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Section 1.0 Introduction

In July 2015 the Minister of the Environment and Climate Change approved the Terms of Reference
(ToR) for the Brooks Road Landfill Site Vertical Capacity Expansion Environmental Assessment (EA). This
report provides an overview of the alternative conceptual vertical capacity expansion designs

(i.e., ‘Alternative Methods’) for the Brooks Road Landfill Site Vertical Capacity Expansion EA (Section 2.0)
and documents the following with respect to Air Quality and Odour:

e Describes the Air Quality and Odour Existing Conditions associated with the EA Study Areas
(Section 3.0)

e Details the mitigation measures to be incorporated into the Alternative Method designs in order to
prevent or minimize effects on Air Quality and Odour (Section 4.0)

e Documents the net effects analysis for each Alternative Method with respect to Air Quality and
Odour (Section 5.0)

e Identifies the Preferred Alternative Method from an Air Quality and Odour perspective through a
comparative evaluation process (Section 6.0)

Section 2.0 Alternative Methods for Vertical Expansion

Three vertical expansion alternatives have been developed for comparative analysis. The alternatives
were identified in consideration of the criteria and assumptions outlined in the Conceptual Design
Report (CDR) and based on public input received during the ToR.

The following aspects will be identical across all three vertical expansion alternatives, including:

e An expansion capacity of 421,000 m®, including waste, daily cover, and interim cover

e The limit of waste (i.e., landfill footprint)

e Traffic volume entering and exiting the site, associated with importing waste, daily cover, and
interim cover

e The location of the site entrance, scalehouse, and other ancillary supporting features

e The size and location of all buffer areas

e The final cover design (0.6 m of compacted fine-grained soil overlain by a 0.15 m thick vegetative
layer)

e The leachate treatment (i.e., batch leachate treatment system)

The three vertical expansion alternatives are illustrated on Drawings C-02 through C-07 (following text)

and their unique attributes are outlined in Table 2.1, below. Further information on the vertical
expansion alternatives is found in the CDR.

018235 (66) 1 GHD
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Table 2.1

Comparison of Vertical Expansion Options

Attribute

Alternative 1

Alternative 2

Alternative 3

General Description

Expansion capacity
with 3H to 1V (33%)
side slopes to a crest
height of 218.075 m

Expansion capacity
with 4H to 1V (25%)
side slopes to a crest
height of 221.0 m

Expansion capacity
with 3H to 1V (33%)
side slopes to a crest
height of 221.25 m
and bench at
approx. 210.0 m

Approximate Elevation of Top of 219.65 m 221.50 m 222.13 m
Landfill (including final cover)

Approximate Height of Landfill 20.69 m 22.54 m 23.17 m
Above Existing Grade of 198.96

Post-Closure Leachate 36 m*/day 36 m*/day 36 m*/day
Generation Rate

Number of Vehicles Per Day 25to 50 25to 50 25to 50

Associated with Waste and
Construction Materials

As can be seen from Table 2.1, the primary differences between the three alternatives are the height of

the landfill. From an air quality and odour perspective, the potential emission rates from landfill

activities are expected to be very similar since the landfill operations, number of vehicles and on-site

road layouts will be very similar. The off-site impacts of the three alternatives are therefore not

expected to vary significantly due to the relatively minor differences in elevations of the three

alternatives.

Section 3.0 Air Quality and Odour Existing Conditions

The July 2015 Minister-approved ToR includes a preliminary description of the existing environmental

conditions within the Study Areas and commits to providing an expanded description of the existing

environmental conditions within the Study Areas in the EA. The following section provides a more

detailed description and understanding of the Air Quality and Odour Existing Conditions within the Study

Areas for use in the assessment and evaluation of Alternative Methods.

3.1 Study Areas

The following two generic study areas were established for preparation of the EA:

e Site Study Area, including all lands (i.e., 14.3 hectares (ha)) within the existing, approved boundaries

of the Brooks Road Landfill Site (Site), as defined by Environmental Compliance Approval (ECA)
No. A110302, dated July 21, 2014, as amended

018235 (66)
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e Local Study Area, including all lands and waters within a 1 kilometre (km) radius of the Site Study
Area boundaries

As provided for in the approved ToR, each technical discipline may modify the Local Study Area, as
required, during the EA. For Air Quality and Odour both the Site and Local Study Areas are applicable.

018235 (66) 3 GHD
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3.2 Methodology

Information on the Air Quality and Odour Existing Conditions within the Local Study Area was gathered
from a combination of secondary source research and field investigations.

3.2.1 Available Secondary Source Information Collection and Review

Available secondary sources of information were collected and reviewed by the Air Quality and Odour
team to determine existing air quality and odour conditions within the study areas. The following
sources of secondary information were collected and reviewed:

e Environment Canada Climate data (2010 to 2014)

e Ambient air quality data obtained from the Ministry of Environment and Climate Change (MOECC)
(2009 to 2014). Note that the PM2.5 data available from the closest monitoring station, the MOECC
Station #29118 at West Hamilton was used in the net effects assessment for a cumulative
particulate evaluation

e Existing Facility Emission Summary and Dispersion Modelling Report, prepared for Brooks Road
Environmental by Conestoga-Rovers & Associates (September 14, 2015)

e Odour Monitoring Program, prepared for Brooks Road Environmental by Conestoga-Rovers &
Associates (July 28, 2014)

e Odour Monitoring Program, prepared for Brooks Road Environmental by Conestoga-Rovers &
Associates (November 3, 2014)

e Odour Monitoring Program, prepared for Brooks Road Environmental by GHD

3.2.2 Field Investigations

GHD completed a site visit on September 11, 2015 to review the Site and the conditions within the Local
Study Area. The Facility is located just outside of Cayuga, Ontario on a remote road with the nearest
residential dwelling approximately 232 metres (m) northwest of the existing property boundary. There
are approximately 14 existing one-storey (1.5 m above grade) and two-storey (4.5 m above grade)
residential dwellings within the Local Study Area (see Figure 3.2). The landfill has a berm that runs along
the west property-boundary, and a clay stockpile situated on the north end of the property. While the
existing Brooks Road Landfill is currently in operation (i.e., accepting waste), it should be noted that and
filling operations at the Site have been slowing down since 2015, as the landfill continues to reach its
current approved capacity. At the time of the site visit the landfill liner was being installed and;
therefore, minor odours were observed at the Facility entrance and near the leachate processing area.

On-site and off-site odour investigations were completed by GHD in 2014 and 2016. These studies

indicated that there was no measurable odour off-site. GHD completed odour measurements during
daytime and nighttime periods to try and observe odours in the surrounding community. During all the

018235 (66) 5 GHD
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odour monitoring events, no odours that could be attributed to the Site were detected off-site. The
odour monitoring events are summarized in Appendix A.

The GHD Team completed a walk-through of the Site, with focused observations at the location of the
proposed vertical expansion and the leachate system. GHD did not identify any fugitive emissions during
the walkthrough other than minor particulate emissions generated by small vehicles moving throughout
the landfill. The GHD Team also observed the area surrounding the Site to confirm the locations of the
nearest sensitive receptors to the Facility.

018235 (66) 6 GHD
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3.3 Climate, Air Quality and Odour

3.3.1 Hamilton Climate Station

The Hamilton Climate Station is a weather station located at Hamilton’s John C. Munro International
Airport (43.1N, 79.5W, elevation 237.7 m). The station has been operating since January 15, 1970 under
World Meteorological Organization (WMO) ID 71263. The Hamilton Climate Station was selected as it is
the closest representative station to the Facility that has hourly documented climate data since 2010.
Data from this station is published online at Environment Canada's National Climate Data and
Information Archive. Hourly data from the station was analyzed to determine prevalent atmospheric
conditions that are considered representative of the Site.

Figure 3.3 presents a five-year wind rose for the Hamilton Climate Station for the period between 2010

and 2014 and Figure 3.4 presents the wind class frequency distribution. The dominant wind directions,
as shown on Figure 3.3, are from the southwest, and west.

018235 (66) 8 GHD
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Figure 3.4 Wind Class Frequency Distribution
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3.3.2 Complaint History

Brooks Road Environmental maintains a record of all environmental complaints received at the Site. A
review of the complaint records from the past four years indicates that out of the 21 complaints,
20 were related to odour perceived from the Site.

Concerned residents or businesses can call Brooks Road Environmental, the Township of Cayuga, or the
MOECC if a nuisance effect is perceived to have occurred because of the Brooks Road Facility. All
complaints are recorded and investigated by Brooks Road Environmental. Each complaint is logged and,
in many cases, Site staff will go to the location where the nuisance was recorded and conduct on-site
investigations. The date and time of the complaint are cross-referenced with data from the Facility in
order to determine if any adjustments to operations need to be made at the Site. Each complaint
received at the Facility is reported to the MOECC.

Table 3.1 provides a summary of complaint records from either residents or businesses, as recorded by
Brooks Road Environmental for the period from 2012 to 2015.

Since 2014 Brooks Road has investigated each odour complaint that was logged. During this time Brooks
Road Environmental and GHD have not confirmed that the odour complaints were related to Brooks
Road Environmental operations.

Table 3.1 Brooks Road Landfill Site Complaint Records 2012 to 2015
August 12, 2012 Landfill Site Staff Mud on Road
December 13,2012 Landfill Site Staff Odour
December 03, 2013 Landfill Site Staff Odour
December 04, 2013 Landfill Site Staff Odour
February 04, 2014 MOECC Odour
February 28, 2014 MOECC Odour
May 05, 2014 MOECC Odour
May 06, 2014 MOECC Odour
July 12, 2014 MOECC Odour
July 13, 2014 MOECC Odour
July 14, 2014 MOECC Odour
July 25, 2014 MOECC Odour
July 28, 2014 MOECC Odour
July 29, 2014 Richard Weldon Odour
August 30, 2014 MOECC Odour
September 08, 2014 MOECC Odour
September 10, 2014 Paul Zizek Odour

018235 (66) 11 GHD
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October 22, 2014 Paul Zizek Odour
October 23, 2014 Paul Zizek Odour
January 2, 2015 MOECC Odour
November 3, 2015 MOECC Odour

3.3.3 Air Quality

The Facility is located approximately 2.8 km northeast of Cayuga and 25 km south of Hamilton and is
surrounded by agricultural land. The closest residential building is approximately 232 m from the Site
and there are no major industrial sources within the Study Area as indicated in Figure 3.1. The Facility
has a berm that runs along the west side of the site and a clay stockpile located along the north side that
would reduce the line of sight and fugitive particulate matter emissions when the landfill is in operation.
All roads on-Site are unpaved and consist of either gravel or sand. Current fugitive emissions of road
dust from the Site are minimal as the Site employs dust mitigation measures, such as reduced vehicle
speed and roadway watering or covering using wood chips during dry periods, as-needed.

The Brooks Road Landfill Site is a fully integrated landfill that operates leachate processing equipment, a
portable shredder and other small on-site equipment. While the existing Brooks Road Landfill is
currently in operation (i.e., accepting waste), it should be noted that landfilling operations at the Site
have been slowing down since 2015, as the landfill continues to reach its current approved capacity. At
the time of the site visit the landfill shredder and other equipment were in operation and minor
particulate emissions were observed in the active working face of the landfill.

3.3.3.1 Vehicle Emissions

Particulate emissions related to vehicles operating at the landfill are the primary emissions of concern at
the landfill. Particulate may be defined in various particle size categories; including total suspended
particulate (TSP), particulate less than 10 microns (PM10) and particulate less than 2.5 microns (PM2.5).
All fractions of particulate were assessed for the potential landfill emissions.

The assessment for particulate matter focused on the re-suspension of particulate matter from truck
traffic. The air quality assessment used worst-case assumptions to conduct the emissions estimates. The
air quality assessment assumed all daily truck traffic to and from the Site to be garbage trucks weighing
40 tonnes when entering the site and 20 tonnes when exiting the site, resulting in an average of

25 trucks per day (500 tonnes) and a maximum of 50 trucks per day (1,000 tonnes).

The total suspended particulate emission factor for trucks traveling on an unpaved road is 2,620 grams
per vehicle kilometer traveled (g/VKT). For paved road the emission factor is 708 g/VKT. For heavy duty

018235 (66) 12 GHD
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vehicles (HDV) the emission factor for PM10 from vehicle exhaust and brake and tire wear the emission
factoris 0.264 g/VKT.

