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ABSTRACT 

This report   presents  the  f indings of a pre l im inary   georechn ica l   s i te  

i n v e s t i g a t i o n   f o r  a proposed gas p l a n t  and associated roadways, a i r s t r i p  

and docksi te.  The development i s  t o  be located  in  the  Taglu  Block on 

Richards  Island, N.W.T. where i c e   r i c h ,   p e r e n n i a l l y   f r o z e n ,   d e l t a i c   s i l t  

mater ia ls  predominate. 

An e x t e n s i v e   d r i l l i n g  program was conducted i n  January, 1975. A t rack  

mounted Mobile B-61 d r i l l   u t i l i z i n g  a CRREL core  barrel ,was the p r i n -  

c i p a l  means of  obtaining  sub-surface  data.  Bulk,  density and water 

content   tests  were performed i n  a f i e l d   l a b o r a t o r y  and representat ive 

samples  were re tu rned  to  Edmonton fo r   f u r the r   l abo ra to ry   t es t i ng .  

The s t ra t ig raphy  and ground ice   cond i t ions  were  determined in   t he   a rea  

of the   p lan t  s i t e ,  d r i l l i n g  pad, a i r s t r i p  and  roadways.  The s t ra t i g raphy  

cons is ts  of n o n - p l a s t i c   s i l t  over very f i n d  sand wh i le  the excess i c e  

c o n t e n t s   i n   t h e   s u r f i c i a l  20 feet average  approximately 50 percent-  

Also  the  permafrost  condit ions and s t ra t ig raphy  were Invest igated a t  two 

potent ia l   docks i tes.  
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I .  I NTRODUCT I ON 

1.1 Genera l 

In response  to recent natural gas discoveries in the Mackenzie Delta, 
Imperial Oil Limited has undertaken  the planning of a natural gas 
production and processing  complex. This facility  would be the  first 
major  industrial plant development on arctic terrain in Canada. In 
view of the engineering, environmental and  logistical  problems  associated 
w i t h  working in arctic and sub-arctic  regions, EBA Engineering  Consultants 
Limited was retained  to  carry  out  an  investigation  program to collect 
geotechnical  data  relating to specific gas plant and ancilliary structure 
sites. 

The s i t e  i s  located as shown in Figure 1 . 1 ,  on the north  portion of 

Richards  Island in the Mackenzie River  delta  adjacent  to  the 101. Taglu 

D-43 gas well. The geotechnical  investigation  considered the area 
designated  for  the  actual  plantsite,  an extensive pad to  the  north 
from which producing  wells  are to be drilled, an airstrip, a dock and 
connecting access roads. This report  describes the drilling program 
undertaken and presents the data in a form suitable for the preliminary 

design o f  soil supported  structures. 

The information  presented in this  report was obtained from one part 
of an extensive drilling program  carried  out by EBA for Imperial Oil 
Limited.  Other  reports,  presenting  information complimentary to the 

Taglu gas plant development, are  listed in References 5 through 8. 
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1.2 Engineering  Objectives 

The scope of the  investigation  program was established by Imperial Oil 
'Limited  internal memorandum No. C-5295, dated October 15, 1974. The 

assignment was essentially  one of s i t e  evaluation and field  data collection 
with little  emphasis on engineering analyses at this stage. 

Scope of the  assignment included but was not limited to the  following: 

An interpretation  of site conditions from  aerial  photographs 
and surficial  geology maps. 

Organization of a field drilling program  including  the 
selection Of drilling,  sampling and field  laboratory 
t e s t i l y  equipment. 

Direction o f  all technical  aspects of the field  program 

including day by day review of the data and assessment of 

drilling progress. 

Data synthesis and report with broad engineering  recom- 
mendations  necessary to adequately define site conditions 
in areas  designated for construction. 

1.3 Authorization and Personnel 

The investigation  program was initiated by Service Order No. 13S608194 
issued by Imperial Oil Limited dated December, 1974. The field work was 

carried out as one part of an extensive winter drilling program  under- 
taken by Imperial Oil Limited, Field Services Department, Edmonton fo r  
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which EBA was commissioned to proved  technical and engineering  support. 

Logistics  of all aspects  of the  field operation were directed by Imperial 
Oi 1 Limited  Field  Services  Department in Edmonton (Mr. C . R .  Kippen) 

whereas  technical  laison and direction were provided by Imperial  Oil's 
Beaufort Gas Project, Calgary (Mr. J.C. MeDougall and Mr. L ,  Keeling). 

I I  GEOLOGIC SETTING 

2.1 Regional Physiography 

The Taglu plantsite is located at the  northern end of the Mackenzie 
Delta approximately  nine  miles  from Mackenzie Bay. The plantsite i s  

situated on  recent  delta alluvium which is continuously  frozen  except 
beneath  lakes and river  channels. 

Figure 2.1 shows  the  major  physiographic units of the  northern  delta. 
These units correspond to the  older Pleistocene Soil5 and to  the  Recent 
(geologic  sense) soils. Within the map area, shown on  Figure 2.1, the 

Pleistoncene  deposits  have been  divided  into  three  sub units which are; 
Area la, the barrier  islands  (Garry,  Pelly,  Rae, and Hooper),  Area  lb, 
the residual  highs  or outliers of former  islands  now  buried in the  delta 
alluvia, and Area I C ,  the Richards lsand  part o f  the  Tununuk Low Hills 
(Mackay , 1963) . 

The  outliers  are eroded, 
These may  be sub-deltaic 

detached  portions of  the  Richards I s  

ly continuous with Richards Island  or 
1 and. 

may  have 
been completely  separated by glacial meltwater and Mackenzie River 
channels. The delta  has  grown to engross these outliers which were 
probably separate islands, in much  the  same  way  that  Kendall  Island is 

presently  being  surrounded.  The  extent o f  the outliers under the delta 

1 
1 
1 
I 
I 
i 
1 
II 
1 

. .  
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cannot be predicted. However, they  are  probably  continous under the  

de l ta   a l l uv ium to  the nor th  and poss ib ly  to  the  south where  channel 

erosion  would have been less  severe. 

I n  appearance the   ou t1   i e rs   a re   genera l l y   f l a t ,  "w 

a1 t i t ude   o f   abou t  50 feet" (Mackay, 1963). The a 

i s lands ranges  between 100 and 200 Feet above sea 

Rae Is land at about 50 fee t .  Rae Is land i s  rap id  1 

t h  a predominant 

t i t u d e  of t h e   b a r r i e r  

l eve l   excep t   f o r   t i ny  

y eroding away and 

will probably be removed below sea l eve l   be fore   the   de l ta  grows o u t   t o  

it. 

The western s ide  of Richards  Island,  which  is  in  the Tununuk low h i l l s  

region, ranges i n   a l t i t u d e  betwe& 40 and 125 fee t .  The r e l i e f   i s  

i r regu la r ,  w i th  b road  d ra ined  f la ts  and  drowned va l leys .  

The second phys iog raph ic   un i t   i s   t he   de l ta  o f  the Mackenzie River. 

There  are  three  physiographic  sub-regions of t he   de l ta  and the  area of 

i n te res t  i s  the  low  "al luvial   is lands"  region (Mackay, 1963). Mackay 

repor ts  that  " f lood  waters   r ise at l eas t  8.5 f e e t  above  low  water l eve l ,  

thus  inundating a l l   t h e   a l l u v i a l  islands". Flood  waters of t h i s   e x t e n t  

probably  only  occur a t  break up. In   genera l   the   h ighes t   a l t i tude  

in   th is   reg ion   exc lud ing   p ingos   i s   less   than s i x  f e e t  above sea leve l .  

Most o f   t he   l and   w i th in  a t en   m i le   coas ta l   f r i nge  i s  less  than  four  feet  

i n   a l t i t u d e .  Levees i n  the  study  area, where they   ex is t ,   a re   about   f i ve  

feet above l a t e  summer low-water  levels (Mackay 1963, Fig.57). "However, 

levee  development i s  v i r t u a l l y  absent in  areas  less  than  four feet  above 

sea level".  (Mackay, 1963). 
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The e x t e n t   o f  channel s h i f t i n g   w i t h i n   t h e   s t u d y   a r e a   i s  a major  concern. 

The area has undergone much channel s h i f t i n g  a5 the   de l ta  formed. 

However, the channels  general ly are no t   rap id l y  meandering i n  the  normal 
1 

, .  sense. Mackay ind ica tes   tha t  most  channels wander rather  than meander 
This   ind icates a movement o f  a s i g n i f i c a n t   l e n g t h   o f  channel  rather  than 

a continuous sweeping  back and f o r t h   o f   t h e  channel within a confined 

va l l ey .  The existance o f  large  tundra  polygons such  as are  found  in   the 

Tag lu   p lan t   s i te   a rea   a re   ind ica t ions   tha t  no major  channel s h i f t i n g  has 

occu r red   t hee l l f o r  hundreds (?) ( s i c )  of years'' (Nackay, 1963). 

Most of the  lakes  in   th is   reg ion  are. f loodpla in   lakes  which occupy 

shallow  depressions rimmed by higher  land  along  the  channels. Some of 

these  lakes have  been breached  by a migra t ion  of a channel.  Floodplain 

lakes  receive  their  recharge  during  highwater  at  breakup  or  t imes  of 

storm  surges. The  number o f  f lobdings  (several   per  year  in low areas), 

migrat ion  of   channels,  and thermokarst  act ion of deeperlakes combine t o  

keep the   lacus t r ine   reg ime  o f   the   de l ta   in  an ac t i ve   s ta te .  

2.2 Regional  Geology 

The.Mackenzie  Delta  occupies a subs id ing   s t ruc tu ra l   t rough  in   the  

underlying  bedrock.  This  trough has allowed a th ick  accumulat ion  of  

d e l t a i c  sediments. The region of interestwas  probably  of fshore of the 

d e l t a  a t  the  beginning of the  Pleistocene. The sediments  which  were 

being  deposited were probably  pro-del ta  c lay and some s i l t   w i t h  moderate 

organic  contents. 

During  the  Pleistocene,  the  area was exposed  by the  drop i n  sea leve l  

and.over-r idden by cont inenta l   g lac ia t ion.   Glac ia l   eros ion  probably  

removed much o f   t h e  eqposed p re -ga lc ia l   de l ta  sediments. G lac ia l  till 

' Meander P la in  as used  on Figure A-2 would be more c o r r e c t l y   c a l l e d  
Channel f loodp la in .  However, t h i s  would be confused  w i th   the   a l luv ia l  
(de l ta)   f loodpla in .   Therefore,   th is  name was changed fo r   t he  sake 
of c l a r i t y .  
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was deposited  over  much of the  present  Richards  Island and out  past 
Garry, Pelly and Hooper  islands. Sub-marine till deposites  have been 

encountered as far as 14 miles  northwest of Pelly Island (EBA, 1974). 
'As the glacier  retreated,  outwash channels spread  out  over the exposed 

till plain. Much of  the till was removed by erosion  and some of it was 

buried  under outwash  sands and gravel (mainly sand in the  Taglu area). 

At the end o f  the Pleistocene in this area, approximately  12,000  to 
13,000 years ago, the  sea may have  flooded  the  delta before isostatic 
rebound  lifted  the land above sea  level and exposed it to erosion. 
Eventually  the  rate of rebound slowed, the rise in sea level continued 

and the land was  slowly  flooded until sea  level  reached its present 
position. 

The Kackenzie River systcm was certainly active throughout deglaciation. 
As soon as it was  free of ice, it carried a substantial  meltwater dis- 
charge which cut  into  and  possibly through  the  ancestral  Richards Island 

causing  the  outliers of Pleistocene material. As the  flow sub- 
sided, and sea  level rose,  the  post-glacial Mackenzie River continued to 
build a delta  over  the  old delta, and around  the  outliers. The growth 
of the  delta  continues  today and will eventually  surround and engulf 
Kendall Island and the  barrier  islands as it has the  other  outliers. 

I 1 1  TAGLU PLANTSITE AND DRILLING PAD 

3.1 Genera 1 

This section  discusses  the site conditions in the areas o f  the gas 
plant, the dri 1 1  ing pad,  and ancillary structures such as the  airstrip, 
roads and dock. The appropriate locations  of  the drilling pad, gas 
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p lan t  and a i r s t r i p  areas are shown i n  Figure A-1 whi le   the  roadway,,  and 

docksi tes  are shown i n  Figure A-3, 

3.2 Dri 11 ins  and Labortory Program 

E x p l o r a t i o n   d r i l l i n g  a t  t he   Tag lu   p lan t   s i t e  commenced i n   e a r l y  January 

as the f i r s t  stage of t h e   o v e r a l l   f i e l d  program. The d r i l l   r i g  and 

a r e   d e s c r i b e d   i n   d e t a i l   i n  Appendix B .  Six ty  one, 

, boreholes  were  advanced i n   t h i s  area  to  depths 

50 feet. Bulk  densi ty and moisture  content of 
l es  were  determined i n  a f i e l d   l a b o r a t o r y  and se lec t  

representat ive samples from each borehole  were  returned to  the EBA 

Edmonton labo ra to ry   f o r   f u r the r   t es t i ng .  The borehole  locat ions are 

shown i n  Figure A-3, the  borehole  logs are presented i n  Appendices D.2 

through P . 5  and t he   g ra in  size curves are presen-t i n  Appendices E . 1  

through E.4 .  

3 . 3  Site  Condit ions 

The s i t e   c o n d i t i o n s   a r e  summarized i n   t h e  cross sect ions present in 
Figure 4-3. The gas p l a n t ,   d r i l l i n g  pad, a i r s t r i p  and  roadway areas  are 

a l l  s im i l a r .  Very genera l ly ,  t h e  s t ra t ig raphy   cons is ts  of peat over l y ing  

s i l t  and occasional ly sand. 

The s u r f i c i a l  geology of the  Taglu  p lant   s i te ,  as in terpreted  f rom  the 

aereal photographs i s  shown i n   F i g u r e  A-2. As could be expected,  flood 
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plain  deposits  dominate and the  t races of  o l d  channels  have been bur ied  

or modif ied by f looding.  

The vegetat ion i s  t yp ica l   tundra   cons is t ing  o f  mosses and grasses  growing 

' i n  small hummocks. Willow  shrubs  were  present  along  the  river banks. 

The peat   layer ,   typ ica l ly  2 to  3 f e e t  thick, cons is ts  of medium brown, 

very  f ibrous,   organic   mater ia l   conta in ing many roo ts  and twigs. Topo- 

g r a h i c a l l y   t h e   s i t e  i s  v e r y   f l a t .  

The s i l t   s t r a t a   c o n s i s t s  of uniform, medium brown s i l t  which changes t o  

dark  grey a t  depth. The c lay  content  was typ ica l l y   less   than 10 percent 

wh i l e   t he  sand content  varied  from n i l  t o  35 percent. The s i l t   o f t e n  

graded i n t o  a v e r y   f i n e   s i l t y  sand s t r a t a  below a depth o f  afiproximate 

40 f ee t .  

