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EXECUTIVE SUMMARY

DST Consulting Engineers Inc. was retained by Cruickshank Construction Limited

(Cruickshank) of Kingston, Ontario, to conduct a blast impact analysis for the proposed

expansion of their existing and active Elginburg Quarry (The Quarry). The Quarry will be

operated by Cruickshank. The Quarry is Part of Lots of 12, 13, 14, and 15, Concession

5, in the Kingston Township, Province of Ontario.

The Blast Impact Analysis report is limited to the impact of blast induced

overpressure/noise and vibrations on surrounding third party sensitive and non-sensitive

receptors and includes recommended site specific “Blast Design” for the proposed

quarry which is based on the following:

 Observations made during our site visit carried out on February 14, 2014,

 Review of site plan drawings prepared by THE BASE MAPPING Co. LTD. Of
Ottawa, Ontario, September 2016,

 Review of Natural Environment Level I (NEL-I) Report prepared by Ecological
Services of Elginburg, Ontario, October 2012,

 The Ontario Ministry of the Environment and Climate Change (MOECC)
Guidelines for Blasting in Mines and Quarries, 1978,

 Guidelines for the Use of Explosives in or Near Canadian Fisheries Waters,
Department of Fisheries and Oceans Canada (DFO), 1998, and

 The worst-case scenario for potential blast damage to surrounding structures
from blasting operations.

The quarry will be developed from the adjacent existing Elginburg Quarry in an east to

west direction, in two separate areas, north and south of the cross-site pipeline. The land

north of the pipeline is referred to as “Phase North of Pipeline”, and the land south of the

pipeline is referred to as “Phase South of Pipeline”. The order of the phasing will be

dictated by rock quality and market demand. The quarry will operate in up to 3 lifts,

depending on existing elevations, with benches at approximate elevation of 125+/- m

ASL and 115+/- m ASL. The existing licensed quarry is being excavated to elevation



Revised Blast Impact Analysis Report Page ii
Proposed Elginburg Quarry Expansion – Kingston, Ontario
DST File No.: IN-NO-031975 January 12, 2018

DST CONSULTING ENGINEERS INC.

ranging from 121+/- m ASL and 125+/- m ASL. The existing elevation of the proposed

licensed area varies from 138+/- m ASL at the north end to 133+/- m ASL in mid section

and 125+/- m ASL at the southeast area boundary. Depending on rock quality and

market demand, the upper and middle lift may be combined into a single lift, but the

combined lift will not exceed 13+/- m. The bottom of the third lift will be at approximately

103+/- m ASL. The existing average elevation of water table is estimated to be at 125+/-

m ASL. All drilling and blasting operations will be carefully controlled during the

proposed production phases to ensure that no damage occurs to nearby third-party

buildings or structures and the natural environment.

Vibration prediction calculations for various standoff distances are carried out based on

the worst-case blast parameters scenario and the Ontario Ministry of Environment and

Climate Change (MOECC) vibration and overpressure guidelines for blasting in mines

and quarries in the province of Ontario.  The resulting calculations indicate that the Initial

blasting operations carried out at the north section of the expansion area can be carried

out safely. Blast vibration and overpressure levels obtained during the initial blasting can

be used to adjust blasting parameters for the remaining blasting operations to ensure all

phases of the operations meet the requirements of MOECC, provided recommendations

in this report are implemented.
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1.0 INTRODUCTION

The proposed expansion of the existing Elginburg Quarry is geographically located on

the south side of Unity Road, east of highway 38, namely Part of Lots 12, 13, 14, 15,

Concession 5, Kingston Township, in the Province of Ontario. The proposed expansion

area is bordered by Unity Road on the north, by existing quarry on the east, by farmland

on the west and by K&P Rail Trail corridor and farmland on the south. The licenced area

consists of approximately 73.8 Hectares with 63.4 Hectares of operational area. The

applicant intends to extract aggregate under Class A, Category 2 Licence, with annual

extraction of up to 1,000,000 tonnes. The extraction commences from established

benches in the existing quarry. The proposed operation will primarily extract dolomitic

limestone rock formed in horizontal strata layers with an average density of 2.8-2.9 g/cc.

The site plan drawings showing proposed licenced area, information pertaining to

mineral extraction, and the closest third-party properties within 120 m of the proposed

licenced area. Site plan drawings are attached in Appendix “A”.

There are a number of residential sensitive receptors located within the proximity of the

proposed licenced boundary. Of these receptors, two are located within 120 m of the

proposed expansion. There are additional 30 receptors located within 500 m. Some of

the additional receptors may not be occupied, and thus are not considered sensitive.

The Blast Impact Analysis and blast design, recommended later in this report, is based

on the Ontario Ministry of Environment and Climate Change (MOECC) Model Municipal

Bylaw (NPC 119) with regard to Guidelines for Blasting in Mines and Quarries (1978) as

well as Department of Fisheries and Oceans Canada (DFO) Guidelines for the Use of

Explosives in or Near Canadian Fisheries Waters (1998). In the absence of adequate

existing site-specific blast induced vibration and noise data, predictive formulas

recommended by the International Society of Explosive Engineers are used. The reason

for lack of reliable site-specific data, for the purpose of establishing regression curve is

explained later in this report.
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Recommendations are included in this report to ensure that the blasting operations are

carried out in a safe and productive manner and to ensure that no possibility of damage

exists to third-party receptor in the area.

2.0 BLASTING PRACTICES AT EXISTING ELGINBURG QUARRY

Cruickshank Limited currently operates a multi-bench quarry at the existing Elginburg

Quarry. Based on existing operations, bench heights vary from 5.2+/- m to 10.7+/- m.

Boreholes are drilled on a pattern ranging from 2.74 m (9’) burden by 3.1 m (10’) spacing

to 3.1 m (10’) burden by 3.1 m spacing pattern with a 102 mm (4”) diameter drill bit.

Boreholes are loaded with Ammonium Nitrate Fuel Oil (ANFO) dry blasting agent (pored)

and primed with a 50 mm (2”) diameter cartridge of cap-sensitive emulsion or Nitro-

glycerine based explosive. A minimum collar of 1.5 m (5’) is maintained for explosive

confinement. The collar is increased to 1.8 m (6’) or more in front holes when it is

deemed necessary. Quantity of explosives per delay period (based on a single

hole/delay) ranges from 20+/- kg to 65+/- kg. Blasts are monitored for vibration and

overpressure levels at the closest sensitive receptors (two locations) and only for

vibration levels at the closest point of pipeline corridor. Borehole diameter and drilling

pattern are reduced when 40 m setback distance to the pipeline corridor and 15 m

setback distance to power transmission line towers is approached.

3.0 RECEPTORS AND WATER BODIES

As stated previously, there are several third-party receptors located in the vicinity of the

proposed quarry expansion area. There is also a pipeline corridor containing pipelines

owned by Enbridge and TransCanada Pipelines Limited (TCPL) which runs through the

existing and proposed expansion licenced area. In addition, there is a Power

Transmission line with towers running east-west through the north phase on the

expansion area. Historical vibration data recorded on the Enbridge and Trans Canada

pipelines have been well within the required 50 mm/s PPV limit imposed by Enbridge

and TCPL. Vibration Exceedance at the pipeline is not anticipated since MOECC’s

guidelines are more stringent. However, when blasting approaches the 40 m setback

distance from the pipelines, and 15 m setback distance from the power transmission
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towers, adjustments to blasting parameters (reduction in hole diameter, and/or multiple

decking of explosive charges) will be required in order to meet the vibration level

requirements. The addresses of all receptors located within 500 m of the proposed

expansion area are listed below.

