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2.3

Options to be used in the AERMOD Model

The options that were used in the AERMOD model are summarized in Table B3-4 below.

Table B3-4: Options Used in the AERMOD Model

Modelling Parameter

Description

Used in the Assessment?

Specifies that regulatory default

length (m).

DFAULT . , Yes
options will be used.
CONC Specifie; that concentration Yes
values will be calculated.
Specifies that variable emissions
El\ggs;gy are in use for variable emissions |Yes (see table B3-5)
type “Hour-of-day”
Specifies that the non-default No — NOz is converted during
OLM Ozone Limiting Method (OLM) for |post processing as described in
NO2 conversion will be used. section 2.5 below.
DDPLETE Specifies that dry deposition will No
be calculated.
WDPLETE Specifies that wet deposition will No
be calculated.
Specifies that the non-default No, the model will use elevated
FLAT option of assuming flat terrain will |terrain as detailed in the
be used. AERMAP output.
Specifies that the non-default
NOSTD option of no stack-tip downwash |No
will be used.
AVERTIME Time averaging periods 1-hr, 8-hr, 24-hr, Annual
calculated.
Allows the model to incorporate
the effects of increased surface
URBANOPT heating from an urban area on No
pollutant dispersion under stable
atmospheric conditions.
Specifies the urban rouahness No, site specific roughness values
URBANROUGHNESS |>P 9 were incorporated into the

AERMET processing.
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The variable emissions by hour of day option in AERMOD was applied for road segments
where the volume of vehicle traffic on road segments varies significantly over the course of the
day. Table B3-5 lists the road segments and scaling factor applied to emissions.

Table B3-5: Variable Emissions Scaling Factors

Sources Hour of Day Scaling Factor

EXISTROAD, FILL,

EXPANROAD, FILL_EXP 0:00-8:00 0

8:00-9:00

9:00-10:00

10:00-11:00

11:00-12:00

12:00-13:00

13:00-14:00

14:00-15:00

15:00-16:00

UL G I N [ N I N [ W D N S N [ ) R

16:00-17:00

17:00-0:00

(@)

24 Time Average Conversions

The smallest time scale that AERMOD predicts is a 1-hour average value. There are instances
when criteria are based on shorter averaging times, and in these cases a conversion factor,
recommended by the MECP, for conversion from a 1-hour averaging period to the applicable
averaging period less than 1-hour was used (MECP, 2017).

GOLDER - FINAL 9



May 2022 1648253

An example is given below for converting from a 1-hour averaging period to a 10-minute
averaging period, which is required for odour modelling:

Where:

F = the factor to convert from the averaging period t1 output from the model (MECP
assumes AERMOD predicts true 60 minute averages) to the desired averaging period
to (assumed to be 10-minutes in the example above).

n = the exponent variable; in this case the MECP value of n = 0.28 is used for conversion.

For averaging periods greater than 1-hour, the AERMOD output was used directly.

2.5 NOx to NO2 Conversion

Emissions of oxides of nitrogen (NOx) were used as inputs to the AERMOD model. The
modelled predictions of NOx were then used to calculate the nitrogen dioxide (NO2)
concentration, one of the indicator compounds, using the Ozone Limiting Method (OLM)
suggested by Cole and Summerhays (Cole et al. 1979). The 1-hour and 24-hour NO2
concentrations were calculated using the background ozone conservatively determined as the
90" percentile of the 1-hour measured ground-level ozone concentration (see Appendix A for
baseline).

The OLM (Cole et al. 1979) assumes that 10% of the NOx emissions are in the form of NOz2,
and the remaining 90% in the form of NO. Some or all of the NO will be converted to NO2 by
reaction with ozone (Os3). If the NOx concentration in ppm is multiplied by 0.9 and this value is
less than the ozone concentration in ppm, then the NO2 concentration is equal to the NOx
concentration. However, if the NOx concentration in ppm is multiplied by 0.9 and the value is
equal to or greater than the ozone concentration in ppm, then the NO2 concentration is given
by the following equations:

NO,(ppm) = 03;(ppm) + 0.1 * NOx (ppm)

For example, the maximum 24-hr modelled concentration of NOx was 41.79 uyg/m*. This can
be translated into a concentration in ppm using the equation below at standard temperature
and pressure.

Vi lug

M 1Lair

1ppm =
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Using a molar volume of 22.414 L (Vm) at standard temperature and pressure and the
molecular weight of NO2 (M) at ambient temperature, the equation for the NOx concentration
becomes

NOy (ppm) = 417922 Lm ( o )(273.15 . 25)
XA = 2272003 10001 ) \(14.0067 + 2 + 15.9994)) " 273.15

NOyx = 0.022 ppm

Since this value multiplied by 0.9 is 0.022 ppm which is less than the ozone concentration of
0.043 ppm, the NO2 concentration is equal to the NOx concentration.

This method is widely accepted as being a reasonable approach that recognizes the most
important mechanism for NOx conversion, namely reactions with ozone.
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1.0 ESTIMATION OF LANDFILL GAS PRODUCTION

1.1 Methodology

For purposes of the EA, a model was prepared to estimate the potential landfill gas (LFG)
generation rates at the Boyne Road Landfill site in the Township of North Dundas using
LandGEM v.3.03 (June 2020) developed by the United States Environmental Protection
Agency (US EPA, 1991). The LandGEM model is based on a first-order decay model of landfill
gas generation. The key input parameters for the model are the historical and projected annual
tonnages of waste disposed of in the landfill footprint, the LFG production potential and the
LFG generation rate factor. The waste inputs for the LandGEM model have been provided in Table
B4-2, located at the end of this Appendix. The model incorporated available or assumed historical,
current and projected waste quantities disposed at the landfill over the operational lifespan of
the landfill.

1.2 Ultimate Methane Yield and Methane Generation Rate Constant

The LFG production potential (Lo) is a measure of the ultimate methane yield in cubic metres of
methane per tonne of waste (m3/tonne), and LFG generation rate factor (k) is the methane
generation rate constant in year'. Both Lo and k are highly influenced by moisture content, as
well as waste composition, temperature, pH, particle size and availability of nutrients. The
inputs for Lo and k were the standard Ministry accepted values of 125 cubic metres of methane
per tonne of waste and 0.040 years™, respectively (MECP, 1992).

1.3 Waste Tonnage and Waste Composition

LFG generation rates were estimated for the Boyne Road Landfill based on the estimated
historical and projected waste tonnages landfilled, assuming an operational lifespan of

84 years (i.e., 1964 to 2048). The assumptions used to estimate the historical waste tonnages
are provided below. Daily cover and soil fill materials were excluded from the waste tonnages.

The compiled estimated historical and projected waste tonnages were input directly to the
model. In the absence of site-specific data, LFG generated at the landfill site was assumed to
be comprised of approximately 50% methane (CH4) by volume, based on the published data
on typical LFG composition.

The LandGEM model assumes a waste composition similar to typical historical MSW in
estimating LFG generation rates.

The Boyne Road landfill does not have a weigh scale; as such, there is no annual waste
tonnage information available. There have been annual surveys of airspace consumed for a
number of years; using a compacted waste density of 0.7 tonnes/cubic metre and a 4:1 waste:
cover ratio, these volumes were converted to tonnage to estimate the projected tonnage of
waste during the expansion period from 2023 through 2048.
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To estimate the landfilled tonnage from 1965 to 2023, the following describes the methodology
used to derive the annual waste tonnage estimates, which are presented in the attachment:

m The calculated total volume of landfilled airspace used for waste and daily cover between
1965 and 2020 is 555,700 m?.

m The volume of airspace used in each of 2009 to 2020 was calculated based on annual
topographic surveys, with the calculated airspace consumed at the end of 2008 of 375,077
mS3.

m Prior to 2009, there are only vehicle counts available to indicate waste received at the site.
The estimation of annual fill rate from 1996 to 2008 was based on the average annual fill
rate for 2009 — 2011 and corrected for population growth in five year increments. During
this period, approximately 12,500 m? of airspace was consumed annually.

m For 1966 to 1995, it was assumed that there were progressive step changes to the annual
fill rate, starting at 5000 m3 /year for 1966 to 1985, 6,500 m3/year for 1976 to 1985 and
9,500 m¥/year for 1986 to 1995.

m The volumes were then converted to waste tonnage using a 4:1 waste: cover ratio and a
waste density of 0.7 Mg/m?,

This approach is considered both reasonable and conservative in terms of estimating LFG
generation since it results in more waste being placed in more recent years and over the years
since the site has been operational (reflecting a gradually increasing larger population and an
increase in waste generation per capita).

14 Landfill Gas Generation Estimates

The resulting theoretical maximum total LFG and methane generation rate estimates obtained
from the LandGEM model are illustrated in Figure B4-1. Table B4-1 presents a summary of the
estimated LFG and methane theoretical maximum generation. Estimated annual waste input
tonnages are presented in the attachment.
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Figure B4-1: Estimated Landfill Gas and Methane Generation Rates from LandGEM Model

Table B4-1: Summary of Total Estimated Landfill Gas and Methane Generation for the
Boyne Landfill Expansion

Landfill Gas Landfill Gas Methane Methane
Year Generation Generation Generation Generation
Estimate Estimate Estimate* Estimate*
scfm m3/hr scfm m3/hr
2021 101.8 172.9 50.8 86.4
2035 121.4 206.2 60.7 103.1
2048
(landfill closure) 135.0 229.4 67.5 114.7
2049
(peak LFG generation) 136.0 231.2 68.0 115.6
2065 71.8 122.0 35.9 61.0
2080 39.4 67.0 19.7 33.5

Notes:
* Assumes LFG is comprised of 50% methane

m3
scfm

cubic metres

= standard cubic feet per minute
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Table B4-2: LandGEM Waste Inputs

Year Est. Fill Rate (m3) Waste Fill Rate Waste Input
Waste+ Cover (m3/year) (Mglyear)
1965 3188 2550 1785
1966 5000 4000 2800
1967 5000 4000 2800
1968 5000 4000 2800
1969 5000 4000 2800
1970 5000 4000 2800
1971 5000 4000 2800
1972 5000 4000 2800
1973 5000 4000 2800
1974 5000 4000 2800
1975 5000 4000 2800
1976 6500 5200 3640
1977 6500 5200 3640
1978 6500 5200 3640
1979 6500 5200 3640
1980 6500 5200 3640
1981 6500 5200 3640
1982 6500 5200 3640
1983 6500 5200 3640
1984 6500 5200 3640
1985 6500 5200 3640
1986 9500 7600 5320
1987 9500 7600 5320
1988 9500 7600 5320
1989 9500 7600 5320
1990 9500 7600 5320
1991 9500 7600 5320
1992 9500 7600 5320
1993 9500 7600 5320
1994 9500 7600 5320
1995 9500 7600 5320
1996 12454 9963 6974
1997 12443 9954 6968
1998 12432 9946 6962
1999 12421 9937 6956
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Year Est. Fill Rate (m3) Waste Fill Rate Waste Input
Waste+ Cover (m3/year) (Mglyear)
2000 12410 9928 6950
2001 12399 9919 6943
2002 12417 9934 6954
2003 12435 9948 6964
2004 12453 9962 6974
2005 12471 9977 6984
2006 12489 9991 6994
2007 12518 10014 7010
2008 12547 10038 7026
2009 10400 8320 5824
2010 9500 7600 5320
2011 18600 14880 10416
2012 11500 9200 6440
2013 18000 14400 10080
2014 18900 15120 10584
2015 15500 12400 8680
2016 10360 8288 5802
2017 23909 19127 13389
2018 18587 14870 10409
2019 11897 9518 6662
2020 13470 10776 7543
2021 16200 12960 9072
2022 16100 12880 9016
2023 16000 12800 8960
2024 15800 12640 8848
2025 15700 12560 8792
2026 15700 12560 8792
2027 15600 12480 8736
2028 15500 12400 8680
2029 15400 12320 8624
2030 15300 12240 8568
2031 15400 12320 8624
2032 15500 12400 8680
2033 15600 12480 8736
2034 15700 12560 8792
2035 15800 12640 8848
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Year Est. Fill Rate (m3) Waste Fill Rate Waste Input
Waste+ Cover (m3/year) (Mglyear)
2036 15900 12720 8904
2037 16000 12800 8960
2038 16100 12880 9016
2039 16200 12960 9072
2040 16300 13040 9128
2041 16400 13120 9184
2042 16500 13200 9240
2043 16600 13280 9296
2044 16700 13360 9352
2045 16800 13440 9408
2046 16900 13520 9464
2047 17000 13600 9520
2048 17100 13680 9576
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Acoustic values can be described in terms of noise or sound. While noise is defined as
unwanted sound, the terms noise and sound are often used interchangeably. An introduction
to key concepts used in the assessment of outdoor acoustics is provided below:

