TECHNICAL REPORT
Our file: 100-0865
QOctaber 4, 2000 LEVELTON

Engineering Sulutlons
WESTMAR CONSULTANTS INC.
#400 - 233 West First Strest
NORTH VANCOUVER, B.C. V7M 1B3

ATTENTION: Mr. Norm Allyn, P. Eng.

PROJECT: _Rip Rap Testing, Polaris Mine
SUBJECT: Sulphate Soundness Test (CSA A23.2-SA/ASTM C.88)

Source: Polaris Minesite Sampled by: Westmar
Sample: Sawn blocks, approximately 15 ecm x 3.5 em x 10 cm

.........

i

Magnesium Sulphate

Qriginal Mass () Final Mass (g) Percent Loss
B Actual (") Eslimated (")
D1a 1981.8 10872 0.35%
' 1585 0.43%

Dib

e

Notes: 1. (™ The actual mass of the samples was greater at the conclusion of the test than the initial mass, even
though the samples had undergone loss of material, via flaking and splitting. It is postulated that
sulphate crystallization may have developed within the rock in areas of porosity. To account for the
lost material which flaked or split from the samples, the residual particles were weighed, The lost mass
is considered to be an estimate gnly.

n

REPORTED BY: (17 Lo LER SR barp: o by 2000
F. Shrimer, P. § V! Disk C:\~\0865mgs1.wpd

Notice: The test data given in thie 1epart partain to the sample providad, and may not be applicable 1o samples from praduction ather than
thai represonied Ry he sample.  This tast foport consttutes a testing sefvica, Interpretagian may ba providsd on ragusst,

Levelton Engineering Lid,, #1560 - 12751 Clarke Place, Richmond, B.C. V8V 2H9 Canada Tel: 604-278-1411 Fax: 604-278-1042
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TECHNICAL REPORT

Qurfile: 100-0865
October 4, 2000 LEVELTON

Engineesing Soltlons
WESTMAR CONSULTANTS INC.

#400 - 233 West First Street
NORTH VANCOQUVER, B.C. V7IM 183

ATTENTION: Mr. Norm Allyn, P. Eng.

PROJECT: _Rip Rap Testing, Polaris Mine
SUBJECT: Sulphate Soundness Test (CSA A23.2-3AJASTM C-88)

Source: Potaris Minesite Sampled by: Westmar
Sample: Sawn blocks, approximately 15cm x 3,5¢cm x 10 cm

Magnesium Sulphate

: . Original Mass (g) Final Mass (g) Percent Loss
L i Actual (9 | Estimated (%)
L1 3057.8 3059.9 3045 D.42%
L4 . . -
Notes: 1. (*) The actual mass of the L1 sample was greater at the conclusion of the test than its initial mass,

even though the sample had undergone loss of material, via flaking and splitting. [t is postulated that
sulphate crystallization may have developad within the rock in areas of porosity. To account for the
lost matserial which flaked or split from the samples, the residual particles were weighed. The lost mass
is considered to be an estimate only,

2. |t is further postulated that the L4 sample may have had a net loss which was grealer than indicated,
due to uptake of MgSO,. Thus, the loss may be underestimated,
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Notice: The test date given In this report pertain to the sampls provided, and may not ke spplicabls to samples from praduction othor than
that reprosantad by the cemple. Thia oot copart consututes @ Testing asivice. Interpratation may be provided an request.

Levelton Engineering Lid, #1280 - 12781 Clarke Place, Richmond, B.C. V&V 2H8 Canads Tel: 604:278-1411 Fax: 604-278-1042




TECHNICAL REPORT

Our file: 100-0865
October 4, 2000

LEVELTON

Englneering Salutians
WESTMAR CONSULTANTS INC.
#400 - 233 West First Street
NORTH VANCOUVER, B.C. V7TM 183

ATTENTION: Mr. Norm Allyn, P. Eng.

PROJECT: _Rip Rap Testing, Polaris Mine

SUBJECT: Sulphate Soundness Test (CSA A23.2-9A/ASTM C-88)

Source: Polarls Minesite Sampled by: Westmar
Sample: Crushed gravel

50 x § mm crush Magnesium Sulphate 5
Loss per Sieve Fraction
Sleve Fraction 50mm |[37.5mm{ 25mm 19 mm 12.5mm 8.5 mm 4,75 mm
Loss (%) 38.8 23.8 286 39.8 35.1 35.1 35.1
Original Grading (%) | 17.4 28.5 20.9 10.8 9.7 4.7 8.0
Welghted Loss (%) 6.717 6.796 5.984 4,275 3.401 2.805

Notes: 1. Extensive disintegration of samples by end of second cycle.
FESSIO "
-
REPORTED BY: . H. SHRIMERGATE: Dot 4, o0
\F. Shrimer, P. Q D A Disk C:\~\0865mgs2.wpd
OsCIENS,
Notice: The test data given in this repon partain to the sample provided, and may not be seplicabls to samples from produotion othar than

that roprasonted Oy tlis sample. TNIS T8SL ruport constitutas a testing servics. Intarpretation may be provided on raquest.

Levalton Engineering Ltd., #1560 - 12781 Clarke Place, Richmond, B.C. V6V 2H8 Canada Tcl: 804-278-1411 Fax: 604-278-1042



TECHNICAL REPORT

Our file: 100-Q865
October 4, 2000 LEVELTON

Englinesring Soltiana
WESTMAR CONSULTANTS INC.
#400 - 233 West First Street
NORTH VANCOUVER, B.C. VIM 1B3

ATTENTION: Mr. Norm Allyn, P. Eng.

PROJECT: Rip Rap Testin alaris Mine

SUBJECT: Sulphate Soundness Test (CSA A23.2-SA/ASTM C-88)

o A U IS B ont ORI ‘xg e 7
it AR e

Source: Polaris Minesite Sampled by: Westmar
Sample: Crushed gravel
s it it ; .
50 x 5 mm crush Magneslum Sulphate 5
Loss per Sieve Fraction
| Sieve Fraction 50mm [37.6mm| 25mm | 19mm | 125mm | 95mm | 4.75mm
Loss (%) 0.115 1.081 0.743 0.781 3,699 3.699 3,699
Original Grading (%) 32.3 26.2 201 7.6 6.7 28 43
Weighted Loss (%) 0.037 0.283 0.059 0.248 0.104 0.159

Notes: 1. Some widening of cracks, some egdges flaking.

%p‘-mm'%k
REPORTED BY: %«-— F.H. SHRMEhATE: A Zoi

'F. Shrimer, P. gouels Disk C:\~\0865mgs2.wpd
OgcIENS,

Noriqg: The tast data given in thiz report pertaln to the sempla provided, and may not be applicable to semgales fram praduction other than

that coproyonted by the Sample. This tast report cansututes A testing ssrvios. Interprstation may be pravided on raguest.

Levellon Engineering Ltd,, #160 - 12731 Clarke Placs, Richynond, B.C. V8V ZH9 Canada Tel; 504-273-1411 Fax: 604-278-1042



TECHNICAL REPORT

Our file: 100-0865
October 4, 2000 LEVELTON
Enginesring Salutions
WESTMAR CONSULTANTS INC.

#400 - 233 West First Street

NORTH VANCOUVER, B.C. V7M 1B3

ATTENTION: Mr. Norm Allyn, P. Eng.

PROJECT: _Rip Rap Testing, Polans Mine

SUBJECT: Sulphate Soundness Test (CSA A23.2-9A/ASTM C-88)
Source; Polaris Minesite

Sample: Crushed gravel

Notes: 1.
2.

Some minor disintegration,.

Notica:

| l UMbRTC “"‘-5
50 x 5 mm crush Magnesium Sulphate 5
L.oss per Sleve Fraction
Sleve Fraction 50mm {37.5mm | 25mm 19 mm 12.5 mm 8.5 mm 4.75 mm
l Laoss (%) 0.209 0.450 1.451 1.451 1.451 1.451 1.451
| Original Grading (%) | 49.9 24.3 13.8 4.2 3.8 18 24
| Weighted Loss (%) 0.104 0.108 0.200 0.061 0.055 0.023 0.035
e TemWeightedboss o L . o TdT g

Disk C:\-\0865mgs2.wpd

The test data given in this repart pertain to the samples provided, and may not bs applicable 1o samples from preduction othar than

thut represented Dy The somplo. This 1ast reporl constitutes 4 testing service, Intarpretation may he providad on regueset,
Levelton Engineering Lid., #1850 - 12781 Clarke Place, Richmond, B.C. V8V 2H$ Canada Tal; 604-278-1411 Fax: 604-278-1042
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TECK COMINCO LTD.
Decommissioning of Dock Facilities at Polaris Mine
Little Cornwallis Island, Nunavut

APPENDIX F-3

October 4, 2000 — Petrographic Examinations and Table

REVISION 1



L T L W LS - =

Fax Transmittal

Levelton Engineering Ltd.
LEVELTON 150-12791 Clarke Place

Enginearing Sclutions Richmond, B.C

Canada VEV 2H9

Tel: 604 278-1411

Fax; 804 278-1042
E-Mall info@ievetton.com

To Narm Allyn, P. Eng. — WESTMAR Fax/phaone number 985-2581/985-6480
cc Fax/phons number
Frem Fred Shrimer, P. Geo. Pcojact numbar 100-0865
Date Octaber 4, 2000 Total number of pages (including cover page) 5
PROJECT: Testing of Polaris Rip-Rap
Nerm:

Accompanylng this caver are Technical Reponts for the Petrographic Examinations.
| have also Included, for reference, a comparative table which provides ail the data In a single page.

My review of the project file Indlcates thal all tests have been completed and reporied, with the exception of the Freeze-Thaw
test.

{ cannot find any reference in my file indicating that you wanted any assessment of the Acid Rock Drainage characteristics
of the materials = primarily the Mine Waste rock. Please advise.

Please call If you have any questions. L.
) LS e kaik Ty,

Regards,
Fred Shrimer, P, Geo. ] C:\108E5fax3. wpd
I
!
lACnon BY
(77 g
Mﬁ

Please call 604-278-1411 il any pages are missing.

