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I. I I NTRODUCT I ON 

1.1 Genera 1 - 
Arctlt development -)las perpetually  been hampwed by a lack o f '  sultable unfrozen 
earth construction  rnatarials. Impwial Oil Engineers  ha.vs  bean  experimenting 
for more  than O year  with a large suction  dredge whlch i s  capable of  excavattng 
non permafrost  underwater soils and  ,depositing  them  on land, In anticipation 
of uti1 izing the- dredge during the 1973 sunnner season for construction of 

onshore  facilities, an invdstigetion of bay bottom matsrtals  present in the 
Tuktoyaktuk area has  been carried out.  Numerdus  exploratory holes were drilled 
from the ice  along  the east stde of Tuktoyaktuk  harbour  near ,thc"IOL base camp 

to dtfferenttate suitable constructton  materials. In addft?on,  offshore 
borrow  resources in the bay adjacent to  Tuktoyaktuk  settlement  have been assessed. 

The possibillty o f  utiliztng the  dredged  bay bottm material  for  construction 
of an airstrip to  service the Imperial O i l  base camp a t  Tuktoyaktuk Is a150 

under consideration. The proposed strip must be capable o f  accommodating 
Hercules and Electra type atrcrafts  for  which minimum requirements  would be 
6000 feet In length and 200 feat in width,  Three a1 ternative  sites have been 

selected by Imperial Oil engineers and a field  drilling.prograri has been carried 
out at one of these sites. The  ftndtngs of the airstrip Investigation are 
presented In Sectlon 1 1 1  OP the report and some preliminary  design  requirements 
are discussed in Section I V .  

Th Is 
Oil L 

order 

1.2 

Investigation and report was requested by Mr. J. J, A. deJong o f  Imperta 
imited,  Frontter Planning Group and  authorization was Issued by service 
No. 13S97179 on Apri l  13, 1973. 

Constructton  Techniques 

The bay bottm materials are to bm rstrrived by the suction dredge and stock- 
piled on the land surface. Dredging rate is  believed to be in the  order of 

500 cubic  yards o f  tollds parr hour  which io discharged  through a pipa 24 inches 
I n  diameter.  Solfd  matartal  comprises  only  about 15% of the total,  discharged 

E M  Brooker & Associates Ltd 
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volune, thus a large watw flow from the stockpila back to the bay  must be 

- contended  with.  After excess water  has  drained from the  dredged soi 1 it wi 1 1  
be l&dad  and  trucked  to  the  airstrip or other s i te  for grade construction 

In some instancar  the  dredged  material may be deposited  directly  where f i l l  is 
required. This technique  is  adequate for lnfilling lakes or other  depressions 
wfrsrs natural lateral  confinement  is  provided. It i s  proposed  to  use t h i s  
technique for reclaiming the,arsa within  Tuktoyaktuk  settlement  which i s  

currently  occupied by the  lake  (Drawing A-1). 

I 

The most suitable soil for  construction  purposes, utilizing thls  scheme,  is 
sand. Previous study by Brooksr & Associates  for  Imperial O i l  Ltd. on  behavior 
of" dredged s i l t  has shown  that poor drainage  characteristics  can lead to 
development of  significant  pore  pressures  within  the  deposition  mound  which 
my.result in serious  instability problems. Thus,  the  construction matarial 
must be reasonably free draining, On th0 other  hand,  previqus experience has 
shown  that  dredging of  gravel sited matertal i s  a very  inefftcient  operation. 

1.3 Scope 

The scope o f  this investigation  consisted of the  following: 

a. Evaluation of potential  sources o f  offshore borrow material suitable 
for construction  purposes,  with  particular reference to the proposed 
a i rotr ip. 

b. Evaluation of  potential offshore borrw material for lake infilling 
a t  Tuktoyaktuk  settlement. 

C. Prel  irninary  evaluation  of  subsurface  conditions at three al ternative 
airstrip sites selected by IOL engineers.  Only one site was drilled, 
however,  due  ta lake of  time created by impending spring breakup. 

d. Evaluation o f  the dsta.to determine  technical  fsasibllity and material 
quantities  required for preliminary  design of an airstrip at the 
location  investigated, 

€W.Bmoker & Associates Ltd. 
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Other factors, which are associated with the proposed construction scheme but 

hava not ben conotdsrsd art :  

" 

a. Evaluation of  possible  stockpile a r a s  .for, dredged inaterlal. 

b. Hydrological and geothrml aspects of  underwater excavation  and 
water discharge  on  the  ground surface. 

c. Evaluation o f  possible access roads t o  the  new airstrip. 

I 1. POTENTIAL OFFSNORE BORROW SOURCES 

2.1 Genera 1 

Seventy-nine  exploratory borings were drilled In the vlsinity of Tuktoyaktuk 

wI'th a Mayhew 1000 rotary rlg. Fifty-six of the boreholes  were located offshore 

at a fairly regular spacing of 500 or 1000 feat in areas  whare  dredging would 
be feasible and sandy s o i l s  ara most  likely to occur (Drawing A-1) .  

