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1.0 SUMMARY 

This   repor t   presents   the  resul ts  of a geotechnical  evaluation o f  two 

potent ia l   sources of  granular  mater ia l  i n  the  area  of  Tuktoyaktuk, 

N.W.T. i d e n t i f i e d  as Deposit 168 and Deposit 211. Deposit 168 i s  

located  near  the  shore of  Eskimo Lakes, approximately 25 km southeast 

o f  the Hamlet o f  Tuktoyaktuk.  Deposit 211 i s   located  ad jacent  t o  

Willow Lake on Richards  Is land  In  the Mackenzie River  delta,  approxi- 

mately 50 km west-southwest o f  the Hamlet o f  Tuktoyaktuk. A t o t a l  o f  

seventeen tes t   ho les  were d r i l l e d  and sampled a t   t h e  two deposits  during 

March of 1983. The f i e l d  and laboratory  data were used in   es t ima t ing  

the  areal  extent,  thickness, and q u a l i t y  o f  the  granular  mater ia ls.  

It appears t h a t  a t o t a l  o f  600,000 m of good q u a l i t y   g r a v e l   e x i s t s   i n  

Deposit 168. That  port ion of  Deposit 211 present ly  under evaluat ion 

contains i n  the  order o f  5OO,OOO rn o f  material  which  is  predominantly 3 

composed o f  sand with a minor  gravel component. The resu l t s   o f   t he   l ab -  

o ra to ry   t es ts  suggest tha t   the   mater ia l   in   Depos i t  168 cou ld   po ten t i a l l y  

be s u i t a b l e   f o r  use in  the  manufacture of concrete  aggregate.  Additional 

t e s t i n g  will be required  to  determine if cer ta in   de Ie te r ious  components 

3 

with in   the  aggregate  are  react ive w i th  cement. The mater ia l   in   Deposi t  

211 i s   s u i t a b l e   f o r  use as general fill. 

I 
BBT GEOTECBNICAL CONSULTANTS LTD. 
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2.0 INTRODUCTION 

I n  mid-March of 1983, the Government o f  Canada, through  the  off ices of 

the Department o f   I n d i a n   A f f a i r s  and Northern Development (DIAND), 

commissioned BBT Geotechnical  Consultants  Ltd., GVM Geological 

Consultants  Ltd. and Terrain  Analysis and Mapping Services  Ltd. t o  

evaluate, i n  detai l ,   three  potent ia l   sources o f  granular  mater ia l  for  

the  hamlet o f  Tuktoyaktuk, N.W.T. The three  sources,  ident i f ied as 

Deposits 167, 168 and 211, had been v i s i t ed   p rev ious l y  by the Geolog- 

i c a l  Survey of Canada  and others. Based on the  prel iminary  data 

obtained, i t  was f e l t  that   the three deposits  warranted  further  inves- 

t igat ion,   to   determine i f  they  could meet poss ib le  fu tu re  requirements 

for   granular   mater ia l .  

Deposits 167 and 168 are  located  approximately 25 km southeast o f   t h e  

Hamlet o f  Tuktoyaktuk, near the shore of Eskimo  Lakes. The por t ion  

of Deposit 211, which is   p resent ly  o f  i n te res t ,  forms  the  northern 

pa r t   o f   t he   r i dged  fea ture  to   t he   eas t   o f   W i l l ow  Lake  on Richards 

I s land   i n   t he  Mackenzie  River  Delta.  This s i t e  i s  approximately 40 km 

northeast o f  Tununuk Point on the Mackenzie River and approximately 

50 km west-southwest o f  the Hamlet of Tuktoyaktuk. 

Although i n i t i a l l y ,   a l l   t h r e e  sources were t o  be evaluated,  Deposit 167 

was deleted  from  this  study, due to d i f f i c u l t y  o f  access. 

8BIBBdBdM" malm In 
BET GEOTECHNICAL CONSULTANTS LTD. 
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3.0 SCOPE OF WORK 

The scope of  work f o r   t h i s   p r o j e c t  was def ined by the Department o f  

Indian Affairs and Northern Development i n   t h e  Terms o f  Reference 

sent to  Terrain  Analysis and  Mapping Ltd. on February 18, 1983. The 

p ro jec t  was to include: 

1. A review o f  a l l  geological  and geotechnical  data  col lected 

dur ing  previous  studies  at  each o f  the   s i tes .  

2. The undertaking o f  a f i e l d   d r i l l i n g  and t e s t i n g  program a t  

the  three  deposi ts   prev ious ly   ident i f ied as po ten t ia l  

sources of  granular  mater ia l .  The program would attempt 

t o  determine  the  subsurface  strat igraphy  wi th in  the  deposi ts 

and ob ta in  samples o f  granular   mater ia ls   for   laboratory  

analysis. 

3.  The de l ineat ion  o f  t h e   d i s t r i b u t i o n  and extent  of the 

var ious  mater ia ls   wi th in   the  deposi ts  and the  est imat ion 

o f  t h e   t o t a l  and recoverable volumes,  and q u a l i t y   o f  these 

mater ia ls.  

4. The preparat ion o f  a p i t  development s t ra tegy   f o r  each 

depos i t . 
5. The assembly of data on po ten t ia l   ex t rac t ion   cos ts   tak ing  

i n t o  account  overburden,,  moisture  content,  drainage and 

restorat ion.  

[I-s la 
BBT GEOTECHNICAL CONSULTANTS LTD. 
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All of the above data was to  be sumar i zed   i n  a formal  report  prepared 

in  the  format  requested by DIAND. 

4.0 METHODOLOGY 

4.1 Planning 

Au tho r i za t i on   t o  proceed w i t h   t h i s  program was received on March 1 1 ,  

1983. P r i o r   t o   t h i s  time, a l l  ava i lab le  Government of Canada a i rphoto 

coverage o f  the  deposits was obta ined  through  the  o f f icer  o f  Terra in  

Analysis and Mapping Services Ltd .  For  the most par t ,   t he   ae r ia l  

photography  taken in July  and August o f  1972, a t  a scald of 1:54,000, 

was used, a5 i t  showed the  best coverage and d e t a i l   o f   t h e   s i t e s .  

Other  information  avai lable  consisted o f  the summaries o f   t h e  r e s u l t s  

o f  prel iminary  studies done previously by others. The summaries f o r  

Deposits 167 and 168 were obtained from Terrain  Analysis and Mapping 

Services  Ltd.,  whi le  that for Deposit 211 was forwarded by the  Yellow- 

k n i f e   o f f i c e  o f  DIAND. 

The features and t e r r a i n  shown on the  airphotos, combined w i th   t he  

exper ience  of  D r .  V.N.  Rampton, who had v i s i t e d   a l l   o f   t h e   d e p o s i t s  

previously, formed the  basis of  our   be l ie f   tha t   the   requ i red  work 

could be completed e f f e c t i v e l y   u s i n g  truck-mounted d r i l l i n g  equipment 

supported by a crawler   t rac to r  and a 4-wheel-drive  vehicle  for  the 

d a i l y  t ranspor t  of the crew. 
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4.2. F i e l d  Work 

4.2.1 General 

The f i e l d  work commenced w i th   t he   a r r i va l   o f   t he  BBT Geotechnical 

Consultants  Ltd. crew i n   l n u v i k  on March 16, 1983. The d r i l l  rig 

ar r i ved   i n   I nuv i k  on the  afternoon of March 17, 1983, as scheduled. 

It was f e l t   t h a t   t h e  one and a h a l f  day t 

enable  the BBT f i e l d  personnel t o  reconno 

DIAND Land-Use o f f i ce r  and c lear   the snow 

ime lag would be requ i red   to  

i t r e  the   s i tes   w i th   the   loca l  

from one of the access routes. 

The s i t e  reconnaissance was completed on March 16, 1983, using a h e l i -  

copter  supplied by DIAND. D u r i n g   t h e   i n i t i a l   s i t e  reconnaissance, a 

concern over the  potential  environmental damage which  might  occur 

dur ing  the  construct ion o f  access  routes was expressed by the local 

land-use o f f i c e r .  As a resu l t ,   the   p repara t ion   o f   s i te  access t r a i l s  

was not   s tar ted as planned, and f u r t h e r   f i e l d  work temporar i ly  suspended. 

After  review by DIAND, i t  was decided  that a representative of the  loca l  

o f f i c e  should accompany t h e   f i e l d   p a r t y  to ensure tha t  damage to  the 

t e r r a i n  would be kept to a minimum. 

The f i e l d   p a r t y  was f i n a l l y  staged into  the  Tuktoyaktuk  area on the 

morning o f  March 18, 1983. 

ioel 
BET GEOTECHNICAL 

OmsullsrrlS 
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4.2.2 Personnel and Log is t i ca l  Support 

During most o f   t h e  program, the f i e l d  crew consisted of s i x  people. 

These were the two-man BBT Geotechnical  Consultants  Ltd.  f ield crew, 

the two-man crew required to  operate the d r i l l   r i g ,   t h e   t r a c t o r   o p e r a t o r ,  

and the Land-Use o f f i c e r  from t he   l nuv i k   o f f i ce .  

Accommadation and meals, dur ing  the Course o f  the  pro ject ,  were supplied 

by Beau-Tuk Marine  Services  Ltd. i n   t h e i r  camp a t  Tuktoyaktuk. Beau- 

Tuk Marine  also  supplied any incidental   expedi t ing  services  required. 

Fuel was purchased i n   b u l k  i n  lnuv ik  and trucked t o  Tuktoyaktuk a day 

before  the program was t o  comnence. 

4.2.3 Equipment 

The r i g  used t o  d r i l l  and sample a l l  of  the  test   ho les was a Becker- 

type  diesel hammer d r i l l  owned and operated  by Beck Construction  Ltd. 

of  Calgary. The r i g ,  two-man crew, and support  truck were mobi l ized 

v ia   t he  Dempster Highway. 

The r i g  employed uses a d iese l  hammer to advance a l7-cm outside  dia- 

meter double  walled  casing  into  the s o i l .  C u t t i n g s   a r e   l i f t e d  to  the 

surface  through  the 11.5-cm diameter  centre o f  the  casing by compressed 

a i r  forced down the  annular space  between the  casing wails. 

PllwE! OrranlenJS LLt 
BBT GEOTECHNICAL CONSULTANTS LTD. 
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The Becksr hammer d r i l l   i s  most e f fec t i ve   i n   pene t ra t i ng   g ranu la r  

soi Is, especial l y   s o i  1s of  the  type  suspected  to  form  the  bulk of these 

deposits, and in   prov id ing  representat ive samples from the various 

s t ra ta  encountered. The quant i t y  of mater ia l   larger  than  the  inside 

diameter of t he   d r i l l   p ipe   i s   es t ima ted   f rom  the   t ype  o f  cut t ings  

returned and the   ra te   o f   penet ra t ion .  The r i g  was mobi l ized t o  the 

f ie ld   w i th   approx imate ly  12.0 m o f   d r i l l  stem, as it was suspected 

tha t  in  some areas it would be necessary t o   d r i l l  beyond the 8.0 m 

suggested i n   t h e   o r i g i n a l  terms o f  reference. 

The d r i l l  was supported by a C a t e r p i l l a r  0-6 t r a c t o r  and a fue l  sIed 

obta ined  loca l ly   f rom Beau-Tuk Marine  Services Ltd. o f  Tuktoyaktuk, 

N.W.T. The t r a c t o r  was used t o  plough snow from the access t r a i l s ,  

assist t h e   r i g  up any steep  grades and over  rough  terrain, and drag 

the  fue l   s led  to   the  next  s i t e .  I n   add i t i on ,   Ca te rp i l l a r  966 f r on t -  

end loaders  from Beau-Tuk Marine  Services  Ltd. and Tuk Enterprises Ltd.  

were employed on a casual  basis. These pieces of equipment  were used 

to c lear  snow along  major  ice  crossings  or p u l l  a snow packing  apparatus 

known as a "drag!' dur ing  the  const ruct ion of -one o f  the  overland access 

routes. 

Da i ly   t ranspor t   to  and from the  deposi ts was w i t h  a 4-wheel-drive  Ford 

Bronco rented  in  Inuvik.  During the l a t t e r  stages o f  the program, a 

power toboggan was brought i n  by the DlAND Land-Use o f f i c e r  and used 

in  scout ing  the  best  possible access route. -ball [lonsullenls I& 
BBT GEOTECHNICAL CONSULTANTS LTD. 
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4.2.4 S i te  Location and Access Preparation 

4.2.4.1 Access to  Deposits 167 and 168 

Since Deposit 168 was the most remote of  the two deposits to  the  south- 

east of Tuktoyaktuk, i t  was the f i r s t   t o  be investigated. The w in te r  

road  already  constructed by imperial O i  1 L t d .   t o   t h e i r   r i g   l o c a t e d  

approximately 24 km to  the  southeast of Tuktoyaktuk, was used as par t  

of the access t r a i l .  From that   po int ,  a ser ies   o f   lakes  were connected 

with  short   land  crossings to  a major i n l e t   o f f   t h e   n o r t h  shore o f  

Eskimo Lakes. Both, Deposits 167 and 168, were readi ly  accessible from 

that   po int .  

A t o t a l  of 10.5 km o f  new t r a i l ,  o f  which 3.5 km was across  land, had 

t o  be constructed t o  gain-access to Deposit 168. 

