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1 .o INTRODUCTION 

The d i scove ry   o f   pe t ro l eum  r e se rves   no r th   o f  t h e  Mackenzie Delta has l e d  the  

Government  of  Canada t o  a n t i c i p a t e   a n   i n c r e a s e d   f u t u r e  demand for  g r a n u l a r  

r e s o u r c e s   i n  t h e  Mackenzie Delta r eg ion .   Recen t   s e t t l emen t   o f  COPE l a n d  

claims has r e a l l o c a t e d   f r o m  Crown l a n d s  many of t h e  p r e v i o u s l y   i d e n t i f i e d  

r e s e r v e s   o f   q u a l i t y   g r a n u l a r  material. T h e r e f o r e ,  a need was i d e n t i f i e d  t o  

f u r t h e r   - d e l i n e a t e   e x i s t i n g   s o u r c e s   a n d  t o  l o c a t e  new s o u r c e s   o f   g r a n u l a r  

mater i a1 . 

Indian   and   Nor thern  Affairs Canada ( I N A C )  engaged 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 .  (EBA)  to undertake a s t u d y  t h a t  would  re-evaluate   and 

update   in format ion   on  the g r a n u l a r   r e s o u r c e s  that  remain  on Crown l a n d s .  

T h i s  s tudy   compr ises  three phases: 

1 .  An o f f i c e   s t u d y   t o   r e v i e w   a v a i l a b l e   g r o u n d   t r u t h i n g  data and a i r -  

p h o t o s   i n   o r d e r  t o  i d e n t i f y   p r o s p e c t s   f o r   f u r t h e r   i n v e s t i g a t i o n .  
2 .  A d r i l l i n g  program t o  e x p l o r e   p r o s p e c t s  selected i n  Phase 1 .  

3. An eva lua t ion   o f  the  p r o s p e c t s   e x p l o r e d   i n  Phase 2 a n d   p r e p a r a t i o n  

of   recommendat ions  for  s i t e  development.  

The o v e r a l l   o b j e c t i v e   o f  the s t u d y  i s  t o  locate s u p p l i e s  of g r a n u l a r  

material and t o  prepare p i t   d e v e l o p m e n t   p l a n s   f o r   S o u r c e s   j u d g e d  t o  c o n t a i n  

s u f f i c i e n t   v o l u m e s   o f   r e c o v e r a b l e   g r a n u l a r  material. 

T h i s  r e p o r t   p r e s e n t s  a general   background  of  the geological   and  geomorphic  

s e t t i n g   o f  Richards I s l a n d ,   a n d  a d e s c r i p t i o n  of procedures   used  to i d e n t i f y  

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

p r o j e c t .  It a l s o  describes r e s u l t s  of the  d r i l l i n g   p r o g r a m ,  a summary of  

the volume  and  qual i ty   of  t h e  g r a n u l a r   r e s o u r c e s   i n v e s t i g a t e d ,   a n d  recom- 

menda t ions   fo r  p i t  deve lopment   and   fur ther   work .  
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2 .0  IDENTIFICATION OF POTENTIAL GRANULAR RESOURCES 

2.1 G e o l o g i c   S e t t i n g   o f  Richards I s l a n d  

Richards I s l a n d  is p redominan t ly   composed   o f   Qua te rna ry   f l uv ia l ,  de l ta ic  and 

e s t u a r i n e   s e d i m e n t s  t h a t  comprise  c lays ,  s i l ts  a n d   s a n d .   C o a r s e r   g l a c i a l  

s e d i m e n t s   o v e r l i e  the f l u v i a l   d e p o s i t s  on t h e  s o u t h  ha l f  of  t h e  i s l a n d .  The 

re t reat  of the m o s t   r e c e n t   W i s c o n s i n   g l a c i a t i o n   p r o v i d e d   f i n a l   d e p o s i t i o n  on 

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

well as i c e - c o n t a c t   l a n d f o r m s   i n c l u d i n g  eskers and kames. A s u b s t a n t i a l  

number  of h i g h e r   e l e v a t i o n   l a n d f o r m s   e x h i b i t   e v i d e n c e  of wave m o d i f i c a t i o n ,  

i n  the form  of beach and terrace f e a t u r e s .  

The r e g i o n  l i e s  well w i t h i n  the r e g i o n   o f   c o n t i n u o u s   p e r m a f r o s t  w i t h  a mean 

annua l  a i r  t empera tu re   o f   app rox ima te ly  - 1 O O C .  Ground ice is  common, vary- 
i n g   f r o m   i n t e r s t i t i a l   i c e ,  i ce  wedges a n d   p i n g o s ,   t o   m a s s i v e   b o d i e s   o f  

n e a r l y  c lear  t a b u l a r  ice.  Mackay ( 1 9 7 4 )   s u g g e s t s  t h a t  the growth of t a b u l a r  

ice  c a n   e l e v a t e  t h e  g round   su r f ace  by 5 t o  10 metres; evidence  f rom  bore-  

h o l e s  d r i l l e d  on R i c h a r d s   I s l a n d   i n d i c a t e s  tha t  bod ies  of mass ive  ice w i t h i n  

g l a c i a l l y  d e r i v e d   f e a t u r e s   c a n   e x c e e d  20 metres i n   t h i c k n e s s .   I n  some 

cases, t h e  r e l i e f  of a p o r t i o n   o f  a landform may be a t t r i b u t e d  t o  the  
presence   o f   t abular   g round ice.  

Massive ice  was not found t o  be con t inuous   i n   any   g iven   l and fo rm.   Mine ra l  

s o i l  was o f t e n   e n c o u n t e r e d   i n   b o r e h o l e s  d r i l l e d  be tween   l oca t ions  where mas- 

s i v e  i ce  was logged.  Much of   p resent   day  Richards I s l and   t opography  i s  
c o m p l e x   t e r r a i n   r e s u l t i n g   f r o m  t h e  growth  and  degradat ion  of   massive ice 

bodies   (French ,   1976) .  

2.2 Review  of   Exis t ing   S tudies  

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

Richards I s l a n d  area s ince   1972 .  These s t u d i e s  were prompted by a r e l a t i v e -  

l y  h igh  material demand for c o n s t r u c t i o n  materials i n  t h e  Tuktoyaktuk  and 



01 01 -4480 
December, 1986 

Page 4 

s o u t h e r n   B e a u f o r t  Sea area,  due t o  o i l  and gas e x p l o r a t i o n   a c t i v i t i e s .  The 

f i r s t  inven to ry ,   comple t ed  by M o l l a r d   a n d   A s s o c i a t e s   ( 1 9 7 2 )   f o r  the  Arctic 

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 ,   c o m p r i s e d   a i r p h o t o   d e l i n e a t i o n  of 131 

p o t e n t i a l   g r a n u l a r   s o u r c e s   i n  t he  Mackenzie Delta r e g i o n ,   f o l l o w e d  by a 

walk-over  survey  of  65  of these s i tes .  On Richards I s l a n d ,   2 3   p o t e n t i a l  

s o u r c e s  were d e l i n e a t e d ,   a n d  1 2  were v i s i t e d   d u r i n g  t h e  walk-over   survey.  

The second   s tudy  was completed by R ip ley ,   K lohn   and   Leonof f   In t e rna t iona l  

L t d .  (RKL)  i n  1972. The s t u d y   c o m p r i s e d   b o t h   a i r p h o t o   i n t e r p r e t a t i o n   a n d  

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

the  I n u v i k  - Tuktoyaktuk - Mackenzie Delta area. Richards I s l a n d  l i e s  

w i t h i n  Zone II of t h e i r  s t u d y  area. Twenty-eight separate sources   on  

Richards I s l a n d  were exp lo red   u s ing   bo th  t es t  p i t t i n g   a n d   b o r e h o l e   s a m p l i n g  

t e c h n i q u e s .  Based on t h i s  e x p l o r a t i o n ,  i t  was concluded t h a t  over  two 

m i l l i o n  cubic  metres of materials were s u i t a b l e  f o r   e x p l o r a t i o n .  The borrow 

source  numbering system used i n  the p r e s e n t   r e p o r t  is based on t h a t  i n i t i -  

ated by R K L .  

Borrow p r o s p e c t s   d e l i n e a t e d  by RKL w i t h  the  h i g h e s t   p o t e n t i a l   f o r   d e v e l o p -  

ment were l o c a t e d   i n  t h e  v i c i n i t y   o f  Ya-Ya Lake. Engineering  and  management 

s t u d i e s  of t he  t h i s  d e p o s i t  were under taken   in   1975  and   1976 (EBA, 1975; 
Terrain  Analyses   and  Mapping  Services  L t d . ,  1976) .  This  area,  now on 

I n u v i a l u i t   l a n d ,  is o u t s i d e  t h e  scope  of this s t u d y ,   t h u s  these r e p o r t s  were 

used   fo r   background   r e fe rence   on ly .  

A study  commissioned by I N A C  and  completed by BBT G e o t e c h n i c a l   C o n s u l t a n t s  

L t d .  e t  a l . ,   i n   1 9 8 3 ,   i n c l u d e d   a n   i n v e s t i g a t i o n   o f  t h e  n o r t h e r n   p o r t i o n   o f  
Source 211 ,  loca ted   near   Wi l low Lake. T h i s  r e p o r t   p r o v i d e d   l i t h o l o g i c  

de ta i l s  of t h e  s o u r c e  a t  n i n e   b o r e h o l e   l o c a t i o n s .  An e x t r a p o l a t i o n   o f  t h e  

b o r i n g  data by t h e  au thors   conc luded  t h a t  500,000 m 3  of "General  F i l l "  was 

a v a i l a b l e  f o r  development,  of which 365,000 m 3  existed i n  the a c t i v e  layer.  

T h i s  f i l l  comprised  predominant ly   sand w i t h  a minor gravel component. 
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A review of t h e  p r e v i o u s l y   i d e n t i f i e d  s i tes  c o n d u c t e d   f o r  t h i s  program, 

c o n c e n t r a t e d   m a i n l y   o n  t h e  RKL (1972)   r epor t   because  i t  was judged t o  be t h e  

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

A p r e l i m i n a r y   r a t i n g  system f o r   e x p l o r a t i o n  was based on t h e  f o l l o w i n g  

c r i te r ia :  

0 

0 

0 

0 

0 

2.3 

Quantity of f i l l  estimated by aer ia l  p h o t o g r a p h   i n t e r p r e t a t i o n /  

de l inea t ion   and   t opograph ic   i n fo rma t ion   f rom  maps ,  

Quality of f i l l  estimated either f rom  p rev ious   bo r ings   o r   f rom 

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

photographs,  

Location of t he  f i l l  body w i t h  r e f e r e n c e   t o   p o t e n t i a l   f u t u r e  

development,  

Access t o  the s o u r c e  by w i n t e r   r o a d s  that  would  fol low lakes and 
s t r  earns , and 

Existing  Data. The e x t e n t   a n d   l e v e l   o f   c o n f i d e n c e   a b o u t  t h e  

s i z e   a n d   q u a l i t y   o f  the depos i t   depends   on  t he  l e v e l  of   in format ion  

a v a i l a b l e   f r o m   e x i s t i n g  data. 

A i r p h o t o   I n t e r p r e t a t i o n  

The area shown i n   F i g u r e  1 was examined  on  a i rphotos  a t  a scale of 1 :60,000 

t o   l o c a t e   p o t e n t i a l   b o r r o w   s o u r c e s .  A detai led a i r p h o t o   i n t e r p r e t a t i o n   o f  

p r o s p e c t i v e   s o u r c e s  was used  t o   r e f i n e  t h e  boundar ies   o f  the  s o u r c e s   i d e n t i -  
f i e d  i n  t h e  RKL (1972)  s t u d y  a n d   a l s o   t o   l o c a t e   a d d i t i o n a l   p r o s p e c t s ,  

e s p e c i a l l y   i n  the  n o r t h e r n  ha l f  of Richards I s l a n d .  

Table 1 lists the 1 4  p r o s p e c t s   i d e n t i f i e d   f o r   f u t u r e   i n v e s t i g a t i o n ,  the 

l o c a t i o n   o f   e a c h ,   a n   e s t i m a t e   o f  the area of  t he  f e a t u r e ,   a n d   a n   e v a l u a t i o n  

of its p r i o r i t y   f o r   i n v e s t i g a t i o n .  E i g h t  of these s i tes  had been   p rev ious ly  

i d e n t i f i e d   a n d   i n v e s t i g a t e d  by RKL ( 1 9 7 2 ) .  The s i x   u n e x p l o r e d  areas have 

b e e n   i d e n t i f i e d   u s i n g  t h e  number of a nearby R K L  ( 1 9 7 2 )   s o u r c e ,  w i t h  a 

s u f f i x   ( N o r t h ,   S o u t h ,  West, o r  East)  t o   i n d i c a t e  its bea r ing   f rom t h e  RKL 

( 1972)   source .  



FIGURE 1 STUDY AREA 
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F o r t y   i n v e s t i g a t i o n   b o r e h o l e s  were proposed t o  e x p l o r e  t h e  p r o s p e c t s  l i s t e d  

i n  Table 1 ,  w i t h  coverage weighted t o  conform w i t h  the p r i o r i t i e s  l i s t e d .  

D r i l l i n g   l o c a t i o n s  were i d e n t i f i e d   o n  t h e  basis o f   a i r p h o t o   i n t e r p r e t a t i o n  

a n d   t h e n   t r a n s f e r r e d   t o  1 :50,000 topographical   maps.   Approximate UTM co- 

o r d i n a t e s   c o u l d  be de te rmined   fo r  use i n  f i e l d  l o c a t i o n   o f  each b o r e h o l e .  

L o c a t i o n s   g i v e n   i n  Table 1 approximate the c e n t r e   o f  each s o u r c e .  

I n i t i a l   e x p l o r a t i o n   p r i o r i t i e s   r e q u i r e d   r e e v a l u a t i o n  as the  f i e l d  program 

p rogres sed .  Program m o d i f i c a t i o n s  were r e q u i r e d   b e c a u s e  a l l  of t h e  f i e l d  

e x p l o r a t i o n   c o u l d   n o t  be comple ted   wi th in  t h e  time c o n s t r a i n t s   i m p o s e d  by 

t h e  program  budget.   Unusually  heavy snow a c c u m u l a t i o n s   i n  t h e  area cons i -  

derab ly  slowed t h e  p r o g r e s s  of the d r i l l i n g   e q u i p m e n t   b e t w e e n   p r o s p e c t s .  

On-si te   review of t h e  aer ia l  photograph  coverage  ensured t h a t  e x p l o r a t i o n  

was c o n c e n t r a t e d  a t  p r o s p e c t s  t ha t  had t h e  h ighes t  p r o b a b i l i t y  of p r o v i d i n g  

t h e  largest  q u a n t i t y  of "General  F i l l " .  
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3.0 FIELD PROGRAM 

3.1 Equipment  and Crew 

The d r i l l i n g   s u b c o n t r a c t o r  was Midn igh t   Sun   Dr i l l i ng  L t d . ,  o f   Whi tehorse ,  

Y.T. D r i l l i n g  was carried o u t   u s i n g  a CME 750 d r i l l  r i g  mounted  on  an a l l -  

t e r r a i n   v e h i c l e .  A l l  h o l e s  were advanced  using a 150 mm auge r   co re  barrel 

a n d   s o l i d  stem augers .   Cont inuous  core was recove red   and   v i sua l ly   l ogged .  

Represen ta t ive   s amples  were b a g g e d   a n d   p l a c e d   i n   f i v e   g a l l o n  pai ls  f o r   s h i p -  

ment t o  E B A ' s  Edmonton l a b o r a t o r y .   D r i l l i n g  was conducted 24 hours   per   day  

i n  two 1 2  hour shifts .  A two-man dr i l l  crew p l u s   a n   e n g i n e e r  or t echno lo -  

g i s t  was employed  on each s h i f t .  

The l o c a t i o n   a n d   e l e v a t i o n   o f  each boreho le  was determined by s u r v e y .   I n  

a d d i t i o n ,   t o p o g r a p h i c   s e c t i o n s  were o b t a i n e d   f o r  the  more-promising  sources  

t o  improve f i l l  volume  computations. 

A sled camp was used as t h e  base of o p e r a t i o n s .  The camp was mobi l ized   f rom 

Inuvik   and  moved three times d u r i n g  the program t o  m a i n t a i n   c l o s e   p r o x i m i t y  

t o  t h e  s i t e s   b e i n g   i n v e s t i g a t e d .   I n   a d d i t i o n  t o  the two shif ts  of d r i l l  

crew and   eng inee r s ,  the  camp complement  included t h e  I N A C  S c i e n t i f i c  

A u t h o r i t y  , two r e p r e s e n t a t i v e s   f r o m  GSC,  o n e   s u r v e y o r ,  a cook, a camp main- 

t e n a n c e  man, a b u l l d o z e r   o p e r a t o r ,  a Nodwell   operator,   and  two bear moni- 

t o r s .  

3.2 E x p l o r a t i o n  

N i n e   p o t e n t i a l   s o u r c e s   a n d   a d d i t i o n a l  GSC s t u d y  sites w e r e   i n v e s t i g a t e d  

d u r i n g  t h e  20-day f i e l d  program  conducted  between March 15 and A p r i l  4 ,  
1986. The l o c a t i o n  of each s o u r c e  is shown on the area map, F i g u r e  2. The 



FIGURE 2 AREA  MAP  SHOWING SOURCES INVESTIGATED 
DURING  FIELD  PROGRAM 
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program was revised i n  response  to  the  f ield  conditions  encountered. T h i s  

resu l ted  i n  only 9 of the  1 4  prospects  targeted  for  exploration  being d r i l l -  

ed. The ra t iona le   for   the   choice  of s i t e s  was as  follows: 

o emphasis was placed on Source 219 a s  a possible  extension of the  

Ya-Ya lake  deposi ts  which are   located on Inuvialui t   land and on 
Source 211 s ince   there  was a need t o  complete  the  delineation 

i n i t i a t e d  by BBT i n  1983. 

0 Source 220 was deleted from t he  program as i t  is  pa r t i a l ly   l oca t ed  

on Inuv ia lu i t  l a n d .  

o Source 227  was deleted from the program because of s i t e   a c c e s s  
d i f f i c u l t i e s .  

A d r i l l i n g  program for   the  Terrain  Sciences  Divis ion of the  Geological 

Survey of Canada (GSC)  was added to  the  scope of the I N A C  program shor t ly  

before commencement  of the  f ieldwork. The expanded d r i l l i n g  program was 

s t ruc tured  t o  make  maximum use of the r i g  while moving  between sources and 

t h e  areas of i n t e r e s t   t o   t h e  GSC t h a t  is ,  Source 219 and between Lousy P o i n t  

and Mid Lake. 

A t  Source  219,  four  boreholes were d r i l l e d   f o r  t h e  CSC. I n  addition,  one 

INAC borehole was advanced t o  a depth  greater t h a n  tha t   normal ly   d r i l l ed ,   to  

gain  information  for GSC's requirements. A t  Source  216,  one  borehole was 

extended t o  a greater   depth  for   the GSC. Between March 24 and March 28 ,  

1986, 18 borings were completed for   the  GSC on a l i n e   t h a t  was establ ished 

between  Lousy Point and Mid Lake. This  is documented i n  more d e t a i l  i n  the 

operational  calendar  given i n  Appendix A .  

Table 2 summarizes the d r i l l i n g  conducted a t   t h e  I N A C  sources. The reader 
is r e fe r r ed   t o   t he  GSC for  information  regarding  boreholes  dri l led  for t h e  

GSC program. 
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S I T E  

TABLE 2 SUMMARY OF ACTIVITY 

DAYS D R I L L I N G  NUMBER OF BORINGS 

21 1 

21 1 East 

21 6 

21 6South 

21 7 
21 8 

21 8North 

21 9 

March 30 - A p r i l  2 

A p r i l  2 - A p r i l  3 
March 22 - March 24 

March 22 

March 21 - March 22 

March 29 

March 29 - March 30 

March 1 7 - March 21 

1 1  

2 

4 

1 

2 

2 

4 

11 

- 
TOTAL 39 

3.3  Laboratory  Program 

Samples   ob ta ined   dur ing  the explora t ion   program were sealed i n   p l a s t i c   b a g s  

and s h i p p e d  t o  E B A ' s  Edmonton l a b o r a t o r y  fo r  t e s t i n g .   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 s  were conducted on 320   samples .   S ieve   ana lyses  were conducted 
on 77  samples t o  d e t e r m i n e   p a r t i c l e   s i z e   d i s t r i b u t i o n s .   P e t r o g r a p h i c   a n a l y -  

ses were conducted  on samples from  Source 21 9 and   Source  21 1. 

Appendices B t h rough  J c o n t a i n   d e s c r i p t i o n s  of each S o u r c e ,  a s i t e  p l a n ,  

b o r e h o l e   l o g s ,   a n d   l a b o r a t o r y   t e s t i n g  results.  
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4.0 E V A L U A T I O N  OF GRANULAR MATERIAL SOURCES EXPLORED IN THIS STUDY 

4.1 Cri ter ia   for   Evaluat ion of Granular  Material  Sources 

The qua l i ty  of granular  materials  at   each of the  explored  sources  have been 

eva lua ted   us ing   the   fo l lowing   c r i te r ia :   g ra in   s ize   d i s t r ibu t ion ,   minera l -  

ogy,  ice  content  (moisture  content) ,  and volume of po ten t ia l  f i l l  mater ia l s .  

Using the   the  f irst  th ree   c r i t e r i a   t he   ma te r i a l  can be c l a s s i f i e d   a s  one  of 

t he   f i ve  borrow types  described below. An inventory of granular   mater ia ls  

for   the  sources   invest igated is presented  as  Table 3 a t   t h e  end of t h i s  

sect ion.  

The fo l lowing   mater ia l   c lass i f ica t ion  is  adapted from both  the  Granular 
Resource Development and  Management Plan  for  Taktoyaktuk N.W.T. (EBA,1983) 

and the  proposed  Terr i tor ia l  Pits and Quarry  Regulations. 

4 .1 .1  Type I Borrow Material 

Type I borrow has been c lass i f ied   as   g ranular   mater ia l   su i tab le  f o r  use  as 

high  quali ty  surfacing  material   or  asphalt  and concrete  aggregate. This 

mater ia l  must consis t  of a s t r u c t u r a l l y  sound aggrega te   t ha t   f a l l s  w i t h i n  a 

r e l a t i v e l y  narrow gradational  range.  Processing  (crushing,  washing and 

blending)  usually will be necessary  to  produce  the  required  gradation. 

4.1.2 Type I1 Borrow Material  

Type I1 borrow is a qual i ty   gravel   that  Will be required  for  a s t a b l e  sur -  

face  course on roads and f o r  f i l l s  Support ing  s t ructural   loads.  T h i s  \ 

material  should  possess t h e  grada t iona l   charac te r i s t ics  shown i n  Figure  3, 

and have a moisture  content below 10 percent.  Type I1 borrow mater ia l  w i l l  

be r e l a t i v e l y   f r o s t   s t a b l e ,  w i l l  place and compact w i t h  reasonable   e f for t ,  

and will have good load  bear ing  character is t ics .  
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4.1.3 Type I11 Borrow Material 

Type I11 granular borrow has been c l a s s i f i ed   a s   ma te r i a l   su i t ab le  f o r  use  as 

general f i l l  f o r   r o a d s ,   a i r s t r i p s ,  and general   s i te   preparat ion.   Gradat ion-  

a l  limits of t h i s  mater ia l   a re   s imi la r  t o  those  for  Type I1 (Figure 3) 
except  that  a f ines   content  of up t o  15  percent by weight is considered 

acceptable.  

Moisture  contents  for t h i s  c lass i f ica t ion   should  be limited t o  less   than 10  

percent  since most of the  moisture will be located i n  t he  f i n e s .  If t h e  

moisture  content is too  h igh ,  i t  will be unstable upon thaw, r e s u l t i n g  i n  
poor t r a f f i cab i l i t y ,   po ten t i a l   s lough ing ,  and set t lement .  The f i l l  is 
" f ros t   suscept ib le"  which w i l l  l i k e l y   r e s u l t  i n  poor t r a f f i c a b i l i t y  each 
s p r i n g .  

4 . 1 . 4  Type I V  Borrow Material  (Sand)  

Fine and medium-grained  uniform  sand  comprises a subs tan t ia l   por t ion  of the 
area's   granular  resources  inventory.  The uniform g r a i n   s i z e   d i s t r i b u t i o n  of 

t h e  mater ia l   resu l t s  i n  r e l a t i v e l y  poor  compaction proper t ies .  However, the 

mater ia l  may be su i tab le   for   use   as   p ipe l ine   backf i l l   o r   for   o ther  non- 

s t ruc tura l   appl ica t ions  where the   s t rength  and t r a f f i c a b i l i t y  of t h e  borrow 

are   not  a concern. I n  some circumstances it  may form acceptable f i l l  fo r  

pad construction when higher  quali ty  gravel is ava i lab le  f o r  s t r u c t u r a l l y  

sound surface  layer.   Maximi s i l t  content  should be l imi ted  t o  10 percent 

t o  allow  adequate  drainage. 

4.1.5 Type V Borrow Material 

Type V granular borrow material  has been c l a s s i f i ed   a s   ma te r i a l   su i t ab le   fo r  

use i n  erosion  control  measures. T h i s  type of mater ia l  commonly cons is t s  of 

cobbles,  boulders, or rock  fragments. 
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4.2 Inven to ry   Leve l s  

The ca lcu la ted   vo lumes   of  the  v a r i o u s  t y p e s  o f   g r a n u l a r  material have  been 

d i v i d e d   i n t o   v a r i o u s   c e r t a i n t y   l e v e l s ,  as d e t a i l e d  below. These d e f i n i t i o n s  

are c o n s i s t e n t  with those   u sed  by I N A C .  

Proven  Resources  

A “proven"   r e source  is o n e   w h o s e   o c c u r r e n c e ,   d i s t r i b u t i o n ,   t h i c k n e s s ,  

a n d   q u a l i t y  is s u p p o r t e d  by g r o u n d   t r u t h   i n f o r m a t i o n   s u c h  as geotech-  

n i c a l   d r i l l i n g ,  t e s t  p i t t i n g ,   a n d / o r   e x p o s e d   s t r a t i g r a p h i c   s e c t i o n s .  
U s u a l l y  t h e  t h i c k n e s s   o f  material e n c o u n t e r e d   i n  t h e  b o r e h o l e  is e x t r a -  
p o l a t e d  t o  a r a d i u s   n o t   e x c e e d i n g  50 rn around the h o l e .  

Probable Resources  

A "p robab le"   r e source  is one   whose   ex is tence   and   ex ten t  has b e e n   i n f e r -  

red on the basis o f   s e v e r a l   d i f f e r e n t   t y p e s   o f   d i r e c t   o r   i n d i r e c t   e v i -  
dence ,   i nc lud ing   t opography ,   l and fo rm character is t ics ,  a i r p h o t o   i n t e r -  

p r e t a t i o n ,   e x t r a p o l a t i o n  of s t r a t i g r a p h y ,   g e o p h y s i c a l  data and /o r  

l imited sampling.  

P rospec t ive   Resources  

A “ p r o s p e c t i v e ”   r e s o u r c e  i s  one   whose   ex is tence  is s u s p e c t e d  on the  

basis of l imi t ed  d i rec t  e v i d e n c e ,   s u c h  as a i r p h o t o   i n t e r p r e t a t i o n   a n d / -  

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

Because a l l  of t h e  s i tes  d i s c u s s e d   i n  t h i s  r e p o r t   h a v e  now had a t  l ea s t  

l imited d r i l l i n g ,  no r e source  f a l l s  i n t o  the p r o s p e c t i v e   c a t e g o r y ;   t h e y   h a v e  

been e i ther  upgraded t o  p robab le  s ta tus  or deleted from t h e  i n v e n t o r y .  