The potential emissions from vehicle exhaust and brake and tire wear for HDV is 0.01% of the emission
factor for HDV travelling on unpaved roads. The potential emissions from vehicle exhaust and brake and
tire wear for HDV is 0.04% of the emission factor for HDV travelling on paved roads. As the potential
emissions from the vehicle exhaust and brake and tire wear for the HDV on the proposed trucks routes
is less than 0.1% of the total emissions, they have been classified as insignificant and no further
assessment has been completed on these potential emission. The potential emissions from the vehicle
exhaust and brake and tire wear were calculated using the Mobile6.2 Mobile Emission Factor Model.
The potential emissions for PM2.5 are even less than PM10 example provided above and therefore is
also not included in this assessment. Therefore, the potential emissions from vehicle exhaust and brake
and tire wear can be concluded to be insignificant.

3.3.3.2 Indicator Compounds

As identified above, TSP, PM10, and PM2.5 were included in the assessment as they are the primary
emissions of concern at the landfill. Potential TSP, PM10, and PM2.5 emissions from vehicle exhaust
and break and tire wear for the on-site vehicles was concluded to be insignificant based on results from
Mobile6.2 and are not included in the assessment. Details on the contribution of vehicle exhaust and
break and tire wear in comparison to the other landfill activities are provide in Section 3.3.3.1.

Other tailpipe/combustion emissions, such as nitrogen oxides (NOx) and carbon monoxide (CO), can also
be concluded to be insignificant based on the small volume of daily traffic at the landfill, and the
significant distances to sensitive receptors. The potential concentrations of NOx and CO that a person
might be expected to be exposed to near a municipal road would far exceed the concentrations of these
compounds at the landfill boundary. Therefore, it may be concluded that NOx and CO emissions from
the vehicles at the landfill are insignificant contributors to the background concentrations of these
compounds.

Landfill gases, such as hydrogen sulfide (H2S) and vinyl chloride, can also be concluded to be
insignificant based on the operations at the landfill. GHD completed a theoretical landfill gas generation
rate for the site. Based on the existing and proposed waste to be disposed at the site, it was determined
that the maximum amount of landfill gas that will be generated is less than 200 cubic feet per minute.
This would be distributed over an area of approximately 14.3 hectares or 143,000 square metres,
resulting in a landfill gas exit velocity of only 0.000004 metre per second. This amount of landfill gas
generation is anticipated to be insignificant from an overall site profile and therefore landfill gases are
not included in any further assessment.

018235 (66) 13 GHD
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Odours from the operations have not been further assessed. Details on the rationale to identify the
potential odour from the site as negligible are provided in Section 3.3.4, below.

3.3.33 MOECC Air Monitoring Data

The MOECC has ambient air monitoring stations across Ontario that measure a variety of pollutant
concentrations. Typically, the stations monitor criteria air contaminants, such as nitrogen oxides, carbon
monoxide, sulphur dioxide, and particulate matter, with the exception of some specialized monitors that
measure speciated volatile organic compounds (VOCs) and ammonia. There are no active monitoring
stations within the Study Area, therefore, the monitor located in West Hamilton (29118), Ontario was
chosen as the closest monitor to the Site.

The West Hamilton station monitors nitrogen oxides, ground-level ozone, and particulate matter 2.5 um
(PM2.5). The West Hamilton station is located in West Hamilton and is expected to be influenced by the
industry within the City of Hamilton. The focus of this assessment is on the various size fractions of
particulate matter. Although the West Hamilton Station is not representative of the Brooks Road Landfill
Site the data from this location has been included for completeness. The focus of this assessment is on
the total suspended particulate (TSP), PM10, and PM2.5. These fractions of particulate matter are the
main containments that will be released at the Brooks Road Landfill Site.

Hourly readings and 24-hour average values are provided as part of the MOECC hourly results data set
for PM2.5. The West Hamilton monitor is located in a predominantly urban area. Therefore, the PM2.5
concentrations around the Brooks Road Landfill Site are expected to be much lower compared to the
monitoring station.

The hourly readings for PM2.5 from the West Hamilton station were averaged to obtain an annual
average concentration, which is presented in Table 3.2 along with the average over the six year period
(2009 to 2014). A time frame of six years was chosen as it provides an accurate representation of the
PM2.5 levels for West Hamilton that is influenced from the industrial activities in Hamilton but is not
representative of the PM2.5 levels at the Brooks Road Landfill Site.

As shown in Table 3.2, the concentration for PM2.5 is below its respective Ambient Air Quality Criteria
(AAQC) and Canada Ambient Air Quality Standard (CAAQS). The monitoring data indicates PM2.5 levels
are slowly increasing over time. However, this is a result of an increase in industry in the vicinity of the
West Hamilton monitoring station and is not expected to be the trend for the Brooks Road Landfill Site
and its surrounding area. Based on the monitored data, the PM2.5 background concentrations in the
vicinity of the Site are well below the respective AAQC and CAAQS. It is expected that the levels at the
Brooks Road Landfill site are significantly lower as they are not influenced by the industrial and
populated areas of Hamilton.

018235 (66) 14 GHD
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Based on the information from the West Hamilton meteorological station it is expected that the existing
ambient particulate matter concentration at the site is negligible. However, cumulative effects have
been assessed based on the 98" percentile data from the West Hamilton monitoring station. The 98"
percentile data is used as it is referenced in the Ontario Ambient Air Quality Criteria as being the
percentile that is required to meet the PM2.5 Canada Wide Standard.

As part of the Brooks Road Landfill commitment to ensuring that particulate matter emissions from the

site are minimized from the existing and proposed operations a standard operating procedure (SOP) will
be developed. The purpose of the SOP will be to ensure best management practices are implemented at
the site to reduce the potential generation of particulate matter results. This includes, but is not limited
to, the watering and sweeping of roads that equipment uses to travel the site.

Table 3.2 Annual Particulate Matter 2.5um Concentration from the Hamilton West MOECC
Monitoring Station

Year 2009 | 2010 | 2011 | 2012 | 2013 | 2014 | Average | AAQC CAAQS

Concentration 7.42 6.74 6.99 7.59 9.55 9.94 8.04 30.00 30.00

(ug/m?)™

Concentration 15.92 | 23.34 | 21.17 | 20.16 | 23.4 24,92 | 21.49 30.00 30.00

(ug/m?)™

Notes:

1. Based on MOECC monitoring station located in West Hamilton, average values.
2. Based on MOECC monitoring station located in West Hamilton, 98 percentile values

3.3.4 Odour Quality

During landfill operations the primary odour sources were identified as the landfill leachate system and
the landfill working face. These primary odour sources were confirmed by GHD in 2014 when two
separate odour analyses were completed as the result of complaints made by neighbouring residents.
However it should be noted that these odour sources were not confirmed to have been the source of
the complaints.

Additional odour monitoring was completed by GHD at the Brooks Road Landfill Site in 2016 and also
confirmed that the leachate system and working face were the primary localized odour sources, with
the leachate system being the more significant contributor. Brooks Road Landfill is currently installing a
leachate treatment system that is designed to reduce the handling and storage of leachate and the
potential for odour impacts.

The previous analyses indicated high odour levels near the leachate tank and lower odour levels near

the working face. All of the off-site monitoring did not identify any odours associated with the Brooks
Road Landfill operations at the sensitive receptors. With the leachate treatment system that is currently
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being installed the potential for odours from the Brooks Road Landfill operations should be significantly
reduced. The odour monitoring programs are summarized in Appendix A.

As summarized in Appendix A, the odour monitoring programs were completed during meteorological
conditions when odours complaints have typically been registered. Odour complaints have typically
occurred in the late evening or early morning hours with low to no winds and during temperature
inversions (hot during the day and cool during the night). During these programs no odours that were
associated with the Brooks Road Landfill operations were detected at the sensitive receptors.

In addition to the on-site and off-site odour monitoring that was completed by Brooks Road Landfill,
GHD completed a theoretical landfill gas generation rate for the site. Based on the existing and proposed
waste to be disposed at the site, it was determined that the maximum amount of landfill gas that will be
generated is less than 200 cubic feet per minute. This would be distributed over an area of
approximately 14.3 hectares or 143,000 square metres, resulting in a landfill gas exit velocity of only
0.000004 metre per second. This amount of landfill gas generation is anticipated to be insignificant from
an overall odour site profile.

As part of Brooks Road Landfill commitment to ensuring that odour complaints are minimized from the
existing and proposed operations a standard operating procedure (SOP) will be developed. The purpose
of the SOP will be to include odour mitigation measures that would be implemented to ensure that
odour complaints are investigated and the condition that resulted in the odour complaint is mitigated.

Section 4.0 Mitigation Measures to be Incorporated into the Alternative
Method Designs

Based on the description of the Alternative Methods provided in Section 2.0 and the characterization of
the Air Quality and Odour Existing Conditions within the Study Areas described in Section 3.0, Table 4.1
presents the mitigation measures recommended to be incorporated into the Alternative Methods
designs in order to avoid or minimize impacts on Air Quality and Odour.
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Table 4.1 Mitigation Measures to be Incorporated into the Design

Recommended Design Mitigation Measure Resulting Net Effect

Alternative Method 1 | Pave the road from the landfill entrance up Reduced particulate matter
to the point the trucks enter the main part emissions due to road traffic
of the landfill (~224 meters)

Alternative Method 2 | Pave the road from the landfill entrance up Reduced particulate matter
to the point the trucks enter the main part emissions due to road traffic
of the landfill (~224 meters)

Alternative Method 3 | Pave the road from the landfill entrance up Reduced particulate matter
to the point the trucks enter the main part emissions due to road traffic
of the landfill (~¥224 meters)

Section 5.0 Net Effects Assessment

This section documents the net effects assessment for the Alternative Methods for the Brooks Road
Landfill Site Vertical Capacity Expansion EA from an Air Quality and Odour perspective.

5.1 Net Effects Assessment Methodology

The assessment of the Alternative Methods was conducted in two steps:

e Step 1: Confirm Evaluation Criteria and Indicators/Measures
Prior to undertaking the net effects assessment, the Air Quality and Odour evaluation criteria and
indicators developed in the Minister-approved ToR were reviewed and confirmed for application to
each of the Alternative Methods.

e Step 2: Undertake the Net Effects Analysis
With the evaluation criteria, indicators and measures confirmed through the preceding step, a net
effects analysis of the Alternative Methods was carried out consisting of the following activities:
- ldentify potential effects (based on measures) on Air Quality and Odour
— Develop and apply avoidance/mitigation/compensation/enhancement measures
— Determine net effects on the environment

5.2 General Assumptions

The Site activity and modelling assumptions are summarized in the Sections above. The three Site
development Alternative Methods assumptions are documented in Section 2.0. The worst-case
equipment locations were selected based on proximity and elevated line-of-sight to the property
boundary. The worst-case elevation was selected based on Landfill cell development and the
corresponding topography detail.
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The evaluation of the Alternative Methods focused on alternative Site cell configurations. The

alternative Site cell configurations were developed based on criteria such as air quality and odour and

were evaluated using a simple comparison process to identify the preferred alternative method from an

air quality and odour perspective. The development and consideration of alternative Site cell

configurations utilized historical data developed at the Site during the past 40+ years, as well as

available secondary source information detailed in Section 3.2.1 and Section 3.3.1.

As discussed previously, particulate matter is the only compound of concern

therefore, only particulate emissions were assessed.

in terms of Air Quality and,

sl Eval.uat.lon Study Indicators Rationale Data Sources
Component Criteria Area
Air quality Site & e Predicted Waste disposal e Environment Canada or Ontario
Local off-Site point of | facilities and Ministry of the Environment
Study impingement associated hourly meteorological data and
Areas concentrations operations can climate normals

(ng/m3) of produce gases e Site ambient air monitoring,
indicator containing continuous emissions monitoring
compounds contaminants data
Number of that degrade air | o Applicable MOECC guidelines
off-Site quality if they are and technical standards
receptors emitted to the (i.e., ambient air quality criteria)
4 potentially atmosph.ere. o Aerial photographic mapping
< ) affected Construction and and field reconnaissance
= Atn}ospherlc (residential operationactivities | o ¢t sjte receptors confirmed on
= | Environment . at a waste disposal )
<Zt prop_ertles,_ . facility may also reCfentc mapping
public facilities, result in changes | ° Emissions Summary and
it:lsili:jtsiiiss,)and to the levels of Dispersion Modelling (ESDM)
particulates repc.ths .
(dust) in the air. e Available background ambient
air data
e Waste materials and leachate
characterization and sampling
data
e Proposed facility characteristics
o Landfill design and operation
data
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B sl Eval.uat_lon S Indicators Rationale Data Sources
Component Criteria Area
Odour Site & Predicted The proposed Published odour studies for
Local off-Site odour vertical similar source types
Study concentrations | expansion may Site specific odour source data
Areas (odour result in changes and/or ambient odour
units[OU]) in the degree and monitoring data
frequency of Environment Canada or MOECC
Number of odours from the hourly meteorological data and
off-Site Site. climate normals
receptors Applicable MOECC guidelines
potentially and technical standards
affected Site odour complaints history
(residential Aerial photographic mapping
properties, and field reconnaissance
public facilities, Off-site receptors confirmed on
businesses and recent mapping
institutions). Odour assessment reports
Waste materials and leachate
characterization and sampling
data
Proposed facility characteristics
Landfill design and operation
data

5.4 Potential Environmental Effects

Fourteen off-site residential dwellings will be potentially impacted from the existing Landfill activities.