As the access trail had not been c l e a r e d   i n  advance, the   ra te  of pro- 

gress across the  land  connections became a much more t ime consuming 

procedure  than i n i t i a l l y   a n t i c i p a t e d .  The r a t e  was now d ic ta ted  by 

the   Caterp i l la r  D-6 t rac to r ,  which f i r s t  had to c lear  snow, then  double 

back to  pu l l   t he  r i g  through  the  hollows s t i l l   f i l l e d   w i t h  loose snow, 

and then  return a second t ime  to  move the   fue l  sled forward. As a 

resu l t ,  it took two long  working days t o   p o s i t i o n  the r i g  on Deposit 

168 and d r i l l   t h e  first hole. 
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The fac t   t ha t ,  on occasion, the kwheel -dr ive  t ruck  got   s tuck i n  the 

loose snow raised a concern  about  the a b i l i t y  of  t h i s   v e h i c l e   t o   t r a n s -  

po r t  the crew t o  and from  the  s i tes.  A ''drag" was employed i n  an 

attempt to be t te r  compact the snow.  Once the snow  was al lowed  to harden 

overnight,  the Bronco  passed over i t  w i t h  ease. The t ime requ i red   to  

access t h e   s i t e  each day from Tuktoyaktuk by way o f  the  Imperial Oil 

snow road and the new trai l ,  was approximately one  hour. In  demobi l i -  

zing  from  Deposit 168, t h e   r i g  was ab le   t o  pass over  the hardened snow 

v i r t u a l l y  unassisted.  Demobilization  took  less  than  five  hours. 

The general snow cover i n   t he   a rea  was r e l a t i v e l y   l i g h t   t h i s  year. 

However, the  concentrations of snow a t  the  lake edges and through the 

low areas between the  lakes, made i t  d i f f i c u l t  to  s.elect a good access 

r o u t e   w i t h o u t   f i r s t   c l e a r i n g   t h e  snow. Often potential access points  

had t o  be manually  probed in  advance to conf i rm  the shape of  the bank 

and depth of snow cover. 

The segmented nature o f  Depos i t 167 made i t  necessary to   cons t ruc t  

access t r a i l s  up several slopes. The loca l   l and -use   o f f i ce r   f e l t   t ha t  

an unacceptable amount o f  damage to   the   te r ra in   m igh t   occur   wh i le   c lear -  

ing  the 5nuw from these t r a i l s .  Therefore, we were asked t o  delete 

th is  deposi t   f rom  the program. 

BBT GEOTECHNICAL CONSULTANTS LTD. 
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4.2.4.2 Access t o  Deposit 211 

Except for one shor t ,   very   d i f f i cu l t   sec t ion ,   wh ich   resu l ted   in  a ha l f  

day delay,  preparing  the access t r a i l   t o  Deposit 211 was c l o s e   t o  what 

had been ant ic ipated.  Prel iminary  studies suggested tha t   po ten t i a l  I 

routes from the  ice road on the Mackenzie River   to   the  deposi t   ex is ted 

from the south, v i a  Cabin  Creek and from the  northeast,  through an 

interconnection of  Nesbit Lake and Crooked Lake. However, it became 

apparent  during  the i n i t i a l   s i t e  reconnaissance, t ha t   t he  Cabin Creek 

route  contained  too much rough t e r r a i n   f o r   t h e  wheeled vehic les t o  

cross,  while  the  slopes  adjacent to  Nesbit Lake were too steep. The 

route f i na l l y   se lec ted ,  l e f t  the   i ce  o f  the Mackenzie R iver   a t   the  

mouth of  a small  creek due east o f  the most souther ly arm o f  Crooked 

Lake. The route  fol lowed  the  high  ground  to  three  small   lakes  adjacent 

to   the   nor theas ter ly  end of Crooked Lake. It then  crossed  these  lakes 

t o  Crooked Lake and followed it t o   t h e  draw a t   t he   no r th  end of Deposit 

211. With  the  exception of the  considerable amount o f  mow  plowing 

required a t  the  po int  where t h e   t r a i l   l e f t   t h e  Mackenzie River and 

where i t  entered Crooked Lake, very little mow  removal was required. 

The C a t e r p i l l a r  D-6 simply  backbladed  the  thin  snowfcover  into  the 

hollows, and the  trucks  could pass over  the ground w i t h   r e l a t i v e  ease. 

It took a l i t t l e  more than a day and a ha l f   t o   p repare   t he  13 km of 

access t r a i l  to  t h i s  site. Da i l y   t rave l  time t o  Deposit 211 from Tuk- 

toyaktuk v i a  t h i s   r o u t e  was approximately one hour and f i f t e e n  minutes. 

BBT GEOTECHNICAL CONSULTANTS LTD. 
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4.2.5 D r i l l i n g  and Sampling  Procedure 

A t o ta l   o f   e igh t   t es t   ho les  were d r i l l e d  and sampled on Deposit 168 

on March 19 and 20, 1983. As the  granular  mater ia l  was th icker   than 

o r i g i n a l l y  expected, most o f  the  holes were  extended to  approximately 

9 m. 

Once Deposit 167 was dropped from the program, the scope of work a t  

Deposit 211 was changed to   inc lude more test   ho les.  However, a major 

mechanical f a i l u r e  of  the  r ig 's   t ransmiss ion  prevented  th is  from being 

completed. A t o t a l  o f  nine test  holes were d r i l l e d  and sampled  on 

Deposit 211 on March 23 and 24, 1983. The holes ranged i n  depth  from 

6 m t o  12 m. The mechanicat fa i lure  exper ienced meant tha t  no t e s t  

holes  could be d r i l l e d  on the southernmost r idge under evaluat ion 

dur ing   th is  program. 

The very  cold  temperatures  encountered  required  that  the main engines 

of the  t ruck and t r a c t o r  be run  cont inual ly.  However, delays were 

s t i l l  experienced each  morning i n  warming t h e   d r i l l   r i g ' s   h y d r a u l i c  

systems and the  diesel  hammer.  Once t h e   r i g  was operat ional ,   the t e s t  

holes  could be d r i l l e d  and sampled re la t i ve l y   qu i ck l y .  An 8 m to 9 m 

deep hole  in  gravel   took from fo r t y - f i ve   m inu tes   t o  one hour t o  complete 

from  set-up t o  rig-down.  Photo 3 i n  Appendix C shows t h e   d r i l l   r i g   i n  

operat ion on Deposit 211. 

" [ l d l s n l s  In# 
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A l l  m a t e r l a l   w i t h i n : t h e   d r i l l   p i p e  was cleared with each 0.3 m of 

penetrat ion.  This ensured tha t   the   mater ia l  sampled was most repre- 

sentat ive of the  stratum  being  penetrated. Where good qua l i t y   g ranuIar  

mater ia l  was encountered, samples  were usual ly   re ta ined a t  each  change 

i n   s o i l  type, or   a t   approx imate ly  1.5 m in te rva ls ,  whichever was less. 

As the samples taken were large, most had to be s p l i t   i n   t h e   f i e l d   p r i o r  

t o  packaging in   order   to   min imize  the volume o f  mater ia l .  Samples 

retained for i n   s i t u  water  content  determinations were double bagged as 

qu ick ly  as poss ib le   in   o rder  to minimize  desiccation. Most  were then 

sealed  in to  one o r  more 4 - l i t r e   p l a s t i c   p a i i s  to  prevent  the bags from 

being  torn  dur ing  t ranspor t .   In   to ta l ,   over  500 kg o f  sample was pack- 

aged and shipped t o  Calgary by t r uck   a t   t he  end o f  the program. 

1 

The s o i l   c t a s s s i f i c a t i o n  system used in   p repar ing   the   tes t   ho le   logs   i s  

a modif ied  form of  the  Uni f ied Soil C lass i f i ca t i on  System and i s  defined 

i n  the  "Explanation o f  Terms and Symbols used on Test  Hale Logs" con- 

t a i n e d   i n  Appendix D. The ice  contained i n  t h e   s o i l  was described 

accord ing  to   the methods l a i d   o u t  i n  the NRC Technical Memorandum 79 

e n t i t l e d  "Guide t o  a Fie ld   Descr ip t ion  o f  Permafrost for   Engineer ing 

Purposes". V is ib le   i ce   con ten t  was estimated  from  the  actual  cutt ings 

returned. Excess ice  contents were  determined i n   t h e   l a b o r a t o r y   i n  

Calgary  after  the samples had been allowed t o  thaw. 

BBT GEOTECHNICAL CONSULTANTS LTD. 



4.2.6.  Survey  Procedures 

All test  hofes were  referenced to physical  features of various  parts o f  

each deposit  and  to  each  other, uying rudimentary survey  techniques. 

The  relatively  small  size of  Deposit 168 made it possible to measure 

most distances  with a survey  chafn. On Deposit 211, all extensive 

horizontal  distances  were  measured  using  the  odometer o f  the power 

toboggan. 

The  bearing  from  true  North of  the lines  between  test  holes, and from 

test  holes to identifiable terrain features such as edges of  adjacent 

lakes,  points of  land,  etc.  were  obtained  with a compass. 

The  elevation o f  the  highest  points of the  deposits  relative to adjacent 

flat lying terrain and nearby  lake  surfaces  was  obtained  using a hand 

level. In addition,  the  relative  elevation  between  some of  the test 

holes was also measured,  The  above  information  was  used to assist in 

the  photograrnetric  produGtion of detailed  topographic maps of  both 

deposits. These maps are presented as Drawing Nos. A83-613-Al and 

A83-613-B1 in AppendiGes A and B, respectively. 

piml umsullsrds la 
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4.3 Laboratory  Analysis I 

After  the  samples  were  reviewed in the Calgary laboratory,  each  sample 

was  visually  classified  to  confirm and supplement  the  field  classifica- 

tions. An estimate of the excess ice  content  of any ice-rich  material 

was  made once  the  samples  thawed in the  laboratory.  The  moisture 

content of all representative  samples was also determined. In addition, 

the  following  tests  were  performed  on  select  samples  of  granular material: 

1. Sieve  Analysis  Tests (ASTM C-136). 

2. Specific Gravity and Absorption  of  Fine  Aggregate 

(ASTM C-128) and  Coarse  Aggregate (ASTM C-127). 

3. Organic  Impurities in Sands for Concrete  (ASTM C-40). 

4. Coal  Content  Determinations. 

5. Soundness  of  Aggregates (ASTM C-88). using Magnes i um Sulphate. 

6. Los Angeles  Abrasion (ASTM C-131) .  

Because  of  the limited size of some of the samples,  samples  from the- 

same test hole, or two  or more test  holes  with  similar  material,  were 

combined to complete some of the tests .  
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A petrographic  analysis of  the  gravel-s ized  mater ia l  was performed by 

GVM Geological  Consultants Ltd. on a combination of samples from  several 

test   ho les on Deposit 168. The composition o f  the  sand s i zed   f rac t i on  

was est imated  v isual ly.  

4.4 Presentation of  Data 

All of the f i e l d  and laboratory  data  gathered  dur ing  th is  evaluat ion 

has been grouped by deposit, The resu l ts   a re   p resented   e i ther   in  

Tabular form i n   t h e   t e x t  or as drawings w i t h i n  Appendix A for   Deposi t  

168 and Appendix B for   Deposi t  211. 

A d e t a i l e d   s i t e  plan showing  topography and the  locat ion of  a l l   t e s t  

h o l e s   d r i l l e d   d u r i n g   t h i s  and other  programs i s  presented as t h e   f i r s t  

drawing i n  each  appendix. The approximate  areal  extent of the  granular 

materials  encountered and the l i m i t s  o f  any cross section  drawings  are 

also shown on the   s i te   p lans .  Cross 'section  drawings appear  immediately 

fo l low ing   the   s i te   p lan .  

The complete  logs of  a l l   t e s t   h o l e s   d r i l l e d   f o r m  the next  series of  

drawings i n  each  appendix. These logs  conta in   the  deta i led  so i l  and i ce  

descr ipt ions,   the  locat ion o f  the samples, and the resu l t s  of any water 

conten t   de termina t ions   o r   so i l   c lass i f i ca t ion   tes ts  performed. The 

terms and symbols appearing on the  logs  are  defined i n  Appendix D. 

pbd 0 ~ ~ 5  k 
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The  results of  the  mechanical analysis t e s t s  form the last series of  

drawings in Appendices A and B. 

The results of a l l  other tests performed and the petrographic  analysis 

have been summarized on Tables which appear in the text.  
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GENERAL SITE LOCATION PLAN 

DEPOSIT 168, NEAR ESKIMO LAKES 
TUKTOYAKTUK AREA, N.W.T., CANADA 

Scale: 
1 : 50.000 

Date: 

Drawn By: 
MAY 1983 

DRAWING NO: 
A83-613-2 
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5.0 ESKIMO LAKES SITE - DEPOSIT 168 

5.1 Location and Geological  Sett ing 

The deposit is located  approximately 1 km from  the  shores of Eskimo 

Lakes, a t  a point  approximately 25 km southeast of  Tuktoyaktuk, N.W.T. 

The genera l   locat ion  o f  the depos i t   i s  shown on Drawing Nos. A83-613-1 

and 2. Topographic de ta i l s  on the area immediately  around  the  deposit, 

the  test   hoIe  locat ions,  and the  approximate  areal  extent of  the 

granular  deposit i s  presented -on Drawing No. A83-613-A1 i n  Appendix A. 

Si te 168 consists  of a sand and g rave l   g lac io f l uv ia l  esker-kame deposit 

which i s   p a r t  of  a l a r g e r   g l a c i o f l u v i a l  complex adjacent   to  Eskimo 

Lakes(Rampton, 1574). The f ine  gra ined  grey ish sands beneath  the 

s t r a t i f i e d  medium t o  coarse sand and gravel of the  esker  r idge  probably 

represent sandy outwash which was deposi ted  in  proglacial   lakes as the 

most recent  ice  sheet advanced. The clays  at   approximately  the same 

depth as the  greyish sands represent  the  g laciolacustr ine phase of 

deposi t ion  wi th in  the  proglacial   lake. 