The F ie ld 'es t imated  excess ice  content i s  also shown on the cross sect 

Y 

ens 

in   F igure A-3 .  The v isual   est imate o f  the   i ce   con ten t  has been categorized 

in to   d iv is ions   w i th   approx imate ly  a 20 percent:  range in   i ce   con ten t .  

Many areas of higher  or   lower  ice content which were too small to map 

are  de l ineated  in   the  borehole  logs.  

The ice  form was t y p i c a l l y  random in  the  peat and v e r y   i c e   r i c h  s i l t  

w h i l e   t h e   i c e   i n   t h e  less i c e   r i c h  s i l t  was o f   t h e   s t r a t i f i e d   f o r m  ( V s ) .  

Below approximately 20 feet t h e   v i s i b l e  excess ice  content  was n i l ,  

Generally, the ice  content  increased  towards  the  north of the   s i t e .   Th i s  

i s  especia l ly   ev ident   in   cross  sect ions 2 and 5. As the  area  is   charact -  

e r ized  by extens ive  ice wedge polygon  development  (Figure A-2) , the 

massive  ground i c e  observed in   severa l   boreholes  is   probably  a v e r t i c a l  

i c e  wedge w i th  l imited  harizonta.1  dimension  rather  than an extensive 

tabu la r  body o f  ground ice. 
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The moisture  content and bulk   densi ty  as re la ted  to depth i n  Figures 3 .1  

and 3.2, were s t a t i s t i c a l l y  examined f o r   t h e   s u r f i c i a l   u n i t s   c a t e g o r i z e d  

in   F igu re  A-2 , .  Data  from  boreholes d r i l l e d  along a potent ia l   Taglu-  

N ig l i n tgak   ga the r ing   l i ne   a re  also included i n  Figures 3.1 ,  3.2 and 3 . 3 .  
Lt i s  apparent   that   there  is  no s i g n i f i c a n t   d i s t i n c t i o n  o f  the  water 

con ten t   o r   bu l k   dens i t y   f o r   va r ious   su r f i c i a l   un i t s  below a depth of 

approximately 5 feet. A p l o t  of moisture  content  versus  bulk  densi ty  is  

shown in   F igu re  3.3.  Deviat ions  f rom  theoret ica l   vo lumetr ic   re la t ionship 

shown r e f l e c t   t h e   v a r i a t i o n  of frozen  cores  from a f u l l y   s a t u r a t e d  

condi t ion.  

Permanent ground  temperature measurement i ns ta l l a t i ons   i n   t he   f o rm o f  

thermis to r   s t r ings  were provided  by  the  Imperial Oil Limited,  Production 

Reserach and Technical  Services  Laboratory. Ground Temperature measurements 

were obtained  f rom  the  locat ions,   indicated  in  Figure A-3,  on A p r i l  15, 
A p r i l  25, and May 13, 1975. The temperature  prof i les  are  presented i n  

Appendix C. The temperature  appears t o  have  reached a small ,   constant 

gradient   a t   depth  o f   approx imate ly  30 t o  40 f e a t  below  which i t  i s  

probably  unaffected by seasonal  surface  temperature changes. The average 

temperature a t  40 f e e t  was found t o  be 20 degrees  Farenheit. 

Because o f   t h e  season,  no determinat ion of the  depth of the   ac t i ve   layer  

could be made, however, a previous d r i l l  ing progam (Elmer W. Brooker  and 

Associates  Ltd., 1972), was conducted a t  IOL falug G-33 i n   t h e   f a l l  o f  

1972  when the   ac t i ve   layer  was a t  a maximum depth.  Approximately 18 
inches of thaw was observed  on the  tundra  sect ions and 36 inches  of thaw 

up t o  150 fee t  from t h e   r i v e r  bank. 
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I V .  DOCKS I TES 

4.1 Genera 1 

Two prospective  docksites,  denoted as Docksi te I and D o c k s i t e . 2   i n  

Figure A-3,  were invest igated.  It was d e c i d e d   e a r l y   i n   t h e   d r i l l i n g  

program that  f rom a log is t ics   s tand  po int ,   Docks i te  2 was more favour- 

a b l e   s i t e  and the r fo re  i t  was more i n t e n s e l y   d r i l l e d .  One continuous 

core  borehole was d r i l l e d  on the bank a t  Docksi te 2 p lus  two hol low stem 

auger  holes and 3 dynamic  cone penetrometer  tests  were advanced from 
the  ice, whereas on ly  one hol low stem  auger  hole was d r i l l e d  a t  Docksite’ 

1 .  The borehole  locations  are shown on the  cross  sections  presented  in 

Figures 3.4 and 3.5. F 

1 

4.2 S i te   Condi t ions 

A t  Dockstie 2 approximately 20 feet  of dark  grey s i l t   o v e r l y i n g  5 fee t  

o f   d a r k   g r e y   s i l t y  sand  and s i l t  was encountered. 

A crude assessment o f  the probable  depth  of   f requent  scour  in  the  r iver 

bed was obta ined  f rom  the  densi ty   prof i les .  It was  assumed tha t   the  

mater ia l   which was frequently  eroded and redeposited has a much lower 

density than  the more  permanent r iver  bed mate r ia l .   A f te r   i nspec t i ng   a l l  

o f   the   dens i ty   p ro f i les   f rom  the   docks i tes  and f rom  r iver   cross ing 

invest igat ions  per formed  in  the area  during  the same winter,   the  depth 

of f requent ly  scoured  mater ia l  was a r b i t r a r i l y   d e f i n e d  as having a 

dynamic cone penetrat ion  res is tance less than 5 blows  per  foot.  This i s  

re fe r red   to   s imp ly  as the  scour  depth  in  the  Figures.  Approximately 10 

fee t  of potent ia l   scour was observed a t   Docks i te  2. 

1 The dynamic  cone penetrometer  test consists o f  recording  the number 
ofoblows i t  takes a 140 pound hammer f a l l i n g  30 inches t o  advance  a 
60 , 2 inch  diameter cone  a d i s t a n c e o f  one foo t .  
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The most critical characteristic of the site is the manner i n  which the 

permafrost  extends  beneath the river. The skewness of the permafrost 
regime  beneath the river, which is indicative of  lateral migration of 

the river (Smith, 1973), i s  not surprising since the s i t e  i s  on the 
erosional bank of a sharp river bend. 

Simiiar subsurface conditions were encountered at Docksite 1 .  The 
permafrost table  appears to be steeper at this location  which is as 
expected as the location is further  around the bend where the rate of 
bank erosion i s  not as rapid. The steeper  permafrost table may, for a 

given  depth of  pile, allow a sheet  pile structure to be constructured 
closer to the shore. 

.I 

V .  SUMMARY 

This report  prevents  the  geotechnical data obtained from a preliminary 
investigation  for  the proposed Taglu Gas Plant on Richards Island 
N.W.T. The development consist of the gas plant, an adjacent drilling 
pad, airstrip, roadways and a docksite. It i s  belived that sufficient 
data is presented herin to  proceed with the definitive design, although 

further drilling at specific sites and particular  laboratory testing may 
be required prior  to finalization of the design, 

The plant site and drilling pad area wre investigated quite extensively. 
The stratigraphy consisted o f  silt w i t h  an intermittant  fine  sand strata 
encountered at approximately 35 feet. The ground ice conditions were 
locally very variable but generally  appeared to increase  towards the 
north  east. A t y p i c a l  :borehole consisted of excess ice in the range  of 
20 to 90% to depth of  approxoimately 30 feet where material with no 
excess ice was encountered. 
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APPENDIX B 

SITE INVESTIGATION DETAILS 

I ON B. 1 I NTROOUCT 

This  appendix  descr 

Page B-1 

i bes   t he   s i t e   i nves t i ga t i on   i n   de ta i l .  The 

d r i l l i n g  program, f i e l d  equipment and f i e l d   l a b o r a t o r y   t e s t i n g  

are described. The r e s u l t s  are presented and discussed  elsewhere 

i n  the repor t .  

B.2 DRILLING PROGRAM 

The d r i l l i n g  program was designed to collect pre l iminary  data of 

a c lass i f i ca t ion   na ture   cons is ten t   w i th   the   ob jec t ives   p resented  

in   Sec t ion  1 .  Soi l   type,  ice  type and quant i ty,   f rozen  bulk  densi ty,  

water  content and g r a i n   s i z e  data was obtained. The borehole  locat ions 

are presented i n   F igu re  A-3 and the  borehole logs presented 

i n  Appendix D. Further   laboratory   test ing  data i s  presented i n  

Append i x E.  

The boreholes i n   t h e   p l a n t s i t e  and d r i l l i n g  pad  areas  were laid out  

on a g r i d  system w i t h i n  the areas  speci f ied by Imperial  O i  1 Limited. 

The g r i d  spacing was 400 feet i n  the p l a n t s i r e  area and 1000 feet i n  

t h e   l e s s   c r i t i c a l   d r i l l i n g  pad area. Two potent ia l   docks i tes,  an 

a i r s t r i p  and the roadways  were also invest igated.  

t 
P 
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8 . 3  FIELD WORK 

Page 8-2 

Mob,M iza t i on   f o r   t he   f i e ld  program began  on January 8 and the   d r  

program began  on January 14, 1975. D r i l l i n g   a t  the Taglu  plants 

was completed  on  February 26, 1975, 

ill ing 

i te  

Survey services were provided by Canadian  Engineering  Surveys  Ltd. o f  

Edmonton.  The borehole  locat ions were l a i d   o u t  by var ious means 

i n c l u d i n g   t r a n s i t  and chain and reference t o  physica l   features,   Af ter  

d r i l l i n g   t h e   b o r e h o l e   l o c a t i o n  was determined  using  the  e lectronic 

"Mini Ranger  System" manufactured by Motorola.  This system measures 

the  distance, w i t h  an accuracy o f  approximately one meter,  from  the 

mobile  master u n i t  to each o f  two'known  transponder  locations. The 

locat ion  o f   the  master   un i t   could  then be determined by t r iangua la t ion .  

The d r i l l  r ig ,   con t rac ted  from Mobile Augers and Research Ltd., Edmonton, 

was manufactured s p e c i f i c a l l y   f o r   a r c t  

r i g  i s  e s s e n t i a l l y  a Mobile 8-61 d r i l l  

The r i g  i s  espec ia l l y  adapted f o r   a r c t  

d r i  11 i s  designed to  be t ransported 'by 

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

r i g  mounted on a t racked  car r ie r .  

i c   o p e r a t i o n  i n  that  both  the 

a Lockheed Hercu les   a i rc ra f t .  

The r i g  was accompanied i n   t h e   f i e l d  by  a heated  coreshack and a 06 

c a t e r p i l l a r   t r a c t o r .  A t  the d r i l l  s i t e   t h e  coreshack was placed  immediately 

behind and i n  a l i n e  with t h e   d r i l l  r i g .  Wings attached  to  the  coreshack 

were  then  folded  back on the d r i l l  so as t o   p r o v i d e   s h e l t e r  from  the  wind. 

E l e c t r i c   f l o o d   l i g h t s  powered  by a generator were i n s t a l l e d  on the 

coreshack to   permi t   operat ion  in   darkness.  A four wheel d r i ve   t ruck  
u 

was used for t ranspor ta t ion  between camp and r i g .  
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Page B-3 

A l l  o f   t h e  on land  boreholes  were advanced with a s i x  inch modif ied 

CRREL core  barrel   which  provided a 4'' diameter  continuous  core. 

Extruding  the  core  f rom  the  core  barrel   required some heating  of  the 

ba r re l ;  however, the maximum depth of disturbance on the  core was 1 /4  

inch. In high  ice  content   mater ia l  the core  tended to  crumble  inside 

the  core  barrel   but   th is  problem was a l l e v i a t e d  as d r i l l i n g  progressed 

w i t h  improved techniques and cut t ing  tooth  des ign.  The core was 

scraped t o  remove the   d is tu rbed  mater ia l  and then  logged f o r   i c e  

content and so i l   t ype .  A core sample was obtained i f  possible  every 

' two o r   t h r e e   f e e t   f o r   f i e l d   l a b o r a t o r y   t e s t i n g .  A l l  the  core  from a 

few selected  boreholes was shipped to fmperial O i l  Limited,  Production 

Research and Technical  Services  Laboratory i n  Calgary  for  thermal 

conduct iv i t y   tes ts .  

Hollow stem  auger o r   s o l i d   f l i g h t  augers  were used i n  the  unfrozen 

sediments  beneath r i v e r s  and lakes. 

A f i e l d   l a b o r a t o r y   s t a t i o n e d   a t   t h e  camp  was equipped to  perform 

frozen  bulk  density,  moisture  content,  sieve  analyses and Atterberg 

l i m i t s .  The f rozen  bu lk   densi ty   tests  were  performed  by  squaring  the 

end of a f rozen  core  wi th  a masonary saw. The core  cross  sect ion 

was s u f f i c i e n t l y   u n i f o r m   t h a t  no further  t r imming was necessary. A 

220V e l e c t r i c  was used fo r   d ry ing   t he  samples. A representat ive  dr ied 

sample from each ho le  was returned t o  the EBA Edmonton laboratory  

f o r   f u r t h e r   t e s t i n g .  

The camp and l o g i s t i c   s u p p o r t  was provided  by  the  Field  Services 

Department of imperial Oil Limited. The camp  was composed o f   t r a i n  

o f   s le igh  mounted t r a i l e r   u n i t s   c o n s i s t i n g  of an e l e c t r i c  power u n i t ,  

k i t chen and washroom u n i t ,  two or three  s leeper   un i ts  and t h e   f i e l d  

1 abora  tory 
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D. 1 SO1 L CLASS I FI  CAT ION AND DESCR 
\ 

Page D-1 

IPTION 

Permafrost i s  any earth  mater ia l   which  exists  at   temperatures  below 

0 C cont inuously for a number of years.  Although  very important 

from an engineering  standpoint,  the  presence o f  i c e   i s   n o t  a r e q u i s i t e  

for  permafrost. I n  t h i s   r e p o r t  the Nat ional  Research  Council of 

Canada system for the f i e l d   d e s c r i p t i o n  of permafrost and soil has  been 

adopted. 

0 

The soil phase and the  ice phase of the  permafrost  are  independently 

described. The reader is re fer red to the  explanat ion of the symbols 

and forms used in  logging  boreholes  g iven an Page D-3. 

The s o i l  was descr ibed  wi th   respect  to color ,   gra in   s ize,   gradat ion 

and s t ruc tu re .  The color recorded was t h a t  of the i n s i t u   m a t e r i a l .  

The g r a i n   s i z e  o f  the  mater ia l  Mas c lass i f ied   accord ing  to  the   un i f i ed  

s o i l  classification system and s t ruc tu ra l   p roperc ies  such a5 s t r a t i f i -  

cat ion and cross bedding  were  noted. 

