd., dated February 2, 2010.

Further detail and interpretation can be found in the water quality monitoring report in
Appendix C.

4.2.  Leachate Collection System

Leachate generated at the landfill is collected into overland leachate collector ditches that are
located along the east and west edges of the landfilled areas. The collector ditches drain to the
leachate storage lagoon located near the southwest corner of the property. When large enough
quantities of leachate are collected, the leachate is pumped to the northern portion of the landfill
where it is dispersed overland through an irrigation system. The system utilizes the existing
natural terrain to treat leachate using a combination of overland flow and subsurface flow. The
leachate collection system is shown on Figure 2.

4.3. Landfill Gas

The operational certificate requires that a landfill gas generation assessment must be conducted
once 100,000 tonnes of waste have been discharged at the landfill, after which the potential for
landfill gas generation must be re-assessed every five years. Based on data provided by the
Alberni-Clayoquot Regional District, there is an estimated 98,500 tonnes of waste in the WCL,
therefore, a landfill gas generation assessment has not yet been required.
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New landfill gas regulations have been developed. Effective January 1, 2009, the MoE released
the Landfill Gas Management Regulation. This regulation supersedes the previous regulation and
is focused on reducing greenhouse gas emissions from landfills and identifying potential
landfill gas recovery opportunities. The new regulation indicates that a landfill gas generation
report must be submitted by January 1, 2011 for landfills with current solid waste quantities
greater than 100,000 tonnes or an annual increase of 10,000 tonnes or more. Otherwise, a landfill
gas generation assessment is required once the quantity of solid waste reaches 100,000 tonnes.
Should the assessment indicate that methane generation rates exceed 1,000 tonnes per year, a
landfill gas management facility must be designed and subsequently implemented.

The WCL has not yet reached 100,000 tonnes, however at current filling rates, it is anticipated to
reach 100,000 tonnes in 2011. At that time, a landfill gas generation assessment must be
completed. Therefore, it is estimated that a landfill gas assessment will need to be completed
and submitted to the Ministry of Environment before March 31, 2012.

5. DEVIATIONS FROM OPERATING PLAN

As noted in the 2009 operating and monitoring plan, there were no significant changes
proposed for the 2010 operating year.

Several recommendations were presented in the “2009 Monitoring — West Coast Landfill — Alberni-
Clayoquot Regional District” report, prepared by Piteau Associates Engineering Ltd. Of the
recommendations presented, the continuation of the bi-monthly surface water and leachate
sampling program was implemented. The 2009 Leachate Excursion Investigation was submitted
by Piteau and outlined the findings of the electromagnetic survey that was completed to try and
identify potential leachate seepage pathways. Recommendations not yet implemented include
upgrading the gauging station on Sandhill Creek.

During 2010, ACRD staff observed that the operating contractor was out of compliance with
several contract items. In December 2010, the ACRD gave notice to the contractor that their
contract would be ending on December 31, 2010. An alternate operating contractor was hired
under a temporary contract to cover operations until a new permanent operator could be
selected.

6. 2011 OPERATIONAL PLAN

Beginning January 1, 2011, a temporary landfill operator took over daily operations. While no
significant changes will be made, several minor changes to daily operations will include:

e Using imported granular material for cover and fire cell construction, and limiting the
use of the hazardous waste material accepted in 2009;

e Changes to the transfer bin area to better suit public access;
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¢ C(leaning out the leachate collection ditches and creating proper separation between the
leachate collection ditches and the stormwater collection ditches;

e Increasing compaction densities on the upper surface of the landfill to reduce leachate

generation; and,

e Sloping the upper surface of the landfill to reduce ponding and subsequent leachate
generation.

There are no capital projects planned for 2011 at the WCL.

In 2011, a request for proposals for the landfill operations contract will be made.

7. CONTINGENCY PLAN

A formal contingency plan for the WCL has not yet been developed. The contingency plan will
include operations procedures for power outages, harsh weather conditions, accidents, leachate
excursion and other uncommon events that may cause closure of the WCL. The ACRD will also
be reviewing a co-operative fire protection agreement for the WCL. Developing a contingency
plan will include input from the landfill operator, McGill & Associates Engineering Ltd. and the
ACRD.

The ACRD will also be reviewing a co-operative fire protection agreement for the WCL. This
will include negotiations with the Districts of Tofino & Ucluelet, Parks Canada, the landfill
operator, and the BC Forest Service.

The contingency plan will be developed and included with the design, operations and closure
report that is expected to be submitted by December 31, 2011.

8. CLOSURE PLAN

A formal closure and post-closure plan for the WCL has not yet been developed, however it is
intended to be submitted to the MoE for approval by December 31, 2011. The closure plan will
meet the requirements of the Landfill Criteria for Municipal Solid Waste.

9. CONCLUSIONS

The results of the water quality monitoring program indicate that the landfill is operating as
designed, with the exception of a potential leachate seepage pathway near the southwest corner
of the property. There are no immediate concerns for negative impacts to both humans and
wildlife.
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10. LIMITATIONS

This document was prepared by McGill & Associates Engineering Ltd. for the Ministry of
Environment, on behalf of the Alberni-Clayoquot Regional District. Its material,
recommendations and conclusions represent the best material available to McGill & Associates
Engineering Ltd. at the time of the report preparation. Any use which a third party makes of
this report, or any reliance on or decisions to be made based on it, are the responsibility of such
third parties. McGill & Associates Engineering Ltd. accepts no responsibility for damages, if
any, suffered by any third party as a result of decisions made or actions based on this report.

Yours truly,

for McGill & Associates Engineering Ltd. T T
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APPENDIX A

WEST COAST LANDFILL OPERATIONAL CERTIFICATE MR-05634
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Vancouver island Region

% Environmentat Protection
2080-A Lableux Road

| MINISTRY OF WATER, LAND Nanairo, British Columbla

BrimisH AND AIR PROTECTION Telephone: {260) 7514100
COLUMB]A Fax: (250) 7613103

OPERATIONAL CERTIFICATE
MR-05634

Under the Provisions of the Environmental Management Act

Regional District of Alberni-Clayoquot
3008 Fifth Avenue
Port Alberni, British Columbia
V9Y 2E3

is authorized to manage recyclable material and waste from the Regional District of
Alberni-Clayoguot and environs at the West Coast landfill located between Uchuelet and Tofino,
British Columbia, subject to the conditions listed below. Contravention of any of these conditions is
a violation of the Environmental Management Act and may result in prosecution,

1. MANAGEMENT OF WASTE AND RECYCLABLE MATERIAL
1.1. Sanitary L, 1
1.1.1. This subsection applies to the discharge of waste to a sanitary landfill

1.1.2. Waste may be discharged to the sanitary landfill shown on attached Site Plan A.

1.1.3, The characteristics of the discharge must be municipal solid waste as defined under
the Environmental Management Act and other wastes as approved in writing by the
Director. '

1.1.4. The authorized works are a sanitary landfill, and related appurtenances
approximately located as shown on attached Site Plan A.

1.1.5. The anthorized works must be complete and in operation on and from the date of -
this operational certificate.

1.2. Leachate

1.2.1. This subsection appHes to the management and disposal of leachate from the
- landfill.

Date Tssued: APR 1 9 ?ﬂﬂg ‘ ‘ R. Alexander

Date Amended: for Director, Envivonmental Management Act

{most recent) '
Page: 1 of 4 OPERATIONAL CERTIFICATE: MR-05634



Province of : Environmental Protection
British Columbia

1.2.2. The characteristics of the leachate at the property boundary must not exceed
concentrations set in the British Columbia Approved Water Quality Guidelines
(Criteria) and A Compendium of Working Water Quality Guidelines for British
Columbia, Where natural background water guality concentrations exceed the
aforementioned guidelines, characteristics of the leachate must not exceed
background concentrations,

1.2.3. The authorized works are a leachate collection and conveyance system, Jeachate
treatment works, discharge distribution pipe, and related appurtenances
approximately located as shown on Site Plan A,

1.2.4. The authorized works must be complete and in operation on or before September
30, 2003.

1.3. Location of authorized facilities

The location of the facilities for the management of waste and recyclable material to which this
operational certificate is applicable is Lot A, Plan VIP 68534 and Plan VIP 38600, District Lot
1399, Clayoquot Land District.

2. GE L UIREMENTS
2.1. Entrance facilities

2.1.1. The authorized facilities are signs, weigh scales, recyclable material and waste drop-
off and storage facilities and related appurtenances approximately located as shown’
on attached Site Plan A.

2.1.2. The authorized facilities must be complete and in operation on and from the date of
this operational certificate.

2.2. Bear-Proof Facilities

2.2.1. Bears must not access putrescible waste at the landfill facility. All putrescible waste
that arrives at the landfill facility must be immediately contained within a bear-proof
bin or an area enclosed by a bear-proof electric fence. Grass, leaves, weeds,
branches and woodwaste are exempt from bear-proofing requirements.

2.2.2. A bear-proof electric fence must be installed around the landfill.

2.2.3. The bear-proof fence must be designed, constructed, operated and maintained to
prevent bears from penetrating the fence.

2.2.4. The bear-proof electric fence must be complete and in operation on and from the

date of this operational certificate. ‘7 /4%
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Province of Environmental Protection

British Columbia
2.3. Qualified Professionals

2.4.

2.5.

2.6.

207.

All facilities and information, including works, plans, assessments, investigations, surveys,
programs and reports, must be certified by qualified professionals.

Flans

2.4.1. Site development, operating, leachate management, closure and post closure plans
must be submitted to the Regional Manager, Environmental Protection, by
December 31, 2005.

2.4.2, The plans must address, but not be limited to, each of the subsections in the
Landfill Criteria for Municipal Solid Waste including performance, siting, design,
operational and closure and post-closure criteria.

2.4.3. The facilities moust be developed, operated and closed in accordance with the plans.
Landfill Gas

2.5.1. When 100,000 tonnes of waste have been discharged at the landfill, an assessment
of the potential for landfill gas generation must be submitted to the Regional
Manager, Environmental Protection. -

2.5.2. 'The landfill gas assessment must address, but is not limited to, subsections 4.2 and
' 6.4 of the Landfill Criteria for Municipal Solid Waste and section 6 of the |
Guidelines for Environmental Monitoring at Municipal Solid Waste Landfills.

2.5.3. The potential for landfill gas generation is to be re-assessed at least once every
5 years after the initial assessment.

Seismic and Fault Activity

A report that assesses the risk from seismic and fault activity must be submitted to the
Regional Manager, Environmental Protection, by December 31, 2005.

Adaditional Facilities or Works

The Director may require investigations, surveys, and the construction of additional
facilities or works including, but not limited to, additional leachate and Jandfill gas
management facilities. The Director may also amend the requirements of any of the
information required by this operational certificate including plans, programs, assessments

and reports,
ﬂt/\/
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Province of Environmental Protection
British Columbia

3. MONITORING PORTING.

3.1. Mo i OUT

3.1.1. A monitoring program must be developed to identify any impacts to the
environment and public health from the landfill.

3.1.2. The monitoring program 1ust address, but not be limited to, subsections 4.1, 4.2
and 7.15 of the Landfill Criteria for Municipal Solid Waste and the Guidelines for
Environmental Monitoring at Municipal Solid Waste Landfills.

3.1.3. Monitoring must be conducted in accordance with the monitoring program.

3.2. Annual Operating and Monitoring Report

3.2.1. An annual operating and monitoring report for the preceding 12 month period from
Japuary 1 to December 31 must be submitied to the Regional Manager,
Environmental Protection, by June 1 of each year.

3.2.2. The report must include:

. Anexecutive summary,
. ‘Tonnage of each type of waste discharged to the landfill for the year;
. Remaining site life and capacity;

Review of the preceding year of operation, plans for the next year and any new
information or proposed changes relating to the facilities and plans;

Comparison of the monitoring data with the performance criteria in section 4
of the Landfill Criteria for Municipal Solid Waste and the Guidelines for
Environmental Monitoring at Municipal Solid Waste Landfills, interpretation
of the monitoring data, identification and interpretation of irregularities and
trends, recommendations, and any proposed changes to the monitoring
program.

4, SITE CLOSURE
4.1. Closure and Post-Closure Fund

A closure and post-closure fund must be built up over time. The closure and post-closure
fund must ultimately meet or exceed the estimated closure and post-closure costs plus a
reasonable contingency for any remediation that may be required.

Date Issued: APR 1 2 ZUQS R. Alexander

Date Amended: for Director, Environmental Management Act

{most recent) .
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REGIONAL DISTRICT OF ALBERNI-CLAYOQUOT
BYLAW NO. R1010-1

A Bylaw to Amend Tipping Fees for
the West Coast Landfill

WHEREAS by Supplementary Letters Patent, dated August 10th, 1973 as amended,
the Regional District of Alberni-Clayoquot was granted the function of Garbage Disposal
under Division X1V of its Letters Patent;

AND WHEREAS the Regional District of Alberni-Clayoquot is empowered to establish a
scale of charges payable for depositing refuse at a disposal site,

AND WHEREAS the Regional Board of the Regional District of Albemi-Clayoquot has
established regulations and a scale of charges for the West Coast Landfill;

AND WHEREAS the Regional Board of the Regional District of Alberni-Clayoquot
wishes to amend the tipping fees for the West Coast Landfill;

NOW THEREFORE, the Board of the Regional District of Alberni-Clayoquot in open
meeting assembled enacts as follows:

1. Bylaw R1010, cited as “West Coast Landfill Tipping Fee and Regulation Bylaw
No. R1010, 1999" is hereby amended by replacing Schedule “A” with Schedule
“A” attached to and forming part of this bylaw.

2. This bylaw comes into effect on September 1, 2008.

3. This bylaw may be cited as the “West Coast Landfill Tipping Fee Amendment
Bylaw No. R1010-1, 2008"

Read a first time this 23" day of July, 2008
Read a second time this 23" day of July, 2008
Read a third time this 23" day of July, 2008
ADOPTED this 23" day of July, 2008

%!%m@\ Qw \;R

Secretary-Treadurer \ Chairperson




REGIONAL DISTRICT OF ALBERNI-CLAYOQUOT
SCHEDULE "A" to BYLAW NO. R1010-1
CHARGES

‘The charge for depositing covered solid waste at the disposal ground is:
Loads 145 kg or greater $95.00 per tonne ($8.00 minimum)

Loads under 145 kg - $2.00 each garbage bag or can ($8.00 maximum)
$2.00 for each tire or $170 per tonne, whichever is greater

$100.00 for each wrecked auto

$200.00 for each wrecked truck, bus or recreational vehicle

-0 o0 U

$10.00 each for stoves, washers, dryers, dishwashers, hot water tanks
g. $85.00 per tonne for metal

In the event that the scales provided are not operational, weight shall be
estimated by the scale clerk at the landfill.

The fee to be charged for all loads of solid waste which arrives at the landfill site
uncovered shall be double the normal fee for loads of covered solid waste.

There shall be no charge for recyclable materials, including but not limited to
paper, boxboard, Corrugated Cardboard, compostable materials and other
materials as determined by the Regional District but excludes any material
contaminated by food or oil and any material that is a Controlied Waste.

All charges payable under this Bylaw shall be paid prior to the deposit of the solid
waste for which the charge is made unless it is necessary to weigh the vehicle
depositing solid waste loaded and empty to determine the weight of solid waste,
in which case the charge shall be paid immediately after weighing the vehicle
empty.

The person paying a charge shall obtain a receipt for such payment and shall
produce such receipt for inspection on request of a person employed for that
purpose at a disposal site as a condition of depositing solid waste at a disposal
site.

Not withstanding anything to the contrary in this Bylaw, persons depositing solid
waste at a disposal site on a regular basis may apply to the Regional District for
credit and if credit is granted to that person, then payment of the charge imposed
under Section 1 shall be made and the credit extended on condition that:

a. Payment in full shall be received by the Regional District within thirty days
of the last day of the month for which an invoice has been submitied. The
Regional District will invoice monthly for material delivered during the
proceeding month. The invoice amount will be based on the total quantity
of the refuse delivered during the month, and the posted disposal rates in
effect at the time of delivery.



Late payments will be subject to an interest charge of 2% per month
(effective annual interest of 24%)

The Regional District reserves the right to cancel, upon five days' notice,
the credit offered herein for late payment, non-payment or other justified
cause,

Controlled Waste

The charges, as measured by weight on the scales, for the depositing of
Controlled Waste at the disposal site are:

a.

—

e = 3

Construction/Demolition Waste - $120.00 per tonne; if the Demolition
Waste is crushed to pieces 7 cubic centimetres or smaller the charge is
$95.00 per tonne;

Stumps, land clearing debris - $120.00 ber tonne;
Waste oil (commercial) - $0.50 per litre;
Material containing traces of contaminated soils:

i $10.00 per tonne provided that the Ministry of Environment has
approved of disposal of the contaminated soil, without treatment, at
the Alberni Valley Landfilf or;

i. $70.00 per tonne plus the Regional District's estimated out-of-
pocket treatment costs, provided that the Ministry of Environment
has approved of the treatment and disposal of the contaminated soil
at the Alberni Valley Landfill.

Material containing pumpings from domestic septic tanks - $120.00 per
tonne;

Material containing catch basin and manhole material - $120.00 per tonne;
Waste asbestos - $250.00 per tonne ($120.00 minimum);

Fish, shrimp shells, animal carcasses - $170.00 per tonne ($95.00
minimumy), provided that there will be no charge for animal carcasses
removed from public roadways by a public body or their contractor;

Fridges and freezers - $20.00 each;

Batteries - no charge if separated and placed in hazardous waste
container;

Steel Cable - $500.00 per fonne;

Biomedical waste - $132.00 per tonne;

Loads containing Gypsum - $120.00 per tonne;

Loads containing Corrugated Cardboard - $130.00 per tonne;

Loads containing fish feed totes - $400.00 per tonne ($120.00 minimum).
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PITEAU ASSOCIATES
GEOTECHNICAL AND _
HYDROGEOLOGICAL CONSULTANTS Qur file: 1576

215 - 260 WEST ESPLANADE

NORTH VANCOUVER, B.C.

CANADA - V7M 3G7 ‘JUIy 28’ 201 1
TEL: (604) 986-8551 / FAX: (604) 985-7286

www.piteau.com

Alberni-Clayoquot Regional District
3008 Fifth Avenue

Port Alberni, B.C.

VY 2E3

Attention: Mr. John Thomas, Environmental Services Technician

Dear Sirs:

Re: 2010 Monitoring — West Coast Landfill — Alberni-Clayoquot Regional District

Six suites of samples were collected from the West Coast Landfill monitoring network for the
current reporting period, as listed below:

January 5/6, 2010
March 2/3, 2010
April 27/28, 2010
June 29/30, 2010
August 17/18, 2010
December 13, 2010

From 1996 to 2004, seven sites (SW-1 through SW-7) were monitored at the West Coast Landfill.
The leachate collection ditch system and leachate storage lagoon shown on Fig. 1 were
constructed in the late summer and autumn of 2004. In late 2004, after the leachate
management works had been implemented, the sampling sites were adjusted and expanded to a
total of ten sites. Following a visit to the site on June 21, 2005 by Mr. Andrew Holmes, of

Piteau Associates Engineering Ltd. (Piteau), Mr. Bob Redhead of Parks Canada, and

Mr. Phil McKenzie of McGill & Associates Ltd. (McGill), the sampling sites were reviewed and
two additional sites were added. These were incorporated into the program on July 6, 2005. All
sampling sites are shown on Fig. 1. Historical sites that are no longer sampled are shown in a
light shade. Current sites are shown in a dark shade.

The original seven sites were intended to monitor water quality along preferential surface flow
paths from the landfill to Sandhill Creek, background surface water quality at a site to the north of
the landfill, and water quality in Sandhill Creek. The additional sites, and modified locations for
the original sites, are intended to characterize the leachate quality, to measure impact to

Sandhill Creek, and to better document background chemistry.

Three groundwater monitoring wells (MWO02-1, -2 and -3) were installed in August 2002. These

were sampled in October 2003 and June 2006, and field parameters were measured on a
bi-monthly basis. Water levels were monitored on bi-monthly schedules from April 2003 to

PITEAU ASSOCIATES ENGINEERING LTD.



Alberni-Clayoquot Regional District
Attention: Mr. John Thomas -2- July 28, 2011

November 2009; however, no sampling was conducted. The monitoring well locations are also
shown on Fig. 1.

A brief description of the sampling sites follows:

SW-1 Receiving creek (Sandhill Creek tributary), immediately downstream of where
leachate collected along the cut-line discharges into the creek. Not sampled since
December 1998.

SW-1a Sampling point 10m downstream of SW-1, below where water would enter from
any overflow from the leachate storage lagoon. Sampled since 1998.

SW-2 Near downstream end of the west leachate collector ditch, just upstream of the
storage lagoon. Prior to December 2004, this site was located along a preferential
leachate flow path from the landfill.

SW-3a Leachate storage lagoon decant. Prior to December 2004, the SW-3 sampling site
was a dug out located along the cut line to the west of the landfill, where there was
preferential leachate flow.

SW-3b Leachate storage lagoon at pump intake. Sampled in lieu of SW-3a when decant
is not occurring at time of sampling, which is the usual condition.

SW-4 Near downstream end of the south leachate collector ditch, just upstream of the
storage lagoon. Prior to December 2004, samples were collected from a dug out
in a swampy area to the south of the landfill, near the site of the leachate storage

lagoon.

SW-5 Historically this was a dug out in a swampy area to the south of the landfill. It was
moved to an area of temporal ponding southeast of the leachate storage lagoon in
December 2004.

SW-6 Historically this was dug out to the top of marine clay along the northernmost

leachate flow path. Since July 2005, this sampling point has been at an area of
temporal water ponding in a low lying area along the west buffer. There is no
apparent surface flow path from this point to Sandhill Creek.

SW-7 Small natural drainage to the north of the landfill. Background site.

SW-8 Located to north of landfill near an abandoned skidder road. Receiving area for
leachate irrigation flow in low point about 110m downstream of the leachate
distribution pipe. Sampled since December 2004.

SW-9 Located 100m from the north property boundary of the landfill, near an abandoned
skidder road. Receiving area for leachate irrigation flow in low point about 150m
downstream of the discharge pipe. Sampled since December 2004.

SW-10 Initial site, sampled in December 2004 and February/May 2005, was on north
property line, and was intended to provide additional background data. In July 2005,

PITEAU ASSOCIATES ENGINEERING LTD.



Alberni-Clayoquot Regional District
Attention: Mr. John Thomas -3- July 28, 2011

this site was moved to Sandhill Creek above a point where leachate could enter the
creek, to provide a background (upstream) sampling site on Sandhill Creek.

SW-11 Located west of the landfill, in a natural gulley that exhibits perennial flow
characteristics and appears to be receiving leachate that seeps past the west
leachate collector ditch. Sampled since July 2005.

SW-12 Located on south landfill border, downgradient of the leachate storage lagoon,
where an ephemeral tributary of Sandhill Creek rises when recharged by shallow
groundwater flow. Sampled since July 2005.

SW-13 Located inside the south fence line along south side of leachate lagoon access
road. This location was not sampled in 2010.

SHC Sandhill Creek at downstream site, 20m upstream of the Highway 4 culvert.

MW02-1 Monitoring well located near south landfill property boundary.

MW02-2 Monitoring well located near southwest landfill property boundary.

MWO02-3 Monitoring well located near northeast landfill property boundary

(background site).

Electrical conductance (EC), pH, temperature and oxidation-reduction potential (ORP) were
measured in the field, and all sites were sampled for leachate indicator parameters (chloride,
sulphate, ammonia, nitrate, and phosphate). The standard sampling program, as performed in
2010, is summarized in Table B-1 in Appendix B. SW-1a, SW-3, SW-7, SW-10 and SW-11 were
sampled for dissolved and total metals, chemical oxygen demand (COD) and biological oxygen
demand (BOD). Metal analyses for the remaining sampling locations were limited to total
aluminum, iron, and manganese. The reduced total metal suite was run on all samples in April of
2010. Samples from SW-2, SW-4, SW-8, and SW-9 were analyzed for COD and BOD, except for
June, August and December, 2010 when only COD was analyzed. Volatile organic compound
(VOC) analyses were performed on all six samples from SW-3b.

Results of the field measurements and laboratory analyses are summarized in Tables | through
XIV, and are plotted on Figs A-1 through A-11 in Appendix A.

LEACHATE FLOW PATHS

Surface Water

Virtually all of the leachate flow from the landfill follows surface pathways, as the effective base of
the groundwater flow regime is the top of the unweathered marine clay at a nominal depth of
between 0.4 and 1m. Leachate historically seeped from the landfill along four primary flow paths.
These paths were routed through the historical SW-2, SW-3, SW-4, and SW-6 sampling sites,
towards the cut-line indicated on Fig. 1. Once on the cut-line, the flow historically concentrated in

PITEAU ASSOCIATES ENGINEERING LTD.



Alberni-Clayoquot Regional District
Attention: Mr. John Thomas -4 - July 28, 2011

tracks left by the dozer used to construct the cut-line. Flows then continued south along the
cut-line, until they intersected the tracks on the east-west cut-line between SW-1 and SW-4.
Leachate then flowed along this cut-line to the Sandhill Creek tributary (Fig. 1). This flow path was
only obvious during wet periods, as dry period flow was through the shallow peaty soils towards the
tributary.

In the autumn of 1998, measures were taken to prevent concentration of flows along the cut-line.
This involved constructing storm bars across the cut-line to divert surface flow towards the creek at
roughly 75m intervals. Approximate locations of the storm bars are shown on Fig. 1.

Some leachate also left the site via a seepage path along the south side of the landfill (Fig. 1).

Based on sampling results collected in 2004, the primary pathways for leachate seepage from the
landfill were past sampling sites SW-2, SW-3, SW-4, and SW-6.

In the late summer of 2004, following the August sampling event, the leachate collection ditches
and leachate lagoon, shown on Fig. 1, were commissioned. This collection system has effectively
routed all surface leachate flows into the lagoon following its implementation in late 2004. Samples
collected from the leachate lagoon (SW-3a/b) and the two leachate collector ditches (SW-2 and
SW-4), provide a good indication of the average quality of leachate generated by the entire landfill.

Sampling results collected at SW-11 from 2005 through 2010 indicate some leachate impact at this
location (see location on Fig. 1), apparently due to shallow seepage under the west leachate
collector ditch.

Groundwater

As noted above, three groundwater monitoring wells (MWO02-1, -2, and -3) have been installed at
three sites along the landfill property boundary (Fig. 1). Monitoring well MW02-3 was located
upgradient of the landfill to provide background chemistry data for local groundwater. The other
two monitoring wells are located downgradient of the landfill, along interpreted subsurface
seepage pathways from the site. A detailed description of the drilling and testing program is
provided in a letter to McGill dated November 5, 2002 (Piteau, 2002)".

All three monitoring wells encountered marine clay to a nominal 12m depth. The hydraulic
conductivity for the clay is estimated to be less than 10® m/s, and the estimated seepage velocity
through the clay is less than 2 cm/year.

! Piteau Associates Engineering Ltd, 2002. “Results of Drilling Investigations for West Coast Landfill -
Regional District of Alberni-Clayoquot, Tofino, B.C.” Letter prepared for McGill Engineering Ltd., Nov. 5, 3p.

PITEAU ASSOCIATES ENGINEERING LTD.



Alberni-Clayoquot Regional District
Attention: Mr. John Thomas -5- July 28, 2011

The wells were sampled in October 2003, after repeated purging over the previous 12 months.
The wells were then purged on six occasions in the 2003/2004 reporting period, and temperature,
pH, and EC were measured to be very consistent over this period. The wells were not purged or
sampled in 2005, to provide a year of reliable static water level data. The monitoring wells were
sampled again on June 13, 2006. The wells have not been sampled since June 2006, but water
levels were monitored bi-monthly until the end of 2009.

DISCUSSION OF SAMPLING RESULTS

Site SW-7 and Site SW-10 (Background Water Quality)

Alkalinity and hardness are low at both sites, with the sampling record to date exhibiting a typical
range of 8 to 45 mg/L as CaCO; (Tables Vlla and Xa).

Background water quality for SW-7 during 2010 was characterized by total dissolved solids (TDS)
ranging between 26 and 87 mg/L (Fig. A-1 in Appendix A). Sodium concentrations ranged
between 4 and 11 mg/L, and chloride concentrations ranged between 6 and 15 mg/L (Fig. A-3).
The chloride concentrations were similar to those observed in 2009. An ammonia concentration
of 0.72 mg/L-N was measured in March 2010, which is greater than typical spring concentrations,
but within the envelope of historical data (Fig. A-3). The nitrate concentration of 0.53 mg/L-N
measured in April 2010 is the highest result on record, but remains well below the freshwater
aquatic life (FWAL) criterion of 3 mg/L-N (Fig. A-7).

