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Silver Queen Property - General Information

A. Introduction

A.1  Location and Access

The Silver Queen Mine of New Nadina Explorations Ltd., is

located on the east side of Owen Lake 43.5 km southwest from

 Highway 16 and Houston British Columbia. Access is via paved
road 4 km westerly along Highway 16 from Houston and then
over well maintained gravel surfaced Morice-Owen forestry
road.

A general location map for the property is provided in Figure A.1.

A.2  Property Definition

New Nadina Explorations Ltd., owns 125 claim units plus 17
crown granted mineral claims. The property is in open rolling
ranch -land and. scrub timber east of Owen Lake with maximum
relief of about 160m. Much of the area is open grassland
with stands of pine and spruce near the lake. The property

is mantled by unconsolidated glacial till. Outcrops are
sparse except in the area of Wrinch Canyon.
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History

Minevralization was first discovered in the Owen Lake camp in 1912,
Addicional showings were located and sporadic exploration and mining
took place until 1923 when significant tunnelling was completed on
the Wrinch Canyon veins. 1n 1928 the whole camp was optioned and
extensive programmes of shaft sinking and tunnelling were completed
including the driving of the Earl adit cross cut for 3,000 feet.
Canex (Placer Development) acquired control of the bulk of the
property in 1941 and carried out sporadic explorationm until 1947,
Nadina Explorations optioned the Canex claims in 1963 and began

an agressive programme of surface and underground exploration which
continued until 1967 when the property was optioned to Kennco. At
the same time Frontier Exploration Ltd. had been exploring the
Diamond Belle and related prospects in the eastern half of the
Owen Lake camp. Kennco carried out geochemical and geophysical
surveys and diamond drilling in the search for a porphyry copper
deposit until the end of 1967 when they dropped the option. Nadina
continued exploration and drilling until 1970 when Northgate
Explorations opticned both the Nadina and Frontier ground. After
an extensive programme of drilling Northgate dropped their option
the next year. In 1971 the Bradina Joint Venture was formed and
the property went into production at 500 tons per day in 1972.
Problems with mining and metallurgy forced the project to shut
down in late 1973 after approximately 200,000 tons of material had
been put through the mill. Nadina and Frontier, latterly New Nadina
and Bulkley Silver continued exploration on both properties until
1985 when Bulkley optioned the New Nadina ground and put the entire

camp under one management.
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AM Mapping

A surface plan map for the property is provided in Appendix I. The location usced for
collection of adit drainage samples in the Site Remediation Program, outlined in the next
section of this report, is marked as Location A.

iv




" Silver Queen Propert
1.0 Appmach

- develop a passive system for treating zinc rich adit drainage prior to release
has involved a combination of lab and field studies aimed at characterizing the

“follows:

2.0 Adit Dralnage Hydrology and Cliemieal Characteristics

Site Remediation Pro eci j

The approach taken for site remedlatxon at the Silver Queen property has béen to
This

o

drainage and evaluatmg zmc removal usmg lxmestone The work conducted td date, '

1. - A gauging device was s'et-up downstream of the "adit pond’, which consjists of

a2 90 degree V notch weir set Into the stream bed. The weir heilght is
_tecorded and used to calculate flow using a standard weir formula.] This
‘device was set up in late March prior to sprmg run-off

2. Flow measurement and samplmg commenced on April 2 and contmued every

'2-3 days during April and May. Sampling frequency dropped back to \-'(eekry S
“in June, July and August, All samples are submitted to ASL Labs for pH
- plus total and dissolved copper, iron and zine,

3. ’The results from this sampling program are prmnded it Tables 1 thro gh 4,

" Flowrates, zinc concentration and zinc 1oading data for the Apnl 2 to July 25
o period are plotted in Figare 1. This data has verified the previous respits in
~ that flows, zinc concentration and zinc loading increase rapidly peak during
- the first few weeks of spring run-off and drop steadily in the summer months,
Zine concentration reached a peak of 49.3 mg/L on April 15 and had
- dropped to 5.77 mg/L by July 25, Based on previous years resu!tsgnxt is
- anticipated that the total zinc concentration will remam in the 3-5 mg/L
range during the summer,

