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1. INTRODUCTION 

Th i s r epo r t desc r i bes the rock mechanics, geo techn i ca l and hydrogeo log i ca l s t u 
d i es c a r r i e d out to prepare p r e l i m i n a r y open p i t s lope and waste dump des ign 
g u i d e l i n e s , and to eva lua te foundat ion c o n d i t i o n s f o r p o s s i b l e waste dump and 
t a i l i n g s pond s i t e s f o r the proposed Samatosum P r o j e c t . As shown on F i g . 1, the 
p r o j e c t s i t e i s l o ca ted about s i x t y f i v e k i l ome t r e s nor theast of Kamloops, B.C. 
i n the v i c i n i t y of Adams Lake. Access to the proper ty i s v i a p r o v i n c i a l highway 
and logg ing access roads from e i t h e r Highway 5 or Highway 1. 

1.1 TERMS OF REFERENCE 

Terms of r e f e rence f o r t h i s work were i n i t i a l l y d i scussed in our proposal dated 
June 24, 1987. Changes to the terms of re fe rence were d i scussed at a meeting 
w i th Mr. J . P u r k i s on January 22, 1988. In t h i s regard P i t eau As soc i a t e s was 
r e t a i n e d 

" t o c a r r y out p r e l i m i n a r y geo techn i ca l and hydrogeo log i ca l 
i n v e s t i g a t i o n s r e l a t e d to the Samatosum Depos i t near B a r r i e r e , B.C. 

"These s t u d i e s are r equ i r ed to s a t i s f y i n fo rma t i on requirements in the 
Stage 1 submiss ion and determine p lann ing parameters f o r p i t wa l l 
d e s i g n , dump d e s i g n , f a c i l i t y f ounda t i ons , and groundwater q u a n t i t y 
and q u a l i t y . Impl ied in t h i s , are general assessments of s o i l s and 
bedrock i n the impact area as they r e l a t e to c o n s t r u c t i o n m a t e r i a l s 
s u i t a b i l i t y , f a c i l i t y l o c a t i o n s , s lope s t a b i l i t y and the groundwater 
r eg ime . " 

F i e l d work was c a r r i e d out in the f i r s t week of February , 1988. O f f i c e ana l y 
s i s , development of des ign g u i d e l i n e s and r epo r t p repa ra t i on were c a r r i e d out in 
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the remaining weeks o f February . A meeting to d i s cuss the r e s u l t s o f the study 
was held in Minnova's Vancouver o f f i c e on February 26 and a summary d r a f t repor t 
was issued fo r review on March 3, 1988. 

1.2 DESCRIPTION OF THE INVESTIGATION 

1.2.1 F i e l d S tud ies 

F i e l d work inc luded f i e l d reconna i ssance , t e s t p i t t i n g , geotechn ica l core 
l o g g i n g , underground geo log i c s t r u c t u r a l mapping, po in t poad index t e s t i n g 
o f d r i l l core and i n s t a l l a t i o n o f sha l low open s tandpipes fo r fu tu re water 
mon i to r ing and samp l ing . 

i ) Engineer ing Geology and Rock Mechanics 

Geotechnica l core l o g g i n g , geo log i c s t r u c t u r a l mapping and po int load 
index t e s t i n g o f d r i l l core were c a r r i e d out to assess the eng ineer ing 
geology and rock mechanics c h a r a c t e r i s t i c s o f the proposed open p i t . 

De ta i l ed geotechn ica l logg ing of diamond d r i l l core was p r e v i ous l y con
ducted by Minnova, beginning wi th the 1987 e x p l o r a t i o n program. L imi ted 
r e logg ing o f a few r ep re sen t a t i v e d r i l l h o l e s was conducted by P i teau 
Assoc ia tes to assess the data p r e v i ous l y c o l l e c t e d by Minnova and to gain 
a f i r s t hand a p p r e c i a t i o n for the appearance and mechanical charac 
t e r i s t i c s o f the var ious rock t ypes . Approximate ly 620m o f core from four 
diamond d r i l l h o l e s was relogged g e o t e c h n i c a l l y . 

L imi ted po in t load index t e s t i n g was c a r r i e d out on core samples to ob ta in 
an app re c i a t i on fo r the i n t a c t s t r eng th o f the main rock types that w i l l 
be encountered in the open p i t and w i l l comprise the waste dump. 
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Underground mapping in the Rea Gold Concess ion a d i t was conducted to 
determine the o r i e n t a t i o n and nature o f the s t r u c t u r a l d i s c o n t i n u i t i e s 
which may occur i n the p i t a rea . Because of the l i m i t e d number of 
ou t c rops , and the snow cover at the t ime of the f i e l d v i s i t , sur face 
mapping was i m p r a c t i c a l . 

i i ) S u r f i c i a l Geology 

S u r f i c i a l geology s tud i e s were conducted to assess p o t e n t i a l geo techn i ca l 
hazards and founda t ion c o n d i t i o n s i n the v i c i n i t y of proposed waste dump, 
t a i l i n g s pond and m i l l s i t e s . S tud ies inc luded a p r e l i m i n a r y a i rpho to 
i n t e r p r e t a t i o n f o l l owed by f i e l d reconna i ssance , s u r f i c i a l s o i l s mapping, 
t e s t p i t t i n g and s o i l sampl ing. 

Using a backhoe, s i x t een t e s t p i t s were excavated to depths of up to about 
3.1m. The t e s t p i t s were logged and samples of the va r ious s o i l s t r a t a 
were obta ined f o r l abo ra to r y c l a s s i f i c a t i o n and t e s t i n g . P r e l i m i n a r y t e s t 
p i t logs were prepared . 

i i i ) Hydrogeology 

To eva lua te hydrogeo log ic c o n d i t i o n s in the v i c i n i t y of the p i t and 
p o s s i b l e waste dump s i t e s , open s tandp ipe piezometers were i n s t a l l e d in 
three t e s t p i t s where seepage was observed. These standpipes can be used 
f o r mon i to r ing water l e v e l s in the s u r f i c i a l s o i l s and f o r o b t a i n i n g water 
samples f o r water q u a l i t y t e s t i n g . General observa t ions of seepage in the 
Rea Gold ad i t and in other l o c a t i o n s around the proper ty were a l so made 
dur ing the course of the f i e l d work; however, these observa t ions were 
r e s t r i c t e d due to snow cover and s i t e access l i m i t a t i o n s . 
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1.2.2 O f f i c e S tud ies 

i ) Eng ineer ing Geology and P i t Design 

Geotechn ica l core logg ing data c o l l e c t e d by Minnova and P i t eau Assoc i a t e s 
were compiled and processed . Based p r i m a r i l y on g e o l o g i c a l i n t e r p r e t a 
t i o n s prepared by Minnova, and on the r e s u l t s of the geo techn i ca l core 
l o g g i n g , r e p r e s e n t a t i v e geotechn ica l s e c t i ons were prepared f o r the p i t 
a rea . 

Geo log i c a l s t r u c t u r a l data from mapping conducted by both P i t eau 
Assoc i a t e s and Dolmage Campbell and Assoc i a t e s i n the Rea Gold a d i t were 
analyzed to de f ine the o r i e n t a t i o n and nature of the s t r u c t u r a l popu l a 
t i o n s at the s i t e . Surface mapping data obta ined by Minnova were a l so 
assessed , along w i th the f o l i a t i o n d ip recorded on the d r i l l h o l e l ogs . 

Based on the r e s u l t s of the geo log i c s t r u c t u r a l a n a l y s i s , assessments were 
c a r r i e d out to determine k i n e m a t i c a l l y p o s s i b l e f a i l u r e modes which could 
be expected on the p i t w a l l s . S lope s t a b i l i t y analyses were c a r r i e d out 
and p r e l i m i n a r y s lope design g u i d e l i n e s were e s t a b l i s h e d f o r a f u l l range 
of p o s s i b l e s lope o r i e n t a t i o n s and expected rock mass c o n d i t i o n s . 

i i ) Assessments of S u r f i c i a l S o i l s , Waste Dumps and T a i l i n g s S i t e s 

S o i l samples obta ined from t e s t p i t s were c l a s s i f i e d accord ing to the 
U n i f i e d S o i l C l a s s i f i c a t i o n System. P e r t i n e n t f ea tu res such as c o l o u r , 
p a r t i c l e s i z e , cons i s t ency and dens i t y were reco rded , as a p p r o p r i a t e . 
Mo is ture content and gradat ion t e s t s were conducted on r e p r e s e n t a t i v e 
samples. P r e l i m i n a r y f i e l d c l a s s i f i c a t i o n s were reviewed based on r e s u l t s 
of l abo ra to r y c l a s s i f i c a t i o n and t e s t i n g , and t e s t p i t logs were f i n a 
l i z e d . 
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Based on the r e s u l t s of the a i r p h o t o , d r i l l i n g , f i e l d and l a b o r a t o r y s t u 
d i e s , the approximate ex ten t , types and c h a r a c t e r i s t i c s of near su r face 
s o i l s were d e l i n e a t e d i n the v i c i n i t y of the proposed waste dump and 
t a i l i n g s pond s i t e s . A p r e l i m i n a r y s u r f i c i a l geology and t e r r a i n c l a s s i 
f i c a t i o n map was a l so prepared. 

Based on the above, q u a l i t a t i v e assessments were made as to the s u i t a b i 
l i t y of the proposed waste dump s i t e s . General recommendations f o r waste 
dump s i t e development and f u r t h e r i n v e s t i g a t i o n s that should be completed 
before dump des igns are f i n a l i z e d were, prepared. P r e l i m i n a r y assessments 
of foundat ion c o n d i t i o n s in the v i c i n i t y of the proposed t a i l i n g s pond and 
m i l l s i t e s were a l so c a r r i e d ou t . 

i i i ) Hydrogeo log i ca l Assessment 

Hydrogeologic and hydro log i c data obta ined dur ing the f i e l d s tud i e s and 
from others i nvo l ved wi th the p r o j e c t were used along w i th re fe rence 
ma te r i a l to prepare an i n i t i a l assessment of r eg iona l and l o c a l ground
water c o n d i t i o n s . Groundwater i n f lows to the p i t were est imated and a 
p r e l i m i n a r y d i s c u s s i o n of groundwater q u a l i t y was prepared. 
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2. PHYSIOGRAPHY 

2.1 TOPOGRAPHY AND DRAINAGE 

The Samatosum P r o j e c t area i s l oca ted on the f l a n k of a hanging v a l l e y imme
d i a t e l y downstream from Johnson Lake (see F i g . 1 ) . The area i s conta ined w i t h i n 
the Shuswap H igh l and , which i s i t s e l f par t of the I n t e r i o r P l a teau phys iograph i c 
r e g i o n . The Shuswap High land i s g e n e r a l l y comprised of gent l e to moderate 
s l o p i n g p la teau areas d i s s e c t e d by a number of r i v e r s and t h e i r t r i b u t a r i e s . 
Most r i dges and summits have been rounded by g l a c i a t i o n . 

As shown on F i g . 2, ground e l e va t i ons i n the p ro j e c t area range from about 
1025m* in Johnson Creek to about 1500m at the he ight of land above the open p i t . 
The v a l l e y s ide on which the p i t and waste dump w i l l be loca ted i s c h a r a c t e r i z e d 
by s lopes of between about 15° and 20°, w i th occas iona l f l a t t e r and steeper s e c 
t i o n s . The s teeper po r t i ons of the s lopes are up to about 30° to 35° and tend 
to be bedrock c o n t r o l l e d . In the v i c i n i t y of T a i l i n g s Impoundment S i t e A (see 
F i g . 2 ) , a number of s teep , c o n i c a l h i l l s are present which appear to be bedrock 
c o n t r o l l e d . These h i l l s c rea te a na tura l bas in which may be s u i t a b l e f o r 
t a i l i n g s d i s p o s a l . 

As shown on F i g . 2, the p ro j e c t area i s c rossed by a number of smal l dra inage 
cou r ses , most of which appear to be i n t e r m i t t e n t . A smal l ( i . e . about 75m x 
75m) pond loca ted in a saddle upslope of Waste Dump S i t e A appears to d r a i n p r i 
m a r i l y to the southwest of the immediate mine a rea , but may a l so prov ide 

* A l l e l e v a t i o n s quoted are r e l a t i v e to geodet i c datum. F i g s . 3 to 9 a l so 
r e f e rence e l e v a t i o n s e s t a b l i s h e d accord ing to a Minnova base s t a t i o n which i s 
185.25m higher than the geodet ic datum. 
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recharge f o r sha l low groundwater seepage i n t o Waste Dump S i t e A. A l l of the 
dra inage courses f low i n t o Johnson Creek , which d r a i n s Johnson Lake and f lows to 
the southwest , e v e n t u a l l y emptying i n t o Sinmax Creek. The p r o j e c t area has i n 
the past been covered by a dense growth of con i f e rous t r e e s . However, recent 
logg ing has removed the vege ta t ion from much of the s i t e . 

2.2 CLIMATE 

The Samatosum P r o j e c t area i s loca ted along the western edge of the Southeast 
Wet I n t e r i o r C l i m a t i c Reg ion, immediately east of the Southwest I n t e r i o r 
C l i m a t i c Reg ion . Whi le no long term mon i to r ing s t a t i o n s are l oca ted i n the 
immediate v i c i n i t y , i t i s a n t i c i p a t e d tha t the average temperature and p r e c i p i 
t a t i o n at the s i t e would be s i m i l a r ( a l b e i t s l i g h t l y coo l e r and wet ter due to 
the h igher a l t i t u d e ) to that recorded at B a r r i e r e . In t h i s r ega rd , the mean 
annual temperature at B a r r i e r e i s about 6° C, w i th the co ldes t mean d a i l y tem
peratures o c c u r r i n g in January ( i . e . about -8° C) and the warmest mean d a i l y 
temperatures o c c u r r i n g in J u l y and August ( i . e . about 18° C ) . The mean t o t a l 
p r e c i p a t a t i o n at B a r r i e r e i s about 442mm/year, w i th the monthly t o t a l p r e c i p a t a -
t i o n ( i . e . r a i n and snow combined) be ing r e l a t i v e l y evenly d i s t r i b u t e d 
throughout the yea r . 
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3. ENGINEERING GEOLOGY 

BEDROCK 

3.1.1 Regional Geology 

In general terms, the s i t e i s l oca ted along the western f l a n k of the 
Shuswap Metamorphic Complex and i s . u n d e r l a i n by rocks of the Devonian or 
o l d e r Eagle Bay Fo rmat ion . These rocks were complexly deformed and meta
morphosed dur ing the Ju ras i c-Cre taceous Columbian orogeny w i th the general 
grade of metamorphism being lower g reensch i s t i n many a reas . 

In the v i c i n i t y of the p rope r t y , the Eagle Bay Formation i s g e n e r a l l y a 
medium to dark s c h i s t o s e rock de r i ved from maf ic and in te rmed ia te v o l c a n i c 
and v o l c a n i c l a s t i c r o c k s . I t a l s o inc ludes a major carbonate member, the 
T s h i n a k i n l imes tone-do lomi te , which i s found at the western end of Johnson 
Lake , as we l l as widespread and l o c a l l y dominant i n t e r c a l a t i o n s of dark to 
l i g h t grey s i l i c e o u s and g r a p h i t i c p h y l l i t e , ca l ca reous p h y l l i t e , 
l imes tone , d o l o s t o n e , marb le , c a l c - s i l i c a t e , che r t y q u a r t z i t e and other 
metasedimentary r o c k s . 

