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ABSTRACT 

The r a p i d   e x p a n s i o n   o f   e x p l o r a t i o n   d r i l l i n g  w i t h  a n t i c i p a t e d   p r o d u c t i o n  
f a c i l i t i e s   f o r   o i l  and  gas i n   t he   Mackenz ie   De l ta   reg ion  o f  the   Nor thwest  
T e r r i t o r i e s  has  created a demand f o r   g r a n u l a r   c o n s t r u c t i o n   m a t e r i a l s .  
Th is   paper   d iscusses  the  techniques  adopted and exper iences   ga ined by 
t h e   a u t h o r s   f r o m   s e v e r a l   m a j o r   r e s o u r c e   e v a l u a t i o n   p r o g r a m s   i n   t h i s  
remote  area. The f i r s t   p a r t  o f  the  paper   descr ibes a methodology  for  
d e p o s i t   i d e n t i f i c a t i o n ,   l o g i s t i c s  o f  h e l i c o p t e r  and  ground  based d r i l l i n g  
o p e r a t i o n s  and t h e   s a m p l i n g   d i f f i c u l t i e s   w h i c h   a r e   u n i q u e   t o   p e r m a f r o s t  
s o i l s .  The second p a r t  o f  t h e   p a p e r   d e s c r i b e s   t h e   e x p l o i t a t i o n   o f  a 
l a r g e   g l a c i o f l u v i a l   d e p o s i t   a t  Ya  Ya Lake  on  Richards  Is land. 

G r a n u l a r   c o n s t r u c t i o n   m a t e r i a l   i s   s p a r s e   i n   t h e   d e l t a   r e g i o n  when compared 
w ~ t h  p r o j e c t e d  demands. E x p l o i t a b l e   s o u r c e s   o f   g r a n u l a r   m a t e r i a l s   f o r  
a g g r e g a t e s   o r   c o n s t r u c t i o n   b o r r o w   a r e   f o u n d   i n   g l a c i o f l u v i a l   d e p o s i t s   o f  
P i e i s t o c e n e  age o r   i n   o u t c r o p s  o f  P a l e o z o i c   b e d r o c k .   G l a c i o f l u v i a l  
l and fo rms   can   be   l oca ted   by   re fe rence   t o   pub l i shed   su r f i c i a l   geo logy  
maps c o u p l e d   w i t h   a i r p h o t o   i n t e r p r e t a t i o n .   P r e l i m i n a r y   a s s e s s m e n t   o f  
t h e s e   f e a t u r e s   i n  a l a r g e   r e g i o n  i s  m o s t   e c o n o m i c a l l y   c a r r i e d   o u t   d u r i n g  
t h e  summer months w i t h  a h e l i c o p t e r   t r a n s p o r t a b l e   d r i l l .  Once p r o s p e c t i v e  
b o r r o w   p i t   s i t e s   a r e   i d e n t i f i e d ,  a d e t a i l e d   g r o u n d   b a s e d   w i n t e r   d r i l l i n g  
program  must be u n d e r t a k e n   t o   e s t a b l i s h   a g g r e g a t e   q u a l i t y ,   q u a n t i t y  and 
t o   p r o v i d e   i n f o r m a t i o n   o n   n a t u r a l   f e a t u r e s   a f f e c t i n g   d e v e l o p m e n t .  

The g l a c i o f l u v i a l   t e r r a i n  has  been h i g h l y   m o d i f i e d   b y   t h e   f o r m a t i o n   o f  
m a s s i v e   g r o u n d   i c e   w i t h i n   t h e   g r a v e l   d e p o s i t s .   T h i s   p r e s e n t s  some 
un ique   p i t   deve lopmen t   p rob lems   wh ich   a re   no t   encoun te red   i n  a normal 
bed rock   qua r ry   ope ra t i ons .  

Some o f  t h e   d i f f i c u l t i e s   a s s o c i a t e d   w i t h   e x c a v a t i o n  and s t o c k p i l i n g   o f  
t h a w i n g   g r a n u l a r   s o i l   a t   t h e  Ya  Ya Lake  esker-kame  complex  are  discussed. 
T h e   m o s t   n o t e a b l e   i s   t r a f f i c a b i l i t y   i n   t h e   p i t s   w h e r e   t h e r m o k a r s t   d e p r e s -  
s i o n s   a r e   c a u s e d   b y   r a p i d l y   m e l t i n g   b o d i e s  o f  ground  ice.  

EBA Eng ineer ing   Consu l tan ts  L t d .  
Edmonton, A l b e r t a  
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INTRODUCTION 

The c u r r e n t  and p o t e n t i a l  demand f o r   g r a n u l a r   c o n s t r u c t i o n   m a t e r i a l   i n  

the   Mackenz ie   De l ta   a rea   severe ly   taxes   the  known reserves .  The r e q u i r e -  

ments o f  t h e   p e t r o l e u m   e x p l o r a t i o n   c o m p a n i e s   f o r   d r i l l i n g  and p r o d u c t i o n  

p l a t f o r m s   p l u s   t h e   p r o p o s e d   M a c k e n z i e   V a l l e y   P i p e l i n e  and o t h e r   t r a n s p o r t -  

a t i o n   f a c i l i t i e s  will consume the   sou rces   o f  good q u a l i t y ,   r e a d i l y  

a c c e s s i b l e   g r a n u l a r   m a t e r i a l s .  As t h e   n e e d   t o   u t i l i z e   l e s s   d e s i r e a b l e  

depos i ts   inc reases   the   p rob lems of access  and  the  occurence o f  pe rmaf ros t  

become a s   s i g n i f i c a n t   t o   t h e   o v e r a l l   e v a l u a t i o n  of any d e p o s i t  as does 

t h e   m a t e r i a l   q u a l   i t y .  

