C.3.2 Proximity to Drinking Water Source

Regardless of whether the source is seasonal or perennial, an established
community or a summer camp water source located downgradient of the landfill is to be
considered in this factor.

C.3.3 Food Consumption

Sedentary organisms are more susceptible to local inputs as their exposure is large
if they are downgradient from the landfill. These organisms can include bottom-dwelleri
such as sculpins, mussels, sea urchins etc., as well as terrestrial vegetation, which can be
used for medicinal purposes. This kind of contamination *is quite localized when
considered on a broad regional scale” (DIAND 1997, pg. 5). Migratory marine animals
may have body burdens of contaminants; these are not directly attributable to local
contaminant sources, as the vast majority of organochlorines, for instance, arrive in the
Arctic via long range transport.

Caribou li'\{ing in the general area of DEW Line sites do not have elevated levels
of contaminants, since they feed over a very wide area. The Canadian Arctic Contaminant
Assessment Report (DIAND, 1997) describes these results in more detail.

It is recognized, however, that sources such as DEW Line sites do contribute
contaminants to the Arctic ecosystem. For the purpose of scoring the matrix, therefore, a
high consumption of animals from the area surrounding the DEW Line sites has the
potential to pose a higher risk than a low consumption, although in general the risk
remains low.

This factor is divided into two sub-sections, and the score is the sum of the score
for each of the two sub-sections.
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Appendix F

Confirmatory Testing Protocol

Confirmatory Testing Grid Sizes

Size of area Grid size # Perimeter # Interior grid
samples samples analyzed
analyzed

<100 m* 3x3m | all all
>100m?, <2500m’ | 6x6m | 50% 40%
>2500 m’ 12x12m | 50% 40%

Where the cxca\;étion has an irregular shape, samples from the perimeter of the excavated
area are to be collected following the shape of the excavation, rather than the grid if the
grid points do not fall on the edge of the excavation.

Samples at the grid intersections will be point samples (as opposed to composite
samples from each cell on the grid),to ensure simplicity of sampling and clarity of the
result.
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Appendix G

Barrel Contents Criteria and Disposal

Introduction

In order to determine the correct disposal method for barrels and their contents, the
contents must first be identified. All barrel contents will be sampled and analyzed.
Analytical data obtained for the samples collected from barrels located at the site will be
compared to the criteria included in Table 1, below. Barrel contents are identified as
organic or aqueous and the concentrations of glycols, alcohols, PCBs, chlorine, cadmium,
chromium and lead are determined. Uncontaminated aqueous phases can be disposed of
on the land; uncontaminated organic phases can be incinerated; contaminated aqueous
material should be scrubbed free of organic material; and contaminated organic material
should be disposed of as hazardous material.

Table 1: Barrel Protocol Criteria and Disposal Summary

Phase %glycols PCB (I Cd Cr Pb Disposal
or alcohols

Organic - <2 <1000 <2 <10 <100  Incineration
Organic - >2 >1000 >2 >10 >100  Ship south
Aquecus >2% >2 >1000 >2 >10  >100  Ship south
Aqueous >2% <2 <1000 <2 <10 <100 Incineration

. Aqueous <2% Scrub and discard

.

A. Inspection

1. All barrels are to be inspected to address the following items which shall be recorded
and used as a guide prior to opening barrels.
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Symbols, words, or other marks on the barrel that identify its contents, and/or that its
contents are hazardous: e.g. radioactive, explosive, corrosive, toxic, flammable.
Symbols, words, or other marks on the barrel that indicate that it contains discarded
laboratory chemicals, reagents, or other potentially dangerous materials in small-
volume containers.

Signs of deterioration or damage such as corrosion, rust, or leaks at seams, rims, and
V grooves.

Spillage or discoloration on the top and sides of the barrel.

Signs that the barrel is under pressure such as bulging and swelling.

Sampling

Barrels shall not be transported until it has been determined that they are not under
pressure, do not leak, and are sufficiently sound for transport.