“Noise” or “noise levels” refers to the levels that can be heard or measured at a Point of
Reception (POR).

m A noise “receptor”’ or “POR” is any location on a noise sensitive land use where noise is
received.

m The “level” of a noise is expressed on a logarithmic scale, in units called decibels (dB).
Since the scale is logarithmic, a noise that is twice the noise level as another will be three
decibels (3 dB) higher. “Sound pressure level” is the physical quantity that is measured in
the environment that describes sound waves quantitatively. It is a ratio of the absolute
pressure relative to a reference (i.e., 20 micropascals [puPa]). This ratio of pressures is
converted to a decibel scale (dB).

m Noise emissions and noise levels have an associated frequency. The human ear does not
respond to all frequencies in the same way. Mid-range frequencies are most readily
detected by the human ear, while the human ear is generally less sensitive to low and high
frequencies. Environmental noise levels used in this assessment are presented as
“A-weighted decibels” (or dBA), which incorporates the frequency response of the
human ear.

m Outdoor noise is usually expressed as an “equivalent noise level” (Leq, T), Which is a
logarithmic average (i.e., energy average) of the measured or predicted noise levels over
a given period of time (T). An equivalent noise level measured or predicted over the
nighttime period would be referred to as Leq, night.

m The “percentile noise level”, designated Ln, is the noise level exceeded “n” percent of a
specified time period and is measured in dBA. The Lo, for instance, is the noise level
exceeded 90% of the time. It is a noise level index that commonly refers to the baseline
noise level and is most often referenced in a rural setting.

m Environmental noise levels vary throughout the day and it is therefore important to
distinguish between the time of day (i.e., daytime / evening / nighttime). For the purposes
of this assessment, in general the day is divided into two periods for which noise is
evaluated: daytime from 07:00 to 23:00 and nighttime from 23:00 to 07:00. However,
applicable guidance documents for this assessment provide other definitions of daytime
and nighttime, or define three periods (i.e., daytime, evening, and nighttime), which were
also considered depending on the assessment criteria being evaluated.
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LIST OF ABBREVIATIONS

The abbreviations commonly employed on Records of Boreholes, on figures, and in the text of the report are as follows:

I SAMPLE TYPE

AS Auger sample

BS Block sample

CS Chunk sample

DO or DP  Seamless open-ended, driven or pushed tube samplers
DS Denison type sample

FS Foil sample

RC Rock core

SC Soil core

SS Split spoon sampler

ST Slotted tube

TO Thin-walled, open

TP Thin-walled, piston

WS Wash sample

DT Dual tube sample

DD Diamond drilling

II. PENETRATION RESISTANCE

Standard Penetration Resistance (SPT), N:

The number of blows by a 63.5 kg. (140 1b.) hammer dropped
760 mm (30 in.) required to drive a 50 mm (2 in.) split spoon
sampler for a distance of 300 mm (12 in.).

Dynamic Cone Penetration Resistance (DCPT); N:

The number of blows by a 63.5 kg (140 1b.) hammer dropped
760 mm (30 in.) to drive an uncased 50 mm (2 in.) diameter,
60° cone attached to “A” size drill rods for a distance of

300 mm (12 in.).

PH: Sampler advanced by hydraulic pressure

PM: Sampler advanced by manual pressure

WH: Sampler advanced by static weight of hammer
WR: Sampler advanced by weight of sampler and rod

Cone Penetration Test (CPT):

An electronic cone penetrometer with a 60° conical tip and a
projected end area of 10 cm? pushed through ground at a
penetration rate of 2 cm/s. Measurements of tip resistance (q;),
porewater pressure (u) and friction along a sleeve are recorded
electronically at 25 mm penetration intervals.

III. SOIL DESCRIPTION
(a) Cohesionless Soils
Density Index N
(Relative Density) Blows/300 mm

Or Blows/ft.
Very loose 0to4
Loose 4to 10
Compact 10 to 30
Dense 30to 50
Very dense over 50
(b) Cohesive Soils

C,orS,
Consistency
kPa Psf
Very soft 0to 12 0to 250
Soft 12 to 25 250 to 500
Firm 25 to 50 500 to 1,000
Stiff 50 to 100 1,000 to 2,000
Very stiff 100 to 200 2,000 to 4,000
Hard Over 200 Over 4,000
Iv. SOIL TESTS
w Water content
wpor PL  Plastic limited
wpor LL  Liquid limit
C Consolidaiton (oedometer) test
CHEM Chemical analysis (refer to text)
CID Consolidated isotropically drained triaxial test'
CIU Consolidated isotropically undrained triaxial test
with porewater pressure measurement'

Dy Relative density
DS Direct shear test
Gs Specific gravity
M Sieve analysis for particle size
MH Combined sieve and hydrometer (H) analysis
MPC Modified Proctor compaction test
SPC Standard Proctor compaction test
oC Organic content test
SO, Concentration of water-soluble sulphates
ucC Unconfined compression test
uu Unconsolidated undrained triaxial test
A% Field vane test (LV-laboratory vane test)
Y Unit weight
Note: ! Tests which are anisotropically consolidated prior

shear are shown as CAD, CAU.
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LIST OF SYMBOLS

Unless otherwise stated, the symbols employed in the report are as follows:

b

In x

log;ox orlogx
g

t

FOS

\%

w

111.

GENERAL

3.1416

natural logarithm of x
logarithm of x to base 10
acceleration due to gravity
time

factor of safety

volume

weight

STRESS AND STRAIN

shear strain

change in, e.g. in stress: A &'

linear strain

volumetric strain

coefficient of viscosity

Poisson’s ratio

total stress

effective stress (6' =6 - u)

initial vertical effective overburden stress
principal stresses (major, intermediate, minor)
mean stress or octahedral stress
=(c;+to6,+t03)/3

shear stress

porewater pressure

modulus of deformation

shear modulus of deformation

bulk modulus of compressibility

SOIL PROPERTIES

(a) Index Properties

p(Y)
Pa(Ya)
Pultw)
Ps(¥s)
v

Dy

Revision 0 — 2013

bulk density (bulk unit weight)*

dry density (dry unit weight)

density (unit weight) of water

density (unit weight) of solid particles
unit weight of submerged soil (y' =7 - vy,)
relative density (specific gravity) of

solid particles (Dg = ps/ py,) formerly (G;)
void ratio

porosity

degree of saturation

Density symbol is p. Unit weight symbol is y
where y = pg (i.e. mass density multiplied by
acceleration due to gravity)

Golder Associates

(a) Index Properties (continued)

w

wjor LL
wpor PL
I, or PI
W

I

L

Cmax

Cmin

Ip

water content

liquid limit

plastic limit

plasticity Index = (w, - w;)
shrinkage limit

liquidity index = (w - w,,) / I,
consistency index = (w; - w) /I,
void ratio in loosest state

void ratio in densest state
density index = (€yax - €) / (€max -~ Cmin)
(formerly relative density)

(b) Hydraulic Properties

= x =< o o

hydraulic head or potential
rate of flow

velocity of flow

hydraulic gradient

hydraulic conductivity (coefticient of permeability)

seepage force per unit volume

(¢) Consolidation (one-dimensional)

compression index (normally consolidated range)

recompression index (overconsolidated range)
swelling index

coefficient of secondary consolidation
coefficient of volume change

coefficient of consolidation (vertical direction)
time factor (vertical direction)

degree of consolidation

pre-consolidation stress

overconsolidation ratio = 6',/ ¢'y,

(d) Shear Strength

T, 01 T,

¢l

Notes:

peak and residual shear strength
effective angle of internal friction
angle of interface friction
coefficient of friction = tan &
effective cohesion

undrained shear strength (¢ = 0 analysis)
mean total stress (6, + 03) /2
mean effective stress (¢'; + 6'3) / 2
(o1-03)/2o0r(c'1-0'3)/2
compressive strength (o - 63)
sensitivity

' 1=¢'+¢'tan ¢'

% shear strength = (compressive strength) / 2



LITHOLOGICAL AND GEOTECHNICAL ROCK DESCRIPTION TERMINOLOGY

WEATHERING STATE

Fresh: no visible sign of rock material weathering
Faintly Weathered: weathering limited to the surface of
major discontinuities.

Slightly weathered: penetrative weathering developed on open

discontinuity surfaces but only slight weathering of rock material.

Moderately weathered: weathering extends throughout the
rock mass but the rock material is not friable

Highly weathered: weathering extends throughout rock mass
and the rock material is partly friable.

Completely weathered: rock is wholly decomposed and in a

friable condition but the rock texture and structure are preserved.

BEDDING THICKNESS

Description Bedding Plane Spacing
Very Thickly Bedded >2m
Thickly Bedded 0.6 m to 2m
Medium Bedded 0.2mto 0.6 m
Thinly Bedded 60 mmto 0.2 m
Very Thinly Bedded 20 mm to 60 mm
Laminated 6 mm to 20 mm
Thinly Laminated <6 mm
JOINT OR FOLIATION SPACING

Description Spacing
Very Wide >3m
Wide 1-3m
Moderately Close 03-1m
Close 50 —300 mm
Very Close <50 mm
GRAIN SIZE

Term Size*

Very Coarse Grained > 60 mm
Coarse Grained 2 —60 mm

Medium Grained 60 microns — 2mm

Fine Grained 2 — 60 microns
Very Fine Grained < 2 microns

Note: *Grains > 60 microns diameter are visible to the naked eye.

Revision 0 — 2013

CORE CONDITION

Total Core Recovery
The percentage of solid drill core recovered regardless of quality

or length, measured relative to the length of the total core run.

Solid Core Recovery (SCR)
The percentage of solid drill core, regardless of length, recovered

at full diameter, measured relative to the length of the total core run.

Rock Quality Designation (RQD)

The percentage of solid drill core, greater than 100 mm length,
recovered at full diameter, measured relative to the length of the
total core run. RQD varies from 0% for completely broken core

100% for core in solid sticks.
DISCONTINUITY DATA

Fracture Index
A count of the number of discontinuities (physical separations)
in the rock core, including naturally occurring fractures but not

including mechanically induced breaks caused by drilling.

Dip with Respect to (W.R.T.) Core Axis
The angle of the discontinuity relative to the axis (length) of the core.

In a vertical borehole a discontinuity with a 90° angle is horizontal.

Description and Notes

An abbreviated description of the discontinuities, whether naturally
occurring separations such as fractures, bedding planes and foliation
ground or shattered core and mechanically separated bedding or
foliation surfaces. Additional information concerning the nature
information concerning the nature of fracture surfaces and infillings

are also noted.

