TECK COMINCO LTD.
Decommissioning of Dock Facilities at Polaris Mine
Little Cornwallis Island, Nunavut

APPENDIX H

Preliminary General Blast Design

REVISION 1

Westmar



Blasting Permafrost Conditions — Sheet Pile Cell Dock
Introduction

The dock facility was comstructed in 1981 and is comprised of four circular sheet pile c¢ells, each
approximately 26 m in diameter. Three interconnecting arcs on the front face tied the four cells together.
The wall thickness of an individual steel sheet pile is approximately 1/2-inch. The cells were constructed
by driving sheet piles through the ice and backfilled with rock and overbarden available locally. The face
of the dock is approximately 90 m long with a depth of approximately 13 m at low water.

Blasting in or near Canadian fisheries waters has demonstrated to cause disturbance, injury and/or death to
fish and marine mammals and the alteration, dismption or destruction of marine habitat. The Department
of Fisheries and Oceans (DFQO) has prepared guidelines to assist propenents in conservation methods to
protect marine life and habitat from the destructive forces of explosives. The guidelines entitled,
“Guidelines for the Use of Explosives In or Near Canadian Fisheries Waters, 1998, forms the basis of
blast design for the Polaris project

The Need for Blasting

The substrate underiying the sheet pile cell dock is comprised of overburden excavated from the barge dry
dock facility that has been backfilled into the cells and compacted. The Polaris site exhibits permafrost
conditions exceeding 100 m in depth and blasting will be required to sufficiently fragment the frozen fill to
allow for cost cffective excavation.

Type of Explosives

The “Guidelines for the Use of Explosives In or Near Canadian Fisheries Water, 1998” state: “No use of
ammonium hitrate-focl oil mixtures occurs in or near water due 1o the production of toxic by-products
(ammonia).”

Permafrost blasting is to be performed using nitroglycerin (NG) based dynamite, such as Orica Powerfrac
in cartridge form.

Linear shape charges may be nsed to sever the steel sheet pile at the designed depth nnderwater. Linear
shape charges (LSC) do not normally have trade names and are commonly manufactured to meet specific
project conditions. Typically, RDX explosive is used in linear shape charges.

Blast Design

Overpressure calculations, set at a peak pulse of 100kPa, were performed for the dock site and the results
are presented in Figure 1. These calculations form the basis of blast design and configuration for the
project area. The charge weight per delay limitations are depicted linearly in metres from the dock face
towards the process barge. The use of a bubbie curtzin to limit blast-induced overpressure in close
proximity to the dock face is mandatory.

Permafrost blasting requires approximately twice the powder factor required to break normal rock. The
approximate volume of material in the dock area to blast is 28,700 cubic metres requiring approximately
34,500 kilograms of explosives in total (see Figure 2). Blasting must be performed in small discrete shots,
within the overpressure guidelines, so that excavation equipment can dig out the shot material before it re-
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freezes. Actual blast size will depend on the size and capability of the excavator on site. A generalized
blast plan is illustrated in Figure 3, showing an 8-blasthole shot containing about 50 cubic metres of
material. Maximum depth of blasting in the sheet pile cell dock area is about 7 metres.

Multi-deck loading and blasting techniques are required. Between 2 to 4 explosives decks per hole will be
required to fragment the cell material in order to maintain the overpressure guidelines. The charge weight
per delay will vary depending upon the proximity of the shot to the front face of dock (see Figure 1). The
blasting contractor must; have a full understanding of marine blasting; be able to blast 1o Fisheries
guidelines; have the ability to calculate the specific charge weight per delay for each blast; and be able to
adjust the blast pattern or utilize a bubble curtain as the need arises. Experience in blasting permafrost
conditions is also required.

Overpressure modeling was performed for the usc of linear shape charges (L.SC) to sever the sheet pile
below water level (see Table 1). Since bubble citains have effectively reduced the pressure pulse by a 10-
fold factor, the overpressure limit for the model was set at 1,000kPa for various linear shaped charges. The
results indicate that a 10-foot length of LSC may be detonated, within the Fisherics guidelines, with the
proper use of a bubble curtain.

Detonation Depth

Blast depth varies throughout the project site, however, a maximum depth of 7 m is to be blasted in the
sheet pile cell dock area. As noted previously, the charge weight per delay will depend on the distance of
the blast from the water as iltustrated on Figure 1. Detailed calculations for setback distances from 1 meter
to 14 meters can be found in Tables 2-15 in the Appendix.

Method of Detonation — Electrical Sequential Blasting

The method of detonation is critical to the success of the project, both in the terms of safety and the ability
to control blast-induced overpressures and limit marine life mortality.

Electric sequential blosting technigues must be employed for two reasons:

Safety: Due to the high powder factor required to blast permafrost, blasting mats must be used to contain
fly rock. Nonel or shock tube type detonators are subject to damage when blasting mats are placed over
the tubes, resulting in cutoffs, the blast firing out of sequence, excessive fly rock and extremely high
overpressures at the water. Overpressure limitations will be exceeded if the designed delay sequence is not
achieved due to damaged shock tubes. The safety of personnel and equipment are also at risk from fly rock
as a result of a violent, uncontrolled biast cansed by damaged shock tubes.

Accuracy: All shock tube type detonators contain +/- delay scatter time because of the inaccuracy of the
pyrotechnic delay elements in the blasting caps. In order to control overpressure generated by blasting, tight
control must be placed on the delay timing sequence. The multi-deck holes require accurate delay times
between explosive decks and from hole-to-hole to limit the blast-induced overpressure 1o 100kPa. The only
methods available for the accuracy required for this project are through the use of electronic detonators or
electrical sequential blasting. Electronic detonators are not commonly used at present and are costly.
Experienced blasting contractors commonly perform electric sequential blasting.

PACIFIC

ELASTING & DEVICRITION LTO.



