
STEFFEN ROBERTSON AND KIRSTEN 
Consulting Engineers 

STEFFEN, ROBERTSON AND KIRSTEN (B.C 

Suite 801, The Burrard Building 

1030 West Georgia Street 

Vancouver, B.C., Canada V6E 2Y3 

Tel. (604) 681-4196 Telex 04-352578 

December 10, 1986 

INC. 

825984 
Project: 62502 

Mr. T. Van Wollen 
Project Manager 
Surf Inlet Mines Ltd. 
701 - 744 West Hastings Street 
Vancouver, B.C. 
V6C 1A5 

Dear Mr. Van Wollen: 

Surf Inlet Mines Tai l ings Disposal Options 

At the request of Mr. Art Freeze we have carr ied out a preliminary 
evaluation of t a i l i n g s disposal options for the proposed Surf Inlet 
Mines project on Princess Royal Island. Our work for th i s assignment 
consisted of a v i s i t to the s i te on 31 October/1 November 1986, followed 
by an o f f i c e review of a l ternat ive disposal options and discussions with 
Norecol Environmental Consultants Ltd. The f i e l d reconnaissance was 
l imi ted to an inspection of the waste dumps and old m i l l area. An 
aer ia l inspection by hel icopter was not pract icable due to low cloud 
l e v e l . 

1.0 ORIGINAL MINE 

The prospectus report notes that "development of the Surf In let property 
began as ear ly as the turn of the century and production continued unt i l 
1926. The mine re-opened and produced gold between 1936 and 1942. In 
1946 and 1947, the Pugsley Mine was dewatered and approximately 57,000 
tons of gold ore was out l ined. The mine has remained closed since 1947. 

Surf In let Mines Ltd. has an option to re-develop the property, and the 
company has i n i t i a t e d a p r e - f e a s i b i l i t y study. Studies carr ied out to 
date ind icate that known and potential ore reserves ex i s t in both the 
Surf and Pugsley ore zones. Lower grade ore i s also ava i lable within 
the stockpi les and waste dumps which are suitable for processing. In 
addit ion, the re-processing of low grade t a i l i n g s material obtainable 
from the mouth of Paradise Creek at Bear Lake i s a possible source of 
revenue." 
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2.0 TAILING CHARACTERISTICS 

The prospectus for the Surf Inlet Mine indicates that a to ta l of 
approximately 1,300,000 tons of t a i l i n g s w i l l be produced, as a resu l t 
of processing: 

Orig inal Waste Dump 300,000 tons 
Orig inal Ta i l ings (Bear Lake) 950,000 tons 
New underground operations 57,000 tons 

Total 1,307,000 tons 

For evaluation of t a i l i n g s disposal a lternat ives we have considered that 
an addit ional 1,000,000 tons of t a i l i ng s may become avai lable from 
future underground mining operations. Hence the to ta l t a i l i n g s for the 
project may amount to approximately 2,300,000 tons. 

It i s proposed that the m i l l w i l l operate at 300 tons/day. Consequently 
for planning purposes the mine l i f e may range from 12 to 22 years. 

Recent studies indicate the t a i l i n g s w i l l not be acid generating and 
w i l l not contain cyanide, mercury or arsenic. Recent water qua l i ty 
tes t s , by Norecol Environmental Consultants L td . , performed on samples 
taken from below the ex i s t ing waste rock dumps indicate the rock i s not 
acid generating. 

Based upon processing 1,300,000 or 2,300,000 tons, and an assumed 
set t led dry density of 1440 kg/m , the tota l volume of t a i l i n g s i s 
estimated to occupy approximately 800,000 or 1,500,000 cubic metres. 

We understand the t a i l i n g s from the w i l l contain at least 60% passing 
the #200 sieve s i ze . 

3.0 TAILINGS STORAGE OPTIONS 

3.1 S ites Considered 

A general layout plan of the project area i s shown on drawing 62502-1. 
The fol lowing s i tes have been considered for possible t a i l i n g s storage. 