As the  ice  sheet  retreated,  layers o f  esker  gravels and sands were 

then  plastered on the proglac ia l  sands and c l a y s   i n  a r i v e r  channel 

formed beneath the  retreating  ice  sheet. Silt and clay  (approximately 

1.5 rn th ick)  which cap the   s t ra t i f i ed   eske r  sands and gravels,  represent 

lacus t r ine   o r  pond deposits  which formed loca l l y   ove r   g lac io f l uv ia l  

mater ia l  as the  ice sheet re t reated (Rarnpton and Bouchard, 1975). 

" a m e n t s  la 
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The main body o f  the  deposi t   is   the  esker  r idge  which  is app 

100 m long and var ies from 80 to  140 m i n   w i d t h   a t   i t s  base. 

highest  point  i s  i n   the   o rder  o f  9 m above the  surrounding f 

te r ra in .   Th is   i s  somewhat lower  than had been suggested by 

roximately 

I t s  

l a t  l y i n g  

studies 

done previously. The southern  one-third of the   depos i t   i s   a t  a lower 

e leva t i on   re la t i ve   t o   t he   res t  of  t he   r i dge ,   t yp i ca l i y   r i s i ng  to  on ly  

4 m t o  5 m above the  surrounding  terrain. 

What l i t t l e  vegetat ion  ex is ts  on the  higher  port ions o f  the  deposi t  

consists of  low  shrubby  tundra  supported by an organic  cover less than 

50 mm thick.  Several  portions of  the  tops o f  the  r idges were observed 

to be bare. No extensive  analysis o f  the  overburden  thickness  along 

the  f lanks of  the  deposit  could be done a t   t h i s  time.because of the 

snow cover.  Studies done by others  suggest  that it i s  a maximum of 

1 m th ick,  

Previous  studles have a l s o   i d e n t i f i e d  what i s  bel ieved t o  be a ser ies 

of small kames located  approximately 500 m to   t he   no r th  o f  the main 

ridge.  Test  holes were n o t   d r i l l e d  on these  features, because they 

are  small and because granular  mater ia l  i s  suspected t o  be th in .  A 

1 m deep t e s t   p i t  excavated  previously on the most easter ly,  and high- 

e s t  kame ridge,  confirmed  that a g rave l l y  sand cover   ex is ts  to a t  l e a s t  

t h i s  depth. 

Photo 1 i n  Append i x  C presents an ob l ique  aer ia l  view o f  the  deposit.  

BET GEOTECHNICAL CONSULTANTS LTD. 
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5.2 Nature of the  Subsurface  Materials 

5.2.1 General 

Gravel and  very  gravelly  sand  were  encountered in ai 1 portions o f  the 

main ridge to depths  ranging  from 4.5 m at  Test Hole 168-6 t o  in excess 

of 10.5 m at  Test  Hole 168-4. At most  test  hole  locations,  the granular 

material was still present at elevations  which  were  several  metres  below 

that o f  the  surrounding  terrain. In fact, in the  southernmost  quarter 

of the  deposit,  where  the  relief i s  lowest,  the  granular  material 

extended to at least 4 m below  the  surrounding  terrain.  Typically,  the 

base elevation of  these  types o f  deposits  would  be  expected  to be  rela- 

tively  flat lying. The  anomaly at this  deposit,  however,  could be the 

result of pre-depositional  erosion and subsequent  infilling  with granular 

material, or post-depositional  thawing  of  massive  ice or very  ice-rich 

clay  at  depth.  The  fact  that this portion  of  the  deposit i s  at a lower 

elevation  than  the  rest,  suggests  the  latter  possibility is most  likely. 

It is believed that the bottom of the  esker  was  penetrated at the loca- 

tion  of  Test  Hole  168-2 and 168-6,  where  medium  plastic,  ice-rich  clay 

containing  pebbles,  was  encountered. In addition,  Test  Hole 168-7 also 

may have  reached  the  bottom of the  deposit  at  the 7.3 rn depth,  where a 

medium to fine-grained,  ice-rich  sand,  stratified  with  silt and a trace 

of fine  gravel  was  encountered. 

umtms la 
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The est imated  vert ical   extent of  the  granular   mater ia l   w i th in   the 

main body o f   t h i s   d e p o s i t  and the  s t ra t igraphy  in fer red  f rom  the  test  

hole  data  is   presented on Drawing No. A83-613-A2 i n  Appendix A. The 

logs o f  the most r e c e n t   t e s t   h o l e s   d r i l l e d   a t   t h i s   s i t e  are shown on 

Drawing Nos. A83-613-A3 th ru  A83-613-AlO. The results of the mechanical 

analyses  performed on samples from Deposit 168 are  presented on Drawing 

Nos. A83-613-All t h r u  A83-613-A48. A l l  of the  remain ing  test   resul ts  

not summarized on the  test   ho le logs are  presented on Table 1 and 

Table 2. 

Gradation and Composition of  the  Granular  Materials 

Approximately 75 t o  80 percent of the   mater ia l   w i th in   th is   depos i t  

appears t o   c o n s i s t  of wel l  graded sandy gravel ;   the maximum s ize  of 

which i s   t y p i c a l l y   l e s s   t h a n  75 mn. The gravel  contains  only a t race 

o f   cobb le   s i t e   ma te r ia l .  The sand content ranges from  12,percent  to as 

high as 46 percent. An average  sand content  probably  would l i e   i n  the 

30 to  35 percent range, 

The grave l l y  sand, which  comprises the  remaining 20 t o  25 percent of  the 

mater ia l ,  has a gravel   content  in  the range of 40 t o  45 percent and i s  

o f  ten  poor 1 y graded . 

Both  granular  materials appear t o  be fa i r l y   c lean ,   w i th  a s i l t  content 

t y p i c a l l y   i n   t h e  range o f  1 t o  2 percent,  or  less.  Actual s i l t  layers 

appear to  be thin,  discontinuous, and r e l a t i v e l y  few i n  number.  The 

BfllDB0SdM.s UmsuHSnls Ira. 
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HOLE 
NO - 

168-1 

t 68-2 

TABLE 1 

SUHHARY OF LABORATORY TEST  RESULTS - SITE 168 

DEPTH GRAIN SIZE (% by weight  
(m) Gravel Sand Fines "" 

0-1.8  48.5 
3.0-3.7  57.4 
5.2-5.5 77.4 

0-0.9 68.4 
1.8-2.2 32.7 
3.2-3.5 67.0 
5.5-6.4 51.7 

40.7 0.8 
41.7 0.9 
21.5 1 . 1  

31.2 0.4 

31.4  1.6 
47.0 1.3 

67.1 0.2 

Comb. 0-1.0,3.2- 

3.5,5.5-6.4 

Comb. 0-1.0.1.5-1.8 
3.2-3.5,5.5-6.4 

168-3 

168-4 

1.5-1.8  39. 5 59. 
1.8-2.4 70.0 
3.5-3.8 46.7 
4.3-5.5 43.0 
7.2-7.5 66.2 

0.6-0.8 59.5 
2.1-2.6 52.8 
3.3-3.6  64.8 
5.0-5.3 69.7 
6.1-6.4 
7.4-7.7 50.4 
8.5-8.8 37.9 

29.4 0.6 
50.9 2.4 
55.3 1.7 
31.8 2.0 

39.1 1.4 
37.9 1.4 
32.9 2.3 
29.2 1.1 

31.6 2.7 
60.6 1.5 

1 5  

1 4  

3 1.2 
1 4  

i f 4  

# 2  

Yes 

3 15.8  

c 9.1 

0.24 

0.30 

One anal ys i s  

performed on 

combined samples 
TH 168-1 
3 . h  - 3.7m. 
5 . h  - 5.5m 
TH 168-4 
0 . h  - 0 . h  

2.1m - 2.611 
4 . h  - 4.5 
5.Om - 5.3m 
6.lm - 6 . h  
TH 168-7 
1.E - 1.h 

TH 168-8 
0.6m - 0 . M  

2.lm - 2 . h  

2.608 0.66 2.646 0.89 



TABLE 1 

SUnM4RY OF LABORATORY TEST  RESULTS SITE 168 (con' t) 

HOLE DEPTH 
NO 
" (m 1 

168-5  1.4-1.7 
2.3-2.5 

4.3-4.6 
5.5-5.8 
6.3-6.6 
8.7-9.0 

GRAtN SIZE (% by lu 
Grave 1 Sand 
" 

ORGANIC COAL COHTEMT SPECIFIC GRAVITY 
IHPURIT I ES OF SAM SOUNDWESS LOS AMGELES COARSE FINES 

reight) COLOR  COHPONENT OF AGG. A B M S  ION BULK (S-ERCENT BULK (SSD)PERCEHT 
Fines - PLATE (% by weight) TEST GRADE % WEAR ( g d c c )  ABSORPTION ( g d c c )  ABSORPTION 

67.4 
65.2 
80.7 
86.4 
71.4 
68.1 

Comb. 2.2-2.5, 4.3-4.6 
5.4-5.7 

168-6  1.5-1.8 
2.2-2.5 
4.2-4.5 

168-7 0.3-0.7 
0.9-1.5 
3.0-3.3 
4.0-4.3 
6.4-6.7 

168-8 0.4-0.9 
2.4-2.7 
3.3-3.7 
4.8-5.1 
6.4-6.8 
7.9-8.3 

56.6 

33.7 
58.8 

60.3 
48.0 
69.6 
77.5 
37- 2 

63.1 
88.7 
82.2 
80.1 
73.5 
77.1 

42.1 
33.6 
18.2 

12.7 
26.7 
30.8 

43.0 
65.6 
40.1 

38.1 
51 - 7  
27.9 
20.0 

58.5 

35.7 
10.3 
14.5 
18.4 
25. t 
22. I 

0.5 
1 . 2  1 3  
1.1 

0.9 

1.9 
1.1 

0.4 

0.7 
1.1 

1.6 

0.3 
2.5 
2.5 
4.3 

1.2 

1 .o 
1.3 

1.5 
1 .o 
0.8 

0.45 

8 5  

1 4  

1 4  

1 3  

0.20 Yes 

A 18.9 2.622 0.74 2.616  1.58 



TABLE 2 

SUMMARY OF SOUNDNESS OF AGGREGATE TEST BY MAGNESIUM  SULPHATE S I T E  168 

80 - 40 
40 - 20 

20 - 10 

10 - 5 

2.5 - 1.25 

1.25- 0.630 

0.630- 0.315 

168-1 - ALL  SAMPLES COMB I NED 
% LOSS 

8.5 

0.70 

1,82 

3.57 

7.4 

10.1 

11.2 

4.6 

168-8 - ALL  SAMPLES COMBINED 
% LOSS 

1.94 

0 * 3  

2.5 

9.6 

11.9 

15.1 

p m  consunenls lu 
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o n l y   s i g n i f i c a n t   s i l t   s t r a t u m  appears to  be the 1.5 m t h i c k  cap i n   t h e  

area o f  Test  Hole 168-3. No coal   or   organics were noted i n  any of  the 

granular  mater ia l .  

The resu l ts  o f  a petrographic  analysis of the  gravel   s izes  is   presented 

on Table 3. From th is   ana lys is ,  i t  appears that   the  gravel   contains 

approximately 38 percent Sandstone, 24 percent  Quartzite, 13 percent 

S i l ts tone,  13 percent  Chert and 12 percent  other  minor  consti tuents. 

The composition of a representative sample o f  sand sited mater ia l   a lso 

was v isual ly   est imated.  The sand f r a c t i o n  appears t o  be composed of 

mater ia ls   s im i la r   to   those found in   the   g rave l .  It was observed t o  

contain  approximately 35 percent  Quartz, 20 percent  Si l tstone, 15 per- 

cent Sandstone, 10 percent  Chert, 10 percent  Quartz i te and 10 percent 

of other  minor  consti tuents. 

5.2.3 Ice Content 

The uppermost 1.8 m t o  2 m of t h i s   depos i t  appears t o  be dry. The f a c t  

t h a t   l i t t l e  or no  vegetative  cover i s  present on i t s  uppermost surfaces 

would al low  the  act ive  layer  to  extend  to  approximately  that   depth.  

The r e l i e f  would also  present ample oppor tun i ty  for drainage. 