Polaris Mine
Decommissioning Sheet Pile Cell Dock
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s 26m —-
gm
TOTAL

Volume par Cell 3716.5 14866 cum
Volume pes Tie Gall 445 1336  ocum
TOTAL Cell Yolume 18202 cum
Volume beyond Celis 12500  cu.m
TOTAL VOLUME 28702  cum
Powder Factor 1.2 kgfbcm
Explosives Required 34442 ky

Polaris Mine DecommissioningSheet Pile Celi Dock

Cell Layout

Figure 2

PACIFIC




Polaris Mine
Decommissioning Sheet Pile Dock

Generalized Blast Design
Electrical Sequential Tie-in : Delay Sequence Decked Holes

2- Decks per hole
142ms 192ms 242ms 292ms Upper Deck Delay Sequence +—— POWERFRAC
e stemming
187ms 217ms 267ms 3Tms Lower Deck Delay Sequence +—— POWERFRAC
100ms 180ms 20ms 250ms Upper Deck Delay Sequence +— POWERFRAC
—mmee  SEEMIMING
125ms 175ms 225ms 275ms Lower Deck Delay Sequence +—— POWERFRAC
Generalized Pattern Size - aft x4t (1.22mx 1.22m)
To Blasting Machine

Note - L.eg wires omitted for sake of clarity
- Not to scale
- Only 2-row shot shown. Addltlonal rows may be required depending on size of blast

PATTERN EXPLOSIVES
4x4 (1.22mx1.22m) 2x16 Powerfrac Cartridges
dxd (. 22mx1.22m) 2%16 Powerfrac Cartridges
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Design Criteria
for

Guidelines for the Use of Explosives In or
Near Canadian Figshearies Waters

Table No. 2

Charge Welght Calculations for a 1.0 m Setback
Tabile 1 - From " Canadian Tachnleal Report of Fisheries and Aguatic Sciences 2107° | 1998
Titled - "Guidelines For the Use of Explosives In Ot Near Canadian Fisheries Waters™

Subatrate br{grem™) | Cri{em-s™} | Cw{cms") K Dw (g-em”) | Pw (kPa) | PPV (mm-gec”)

1 |Reck 2.84 457200 145200 503 1.00 100.00 13.00
2 |Frozen Sail 1.92 304300 148300 3.20 1.00 100.00 13.00
3 |lce 0.58 304300 146300 210 1.00 100.00 13.00
4 |Saturated Soil 2.08 148300 148300 213 1.00 100.00 13.00
5 |Unsaturated Soil 1.592 45700 148300 0.88 1.00 100.00 13.00

PROJECT DESIGN CRITERIA

Project Location: Polaris Mine - LitHe Cornwallia lalind, Nunavut

Water Course; Crazier Strait

Substrate: Quarry Fill Frozen Soil { Fizheries Subsirate Classification }

Nature of Jointing/Fractures: N/A

Overburden: MN/A,

Hole Depth: 2m

Explosive Type: Qrica Powerfrac (Gelatin Dynamite)

Method of Detonation: Electric, blasting cap

Bubble Curtain Required: Yas

Table 2 - Caleulations for

Project Substrate | Origeem™ | Crieme="} | Cwiem=")y | K [ Dwigem®) | Pw{kPa) | Wr(mmesec™)

2 |Frozen Saoil 1.92 304800 146300 3.2 1.00 100.00 13.00
0.06_{Charge Weight (ikg) 0.05 017 Lbwdelay |

1 |No. of Delaya/Charge 1.0

Chargs Weight/Dalay 0.05
1.0 _[Distance to Detonation 1.00

2w = Dwlow 0.2500

Zr  DrCr

[Pw = 202wignPr

1+{ZwiZr)
ar _ _
Pr= [2800 2.50 kba_or ZBOE+06 dynes - fo limit Pw fo 100 kP
2(Zwizr)
r = 2PBr T 8.64 cmex - to limit Pw to 100kPa
DrCr

R = (w")(Vri100) o> ] 1.0 m Minimum sethack distance required fo reduce overprassure io fess than 100 kPa

R = (w(Vr100) o | 3.4 m_Minimum setback distance from a spawning arsa to maintain PPV @ 13 mmrsec”

Vr=100(R/WN Y | 9.10 cmes” Calculated PPV at Dasign Criteria

Vi=zer

Drcr

or
IPr = (DrCrvny2

2.66E+068 Dynes  Caiculated Prassure In Substrats ot Dosign Criteria

Pw = 2(EwignBr __ _
1+{ZwiZr} 106.54 kPa Calculated Pressure in Water at Design Criteria
FROJECT SUMMARY Fisheries Project
Limit Design
Preasura in Watar (Pw) ks, 100.0 108.54
13.0 91.02 = Limit for spenwning bed during period of egg incubstion

I|'*Penk Particle Vatocity (Vr) sm-a-1
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Design Criteria
for
Guidelines for the Use of Explosives In or
Near Canadian Fisheries Wataers
Table No. 3
Charge Welght Calculations for a 2.0 m Setback

Table 1 - From " Canadian Techrical Repart of Fisheties and Aquatic Sciences 2107™ , 1998
Titled - "Guidelines For the Use of Exploaives In Or Near Canadian Fisheries Waters”

Subastrate Drigem™) | Cricmes™) | cw(cm-s’) K Dw (grem”) | Pw(kPa) | PPV(mmesec’)
1 |[Rock 284 457200 146300 503 1.00 100.00 13.00
2  [Frozen Sail 182 304800 148300 3.20 1.00 100.00 13.00
3 fica 0.88 304800 148300 210 1.00 100.00 13.00
4 [Saturated Soil 208 146300 146300 213 1.00 100.00 13.00
5 [Unsaturated Soil 1.82 45700 148300 .98 1.00 100.00 13.00
PROJECT DESIGN CRITERIA
Project Location: Polaris Mine - Litle Cornwallis Island, Nunavat
Water Course: Crozier Strait
Substrate: Quarry Fill Frozen Soil { Fisheries Substrate Classification )
Nature of Jolnting/Fractures: N/A
Overburden: N/A,
Hole Depth: 2m
Explosive Type: Orica Powerfrac (Gelatin Dynarnite)
Method of Detonation: Slectric, blasting cap
Bubbie Curtain Required: Yeos
Table 3 - Calewdations for
Project Substrate [ Drigeem™} | Cricmes™) | Cwiemes’) | K | Dwigeem™] | Pwi(kPa) [ Vr(mmesecT)
2 |Erozen Soil 1.92 304800 145300 32 1.00 100.00 13.00
D18 |Charge Weight (Kg} RE 0.40 Lbw/delay ]
1 |No. of Delays/Charge T4
Charge Weight'Dalay 0.18
20 |Distance to Dstonation 2.00
2w = Ly 63500
Zr  DrCr
[P
1+HZw/Zr)
or i e P e e e e
Fr= 1 | 250.0 2.50 kPa  or 2.60E+08 dynes - o fimif Pw o 100 kPa
2(2wiZr}
Vr = 2Pr [ B.54 cmes” - to imit Pw fo 100kPa
DrCr
R = (wo V100 o | 2.0 m_Minimum sethack distance required i reduce overpressure ko fess than 100 kPa
R = (v 100) | 6.4 m_Minimum setback distance from a spawning aroa to maintain PPV @ 13 mimrsec”
Vr=100(RAN Y ' | 8.37 cmes” Calculated PPV at Dasign Critaria
Vrs 2P
DrCr
or _
Pr = (DeCrvryf2 245E+068 Bynes Calculated Prassure in Subsirate af Deaign Criteria
PW = Z(EWaIP
1+{Zww2r) §7.93 kPa Calculated Pressure in Water at Deaign Criteria
BROJECT SUMMARY Fisheries Project
Limit Deslgn
Pressure in Watsr (Pw) kPa 160.0 K]
“Paak Paricle Valocity (V) cm-s-1 13.0 £3.87 " Limit for spawning bed during period of agg incubation
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Design Criteria
for
Guidelines for the Use of Explosives in or
Near Canadian Fisheries Waters
Table No. 4
Charge Weight Caiculations for a 3.0 m Setback