Permafrost was not encountered during offshore drilling of most boreholes, In 
a few  cases,  close  to shore where it was frozen t o  the bottm at the' time of the 
field work, frozen soil  was  encountered. Borehole logs  indicating  ice  thickness, 
water  depth and bottom soils t o  the maximum depth of penetration arc contained 
in Appendix C. 

Three  potential borrow areas, which are close  to  possible  construction sites, 
have-  been  out1  ined in Drawing A-1. The materials  found within the out1 ined 
weas are considered t,he most  suitable of  all  soils  ehcountercd during the 
offshore borrow Invcstigatfon.  The potential borrow areas arc designated as 
I ,  I l ,  and 1 1 1  as described below: 

2.2 Borrow Area I 

Proposed Borrow Area I is  locatsd in the two bays immediately  south of the IOL 
base camp. It is in close proximity to alternative airstrip location C. The 

E.W. Brooker & Associates Ltd. 
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surfocs area outlined as suitable for underwater  excavation Is 284,000 square 

Gradation  analysis of four  representative  so11 samples obtained  from  boreholes 
in t h i s  rrgfon ara shown in Figure 1. It i s  apparent  that a wide  rangs of  

material. types is present  varying  from  clayey  sand to sand with s ~ m e  gravel. 
Soma care w i l l  have to be taken if this  source Is utillzed in order to minimize 
the quantfty of si?t and  clay strs materials  excavated. 

2.3 Borrow. Area I I 

Borrow Area I I (205,000 yds.) is located  north of the -  IOL camp at the mouth bf 
a river whIch  dfscharges hto Tuktoyaktuk Bay. Proximtty  to  alternative 
airstrip s i t e s  A and B (not investigated) Is good. The soil  generally  has a 
narrower range of gradation  charactsrfstics -than that of Area I as. indicated 
in Figura 2, In general, the so11  ranges from silty  sand with sme clay ta 

clean sand  with a trace of  gravel. This  material Is preferable  to that 
identified in Area 1 sincr'less sorting Would be necessary. 

2 

. '  
2.4 Borrow Area I 1  I 

Area I l l  is  located In Tuktoyaktuk Bay adjacent t o  the settlement as indicated 
i n  Drawing A-?.  This is a potsntlal source of  material for infill-Ing the lake 

within  the  settlement. Both sand and grovel were identifted In the bay. Grovel 
thickness  overlytng the sand  ranges  from O to 14 feet. The gravel contalns 
sand,  silt  and clay as Indicated ln  Figure 3 and  would  generally be termed 
'dirty'. The underlying sand  is fine to medium grained, 'uniform' material 
which would probably be ideal for lake  Inf i l  1. 

The borrow area outllnsd has a surface area more then  twfce  that of the lake to 
be infilled,  Thus,  there would be lfttle  dffficulty  obtaining  the  necessary 
fill from this  nearby borrow source. 

E.W Brooker & Associates Ltd. 
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I I I. SUeSURFACE  CONDITIONS AT A l  RSTRI P C 

3.1 G8nera 1 

the onshore  boreholes were lcoated  predominately  along the centerline  of the 
proposed airstrip site, alternative C. The  borehole  spacing was not regular 

but varled  according to topographic and terrain condltions  determined from 
study of the  afrphotor.  Several  holes  Ware  drilled o f f  the centerline to 
confirm the extent of specific  topographic  features.  Detailed  borehole  logs 
together  with  associated  laboratory  data  for all onshore holes are contained 
in Appendix B. 

?”,. - 

3.2 Site  Description 

The proposed afrstrip slte,  refsrrrsd  to as Alternative C, Is located  approximately 
1 mile  southeast of  the lOL.baoe camp at Tuktoyaktuk , .  as Indicated  on the s i t e  

plan, Drawing A-1. Topography is  flat  to undulating along  Its  length,’”wi th low,, 

, f l a t  hills r i s i n g  about 10 feet  abovfr  surrounding  level  areas. The centerline 

profile  has been determined by ground  survey and subsurface  conditions  examined 
by drilling and logging 23 boreholes. 

Evalurtlon of the field data i s  shown in Drawing A-2. The area In the region 
of  the airstrip has been sub-divided into four terrain ‘types, described I n  the 
fo? tawing  subsections,  depending upon the surface soils present and a relative 

tmata of srnsi t est 

3.3 Glacioftuv 

vity t o  disturbance. by construction  activitles, 

. >  

al  Sand ind- Gravel 

Glacial  outwash,  consisting of  sandy  gravel and sand i s  very clos& to the ground 
durface  on  the h i l l  tops  outlined i n  Drawing A-2.  Peat  and  organtc s i l t  rangi’ng 
in thickness from 3 to 2 feet over1 ies the granular soi l  in most places. These 
areas are generally the b e s t  drained o f  the  regions  studied.  Little or no 

E.W. Brooker & Associates Ltd. 



1: 

!*: 

Vlsibls Ice segregation was found in .the sand  and  gravel  throughout the depth 
of  borehole  panstrotlon. The granular matclrials encountered  rangs in texture 
from clean -11 graded  sandy  gravel t o  til ty sand  with sane clay. 