Air quality and odour impacts from the Site are evaluated at the property boundary and at the closest

residential dwellings. All residential dwellings are expected to be below the applicable air quality and

odour criteria.

From a potential air quality impact exposure perspective, Alternative Methods 1, 2 and 3 are nearly

identical because the landfill operations and number of vehicles operating at the site are identical. The

only difference between the alternatives is the landfill elevation and the difference in elevation is not

significant enough to make a material change in the air quality effects.

5.4.1

Potential Odour Effects

Ontario does not have an odour standard. However, a value of one odour unit (OU) is sometimes used

by the MOECC as a limit for odour impacts at sensitive receptors such as residences. Based on the

existing conditions odour studies, it has been shown that odour levels at the nearest sensitive receptors
will not exceed one OU.

Odour was not modelled for the alternatives within this EA as odour impacts from the vertical expansion
of the Site are expected to remain the same or lower than the existing conditions. This is due to the fact
that the Site will still be receiving a maximum of 151, 000 tonnes per year and will continue to accept

the same type of waste resulting in an unchanged odour profile. Additionally, the area of the active face
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will remain relatively unchanged and will occur further from the property boundary to allow for proper
landfilling slopes to occur. This will reduce and/or maintain any odours present along the property
boundary of the Site. Furthermore, operations will occur within the Site's existing waste footprint and
Site boundaries.

As discussed previously, the estimated landfill gas production for the site is extremely small and is not
expected to result in any off-site odour impacts.

Additionally, GHD conducted numerous odour analyses in 2014 and 2016 and concluded that there were
high odour levels near the leachate tank and the working face, but did not identify any odour at the
neighbouring residences. The limited odour detected around the Site boundary was attributed to the
historical leachate management system. With the leachate management system currently being
implemented by Brooks Road Landfill it is expected that any off-site odour impacts will be reduced.
Odours at the concentration currently observed at the site typically do not result in complaints at
off-Site sensitive receptor locations. This has been investigated through numerous odour monitoring
programs that did not identify any on-site odours being observed at off-site locations. Odour monitoring
results from 2014 and 2016 are provided in Appendix A.

Lastly, the Site currently implements several operational measures in order to reduce and/or mitigate
odour impacts from the Site and they will continue to implement these throughout the vertical
expansion. These include:

e Continuing with the daily odour monitoring program carried out by the Site Operator.

e If odours are evident on the property boundary, increase the amount of daily cover applied on the
waste.

e Minimize the active working face. Apply interim cover at a minimum thickness of 300 mm on areas
of the landfill where landfilling has ceased for 6 months or more.

e Limit exposed areas of the leachate collection system.

e When not in use, ensure blind flanges are placed on leachate collection system cleanouts and sump
risers.

e Continue with the use of odour control granules for odour mitigation. Assess areas of placement and
their effect on odour mitigation.

5.4.2 Potential Air Quality Effects

The air contaminant of concern for this Site is particulate matter. Other air contaminants are expected
to be insignificant. As previously discussed, potential tailpipe and brake and tire wear emissions from
vehicles operating at the landfill are insignificant. Also, the estimated landfill gas production of only 200
cfm confirms that any potential off-site impacts of compounds in the gas, such as methane, would be
insignificant.
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Particulate is primarily produced by vehicle traffic on the landfill roads. The particulate matter that is of
concern is based on the re-suspension of particulate matter from traffic on the roads. The tailpipe and
brake and tire wear has been determined to be insignificant sources of particulate matter. The Ontario
ambient air quality criterion for TSP is 120 pug/m?on a 24-hour basis. There are other particulate
provincial and federal criteria for particulate less than 10 microns (PM-10) and particulate less than

2.5 microns (PM-2.5). These particulate emissions would also occur from vehicle traffic on the landfill
roads.

It is GHD’s experience that if one can show compliance with the TSP standard, a site with road traffic
being the major source, then the PM10 and PM2.5 concentrations will also be below criteria. However,
for completeness, GHD has modeled the TSP, PM10 and PM2.5 emissions in the assessment of the
alternatives.

The TSP, PM10 and PM2.5 emissions from the on-site roads were estimated based on truck traffic and
emissions factors from the United States Environmental Protection Agency (USEPA). Particulate off-site
concentrations were estimated using the AERMOD air dispersion model which is an approved dispersion
model under Ontario Regulation 419/05. The AERMOD model incorporates 5 years of meteorological
data to determine the worst case air concentration. Therefore, the modeling results can be considered
to be conservative. Four potential road layouts for different phases of the landfill were modeled.

GHD modelled four internal potential on-site haul road routes for each Alternative. Routes were
modelled with the working face located in the four corners of the landfill (northeast, northwest,
southeast, and southwest). These locations represent the worst case positions of the working face for
potential receptors in the various directions, and results in the longest possible haul routes.

Figures 3.5.1 to 3.5.8 provide examples of the four haul routes and working faces that were modelled
for the alternative 1 model for 25 and 50 trucks. The other alternatives are identical, other than
different landfill elevations and are provided in Figures 3.6.1 to 3.6.8 (Alternative 2) and 3.7.1t0 3.7.8
(Alternative 3).

Based on preliminary models it was determined that the Site should pave the on-site roadway from the
site gate to the entrance to the landfill. This would significantly reduce particulate emissions and
potential impacts to the south and west of the Site. Therefore, the evaluation of the alternatives
assumed that this section of on-site road would be paved.

The particulate modelling considered the average and maximum number of trucks that would be
operating at the landfill under the requested waste approval volume. An average of 25 trucks per day
would equate to the annual waste volume requested. The site indicated that a peak of approximately
50 trucks per day could operate at the landfill on a busy day. Therefore, GHD conducted particulate

018235 (66) 21 GHD



February 2017

emission estimates and dispersion modelling assessments for both 25 trucks per day and 50 trucks per
day for the three landfill expansion options.

5.4.2.1 Alternative Method 1

TSP, PM10 and PM2.5 from the Site were evaluated at the property boundary and all residential
dwellings. The predicted worst case particulate impact at the property boundary for alternative 1 is as
follows:

e TSP —25 trucks per day — 61.49 pg/m?

e PM10 - 25 trucks per day — 32.28 pg/m’*
e PM2.5 - 25 trucks per day — 4.64 ug/m?*
e TSP —50 trucks per day - 122.4 pg/m?

e PM10 - 50 trucks per day — 64.18 pg/m*
e PM2.5-50 trucks per day — 8.8 ug/m?*

The predicted maximum worst case particulate impact at the sensitive receptors for alternative 1 is as
follows:

e TSP —25 trucks per day —2.91 pg/m®
e PM10 - 25 trucks per day — 2.31 pg/m®
e PM2.5 - 25 trucks per day — 0.38 ug/m?*
e TSP —50 trucks per day - 5.78 pg/m>
e PM10 - 50 trucks per day —4.56 pg/m>
e PM2.5-50 trucks per day — 0.61 ug/m?

The MOECC AAQC for TSP is 120 pg/m?, 50 pug/m?for PM10, and 30 pg/m?for PM2.5. The 25 trucks per
day scenario is the expected normal operations from the site. During peak times there may be up to
50 trucks per day.

The modelled concentration at the sensitive receptors during the normal and peak operations are all
well below the MOECC AAQC for all particulate matter fractions. The modelled concentration at the
property boundary for the normal operations of 25 trucks per day is well below the MOECC AAQC for all
particulate matter fractions.

The modelled concentration at the property boundary for the peak operations, 50 trucks per day, is right
at the AAQC for TSP and PM10. PM2.5 remains well below the MOECC AAQC. The air dispersion
modelling for the peak scenario is a worst case scenario based on the worst case day during a five-year
period and the truck routes, dumping, and shredding occurring at the worst case location on-Site.
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The TSP worst case air quality contours for alternative 1 are presented on Figures 3.5.1 — 3.5.8 following
text. The air quality contours for PM10 and PM2.5 are similar to the TSP air quality contours and have
not been included.

5.4.2.2 Alternative Method 2

TSP, PM10 and PM2.5 from the Site were evaluated at the property boundary for alternative 2. It was
determined during the air dispersion modelling that alternative 1 is the worst case scenario at the
sensitive receptors. Therefore no additional sensitive receptor modelling was completed for

alternative 2 or alternative 3 as the particulate matter concentration at the sensitive receptors would be
less than alternative 1. The predicted worst case particulate impact at the property boundary for
alternative 2 is as follows:

e TSP —25 trucks per day — 61.01 pg/m’>

e PM10 - 25 trucks per day — 32.06 pg/m*
e PM2.5 - 25 trucks per day — 4.79 ug/m?
e TSP —50 trucks per day - 121.59 pg/m’*
e PM10 - 50 trucks per day — 63.74 pg/m*
e PM2.5-50 trucks per day — 9.13 ug/m?*

The modelled concentration at the property boundary for the normal operations of 25 trucks per day is
well below the MOECC AAQC for all particulate matter fractions.

The modelled concentration at the property boundary for the peak operations, 50 trucks per day, is right
at the AAQC for TSP and PM10. PM2.5 remains well below the MOECC AAQC. The air dispersion
modelling for the peak scenario is a worst case scenario based on the worst case day during a five-year
period and the truck routes, dumping, and shredding occurring at the worst case location on-Site.

The TSP worst case air quality contours for alternative 2 are presented on Figures 3.6.1 — 3.6.8 following
text. The air quality contours for PM10 and PM2.5 are similar to the TSP air quality contours and have
not been included.

5.4.2.3 Alternative Method 3

TSP, PM10 and PM2.5 from the Site were evaluated at the property boundary for alternative 3. It was
determined during the air dispersion modelling that alternative 1 is the worst case scenario at the
sensitive receptors. Therefore no additional sensitive receptor modelling was completed for

alternative 2 or alternative 3 as the particulate matter concentration at the sensitive receptors would be
less than alternative 1. The predicted worst case particulate impact at the property boundary for
alternative 3 is as follows:
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e TSP —25 trucks per day —61.13 pg/m>

e PM10 - 25 trucks per day —32.13 pg/m?
e PM2.5 - 25 trucks per day — 4.80 ug/m?*
e TSP —50 trucks per day - 122.00 pg/m*
e PM10 - 50 trucks per day — 63.81 pg/m?
e PM2.5-50 trucks per day — 9.14 ug/m?

The modelled concentration at the property boundary for the normal operations of 25 trucks per day is
well below the MOECC AAQC for all particulate matter fractions.

The modelled concentration at the property boundary for the peak operations, 50 trucks per day, is right
at the AAQC for TSP and PM10. PM2.5 remains well below the MOECC AAQC. The air dispersion
modelling for the peak scenario is a worst case scenario based on the worst case day during a five-year
period and the truck routes, dumping, and shredding occurring at the worst case location on-Site.

The TSP worst case air quality contours for alternative 3 are presented on Figures 3.7.1 — 3.7.8 following
text. The air quality contours for PM10 and PM2.5 are similar to the TSP air quality contours and have
not been included.

5.4.3 Cumulative Effects

A cumulative effects assessment considers other sources of air emissions in the area of the site and
background ambient air quality. There are no significant off-site sources of air emissions within the
study area, other than local road traffic.

As discussed in Section 3.3.3.2, there is no MOECC or Environment Canada air monitoring station
located near the site. However, GHD used the MOECC West Hamilton air monitoring station as a source
of local particulate ambient air data. This station is approximately 40 km from the landfill and is
impacted by many other sources in Hamilton and is likely providing much higher particulate ambient air
quality data than would be representative near the landfill.

