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ADDENDUM

This is an addendum prepared by WSP Canada Inc. with the Wood Group, to the Blasting Vibration and
Overpressure Modelling Report (prepared by Wood PLC dated September 2025) for the Great Bear
Project. This modelling report was distributed as part of consultation efforts and was part of the Impact
Statement Submission #2 provided to the Impact Assessment Agency of Canada in December 2025.

This addendum has resulted from continued communications with Fisheries and Oceans Canada and
Environment and Climate Change Canada, who requested clarity on the waters frequented by fish. The
content of the original Blasting Vibration and Overpressure Modelling Report (dated September 2025)
remains valid except for changes specifically as follows:

Waterbodies and watercourses previously classified as not fish frequented where no fish were
previously captured or observed in that report, were re-evaluated under a precautionary and
conservative approach and federal guidance, to be considered as potentially fish frequented.
Attached Figure ADD-01 replaces Figure 4-5 of the Blasting Vibration and Overpressure Modelling
Report (dated September 2025).

Tables, analyses and statements within the Blasting Vibration and Overpressure Modelling Report
(dated September 2025) have not been updated to account for watercourses newly classified as
potentially fish frequented. Discussion with Fisheries and Oceans Canada have confirmed that should
these watercourses contain fish at the time of blasting, the potential harm to fish can be mitigated
through a fish relocation program as described in the Fisheries Act Offset Plan and MDMER
Schedule 2 Fish Habitat Compensation Plan — Updated Draft (WSP 2026).

References:

WSP Canada Inc. 2026. Great Bear Project, Fisheries Act Offset Plan and MDMER Schedule 2 Fish
Habitat Compensation Plan — Updated Draft.

Great Bear Project WSP
Project No.: OMEMA2303 March 2026
Great Bear Resources Addendum Page-1
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Blasting Vibration and Overpressure Modelling Report
Great Bear Project

Executive Summary

Great Bear Resources Ltd., a wholly owned subsidiary of Kinross Gold Corporation, is planning to develop,
operate, and eventually reclaim an underground mine and two open pits for its gold mining “Great Bear
Gold” Project (“the Project”). Wood was retained to predict vibration and overpressure levels emitted by the
different phases of the Project. The Project is located in the Red Lake mining district; approximately 25
kilometres (km) southeast of the Municipality of Red Lake in northwestern Ontario.

The Project is expected to move a maximum of 120,000 tonnes of material per day during the entire life of
the mine until Closure. The three phases of the Project were evaluated and modelled as four periods:
Construction Phase (3 years), Operations phase - Peak Production (8 years), Operations phase -
Underground Production (18 years) and Closure Phase (3 years, active closure period). During Operations,
the Project site is expected to operate continuously for 24 hours per day, 7 days per week.

The Project’s blasting impact was evaluated with respect to ground vibration, air overpressure and water
overpressure. The applicable guidelines used for this modelling report are the Ontario Ministry of the
Environment, Conservation and Parks (MECP) Model Municipal Noise Control By-law for Blasting in Mines
and Quarries (NPC-119) [1], the HC Noise Guideline (Health Canada, 2017) [2], Canadian Department of
Fisheries and Oceans (DFO) Guidelines for the Use of Explosives In or Near Canadian Fisheries Waters
(Wright & Hopky, 1998) [3] as well as the technical paper Monitoring Explosive-based Winter Seismic
Exploration in Waterbodies, NWT 2000-2002 [4].

For the evaluation with respect to the NPC-119 and Health Canada, twenty-nine (29) representative Points
of Reception (PORs) were identified and considered for this assessment. The PORs include seasonal
cabins/outfitters, cottages and unoccupied private properties. By considering the planned nominal
explosive charges per blast location, provided by Great Bear Resources, the Project is expected to be
compliant with limits established by the NPC-119 and the Health Canada at all PORs. The compliance
limits of NPC-119 also require that periodic vibration and air overpressure monitoring be performed
during the blasting operations.

The impact of the Project on the nearest fish habitats was evaluated using the methodology established
by the DFO Guidelines. Herein, the effects were assessed with respect to fish habitats ground-borne
vibration and instantaneous water overpressure. Considering the planned nominal explosive charges per
blast location, which was provided by Great Bear Resources, without control measures in place, the
predicted levels fall above the DFO limits at select fish habitats in the vicinity of the Project. To ensure
compliance, a Blast Management Plan will be developed for the blasting operations. This plan will include
ongoing monitoring and opportunities for adaptive management. Potential residual effects to fish and
fish habitat will be addressed in the Fish Habitat Compensation and Offsetting Plan.
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1.0 Introduction

1.1 Overview

Great Bear Resources Ltd. (Great Bear Resources), a wholly owned subsidiary of Kinross Gold Corporation, is planning to
develop, operate, and reclaim a gold mine (the Great Bear Project or Project) on the Great Bear Property (the Property).
The Project will consist of an onsite ore processing facility, two (2) open pits, underground mining, auxiliary operations
and administrative activities will also take place on the Property. The Property is located approximately 25 kilometres
(km) southeast from the Municipality of Red Lake in Ontario, and northwest of the Township of Ear Falls, see Figure 1-1.

An Impact Assessment pursuant to the Impact Assessment Act, 2019 is required to be completed for the Project. This
Blasting Vibration and Overpressure Modelling report is one of a series of documents prepared on behalf of Great Bear
Resources to establish the potential environmental effects of the Project.

The ore body is primarily hosted in the LP Fault Zone where the two open pits will be mined. Ore from the open pits
will be processed in an onsite process plant. The main components of the Project include:

e LP Central pit, Viggo pit;

e Underground mine, accessed via portals, ramps, shaft;

e Flood protection berm;

e Tailings management facility (TMF);

e Viggo management facility (VMF);

e Run of mine stockpile (ROM);

e Low grade ore stockpile (LGO);

e Mine rock stockpile (MRS);

e Overburden stockpile (OVB);

e Process plant;

e Buildings and supporting infrastructure;

e Water management and treatment facilities;

e Construction camp, permanent camp, and;

e Quarries, and sand and gravel pits.
The Project is expected to be constructed over a three-year period during which the Viggo pit will be mined to extract
high ratios of non-potentially acid generating (NPAG) mine rock for construction purposes. Advanced Exploration (AEX)
activities will be occurring during the construction phase and then stop once mining operations start. The operations

phase of the Project will focus on LP Central pit and underground mining and ore processing with the expected
duration of 9 years, followed by only underground mining for a period of 26 years.

The primary active decommissioning and closure is expected to occur over 3 years and will be followed by a period of
passive site management while the LP Central pit fills with water after which the remaining infrastructure will be
removed. A site plan, provided by Great Bear Resources, identifying the key components of the Project is shown in
Figure 1-2.

7I
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1.2 Objective

The Blasting Vibration and Overpressure Modelling Report has been prepared to assess the potential effects of the
construction, operations, and closure phases of the Project. To evaluate these effects of the Project, this assessment has
been prepared to predict impact based primarily on documentation provided by Great Bear Resources, as well as
onsite investigations (i.e., Wood's baseline programs) conducted in 2022 and 2023.

The following guidelines were used for the evaluation of the Project’s blasting vibration and overpressure emissions:

e Ontario Ministry of the Environment, Conservation and Parks (MECP) Model Municipal Noise Control By-law for
Blasting in Mines and Quarries (NPC-119) (MECP, 1982) [1];

e Health Canada - “"Guidance for Evaluating Human Health Impacts in Environmental Assessment: Noise" (Health
Canada, 2017) [2];

e Canadian Department of Fisheries and Oceans (DFO) Guidelines for the Use of Explosives In or Near Canadian
Fisheries Waters (Wright & Hopky, 1998) [3], and

e Technical Paper: “Monitoring Explosive-Based Winter Seismic Exploration in Waterbodies, NWT 2000-2002" (Cott
& Hanna, 2005) [4].

During construction, the Project site and associated activities are planned to occur for 12 hours per day, 7 days a week.
During operations, the site is expected to operate continuously for 24 hours per day, 7 days per week. Blasting is
planned to occur during the construction and operations phases of the Project.

This Blasting Vibration and Overpressure Modelling Report evaluates the impacts associated with blasting during the
construction and operations phases using generic empirical calculations against the applicable provincial and federal
guideline limits. Once onsite blasting data is available, the blasting calculations will be calibrated, and the Blast
Management Plan will be adjusted as needed.

8I
WOO0O0.
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2.0  Points of Reception
Receptor locations of interest according to the Health Canada Noise Guideline [2] and MECP NPC-119 guideline [1]
include the following noise sensitive land uses:

e Permanent, seasonal, or rental residences;

e Hotels, motels and campgrounds;

e Schools, universities, libraries, and daycare centers;

e Hospitals and clinics, nursing / retirement homes; and

e Churches and places of worship.
The Project site and surrounding area are mainly characterized by gentle hills, forests, lakes, and rivers. Twenty-nine (29)
Points of Reception (PORs) were identified and considered in this assessment. These consist of properties (residential,
cabins, lodges and campsites) not owned by Great Bear Resources and the potential traditional land and resource uses
(TLRUs) around the Project site. The TLRUs assumed herewith are subject to revision pending further information. A brief

description of the representative PORs considered is listed below and summarized in Table 2-1. The locations of the
modeled receptors with respect to the Project site are shown in Figure 2-1.

These receptor locations are considered for the blasting impact evaluation with respect to the NPC-119 and Health
Canada guidelines.

Table 2-1: Points of Reception Summary

UTM Coordinates
POR Group Zone 15U NAD-83 Datum
| _Easting(m) | Northing (m)

POR1 Residence/Cabin/Lodge/Camp 456965 5639223
POR2 Residence/Cabin/Lodge/Camp 465624 5635180
POR3 Residence/Cabin/Lodge/Camp 465611 5635303
POR4 Residence/Cabin/Lodge/Camp 451915 5639044
POR5 Residence/Cabin/Lodge/Camp 451671 5630891
POR6 Residence/Cabin/Lodge/Camp 465139 5634939
POR7 Residence/Cabin/Lodge/Camp 467085 5631026
PORS8 Residence/Cabin/Lodge/Camp 447866 5639124
POR9 Residence/Cabin/Lodge/Camp 451051 5639187
POR10 Residence/Cabin/Lodge/Camp 452237 5640215
POR11 Residence/Cabin/Lodge/Camp 458555 5640149
POR12 Residence/Cabin/Lodge/Camp 450762 5642634
POR13 Residence/Cabin/Lodge/Camp 447708 5641952
POR14 Residence/Cabin/Lodge/Camp 446385 5641886
POR15 Residence/Cabin/Lodge/Camp 446675 5642960
POR16 Residence/Cabin/Lodge/Camp 447897 5645762
POR17 Commercial 446102 5646375
POR18 Residence/Cabin/Lodge/Camp 465476 5635383
POR19 Empty Lot, Non-mining Land Area 446876 5642540
[Project # CA03912_ September2025 Pl

wood.