Barrels to be sampled should be set in an upright position, provided that this does not
cause them to leak and that it is physically possible.

Barrels shotild only be opened using heavy equipment, according to accepted
procedures and under qualified supervision.

Once open, barrels will be sampled by personnel wearing proper personal protective
gear. Samples of the contents of all barrels shall be extracted using a drum thief.

In instances where there are a large number of barrels with obviously similar contents,
these can be grouped together and 30 to 40% of the barrels in the group sampled.
Barrels containing less than 50 mm of liquid may be combined with compatible
material prior to sampling; samples inferred to contain only water on a visual
examination shall be tested prior to this consolidation. Barrel contents, which consist
of black oil, shall not be consolidated.

All barrels shall be clearly numbered using spray paint or other suitable marker. The
number on this label should be the only sample coding provided to the laboratory.
The barrel locations and barrel sample descriptions should be recorded.

Samples should be kept at ambient temperatures and shipped by guaranteed freight to
laboratories where they should be kept cold pending analysis.

Testing

Liquid samples shall be inspected and classified as either containing water or organic
materials. Samples thought to contain water shall be analyzed to confirm that they are
indeed water, and contain less than 2% glycols or alcohols.

The contents of barrels containing organic materials, including aqueous samples
which contain more than 2% glycols or alcohols, shall be tested for PCBs, total -
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chlorine, cadmium, chromium and lead, in addition to identification of the major
components e.g. fuel oil, lubricating oil.

Contents of barrels which contain two or more phases shall have all phases analyzed;
the organic phases as described above and the aqueous phase to ascertain whether it
contains less than 2% organic substances. In addition, the aqueous phase shall be
tested for any components found in the organic phases above the criteria described

below.

Disposal of Barrel Contents

Barrels containing only rust and sediment shall be treated as empty barrels.

2. Barrel contents comprising water only (less than 2% glycols or alcohols) shall be

transferred to an open vessel such as a utility tub or half-barrel and any organic
material removed by agitation with a pillow or segment of oil absorbent material. The
water may then be discarded on to the ground that is a minimum of 30 meters
distance from natural drainage courses. Used oil absorbent material shall be treated as
described inbelow (D.5.).

Barrel contents which are composed of water with glycols and/or alcohols or organic
phases, and which contain less than 2 ppm PCBs, 1000 ppm chlorine, 2 ppm
cadmium, 10 ppm chromium, and 100 ppm lead, may be disposed of by incineration.
Alternatively these contents may be disposed of off-site at a licensed disposal facility.
The solid residual material resulting from incineration shall be subjected to a leachate
extraction test. Material found to be not leachate toxic shall be disposed of as DCC
Tier II contaminated soil. Leachate toxic material shall be treated as hazardous waste
and disposed of off-site at a licensed disposal facility.

Barrel contents, which contain greater than 2 ppm PCBs, 1000 ppm chlorine, 2 ppm
cadmium, 10 ppm chromium or 100 ppm lead shall be disposed of off-site at a
licensed disposal facility. Contents may be combined with compatible materials for
shipping purposes. Flash points may be required to be determined if they cannot be
inferred from the product identification.

Used oil absorbent material should be treated as hazardous waste and disposed of off-
site at a licensed disposal facility. If it is shown to be uncontaminated with PCBs (<2
ppm), chlorine (< 1000 ppm), cadmium (< 2 ppm), chromium (< 10 ppm) and lead (<
100 ppm), it may be incinerated on-site.

Disposal of Barrels

Empty barrels may be crushed or shredded and landfilled on-site as non-hazardous
waste after they have been cleaned in an appropriate manner. The barrels shall be
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crushed in such a manner so as to reduce their volume by a minimum of 75%.
Shredded barrels may be disposed of off-site as recycled metals.
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Appendix H

Post Construction Landfill Monitoring Regime

1.0 Types of Landfills
There are four types of landfills that require monitoring:

New landfills for non-hazardous materials and Tier I soil;
Landfills to be closed by the addition of granular fill and regraded;
Landfills to be closed with leachate containment; and

Tier II soil disposal facilities.