At the Samatosum P r o j e c t , the ore g e n e r a l l y occurs in Muddy Tu f f near the 
contac t w i th o v e r l y i n g a l t e r e d and weathered Maf i c P y r o c l a s t i c s . The 
s t r a t i g r a p h i c s e c t i o n i s i s o c l i n a l l y f o l ded and ove r tu rned , w i th s t r a t a 
d i p p i n g to the no r theas t . 

3 .1 .2 Rock Types 

The main rock types in the p i t area are i l l u s t r a t e d in p lan i n F i g . 3, on 
s e c t i o n i n F i g s . 4 to 9 and are b r i e f l y desc r ibed as f o l l o w s : 
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i ) Ma f i c P y r o c l a s t i c s 

Maf i c P y r o c l a s t i c s ( i n c l u d i n g Ma f i c Tu f f s ) t y p i c a l l y are comprised of 
b a s a l t i c f ragmenta ls ( i . e . t u f f , l a p i l l i t u f f and agglomerate ) . Quartz 
c l a s t s , carbonate v e i n l e t s and p l a t y m inera l s are common. These rocks are 
g e n e r a l l y dark green when f r e s h , becoming bleached to l i g h t green w i th 
l i g h t s e r i c i t e a l t e r a t i o n . A l t e r a t i o n g e n e r a l l y inc reases w i th depth 
( i . e . c l o s e r to the ore zone) . F o l i a t i o n appears to be the dominent 
s t r u c t u r a l f e a tu r e w i t h i n the r o ck , w i th the rock being r e l a t i v e l y weak 
p a r a l l e l to f o l i a t i o n . Th is m a t e r i a l , which i t i s a n t i c i p a t e d w i l l form 
the m a j o r i t y of the p i t wa l l s above the ore zone, comprises the s t r a -
t i g r a p h i c f o o t w a l l and the s t r u c t u r a l hanging wa l l of the d e p o s i t . 

i i ) S e r i c i t i c Ma f i c Tu f f 

As the name i m p l i e s , these rocks are Maf i c P y r o c l a s t i c s which have 
undergone moderate to s t rong s e r i c i t i c a l t e r a t i o n to a s e r i c i t e - q u a r t z 
s c h i s t . Th i s ma te r i a l i s g e n e r a l l y found between the Maf i c P y r o c l a s t i c s 
and the ore zone and i s bleached to a l i g h t y e l l o w i s h green. F o l i a t i o n 
breaks are dominant in d r i l l core and tend to be r e l a t i v e l y smooth, w i th 
c o n s i d e r a b l e s e r i c i t e and other s o f t m i n e r a l s . 

i i i ) Cher ts 

A cher ty zone, c o n s i s t i n g of a mixed package of chemical c h e r t , a r g i l l i t e 
and s e r i c i t i c t u f f , has been observed in some areas . Th is rock , which 
v a r i e s from be ing r e l a t i v e l y massive and hard where the cher t i s pure , to 
very weak i n numerous gouge zones, shows rap id th i ckness v a r i a t i o n s . I t 
i s not a n t i c i p a t e d that t h i s ma te r i a l w i l l comprise a s i g n i f i c a n t p o r t i o n 
of the f i n a l p i t w a l l s . 



10. 

i v ) Muddy T u f f s 

Muddy Tu f f s t y p i c a l l y under ly the S e r i c i t i c Ma f i c T u f f s and are comprised 
of a complex mix o f sediments and t u f f s which have been e x t e n s i v e l y 
a l t e r e d to s e r i c i t e and c l a y s . The rock i s r e l a t i v e l y homogeneous and 
grey i n c o l o r , but a l t e r s to a pa le ye l l ow or w h i t e . Numerous f a u l t s have 
r e s u l t e d i n the fo rmat ion of s o f t c l a y gouge i n some zones . The most com
mon t ex tu re in t h i s u n i t i s a f i n e deb r i s f low slump or slump b r e c c i a made 
up of c h e r t , v o l c a n i c s , sediments and su lph ide c l a s t s in a g r i t t y m a t r i x . 
Muddy Tu f f s are the host rocks f o r the main ore zone and as such w i l l be 
exposed over much of the f o o t w a l l . 

v) Sediments 

Thick bedded to f i n e l y laminated greywackes and a r g i l l i t e s are present 
both above and below the ore zone (see F i g s . 4 to 9 ) . These r o c k s , which 
are l o c a l l y g r a p h i t i c and can be a coarse quar tzose g r i t in p rox im i t y to 
the ore zone, are a n t i c i p a t e d to be present over on l y a smal l p o r t i o n of 
the f i n a l p i t w a l l s . 

3 .1 .3 S t r u c t u r a l Geology 

What l i t t l e g e o l o g i c s t r u c t u r a l i n fo rmat ion tha t was a v a i l a b l e in the 
v i c i n i t y of the proposed p i t was g e n e r a l l y con f ined to records of 
f o l i a t i o n d ip i n diamond d r i l l core and to l i m i t e d sur face geo log i c a l 
mapping conducted by Minnova. A d d i t i o n a l d e t a i l e d sur face mapping was not 
p r a c t i c a l because of snow cover and r e s t r i c t e d s i t e access . However, 
underground mapping by P i teau Assoc i a t e s and Dolmage Campbell and 
Assoc i a t e s in the adjacent Rea Gold ad i t y i e l d e d geo log i c s t r u c t u r e which 
appears to be c o n s i s t e n t w i th the l i m i t e d i n fo rmat ion a v a i l a b l e in the p i t 
a rea . This c o n s i s t e n c y i s not unexpected, as the Minnova and Rea Gold 
orebodies occur w i t h i n the same i s o c l i n a l l y f o l d e d sequence, a l b e i t w i t h i n 
d i f f e r e n t f o l d s . The re fo re , f o r p r e l i m i n a r y assessment purposes, the 
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o r i e n t a t i o n and c h a r a c t e r i s t i c s of d i s c o n t i n u i t y popu l a t i ons are assumed 
to be the same at both s i t e s . Once s i t e c o n d i t i o n s improve and be t t e r 
access i s a v a i l a b l e , a d d i t i o n a l geo log i c s t r u c t u r a l mapping should be con 
ducted to conf i rm t h i s bas i c assumpt ion. 

Lower hemisphere equal area p r o j e c t i o n s were used to d e f i n e the peak or 
average o r i e n t a t i o n f o r the main d i s c o n t i n u i t y sets mapped. While j o i n t 
da ta from a l l three data bases were eva luated s epa r a t e l y and c o l l e c t i v e l y 
du r ing the i n v e s t i g a t i o n s , on ly the data c o l l e c t e d by P i t eau Assoc i a t e s 
were used f o r k inemat i c and s t a b i l i t y analyses and p r e l i m i n a r y s lope 
d e s i g n . 

i ) J o i n t s 

The d i s t r i b u t i o n of j o i n t s mapped by P i t eau Assoc i a t e s i n the Rea Gold 
a d i t i s shown in F i g . 10. Three reasonably t i g h t and we l l de f ined j o i n t 
sets are g e n e r a l l y r e cogn i zed , w i th on l y moderate s c a t t e r in the da ta . In 
the case of f o l i a t i o n j o i n t s ( i . e . J o i n t Set F l ) i t i s reasonable to 
represent the j o i n t set by a s i n g l e peak o r i e n t a t i o n . However, the 
remaining j o i n t sets ( i . e . J o i n t Sets A and B) are more r e a l i s t i c a l l y 
represented by more than one peak ( i . e . JB1, JB2, JB3 e t c . ) . 

F o l i a t i o n j o i n t s ( J o in t Set F l ) have a peak d ip d i r e c t i o n / d i p of 
025° /42°, but appear to range i n d ip from about 20° to 60° . As 
i l l u s t r a t e d on the geotechn ica l s ec t i ons in F i g s . 4 to 8, t h i s d ip range 
would appear to cont inue wi th depth . However, some e r r a t i c v a r i a t i o n i n 
both d ip d i r e c t i o n and d ip i s to be expected. F o l i a t i o n j o i n t s are very 
w e l l developed and are the dominant j o i n t s in the a rea . Based on obser 
v a t i ons i n the a d i t (see Photo 1 ) , these j o i n t s , appear r e l a t i v e l y con 
t i nuous and tend to be p lanar and s l i g h t l y rough. F o l i a t i o n j o i n t spac ing 
i s d i f f i c u l t to a s sess , but i s l i k e l y to be i n the range of 0.2 to 1.0m. 



PHOTO 1: View of s t r u c t u r a l d i s c o n t i n u i t i e s at p o r t a l of Rea 
Gold A d i t . Note f o l i a t i o n j o i n t s ( i . e . F) and j o i n t s 
of J o i n t Sets A and B. 
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J o i n t s of J o i n t Sets A and B are r e f e r r e d to as c ross j o i n t s and are con 
s ide red to be l e s s cont inous than f o l i a t i o n j o i n t s , o f t en being t runca ted 
or o f f s e t by throughgoing f o l i a t i o n j o i n t s (see Photos 1 and 2 ) . These 
j o i n t s are u s u a l l y rougher than f o l i a t i o n j o i n t s and are o f t en spaced at 
g rea te r than lm. Peak o r i e n t a t i o n s of J o i n t Sets A and B are t abu la ted on 
F i g . 10. 

i i ) F au l t s 

Severa l r e l a t i v e l y cont inuous f a u l t s are i n d i c a t e d on g e o l o g i c a l p lans 
prov ided by Minnova. In a d d i t i o n , numerous f a u l t zones have been encoun
te red i n diamond d r i l l h o l e s . However, on ly a very few f a u l t o r i e n t a t i o n s 
have been obta ined to da te , w i th most of these having been measured in the 
Rea Gold a d i t . Such measurements, along wi th some general f a u l t t rends 
noted on the geo log i c p l a n s , suggest that the pr imary o r i e n t a t i o n s of 
f a u l t s on the p roper ty are s i m i l a r to those of the j o i n t s e t s . In a d d i 
t i o n , i t would appear that most f a u l t s are f a u l t zones , as opposed to 
d i s c r e t e f a u l t p l anes , and that b r e c c i a and s o f t s e r i c i t i c gouge are com
mon i n f i l l i n g m a t e r i a l s . Fur ther mapping and documentation of f a u l t i n g i s 
r equ i red as the mine i s developed to develop a b e t t e r understanding of the 
nature and o r i e n t a t i o n of these s t r u c t u r e s . 

i i i ) Contacts 

Contacts between the va r ious rock u n i t s tend to be somewhat obscured and 
g r a d a t i o n a l , caused p r i m a r i l y by the var ious degrees of a l t e r a t i o n w i t h i n 
the rock mass. Nonethe less , f o r geotechn ica l purposes , l i t h o l o g i c con 
t a c t s can be de l i n ea t ed (see F i g s . 4 to 9 ) . 

i v ) Fo lds 

As d i scussed above, the s t r a t i g r a p h i c sequence at the p rope r t y has been 
i s o c l i n a l l y f o l ded and ove r tu rned . As a r e s u l t a l l , s t r a t a d ip to the 
nor theas t at about 42°. 



PHOTO 2: View of J o i n t s of J o i n t Sets A and B in Rea Gold a d i t . 
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3 .1 .4 Rock S t rength 

i ) I n t a c t Rock S t rength 

A p r e l i m i n a r y assessment of i n t a c t rock s t r eng th was conducted based on 
po in t load index t e s t i n g of diamond d r i l l core from f o u r d r i l l h o l e s . 
Resu l t s are summarized i n Table I and i n d i c a t e tha t u n i a x i a l compressive 
s t r eng th va r i e s c o n s i d e r a b l y , depending on rock t ype , degree o f a l t e r a 
t i o n , degree of s i 1 i c i f i c a t i o n and d i r e c t i o n of t e s t i n g r e l a t i v e to 
f o l i a t i o n . 

The bulk of the po in t load index data was obta ined from t e s t s conducted 
p a r a l l e l to f o l i a t i o n . Te s t i ng pe rpend i cu l a r to f o l i a t i o n was very d i f 
f i c u l t as the samples tended to s p a l l a long f o l i a t i o n , i n d i c a t i n g the rock 
types t e s t ed are s t r o n g l y a n i s o t r o p i c . Where t e s t i n g pe rpend i cu l a r to 
f o l i a t i o n was s u c c e s s f u l , An i so t ropy Ind ices ( i . e . r a t i o of po in t load 
index pe rpend i cu l a r f o l i a t i o n to po in t load index p a r a l l e l f o l i a t i o n ) of 
g rea te r than about three were ob ta i ned . 

Based on r e s u l t s summarized in Table I, the f r e s h to l i g h t l y a l t e r e d Maf i c 
P y r o c l a s t i c s ( i n c l u d i n g Maf i c Tu f f s ) are the s t ronges t rocks t e s t e d , w i th 
a u n i a x i a l compressive s t rength ( p a r a l l e l f o l i a t i o n ) i n the range of about 
30 to 70 MPa (4500 to 10000 p s i ) . These rocks would be c l a s s i f i e d as 
Hardness R3 to R4 (average to hard r o c k ) , which i s c o n s i s t e n t w i th f i e l d 
hardness observed i n Maf ic Tu f f s i n the Rea Gold a d i t . 

L i g h t l y to moderate ly a l t e r e d s e r i c i t i c Maf i c Tu f f s and l i g h t l y a l t e r e d 
Muddy Tu f f s appear to have s i m i l a r u n i a x i a l compressive s t r eng ths p a r a l l e l 
t o f o l i a t i o n , w i t h median values i n the range of 12 to 16 MPa (1750 to 
2350 p s i ) . These rocks would be c l a s s i f i e d as Hardness R2 ( s o f t r o c k ) , 
which i s g e n e r a l l y cons i s t en t w i th observa t ions in Muddy T u f f s i n the Rea 
Gold a d i t . Po i n t load index t e s t i n g was a l so attempted on moderate ly to 
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s t r o n g l y a l t e r e d ve r s ions of s e r i c i t i c Ma f i c Tu f f and Muddy T u f f ; however, 
these rocks were g e n e r a l l y too weak to r e l i a b l y t e s t us ing the po in t load 
machine. 

Other rock types ( e . g . a r g i l l i t e , greywakes, c h e r t , e t c . ) were not t e s t ed 
as these were g e n e r a l l y minor c o n s t i t u e n t s of the d r i l l h o l e s from which 
po in t load samples were ob ta ined ; hence, i n s u f f i c i e n t samples were 
a v a i l a b l e f o r r e l i a b l e s t a t i s t i c a l e v a l u a t i o n . Based on f i e l d hardness 
c l a s s i f i c a t i o n s i n core and in the Rea Gold a d i t , however, a r g i l l i t e s and 
greywakes are expected to be as weak or weaker than Muddy Tu f f and r e l a t e d 
r o c k s . Bedded c h e r t s , cher ty zones and su lph ide zones throughout the rock 
mass are expected to be g e n e r a l l y harder than the adjacent or host rock . 
S t rength i n these zones w i l l depend p r i m a r i l y on the degrees of s i l i c i f i -
c a t i o n and s e r i c i t e a l t e r a t i o n . 

i i ) S t rength of D i s c o n t i n u i t i e s 

M u l t i s t a g e d i r e c t shear t e s t i n g was conducted on two samples of f o l i a t i o n 
pa r t i ngs obta ined from moderately a l t e r e d s e r i c i t i c Maf i c Tuf f and l i g h t l y 
a l t e r e d Muddy T u f f . Resu l ts of these t e s t s are i l l u s t r a t e d in F i g . 11 and 
i n d i c a t e lower bound r e s i dua l f r i c t i o n angles in the range of 21 to 27° 
and a peak f r i c t i o n angle (based on one t e s t ) of 28 to 40°. Based on 
these r e s u l t s , a f r i c t i o n angle of 25° i s cons idered appropr i a te f o r 
f o l i a t i o n j o i n t s f o r p r e l i m i n a r y s t a b i l i t y ana l yses . 