Table 1 - From " Cansdisn Technical Report of Fisherios and Aquatic Sciences 2107, 1998
Titted - "Guidslinas For the Use of Explosives In Or Near Canadian Fisharies Waters”

|_g Substrate Drigeem”) | Cricmes”) | cwiemes’) K Dw {grem) | Pwi{kPa) | PPV (mmesec™)
1 |Rock 264 457200 146300 503 1,00 100.00 13.00
2 |Frozen Soil 1.82 304800 146300 320 100 100.00 13.00
3 e 0.98 304800 146300 2.10 100 100.00 13.00
4 |Saturated Scit 2.08 145300 148300 213 100 100,00 13.00
5  [Unsaturated Soil 1.92 45700 146300 0.98 1.00 100.00 13.00

PROJECT DESIGN CRITERIA

Project Location:
Water Course:
Substrate:

Nature of Jeinting/Fractures:

Cverburden:

Hole Depth:

Explosive Type:
Method of Detonation:

Bubble Curtain Required:

Table 4 - Calculations for :

Fotaris Mine - Lithe Cormwallis lxland, Nupavut

Crozier Strait

Quarry Fill Frazen Soil { Fisheries Substrate Classification )
NFA,

MNfA,

2m

Crica Powsrfrac (Gelatin Dynamite)
Electric, biasting cap

Yes

Project Substrate [origeem®) [ Cricmes™) | Cwiems®) | K | Dwigem®) | Pw{kPa) | Vr(mm-sec”)
2_ |Frozen Soll 192 304800 146300 32 1.60 100.00 13.00
0.42 [Charge Weight {kg) 0.42 0.93 Lbs/delay |
1 [No. of Dalays/Charge 1.0
Charge Weight/Delay 0.42
3.0 |Distance to Dstonation 3.00
aw = DwCow 02500 |
Zr  DrCr
Pw = 2(2wiZriPy
1+ZWZr}
or
{Pr = Pw(1+{ZwZn)) Y 750 kPw_or 3.50E+08 dynes - o Jimit Pw fo 100 kPa
2(ZwZr)
Vr=2Pr | 8.64 cmes” - ko fimit Pw to 100kPa
DrGr
R = (W) Va0 | 3.0 m_Minimurn sethack distance required 1 recuce overpressine bo fess than 100 kPa
R = (W) (V008 | 9.8 m Minimun sethack distance fim a spawning area fo maintain PPV @ 13 mmrsec”
VI=100(RW ) * | 861 cinss”’_Calculatod PPV at Dasign Critedia
Vr= 2Pt
DrCr
or _ - —
Pr= (DrCrvr2 2.62E+08 Dynes _Calculntad Pr in Substrate ot Cesign Criteria
Pw = 2(ZwiZriPr
1+{ZWZr) 100.82 kPa Caiculatad P e in Water at Design Criteria
[PROJECT SUMMARY Fisheries Project
Limit Design
[Pressure in Water (Pw) KPa 100.0 100.82
“Paak Particte Velocity (/) cm-s-1 13.0 86.14 ** Limit for spawning bed during period of egg incubution




Tabile 1 - From " Canadian Technical Report of Fisheries and Aquatic Sciences 2107 , 1998
Titled - "Guidelines For the Use of Explosives In Or Near Canadian Fisheries Waters®
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Design Criteria

for

Guidelines for the Use of Explosives In or
Near Canadian Fisheries Waters
Table No. §
Charge Weight Calculations for a 4.0 m Setback

Substrate Dr(grem™) | Cr{cmws™y | Cwicmes") K Dw {grem®) | Pw{kP2) | PPV{mme-sec’)

1 |Reck 284 457200 148300 5.03 1.00 100.00 13.00
2 |Frezen Soil 1.92 3042800 146300 3.20 1.00 100.00 13.00
3 |ice 0.98 304200 146200 210 1.00 100.00 13.00
4 |Saturated Soil 208 1465300 145300 213 1.00 100.00 13.00
5§ |Unsaturated Soil 1,82 45700 146300 0.88 1400 100.00 13.00

PROJECT DESIGN CRITERIA

Project Location: Polarie Mine - Lithe Cornwallis laiand, Munsvut

Water Course: Crozier Strait

Substrate: Quarry Fill Frozen Soil { Fisheries Substrate Classification )

Nature of Jointing/Fractures: N/A

Overburden: NIA

Hole Depth: 2m

Explosive Type: Qrica Powerfrac (Gedatin Dynamite)

Meathod of Detonation: Elsctric, blasting cap

Bubble Curtain Required: b

Table & - Calculstions for :

Project Substrate [Drigrem® | oriemes™ | cwiemesTy | K | Dwigrem™) | Pw(kPa) | Vr(mm-zec’)

2  |Frozen Soil 1.92 304800 148300 3.2 1.00 160,00 13,00
0.74_|Charge Weignt {kg) 0.74 153 Lbs/delay |

1 |Mo. of Delays/Chargs 1.0

Charga Weight/Dalay 0.74

4.0 Distance to Detonation 4.00

2wy = Dwlw 0.2500

Zr  DrCr

P = 22wWZnPr

14 {2wilr)
ar
Pr = Pwi1+Znf21) | 250.0 250 kPa_ or ZE0E+08 diynes - o limit Pw to 100 kKPa
2(2wiZn)
V= 2Pr | B8.54 cmes’ - to limit Pw fo 100kPa
DriCr

R = (w2)(Vri100) 22

4.0 m Miimum sethack distence roquired to reduce overprossure i less than 100 kPa

R = (wh)(Vr100) 1 13.0 m_Minimum sethack distance irom a spawning area to maintain PPV @t 13 memrsec”
Vr=100(RAW 17 | 855 cmez" _Calculated PPV at Design Criteria

Ve 20y

DrCr

or

Pr = (OrCrvr)i2 2.60E+08 Dynes Calculated Pressure in Substrate at Design Criteria
F‘-w = 2ZwiZnPr