The f i r s t   p a r t   o f   t h i s   p a p e r  will be d i rec ted   t oward   t he   genera l   concep ts  

o f   l o c a t i o n ,   i d e n t i f i c a t i o n ,  and  sampling o f   p o t e n t i a l   s o u r c e s   o f   g r a n u l a r  

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

t o   t he   l ower   Mackenz ie   Va l l ey  and the   De l ta   a rea  shown i n   F i g u r e  1 .  

However ,   t he   genera l   p r i nc ip les   o f   exp lo ra t i on   and   deve lopmen t  of g r a n u l a r  

c o n s t r u c t i o n   m a t e r i a l s   a p p l y   t h r o u g h o u t   C a n a d a ' s   n o r t h .  The unique 

a s p e c t s   o f   p i t   d e v e l o p m e n t   i n  a r e g i o n  o f  con t inuous   pe rmaf ros t   a re  

d i s c u s s e d   i n   t h e   l a t t e r   p a r t  o f  the  paper.  These  development  problems 

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

depos i t   on   R icha rds   I s land   i n   t he   Mackenz ie   De l ta .  

The au tho rs   have   been   i nvo l ved   w i th   t he   eva lua t i on  and  development 

o f  p o t e n t i a l   g r a n u l a r   d e p o s i t s  a t  s e v e r a l   s i t e s   r e p r e s e n t i n g   v e r y   d i f f e r -  

e n t   c o n d i t i o n s   w i t h i n   t h e   r e g i o n   o f   i n t e r e s t .  The ma te r ia l s   wh ich   have  

been  considered  range  f rom  Paleozoic   carbonate  and  shale  bedrock  in   the 

lnuv ik   a rea   (Ref .  l ) ,  t o   g r a n u l a r   d e p o s i t s  o f  g l a c i o f l u v i a l   o r i g i n  t o  

submarine  sand  deposi ts o f f   t h e   c o a s t  o f  the   Tuk toyak tuk   Pen insu la .  The 
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s i g n i f i c a n t   e x p l o r a t i o n   p r o g r a m s   w h i c h  will be  emphasized  here in   are 

t h o s e   i n v o l v i n g   g l a c i o f l u v i a l   d e p o s i t s   a l o n g   t h e   E a s t  Channel o f   t h e  

M a c k e n z i e   R i v e r   n o r t h   o f   I n u v i k ,   N o r t h w e s t   T e r r i t o r i e s  and on  Richards 

I s l a n d .  The l o c a t i o n s   o f   t h e s e   d e p o s i t s   a r e  shown on   F igu re  2 a s  Source 

222, Source 303 and  Source 326 and the  Ya  Ya L a k e   e s k e r ,   r e s p e c t i v e l y .  

REGIONAL SETTING 

T h e   M a c k e n z i e   D e l t a ,   l i k e   a n y   l a r g e   d e l t a ,   i s  a p o o r   s e t t i n g   i n   w h i c h   t o  

f i n d   g r a n u l a r   c o n s t r u c t i o n   m a t e r a l s .  The s i l t  and c l a y   s e d i m e n t s   o f   t h e  

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

and i n   t h e   p r e s e n t   o f f s h o r e   a r e a s .  The t a r g e t  o f  m o s t   e x p l o r a t i o n   f o r  

m a t e r i a l   i s   t h e r e f o r e   t h e   b e d r o c k   o n   t h e   m a r g i n s  of t h e   d e l t a ,  and the  

e x p o s e d   P l e i s t o c e n e   g r a n u l a r   d e p o s i t s   i n   t h e   o l d   d e l t a   a r e a .  

Bedrock  exposed i n  most o f   t h e   e a s t e r n   M a c k e n z i e   D e l t a   a r e a   i s  a p o o r l y  

i n d u r a t e d   s h a l e  o f  Cretaceous  age  (Ref. 2 ) .  G e n e r a l l y ,   i t s   u s e  a s  an 

engineered f i 1 1  i s   avo ided  because  the   sha le   rap id ly  decomposes i n t o  

v e r y   f r o s t   s u s c e p t i b l e   s i l t  and c l a y .  An u p l i f t  a r e a   s o u t h   o f   l n u v i k  

e x p o s e s   P a l e o z o i c   c a r b o n a t e s   w h i c h   a r e   f a r   s u p e r i o r   i n   q u a l i t y   t o   q u a r r i e d  

sha le .   Severa l   opera tors  have  developed  quarr ies  in   the  bedrock t o  

o b t a i n   r o c k  f i l l  and r o a d   s u r f a c i n g   m a t e r i a l .  The h i g h   c l i f f s   a s s o c i a -  

t e d   w i t h   t h e   P a l e o z o i c   u p l i f t   o f f e r   u n i q u e   s c e n e r y ,  and env i ronmenta l  

h a b i t a t s  so  a r e   b e i n g   p r o t e c t e d   i n  a w i l d e r n e s s   p r e s e r v e .   L i m i t e d  