Cantlaantaticy rute te Unimmndad Recpient. Claqee be 2dviEed, 170 ducumant accompanylng Thie 1alasapy transmiasion contsim information belenging to Leveiton
Enginoering Ltd., whish may be canfidantial and/or legally privilagsd, and is intended ONLY for the use of tha individual or entity namad above. If you are not the Intended
recipient plaazs bs notifled that the taking of any action In reil ontha aottonts of thix tatycopled informuatien Ie prahibitod, If you heve ecsivad this telseopy inerror,

pleses immaediataly natify us by tslaphone and arrangs fer return of tha arigins! deoument to Us.




(LRI N =L =1 o

TECHNICAL REPORT

WESTMAR CONSULTANTS INC.
#400 - 233 West First Street

NORTH VANCOUVER, B.C. V7/M 183 LEVELTON
Enginsaring Solutiona
ATTENTION: Mr, Norm Allyn, P. Eng, Our file: 100-0865

September 21, 2000

PROJECT: _Rip Rap Testing -- Polaris Mine
SUBJECT: Petrographic Examination (ASTM C-295)

Sample: Mottied Mine Waste Rock ("M” samples)

PP TROERAPHIC CESCRIBTIGN, -

Mineralized limestone - altered fine-gralned micritic and crystalline timestone, mineralization
throughout consists of lead-zinc-iron sulphides, and possible oxides. Concentration of metals variable
between the three chunk samples provided. Numerous common veoids/vugs in the rock are preferential
zones of weakness. The rock s generally of moderate strength, but some zones are crumbly and weak.
Occaslonal zones are almost of good strength.

In thin-section, samples comprised of colliform texture of metallic sulphides, mostly galena and sphalerite.
Groundmass is calcite and/or dolomite. Some dendritic galena. Dolomite is the primary carbonate, and
ocours mostly as well-defined crystals, although there is some caleite as crystals also.

COMMENTS

The rock is not very competent, due to the presence of crystalline galena, sphalerite, pyrite and other
metallic minerals, and also because of vugs, vokds and fissures in the rock materlal.

QUALITY

The mineralized mine waste rock Is generally not suitable for construction applications, other than for use
as fill, due to its low strength, high porosity, and high metals content. ARthcugh the host material is
carbonate, the rock may well contribute to acid-rock drainage under certain circumstances. Reguiations
governing the use of potentially acid-drainage-producing rock should be reviewed to determine whether
ARD tests may be needed, if the rock were used as fill in environmeatally-sensitive areas.

Petrographic Number of the sample was '191', which is equivalent te an overall rating of "Poor” for physical-
mechanical quality.

fﬁml%
EER t DATE: f?fi Y 200>

PETROGRAPHER:
F."Shrimer, P. Geo. DATTTSN : Disk C:\~A0855pt) . wpd
ooulnama s 4

Nodews  THhe seet 9ata givan in Mis report pertain (o e sample provided, and may not be applicabla {o materlal other than that represanted
by the sample. This test repont constitules e testing service, Interpretation may be provided on request.
Levelton Enginesring Lid., 150 - 12791 Clarke Place, Ri¢chmond, B.C, Canada V6V 2119 Ta); 04-278-1411 Fax: 604-278-1042
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TECHNICAL REPORT

WESTMAR CONSULTANTS INC.

#400 - 233 West First Street LEVELTON
NORTH VANCOUVER, B.C. VIM 1B3 Engineening Solutions
ATTENTION: Mr. Norm Allyn, P, Eng. Our file: 100-0865

September 21, 2000

PROJECT: _Rlp Rap Testing -- Polars Mine
SUBJECT: Petrographic Examination (ASTM C-295)

Sample: Gray Rock -- “L" samples

vt TROGRARHIC DESCRIPTHON - St j

Limestone -- very fine-grained micritic limestone, dense, very strong.

In thin-section, these rocks are limestone composed of a mixture of finely crystalline and migritic calcite,
Dense-texturad. A little bit of porosity, evidenced in vuggy cavities, with coarser matenial in them. Fairly
pure calcite, no discernible extraneaus sediments detected. One sectlon would be termad “organo-
clastic lmestone”, reflecting considerabie amount of shell fragments (up to 30%) In the section (e.g., L-2).
Organic.derived material includes brachiopod and gastroped shell fragments. Parts of the rock are
| recrystallized,

COMMENTS

The limestone was quite strong. A few calcite-filled veins cut the rock,

QUALITY
The [imestone was judged to be of good physical quality.

"Good” quality material was 96.6% by mass, while *Fair” quality material was 3.4%, giving a Petrographic
Number of “107". For aggregate sizes, this equates with an overall quality rating of “Excellent”.

. W ﬁo'as“gaz;\
‘movm
PETROGRAPHER: W‘R.MER SDATE &t Y, 1m0

F. Shrimer, P. Geo. ) BAMSH / Disk C:~\08655t1. wpd

fegfeg:  The lesl quin given In tis repoft penain to the sample provided, and may not be applicable to materal other than that represented

by the sample. This test report constilutes a testing service, [nterpretation may ba provided oh request.

Levelton Engineering Ltd,, 150 - 12781 Clarke Place, Richmond, B.C. Canade V8V 2H9 Tek §04.278-1411 Fax: 604-278-1042
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TECHNICAL REPORT

WESTMAR CONSULTANTS INC.
#400 - 233 West First Street

NORTH VANCOUVER, B.C. V7M 1B3 LEVELTON
Englnsaring Solutlons
ATTENTION: Mr, Norm Allyn, P, Eng. Our file: 100-0865

September 21, 2000

PROJECT: _Rip Rap Testing - Polaris Mine
SUBJECT: Petrographic Examination (ASTM C-295)

Sample: Buff-Beige Rock - “D" samples

QAPE STION

Limestone -- fine-grained micritic imestone, dense, very strong.

In thin-section, these rocks are limestone composed of a mixture of finely crystalline and micritic caicite.
Dense-textured. Minor porosity. Patchy appearance. Some vuggy zones, and small amount of shell and
other organic fragments. Many trilobite fragments in one section, some brachiopod and ostracods, algae.

COMMENTS

The material was quite strong.

QUALITY

The buff-beige limestone was strong and judged to be of good physical quality, Petrographic Number
analysis determined a PN of '111', which rates the aggregate as being of "Good” physical-mechanical
quallty, when compared with other aggregates. "Good” quality material comprised 94.7% by mass of the
sample, while “Fair* quality material accounted for 5.3% of the sample, by mass,

PETROGRAPHER: @Q""’\ NDATE: OL N 2000

-3 ; “F. N SH
F. Shrimer, P. Geo. K RIMER
0"6&%

¢‘
Oscr

Diek C:\~\0885pt1.wpd

ofce:  The tast data given in this report pertain to the sample provided, and may not be applicabla to material other than that represented
by the sample. This test report constifutes a testing sarvice. Interpretation may be provided on raquest,
L avelton Engineering Ltd., 180 - 12791 Clarke Place, Richmond, B.G, Canada V8V 2H3 Tel: 604-278-1411 Fax: 804.278-1042
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TECK COMINCO LTD.
Decommissioning of Dock Facilities at Polaris Mine
Little Cornwallis Island, Nunavut

APPENDIX F-4

October 31, 2000 — Freeze-Thaw Tests

REVISION 1



I x Transmittal

Levaliton Enpineering Ltd.

LEVELTON .

Enginesrng Solutiana ’1a |5§1 r1n2o7;‘!31‘1 g'igr‘ke Place
Canada V6V 2H9
Tel: 604 278-1411
Fax 804 278.1042

E-Mall: Info@leveiton.com

To Norm Allyn, P. Eng. ~ WESTMAR . Fax/phone number 985-25a1/085-6488
cc : Favphone number
From Fred Shrimetr, P. Geo, Project numbar 100-0885
Date October.31. 2000 Total number of pages (including cover page) 4
PROJECT: Testing of Polarls Rip-Rap
Norm:

Accompanying this cover are Technical Reports for the Freeze-Thaw test (CIRIA method),

The method given in the CIRIA volume is somewhat vague in terms of determination of loss, and other procedural details.
At any rate, the resulls are provided on the test report forms. The observational data are of some significance, and would
indicate that the “limestone” samples were the materials which performed the best in these tests.

| have taken photographs of the samples at the beginning of as well as at the conclusion of the test, which | will forward to
you, once the film's baen developed.

My reading of the test method suggests that their limit Is 0.6% maxdmum loss (7).
The fest method says that the “stone must have no cracks in 1", which simply was not possibie to do. Two of the rocks (the

anes that failed) had [oints In them., My thought Is that the {est has now enabled an assessment as {o the structural
(e.g., rock mechanics) implications of those joints. (Some joints are acceptable, while others may not be.)

I trust that this Is the Information you need. Please callto discuss, or if you have any questions.

Regards, x(IIR‘CUI.A'I'!?. TO. | DUTIA)
Fred Shrimer, P. Geo, - C\-\0865(ax4,wed
- T
ACTION BY
Fiease call 804-278-1411 if any pages are missing. (i@ roXokl 51,

Canfldantlality nota to Unintanded Recipiant. Plaase be advized, the document accompanying this tajecopy transmission containg (nformatien belenying to Levelton
Enginearing L1d., which may be confidsntial and/or lagally privilaged, and Is lntendsd ONLY for the use of the kndividusl or entity namod abave, i you aro net the intanded
raciglent pladse ba hotlflec that the taking of any astion in refi on the contsnts ot thie telecopisd information it prohibited. If you hava recalved thix telecopy in orvor,
plaaea immadiataly notify ue by Telephone and arange for retum of the original documarnt 1o us.




TECHNICAL REPORT

Our file: 100-0865
October 31, 2000 LEVELTON

Enginesring Solutonn
WESTMAR CONSULTANTS INC.
#400 - 233 West First Street
NORTH VANCOUVER, B.C. V/M 1B3

ATTENTION: Mr. Norm Allyn, P, Eng.