14+-{2ZwiZr) 100.10 kPa Calculated Pressurs in Water at Dasign Criteria
[PROJECT SUMMARY Fisherles Project
Limit Design

{Pressire in Water (Pw) kPa 100.0 100.10

*Paak Particls Velociy (Vr) cm-s-1 130 a45.52 ** Limit for spawning bed during period of egg incubation
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Design Criteria

for

Guidelines for the Use of Explosives In or
Near Canadian Fisheries Waters

Table No. &

Charge Weight Calculations for a 5.0 m Sethack
Table 1 - From " Canadian Technical Report of Fisheties and Aquatic Scisnces 2107, 1998

Titted - "Guidelines For the Use of Expiosives in Or Near Canadian Fisheriss Watsrs™

I‘ Substrate Drigeem™) | Cricmes”} | Cwicmes®) ¥ Dw (grem™) | Pw(kPa) | PPV (mmesec”)
1 {Rogk 244 457200 145300 503 1.00 100.00 13.00
2 |Froren Soil 192 304200 148300 .20 1.00 100.06 13.00
3 Jlem 088 304800 146300 2.10 1.00 100.00 13.00
4  Saturated Soil 208 146300 148300 213 1.00 100.00 13.00
5 |Unsstureted Soil 1.82 45700 146300 0.98 1.00 100,06 13.00
PROJECT IGN G RIA
Project Location: Polaris Mine - Litte Comwalils tsland, Nunavid
Water Course: Crozier Strait
Substrate: Quarry Fill Frezen Soil { Fisheries Substrate Classification )
Nature of Jointing/Fractures: N/A
Overburden: N/A
Hole Depth: 2Zm
Explosive Type: Crica Powerfrac (Galatin Dynamita}
Method of Detonation: Blectric, Masting cap
Bubble Curtain Required: Yos
Table & - Calculations for : = - I
Project Substrate [ Drigrem®y | Cricmesy | cwiem=s") | K | Dwig-cm®) | Pw(kPa) | vr{mmesec™)
2  [Frozen Soil 1.92 304200 148300 3.2 1.00 104.00 13.00
148 [Chargs Weight {(kg) 1.15 2.54 Lbs/deiay
1 |Ne. of Delays/Charge 10
Chargs Weight/Dalay 1.15
6.0 {Distance to Detonation 5.00
2w = DwCwy ©.2500
Zr  DrCr
[Pw = 22wZnPt
1+{ZWiZn)
or
Pr= Puw{1+{ZwZrl] | 2500 250 kPa or 2.50E+06 dynes - {o limif Pw to 100 kPe
2AZwi2r)
\ir= 2Pr | 8.54 cmes’ - io imit Pw fo 100kPa
DrCr
R= (wo)(VrA00) e | 5.0 m Minimum setheck distance reguirad {0 redice Gvarpressurs to fess than 100 kPa
R= (Wo(Vri00) e [ 16.2 m_Minimum sethack distance from a spawning area fo maintain PPV @ 13 mimsec”
Vir=100(RAV"Y ' | 852 tmes” Calculated PPV st Design Critetia
\Vr= 2Py
DrCr
o‘ e
Pr = {DrCrvr)i2 2489E+08 Dynes Celculated Prossura in Substrate at Design Criteria
]T'w = Zwig)Pr -~ .
1+{2wizr) 99.57 kP2 Calculated Prewsure in Water at Deslgn Criterla
[PRGJECT SUMMARY Fisheries Project
Limit Design
[Pr In Watar (Pw) KPa 100.0 99.67
*Paak Farticte Valocity (\Vr cms-1 130 45.18 ** Limit for spawning bed during period of egg incubation
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Design Criteria

for

Guidelines for the Use of Explosives In or
Near Canadian Fisheries Waters
Table No. 7

Charge Weight Calculations for a 8.0 m Setback
Tabie 1 - From * Canadian Technical Report of Plshedies and Aguatic Sciences 2107 , 1995
Titled = "Guidelines For the Use of Explozives In Or Near Canadian Fisheries Waters®

Table T - Caleuintions for ;

R Substrate Drigeem®} | Cricm-s”) | Cw{cmw") K Dw {grem™) | Pw(kPa) | PPV {mmesec’)
1 [Reock 2.84 457200 146300 503 1.00 100.00 13.00
2 |Frozen Sail 182 3042300 148300 3.20 1.00 100.00 13.00
3 |lem 088 304800 145300 2.10 1.00 100.00 13.00
4 [Saturated Soil 208 146300 145300 213 1.00 100.00 13.00
5 |Unsatursted Sall 1.92 45700 146300 0.95 1.00 100.00 13.00

P T < A

Project Location: Potarls Mine - Little Cormwallis Island, Nunavut

Water Course: Crozier Strait

Substrate: Quarry Fill Frozen Soil ( Fisharias Substrate Clasaification )

Nature of Jointing/Fractures: NA

Overburden: N/A

Hole Depth: 2m

Explosive Type: Orica Powerfrac {Gelatin Dynamite)

Method of Detonation: Electric, blasting cap

Bubble Curtain Required: Yex

Project Substrate [ Origrem™) | Cricm=s®) | Cwiemss™) | K | Dwig-cm) [ Pwi{kPa) [ _Vrimm-sec’)
2_|Frozen Sail 1.52 304200 148300 32 1.00 100.00 13.00
1.86 |Charga Weight (kg) 1.56 3.88 Lbs/delay
1 |No. of DelaysiCharge 1.0
Chargs Weight/Delay 1.68
6.0 |Distancs ta Datonation 8.00
e = DOy 0.2500
Zr  Drer
Pw=
1+ZWZr)
or
Pr = Pwi1{ZwiZr)) [ zsb0 350 kP or Z.60E+08 dynes - o limit Pw fo 700 kPa
2{Zwi2)
Vr= 2Pr | B.54 cmes™ - fo fimit Pw fo 100kPa
orcr

R = (woyvr100) e

i 8.0 m Minimum setback distance required to reduce overprossure 1o less than 100 kPa

R = (wo){(Vr/100) o

| 194 m_Minimum sothack distance from a spawning arsa fo maintain PPV 8 12 mmesec™

Vr=100(RAN"Y | 8.53 cmrs” Calculated PPV at Design Criteria
Vir = 2Br
DrCr
m’ ——— e
Pr = {DrCrvr)/2 Z.50E+06 Dynes Calculated Pressure in Substrate at Design Criteria
[ﬁw-mnﬂ o _
1+{2wiZr) 96.86 kPa Calculated Pressure in Watar at Design Criteria
PROJECT SUMMARY Fisheries Project
Limit Design
FPreasurs in Water (Pw) kPa 100.0 25.88
[*Feak Particie Velocity (Vr) emes-1 13.0 85,32 ** Limit for spawning bed during period of egy incubation
[
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Design Criteria

for

Guidelines for the Use of Explosives Inor
Near Canadian Fisheries Waters
Table No. 8