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

s t r i c t  governmenta l   cont ro l  (Ref. 1) 
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The M a c k e n z i e   D e l t a   i s   w i t h i n   t h e  zone of con t inuous   pe rmaf ros t .   On ly  

t h e   s e a s o n a l l y   t h a w e d   a c t i v e   l a y e r  and  those  depos i ts   l y ing   be low deep 

lakes,  r i v e r   c h a n n e l s   a n d   o f f s h o r e   i n   t h e   B e a u f o r t  Sea a re   un f rozen .  

Regard less o f  t h e   m a t e r i a l   p r e s e n t ,   e x c a v a t i o n   i n   p e r e n n i a l l y   f r o z e n  

ground  poses a c h a l l e n g e   w h i c h   i s   n o t  a c o n c e r n   i n   t h e   s o u t h e r n   p r o v i n c e s .  

Ground  tempera tures   and  g round  i ce   cond i t ions   combine   to   c rea te   exp lo i ta -  

t ion   p rob lems  wh ich   can  be  as s i g n i f i c a n t   t o   t h e   e c o n o m i c s  o f  p i t   d e v e l o p -  

ment as  t h e   q u a n t i t y   a n d   q u a l i t y  o f  t h e   m a t e r i a l .  

EVALUATION 

s e t t i n g  and 

f r o m   a i   r p h o  

The  second 

The e v a l u a t i o n   o r  assessment o f  p o t e n t i a l   p i t   o r   q u a r r y   s i t e s   p r o c e e d s  

t h r o u g h   t h r e e   s e p a r a t e   l e v e l s .  Once a need f o r   g r a n u l a r   c o n s t r u c t i o n  

m a t e r i a l s  has been i d e n t i f i e d ,   t h e   f i r s t   s t a g e   i n v o l v e s   t h e   c a t a l o g u i n g  

o f   a l l   p o t e n t i a l   d e p o s i t s   i n   t h e   a r e a  o f  i n t e r e s t .   T h i s  s tage  o f   t h e  

e x p l o r a t i o n   p r o g r a m   f o r   m a t e r i a l s   i n   r e m o t e   a r e a s  i s  normal ly   conducted 

i n   t h e   o f f i c e  and 1 i b r a r y .   E x c e l   l e n t  maps and r e p o r t s   o n   t h e   s u r f i c i a l  

geology o f  much o f  Canada's  remote  northern  areas  have  been  produced  by 

the   Geo log ica l   Su rvey   o f  Canada and o t h e r s .   I n   a d d i t i o n  t o  p u b l i s h e d  

maps and  repor ts ,  a d e t a i l e d   e x a m i n a t i o n   o f   a i r p h o t o s   c a n   h e l p   i d e n t i f y  

g r a n u l a r   d e p o s i t s   a n d   p r o v i d e  a genera l   rev iew o f  the   a rea .  A p r e l i m i n -  

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

access  routes  can be made by i n t e r p r e t i n g   t e r r a i n   f e a t u r e s  

tos .  

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

i s  the  f i r s t   l e v e l   f i e l d   r e c o n n a i s s a n c e .   G e n e r a l l y  hand e x c a v a t e d   t e s t  

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

are   conducted   qu ick ly   by  a he1 i c o p t e r - b o r n e   c r e w   a n d   d r i l l   r i g .   I n   m o s t  

c a s e s ,   t h i s  work can  only  be  done i n   t h e  summer when t h e   s u r f a c e   i s   f r e e  
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o f  snow and  thaw  has  progressed t o  a p o i n t  where i t  i s   f e a s  

t e s t   p i t s .  A t y p i c a l   h e l o c i p t e r   t r a n s p o r t a b l e   a u g e r   d r i l l  

a t  a s i t e   s o u t h   o f   l n u v i k   i s  shown i n   P h o t o  1. 

i b l e  t o  d 

i n   o p e r a t  

The  purpose o f  t h e   f i e l d   r e c o n n a i s s a n c e   p r o g r a m   i s  t o  c o n f i r m   a i r p h o  

i n t e r p r e t a t i o n  and t o   a s s e s s   t h e   s i z e ,   a n d   d i s t r i b u t i o n  of n a t u r a l  

on 

0 

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

these  depos is ts ,   and t o  examine p o t e n t i a l   a c c e s s   r o u t e s  t o  t h o s e   d e p o s i t s  

wh ich   appear   f avou rab le .   S i tes  o f  u n f a v o u r a b l e   s e t t i n g  o r  q u a l i t y   c a n  

be i d e n t i f i e d  and e l i m i n a t e d .   I d e a l l y   g e o l o g i c a l   c o n d i t i o n s   w h i c h   a r e  

f a v o u r a b l e   f o r   s u i t a b l e   g r a n u l a r   d e p o s i t s   c a n  be i d e n t i f i e d .  The 

e n v i r o n m e n t a l   s e t t i n g   a n d   a s s o c i a t e d   l a n d   u s e   r e s t r i c t i o n s   c a n  be i d e n t i -  

f i e d  and  evaluated as  p a r t   o f   t h e   o v e r a l l   e v a l u a t i o n  o f  t h e   p i t   l o c a t i o n .  