PROJECT: _Rlp Rap Testing, Polaris Mine_
SUBJECT: Freeza-Thaw Test of Rock Specimens (CIRIA Spec. Pub. 83, A2.4)

Source! Polaris Minesite Samplad by: Westmar
Sample: Mine rock
Absorption (%) 1.72
Weigh! loss (%) . 07
Duration of test (# cycles) . 25 (21 Sept - 26 Oct, 2000)
Crack propagation Sample ‘X' has developed minor oracks, extending from
praviously-existing voids In the rock, Sample ‘Z' has developed
a number of extensive open cracks, which have extended nearly
70% through the rock. o
Netes: 1, Two specimens prepared from the sample.
FESSIG
REPORTED BY: AR s:'DATE:ﬁd’"?r, 000
F. Shrimer, PAGRQEmw~)" » Disk C:\-\08651tt1.wpd
Gy
SCIENTLY

Natica: Thu test data given in this repart psrtaln to the ssmple provided, and may not ba spplicabla to samples from produetion other than
that reprosented by the sampls, This test roport sonstitutes a tastng service. Interpratation may be providod on raquest,

Leveiton Engineering Ltd., #1560 - 12791 Clarke Place, Richmond, B.C. V@V 2H8 Cenada Tel: 604.278-1411 Fax: 604-278-1042




TECHNICAL REPORT

Qur file: 100-0865
October 31, 2000 : LEVELTON

Engineering Solutkens
WESTMAR CONSULTANTS INC.
#400 - 233 West First Street
NORTH VANCOWVER, B.C. V7TM 1B3

ATTENTION: Mr. Norm Allyn, P, Eng.

PROJECT: _Rip Rap Testing, Polaris Mine .
SUBJECT: Freeze-Thaw Test of Rock Specimens {(CIRIA Spec. Pub. 83, A2.4

Source: Polaris Minesite Sampled by: Westmar
Sample: = “Dolomite” (buff-beige rock)

i PARAMETER: i & o REs
Absorption (%) 1.57
Weight loss (%) "Sa. A:10.0;Sa. B: 0.3 Average: 5.2
Duration of test (# cycles) 25 (21 Sept - 28 Oct, 2000)
Crack propagation Sample 'A’ has been fragmented by several major open eracks,

breaking into two larger pants and numerous smaller chips and
pieces. Fractures have developed both along pre-existing joint
as well as through the rock fabric itself,

Samgple ‘B’ has developed one signlificant crack which has near|
extended through the rock (75% complete), and the specimen is
in danger of being broken immineatly.

RIS

Notes: 1. Two specimens prepared from the sample,

/5 -‘&““
., Fe H. SHRIME
REPORTED BY: R | DATE, P31, 2000

~ F. Shrimer, P & Disk C:\-\0865Rt1.wpd
ECIENS,
Notice: The test data given in this raport partain to the sample provided, and may not be applicabla to samplea from praduction other than

that raprasented by thae sample. TS test report constitutos & 185UNg service. Intarpratation may be provided on roqueat.
Leveiton Engineering Lid,, #150 « 12781 Clarke Place, Richmond, B.C. V6V ZH9 Canada Tel: 804-278-1411 Fax; 604.278-1042



TECHNICAL REPORT

Ourfile:  100-0885
October 31, 2000

WESTMAR CONSULTANTS INC.
#400 - 233 West First Street
NORTH VANCOUVER, B.C. V7M 183

ATTENTION: Mr. Narm Aliyn, P. Eng.

PROJECT: Rip Rap Testing, Polars Mine

LEVELTON

Engiveering Solutions

SUBJECT: Freeze-Thaw Test of Rock Specimens (CIRIA Spec. Pub. B3, A2.4)

Source: Polaris Minesite
Sample: “Limestone” (brown-~gray rock)

Absorption (%)

Weight loss (%)

0.03

Duration of test (# cycles)

25 (21 Sept - 26 Oct, 2000)

Crack propagation

—— . ——

No noticeable development of cracks in Sample ‘C'. A few flak
have been removad at the conclusion of the test from edges.

Sample 'D’ was noted to have a very slight initiation of a crack in
the specimen, and both completed as well as incipient flaking
faifures along edges of the specimen. J

Notes: 1. Two samples prepared from the sample,

REPORTED BY:

DATE: Ockt 71,200

Disk C:\~\0865ft1 wpd

Nntice: Tha tent data given |n this report pertain te the sampls pravided, and may not be applicable 1o samplas fram production other than
that repressnted by the sample. This test repart constirutes a testing #9ivice, Interpreterion may be provided an raguess.

Levelton Engineering Ltd,, #160 - 12781 Clarke Place, Richmond, B.C. V8V 2HB Canada Tei: 804-278-1411 Fax: 604-278-1042

TOTAL P.24



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

APPENDIX F-5

March 13, 2001 — Summary of Rock Quality Tests

REVISION 1



Fax Transmittal

Leveiton Engineering Ltd.

LEVELTON 150-12781 Clarke Place
Englnearng Soluwtions Richmond, B.C.
Canada V8V 2H39

Tel: 604 278-1411
Fax: 604 278-1042
E-Mail: info@leveltan.com

To Gang Yang, EIT. - WESTMAR Faxphone humber 985.2581/985.6488
ce Fax/phone number
From Fred Shimer, P. Geo. Project number 100-0865
Date  March 13, 2001 Total number of pages (including cover page) 2
PROJECT: Testing of Polaris Rip-Rap
Gang:

Accompanying is the revised table listing the test data from the testing of the Polaris rock samples.

| hope our discussion this aftemoon was of help in interpreting the resuits. Please call me if you have any furiher questions.

Regards,

Fred Shrimer, P. Geo. C:\~\0865TaxS.wpd

Please call 604-278-1411 if any pages are missing.

Cantigentiality nate lg Unintenasd Asciplent. Fleazs ba savised, the document accompanying this telocogy tansmission cormalns Intormation balenging to Leveiten
Engineering Lid., which may be confidenual and/or legally priviiaged, and ix Intandad ONLY (or the use of the individual &f entity nampd above, !f you ara not the intandso
recipiont pleate be patificd that the taking of any action In refiance onthe contente of this 1elecopled Information is piohibltad, If you have recaived this talacopy in enar,
ploass Immedistely notify us by tolophana and arranyge for ratum of the original dooumem to us.
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TECK COMINCO LTD.
Decommissioning of Dock Facilities at Polaris Mine
Little Cornwallis Island, Nunavut

APPENDIX G

CIRIA Freeze-Thaw Test Specifications

REVISION 1

Westmar
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Cw3=m

- 100

Calculate the number per cent of stones with length-to-thickness ratio greater than
3 and 2 using the formula;

A2.3.5 REPORT

The report must provide the following data;

1. The measured weight per cent of stones with length-to-thickness ratio greater
than 3;

2. The measured number percent of stones with length-to-thickness ratio greater
than 3, and greater than 2;

. A reference to this standard,

. A description of the sample, including the weight and the number of stones;

. The source of the sample;

. The date of the test.

A bW

Note: Box 35 in Section 3.6 of the main text gives practical guidance on taking
length and thickness measurements.

A2.4 Determination of Resistance to Freeze/
Thaw Cycles

Note: This standard is based on Draft NEN 5184 and BS812,

A2.41 SUBJECT AND AREA OF APPLICATION

This standard gives the method to determine the resistance against freeze/thaw

cycles of a stone of a grading class with a nominal size greater than the 31.5mm
sieve size.

A2.4.2 SAMPLE FOR ANALYSIS

The stone must be taken at random from the largest fraction of stone material set
by the requirements for gradings. If the stone is heavier than 20kg, the test will
have to be carried out on a representative part of at least 10kg. The stone must
have no cracks in it.

A2.4.3 EQUIPMENT AND OTHER AIDS

A2431 Drying oven or other appropriate apparatus, capable of adjustable
temperature of (1104 5)°C;

A24.3.2 Weighing equipment, accurate up to 0.01% of the weight of the stone;

A24.3.3 Freezer-box with air circulation in which the stope can be exposed to the
temperature described in Section A2.4.4.2

A24.3.4 Vessel with a volume at least six times the volume of the stone;

A2.4.3.5 Saw for use in case the stonec has a volume in excess of 150ml;

CIRIA Spacial Publication 83/CUR Repont 1564




A2436 Plas ‘ilm, brush.

A2.4.4 METHOD OF OPERATION
A2.4.4.1 Water absorption at atmospheric pressure

Cut from the stone a representative piece, using the saw, if the stone has a volume
in excess of 150ml The representative part of the stone should have a volume of at
least 50ml and, at most, 150ml, Determine the water absorption, in accordance
with Section A2.7, of the stone or part of the stone.

End the test if the water absorption does not exceed 0.5%, as in that case the stone
is considered to be (satisfactorily) resistant to freeze/thaw cycles. Carry out freeze
test in accordance with A2.44.2 below if the water absorption exceeds 0.5%,

A2.4.4.2 Exacution of the freega test

Let the stone absorb water in accordance with Section A2.7. Wrap the stone in
plastic film and place it in the freezer-box. Adjust the temperature control in such a
way that the temperature in the stone reaches a level of —15°C or lower in a time
of about 5 hours, Maintain that temperature for at least 2 hours. Remove the
plastic film and immerse the stone directly in the water in the vessel, which
contains drinking water with at least five times the volume of the stone at a
termperature of 15-20°C.

Leave the stone submerged for at least 2 hours. Repeat the freeze-thaw cycle 25
times. At the end of these tests, dry the stone in the oven at a temperature of
(1104 5)°C until the stone reaches & stage when its weight remains constant.

Determine the weight loss of the stone and check to sce if any cracks have
developed.

A2.4.5 REPORT

Water absorption;

Weight loss in per cent and rounded to 0.1%;

The development of any cracks during the test;

Resistance against freeze/thaw cycles (weight loss less than 0.5% and no crack
development); .

. Reference to this standard;

Description of the stone, including the weight loss;

. Source of stone;

. Duration of the tests.

=

o~ anLh

A2.5 Determination of Dynamic Crushing
Strength

Note: This standard is based on Draft NEN 518S.

A2.5.1 SUBJECT AND AREA OF APPLICATION

This standard provides the method for the determination of the dynamic crushing
strength of natural stone and of other types of stone and stone-type materials. The

dynamic crushing strength is determined as the average test result from a duplicated
test.