3-4 Lacustrine  Stlt  and  Clay 

Silt and clay of lacustrine,  orlgfn  surround  the  sand  and  gravel  hills.  Actlve 
ice kdging Is apparent on the  alrphotos  throughout most o f  thesd areas and 
excess ice content In the soil has been estimated st up to 60% but i s  comonly 
20 to 30%. The soil  ranges from non to l o w  plastfc clayey silt with some sand 
to high plastic  clay. these areas  would be subject to severe  settlement I f  
permitted to  thaw. 

3.5 Thin Lacustrine Sediments Over  Sand and Gravel 

In these areasi a th in  veneer o f  silt  and  clay  overlies the glacioflucial sand 

and  gravel. Depth of thaw  stable  material  generally  ranges from 3 to 12 fret. 
The soi l  types  are slmilar'to those  described  above. 'The amas should be 
considered darataly sensitive ta disturbance by construction activitfes. 

3.6 Organ ic Terra In 

Areas designated In Drawing 4-2 as organic  terrain  were  found  to  have peat 

axtcndtng  to a depth of  4 to 8 feet  underlain by lacustrine  silt  and  clay. 
Vtsual  estimated excess ice content In the peat  is often as high as 35% of 

the  total  volume. the peat itself will ber only moderatqly  sensitive to thaw 
settlement due to  loss of  excess ice,  h&var, It will be highly compressible 
under  load after  thew ho5 occurred.  Present  1nsItu  total  moisture  content of 

the paat Is commonly 500 to 800 percent. 

E.W.Bmker & Associates Ltd. 
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IV. AIRSTRIP CONSTRUCTION 

4.1 Genera 1 
*. - 

No attempt ha's  been  made a t  th is   par t icu lar  time to  avr1urte'which of the  three 
r1. tsrnat ive  a i rstr ip  s i tes i s  most dasirable.  Alternaklvs C i s  a feasible s i t e  
from a gsotechntcal  engineering  standpoint. Grade constructton a t  t h i s   s i t e  is 
discussed in  this  section of the report. 

4.2 Geothermal Considerat  ions 

In view of the thaw sensltive  nature of most soi 1s encountered .beneath the 
ptoposed a i r s t r i p  i t  i s  necessary t o  dsrIgn,a grads which will , .  snsura  degradation 
of. the  permafrost does not occur. The depth of thaw i n  a homogcnecrus r i  1 t y  

sand subgrade with  gravel surface has bestieattmatsd a t  6 to 7. feet, based on 
the Modtftcd Berggrcn equation. Thus, if 6 t o  7 fast' bf sand i s ,  placed an the 
tundra at a time when the existing active layer i s  frozen, thaw below the. 
existing ground level should not occur. FI11 placemsnt on a frozen surface will 

. ,  

minimize  the amount of settlement which wouid occur as a result o f  compressfon 

o f  the  surface'organic  soils. Moreover, the frozen peat will act  as a heat sink, 
providing  further safety against degradation of the permafrost table (high latent  

heat) 

It Is considered feasible to  cut,  to a limited  extent,  the tops o f  gravd mounds, 

In these areas only, a l l  surface  organic soil should be stripped off, exposing 

the frozen sand and gravel. Over excavation by a t  least 2 feet i s  recommended, 
with reconstructton  to grade by placement of f Ill from the borrow source. 

4.3 Grade Des i gn 

A tentat  ive grade has  been selected based on the foregoing geothermal require- 
ments as indicated i n  Drawing A-2. The grade i s  7000 feat long, with  the  north 

E M  h k e r  & Associates Ltd. 
. .  . . .  . .  .... ". . .,. . . . _" " , . . , . , . ., , , . . . . . . . . -. . . . . , . " , ~  ". ." .. . . .. . 
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3200 feet  level  and  the  south 3800 feet sloping up from the center at 0.13 
parcent. Minimum total fill depth in cr i t ica l  areas i s  6 feet and  average 
drpth  is 8,6 feet. three  separate cuts are  anticipated  through  gravel  kno Ils 
as indicated on thu profile,  Drawing A-2. Total fill requirsmsnts,  including . 

3/1 sideslopas all around,  has been ertimetsd at 554,000 cubic  yards. 

This grade is considered O good  starting  point for furthsr  study of feasibility 
o f  the project. It is  believrd ta bQ conservative in that additional tut or 
reduced fil 1 thickness may be fustif fed  based  on  more  detai  lad field and 

h 

analyttcal study. 

In  order to  insure  the airstrip i s  serviceable durtng all weather  cdndltions, 
a prepared  granular  surface  will ' b e  required.  .Thickness o f  the prepared gravel 
surface  depends  upon f inal qual ity of the subgrade and alrcraft  wheel-load. 
Ministry  of Transport design standards for Electra typa aircraft  would requlrs 
batmen 13 and 2f feet of compacted  gravel . Since It would be a very expensive 

undertaking, to place this quantity of gravel  (about 100,000 Gublc yards) at 
Tuktoyaktuk it  may be destrabie to reduce the thickness  considerably and atlow 
the strip to become unserviceable durlng 1 or 2 weeks o f  spring breakup. 