2.0 Monitoring

New landfills are to be constructed for the disposal of non-hazardous demolition wastes,
site debris and Tier I soil. These landfills, constructed according to specifications, are
considered to pose low potential environmental risks as the contents and placement of the
materials in the landfill are known. The monitoring of these landfills will be limited to a
visual inspection program to evaluate the stability of the landfill.

Existing landfills that are to be regraded will be monitored for leachate periodically by
the collection of soil and/or water samples from test pits at the toe of the landfill, in

addition to visual inspection.

For existing landfills that have been classified as moderate potential environmental risk.

and proposed Tier II soil disposal areas, the design in both cases is to incorporate a
leachate containment system, consisting of synthetic liners (geocomposite clay liners,

and/or geomembrane liners) and promotion of permafrost aggradation through the
landfill contents. The monitoring program for these landfills will include thermal
monitoring of the ground temperatures in and around the landfill, collection and analysis
of soil samples, collection and analysis of water from wells around the landfill, and visual

inspection.
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3.0 Description of Monitoring Components

3.1 Visual Inspection

The physical integrity of the landfill will be inspected and reported using photographs
(from the air as well-as ground level) and hand drawn sketches. Documnented observations
should include:

e Signs of damage from settlement, ponding, frost action, erosion, and lateral
movement.
e Sloughing of berms, thermal contraction cracks etc.

3.2 Soil and Water Sampling

Soil and water samples, representing background as well as baseline conditions, will be
collected. Results of analyses of samples from landfills will be compared to these
baseline and background samples as this is indicative of changing environmental
conditions at the site.

In general, one monitoring well will be placed upgradient and three will be placed
downgradient. This allows the assessment of hydraulic gradient and evaluation of
potential impacts. Soil samples will be collected from the toe of the landfill, and will
generally be taken from the same locations as the wells. Soil samples at the toe of the
landfill reflect chronic input from water and are a very important indicator of leachate.

Soil and water samples will be tested for:

e PCBs (polychlorinated biphenyls);
TPH (total petroleum hydrocarbons),; and;
¢ Inorganic elements: arsenic, cadmium, chromium, cobalt, copper, lead, nickel and
_ znc
If the landfill is close to a drinking water source and has the potential to have an impact
on it, the water samples will be analyzed for the following parameters in addition to the
compounds and elements listed above:

e inorganic elements by ICP scan;
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e major ions, hardness, and total dissolved solids,; and;
e pH and conductivity.;

The intent of the additional analyses 1s to provide added information to evaluate the
potential impacts related to the landfill, and not necessarily to provide an assessment of
the potability of the water source. In this latter case, the results of the analyses of these
drinking water samples will be compared to the most current version of Canadian and/or
Territorial standards for drinking water for the parameters analysed, in addition to
comparison with background and baseline data.

3.3 Thermal Monitoring

As indicated previously, one component of the leachate containment system incorporates
aggradation of the permafrost through the landfill contents such that the active layer does
not penetrate the waste materials. Geothermal analyses were carried out to predict the
length of time for freezeback of the landfill; long-term and short-term thermal regime in
the ground; and the depth of the active layer in the cover material. The analyses have
shown that it takes several years for the landfill temperatures to equilibrate and stabilize.

A thermal monitoring system provides measurement of sub-surface ground temperatures
which allows comparison to and verification of the predicted ground temperatures. The
thermal monitoring system consists of installation of thermistor strings, with “thermistor
beads™ at select intervals to provide ground temperature profiles at various locations
within the landfill. The thermistor strings are attached to automated data-loggers which
allow for remote data collection. In general, a minimum of three thermistors will be
placed; the actual number will be evaluated on a landfill-specific basis. Thermistor
installation will be in accordance with standard engineering practice.