T a b l e  3 p r e s e n t s  t h e  c u r r e n t   i n v e n t o r y   l e v e l   f o r  each s o u r c e .  
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TABLE 3 SUMMARY OF GRANULAR RESOURCES 
RICHARDS  ISLAND, N.W.T. 

MATERIAL  WITH  MOISTURE  CONTENT  LESS  THAN 10% 

SOURCE TYPE I1 TYPE I11 TYPE I V  

PROVEN PROBABLE' PROVEN PROBABLE PROVEN PROBABLE 
(m3 ) (m3 ) ( m 3  ) ( m 3  ) ( m 3  ) ( m 3  ) 

21 1 8,500  49,500 50,000 130,000 

21 1 East 

21 6 

21 6South 

21 7 

21 7East 

21 8 

21 8North 

21 9 30,000 

TOTAL 38,500 49,500 50,000 130,000 

21 1 

21 1 East 

21 6 

21 6South 

21 7 

21 7East 

21 8 

21 8North 

21 9 

MATERIAL  WITH  MOISTURE  CONTENT  OVER 10% 

6 ,000  17,000 81,000 

15,000 

13,000 

7,500 

0 

0 

0 

200,000 rec.reqd. 

298,000 

rec.reqd.' 

rec.reqd. 

rec.reqd. 

rec  .reqd. 

0 

r e c  . reqd.  

0 

TOTAL 6,000 17,000 200,000 116,000  298,000 

1. Total volume a t  each s i t e  is the sum of the  “proven” and “probable” 
vol Umes . 

2. Rec. reqd. - further  reconaissance  (usually a Summer walkover) is 
required t o  del ineate   the  area of the  source i n  g rea te r   de ta i l   than  
possible from a i r  photographs. 
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4.3 E v a l u a t i o n  Summary 

T h i s  s e c t i o n  is i n t e n d e d   t o   p r o v i d e  a brief summary of the  f i n d i n g s   o f  t he  

g e o t e c h n i c a l   i n v e s t i g a t i o n   p r o g r a m .  A more detai led d e s c r i p t i o n   o f  each of  

t h e  s i t e s  and t h e  materials encoun te red  while  d r i l l i n g  is p r o v i d e d   i n  

Appendices B t h rough  J .  

Table 3 p r o v i d e s  a summary of t h e  estimated recoverable   vo lumes   of   each   type  

of material a t  each  si te.  The i n v e n t o r y  separates material w i t h  m o i s t u r e  

c o n t e n t s  less t h a n  10  percent   f rom material w i t h  m o i s t u r e   c o n t e n t  greater 

t h a n  10  p e r c e n t .  The material w i t h  m o i s t u r e   c o n t e n t  less t h a n  10 p e r c e n t  is  

immediately e x t r a c t a b l e .  The material i n c l u d e d  w i t h  m o i s t u r e   c o n t e n t  

g r e a t e r   t h a n  10  p e r c e n t  will d r a i n  i f  overburden is s t r i p p e d ,  and thaw 

o c c u r s .  One o r  more summers may be  r e q u i r e d   f o r   s u f f i c i e n t  thaw and dra i -  

nage t o   o c c u r   b e f o r e   e x t r a c t i o n   o p e r a t i o n s   c a n   p r o c e e d .  

I n  each append ix ,  the  volume  of  each material t y p e  a v a i l a b l e  is l i s t e d  i n  

terms of  “proven”  and  “probable”  volumes. The “probable”  volume is i n  
a d d i t i o n   t o  t h a t  c o n s i d e r e d   " p r o v e n ” .  Estimates of volumes  of   granular  

material, e s p e c i a l l y  those cons ide red   "p robab le" ,   shou ld  be t r e a t e d  wi th  

c a u t i o n   r e c o g n i z i n g  t h a t  few b o r e h o l e s   h a v e   b e e n   d r i l l e d   i n  most areas,  and 

t h a t  compl ica ted   subsur face   condi t ions   have   been   found where data is a v a i l -  
able. 

Results from t h e  d r i l l i n g  program  of ten   reduce  t h e  volumes   pro jec ted  by 

ear l ie r  s t u d i e s  , s u c h  as  RKL (1972) .  This  may be  p a r t i a l l y  a t t r i b u t e d   t o  
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  l o c a t i n g   s o u r c e   b o u n d a r i e s   d u r i n g   w i n t e r .  The 

volume  of   recoverable  material may be more a c c u r a t e l y   d e t e r m i n e d  by mapping 
s u r f a c e   e x p o s u r e s   d u r i n g  a summer reconna i s sance   p rog ram.   In  these cases 

t h e  n o t a t i o n  "ret. reqd." is g i v e n   i n s t e a d   o f   a n  estimated volume i n  Table 

3. 
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4.3.1  Source 21 1 

Source 211 is  a l o n g   s i n u o u s ,   e s k e r - l i k e   r i d g e  t h a t  r u n s   a l o n g  t h e  s o u t h e r n  

a n d   e a s t e r n   s h o r e s  of Willow Lake ( F i g u r e   2 ) .  The r i d g e  has b e e n   p a r t i a l l y  

d i s s e c t e d   a n d   n i n e  areas t h a t  comprise  t h e  s o u r c e   h a v e   b e e n   i d e n t i f i e d .   S i x  

areas were i n v e s t i g a t e d   d u r i n g  t h i s  program. The rema in ing  three areas were 
i n v e s t i g a t e d  by BBT i n  1983. One area was i n v e s t i g a t e d   i n   p a r t ,  by each 

each exp lo ra t ion   p rog ram.  

4.3.2  Source 21 1 East 

Source 211E c o n s i s t s   o f   t w o   r i d g e s ,   o n e  east  and  one west of an unnamed lake  

a t  536000 mE and  7689500 mN. One boreho le  d r i l l e d  i n   t h e   w e s t e r n   r i d g e  
e n c o u n t e r e d   f i n e   s a n d  w i t h  1 0   p e r c e n t  s i l t  a n d   m o i s t u r e   c o n t e n t s  of approx i -  

mately 20 p e r c e n t .   S i l t  and ice  was e n c o u n t e r e d   i n  the borehole   on  t h e  

eas te rn   r idge .   Development   o f  e i ther  s o u r c e  is no t  recommended due t o  the 

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

4.3.3  Source 21 6 

Source 216 c o n s i s t s   o f  a s t e e p - s i d e d   r i d g e   l o c a t e d  2 km s o u t h  of Lousy 
po in t   and  3 km west of t h e  East Channel.  The r i d g e  is p a r t i a l l y  dissected 

by ket t le- l ike lakes .  Four   boreholes  were d r i l l e d  on t h i s  r i d g e .  Two bore- 

h o l e s   l o c a t e d   o n  a small terrace on t h e  east  s i d e  of t h e  c e n t r a l   p o r t i o n  of 

t h e  ma in   r i dge   pene t r a t ed  a depos i t   o f   poor ly-graded   sand  w i t h  a variable 
s i l t  c o n t e n t  ( 3  - 20 p e r c e n t ) ,  a t race  o f   f i n e   g r a v e l   a n d  some t h i n   s i l t y  

beds .  On t h e  basis of t h i s  i n v e s t i g a t i o n ,  a l imi ted  q u a n t i t y  of low q u a l i t y  

Type I V  f i l l  can be  i d e n t i f i e d ,   b u t   s o u r c e   d e v e l o p m e n t  is not  recommended. 
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However,  because the RKL s t u d y  encoun te red  some wel l -graded   grave l  on 

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

may be w a r r a n t e d .  

4 .3 .4  Source  21 6South 

Source 21 6South is a h i l l o c k   l o c a t e d  6.5 km south   o f   Lousy   Poin t ,  3 km west 

of the East Channel.  One b o r e h o l e  was d r i l l e d  t o  a depth  of   8 .0  m and 

e x p o s e d   f i n e   s a n d  w i t h  s i l t  and   o rgan ic   l enses .   A l though  some r e l a t i v e l y  

low s i l t  con ten t s   (8 -12   pe rcen t )  were e n c o u n t e r e d ,  t h e  o v e r a l l   c o n c e n t r a t i o n  

of s i l t  and   o rgan ic  material ,  combined w i t h  h igh   mo i s tu re   con ten t s   (15 -20  

p e r c e n t )  make t h e  source   o f  l i t t l e  va lue ,   t hus   deve lopmen t  is no t  recommend- 

e d .  

4.3.5  Source 217 

Source 217 is  a n   e s k e r - l i k e   r i d g e   l o c a t e d  9 km southwest   of   Lousy  Point ,  

6 km west of t h e  East Channel.  Two b o r e h o l e s  were d r i l l e d  a t  the s o u r c e .  

One bo reho le   encoun te red  s i l t  and  massive ice  while t h e  o t h e r   e n c o u n t e r e d  

f i n e   s a n d  w i t h  h i g h   m o i s t u r e   c o n t e n t s   ( a v e r a g i n g  25 p e r c e n t ) .   D u r i n g  the i r  
i n v e s t i g a t i o n  RKL (1972)   encountered  a wel l -graded   sand .  These f i n d i n g s  

i n d i c a t e  t h a t  t h e  s o u r c e  is v a r i a b l e   a n d  t h a t  more   inves t iga t ion   would  be 

n e c e s s a r y  if development were contempla ted .   Curren t  data would   no t   favour  

f u r t h e r   i n v e s t i g a t i o n  or  development a t  t h i s  s i te .  

4.3.6  Source 21 7Eas t  

Source  217East is a hummocky r i d g e  w i t h  s e v e r a l  terrace-like f e a t u r e s  

loca t ed   immedia t e ly  east  of  Source  217, 4 km west of t h e  East Channel.  One 
bo reho le  was d r i l l e d  on t h i s  f e a t u r e  t o  a depth   o f   9 .2  m ,  e n c o u n t e r i n g  a 

sequence  of s i l t y  sand  and  sandy s i l t .  The a v e r a g e   f i n e s   c o n t e n t  was esti- 

mated a t  approx ima te ly  50 percent   and  t h e  m o i s t u r e   c o n t e n t  was over  30 

percent.   Development  of t h i s  s i t e  is  no t  recommended. 
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4.3.7 Source 218 

Source   218   cons i s t s   o f   two   f l a t - topped   sha rp - s ided   h i l l ocks   nea r  t h e  no r th -  

west s h o r e   o f  Mid Lake. One bo reho le  d r i l l e d  on  each s i t e  encoun te red  

d e p o s i t s   o f  s i l t ,  massive ice  and f i n e   s a n d .  The s a n d   c a n n o t   b e   p r a c t i c a l l y  

recovered   because   o f  its h i g h   m o i s t u r e   c o n t e n t   ( 2 0  - 30 p e r c e n t )   a n d  t h e  

s i l t  and ice   overburden .   However ,  t es t  p i t s  excava ted  by RKL (1972)  

encoun te red   c l ean ,   we l l -g raded   s and  w i t h  some f i n e   g r a v e l .   F u r t h e r  

i n v e s t i g a t i o n  by summer reconnaissance   would  be r e q u i r e d   b e f o r e   f i n a l l y  

j u d g i n g  t h e  merits of  t h i s  source   however ,  i t  does   no t   appear  t o  be a va lued  

p r o s p e c t .  

4.3.8 Source  21 8North 

Source   218Nor th   cons is t s   o f  a series of small r i d g e s   a n d   h i l l o c k s   e x t e n d i n g  
north  of   Source  218  towards  Wil low Lake. One b o r e h o l e  was d r i l l e d  on each 
of fou r   o f  t h e  s i x  features  t h a t  were i n c l u d e d   i n  t h e  proposed  program. 
Three of t he  bo reho les   pene t r a t ed   ma in ly   mass ive  i c e ,  a l t h o u g h  some t h i n  

layers o f   g r a n u l a r  material compr i s ing   bo th   s ands   and   g rave l s  were found 

below 1 t o  2 m of   overburden.  The f o u r t h   b o r e h o l e   e n c o u n t e r e d   i n t e r b e d d e d  

s i l t  and some in t e rbedded   s and  w i t h  a bed o f   g r a v e l  a t  a d e p t h  of 5.0 m .  

Based upon these b o r e h o l e s ,  i t  is c o n s i d e r e d   u n l i k e l y   t h a t   s i g n i f i c a n t  

vo lumes   o f   r ecove rab le -g ranu la r  material are  p r e s e n t  a t  t h i s  s i t e ,  

4.3.9 Source  219 

Source 219 is a p rominen t   f l a t - topped   r i dge   nea r  t h e  no r th   end   o f  Ya-Ya 
Lake. It is approximate ly  1 t o  2 km wide,  5 km long   and  15 m high.  This  

d e p o s i t   a p p e a r s  t o  c o n t a i n  a l a r g e  amount  of  types 11, I11 and I V  g r a n u l a r  

material .  The d e p o s i t  is v a r i a b l e  w i t h  some b o r e h o l e s   e n c o u n t e r i n g   m a s s i v e  

ice  o r  s i l t  a t  sha l low d e p t h s .  A small area s u i t a b l e  f o r  i n i t i a l  develop- 

ment has Seen i d e n t i f i e d .  Recommendations f o r  p i t   deve lopmen t  are  p r e s e n t e d  

i n  Appendix J .  
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For t h e  remainder  of the s o u r c e ,  summer r e c o n a i s s a n c e   a n d   f u r t h e r   d e l i n e a -  

t i o n  i s  r e q u i r e d .   D e l i n e a t i o n   s h o u l d   c o m p r i s e   d r i l l i n g   o n  a g r i d  of approx- 

i m a t e l y  50 m or a combined  program  of d r i l l i n g  on a wider  s p a c i n g  w i t h  a 

s u i t a b l e  geophysical method. 

Prel iminary  recommendat ions f o r  development of the e n t i r e   s o u r c e  are 
inc luded   i n   Append ix  J .  Actual  development  must await f a v o u r a b l e   r e s u l t s  

f r o m   f u r t h e r   e x p l o r a t i o n .  The development   plan  should be r e f i n e d  a t  t h a t  

time. 
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5.0 BORROW SOURCE MANAGEMENT PLANS 

5.1 General  

A s i t e - s p e c i f i c  management  plan is p resen ted   i n   Append ix  B f o r   S o u r c e  211. 

P r e l i m i n a r y   s i t e - s p e c i f i c   r e c o m m e n d a t i o n s  are p resen ted   i n   Append ix  J f o r  

Source  219. These p l a n s   h a v e   t a k e n   i n t o   c o n s i d e r a t i o n   i n f o r m a t i o n   p r e s e n t e d  

i n  t h e  Envi ronmenta l   Guide l ines :  Pits a n d   Q u a r r i e s  Handbook ( I n d i a n   a n d  

Northern  Affair8  Canada,   19831,   and the draf t  T e r r i t o r i a l   L a n d s   a n d   P u b l i c  

Lands P i t s  a n d   Q u a r r i e s   R e g u l a t i o n s .  The f o l l o w i n g   s e c t i o n s   p r e s e n t  t h e  

o b j e c t i v e s   o f  t h e  management  plans, the i r  l i m i t a t i o n s ,   g e n e r a l   c o n s i d e r a -  

t i o n s   r e g a r d i n g  p i t  deve lopmen t   and   r e s to ra t ion  which p e r t a i n   t o  a l l  borrow 

sources ,   and   r ecommenda t ions   fo r   r e f in ing  the s i t e - s p e c i f i c   p l a n s .  

Comple t e   desc r ip t ions   o f  t h e  r e s u l t s   o f  t h e  d r i l l i n g  program are  i n c l u d e d   i n  

Appendices B t o  J. 

5.2 P l a n   O b j e c t i v e s  

S i t e - s p e c i f i c  management  plans m u s t  c o n s i d e r  t h e  r equ i r emen t s   and  con- 

s t r a i n t s  of reg iona l   bor row demand a n d   a v a i l a b i l i t y .   E a c h   p l a n   s h o u l d  
e n s u r e  t h a t  economica l   r ecove ry   o f   qua l i t y   g ranu la r  materials is ach ieved  a t  
each p i t  whi le  min imiz ing   t he  adverse env i ronmen ta l  impact. The env i ron -  

mental  impact on t h e  r eg ion   can  be minimized by r e s t r i c t i n g   g r a n u l a r  

r e c o v e r y   o p e r a t i o n s   t o  a s e l e c t  number of p i t s ,  r e a l i z i n g  t h a t  maximum ex- 

t r a c t i o n   f r o m  a p i c  will l i k e l y  c a u s e  a s l i g h t  r ise  i n  material c o s t .  This  

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

w i t h  h igh  g r a d i n g  t h e  better d r a i n e d   s u r f a c e   m a t e r i a l s .  This  l o c a l   p r a c t i c e  

f r e q u e n t l y  results i n  numerous smaller p i t s  be ing   worked   s imul t aneous ly   o r  
s e q u e n t i a l l y .  The p i t  management p l ans   have   been   deve loped   p r imar i ly   t o  

maximize t h e  u t i l i z a t i o n  of l imi ted  resources   and  t o  minimize   envi ronmenta l  

d i s t u r b a n c e .  



01 01 -4480 
December, 1986 

Page 24 

5.3 P i t  Access 

Access to   the  var ious  gravel   sources  on Richards  Island w i l l  only be 

f e a s i b l e  by winter  road.  Current  practice is t o  use  streams and lakes   as  

winter  access  to  ei ther t h e  Mackenzie  River  or  the  Coast. S i t e  211 is 

approximately 10 km from the main ice  road on the MacKenzie River and S i t e  

219 is c l o s e   t o  Ya-Ya Lake.  Economical  development of granular  resources on 

Richards  Island  for  use i n  the  Tuktoyaktuk  area will be possible  only i f  the 

Inuvik-Tuk ice   road is maintained. 

Summer operations would require   construct ion of temporary  access  roads from 

the  sources and docking f a c i l i t i e s   f o r   b a r g e s .  The construct ion of these 

f a c i l i t i e s  would requi re   l a rge   quant i t ies  of granular   mater ia ls ,  and would 

significantly  reduce  the  recoverable volumes. 

5.4 P i t  Development 

5.4.1 S i te   Prepara t ion  Work 

Site  preparation  should be conducted s u f f i c i e n t l y  i n  advance of excavation 

t o  prevent  contamination of granular   mater ia ls .  T h i s  preparat ion  a lso 

should  preferably be carr ied  out  i n  winter  to  minimize  disturbance t o  the  

surrounding  terrain.  Snow should be cleared from both   the   a rea   to  be excav- 

ated and  yard areas  and placed s o  as t o  minimize  subsequent p i t  i n f i l l i n g  by 

d r i f t i n g  snow. Topsoil  consisting of peat and organic   so i l s ,   whi le   typ ica l -  

l y  scarce,   should be s t r ipped  where possible  and s tockpi led  or  windrowed a t  

the  edges of the p i t  a rea .  Windrows should be p laced   para l le l   to   s lope  

direct ion  to   prevent  ponding of surface  water d u r i n g  spring,  or  contamina- 

t i o n  of granular  materials.  Inorganic  overburden  materials  should 



01 01 -4480 
December, 1986 

Page 25 

be s t r i p p e d  and placed i n  separate s t o c k p i l e s  or windrows, w i t h  similar 

c o n s i d e r a t i o n   o f   d r a i n a g e   c o n s i d e r a t i o n s .  The s t r i p p e d  materials are t o  be 

r e s e r v e d   f o r   r e c l a m a t i o n   p u r p o s e s .   D i s t u r b e d  areas must be k e p t   t o  a 

p r a c t i c a l  minimum. 

5.4.2 Ext rac t ion   Methods  

W i n t e r   r e c o v e r y   o p e r a t i o n s  will norma l ly   cons i s t   o f  t h e  r i p p i n g   o f  f r i a b l e  

f r o z e n   g r a n u l a r  material and  pushing i t  in to   t emporary   windrows  or   s tock-  

p i les  f o r   l o a d i n g .  This  t y p e   o f   e x t r a c t i o n   c a n  be conducted w i t h  conven- 

t i o n a l   e q u i p m e n t   i n c l u d i n g   b u l l d o z e r s  w i t h  r i p p e r s ,   l o a d e r s ,   a n d   t r u c k s .  
Poorly-bonded or f r i a b l e  g r a n u l a r  material w i l l  u s u a l l y  be l o c a t e d   n e a r  the 

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

of material cannot  be o b t a i n e d   t h r o u g h   r i p p i n g ,   b l a s t i n g  will be n e c e s s a r y .  

Summer o p e r a t i o n s  will t y p i c a l l y  c o n s i s t  of s t r ipp ing   and   w indrowing   o r  
s t o c k p i l i n g  thawed l a y e r s  of g r a n u l a r  material w i t h  bul ldozers ,   commencing 

when thaw has progressed   about  0.5 m i n t o  the d e p o s i t .  The c y c l e  of  opera- 
t i o n  is l a rge ly   dependen t   on  the  r a t e  of  thawing,  and t h e  d r a i n a g e   c o n s i d e r -  

a t i o n s .  This  m e t h o d   a l l o w s   p o t e n t i a l l y   g r e a t e r   a n n u a l   r e c o v e r y  by p rogres -  

s i v e l y   i n c r e a s i n g  the amount  of thawed mater ia l ,  and i t  may enhance   d ra inage  

of t he  material i n   s t o c k p i l e s   o r   w i n d r o w s .  

Exper i ence  has shown t h a t  win te r   excava t ion   o f   f rozen   s tockp i l e s   w indrowed  

t h e  p r e v i o u s  summer, may be  j u s t  as d i f f i c u l t  as w i n t e r   e x c a v a t i o n   d i r e c t l y  
from the  bor row  sou rce .   F rozen   g rave l   s tockp i l e s  w i t h  a m o i s t u r e   c o n t e n t  

less t h a n  5% a re  u s u a l l y   s u f f i c i e n t l y  f r i a b l e  f o r  d i rect  l o a d i n g   w i t h o u t  

r i p p i n g .   M o i s t u r e   r e d u c t i o n   f r o m  10% i n  s i t u  t o  5% i n  a s t o c k p i l e  has o n l y  

been  achieved by use   o f   conveyors   dur ing   favourable  summer c o n d i t i o n s  

(Hayley  and MacLeod, 1977) .  
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The excavat ion   p lan   mus t  take i n t o   a c c o u n t  the type   o f  material, i t s  e x t e n t  

and t h e  volumes t o  be r e c o v e r e d .  Normal practice i n  t h e  r e g i o n  is to s t r i p  

l o a d   a n d   t r a n s p o r t   f r o z e n   g r a n u l a r  material d u r i n g  the w i n t e r .  The f r o z e n  

g r a v e l  is r i p p e d  and  worked t o  breakdown  frozen lumps b e f o r e   l o a d i n g   i n  t h e  

p i t .  This p r a c t i c e  has been   deve loped   for  a r e g i o n  where d e p o s i t s  are  

r e l a t i v e l y  small and   d i scont inuous   and   pro jec t   demands  are modest.  

D r i l l i n g   a n d   b l a s t i n g   o f   f r o z e n   g r o u n d   i n  the w i n t e r  has proven   cos t  effect-  

i v e   f o r  larger o p e r a t i o n s .  The t echn iques   deve loped   and   u sed   ex tens ive ly  a t  
Prudhoe  Bay, Alaska, i s  t o  r emove   g rave l   i n  l ifts 5.5 m t h i c k ,  by d r i l l i n g  

s h o t   h o l e s  6 m deep  on a 3 m 2  p a t t e r n .  Load f a c t o r s  are  t y p i c a l l y  0.9  kg  of 

ANFO e x p l o s i v e   p e r   c u b i c  metre o f   g r a v e l   t o  create manageable   s ize   chunks .  

T y p i c a l   s p e c i f i c a t i o n s  f o r  Alaska w i n t e r   c o n s t r u c t i o n  res t r ic t  t h e  s i z e   o f  

f r o z e n   g r a v e l   c h u n k s   t o   2 0 0  mm. 

5.4.3  Treatment   of   Massive Ice 

L o g i s t i c a l   c o n s t r a i n t s   c a u s e d  by massive i ce  d u r i n g  summer development  of 
Ya-Ya P i t  are d e s c r i b e d  by Hay ley  and MacLeod (1977) .  Where prac t ica l ,  t h e  

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

p i t  development.  The deve lopmen t   p l ans   shou ld   i nc lude   me thodo logy   fo r  

coping w i t h  i c e   b o d i e s  as t h e y  are encoun te red .  

Where p r a c t i c a l ,  large bod ies  of massive ice s h o u l d  be avo ided .   Th in ,   o r  
less e x t e n s i v e   m a s s i v e  ice  w i t h i n  the g r a n u l a r  material a t  higher  e l e v a t i o n s  

shou ld  be excavated   and  wasted, or  exposed t o  permit thawing   dur ing  t h e  

summer months.   Drainage  must be c o n s i d e r e d  w i t h  e i ther  method  of   d i sposa l .  

Relatively t h i n   l a y e r s  of massive ice  a t  d e p t h  may be p e r m i t t e d  t o  thaw 

provided a l l  o v e r l y i n g   r e c o v e r a b l e   g r a n u l a r  materials a re  removed  during  one 

e x t r a c t i o n   s e a s o n .   F o r m a t i o n   o f  thaw ponds as ice melts d u r i n g  the summer 

is i n e v i t a b l e   i n  t h i s  s i t ua t ion .   Appropr i a t e   measu res   mus t  be t a k e n   t o  

c o n t r o l   d r a i n a g e   a n d  to p r o t e c t ,   a n d   e n s u r e   a c c e s s   t o ,   a d j a c e n t   r e c o v e r a b l e  

g r a n u l a r  materials. 
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Thicker ice  bod ies  a t  d e p t h ,   f r e q u e n t l y  a t  t h e  base of t h e  d e p o s i t ,   s h o u l d  

be p r e s e r v e d .  If t h i s  material thaws i t  is l i k e l y  t o  p reven t   r ecove ry  of 

a d j a c e n t  materials, o r   r e s u l t   i n   m a j o r   d i s t u r b a n c e   o f   t h e   s u r r o u n d i n g  areas. 

A minimum cover   o f  1.5 m of g r a n u l a r  material shou ld  be l e f t  as i n s u l a t i o n  

over   mass ive  ice t o   p r e v e n t   e x c e s s i v e   t h a w i n g .  Cr i te r ia  f o r   e s t a b l i s h i n g  

t h e  minimum th i ckness   o f   mass ive  ice beds which shou ld  be p r e s e r v e d  is in -  

f l u e n c e d  by t o p o g r a p h i c  r e l i e f ,  t h i c k n e s s   a n d   e x t e n t  of g r a n u l a r  materials,  

and the e f f e c t  of thaw ponds on s u r r o u n d i n g   t e r r a i n .  

5 . 4 . 4  Dra inage   Cons ide ra t ions  

A d e q u a t e   d r a i n a g e   o f   p i t  areas must  be m a i n t a i n e d   t o   e n s u r e   a v a i l a b i l i t y   o f  

r e c o v e r a b l e   g r a n u l a r  material and t o   a t t a i n   r e q u i r e d   a n n u a l   e x t r a c t i o n  
rates: h i g h e r   m o i s t u r e   c o n t e n t s   i n h i b i t   t h a w i n g ,  increase e x c a v a t i o n   c o s t s  

and  reduce material q u a l i t y .  Small amounts  of meltwater runoff   f rom ice 

bonded   and   t h in ly   i ce - l ensed   g ranu la r  materials cou ld  be al lowed t o  s e e p  

i n t o  the s u r r o u n d i n g   t e r r a i n .  Larger amounts  of  runoff,   from  thawing  of 

large massive ice  b o d i e s ,   s h o u l d  be d i r e c t e d  t o  r e t e n t i o n   p o n d s   o r  sumps 

e x c a v a t e d   i n  t h e  p i t  f l o o r .  Where g r a v i t y   d r a i n a g e  is p o s s i b l e ,  na tura l  

ponds   o r   d ra inage  d i t ches  may be e f f e c t i v e  a t  removing water from t h e  si te.  