COD at SW-7 is typically below or only slightly above the detection limit of 20 mg/L-O
(Table Vlla). The highest concentration recorded at this site to date was the 71 mg/L-O result for
the June 2000 sample. In 2010, COD ranged between < 20 and 42 mg/L-O (Fig. A-8).

Historically, samples have been acidic, with pH typically ranging between 5 and 6.4. pH
increased slightly in 2010, but remained slightly acidic and ranged from 6.0 to 7.5. Low pH is
characteristic of peat bogs.

BOD results for the SW-7 site during 2010 were consistently less than the 10 mg/L detection limit.

Background metals concentrations have all been less than the FWAL guidelines during 2010,
with the following exceptions:

e Total iron concentrations at SW-7 have historically exceeded the FWAL guideline about
60% of the time, and dissolved iron concentrations about 25% of the time. Updated
guidelines for both total and dissolved iron were published in 2008. Total iron
concentrations have exceeded the new guideline in 25% of samples taken in the past
three years. In 2010, total iron concentrations ranged between 0.2 and 3.76 mg/L
(Table VIIb) and exceeded the FWAL guideline on one occasion (June 2010). Dissolved
iron concentrations ranged from 0.13 to 2.01 mg/L, and exceeded the FWAL guideline

PITEAU ASSOCIATES ENGINEERING LTD.



Alberni-Clayoquot Regional District
Attention: Mr. John Thomas -6 - July 28, 2011

once (June 2010). Historically, iron exceedances at this site usually occur during dry
periods.

e The total lead concentration in June 2010 was 0.06 mg/L. This is anomalous in
comparison to historical data and is considered to be an error.

o Total copper concentrations have equalled or exceeded the FWAL guideline of 0.004 mg/L
on three recent occasions, including September 2003 (0.004 mg/L), April 2004 (0.009 mg/L),
and October 2007 (0.006 mg/L). Total copper concentrations complied with the FWAL
guideline during the current sampling period. Elevated copper results are likely attributable
to sediment in the samples.

e Dissolved aluminum is typically elevated at this background monitoring location, with
concentrations chronically exceeding the FWAL guideline of 0.1 mg/L by a considerable
margin (Table VIIb and Fig. A-11). Concentrations ranged from 0.13 to 0.246 mg/L in
2010.

o Dissolved zinc at SW-7 has only exceeded the FWAL guideline once in the past
four years (June 2007). Dissolved zinc concentrations ranged between 0.002 and
<0.005 mg/L during the current sampling period.

For the current reporting period, SW-10 (upstream sampling site on Sandhill Creek) data
exhibited concentrations of ammonia that were either below or only slightly above detection levels
(Table X). This indicates an absence of any leachate impact at the upstream sampling site.

Total iron concentrations at SW-10 were above the FWAL guideline in August of 2010. Total
manganese concentrations also exceeded the FWAL guideline in August. Dissolved manganese
concentrations were all in compliance during 2010, indicating the elevated total August result was
attributable to suspended matter in the sample.

SW-10 chloride concentrations ranged from 6.9 to 36 mg/L, with the highest concentration
occurring in the driest period (August), when groundwater discharge from the area would have
significant effect on surface water quality. The above chloride concentrations are therefore
considered to be background for Sandhill Creek, which will have a small baseflow component
comprised of the naturally brackish groundwater that discharges from marine clay sediments that
underlie the area. As per the 2007 to 2009 sampling results, the elevated August 2010 chloride
concentration is indicative of a drought condition, when groundwater will comprise a large
proportion of the creek baseflow.

PITEAU ASSOCIATES ENGINEERING LTD.
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Sites SW-2, SW-3 and SW-4 (Collected Leachate Quality)

Sampling results for these three sites characterize the concentrated leachate chemistry.

Elevated TDS, chloride and ammonia concentrations (Tables lla, llla and IVa, Figs. A-1, A-3,
A-4 and A-6) are indicative of concentrated leachate. Hardness and alkalinity are also elevated,
with SW-2 results ranging from 238 to 405 mg/L as CaCO; and 240 to 510 mg/L as CaCOs,
respectively in 2010. Results for SW-3 and SW-4 were slightly lower.

Historically, TDS results for the SW-2 and SW-3 sites have varied from highs of about 450 to
1600 mg/L in dry periods (June to September), to less than 500 mg/L in wet periods, when
dilution is highest (February). TDS results for the three leachate sampling sites ranged from

240 to 590 mg/L in 2010, similar to the range observed in 2005 and 2006 following commissioning
of the leachate collection measures. The recent data fall within the envelope of data collected
since 2003, indicating that the historical sampling sites were adequately characterizing the
leachate quality.

Since 2004, chloride concentrations in the leachate monitored at SW-2 and SW-3 have fluctuated
between 7.6 and 70.8 mg/L, with peak concentrations occurring in the autumn samples. Data for
the three leachate sampling sites during the current reporting period fall within the historical
range, with values ranging between 16.9 and 51 mg/L. The highest concentrations were
generally observed during the late summer and fall (Figs. A-3 and A-4), with the highest
concentration in the current reporting period observed at SW-3 in August 2010. Although not so
during 2007 and 2008, the SW-2 collector ditch once again displayed slightly higher chloride
concentrations than the SW-4 site, indicating that flows in the east collector ditch received more
dilution than those in the west collector ditch. Chloride concentrations for SW-3a/b samples,
which represent the mixed leachate for the entire site, ranged between 16.9 and 51 mg/L in 2010.
The peak concentration occurred in August, when the background concentrations also peaked,
due to the significance of the brackish groundwater baseflow in the surface flows.

Ammonia concentrations sampled at SW-2 varied between 6.4 and 21 mg/L-N for the current
reporting period (Fig. A-6). These values are higher than those observed at SW-3 and SW-4,
which continues a trend first observed in the 2006 reporting period. Ammonia concentrations at
SW-4 varied from about 4.4 to 7.85 mg/L, below the SW-2 values. The current SW-3a/b sampling
results are generally similar to the SW-4 results, as opposed to an average of the two inputs

(Fig. A-6). The lower than expected SW-3 ammonia concentration indicates that some
nitrification may be occurring in the leachate storage lagoon. The ammonia concentration in the
leachate lagoon (SW-3a) ranged between 0.9 and 8.3 mg/L-N throughout 2010.

Nitrate concentrations at SW-2 did not exceed the FWAL criterion of 3 mg/L-N in 2010, and only
exceeded 1.5 mg/L-N on one occasion (Table lla). Nitrate concentrations were generally lower at
both SW-3 and SW-4. The highest SW-3 and SW-4 nitrate concentrations of 0.98 and

1.53 mg/L-N, respectively, occurred in June. The pattern of nitrate and ammonia concentrations
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in 2010 suggests that some nitrification occurs in the leachate storage lagoon and possibly within
the ditches, during the summer months.

Over the current reporting period, COD concentrations at SW-2 have ranged between <10 and
69 mg/L-O (Table Ila and Fig. A-8). COD concentrations ranged from 40 to 97 mg/L-O at

SW-3 and from 36 to 64 mg/L-O at SW-4. The relative concentrations of the three sampling sites
should reflect the mixing ratio of the SW-2 and SW-4 waters in the storage lagoon. Monitoring
results do reflect this mixing effect in the winter samples, but not in the summer samples,
suggesting that evaporation may have an effect on the summer data.

BOD results at the SW-2 sampling site in 2010 were all at or below the 10 mg/L-O detection limit.
BOD results at SW-3a/b and SW-4 were all less than 10 mg/L-O (Tables llla and IVa). BOD
levels in SW-2 and SW-3 have generally been low, reflecting the low strength of the leachate.
BOD at sites SW-2 and SW-4 was not analyzed in June, August or December of 2010.

VOC analyses were performed on six sample suites collected from SW-3 in 2010. All results
were less than the detection limit with the exception of xylene, at 0.5 pg/L, in December

(Table XIV). This result was well below the FWAL of 30 ug/L. Trace concentrations of toluene
were reported for 60% of the sampling suites in 2005 through 2008. All of the previous toluene
detections exceeded the recently revised FWAL criterion of 0.5 ug/L. All toluene results for 2009
and 2010 have been below the detection limit.

Dissolved iron concentrations ranged from 0.05 to 0.48 mg/L in SW-3, with the peak
concentration exhibited in the January 2010 sample (Table Illb and Fig. A-10). Dissolved metals
were not sampled at SW-2 / SW-4 during this reporting period. Total iron concentrations at SW-2
and SW-4 ranged between 1.75 and 6.71 mg/L, and 0.501 and 4.27 mg/L, respectively, and
exceeded the FWAL guideline in all six sampling events in 2010, except in June at SW-4 (Tables
IIb and IVb). The west collector ditch appears to be the primary source of the elevated iron
concentrations.

For the current reporting period, dissolved and total manganese concentrations at SW-3 exceeded
the FWAL guideline during the January and March 2010 sampling events. Total manganese
concentrations at SW-4 exceeded the FWAL guideline for all six sampling events, and manganese
concentrations at SW-2 exceeded the FWAL guideline for four of the six sampling events.

Total chromium concentrations at SW-3 exceeded the FWAL guideline for Cr(VI) (0.001 mg/L) in
January of 2010. The Cr(lll) guideline of 0.0089 mg/L was not exceeded. Total and dissolved
cadmium concentrations at SW-3 were typically below or near the detection limit (0.0001 mg/L) for
all six sampling events in 2010, and only slightly exceed the FWAL guideline on one occasion in
2010.
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During 2010, dissolved aluminum concentrations did not exceed the FWAL guideline in any of the
six samples collected at SW-3a/b (Table Illb). The background concentration of dissolved
aluminum (at SW-7) exceeded the FWAL guideline throughout 2009.

There are no increasing trends apparent in the monitoring data. Seasonal low concentrations are
often noted in December-January, when dilution effects would be greatest, and highs often occur
during the dry summer and early autumn periods.

Sites SW-5 and SW-12 (Receiving Area South of Landfill)

Impacts at SW-5 had been fairly constant from 2002 through 2004, but displayed a significant
improvement since the east leachate collector ditch was commissioned in the autumn of 2004,
and this sampling site was moved to the downstream side of the ditch in an area of ephemeral
ponded water. This ponded area receives water from the diversion ditch around the east side of
the landfill, and other local runoff water.

Two samples were collected from SW-5 in 2010, as the site was dry during the other sampling
events. TDS at SW-5 dropped from a range of 100 to 600 mg/L prior to the leachate collector
ditches, to between 45 and 170 mg/L in 2006, and between 25 and 44 mg/L in 2010 (Table Va
and Fig. A-1). Chloride concentrations have displayed a similar decline, dropping from the 40 to
670 mg/L range to between 2.4 and 5.9 mg/L in 2010, essentially background levels (Fig. A-2).
Ammonia concentrations, which ranged from 1.2 to 68 mg/L-N prior to the commissioning of the
leachate collection system, dropped to detection levels from 2005 to 2007, and remained below
0.03 mg/L-N in 2010 (Table Va and Fig. A-3). Nitrate levels were near or below the detection limit
in 2010. Total aluminum, iron and manganese were the only metals sampled at this site in 2010.
Iron was slightly elevated compared to background, which is expected for a stagnant area in a
bog environment (Table Vb). Total aluminum concentrations were slightly elevated in 2010.

Site SW-12 is located near the park boundary down gradient from the leachate lagoon. TDS at this
site has ranged from 32 to 227 mg/L since the first suite of samples collected in July 2005

(Table Xlla and Fig. A-1). TDS ranged from 32 to 220 mg/L in the current reporting period.
Ammonia concentrations are also typically low, and have ranged between <0.01 and 0.34 mg/L-N,
with the exception of the December 2005, June 2006, and August 2007 results which were 1.84,
1.05, and 0.72 mg/L-N, respectively (Table Xlla and Fig. A-5). From December 2008 to

December 2010, the highest ammonia concentrations sampled were 0.08 mg/L-N in February 2009
and August 2010. The historical peak nitrate concentration of 1.94 mg/L-N was coincident with the
1.05 mg/L-N ammonia result in June 2006. For the current reporting period, the highest nitrate
concentration measured was 0.58 mg/L-N, in January of 2010.

No COD or BOD analyses were performed at SW-12 during the current reporting period.
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All 30 total iron concentrations measured to date ranged between 0.19 and 2 mg/L, some
exceeding the current FWAL guideline (1 mg/L). The historical peak iron concentration of 2 mg/L
was sampled in August 2010. Total aluminum concentrations in 2010 ranged from 0.144 to
0.364 mg/L, similar to previous years (Table Xllb). Although these concentrations exceed FWAL
guidelines, all total aluminum and total iron results have been within the typical envelope for
background concentrations.

Results for the SW-5 and SW-12 sampling sites, which represent very small flows, suggest only a
very slight leachate impact in relation to the SW-7 background data. Leakage from the leachate
lagoon, and southward seepage from the landfill in general, is therefore interpreted to be minimal,
indicating that leachate containment provided by the east collector ditch and storage lagoon is
effective.

Sites SW-8 and SW-9 (Irrigation Water Receiving Area)

SW-8 and SW-9 were not sampled on two of the six sampling events during this reporting period
due to insufficient water (June and August). TDS varied between 88 and 297 mg/L at SW-8, and
between 250 and 311 mg/L at SW-9 (Table Vllla and IXa, and Fig. A-1). Chloride concentrations
varied between 16.3 and 24.8 mg/L at SW-8 and SW-9, with the peak concentration occurring in
January 2010 at SW-9 (Fig. A-3 and A-4). These results indicate significant leachate effect at
both sites due to the upslope application of irrigation water.

Ammonia results exhibited concentrations ranging between 0.02 and 6.46 mg/L-N at SW-8, with
the March and April results exceeding the 30-day average FWAL guideline of 1.84 mg/L-N

(Fig. A-5). Two of the four ammonia results for SW-9 exceeded the FWAL guideline, with
concentrations ranging from 1.00 to 3.99 mg/L-N. Higher ammonia concentrations occurred
during the winter months. The variation between the sampling events suggests that treatment
provided by winter irrigation is likely limited to dilution, plus some nitrification. The lack of water to
sample in the summer months indicates that the irrigation system is effective at diverting leachate
from Sandhill Creek during the growing season, when evapotranspiration rates are high.

COD concentrations sampled at the SW-8 and SW-9 sites ranged from 30 to 47 mg/L with all
results above detection limits (Fig. A-8). BOD results were below the detection limit of
10 mg/L (Fig. A-9).

Total iron concentrations at the SW-8 and SW-9 sites exceeded the FWAL guideline of 1.0 mg/L
only once during 2010, in April (Tables VllIb and I1Xb, and Fig. A-10).

Monitoring results for sites SW-8 and SW-9 show varying leachate impact in response to the
irrigation of water over the upland area. In general, sampling results indicate that:

e The irrigation system promotes significant nitrification year round,
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o Irrigation promotes plant uptake of nutrients and increases evapotranspiration losses of
leachate in the summer months, and

e The irrigation system increases leachate dilution in the winter months.
Overall, the irrigation system does appear to reduce ammonia loading to Sandhill Creek,
particularly during the growing season, when ammonia impacts on Sandhill Creek are expected to
be the most significant.

Sites SW-6 and SW-11 (Receiving Area West of Landfill)

The SW-6 site is located in an area of ephemeral ponding between the leachate collector ditch
and Sandhill Creek. This location was not sampled in June and August of 2010 due to dry
conditions. TDS, ammonia, and nitrate concentrations were all within FWAL guidelines for the
four sampling events and ammonia was only detected at or near trace concentrations (Table Vla
and Figs. A-2, A-5, A-6 and A-7). Nitrate concentrations were about four to five times
background. Chloride concentrations ranged between 9.4 and 14.8 mg/L, with the peak value
being about twice the background value observed at SW-7. Total aluminum, iron and manganese
concentrations were similar to background values. Overall, TDS, chloride and nitrate results
suggest SW-6 is slightly impacted by leachate.

SW-11 has been sampled 33 times since it was incorporated into the sampling program in

July 2005. TDS and chloride results for this site have exhibited high concentrations, ranging
between 54 and 571 mg/L, and 9.6 and 94.7 mg/L, respectively. Concentrations for the current
reporting period fall within the bottom to middle of the historical range, with the 2010 peak chloride
concentration of 64 mg/L measured in August (Figs. A-2 and A-4, and Table Xla).

Ammonia concentrations for samples from SW-11 exceeded the FWAL guideline of 1.84 mg/L-N
in 17 sampling events from 2005 to 2008, with results varying from 0.42 to 19.6 mg/L-N. In 2009
and 2010, no sampling results exceeded the guideline, with the highest concentration of

1.70 mg/L-N measured in August (Fig. A-5). Nitrate concentrations ranged between <0.02 and
0.35 mg/L-N (Table Xlb and Fig. A-7), with the highest concentration measured in March. In
general, the 2010 results did not exceed the leachate lagoon concentrations recorded in SW-2,
SW-3, and SW-4. However, concentrations were significantly higher than background, indicating
some leachate impact.

Total and dissolved metals concentrations were measured at the SW-11 site during the current
reporting period. Only iron, manganese and aluminum concentrations exceeded their respective
FWAL criteria. Total and dissolved iron concentrations exceeded the respective FWAL guidelines
of 1 and 0.35 mg/L for all six sampling events in the 2010 reporting period. Total iron displayed
concentrations varying from 1.63 to 8.6 mg/L and dissolved iron ranged from 0.351 to 3.74 mg/L
(Table XIb). Total and dissolved manganese concentrations only exceeded the FWAL guideline
in June and August during 2010. Total iron and total manganese concentrations are greater than
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background values exhibited at SW-10. Total aluminum concentration ranged from 0.045 to
0.671 mg/L and dissolved aluminum concentrations ranged from 0.016 to 0.29 mg/L(Table XIb).
The aluminum concentrations were similar to the background values measured at SW-7.

Total cadmium concentrations did not exceeded the FWAL guideline of 0.02 ug/L in 2010. Total
cadmium was not analyzed in April 2010,but dissolved cadmium was detected at the FWAL
guideline concentration of 0.02 pug/L. The March total chromium result was at the Cr(VI) FWAL
guideline concentration of 0.001 mg/L, and all other results were below the FWAL.

The 2005 to 2010 monitoring results indicate the small gulley in which SW-11 is located
represents a significant seepage pathway for leachate to reach Sandhill Creek. There must
therefore be a shallow seepage pathway beneath or around the west leachate collector ditch at
some point along its length. Effects are not currently significant with respect to FWAL criteria.

Site SW-1a (Receiving Sandhill Creek Tributary)

Sample site SW-1a is located downstream of the leachate irrigation area and the documented
leachate discharge past SW-11. All significant leachate impacts should therefore be mixed into
the creek flow at this site.

Samples from this site have historically displayed chloride concentrations of up to 100 mg/L
(Table la and Figs. A-3 and A-5). In 2010, chloride concentrations were in the lower half of the
historical range, with the exception of a peak value of 59 mg/L sampled in August. As noted
above, the Sandhill Creek upstream result was 36 mg/L on this date; thus, the elevated value can
be attributed to natural background, during the extremely dry July-August period. The TDS result
of 270 mg/L on this date is twice the background value, and reflects the elevated alkalinity and
hardness that are associated with the chemistry of the groundwater that comprises a large
component of the baseflow in the creek during dry weather (see Table la and Fig. A-1). Hardness
and alkalinity at this site during 2010 sampling events ranged between 4 and 140 mg/L as CaCOQOs,
with the highest values occurring in August. These are the highest alkalinity and TDS values
observed since August 2006.

Samples from this site have historically displayed ammonia concentrations of up to 7.7 mg/L-N
(Table la and Figs. A-3 and A-5). Ammonia results for the current reporting period were in the
lower portion of the historical range, with a peak concentration of 1.5 mg/L-N sampled in August.
Ammonia concentrations exceeded the FWAL guideline most recently in December 2005

(2.11 mg/L-N). Ammonia concentrations during low flow periods are due partially to the effect of
the groundwater contributions to streamflow, as ammonia concentrations of about 5 mg/L-N have
been documented in the three drilled monitoring wells (see below). Nitrate concentrations are
typically low at this site and did not exceed 0.59 mg/L-N in 2010. The nitrate concentration has
not exceeded 1.48 mg/L in the past three years, and has only exceeded the FWAL of 3 mg/L-N
once in the monitoring record (3.9 mg/L-N in August 2006).
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For five of the six samples in 2010, COD concentrations fluctuated between 30 and 53 mg/L-O,
marginally greater than background concentrations recorded at SW-7 (Fig. A-5). COD peaked in
August at 71 mg/L-O. BOD at this site remained under the detection limit for all sampling events
in 2010 (Table la and Fig. A-9).

Total and dissolved iron and manganese concentrations exceeded the FWAL guidelines in June
and August 2010 (Table Ib). These concentrations were also greater than the background
concentrations sampled at SW-7 on the same date. The total iron concentrations have exceeded
the FWAL criterion of 1 mg/L 12 times in the monitoring record, with the 9.98 mg/L result for
August 2010 the highest on record. Total and dissolved manganese results have only exceeded
the 0.83 mg/L FWAL criterion 3 times in the monitoring record, with two of the exceedances and
the highest result to date (10.3 mg/L) recorded in the summer of 2010. These concentrations
were greater than the background concentrations sampled at SW-7 on the same date, and are
also greater than concentrations in the leachate sampled on the same date. The results are
attributed to the very sluggish flow regime in the summer months, and possibly to the inclusion of
solid organic matter in the samples.

Dissolved aluminum concentrations for SW-1a samples exceeded the FWAL guideline of

0.1 mg/L on four occasions, but the data are consistent with SW-7 results, indicating a
background source (Fig. A-11). The elevated aluminum concentrations are attributed to the low
pH of the water in the natural peaty environment.

Cadmium concentrations in the 2010 samples from this site did not exceed the 0.00002 mg/L
FWAL criterion.

Results for the creek sampling program do display a slight leachate impact in relation to the SW-7
background data. The impact is manifested by slightly elevated chloride, ammonia, and nitrate
concentrations, and occasionally iron and manganese concentrations. The alkalinity in the creek
is also higher than values recorded at SW-7 during low flow periods, reflecting the contribution of
natural groundwater to the SW-1a flow. Leachate impact is not considered to be significant in
comparison to background water quality, especially considering the slightly brackish chemistry of
the natural groundwater in the area.

Site SW-13 (Standing Water beside Access Road to Leachate Lagoon)

Standing water inside the south fence line was interpreted to come from the truck wash area
located directly to the north. It was sampled three times in 2009 to check for leachate indicator
parameters and metals. Ammonia, nitrate, TDS and chloride concentrations were all similar to
background concentrations. Only total aluminum and iron results, and one manganese result,
exceeded FWAL criteria. Due to no apparent effects and the stagnant occurrence of this water
(no flow), it has not been sampled since June 2009.
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Site SHC (Sandhill Creek Upstream of Highway 4)

Three years of data for this site are summarized in Tables Xllla and Xlllb. Chloride and TDS
concentrations were slightly elevated compared to SW-7 (background) in January and June of
2010. All other data fall within the background chemistry envelope that has been compiled for the
landfill area.

The chemistry at this sampling site is comparable to background surface water at SW-10. Itis
also noteworthy that that the chloride concentrations sampled at SHC are very comparable to
those sampled at SW-1, indicating that the water quality at SW-1 is very similar to the quality of
recharge to Sandhill Creek downstream of the landfill. The water quality at this sampling site
does not exhibit any leachate effects.

Groundwater Monitoring Wells

Samples have only been collected from the three groundwater monitoring wells (MWO02-1, -2,
and -3) during the October 29, 2003 and June 13, 2006 sampling events. The data are presented
in Tables XVa and XVb. A brief summary of the groundwater chemistry is presented below.

TDS concentrations ranged from 4370 mg/L at MW02-3 up to 7670 mg/L at MWO02-1, well above
all of the surface water monitoring data collected at the site to date. Chloride concentrations also
greatly exceeded the surface water monitoring, with a range of 2610 to 4090 mg/L (MW02-3 and
MWO02-02, respectively). These levels are more than ten times the Guidelines for Canadian
Drinking Water Quality (GCDWQ) Aesthetic Objective (AO) of 250 mg/L, and are much higher
than would be expected for even concentrated leachate at this site.

Sulphate and dissolved sodium concentrations also exceeded the receiving water quality criteria
at the three groundwater monitoring wells. Sulphate concentrations ranged from 290 to

778 mg/L, exceeding the FWAL criteria of 100 mg/L at all three locations. The highest
concentrations, measured in the MW02-1 sample, also exceeded the GCDWQ AO of 500 mg/L.
Dissolved sodium concentrations ranged between 1440 and 2010 mg/L, exceeding the AO of
200 mg/L by a factor of 7 to 10.

Ammonia concentration at the monitoring wells ranged from 3.1 to 6.4 mg/L-N and averaged
about 5 mg/L-N, which is less than typical concentrations recorded for the concentrated leachate
sampling sites, but is still in excess of the FWAL criterion of approximately 1.84 mg/L-N.

Dissolved iron concentrations in the groundwater samples did not exceed the receiving water

criteria; however, the total iron concentrations were above the FWAL criterion of 1 mg/L in two of
the three monitoring wells, with concentrations ranging from 0.58 to 1.65 mg/L.
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Both total and dissolved manganese concentrations were in compliance with the 1.05 mg/L
FWAL criterion in all three wells. The maximum total and dissolved concentrations were 0.82 and
0.67 mg/L, respectively.

Both suites of samples collected from the monitoring wells, and the field chemistry measurements
for samples withdrawn from the three monitoring wells in 2004, indicate that the chemistry is not
changing significantly, and that the samples obtained from these wells are representative of
formation water within the clay layer.

Overall, the chemistry of the groundwater samples collected from the monitoring wells is
representative of a very low permeability marine sediment deposit, in which connate pore water
has not been completely flushed out by meteoric waters. Groundwater quality within the clay
deposit exhibits very high TDS, conductance, chloride, sodium, and sulphate concentrations, all
interpreted to be residual from pore water derived from the marine depositional environment.
Ammonia concentrations in the pore water also exceed the FWAL criterion of 1.84 mg/L-N by a
factor of about 2.5. Due to residual connate water in the marine sediments, concentrations of
many of the monitored parameters are higher in the natural groundwater than at the most heavily
impacted surface water sampling locations.

Groundwater level and field chemistry parameter data measured since the wells were installed in
2003 are listed in Table XVI. Water level data collected since April 2006 have not been affected
by purging for sampling, so represent actual groundwater levels. Levels have fluctuated over a
range of about 0.35m for the past four years.

CONCLUSIONS

Overall, the 2010 monitoring data indicate a slight leachate impact. There are no obvious long
term increasing trends apparent in the data that would suggest the effects of the landfill are
increasing over time.

Recent chloride and ammonia data for the concentrated leachate display a consistent seasonal
variation with monthly precipitation and temperature. Chloride concentrations generally increase
when precipitation decreases, due to the absence of surface runoff and the naturally brackish
chemistry of the groundwater in the clay sediments that underlie the peat. Ammonia
concentrations generally decrease when precipitation decreases, due to less leachate flushing
and more residence time, and hence renovation, along seepage pathways.

Results for the past six years of sampling following the commissioning of the leachate collection
and irrigation system have characterized the strength of the total leachate load generated by the
landfill, and it is very similar to that indicated by the perimeter sampling sites monitored prior to
2004. Concentrations in the storage lagoon, which represent the mixed quality of all seepage and
surface flows from the landfill, varied over the following ranges over the past three years:
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TDS 140 to 553 mg/L

Alkalinity 83 to 391 mg/L as CaCO;
Chloride 7.6 to 70 mg/L

Ammonia 0.7 to 17.2 mg/L-N

Nitrate <0.10 to 2.45 mg/L-N

Dissolved Iron <0.05t0 2.34 mg/L

Dissolved Manganese 0.01 to 1.85 mg/L

Dissolved Copper <0.001 to 0.004 mg/L

The only parameters which exceeded receiving water guidelines (FWAL) in the concentrated
leachate were ammonia, aluminum, chromium, copper, iron and manganese (Tables Illa and IlIb).
Chromium and copper exceedances are slight and occasional. The strength of the leachate
contained by the storage lagoon is very similar to the quality of discharge from an aerated sewage
lagoon.

Results for sampling sites SW-5 and SW-12, located downstream of the leachate storage lagoon
and east leachate collector ditch, indicate only slight leachate impacts. Containment provided by
the leachate storage lagoon and the east collector ditch is therefore considered to be adequate to
mitigate leachate migration and impact across the south boundary of the site.