3 0 Lab Studles

Bench studies were conducted on a 40 L sample of adlt drainage colleCted oy May .
- 15. The analytical results for tlus sample were as follows, |

T.W.HIG_GS,}M.E.Sc., P.Eng




Table 1 Adit Dramage Results 1991 Sllver Queen Property
April, 1991
Month April T . _ R : B )
. 1Date . 2 3. 5 7 9 11 13 15 17 19 21 23 25 27 29
Fiow — Us 62 68 57 60 85 74 83 80 104 90 95 68 )2 88 93
_ m3lday 533 512 493 515 734 638 719 632 900 777 82 T2 92 -'T7e2  §07
Weir Height  cm’ 11.36 1117 11 11.2 129 122 128 126 14 132 135 131 33 131 134
Field pH 76 78 78 75 76 15 73 73 73 73 73 i3 13 73 713
LabpH : 779 755 745 733 72 742 711 708 7A7 747 72 i2 13 728 7.35
Conductivity umhos/cm 1480 1520 1580 1650 1620 1840 1650 1680 1520 1600 1510 1550 140 1540 1550
Sulfate 722 787 806 926 948 - 951 942 963 852 927 825 M9 21 490 463
Copper 0.07 0.126 0.383 0.792 123 143 1.4 154 1.28 165 116 112 05 1.09 0.869 .
“|iron 149 138 427 109 162 18 176 173 133 155 123 13 21 121 9.27|
Zine 3.37 975 188 366 388 372 414 493 464 562 403 i1 99 382 362
Copper 0.002 0.038 0.042 0.043 0.041 0.044 -0.051 0.062 0.062 0.075 0.050 0.063 0.57 0.045 0.054.
Iron L0.03 L0.03 10.03 10.03 L0.03 L0.03 L0.03 L0O.03 L0.03 L0.03 L0.03 LOS LO3 LO.O3 LO.03
Zinc 248 9.06 149 206 333 277 293 379 366 457 338 ¥4 38 287 208
Loading T - - |
Total Zine  ko/d 1.8 . 50 9.3 189 285 237 298 341 418 437 331 913 24 281 202
Dissolved Zinc kg/d 1.3 46 7.3 106 244 177 211 262 829 355 278 2i9 1.8 219 24.0
Total Won kg/d 08 07 21 56 119 M5 127 120 120 120 104 99 86 92 . 75
Tota! Copper kg/d 004 006 019 041 090 091 101 107 115 128 095 08 83 083 070
__Allesults expressed in mo/L unless otherwize noted
\» . T o '
/ ™
/ \\\ ) ( ) .
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" Table 2 Adit Dramage Results 1991 - lever Queen Property

May1991
~ |Month ‘ May - : ' _— L
Date - 1 3 5 7 8 11 13 15 16 20 23 30
Flow Us 72 74 78 72 74 71 71 104 NA NA NA_ NA
_ , | mdday | 625 612 678 625 638 612 612 900 NA NA NA NA
‘[Weir Height cm 121 12 125 121 122 12 12 14 NA  NA NA NA
Field pH R 73 77 77 76 76 75 75 75 . NA NA NA NA
tabpH - _ 744 754 754 T61 76T 7.7 T69 T67 T4 TA4 747 7.48
_|Conductivity  umhos/cm | 1530 1500 1430 1490 1470 1470 1470 1460 1480 1440 1440 1440
 |Sultate - | 444 442 450 1340 1020 1080 1220 1280 ' 436 412 385 386
|Copper | 0.833 0.778 1.06° 0.62 0573 0.583 0.52 0426 0242 0.209 0.159 0.178
Wwon -~ - [.862 788 104 554 436 422 336 343 0242 264 26 3.62
|gime ' | 331 324 304 266 237 229 221 208 7.8 178 156 129
Copper ~ |00 0.05 0063 0.069 0069 0.083 0.076 0.071 0.04 0.031 0.038 0.037
ron -+ |L0.03 L0.03 LC.O3 0.039 LO.03 10.03 L0.03 L0.03 £0.03 L0.03 L0.03 L0.03|
Zing S 238 226 238 234 20 207 204 20 141 137 124 948
[Totat Zinc - kg/d | 207 198 206 166 153 140 135 187
|Dissolved Zine ~ kgyd 149 138 161 146 128 127 125 180
Total lron kg/d = [ 54 48 71 35 28 26 21 31
~ |Total Copper kg/d 533 482 072 039 037 0. 36 0.32 o.sa
.- Al results expressed._in_mg/L unless.otherwize_noted
() Y
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Adit Drainage Results 1991 - Siive

