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Dear  Kate: 

Sub jec t :   Geo techn i   ca l   I nves t i   ga t i   on  - Herschel  S i  11 S i t e s  

Th is   repo r t   p resen ts  a summary o f   t h e   g e o t e c h n i c a l   d a t a   c o l l e c t e d   a t  

the   Hersche l  S i  11 fo r   t he   Geo log ica l   Su rvey  o f  Canada (GSC) and I n d i a n  

a n d   N o r t h e r n   A f f a i r s  ( I N A )  Canada. The i n f o r m a t i o n  was o b t a i n e d   d u r i n g  

t h e  1984 of fshore  geotechnica l   program  conducted by EBA Eng ineer ing  

Consu l tan ts   L td .  (EBA) i n   c o n j u n c t i o n   w i t h   B e a u d r i l   L t d .  The general  

l o c a t i o n   o f   t h e   s i t e  (HS Ser ies   Ho les )  i s  shown i n   F i g u r e  1. The 

i n v e s t i g a t i o n  was performed t o   d e t e r m i n e   t h e   d i s t r i b u t i o n ,   t h i c k n e s s  and 

q u a l i t y   o f   p o t e n t i a l  sand  and g rave l   depos i t s  on the   Hersche l  S i  11,  and 
t h e   g e n e r a l   s t r a t i g r a p h y  and g e o t e c h n i c a l   p r o p e r t i e s   o f   t h e   a r e a .   F i e l d  

t e s t i n g  was c a r r i e d   o u t  from t h e   A r c t i c   K i g g i a k  on October 11, 1984. An 

opera t iona l   ca lendar   p resented  as F i g u r e  2 i n d i c a t e s   t h e   d u r a t i o n   o f   t h e  

i n v e s t i g a t i o n   w i t h   r e s p e c t   t o   t h e  1984 GSC 

F i e l d   I n v e s t i g a t i o n  

The f i e l d   i n v e s t i g a t i o n   a t   t h e   H e r s c h e l  S 

se r ies   o f   ho les   a long   t he   sho r t   ax i s   o f  

Job NO. 101C-4133 

I N A  program. 

11 s i t e   i n v o l v e d   d r i l l i n g   o f  a 

a smal l ,   e longated   ba thymet r ic  
h igh.  The t o t a l   i n v e s t i g a t i o n   c o m p r i s e d   t w o  sampled  boreholes t o   d e p t h s  

o f  19.7 m and 5.7 m, respec t i ve l y ,   two   sha l l ow   p robeho les   t o   de l i nea te  

t h e   g r a v e l   t h i c k n e s s ,  and f o u r   s h a l l o w   t e s t   p i t s .   H o l e   l o c a t i o n s  were 

se lec ted   by  GSC/INA.  

A summary o f   t h e   f i e l d w o r k   c a r r i e d   o u t   a t   t h e   s i t e   i s   p r e s e n t e d   i n   T a b l e  

1. The l o c a t i o n s   o f   t h e   b o r e h o l e s  and p r o b e h o l e s   d r i  1 l e d   a r e  summari zed 

i n  Table 2, and  presented  on  Figure 3. 

EBA Englneerlng Consultants ltd. 
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FIGURE 1 G E N E R A L  LOCATION MAP 

EBA Engineerlng Consultants ltd. 
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TABLE 1 OPERATIONAL CALENDAR 
HERSCHEL SILL S ITES 

October  10,  1984 

0000 - 1700  Enroute t o  Hersche l   I s land.  
1700 - 2400 A r r i v e   a t  G u l f  Beaufor t .   water  and e n r o u t e   t o  

Herschel S i  11 s i t e s  . 
October 11, 1984 

0000 - 0100 
0100 - 0400 
0400 - 1030 

1030 - 1040 
1040 - 1230 

1230 - 1305 
1305 - 1315 
1315 - 1400 

1400 - 1415 
1415 - 1425 

1425 - 1435 
1435 - 1445 
1445 - 1650 
1650 - 1845 

Enroute t o  Herschel S i  11 s i t e s .  
S e t t i n g   a n c h o r s   a t   b o r e h o l e   l o c a t i o n  HSO1. 
D r i l l i n g  and sampl ing  borehole HSOl  t o  19.7 m p e n e t r a t i o n ,  
13  samples  recovered.  Test p i t t i n g  and samp l ing   w i th   c lam 
she l l   bucke t ,  3 samples  recovered. 
P u l l i n g   o u t   o f   h o l e  and moving t o  bo reho le  HS02. 
D r i l l i n g  and  sampl ing  borehole HS2 t o  5.7 rn p e n e t r a t i o n ,  5 
samples  recovered.  Test p i t t i n g  and sampl ing   w i th   c lam 
she1 1 bucket, 1 sample  recovered. 
P u l l i n g   o u t  o f  hole.  
Moving t o   p r o b e h o l e   l o c a t i o n  HS03. 
Dri 11 ing   p robeho l  e HS03 t o   b o t t o m   o f  sand a t  1.52 m 
p e n e t r a t i o n .   T e s t   p i t t i n g  and s a m p l i n g   w i t h   c l a m   s h e l l  
bucket,  2 sampl es recovered. 
Moving t o  p r o b e h o l e   l o c a t i o n  HS04. 
Dri 11 ing   p robeho l  e HS04 t o   b o t t o m   o f  sand a t  2.0 m 
p e n e t r a t i o n .   T e s t p i t t i n g  and samp l ing   w i th   c lam  she l l  
bucket ,  1 sample  recovered. 
P r e p a r i n g   t o   l e a v e   H e r s c h e l  Sill s i t e s .  
P u l l i n g   o u t  o f  ho le.  
Pu l l i ng   anchors  and p r e p a r i n g   t o   s a i  1 . 
S a i l i n g   t o   H e r s c h e l   B a s i n   s i t e s .  

EBA Engineering Consultonts ltd. 
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mN  mE L A T I  TUDE LONGITUDE ( YR-MO-DA) (met res  ) 

H S O l  7 715  205 587 000 69'31 '59"  138"46'13"  84-10-11 19.7 

HS02 7 715  255  587 095  69"32 '00" 138"46 ' 04" 84- 10- 11 5.7 

HS03 7 715  295 587 130 69"32'02" 138O46'01" 84-  10- 11 1.5+ 

HS04  7  715 160 586 975 69"31'57" 138O46'  15" 84-10-11 2 .o+ 1 
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equipment. 
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Dri 11 i ng  and Sampl i ng 

All s u b s u r f a c e   t e s t i n g  was conducted   f rom  the   barge   "Arc t i c   K igg iak" ,  a 

114 m-long by 33 m-wide  vesse l   conver ted   fo r   geotechn ica l   f ie ldwork .  The 

barge  deployed a s ix -po i   n t   anchor   pa t te rn   dur ing   most   tes ts .  The t e s t h o l e s  

w e r e   d r i  lied th rough  a 80 m2 moonpool s i tua ted   amidsh ips ,   approx imate ly  
h a l f - w a y   a l o n g   i t s   l e n g t h .  A m o d i f i e d  Simco 5000 WS d i e s e l   t o p - d r i v e   r o t a r y  

d r i  l l i n g   r i g ,  mounted  on r a i  1 s a d j a c e n t   t o   t h e  moonpool, was used f o r  a1 1 

d r i  11 i ng  and  sampl i ng  operat ions.  

The d r i l l i n g   o p e r a t i o n  was conducted  wi thout  use  of   down-hole  casing. The 

h o l e  was advanced us ing   open-cent re ,   tungs ten   carb ide   d rag   b i ts ,   mounted  on 

t h e   c o r e   b a r r e l  assembly, e s p e c i a l l y   a d a p t e d   t o   r e c e i v e   t h e   l a t c h - i n  

w i r e l i n e   s a m p l e r s ,  The d r i l l   r o d  was 114 mm O.D. by 102 mn I.D. ( " f o u r  

i n c h " )   b o t t l e n e c k   d r i l l   p i p e .  