1. 2490 Unity Road,

2. 2467 Unity Road,

3. 2559 Unity Road,

4. 2528 Unity Road

5. 2611 Unity Road,

6. 2610 Unity Road,

7. 2604 Unity Road,

8. 2250 Cordukes Road,

9. 2243 Cordukes Road,

10. 2242 Cordukes Road,

11. 2217 Cordukes Road,

12. 2166 Cordukes Road,

13. 2150 Cordukes Road,

14. 2147 Cordukes Road,

15. 2130 Cordukes Road,

16. 2085 Cordukes Road,

17. 2017 Cordukes Road,

18. 2075 Cordukes Road,

19. 2039 Cordukes Road,

20. 2034 Cordukes Road,

21. 2005 Cordukes Road,

22. 1998 Cordukes Road,

23. 1995 Cordukes Road,

24. 1989 Cordukes Road,

25. 1986 Cordukes Road,

26. 1985 Cordukes Road,

27. 2659 Bur Brook Road,

28. 2643 Bur Brook Road,
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29. 2630 Bur Brook Road,

30. 2514 Bur Brook Road,

31. 2506 Bur Brook Road, and

32. 2440 Bur Brook Road.

The closest third party inhabited building (sensitive receptor) is located at 2467 Unity

Road. It must be noted that the blasting and subsequent rock extraction will be limited to

areas where the rock is suitable for consumption. Thus, blasting does not necessarily

occur along the licenced boundary. According to NEL-1 report, there are no existing

water bodies within 120 m of the licenced boundary. The closest water-body to the

proposed licenced area is a small stream located at an approximate stand-off distance of

140 m on the southeast of the licenced area. The extraction phases will be sequenced

so that the blasting (direction of throw) will be to the east, northeast, and the south away

from the receptors when blasting geometry allows. The existing quarry walls will also

help in attenuation of overpressure/noise produced during the quarry blasting

operations. Blasts will be designed so that the seismic activity induced by the blasting

operations will remain well within the MOECC’s vibration and overpressure guidelines

and regulations for blasting in mines and quarries in the province of Ontario, and in

compliance with the DFO guidelines. Aerial view of the approximate location of the

proposed licenced area and surrounding third-party receptors are also shown within the

highlighted area in Appendix “A”.

The Blast Impact Analysis and blast design, recommended later in this report, is based

on the MOECC Model Municipal Bylaw (NPC 119) with regard to Guidelines for Blasting

in Mines and Quarries (1978) as well as DFO Guidelines for the Use of Explosives in or

Near Canadian Fisheries Waters (1998).  In the absence of adequate and reliable

existing site-specific blast induced vibration and noise data, stringent predictive formulas

recommended by the International Society of Explosive Engineers are used.

Recommendations are included in this report to ensure that the blasting operations are

carried out in a safe and productive manner, and to ensure that no possibility of damage

exists to the receptors in the area, and MOECC vibration and overpressure guidelines

and regulations are met.
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4.0 BLAST VIBRATION AND OVERPRESSURE LIMITS

4.1 Definitions

Blast Induced Peak Particle Velocity (Vibration)
The rate of change of the amplitude, usually measured in mm/sec or in/sec.  This is the

excitation of the particles in the ground resulting from vibratory motion induced by the

blasting operations.

Blast Induced Overpressure or Peak Sound Pressure Level (PSPL)
A compression wave in air caused by,

a) The direct action of the unconfined explosive, or

b) The direct action of the confining material subjected to explosive loading.

4.2 MOECC Vibration and Overpressure Limits (NPC119)

The MOECC guidelines for blasting in quarries are amongst the most stringent in North

America. Recent studies by the U.S. Bureau of Mines have shown that normal

temperature and humidity changes as well as other environmental factors can cause

more damage to buildings and structures than blast vibrations and overpressure in the

range permitted by the MOECC.  The guideline limits suggested by the MOECC for

routinely monitored blasts in Ontario mines and quarries are as follows:

Vibration: 12.5 mm/sec Peak Particle Velocity (PPV)

Overpressure: 128 dB Peak Sound Pressure Level (PSPL)

A copy of NPC 119 is included in Appendix “B”.

It is recommended that each and every blast be monitored for vibration and

overpressure at minimum of two receptors closest to the blast.
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4.3 Enbridge and TCPL Limits

Enbridge and TCPL impose a vibration limit of 50 mm/s PPV, monitored at the surface

level above their pipelines. Enbridge imposes a frequency component of greater than 40

Hz. Cruickshank shall adjust the blasting parameters to comply with these vibration

requirements. Location of pipeline corridor within the expansion area is shown on site-

plan drawings.

4.4 Power Transmission Tower Structures

The integrity of the tower structures, we recommend maintaining the vibration levels

below 50 mm/s for frequencies above 40 Hz in accordance with published research

conducted by US Bureau of mines, publication RI8507. Vibrations shall be monitored at

the base of the tower when vibration levels are expected to reach 40 mm/s based on

prediction calculations. Location of power transmission line is shown in site-plan

drawings.

4.5 Solar Farm

The effect of blast induced vibrations on solar panels are not well studied since solar

energy generation is a fairly new technology. As such, there is little published articles

with respect to vibration limits on solar panels, regardless of the source of vibration.

As a firm using solar panels as power supply source for our remote seismic monitoring

instrumentation installed at various receptors near blasting sites, we have not observed

any vibration induced damage to the solar panels powering our seismographs. However,

as a precaution, we recommend that vibrations monitored at the closest solar panel to

the blasting be kept below 50 mm/s. Vibration and overpressure levels should be

monitored at the solar farm when vibration calculations suggest vibration levels in

excess of 40 mm/s at the closest panel.
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5.0 BLAST VIBRATION AND OVERPRESSURE PREDICTION CALCULATIONS

Vibration prediction calculations made in this report are based on:

 The International Society of Explosives Engineers (ISEE) recommended
attenuation (regression) prediction formulas.

5.1 Vibrations

We have obtained historical vibration data from the blasting operations carried out in the

existing Elginburg Quarry. This data is limited to blasting conducted in the years 2012 to

2017 and consists of vibration and overpressure records from observation points, at

residential and non-residential points such as Enbridge/TCPL pipeline corridor.  Due to

limited number of data points (from statistical point of view), the attenuation curve and

the regression formula based on historical data is not reliable for the following reasons:

 Based on records provided by Cruickshank, the historical data is limited to 29

blasts in the year 2012, 2 blasts in the year 2013, 1 blast in 2014, 8 blasts in

2015, 1 blast in 2016, and 1 blast in 2017, for a total of 42 data points.

 Historically, vibration and overpressure were monitored at same locations and at

the same relative distance to the blasts. This results in a cluster of data in the

same region of attenuation graph which results in erroneous site-specific

constants (i.e. k and e as defined in Section 6 of this report) in the regression

formula.

 Statistically, number of data at different distances and quantity of explosives per

delay period is limited for a reliable site-specific attenuation curve.

 Historical vibration and overpressure data has been collected for compliance

purposes, and not for the attenuation development purposes.

 For a reliable development of a site-specific attenuation curve, a series of blasts

must be monitored at various distances from each blast over a period of time in

the existing Elginburg Quarry. This data can be used to develop a site-specific
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attenuation curve. The site-specific attenuation curve can then be refined with

adding more data points as the blasting and monitoring progresses through the

life of the quarry.