The West Hamilton air monitoring station has an average PM2.5 concentration of 8.04 pg/m*and a
98 percentile concentration of 21.49 ug/m?, from 2009 to 2014. The West Hamilton air monitoring
station does not report PM10 or TSP concentrations. The predicted PM2.5 concentrations at the
residential receptors from the proposed landfill operations, when added to the background PM2.5
concentrations, would not result in an exceedance of the PM2.5 AAQC of 30 ug/m3. The maximum
cumulative effect from site activities and the West Hamilton air data is 22.10 ug/m?during the peak
operation scenario (50 trucks). This is below the MOECC AAQC of 30 pg/m?>.
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The cumulative effects at the property line for PM2.5 was also completed based on the 2009 to 2014
PM2.5 data from the West Hamilton air monitoring station. During normal operations (25 trucks) the
maximum predicted PM2.5 concentration at the property boundary is 26.29 pg/m?, or 87.6% of the
MOECC AAQC. During the peak operating scenario (50 trucks) the maximum predicted PM2.5
concentration at the property boundary is 30.63 pg/m>. This value is equal to the MOECC AAQC. Using
the average PM2.5 concentration from the West Hamilton monitoring station for the peak operating
scenario (50 trucks) the maximum predicted PM2.5 concentration at the property boundary is

17.18 pg/m’. It should be noted that the use of the West Hamilton air monitoring station, the use of the
98" percentile value, and the modelling parameters (meteorological data, route length, location of drop
operations) are all worst case scenarios that are not expected to occur simultaneously and provide a
conservative estimate of the cumulative effects at the property boundary and sensitive receptors.

5.5 Mitigation Measures Beyond Those Incorporated into the Design

5.5.1 Alternative Method 1

A Fugitive Dust Best Management Plan will be developed and implemented to reduce roadway emission
by a minimum of 90 percent. Controls capable of achieving this include watering and sweeping of
roadways. This will reduce the particulate matter emissions on-site to within the MOECC property
boundary emission limit and all residential dwellings will be within the applicable air quality and odour
emission limits.

Additionally, the Site currently implements several operational measures in order to reduce and/or
mitigate odour impacts from the Site and they will continue to implement these throughout the vertical
expansion. These efforts have proven to be successful as illustrated in the odour analyses conducted by
GHD in 2014 and 2016 provided in Appendix A.

5.5.2 Alternative Method 2

A Fugitive Dust Best Management Plan will be developed and implemented to reduce roadway emission
by a minimum of 90 percent. Controls capable of achieving this include watering and sweeping of
roadways. This will reduce the particulate matter emissions on-site to within the MOECC property
boundary emission limit and all residential dwellings will be within the applicable air quality and odour

emission limits.

Additionally, the Site currently implements several operational measures in order to reduce and/or
mitigate odour impacts from the Site and they will continue to implement these throughout the vertical
expansion. These efforts have proven to be successful as illustrated in the odour analyses conducted by
GHD in 2014 and 2016 provided in Appendix A.
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5.5.3 Alternative Method 3

A Fugitive Dust Best Management Plan will be developed and implemented to reduce roadway emission
by a minimum of 90 percent. Controls capable of achieving this include watering and sweeping of
roadways. This will reduce the particulate matter emissions on-site to within the MOECC property
boundary emission limit and all residential dwellings will be within the applicable air quality and odour
emission limits.

Additionally, the Site currently implements several operational measures in order to reduce and/or
mitigate odour impacts from the Site and they will continue to implement these throughout the vertical
expansion. These efforts have proven to be successful as illustrated in the odour analyses conducted by
GHD in 2014 and 2016 provided in Appendix A.

5.6 Net Environmental Effects

5.6.1 Alternative Method 1

As indicated by the results of the air quality and odour potential effects discussed in Section 5.4, there is
no potential for an air quality and odour impact at the local residential receptors due to the + 20.69 m
elevation change associated with Alternative Method 1. The air quality and odour offsite impacts from
the expanded landfill are expected to be lower than the existing potential impacts. Furthermore,
mitigation measures have been proposed in order to reduce and/or mitigate these impacts off-site. It is
anticipated that with these controls in place, the odour and particulate concentrations at or past the
property boundary of the Site will be well within the applicable emission limits.

5.6.2 Alternative Method 2

As indicated by the results of the air quality and odour potential effects discussed in Section 5.4, there is
no potential for an air quality and odour impact at the local residential receptors due to the + 22.54 m
elevation change associated with Alternative Method 2. The air quality and odour offsite impacts from
the expanded landfill are expected to be lower than the existing potential impacts. Furthermore,
mitigation measures have been proposed in order to reduce and/or mitigate these impacts off-site. It is
anticipated that with these controls in place, the odour and particulate concentrations at or past the
property boundary of the Site will be well within the applicable emission limits.

5.6.3 Alternative Method 3

As indicated by the results of the air quality and odour potential effects discussed in Section 5.4, there is
no potential for an air quality and odour impact at the local residential receptors due to the + 23.17 m
elevation change associated with Alternative Method 3. The air quality and odour offsite impacts from
the expanded landfill are expected to be lower than the existing potential impacts. Furthermore,
mitigation measures have been proposed in order to reduce and/or mitigate these impacts off-site. It is
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anticipated that with these controls in place, the odour and particulate concentrations at or past the
property boundary of the Site will be well within the applicable emission limits.
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Table 5.1 Alternative Method 1 Air Quality and Odour Potential Environmental Effects, Mitigation Measures & Net Effects
Environmental Evaluation . . e e
. Indicator Potential Effects Mitigation Measures Net Effects
Component Criteria
Atmospheric Air Quality Predicted off-Site Potential air quality impact Implement Fugitive Dust Reduced particulate
Environment concentrations (ug/m3) of | change due to increased Best Management Plan to matter emissions due to
indicator compounds elevation of + 20.69 m include controls such as on-site road traffic by a
above the Existing watering and sweeping of minimum of 90%
Conditions. roadways to allow for a Air quality property
minimum of 90% boundary maximum
emission reduction exposure less than
ambient air quality criteria
for TSP, PM10 and PM2.5
Number of off-Site Up to 14 existing off-site No residences are
receptors potentially residential dwellings expected to experience a
affected (residential affected by the proposed change in the predicted
properties, public Landfill expansion. off-site air quality impact
facilities, businesses, and due to the Landfill
institutions) expansion based on the
Existing Conditions.
Odour Predicted off-Site odour Potential odour impact Maintain the operational Reduced/maintained Site

concentrations (OU)

change due to increased
elevation of + 20.69 m
above the Existing
Conditions.

Number of off-Site
receptors potentially
affected (residential
properties, public
facilities, businesses and
institutions)

Up to 14 existing off-site
residential dwellings
affected by the proposed
Landfill expansion.

measures currently in
place to reduce/mitigate
odour impacts from the
Site during the vertical
expansion

boundary odour
concentrations and
reduced odour complaints
at off-Site locations

No residences are
expected to experience a
change in the predicted
off-site odour impact due
to the Landfill expansion
based on the Existing
Conditions.
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Table 5.2 Alternative Method 2 Air Quality and Odour Potential Environmental Effects, Mitigation Measures & Net Effects
Environmental Evaluation . . e e
. Indicator Potential Effects Mitigation Measures Net Effects
Component Criteria
Atmospheric Air Quality Predicted off-Site Potential air quality Implement Fugitive Dust Reduced particulate
Environment concentrations (ug/m3) of | impact change due to Best Management Plan to matter emissions due to
indicator compounds increased elevation of include controls such as on-site road traffic by a
+22.54 m above the watering and sweeping of minimum of 90%
Existing Conditions. roadways to allow for a
Number of off-Site Up to 14 existing off-site minimum of 90% No residences are
receptors potentially residential dwellings emission reduction expected to experience a
affected (residential affected by the proposed change in the predicted
properties, public facilities, | Landfill expansion. off-site air quality impact
businesses, and due to the Landfill
institutions) expansion based on the
Existing Conditions.
Odour Predicted off-Site odour Potential odour impact Maintain the operational Reduced/maintained Site

NATURAL

concentrations (OU)

change due to increased
elevation of + 22.54 m
above the Existing
Conditions.

Number of off-Site
receptors potentially
affected (residential
properties, public facilities,
businesses and
institutions)

Up to 14 existing off-site
residential dwellings
affected by the proposed
Landfill expansion.

measures currently in
place to reduce/mitigate
odour impacts from the
Site during the vertical
expansion

boundary odour
concentrations and
reduced odour complaints
at off-Site locations

No residences are
expected to experience a
change in the predicted
off-site odour impact due
to the Landfill expansion
based on the Existing
Conditions.
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Table 5.3 Alternative Method 3 Air Quality and Odour Potential Environmental Effects, Mitigation Measures & Net Effects
Environmental Evaluation . . e
. Indicator Potential Effects Mitigation Measures Net Effects
Component Criteria
Atmospheric Air Quality Predicted off-Site Potential air quality Implement Fugitive Dust Reduced particulate
Environment concentrations (ug/m3) of | impact change due to Best Management Plan to matter emissions due to
indicator compounds increased elevation of + include controls such as on-site road traffic by a

23.17 m above the watering and sweeping of minimum of 90%

Existing Conditions. roadways to allow for a Air quality property
minimum of 90% boundary maximum
emission reduction exposure less than

ambient air quality criteria

for TSP, PM10 and PM2.5
Number of off-Site Up to 14 existing off-site No residences are
receptors potentially residential dwellings expected to experience a
affected (residential affected by the proposed change in the predicted
properties, public facilities, | Landfill expansion. off-site air quality impact
businesses, and due to the Landfill
institutions) expansion based on the

Existing Conditions.

Odour Predicted off-Site odour Potential odour impact Maintain the operational Reduced/maintained Site

concentrations (OU)

change due to increased
elevation of + 23.17 m
above the Existing
Conditions.

Number of off-Site
receptors potentially
affected (residential
properties, public facilities,
businesses and
institutions)

Up to 14 existing off-site
residential dwellings
affected by the proposed
Landfill expansion.

measures currently in
place to reduce/mitigate
odour impacts from the
Site during the vertical
expansion

boundary odour
concentrations and
reduced odour complaints
at off-Site locations

No residences are
expected to experience a
change in the predicted
off-site odour impact due
to the Landfill expansion
based on the Existing
Conditions.
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Section 6.0 Comparative Evaluation

This section documents the comparative evaluation of the Alternative Methods from an Air Quality and
Odour perspective based on the net environmental effects identified in Section 5.0.

6.1 Comparative Evaluation Methodology

The Minister approved ToR states that the comparative evaluation of the Alternative Methods will be
carried out using a Reasoned Argument (or Trade-off) method, with evaluation criteria as the basis for
comparison. Under the Reasoned Argument approach, the differences in the net effects associated with
each Alternative Method are highlighted. Based on these differences, the advantages and disadvantages
of each alternative can be identified according to the evaluation of trade-offs between the various
evaluation criteria and indicators. The relative significance of potential impacts is then examined to
provide a clear rationale for the selection of a preferred alternative from an Air Quality and Odour
perspective. The term trade-offs is defined as "things of value given up in order to gain different things
of value." Each Alternative Method will be compared against the others to distinguish relative
differences in impacts to the environment, taking into account possible mitigation measures.