I n  each o f   t h e  sampled  boreholes,  samples  were  obtained  at  approximately 1.0 
m t o  1.5 m i n te rva l s .   Non-cohes ive   so i l s   were   samp led   w i th  a 65 mm I .D., 
heavy-wa l led ,   sampl ing   tube  opera t ing   on  a 75 k i l o g r a m   w i r e l i n e  hammer. 

Samples  recovered i n   t h i s  zone va r ied   f rom 0.25 m t o  0.4 m i n   l e n g t h .  

Cohesive  soi ls  were  sampled  using 76.2 mm, i n t e r n a l   d i a m e t e r ,   t h i n - w a l l e d  
s t a i n l e s s   s t e e l   s a m p l i n g   t u b e s .  To advance the   tubes ,  a l a t c h - i n  w i  r e l  i ne 
system,  which  uses  the  weight  of  the d r i l l   s t r i n g   t o  push the  sampl ing  tube, 

was employed.  Samples  recovered  varied  from 0.2 m e t r e s   t o  0.8 metres i n  

1 engt  h. 

Depending  upon  the  nature  o f   the  so i  1 observed i n   t h e  end o f   t h e  sampl i n g  

tube,  a ser ies   o f   s tandard   p rocedures   were   car r ied   ou t  as d e s c r i b e d   i n   t h e  

f o l l o w i n g .  

EBA Engineerlng Connsultants ltd. 
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Immediately  upon  recovery o f  t he   samp l ing   t ube   f rom  the   bo reho le ,   t he  

tempera ture   o f   the   sampled   so i  1 was de termined  us ing  a t h e r m i s t o r   p r o b e  

a c c u r a t e   t o  - +O.0loC, i n s e r t e d   u p   t o  50 mm i n t o   t h e  end o f   t h e  sample. I f  

t h e  samp le   cons i s ted   o f   cohes ive   so i l s ,   t he   und ra ined   shear   s t reng th  was 

a l s o   d e t e r m i n e d   w i t h  a "P i l con"   hand   vane   i nse r ted   i n to   t he  sample.  The 

sample  temperature  and  strength  data i s  presented on t h e   b o r e h o l e   l o g s   i n  

Appendix A. 

G ranu la r   ma te r ia l s   were   ex t ruded   f rom  the   t ubes  and subsampled f o r  onboard 

mo is tu re   con ten t ,   g rada t ion ,  and s a l i n i t y   a n a l y s e s .   A p p r o x i m a t e l y  5 cm t o  

15  cm o f  t h e   c o h e s i v e   s o i l s  was e x t r u d e d   f o r   o n b o a r d   t e s t i n g   o f   m o i s t u r e  

c o n t e n t ,   b u l k   d e n s i t y  and p o r e w a t e r   s a l i n i t y .  The remain ing   por t ions  of 

cohesive  samples  were  sealed i n   t h e   t u b e s .  The remaining  samples  were 
s t o r e d   i n  wooden boxes o r   p a i  1 s and shipped t o   t h e   I n u v i  k S c i e n t i f i c  

Research  Centre,  or  EBA's Edmonton l a b o r a t o r y .  

A t  each o f   t h e   p r o b e h o l e   l o c a t i o n s ,   t h e   h o l e  was advanced, wi thout  sampl ing,  

u n t i l   t h e   s u r f i c i a l   g r a n u l a r   m a t e r i a l s  had been  penetrated. 

A s h a l l o w   t e s t   p i t  was excava ted   a t   each   bo reho le   o r   p robeho le   l oca t i on  

u s i n g  a c lam  she l l   bucket   opera ted   f rom  the  deck  crane on the   K igg iak .  Grab 

samples o f  t he   g ranu la r   ma te r ia l s   recove red   were   ob ta ined   f rom  the   bucke t  

f o r onboard  gradat ion  analys i  5 .  

General   Geological  H i  s t o r y  

The l o c a t i o n   o f   H e r s c h e l  Sill r e l a t i v e   t o   t h e   m a j o r   p h y s i o g r a p h i c   r e g i o n s  

t h a t  have  been i d e n t i f i e d  on t h e   C a n a d i a n   B e a u f o r t   S h e l f   i s  shown on 

F i g u r e  4. The s t u d y   a r e a   l i e s  on t h e   N a t s e k   P l a i n ,   a n   a r e a   f o r   w h i c h   l i t t l e  

subsea i n f o r m a t i o n   i s   a v a i l a b l e .  The d i s c u s s i o n   t h a t   f o l l o w s   i s  based on 

p u b l i s h e d   i n f o r m a t i o n  on the  Yukon/Alaska  Coasta l   P la in  and p rev ious  

d i s c u s s i o n s   w i t h  Mr. Phi 1 H i  11 o f   t he   Geo log ica l   Su rvey   o f  Canada. 

EBA Engineering Consultants LTd. 
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Exposures  on  the  Yukon/Alaska  Coastal   Plain  reveal   sediments  which  are 

though t   t o   p reda te   t he   ea r l y   W iscons in   (Buck1   and )   g lac ia t i on .   Hopk ins  

(1973),  and  more  recently, Rampton (1982),   have  suggested  that   these 

pre-Buck1  and  sediments  were  deposi ted  dur i   ng  the  nongl   aci  a1 i n t e r v a l  

immedia te ly   p reced ing   the   ear ly   Wiscons in   (see   geo log ica l   t ime  sca le  on 

F i g u r e  4 ) .  

Sections  of  the  pre-Buckland  sediments  exposed on Hersche l   I s l and   revea l  

c o m p l e x   m a r i n e ,   d e l t a i c ,   f l u v i a l ,   l a c u s t r i n e   a n d   e v e n   t e r r e s t r i a l  

depos i t iona l   env i ronments .   Three   mar ine   un i ts   have  been  iden t i f ied  on 

Hersche l   I s l and  (Rampton,  1982).  These  consist of m a r i n e   c l a y s   o v e r l y i n g  

m ixed   sed imen ts   f rom  sha l l ow   mar ine  and b r a c k i s h   r e t r e a t   d u r i n g   t h i s  

pe r iod " .   Rad ioca rbon   ana lys i s   o f  wood and  peat  recovered  f rom  the 
pre-Buck land  sed iments   da tes   the   mater ia l  as be ing   o lde r   t han  51,100 yea rs  

( r e p o r t e d   i n  Rampton, 1982). 

The Buck land   g lac ia t i on ,   wh ich   i s   t hough t   t o   have   occu r red   g rea te r   t han  

40,000 y e a r s  ago, i s   l i k e l y   r e s p o n s i b l e   f o r  a m a j o r   i c e - t h r u s t i n g   e v e n t   a t  

Hersche l   I s land.  The Mackenzie  Trough  probably   in f luenced  the movement o f  

t h e   e a r l y   W i s c o n s i n   i c e   s h e e t ,   f o r m i n g  a l o b e  of i c e   t o   t h e   n o r t h w e s t .   T h i s  

l o b e   i s   t h o u g h t   t o  have th rus t   sed imen ts  f rom Hersche l   Bas in   t o   f o rm 

Hersche l   I s l and  (Mackay,  1959). 