No t e s t i n g of c ross j o i n t s or f a u l t s was conducted; however, c ross j o i n t s 
are a n t i c i p a t e d to be much rougher and s t ronger than f o l i a t i o n j o i n t s . 
Based on observed cond i t i ons i n the Rea Gold a d i t , f o r p r e l i m i n a r y s t a b i 
l i t y assessments, a f r i c t i o n angle of 35° i s cons idered appropr i a t e f o r 
c ross j o i n t s . Observat ions in core and i n the Rea Gold a d i t i n d i c a t e 
f a u l t s may be s l i c k e n s i d e d and con ta in a cons ide rab l e th i ckness of low 
f r i c t i o n s e r i c i t e , t a l c or g r a p h i t i c gouge. Hence, f o r p r e l i m i n a r y 
assessment purposes , a f r i c t i o n angle of 20° i s cons idered appropr i a t e f o r 
f a u l t s . 
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3 .1 .5 Geotechn ica l Core Logging 

Geotechn ica l core l ogg ing of most diamond d r i l l core was conducted by 
Minnova, beg inn ing w i th the 1987 e x p l o r a t i o n program ( i . e . D r i l l h o l e s RG 
89 to RG 221) . Parameters recorded i n c l u d e : core r ecove ry , RQD, f r a c t u r e 
f requency , v e in f r equency , d ip o f f o l i a t i o n and Degree of Breakage. I t 
should be noted tha t no attempt was made to d i s t i n g u i s h between n a t u r a l l y 
o c cu r r i ng f r a c t u r e s and d r i l l i n g b reaks ; hence, RQD and f r a c t u r e f requency 
measured by Minnova are a c t u a l l y q u a n t i t a t i v e measures of the more q u a l i 
t a t i v e Degree of Breakage c l a s s i f i c a t i o n , r a the r than the more t r a d i t i o n a l 
d e f i n i t i o n s of these parameters. 

To ga in a f i r s t hand a p p r e c i a t i o n of the mechanical p r o p e r t i e s of the 
va r ious rock types and to independent ly check the logg ing techniques used 
by Minnova, a l i m i t e d amount of geotechn ica l core logg ing was conducted by 
P i t eau A s s o c i a t e s . Approx imate ly 620m of core from four holes was logged 
f o r Degree of Breakage, Hardness and Degree of A l t e r a t i o n . Logging data 
were compared w i th data from i d e n t i c a l holes logged by Minnova. Resu l t s 
are i l l u s t r a t e d g r a p h i c a l l y in F i g . 12, where i t can be seen t h a t , in 
terms of Degree of Breakage, good c o r r e l a t i o n e x i s t s between Minnova and 
P i t eau A s s o c i a t e s data f o r Degrees of Breakage grea te r than about C, w i th 
Minnova 's r e s u l t s tending to be one to two ca tagor i e s lower than P i t eau 
Assoc i a t e s r e s u l t s . For Degree of Breakage less and C, c o r r e l a t i o n i s 
unc l e a r . 

Good c o r r e l a t i o n i s a l so observed i n F i g . 12(b) between Minnova logged RQD 
and P i t eau A s s o c i a t e s logged Degree of Breakage, f o r RQD and Degree of 
Breakage g rea te r than about 15% and C, r e s p e c t i v e l y . Based on t h i s c o r r e 
l a t i o n , RQD and Degree of Breakage data was subd iv ided i n t o three c a t a 
g o r i e s : Low (RQD < 15%, Degree of Breakage < C + ) ; Moderate (RQD 15 - 50%, 
Degree of Breakage C + / D " ) ; and High (RQD > 50%, Degree of Breakage > D~). 
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To eva luate the v a r i a b i l i t y o f RQD w i th rock type and l o c a t i o n w i t h i n the 
rock mass, a s t a t i s t i c a l assessment o f RQD was c a r r i e d out fo r those 
d r i l l h o l e s which p r o j e c t to the f i v e geotechn ica l s ec t i ons in F i g s . 4 to 
8. RQD data were assessed us ing the Cumulat ive Sums s t a t i s t i c a l a n a l y s i s 
technique developed by P i teau and Russel (1971) . Average values o f RQD 
and cor responding c a t ago r i e s are i l l u s t r a t e d on the geotechn ica l s e c t i o n s . 

3 .1.6 Rock Mass Competency 

The s t a b i l i t y o f a na tu ra l or man-made s lope depends on a complex i n t e r a c 
t i o n o f a wide v a r i e t y o f phys i ca l and mechanical c h a r a c t e r i s t i c s o f the 
s lope forming m a t e r i a l s , many o f which are d i f f i c u l t or imposs ib le to eva 
l ua te q u a n t i t a t i v e l y . However, a q u a l i t a t i v e assessment or c l a s s i f i c a t i o n 
o f rock mass q u a l i t y or competency which incorpora tes severa l impor tan t , 
r e l a t i v e l y e a s i l y obta ined rock mass parameters i s use fu l in e va lua t i ng 
p o t e n t i a l s lope behav iour . For the Samatosum P r o j e c t , an e va lua t i on o f 
general rock mass competency was based on i n s p e c t i o n o f diamond d r i l l core 
from a v a r i e t y o f d r i l l h o l e s , d e t a i l e d e va lua t i on o f geotechn ica l core 
logg ing by Minnova and P i teau A s s o c i a t e s , r e s u l t s o f rock s t rength 
t e s t i n g , geo log i c i n t e r p r e t a t i o n s and d e s c r i p t i o n s of the var ious rock 
types by Minnova and observa t ions o f general rock mass cond i t i ons in the 
Rea Gold a d i t . 

Based on t h i s i n f o r m a t i o n , the rock mass was subdiv ided in to two bas ic 
rock mass u n i t s , w i t h i n which the bas i c mechanical p rope r t i e s and a n t i c i 
pated rock mass behaviour are expected to be s i m i l a r . Una l tered to 
l i g h t l y a l t e r e d Maf i c P y r o c l a s t i c s ( i n c l u d i n g Maf ic T u f f s ) , which o ve r l y 
the ore zone and form the s t r u c t u r a l hanging wal l o f the d e p o s i t , are con 
s ide red to form one rock mass u n i t . Assessment o f RQD in fo rmat ion on the 
geotechn ica l s e c t i ons in F i g s . 4 to 8 i n d i c a t e s these rocks have v a r i a b l e 
RQD/Degree o f Breakage (see F i g . 13a ) . Based on RQD, Degree o f Breakage, 
Degree o f A l t e r a t i o n , s u s c e p t i b i l i t y to weather ing and d e t e r i o r a t i o n , 
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i n t a c t rock s t r e n g t h , e t c . , these rocks are expected to be the most com
petent i n the p i t , e x h i b i t i n g an o v e r a l l moderate to good rock mass com
petency. 

A l l other rock t y p e s , i n c l u d i n g moderate ly to s t r o n g l y a l t e r e d s e r i c i t i c 
Ma f i c T u f f s , Muddy T u f f s , Cherts and Sediments, c o l l e c t i v e l y form the 
second rock mass u n i t . I n s u f f i c i e n t i n fo rmat ion was a v a i l a b l e to a l low 
f u r t h e r d e f i n i t i o n or s u b d i v i s i o n of t h i s rock mass u n i t based on rock 
t ype . Whi le assessment of RQD in fo rmat ion in these rocks i n d i c a t e s a 
s i m i l a r v a r i a b i l i t y i n RQD/Degree of Breakage as the Maf i c P y r o c l a s t i c s 
and r e l a t e d rocks (see F i g . 13b) , these rocks are expected to be g e n e r a l l y 
l e s s competent than the Maf i c P y r o c l a s t i c s , due p r i m a r i l y to t h e i r 
a n t i c i p a t e d v a r i a b l e weather ing and a l t e r a t i o n c h a r a c t e r i s t i c s and 
g e n e r a l l y lower i n t a c t s t r e n g t h . Ove r a l l rock mass competency i s a n t i c i 
pated to be poor to moderate i n these r o c k s . 

SURFICIAL SOILS 

3.2.1 Regional S u r f i c i a l Geology 

S u r f i c i a l geology of the Samatosum P ro j e c t area i s dominated by g l a c i a l l y 
depos i ted s o i l s (mora ines ) . The moderate ly steep northwestern s lope of 
Samatosum Mountain i s covered by a r e l a t i v e l y t h i n veneer of morainal 
m a t e r i a l s ( i . e . g l a c i a l t i l l ) w i th l o c a l accumulat ions of co l l u v i um 
der i ved p r i m a r i l y from reworked g l a c i a l depos i t s and weathered bedrock. 
Mora ina l s o i l s g e n e r a l l y th i cken downslope towards Johnson Creek, forming 
somewhat hummocky b lanket depos i t s on the lower s lopes of Samatosum 
Mounta in . 

The Johnson Creek V a l l e y i s a "U" shaped hanging v a l l e y tha t was probably 
formed by a mountain g l a c i e r which d ischarged towards the south i n to the 
Sinmax Creek V a l l e y . The cur ren t base e l e v a t i o n of the Sinmax Creek 
V a l l e y i s about 250 to 350m lower than the Johnson Creek V a l l e y . 
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Northwest of Johnson Creek, the t e r r a i n i s c h a r a c t e r i z e d by hummocky 
mora ina l veneer and b lanket depos i t s w i th l o c a l accumulat ions of c o l l u v i u m 
and o rgan i cs i n poo r l y dra ined dep re s s i ons . C o l l u v i a l and morainal 
veneers cover the steeper s lopes on the nor theas t f l a n k of Samatosum 
Mountain and north-northwest of Johnson Lake. 

The on ly c l e a r l y i d e n t i f i e d p o t e n t i a l source of c lean c o n s t r u c t i o n aggre 
gate i n the study area i s a g r a v e l l y kame t e r r a ce depos i t on the north 
s ide of Sinmax Creek, j u s t west of A l ex Creek. Other sources may i n c l ude 
l o c a l kame depos i t s in Johnson Creek, Haggard/Blomely Creeks north of the 
s i t e and Samatosum Creek south of Johnson Lake ; however none of these 
p o t e n t i a l sources have been con f i rmed , and s u b s t a n t i a l depos i t s of c l ean 
sand and grave l i n these areas seem u n l i k e l y . 

3.2.2 S i t e S u r f i c i a l Geology 

Reconnaissance mapping and l i m i t e d t e s t p i t t i n g was conducted i n the v i c i 
n i t y of the proposed waste dump and t a i l i n g s impoundment s i t e s on the 
northwest f l a n k of Samatosum Mountain (see F i g . 2 ) . As noted above, 
reconna issance work was conducted when the bulk of the s i t e was r e l a t i v e l y 
i n a c c e s s i b l e due to snow cover . A d d i t i o n a l reconnaissance and p o s s i b l y 
a d d i t i o n a l t e s t p i t t i n g are recommended to con f i rm s o i l c o n d i t i o n s and 
general s i t e c h a r a c t e r i s t i c s once the snow has me l ted . 

L im i t ed l a b o r a t o r y t e s t i n g of samples obta ined from the t e s t p i t s was a l so 
conducted. D e t a i l e d t e s t p i t logs are given in Appendix A, and l abo r a to r y 
t e s t r e s u l t s are summarized in F i g . 14 and on the t e s t p i t l o g s . Based on 
t h i s i n f o r m a t i o n , and in the context of the r eg iona l s e t t i n g , th ree 
d i s t i n c t s o i l hor izons were i d e n t i f i e d and are summarized in Table II and 
desc r ibed below. In a d d i t i o n , t h i c knes s of s o i l overburden i n the p i t 
area and proposed waste dump s i t e s was est imated based on depth of c a s i ng 
i n diamond d r i l l h o l e s in the v i c i n i t y . Approximate overburden isopachs 
are given on F i g . 2. 
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i ) Organic S o i l s 

Organic s o i l s c o n s i s t of r edd i sh brown to b l a c k , amorphous to f i b r o u s 
pea t , roo ts and o rgan i c s i l t to sandy s i l t . These s o i l s are commonly s o f t 
and compress ib le and form a mat or veneer ranging from l e s s than 10cm to 
g rea te r than 1.0m in t h i c k n e s s . The t h i c k e s t o rgan ic accumulat ions occur 
i n i s o l a t e d , p o o r l y d ra ined depress ions in the unde r l y i ng moraine or 
bedrock. In such areas these s o i l s are commonly sa tu ra ted and very weak. 
On s h a l l o w l y to moderate ly s l o p i n g ground, which forms the bulk of the 
s i t e , o rgan ic s o i l s tend to be r e l a t i v e l y dry and l e ss than 30 cm in 
t h i c k n e s s . Pocket penetrometer t e s t i n g of o rgan ic s o i l s i n d i c a t e d 
compressive s t r eng ths of g e n e r a l l y l e ss than 0.5 to 1.5 kg/cm^. 

O c c a s i o n a l l y , o rgan ic s o i l s may be in termixed w i th c o l l u v i u m der i ved from 
the weathered bedrock or reworked morainal depos i t s which commonly under ly 
the o rgan ic veneer. 

i i ) Colluviurn/Reworked Mora ina l Deposi ts 

Beneath the o rgan i c veneer and o v e r l y i n g more competent morainal s o i l s or 
bedrock i s a zone of up to about 2.0m of weathered or a l t e r e d morainal 
ma te r i a l ( i . e . T i l l ) or c o l l u v i u m . Th is ma te r i a l v a r i e s from l i g h t to 
medium r edd i sh or g r e y i sh brown, i s commonly compact to dense and ranges 
from moist to d r y . I t i s g e n e r a l l y we l l graded, ranging from sandy s i l t 
to sandy grave l w i th occas iona l cobbles and boulders to 30cm in diameter 
and a t race of c l a y s i z e p a r t i c l e s . Coarser c o n s t i t u e n t s are commonly 
s t r o n g l y weathered, subrounded to angular bedrock f ragments . Organic 
f i b r e s and roo ts are o c c a s i o n a l l y p resen t . Pocket penetrometer t e s t i n g i n 
these m a t e r i a l s i n d i c a t e s compressive s t rengths range from 1.0 kg/cm^ to 
g rea te r than 5.0 kg/cm^. 
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i i i ) Mora ina l Deposi ts 

Grey ish brown to g rey , compact to very dense, competent g l a c i a l t i l l com
monly u n d e r l i e s the weathered t i l l or c o l l u v i a l veneer and o v e r l i e s 
bedrock. This ma t e r i a l i s g e n e r a l l y we l l g raded, w i th a s i m i l a r range o f 
g r a i n s i z e s as i n d i c a t e d for the weathered morainal depos i t s desc r ibed 
above. Roots and o rgan i c f i b r e are g e n e r a l l y absent and coarser c o n s t i 
tuents are u s u a l l y l e s s weathered than those desc r ibed above. Thickness 
v a r i e s from zero at bedrock outcrops to at l e a s t 3m ( i . e . maximum depth o f 
t e s t p i t s ) and p o s s i b l y up to about 50m on the lower s lopes and in the 
v a l l e y f l o o r ( i . e . based on depth o f d r i l l c a s i n g ) . These t i l l s are 
gene r a l l y hard (pocket penetrometer > 5 kg/cm^) and dry (water content < 
10%). However, wet ter zones, g e n e r a l l y a s soc i a t ed w i th sand and gravel 
l e n s e s , and s o f t e r , f i n e r gra ined zones do occur l o c a l l y . 
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4. HYDROGEOLOGY 

4.1 REGIONAL HYDROGEOLOGY 

Eagle Bay Formation rocks which u n d e r l i e much of the p r o j e c t area are g e n e r a l l y 
metavo lcan ic and m e t a v o l c a n o c l a s t i c rocks which are expected to have g e n e r a l l y 
low h y d r a u l i c c o n d u c t i v i t i e s . One major except ion to t h i s cou ld be the 
T s h i n a k i n L imestone, which i s exposed i n c l i f f s at the o u t l e t of Johnson Lake. 
Whi le the l imestone cou ld represent a s i g n i f i c a n t a q u i f e r , d i r e c t i n g groundwater 
f low to e i t h e r Johnson or Adams l a k e s , other rocks are expected to be a q u i t a r d s , 
a l l o w i n g on l y very slow ra tes of groundwater f l o w . The dominant d i r e c t i o n of 
groundwater f low i s expected to be i n the northwest/southeast d i r e c t i o n s , 
approx imate ly pe rpend i cu l a r to the axes of the Johnson Creek V a l l e y which 
c o n t r o l s sur face dra inage i n the a rea . 