]

Checklists for the collection of monitoring data are presented in Appendix I.

4.0 Monitoring Frequency

“Generally, the post-construction monitoring program would have three phases, each with
a different objective.
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4.1 Phase I: Monitoring of conditions to confirm that equilibrium is achieved.

During Phase I, sites where leachate containment and/or Tier II soil facilities have been
constructed, monitoring will take place on an annual basis, for an estimated period of
five years following construction. The five-year term was selected on the basis that
ground-temperature thermal regimes at these specific landfills would require three to five
years to reach equilibrium.

At other locations, where existing landfills have been regraded and new landfills have
been constructed, Phase I monitoring will be carried out on in the first, third and fifth
years following construction.

An evaluation of the Phase I data will be carried out at the end of five years to confirm
that thermal and chemical equilibrium had been achieved, and that no stability issues
have been identified. The Phase I monitoring program may be extended, if required.

4.2  Phase II: Verification of equilibrium conditions established during Phase I.

The monitoring frequency in Phase II be downgraded from Phase I, and be carried out
according to the following schedule: year 7, year 10, year 15 and year 25. Year 25
would mark the end of Phase II monitoring.

43 Phase III: Monitoring for long term issues such as liner integrity, permafrost
stability, and significant storm events.

At the end of Phase II, 25 years after implementation of the remedial actions for a given
landfill, a major re-evaluation of the monitoring program will be carried out prior to
initiating Phase III. It is difficult to predict beyond 25 years how world events and
improvements in technology may impact on monitoring requirements. Based on current
technology and knowledge, a Phase III program should be implemented at 10 year
_intervals. The duration of the Phase III program will be estimated at the outset of the
program and be subject to re-evaluation as new technologies are developed and new

information becomes available.
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5.0 Interpreting Monitoring Results

Monitoring results (thermal, chemical and visual) have to be interpreted in concert with
one another. An increase in chemical concentrations, for instance, from one year to the
next does not necessarily trigger action if there are no other signs of landfill instability.
Stability problems would have to be established by a geotechnical engineer with northem
experience. Action will be taken based on trends in chemical data rather than isolated

results,

Normally, the first step to be taken when a potential problem is identified is to intensify
the monitoring program. If a problem has been confirmed, then remedial action will be

undertaken.

The flowcharts in Figures 1 to 4 illustrates the decision-making process to be applied to
monitoring data. The following section outlines actions to be taken if the monitoring
program indicates a deficiency in a landfill.
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6.0  Impact of Monitoring Results

The possible results and the associated potential mitigation requirements for the landfill
monitoring components are described in the following subsections. For all instances, the
mitigation requirements are dependent on the severity of the deficiency, and will be
assessed by a professional geotechnical engineer with northern engineering design and
construction experience. In addition, the assessment and implementation of resulting
remediation requirements will be carried out in a staged approach to ensure that the
proposed solutions address the specific requirements in a logical and cost effective
manner.

6.1 Visual Inspection

If the results of the visual inspection program indicate evidence of significant settlement,
ponding, or frost jacking, it may be necessary to implement one or more of the following
mitigative measures:

e increase the frequency of the visual monitoring program

¢ place erosion protection material such as riprap, vegetation mats, etc.

e recompact existing debris material and existing granular material

e place additional granular fill

e regrade, as required, to promote positive drainage away from the deficient landfill area.

It should be noted that settlement of the landfill surface may not necessarily result in
failure of the landfill. Settlement (typically differential settlement) that results in ponding
and infiltration of surface water could lead to erosion and frost jacking problems.