UTM Coordinates
POR Group Zone 15U NAD-83 Datum
Casting (m) | Northing (m)___

POR20 Residence/Cabin/Lodge/Camp 447444 5642109
POR21 Commercial 447961 5637216
POR22 Residence/Cabin/Lodge/Camp 469646 5628897
POR23 Residence/Cabin/Lodge/Camp 469091 5623932
POR24 Residence/Cabin/Lodge/Camp 470572 5630691
POR25 Residence/Cabin/Lodge/Camp 463047 5614594
POR26 Residence/Cabin/Lodge/Camp 467430 5631399
POR27 Residence/Cabin/Lodge/Camp 468788 5623627
POR28 Residence/Cabin/Lodge/Camp 465478 5635052
POR29 Residence/Cabin/Lodge/Camp 447525 5643902
[Project # CA03912_September2025 _______________________________________________________ Pagelh
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3.0 Applicable Guidelines

3.1 Provincial Noise Guideline

The MECP Model Municipal Noise Control By-law for Blasting in Mines and Quarries (NPC-119) [5] provides guideline
blasting limits for air overpressure and ground-borne vibration. These limits are applicable at sensitive land uses and in
particular residential dwellings. The applicable compliance air overpressure and ground-borne vibration limits for
blasting from NPC-119 are outlined in Table 3-1. Note that these limits require the Project to carry out routine air
overpressure and vibration monitoring as per the Publication NPC-103, “"Procedure for Measurement of Sound and
Vibration due to Blasting Operations”.

Table 3-1: MECP Vibration Limits (NPC-119)

Assessment Type Assessment Metric ‘ Compliance Limit
Air-Overpressure Peak Pressure Level (Lpeak) < 128 dBL
Vibration Peak Particle Velocity (PPV) <125 mm/s
3.2 Federal Noise Guideline

The Health Canada Guidance for Evaluating Human Health Impacts in Environmental Assessment: Noise (HC Noise
Guideline) [2] also provides guideline limits for blasting air-overpressure which are based on the World Health
Organization (WHO) [6] recommendations for hearing loss protection. The HC Noise Guideline considers that while
hearing loss impacts are not typically considered in the context of a federal impact assessment because project-related
sound levels rarely reach these high levels at potential receptor locations, noise-induced hearing loss may be a concern
when project activities involve impulsive noise emission such as from blasting. As such, it is suggested that the WHO
recommendation be followed to avoid hearing loss resulting from impulsive noise exposure and the applicable limits
are outlined in Table 3-2.

Table 3-2: HC Noise Guideline Limits

Assessment Type Assessment Metric
. < 140 dBL, Adults
Air-Overpressure Peak Pressure Level (Lpeak) -
< 120 dBL, Children
3.3 Department of Fisheries and Oceans

The Canadian Department of Fisheries and Oceans (DFO) Guidelines for the Use of Explosives In or Near Canadian
Fisheries Waters (Wright & Hopky, 1998) [3] complemented with the technical paper Monitoring Explosive-based Winter
Seismic Exploration in Waterbodies, NWT 2000-2002 [4] provide guideline limits for blasting water-overpressure and
ground-borne vibration when in proximity to Canadian Fisheries Waters. These limits are applicable at the land-water
interface (shoreline). The applicable water-overpressure and vibration limits for blasting from these guidelines are
outlined in Table 3-3.

Table 3-3: DFO Blasting near Canadian Fisheries Water Limits

Assessment Type Assessment Metric
Instantaneous Water-Overpressure ' Peak Pressure (Ppeak) < 50 kPa
Vibration 2 Peak Particle Velocity (PPV) <13 mm/s
Notes:

1. Original DFO Guidelines set a limit of 100 kPa. However, the Federal Authority Advice Record for the Great Bear Gold Project recommends
evaluating impact with respect to 50 kPa as defined in Reference [4]. Also, note that the underwater overpressure limit only tends to
become a measurable metric when blasting occurs within the water body itself.

2. The vibration limit applies with a maximum PPV level of 13 mm/s in a spawning bed during the period of egg incubation.

Project # CAD39T2 September 2025 T eage
wood.



4.0 Blasting Assessment

4.1 Introduction

Among the unavoidable and undesirable byproducts from blasting operations as a mining method, ground vibration
and air overpressure are the two vibration effects that have been studied the most from their early empirical
beginnings in the 1930's to present time. In the prediction of these side effects from blasting operations, the former
United States Bureau of Mines ("USBM") was the first entity soliciting a series of scientific research investigations from
the 1930’s to the 1980’s to consultant experts in blasting topics.

The calculations provided in this report follow the recommendations for ground vibration and air overpressure
suggested in the Blaster's Handbook, 18th Edition [7] by the International Society of Explosive Engineers (ISEE) to
corroborate the correct interpretation and usage of the empirical propagation law equations developed by the USBM
for prediction of these effects.

For air overpressure predictions, USBM constants and exponents were used to calculate the prediction of this air-borne
effect, which follow the consistent and observed attenuation decay of 6 dB to 7.2 dB per doubling the distance. The
range of attenuation decay was observed by the USBM and ISEE from actual recorded blasts over a span of at least
three decades [8] [9] [10].

For ground vibration predictions, the propagation effects depend on specific site conditions influenced by site
geological composition and lithology characteristics. There is no historic seismograph information available for the
Project site area to calibrate the decay effect of ground-borne vibration from the blasting operations, therefore generic
constants and exponents from ISEE were used for these predictions.

4.2 Blasting Parameters

The list below summarizes the planned nominal blast parameters shared by Great Bear Resources. These values are
preliminary and may change during the actual execution of the Project.

Open Pits — LP Central pit and Viggo pit
Explosive weight per hole, ammonium nitrate with fuel oil (“ANFO") based emulsion = 207.6 kg
Hole Depth (with 1 m subdrilling) = 11 m
Collar stemming = 3 m
Drillhole Diameter = 171 mm
Blast frequency = 1 per day
Quarry Source 1 (Q1) and Quarry Source 2 (Q2)

Explosive weight per hole ammonium nitrate with fuel oil ("ANFO") based emulsion = 41.2 kg
Hole Depth (with 1 m subdrilling) = 6 m

Collar stemming = 1.5 m

Drillhole Diameter = 101.6 mm

Blast frequency = 1 per day

Underground Mine (Fisheries Impact only)

Explosive weight per hole ammonium nitrate with fuel oil ("ANFO") based emulsion = 10.1 kg
Hole Depth = 44 m

Collar stemming = No collar stemming

Drillhole Diameter = 50.8 mm

Blast frequency = 29.3 per day
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4.3 Ground Vibration and Air Overpressure

The nearest receptor to where blasting operations will occur at LP Central pit is “POR1", which is located approximately
5,233 m away from the pit, north of the process plant. The nearest receptor to blasting at Quarry 2 is “POR4", which is
located 2,221 m north from the quarry. “POR21" is the nearest receptor to Quarry 1 which is located 4,015 m
northwest from the center of the Quarry.

As mentioned in Section 3.0, the applicable guidelines for blasting ground vibration and air overpressure from mines
and quarries are defined in the NPC-119 [1] and Health Canada Noise Guideline [2].

Ground-borne vibration caused by blasting operations is an undesired side effect from the use of explosives to
fragment rock in mining, quarrying, excavation, and construction. This ground vibration (or seismic energy) is
essentially the speed of excitation of ground particles resulting from vibratory motion, produced by the instantaneous
release of energy, that propagates through an elastic medium such as the ground, and logarithmically attenuates from
its originating point. This motion is governed by an equation known as propagation law.

Ground vibration due to blasting activities can be estimated for a specific location using the following propagation law:
-n

D

ppv = K| —

02

ppv = Peak Particle Velocity (mm/s)

D = minimum linear distance between blast hole and receptor (m)
Q = maximum instantaneous charge of explosives per hole (kg)

K = site law constant, or equation intercept

n = site law exponent, or equation slope exponent

Equation 1

where:

The D/Q*/? fraction originates from early development work done between the 1950's to late 1960's to predict ground
vibration effect from blasting operations, started mostly by H. R. Nicholls, W. I. Duvall, and D.E. Fogelson, and is known
as the “scaled distance” for ground vibration (SDg,). K and n are components of the ground vibration equation that
were developed and studied for the former USBM between the 1970's and 1980's by D. E. Siskind, M.S. Stagg, J.W.
Kopp, and C.H. Dowding.

When no specific site constants are generated or known for ground vibration effects prediction, ISEE's provided site law
constant value of 1140 for K and the site law exponent value of 1.6 for n, can be employed for open pit free face
blasting in average conditions [11] (normal confinement). For Quarries ISEE's provided site law constant value of 1090
for K and site law exponent of 1.82 in average conditions can be employed.

The blasting design parameters provided for the Project were evaluated using Equation 1. Figure 4-1 below shows the
predicted ground vibration decay for 207.6 kg of explosives as distance increases from the open pits blasting
operations. Ground vibration prediction for closest receptor POR-1 location from the open pits is shown with a blue
diamond. MECP’s ground vibration limit of 12.5 mm/s is plotted with a red line.
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Figure 4-1: Ground Vibration Propagation Curve — Open Pits

Ground vibration predicted values at all PORs by shortest distance to the Project’s open pits blasting operations are
found in Table 4-1. The values have been sorted to show the closest receptor at the top of the table. From Table 4-1,
ground-borne vibration levels at all PORs from the open pits blasting operations are predicted to be in compliance
with applicable MECP limits.

Table 4-1: Predicted Peak Particle Velocity at PORs from Open Pits

Location Distance (m) ppv (mm/s)

Minimum predicted setback distance 242 12.5
POR 1 to LP Central 5233 0.09

POR 11 to LP Central 6276 0.07

POR 5 to LP Central 6431 0.07

POR 6 to Viggo Pit 6788 0.06

POR 28 to Viggo Pit 7143 0.06

POR 18 to Viggo Pit 7223 0.05

POR 2 to Viggo Pit 7315 0.05

POR 3 to Viggo Pit 7332 0.05

POR 4 to LP Central 7378 0.05

POR 10 to LP Central 8016 0.05

POR 9 to LP Central 8121 0.05

POR 7 to Viggo Pit 8905 0.04

POR 26 to Viggo Pit 9147 0.04

POR 21 to LP Central 9877 0.03

POR 8 to LP Central 10736 0.03

POR 12 to LP Central 10830 0.03
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Location Distance (m) ppv (mm/s)

POR 22 to Viggo Pit 12025 0.02
POR 24 to Viggo Pit 12368 0.02
POR 13 to LP Central 12460 0.02
POR 20 to LP Central 12763 0.02
POR 14 to LP Central 13466 0.02
POR 19 to LP Central 13475 0.02
POR 15 to LP Central 13899 0.02
POR 29 to LP Central 13914 0.02
POR 27 to Viggo Pit 14213 0.02
POR 23 to Viggo Pit 14228 0.02
POR 16 to LP Central 15059 0.02
POR 17 to LP Central 16689 0.01
POR 25 to Viggo Pit 19394 0.01

Following the same prediction methodology for the blasting operations at the quarries to all PORs, shows the
predicted ground vibration decay for 41.2 kg of explosives as distance increases from blasting operations at the
Quarries. Predicted ground vibration for closest receptor POR4 location is plotted with a green diamond. MECP’s
ground vibration limit of 12.5 mm/s is plotted with a red line.