The ice   descr ip t ion   cons is ts  of three basic d iv i s ions :  non v i s i b l e  

i c e ,   v i s i b l e   i c e  and v i s i b l e  ice greater  than one i nch   th ick  (massive 

ice)  . 
As the  term non v i s i b l e   i c e   i m p l i e s ,   i c e   c r y s t a l s   a r e  not v i s i b l e   t o  

the naked  eye a1 though a s l i g h t  sheen may be ev ident  . Thi 5 category 

i s  subdivided intQ f r i a b l e   m a t e r i a l  (NF) which  crumbles  easily, well 

bonded mater ia l  with no excess i ce (Nbn) and w e l l  bonded mater ial  

w i t h  excess i ce  (Nbe). Excess i c e  i s  that  i ce   wh ich   i s  i n  excess 

o f  the normal pore volume. F i e l d  estimates were made of  the 

percentage o f  t h e   t o t a l  volume which wa5 excess Ice. 
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The second category i s  v i s i b l e  ice. I t  is   subdiv ided  in to   four  

divisions  depending u p w  the   conf igurat ion of the   ice .  The d i v i s i o n s  

are   the   ind iv idua l   i ce   c rys ta ls  o r  inclusions (Vx),  ice  coatings on 

p a r t i c l e s  (Vc) random o r   i r r e g u l a r   o r i e n t e d  ice  (Vr) and s t r a t i f i e d  

ice  (Vs). Vis ib le   i ce   g rea ter   than  1 inch  thick i s  known as  massive 

ice and i s  p r e s e n t e d  as  ( I  C E )  or ( ICE+) when so; 1 inclus ions are 

present .  

E 
t 
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SYMBOLS AND TERMS USED IN LOGGING BOREHOLES 

GRAIN SIZE DISTRIBUTION 
( UNlFlED SOIL CLASSIFICATION I 

CLAY SILT S A N D  t FIN a I M E D I U M  
GRAVE L 

I COR F l N E  I COARSE 

TERMS DESCRIBING CONSISTENCY OR CONDITION 

COARSE GRAINED SOILS ( major  port ion  retoined on No 200 sieve 1 ;  includes ( 1 )  
cleon  grovels  and  sands,  and (2) s i l t y  or clayey grovels and  sands.  Condition 
is  roted  according  to r e l a  f ive  densi fy ,  os determined  by   labora tory   t cs ts .  

DESCRIPTIVE TERM  RELATIVE  VENSITY N BLOWS PER FOOT 

Very loose 0 - 2 0 %  0 - 4  

Loose ~ 20- 40% 4 -10 

Compact, or Medium 40-76 % EO -30 

Dense 70-  90 % 30-50 

Very dense '90- 100 % > 50 

' The  number of blows, N, on a 2" 0.0, spi l t  spoon sampler of o l 4 O I b .  wt. 

f a l l i ng  30''' r e q u i r e d   t o   d r i v e   t h e   s o m p l e  CI d i s t o n c e  of  I '  f rom 6 " t o  IE", 

F INE GRAINED SOILS ( m a j o r   p o r t i o n   p a s s i n g   N Q  200 s i e v e ) !   i n c l u d e s  ( 1 )  
i no rgan ic   and   o rgan ic   s i l t ys   and   c lays ,  (21 grave l l y ,   sandy ,   o r   s i l t y ,  
cloys ,  ond (31 clayey s i l t .   Consis tency i s  ra ted accord ing   to   shear ing  
s t r e n g t h ,  as i n d i c o t e d  by penetrometer   readings or by uncon f ined  
compression  tests. 

UNCONFINED 
DESCRIPTIVE TERM COMPRESSIVE STRENGTH N BLOWS PER FOOT 

Very soft  
S o f t  
Firm 
S t i f f  
Very s t i f f  
Hard 

TON 159. F f .  
less than 0.25 
0.25 t o  0.50 
0.60 t o  1.00 
I .oo to 2.00 
2.00 to 4.00 
4.00 and  higher 

ICE DESCRIPTION 

Non Vis ib le lee Nf  Poorly bonded 

( AFTER NRC TM N O  791 
? 

Nbn Well  bonded 
Nbe Excess ice 

Vis ib le lee Vx Individual  ice  crystals  or  inclusions 
Less than l inch  thick Vc Ice coatings or particles 

Vr Random or irregularly oriented ice formations 
Vs Strat i f ied or distinctly oriented ice  formations 

Visible Ice Greater ICE Ice with  soil  inclusiohs 
Than linch thick ICE Ice without  soil  inclusions 

"" 

. ,  

e 2  
2 - 4  
4 - 8  
8 -I5 
15 -30 
w 30 

Shelby Core 
Tu be 

Spl i t   No 
Spoon Recovery 



* .  

APPENDIX 0-2 

BOREHOLE LOGS FOR PLANTSITE AREA 
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' 22 
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26 

28 

30 - 

BEAUFORT . GAS DEVELOPMENT 
RICHARD S ISLAND, N. W. 7: 

sol L 
DESCRIPTION 

ORGAN I CS 

"_ . . 

SI  LT- trace of  organic! 
- dark grey-brown 

- dark brown, tract 
. of organics 

- medi urn dark  grey 

- dark grey-brown 

- dark grey 

5ame 

END OF HOLE 
1 

"" . . I I MOISTURE CONTENT O/o 

SAMPLE  TYPE 
C R R E t  Barrel TECHNICIAN TH A - 3  

COMPLETION  DEPTH (ft.), 301 , R,EGIQN , Plant site Page of 
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' 6' 
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12 

14 

16 

18 

20 

22 

24 

26 

28 

30 - 

BEAUFORT GAS DEVELOPMENT 
RICHARD'S ISLAND, .N W. T 

sol L 
DESCRIPTION 

ORGAN1 CS - brown - reddi sh brown - 
SILT - dark g r e y ,  tract 

of organ i ts 
- medium brown 

- grey brown, t h i n  
l a y e r  organic sand 

- t r a c e  of fine 
sand 
- dark  grey 

END OF HOLE 

GROUND 
ICE 

Vr 
20 - 30% 
20 - 25% 

20 - 30% 
15 - 20% 
10 - 30% 
Vr - Vs 

15 - 25% 
vs = vx 
10 - 15%. 

Nbn 

I O  - 15% 

Nbe - Vr 
5 - 10% 

Nbe 

MOISTURE CONTENT '/o 

IO 30 50 70 90 I IO 

BULK DENSITY ELF. A 

' I DATE DRILLED 19/1/75 I HOLE NQ SAMPLE TYPE 
CRREL Bar re l  

Page of 1 REGION P l a n t s i  t e  COMPLETION DEPTH (ft.) 20 
A - 4  TEC HN IC IAN TH 
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BEAUFQRT GAS DEVELOPMENT 
RICHARD'S ISLAND, N. W. T. 

sot L 
DESCRIPTION 

SILT - dark grey-brown 

- t r a c e  of organics 

- t r a c e   o f   f i n e  san 

- I '  of ice plus  10 
20% v e r t i c a l  s o i l  
p 1 a n a  

10% so; 1 

SILT - dark  brown-grey 

- t race  of f i n e  sand 

END OF HOLE 

I 

GROUND 
ICE 

Vr 
40 - 45% 
15 - 20% 

20 - 25% 

I O  - 15% 
vs 

35 - 40% 
10% 
Vr 
10% 

20% 
vs - 20% * 
"""I -3 

ICE 

4- 

soi 1 
I ncl  usians 

Vbn - Vr 
25% 

""""" 

J bn 

1 1 0  30 50 ?O 90 110 

MOISTURE CONTENT, O/o 

Y 
z BULK DENSITY EC.E A 
P 

, -  
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- 
DEP' 
( fee  

- 
' 2  

4 

6 

8 

IO 

12 

14 

16 

I 8  

20 

22 

24 

26 

20 . 

30. - 

BEAUFORT GAS DEVELOPMENT 
RICHARD S ISLAND, P I .  'ti T. 

so1 L 
DESCR I PT 10 N 

GROUND 
ICE 

ORGANICS - brown-blaci 
- some s i l t  

SILT - dark  grey-browr 

Vr 50% 

35-40% 

20% - med i urn brown 
Vr - Vs 
35 

- w i t h  dark brown 
organic  laminae 

- dark grey-brown 

- some f i n e  sand 

- dark grey 

- same 

END OF HOLE 

1 

Vr 
15 - 25%. 
vs  - 20% '; 

Nbn - Vs 
20% 

Vr 10% 

Vs 35-40% 

Nbn-Vr 5% 

N be 

Js 10% 

Jbn 

MOISTURE CONTENT O/o 0 

IO 30 5Q f O  90 I IC 
BULK DENS,ITY t?C.F. 6 

SAMPLE TYPE 
CRREL Barrel  
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30 - 

Page D-8. 

BEAUFORT GAS DEVELOPMENT 
RICHARD S ISLAND, N.W.T. 

sol L 
DESCRIPTION 

ORGANICS - twigs ,  root! 
brown 

SILT - medium grey 

- dark brown, t h i n l y  
1 ami nated 

- med i urn grey-brown 

- dark  grey 

- dark grey 

- brown - grey 

- dark grey, trace  0 :  
balck organics 

END OF HOLE 

GROUND 
ICE 

Vr 
4045% 

35-45% 
vs  

' 35% 
25-30% 

25% 

Vr 
25% . 
V S  

25-35% 

V S  

5% 

Nbe 

Vr 
5- 10% 

Nbe 

I MOISTURE ' CONTENT a 

10 30 50 70 90 I 10 a z 'BULK DENSITY ELF. 

SAMP,LE TYPE 
C R R E L  Barrel TECHNICIAN q" A - 8 .  

COMPLETION DEPTH (ft.)  29 REGION Plant S i te  ' Page I Of 1 
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BEAUFORT GAS DEVELOPMENT 
RICHARD S ISLAND, N.M!T. 

DEPTt 
(feet ) 

so1 L 
DESCR I PT ION 

' 2  

' 4  

' 6  

0 

IO 

12 

14 

16 

I8 

20 

22 

26 2 4 1  

ORGANICS - roots and 
t w i g s ,  dark brown to  
black 
JCE and 30% SILT - dark  grey  organic 

SILT - medium to  dark 
e i  I t  

brown - t race of organ i ,  

- t h i  n layers  o f  
organ i cs 

- dark grey-brown 

- dark grey 

28 1-W HOLE 

30 1 

GROUND 
ICE 

Vr 
45 - 50% 

'"TEE""' 
i" 

""""" 30% 
Vr 
40% 
vs 
15% 

wx - 5% 
VS -15% 

Vr - 10% ': 

Nbe 

* vi- 
5 - 10% 

Vr 
10% 

Nbn 

Page D-9 

a 
a BULK DENSITY RC.F. n 

Ivj i  
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* 12 

* 14 

' 16 

18 

20 

22 

24 

26 

28 

30 - 

BEAUFORT GAS DEVELOPMENT 
RICHARD'S ISLAND, N.W.T. 

sot L 
DESCRIPTION 

PEAT - dark brown 

= A@RY$ 
SILT - med, brown 

- rned. to dark 

- crossbedded 
brown 

- med. grey  - laminated 

- laminated 
- t h i  t I  iayers of 

b 1 ack organ i cs - crossbedded 

- dark grey - laminated - t h i n  layers of 
organ i cs 

- t r a c e  o f  f i n e  
sand 

I 

. Page  0-10 
~ 

I "I MOISTURE CONTENT Yo 

GROUND ' ?  , 10 30 50 70 90 I IO e 
ICE z BULK DENSITY RC.E 

. -  



DEP: 
(fee 

- 
'32 

'3 4  

36 

. 38 

' 40 

. 42 

' 44 

46 

I 40 

* 50 

, '  

BEAUFORT GAS DEVELOPMENT 
RICHARD S ISLAND, N.W.T. 

so1 L 
DESCRIPTION 

- more sand 

- sandy 

SAND - fine 
- crossbedded  wit 

layers of silt 
d organics 

- dark grey 
."--,YeLLfjna,_sLlt 

END OF H O L E  

GROUND 
ICE 

Nbn 

Nbn-Nbe 

Nbn 

1 
Page D-11 

MOtSTURE CONTENT '10 

10 30 50 70 90 I IO 

BULK DENSITY ELF. 

A CRREL Barrel  
SAMPLE TYPE 

TECHNICIAN JK 'm COMPLETCON DEPTH 
( f t . )  48 REGION p l a n t  site Page 2 of -2  



- 
DEPT 
(feei 

- 
- 2  

- 4  

- 6  

- 8  

' IO 

- 12 

-& 14 

- I6 

. 18 

* 20 

- 22 

. 24 

' 26 

' 20 

. 30 - 

1-1247 
* Page D-12 

BEAUFORT GAS DEVELOPMENT . .  
RICHARD S I$ 

, .  
LP 

sol L 
DESCRIPTION 

Organics - roots and 
dark to  l i g h t  brown 

SILT - medium t o  dark 
grey, some brown 
organics 

- brown 
- t h i n l y  lam i nated 

- greyish brown 

- grey s i  I t  w i t h  somE 
brown lamina e 

- some v e r t i c a l  
columns of brown s i l t  

- grey and brown s i  It 

END OF HOLE 
I 

GROUND 
ICE 

Vr 
50% 

60-65% 

45% 
15% 

Vs-25% 
B S  

15-20% 
V r  

5- 10% 

5% 

V S  

10% 

Nbe-Vs 
10-15% 

Nbc 

Vr 
5- 10% 

Vr 
10% 

Nbe 

\NO, N W. T. 

I MOISTURE CONTENT Y,, 0 

SAMPLE TYPE 
CRREL Barre l  

- 
TECHNICIAN TH B - 6  

COMPLETION DEPTH ( f t . )  2931 REGION P l a n t   S i t e  Page 1 of 1 



h 

BEAUFORT GAS DEVELOPMENT 
RICHARD S ISLAND, N. W.T 

IEP1 
:fee* 

- 
2 

4 

6 

8 

IO 

12 

14 

16 

18 

20 

22 

24 

26 

28 

30 - 

sot L 
DESCRIPTION 

PEAT 
- dark brown 

SILT 
- med. brown 

- laminated 

- dark  grey 

- crossbedded - laminated 
- th in   l ayers  

organ i cs 

" .  

- t r a c e  o f  organics 

- laminated  thin 
organic 1 ayers 

G ROUN D 
ICE 

I 

Vr 50-60 

Vr 30-35 
V S  45-50% 

.""""" 

ICE+ 

I-"""". 

Nbn-Nbe 

Vs t r a c e  
N bn 
Vs t r a c e  

Nbn  Vs 0-5% 

Nbn 

Vs ,  Vr t race 
Nbn-Nbe 
Vs t r a c e  

Nbn 
Vr-Vs 0-5% 

Vs t r a c e  

Vs t r a c e  
A 

1 MOISTURE CONTENT o/o 0 

.. . 

IO 30 50 90 90 I IO 

BULK DENSITY t?C.F. 