S u r f i c i a l sediments i n the study area are predominant ly very dense t i l l s which 
are expected to be of low p e r m e a b i l i t y . A t h i n s o i l veneer which o v e r l i e s the 
dense, unweathered t i l l w i l l conduct groundwater; however, the l i m i t e d th i ckness 
of the s o i l p r o f i l e should l i m i t f low q u a n t i t i e s to very smal l amounts. While a 
major g rave l aqu i f e r i s known to e x i s t in the Sinmax V a l l e y (based on the log of 
a we l l d r i l l e d f o r the Homestake M ine ) , s i m i l a r depos i t s are not expected to 
e x i s t i n the hanging Johnson Creek V a l l e y , or on the v a l l e y s l o p e s . 

4.2 HYDROGEOLOGICAL UNITS 

Very l i t t l e i n fo rma t i on i s c u r r e n t l y a v a i l a b l e on the hyd rogeo log i ca l p r o p e r t i e s 
of the rock and s o i l u n i t s at the s i t e . The f o l l o w i n g d i s c u s s i o n i s based on a 
rev iew of the eng ineer ing geology of the s i t e , and on obse rva t i ons of seepage i n 
the Rea Gold a d i t . 
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i ) Bedrock 

The rock mass i s expected to be h i g h l y a n i s o t r o p i c , having a h y d r a u l i c 
c o n d u c t i v i t y of about 10 ' ^ to 10~*Ws p a r a l l e l to f o l i a t i o n , and a 
h y d r a u l i c c o n d u c t i v i t y of about 1 0 " ^ to 10"^m/s across f o l i a t i o n . As 
h y d r o g e o l o g i c a l l y r e l e van t data i s p r e s e n t l y ve ry l i m i t e d , i t i s not 
p o s s i b l e to d i f f e r e n t i a t e between va r ious rock types on the bas i s of 
hyd rogeo log i ca l p r o p e r t i e s . 

i i ) Sha l low S o i l Hor izon 

The sha l low s o i l hor izon c o n s i s t s of the o rgan ic s o i l s and reworked 
mora ina l or c o l l u v i a l depos i t s desc r ibed i n Se c t i on 3 .2 . Th is s o i l h o r i 
zon i s expected to be a moderate ly permeable ( i . e . h y d r a u l i c c o n d u c t i v i t y 
of 10~5 to 10~4 m/s) m a t e r i a l , but of very l i m i t e d depth . 

i i i ) Mora ina l Depos i t s 

As i n d i c a t e d i n Sec t ion 3 .2 , morainal depos i t s of g l a c i a l t i l l e x i s t over 
the e n t i r e mine area in th i cknesses rang ing from a t h i n veneer on upper 
bedrock s l o p e s , to about 50m in the cen t re of the Johnson Creek V a l l e y . 
The high d e n s i t y and we l l graded nature of the t i l l are i n d i c a t i v e of a 
low p e r m e a b i l i t y porous media. H y d r a u l i c c o n d u c t i v i t i e s of t h i s u n i t are 
expected to range from about 10"8 to 1 0 ~ W s . 

4.3 LOCAL GROUNDWATER FLOW 

The l o c a l groundwater f l ow system i s expected to be f a i r l y s imp le , w i th ground
water recharge o c c u r r i n g on the top and f l a n k s of Samatosum Mountain, and 
d i scharge occu r ing i n the major v a l l e y s . A p o r t i o n of the recharge on 
Samatosum Mountain w i l l t he re fo re f low under the proposed open p i t , waste dump 
and t a i l i n g s s i t e s , to d i scharge in the Johnson Creek V a l l e y . 
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There are many poo r l y dra ined areas on the s lope in the mine a rea , as we l l as a 
smal l pond near the top of the mountain. These c o n d i t i o n s are i n d i c a t i v e of the 
low p e r m e a b i l i t y m a t e r i a l which u n d e r l i e s the a rea . The m a j o r i t y of the p r e c i 
p i t a t i o n w i l l u l t i m a t e l y become e v a p o t r a n s p i r a t i o n from the a rea , or run o f f 
over the ground s u r f a c e . Groundwater f l ow i s expected to represent on l y a very 
smal l p ropo r t i on of the p r e c i p i t a t i o n which recharges t h i s a rea . I t i s e s t i 
mated tha t on l y about 15% of average annual p r e c i p i t a t i o n w i l l i n f i l t r a t e as 
recharge to the groundwater f low system, and tha t l e s s than one t h i r d of the 
ac tua l recharge ( i . e . 5%) w i l l become groundwater f l ow through bedrock. 

4.4 GROUNDWATER IMPACT ON MINE DEVELOPMENT 

4 .4 .1 Groundwater Inf lows to the P i t 

Groundwater i n f l ows to the p i t are expected to be very s m a l l . In low pe r 
m e a b i l i t y r o c k , s lope drainage does not r e a d i l y occu r ; hence, i n f l ow 
c a l c u l a t i o n s based on s teady-s ta te f low as c o n t r o l l e d by recharge con
s i d e r a t i o n s u s u a l l y prov ide a reasonable est imate of seepage q u a n t i t i e s . 
The maximum recharge area above the proposed p i t i s approximate ly 
2.5 x lO^ m^ (see F i g . 1 ) . Annual p r e c i p i t a t i o n i s expected to be 
s l i g h t l y more than the 442mm/year recorded at B a r r i e r e . Assuming a p r e c i 
p i t a t i o n r a t e of 500mm/year and an i n f i l t r a t i o n ra te of 5%, s teady-s ta te 
groundwater seepage in to the p i t i s est imated to be about 2 L/s. As the 
i n f i l t r a t i o n r a t e i s l i k e l y to be l e ss than 5% and the recharge area i s 
l i k e l y to be sma l l e r than 2.5xl0^m^, the 2 L/s r a t e c a l c u l a t e d above 
should be cons idered as an upper bound es t ima te . 

4 .4 .2 P i e z o m e t r i c Leve ls i n P i t S lopes 

Due to the expected low p e r m e a b i l i t y of the rock mass, very l i m i t e d 
na tu r a l d e p r e s s u r i z a t i o n of the s lopes i s expected to occur over the l i f e 
o f the mine. Current p i ezomet r i c l e v e l s w i l l be determined in an upcoming 
hyd rogeo log i ca l i n v e s t i g a t i o n ; however, high groundwater c o n d i t i o n s should 
be a n t i c i p a t e d . 



4.5 GROUNDWATER QUALITY 

Groundwater has been sampled from a seep near the top of Waste Dump S i t e A. 
Th i s groundwater can be c h a r a c t e r i z e d as a hard (238 mg/L as CaC03), s l i g h t l y 
a l k a l i n e water (pH = 7.6 to 8.5) w i th a calcium-magnesium b i ca rbona te-su lpha te 
chemis t r y . 

N u t r i e n t s and metals are present i n the groundwater at on l y very low con 
c e n t r a t i o n s and there are no problems a n t i c i p a t e d w i th the d i s p o s a l of any of 
t h i s water i f i t i s i n t e r c ep t ed ou t s ide the waste dump or p i t a reas . 



5. . OPEN PIT SLOPE STABILITY 

5.1 BASIC SLOPE DESIGN CONSIDERATIONS 

The main o b j e c t i v e of any s lope des ign i s to prov ide sa fe and e f f i c i e n t o v e r a l l 
s l o p e s , as we l l as benches. In rock s l o p e s , i n s t a b i l i t y of i n d i v i d u a l benches 
or the o v e r a l l s lope may r e s u l t from f a i l u r e along s t r u c t u r a l d i s c o n t i n u i t i e s , 
such as j o i n t s , f a u l t s , e t c . In f r a c t u r e d , weak or a l t e r e d r o ck , s lopes may be 
sub jec t to s i g n i f i c a n t degrada t ion , r a v e l l i n g and r o c k f a l l genera t ion which 
cou ld r e s u l t i n unsafe working c o n d i t i o n s . O v e r a l l s lopes may a l so be sub jec t 
to deep seated i n s t a b i l i t y as a r e s u l t of f a i l u r e through the rock mass. 

In terms of the proposed Samatosum open p i t , we understand that the s t eepes t , 
h ighest s lopes ( i . e to about 150m) would be excavated p r i m a r i l y i n the r e l a t i 
v e l y competent Ma f i c P y r o c l a s t i c s i n the hanging w a l l . In a d d i t i o n , the p r i n 
c i p a l plane of weakness ( i . e . f o l i a t i o n ) d ips o b l i q u e l y i n t o the hanging wa l l 
s l ope . Thus, deep seated f a i l u r e of the rock mass i s cons idered u n l i k e l y and 
d e t a i l e d deep seated s t a b i l i t y assessments were not c a r r i e d ou t . S t a b i l i t y 
assessments desc r ibed below were d i r e c t e d towards e va l ua t i ng k i n e m a t i c a l l y 
p o s s i b l e f a i l u r e s i n v o l v i n g d i s c o n t i n u i t i e s and the p o t e n t i a l f o r r a v e l l i n g and 
r o c k f a l l genera t ion on benches. Subsequent p r e l i m i n a r y des ign r a t i o n a l e were 
based on these e v a l u a t i o n s . 

5.2 ASSESSMENT OF KINEMATICALLY POSSIBLE FAILURES 

When assess ing f a i l u r e mechanisms r e l a t e d to s t r u c t u r a l d i s c o n t i n u i t i e s ( i . e . 
k inemat i c f a i l u r e mechanisms), the most important f a c t o r s to cons ide r are the 
o r i e n t a t i o n , geometry and s p a t i a l d i s t r i b u t i o n of d i s c o n t i n u i t i e s i n the s l o p e . 
To determine which f a i l u r e modes are k i n e m a t i c a l l y p o s s i b l e , i t i s necessary to 
eva lua te a l l p o s s i b l e combinat ions of d i s c o n t i n u i t i e s w i th respec t to both the 
o r i e n t a t i o n and a l t e r n a t i v e p o s s i b l e angles of the proposed p i t s l ope . As con-
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ceptua l mine plans w i th proposed s lope o r i e n t a t i o n s have ye t to be prepared , 
k inemat i c assessments were conducted f o r twelve d i s c r e t e Design Sec to rs which 
cover the f u l l range of p o s s i b l e s lope o r i e n t a t i o n s . The f i r s t des ign sec to r 
( i . e Design Sector I) was assumed to be excavated as a f o o t w a l l s l o p e , s t r i k i n g 
p a r a l l e l to the peak o r i e n t a t i o n of f o l i a t i o n and d ipp ing i n the same d i r e c t i o n 
as f o l i a t i o n ( i . e . s lope azimuth 025° ) . A d d i t i o n a l des ign sec to r s were chosen 
at 30° azimuth i n t e r v a l s , c l o ckw i se from 025°. Design s e c to r d e s i g n a t i o n , type 
of s lope and s lope azimuth are summarized in the f i r s t th ree columns of Table 
I I I . 

Lower hemisphere equal area p r o j e c t i o n s of planes r ep re sen t i ng peak o r i e n t a t i o n s 
of d i s c o n t i n u i t y sets summarized i n F i g . 10 were used to d e f i n e a l l k i n e m a t i 
c a l l y p o s s i b l e f a i l u r e modes i n each des ign sec tor (see Appendix B f o r lower 
hemisphere p r o j e c t i o n s ) . Two bas i c types of k i n e m a t i c a l l y p o s s i b l e f a i l u r e 
modes were i d e n t i f i e d : wedge f a i l u r e s and plane f a i l u r e s . A k i n e m a t i c a l l y 
p o s s i b l e wedge f a i l u r e i s de f ined as a block formed by the i n t e r s e c t i o n of two 
d i s c o n t i n u i t i e s and which cou ld s l i d e along the l i n e of i n t e r s e c t i o n i f i t s 
apparent plunge i s undercut by the s l ope . A k i n e m a t i c a l l y p o s s i b l e plane 
f a i l u r e i s de f ined as a b lock which cou ld s l i d e along a s i n g l e d i s c o n t i n u i t y i f 
i t s apparent d ip i s undercut by the s lope and a s u i t a b l e l a t e r a l r e l e a se f e a tu r e 
ex i s t s . 

Simple l i m i t e q u i l i b r i u m s t a b i l i t y analyses were conducted f o r each k i n e m a t i 
c a l l y p o s s i b l e f a i l u r e mode assuming dry s lope c o n d i t i o n s and d i s c o n t i n u i t y 
shear s t rengths summarized in Sec t i on 3 . 1 . 4 . Two separate se t s of a n a l y s i s were 
conducted assuming a l l d i s c o n t i n u i t i e s were j o i n t s and f a u l t s , r e s p e c t i v e l y . 
C a l c u l a t e d f a c t o r s of s a f e t y are i n d i c a t e d on the p r o j e c t i o n s i n Appendix B. 

Not a l l k i n e m a t i c a l l y p o s s i b l e f a i l u r e modes have the same impact on s lope s t a 
b i l i t y or s lope d e s i g n . Factor of s a f e t y of some modes may be such tha t f a i l u r e 
i s u n l i k e l y even under severe c o n d i t i o n s , such as f u l l y sa tu ra ted s l o p e s . Other 
f a i l u r e modes may be so ob l i que to the s lope to be of l i m i t e d p r a c t i c a l impor-
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tance i n terms of s i z e and shape. S t i l l o thers may be formed on d i s c o n t i n u i t i e s 
which are on l y weakly deve loped, and hence, u n l i k e l y to occu r . T h e r e f o r e , an 
e v a l u a t i o n of which k i n e m a t i c a l l y p o s s i b l e f a i l u r e modes are c r i t i c a l to s lope 
design i s necessary . 

For purposes of p r e l i m i n a r y s t a b i l i t y assessment and d e s i g n , c r i t i c a l f a i l u r e s 
were de f ined as k i n e m a t i c a l l y p o s s i b l e f a i l u r e s which have lower bound Fac to rs 
of Sa fe t y of 1.0 or l e s s , based on s t a b i l i t y analyses conducted assuming a l l 
d i s c o n t i n u i t i e s i n vo l ved are formed on f a u l t s . In a d d i t i o n , the l i n e of i n t e r 
s e c t i o n of wedge f a i l u r e s or d ip d i r e c t i o n of plane f a i l u r e s must be l e s s than 
about 45° to 50° o b l i q u e to the s lope az imuth . C r i t i c a l plane and wedge 
f a i l u r e s de f ined i n t h i s manner are i n d i c a t e d on the p r o j e c t i o n s i n Appendix B 
and summarized i n Tab le I I I . 