Abbreviations

BD - Bedding PY - Pyrite

FO - Foliation/Schistosity Ca - Calcite

CL - Clean PO - Polished

SH - Shear Plane/Zone K- Slickensided
VN-  Vein SM - Smooth

FLT - Fault RO - Ridged/Rough
CO - Contact ST - Stepped

IN - Joint PL - Planar

FR - Fracture IR - Irregular

MB -  Mechanical Break UN - Undulating
BR - Broken Rock CU - Curved

BL - Blast Induced TCA - To Core Axis
- Parallel To STR - Stress Induced
OR - Orthogonal
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MIS-BHS 001 1411250007.GPJ GAL-MIS.GDT 11/07/14 JM

PROJECT: 14-1125-0007/Boyne Road Landfill

RECORD OF BOREHOLE: MWO06-22R

LOCATION: N 4994479.6; E 474643.5 (UTM NAD83 Zone 18T)

BORING DATE: May 1, 2014

SHEET 1 OF 1

DATUM: Geodetic

a DYNAMIC PENETRATION N\ HYDRAULIC CONDUCTIVITY,

w o SOIL PROFILE SAMPLES | RESISTANCE, BLOWS/0.3m k, cmis o PIEZOMETER

=4 = \ LZ

Q8| L 9 v s 20 4 60 80 100 10° 10t 10 zZc OR

T o 5 : : Euw STANDPIPE

3l IO DESCRIPTION < |BEV:] @ | & | S | SHEARSTRENGTH natV. + Q- @ WATER CONTENT PERCENT E- INSTALL A‘II'ION

& S ] 5 DEPTH % ﬁ 2 | Cu, kPa remV.® U- O w g g

° 18 el m|2| |8 wp ———oW——w <

“ 2 @ 20 40 60 80 20 40 60 80
GROUND SURFACE 82.96
0 :
Waste (FILL) 0.00 ]
-, ]
-, ]
- . Bentonite Seal ]
i £ ]
| 2 n
[2]
N 1
- 5|2 ]
SHE ]
i i ]
- 2la i
| E i
i E 1
B 8 ,
- N .
. ]
. ]
i Silica Sand ]
: 71.99 :
B Grey brown SILTY CLAY 10.97 ]
B 32 mm Diam. PVC ]
| #10 Slot Screen ]
-, ]
B Cavein ]
i 70.16 ]
B End of Borehole 12.80 ]
-, ]
[ 6 ]
. ]
5 ]
DEPTH SCALE LOGGED: MIB
1:100 CHECKED: YJM


































MIS-BHS 001 1416664-6000.GPJ GAL-MIS.GDT 12/14/15 JM

RECORD OF BOREHOLE:

15-1

PROJECT: 1416664-6000 SHEET 1 OF 1
LOCATION: See Site Plan BORING DATE: July 23, 2015 DATUM: Geodetic
SAMPLER HAMMER, 64kg; DROP, 760mm PENETRATION TEST HAMMER, 64kg; DROP, 760mm
a DYNAMIC PENETRATION \ HYDRAULIC CONDUCTIVITY,
w o SOIL PROFILE SAMPLES RESISTANCE, BLOWS/0.3m N k, cm/s o)
In | E . c . 3z PIEZOMETER
ow | W 9 3 20 40 60 80 10°  10° 10" 10° 55 OR
o ] & [eev % W SHEAR STRENGTH natV. © Q- ® WATER GONTENT PERGENT ER STANDPIPE
=) < - [N nat V. - am
&2 é DESCRIPTION S beed 2 | g Cu. kPa V. ® U O W = g INSTALLATION
o o é P4 [¢] WpH—5"——1 Wl <
@ = (m) ]
2 o 20 40 60 80 20 40 60 80
GROUND SURFACE 74.40
- TOPSOIL F=2[ o -
i z 22| 7405 ' 1
- & (CLML) CLAYEY SILT, low to medium 035| | Bentonite Seal 1
B N plasticity; brown; cohesive, w>PL, very 1
B “g” ? stiff 1 |AS| - i
i ; z 73.49 Silica Sand 1
— 1| 3|8 (ML) sandy SILT, some low plasticity o 0.91
- % |'£| fines, some gravel, subrounded; grey = 1
- E| brown (GLACIAL TILL); wet, compact b 50 mm Diam. PVC |’ h
B < 2 #10 Slot Screen ]
i 5 ]
B 72.72| 2 |SS [>50 1
i End of Borehole 1.68 ]
B Auger Refusal ,
L, |
I |
I |
- |
L ¢ |
I |
- _
L, _
L . _
DEPTH SCALE LOGGED: PAH
1:50 CHECKED: MIB




PROJECT: 1416664-6000 RECORD OF BOREHOLE: 15'2 SHEET 1 OF 1

MIS-BHS 001 1416664-6000.GPJ GAL-MIS.GDT 12/14/15 JM

LOCATION: See Site Plan BORING DATE: July 23, 2015 DATUM: Geodetic
a DYNAMIC PENETRATION \ HYDRAULIC CONDUCTIVITY,
w o SOIL PROFILE SAMPLES RESISTANCE, BLOWS/0.3m N k, cm/s C)
o | E . c . 3z PIEZOMETER
gw | u 9 " <] 20 40 60 80 100 10° 10t 10° 55 OR
g T lelev.| W |wig : ‘ Ew STANDPIPE
fw| @ < D |a |5 | SHEARSTRENGTH natV. + Q- @ WATER CONTENT PERCENT a-
5| DESCRIPTION % loertHl 2 |2 |2 cukpa remV.& U- O W 8g INSTALLATION
a o é (m) b4 g WphH—©5"——1 Wl <3
@ « o 20 40 60 80 20 40 60 80
GROUND SURFACE 7468
I T_| ToPsoi. == T -
= F== y |
L 2| (CLUML) CLAYEY SILT, trace gravel and 0.21 Bentonite Seal -
B _ | =| low plasticity fines; grey brown; 1
- g 2| cohesive, w~PL, very stiff 1
B 3 |
- = Silica Sand .
g|E
B gl E |
| gla h
— | |E 50 mm Diam. PVC ]
| 8 1 |AS| - #10 Slot Screen ]
o~
B 73.28 ]
| End of Borehole 1.40 ]
- Auger Refusal R
-, _
L, |
-, ]
L 5 |
L 5 |
I _
IR |
L |
0 ]
DEPTH SCALE LOGGED: PAH
1:50 CHECKED: MIB




PROJECT: 1416664-6000 RECORD OF BOREHOLE: 15'3 SHEET 1 OF 2

MIS-BHS 001 1416664-6000.GPJ GAL-MIS.GDT 12/14/15 JM

LOCATION: See Site Plan BORING DATE: July 21, 2015 DATUM: Geodetic
a DYNAMIC PENETRATION N HYDRAULIC CONDUCTIVITY,
ﬂ % SOIL PROFILE SAMPLES RESISTANCE, BLOWS/0.3m N k, cm/s 20 PIEZOMETER
< =z
38| L 5 «| |§ 20 4 e 80 100 00 1ot 10t |3 OR
g T lelev.| W |wig : ‘ Ew STANDPIPE
=w [©] < 0 o |5 | SHEARSTRENGTH natV. + Q- @ WATER CONTENT PERCENT R
Es 4 DESCRIPTION = loerTh s t g Cu, kPa remV.® U- O 8 o INSTALLATION
w 74 é =] W x<
° 18 el m|2| |8 wp ———oW——w <
@ [ o 20 40 60 80 20 40 60 80
GROUND SURFACE 7541
0 TOPSOIL F=2[ 0w -
E==] 7516 e
B (CI/CH) SILTY CLAY, trace sand; grey 0.25 Bentonite Seal R
B brown, fissured (WEATHERED ]
B CRUST); cohesive, w~PL, very stiff i
- ]
i Silica Sand ]
B - 73.89 ]
B 5| GLACIAL TILL B 152 R
| 2] .
i 5|2 e 1
-, E i 7 _
ST 70 ]
| o £ s ,
B g %) Bentonite Seal ]
i S % ]
B s i
B 4 i
I ]
B ol
- e B
9 (S So
B 2 IR -
B Native Backfill SRS
' -
i sl
& K
- 71.45 R
— 4| | [ Fresh, grey LIMESTONE P 39 N
B Borehole continued on RECORD OF 4.09 i
- DRILLHOLE 15-3 R
- ]
L ¢ ]
- _
I ]
I ]
L 1 ]
DEPTH SCALE LOGGED: PAH
1:50 CHECKED: MIB




MIS-RCK 004 1416664-6000.GPJ GAL-MISS.GDT 12/14/15 JM

PROJECT:

1416664-6000

LOCATION: See Site Plan

RECORD OF DRILLHOLE:

DRILLING DATE: July 21, 2015
DRILL RIG: CME 55

15-3

SHEET 2 OF 2

DATUM: Geodetic

INCLINATION: -90° AZIMUTH: - i -
DRILLING CONTRACTOR: Downing Drilling
a o] z| IN_ - Joint BD- Bedding PL - Planar PO- Polished BR - Broken Rock
x 0] S|Z| FLT - Fault FO- Foliation CU- Curved K - Slickensided 3 -
4 g e} OIP| SHR- Shear CO- Contact UN- Undulating  SM- Smooth N F o addond et
5 ol B 6‘ S 8% VN -Vein OR- Orthogonal ST - Stepped Ro - Rough of abbreviations &
o | X DESCRIPTION S |ELEY- |2 | CJ_-Conjugate  CL - Cleavage IR - Irregular MB- Mechanical Break symbols.
s E % g DEPTH % RECOVERY FRACT. DISCONTINUITY DATA HYDRAULIC |Diametral
s | £ 2 4 R.Q.D. | INDEX BIPwrt ONDUCTIVITYPoint Loadrmc
w =] s (m) 5 TOTAL | SOLID % PER | BAngle | CORE |ypg anD SURFACEH] K, cm/sec Index [ .q'
o 4 %) 3 [CORE%|CORE% o2sm |7 | wais [ oescriemion Peenurial oo g | (MPa) W)
= T | 3895|8898 |8898 | vo0r | 588 [ o588 2222 |aco
BEDROCK SURFACE 7132
i Fresh, grey LIMESTONE 4.09 ]
of
B 4 |
B - | Bentonite Seal 1
i Silica Sand ]
. - Lost core from 4.87 m to 5.03 m ]
B 2 S 4
i - Lost core from 5.49 m to 5.53 m I ]
i - Lost core from 5.69 m to 5.74 m ]
I 7
N EE MEE REEY - ]
2lg
B 1 |
- 32 mm Diam. PVC 1
- #10 Slot Screen 1
B 3 &) i
[~ 7 - Lost core from 6.96 m to 7.01 m ]
| 4 S| u
— 8 67.33 nEE INEH || —
| End of Drillhole 8.08 ]
L o |
. |
L |
L |
L 3 |
— 14 ]
DEPTH SCALE LOGGED: PAH
1:50 CHECKED: MIB




PROJECT: 1650505

LOCATION: See Site Plan

SAMPLER HAMMER, 64kg; DROP, 760mm

RECORD OF BOREHOLE:

16-1

BORING DATE: December 8, 2016

SHEET 1 OF 2

DATUM: Geodetic

PENETRATION TEST HAMMER, 64kg; DROP, 760mm

DEPTH SCALE

METRES

SOIL PROFILE

BORING METHOD

DESCRIPTION

DYNAMIC PENETRATION
RESISTANCE, BLOWS/0.3m

20 4‘0 6‘0
|

HYDRAULIC CONDUCTIVITY,
k, cm/s

1(‘)”‘3 19‘5 19" 19‘“

STRATA PLOT
NUMBER
TYPE
BLOWS/0.30m

SHEAR STRENGTH nat V.

Cu, kPa remV.