However,   excavated d i t ches  are  g e n e r a l l y   i n e f f e c t i v e   i n  areas of   h igh  ice 
c o n t e n t .  

I t  is e s s e n t i a l  t ha t  p i t   d r a i n a g e   f a c i l i t i e s  be main ta ined   and   updated  

f r e q u e n t l y  t o  e n s u r e  t h a t  m o i s t u r e   d r a i n s  away from t h e  working face,  and 

t h a t  ponded  runoff   does   no t   accumula te   on   recoverable   g ranular  material. 

Where thaw ponds are  a l l o w e d   t o   f o r m  by expos ing   bu r i ed   mass ive  i c e ,  o r  

where c o l l e c t i o n   p o n d s  are  c r e a t e d ,   c a r e   s h o u l d  be t a k e n   t o   p r e s e r v e   a n d  

m a i n t a i n   a c c e s s   t o   a d j a c e n t   r e c o v e r a b l e   g r a n u l a r  materials. A development 
p l a n   t o   a d e q u a t e l y   a c c o u n t   f o r   p i t   d r a i n a g e  is p a r t i c u l a r l y   i m p o r t a n t  where 

summer e x t r a c t i o n   o p e r a t i o n s  are employed. 
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5.4.5 Waste Material 

A l l  l e n s e s   o f   f i n e - g r a i n e d  material (si l ts  a n d   c l a y s )   f o u n d   w i t h i n  the 

g r a n u l a r   d e p o s i t ,   s h o u l d  be s t r i p p e d   a n d  wasted. Waste material shou ld  be 

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

g r a i n e d  waste material a t  d e p t h  will undoubtedly   have   h igh   excess  ice 

c o n t e n t s ,   h e n c e  i t  may be a d v i s a b l e   t o   c o n s t r u c t  a dyke  of drier overburden 

around waste p i l e s   t o   p r e v e n t   f l o w   o f  thawed w a s t e   o n t o   s u r r o u n d i n g   t e r r a i n  

or  i n t o   p i t  areas. 

5.5 R e s t o r a t i o n  

R e s t o r a t i o n  measures are r e q u i r e d  whether t h e  p i t  i s  being  abandoned 
t e m p o r a r i l y  or  permanent ly .  A l l  worked areas s h o u l d  be c l eaned   o f  a l l  

deb r i s ,  and   graded   to   remove  a l l  t o p o g r a p h i c   i r r e g u l a r i t i e s .  Where abandon- 

ment is t e m p o r a r y ,   p o s i t i v e   d r a i n a g e  away f r o m   e x i s t i n g  faces and   access  

rou te s   mus t  be provided by g r a d i n g  or by d i t c h i n g  t o  e n s u r e  t h e  f u t u r e  

r ecove ry   o f   r ema in ing  materials. Berms s h o u l d  be c o n s t r u c t e d  a t  the t o p   o f  

p i t  f a c e s ,  i f  n e c e s s a r y ,   t o   p r e v e n t  surface runof f   f rom  en te r ing  the p i t  

area. 

Prior t o  permanent  abandonment, t h e  edges  of  worked areas or p i t  walls 

s h o u l d  be r e c o n t o u r e d   t o   b l e n d   i n t o  t h e  s u r r o u n d i n g   t e r r a i n .  A l l  obs t ruc -  

t i o n s   t o   n a t u r a l   d r a i n a g e   s h o u l d  be removed  and  any  s lopes  graded t o  p r e v e n t  

runoff   f rom  channel l ing   and   downcut t ing .   S ince  thaw ponds  and lakes  and 

massive  ground ice  are  common i n  t h e  T u k t o y a k t u k   a r e a ,   f l o o d i n g  of p i t s  i s  

a n  acceptable, a n d   f r e q u e n t l y   i n e v i t a b l e ,   m e t h o d  of r e s t o r a t i o n .  Areas 

which are no t  l i k e l y  t o  become f l o o d e d   s h o u l d  be smoothly  graded  and  covered 

w i t h  s tockp i l ed   ove rburden   and   Organ ic s .  

Revege ta t ion  may be f e a s i b l e   i n  cer ta in  areas by r e d i s t r i b u t i n g   s t o c k p i l e d  
o r g a n i c   t o p s o i l   a n d   p e a t   o v e r  t h e  g r a d e d   s l o p e s  of areas u n l i k e l y  t o  be 

f looded ,   and  by s e e d i n g  or a l l o w i n g   r e i n v a s i o n   o f   n a t u r a l   v e g e t a t i o n ,  de- 

pending  on t h e  n a t u r e  of the  s i t e  and the q u a l i t y   o f  the t o p s o i l .   F i n e -  



01 01 -4480 
December, 1986 

Page 29 

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

however, the  amoun t   o f   na tu ra l ly -occur r ing   t opso i l  is  v e r y   l i m i t e d  a t  some 

s i t e s .  The f e r t i l i t y  of these s o i l s  may r e q u i r e   e n r i c h m e n t   f o r   r e v e g e t a -  

t i o n .  

The s u r f a c e   o f  areas t o  be r e v e g e t a t e d   s h o u l d  be broken up w i t h  a caterpi l -  

l a r  r i p p e r  t o o t h  i n  t h e  f a l l  a f te r  f r o s t  has p e n e t r a t e d  t o  a depth   o f   about  
150 mm. The r e s u l t i n g   r o u g h e n e d   s u r f a c e   s e r v e s  t o  reduce p o t e n t i a l   w i n d  

e r o s i o n ,   a n d   p r o v i d e  shel tered si tes f o r  r e - e s t a b l i s h m e n t   o f   v e g e t a t i o n .  
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6.0 SUMMARY AND RECOMMENDATIONS 

N i n e   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  materials on Richards I s l and   have   been  

i n v e s t i g a t e d .  O f  these ,  two   sou rces  are c a n d i d a t e s   f o r   d e v e l o p m e n t .  

Source 21 1 is g e n e r a l l y  well d e f i n e d   a s  a r e s u l t  of t h i s  and  previous 
s tud ies .  A t o t a l   o f   8 5 0 0  m 3  of   type I1 and  50,000 m 3  o f   t y p e  I V  material is 

recove rab le   f rom t h e  s o u t h e r n   s e c t i o n   o f  the s o u r c e .  An a d d i t i o n a l   t o t a l  

volume  of  6000 m 3  o f   t ype  I1 and 81000 m 3  o f   t y p e  I V  g r a n u l a r   r e s o u r c e s  wi th  

moi s tu re   con ten t   ove r  10% is a v a i l a b l e .  With p rope r   p i t   deve lopmen t ,  t h i s  

material w i l l  thaw a n d   d r a i n   t o  be r e c o v e r a b l e   i n   s u b s e q u e n t   y e a r s .  

The vo lume   and   qua l i t y   o f   t he   r e source   o f   sou rce  219 is less well d e f i n e d .  
F u r t h e r   d e l i n e a t i o n  is recommended. C u r r e n t l y ,  a small area c o n t a i n i n g  a 

proven  volume  of 30,000 m 3  of   t ype  I1 material has been   l oca t ed  a t  t h i s  

s o u r c e .   I n  t h e  p o r t i o n  of the s o u r c e  where the m o s t   e x p l o r a t i o n   d r i l l i n g  

has been  conducted, a volume  of  200,000 m 3  is estimated t o   e x i s t .  However, 

f u r t h e r   e x p l o r a t i o n  is r e q u i r e d   b e f o r e  t h i s  larger  area can be developed.  

E x p l o r a t i o n  d r i l l i n g  was hampered by t h e   d i f f i c u l t y   o f   u n d e r t a k i n g  a p rope r  

r econna i s sance   o f  t he  s i t e  b e f o r e   d r i l l i n g .   I n d i c a t i o n s  are tha t  d e p o s i t s  

of good q u a l i t y   g r a n u l a r  material are  o f t e n  reflected by s u r f a c e   e x p o s u r e s .  

A summer reconnaissance   p rogram  should  be u n d e r t a k e n   t o   p r o p e r l y  map s u r f a c e  

exposures   o f   g rave l .  This r e c o n n a i s s a n c e   s h o u l d   p r e c e d e   a n y   f u r t h e r  

d r i l l i n g   i n  t h e  area. 

The f o l l o w i n g  sites shou ld  be i n c l u d e d   i n  a summer reconnaissance   p rogram:  

206North,  209South, 211East, 216,  216South,  217, 218, 219. A walkover a t  

source   219   should  be u n d e r t a k e n   b e f o r e   d e l i n e a t i o n   d r i l l i n g  is  undertaken.  

Sources  206North  and  209South were no t  d r i l l e d  d u r i n g  t h i s  program,  a l though 

t h e y  were i d e n t i f i e d  a t  the o u t s e t  as p r i o r i t y   p r o s p e c t s .   C o n s i d e r a t i o n  
s h o u l d  be g i v e n   t o   i n c l u s i o n  of these s o u r c e s   i n   f u t u r e  s tud ie s  i n  t h e  

r e g i o n .  
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Respectfully  submitted, 

EBA Engineering  Consultants L t d .  

. . .  

F.W.B. Morison 
Project  Engineer 

D.W. Hayley ,  P .  Eng. 
Senior  Project  Director 

FWB : cnb 
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TABLE A . l  OPERATIONAL CALENDAR - R I C H A R D S  ISLAND, N.W.T. 
GRANULAR RESOURCE INVESTIGATION 

March 15,  1986 

EBA p e r s o n n e l ,  I N A C  r e p r e s e n t a t i v e   a n d   C h a l l e n g e r   s u r v e y o r  
t r ave l   f rom Edmonton  and meet camp on  Mackenzie   River   ice  
road   approx ima te ly  4 km no r th   o f  Swimming P o i n t .  D-6 c a t  
c l e a r e d   a c c e s s   r o a d   a l o n g   c r e e k  bed t o  unnamed lake a t  
c o o r d i n a t e s  Lat. 69" 10' N Long. 134" 3O', where camp was 
i n i t i a l l y   l o c a t e d .  

March 16. 1986 

1200 - 1400 Drill r i g   d e p a r t s   i c e   r o a d   a n d   t r a v e l s   t o  camp l o c a t i o n .  
1400 - 2015 P r e p a r a t i o n s   o n - g o i n g   p r i o r   t o   d e p a r t i n g   f o r   S o u r c e  219. 
2015 - 2400 Drill r i g  and  crew t r a v e l l i n g   f r o m  camp l o c a t i o n   t o   S o u r c e  

219. D-6 c a t   c a l l e d  from camp t o  a s s i s t  with move. 

March 17, 1986 

0000 - 0230 

0230 - 0800 

0800 - 0930 
0930 - 1140 
1140 - 1545 

1545 - 1800 

1800 - 2020 
2020 - 2400 

Drill r i g  and crew t r a v e l l i n g  from camp t o  Source 219 
c o n t i n u e s .  
On l o c a t i o n   b o r e h o l e  86-219-Sol. Loca t ion  set by a i r p h o t o  
and topo map i n t e r p r e t a t i o n .  Drill and  sample t o  a completed 
d e p t h  of 9.1 m. 
P r e p a r e   t o  move t o  l o c a t i o n  86-219-SO2; B o r e h o l e   l o c a t i o n   n o t  
y e t  been established by s u r v e y o r .  
Move r i g  and set  up a t  b o r e h o l e   l o c a t i o n  86-219-SO2 
Drill and sample boreho le  86-219-SO2 t o  a completed d e p t h  of 
7 .6  m .  Refusal due t o  c o a r s e   g r a v e l .  
Rig down, move t o   b o r e h o l e   l o c a t i o n  86-21  9-SO3. S e t  up and 
p r e p a r e   t o  d r i l l ,  
Drill and  sample  borehole 86-21  9-SO3 t o  a d e p t h  of 8.5 m a t  
which  time GSC took  over  the boreho le .  
C o n t i n u e   d r i l l i n g   a n d   s a m p l i n g   b o r e h o l e  86-219-SO3 t a k e n   o v e r  
by GSC. 

March 18, 1986 

0000 - 0700 C o n t i n u e   d r i l l i n g   a n d   s a m p l i n g   a s   r e q u e s t e d  by CSC: Borehole  

0700 - 0900 Rig  down, move t o   l o c a t i o n  86-219-SO4 and  prepare  t o  d r i l l .  
0900 - 1230 Drill and  sample  borehole 86-21 9-SO4 t o  a completed  depth  of  

1230 - 1500 Rig  down, move t o  l o c a t i o n  86-219-SO5 and p r e p a r e   t o  dr i l l .  

86-219-sO3 d r i l l e d   t o  a completed d e p t h  of 19.2 m .  

11.5 m .  



TABLE A . l  OPERATIONAL CALENDAR - R I C H A R D S  ISLAND, N.W.T. 
GRANULAR RESOURCE  INVESTIGATION ( c o n t i n u e d )  

March 18,  1986 ( c o n t i n u e d )  

1500 - 1700 Drill and sample b o r e h o l e  86-21  9-SO5 t o  a completed d e p t h  of 

1700 - 2050 Rig down, move t o  l o c a t i o n  86-219-SO7 and prepare t o  d r i l l .  
2050 - 2400 Dri l l i ng   and   s ampl ing   bo reho le  86-219-S07. 

6.7 m. Re fusa l   due  t o  c o a r s e   g r a v e l .  

March 19.  1986 

0000 - 0045 

0045 - 0400 

0400 - 0600 

0600 - 1400 

1400 - 1715 

1715 - 2030 

2030 - 2050 

2050 - 2400 

March 20.  1986 

C o n t i n u e   d r i l l i n g   a n d   s a m p l i n g   b o r e h o l e  86-219-SO7 t o  a 
completed  depth of 6.1 m .  
Rig down, move t o  l o c a t i o n  86-219-S08. High winds  and 
blowing snow makes b o t h  s i t e  l o c a t i o n   a n d  s e t  up d i f f i c u l t .  
Drill and sample boreho le  86-219-SO8 t o  a completed  depth of 
6.2 m .  
Rig down, b e g i n  move to GSC b o r e h o l e   l o c a t i o n .   R e p a i r   w i n c h  
cable on D-6 c a t .  F l a t  t i r e  on r i g ,  s e t  up and   prepare  t o  
d r i l l  b o r e h o l e   f o r  INAC. 
Drill and sample boreho le  86-219-SO6 t o  a completed  depth of 
7.8 m. Borehole   t e rmina ted   due  t o  s l o u g h i n g   g r a v e l .  
Rig down, move t o  GSC b o r e h o l e   l o c a t i o n  86-GSC219-Sol. Set 
up  and  prepare t o  d r i l l .  
Drill and  sample  borehole  86-CSC219-SO1 t o  a completed  depth 
of 2.1 m .  Borehole   t e rmina ted   due  t o  d r i l l i n g  on an ice  
wedge. GSC r e p r e s e n t a t i v e   i n s t r u c t s  d r i l l  crew t o  move 
approx ima te ly  5 m and  begin new boreho le .  
Drill and sample b o r e h o l e  86-GSC219-SO2. 

0000 - 01  10 Cont inue   borehole  86-CSC219-SO2 t o  a completed d e p t h  of  

01 10 - 0345 R e l o c a t e  d r i l l  r i g ,  d r i l l  and sample b o r e h o l e  86-CSC219-SO3 

0345 - 0830 R i g  down, move t o  l o c a t i o n  86-GSC219-SO4 and   p repa re  t o  

0830 - 1 1  00 Drill and sample boreho le  86-GSC219-SO4 t o  a completed d e p t h  

1 1  00 - 1330 R i g  down, move t o  l o c a t i o n  86-21  9-SO9, prepare t o  d r i l l  

1330 - 1530 Drill a n d  sample boreho le  86-219-SO9 t o  a completed  depth of 

1530 - 1800 R i g  down, move t o  l o c a t i o n  86-219-S10 and prepare t o  dr i l l .  

10.2 m .  

t o  a completed  depth of 4.7 m .  

d r i l l .  

of 5.5 m. 

b o r e h o l e  f o r  I N A C .  

5.8 m .  



TABLE A . l  OPERATIONAL CALENDAR - R I C H A R D S  ISLAND, N.W.T.  
GRANULAR RESOURCE INVESTIGATION ( c o n t i n u e d )  

March 20, 1986 ( c o n t i n u e d )  

1800 - 2045 Drill and sample boreho le  86-21 9-SlO t o  a completed  depth  of  

2045 - 21 45 Rig down, move t o   l o c a t i o n  86-219-S11  and p r e p a r e   t o  d r i l l .  
21 45 - 2400 Drill and  sample  borehole  86-219-S11 . 

4.7 m .  

March 21 , 1986 

0000 - 0200 

0200 - 0300 

0300 - 0700 

0700 - 1900 

1900 - 2000 

2000 - 2040 
2040 - 2150 

2150 - 2315 

2315 - 2400 

Continue t o  d r i l l  and   sample   borehole  86-219-S11 t o  a 
completed  depth  of   10.0 m .  
Rig  down,  prepare t o  move d r i l l  r i g   a n d  mud shack t o  camp 
l o c a t i o n .  
Rig  and mud shack t r a v e l   f r o m   S o u r c e  219 t o  camp. Rig has 
f l a t  t i r e  o n   r o u t e  which r e q u i r e s   r e p a i r .  
Drill r i g  and mud shack a t  camp. Mud shack mounted  on s k i  
bunks.   Rout ine  service  and  maintenance  performed  on d r i l l  
r i g .  
Drill r i g   e s c o r t e d  by D-6 c a t   t r a v e l   f r o m  camp t o   S o u r c e  
21 7. 
Prepare t o  d r i l l  borehole  86-217-Sol.  
Drill and  sample  borehole  86-217-SO1 t o  a completed  depth of 
4.9 m. 
Rig down, move t o   l o c a t i o n  86-217-S02. P r e p a r e   t o  d r i l l  
bo reho le .  
Drill and  sample  borehole  86-217-S02. 

March 22,  1986 

0000 - 0435  Continue t o  d r i l l  and  sample  borehole  86-217-SO2 t o  a 

0435 - 0645 Rig  down, move t o   l o c a t i o n  86-217E-Sol. Prepare t o  d r i l l  

0645 - 0935 Drill and sample b o r e h o l e  86-217E-SO1 t o  a completed  depth  of 

0935 - 1350 Rig down, t r a v e l  f rom  Source 217 t o   S o u r c e  21 6 South.  

completed d e p t h  of 12.6 m .  

bo reho le .  

9.2 m .  

P r e p a r e   t o  d r i l l  bo reho le  86-21 6s-SO1 . 
1350 - 1545 Drill and sample boreho le  86-216s-SO1 to a completed  depth  of  

8.0 m. 
1545 - 2305  Rig  down, move from  Source 21 6 S o u t h   t o   S o u r c e  21 6 .  Crew 

change made a t  t he  Mackenzie  River i ce  r o a d .  Set up and 
prepare t o  d r i l l .  

2305 - 2400 Drill and  sample  borehole  86-216-Sol.  



TABLE A . l  OPERATIONAL CALENDAR - RICHARDS  ISLAND, N.W.T. 
GRANULAR RESOURCE INVESTIGATION (continued) 

March 21.  1986 

0000 - 0050 

0050 - 0345 

0345 - 0700 
0700 - 0915 
0915 - 1045 

1045 - 1200 

1200 - 1430 

1430 - 1740 

1740 - 2045 

2045 - 2400 

Continue t o  d r i l l  and sample  borehole 86-216-SO1 to a 
completed  depth of 6.2 m. 
Rig  down, prepare t o  move t o  next  borehole  location.  Repair 
f l a t   t i r e ,  weld new lugs  on rim. 
Travel to borehole  location 86-216-S02. 
Crew change made a t  Mackenzie River ice   road.  
Relocate  borehole w i t h  reference t o  RKL test p i t .  Set up and 
prepare t o  d r i l l .  
Drill and sample  borehole 86-216-SO2 t o  a completed depth of 
5.6 m. 
Rig down, move t o  loca t ion  86-216-SO3. Prepare t o  d r i l l  
borehole. 
Drill and sample  borehole 86-216-SO3 t o  a completed depth  of 
12.3 m .  
Rig  down, move to loca t ion  86-216-S04. Prepare to d r i l l  deep 
borehole. 
Drill and sample  borehole 86-216-S04. GSC personnel  extend 
borehole beyond 6.1 m a t  22:30. 

March 24,  1986 

0000 - 1640 Continue to d r i l l  and sample  borehole 86-21 6-SO4 t o  a 

1640 - 1930 Rig down, move t o  loca t ion  86-GSC-S05. Set up and prepare t o  

1930 - 2200 Drill and sample  borehole 86-GSC-SO5 t o  a completed  depth of 

2200 - 2345 Rig down, move t o   l o c a t i o n  86-GSC-S06. 
2345 - 2400 Drill and sample  borehole 86-GSC-S06. 

completed  depth of 30.9 m ,  on behalf of GSC. 

d r i l l  borehole. 

10.1 m .  

March 25.  1986 

0000 - 0230 Continue t o  d r i l l  and sample  borehole 86-GSC-SO6 t o  a 

0230 - 0445 Rig down, move t o  loca t ion  86-CSC-SO7. Prepare  to d r i l l  

0445 - 0755 Drill and sample  borehole 86-GSC-SO7 t o  a completed  depth of 

0755 - 1015 Rig down, move t o  loca t ion  86-GSC-S08. Set up and prepare to 

1015 - 1300 Drill and sample  borehole 86-GSC-SO8 to a completed  depth of 

completed  depth of 10.1 m .  

borehole. 

15.8 m. 

d r i l l  borehole. 

9.9 m. 



TABLE A.l OPERATIONAL CALENDAR - RICHARDS  ISLAND, N.W.T. 
GRANULAR RESOURCE  INVESTIGATION (continued) 

March 25,  1986 (continued) 

1300 - 1530 Rig down, move t o  loca t ion  86-GSC-SO9. Set up and prepare t o  

1530 - 1630 Drill and sample  borehole 86-GSC-SO9 t o  a completed  depth of 

1630 - 1840 Rig down and move t o  loca t ion  86-GSC-S10. Set up and prepare 

1840 - 2155 Drill and sample  borehole 86-GSC-S10 t o  a completed  depth of 

2155 - 2345 Rig down, move t o  loca t ion  86-GSC-S11 and prepare t o  d r i l l  

2345 - 2400 Drill and sample  borehole 86-GSC-S11. 

d r i l l  borehole. 

5.15 m. 

to d r i l l  borehole. 

7.3 m. 

borehole. 

March 26,  1986 

0000 - 0155 

0155 - 0345 

0345 - 0620 
0620 - 0800 

0800 - 0940 

0940 - 1200 
1200 - 1715 

1715 - 1840 
1840 - 231 0 

2310 - 2400 

March 27.  1986 

Drill and sample  borehole 86-GSC-S11 t o  a completed  depth of 
4.6 m. Unable t o  advance  augers due t o  coarse  gravel and 
cobbles. 
Rig  down, move to loca t ion  86-GSC-S12 and prepare t o  d r i l l  
borehole. 
Drill and sample  borehole 86-GSC-S12 t o  a completed d e p t h  of 
9.1 m. 
Rig down, move t o  loca t ion  86-GSC-S13 and prepare t o  d r i l l  
borehole. 
Drill and sample  borehole 86-GSC-S13 t o  a completed  depth of 
7.0 m. 
Rig down, move t o  loca t ion  86-GSC-S14 and prepare t o  d r i l l  
borehole. 
Drill and sample  borehole 86-GSC-S14 t o  a completed  depth of 
13.6 m .  
Rig down, move t o  loca t ion  86-GSC-S15 and prepare t o  d r i l l  
borehole. 
Drill and sample  borehole 86-GSC-S15 t o  a completed  depth of 
13.1 m. 
R i g  down, move t o  loca t ion  86-GSC-S16 

0000 - 0010 Complete s e t  u p .  
001 0 - 0200 Drill and sample  borehole 86-GSC-S16 t o  a completed  depth of 

0200 - 0420 Rig down,  move t o  loca t ion  86-GSC-S17 and prepare t o  d r i l l  
6.1 m. 

borehole. 



TABLE A . l  OPERATIONAL CALENDAR - RICHARDS ISLAND, N.W.T. 
GRANULAR RESOURCE INVESTIGATION ( c o n t i n u e d )  

March 27,   1986  (cont inued)  

0420 - 0705 Drill and sample boreho le  86-GSC-S17 t o  a completed  depth of 

0705 - 1 1  15  Rig  down,  move t o   l o c a t i o n  86-GSC-S18 a n d   p r e p a r e   t o  d r i l l .  

11 15 - 1315 Drill and  sample  borehole  86-GSC-S18 t o  a completed d e p t h  of 

131 5 - 1530 Rig down, move t o   l o c a t i o n  86-GSC-Sl9 a n d   p r e p a r e   t o  d r i l l  

1530 - 2340 Drill and  sample  borehole  86-GSC-S19 t o  a completed  depth of 

2340 - 2400 Rig down, prepare t o  move. 

10.1 m.  

Repair w i n c h   l i n e .  

10.1 m.  

bo reho le .  

17.8 m .  

March 28, 1986 

0000 - 0115 Move t o  l o c a t i o n  86-GSC-S20 a n d   p r e p a r e   t o  d r i l l  bo reho le .  
0115 - 0455 Drill and sample boreho le  86-GSC-S20 t o  a completed d e p t h  of 

0455 - 0600 Rig  down, move t o  l o c a t i o n  86-GSC-S21 a n d   p r e p a r e   t o  d r i l l  

0600 - 0930 Drill and sample boreho le  86-GSC-S21 t o  a comple ted   depth  of 

0930 - 1300 Rig down, move t o   l o c a t i o n  86-GSC-S22 and prepare t o  d r i l l  

1300 - 1900 Drill and sample b o r e h o l e  86-GSC-SZ2 t o  a completed d e p t h  of 

10.7 m 

boreho le .  

7.6 m. 

b o r e h o l e .  

1 6 . 2  m .  

E N D  OF GSC PROGRAM 

1900 - 2400 Rig o n   s t a n d b y ,   w a i t i n g  f o r  D-6 cat  t o   r e t u r n  a f t e r  camp 
r e l o c a t e d .  

March 29,  1986 

0000 - 0500  Cont inue r i g  s t andby .  
0500 - 0700 Move r i g  t o  l o c a t i o n  86-218-SO2 and prepare t o  d r i l l  

0700 - 0830 Drill and   sample   borehole  86-218-SO2 t o  a completed d e p t h  of 

0830 - 1115  Rig down,  move t o   l o c a t i o n  86-218-SO1 a n d   p r e p a r e   t o  d r i l l .  

bo reho le .  

5.2 m. 



TABLE A . l  OPERATIONAL CALENDAR - RICHARDS ISLAND,  N.W.T. 
GRANULAR RESOURCE  INVESTIGATION ( c o n t i n u e d )  

March 29, 1986 ( c o n t i n u e d )  

11 15  - 1315 Drill and   sample   borehole  86-21 8-SO1 t o  a completed  depth of 

1315 - 1920 Rig  down, move t o  l o c a t i o n  86-218N-SO1 a n d   p r e p a r e   t o  d r i l l .  
1920 - 2100 Drill and  sample  borehole  86-218N-SO1 t o  a completed  depth of 

2100 - 2230  Rig down, move t o   l o c a t i o n  86-218N-SO2 a n d   p r e p a r e   t o  d r i l l .  
2230 - 2400 Drill and  sample  borehole  86-218N-S02. 

7.05 m .  

8 .2  m.  