Predicted ground vibration levels at all PORs from the Project Quarries blasting operations are found in Table 4-2 The
values have been sorted to show the closest receptor at the top of the table. From Figure 4-2, the predicted ground
vibration magnitudes at all PORs are in compliance with the MECP applicable limits.

Peak Particle Velocity (ppv) attenuation
from blastings operations at the Quarries

1.E+04
—— ppv propagation attenuation (mm/s)
1.E+03 12.5 mm/s limit from NPC-119 Ll

? @ Ground VibrationPrediction at nearest POR (#4)
E 1.E+02 \ ® Minimum predicted set back distance =
€ 1.E+01 :
— 1
2 1.E+00 :
S i
1.E-01 ;
i 0.03
1.E-02 ' !
1 10 100 1000 10000
Distance between blast location to receptor (m)
Figure 4-2: Ground Vibration Propagation Curve — Quarries
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Table 4-2: Predicted Peak Particle Velocity at PORs from Quarries

T e | vewem | wws |

Minimum predicted set back distance 75 12.5
POR 4 to Quarry 2 2221 0.026
POR 9 to Quarry 2 2622 0.019
POR 10 to Quarry 2 3369 0.012
POR 21 to Quarry 1 4015 0.009
POR 8 to Quarry 2 4925 0.006
POR 5 to Quarry 1 5093 0.006
POR 1 to Quarry 2 5296 0.005
POR 12 to Quarry 2 5972 0.004
POR 13 to Quarry 2 6822 0.003
POR 20 to Quarry 2 7115 0.003
POR 11 to Quarry 2 7134 0.003
POR 14 to Quarry 2 7719 0.003
POR 19 to Quarry 2 7817 0.003
POR 15 to Quarry 2 8262 0.002
POR 29 to Quarry 2 8482 0.002
POR 16 to Quarry 2 9914 0.002
POR 17 to Quarry 2 11330 0.001
POR 6 to Quarry 2 13047 0.001
POR 18 to Quarry 2 13325 0.001
POR 28 to Quarry 2 13367 0.001
POR 3 to Quarry 2 13468 0.001
POR 2 to Quarry 2 13495 0.001
POR 7 to Quarry 2 15952 0.001
POR 26 to Quarry 2 16145 0.001
POR 22 to Quarry 2 19142 0.001
POR 24 to Quarry 2 19345 0.001
POR 27 to Quarry 1 21020 0.000
POR 23 to Quarry 1 21090 0.000
POR 25 to Quarry 1 24173 0.000

4.3.3 Ground Vibration Baseline Levels

Two baseline vibration monitoring campaigns were conducted in 2022 and 2023 to characterize the existing ground
vibration for site conditions that are representative of the seasonal changes in the project area.

Ground Vibration data was collected by Wood in 2022 and 2023, timed for when leaves were on the trees (termed
“Leaves-On" program), and timed for when leaves were off the trees (termed "Leaves-Off" program). Each program
occurred over a 7-day period at four (4) monitoring locations. The monitors’ coordinates were selected to be
representative of potential PORs based on proximity and location to the Project, as shown in Figure 2-1.
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The baseline ground vibration levels were characterized using a variety of vibration metrics for daytime and nighttime.
A summary of the baseline levels obtained for both the Leaves-Off and Leaves-On programs are presented in Table
4-3. It is worth noting that while the locations monitored during the Leaves-Off and Leaves-On programs were
relatively consistent, the exact locations differed due to access constraints during the field work. Locations are provided
in UTM zone 15N NAD83 as follows:

e BSR1 (Baseline Receptor 1): Easting 458426, Northing 5639996;
e BSR2 (Baseline Receptor 2): Easting 464002, Northing 5633047;
e BSR3 (Baseline Receptor 3): Easting 454830, Northing 5631786; and,
e BSR4 (Baseline Receptor 4): Easting 448092, Northing 5635837.

Details of the baseline ground vibration monitoring field programs as well as the collected data can be found in the
baseline reports (Wood 2022 a, b) [6] [7] and 2023 a, b) [8] [9] under separate covers.

It is observed that none of the ground vibration levels from the baseline campaign exceed NPC-119 limits. Note,
however, that for certain PORs the ground vibration due to blasting operations may be above the existing baseline
conditions.

Table 4-3: Ground Vibration Baseline Levels

Baseline Ground Vibration Metrics Collected (mm/s)
Monitoring | 222 | 223 |

Location Leaves-On Program Leaves-Off Program Leaves-On Program Leaves-Off Program
epime | vitvime | Deyime | vime | oyime | ntvime | ooyime | Nahume

BSR1 0.002 0.002 0.002 0.002 0.002 0.002 0.003 0.002
BSR2 0.002 0.002 0.002 0.002 0.002 0.003 0.004 0.002
BSR3 0.002 0.002 0.002 0.002 0.002 0.002 0.002 0.002
BSR4 0.003 0.002 0.002 0.002 0.002 0.002 0.002 0.002

4.3.4 Predicted Air Overpressure Effect

Air overpressure is an airborne shock pressure wave that travels through the atmosphere from the detonation location
of the explosives. Similar to ground vibration, the amplitude (or intensity) of air decays with distance, but at a lower
rate. This means overpressure waves travel slower than seismic waves because air (the atmosphere) is a greater elastic
medium than ground.

In the late 1970’'s Wiss and Linehan conducted thorough analyses with focus in air overpressure from blasting
operations as a mining method. A refinement of the general empirical propagation law was developed for air
overpressure after observing from their experiments that charge depth plays a relevant role in air overpressure
prediction. Thus, air overpressure prediction can be estimated for a specific location using the following overpressure
propagation law equation:

-n
D
AP = He™* <_1> Equation 2
Q3

where:

AP = predicted maximum air overpressure peak amplitude (kPa)

D = minimum linear distance between blast hole and receptor (m)

Q = maximum instantaneous charge per hole (kg)

n = slope exponent with least slope error percentage
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H = linear regression overpressure intercept
e = base of natural logarithm
B = cube root of scaled depth of charge burial

The D/Q*/3 is known as the cube root scaled distance “SD,p" for air. The component H e~'? represents the
overpressure amplitude corrected for the scaled depth of charge burial, which primarily considers the effect of the air
pressure pulse (APP) and the stemming release pulse (SRP), main contributors of the total air overpressure.
Determination of H, B, and n is found following the procedures and considerations found in the work from Wiss and
Siskind for the former USBM. To obtain the air sound pressure level in decibels, the following standardized relationship
can be used:

AP .
ABsp;, = 20 10g10P_ Equation 3
0

where:
AP is the air overpressure peak amplitude and Py is the reference pressure = 20 x 10 N/m? or 2.9 x 10 Ib/in.

Note that Wiss “Depth of burial effect” work is based on air prediction work by B. Perkins, L.J. Vortman, and C.M. Snell
performed during the mid 1960's to early 1970's. For the parameters used in this report, please refer to pages 68 to 71
from Volume | [12] for intercept H, page 207 and page 218 from Volume Il [13] for B and AP equation respectively, and
pages 190 and 191 from Volume Il [14] for n.

The Project’s provided blasting design parameters were evaluated with the propagation law equation for air
overpressure. Figure 4-3 below shows the predicted air overpressure propagation attenuation decay for 207.6 kg of
explosives per hole as distance increases from the Open pits blasting operations. Air overpressure prediction for closest
receptor POR1 location from the open pits is plotted with a blue triangle. MECP’s air overpressure limit of 128 dB(L) is
plotted with a red line and HC limit of 120 dB(L) with an orange line.

Air overpressure from Open Pits blasting operations
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Figure 4-3: Air Overpressure Propagation Curve
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Air overpressure values at all other PORs by shortest distance from the Project’s open pits blasting operations are
found in Table 4-4. The values have been sorted to show the closest receptor at the top of the table.

Table 4-4: Predicted Air Overpressure at PORs from open pits

Location Distance (m) Air Overpressure (dBL)
Minimum predicted set back distance [MECP] 170 128
Minimum predicted set back distance [HC] 359 120
POR 1 to LP Central 5233 93
POR 11 to LP Central 6276 92
POR 5 to LP Central 6431 91
POR 6 to Viggo Pit 6788 91
POR 28 to Viggo Pit 7143 90
POR 18 to Viggo Pit 7223 90
POR 2 to Viggo Pit 7315 90
POR 3 to Viggo Pit 7332 90
POR 4 to LP Central 7378 90
POR 10 to LP Central 8016 89
POR 9 to LP Central 8121 89
POR 7 to Viggo Pit 8905 88
POR 26 to Viggo Pit 9147 88
POR 21 to LP Central 9877 87
POR 8 to LP Central 10736 86
POR 12 to LP Central 10830 86
POR 22 to Viggo Pit 12025 85
POR 24 to Viggo Pit 12368 85
POR 13 to LP Central 12460 85
POR 20 to LP Central 12763 84
POR 14 to LP Central 13466 84
POR 19 to LP Central 13475 84
POR 15 to LP Central 13899 84
POR 29 to LP Central 13914 84
POR 27 to Viggo Pit 14213 83
POR 23 to Viggo Pit 14228 83
POR 16 to LP Central 15059 83
POR 17 to LP Central 16689 82
POR 25 to Viggo Pit 19394 80

Following the same methodology for the blasting operations at the Quarries for all PORs, Figure 4-4 shows the
predicted air overpressure attenuation for 41.2 kg of explosives as distance increases from the blast area. Predicted air
overpressure for closest receptor POR4 location from the quarries is plotted with a green triangle. MECP air
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overpressure limit of 128 dB(L) that must not be exceeded is plotted with a red line and HC limit of 120 dB(L) with an
orange line.

Air overpressure predicted values at all PORs by shortest distance from the Project quarries blasting operations are
found in Table 4-6. The values have been sorted to show the closest receptor at the top of the table.