Charge Weight Calcuilations for a 7.0 m Setback

Tabie 1 - Fram “ Cansdian Technicat Report of Pisheries and Aquatic Sciences 2107 , 1998
Titled - "Guidalinas For the Use of Explosives in Or Near Canadian Fisheries Waters™

Table B - Calculations for :

Substrate Dr{g-cm™) | Cr{cmes") | Cw (cmes™) K Dw {grem™) | Pw (kPa) | PPV {mmssec’)

1 |Reock 2.84 457200 148300 503 1.00 100.00 13.00
2 |Frozen Soil 1.892 34800 146300 320 1.00 100.00 13.00
3 {lee 088 304800 148300 2.10 1.00 100.00 13.00
4 (Saturated Soil 208 146300 145300 2.13 1.00 100.00 13.00
& |Unsaturated Sail 1.82 45700 146300 0.98 1.00 100.00 13.00

PROJECT DESIGN CRITERIA

Project Location: Polaris Mine - Litte Cornwallis Island, Nunavut

Water Course: Crozier Strait

Substrate: Qumrry Fill Frozen Soil { Fisheries Substrate Classification }

Nature of Jointing/Fractures: N/A

QOverburden: N/A,

Hole Depth: 2m

Explosive Type: Qrica Powerfrac {Getatin Dynamite)

Method of Detonation; Electric, Masting cap

Bubbie Curtain Required; Yea

Project Substrate L origeem® [ Cricms™) | cw(ems™) [ Kk | Owigem™) | PwikPa) | vr (mmesecT)
2 |Prozen Soil 1.92 304200 146300 37 1,00 100.00 13.00
2.26 |Charge Waight 2.36 4,95 Lbs/dalay |
1 [No. of Delaya/Chargs 1.0
Charge Weight'Delay 2.26
7.0 _|Distanca to Detonation 7.00
2y = PwCw 0.2500
Zr  DvCr
Pw = 22 wizribr
1+{2ZwWiZr)
or P — ey — —
Pru + [ 25006 2.50 of 2.50E+08 dynes - o fimit Pw fo 100 kP2
2 (ZwwZr}
Vr = 2Pr 1 B.54 cmrs” - o limt Pw fo 100kPa
DrCr
R= (w‘}{\frnun)"’m { 7.0 m Minimum sotback distance reqiiired ko reduce overpressure 1o less than 100 kPa
R = (WoHVr/ 100y o i 22.7 m_Minimum sethack distance from e spawning area o mainitain PPV @ 13 marsec™
W=100(RW ) | 8.53 cmes" Calculatsd PPV at Design Criteria
Vira 2Py
DrCr
m o —
|Pr = (DrCrvnie Z80E+06 Dynies  Calculated P a in Substratn at Dasign Critoria
Pw = 2ZwZnPy _
1+{Zw/Zr) 99.88 kPa Cadculated Preasurs in Water at Design Criteria
IPROJECT SUMMARY Fisherles Project
Limit Design
| Pressurs in Water (Pw) kPa 100.0 a8
[FPeak Particle Velocity (Vi) emes-1 13.0 $5.34 * Limit for spawning bad during perind of agg incubation
[




PACIFIC

L AETING &

——arr Design Criteria
PR RETINTIY 'or
Guidelines for the Use of Explosives In or
Near Canadian Fisheries Waters
Table No. B
Charge Weight Calculations for a 8.0 m Setback

Table 1 - From " Canadian Technical Raport of Fisharies and Aquatic Sciences 2107, 1998
Titled - "Guidefines For the Use of Explosives In Or Near Canadian Fisheriss Waters™

I_ Substrate Dr(grem®) | Cr{cmes") | Cw(emes™) K Dw{g-cm’) | Pw{kPa) | PPV{mm-sec’}
1 |Resk 264 457206 146300 5.03 1.00 100.00 13.
2 |Frozen Soli 1.92 304800 145300 3.20 1.00 100.00 13.00
3 |ice 0.98 304300 148300 210 100 100.00 13.00
4 |Saturated Soil 2.08 146300 145300 213 1.00 100.00 13.00
5 [Unsatursted Soil 1.92 45700 145300 ogs 1.00 100.00 13.00
PROJECT DESIGN CRITERIA
Project Location: Polaris Mine - Litthe Cornwallis sland, Nunavut
Whater Course: Crazier Strait
Substrate: Quany Fili Frazen Seil { Fisheries Substrate Classification )
Nature of Jointing/Fractures: WA
Overburden: MN/A,
Hole Depth: 2m
Explosive Type: Orlca Powerfrac {Gelatin Dynamita}
Method of Detonation: Electric, blasting cap
Bubble Curtain Required: Yes
Table 9 - Calculations fof : - (s iz
Project Substrate [ Drigem™ | CricmesT) | Cwicma") | K | Dwigrem®) | Pw(kPa) [ V¥ {mm-sec™)
2 IFrozen Sail 1.92 304800 146300 32 1.00 100.00 13.00
2.96_|Chargs Weight {kg) 2.96 B.53 Lbs/delay ]
1 |No. of Delays/Chargje 1.0
Charge Weight/Delay 298
8.0_|Distance to Detonation 2.00
Zw = DoCw 0.2500
Zr  DrCr
Py u 2{Z0ZrPr
1+(Zwi2r)
or
Pr = Pw{1+{ZWZr}) [ 2500 250 kPa_or ZE0E+06 dynes - fo Jinnt Pw to 100 kPa
2(2wWiEr)
Vir=2Pr ] 8.64 cmes” - to limit Pw fo 100kPa
DeCr
R = (W00 ] 8.0 m Minimum setheck distunce required € reduce overpressure to less than 100 kPa
R = (wHyvir10e | 26.0 m_Minimum selback distance from a spawning area fo malntaln PPV @ 13 mimrsec™
vr=100{RAV") " [ 855 cmrer” Calculated PPV at Design Criterta
Vr= 2Pr
DrCr
m’ M —— mam
Pr = (DrCrvry2 ZEQE+06 Dynes _ Caiculated Pressurs in Subsirate at Design Critaria
Pw = 2(ZwidnPr _ _
1+{ZwWZr) 100.10 kPa  Calculated Pressure in Water at Design Criteria
[PFROJECT SUMMARY Fisheries Project
Limit Design
| Presaurs in Water (Pw) Kia 190.0 100.10
*Paak Particle Velocity (Vi) cmes-1 12.0 85.52 * Limit for spawning bed during period of egg incubation




marxry Design Criteria
PACIFIC === _ for _
BLASTING & BEMOLITION LTE. Guidelines for the Use of Explosives In or