Hersche l   Bas in   i s   con f i ned  on t h e  seaward  side by a narrow submerged r i d g e  

e x t e n d i n g   s o u t h e a s t   f r o m   t h e   e a s t e r n   t i p  o f   Herschel   Is land.   Th is   r idge,  

which  inc ludes  Herschel  Sill, i s   t h o u g h t   t o  be an i n t a c t  remnant o f   t h e  

o r i g i n a l  pre-Buck1 and marine  sequence  which  escaped  removal  by  the 

i ce- th rus t i ng   even t   (Ph i  1 H i  11 , personal  communi c a t i o n ) .   L o c a l  i zed f o l d i n g  

and t h r u s t i n g   o f   t h e   s e d i m e n t s  i s ,  however, poss ib le   a long   t he   marg in   o f   t he  

p o s i t i o n  of t he   i ce '   l obe .  The t h i n   s u r f i c i a l   d e p o s i t   o f   g r a n u l a r   m a t e r i a l  

on Hersche l   S i l  1 may t h e r e f o r e  be a mar ine   lag   depos i t   der ived   f rom  mora ine  

EBA €ngineering Consultants ltd. 
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d e p o s i t e d   d u r i n g   t h e   B u c k l a n d   g l a c i a t i o n ,   o r   s m a l l   g l a c i o f l u v i a l   o r  

i c e - c o n t a c t   f e a t u r e s   l a i d  down d u r i n g   t h e   i c e   r e t r e a t   f r o m   t h e   a r e a .  

D u r i n g   a n d   i m m e d i a t e l y   f o l l o w i n g   t h i s   g l a c i a t i o n ,  when sea l e v e l s  were 

depressed   a t   l eas t  60 met res   be low  p resent   leve ls ,   the   she l f   sed iments  were 
exposed t o  a pe r i   g l   ac i   a l   env i   ronmen t  . Permafrost   aggradat ion 1 i k e l y  

o c c u r r e d   w h i l e   t h i s   c o o l e r   c l i m a t e   p r e v a i l e d .  

Post-Buckland,  Wisconsin  deposi t ion  appears  to  have been la rge ly   absen t   f rom 

the   Hersche l   a rea ,   un l i ke   the   a rea   eas t  of the  Mackenzie  Trough,  where an 

e x t e n s i v e   d e l t a i c  sequence  developed. It i s   p o s t u l a t e d   t h a t ,   i n   t h e   s t u d y  

a r e a ,   o n l y   m i n o r   c o a s t a l   r e w o r k i n g   o f   t h i n   g l a c i a l  and p r e g l a c i a l   d e p o s i t s  

has genera l l y   occu r red ,   p roduc ing  numerous s p i t s ,  baymouth  bars, and  beach 

r i d g e s   a t   v a r y i n g   e l e v a t i o n s .  The g r a n u l a r   d e p o s i t s  on Herschel  Sill, 

however,  are l i k e l y  t o  have  exper ienced  more  extensive  reworking. The area 

appears t o  have  been u n a f f e c t e d  by t h e   l a t e   W i s c o n s i n   g l a c i a l  advance. 

Modern   mar ine   depos i t ion   appears   l im i ted   to   ex tens ion  of  bars and s p i t s  by 

l o n g s h o r e   d r i f t ,   a l t h o u g h   a c t i v e   d e p o s i t i o n   c o n t i n u e s   n e a r   t h e  mouths o f   t h e  

Mackenzie, F i r t h  and Ma lco lm  r i ve rs .  

S t r a t i g r a p h y  

The s t r a t i g r a p h y  o f  the  Herschel  Sill s i t e ,  as revealed by the   p resent  

i n v e s t i g a t i o n ,   i s  summarized i n  Table 3. 

This  sequence  appears t o  be c o n s i s t e n t   w i t h   t h e   d e s c r i p t i o n  o f  t h e  

i ce - th rus t   exposures  on Hersche l   I s l and  (Rampton, 1982) and w i t h   t h e  

s t r a t i g r a p h y   d e f i n e d  by o t h e r   i n v e s t i g a t i o n s   c o n d u c t e d  by EBA i n   t h e  same 

genera l   a rea .   Loca l   g l   ac i   a l   ou twash,   ex tens ive   mar ine   rework ing  and 

l o n g s h o r e   d r i f t   a c c o u n t  f o r  most   d iscrepancies.  

€BA Engineering Consultants ltd. 
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W co 
P 

UNIT  THICKNESS 
(metres)  

DESCRIPTION 

Ia  1.2 - 2.2 GRAVEL and SAND, (GW-GP) - t r a c e   o f   s i 1  t, sub-rounded t o  angular  
g rave l ,  maxilnum d i a m e t e r   v a r i e s   f r o m  20 mm t o  40 mm, dense, dark 
g rey  

I b  0.3 - 1.2 SAND, ( SP-SM) - t r a c e   o f   s i 1  t t o   s i 1  ty, t r a c e s   o f   c l a y  and  gravel ,  
un i form  f ine-gra ined,   becoming  laminated,   dark  grey.  

I I a  3.0  

I I b  (13.3+) 

CLAY (CI-CH) - s i l t y   t o  some s i l t ,   t r a c e   o f   f i n e   g r a i n e d  sand, 
t race   o rgan ics ,   pea t ,   and   coa l ,   ve ry   t h in l y   l am ina ted ,  firm t o  
s t i f f ,   m o i s t ,   h i g h   t o  medium p l a s t i c i t y ,   d a r k   g r e y .  

CLAY  (CL) - t r a c e   o f   s i 1  t, t r a c e   o f   s h e l l   f r a g m e n t s ,   s l i g h t l y  
b l o c k y ,   v e r y   s t i f f   t o   h a r d ,   d r y ,   l o w   p l a s t i c i t y ,   d a r k   g r e y .  

ID 
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The g r a n u l a r   d e p o s i t   ( U n i t  I), ranged i n   t h i c k n e s s   f r o m  1.52 rn t o  3.4 rn a t  
t h e   l o c a t i o n s   d r i l l e d .  The d e p o s i t   r e f l e c t s   t h e   b a t h y m e t r y   o f   t h e   f e a t u r e ,  

r e a c h i n g   i t s  maximum th i ckness   nea r   t he   cen t re  and t h i n n i n g  on t h e   f l a n k s   o f  

t h e   r i d g e .  The s u r f i c i a l  GRAVEL and SAND ( s u b u n i t   I a )  i s  more  than 2.1 m 

t h i c k   a t   b o r e h o l e  HSOl b u t   i s   o n l y   s l i g h t l y   o v e r  1.0 m t h i c k   a t   t h e   o t h e r  

1 o c a t i o n s   d r i   l   l e d .  The s u b u n i t   i s   a l  s o  coa rse r   a t   bo reho le  HSOl,  and 

becomes SAND and GRAVEL (SP), con ta in ing   occas iona l  she1 l   f ragments ,   on   the  

f l a n k s   o f   t h e   b a t h y m e t r i c   f e a t u r e .  The u n d e r l y i n g   s i l t y  SAND ( s u b u n i t   I b )  

i s  approx imate ly  1.0 rn t h i c k   a t   t h e  sampled  boreholes, (HSO1 and HSO1) b u t  
i s   b e l i e v e d   t o   t h i n   t o  about 0.3 rn t o  0.4 rn t h i ck   t owards   t he   p robeho le  

l o c a t i o n s  (HS03 and HS04).  

The under l y ing   f i ne -g ra ined   sed imen t   (Un i t  11) i s  known t o  be a t   l e a s t  16.3 

m t h i c k   a t   b o r e h o l e  HSOl,  however,  because d r i l l   i n g  was t e r m i n a t e d   a t   t h i s  

depth, i t s  maximum e x t e n t  was no t   de te rm ined .   Th i s   c lay   un i t   p robab ly  

corre la tes  wi th   the  upper   mar i   ne  c lay  exposed on H e r s c h e l   I s l  and. The upper 

p o r t i o n   o f   t h e  CLAY ( s u b u n i t  I I a )  , sampled a t   bo reho les  HSOl and HS02, i s  

approx imate ly  3.0 m t h i c k .   T h i s   s u b u n i t   i s   g e n e r a l l y   m o i s t   b u t   t h e  

compos i t ion ,   cons is tency  and p l a s t i c i t y   o f   t h e   c l a y   i s   v a r i a b l e .  The deeper 

CLAY ( s u b u n i t   I I b )   i s   t y p i c a l l y   v e r y   s t i f f  and dry .  