Table 4-5: Predicted Air Overpressure at PORs from Quarries

Location Distance (m) Air Overpressure (dBL)
Minimum predicted set back distance [MECP] 131 128
Minimum predicted set back distance [HC] 353 120
POR 4 to Quarry 2 2221 102
POR 9 to Quarry 2 2622 102
POR 10 to Quarry 2 3369 100
POR 21 to Quarry 1 4015 100
POR 8 to Quarry 2 4925 98
POR 5 to Quarry 1 5093 98
POR 1 to Quarry 2 5296 96
POR 12 to Quarry 2 5972 95
POR 13 to Quarry 2 6822 94
POR 20 to Quarry 2 7115 94
POR 11 to Quarry 2 7134 93
POR 14 to Quarry 2 7719 92
POR 19 to Quarry 2 7817 91
POR 15 to Quarry 2 8262 90
POR 29 to Quarry 2 8482 89
POR 16 to Quarry 2 9914 89
POR 17 to Quarry 2 11330 89
POR 6 to Quarry 2 13047 87
POR 18 to Quarry 2 13325 85
POR 28 to Quarry 2 13367 84
POR 3 to Quarry 2 13468 84
POR 2 to Quarry 2 13495 84
POR 7 to Quarry 2 15952 82
POR 26 to Quarry 2 16145 82
POR 22 to Quarry 2 19142 80
POR 24 to Quarry 2 19345 80
POR 27 to Quarry 1 21020 79
POR 23 to Quarry 1 21090 79
POR 25 to Quarry 1 24173 78
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Airblast attenuation from Quarries blasting operations
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Figure 4-4: Air Overpressure Propagation Curve - Quarries

4.3.5 Predicted Air Overpressure Effect

The blasting operations are predicted to be compliant with the regulatory requirements in the provincial guideline
NPC-119 for the ground vibration and air overpressure, and federal guideline for the air overpressure only. The limits in
the provincial guideline require the Project to carry out routine overpressure and vibration monitoring as per the
Publication NPC-103, Procedure for Measurement of Sound and Vibration due to Blasting Operations.

As observed in Figures 4-1 to 4-6, all receptors are more than 2,000 metres away from the Project’s blasting locations.
The predicted PPV shown on their respective figures are below the 12.5mm/s ground vibration compliance limit
established by the MECP. Similarly, for air overpressure the PORs are below the allowable provincial and federal
regulatory limits. Summary results tables are presented in Appendix A.
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4.4 Effects on Fish Habitats

In addition to evaluating the impact on human health as per NPC-119 [5] and Health Canada [2], presented in Section
4.3, the DFO has a requirement to assess the impact of blasting operations on fish habitats. The present section
discusses the predicted impacts to the Canadian fish habitats in the vicinity of a blast location planned by Great Bear
Resources.

441 Relevant Fish Habitats

Great Bear Resources provided the general blasting locations that are planned during the Construction and Operations
phases of the Project. These were considered for the evaluation of the impact on fish habitats:
e Construction Phase:
o Limits of LP Central pit and Viggo pit, as well as;
o Centre of Quarry Source 1 (Q1) and Quarry Source (Q2), and;
o Underground Mine.
e Operations Phase:
o Limits of LP Central pit and Viggo pit;
o Limits of Quarry Source 1 (assuming Quarry Source 2 is covered by TMF), and;
o Underground Mine

Based on the blasting locations, the nearest watercourses and waterbodies were identified, which may be impacted by
the blasting operations. Table 4-6 summarizes the waterbodies that contain fish habitat and the blast locations that
were assessed for water-overpressure and ground-borne vibration against the criteria provided in Section 3.3.

The Impact Segment ID (ISID) correlates with Figure 4-5: Anticipated Fisheries Impacts created by WSP’s aquatics
experts supporting the Project. This figure indicates which segments of the watercourses will be redirected or flow
reduced, and the current understanding is the segments shown in pink and yellow color are completely
removed/redirected before any Construction or Operations activities start.

Table 4-6: Fish Bearing Waterbodies and Watercourses

Type of Receptor Name Impact Segment ID Impacted by
Waterbody Dixie Creek i Undl_frgcr'eontfrr\adI E/;:h\e/igO?)(;rzi:i’ons
Waterbody Genesee Lake - Quarry Source 1, Quarry Source 2
Waterbody Unnamed Waterbody 4 - Quarry Source 2
Waterbody Unnamed Waterbody 6 - Viggo Pit

Watercourse Unnamed Watercourse 1B IS-4 Quarry Source 2
Watercourse Unnamed Watercourse 3 IS-35 LP Central Pit

For surface blasting, geo-referenced site plans of the Construction phase and Operations phase were used to select the
shortest path between a general blast area (referred to as Blasting Location) and a fish habitat (referred to as Fish
Habitat Location). For a conservative estimate, the worst-case blasting location was assumed to occur at the limits of
the bedrock of the general blast area. For underground blasting, Great Bear Resources provided a geo-referenced file
of the Underground Mine. The shortest path between a Blasting Location and a Fisheries Receiver Location was
calculated using an in-house calculation tool.
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Figures depicting the Blasting Locations and Fish Habitat Locations are shown in Appendix B:

e Construction Phase:
o Figure B-1: Blasting Locations and Fish Habitat Locations, Construction Phase, Open Pits Area
o Figure B-2: Blasting Locations and Fish Habitat Locations, Construction Phase, Quarries Area
o Figure B-3: Blasting Locations and Fish Habitat Locations, Construction Phase, Underground Mine

e Operations Phase:
o Figure B-4: Blasting Locations and Fish Habitat Locations, Operations Phase, Open Pits Area
o Figure B-5: Blasting Locations and Fish Habitat Locations, Operations Phase, Quarries Area
o Figure B-6: Blasting Locations and Fish Habitat Locations, Operations Phase, Underground Mine

Table 4-7 and Table 4-8 show the relevant pairs of a Blasting Location and a Fish Habitat Location along with their UTM
coordinates, elevation and distance between them for Construction and Operations phases respectively. The distances
were calculated using the Easting and Northing coordinates, the top of bedrock and the elevation of the terrain.

To account for the shortest path between two points, the Euclidean distance approach was utilized—this represents the
worst-case scenario. This approach does not account for topographical changes between two points. The
georeferenced terrain elevation profile, provided by Great Bear Resources, was based on a 1 m elevation grid
resolution obtained via LiDAR scanning of the Project site.
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Table 4-7: Blasting Locations and Fish Habitat Locations — Construction Phase

Blasting Location Fish Habitat Location

Blast 7 : ; 1,23
No. Easting (UTM Northing (UTM Elevation, . Type of Impact Easting (UTM Northu?g (UT™ Elevation, Distance (m)
Blast Type . . Bedrock, Location . Coordinates),
Coordinates), m Coordinates), m m Receptor Segment ID Coordinates), m m m.a.s.l.
1 Surface 1 LP Central 457404.76 5633644.70 352.00 1 Dixie Creek Waterbody - 457388.68 5633517.47 348.41 1284
3 Surface 2 Viggo Pit 458577.11 5633219.76 354.00 2 Dixie Creek Waterbody - 458527.72 5633103.96 346.44 127.2
5 Surface 3 Viggo Pit 458645.12 5633202.42 254.00 3 Dixie Creek Waterbody - 458617.04 5633068.48 346.69 137.7
14 Surface 8 Q1 451779.90 5636001.79 427.00 9 Genesee Lake Waterbody - 450922.08 5635963.23 379.08 859.8
15 Surface 8 Q1 451779.90 5636001.79 427.00 10 Genesee Lake Waterbody - 451342.05 5635457.89 379.08 699.6
Unnamed
17 Surface 11 Q2 452466.86 5636522.31 398.00 11 Waterbody - 452838.95 5636426.19 391.91 384.5
Waterbody 4
Unnamed
19 Surface 9 Q2 452178.09 5636994.51 406.75 13 Watercourse IS-4 452203.81 5637109.66 400.41 118.2
Watercourse 1B
21 Surface 22 LP Central 456917.23 5633871.82 344.00 14 Dixie Creek Waterbody - 456675.31 5633728.17 349.44 281.6
. . Unnamed
23 Surface 17 Viggo Pit 458920.54 5633379.63 356.00 15 Waterbody - 459782.31 5633466.34 347.20 866.4
Waterbody 6
Unnamed
29 Surface 27 LP Central 457489.25 5633640.12 352.00 21 Watercourse IS-35 457483.23 5633550.30 363.00 90.7
Watercourse 3
33 Surface 31 Viggo Pit 458490.44 5633287.32 359.00 23 Dixie Creek Waterbody - 458368.19 5633203.19 348.09 149.5
35 Surface 32 Viggo Pit 458235.67 5633472.17 35945 24 Dixie Creek Waterbody - 458086.11 5633329.07 347.69 207.06
36 Surface 33 Viggo Pit 458371.38 5633392.31 366.16 25 Dixie Creek Waterbody - 458253.21 5633242.99 347.8 190.56
39 Underground 23 Hinge 456564.00 5633319.00 360.00 17 Dixie Creek Waterbody - 456601.8 5633337.0 348.0 43.6
40 Underground 24 Viggo Zone 458304.00 5633318.00 357.00 18 Dixie Creek Waterbody - 458275.0 5633234.0 348.0 89.3
Note:
1. Calculated using Euclidean Distance Formula d(4, B) = J(EastingB — EastingA)? + (NorthingB — NorthingA)? + (ElevationB — ElevationA)?
2. The elevation at the top of bedrock is factored into the distance calculations for blasting operations at the pits
3. The elevation of the terrain is considered in the distance calculations for blasting activities at the quarries
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Table 4-8: Blasting Locations and Fish Habitat Locations — Operations Phase

Blasting Location Fish Habitat Locations

Blast . . . Fish . . . Distance (m)'?3
No. Blast Tvpe Location Easting (UTM Northing (UTM Elevation, Type of Impact Bearin Easting (UTM Northing (UTM Elevation,
yp Coordinates), m Coordinates), m m.a.s.l. Receptor Segment ID v /N)g Coordinates), m Coordinates), m m.a.s.l.