1 

4 *4 Soil  Compaction , ,  

The following benefits would be drrlved from adequately cmpactfng the subgrade 
roi 1. 4'. 

1. Shear strength of  the soi l  would be improved  substantial iy thus 

2. Inf i ltratlon of surface water and the, tsndancy for frost  heave 

reducing the thickness  of  gravel  surface  course  required. 

would  both be reduced as a result of decreased  permeability. 

, Whmel loading from an Electra Is more severe than  that from a Hercules. 

E.W Brooker & Associates Ltd. 
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3. Dtffarenttal settlement,  which  can lead to a costly mfntsnance 
problm, within the fill would be minlmiztd, 

12 

I t  1s rccommsnded  that  thickness of the intlal lift be 2 to 3 feet with this 
followed by 1 foot  thick 1 ifts. .The lifts should be compacted by a large 
vlbrating drum roller Imparting a dynamic force.in the  order to 25,000 ft. l b s .  
Final relattve  denslty  of  the  top 2 fret of  subgrade soils should be at least 
80 percent.  RsIrtive  density of the gravel surface course should be a t  least 
90 percent. In order to achieve thesa density  requirements it will be necessary 
to  ensure the fill is  not  frozen at the time of placmnt and  compaction, . 

4.5 Dra I nage 

Natura1 surface  drainage tn the area i s  believed to be unaffected by construction 
o f  an airstrip at alteynative  location C. Thls fact should be verified by 

further  ground  rsconnalstance during the. spring or sumnsr. If surface  drainage 
i s  Interrupted,  culverts may be  required  through the fill. Water must  not be 

al lowed to pond alongside  the  newly  constructed f I l 1 .  

Dralnage frm the f i l  1 itself  should be given  adequate  consideration. A shaped 
rubgrade,  which will not allow water  to pond on top should  be  constructed and 
maintained.  Sideslopes may be subjected to.mrosion from runoff i f  not protected. 

Landscap i ng and seed 1 ng the s laper to encourage vegstot !,on  growth WOU 1 d probably 
provide adequate erosion protection. 

Y. SUMMARY AND CONCLUSIONS 

The  following  conclusions are based on an svaluation of the  field  data  together 
with the  airstrip design racommendatlonr stated in the  previous section. 

1. Three  potantlal  offshore borrow arcas have  been  defined by 
exploratory  borings. The materials  identified within these 
ragions  varies from clayey sand to  s i  1 t y  gravel. The order of 
preference  of borrow areas wtth respect  to  merterial type i s :  
1 1 1 ,  I I  and I ,  

L. E.W.Bmoker & Associates ltd. 



2. Sufflclent sand and gravel materlal Is avaflable in the bay 
(Borrow Area I I I )  to InfiIl the lake in Tuktoyaktuk  settlement. 

3. Alternative  location E,  chosen by Imperial O i l  engineers for 
proposed construction of an alrstrip at Tuktoyaktuk, in a.feosibIe 
$Its from an englneering  standpoint. An ssttmate of construction 
cost can be prepared from the information  provided. 

4. 

5. 

6.  

7. 

8. 

A more detailed f i e l d  invcrtIgitlon o f  subsurface  condltfons, 
particularly irr the viclnlty of  proposed cuts, should be under- 
taka before  proceeding  with  final  design.  Also,  regional 
dralnage  patterns should be studied during the spring and Sumner 
months. 

Mlnlmum f i l l  thickness  requlred t o  ensure degradation of the 
permafrost does, not  occur has been est  imatsd at 6 to 7 'feet 
Hors comprehensive geothermal analyses  should be undertaken 
to verify  this prior to final destgri. 

, .  , .  

Silty  sand f i i l  may be dredged  from the bay nearby  (Borrow  Area I ) ,  
stockpiled to drain and trucked to the site.  The  unfrozen fill- . .  

should be placed in lifts  and  canpactad  wth a large vibratory  roller. 

A gravel surface  course is required to improve  all-weather 
capabllity o f  the strip. The thickness of  gravel can be minimized 
if the strip Is allowed to become unserviceable for  a weak or two 
during spring breakup, 

Other airstrip  sttes A and B, which  have not bean investlgated, may 
possibly be more  desirable  locations. Most reeommendatlons  stated 
hersin would also apply to these, however, na astfmate o f  fill 
quentitfes can be made at this  time. 

E.W.Bmoker & Associates Ltd. 
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END OF HOLE 30 '  
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)EAT - dark brown - t l b r o u s  

CRAVEL - mad. brown 
, .  - sandy - soma s i l t  and clay 

SAND - I t .  brown 
... - f i n e  grainad 

. .  - trace o f  si1 t 

PROJECT 
I.O.L. Alrstrip ' C f  I DATE -&-3 ELEVATION l2.6' 
Tuktoyaktuk,N.W.f. DY 30 ' B.H.#6 

LOQGED BY DEPTH SHEET 
E-604 

1 OC 1 



\ 
EAT - dark brown 

. -  f i b r o u s  

S ILT  - grey - sandy - trace o f  c lay  
I .  

I .  , 
. . . .  

SAND - Red. brown - s i l t y  
a-+- f i n e  gra ined  - some gravel 

B 
. . . . .  