SAMPLE  TYPE 
CRREL Barrel  TECHNICIAN JK 

COMPLETION DEPTH (ft.) 494 REGION P l a n t  S i t e  Page 1 of 2 

HOLE NO 
B- 7 



EPT 
feet 

- 
32 

31a 

36 

30 

40 

42 

46 

40 

50 

1- 1247 

BEAUFORT GAS DEVELOPMENT 
RICHARD S ISLAND,  N.W.T. 

sol L 
DESCRIPTION 

- i nterbedded dark 
grey s i l t  E f i n e  
sand 

- t h i n l y  to  t h i c k l y  

SAND 
bedded 

- i nterbedded 
- d a r k   g r e y   s i l t  
- uni form  f ine  sand - trace of oraani cs 
SILT - dark grey 

, - massive 

END OF HOLE 

GROUND 
ICE 

tJ bn 
Vs t race 

Vs trace 
l3bn 

same 

MOISTURE CONTENT '1. 0 

a 
d BUCK DENSITY RC.E D 



1-1247 Page 0-15 

2 

4 

6 

8 

IO 

12 

14 

16 

18 

20 

22 

24 

26 

28 

30 

BEAUFORT GAS DEVELOPMENT 
RICHARD S ISLAND, N. W.T. 

so1 L 
DESCRIPTION 

SILT - t r a c e  of 
.. ." . -- - 

organ i cs 

- medi urn brown 
t r a c e  of organics 

- dark grey 

- , rned i urn brown 

- dark brown 

- dark grey 

- same 

END OF HOLE 
I 

GROUND 
ICE 

v s  

vs 

ICE f 20% s i 1  

_"""" 
- Vr 25% 

10% 

Vr 15% 

15 - 20% 

10 - 20% 
5 -  

10 - 
10% 

15% 

N be 

Vr 5% 

N be 

MOISTURE CONTENT 0 
~ 

IO 30 50 70 90 I10 

BULK DENSITY l?C.,F. 



1-1247 Page D-16 

8 
1 

DEPT 
(feet 

- 
- 2  

. 4  

- 6  

- 0  

. IO 

- 12 

" .I4 

- I6 

- 18 

- 20 

- 22 

- 24 

-. -. -. 

. 26 

- 20 

* 30 - 

BEAUFORT GAS DEVELOPMENT 
RICHARDS ISLAND, N.W.T. 

sol L 
DESCRIPTION 

ORGANICS - dark brown 
roots and twigs 
trace  of s i l t  

S I L T  - dark  grey 
medium to dk. brown 

t h i n l y  laminated 

- dark  grey 

- dark  brown-grey 

dark grey 

END OF HOLE 

GROUND 
ICE 

Vr 
45-50% 

8O-gO% 

40 - 50% 

15% 
VS 

35 - 40% 

50 - ,5553 
15 - 20% 

N be 

I 

I 

I 

IC .1 

" " 

- - 

- - 
" 

" " 

" " 

" " 

- I 

- - 
" 

- - 
" _. 
" .. 
- - 

- - 

- - 

I I 

- 
" 

SAMPLE  TYPE DATE DRILLED 21/1/75 HOLE NZ 
CARREL Bar re1 ' TEC HN IC IAN TH 

COMPLETION DEPTH (ft.). 21 . REGION' P l a n t  Site Page 1 of 1 
- 

MOISTURE CONTENT '/o 

IO 30 50 70 90 I IO 

BULK DENSITY ELF. n 



DEP' 
( fee 

- 
' 2  

4 

6 

8 

IO 

12 

14 

16 

I 8  

20 

22 

24 

26 

28 

30 - 

1- 1247 
Page 0-17 

BEAUFORT GAS DEVELOPMENT 
RICHARD S ISLAND, N.W.T. 

I 1  

sot L 
DESCRIPTION 

. .. 

ORGAN I C S  - twigs and -roots 

SILT - dark  grey 
some organ1 cs 

- medium brown 

- dark brown 

- dark grey 

ILE 

- some brown organic 
bedd i ng 

- dark grey 

END OF HO 

I SAMPLE TYPE 

G ROUN D 
ICE 

Vr 50-60 

40-50 

30% 

V S  J0-40! 

30% 

Vs - Vr 5% 

Nte-V r 54: 

Nbe-Vs 5% 
. .  

Nbn 

Nbe - Vs 5% 

Nbe 

Nbe - VS 5% 

1 IO 30 50 70 90 110 

MOISTURE CONTENT % O 

w 
a -I 
z BULK DENSITY I?C.F. n 

0 140 

I DATE DRILLED 23/ 1/75 I HOLE 
L E  ,s a €RREL BARREL TECHNICIAN BH - 

COMPLETION DEPTH (ft.) ?fl , REGION P l a n t  S i t e  Page 1 of 1 



IEPT 
[feet 

7 

2 

4 

6 

8 

IO 

.I 2 

' 14 

' 16 

18 

20 

' 22 

24 

26 

28 

30 - 

1-1247 

BEAUFORT GAS DEVELOPMENT 
RICHARD S ISLAND, N. W.T. 

Page 0-18 

sol L 
DESCRIPTION 

ORGAN I CS - twigs 6 roots 
SILT - dark  grey 

t race of organ i cs 

- dark to medium 
grey  layers  

- brown 
some organics 

- becoming grey w i t h  
bl ack organic 
1 ami nae 

- grey - brown 

- dark brown 

END OF HOLE 

GROUND 
ICE 

Vr - 40-45% 

45% 

30- 35% 

40% 
vs 5- 10% 

VS-VX 10-1 4% 
Vs 25-35% 

Nbe - Vs 5% 
N be 

Nbe - Vs 5% 

same 

MOISTURE CONTENT '/o 

" ., . . 

IO 30 50 70 90 I10 
BULK DENSITY RC.E 

40 60 80 1 0 0  120 140 



DEP 
(fet  

- 
- 2  

* 4  

e 6  

8 

IO 

12 

14 

16 

I8 

20 

22 

24 

26 

28 

30 - 

? -  1247 

BEAUFORT GAS DEVELOPMENT 
RICHARD'S ISLAND, N. W 7: 

Page 0-19 

sol L 
DESCRIPTION 

PEAT 

1 - f ib rous  r 
SILT 

- dark brown 

- med . brown 
- some organics 

i cs 
- t r a c e  o f  clay 
- t race o f   o rgan  
brown mott l   ing 

- crossbedded - t race  of   organics 
- med. to dark grey - laminated - l ayers   o f   o rgan  i c 

- l ayers   o f   o rgan ic  

- th in ly   laminated 
w i t h  very   f ine  
sand 

- laminated  with 
f i ne un i form 
sand 

I 

GROUND 
ICE 

v r  60-70% 

Vr 50-60% 
cand 1 ed - 

Vr-Vs 45-50% 
V S  25-30% 
35-402 
Nbe, Vs 
5- 10% 

Nbn-Nbe 

N bn 

Vs t r a c e  

Vs t race  

Vs t r a c e  

. . I MOISTURE CONTENT '10 0 

1 DATE DRILLED 31/1/75 I HOLE NQ & SAMPLE TYPE 
CRREL Bar re l  

REGION P l a n t  S i t e  Page 1 of 2 COMPLETION DEPTH (ft.) 4% 
TECHNICIAN JK C-6 



1-1247 Page D-20 

8 
I 
P 

- 
DE Pl 
(feel 

- 
32 

34 

36 

38 

40 

42 

4ri 

46 

48 

50 

BEAUFO 
R IC 

?T GAS DEVELOPMENT 
iARD S ISLAND, N.W.T. 

SOIL 
DESCRIPTION 

GROUND 
IC E 

- laminated w i t h  
organ i cs I Nbn 

SAND 
- dark grey 
- silty - fine,  uniform - s i l t  laminations 
- thin  organic  layer 

Same 

- silty 
- t h i n  organic 

laminations 

- clean 
- flns to med. 
- t race of s i l t  - layers of organic 

END OF HOLE 

, .  

SAMPLE TYPE 
C R R E L  BARREL 

1 MOtSTURE CONTENT '/o 

IO 30 50 70 90 I IO 

BULK DENSITY P.C.F. D 

40 

" 

'E DRILL -ED 7 ~ 1 7 5  HOLE NS 
TECHNICIAN J K  C-6 

0 

REGION Plant Site  1 Page 2 of 2 



DEP' 
( f e e  

' 2  

4 

6 

8 

IO 

12 

14 

16 

I8 

20 

22 

24 

26 

28 

30 - 

1-1247 
Page D-21 

BEAUFORT GAS DEVELOPMENT 
RICHARD S ISLAND, N.W.T. 

sol L 
DESCRIPTION 

ORGANICS 6 SILT - t w i g s  E wood chips 

- dark brown, 
same s i 1 t 

SILT - dark  grey 
- trace of organics 

- some organics 

- medium to dark 
brown 

- dark grey 

- mottled grey-brown 

- dark grey 

- same 

END OF H O L E  

1 

I I MOISTURE CONTENT vo 

. . ". 

GROUND 
ICE 

a 
E BULK OENSITY t?C.F. A 

Vr 50-60% 

40% 

40% 

V S  - 30% 

5% 
5- 10% 

Nbn-.Vs 5% 

Vs-Vr 10- 15% 

V S  5% 
20% 

(be-Vr 5% , 

Nbe 

3 140 

E 
SAMPLE TYPE HOLE NO 
CRREL Barrel  TECHNICIAN TH c-7 

COMPLETION DEPTH (ft.) 253 REGION P l a n t  S i t e  Page 1 of 1 



- 
3EPT 
(feet 

7 

2 

4 

6 

0 

IO 

12 

14 

16 

I 8  

20 

22 

24 

26 

28 

30 

1-1247 

* BEAUFORT GAS DEVELOPMENT 

sol L 
DESCR I PT IO N 

ORGAN1 CS - roots & 
, twigs, woody 

- dark brown 

SILT - dark grey  

- grey-brown,  thin17 
laminated - dark  brown,  thinl l  
laminated 

- dark  grey to  dark 
brown si It 

- same 

END OF HOLE 

RICHARD S ISLAND, N. W. T. 

GROUND 
ICE 

Vr 
45 - 50% 
50% 

40 - 45% 

V S  

45% 
20 - 30% 
Nbe-Vs 

10% 
Vr 
5% 

Nbe - VS 
10% 

N be 

Vr 
5% 

N be 

MOISTURE CONTENT '10 

IO 30 50 70 90 I10 

BULK DENSITY RC.E A 

40 60 80 100 120 

2 

140 

h - 0  

L - 0  

h-* 

! 



DEPl 
( feel  

- 
e 2  

- 4  

* 6  

' 8  

' IO 

. 12 

. 14 

I I6 

I8  

20 

22 

24 

26 

28 

30 - 

1-1247 Page 0-23 

BEAUFORT GAS DEVELOPMENT 
RICHARDS ISLAND, N.W.T. 

sol L 
DESCRIPTION 

ORGANICS - dark brown 
" 

t o  b lack  

SILT - dark  grey, 
t r a c e  o f  organics 

- t h i n l y  laminated 

- medium to dark 
brown 

- grey - brown 

- medium t o  dark 
brown 

- dark  grey - brown 

END OF HOLE 

GROUND 
ICE 

Vr 
60% 

80% 

40 - 50% 
v s  - 45% 
Vr - Vs 
30% 
V S  

25 - 30% 

10 - 15% 
Vr 
5% 

10 - 15% 
30 - 35% 
Nbe - Vr 

15% 

10% 

MOISTURE CONTENT O!o 

IO 30 50 70 90 I IO 
BULK DENSITY I?C.F. A 

40 

" 

"" 

I DATE DRILLED 22/1 /75  I HOLE NO 
.h 

SAMPLE TYPE 
C RREL Bar re 1 TECHNICIAN TH c - g  

COMPLETION DEPTH (ft.) 20' I REGION p l a n t  S i t e  Page of 



1 
8 

1-1247 Page 0-24 

'- BEAUFORT GAS. DEVELOPMENT 
RICHARD'S ISLAND, N. W. T. 

rEPTl 
feet: 

- 
2 

4 

6 

8 

10 

12 

' 14 

' I6 

' 18 

" 20 

- 22 

- 24 

. 26 

- 28 

- 3c 
- 

sol L 
DESCRIPTION 

PEAT - dark brown 

SILT - medium  brown - some organci s 

- laminated 
- med grey brown 

- dark grey  - laminated 

END OF HOLE 

r G ROUN D 
ICE 

I r  60-70% 

rlr 30-35% a 

Vr 25-30% 
~, -~r -45-50% 
Ur Vs 20-25% 

Vs 40-60% 
Vs 15-20% 

Vs 20-25% 

Vs 40-50% 
Vs 20-25% 
Vs 5"'1.@ 
Vs 0-32 

7"- MOISTURE  CONTENT O/O 

W 
-I IO 30 50 70 90 I IO 
n v  

z BULK DENSITY F!C.F. A 



1-1247 

- 
DEP' 
( f e e  

- 
- 2  

. 4  

. 6  

' 8  

IO 

' 12 

' 14 

16 

18 

20 

22 

24 

26 

28 

30 - 

BEAUFORT GAS DEVELOPMENT 
Paw 0-25 

RICHARD S ISLAND, N. W. T. 

sol L 
DESCRIPTION 

PEAT 
- dark brown 

SILT 
- med  ium brown 

- laminated 

- laminated  wi th  
organ fcs 

- dark  grey 
-cross bedded 
-1iimiriated w i t h  or !  

-sandy 
- laminated  wi th  

organ  ics 

organics 

END OF HOLE 

I 

GROUND 
ICE 

Vr 70-80% 

Vr 30-35% 
Vr 80% 
Vr 50-60% 

V S  40-50% 

V S  50-55% 

V S  30-50% 
V S  10-15% ,. 

Nbn - Nbe 
U s  t r a c e  

, *  

Nbn-Nbe 

'4 bn 

1 MOISTURE CONTENT % 0 
. 

Y 1 IO 30 50 70. 90 I10 
n 
U 
v, 

5 BULK DENSITY F?C.E- A 

. I TECHNICIAN JK I D- 1 



1-1247 
' Page D-26 

. . . .  BEAUFORT GAS DEVELOPMENT 
RICHARDS . .  ISLAND, N. W. T. - 

)EPT 
feet 

7 

a 

4 

6 

0 

IO 

12 

14, 

16 

18 

' 20 

* 22 

' 24 

' 26 

. 28 

- 30 - 

sol L 
OESCRIPTION 

IRGANICS - dark brown 

l ILT - organic 
g rey- b rown 

- medium brown, 
trace of organ i cs 

- laminated, brown 

- medi urn grey 

- trace o f  organics 
grey to brown 
1 ami nae 

- grey, trass -bedded 

same 

END OF HOLE 

1 

GROUND 
ICE 

Vr 50 - 60% 

45 - 55% 
7 54 

35 - 402 
Jr-Vs 25 - 309 

v s  0 - 5x 

qbe - V S  5% 

N be 

N f  

Hbe 

I- 

I M O l S T U R E  CONTENT */o O 

..... . . 