Results for sampling sites SW-8 and SW-9, located on the overland flow pathway from the
irrigation site to Sandhill Creek, indicate that there is minimal flow through this area during dry
periods, and that some renovation of leachate quality (e.g., nitrification and plant uptake of
nutrients) does occur during the growing season, when temperatures are highest. The monitoring
record to date for these two sites demonstrates a consistent reduction in ammonia concentration
relative to the leachate lagoon (SW-3), indicating that the irrigation system will mitigate ammonia
impacts during the summer and early autumn months, when receiving water dilution is lowest and
ammonia concentrations present the highest level of risk.

The results of seven sampling events available for the SW-6 site from 2005 to 2007 indicate some
slight leachate impact during wet periods, apparently due to operation of the irrigation system
under net precipitation conditions.

The six recent sampling results for SW-11, located in a natural gulley to the south of SW-6,
exhibited a slight leachate impact. Ammonia concentrations have been in compliance with the
FWAL criterion of 1.84 mg/L-N for the past two years, with the highest value of 1.7 mg/L-N in that
period sampled in August of 2010. Chloride concentrations in the past year have been lower in
the wet months and higher in the dry months in comparison to previous years, suggesting a less
significant leachate contribution than in the past. However, monitoring results from 2010 and
previous years indicate that significant amounts of leachate are seeping past or around the west
leachate collector ditch, and are not being directed to the leachate storage lagoon. An EM survey
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conducted in this area in November 2009 identified a potential seepage pathway (Piteau, 2010)>.
Recommendations from that investigation are repeated below.

Sampling results for the receiving water monitoring site (SW-1a) indicated only very slight impact
during the current reporting period. The only parameters to exceed FWAL criteria were iron,
manganese and aluminum. Iron and aluminum chronically exceed FWAL criteria at the
background sampling sites. The two manganese exceedances recorded in 2010 were not
characteristic for this site, and comprise two of the three FWAL exceedances in the monitoring
record to date. Leachate strength has not been observed to increase over the past few years,
and leachate quantity should be similar as well; hence, the recent anomalous results are not likely
to be associated with leachate.

A bioassay performed on the October 24, 2005 sample from SW-1a indicated that it was toxic
(result indicated 50% survival at 53% dilution). However, there were no indications of leachate
contamination in the October 2005 sample, and the toxicity may have been due to the naturally
low pH of the bog runoff. Bioassay data for samples collected in 2007, 2008 and 2009 have
indicated >100% survival in the undiluted sample. The bioassay sampling program was
discontinued in 2010, due to the difficulty in obtaining the large samples that are now required,
and the consistent non toxic results from 2006 through 2009.

Although 2005 to 2010 impacts in the receiving creek were within the allowable envelope defined
by the BC FWAL guidelines, and/or typical background concentrations for the area, there have
been some apparent changes to the water quality in Sandhill Creek over the past decade. The
most significant changes were the slight increases in ammonia and chloride concentrations, with
the former presenting the most significant risk. The ammonia risk was partially mitigated with the
irrigation system that was fully commissioned prior to the 2005 reporting period. Neither ammonia
nor chloride concentrations have shown a statistically significant increase in the past four years.
However, ammonia concentrations may increase gradually over time, as a function of the volume
and age of waste that is contained in the landfill, and it is important the irrigation system be
properly monitored and managed, to optimize its performance.

Six years of sampling data for the Sandhill Creek site above Highway 4 do not exhibit any
indication of leachate impact.

RECOMMENDATIONS

Based on the above discussion, the following items are recommended:

e The current bi-monthly sampling program should be continued through 2011
(see Table B-1, Appendix B). The complete list of metals analyses should be continued

% Piteau, 2010. Letter report to McGill & Associates Engineering Ltd. Regarding “2009 Leachate Excursion
Investigation, West Coast Landfill, Tofino, B.C.”, dated February 2.
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for the SW-11 sampling suite, until the seepage pathway to this site is remediated. As in
2010, the bioassay sampling for SW-1A can be dropped, unless leachate effects to
Sandhill Creek are noted to change.

o Future analyses for cadmium concentrations should continue to request a detection limit of
0.01 ug/L or lower.

o The gauging station established on Sandhill Creek in mid 2005 needs to be upgraded and
calibrated to provide reliable flow monitoring data. A conventional gauging station, with a
staff gauge and a flow-discharge relationship determined with conventional stream
gauging methods, should be established at the flow monitoring site near SW-1A. Flow
data from a stream flow gauge could then be used to calculate loadings in the creek and
relate those back to leachate strengths and quantities.

e The seepage pathway to SW-11 presents a risk to the water quality in Sandhill Creek that
may not be managed by the leachate storage and irrigation system. While recent
monitoring data for this site indicate less significant leachate effects than prior to 2008, the
EM survey conducted in November 2009 identified a potential seepage pathway that
should be further investigated by a detailed inspection of the west bank of the west
leachate collector ditch, and excavation of a shallow trench along the ditch invert. The
objective of these two tasks is to identify the extent of any permeable sediments that may
underlie the ditch invert. Any seepage pathways along permeable sediments would have
to be cut off to mitigate the seepage losses. The area to be inspected is delineated in a
previous report (Piteau, 2010).

We trust this letter adequately presents the leachate sampling data collected to date. If you wish
to discuss the 2010 sampling results, please contact us.

Yours truly,

PITEAU ASSOCIATES ENGINEERINC;‘ LTD

Andrew T. Holmes, P.Eng.

ATH/slc
Att.

c. Alan McGill, McGill and Associates (pdf)
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TABLE la

WATER CHEMISTRY DATA SUMMARY FOR SURFACE WATER SAMPLING SITE SW-1A

RECEIVING
WATER SAMPLING DATE - PREVIOUS REPORTING PERIOD SAMPLING DATE - CURRENT REPORTING PERIOD
CRITERIA
el 58| 8|88 | s8] 88|88 | 8|8 |89 |3 | |9|3]:s
PARAMETERS units A?Fu\iz:Sfe g 2 g 3 3 8 g 2 g 5 3 § 8 g g 5 3 g
o 2 & S S s S & Q 3 & 3 3 8 & Q S a
PHYSICAL TESTS
Colour Ccu - - - - - - - - - - - - - - - - - - -
Total Hardness (CaCOs) mg/L - 20.0 20.0 41.0 15.0 50.0 16.0 7.0 30.6 51.0 45.1 17.9 17.0 16.7 16.4 9.7 63.6 112.0 12.0
Total Dissolved Solids mg/L - 86 49 98 73 115 81 28 93 106 139 100 66 51 37 40 150 270 38
pH - Lab pH - 6.66 6.71 7.08 6.79 7.41 6.59 6.21 6.48 6.24 6.47 5.96 5.95 6.08 6.20 6.40 6.60 6.70 6.30
pH - Field pH - 5.65 5.76 6.34 5.88 6.62 5.97 5.76 6.50 6.57 6.59 7.03 6.09 6.10 6.45 5.75 6.94 7.12 7.04
ORP - Lab mV - - - - - - - - - - - - - - - - - - -
ORP - Field mv - 166.5 169.0 98.7 - 73.2 133.4 176.3 137.3 90.4 132.8 136.0 164.2 110.4 173.8 154.7 120.5 2111 158.4
Conductivity - Lab uSfem - 104 103 167 76 199 77 37 124 190 200 99 72 71 67 48 234 465 45.7
Conductivity - Field uSfem - 105 103 175 76 205 78 32 113 171 182 86 64 73 68 46 230 459 88
Temperature - Field °C - 4.1 3.6 5.8 - 12.1 8.1 7.0 3.9 6.8 11.0 114 8.1 6.3 7.3 7.5 10.5 12.7 8.5
DISSOLVED ANIONS
Alkalinity - Total mg/L - 18.0 216 39.3 10.8 48.1 15.1 7.4 27.8 36.3 44.9 112 13.8 13.3 14.8 4.0 63 140 -
Chloride mg/L 150 16.3 16.0 222 125 28.9 10.9 4.0 15.3 215 30.4 17.8 9.8 9.4 9.6 7.9 29.0 59.0 6.8
Sulphate mg/L 100 4.2 4.9 3.7 3.1 6.2 4.7 2.4 6.9 10.9 6.8 7.4 4.9 47 3.4 <0.5 4.3 <0.5 3.0
DISSOLVED CATIONS
Calcium mg/L - 5.00 478 10.70 3.40 14.10 4.22 1.90 8.74 14.50 12.40 3.58 3.41 3.96 4.03 251 15.40 29.40 3.30
Magnesium mg/L - 1.99 1.78 3.80 1.48 3.92 1.23 0.51 2.30 3.71 351 2.06 1.43 1.17 1.38 0.99 4.85 8.42 1.00
Potassium mg/L - 1.00 1.10 1.90 0.60 2.10 0.90 0.50 1.26 2.30 1.85 0.47 0.63 0.63 0.72 0.48 2.37 413 0.60
Sodium mg/L - 10.40 9.45 17.50 8.52 18.10 6.50 1.90 10.70 18.80 18.20 10.60 7.22 6.33 7.48 5.02 20.80 41.20 5.20
NUTRIENTS
Ammonia Nitrogen mg/L as N 1.84 0.09 0.10 0.32 0.05 0.07 0.01 <0.01 0.10 0.04 0.04 0.03 0.02 0.02 <0.01 0.17 0.22 1.50 0.03
Nitrate Nitrogen mg/L as N 3.0 0.77 0.35 0.37 0.29 0.70 0.23 0.24 1.43 1.48 0.12 <0.05 0.24 0.59 0.31 0.11 0.10 <0.02 0.20
Total Phosphate mg/L as P - <0.02 | <002 | <002 | <0.02 0.02 <0.02 0.02 <0.02 | <0.02 0.02 <0.02 | <002 || <002 | <0.02 0.01 0.11 0.02 <0.01
ORGANIC PARAMETERS
Chemical Oxygen Demand | mg/L aso - <20 | <20 | <20 | 56 | <20 | 32 31 | 27 | <20 | 23 | 37 | 66 43 | 35 53 | 41 71 30
Biological Oxygen Demand | ma/L asO - <10 <10 <10 <10 <10 <10 <10 <10 25 <10 <10 <10 <10 <10 <10 <10 <10 <5.0
BIOASSAYS
96 hour LC-50 - - >100 | >100 [ >100 | >100 | >100 [ >100 >100 | >100 [ >100 | >100 | >100 [ >100 - - - - - -

Notes:

1. Approved and Working Water Quality Guidelines, Science and Information Branch, Environmental Protection Division, BC Ministry of Environment.
Available: http://www.env.gov.bc.ca/wat/wg/wq_guidelines.html#approved Accessed February 2011. Guidelines for the Protection of Fresh-Water Aquatic Life ("FWAL"). Lowest guidelines are shown.
2. Bolding denotes parameters which exceed water quality criteria.

3. "-" denotes parameter was not analysed, or a receiving water criteria was not applicable.
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TABLE Ib
METAL MONITORING DATA SUMMARY FOR SURFACE WATER SAMPLING SITE SW-1A

RECEIVING
WATER SAMPLING DATE - PREVIOUS REPORTING PERIOD SAMPLING DATE - CURRENT REPORTING PERIOD
CRITERIA
. 5 3 8 8 3 8 8 8 8 3 8 3 3 3 3 3 3 3
PARAMETERS | units A?;;Jﬁ:;fe g 2 g E 5 8 g 2 g E 5 é 8 § 2 E g g
o 3 Q S 3 b S Q Q 3 & ] 3 ] N Q 5 3
TOTAL METALS
Aluminum * mglL 01 019 | 013 | 018 | 049 | 025 | 043 | 047 022 014 0.16 037 034 023 029 0349 | 0204 015 0.265
Arsenic mg/L 0005 [ <0.001|<0.001|<0.001|<0.001 | <0.001|<0.001| <0.001 | 00002 | <0.001 | 00008 | 0.0002 | <0.001 | <0.0002 | <0.0002 0.0005 | 0001 | <0.0002
Barium mg/L 1.0 0005 | 0005 | 0008 | 0.005 | 0.007 | 0.005 | 0.003 | 00059 | 0008 | 00085 | 0005 | 0004 | 00037 | 0.0038 0.012 0.04 0.004
Boron mg/L 12 006 | <005 | 011 | <005 | 018 | <005 | <005 | 008 014 0.15 0.04 0.06 0.047 0.042 0.129 0.306 0.045
Cadmium ® mg/L | 0.00002 |<0.0002|< 0.0002|< 0.0002|< 0.0002|< 0.0002|< 0.0002] < 0.0002 | <0.00004 | <0.0002 | <0.00004 | < 0.0002 | <0.00005 | <0.00001 | 0.00001 0.00002 | <0.00001 | <0.00001
Chromium mg/L 0001 [ <0.001|<0.001|<0.001|<0.001|<0001| 0001 | <0.001 | 00004 | <0.001 | 0.0006 | 0.0005 | <0.001 | 0.0004 | 0.0004 <0.001 | <0.001 | 0.0004
Copper ® mg/L 0002 [ <0.001|<0.001|<0.001|<0.001 | <0.001|<0.001| <0.001 | 00006 | <0.001 | 00008 | 0.0007 | 0.0009 | 0.0007 | 0.0006 0.0007 | 00004 | <0.001
Iron mg/L 1 028 | 035 | 065 | 042 | 055 | 035 | o022 0.29 0.43 0.68 0.58 0.35 0.24 0.34 0.348 1.89 9.98 0216
Lead ® mg/L 0.005 | <0.001 | <0.001 | <0.001 | <0.001 | <0.001 | <0.001 | <0.001 | <0.0002 | <0.001 | <0.0002 | <0.0002 | <0.00025| 0.0001 | 0.00012 <0.0002 | <0.002 | <0.0001
Manganese ° mg/L 0.83 0022 | 0022 | 0059 | 0015 | 0073 | 0016 | 0008 | 0015 | 0064 | 0225 | 0069 | 0018 0.011 0017 | 0015 2.88 10.3 0.013
Mercury ugiL 0.02 <002 | <002 | <002 | <002 | <002 | <002 | 014 | <002 | <002 | <002 | 002 | <002 | <002 | <002 <0.02 <0.02 <0.01
Nickel mg/L 0025 [ <0.001|<0.001|<0.001|<0.001|<0001|<0001| <0.001 | 00006 | <0.001 | 0.0009 | 0.0006 | <0.001 | 0.0004 | 0.0004 0.001 0.002 | <0.001
Selenium mg/L 0002 [ <0.001 |<0.001 | <0.001|<0.001 | <0.001|<0.001| <0.001 | 0.0005 | <0.001 | <0.0002 |<0.0002| <0.001 | <0.0002 | <0.0002 <0.0001 | 0.0002 | <0.0006
Zinc ® mg/L_| 0.0075 | <0.005 | <0.005| <0.005 | <0.005| <0.005| <0.005| <0.005 | 0001 | <0.005 | 0.002 | 0003 | <0005 | 0.001 0.001 0006 | <0.005 | 0.006
DISSOLVED METALS
Aluminum * mglL 01 014 | 0092 | 0086 | 032 | 015 | 028 | 015 019 0075 | 0071 027 027 017 022 0262 | 0.084 0.054 0.182
Arsenic mg/L 0005 [ <0.001|<0.001|<0.001|<0.001|<0001|<0.001| <0.001 | 00002 | <0.001 | 0.0006 |<0.0002| <0.001 | <0.0002 | <0.0002 | <0.0001 | 0.0005 | 0.0007 | <0.0002
Barium mg/L 1.0 0005 | 0005 | 0008 | 0004 | 0009 | 0005 | 0.002 | 0006 | 0009 | 0.0075 | 00047 | 0004 | 00031 | 00034 | 0003 | 0.009 0.023 0.004
Boron mg/L 12 006 | <005 | 012 | <005 | 017 | <005 | <005 | 007 0.15 014 0.04 0.05 0.05 0043 | <005 | 0158 033 0.041
Cadmium ® mg/L | 0.00002 |<0.0002|< 0.0002|< 0.0002|< 0.0002|< 0.0002|< 0.0002| < 0.0002 | <0.00004 | < 0.0002 | <0.00004 | < 0.0002 | <0.00005 | < 0.00001 | 0.00002 | <0.00001 | 0.00002 | <0.00001 | <0.00001
Chromium mg/L 0001 [ <0.001 | <0.001|<0.001|<0.001 | <0.001|<0.001| <0.001 | 00003 | <0.001 | 0.0004 | 0.0004 | <0.001 | 0.0003 | 00004 | <0.001 | <0.001 | <0.001 | <0.0004
Copper ® mg/L 0002 | 0001 |<0.001|<0001|<0.001| 0003 |<0.001| <0.001 | 00011 | 0002 | 00023 | 0.0007 | 0.0008 | 0.0005 | 0.005 | 0.0005 | 00005 | 0.0004 | <0.001
Iron mg/L 0.35 018 | 02 03 | 034 | 033 | 025 | 011 0.23 0.16 0.34 04 0.25 017 0.24 0242 | 0.997 3.68 0.141
Lead ® mg/L 0.005 [ <0.001 | <0.001 | <0.001 | <0.001 | <0.001 | <0.001| <0.001 | <0.0002 | <0.001 | <0.0002 |<0.0002 | <0.00025| 0.00006 | 0.00009 | <0.0002 | <0.0002 | <0.0002 | <0.0001
Manganese ° mg/L 0.83 0022 | 0017 | 0051 | 0014 | 0085 | 0036 | 0008 | 0017 | 0044 | 0161 | 0064 | 0016 | 00097 | 0016 | 0014 2.37 7.91 0.011
Mercury ugiL 0.02 <002 | <002 | <002 | <002 | <002 | <002 | 011 | <002 | <002 | <002 | <002 | <002 | <002 | <002 | <002 | <0.02 <0.02 <0.01
Nickel mg/L 0025 | <0.001 | <0.001 | <0.001 | <0.001 | <0.001 | <0.001 | <0.001 | 0.0007 | <0.001 | 00009 | 0.0006 | <0001 | 00004 | 00004 | <0.001 | 0.001 0005 | <0.001
Selenium mg/L 0002 [ <0.001 | <0.001 | <0.001 | <0.001 | <0.001 | <0.001| <0.001 | <0.0002 | <0.001 | <0.0002 |<0.0002| <0.001 | <0.0002 | <0.0002 | <0.0001 | <0.0001 | 0.0002 | <0.0006
Zinc ® mg/L_| 0.0075 | <0.005 | <0.005| <0.005 | <0.005| 0.006 | <0.005| <0.005 | 0.008 | <0.005 | 0.002 | 0001 | <0005 | 0.001 0001 | <0.005 | <0.005 | <0.005 | <0.001
Notes:

1. Approved and Working Water Quality Guidelines, Science and Information Branch, Environmental Protection Division, BC Ministry of Environment.

Available: http://www.env.gov.bc.ca/wat/wg/wq_guidelines.html#approved Accessed February 2011. Guidelines for the Protection of Fresh-Water Aquatic Life ("FWAL"). Lowest guidelines are shown.

2. Bolding denotes parameters which exceed water quality criteria.
3. "-" denotes parameter was not analysed, or a receiving water criteria was not applicable.
4. FWAL guideline for indicated parameter changes with pH

5. FWAL guideline for indicated parameter changes with hardness. Value shown appropriate for hardness of 50 mg/L-CaCO;
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TABLE lla

WATER CHEMISTRY DATA SUMMARY FOR SURFACE WATER SAMPLING SITE SW-2

RECEIVING
WATER SAMPLING DATE - PREVIOUS REPORTING PERIOD SAMPLING DATE - CURRENT REPORTING PERIOD
CRITERIA
Aquatic Lif 5 & 8 8 8 8 8 3 ] 2 3 2 9 =] S S S S
) quatic Life : a < < < - o a & < o z . ) < < <3 o
PARAMETERS wnits | AL 8 g g E E 8 8 i g 2 E: 3 k5 5 g 3 2 a
~ Q Q b= ] Q S N & S N o © o ] & 3 3
PHYSICAL TESTS
Colour CuU - - - - - - - - - - - - - - - - - - -
Total Hardness (CaCO3) mg/L - 318 - 334 293 - 307 298 293 383 402 - 342 313 252 241 405 275 238
Total Dissolved Solids mg/L - 487 356 553 423 459 453 392 464 558 608 334 571 486 401 310 590 390 362
pH - Lab pH - 7.69 7.89 7.73 7.95 7.99 7.94 7.81 7.24 7.78 7.42 8.81 7.23 7.78 7.26 7.80 8.00 7.74 7.60
pH - Field pH - - 7.07 6.49 7.51 7.40 7.24 7.04 7.25 7.38 7.62 7.56 7.05 7.07 7.47 7.57 7.44 6.89 7.26
ORP - Lab mv - - - - - - - - - - - - - - - - - - -
ORP - Field mv - - -3.1 -1.5 47.1 -29.2 -5.3 48.3 21.9 22.0 -14.8 -48.4 -50.1 -49.5 -61.1 -13.4 -39.6 213.1 114.7
Conductivity - Lab uS/cm - 944 849 993 808 854 880 779 848 1050 1080 528 972 856 686 629 1090 788 639
Conductivity - Field uS/cm - - 864 1023 1139 907 900 721 793 955 1001 916 894 896 735 613 1089 750 769
Temperature - Field °c - - 8 9 14 17 8 7 7 15 18 16 - 7 9 13 12 14 11
DISSOLVED ANIONS
Alkalinity - Total mg/L - 429 462 480 343 447 449 321 425 524 507 120 444 367 323 270 510 340 240
Chloride mg/L 150 38.1 33.0 38.9 36.8 50.0 36.6 27.4 42.6 45.4 55.6 60.2 44.1 41.3 31.7 25.0 48.0 41.0 221
Sulphate mg/L 100 4.1 4.5 2.5 <25 1.8 19.0 29.7 23.8 19.8 12.8 53.3 35.4 27.8 26.6 29.0 13.0 6.6 45.0
DISSOLVED CATIONS
Calcium mg/L - - - - - - - - - - - - - - - - - - -
Magnesium mg/L - - - - - - - - - - - - - - - - - - -
Potassium mg/L - - - - - - - - - - - - - - - - - - -
Sodium mg/L - - - - - - - - - - - - - - - - - - -
NUTRIENTS
Ammonia Nitrogen mg/L as N 1.84 21.6 20.4 21.4 7.2 9.4 18.1 145 16.5 16.3 154 10.8 18.2 14.2 10.8 8.9 21.0 6.4 7.3
Nitrate Nitrogen mg/L as N 3.0 0.76 1.03 1.59 2.09 2.96 1.26 1.02 1.45 2.04 2.33 0.38 1.28 1.68 0.77 1.29 0.58 0.37 0.9
Total Phosphate mg/L asP - <0.02 | <0.02 | <0.02 | <0.02 0.02 0.03 0.04 0.02 <0.02 | <0.02 0.02 <0.02 | <0.02 0.03 0.03 0.02 0.02 0.01
ORGANIC PARAMETERS
Chemical Oxygen Demand | mg/L as 0 | - <20 <20 - - 64 41 - 45 44 50 61 97 52 68 <10 69 49 40
Biological Oxygen Demand| ma/L as O - <10 <10 - - <10 <10 - <10 <10 <10 - 13 <10 10 <10 - - -
BIOASSAYS
96 hour LC-50 - I - - - - - - - - - - - - - - - - - - -

Notes:

1. Approved and Working Water Quality Guidelines, Science and Information Branch, Environmental Protection Division, BC Ministry of Environment.

Available: http://www.env.gov.bc.ca/wat/wg/wq_guidelines.html#approved Accessed February 2011. Guidelines for the Protection of Fresh-Water Aquatic Life ("FWAL"). Lowest guidelines are shown.
2. Bolding denotes parameters which exceed water quality criteria.
3. "-"denotes parameter was not analysed, or a receiving water criteria was not applicable.
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TABLE IIb
METAL MONITORING DATA SUMMARY FOR SURFACE WATER SAMPLING SITE SW-2

RI\E/\(/:AE-:—\QSG SAMPLING DATE - PREVIOUS REPORTING PERIOD SAMPLING DATE - CURRENT REPORTING PERIOD
CRITERIA
Aquatic Life 3 § 8; § 8; § 8; § oO: c‘-"; % 3 S % Sj 3;: S; Sé
PARAMETERS | units (FWAL)! g id < 3 Z S 8 id < 3 Z g g s < 2 Z a
~ & & b 3 & =1 N 3 S & o © ) & 3 3 3
TOTAL METALS
Aluminum * mg/L 0.1 0.055 0.038 0.042 0.082 0.037 0.065 0.034 0.057 0.035 0.026 0.018 0.043 0.022 0.045 0.175 0.062 0.016 0.082
Arsenic mg/L 0.005 - - - - - - - - - - - - - - - - - -
Barium mg/L 1.0 - - - - - - - - - - - - - - - - - -
Boron mg/L 1.2 - - - - - - - - - - - - - - - - - -
Cadmium ® mg/L 0.0015 - - - - - - - - - - - - - - - - - -
Chromium mg/L 0.001 - - - - - - - - - - - - - - - - - -
Copper ® mg/L 0.004 - - - - - - - - - - - - - - - - -
Iron mg/L 1 2.71 1.72 1.86 2.7 2.8 4.61 3.77 2.56 1.13 2.04 2.06 4.22 4.71 6.71 4.59 4.59 5.13 1.75
Lead® mg/L 0.006 - - - - - - - - - - - - - - - - - -
Manganese 5 mg/L 1.05 2.36 1.6 2.86 2.12 2.8 1.58 2.04 1.72 1.99 2.6 31 3.18 1.62 1.1 0.71 2.18 6.4 0.815
Mercury ug/L 0.02 - - - - - - - - - - - - - - - - - -
Nickel mg/L 0.025 - - - - - - - - - - - - - - - - - -
Selenium mg/L 0.002 - - - - - - - - - - - - - - - - - -
Zinc ® mg/L 0.015 - - - - - - - - - - - - - - - - - -
DISSOLVED METALS
Aluminum * mg/L 0.1 - - - - - - - - - - - - - - - - - -
Arsenic mg/L 0.005 - - - - - - - - - - - - - - - - - -
Barium mg/L 1.0 - - - - - - - - - - - - - - - - - -
Boron mg/L 1.2 - - - - - - - - - - - - - - - - - -
Cadmium ® mg/L 0.0015 - - - - - - - - - - - - - - - - - -
Chromium mg/L 0.001 - - - - - - - - - - - - - - - - - -
Copper ® mg/L 0.004 - - - - - - - - - - - - - - - - - -
Iron mg/L 0.35 - - - - - - - - - - - - - - - - - -
Lead ® mgiL 0.006 - - - - - - - - - - - - - - - - - -
Manganese ° mg/L 1.05 - - - - - - - - - - - - - - - - - -
Mercury ug/L 0.02 - - - - - - - - - - - - - - - - - -
Nickel mg/L 0.025 - - - - - - - - - - - - - - - - - -
Selenium mg/L 0.002 - - - - - - - - - - - - - - - - - -
Zinc ® mg/L 0.015 - - - - - - - - - - - - - - - - - -

Notes:
1. Approved and Working Water Quality Guidelines, Science and Information Branch, Environmental Protection Division, BC Ministry of Environment.

Available: http://www.env.gov.bc.ca/wat/wg/wg_guidelines.html#approved Accessed February 2011. Guidelines for the Protection of Fresh-Water Aquatic Life ("FWAL"). Lowest guidelines are shown.
2. Bolding denotes parameters which exceed water quality criteria.