CIRIA Special Publication 83/CUR Report 154 517
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Little Cornwallis Island, Nunavut

APPENDIX H

Preliminary General Blast Design
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Blasting Permafrost Conditions — Sheet Pile Cell Dock
Introduction

The dock facility was constructed in 1981 and is comprised of four circular sheet pile cells, each
approximately 26 m in diameter. Three interconnecting arcs on the froni 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 throngh the ice and backfilled with rock and overburden 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 canse disturbance, injury and/or death to
fish and marine mammals and the alteration, disruption or destruction of marine habitat, The Department
of Fisheries and Oceans (DFO) has prepared guidelines to assist proponents in conservation methods to
protect marine life and habitat from the destructive forces of explosives. The guidelines entitied,
“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 underlying 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 effective excavation.

Type of Explosives

The “Guidelines for the Use of Explosives In or Near Canadian Fisheries Water, 1998” state: “No use of
ammoniam nitrate-fuel oil mixtures occurs in or near water due to the production of toxic by-products
(ammonig).”

Permafrost blasting is 1o be performed using nitroglycerin (NG) based dynamite, such as Orica Powerfrac
in cartridge form.

Linear shape charges may be used to sever the steel sheet pile at the designed depth underwater. Linear
shape charges (LSC) do not normally have trade names and are commonly manufaciured 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 resuits
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 Jinearly in metres from the dock face
towards the process barge. The usc of a bubble curtain 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-

PACIFIC
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freezes. Actual biast 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 Ioading and blasting techniques are required. Between 2 to 4 explosives decks per hole will be
required te 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 Pigure 1). The
blasting contractor must: have a full understanding of marine blasting; be able to blast to Fisheries
guidelings; have the ability to calculate the specific charge weight per delay for each biast; and be able to
adjust the blast pattern or utilize a bubble curtain as the nced arises. Experience in blasting permafrost
conditions is also required.

Overpressure modeling was performed for the use of linear shape charges (LSC) to sever the sheet pile
below water level (see Table 1), Since bubble cutains 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 detorated, within the Fisheries guidelines, with the
proper usc 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 illustrated 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 blasting techniques be ed for two reasons:

Safety: Due to the high powder factor required to biast 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 blast caused by damaged shock tubxs.

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 pencrated by blasting, tight
control must be placed on the delay timing scquence. The multi-deck holes require accurate delay times
between explosive decks and from hole-to-hole to limit the blast-induced overpressure to 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 biasting,

PACIFIC
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Polaris Mine
Decommissioning Sheet Pile Dock

Generalized Blast Design

Electrical Sequential Tie-in: Delay Sequence Decked Holes
2- Decks per hole

ogmoo

142ms 242ms 292ms Upper Deck Delay Sequence 4————o7 POWERFRAC
<4——— siemning

167ms 217ms 267ms 3t7ms Lower Deck Delay Sequence g POWERFRAC

100ms 150ms 200ms 230ms Upper Deck Delay Sequence 4————— POWERFRAC
<+ stemming

125ms 175ms 225ms 275ms Lower Deck Delay Sequence ¢—— POWERFRAC

Generalized Pattern Size - 4nx 4t (1.22mx1.22m)
To Blasting Machine

Note - Leg wires omitted for sake of clarity
- Not o scale
- Only Z-row shot shown. Additional rows may be required depending on size of blast

PATTERN EXPLOSIVES
Ax4 (1.22mx1.22m) 2x18 Powerfrac Cartridges
434 (1. 221 .22m) 2x18 Powerfrac Cartridges

PACIFIC
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prreirldl Desigh Criteria
PACIFIC === for
BLASTING & BERIOLITION TR Guidelines for the Use of Explosives In or
Near Canadian Fisheries Wafers
Table No. 2
Chirge Weight Calculations for a 1.0 m Setback

Talbde 1 - From " Canadian Tachnical Report of Pisheries and Aquatic Sciences 2107", 1998

Tiied - “Guidelines For the Use of Explosives In Or Near Cenadian Fisheries Watars”

Substrate Dr (geem®™) | Cr(cmes™) | Cw(cmes™) K Dw (geem?) | Pw (kPa) | PPV (mmesec’)
1 1Ftock 28 45 146300 503 1.00 To‘gfon 1300
2  |Frozen Solt 192 304800 1468300 320 1.00 100.00 13.00
3 [ice [+E- ] 304800 146300 210 1.00 100.00 13.00
4 |Seturated Soil 2.08 148300 146300 2.13 1.00 100.00 13.00
]

Unsaturated Soll 1.82 45700 148300 0.98 1.00 100.00 13.0

PROJECT DESIGN CRITERIA

Project Location; Polaris Mine - Littte Comwallis jaland, Nunavut
Water Coursa: Croziar Strait
Substrate: Quarry Fill Frozen Solil ( Fisheries Substrate Classification )
Nature of Jointing/Fractures: NA .
Overburden: WA
Hola Depth: im
Expiosive Type: COrica Powerfrac {@olatin Dynamite)
Method of Detonation: Electric, blasting cap
Bubble Curtain Required: Yes
Table 2 « Calculations for : Polarig Mine - Littls Corpwallis Istapd, Nunayut
Project Substrate [ Drigeem®) | Cricms™) | Cwiems? K Dw (geem P (kPa VI (mmenec”
2 _|Frozen Sail 192 146300 32 1.00 100.00 13.00
0.08_[Charge Weight (kg) 0.06 017 Lbwidelay |
1__|No. of Delaym/Charge 10
Charge WeightDelay 005
1.00
02800 |
[ 2500 2.50 XPa_or ZBOEY0E dynes - &0 imit PW 1o 100 Pa
[ B8.54 cmes” - o lmit Pw to 100kPa
R= (WH(Vr100) | 1.0 tm_Minimim seiback dtstance required fo reduce ovarprassurs & Jess than 100 kPa
R = (WIVI100) 2 | 34 m_Minimum setbeck distence from a spewning aree lo malntein PPV @ 13 mrrsec”
Vir=100{RAV") "4 | 910 emes”_Calculated PPV ut Design Criteria
Vr=2Br
DiCr
1OF
Pr = (DIGVI2 _ 2666208 Dynes__Cuiculated Pressurs in Subsirets at Deaign Criteria
Pw = 2(ZWEnPr |
1+ @wi2e) |___ 10654 kPa___ Calculated Pressure in Water at Design Criteria

PROJECT SUMMARY sheries Project

_Limit Dasign
[Frassure in Watey (Pw] ks 100.0 106,54
“*Paek Particle Velocity (Vr) cm-s-1 13.0 91.03 * Limit for spawning bed during petiod of egg (ncubation




Pty Design Criteria
PACIFIC === for
BLAETING & BEMOLITION YR Quidelines for the Use of Explosives In or
Near Canadian Fisheries Waters
Tabie No, 3

Charge Weight Calculations for & 2.0 m Setback
Tabie 1 - Prom " Canadian Technical Report of Fisharios and Aquatic Scisnces 2107, 1968
Tiled - “Guidelines For the Usa of Explosives In Or Near Canadian Misheries Waters®

Subatrate Drigeem) | Cr(cms”) | Cwicmes™) K Dw (gcm”) | Pw{kPa) | PPV{mmesac™)
1 |Rock 264 457200 148300 LE] 1.00 100.00 13.00
2 |Frozen Sol 192 304800 1486300 3.20 1.00 100.00 13.00
3 |ice 088 304800 148200 240 1.00 100.00 13.00
4 |Saturated Soil 2.08 145300 146300 213 1.00 100.00 13.00
5 |Unsaturated Soil 1.92 45700 148300 0.98 1.00 100.00 13.00
PRQJECT DESIGN CRITERIA
Project Location; Polaris Mine - LitHs Comwallis Jstand, Nunavut
Water Course: Crozier Strajt
Substrate: Quarry Fill Frozen Soil ( Fisherios Substrate Classification )
Nature of Jointing/Fractures: NA
Overturden: NA
Hole Depti: 2m
Explasive Type: Orica Powearfrec (Gelatin Dynamite)
Method of Detonation: Electric, blasting cap
Bubble Curtain Required: Yes
Table 3 - Calculations for : =
Project Substrate | Or(gremd) T o {ome”) | owiomes™) | K | ow(gem®) [ Pw(kPa) | Vr(mmesecT
2 [Frozen Soll 1.82 304800 146300 3.2 1.00 100.00 13.00
0.18 [Charge Walght (ka) 0.18 0.40 Lbs/delay ]
1__[No. of Delays/Chargs 1.0
Charge WeightDelay 0.18
20 |Distanoce to Detonatian 2.00
2y = Dwlyy 02800 ]
2Zr  DvCr
Pw = 2{2wiZnPr
N Zwils)
or
Pr= PeA 1+ wZn) [=00 250 Fa or ZBOE+D6 dynes - 1o it Pw o 100 kPa___
2@wizs)
Ve = 2Pr | 8.54 cmes” - fo it Pw to 100kPa
DrCr
R = (W VII00) o | 2.0 m Minmum setbeck Gistance required 1o reduce overprassurs o fess than 100 iPa
R = (Wh{Vr100) 2 | £4 m_Minimum setback distarice from a spawning arpa o maintain PPV € 13 mmesec ™’
Vr=100(RW 1 | 8.37 cmes” Calculstad PPV at Dealgn Criteria
= 2Pt
DrCr
or iy e~ o
Pr = (DrCr\fr)/2 2ABE+08 Dynes _ Calculsted Pressure in Substrate et Design Critsria
Pw = 2(ZwZPr ! e
1+{Znr2r) | 97.93 kPs___ Calculated Pressure in Water at Design Criterla

PROJECT SUMMARY Fisheries Project
Limit Design

Prossure in Water (Pw) iPa 100.0 57.93
~Peak Particls Velotity (Vr) em-s-1 13.0 83,87 ™ Limit for spawning bed during period of egg incubation
{




Design Criteria
for
Guidelines for the Use of Explosives in or
Near Canadian Fisheries Waters
Table No. 4

Charge Weight Calculations for a 3.0 m Setback
Table 1 - From * Canadian Technical Report of Fishories and Aquatic Sciences 2107°, 1998

Titled - "Quidelines Por the Uss of Exploaives In Or Neer Canadian Fisheries Waters”

PACIFIC ===

H_ Substrate Dr(gem”) | Cricmes”} | Cw(cm-s7) K Dw (g-cm™) | Pw(kPa) | PPV (mmesec’)
1 |Mock 264 457200 148300 503 1.00 100,00 13.00

2 |Frozen Soil 192 304800 145300 320 1.00 100.00 13.00

3 e 098 304800 145300 210 1.00 100.00 13.00

4 |Seturated Soil 2.08 148300 148300 213 1.00 100.00 13.00

5

Unsatureted Soil 192 45700 146200 0.88 1.00 100.00 13.00

PROJECT DESIGN CRITERIA

Project Location: Potaris Mine - Little Corovwallis laland, Nunavut

Water Course: Crauzier Strait

Substrate: Cruarry Fill Frozen Soil ( Fisherios Substrate Claasification )
Nature of Jointing/Fractures: HA .