Total Copper ko/d

3.09

. 205

Table 3 r Queen Property
‘ . June 1991 o -
Month . Juna : ‘ ' o
Date 6. 13 20 27
Flow ' Us 9.9 9.5 87 95
. m3iday - 853 822 748 - 822
WeirHeight =  cm 13.7 13.5 13 13.5
Field pH 7.8 7.5 7.7 7.9
tabpH 765 772 7.7 7.86
Conductivity. umhos/em| - 1420 1440 1440 1450
Sulfate _ 723 710 . 691 692
Total Metals = E -
Copper 0.207 0189  0.182  0.123 |
_|tron _ .. 8.62 359 | 299 2.58°
|zZine S 956  8.49 7.38 6.98
Dissolved Metals S S
Copper 10023 0019 0023 0019}
won L0.03 10.03 0.033 L0.03
|zine 9.05 . - 6.96 64 618
Loading . : L L S .
TotalZinc~  kg/d 8.2 . 70 - 6.5 57|
Dissolved Zinc = kg/d - 7.7 5.7 4.8 51
Total Iron. ‘kgrd 341 3.0 2.2 21
0.14 0.10

_.._Allresults expressed in mg/L unless otherwize_noted__



Total Copper

Table 4 Adit Dramage Resurts 1991 - Silver Queen Property
' July 1391 o
Month - July ‘
Date - 4 11 18 25
Flow Us : 8.7 8.7 8.7 8.7
m3/day 748 748 - 748 748
Weir Height *~ em = - 13 13 13 13}
Field pH : :
LabpH R 7.96 7.64 7.77 7.78
- |Conductivity © umhosicm 1440 1440 . 1450 1440 |
. [Sulfate ‘718 725 703 696
Total Metals . e
|Copper 0204 0,42 0.161  .0.139
Iron 29 2.44 2.41 2.14
Zinc '7.48 522 619 5.77
" |Dissolved Metals o B '
Copper 0,013 0.011 0.027 0.02
lron - L0.03 L0.03 L0.03 10.03
Zing 3.95 293 - 377 3.9
{loaging : _ _ L .
Total Zine . kg/d 5.6 39 48 4.3
Dissolved Zinc kg/d 3.0 2.2 . 28 29 |
- |Total tron  kgid 22 18 1.8 1.6 |
kgfd 217 1.82 0.12 0.10

N

: 'A!l_r.asi@lts_.exptésse&.in,mg{kunless_om.etwize.nated
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“ Silver Queen Property - Adit Dralnage
~.*..  Gomparlson of Flows and Loading
R April = July 1991

Flows m3/d Zing Coh , & L'oadin
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Adit Drainage _May 15/91_ L
f:o S 186
nductivity 1420 - umhos/cm
Sulphate ~ - | o T6 SO4mg/L
B 'gotai Metals 02'16.' . ./L i
{ Copper. - - L _ m B
Iron 1.25 mg/L_
Zinc _ 170 mg/L
Dissolved Metals c B
- Copper o ' .. 0072 . mg/L
Iron o L0030 = mg/L
| Zine o 144 - mg/L
Prehmmary bench tests cOndncted usmg this sample showed that both sodium

carbonate and limestone were capable of reducing zine to acceptable levels. ‘After

receipt of the tests results from the bench tests, a column expenment was. sett sup to
- measure the ab:hty of limestone to remove z:nc, as follows,

g
Gramular dolomitic limestone (37% MgCOs) was- screened to genera:e m:jtenal

with a uniform size gradation ( - 12 to + 20 mesh). Sieve analyses were con ucted
- and used to calculate a surface area for the material of 159 m2/kg, (assyming

spherical particles) A cumulative sxze d:strfbuuon plot from the sieve analyses is
prowded in Figure 2. ‘ :