The v i s ib le   i ce   con ten t  of the  material  immediately below t h e   a c t i v e  

layer  was in   t he   o rde r  o f  5 percent,  In some areas, it increased to  as 

high as 20 percent   a t  depth.  Although much o f  t h i s   ma te r ia l  was wet 

pklel Uonaullwrts LL1. 
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TABLE 3 

PETROGRAPH1 C ANALYS IS OF GRAVEL  CONTENT - COMBINED SAMPLES FROM SITE  148 

CONSTITUEMTS 

SANDSTONE 

QUARTZ I TE 

S 1 LTSTONE 

GRANITE 

CHERT 

VEIN QUARTZ 

IGNEOUS PLUTON t C 

IGNEOUS VOLCANIC 

CLAYSTONE 

L IHESTONE 

DOLOHI TE 

FERRUGINOUS SILTSTONE 

FERRUG t HOUS DOLOMITE 

I RONSTONE 

JASPER 

TOTALS 

Compositlon of  Fract ions  Reta ined  on  S ieves 

SIEVE S I Z E  RANGE 

19 38.0 267 

19 38.0 78 

3 6.0 69 

5 10.0 

2 4.0 33 

17 

29 

9 

1 

1 2.0 1 

1 2.0 

1 

4 

6.5 65 

3.3  15 

5.7 9 

1.8 6 

0.2  3 

0.2 1 

1 

1 

0.2 

0.8 

32.1 

22.5 

15.0 

19.5 

4.5 

2.7 

1.8 

0 * 9  

0.3 

0 .3  

0.3  

50 100.0 509 too.0 333 100.0 

Weighted  Percentages of  Const i tuents   in  Each Sieve Size Range 

S t N E  SIZE W G E  

38 mn - 76 m 19 IIYII - 38 m 4.75 mn - 19 mn 

7.6  

7.6 

1.2 

2.0 

0.8 

0.4 

0 . 4  

20.0 

13.2 

3.8 

3.4 

1.6 

0 .8  

1.4 

0.4 

0 .1  

0.1 

0.1 

0 .2  

25 .1  

Pet rograph I e Ana 1 ys I s Conducted On 
A Contblnation o f  the FollwIng Samples: TH 168 - 1 TH 168 - 4 TH 168 - 7 

3.0m - 3.7m 0 . h  - 0 . h  1 . 5 m  - 1 . b  
5.2m - 5.5m 2 . t m  - 2.6411 

4.2m - 4.5 
5 . h  - 5 . h  
6. lm - 6.4~1 

17.6 

12.3 

8.2 

10.7 

2.5 

1.5 

1.0 

0.5 

0.2 

0.2 

0.2 

54.3 

TH 168 - 8 
0 . h  - 0.w 
2.lm - 2.4m 

UE I GHTEO COnPOS I TI ON 
OF SAMPLE 

38.4 

23.7  

12.8 

2.0 

13.1 

3 . 3  

2.9 

1.4 

0.6 

0.7 

0.2 

0.2 

0.4 

0.1 

0.2 

100.0 
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upon thawing, no water i n  excess of  the  saturated  s ta te was noted i n  

any o f  the samples tested.  Al though  local ized  ice-r ich zones were 

noted i n  some of the  test   ho les,  no  massive i c e  was encountered. 

Massive  ice, however, may e x i s t   i n   t h e   c l a y  a t  depth. 

5.3 Potent ia l  Uses o f  the  Granular  Material 

The gravel, and grave l l y  sand, which  comprise  the  bulk o f   t h i s   d e p o s i t  

a r e   o f   r e l a t i v e l y  good qua l i t y .  Once thawed and dra ined,   th is   mater ia l  

would per fo rm  we l l   in  any a p p l i c a t i o n   c a l l i n g  for  granular f i  1 1 .  

It would be easy t o  work w i t h  and r e l a t i v e l y  easy to compact because 

the   mater ia l   i s  w e l l  graded, and lacks  cobbles and boulders. The 

shortage o f  f ines  would a l l ow  i t t o   d r a i n   r e l a t i v e l y   f r e e l y .  

A review o f  the  test   resul ts  obtained  also  suggest  that   the  gravel  and 

sand f rom  th is   deposi t  may be a good source o f   m a t e r i a l   f o r   t h e  produc- 

t i o n  o f  normal weight  concrete. 

The ser ies o f  grain  sire  analyses  performed  confirm  that,  general ly, 

the   mater ia l   i s   we l l  graded and contains few f ines.  Silt and c lay  

layers of  any s ign i f i can t   th ickness  were not   no ted   dur ing   the   d r i l l i ng  

and sampling and, therefore,   should  not   a f fect   the  qual i ty   o f   the mat- 

e r i a l  s i g n i f i c a n t l y .  We would  expect tha t  once the  mater ia l  has been 

crushed and separated  into  the  rock and sand f r a c t i o n s ,   v e r y   l i t t l e  

addi t ional   processing will be requ i red   to  meet t h e   l i m i t s  for content 

-be' Uonslrllsnls Lld 
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The resu l t s  of the  sulphate soundness test   indicated  losses  ranging 

from 0.3 percent   to  8.5 percent for the  coarse  aggregate, and from 

3 percent to  15.1 percent for t he ,   f i ne  aggregate. A l l  of these  values 

f a l l  below the maximum set out  i n  CAN3-A23.1-M77 o f  12 percent and 

16 percent  for  coarse and f i n e  aggregate,  respectively. The Los Angeles 

Abrasion  Test  results showed losses of  9.1 percent t o  18.9 percent, 

which  are  welt  below  the 35 percent maximum spec i f ied  by CAN3-A23.1-M77 

for  aggregate used i n  concrete  paving or concrete  surfaces  subjected 

to  s i g n i f i c a n t  wear. Therefore, 

t h i s   s o u r c e   i s   s u f f i c i e n t l y  durab 

The organic  impur i t ies  content as 

it wou 

l e   f o r  

5 hown 

I d  appear tha t   t he  aggregate i n  

use in   the   p roduc t ion  o f  concrete. 

by the   resu l ts  of  the   co lo r  

p l a t e   t e s t  appear t o  range  from  moderate t o  high. The coal  content 

determinations, and the fact  tha t  no other  organic  mater ia l  was noted 

dur ing   e i ther   the   f ie ld   o r   the   labora tory   c lass i f i ca t ion ,  suggest tha t  

the  d isco lorat ion may be p r imar i l y  due to the  presence o f  f i ne   coa l  

p a r t i c l e s  or 1 ign i te ,  The coal  contents  performed a1 1 f e l l  below the 

0.5 percent maximum allowable, However, as some of  the  values were 

close to  t h i s  limit, removal of th is   de leter ious  mater ia l   f rom some o f  

the  gravel and sand may be necessary p r i o r   t o   u s i n g  it i n   t h e  manufac- 

t u r e  of concrete. 

BBioBdedhb.' Umslllas la 
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The resu l t s  of the  Petrographic  Analysis performed on a combination of 

samples from Deposit 168 i nd i ca te   t ha t  some po ten t ia l l y   de le te r i ous  

components are  present  wi th in  the  granular  mater ia l ,  O f  these, on ly  

Chert i s  present i n   any -s ign i f i can t   quan t i t y .   Th i s   po ten t i a l l y   de le te r -  

ious  mater ia l  appears t o  form approximately 13 percent of  the  aggregate, 

w i th   t he   bu l k   o f  i t  being i n   t he   f i ne r   pa r t i c l e   s i zes .   A l though  some 

types of cherts  are known t o   r e a c t   w i t h   a l k a l i e s   i n   t h e  cement and 

cause an excessive  expansion in   the  concrete,  it i s   n o t  known whether 

the  type of chert  present i n   t h i s   d e p o s i t  would be react ive.   In  order 

to   conf i rm whether o r  not the  granular  mater ia l  can be used as concrete 

aggregate, add i t iona l   tes t ing  will have t o  be done on a c t u a l   t r i a l  

batches of  concrete  manufactured wi th  aggregates  from t h i s  source-. 

The concrete  would  be  tested'for i t s   r e s i s t a n c e  to cement-aggregate 

r e a c t i v i t y  and a l so   f o r   i t s   res i s tance  to freeze-thaw  cyctes. If 

these  tests have a minimal  detr imental  effect on the samples, then  the 

granular  materials  from  this  source can be used i n  the  production of 

concrete  aggregate. 

I 
I 
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5.4 Access and Methods of Extract ion 

Due to t h e   r e l a t i v e l y  smal I size o f  Deposit 168, it would  appear tha t  

construct ion o f  a gravel  access  road  required for  summer exp lo i t a t i on  

may not be just i f ied.   Barg ing  the  mater ia l   to   Tuktoyaktuk  a lso may 

not be  economical due to  the  d istances  involved. It appears that   the 

most e f f e c t i v e  access can be gained by const ruct ing a winter  road to  

the  deposit and haul ing  the  mater ia l   out  by t r u c k   t o  a su i tab le  stock- 

p i l e   s i t e   i n   t h e  area of intended use. 

The dry nature of the uppermost 1.5 m o f   ma te r ia l  and the lack of  

appreciable  overburden  would make i t s  removal r e l a t i v e l y  simple. The 

mater ia l   could  easi ly be loosened w i t h  a r ipper  at tachment,   pr ior  t o  

loading i t  onto  trucks. 

The hard,  well-bonded  frozen  material  below the 1.5 m t o  2.0 m depth 

would be considerably more d i f f i c u l t   t o   e x t r a c t .  Even i f  a large 

crawler   t ractor ,  such as a Ca te rp i l l a r  D8 or  09, equipped w i t h  a s ing le  

too th   r ipper  were used, i t  may not be poss ib le   t o   e f f i c i en t l y   l oosen  

more than a 1.0 m t o  1.5 rn t h i ck   l aye r  of  t h i s   ma te r ia l  i n  any one 

season. I t  would be necessary to  al low an add i t iona l   layer  o f  mater ia l  

t o  thaw and drain  through a t  l eas t  one summer season before  fur ther  

attempts t o  mine i t  were made. I 
I 
I 
I 

BBT GEOTECHNICAL CONSULTANTS LTD. 



- 32 

Dur ing   t he   i n i t i a l   ex t rac t i on  process, t h e   n a t u r a l   r e l i e f  of the 

deposit would be adequate to  permit  drainage t o  take place. The 

natura l  tendency t o  drain upon thawing  would.dimin1sh as more mater ia l  

was removed. Some form o f  drainage  path,  possibly  directed t o  the 

south, may have t o  be constructed, once the  e levat ion o f  t he   t e r ra in  

immediately  surrounding  the  deposit has been reached. A t  t h i s   po in t ,  i t  

may not be pract icable  to  cont inue  the  mining  operat ion beyond removing 

the  material  which can be extracted  dur ing one more w in te r  season. 

Reclamation of the   s i te   cou ld   cons is t  of spreading what l i t t le organic 

mater ia l   could be salvaged  during  the  grave1 mining procedure and seed- 

ing  the area i f  necessary. I f  the excavation was extended t o  an eleva- 

t i o n  below tha t  o f  the  surrounding  terrain,  then  the  bulk of  it would 

simply  form  another  lake in  the area. 

5.5 Estimate of  Quant i t ies  

It appears,  from  the  data  collected,  that  with  the  exception o f  a few 

small  areas, such as the c iay  cap noted i n  Test Hole 168-3, a l l  of the 

mater ia l   w i th in   the  main esker o f  Deposit 168 i s  good qual i ty   granular  

borrow 

The volume of mater ia l  has been ca lcu lated by the "average end area 

method" between the  contour  intervals shown on the  topographic  s i te 

plan, Drawing No. A83-613-A1. For  est imation purposes, it has been 

" Uaaullsnls Ira. 
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assumed tha t   g rave l   ex i s t s   on l y   w i th in   t he   a rea l   ex ten t   o f   t he   depos i t  

shown on t h i s  drawing. This limit was drawn somewhat inside  of   the 

actual  deposit boundary t o  compensate for t h e   f a c t   t h a t  up t o  1 m of 

overburden is suspected to exist on the  f lanks. 

It i s  est imated  that   in. , totaI ,   the main r idge of the  deposit  contains 

540,000 m 3 of  granular  mater ia l .  If the kame deposits t o  the nor th  

a r e   a l s o   t o  be considered  for  development and mined t o   t h e  2 m depth, 

approximately an add i t iona l  60,000 m would  be  available. The estimate 

of t o t a l  volumes assumes tha t ,   w i th in   the   por t ion  of the main esker 

no r th  of  Test  Hole 168-7, the  granular  material  extends  to a r e l a t i v e  

e leva t ion  of 5.0 m, whi le   a t   the  southern t i p ,  it extends t o   a t   l e a s t  

3 

e leva t ion  O.O,(See Drawing No. A83-613-A2 i n  Appendix A). 

I t  i s   rea l ized  that   the  recovery of th is   g rave l  i s  l a r g e l y   l i m i t e d  by 

the  quanti ty  which can be e f f e c t i v e l y  thawed  and drained,  and/or exca- 

vated in the  frozen  state. It is   our   es t imat ion   tha t   the  limit of exca- 

vation  throughout  the  northern end o f   t he   depos i t  would be t o  approxi- 

mate ly   re la t ive  e levat ion 7.5 m, wh i le  a t  the  southern t i p  the  mater ia ls 

could be mined to  a re la t i ve   e leva t i on  of 5.5 m. I f  the  deposi t   is  only 

e x p l o i t e d   t o  these l i m i t s ,   t h e   t o t a l  amount of  mater ia l   read i l y   ava i l -  

able  from  the main ridge  would be i n   t he   o rde r  o f  290,000 m . The addi- 

t i o n  of  the  material  recoverable from the kames would ra ise   th is   es t imate  

t o  350,000 m . Each addit ional  metre of material  which  could be extracted 

3 

3 
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5.6 Potent ia l  Costs of  Extract ion and Development 

In   order  to  gain  information on the  costs  which  could be associated 

wi th   develop ing  th is  p i t ,  we contacted a loca l   con t rac tor   fami l ia r  

w i th   ex t rac t ing   g ranu lar   mater ia l  from sources in   the  Tuktoyaktuk area. 

From our  discussions  with Gruben Transport  Ltd., it would  appear tha t  

construct ing and maintaining a winter  haul  road t o  th is   depos i t  would 

be  en apprec iab le   fac to r   in   the   un i t   cos t  o f  the  mater ia l  i f  the  quant i ty  

removed a t  one time was re la t ive ly   smal l .   Wi th  the seasonal ext ract ions 

o f   l a r g e r  volumes o f   mater ia l ,  say in   the   o rder  o f  150,000 m o r  more, 

the  winter  road construct ion and maintenance costs  would  form a con- 

s iderably  smal ler   port ion of  t he   un i t  cost o f   e x t r a c t i n g  a cubic  metre 

of granular  material.   On-site  factors, such as hav ing   to  r i p  hard 

frozen  gravel  at  depth as compared to   j us t   us ing   t he   d ry   f rozen  upper- 

moste1.5 m would also have an e f f e c t  on the   overa l l  development cost. 