March 30, 1986 

0000 - 0025 
0025 - 0440 

0440 - 0620 

0620 - 1300 

1300 - 1600 

1600 - 1940 

1940 - 2310 

2310 - 2400 

C o n t i n u e   b o r e h o l e  t o  a completed d e p t h  of 6.2 m .  
Rig down, move t o  l o c a t i o n  86-218N-SO3 and   p repa re  t o  d r i l l  
bo reho le .  
Drill and sample boreho le  86-218N-SO3 t o  a completed  depth of 
8.4 m. 
Rig down, move t o  l o c a t i o n  86-218N-SO4 and   p repa re  t o  d r i l l  
bo reho le .  
Drill and  sample  borehole  86-218N-SO4 t o  a completed  depth of 
8.0 m .  
Rig  down, move t o  Source 21 1 and prepare t o  d r i l l  b o r e h o l e  
86-21 1-SO1 . 
Drill and sample   borehole  86-21 1-SO1 t o  a completed  depth of 
15 .2  m .  
Rig down, p r e p a r e  t o  move. 

March 31 , 1986 

0000 - 0110 Move t o  l o c a t i o n  86-211-SO2 and prepare t o  d r i l l .  
01 10  - 0250 Drill and sample bo reho le  86-21 1-SO2 t o  a completed  depth of 

0250 - 0455  Rig down, move t o  l o c a t i o n  86-211-SO3 and   p repa re  t o  d r i l l .  
0455 - 0620 Drill and sample boreho le  86-211-SO3 t o  a completed  depth of 

0620 - 1345 Rig down and move t o  l o c a t i o n  86-211-S04. F r o n t  s k i  bunk  on 

1345 - 221 0 Drill and sample boreho le  86-21 1-SO4 t o  a completed  depth of 

2210 - 2400  Rig down and move t o  l o c a t i o n  86-211-SO5. 

4.7 m .  

7.0 m .  

mud shack r e q u i r e d  4 h o u r s  of repair .  

18.3 m .  



TABLE A . l  OPERATIONAL CALENDAR - R I C H A R D S  ISLAND, N.W.T. 
GRANULAR RESOURCE INVESTIGATION (continued) 

A p r i l  1 ,  1986 

0000 - 0045 
0045 - 0810 

0810 - 1030 
1030 - 1400 
1400 - 1530 
1530 - 1730 

1720 - 1920 
1920 - 2305 

2305 - 2345 
2345 - 2400 

A p r i l  2, 1986 

0000 - 0350 

0350 - 0450 
0450 - 0615 
0615 - 0700 
0700 - 0930 
0930 - 1315 
1315 - 1900 
1900 - 2125 
21 25 - 2400 

A p r i l  3, 1986 

0000 - 0010 
0010 - 0100 
0100 - 0500 

Set  up and prepare  to  d r i l l .  
Drill and sample borehole 86-211-SO5 t o  a completed  depth of 
19.5 m. 
Rig  down and move t o  loca t ion  86-21 1-s06. Prepare t o  d r i l l  
borehole. 
Drill and sample  borehole 86-21  1-SO6 to a completed  depth of 
9.8 m. 
Rig down and move to   l oca t ion  86-21  1-S07. Prepare t o  d r i l l  
borehole. 
Drill and sample  borehole 86-211-SO7 t o  a completed d e p t h  of 
7.3 m .  
Rig down and move to loca t ion  86-211-S08. 
Drill and sample  borehole 86-21-SO8 t o  a completed d e p t h  of 
10.7 m .  
Rig down and move to loca t ion  86-211-SO9. 
Drill and sample  borehole 86-211-SO9. 

Continue t o  d r i l l  and sample  borehole 86-211-SO9 t o  a 
completed  depth of 12.2 m. 
Rig down and move to   l oca t ion  86-211-S10. 
Drill and sample  borehole 86-21  1-S10 to a completed  depth of 
3.7 m .  
Rig down and move to   l oca t ion  86-211-S11. 
Drill and sample  borehole 86-211-S11 to a completed  depth of 
3.45 m .  
Rig down, move to loca t ion  86-211E-Sol. Prepare to d r i l l  
borehole. 
Drill and sample  borehole 86-211E-SO1 t o  a completed  depth of 
10.2 m. 
Rig down and move t o  loca t ion  86-211E-S02. Prepare t o  d r i l l  
borehole. 
Drill and sample  borehole 86-211E-S02. 

Continue t o  d r i l l  and sample  borehole 86-211E-SO2 t o  a 
completed  depth of 8.5 m. 
r i g  down and prepare t o  move t o  camp locat ion  posi t ioned 
adjacent t o  Mackenzie  River ice   road.  
Rig moves t o  camp. 



TABLE A . l  OPERATIONAL CALENDAR - RICHARDS ISLAND, N.W.T. 
GRANULAR RESOURCE INVESTIGATION ( c o n t i n u e d )  

A p r i l  3 ,  1986  (cont inued)  

0500 - 0900 Demobilize  equipment.  

EBA P e r s o n n e l ,  I N A C  r e p r e s e n t a t i v e   a n d   C h a l l e n g e r   s u r v e y o r  
t r a v e l  t o  I n u v i k .  I N A C  and   Cha l l enge r   t r ave l   on  t o  Edmonton. 
EBA p e r s o n n e l   a r r a n g e  t o  have  equipment  and samples s h i p p e d  
t o  Edmonton. 

A p r i l  4, 1986 

EBA pe r sonne l   t r ave l   f rom  Inuv ik   t o   Edmonton .  
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SOURCE 21 1 

B. 1 SUMMARY 

Area ' A '  

Material  Type: 

F i n e s  Content: 

Area of Feature: 
Developable  Area: 

Estimated Volume: 

type I1 borrow 
type I V  borrow 
type I V  borrow 
w/m.c. over 10% 

Excavation  Depth: 

Moisture  Ccntent: 

Borehole  Reference: 

Area ' E '  

Material  Type: 

Fines  Content: 

Area of Feature:  
Developable  Area: 

f i n e  uniform  sand 
well-graded  sand w i t h  some gravel 

3-8% 

Proven 
(m3 1 
5,500 
40,000 
30,000 

3.5 m maximum 

Probable 
( m 3  1 

24,500 
50,000 
30,000 

5-1 0% above 1 .5 m 
20% below 1.5 m 

211S06,  211S07, 2 
211s10,  211s11 
RKL211-B,C;  RKL21 

11~08, 211SO9, 

1-3 

f i n e  uniform  sand 
well-graded  sand wi th  some gravel 
t o  50 mm 

less   than  10% 



Area IF '  

Estimated Volume: 

t y p e  I1 borrow w /  
m.c. over  10% 
t y p e  I V  borrow w /  
m.c. c v e r  10% 

Excava t ion  Depth: 

Mois tu re   Con ten t :  

Borehole   Reference :  

Material Type: 

F ines   Con ten t :  

Area o f   F e a t u r e :  

Developable  Area: 

Estimated Volume: 

t y p e  I1 
t y p e  I V  borrow 
w/m.c. over  10% 

Excava t ion  Depth:  

Mois tu re   Con ten t :  

Borehole   Reference:  

Area "2' 

Material Type:  

F i n e s   C o n t e n t :  

Area o f   Fea tu re :  

Developable  Area: 

Proven P robab le  
( m 3  1 ( m 3  1 

6000 17,000 

6000 17,000 

3.5 m maxim-m 

10-20% 

21 1 SO5 
RKL217-A 

f i n e   u n i f o r m   s a n d  
well-graded s a n d  w i t h  some g r a v e l  
t o  50 mm 

5-1 0% 

150,000 m 2  

51 ,000 m 2  

Proven   Probable  
( m 3  1 ( m 3 1  

3 ,000  25,000 
8,000 48,000 

3.5 m maximum 

5% above 2 m 
20% below 2 m 

21 1 SO4 

uniform  sand 

5-1 0% 

130,000 m 2  

74,000 m 2  



Estimated Volume:  Proven  Probable 
(m3 1 (m3 1 

t y p e  I V  borrow 10,000 80,000 
t y p e  I V  borrow w /  10 ,000  80 , 000 .. 

w/m.c. over  10% 

Excavat ion  Depth: 

Mois tu re   Con ten t :  

Boreho le   Re fe rence :  

Area 'H1 

SUMMARY 

Mater ia l   Type:  

F ines   Con ten t :  

Area  of   Feature:  

Developable  Area: 

Es t imated   vo lume 

Excavation  Depth: 

Mois tu re   Con ten t :  

Borehole   Reference :  
Area '1' 

Mater ia l   Type:  

F ines   Con ten t :  

Area  of   Feature:  

Developable  Area: 

Es t ima ted   Vo lme :  

t y p e  I V  borrow 
w/m.c. over 10% 

Excavation  Depth: 

Mois tu re   Con ten t :  

Borehole   Reference :  

4 m  

5% above 2 m 
over  20%  below 2 m 

21 1 so3 
RKL211-4 ; RKL211 -D 

s i l t ,  i c e  

n . a .  

100,000 m 2  

0 

Proven 
0 

P robab le  
0 

no t  recommended 

ove r  30% 

21 1 so2 

f i n e   u n i f o r m   s a n d  

5% 

103,000 m 2  

52,000 m 2  

Proven 
(m31 

27,500 

3.5 m 

20% 

21 1 so1 

Probab le  
( m 3  1 

122,500 



8.2 SITE DESCRIPTION 

B.2 .1  Loca t ion   and   Geo log ica l   Or ig in  

Source 211 is a r i d g e   a p p r o x i m a t e l y  8 km long   and  up t o  18 m i n   h e i g h t  t h a t  

r u n s   a l o n g  t h e  sou the rn   and   ea s t e rn   sho res   o f   Wi l low Lake. I t  is 

approx ima te ly  10  km west of t h e  Eas t   Channel .   F igure  B1 shows t h e  g e n e r a l  

l o c a t i o n  of t h e  d e p o s i t ,  whi le  F i g u r e s  B.2 ( a  and b )  show t h e  l o c a t i o n  of 

t h e  bo reho les   on  the  s i t e .  

G e o l o g i c a l l y ,  t h e  r i d g e   a p p e a r s  t o  an esker re la ted  t o  the  the mos t   r ecen t  
g l ac i a l  r e t r ea t .  I t  is perched o n   a n   o l d e r   g l a c i a l   o u t w a s h   r i d g e  (BBT 

1983) .  The maximum d e p t h  of the esker material has been   repor ted  as  f o u r  

metres (BBT,1983). Below t h e  c o n t a c t ,  t h e  o u t w a s h   d e p o s i t s   o f t e n   c o n t a i n  

f i n e r  material: i ce ,  c o a l   a n d   o t h e r   o r g a n i c  impurities. 

B.2.2 Summary o f   P r e v i o u s   S t u d i e s  

This  s o u r c e  has been t e z t  p i t t e d  by Ripley,  Klohn  and  Leonoff (RKL) and 

d r i l l e d  by b o t h  RKL (1972)  and BBT ( 1 9 8 3 )   t o   a p p r o x i m a t e l y  10 m below 

s u r f a c e .  Each s tudy  found  medium-grained  sand a t  s u r f a c e  w i t h  a t r a c e  of 

g r a v e l ,  which graded t o  a f i n e - g r a i n e d ,  s i l t i e r  sand a t  a d e p t h  of 

approx ima te ly  3 t o  5 m .  I c e   o r   i c y  s i l t  was f o u n d   i n  some b o r i n g s  a t  a 

dep th   o f  4 t o  7 m. Both s t u d i e s  r e p o r t e d  a g r e a t  deal o f   v a r i a b i l i t y .  

The BBT r e p o r t   i d e n t i f i e d   f o u r   z o n e s   w i t h i n  t h e  s o u r c e  which were s u i t a b l e  

f o r   d e v e l o p m e n t .   C o n s i s t e n t  w i t h  t h a t  s t u d y ,  these areas are  d e s i g n a t e d  ' A '  

t o  ID'. 

F u r t h e r   d e l i n e a t i o n   d r i l l i n g  was c a r r i e d   o u t   i n  Area A and the c o n c l u s i o n s  

der ived   f rom a l l  e x p l o r a t i o n   i n  t h e  area are  g i v e n   i n  t he  f o l l o w i n g   s e c t i o n .  

I n  t h i s  s e c t i o n ,  a s h o r t  summary of t h e  BBT(1983) f i n d i n g s   f o r  Areas B ,  C 

and D is p r e s e n t e d .  For more d e t a i l  t he  reader is referred t o  t h a t  r e p o r t .  



Area B 

BBT(1983) found t h a t  t h i s  area appeared t o  c o n t a i n  the h i g h e s t  amount  of 

g rave l   o f   any   po r t ion   o f   sou rce  21 1 t h a t  t h e y  explored.   Between 1.8 and 

5.5 m of   sand  w i t h  f i n e   g r a v e l  was encoun te red  by b o r e h o l e s  a t  t h i s  s i t e .  No 

massive ice  was e n c o u n t e r e d   d u r i n g   d r i l l i n g .  BBT(1983) estimates t h e  volume 

t o  be 70,000 m'. 

Area C 

Two h o l e s  were d r i l l e d  by BBT and  two were d r i l l e d  by R K L (  1 9 7 2 )   i n  Area C .  

On the basis of  t h i s  i n f o r m a t i o n ,  t h e  base of t h e  g o o d   q u a l i t y  material l i e s  

a t  a n   e l e v a t i o n  of 37.0 m .  The material is p redominan t ly   f i ne -g ra ined ,  

uniform  sand.   Total   volume is estimated t o  be 80 ,000  m3. 

Area D 

One bo reho le  was d r i l l e d  on t h i s  area by b o t h  RKL and BBT. F ine-gra ined   sand  
was encoun te red  w i t h  a small amount of g r a v e l   n e a r   t h e   s u r f a c e .  The u p p e r  

1.5 m was d r y  but  below t h a t  d e p t h ,  t h e  d e p o s i t  had a n   a p p r e c i a b l e  ice 
c o n t e n t .  A maximum d e p t h  of 4.6 m may c o n t a i n  good material. The t o t a l  

volume of material is estimated by BBT t o  be 150,000 m 3 .  

B.2 .3  R e s u l t s   o f   C u r r e n t   S t u d y  

Eleven   boreholes  were d r i l l e d  o v e r  t h e  s o u t h e r n   p o r t i o n  of t h i s  d e p o s i t .   S i x  
h o l e s  were d r i l l e d  i n  t h e  area p r e v i o u s l y   i d e n t i f i e d  as area ' A '  t o  more 

f u l l y   d e l i n e a t e  t h i s  p o r t i o n  of t h e  d e p o s i t .  The rest of the h o l e s  were 
d r i l l e d  i n   f i v e   s e c L i o n s   o f  t h e  esker t o  t h e  sou th   and  west of .Area A .  

These p o r t i o n s  have been   des igna ted  a s  Areas E t h rough  I .  

Most of t h e  s o u r c e  was b a r r e n  of V e g e t a t i o n .   I n  some areas where snow cover  

had been  blown o f f ,  su r f i c i a l  l a g   g r a v e l  was e v i d e n t .  



Table  B . l  shows  the  estimated  volume of m a t e r i a l   w i t h i n   e a c h   s e c t i o n   o f  t h e  

d e p o s i t .  The b a s e   o f   t h e   u s e a b l e   m a t e r i a l  was assumed t o  be f l a t l y i n g ,  a t  

the  e l e v a t i o n   e n c o u n t e r e d  by the s i n g l e   b o r e h o l e .  The c r o s s - s e c t i o n a l  area 

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

t h e   i n v e s t i g a t i o n ,   t h e n   t h e  volume was c a l c u l a t e d  by measur ing  t h e  l e n g t h   o f  

t h e   d e p o s i t   f r o m  the a i r p h o t o s .   F o r  Area A the  t o p o g r a p h i c   i n f o r m a t i o n  
c o n t a i n e d  i n  t h e  BBT (1983) r e p o r t  was used  i n   c o m b i n a t i o n  w i t h  a base 

p r o f i l e   i n f e r r e d   f r o m   t h e   b o r i n g s .  

Area A 

T h i s  d e p o s i t   c o n s i s t s   m a i n l y   o f   f i n e  or medium g r a i n e d   s a n d ,   c o n t a i n i n g  

l i t t l e  s i l t  o r   g r a v e l .  Up t o  20% f i n e  g r a v e l  was e n c o u n t e r e d   w i t h i n  the t o p  

0.3 m of the d e p o s i t .  Most  of t h e  d e p o s i t   c o n t a i n s  6% or  l e s s  s i l t .  

The t o p  1.5 m of t h e   d e p o s i t  had a low mois tu re   con ten t  (3-8%) so t h a t  t h e  

sou rce   cou ld  be deve loped   u s ing   conven t iona l   equ ipmen t   t o  t h i s  d e p t h .  Below 

t h i s  d e p t h ,  t h e  d e p o s i t  was well  bonded w i t h  some v i s i b l e   i c e   p r e s e n t  as 

m o i s t u r e   c o n t e n t s   r i s e   t o   a p p r o x i m a t e l y  20 p e r c e n t .  A t  an  average  of  3 m 

below s u r f a c e   t h e  sand  changed   cha rac t e r .  The d i f f e r e n t   m a t e r i a l   c a n  be 

i d e n t i f i e d  by t h e   p r e s e n c e  of c o a l   a n d   p e t r i f i e d  wood. A t  one  borehole  

(21 lSO7) a layer of m a s s i v e   i c e  2 m t h i c k  was e n c o u n t e r e d   a t  the  c o n t a c t ,  



AREA 

TABLE B . 1  ESTIMATED  VOLUMES OF RECOVERABLE 
GRANULAR  MATERIAL  SOURCE 211 

MATERIAL  CONTAINING  LESS  THAN 10% MOISTURE 

TYPE  I1  BORROW  TYPE IV BORROW 

PROVEN PROBABLE l PROVEN  PROBABLE 
(m3 1 (m3 1 (m3 1 (m3 1 

A 5,500  24,500 40,000 50,000 

E 

F 3,000 25,000 

C 10,000 80,000 

I 

TOTAL 8,500  49 ,500  50,000 130,000 

MATERIAL  CONTAINING  MORE  THAN 10% MOISTURE 

A 30,000 30,000 

E 6,000 17,000 6,000 17,000 

F 

C 

8,000 48,000 

10 ,000  80,000 

I 27,000  123 ,000  

TOTAL 6,000 17,000  81,000  298,000 

NOTE: 1 .  Total  volume at each area is the sum of "provenff  and  “probable” 
volumes . 



Q u a r t z i t i c  
Sands tone  

O r t h o q u a r t z i t e  

Chert 

Basalt 

Q u a r t z  

Limestone 

Sof t   Sands tone  

TABLE B.2  PETROGRAPHIC ANALYSIS - SOURCE 211 

41.3% - medium t o   c o a r s e   s a n d s t o n e ,  s i l i c i f i e d  
and  could be grouped w i t h  o r t h o q u a r t -  
Z i t e S ;  p i t t e d ,  l i g h t  brown t o  whi te ,  
h a r d ,  d u r a b l e .  

35.5% - medium t o  f i n e   q u a r t z   s a n d s t o n e s  t h a t  
h a v e   b e e n  s i l i c i f i e d ,  a l s o   s o m e  
s i l t s t o n e s ,   r o u n d e d ,   h a r d ,  smaller 
f r a c t i o n s  are more  broken  and  angular .  

18.8% - Amorphous s i l i c a  t o  c r y s t a l i n e  cher t ;  
gradat ion  between  amorphous s i l i c a  and 
s i l i c i f i e d   s i l t s t o n e s   ( o r t h o q u a r t z i t i c )  
is v e r y   i n d i s t i n c t .  

3 .4% - Black t o  dark g r e y ,   “ a s p h a l t i c "  c las t s ,  
v e r y  hard,  rounded t o  fresh l o o k i n g  
broken faces. 

0 .6% - C r y s t a l l i n e   f r a g m e n t s   f r o m   l a r g e r   c l a s t s ,  
ha rd ,  white  a n g u l a r .  

0.3% - One p a r t i c l e   o f   g r e y ,   f o s s i l i f e r o u s  
l i m e s t o n e ,   a n g u l a r .  

0 .1% - One p a r t i c l e   o f   n o n - s i l i c i f i e d   s a n d s t o n e  
rounded  and f r i ab le  

100 

NOTE: Based on  combined sample of 211S04 (1.2-1.3 m )  and 211S08 (0-0.3 m) 
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while  i n   o t h e r s   s a n d  was encoun te red  t o  depths   o f  6 t o  10 m .  The narrow 

e x t e n t   o f  the d e p o s i t  was evidenced by the f i n d i n g s   o f   b o r e h o l e s  21 1S10  and 

211S11 which were made about   100 m from the h i g h e s t   p o i n t  of t h e  r i d g e .  A t  

these p o i n t s  t h e  c l eane r   s and  t h a t  comprises  t h e  m o s t   u s e f u l   d e p o s i t  was no t  

encountered.  

The upper 3 m of s i t e  21 1 ( A )  con ta ins   105 ,000  m 3  of   sand.  A t  mos t ,  

30,000 m 3  of   sand   and   grave l   could  be scraped   f rom the s u r f a c e   f o r   q u a l i t y  

g r a n u l a r   ( t y p e  11) f i l l .  

Area E 

One t o  1.5 m t h i c k  l aye r s   o f   un i fo rm  sand   and   g rave l ly   we l l -g raded   s and  were 

encountered  below 1 m o f   o rgan ic  s i l t  ove rburden ,  the un i fo rm  sand   be ing  the 

upper member. The wel l -graded  sand  could be classed as t y p e  I1 excep t  t h a t  

t h e  m o i s t u r e   c o n t e n t  is between  10  and 20 p e r c e n t .  The moi s tu re   con ten t   o f  

the  uniform  sand is between 20 and 30 p e r c e n t .  These o b s e r v a t i o n s  are  based 

on a s i n g l e   b o r e h o l e   ( 2 1 1 S 0 5 ) .  

Area F 

Two metres o f   g rave l ly   s and  was encoun te red  a t  s u r f a c e   i n   b o r e h o l e  21 1S04. 
S t r a t i g r a p h y  i s  p r e s e n t e d   i n   F i g u r e  B.5a. T h i s  material appeared t o  be ve ry  

c l e a n  w i t h  o n l y  2% s i l t .  Its m o i s t u r e   c o n t e n t   a v e r a g e s  less t h a n  5 p e r c e n t .  

A t  t h e  2 m d e p t h  t h e  material becomes   sand   and   conta ins   coa l   impur i t ies .  

This is character is t ic  of  t h e  o lde r   ou twash   depos i t .  A t  a 4.5 m d e p t h ,  

l e n s e s   o f  s i l t  and ice were encoun te red .   Sand   con t inued   t o  a d e p t h  of  17 m 

a l t h o u g h  it  o f t e n   c o n t a i n e d  coal a n d   o r g a n i c   i m p u r i t i e s .  I t  is p r o b a b l e  

t h a t  28,000 m 3  of t h e  esker d e p o s i t   i n  t h e  fo rm  o f   g rave l ly   s and   ( t ype  11) 

is p resen t ,   and   can  be s t r i p p e d ,  w i t h  care,  from t h e  surface.  A d d i t i o n a l l y ,  

56,000 m 3  of  sand  from t h e  ou twash   depos i t  may be deve loped   be fo re  i c e  is 

encoun te red .  However t h i s  material c o n t a i n s   c o a l   a n d  t h e  m o i s t u r e   c o n t e n t  

is  h igh  (30 p e r c e n t ) .  



Area G 

Sand was e n c o u n t e r e d   i n  Area C t o  a d e p t h  of  5.5 m be low  su r face  where a 

massive  body  of   ground  ice  was found  (F igure   B .5b) .  The s a n d   e n c o u n t e r e d   i n  

t h e  borehole   (211S03j  was f i n e - g r a i n e d   a n d   u n i f o r m l y   g r a d e d .   S i l t   c o n t e n t  

ave raged   approx ima te ly  5 percent   and  the m o i s t u r e   c o n t e n t   a v e r a g e d  less t h a n  

5 p e r c e n t   i n  the upper 2 m ,  b u t  t h e n   r o s e   t o   g r e a t e r   t h a n  20 p e r c e n t .  

A t es t  p i t  and a b o r e h o l e  were completed by RKL d u r i n g  the i r  1972  s tudy .  

The tes t  p i t   e n c o u n t e r e d  4 m o f   s a n d   r e p o r t e d   t o  be well graded   and   c lean  

b u t  t h e  bo reho le   encoun te red   on ly  2 m o f   s a n d   r e p o r t e d   t o  be s i l t y .  

Up t o  180,000 m 3  of  uniform  sand may be a v a i l a b l e   f r o m  t h i s  area.  

Area H 

Area I 

Fine-gra ined ,   un i form  sand  was f o u n d   i n  a s i n g l e   b o r e h o l e   ( 2 1 1 S 0 1 )   t o  a 

depth   o f   approximate ly  1 4  m .  A few ice  l enses   and  a cons iderable   amount   o f  

coal i m p u r i t i e s  were found a t  d e p t h .  The upper  3.5 m of t h e  d e p o s i t  

c o n t a i n e d   c l e a n  material ,  w i t h  a 3% s i l t  c o n t e n t .  No c o a l   f r a g m e n t s  were 
o b s e r v e d .   U n f o r t u n a t e l y ,  t h e  moi s tu re   Con ten t  was h igh  (20%)  t h roughou t  t h e  

p r o f i l e .  A t  3.5 m ,  a s i l t  and i c e   l e n s  marked t h e  t r a n s i t i o n   t o  more 

marg ina l  material. F i g u r e  B.5 shows t h e  P r o f i l e   a c r o s s  t h e  d e p o s i t  w i t h  the 

s t r a t i g r a p h y   i n f e r r e d   f r o m  t h e  bo reho le .  I t  is estimated t h a t  approx ima te ly  

150,000 m 3  of  sand is  a v a i l a b l e   f r o m  t h i s  area.  
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B.3 PIT DEVELOPMENT 

~ . 3 . 1  Access 

Access t o  t h i s  s o u r c e  will be p o s s i b l e   o n l y   d u r i n g  the w i n t e r   p e r i o d .  The 

selected access rou te   depends  upon the  i n t e n d e d   d e s t i n a t i o n   f o r  the  

materials. From t h e  MacKenzie   River   ice   road t h e  most d i rec t  r o u t e  is  from 

t h e  s o u t h   u s i n g   C a b i n  Creek. A l t e r n a t i v e l y ,  the  nor thern   end   of  t h e  s i t e  

may be accessed from a ser ies  of l akes  l y i n g   n o r t h   o f  the  s o u r c e .  

~ . 3 . 2  S i t e  P r e p a r a t i o n  

S i t e   p r e p a r a t i o n   s h o u l d  be carr ied o u t   w i t h i n  t h e  g u i d e l i n e s   g i v e n   i n  
S e c t i o n  5  of t h i s  r e p o r t .  To keep d i s t u r b a n c e  of the area t o  a minimum, 

only   one   o f  t h e  a r e a s   s h o u l d  be worked a t  a time. P i t  p r e p a r a t i o n  work may 

be desireable one summer ahead o f   e x t r a c t i o n   f r o m  areas G and I. T h i s  would 

i n v o l v e   s t r i p p i n g   s u r f a c e   o r g a n i c   s o i l s   a n d   t o p s o i l   f o l l o w e d  by p r o g r e s s i v e  
thawing ,   s t r i pp ing   w indrowing   and   s tockp i l ing  t he  material t o   r e d u c e  i ts  

water c o n t e n t .  

0 .3 .3  Ext rac t ion   Methods  

E x t r a c t i o n   o f  the t o p   1 . 5  m of t he  r e s o u r c e  will be  f e a s i b l e  d u r i n g  t h e  

w i n t e r  by r ipp ing   and   push ing   f rozen   g ranu la r  material i n t o   t e m p o r a r y  

s t o c k p i l e s   f o r   l o a d i n g   o n t o   t r u c k s .   I n  t h e  subsequen t  year the remainder  of 

t h e  material may d r a i n   s u f f i c i e n t l y  t o  be e x t r a c t e d .  