Near Canadlan Fisherias Waters

Table No. 10

Charge Welght Calculations for & 9.0 m Setback

Table 1 - From "~ Canadian Technical Report of Fisheries and Aquatic Sciences 2107, 1998
Titled - “Guidelinas Far the Use of Explosives In Or Near Canadian Fisheries Watars™

_ Substrate Dr{geem®} | Cricmes’) | Cw(cmes") K Dw (gecm™) | Pw {kPa) | PPV {mm-sec’)
1 |Rock 264 457200 145300 503 1.00 100.00 13.00
2 |Frazen Soil 1.82 304800 146300 320 1.00 100,00 13.00
3 ice 088 304800 148300 210 1.0 100.00 13.00
4 |Saturated Soil 208 148300 146300 213 1.00 100.00 13.00
5 |Unsaturated Soil 1.92 45700 146300 088 1.00 10000 13.00

PROJECT DESIGN CRITERIA

Project Location: Polaris Mins - LitHe Comwallis lsland, Nunavit

Water Course: Crazier Strait

Subgztrate: Quarry Fil Frizen Soll { Fisheries Subsirate Classification }

Nature of Jointing/Fractures: NfA

CQvarburden: N/A

Hole Depth: Zm

Explosive Type: Crica Powerfrac (Gelatin Dynamita)

Method of Detonation: Electric, blasting cap

Bubble Curiain Requirad: Yos

Table 10 - Cailculations for : - I \'d

Project Substrate [Drigeemd} | criemes™) | cwiemes™) | K | Dw(geem®) | PwikPa) | vr(mm-sec”)

2 |Frozen Seil 1.92 304800 1456300 3.2 1.00 100.00 13.00
3.74 |Charge Weight {kg) 374 8.25 Lba/delay ]

1 [No. of Delays/Charge 1.0

Charge WeightDslay 174

9.0 |Distance to Detonation 8.00

Zw = Dww 0.2500

Zr  DiCr

|;‘>-v = 2{2wWiZnPr

1+ZwiZ0)
o
Pr= Pw{1+ZwZr) 2560 750 kPa__or 2B0E+06 dynes - fo it Pw fo 100 kPa
2ZwiZr)
Vr=2Pr | 8.54 cmes - fo imit Pw to 100kFPa
DhiCr

R = (woHVI100) o | 9.0 m_Minimum setback distance required to redice overprassurs o jess than 100 kPa

R = (W HVri100) 0 i 29.2 m_Minimum sethack distance from a spawning area fo maintain PPV @& 13 mm-sec”’

Vs 100(RAW) 10 I 8.64 cmss” Calculated PPV at Design Griteria

Vr=ZEr

DrCr

ar e

Pr = {Dricrvryf2 2.50E+08 Dynes Calculated Prassurs in Subsirate at Design Gritaria

Pw = 2(ZwZnPr

1+{ZwiZr} 56.96 kPa Calculated Pressure in Water at Design Criteria
PROJECT SUMMARY Fisheries Project
Limit Design
Bressure in Watst (Pw) kPa 100.0 8996
*Fuak Particle Velocity (V) cmes-1 13.0 BE.41 ™ Limit for spawning bed during pariod of sgg incubation




o Design Criteria
PAGCIFIC o=z for
BLARTING & SERIOLITIN LTOL Guldelines for the Use of Explosives In or
Near Canadian Fisheries Waters
Table No. 1%
Charge Weight Calcuiations for a 10.0 m Setback

Table 1 - From " Canedian Technical Report of Fisheries and Aquatic Sciences 2107, 1958

Titted - "Guidelinas For the Use of Explosives In Or Near Canadian Flsharias Waters™

’_ Substrate Drig-cm™} | Cr{cmes") | Cw(cm=s") K Dw (grem™) | Pw(kPa) | PPV (mmesec”)
T |Reck 288 457200 148300 503 1.60 160,30 13.00
2 |Frazen Seil 192 304800 146300 320 1.00 100.00 13.00
3 lce 0.98 304800 146300 2.10 1.00 100.00 13.00
4 |Saturated Sail 208 146300 146300 213 1.00 100.00 13.00
5 _|Unsaturated Soil 1,92 45700 146300 0.58 1.00 100.00 13.00

PR T GN CRI A

Project Location: Pofariz Mine - Litte Cormwallie Island, Nunavut

Water Course: Crozier Strait

Substrate: Quarry FHl Frozen Soil { Fisheries Substrate Classification )
Nature of Jointing/Fractures: NiA,

Overburden: NA

Hole Depth: 2m

Explosive Type: Orica Powarfrac (Gelatin Dynamite)

Method of Detonation: Elactric, blasting cap

Bubble Curtain Required: Yes

Table 11 - Calculations for

|Pmiect Sybstrate [ Drigeem™ | Cricmes™) | Cwiemes’) | K | Dwigeem™) | PwikPa) [ vr(mmesec?)
2  |Frozen Soit 1.892 304800 148300 3.2 1.00 100.00 13.00
4.63 |Charge Weight (kg) 362 10.19 Lbaiielay |
1 |No. of Delays/Charge 10
Charge Weight/Delay 462
10.0) |Distance to Datonation 10.00
2w = DwOv 0.2500
Zr  Drlr
{Pw = 22wiZnPr
1+2wizr)
or e P y— ————r————— —
Br = Pul 1 +{ZwiZ 1] | 2500 250 kPa or 2 60E+06 dynes - o imil Pw fo 100 kPPa
2(Zwir}

Nt = 2Pr [ 8.54 cs” - to limit Pw fo 100kPa

DrCr
R = (w V00 o | 10.0 m_Minimum sethack distance required lo reduce overpressure to iess than 100 kPa
R= (W00 e | 32.4 m_Minimum sethack distance from a spawning erea to maintain PPV € 13 mmrsec”
Vr=100{FA ") | 8.88 cmes” Caiculated PPV at Dasign Critaria
V=3Pt

DrCr
ar . .
1Pr = (DrlrVrifd 2.50E+06 Dynes Calculated Prassure in Substrate st Design Critaria
Pw = 2{ZwZribr

1+j_7=\mer} 100.01 kPa Calculsted Pressure in Water at Design Criteria
PROJECT SUMMARY Fisherles Profect
Limiit Deaslgn

Pressure in Water (Bw) kPa 180.0 100.01
*Reak Particle Velocity (Vi) cmes-1 13.0 85.45 ™ Limit for spawning bed during petiod of agg theubation




Table 1 - From " Capadian Technical Repart of Fisheries and Aquatic Sciences 2107, 1998
Titied - *Guidelines For the Use of Explosives In Or Near Canadian Fisheries Waters™

PACIFIC

BEASTING & BEMOLITION LTS.