, .  

......... " 

END OF HOLE 
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h m  I .O.L. A i r s t r i p  I C '  DATE &m. ELEVATION ' 1 5 . 2  

Tuktoyaktuk,  N.W.T. 30 O E P T H  SHEET 
B.H.#7 

civil engineers ' E-604 LOOOEO 67 
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DAY€ ELEVATION 

LOGGED BY - DEPTH DY 1 5 '  B.H. 8 

1 of  1 



- med. brown - f ine  t o  med. grained - trace o f  511 t 

. .  

END OF HOLE 

I 

ELeVAtl ON 37.2 '  

DEPTH 
30 ' B. H. $9 - SHEET 

I l o f 1  



," 

1 

AT - dk. brown - flbrous 

CLAY - grey 

' 0 '  J t y  
- h l  h plasticity - -  

55% t i l t 7  
45% Clay 

EA0 OF HOLE 

. -  

. _  . . "t r 
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' 6  
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LO 

1 2  

14 

PROJECT 
I.0.L- Airstria II?' 

Tuktouaktuk,  N.W.T. 
civi l  W i M  F-604 

I I HOLE NO. I 
DATE _Aari1.21/73 ELEVATJON 15.7 '  

LOWED BY - DEPTH DY 1 5 '  



I ,-- 

3 dark brown. f i b r o u s  

* s i l t y  - ned. p l a s t i c i t y  , ' o r g r ~ ~ i t  

CLAY - q m y i  sh - brown 

, .  . ' . .  

BR-AVEL - greylsh - brown . - sandy 
-. ,some sI l t  

, . .,. t - A. 

b. 

. .  
SAND - greyish - brown 
D - trace o f  si1 t 

- fine grained 

END OF HOLE 

. .  . . 



\ 
AT - dark brown, fibrous 

GRAVEL - mad. brown - s i l t y  - some sand fI: 16% :::Y'\ S i l t  

52 Clay- 

SILT - mad. brown - soma sand 
" clayey 

SAND - med. brown 
. .. . . .. - 

- f i n e  gr8 lned - trace o f  s i 1  t. 

B 

E M  OF HOLE 

- 
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' 4  

" 6  

' 8  
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12  

14 

16 
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22 
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26 

28 

30 

PROJECT e I 1.0.L. Alrstrim ' c '  

. ,. 



\ 
A T  -.. med. brown. P fbraus  

SILT - nad, brown . - some organics - some c lay  
- -  trace o f  gravel " 

SAND - med. brown 
9 s i l t y  - 'trace o f  gravel 

- med. brown , - f l n e  grained - trace of s i l t  

END OF HOLE 

. .  

' € C f  

. . . . . .  . .  . . . .  

vs  

H bn 

HOLE NO. 

OATE ELEVATION 18 4 

LOGGED BY DEPTH DY 30 ' 



f - dark brown - fibrous 

- trace of gravel 
IAND - grey 

" 

- s o m  organics 
. . 

. I.. ' .  

- grarelly 

- tract o f  clay 

- fine grained 

EWP OF HOLE 

I I 



I * y -  

A T  - dark  brown - f l b r o u s  

SILT - gray - organic 

......... - 

CLAY - *  gray - s i l t y  - med. plast lc l ty  

GRAVEL - gr,ay - sandy 

D a '  
PROJECT 

1-0-1 A i r s t p i n  I f '  

fuktovaktuk, N.W.T. 
civil enginam E-604 

HOLE NO. 

DATE 4pr~U2U.L- ELEVATION 17.6 ' 

LOQOED BY DY DEPTH 20 ' H E . H . i l 5  SHEET 

. . . . . .  . . . . . .  . . . . . . . . . . . . . . .  
. - . " . . 





" 7  . s . " 

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

SAND - med. brown * -  - some s l l t  - trace o f  g r a v e l  
9 solna clay 

. , < ' .  
, .  

. I  

SAND 

B 

- It. brown - Pine grained - trace o f  s i l t  

. -  

END OF HOLE 

- I €1604 
vainem's 

fuktouaktuk.  N.W.T. 

. .  

ICE DE8CRlPTION DRY OENSltY p.0.f. X 
WATER. CONTENT % I 

Ibn 



%AT - dark brown, f i  brous 
~ I L T  - 1 t. brown, some c lay  a - organic W "  

I 
. .  

PROJECT 
I.O.L. A l r s t r i p  IC' 
f u k t o y a k t u k ,  H.W.T. 

d v i l  rmginmrs E-604 
I 

.. . 

HOLE NO. 

OATE &-, 
ELEVATION 30 - 9 ' 

LOWED BY OEPTH DY 30' I 

B.H.#18 

1 of 1 

". .. ". . 