2 Surface 12 LP Central 456791.27 5633794.69 363.33 14 Dixie Creek Waterbody - Y 456675.3 5633728.1 3494 1344
4 Surface 13 LP Central 457418.68 5633606.45 352.05 1 Dixie Creek Waterbody - Y 457388.6 5633517.4 3484 94.0
. . Unnamed
6 Surface 14 Viggo Pit 458934.84 5633371.45 358.00 15 Waterbody - Y 459801.8 5633424.6 347.2 868.6
Waterbody 6
8 Surface 15 Viggo Pit 458849.63 5633473.46 359.00 4 Dixie Creek Watercourse - Y 458368.1 5633203.1 3619 552.1
16 Surface 18 Viggo Pit 458572.95 5633214.78 354.00 2 Dixie Creek Waterbody - Y 458528.8 5633103.5 363.3 119.9
20 Surface 19 Viggo Pit 458644.06 5633201.26 358.00 3 Dixie Creek Waterbody - Y 458617.0 5633068.4 346.6 135.9
22 Surface 20 Q1 451630.41 5635815.4 404.28 10 Genesee Lake Waterbody - Y 4513420 5635457.8 379.0 460.0
25 Underground 23 Hinge 456564.00 5633319.00 360.00 17 Dixie Creek Waterbody - Y 456601.8 5633337.0 348.0 43.6
Unnamed
30 Surface 28 LP Central 457499.09 5633601.48 349.35 21 Watercourse IS-35 Y 457483.2 5633550.3 364.0 55.6
Watercourse 3
34 Underground 24 \ggr?: 458304.00 5633318.00 357.00 18 Dixie Creek Waterbody - Y 458275.0 5633234.0 348.0 89.3
37 Surface 34 Viggo Pit 458235.67 5633472.17 35945 26 Dixie Creek Waterbody - Y 458086.1 5633329.0 347.6 207.0
38 Surface 35 Viggo Pit 458371.38 5633392.31 366.16 27 Dixie Creek Waterbody - Y 458253.2 5633242.99 347.8 190.5
S
Note:

Calculated using Euclidean Distance Formula d(4, B) = J(EastingB — EastingA)? + (NorthingB — NorthingA)? + (ElevationB — ElevationA)?
The elevation at the top of bedrock is factored into the distance calculations for blasting operations at the pits
3. The elevation of the terrain is considered in the distance calculations for blasting activities at the quarries
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44.2 Modelling Methodology

The Canadian Department of Fisheries and Oceans (DFO) Guidelines for the Use of Explosives In or Near Canadian
Fisheries Waters (Wright & Hopky, 1998) [3] defines in Appendix Il the general equations to determine setback distance
for confined explosive to meet their guideline criteria of 50 kPa for underwater instantaneous overpressure and 13
mm/s for Peak Particle Velocity (PPV) to protect spawning beds during egg incubation.

The article by Cott & Hanna [4] indicates that the equations given in [3] provide a high-level assessment of the
potential impact to fish habitats. This article concludes that the unpredictability of water overpressure is due to the
differences in substrate type, substrata, water depth, equipment failure and human subjectivity. This article
recommends that site-specific propagation relationships are developed to minimize impact to fish habitats.

DFO guidelines define the relationship between acoustic impedance and the density and velocity of the medium
through which the compression wave travels:

Equation 3
Dy X Cy
Zw /2 = o=
where:
Dy, = density of water = 1 gxcm
Dy = density of the substrate in 1 gxcm
Cw = compressional wave velocity in water 146,300 cmxs™'
Cr = compressional wave velocity in substrate in cmxs™

Table 4-9, found in [3], lists the common substrate density and compression wave velocity for various substrates.

Table 4-9: Typical Values for Substrate Density and Compression Wave Velocity

Substrate Dg(g-cm™3) Cr(cm-s)
Rock 2.64 457,200
Frozen Soil 1.92 304,800
Ice 0.98 304,800
Saturated Soil 2.08 146,300
Unsaturated soil 1.92 45,700

The transfer of shock pressure from the substrate to the water is defined by the following formula:

Equation 4
2X (Zy/Zg) X Py
Y 1+ (Zw/ZR)

where:

Py = pressure (kPa) in water

Pp = pressure (kPa) in substrate

Zw = acoustic impedance of water

Zg = acoustic impedance of substrate

The equation can be reworked to solve for the pressure in the substrate (Pz) from a known pressure in water (Py,), as
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1+ (Zw/Zr))
(2 x ((ZW/ZR))

Pp = Py

To meet the DFO guidelines for instantaneous water overpressure, the equation is solved by setting P,, to 50 kPa (limit
defined by Cott & Hanna, 2005 [4]). This will yield the substrate pressure P; needed to achieve the water overpressure
limit set by the DFO. The value for Py is used to determine the Peak Particle Velocity, Vz (cmxs™), in the substrate for
the given conditions based on the following (note that P must be converted to dynes [gxcm-s] first).

Equation 5
2% P
T D xCg

The relationship between the Peak Particle Velocity, V; explosive charge weight and distance is given by:

Equation 6
R -1.6
= 100(L)
where:
R = distance (m) to the detonation point,
w = explosive weight (kg) per delay

From a known water overpressure of 50 kPa and using Great Bear Resources’ nominal explosive charges, listed in Table
4-10, the distance to a detonation point R is calculated using Equation 5. This value establishes the minimum setback
distance to not exceed the 50 kPa overpressure guidance for non-spawning fish habitats. To meet the PPV limit for
spawning beds, Equation 6 is used to calculate the setback distance R by setting V. to the DFO limit of 13 mm/s. This
value establishes the minimum setback distance to protect spawning fish habitats.

Table 4-10: Blasting Parameters for DFO Evaluation

Blasting Location Blasting Charge

kg/delay’
Viggo Pit 207.6
LP Central Pit 207.6
Quarry Sources Q1 + Q2 41.2
Underground 10.1

Note:
1. DFO guidelines require that time delays for discrete explosions should be greater than 25 milli-seconds.

The calculations used in this report consider a rock substrate with density and compressional wave velocity defined in
the DFO guideline.

4.4.3 Predicted Effects on Fish Habitats

For each of the Blasting Locations and corresponding Fish Habitats identified, the Euclidean distances were used as the
R value in the equations above to calculate the maximum allowable charges for PPV and Instantaneous Water
Overpressure. These metrics are compared against the limits established in Section 3.3. The results are summarized in
Table 4-13 and Table 4-14 where the calculated maximum charges for PPV and instantaneous water overpressure are
compared to the Great Bear Resources nominal explosive charges listed in Table 4-10. The results show that the
waterbodies and watercourses that will be affected by the nominal charge are: Dixie Creek (no ISID), Unnamed
Watercourse 3 (ISID=1S-35).
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The predicted effects, shown as a blast impact area using the planned nominal charge, are depicted in Figure 4-6 and
Figure 4-7 for the Construction Phase, as well as Figure 4-8 and Figure 4-9 for the Operations Phase. These blast
impact areas are measured from boundaries of the blast location footprint by considering the setback distances shown
in Table 4-11 obtained via DFO’s approach. These figures show that the above-mentioned fish habitats are within the
blast impact areas of the LP Central pit and Viggo Pit during the construction and operations phase.

In addition to the effects of surface blasting, it can also be concluded from Table 4-11 that the underground blasting
operations will impact the Dixie Creek by blast number 25, refer to Table 4-8. This underground blast location is
observed to be very close to the Dixie Creek.

Table 4-11: Setback Distance for Planned Nominal Charge

. . Non-Spawning Season Spawning Season
Blasting Location PIangl?:rgN::(;}e::;astmg Setba'c)k Dist:’nce (m) SetI;ack Digtance (D)
y) Limit = 50kPa Limit = 13mm/s
Viggo Pit 207.6 110.7 217.5
LP Central Pit 207.6 110.7 217.5
Quarry Sources Q1 + Q2 41.2 493 96.9
Underground 10.1 24.4 47.9

Figure 4-5 shows that the segment IS-67 and Dixie Creek will not be redirected; hence, the impact can be reduced by
reducing the explosive charge weight. For reference only, Table 4-12 summarizes the effects on the setback distance by
changing the explosive charge weight (kg) for a rock substrate. As observed, a modification of the explosive charge
weight affects the blast impact area. These effects are displayed in Appendix B.

Table 4-12: Changes in Setback Distances for Different Explosive Charges

Non-Spawning Season Spawning Season
Blasting Charges (kg/delay) Setback Distance (m) Setback Distance (m)
Limit = 50kPa / Rock Substrate Limit = 13mm/s / Rock Substrate
10 24.3 47.7
20 343 67.5
30 421 82.7
40 48.6 95.5
50 54.3 106.7
100 76.8 150.9
150 94.1 184.9
200 108.6 213.5
250 121.4 238.6
300 133.0 261.4

The explosive charges evaluated in Table 4-12 show that compliance with respect to the DFO limits is achievable by
modifications to the blast design. It is the responsibility of the blast designer to be aware of the potential impacts and
ensure compliance with respect to the DFO limits. General mitigation recommendations are discussed in the
subsequent section.
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Table 4-13: Compliance Assessment — Construction Phase

Max. Allowable Charge  Max. Allowable Charge
. (ko) (ko) Nominal Water
Distance Charge PPV Overpressure
Ground Vibration PPV Water Overpressure (kg/delay) Exceedance? Exceedance?
(Limit=13mm/s) (Limit = 50kPa) S ’
Spawning Season Non-Spawning Season

Receiver Coordinates

Blasting Coordinates

Blast
General
Location

Blast Receptor

Blast No. ., A
Location Location

Type of )
Receptor S (UTM Coordinates) -

Easting (UTM Northing (UTM Easting (UTM Northing (UTM
Coordinates), m Coordinates), m Coordinates), m Coordinates), m

1 Surface LP Central Pit Dixie Creek Waterbody Rock 457404.7 5633644.6 457388.6 5633517.4 1284 72 280 207.6 N
3 Surface Viggo Pit Dixie Creek Waterbody Rock 458577.1 5633219.7 458527.7 5633103.9 127.2 71 274 207.6 N
5 Surface Viggo Pit Dixie Creek Waterbody Rock 458645.1 5633202.4 458617.0 5633068.4 137.7 83 322 207.6 N
14 Surface Q1 Genesee Lake Waterbody Rock 451779.9 5636001.7 450922.0 5635963.2 859.8 3,245 12,534 41.2 N
15 Surface Q1 Genesee Lake Waterbody Rock 451779.9 5636001.7 451342.0 5635457.8 699.6 2,149 8,298 41.2 N
Unnamed
19 Surface Q2 Watercourse Rock 452178.0 5636994.5 452203.8 5637109.6 118.2 61 237 41.2 N
Watercourse 1B
21 Surface LP Central Pit Dixie Creek Waterbody Rock 456917.2 5633871.8 456675.3 5633728.1 281.5 348 1,344 207.6 N
. . Unnamed
23 Surface Viggo Pit Waterbody Rock 458920.5 5633379.6 459782.3 5633466.3 866.3 3,295 12,725 207.6 N
Waterbody 6
. Unnamed
29 Surface LP Central Pit Watercourse Rock 457489.2 5633640.1 457483.2 5633550.2 90.7 36 140 207.6 Y
Watercourse 3
33 Surface Viggo Pit Dixie Creek Waterbody Rock 458490.4 5633287.3 458368.1 5633203.1 149.4 98 379 207.6 N
35 Surface Viggo Pit Dixie Creek Waterbody Rock 458235.67 563347217 458086.11 5633329.07 207.1 188 727 207.6 N
39 Underground Hinge Dixie Creek Waterbody Rock 456564.0 5633319.0 456601.8 5633337.0 43.6 8 32 10.1 N
40 Underground | Viggo Zone Dixie Creek Waterbody Rock 458304.0 5633318.0 458275.0 5633234.0 89.3 35 135 10.1 N
36 Surface Viggo Pit Dixie Creek Waterbody Rock 458371.38 5633392.31 458253.21 5633242.99 190.6 159 616 207.6 N
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Blast General
Location

Blast Location

Receptor
Location

Type of
Receptor

Substrate

Table 4-14: Compliance Assessment — Operations Phase

Blast Coordinates

Easting (UTM

Coordinates), m

Receiver Coordinates

UTM Coordinates

Northing (UTM

Coordinates), m

Easting (UTM

Coordinates), m

Northing (UTM

Coordinates), m

Distance

(m)

Max. Allowable Charge
(kg)

Ground Vibration PPV
(Limit=13mm/s)
Spawning Season

Max. Allowable Charge
(kg)

Water Overpressure
(Limit = 50kPa)
Non-spawning Season

Nominal
Charge
(CCYLEEW)

Water
Overpressure
Exceedance?