6.2 Comparative Evaluation Results

Air quality and odour impact predictions are within applicable limits for all three alternatives for normal
operations at the sensitive receptors. Although the off-site air quality impact predictions are near
identical for all three alternatives, Alternative Method 2 has the lowest property boundary
concentration followed by Alternative Method 3 then Alternative Method 1. Therefore, from a potential
air quality and odour perspective, Alternative Method 2 ranks 1%, Alternative Method 3 ranks 2™, and
Alternative Method 1 ranks 3™.
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Table 6.1 Air Quality and Odour Comparative Evaluation
Env. Evaluation | . tor Alternative Method 1 Net Alternative Method 2 Net Alternative Method 3 Net
Component | Criteria Effects Effects Effects
Atmospheric | Air Quality | Predicted off-Site Air quality property boundary Air quality property boundary Air quality property boundary
Environment point of maximum exposure of maximum exposure of maximum exposure of
impingement 61.49 ug/m3 for TSP for normal 61.01 ug/m3 for TSP during 61.13 ug/m3 for TSP during
concentrations operations normal operations normal operations
(p.g/m3) of indicator LOW NET EFFECTS LOW NET EFFECTS LOW NET EFFECTS
compounds
Number of off-Site Up to 14 residences may Up to 14 residences may Up to 14 residences may
receptors potentially | experience a change in the experience a change in the experience a change in the
affected (residential predicted off-site air quality predicted off-site air quality predicted off-site air quality
properties, public impact due to the Landfill impact due to the Landfill impact due to the Landfill
facilities, businesses, | expansion based on the Existing | expansion based on the Existing | expansion based on the Existing
and institutions) Conditions Conditions Conditions
LOW NET EFFECTS LOW NET EFFECTS LOW NET EFFECTS
&l 3rd 1st 2nd
g From a potential air quality TSP impact exposure perspective, Alternative Methods 1, 2 and 3 are nearly
= identical. However, Alternative Method 2 has the lowest property boundary concentration.
= Odour Predicted off-Site Reduced/maintained Site Reduced/maintained Site Reduced/maintained Site
odour concentrations | boundary and off-Site odour boundary and off-Site odour boundary and off-Site odour
(ou) concentrations concentrations concentrations
LOW NET EFFECTS LOW NET EFFECTS LOW NET EFFECTS
Number of off-Site Up to 14 residences may Up to 14 residences may Up to 14 residences may
receptors potentially | experience a change in the experience a change in the experience a change in the
affected (residential predicted off-site odour impact predicted off-site odour impact predicted off-site odour impact
properties, public due to the Landfill expansion due to the Landfill expansion due to the Landfill expansion
facilities, businesses based on the Existing Conditions | based on the Existing Conditions | based on the Existing Conditions
and institutions) LOW NET EFFECTS LOW NET EFFECTS LOW NET EFFECTS
Tied for 1% Tied for 1% Tied for 1%
From a potential odour impact exposure perspective, Alternative Methods 1, 2 and 3 are identical.
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Section 7.0 Conclusion

The Brooks Road Landfill Vertical Capacity Expansion considers three vertical developments: Alternative
Methods 1 to 3. All three alternatives will maintain the existing Landfill footprint. Alternative Methods 1
to 3 are only different by up to 2.5 m based on the proposed final height. The net effect analysis
determined that the change in elevation resulted in an environmentally insignificant change to the
off-site air quality and odour impact at the fourteen residential dwellings of concern, meaning that the
air quality and odour impact predictions were within applicable limits. Further, the off-site air quality
impact predictions were near identical for Alternative Methods 1 to 3; however, Alternative Method 2
has the lowest property boundary concentration followed by Alternative Method 3 then Alternative
Method 1. All three Alternative Methods were below the AAQC for TSP, PM10, and PM2.5 at the
property boundary for normal operations. All three alternative methods were below the AAQC for TSP,
PM10, and PM2.5 at the sensitive receptors for the peak operations. The cumulative effect for PM2.5
was below the PM2.5 AAQC at the sensitive receptors for normal and peak operations. Therefore, from
a potential air quality and odour perspective, despite Alternative Methods 1, 2 and 3 being nearly
identical, Alternative Method 2 ranks 1%, Alternative Method 3 ranks Z”d, and Alternative Method 1
ranks 3".
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651 Colby Drive, Waterloo, Ontario, Canada N2V 1C2
Telephone: (519) 884-0510 Facsimile: (519) 884-0525
www.CRAworld.com

July 28, 2014 Reference No. 018235-72

Mr. Richard Weldon

Brooks Road Environmental
c/0 2270386 Ontario Limited
160 Brooks Road, R.R. #5
Cayuga, Ontario

NOA 1EO

Dear Mr. Weldon:

Re: Odour Monitoring Program
Brooks Road Landfill Site, Cayuga, Ontario

1.0 Introduction

Conestoga-Rovers & Associates (CRA) was retained by Brooks Road Environmental c¢/o 2270386
Ontario Limited (BRE) to complete an ambient odour monitoring program (OMP) at the Brooks
Road Landfill Site (Site) located in Cayuga, Ontario.

The OMP collected odour data in an effort to identify areas in the community potentially
impacted by the Site and to determine conditions that may contribute to a potential odour
impact.

This program was developed to assist BRE in determining the following information:

e |dentification of potential odour sources at the Site
e Qualification and quantification of the odour from identified sources

e Odour monitoring at off-Site locations

The OMP was conducted by an Air Quality Expert on three days (April 1, May 9, and June 3,
2014) over approximately two months.

REGISTERED COMPANY FOR

ISO 9001

ENGINEERING DESIGN

Worldwide Engineering, Environmental, Construction, and IT Services



July 28, 2014 Reference No. 018235-72

2.0 Site Description

The Site is located at 160 Brooks Road in Cayuga, Ontario approximately one kilometre north of
Kings Highway No. 3 (Talbot Road). The Site is legally described as Part of Lot 24, Concession
I-N.T.R., Haldimand County.

The total Site area is approximately 12.4 hectares (ha) (30.6 acres) of which 6 ha (15 acres) is
approved for landfilling.

The Site is bounded to the north by the former Canada Southern Railway right-of-way. The
former Canada Southern Railway section between Brooks Road and east to Windecker Road is
owned by BRE. To the north of the former rail right-of-way there is a rural property consisting
of undeveloped fields (i.e., long-term inactive agricultural crop production lands) and forested
areas are present.

To the south and east of the Site is undeveloped rural property consisting of a combination of
fields and forested areas.

The Site is bounded to the west by Brooks Road. On the west side of Brooks Road is an
undeveloped rural property. The property itself is characterized primarily by undeveloped
fields with occasional bush lots.

3.0 Odour Monitoring Program

Odour monitoring was completed during the Site visits using a Nasal Ranger™ field
olfactometer. The Nasal Ranger has eight (8) settings that allow the user to quantify odour
concentrations ranging from two (2) odour units (ou) to greater than 60 ou. The olfactometer
mixes a known volume of carbon filtered air with a known volume of ambient air to produce a
dilution-to-threshold (D/T) ratio. The D/T ratio is defined as follows:

D T = Volume of Carbon Filtered Air/volume of odorous air

It should be noted that the odour unit value as measured by a field olfactometer, like the Nasal
Ranger, are not directly comparable to odour data provided by an odour panel. The data from
the Nasal Ranger does provide a good relative gauge to evaluate various odour concentrations.

Worldwide Engineering, Environmental, Construction, and IT Services
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4.0 Odour Collection

On-Site monitoring locations were identified and selected based on an evaluation of the current
Site activities. The on-Site locations monitored during the OMP are expected to be locations
that may contribute to any potential off-Site impact. Off-Site monitoring locations have been
selected based on sensitive receptors in the community.

The monitoring locations provided in Table 1 are shown in Figure 1A (on-Site locations) and
Figure 1B (off-Site locations).

Monitoring occurred over a number of different weather conditions, wind speeds, wind
directions, and time periods. Due to this variability, monitoring was conducted three times to
give an accurate assessment of the potential odour impacts during Site operation. The field
data sheets for each Site visit are provided in Attachment A. The field data sheets provide the
meteorological conditions, odour intensities, and qualifying descriptors.

5.0 Results & Observations

The Air Quality Expert detected odour related to BRE’s operations at various locations on-Site.
Over the three field collection days at the Site, odour ranged from <2 ou to 30 ou, as
summarized on Table 1 and detailed in Figures 2A, 3A, and 4A. The most intense odours were
detected around the leachate storage tanks and around the north-east corner of the Stage 2A
landfill cell. All the odours were either described as waste or landfill leachate by the Air Quality
Expert.

During the OMP no on-Site odours were detected at any off-Site locations.

6.0 Conclusions and Recommendations

The highest odour concentration detected on-Site was 30 ou. This concentration was detected
adjacent to the leachate storage tanks within the Stage 2A landfill cell. The limited odour
detected around the perimeter of the Site was a maximum of 15 ou. Odours at this
concentration typically do not result in complaints, and this odour concentration is an on-Site
concentration.

Worldwide Engineering, Environmental, Construction, and IT Services
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-4 -

All odour monitoring completed at the off-Site locations, as presented in Figures 2B, 3B, and 4B,
were below detection limits. Based on the findings of the OMP it is not expected that on-Site
odours are impacting off-Site receptors.

The highest odour detected at the Site was described by the Air Quality Expert as landfill
leachate. This would indicate that the odours during these observations are being emitted
from exposed areas of the leachate collection system and from the leachate storage tanks
during loading and unloading of leachate.

In order to limit the potential for off-Site odour impacts, the following operational measures
are recommended:

e Continue with the daily odour monitoring program established by BRE and carried out by
the Site Operator

e If odours are noted at the property boundary, increase the amount of daily cover applied on
the waste

e Minimize the active working face. Apply interim cover at a minimum thickness of 300 mm
on areas of the landfill where landfilling has ceased for 6 months or more.

e Limit exposed areas of the leachate collection system

e When not in use, ensure blind flanges are placed on leachate collection system cleanouts
and sump risers

e Make every effort to limit spilled leachate within the leachate storage tank (Baker tank)
containment area and immediately clean up any spills when they occur

Should you have any questions on the above, please do not hesitate to contact us.
Yours truly,

CONESTOGA-ROVERS & ASSOCIATES

Matthew Griffin P. Eng.

RM/mg/35
Encl.

Worldwide Engineering, Environmental, Construction, and IT Services
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CRA 018235Weldon-35-T1

TABLE 1

SUMMARY OF ODOUR MONITORING

BROOKS ROAD LANDFILL
CAYUGA, ONTARIO

Sample Location 1-Apr-14

(ou)
On-Site 1 <2
On-Site 2 2
On-Site 3 <2
On-Site X -
On-Site 4 15
On-Site 5 30
On-Site 6 7
On-Site 7 <2
On-Site 8 <2
On-Site 9 4
On-Site 10 7
On-Site 11 15
On-Site 12 7
On-Site 13 2
On-Site 14 <2
On-Site 15 <2
On-Site 16 <2
On-Site 17 <2
On-Site 18 15
On-Site 19 <2
Off-Site 20 <2
Off-Site 21 <2
Off-Site 22 <2
Off-Site 23 <2
Off-Site 24 <2
Off-Site 25 <2
Average On-Site 6
Minimum On-Site <2
Maximum On-Site 30
Average Off-Site <2
Minimum Off-Site <2
Maximum Off-Site <2
Notes:

ou - odour units

'-' no data could be collected due to open asbestos dumping.

9-May-14

(ou)
4
2
7
30
15
4
2
<2
<2
<2
2
15
4
4
<2
<2
<2
4
4
<2
<2
<2
<2
<2
<2
<2

<2
30

<2
<2
<2

3-Jun-14

(ou)
4
2

<2
7
2
2
<2
<2
<2
<2
7
7
15
2
<2
<2
<2
7
7
<2
<2
<2
<2
<2
<2
<2

<2
15

<2
<2
<2
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651 Colby Drive, Waterloo, Ontario, Canada N2V 1C2
Telephone: (519) 884-0510 Facsimile: (519) 884-0525
www.CRAworld.com

CONESTOGA-ROVERS
& ASSOCIATES

November 3, 2014 Reference No. 018235-72

Mr. Richard Weldon

Brooks Road Environmental
c/o0 2270386 Ontario Limited
160 Brooks Road, R.R. #5
Cayuga, Ontario

NOA 1EO

Dear Mr. Weldon:

Re: Odour Monitoring Program
Brooks Road Landfill Site, Cayuga, Ontario

1.0 Introduction

Conestoga-Rovers & Associates (CRA) was retained by Brooks Road Environmental c/o 2270386
Ontario Limited (BRE) to complete an ambient odour monitoring program (OMP) at the Brooks
Road Landfill Site (Site) located in Cayuga, Ontario.

The OMP collected odour data in an effort to identify areas in the community potentially
impacted by the Site and to determine conditions that may contribute to a potential odour
impact.

This program was developed to assist BRE in determining the following information:

e |dentification of potential odour sources at the Site
e Qualification and quantification of the odour from identified sources

e Odour monitoring at off-Site locations

The OMP was conducted by an Air Quality Expert on three consecutive days (August 7,
August 8, and August 9, 2014) in response to odour complaints received during the month of
July 2014 from the resident located at 5319 Highway 3, Cayuga (Dave Glenney). Additional
odour monitoring was also conducted on September 10, 2014 in response to an odour
complaint received by the resident at 225 Brooks Road, Cayuga (Rosanne Belliveau) on
September 10, 2014.

REGISTERED COMPANY FOR

1SO 9001

ENGINEERING DESIGN
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CONESTOGA-ROVERS
& ASSOCIATES

November 3, 2014 Reference No. 018235-72

2.0 Site Description

The Site is located at 160 Brooks Road in Cayuga, Ontario approximately one kilometre north of
Kings Highway No. 3 (Talbot Road). The Site is legally described as Part of Lot 24, Concession
I-N.T.R., Haldimand County.

The total Site area is approximately 14.3 hectares (ha) (35.3 acres) of which 6 ha (15 acres) is
approved for landfilling.

The Site is bounded to the north by a rural property consisting of undeveloped fields

(i.e., long-term inactive agricultural crop production lands) and forested areas. To the south
and east of the Site is undeveloped rural property consisting of a combination of fields and
forested areas. The Site is bounded to the west by Brooks Road. On the west side of Brooks
Road is an undeveloped rural property which is characterized primarily by undeveloped fields
with occasional bush lots.