B .3 .4  Trea tment   o f   Mass ive   Ice  

Massive  ground ice  has been   encoun te red   i n   mos t   o f  the  b o r e h o l e s  d r i l l e d  a t  
t h i s  source.   However,  t h e  occurrence   o f  the  i c e  is c o n s i d e r e d   t o  be t o o  

i r r e g u l a r   t o   d e f i n e  i t s  d i s t r i b u t i o n .  The most   sha l low  occurrence   o f  ice 
was a d e p t h  of  3.2 m .  The mos t   p robab le   dep th   r ange   fo r   encoun te r ing  

massive i c e  is  3.5 t o  5 m .  



The sand  found  below  massive ice d e p o s i t s   g e n e r a l l y   c o n t a i n s  a l a r g e r  

c o n c e n t r a t i o n   o f   c o a l  and o r g a n i c s   t h u s   e x t r a c t i o n  is n o t  recommended  below 

massive ice  w i t h o u t   f u r t h e r   e x p l o r a t i o n   d r i l l i n g .  

B.3.5 D r a i n a g e   C o n s i d e r a t i o n s  

The p i t   f l o o r   s h o u l d  be graded where p o s s i b l e ,  t o  e n s u r e   g r a v i t y   d r a i n a g e   o f  

s u r f a c e  water and meltwater. Water s h o u l d  be c o l l e c t e d   a n d   d i s c h a r g e d   i n   a n  

env i ronmen ta l ly   accep tab le   manner .  Good d r a i n a g e   e n h a n c e s   s e a s o n a l  thaw and 

limits t h e  i n g r e s s   o f   m o i s t u r e .   P r i o r   t o   s p r i n g   b r e a k - u p   a n d   r e m o v a l  of t h e  

equipment ,  the p i t   f l o o r   s h o u l d  be g r a d e d   t o   r e d u c e  t h e  p o t e n t i a l  of ponds 

f o r m i n g   d u r i n g   t h e  summer. 

The d e p o s i t  l i e s  t o  the e a s t   a n d   s o u t h  of Willow Lake, which i s  i m p o r t a n t  t o  
t h e  hun te r s   and   t r appe r s   o f  t h e  area. T h e r e f o r e   d r a i n a g e   s h o u l d  be directed 

away from t h i s  l a k e ,   s o u t h   o r   e a s t   o f  the d e p o s i t .  

P r io r   t o   sp r ing   b reak -up   and   r emova l  of the equipment ,  the  p i t  f l o o r   s h o u l d  

be graded t o  r educe  t h e  p o t e n t i a l  of ponds  forming  during t h e  summer. 

B.3.7 R e s t o r a t i o n  

After t h e  p i t  is exhausted,  t h e  p i t   b o t t o m   s h o u l d  be graded t o  a s l i g h t  

s l o p e   t o   d i r e c t   d r a i n a g e  away from  Willow Lake. The p r e v i o u s l y   s t o c k p i l e d  

t o p s o i l   a n d   o r g a n i c s   s h o u l d   t h e n  be spread ove r  the area. The f e a s i b i l i t y  

of a r evege ta t ion   p rog ram  shou ld  be c o n s i d e r e d   i n  a s e p a r a t e   s t u d y .  



s. 4 BOREHOLE LOGS 
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VISIBLE  ICE  LESS  THAN 50% BY  VOLUME 

VISIBLE ICE GREATER  THAN 50% BY VOLUME 
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M I L  DeBCRIPTIm4 

SAND Isp) -trace sllt. flne-gralned. unlform, nasslve. medium 
brown 

-1lght greylsh  brown 

-dark  grey 

-fine-grained.  unlform. ollve  grey 

-occasional very thlnly  bedded SILTh4LI lens 5 w 

-DRILLER'S  NOTE herd  coring 
thlck.  even,  parallel. contlnuous 

-vertical ice lenses 2 mm thlck.clear 

-wdlua to f lne-pralned. thlnly bedded. wavy. nonparallel 

-trace coal 

-very thinly  bedded  lens of coal and wood fragments. 
curved 

-trace to some sllt 

DROUM ICE 
I E S ~ I P T J O N  

mn-Nr 

bn 

SAlrPLE TYPE 
E3 

EBA Engineering  Consultants  Ltd. 
Complmted 23: 10 86/03/30 (Edmonton) 
DRILLING R I G  CHE 750 
Compllld by JGC HAV AUGER 

[ID CRREL DRAWN6 " 8 E R  

BOREHOLE LOG AND LABORATORY TEST RESULTS 

EPECIAL 
TESTS 

BOREHOLE 
NUMBER 
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B 
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10 



SOIL DESCRIPTION 

-trace  silt 

-thinly  bedded  lenses of coal 10 om to 20 mm thick, 

-petrified Moody organics  and  coal  lenses  still 

-coal and  organic  lenses  thinly  bedded  to 40 mm 

-fine-grained.unlform 

-organics  and  coal  disseminated  throughout 

ICE-clear, trace  sand  particles  disseminated  throughout 

END OF BOreHOLE 15.2 m 127.2 m El.] 

b n  

1 
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son DEOCIUPTIOW 
1001 HAT 
;ILT IHLI -sandy 

;AND ISH) -some s i l t ,   t r a c e   g r a v e l   t o  50 mm. smooth, subrounded. 

-s i l t   content  decreases t o  t race   s i l t   w i th   depth  
orangish brown 

:LAY TILLlCLl -s i l ty .   t race   g rave l .   s t ra t i f i ed   i ce   l enses  
1 mm to  5 mm thick 

[CE-trace sand particles  disseminated  throughout 
-c lear  

.. 

-small a i r  bubbles  throughout 

I N D  OF BOREHOLE 4 .7  n (24 .3  m El.) 

Completed 02: 50 86/03/31 

DRILLING RIG: CME 750 

3 
o#up Ice 

BOREHOLE LOG AND LABORATORY TEST  RESULTS 

10 

1 
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r; 
son DEBCRIPTIO~ 

S A N O [ S P - S H ) - ~ ~ ~ ~ ~  to  some s i l t .   t r a c e   g r a v e l  on surface.  
uniform,homogeneous.light greyish brown 

-trace s i l t  

-trace  grave1,trace  sl lt .medium  to  f lne-grained 
sand,  uniform,  gravel  to 40 mm. smooth.  massive. 
dark olive  grey 

-trace  gravel t o  20 mm,thickly  1aminated.even. 
parallel ,   continuous,  regularly  spaced.  olive brown 
and  dark o l i v e  

-without  gravel 

-coarse  to  fine-grained  sand,massive 

-clear.  air  bubbles  throughout 

END OF BOREHOLE 7.0 m 130.9 m E l . )  
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maem ICE 
IUICRIPTIOI 
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LIWIl 
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7 EBA Eng 

BOREHOLE LOG  AND  LABORATORY TEST RESULTS 
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E 128 747 28 - RELATIVE "~ ELEVATION 32.1 

SANDISPI - g r a v e l l y .   t r a c e  s i l t ,  c o a r s e   t o   f i n e - g r a i n e d   s a n d ,  
p o o r l y   g r a d e d , s u b a n g u l a r   c l a s t s   t o  50 mm.medium 
brown 

SAND and GRAVEL lSPl - t r a c e  s i l t ,  g r a v e l   t o  50 mm. s u b a n g u l a r  
-becoming: by 0 . 8  

-some g r a v e l ,   c l a s t s   t o  10 mm. rounded.  massive.  
medium t o  f ine -g ra ined   s and  

SAND ISPI - t r a c e  s i l t ,  f ine-grained.   uniform,  medium grey  
-becoming: by 2.0 I 

-mass ive .mot t led  medium grey  and l i g h t  i r o n   o x i d e  

- c o a l   f r a g m e n t s   t o  20 nm 
-ve ry   t h in ly   bedded   l enses   o f   coa l   f r agmen t s  

s t a i n i n g  

-10 mm l e n s  o f  SILT TILL lHLl -c layey.   dark  grey 

-6 mm l e n s  o f  ICE 
-becoming t r a c e   t o  some c o a l  m i t h  d e p t h . a n g u l a r  

c l a s t s   t o  10 mm 

t o   d a r k   g r e y , n i t h  random l i g h t   i r o n   o x i d e   s t a i n i n g  
SAND ISMI - t r a c e  s i l t ,  t r a c e   c o a l ,   w e l l   g r a d e d ,   m a s s i v e ,  medium 

SAND ISPI -medium t o  f ine-gra ined  

- o c c a s i o n a l   c o a l   f r a g m e n t s   t o  3 mm d i s s e m i n a t e d  
throughout  

SRWND I C E  
IESCRIPTION 

N7 808 361 

- - 

- 

- 

- 

- 

- 

- 

- 

- 

- 

iO1C-4480 SAWLE TYPE 
E 3  

EBA Engineering  Consultants  Ltd 
Completed 22 10 86/03/31 (Edmonton) 
DRILLING  RIG: CME 790 
Compiled b y  JGC MAV 

CRREL 

AUGER 
DRAWING NUMBER 

I 

bn-Nbe 

0: so 

Dn-Nbe 

J L  

40 

T i 
SPECIAL 

TESTS 

IF= 
PAGE 1 OF 2 

10 

BOREHOLE LOG AND LABORATORY TEST RESULTS 
08-26-1988 18: 00: 48 
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SOIL  OESWIPTION 

-very thinly  cross  bedded  coal  lenses  at  a 10 degree 
angle 

-angular coal clasts 10 mm to 15 mm 

-trace  grave1,occasional  thinly  bedded  lens O f  
SILT IML1 

-occasional very thinly  bedded  lens  of  SILTIHL) 
1 mm thick.broun 

-dark olive  grey 

-occasional very thinly  bedded  lens  organics and coal 
at a 30 degree angle,even,parallel,continuous 

-trace  gravel,  coarse  to  fine-grained  sand 

-becoming 

~- 
ICEtSANO lSPl -thickly  laminated 

ICE-clear, trace very thin  sand  laminae 

~ 

ICEtSILT IHLI -sandy. 100 mm lens 
I E-clear 
L k I  OF BOREHOLE - 18.3 m ll3.B m El.] 

RDUM I C E  
IESCRIPTION 

0: 30 

0: 50 

JL  

LIOUID 
LIMIT 

SPECIAL 
TESTS 

12 

14 

16 

i 8  

J 
S A W E  TYPE 

c"----l EBA  Engineering  Consultants  Ltd. 
Completed 22: 10 86/03/31 

DRILLING RIG: CHE 750 

(Edmonton) 
CRREL DRAWING NUMBER m AUGER 

BOREHOLE 
NUMBER 

BOREHOLE L O G  AND LABORATORY TEST  RESULTS 

1 
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12 

13 

14 

15 

16 

E ms BSI za E L A T I V E   E L E V A T I O N  -33.5 

SOIL  PESCRIPTJON 
~ ~~ 

ROOT MAT 
ORGANIC SILT I&) -some f Ine-grained  sand,  very thinly bedded, 

wavy. occasional  thinly  bedded  lens of dark  brown 
to  biack organics.  light greyish  brown 

SANIISP-"trace silt. trace  woody  organics  to 20 Y in 
dismeter.occasiona1 thinly  bedded  lens of flbrous 
organics.  curved, greyish  olive 

SANO ISWI -gravelly. trace silt. trace  coal and  organics. gravel 
to 20 mm. well graded. angular, smooth. BaSSiVe 
-20 I ICE lens 
-occasional  thlnly  bedded  lens  of 6RAVELl6~-SiltY 
-CHILLER'S NOTE: coarse gravel. unable  to  advance CRREL 
barrel,  drill  with  solid  auger 

ICEtSAM) lSP) - f  ine-grained,  very thinly bedded.  wavy, nonparallel 

S~MlISP)-trace silt, trace  organics  and  coal  disseminated 
-becoming: by 4.1 rn 

throughout. medium  to fine-grained.  unifora,  massive. 
dark  olive  grey 

-coal fragments  to 10 m and woody  organics 
disseminated  throughout 

-some organics.wood fragments and petrified  organic 

-10 M thinlv  bedded PEAT lPTl 1enS. dark  brown  to 
matter 

black,  wavy 
SAW lspl - w e  
GRAVEL 16WI -sandy. trace silt. gravel  to 75 rm smooth,  subrounded 

si 1 t 
to  subanaula r. well waded 

dark  olive  grey 
SAND l sp l  -trace silt. medium  to fine-grained.  uniform.  massive. 

-trace gravel  to 10 u 

-trace gravel  to 25 011. trace  coal  fragments 

SAW] ISP/SW) -trace  silt. coarse to f Ine-grained 

SIN) lSWl -trace  gravel, trace silt. well  graded 

I 

" 

I 
T 

- 

___. 

~~ 

A 

1OlC-4480 SAMPLE N P C  
I s  

EBA Engineering  Consultants L td .  
Completed 08: 10 86/04/01 
DRILLING RIG CME 750 

(Edmonton) 

CoDpiled by MAV m AUGER 

[II3 CRREL ORAWING WER 

m u m  Ice 
w x p T I a 3  

f 

bn 

c-vx isx 

0: 40 

bn 

r-Vx U 

c-vx sx 

bn 
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E s29 a!l7 28 RELATIVE ELEVATION ~~~~ 33.6 (In) 

SOIL  DEGCRIPTION BAOUN) ICE 
DeSCRIPTION 

SAM (W)-trace sllt. medium  to flne-gralned. OCCaSlOnEl  thlckly 
laminated SILT (ML) lens 

-trace f lbrous  organlcs 

-some sllt. occaslonal  cross  bedded  organlc  laminae 

-trace to some sllt.  fine-gralned 

1 MI thlck  at a 30 degree angle.even.paralle1. 
cont  lnuous 

-trace  sllt. madlum  to t ins-gralned.  unlform. dark 
olive grey, with  thlckly  lanlnated  vertlcal SILT 1 1 4 )  
lenses, b r o m  

-coal and  petrlfied  wood  fragmente disseminated 
throughout 

Vx-vr <I% 

ran 

-cross  bedded  coal and organlc  laalnae a t  a 40 degree 
angle. even. parallel. continuous 

I v x  
-very thlnly  bedded  lens o f  medlum-grained  sand I 

tmn-Vx 

-100 mm lens o f  coal, wood  fragments and petrified  wood 

-homogeneous 
latter 

-medium  to flna-grained sand I 

08-27-1906 17: 43: 57 

EMI OF BOREHOLE 19.5  (14.1 m El.) 

BOREHOLE  LOG AND LABORATORY  TEST  RESULTS 
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1 

l- san DEBQUPTI~ 

;RAVEL IGPI -sandy. trace  silt,  coarse  to f ine-grained sand,  fine- 
gralned gravel, subrounded.  clasts  to 20 mm. massive 

jANOISPI-trace  gravel  to 15 mn. trace  silt.coarse  to fine- 
-becoming:  by 0.4 I 

-medium  to  fine-grained 
grained  sand,  medium  brown 

-trace coal  specks, fine-grained.massive,nedlum to 

-with iron oxide  stalning 
dark  grey 

-occasional 5 nm coal  clast 

-trace  petrified  wood  to 10 mm 

-150 mm lens of coal 

[CEtSANO ISPI -occasional  very  thin1 
sandy, 3 mm thick,  randomly 

iANo EPI  -trace silt. trace coal.  f h e - s r a h d .  medium  arev 
FUnl F a S 4 - A - F 1 1  

"V. 15-20x 

T 

BOREHOLE LOG AND LABORATORY TEST  RESULTS 

1 
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SAMPLE 

7 690 621 E l 3 0  352 ZB ~ RELATIVE-ELEVATION 41.6 tml 
1- 

SOIL  OESWIPTION 

SANO ISP-SMI -some g r a v e l .   t r a c e  s i l t ,  c o a r s e   t o  f ine-gra ined  

-20 mm l e n s  o f  ORGANIC SILTIOLI- t race   to  some 
s a n d , s u b r o u n d e d   c l a s t s   t o  20 mm. l i g h t  brown 

-becoming: by 0.6 m 
g rave l ,   da rk  brown 

SANU ISM) -some si l t ,  t r a c e   g r a v e l ,  medium t o  f ine-gra ined   sand ,  
s u b r o u n d e d   c l a s t s   t o  10 mm. l i g h t  brown 

- t r a c e   g r a v e l   t o  10 mm d i s s e m i n a t e d   t h r o u g h o u t .   t r a c e  

-some c o a l   c l a s t s   t o  10 mm 
coa l   specks ,   f i ne -g ra ined   s and .mass ive  

- o c c a s i o n a l  very t h in ly   bedded   l ens   o f  SILTlHLl 5 mm 
t h i c k ,   e v e n ,   p a r a l l e l ,   c o n t i n u o u s  

ICE+SILT IMLl - t h i n l y   b e d d e d   a l t e r n a t i n g   l e n s e s  10 mm t h i c k ,  . e v e n ,   p a r a l l e l .   c o n t i n u o u s  

- c l e a r   i c e  
- t r a c e   c l a y  i n  s o i l   m a t r i x .  low p l a s t i c . m e d i u m   g r e y i s h  

brown 

SAND ISM] -silty, f  i ne -g ra ined .   un i fo rm,   l i gh t  brown 
-si l t  c o n t e n t   d e c r e a s e s   w i t h   d e p t h  
-becoming: by 5 . 0  m  

SAND ISPI - t r a c e  s i l t .  t r a c e   c o a l   s p e c k s ,   f i n e - g r a i n e d ,   d a r k   g r e y  
ICEISILT [HLl - t r a c e   c l a y ,  medium brown 
SANO ISP) - t r a c e  s i l t ,  t r a c e   c o a l   s p e c k s ,  f  ine-gra ined .   dark   g rey  

-occas iona l   t h in ly   bedded  lens of SILTIMLI 20 mm 

ICEISILT IMLl - d a r k   g r e y ,   c l e a r   i c e  
t h i c k ,   i r o n   o x i d e - s t a i n i n g  

EN0 OF BOREHOLE 
" 

7.3 m 134.3 m E l . )  

I 

iROUYD I C E  
IESCRIPTJON 

t 

bn 

bn 
8 30-sox 

0:  20 

0 BO 

0 20 

r - V x  20% 

bn 

0: 30 

Comple ted  17: 20 86/04/01 

DRILLING R I G :  CHE 750 

1 Compl led  b y  JGC 

it- 

SPECIAL 
TESTS 

0 

EEA Engineering Consultants L t d .  

BOREHOLE LOG AND LABORATORY TEST RESULTS 
00-20-iB110 18: 2f S7 
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lN76BORS7 E 530 584 21 A E U T I M  ELEVATION 48.6 I 

T 
SOIL  DESCRIPTION 

GRAVEL (6H) -sandy. trace silt. trace rootlets. coarse  to f ins- 
grained  sand,gravel  clssts to 50 mm.rounded  to 
subrounded. medlum  brown 

W [Wl -soma  gravel, trace silt. coarse  to fine-gralnad sand. 
flna-grained gravel  to 15 n r m e d i u m   b r o m  

-becoming: by 0.3 

-traca gravel  to 10 msubrounded 

-trace silt. medium  to fine-grained.  massive. dark  olive 

-trace gravel to 10 mm.coarse to fine-grained sand 
grey 

-trace gravel to 20 mm 

-trace coal  fragments to 5 mm.medlum to  fine-grained 
sand 

-50 m lens of coal and petrified wood fragments.with 

-fine-grainad  sand, thickly  laminated, even. perallel. 

-medium to fine-grained sand,  massive,  brownish grey 

stratified ice lens 5 mm thick 
continuous,  regularly  spaced 

SAND IW/SHl -trace  gravel. trace  silt,  coarse  to fine-grained 
sand, gravel to 25 mn. smooth.  subangulsr  to  rounded 

-becoming: by 6.2 m 

-trace gravel to 75 mm. subrounded, smooth, medium  to 
fine-grainad  sand 

SAW ISP/W -trace  to some silt, f lne-grained ssnd 
-becoming: by 7.8 m 

-fine-grained.  uniform. homogeneous 

SAW [%]-silty. trace  coal and petrified  wood  fragments.  fine- 
-bacomlng: by 8.8 

gralned.unlfor0 

bn 

on 

bn 

WECIAL 
TESTS 

i o  

NUMBER 

BOREHOLE LOG AND  LABORATORY TEST RESULTS 



I" 
SOIL m m r m w  

wavy 

meselve. dark arev 
S W O  ISPI -trace  prevel t o  20 mm. t race a l l t .  trece coal specks, 

EEI) OF BOREHOLE 10.7 m (31.9 n El.) 

D: 40 

D: SO 

BOREHOLE LOG AND LABORATORY TEST RESULTS 
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I O  

11 

12 

13 

14 

15 

16 

-ho le   s loughing   f rom  sur face   to   1 .7  m 
-50 m l e n s   o f  PEATIP1)-dark  brown t o   b l a c k  
-becoming: by  1.9 

SAND ISn] - t r a c e   g r a v e l   t o  20 mm. t r a c e   s i l t ,   c o a r s e   t o  f inn- 
gra ined sand, w e l l  graded,  massive.  dark  grey 

:AN0  (SP) - t r a c e   s i l t ,   f i n e   g r a i n e d ,   t r a c e   c o a l  fragments. 
-becoming: by 2 .4  n 

o l i v e   g r e y  

-occasional   very   th in ly   bedded  lens  o f   coal  and 
p e t r i f l e d  wood fragments,  lenses 10 mm t h i c k ,  even, 
para l le l .   con t inuous  

-medium to  f ine-gra ined.grey 

SANO(SP/SW)-traCe s i 1 t . c o a r s e   t o   f i n e - g r a i n e d  
-becoming: by 5 . 0  m 

- t race   coa l   f ragmen ts   and   pe t r i f i ed  wood disseminated 
throughout 

ICEtSILT IHL) -sandy 
SAND (SPI-trace s i l t .   t r a c e   c o a l ,   t r a c e  wood t o  15 mm i n  

diameter, medium t o  f ine-grained 

ICEtSILT ( U L I  -sandy 
SAND (SP) - t r a c e   s i l t .  medium t o  f ine-gra ined 

SAND ISP/SHI - t r a c e   t o  some s i l t ,  f ine-grained.  uniform.  massive. 
-becoming: b y  7 . 9  m 

homogeneous.olive  grey 

IcEtSILT lHLl -sandy 

mum Ice 

f 

an 

on 

bn-tracu Vx 

1 

06-03-1986 16' 21: 1 4  



S M O  [SPl - t race  s i l t .  medium t o  f ine-grained, uniform. masslve. 

EN0 OF BOREHOLE 12.2 m (29.7 m El.) 

o#IusD Ice 
llEOCRIPT1D 

3-03-1986 16: 38' 06 

101C-4480 

Completed 03: 50 86/04 /02  

DRILLING R I G  CHE 750 
Compi led b y  HAV 

I_ 
LASTIC WATER 
IWIT CONTENT 1x1 - 
" 

" 

" 

" 

" 

- .. 

-_ 
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SOIL OcBCnIPlIaN 

ROOT  MAT 
ORGANIC SILT [ O L )  - t race f ine-grained sand, t race   root le ts  

SAND (SP) - t r a c e   s i l t .  f lne-grained.  uniform, homogeneous. o l i v e  
brown 

SILT [MLI - t race   to  some f ine-gralned sand, thickly  lamlnated. 
wavy.nonparalle1,nonplastic.dark greyish brown 

- trace  to some clay  

ICEtSILT IML) 

-200 m lens o f  SILT IML) - trace  c lay,  dark ol ive  grey 
ICE-trace s i l t  

SILT [MLI -clavev. low u l a s t i  c. brown 
EN0 OF BOREHOLE 3.7 m l39.i  m E l . )  

W 

r. 2sx 

Im +io% 

io: 40 
10: 80 

1 11 101C-4480 11 ~ - ", 
Completed 06: 15 86/04/02 

DRILLING RIG: CME 750 CRREL 

Complled by MAV m AUGER 

8PCCIAL 
TESTS 1 

1 l I l : ~ F  1 EBA Engineering  Consultants Ltd. 

10 

BOREHOLE LOG AND LABORATORY TEST RESULTS 



SOIL OUICRIPTIOW 
ROOT MAT 
PEAT lPTl -dark brown 
ICEtPEAT  lPTl AND ORGANIC SILT [OLI 

- t race  gravel   to 75 mm.smooth.subrounded 

ICEtSILT k l  -trace sand, thickly  lamlnated, even, p a r a l l e l  

gravel .   t race sand, t race  c lay.   thickly 
1aminated.dark olive grey 

CLAY TILL ICLI -s i l ty .   t race sand, low p las t ic ,  dark o l l v e  grey 
SILT  TILL [HLI -some clay, low plastic.  dark  greyish brown 

-becoming:  by i . E  

ICEtSILJ [ULl 
-becoming:  by 2 . 5  I 

-soi l   matr ix   contains  both  ice  crystals and random 
ice  1enses.approximately 30 to  40X 

ICEtSILT IMLI 
EN0 OF BOREHOLE 3.45 m 133.7 m E l . ]  

DAOUM ICE 
ICBCAIPT101 

IO 20 
lo: 20 

'e 20% 

'r 40% 

r-vx 30-40% 

80: 5 0  

101C-4480 SAbPLE TYPE 
E3 EBA Engineering  Consultants  Ltd. 

CRREL 

AUGER 
OR*WINB " O C R  

BPECIAL 
TCSTS 

/_al 
BORCHOLC 

211911 

10 

BOREHOLE LOG AND LABORATORY TEST  RESULTS 
i - 0 4 - 1 O R S  08' 28: 2 4  
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PARTICLE - SIZE ANALYSIS OF SOILS 

CLAY SILT SAND I GRAVEL 
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50 

GRAIN  SIZE - MILLIMETRES 

I 
DEPTH 

(m) 

DESCRIPTION 

C L A Y  

- 3. 2 96. 8 0. C 

(%) ( % I  (%) I%) 
G R A V E L  S A N D  SILT 

YMBOL 
BOREHOLE 

NUMBER U.S.C. 

1. 10 - 

1.80 - 

2.50 - 

3.90 - 

6.60 - 

1. 20 

1. 90 

2. 60 

4. 10 

6. 70 

2.5: 1. 1 

2.5 1.2 

2. 5: 1.2 

SP 

SP 

SP 

- 3. 4 96. 6 0. C 

- 3. 4 96. 6 0. C 

- 2.9  97. 1- 0. a 

- 2. 6 97. 4 0. 0 

2.2 1. 1 SP 

-._i 8621  lSOl 2.0 1.0 SP 
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DATE 86-5- 14 
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PARTICLE -SIZE  ANALYSIS OF SOILS 

CLAY  SILT  SAND 1 GRAVEL 
FINE I MEDIUM  COARSE^ FINE I COARSE 

100 

90 

80 

70 
a 
-I 60 
< 5 50 
I- z 
0 
W 40 
K 
W 
L 30 

W 

4 

20 

10 

0 

.oc 

YMBOL 

. . . .  

"- 

" 

GRAIN SIZE - MILLIMETRES 

862 1 1 SO3 

8621 1503 

8621 1S03 
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BOREHOLE  DEPTH 

NUMBER 

-70 - . 9n 
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- 8. 7 91.: 

- 5.4 94. I 
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0. c 

0. c 

0. c 

0. c 

1 t . . , .. 

DATE 86-5-27 

T 
c u  
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2. 8 

3. 3 

1.9 

c c  
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1. 2 

1. 4 

1. 2 

50 

U.S.C. 

SP-SI 
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SP-sc 

SP 



PARTICLE - SIZE ANALYSIS OF SOILS 

CLAY  SILT SAND I GRAVEL 
FINE I MEDIUM  COARSE^ FINE [ COARSE 

U.S. STANDARD  SIEVE SIZES 
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0. 0 

0. 0 

0. o 

I 
DAT E 86-5- 15 
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PARTICLE -S IZE  ANALYSIS  OF SOILS 
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PARTICLE - SIZE ANALYSIS  OF  SOILS 
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APPENDIX C 

SOURCE 21 1 East 

c. 1 SUMMARY 

Material  Type: 

Fines  Content: 

Area of Feature: 

Developable  Area: 

Estimated Volume: 

t y p e  IV borrow 
w/m.c. over 10% 

Excavation Depth: 

Moisture  Content: 

Borehole  Reference: 

f i n e  sand  or s i l t  

320,000 m 2  

0 

Proven Probable 
(m3) ( m 3 )  

15,000 rec.   reqd. 

n o t  recommended 

20 t o  25% 

21 1 ESO1 , 21 1 ES02 

c.2 SITE  DESCRIPTION 

c.2.1 Location and Geological O r i g i n  

Source 21 1East i s  a glacio-f luvial   terrace  about  5 km eas t  of Willow  Lake 

and approximately 2 km west of the  East  Channel. I t  cons is t s  of two r idges ,  

one to   t he   ea s t  and one to   t he  west  of  the  lake  at  553600 mE and 7689500 m N .  