 Based on William Gosset “rule-of-thumb”, a 30-sample data point may be

sufficient for initial statistical analysis provided each data point is replicable (can

be duplicated). For those who carry out blasting on a routine basis, it is clear that

each blast is unique, and will not produce exact result including vibration and

overpressure levels even when the blasting parameters are kept the same.

However, site-specific attenuation curve with minimum data points is a good

starting point, and can be used as one of the tools to predict vibration levels at a

given distance from a blast. Thus, for the purpose of development of attenuation

curve, it is prudent to collect a large number of data points for a single blast at

various standoff distances.

Review of historical data (2012-2017) provided by Cruickshank indicates no vibration

and overpressure exceedances with respect to MOECC regulations and imposed

third party (Enbridge/TCPL) vibration limits. Copies of reviewed historical vibration

and overpressure data is attached in Appendix “C”.

5.2 Overpressure

It is our experience that blast overpressure creates the greatest concern for nearby

residents.  However, blast induced overpressure is highly variable and influenced by

many factors including:

 Orientation of the blast face with respect to the monitoring observation point,

 Wind speed and direction,

 Cloud Cover,

 Possible temperature and/or pressure inversions, and

 Length of collar within the borehole and the material used for stemming.
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Due to high dependence of noise and overpressure induced by the blasting on the

variables indicated above, it is very difficult to predict peak sound pressure levels

induced by the blasting. However, we have outlined the best possible remedial

measures as well as a mathematical method of predicting overpressure levels for

designing blasts in a manner to keep the noise and overpressure within MOECC’s

recommended level. It must be noted that mathematical method of predicting blast

induced overpressure should be considered as a tool and not a rule.

6.0 PREDICTION OF VIBRATION LEVELS

The most commonly used formula for predicting PPV is known as the Bureau of Mines

(BOM) prediction formula or Propagation Law. This formula is used as a standard

engineering tool to predict vibration levels induced by the blasting at a given distance

from a source of explosion (blast) and is also adopted by the MOECC. Since the

attenuation formula for upper bound typical data recommended by the ISEE is more

conservative than the attenuation established by MOECC, we have used the site

constants recommended by ISEE to predict the PPV at the closest third-party structure

for a given explosives load per delay period.

PPVmax = K [d X w-1/2]e

Where, PPV = the predicted maximum peak particle velocity (mm/s)

K, e = site factors

d = distance from receptor (m)

w = maximum explosive charge per delay (kg)

The value of K is highly variable and is influenced by many factors (i.e. rock type,

geology, thickness of overburden, etc.).  Based on the ISEE recommended value the
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initial estimates for “e” will be set at -1.6 and “K” will be set at 1725 (see Appendix “D”).

In the absence of adequate site-specific vibration data from the existing quarry, these

site factors are used for initial prediction purposes. Based on our experience, in almost

all cases, the site-specific vibrations monitored at the time of blasting are lower than

those predicted.

According to the site-plan drawings, initial blasting for the proposed expansion will

commence along the existing high-wall at the southeast corner of “Phase North of

Pipeline” at an approximate distance of 430 m from the closest sensitive receptor (2467

Unity Road) and continue westward. The closest point of high-wall for the initial first

series of blasting along the east high-wall at the north boundary of the expansion area

from the same receptor will reach to a standoff distance of approximately 206 m. Bench

height for the first lift varies from 8.9 m (for initial blasting) to 12.5 m at the north

boundary of excavation. An example of this calculation for initial blasting in the proposed

expansion area is as follows:

For example, for a standoff distance of 430 m a maximum explosives weight of 51.1 kg

per delay period (for a max. 102 mm diameter hole, max. 8.9 m deep and a min. 1.5 m

collar), and a one hole per delay period detonation, loaded with poured ANFO

explosives of average density 0.85 g/cc, we can predict the maximum PPV at the closest

sensitive receptor.

PPVmax = 1725 [430 X 51.1-1/2]-1.6 = 2.46 mm/s = 0.10 in/s

Similarly, on a worst-case scenario, for a standoff distance of 206 m (where initial

blasting will reach the north boundary) a maximum explosives weight of 76 kg per delay

period (for a max. 102 mm diameter hole, max. 12.5 m deep and a min. 1.5 m collar),

and a one hole per delay period detonation, loaded with poured ANFO explosives of

average density 0.85 g/cc, we can predict the maximum PPV at the closest receptor.

PPVmax = 1725 [206 X 76-1/2]-1.6 = 10.9 mm/s = 0.43 in/s
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Maximum allowable quantity of explosives per delay period for various distances to

conform to regulatory requirements are presented in Table 1.

Table 1: Maximum allowable explosive load per delay period to conform to MOECC
guideline limit for blasting in mines and quarries and TCPL/Enbridge guideline
Limit Using ISEE recommended regression equation

Distance to Receptor
(m)

Max. Explosive/Delay (kg)
PPV = 12.5 mm/s

MOECC Limit

Max. Explosive/Delay (kg)
PPV = 50 mm/s

TCPL/Enbridge/Tower

50 5 27
75 12 60

100 21 107
125 33 166
150 48 237
175 65 322
200 85 419
225 107 529
250 132 651
275 160 786
300 190 933
325 223 1093
350 259 1266
375 297 1450
400 338 1647

It must be noted that since the ISEE regression formula is mainly based on data

collected at range of distances closer to the blast, scatter can be clearly noticed in the

upper range of distances. It is therefore prudent to rely on the predicted PPV levels in

the rages from 50 to 500 m.

At some point of proposed extraction within the “Phase North of Pipeline”, the high-wall

at the northwest section will reach standoff distance of approximately 100 m from
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sensitive receptors located at 2467 and 2528 Unity Road. To mitigate vibration and

overpressure levels produced by the blasting, Cruickshank must reduce borehole

diameter, bench height or apply multiple decking of charges in the boreholes in order to

reduce the quantity of explosives per delay period to keep vibration and overpressure

levels monitored at these receptors within MOECC’s requirement levels (refer to Table 1

for allowable quantity of explosives per delay period for standoff distances. i.e. 21.1 kg at

a standoff distance of 100 m).

7.0 PREDICTION OF OVERPRESSURE LEVELS

As discussed in previous sections, the MOECC guideline for blast-induced overpressure

monitored at the closest sensitive receptor is 128 dB(L). Since factors such as climatic

conditions affecting the overpressure levels induced by the blasting are highly variable

and are not the same on a given day, predicting noise and overpressure based on

explosives load is extremely difficult. There are, however, factors that can be controlled

and observed, such as length of blast-hole collar, avoidance of blasting on an overcast

day and during temperature inversion that can minimize the impact of noise and

overpressure induced by blasting operations. In our experience, attention to these

details will result in compliance with the MOECC guidelines for noise and overpressure.

As an added benefit, use of Cube-Root Scaling Law for calculating predicted

overpressure levels recommended by ISEE for average climatic conditions, explosives

confinement for overpressure suppression (minimum 1.5 m collar stemmed with ¾”

crushed stone), and a maximum explosives weight per delay period can be used for

prediction purposes. An example of this calculation using the same parameters for

vibration prediction calculation is presented below.