Overburden: NA

Hole Depth: Zm

Explosive Type: Orica Powerirac (Gelatin Dynamite)

Method of Detonation: Electric, bissfing cap

Bubbie Cuitain Required: Yes

Table 4 - Calculations for :

it [}

Project Substrate | Or (gremS) femes”) | Cwiemes) | K | Dw(gem?) [ PwikPa) | wr(mmesec)
1,82 146300

T
2 |Frozen Soll 304800 3.2 1.00 100.00 13.00
042 |Charge Weight (i) 0.42 0.53 Lbe/dela
[~ 1_[No. of Delays/Chargs 10
Charge Weight/Delay 0.42
30 _[Distance fa Detonation 300
Zw = DO 0.2500 ]
2r _ DrCr
Pw = 2(ZwZ0Pr
1+{ZwZr)
aor
Pr = Pw{1+{2wZr) [ %00 250 kPa_or 2.50E+08 dynes - i Ihimit Pw f0 100 KF'2
22wWiZr)
Vr= 2Pr | 8.84 cmes" - (o limit Pw to 100kPa
Drcr
R = (wh)(Vi100) = | 3.0 m_Minimum sethack distence required o reducs overpressire fo fess than 100 kPa
R = (WhVA100y | 9.8 m_Minimum setbeck distance from a spawning ares 10 maintain PPV @ 13 mmesoc T
Vra 100(RW )Y | 8.6 ces” Calculated PPV at Design Critaris
= 2Pr
DrCr
or
Pr = (DrCrvi)2 252E+08 Dynes _ Calcuiated Pressuro in Substrats at Design Ciitofia
wa = 2ZWZrPr |
1HZWZN) [ 70082 KPa___Calculated Prossure In Water i Deaign Criteria
PROJECT SUMMARY Fisheries PFroject
Limit  Design |
Presaurs in Watar (Pw) kPa 100.0 100.62
*Peak Particla Velocity (Vr) em-s-1 13.0 86,14 ** Limit for spawning bed during psriod of egg Incubstion




Design Criteria
for
Guidelines for the Use of Explosives In or
Near Canadian Fisheries Waters
Table No. 5
Charge Welght Calculations for a 4.0 m Setback
Table 1 - From " Canadian Technical Report of Figheries and Aqustic Sclencea 2107, 1088
Titied - "Guidelines. For the Usa of Explosives In Or Near Canadion Fisheries Woaters™

PACIFIC ===

Substrate ' Dr(grem®) | Cr(emrs™) | Gw (cmes™) K Dw (geem”) | Pw(kPa) | PPV {mm-sec”)
1 [Rook 2.84 487200 148300 503 1.00 100.00 13.00
2 |Frozen Soil 1.92 304800 148300 3.20 1.00 100.00 13.00
3 |lca 0.98 304800 148300 210 1.00 100.00 13.00
4 |Ssturated Soil 2.08 148300 1486300 213 100 100.00 13.00
5§ |Unsaturaked Soil 182 45700 146300 0.98 1.00 100.00 13.00
PROJECT DESIGH CNITERIA
Project Location: Polaris Mine - Little Cormwalils sland, Nunavut
Water Coursa: Crozier Strait
Subatrate: Quanry FIil FFrazen Soil { Misheres Subatrate Classification )
Nature of Jointing/Fractures: NA .
Overburden: MN/A
Hole Depth: 2m
Explosive Type: Orica Powarfrac (Gelatin Dynamite)
Mathod of Detonation: Electric, biasting cap
Bubble Curtain Required: Yes
Tabla 6 - Calculations for : (3 il 1
Project Subsirate [Or(geem™ [ Criemes™) | CwiemsT) | Xk | Dw%m‘“[ | PwikPa) | Vr(mmezecT) |
2 |Frozen Soll 1.92 304800 143300 32 1. 100.00 13,00
0.74_|Chargs Wheight (ig) 0.74 163 Lha/delay |
1 __|No. of Delays/Charge 10
Charge WeightDelay 0.74
4.0 [Dist to Detonation 4.00
e = DaCyy 0.2500
Zr  DrCr
Pwe
1+(ZwZr)
o
Pr= Pw(1HZwZr [_=2500 2.50 Koa_or ZEOE+0€ dynes - © vt Pw I 100 kPa
22wzt
Vi =2Pr i 8.54 cm-s" - 1o fimit Pw 1 100iPa
DrCr
R = (WyV100) | 4.0 m Minkmum setback distanve required 1o roduce ovelpressure 1o less than 100 kPa
R = (W10 | 18.0 m_Minimum setback distance from a spawning ares fo meinfain PPV @ 13 mvmesec™
V1 0ORAW ™ | 8.66 cmes” Calculated PPV at Design Criteria
Vr = 2Pr
DrCr
oF
Pr = (DiCrVr)2 2.50E+08 Dynes Caleulsted Prassure in Substrate at Design Criterla
Pw = 2(ZwiZnPr |
1+@wZr) | 100.70 kPa____Caloutatsd Pressure in Waiar at Design Critaria
SUMMARY Fisharles Project
Umit Design
Fressure it Water (Pw) KPa 100.0 100,10
**Poak Particls Valocity (Vr) cm-s-1 13.0 8557 “* |Imit for spawning bed during pariod of egg incubation
-
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Charge Weight Calculations for a 3.0 m Setback
Tabée 1 - From ~ Canedian Tachnical Report of Fisheries and Aquatic Sciences 2107, 1998
Titied - "Guidelines ["or the Use of Explosives In Or Near Canadian Fisheries Watars®

Design Critetia
for
Guidelines far the Use of Explosives In or
Near Canadian Fisheries Waters
Tabie No. 6

Subatrate Dr(geem™) | Cr icm-s"l Cw (cms™) K Dw (geem™) | Pw(kPa) { PPV{mm:sec”
1 |Rock 264 00 148300 503 1.00 100.0¢ 13.00
2  |Prozen Sail 192 304200 148300 320 1.00 100.00 13.00
3 |loe 088 304800 148300 2.10 1.00 100.00 13.00
4 [Saturetad Sofl 208 148300 146300 213 1.00 100,00 13.00
5 |Unsaturated Soil 1.62 AST00 146300 0.98 1.00 100.00 13.00
PROJECT DESIGN GRITERIA
Project Location: Polaris Mine - Littte Cormwalils island, Nunswat
Water Course: Crazier Strak
Sybstrate; Quarry Fill Froxen Soll ( Fisheries Substrute Clasaification )
Natuse of Jointing/Fractures: WA .
Overburden: NA
Hole Depth: Zm
Explosive Type: Orica Powerfrac (Gelstin Dynamite)
Method of Datonation: Eiactrio, biasting cap
Bubbie Curtain Required: Yes
Tabie € - Calculations for ; Polarts Mine -} ittle Cormwajlis island, Nunavyt
Project Substrate [ Dr 9] Cricmes’) | cw(cmes’ K Dw {geem™) | Pw (kPa Vr (mmesec”
2 |Frozen Soil 192 304800 148300 3.2 1.00 100.00 13.00
1.16_{Charge Welght (ky) 1.18 2.54 Lhe/delay 1
1.0
116
5.00
D.2500
[ 2%0.0 2.50 e of 2.50E+08 dynes - 10 limit Pw o 100 kPa
| B.54_cmes” - fo Nmit Pw to 100kPs
R = (whVrAea) = | 5.0 m Minimum setback distance required to reduce overpressiire fo less than 100 kPa
R = (W HVi100) % ] 162 m_Minimum setback distance from a spawning aree fo maintain PPV @ 13 mrm-sec
Ve 100(RAMWV T2 i 852 tmes” Caloulted PFV at Design Criterla
Ur = 281
brCr
m‘ .
Pr = (DrCrvVIry2 Z468+08 Uynes  Calcuiaied Prossure In Substrate at Design Critaria
1+ZwWZr) l 90.67 kPa___ Calculated Prossure in Water at Design Criteria
PROJECT 8 Y [ Fisheries Project
Limit Design
Wat 100.0 .87
13.0 85.15 | Limitfor spawning bad during period of egg incubation
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Guldelines for the Use of Explosives in or
Near Canadian Fisheries Waters
Table No. 7
Charge Weight Calculations for a 6.0 m Setback

Table 1 - From " Canadian Technical Report of Fisheries and Aquatic Sciences 2107™ , 1998
Titled - “Guidalines For the Use of Bxplosives In Or Near Canadisn Fisheries Watars™

Table T - Calculations for :

Substrata Deigrem®) | Cr(cwmes™) | Ew(cmes”) K Dw {g-cm™) | Pw (kPa) | PPV (mm-ssc™)

T [Rock 254 45 146300 5.03 1.0 100.00 13.00
2  |Frozen Soil 192 304800 146300 320 1.00 100.00 13.0
3 |ios 0ss 304800 148300 2.10 1.00 100.00 13.00
4 |Seturated Soil 2.08 146300 146300 213 1.00 100.00 13.00
§ |Unsaturated Soll 192 45700 148300 0.98 1.00 100.00 13.00

PROJECT DESIGN CRITERIA

Project Location: Polaria Mine - Litde Cormmaitie lslend, Nunawst

Water Courne: Crozler Sirait

Substrate: Cuarry Fill Frazen Soil { Fishenes Substreie Clmsification )

Naturs of Jointing/Fractures: NA .