The  many var iables  which  present ly  exist ,  make i t  d i f f i c u l t   t o  accur- 

a t e l y   p r e d i c t  what the  actual  cost of development  would be.  However, 

in  . the  apinion  of.Gruben  Transport Ltd., if  reasonable  quanti t ies of 

mater ia l   are removed i n  one construct ion season, and the  excavation o f  

3 

the   mater ia l   i s   la rge ly   l im i ted   to   the   be t te r   d ra ined  mater ia l ,   the   un i t  

cost of ext rac t ing  and transport ing  the  granular  mater ia l  t o  the  Tuktoy- 

aktuk  area  would  presently l i e   i n   t h e  range of: $25 t o  $30 per cubic metre. 
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6.0  WILLOW  LAKE SITE - DEPOSIT 211 . "  . . .  . . . 

6.1 Location and Geological  Sett ing 

Deposit 211, which  follows  along  the  southern and eastern  shores of  

Willow Lake, is  located  approximately 40 km northeast of  Tununuk Point  

on the  Hackenzie  River and approximately 50 krn west-southwest o f   t h e  

Hamlet of  Tuktoyaktuk, N.W.T. Only tha t   po r t i on  of the   depos i t   to   the  

east of  Willow Lake was t o  be evaluated under the  present scope o f  work. 

The general  location of  t h e   s i t e  I s  shown on Drawing Nos. A83-613-1 and 

A83-613-3. Topographic d e t a i l s  of  the area immediateiy  around the 

deposi t ,   the  test   hole  locat ions,  and the  approximate  areal  extent of 

the  granular  materials  are  presented on Drawing No. A83-613-81 i n  

Apprendix B. 

Si te  211 cons is t s   o f  a t h i n  sandy esker  ridge  which was deposited  during 

ice   re t rea t  on prev ious ly   deposi ted  g lac io f luv ia l  sands and minor  gravel. 

The e a r l i e r   g l a c i o f t u v i a i  sands have a hummocky surface  expression  which 

has probably  resulted  from  thermokarst  subsidence.  Thermokarst  lakes 

are c o m n   i n  areas  adjacent to  the  esker  ridge. The g l a c i o f l u v i a l  out- 

wash deposits,  which  predate  the  overlying  esker  materials,  are pre- 

"classical"  Wisconsin i n  age (Rampton, 1974). The esker  materials, 

composed most ly   o f  sand, w i t h  a minor  gravel  content, were deposited on 

the   ea r l i e r   g lac io f l uv ia l   depos i t s  by r i vers   f low ing  beneath a re t rea t i ng  

ice  sheet. These sands are  about 4 rn th ick .   Ice-r ich  layers are found 

a t  the contact between the  esker  materials and the underlying outwash 

depos i ts . 
Umsrllenls Lld 
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During  the  course of th is   inves t iga t ion ,  it was confirmed  that  the 

esker  materials were more discontinuous  than had been previously sus- 

pected. The esker  materials appear t o  be r e s t r i c t e d   t o   t h e  uppermost 

4 m of  the 18 m high  ridges  which form the main sur face  features  in   the 

area. If the base of the  esker  deposit i s  assumed to be f l a t   l y i n g ,  

then it ranges in   w id th   f rom 30 m t o  175 m. 

Much o f  the  deposi t   surface  is  bare of any vegetation,  while  the  re- 

mainder i s  covered w i t h  a t h i n  veneer o f  moss and dwarf  shrubs. 

6.2 Nature of the Subsurface Mater ia ls  

In a l l ,  four areas have been i d e n t i f i e d  as  remnants o f  the  esker  deposit. 

These are shown on Drawing No. A83-613-Bl as Areas A t h r u  D. 

Gravel s ize   mater ia l   ex is ts   a l l   a long  the  exposed surface  of   the  esker 

deposit. However, a few centimeters  below  the  surface,  the  material 

rap id ly  grades i n t o  a poorly graded, coarse t o  f i n e  sand containing a 

minor amount o f   f i ne   g rave l .  The granular appearance of the  surface 

m a t e r i a l   i s   l i k e l y   t h e   r e s u l t  o f  wind  erosion  removing  the  f iner sand 

and s i l t   m a t e r i a l .  

I n  Area D, esker sand containing  minor  quant i t ies of gravel,  extends t o  

approximately  the 4.6 m depth. I t  i s  suspected t h a t   t h e   k n o l l   j u s t  t o  

the  nor th  of Test Hole 211-1 i s  also composed o f  s imi la r   mater ia ls .  

prn Omsullms Lld 
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The uppermost 1.5 rn i s   r e l a t i v e l y   d r y  and loose. The sand below the 

1.5 m depth had an appreciable  ice  content  which  increased  with depth. 

Outwash sand, which was ice- r i ch  and had a  layered  structure, was 

encountered  below  the 4.6 m depth.  Massive i ce  and very   i ce- r i ch  sand 

were encountered  below 7.0 rn. 

The esker   mater ia ls   in  Area C appear t o  extend t o  approximately  the 37 m 

contour  interval  and have a maximum thickness o f  j us t   ove r  3 m near 

Test  Hole RKL-211-2. Again, the uppermost 1.5 m to 2.0 rn a r e   r e l a t i v e l y  

loose and dry .   F ine   g lac io f luv ia l  sands w i th  a layered  s t ructure and  an 

noted  below  the 2 m depth  a t  

i ve   i ce  was encountered i n  

appreciable  organic and 

the  locat ion of Test Ho 

t h i s   h o l e   u n t i l  the 8.5 

coal  content were 

l e  211-5. No mass 

m depth. 

Subsurface  material in   the  area of Test  Hole 211-3 appears to be f ine-  

gra ined  layered  g lac io f luv ia l  sand w.ith a h i g h   s i l t   c o n t e n t .  Layers o f  

grave l l y  sand and good,qual i ty ,   wel l  graded gravel,  suspected t o  be from 

an ear l ier   deposi t ional   per iod  than  that  of the  esker, were noted between 

the 2.7 m and 7.0 m depths. However, these  mater ia ls   over l ie  massive 

ice  which  extends from approximately  the 5 rn depth t o  beyond the 12 rn 

depth. 

p m  UcnaHSnls h.& 
BBT GEOTECHNICAL CONSULTANTS LTD. 



- 39 - 

Subsurface  materials, in   the  area of Test  Holes 211-4, 211-6 and 211-7 

do not  appear t o  be re la ted  t o  the esker deposit, Most o f  the sub- 

surface  mater ia l   consists of  f ine-grained sand, s i l t  and very  ice-r ich 

clay,  which a l l  appear t o  be layered.  Massive  ice  is  prevalent  through- 

ou t .   t h i s   po r t i on  of the  r idge. 

The segmented r i d g e   i d e n t i f i e d  as Area B appears t o  contain  esker mat- 

e r i -a ls   w i th   the   h ighes t  observed gravel  content. Sand, w i t h   f i n e   g r a v e l ,  

extends t o  approximately 1.8 m and 5.5 m a t   t he   no r th  and south end of 

the  deposit,   respectively. Layered f i ne -g ra ined   g lac io f l uv ia l  sands 

underl ie  the  esker  materials. No massive i c e  was encountered t o  the 

depth o f  d r i l l i n g .  

The only  informat ion  avai lable on subsurface so i l   cond i t ions  a t  the 

extreme  south end o f  the por t i on  of  Deposit 211 present ly under  study 

and defined by the boundary o f  Area A,  was obta ined  in  1973 by Ripley, 

,Klohn and Leonoff  International  Ltd. The exact  locations of these 

previous  test  holes was uncertain, so i t  i s   d i f f i c u l t  to estimate  the 

extent o f  the  esker  deposit.  For t h e  purpose of  th is   analys is ,   the 

deposit has been conservat ively  est imated  to  approximately  fo l low the 

40 rn contour  intervals as shown on Drawing No. A83-613-81. 

The deta i led  descr ip t ion of t h e   s o i l s  encountered and the   resu l ts  of 

the  tests  performed  are  presented on the  Test  Hole Logs i n  Appendix B 

pbsl Umsullsnls llsr 
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and on Table 4. The logs have been used to   p repare  a ser ies o f  cross 

sect ions  depict ing  the  inferred  subsurface  soi l   strat igraphy and our 

est imat ion of the limit of  esker  materials. These cross  sections  also 

appear i n  Appendix B. 

6.3 Potent ia l  Uses of Mater ia l  

V i r t u a l l y   a l l  of the esker  material would be s u i t a b l e   f o r  use as general 

fill. However, i t s  engineering  properties  would be more l i k e  those of 

a sand ,rather  than a gravel because only   smal l   por t ions  o f   the  par t   o f  

the  esker  analysed a t  this t ime  contain any appreciable amounts o f  

gravel   s ize  mater ia l .  For the most part ,   the  gravel  size m a t e r i a l   i s  

i n   t h e   f i n e  range. 

The fact  tha t   the   depos i t   i s  segmented and contains  very l i t t l e  gravel 

s ize  mater ia l  would, i n  our opinion, make it re la t i ve ly   undes i rab le  

f o r  development u n t i l  sources  containing  s imi lar   mater ia ls much clos,er 

t o  Tuktoyaktuk have been depleted.  Another  major  restr ict ion t o  devel- 

opment would be the  presence o f  massive ice  beneath  port ions  of  the 

deposit. The thawing of t h i s   i c e  i n  areas o f  h igh  r e l i e f  would  cause 

considerable  environmental damage. It would  appear tha t  a much more 

e x t e n s i v e   d r i l l i n g  program  than  that  presently commissioned, would be 

required t o  conf i rm  that   areas  selected  for  development are not  under- 

l a i n  by massive  ice. 

I 
1 
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TABLE 4 

HOLE NO. DEPTH 
(m) 

21 1-1 

21 1 -2  

21 1-3 

0.9-1.2 

2.9-3.2 

6.0-6.3 

2.4-2.7 
2.7-3.3 
4 .1-4 .4  
4.9-5.5 

21 1-5 0 - 1 . 5  

L 1.5-2.1 

3.7-4.0 
5.7-6.0 
8.2-8.5 

21 1-6 0.6-0 .9  

21 1-8 0-1.5 
4.3-4.7 

Comb i ned 4.3-4.6 
E 5.5-5.8 

7 .9 -8 .2  

21 1-9 0.9-1.2 

2.9-3.2 

4.9-5.2 
5.6-5.9 

SUMMARY OF UUORATORY TEST RESULTS - S I T E  211 
COAL CONTENT 

OF SAND 
GRAIN S I Z E ( %  by weight) ORGANIC I M P U R I T I E S  COMPONENT 

GRAVEL - SAND FINES COLOR PLATE (% by weight) 

85.8 14.2 

7t * I  28.9 

0.1 89.4 10.5 

44.6 54 .4  1 . o  
66.0 33.3 0 .7  

45.7 53.4 0 . 9  

27.1 71 05 1.4 

31 -5  66.8 1 . 7  

0.8 78.8 20.4 

17-9 79.9 2.2 

0.4 95.9 3.7 

29.2 67.0 3.8 

4.8 93.7 1.5 
1.7 97.4 0-9 

26.6 71 . I  2.3 

94.9 5.1 

# 5  
# 5  

# 5  
# 5  

# 4  

1.59 

1 .g1 

9.89 
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A Petrographic  Analysis  performed by others s q g e s t s  that   the  granular  

component contains a high  percentage of chert.  Other  deleterious mat- 

er ia ls  such as s i l t ,   c l a y  and coal are a lso   p resen t   i n   quan t i t i es   i n  

excess o f  that  normally  considered  to be acceptable. I f  t h i s  mater ia l  

were t o  be  used in  the  manufacture of concrete  qual i ty  aggregate, it 

would  have t o  undergo considerable  processing.  Also,  signif icant 

quan t i t i es  of mater ia l  would  have t o  be handled i n   o r d e r  to  obta in  a 

re la t i ve ly   smal l  amount o f  su i tab le  aggregate.  For the above reasons, 

we do not   be l ieve  that   the  por t ion o f  the  deposit  evaluated a t  t h i s  

time, i s  a good source o f   g ranu la r   ma te r ia l   su i tab le   f o r  use i n   t h e  

manufacture of  concrete. 

Should consideration be given  to  developing  the  si te, it would  appear 

that  the  gravel  content of the  granular  material i s  g rea ter   in   the  

southern  port ions  of  the esker than in  the  north.   In  addi t ion,   previous 

s tud ies  a lso suggest t ha t  a port ion  of  the  deposit  immediately  south of 

Willow Lake, which d id   not  form pa r t  of the  present scope of  work, may 

conta in   mater ia ls   wi th  a higher  gravel  content. If development of 

th is   depos i t  were t o  take  place, i t  should  probably  begin a t  the  south 

end. 

6.4 Site Access and Methods of Extract ion 

It would appear that   the  deposi t  is accessible  by  winter snow road from 

the  East Channel of  the Mackenzie River. However, the  steep  slopes 

adjacent  to  the Mackenzie R i v e r   r e s t r i c t   i n i t i a l  access t o   t he  mouth of  

uohsurjapnls la 
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one o f  the  drainage  courses  which  enter the Mackenzie River  from  the 

west. An access  route  similar  to  the  one used during this investigation 

could  be  constructed.  However,  the  grades  along  this  route  would  be 

fairly steep. A route  with  more  acceptable  grade  would  probably  follow 

Cabin Creek to the south end of the  deposit. 