PSPLmax = 1.0 [d X w-1/3]-1.1

Where, PSPL = peak sound pressure level (kPa)

K, e = site factors, K= 1.0, e= -1.1
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d = distance from receptor (m)

w = maximum explosive charge per delay (kg)

For initial blasting:

PSPLmax = 1.0 [430 X 51.1-1/3]-1.1 = 0.0053 kPa = 5.3 Pa = 108.46 dB(L)

For setback distance of 206 m when initial blasting reaches the closest northern

boundary:

PSPLmax = 1.0 [206 X 76-1/3]-1.1 = 0.01394 kPa = 13.94 Pa = 116.86 dB(L)

Where PSPL in dB(L) = 20 X Log (5XPa) +80

8.0 CALCULATION OF SETBACK DISTANCE FROM FISH HABITAT TO
CONFORM TO DFO’S GUIDELINE CRITERIA OF 100 KPA

Based on DFO’s formula for calculating a setback distance from fish habitat, knowing the

type of substrate and the quantity of explosives per delay period, we can determine the

required set back from an existing fish habitat in order to conform to the guideline of

maximum overpressure of 100 kPa in the fish habitat, and PPV of 13.0 mm/s at the

shore or along the side of a stream or water body induced by on-shore quarry blasting.

In this case the closest fish habitat to the licenced boundary is a stream located directly

on the east of the proposed licensed boundary at an approximate standoff distance of

140 m, and an approximate distance of over a kilometer from the initial blasting site.

VR = 100 .0 (R/W0.5)-1.6

Or after substitutions and solving for R,

R = (W0.5) . (Krock)
Where,

VR = peak particle velocity (cm/s) = 1.3 cm/s = 13 mm/s

R  = distance to detonation point (m)
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W = max. charge weight per delay period (kg) = 76 kg

Krock = substrate constant = 5.03, for rock

Therefore,

R = (760.5) . (5.03) = 43.8 m
Note: It is assumed that the rock formation being quarried extends under the stream, and thus,
the K factor for rock is used in the calculation.

According to the calculation above, a minimum set back distance of 43.8 meters is

required for carrying out the blasting while protecting the fish habitat (the stream). We

know the closest distance from the stream to the proposed licenced boundary is

approximately 140 m.

9.0 DETAILS OF RECOMMENDED BLASTING PROCEDURES

We recommend the following procedure for the blasting operations in the proposed

quarry location:

 Sequential blasting techniques will be used to ensure minimum explosives per
delay period is initiated.  These include:

o Non-electric blast initiation systems such as the EZ-Det / Handi-Det /
Snap-Det systems or,

o Electronic initiation system with remote detonation.

 Maximum drill-hole diameter for initial quarry blasting will be 102 mm (4”).
Vibration and overpressure data acquired during initial blasting may allow for an
increase in drill-hole diameter.

 Minimum collar will be 1.5 m (5 ft.).

 Bench height shall not exceed 13 m.

 Clear crushed stone will be used for stemming.

 Primary and secondary dust collectors will be employed on the rock drills to keep
the level of rock dust to a minimum.
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 Blasting should be avoided during overcast and temperature inversions.

 Blast-hole detonation shall be limited to a single hole per delay period, and when
boreholes are decked, a single explosive deck per period.

 The quantity of explosives per delay period for initial quarry blasting shall not
exceed 76 kg.

A typical blast lay out (design) is also shown in Appendix “D”.

10.0 IMPACT OF BLASTING ON WATER-WELLS

The effects of blast-induced vibrations on water wells have been studied by a number of

mine operators and blasting consultants.  In a study by Froedge (1983), blast vibration

levels of up to 32.3 mm/s were recorded at the bottom of a shallow well located at a

distance of 60 meters (200 feet) from an open pit blast. There was no report of visible

damage to the well, nor was there any change in the water pumping flow rate.  This

study concluded that the commonly accepted limit of 50 mm/s PPV level is adequate to

protect wells from any appreciable damage.

Rose et al. (1991), studied the effect of blasting in close proximity to water wells near an

open pit mine in Nevada, USA.  Blasts of up to 70 kilograms of explosives per delay

period were detonated at a distance of up to 75 meters (245 feet) from a deep water

well. There was no reported visible damage to the well.  Fluctuations in water level and

flow rate were evident immediately after the blast. However, the well water level and flow

rate stabilized after a few days.

Matheson et al. (1997) brought together available information on the most common

complaints, the possible causes of the complaints and the relation between blasting and

the complaint causes.  This publication stated:

“Probably the most frequent blast related complaint is that a well has ‘gone

dry’. Related complaints about reductions in ground water quantity are also

common.  Blasting does not cause wells to go dry or reduce the water quantity

available to a well.  Research has shown that blasting near open borehole
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wells in bedrock may actually increase the water production capacity due to

opening rock fractures.

The major complaints for changes in well water production capacity include:

loss of quantity production, air in water and/or water lines, damage to pump,

and damage to well screen or borehole.

The review of research and common causes of these problems indicates that

most of these complaints are not related to blasting and can be shown to be

related to either environmental factors, poor well construction, or wells whose

elements required repair or replacement prior to blasting.”

Based on observations and research, it is our professional opinion that vibrations

produced by the blasting operations at the quarry proposed by Cruickshank will not

affect the water wells in the area.

11.0 RECOMMENDATIONS

As it is implied by the regression equations discussed in previous sections, the most

critical factors in controlling the vibrations, and to a lesser degree, overpressure levels

from blasting is the distance and the maximum quantity of explosives per delay period

since the predicted PPV and PSPL are directly proportional to the weight of explosives

and inversely proportional to the distance. Since the distance cannot be changed from a

given blast to a receptor, one can reduce the quantity of explosives per delay period to

maintain the vibration levels below the acceptable levels. Reducing the quantity of

explosives per delay period can be achieved by implementing combination or any one of

the following measures:

 Reducing the blast-hole depth by a reduction in the bench height,

 Using multiple deck charges within the same blast-hole, and

 Reducing the blast-hole diameter with appropriate drill pattern.

For example, a reduction in a blast-hole diameter from 102 mm to 89 mm loaded with

poured ANFO, would reduce the explosives weight from approximately 59 kg to 45 kg for



Revised Blast Impact Analysis Report Page 17
Proposed Elginburg Quarry Expansion – Kingston, Ontario
DST File No.: IN-NO-031975 January 12, 2018

DST CONSULTING ENGINEERS INC.

a 10 m deep blast-hole with a 1.5 m collar. Similarly, by introducing an extra deck (2

decks per hole), the quantity of explosives per delay period can be reduced to less than

half, provided the delay per deck in the same blast-hole are different.

As indicated by the regression formula and the Table 1 in Section 6, provincial

guidelines may be complied with when blasting occurs beyond 189 m from the closest

inhabited building if blasting procedures remain the same as those being employed at

the present Elginburg Quarry. When blasting approaches to within the 189 of receptors,

change to the procedure may be required in order to conform to the provincial guidelines

and regulations.

We recommend implementing a vibration monitoring program for development of a site-

specific attenuation relation under controlled conditions. This can be achieved during

blasting operations carried out at the existing Elginburg licensed quarry. A qualified

blasting consultant can assist in establishing the procedure for collecting reliable data for

this purpose.

All production blasts should be monitored for both vibration and overpressure (noise) at

two closest receptors with digital seismographs.  Compilation of the initial vibration and

overpressure data can be used to plan subsequent blasting operations.  This will also

allow subsequent blasts to be designed specifically for this location and well within

MOECC guidelines.

Seismographs should be self-triggering units capable of recording a complete waveform

for blast overpressure and blast vibrations in three orthogonal directions (Instantel Digital

Seismograph or equivalent).