Photo 1 - E v a l u a t i o n  o f  p o t e n t i a l   g r a v e l   s o u r c e  

w i t h  a h e l i p o r t a b l e   a u g e r  d r i l l .  



The o b j e c t i v e s   o f   t h e   t h i r d   l e v e l   o f  a g ranu la r   ma te r ia l   s tudy   shou ld   be  

t o   o b t a i n   s u f f i c i e n t   i n f o r m a t i o n   o n   e a c h   s p e c i f i c   s o u r c e   a r e a   t o   a l l o w  a 

p i t  deve lopment   p lan   to   be   fo rmula ted .  A deve lopment   p lan   requ i res  a 

d e t a i l e d   a n a l y s i s   o f   t h e   p r o p e r t i e s  a n d   p h y s i c a l   c h a r a c t e r i s t i c s  o f  t h e  

g r a n u l a r   m a t e r i a l   w h i c h  will be  excavated  and  the  overburden  which  must 

be  removed.  The p o s i t i o n i n g  o f  m a t e r i a l   s t o c k p i l e s ,   s u r f a c e   d r a i n a g e  

d i t c h e s  and  roadways w i t h i n   t h e   p i t  m u s t   b e   c o n s i d e r e d   r e l a t i v e   t o   t h e  

d i s t r i b u t i o n  o f  g r a n u l a r   m a t e r i a l s  and  g round  i ce   fea tures .  The t o t a l  

deve lopmen t   p lan   mus t   i nc lude   cons ide ra t i on   o f   t he  means o f   c o p i n g   w i t h  

l a n d   u s e   r e g u l a t i o n s   p a r t i c u l a r l y   w i t h   r e s p e c t   t o   p r o p o s e d   a c c e s s   r o u t e s ,  

p i t   d r a i n a g e  and   su r face   res to ra t i on   requ i remen ts .  

T h e   f o r m a t i o n   o f  a p i t  deve lopment   p lan   requ i res  much more s p e c i f i c  

d e t a i l ,   i n  a s m a l l e r   a r e a   t h a n   i s   p r a c t i c a l   t o   o b t a i n   w i t h   l i g h t   w e i g h t  

d r i l l i n g  equipment .   Genera l ly ,   the  use o f  a l a r g e r   t r a c k   o r   s l e i g h  
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mounted d r i l l  r i g  w i ’ h  c a p a b i l i t i e s  o f  c o r i n g  the g r a n u l a r   m a t e r i a  

p roduces   t he   mos t   re l i ab le   eng inee r ing  and g r a d a t i o n a l   i n f o r m a t i o n  

P r e s e n t   l a n d   u s e   r e g u l a t i o n   f o r  the Mackenzie  Delta  area,  and  gene 

1 

r a l  l y  

t h r o u g h o u t   t h e   C a n a d i a n   A r c t i c   r e s t r i c t   s u c h   o p e r a t i o n s  t o  t h e   w i n t e r  

months. The snow cover   and  f rozen  g round  sur face   p revent   ser ious   d is tu rb-  

ance o f  the   sens i t i ve   tundra   landscape.   Photo  2 shows  a t y p i c a l   w i n t e r  

d r i l l i n g  and s u r v e y i n g   o p e r a t i o n  a t  t he  Ya  Ya Lake esker   wh ich  i s  d i scus -  

sed l a t e r .  

Photo 2 - W i n t e r   d r i l l i n g  a n d  su rvey ing  a t  Ya  Ya 

Lake  esker,  1975 
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A t y p i c a l   t h i r d   l e v e l   p r o g r a m  was conducted  on  three  source  areas  near 

Tununuk P o i n t .   F i g u r e  2 shows t h e   l o c a t i o n  of  t hese   depos i t s   t oge the r  

w i t h   t h e  Ya Ya Lake  esker.  The d e t a i l e d   a n a l y s i s  of t hese   t h ree   depos i t s  

i n c l u d e d   d r i l l i n g   a p p r o x i m a t e l y  185 boreho les .  The exp lo ra t i on   p rog ram 

was conduc ted   du r ing   January   and   Februa ry   u t i l i z i ng  a f u l l y   e n c l o s e d ,  

s l e i g h  mounted Mayhew 200, " H e l i - d r i l l "  w i t h  compressed a i r .  Access t o  

t h e   t h r e e   s i t e s  was  made d i r e c t l y   f r o m  roadways   ma in ta ined   on   t he   r i ve r  

i c e   b y   t h e   p e t r o l e u m   e x p l o r a t i o n   c o m p a n i e s   w o r k i n g   i n   t h e   d e l t a   a r e a .  