20 40 60

WATER CONTENT PERCENT
wp b———W——qwi
20 40 60 80

ADDITIONAL
LAB. TESTING

PIEZOMETER
OR
STANDPIPE
INSTALLATION

GROUND SURFACE

(PT) sandy SILT, some organics; dark
brown (PEAT); non-cohesive, moist,
very loose

Power Auger
200 mm Diam. (Hollow Stem)

CRUST); cohesive, very stiff

trace gravel; grey; cohesive, very stiff

(CL/MC) CLAYEY SILT to SILTY CLAY,
trace gravel; grey brown (WEATHERED

(CL/MC) CLAYEY SILT to SILTY CLAY;

(ML) sandy SILT, some gravel, trace
clay; grey (GLACIAL TILL);
non-cohesive, wet, compact to very
dense

Borehole continued on RECORD OF
DRILLHOLE 16-1

Bentonite Seal

Silica Sand

32 mm Diam. PVC |-
#10 Slot Screen 'B' 1|

Bentonite Seal

MIS-BHS 001 1650505-8000.GPJ GAL-MIS.GDT 03/23/17 JM

DEPTH SCALE

1:

LOGGED: JD
CHECKED: MIB




MIS-RCK 004 1650505-8000.GPJ GAL-MISS.GDT 03/23/17 JM
T T

PROJECT: 1650505 RECORD OF DRILLHOLE: 16-1 SHEET 2 OF 2
LOCATION: See Site Plan DRILLING DATE: December 8, 2016 DATUM: Geodetic
DRILL RIG: CME
INCLINATION: -90° AZIMUTH: - . .
DRILLING CONTRACTOR: Downing Drilling
E o E JN - Joint BD- Bedding PL - Planar PO- Polished BR - Broken Rock
(0] 3| FLT - Fault FO- Foliation CU- Curved K - Slickensided . o
4 g e} OIP| SHR- Shear CO- Contact ON-Undlating ~ SM- Smooth N F o addond et
3ol 3 I S Qe[ WN -Vvein OR- Orthogonal ST - Stepped Ro - Rough of abbreviations &
ox | & DESCRIPTION S | ELev. =z | CJ -Conjugate  CL- Cleavage IR - Irregular MB- Mechanical Break symbols.
E i % % DEPTH % RECOVERY FRACT. DISCONTINUITY DATA HYDRAULIC |Diametral
as | % S 4 R.Q.D. | INDEX BiP Wit ONDUCTIVITYPoint LoadrMC
w =] s (m) 5 TOTAL | SOLID % PER | BAngle | CORE |ypg anD SURFACEH] K, cm/sec Index [ .q'
o 4 %) 3 [CORE%|CORE% o2sm " | wais [ oescriemion Peenurial oo g | (MPa) v
= T | 3898|8898 |889% | vo0r 588 [ o588 2222 |aco
BEDROCK SURFACE 67.93
Slightly weathered to weathered, highly 6.78 Bentonite Seal
7 fractured, grey LIMESTONE, with shale 1
interbedded
Ele
>8 32 mm Diam. PVC
2la #10 Slot Screen 'A'
x|Z
8 2
65.95 | |cave
End of Drillhole 8.76 ]
9 _
10 —
1 —
12 —
13 —
14 _
15 —
16 —
DEPTH SCALE LOGGED: JD
1:50 CHECKED: MIB




MIS-BHS 001 1650505-8000.GPJ GAL-MIS.GDT 03/23/17 JM

PROJECT: 1650505
LOCATION: See Site Plan

SAMPLER HAMMER, 64kg; DROP, 760mm

RECORD OF BOREHOLE:

16-2

BORING DATE: December 8, 2016

SHEET 1 OF 1

DATUM: Geodetic

PENETRATION TEST HAMMER, 64kg; DROP, 760mm

a DYNAMIC PENETRATION N HYDRAULIC CONDUCTIVITY,
w % SOIL PROFILE SAMPLES RESISTANCE, BLOWS/0.3m Ny k, cm/s 20 PIEZOMETER
< = \ <=z
3% & Sl lel 8] 2 @ o @ A A S o8
Ih o |ELEV.| W jw o Ed STANDPIPE
TR DESCRIPTION < 2 |2 |G [ SHEARSTRENGTH natv. + Q- @ WATER CONTENT PERCENT =4 INSTALLATION
] g é DEPTH| S | 2| CukpPa remV.® U-O w . Q:(
[a) o Clm|= 9 Wp F—©S— W S
@ »n o 20 40 60 80 20 40 60 80
L, GROUND SURFACE 7472
(PT) sandy SILT, trace organics; dark ~ FZ=| 0.00 SR
N . . = RS
brown (PEAT); non-cohesive, moist, = KK
B very loose = 1 |ss|1 [::: [::: 1
i Z Sl
=1 S
[ z & 83
B = — &K
= ol
B = YRS
. z ol
B = 2 [ss|1 ks K
| = ! N S
= Native Backfill oS
i z - &R ]
B = SRS
B = S
Z 1 ool
| = Ky B
B = S
= &K
- Eool 72890 5 lss| 4 &
- (CL/MC) CLAYEY SILT to SILTY CLAY, 183 53 K3
— 2 trace gravel; grey brown; cohesive, very KX R
i stiff 1 & 59 ]
- B K
= 4 |ss|5 R
B _ Bentonite Seal ]
£
B 5 i
3 @ _|
B H ] i
3L
N EE ]
B 5 = 5 [SS| 2 Silica Sand ]
£
| g 8 i
| a|9 4
3 -
B E i
- o —— .
B < ]
I _]
B 6 |ss| 3 ]
B 7 |ss| 1 ]
L 5 _]
B 32 mm Diam. PVC ]
B #10 Slot Screen ]
B 8 |Ss| 2 ]
[~ ¢ 68.62 ]
B (ML) sandy SILT, some gravel; grey 6.10 ]
- (GLACIAL TILL); non-cohesive, wet, 9 |ss|2 E
- compact 7 ]
B %) | i
B | | 68.01 ]
L End of Borehole 6.71 e
- Auger Refusal 1
I _|
I _|
- _]
I _]
DEPTH SCALE LOGGED: JD
1:50 CHECKED: MIB




MIS-BHS 001 1650505-8000.GPJ GAL-MIS.GDT 03/23/17 JM

PROJECT: 1650505

LOCATION: See Site Plan

SAMPLER HAMMER, 64kg; DROP, 760mm

RECORD OF BOREHOLE:

BORING DATE: December 8, 2016

16-3

PENETRATION TEST HAMMER, 64kg; DROP, 760mm

SHEET 1 OF 3

DATUM: Geodetic

a DYNAMIC PENETRATION N HYDRAULIC CONDUCTIVITY,

w o SOIL PROFILE SAMPLES RESISTANCE, BLOWS/0.3m Ny k, cm/s 20

n | E = c . 3z PIEZOMETER

Y|y 9 " <] 20 40 60 80 10°10° 10t 10° 55 OR

g T leev.| W |w|g : ‘ = STANDPIPE

=W [©] < 0 o |5 | SHEARSTRENGTH natV. + Q- @ WATER CONTENT PERCENT o

& s é DESCRIPTION 5 DEPTH % t g Cu, kPa remV.® U- O W 9): 5% INSTALLATION

o |5 £ m |2 S Wp F———&"——wI <

@ [ o 20 40 60 80 20 40 60 80
. GROUND SURFACE 75.05
- (PT) sandy SILT, some organics; dark F==] o000 -
- brown (PEAT); non-cohesive, moist, F== p
- very loose F== 1|ss|1 R
[ ggg Bentonite Seal ]
— 1 E== ]
B F== 2 |ss|WH ]
B E=Z] 7353 1
- (CL/MC) CLAYEY SILT to SILTY CLAY, 1.52 . ]
- trace gravel; grey brown (WEATHERED Silica Sand g
i CRUST); cohesive, very stiff 3 |ss|1 - H ]
. {14
i 32 mm Diam. Pve | 11[1[]
i 4 |ss |4 #10 Slot Sereen'C' |[1[1] ]
Y 72.00 B
B (CLUMC) CLAYEY SILT to SILTY CLAY; 3.05 i R
B grey; cohesive, stiff 1
B 5 |SS|WH i) ]
B Silica Sand 1
— 4 _|
B 6 |SS|WH i
i B — ]
B ko — ]
(2}
B R ]
- g =g u
. 22 7 |Ss|wWH E
B gl g ]
B S|a —| ]
- 5 ]
B £ ]
5 § Bentonite Seal g
B 8 |SS |WH 1
| 6 | —
i 9 |ss| 1 ]
I _|
B 10 |ss| 9 ]
B 67.73 ]
- (SP) gravelly SAND, some silt; reddish 7.32 . |
- grey; non-cohesive, wet, loose Silica Sand R
i 1 |SS| 3 1
I _|
i | 32 mm Diam. PVC |. i
B #10 Slot Screen 'B' | - ]
- 12 |ss| 9 ]
— 9 — T
- 65.88 0| 1
B (ML) sandy SILT, some gravel, trace 9.17 LI
B clay; grey (GLACIAL TILL); . SO0
5 non-cohesive, wet, compact to very " 138822 Silica Sand L
B dense 2 =
i “ — oy ]
- Bentonite Seal ll ,
I btod | tadsstesf | | | | Lt 1 [ ]
CONTINUED NEXT PAGE
DEPTH SCALE LOGGED: JD
1:50 CHECKED: MIB




PROJECT: 1650505 RECORD OF BOREHOLE: 16-3 SHEET 2 OF 3

MIS-BHS 001 1650505-8000.GPJ GAL-MIS.GDT 03/23/17 JM

LOCATION: See Site Plan BORING DATE: December 8, 2016 DATUM: Geodetic
SAMPLER HAMMER, 64kg; DROP, 760mm PENETRATION TEST HAMMER, 64kg; DROP, 760mm
a DYNAMIC PENETRATION N HYDRAULIC CONDUCTIVITY,
ﬂ o SOIL PROFILE SAMPLES RESISTANCE, BLOWS/0.3m Ny k, cm/s 20
0 | E = c . 3z PIEZOMETER
gw | u 9 " <] 20 40 60 80 10°10° 10t 10° 55 OR
g T leev.| W |w|g : ‘ = STANDPIPE
=W [©] < 0 o |5 | SHEARSTRENGTH natV. + Q- @ WATER CONTENT PERCENT o
B2 é DESCRIPTION 5 et 2 | & g N LB U-O W 8s INSTALLATION
8 |5 g m | 2 3 Wp W ——wi g
@ [ o 20 40 60 80 20 40 60 80
L --- CONTINUED FROM PREVIOUS PAGE --
B 5 (ML) sandy SILT, some gravel, trace i
- = clay; grey (GLACIAL TILL); E
B < non-cohesive, wet, compact to very ios 1418828 1
i 2 dense & ]
B H i
B [ o i
- / Bentonite Seal ]
= entonite Seal ,
[, g 2 7 15 | ss | 64 ]
i g8 ? i
B < i
S HE /. ]
B 4 i
B | | 63.47| 16 | SS |>50 1
B Borehole continued on RECORD OF 11.58 ]
| DRILLHOLE 16-3 ,
., _
5 _
. N
. _
L 6 _
., _
. _
N ]
L _
DEPTH SCALE LOGGED: JD
1:50 CHECKED: MIB




PROJECT: 1650505 RECORD OF DRILLHOLE: 16'3 SHEET 3 OF 3

MIS-RCK 004 1650505-8000.GPJ GAL-MISS.GDT 03/23/17 JM
T

LOCATION: See Site Plan DRILLING DATE: December 8, 2016 DATUM: Geodetic
DRILL RIG: CME
INCLINATION: -90° AZIMUTH: — o
DRILLING CONTRACTOR: Downing Drilling
E o E JN - Joint BD- Bedding PL - Planar PO- Polished BR - Broken Rock
o S| FLT - Fault FO- Foliation CU- Curved K - Slickensided . »
4 Q e} O|P| SHR- Shear CO- Contact ON- Undulating  SM- Smooth e For addiond et
s @ 2 = S Ql#| UN - Vein OR- Orthogonal ST - Stepped Ro - Rough of abbreviations &
A IS DESCRIPTION S | ELEV. (= Ole| cJ - Conjugate  CL- Cleavage IR - Irregular MB- Mechanical Break symbols.
lJ—: E % Q [pEPTH % RECOVERY FRACT. DISCONTINUITY DATA HYDRAULIC |Diametral
as | % 2 4 R.Q.D. | INDEX BiPwit ONDUCTIVITYPoint LoadrMC
w =] s (m) 5 TOTAL | SOLID % PER | BAngle | CORE |ypg anD SURFACEH] K, cm/sec Index [ .q'
o 4 %) 3 [CORE%|CORE% o2sm |7 | wais [ oescriemion Peenurial oo g | (MPa) W)
a L | 832K | BB9R | 889R | 022K [ o828 | o888 ~vvv |avo
BEDROCK SURFACE 6347 B
[ZTZ| Slightly weathered to weathered, highly 11.58 4 Bentonite Seal -} ]
fractured, grey LIMESTONE, with shale [——|Silica Sand N i
interbedded il A
12 il
2 32 mm Diam. PVC Hl
=1 #10 Slot Screen 'A' Hl ]
[S N L
o H
g9 i
3|9 Hl]
13| |2 o
3 Silica Sand
1 61.05 | ]
End of Drillhole 14.00
15 —
16 —
17 —
18 —
19 —
20 —
21 —
DEPTH SCALE LOGGED: JD
1:50 CHECKED: MIB

















































ENVIRONMENTAL ASSESSMENT OF THE TOWNSHIP OF NORTH DUNDAS
WASTE MANAGEMENT PLAN

Appendix D-2 Boyne Road Landfill Slope Stability Technical Memorandum

Final Report
Dec 2022 / Rev Feb 2023



TECHNICAL MEMORANDUM
DATE January 28, 2022 Project N0.1648253

TO Trish Edmond, P.Eng.
Golder Associates Ltd.