Overburden: NA

Hole Depth: Zm

Explosive Type: Orica Powerfrat (Gelatin Dynamhe)

Method of Detonation: Eiectric, blasting cap

Bubble Curtain Regquired: Yeos

Project Substrate [ Dr(grem®) | Criemes™ | cwfemah [ K ] Dwigrem®) | pwikPa) | vr(mmesec™)
2 |Frezen Sail 182 304800 148360 32 1.00 100,00 1300
1.68 |Charge Wai 1.68 3.68 Lbe/delny 1
1 [No. ef Detays/Charge 10
Charge WeightDelay 1.68
6.0 |Distance to Detonation a.00
= DWOwW 0.2500
2r  DrCr }
Pw= Z
1+ZW2Zr)
Qr
Pr= Pw1+@w20) [ %08 2.50 kPa_ or 2.80E+06 dynes - fo lmit Pw to 100 kPa
2{ZwiZr)
\r= 2Py | B.54 cmes” - fo limit Pw fo 100kPa
DrCr
R = We)(Vri100) > l E.0 m_Minimum setback dsfance required o reduce overpresswe o fess than 100 kPa
R = (W)(VI100) | 19.4 m Minimum sethack distance from a spawning srea 1 matain PPV €@ 13 mnrsec™
Vir=100(RW )" ] 8.83 cmes”_Calculated PPV at Dasign Criteria
Vi= 261
DvCr
or
Pr= (DrCVr)2 ZE0E+08 Dynes _Gulculated Pressure In Substraln af Design Criteim
Pw = 2ZWZ0PT l - —
1+(2wiEs) | 83 KPa___ Calculuted Pressure in Water st Design Criterta
[PROJECT SUMMARY Fisherles Project

Limit ] _Design

{Pressurs in Water (Pw) kPa

100.0 9058

=Peak Parlicle Valocity (Vr) om-s-1

13.0 85.32 ** Limit for spewning bed during pariod of egg Incubation
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WLASTING & DEMOLITION LTR.

Tabie 1 - From * Canadian Technical Report of Fisherles and Aquatic Sciances 2107" , 1998
Titiad ~ "Guidelinos For the Use of Explosives in Or Near Canadian Fisheries Walers”

Design Criteria

for

Guidelines for the Usa of Explosives inor
Near Canadian Fisheries Watars
Table No. &
Charge Welght Calculations for a 7.0 m Setback

Subatrate Drigrem™) | Cricmes™) [ Cwicms) K Dw (grem™) | Pw (kPa) | PPV (mmesec”)

1 |Rosk 284 457200 148300 §.03 1.00 100.00 13.00
2 |Frozen Solt 182 304800 143300 320 1.00 100.00 13.00
3 lica 098 304800 145300 210 1.00 100.00 130
4 |Saturated Soil 208 146300 148300 2,13 1.00 100.00 13.00
5 |[Unseturated Soil 1.92 45700 1456300 0.8 1.00 100.00 13.00

PROJECT DESIGHN CRITERIA

Project Location: Palaris Mine - Little Comwallls Iskand, Nunavut

Water Course: Crozier Strait

Substrate: Quarry Fill Prozen Soil ( Fishaties Substrate Classification )

Nature of Jointing/Fractures: NA .

Cverburden: NA

Hole Depth: im

Explasive Type: Orica Powerfrac (Galatin Dynamite)

Mathod of Detonation; Elsctric, blasting cap

Bubble Curtain Required: Yoo

Table 8 - Calculadions for

Froject Substrate

[ Drigem®) | CricmsT) | cw ( ems) | K | Dwigeem®) | Pw{kPa VI (mmesec
192 W

2 {Frozen Soit 3.2 1.00 100.00 13.00
| 226 _|Charge Waight (kg) 2.26 4.98 Lba/delay 1
1__|No. of Delays/Charge 1D
.|Charge Weight/Drlay 2.28
7.0 _|Distance to Detonation 7.00
ur = Dwlw 62500 |
j2r_ orcr
Ipw @
1+ZwiZr)
or _— —
Pr= P+ QWZ1) =00 2.50 kPs__or 2.50E+08 dynes - 0 limit Pw fo 100 kP8
2@wZr) ) —
Vr=2Pr 1 8.54 cmes” - lo Kmit Pw to 100iPa
DiCr
R = (WO(Vr100)"> | 7.0 n_Minimum setheck distance required 1o reduce overpressurs to fess than 100 kP
R = WOV 1000 2% [ 227 m_Minimum setback distance from o spawning area to maintain PPV @ 13 nyrrsec !
Ve 100(RW 'Y | 8.53 cmes” Caloulated PPV at Design Criteria
Vr= 2Pt
DrCr
Pre (DrC/2 ZGOE+0€ Dynes _Calculabed Pressure in Subsirate ot Dosign Criteriy

e
1+Zwzn)

| B5.88 kPa___ Calculeted Pressure in Watar at Design Criteria

'FROJE.CT SUMMARY

Fisheries Froject
Limit Dasign

Pressurs In Water (Pw) \Pa

100.0 9958

[“Peak Particte Vedocity (Vr) omee-1

130 85,34 |™ Limit for spawning bad during pediod of agg incubation
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BLASTOIC & BrasoL ITioN LTR Guidelines for the Use of Explosives In or
Near Canadian Fisherias Waters
Table No. 9

Charge Waight Calculations for a 8.0 m Setback
Tabée 1 - From * Ganadian Technical Report of Fisheries and Aquatic Sciences 2107" , 1998
Tithed « “Guidelines For the Use of Explosives in Or Near Canadian Fiaharies Waters”

Or(geem®} | Cricmes™) | Cwicmrs™) K Dw (grom®) | Pw (kPa) | PPV (mmesec’)
264 457200 146300 5.03 1'97:‘. 100.00 130
192 304800 148200 320 1.00 100.00 13.00
0.98 3042800 148300 2.10 1.00 100.00 13.00
208 146300 148300 213 1.00 100.00 13.00
1.92 45700 148300 0.98 1.00 100,00 13.00
Profect L.ocation: Potaris Mine - Litde Comwallis tsland, Nunavut
Water Courge: Crazier Strait
Substrate: Quarry Fill Frazen Soil ( Fisheries Substrate Classification )
Nature of Jolnting/Fraciures: A .
Overburden: WA
Hole Depth: im
Explosive Type: Orica Powerfrac (Gelatin Dynamite)
Method of Detonation: Elaciric, blasting cap
Bubbie Curtain Required: Yes
Tabile § ~ Calculations for © =
Project Substrate | or g%m"‘l | Criemes®) | Cwiemea™ |~ K | Owigend [ PwinPa) | Vr{mmvsec®) |
2 [Frozen Sol 1, 304800 145300 32 1.60 100,00 13.00
2.96 |Charge Woeight (kg) 296 853 Lbe/dalay |
1 iNo. of Deisys/Charge 1.0
ICharge Waight/Delay 296
£.0_|Distance to Deforation 300
Qw = DwCw 02500 ]
Zr _ DrCr |
r :l';- 2MZ0b
1HZWZr}
o
Pr = Pyl +ZwZe) [ Z5038 2.50 kPa__of 2506408 dynes - o it Pw t 100 kPa
2(Zwidr)
Vr=2Pr X 8.64 cea’ - fo Jimit Pw 1o 100KPa
DrCr
R= (WO 100) I 5.0 m_Minkyum solback diatance required 1 reduce oyerpressure 1o less than 100 kg
R = (W 100)° 58 T 260 m Minimum setheck distance from a spawning area 1 maintain PPV @ 13 mimrsec T
Vr=100(RAW*) ¢ 1 B.K8 cnrs”_ Culculnted PPV at Dealgn Criterie
7= 2Py
PrCr
ar
{Pr = (Drows2 ZE0EA08 Dynes _ Cwiculated Pravaurs in Substrats & Design Gritarm
Pw = S(EWiZne - o —
1+{ZnIZ1) | 19040 kPa___ Culcuistad Prassure in Water at Design Criteria
‘_PROJ' ECTSUMMARY | Fisheries Project
Limit Dasign

‘::nmn Tn Watter (Pw) KPa 100.0 10010
“Peak Parbcle Velooity (Vi) om-s-1 130 8552 ™ Limit for apawning bed during period of egg incubation
==




My Desgign Criteria
BLASTING & FENOLITION TR, Guidelines for the Use of Explosives In or
Near Canadian Fisheries Waters
Table No. 10

Charge Welght Calculations for a 9.0 m Sethack

Table 1 - From " Canadian Technical Report of Fisheries and Aguatic: Sclences 2107, 1988
Titled - "Guidelines For the Use of Explosives In Or Near Canadian Fishories Waters®