3. "-" denotes parameter was not analysed, or a receiving water criteria was not applicable.
4. FWAL guideline for indicated parameter changes with pH
5. FWAL guideline for indicated parameter changes with hardness. Value shown appropriate for hardness of 100 mg/L-CaCO3
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TABLE llla

WATER CHEMISTRY DATA SUMMARY FOR SURFACE WATER SAMPLING SITE SW-3

RECEIVING
WATER SAMPLING DATE - PREVIOUS REPORTING PERIOD SAMPLING DATE - CURRENT REPORTING PERIOD
CRITERIA
Aquatic Li 5 g 3 3 3 3 3 2 3 3 3 3 2 S =t S S S S
X quatic Life & 4 < < > = & T & < < > g : 0 L < > &
PARAMETERS wnits | ALy 8 K 2 3 z <] a & & g 3 2 g 8 s g 3 2 3
g 8 X 3 8 8 = ob 3 8 5 & < & & 8 8 3 g
PHYSICAL TESTS
Colour CcuU - - - - - - - - - - - - - - - - - - -
Total Hardness (CaCOj) mg/L - 226 273 299 246 195 - 180 132 233 278 256 115 231 201 233 202 286 149 198
Total Dissolved Solids mg/L - 416 471 429 419 351 357 272 140 405 411 433 553 372 325 376 240 420 320 284
pH - Lab pH - 7.72 7.85 8.00 8.26 8.70 7.93 7.84 7.65 7.45 8.18 8.05 8.68 7.48 7.76 7.33 7.90 8.20 8.60 7.50
pH - Field pH - - 7.08 7.17 8.25 8.91 7.45 7.23 - 7.54 8.09 8.30 9.01 7.18 7.31 7.66 7.73 8.68 7.76 7.42
ORP - Lab mv - - - - - - - - - - - - - - - - - - - -
ORP - Field mv - - -27.5 -2.5 48.4 15.3 17.5 50.9 - 17.4 24.5 25.6 -9.0 6.6 0.5 -29.4 13.3 24.9 195.8 113.0
Conductivity - Lab pS/ecm - 749 815 853 712 580 652 502 264 726 749 700 530 670 559 617 512 746 568 525
Conductivity - Field pnS/cm - - 831 867 1025 614 167 460 - 669 686 648 487 618 580 646 504 747 532 620
Temperature - Field °C - - 6.9 115 17.4 22.4 11.5 7.2 - 7.8 17.6 22.6 22.1 8.4 7.6 11.3 14.7 18.5 19.4 13.1
DISSOLVED ANIONS
Alkalinity - Total mg/L - 300 386 391 269 222 299 184 82.6 326 327 278 121 268 202 280 200 310 190 -
Chloride mg/L 150 38.2 36.4 37.2 39 52.3 29.9 19 7.61 40.8 33.8 44.4 69.4 30.7 25.8 254 20 38 51 16.9
Sulphate mg/L 100 22.1 23.6 13.2 27.9 43.2 32.3 36.7 36.0 38.3 33.7 36.3 9.4 48.8 49.7 34.6 33.0 26.0 13.0 50.0
DISSOLVED CATIONS
Calcium mg/L - 79.5 87.3 95.7 81.9 53.7 75.9 58.9 45.6 74.7 91.8 77.2 23.9 74.8 66.4 75.6 67.9 83.8 28.9 66.9
Magnesium mg/L - 13 10 13.9 12.7 13.4 8.46 7.24 4.68 10.6 12.3 14.4 12.8 10.9 8.4 10.8 7.37 15.1 16.9 7.4
Potassium mg/L - 12.0 12.0 13.9 11.7 125 11.2 7.7 4.6 10.3 114 11.6 9.9 8.7 7.2 8.0 6.6 11.8 11.6 6.8
Sodium mg/L - 40.50 32.20 43.40 41.70 51.10 26.60 17.90 12.30 36.00 37.50 47.30 51.00 36.90 25.40 29.80 20.70 45.40 60.60 18.60
NUTRIENTS
Ammonia Nitrogen mg/LasN 1.84 14.6 17.2 155 4.5 1.5 9.3 6.4 2.7 13.0 9.4 4.1 0.7 8.5 6.7 8.3 6.6 7.5 0.9 5.0
Nitrate Nitrogen mg/L asN 3.0 0.18 0.33 <0.1 0.39 0.33 0.25 0.29 0.24 0.2 11 0.52 2.45 0.78 0.54 0.36 0.8 0.98 0.14 0.6
Total Phosphate mg/L as P - 0.05 0.08 0.11 - 0.17 0.14 0.12 0.06 0.04 0.05 0.09 0.25 0.06 0.05 0.05 0.03 0.01 0.03 0.03
ORGANIC PARAMETERS
Chemical Oxygen Demand | mg/Las 0 <20 <20 53 84 97 56 37 28 42 29 57 134 69 52 65 44 81 97 40
Biological Oxygen Demand | mg/L as O - 13 83 11 <10 <10 <10 <10 <10 <10 <10 <10 <10 <10 <10 <10 <10 <10 <10 <5.0
BIOASSAYS
96 hour LC-50 [ T — : — 1 - T - T - T~ - S I N R B : - : - : -

Notes:

1. Approved and Working Water Quality Guidelines, Science and Information Branch, Environmental Protection Division, BC Ministry of Environment.
Available: http://www.env.gov.bc.ca/wat/wg/wq_guidelines.html#approved Accessed February 2011. Guidelines for the Protection of Fresh-Water Aquatic Life ("FWAL"). Lowest guidelines are shown.

2. Bolding denotes parameters which exceed water quality criteria.

3. "-" denotes parameter was not analysed, or a receiving water criteria was not applicable.
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TABLE llIb
METAL MONITORING DATA SUMMARY FOR SURFACE WATER SAMPLING SITE SW-3

RECEIVING
WATER SAMPLING DATE - PREVIOUS REPORTING PERIOD SAMPLING DATE - CURRENT REPORTING PERIOD
CRITERIA
. 5 3 8 8 8 3 8 2 8 3 8 8 ] ] S S 2 3 3
PARAMETERS | unts | ~duatcLife 8 K 5 5 g 3 8 5 K 5 5 g 2 g 5 3 5 g g
(FWAL)! Q y < 2 g Q Q S L < 2 3 2 S = < 2 < 2
g & & o 3 Q b= @ J ] S & <+ © o & 8 3 3
TOTAL METALS
Aluminum * mg/L 0.1 0.39 021 [ 032 | 013 | 015 - 0.49 0.99 0.18 | 0.098 | 0.094 0.33 0.31 0.36 0.28 0.438 0.212 0.265 0.185
Arsenic mg/L 0.005 <0.001 | <0.001 | <0.001 | <0.001|<0.001| - <0.001 | <0.001 | <0.001 | <0.001 | 0.0007 | 0001 | <0.001 | 0.0008 | 0.0005 0.0006 | 0.0009 | 0.0005
Barium mg/L 1.0 0.051 | 0.052 | 0.051 | 0041 | 0.3 - 0.044 | 003 | 0044 | 0035 | 0037 0.028 0.043 0.04 0.047 0.042 0.038 0.034
Boron mg/L 1.2 0.54 0.47 0.6 058 | 0.84 - 0.32 0.28 0.56 0.59 0.78 0.81 0.62 0.46 0.5 0.798 1.15 0.54
Cadmium ® mg/L 0.00003 [ <0.0002 |< 0.0002|< 0.0002|< 0.0002|< 0.0002| - [<0.0002| 0.0002 |< 0.0002|<0.0002|< 0.00004|<0.00004 | < 0.00005| 0.00023 | 0.00002 <0.00001 | <0.00001 | 0.00004
Chromium mg/L 0.001 0.001 | 0.002 |<0.001|<0.001|<0001| - 0.001 | 0.002 | <0.001| <0001 | 0.0007 | 0.0007 | <0.001 | 0.0011 | 0.0008 <0.001 | <0.001 | 0.0009
Copper ° mg/L 0.004 0.002 | 0.002 | 0.001 | 0.001 | 0.001 - 0.003 | 0.007 | 0002 | 0.001 | 0001 | 00022 | 0.0035 | 0.0037 | 0.0022 0.0066 | 0.0021 | 0.003
Iron mg/L 1 5.88 718 | 226 | 165 11 - 4.99 2.52 2.65 0.82 0.67 2.81 2.86 3.34 3.84 2.65 1.24 172 1.15
Lead® mg/L 0.006 0.002 | 0.001 |<0.001|<0001|<0001| - 0.002 | 0.002 | <0.001|<0001| 00002 | 0.001 | 0.0009 | 0.0011 | 0.00076 0.0004 | 0.0005 | 0.0004
Manganese ° mg/L 1.05 1.9 198 | 186 13 0.41 - 1.42 0.61 1.42 0.78 0.476 0.66 1.36 1.16 152 0.607 0.572 0.348 0.534
Mercury ug/L 0.02 <002 | <002 | <002 | <002 | <0.02 - <002 | <002 | <002 | <002 | <002 | <002 | <002 | <002 | <002 <0.02 <0.02 <0.01
Nickel mg/L 0.025 0.004 | 0.006 | 0.004 | 0.004 | 0.006 - 0.003 | 0.004 | 0004 | 0.003 | 0.0038 | 00034 | 0004 | 00028 | 0.0015 0.005 0.004 0.004
Selenium mg/L 0.002 <0.001 | <0.001 | <0.001 | <0.001|<0.001| - <0.001 | <0.001 | 0.001 | <0.001 | <0.0002 | <0.0002 | <0.001 | 0.0002 | <0.0002 0.0001 | 0.0002 | <0.0006
Zinc ° mg/L 0.015 0.034 | 0.052 | 0.013 | 0011 | 0.013 - 0.037 | 008 | 0012 | 0.006 | 0.005 0.014 0.022 0.018 0.008 0.006 0.006 0.02
DISSOLVED METALS
Aluminum * mg/L 0.1 0.059 | 0.012 | 0.008 | 0017 | 0.016 | 0.015 | 0023 | 0.037 | 0.021 | 0013 | 0.011 0.015 0.02 0.023 0.005 0.034 0.026 0.026 0.008
Arsenic mg/L 0.005 <0.001 | <0.001 [ <0.001 | <0.001 | <0.001 | <0.001 | <0.001 | <0.001 | <0.001 | <0.001 | 0.0007 | 0.0006 | <0.001 | 0.0006 | 0.0004 | 0.0003 | 0.0005 | 0.0008 | 0.0004
Barium mg/L 1.0 0.046 | 0.042 | 0045 | 004 | 0021 | 0041 | 0034 | 0028 | 004 | 0.035 0.03 0.012 0.04 0.036 0.041 0.032 0.034 0.027 0.029
Boron mg/L 1.2 0.740001| 0.43 | 062 | 054 | 077 | 045 0.34 0.27 0.55 0.58 0.75 0.82 0.63 0.48 0.51 0.415 0.799 1.03 0.494
Cadmium ® mg/L 0.00003 | <0.0002 |< 0.0002|< 0.0002| < 0.0002|< 0.0002< 0.0002| < 0.0002 | < 0.0002 | < 0.0002 | < 0.0002 | < 0.00004 | < 0.00004 | < 0.00005 | 0.00002 |<0.00001| 0.00004 | 0.00002 | <0.00001 | <0.00001
Chromium mg/L 0.001 <0.001 | 0.001 |<0.001|<0.001|<0.001|<0.001| <0.001 | <0.001 | <0.001 | <0.001 | 0.0005 | 0.0003 | <0.001 | 0.0005 | 0.0004 | <0.001 | <0.001 | <0.001 | 0.0004
Copper ° mg/L 0.004 0.001 |<0.001|<0.001|<0.001| 0.001 |<0.001| <0.001| 0.003 | <0001 | 0004 | 0001 | 00011 | 0.0013 | 0.0018 | 0.0l | 0.0022 | 0.0016 | 0.0014 | <0.001
Iron mg/L 0.35 2.34 169 | <005 | 018 | 008 | 034 | 081 0.24 027 | <005 | 0.12 0.07 0.1 0.48 0.05 0.329 0.087 0.156 0.091
Lead® mg/L 0.006 <0.001 | <0.001 [ <0.001 | <0.001 | <0.001 | <0.001 | <0.001 | <0.001 | <0.001 | <0.001 | <0.0002 | <0.0002 |<0.00025| 0.0001 |<0.00005| <0.0002 | <0.0002 | <0.0002 | <0.0001
Manganese ° mg/L 1.05 1.85 185 | 185 | 133 | 013 | 105 1.21 0.6 1.42 0.72 0.133 | 0.0098 1.32 112 1.4 0.499 0.028 0.01 0.422
Mercury ug/L 0.02 <002 | <002 | <002 | <002 | <002 | <0.02 | <002 | <002 | <002 | <002 | <002 | <002 | <002 | <002 | <002 | <002 <0.02 <0.02 <0.01
Nickel mg/L 0.025  [0.004001| 0.005 | 0.003 | 0.004 | 0.004 | 0.003 | 0.004 | 0.004 | 0.03 | 0.003 | 0.0035 | 0.003 0.004 | 0.0024 | 00014 | 0.002 0.003 0.003 0.003
Selenium mg/L 0.002 <0.001 | <0.001 [ <0.001 | <0.001 | <0.001 | <0.001 | <0.001 | <0.001 | 0.002 | <0.001 | <0.0002 | <0.0002 | <0.001 | <0.0002 | 0.0004 | <0.0001 | 0.0002 | 0.0002 | <0.0006
Zinc ° mg/L 0.015 0.006 | 0.007 | <0.005 | <0.005| <0.005|<0.005] 0.03 | 0.045 | <0.005 | <0.005 | 0.002 0.002 0.007 0.011 0.002 0.009 | <0.005 | <0.005 0.01
Notes:

1. Approved and Working Water Quality Guidelines, Science and Information Branch, Environmental Protection Division, BC Ministry of Environment.

Available: http://www.env.gov.bc.ca/wat/wg/wg_guidelines.html#approved Accessed February 2011. Guidelines for the Protection of Fresh-Water Aquatic Life ("FWAL"). Lowest guidelines are shown.

2. Bolding denotes parameters which exceed water quality criteria.

3. "-"denotes parameter was not analysed, or a receiving water criteria was not applicable.
4. FWAL guideline for indicated parameter changes with pH
5. FWAL guideline for indicated parameter changes with hardness. Value shown appropriate for hardness of 100 mg/L-CaCO3;

H:\Project\1576\CHEM\2010_chem\SW3-2010




TABLE IVa
WATER CHEMISTRY DATA SUMMARY FOR SURFACE WATER SAMPLING SITE SW-4

RECEIVING
WATER SAMPLING DATE - PREVIOUS REPORTING PERIOD SAMPLING DATE - CURRENT REPORTING PERIOD
CRITERIA
vt ite | 3 3 8 8 3 8 3 3 8 g 3 2 = S S S 2 3
. quatic Life g o) 8 < =) ~ o o) 8 c =) g & = < > &
PARAMETERS units (FWAL)! g @ g 3 E: 8 2 @ 2 3 E! é § 5 2 3 ! 2
" 8 8 3 g 8 3 3 8 5 5 3 é ® 8 8 5 3
PHYSICAL TESTS
Colour CuU - - - - - - - - - - - - - - Not -
Total Hardness (CaCO,) mg/L - 235.0 - 234 285 - 225 206 219 248 289 - 184 200 282 261 318 Sam(;))led 264
Total Dissolved Solids mg/L - 433 662 448 526 526 422 340 378 398 469 503 380 332 467 350 490 388
pH - Lab pH - 7.65 7.65 7.78 7.94 8.04 7.85 7.62 7.27 7.80 7.31 7.98 7.20 7.74 7.09 7.80 7.85 7.40
pH - Field pH - - 6.92 7.06 8.19 7.52 7.34 7.14 7.41 7.39 7.55 7.79 7.09 7.21 7.46 7.59 7.60 7.45
ORP - Lab mv - - - - - - - - - - - - - - - - - -
ORP - Field mv - - -60.3 -59.7 -26.6 -8.5 -72.4 -51.2 -35.3 -11.7 -17.8 -22.2 16.7 -17.2 -40.1 -14.8 3.6 105.0
Conductivity - Lab uS/cm - 754 964 770 891 966 725 617 712 734 830 814 555 544 711 639 789 649
Conductivity - Field uS/cm - - 998 785 1299 1019 759 581 661 674 770 750 503 564 747 624 775 795
Temperature - Field °C - - 7 9 13 14.6 8 7 8 13 15 13.39 - 8 8 12 12 12
DISSOLVED ANIONS
Alkalinity - Total mg/L - 279 400 299 318 378 312 201 309 269 298 210 177 177 252 210 300 180
Chloride mg/L 150 44.2 53.4 42.6 54.6 80 414 28.9 42.1 38.7 44 59.8 27.2 243 243 20 29 17.8
Sulphate mg/L 100 30.90 | 43.10 | 45.40 | 43.30 71 34.10 || 59.10 | 40.30 | 62.40 | 84.20 120 69.60 || 67.60 | 113.00 | 99.00 | 66.00 95.00
DISSOLVED CATIONS
Calcium mg/L - - - - - - - - - - - - - - - - - -
Magnesium mg/L - - - - - - - - - - - - - - - - - -
Potassium mg/L - - - - - - - - - - - - - - - - - -
Sodium mg/L - - - - - - - - - - - - - - - - - -
NUTRIENTS
Ammonia Nitrogen mg/L as N 1.84 13.90 | 17.70 | 14.40 8.58 16.70 | 13.60 8.82 12.90 | 10.30 | 12.30 6.79 6.10 5.76 7.85 6.80 4.40 4.70
Nitrate Nitrogen mg/L as N 3.0 <0.05| <01 <01 | <025 | 0.12 <0.05| <01 <01 <01 0.21 2.42 0.53 0.07 0.06 0.20 1.53 <0.1
Total Phosphate mg/L as P - 0.03 0.18 0.18 0.03 0.05 0.11 0.18 0.06 0.04 0.04 0.02 0.05 0.05 0.05 0.04 0.01 0.03
ORGANIC PARAMETERS
Chemical Oxygen Demand | mg/L as O - <20 <20 - - 85 114 - 51 38 44 49 63 64 56 36 54 50
Biological Oxygen Demand | mg/L as O - 22 231 - - <10 39 - <10 <10 <10 - <10 <10 <10 <10 - -
BIOASSAYS
9 hour LC-50 [ T - — 1 - 1 - 1 -1 -1 e e T [

Notes:
1. Approved and Working Water Quality Guidelines, Science and Information Branch, Environmental Protection Division, BC Ministry of Environment.
Available: http://www.env.gov.bc.ca/wat/wg/wq_guidelines.html#approved Accessed February 2011. Guidelines for the Protection of Fresh-Water Aquatic Life ("FWAL"). Lowest guidelines are shown.
2. Bolding denotes parameters which exceed water quality criteria.
3. "-" denotes parameter was not analysed, or a receiving water criteria was not applicable.
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METAL MONITORING DATA SUMMARY FOR SURFACE WATER SAMPLING SITE SW-4

TABLE IVb

RECEIVING
WATER SAMPLING DATE - CURRENT REPORTING PERIOD
CRITERIA SAMPLING DATE - PREVIOUS REPORTING PERIOD
e |5 2 8 8 g g 3 g 8 8 g 3 S S 3 3 3 3
PARAMETERS | units | ~9uaticLife 2 3 5 s 2 g 8 4 5 5 2 z g 5 5 s 2 8
(FWAL)! Q v 3 2 < Q Q o < 2 < 2 S s < 2 g a)
~ & & b 3 & b N ] S N < © @ & ] S 3
TOTAL METALS
Aluminum * mg/L 0.1 0.52 0.34 0.26 0.51 0.18 0.31 0.28 0.21 0.19 0.16 0.041 0.27 0.3 0.42 0.531 | 0.069 Not 0.148
Arsenic mg/L 0.005 - - - - - - - - - - - - - - - . sampled _
Barium mg/L 1.0 - - - - - - - - - - - - - - - - -
Boron mg/L 1.2 - - - - - - - . - - - - - - _ ) )
Cadmium ® mg/L 0.00003 - - - - - - - - - - - . . . ) ) B
Chromium mg/L 0.001 - - - - - - - - - - - - - - - - -
Copper ® mg/L 0.004 - - - - - - - - - - - . . . ) ) B}
Iron mg/L 1 8.29 14.3 4.19 5.01 1.12 10.1 7.96 4.14 1.76 1.37 0.52 1.99 3.28 4.27 3.61 0.501 2.68
Lead® mg/L 0.006 - - - - - - - - - - - ) ) ) ) ) )
Manganese ° mg/L 1.05 2.04 2.91 1.98 2.14 1.96 1.87 1.6 1.6 1.55 1.8 1.3 0.572 1.39 1.61 1.18 1.77 2.36
Mercury ug/L 0.02 - - - - - - - - - - - - - - - - -
Nickel mg/L 0.025 - - - - - - - - - . - . - - - . )
Selenium mg/L 0.002 - - - - - - - - - - - - - - - - -
Zinc ® mg/L 0.015 - - - - - - - . . ) ) B B ) B ) )
DISSOLVED METALS
Aluminum * mg/L 0.1 - - - - - - - B B B B . . . _ N N
Arsenic mg/L 0.005 - - - - - - - . - - - - - - _ ) )
Barium mg/L 1.0 - - - - - - - - - - - - - - - - -
Boron mg/L 1.2 - - - - - - - . - - - - - - _ ) )
Cadmium ° mg/L 0.00003 - - - - - - - - - . . ) ) ) 3 3 )
Chromium mg/L 0.001 - - - - - - - - - - - - - - - - -
Copper ® mg/L 0.004 - - - . . - - - - B B _ _ _ _ _ ;
Iron mg/L 0.35 - - - - - - - - - - - - - - - - -
Lead ® mg/L 0.006 - - - - - - - - - - - ) ) ) N N )
Manganese ° mg/L 1.05 - - - - - - - - - - - - - - - - _
Mercury ug/L 0.02 - - - - - - - - - - - - - - - - -
Nickel mg/L 0.025 - - - - - - - . . - - - - - - . )
Selenium mg/L 0.002 - - - - - - - - - - - - - - - - -
Zinc ® mg/L 0.015 - - - - - - - - - - - - - - - - -
Notes:

1. Approved and Working Water Quality Guidelines, Science and Information Branch, Environmental Protection Division, BC Ministry of Environment.

Available: http://www.env.gov.bc.ca/wat/wg/wq_guidelines.html#approved Accessed February 2011. Guidelines for the Protection of Fresh-Water Aquatic Life ("FWAL"). Lowest guidelines are shown.

2. Bolding denotes parameters which exceed water quality criteria.

3. "-" denotes parameter was not analysed, or a receiving water criteria was not applicable.

4. FWAL guideline for indicated parameter changes with pH
5. FWAL guideline for indicated parameter changes with hardness. Value shown appropriate for hardness of 100 mg/L-CaCO;
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TABLE Va

WATER CHEMISTRY DATA SUMMARY FOR SURFACE WATER SAMPLING SITE SW-5

RECEIVING
WATER SAMPLING DATE - PREVIOUS REPORTING PERIOD SAMPLING DATE - CURRENT REPORTING PERIOD
CRITERIA
cue | S 8 8 8 g 8 g 3 8 8 g g S 3 3 3 g 3
. Aquatic Life g o 5 < = 3 g 2 5 < = 3 & ) 5 c = 2
PARAMETERS units (FWALY? g g 2 3 2 8 8 g 2 3 E 2 3 s < 2 < Q
g “ S 3 3 3 S & ] S N < © o & 8 3 3
PHYSICAL TESTS
Colour Cu - - - - - -
Not Not Not Not Not Not Not Not Not Not Not Not Not
Total Hérdness (Ca.CO3) mg/L . Sampled | Sampled | Sampled | Sampled | Sampled | Sampled 36 o8 Sampled | Sampled | Sampled 8 Sampled 9.1 138 Sampled | Sampled | Sampled
Total Dissolved Solids mg/L - 86 40 67 25 44
pH - Lab pH - 7.16 6.32 6.84 6.79 6.60
pH - Field pH - 5.41 6.35 6.15 7.11 6.06
ORP - Lab mv - - - - - -
ORP - Field mv - 236.3 125.7 168.7 142.3 1324
Conductivity - Lab uS/cm - 123 44 31 23 52
Conductivity - Field uS/cm - 114.0 40.0 28.0 23.0 49.0
Temperature - Field °C - 4.1 8.5 7.2 8.8 10.3
DISSOLVED ANIONS
Alkalinity - Total mg/L - 26.30 5.80 10.20 8.40 9.3
Chloride mg/L 150 7.6 4.5 2.4 2.4 5.9
Sulphate mg/L 100 18.0 6.7 2.2 1.5 1.6
DISSOLVED CATIONS
Calcium mg/L - - - - - -
Magnesium mg/L - - - - - -
Potassium mg/L - - - - - -
Sodium mg/L - - - - - -
NUTRIENTS
Ammonia Nitrogen mg/L asN 1.84 0.54 0.15 0.02 <0.01 0.03
Nitrate Nitrogen mg/LasN 3.0 <0.05 0.15 < 0.05 <0.05 0.06
Total Phosphorus mg/L as P - 0.04 0.08 0.06 0.04 0.01
ORGANIC PARAMETERS
Chemical Oxygen Demand | mg/L aso - - - - - -
Biological Oxygen Demand | mg/L as O - - - - - -

BIOASSAYS

96 hour LC-50

Notes:

1. Approved and Working Water Quality Guidelines, Science and Information Branch, Environmental Protection Division, BC Ministry of Environment.

Available: http://www.env.gov.bc.ca/wat/wg/wg_guidelines.html#approved Accessed February 2011. Guidelines for the Protection of Fresh-Water Aquatic Life ("FWAL"). Lowest guidelines are shown.

2. Bolding denotes parameters which exceed water quality criteria.

3. "-" denotes parameter was not analysed, or a receiving water criteria was not applicable.
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TABLE Vb
METAL MONITORING DATA SUMMARY FOR SURFACE WATER SAMPLING SITE SW-5

RECEIVING
WATER SAMPLING DATE - PREVIOUS REPORTING PERIOD SAMPLING DATE - CURRENT REPORTING PERIOD
CRITERIA
N 8 8 3 3 8 3 3 8 8 g g S S 3 3 3 3
3 = S 3 3 3 S & & S N < © ) N 8 3 3
TOTAL METALS
: 4
ﬁlrl;r;u?:m mg;t 00635 Not Not Not Not Not Not 0'?3 1'?6 Not Not Not < %)%%1 Not 2'_36 0'_68 Not Not Not
. Sampled | Sampled | Sampled | Sampled | Sampled | Sampled Sampled | Sampled | Sampled i Sampled Sampled | Sampled | Sampled
Barium mg/L 1.0 - - 0.006 - -
Boron mg/L 1.2 - - <0.025 - -
Cadmium ® mg/L 0.00003 - - < 0.00005 - -
Chromium mg/L 0.001 - - 0.001 - -
Copper ® mg/L 0.004 - - 0.0019 - -
Iron mg/L 1 0.8 3.66 1.54 3.51 0.878
Lead ® mg/L 0.006 - - 0.0006 - -
Manganese ° mg/L 1.05 0.016 | 0.026 0.038 0.042 0.017
Mercury ug/L 0.02 - - <0.02 - -
Nickel mg/L 0.025 - - <0.001 - -
Selenium mg/L 0.002 - - <0.001 - -
Zinc ° mg/L 0.015 - - 0.005 - -
DISSOLVED METALS
Aluminum * mg/L 01 - - - - -
Arsenic mg/L 0.005 - - - - -
Barium mg/L 1.0 - - - - -
Boron mg/L 1.2 - - - - -
Cadmium ® mg/L 0.00003 - - - - -
Chromium mg/L 0.001 - - - - -
Copper ° mg/L 0.004 - - - - -
Iron mg/L 0.35 - - - - -
Lead ® mg/L 0.006 - - - - -
Manganese ° mg/L 1.05 - - - - -
Mercury ug/L 0.02 - - - - -
Nickel mg/L 0.025 - - - - -
Selenium mg/L 0.002 - - - - -
Zinc ° mg/L 0.015 - - - - -
Notes:

1. Approved and Working Water Quality Guidelines, Science and Information Branch, Environmental Protection Division, BC Ministry of Environment.
Available: http://www.env.gov.bc.ca/wat/wg/wd_guidelines.html#approved Accessed February 2011. Guidelines for the Protection of Fresh-Water Aquatic Life ("FWAL"). Lowest guidelines are shown.
2. Bolding denotes parameters which exceed water quality criteria.