2 Surface LP Central Pit Dixie Creek Waterbody Rock 456791.2 5633794.6 456675.3 5633728.1 1344 79 306 207.6 N
4 Surface LP Central Pit Dixie Creek Waterbody Rock 457418.6 5633606.4 457388.6 56335174 93.9 39 150 207.6 Y
6 Surface Viggo Pit Unnamed Waterbody Rock 458934.8 5633371.5 459801.8 5633424.7 868.7 3312 12793 207.6 N
Waterbody 6
8 Surface Viggo Pit Dixie Creek Watercourse Rock 458849.6 5633473.5 458368.2 5633203.2 552.1 1338 5168 207.6 N
16 Surface Viggo Pit Dixie Creek Waterbody Rock 458573.0 5633214.8 458528.8 5633103.6 120.0 63 244 207.6 N
20 Surface Viggo Pit Dixie Creek Waterbody Rock 458644.1 5633201.3 458617.0 5633068.5 136.0 81 313 207.6 N
22 Surface Q1 Genesee Lake Waterbody Rock 451630.4 5635815.4 451342.0 5635457.8 460.0 929 3,588 207.6 N
25 Underground Hinge Dixie Creek Waterbody Rock 456564.0 5633319.0 456601.8 5633337.0 43.6 8 32 10.1 N
30 Surface LP Central Pit Unnamed Watercourse Rock 457499.0 5633601.4 45748322 5633550.2 55.5 14 52 2076 Y
Watercourse 3
34 Underground Viggo Zone Dixie Creek Waterbody Rock 458304.0 5633318.0 458275.0 5633234.0 89.3 35 135 10.1 N
37 Surface Viggo Pit Dixie Creek Waterbody Rock 458235.67 5633472.17 458086.11 5633329.07 207.1 188 727 207.6 N
38 Surface Viggo Pit Dixie Creek Waterbody Rock 458371.38 5633392.31 458253.21 5633242.99 190.6 159 616 207.6 N
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5.0 Mitigation Measures

The blasting parameters, utilized to obtain the results presented in this report, are preliminary and subject to change.
No historic seismograph data was available for the Project site area to determine the actual decay effect of ground-
borne vibration from the blasting operations. Therefore, generic empirical decay parameters found in publicly available
literature were used for the blasting calculations presented herewith.

A detailed blasting management plan shall be prepared prior to the Project commencing to identify and review all
potential blast locations, define mitigation measures, and detail the inspection and record keeping required to
demonstrate that impact levels are being effectively managed. The blasting management plan shall include
opportunities for adaptive management, in which the intensity of the control measures would be increased if site
inspections and continuous monitoring indicate that implemented measures are insufficient. In addition, steps for
community consultation and complaints management shall be included. Health Canada states that the residents’
concern about blasting can be addressed through community consultation.

Table 5-1 summarizes the recommendations to reduce the impact of blasting operations as per the provincial and
federal guidelines described in Section 3.0.

Table 5-1: Recommendations for the Control of Blasting Vibration and Overpressure

e As perthe NPC-119, maintain a routine/periodic vibration and air overpressure monitoring
during blasting operations. Multiple monitoring stations to monitor the nearest PORs at all
directions are recommended.

e Monitoring equipment must comply with the Publication NPC-103, “Procedure for

Ontario Ministry of Environment, Measurement of Sound and Vibration due to Blasting Operations".

Conservation and Parks (MECP) e Avoid performing blasting operations at various locations within the Project site
simultaneously. This may increase the negative effects of blasting ground vibration and air

Health Canada (HC) overpressure.

e  Prepare Blasting Management Plan prior to the start of construction. The plan shall include
opportunities for adaptive management, in which the intensity of the control measures would
be increase if site inspections and continuous monitoring indicate that implemented measures
are insufficient.

e  Before any blasting activity starts near Dixie Creek and Unnamed Watercourse 3 (IS-35),
perform onsite low-charge blasts to determine the site-specific parameters governing the
propagation of ground vibration and water overpressure to impacted fish habitats. These
studies shall consider both open pits and underground blasting. The goal is to update
predictions using site-specific parameters and adjust the Blasting Management Plan as
required before commencing blasting operations.

e  Mitigate impact to fish habitats by satisfying the procedures and recommendations established
in the DFO Guideline [3] and the technical paper by Cott & Hanna [4].

. ) . e  Reduce the weight of explosive charge detonated per delay period to avoid impact to the fish
Canadian Department of Fisheries

(DFO)

habitats. Refer to Table 4-12 listing various setback distances depending on explosive charges.

e Implement ground vibration and water overpressure monitoring at the nearest active fish
habitats from the open pits and underground blast locations.

e  Avoid blasting on LP Central pit, Viggo pit and/or Underground Mine simultaneously. If this is
unavoidable, reduce blast charge to minimize impact and/or maintain a monitoring program at
the nearest fish habitats.

e  Prepare Blasting Management Plan prior to the start of construction. The plan shall include
opportunities for ongoing monitoring and adaptive management, in which the intensity of the
control measures would be increased if site inspections and continuous monitoring indicate
that implemented measures are insufficient.
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6.0 Conclusions

The blasting vibration and overpressure impacts associated with the activities of the Great Bear Project were evaluated
using prediction equations in accordance with the guidelines established by the MECP, Health Canada and DFO. For the
nominal charge provided by Great Bear Resources, the blasting prediction equations indicate no exceedances of
regulatory limits at the nearest PORs with respect to MECP and HC guidelines. To ensure compliance with applicable
limits for the Project during blasting operations, a Blasting Management Plan will be prepared before the start of
construction activities. This plan will include opportunities for ongoing monitoring and adaptive management, in which
the intensity of the control measures would be increased if site inspections and continuous monitoring indicate that
implemented measures are insufficient. Potential residual effects to fish and fish habitat will be addressed in the Fish
Habitat Compensation and Offsetting Plan.
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7.0 Closing

This Blasting Vibration and Overpressure Modelling Report was prepared for Great Bear Resources Ltd. by Wood. The
quality of information and conclusions contained herein is consistent with the level of effort involved in Wood's services
and based on: i) information available at the time of preparation; ii) data supplied by outside sources; and iii) the
assumptions, conditions and qualifications set forth in this report.

Yours truly,

Wood Group Asset Integrity Solutions, Inc.
Vibration, Dynamics and Noise (VDN)

Prepared by:

DRAFT DRAFT

Original signed by: Original signed by:

Juan Vences, M.Sc,, E.LT. Carlos Yoong, Ph.D., P.Eng.

Acoustics & Vibration Analyst Senior Acoustics & Vibration Engineer
DRAFT

Original signed by:

Agatha Garces
Acoustics & Vibration Analyst

Reviewed by:
DRAFT

Original signed by:

Henrik Olsen, M.Sc., INCE Bd. Cert.
Principal — Acoustics & Vibration
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of Open pits blasting on surface results
C C i i
e = Distance P/:?lf:::setd MECP limit Dvel:: b::::ure Bredicted MECP limit Sround
Blast General Location . . . . Charge (kg) Location of interest HC limit dB(L) P Ground Vibration MECP Reference
Latitude | Longitude Latitude Longitude (m) Overpressure dB(L) MECP & HC N N mm/s .
. Vibration mm/s compliant ?
dB(L) Compliant?

Cadnaa model for distances; ISEE and USBM

LP Central Pit 457300 | 5634000 456965.3 5639222.7 207.6 5233 POR 1 to LP Central Pit 93 120 128 Yes 0.092 12.5 Yes documentation
Cadnaa model for distances; ISEE and USBM

Viggo Pit 458516 | 5633451 465624.0 5635180.0 207.6 7315 POR 2 to Viggo Pit 90 120 128 Yes 0.053 125 Yes documentation
Cadnaa model for distances; ISEE and USBM

Viggo Pit 458516 | 5633451 465611.0 5635303.0 207.6 7332 POR 3 to Viggo Pit 90 120 128 Yes 0.053 12.5 Yes documentation
Cadnaa model for distances; ISEE and USBM

LP Central Pit 457300 | 5634000 451915.2 5639044.2 207.6 7378 POR 4 to LP Central Pit 90 120 128 Yes 0.053 12.5 Yes documentation
Cadnaa model for distances; ISEE and USBM

LP Central Pit 457300 | 5634000 451670.6 5630890.6 207.6 6431 POR5 to LP Central Pit 91 120 128 Yes 0.066 12.5 Yes documentation
Cadnaa model for distances; ISEE and USBM

Viggo Pit 458516 | 5633451 465139.1 5634938.7 207.6 6788 POR 6 to Viggo Pit 91 120 128 Yes 0.060 125 Yes documentation
Cadnaa model for distances; ISEE and USBM

Viggo Pit 458516 | 5633451 467084.9 5631026.4 207.6 8905 POR 7 to Viggo Pit 88 120 128 Yes 0.039 12.5 Yes documentation
Cadnaa model for distances; ISEE and USBM

LP Central Pit 457300 | 5634000 447866.0 5639124.0 207.6 10736 POR 8 to LP Central Pit 86 120 128 Yes 0.029 125 Yes documentation
Cadnaa model for distances; ISEE and USBM

LP Central Pit 457300 | 5634000 451051.0 5639187.0 207.6 8121 POR 9 to LP Central Pit 89 120 128 Yes 0.045 12.5 Yes documentation
Cadnaa model for distances; ISEE and USBM