FROM Bridgit Bocage, P.Eng. EMAIL Bridgit_Bocage@golder.com
William Cavers, P.Eng. William_Cavers@golder.com

INDIVIDUAL ENVIRONMENTAL ASSESSMENT OF THE TOWNSHIP OF NORTH
DUNDAS WASTE MANAGEMENT PLAN, BOYNE ROAD LANDFILL EXPANSION -
GEOTECHNICAL ASSESSMENT

This memorandum provides the results of the geotechnical assessment carried out considering
the updated landfilling configuration for the proposed expansion of the Boyne Road Landfill
site.

1.0 PROJECT DETAILS

The Boyne Road Landfill site is located on Boyne Road just east of Belanger Road in the
Township of North Dundas, Ontario.

It is understood that the proposed expansion consists primarily of horizontal expansion on the
south side of the existing footprint. The horizontal expansion adds an additional 3.8 hectares of
footprint for a total landfill footprint of 11.9 hectares. The total expanded landfill capacity for
waste, including the daily cover, will be about 1,060,750 m3. The maximum elevation of the top
of waste will be at about elevation 90.5 masl; a 0.75 thick final soil cover will be placed above
the waste. This is approximately 15 m above the average ground surface elevation in the
vicinity of the landfill expansion and approximately 2.5 m higher than the existing approved
landfill.

The geometry of the proposed landfill side slopes are proposed to be 4H:1V or flatter and
landfill top area slopes no steeper than 20H:1V.

An approximately 1 m thick pad of imported permeable fill material will be placed above the
existing ground surface as a base layer for the waste disposal.

2.0 BOREHOLE INVESTIGATIONS

Several borehole investigations have been carried out at the site. Previous work included
investigations carried out by Golder in 2006, 2007, 2014 to 2016, and geotechnical
investigations carried out in 1991 by Olivier Mangione McCalla and Associates Ltd., in 1992
and 1993 by M.S. Thompson Associates Ltd., and in 2002 by Trow Associates Inc. The
relevant boreholes within the footprint of the expansion are shown on the attached Site Plan

Golder Associates Ltd.
1931 Robertson Road, Ottawa, Ontario, K2H 5B7, Canada T:+1613 5929600 F:+1613 592 9601

Golder and the G logo are trademarks of Golder Associates Corporation



Trish Edmond, P.Eng. Project No. 1648253
Golder Associates Ltd. January 28, 2022

(Figure 2 - Site Plan from Golder Report titled, “2020 Groundwater and Subsurface Water
Monitoring Program and Operations Monitoring, Boyce Road Landfill, Project No. 20139489”).
The relevant borehole logs are appended following the text of this memorandum.

3.0 SLOPE STABILITY ASSESSMENT
In general, six main components are typically involved in assessing the stability of a slope:

1) The geometry of the slope;

2) The geology of the slope (i.e., the composition of the various soil layers within the slope
and their depth, thickness, and orientation);

3) The groundwater conditions (the groundwater levels and the hydraulic gradient/flow
conditions);

4) The strength parameters for the soils and waste;
5) The unit weights (i.e., densities) of the soils and waste within the slope; and,
6) External loading (i.e., surcharge, seismic forces).

Two overall cross-sections (denoted as A-A’ and B-B’) were used for analysis. The critical side
of each cross section was modelled, resulting in consideration of a total of two analysis
sections. The sections were developed based on the proposed new fill placement plans and
considered the existing ground surface profile along with the overlying proposed fill surface.

The stability of the waste pile and side slopes was evaluated using the SLOPE/W computer
program. The Morgernstern Price method, which satisfies both moment and force equilibrium,
was used to compute a factor of safety. The factor of safety is defined as the ratio of the
magnitude of the forces tending to resist failure to the magnitude of the forces tending to cause
failure.

Theoretically, a slope with a factor of safety of less than 1.0 will undergo movement and one
with a factor of safety of 1.0 or greater will not undergo movement. For analyses of the stability
of slopes under static loading conditions, a factor of safety of greater than about 1.3 can be
considered acceptable for this project and reflects inherent uncertainties related to waste
material and subsurface variabilities, geometric imprecision, strain incompatibilities, and other
risk factors.

The seismic loads imposed on a slope are modelled in a simplified manner by applying a
horizontal “pseudo static” force to the soil mass. The “pseudo-static” force, Fs, is calculated as:

Fs = ks xM
Where: ks = horizontal seismic coefficient; and,
M = mass of soil contained within the failure surface.

A minimum factor of safety of 1.1 is recommended under seismic loading conditions.
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The seismic slope stability evaluations were carried out assuming that the design earthquake
would correspond to an event with a 2% probability of occurrence in 50 years (i.e., the 2,475-
year design earthquake). Based on the methodology outlined in CHBDC (2014) and NBCC
(2015), the Site Class was determined using representative average values of Neo. The
average shear wave velocity in the upper 30 m at the site was calculated to be about 600 m/s,
which corresponds to a Site Class C. The ground surface PGA is about 0.36 g. Therefore, a kn
value of 0.18 g, equal to one-half the ground surface PGA, was used in the slope stability
analyses.

3.1 Material Properties

The subsurface stratigraphy was inferred from subsurface information obtained previously by
Golder and others.

The key material properties required to complete a stability analysis are the unit weight and
shear strength of the materials. The shear strength of soil or waste is conventionally described
using a Mohr-Coulomb criterion. This criterion describes the shear strength of a soil in terms of
cohesive and frictional components. The magnitude of the frictional component depends on the
stress acting perpendicular to the potential failure plane. From this criterion, the strength of a
soil to resist shear stress (i.e., to resist sliding) is described by:

T=Cc +o tan ¢’

t = Strength of the soil;

¢’ = Effective cohesion of the saill;

o' = Effective normal stress (i.e., stress acting perpendicular to the shear plane);
and,

¢" = Effective internal friction angle.

The groundwater level was set at the bottom of the landfill base layer in the slope stability
analyses.

The material parameters adopted for the analysis are summarized in the table below. The unit
weights of the soils and waste were estimated from our experience with similar materials. The
value of the unit weight of the waste fill was 13 kN/m3,

The strength parameters assigned to the soils were based on the results of the in-situ testing.
The undrained shear strength of the clay soils, where encountered, was estimated based on
the N-values shown on the borehole records since shear strength values were not obtained in
any of the boreholes within the landfill footprint. The ranges provided below represent a
summary of the values used in the analyses. The drained parameters for the clay were based
on the work carried out by Lefebvre (1981) studying the strength characteristics of the clay in
this region and their influence on slope stability.
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Bulk Unit Drained Parameters AE UL
: . Parameters
Material Weight : : :
(kN/m?3) Eff(:zctlve Effecftlve Internal Cohesion
Cohesion (kPa) Friction Angle (°) LGE))
Cover Layer 19 0 32 N/A
Waste Fill 13 0 32 N/A
Topsoil or Peat 11.5 0 10 N/A
Si_lty Clay (firm to 16 74 28.7 50
stiff)
Glacial Till 21 0 35 N/A
Landfill Base Layer 20.5 0 35 N/A

3.2 Slope Stability Analysis Results

Two overall cross sections (identified as A-A’ and B-B’) were analyzed. The locations of the
cross-sections are shown on attached Figure 12-2 (Site Plan of Proposed Expansion taken
from Section 12.0 of the EASR). The stability results are graphically shown on the attached
Figures 1 to 6.

The following table indicates the global factors of safety obtained for both static and dynamic
analyses for the proposed expanded landfill configuration as shown in Figure 12-3 dated
November 2021.

Global Factor of Safety

Section
Static Drained Static Undrained Seismic
A-A’ West 1.9 1.8 1.1
B-B’ South 2.7 2.6 1.5

The results of the stability assessment carried out based on the November 2021 fill plan,
indicate that the factor of safety against deep-seated static instability of the analyzed sections
is greater than 1.5; the proposed expansion configuration is therefore considered acceptable
for static conditions.

The results of the seismic slope stability analyses carried out using a simple “pseudo-static”
model where a horizontal force is applied to the failure mass to represent the seismic loading,
indicate that the factor of safety against deep-seated instability would be 1.1, or greater, for all
sections.
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3.3 Settlement

Based on the existing subsurface conditions within the footprint of the landfill expansion, it is
anticipated that settlements due to waste fill placement will be minimal. It should also be noted
that there is no landfill infrastructure beneath the existing landfill that could be adversely
affected by compression of subgrade soils under the weight of the waste.

4.0 CLOSURE
We trust this memorandum contains sufficient information for your present requirements.

Yours truly,
GOLDER ASSOCIATES LTD.

Bridgit Bocage, P.Eng. Sarah MacDonald P.Eng.

Geotechnical Engineer Senior Geotechnical Engineer
BB/WC/PAS/hdw

https://golderassociates.sharepoint.com/sites/117046/project files/6 deliverables/3 geotechnical/slope stability memo/1648253-tm-rev0-boyne rd landfill slope stability-2022 01 20.docx
Attachments:

- Figure 2 — Site Plan from Golder Report titled, “2020 Groundwater and Subsurface Water
Monitoring Program and Operations Monitoring, Boyce Road Landfill, Project No. 20139489”

- Figure 12-2 — Site Plan of Proposed Expansion taken from Section 12.0 of the EASR

- Figure 12-3 — Cross-Sections of Proposed Expansion taken from Section 12.0 of the EASR

- Record of Borehole Sheets

- Figures 1 to 6 — SLOPE/W Output Sections
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LIST OF ABBREVIATIONS

The abbreviations commonly employed on Records of Boreholes, on figures, and in the text of the report are as follows:

L. SAMPLE TYPE

AS Auger sample

BS Block sample

CS Chunk sample

DO or DP  Seamless open-ended, driven or pushed tube samplers
DS Denison type sample

FS Foil sample

RC Rock core

SC Soil core

SS Split spoon sampler

ST Slotted tube

TO Thin-walled, open

TP Thin-walled, piston

WS Wash sample

DT Dual tube sample

DD Diamond drilling

1L PENETRATION RESISTANCE

Standard Penetration Resistance (SPT), N:

The number of blows by a 63.5 kg. (140 Ib.) hammer dropped
760 mm (30 in.) required to drive a 50 mm (2 in.) split spoon
sampler for a distance of 300 mm (12 in.).

Dynamic Cone Penetration Resistance (DCPT); Ng:

The number of blows by a 63.5 kg (140 1b.) hammer dropped
760 mm (30 in.) to drive an uncased 50 mm (2 in.) diameter,
60° cone attached to “A” size drill rods for a distance of

300 mm (12 in.).