' Substrate Drigeem™) | Cr !cm-s"l Cw (cmes™ K Dw (geem™) | Pw{kPa) [ PPV (mmesec’)
1 [Raock 264 00 146300 503 1.00 100.00 13.00
2 |Frazen Soil 1.82 304300 148300 3.20 100 100.00 13.00
3 lice 0.96 304300 148300 2,10 1.00 100.00 13.00
4 |Seturated Sail 208 146300 146300 213 1.00 100.00 13.00
5 |Unsaturated Soil 192 45700 148300 098 1.00 100.00 13.00
PROVECT DESIGN CRITERIA
Project Location: Polaris Mine - Little Cornwailis luland, Nunavut
Water Course:; Crazier Strait
Substrate:; Quaery Fill Frozen Soll { Fisheries Subsirate Classification )
Nature of Jointing/Fractures: A .
Overburden: NA
Hols Depth: Zm
Expiosive Type: Crica Powerfrac (Gelatin Dynamite)
Mathod of Detonation: Eleciric, blasting cep
Bubble Curtain Required: Yes
Table 10 - Calculations for ; -
P Substrate [ brigeem™) | cricms’) [ owicms” K Dw (gecm) | Pw (kPa Vr (mmesac™)
2 |Frozen Sall 192 304800 146300 BL 1.00 100.00 13.00
374 [Churge Weight (kg) 374 835 Lowdeiay |
1 {No. of DalaysiCharge 1.0
Charge Weight/Dalay 34
9.0 |Distance to Detonation 9.00
Zw = DaCw Mﬁj
2r _ brer ‘
I; = AZwizn)Br
1H2ZwiZr}
[+ 4 N
19:: 14 (ZwiZ 2804 250 kPs_of ZB0E+08 dynes - o limil Pw o 100 kPa
2 )
Vr = 2Pr 1 8.54 cmes” - fo ot Pw fo 100kPa
HCr
R = (wHVri00) > i 9.0 m_Minimum sethack distance requirad o reduce overpressare fo fess than 100 kPa
Rw (wj(ymoof‘m | 292 m Minimum seiback distance from a spawning aree lo maintain PPV @ 13 mmrsec”’
Vr=100(RAW 5 T* [ 854 cmrs” Cakulated PPV ot Design Criteria
Vs 2P
DsCr
or
Pr = (DICVIry2 2.B0E+086 Dynes Culculated Prossure in Substrate at Design Criteria
Pw = 2(ZwiZ0Pr l o
1 1 #9586 kPa___ Caicuisted Pressure In Vater at Design Criteria
PROJ ] \j “Fisheries Project
Limit Design
Bressure in Water (Pw) koa 100.0 59.95
*Peak Particle Velocity (Vr) om-s-1 130 8541 ™ Limit for spswning hed during periad of egg incubation
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BLASTIG & BEnoLTTRON LYR. Guidelines for the Use of Explesives In or

Near Canadian Fisheries Wailers
Table No. 11
Charge Weight Calculations for & 10.0 m Setback

Tabie 1 - Prom " Canadian Technical Report of Fisheries and Aquatic Sclences 21077, 1998

Titled - “Guidelines For the Use of Explosives In Or Near Canadian Fisheries Waters”

}_ Substrate Dr(geem”) | Ct{cms’) | Cw(cm-s” [ Dw {g-cm®) [ Pw(kPa) | PPV (mm-sec’)
1 |Reck 264 457200 148300 503 1.00 100.00 13.00
2 |Prozen Seil 192 304800 148300 3N 1.00 100.00 13.00
3 ice 068 304800 146300 2.0 1.00 100.00 13.00
4 |Saturated Soil 208 148300 146300 213 1.00 100.00 13.00
5 _|Unsaturated Soil 192 45700 148300 0.93 1.00 100.00 13.00

PROJECT DESIGN CRITERIA

Project Location: Polaris Mine - Litle Cormwaliie Island, Nunavut

Water Course: Crozier Strait

Subatrate: Cuarry F Frazen Soi! { Fisheries Substrate Classification )

Nature of Jointing/Fractures: N/A .

Overburden: NA

Hole Dapth: 2Zm

Explosive Type: Orica Powerfrac (Galatin Dynamite)

Method of Detonation: Elacirio, blasting cap

Bubble Curtain Required: Yea

Table 11 - Calculations for : =

Project Bubstrate | Drigem®) | Cricmes™) | Cwiems™) | K | Dwigem’) | Pw(kPa VI (mmesec™
2 |Frozen Solt 1.92 204800 148300 32 1.60 100,00 13.00
4.62 |Charge Waight (ig) 462 10.1¢ Lbs/delay |
1__|No. of Delaya/Charge 10
Charge WeightDalay 482
10.0_|Distance to Detonation 10.00

o = DaCw o.ﬁbj

Zr  DrCr

Pw=2 Br

1+{2ZwZr)
of e —a
Pr = Pw(1+ZwZy)) #5638 250 kPa__or Z506v08 dynes - fo Jinvt Pw B 100 kFa
2 r)
Vr= 2Pr i 8.84 cmes” - o limit PW 0 100iPa
Dree

R= (w)Vriion) e | 10.0 m_Minimum setback distance required (o redice overpressurs to jess than 100 kPa
]

R = W)(Vri100) > [ 324 m_Minimum setback disiance from a spawning aree o maintain PPV @ 13 mmsec™
Vr=100(RW>) T » | 8.58 cmes” Cuioulated PPV at Deslgn Critaria

Vi = 261

DrCr

of

Pr = (DrCIVI)2 Z50E+06 Dynes __ Calouiaied Pn in Substrate &t Design Critaria

Pw = 22wZnPr [ .

1HWZr) [ 100.01 kPa___Caiculaiad Pressure in Water st Design Critetia
PROJECT SUMMI Fisheries Project
Limit Design
Pressure in Water (Pa) kPa 1000 100.01
~Paak Particle Velochy (Vr) cm a1 13.0 : ** Limit for spawning bed during period of egg incubation
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for
Guidelines for the Use of Explosives In or
Near Canadian Fisheries Waters
Table No. 12
Chargs Welght Calculations for & 11.0 m Sethack

Tabie t - From * Canadian Technical Report of Fisheries and Agqualic Sciences 21077, 1998
Titled - "Guidelines For the Uss of Explosives in Or Near Canadian Fisharies Waters"

Substrate Dr % | Criemes™) | Cw(cmes™) K Dw {geemd) | Pw(kPa) | PPV {mmesec’
2. 457200 146300 508 “Jigoo 100.00 A‘:WL'
Frozen Soll 182 304800 146300 3.20 1.00 100.00 13.00
0.8 304800 146300 2.t0 1.00 100.00 13,00
Saturated Soil 2.08 145300 148300 213 1.00 100,00 13.00
Unsaturated Soil 1.92 45700 148300 0.9 1.00 100.00 13.00

EROJECT DESIGN CRITERIA

Project Location: Palaria Mine - Utte Cormvwallis lsland, Nunsvit
Water Course: Crozier Strait
Substrata: Quarry Fill Frozen Soil { Fisheries Substrate Classification )
Nature of Jointing/Fractures: N/A .
Overburden: NA
Hobe Depth: 2m
Explosive Type: Crica Powerirac (Gelatin Dynamite)
Method of Detonséion: Electric, blasting cap
Bubbie Curtain Required: Yes
Tabie 12 - Calculations for -
Project Subatrate | Dr ] Crfems”) | cwiemah | K | Dwigeem?) | Pw(kPa) | vr(mmesec™) |
2 |Frozen Soll 1.92 304300 148300 3.2 1.00 100.00 13.00
6.59 |Charge Weight (k) §50 1232 Lbeldelay |
1__|No. of Delays/Charge 1.0
Charge Woight/Delay 550
11.0 |Distance to Detonation 11.08
&= DwCw a.zsuo_l
_{2r _ DeCr
Pov = 212wIZ0PT
1+ZwiZr)
or
Pr = Pw(1+(Zwir) [ %02 250 iPa_or 2BO0E+DE dynes - 0 il Pw 1 100 kPa
2@w2n)

Vr = 207 l 3.54 cmes” - o Al Pw fo 100kPa

DvCr
R = (w‘)(vnm)mﬂ | 11.0 m Minimum setback distance requined & roduce overpressure & less than 100 kPa
R = (W) (Vr/100) % ] 38.7 m_Minimum setheck distance ffom a spawning area lo maintein PPV @ 13 mymrsec™”
VIS100(RW | 8.54 cm-s' _Caltuisted PPY gt Design Criteria

r=ger

DeCr
or o
Pr = {DrCrVr)/2 _2B0E*08 Dynes_ Culculuted Prossure in Substrate at Design Criterta
Pw = 2(2WZNPr }______. _ —

1+(ZwiZr) 100.01 kPa Caloylated Prassurs in Water st Design Criteria

IPROJEGT SUMMARY

Prossure in Watsr (Pw) kPa

~*Peak Particls Vislocity {Vr) em-s-1

Fishertes Project
Limit Design
100.0 100.01
13.0 86. ** Limit for spawning bed during period of egg incubation
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Charge Welight Calculations for a 12.0 m Sethack

Design Criteria
for
Guidelines for the Use of Explosives in or
Near Canadian Fisheries Waters
Table No. 13

Table 1 - From " Canatfian Tachnical Report of Fisharies and Aquatic Sciences 2107, 1998
Titled = “Guidelines For the Use of Explosives in Or Near Canadian Fisheries Waters”

Substrate O )] Criemes”) T Cw(cmes’) K__ | Dwigeem®) | Pw(kPu} [ PPV(mmesec”)
1 |Rock 2.64 457200 146300 503 1.00 100.00 13.00
2 |Frozen Sail 1.92 304800 148200 320 1.00 100.00 13.00
3 lioe LK.} 304800 146300 2140 1.00 100.00 13.00
4 |Saturated Soll 2,08 148300 1468300 2.13 1.00 100.00 13.00
3 {Unsaturated Soil 1.52 45700 148300 0.93 1.00 100.00 13.00
PROJECT DESIGN CRITERIA
Project Location: Bolaris Mine - Litle Camwallis lsland, Nunavut
Watar Course: Crozier Strait
Substrate: Quarry Pl Frozen Soil { Fishories Substrate Classfication )
Nature of JointingFrectures: N/A .
Cverburden: NA
Hole Depth: 2m
Expiosaive Type: Orica Powerfrac (Gelatin Dynamits)
Method of Detonation: Elsciric, biasting oap
Bubble Curtain Roquired: Yes
Tabie 13 - Caloulations for : Polarjy Mins - Littis Cornwallls Ia(and. Nunavit
Project Substrate | Dr(geem Cr{cmes") | Cw(cmes” K Dw [grem Pw (kPa Vr (mmegec”
2 _|Froxen Soil 1.92 304800 148300 3.2 1.00 100.00 13.00
£.66 |Charge Welght (k) 685 14.66 Lba/delay |
1 __INo. of Delay/Charge 10
Charge Weight/Dsiay 6.65
12.0 [Distance ko Detonation 12.00
W = DWOw 02500 ]
Zr  DrCr
Pw= P
1+(ZW2Zr}
qQr
Pr= Pw{1+2wZl} 250.0 2.50 KFa_or ZBOE+06 dynes - b imit Pw 1o 190 KPa
2(ZwZr)
Vr = 2Py | 8.64 crivs” - Ko limit Pw fo 100kPa
Drer
R = WVr 100> | 120 m_Minimum sethack distance requived 10 rediice overpressund o ks than 100 kPa
|
R = (W )V 100y T { 389 m_Minimum setback distance from & spawning area to malntain PPV @ 13 mrsoc™
Vr=100{RAWV )" * | 884 cmes” Calculated PPV wt Deaign Criteria
Vr =281
DeCr
Q‘ —
Pr = (DrCiVi)2 260E+08 Dynes _ Ceiculaied Pressure In Subkirata al Dosign Criteria
Pw = 2ZWZPr e
1+ ZewZr) kPa__ Cslculated Pressure in Watsr at Design Critena
PROJECT SUMMARY Fisheries Project
Limit Design
L?mro in Wewsir (Pw) Ka 100.0 ¥9.08
k Particle Visloaity (Vr) eme-1 13.0 85.42 ** Limit for spawning bed during period of egg incubstion
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Charge Weight Calculations for a 13.0 m Setback