LP Central Pit 457300 | 5634000 452236.7 5640215.1 207.6 8016 POR 10 to LP Central Pit 89 120 128 Yes 0.046 12.5 Yes documentation
Cadnaa model for distances; ISEE and USBM

LP Central Pit 457300 | 5634000 458555.5 5640149.2 207.6 6276 POR 11 to LP Central Pit 92 120 128 Yes 0.068 12.5 Yes documentation
Cadnaa model for distances; ISEE and USBM

LP Central Pit 457300 | 5634000 450762.0 5642634.3 207.6 10830 POR 12 to LP Central Pit 86 120 128 Yes 0.029 125 Yes documentation
Cadnaa model for distances; ISEE and USBM

LP Central Pit 457300 | 5634000 447707.6 5641952.3 207.6 12460 POR 13 to LP Central Pit 85 120 128 Yes 0.023 12.5 Yes documentation
Cadnaa model for distances; ISEE and USBM

LP Central Pit 457300 | 5634000 446384.8 5641885.6 207.6 13466 POR 14 to LP Central Pit 84 120 128 Yes 0.020 125 Yes documentation
Cadnaa model for distances; ISEE and USBM

LP Central Pit 457300 | 5634000 446675.0 5642960.0 207.6 13899 POR 15 to LP Central Pit 84 120 128 Yes 0.019 12.5 Yes documentation
Cadnaa model for distances; ISEE and USBM

LP Central Pit 457300 | 5634000 447897.0 5645762.0 207.6 15059 POR 16 to LP Central Pit 83 120 128 Yes 0.017 125 Yes documentation
Cadnaa model for distances; ISEE and USBM

LP Central Pit 457300 | 5634000 446101.8 5646374.8 207.6 16689 POR 17 to LP Central Pit 82 120 128 Yes 0.014 12.5 Yes documentation
Cadnaa model for distances; ISEE and USBM

Viggo Pit 458700 | 5633350 465476.1 5635383.4 207.6 7223 POR 18 to Viggo Pit 90 120 128 Yes 0.055 125 Yes documentation
Cadnaa model for distances; ISEE and USBM

LP Central Pit 457300 | 5634000 446876.2 5642540.0 207.6 13475 POR 19 to LP Central Pit 84 120 128 Yes 0.020 12.5 Yes documentation
Cadnaa model for distances; ISEE and USBM

LP Central Pit 457300 | 5634000 447444.1 5642108.7 207.6 12763 POR 20 to LP Central Pit 84 120 128 Yes 0.022 125 Yes documentation
Cadnaa model for distances; ISEE and USBM

LP Central Pit 457300 | 5634000 447961.4 5637216.3 207.6 9877 POR 21 to LP Central Pit 87 120 128 Yes 0.033 12.5 Yes documentation
Cadnaa model for distances; ISEE and USBM

Viggo Pit 458516 | 5633451 469646.0 5628897.0 207.6 12025 POR 22 to Viggo Pit 85 120 128 Yes 0.024 125 Yes documentation
Cadnaa model for distances; ISEE and USBM

Viggo Pit 458516 | 5633451 469091.0 5623932.0 207.6 14228 POR 23 to Viggo Pit 83 120 128 Yes 0.018 12.5 Yes documentation
Cadnaa model for distances; ISEE and USBM

Viggo Pit 458516 | 5633451 470572.0 5630691.0 207.6 12368 POR 24 to Viggo Pit 85 120 128 Yes 0.023 125 Yes documentation
Cadnaa model for distances; ISEE and USBM

Viggo Pit 458516 | 5633451 463047.0 5614594.0 207.6 19394 POR 25 to Viggo Pit 80 120 128 Yes 0.011 12.5 Yes documentation
Cadnaa model for distances; ISEE and USBM

Viggo Pit 458516 | 5633451 467430.0 5631399.0 207.6 9147 POR 26 to Viggo Pit 88 120 128 Yes 0.037 125 Yes documentation
Cadnaa model for distances; ISEE and USBM

Viggo Pit 458516 | 5633451 468788.0 5623627.0 207.6 14213 POR 27 to Viggo Pit 83 120 128 Yes 0.018 12.5 Yes documentation
Cadnaa model for distances; ISEE and USBM

Viggo Pit 458516 | 5633451 465478.0 5635052.0 207.6 7143 POR 28 to Viggo Pit 90 120 128 Yes 0.056 125 Yes documentation
Cadnaa model for distances; ISEE and USBM

LP Central Pit 457300 | 5634000 447525.0 5643902.0 207.6 13914 POR 29 to LP Central Pit 84 120 128 Yes 0.019 12.5 Yes documentation
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of Quarries blasting on surface op predi results
Airblast =
N ElastC SECEROC Distance a 0 Airblast B MECP limit | Overepressure (e MECP limit " Gr‘ound
Blast General Location N N N N Charge (kg) Location of interest HC limit dB(L) Ground Vibration MECP Reference
Latitude | Longitude Latitude Longitude (m) Overpressure dB(L) MECP & HC - N mm/s -
4RI @ i Vibration mm/s compliant ?

Cadnaa model for distances; ISEE and USBM
Quarry 2 452232 | 5636846 456965.3 5639222.7 41.2 5296 POR 1 to Quarry 2 94 120 128 Yes 0.005 12.5 Yes documentation

Cadnaa model for distances; ISEE and USBM
Quarry 2 452232 | 5636846 465624.0 5635180.0 41.2 3155 POR 2 to Quarry 2 84 120 128 Yes 0.001 12.5 Yes documentation

Cadnaa model for distances; ISEE and USBM
Quarry 2 452232 | 5636846 465611.0 5635303.0 41.2 2561 POR 3 to Quarry 2 84 120 128 Yes 0.001 12.5 Yes documentation

Cadnaa model for distances; ISEE and USBM
Quarry 2 452232 | 5636846 451915.2 5639044.2 41.2 2221 POR 4 to Quarry 2 102 120 128 Yes 0.026 12.5 Yes documentation

Cadnaa model for distances; ISEE and USBM
Quarry 1 451782 | 5635982 451670.6 5630890.6 41.2 5093 POR 5 to Quarry 1 94 120 128 Yes 0.006 12.5 Yes documentation

Cadnaa model for distances; ISEE and USBM
Quarry 2 452232 | 5636846 465139.1 5634938.7 41.2 13047 POR 6 to Quarry 2 84 120 128 Yes 0.001 12.5 Yes documentation

Cadnaa model for distances; ISEE and USBM
Quarry 2 452232 | 5636846 467084.9 5631026.4 41.2 15952 POR 7 to Quarry 2 82 120 128 Yes 0.001 12.5 Yes documentation

Cadnaa model for distances; ISEE and USBM
Quarry 2 452232 | 5636846 447866.0 5639124.0 41.2 4925 POR 8 to Quarry 2 96 120 128 Yes 0.006 12.5 Yes documentation

Cadnaa model for distances; ISEE and USBM
Quarry 2 452232 | 5636846 451051.0 5639187.0 41.2 2622 POR 9 to Quarry 2 102 120 128 Yes 0.019 12.5 Yes documentation

Cadnaa model for distances; ISEE and USBM
Quarry 2 452232 | 5636846 452236.7 5640215.1 41.2 3369 POR 10 to Quarry 2 100 120 128 Yes 0.012 12.5 Yes documentation

Cadnaa model for distances; ISEE and USBM
Quarry 2 452232 | 5636846 458555.5 5640149.2 41.2 7134 POR 11 to Quarry 2 90 120 128 Yes 0.003 12.5 Yes documentation

Cadnaa model for distances; ISEE and USBM
Quarry 2 452232 | 5636846 450762.0 5642634.3 41.2 5972 POR 12 to Quarry 2 93 120 128 Yes 0.004 12.5 Yes documentation

Cadnaa model for distances; ISEE and USBM
Quarry 2 452232 | 5636846 447707.6 5641952.3 41.2 6822 POR 13 to Quarry 2 92 120 128 Yes 0.003 12.5 Yes documentation

Cadnaa model for distances; ISEE and USBM
Quarry 2 452232 | 5636846 446384.8 5641885.6 41.2 7719 POR 14 to Quarry 2 920 120 128 Yes 0.003 12.5 Yes documentation

Cadnaa model for distances; ISEE and USBM
Quarry 2 452232 | 5636846 446675.0 5642960.0 41.2 8262 POR 15 to Quarry 2 89 120 128 Yes 0.002 12.5 Yes documentation

Cadnaa model for distances; ISEE and USBM
Quarry 2 452232 | 5636846 447897.0 5645762.0 41.2 9914 POR 16 to Quarry 2 87 120 128 Yes 0.002 12.5 Yes documentation

Cadnaa model for distances; ISEE and USBM
Quarry 2 452232 | 5636846 446101.8 5646374.8 41.2 11330 POR 17 to Quarry 2 85 120 128 Yes 0.001 12.5 Yes documentation

Cadnaa model for distances; ISEE and USBM
Quarry 2 452232 | 5636846 465476.1 5635383.4 41.2 13325 POR 18 to Quarry 2 84 120 128 Yes 0.001 12.5 Yes documentation

Cadnaa model for distances; ISEE and USBM
Quarry 2 452232 | 5636846 446876.2 5642540.0 41.2 7817 POR 19 to Quarry 2 89 120 128 Yes 0.003 12.5 Yes documentation

Cadnaa model for distances; ISEE and USBM
Quarry 2 452232 | 5636846 447444.1 5642108.7 41.2 7115 POR 20 to Quarry 2 91 120 128 Yes 0.003 12.5 Yes documentation

Cadnaa model for distances; ISEE and USBM
Quarry 1 451782 | 5635982 447961.4 5637216.3 41.2 4015 POR 21 to Quarry 1 98 120 128 Yes 0.009 12.5 Yes documentation

Cadnaa model for distances; ISEE and USBM
Quarry 2 452232 | 5636846 469646.0 5628897.0 41.2 19142 POR 22 to Quarry 2 80 120 128 Yes 0.001 12.5 Yes documentation

Cadnaa model for distances; ISEE and USBM
Quarry 1 451782 | 5635982 469091.0 5623932.0 41.2 21090 POR 23 to Quarry 1 79 120 128 Yes 0.000 12.5 Yes documentation

Cadnaa model for distances; ISEE and USBM
Quarry 2 452232 | 5636846 470572.0 5630691.0 41.2 19345 POR 24 to Quarry 2 80 120 128 Yes 0.001 12.5 Yes documentation

Cadnaa model for distances; ISEE and USBM
Quarry 1 451782 | 5635982 463047.0 5614594.0 41.2 24173 POR 25 to Quarry 1 78 120 128 Yes 0.000 12.5 Yes documentation

Cadnaa model for distances; ISEE and USBM
Quarry 2 452232 | 5636846 467430.0 5631399.0 41.2 16145 POR 26 to Quarry 2 82 120 128 Yes 0.001 12.5 Yes documentation

Cadnaa model for distances; ISEE and USBM
Quarry 1 451782 | 5635982 468788.0 5623627.0 41.2 21020 POR 27 to Quarry 1 79 120 128 Yes 0.000 12.5 Yes documentation

Cadnaa model for distances; ISEE and USBM
Quarry 2 452232 | 5636846 465478.0 5635052.0 41.2 13367 POR 28 to Quarry 2 84 120 128 Yes 0.001 12.5 Yes documentation

Cadnaa model for distances; ISEE and USBM
Quarry 2 452232 | 5636846 447525.0 5643902.0 41.2 4392 POR 29 to Quarry 2 88 120 128 Yes 0.002 12.5 Yes documentation
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Technical Terms and Acoustical Descriptors

Frequency

Typically the rate in Hertz (Hz) - previously denoted cycles per
second, at which an event is repeated.