A p p r o x i m a t e l y   e v e r y   t h i r d   h o l e  was c o r e d   w i t h  a VTM-3, c a r b i d e   t i p p e d  

c o r e b a r r e l  t o  o b t a i n  3 inch,   undis turbed  samples of t h e   f r o z e n   g r a n u l a r  

so i l s .  Cor ing  o f  f r o z e n   g r a n u l a r   s o i l s  was p o s s i b l e   d u r i n g   t h e   w i n t e r  

a t  t h e s e   s i t e s   b e c a u s e   t h e   c i r c u l a t i n g   a i r  was coo led  w i t h  a s imp le   hea t  

exchanger  before i t  was d ischarged down the   boreho le .  

A maximum 38 m i l l i o n   c u b i c   y a r d s  of p o t e n t i a l l y   s u i t a b l e   m a t e r i a l   w e r e  

i d e n t i f i e d   a t   t h e   t h r e e   s o u r c e   a r e a s   ( R e f .  4 ) .  However, p i t  development 

will be  compl icated  by  the  presence o f  bod ies  o f  mass ive   i ce   a t   t he  base 

o f   t h e   d e p o s i t s ,   b y   u n d e s i r e a b l e   o v e r b u r d e n   t h i c k n e s s e s ,   a n d  by the  

occur rence o f  s h a l l o w   l a k e s   w i t h i n   t h e   d e p o s i t   b o u n d a r i e s .  These fea tu res  

may r e d u c e   t h e   t o t a l   r e c o v e r a b l e   v o l u m e   t o   l e s s   t h a n  20 m i l l i o n   c u b i c  

y a r d s "  
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YA  YA LAKE  GRAVEL  DEPOSIT 

The esker   complex  a t  Ya Ya Lake  on   R ichards   Is land  i s   p robab ly   the  

l a r g e s t   a c t i v e   g r a v e l   q u a r r y i n g   s i t e   w i t h i n   t h e  zone o f  cont inuous  

pe rmaf ros t .   I ndus t r y  has  been e x t r a c t i n g   g r a n u l a r   c o n s t r u c t i o n   m a t e r i a l s  

f r o m   t h i s   s o u r c e   s i n c e   t h e   l a t e   1 9 6 0 ' s   p r i m a r i l y   f o r   c o n s t r u c t i o n  o f  

d r i l l i n g   p l a t f o r m s  and t h e i r   a s s o c i a t e d  camps and  access  roads  on  the 

a r c t i c   t u n d r a .  An u p s w i n g   i n   a c t i v i t y   a s s o c i a t e d   w i t h   m a j o r  gas s t r i k e s  

c o u p l e d   w i t h   t h e   a p p l i c a t i o n   b y   C a n a d i a n   A r c t i c  Gas P i p e l i n e   L t d .   t o  

c o n s t r u c t  a gas t r a n s m i s s i o n   l i n e   w i t h  one nor thern   te rmina l   on   R ichards  

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

t h i s   s o u r c e .  

The  sand  and  gravel   occurs  in a complex o f   e s k e r   r i d g e s ,  some  kames and 

smal l   outwash  p la ins.  The depos i t s   cove r  an a rea   i n   excess  o f  650 acres  

and  have a l o c a l   r e l i e f  up t o  75 f e e t .  The  sand  and g r a v e l   i s   u n d e r l a i n  

by p r e g l a c i a l   s i l t  and f i n e  sand o f  the   ances t ra l   Mackenz ie   R iver   De l ta .  

The s u r f a c e  and f l a n k s  o f  the  esker   are  marked by lakes  and many smal l  

thermokars t  ponds. 

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

c o n d u c t e d   b y   t h e   a u t h o r s   d u r i n g   t h e   s p r i n g   o f  1975 (Ref. 5 ) .  T h i s  

study,  commissioned by t h e   A r c t i c   P e t r o l e u m   O p e r a t o r s   A s s o c i a t i o n  (APOA),  

i n c l u d e d   t h e   d r i l l i n g   o f  some 300 boreho les   f rom  wh ich   th ickness   con tours  

o f  r e c o v e r a b l e   g r a n u l a r   m a t e r i a l s   c o u l d  be determined.  Coupled w i t h  

t h i s  was a n   e v a l u a t i o n  o f  s o i l   t e x t u r e  a n d   o t h e r   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   g r a n u l a r   m a t e r i a l .  



Page 12 

The s tudy   con f i rmed   tha t   i n   excess  o f  17 m i l l i o n   c u b i c   y a r d s   o f  sand  and 

g rave l   i s   p resen t   w i th in   t he   b road   deve lopmen t  zone  contemplated. 

However, app rox ima te l y  7 m i l l i o n   c u b i c   y a r d s   o f   t h e   d e p o s i t   l i e   b e l o w  

t h e   l e v e l  o f  adjacent  lakes  where  the  method o f  e x p l o i t a t i o n   r e q u i r e s  

cons iderab le   s tudy .  The  sand  and g r a v e l  was found  to   be   remarkab ly  

un i fo rm  th roughou t   t he   depos i t .  I t  i s  w e l l   g r a d e d   w i t h  a 3 i n c h   t o p  

s i t e  and g e n e r a l l y   l e s s   t h a n  10% pass ing  a No. 200 s ieve .   A l though  i t  

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

conc re te   agg rega te   i s   ques t i onab le   because  of a h igh   che r t - cha lcedony  

con   t en t  . 