.. " 



AT - I t .  brown - f i  brous 

CLAY - gray - randy - some s i l t  

. '  

SAND - 1 t. brown - f i n e  gratncd - trace of s f l t  

O 

c - 
END OF HOLE 
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1 8  

'22 

'24 

2 6  

-28 

-3 O 

PROJECT 
I.O.L. AirstriD ' C l  OAT€ AgEjLuLL 
Tuktoyrktuk,  N.W.T. LOOOED BY 

DY 
C M 1  angineers E-604 



\ 
PEAT - dark  brown - flbrous 

SILT - dark brawn - peaty 

GRAVEL - med. brown, sandy - Cobbles 

EN0 OF HOLE 

r 
O 

2 

4 

6 

8 

O 

2 

4 

I 

DATE April 21/73 ELEVATION 

LOWED BY Dy ' 9 15 '  B.H.#21 
SHEET 

1 of  1 

... . . , . . . . , . . . .,.. . 



t 

- dark brown, flbrous 

SILT - grey, some sand 

SILT, ' - mad. brown - sandy - 'some clay 

SAND - aed. brown - Pfne grained - some s i l t  

EN0 OF HOLE 

PROJECT 
1 , O . L .  A i r s t r i p  I C '  
Tuktoyaktuk, N.W.T. 
E - 604 



SUM RY OF TEST RESULTS u 
TEST 
HOLE 

2 
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I f  
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12 
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17 

t a  

22 

23 
-.- 

ISATURAC 
DEPTH WATER 

CUNTENT 
feet 74 

4 t l l  . I  

4 12.9 

4 28.7 

2 29.1 

4 5.7 

7 29.0 

2 16.4 

.4 13.8 

IO 56.5 

4 74.4 

4 28.2 

IO 20.6 

4 71 49 

4 29.3 

4 11.4 

4 13.2 

2 112.9 

I 

Atterbera C h i t s  

10 77 13 

5 44 

8 32 . 43. 

6 24 70 

I 5  1 ' 7  

5 I 15 I 47 

to  46 
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G R A I N  S I Z E  D I S T R l B U T f O N  

I I CLAY SILT 1 SAND I GRAVEL FINE 1 MEDIUM 1 COARSE l n  
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G R A I N  S t Z E  D I S T R I B U T I O N  
1 

I I CLAY SILT t SAND 
f #E ] MEDIUM 1 COAASL i GRAVEL 

O 
II) 
9 

8 8 < eu 
GRAIN S l Z f  IN MILLIMET€RS 

8 8 
r( 4 

8 9 d 2 8 (v 



G R A I N  S I Z E  D l S T R t B U f l O N  

I 1 CLAY SILT t SAND I GRAVEL 
FIME 1 MEOWM I COARSE I '  

L 

8 a cv 4 a * 

5: 8 8 
9 ? O! 

O 
O 
u! 

GRAIN SUE i?4 MILLIMETERS 

SAMPLE OESCRIPTJON 

4 
5: 



I 

. ,. . 

OFFSHORE DATA 

E.W Brooker & Associates Ltd. 



.. 

, A +. SOIL OESCRlPflON 

- 
CLAY ri Dark Brown - . High Plasticity 

" some Silt 
" 

. .. 

SILT - Dark Brown - some sand 

END OF HOLE 
. - -~ 

Ice level 7' 
Ica and water 30' 
b o t h  of hole from ice level 45' 

O '  

civil engineem 

PROJECT 
I.O.L. - tuk  

' Offshore Borrow I n v u t .  

E-604 

ICE OESCRlPflON DRY OENSITY p.6.t. X 
( W R C )  WATER CONTENT '16 * 

40 60 80 too I20 1 4 0  I 6 0  
x) 20 40 BQ 80 100 1 2 0  

Unfrozen 

OAtEApri I 1 6/73 ELEVATION 

'LOGGED BY Dy DEPTH 
15' 

I 



a ." . .  

I *  

~ 

SOIL OESCAlPTlON , A 4 .  
ICE DESCRIPTION DRY OENSlfY p.aL X 

I N R C )  WATER CONfElT % d 

CLAY - Durk Brown - . Silty 

SILT - Durk &own - Sondy 

SAND - Medium Brown - Fins Grained 

END OF HOLE 

Ice l8Wf 7' 
les and water 23' 
Depth of hole from ice level 55' 

* . -  

I I 1 HOLE NO. 1 & PROJECT 

e m  I.O.L. - Tuk DATE A-, ELEVATION 

'LOGGED BY civil enginesn E-604 DEPTH SHEET 
' O f f  shoro Borrow Invest.  32' 

i 
. .  



il* A A . SOiL OESCRlPTION 
i '  I 

= Trace of Gravel 

4 

1.1 ' 

END OF HOLE 

I- - lee level 7' 
Water and ice 27' 
Depth of hdle from ice i s v d  40.' 
Rig unable to forcd returns up. 

. . .  
. .  

PROJECT 
I .O.L. - ,Tuk 

. Offshore Borrow fnvast.  

E-604 

. .  

-,,.-."I . . . . .  -. .- 



.. . 4 t . a  

. "  

* 4 * .  SOlt OESCRlPTlON 

SAND Dark Brown - . Silty - Fine Grained 

- Thin Gravel L a p r  

END OF HOLE' 

v level 7' 
ce and water 25' 

Depth of hole from ice level 45' 

. .- 

*. 