I t s  loca t ion  is  indicated on Figure 2 and Figure C . l .  The t o t a l   a r e a  of the  

landform is est imated  to  be 3 2 0 , 0 0 0  m .  

c .2 .2  Summary of Previous  Studies 

No previous  studies have been car r ied   ou t   for  t h i s  s i t e .  However, the  

r idge t o  the west of the  lake  appears   to  have been previously used f o r  

borrow mater ia l .   Severa l   conica l   p i les  of boulders   a re   sca t te red   a t   the  

s i t e .  



c.2.3 Results of Current S tudy  

One borehole was d r i l l e d  on each of two h i l locks  which comprise t h i s  area.  

Borehole 86021 1 E-SO1 , advanced on the  larger ,   western  feature ,   encountered 

f i n e  sand  containing  about 10% s i l t  f o r  the   en t i re   depth  of the  borehole. 

High moisture  contents (20%)  were  measured  from the   sur face ,  which suggest 

tha t   ex t rac t ion  of the  resource would be d i f f i c u l t .  The second  borehole 

encountered s i l t  and massive ice deposi ts .  

T h i s  area is not recommended f o r  development  because of its high moisture 

conten t .   Quant i t ies  of s imi la r  and be t te r   qua l i ty   mater ia l   a re   ava i lab le  

nearby a t  source 21 1 . 



c.3 BOREHOLE LOGS 



UNI F lED SO1 L  CLASS1 FlCATlONt 
1 

GROUP 

jYMOOLS 
T Y P I C A L  NAMES MAJOR DIVISIONS 

~ 

HIGHLY ORGANIC SOILS 

GROUND ICE DESCRIPTION 

ICE NOT VISIBLE VISIBLE  ICE  LESS THAN 50,; B Y  VOLUME 

N 

VISIBLE  ICE GREATER THAN 50% BY VOLUME 

L E G E N D  
sod IC* 



GR*NuIR RESOIRCC WUUATION RIMl l r rW IsLAm. NWT 
N7 689 914 E S33 432 26 R 4 T I V E  ELEVATION N. A .  

I 
SOIL ~ s m x p m w  

S I K )  [S)(I-silty. trace  rootlets, masslve. llght  brown 

-flne-grained. unlform.  homogeneous.  medium brom 

-trace coal specks dlssemlnated  throughout 

-stratlficatlon  falntly  evident 

M OF BOREHOLE 10.2 m 

On 

bn. tr8c. Vr 

. " 

SPECIAL 
TESTS 

BOREHOLE L O G  AND LABORATORY TEST  RESULTS 
~-27-13e6  17: oe: 01 



I GRANlR-AR RESOURCE  EVALUATION  RICHARDS ISLAW. NWT 
N7 689 250 E534 i50 ZB RELATIVE  ELEVATION N.A. SPECIAL 

TESTS T SAMPLE GROUND ICE 
DESCRIPTIOf 

'LASTIC WATUI LIQUID 
.IMIT CONTCNTIXI LIMll SOIL DESCRIPTION 

0 

2 

6-  

e- 

ROOT MAT 
ORGANIC SILT IOLI - t r a c e  f   i ne -g ra ined   s and ,   nonp las t i c .   l i gh t  Nt 

Nbn 

brownish  grey 

SILTlML)-trace  to  some silt.sllt c o n t e n t   i n c r e a s e s   t o  silty 

bedded, wavy. n o n p a r a l l e l .   d a r k   o l i v e  brown 
with  depth.  f ine-grained.  uniform.  homogeneous,   thinly 

-becoming: by 0.3 m 

-becoming: by 1.2 
SILT(HL) AND SAND I 

Nbn. t r a c e   V r  

I C E - c l e a r . a i r   b u b b l e s   t h r o u g h o u t  

SILT IML) -sandy. f ine-grained.   uniform,   homogeneous,   nonplast ic .  
, o l i v e  brown Nbn. t roco  Vr 17 

E 

9 

10 

11 

12 

13 

14 

15 

16 

17 

1E 

19 

-20 mm l e n s  o f  ICE-clear 

tr 5% 

llhn 
-massive 

Ibn. t r a c e   V r  

END OF BOREHOLE 8.5 n 

I n l  " 

SAMPLE TYPE 
)"----.I 

m AUGER 
EBA Eng ineer ing   Consu l tan ts   L td .  

Completed 00: 10 86/04/03 (Edmonton) 
CRREL DAILLING RIG: CHE 750 DRAWING NUHBER 

NUMBER 

BOREHOLE L O G  AND LABORATORY  TEST  RESULTS 
1-12-1986 16: 24: 25 



c.4 LABORATORY T E S T I N G  
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PARTICLE - SIZE ANALYSIS OF SOILS 

CLAY  SILT SAND I GRAVEL 
F I N E  I MEDIUM  COARSE^ FINE COARSE 

U.S. STANDARD  SIEVE  SIZES 
= 1  1 oa 

90 

80 

70 

60 

50 

40 

30 

20 

10 

0 
I I 

,005 .01 .02 .05 0.1 0.2 ,0005 .001 ,002 .5 1.0 2.0 5.0 10 20 50 

GRAIN  SIZE - MILLIMETRES 

DEPTH 

(m) 

DESCRIPTION BOREHOLE 

NUMBER 

8621 1ES03 

8621 1ES03 

86211ES03 

8621 lESOl 

c u  c c  ;Y MBO L U.S.C. 

SP-SM 

SILT I SAND I G R ~ E L  (%) (%) 
CLAY 

I % )  

1-30 - 

1.70 - 

3.10 - 

5.00 - 

1. 41 

1. 81 

3. 21 

5. 11 

5. 8 

7. 3 

11.2 

9. 5 

94. 2 

92. 7. 

88. 0 

90. 5 

0 . 0  

0. 0 

D. 0 

0. 0 

2. 2 

2. 3 

- 

2. 1 

~ 

.9 

1. 1 

- 

.9 

SP-SM . . .  

SP-SM 
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APPENDIX D 

S O U R C E  216 

D. 1 SUMMARY 

Material Type: 

F i n e s   C o n t e n t :  

Area of F e a t u r e :  

Developable  Area: 

Estimated Volume: 

Excava t ion  Depth:  

Mois tu re   Con ten t :  

Borehole   Reference :  

f i n e   u n i f o r m   s a n d  w i t h  s i l t  beds 

3% t o  20% i n   s a n d  

1 ,000 ,000  m 2  

0 

Proven P robab le  
(m3 1 (m3 1 

0 rec .  reqd. 

n o t  recommended 

5% t o  15% above   1 .5  m 

21 26S01, 21 6S02, 21 6S03, 21 6S04 
RKL216-A, B ,  C ;  RK216-1 , 2 , 3 , 4 , 5 , 6  

D.2 SITE  DESCRIPTION 

D.2.1 Loca t ion   and   Geo log ica l   Or ig in  

Source 216 is l o c a t e d  28 km n o r t h e a s t  of  Tununuk Poin t   and  2 km sou th   o f  

Lousy   Poin t ,   about  3 km west of the  East channe l .  I t  c o n s i s t s   o f  a s teep  

s i d e d  r idge  p a r t i a l l y  d i ssec ted  by k e t t l e - l i k e  lakes.  RKL ( 1 9 7 2 )   d e s c r i b e  

t h e  feature  as kame and esker remnants .  Its l o c a t i o n  is  shown  on F i g u r e  2 

and   F igu re  D .  1 . 

D.2.2 Summarv o f   P r e v i o u s   S t u d i e s  

RKL (1972)  has p r e v i o u s l y   i n v e s t i g a t e d  t h i s  s i t e  w i t h  seven   bor ing3   and  

three tes t  p i t s .  I t  was f o u n d   t o  be a h i g h l y  v a r i a b l e   d e p o s i t   c o n t a i n i n g  

well-graded s a n d   a n d   g r a v e l   i s o l a t e d   w i t h i n  s i l t  a n d   m a s s i v e   i c e   d e p o s i t s .  



~ . 2 . 3   R e s u l t s  of   Curren t   S tudy  

Four   boreholes   were d r i l l e d  on this feature ,  t r a v e r s i n g  i t s  l e n g t h .  

Boreholes  216S01 and  216S04, d r i l l e d  a t  e i ther  end  of t h e  f e a t u r e  

encoun te red   mos t ly  s i l t  and ice  p l u s  s i l t .  Two h o l e s ,  216S02  and  216803, 

l o c a t e d   o n  a small terrace on t h e  east s ide of  t h e  c e n t r e   o f  t h e  main 
f e a t u r e ,   f o u n d  a d e p o s i t  of poorly-graded  sand w i t h  a t race  o f   f i n e   g r a v e l .  

However, t h i n  s i l t y  beds w i t h  h i g h  ice  c o n t e n t s  were f o u n d   i n t e r s p e r s e d  

th roughou t  t h e  sand.  Keeping t h e  s i l t  s e p a r a t e   f r o m  the g r a n u l a r  material 
d u r i n g   e x t r a c t i o n  would be d i f f i c u l t ,  so  it is l i k e l y  that  the f i n a l  s i l t  

con ten t   o f  t h e  material  would be above   a l lowab le  limits e v e n   f o r   g e n e r a l  

f i l l .  I n   a d d i t i o n  t h e  area e x h i b i t s  a h i g h l y   v a r i a b l e  s t r a t i g r a p h y ,  and 
a i r p h o t o   i n t e r p r e t a t i o n   a n d   w i n t e r  s i t e  r e c o n n a i s s a n c e  was n o t  s u c c e s s f u l .  

The p r o s p e c t   s h o u l d  be c o n s i d e r e d   f o r  a summer reconna i s sance   because  t h e  

1973 RKL i d e n t i f i e d   e n c o u n t e r e d  a well graded sand   and   g rave l   i n  some  of 

t h e i r   b o r e h o l e s ,  and t h e  s o u r c e  is  c l o s e   t o  t h e  Mackenzie  River ice  r o a d .  



BOREHOLE LOGS 



CL*I.CSIFICATION CRITERIA GROUP 
SYMBOLS 
____ 

G!Vd 

r, f' 
" 

L M 
.- 

GC 

SW 

SP 

SM 

sc 

ML 

CL 

OL 

MH 

CH 

OH 

PT 

MAJOR DIVISIONS 

" r 

I 
. " . 

1 
i i 

v) > 
d 

HIGHLY ORGANIC SOILS 

GROUND ICE  DESCRIPTION 

ICE NOT VISIBLE 

V 

VISIBLE  ICE  GREATER  THAN 50% BY V O L U M E  

L E G E Y D  

so.1 I:? 
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4- 
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' SI6 451 E 529 336 28 RELATIVE  ELEVATION N A  

SOIL  OEBCRIPTION I: 
PEAT IPT) -and r o o t  mat 
ORGANIC SILT [DL) -sandy.  f ine-grained.  uniform. homogeneous. 

medium brown 
-100 IM lens o f  PEAT IPT) - f ibrous.  dark  brown 

SILT  lK/OL) -some o rgan ics .   w i th   occas iona l   t h in l y   l am ina ted  

PEAT  IPT1 -f ibrous.  dark  brown t o   b l a c k  
lenses  of  coarse  to  medium-grained  sand 

SILT lHLl - t race   f i ne -a ra ined  sand. v e r y   t h i n l y  bedded, wavy. 