3. "-" denotes parameter was not analysed, or a receiving water criteria was not applicable.
4. FWAL guideline for indicated parameter changes with pH
5. FWAL guideline for indicated parameter changes with hardness. Value shown appropriate for hardness of 100 mg/L-CaCO3
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TABLE Vla

WATER CHEMISTRY DATA SUMMARY FOR SURFACE WATER SAMPLING SITE SW-6

RECEIVING
WATER SAMPLING DATE - PREVIOUS REPORTING PERIOD SAMPLING DATE - CURRENT REPORTING PERIOD
CRITERIA
o S 8 3 8 3 8 3 ] 3 g 3 3 9 =) S S ] S
) Aquatic Life g o s < > 5 g o s < > I 0y & 5 < = ]
PARAMETERS units |7 C ALy 3 2 2 3 E Q a i < 3 3 2 S 2 < 3 3 Q
3 2 q 2 3 N S Q & S & <+ © & & ] 3 3
PHYSICAL TESTS
Colour cu ] Not ) y ) . y ) : - Not : y N ’ : Not Not -
Total Hardness (CaCOs) mgiL - © 90 63 102 88 82 68 121 107 © 67 60 321 | 727 | 295 © © 100
X i Sampled Sampled Sampled | Sampled
Total Dissolved Solids mg/L . 152 146 207 177 174 131 233 177 172 142 85 113 70 168
pH - Lab pH . 7.43 7.59 7.76 7.49 7.33 7.7 7.84 6.6 7.51 7.54 7.38 7.21 7.40 B - 7.20
pH - Field pH . 6.49 6.64 7.05 6.56 6.71 6.77 7.09 7.12 7.29 6.82 6.63 7.10 6.47 B - 7.16
ORP - Lab mV - - - - - - - - - - - - - - - - -
ORP - Field mvV . 61.5 88.3 . 87.7 104.5 170.0 97.1 58.8 59.1 65.1 7.7 115.9 112.1 B - 75.3
Conductivity - Lab uS/cm . 281 234 315 309 287 223 374 299 264 208 129 208 104 B - 302
Conductivity - Field uS/cm . 284.0 235 328 316.0 289.0 201.0 341.0 270 240.0 187.0 131.0 207.0 99 - - 345.0
Temperature - Field °C . 4.6 14.1 . 16.8 8.5 7.5 8.1 18.8 18.0 10.2 7.2 8.6 8.3 - - 10.2
DISSOLVED ANIONS
Alkalinity - Total mg/L . 100 64.4 62.5 53.6 86.5 60.6 102 76.5 50.7 50.7 31.9 62.8 28.0 B - 70
Chloride mg/L 150 22.3 24.7 2.6 30.6 22.1 12.7 28.8 22.9 26.4 16.8 13 14.4 9.4 - . 14.8
Sulphate mg/L 100 13.2 8.49 32.4 47.1 26.9 18.9 26.7 20.7 36 21.4 10.5 14.6 3.7 B - 35
DISSOLVED CATIONS
Calcium mg/L - - - - - - - - - - - - - - - - -
Magnesium mg/L - - - - - - - - - - - - - - - - -
Potassium mg/L - - - - - - - - - - - - - - - - -
Sodium mg/L - - - - - - - - - - - - - - - - -
NUTRIENTS
Ammonia Nitrogen mg/L as N 1.84 0.42 0.06 0.04 0.11 0.58 0.18 0.03 <0.01 0.03 0.03 0.01 <0.01 | 0.048 B - 0.02
Nitrate Nitrogen mg/L as N 3.0 2.25 1.17 3.51 <0.05 1.33 241 7.6 1.01 <0.05 1 0.5 1.78 0.41 - . 2.2
Total Phosphorus mg/L as P . <0.02 | <0.02 0.03 0.03 0.02 0.02 < 0.02 0.04 <0.02 0.02 < 0.02 0.02 0.008 B - 0.007
ORGANIC PARAMETERS
Chemical Oxygen Demand | mg/L as 0 - - - - - - - - - - - - - - - - -
Biological Oxygen Demand [ mg/L as O - - - - - - - - - - - - - _ _ - -
BIOASSAYS
96 hour LC-50 [ T — - - S I — 1T - 1~ - - — [ - [ - T - T T

Notes:

1. Approved and Working Water Quality Guidelines, Science and Information Branch, Environmental Protection Division, BC Ministry of Environment.
Available: http://www.env.gov.bc.ca/wat/wg/wq_guidelines.html#approved Accessed February 2011. Guidelines for the Protection of Fresh-Water Aquatic Life ("FWAL"). Lowest guidelines are shown.

2. Bolding denotes parameters which exceed water quality criteria.

3. "-" denotes parameter was not analysed, or a receiving water criteria was not applicable.
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METAL MONITORING DATA SUMMARY FOR SURFACE WATER SAMPLING SITE SW-6

TABLE VIb

RECEIVING
WATER SAMPLING DATE - CURRENT REPORTING PERIOD SAMPLING DATE - CURRENT REPORTING PERIOD
CRITERIA
s sls]e|s]e]=s]s|e]s]|s 2 s | g | 3| 9| 2|3
PARAMETERS units A?F“\fvtf:;fe g E :% § 5 8 § E :% § g 5’ § § :% §> 5 g
3 3 N S g & S & Q S & <+ ) & N 8 ® 9
TOTAL METALS
Aluminum * mg/L 0.1 0.084 0.13 0.09 0.17 0.15 0.17 0.052 0.22 0.35 0.29 0.27 0.72 0.38 0.15
Arsenic mg/L 0.005 Not - - - - - - - - Not - <0.001 - - - Not Not -
) Sampled Sampled Sampled | Sampled
Barium mg/L 1.0 - - - - - - - - - 0.008 - - - -
Boron mg/L 1.2 - - - - - - - - - 0.22 - - - - - -
Cadmium ® mg/L 0.00003 - - - - - - - - - < 0.00005 - . . _ . _
Chromium mg/L 0.001 - - - - - - - - - <0.001 - - - - - -
Copper ® mg/L 0.004 - - - - - - - - - 0.0011 - - - - - _
Iron mg/L 1.0 0.21 0.12 0.29 15 0.63 0.41 0.08 0.38 0.6 0.45 0.41 1.09 0.35 - - 0.18
Lead ® mg/L 0.006 - - - - - - - - - <0.00025 - - N N B B
Manganese ° mg/L 1.05 0.006 0.01 0.03 0.3 0.01 0.01 0.0057 0.03 0.038 0.01 0.04 0.011 0.01 - - <0.005
Mercury ug/L 0.02 - - - - - - - - - <0.02 - - - - - -
Nickel mg/L 0.025 - - - - - - - - - 0.001 - - - - - -
Selenium mg/L 0.002 - - - - - - - - - <0.001 - - - - - -
Zinc ® mg/L 0.015 - - - - - - - - - <0.005 _ - . _ _ _
DISSOLVED METALS - - - - -
Aluminum * mg/L 0.1 - - - - - - R B B R _ _ _ _ N N
Arsenic mg/L 0.005 - - - - - - - - - - - - - - - -
Barium mg/L 1.0 - - - - - - - - - - - - - - - -
Boron mg/L 1.2 - - - - - - - - - - - - - - - -
Cadmium ® mg/L 0.00003 - - - - - - - - - - - . . . . _
Chromium mg/L 0.001 - - - - - - - - - - - - - - - -
Copper ® mg/L 0.004 - - - - - - - - - . . . . . . _
Iron mg/L 0.35 - - - - - - - - - - - - - - - -
Lead® mg/L 0.006 - - - - - - - - - . - . . B B B
Manganese ° mg/L 1.05 - - - - - . . . - . . . _ _ _ _
Mercury ug/L 0.02 - - - - - - - - - - - - - - - -
Nickel mg/L 0.025 - - - - - - - - - - - - - R R R
Selenium mg/L 0.002 - - - - - - - - - - - - - - - -
Zinc ® mg/L 0.015 - - - - - - - - - - - - - - - -
Notes:

1. Approved and Working Water Quality Guidelines, Science and Information Branch, Environmental Protection Division, BC Ministry of Environment.

Available: http://www.env.gov.bc.ca/wat/wg/wg_guidelines.html#approved Accessed February 2011. Guidelines for the Protection of Fresh-Water Aquatic Life ("FWAL"). Lowest guidelines are shown.

apsr wN
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. Bolding denotes parameters which exceed water quality criteria.

. "-" denotes parameter was not analysed, or a receiving water criteria was not applicable.
. FWAL guideline for indicated parameter changes with pH
. FWAL guideline for indicated parameter changes with hardness. Value shown appropriate for hardness of 100 mg/L-CaCO4




WATER CHEMISTRY DATA SUMMARY FOR SURFACE WATER SAMPLING SITE SW-7

TABLE Vlla

RECEIVING
WATER SAMPLING DATE - PREVIOUS REPORTING PERIOD SAMPLING DATE - CURRENT REPORTING PERIOD
CRITERIA
Aquatic Lif 5 < 3 3 3 3 8 3 3 3 3 3 S S S 3 3
X quatic Life & el L < =) P & & s < =) g . - Jus IS 1%}
PARAMETERS wnits | AL g i 2 2 E: s 3 g & 3 Z s g g < 3 3
S < Q g ] Q =i N 8 S & < © ) ] 3 3
PHYSICAL TESTS
Colour Cu - - - - - - - - - - - - - - - - - -
Total Hardness (CaCOs) mg/L - 11.0 11.0 12 14.0 18.0 - 6.0 8.8 14 15.3 12.8 10.0 7.1 445 29.1 - 34.0
Total Dissolved Solids mg/L - 65 57 69 63 44 49 22 36 49 52 60 42 26 87 84 82 72
pH - Lab pH - 6.50 6.58 6.56 7.07 6.71 6.86 6.49 5.86 6.46 5.64 5.14 5.78 6.39 6.93 7.1 7.50 6.90
pH - Field pH - - 6.15 7.07 5.68 5.79 5.95 4.68 5.75 6.24 5.69 6.47 5.93 6.05 7.18 7.29 6.90 6.45
ORP - Lab mVvV - - - - - - - - - - - - - - - - - -
ORP - Field mv - - 134.8 96.3 128.3 76.8 69.5 214.8 1135 70.1 114.8 109.4 70.4 76.8 24.4 21.9 49.4 59.5
Conductivity - Lab uS/cm - 64 61 73 75 85 86 38 50 74 80 86 61 43 144 94 106 111
Conductivity - Field uS/cm - - 60.0 69.0 375.0 87.0 89.0 35.0 44.0 66.0 73.0 76.0 46.0 41.0 143 93.0 109 101
Temperature - Field °C - - 5.5 6.7 9.4 15.0 9.2 7.0 5.5 7.6 13.4 12.8 9.1 6.9 7.7 9.0 11.8 10.4
DISSOLVED ANIONS
Alkalinity - Total mg/L - 15.6 16.5 16.6 19.0 22.0 25.6 8.2 14.5 16.0 22.6 14.6 17.4 10.0 48.8 26.0 28.0 -
Chloride mg/L 150 9.5 8.8 11.6 9.91 13.8 9.84 5.07 6.66 10.4 13.9 15.4 7.45 6.44 10.3 8.7 15 7.3
Sulphate mg/L 100 1.49 1.11 0.95 1.93 2.11 3.99 2.36 1.96 2.56 0.94 4.06 2.22 1.22 8.70 6.8 <0.5 11.00
DISSOLVED CATIONS
Calcium mg/L - 3.23 2.90 2.47 4.17 4.06 5.87 1.70 2.10 3.27 3.81 2.84 2.10 1.66 14.0 8.7 6.31 10.6
Magnesium mg/L - 1.36 0.99 1.29 1.3 1.66 1.36 0.6 0.96 1.44 1.55 1.35 1.02 0.76 2.96 1.68 2.22 1.8
Potassium mg/L - 0.60 0.70 0.40 0.70 0.50 1.10 0.40 0.39 0.50 0.36 0.20 0.34 0.32 1.85 1.09 0.46 1.40
Sodium mg/L - 7.57 6.03 8.61 8.59 10.10 6.90 2.59 5.75 8.46 9.11 8.82 6.25 4.52 10.70 6.43 10.50 6.30
NUTRIENTS
Ammonia Nitrogen mg/L as N 1.84 <0.01 0.08 <0.01 | <0.01 0.01 0.07 <0.01 0.01 0.01 0.04 0.02 <0.01 | <0.01 0.72 0.15 0.12 0.09
Nitrate Nitrogen mg/L as N 3.0 0.06 0.05 <0.05 | <0.05 | <0.05 0.19 <0.05 0.07 <0.05 | <0.05 [ <0.05 | <0.05 || <0.05 0.46 0.53 <0.02 0.4
Total Phosphorus mg/L as P - 0.02 <0.02 | <0.02 - 0.02 0.02 <0.02 | <0.02 [ <0.02 | <0.02 [ <0.02 | <0.02 || <0.02 | <0.02 0.009 0.009 0.009
ORGANIC PARAMETERS
Chemical Oxygen Demand mg/L as O - <20 <20 <20 34 46 <20 <20 <20 <20 <20 25 39 <20 38 42 25 30
Biological Oxygen Demand | mg/L as O - <10 <10 <10 <10 <10 14 <10 <10 <10 <10 <10 <10 <10 <10 <10 <10 <5.0

BIOASSAYS

96 hour LC-50

Notes:

1. Approved and Working Water Quality Guidelines, Science and Information Branch, Environmental Protection Division, BC Ministry of Environment.
Available: http://www.env.gov.bc.ca/wat/wg/wg_guidelines.html#approved Accessed February 2011. Guidelines for the Protection of Fresh-Water Aquatic Life ("FWAL"). Lowest guidelines are shown.

2. Bolding denotes parameters which exceed water quality criteria.

3. "-" denotes parameter was not analysed, or a receiving water criteria was not applicable.
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TABLE Vb
METALS MONITORING DATA SUMMARY FOR SURFACE WATER SAMPLING SITE SW-7

RECEIVING
WATER SAMPLING DATE - PREVIOUS REPORTING PERIOD SAMPLING DATE - CURRENT REPORTING PERIOD
CRITERIA
. = 3 3 8 8 3 8 8 3 3 8 8 9 S 2 3 3
PARAMETERS units A?Fu\fv“::;fe g § %i 5, § S g § :% 5’ § é E § %i 5’ g
3 & & pa e & b S 8 5 & < © o & & 3
TOTAL METALS
Aluminum * mg/L 0.1 0.11 0.12 0.17 0.14 0.49 0.14 0.24 0.2 0.15 0.34 0.16 0.21 0.19 0.21 0.293 0.288 0.285
Arsenic mg/L 0.005 <0.001 | <0.001 [ <0.001 | <0.001 | <0.001 - <0.001 | <0.0002 | <0.001 0.0006 0.0003 <0.001 <0.0002 | <0.0002 - 0.0004 <0.0002
Barium mg/L 1.0 0.004 0.004 0.004 0.004 0.008 - 0.003 0.0031 0.004 0.0049 0.0043 0.003 0.0027 0.0063 - 0.006 0.006
Boron mg/L 1.2 <0.05 | <0.05 | <0.05 0.08 0.08 - <0.05 0.02 <0.05 0.05 0.06 0.03 0.019 0.12 - 0.077 0.115
Cadmium ° mg/L 0.00001 [[<0.0002|< 0.0002|< 0.0002|< 0.0002(< 0.0002 - < 0.0002 | < 0.00004 | < 0.0002 | <0.00004 | <0.00004 | <0.00005 || <0.00001| 0.00001 - 0.00001 | <0.00001
Chromium mg/L 0.001 <0.001 | <0.001 [ <0.001 | <0.001 | <0.001 - <0.001 0.0004 <0.001 0.001 0.0005 <0.001 0.0005 0.0005 - 0.001 0.0005
Copper ° mg/L 0.002 <0.001 | <0.001 [ <0.001 | <0.001 | <0.001 - <0.001 0.0005 <0.001 0.001 0.0006 0.0006 0.0006 0.0007 - 0.0016 0.001
Iron mg/L 1.0 0.21 0.21 0.45 0.26 1.97 - 0.21 0.23 0.5 5.36 1.58 0.26 0.2 0.26 0.356 3.76 0.246
Lead ® mg/L 0.004 <0.001 | <0.001 [ <0.001 | <0.001 | <0.001 - <0.001 | <0.0002 | <0.001 | <0.0002 | <0.0002 | <0.00025 || <0.00005| 0.00009 - 0.0611 <0.0001
Manganese ° mg/L 0.74 0.029 0.024 0.043 0.021 0.12 - 0.014 0.017 0.03 0.217 0.08 0.026 0.016 0.015 0.013 0.185 0.01
Mercury mg/L 0.02 <0.02 | <0.02 | <0.02 | <0.02 | <0.02 - <0.02 <0.02 <0.02 <0.02 <0.02 <0.02 <0.02 <0.02 - <0.02 <0.01
Nickel mg/L 0.025 <0.001 | <0.001 [ <0.001 | <0.001 | <0.001 - <0.001 0.0003 <0.001 0.0008 0.0005 <0.001 0.0003 0.0006 - 0.001 <0.001
Selenium mg/L 0.002 <0.001 | <0.001 [ <0.001 | <0.001 | <0.001 - <0.001 | <0.0002 | <0.001 | <0.0002 | <0.0002 <0.001 <0.0002 | <0.0002 - <0.0001 | <0.0006
Zinc ° mg/L 0.0075 < 0.005 | <0.005 [ <0.005 | <0.005] 0.012 - < 0.005 0.002 < 0.005 0.005 0.003 < 0.005 0.001 0.002 - <0.005 0.005
DISSOLVED METALS
Aluminum * mg/L 0.1 0.11 0.1 0.097 0.1 0.15 0.13 0.23 0.18 0.11 0.14 0.093 0.19 0.16 0.13 0.246 0.158 0.206
Arsenic mg/L 0.005 <0.001 | <0.001 | <0.001 | <0.001|<0.001(<0.001 <0.001 | <0.0002 | <0.001 0.0004 0.0002 <0.001 <0.0002 | <0.0002 0.0001 0.0004 <0.0002
Barium mg/L 1.0 0.004 0.003 0.004 0.005 0.005 0.005 0.002 0.003 0.003 0.0039 0.0032 0.003 0.0027 0.0062 0.005 0.004 0.005
Boron mg/L 1.2 0.05 <0.05 | <0.05 0.05 0.08 0.06 <0.05 0.02 0.06 0.05 0.06 0.03 0.022 0.13 0.068 0.088 0.099
Cadmium ° mg/L 0.00001 [[<0.0002|< 0.0002|< 0.0002|< 0.0002|< 0.0002|< 0.0002| <0.0002 [ < 0.00004 | <0.0002 | <0.00004 | < 0.00004 | < 0.00005 || <0.00001 | <0.00001 | 0.00001 | 0.00001 | <0.00001
Chromium mg/L 0.001 <0.001 | <0.001 | <0.001 | <0.001| <0.001(<0.001} <0.001 0.0004 <0.001 0.0006 0.0004 <0.001 0.0004 0.0004 <0.001 <0.001 <0.0004
Copper ° mg/L 0.002 0.001 | <0.001 | <0.001|<0.001]|<0.001|<0.001f <0.001 0.0022 0.004 0.001 0.0009 < 0.0005 0.0005 0.0005 0.0006 0.0005 <0.001
Iron mg/L 1.0 0.16 0.17 0.26 0.24 0.68 0.24 0.18 0.2 0.45 2.12 0.7 0.2 0.16 0.13 0.237 2.01 0.148
Lead® mg/L 0.004 <0.001 | <0.001|<0.001|<0.001]|<0.001(<0.001| <0.001 | <0.0002 | <0.001 [ <0.0002 [ <0.0002 [ <0.00025 [ <0.00005 | <0.00005 | <0.0002 | <0.0002 | <0.0001
Manganese ° mg/L 0.74 0.029 0.024 0.047 0.022 0.065 0.023 0.015 0.018 0.032 0.217 0.074 0.025 0.016 0.013 0.01 0.105 0.005
Mercury mg/L 0.02 <0.02 | <0.02 | <0.02 | <0.02 | <0.02 | <0.02 <0.02 <0.02 <0.02 <0.02 <0.02 <0.02 <0.02 <0.02 <0.02 <0.02 <0.01
Nickel mg/L 0.025 <0.001 | <0.001 | <0.001 | <0.001|<0.001(<0.001} <0.001 0.0005 <0.001 0.0008 0.0005 <0.001 0.0003 0.0006 <0.001 <0.001 <0.001
Selenium mg/L 0.002 <0.001 | <0.001 | <0.001|<0.001| 0.001 |<0.001| <0.001 | <0.0002 | <0.001 [ <0.0002 | <0.0002 <0.001 <0.0002 [ <0.0002 | <0.0001 | <0.0001 | <0.0006
Zinc ° mg/L 0.0075 < 0.005 | < 0.005 | <0.005 | <0.005 | <0.005 [ <0.005] < 0.005 0.002 < 0.005 0.006 0.003 < 0.005 0.003 0.002 <0.005 <0.005 0.002
Notes:

1. Approved and Working Water Quality Guidelines, Science and Information Branch, Environmental Protection Division, BC Ministry of Environment.

Available: http://www.env.gov.bc.ca/wat/wg/wq_guidelines.html#approved Accessed February 2011. Guidelines for the Protection of Fresh-Water Aquatic Life ("FWAL")

ahw N

H:\Project\1576\CHEM\2010_chem\SW7-2010

. Bolding denotes parameters which exceed water quality criteria.

"-" denotes parameter was not analysed, or a receiving water criteria was not applicable.
. FWAL guideline for indicated parameter changes with pH
. FWAL guideline for indicated parameter changes with hardness. Value shown appropriate for hardness of 30 mg/L-CaCO;

. Lowest guidelines are shown.




TABLE Vllla
WATER CHEMISTRY DATA SUMMARY FOR SURFACE WATER SAMPLING SITE SW-8

RECEIVING
WATER SAMPLING DATE - PREVIOUS REPORTING PERIOD SAMPLING DATE - CURRENT REPORTING PERIOD SAMPLING DATE - CURRENT REPORTING PERIOD
CRITERIA
. 5 g 8 8 8 8 8 8 3 3 3 2 = =t S S S S
. Aquatic Life & 2 = < = 5 g 2 = < = I & L 5 < = g
PARAMETERS units (FWAL)* 8 e < 3 < Q Q L < 3 < 2 8 s < 3 < o
" g | 2 g | 2 S EE 3 8 5 & g $ s | % s | 2 &
PHYSICAL TESTS
ot Hardness (Cacoy) oL i 88 i Nt Nt Nt % 112 85 18 | N Nt | oo | 11a | 1ss | aes | Not | es
s mg - - Sampled | Sampled | Sampled Sampled | Sampled Sampled | Sampled
Total Dissolved Solids mg/L } 170 163 | SamPied| Sampled) sampled| 554 170 150 249 | SAmPled)sampled]  a32 88 297 210 | SAmpled)sampled] o8
pH - Lab pH - 7.34 7.64 7.73 7.93 6.96 7.67 7.42 7.58 7.44 7.90 7.70
pH - Field pH - - 6.23 7.44 7.36 7.38 7.71 7.21 7.30 7.74 7.99 - - 8.00
ORP - Lab mv - - - - - - - - - - - - - -
ORP - Field mvV - - 58.4 79.6 7.5 17.4 55.9 57.5 48.5 28.7 235 - - 48.4
Conductivity - Lab uS/cm - 285 277 348 329 265 418 571 327 501 425 - - 475
Conductivity - Field uS/cm - - 278 307 303 244 384 518 333 513 416 - - 554
Temperature - Field °C - - 4.8 8.3 6.1 4.8 16.2 - 6.7 8.2 11.9 - - 10.6
DISSOLVED ANIONS
Alkalinity - Total mg/L - 81 134 122.0 98.4 83.1 148 213.0 95.7 205 160 - - 140
Chloride mg/L 150 23.2 14.4 23.2 16.8 19.8 25.7 28.2 20.0 23.7 19.0 - - 16.5
Sulphate mg/L 100 15.5 3.0 24.8 27.9 19.7 22.9 45.4 26.9 30.9 29.0 - - 51.0
DISSOLVED CATIONS
Calcium mg/L - - - - - - - - - - - - - -
Magnesium mg/L - - - - - - - - - - - - - -
Potassium mg/L - - - - - - - - - - - - - -
Sodium mg/L - - - - - - - - - - - - - -
NUTRIENTS
Ammonia Nitrogen mg/L asN 1.84 0.74 2.22 0.36 1.58 0.24 0.07 5.12 0.02 6.46 2.00 - - 1.50
Nitrate Nitrogen mg/L as N 3.0 1.95 0.13 1.40 1.93 2.92 2.42 2.25 2.48 1.69 2.08 - - 2.10
Total Phosphate mg/L as P - 0.03 0.02 0.07 0.13 0.02 0.08 0.04 <0.02 0.03 0.02 - - 0.02
ORGANIC PARAMETERS
Chemical Oxygen Demand | mg/L as 0 | - <20 | <20 | | | | 38 - | <20 | 44 | | | 75 31 | 44 | 36 | - | - | 30
Biological Oxygen Demand mg/L as O - <10 <10 <10 - <10 <10 <10 <10 <10 <10 - - -

BIOASSAYS

96 hour LC-50

Notes:

1. Approved and Working Water Quality Guidelines, Science and Information Branch, Environmental Protection Division, BC Ministry of Environment.

Available: http://www.env.gov.bc.ca/wat/wg/wq_guidelines.html#approved Accessed February 2011. Guidelines for the Protection of Fresh-Water Aquatic Life ("FWAL"). Lowest guidelines are shown.
2. Bolding denotes parameters which exceed water quality criteria.
3. "-" denotes parameter was not analysed, or a receiving water criteria was not applicable.
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METAL MONITORING DATA SUMMARY FOR SURFACE WATER SAMPLING SITE SW-8

TABLE Vlilb

RECEIVING
WATER SAMPLING DATE - PREVIOUS REPORTING PERIOD SAMPLING DATE - CURRENT REPORTING PERIOD SAMPLING DATE - CURRENT REPORTING PERIOD
CRITERIA
. 5 3 8 3 3 8 8 3 8 8 3 8 = S 3 3 3 2
PARAMETERS units A?;\i;ﬁl_';fe g E =3 5 5 8 3 E 5 5 5 é 5 E 5 E 5 E
~ & 3 S 9 X d 3 & S N < 6 o & 8 3 Q
TOTAL METALS
Alumlr\um 4 mg/L 0.1 0.14 0.073 Not Not Not 0.13 0.45 0.15 1.25 Not Not 0.1 0.033 0.11 0.172 Not Not .159
Arsenic mg/L 0.005 ) ) Sampled | Sampled | Sampled ) ) ) ) Sampled | Sampled ) ) ) i Sampled | Sampled i
Barium mg/L 1.0 - - - - - - - - - - -
Boron mg/L 1.2 - - - - - - - - - - - - -
Cadmium ° mg/L 0.0015 - - - - - - - _ _ - _ _ _
Chromium mg/L 0.001 - - - - - - - - - - - - -
Copper ° mg/L 0.004 - - - - , - . _ _ _ _ _ _
Iron mg/L 1.0 0.5 2.01 0.57 1.68 0.53 3.59 0.78 0.06 0.58 0.838 - - 497
Lead ® mg/L 0.006 - - - - - - - - - - - _ _
Manganese ° mg/L 1.05 0.17 1.52 0.084 0.4 0.118 0.58 0.069 || 0.0094 | 0.096 | 0.035 - - .082
Mercury ug/L 0.02 - - - - - - - - - - - - -
Nickel mg/L 0.025 - - - - - - - - - - - - -
Selenium mg/L 0.002 - - - - - - - - - - - - -
Zinc ® mg/L 0.015 - - - - - _ _ _ _ _ _ _ _
DISSOLVED METALS
Aluminum * mg/L 0.1 - - - - - R R R R R N N N
Arsenic mg/L 0.005 - - - - - - - - - - - - -
Barium mg/L 1.0 - - - - - - - - - - - - -
Boron mg/L 1.2 - - - - - - - - - - - - -
Cadmium ° mg/L 0.0015 - - - - - - . . . . . . _
Chromium mg/L 0.001 - - - - - - - - - - - - -
Copper ° mg/L 0.004 - - - - - - R - - R R R R
Iron mg/L 0.35 - - - - - - - - - - - - -
Lead ® mg/L 0.006 - - - - - - - - - - - _ _
Manganese ° mg/L 1.05 - - - - - - - - - - - _ _
Mercury ug/L 0.02 - - - - - - - - - - - - -
Nickel mg/L 0.025 - - - - - - - - - - - - -
Selenium mg/L 0.002 - - - - - - - - - - - - -
Zinc ° mg/L 0.015 - - - - - - - - - - - - -
Notes:

1. Approved and Working Water Quality Guidelines, Science and Information Branch, Environmental Protection Division, BC Ministry of Environment.
Available: http://www.env.gov.bc.ca/wat/wg/wg_guidelines.html#approved Accessed February 2010. Guidelines for the Protection of Fresh-Water Aquatic Life ("FWAL"). Lowest guidelines are shown.
2. Bolding denotes parameters which exceed water quality criteria.

3. "-" denotes parameter was not analysed, or a receiving water criteria was not applicable.