Based on the de f i ned c r i t i c a l f a i l u r e modes, and c o n s i d e r i n g the importance or 
i n t e n s i t y of the va r ious d i s c o n t i n u i t y sets i n v o l v e d , an assessment of the 
apparent plunge or d ip of f a i l u r e l i k e l y to c o n t r o l bench s t a b i l i t y , and a 
q u a l i t a t i v e assessment of the degree of k inemat i c c o n t r o l were made. Resu l t s of 
these assessments are i nd i c a t ed on the p r o j e c t i o n s in Appendix B and summarized 
i n Table I I I . I t must be apprec iated that because no benches have ye t been 
exposed whereby the ac tua l rock mass behavior may be observed, these assessments 
are based l a r g e l y on eng ineer ing judgement, and must be cons idered p r e l i m i n a r y 
i n na tu re . Once min ing has commenced and benches are a v a i l a b l e f o r documen
t a t i o n , c o n f i r m a t i o n and ref inement of p r e l i m i n a r y assessments should be con 
duc ted . 

5.3 SLOPE GEOMETRY BASED ON KINEMATIC ASSESSMENTS 

Based on r e s u l t s of k inemat ic assessments desc r ibed above, a l t e r n a t i v e p o s s i b l e 
s lope geometries designed to c o n t r o l k i n e m a t i c a l l y p o s s i b l e f a i l u r e s were p r e 
pared. S lope geometry parameters are i l l u s t r a t e d i n F i g . 15. A l t e r n a t i v e 
s lope geometr ies were prepared f o r both 10m high s i n g l e benches and 20m high 
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double benches, assuming 90° des ign bench face ang l e s . Benches were assumed to 
breakback based on the apparent d ip or plunge o f f a i l u r e cons idered to con t ro l 
bench s t a b i l i t y ( i . e . w). Two breakback scenar ios were examined. Breakback 
Scenar io A assumes bench c r e s t s and e f f e c t i v e bench face angles complete ly 
breakback to w. This s cena r io i s based on the assumption tha t a l l d i s c o n 
t i n u i t i e s invo lved in a given f a i l u r e are p lanar and con t i nuous . Scenar io B 
assumes that on ly one-ha l f the breakback i nd i c a t ed fo r Scenar io A o c c u r s . 
I m p l i c i t in Scenar io B i s the assumption that at l e a s t some o f the d i s c o n 
t i n u i t i e s invo lved in a given f a i l u r e are d i scont inuous or p a r t l y healed and 
that f a i l u r e s occur as stepped fea tures ra ther than s imple b l o c k s . Stepped 
f a i l u r e mechanisms are commonly observed in a n i s o t r o p i c rock masses, such as 
tha t at Samatosum, where a r e l a t i v e l y pervas ive plane o f weakness (eg. 
f o l i a t i o n ) o f f s e t s or o therwise l i m i t s the c o n t i n u i t y o f o ther d i s c o n t i n u i t y 
f e a t u r e s . 

Design berm width was c a l c u l a t e d by adding a mininmum berm width fo r access and 
r o c k f a l l catchment to the assumed breakback. For 10m high s i n g l e benches, a 
minimum berm width o f 8m is cons idered adequate for p r e l i m i n a r y assessments. 
For 20m high double benches, a minimum 10m wide access/ rock fa l1 catchment berm 
is recommended. Based on bench h e i g h t , bench face angle and des ign berm w i d t h , 
in te rmed ia te ( i . e . bench c res t to bench c r e s t ) s lope angles were c a l c u l a t e d . 
A l t e r n a t i v e bench geometry parameters are summarized fo r each des ign sector in 
Table I I I . 

5.4 ASSESSMENT OF RAVELLING AND R0CKFALLS 

Even the most c a r e f u l l y designed and excavated s lope w i l l be sub j ec t to 
o c cas i ona l small f a i l u r e s , r o c k f a l l s and r a v e l l i n g . The degree to which a 
given s lope w i l l be sub jec t to such f a i l u r e s depends p a r t l y on k inemat ic con
s i d e r a t i o n s as desc r ibed above and p a r t l y on the general rock mass competency. 
Zones o f poor rock mass competency can be expected to be more s u s c e p t i b l e to 
d e t e r i o r a t i o n , r a v e l l i n g , generat ion o f r o c k f a l l s , e t c . , than zones o f good rock 
mass competency. 
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As desc r ibed i n Sec t i on 3 . 1 . 6 , two bas i c rock mass u n i t s were i d e n t i f i e d : 
una l te red to l i g h t l y a l t e r e d Ma f i c P y r o c l a s t i c s and Ma f i c Tu f f s of r e l a t i v e l y 
moderate to good rock mass competency; and l i g h t l y to s t r o n g l y a l t e r e d Muddy 
T u f f , S e r i c i t i c Ma f i c T u f f , Sediments, Cherts and r e l a t e d rocks of r e l a t i v e l y 
poor to moderate rock mass competency. Based on the l i k e l y r e l a t i v e p o s i t i o n s 
of the va r ious p i t w a l l s and des ign sec to rs w i th respec t to topography and 
geo log i c i n t e r p r e t a t i o n s prov ided by Minnova, an assessment of which rock mass 
un i t s may occur i n each des ign s e c t o r , together w i th the a n t i c i p a t e d rock mass 
competency, was c a r r i e d ou t . Resu l t s of t h i s assessment are summarized in Table 
I I I . 

5 .5 . PRELIMINARY OPEN PIT SLOPE DESIGN 

5.5.1 S lope Geometry 

Recommended p r e l i m i n a r y s lope designs f o r each des ign sec to r are sum
marized on the r i g h t s ide of Table I I I . These s lope designs are based on 
our assessment of k i n e m a t i c a l l y p o s s i b l e f a i l u r e s and a l t e r n a t i v e bench 
geomet r i es , rock mass u n i t s and rock mass competency f o r each design s e c 
t o r . Adjacent des ign sec tors which e x h i b i t s i m i l a r k inemat i c c o n t r o l s and 
rock mass competency have been grouped together to s i m p l i f y the des ign . 
Where more than one rock mass un i t may occur w i t h i n a given des ign s e c t o r , 
separate des igns f o r each rock mass un i t have been prepared which r e f l e c t 
the r e l a t i v e d i f f e r e n c e i n a n t i c i p a t e d rock mass competency. 

As i n d i c a t e d i n Table I I I , s lope design in Design Sectors I, II and I I I i s 
c o n t r o l l e d by f o l i a t i o n d i s c o n t i n u i t i e s . Rock mass competency i n these 
des ign sec to r s i s a n t i c i p a t e d to be poor to moderate. S i n g l e , 10m high 
benches are recommended to l i m i t the s i z e of p o t e n t i a l f a i l u r e s , and 
i n c l i n e d (70° ) bench face angles are recommended to reduce the p o t e n t i a l 
f o r r o c k f a l l genera t ion and r a v e l l i n g which may occur due to the r e l a t i 
v e l y incompetent nature of the rock mass in these design s e c t o r s . 
Recommended berm widths of 8m y i e l d 41° in te rmed ia te s l o p e s . 
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In g e n e r a l , 90° des ign bench f a ce angles and 20m high double benches are 
recommended i n moderate to good competency rock i n Design Sec tors IV 
through X. Berm width v a r i e s from 15 to 19m and in te rmed ia te s lope angles 
range from 47° to 53°. In poor to moderate competency r o c k , 70° design 
bench f ace angles are recommended to reduce p o t e n t i a l r o c k f a l l genera t ion 
and a l low be t t e r c o n t r o l of r a v e l l i n g . Design berm widths range from 12 
to 14m and in te rmed ia te s lope angles range from 43° to 46° i n the l ess 
competent rocks i n these des ign s e c t o r s . 

In Design Sec tors XI and X I I , l i t t l e k inemat ic c o n t r o l i s e v i d e n t ; hence, 
doub le , 20m high benches are recommended. I n c l i n e d bench faces (70°) and 
12m wide berms, y i e l d i n g maximum in te rmed ia te s lope angles of 46° , are 
recommended to reduce r o c k f a l l genera t ion and r a v e l l i n g which may occur 
due to the r e l a t i v e l y incompetent nature of the rock mass i n these design 
s e c t o r s . 

5.5.2 B lend ing and M o d i f i c a t i o n of Recommended Slope Designs 

In g e n e r a l , the recommended s lope design f o r a g iven des ign sec to r should 
not be exceeded i n t r a n s i t i o n zones between des ign s e c t o r s . However, i t 
i s cons ide red f e a s i b l e to steepen smal l s ec t i ons of the s lope and accept 
the p o s s i b i l i t y of increased f a i l u r e s on berms i n smal l areas where the 
impact i s m in ima l . 

5 .5.3 C o n t r o l l e d B l a s t i n g and R ipp ing 

C o n t r o l l e d b l a s t i n g or r i p p i n g of f i n a l s lopes i s recommended, pa r 
t i c u l a r l y i n areas of r e l a t i v e l y poor rock mass competency, to min imize 
breakback and damage to the rock mass. In t h i s r ega rd , some p r o v i s i o n 
should be made e a r l y i n the mine l i f e f o r b l a s t i n g and r i p p i n g t r i a l s to 
determine the optimum excava t ion techn ique . 
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5.5.4 S c a l i n g and C lean ing of Berms 

Benches should be thorough ly s ca l ed immediate ly f o l l o w i n g excava t i on . 
Depending on s lope behav io r , a d d i t i o n a l s c a l i n g and p e r i o d i c c l e a n i n g of 
berms may be r e q u i r e d to minimize p o t e n t i a l r o c k f a l l hazards and ma in ta in 
berms as e f f e c t i v e r o c k f a l l catchments. 

5.5.5 Remedial Measures 

As i n d i c a t e d p r e v i o u s l y , l i t t l e i s known concern ing the c h a r a c t e r i s t i c s , 
o r i e n t a t i o n or c o n t i n u i t y of major f a u l t s . I f such f ea tu res do occur and 
are adve r se l y o r i e n t e d , they cou ld r e s u l t i n f a i l u r e s i n v o l v i n g severa l 
benches or the whole s l ope . I t i s t h e r e f o r e c r i t i c a l that such f ea tu res 
be i d e n t i f i e d as q u i c k l y as p o s s i b l e so that remedial measures may be ade
qua te l y p lanned . Remedial measures cou ld c o n s i s t of a r t i f i c i a l suppor t , 
s lope f l a t t e n i n g , b u t t r e s s i n g , or s lope d e p r e s s u r i z a t i o n . The need f o r 
remedia l measures should be assessed as p o t e n t i a l s t a b i l i t y problems are 
i d e n t i f i e d . 

5.5.6 Groundwater and Surface Water Con t ro l 

S t a b i l i t y ana lyses and s lope designs desc r ibed above are based on f u l l y 
dep res su r i zed or dra ined s l o p e s . P rov ided adequate su r face water and 
sha l low groundwater seepages are c o n t r o l l e d v i a i n t e r c e p t i o n t renches and 
graded d i t c h e s , benches are expected to be g e n e r a l l y we l l d r a i ned . Some 
sha l low groundwater d e p r e s s u r i z a t i o n or dra inage measures may be r equ i r ed 
f o r the lower benches. 

In terms of l a r g e r s c a l e , deep seated f a i l u r e s i n v o l v i n g major f a u l t s , 
groundwater d e p r e s s u r i z a t i o n may be necessary to ensure adequate s t a b i 
l i t y . The need f o r d e p r e s s u r i z a t i o n should be assessed once p o t e n t i a l 
s t a b i l i t y problems are i d e n t i f i e d . 
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5.5.7 S lope M o n i t o r i n g 

A l l s lopes should be inspec ted r e g u l a r l y f o r s igns of d i s t r e s s and o v e r a l l 
s lope movement. I f movements are observed, more s o p h i s t i c a t e d mon i to r ing 
techniques should be employed to assess the nature o f the movements. 

5 .5.8 Geotechn ica l Mapping, S lope Documentation and Ongoing Analyses 

An ongoing program of geo techn i ca l mapping, core l o g g i n g , data assessment, 
s lope documentation and assessment of s lope behav ior should be conducted 
throughout mine development and m in ing . Th i s work i s p a r t i c u l a r l y 
important to i d e n t i f y and assess the occur rence , o r i e n t a t i o n , and phys i c a l 
c h a r a c t e r i s t i c s of major f a u l t s which may a f f e c t s lope s t a b i l i t y . Mapping 
and documentation may a l so serve to warn of p o s s i b l e changes in geo log i c 
s t r u c t u r a l c o n d i t i o n s or other unfavourable c o n d i t i o n s which may e x i s t in 
the s l o p e . Updated geo techn i ca l i n fo rmat ion can be used to conf i rm or 
modify the s lope designs as mining proceeds. 
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6. WASTE DUMP, TAILINGS POND AND MILL SITES 

D e t a i l e d waste dump and m i l l s i t e l ayouts were not a v a i l a b l e f o r t h i s s tudy . 
S i m i l a r l y , f i n a l t a i l i n g s pond and sed imentat ion pond c o n f i g u r a t i o n s have not 
been s e l e c t e d . A l t e r n a t i v e s i t e l o c a t i o n s i l l u s t r a t e d on p lan i n F i g . 2 are 
based on p r e l i m i n a r y d i s c u s s i o n s wi th Minnova pe r sonne l . The d i s c u s s i o n below 
i s intended to a s s i s t w i th the d e t a i l e d p lann ing of the waste dumps and other 
f a c i l i t i e s by p r o v i d i n g general geo techn i ca l g u i d e l i n e s , concepts and con 
s i d e r a t i o n s which can be input in to the s i t e s e l e c t i o n and d e t a i l e d des ign p r o 
cess . 

6.1 WASTE DUMPS 

6.1.1 Foundat ion Cond i t ions and M a t e r i a l P r o p e r t i e s 

The s t a b i l i t y of the waste dumps w i l l be c o n t r o l l e d by the s t r eng th of the 
s u r f i c i a l s o i l s and bedrock m a t e r i a l s on which the dump w i l l r e s t , 
topography, groundwater c o n d i t i o n s , waste rock p r o p e r t i e s and, to some 
e x t e n t , the method of dump placement. As d i scussed in Sec t ions 2.1 and 
3 .2 , the proposed waste dump s i t e s i l l u s t r a t e d in F i g . 2 are loca ted j u s t 
west ( i . e . S i t e A) and j u s t north ( i . e . S i t e B) of the proposed p i t . The 
na tu ra l s lopes in both of these areas are g e n e r a l l y f a v o u r a b l e , being i n 
the range of 15° to 20° w i th on l y a few l o c a l areas being as steep as 
about 25°. The lower approx imate ly 500m of the v a l l e y s ide t y p i c a l l y s l o 
pes at about 10° to 15° (see F i g s . 2, 16 and 17) . 

Subsurface c o n d i t i o n s at Waste Dump S i t e s A and B are a l so g e n e r a l l y 
f a v o u r a b l e . Whi le an organ ic " t o p s o i l " l ayer i s present over the s i t e s , 
t h i s l ayer i s f o r the most par t l e ss than 30 cm t h i c k and should not have 
a s i g n i f i c a n t a f f e c t on the o v e r a l l s t a b i l i t y of a dump. The weathered 
t i l 1 / c o l l u v i u m and under l y ing hard g l a c i a l t i l l desc r ibed i n Sec t ion 3.2.2 
are both cons ide red to be competent, s u i t a b l e foundat ion m a t e r i a l s f o r a 
waste dump. 
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Most of the seepage observed i n the t e s t p i t s occured w i t h i n the sur face 
o rgan i c s o i l s , above the weathered t i 1 1 / c o l l u v i u m . Only occas iona l e v i 
dence of s l i g h t seepage at the weathered bedrock con tac t or i n the 
weathered t i l l / c o l l u v i u m was observed. Based on the g e n e r a l l y dense and 
we l l graded nature o f these s o i l s , l i t t l e or no water f l ow w i t h i n the 
s o i l s u n d e r l y i n g the o rgan ics i s expected. Sur face water f l ow w i t h i n the 
smal l dra inage courses w i t h i n the waste dump s i t e s i s expected to be 
i n t e r m i t t e n t . 