The most s i g n i f i c a n t   f i n d   o f   t h e   d r i l l i n g   p r o g r a m  was t h a t   l a r g e   b o d i e s  

o f   mass ive   g round   i ce   p reva i l   t h roughou t   t he   depos i t .  The i c e   b o d i e s  

c o u l d   o f t e n  be co r re la ted   be tween   bo reho les  and  were  descr ibed as "c lean  

wh i te   bubb ly   i ce " .  Where i c e  was encountered,  most  boreholes  were 

t e r m i n a t e d   a f t e r   p e n e t r a t i n g   a p p r o x i m a t e l y  10 f e e t   i n t o   t h e   i c e .  On 

severa l   occas ions,   however ,   the  ent i re   ice  body was d r i l l e d .   C l e a r   i c e  

i n  excess o f   f i f t y   f e e t   t h i c k  was l o g g e d   w i t h i n   t h e   g r a v e l .   L a r g e  

accumula t ions  o f  g round  i ce   were   found  more   f requent ly   on   the   f lanks  and 

a t   t h e  base o f   t he   eske r .  I t  i s   p o s t u l a t e d   t h a t   t h e   i c e   g r e w   i n   p l a c e  

i n  a c losed  sys tem  dur ing   permaf ros t   aggradat ion   accord ing  t o  t h e  mechanism 

desc r ibed  by Mackay (Ref. 6 ) .  F i g u r e  4 shows  a c r o s s - s e c t i o n   i n   w h i c h  

l a rge   zones   o f   mass ive   i ce   a re   i n te rp re ted .  

P I T  DEVELOPMENT 

E a r l y   i n   t h e  1976 summer season,   the   sen io r   au thor  was requested by 

I m p e r i a l  Oil L i m i t e d   t o   e x a m i n e   i t s   c u r r e n t   w o r k i n g s   i n   o r d e r   t o  recommend 

operat ional   improvements  that   would  maximize  the amount o f  g r a v e l   t h a t  

c o u l d   b e   r e c o v e r e d   f r o m   t h e i r   l i m i t e d   p i t   a r e a   d u r i n g   t h e   s h o r t  summer 
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work  season. The common d e v e l o p m e n t   p r o c e d u r e   w i t h   a l l   i n d u s t r y   w o r k i n g  

i n   t h e   p i t   a t   t h a t   t i m e  was t o   s c r a p e   t h e   m a t e r i a l   o f f   t h e   s u r f a c e   a s  i t  

thawed  dur ing   the   long  warm summer days  and t o   p u s h  i t  i n t o   l o n g   w i n d r o w  

p i l e s   t o   d r a i n .   D u r i n g   t h e   f o l l o w i n g   w i n t e r   t h e   m a t e r i a l  was loaded  and 

t r u c k e d  away over   i ce   roads .   Th is   p rocedure  was e n t i r e l y   s a t i s f a c t o r y  

d u r i n g   t h e   e a r l y   y e a r s   o f   p i t   e x p l o i t a t i o n  when volume  requirements  were 

low  and  the p i t   f l o o r  was wel l   above  the  surrounding  tundra.   However,  

s e r i o u s   l o g i s t i c  

o p e r a t i o n s .  

problems  developed  dur ing  the 1975 summer and w i n t e r  

I t  was c l e a r   t h a  

was c o n t i n u a l l y  

pond i s  shown i n  

o p e n   d i t c h e s   f a i  

t 

1 

1 

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

i b e r a t i n g   w a t e r  and forming  thermokarst   ponds.  Such a 

Photo 3. A t t e m p t s   a t   g r a v i t y   d r a i n a g e   b y   c o n v e n t i o n a l  

ed  because a d i tch   g rade  cannot   be   ma in ta ined  where  

m a s s i v e   i c e   i s  so abundant i n   t h e   s o i l s .   T h u s ,   t h e   d i t c h e s   w o u l d   r a p i d l y  

expand  and  deepen l o c a l l y   t o  form larger   thaw  ponds  which  s imply   aggra-  

vated  the  problem.  These p i t   m o b i l i t y   p r o b l e m s   c o u p l e d   w i t h   t h e  random 

l o c a t i o n  o f  the   w ind rowed   s tockp i l es  was c l e a r l y   i n t e r f e r i n g   w i t h   o r d e r l y  

p i t  development. 