3.0 Odour Monitoring Program

Odour monitoring was completed during the Site visits using a Nasal Ranger™ field
olfactometer. The Nasal Ranger has eight settings that allow the user to quantify odour
concentrations ranging from two odour units (ou) to greater than 60 ou. The olfactometer
mixes a known volume of carbon filtered air with a known volume of ambient air to produce a
dilution-to-threshold (D/T) ratio. The D/T ratio is defined as follows:

D T = Volume of Carbon Filtered Air/volume of odorous air

It should be noted that the odour unit value as measured by a field olfactometer, like the Nasal
Ranger, are not directly comparable to odour data provided by an odour panel. The data from
the Nasal Ranger does provide a good relative gauge to evaluate various odour concentrations.

4.0 Odour Collection

On-Site monitoring locations were identified and selected based on an evaluation of the current
Site activities. The on-Site locations monitored during the OMP are expected to be locations

Worldwide Engineering, Environmental, Construction, and IT Services
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that may contribute to any potential off-Site impact. Off-Site monitoring locations have been
selected based on sensitive receptors in the community.

The monitoring locations provided in Table 1 and Table 2 are shown in Figure 1A (off-Site
locations) and Figure 1B (on-Site locations), respectively.

Monitoring occurred over different temperature, wind speeds, and wind directions in the
morning hours. Monitoring was conducted over three consecutive days (August 7, August 8,
and August 9, 2014) to give an accurate assessment of the potential odour impacts during Site
operation. On September 10, 2014, odour monitoring was focused around Ms. Belliveau’s
residence.

The field data sheets for each Site visit are provided in Attachment A. The field data sheets
provide the meteorological conditions, odour intensities, and qualifying descriptors.

5.0 Results & Observations

The Thursday August 7, 2014 monitoring event took place between 4:45 a.m. to 8:50 a.m.
During this monitoring event the temperature ranged from 13°C to 20°C with wind speeds of

5 km/hr to 12 km/hr blowing predominantly from the northwest. Since the wind was blowing
predominantly from the northwest the off-Site monitoring locations were predominantly south
and southeast of the landfill. During the monitoring event no odours were detected by the Air
Quality Expert at any off-Site monitoring locations as provided in Table 1 and Figure 2A.

On-Site odour monitoring was conducted during the August 7, 2014 monitoring event. The Air
Quality Expert detected odour related to BRE's operations at various locations on-Site. Odour
ranged from <2 ou to 30 ou, as summarized on Table 2 and detailed in Figure 2B. The most
intense odours were detected around the leachate storage tanks within the Stage 2A landfill
cell and around the center (north to south) of the Stage 2B/3A active landfill face. All the
odours were either described as waste or landfill leachate by the Air Quality Expert.

The Friday August 8, 2014 monitoring event took place between 5:01 a.m. to 12:44 p.m. During
this monitoring event the temperature ranged from 13°C to 22°C with wind speeds of 0 km/hr
to 8 km/hr blowing predominantly from the north and northeast. Since the wind was blowing
predominantly from the north and northeast the off-Site monitoring locations were
predominantly south and southwest of the landfill. During the monitoring event odours with a
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similar characteristic to on-Site odours were detected by the Air Quality Expert at the end of
the driveway at 5345 Highway 3, Cayuga and in the southeast corner and southeast to
southwest boundary of the property owned by BRE west of the Site. The odours were
described as faint (<2 ou) and dissipated within 0.5-1 seconds of detection. During this
monitoring event a burnt wood odour was detected halfway up the driveway at

5319 Highway 3, Cayuga. The odour was described as faint (<2 ou) and dissipated within
0.5-1 seconds of detection. Off-Site monitoring locations during this monitoring event are
provided in Table 1 and Figure 3A.

On-Site odour monitoring was conducted during the August 8, 2014 monitoring event. The Air
Quality Expert detected odour related to BRE's operations at various locations on-Site. Odour
ranged from <2 ou to 30 ou, as summarized on Table 2 and detailed in Figure 3B. The most
intense odours were detected around the leachate storage tanks within the Stage 2A landfill
cell and around the center (north to south) of the Stage 2B/3A active landfill face. All the
odours were either described as waste or landfill leachate by the Air Quality Expert.

The Saturday August 9, 2014 monitoring event took place between 5:12 a.m. to 9:12 a.m.
During this monitoring event the temperature ranged from 14°C to 21°C with wind speeds of
9 km/hr to 13 km/hr blowing predominantly from the east. Since the wind was blowing
predominantly from the east the off-Site monitoring locations were predominantly south and
southwest of the landfill. During the monitoring event odours with a similar characteristic to
on-Site odours were detected by the Air Quality Expert at the end of the driveway at

5345 Highway 3, Cayuga and in the southeast corner of the property owned by BRE west of the
Site. The odours were described as faint (<2 ou) and dissipated within 0.5-1 seconds of
detection. During this monitoring event a burnt wood odour was detected halfway up the
driveway at 5319 Highway 3, Cayuga. The odour was described as faint (<2 ou) and dissipated
within 0.5-1 seconds of detection. Off-Site monitoring locations during this monitoring event
are provided in Table 1 and Figure 4.

The Wednesday September 10, 2014 monitoring even took place between 11:00 a.m. and
12:45 p.m. During this monitoring event the temperature ranged from 22.5°C to 23.1°C with
wind speeds of 19 km/hr to 22 km/hr blowing predominantly from the south. Since the wind
was blowing predominantly from the south and Ms. Belliveau’s residence is located slightly
northwest of the landfill, monitoring locations were only considered on Brooks Road between
the landfill and the residence. During the monitoring event odours with a similar characteristic
to on-Site odours were not detected by the Air Quality Expert at the monitoring locations
off-Site. Odours described as Tar/Asphalt and very faint (<2 ou) were detected along the road
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at the off-Site monitoring locations and dissipated within 0.5-1 seconds of detection. Off-Site
monitoring locations during this monitoring event are provided in Table 1 and Figure 5A.

On-Site odour monitoring was conducted during the September 10, 2014 monitoring event.
The Air Quality Expert detected odour related to BRE's operations at various locations on-Site.
Odour ranged from <2 ou to 30 ou, as summarized on Table 2 and detailed in Figure 5B. The
most intense odours were detected directly south of the Stage 2A landfill cell and at the
northeast corner of the Stage 2B/3A landfill cell. All the odours were either described as waste
or landfill leachate by the Air Quality Expert.

6.0 Conclusions and Recommendations

The highest odour concentration detected on-Site was 30 ou. This concentration was detected
adjacent to the leachate storage tanks within the Stage 2A landfill cell and in the center (north
to south) of the Stage 2B/3A active landfill face. The limited odour detected around the
perimeter of the Site was a maximum of 15 ou. Odours at this concentration typically do not
result in complaints at off-Site locations, and this odour concentration is an on-Site
concentration.

All odour monitoring results at the off-Site locations, as presented in Figures 2A, 3A, 4, and 5A
showed low concentrations (<2 ou) and dissipated quickly (0.5-1 seconds). Due to the short
duration of odours quantification could not be completed.

The highest odour detected at the Site was described by the Air Quality Expert as landfill
leachate. This would indicate that the odours during these observations are being emitted
from exposed areas of the leachate collection system and from the leachate storage tanks
during loading and unloading of leachate.

At a few locations odours that were briefly detected off-Site had the same characteristics as the
on-Site odours, while at other locations odour was briefly detected off-Site that did not have
the same characteristics as the on-Site odours.
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In order to limit the potential for off-Site odour impacts, the following operational measures
are recommended:

e Continue with the daily odour monitoring program established by BRE and carried out by
the Site Operator

e If odours are noted at the property boundary, increase the amount of daily cover applied on
the waste

e Minimize the active working face. Apply interim cover at a minimum thickness of 300 mm
on areas of the landfill where landfilling has ceased for 6 months or more

e Limit exposed areas of the leachate collection system

e When not in use, ensure blind flanges are placed on leachate collection system cleanouts
and sump risers

e Make every effort to limit spilled leachate within the leachate storage tank (Baker tank)
containment area and immediately clean up any spills when they occur

e Continue with use of odour control granules for odour mitigation. Assess areas of
placement and their effect on odour mitigation.

Should you have any questions on the above, please do not hesitate to contact us.
Yours truly,

CONESTOGA-ROVERS & ASSOCIATES

Matthew Griffin P. Eng.

RM/cb/37
Encl.
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Page 1of 1

TABLE 1

SUMMARY OF OFF-SITE ODOUR MONITORING
BROOKS ROAD LANDFILL
CAYUGA, ONTARIO

Sample Location 7-Aug-14 8-Aug-14 9-Aug-14 10-Sep-14
(ou) (ou) (ou) (ou)
4:45-5:08 6:05-6:30 9:00-8:50 5:01-5:56 6:18-6:50 8:42-9:14 9:36-10:18 12:00-12:44 5:12-5:55 6:12-6:57 8:33-9:12 11:30-12:00

Highway 3 - Addresses

Off-Site 5605 <2 <2 <2 <2 - - - - - - - -
Off-Site 5593 <2 <2 <2 <2 - - - - - - - -
Off-Site 5579 <2 <2 <2 <2 - - - - - - - -
Off-Site 5579-5533 <2 <2 <2 <2 - - - - - - - -
Off-Site 5533 <2 <2 <2 <2 - - - - - - - -
Off-Site 5525 <2 <2 <2 <2 <2 <2 <2 <2 <2 <2 <2 -
Off-Site 5525-5459 <2 <2 <2 <2 <2 <2 <2 <2 <2 <2 <2 -
Off-Site Highway 3 & Brooks Rd <2 <2 <2 <2 <2 <2 <2 <2 <2 <2 <2 -
Off-Site 5409 - - - <2 <2 <2 <2 <2 <2 <2 <2 -
Off-Site 5374 - - - <2 <2 <2 <2 <2 <2 <2 <2 -
Off-Site 5345 - - - <2 <2 <2(1) <2 <2 <2(1) <2 <2 -
Off-Site 5336 - - - <2 <2 <2 <2 <2 <2 <2 <2 -
Off-Site 5319 <2 <2 <2 <2 <2 <2 <2(2) <2(2) <2(2) <2(2) <2 -

Property West of BRE

Off-Site Southeast Corner - - <2 <2 <2 <2(1) <2 <2 <2(1) <2 <2 -
Off-Site Southwest Corner - - <2 <2 <2 <2 <2 <2 <2 <2 <2 -
Off-Site Northeast Corner - - <2 <2 <2 <2 <2 <2 <2 <2 <2 -
Off-Site Southeast-Southwest Boundary - - - - - <2(1) - - - - - -

Brooks Road North West of BRE

Off-Site BR1 - - - - - - R - - R - <2
Off-Site BR2 - - - - - - R - - R - <2
Notes:

ou - odour units

'-' no data monitored at these locations due to unfavourable wind conditions.

(1) Odour with a similar characteristic to BRE detected very briefly in low concentrations.
(2) 'Burnt wood' odour with detected very briefly in low concentrations.

CRA 018235Weldon-37-Tbls
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TABLE 2

SUMMARY OF ON-SITE ODOUR MONITORING
BROOKS ROAD LANDFILL
CAYUGA, ONTARIO

Sample Location 7-Aug-14 8-Aug-14 10-Sep-14

(ou) (ou) (ou)
On-Site 1 2 <2 2
On-Site 2 <2 <2 <2
On-Site 3 <2 <2 <2
On-Site X <2 <2 15
On-Site 4 2 <2 -
On-Site 5 2 4 -
On-Site 6 30 15 -
On-Site 7 <2 <2 -
On-Site 8 - - -
On-Site 9 - - -
On-Site 10 <2 2 4
On-Site 11 2 2 30
On-Site 12 30 30 -
On-Site 13 2 <2 -
On-Site 14 <2 <2 -
On-Site 15 <2 <2 <2
On-Site 16 2 15 30
On-Site 17 - - <2
On-Site 18 - - -
On-Site 19 <2 <2 <2
On-Site 20 - - 2
On-Site 21 - - 4
On-Site 22 - - 2
On-Site 23 - - 2
On-Site 24 - - 7
Average On-Site 6 6 7
Minimum On-Site <2 <2 <2
Maximum On-Site 30 30 30
Notes:

ou - odour units
'-' no data could be collected due to current operations at the landfill.

CRA 018235Weldon-37-Tbls
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December 9, 2016 Reference No. 018235

Mr. Richard Weldon

Brooks Road Environmental
c/0 2270386 Ontario Limited
160 Brooks Road, R.R. #5
Cayuga, Ontario

NOA 1EO

Dear Mr. Weldon:

Re: Odour Monitoring Program
Brooks Road Landfill Site, Cayuga, Ontario

1. Introduction

GHD Limited (GHD) was retained by Brooks Road Environmental c/o 2270386 Ontario Limited (BRE) to
complete an ambient odour monitoring program (OMP) at the Brooks Road Landfill Site (Site) located in
Cayuga, Ontario.