Based on the nature of the waste rock and on exper ience from other waste 
dumps, a minimum repose angle of 37° may be an t i cpa ted f o r the waste rock . 
Whi le l i t t l e d i f f e r e n c e i n behaviour i s expected between the two main rock 
mass u n i t s , the Ma f i c P y r o c l a s t i c s may be more r e s i s t a n t to general 
weather ing and breakdown. However, some general mechanical degradat ion or 
s l a k i n g of a l l rock types i s a n t i c i p a t e d . 

6 .1 .2 Assessment of Waste Dump S t a b i l i t y and Design G u i d e l i n e s 

Based on the above, i t i s concluded that e i t h e r of the two proposed s i t e s 
would be acceptab le f o r a waste dump. While the exact c o n f i g u r a t i o n ( i . e . 
volume, h e i g h t , e t c . ) of the waste dump has not been determined, i t i s 
a n t i c i p a t e d that the dump would be b u i l t i n a s e r i e s of t e r r a ces or wrap
arounds as opposed to a s i n g l e dump l i f t . Th i s method of dump c o n s t r u c 
t i o n , which would probably r e s u l t i n a dump th i ckness of no grea te r than 
about 50m i n any one a rea , i s cons idered f avourab l e i n terms of waste 
dump s t a b i 1 i t y . 

To prevent as much sur face water or sha l low groundwater as p o s s i b l e from 
en te r i ng the dump or the dump f ounda t i on , i t i s recommended that an i n t e r 
ceptor d i t c h be excavated above the dump. Such a d i t c h should be exca 
vated i n t o the dense and r e l a t i v e l y impervious g l a c i a l t i l l , and c o l l e c t e d 
water should be d i r e c t e d away from the dump and i n t o an adjacent dra inage 
course . 
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Surface water and sha l low groundwater tha t i s not c o l l e c t e d by the i n t e r 
ceptor d i t c h w i l l tend to be concentra ted in the few poor l y de f ined 
dra inage c o u r s e s . To encourage f r ee dra inage o f the waste dump, i t i s 
recommended tha t the most durable and b locky waste rock be placed in the 
dra inage c o u r s e s . 

Logg ing , c l e a r i n g and grubbing o f the waste dump s i t e s p r i o r to dumping i s 
not recommended. As has been repor ted fo r other waste dump s i t e s in B .C . , 
d i s tu rbance o f the upper s o i l s by heavy equipment r e s u l t s in remolding o f 
the m a t e r i a l s . In the presence o f even a r e l a t i v e l y smal l amount o f 
wa te r , these s i l t y remolded s o i l s become very s o f t , l o s i n g v i r t u a l l y a l l 
o f t h e i r s t r e n g t h . Cons idera t ions should be given to l o c a t i n g the u l t i 
mate waste dump toe w i t h i n fo res ted sec t i ons o f the s lope as the t rees may 
serve to b ind the organ ic mat or veneer to the unde r l y ing s o i l s as we l l as 
prov ide some b u t t r e s s i n g e f f e c t to the t o e , at l e a s t in the shor t term. 
Vegeta t ion cover a l so tends to r e s u l t in d r i e r subsurface c o n d i t i o n s due 
to e v a p o t r a n s p i r a t i o n . 

While o v e r a l l i n s t a b i l i t y of a waste dump in e i t h e r o f the proposed s i t e s 
i n d i c a t e d on F i g . 2 i s not a n t i c i p a t e d , there i s always the p o s s i b i l i t y 
that small f a i l u r e s could occu r . Thus, i t i s recommended tha t s u i t a b l e 
dump mon i to r i ng (eg. w i r e l i n e extensometers , v i s u a l i n s p e c t i o n s , e t c . ) be 
inco rpora ted in to the dumping p l a n s . Should a dump f a i l u r e o c c u r , the 
f l a t t e r s lopes below about e l e v a t i o n 1100m (see F i g s . 2, 16 and 17) would 
tend to l i m i t the runout o f any such f a i l u r e . 

Notw i ths tand ing the apparent s u i t a b i l i t y o f the s i t e , a f u r t h e r s i t e 
r e conna i s sance , and poss ib l y t e s t p i t t i n g , should be c a r r i e d out once the 
snow cover has melted and before dump plans are f i n a l i z e d . 
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6.2 ASSESSMENT OF TAILINGS POND SITES 

The two conceptual t a i l i n g s pond s i t e s shown in p lan on F i g . 2 and in s e c t i on on 
F i g s . 17 and 18 are s i g n i f i c a n t l y d i f f e r e n t from a topograph ic and c o n s t r u c t i o n 
s t andpo in t . T a i l i n g s Impoundment S i t e B, loca ted on a s i d e s l o p e downh i l l of the 
open p i t and Waste Dump S i t e B, would r equ i r e the c o n s t r u c t i o n of a th ree-s ided 
s t r u c t u r e to prov ide the r equ i r ed containment. T a i l i n g s Impoundment S i t e A, on 
the other hand, by v i r t u e of i t s shape, would r equ i r e on l y the c l o s i n g o f f of 
one end of a na tu ra l draw or bas in to prov ide the r equ i r ed conta inment. Thus, 
the borrow ma te r i a l and c o n s t r u c t i o n requirements f o r a t a i l i n g s dam and pond 
appear to be f a r l e ss i f T a i l i n g s Impoundment S i t e A i s u t i l i z e d . 

Based on observa t ions i n t e s t p i t s i n the area of the two s i t e s , i t i s concluded 
that subsurface c o n d i t i o n s are f a i r l y s i m i l a r . That i s , a t h i n ( i . e . t y p i c a l l y 
< 30cm t h i c k ) l a ye r of o rgan i c t o p s o i l i s t y p i c a l l y unde r l a i n by a we l l graded, 
compact to very dense s i l t y sandy g l a c i a l t i l l . While no p e r c o l a t i o n t e s t s have 
been completed i n t h i s ma t e r i a l to da te , i t i s a n t i c i p a t e d tha t the p e r m e a b i l i t y 
of t h i s ma te r i a l i s r e l a t i v e l y low ( i . e . 10~8 to 1 0 " W s ) , i n d i c a t i n g that i t 
would form a s u i t a b l e seal f o r the base of the pond. 

Based on r e s u l t s of the p r e l i m i n a r y i n v e s t i g a t i o n d i s cussed above, i t i s 
concluded that both proposed s i t e s would be g e o t e c h n i c a l l y s u i t a b l e f o r t a i l i n g s 
ponds. However, T a i l i n g s Impoundment S i t e A has the advantage of r e q u i r i n g con 
s i d e r a b l y l ess c o n s t r u c t i o n to form a f u l l y enc losed impoundment. In a d d i t i o n , 
T a i l i n g s Impoundment S i t e B has the disadvantage of be ing l oca ted d i r e c t l y 
downslope of a p o t e n t i a l waste dump s i t e . A d e t a i l e d topograph ic survey of any 
t a i l i n g s pond s i t e i s necessary to a l low an accurate assessment of the volume of 
t a i l i n g s which cou ld be conta ined behind a dam of a g iven h e i g h t . Fur ther 
geo techn i ca l i n v e s t i g a t i o n s r equ i r ed to f i n a l i z e a t a i l i n g s pond and dam design 
are d i s cussed below i n Sec t ion 7 .4 . 
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6.3 ASSESSMENT OF PROPOSED MILL SITE 

As i l l u s t r a t e d on F i g . 2, one proposed m i l l s i t e i s l oca ted j u s t west of 
T a i l i n g s Impoundment S i t e A , on top of a he ight of land which at present i s 
h e a v i l y f o r e s t e d . Whi le i t was not p o s s i b l e to determine subsur face c o n d i t i o n s 
i n t h i s area du r i ng the f i e l d program, i t i s a n t i c i p a t e d tha t bedrock would be 
very near s u r f a c e , and tha t i t would be p o s s i b l e to found the m i l l on bedrock at 
t h i s s i t e . I t i s noteworthy tha t bedrock was observed on the logged, cone-
shaped h i l l s j u s t east of T a i l i n g s Impoundment S i t e A. Fur ther reconna issance 
of t h i s area should be conducted once the snow has me l ted . Test p i t t i n g or 
other i n v e s t i g a t i o n s may a l so be necessary , depending on the r e s u l t s o f the 
f i e l d r econna i s sance . Other m i l l s i t e s may a l so be s u i t a b l e , however, none were 
s p e c i f i c a l l y addressed f o r t h i s s tudy. 

6.4 ASSESSMENT OF POSSIBLE SEDIMENTATION POND SITE 

Should a sed imenta t ion pond be r equ i r ed at the s i t e , i t would most l i k e l y be 
s i t u a t e d downslope of the open p i t and waste dump in the v i c i n i t y o f , or j u s t 
west o f , T a i l i n g s Impoundment S i t e B. Test p i t s excavated i n the general area 
( i . e . Test P i t s 11 , 12 and 13) i n d i c a t e that f avourab le foundat ion s o i l s ( i . e . 
dense g l a c i a l t i l l ) are present f o r such a f a c i l i t y . Fu r the r f i e l d r e c o n 
na issance and t e s t p i t t i n g are l i k e l y r equ i r ed once a f i n a l l o c a t i o n and con 
f i g u r a t i o n f o r the sed imentat ion pond has been s e l e c t e d . 
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7. ADDITIONAL GEOTECHNICAL STUDIES 

7.1 ADDITIONAL SITE RECONNAISSANCE 

F i e l d i n v e s i g a t i o n s f o r t h i s study were conducted dur ing a pe r i od when the 
t e r r a i n was snow covered . Hence, s i t e access was r e s t r i c t e d and l i m i t e d oppor
t u n i t y was a v a i l a b l e to observe general s i t e c o n d i t i o n s and so i l /bed rock charac 
t e r i s t i c s . We t h e r e f o r e recommend tha t a d d i t i o n a l s i t e reconna i ssance , and 
p o s s i b l y a d d i t i o n a l l i m i t e d t e s t p i t t i n g and geo log i c s t r u c t u r a l mapping be con 
ducted by P i t eau As soc i a t e s once the snow cover has me l ted . In format ion 
obta ined from t h i s s i t e v i s i t would be assessed and used to v e r i f y or update 
recommendations conta ined h e r e i n , i f r e q u i r e d . 

7.2 ASSESSMENT OF PRELIMINARY MINE PLANS 

The p r e l i m i n a r y des ign c r i t e r i a given here in should be used as a bas i s f o r deve
l op ing d e t a i l e d mine p l a n s , s lope des igns and waste dump des igns . Once these 
des igns and p lans have been prepared, they should be reviewed by P i t eau 
A s s o c i a t e s p r i o r to commencement of m in ing . 

7.3 VERIFICATION AND UPDATING OF DESIGN CRITERIA 

As i n d i c a t e d p r e v i o u s l y , many of the assessments desc r ibed here in are based on 
eng inee r ing judgement and assumptions regard ing rock mass and s o i l foundat ion 
behav iour . I t i s of c r i t i c a l importance tha t these assumptions and des ign c r i 
t e r i a be v e r i f i e d at an e a r l y stage of mine l i f e . In t h i s r ega rd , we recommend 
tha t i n i t i a l min ing s lopes and waste dump c o n s t r u c t i o n be examined and docu
mented by exper ienced geotechn ica l pe r sonne l . Th is i n fo rmat ion should be used 
as a b a s i s f o r v e r i f y i n g and updat ing assumptions and des ign c r i t e r i a presented 
h e r e i n . P e r i o d i c reviews of s lope and waste dump behaviour by q u a l i f i e d 
geo techn i ca l personnel are recommended throughout mine l i f e . 
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7.4 DETAILED TAILINGS POND AND MILL SITE INVESTIGATIONS 

Once t a i l i n g s pond and m i l l s i t e s have been s e l e c t e d and p r e l i m i n a r y s i t e 
l ayouts have been p repa red , d e t a i l e d i n v e s t i g a t i o n s o f s i t e c o n d i t i o n s should be 
conducted to con f i rm s i t e s u i t a b i l i t y and p rov ide i n fo rma t ion r equ i r ed f o r 
d e t a i l e d f a c i l i t y d e s i g n . These i n v e s t i g a t i o n s cou ld i n c l u d e : d e t a i l e d 
topograph ic s u r v e y i n g , s i t e reconnaissance and mapping, t e s t p i t t i n g , t r ench ing 
and p o s s i b l y d r i l l i n g . 

7.5 ASSESSMENT OF BORROW SOURCES 

Fur ther assessments of p o t e n t i a l borrow sources w i l l l i k e l y be needed once 
borrow requirements are d e l i n e a t e d . As d i s cussed i n Sec t i on 3 . 2 . 1 , the on ly 
c l e a r l y i d e n t i f i e d p o t e n t i a l source of c l ean c o n s t r u c t i o n aggregate i n the study 
area i s l o ca ted i n the Sinmax Creek V a l l e y . Based on a i rpho to i n t e r p r e t a t i o n , 
c l o s e r borrow sources o f s i g n i f i c a n t volume appear u n l i k e l y . However, f u r t h e r 
f i e l d r e conna i s sance , and p o s s i b l y t e s t p i t t i n g should be c a r r i e d out to 
i n v e s t i g a t e the matter f u r t h e r . With regard to borrow ma te r i a l f o r a t a i l i n g s 
dam, the s i l t y g l a c i a l t i l l that i s present across the s i t e i s f e l t to be i dea l 
f o r such a s t r u c t u r e . 
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TABLE I 

SUMMARY OF POINT LOAD INDEX TESTING RESULTS 1 

APPROXIMATE UNIAXIAL COMPRESSIVE STRENGTH 2 , 3 

DEGREE 
OF 

ALTERATION 

PARALLEL TO 
FOLIATION 

PERPENDICULAR 
TO FOLIATION 

ANIS0TR0PY 4 

INDEX ROCK TYPE 

DEGREE 
OF 

ALTERATION MPa ps i MPa ps i 
ANIS0TR0PY 4 

INDEX 

FRESH TO LIGHT 
41.9 

(12.7-74.4) 
[20] 

6,075 - - -

MAFIC 
PYROCLASTICS 

FRESH WITH 
IRON STAINING 
ON FRACTURES 

69.6 
(10.8-153.6) 

[103 
10,090 

255.6 
(111.6-338.4) 

[10] 
37,060 3.7 

LIGHT 
42.5 

(14.9-91.2) 
[10] 

6,160 - - -

LIGHT 
30.9 

(5.5-79.2) 
[20] 

4,480 
133.8 

(115.2-156.0) 
[5] 

19,400 4.3 

MAFIC 
TUFF 

LIGHT TO 
MODERATE 

14.0 
(10.5-21.6) 

[4] 
2,030 - - -

MODERATE 
12.3 

(7.2-30.2) 
[10] 

1,780 - - -

MUDDY 
TUFF LIGHT 

16.2 
(8.0-42.0) 

[22] 
2,350 - - -

NOTES: 1. Based on Po in t Load Index t e s t i n g of NQ core from fou r diamond d r i l l h o l e s 
2. Median U n i a x i a l Compressive S t r e n g t h . Range i n parentheses ( ) . 

Number of t e s t s i n brackets [ ] . 
3. U n i a x i a l compressive s t rength (U.C.S . ) determined by m u l t i p l y i n g 

P o i n t Load Index by 24. 
4. A n i s o t r o p y Index = A x i a l U .C .S ./D iametra l U.C.S. 