Y
EALFYT
M TN TY

Design Criteria

for

Guidelines for the Use of Explosives In or
Near Canadian Fisheries Waters
Table No. 12
Charge Weight Calculations for & 11.0 m Setback

Substrate Drigem )} | Cr(cm-s") | Cw(cmes™) K Dw (g-cm) | Pw (kPa) [ PPV (mmesec’)
1 [Rack 2484 457200 146300 5,03 1.00 100.00 13.00
2 |Frazen Scil 1.82 304800 148300 320 1.00 100.00 13.00
3 ice 0.98 304800 146300 2.10 1.00 100.00 13.00
4 |Saturated Soil 2.08 1456300 148300 213 1.00 100.00 13.00
5 |Unsaturated Soil 1.82 45700 145300 088 1.00 100.00 13.00
T 16|

Project Location: Polaris Mins - Lithe Comwallis lstand, Nunavut

Water Course: Crozler Strait

Substrate: Quarry Fill Frozen Scil { Fisheries Substrate Classification )

Nature of Jointing/Fractures: N/A

Overburden: MN/A

Hole Depth: Zm

Explosive Type: Orica Powerfrec (Gedatin Dynamite)

Method of Detonation: Eloctric, blasting cap

Bubbie Curtain Required: Yes

Table 12 - Calculations for : = [+ is N

Project Substrate [ Drigeem™ | cricms™) | Cwicme=®) [ K | ow(geem®) | PwikPa) | W (mmesec”)

2 |Frazen Sqil 1.82 480D 148300 3.2 1.00 100.00 13.00
£.59 |Charge Weight (kg) 5.59 13,32 Lha/delay

1 |[No. of Delays/Charge 1.0

Charge WaeightDelay 5.59

11.0 |Distance to Detonation 11.00

Zwv = DwOw 62500

Zr  DrCr

Pw = 2[Zw/ZnPr

1HZWZH
or
Pr = Pwi1+{Zw/Zr]) | 2500 250 kPa _or 250E+05 dynes - fo imit Pw o 100 kPa
2(2wi2r}
Vr=2Pr | 8.54 cmes’ - to fimit Pw fo 100ikPa
Drr

R n (W) (VE/100) T

| 11.0 m Minirmutn setback distance required to reduce overpressurs io less than 100 kPa

R = (W) (V00

| 36,7 m_Minimum setback distance from a spawning aroa to maintain PPV @& 13 mimrsec

Vr=100{RAN ) * I 8.54 cmes” Calculated PPV ut Design Criteria
Vi =gbr

Drér
or .
Pr w (DrCAVIYZ 2B0E+08 Dynes_ Galculated Prassure in Substrate at Design Criteria
Pw = 2(ZwiZ0iPr

1-+ZwiZr) 100.01 kPa Calculated Pressure In Watsr at Dasign Criteria

PROJECT SUMMARY Fisheries Project
| Limit Design _|
|T=rossure in Water (Pw) KPa 100.0 100.01
*“Pank Particls Velocity {/r} cr=s-1 13.0 85.45 ** | imit for spawning bed during period of egg incubation




Design Criteria

PACIFIC ==

Guidelines for the Use of Explosives Inor
Near Canadian Fisheries Waters
Table No. 13

Charge Welght Calculations for a 12.0 m Setback

Tabide 1 - From " Canadian Tachnical Report of Fisheries and Aquatic Sciances 2107, 19688

Titted - "Guidelines For tha Use of Explasives In Or Near Canadian Misheries Waters™

Substrate Prigem™} | Criemes™) | Cw (cmes™ K Dw (geem) | Pw(kPa} | PPV (mmesec”)

1 [Rock 2.64 457200 148300 LY 1.00 100.00 13,00
2 |Frozen Soil 182 304800 148300 320 1.00 100.00 13.00
3 lice 098 304800 148300 2.10 1.00 100,00 13.00
4 {Satureted Soil 2.08 148300 145300 213 1.00 100.00 13.00
5 [Unsaturated Soil 192 45700 145300 0.98 1.00 100.00 13.00

FROJECT DESIGN CRITERIA

Project Location: Polaris Mine - Little Cormwallis Isiand, Nunevut

Water Courge: Crozier Strait

Subastrate: Quarry Fill Frozen Soil { Fisheries Substrate Classification }

Natute of Jointing/Fractures: N/A

Overburden: N/A

Hole Depih: 2m

Explosive Type: Orica Powerfrac (Gelatin Dynamite)

Method of Detonation: Electric, blasting cap

Bubbte Curtain Required: Yes

Table 13 - Cajculations for ;

Project Substrate [ Drigeem® | Cricmes”) | Cwiemes™y | & | Owfgrem™) | Pw(kPa) | Vr{mmesec”)

2 |Frozen Soil 182 304800 146300 32 1.00 160.00 13.00
6.65_|Charge Weight (kg) B.65 14.66 Lbwdelay ]

1 |No, of Delays/Charge 1.0

Charge Waight/Delay 5685

12.6 |Distance to Detonation 12.00

20 = Dwow 0.2500

2r  DrCr

Pw= 22wW2nPT

t{ZwZr)
or e _
Pr = Py(1+H2WZr) [2s00 250 KPa_of 250E+06 dynes - fo imit Pw fo 100 kPa
2{Zwizr)
Vr = 2Br | 8.54 cmes” - to limit Pw to 100kPa
Drer

R =wHivrrioo) 2= | 12.0 m_Minimum setback distance required o reduce overpressure to less than 100 kPa

|

R = (w5) (VF/100) | 38.5 m_Minimum setback distance fiom a spawning area b maintain PPV @ 13 miresec™

Vr=100(RW ") " [ 8.54 cmes” _Calculated PPV at Dasign Criteria

Vi = 2Pr

DrCr

or _ —

Pr = {DrCrvr)/2 __250E+06 Dynes _ Calculated Prassure ih Substrate at Design Criteria

Pw = 2(ZwiZ()Pr - _

1+(ZwiZr) 28.98 kPa Calgulated Pressure in Water at Design Criterla
[FROJECT SUMMARY Fisheries Project
Limit Design