 The column c0n515ted of al8m length of 21 mm LD, PVC pipe (nommal ?/4") |

The column was packed wet to a height of 1600 mm with the dolomitic limestone
The bed was supported by glass wool inserted above a flow control stopcock valve

~ “attached to the bottom of the column.

A comtam head apparatus was set up usmg a reservoir and circulanng purnp, The
flow through the column was adjusted to between 0.8 and 1.5 mL/min equivalent to
3 - 5 empty bed volumes (BV)/day. A series of samples were collected at rj

intervals over a 25 day period and submitted to ASL Labs for total copper, n-oh and
zinc. The results for copper and zine analyses are plotted in Figures 3 and 4, Since
the initial copper concentration was low, very little change was noticed. The zine
concentration however appeared to trend upwards after the first 20 bed volumes

and then drop steadily reaching 0.238 mg/L after 88 BV, It as observed that the
‘samples collected at the 20 BV mark contained a minor amount of SOhdv.,

T.W.HIGGS, M.E Sc,, P.Eng
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* potentially explaining the results obtained. At the terminanon of the expenment all

samples were completely clear,

After 88 BV the “column was removing 98.6 % of the zinc in the feed thhout any

'detenorauon in treatment effici icfency. -
4,0 ‘Fleld Studies ' 8
Bach on successful completlon of the bench tests a large column was constructed to

pilot test the process under field conditions. This.column was constructed using a
1.8 m length of 150 mm diameter PVC pipe containing an internal perforated grid

to support the media and a valve attached to g cap at the bottom of the column to

control flow, The column was mstalled on site on July 31. A bed of 1(‘5I m of
screened dolomitic limestone was added to. the column. = Adit drainage was fed

- directly to the top of the column from a road culvert near the adit, using a length of
- -parden hose. The flowrate through the column was set at approximately 100

mL/min, equivalent to S BV/day, The analytical results for an initial sample,
collected after 24 hours (5 BV) are.as follows

‘Piloé Column Efflyent Aug1/91

pH | o S 7
Conductivity o 1450 - umhos/em

| Sulphate =~ IR REE-T< I SO4 mg/L
ggtal Metals o 0.007 "

: er C 007 ~ mg

Irogp o : S 1.0.030 - mg/L

Zingc S o - 0.156 mg/L
Dissolved Metals | | o '

Copper = : ST 0.007 - mg/L ‘
Iron - . 1.0.030 mg/L v
Zinc - o o - 0.155 -~ mg/L S

Based on samples collectcd on July 25 the column feed concentranon was assumed
to be in the 5-7 mg/L range suggestmg that the column was removmg 97.2 % of the
zing,

* T.W.HIGGS, M.E.Sc,, P.Eng
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5.0 Schedule A

Based on the results obtained with the initial sample, it is anuctpatcd that the

hydraulic loading to the column can be increased potentially to 10 BV/day A
decision on this will be made on receipt of additional results. At this point it is

" anticipated that potentially 300 BV will be processed. through the column prior to
- freeze up, giving a good indication of the feasxbthty of the process.