- 
I E F  
FI: 

o 

' 2  

4 

, 6  

8 

t o  

12  

14 

16 

la 

20 

22 

24 

26 

ta 

34 

33 

34 

3 t  

34 

OC 

ICE DESCRIPTION DRY OENSITY p.8.f. X 
4 N R C )  WATER COWTENT 'K 

4Q 60 80 W I20 140 I60 
O 20 40 60 80 IO0 lm 

OAT€ April 7b3. ELEVATION 

'LOGGED BY DEPTH 20' 



I 

{,*: . t 4 

: t  - Medium Brown 
=.  Silty 

f 
1 - Som Grovel 

Il 

Ice level 7' i. Ice and water 
I" 1 Depth of hole 1 Drilling refusa 

f i  I "  
, .  ' I  
I -  

',.o. I ' 

14' 
from ice level 25' 

I 

ICE OESCRIPTIOU ' DRY CEtdSITY p.c.f. 
- 

( N R.C I - .  ~. I WATER CONTENT I O "1 
60 80 1 0 0  1 2 0  I40 1 8 0  
eo 40 10  10 100 1 2 0  

OAT€ ELEVATION 

'LO.GOEO BY Dy DEPTH 11'  



I. 

i. 

, 4 4 7  SOIL OESCRIPTION 

\ 
.=+ Dark Brown 
- .  High Plasticity 

SAND - Medium Brown - Fine Grained - some Silt b 

e 

Ice level 7' 
Ice and water 30' 
Depth of hole from ice level 55' 

PROJECT 

e m  I .O .L .  - Tuk 
Offrhora Borrow Invest. 

civil engineers I E-604 

Unfrozen 

DATE ''m ELEVATION 

'LOGGED BY OEPTH 
25' 



.. 
J 

e =  

A . +  SOIL DESCRIPTION 
I I . " " . . 

\ 
CLAY - Dark Brown 

= -  Silty 

1 

- Trace of Sand 

t - Grey 

- Some Silt 
*ND - Fine Grained 

5' 

2 '  

4 

6 

8 

la 

11 

r 4  

16 

14 

2( 

2: 

21 

- 21 

- 21 

- 31 

- . 3 :  

- 3' 

- *3' 

- 3' 

" 4  

I .O.L. - Tuk 
' Offshore Borrow Invest.  

civil engineers E-604 

L 

END OF HOLE 

lee level 7' 
Ice and water 30' 
Depth of hole from ice level 55' 

. .  
.. , 



SOIL OESCRIPTION 
ICE OESCRIPTION ORY DENSITY p.c.r. . x 

( N R C )  WATER CONTENT % O I 

CLAY Grey 
Silty 

e level 7' 
ce and water 32' 

Depth of hole from ice level 45' 

40 60 80 IO0 1 2 0  140 1 6 0  

x )  20 40  80 80 100 1 2 0  

PROJECT 
I.O.L. - tuk 

' O f f s h o r e  Borrow invest. I 



- . .  . . ... I 

ICE DESCRIPTION ORY DEMITY p.c.f. X 
I N R C )  WATER CONTENT % 0 I 

t 

O 

2396 Silt 
16% Clay 

END OF HOLE 

I Ice level 7' 
I .. Ice and water 10' 
1, ,- Depth of hole from ice Isve 

I 
! :  

I 45' 

Unfrozen 



END OF HOLE 

Gravel @ 0'18'' 
Drilling Refusal 

1 

O 

2 

4 

6 

0 

10 

1 2' 

14. 

16' 

1s 

2 0  

2 2  

2 4' 

26' 

2 6  

j w  

3 2,' 

34. 

36' 

3 8  

46 

ICE OESCRIPTION ' ORY DENSITY p.c.f. X 
( N R C )  WATER CONTENT % 9 

40 60 BO 1 0 0  120 1 4 0  I80 
b 20 40 BO eo loo 120 



? 

Y . . .  
, .  + .  

. . . ab, 

... 

! *  
. ~" . 

+ SOIL DESCRlPTlON 

END Of HOLE " 

I c e  level 4' 
No water 
Drilling Refusal 
Grey Clayasluff from 6.H. 10 

1 

. .  

- 
E P T  
F E  - 

' O  

' 2  ' 

, b  

' 6  

* 8  

p 10' 

b 12' 

' 14' 

' 16' 

1 8  

' 2 0  

' 22- 

2 4' 

' 2 6  

28' 

30' 

3 2  

34 

36 

38 

44 

- 

ICE OESCRtPilON * ORY DENSITY. " p.c.t. x 

40 do . " B o  IO0 120 I40 I 6 0  
lo 20 40 60 eo IOO IX) 

.. . I 

( N R C )  WATER CONTENT K 8 

- 
a 

I 
, .:. , 

. .  

'LOGGED BY Dy I DEPTH I-I 



A SOIL OESCRtPTlON 

* .  Medium Brown 

END Of HOLE 

Ice level 4' 
No water 
Drilling refusai 

& 

T.H,.'s 15 and 16 - frozen gravel. 
Surface sample taken from T. H .- 16 

e 

. .  

' 16. 

' 18 .  