PH: Sampler advanced by hydraulic pressure

PM: Sampler advanced by manual pressure

WH: Sampler advanced by static weight of hammer
WR: Sampler advanced by weight of sampler and rod

Cone Penetration Test (CPT):

An electronic cone penetrometer with a 60° conical tip and a
projected end area of 10 cm? pushed through ground at a
penetration rate of 2 cm/s. Measurements of tip resistance (q),
porewater pressure (u) and friction along a sleeve are recorded
electronically at 25 mm penetration intervals.

11 SOIL DESCRIPTION
(a) Cohesionless Soils
Density Index N
(Relative Density) Blows/300 mm

Or Blows/ft.
Very loose 0Oto4
Loose 4t0 10
Compact 10 to 30
Dense 30 to 50
Very dense over 50
(b) Cohesive Soils

C,orS,
Consistency
kPa Pst
Very soft 0to 12 0to 250
Soft 12 to 25 250 to 500
Firm 25 to 50 500 to 1,000
Stiff 50 to 100 1,000 to 2,000
Very stiff 100 to 200 2,000 to 4,000
Hard Over 200 Over 4,000
Iv. SOIL TESTS
w Water content
w, or PL  Plastic limited
wyor L Liquid limit
C Consolidaiton (oedometer) test
CHEM Chemical analysis (refer to text)
CID Consolidated isotropically drained triaxial test’
CIU Consolidated isotropically undrained triaxial test
with porewater pressure measurement’

Dr Relative density
DS Direct shear test
Gs Specific gravity
M Sieve analysis for particle size
MH Combined sieve and hydrometer (H) analysis
MPC Modified Proctor compaction test
SpPC Standard Proctor compaction test
oC Organic content test
SO, Concentration of water-soluble sulphates
uc Unconfined compression test
uu Unconsolidated undrained triaxial test
\" Field vane test (LV-laboratory vane test)
Y Unit weight
Note: ! Tests which are anisotropically consolidated prior

shear are shown as CAD, CAU.

Golder Associates



LIST OF SYMBOLS

Unless otherwise stated, the symbols employed in the report are as follows:

b1
In x

logox orlogx
g

t

FOS

v
w

aa <3 o o > =

111.

GENERAL

3.1416

natural logarithm of x
logarithm of x to base 10
acceleration due to gravity
time

factor of safety

volume

weight

STRESS AND STRAIN

shear strain

change in, e.g. in stress: A ¢'

linear strain

volumetric strain

coefficient of viscosity

Poisson’s ratio

total stress

effective stress (¢' =6 - u)

initial vertical effective overburden stress
principal stresses (major, intermediate, minor)
mean stress or octahedral stress
=(oc,+06,t03)/3

shear stress

porewater pressure

modulus of deformation

shear modulus of deformation

bulk modulus of compressibility

SOIL PROPERTIES

(a) Index Properties

p(Y)
pa(va)
Pwlw)
ps(Ys)
¥

Dy

Revision 0 — 2013

bulk density (bulk unit weight)*

dry density (dry unit weight)

density (unit weight) of water

density (unit weight) of solid particles
unit weight of submerged soil (y' =7y -v,,)
relative density (specific gravity) of

solid particles (Dgr = p,/ py) formerly (Gy)
void ratio

porosity

degree of saturation

Density symbol is p. Unit weight symbol is y
where y = pg (i.e. mass density multiplied by
acceleration due to gravity)

Golder Associates

(a) Index Properties (continued)

w
w, or LL
w,or PL
I,or PI
Ws

I

Ic

€max

Cmin

Ip

water content

liquid limit

plastic limit

plasticity Index = (w, - wy,)
shrinkage limit

liquidity index = (w - w;) / I,
consistency index = (w; - w) /I,
void ratio in loosest state

void ratio in densest state
density index = (€pax - €) / (€max - €min)
(formerly relative density)

(b) Hydraulic Properties

~ =< a -

hydraulic head or potential
rate of flow

velocity of flow

hydraulic gradient

hydraulic conductivity (coefficient of permeability)

seepage force per unit volume

(¢) Consolidation (one-dimensional)

o

_

»

C
C
C
C

Q

m

<

Cy

T,

u

oY
OCR

compression index (normally consolidated range)

recompression index (overconsolidated range)
swelling index

coefficient of secondary consolidation
coefficient of volume change

coefficient of consolidation (vertical direction)
time factor (vertical direction)

degree of consolidation

pre-consolidation stress

overconsolidation ratio = 6",/ 'y,

(d) Shear Strength

T,0r Ty

¢v

Notes:

peak and residual shear strength
effective angle of internal friction

angle of interface friction

coefficient of friction = tan &

etfective cohesion

undrained shear strength (¢ = 0 analysis)
mean total stress (o, + 63) /2

mean effective stress (¢'; + 6'3) /2
(o1-03)/2o0r(c'1-0')/2

compressive strength (o, - 63)
sensitivity

''1=¢'+o'tan ¢'

% shear strength = (compressive strength) / 2



LITHOLOGICAL AND GEOTECHNICAL ROCK DESCRIPTION TERMINOLOGY

WEATHERING STATE

Fresh: no visible sign of rock material weathering
Faintly Weathered: weathering limited to the surface of
major discontinuities.

Slightly weathered: penetrative weathering developed on open

discontinuity surfaces but only slight weathering of rock material.

Moderately weathered: weathering extends throughout the
rock mass but the rock material is not friable

Highly weathered: weathering extends throughout rock mass
and the rock material is partly friable.

Completely weathered: rock is wholly decomposed and in a
friable condition but the rock texture and structure are preserved.

BEDDING THICKNESS

Description Bedding Plane Spacing
Very Thickly Bedded >2m
Thickly Bedded 0.6 mto 2m
Medium Bedded 02mto 0.6 m
Thinly Bedded 60 mmto 0.2 m
Very Thinly Bedded 20 mm to 60 mm
Laminated 6 mm to 20 mm
Thinly Laminated <6 mm
JOINT OR FOLIATION SPACING

Description Spacing
Very Wide >3 m
Wide 1-3m
Moderately Close 03—1m
Close 50 —300 mm
Very Close <50 mm
GRAIN SIZE

Term Size*

Very Coarse Grained > 60 mm
Coarse Grained 2 — 60 mm

Medium Grained

Fine Grained

60 microns —2mm
2 — 60 microns

Very Fine Grained <2 microns

Note: *Grains > 60 microns diameter are visible to the naked eye.

Revision 0 — 2013

CORE CONDITION

Total Core Recovery
The percentage of solid drill core recovered regardless of quality
or length, measured relative to the length of the total core run.

Solid Core Recovery (SCR)
The percentage of solid drill core, regardless of length, recovered
at full diameter, measured relative to the length of the total core run.

Rock Quality Designation (RQD)

The percentage of solid drill core, greater than 100 mm length,
recovered at full diameter, measured relative to the length of the
total core run. RQD varies from 0% for completely broken core
100% for core in solid sticks.

DISCONTINUITY DATA

Fracture Index

A count of the number of discontinuities (physical separations)
in the rock core, including naturally occurring fractures but not
including mechanically induced breaks caused by drilling.

Dip with Respect to (W.R.T.) Core Axis
The angle of the discontinuity relative to the axis (length) of the core.
In a vertical borehole a discontinuity with a 90° angle is horizontal.

Description and Notes

An abbreviated description of the discontinuities, whether naturally
occurring separations such as fractures, bedding planes and foliation
ground or shattered core and mechanically separated bedding or
foliation surfaces. Additional information concerning the nature
information concerning the nature of fracture surfaces and infillings

are also noted.

Abbreviations

BD - Bedding PY - Pyrite

FO - Foliation/Schistosity Ca - Calcite

CL - Clean PO - Polished

SH - Shear Plane/Zone K- Slickensided
VN-  Vein SM - Smooth

FLT- Fault RO - Ridged/Rough
CO - Contact ST - Stepped

IN - Joint PL - Planar

FR - Fracture IR - Irregular

MB -  Mechanical Break UN - Undulating
BR - Broken Rock CU - Curved

BL - Blast Induced TCA - To Core Axis
Il - Parallel To STR - Stress Induced
OR - Orthogonal

Golder Associates



PROJECT: 14-1125-0007/Boyne Road Landfill RECORD OF BOREHOLE: MWOG'ZZR SHEET 1 OF 1
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MIS-BHS 001 1416664-6000.GPJ GAL-MIS.GDT 12/14/15 JM

RECORD OF BOREHOLE:

15-1

PROJECT: 1416664-6000 SHEET 1 OF 1
LOCATION: See Site Plan BORING DATE: July 23, 2015 DATUM: Geodetic
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PROJECT: 1416664-6000
LOCATION: See Site Plan

RECORD OF BOREHOLE:

BORING DATE: July 23, 2015

15-2

SHEET 1 OF 1

DATUM: Geodetic
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w Q SOIL PROFILE SAMPLES RESISTANCE, BLOWS/0.3m N k, cm/s c) PIEZOMETER
< = \ L=
of| o S T R R O . LA S N |17 o
o w ; Euw TANDPIPE
EFul| o DESCRIPTION < |EEV:) @ | & | S | SHEARSTRENGTH natV. + Q- @ WATER CONTENT PERCENT 5F INSST AL /-\‘II'ION
5= 2 % |peptH| S | = | £ | Cu.kPa remV.® U- O W 232
a o Elm|Z 9 Wp b—"—S"——W 3
@ » o 20 40 60 80 20 40 60 80
GROUND SURFACE 7468
o .
TOPSOIL E== 72-29 i
= E== . ]
&| (CLML) CLAYEY SILT, trace gravel and 0.21 Bentonite Seal i
|z low plasticity fines; grey brown; 1
35 cohesive, w~PL, very stiff 1
2 i
Iz Silica Sand E
g|E
HE ]
a8 1
! £ 50 mm Diam. PVC |
8 1 |AS| - #10 Slot Screen
N
73.28
End of Borehole 1.40

DEPTH SCALE
1:50

LOGGED: PAH
CHECKED: MIB




PROJECT: 1416664-6000 RECORD OF BOREHOLE: 15'3 SHEET 1 OF 2

LOCATION: See Site Plan BORING DATE: July 21, 2015 DATUM: Geodetic

DEPTH SCALE

DYNAMIC PENETRATION N HYDRAULIC CONDUCTIVITY,
SOIL PROFILE SAMPLES RESISTANCE, BLOWS/0.3m N k, cm/s

20 40 60 80 19‘6 19‘5 1([)"‘ 19‘3
SHEAR STRENGTH natV. + Q- @ WATER CONTENT PERCENT
@ u-0

Cu, kPa remV.
wpb——eW——wi
20 40 60 80 20 40 60 80

PIEZOMETER
OR
STANDPIPE
INSTALLATION

ELEV.