The  material  would  have  to be excavated during the  winter  months and 

either  trucked  along  snow  and  ice  roads,  directly to the  area  of  pro- 

posed use, or stockpiled  near  the  Mackenzie  River  for  transport by 

barge during the  summer.  Conventional  excavation  equipment, such as 

bulldozers  equipped  with  ripper  attachments,  front-end  loaders, and 

trucks could be used  to remove the  material  from  this  source.  The 

uppermost 1 - 5  m to 2.0 m of  well  drained  material  would be relatively 

easy t o  rip and excavate.  Beyond this depth,  the  sand is  well -bonded 

with  non  visible  ice. From.the difficulty  experienced in penetrating 

these  materials  with  the drill, it i s  anticipated  that the excavation 

of the frozen  material  would  be  very  difficult. In all  likelihood, it 

would  first  have  to  be allowed to  thaw and drain during one or more 

summer  seasons  before the deposit  could be developed  beyond  the 2 m 

depth. It should  be  noted that much of  the  material  suitable  for 

granular  borrow  does  not  extend  much  beyond  the 2 m depth. 

Most of the  area  designated  for  potential  development i s  bare of any 

vegetation. Any topsoil  encountered  should be removed and stockpiled 

pkmd umsullards lu 
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for  later  use., I f  areas  which are  known to  be underlain by massive 

ice are to be  developed,  the  excavations  should  terminate at least 2 m 

above  the  ice  surface, It'appears that where  massive ice and ice-  rich 

soils  are  present in potential  borrow  areas,  they  exist  at a depth in 

excess  of 4 m below  grade. Site  rehabilitation  could  consist  largely 

of grading all  embankments to a stable  slope and grading  the  general 

area  to a relatively flat contour,  What  little organic material  was 

stripped and stockpiled during the  excavation  procedure  could  then be 

replaced and the  area  reseeded. 

6.5 Estimate  of  Ouantities 

I t  must be realized that  relatively  few test  holes  could  be  drilled 

during this  investigation  on  what is a reasonably  extensive  deposit. 

Airphoto  interpretation i s  being relied  upon  heavily,  to  determine 

what  material  exists  between test holes.  The  estimates  which  we  have 

prepared  are  based  on  the assumption that the materials  are  continuous 

over  considerable distances.  Additional  test  pits or drill holes  will 

be required prior to development  to  verify that these  estimates  are 

reasonably  accurate. 

The  quantity of  granular material  available  was  estimated using the 

"average end area  method"  between the  contour  intervals  shown  on  Drawing 

No. A83-613-Bl in Appendix B. It was assumed that the  useeble  material 

extends  to  the  contour  interval ai the perimeter o f  each  area  delineated 

-be' Umsullarla bl 
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on t h i s  drawing. As the uppermost 1.5 m of  m a t e r i a l   i s  most e a s i l y  

recoverable, i t s  volume has been calculated  separately. 

TABLE 5 - ESTIMATE OF OUANTITY SITE 211 

AREA ESTIMATE OF TOTAL 
VOLUME  AVAILABLE 

A 

B 

C 

D 

TOTAL 

200,000 m3 

70,000 mJ 

80,000 m3 

150,000 m3 

500,000 m’ 

ESTIMATE OF VOLUME 
TO 1.5 m BELOW GRADE 

150,000 m3 

40,000 m3 

60,000 rn3 

115,000 m3 

365,000 m 3 

Potent ia l  Costs of Extract ion 

The potent ia l   cost  of ext rac t ing   the   mater ia l   w i th in   th is   depos i t  and 

t ruck ing i t  t o  Tuktoyaktuk, was discussed  wi th Gruben Transport  Ltd. 

If the main i ce  road  along  the East  Channel o f  the Mackenzie River was 

constructed and maintained for purposes other  than  accessing  th is  deposi t ,  

the  cost o f  construct ing and maintaining  the  short snow road  road from 

the East Channel to   the   depos i t  would not add s i g n i f i c a n t l y  to  t he   un i t  

cost of extract ing  the  granular  mater ia l ,  However, t h i s  cannot be 

assumed t o  always be the case. Without the main ice.road,  the  cost  of 

removing th i s   ma te r ia l  would be o n l y   s l i g h t l y  less than  . that   present ly 

being  paid for granular  mater ia l   extracted  f rom  the Ya-Ya esker t o  the 

south. I t  i s  ant ic ipa ted  tha t  the  cost  o f  e x t r d c t i o n   l i k e l y  would be 

i n   the   o rder  of $27 t o  $30 per  cubic  metre. 
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7.0 CONCLUS IONS 

The  results o f  this geotechnkal evaluation  showed  that  reasonably 

good  quality  gravel and very  gravelly sand is  present  throughout  the 

main portion  of  Deposit 168. In total, this deposit  contains  approxi- 

mately 600,000 m o f  material, of which  approximately 350,000 m could 3 3 

be extracted  with  relative  ease.  The  total  quantity  present is less 

than had  been  previously  suspected,  The  gravel  and  very  gravelly sand 

are  certainly all useable i n  applications  calling  for granular fill. 

In addition,  the  deposit  would  appear  to be a good source o f  concrete 

quality aggregate.  However,  the  reactivity o f  certain  potentially  deie- 

terious  components  with  the  alkalies , , in  cement  would  have  to be known 

before it could  be  confirmed that the  material  could be used in the 

manufacture  of  concrete. 

The  results  of this geotechnical  evaluation also confirmed that signi- 

ficant  quantities  of  fair  quality  granular  material  are  present in 

Deposit 211. In total,  the  portion o f  the  deposit  evaluated at this 

Xime Is suspected to contain  approximately 5OO,OOO m o f  material. Of 

this,  approximately 365,000 m would be relatively  easy to extract. 

However,  the granular material in this  deposit  consists  almost  entirely 

of a sand with a minor gravel  component.  Significant  quantities of silt 

and other.deleterious  material  are  also  present.  Without  undergoing a 

considerable  amount o f  processing, it would  only be useable as general 

3 

3 

I 
I 
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granular f i l l .  Until sources of  better  quality  material i n  the 

Tuktoyaktuk area are depleted, it would  not appear that Deposit 211 

warrants  development. 
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SOIL DESCRIPTION 
50 mm, Organic cover 

GRAVEL, we11 graded, dry,  brown, 
c-m-f sand, t race s i l t ,  occasional 
cobble, loose t o  2.4m, frozen 
be 1 ow 

i n  layers of medium sand 
1ow':Z.O m 
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OTHER 
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MA 

MA 
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0 

r- 

llLL RIQ I 
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Becker  Diesel Hammer 

I.T. 

D E P l  

- 
A T  1 - 
( m  - 

- 1  

- 

- 2  

- 

- 3  

- 

- 4  

- 5. 

- 6  

- 7  

- 8  

- 9  

- 

(DEPT. OF I N D I A N   A F F A I R S  & NORTHERN 
OF THIS TEST MOLL AND AT THE TIME OF DRILLIN 

S O I L   D E S C R I P T I O N  

GRAVEL, well   graded,  dry,  brown, some 
c-m-f sand(35%),  trace s i  1 t ,  
occasional.  cobble,. l o o s e  

- 

1.5 m 
SAND, poorly  graded, brown, some f ine 

gravel .(35%), loose t o  2.4 m, 
- 

frozen  below,  wet upon thawing 

?&B - 0.15 rn th ick  f i n e  sand layer  
3.2 m 
;RAVEL, poorly  graded, and c-rn-f sand. 

(35% t o  45%), t r a c e   s i  1 t, wet 
upon thaw i ng 

- 

' .5 m 
'LAY, medium p l a s t i c ,   s i l t y ,   g r e y ,  

occasional  pebble, Ice layers 
t o  15 mm t h i c k  

%!! End of  H o l e  

'E DRILLED I SCALE 8 

l rch 19, 1983 I 1:50 I ORAWINB NUMBER: 

A83-613-Ab 

VELOPMEN' 

OTHER 
TESTS 

MA 

MA 

MA 

MA 
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I DEPT. OF INDIAN  AFFAIRS & NORTHERN  DEVELOPMEN1 TU K1 - LOCATION : JK, N - .w 
OF" THIS TEST. HOLE AND AT' THE TIME OF DRlLLlNP 

SOIL DESCRIPTION OTHER 
TESTS 

SO mm Peat cover 
SLAY, low plastic, grey-brown,  frozen, 

i c e   r i c h  below 1 m ( 5 0 % . t o  66% 
excess upon thawing) 

HA 

MA 

MA 

MA 

MA 

SAND, poor ly graded, m-c and f i-ne 
gravel (35% to 4523-t upon 
thawing,  trace s i l t ,  contains 
layers of SW and GW a t  2.0 m and 
4.0 m depth 

- 2  

- 3  

- 4  

- 5  

- 6  

- 7  

- 8  

- 9' 

I 

' Note: Deposit appears t o  have 
" , ' ,  layered  structure o f  

gravels and  sands 

i.8 m 

;RAVEL, w e l l  graded, w e t  when thawed, 
- and c-m-f sand (35%), brownish- 
grey,  contains  layers of coarse 
gravel,  layers of  well graded 
sand < 0.15 m t h i c k  

V 
.i 51 

Lo m End of  Hole 

DATE DRILLED: SCALE : I ORAWINQ NUMBER: I March 20, 1983 I 1:sO A83-6.13- AS 
Becker Diesel Hammer 
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E 
USC 

Of THIS TEST HOLE AN0 AT THC TIME OF ORlLLlNO 

S O I L  DESCRIPTION 

GRAVEL, well  graded, damp, brown, and 
c-m-f sand(30% t o  40%), t race s i  1 t 
occasional  cobble,  loose to  1.8 m,  
frozen  below 

- 
JRC 
Ice 
N 

- 
V 
:5 % 

0% 
:0 

- 
V 
I 5 9  

+ - 

OTHER 
TESTS 

MA 

MA 

MA 

- 1  

- 2  

- 3  

- 4  

- S  

- 6  

- 7  

- 8  

- 9 .  

- 10 

- 0.15 m sand layer 

2.5 m - very sandy  zone 

N o t e :  Deposit  probably has 
layered  structure of 
gravel and sand 

4*5 - ice   r ich  layers  below 4.5 m 

MA 

MA 

MA 

8.0 m 
SAND, skip-graded, medium t o  f i n e ,  - and gravel (35%),  grey,  saturated 

upon thawing,  contains  trace 
s i l t  and c lay  

10.5 m End o f  Hole 

[ORAWINO NUMBER 1 MILL RIO : 

Becker D i e s e l  Hammer 
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NB 
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IDEPT. 0,F INDIAN AFFAIRS & NORTHERN 
N OF THIS TEST HOLE AND  AT THE TIME OF DRILLIN 

1 

SOIL DESCRIPTION 
. . . .. . . ". . 

SAND, poorly graded, m - f ,  brown, mois t ,  
. . . . ." . - .. . . 

when thawed, trace roots near 
surface 

GRAVEL, we l l  graded, moist, brown, 
- and c-m-f sand (35% t o  40%), 
t race s i l t ,  occasional  cobble 

2 * 8  - 0.15 m t h i c k  layer of ML 
- 0.5 m t h i ck   l aye r  of f i ne  G P  

3.5 m 
GRAVEL,  we1 I graded, wet when thawed, 

grey-brown, little t o  some 
c-m-f sand (15% t o  20%), 
ockaj  i ona 1 cobb 1 e 

6.0 m 
GRAVEL, well graded,  wet when thawed, 

grey-brown, Some c-m-f sand 
(30% to  35%), t r a c e   s i l t ,  
occasianal cobble 

End o f  Hale 

I SCALE : IDRAWINQ NUMBER: 

ELOPMENT - 
OTHER 
TESTS 

IDEPT. 0,F INDIAN AFFAIRS & NORTHERN  DEVELOPMENT 
N OF THIS TEST HOLE AND  AT THE TIME OF DRILLINQ. 

1 

- 

- 
MA 

MA 

MA 

MA 

MA 

MA 

Becker Diesel Hammer 
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GW 

8 ,  - 
SP 

GW 

SOIL DESCRIPTION 

GRAVEL, we l l  graded, damp, brown and 
coarse to  f ine  sand (45%) , 
occasional  .cobble, loose to '2.0 m 
frozen  below,  wet upon thawing 

2.0 m 
SAND, poorly graded, medium to  f i n e ,  

and f i n e  gravel ,  contains  0.15 m 
th ick  layers of  clean  uniform 
sand 

GRAVEL, well  graded,  saturated upon 
thaw i ng , brown, and coa rs,e t o  
f i n e  sand (45%) 

4.5 m 

CLAY, medium p l a s t i c ,  grey, i c e   r i c h ,  
contains  pebbles 

5 m 4  End o f  Hole 
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(DEPT. OF INDIAN AFFAIRS 6 NORTHERN DEVELOPMENT 
N or THIS TEST HOLE ANO AT THC TIME OF DRILLINQ. 

I 

" 

LOCAT - - 
OTHER S O I L  DESCRIPTION T E S T S  

50 mm Peat cover 
GRAVEL, we1 1 graded, s'i l t y  near  surface 

P.8 m o K a d m a l  ccibble 
- and c - m - f  sand,  brown, moist, 

SAND, poor ly graded, loose, brown, 
moist when thawed, c- f   gravel  
t h in   l aye r  o f  clayey  s i  It a t  1.0 I 

53 

MA 

MA 

MA 

MA 

MA 

1 

2.0 m 
GRAVEL, f a i r l y  we1 1 graded,  grey-brown, 

'' wet when thawed (>5% excess) ,dsome 
c - m - f  sand (25% t o  30%), t race 
s i l t ,  occasional  cobble,  very  ice 

,- 

' r i ch   l aye r  a t  3.0 m 

- 2  

- 3  

- 4  

" 5  
4.8 m 
SAND, wel l  graded, grey, fi f i n e  

gravel,  trace  coarse  gravel t o  
75.mm, t race cobbtles, contains 
layers of s i l t  and clay,  wet upon 
thawing (>5% excess) 

- 6  

- 7  

- 8  

SAND, poor1  y  graded, rn-f , grey-brown , - trace  gravel  sizes,  layered 
s t ruc tu re   w i th   s i l t ,   coa l  specks, 

'very  hard t o  penetrate,   ice  r ich 
1 ayers 

8.8 m '  End of Hole 

, , Becker Diesel Hammer 



PROJECT : GRANULAR  MATERIAL STUDY CLIENT: GOVERNMENT OF CANADA 

DEPT. OF INDIAN AFFAIRS 6 NORTHERN DEVELOPMENT 
S O f  THIS TEST HOLE AND AT THE TlMR OF DRILLINO. 