DA1 SAMPLE TYPE 
CRREL BAR,REL TECHNICIAN JK 0 - 2  

COMPLETION DEPTH (ft-1 1941 REGION Plant  s i  t e  Page 1 of 1 



t -  1247 Page D-27 

BEAUFORT GAS DEVELOPMENT 
RICHARD S ISLAND, N. W. 7: 

I I  MOISTURE CONTENT % a 
DEPTH sol L 
( feet  1 DESCRIPTION 

ORGANICS - peat  

" 2 - SILT - organic 
-medium grey-brown 

- t r a c e  of organics 

some organics - 4 -  

' .  8 - medium brown 

1 ami nated 

- grey w i  th  some 
t h i n  brown laminae 

- cross bedded 

, - dark grey 
I6 laminated 

- cross-bedded 

22 - same 

26 241 
I - dark  grey 

GROUND 1 IO 30 50 70 90 IIC 
ICE 

a 
E 
U 
VI 

BULK DENSITY l?C.F. a 



I 

1-1247 
* Page D-28 

* BEAUFORT GAS DEVELQPMENT 

IEPTH sol L 
(feet) DESCRIPTION 

ORGANICS - dark brown 

2 -SILT - organic 

4 -  

6 -  

8 -  

IO - 

' 12 - 

?*pyI/4.' - * .  

I 16 - 

* 18 - 

' 20- 

- 22-  

' 24- 

26 - 

' 28 - 

* 30- 
I 

- med. grey-brown 
some organics 

- medium brown - trace o f  
organ i cs 

- brown, trace o f  
organ i cs 

- same 

GROUND 
ICE 

Jr 30-40% 

4550% 

30-3512; 

20-25% 
I s  5 1 0 %  

dbe-vs 5% 

ibn-Vx tr. 
;I' o f  
Iermaf rost  
dbe-Vs 5% 
JSn-Mbc 

same 

MOISTURE CONTENT 

IO 30 50 70 90 I IO 

BULK DENSITY I?C.F. 

SAMPLE TYPE . DATE DRILLED 251 1/75 HOLE N Z  

COMPLETION DEPTH (ft.) 50 , REGION Plant S i t e  Page 1 of 2 
C R R F l  Barrel TEC'HN ICIAN JK n-4 

. . . . . . " 



DEPf 
(feel 

- 
# 3 2  

34 

36 

38 

40 

42 

4 4  

46 

40 

50 

.. - 

1-1247 . Page 0-23 

BEAUFORT GAS DEVELOPMENT 
RICHARD S ISLAND, N. W.T. 

sot L 
DESCR lPflON 

SILT - dark grey 
- t r a c e  of 

organ i cs 

- cross-bedded 

- some organics 

- same, 

- dark grey 

- layers o f  

- t r a c e  o f  f i n e  

- laminated 

cross-bedded 

t organics 

sand 

- some sand to 
sandy,  very f i n  
layers of black 
organ i cs 

END OF HOLE 

GROUND 
ICE 

.. "_ 

Nbn-Nbe 

same 

ti bn 

I 
" 1 IQ 30 50 .?O 90 1 1 0  

MOISTURE CONTENT %, a 

BULK DENSITY PC*E 

SAMPLE  TYPE 
CRREL Barrel  I I 

COMPLETION DEPTH (f t . )  50 REGION P l a n t  Site Page 2 of 7 



1-1247 

BEAUFORT GAS DEVELOPMENT 
RICHARD S ISLAND, N.W.7: 

" Page 0-30 

DEPTH sol L 
( feet)  DESCR I PT ION 

END OF HOLE 

- medium brown 
some organ i cs 

- 1 ami nated 

- medium to dark 
grey,  laminated 

- 1 ayers o f  dark 
brown organics 

- same 

- med i urn brown 
t r a c e  o f  f i n e  sand 

- dark  grey 

- some organic   layers  

- dark grey s i  1 t 
cross bedded 
l a y e r  of organics 

GROUND 
w 
P 
-I 

ICE 5 
2 

" "_ . . . . . . .- . . . 

MOISTURE CONTENT % 1 
IO 30 50 70 90 I IO 

BULK DENSITY F?C.F. 

40 60 80 

1 

1 0 0  120 140 

wtt! 
I HOLE NE SAMPLE TYPE 

CRREL BARREL TECHNlCIAN JK 0 - 6  
COMPLETION DEPTH (ft . )  30' REGION P l a n t  s i t e  Page 1 of 1 



1-1247 Page 0-31 

BEAUFORT GAS DEVELOPMENT 

DEPTH 
OESCR I PT ION ( feet )  

sot L 

PEAT 

- 2 -  
- d a r k  brown 

b rous 

- med.  brown 
- some  organ i cs 

SILT 
- 4 -  

- 6 -  - thinly  laminated 

- 8 -  - laminated 

- 10 - - d a r k  grey - thinly  laminated 

- 12 - 
with  black 
organics 

- thickly  bedded 
dark grey silt 
and  fine  uniform 
sand 

- 14 - 

- 16 - - thinner  bedding 
- t race of sand 
- laminated with 

- I 8  - organics 

- 20- 

- 22 - 
SAN 0 

- 24 - - d a r k  grey 
- silty 
- bedded  with  silt 

- 26 - - thinly  laminated 
with  organics 

- fine,  uniform - 28 - 

- 30 - 

RICHARD’S ISLAND, N.W.T. 

I 1  MOISTURE CONTENT O/O 

GROUND !!I IO 30 50 70 90 110 
ICE 

a 
5 BULK DENSITY PC.E a 
2 

&= 
&, +3 L CRREL Bar re 1 TECHNICIAN JK D- 7 

SAMPLE TYPE 

w COMPLETION DEPTH ( f t * )  494 REGION plant s i t e  Page 1 of  2 



lEPT 
: feet  

- 
32 

34 

34 - 

38 

' 40 

* 42 

' 44 

I 46 

4a 

- 50 

1- 1247 Page 0-32 

BEAUFORT GAS DEVELOPMENT 
RICHARD S ISLAND, N.W.T. 

SOIL 
DESCRIPTION 

, ' 3  

- l ess  s i l t  
- f ine ,  uniform 
- some s i  1 t 

- f i n e  t o  med. 

- t race of organic 

END OF HOLE 

GROUND 
IC E 

Nbn 

same 

3L 

pTzET 
BULK DENSITY P.C.F. D 

80 

DATE DRILLED 5/2/75 
TECHNICIAN JK 

HOLE NE 
D- 7 

SAMPLE TYPE 
CRREL Bar re 1 

COMPLETION DEPTH (ft.) 49; I REGION P l a n t   S i t e l  Page 2 of 2 
I 



DEPT 
( fee l  

' 2  

4 

' 6  

8 

10 

12 

14 

16 

I8 

20 

22 

24 

26 

28 

30 - 

1- 1247 Page D-33 

BEAUFORT GAS DEVELOPMENT 
RICHARDS ISLAND, N.W.T. 

sol L 
DESCR I PT 10 N 

ORGANICS - dark brown 

S I L T  - medium grey- 
brown, organic  
s i 1  t 

- some organics 

- med i urn brown 
1 ami nated 

- med. t o  dark 
grey  cross- 
bedded t h  i n 
layers of 
organics 

layers o f  
organ i cs 

- non organic  

- dark  grey, 

- laminated, t h i n  

cross-bedded 
layers o f  
organics 

- same 

- dark  grey 
laminated 

- laminated, 
t h i n  layers of 
black  organics 

, "" I 

END OF HOLE 
I 

fie I SAMPLE TYPE 

GROUND 
ICE 

Vr 50% 

50-55% 
60-65% 

V r - V s  30- 35% 

35-40% 
25-30% 

5-10% 

Nbe-Vs 5% 

Nbn 

V P V S  15-20 
5% 

Vr 5-108 

N bn 
Nbe Vr 5% 

Nbn-Vr 5% 

Nbn 

II 
L 

I IO 30 50 70 90 110 

MOISTURE CONTENT '10 
J 
J 
L 

5 BULK DENSITY PC.F. a 

I DATE DRILLED 261 1/75 
L 

I HOLE NO 

1 
I 
N 
i 
I 



DEPl 
( f e d  

- 
" 2  

. 4  

* 6  

* 8  

' IO 

- 12 

- 14 

. 16 

* I8 

' 20 

* 22 

24 

26 

' 28 

' 30 - 

1- 1247 Page 0-34 

BEAUFORT GAS DEVELOPMENT 
RICHARD S '' ISLAND, N.W.T. 

sol L 
DESCR I PT ION 

3RGAN I CS 

SILT - grey brown 
- at. fibrous 

- med. brown, 
t r a c e  of 
organ i cs 

- med. brown silt 

- med. grey,  
1 ami nated 

- crossbedded 
trace  of 
organ i cs 

- dark grey ,  
lmitrated 

- trace o f  find 
sand 

END OF HOLE 
- lost core   bar re l  

I 

. .. . . 

GROUND 
ICE 

VX - 50% 

Vr 50%-55% 
Vr-Vs 20-30% 

V S  - 5-10% 

Vr-Vs 30-40% 

Nbn-Vs 5% 

Vs 30% 

Nbn-Nbe 

Nbn-Vs 5% 

Same 

-. . .- . - . 

MOISTURE CONTENT '/o 

I O  30 50 70 90 I IO 
BULK DENSITY F?C.F. a 

SAMPLE TYPE 
CRREL Barrel TECHNICIAN JK 0-9 

COMPLETION DEPTH (ft .)  17 REGION P l a n t  Site Page 1 of 1 



DEPT 
(feet 

- a  

- 4  

- 6  

- 6  

. IO 

- 12 

- 14 

* I6 

* 18 

' 20 

. 22 

24 

26 

28 

30 - 

1-1247 Page 0-35 

BEAUFORT ,GAS DEVELOPMENT , . 

sol 1 
DESCRIPTION 

PEAT - dark brown 
- organic 

- med. brown - some organics - tr.  of  organic!  

SILT 

- crossbedded 

- laminated 

- some t h i n  
layers  o f  
organ i cs - msd . grey b rowr 
crossbedded - some possible 
reddish brown 
j o i n t i n g  - dark grey 
laminated - some reddish 
brown j o i   n t  i ng 

- trace o f  r 
orqanic layersj  

END OF HOLE 

RICHARD S ISLAND, N.W.T. 

I t  MOISTURE CONTENT Ya 

GROUND 3 10 30 50 70 90 I10 
ICE 5 BULK DENSITY RC.E 



* Page, 0-36 
1- 1247 

BEAUFORT GAS DEVELOPMENT 
RICHARD S I: 

3EPTI 
[ feet '  

- 
2 

4 

' 6  

' 8  

' 10 

- 12 

- 14 

- I6 

- 18 

- 20 

- 22 

- 24 

* 26 

- 28 

- 30 - 

sol L 
DESCRIPTION 

SAND 
- fine gravel 
- silty 
- poorly  bonded 
- fill  material 

SILT 
- grey  brown 
- highly organic 

- some very fine 
sand 

- fine horizontal 
- some crossbeddin! 
9 some f i n e  sand 

beds 

- grey - sandy 

Completed hole  wit1 
flight auger 

GROUND 
ICE 

V r  70-80% 

V r  50% 

Vr 10-20% 
Some 1" Vs 

vx 5% 

Nbn 
V r  trace 
vs 5% 

Vs trace  

Nbn 

\ND, N. W.T. 
~" . 

MOISTURE CONTENT O/o 

10 30 50 70 90 I10 

BULK DENSITY i?C.F. A 

SAMPLE TYPE 
CRREL Barrel TECHNICSAN JS T l  
COMPLETION DEPTH (ft.) 34 '  REGION Plantsite Page 1 of 2 



1-1247 

DEP 
(fee 

32 

34 

36 

Page 0-37 

BEAUFORT 'GAS DEVELOPMENT 
RICHARDS ISLAND, N. W. T. 

SOIL 
DESCRIPTION 

SILT - grey brown - sandy 

END OF HOLE 

GROUND 

MOISTURE CONTENT OIo 

10 30 50 70 90 ' I10 
BULK DENSITY W.F. a 

I 
I 
I 
1 
I 
I 



3EPTH 
(feet)  

- 
2 -  

4 -  

I 6 -  

' 8 -  

IO - 

12 - 

I4 - 

. I6 - 

. I 8  - 

- 20- 

- 22- 

. 24-  

' 26- 

. 28 - 

- 30 - - 

1-1247 

BEAUFORT G A S  DEVELOPMENT 
RICHARD S ISLAND, N. W. T. 

so1 L 
DESCRIPTION 

PEAT - dark  brown 
- F lbrous 

"" . . . . . . . 

SILT 
- med, grey brown 
- organic 

- med. brown 
- sandy - laminated w i t h  

black. organ i cs 
- laminated 
- dark grey 
- vertical  ice 

1 enses 

- black organic 
laminations 

- crossbedded 

- thin organic 
laminations 

- crossbedded 

SAND - very f i n e  
- silty 
- crossbedded 
- orqanic layers 

* Page D-38 

I 10 30 50 70 90 110 GROUND 

MOISTURE CONTENT '/o 

W 
-I a 

ICE E l  BULK DENSITY F?C.F. 

1 80 100 120 I* 

* A 

9/2/75 HOLE NO I I 
I DATE DRILLED SAMPLE  TYPE 

CRREL Bar r e  1 

COMPLETION DEPTH 
TECHNICIAN DK T2 
REGION S I  te Page of ( f t . )  Tq 



DEW 
(feel 

- - 

- 2  

- 4  

- 6  

- 0  

- IO 

- 12 

' 14 

* 16 

I8 

20 

22 

24 

26 

28 

30 - 

1-1247 

* BEAUFORT GAS DEVELOPMENT 
RICHARD'S ISLAND, N.W.T. 

I 
SOIL DESCRIPTION 

l U  
I C E  

WATER 

SILT , 
- dark grey brown - sandy 
- very wet 6 loose 

- as above 

- as above F 
Sample Type Split Spoon 

GROUND 
ICE 

CONDITION 

UNFROZEN 

: Page 0-39 

MOISTURE CONTENT '/e 

spr RESISTANCE A 
10 20 30 4 0  50 60 70 

COUP. STRENGTH T.S.F. H 
I 2 3 

I 
DATE DRILLED 22/2/75 
TECHNICIAN TH 
REGION Plantsi'te 

HOLE NZ 
LL 1 

Page 1 of 2 



1-1247 

BEAUFORT GAS DEVELOPMENT 
RICHARD'S ISLAND, N.W.T. 

1 
I 

SOIL . DESCRIPTION 

I 

SAND - dark grey brown 
- f i n e  grained 
- s i l t y  - uniform - loose 

I 

- f i n e  to rned. grained 1 
SILT r- - dark grey brown - t race of sand - compact 

GROUND 
IC E 

CONDITION 

FROZEN Nbn 

. 

rlOlSTURE CONTENT O/o 

5Pf RESISTANCE A 
10 20 30 40 50 60 70 

:OMP. STRENGTH T.S.F. 

Sample Type Split Spoon D E E  DRILLED 22/2/75 HQLE NE 

COMPLETION DEPTH (f t.) 49 5 REGION P lantsi t e  Page 2 of 2 

". . . . . 

TECHNICIAN TH LL 1 



APPEND I X 0-3 

BOREHOLE LOGS FOR DRILL I NG PAD AREA 



IEPl 
( feel 

- 
' 2  

' 4  

. 6  

. 8  

' 10 

- 12 

- 14 

- 16 

- I 8  

- 20 

- 22 

* 24 

. 26 

* 28 

- 3c - 

, .  