DEPTH|
(m)

METRES

DESCRIPTION

BORING METHOD
ADDITIONAL
LAB. TESTING

STRATAPLOT
NUMBER
TYPE
BLOWS/0.30m

GROUND SURFACE 75.41
TOPSOIL F== o0

E==] 7516
(CI/CH) SILTY CLAY, trace sand; grey 0.25 Bentonite Seal
brown, fissured (WEATHERED

CRUST); cohesive, w~PL, very stiff

Silica Sand

73.89
GLACIAL TILL o 1.52

Power Auger
200 mm Diam. (Hollow Stem)

%) Bentonite Seal

o0
NN

X
X
R

Q)
oS
SRR

%
%

3

Native Backfill

N
R
R

<

(Lot
(Lotes

2%
2%

71.45
4] | | Fresh, grey LIMESTONE F—1 3%
Borehole continued on RECORD OF 4.09
DRILLHOLE 15-3

2
2

MIS-BHS 001 1416664-6000.GPJ GAL-MIS.GDT 12/14/15 JM

DEPTH SCALE
1:50

LOGGED: PAH
CHECKED: MIB




PROJECT: 1416664-6000 RECORD OF DRILLHOLE: 15'3 SHEET 2 OF 2

LOCATION: See Site Plan DRILLING DATE: July 21, 2015 DATUM: Geodetic
DRILL RIG: CME 55

MIS-RCK 004 1416664-6000.GPJ GAL-MISS.GDT 12/14/15 JM

INCLINATION: -90° AZIMUTH: — . .
DRILLING CONTRACTOR: Downing Drilling
a oz JN - Joint BD- Bedding PL - Planar PO- Polished BR - Broken Rock
o (0] S|X| FLT - Fault FO- Foliation CU- Curved K - Slickensided ) -
u Q e} 9 2| sHR- shear CO- Contact UN- Undulating  SM- Smooth "&TE-. F(P’ add'tf"’"ta' st
< O e} . 3wl UN - Vei OR- Orth al ST- Stepped - abbreviations refer to st
om w ) o e ein ogon: epp: Ro - Rough of abbreviations &
2| & DESCRIPTION 5 | BLEV- 1= €| CJ -Conjugate  CL-Cleavage IR - Imegular M- Mechanical Break symbols
']_: w % 8 DEPTH % RECOVERY FRACT. DISCONTINUITY DATA HYDRAULIC |Diametral
as | 5 =S|l m |® = [Fora | soup R'S}'D' INDEX B wiL O&lDUC'I’IVITYPo:ntd LoadrmIC|
w = b PER E , cm/sec ndex |-@'
a T & 2 [coren[coren 025m BA";'Z s T D e tCBLicon urlsaf © o 3 o [ (MPa) fva)
a T |389R]|8898[8898 0228 | o825 | o888 228 |aveo
BEDROCK SURFACE 132
i Fresh, grey LIMESTONE 4.09 ]
(=]
B ’ i
| - | Bentonite Seal 1
i Silica Sand ]
- - Lost core from 4.87 mto 5.03 m ]
i 2 g 1
[ - Lost core from 5.49 m to 5.53 m I ]
i - Lost core from 5.69 m to 5.74 m ]
[ &[5 g ;
- °|z|8 = - )
2lg
B 5|2 i
B 32 mm Diam. PVC b
- #10 Slot Screen 1
i 3 S| ]
— 7 - Lost core from 6.96 m to 7.01 m 7]
: 4 S| :
— 8 67.33 L —
| End of Drillhole 8.08 ]
L 9 ]
L 10 ]
L ]
- ]
L 13 ]
L 14 ]
DEPTH SCALE LOGGED: PAH
1:50 CHECKED: MIB




PROJECT: 1650505

LOCATION: See Site Plan

SAMPLER HAMMER, 64kg; DROP, 760mm

RECORD OF BOREHOLE:

BORING DATE: December 8, 2016

16-1

SHEET 1 OF 2

DATUM: Geodetic

PENETRATION TEST HAMMER, 64kg; DROP, 760mm

MIS-BHS 001 1650505-8000.GPJ GAL-MIS.GDT 03/23/17 JM

a SOIL PROFILE DYNAMIC PENETRATION N HYDRAULIC CONDUCTIVITY,

w o RESISTANCE, BLOWS/0.3m « k, cm/s o)

20 E = c N Iz PIEZOMETER

Qu | w 9 o S 20 40 60 80 10°  10°  10*  10° 55 OR

= T wlw|g : ; ‘ : . : ! ‘ =4 STANDPIPE

Fu |l g DESCRIPTION < 2la|g gHEAR STRENGTH natV. + Q- @ WATER CONTENT PERCENT ak INSTALLATION

& E = S|E|2 u, kPa remV.& U- O w ag

o O o4 4 0 Wp b——o"——W <3

s} = el
” o 20 40 60 80 20 40 60 80
GROUND SURFACE
N (PT) sandy SILT, some organics; dark i
- brown (PEAT); non-cohesive, moist, E
B very loose R
B (CL/MC) CLAYEY SILT to SILTY CLAY, Bentonite Seal ]
- trace gravel; grey brown (WEATHERED E
B CRUST); cohesive, very stiff -
B | (CL/IMC) CLAYEY SILT to SILTY CLAY; ]
B trace gravel; grey; cohesive, very stiff 1
- 'E: Silica Sand .
| 2 _
B < i
| 5|2 ]
| 5(’ i ,
B = 1
5 gla i
5 £ i
B E i
(=3
= 8 .
B 32 mm Diam. PVC |- b
B #10 Slot Screen 'B' | ]
- (ML) sandy SILT, some gravel, trace R
B clay; grey (GLACIAL TILL); h
B non-cohesive, wet, compact to very ]
B dense i
B Bentonite Seal ]
B Borehole continued on RECORD OF ]
| DRILLHOLE 16-1 _
N ]
DEPTH SCALE LOGGED: JD
1: CHECKED: MIB




MIS-RCK 004 1650505-8000.GPJ GAL-MISS.GDT 03/23/17 JM
T

PROJECT: 1650505 RECORD OF DRILLHOLE: 16-1 SHEET 2 OF 2
LOCATION: See Site Plan DRILLING DATE: December 8, 2016 DATUM: Geodetic
DRILL RIG: CME
INCLINATION: -90° AZIMUTH: — . .
DRILLING CONTRACTOR: Downing Drilling
a o E JN - Joint BD- Bedding PL - Planar PO- Polished BR - Broken Rock
x O] S FLT - Fault FO- Foliation CU- Curved K - Slickensided . .
] Q o) 02| sFR- shear CO- Contact UN- Undulating ~ SM- Srocth NOTE: For addtional
I O = . iy N abbreviations refer to list
ol | © o ] Q| WN - Vein OR- Orthogonal ST - Stepped Ro-Rough of abbreviations &
oo | & DESCRIPTION S |BLev. |2 ®[CJ -Conjugate  CL-Cleavage IR - Iregular MB- Mechanical Break symbols.
|:|—:E % 8 DEPTH % RECOVERY FRACT. DISCONTINUITY DATA HYDRAULIC |Diametral|
as |5 2 m | E = [Fora | soup R.C}.D. INDEX B wiL omoucnwwpu:mdl.oa RMC
9 PER , cms Q'
S |z » B |eomemfoonex| " |oogm| ®AE | KT (vee a0 suRmACEl el oy g | (WPa) s,
a L | 3898|3898 | 889R | w2LR [ 82K | o888 rvvv |avo
BEDROCK SURFACE 6793
Slightly weathered to weathered, highly 6.78 Bentonite Seal
; fractured, grey LIMESTONE, with shale . o '
interbedded
HE
>3 32 mm Diam. PVC
glo #10 Slot Screen 'A'
x|Z
8 2 &
65.95 | |cave
End of Drillhole 8.76 ]
9 |
10 —
1 —
12 —
13 |
14 _
15 —
16 —
DEPTH SCALE LOGGED: JD
1:50 CHECKED: MIB




MIS-BHS 001 1650505-8000.GPJ GAL-MIS.GDT 03/23/17 JM

PROJECT: 1650505

LOCATION: See Site Plan

SAMPLER HAMMER, 64kg; DROP, 760mm

RECORD OF BOREHOLE:

BORING DATE: December 8, 2016

16-2

SHEET 1 OF 1

DATUM: Geodetic

PENETRATION TEST HAMMER, 64kg; DROP, 760mm

DEPTH SCALE

SOIL PROFILE

SAMPLES

METRES
BORING METHOD

DESCRIPTION

STRATA PLOT

ELEV.

DEPTH|
(m)

NUMBER
TYPE
BLOWS/0.30m

DYNAMIC PENETRATION
RESISTANCE, BLOWS/0.3m

ZP 4‘0 6‘0

HYDRAULIC CONDUCTIVITY,

k, cm/s

19‘6 19‘5 1([)"‘ 19‘3

SHEAR STRENGTH
Cu, kPa

20 40 60

WATER CONTENT PERCENT

wp ———ocW Wi

20 40 60 80

PIEZOMETER
OR
STANDPIPE
INSTALLATION

ADDITIONAL
LAB. TESTING

GROUND SURFACE

74.72

very loose

(PT) sandy SILT, trace organics; dark
brown (PEAT); non-cohesive, moist,

I
L

AL L

0.00

72.89

stiff

Power Auger
200 mm Diam. (Hollow Stem)

(CL/MC) CLAYEY SILT to SILTY CLAY,
2 trace gravel; grey brown; cohesive, very

1.83

68.62

compact

(ML) sandy SILT, some gravel; grey
(GLACIAL TILL); non-cohesive, wet,

6.10

68.01

End of Borehole
Auger Refusal

6.71

B

R

R

R

O

BB

Native Backfill

XXX

SR

0a%a

BRRR

%2

RERRRRR

[

Bentonite Seal

Silica Sand

32 mm Diam. PVC
#10 Slot Screen

BRI

XX

KR

KR

KRR

X

B

R

R

%
X

%

XXX

%

7

R

R

<3
X

o

SRR

R

7

XX

e
X

X

R

% 2

3

<3
X

X%

R

<X

DEPTH SCALE
1:50

LOGGED: JD
CHECKED: MIB




MIS-BHS 001 1650505-8000.GPJ GAL-MIS.GDT 03/23/17 JM

PROJECT: 1650505
LOCATION: See Site Plan

SAMPLER HAMMER, 64kg; DROP, 760mm

RECORD OF BOREHOLE:

BORING DATE: December 8, 2016

16-3

SHEET 1 OF 3

DATUM: Geodetic

PENETRATION TEST HAMMER, 64kg; DROP, 760mm

a DYNAMIC PENETRATION \ HYDRAULIC CONDUCTIVITY,

Yy Q SOIL PROFILE SAMPLES RESISTANCE, BLOWS/0.3m N k, cm/s o)

<o | E = c . 3z PIEZOMETER

oy | L g e |§] o 4 e @ 100 100 0t 100 |BE OR

Th O JELEV.| W |w | g gu STANDPIPE

Fw | © < o | | S| SHEARSTRENGTH natV. + Q- @ WATER CONTENT PERCENT ah

8= é DESCRIPTION % |oeptH S | & 21 cukPa remV.® U- O W oy INSTALLATION

o | & 2 m |2 3 Wp F———&——— W <

« ” o 20 40 60 80 20 40 60 80
|, GROUND SURFACE 75.05
L (PT) sandy SILT, some organics; dark F==| 000 ]
- brown (PEAT); non-cohesive, moist, F== ]
i very loose F== 1|ss| 1 ]
[ ggg Bentonite Seal ]
L = 7
5 F== 2 |ss|WH ]
B E=Z] 7353 ]
- (CL/MC) CLAYEY SILT to SILTY CLAY, 152 - 1
B trace gravel; grey brown (WEATHERED Silica Sand i
i CRUST); cohesive, very stiff 3 |ss| 1 - I i
- 2 E ]
[ 32 mm Diam. pve | 11[1[]
i 4|88 4 #10Slot Sereen’C |[1]1[1] ]
Y N 72,00 HHHA
B (CL/MC) CLAYEY SILT to SILTY CLAY; 3.05 i |
B grey; cohesive, stiff ]
B 5 |ss|WH i) ]
B Silica Sand 1
L 4 ]
i 6 |Ss|WH R
B g — g
2]
B > ]
| 5|28 ]
- 22 7 |ss|wH ]
- s|E|Z ]
B g5 ]
B s|a —| ]
| £ ] ]
B € ]
| § Bentonite Seal 7
B 8 |sS|WH ]
| 6 | —
- 9 |ss|1 ]
I _|
B 10 |ss| 9 ]
B 67.73 ]
B (SP) gravelly SAND, some silt; reddish 7.32 ) 1
B grey; non-cohesive, wet, loose | Silica Sand |
i 1 |ss| 3 g
5 _|
i - 32 mm Diam. PVC | ]
B #10 Slot Screen 'B' | - ]
- 12 |ss| o ]
L 4 | x|
- 65.88 0| 1
B (ML) sandy SILT, some gravel, trace 9.17 S|\
| clay; grey (GLACIAL TILL); . =
5 non-cohesive, wet, compact to very 9 13 18822 Silica Sand S|
B dense 2 =
i ST %ig
B Bentonite Seal ll ,
P edd  |4adss|es| 1 | [ | L . 0 4 [T ]
CONTINUED NEXT PAGE