D e t a i l e d   d e s c r i p t i o n s   o f   t e x t u r a l   v a r i a t i o n s ,   c o n s i s t e n c y ,  and c o l o u r   f o r  

each u n i t   a r e   g i v e n  on the   boreho le   logs   p resented  i n  Appendix A. 

S o i   l   P r o p e r t i e s  

The e n g i n e e r i n g   p r o p e r t i e s   o f   t h e  seabed s o i l s   p e n e t r a t e d  can be summari  zed 

on   t he   bas i s  o f  t h e   s t r a t i g r a p h i c   u n i t s   d e s c r i b e d  above. The s o i l  

p roper t ies   descr ibed  be low  a re   based on l i m i t e d  onboard   labora tory   tes t ing .  

P e r t i n e n t   e n g i n e e r i n g   p r o p e r t i e s  measured  are  summarized i n  Appendices A and 

B, and i n   F i g u r e  5. 
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CLAY  SILT t SAND I GRAVEL 
FINE I MEDIUM ICOARSEJ FINE I COARSE 

U.S. STANDARD  SIEVE  SIZES 

" 

GRAIN SIZE - MILLIMETRES 

BOREHOLE DESCRIPTION DEPTH 
'MBO L 

NUMBER (m) C L A Y  U.S.C. c c  cu G R A V E L  SAND SILT 
( 9 6 1  I%) (%) (%) 

\ \ \ I\ UNlTla  8 SAMPLES 2-8 35-66 30-63 GP/SP-SI 
. . . . . . . 

I . . . . , . . .. ... "', . . . . . :. UNJT Ib 2 SAMPLES 1 1-30 70-89 0 SM 

FIGURE 5 GRADATION  ENVELOPES FOR GRANULAR  MATERIALS 
HERSCHEL SILL 
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The s u r f i c i a l  GRAVEL and SAND ( s u b u n i t   I a )   i s   w e l l - g r a d e d   t o   p o o r l y - g r a d e d  

and  conta ins 2% t o  8% s i l t - s i z e s ,  35% t o  66% sand-sizes  and 30% t o  63% 

g r a v e l - s i  zes D50 values  range  f rom 1500 t o  7300 mic rons .   Gradat ions   o f  
t h e   d i s t u r b e d  samples ,   ob ta ined  f rom  the   c lam  she l l   bucket   (F igure  B.2 i n  

Appendix B ) ,  were c o n s i s t e n t l y   f i n e r   t h a n   u n d i s t u r b e d  samples  from  the 

boreho les   (F igure  B.1). A s i n g l e   m o i s t u r e   c o n t e n t   d e t e r m i n a t i o n   f o r   t h i s  

u n i t   y i e l d e d  a va lue  of 12%. From observa t i ons  made d u r i n g   d r i l l i n g ,   t h e  

ma te r ia l s   appear   t o  be dense t o   v e r y  dense. 

The SAND l a y e r   ( s u b u n i t   I b )  was found t o   c o n t a i n   u n i f o r m   f i n e - g r a i n e d  sands 

w i t h  11% t o  30% of s i  I t - s i z e s .  The D50 values  ranged  from 120 m i c r o n s   t o  
170   m ic rons .   L im i ted   t es t i ng   revea led  a m o i s t u r e   c o n t e n t   o f  22%, a b u l k  

d e n s i t y  o f  1.88 Mg/m3 a n d   p o r e w a t e r   s a l i n i t y   o f  24 par ts   per   thousand 

( P P t )  

Samples o f   t h e   u p p e r  CLAY (subun i t   I I a )   recove red   f rom  the   two   bo reho les  

were  found t o  be firm t o   s t i f f   i n   c o n s i s t e n c y ,   w i t h   u n d r a i n e d   s h e a r  

s t r e n g t h s ,  as determined by t h e   P i l c o n  vane, rang ing   f rom 28 kPa t o  99 kPa. 

The undra ined  shear   s t rength  was observed t o   i n c r e a s e   w i t h   d e p t h ,   M o i s t u r e  

c o n t e n t s   w e r e   g e n e r a l l y   i n   t h e   o r d e r   o f  35% - + 3%,  and w e t   b u l k   d e n s i t i e s  

ranged  from 1.65 Mg/m3 t o  1:76 Mg/m3. Porewa te r   sa l i n i t i es   ranged   f rom 11 
p p t  t o  18 p p t ,  and showed a tendency   o f   dec reas ing   sa l i n i t y   w i th   dep th .  The 

c l a y   i s   c l a s s i f i e d  as i n t e r m e d i a t e   t o   h i g h   p l a s t i c i t y ,   b u t   A t t e r b e r g  limit 

and h y d r o m e t e r   t e s t i n g  has no t  been c o m p l e t e d   t o   v e r i f y   t h e s e   f i e l d  

c l a s s i f i c a t i o n s .  

The lower  CLAY ( s u b u n i t   I I b )  was sampled o n l y   i n   b o r e h o l e  HSO1. Mo is tu re  

con ten ts   w i th in   t he   l aye r   dec reased   w i th   dep th   f rom  abou t  30% near   the  top 

o f   t h e   u n i t   t o   a b o u t  20% near   t he   t e rm ina t ion   dep th   o f   t he   bo reho le .  

EBA Englneering Consultants LTd. 
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B u l k   d e n s i t i e s   i n   t h e   o r d e r   o f  1.50 Mg/m3 t o  1.60 Mg/m3 were  measured  near 

t h e   t o p  o f  t h e   s u b u n i t  , b u t   v a l u e s   o f  1.88  Mg/m3 t o  2.00 Mg/m3 were  obta ined 

a t  depth.   Undra ined  shear   s t rengths  were  cons is tent ly   greater   than  120 kPa, 

b u t  as most  values  were  beyond  the  range  of   the  Pi1  con vane (>130  kPa) , no 

i n d i c a t i o n   o f   t h e   v a r i a t i o n   o f   s t r e n g t h   w i t h   d e p t h   i s   a v a i l a b l e .  The c l a y  

i s  desc r ibed  as b e i n g   o f   v e r y   s t i f f   c o n s i s t e n c y   t h r o u g h o u t .  The l o w e r   c l a y  

i s   c l a s s i f i e d  as b e i n g   o f   l o w   p l a s t i c i t y ,   b u t   A t t e r b e r g  limit and hydrometer 

t e s t i n g  have no t  been completed. 

Permafrost  and  Ground  Ice 

"Permafrost"  i s   d e f i n e d  as any e a r t h   m a t e r i a l   t h a t  has  been a t  0°C o r   l e s s  

f o r  a p r o l o n g e d   p e r i o d   o f   t i m e   w i t h o u t  any r e g a r d   t o   t h e  phase  composit ion 

o f   mo is tu re   p resent   in   the   pore   spaces .  The typ ica l   mar ine   sed iments   f rom 

t h e   B e a u f o r t  Sea have  porewater  sal in i t ies  between  30 and 40 p p t  I r e s u l t i n g  

i n a f r e e z i n g   p o i n t   d e p r e s s i o n   o f   c l o s e   t o  1 . 5 O C .  As a r e s u l t   s o i  1 can 

ex i s t   a t   t empera tu res   be low O°C b u t   e x h i b i t  no s i g n i f i c a n t   i c e   b o n d i n g   o r  

s e g r e g a t e d   i c e .   F o r   t h e   p u r p o s e s   o f   t h i s   f i e l d   p r o g r a m ,   s o i l  has  been 

des ignated  ' ' f rozen ' '   on ly  if v i s i b l e   i c e   a n d / o r   i c e   b o n d i n g  was encountered. 