I 

I 

I 

d 

LOCAT: - 
TC 

N.W.T. 
INLY AT TH 

- 7  

3 

- 8  

- 

- 9  

c 

I 

I 

IRC 

(f 

ce - 
OTHER 
TESTS SOIL  DESCRIPTION 

". .. 

GRAVEL,  we1 1 graded, max. size 75 mm, - and c-m-f sand (35%), t race t o  no 
s i l t ,  loose, brown, occasional 
cobb I e MA 

MA 

MA 

MA 

MA 

MA 

2.0 m 
GRAVEL, we1 1 graded, grey,  loose to 

2.4 m, frozen below, 1 f t t l e  to - some c-m-f sand (15% -151 
trace cobbles to  200 mm size, 

I trace s i l t  

V 
8 5  % 

4 m 2  m ,  0.3 m thick I'ce r i ch   l aye r  
, .  

6.0 m . 

GRAVEL, f a i r l y   w e l l  graded,  grey, some 
c-m-f sand(25%), t r ace   s i  1 t, wet 
upon thawing,  low v i s i b l e  ice 
content  except f o r   i c e  rich 
layer a t  7.1 m 

V 
:5 % 

8.8 m End o f  Hole 

>RILL RIQ * 
Becker Diesel Hammer 
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PROJECT: GRANULAR MATERIAL  STUDY ' I,,CLIENT: GOVERNMENT OF CANADA 

i sui - 
260 

LOCATION : 
TH19 

'4RC 
l c e l  

" 

" 

" 

" 

" 

" 

TOYAKTUK.  N.W.T. 
APPLIES ONLY A T  Tb 

- 
- 8  

- 
- 9, 
- 

- 10 

- 

)RILL RIO 

Becker Diesel Hammer 

(DEPT. OF INDIAN  AFFAIRS & NORTHERN  DEVELOPMENT 
OF THIS TEST :HOLE AND A T  THE TIME OF DRILLINO. 

S O I L   D E S C R I P T I O N  OTHER 
TESTS 

SAND, poor ly graded, f ine ,  brown, some 
c-m send, t r a c e   s i l t ,  trace 
gravel, damp, loose t o  1.5 m, 
frozen be 1 ow 

MA 
.. . -. . . ' '' - layer  of med i um sand 

2.9 m 
SAND, poor ly graded, e-m-f, grey, MA 

l i t t l e  t o  some f ine  gravel ,  I 

4 . 3  m - trqce coal in--sample, 15% t o  
4.6 , 20% excess  water upon thawing 

SAND, poor ly graded, f i ne ,  some medium 
sand, grey,  contains 10 mm t o  
15 mm pieces of coal i n  layers,, 
l aye red   s t ruc tu re ,   o f   s i l t  and 
sand 

MA 

ICE 6 SILT (<5&), th in   layers ,  grey, 
c 1 ayey 

8.0 m 
SAND, poor ly graded, f i n e ,   s i l t y ,   v e r y  

ice  r ich,   layered  s t ructure of 
s i l t  and  sand 

g w l  End of HoIe 

6 

ORAWlNa NUMBER! I A 8 3 - 6 1 3 - 8 5  



.. . . . 

PROJECT : GRANULAR MATERIAL  STUDY 
. . . . 

I C L I E N T :  GOVERNMENT OF CANADA 
LOCAT: - IDEPT. OF I N D I A N   A F F A I R S  6 NORTHERN DEVELOPMENT 

4 OF THIS TEST HOLE AND AT THE TIME OF DRILLINQ. 

I 
II 
1 

T. 

EPTH 
r n )  

- 
T .  TH 

- 

- 1  

- 2  

- 3  

- 4  

- 5  

- 6  

" 7  

- a  

- 9  

- 10 

- 
OTHER 
TESTS 

- 
4RC 
h 

30% 

40% 

's 

to 

L 
LO 
V 
:5 % 

- 
I 
C 
E 

N B  SOIL DESCRIPTION 
iICT, and f i n e  sand, ice   r ich ,  brown, 

layered,   thin  organic  cover 

'W - 

1.3 m 
SAND, f i n e ,  brown, l i t t l e  s i l t ,  possiblc 

layered structure ,  5% excess 
water upon thawing 

MA 

MA 

I C E  

ICE 6 SAND, f ine ,  some low p l a s t i c  
s i l t ,  b r o w n , T e , r e d   s t r u c t u r e ,  
pieces o f  coal, twigs  In soil 
layers, 50%L.to. 75% excess  water 
upon thawing 

I 
C 

E+ 

+- 

- becomes very s i  1 t y ,  w i  t h  
organ i cs 

I 
RILL RlQ : 

Becker Diesel Hammer 



P R O J E C T :  GRANULAR MATERIAL STUDY I CLIENT: GOVERNMENT OF CANADA 

I DEPT. OF I N D I A N   A F F A I R S  & NORTHERN  DEVELOPMEN' 
)CATION OF THIS TEST HOLE AND AT THE TIME OF DRILLINO, 

I OTHER 

LOCAT - I - - T U  
IAR' 

U 
FP - 

N.W.T. 
ILY AT Tt 

DEPTt, 
( m ,  

* 

- 1  

- 

- 2  

I 

- 3  

- 

- 4  

c 

5 

- 6  

- 

- 7  
N 

m 
I ce 
N 

- - ICE 
Nb 
to 

v 5  

n% 

NB S O I L   D E S C R I P T I O N  

Thin organic cover <25 mm 
S I L T ,  low plastic,  brown,  trace gravel 

t o  50 nun, some sand, wet upon 
0.9 m thawing 
SAND, poorly graded, very f ine ,  grey- 

brown, trace silt, trace coal, 
contains thin layers of  segre- 
gated  ice ,  5% to 10% excess 
water upon thawing 

T E S T S  - 
ML 

- 
SP- 
SM 

MA 

MA 
2.7 m 

jP SAND, poorly graded, c-my and fine 
' gravel,  clean,  grey-brown, low 

ice content, wet upon thawing 

4.0 m 
GRAVEL, well graded, - and c-m-f sand, 

4.7 m upon thawing 

SAND, poorly graded, c-m, and fine 

grey-brown, law ice content, wet 

5.0 m 'ICE G SAND 

gravel,  clean,  grey-brown 
- 

MA 

MA 

1 '  " ICE, <2% silt inclusions 

e 

ICE,  con 

12.1 m 

t ' d  

End o f  Hole 

L 
1RlLL R I O  I TE DRILLED I SCALE : 

March 24, 13831 1:50 I ORAWtNQ NUMBER: 

A83-613-87 
Becker  Diesel Hammer I 



PROJECT: GRANULAR MATERIAL  STUDY I CLIENT: GOVERNMENT OF CANADA 
LOCAT 

JRC 

- 
TI 

Ice N~ 

" 5  
10% 

I_ 

I 
C 

E+ 

- 
V 

304 
s 

_I 

- 

TU 

U 

- 
m - 

UK, t 

v% 

ONLY 

jo 

Becker Diesel Hammer 

- IDEPT. OF INDIAN AFFAIRS 6 NORTHERN DEVELOPMENT 
o r  THIS TEST HOLE AND AT THE TIMC OF DRILCINO. 

SOIL DESCRIPTION 
OTHER 
TESTS 

io m Organic cover 
i lLT ,  low p l a s t i c ,  sandy,  brown, ice 

r i c h  

I I C E ,  ~ 2 %  s i l t  inclusions 

I C E  6 CLAY, low plastic, s i l t y ,  
l ayered   s twcture ,  10% to  20% 

3.8 m 
:LAY, l o w  to  mediurn.plastic,  dark  gray, 

layered  structure  with s i l t  and 
f i n e  sand, very ice r i c h   i n  

* layers 

6 9 0  rn End of Hole 



PROJBCT: GRANULAR MATERIAL  STUDY I CLIENT: GOVERNMENT OF CANADA 
LOCAT - ION : - TUKTOYAK 

U 
dARY APPLl 

m3 pw Lh 

IRILL RIO 
Becker D i e s e l  Hamner 

.T. 

'EPTH 

- 
SK TH - 
m )  - 

- 1  

- 2  

- 3  

a 4  

- 5  

- 6  

- 7  

- 8  

- 9 '  

- 10 

S O I L   D E S C R I P T I O N  

SAND, poorly . .  graded, c-m, little  fine 
gravel ,  brown, lbose 

SAND, poorly  graded, c-m-f, some fine 
" gravel,  brown, loose  to 2.0 rn, 

*-I- m frozen bel ow 1 
layered  structure wi th  silt, 
contains 10 mm td 15 mm layers 
with coal pieces, layers o f  roots, 
twigs, organics, 5% to 10% excess 
water upon thawing 

7.9 m 
SAND, poor1  graded, c-m-f, little f i n e  

grztyeY grey, 5% e x c e s m r  
e - upon thawrng 

8.8 m ICE 
SILT, grey, nonplastfc,  very  ice r i c h  

End of Hole 

f E  DRILLED * 
arch 24, 1983 

SCALE 1 I 1:50 I ORAWINO NUMBER; 

A83-6'13-89 

OTHER 
TESTS 

MA 

MA 

MA 



PROJECT: GRANULAR MATERIAL STUDY I C L I M T :  GOVERNMENT OF CANADA 

LOCAT - TU 
IAR' 
U 

FP 

- 
- 

I DEPT. OF INDIAN AFFAIRS 6 NORTHERN  DEVELOPMEN' 
1 O f  THIS TEST HOLE AND AT THE TIME OF DRILLINI.  
I 

111 
.G( I& 

IEPT! * 

- 1  

- 2  

" 3  

- 4  

- 5  

- 6  

- 7  

- a  

- 9  

- 1 c  

OTHER . 
SOIL DESCRIPTION 

SAND, silty, f ine ,  grey, frozen 
T E S T S  

MA 

1.2 m 
SILT, low plastic, grey,  little f ine 

sand,  layered structure ,  coal 
pieces, twigs,  roots, etc,  very 
ice r ich  

3. 

- 

I 

" 

I 

TL DRILLED 1 SCALE I ORAWINB NUMBER! 

arch 24, 1983 1 :50 A83-413-810 

3. 

- 

I 

" 

I 

TL DRILLED 1 SCALE I ORAWINB NUMBER! 

arch 24, 1983 1 :50 A83-413-810 

2 - 8  - 0.15 m thick layer  of Ice 
a t  2.8 m 

- 75% excess water upon 
thaw i ng 

ICE, t race silt 
5 . 3  m 
SILT, low p l a s t i c ,  grey, tittle fine 

hd" End o f  Hole 
sand, layered,   Ice  r i c h  

RILL RIQ I 
Becker Diesel Hammer 



PROJECT : GRANULAR MATERIAL STUDY I CLIENT: GOVERNMENT OF CANADA 

LOCAT 
TI 

IRC 
Ice N~ 

'f 

- 

'b 

- 

- 

Js 
:5% 

iO% 
.O 

- 
I 
C 
E 

MILL RIP 

Becker D i e s e l  Hamner 

I 

(DEPT. OF I N D I A N   A F F A I R S  Q NORTHERN  DEVELOPMEN1 
I Of THIS TEST HOLE AND AT THE TIME OF DRILLINO. 

I SOIL D E S C R I P T I O N  
OTHER 
TESTS 

SAND, poorly  graded,  fine,  grey,  loose 
to  0.6 m, frozen below, t race t o  
no s i l t ,  wet with 0% t o  5% excess 
water upon thawing 

3.9 m 
SAND, f ine ,   s i l ty ,   g rey ,   l ayered  

structure,  coal pieces, twigs, 
very  ice r ich  

4.4 m 

ICE 6 SILT, grey,  layered  structure 

6.0 m End of Hole 

arch 24, 1 9 8 3  I 1 : 50 I A 8 3 - 6 1 3 - 6 1 1  



PROJECT: GRANULAR  MATERIAL STUDY I CLIENT: GOVERNMENT OF CANADA 
I O N  : - 

YD 

lRIl.1, Rla : 
Becker D i ese 1 Hammer 

- 1  

- 2  

- 3  

- 4  

- 5  

- 6  

- 7  

" 8  

- 9. 

- 10 

- 

IDEPT, OF 1-NDIAN AFFAIRS S NORTHERN  DEVELOPMENT 
OF THIS TEST HOLE AND AT T U  TlMCr OF ORILLIN(I. 

SOIL DESCRIPTION 

SAND, well graded, l i t t l e  fine gravel ,  
brown, loose, damp,when  thawed 

1.8 m 

SAND, poorly graded,  f ine, grey, wet 
upon thawing,  layered  structure, 
coal pieces, twigs 

- becomes ice  r ich  below 3.0  m 
depth, I n  layers 

- pieces o f  coal and wood i n  
1 ayers 

7.2 m 
SAND, poort'y gradid,  c-m-f, some f i n e  

gravel ,  grey, wet upon thawing, 
50 mm max. size 

8 * 8  , End o f  Hole 

OTHER 
TESTS 

MA 

MA 

MA 



PROJ,ECT : GRANULAR  MATERIAL  STUDY I CLIENT: GOVERNMENT 0.F CANADA 

NRC 

Nf 

I ce - 

v, 
109 
to 
209 

v, 
*5% 
4 

rKTUK. N 
LIES ONLY 

'W 
W%. 