-100 mm lens o f  ICE 

I 

I 
~~~ . . 

-50 mn lens  of  ICE 
-ice content  decreases with depth.randomly  spaced 

nonparal le1;nonplast ic.   o l ive  brown 

I -occasional   th in ly   bedded  lenses  o f  medium t o  
1 m s t r a t i f i e d  lenses 

f ine-gra ined sand, lenses 10 mm t h i c k  

SAND ISP) - t r a c e   s i l t ,   t r a c e   f i b r o u s   o r g a n i c s ,  f  ine-grained. 
uniform.homogeneous.olive brown 

-10 nm l e n s   o f   p e t r i f i e d  wood fragments.dark 

- lens  of  coarse  to  medium-grained  sand 
brown t o   b l a c k  

SILT  ML) - t race  sand, o c c a s i o n a l   v e r y   t h i n l y  bedded medium- 
ara ined sand lens. 30 mm i c e  lens running  randomly 

) R a m 0  ICE 
IESCRIPTION 

bn 

bn 

6 30% 

6 20% 

6-Vr  40% 

bn 

r 10% 

mn 

LI io  

BOREHOLE 
NUMBER 

216SOl 

BOREHOLE L O G  AND LABORATORY TEST  RESULTS 
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1 

1 

SANO ISP-SH) - t race  f lne-grained  subrounded  to  subangular  grave 
at   sur face,  clean, medium-gralned sand. medium brown 

-10 nun l ens  o f  ORGANIC SILT IOL) - t race  f ine-grained 
sand. dark  brown t o   b l a c k  

-becoming: by  2.8 m 
sta in ing.dark  grey ish  brown 

SANUISHI ANO COAL ANO I C E - s i l t y . c o a 1   c l a s t s   t o  20 mm. 

SAND ISH) - s i l t y .  medium t o  f lne-gralned. medium  brown. 
s i l t   c o n t e n t  decreases with depth 

SANO [SPI - t r a c e   s i l t   t o   c l e a n ,   t r a c e   c o a l   f r a g m e n t s ,  medlum- 
gra ined,   i ron  ox ide  s ta in lng.mediun  grey 

l i gh t   g rey i sh   b rown  
-becoming: by 3.1 m 

-becoming: by  3 .2 m 

-coal  fraoments t o  20 nm L 
CE 

%LT TILL [ML) -c layey.   b locky.   l ron  ox ide  s ta in ing,   dark 
grey 
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UA RESOURCE EVALUATION RICHIFDS IsuH).NwT 
7 610 E 527 702 20 W A T I V E  ELEVATION 32.f i I 

7 

Dl 

;ROW0 I C E  
IESCRIPTION 

SPECIAL 
TESTS LII 

L -I SOIL   OESWIPTIW 

SAND (SP1 -some g r a v e l   t o   g r a v e l l y .   t r a c e   s l l t .   l i g h t   b r o w n  
-becoming:  by 0.1  m 

SAND ISMI -some s i l t .  medium-grained f 
f -Nbn 

-some s i l t . r a n d o m   p a r t i n g s   o f   f i n e - g r a i n e d  sand 
bn 

SILT T I L L ( ~ L ) - c l a y e y .   t r a c e   g r a v e l   t o  10 m, trace  coarse- 

SAND (SP] - t r a c e   s i l t ,  medium-grained,  medium grey ish  brown 
gra ined sand, l r o n   o x i d e   s t a i n i n g ,  medium brown r -Vc  1BX 

bs. t r a c m  vx 

bs 
-occasional   pockets and par t ings  o f   coarse-gra ined 
sand. c lean 

x 5% 

b# 

SILT TILL IHLl -clayey.  trace  coarse-grained  sand 
SAND ISP) - t r a c e   a r a v e l   t o  15 mm. rounded t o  subrounded. 

t r a c e  jilt. coarse t o  medium-grained sand.  medium 
greyish  brown 

-some g r a v e l  bn-Nbm 

SAKI (SP-SMI - t r a c e   t o  some s i l t .   t r a c e   g r a v e l   t o  20 mm. 
subrounded t o  subangular. medium brown 

I - interbedded  lenses  of :  
SAND (SP) - t r a c e   g r a v e l   t o  5 mm. t r a c e   s i l t .  medium- 
grained.uni form. medium greyish  brown 

bn 
f -Nbn 

and 
SILT  TILL [HLI -c layey.  t race  coal   f ragments,   i ron 
oxide  stalning.mediua  greyish  brown 

-becoming: by 5.5 m 
SAND ISMI -some s i l t   t o   s i l t y ,  medium greyish  brown 

bs-Nbn 

- s i l t y  

- t r a c e   g r a v e l   t o  10 mm. i r o n   o x i d e   s t a i n i n g ,  OCCaSiOnal 
cross  bedded  lenses o f  coal   f ragments 3 mm t h i c k  
a t  a 45 degree  angle 

-coal   content   d isappears  wi th   depth 

1 - t r a c e   t o  some sl l t ,medium-grained 

bn-Nbs 
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SOIL DESCRIPTION 

-reddish  sand.very t h i n l y  bedded CLAY lenses 
-some s i l t ,   t r a c e   g r a v e l  t o  5 mm. occasional s i l t y  

-1nterbedded 100 mm thick  lenses of :  
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M)IL OLsrnIpTroN 

SILT [HLI -sandy. f i ne -g ra ined .   un i fo rm,   t race   roo t l e t s   a t  
su r face ,   l i gh t   b rown  

SAND [SHI -s i l t y .   f ine-gra ined.   un i fo rm,  massive.  medium g r e y i s h  

SILT lwl -clayey.  massive. low p las t i c .   da rk   g rey  
brown 

ICE-cloudy, with s o i l   i n c l u s i o n s  

SILT [HL) -clayey. medium grey 
SAND [SPI - t race   s i l t .   f ine-gra ined,   un i fo rm.   occas iona l   verv  

t h i n l y  bedded wavy lens o f  s i l t ,  d a r k   o l i v e   g r e y  

XLT IHLl -sandy. f ine-grained.  uniform. homogeneous, d a r k   o l i v e  

[CEtSILT [MLl 

-becoming:  by 4 . 1  m 

grey 

- c l e a r  

- t r a c e   s i l t  

' ILT  [HLI-sandy.  t race  black  organics,   t race  mica  plat lets,   f ine- 
grained.  uniform. homogeneous. nonp las t i c .   da rk   o l i ve  
grey 

CE-clear 

- interbedded  lenses  of:  
SAND ISH1 -some s i  1 t 

SILT [HL] -sandy. f he-gra ined.   un i form,   dark  o l ive  grey 
and 

CEtSILT k L I  

ILT lHLl -sandy. f ine-grained.  uni form.  dark  o l ive  grey 

CEtSILT  IHLI - t r a c e  sand, dark   o l i ve   g rey  

MWM) IC1 
DCBtRIPTIO 
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Ybn 
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SAbPLC 
I M I L  DESCRIPTION 

-1 om thick s i l t  lenses  very  thinly bedded.even. 
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PARTICLE - SIZE  ANALYSIS OF SOILS 
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APPENDIX E 

SOURCE 21 6South 

E. 1 SUMMARY 

M a t e r i a l  Type: 

F ines   Con ten t :  

Area  of   Feature:  

Developable  Area: 

Es t imated  Volume: 

t y p e  I V  borrow 
w/m.c. ove r  10% 

Excavation  Depth: 

Mois tu re   Con ten t :  

Borehole   Reference :  

f i n e   s a n d ,  some s i l t  

es t ima ted   10% - 15% 

431,000 m 2  

Unknown,  summer r e c o n n a i s s a n c e  
r e q u i r e d  

Proven Probable  
( m 3  1 (m” 

0 r e c .   r e q d .  

no t  recommended 

1 5   t o  20% 

21 6SSOl 

E. 2 SITE  DESCRIPTION 

E.2.1 Loca t ion   and   Geologica l   Or ig in  

Source  21 6South is l o c a t e d   6 . 5  km s o u t h  of Lousy  Point , abou t  3 km west of 

t h e   E a s t   c h a n n e l .  This  medi:m s i z e d   h i l l o c k  may be  a g l a c i a l   o u t w a s h  

f e a t u r e .  I t s  l o c a t i o n  is shown  on F i g u r e  2 and  Figure E . l .  The s i t e  was 

s e l e c t e d  due t o  its p rox imi ty   t o   t he   Mackenz ie   R ive r   and   because  of i t s  

geomorphologica l   na ture .  

E.2.2 Summary of P r e v i o u s   S t u d i e s  

There   have   been   no   p rev ious   s tud ies   conducted   a t  t h i s  s i t e .  



E.2.3 R e s u l t s  of Cur ren t   S tudy  

One b o r e h o l e  was d r i l l e d   o n  t h i s  f e a t u r e .   F i n e   s a n d  w i t h  silt  and   o rgan ic  

l e n s e s  was encoun te red  t o  a dep th   o f  4 m .  Below t h i s  d e p t h   i n t e r b e d d e d  

layers of ice ,  sand  and clay till  were encoun te red  t o  the maximum 

p e n e t r a t i o n  of 8.0 m .  Although some s a n d   e x h i b i t e d   r e l a t i v e l y   l o w  (8-12%) 

s i l t  c o n t e n t s ,  the o v e r a l l   c o n c e n t r a t i o n   o f  s i l t  and   o rgan ic  material, p l u s  

t h e  m o i s t u r e   c o n t e n t  of approx ima te ly  20 p e r c e n t ,  make t h e  s o u r c e  of l i t t l e  

v a l u e .  If developed i n  t he  summer the  material may f i n d  some u t i l i t y  a3 

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

recommended. 
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UNIFIED SOIL CLASSlFlCATlONt 1 

GROUND ICE DESCRIPTION 

VISIBLE ICE  LESS THAN 50Y: BY  VOLUME ICE NOT VISIBLE 

SUBGROUP  DESCRIPTION 

VISIBLE  ICE  GREATER  THAN 50% B Y  V O L U M E  
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I n L  

RANUAR RESOURCE EVALUATION RIclMms Isulso. MIT 
7 674  817 E 128 053 ZB RELATIVE  ELEVATI0N~N.A. 

I SAWLE 
I SOIL D ~ r n I m m  

SAND tSM1 - s i l t y .   t r a c e   g r a v e l   t o  10 mm, f ine-grained. 
l i g h t  brown 

t h i c k  
-occas iona l   ve ry   t h in l y  bedded  SILT  lens 10 nun 

-becoming:  by 0.6 
SANO ISP-SMI - t r a c e   s i l t ,  medium-grained,  uniform,  medium grey ish  

brown 

SANO ISM1 - t race  gravel ,  some s i l t ,  rounded  to   subrounded  c lasts  
-becoming: by 1.8 m 

t o  15 mm.medium grey ish  brown 

- t r a c e   t o  some g r a v e l ,   t r a c e   s i l t   p a r t i n g s ,   o c c a s i o n a l  
o rgan ic   lens  10 mm thick,  dark  brown 

SAW ISM] -some s i l t .  medium-grained,  medium greyish  brown 
-becoming: by 3.4 m 

ICEtSILT IMLI -very thin laminae. p a r a l l e l ,  medium greyish  brown 

SAND ISP) - t race  f i ne-gra ined  g rave l   to  10 mm. subrounded.  clean, 
medium-grained sand, u n i f o r m  

-g rave l l y   l ens  100 mm t h i c k  

' AY TIL1 1 1 
$NO ISPI-trace s i l t  t o  clean,  trace  coal,  massive, medium- 

CLI - a r a v e l l v .   s i l t v .   c l a s t s  t o  75 mm 

-cross bedded lenses o f  coal   f ragments 3 mm i n  
grained, medium greyish  brown 

diameter  at  a 45 degree  angle 

ICE 

!NO OF BOREHOLE 0 .0  m 

;AWN)  Ice 
IEBCRIPTIO) 

t -Nbn 

bn 

bn 

Jn-Nbe 

1: 5 0  Vm 

~n 
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APPENDIX F 

SOURCE 217 

F.1 SUMMARY 

Material Type: 

F ines   Con ten t :  

Area o f   Fea tu re :  

Developable  Area: 

Estimated Volume: 

t y p e  IV borrow 
w1m.c. over   10% 

Excavat ion  Depth:  

Mois tu re   Con ten t :  

Borehole   Reference:  

f i n e   u n i f o r m   s a n d  w i t h  s i l t  beds 

5% 

568,000 m 2  

Unknown, rec.  r eqd .  

Proven P robab le  
( m 3  1 ( m 3 )  

7 ,500  rec .  r eqd .  

2 m  

25% 

21 7S01 , 21 7.502 RKL217-A 

F.2  SITE DESCRIPTION 

F.2 .1   Loca t ion   and   Geologica l   Or ig in  

This  is a p o r t i o n   o f  a r i d g e   l o c a t e d   a p p r o x i m a t e l y  6 km west of the East 
channe l .  R K L  ( 1  9 7 2 )   i d e n t i f i e d  i t  as  an esker, however ,   cu r ren t  data does 
n o t   s u p p o r t  t h i s  i n t e r p r e t a t i o n .  I ts  l o c a t i o n  is shown on F i g u r e  2 and 
F i g u r e  F . l .  The s o u r c e  is a c c e s s i b l e   f r o m  t h e  Mackenzie   River   v ia   f rozen  

streams and lakes .  The s e c t i o n   i d e n t i f i e d  as s o u r c e  21 7 is approx ima te ly  

2100 rn l ong  and  100 m wide. 

F.2.2 Summary of P rev ious  S t u d i e s  

RKL (1972)  has p rev ious ly   excava ted   one  t e s t  p i t  0.75 m deep a t  t h e  s i t e .  
The material was found t o  be a Well graded  sand.  



~ . 2 . 3  Resu l t s   o f   Cur ren t   S tudy  

From s i t e  r e c o n n a i s s a n c e  i t  appeared t h a t  t a r g e t  materials were draped o v e r  

t h e  t o p   o f  a low r idge  f e a t u r e  as a second   na r row  r idge ,  o r  i n   d u n e - l i k e  

mounds o f   v a r i a b l e  he igh t .  P o s s i b l y  a summer reconnaissance  program  would 

p r o v i d e   i n s i g h t   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  materials. 

Two b o r e h o l e s  were advanced  on t h i s  feature t o  d e p t h s  of 4.9 m and 12 .6  m .  

The f irst  boreho le   encoun te red   on ly  s i l t  and  massive ice.  The second 

b o r e h o l e   e n c o u n t e r e d   s i l t y ,   u n i f o r m ,   f i n e - g r a i n e d   s a n d ,  wi th  a bed of s i l t  

between 2 and 3.5 m be low  su r face .   Moi s tu re   con ten t  is h i g h   ( o v e r  20%) 

th roughou t  the p r o f i l e  which would make e x t r a c t i o n   d i f f i c u l t .  

I n  view  of the va r i a t ion   be tween  t h e  b o r e h o l e s ,   f u r t h e r   i n v e s t i g a t i o n  is 

r e q u i r e d   b e f o r e  the  s i t e  can be recommended f o r   d e v e l o p m e n t .   P r i o r   t o  t h i s  

i n v e s t i g a t i o n  a summer r e c o n n a i s s a n c e  is s u g g e s t e d .  The r e l a t i v e l y   p o o r  
q u a l i t y   o f  t h e  material found a t  the s e c o n d   b o r e h o l e   s u g g e s t s  t h a t  f u r t h e r  

i n v e s t i g a t i o n   o f  t h e  s i t e  shou ld  be deferred u n t i l   o t h e r   s o u r c e s   h a v e   b e e n  

exhaus ted .  
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APPENDIX G 

SOURCE 21 7East 

G. 1 SUMMARY 

Material  Type: 

Fines  Content: 

Area of Feature: 

Developable  Area: 

Estimated Volume: 

Excavation Depth:  

Moisture  Content: 

Borehole  Reference: 

s i l t y  sand and sandy s i l t  

estimated  average 50% 

428,000 m 2  

0 

Proven Probable 
( m 3  1 ( m 3 )  
0 0 

not recommended 

over 30% 

21 7ES01 

(3.2 SITE  DESCRIPTION 

G.2.1 Location and Geological  Origin 

Source  217East is located  about 4 km west of the  East  channel j u s t  e a s t  of 

source 217. Its loca t ion  is shown on Figure 2 and Figure G . l .  The deposi t  

appears  to be par t  of the same feature   as   deposi t  217. I t  i s ,  however, more 

kame-like b u t  w i t h  h.mmocky and te r race- l ike   fea tures  on the  main ridge.  

G.2.2 Summary of Previous  Studies 

There  have been no previous  studies  conducted  at  t h i s  s i t e .  

~ . 2 . 3  Results of Current S t u d y  

One borehole was d r i l l e d  on t h i s  s i t e   t o  a depth of 9.2 m and encountered a 

sequence of interbedded ? i l r ; y  sand and sandy s i l t .  S i l t  predominates i n  t h e  

sequence, and i t  is not  of engineering  value. 
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APPENDIX H 

SOURCE 218 

H.l SUMMARY 

Material Type: 

F ines   Con ten t :  

Area of F e a t u r e :  

Developable  Area: 

Estimated Volume: 

Excava t ion  Depth: 

Mois ture   Content :  

Borehole   Reference:  

f i n e   s a n d   a n d  s i l t  

n / a ;  estimated o v e r  50% 

690,000 m 2  

Unknown, rec. r e q d .  

Proven   Probable  
0 rec.  r eqd .  

n o t  recommended 

20 t o  30% 

21 8S01 , 21 8S02 RKL218-A 

H.2 SITE DESCRIPTION 

H.2.1 Loca t ion   and   Geo log ica l   Or ig in  

T h i s  s o u r c e  is l o c a t e d   a p p r o x i m a t e l y  30 km n o r t h - n o r t h e a s t  of Tununuk P o i n t ,  

abou t  1 km west of Mid Lake. RKL (1972)  described t h e  d e p o s i t  as a g l a c i a l  

outwash. The d e p o s i t   a p p e a r s  as two f l a t - t o p p e d ,   s t e e p   s i d e d   h i l l o c k s ,  each 

measur ing   about  1200 m by 300 m by 20 m h igh .  Its l o c a t i o n  is  shown on 

F i g u r e  2 and   F igu re  H.l .  

H.2.2 Summary of P r e v i o u s   S t u d i e s  

RKL (1972)   excavated   one  t e s t  p i t  t o  a depth   o f  1.1 m and  found a c l e a n  

wel l -graded  sand w i t h  some f i n e - g r a i n e d   g r a v e l .  



~ . 2 . 3  Resu l t s   o f   Cur ren t   S tudy  

Two b o r e h o l e s  were completed  on t h i s  s i te :  one  on each h i l l o c k .   B o t h  

e n c o u n t e r e d   i n t e r b e d d e d   d e p o s i t s   o f  s i l t ,  i ce ,  and   f ine-gra ined   sand .  The 

material encoun te red  is of no   eng inee r ing   va lue .  The RKL t e s t  p i t  i n d i c a t e s  

t h a t  there is some u s e f u l  material a t  t h e  s i t e .  I t  seems l i k e l y  t h a t  the 

ma te r i a l  i s  m o r e   l o c a l i z e d   t h a n   p r e v i o u s l y   e x p e c t e d .  A summer 

r e c o n n a i s s a n c e  may be u s e f u l  t o  de t e rmine  whether a s u f f i c i e n t  volume of 

u s e f u l  material exists. 
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APPENDIX I 

SOURCE 218North 

1 . 1  SUMMARY 

Material Type: 

F ines   Con ten t :  

Area of F e a t u r e :  

Developable  Area: 

Estimated Volume: 

Excavat ion Depth:  

Mois tu re   Con ten t :  

Borehole   Reference:  

s a n d ,  s i l t  and i c e  

n / a ;  

1 ,060 ,000  m 2  

0 

Proven P robab le  
( m 3  1 ( m 3  1 
0 0 

n o t  recommended 

10 t o  100% 

21 8NS01 , 21 8NS02, 21 8NS03, 21 8NSO4 

1.2 SITE  DESCRIPTION 

1 .2 .1   Loca t ion   and   Geo log ica l   Or ig in  

T h i s  s i t e  c o n s i s t s   o f  a series of small h i l l o c k s   a n d  r i d g e s  s t r e t c h i n g   n o r t h  

o f   s o u r c e  218 towards  Willow  Lake. T h e i r  l o c a t i o n  is shown  on F i g u r e  2 and 

F i g u r e  1 . l .  

These s i tes  were i d e n t i f i e d   d u r i n g  t h e  a i r  p h o t o   i n t e r p r e t a t i o n   p o r t i o n  of 

t h e  s t u d y  as p o s s i b l y   b e i n g  re la ted t o  s i t e  218 i n  the south  and s i t e  211 i n  
t h e  n o r t h .  As w i t h  these two s o w c e s ,  t h e  f e a t u r e s  that  compr i se   soa rce  

218Nor th   a re  l i k e l y  remnants of g l a c i a l   o u t w a s h   f e a t u r e s .  

Although t h e i r  l imi ted  p o t e n t i a l  was r e c o g n i z e d   d u r i n g  t h e  p r e l i m i n a r y  

s t u d y ,  t h e  si tes provided a s u i t a b l e  route   be tween the source   218   and   source  

211 s o  l imi t ed  d r i l l i n g  was done. 



1 .2 .2  Summary of P r e v i o u s   S t u d i e s  

There have  been no p r e v i o u s   s t u d i e s   c o n d u c t e d  a t  t h i s  these s i t e s .  

1.2.3 R e s u l t s  of C u r r e n t   S t u d y  

Boreholes  were d r i l l e d  a t  s e l e c t e d   l o c a t i o n s   a l o n g  the  series of r idges t h a t  

comprise  t h e  area. Boreholes  218NS01, 02 and 04 penet ra ted   main ly   mass ive  

ice  a l t h o u g h   i n  some h o l e s  some sand   and   grave l  was encountered  below 1.5 m 
t o  2.0 m of overburden.   Borehole  218NS03 encoun te red  s i l t  and some 

in t e rbedded   s and  w i t h  a 1.5 m t h i c k  bed of g r a v e l  a t  a d e p t h  of 5 .O m. On 

t h e  basis of t h e  f o u r  w i d e l y  spaced   bo reho les ,  i t  is u n l i k e l y  tha t  

s i g n i f i c a n t   q u a n t i t i e s  of r e c o v e r a b l e   g r a n u l a r  materials are  p r e s e n t  a t  

these si tes.  
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GROUND ICE DESCRIPTION 

ICE  NOT VISIBLE 

VISIBLE  ICE  GREATER  THAN 50% BY  VOLUME 
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eRAMMR AEIJO(ACE EVALUATION 
KI 685 431 E 523 172 ZB SPECIAL 

TESTS T 
SOIL OESCRIPTION GAM ICE 

DESCRIPTIOH 
i- 

rn 

ROOT  MAT 
ORGANIC SILT IOLI - w i t h   r o o t l e t s ,   l i g h t  brown 
ICEtORGANIC SILT lOL1 - l i g h t  brown 

SILT IMLI -some clay, massive, nonplast ic .   l ight   greyish  br l  

-occasional  very  thinly  cross bedded lens o f  
-trace  fine-grained  sand.dark greyish brown 

SILT IML), clayey, 30 degree  angle 

c r o s s  bedded  coal :ens a t  a 30 degree  angle, 
d d r k  greyish  brown 

SANDIS31 -:"dce s i l t ,  f:ne-g?alned.  occaslonal 15 mn t h i n  

ICEISAND ISPI - t r a c e   s i l t  

SAND ISMI - s i l t y .   o c c a s l o n a l  siltpockG 

ICEeSILT lMLl - t race  sand 
SANO ISMI -some s i l t ,   f i n e - g r a i n e d .   o c c a s i o n a l  20 mm s l l t  

SILT [MLl - t race  sand, f lne-grained.  masslve. o c c a i i i i a l  ~2f 
t h l n l y  bedded  lens o f  S I L T  IMl.1 -clayey 

pocke ts  . ~ ..~ - .. -. ... - . 

Nbn-Nf 
e o  10 
Vr-Vx 20-30X 

V 8  40X 

Nbn 

SO: 50 

Va 50% 

Va-Vx 40X 
vx 20x 
50: 50 

-10 mm l e n s  GRAVEL  IGPI -sandy. subangular 
-becoming:  by 4 . 4  m 

ICE+SILT IMLI 

7 0  30 
Vx IS-20% D SILT IMLI -sandy. t r a c e   c l a y ,   d a r k  g r e y l s h  brawn 

ICEtSILT IML1 

SILT  IMLI-clayey. rnass1ve. n o n p l a s t i c  

ICEtSILT IMLI 

ICEtCLAY IC!.] - s i l t y ,  low p l a s t i c  

- t race  sand, t race   c lay ,   mass ive  

Vx-Vr BOX 
60: 40 

rn vx 20x 
eo: 20 
V x - V r  25-30X 

eo: 20 
Vr-Vx  30X 

j ILT[MLi- t rdCe t o  some c lay ,dark   g rey ish   b rown 

ICEtSIL I  IMLI 
Vr-Vx l o x  
95: a 

ICE 

{ND OF BOREHOLE 8.5 m 126.7 rn E l . )  
" "" ~ 
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i SOIL ~ I P T I O W  

ROOT  MAT AND P E A T  IPTI 
ORGANIC SILT [Oil - t r a c e   s a n d ,  damp when thawed.   nonplas t ic .  

l l g h t   g r e y i s h  brown 

. . _ ~ ~  - -~ 
G R A V E L  IGWI - s a n d y ,   t r a c e   s i l t ,   t r a c e   c o a l .   w e l l   g r a d e d ,   c o a r s e -  

g r a i n e d   g r a v e l   t o   f i n e - g r a i n e d   s a n d , s u b a n g u l a r .  
o c c a s i o n a l   t h i n l y   b e d d e d   l e n s  o f  GRAVEL IGMl-s1lty 

-silty, ~ some o r q a n i c s .  dar&byown 
CLAY T I L L ( C L 1 - s i l t v .   t r a c e   s r a v e l .   t r a c e   s a n d  

-becoming:by 1 .7  m 
- .  

I C E C L A Y  ICL1 - s i l t y .  soil p a r t i c l e s   i n   s m a l l   b a l l s  
d i s s e m i n a t e d   t h r o u g h o u t  

-5011 p a r t i c l e s  maximum 1 mm i n   d i a m e t e r . d a r k   o l i v e  
grey 

-soil p d r t i c l e s  mdxlmum 10 mm i n   d l a m e t e r  

GROUC) I C E  

ilf-Nbn 

ibn 

io: 10 

15: 15 

10: 10 

15: 15 

" 
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E 
W 
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n 

0- 
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4- 

6- 
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WAR RESOURCE EVALUATION RICH*WS ISLANRNnT 
N7 889 773 

SAMPLE 

I E 523 205 29 R E L A T I V E E V A T S N  N..A. 

SOIL DESCRIPTION 

OAGANIC SILT AN0 PEAT [PT) -wlth roots  at  surface 

-f ine-grained. olive  brown 
-becoming: 

SILT [ML) -trace sand. fine-grained.  unlform. thinly  bedded 
30 mm to 50 ma thick.  even,  parallel. with  thin 
laminae,  wavy,  nonparallel,  nonplaatic. olive  brown 

SAND lSP] -trace  silt,  tine-grained.  uniform. occaslonal very 

4 t h  cross  bedded  lenses of SILT [ML), 50 011 to 

-trace  gravel.wlth wood  fragments 25 ma thlck 

thinly  bedded  silt lens. olive b r o m  

100 rn thick  at a 30 degree  angle 

I de 
SILT [W) -so=ine-grained.  uniform.  thinly  bedded.  wavy, 

2.5 m I 

-some sand  to sandy. trace coal. with very thin  beds 
nonparallel. olive  grey 

, and pockets of  medium-gralned  sand 

ICEtCLAY ICU -silty 

SILT [MLI -8oae sand, with  thinly  bedded  lenses of GAAVEL I6Pl. 
sandy 

-wood. 75 ma In dlameter on a 4 5 %  angle 
-olive  grey 

SAW AN0  GRAVEL [SH/GHl -trace sllt. fine-grained  gravel, 
coarse  to  medlum-gralned  sand.occasiona1  very 
thlnly  bedded  lens of Iedium  to flne-grained sand. 
olive - becoming: by 5.5m 

gravel to flne-gralned ssnd.grave1 to 50 mm.angular 
to subangular. smooth, light greylsh  brown 

W V E L  lGWl -sandy. trace sllt. well graded, coarse-grained  gravel 

SAM) IsWW -trace  flne-grained  gravel. trace silt. coarse  to 
fine-gralned  sand,  massive. olive  brown 

ICEtSAW [SPl -f lne-grained.  very thinly  bedded  lenses 1 mm 
-trace coal  fragments 

to 3 mm thick.  even, nonparallel 

6Rww I C E  
OESCRIPTION 

H I  
Wn 
va-vr i5x 

va sox 

vbn 

YC lnr 

vr-vc 10% 

70: 30 

v r  5% 

vc iox 

vc i5x 

L L *" 

Completed 06: 20 86/03/30 
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BRIMUR RE8URCE EVALUATION RIMARDS IsuNDNKl 
N7 688 788 E 523 978 20 RELAJIVE ELEVATION N.A. 

1 
SPECIAL 
TESTS t SAMPLE 6 R w M  ICE 

I SOIL ommIpTIoII 

PEAT (PT) AN0  ORGANIC SILT (OLI - f  ibrous.  dark brown. v e r t i c a l l y  
bedded i ce   l enses  

IESCRIPTID 
0 

6- 

8- 

- 0  

- 2  

6 

8 

'r 20% 

e-Vr 20-30% 
r-Va-Vx 35% 

SILT IMLI - t race   c lay ,  massive, nonp las t i c .   l i gh t   g rey i sh   b rown  

o-vr-vx 38% 

- t race  coal   f ragments.occasiona1  pockets o f  i r o n  
o x i d e   s t a i n i n g  X-VI--V. 35% 

- t race   f ine-gra ined sand 
x-Vr-Vm 20% 

- t race   c lay ,   t race  sand,  massive, m o t t l e d  medium grey 
and i r o n  oxide s t a i n i n g  

x - V r  13-25% 

- t r a c e   o r a v e l   t o  3 mn. s u b r w e d  
ICE-clear. c rys ta l l ine ,   a i r   bubb les   d isseminated   th roughout  

-with o c c a s i o n a l   s o i l   p a r t i c l e s  

-beconing d i r t y   w i t h   d e p t h  

CEtSANO ISHI - s i l t y .   f i ne -g ra ined ,  massive.  medium g r e y i s h  
brown 

3: 50 

3: IO 

CEtSILT (MLI -2 mm diameter soil par t i c l es   d i ssemina ted  
throughout 

-c lear.   c lean 

NO OF BOREHOLE E.0 m 
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APPENDIX J 
SOURCE  219 

J.l SUMMARY 

Material  Type: well  graded  sand, some gravel 
uniform  sand 

Fines  Content: 0 t o  172, average 4% 

Area of Feature: 1,500,000 m 2  

Developable  Area: 7,500 m 2  

Estimated Volume: Proven  Probable 
( m 3  1 

type II borrow 30 000 
type II & type IV 
borrow w/m.c. over 10%  200 , 000 rec.   reqd. 

Excavation  Depth:  varies from 4 rn to 8 m 

Moisture  Content: 5 t o  20% 

Borehole  Reference: 21  9SOl , 21 9S02, 21 2S03, 21 9S04, 
21 9S05, 21  9S06  21  9S07 , 21 9S08, 
219309,  219S10,  219S11,  RKL219-1 to 
RKL219-5, RKL219-A, RKL219-B 

5.2 SITE DESCRIPTION 

J.2.1 Location and Geolonical Origin 

High ly  variable  subsurface  conditions were encountered  during  both  the 

RKL(1972) inves t iga t ion  and the  present  one. Some borings  encountered 

Type II granular  material,  while  others  encountered  only s i l t  and ice .  



Fine-grained  sand was a l s o   e n c o u n t e r e d .  One area c o n t a i n i n g  3 0 , 0 0 0  m 3  of 

Type  I1 borrow has been   i den t i f i ed ,   however ,  t h e  rest of  t h e  area is t o o  

v a r i a b l e   f o r   a c c u r a t e   d e l i n e a t i o n   o n  the basis of t h e  e x i s t i n g   b o r e h o l e  

coverage .   High   mois ture   conten ts   (over  10  p e r c e n t )  are  typ ica l  th roughou t  

most  of the s o u r c e ,   i n d i c a t i n g  t h a t  more expens ive   ex t r ac t ion   me thods  will 

be requi red .   However ,  t h e  p o t e n t i a l l y   l a r g e  volume  of   mater ia l  may j u s t i f y  

t h e  a d d i t i o n a l   e x p e n s e .  

5.2.2 Summary of P r e v i o u s   S t u d i e s  

RKL(1972) has excavated  two t e s t  p i t s  and d r i l l e d  f i v e   b o r e h o l e s  a t  t h i s  

s i t e .  They have  determined t h a t  t h e  d e p o s i t   c o n t a i n e d  a l a r g e  volume  of 
g r a n u l a r   m a t e r i a l ,  b u t  t h a t  i t s  d i s t r i b u t i o n  was e r r a t i c .  Some l o c a t i o n s  
con ta ined   s andy   g rave l   and   o the r s   g rave l ly   s and .   However ,  some of  t h e  

bor ings   encountered   mass ive  ice  and /o r  i cy  s i l t  a t  r e l a t i v e l y   s h a l l o w  

d e p t h s .  

5.2.3 Resu l t s   o f   Cur ren t   S tudy  

D e s p i t e  the g e n e r a l   v a r i a b i l i t y  of t h e  d e p o s i t ,   o n e  area a p p e a r e d   t o   c o n t a i n  

a c o n s i s t e n t   d e p o s i t   o f   T y p e  I1 material t o  a d e p t h  of approx ima te ly  4.0 m. 

The material became si l t ier  (Type 111) below t h i s  d e p t h .  This  was ev idenced  

by t h e  b o r e h o l e  data and by material e x p o s e d   i n   l o c a l   s l o p e s .  The l o c a t i o n  

of  t h i s  area is shown as Area A on   F igure  5.2. The m o i s t u r e   c o n t e n t  was 

less t h a n  5% a n d   t h e r e f o r e   e x t r a c t i o n   s h o u l d  be feasible d u r i n g  t h e  w i n t e r  

months. The volume of material i n  Area A is approx ima te ly  30,000 m 3 .  

Over the r e s t  of the s i t e ,  c o n d i t i o n s  were more   va r i ab le .  Many of the bore- 

h o l e s   e n c o u n t e r e d  a bed o f   g r a n u l a r  material up t o  5 m t h i c k .  The material 