4. FWAL guideline for indicated parameter changes with pH
5. FWAL guideline for indicated parameter changes with hardness. Value shown appropriate for hardness of 100 mg/L-CaCO3
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TABLE IXa

WATER CHEMISTRY DATA SUMMARY FOR SURFACE WATER SAMPLING SITE SW-9

RECEIVING
WATER SAMPLING DATE - PREVIOUS REPORTING PERIOD SAMPLING DATE - CURRENT REPORTING PERIOD
CRITERIA
Aquatic Lif 5 8 8 8 8 8 ] 3 3 3 ] ] 3 = 3 S S S
) quatic Life & a 8 < & = & a 8 < & > & = L < <) )
PARAMETERS units (FWAL)l é'l-‘ |$ <‘1 g g 8 é'l-‘ Ij-; 2— g 2 2 "’(.ﬁ E“I’ g— g g é)
5 & 3 pa 3 Q b N 8 S & 3 8 8 & ] 3 ]
PHYSICAL TESTS
Colour Cu - - - - - - - - - - - - -
Not Not Not Not Not Not
Total ngdness (C§C03) mg/L - 165 - Sampled 172 - 183 159 145 Sampled | Sampled | Sampled 151 160 193 185 Sampled | Sampled 178
Total Dissolved Solids mg/L - 311 209 302 298 286 260 254 282 275 311 250 252
pH - Lab pH - 7.83 7.91 8.04 7.68 7.99 8.08 7.47 7.43 7.87 7.69 8.00 7.80
pH - Field pH - - 6.51 7.89 7.13 7.59 7.47 7.61 7.44 7.51 8.00 7.99 7.89
ORP - Lab mv - - - - - - - - - - - - -
ORP - Field mv - - 54.5 59.7 81.1 65.1 125 28.1 45.0 34.3 21.7 26.1 44.5
Conductivity - Lab uS/cm - 485 388 499 486 493 467 422 423 454 526 482 463
Conductivity - Field uS/cm - - 390 863.0 507.0 502 428 385 388 457 536 474 542
Temperature - Field °C - - 5 12.6 16.2 8 6 5 - 7 8 11 10
DISSOLVED ANIONS
Alkalinity - Total mg/L - 155 177 136.0 88.7 195 156 137 139 134 215 180 140
Chloride mg/L 150 30.6 22.3 33.0 41.6 275 20.0 28.6 24.3 24.8 24.2 21.0 16.3
Sulphate mg/L 100 18.1 7.8 39.4 102.0 28.8 35.3 27.3 39.0 37.3 31.7 33.0 50.0
DISSOLVED CATIONS
Calcium mg/L - - - - - - - - - - - - -
Magnesium mg/L - - - - - - - - - - - - -
Potassium mg/L - - - - - - - - - - - - -
Sodium mg/L - - - - - - - - - - - - -
NUTRIENTS
Ammonia Nitrogen mg/L as N 1.84 1.81 2.88 0.68 0.02 2.54 7.35 0.24 0.07 1.04 3.99 3.80 1.00
Nitrate Nitrogen mg/L asN 3.0 6.07 1.07 3.89 1.46 3.04 1.84 6.74 2.53 5.04 2.02 2.10 2.6
Total Phosphate mg/L as P - <0.02 0.08 0.02 0.05 0.06 0.41 0.05 0.02 <0.02 | <0.02 0.02 0.02
ORGANIC PARAMETERS
Chemical Oxygen Demand | mg/L as 0 | - <20 | <20 - | 55 | 47 B | 33 | 54 37 | 47 | 38 | | | 30
Biological Oxygen Demand mg/L as O - <10 11 - <10 <10 - <10 <10 <10 <10 <10 -
BIOASSAYS
96 hour LC-50 - | - - 1 - - 1 - 1T - - -] - [ - T -] [ [

Notes:

1. Approved and Working Water Quality Guidelines, Science and Information Branch, Environmental Protection Division, BC Ministry of Environment.
Available: http://www.env.gov.bc.ca/wat/wg/wq_guidelines.html#approved Accessed February 2011. Guidelines for the Protection of Fresh-Water Aquatic Life ("FWAL"). Lowest guidelines are shown.

2. Bolding denotes parameters which exceed water quality criteria.

3. "-" denotes parameter was not analysed, or a receiving water criteria was not applicable.
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TABLE IXb
METAL MONITORING DATA SUMMARY FOR SURFACE WATER SAMPLING SITE SW-9

RECEIVING
WATER SAMPLING DATE - PREVIOUS REPORTING PERIOD SAMPLING DATE - CURRENT REPORTING PERIOD
CRITERIA
IsTs]s[s]e]s[as]s]e]e[a[s]s]z]ss][s]zc]s
ParaveTers | uws | AUl g8 | 5 | 2\ 2\ 8 | & | 8 | 2| 5| 5| 8| & | & |2 | 35| 35| &
5 & 3 3 ¥ & | J 8 S I 3 ® o & & 3 3
TOTAL METALS
Alumlr-1um 4 mg/L 0.1 0.048 0.14 Not 0.23 0.089 0.24 0.14 0.1 Not Not Not 0.062 | 0.044 | 0.052 0.27 Not Not 0.144
Arsenic mg/L 0.005 - B Sampled - - - - - Sampled | Sampled | Sampled : : : : Sampled | Sampled -
Barium mg/L 1.0 - - - - - - - - - - - -
Boron mg/L 1.2 - - - - - - - - - - - -
Cadmium ® mg/L 0.0015 - - - - - , - _ _ _ _ _
Chromium mg/L 0.001 - - - - - - - - - - - -
Copper ° mg/L 0.004 - - - - - - - . _ _ _ B
Iron mg/L 1.0 2.64 1.68 1.58 0.35 1.87 0.81 0.32 0.16 0.23 0.34 1.25 0.549
Lead ® mg/L 0.006 - - - - - - - _ _ _ _ _
Manganese ° mg/L 1.05 0.055 0.72 0.78 0.07 0.53 0.035 | 0.081 0.03 0.037 | 0.012 0.06 0.048
Mercury ug/L 0.02 - - - - - - - - - - - _
Nickel mg/L 0.025 - - - - - - - - - - - -
Selenium mg/L 0.002 - - - - - - - - - - - -
Zinc ° mg/L 0.015 - - - - - - - . . - - )
DISSOLVED METALS
Aluminum * mg/L 0.1 - - - - - - - B _ _ _ _
Arsenic mg/L 0.005 - - - - - - - - - - - -
Barium mg/L 1.0 - - - - - - - - - - - -
Boron mg/L 1.2 - - - - - - - - - - - -
Cadmium ° mg/L 0.0015 - - - - - - - - - - _ _
Chromium mg/L 0.001 - - - - - - - - - - - -
Copper ° mg/L 0.004 - - - - - - - . . . . _
Iron mg/L 0.35 - - - - - - - - - - - -
Lead ® mg/L 0.006 - - - - - - - . . . _ ;
Manganese ° mg/L 1.05 - - - - - - - - - - . _
Mercury ug/L 0.02 - - - - - - - - - - - -
Nickel mg/L 0.025 - - - - - - - - - - - -
Selenium mg/L 0.002 - - - - - - - - - - - -
Zinc ® mg/L 0.015 - - - - . . - _ _ _ _ _
Notes:

1. Approved and Working Water Quality Guidelines, Science and Information Branch, Environmental Protection Division, BC Ministry of Environment.
Available: http://www.env.gov.bc.ca/wat/wg/wg_guidelines.html#approved Accessed February 2011. Guidelines for the Protection of Fresh-Water Aquatic Life ("FWAL"). Lowest guidelines are show
2. Bolding denotes parameters which exceed water quality criteria.

3. "-" denotes parameter was not analysed, or a receiving water criteria was not applicable.
4. FWAL guideline for indicated parameter changes with pH
5. FWAL guideline for indicated parameter changes with hardness. Value shown appropriate for hardness of 100 mg/L-CaCO3;
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TABLE Xa

WATER CHEMISTRY DATA SUMMARY FOR SURFACE WATER SAMPLING SITE SW-10

R[\EA(/:AE_:_\QQ‘G SAMPLING DATE - PREVIOUS REPORTING PERIOD SAMPLING DATE - CURRENT REPORTING PERIOD
CRITERIA U/S SANDHILL CREEK U/S SANDHILL CREEK U/S SANDHILL CREEK
pquato e | G 8 8 8 g 8 g 8 3 3 g 3 3 s | 2| @ 3 3
. [+] o) = < = o] 4] o) = c =] g L - O c =] Q
PARAMETERS units (FWAL)* 8 i < 3 Z S s & 4 > Z s 5 2 g > Z S
b= 3 N S g N S & Q 3 & o © N 5 Q S 3
PHYSICAL TESTS
Colour Cu - - - - - - - - - - - - - - - - - - -
Total Hardness (CaCO;) mg/L - 18.0 20.0 29.0 14.0 21.0 14.0 7.0 29.1 42.0 35.8 16.0 14.0 16.4 14.9 9.4 - - 13.0
Total Dissolved Solids mg/L - 72 66 107 70 63 70 37 98 122 115 81 96 66 72 36 110 110 40
pH - Lab pH - 6.57 6.67 6.99 6.64 6.91 6.60 6.27 7.07 6.69 7.13 6.44 5.97 6.06 6.13 5.20 6.60 6.40 6.30
pH - Field pH - - 7.05 6.83 5.92 6.12 6.23 6.01 6.6 6.85 6.68 7.23 - 6.41 6.93 6.23 7.05 7.12 7.26
ORP - Lab mVv - - - - - - - - - - - - - - - - - - -
ORP - Field mv - - 132.0 104.4 - 75.2 103.8 165.3 84.7 73.6 88.8 116.6 - 115.6 83.7 106.9 114.2 212.9 72.3
Conductivity - Lab uS/cm - 94 98 142 72 123 76 36 119 161 164 94 68 84 65 59 164 192 60
Conductivity - Field uS/cm - - 97.0 141.0 73.0 124 77.0 33.0 109.0 144.0 147.0 80 - 73.0 66.0 45.0 160.0 188 84.0
Temperature - Field °C - - 3.4 4.0 - 12.2 8.1 7.1 3.8 6.6 10.6 11.3 - 6.3 7.3 7.5 10.1 12.5 8.6
DISSOLVED ANIONS
Alkalinity - Total mg/L - 13.9 19.2 29.6 9.8 15.4 14.8 7.2 26.1 44.2 32.9 8.7 12.5 21.1 13.8 4.4 30 26 -
Chloride mg/L 150 15.9 155 22 12.2 24.3 10.8 4.03 14.9 19.6 27.2 17.1 9.85 9.35 9.27 7.6 25 36 6.9
Sulphate mg/L 100 4.0 4.8 4.35 3.1 6.46 4.7 2.3 6.56 8.98 5.4 7.33 5.1 4.7 3.25 <0.5 6.0 <0.5 4.5
DISSOLVED CATIONS
Calcium mg/L - - - - - - - - - - - - 3.56 3.95 3.73 2.27 11.10 8.87 3.40
Magnesium mg/L - - - - - - - - - - - - 1.31 1.17 1.25 0.95 3.27 3.64 1
Potassium mg/L - - - - - - - - - - - - 0.54 0.64 0.67 0.43 1.47 15 0.60
Sodium mg/L - - - - - - - - - - - - 6.98 6.36 6.75 4.87 16.00 18.2 5.20
NUTRIENTS
Ammonia Nitrogen mg/L as N 1.84 <0.01 0.06 0.16 0.03 0.03 0.02 0.02 0.08 0.01 0.04 0.02 0.02 0.01 <0.01 0.15 0.11 0.07 <0.01
Nitrate Nitrogen mg/LasN 3.0 0.72 0.32 0.24 0.27 <0.05 0.23 0.24 1.38 1.01 0.06 <0.05 0.26 0.6 0.31 0.13 0.08 0.02 0.2
Total Phosphate mg/L as P - <0.02 [ <0.02 | <0.02 0.02 0.02 <0.02 0.02 <0.02 | <0.02 0.02 <0.02 [ <0.02 || <0.02 | <0.02 0.01 0.01 0.02 0.01
ORGANIC PARAMETERS - - - - - -
Chemical Oxygen Demand mg/L as O - - - - - - - - - - - - 69 97 32 51 32 37 30
Biological Oxygen Demand mg/L as O - - - - - - - - - - - - <10 <10 <10 <10 <10 <10 <5.0
BIOASSAYS
9 hour LG50 : : S I S I S I - - - S N S S R

Notes:

1. Approved and Working Water Quality Guidelines, Science and Information Branch, Environmental Protection Division, BC Ministry of Environment.
Available: http://www.env.gov.bc.ca/wat/wg/wq_guidelines.html#approved Accessed February 2011. Guidelines for the Protection of Fresh-Water Aquatic Life ("FWAL"). Lowest guidelines are shown.

2. Bolding denotes parameters which exceed water quality criteria.
3. "-" denotes parameter was not analysed, or a receiving water criteria was not applicable.
4. Sample exceeded holding time for measurement of ammonia nitrogen.
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TABLE Xb
METAL MONITORING DATA SUMMARY FOR SURFACE WATER SAMPLING SITE SW-10

RECEIVING
WATER SAMPLING DATE - PREVIOUS REPORTING PERIOD SAMPLING DATE - CURRENT REPORTING PERIOD
CRITERIA
ol B 1 8] 8| 8] 8|8 8 g 8 3 3 g E 9 g g g g
PARAMETERS | units A?;xfl_';fe g‘? E 2 5, 5 8 ::'F E g §> 5 é E § i(c.’-' 5’ § g
b= 23 N S g d S & Q 3 & o 0 & N Q 5 3
TOTAL METALS
Aluminum * mg/L 0.1 0.18 0.14 0.14 0.36 0.23 0.29 0.17 0.23 0.14 0.17 0.34 0.3 0.22 0.29 0.33 0.205 0.142 0.251
Arsenic mg/L 0.005 - - - - - - - <0.0002 [ <0.001 | 0.0002 0.0002 | <0.001 [ <0.0002 | <0.0002 - 0.0002 0.0005 <0.0002
Barium mg/L 1.0 - - - - - - - 0.0057 0.008 0.0075 0.005 0.004 0.0036 0.0035 - 0.007 0.007 0.003
Boron mg/L 1.2 - - - - - - - 0.07 0.12 0.11 0.04 0.05 0.046 0.041 - 0.095 0.267 0.048
Cadmium ° mg/L 0.00001 - - - - - - - < 0.00004 | < 0.0002 | < 0.00004 | < 0.0002 | < 0.00005 |[ < 0.00001 | < 0.00001 - <0.00001 | 0.00004 | <0.00001
Chromium mg/L 0.001 - - - - - - - 0.0004 | <0.001 | 0.0005 0.0005 | <0.001 0.0003 0.0005 - <0.001 <0.001 <0.4
Copper ® mg/L 0.002 - - - - - - - 0.0007 | <0.001 | 0.0008 0.0008 0.0008 0.0006 0.0006 - 0.0006 0.0006 0.001
Iron mg/L 1.0 0.23 0.25 0.52 0.44 0.58 0.3 0.2 0.28 0.23 0.61 0.57 0.25 0.22 0.28 0.318 0.852 1.97 0.168
Lead ® mg/L 0.004 - - - - - - - <0.0002 [ <0.001 | <0.0002 |<0.0002]|< 0.00025| 0.00009 | 0.00011 - <0.0002 <0.002 <0.0001
Manganese ° mg/L 0.74 0.012 0.012 0.02 0.034 0.034 0.013 0.008 0.011 0.013 0.087 0.035 0.009 0.008 0.008 0.011 0.052 2.910 <0.005
Mercury ug/L 0.02 - - - - - - - <0.02 <0.02 <0.02 0.02 <0.02 <0.02 <0.02 - <0.02 <0.02 <0.01
Nickel mg/L 0.025 - - - - - - - 0.0005 | <0.001 | 0.0008 0.0006 | <0.001 0.0004 0.0005 - <0.001 0.004 <0.001
Selenium mg/L 0.002 - - - - - - - <0.0002 [ <0.001 | <0.0002 |<0.0002| <0.001 || <0.0002 | <0.0002 - <0.0001 0.0001 <0.0006
Zinc ° mg/L 0.0075 - - - - - - - 0.002 < 0.005 0.001 0.002 < 0.005 < 0.001 0.001 - <0.005 <0.005 0.009
DISSOLVED METALS
Aluminum * mg/L 0.1 - - - - - - - - - - - - 0.17 0.22 0.251 0.12 0.172 0.185
Arsenic mg/L 0.005 - - - - - - - - - - - - <0.0002 [ <0.0002 [ <0.0001 0.0002 0.0005 <0.0002
Barium mg/L 1.0 - - - - - - - - - - - - 0.0031 0.0033 0.003 0.007 0.007 0.003
Boron mg/L 1.2 - - - - - - - - - - - - 0.049 0.04 <0.05 0.125 0.094 0.041
Cadmium ® mg/L 0.00001 - - - - - - - - - - - - < 0.00001 | < 0.00001| <0.00001 | <0.00001 | 0.00001 | <0.00001
Chromium mg/L 0.001 - - - - - - - - - - - - 0.0003 0.0003 <0.001 <0.001 <0.001 <0.0004
Copper ® mg/L 0.002 - - - - - - - - - - - - 0.0005 0.0005 0.0004 0.0006 0.0007 <0.001
Iron mg/L 0.35 - - - - - - - - - - - - 0.16 0.22 0.201 0.436 1.95 0.127
Lead ® mg/L 0.004 - - - - - - - - - - - - 0.00008 | 0.00009 | <0.0002 | <0.0002 | <0.0002 | <0.0001
Manganese ° mg/L 0.74 - - - - - - - - - - - - 0.0063 0.0075 0.008 0.028 0.288 0.003
Mercury ug/L 0.02 - - - - - - - - - - - - <0.02 <0.02 <0.02 <0.02 <0.02 <0.01
Nickel mg/L 0.025 - - - - - - - - - - - - 0.0004 0.0004 <0.001 <0.001 0.001 <0.001
Selenium mg/L 0.002 - - - - - - - - - - - - <0.0002 [ <0.0002 [ <0.0001 | <0.0001 | <0.0001 | <0.0006
Zinc ° mg/L 0.0075 - - - - - - - - - - - - 0.001 0.001 <0.005 <0.005 <0.005 0.001
Notes:

1. Approved and Working Water Quality Guidelines,

Science and Information Branch, Environmental Protection Division, BC Ministry of Environment.

Available: http://www.env.gov.bc.ca/wat/wg/wg_guidelines.html#approved Accessed February 2011. Guidelines for the Protection of Fresh-Water Aquatic Life ("FWAL"). Lowest guidelines are shown.

ab~ w N
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. Bolding denotes parameters which exceed water quality criteria.

. "-" denotes parameter was not analysed, or a receiving water criteria was not applicable.
. FWAL guideline for indicated parameter changes with pH
. FWAL guideline for indicated parameter changes with hardness. Value shown appropriate for hardness of 30 mg/L-CaCO,




TABLE Xla
WATER CHEMISTRY DATA SUMMARY FOR SURFACE WATER SAMPLING SITE SW-11

RECEIVING
WATER SAMPLING DATE - PREVIOUS REPORTING PERIOD SAMPLING DATE - CURRENT REPORTING PERIOD
CRITERIA
N 8 8 8 3 3 3 8 3 3 8 3 = = 2 3 3 3
PARAMETERS units | AduaticLile g 3 5 S 2 ] 8 2 5 5 2 z < 5 5 5 2 8
(FWALY* Q 4 < 2 Z Q Q e < 3 Z S g g < 3 Z 3
bt 2 N S S s =1 & Q 3 & R W & N Q S 3
PHYSICAL TESTS
Colour CuU - - - - - - - - - - - - - - - - - - -
Total Hardness (CaCOs) mg/L - 160.0 123.0 201.0 121.0 227.0 61.0 25.0 80.2 103.0 121.0 122.0 48.0 39.6 45 24.6 135 162 48
Total Dissolved Solids mg/L - 285 210 356 232 379 160 87 204 220 296 327 116 124 110 54 280 330 98
pH - Lab pH - 7.54 7.33 7.74 7.66 7.87 7.14 6.94 7.31 6.55 7.50 7.43 6.57 6.46 6.55 7.1 6.60 6.90 6.80
pH - Field pH - 6.28 6.07 6.01 6.55 7.02 6.46 6.08 6.53 6.66 6.76 7.33 6.57 6.52 6.90 6.09 6.9 6.92 6.96
ORP - Lab mv - - - - - - - - - - - - - - - - - - -
ORP - Field mVvV - 66.5 72.6 61 - 58.1 108.6 164.1 86.4 31.6 47.4 -49.9 475 38.0 77.6 117.6 -26.5 205.9 99.9
Conductivity - Lab uS/cm - 506 392 619 384 684 238 103 315 359 453 504 197 155 156 86 477 613 118
Conductivity - Field uS/cm - 515 396 615 399 703 238 92 288 323 409 466 176 164 159 82 480 594 290
Temperature - Field °C - 5 4 6.51 - 12 8 8 5 8.55 11 12 8 7 8 7.42 12 14 9
DISSOLVED ANIONS
Alkalinity - Total mg/L - 192 164 254 124 302 835 29.2 105 104 154 167 62.6 46.4 53.8 24 170 210 -
Chloride mg/L 150 33.7 29.5 375 29.1 54.5 23.7 9.88 35.3 35.1 48.3 57.2 20.9 17.2 14.1 9.6 45 64 14.4
Sulphate mg/L 100 7.8 8.1 5.51 6.3 4.7 7.3 3.7 10.9 8.74 6.7 5.6 5.0 4.6 4.0 <0.5 <0.5 <0.5 8.0
DISSOLVED CATIONS
Calcium mg/L - - - - - - - - - - - 339 13.3 10.1 12.6 6.96 34.3 45.1 14.1
Magnesium mg/L - - - - - - - - - - - 8.8 3.84 2.62 3.35 1.59 9.96 12.1 3.1
Potassium mg/L - - - - - - - - - - - 4.80 2.40 1.94 2.32 1.34 5.51 6.21 2.60
Sodium mg/L - - - - - - - - - - - 46.30 18.60 14.50 14.30 6.74 42.20 53.40 13.40
NUTRIENTS
Ammonia Nitrogen mg/L asN 1.84 5.77 2.01 7.09 2.23 3.04 0.46 0.19 0.49 0.67 0.40 0.69 0.35 0.26 0.44 0.40 1.30 1.70 0.34
Nitrate Nitrogen mg/L asN 3.0 1.7 1.41 2.6 2.02 3.41 1.03 0.36 0.98 1.03 0.4 0.06 0.26 0.3 0.35 0.13 <0.02 <0.02 0.4
Total Phosphate mg/L as P - <0.02 0.02 <0.02 0.04 0.02 0.04 <0.02 0.03 0.03 0.03 <0.02 0.03 0.03 0.04 0.01 0.02 0.01 0.02
ORGANIC PARAMETERS
Chemical Oxygen Demand mg/L as O | - - 8.09 - | 0.04 - - - - - - - 218 79 | 47 | 57 | 61 | 67 40
Biological Oxygen Demand mg/LasO - - 141 - 2.23 - - - - - - - <10 <10 <10 <10 <10 <10 <5.0

BIOASSAYS

96 hour LC-50

Notes:

1. Approved and Working Water Quality Guidelines, Science and Information Branch, Environmental Protection Division, BC Ministry of Environment.
Available: http://www.env.gov.bc.ca/wat/wg/wg_guidelines.html#approved Accessed February 2011. Guidelines for the Protection of Fresh-Water Aquatic Life ("FWAL"). Lowest guidelines are shown.

2. Bolding denotes parameters which exceed water quality criteria.
3. "-"denotes parameter was not analysed, or a receiving water criteria was not applicable.
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TABLE Xlb
METAL MONITORING DATA SUMMARY FOR SURFACE WATER SAMPLING SITE SW-11

RECEIVING
WATER SAMPLING DATE - CURRENT REPORTING PERIOD SAMPLING DATE - CURRENT REPORTING PERIOD
CRITERIA
o 5 3 8 2 3 8 3 g 2 ] 8 2 = g = S 2 2
) Aquatic Life O a = < =) 5 O ) L < =) < & O = < =] )
PARAMETERS | units | e\l 3 i < 2 < Q 3 2 < 3 Z s < s 3 3 < 3
bt 3 N S S N S & Q 3 & o o N & Q S 3
TOTAL METALS
Aluminum * mg/L 0.1 0.15 0.15 0.09 0.36 | 0.081 | 0.46 0.36 0.26 0.15 0.093 0.065 0.42 0.38 05 0.671 0.082 0.045 0.533
Arsenic mg/L 0.005 - - - - - - - 0.0004 <0.001 0.0004 0.0006 <0.001 0.0003 0.0003 - 0.0006 0.0005 0.0003
Barium mg/L 1.0 - - - - - - - 0.012 0.013 0.018 0.02 0.01 0.0088 0.01 - 0.026 0.027 0.01
Boron mg/L 1.2 - - - - - - - 0.17 0.22 0.29 0.36 0.14 0.1 0.093 - 0.28 0.446 0.156
Cadmium ® mg/L 0.0002 - - - - - - - < 0.00004 | <0.0002 | <0.00004 | <0.0002 | <0.00005 || <0.00001 | 0.00002 - <0.00001 | 0.00002 | <0.00001
Chromium mg/L 0.001 - - - - - - - 0.0008 <0.001 0.0007 0.0008 <0.001 0.0009 0.001 - <0.001 <0.001 0.0011
Copper ° mg/L 0.004 - - - - - - - 0.001 <0.001 0.0008 0.0006 0.0012 0.0013 0.0015 - <0.0002 0.0005 0.002
Iron mg/L 1.0 1.05 1.26 0.9 1.91 1.21 2.11 1.06 2.52 2.42 3.04 5.21 2.99 2.33 2.23 1.63 8.6 4.17 1.68
Lead ® mg/L 0.006 - - - - - - - <0.0002 | <0.001 | <0.0002 | <0.0002 | <0.00025| 0.00018 0.00028 - <0.0002 <0.002 0.0002
Manganese ° mg/L 1.05 0.71 0.42 0.58 0.55 1.01 0.35 0.14 0.601 0.81 1.44 291 0.661 0.385 0.34 0.114 2.54 3.54 0.21
Mercury ug/L 0.02 - - - - - - - <0.02 <0.02 <0.02 <0.02 <0.02 <0.02 <0.02 - <0.02 <0.02 <0.01
Nickel mg/L 0.025 - - - - - - - 0.0009 <0.001 0.0013 0.0014 <0.001 0.0005 0.0007 - 0.001 0.002 <0.001
Selenium mg/L 0.002 - - - - - - - <0.0002 | <0.001 | <0.0002 0.0004 <0.001 <0.0002 | <0.0002 - 0.0001 0.0002 <0.0006
Zinc ° mg/L 0.015 - - - - - - - 0.003 < 0.005 0.007 0.002 < 0.005 0.003 0.004 - <0.005 <0.005 0.005
DISSOLVED METALS
Aluminum * mg/L 0.1 - - - - - - - - - - 0.027 0.14 0.12 0.29 0.288 0.054 0.016 0.079
Arsenic mg/L 0.005 - - - - - - - - - - 0.0005 | <0.001 | 0.0002 | 0.0002 | 0.0002 | 0.005 | 0.0004 | 0.0002
Barium mg/L 1.0 - - - - - - - - - - 0.019 0.01 0.0071 | 0.0089 0.006 0.021 0.022 0.008
Boron mg/L 1.2 - - - - - - - - - - 0.35 0.15 0.11 0.096 <0.05 0.293 0.427 0.147
Cadmium ° mg/L 0.0002 - - - - - - - - - - <0.0002 | <0.00005 || <0.00001 | 0.00002 | 0.00002 | 0.00001 | 0.00001 | <0.00001
Chromium mg/L 0.001 - - - - - - - - - - 0.0007 | <0.001 | 0.0006 | 0.0008 | <0.001 | <0.001 | <0.001 | 0.0005
Copper ® mg/L 0.004 - - - - - - - - - - 0.0004 | 0.001 0.0008 | 0.0013 | 00009 | 0.0002 | <0.0002 | <0.001
Iron mg/L 0.35 - - - - - - - - - - 1.77 1.35 1.01 1.51 0.765 3.74 1.51 0.351
Lead ® mg/L 0.006 - - - - - - - - - - <0.0002 | <0.00025 | 0.00007 | 0.00017 | <0.0002 | <0.0002 | <0.0002 | <0.0001
Manganese ° mg/L 1.05 - - - - - - - - - - 2.85 0.603 0.345 0.321 0.08 2.09 3.01 0.106
Mercury uglL 0.02 - - - - - - - - - - <002 | <0.02 <0.02 <0.02 <0.02 <0.02 <0.02 <0.01
Nickel mg/L 0.025 - - - - - - - - - - 0.0013 | 0.001 0.0005 | 0.0006 | <0.001 0.001 0.002 <0.001
Selenium mg/L 0.002 - - - - - - - - - - <0.0002 | <0.001 | <0.0002 | <0.0002 | <0.0001 | <0.0001 | 0.0002 | <0.0006
Zinc ° mg/L 0.015 - - - - - - - - - - 0.002 < 0.005 0.002 0.003 <0.005 <0.005 <0.005 0.002
Notes:

1. Approved and Working Water Quality Guidelines, Science and Information Branch, Environmental Protection Division, BC Ministry of Environment.
Available: http://www.env.gov.bc.ca/wat/wg/wg_guidelines.html#approved Accessed February 2011. Guidelines for the Protection of Fresh-Water Aquatic Life ("FWAL"). Lowest guidelines are shown.
2. Bolding denotes parameters which exceed water quality criteria.