A second  problem  developed as a r e s u l t   o f   t h e  more  advanced s t a t e  of p i t  

development. As t h e   p i t   f l o o r  was lowered  each  year   more   i ce ,   s im i la r  

t o   t h a t  shown i n   P h o t o  4 ,  was uncovered.   Consequent ly   the  natura l  

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

8 t o  12 pe rcen t .  Also, i n   t h e   s t o c k p i l i n g   p r o c e d u r e   t h e   g r a v e l  was 

b e i n g   p a c k e d   o r   d e n s i f i e d   b y   t h e   a c t i o n   o f   t h e   c a t e r p i l l e r   t r a c t o r s .  I t  

was obv ious  t o  t h e   o p e r a t o r s   t h a t   r i p p i n g  the f r o z e n   s t o c k p i l e s   t h e  

f o l l o w i n g   w i n t e r  was becoming  more d i f f i c u l t .   D u r i n g   t h e  1976 w i n t e r  

c o n s t r u c t i o n   s e a s o n   t h e   c o n d i t i o n   o f   t h e   s t o c k p i l e s   d e t e r i o r a t e d   u n t i l  

o n l y   a b o u t   o n e - h a l f   o f   t h e   g r a v e l   s t o c k p i l e d   t h e   p r e v i o u s  summer was 

a c t u a l   l y   r e c o v e r a b l e .  
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Photo 4 - Exposure o f  m a s s i v e   i c e   i n  Ya Ya P i t  d u r i n g  

s t r i p p i n g   o p e r a t i o n   i n   ~ u r n m e r  1976. 
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Dur ing   t he  1976 summer season, a new a p p r o a c h   t o   g r a v e l   e x p l o i t a t i o n  was 

adopted. The g r a v e l  wa5 s t r i p p e d   w i t h   b u l l d o z e r   d r a w n   s c r a p e r s  and 

b r o u g h t   t o  a c e n t r a l   l o c a t i o n .   I t  was t h e n   s t o c k p i l e d  w i t h  a conveyor 

sys tem  cons is t i ng  o f  a feeder  and a s tacker   wh ich  had a c a p a c i t y  of  

app rox ima te l y  5500 cubic   yards  per   day.   Photo 5 shows the  conveyor  and 

s t o c k p i l i n g   o p e r a t i o n   w h i c h  was adopted.   A l though  there was a r i s k  o f  

p a r t i c l e   s e g r e g a t i o n ,   s t o c k p i l i n g   w i t h   t h e   c o n v e y o r   r e s u l t e d   i n  a 

r e d u c t i o n   i n   t h e   m o i s t u r e   c o n t e n t   t y p i c a l l y   f r o m  8 p e r c e n t   t o  4 pe rcen t .  

Moreover, i t  ensu red   t ha t   g rave l   dens i t y   i n   t he   s tockp i l e .was   t he   m in imum 

ach ievab le .  

Photo 5 - G r a v e l   s t o c k p i l e   c o n s t r u c t e d  w i t h  conveyor 

a t  Ya  Ya P i t .  (Photo  cour tesy of  I m p e r i a l  Oil L td . )  
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P i t  m o b i l i t y  was improved  by  pumping  water  from  ponds  created  by  the 

m e l t i n g  o f  massive  ice,  by t h e   u s e   o f   s h o r t   t e r m   d i t c h e s  and  by  removal 

o f  windrows  from  the p i t   f l o o r .   E x p e r i e n c e  has  shown,  as desc r ibed  

e a r l i e r ,   t h a t  open  d i tches  cannot  be l e f t   f o r   e x t e n s i v e   p e r i o d s .   D r a i n -  

age of   the  area  around  the  mel t   ponds was improved  by   us ing   d i tches   w i th  

w ide   banks   t o   p reven t   s lough ing .  However, f requent   maintenance was 

r e q u i r e d .  The d i t c h e s   w e r e   b a c k f i l l e d   w i t h   g r a v e l ,   o n c e   t h e y  had achieved 

t h e i r   p u r p o s e ,  t o  preven t   f u r the r   t he rma l   e ros ion .  

The  thaw r a t e   e x p e r i e n c e d   i n   g r a v e l   w i t h o u t  excess  i c e  was approx ima te l y  

1 foot  per  day.  However, i f  the   g rave l  was p r o g r e s s i v e l y   s t r i p p e d  

du r ing   t he   day ,  up t o   t h r e e   f e e t   p e r  day cou ld  be recovered  under   ideal  

c o n d i t i o n s .  

A l i m i t e d   r e c o v e r y   o p e r a t i o n   c o n d u c t e d   t h i s   w i n t e r  has  demonstrated  that  

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

sub f reez ing   cond i t i ons .  

FUTURE  DEVELOPMENT REQUIREMENTS 

The e v e r   i n c r e a s i n g   r e q u e s t s   f o r   q u a r r y   p e r m i t s   f o r   t h e  Ya  Ya Lake  esker 

prompted  the  government  to  examine the b a l a n c e   o f   s u p p l y   v e r s u s   p r o j e c t e d  

demands f o r   g r a n u l a r   m a t e r i a l   i n   t h e   p i t   a r e a .   G r a v e l  has  been t rucked  

f r o m   t h e  Ya Ya Lake p i t s   t o   s i t e s  as f a r  away as  Tuktoyaktuk,  a d i s t a n c e  

o f  some 60 m i les .   Dur ing   t he  summer o f  1976 requests   to   the   Depar tment  

o f   I n d i a n  a n d   N o r t h e r n   A f f a i r s   f o r   e x p a n s i o n  o f  q u a r r y i n g   o p e r a t i o n s  

i n t o   v i r g i n   p o r t i o n s   o f   t h e   e s k e r  were   den ied   pend ing   con f i rmat ion   tha t  

a l l   g r a v e l  had  been  removed f r o m   e x i s t i n g   w o r k i n g s .  The  Department  then 