" F r o z e n "   s o i l   i s   t h e r e f o r e   d i s t i n g u i s h e d   f r o m   " p e r m a f r o s t "  as permafrost  

c o n d i t i o n s   a r e   n o t   n e c e s s a r i l y  of e n g i n e e r i n g   s i g n i f i c a n c e .  

I s o l a t e d ,   t h i n   l a y e r s  and p o c k e t s   o f   f r o z e n   m a t e r i a l   a r e   t h o u g h t   t o  be 

present   near   the   seabed,   w i th in   the   sur f i c ia l   g ranu la r   depos i ts .  Clam s h e l l  

samples  recovered  from a depth  of 0.6 m t o  0.7 m i n   t h e   t e s t   p i t  a t  l o c a t i o n  

HSOl c o n t a i n e d   f r o z e n   m a t e r i a l .  However, f r o z e n   s o i l s  were n o t   d e t e c t e d   i n  

a n y   o f   t h e   b o r e h o l e s   o r   p r o b e h o l e s ,   a n d   s a m p l e   t e m p e r a t u r e s   w e r e  

c o n s i s t e n t l y   h i g h e r   t h a n  -1.OOC. As a r e s u l t  o f  t h e  measured s a l i n i t i e s  o f  

11 p p t   t o  24 pp t ,   f reez ing   po in t   depress ion   o f   be tween 0.6Co and 1.4C" would 

b e   e x p e c t e d   f o r   t h e   p o r e   f l u i d s .   F r o z e n   m a t e r i a l ,   w i t h   t r a c e s   o f   s t r a t i f i e d  

i c e  ( V s )  and i c e   c r y s t a l s  ( V x )  has  been  observed  below 11.0 m seabed 

p e n e t r a t i o n   d u r i n g   o t h e r   i n v e s t i g a t i o n s   c o n d u c t e d  by EBA i n   t h e  same general 

area. 

EBA Englneering Consultants ltd. 
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The g e o t e c h n i c a l   i n f o r m a t i o n   c o n t a i n e d   i n   t h i s   l e t t e r   r e p o r t  was ob ta ined  

f rom  seabed  so i   l   samples   co l lec ted   dur ing   the  1984 geotechnical  program 

c a r r i e d   o u t   f o r   t h e   G e o l o g i c a l   S u r v e y  of Canada  and I n d i a n  and Nor the rn  

A f f a i r s  Canada. 

The geotechn ica l   da ta   ob ta ined  dur ing   the   Hersche l  Sill s i t e   i n v e s t i g a t i o n  

i n d i c a t e s   t h a t   t h i n   d e p o s i t s   o f   c l e a n   g r a v e l  and sand a re   p resen t   a t   t he  

seabed i n  s m a l l ,   r i d g e - 1   i k e   f e a t u r e s .  The base o f  t h e   g r a n u l a r   d e p o s i t  

c o n s i s t s  of s i l t y  sands .   A l though  the   depos i t   con ta ins   i so la ted   f rozen 
m a t e r i a l ,  i t  i s   b e l i e v e d   t h a t   t h e s e   m a t e r i a l s   c o u l d  be recovered  by  dredging 

if s u f f i c i e n t   q u a n t i t i e s   a r e   p r o v e n   i n   t h e   t h e   a r e a .  

The u n d e r l y i n g   c l a y s   a r e   t h o u g h t   t o   r e p r e s e n t   t h e   i n t a c t   p r e - B u c k l a n d  

sed iments   no t   scoured  by   the   i ce- th rus t ing   event   a t   Hersche l   I s land.  The 

c l a y s   a r e   b e l i e v e d  t o  be s i m i l a r   t o   t h e   u p p e r   p a r t   o f   m a r i n e  sequence 

exposed  on  Herschel  Island. 

EBA Eng ineer ing   Consu l tan ts   L td .   has   app rec ia ted   t he   oppor tun i t y   t o   work  on 

t h i s   p r o j e c t  and wou ld   l  i ke t o  acknowledge  the  cooperat ion and guidance 

p rov ided  by a l l   o t h e r   p a r t i e s   i n v o l v e d   i n   t h i s  program. 

EBA Engineerlng Consultants Ltd. Eba 
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Respec t fu l l y   submi t ted ,  

EBA Eng ineer ing   Consu l tan ts   L td .  

Prepared by: 

R.J. Gowan, P .Geo l .  

Revi ewed by : 

J.P. R u f f e l l ,  P. Eng. 
P r o j e c t   D i r e c t o r ,   F r o n t i e r  

RJG/JPR:chb 

EBA Engineering Consultants ltd. 
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Services  performed  by EBA E n g i n e e r i n g   C o n s u l t a n t s   L t d .   f o r   t h i s   r e p o r t  were 

conducted i n  a manner c o n s i s t e n t   w i t h   t h a t   l e v e l  of s k i l l   o r d i n a r i l y  

e x e r c i s e d  by members of t h e   p r o f e s s i o n   c u r r e n t l y   p r a c t i c i n g   u n d e r   s i m i l a r  

c o n d i t i o n s .  No other   warranty ,   express or i m p l i e d ,   i s  made. 

USE OF REPORT 

T h i s   g e o t e c h n i c a l   r e p o r t   p e r t a i n s   t o  a s p e c i f i c   s i t e  and development. 

I s o l a t e d   i n f o r m a t i o n   s h o u l d   n o t  be reproduced,   t ransferred,  or used o u t s i d e  
t h e   c o n t e x t  o f  t h i s   r e p o r t   u n l e s s   c l e a r l y   r e f e r e n c e d   t o   t h e   s o u r c e .  EBA 

Engineer ing  Consul   tants   L td.  (EBA) will not  be r e s p o n s i b l e   f o r   u n a u t h o r i z e d  

r e u s e   o r   i n t e r p r e t a t i o n   o f   i n f o r m a t i o n   p r e s e n t e d   h e r e i n .   f o r   t h e   m u t u a l  

p r o t e c t i o n  of  t h e   p u b l i c ,   t h e   c l i e n t  and EBA, a p p l i c a t i o n   o f   t h e   i n f o r m a t i o n  

p r e s e n t e d   h e r e i n   t o  any a l t e r n a t e   s i t e s  or developments  should be r e f e r r e d  

t o  EBA f o r   r e v i e w   t o   d e t e r m i n e   t h e   v a l i d i t y   o f   d e s i g n   c o n c e p t s   f o r   o t h e r  

appl  i c a t i  ons. 