Detailed blast records should be maintained.  The MOECC (1985) recommends that the

body of blast reports should include the following information:

a) Location, date and time of the blast.

b) Dimensional sketch including photographs, if necessary, of the location of the

blasting operation, and the nearest point of reception.
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c) Physical and topographical description of the ground between the source and the

receptor location.

d) Type of material being blasted.

e) Sub-soil conditions, if known.

f) Prevailing meteorological conditions including wind speed in m/s, wind direction, air

temperature in oC, relative humidity, degree of cloud cover and ground moisture

content.

g) Number of drill holes.

h) Pattern and pitch of drill holes.

i) Size of holes.

j) Depth of drilling.

k) Depth of collar.

l) Depth of toe-load if any.

m) Weight of charge per delay period.

n) Number and time of delays.

o) The result and calculated value of Peak Sound Pressure Level (PSPL) in dB(L) and

Peak Particle Velocity (PPV) in mm/s.

p) Applicable limits.

q) The excess, if any, over the prescribed limits.

The blast parameters described within this report will provide a good basis for the initial

blasting operations at this quarry.  However, it may be possible to refine these

parameters once site-specific vibration and overpressure data from the blasting

operation becomes available.

Blasting procedures such as drilling and loading should be audited on an occasional

basis by an independent blasting consultant to ensure full compliance with governing

guidelines and regulations.

12.0 CLOSURE

The Elginburg Quarry Expansion can be developed safely and productively in the

proposed licenced area, while staying within the MOECC guidelines and regulations for
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Appendix “A”











Aerial view showing the proposed expansion and receptors within 500 m of the proposed expansion
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Appendix “B”
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Appendix “C”
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Appendix “D”



Proposed Elginburg Quarry Expansion

CALCULATION OF MAXIMUM ALLOWABLE EXPLOSIVES/DELAY PERIOD

Wmax = ((K * (d^e))/PPV)^-1.25

ISEE's D50 for 12.5 mm/s - Sensitive Receptors ISEE D95 for 12.5 mm/s Limit - Sensitive Receptors

K d
(m) e PPV

mm/s
w

(kg) K d
(m) e PPV

mm/s
w

(kg)
1140 50 -1.6 12.50 8.87 1725 50 -1.6 12.50 5.29
1140 75 -1.6 12.50 19.96 1725 75 -1.6 12.50 11.89
1140 100 -1.6 12.50 35.48 1725 100 -1.6 12.50 21.14
1140 125 -1.6 12.50 55.44 1725 125 -1.6 12.50 33.03

1140 150 -1.6 12.50 79.83 1725 150 -1.6 12.50 47.57
1140 175 -1.6 12.50 108.66 1725 175 -1.6 12.50 64.75
1140 200 -1.6 12.50 141.93 1725 200 -1.6 12.50 84.57
1140 225 -1.6 12.50 179.63 1725 225 -1.6 12.50 107.03
1140 250 -1.6 12.50 221.76 1725 250 -1.6 12.50 132.14
1140 275 -1.6 12.50 268.33 1725 275 -1.6 12.50 159.89
1140 300 -1.6 12.50 319.34 1725 300 -1.6 12.50 190.28
1140 325 -1.6 12.50 374.78 1725 325 -1.6 12.50 223.31
1140 350 -1.6 12.50 434.65 1725 350 -1.6 12.50 258.99
1140 375 -1.6 12.50 498.96 1725 375 -1.6 12.50 297.31
1140 400 -1.6 12.50 567.71 1725 400 -1.6 12.50 338.28
1140 425 -1.6 12.50 640.89 1725 425 -1.6 12.50 381.88
1140 450 -1.6 12.50 718.51 1725 450 -1.6 12.50 428.13
1140 475 -1.6 12.50 800.56 1725 475 -1.6 12.50 477.02
1140 500 -1.6 12.50 887.05 1725 500 -1.6 12.50 528.56



Direction of Throw

High Wall

Start of Initiation

Start

17 ms

17 ms

17 ms

17 ms
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25 ms

25 ms

25 ms

25 ms

25 ms

25 ms

25 ms

25 ms

25 ms

25 ms

25 ms

25 ms

25 ms

25 ms

125ms

125 ms

125 ms

125 ms

1/3 lb Booster (PETN)

Bulk Emulsion
Density: 1.25 g/cc

NOT TO SCALE

Stemming
(3/4” Crushed Stone)

13 m

1.5 m

Typical Loaded Hole

Sample Detonator/Sequencing Layout

Detonator Shock-Tube

Blast Design Parameter Details
•Pattern: 2.75 m Burden X 3.0 m Spacing
•Hole Diameter: 102 mm
•Explosive: ANFO, d=0.85g/cc poured
•Detonators: Non-electric Handi-Det 25 ms/500 ms
•Surface Connectors: 17 ms, 125 ms
•Delay Between Holes: 25 ms
•Delay Between Rows: 125ms
•Max. Hole Depth: 13 m Incl. Sub-drill
•Collar: Min. 1.5 m
•Explosive Wt./Delay: 76+/- Kg.
•Primer: 1/3 lb Booster (PETN)
•No. of Holes: 120
•Direction of Throw: East/Northeast
•Weather Condition: …………….
•Wind: ……………….
•Blaster-In-Charge: ……………….

10’

9’

Typical Blasting Plan
(PROPOSED)

Elginburg Quarry
102 mm
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Education & Training
 B.Sc. Mining Engineering, Laurentian University, Sudbury, Ontario. (1984)
 M.Sc. Applied Physics, Laurentian University, Sudbury, Ontario. (1990)

Memberships:
 Association of Professional Engineers of Ontario (PEO)
 Association of Professional Engineers and Geoscientists of New Brunswick (APEGNB)
 Designated Consultant by PEO
 International Society of Explosives Engineers (ISEE)
 Canadian Institute of Mining, Metallurgical and Petroleum Engineers (CIMM)
 Licensed Surface Blaster in the Province of Ontario
 Licensed Surface Blaster in the Province of New Brunswick
 Licensed Surface Blaster in the Province of Alberta
 Licensed Surface Blaster in the Yukon Territory

Roles:

Ray Jambakhsh has underground and surface mining experience and has been involved in
numerical modeling as a rock mechanics engineer for a major Canadian mining firm. He has also
been instrumental in design, introduction, and implementation of electric and non-electric
sequential blasting techniques for underground (VCR/VRM), open pit and quarry applications,
building demolition by blasting, pipeline blasting, marine blasting, and highway blasting projects.
He has handled blast vibration monitoring, vibration risk analysis, vibration and noise impact
analysis, blasting audits, and blast damage complaints for insurance companies, law firms,
government agencies, and contractors. Ray specializes in explosives, explosives demolition,
explosion impact analysis, rock fragmentation, rock-face stability, rock blasting and vibrations.

Selected Professional Experience
DST Consulting Engineers Inc., Sudbury ON 2004 to Present

Role: Senior Principal and Senior Rock & Blasting Engineer
Responsibilities: Recognised both nationally and internationally for his blasting expertise, with
over 20 years of experience. Responsible for senior review, project management and delivery
of blasting and vibration services to the construction, demolition, mining, pipeline, energy and
public service sectors, including: blast design; modelling, control and monitoring, vibration and
overpressure monitoring, locally and remotely; damage criteria development for vibration;
overpressure and flyrock; pre-blast and post-blast surveys; blast damage claim investigation;
expert testimony; blast design to optimise fragmentation; dilution and environmental impact;
vibration signature analysis and diagnostics; blast performance evaluation and optimization;
fragmentation analysis; rock-face stabilization analysis; environmental impact analysis; blast
safety and general blast information, training; blast demolition design.