Design Criteria

for

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

Tabie 1 - From * Canadian Technical Report of Fisheres and Aquatic Sciences 21077, 1963
Titled - "Guidelines For the Use of Explosives in Or Near Canadian Iisharies Waters”™

| Substrate Dr{geem™) | Cricmes™) | Cw(cmes”) K Dw (grem”™) | Pw(kPa) | PPV (mm-sec”)
1 [Rock 284 457200 146300 £EG3 1.00 100.00 1360
2  |Frozen Sail 1.92 304800 148300 3.20 1.00 100,00 13.00
3 flee 098 304800 148300 2.10 100 100.00 13.00
4  |Saturated Soil 2.08 148300 148300 243 100 100.00 13.00
5 |Unsaturated Soll 1.92 45700 145300 0.98 1.00 100.00 13.00
PROJECT DESIGN CRITERIA
Project Location: Polaris Mine - Litle Cormwallis lsiand, Nunavut
‘Water Course: Crozier Strait
Substrate: Quearry Filk Frozen Soil { Fisheries Substrate Classification )
Nature of Jointing/Fractures: WA .
Overburden; WA
Hole Depth; 2m
Explogive Type. Crica Poweifrac (Gelatin Dynamite)
Mathod of Detonation: Electric, biasting cap
Bubble Curtain Required: Yeou
Table 14 - Calculations for : Poigris Mine - Littte Cormwaliia Island, Nunavut
|Project Substrate | or [%m'_’] | Criems™) ]| Cwicms’) | K T Dwigeem™) [ PwikPa Vr (mmesec™
2 [frozen Soil 1. 304800 148300 3.2 1.00 100.00 13.00
7.81 [Charge Weight (ig) 781 1722 Lbsidelay |
1 {No. of Delays/Charge 1.0
Charge Weight/Delay 7.81
13.0 |Distance to Detonation 13.00
Zw'e DaCw D.2500
Zr  DrCr
Pw = 2AwiZnPr
1H2wZr)
or
Pr = Pw(1+{2WZ [ Z%a0 250 kPa_of ZB0E+08 dynes - fo Jimkt Pw fo 100 kFa
2@wZ1)
Vr= 28r [ 884 cmes” - & iimit Pw Io 100kPa
DrCs
R = (WHV100) I 13.0 m_Minimum sethack ciatance required fo reciuce overpressure 1o foss than 100 kPa
R= (WoyVri00) e | 422 m_Minimum setheck distance from a spawning arsa to meintain PPV € 13 mmesec
Vret00(RAW Y | 8.58 cmies” _Calculated PFV at Dasign Criteria
Vr = 2Py
PrCr
or _ —_
Pr = (Drvi)/2 | 2EGE+08 Dynes _ Calculuted Prassurs in Subsirate st Design Criberia
Pw = 2(ZwZnPr '-—'Eﬂﬁ _ .
1H2wi2r) 100, a____Calculated Pressure in Water et Deeign Criteria
[PROJECT SUMMARY Eisherles Project
Limit Design
Fressure in Water (Pw) kiPa 100.0 100.03
Particle Valackty (Vr) em-s-1]|  13.0 85.47 ** Limit for spewning bed during pariod of agg Incubation




Table 1 - From " Canadian Technical Report of Fisharies and Aguslic Sciences 2107, 1996
Titled - “Guidelines For the Use of Explosives in Or Near Canadian Fisheries Waters®

PACIFIC

!ﬁ

Design Criteria

for

Guidelines for the Usq of Explosives In or
Nesr Canadian Fisheries Waters
Table No. 18
Charge Waight Calculations for a 14.0 m Setback

Table 15 - Calculatians for :

Substrate | Dr{grem™} | Cifcmes"} | Cwicms™) K Dw (gem”) | Pw{(kPa) | PPV{mmesec’)

1 JRock 284 457200 148300 5.0 1.00 100.00 13.00
2 |Frozen Soil 182 3043800 148300 3.20 100 100,00 13.00
3 |ios 0.98 304500 346300 210 1.00 100.00 13.00
4 |Satursted Soli 2.08 148300 146300 2.3 1.00 100.00 13.00
5  |Unsaturated Soll 1.92 45700 148300 0.98 1.00 100.00 13.00

PROJECT DESIGN CRITERIA

Project Location: Paolaris Mine - Litte Comwallis {sfand, Nunavut

Water Course: Crozier Stralt

Substrate: Quarry Fill Frozen Soil { Fisheries Subsirate Classification )

Nature of Jointing/Fractures: NA .

Overburden: A

Hola Depth: 2m

Explosive Type: Crica Powerfrac (Gelatin Dynamite)

Method of Detenation: Electric, blasting cap

Bubble Curtain Flequired: Yes

Project Substrate [Drigem) | Cricmes”) | owfemw™) | K~ ]| Dwigem®) | Pw(Pa Vt (mmesac™} |
2 _|Frozen Soil 1.92 304800 148300 3.2 1.00 106.00 13.00
4.05 [Charge Weight (i) 8.05 1895 Losdslay |
1_{No. of Daiays/Charge 1.0
Charge WeightDslay 9.05
14.0 |Distance to Detonation 14.00
2w = DwQw 0.2500 |
Zr  DrCr
= (4
I+@wZr)
[ 4
Pr = PW(1+ZwiZt]) [ 2% 230 kPe_or ZEOE+08 dynes - to lkrwl Pw o 100 kFa
2{2wizr)
Vr=2Pr i 8.54 cthea - fo limit Pw 13 100kPa
Drr
R= (wWVr100 > | 14.0 m_Minimum setback distance required fo reducs overpressure io kess than 100 kPa
R (w (V00 T 454 m Minimum sethack distance from a spawhing aros to malntein PPV @ 13 mimesec
V= 100(RAW Y | 8.54 cm-s"_Caloulated PPV at Design Criteria
1= 2P
Prér
u e i b ——
Pr = (DrCrvr)/2 2.60E+06 Dynes  Caiculated Pressure it Subsirate at Design Critoria
Pw =2, i ——
_I+@wiZn) 99.97 kPa __ Calculgbed Prassure in Water st Design Criteria
OJEC Fisheries Project
Limit Design
[Pruwn in Waiter (Pw) ikPa 1000 §9.97
~Pruk Particke Velocity (V1) cm-s~1 130 8541 | Limit for spawning bed during period of egg incubation
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TECK COMINCO LTD. APPENDIX |
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Little Cornwallis Island, Nunavut

TABLE 1: Dock Thermistor Readings — August 16, 1990 (Readings in Degrees Celsius)

; South Cell South Cell North Cell North Cell

Cabig Losston West Edge Centre West Edge North Edge
Plug No. Depth (m) 507 510 488 418
1 15 -0.6 -1.9 +1.6 -1.6
2 25 -2.0 -4.0 -0.8 -3.0
3 3.5 -2.8 -5.5 -2.0 -4.3
4 4.5 -2.9 -6.7 -2.8 -5.0
5 5.5 -2.9 -7.3 -3.0 -5.4
6 6.5 -2.9 -7.6 -3.1 -5.4
7 9.25 -2.8 -5.7 -3.2 -5.5
8 12.0 -2.8 -6.9 -2.8 -4.4
9 14.75 -3.0 -5.6 -2.9 -4.3
10 17.5 -2.6 -5.0 -2.8 -3.7

TABLE 2: Dock Thermistor Readings (Thermistor Located in Centre of South Cell
of the Dock Freezing Unit, not in Operation. Temperature in Degrees Celsius)

Depth (m)

Date 1 2 3 3 5 6 7 8 9 70
January 1985 -20.3 | -15.3 -9.4 -6.1 -3.8 -2.7 -2.3 -2.1 -2.1 -2.1
June 1985 -7.5 -9.7 -10.2 -9.8 -9.2 -7.9 -4.0 -5.4 -3.4 -2.6
July 1985 -3.2 -5.7 -7.5 -7.8 -7.8 -7.3 -4.0 -5.4 -4.0 -3.4
May 1986 -17.1 -16.8 | -15.3 | -13.2 | -11.6 -9.7 -5.1 -6.9 -5.2 -4.3
December 1986 -16.8 | -12.7 | -10.2 -7.5 -6.7 -5.7 -5.0 -5.0 -4.4 -4.0
June 1987 -9.5 -11.1 -11.9 -11.6 -11.0 -10.0 -5.6 -7.6 -5.6 -4.7
July 1987 -5.0 -7.1 -8.7 -94 -9.6 N/A N/A -7.4 N/A -4.7
August 1987 -2.0 -4.5 -6.5 -7.4 -7.8 -7.8 -5.4 -6.0 -5.5 -4.6
September 1987 -1.6 -3.5 -5.0 -5.9 -6.7 -6.9 -5.2 -6.5 -5.2 -4.5
October 1987 -2.3 -3.1 -4.3 -5.0 -5.7 -6.1 -5.0 -5.8 -5.0 -4.4
November 1987 -7.5 -5.1 -4.4 -4.8 -5.2 -5.5 -4.8 -5.5 -4.9 -4.3
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