1-1247 Page D-41 

BEAUFORT GAS DEVELOPMENT 
RICHARDS ISLAND, N.W,T. 

sol L 
DESCRIPTION 

P FAT - rk brown 
SILT - med . brown - some organics 

- pieces o f  
organ i cs 

- med. to dark grel 

- laminated  with 
brown 

organ i cs 
- dark  grey 
- crossbedded 
- trace  organics 
- laminated  with 

thin  organ i c 
1 ayers 

- some fine sand 
- laminated  with 

b 1 ack organ i cs 

SAND 
- dark grey brown 
- silty 
- fine,.  uniform 
- laminated w i t h  

black  organics 
I n t c  F, t w l n q  

END OF H O L E  

GROUND 
ICE 

Vr 60-70% 

Vr 50-60% 
V r- Vs 40- 50% 

Vs 35-40% 
Vr-Vs 60-70% 

Vr-Vs 20-25% 

Vr 40-45% 
vs  S - l O %  
Nbn-Nbe 
some Vs 50% 
Vs 50% 
Nbn, Vs 5-10% 
VS 25-30% 
Nbn ,Nbe Vs 0-! 

Vs 10-15% 

N be 

I MOISTURE CONTENT '/o 0 

? I n IO 30 50 70 90 I IO 

BULK DENSITY R C , E  n 

40 60 80 1 0 0  120 140 

&k C R R E L  Barrel 
SAMPLE TYPE 

TECHNICIAN JK E 3  
COMPLETION DEPTH (ft.) 2915 REGION Dri 1 1  ing Pad Page 1 Of 1 



- 
DEP' 
(fee 

- 
2 

4 

6 

8 

10 

12 

I4 

16 

18 

20 

22 

24 

26 

28 

30 - 

1-1247 
Page D-42 

I BEAUFORT GAS DEVELOPMENT 

SOI 1 
OESCR IPTION 

PEAT - dark brown 
1 - f ibrous 
SILT - med. brown - trace of organic 

- dark grey - laminated w i t h  
organics 

- interbedded 
k i f  +h f i ne, 
uniform sand - laminated w i t h  
black organics 

RICHARD'S ISLAND, N. W. 7: 

I I  MOISTURE CONTENT O/,, 0 

GROUND 
W 
-I ~ IO 30 50 70 90 I IC 

ICE BULK DENSITY f?C.F. a 
l v i l  

1 
4 
I 
I 
8 
1 
1 



IEPT 
( fee l  

- 
' 2  

4 

' 6  

' 8  

' IO 

- 12 

- 14 

- 16 

* 18 

- 20 

- 22 

* 24 

26 

- 28 

- 3c - 

1-1247 

BEAUFORT GAS DEVELOPMENT 
RICHARDS ISLAND,  N.W.T- 

sol L 
DESCRIPTION 

, Page D-43 
* .  

'EAT - dark brown 

i l  LT - med. brown 
- f ibrous I 
- 50me organics 

- crossbedded 

- same s i l t  
1 ayers 

- med. brown - med grey brown - laminated - rned. brown - massive 
- med. grey 
- laminated 

- dark grey 
- laminated - trace o f  f i n e  s i  

END OF HOLE 

GROUND 
ICE 

""""* 

MOISTURE CONTENT '/o 

IO 30 50 70 90 I IO 
BULK DENSITY FC.F. A 

SAMPLE TYPE 
CRREL Barrel TECHNICIAN J K  
COMPLETION DEPTH (ft . )  204 REGION Dri 1 1  ing Pad Page 1 Of 1 

' DATE DRILLED 29/1/75 HOLE NE 
F- 2 



E P T  
:feet 

- 
2 

4 

6 

8 

IO 

12 

' 14 

I6 

18 

' 20 

' 22 

* 24 

26 

' 28 

. 3c - 

1-1247 

sol L 
DESCRIPTION 

Page 0-44 

- BEAUFORT GAS DEVELOPMENT 
RICHARD S ISLAND, N. W.T. 

~ t;;!niTn f i brou 

- med . brown 
- trace  of organics 

- t race  of organics 

PEAT 

SILT 

- laminated 

- med. grey brown 

- laminated 

- med. gray - crossbedded - trace of very 
f ine sand - dark  grey - laminated 

END OF HOLE 

r 

GROUND 
ICE 

Vr 60-705; 

50-60% 

45- 50% 

' 50-608 

30-40% 
'60- 70% 

Vr-Vs 50-60% 

Vs 15-20% 

Nbn 
V S  5-10% 
Some Vr 

MOISTURE CONTENT '/e 

IO 30 50 70 90 I IO 
BULK DENSITY I?C.F. A 



IEPT 
(feet 

7 

' 2  

' 4  

* 6  

. 8  

. 10 

- 12 

- 14 

- 16 

- I 8  

- 20 

- 22 

* 24 

. 26 

- 28 

- 30 - 

1-1247 

BEAUFORT GAS DEVELOPMENT 
RICHARD S ISLAND, N W, T. 

sol L 
DESCRIPTION 

PEAT 

SILT 
- dark brown r 

- med. brown 
- some organ i cs 

- laminated 

- dark grey  
ma55 i ve 

- t r a c e  o f  sand 
- crossbedded 
- laminated w i  t h  

organi cs 

- t r a c e  o f  f i n e  
sand 

SAND - dark grey 
- laminated wi th  

s i l t  

SILT--.-dark g r e y  - laminated wi th  
oraan I c s  

END OF HOLE 

I I MOISTURE CONTENT o/o 0 

G ROUN D J IO 30 50 70 90 I IO 
ICE 

a r BULK DENSITY FC.E A 

W 

SAMPLE TYPE 
CRREL Barrel  TECHNICIAN JK F- 8 

COMPLETION DEPTH (ft.) 19 REGION Dri 1 l i n g  Pad Page 1 of 1 



1-1247 
Page 0-46 

' BEAUFORT GAS DEVELOPMENT 
RICHARD S ISLAND, N.W.T. 

DEPTH sot 1, 
( feet)  DESCRIPTION 

PEAT - dark brown 
7 - brous 

- med. brown 
- some organics 
- laminated 

r 
. 2 .  - SILT 

. 4 -  

. "1 
- 8  

* IO 

- 12 

- 14 

- med. to dk. gr .  
brown 

- sandy 
- laminated with 

b 1 ack organ i cs - dark grey - sandy - crossbedded - interbedded w i t h  
sandy si 1 t 

. 16 - SAND - dark grey - s i l t y ,  f i n e  

- dark  grey - ndv 

. I s  

- .20 

SILT 

- 22 - 

. 24- 

. 26- 

I 

I I MOISTURE CONTENT ox, a I 
GROUND 1 IO 30 50 70 90 110 I ICE 

a 
4 m 
5 BULK DENSITY l?C.F. A 

SAMPLE TYPE 
CRREL Bar re1 TECHNICIAN JK G- 10 

COMPLETION DEPTH (ft.)  19' REGION P i p e l i n e  Page 1 of 1 
I* 



IEPT 
[feet 

- 
2 

4 

6 

8 

IO 

12 

' 14 

* 16 

18 

' 20 

' 22 

24 

26 

20 

. 30 - 

0 .  

1-1247 . Page 0-47 

BEAUFORT GAS DEVELOPMENT 
RICHARD S ISLAND, N.W. T. 

sol L 
DESCRIPTION 

PEAT - dark brown 
I h rous I 

SILT 
- med. brown - some organics 

- laminated - dark grey brown - laminated 
- laminated  with 

b 1 ack  orgnan i cs 

- crossbedded - t h i n l y  laminated 
w i t h   b l a c k  
organics 

- 1 ight  brown 
- l i g h t  brown,  dry 
- dark grey 

END 'OF HOLE 

. 

GROUND 
ICE 

Vr 60-70% 

""- some 1 I_e_nsz 

ICE E s i l t  

.""""* 

Vr 60-70% 
Vr-Vs 45-50% 
Vs 20-253 
V S  45-50% 
VS 15-20% 
Nbe, V's 075% 

N f  

MOISTURE CONTENT O/o a 

IO 30 50 70 90 I IO 
BULK DENSITY F?C.F. a 

. CRREL Barrel  
SAMPLE TYPE 

TECHNICIAN JK G - 1 1  
COMPLETION DEPTH (ft.) 

._ ~ 

19' REGION Dri 1 1  ing Pad Page 1 of 1 



DE P' 
( fee 

7 

a 

4 

6 

8 

IO 

12 

14 

16 

I8 

20 

22 

24 

26 

28 

30 - 

1-1247 7 Page .D-48 

BEAUFORT %AS DEVELOPMENT 
RICHARD S ISLAND, N.W.T. 

SO1 t 
OESCR I PT ION 

>EAT - dark brown 

; ILT - med. grey  

. . -. " .- 

1 1 %  

- organic 

- rned. brown 
- very organic 

- med. grey brown 

- laminated 

- dark grey 
- sandy 

- trace o f  sand 

- trace of 
organ i cs - m I natpd 

:ND OF HOLE 

SAMPLE TYPE 
CRREL Ba r re 1 

I I  MOISTURE CONTENT Vo 

GROUND 3 1 IO 30 50 70 90 110 
ICE 

a 
5 
d 
u) 

BULK DENSITY f?C.F. n 

I TECHNICIAN OK I H2 
I 

COMPLETION DEPTH (ft . )  201 I REGION Dri 1 1  i ng Pad I Page I of  1 



- 
DEPT 
( feet  

- 2  

- 4  

- 6  

- 8  

- IO 

- 12 

- 14. 

- I6 

' I 8  

* 20 

- 22 

. 24 

26 

. 28 

. 30 - 

1-1247 

BEAUFORT GAS DEVELOPMENT 
RICHARD'S ISLAND, N.W.T. 

so1 L 
DESCR I PT 10 N 

c 
PEAT - dark brown 

SILT 
- f ib rous  r 

- dark grey  
- organic 

- med. brown 

- med . grey brown 
- t race o f  sand 

- dark grey - sandy - crossbedded - t h i n   o r g a n i c  
laminations 

E N D  OF HOLE 

GROUND 
w 
J 

ICE 
[z 
I 
3 

Nbe, Vs 
N b e  
vx-vs 5- 
Nbe 

Nbe, Vs 10-20 

MOISTURE  CONTENT O/o 0 

10 30 50 70 90 I10 

BULK  DENSITY RC.E n 
40 60 80 1 0 0  120 140 

I 

HOLE NE SAMPLE  TYPE 
CRREL Barrel  I I 

COMPLETION DEPTH (ft.)  19 I REGION Dri 1 ing Pad I Page 1 of 1 
I TECHNICIAN DK I H5 



- 
DEP' 
( fee  

- 
' 2  

' 4  

' 6  

8 

IO 

12 

14 

16 

18 

20 

22 

24 

26 

20 

30 - 

1-1247 Page 0-50 

7 .  BEAUFORT GAS DEVELOPMENT 
RICHARD S ISLAND, N. W. T. 

so1 L 
DESCRIPTION 

PEAT - dark brown 
1 - f ibrous I 
SILT 

- med. grey - med. brown 

- laminated  wi th  
organ i cs 

- crossbedded 

- dark  grey 
crossbedded - laminated - th in   o rgan ic  
lamihations - sandy 

SAND 
- dark grey 
- very f i n e  
- s i l t y  
- c Toss bedded - 1 ami  na ted 

- organic  lenses , 

- 3" dry, med. 
sand lens 

- th in ly   laminated  
- t h i n  to  med. 

organic 1 ayers - brown organic 
1 ayers 

SILT - dark  grey - sandy 

END OF HOLE 

GROUND 
ICE 

Vr-Vx 70-80% 
VX-vs 80% 

V S  30-40% 

vs 10-20% 

Vr-Vs 2O-3O% 
vs 20-30% 

Nbe, Vs 0-5% 

Nbe 
Us - t race  

8Nbe Nbn- 

Ubn 

U f  
rlbn 
i s -  t race 

Jbe, Vs t race 

Jbe, VS 0-54; 

J be 
jome V S  

BULK DENSITY I?C.F. A 

E N= 

140 

? 

SAMPLE TYPE 
CRREL Bar re  1 TECHNICIAN DK H 8  

COMPLETION DEPTH ( f t . )  301 REGION Dr i 1 1  inq Pad Page 1 of 1 



- 
IEPS 
(feet 

2 

4 

' 6  

8 

IO 

" 12 

~ 14 

. I6 

I 18 

. 20 

* 22 

' 24 

26 

* 28 

. 30 - 

1- 1247 Page  0-51 

6EAUFORT -GAS DEVELOPMENT 
RICHARDS ISLAND, It%!. T. 

sol L 
DESCRIPTION 

PEAT - brown 
- f ib rous  

SILT 
- med . brown - organic 

- some organ1 cs 

- f ine   l aminat ions  

- some black 
organ i cs 

- interbedded med. 
f i n e  s i l t  and 
very f i n e  sand 

- t r a c e  o f  f i n e  
sand, t r a c e  of 
organ I cs 

- f ine ly   l aminated  
v e r y   f i n e  sand 
and rned. grey 

* brown s i l t  

END OF HOLE 

"ff 

GROUND 
ICE 

V r  50-60% 

Vr 45% 

Vr 6570% 
Some V s  

V r- V s  70- 80% 

Vs 25-35% 
VPVS 5 ~ ~ 6 0 %  
V s  40-50% 
V r - V s  50-60% 
Vs 20-30% 

1 
~ ". . . . 

MOISTURE CONTENT '/o 

IO 30 50 70 90 I IO 
BULK DENSITY RCF. 

40 60 80 100 120 140 

SAMPLE TYPE . DATE 
. CRREL Barrel TECHNICIAN KS 1 - 1  

COMPLETION DEPTH (ft.) 1 g I REGION Dri 1 1  ing Pad Page 1 of 1 



1-1247 Page 0-52 

DEPTH sol L 
(feet) DESCRIPTION 

PEAT - dark brown - fibrous 
' 2  

SILT - med brown 
' 4 -  - organi c 

BEAUFORT GAS DEVELOPMENT 

I 
* 12 

* 14 

* 16 

- dark  grey - t h i n l y  bedded 
w i  t h  sand 

- crossbedded - t h i n  organic. 

- laminated w i t h  
1 aye rs 

organics 

' 18 - - t h i c k l y  laminatel 
w i t h  ?and and 
nrnan I r s  

* 20 - END OF BOREHOLE 

* 221 24 

20 

' 30 

RICHARD S ISLAND, N.W.T. 

GROUND 
ICE 

3r 60-70% 

rlr 50-60% 

3r 70-80% 

3r 80-90% 
t r  70-80% 
ilr-Vs 30-35% 

ils 25-30% 
Some VS 50-60%- 

- 
10% 

- 

Nbn Vs 5- 

Us 40-50% 

MOISTURE CONTENT % 0 

IO 30 50 70 90 I IO 
BULK DENSITY RC,E a 

I DATE DRILLED 5/2/75 I HOLE N e  
A A  

SAMPLE TYPE 
CRREL Bar re l  

COMPLETION DEPTH (ft.) 134 REGION P Ian t s  i te Page 1 of 1 

-I 

TECHNICIAN J K  1-2 



EPT 
:feet 

2 

4 

6. 