6.0 Recommendatnons

Vﬂe‘ildcs site remediation using a passwe hmestone Systcm, there several other

altematwes for snte remed1at10n that need to be considered

6.1 Comtmcnon ofAdzt Bulkhead

A bulkhead could be constructed in the adit, which would potentna!ly ﬂood the

workings, eliminate acid generation and the release of zinc. The success of this

~measure would depend on what elevation(s) in the workings that acid generation is
taking place and on what elevation the workings would flood to once the bulkhead is

in place. Whether a bulkhead provides complete elimination of acid generalion or
not, it would still provide a means of equalizing flows and loadings. The liquid level
behind the bulkhead could be drawn down in the fall so -as to provide storage for
spring meltwater. The release of water from behind the bulkhead could therefore
be controlled to ensure that maximum dilution s available in the receiving
environment, The actual storage available in the workmgs would have to be
determined to evaluate this option

- 6.2 Dowm:ream Trec'ztmem

It may be posszble to construct a pond lower down on the property that would -
intercept adit drainage and provide equalized loading to a treatment system sich as

a limestone bed. This arrangement could take advantage of any renovation that is

occurring naturally as the drainage moves through the ground prior to surfacing In |
Wrinch Creek. The discharge from this pond or treatment system would then
_ cffecﬁvely become the “last point of control" \

6. 3 Mme Reacnvatzon

_ Upon reactivation of the mine, the current adit dramage w0uld no longcr be a

major concern since potentiaily it would be incorporated in the mine water and

either be treated in the mill or dtschargcd to the talhngs pond depending on zine

concentratlon

- T.W.HIGGS, M.E Sc,, P.Eng
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* Dus Diligence Eavironmental Audit of Commercial Property, Annacis Island B.C.- Eurclnvestors Inc.

* Review of Process Chemiatry for Stabilization of Special Wast:s from Aluminum Sulphate Plant, Westcoast

Tae,

Energy
- * Technical Assessment of Sludge and Special Wastes Disposal fom Dryclca.uing Facility » Ace of Suedes,

“Vancouver, B.C,

* Asgessment of Bmdcgndabﬂxw of Selected Commercial Detergents - Planct Products.
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* Procsss Davntnpment and Bvaluatien of Irou Rcmuvul Synem, Westcoast Trammssion, Kobcs

* Process Evaluation of Acrated Stabilization Bagin Installntxon at Paperboard Industries - Hipp Engineering.

- * Evaluation of Process Treatment Alternatives - Quesnel River Pulp Company « Hipp Enginesring, -
- * Evaluation of Outfall Difution Characteristics of Expanded CTMP/TMP Mill - Qucsnel River Pulp Co:npany, _

Hipp Engincoring Ltd, o

* Bualuation of Organcchloslus und Dioxing from Celgar Pulp Company, Castlegar,B.C, for
- Keenleyside Project, B C Hydro.

h MUNICIPAL _
: * Mugicipal Wastewntsr Treatment Plant Toxicity Evaluations Enwonmental Protection Semce,

Pacific Region,

-~ * Supervision and Operation of PhysicaJ/Chamical Pilot Plant Involving Actxvated Carbon, Sand Filtration,

- Casbon Regeneration, Ion Bmha.nge and Powder Activated Carbon. Research Bra.uch, Ogtario Minlstry of -
Eavironment,

* Investigation of Alum, Lune, Ferric Chloride, Ferrous Sulphate Use for Fhosphorous Removal at On:ano

' Mumdpal Treatment Plants, Research Branch, Ontario Ministry of Environment,
* Evaluation of Snowmaking /Freeze Concentration Proeess for Disposal of Lagoon Effluant, Kobe;,B C. .
* Evaluation of Water Quality Impact of Municipal Discharge on Okanagan Lake - Okanagan Indian Band - I
and Okanagan Save Our Lakes Soclaty S

* Evaluation of Water Quality Impact of Septlc Tank Di:charge on ane anironment Bowen Ialand, B.C,

J. Rich,
* Tracer Study and Evaluation of Outfall Dilution Patterns,Campbell River,
- B.C.Environmental Protection Service. .
* Grouadwater Tracer Study Four Mile Villnge, Bella Coola Indian Band.-

Compreasor Station, Kobes, B.C.