EBA Engineering Consultants Ltd. 
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SYSTEM INTERNATIONAL UNITS 

L 

QUANTITY  NAME  SYMBOL 
EXPRESSED  IN  TERMS  OF EXPRESSED IN TERMS O F  

SUPPLEMENTARY  UNITS 
OTHER SI UNITS 

BASE  AND 

SI UNITS 

*ngth 
m s  kilogram kg i 
e k l r r  mrmt 
lime WCOnd 

dmmodyrurnr temperature kclvtn K 
m o u n t  of wbnance 

mole mol l umlnws  mtcns t ty  candela cd 

SI SUPPLEMENTARY  UNITS 
plane angle radlan 
sold angle 

metre m 

s 
J m W e   A  

I , 
rad 

steradoan sr 
I 

EXAMPLES  OF SI DERIVED  UNITS  WITH  SPECIAL  NAMES 
frequency  hertz  Hz 
force 

pmure .  stress 
m r g y  work quantity o f  heat 

m '  kg $ 2  

p o w e r  radtanr flux wat t   W J:I m2 k g  s 3  

1 IS 

newton N m kg:r2 m kg s 2  
pascal Pa N m l  

joule 

I '  

J N m  m 2 . k g  s 2  I 

EXAMPLES  OF SI DERIVED  UNITS  WITHOUT  SPECIAL  NAMES 
velocity - Itnear metre per second m.r  

.ecsleratlon . Itnear l m t r e  per second)  per  second m 

dynamlc vtscos~ry 

Concentratoon lo i  amounr  of  substance) mole per cublc metre 

moment of io rce 
surface  tenston  newton per metre N!m kg  s 2 

heat ilua denslty. wadlance 
heat capamfy  entropy 

w a l l  per q u a r e  metre W m2 k g  I 3 

joule p e r  h e l m  J:K rn2 1 2  K '  
speclflc  heat c a p a c q .  rpecoflc entropy  joule p e r  kologram h e l m  J :kg K l  m2 s 2  K '  
spectflc  energy joule per  kllogram J k g  r n 2  1 2  I 

mermal  conductwrty  watt per metre kelvm W'tm K l  m k g - s 3   K '  

angular 
m I '  

( r d l a n  per  second) 
I 

rad s rad I ' 

-angular 
m s 2  

lradtan per semnd) per second rad 'I? rad I '  I 

pascal  second 
mol m 3  

m '  kg  I '  

n e w o n  metre N n> m2 k g  s 2  

m o l ' m l  
Pa s 

OTHER UNITS  PERMITTED FOR USE WITH SI 

OUANTITY  NAME  SYMBOL  DEFINIT ION 
! 

plane  angle 

area 
volume 
temperature 

1 m a s  

mlnute 
hour 

day 

degree 
year 

second 

mlnute 

hectare 
lorre 
degree Celsur 

tonne 

m m  
h 
d 
a 

ha 
L 
C 

1 

1 mdn = 60 s 
1 h = 3.600 I 

1 d = 86.4GO s 

1 = IK.'1801 rad 

1 = ( -  10.8001 r a d  

1" = ( -  '648 000' rad 
1 ha = 10,000 m2 

0 C = 273 15 K 
1.000 L = 1 m3 

remprature mterval 1 C 1 K 
l t = l O O O k g - l M g  

[ MULTlP  LYING  FACTOR  PREFlX  SYMBOL  MULTIPLYING  FACTOR  PREFIX  SYMBOL 

1.o0o.m.0w.000.000 000 = 10'8 

1.m.0w.000.000.000 = 10" 
1.".000.000 000 = 10'' 

1,ooo.ooo.ow 104 
1,000,000 = 106 

1.000 ~ 103 
100 = 102 

10 = 10' 

0 1 ;  10 '  
0 0 1  = 1 0 '  

0001 = 1 0 '  
0 000,001 = 106 

0 0 0 0 0 0 0 0 0 1 =  10' 

0 000 000.000.000.001 = 10 ' 5  

0 000,000 000.001 = 10 ' 2  

0.000.000.000.00G 000,001 = 10 18 

decr' 
cent,. 
mtlll 

micro 

nano 

PIC0 
femto 
atto 

d 

C 

m 
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UNIFIED SOIL  CLASSIFICATIONt 

1 GROUP 
SYMBOLS 

TYPICAL  NAMES MAJOR  DIVISIONS CLASSIFICATION  CRITERIA 

C, = D60'Dlo Greater than 4 
~~ 

C, =- 
( D 3 p  

x D60 
Between 1 and 3 

GW Well  graded gravels and  gravel-sand 
maxfures little or no ttnes 

Poorlb-graded gravels and  gravel-sand I Not meetlng  both  crlterja for GW 

Alterberg l tmm p lo t  below 'A' h e  
or plastic~ly  Index less than 4 

Alterberg hmlts plot tmg 
In hatched area  are bor- 
derllne classtftcaI8ons re- 

Atterberg  llmlts plot above 'A'  l fne  qulr ing use of dua, rym- 
and  plast lc~fy Index greater than 7 GC Clayey granels. gravel-sand  clay mix- 

tures 1 0 

I C, = D ~ O ' D I O  Greater than 6 

sw I little or no tlner 
Well graded sands and  gravelly sands. 

c, - - Between 1 and 3 
(D,,'Z 

Dl,.3,, 

Poorly - uraded sands and gravelly 

SM Sdty sands sand 1111 mixtures 

I 
Alterberg l l m m  plot  above 'A'   lme qukrlng use 31 uua,  svm 
and  plasticity  lndsx  greater  than 7 bok 

SC I Clayey sands. sand-clay mlxfures 

ML roch flour. sd!, or clayey  flna 
lnorganlc sllts very  flne unds. 

sands 

lnorgamc  clays of IOK to rnadlum 
CL pIastIcrIy,  gravelly  clay1 sandy clays 

s~ltr  clays Iaan CIDVS 

OL Orgarlc t i l t s  and orgenlc s l t t y  clays 
ot IOW Dlastlc#lv 

PLASTICITY  CHART i ;  
For classi:lcar.on of f lne  grrtnsd 

grained so~ls 
so111 and flne  fracrion of coarse 

Attorbrrg l ~ n t l s  ~ l o l l i ~ l g  ir hatched 
area are borderline  classifications 
raqulrlng use of  dual  symbols 

EquatNonof A ' l ~ n e  PI = 0 7 3 1 L L .  20' 

/ ! I  ~ C L  

* :  I 
I N  I 

I Mn& on i 
i 1 I 

" ~ 1 :  
1 10 21, 30 4 0  60 10 70 80 90 100 

lnorgartc slits. mmceous or diaro- 
maceoLs fme sands or sills. elamc 
S l i t 3  Mn I 

CH I Inorganic  cia> of htgh p l a s t ~ c ~ l y  
tat  clays 

OH I plastocI:v 
Organic  clays of   medlum to high 

L lOU lD   L IMIT  

t A S T M  Destgnarsor D 2487, tor ldentlflcallon  procedure see D 2488 
'Based on the malereal sassing the 3 n ( 1 5  plm sieve 

pT I IOllS 

Peat. much  and other hlghly  organlc 
HIGHLY  ORGANIC  SOILS 

GROUND ICE  DESCRIPTION 

ICE NOT  VISIBLE VISIBLE  ICE LESS THAN 50% BY VOLUME 

sflE&i SYMBOLS SUBGROUP DESCRIPTION 

Nf Poorly-bonded or fr.able 

N No ewccs~ Ice well-bonded Nbn E .  
Nbe Excsrr Ice. well - bonded 

a SUB SYMBOLS 

VX Indtvidual  Ice c r w a l s  or mclwons  

GROUP DESCRIPTION 

Vc Ice  coatmgs on pertlcles B ,  
I Vr  Ra-dom 01 (rreau'arlv  orlented  ,ce  tormatnons 