8 

IO 

' 12 

' I4 

. 16 

* 18 

. 20 

- 22 

. 24 

. 26 

- 28 

- 3c 

1-1247 Page D-53 

BEAUFORT GAS DEVELOPMENT 
RICHARD S ISLAND, N.W.T. 

sol L 
DESCRIPTION 

PEAT - dark brown 

SILT - med. brawn 
- some organics 

- laminated 

- med. grey brown - crossbedded 
- laminated  with 

- no sand 
- crossbedded w i t h  

layers  of  f i n e  
uniform sand 

- laminated  wi th  
t h i n   o r g a n i c  
1 aye r s  

f ine tini forin sand 

END OF HOLE 

GROUND 
ICE 

Vr 60-70% 

Vr 70-80% 

Vr 60-70% 
Vr-Vs 20-259 

ICE f 20% 

Vs 60-70% 
""""", 

vs  50-60% 
Some Vs 30% 
Vx 0-52 
Nbn, Vs tract 
Nbn 

Some Vs 50% 

V S  5-10% 
Nbn 
Vs 45-50Z 

Nbn, Vs 5-10: 

1 MOISTURE CONTENT '/o 

10 30 !50 70 90 I IO 
BULK DENSITY PC.E A 

I I . -  SAMPLE TYPE 
CRREL Barrel  TECHNICIAN JK 1-5 

COMPLETION DEPTH (ft.) 20 I REGION Dri l l i n g  Pad Page 1 of 1 T 



1-1247 

f - BEAUFORT GAS DEVELOPMENT 
RICHARD'S ISLAND, N.W.."I: 

DEPTH 
DESCRIPTION ( feet  1 

so1 L 

PEAT - dark brown 
- a -1, - f ibrous I 

SILT - rned. brown 
- 4 -  - some organics 

- 61 - laminated 

- 10 - laminated  to 
crossbedded 

- med. to  dark  grey - laminated 

- 1 4 1  
- crossbedded 

- I6 

. I 8  

- 20 

- - dark g r e y  
- t h i n l y  bedded w i t  

I 

- laminated  with 
uniform sand 
f i n e  grained 

- 
END OF HOLE 

organ ics  
7 

' 26 

. 28 

. 30 4 

I I MOISTURE CONTENT '10 

GROUND J IO 30 50 70 90 I10 
W 

a 
d 

ICE I BULK DENSITY W.F. a 
140 

Iil 
SAMPLE TYPE 
CRREL Barrel  

DATE DRILLED 5/2/75 HOLE NE 

TECHNICIAN JK I -8 



2 

4 

6 

8 

IO 

12 

14 

16 

18 

20 

22 

24 

26 

28 

30 

1-1247 e Page D-55 

BEAUFORT GAS DEVELOPMENT 
RICHARDS ISLAND, N.W.T. 

sol L 
DESCRIPTION 

PEAT 
- dark brown - f i b r o u s  

SILT 
- med . brown - some o r g a n  i cs 

- laminated 

- med . g r e y  brown - t h i n  o r g a n i c  
1 ayers 

- dark g r e y  brown 

- laminated w i t h  
organ i cs 

- v e r y  sandy 
- t h i n  organic 

END OF HOLE 

I 

GROUND 
ICE 

Vr 50-60% 

V r - V s  50-70 
V r - V s  45-50% 
Vs 5O-6O% 

vs 5-10% 

Nbe, VS 0-5% 

Some V s  40-5t 

Some Vs 50% 
Nbn, V s  0-5% 

Nhe, s s  or5z 

Nbn-Nbe 

MOISTURE CONTENT '10 0 

IO 30 50 70 90 I IO 

BULK DENSITY F?C.F. A 

40 60 80 100 120 Id 

1 DATE 
I SAMPLE TYPE 

CRREL Bar re 1 1-10 TEC HN IClAN JK 

COMPLETION DEPTH (ft.1 7n I Page 1 of 1 REGION ~ r i l  l i n g  Pad 



Page 0-56 
1-1247 

BEAUFORT GAS DEVELOPMENT 
RICHARD S ISLAND, N. W.T. 

I I I 

- med . brown - very soft 

- dark grey 
- laminated 

I- 304 1 

I I 2 3 I 

Unfrozen 

Frozen 

Nbn-Nbe 
V S  0-5% 

I 
8 
1, 
1 
t 
8 
1 
a 



1-1247 

BEAUFORT GAS DEVELOPMENT 
, RICHARDS ISLAND, N.W. T 

SOIL DESCRIPTION 
GROUND 

CONDITION , 
~ 

UNFROZEN 

Page D-57 

IOISTURE CONTENT % 0 

5Pf RESISTANCE A 
IO 20 30 40 50 69 70 

2 



1-1247 

32 - 

34 - 

’ 36 - 

38 - 

40 - 

Page 0-58 

BEAUFORT GAS DEVELOPMENT 
RICHARD S ISLAND. N. W.7: 

-med. grey brown I 
END OF HOLE 

1 



- 
DEPTl 
(feet I 

- 

. 2  

- 4  

- 6  

- a  

- 10 

- 12 

- 14 

- 16 

- 18 

- 
- 

r 

- 
L - 

1-1247 

BEAUFORT GAS DEVELO.PMENT 
RICHARD S ISLAND, N. W. T. 

, Page‘ 0-59 
* .  

” *  , 

SOIL DESCRl PTlON 

ICE 

WATER 

SILT - rned brown - some sand t o  sandy 

ICE THICKNESS (ft .)  4 ’  
WATER DEPTH (ft.) 14 
COMPLETION DEPTH (ft.) 44 

I MOISTURE CONTENT o/~  e 
GROUND SPT RESISTANCE A 

ICE 
CONDITION 

COMP. STRENGTH T.S.F I 

UNFROZEN 

3 



Page D-60 

.BEAUFORT GAS DEVELOPMENT 
RICHARD'S ISLAND, N.W.T. .. 

T MOISTURE  CONTENT O/o C 
GROUND SPT RESISTANCE A 

ICE 
CONDlTiON IO 20 30 40 50 60 70 

COMP. STRENGTH T.S.E 8 



OEPT 
(feat '  

- 2  

- 4  

- 6  

- 8  

* 10 

" 12 

* 14 

- 16 

* 18 

- 20 

* 22 

* 24 

- 26 

28 

- 30 

1-1247 1 .  

Pa'ge 0-61 

BEAUFORT GAS DEVELOPMENT 
RICHARD'S ISLAND, N.W. T. 

SOIL DESCRIPTION 

- med grey 
- t r .  organics 

GROUND 
ICE 

CONDITION 

UNFROZEN 

I 
I 

1 

L 

ICE THICKNESS (ft.) 4 1,; DATE DRILLED 16/4/75 m 

WATER DEPTH (ft.) 13 TECH N ICIAN 

HOLE NE 

Page 1 of 2 COMPLETION DEPTH (ft.) 44 REGION B IG  LAKE 
JK 

B L3 

. . . . . . 

AOISTURE CONTENT % 
SPT RESISTANCE A 

IO 20 30 40 50 60 70 

COMP. STRENGTH T3.F 

I 2 3 



1-1247 
Page D-62 

ISEAUFORT GAS DEVELOPMENT 
RICHARD S ISLAND, N. W. 7: 

t i  

END OF HOLE 

- 1 1  



]I 
I 
I 
1 
1 
I 

APPENDIX D-4  

BOREHOLE LOGS FOR AIRSTRIP AND ACCESS ROADS 



1-1247 e Page D-63 
BEAUFORT GAS DEVELOPMENT ' 

RICHARD'S ISLAND, N,W.T. 

DEPTH sol L 
( feet)  DESCRIPTION 

SILT - grey brown 
- 2 -  - very organic 

- grey 
-' 4 - 

- 6 -  - brown 

- b rown 
- very f i n e  - IO 

- 12 

- 14 

- 16 

- 18 

- 20 

- 22 

- 24 

- 26 

- 28 

- 30 

BULK DENSITY I?C.F. a I 

SAMPLE TYPE 
CRREL Bar re l  . TECHNICIAN JS AS- 1 

COMPLETION DEPTH ( f t . )  21 REGION A i  r f t r i  p Page 1 of 1 
.I . . . " . 

. .  



DEPT 
(feel 

- 
* 2  

* 4  

- 6  

* 8  

. IO 

- 12 

- 14 

- 16 

- I8 

- 20 

- 22 

- 24 

. 26 

. 28 

- 30 - 

1-1247 Page D-64 

BEAUFORT GAS DEVELOPMENT 
RICHARD S ISLAND, N.W.T. 

sol L 
DESCRIPTION 

PEAT - brown 

SILT 
- grey  

- g rey brown - t r ,  sand 
- hor izonta l  beds 

SAND - very f ine  
- very  s i  1 t y  

- grey brown 

END OF HOLE 

GROUND 
ICE 

VX-vs 80-90% 
""-" 
ICE+ 

"""" 

Vr 10-20% 

v s  10% 

20-40% 

10-20% 

5% 

MOISTURE CONTENT O/o 

IO 30 50 70 90 I IO 
BULK DENSITY RC.E 

t- 



Page .0*-65 

EPT 
feet 

2 

4 

6 

8 

IO 

12 

I4 

16 

I8 

20 

22 

24 

26 

2E 

3( - 

1-1247 
BEAUFORT GAS DEVELOPMENT 

RICHARD S ISLAND, N.W.+T: I ' 

sol L 
DESCRIPTION 

'EAT 

SILT 

- grey brown 

- f i n e  s i l t y  sand 
1 ayers  

SAND - grey brawn - very  fine 
- v e r y   s i l t y  

END OF HOLE 

"""" 

Vr-Vs 10-20% 

MOISTURE CONTENT % 0 

IO 30 50 ?O 90 I IO 

BULK DENSITY RC.E A 

SAMPLE TYPE 

COMPLETION DEPTH ( f t . )  19 REGION A i  r s t r i p  Page 1 of 1 
CRREL Barrel TEC H,N IClAN JS AS-3 



D E F  
( f e e  

- 2  

- 4  

- 6  

" 8  

- 10 

- 12 

- 14 

- 16 

- 18 

. 20 

- 22 

24 

26 

28 

30 - 

1-1247 Page D-66 

BEAUFORT GAS DEVELOPMENT 
' RICHARD'S ISLAND, N.W.T. 

sot L 
DESCR IPTION 

PEAT 

SILT 

- grey 

- some very fine 
d L  
SAND and SILT 

- very fine sand 

SI I T  - grey brown - sandy 
SAND 

- very Fine - very silty 

END OF HOLE 

I 

& I SAMPLE TYPE 

GROUND 
ICE 

Vr-Vx 80% 

70-80% 

Vr 30-40% 

Vr 10% 
Vr-Vs 10-20% 

vx-vs 10-20% 

Nbn _- 

1 IO 30 50 70 90 110 

MOISTURE CONTENT .'/o 

I BULK DENSITY RC.F. A 

1 40 60 

tttl 
CRREL Barrel - TECHNICIAN JS 

COMPLETION DEPTH (ft.) 1 E l  REGION A i r s t r i p  
A S - 4  

Page 1 of 1 



I 
& 
I. 
I 

1-1247 Page ~ D-67 

BEAUFORT GAS DEVELOPMENT 
RICHARDS ISLAND, N.\4,T. * 



1-1247 Page 0-68 

BEAUFORT GAS DEVELOPMENT 
fl RICHARD S ISLAND, N W. T, 

DEPTH SOIL 
( feet )  DESCRIPTION 

- 32 

34 

36 

38 

40 

W 

a 
ICE I 

d to 

GROUND IO 30 50 70 90 I IO 

40 

BULK DENSfTY P.C.F. A 

60 80 100 120 I40 

SAMPLE TYPE 
CRREL Barrel 

COMPLETION DEPTH (ft.) 39.7 I REGION A i r s t r i p  Page 2 of 2 
I 

L 

DATE DRILLED 16/2/75 HOLE NO 
* 

TECHNICIAN Js AS- 5 



3EPT 
(feet  

- 
2 

4 

' 6  

' 8  

' IO 

- 12 

- 14 

- I6 

- I 8  

- 20 

- 22 

- 24 

~ 26 

- 28 

- 3c - 

1-1247 

BEAUFORT GAS DEVELOPMENT 
RICHARD'S ISLAND, N. W.T . 

so1 1. 
DESCRIPTION 

PEAT 

5 I LT - grey - organlc - tr. sand 

- grey brown 

SAND - very f ine  - s i l t y  

END OF HOLE I 

MOISTURE CONTENT O h  

IO 30 50 70 90 I IO 

BULK DENSITY RC.F. 

OR - SAMPLE TYPE 
CRREL Barrel TECHNICIAN Js 

COMPLETION DEPTH (ft . )  14 .3  REGION A i r s t r i p  Page 1 of 1 



3EP1 
(fee,  

- 
a 

4 

6 

0 

10 

12 

14 

16 

I8  

20 

22 

24 

26 

28 

30 - 

1-1247 Page D-70 

BEAUFORT GAS DEVELOPMENT 
RICHARD'S ISLAND, N.W.T. 

sot L 
DESCRIPTION 

G R O U N D  
ICE 

PEAT I Vx-Vr 70-80% 

Vs-Vr 70-80% 
- grey - organic 

- very sandy 

- grey brown 

60-70% 

40-505 

Vr 20% 

Vs 20-30% 

Vs 0-5% 

MOISTURE CONTENT % 

IO 30 50 70 90 it0 

BULK  DENSITY PC.E D 

1 140 

SAMPLE TYPE D E E  DR ILLEO 16/2/75 HOLE NE 
CRREL Bar re  1 TECHNICIAN JS A S - 7  

COMPLETION DEPTH ( f t . )  15 .3  REGION A i r s t r i p  Page 1 of 1 



1-1247 Page . .  ,D-71 

BEAUFORT GAS DEVELOPMENT 
RICHARD s ISLAND, N.W.T. 

lEPTHl DESCR IPTION 
sol L 

feet) 

I PEAT 

I6 - 
SAND 

18 - - very f i n e  - s i l t y  

GROUND 
ICE 

CE + - massive 

/s-Vr 30% 
Is 40-50% 

IO-20% 

Us-Vr 40% 

vs 20% 

0 -5% 

F G ; S T U R E  CONTENT O/O 0 
W 
A 10 30 50 70 90 I10 
a 
5 
U BULK DENSITY F!C.F. A 



Page D-72 1-1247 

BEAUFORT GAS DEVELOPMENT 
' RICHARDS ISLAND, N.W.T. 

IEPTH sol L 
( feet)  DESCRIPTION 

2 

4 

' 6  

* IO - sandy 
- 12 

- 
14 -I END OF HOLE 

SAND - very f i n e  
very silty 

- 
16 1 4 - 22 

GROUND 
ICE l a  BULK DENSITY F?C.F. a 

140 

" 



IEPT 
(feet 

- 
a 

4 

' 6  

0 

IO 

. 12 

* 14' 

. I6 

* 18 

' 20 

* 22 

' 24 

26 

. 28 

. 30 - 

1-1247 
Page 0-73 * .  . *  

BEAUFORT GAS DEVELOPMENT 

sol L 
DESCRIPTION 

SILT - medium brown, 
some organics 

- dark g r e y ,  some 
organ i cs 

- grey - brown 

- t race of  organics - trace of  sand 

- layers of organics 
- trace of f i n e  sand 

END OF HOLE 

RICHARD S ISLAND, N.W.T. 