Ray-Tech Engineering Limited, Sudbury ON 2003 to 2004
Role: President – Blasting Services to the Underground and Surface Mining Industries
Responsibilities: Rock mechanics engineering including numerical modelling.  Instrumental in
the design, introduction and implementation of electric and non-electric sequential blasting
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techniques for underground (VCR/VRM) open pit and quarry applications, building demolition,
blasting, pipeline blasting, marine blasting and highway blasting projects.  Blast monitoring, risk
analysis, vibration and noise impact analysis, blasting audits and blast damage complaints
investigation for major blasting consultants, insurance companies, law firms, and contractors.
Specialties include explosives, explosives demolition, explosion impact, blasting and vibrations.
Responsible for business development and project acquisition.  Technical responsibility for blast
design and review, sequencing, charge placement and blasting on demolition projects, drilling
and blasting operations, blast design, vibration control and wall control, seismic monitoring and
blasting safety advice, blast consulting services, impact analysis, pre-blast surveys, impact
attenuation design and vibration impact prediction to a variety of industry sectors. Extensive
project experience with mining and exploration companies, highway construction, and site
preparation for private industry.

Other Professional Experience 1986 to 2003:
 Golder Associates Limited, Senior Blasting Engineer

 Explotech Engineering Ltd., General Manager

 Explotech Engineering Ltd., Project Engineer

 B.H.M Consultants Limited, Field Engineer

 Kidd Creek Mines Limited, Engineer in Training

 Centre in Mining and Mineral Exploration Research, Researcher

Selected Project Experience

Key Demolition Projects:
 Client – Rakowski Cartage & Wrecking Limited – Demolition of Robertson Headframe Building,

Yellowknife, Northwest Territories. Site blasting engineer responsible for design,
implementation and supervision of the demolition by blasting, October 29, 2016.

 Client – Cambrian Blasting Co. Ltd. – Demolition CP Rail Transcona Smokestack, Winnipeg,
Manitoba. Site blasting engineer responsible for design, implementation and supervision of the
demolition by blasting, October 23, 2016.

 Client – Rakowski Cartage & Wrecking Limited – Demolition of Traffic Bridge, Saskatoon,
Saskatchewan. Site blasting engineer and blaster-in-charge responsible for design,
implementation and supervision of the demolition by blasting, January 10, 2016.

 Client – Rakowski Cartage & Wrecking Limited – Demolition of P&H Grain Elevator, Saskatoon,
Saskatchewan. Site blasting engineer and blaster-in-charge responsible for design,
implementation and supervision of the demolition by blasting, June 24, 2015.

 Client – Quantum Murray LP – Demolition of PCS Potash Cassidy Lake Dry-mill & Load-out
Buildings in New Brunswick by blasting. Site blasting engineer responsible for the explosive
demolition of the structures, April 23, 2015.
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 Client – JMX Demolition Contractors - Demolition of the 150’ Stack at the North Bay Psychiatric
Hospital. Site blasting Engineer in charge of blast design, explosives loading, blasting and
vibration monitoring, February 23, 2013.

 Client – Rakowski Cartage & Wrecking Limited - Demolition of St. Jean Baptist Bridge over
Red River, St. Jean Baptist, Manitoba. Site blasting engineer responsible for design,
implementation, vibration monitoring and pre-blast survey, February 16, 2013.

 Client – Delsan-AIM Demolition Group – Demolition of the 250’ Stack at the New Brunswick
Power Grand Lake GS. Site blasting Engineer in charge of blast design, explosives loading,
blasting, vibration monitoring and pre-construction surveys, April 20, 2012.

 Client – Rakowski Cartage & Wrecking Limited - Demolition of Cargill Grain Elevator, Calgary,
Alberta. Site blasting engineer and blaster-in-charge responsible for design, implementation
and supervision of the demolition by blasting, October 16, 2011.

 Client – Goldcorp – Paymaster Mine Head Frame demolition by blasting. Responsible for
design, sequencing preparation, charge placement and blasting. Timmins, Ontario, May 27,
2011.

 Client – Goldcorp – Old Hollinger Mine Head Frame demolition by blasting. Responsible for
design, sequencing preparation, charge placement and blasting. Timmins, Ontario, February
20, 2011.

 Client – Rakowski Cartage & Wrecking Limited - Demolition of North Main Head Frame,
Hudson Bay Mining & Smelting Company, Flin Flon, Manitoba. Site blasting engineer
responsible for design, implementation and supervision of the demolition by blasting,
December 5, 2010.

 Client – Goldcorp – Broulan Head Frame demolition by blasting. Responsible for design,
sequencing preparation, charge placement and blasting. Timmins, Ontario, December 22,
2009.

 Client – Rakowski Cartage & Wrecking Limited – Demolition of South Main Head Frame,
Hudson Bay Mining & Smelting Company, Flin Flon, Manitoba. Site blasting engineer
responsible for design, implementation and supervision of the demolition by blasting, July 27,
2009.

 Client – Delsan - AIM Demolition and Environmental Services – Xstrata Gaspe Mine Site,
Murdochville, Quebec. Responsible for design, sequencing, charge placement and blasting of
steel ore bin building, December 9, 2008.

 Client - City of Ottawa – Frank Clair Stadium Demolition by Blasting – Responsible for
specification writing, site supervision and blasting safety, July 16, 2008.

 Client – Delsan - AIM Demolition and Environmental Services – Abitibi Stephenville Paper Mill
Site, Newfoundland. Responsible for design, sequencing, charge placement and blasting of
multiple structures on site, June 3, 2008.

 Client – B. Curry & Sons Limited – Phalen Mine Rotary Crusher Building demolition by blasting,
Sydney, Nova Scotia. Responsible for design, sequencing, charge placement and blasting,
June 18, 2007.

 Client – Rakowski Cartage & Wrecking Limited – Winnipeg Arena demolition by blasting,
Winnipeg, Manitoba. Responsible for design review, sequencing, charge placement and
blasting, March 26, 2006.
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 Client – Lac des Iles Mines Limited – Old Mill Transfer House Building demolition by blasting,
Thunder Bay, Ontario. Responsible for design, sequencing, charge placement and blasting,
June 16, 2005.

 Client - Rakowski Cartage & Wrecking Limited – AGPRO Grain Storage Building demolition by
blasting, Winnipeg, Manitoba, June 12, 2005.

 Client – Noranda Inc. – Noranda Inc. Gaspe Site, Murdochville, Quebec. A 550-foot Smoke
Stack demolition by blasting. Responsible for design, sequencing, charge placement and
blasting, October 13, 2003.

 Client - Aim Waste Management Group – London Health Science Centre Incinerator Stack
demolition by blasting, London, Ontario. Responsible for design, sequencing, charge
placement and blasting, May 10, 2003.

 Client - Denison Environmental Services –Inco’s Shebandowan # 2 Shaft Head-frame
demolition by blasting, Shebandowan, Ontario. Responsible for design, sequencing, charge
placement and blasting, August 18, 2001.

 Client - Cambrian Blasting Limited – Lafarge Twin-Stack demolition by blasting, Winnipeg,
Manitoba. Responsible for design, sequencing, charge placement and blasting, June 10, 2001.

 Client - Rakowski Cartage & Wrecking Limited - Canada Packers Building demolition by
blasting, Winnipeg Manitoba. Responsible for design, sequencing, charge placement and
blasting, March 4, 2001.

 Client - Rakowski Cartage & Wrecking Limited – Centragas Steel Propane Storage Tank
demolition by blasting, Winnipeg Manitoba. Responsible for design review, sequencing, charge
placement and blasting, October 22, 2000.