Fressure in Watar (Pw) kba 100.0 30.98

[*Peak Particle Velociy (V1) cm-a-1 13.0 85.42 ™ Limit for spewning bed during period of sgg incubation

|
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Design Criteria

for

Guidelines for the Use of Explosives tn or
Near Canadian Fisheries Waters
Table No. 14

Charge Weight Calculations for a 13.0 m Setback

Tabie 1 - From " Canadian Technical Repart of Fisheres and Aquatic Sciances 2107, 1908
Titled - "Guidelinas For the Use of Explosives in Or Near Canadian Fisheries Waters™

Sybstrate Drigem™} | Cr{cmes™) | Cw(cmes™} K Dw (grem™) | Pw (kPa) | PPV (mmeyec”)
1T fRock 254 457200 148300 5.03 1.00 100.00 1300
2 {Frozen Soil 192 304200 148300 320 100 100.00 13.00
3 |ice 098 304800 148300 2.10 1.00 100.00 13.00
4 lSaturated Seil 208 146300 1458300 213 1.00 100.00 13.00
5 |Unssturated Soil 192 45700 145300 0.98 1.00 100.00 13.00

GN C A

Project Location:

Water Course:

Substrate:

Nature of Jointing/Fractures:
Overburden:

Hole Depth:

Explosive Type:

Method of Detonation:
Bubble Curtain Required:

Table 14 - Calculations for :

Polaris Mine - Little Carnwallis [stand, Nunavut

Crozier Strait
Quarry Fill
WA

M/A

Zm

Frozan Sail { Pisheries Substrate Classificetion )

Orica Powerfrac (Gelatin Dynamite)

Elactric, Masting cap
Yes

Folarls Mine - Little Comwallis {stand, Nunavyt

Project Substrate [ origremf [ criems™ [ Cwiems™y [ K | owigrem™) | Pwi(kPa) | Vr{mme-zec)
2 |Frozen Soil 1.92 304860 146300 3z 1.00 100.00 13.00
7.81_[Chargs Weight (kg) 7.8 17.22 Lhwdelay ]
1__|No. of Delays/Charge 1.0
Chargs WeightDelay 7.51
$3.0 jDistance o Datonation 13.00
2w = DwOw 0.2500
Zr _ Drcr
Pw = 2(Zwigr)Pr
1HZwiZs)
or
Pr = Pai1+ZwiZel [ =504 250 KPa or 2.606+08 dynes - fo fivdl Pw (o 100 kFa
22wiZr)
Vr=2Pr | 8,54 cmes ' - i imit Pw o 100kPa
DsCr

R = (W) (VF100) o

[ 13.0 m Wﬂfmmd&m!ﬁ%ﬂmbmommbmmm 100 kPa

R = (wWol Vi 100y o0

] 422 m_Minimum sefbsck distance from a spawning area to malntain PPY @ 13 mmesec

Vr=100(RANV %) * | B.55 cmes” _Calculated PPV at Design Criteria
Vr e 2Pr
DrCr
or
Pr = (DrCrvry2 2.50E+06 Dynes  Calculmiad Fi I Substrate at Design Crisns
Fw = 2(ewi2NIPr . . _
1H(ZwiZr) 100.02 kPFa Calculated Pressure jn Water at Dasign Criteria
PROJECT SUMBIARY Fisherles Project
Limit Design
[Pressure in Water (Pw} koa 100.0 100.03
**Deak Particle Velocity (Vr] cmes-1 12.0 8547 [|™ Limit for spawning bed during pariod of egg incubation
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Cezign Criteria
for
Guidelines for the Use of Explosives In or
Near Canadian Fisheries Waters
Table No. 158
Charge Weight Calculations for a 14.0 m Setback

Tabie 1 - From " Canadian Technical Report of Fisheries and Aquatic Sciences 2107, 1998
Titled - "Guidelines For the Use of Explosives In Or Near Canadian Fisharies Waters”

Substrate Drigem™} | Cricmes™) | Cw(emws™) K Dw grem”) | Pw(kPa} | PPV ({mmesec”)

1 [Rock 2.64 457200 146300 503 1.00 100.00 1300
2 |Frozen Soil 182 304800 145300 320 1.00 100.00 13.00
3 Jiee 098 304800 146300 2.0 1.60 100.00 13.00
4 [Saturated Soil 2.08 148300 148300 213 1.00 100.00 13.00
5 |[Unsaturated Soil 182 45700 146200 0.98 1.00 100.00 13.00

P IGN CRITERIA

Project Location: Polaris Mine - Little Cormwallis Istand, Nunavut

Water Course: Crozier Strait

Substrate: Quarry Fill Frozen Soil { Fisheriss Substrats Classification )

Nature of Jointing/Fractures: NiA,

Owverburden: NiA

Hole Depth: 2m

Explosive Typa: Orica Powerfrac {Gelatin Dynamite}

Method of Detonation: Electric, blasting cap

Bubble Curtain Required: Yes

Tabie 15 - Calculations for : - C lis | unayut

Projact Substrate [ Drigeem™) [ Cricmes’}) | Cwiecmrs™) | K | Dwig-em®) | Pw(kPa) | wr{mmesec)

2 |Frozen Soil 1.92 304200 148300 37 1.00 100.00 13.00
9.05 |Charge Waight (kg) 8.05 1985 Lba/detay }

1__ [No. of Dalayx/Charge 1.0

Charge Waight/Delay 8.05

14.0 |Distance o Detonation 14.00

Zw = Dalow 0.2500

Zr  DrCr

Prov = 202y Zr}Pr

t+{ZwiZr)
ar
Pr = Py 1+{Zw/Zr)) 3500 250 kPa_or 2.80E+06 dynes - o fimit Pw to 100 kPa
2(ZwiZr)
Vr=2Pr 1 8.54 cmes” - t finit Pw fo 100kPg
Drer
R = (w1 00)° o> | 14.0 m_Minimum sethack distance required tb redice ovelprossure to less than 100 kPa

R = (W) 100) o2

] 45.4 m Minimum ssthack distance from a spawning area to meintain PPV @ 13 marsec

Vr=100(RANY ' ° ] B.54 cm-s Calculated PPV at Design Criteria
Vi = 28r

prcr
ar
Pr = (DvCrvr}i2 2.60E+06 Dynes Calculated Pressure in Substrate at Design Criterin
Pw  2(ZwWiZnPr .

THEwWZr) 99.97 kPa___ Caiculated Pressure In Water at Design Critena
PROJECT SUMMARY Fisheries Braject
Limit Design

Pressurs in Watsr (Pw) kP 160.0 59.57

[*Beak Particle Velocity (Vr) £mre-

13.0 85.41 ™ Limit for spawning bed during period of egg incubstion