GROUND 
ICE BULK DENSITY I?C.F. A 



1-1247 

- 
DEP 
(fee 

- 
' 2  

4 

' 6  

8 

IO 

12 

14 

16 

I8 

20 

22 

24 

26 

28 

30 - 

BEAUFORT GAS DEVELOPMENT 
RICHARDS ISLAND, N.W.T. - 

sol L 
DESCRIPTION 

ORGANICS & S1.LT 

SILT - some organics, 
grey-brown 

- trace of organ i 

END OF HOLE 
core b a r r e l  shoe lost 
i n  hole 
- hole abandonned 

I L 

G ROUN D 
ICE 

Vr 

Vr - Vs 
15% 

V S  
b 30% 

Page .D -74  

.- . 

MOISTURE CONTENT O/o 

IO 30 50 70 90 I IO 
BULK DENSITY RC.F. 

60 80 1 0 0  q ". 

L L 
DATE DRILLED 16/1/75 I HOLE NE 

L 
SAMPLE TYPE 
CRREL Ba r re 1 TECHNIC1A.N TH 0 - 2' 

COMPLETION DEPTH (ft.1 7 i 1  Roadway Page, of 



2 

4 

6 

0 

IO 

I2 

14:' 

16 

I8 

20 

22 

24 

26 

20 

30 

1 - 1  247 
page' D-75 

BEAUFORT GAS DEVELOPMENT 
RICHARD S ISLAND, ,N.W. T. 

sol L 
DESCR I PT ION 

ORGANICS & SILT 

SILT - some organics 

- same 

- t race  of organic 

END OF HOLE - l o s t  second core 
barre l  

- hole abandoned 

GROUND 
ICE 

vx 
10% 

vs 
10 " 20% 
Vr .. V s  
20 - 30% 
Nbe - V s  

5% 

MOISTURE CONTENT '/o 

IO 30 50 70 90 I IO 

BULK DENSITY t?C.F. A 

40 60 I 

m 

1 100 120 140 

u 
SAMPLE TYPE 
CRREL Carrel TEC HN IClAN TH 0 - 28 

COMPLETION DEPTH ( f t . )  88 REG'oN Roadway Page of 



1-1247 

- 
DEP" 
( fee 

- 
' 2  

' 4  

- 6  

' 8  

10 

' 12 

14 

16 

I8 

20 

22 

24 

26 

28 

30 - 

Page 0-76 

BEAUFORT GAS DEVELOPMENT 
RICHARD S ISLAND, N.W.T. . 

sol L 
DESCRIPTION 

S I L T  - dark brown 

ORGANICS & SILT 
- twigs E 
rootlets 

SILT 9 dark grey to 
brown t race  of 
organ i cs 

- dark brown 

- medium to   dark  
grey,   layers  of 
black  organics 

- same 

- t race  o f  f i n e  sand 

END OF HOLE 

GROUND 
ICE 

.. . ~" 

Vr 10-20% 

30-40% 
40% 

30% 

30% 

V S  

10-20% 

V r  
40% 

V S  
10-15% 

5% 

I MOISTURE CONTENT 
.. . .~ 

SAMPLE TYPE 
CRREL Bar re  1 

I '  - 
COMPLETION DEPTH (ft . )  201 

- .. 

I Roadway I Page of 

, $E DRILLED 18/1/75 HOLE NE 
TECHNICIAN PH 



1-1 247 

DEPl 
(fee! 

- 
* a  

a 4  

- 6  

- 0  

- 12 

- 14 

- I 6  

- I 8  

- 20 

- 22 

- 24 

. 26 

- 28 

* 3c - 

BEAUFORT G A S  DEVELDPMENT 
RICHARD S ISLAND, N.W.T. 

sol L 
DESCRIPTION 

Page 0-77 

SILT - grey  brown 

ICE - clean 

- 10% s i l t  

, ,  

END OF ICE 

NOT SAMPLED 

END OF HOLE 

1 

GROUND 
ICE 

FROZEN 

ICE 

- .  

MOISTURE CONTENT '4 a 

IO 30 50 70 90 I IO 

BULK DENSITY I?C.F* 

SAMPLE TYPE 
CRREL Barrel 

COMPLETION DEPTH (ft.) 241 I REGION Roadways I page 1 , of 1 

DATE OR ILLEO 1 a/ 1 /75 HOLE NO 
TECHNICIAN TH 0 - 4  



1-1247 

- 
DEPT 
(feet 

- 
- 2  

- 4  

- 8  

* 0  

' IO 

. I2 

. 14 

r 16 

' I8 

20 

22 

24 

26 

28 

30 - 

BEAUFORT ' GAS DEVELOPMENT 

sol L 
DESCRIPTION 

SILT - organic 

SILT - dark  grey t o  
black with some 
organ i cs 

- Lighter grey 

- t race o f  organics 

- dark brown 

- t h i n  laminae o f  
organics 

Page, D-78 

END OF HOLE 

I 

RICHARD S ISL AI 

Vr 
40 - 45% 
30 - 35% 

10% 

30% 
Vr - Vs 

IO - 15% 

vs * 
30 - 35%. 

20% 

15 - 20% 

,20% 

GROUND 
ICE 

ND, N. W. T. 

MOISTURE  CONTENT '/e 0 

IO 30 50 70 90 I IO 

BULK DENSITY I?C.F. n 

SAMPLE TYPE 
CRREL Barrel TECHN IClAN TH 0 - 4 B  

Roadways Page 1 of 1 COMPLETION DEPTH (ft.) 21 I 



I 
8 

e 
I 

APPEND I X D- 5 
BOREHOLE LOGS FOR DOCK SITE 



1-1247 Pqge. 0-75 

BEAUFORT GAS DEVELOPMENT 
RICHARD'S ISLAND, N. W. T. 

3EPTH sol L 
( feet)  DESCR I PT ION 

I NO SAMPLE OBTAINED 

.. - " . . . . 1 MOISTURE CONTENT v0 a 

IO 30 50 70 90 I IO GROUND 

SAMPLE TYPE 

COMPLETION DEPTH (ft.)  14 I REGION Dock Area 2 1 Page 1 of 1 
1 

DATE DRILLED t$/1/75 HOLE NO 

TECHNICIAN N M OS- 1 



1-1247 

BEAUFORT GAS DEVELOPMENT 
RICHARD'S ISLAND, N. W.T. 

~ Page 0-80 

I - 5ame c 
- tr. f i n e  sand 

- med grey 
- some organics - t r .  f i n e  sand 
- very soft  

1 t h I ICE THICKNESS (ft . )  L I DC 

GROUND 
ICE 

SPT RESISTANCE 

CONDITION I C O W .  STRENGTH T.3.F W I 

7 
I 

I 

I 

I 

I 

- 
. .  

7 , \TE DRILLED 17/1/75 HOLE N O  
WATER DEPTH ( f t . )  12 1 TECHNICIAN TH DS-2 

/ I  S i  t p  Poge , of 

""" 

UNFROZEN 

- I COMPLETION  DEPTH (ft.)44 1 /  ,I REGION , 
. 



1-1247 

BEAUFORT GAS DEVELOPMENT 
RICHARD'S ISLAND, N.W.T. 

DEPTH 
(feet) . 

- 32 - 
- 

- 3 4 -  

- 3 6 -  

- 38" 

- 40 - 
- 42 - 
" 44% -= 

- - 

- c 

- 46 - 
- 48 - 

SOIL  DESCRIPTION 

- harder drilling a t  30' -I 
SAND - med. brown - fine to med. grained 

- uniform 
- loose 

SILT 
med brown - tr. f i n e  sand 

-1 

END OF HOLE 

I 

I 
I ICE THICKNESS ( f t . )  1, I D, 

GROUND 
ICE 

CONDITION 

UNFROZEN 

J 
-I 
1 
E 
U n 

I. 

7 
" 
- 

- 
7 

4TE DRILLED 17/1/75 HOLE N E  
I 

, WATER DEPTH (ft.) 12 TECH N ICIAN TH DS- 2 
COMPLETION DEPTH (ft.)4q 1/7 REGION DOCK SlTF Page 2 of 2 

FROZEN 

Nbn 

Nbn \IS - t r .  

" - 
MOISTURE CONTENT '/o 

SPT RESISTANCE A 
10 20 3040 50 60 70 

COMP. STRENGTH T,S.F I 

I 2 3 



1-1247 

1 BEAUFORT GAS DEVELOPMENT RICHARD S ISLAND, N.W.T. .. 

I 
IEPTH SOIL DESCRIPTION 
(feet 1 

R I V E R  ICE 

- rned. t o  dark  grey brown 

- s o f t  
' 4  3 organic 

- saturated 

12 

14 

16 

18 

20 

22 

24 

26 

28 

30 

SAND 
- dark grey - s i l t y  - very f ine ,   un i form 

- SILT 
- dark  grey 
- sandy - crossbedded 
- t h i n  organic   layers  

I 

- END OF HOLE 

I 

& ,  

ICE THICKNESS ( f t . )  
WATER DEPTH ( f t .  1 
-1 

Hdllow Stem Auger 
. ." . " - 

F roten 

7 Nbe 
\ 

Page D-82 

MOISTURE CONTENT '/o a 

SPT RESISTANCE A 
IO 20 30 4 0  50 60 70 

COMP. STRENGTH T.S.F. 
I 2 3 

I 

EGION Docks i t e  2 I ~ o a e  1 nF 1 I 



1-1247 

. BEAUFORT GAS DEVELOPMENT 
RICHARD S ISLAND, N. W. T, 

DYNAMIC CONE PENETROMETER TESTS 
2 INCH CONE 

NUMBER OF BLOWS PER FOOT 
45 50 5 15 20 25 30 35 

1. 
I 

i 

40 
I 

2 

4 

6 

8 

IO 

12 

14 

16 

18 

20 

22 

24 

26 

2a 

30 

- i  

"1- 
I I 

I 

"t 
i 

i 

I 

HOL NZ 
0-13 5 



1-1247 Page 0-84 

BEAUFORT GAS DEVELOPMENT 
RICHARDS ISLAND, N.W.T. . .  - 

DEPl 
[ f e e t  

' 2  

- 4  

' 6 -  

8 

' 10 

' 12 

14 

16 

18 

20 

22 

24 

26 

28 

30 - 

- 
rH 
1 '  

*. 

" 

- 
0 

- 
4 \  

-.  

-.. 

- .  

- 

- 

- 

- 

- 

- 

- .  

ICE THICKNESS 

WATER DEPTH (ft.) _ _  TECH N I ClAN J K  0 138 
COMPLETION DEPTH(ft.) 3 3  REGION DOCKSITE 2 Page 1 o f  2 

4' DATE DRILLED 02/02/75 HOLE NQ 

.. 

DYNAMIC CONE PENETROMETER TESTS 
2 INCH CONE 

NUMBER OF BLOWS PER FOOT 
0 25 30 35 40 45 5 I5 I 2 0 55 

FROZEN SILT 

" 

, : I  
! '  . .  , ,  

I 

i 



1-1247 

BEAUFORT GAS PEVELoPkIENT 
RICHARD S ISLAND, N bV. T. 

DYNAMIC CONE PENETROMETER TESTS 
2 INCH CONE 

NUMBER OF BLOWS PER FOOT 
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1-1247 
. P

age 
E-1 

bD 
C

 

51311V
W

S
 l

N
3
3
U
J
d
 

FIG
U

R
E

 
,

- 



,,W
I I 

0
0
1
 +: 

111 
W

 
c 

FIG
U

R
E

 -
 



I I
 

L
 

w
 

7
 

0
 

0: 
0
 



. 
.
u
 ., 

. P
aae 

E-4 

I- v
 
- - 

80 
C

 

b aJ 
.
I
 

r c oa 
L
u
 

FIG
U

R
E

 



i
 

FIG
U

R
E

 



P
age 

E-6 

0'09 

0
 DZ 

0
'0

 I 

I- 
# 

3
0

1
 W

 

cn 
E

 

>
01' a K

 
a 

KO' 

i0
0
' 

:Q
O

' 

3
0
 

C
 
3
 

C
 

U
 

M
 

M
 

c 

FIG
U

R
E

 

.. 



E 

I t I
 

0
0

 I 

o
o

a
 : 

0
0

 I m 
0

0
0

' *w c W
 

I s
 

0
0

2
' g N, 

W
 

u) 

001' 4 E 

090' 

oao. 

010' 

1
0
0
' 

ZO
O

' 

IO
0

 

FIG
U

R
E

 



48 
bl3llW

W
S 

A
N

3
3

1
3

d
 

FIG
U

R
E

 -
 



e .. 1
 

I 

1
-1

2
4

1
 

- ra
g

e
 

t-y
 

0
0

 I 

w 01 
N

 

001' $ f5 

040' 

I 0
1
0
. 

9
0
0
' 

Z
O

O
 

' 100' 

.
C

 

M
 

Y
3

llV
W

S
 lN

jl3
Y

ld
 

FtO
U

R
E -
 



,lz/l I 

11 I 

0
0
1
9
 

E-10 

M
 

c 
.- 

FIG
U

R
E

 



E-1 

t 

0.00 

D
O

2 

D'O
 I 

3
0
P

 

m
a

 

3
0

1
 

8 
FIG

U
R

E
 



P
E

R
C

E
N

T
 S

M
A

L
L

E
R

 

r'' 



" .  . "._ 
( UrJlFIEo SoJt CLASSIFICATION ) 

I I CLAY St LT I I MEDlU M I COARSE I FlNE I c6nRsE 1 SAND 
f l  NE 

1 GRAVEL 

8 nr 
0 
C - 

# 

PROJECT TAGLU rn 



. .- ., 
E- 14 

- - 0
2

0
' 

- 0
1
0
' 

- G
O

O
. 

' 2
0

0
' 

. 100 

V
I 
3
 

0
 

C
 

V
 
M
 

c 

8 I
 

I I 1 
FIG

U
R

E
 



I I
 

1 
I 1 I
 
I
 c
 

1-1247 
P

ag
e 

E-15 

Y
3

7
lV

W
S

 IN
J3Y

3d
 

FIG
U

R
E 

t' 
0
 

W
 

0
 

7
 

a
 



E-16 

I 

w
 

c 
.
I
 
L
 

a, 
aJ c M

 
C
 

L
u
 

.
I
 



1-1247 
. P

ag
e 

E-17 

C
1

3
1

1
W

S
 A

tJ33L
l3d 

FIG
U

R
E

 

I 

P
 c I I
 



APPEND I X E"2 

GRAIN S I Z E  CURVES FOR THE DRILLING PAD AREA 
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G R A I N  S I Z E  CURVES FOR A I R S T R I P  AND ACCESS  ROADS 
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