 Client - Maceron Limited – Inco’s Little Stobie Mine, Reinforced Concrete Head Frame
demolition by blasting, Sudbury, Ontario. Responsible for design, loading, sequencing and
blasting, December 1999.

 Client - Techplode Limited – Robie Street Water Reservoir Dome demolition by blasting,
Halifax, Nova Scotia. Responsible for design review, approval, loading, sequencing and
blasting, October 1999.

 Client - A & E Enterprises – Demolition of the Proctor & Gamble Building by means of blasting,
Hamilton, Ontario. Designated site blasting engineer and consultant, responsible for the blast
design review, approvals, and site supervision, October 1999.

 Client - LebRun Northern Contracting Limited – Ontario Hydro’s 110 m Smoke Stack demolition
by blasting, Mission Island, Thunder Bay, Ontario. Responsible for blast design review, pre-
blast survey, seismic monitoring, impact attenuation design and vibration impact prediction,
September 1998.

 Client - Stanley Buildings and Alberta Public Works Commission – Bow Valley Centre (Calgary
General Hospital) demolition by blasting, Calgary Alberta. Responsible for blast design review,
blast impact analysis, safety review and seismic monitoring, October 1998.

 Client - Abitibi Consolidated, Fort William Division – Triple Tower Acid Silo demolition by
blasting, Thunder Bay, Ontario. Responsible for blast design, explosives loading, blasting
sequence, seismic monitoring and blasting safety, December 1998.
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 Client - Corona Inc. – Denison Mine Pebble Bin and Ore Silo demolition by blasting, Elliot Lake,
Ontario. Responsible for blast design, explosives loading, blasting sequence, seismic
monitoring and blasting safety, September 1995.

 Client - Matthews Group – Portage Dam demolition by blasting, Dokis, Ontario. Responsible
for blast design, explosives loading, blasting sequence, seismic monitoring and blasting safety,
November 1992.

 Client - Various Contractors – St. Lawrence Seaway (Welland Canal) demolition by blasting,
St. Catharines, Ontario. Site blasting engineer in charge of blast design implementation,
explosives loading, blasting sequence, seismic monitoring and blasting safety, January 1990,
1991, 1992/

KEY CIVIL PROJECTS

 Client – Various Quarry Operators – Blast Impact Analysis and Assessment, various quarries
in Ontario, 1999 to present.

 Client – Various Contractors – MTO 400 Series Highway Constructions – Consulting on rock
blasting and rock-face stability, various MTO contracts along old Hwy 69, 17, and 11, 2002 to
present.

 Client – Kiewit-Alarie, A Partnership (KAP) – Blast Consulting Services at the Hound Chute
and Sandy Falls Hydro Electric Project – September 2008.

 Client – Consbec Inc., Leo Alarie and Sons Limited, SNC Lavalin – Blast Consulting Services
at the Ear Falls OPG new hydro dam construction, 2004 to 2006.

 Client – Consbec Inc. – Blast Consulting Services at the Wuskwatim GS, Manitoba Hydro,
Thompson, Manitoba, June – November, 2008.

 Client - Union Gas – Installation of Lateral and Distribution Gas Lines, various locations in
Ontario. Blasting consultant responsible for blast design review, approvals, pre-blast surveys,
vibration monitoring and blasting safety, 1997 – 2010.

 Client – Laurentian University and Dennis Consultants – Site preparation blasting for
Laurentian Health Science Centre. Responsible for preparing blasting specifications, blast
vibration monitoring audit and site risk assessment on several contracts. 2003 – 2005.

 Client - Castonguay Blasting Limited - Proposed Highway 400 Four Lane Project, various MTO
contracts. Blast consulting engineer responsible for risk analysis, blast design approvals,
vibration monitoring, and pre-blast survey requirements. 2003- 2010.

 Client - Belanger Construction Limited – Laurentian Hospital Expansion Project. Blast
consulting engineer responsible for blast design, vibration monitoring and site supervision
during rock excavation phase of the project. 1999 – 2007.

 Client - Interpaving Limited – Dynamic Earth Project in Sudbury Ontario. Responsible for blast
design, vibration control and wall control. Summer 2001.

 Client - Home Depot – Responsible for the drilling and blasting operations for site preparation
of the Home Depot building in Sudbury, Ontario, August – November, 2000.

 Client - Castonguay Blasting Limited – Proposed Highway 400 Four Lane Project, Parry Sound,
Ontario. Blast consulting engineer responsible for risk analysis of drilling and blasting
operations, November 2000 – 2002.
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 Client - Dyna-Con Explosive Technologies – Proposed Highway 400 Four Lane Project, Parry
Sound, Ontario. Blast consulting engineer responsible for all aspects of drilling and blasting
operations, November 1999 – 2003.

 Client - TransCanada PipeLines Limited (TCPL) – High Pressure Gas Line Installation, along
TCPL’s right-of-way, in Ontario and Manitoba. Associate consulting engineer responsible for
blast design review, approvals, blasting safety, vibration monitoring and public relations, 1990
– 1999.

 Client - Lindsey Morden Limited and representing MTO – Traffic Vibration Impact Analysis,
Northern Ontario. Analysis of vibrations induced by vehicular traffic on residential buildings,
1997.

 Client - Peter Kiewit Sons Company Limited – Ontario Hydro’s Matabitchuan Power Station
Rehabilitation Project, North Cobalt, Ontario. Consulting engineer responsible for, blast design
review, approvals, pre-blast survey, vibration monitoring and blast supervision, September
1995.

 Client - John Bianchi Limited – South Falls Power Generating Station, Heron Bay, Ontario.
Consulting engineer responsible for, blast design review, approvals, pre-blast survey, vibration
monitoring and blast supervision, October 1995.

 Client - Arcam Engineering – E.B.Eddy Power Plant Installation, Espanola, Ontario. Consulting
engineer responsible for, blast design review, approvals, pre-blast survey, vibration monitoring
and blast supervision, 1993.

 Client - Bruce Evans Limited – Ontario Hydro’s Big Chute Hydroelectric Generating Station,
Port Severn, Ontario. Consulting engineer responsible for, blast design review, approvals, pre-
blast survey, vibration monitoring, and blast supervision, May – December 1992.

 Client - International Pipeline Engineering Limited (IPEL) – Bell Canada Fiber Optics
Transmission Project, along Trans-Canada Highway, Ontario. Site blasting engineer
responsible for implementation of blast design, blasting safety, vibration monitoring and
explosives loading, 1987 – 1989.

 Client - Matthews Group – Sturgeon Falls Water Treatment Plant, Sturgeon Falls, Ontario. Site
blasting engineer responsible for blast design, excavation sequence, supervision of explosives
loading, pre-blast survey, vibration monitoring and blasting safety, May 1985.

KEY MARINE PROJECTS

 Client - TransCanada PipeLines Limited – Lake and River Crossings, various locations in
Ontario and Manitoba. Associate consulting engineer responsible for blast design review,
approvals, blasting safety, underwater blast over-pressure and vibration monitoring and public
relations, 1990 – 1999.

 Client - Ontario Hydro – Dear Lake Powerhouse Project, Dear Lake, Ontario. Blast consulting
engineer responsible for determination of explosive quantities used in marine blasting
operation, March 1998.