I Vs I St.at'flec or d,stmcl'y  oriented  Ice  forrnallons 

V 

NOTE 
t flu1 symbols 4rc u& ro  indicata  bordarl,na or mired 

2 Vimal nflm#res of  tce conrenn ind,camd on bornhold 
m ckrlfrcar,ons 

3 Thlr ryR*m o f  gmund Ice dercript,on has h n  mod, 
lop 2 5% 

f1.d from NRC T a h u i  Memo 79. Gwda rn ma 

Purporr 
F i a l d   D m r ! p h o n  o f  hrnufron for Engmwrmg 

VISIBLE ICE GREATER THAN 60% BY  VOLUME 

ICE 
S o 4 1  Typa 

IC* with ION' I ~ C ~ U I I O ~ S  

ICE 

I 
I 

ICE 
igreater  than 25 mm 11 ~n I thlck! 
Ice wl thout IO,! ~ n c l ~ s k o n ~  

207 1 '82 



SYMBOLS AND ABBREVIATIONS USED 
ON BOREHOLE LOGS 

SOIL  SAMPLE 

SOIL  BOUNDARIES 

represented  by  sample identification 
number  which  increase  sequentially 
from the top  of the hole,  thickness 
of block is equivalent to sample 
recovery 

have  been indicated  using  the 
following system 

stratum  boundary observed within 
sample 

stratum  boundary assumed to occur 
within 0.5 m of the  marked level 
and is probably gradational  between 
the two samples 

stratum  boundary assumed to occur 
within tl.Om of the  marked level 

stratum  boundary notation  for  both 
depth  below seabed (41.5 m J and 
elevation  below sealevel (uncorrected 
for tides) 1-64.6rn. Elevation) 

41.5 (-64.6 El.) 

usc 

SOIL DESCRIPTION 

UNIFIED SOIL CLASSIFICATION 
- determined in accordance with 

chart  on following page 

TEXTURAL DESCRIPTION 
- material  named  after i t s  principal component 
- name is  modified by  other  components as follows: 

Presence of Component "XXX" Modifier 
> - 35% and XXX 
21 - 35% XXX-ey 
1 1 - 20% Some X X X  

1 .l0% Trace of X X X  
- Modifiers are  always  recorded in order of 

decreasing  amounts. 
- Classification may be modified as information 

regarding plasticity, grain size distribution, 
etc., is made available from lab t es t  results. 



e.g. FROZEN 28.1 OC - Nf  -Nbn 
- poorly to slightly bonded 
SAND:  Nbn 28.5 O C  
CLAY: not frozen 

TEST RESULTS 
- see legend at  bottom of borehole log 

CONSISTENCY 

Fine-Grained  Soils 

Major portion passing No. 200 Sieve. Includes (1)  inorganic  and  organic s i l ts  and  clays, (2) gravelly, 
sandy, or silty clays,  and (3) clayey silt. Consistency is rated  according to undrained shear strength, 
as indicated  by cone  penetrometer  reading or  miniature vane  and triaxial test results. 

Descriptive  Term 

Very Soft 
soft 
Firm 
Stiff 

Very Stiff 
Hard 

Undrained 
Shear Strength 

(ksf) 

less than 0.25 
0.25 to 0.50 
0.50 to 1 .OO 
1 .oo to 2.00 
2.00 to 4.00 

4.00 and  higher 

Coarse-Grained  Soils 

Major portion retained in No. 200 Sieve. Includes (1) clean  gravels  and  sands,  and (2) silty or clayey 
gravels  and  sands. Condition is rated  according to relative  density, as determined by  laboratory tests. 

Descriptive  Term Relative Density 

Very Loose 
Loose 

Compact  or  Medium 
Dense 

Very Dense 

PLASTICITY 

L Low ~ Liquid  limit less than 35 
I intermediate ~ Liquid  limit between 35 and 50 
H High - Liquid  limit greater than 50 

0 - 20% 
20 - 40% 
40 - 75% 
75 - 90% 
90 - 100% 

EBA Englneerlng Consultants ltd. 



DESCRIPTION OF SEDIMENTARY  STRUCTURES 

BEDS  SEDIMENTATION  UNITS  DEPOSITED  UNDER  ESSENTIALLY  CONSTANT 
PHYSICAL  CONDITIONS,  SEPARATED  BY  BEDDING  PLANES  WHICH  ARE 
RECOGNIZABLE BY TEXTURAL OR COMPOSITIONAL  CHANGES 

ABRUPT  CHANGES IN  DEPOSITIONAL  CONDITIONS.  BEDS  MAY BE 
INTERNALLY HOMOGENEOUS, OR COMPOSED OF SMALLER  UNITS- 
LAMINAE 

RESULTING  FROM PERIODS  OF  NON-DEPOSITION OR EROSION, OR 

LAMINAE  THE  SMALLEST MEGASCOPIC LAYERS I N  A  SEDIMENTARY SEQUENCE, 
REPRESENTING  MINOR  FLUCTUATIONS I N  PHYSICAL  CONDITIONS 
DURING  THE  DEPOSITION OF BEDS. LAMINAE  ARE  RELATIVELY 
UNIFORM  IN  TEXTURE  AND COMPOSITION AND  GENERALLY  LACK 
MEGASCOPIC INTERNAL  LAYERING. 

I 
c 

L 

100- 

6 30- - 
v) 
v) 

W 

Y 
z 

E 1 0 -  
0 

1 -  

- 
e.g. Thick bed e.g. Thin lamina 

Thickly spaced joint Thinly spaced  fissures 

(Modified after Ingram, 1954 
and Campbell, 1967) 

2 

EBA Englnwing Conrultanb ltd. 

BEDWJOINTS 
I 

l E R Y  THICK PARALLEL  NONPARALLEL 

1 gmF{ REq 
L - 

" - " 

THICK Even, Discontinuous, . Even, Discontinous, 
parallel even, parallel nonparallel even. nonparallel 

LAMINAEFISSURES > > 
MEDIUM 2 

LAMINA 
Wavy. Disconttnour, Wavy, Disconrinous, 
parallel  wavy,  parallel rlonparallel wavy, nonparallel 

LAMINA - 10 

THIN  LAMINA 

0 
Curved. Discontinuous, Curved. Discontinuous, 
parallel curved, parallel nonparallel curved, nonparallel 

VERY THIN 

(After Campbell, 1967) 



1 -  

2 -  

3 -  

4 -  

5 -  

6 '  

7 .  

8 .  

9 

10 

11 

12 

13 

14 - 

15 - 

16 - 

17 - 

18 - 

19 - 

20 L 

GROUND ICE 

-0.5 

0 . 9  

4 . 6  

0 . 7  

0 . 4  

0.: 

0.: 

0.: 

LABORATORY 
TESTS 

HERSCHEL SILL HSOl EBR Engineerlng) Consultants ltd. 

F AND LABORATORY  TEST  RESULTS 



LOCATION  HERSCHEL SILL HSO2 WATER DEPTH  12.5 m 

UTM COORDINATES 7 715  255 m N 587 095 m E (Zone 7)  (TIME  MEASURED 

SYMBO SOIL  DESCRIPTION 

- moltled olive grey and  dark grey. 

END OF BOREHOLE 5 73 rn 1-16 23 rn El.) 

84-10-11 I 

GROUND  ICE 
D E S C R I P T I O N  

SHEAR STRENGTH 
UNDRAINED 

p a l  LABORATORY 
TESTS 

, - 15 DPI 

LOG  COMPILED  BY KWJ 

HERSCHEL SILL HS02 EBA Engineering Consultants ltd. 

F I AND I TEST RFSUI TS 



APPENDIX B 

CLASSIFICATION AND INDEX TEST  RESULTS 

EBA Engineerlng Consultants ltd. 
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LABORATORY  TEST PROCEDURES 

1. CLASSIFICATION AND INDEX TESTS 

These t e s t s   a r e   r o u t i n e   a n d   t h e   s t a n d a r d  ASTM p rocedures   emp loyed   a re   l i s ted  
b e l  ow: 

TEST ASTM DESIGNATION - 
Moisture   Conten t  [I 2216 
L i q u i d   L i m i t  (1) D 423 
P l a s t i c   L i d  t and P1 a s t i c i  t y  Index D 424 
Gra in   S i ze  D 421 & 422 
Uni f i ed  Soi 1 C1 a s s i  f i c a t i  on D 2487 

NOTE: 1. All l i q u i d   l i m i t s   r e p o r t e d   a r e   o b t a i n e d   f r o m  3 p o i n t  
de te rm ina t ions .  