DEPTH SCALE
1:50

LOGGED: JD
CHECKED: MIB




PROJECT: 1650505 RECORD OF BOREHOLE: 16'3 SHEET 2 OF 3

LOCATION: See Site Plan BORING DATE: December 8, 2016 DATUM: Geodetic
SAMPLER HAMMER, 64kg; DROP, 760mm PENETRATION TEST HAMMER, 64kg; DROP, 760mm
a DYNAMIC PENETRATION N HYDRAULIC CONDUCTIVITY,
w o SOIL PROFILE SAMPLES RESISTANCE, BLOWS/0.3m « k, cm/s o)
20 E = c N Iz PIEZOMETER
B | 2 Slolzl 8l 2 © o LA S N |17 o
Th O ELEV.| W |jw g gu STANDPIPE
Fw | © < o | | S| SHEARSTRENGTH natV. + Q- @ WATER CONTENT PERCENT s
I = é DESCRIPTION 2 [oepTH % = %’ Cu, kPa remV.& U-O w ag INSTALLATION
a o E m | 2 9 WpH—6S"—1 W <3
« ” o 20 40 60 80 20 40 60 80
10 --- CONTINUED FROM PREVIOUS PAGE -—
5 (ML) sandy SILT, some gravel, trace
2 clay; grey (GLACIAL TILL); 14 |ss| 28
< non-cohesive, wet, compact to very ies S
£ dense &
3 I
o ¢
A Bentonite Seal
entonite Seal
" %” g 7 15 | ss | 64
28 7
3
HE A
2 I
63.47| 16 | SS|>50

Borehole continued on RECORD OF 11.58
DRILLHOLE 16-3

20

MIS-BHS 001 1650505-8000.GPJ GAL-MIS.GDT 03/23/17 JM

DEPTH SCALE
1:50

LOGGED: JD
CHECKED: MIB




RECORD OF DRILLHOLE:

16-3

MIS-RCK 004 1650505-8000.GPJ GAL-MISS.GDT 03/23/17 JM
T

PROJECT: 1650505 SHEET 3 OF 3
LOCATION: See Site Plan DRILLING DATE: December 8, 2016 DATUM: Geodetic
DRILL RIG: CME
INCLINATION: -90° AZIMUTH: — . .
DRILLING CONTRACTOR: Downing Drilling
a o E JN - Joint BD- Bedding PL - Planar PO- Polished BR - Broken Rock
(4 (0] 3 FLT - Fault FO- Foliation CU- Curved K - Slickensided . -
4 Q el OIP| SHR- Shear CO- Contact ON- Undulating S Smooth N P addtional et
< o s} . 3wl VN - Vein OR. Orthogonal ST- Stepped Ro- Rotan abbreviations refer to list
om w ) o S ! g PP 0 - Rough of abbreviations &
oo | & DESCRIPTION S |BLev. |2 ®[CJ -Conjugate  CL-Cleavage R - Iregular MB- Mechanical Break symbols.
= w % 8 DEPTH % RECOVERY FRACT. DISCONTINUITY DATA HYDRAULIC |Diametral|
as |5 2 m | ® = [Fora | soup R.C}.D. INDEX B wiL o&loucnvmpuimd LoagRmC|
% PER E , cm/sec ndex |.-q@'
o z & 2 [coren[coren 025m BA";': s T Seacretion[reon sl o e 3 o | (WPa) b,
a T |23398|8398|8898 | 228 | 825 | o838 2222 |avo
BEDROCK SURFACE 6347
[E12] Slightly weathered to weathered, highly 11.58] 4 Bentonite Seal -}
fractured, grey LIMESTONE, with shale [~ Silica Sand N
interbedded g
— 12 il
2 32 mm Diam. PVC
= ° #10 Slot Screen 'A' H
o= H.
(3 it
o H
5|9 iy
— 13z |= H
3 Silica Sand
-, 61.05 |
End of Drillhole 14.00
— 15
— 16
— 17
— 18
— 19
— 20
— 21
DEPTH SCALE LOGGED: JD
1:50 CHECKED: MIB

















































ATTACHMENTS - SLOPE/W OUTPUT SECTIONS
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SECTION A-A' (WEST)
STABILITY ANALYSES
STATIC DRAINED CONDITION

PROJECT

INDIVIDUAL ENVIRONMENTAL ASSESSMENT OF THE TOWNSHIP OF

NORTH DUNDAS WASTE MANAGEMENT PLAN
SLOPE STABILITY ASSESSMENT
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SECTION A-A' (WEST)
STABILITY ANALYSES
STATIC UNDRAINED CONDITION

[PROJECT,

INDIVIDUAL ENVIRONMENTAL ASSESSMENT OF THE TOWNSHIP OF

NORTH DUNDAS WASTE MANAGEMENT PLAN
SLOPE STABILITY ASSESSMENT
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SECTION A-A' (WEST)
STABILITY ANALYSES
SEISMIC CONDITION

PROJECT

INDIVIDUAL ENVIRONMENTAL ASSESSMENT OF THE TOWNSHIP OF

NORTH DUNDAS WASTE MANAGEMENT PLAN
SLOPE STABILITY ASSESSMENT
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SECTION B-B' (SOUTH)
STABILITY ANALYSES
STATIC DRAINED CONDITION

PROJECT

INDIVIDUAL ENVIRONMENTAL ASSESSMENT OF THE TOWNSHIP OF
NORTH DUNDAS WASTE MANAGEMENT PLAN
SLOPE STABILITY ASSESSMENT
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SECTION B-B' (SOUTH)
STABILITY ANALYSES
STATIC UNDRAINED CONDITION

PROJECT

INDIVIDUAL ENVIRONMENTAL ASSESSMENT OF THE TOWNSHIP OF

NORTH DUNDAS WASTE MANAGEMENT PLAN
SLOPE STABILITY ASSESSMENT
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SECTION B-B' (SOUTH)
STABILITY ANALYSES
SEISMIC CONDITION

[PROJECT,

INDIVIDUAL ENVIRONMENTAL ASSESSMENT OF THE TOWNSHIP OF

NORTH DUNDAS WASTE MANAGEMENT PLAN
SLOPE STABILITY ASSESSMENT




ENVIRONMENTAL ASSESSMENT OF THE TOWNSHIP OF NORTH DUNDAS
WASTE MANAGEMENT PLAN

Appendix D-3 POLLUTE Output

Final Report
Dec 2022 / Rev Feb 2023



POLLUTEvV7
Version 7.13

Copyright (c) 2007.

GAEA Technologies Ltd., R.K. Rowe and J.R. Booker

Boyne Source Boron

THE VARIABLE VELOCITY AND/OR CONCENTRATION OPTION HAS BEEN USED
NOTE THAT THE ACCURACY OF THE CALCULATIONS WITH THIS OPTION WILL DEPEND

ON THE NUMBER OF SUBLAYERS USED

Layer Properties

Layer | Thickness Number of I-cl:c;f;ic(i:i?\r;m]:: Matrix Distribution Dry Densit
y Sublayers 3{3 yn: Porosity | Coefficient y y
ispersion
Till 44 m 200 0.019 m2/a 0.35 0 mL/g 1.9 g/cm3
Boundary Conditions
Finite Mass Top Boundary
Fixed Outflow Bottom Boundary
Landfill Length =202 m
Landfill Width =1 m
Base Thickness =3 m
Base Porosity = 0.35
VARIATION IN PROPERTIES WITH TIME:
TIME PERIODS WITH THE SAME SOURCE AND VELOCITY
. . No. of . Source Rate of | Height of | Volume
Period | Start Time Steps Time Step Conc Change | Leachate | Collected
1 0 year 15 5 year 5 mg/L 0 10000000 m| O m/a
2 75 year 100 5 year 5 mg/L 0 254 m 0 m/a

1/7




Period |Start Time End Time Darcy Velocity Dispersivity Base Velocity
1 0 year 75 year 0.33 m/a 0.1m 23.5 m/a
2 75 year 575 year 0.33 m/a 0.1m 23.5m/a
Laplace Transform Parameters
TAU=7 N =20 SIG=0 RNU =2

Calculated Concentrations at Selected Times and Depths

Time Depth Concentration
year m mg/L
5 0.000E+00 5.000E+00
10 0.000E+00 5.000E+00
15 0.000E+00 5.000E+00
20 0.000E+00 5.000E+00
25 0.000E+00 5.000E+00
30 0.000E+00 5.000E+00
35 0.000E+00 5.000E+00
40 0.000E+00 5.000E+00
45 0.000E+00 5.000E+00
50 0.000E+00 5.000E+00
55 0.000E+00 5.000E+00
60 0.000E+00 5.000E+00
65 0.000E+00 5.000E+00
70 0.000E+00 5.000E+00
75 0.000E+00 5.000E+00

2 /7




Time Depth Concentration
year m mg/L
80 0.000E+00 2.639E+00
85 0.000E+00 1.393E+00
90 0.000E+00 7.354E-01
95 0.000E+00 3.882E-01
100 0.000E+00 2.049E-01
105 0.000E+00 1.082E-01
110 0.000E+00 5.711E-02
115 0.000E+00 3.015E-02
120 0.000E+00 1.591E-02
125 0.000E+00 8.401E-03
130 0.000E+00 4. 435E-03
135 0.000E+00 2.341E-03
140 0.000E+00 1.236E-03
145 0.000E+00 6.525E-04
150 0.000E+00 3.444E-04
155 0.000E+00 1.818E-04
160 0.000E+00 9.599E-05
165 0.000E+00 5.067E-05
170 0.000E+00 2.675E-05
175 0.000E+00 1.412E-05
180 0.000E+00 7.454E-06
185 0.000E+00 3.935E-06

3/7



Time Depth Concentration
year m mg/L
190 0.000E+00 2.077E-06
195 0.000E+00 1.097E-06
200 0.000E+00 5.790E-07
205 0.000E+00 3.057E-07
210 0.000E+00 1.614E-07
215 0.000E+00 8.524E-08
220 0.000E+00 4.503E-08
225 0.000E+00 2.381E-08
230 0.000E+00 1.260E-08
235 0.000E+00 6.689E-09
240 0.000E+00 3.566E-09
245 0.000E+00 1.918E-09
250 0.000E+00 1.048E-09
255 0.000E+00 5.883E-10
260 0.000E+00 3.457E-10
265 0.000E+00 2.176E-10
270 0.000E+00 1.499E-10
275 0.000E+00 1.141E-10
280 0.000E+00 9.514E-11
285 0.000E+00 8.504E-11
290 0.000E+00 7.965E-11
295 0.000E+00 7.671E-11
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Time Depth Concentration
year m mg/L
300 0.000E+00 7.508E-11
305 0.000E+00 7.413E-11
310 0.000E+00 7.353E-11
315 0.000E+00 7.311E-11
320 0.000E+00 7.279E-11
325 0.000E+00 7.252E-11
330 0.000E+00 7.225E-11
335 0.000E+00 7.201E-11
340 0.000E+00 7.176E-11
345 0.000E+00 7.152E-11
350 0.000E+00 7.126E-11
355 0.000E+00 7.100E-11
360 0.000E+00 7.074E-11
365 0.000E+00 7.047E-11
370 0.000E+00 7.020E-11
375 0.000E+00 6.992E-11
380 0.000E+00 6.964E-11
385 0.000E+00 6.935E-11
390 0.000E+00 6.906E-11
395 0.000E+00 6.876E-11
400 0.000E+00 6.846E-11
405 0.000E+00 6.816E-11
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