M i l l S i te \ ( a > ^ ^ / 7 - ) land disposal on the west- facing 
side h i l l slope, immediately down 
h i l l of the old mine 

Paradise Fan - land disposal on the south- facing 
co l l u v i a l fan approximately 700 m 
east of the old mine 

Paradise Creek Val ley - land disposal along the north side 
of the Paradise Creek Val ley 

Paradise Lake - underwater disposal 

Bear Lake - underwater disposal / \ > v 



3.2 M i l l S i t e : Side H i l l impoundment 

Estimated Storage Volume: 950,000 m̂  
Estimated Embankment Volume: 1,700,000 nr 
Proposed Impoundment Crest: elev. 100 m 

Physical Features of the S i te : 

Heavily treed west-facing slope immediately south of mine; slope ranges 
from approximately 5H to IV to 2.5H to IV. A veneer of g l a c i a l moraine 
deposits over l i e bedrock. Bedrock i s expected to be with in a few metres 
from ground surface. The toe of the proposed embankment may encroach 
upon Paradise Creek. Intermittent creek(s) drain south across the area. 
There i s evidence of old rock fa l l s and debris flows on the east side of 
Paradise Creek. 

3.3 Paradise Fan: S i deh i l l Impoundment 

Estimated Storage Volume: 1,200,000 nr! 
Estimated Embankment Volume: 1,300,000 nr 
Proposed Impoundment Crest: elev. 100 m 

Physical Features of the S i te : 

Heavily treed south-facing slope approximately 700 m east of mine, 
formed as a fan from two mountain creeks which drain into Paradise Lake. 
Slopes t y p i c a l l y are about 5H to IV. S u r f i c i a l s o i l s consist of 
c o l l u v i a l sands, gravels and boulders of unknown depth. The two main 
creeks which form the fan are presently s ituated along the east and west 
boundaries. There i s evidence of numerous drainage and outwash channels 
within the fan. 

We ant ic ipate that granular materials deposited in the fan are in a 
loose to medium dense state. Consequently they may be susceptible to 
l iquefact ion during an earthquake, which would af fect the i n teg r i t y of a 
t a i l i n g s impoundment at th i s s i t e . 

3.4 Paradise Val ley: S i deh i l l Impoundment 

Estimated Storage Volume: 2,000,000 nr? 
Estimated Embankment Volume: 2,700,000 nr 
Proposed Impoundment Crest Elevation: 90 m 

Physical Features of the S i t e : 

Heavily treed south-facing slope in Paradise Creek Val ley, west of mine 
s i t e . The h i l l s i d e Slope ranges from about 8V to 1 NV 2V to 1. 
Channels of Paradise Creek occupy the va l ley f l o o r . A s i t e located, 
the north-facing slope of Paradise Val ley would have s im i l a r 
cha rac te r i s t i c s . 
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3.5 Paradise Lake: Underwater Disposal 

Lake Depth: unknown 
Lake area: in excess of 600,000 m 

If we assume that the average depth of Paradise Lake i s 15 m, deposition 
of 800,000 nr of t a i l i n g s into the lake would occupy about 10% of the 
lake volume, or about 20% for 1,500,000 nr of t a i l i n g s . 

3.6 Bear Lake: Underwater Disposal 

Lake depth depth 24 m measured at outflow to Paradise Creek. 
Lake area in excess of 5,000,000 nr. 

The mouth of Paradise Creek presently contains t a i l i n g s deposited during 
1926 to 1942. The prospectus for the new mine plan includes reclaiming 
these old t a i l i n g s . Hence, Bear Lake w i l l be disturbed as a resu l t of 
dredging the ex i s t ing t a i l i n g s . 

It was assumed that the average depth of Bear Lake i s 15 m, deposition 
of 800,000 nr of t a i l i n g s would occupy about 1% of the lake volumes, or 
about 2% for 1,500,000 m3 of t a i l i n g s . 

4.0 DISCUSSION 

4.1 On-Land Disposal 

The topography on Princess Royal Island i s rugged mountainous t e r r a i n , 
with steep va l ley wal l s . The s u r f i c i a l s o i l s in the lower elevations 
consist of g l a c i a l moraine deposits and co l l u v i a l fans overlying 
bedrock. The is land i s covered by numerous lakes and mountain creeks. 
The area i s subject to high p rec ip i ta t i on . Nearby records indicate the 
to ta l annual p rec ip i ta t ion i s of the order of 2000 mm, with a maximum 
24-hr. p rec ip i ta t i on of 100 mm. The records indicate that measurable 
p rec ip i t a t i on f a l l s about 200 days annually. The volume of water 
carr ied in the mountain creeks w i l l vary considerably throughout the 
year. In the study area the mountain creeks carry large boulders and 
cobbles and there i s evidence of l a te ra l creek bed movements. 