TABLE II 

SUMMARY OF SURFICIAL SOIL TYPES AND STRATIGRAPHY 
FROM TESTS PITS AND RECONNAISSANCE MAPPING 

GRAPHIC TERRAIN 
LOG SYMBOL 

UNIFIED 
SOIL 

CLASS. 

OBSERVED 
STRATUM 

THICKNESS 
(m) 

• 

DESCRIPTION 

PT 

OL/OH 0 ~ 1 . 0 

ORGANIC VENEER 

PT 

OL/OH 0 ~ 1 . 0 

B l a ck ; da rk- redd i sh brown. Wet-dry. 
S o f t , c o m p r e s s i b l e - f i r m , compact. Roots , 
Amorphous-Fibrous PEAT & Organic SILT 
-SANDY SILT. O c c a s i o n a l l y in te rmixed w i th 
C o l l u v i a l deb r i s (reworked T i l l & Bedrock 
f ragments ) . 

M 
v M M V / C V 

I ' M l 

Mi! 
ML 

SM-GM 
SW-GW 

0 ~ 2 . 0 

WEATHERED TILL or COLLUVIUM (reworked 
TILL/WEATHERED BEDROCK) 

L i g h t , medium, r e d d i s h , g r e y i s h brown. 
Compact-dense. Mo i s t -d r y . Well graded. 
Sandy S I L T - S i l t y SAND & GRAVEL-Sandy 
GRAVEL. Trace c l a y . Occas iona l Cobbles & 
Boulders - 30 cm. Occas iona l Roots & 
Organic F i b r e . Coarser c o n s t i t u e n t s 
subround to angular & commonly s t r o n g l y 
weathered. 

ML 
SM-GM 
SW-GW 

0 » 3 . 0 

TILL 
Light-medium g r e y i s h brown-grey. Compact-
very dense, ha rd . Dry w i th moist-wet 
zones g e n e r a l l y a s soc i a t ed w i th g r a v e l l y 
l enses . Well graded. Sandy S I LT-S i l t y 
SAND & GRAVEL-Sandy GRAVEL. Trace C l a y . 
Occas iona l Cobbles & Boulders - 30m. 
Coarser c o n s t i t u e n t s subrounded-angular 
& o c c a s i o n a l l y s t r o n g l y weathered. 

WEATHERED BEDROCK 
Modera te ly-comple te ly wea thered/ox id ized . 
S t rong l y f o l i a t e d , f r i a b l e . Hardness 
R0-R1. 

NOTES: 1. See Appendix A f o r d e t a i l e d t e s t p i t l o g s . 
2. See F i g . 2 f o r s u r f i c i a l geology map and d e s c r i p t i o n of T e r r a i n 

C l a s s i f i c a t i o n System. 
3. Based on U n i f i e d S o i l C l a s s i f i c a t i o n System (Wagner, A . A . , 1957). 





APPENDIX A 

TEST PIT LOGS 



TEST PIT NO. 1 METHOD OF DIGGING TEST PIT Ca<^ Backhoe. 

LOCATION VJex^. Du/vtp A 

GROUND SURFACE ELEVATION £ Z l f & £ 7 _ 
GROUNDWATER ELEVATION 
(at time of d igg ing ) ~~ 

£s] - GRAB SAMPLE (Ail ̂ ampteZ ) 

0 - UNDISTURBED SAMPLE 

CLj 
CD 

O 
CD 

Q 

Symbol Desc r i p t i on 
00 

Comments 

i-l $ f r us/*./aHr. £d)LLU\/icJM cor 
reworked - T I L L . ( Cvor My) 

6 M 

5 

Lt.-med.- red b rn . <;Hvj £AMD+ 
6rRAv/E!_ u>l occ. vVX E/R £la£H> 
rhr. dtatj , -fr. <?rq. -fibre  

Mod- w*./ai-l- A L L U V I U M or 
T I L L ( C y o r M^) 

2 -
"TY&. M m 

3 - - 10 

- 15 

5 -

6 -

7 -

20 

- 25 
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LOG OF TEST PIT 

NO. 1 

3y: P M H Da<£: 8 8 LOG OF TEST PIT 

NO. 1 Job: 946 Owg: B-l 



TEST PIT NO. METHOD OF DIGGING TEST PIT Caje. 980 ~£ackhoe-

LOCATION y//*Ug. Dury.p <[\a A  

- qutLf Tin nrvd . sloping c^rouM 
ITT OKI ~ t \ 1 < 

.Uu_ 
RFAI GROUND SURFACE ELEVATION -135/3 m 

GROUNDWATER ELEVATION 
(at time of d igg ing ) ~ 

GS| - GRAB SAMPLE (Ml €ar«fl<?C) 
ED " UNDISTURBED SAMPLE 

Cl 
CD 

O 

Symbol D e s c r i p t i o n o. 
e 
T3 

00 

Comments 

O l / o H 

- f T 

Med.- dk. b m . ^ v n t e t , Or^. 5n-T 4-
•Piberou^ PEAT u>/ + r . - SLxne- 5snd ; 

2-1 

Frozen• 
Mixed or<g, + Wx./^H-. ^oLxjJViurA 
o r rew^rKiSd "T i u i _ 

S M 

L t . -med . 5^ b r n . , -firm 4o d<2n<e 
u p / oct • £<y£-)er <0ne£> unsfraft'f fed, 
well graded SAMD 4-6*!AMeL 
Subrnd-<ancj, £cc. wx.. rock -fra^S. 

T-'D. 3 -Om 

- 15 

5 -

6 -- 20 

7 --

- 25 

2-1 
0-3) 

2-2 
(2.cO 

2-3 

€ i . a r t ./wx. T i l l ( M b ) 

i^-krj wet ^one <£ 2.g> 
W.C. r U % j £*<Ne- £ R5 . ) 

M^i^t" only j Ho measurable 

Vrl b a f e of p i t 

MINNOVA INC. 
SAMATOSUM PROJECT 
PRELIMINARY GEOTECHNICAL INVESTIGATIONS I PITEAU & ASSOCIATES 

GEOTECHNICAL CONSULTANTS 

VANCOUVER CALGARY 

LOG OF TEST PIT 

NO. Z 

By: PMH 

JOD 946 

n 02 88 
Dace: 
Dwg : • B-Z, 



TEST PIT NO. METHOD OF DIGGING TEST PIT CA£g SBo ^dthoe 

LOCATION ^ U f e aboi/e: \h\n*&>. Dump 
A - f t ^ j p">^j drained, ^uwl^ 

GROUND SURFACE ELEVATION *U»gPm 
GROUNDWATER ELEVATION 
(at time of d igg ing ) -

BSJ - GRAB SAMPLE Q\W £arr?te£) 
[U] - UNDISTURBED SAMPLE 

E i 
+3 
04 
a; Q 

i 

J Z 

Q 

Symbol 

PL-/OH 

Desc r i p t i on 
00 
a) Comments 

^ed,-dk-bff\.} y, w e t Org. $ I L T 

/ A V / v V / \ V 
Lt .v jd.- red. brn, damp, -firm 3-1 v&./art A L L U V I U M , 

T I L L ^Cyor- M j ) • 

to-

- 5 
T D . <2-6?m 

"Dry 

T h ^ o A\- IB 

3 - - 10 

4 --

15 

5 -

6 - 20 

- 25 

MINNOVA INC. 
SAMATOSUM PROJECT 
PRELIMINARY GEOTECHNICAL INVESTIGATIONS 

PITEAU & ASSOCIATES 
GEOTECHNICAL CONSULTANTS 

VANCOUVER CALGARY 

LOG OF TEST PIT 

NO. 3 

By: PMH 

Joo: 946 
Da1 .92 .M 

Dwg: B-5 



TEST PIT NO. 4 METHOD OF DIGGING TEST PIT 5%Q T a c k b ^ 

LOCATION -Sqcktle, qlootffr W O T M C - X>ump 

GROUND SURFACE ELEVATION £ W o o m 
GROUNDWATER ELEVATION 
(at time of d igg ing ) ^ 1^4? no 

H3 - GRAB SAMPLE ^ | | ^ m ? \ ^ ) 
ED - UNDISTURBED SAMPLE 

CL 

I 

Q 

Symbol D e s c r i p t i o n 

to a; 

3̂ 
00 

Comments 

O L /OH 
- P T 

Pfc. bm.— blk. 5<?ffc - firm ̂ aworpbfMS -
ftbwou-S BEAT avi<A (^r^riiC ^ | L T a>/ 
o c c lenvs, <^ it. yel.-bm- Sil-kj 

1-1 
Pp 4-5" ^ / c m v £>nd fenseO 

•- 5 
M L - S M 

Mcrt+led, It- yeJ-brn.- It- ^ r- red bm.^ 
•firm- dense, UL»&11 graded chyeui) 
5and<3 5 l L T - 5 i l K , t-TRAVEL w/ 
oo i . Gpbbl^s - l o a n . <,ubrnd-ang 
&ecc*rv^ iSofer to/ deprh 

3 -

4-2 
( i -0 

4-3 

4-4 

W * 7 * 1 ^ T I L L I'M^) 

Pe IS-2.0 ^Ictri1 

W.c. 2̂ .5"/„ ;Sieve 4-Mjdrom&ter frvy 

V Minor Sgepo<xe (S>. R|R 
--10-

4 -i 

- 15 

/ 
T.b. -s. \m 

<rta<ic!pip<s if?6-t»ll<adi a t 

5 -

6 -- 20 

7 -

- 25 
MINNOVA INC. 
SAMATOSUM PROJECT 
PRELIMINARY GEOTECHNICAL INVESTIGATIONS I PITEAU & ASSOCIATES 

GEOTECHNICAL CONSULTANTS 

VANCOUVER CALGARY 

LOG OF TEST PIT 

NO. 4 

3 y : P M H | 3a ? ? - 8 8 

J O D : 946 ;,a: B-4 



TEST PIT NO. METHOD OF DIGGING TEST PIT ^ree S?a Zackhce 

LOCATION WfrMe .T^™p£ite A -

GROUND SURFAtf ELEVATION 't\30Orr\ 
GROUNDWATER ELEVATION 
(at time of d igg ing ) ~ 

[GS] - GRAB SAMPLE CA\\ ^mpl^) 
ED - UNDISTURBED SAMPLE 

Q _ 
CD 

I 

J Z 

O 

Symbol 

YT 

Desc r i p t i on 
oo 

Comments 

Orc±, Veneer ( GsJ) 

6 M 

6 M 

S A K P f 6*£A\i3- , submd-an<^. 5"-! 6U wx. /afh T I L L ( M ^ 

4 — 

- 15 

5 -

6 -

7 -

20 

- 25 

?b<7+o A l - i9 52o 

MINNOVA INC. 
SAMATOSUM PROJECT 
PRELIMINARY GEOTECHNICAL INVESTIGATIONS I PITEAU & ASSOCIATES 

G E O T E C H N I C A L C O N S U L T A N T S 

V A N C O U V E R C A L G A R Y 

LOG OF TEST PIT 

NO. F 

3y . PMH 

J O D : 946 

n 02. .88 



TEST PIT NO. METHOD OF DIGGING TEST PIT SSo *§ackh&=L 

LOCAT ION W* * t e D u m p B 
- Hgc(> < )̂r?p^^ g\f7wnrt, 

RFACE ELE GROUND SURFACE^ ELEVATION ^\^SS^ 
GROUNDWATER ELEVATION 
(at time of d igg ing ) — 

H - GRAB SAMPLE C/UI 

ED - UNDISTURBED SAMPLE 

0-4 <D 
O 

Symbol D e s c r i p t i o n 

CO 
CD 

-a oo 
Comments 

/ O H 

- 5 SM/£rM 

HeS.^c brn .^cteri^e f U J^K graded 

°3 " Q n 3 

Mix«<} Org. 4- Wx./oH-- ^OLLUVl i JM 
o r re worked T I L L ^ v or Nj v ) 

Pp. > $.o \cttf-

S I . W / Q H - . T I L L - ( M O 

- JTJ 

4 — 

"Dr^ 

- 15 

5 -

6 -

7 -

20 

- 25 
MINNOVA INC. 
SAMATOSUM PROJECT 
PRELIMINARY GEOTECHNICAL INVESTIGATIONS I PITEAU & ASSOCIATES 

G E O T E C H N I C A L C O N S U L T A N T S 

V A N C O U V E R C A L G A R Y 

LOG OF TEST PIT 

NO. to 

PMH 

Job: 946 

n .Q2 .88 

Duo: B-(p 

file:///cttf-


TEST PIT NO. Z METHOD OF DIGGING TEST PIT Cc&Z S&Q B o c E h o e 

LOCATION MasVe D u m p Si+e, B 
-Had. ^/^>;̂ o nx*>ui\A GROUND SURFACE ELEVATION 1 
GROUNDWATER ELEVATION 
(at time of d igg ing ) _ 

WloOlY\ 
|GS} - GRAB SAMPLE ( A H £awiple*) 
E l - UNDISTURBED SAMPLE 

CL 
Q 

.c: 

o 

Symbol D e s c r i p t i o n 

CO 

Comments 

— ^ — - j — ^ — 

H^a. brn ̂  d^nse., Well a faded 
occ <Lobhte<>. rod - ^ub^ng. 

Org \£>neer 

5 W - 6 W 7H 

5W-6TW 
^AMD 4 6rEAVEL- W + ^ S i l t 
Su\aar£y-anc^ . 51.-finer* grad^tfvt 

Them a b w e . 

7-2. 

r e w o r k T I L L £ s 3 C Y *r sgMy'1 

S i . a l t T I L L Mb") 
6 ie\^ if Fig, ) 

T D D a 
- 10 

- 15 

5 -

6 -- 20 

7 -

- 25 
MINNOVA INC. 
SAMATOSUM PROJECT 
PRELIMINARY GEOTECHNICAL INVESTIGATIONS i PITEAU & ASSOCIATES 

G E O T E C H N I C A L C O N S U L T A N T S 

V A N C O U V E R C A L G A R Y 

LOG OF TEST PIT „ PMH 1 02 88 
3y: Dace: 

NO. 7 J O D : 946 j B-7 



TEST P I T NO. & METHOD OF DIGGING TEST P I T Ca^ £Bo Tbekhoe. 

LOCATION VJr.QMi I W p A — 
- bg4»igU aul\a ton r^od.<>\nOm^ cpooflA. (G| 
GROUND SURFACE ELEVATION ^ i T O m 
GROUNDWATER ELEVATION 
(at time of d igg ing ) 

i l l -
GRAB SAMPLE 
UNDISTURBED SAMPLE 

Cl 
Q 

<u 
Q 

Symbol D e s c r i p t i o n Comments 

'"bate o f o7ScT7u£5-o 
Med -^r. b>m, 3 dense ^ \jje\\ graded 

S i l t ^ £££ - ^bb l t ?5 
g u b f n d . - a r u j , - 5 

3 -- 10 
<rtarvipipe /n stalled <zb 
haie. or Test Pit 

4 — 

- 15 

5 -

6 -- 20 

7 -

- 25 
MINNOVA TNC. 
SAMATOSUM PROJECT 
PRELIMINARY GEOTECHNICAL INVESTIGATIONS I PITEAU & ASSOCIATES 

G E O T E C H N I C A L C O N S U L T A N T S 

V A N C O U V E R C A L G A R Y 

LOG OF TEST PIT 

NO. 8 
By: PMH | Daft 02.88 

J O D : 946 0 w a : B-£ 



TEST PIT NO. METHOD OF DIGGING TEST PIT 6z<& 93o Sa^khoe. 