* Process Evaluation of Iron Removal System, B.C. Hyd:o. Burtos, B.C,

* Water Quality/Corrosion Evaluation, Alr Conditioning System, Oakridgs Shopping Centre,
Dealgn and Fabrication Supervision of Ixrigation Pump Station Desanding Eqmpmcnt Sunnym:de
- Agrico Ltd, Lillooet, B.C.
# Floating Pump Statlon Deszgn for Ansham Agncull'ural Soctety, Alexis Creok B. C.

AQUACULTURE

* Water Quality Assessment for Hotham Sound Huchety. Pacific Aquafoods, -

* Water Quality On-sits Analyses at Salmonid Enhancement Sites - Fisherics and Oceans, Canada,

* Shollfish Water Quality Program ; Treatment plant cvaluations, Environment Canada, Pacific Region,

; Manage:&nt and Operation of Oyster Patrm . Draytoa Hubor, Blaine, Washington Neptune Aquafarms
nternatio: : ‘

* Research and Dm!opment of New Aquaculture Feed from Fish Offal - Bion Resgearch Inc,

- ¥ Evaluatien of Cryogenic Froezing Process for Whole Sheﬂstock Oyutcrl Ncptune Aqua!axms

International.
. Eva!uation of Cold Smoke.d Oyster Proccsa Margetis Fish Co,
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‘ SEMINARS AND WORKSHOPS

¥ Presonted Paper entitled * Metals Removal Technology for Gold Mill Eﬁlucnt at Go!d Mill Effluent
Treatment Seminar spomared by Environmeat Canada, B C. Minmtry of Environment and EMR, January 1989,

Vancouver, B.C,

* Prosented Paper entitled " Use and Control of Cyanide in the Gold Mming Industry" at the Yukon Science
Institute’s Yukon Water Conference, March,1989, Whitehorse, 'Yukcn. .

*Presented talk on Cynnide Chemistry, Treatment and Disposa) at 8 Heap Leachmg Seminar. 17th Annual

Geosciencs Scieaca Forum, November, 1989, Whatuhorse, Yukon.

* Preaented Treatment Section of Add Mine Draingg; Short Course sponsored by the Mining Associanon of
B Cy Decr.mbcr, 1989 and Februa.ry 1990, _

* Preuntad Paper enﬁtled, AMD Trcatmcnt Plant Sludge Chemlcal Stability and Disposal Considerations”
at Acld Mine Drainago Confcroncc, GAC/MC Jolnt Annual Moeﬁng, Vancouver, May 18,1990 -

| -WORK HISTORY |
. Jum 1987 to Prosent: T W Higgs. Auocxatu Ltd,, Vmcouvcr, B.C.

¥ Nov 1986 to June 1987: Self Bmployed Consnlting Engineer - Contractcd to Sigma Ensincenng.
Yancouver, B.C,

* Jan 1986 to Present: Presidont and Manager of Bioﬁ Rescarch, Van_couver. B.C.

-Augwmonms& SlgxhaEnginéeﬁnthd.,Vmouv:r, B.C.

¥ Oct 1975 to Aug 1977; Environmental Protoction Servics, West Vancouver, B.C.

*1972-1975: Resoarch Branch, Ontarlo Ministry of Eavironment, Teronto, Oataric.
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FAX TRANSMITTAL -

FROM: T WHIGGS ASSOCIATES LTD
: 612-1200 W PENDER ST
VANCOUVER,BC
V6E 289

TEL: 604-688-8939
FAX: 604-688-9502

TO: George Stewart
Fax 1-445-6177

MFSSAGE : Attached is my report on the site remedlatlon work to date. My 1

FILE:3S4

DATE:24 August 1991

Time:12:16 ,
NUMBER OF PAGES: J
(INCLUDING THIS PAGE)

invoices to date were for $2278.88 to the end of January and § 4680.37 to the

end of June for a total of $6959. 25 I have not completed an invoice for July axl d
Augmt as yet but I would estimate that it will be approxlmatcly $3200 - 3500. 1

trust thxs report meets your requirements,

W0
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Appendix |

Silver Queen Mine
Surface Plan
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