Consequently any on-land t a i l i n g s impoundment f a c i l i t y has to be 
designed to cope with the natural hazards of the area, both during 
mining operation and a f ter clos ing down the mine. These natural hazards 
are high p rec i p i t a t i on , active mountain creeks, rock f a l l s and debris 
s i ides. 

Princess Royal Island i s situated in the area of high seismic r i s k , 
consequently impoundment embankments would require to be designed to 
withstand high seismic shocks. 

4.2 Ta i l ings Storage Capacities / 

As noted in Section 2.0* the required storage capacit ies are 
approximately 800,000 nr for the present needs with a possible extension 
to 1,500,000 nr for a continuation of underground mining operations. 



Estimated storage capacit ies and embankment volumes for the t a i l i n g 
so l ids for the three on-land t a i l i n g a l ternat ives and natural hazards 
for each s i t e are summarized on the attached tab le. Included on the 
table is information on underwater disposal in e i ther Paradise or Bear 
Lakes which indicate the probable depth of deposits and a percentage of 
lake bed area that may be affected by underwater d i sposa l . 

The data included in the table i s considered su i tab le, at th i s time, for 
comparing t a i l i n g s deposition a l ternat ives. We believe that for on-land 
di sposal: 

Paradise Fan should be_eliminatejLfrom consideration due to the 
highly act ive creek a c t i v i t y on the fan which could conceivably 
wash the impounded into Paradise Lake and the potent ia l for 
l i quefact ion of the subsoils in the a l l u v i a l fan deposits. 

M i l l S i te has the only capacity for the proposed i n i t i a l mining 
operations. A second s i t e w i l l be required fo r i f underground 
mining i s re-act ivatedT 

Paradise Valley could have the capacity for the to ta l proposed 
mining operations. Relocat iojwnd controljpX^araclULsjeJlr£.ek w i l l 
be necessary. 

The pre! iminary study does .indicate, that ut i 1 i zat ion of any_._of_the__on-
land di sposal s i tes wiJJL_x?q u j- r e - i a ^ quant it ies._of_suj_t.able_b.o.rrow 
i M t e r i a T s ^ The estimated volume in the 
embankment i s about thei same"asTthe volume of stored t a i l i n g s . The m i l l 
grind w i l l produce t a i l i n g s with at least 60% passing the #200 sieve 
s ize which i s considered not suitable for embankment construction. Our 
preliminary reconnaissance of the study area indicates that the Paradise 
Fan i s the only potential and pract ica l source of borrow mater ia l . We 
estimate that u t i l i z a t i o n of the co l l u v i a l deposits in the Paradise Fan 
s i t e may provide about 2,400,000 cu nr. Development of this~~active Tan, 
however, i s l i k e l y to cause major^Mdes_into Paradise Lake af ter 
removal of mater ia ls. ~ 

For underwater disposal, only Paradise and Bear Lakes are conveniently 
located close to the mine. 

I f Paradise Lake was used, most of the lake area upstream of the 
Paradise Creek outlet could be u t i l i z e d for t a i l i n g s d i sposa l . We 
believe that by careful management of t a i l i n g s deposition a minimum 
water depth of about 10 m may be possible a f te r mining. The f i sh ing 
values would be destroyed during t a i l i n g s deposit ion. Based upon 
experience at Bear Lake, however, we believe that Paradise Lake can be 
rehab i l i t a ted af ter mine closure. The Paradise Creek out let provides 
the s ingle discharge point to monitor water qua l i ty to ensure that the 
required standards are met. 

Bear Lake was h i s t o r i c a l l y used for t a i l i n g s disposal and i t has a.*N 
f i shery value today. Dredging of the o r i g ina l t a i l i n g deposits w j l l / ^ V 
d isturb the lake. Depositing t a i l i n g s into Bear lake would onTApcVl^y 



a r e l a t i v e l y small volume of the lake capacity. There i s , however, the 
p o s s i b i l i t y that water qual i ty standards may be more d i f f i c u l t to 
control and achieve over th i s large body of water~during mining 
operations. 

5.0 CONCLUSIONS AND RECOMMENDATIONS 

A preliminary reconnaissance has been made at the Surf Inlet Mines 
project to establ i sh potential s i tes for t a i l i n g s storage. We 
understand the t a i l i n g s w i l l not generate acid or tox ic wastes. Three 
s i tes for on-land disposal were i den t i f i ed and two lakes for underwater 
d isposal . 