LOCATION B ^ U J yA/rtfefr L u ^ p g v t e A — 
- beside auiLi <m wwi. alopiVb orot;ft:l fos] - GRAB SAMPLE (A&\ fawpk%) 

GROUND StTRFAfiE ELEVATION t l l ^ m i m n T r T l i n _ r 

GROUNDWATER ELEVATION GO " UNDISTURBED SAMPLE 
(at time of d igg ing ) 

CM 
CD C2 CD 

Q 

Symbol D e s c r i p t i o n 

CO 

Q . 
S 

oo 
Comments 

S M 

\\eA -<\\L. brn. - £ l impe t ^ mjeW 
graded ^il-fy 4 & £ A \ / E X . to/ 

- 5 

5tA 

3 -

Med. b rn .g f . } tom^ac\-firm, 

6>ubrnd ~qo<^ , Oct- <oo\^ . 

% U>H>\*<>) Boulders incteovi u>/ 
depth . 

--10-

4 

- 15 

5 -

6 -- 20 

4-2 

T I L L [ C V ^ M ^ 

$1. W x / a H - . T i L U ( t V ^ 

7 -

- 25 
MINNOVA INC. 
SAMATOSUM PROJECT 
PRELIMINARY GEOTECHNICAL INVESTIGATIONS I PITEAU & ASSOCIATES 

f? G E O T E C H N I C A L C O N S U L T A N T S 

V A N C O U V E R C A L G A R Y 

LOG OF TEST PIT 

NO. 9 

y: 
PMH 

J O D : 946 

02 88 
Da to: 



TEST PIT NO. ID METHOD OF DIGGING TEST PIT Bdo ~&oc)£\no<e 

LOCATION W f t ^ b u y t p S i t e A 

£$OUN[ touifa SURFACE ELtYATIOiN 
GROUNDWATER ELEVATION 
(at time of d igg ing ) — 

[GSj - GRAB SAMPLE th\\ 6oM^ ) 
ED - UNDISTURBED SAMPLE 

CL 
CD 

I 

o_| 
CD Q 

Symbol D e s c r i p t i o n 

Org. ^ rctTH 

T3 
Comments 

WxJfltt-- D I L U V I U M or tSwiri^W 
- T I L L . ( C v o r M V " 

fled.-hed. b m . S,'Hxj + G-£/W6l_ 

6 W 
rV+l-ed • wed- 31". - brn - £A^d 41. uoK/ari:. " T i L L . o r 

- 5 
SW-6-W 

Red brr i . jda ise- v.dente., Well 
gn&ted 5/\ME> f frlZ/Wei. u>/ ctz 10-2 

1 ^ - ^ i x : : : _ Z 1 — 

j Hed-gr. w/red .brn , v.dpnse. 

Shr.al+-/Wx. T I L L -
0 % ) 

S M / 6 M a . so T I L L 

3 -
T*.TX 1.**) rn 

- 10 

15 

5 -

6 -- 20 

7 --

- 25 

MINNOVA INC. 
SAMATOSUM PROJECT 
PRELIMINARY GEOTECHNICAL INVESTIGATIONS I4 

PITEAU & ASSOCIATES 
G E O T E C H N I C A L C O N S U L T A N T S 

V A N C O U V E R C A L G A R Y 

LOG OF TEST PIT 

NO. \0 

3y:PMH 

J O D : 9 4 6 uwg: B- \0 



TEST PIT NO. METHOD OF DIGGING TEST PIT&?<^ SRolk>rYk*e 

LOCATION l a i l i n g f e Tjnpoondtfwd :— 
£f4c ft -qMi w ^\jo^ $lopim (tfQtiA [GSj - GRAB SAMPLE fA\\ ^amp]e^ 

) SURFACE ELEVATION ±\ottrn rm l l i m T , T , _ r . _ ~ - Y 
GROUND 
GROUNDWATER ELEVATION 
(at time of d igg ing ) 

ED - UNDISTURBED SAMPLE 

CL 
o 

CL <D 
o 

Symbol 

i n : 

D e s c r i p t i o n 

t o 

-a 
oo 

Comments 

- 5 

2 -

L+.-me^l-bm.-^r. flense, ^ilkj 
£/box> v 10/ numerous 

£?bbl<24> 4- ^oulderS - SO crri . 

t>rv=?iU^ mtra»s<"5. u>/ depth 

reworked " T I L L ^ v &r M^) _ 

II- ^l.w*/aft . T I L L (MA 

^?p j c^- f rom CcofSer -̂ orwS in 
UfhMI £\de o[•fit -vnc&rly 
•frcrvi u p p ? r I m . 

3 -- 10 Slawd fipa instated at U<e 

15 

- 20 

7 -

25 

MINNOVA INC. 
SAMATOSUM PROJECT 
PRELIMINARY GEOTECHNICAL INVESTIGATIONS f 

PITEAU & ASSOCIATES 
G E O T E C H N I C A L C O N S U L T A N T S 

V A N C O U V E R C A L G A R Y 

LOG OF TEST PIT 

NO. 11 

«... PMH 

J O D : 946 
Da' ,02, .88 

Dwo: B- (I 



TEST PIT NO. \7- METHOD OF DIGGING TEST PIT Co^ 5%Q ¥&rXY>r& 

LOCATION TsttltriaS Xiygrnyirirttflff — 

r n n u \ i n c n n r n r r r i r \ / n T T A \ r +1r̂ZLSZ GROUND SURFACE ELEVATION T\o3oiv\ 
GROUNDWATER ELEVATION 
(at time of d igg ing ) 

GRAB SAMPLE CAiI ^ r n f W ) 
E l ~ UNDISTURBED SAMPLE 

CD 
Q 

Symbol D e s c r i p t i o n 
-a 

Comments 

(2edr-4(/.bm. o r g . 6and^ 6lLT *>l 
Oct Gtrcx^eX abdi rvcfrs <^ofo^ .-fibre 12-1 

(0-3) 

M\^4 o r a . +- ^<9LXJJViuM o r 
r e w c r k ^ d T I L L - (Cy or M,/) 
fy.o-5-t.c ^ /cm'2'  

H^d-brn.-at-. ^w^j graded 6/4ND 12-2 

T I L L ^ S M ^ ^ 

T . D 2 2 nn 

10 

- 15 

5 -

6 -

7 -

20 

- 25 

11-3 
\N.C W-5% 

L-L. M b ) 

MINNOVA INC. 
SAMATOSUM PROJECT 
PRELIMINARY GEOTECHNICAL INVESTIGATIONS I P I T E A U & A S S O C I A T E S 

GEOTECHNICAL CONSULTANTS 

VANCOUVER CALGARY 

L O G O F T E S T P I T 

N O . \ Z 

3y: PMH 

JOD : . 946 

. 02 88 
Dole: 
uv 



TEST PIT NO. L i METHOD OF DIGGING TEST PIT SSo 'Eockhne 

LOCATION ~Ta'\\\i\ap ~Xr«noov)J merit 

GROUND SURFACE ELEVAT 
GROUNDWATER ELEVATION 
(at time of d igg ing ) 

^ j - GRAB SAMPLE C^\\4cm?\e^)• 
E) - UNDISTURBED SAMPLE 

CL C M 

Q 

Symbol D e s c r i p t i o n 

fed, b m . o r ^ . 6gt\ (root*? 

T3 
Comments 

- 5 

S W 

Oco C?ru.\je.\\v\ -janes. 

13-1 

13-2 

T T L U ( M L ) 

T . " D . 2 .2 ^ 
J 

3 -- 10 

15 

6 -- 20 

7 -

- 25 

MINNOVA INC. 
SAMATOSUM PROJECT 
PRELIMINARY GEOTECHNICAL INVESTIGATIONS I PITEAU & ASSOCIATES 

GEOTECHNICAL CONSULTANTS 

VANCOUVER CALGARY 

L O G O F T E S T P I T 0 PMH L Q2 88 

N O . 13 
JOD: 946 j D „ ? : B-}3 



TEST PIT NO. 14 METHOD OF DIGGING TEST PIT gfro Jxyckhnf* 

GROUNDWATER ELEVATION 
(at time of d igg ing ) 

(GS] - GRAB SAMPLE £M *>4f*pU>%) 

[D ] ~ UNDISTURBED SAMPLE 

C L 

O 

I 
JO. 
+-> CL 
<D Q 

Symbol Desc r i p t i on 
-a oo 

Comments 

14-1 

- 5 
0<^- B O M I ^ I T ^ 3̂tf?crw <Hf. Slit 

0 < ) 

T I L L (M t ) 

3 - 4 0 -
T P 3.1 m 

- 15 

5 -

6 -

7 -

20 

- 25 

MINNOVA INC. 
SAMATOSUM PROJECT 
PRELIMINARY GEOTECHNICAL INVESTIGATIONS I PITEAU & ASSOCIATES 

G E O T E C H N I C A L C O N S U L T A N T S 

V A N C O U V E R C A L G A R Y 

LOG OF TEST PIT 

NO. \ 4 

3y: P M H 
„ 02 88 
Do ze: LOG OF TEST PIT 

NO. \ 4 Joo: 946 B-14 



TEST PIT NO. METHOD OF DIGGING TEST PIT CO^L 5 B O ^ o c l l W 

GROUNDWATER ELEVATION 
(at time of d igg ing ) 

£S) - GRAB SAMPLE CAW ^M^^) 

[U] ~ UNDISTURBED SAMPLE 

I 
sz 

O 

Symbol D e s c r i p t i o n 

fed brn. or ,̂$iLT f-Pibr^ 

CO 
CD 

C L E 
-a oo 

Comments 

- 5 

W * . T i L U o r LoULU\J\UrA> 

3 -
- 10 

- 15 

M^d ^r- v.dense - bard. 

/ 
TO. 

5 -

6 - - 2 0 

7 -

25 

15-2. 6 * 0 

MINNOVA INC. 
SAMATOSUM PROJECT 
PRELIMINARY GEOTECHNICAL INVESTIGATIONS I PITEAU & ASSOCIATES 

GEOTECHNICAL CONSULTANTS 

VANCOUVER CALGARY 

LOG OF TEST PIT 

NO. !*> 

3y: P M H ^_Q2 88 LOG OF TEST PIT 

NO. !*> J O D : 946 



TEST PIT NO. [(a METHOD OF DIGGING TEST PIT fa<£L Jiorkh^ 

LOCATION ~TOI\\/\A Tryipoon^/vterrf-
î+e> A - V>rn*/A ,m\Li - dnaHputy step™ [gs] -

?OUND SURFACE ELEVATION *\\25r* rm GROUND 
GROUNDWATER ELEVATION 
(at time of d igg ing ) 

GRAB SAMPLE {All 6a^p\B^) 

EQ - UNDISTURBED SAMPLE 

04 
CD 

CD Q 

Symbol Desc r i p t i on 
O O 

Comments 

- 5 

2 -

5 1 . w k . " T i l l , ( m ^ ) 

~TD. 2.4 

3 -- 10 

- 15 

5 -

6 -

7 -

20 

- 25 
MINNOVA INC. 
SAMATOSUM PROJECT 
PRELIMINARY GEOTECHNICAL INVESTIGATIONS I PITEAU & ASSOCIATES 

GEOTECHNICAL CONSULTANTS 

VANCOUVER CALGARY 

LOG OF TEST PIT 

NO. l (o 

3y: P M H Da 8 8 LOG OF TEST PIT 

NO. l (o J O D : 946 Dw.g: B-|fo 



APPENDIX B 

LOWER HEMISPHERE PROJECTIONS ILLUSTRATING 

KINEMATICALLY POSSIBLE FAILURE MODES 



Plane Represent ing Peak O r i e n t a t i o n of 
F o l i a t i o n D i s c o n t i n u i t i e s 

Plane Represent ing Peak O r i e n t a t i o n of 
D i s c o n t i n u i t y Set A l 

O r i e n t a t i o n (Azimuth) of Design Sector 

K i n e m a t i c a l l y P o s s i b l e Wedge F a i l u r e 
(Range of Fac tor of Sa fe ty Ind ica ted ) 

Release 
Fa i1ure 

Feature f o r P o s s i b l e Plane 

K i n e m a t i c a l l y P o s s i b l e Plane F a i l u r e 
(Range of Fac tor of Sa fe ty Ind ica ted ) 

C r i t i c a l K i n e m a t i c a l l y P o s s i b l e Wedge 
or Plane F a i l u r e 

4§3 Apparent Plunge or Dip of F a i l u r e 
Considered to Cont ro l Bench S t a b i l i t y 

MINNOVA INC. 
SAMATOSUM PROJECT 
PRELIMINARY GEOTECHNICAL INVESTIGATION 

M A PITEAU ASSOCIATES 
• GEOTECHNICAL CONSULTANTS 

• VANCOUVER CALGARY 

KEY TO KINEMATIC PROJECTIONS 

BY 

PMH 
DATE : 

02/88 
KEY TO KINEMATIC PROJECTIONS APPROVED D w o : 



GEOPLN - LOWER HEM ISPHERE EQUAL AREA PROJECT ION OF PLANES 

P R O J E C T : MINNOVA - SAMATOSUM P R O J E C T 
D A T E : 1 6 / 2 / 8 8 

, STRUCTURAL DOMAIN: 1 

Very S t rong 
Kinemat ic c o n t r o l 

See F i g . B-0 f o r key 

MINNOVA INC. 
SAMATOSUM PROJECT 
PRELIMINARY GEOTECHNICAL INVESTIGATION 

MM- PITEAU ASSOCIATES 
• GEOTECHNICAL CONSULTANTS 

• VANCOUVER CALGARY 

LOWER HEMISPHERE EQUAL AREA PROJECTION OF PLANES REPRESENTING 
PEAK ORIENTATIONS OF DISCONTINUITY SETS AND ILLUSTRATING 
KINEMATICALLY POSSIBLE FAILURE MODES IN DESIGN SECTOR X 

BY 

PMH 
OATE : 

FEB 88 LOWER HEMISPHERE EQUAL AREA PROJECTION OF PLANES REPRESENTING 
PEAK ORIENTATIONS OF DISCONTINUITY SETS AND ILLUSTRATING 
KINEMATICALLY POSSIBLE FAILURE MODES IN DESIGN SECTOR X 

A P F H O V f D owe: 



See F i g . B-0 f o r key 

MINNOVA INC. 
SAMATOSUM PROJECT 
PRELIMINARY GEOTECHNICAL INVESTIGATION 

• A PITEAU ASSOCIATES 
• GEOTECHNICAL CONSULTANTS 

• VANCOUVER CALGARY 

LOWER HEMISPHERE EQUAL AREA PROJECTION OF PLANES REPRESENTING 
PEAK ORIENTATIONS OF DISCONTINUITY SETS AND ILLUSTRATING 
KINEMATICALLY POSSIBLE FAILURE MODES IN DESIGN SECTOR UL 

BY 

PMH 
OATE 

FEB 88 LOWER HEMISPHERE EQUAL AREA PROJECTION OF PLANES REPRESENTING 
PEAK ORIENTATIONS OF DISCONTINUITY SETS AND ILLUSTRATING 
KINEMATICALLY POSSIBLE FAILURE MODES IN DESIGN SECTOR UL 

APPROVE 0 owe: 



a: 
UJ 
CD 
ZD 
2 
CD 
O 

GEOPLN - LOWER HEMISPHERE EQUAL AREA PROJECT ION OF P L A N E S 

P R O J E C T : MINNOVA - SAMATOSUM P R O J E C T 
D A T E : 1 6 / 2 / 8 3 
STRUCTURAL DOMAIN: 1 

0g>5 

See F i g . B-0 f o r key 
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