The OMP collected odour data in an effort to identify areas in the community potentially impacted by the
Site and to determine conditions that may contribute to a potential odour impact.

This program was developed to assist BRE in determining the following information:
e Identification of potential odour sources at the Site
e Qualification and quantification of the odour from identified sources

e  Odour monitoring at off-Site locations

The OMP was conducted by an Air Quality Expert on three nights in October 2016 (October 19/20,
October 20/21, and October 27/28) in response to odour complaints received from residents located in the
area surrounding the Site in Cayuga, Ontario.

2. Site Description

The Site is located at 160 Brooks Road in Cayuga, Ontario approximately 1 kilometre north of Kings
Highway No. 3 (Talbot Road). The Site is legally described as Part of Lot 24, Concession I-N.T.R,,
Haldimand County.

The total Site area is approximately 14.3 hectares (ha) (35.3 acres) of which 6 ha (15 acres) is approved
for landfilling.

The Site is bounded in the north by a rural property consisting of undeveloped fields (i.e., long-term
inactive agricultural crop production lands) and forested areas. To the south and east of the Site is
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undeveloped rural property consisting of a combination of fields and forested areas. The Site is bounded
to the west by Brooks Road. On the west side of Brooks Road is an undeveloped rural property which is
characterized primarily by undeveloped fields with occasional bush lots.

3. Odour Monitoring Program

Odour monitoring was completed during the Site visits using a Nasal Ranger™ field olfactometer. This is a
proactive tool used to provide instant readings of odour at various locations. The Nasal Ranger has eight
settings that allow the user to quantify odour concentrations ranging from two odour units (ou) to greater
than 60 ou. For context, 1 ou is equal to a level of odour that would typically be detected by half of the
people who are exposed to iti.e.,itis at a very low level of odour.

In terms of operation, the olfactometer mixes a known volume of carbon filtered air with a known volume
of ambient air to produce a dilution-to-threshold (D/T) ratio. The D/T ratio is defined as follows:

D T = Volume of Carbon Filtered Air/volume of odorous air

It should be noted that the odour unit value as measured by a field olfactometer, like the Nasal Ranger,
are not directly comparable to odour data provided by an odour panel. The data from the Nasal Ranger
does provide a good relative gauge to evaluate various odour concentrations.

The odour unit is a unit of measure, where 1 ou is defined as the concentration at which 50% of the
population will detect the olfactory stimulus. At 1 ou an odour is detected but is generally not an adverse
effect. There is no absolute guidance on odour values, like what is documented for specific chemical
compounds, but generally 5 to 10 odour units is considered the annoyance level. The annoyance level is
where complaints can occur.

4. Odour Monitoring

A brief walkthrough of the southern portion of the Site was performed each evening prior to off-Site
monitoring to determine if on-Site odour could be identified. From previous monitoring studies the
southern perimeter near the east above ground leachate storage tank is expected to be the location that
may have the greatest contribution to any potential off-Site impact. The leachate treatment system is
currently being commissioned and it is expected that continuous treatment capacity in this system will
reduce odours from leachate at the Site and thus diminish an obvious odour source.

Off-Site monitoring locations have been selected based on sensitive receptors in the community.
The monitoring locations provided in Table 1 are shown on Figure 1.

Monitoring occurred over different temperature, wind speeds, and wind directions in the evening and
morning hours. Monitoring was conducted over three different nights (October 19/20, October 20/21, and
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October 27/28) to give an accurate assessment of the potential odour impacts during the nighttime hours
while the Site was not operational.

The field data sheets for each Site visit are provided in Attachment A. The field data sheets provide the
meteorological conditions, odour intensities, and qualifying descriptors.

5. Results & Observations

The on-Site odour monitoring was conducted at 10:00 p.m. on October 19 along the southern perimeter of
the Site. The Air Quality Expert detected odour described as landfill leachate ranging from <2 ou to 15 ou.
The odour originated from the east above ground leachate storage tank with the highest concentration
detected at the western extent of Stage 2B/3A.

The October 19-20, 2016 monitoring event took place between 10:31 p.m. to 4:44 a.m. During this
monitoring event the temperature was 12-14°C with calm wind speeds (4-5 km/hr) blowing predominantly
from the southwest during the evening, moving from the east during early morning hours and then from
the north-northeast. During the monitoring event no on-Site odour was detected by the Air Quality Expert
at any off-Site monitoring locations as provided in Table 1 and on Figure 2.

During this monitoring event an odour complaint was registered from 249 Townline Road East (GHD
monitoring location 14) at 11:00 p.m. GHD completed odour monitoring at location 14 at 11:01 p.m. and
no odour was detected.

The on-Site odour monitoring was conducted at 10:00 p.m. on October 20 along the southern perimeter of
the Site. The Air Quality Expert detected odour described as landfill leachate ranging from <2 ou to 4 ou.
The odour originated from the east above ground leachate storage tank with the highest concentration
detected at the front gate. It should be noted that 4 ou at the gate is less than the general annoyance level
of 5to 10 ou, which suggests minimal potential for disturbance off-Site.

The October 20-21, 2016 monitoring event took place between 10:24 p.m. to 4:34 a.m. During this
monitoring event the temperature was 11°C with moderate wind speeds (16-20 km/hr) blowing
predominantly from the north-northeast. During the monitoring event no on-Site odour was detected by the
Air Quality Expert at any off-Site monitoring locations as provided in Table 2 and on Figure 3.

The on-Site odour monitoring was conducted at 10:00 p.m. on October 27 along the southern perimeter of
the Site. The Air Quality Expert detected odour described as landfill leachate ranging from <2 ou to 2 ou.
The odour originated from the east above ground leachate storage tank with the highest concentration
detected at the middle of the southern perimeter of the Site. Again, this is lower than the general
annoyance level of 5to 10 ou.

The October 27-28, 2016 monitoring event took place between 10:32 p.m. to 4:26 a.m. During this
monitoring event the temperature ranged from -1 to 2°C with moderate wind speeds (8-14 km/hr) blowing
predominantly from the northwest. During the monitoring event no on-Site odour was detected by the Air
Quality Expert at any off-Site monitoring locations as provided in Table 3 and on Figure 4.
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6. Conclusions and Recommendations

The highest odour concentration detected on-Site was 15 ou. This concentration was detected at the
western extent of Stage 2B/3A. The limited odour detected around the perimeter of the Site was a
maximum of 4 ou. Odours at this concentration typically do not result in complaints at off-Site locations,
and this odour concentration is an on-Site concentration. With the distance between the Site and the
receptors it is expected that the 4 ou detected at the perimeter of the Site will be less at the receptors. The
4 ou at the Site property boundary is also less than the general annoyance level of 5 to 10 ou.

A 'burnt wood' odour was detected at an off-Site location on October 19, 2016 and October 27, 2016 in
low concentrations (<2 ou), as presented in Figures 2 and 4. No on-Site activities would result in this type
of off-Site odour.

The highest odour detected at the Site was described by the Air Quality Expert as landfill leachate. This
would indicate that the odours during these observations are being emitted from exposed areas of the
east above ground leachate storage tank.

In order to limit the potential for off-Site odour impacts, the following operational measures are
recommended:

e Fully commission the leachate treatment system in order to reduce leachate storage volumes that
may produce odour. Treatment to Environmental Compliance Approval limits will denature odorous
compounds in leachate.

e Continue with the daily odour monitoring program established by BRE and carried out by the Site
Operator.

e If odours are noted at the property boundary, increase the amount of daily cover applied on the waste.

e Minimize the active working face. Apply interim cover at a minimum thickness of 300 mm on areas of
the landfill where landfiling has ceased for 6 months or more.

e Limit exposed areas of the leachate collection system and control passive odour emissions from the
east above ground leachate storage tank.

e When not in use, ensure blind flanges are placed on leachate collection system cleanouts and sump
risers.

e Investigate the sealing of leachate storage tanks to minimize odours generated during the handling of
leachate.

e Continue with use of odour control granules for odour mitigation. Assess areas of placement and their
effect on odour mitigation.
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Should you have any questions on the above, please do not hesitate to contact us.
Yours truly,

GHD

Matthew Giriffin, P. Eng.
RM/cb/46

Encl.
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Page 1 of 1

Table 1

Summary of Off-Site Odour Monitoring Event #1
Brooks Road Landfill
Cayuga, Ontario

Sample 19-Oct-16 20-Oct-16 20-Oct-16 20-Oct-16
Location (ou) (ou) (ou) (ou)
22:31-23:17 00:56 - 02:06 03:17 - 03:51 04:16 - 04:47
ID Description
1 5525 Talbot Rd <2 <2 <2 <2
2 5459 Talbot Rd <2 <2 <2 <2
3 5409 Talbot Rd <2(2) <2 <2 <2
4 5374 Talbot Rd - <2 <2 <2
5 5345 Talbot Rd - <2 <2 <2
6 5319 Talbot Rd <2 <2 <2 <2
7 Montour St/Tablot Rd <2 <2 <2 <2
8 Echo St E/Montour St <2 <2 <2 <2
9 Montour St - - - -
10 Johnson St/Echo St <2 <2 <2 <2
1" Fishcarrier St <2 <2 <2 <2
12 Hill St - -
13 Munsee St N/Townline Rd E <2 <2 <2 <2
14 249 Townline Rd E <2 <2 <2 <2
15 380 Townline Rd E <2 <2 <2 <2
16 460 Townline Rd E - <2 <2 <2
17 Townline Rd E/Brooks Rd <2 <2 <2 <2
18 225 Brooks Rd <2 <2 <2 <2
19 Brooks Road Landfill (Front Gate) <2(1) <2(1) 2(1) <2(1)
Notes:

ou - odour units

- no data monitored at this location during the monitoring event.

(1) Odour with a similar characteristic to Brooks Road Landfill detected very briefly in low concentrations.
(2) "Burnt Wood" odour with detected very briefly in low concentrations.
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Table 2

Summary of Off-Site Odour Monitoring Event #2
Brooks Road Landfill
Cayuga, Ontario

Sample 20-Oct-16 20-Oct-16 21-Oct-16 21-Oct-16
Location (ou) (ou) (ou) (ou)
22:24 - 23:06 23:33-'00:14 01:30 - '02:20 03:57 - 4:34
ID Description
1 5525 Talbot Rd <2 <2 <2 <2
2 5459 Talbot Rd <2 <2 <2 <2
3 5409 Talbot Rd <2 <2 <2 <2
4 5374 Talbot Rd - <2 <2 <2
5 5345 Talbot Rd <2 <2 <2(2) <2
6 5319 Talbot Rd <2 <2 <2 <2(2)
7 Montour St/Talbot Rd <2 <2 <2 <2
8 Echo St E/Montour St <2 <2 <2 <2
9 Montour St <2 <2 <2 <2
10 Johnson St/Echo St <2 <2 <2 <2
1" Fishcarrier St <2 <2 <2 <2
12 Hill St <2 <2 <2(2) <2
13 Munsee St N/Townline Rd E <2 <2 <2 <2
14 249 Townline Rd E <2 <2 <2 <2
15 380 Townline Rd E <2 <2 <2(2) <2
16 460 Townline Rd E <2 <2 <2 <2
17 Townline Rd E/Brooks Rd <2 <2 <2 <2
18 225 Brooks Rd <2 <2 <2 <2
19 Brooks Road Landfill (Front Gate) 4(1) <2(1) 4(1) 4 (1)
Notes:

ou - odour units

- no data monitored at this location during the monitoring event.