For on-land disposal the rugged topography and mountain creeks in the 
study area permits only the use of s i d e h i l l impoundments. The Paradise 
Val ley s i t e i s considered to be the only possible s i t e for an on land 
t a i l i n g s impoundment. Development of th i s s i t e w i l l require large 
quantit ies of borrow mater ia l , (approximately 2,000,000 n r ) , i t has the 
potential storage capacity for 800,000 nr and further extension to in 
excess of 1,500,000 nr. almost equal to the estimated volume of 
t a i l i n g s . At present, the only i den t i f i ed borrow material i s the 
Paradise Fan. Development of the fan i s expected to be d i f f i c u l t due to 
the presence of two mountain creeks which^carry materials onto the fan. 

For underwater d isposal , e ither Paradise and Bear Lake could be used. 
Disposal of t a i l i n g s into lakes is presentfnjg not read i l y accepted by 
the regulatory agencies. Consequently any^Take disposal scheme would 
include a careful study of the hydrology, bathymetry, and water qua l i ty 
of the lake. 

At th i s stage, before more detai led studies are made on e i ther land or 
lake d i sposa l , we recommend the contents of th i s prel iminary evaluation 
be reviewed by yourselves and Norecol Environmental Consultants Ltd. 
Following th i s review, we believe i t would then be prudent to meet with 
the necessary government agencies and obtain t he i r input on both land 
and lake disposal a l ternat ives. 

Yours t r u l y , 

STEFFEN ROBERTSON & KIRSTEN (B.C.) INC. 

J.W. Gadsby, P.Eng. 
Director 



T A I L I N G 
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IMPOUNDMENT E L E V A T I O N 

TYPE AT CREST 

EST IMATED 

STORAGE 

C A P A C I T Y 

(M3) 

EST IMATED EMBANKMENT 

VOLUME (M3) 
REMARKS 

M i l l s i t e S i d e h i l l 100 m 9 5 0 , 0 0 0 1 , 7 0 0 , 0 0 0 - t o e c l o s e to P a r a d i s e C r eek 

„ 9 
• r e c e i v e s u p h i 11 d r a i n a g e 

• e v i d e n c e of r o c k f a I 1 t 0 t h e 

wes t 

P a r a d i s e S i d e h i l l 100 m 1 , 2 0 0 , 0 0 0 1 , 3 0 0 , 0 0 0 - l o c a t e d on a c t i v e f a n w i t h two 

Fan m o u n t a i n c r e e k s w i t h e v i de nee of 

c r e e k s m e a n d e r i n g o v e r t he f a n 

P a r a d i s e 

V a I l e y 

S i d e h i l l 9 0 m 2 , 0 0 0 , 0 0 0 2 , 7 0 0 , 0 0 0 
• c o n t r o l o f P a r a d i s e C r e e k c h a n 

n e l r e q u i r e d 

• r e c e i v e s u p h i l l d r a i n a g e 

e v i d e n c e of r o c k f a l l t o t h e 

e a s t 

L a k e 

D e p t h 

S u r f a c e 

A r e a (M2) 

P a r a d i s e unknown 6 0 0 , 0 0 0 U n d e r w a t e r D e p o s i t i o n 

L a k e o f 8 0 0 , 0 0 0 m3 d e p o s i t 

w o u l d l e a v e a d e p o s i t 

a b o u t 1.3 m t h i c k and 

1 , 5 0 0 , 0 0 0 m3 a b o u t 

2.5 m t h i c k 

S e a r L a k e U n d e r w a t e r 24 m at 5 , 0 0 0 , 0 0 0 D e p o s i t i o n of 8 0 0 , 0 0 0 

o u t f l o w m by 1 m t h i c k u i I I 

of P a r - c o v e r a p p r o x i m a t e l y 

a d i s e 16% of l a k e b e d , and 

C r e e k 1 , 5 0 0 , 0 0 0 m3 a p p r o x i ­

m a t e l y 30% of the 

l a k e b e d . 

L a k e n o t p r e v i o u s l y d i s t u r b e d 

L a k e p r e v i o u s l y d i s t u r b e d by de 

p o s i t i o n of t a i l i n g s up to 1942 

P r e s e n t p r o s p e c t u s r e q u i r e s r e ­

m o v a l of a p p r o x i m a t e l y 9 5 0 , 0 0 0 

t o n s of t a i l i n g s w h i c h w i l l d i s 

t u r b t h e l a k e . 