commissioned a study  by Dr. V .  Rampton (Ref. 7 ) t o   d e t e r m i n e  an o r d e r l y  

deve lopment   and  res to ra t ion   p lan .  The repo r t   submi t ted   by  Dr. Rampton 
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will p r o b a b l y   f o r m   t h e   b a s i s   f o r   f u t u r e   r e g u l a t i o n .  The concep t   pu ts  

t h e   o n u s   o n   t h e   o p e r a t o r   t o   p r e s e n t  a l o g i c a l   p l a n  f o r  development o f  

s p e c i f i c   d e s i g n a t e d   b l o c k s ,   b e f o r e  a q u a r r y   p e r m i t  will be  issued. The 

boundar ies  o f  g rave l   rese rves ,   mass ive   i ce  and t o p o g r a p h i c   f e a t u r e s  m u s t  

b e   i d e n t i f i e d  by an   ex tens ive   survey  and g e o t e c h n i c a l   d r i l l i n g   p r o g r a m .  

T h i s   w o u l d   b e   s u b m i t t e d   a t   t h e   b e g i n n i n g   o f   t h e   q u a r r y i n g   o p e r a t i o n   e a c h  

year .  

The  development  phi losophy i s  one of  maximum u t i l i z a t i o n   o f   t h e   r e s o u r c e s  

w h i l e   m i n i m i z i n g   a d v e r s e   e n v i r o n m e n t a l   s i d e   e f f e c t s .  I t  i s  proposed 

t h a t   c e r t a i n  ponds o r   s m a l l   l a k e s  be d ra ined   and   o the rs   p rese rved .  

E x c a v a t i o n   o f   g r a v e l   f r o m   b e l o w   t h e   l e v e l   o f   a d j a c e n t   l a k e s   i s   e n c o u r a g e d  

b y   l e a v i n g  a dyke o f  f rozen   g round   ad jacen t   t o   t he   l akes .  I t  i s   e n v i -  

saged t h a t   u l t i m a t e   r e s t o r a t i o n  o f  t h e   p i t s  will i n v o l v e   b r e a c h i n g   t h e  

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

The p i t  development  concepts  proposed  by Dr. Rampton a r e   f o r   t h e   m o s t  

pa r t   accep ted   by   i ndus t r y .   Excava t ion   be low  the   l eve l  of ad jacen t   l akes  

w i t h i n   t h e   c o n f i n e s  o f  a dyke   wh ich   mus t   s tay   f rozen   i n   o rde r   t o   rema in  

imperv ious,  will r e q u i r e   d e t a i l e d   s t u d y   b e f o r e   s u c h  a scheme can be  

c o n s i d e r e d   e i t h e r   f e a s i b l e   o r  sa fe .  

SUMMARY AND C O N C L U S I O N S  

W i t h i n  t h e  Mackenz ie   R ive r   De l ta   reg ion ,   sou rces   o f   g ranu la r   cons t ruc t i on  

ma te r ia l s   a re   ve ry   sca rce .   Ma te r ia l s   wh ich   have   been   used   f o r   eng inee red  

f i l l s  a r e  e i t h e r   c r u s h e d   c a r b o n a t e   r o c k   o r   g r a v e l   o f   g l a c i o f l u v i a l  

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

continuous  have  been  found to  con ta in   mass ive   bod ies  o f  g round  i ce  a t  



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

n a t u r a l   m o i s t u r e   c o n t e n t   o f   t h e   g r a v e l  when thawed  leads t o   u n i q u e  

p rob lems   du r ing   p i t   deve lopmen t .  

E x p e r i e n c e   g a i n e d   a t   t h e   l a r g e  Ya  Ya Lake  esker on Richards   Is land  has  

shown t h a t   s t r i p p i n g  and  thawing  operat ions  must b e  planned a f u l l   y e a r  

i n  advance o f  t h e   w i n t e r  when t h e   g r a v e l   i s   a c t u a l l y  needed. D e t a i l e d  

geo techn ica l   eva lua t i on   mus t  be undertaken t o  l o c a t e   t h e   g r a n u l a r  

borrow  and  subsur face  massive  ice  before a ra t iona l   deve lopment   p lan   can  

be  formulated.  The  material  must  be  removed  from  the p i t  f l oo r  as i t  

thaws  and  be   s tockp i led   in  a manner t h a t  keeps i t  i n  a l o o s e   c o n d i t i o n  

and w i t h  a m o i s t u r e   c o n t e n t   o f   l e s s   t h a n  5% i f  i t  i s  t o  be workab le  

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

dependan t   upon   the   ra te   o f   t haw  wh ich   requ i res   l ong  warm summer days. 

Due t o   v a r i a t i o n s   i n   t h e   w e a t h e r  a n d   t h e   d i s t r i b u t i o n   o f   i c e   i n   t h e  

d e p o s i t ,   c a r e f u l   p l a n n i n g   o f   t h e   e q u i p m e n t  and  areas o f  development   are 

r e q u i r e d  i f  s t o c k p i l e   o b j e c t i v e s   a r e  t o  be  met w i t h i n  any  g iven  year .  
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