2.1 P a r t i c l e   S i z e   D i s t r i b u t i o n  

2.1.1 S i  ? v i  ng  t lethod 

T h i s   t e s t  was p e r f o r n e d   i n   t h e   f i e l  d l   a b o r a t o r y  on 10 samples i n  accordance 
w i t h  ASTF1 s tandard   des igna t ion  D-421-63 (Re-approved i982). When necessary, 
t h e   m a t e r i a l  was d i v i d e d   b y   u s i n g  a r i f f l e - b o x  t o  o b t a i n  samples o f   s t a n d a r d  
mass. The p a r t i c l e - s i z e   d i s t r i b u t i o n   c u r v e s   o b t a i n e d   a r e   p r e s e n t e d  i n  
Appendi x B. 

2.1.2 Hydrometer  Method 

T h i s   t e s t  will b e   c a r r i e d   o u t   a t  E B A ' s  l a b o r a t o r y   i n  Edmonton i n  accordance 
w i t h  ASTM s tandard   des igna t ion  D-422-63 (Reapproved 1982) . The r e s u l t s   o f  
these  analyses will be  p resented  i n  Appendix B i n   t h e   f i n a l   r e p o r t .  

2.2 A t t e r b e r g   L i m i t s  

A t t e r b e r g  1 imi t s  will be determined i n  EBA' s l   a b o r a t o r y   i n  Edmonton. 
R e s u l t s   i n c l u d i n g   t h e   c a l c u l a t e d   P l a s t i c i t y   I n d e x ,  will presented on t h e  
b o r e h o l e   l o g s   i n  Appendix A ,  and summary sheets  i n  Appendix B i n   t h e   f i n a l  
r e p o r t  . 
2.2.1 L i q u i  d L im i  t 

L i q u i d  l imi t s  will be  deterrnined i n  accordance  wi th  ASTM standard 
d e s i g n a t i o n  0-423-66 (Reapproved 1982), u t i l i z i n g  a t h r e e - p o i n t  method. 

2.2.2 P l d s t i c   L i m i t  

The p l a s t i c   l  imit t e s t  will b e   c a r r i e d   o u t   i n   a c c o r d a n c e   w i t h  ASTM s tandard 
d e s i g n a t i o n  D-424-59 (Reapproved 1971.) 

EBA Englneerlng Consultants ltd. 
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3. "PILCON" VANE 

Sample  was retained  in  the t h i n  wall sampl i n g  tube d u r i n g  the  tes t .  Vane i s  
inserted  into sample  and vane i s rotated. Peak and post-peak shear 
strengths  are produced i n  the  f iel  d. 

4 .  POREWATER SALINITY TESTS 

Sample i s  trimmed t o  remove disturbed  material. Porewater i s  extruded from 
thawed  sampl e and f i l t e red .  The sal  i ni ty  content ( NaCl) of the  extruded 
porewater i n  % i s  determined  using a hand-he1 d refractometer. Several  drops 
of  porewater are placed on the  reflecting  plate and a reading i s  taken 
t h r o u g h  the  eyepiece.  Results  are  reported t o  the  nearest  parts per 
thousand  ( p p t )  . 

EBA Engineering Consultants ltd. & 
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LEGEND  AND NOTES 
B Bag Smnplr PF R r m d r o l t  Sample M V  . Mmvans U V  - Unconsolidated Undrained Triaxial 
G Gas Sample 

0 - DrgnlcContcnt 

L Lmer Sampls T . Sample Stored m Tuba TV . Torvane 
S - Salinity 

P P~r ton  Sample 
TS . Thaw Strain 

NR No Rrcov-ry 
NS No Sample Remrmlng c - elm , PW . Porewater Sample FC Fall Cone UUp.  UU Triesiol with P o n  

W Waxed Sample PV . Pdcon Vane CU . Consohdelad Undralnsd Tr~axml  SG - Spzcif~c Gravity 
RC Radoocarbon Sample R V  Remote Vans CUP.   CU Truarmal wvlth Porn 

Pressure Mooswamants 

erple Pressure Ma.rursmanb 

CD . Conrol#dattd Drained Triaxial 

Project Number: 101C-4133 Reviewed By: P.Eng. 

1984 OFFSHORE  GEOTECHNICAL 

S I T E   I N V E S T I G A T I O N  

HERSCHEL S I L L  - BEAUFORT SEA 
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PARTICLE - SIZE  ANALYSIS OF SOILS 

SILT I SAND I GRAVEL 
FINE I MEDIUM COARSE FINE I COARSE 

U.S. STANDARD  SIEVE SIZES 

100 - 
90 

80 

70 

60 

50 

40 

30 

20 

10 

0 .  I I I I 
I I 

I I 
I I 

.0005 .001 ,002 ,005 .01 .02 .05 0.1 0.2 0.5 1.0 2.0 5.0 10 20 50 

GRAIN  SIZE - MILLIMETRES 

BOREHOLE  DEPTH 
DESCRIPTION 

SYMBOL ' C L A Y  SILT S A N D  GRAVEL CU c c  U.S.C. 
NUMBER (m) (%) (%) (%) (%) 

HS 1 0.00 - -30 - 2.3 35.3 62. 4 33.8 2.7 CW 

I . . . . .  HS2 0.00 - . 25 - 3. 4 45. 6 51.0 63. 1 . 2  GP 

- - HS2 1.37 - 1.67 - 10.7 89.3 0.0 - - - 

FIGURE 9-1 BOREHOLE  SAMPLES 
HERSCHEL  SILL 

EBA Englneerlng Consultants ltd. 



PARTICLE - SIZE ANALYSIS  OF  SOILS 

CLAY SILT SAND I GRAVEL 
FINE MEDIUM I C O A R S ~  FINE I COARSE 

US. STANDARD SIEVE SIZES 

100 

90 

80 

70 
K 
w 
4 60 
U 5 50 
c 
2 
W 40 
0 
K 
w 
n 30 

20 

10 

0 

- 8  
_ .  

. , . I . . .  

. .  

. .  

. .  , . . ,  

. . .  

,0005 ,001 .002 ,005 .01 .02 .05 0.1 0.2 0.5 1.0 2.0 5.0 10 20 50 

GRAIN SIZE - MILLIMETRES 

BOREHOLE DEPTH DESCRIPTION 

;YMBOL C L A Y  SILT S A N D   G R A V E L ’  CU cc U.S.C. 
NUMBER 1 % )  ( % I  (%) (%) (m) 

- HSI 0.00 - 
. . . . HS1 .so - 
- - - HS1 .70 - 
- - HS2 0.00 - 
-._ HS3 0.00 - 
-__ HS3 090 - 
__-_ HS4 0.00 - 

.30 

-60 

.80 

- 4 0  

.40  

1.20 

- 4 0  

- 4.5 56. 1 39. 4 

- 8.5  44.8  46.7 

- 3.6 44. 1 52.3 

- 3.7 56.8 39.5 

- 3.9 66.0 30. 1 

- 30.0 70.0 0.0 

- 6.8 49.0 44.2 

28.6 

67. 1 

44. 4 

27. 1 

16.3 

- 
44.9 

.3 

.3 

. 9  

. 2  

.3 

- 
. 1  

SP 

GP-GI 

CP 

SP 

SP 

- 
SP-Sb 

FIGURE B-2 CLAM-SHELL  SAMPLES 
HERSCHEL  SILL 

EBA Engineering Cowllonb Ud. A L E  