(1) Odour with a similar characteristic to Brooks Road Landfill detected very briefly in low concentrations.
(2) Faint odour detected very briefly in low concentrations, the odour could not be characterized.
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Table 3

Summary of Off-Site Odour Monitoring Event #3
Brooks Road Landfill
Cayuga, Ontario

Sample 27-Oct-16 28-Oct-16 28-Oct-16 28-Oct-16
Location (ou) (ou) (ou) (ou)
22:32-23:11 00:06 - 00:50 02:12 - 02:47 03:52 - 04:26
ID Description
1 5525 Talbot Rd <2 <2 <2 <2
2 5459 Talbot Rd <2 <2 <2 <2
3 5409 Talbot Rd <2 <2 <2 <2
4 5374 Talbot Rd <2 <2 <2 <2
5 5345 Talbot Rd <2 <2 <2 <2
6 5319 Talbot Rd <2 <2 <2 <2
7 Montour St/Tablot Rd <2 <2 <2 <2
8 Echo St E/Montour St <2 <2 <2 <2
9 Montour St <2 <2 <2 <2
10 Johnson St/Echo St <2 <2 <2 <2
11 Fishcarrier St <2 <2 <2 <2
12 Hill St <2 <2 <2 <2
13 Munsee St N/Townline Rd E <2 <2 <2 <2
14 249 Townline Rd E <2(1) <2 <2 <2
15 380 Townline Rd E <2 <2 <2 <2
16 460 Townline Rd E <2 <2 <2 <2
17 Townline Rd E/Brooks Rd <2 <2 <2 <2
18 225 Brooks Rd <2 <2 <2 <2
19 Brooks Road Landfill (Front Gate) <2 <2 <2 <2
Notes:

ou - odour units
- no data monitored at this location during the monitoring event.
(2) "Burnt Wood" and "Smokey" odour with detected very briefly in low concentrations.
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December 9, 2016 Reference No. 018235

Mr. Richard Weldon

Brooks Road Environmental
c/0 2270386 Ontario Limited
160 Brooks Road, R.R. #5
Cayuga, Ontario

NOA 1EO

Dear Mr. Weldon:

Re: Odour Monitoring Program
Brooks Road Landfill Site, Cayuga, Ontario

1. Introduction

GHD Limited (GHD) was retained by Brooks Road Environmental c/o 2270386 Ontario Limited (BRE) to
complete an ambient odour monitoring program (OMP) at the Brooks Road Landfill Site (Site) located in
Cayuga, Ontario.

The OMP collected odour data in an effort to identify areas in the community potentially impacted by the
Site and to determine conditions that may contribute to a potential odour impact.

This program was developed to assist BRE in determining the following information:
¢ Identification of potential odour sources at the Site
e Qualification and quantification of the odour from identified sources

e  Odour monitoring at off-Site locations

The OMP was conducted by an Air Quality Expert on two nights in November 2016 (November 23 and
November 25) in response to odour complaints received from residents located in the area surrounding
the Site in Cayuga, Ontario.

2. Site Description

The Site is located at 160 Brooks Road in Cayuga, Ontario approximately 1 kilometre north of Kings
Highway No. 3 (Talbot Road). The Site is legally described as Part of Lot 24, Concession I-N.T.R,,
Haldimand County.

The total Site area is approximately 14.3 hectares (ha) (35.3 acres) of which 6 ha (15 acres) is approved
for landfilling.

The Site is bounded in the north by a rural property consisting of undeveloped fields (i.e., long-term
inactive agricultural crop production lands) and forested areas. To the south and east of the Site is
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undeveloped rural property consisting of a combination of fields and forested areas. The Site is bounded
to the west by Brooks Road. On the west side of Brooks Road is an undeveloped rural property which is
characterized primarily by undeveloped fields with occasional bush lots.

3. Odour Monitoring Program

Odour monitoring was completed during the Site visits using a Nasal Ranger™ field olfactometer. This is a
proactive tool used to provide instant readings of odour at various locations. The Nasal Ranger has eight
settings that allow the user to quantify odour concentrations ranging from two odour units (ou) to greater
than 60 ou. For context, 1 ou is equal to a level of odour that would typically be detected by half of the
people who are exposed to iti.e.,itis at a very low level of odour.

In terms of operation, the olfactometer mixes a known volume of carbon filtered air with a known volume
of ambient air to produce a dilution-to-threshold (D/T) ratio. The D/T ratio is defined as follows:

D T = Volume of Carbon Filtered Air/volume of odorous air

It should be noted that the odour unit value as measured by a field olfactometer, like the Nasal Ranger,
are not directly comparable to odour data provided by an odour panel. The data from the Nasal Ranger
does provide a good relative gauge to evaluate various odour concentrations.

The odour unit is a unit of measure, where 1 ou is defined as the concentration at which 50% of the
population will detect the olfactory stimulus. At 1 ou an odour is detected but is generally not an adverse
effect. There is no absolute guidance on odour values, like what is documented for specific chemical
compounds, but generally 5 to 10 odour units is considered the annoyance level. The annoyance level is
where complaints can occur.

4. Odour Monitoring

A brief walkthrough of the southern portion of the Site was performed each evening prior to off-Site
monitoring to determine if on-Site odour could be identified. From previous monitoring studies the
southern perimeter near the east above ground leachate storage tank is expected to be the location that
may have the greatest contribution to any potential off-Site impact. The leachate treatment system is
currently being commissioned and it is expected that continuous treatment capacity in this system will
reduce odours from leachate at the Site and thus diminish an obvious odour source.

Off-Site monitoring locations have been selected based on sensitive receptors in the community.
The monitoring locations provided in Tables 1 and 2 are shown on Figures 1A and 1B.

Monitoring occurred over different temperature, wind speeds, and wind directions in the evening and
morning hours. Monitoring was conducted over two different nights in November 2016 (November 23 and
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November 25) to give an accurate assessment of the potential odour impacts during the nighttime hours
while the Site was not operational.

The field data sheets for each Site visit are provided in Attachment A. The field data sheets provide the
meteorological conditions, odour intensities, and qualifying descriptors.

5. Results & Observations

The November 23, 2016 monitoring event took place between 1:52 a.m. to 5:20 a.m. During this
monitoring event the temperature ranged from-7 to -10°C with calm wind speeds (2-6 km/hr) blowing
predominantly from the northwest. During the monitoring event no on-Site odour was detected by the Air
Quality Expert at any off-Site monitoring locations as provided in Table 1 and on Figures 2A and 2B.

On-Site odour monitoring was conducted at 1:45 a.m. on November 25 along the southern perimeter of
the Site. The Air Quality Expert detected odour described as landfill leachate ranging from <2 ou to 30 ou.
The odour originated from the east above ground leachate storage tank with the highest concentration
detected at the western extent of Stage 2B/3A.

The November 25, 2016 monitoring event took place between 2:01 a.m. to 5:12 a.m. During this
monitoring event the temperature ranged from 4 to 5°C with calm wind speeds (4 km/hr) blowing
predominantly from the south. During the monitoring event on-Site odour was detected by the Air Quality
Expert briefly at two locations north of the Site on Brooks Rd as provided in Table 2 and on Figures 3A
and 3B.

6. Conclusions and Recommendations

The highest odour concentration detected on-Site was 30 ou. This concentration was detected at the
western extent of Stage 2B/3A. The limited odour detected around the perimeter of the Site was a
maximum of 2 ou. Odours at this concentration typically do not result in complaints at off-Site locations,
and this odour concentration is an on-Site concentration. With the distance between the Site and the
receptors it is expected that the 2 ou detected at the perimeter of the Site will be less at the receptors. The
2 ou at the Site property boundary is also less than the general annoyance level of 5 to 10 ou.

A 'stale' and 'swampy' odour was detected at an off-Site location on November 23, 2016 in low
concentrations (<2 ou), as presented in Figure 5. No on-Site activities would result in this type of off-Site
odour.

A 'manure’ odour was detected at an off-Site location on November 25, 2016 in low concentrations
(<2 ou), as presented on Figure 6. No on-Site activities would result in this type off-Site odour.

The highest odour detected at the Site was described by the Air Quality Expert as landfill leachate. This
would indicate that the odours during these observations are being emitted from exposed areas of the
east above ground leachate storage tank.
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In order to limit the potential for off-Site odour impacts, the following operational measures are
recommended:

Fully commission the leachate treatment system in order to reduce leachate storage volumes that
may produce odour. Treatment to Environmental Compliance Approval limits will denature odorous
compounds in leachate.

Continue with the daily odour monitoring program established by BRE and carried out by the Site
Operator.

If odours are noted at the property boundary, increase the amount of daily cover applied on the waste.

Minimize the active working face. Apply interim cover at a minimum thickness of 300 mm on areas of
the landfill where landfiling has ceased for 6 months or more.

Limit exposed areas of the leachate collection system and control passive odour emissions from the
east above ground leachate storage tank. Following the November 23, 2016 odour monitoring event,
the east above ground leachate storage tank was drained of leachate and washed during the
afternoon that same day, but the tank was not sealed. Following the November 25, 2016 monitoring
event, the east above ground leachate storage tank was sealed that same day to eliminate any
remaining passive odour emissions.

When not in use, ensure blind flanges are placed on leachate collection system cleanouts and sump
risers.

Investigate the sealing of leachate storage tanks to minimize odours generated during the handling of
leachate.

Continue with use of odour control granules for odour mitigation. Assess areas of placement and their
effect on odour mitigation.

Should you have any questions on the above, please do not hesitate to contact us.

Yours truly,

GHD

Matthew Giriffin, P. Eng.

RM/cb/47

Encl.

018235Weldon-47
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Page 1 of 1
Table 1
Summary of Off-Site Odour Monitoring Event #1

Brooks Road Landfill
Cayuga, Ontario

Sample 23-Nov-16 23-Nov-16
Location (ou) (ou)
01:52 - 03:06 04:16 - 5:20
ID Description
1 5525 Talbot Rd <2 <2
2 5459 Talbot Rd <2 <2(2)
3 5409 Talbot Rd <2 <2(2)
4 5374 Talbot Rd <2 <2
5 5345 Talbot Rd <2 <2
6 5319 Talbot Rd <2 <2
7 Montour St/Tablot Rd <2 <2
8 Echo St E/Montour St <2 <2
9 Montour St <2 <2
10 Johnson St/Echo St <2 <2
11 Fishcarrier St <2 <2
12 Hill St <2 <2
13 Munsee St N/Townline Rd E <2 <2
14 249 Townline Rd E <2(1) <2
15 380 Townline Rd E <2 <2
16 460 Townline Rd E <2 <2
17 Townline Rd E/Brooks Rd <2 <2
18 225 Brooks Rd <2 <2
19 Brooks Road Landfill (Front Gate) <2 4 (3)
20 406 2nd Concession Rd S <2 <2(1)
21 480 2nd Concession Rd S <2(1) <2
22 565 2nd Concession Rd S <2 <2
23 191 2nd Concession Rd S - <2
24 245 2nd Concession Rd S <2 <2
25 Windecker Rd/1st Concession Rd S <2 <2
26 McFarlane Rd/1st Concession Rd S <2 <2
27 Dairy Side Rd/Haldimand Rd 17 - -
28 447 1st Concession Rd S <2 <2
29 709 1st Concession Rd S <2 <2
Notes:

ou - odour units

- no data monitored at this location during the monitoring event.

(1) "Stale" and "Swampy" odour with detected very briefly in low concentrations.

(2) Faint odour detected very briefly in low concentrations, the odour could not be characterized.
(3) Odour with a similar characteristic to BRE detected very briefly in low concentrations.

GHD 018235Weldon-47-Tbls
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Table 2

Summary of Off-Site Odour Monitoring Event #5
Brooks Road Landfill
Cayuga, Ontario

Sample 25-Nov-16 25-Nov-16
Location (ou) (ou)
02:01 - 03:16 04:03 - 05:12
ID Description
1 5525 Talbot Rd <2 <2
2 5459 Talbot Rd <2 <2
3 5409 Talbot Rd <2 <2
4 5374 Talbot Rd <2 <2
5 5345 Talbot Rd <2 <2
6 5319 Talbot Rd <2 <2
7 Montour St/Tablot Rd <2 <2
8 Echo St E/Montour St <2 <2
9 Montour St <2 <2
10 Johnson St/Echo St <2 <2
11 Fishcarrier St <2 <2
12 Hill St <2 <2
13 Munsee St N/Townline Rd E <2 <2
14 249 Townline Rd E <2 <2
15 380 Townline Rd E <2 <2
16 460 Townline Rd E <2 <2
17 Townline Rd E/Brooks Rd <2 <2(1)
18 225 Brooks Rd <2(1) <2
19 Brooks Road Landfill (Front Gate) <2 <2
20 406 2nd Concession Rd S <2 <2
21 480 2nd Concession Rd S <2 <2
22 565 2nd Concession Rd S <2 <2
23 191 2nd Concession Rd S <2 <2
24 245 2nd Concession Rd S <2 <2
25 Windecker Rd/1st Concession Rd S <2 <2
26 McFarlane Rd/1st Concession Rd S <2 <2
27 Dairy Side Rd/Haldimand Rd 17 <2 <2
28 447 1st Concession Rd S <2 <2
29 709 1st Concession Rd S <2 <2(2)
Notes:

ou - odour units
- no data monitored at this location during the monitoring event.
(1) Odour with a similar characteristic to BRE detected very briefly in low concentrations.

GHD 018235Weldon-47-Tbls
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