was predominantly  medium-grained  sand w i t h  some g r a v e l   t o  20 mm.  S i l t  

c o n t e n t s   a v e r a g e   a p p r o x i m a t e l y  41, b u t  are as h igh  as 20%. Some samples  
e x h i b i t e d   g a p - g r a d e d   g r a i n   s i z e   d i s t r i b u t i o n s   a n d  some samples  were q u i t e  

un i fo rm.   S ince  i t  has n o t   b e e n   p o s s i b l e   t o   d i f f e r e n t i a t e   b e t w e e n  areas of 

d i f f e r e n t   g r a d a t i o n a l  charac te r i s t ics ,  a s i n g l e   g r a i n   s i z e   e n v e l o p e  





for  the  source  (Figure 5 .3 )  has been produced.  Moisture  contents  to 20% 

were common i n  the  deposi ts .   Consider ing  these  factors ,   the   deposi t   has  

been c lassed   as  Type III borrow. 

The volume of the  resource was estimated by determining t h e  area where  most 

boreholes  encountered a granular  deposit   at  least 5 m th ick .  A reduction 

f ac to r  of 50% was appl ied  to   account   for   the  fact  tha t  the  deposit  was not 

continuous. 

A portion of t h e  granular  material  is covered w i t h  a veneer of s i l t y  till. 

T h i s  t i l l  reaches a thickness of approximately 3 m a t  one borehole  loca- 

t ion .  

A petrographic  analysis was  made on a sample of mater ia l  combined  from 

borehole 21 9S02 and 21 9SO9. The resu l t s   a re   p resented  i n  Table J .  1 . The 

presence of a s ign i f i can t  component of cher t   suggest   that  t h e  mater ia l  is 

not  suitable  as  concrete  aggregate,  even a f t e r  washing and screening. 

5 . 3  PIT DEVELOPMENT 

T h i s  sect ion of the  report   contains  recommendations f o r  development of the 

area shown as Area A on Figure 5 . 2 .  I t  a130 addresses,  i n  a more prelimi- 

nary  manner,  the  development of the  ent i re   source.   Si te   reconnaissance of 

the  remainder of the  source is recommended before  development is  contem- 

plated.  Recommendations presented  here mast be re-evaluated i f  addi t ional  

data becomes ava i lab le .  

5.3.1 Access 

Winter  access is recommended f o r  t h i s  source. The most p rac t i ca l   rou te   t o  

t h e   s i t e  is from the west by proceeding from the  Mackenzie  River  over Ya-Ya 

Lake. For a very  large  operation  an  all-weather  road from shore   to   the  

source  might be p rac t i ca l .  
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TABLE J . l  PETROGRAPHIC ANALYSIS - SOURCE 219 

O r t h o q u a r t z i t e  44 .2% - S i l i c i f i e d  f ine -g ra ined   s ands tone   and  
s i l t s t o n e   g r a d i n g   i n t o  amorphous s i l i c a ;  
v a r i o u s   c o l o u r s ;  h a r d  a n d   d u r a b l e ;  
subrounded t o  a n g u l a r  f lakes  of larger 
p i e c e s .  

Chert 

Q u a r t z i t i c  

Basalt 

Q u a r t z  

31.7% - Amorphous s l i c i a  t o   s e m i - t r a n s l u c e n t  
cherts;  brown t o   g r e y  w i t h  some black 
p i e c e s ;   s u b a n g u l a r  t o  subrounded. 

13.8% - Medium to c o a r s e - g r a i n e d   s a n d s t o n e ;  
s i l i c i f i e d   a n d  grades i n t o   o r t h o q u a r z i t e ;  
h a r d ;  subrounded t o  a n g u l a r .  

6.1% - Aphar i t i c  ( v e r y   f i n e - g r a i n e d ) ,  b lack ,  
h a r d ,  r o u n d e d   t o   a n g u l a r ;  some pa r t i c l e s  
show modera te   weather ing .  

4.2% - C r y s t a l l i n e   f r a g m e n t  t h a t  a p p e a r   t o   h a v e  
b roken   o f f  large c l a s t s ;  w h i t e ,  hard and 
a n g u l a r .  

100% 

NOTE: Based on  combined sample of  219S02  (0-0.6 m )  and  219309  (1.9-2.6 m ) .  



5 . 3 . 2  S i t e   P r e p a r a t i o n  

Very l i t t l e  overburden was p r e s e n t   i n  Area A .  What l i t t l e  is encoun te red  

shou ld  be s t o c k p i l e d   f o r   u s e   d u r i n g   r e c l a m a t i o n .  These s t o c k p i l e s   s h o u l d  be 

s i t u a t e d  well away from Ya-Ya Lake s o  t h a t  melt water from t h e  s t o c k p i l e s  

d o e s   n o t   e n t e r  t h e  lake .  S imi la r ly ,  d ra inage   f rom the d e p o s i t  i t se l f  s h o u l d  

be  directed away from Ya-Ya L a k e .  

Over t h e  ma jo r   po r t ion   o f  the r e s o u r c e ,  s i t e  p r e p a r a t i o n   s h o u l d   c o n s i s t  of 
s t r i p p i n g  the overburden from t h e  area t o  be developed.  The overburden 

shou ld  be placed i n   s t o c k p i l e s  well away from the w o r k i n g   p i t ,   s e p a r a t i n g  

the o r g a n i c  material from t h e  i n o r g a n i c  material .  As a n   a l t e r n a t i v e   t o  

s t o c k p i l i n g ,  the  i n o r g a n i c  material may be placed i n   p r e v i o u s l y   d e v e l o p e d  

p o r t i o n s   o f  the p i t  as p a r t  of t he  r e s t o r a t i o n   w o r k .  This would  not be 

p o s s i b l e  i f  t h e  worked-out   por t ions  of t h e  p i t  were r e q u i r e d   f o r  access or 

for   impounding of meltwaters. 

5.3.3 Ext rac t ion   Methods  

Area A may be developed f i r s t  because of its p r o v e n   r e s o u r c e s ,  h igh  q u a l i t y  
and low m o i s t u r e   c o n t e n t .  On t h e  basis of t h e  s i n g l e   b o r e h o l e  i t  appears 

t h a t  t h e  r e source   can  be s t r i p p e d  t o  a d e p t h  of 4 m .  The m o i s t u r e   c o n t e n t s  

are  approx ima te ly  '5 p e r c e n t ,  s o  t h a t  c o n v e n t i o n a l   r i p p i n g   a n d   s t r i p p i n g  

methods  can be used. The material shou ld  be s t r i p p e d   a n d   l o a d e d  d i r ec t ly  as 

there i s  no  advantage t o  be  g a i n e d   f r o m   t e m p o r a r y   s t o c k p i l e s .  

The remainder   of  t he  s o u r c e  has a g e n e r a l l y   h i g h e r   m o i s t u r e   c o n t e n t   a n d  

o f t e n  a s u b s t a n t i a l   o v e r b u r d e n   ( u p   t o  3 m ) .  The u s u a l  practices f o r   g r a n u -  
l a r  r e s o u r c e   e x t r a c t i o n  will n o t  be adequate i n  t h i s  c a s e .   C o n s i d e r a b l e  

e x t r a   e f f o r t   i n  t h e  p l ann ing   and   execu t ion   o f  t h e  o p e r a t i o n  will be  r e q u i r -  

e d .   T h i s  will be j u s t i f i e d  o n l y  if the  e x t e n t   o f  the  r e s o u r c e   c a n  be  proven 

and a large demand ex is t s .  I n c r e a s e d   s u p e r v i s i o n   o f  p i t  opera t ion   would  

a l s o  be   r equ i r ed .  



The areal  e x t e n t   o f  t h e  d e p o s i t  is q u i t e   l a r g e   a n d   t h e r e f o r e   s t a g e d   d e v e l o p -  

ment is recommended.  Overburden m u s t  f i r s t  be s t r i p p e d   f r o m  t h e  area t o  be  

d e v e l o p e d   a n d   s t o c k p i l e d ,   s e p a r a t i n g  t h e  o r g a n i c   t o p s o i l .  The c u t  face of 

t h e  overburden   should  be  l e f t  as n e a r l y   v e r t i c a l  as p o s s i b l e .   S u f f i c i e n t  

overburden   should  be s t r i p p e d  t o  l e a v e  a buffer   zone  between t h e  overburden 
f ace   and  the  proposed p i t  t o  a l l o w   f o r   s l u m p i n g   o f  t h i s  material. This  

bu f fe r  zone   should  be a t  l ea s t  three times t h e  h e i g h t  of  the overburden 

f a c e .  

When t h e  g r a n u l a r  material beg ins  t o  thaw i t  can be s t r i p p e d   a n d   p l a c e d   i n  

windrows t o  d r a i n .  If t h e  thawed material is worked r e l a t i v e l y   c o n t i n u o u s l y  

i t  can be expec ted  tha t  the f u l l  5 m t h i c k n e s s   o f  t h e  d e p o s i t   c a n  be ex- 

t r a c t e d   i n  two t o  three summers. Each s tage of the development   should be 

s i z e d  t o  p r o v i d e   s u f f i c i e n t  material t o  meet p r o j e c t e d   a n n u a l  demand. 

5.3.4 Treatment  of  Ground Ice 

Site s p e c i f i c   r e c o m m e n d a t i o n s   f o r   t r e a t m e n t   o f  massive ice  cannot  be made 

due t o  t he  v a r i a b i l i t y   o f  ice bod ies .  Each o c c u r r e n c e   m u s t ,   t h e r e f o r e  be 

e v a l u a t e d   i n d i v i d u a l l y  as i t  is e n c o u n t e r e d   i n  the p i t .  Use of a geophysi-  

cal  method,   such as g round   pene t r a t ing  radar,  may h e l p  i d e n t i f y   m a s s i v e  ice  

d e p o s i t s   i n  the p i t  p l a n n i n g  s tage.  

No ind ica t ion   o f   mass ive  ice  d e p o s i t s  are  e v i d e n t   f o r  Area A of t h i s  s o u r c e .  

Even so ,  t h e i r  o c c u r r e n c e   s h o u l d  be a n t i c i p a t e d .  Where p r a c t i c a l ,   e x t e n s i v e  
bodies   o f  ice shou ld  be avo ided .   Th in   o r  less areal ly  e x t e n s i v e   b o d i e s   o f  

i ce  w i t h i n  the g r a n u l a r  materials s h o u l d  be excavated   and  wasted, or   exposed  

t o   p e r m i t   t h a w i n g   d u r i n g  the summer. 

5.3.5 Drainage 

Drainage  from t h i s  s o u r c e   s h o u l d   n o t  be al lowed t o  e n t e r  Ya-Ya Lake, which 

is a v a l u a b l e   r e s o u r c e  t o  t h e  l o c a l   p e o p l e .  The small lake t o  t h e  s o u t h   o f  

Area A is l i k e l y   o f  less economic  importance  and i t  s h o u l d  be p o s s i b l e  t o  



use  t h i s  lake t o  r e c e i v e  water f rom  mel t ing  ice  a n d   s u r f a c e   r u n o f f .  If t h i s  

is n o t   p o s s i b l e ,   t h e n   a n  impoundment s t r u c t u r e  may have t o  be  c o n s t r u c t e d .  

The c o s t  of an  impoundment s t r u c t u r e  would have t o  be weighed   aga ins t  t h e  

economic  and  environmental  costs of   contaminat ing  Ya-Ya Lake. G r a v i t y  

d ra inage   o f   c lo sed   dep res s ions   caused  by thaw may n o t  be p o s s i b l e .  Pumps 

may be r e q u i r e d  t o  m a i n t a i n   a c c e p t a b l e  t r a f f i c a b i l i t y  d u r i n g  t h e  summer 

months. Thaw ponds i n   t h e   p r e v i o u s l y  worked a r e a s  are  u s u a l l y   a c c e p t a b l e  

a n d   c o n v e n i e n t   d e s t i n a t i o n s  f o r  discharge from the act ive p i t .  

5.3.6 Waste Material 

Development of the ma jo r   po r t ion   o f  t h i s  s o u r c e  will p r o d u c e   s u b s t a n t i a l  

amounts of waste  material. The waste material shou ld  be s t o c k p i l e d   n e a r  t h e  

o v e r b u r d e n   f o r   u s e   i n   p i t   r e c l a m a t i o n .   F i n e - g r a i n e d   m a t e r i a l   o b t a i n e d  a t  

d e p t h  will undoubtedly  have  high ice  c o n t e n t s ;   t h e r e f o r e ,  waste p i l e s  may 

have t o  be conf ined  by berms  of  thaw s t ab le  material. 

5.3.7 R e s t o r a t i o n  

On Opening t h e  f i r s t  s t a g e  of t h e  p i t ,   o v e r b u r d e n   a n d   o r g a n i c   s o i l   s h o u l d  be  

s t o c k p i l e d .  When s u b s e q u e n t   s t a g e s  of t h e  p i t  are opened  overburden may be  

p l a c e d   i n   e x h a u s t e d   p o r t i o n s  of the  p i t  while o r g a n i c   s o i l   s h o u l d  be added 

t o  t h e  e x i s t i n g   s t o c k p i l e .  The o r g a n i c   s o i l   s h o u l d  be used t o  cover  s tab le  

exposed   s lopes   and   h i l l t ops   whereve r  feas ib le .  



5 . 4  BOREHOLE LOGS 



UNIFIED SOIL CLASSIFICATIONt 
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MAJOR  DIVISIONS 
GROUP 

SYMBOLS 
TYPICAL NAMES 
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ICE NOT VISIBLE 

I I 
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LEGEYD 
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0 i SOIL DesQlIPfIOW 

PEAT (PTI -fibrous, with rootlets, dark brown 

SAND ISMI -some silt, some gravel, trace to some organics, 
-siltv. trace to some sand. coarse to medium:grained 

organic content decreases with depth, gravel to 
50 mm , subrounded. smooth. dark bronn 

-DAILLER'S NOTE: hole  sloughing 
-gravel subrounded to subangular.medium to dark brown 

SAND ISH1 -some gravel, trace silt, coarse t o  fine-grained 
sand.grave1 decreases with depth,light grey 

SAND (SMl -trace silt. trace gravel, medium to fine-grained 
-becoming: by 2.0 m 

-silt content decreases with deoth 
sand 

SAND (SP] -trace silt. medium to fine-Qrained 
ICE-trace sand and silt 

-becoming: by 2 . 7  m 

SILT IMLI -sandy. very thinly bedded, curved, nonparallel, 
dark brownish grey 

-ice content increases nith depth 

-trace 5 mm grave1,dark olive grey 

-~ 
ICEISILT IMLI -sandy.  dark olive grey 

-occasional lens of ICE 100 mm thick 

ENDOFTHOLE 9 . 1  m (32.2 m E l . )  

BRWNO ICE 
OC~CAIPTIO( 

N t  
vr-vc 15% 

M I  
vr-vc 15% 

Vbn 

#C 20% 

Ir-vs 15% 

Ir-Vs 20% 

Ir 30% 

fr-vs 40% 

io: 40 

IO: 50 
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W 

SOIL  DEBCRIPTION 

GRAVEL IGWl -some sand t o  sandy,  clean,  clast  supported. 
subangular t o  subrounded.brown 

SAND [SPI - g r a v e l l y .   t r a c e   s i l t  
-becoming: by 0.6 m 

SAND ISM) -some s i l t   t o   s i l t y ,  medium-grained,  medium t o  

SAND lSPl - t r a c e   s i l t ,   t r a c e   c o a l ,   l i g h t   b r o w n  

- t races   o f   b lack   o rgaac . lenses  

dark  brown 

-occasional  seams o f  c o a l  10 mm t h i c k  

SAND ISPI AND  COAL 

SAND [SPl - t r a c e   s i l t ,  medium-grained. l i g h t  brown 
- t race   g rave l  

- t r a c e   t o  some s i l t .med ium  to   f i ne -g ra ined .  
l i g h t   g r e y i s h   b r o n n  

_ _ _ ~ "  "" 

SILT lMLl - th in ly   laminated.   dark  grey 

ICE-occas iona l   su i1   1ens .c rys ta l l ine .c loudy  

-becoming: 
ICEtSOIL 

SILT IMLI - th in ly  laminated,  dark grey 
~- ~" "~ 

-trace  o f  medium-grained sand.some l i g h t   g r e y  
m o t t l i n g  

_____-. ___ 
SAND ISP) -medium-grained, t r a c e   i r o n   o x i d e   s t a i n i n g .   g r e y  

-c?ean. t r a c e   q r a v - e l   t o   ? O A m a b w d _ e L t a b a n o u l a r  
END OF BOREHOLE 
REFUSAL  DUE TO COARSE  GRAVEL 

7.6 m 137.4 in E l . )  

E R W M  ICE 
ICSCRIPTION 

I t  

Ibn 

I t  

Ibn 

'x-Vc trace 

' X  20x lcoal l  

'x  30% Icoell 

Ibn-Nbe 

lbe 

Ibe 

Ibe-Vx trace 

80: so 
r -Vs-Vx  4 0 X  

r-Vs-Vx 3 0 X  

'bn-Nbe 
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1 

SOIL DESCRIPTION 

SILT IMLl -clayey, some. organics.  grey  brown 
I C E - c l e a r , t r a c e   s o i l   i n c l u s i o n s  

CLAY lCLl - s i l t y .   t r a c e   g r a v e l  10 mm. subrounded.  massive 
dark  grey 

m a - s a n d y l t r a c e g r a v e l  20 mm. subrounded t o  subangular. 

SANO (SP] - t race   g rave l  20mm 
qrev bronn----p- 

-100 mm lens  s f  SILT  T ILL ,c layey , t race   coa1, t race  

SAND ISPI -clean.  medium-grained,  medium grey ish  brown 
g rave l  

-100 mm lens   o f   S ILT  T ILL ,   c layey ,   t race   coa l ,   t race  
g rave l  

SAND ISHI -c lean .   t race   g rave l  10 mm. subrounded t o  subangular. 

SILT lMLl -dark  grey 
. brown 

=PI -clean. medium t o   f i n e - g r a i n e d ,  medium grey ish  brown 
- t race   g rave l  20 mm.trace  coal 

- t race   g rave l  10 mm,trace  organics 

-some g rave l  10 mm,trace  coa1,coarse t o   f i n e -  
grained  sand 

- f ine-gra ined,   t race  coarse-gra ined  sand  pockets .  
medium grey ish  brown 

- t r a c e   g r a v e l  10 mm disseminated  throughout  

F E T c c a s i o n a i - s i i l   i n c l u s i o n  
~ . . - "" _.__ 

- t race  so i l  

3 10-15% 

10 
ln-Nbe 

ln-Nbe 

r-vx t r n c s  

38 

38 

SPECIAL 
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NUMBER 
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BOREHOLE LOG AND LABORATORY TEST RESULTS 



GRINu*R RE801ACt EVALUATION 
KI 676 686 E SI6 074 20 

T 

RICHARDS 1BuM.m 
ELATIVE ELEVATION 34.3 U 

SILT  TILL IML) -some sand, trace  to some clay,  trace  gravel 5 mm. 

ICE-very thinly  bedded.even.nonparalle1 

-100 mm lens of ICEtSILT  TILL 

CLAY [CLI - s i l t y .  ~ ~~ t race  to some f ine-grained  sFdLbrnwn-organics 
ICEtSILT 

-trace  fine-grained sand 

-becoming: 

-very  thinly bedded, even, nonparallel ,   dark grey 

-sandy. trace  clay,  very  thin  laminae, wavy 
-gravel t o  50 mm,subrounded,smooth 

IN0 OF BOREHOLE 19.2 m (15.1 m €1.1 

fr 30-40% 

10: IO 

10: 20 

10: so 

0: 30 

0: so 

TIC 
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T I mouM I C E  
DCSCRIPTIOH 

SILT IMLI -clayey. occaslonal  rootlets  throughout, 
medium  brown 

VB-Vr 25% 

SAND lSPl -trace  to some f ine-grained gravel. subangular 
-peaty 

clasts  to 10 mm.poorly  graded 

-gravelly, clean. well  graded,  clasts  to 20 mm, 
medium  greyish  brown 

Nbe 

V r  40% 

-100 mm coal  lens,fragments 10 mm in diameter 

-medium-grained,  clean,  occasional  gravel 20 mm. 
I 

subrounded  to  subangular 

-50 mm lens o f  coal  and  organics 
V r   t r a c e  

NbE. V B  
V x  30X 

GRAVEL IGH) -sandy. silty 

SAND ISP) -trace f ine-grained gravel,  occasional  clasts  to 
-becoming: by 5.4 m 

some  coarse-grained,medium  greyish brown 
20 mm,predominantly  medium-grained sand  trace t o  NbE 

-trace  organics  and  coal 

-clean.occasional 15 mm clasts,occasional  gravelly 
pockets  fine-grained,well  graded 

-becoming: by 1 . 2  m 
GRAVEL lGWl -sandy. clean,  well  graded,  gravel 30 mm subrounded. 

v x  15% 

90: 10 

95: 5 
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w a n 

HI 676 759 a 1 6  2147 26 RELATIVE ELEVATION 49.4 1.1 
8-C 

SILT [MLl -some  clay,  rootlets,  top 100 mm peaty,  medium to 
light  brown 

-clayey. medium  brown 

_I__ _____"__ 
SAND (SP) -gravelly. clean,  well  graded,  medium-grained,  medlum 

greyish  brown 

SAND ISMI -some gravel, some silt. well  graded,  subangular 

SAND and GRAVEL (SP) trace  silt,  poorly  graded,  subrounded  to 

-becoming: by 5.1 m 

" c la& .tLLOUmda!%XfiylshrUl.!lD".-- 

subangular  clasts  to 15 mm.medium  greyish  brown 

" ~ _ _ _ _  
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1 I I 1 I 1 I I I 1 1 1 1 I 1 1 

ES16 700 28 REUTIVE ELEVATION 36 W 

SOIL OEgcRIMION 
B R D W  ICE 
DE8CRIPTION 

[AND  [SP) - t race  f ine-gra ined  gravel  15 mm. clean,  coarse  to 
EAT IPTI -moss and r o o t l e t s  

medium-grained  sand.medium greyish  brown 

SILT IHL) -medium g r e y i s h  brown. lens 300 mm t h i c k  

SAND  [SP) -medium-grained, occasional   ClaStS t o  20 m. 
subrounded.occasiona1 coa l  c l a s t   t o  10 mm. 
medium greyish  brown 

GRAVEL  [GHl -sandy.  clean. well graded, f ine-grained. 20 mm 
gravel .  lens 100 mm t h i c k  

SAND ISPI -coarse t o  medium-grained 

. - t race   g rave l   d isseminated  throughout.medium-grained 
- s i l t y .   t r a c e  10 mn grave l ,   we l l   g raded 

sand 

SAND and GRAVEL ISHI t r a c e   s i l t ,   w e l l  graded,  subrounded 
c l a s t s   t o  20 mm 

GRAVEL IGnI -sandy. t r a c e   s i l t .   c l a s t s   t o  75 mm. subangular 
-becoming:  by 5.0 m 

- c l a s t s   t o  30 nm 

END OF BOREHOLE 7 .8  m 128.2 m El.1 
BOREHOLE  TERMINATION  DUE TO SLOUGHING  GRAVEL.  UNARLE I TO  RE- 
ENTER  HOLE HITH CRREL  BARREL. 

SPECIAL 
TESTS 

BOREHOLE L O G  AND LABORATORY TEST RESULTS 



- -~~ 
grained  gravel, subroundad to-subangular. medium brown 

ICE-clear 

ICEtSILT [ML] - t race t o  some f ine-grained sand 

END OF BOREHOLE 6 . 1  131.0 n El . )  
" - -~ 

mOuM ICE 
ESERIPTION 

f 

bn 

0: 30 

0: 20 

SPECIAL 
TESTS 



f SPECIAL 
TEST8 LASTIC y*tB LIQUID 

I M I T  mmr?;m LIMIl 

0 

2 

4 

6 

B 

0 

ORGANIC  SILT lOLl AN0  PEAT IPTI 

SILT IML] -clayey. trace  to some sand.  very thinly bedded,  even, 
nonparalle1,low  plastic 

-ice content  increases  with  depth 

'm-Vr 3 O X  

1 0  50 

r-Va 2SX 

P 30% 

r 2SX 

1 ICE,SILT;;;;oming: 
SANO [SM) -silty. trace gravel, f ine-grained. uniform,  medium 

brown. 
PEAT IPTI -verv dark  brown  to  black 

.~ 

SILT [HL) -sandy. trace clay, thin laminae,  wavy, nonparallel. 
- -  . 

nonolastic.olive  brown 
trace f he-grained sand,  very thinly bedded. 

even.nonparallel.nedium  olive  brown s-Vr 15% 

r 40% 
0 30 

r 5% 
f ine-grained. trace  angular gravel, 

very thinly  bedded, wavy. nonparallel.  medium I ' olive  brown 

'0: 10 

I 

06-03-1986 11: 2 0  58 
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c 

t 
SOIL OEBCRIPTIM 

GRAVEL IGHI -sone sand, trace  silt,  well graded, gravel  to 30 mn. 
subrounded  to  subangular  clasts.medium  greyish  brown 

SAND lSPl -gravelly. coarse  to medium-grained, subrounded to 
-becoming: by 1.0 m 

subangular  clasts t o  15 mm 

-occasional  clast to 30 mm 

-silt content  increasing.clasts  to 15 mm 

CLAY ICLI -silty. massive,  dark  grey 

END OF BOREHOLE 5.8 m (19.1 m El.] 

If. Nbn troce 

If 

be. V x  t r o c e  

bn-Nf 

r 15% 

I I  

11 

." 
SAWLC TYPE 

E3 
m AUGER 

EBA Engineering  Consultants  Ltd. 
Completed 15: 30 86/03/20 

ORILLING RIG: CME 750 CRREL ORAMIN6 -EA 

BOREHOLE L O G  AND LABORATORY TEST  RESULTS 

TESTS 

- 0  

- 2  

B 



I" N7 676 746 

T 
E Si6 977 ZB RELATIVE  ELEVATION 28.4 (m1 

SOIL  OESCRIPTION 

SAND [SP) -some  gravel 50 mm. subrounded. clean, coarse to 
medium-grained sand. medium  greyish  brown 

SILT  TILL IHLI -sandy. clayey, some  gravel to 50 mn. dark 
greyish  brown 

ICE-trace o f  soil.ice bulking in core  barrel  while 
sampling 

END OF BOREHOLE 4.7 m 123.7 m El.) 

~ ~~ ~ 

WOUND ICE 
OESCRIPTIOL 

)If 

m n  

r X  50% 

PLASTIC IIATCR LlOUIl 
LIMIT C O N l N U )  LIHI 

" 

SAMPLE TYPE 
EE?l rJ"J CRREL 

EBA Engineering  Consultants  Ltd. 
Completed 20: 45 86/03/20 (Edmonton1 NUMBER 
DRILLING RIG: CUE 750 ORAWING NUMBER 

AUGER 

BOREHOLE L O G  AND LABORATORY TEST RESULTS 

SPECIAL 
TESTS 

" 

1-12-1986 16: 3% 32 



I 676 7!46 

SAND ISH-SMI -gravelly.  trace  silt,  gravel  to 50 mm. angular 
to  suhrounded.  coarse  to f ine-grained  sand,  ne11 
graded,  dark  brown 

I 

-unable  to  advance CRREL barre1,drill  with  solid 

-becoming:  by 4 . 1  in 
auger 

SAND [SHl -gravelly.  trace  silt,  well  graded,  coarse  to  fine- 
grained  sand 

-gravel  content  decreases  uith  depth 
-becoming:  by 4.8 m 

-some  fine-grained grave1,well  graded 
SAND ISMI -some  silt,  trace gravel. medium  olive  brown 

-occasional 
6.7-8.2 m 

lens o f  coarse-grained gravel  between 

Nbn. t r n c a  Vc 

vc-vx 10% 

SAND (941 -trace  gravel,  trace silt, homogeneous.  massive.  dark 
grey I Nbn-Nb0 

ICE 1 
EBA Engineering  Consultants  Ltd. BOREHOLE 

DAAWING FluwBeR 219S11 

1 

BOREHOLE LOG AND LABORATORY TEST RESULTS 
06-03-1906 1 2  30: 10 



5.5 LABORATORY TESTING 
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PARTICLE - SIZE  ANALYSIS OF SOILS 

CLAY  SILT t SAND  GRAVEL 
FINE 1 MEDIUM [COARSE( FINE I COARSE 

U.S. STANDARD  SIEVE  SIZES 

too 

90 

80 

70 

60 

50 

40 

30 

20 

10 

0 

, .  . . . 

, .  . . 

5.0 10 20 

GRAIN SIZE - MILLIMETRES 

DEPTH 

( rn)  

DESCRIPTION BOREHOLE 

NUMBER 
c u  cc ;YMBOL U.S.C. 

- 

CLAY 
(%) 

- 86219501 

86219S01 

86219S01 

- 9 0  - 1.21 

1 - 8 0  - 1.81: 

2. 40 - 2. 41 

16. 0 70. 3 13. 7 

5. 1 

. 2  

- 

3. E 

2. 2 

- 

1.0 

1. 3 

5. 4 89. 5. 

6. 3 93. 5 

SP-SM . . . .  

SP-SM "- 



PARTICLE - SIZE ANALYSIS OF SOILS 

CLAY  SILT t 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 

c 

I 
1 .  . .  , 

. . , .  

, . . . , . . . . 

.0005 .001 ,002 ,005 

GRAIN  SIZE - MILLIMETRES 

7- U.S.C. 

DEPTH 

(m) 

DESCRIPTION 
YMBOL 

BOREHOLE 

NUMBER 
cu C L A Y  

( % I  + 

JOB NO. 101 -4480 

~~ 

2 86219S02 0.00 - .60 

.60 - 1.00 

2.00 - 2.10 

3.00 - 3.30 

47. f 

26. 

.. 

0. I 

9. 3 1. 4 sw . 6  51.9 

2. 5; 71. 2 

. 8  98.9 

, . . . ! 86219S02 8. 7 . 9  

. 9  

1. 3 

SP 

SP 

SP-SM 

- - L 86219502 1. 6 

- -j 86219502 5. o 95. a 2. 6 

".. . 



PARTICLE -SIZE  ANALYSIS OF SOILS 

CLAY  SILT SAND  GRAVEL 
FINE I MEDIUM   COARSE^ FINE I COARSE 

U.S. STANDARD  SIEVE SIZES 

I oc 

9c 

8C 

70 

60 

50 

40 

'0 

20 

10 

0 

. . .. 

. .  

. , . I  

. , I  

, . ,  , 

, .  1 
.0005 .001 ,002 

GRAIN  SIZE - MILLIMETRES 

DESCRIPTION 
YMBOL 

BOREHOLE 

NUMBER 

DEPTH 

(ml 
U.S.C. 

3. n 1. o SP 1.70 - 1.80 - 4. 1 

~ 

95.0 .I 0 

2. n .9 SP 3.30 - 3.40 - 2. 8 97.1 I 1  

1. 6 .9 SP 

2. s 1. n SP 

4 . m  - 5-00 98. 2 0. C 1. e 

6.70 - 6-80 1.5  98.3 . 2  

I 
DATE 86-5-35 



PARTICLE - SIZE ANALYSIS OF SOILS 

CLAY  SILT SAND  GRAVEL 
FINE 1 MEDIUM [COARSE/ FINE I COARSE 

U.S. STANDARD  SIEVE  SIZES 
-8  
7 1 oc 

9c 

8C 

70 

60 

50 

40 

30 

20 

10 

0 

.Ol 

, .  

I . .  

, . . .  

. .. 

I .  

L 

GRAIN  SIZE - MILLIMETRES 

I DESCRIPTION 

CLAY SILT SAND  GRAVEL cu c c  U.S.C. 
( % I  (%)  (%) ( % I  

YMBOL 
DEPTH 

(m) 

BOREHOLE 

NUMBER 

- .3 99.6 . 1  2.3 1.0 

- : 2. 9 60. 9 36. 2 8. 1 

SP 

- 7 :  SP 



PARTICLE -SIZE  ANALYSIS  OF SOILS 

CLAY  SILT  SAND 1 GRAVEL 
F I N E  I MEDIUM   COARSE^ FINE I COARSE 

U.S. STANDARD  SIEVE  SIZES 
=lo0  -60 = 10 ," 3 " )  100 

90 

80 

70 

60 

50 

40 

30 

20 

10 

0 

c c -  

" .  
c 

- 
c" 

- 
, 

/ 
/ 

. .  . 

. .  

I I I I 1 
,005 .01 .02 .05 0.1 0.2 0.5 1.0 2.0 5.0 10 20 50 ,0005 .001 ,002 

GRAIN  SIZE - MILLIMETRES 

DESCRIPTION 
YMBOL 

BOREHOLE 

NUMBER 

DEPTH 

( rn)  
cu  c c  U.S.C. 

-! 86219S06 1.80 - 1.90 
~ 

1.1 . SP - 1.2 98.8 0. c 

- .3 99.7 0. c 2.30 - 2. 40 . 9  SP 

3.20 - 3.30 10. 7 86. 1 3. Z 

.5 58. 8 40.7 4 . 8 0  - 4. go .8 SP 

I 

8 DAT E 86-5-  13 
JOB P 10. 101 -4480 



PARTICLE - SIZE ANALYSIS OF SOILS 

CLAY  SILT t SAND I GRAVEL 
FINE I MEDIUM  COARSE^ FINE [ COARSE 

U.S. STANDARD  SIEVE  SIZES 
?OO =lo0  =60 100 

90 

80 

70 

60 

50 

40 

30 

20 

10 

0 

' 2" : - 
.I . . 

...... 

. , ..... 

. . . .  

. . . . .  

....... 

, .  . 

. . . . . . .  

........ 

- 

. .  

.,.. 

c 

,0005 ,001 ,002 .005 
- 
50 

GRAIN  SIZE - MILLIMETRES 

c U.S.C. 

DEPTH 

(m) 

DESCRIPTION 
;YMBOL 

BOREHOLE 

NUMBER 
c u  CLAY 

( % I  
;RAVEL 

(%) 

-. 862 19S07 . 75 - 1. 61 3.3 59.2 14. 8 .5 j SP 37. 5 



PARTICLE - SIZE ANALYSIS OF SOILS 

CLAY  SILT  SAND I GRAVEL 
F I N E  I MEDIUM  COARSE^ FINE I COARSE 

U.S. STANDARD  SIEVE  SIZES 
=lo0  160 loo I" 

90 

80 I 

70 

60 

50 

40 

a 
W 
A 

a 
v) 
I 
c z 
w 
0 
K 

n 
W 

30' " 

20 , , 

l o  0 L 
5.0 10 20 50 

GRAIN  SIZE - MILLIMETRES 

DEPTH 

(m) 

DESCRIPTION BOREHOLE 

NUMBER 
YMBOL 

-. 86219SO9 

cu cc U.S.C. C L A Y  SILT S A N D   G R A V E L  
(%) ( % I  (%) ( % I  

- 2. 6 64. 9 32. 5 

- .  i 4. 0 56. 3 39. 7 

- 6.3  64.2  29.5 

1.00 - 

1.90 - 

2.60 - 

4.00 - 

1. 90 

2. 60 

3. 40 

4. 20 

10. 8 

18. 9 

13. 3 

- 

.2 

.3 

.5 

- 

SP 

. . . . 8621  9SO9 SP 

SP-SM 

- 10.6 67.5 21.9 _: 862 19SO9 - DATE 86-5- 1 4 



PARTICLE - SIZE ANALYSIS OF SOILS 

CLAY  SILT I SAND I GRAVEL 
FINE I MEDIUM /COARSE( FINE I COARSE 

100 

90 

80 

70 

60 

50 

40 

30 

20 

10 

0 

. ,. . 

. . ,  

U.S. STANDARD  SIEVE SIZES 

,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 

I I 

YMBOL 
BOREHOLE  DEPTH 

NUMBER 

DESCRIPTION 

SILT SAND  GRAVEL 
( % I  I (%I  I (%I 

JOB NO. 101 -4480 DAT E 86-5- 13 

q" U.S.C. 

3.7- .9 SP 



PARTICLE - SIZE ANALYSIS OF SOILS 

CLAY  SILT SAND I GRAVEL 
FINE 1 MEDIUM [COARSE/ FINE I COARSE 

U.S. STANDARD  SIEVE  SIZES 
.30 =20-16 = =lo0 :60 

I .  . . .  

. .  
z 
u a 
w 
L 

1 I I 

,005 .01 .02 .05 0.1 0.2 0.5 1 .O 2.0 5.0 10 20 50 .0005 .001 ,002 

GRAIN  SIZE - MILLIMETRES 

BOREHOLE 

NUMBER 

DEPTH 

( rn)  
YMBOL c c  U.S.C. 

6. 40 - 6. 71 

3. zn - 3. 41 

1 
DATE 86-5- 13 

17. n 

9. 5 

- 

SW-SM 1. 9 . . . .  

JOB P 10. 101 -4480 
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