4 

18, 

16 

10 

-26 

Bccker Diesel Hammer 

- 1  

L -  2 

- 3  

- 4  

- 5  

- 6  

- 7  

- 8  

- 9' 

- 10 

- 
LO' - 

IYM 

(DEPT, OF INDIAN AFFAIRS c NORTHERN E 
Of THIS TEST MOLL AND AT THE TlMg W ORlLLlNQ 

SOIL DESCRIPTION 

SAND, poorly  graded, c-rn, t r a c e   f i n e  
gravel, brown, loose to  1 . 8  rn, 
frozen and i c e   r i c h  below, grey 
below 2.0 rn 

SAND, f a i r l y   w e l l  graded,  c-m-f,  grey, - some f i ne gravel 

VELOPMENT - - 
OTHER 
TESTS 

MA 

MA 

MA 

MA 

: 50 



I I I I I I I I I I I I I I I I I I I 

0
 

0
 

0
 

0
 

0
, 

m
 

0
 

0
 

0
 

0
 

Q
I 

Q
 

lc
 

O
w

 
0
 

- 

n
 

O
*

 
n

 
O

g
 

0
 

0
 

0
 

0
 

0
 

n
 

0
 

n
 

0
 

N
 

0
 

0
 



I I I I I I I I I I I I I I I I I I I 

0
 

0
 

0
 

0
 

m
 

m
 

P 
W

 
0
 

O
n

 
0
 

0
 

0
 

0
 

0
 

n
 

'* 
6l 

- 
- 

W
'H

I 
L13N

Id 
3N

33b
13d

 

0
-

0
~

~
3

 
.

.
.

.
.

 

"
 

! ./ ! 



I I I I I I I I 1 I I I I I I I I I I 

0
 

0
 

0
 

2
 

a
 

Q
 

E 
0
 

w 
0
 

n
 

0
 
t
 

0
 

n
 

0
 

* 
0
 

n
 

1
.
1
1
 

0
 

N
 

2 
0
 

E
E

 
E

 
E

E
 ,E 

h
 

"
 

! ! 

0
 

X
 



0
 
2 

0
 

0
 

- 

0
 

rc 
0
 

0
 

n
 0
 

0
 
t
 

)c
 

0
 

w
 

0
 

n
 

0
 

w
 0
 

n
 

0
 

0
 

N
 

0
 

NHHI 
H

3N
ld

 
1

N
3

3
Y

3
d

 

m
 

I 
M

 



0
 

0
 

O
m

 
0
 

OI 

d
 
1
 



0
 

0
 

0
 

0
 

- 

0
 

01 

0
 

m 

0
 

0
 

0
 

m
 

0
 

*
) 

rc 
0
 

W
 

0
 

0
 

0
 

n
 

0
 

n
 

N
V

M
l 

U
3N

Id 
1N

33613d
 

0
 

(Y
 

0
 

0
0

0
N

-
 

.
.

.
 r

.
 

0
 

X
 

*. 



c
 

L
 

0
 

0
 

0
 

0
 

a
 

0
 

o
-

U
3

o
a

 
.

.
.

.
.

 
N

 

T
 

"
 

I ./ ! 

.. 



0 0.45mm 
3 . 4  m 

t8 .0  rnm 
D30 

D60 
C 40.0 

1.4 
U 

cc 

SAND SiZES I 
SILT SIZES M 
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CLIENT: GOVERNMENT OF CANADA, DlAND 
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0 . 0 8 5 ~  

0.17 mm 

0.2 mm 

2.4 

1 *7 

100 
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IO 

0 
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GRAIN SIZE DlSTRlBUTlON 
DRAWING NO:A83-6 1 3- ~ 2 5  TEST HOLE NO: 21 1-5 DEPTH: 5.8m 
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PHOTO 2: R i g  setting up at location o f  Test Hole 168-8 

pkl!ilJ Umaullanls lil 
BET GEOTECHNICAL CONSULTANTS LTD. 
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EXPLANATiON OF TERMS AND SYMBOLS USED ON TEST  HOLE  LOGS 

PART I - DEFINITION OF SOIL  CLASSIFICATION SYSTEM 

The s o i l   c l a s s i f i c a t i o n  system used I s  a mod i f i ed   ve rs ion   o f   t he   Un i f i ed   So i l   C lass i f i ca t i on  System 
("The Un i f i ed   So i l   C lass i f i ca t i on  System'l Technical Memorandum  No. 3-357 Vbi. 1 ,  1953, the Waterways 
and  Research Stat ion,  USA). The m o d i f i c a t i o n   i s   t h a t  a c lay  hav ing a l i q u i d  limit between 30% and 
50% Is recognized  separately as a medium p las t i c   c lay .  

MAJOR D I V I S I O N  
' I GROUP 

(Exc lud ing  par t ic les >76  n) SYHBOI 

W 

- I -  

1 

CLEAN  GRAVELS uw 

[NO APPRECIABLE 
F I NES) 

~p 

GM 
0 I RTY GRAVELS 

(WITH FINES) Gc 

CLEAN SANDS SW 

(NO APPRECIABLE 
FINES) SP 

DIRTY SANDS 

sc (WITH FINES) 

5M 

WL 50 ML 

WL > 50 

CL WL < 50 

MH 

30 WL 50 C I  

WL > 50 CH 

WL e 50 OL 

WL > 50 OH 

HIGHLY ORGANIC I Pt 

MATERIAL  TYPES AND 
TYPICAL NAMES 

Vel1 graded gravels and gravel-sand  mixtures. 
Vide  range i n   g r a i n   s i z e  and subs tan t ia l  
amounts o f  a l l  i n te rmed ja te   oar t i c ie  sizes 

LABORATORY CLASSIFICATION 
CRITERIA 

'60 (030) 
'u D<'4 c D 1 0  X Dbo 1 t o  3 

Poorly  graded  gravels and gravel-sand  mixtures. 
Predominately one s i z e   o r  a range 'of   s izes 
d i t h  some intermediate  sizes  missins ABOVE REQUIREMENTS 

NOT MEET I NG 

Si l ty  gravels,   poor ly  graded  gravel-sand-si l t  
mixtures.  Non-plastic  f ines (see  below) LIMITS BELOW 

' A I  LINE AND P. I. <4. 

Vel1  graded sands, g rave l l y  sands. Wide range 
i n   g r a i n   s i z e  and substant ia l  amounts o f   a l l  

i a t e   D a r t i c l e   s i r e s .  
Poorly  graded sands, g rave l l y  sands. 
Predominately one s i z e   o r  a range of s izes 
N i t h  some intermediate  sizes  missing. 
S i l t y  sands, poor ly  graded sand-si l t   mixtures.  
Non-p last ic   f ines (see below) 

Clayey sands, poor ly  graded  sand-clay  mixtures 
P las t i c   f i nes  (see  below) 

I n o r g a n i c   s i l t s  and ve ry   f i ne  sands. Rock 
f l o u r ,   s i l t y  sands o f   s l i g h t   p l a s t i c i t y .  

c '60 ">6 cc (030)2 
c D?o 10 x '60 

1 - t o  3 

NOT  MEET I NG 
ABOVE REQUiREMENTS 

CONTENT  ATTERBERG LiHlTS BELOW 

' FINES 
EXCEEDS ATTERBERG LIMITS ABOVE 

12% ' A I  LINE OR P. I .  =. 7. 

OF I A l  LINE AND P. I .  c 4. 

I no rgan ic   s i l t s ,  micaceous o r  diatomaceous. 
Fine, sandy or s i l t y   s o i l s .   E l a s t i c   s i l t s .  

Inorgan ic   c lays   o f  low plas t i c i t y .   Grave l l y  
sandy, or s i l t y   c l a y s .  Lean clays. 

Inorgan ic   c lays   o f  medium p l a s t i c i t y .   S i l t y  
clays. 

Inorganic  c lays of h igh   p las t i c i t y .   Fa t   c lays .  

CLASSIFICATION I S  

ACCORDING TO 

PLASTIC ITY CHART 

(SEE  BELOW) 
Organic s i l t s  and o r g a n i c   s i l t y   c l a y s   o f  low 
p l a s t i c i t y .  

Organic  clays o f   h i g h   p l a s t i c i t y .  

Peat and other   h igh ly   organic   so i ls ,   s t rong 
c o l o r   o r  odor, and of ten  f ibrous  texture.  

DEFINITION OF SOIL COMPONENTS 50 

Z 40 - 
g 30 

20 
2.00 m 

REDIUM (m) 2.00 mn .425mn g 10 
FINE (f) .42smn .074mm 2 4 

7 

SIEVE SIZE 
A 

FRACT I ON PASS I NG RETA I NED 

' 5  
4.75 

COARSE (C) 76 ,,,,, x 

GRAVEL 
FINE ( f )  19 mn 

- 
COARSE ( 4  4.75 mn SAND 

* 

SILT (NON-PLASTIC) o.074 mn 

BOUNDARY CLASSIFICATIONS POSSESSING CHARACTERISTICS OF TWO GROUPS ARE 
GIVEN COMBINED GROUP SYMBOLS eg, GW-GC IS A WELL-GRADED  GRAVEL SAND 
MIXTURE WITH CLAY BINDER BETWEEN 5% AND 12%. 

CLAY (PLASTIC) LIQUID  LIMIT (wL) 



PART 2 - D E F I N I T I O N   O F  OTHER  TERMS USED ON TEST  HOLE LOGS 

1 .  OVERSIZE  MATERIAL 

R o u n d e d  o r  Subrounded 

Cobbles - 76 mm t o  200 mm 

Boulders - greater  than 200 mm 

N o t  Rounded 

Rock Fragments - greater  than 76 mm 

Rocks 
3 - greater  than 0.75 m i n  volume 

2. D E F I N I N G  RANGES OF PERCENTAGE  BY  WEIGHT OF MINOR COMPONENTS 

Percent 

50 - 35 
35 - 20 

20 - 10 

1 0  - 1 

D e s c r i p t i o n  

and 

some 

1 i ttle 
t race 

3. CONSISTENCY OF FINE-GRAINED  SOILS 

NO.  OF BLOWS (N) CONS I STENCY 

< 2  very  soft  

2 t o  4 soft 

4 t o  8 firm 

8 t o  15 s t i f f  

15 to  30 very s t  i f f  

> 30 hard 

APPROXIMATE  UNCONFINED 
COMPRESS IVE STRENGTH (kPa) 

< 25 
25 to 30 
50 to 100 

100 to 200 

200 to 400 
> 400 

4. D E N S I T Y  OF COARSE-GRAINED  SOILS 

NO,  OF BLOWS (N)  DESCRl  PTlVE  TERM 

< 4  very loose 
4 - 10 

10 - 30 
30 - 50 
> 50 

.1 oose 
medium dense 

dense 
very dense 

~ f 3 o t e n h d n s l  [l(onslJltenls Lla 
BBT GEOTECHNICAL CONSULTANTS 1TD. 



PART 3 - DEFINITION OF SYMBOLS USED ON TEST HOLE LOGS 

NRC 

NB 

8D 

U 

PP 

pW 

LW 

W% 

ST 

- I C E  - Ground Ice Description - As per Guide to a Field Description of 

Permafrost for Engineering  Purposes, NRC 7576 Technical Memorandum 
19 - for  brief description,  see next  page  under OTHER TESTS. ' 

- Becket- Hammer Blows - The number of blows by a Becker diesel hammer 

required to drive  the  casing 0.3 rn into the soil. 

- Dry Density - Dry Weight 
Vo 1 ume 

- Unconfined  Compressive  Strength (kPa) 
- Pocket  Penetrameter  Reading [kPa) 
- Plastic Limit (%) 

- Liquid Limit (%) 

- Water Content - Weight Water 
Weight of Dry  Soil x 100 

- Sample  Types - This  column  depicts the  type,  and approximate length  and 
depth of each sample attempted. w 0 
Disturbed  Undisturbed Not Recovered 

DEPTH - Distance  below ground level 
SYM - Graphic  symbols used to define soil types 

Gravel Sand Si It Clay Organic  Bedrock 

Combinations of above may be  used with predominant soil type in heavy line 
with modifying soil type in l i g h t  line. 

USC - Unified  Soil Classification Symbol 



PART 3 - DEFl N IT1 ON OF SYMBOLS USED ON TEST HOLE LOGS (cont) 

OTHER TESTS 

MA - Mechanical  Grain  Size  Analysis 

GS - Mechanical  Grain  Size  Analysis with Hydrometer 

FINES - Fraction  washing  past 0.074 mm Sieve 

s04 - Concentration of Soluble  Sulphate5 

GROUND -ICE DESCRIPTION 

A. ICE - NOT VISIBLE 

GROUP S U B G R O U P  
SYMBOL  SYMBOL DESCRIPTION 

Nf Poorly bonded o r   f r i a b l e  

N 
Nb Nbn Well bonded - no  excess i c e  

Nbe Well bonded - excess i ce  

B. VISIBLE ICE < 25 mm THICK 

GROUP S - U B G R O U P  
SYMBOL  SYMBOL  DESCRIPTION 

V 
X Ind iv idua l   i ce   c rys ta l   o r   inc lus ions  

vC Ice coatings on p a r t i c l e s  

V r Random o r   i r r e g u l a r l y   o r i e n t e d  
ice  formations 

VS S t r a t i f i e d   o r   d i s t i n c t l y   o r i . e n t e d  
ice  formations 

C. VISIBLE I C E  > 25 mm THICK 

GROUP S U B G R O U P  
SYMBOL  SYMBOL  DESCRIPTION 

ICE f Ice w i th  so i l   inc lus ions  

ICE SOIL TYPE (approximate % so i l   a lso   g iven)  

ICE Ice   w i thout   so i l   inc lus ions  

V 
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