If the visual monitoring program results indicate evidence of sloughing of landfill
perimeter berms and thermal contraction cracks, it may be necessary to implement one or
more of the following mitigative measures:

e flatten granular berm slopes
e compact existing granular slopes
e place and compact additional granular fill material
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6.2  Soil and Groundwater Monitoring

The results of the soil and groundwater monitoring program will be compared against
baseline data established prior to the initial landfill development or remediation}:rogram.
Results of the analysis of soil and groundwater samples that show decreasing trends of
contamination at the perimeter of landfills typically indicate that the implemented landfill
remediation has been effective. Conversely, if the results indicate increasing levels of
contamination, then it may be necessary to implement one or all of the following:

e Increase the frequency of the monitoring program.

e Carry out a review and evaluation of the nature and extent of the contamination,
including the incorporation of the results of the visual monitoring program. The major
objective of this evaluation will be to determine the cause of the contaminant migration
problem, and in particular to determine if it is the result of ineffective design, material
(e.g. liner) failure, improper compaction, selection and use of inadequate granular
material, poor grading, etc. This evaluation may require intrusive investigation into and
around the landfill.

e Depending on the results of the above, it may be necessary to remove and replace liner
material, reconstruct containment berms, etc.

e Assess the requirement to excavate and dispose of the contaminated soil; this would
include the delineation of the vertical and areal extent of the contamination.

e Excavate and dispose of contaminated soil and/or excavate all or part(s) of the landfill,

as required.

The requirement for the specific scope and extent of remediation, as outlined above, will
also incorporate an risk evaluation of the potential impacts of the contamination based on
the principles defined in the Landfill Risk Evaluation Matrix. The need for the risk
evaluation is predicated on the understanding that not all affected sites pose the same risk
to the environment, and consequently remediation requirements will vary.

6.3 Thermal Monitoring

“The results of the thermal monitoring program will be compared against the parameters
for freezeback that were incorporated into the geothermal design of the landfills. It is
important that the overall assessment of these results consider the results of both the
visual and soil/groundwater monitoring programs. If the thermal monitoring results
indicate ground temperatures that are significantly higher (greater than 2° C) than
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predicted during the geothermal analyses carried out as part of the design, then it may be
necessary to implement one or more of the following:

o Increase the frequency of the recording and assessment of results from the thermal
monitors.

o Establish, based on the results of the soil and groundwater monitoring programs, if
groundwater and/or soil contaminant levels beyond the perimeter of the landfill have
increased. Incorporate the results of a risk assessment. Assess the impacts, as outlined
above, to determine the appropriate remediation requirements.

e Ifit established that a slower than expected freezeback period has resulted in the
migration of contamination beyond the landfill and depending on the results of the
above risk assessment, then it may be necessary to implement one or more of the

following:

— determine if the rate of the freezeback progress is continuing, or if
freezeback within the landfill has terminated; is at steady-state;

— Texcavate and dispose of contaminated soil and/or excavate all or part of
the landfill, as required;

— place additional granular cover material or other insulating material
(styrofoam insulation, vegetation) over the landfill to provide an increased
insulation barrier over the landfill;

— reconstruct and/or re-saturate the perimeter berms of the landfill.
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Appendix I

Landf{ill Monitoring Checklist
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GEOCOMPOSITE

CLAY UNER TYPE 5 GRANULAR FILL

(BEDDING MATERIAL)

TYPE 2
GRANULAR FILL
(SEE NOTE 1)

SLOPED ﬂﬁw‘m DRAINAGE

—

s e e S

ORIGINAL GROUND 3%

B R

TYPE 4
GRANULAR
FILL (SATURAILD)

TYPE 4
GRANULAR
FILL (SATURATED)
TYPE 2
GRANULAR FILL

ALTERNATING LAYERS OF
DCC TIER I SOIL AND CLEAN

GRANULAR FiLL ARCTIC GRADE PVC LINER

TYPE 5 GRANULAR FiLL
(BEDDING MATERIAL)

NOTES:

1. GRANULAR FILL THICKNESS DEPENDENT ON
SITE SPECIFIC CONDITIONS.

2. GRANULAR FILL GRADATIONS ARE SITE SPECIFIC.
TIER I DISPOSAL FACILITY

umo TYPICAL CROSS SECTION
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