3. "-"denotes parameter was not analysed, or a receiving water criteria was not applicable.
4. FWAL guideline for indicated parameter changes with pH
5. FWAL guideline for indicated parameter changes with hardness. Value shown appropriate for hardness of 60 mg/L-CaCO;
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TABLE Xlla

WATER CHEMISTRY DATA SUMMARY FOR SURFACE WATER SAMPLING SITE SW-12

RECEIVING
WATER SAMPLING DATE - PREVIOUS REPORTING PERIOD SAMPLING DATE - CURRENT REPORTING PERIOD
CRITERIA
5 l&| 8|8 | 8|88 |8 |8 |8 |8 |sg |z |s |3 |s]|3]|s:s
PARAMETERS units A?Fu\fvtfl_;'fe g 2 g 3 g 5 g 2 2 E g 5 5 s 2 E 5 é
3 g S S S S S g & 4 & @ & B R & 5 3
PHYSICAL TESTS
Colour CuU - - - - - - - - - - - - - - - - - - -
Total Hardness (CaCO;) mg/L - 21.0 21.0 51.0 15 43 15.0 7.0 30.2 56.0 - 18.1 15 16.4 16.1 - 55.2 95.7 10
Total Dissolved Solids mg/L - 72 50 131 57 90 67 45 97 131 156 110 76 50 38 38 130 220 32
pH - Lab pH - 6.76 6.78 7.25 6.75 7.42 6.61 6.35 7.12 6.26 7.37 6.72 6.95 6.90 6.64 6.50 7.51 7.74 6.30
pH - Field pH - 5.98 6.18 6.54 5.98 6.55 6.07 6.00 7.11 6.82 6.78 6.91 6.12 6.48 6.81 6.24 6.95 6.87 6.90
ORP - Lab mvV - - - - - - - - - - - - - - - - - - -
ORP - Field mv - 163.1 1714 116.4 - 60.5 102.4 123.3 106.8 88.5 133.2 130.9 153.7 89.4 159.3 123.3 120.3 2345 122.9
Conductivity - Lab uS/cm - 105 101 173 75 182 78 36 124 201 225 100 71 69 68 48 211 404 58
Conductivity - Field uS/cm - 106.0 102.0 171.0 77 185.0 77.0 32.0 113.0 179.0 202.0 89 64.0 71.0 68.0 46.0 207.0 387 88.0
Temperature - Field °C - 4.1 3.4 3.8 - 12.12 8.0 6.9 4.1 6.7 11.0 11.57 8.16 6.3 7.3 7.6 10.1 12.47 8.59
DISSOLVED ANIONS
Alkalinity - Total mg/L - 19.4 20.7 415 105 41.6 14.9 7.5 27.6 375 51.4 11.5 13.0 13.2 15.5 4.5 50.0 100 <10
Chloride mg/L 150 16.4 16.0 23.3 12.6 28.3 10.9 4.0 15.4 215 335 17.8 9.9 9.3 9.7 7.9 28.0 56 6.9
Sulphate mg/L 100 4.1 4.9 4.5 3.09 5.8 4.7 2.2 7.0 12.1 7.5 7.27 5.0 4.5 3.5 <0.5 6.1 1 3.3
DISSOLVED CATIONS
Calcium mg/L - - - - - - - - - - - - - - - - - - -
Magnesium mg/L - - - - - - - - - - - - - - - - - - -
Potassium mg/L - - - - - - - - - - - - - - - - - - -
Sodium mg/L - - - - - - - - - - - - - - - - - - -
NUTRIENTS
Ammonia Nitrogen mg/L as N 1.84 0.07 0.07 0.27 0.04 0.03 0.05 0.02 0.08 0.01 0.04 0.02 0.03 0.02 <0.01 0.07 0.07 0.08 <0.01
Nitrate Nitrogen mg/L as N 3.0 0.79 0.36 0.57 0.30 0.58 0.22 0.23 1.41 1.84 0.19 <0.05 0.25 0.58 0.33 0.13 0.15 0.18 0.20
Total Phosphate mg/L as P - <0.02 [ <0.02 | <0.02 0.02 0.02 <0.02 0.02 <0.02 | <0.02 0.02 <0.02 [ <0.02 || <0.02 [ <0.02 0.01 0.02 0.02 0.01
ORGANIC PARAMETERS
Chemical Oxygen Demand | mg/L as 0 | - - | - - - | - | - - | - | - - - - - | - | - | - | - | -
Biological Oxygen Demand mg/Las O - - - - - - - - - - - - - - - - - - -
BIOASSAYS
96 hour LC-50 [ T — S - — 1 - T - S N - - - — [ - [ - T T T

Notes:

1. Approved and Working Water Quality Guidelines, Science and Information Branch, Environmental Protection Division, BC Ministry of Environment.
Available: http://www.env.gov.bc.ca/wat/wg/wq_guidelines.html#approved Accessed February 2011. Guidelines for the Protection of Fresh-Water Aquatic Life ("FWAL"). Lowest guidelines are shown.

2. Bolding denotes parameters which exceed water quality criteria.

3. "-" denotes parameter was not analysed, or a receiving water criteria was not applicable.
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TABLE XlIb
METAL MONITORING DATA SUMMARY FOR SURFACE WATER SAMPLING SITE SW-12

RECEIVING
WATER SAMPLING DATE - PREVIOUS REPORTING PERIOD SAMPLING DATE - CURRENT REPORTING PERIOD
CRITERIA
. S 3 8 8 8 8 8 3 8 3 3 3 = = g S S S
PARAMETERS | units A?;\i;';_';fe 3 K 2 5 Ef S g 2 2 E Ef § g 5 2 E S g
pa 3 N 3 3 N S & Q 3 & o o & N & S 3
TOTAL METALS
Aluminum * mg/L 0.1 0.18 0.13 0.17 0.36 0.2 0.28 0.2 0.22 0.13 0.14 0.35 0.3 0.24 0.28 0.364 0.21 0.144 | 0.255
Arsenic mg/L 0.005 - - - - - - - - - - - - - - - - - -
Barium mg/L 1.0 - - - - - - - - - - - - - - - - - -
Boron mg/L 1.2 - - - - - - - - - - - - - - - - - -
Cadmium ° mg/L 0.00001 - - - - - - - - - - - - - - - - . .
Chromium mg/L 0.001 - - - - - - - - - - - - - - - - - -
Copper ° mg/L 0.002 - - - - - - - - - - - - . - . . .
Iron mg/L 1.0 0.24 0.27 0.66 0.43 0.48 0.31 0.2 0.29 0.23 0.54 0.57 0.28 0.26 0.31 0.369 1.04 2 0.19
Lead ® mg/L 0.004 - - - - - - - - - - - . . . . _ i _
Manganese ° mg/L 0.74 0.018 | 0.014 | 0.031 | 0.039 | 0.035 | 0.014 || 0.008 | 0.012 | 0.018 | 0.087 | 0.052 | 0.012 | 0.011 | 0.016 | 0.015 | 0.327 2.93 0.009
Mercury ug/L 0.02 - - - - - - - - - - - - - - - - - -
Nickel mg/L 0.025 - - - - - - - - - - - - - - - - - R
Selenium mg/L 0.002 - - - - - - - - - - - - - - - - - -
Zinc ® mg/L 0.0075 - - - - - - - - - - - - - - - - - -
DISSOLVED METALS
Aluminum * mg/L 0.1 - - - - - - - - - B B R R R N N N R
Arsenic mg/L 0.005 - - - - - - - - - - - - - - - - - -
Barium mg/L 1.0 - - - - - - - - - - - - - - - - - -
Boron mg/L 1.2 - - - - - - - - - - - - - - - - - -
Cadmium ° mg/L 0.00001 - - - - - - - - - - - B - - - - - )
Chromium mg/L 0.001 - - - - - - - - - - - - - - - - - -
Copper ® mg/L 0.002 - - - - - - - . . . - - - - - _ _ _
Iron mg/L 0.35 - - - - - - - - - - - - - - - - - -
Lead ® mg/L 0.004 - - - - - . . - - - - - _ _ _ _ _ _
Manganese ° mg/L 0.74 - - - - - - - - - - - - - - - - - _
Mercury ug/L 0.02 - - - - - - - - - - - - - - - - - -
Nickel mg/L 0.025 - - - - - - - - - - - - - - - - - -
Selenium mg/L 0.002 - - - - - - - - - - - - - - - - - -
Zinc ° mg/L 0.0075 - - - - - - - - - - - - - - - - - -
Notes:

1. Approved and Working Water Quality Guidelines, Science and Information Branch, Environmental Protection Division, BC Ministry of Environment.
Available: http://www.env.gov.bc.ca/wat/wg/wg_guidelines.html#approved Accessed February 2010. Guidelines for the Protection of Fresh-Water Aquatic Life ("FWAL"). Lowest guidelines are show
2. Bolding denotes parameters which exceed water quality criteria.

3. "-" denotes parameter was not analysed, or a receiving water criteria was not applicable.
4. FWAL guideline for indicated parameter changes with pH
5. FWAL guideline for indicated parameter changes with hardness. Value shown appropriate for hardness of 30 mg/L-CaCO;

H:\Project\1576\CHEM\2010_chem\SW12-2010



TABLE Xllla
WATER CHEMISTRY DATA SUMMARY FOR SANDHILL CREEK SAMPLING SITE (SHC)

RECEIVING|
WATER SAMPLING DATE - PREVIOUS REPORTING PERIOD SAMPLING DATE - CURRENT REPORTING PERIOD
CRITERIA
5] 8|8 | 8|8 | s8] 8|3 |8 |8 |28 |sg || |2]|s]|3]|:
PARAMETERS units A?Fu\fvtfl_;'fe g 2 g E g 8 g 2 2 E 5 g g g 2 E 5 §
pa 3 N ] 3 S 3 Q Q S & o s r<1 & Q 5 ]
PHYSICAL TESTS
Colour Ccu - - - - - - - - - - - - - - - - - - -
Total Hardness (CaCOj) mg/L - 11 11 17 11 17 9 4 14.1 15 - 15.2 9 9.2 12.3 7.5 20.7 36.5 7
Total Dissolved Solids mg/L - 67 a7 80 81 72 70 42 69 63 113 104 75 59 60 26 92 130 34
pH - Lab pH - 6.51 6.76 7.07 6.55 7.09 6.39 5.94 6.99 5.59 6.97 6.79 6.52 6.5 6.73 6.3 6.9 6.89 6.1
pH - Field pH - 4.85 6.72 7.30 5.88 6.14 5.16 4.14 5.59 5.66 6.18 7.41 6.56 6.36 7.32 5.56 7.55 7.72 7.53
ORP - Lab mvV - - - - - - - - - - - - - - - - - - -
ORP - Field mv - 224.9 169.1 145.5 - 175.0 219.3 232.0 177.2 118.1 165.9 49.8 1814 80.6 178.4 129.8 51.7 207.6 159.7
Conductivity - Lab pS/cm - 75 75 107 58 124 56 30 88 102 140 102 53 50 60 47 137 241 45.3
Conductivity - Field pS/cm - 81.0 77.0 108.0 60.0 125.0 57.0 26.0 80.0 85.0 126.0 96.0 47.0 53.0 61.0 59.0 134.0 224.0 79.0
Temperature - Field °C - 4.6 4.0 3.7 - 12.1 8.2 7.4 4.2 6.3 115 11.8 8.3 7.0 7.7 8.0 10.2 13.1 8.8
DISSOLVED ANIONS
Alkalinity - Total mg/L - 8.7 9.8 13.2 7.3 13.6 8.3 5.2 12.4 16.2 11.7 9.9 7.74 7.1 10.7 1.9 10 6 <10
Chloride mg/L 150 15.6 15.9 22.7 10.9 28.2 10.2 4.16 18.5 19 33.8 21.8 9.44 8.85 10.6 8.9 30 59 7
Sulphate mg/L 100 2.29 2.64 2.59 1.55 3.1 2.43 1.48 2.85 2.8 3.04 4.39 2.38 2.16 2.42 <0.5 2.3 2.7 <0.20
DISSOLVED CATIONS
Calcium mg/L - - - - - - - - - - - - - - - - - - -
Magnesium mg/L - - - - - - - - - - - - - - - - - - -
Potassium mg/L - - - - - - - - - - - - - - - - - - -
Sodium mg/L - - - - - - - - - - - - - - - - - - -
NUTRIENTS
Ammonia Nitrogen mg/L as N 1.84 <0.01 | <0.01 | <0.01 0.06 0.11 0.04 <0.01 0.03 <0.01 0.02 0.03 0.02 0.01 <0.01 [ 0.068 | <0.005 0.01 0.02
Nitrate Nitrogen mg/L as N 3.0 0.21 0.12 0.16 0.06 0.07 0.07 0.07 0.28 0.08 0.06 <0.05 0.08 0.17 0.17 0.04 0.04 0.04 0.1
Total Phosphate mg/L as P - <0.02 | <0.02 | <0.02 0.03 0.02 <0.02 0.03 <0.02 | <0.02 0.02 <0.02 | <0.02 || <0.02 | <0.02 [ 0.008 0.009 0.015 0.008
ORGANIC PARAMETERS
Chemical Oxygen Demand | mg/L as O | - - | - | - | - | - | - - | - | - | - | - | - - | - | - | - | - | -
Biological Oxygen Demand mg/L as O - - - - - - - - - - - - - - - - - - -
BIOASSAYS
9 hour LC 50 I S S I A S N A S N S S N A I N R N

Notes:
1. Approved and Working Water Quality Guidelines, Science and Information Branch, Environmental Protection Division, BC Ministry of Environment.
Available: http://www.env.gov.bc.ca/wat/wg/wg_guidelines.html#approved Accessed February 2011. Guidelines for the Protection of Fresh-Water Aquatic Life ("FWAL"). Lowest guidelines are shown.
2. Bolding denotes parameters which exceed water quality criteria.
3. "-" denotes parameter was not analysed, or a receiving water criteria was not applicable.
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METAL MONITORING DATA SUMMARY FOR SANDHILL CREEK SAMPLING SITE (SHC)

TABLE Xlilb

RECEIVING
WATER SAMPLING DATE - PREVIOUS REPORTING PERIOD SAMPLING DATE - CURRENT REPORTING PERIOD
CRITERIA
oI5l & | s |[s8 8| s|8 8|3 |38 |8 |8 |s g |5 |3 |23
PARAMETERS units A(C‘F“V?/tfl_';'lfe g E g 5 § 8 g § g 5 § é E g 2 2 § ::',3
b= 2 N 2 3 S 3 & Q 3 & 3 1 N N & 5 3
TOTAL METALS
Aluminum * mg/L 0.1 0.19 0.13 0.16 0.50 0.22 0.37 0.22 0.25 0.2 0.19 0.38 0.38 0.32 0.42 0.528 0.258 0.244 0.307
Arsenic mg/L 0.005 - - - - - - - - - - - - - - - - - -
Barium mg/L 1.0 - - - - - - - - - - - - - - - - - -
Boron mg/L 1.2 - - - - - - - - - - - - - - - - - -
Cadmium ® mgi. | 0.0015 - - - - - - - - - - . . B . B - B -
Chromium mg/L 0.001 - - - - - - - - - - - - - - - - - -
Copper ® mg/L 0.002 - - - - - - - - - - - . - - _ - _
Iron mg/L 1.0 0.22 0.21 0.3 0.61 0.51 0.38 0.24 0.3 0.27 0.49 0.64 0.37 0.33 0.46 0.452 0.603 1.17 0.25
Lead® mg/L 0.004 - - - - - - - - - - . - B - B - N -
Manganese ° mg/L 0.83 0.007 0.007 0.012 0.041 0.019 0.011 0.01 0.0068 | 0.012 0.027 0.017 0.01 0.011 0.013 0.019 0.027 0.085 0.008
Mercury ug/L 0.02 - - - - - - - - - - - - - - - - - -
Nickel mg/L 0.025 - - - - - - - - - - - - - - R - R R
Selenium mg/L 0.002 - - - - - - - - - - - - - - - - - -
Zinc ° mg/L 0.0075 - - - - - - - - - - - - - - - . . .
DISSOLVED METALS
Aluminum * mg/L 0.1 - - - - - - B N B R R R B N N N N N
Arsenic mg/L 0.005 - - - - - - - - - - - - - - - - - -
Barium mg/L 1.0 - - - - - - - - - - - - - - - - - -
Boron mg/L 1.2 - - - - - - - - - - - - - - - - - -
Cadmium ® mg/lL | 0.00002 - - - - - - - - - - - - - - N - N -
Chromium mg/L 0.001 - - - - - - - - - - - - - - - - - -
Copper ° mg/L 0.002 - - - - - - - . - . . - . . . . . _
Iron mg/L 0.35 - - - - - - - - - - - - - - - - - -
Lead ® mg/L 0.004 - - - - - - - - - - N - B - B . B .
Manganese ° mg/L 0.83 - - - - - - - - - - - - - - _ - _ _
Mercury ug/L 0.02 - - - - - - - - - - - - - - - - - -
Nickel mg/L 0.025 - - - - - - - - - - - - - - R - R R
Selenium mg/L 0.002 - - - - - - - - - - - - - - - - - -
Zinc ° mg/L | 0.0075 - - - - - - - - - - - - - - - - - -
Notes:

1. Approved and Working Water Quality Guidelines, Science and Information Branch, Environmental Protection Division, BC Ministry of Environment.

Available: http://www.env.gov.bc.ca/wat/wg/wq_guidelines.html#approved Accessed February 2011. Guidelines for the Protection of Fresh-Water Aquatic Life ("FWAL"). Lowest guidelines are shown.

abhw N
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. Bolding denotes parameters which exceed water quality criteria.

"-" denotes parameter was not analysed, or a receiving water criteria was not applicable.
. FWAL guideline for indicated parameter changes with pH
. FWAL guideline for indicated parameter changes with hardness. Value shown appropriate for hardness of 50 mg/L-CaCO;




SURFACE WATER CHEMISTRY DATA SUMMARY FOR V.0.C.'S

TABLE XIV

R'\ElgAET'\é';‘G SAMPLING DATE - PREVIOUS REPORTING PERIOD SAMPLING DATE - CURRENT REPORTING PERIOD
CRITERIA SW-3 SW-3 SW-3 SW-3 SW-3 SW-3 SW-3 SW-3 SW-3 SW-3 SW-3 SW-3 SW-3 SW-3 SW-3 SW-3
© ~ ~ [e] o] ] [=2] 2] o o o o
| Aquaetite | 2 2 2 < 2 ? ¢ 2 ? g 3 3 T T ol Z
PARAMETERS units (FWAL)* o s 3 Q e 2 Q i 3 2 S 3 < 2 < 3
3 - 3 3 & pa ] N S < © o & ] 3 3
HALOGENATED VOLATILES
Bromodichloromethane ug/L - <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <1 <1 <1 <0.5
Bromoform ug/L - <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <1 <1 <1 <0.1
Bromomethane ug/L - <0.8 <0.8 <0.8 <0.8 <0.8 <0.8 <0.8 <0.8 <0.8 <0.8 <0.8 <0.8 <1 <1 <1 <1.0
2-Butanone ug/L - 160 79 <5 <5 <5 <5 <5 <5 <5 <5 <5 <5 - - - -
Carbon Tetrachloride ug/L 13.3 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <1 <1 <1 <0.5
Chlorobenzene ug/L - <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 - <0.5 <0.5 <0.1
Chloroethane ug/L - <0.4 <04 <04 <04 <04 <04 <04 <04 <04 <0.4 <04 <04 <1 <1 <1 <1.0
Chloroform ug/L 1.8 <0.3 <0.3 <0.3 <0.3 <0.3 <0.3 <0.3 <0.3 <0.3 <0.3 <0.3 <0.3 <1 <1 <1 <0.5
Chloromethane ug/L - <04 <04 <04 <04 <04 <04 <04 <04 <04 <0.4 <04 <04 <1 <1 <1 <1.0
Dibromochloromethane ug/L - <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 - <1 <1 <0.5
1,2-Dibromoethane ug/L - <0.1 <0.1 <0.005 | <0.005 || <0.005 | <0.005 | <0.005 <0.1 <0.1 <0.1 <0.1 <0.1 - - - <0.1
Dibromomethane ug/L - <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 - - - <0.1
Dichlorodifluoromethane ug/L - <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 - - - <1.0
1,2-Dichlorobenzene ug/L 0.7 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 - <0.5 <0.5 <0.1
1,3-Dichlorobenzene ug/L 150 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 - <0.5 <0.5 <0.1
1,4-Dichlorobenzene ug/L 26 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 - <0.5 <0.5 <0.1
1,1-Dichlororethane ug/L - <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.5 <0.5 <0.5 <0.1
1,2-Dichloroethane ug/L 100 <04 <04 <04 <04 <04 <04 <04 <04 <04 <04 <04 <04 <0.5 <0.5 <0.5 <0.5
1,1-Dichloroethylene ug/L - <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.5 <0.5 <0.5 <0.5
cis-1,2-Dichloroethylene ug/L - <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <1 <1 <1 <0.1
trans-1,2-Dichloroethylene ug/L - <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <1 <1 <1 <0.1
Dichloromethane ug/L 98.1 - - - - - - - - - - - - - - - -
1,2-Dichloropropane ug/L - <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.5 - - <0.1
cis-1,3-Dichloropropylene ug/L - <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <1 <1 <1 <0.1
trans-1,3-Dichloropropylene ug/L - <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <1 <1 <1 <0.1
2-Hexanone ug/L - <5 <5 <20 <20 <20 <20 <20 <20 <20 <20 <20 <20 - - - -
4-Methyl-2-pentanone ug/L - <2 <2 <2 <2 <2 <2 <2 <2 <2 <2 <2 <2 - - - -
Methylene Chloride ug/L 98.1 <6 <6 <6 <6 <6 <6 <6 <6 <6 <6 <6 <6 - - - <0.10
1,1,2,2-Tetrachloroethane ug/L - <0.2 <0.1 <0.1 <0.1 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.5 <0.5 <0.5 <0.1
Tetrachloroethylene ug/L 111 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.5 <0.5 <0.5 <0.5
1,1,1-Trichloroethane ug/L 11.1 0.3 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.5 <0.5 <0.5 <0.1
1,1,2-Trichloroethane ug/L - <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.5 <0.5 <0.5 <0.1
Trichloroethylene ug/L 21 - - - - - - - - - - <0.1 <0.1 <0.5 <0.5 <0.5 <0.5
Trichlorofluoromethane ug/L - 0.4 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <4 <4 <4 <0.1
Vinyl Chloride ug/L - <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.5 <0.5 <0.5 <0.50
NON-HALOGENATED VOLATILES
Benzene ug/L 40 <0.1 0.2 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.5 <0.5 <0.5 <0.1
Ethylbenzene ug/L 200 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.5 <0.5 <0.5 <0.1
Styrene ug/L 72 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.5 <0.5 <0.5 <0.1
Toluene ug/L 0.5 3 14 0.6 5.4 3.3 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.5 <0.5 <0.5 <0.1
Xylenes ug/L 30 0.6 <0.1 <0.1 0.3 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <1 <1 <1 0.5
Notes:

1. Approved and Working Water Quality Guidelines, Science and Information Branch, Environmental Protection Division, BC Ministry of Environment.

Available: http://www.env.gov.bc.ca/wat/wg/wq_guidelines.html#approved Accessed February 2011. Guidelines for the Protection of Fresh-Water Aquatic Life ("FWAL"). Lowest guidelines are shown.
2. Bolding denotes parameters which exceed water quality criteria.
3. "-"denotes parameter was not analysed, or a receiving water criteria was not applicable.
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TABLE XVa
WATER CHEMISTRY DATA SUMMARY FOR MONITORING WELLS

RECEIVING
WATER CRITERIA MWO02-1 MWO02-2 MWO02-3
GCDWQ | Aquatic 8, 8 8, 8 8 8
PARAMETERS units MACor | Life 8 5 8 5 . 5
1 2 ; ? 7 ? 7 ?
AO (FWAL) o) ™ o) ™ o) ™
N — N — N —
PHYSICAL TESTS
Colour CuU 15 - - - - - - -
Total Hardness (CaCO3) mg/L - - 957 - 1100 - 480 -
Total Dissolved Solids mg/L 500 - 6830 7670 7000 7100 4370 4730
pH - Lab pH 6.5-8.5 - 7.85 8.02 7.84 8.03 8 8.16
pH - Field pH 6.5-8.5 - 7.4 7.29 6.79 7.73 6.92 6.47
ORP - Lab mv - - - - - - - -
ORP - Field mv - - -55.1 29 -28.8 27 -40.2 54
Conductivity - Lab uS/cm - - 12700 14400 13300 14500 9340 9250
Conductivity - Field uS/icm - - 11000 11410 11700 8280 7570 7730
Temperature - Field °C - - 11.8 154 11 24.7 12.3 15
DISSOLVED ANIONS
Alkalinity - Total mg/L - - 259 247 234 242 314 315
Chloride mg/L 250 150 3920 4030 4090 3890 2610 2760
Sulphate mg/L 500 100 778 657 499 496 334 290
DISSOLVED CATIONS
Calcium mg/L - - 112 - 129 - 57.9 -
Magnesium mg/L - - 149 - 168 - 68.5 -
Potassium - - - 35.6 - 35.2 - 27.9 -
Sodium mg/L 200 - 2010 - 1950 - 1440 -
NUTRIENTS
Ammonia Nitrogen mg/L as N - ~1.84 5.6 4.34 6.4 3.94 5.7 3.12
Nitrate Nitrogen mg/L as N 10 3 <0.05 <25 <0.05 <25 <0.05 <2.5
Total Phosphate mg/L as P - - 0.15 0.06 0.12 0.13 0.2 0.4
ORGANIC PARAMETERS
Chemical Oxygen Demand mg/L as O - - - - - - - -
Biological Oxygen Demand mg/L as O - - <10 - <10 - <10 -
BIOASSAYS

9 Four LC-50 S RN S IR SR S SR S R

Notes:
1. GCDWQ = Guidelines for Canadian Drinking Water Quality (Health Canada, 2007)
MAC = Maximum acceptable concentration: AO = Aesthetic objective
2. Approved and Working Water Quality Guidelines, Science and Information Branch,
Available: http://www.env.gov.bc.ca/wat/wg/wq_guidelines.html#approved Accessed February 2011.
3. Bolding denotes parameters which exceed water quality criteria.
4. "-" denotes parameter was not analysed, or a receiving water criteria was not applicable.
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TABLE XVb
METAL MONITORING DATA SUMMARY FOR MONITORING WELLS

RECEIVING WATER
CRITERIA MW02-1 MW02-2 MW02-3
GCDWQ Aguatic Lif e e g
. quatic Life & & &
PARAMETERS units MAC or AO (FWALY? OLI’ OLI’ OL.)
Q Q Q
TOTAL METALS
Arsenic mg/L 0.01 0.005 0.006 0.007 0.005
Barium mg/L 1.0 1.0 0.11 0.14 0.097
Boron mg/L - 1.2 3.97 3.34 3.05
Cadmium ° mg/L 0.005 0.0001 < 0.0002 < 0.0002 < 0.0002
Chromium mg/L 0.05 0.001 0.002 0.002 0.001
Copper 5 mg/L 1.0 0.02 0.003 0.005 0.003
Iron mg/L 0.3 1.0 1.65 1.52 0.58
Lead ® mg/L 0.01 0.028 <0.001 <0.001 <0.001
Manganese ° mg/L 0.05 2.805 0.75 0.82 0.45
Mercury ug/L 1.0 0.020 <0.02 <0.02 <0.02
Nickel mg/L - 0.025 0.011 0.013 0.011
Selenium mg/L 0.01 0.002 <0.001 <0.001 <0.001
Zinc ® mg/L 5.0 0.315 0.016 0.012 0.008
DISSOLVED METALS
Arsenic mg/L 0.01 0.005 0.006 0.006 0.004
Barium mg/L 1.0 1.0 0.1 0.11 0.086
Boron mg/L - 1.2 3.7 3.08 281
Cadmium ° mg/L 0.005 0.0001 < 0.0002 < 0.0002 < 0.0002
Chromium mg/L 0.05 0.001 0.001 <0.001 <0.001
Copper ° mg/L 1 0.02 0.002 0.003 0.003
Iron mg/L 0.3 0.35 0.24 0.13 0.18
Lead ® mg/L 0.01 0.028 <0.001 <0.001 <0.001
Manganese ° mg/L 0.05 2.805 0.67 0.67 0.37
Mercury ug/L 1.0 0.020 <0.02 <0.02 <0.02
Nickel mg/L - 0.025 0.01 0.011 0.009
Selenium mg/L 0.01 0.002 <0.001 <0.001 <0.001
Zinc ® mg/L 5 0.315 0.009 0.008 0.006
Notes:

1. GCDWQ = Guidelines for Canadian Drinking Water Quality (Health Canada, 2007)
MAC = Maximum acceptable concentration: AO = Aesthetic objective
2. Approved and Working Water Quality Guidelines, Science and Information Branch,
Environmental Protection Division, BC Ministry of Environment.
Available: http://www.env.gov.bc.ca/wat/wg/wq_guidelines.html#approved Accessed February 2011. Guidelines for the Protection of
Fresh-Water Aquatic Life ("FWAL"). Lowest guidelines are shown.
3. Bolding denotes parameters which exceed water quality criteria.
4. "-" denotes parameter was not analysed, or a receiving water criteria was not applicable.
5. FWAL guideline for indicated parameter changes with hardness. Value shown appropriate for hardness of 500 mg/L-CaCO3;
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2003-2010 FIELD MONITORING DATA FOR THE WEST COAST LANDFILL MONITORING WELLS

TABLE XVI

WELL DEPTH | STATIC ELEVATION | PURGED ELEV
Site Date Depth |Elevation| D\igg :O Elevation| WLE | Elevation | Temp.| pH CE:;% ORP Comments
(m-asl) | (m-asl) (m) (m-asl) (m) (m-asl) (°C) (mS/cm) mV
MWO02-1| 25-Feb-03 | 12.20 | 83.65 1.090 94.756 N/A N/A N/A N/A  |Measurement only - No bailing done

28-Apr-03 | 12.20 | 83.65 1.050 94.796 | 9.310 | 86.536 N/A N/A N/A N/A__[Bailed approximately 20L

2-Jul-03 12.20 83.65 1.215 94.631 [11.195] 84.651 N/A N/A N/A N/A |Bailed approximately 20L
15-Sep-03 | 12.20 [ 83.65 1.320 94.526 |11.050| 84.796 N/A | N/A N/A N/A__[Bailed approximately 20L
29-Oct-03 | 12.20 [ 83.65 1.300 94.546 |11.510| 84.336 [ 11.8 | 7.40 11.00 -55.1 |Bailed approximately 20L
18-Dec-03 | 12.20 | 83.65 1.210 94.636 |10.050| 85.796 ?2?? | ??? | 10.80 ??7? |Bailed approximately 20L
26-Feb-04 | 12.20 | 83.65 1.100 94.746 |10.920| 84.926 2?2 | ??? | 11.00 ??? _|Bailed approximately 20L
27-Apr-04 | 12.20 | 83.65 1.180 94.666 | 9.820 | 86.026 2?2 | 2?2 | 10.00 ??? _|Bailed approximately 20L
28-Jun-04 | 12.20 83.65 1.230 94.616 [11.060| 84.786 11.74 Bailed approximately 20L
30-Aug-04 | 12.20 | 83.65 1.210 94.636 |11.030| 84.816 11.62 Bailed approximately 20L
26-Oct-04 | 12.20 | 83.65 1.080 94.766 | 9.860 | 85.986 11.12 Bailed approximately 20L
14-Dec-04 | 12.20 | 83.65 1.000 94.846 | ------ | ---e-- N/A N/A N/A N/A  |Measurement only - No bailing done
14-Feb-05 | 12.20 [ 83.65 0.850 94.996 | ------ | ------ N/A N/A N/A N/A |Measurement only - No bailing done
19-May-05 | 12.20 | 83.65 0.980 94.866 | ------ | ------ N/A N/A N/A N/A  |Measurement only - No bailing done

6-Jul-05 | 12.20 [ 83.65 1.030 94.816 | - - N/A | N/A N/A N/A__[Measurement only - No bailing done
29-Aug-05 | 12.20 | 83.65 | = ----- 95.846 | ------ | ------ N/A N/A N/A N/A |Field data sheet lost
24-Oct-05 | 12.20 | 83.65 0.980 94.866 | ------ | ---—-- N/A N/A N/A N/A  |Measurement only - No bailing done
19-Dec-05 | 12.20 | 83.65 0.840 95.006 | ------ | ---e-- N/A N/A N/A N/A  |Measurement only - No bailing done
13-Feb-06 | 12.20 | 83.65 0.700 95.146 | 8.880 | 86.966 N/A | N/A N/A N/A__[Bailed approximately 20L
25-Apr-06 | 12.20 | 83.65 0.870 94.976 | 9.250 | 86.596 N/A N/A N/A N/A__[Bailed approximately 20L
13-Jun-06 | 12.20 [ 83.65 1.080 94.766 | ------ | -meee- 154 | 164 11.41 29.0 |Conductivity off scale in uS/cm range. Used mS/cm
9-Aug-06 | 12.20 [ 83.65 1.150 94.696 | ------ | ------ N/A N/A N/A N/A |Measurement only - No bailing done
25-Oct-06 | 12.20 | 83.65 1.220 94.626 | ------ | ---—-- N/A N/A N/A N/A  |Measurement only - No bailing done
18-Dec-06 | 12.20 | 83.65 0.950 94.896 | ------ | ----- N/A N/A N/A N/A  |Measurement only - No bailing done
01-Mar-07 | 12.20 | 83.65 0.900 94.946 | ------ | ------ N/A N/A N/A N/A |Measurement only - No bailing done
18-Apr-07 | 12.20 | 83.65 0.600 95.246 | - - N/A N/A N/A N/A |Measurement only - No bailing done
13-Jun-07 | 12.20 | 83.65 0.930 94.916 | ------ | ------ N/A N/A N/A N/A  |Measurement only - No bailing done
15-Aug-07 | 12.20 | 83.65 1.030 94.816 | ------ | ------ N/A N/A N/A N/A |Measurement only - No bailing done
16-Oct-07 | 12.20 | 83.65 0.990 94.856 | ------ | ------ N/A N/A N/A N/A  |Measurement only - No bailing done
18-Dec-07 | 12.20 | 83.65 0.880 94.966 | ------ | ----- N/A N/A N/A N/A  |Measurement only - No bailing done
12-Dec-07 | 12.20 | 83.65 0.880 94.966 | ------ | ------ N/A N/A N/A N/A |Measurement only - No bailing done
20-Feb-08 | 12.20 | 83.65 0.830 95.016 | ------ | ------ N/A N/A N/A N/A |Measurement only - No bailing done
23-Apr-08 | 12.20 | 83.65 0.840 95.006 | ------ | ---e-- N/A N/A N/A N/A  |Measurement only - No bailing done
11-Jun-08 | 12.20 | 83.65 0.960 94.886 | ------ | ------ N/A N/A N/A N/A |Measurement only - No bailing done
01-Aug-08 | 12.20 | 83.65 1.060 94.786 | ------ | ------ N/A N/A N/A N/A |Measurement only - No bailing done
01-Oct-08 | 12.20 | 83.65 1.030 94.816 | ------ | ----- N/A N/A N/A N/A  |Measurement only - No bailing done
01-Dec-08 | 12.20 | 83.65 0.880 94.966 | ------ | ------ N/A N/A N/A N/A |Measurement only - No bailing done
01-Feb-09 | 12.20 | 83.65 0.880 94.966 | ------ | ------ N/A N/A N/A N/A |Measurement only - No bailing done
01-Apr-09 [ 12.20 | 83.65 0.880 94.966 | ------ | ------ N/A N/A N/A N/A  |Measurement only - No bailing done
01-Jun-09 | 12.20 | 83.65 0.980 94.866 | ------ | ------ N/A N/A N/A N/A |Measurement only - No bailing done
01-Aug-09 | 12.20 | 83.65 1.150 94.696 | ------ | ------ N/A N/A N/A N/A |Measurement only - No bailing done
01-Nov-09 | 12.20 | 83.65 1.020 94.826 | ------ | ------ N/A N/A N/A N/A  |Measurement only - No bailing done
05-Jan-10 | 12.20 | 83.65 0.91 94.936 N/A N/A N/A N/A |Measurement only - No bailing done
03-Mar-10 | 12.20 | 83.65 0.82 95.026 N/A N/A N/A N/A  |Measurement only - No bailing done
28-Apr-10 | 12.20 | 83.65 0.81 95.036 | ------ | ------ N/A N/A N/A N/A  |Measurement only - No bailing done
29-Jun-10 | 12.20 | 83.65 0.91 94.936 | ------ | ---ee- N/A N/A N/A N/A |Measurement only - No bailing done
18-Oct-10 | 12.20 | 83.65 1.10 94.746 | ----- | ------ N/A N/A N/A N/A  |Measurement only - No bailing done
13-Dec-10 | 12.20 | 83.65 1.12 94.726 | ------ | ------ N/A N/A N/A N/A  |Measurement only - No bailing done
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2003-2010 FIELD MONITORING DATA FOR THE WEST COAST LANDFILL MONITORING WELLS

TABLE XVI

WELL DEPTH | STATIC ELEVATION | PURGED ELEV
Site Date Depth |Elevation| D\igg :O Elevation| WLE | Elevation | Temp.| pH CE:;% ORP Comments
(m-asl) | (m-asl) (m) (m-asl) (m) (m-asl| (°C) (mS/cm) mV
MWO02-2| 25-Feb-03 | 12.20 | 80.86 1.880 91.180 N/A N/A N/A N/A  |Measurement only - No bailing done

28-Apr-03 | 12.20 | 80.86 1.790 91.270 | 9.680 | 83.380 N/A N/A N/A N/A__[Bailed approximately 20L

2-Jul-03 | 12.20 [ 80.86 2.280 90.780 |10.625| 82.435 N/A N/A N/A N/A__[Bailed approximately 20L
15-Sep-03 | 12.20 80.86 2.280 90.780 [11.440| 81.620 N/A N/A N/A N/A |Bailed approximately 20L
29-Oct-03 | 12.20 | 80.86 3.240 89.820 |11.730| 81.330 [ 11.0 | 6.79 11.70 -28.8 |Bailed approximately 20L
18-Dec-03 | 12.20 | 80.86 3.170 89.890 [11.570| 81.490 2?2 | 2?2 | 11.00 ??? |Bailed approximately 20L
26-Feb-04 | 12.20 80.86 2.430 90.630 [10.940| 82.120 ?2?7? ?2?7? 11.00 ??? |Bailed approximately 20L
27-Apr-04 | 12.20 | 80.86 2.570 90.490 |11.190| 81.870 2?7 | ??? 9.20 ??? _|Bailed approximately 20L
28-Jun-04 | 12.20 [ 80.86 2.630 90.430 |11.650| 81.410 11.69 Bailed approximately 20L
30-Aug-04 | 12.20 80.86 2.800 90.260 [11.760] 81.300 11.80 Bailed approximately 20L
26-Oct-04 | 12.20 | 80.86 3.010 90.050 |11.530| 81.530 11.38 Bailed approximately 20L
14-Dec-04 | 12.20 | 80.86 3.110 89.950 [ ------ [ - N/A N/A N/A N/A  |Measurement only - No bailing done
14-Feb-05 | 12.20 | 80.86 1.850 91.210 N/A N/A N/A N/A  |Measurement only - No bailing done
19-May-05 | 12.20 | 80.86 1.660 91.400 N/A N/A N/A N/A |Measurement only - No bailing done

6-Jul-05 12.20 | 80.86 1.680 91.380 | ------ | ------ N/A N/A N/A N/A  |Measurement only - No bailing done
29-Aug-05 | 12.20 | 80.86 |  ----- 93.060 | ------ | -meee- N/A | N/A N/A N/A _|Field data sheet lost
24-Oct-05 | 12.20 | 80.86 1.770 91.290 | ------ | ------ N/A N/A N/A N/A  |Measurement only - No bailing done
19-Dec-05 | 12.20 | 80.86 1.690 91370 | ---- | ------ N/A N/A N/A N/A |Measurement only - No bailing done
13-Feb-06 | 12.20 | 80.86 1.580 91.480 | 9.030 | 84.030 N/A N/A N/A N/A [Bailed approximately 20L
25-Apr-06 | 12.20 | 80.86 2.160 90.900 |11.010| 82.050 N/A | N/A N/A N/A__[Bailed approximately 20L
13-Jun-06 | 12.20 | 80.86 3.670 89.390 [ ------ [ - 24.7 | 25.7 8.28 27.0 |Conductivity off scale in uS/cm range. Used mS/cm
9-Aug-06 | 12.20 | 80.86 2.320 90.740 | ------ | --eee- N/A N/A N/A N/A  |Measurement only - No bailing done
25-Oct-06 | 12.20 | 80.86 2.070 90.990 | ------ | ------ N/A N/A N/A N/A  |Measurement only - No bailing done
18-Dec-06 | 12.20 | 80.86 1.870 91.190 | - |  ------ N/A N/A N/A N/A |Measurement only - No bailing done
17-Apr-07 | 12.20 | 80.86 1.760 91.300 | - - N/A N/A N/A N/A |Measurement only - No bailing done
12-Jun-07 | 12.20 | 80.86 1.810 91.250 | ------ | ------ N/A N/A N/A N/A |Measurement only - No bailing done
15-Aug-07 | 12.20 | 80.86 1.880 91.180 | ------ | ---—-- N/A N/A N/A N/A  |Measurement only - No bailing done
16-Oct-07 | 12.20 | 80.86 1.870 91.190 | ------ | ------ N/A N/A N/A N/A |Measurement only - No bailing done
18-Dec-07 | 12.20 80.86 1.810 91.250 [ === | - N/A N/A N/A N/A  |Measurement only - No bailing done
12-Dec-07 | 12.20 | 80.86 1.810 91.250 | ------ | ------ N/A N/A N/A N/A |Measurement only - No bailing done
20-Feb-08 | 12.20 | 80.86 1.760 91.300 | ------ | ------ N/A N/A N/A N/A  |Measurement only - No bailing done
23-Apr-08 | 12.20 | 80.86 1.790 91.270 | - - N/A N/A N/A N/A |Measurement only - No bailing done
11-Jun-08 | 12.20 | 80.86 1.850 91.210 | ------ | ------ N/A N/A N/A N/A  |Measurement only - No bailing done
01-Aug-08 | 12.20 | 80.86 1.940 91.120 | ------ | ------ N/A N/A N/A N/A  |Measurement only - No bailing done
01-Oct-08 | 12.20 | 80.86 1.940 91.120 | ------ | ---e-- N/A N/A N/A N/A  |Measurement only - No bailing done
01-Dec-08 | 12.20 | 80.86 1.870 91.190 | ------ | ------ N/A N/A N/A N/A |Measurement only - No bailing done
01-Feb-09 | 12.20 | 80.86 1.820 91.240 | ------ | ---e-- N/A N/A N/A N/A |Measurement only - No bailing done
01-Apr-09 | 12.20 | 80.86 1.840 91.220 | ------ | ---ee- N/A N/A N/A N/A |Measurement only - No bailing done
01-Jun-09 | 12.20 | 80.86 1.900 91.160 | ------ | ------ N/A N/A N/A N/A |Measurement only - No bailing done
01-Aug-09 | 12.20 [ 80.86 1.980 91.080 | ------ | ------ N/A N/A N/A N/A  |Measurement only - No bailing done
01-Nov-09 | 12.20 | 80.86 1.960 91.100 | ------ | ---e-- N/A N/A N/A N/A  |Measurement only - No bailing done
05-Jan-10 | 12.20 [ 80.86 1.86 91.200 | ----- |  ------ N/A N/A N/A N/A |Measurement only - No bailing done
03-Mar-10 | 12.20 | 80.86 1.80 91.260 | - - N/A N/A N/A N/A  |Measurement only - No bailing done
28-Apr-10 | 12.20 | 80.86 1.97 91.090 | ------ | ---ee- N/A N/A N/A N/A |Measurement only - No bailing done
29-Jun-10 | 12.20 | 80.86 1.86 91.200 | ----- | ------ N/A N/A N/A N/A |Measurement only - No bailing done
18-Oct-10 | 12.20 | 80.86 1.99 91.070 | ------ | ------ N/A N/A N/A N/A |Measurement only - No bailing done
13-Dec-10 | 12.20 | 80.86 1.96 91.100 | ------ | ---ee- N/A N/A N/A N/A  |Measurement only - No bailing done
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2003-2010 FIELD MONITORING DATA FOR THE WEST COAST LANDFILL MONITORING WELLS

TABLE XVI

WELL DEPTH | STATIC ELEVATION | PURGED ELEV
Site Date Depth |Elevation| D\igg :O Elevation| WLE | Elevation | Temp.| pH CE:;% ORP Comments
(m-asl) | (m-asl) (m) (m-asl) (m) (m-asl) (°C) (mS/cm) mV
MWO02-3| 25-Feb-03 | 12.20 | 88.87 1.700 99.370 N/A N/A N/A N/A  |Measurement only - No bailing done

28-Apr-03 | 12.20 | 88.87 1.580 99.490 | 8.940 | 92.130 N/A N/A N/A N/A__[Bailed approximately 20L

2-Jul-03 | 12.20 [ 88.87 1.730 99.340 |11.430| 89.640 N/A N/A N/A N/A__[Bailed approximately 20L
15-Sep-03 | 12.20 88.87 1.900 99.170 [10.810] 90.260 N/A N/A N/A N/A |Bailed approximately 20L
29-Oct-03 | 12.20 | 88.87 2.360 98.710 |11.580| 89.490 [ 12.3 | 6.92 7.57 -40.2 |Bailed approximately 20L
18-Dec-03 | 12.20 | 88.87 2.300 98.770 |11.590| 89.480 ?2?? | 2?22 7.57 ??? |Bailed approximately 20L
26-Feb-04 | 12.20 88.87 1.850 99.220 [10.980| 90.090 ?2?7? ?2?7? 7.80 ??? |Bailed approximately 20L
27-Apr-04 | 12.20 | 88.87 1.890 99.180 | 11.440| 89.630 2?7 | ??? 6.65 ??? _|Bailed approximately 20L
28-Jun-04 | 12.20 | 88.87 1.970 99.100 |10.920| 90.150 7.39 Bailed approximately 20L
30-Aug-04 | 12.20 88.87 2.080 98.990 [11.470] 89.600 7.92 Bailed approximately 20L
26-Oct-04 | 12.20 | 88.87 2.140 98.930 |11.350| 89.720 7.50 Bailed approximately 20L
14-Dec-04 | 12.20 | 88.87 2.270 98.800 | ------ | ------ N/A N/A N/A N/A  |Measurement only - No bailing done
14-Feb-05 | 12.20 | 88.87 1.560 99.510 N/A N/A N/A N/A  |Measurement only - No bailing done
19-May-05 | 12.20 | 88.87 1.480 99.590 N/A N/A N/A N/A |Measurement only - No bailing done

6-Jul-05 12.20 | 88.87 1.500 99.570 | ------ | ------ N/A N/A N/A N/A  |Measurement only - No bailing done
29-Aug-05 | 12.20 88.87 | @ ----- 101.070 | ------ | = ------ N/A N/A N/A N/A |Field data sheet lost
24-Oct-05 | 12.20 | 88.87 1.620 99.450 | ------ | ---ee- N/A N/A N/A N/A  |Measurement only - No bailing done
19-Dec-05 | 12.20 | 88.87 1.520 99.550 | ----- | ------ N/A N/A N/A N/A |Measurement only - No bailing done
13-Feb-06 | 12.20 | 88.87 1.450 99.620 | 9.460 | 91.610 N/A N/A N/A N/A [Bailed approximately 20L
25-Apr-06 | 12.20 | 88.87 1.630 99.440 |10.220| 90.850 N/A | N/A N/A N/A__[Bailed approximately 20L
13-Jun-06 | 12.20 | 88.87 1.980 99.090 | ------ | ---—-- 15.0 | 6.47 7.73 54.0 |Conductivity off scale in uS/cm range. Used mS/cm
9-Aug-06 | 12.20 | 88.87 1.800 99.270 | ------ | -meee- N/A N/A N/A N/A__[Measurement only - No bailing done
25-Oct-06 | 12.20 | 88.87 1.750 99.320 | ------ | ------ N/A N/A N/A N/A  |Measurement only - No bailing done
18-Dec-06 | 12.20 | 88.87 1.670 99.400 | ----- | ------ N/A N/A N/A N/A |Measurement only - No bailing done
01-Mar-07 | 12.20 | 88.87 1.520 99.550 | - - N/A N/A N/A N/A  |Measurement only - No bailing done
18-Apr-07 | 12.20 | 88.87 1.430 99.640 | ------ | ------ N/A N/A N/A N/A |Measurement only - No bailing done
13-Jun-07 | 12.20 | 88.87 1.470 99.600 | ----- | ------ N/A N/A N/A N/A |Measurement only - No bailing done
15-Aug-07 | 12.20 | 88.87 1.560 99.510 | ------ | ------ N/A N/A N/A N/A  |Measurement only - No bailing done
16-Oct-07 | 12.20 | 88.87 1.650 99.420 | ------ | ------ N/A N/A N/A N/A  |Measurement only - No bailing done
18-Dec-07 | 12.20 | 88.87 1.610 99460 | ----- |  ------ N/A N/A N/A N/A |Measurement only - No bailing done
12-Dec-07 | 12.20 | 88.87 1.610 99.460 | ------ | ------ N/A N/A N/A N/A  |Measurement only - No bailing done
20-Feb-08 | 12.20 | 88.87 1.470 99.600 | - - N/A N/A N/A N/A  |Measurement only - No bailing done
23-Apr-08 | 12.20 | 88.87 1.430 99.640 | ----- |  -----—- N/A N/A N/A N/A  |Measurement only - No bailing done
11-Jun-08 | 12.20 | 88.87 1.480 99.590 | ------ | - N/A N/A N/A N/A  |Measurement only - No bailing done
01-Aug-08 | 12.20 | 88.87 1.610 99.460 | ------ | ------ N/A N/A N/A N/A |Measurement only - No bailing done
01-Oct-08 | 12.20 | 88.87 1.680 99390 | - | ------ N/A N/A N/A N/A  |Measurement only - No bailing done
01-Dec-08 12.20 88.87 1.650 99.420 | - | - N/A N/A N/A N/A  |Measurement only - No bailing done
01-Feb-09 12.20 88.87 1.530 99.540 | ------ | ----e- N/A N/A N/A N/A  |Measurement only - No bailing done
01-Apr-09 12.20 88.87 1.560 99.510 | ---- |  ------ N/A N/A N/A N/A  |Measurement only - No bailing done
01-Jun-09 12.20 88.87 1.560 99.510 | ------ | ------ N/A N/A N/A N/A  |Measurement only - No bailing done
01-Aug-09 12.20 88.87 1.720 99.350 | ------ | ---e-- N/A N/A N/A N/A  |Measurement only - No bailing done
01-Nov-09 12.20 88.87 1.720 99.350 | ------ | - N/A N/A N/A N/A  |Measurement only - No bailing done
05-Jan-10 12.20 88.87 1.620 99.450 | - - N/A N/A N/A N/A  |Measurement only - No bailing done
03-Mar-10 12.20 88.87 1.550 99.520 | ------ | ---ee- N/A N/A N/A N/A  |Measurement only - No bailing done
28-Apr-10 12.20 88.87 1.480 99590 | ---- | - N/A N/A N/A N/A  |Measurement only - No bailing done
29-Jun-10 12.20 88.87 1.490 99.580 | ------ | ------ N/A N/A N/A N/A |Measurement only - No bailing done
18-Oct-10 12.20 88.87 1.700 99.370 | ------ | ---e-- N/A N/A N/A N/A  |Measurement only - No bailing done
13-Dec-10 12.20 88.87 1.660 99410 | - | ------ N/A N/A N/A N/A  |Measurement only - No bailing done
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NOTES:

1. LEACHATE POND AND COLLECTION DITCHES CONSTRUCTED
LATE SUMMER AND AUTUMN OF 2004.

2. NO RECORDED DECANT EVENTS FOR LEACHATE STORAGE
LAGOON IN 2010, HENCE NO SW—3a RESULTS.

3. SW—4 RESULTS FOR JUNE 2010 POSTED AS THIS SITE
WAS DRY IN AUGUST.

4. SW-5 SAMPLED IN MARCH AND APRIL, 2010. INSUFFICIENT
WATER TO SAMPLE AT OTHER TIMES.

5. SW—-6 SAMPLED JANUARY, MARCH, APRIL AND DECEMBER
2010. DRY IN JUNE AND AUGUST 2010.

6. SHC SAMPLING SITE LOCATED 900m SOUTH, AT HIGHWAY 4
CULVERT.

7. SW—13 SAMPLED IN APRIL AND JUNE 2009, THEN
DISCONTINUED DUE TO ABSENCE OF LEACHATE INDICATORS.

PREPARED SOLELY FOR THE USE OF OUR CLIENT AND NO REPRESENTATION OF ANY KIND IS MADE TO OTHER
PARTIES WITH WHICH PITEAU ASSOCIATES ENGINEERING LTD. HAS NOT ENTERED INTO A CONTRACT.

ALBERNI - CLAYOQUOT REGIONAL DISTRICT
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GEOTECHNICAL AND HYDROGEOLOGICAL CONSULTANTS
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PREPARED SOLELY FOR THE USE OF OUR CLIENT AND NO REPRESENTATION OF ANY KIND IS MADE TO OTHER
PARTIES WITH WHICH PITEAU ASSOCIATES ENGINEERING LTD. HAS NOT ENTERED INTO A CONTRACT.
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PREPARED SOLELY FOR THE USE OF OUR CLIENT AND NO REPRESENTATION OF ANY KIND IS MADE TO OTHER
PARTIES WITH WHICH PITEAU ASSOCIATES ENGINEERING LTD. HAS NOT ENTERED INTO A CONTRACT.
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PREPARED SOLELY FOR THE USE OF OUR CLIENT AND NO REPRESENTATION OF ANY KIND IS MADE TO OTHER
PARTIES WITH WHICH PITEAU ASSOCIATES ENGINEERING LTD. HAS NOT ENTERED INTO A CONTRACT.
NOTES:

1. Monthly Tofino Airport climate data is
plotted in bar chart (farmzone.com where
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2. SW-2 samples are from west leachate collector
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NOTES:

1. Monthly Tofino Airport climate data is
plotted in bar chart (farmzone.com where
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PREPARED SOLELY FOR THE USE OF OUR CLIENT AND NO REPRESENTATION OF ANY KIND IS MADE TO OTHER
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PREPARED SOLELY FOR THE USE OF OUR CLIENT AND NO REPRESENTATION OF ANY KIND IS MADE TO OTHER
PARTIES WITH WHICH PITEAU ASSOCIATES ENGINEERING LTD. HAS NOT ENTERED INTO A CONTRACT.
NOTES:

1. Monthly Tofino Airport climate data is
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APPENDIX B

2010 MONITORING PROGRAM SAMPLING SUITE



TABLE B-1
SUMMARY OF WEST COAST LANDFILL SAMPLING SITES AND ANALYTICAL SUITES - 2010 PROGRAM

LABORATORY
Field Physical . . Dissolved VOC
Y Anions | Nutrients | Total Metals BOD COD LCs
) Parameters Parameters Metals Scan
Site Temp, pH, Alkalinity, | Ammonia, ICP ICP/MS; ICP ICPIMS;
pH, Conductance, . X . .
conductance, chloride, nitrate, total FWAL detection FWAL detection
TDS, total hardness L o
colour sulphate phosphate limits limits
SW-1a Sandhill Crgek near X X X X X X X X
landfill
West leachate
SW-2 collector ditch X X X X Al, Fe and Mn only 3 X
Leachate storage 5
SW-3 lagoon X X X X X X X X X
West leachate 4
SW-4 collector ditch X X X X Al, Fe and Mn-only 3 X
SW-5 South property line X X X X Al "Fe and Mn only,
SW-6 West property line X X X X Al, Fe and Mn only,
Background at east
SW-7 property line X X X X X X X X
SW-8 Irrigation area X X X X Al, Fe and Mn only, 34 X
SW-9 Irrigation area X X X X Al, Fe and Mn only, 34 X
Sandhill Creek
SW-10 upstream of landfill X X X X x X X X
SW-11 West drainage at X X X X X X X X
property line
SW-12 Sandhill Trib a.lt south X X X X Al, Fe and Mn only,
property line
Standing water along
SW-13 road to leachate
lagoon
Sandhill i
) Sandhlll Creek at X X X X Al, Fe and Mn only,
Creek d/s Highway

Note: 1) Sandhill Creek d/s has not shown any impact to date.
2) Monitoring to be conducted bimonthly unless otherwise indicated
3) SW-5, SW-6, SW-8 and SW-9 not sampled during dry months, due to insufficient water.
4) BOD not sampled from SW-4, SW-8 and SW-9 after April 2010.
5) VOC scan to be reduced to once annually in 2011. May be increased back to bimonthly in 2012.

H:\Project\1576\SAMPLING\SAMPLING-SITES
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APPENDIX D
2009 LEACHATE EXCURSION INVESTIGATION
WEST COAST LANDFILL, TOFINO, BC
PITEAU ASSOCIATES ENGINEERING LTD., FEBRUARY 2, 2010
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