 Client - Ontario Trap Rock Limited – Shipping Dock Construction, Bruce Mines, Ontario. Blast
consulting engineer responsible for blast design, ice blasting, explosives loading, underwater
blast over-pressure and seismic monitoring, blasting safety and blast data logging, 1995.
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 Client - Peter Kiewit and Sons Company Limited – Little Chute Channel Expansion Project,
Port Severn, Ontario. Blast consulting engineer responsible for blast design, blast design
implementation, application of sequential blasting techniques, underwater blast over-pressure
and seismic monitoring, blasting safety and blast data logging, 1993.

 Client - Hugh Cole Limited – Port Colborne Bridge Pier Blasting, Port Colborne, Ontario. Site
engineer responsible for blast design, explosive selection and loading, blast supervision,
underwater blast over-pressure and seismic monitoring, blasting safety and blast data logging,
September 1992.

 Client - Peter Kiewit and Sons Company Limited – Lemieux Island Development Project,
Ottawa, Ontario. Site blasting engineer responsible for implementation of blast design,
explosives loading, sequential sequencing, vibration monitoring, blast tie-up, and execution,
October 1990.

KEY MINING PROJECTS

 Client – Vale Canada Limited – Blast consulting services provided on a special project for the
development of a service tunnel under the Garson Mine Shaft Bottom, August,  2011 – April,
2012.

 Client – BH Martin Consultants Limited – Blast impact analysis and risk Assessment for
proposed reopening of gold mines in the Timmins area mining properties, 2007.

 Client – Superior Aggregate Company – Blast Impact Analysis and Risk Assessment, 2003 to
2008.

 Client – Inco Limited – Underground VRM Blasting Audits and Special Projects, 2003 – 2007.

 Client - Goldcorp Incorporated – Red Lake Mining Division, Balmertown, Ontario. Blast
consulting specialist responsible for drilling and blasting operations for crown pillar remediation
projects, September 2003.

 Client - Inco Limited – Blast Vibration Monitoring Program, Ontario Division, Sudbury, Ontario.
Blast consulting engineer responsible for implementation of third-party blast induced vibration-
monitoring program, 1990 - 2003.

 Client - Goldcorp Incorporated – Red Lake Grinding Complex construction, Balmertown,
Ontario. Blast consulting engineer responsible for drilling and blasting operations for expansion
and installation of new grinding complex, 1999.

 Client - Rainbow Concrete Industries Limited – Hick’s Quarry, Sudbury Division, Sudbury,
Ontario. Blast consulting engineer responsible for all aspects of drilling and blasting operations,
1996 – 2003.

 Client - Rainbow Concrete Industries Limited – Sudbury, Ontario. Blast consulting engineer
responsible for all aspects of drilling and blasting operations in their quarries, 1990 - 2011.

 Client - Placer Dome Limited – Timmins Super Pit Development, South Porcupine, Ontario.
Consulting engineers responsible for establishing vibration attenuation curves, recommending
blast parameters affecting mining operations, seismic monitoring and blast impact analysis,
January 1994.

 Client - Monenco – Sudbury Neutrino Observatory (SNO) Project, Creighton Mine, Sudbury,
Ontario. Consulting engineer responsible for blasting operations required for the SNO cavity
development, 1993 – 1994.
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 Client - Inco Limited – Pillar Recovery at Sudbury Area Mines, Sudbury, Ontario. Instrumental
in design, introduction and implementation of combined electric/non-electric sequential blasting
techniques in underground Vertical Retreat Mining (VRM) stopes, 1989 – 1995

 Client - Inco Limited – Long Hole Blind Slot Raise Development, Sudbury Area Mines, Sudbury,
Ontario. Responsible for design and introduction of blind inverted raises. Development of raises
18 meters long with production holes in the same blast was achieved. This technique is now
being widely implemented as a mining method, 1989 - 1990

 Client - Inco Limited – Inco Garson Ore/waste Segregation Project, Garson, Ontario.
Responsible for introduction of sequential blasting techniques at the open pit mine. Segregation
of ore from waste was achieved within the blasting operations, 1988 – 1989.

RESEARCH AND DEVELOPMENT
 Evaluation of methods to control flyrock in quarry and open pit mining operations.

 Evaluation of prototype electronic detonators in underground mining applications. Analyses of
time domain and frequency domain vibrations induced by blasting using electronic detonators.
Research conducted at Inco’s Sudbury area mines.

 Timing evaluation of prototype non-electric detonators for Ensign-Bickford Limited at several
underground mine sites.

 Velocity of Detonation (VOD) measurements of explosive products for quality control purposes
in production and controlled test blasting sites, 1999.

 Research in modification of new high-frequency geophones for near-field blast monitoring
applications. 1997

 Research in development of high-pressure sensors for determining in-situ rock properties in
mining applications, 1996.

 Research on rock fragmentation fatigue using ultra-sonic cyclic loading techniques, 1986 –
1987.

TRAINING AND TEACHING

 Lecturing and training of drillers and blasters for Sudbury area blasting companies, 2003 to
present.

 Lecturing and field training for the Surface Blaster Apprenticeship and Licensing Program, Sir
Sandford Fleming Collage, Lindsey, Ontario. Training blasters and new candidates on
specialized blasting techniques, 1997 – 1999.

 Lecturing and training the TransCanada PipeLine Blasting Inspectors in all aspects of pipeline
drilling and blasting operations, 1999.

 Annual lecturing and training the Union Gas Blasting Inspectors in all aspects of drilling and
blasting operations, 1999 - 2016.

 Lecturing and training engineers at the Inco Thompson Mine for all aspects of advanced drilling,
blasting, vibration monitoring, vibration waveform analysis, and blast diagnostics procedures,
1997.
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 Lecturer, post diploma program in ground control, sponsored by the Mining Research
Directorate (MRD) at the Ontario Centre for Ground Control Training, Sudbury, Ontario.
Provided hands on training in the application of new technology in explosives, rock
fragmentation by blasting and controlled blasting techniques to engineers and planner from
Northern Ontario mines, 1997.

 Lecturing and field training of candidates for drilling and blasting course sponsored by the
Corporation of the Town of Nickel Centre in Sudbury, Ontario, 1994.

PUBLICATIONS
 Bourget, G., Jambakhsh, R.M., “Ontario Hydro T.G.S. Chimney Demolition, Thunder Bay,

Ontario, Canada”, Proceedings of the Twenty Sixth Annual Conference on Explosives and
Blasting Technique, International Society of Explosive Engineers, Anaheim, California, 2000.

 Jambakhsh, R.M., Copping, C., “Improved Methods of Blasting Concrete for Welland Canal
Rehabilitation”, Proceedings of the Twentieth Annual Conference on Explosives and Blasting
Technique, International Society of Explosive Engineers, Austin, Texas, 1994.

 Jambakhsh, R.M., Okell, J., “Blast Vibrations and Overpressure Control Using Sequential
Blasting Techniques at Inco’s McCreedy West Mine”, Proceedings of the Nineteenth Annual
Conference on Explosives and Blasting Technique, International Society of Explosive
Engineers, San Diego, California, 1993.

 Jambakhsh, R.M., Cameron, E.A., Richardson, S., “Development of Upper Blind Raises By
Long hole Carbide Drilling (LCD) Methods”, Proceedings of the Eighteenth Annual Conference
on Explosives and Blasting Technique, International Society of Explosive Engineers, Orlando,
Florida, 1992.

 Jambakhsh, R.M., Stephen, G., Muzzeral, B., Hamill, D., “Blast Design and Vibration Analysis
in Trench Blasting for Bell Canada’s Fibre Optics Line Project across Ontario”, An Internal
Publication, May 1989.
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