Normal human hearing extends over a range of frequencies from
about 15 Hz to about 15 kHz.

A-Weighting Network

A frequency-response adjustment of a sound level meter that makes
its reading conform to human response. The sensitivity of the
human ear is frequency dependent. At low and high frequencies, the
ear is not very sensitive, but between 500 Hz and 6 kHz the ear is
very sensitive. The A-weighting filter is a broadband filter that covers
the interval from 20 Hz to 20 kHz. The shape of the A-weighting
curve approximates the frequency sensitivity of the human ear. So
the A-weighted value of a noise source is an approximation to how
the human ear perceives the noise. Written as dB(A) or dBA

Z-Weighting Network

Z for 'Zero' frequency weighting, which implies no frequency
weighting. In reality the range is 10 Hz to 20 kHz +1.5 dB.

Introduced (IEC 61672 2003) to replace the Flat or Linear Filters.
Written as dB(Z) or dBZ

Exponential Averaging

Generates a continuous running average where the most recently
sampled levels have more influence on the average than older
samples. This provides a convenient form to examine rapidly
changing data with the benefit of some averaging to smooth the
spectra.

Linear Averaging

The process of adding together a sequence of spectra
measurements and then dividing the total by the number of
samples. The result is a true arithmetic average on a sample by
sample basis. Averaging smooths out random noise components in
a spectrum.

Time Constants or Time Weightings

Time constants used for exponential averaging.

Three time constants can be used and are defined as:
e Fast “F" time constant corresponds to 125 ms;
e Slow “S” time constant corresponds to 1s; and

ulu

e Impulse “I" time constant corresponding to 35 ms while the
signal level is increasing and 1,500 ms while the signal level
is decreasing.

P(t) — “Sound Pressure”

The instantaneous difference between the actual pressure and the
average barometric pressure at a given location.

Sound Pressure Level (SPL)

A measurement of instantaneous sound pressure and equal to
20 times the logarithm (base 10) of the ratio of the instantaneous




sound pressure of a sound divided by the reference sound pressure
of 20 pPa (0 dB). Reported and measured in decibels (dB or dBA).

Lyeq(T) — “Equivalent continuous sound The equivalent continuous sound level (also called time-average

level with a frequency weighting, x*  sound level), Lwq(T), is defined as twenty times the logarithm to base
ten of the ratio of a root-mean-square sound pressure during a time
interval (T) to the reference sound pressure, sound pressure being
obtained with a frequency weighting, x.

x can be replaced by:
e A for A-weighted;
e B for B-weighted;
e C for C-weighted; or
e Zfor Z-weighted.

Liymax(T) = “Maximum sound level, with The maximum time-weighted sound level, Lymax(T), is defined as the
a frequency weighting, x, and with a  greatest time-weighted sound level, Ly(t), within a measurement
time-weighting, y” interval (T).

x can be replaced by:
e A for A-weighted;
e B for B-weighted;
e C for C-weighted; or
e 7 for Z-weighted.
e Y can be replaced by:
e S for slow time weighting, or

e F for fast time weighting.

Lyymin(T) — “Minimum sound level, with  The minimum time-weighted sound level, Lymin(T), is defined as the
a frequency weighting, x, and with a  smallest time-weighted sound level, Ly,(t), within a measurement
time-weighting, y” interval (T).

x can be replaced by:
e A for A-weighted,
e B for B-weighted,
e C for C-weighted, or
e 7 for Z-weighted.
e Y can be replaced by:
e S for slow time weighting, or

e F for fast time weighting.




Lyn — “N™ Exceedance level, with a
frequency weighting, x, and with a
time-weighting, y”

where N is between 0.7 to 99.9

Is the sound pressure level which is exceeded N percent of the
measurement time. The sound pressure being obtained with a
frequency weighting, x and a time-weighting, y.

x can be replaced by:
e A for A-weighted;
e B for B-weighted;
e C for C-weighted; or
e 7 for Z-weighted.
e Y can be replaced by:
e S for slow time weighting, or

e F for fast time weighting.

Lypeak(T) — "Peak sound level

The peak sound level, Lypeak(T), is defined as twenty times the
logarithm to base ten of the ratio of the greatest absolute
instantaneous sound pressure, px(t), instantaneous sound pressure
being obtained with a frequency weighting, x

x can be replaced by:
e A for A-weighted;
e B for B-weighted;
e C for C-weighted; or
e 7 for Z-weighted.

Octave Band

A band of frequencies where the upper limiting frequency (u.l.f.) is
twice the lower limiting frequency (l.1.f.). Octave bands are identified
by their centre-frequencies. The octave bands standardized for
acoustic measurements include those centered at 31.5, 63, 125, 250,
500, 1000, 2000, 4000, & 8000 Hz.

Velocity

Rate of change in position, measured in distance per unit of time.
When measuring vibration signals, velocity represents the rate of
change in displacement.

Units: Millimetres per second [mm/s].

Peak Particle Velocity (PPV)

Highest particle velocity which is recorded during a particular
vibration event.

Unit: Millimetres per second [mm/s].

Root Mean Square (RMS) Velocity

Square root of the average of the squared instantaneous vibration
velocity (V) over a specified time interval or integration time (T)
reported in millimeters per second (mm/s).

For the purposes of vibration monitoring the integration time (T) is
one second.




Unit: Millimetres per second [mm/s].

1/N Octave Band

A band of frequencies integrally divided from an Octave Band. The
u.l.f. equals 2"/N times the LL.f. The most commonly used frequency
band is the 1/3 octave band.

Five-Number Summary

The five-number summary is a set of descriptive statistics that
provide information about a dataset. It consists of the five most
important sample percentiles:

The sample minimum (smallest observation);
The lower quartile or first quartile;

The median (middle value);

The upper quartile or third quartile; and

The sample maximum (largest observation).

maximum

third quartile

IOR

median

S = first quartile

minimum
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Box plot Representation or Box plot
Graph

Box plot (also known as a box-and-whisker plot) is a type of graph
that is designed specifically to show the distribution of a set of data
based on a five-number summary.

The representation of the box plot and data varies depending on the
used. Alternates of the Five-Number Summary are generally used.

Box plots are uniform in their use of the box: the bottom and top of
the box are always the first and third quartiles, and the band inside
the box is always the median, but the ends of the whiskers can
represent several possible alternative values.

90% of data

25% 75%

5% 95%

30 Ao




It should be noted that Box plots describe the sample and make no
representation or assumptions regarding the population. Box plot
data need not be normally distributed as represented in the figure
above.

For the purpose of this report the type of representation chosen for
the box plots represents a set of summary data that differs from the
Five-Number Summary as follows:

The "whiskers” represent the 5 percentile and 95 percentile of the
sample;

The red square indicated within the plot is the mean of the sample;
and

The red dots represent any data points below or above the 5 and 95
percentiles respectively of the sample (including maximum and
minimum of the sample).

e Maximum

Median ~_
T Third Quartile

Mean -
Second Quartile

e Minimum
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Limitations

1. The work performed in the preparation of this report and the conclusions presented are subject to the following:
a. The Standard Terms and Conditions which form a part of our Professional Services Contract;
b. The Scope of Services;
¢. Time and Budgetary limitations as described in our Contract; and
d. The Limitations stated herein.

2. No other warranties or representations, either expressed or implied, are made as to the professional services
provided under the terms of our Contract, or the conclusions presented.

3. The conclusions presented in this report were based, in part, on visual observations of the Site and attendant
structures. Our conclusions cannot and are not extended to include those portions of the Site or structures, which
are not reasonably available, in Wood's opinion, for direct observation.

4. The environmental conditions at the Site were assessed, within the limitations set out above, having due regard for
applicable environmental regulations as of the date of the inspection. A review of compliance by past owners or
occupants of the Site with any applicable local, provincial or federal bylaws, orders-in-council, legislative
enactments and regulations was not performed.

5. The Site history research included obtaining information from third parties and employees or agents of the owner.
No attempt has been made to verify the accuracy of any information provided, unless specifically noted in our
report.

6. Where testing was performed, it was carried out in accordance with the terms of our contract providing for testing.
Other substances, or different quantities of substances testing for, may be present on-site and may be revealed by
different or other testing not provided for in our contract.

7. Because of the limitations referred to above, different environmental conditions from those stated in our report
may exist. Should such different conditions be encountered, Wood must be notified in order that it may determine
if modifications to the conclusions in the report are necessary.

8. The utilization of Wood's services during the implementation of any remedial measures will allow Wood to observe
compliance with the conclusions and recommendations contained in the report. Wood's involvement will also
allow for changes to be made as necessary to suit field conditions as they are encountered.

9. This report is for the sole use of the party to whom it is addressed unless expressly stated otherwise in the report
or contract. Any use which any third party makes of the report, in whole or the part, or any reliance thereon or
decisions made based on any information or conclusions in the report is the sole responsibility of such third party.
Wood accepts no responsibility whatsoever for damages or loss of any nature or kind suffered by any such third
party as a result of actions taken or not taken or decisions made in reliance on the report, or anything set out
therein.

10. This report is not to be given over to any third party for any purpose whatsoever without the written permission of
Wood.

11. Provided that the report is still reliable, and less than 12 months old, Wood will issue a third-party reliance letter to
parties that the client identifies in writing, upon payment of the then current fee for such letters. All third parties
relying on Wood's report, by such reliance agree to be bound by our proposal and Wood's standard reliance letter.
Wood's standard reliance letter indicates that in no event shall Wood be liable for any damages, howsoever arising,
relating to third-party reliance on Wood's report. No reliance by any party is permitted without such agreement.
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