20' 

b 21' 

24' 

* 26- 

' 2s- 

3 O' 

32" 

34' 

36' 

3 8  

4 6  

1 
I , Offshore Borrow Inver t .  I 

civil engin- 

ICE OESCRIPTION DRY DENSITY P.c.~. x 
( N R C )  WATER CONTENT K 

40 60 80 1 0 0  I20 1 4 0  IC0 

O 20 40 80 10 100 E O  



'1 

\ 
LAY - Grey, - Silty 

- *  Some Sand 

SAND - Grey - Silty - Fine Grained 

END OF HOLE 

Ice level 6' 
les and water 25' 
Depth of hole from ice level 40' 

PROJECT I ,Offshore  Borrow Invest .  

I . O . L .  - Tuk 

I I 



.. 
I .. 

END OF HOLE 
t 
' 1 Ice level 7' 

il..' Depth of hole from ice love 
t 

a 

Water and ice 20' 

i -  
.I I- - 

I t 
' .  i - 

1 I- 
. .  T 
j -  

- -  

I 26 

' O  

' 2  ' 

4 

D 6  ' 

, 8  

1 O '  

' 12' 

' f 4 #  

' 16' 

' l a  

2 O' 

2 2  

2 4' 

26' 

2 6  

30' 

32' 

3 4  

36' 

38 

44 - 
PROJECT 

I 
I .O .L .  - Tuk 

"1 ' O f f  shore Borrow I nvast. 

I -  l 
.A 

ICE DESCRIPTION DRY DENSITY P.C.C. X 
( N A C I  WAT€R CONTENT % a 

40 60 80 @O 1 2 0  140 I 6 0  
lo 20 4 0  60 80 100 1 2 0  

d 



- Grey 
=' High Plasticity - Some Silt . 

I 55' 

'Ice level 6' 
. Ice and wuter 45' !t Depth of hole from ice leve 

' O  

' 2  

) 4  

- 6  

. a  

b 10 

12' 

' 14' 

' 16' 

' 18 

' 20' 

2 2' 

2 4  

2 6  

2& 

3v 

3 2  

34' 

3 6  

38 

I Lr 

ICE DtZSCRIPTION DRY OENSITY p,c.f. X 
C N R C l  ~ WATER. CONTENT . % 6 .  

40  6& 80 100 I20 140 1 8 0  

d 



-,  Sandy - Some Clay 

END OF HOLE 

Ice level 7' 
Ice and water 25' 
Depth of hole from ice level 50' 

"F . 
- 

I 
PROJECT 

I.O.L. - Tuk 

- Offshore Borrow Invest. 

lCE DESCRIPTION DRY DENSITY p.cX . .  X 
( N R C )  WATER CONftNf k Q 

40 60 BO 1 0 0  " . I O 0  140 160 
,O W ' 40 60 CO COO 120 

I I HOLE NO. 1 



i .. . 

\ 
CLAY - Sandy 

-. Some Gravel 

SAND - Grey - Silty 

END OF HOLE 

Depth of hole from ice level 4 9  

I- 

PROJECT 
I.O.L. - tuk 
Offshore Borrow Invest. 



- Dark Brown 

- Trace of Fine Sand 
- .  Clayey 

~ .. 

I 
' 

, -END OF HOLE I 

a 

Ice 7' 
Ice and water 
Depth of hole 

35' 
from ice level 45' 

' O  

' 2  

' 6  

- 8  

' 10 

. 12 

b r4 

I 16' 

B 1 8  

' 20' 

' 22' 

2 4' 

' 2 9  

28' 

3Q 

3 2  

34 

3 6  

38 

su 

'LOGGED BY O r  OEPTH I SHEET 



ICE OCSCRIPTION . ' I DRY OENSITY p.c.f. 
" 

X 
( H R C )  WATER CONTENT % O 

- Dark Brown 
- *  Clayey - Some Gravel 

. 

Ice 7' 
Ice and water 23' 
Depth of hole from ice level 35' 

';'I- 

I " ,I 
I 

I :  

Unfrozen 



t 

.t I * .  

SOIL DESCRIPTION 

, \  

SILT - Grey 
0 '  Sandy - Tmcs of Clay 

I 

SAND - Dark Brown - Fine Grained - Silty 

I '  ' C  
Ice 7' 
Ice and water 23' 
Depth of hole from ice Iewi 45' . 

_. I- ' .e 
.. ' . .. 

t- 
O 

2 

4 

6 

8 

10 

12' 

14, 

16- 

1 0  

2 0  

2 2' 

2 4  

2 6  

28' 

- '30' 

- 3r 
- 3r 

- 3 8  

PROJECT 
I.O.L. - Tuk 

. O f  f rhora Borrow Invest .  

E-LO4 
i ' 

I 

". . . - -. . - . . . ,  I . . . . . . . 

ICE OëSCRlPTlON DRY OENSITY p.e.f. x 
( N R C I  . . WATER CONTENT .. % 9 

i ." 



7' ice 
58' 'Water 

No d r i l l  stem to reach 
bottom 

O '  

. ,  

PROJECT 
I.O.L. - Tuk 

, Offshore Borrow Invert .  
civil enginem E-604 

I I 

ICE DESCRIPTION DRY DENSITY p.c.c. X 
( N R C )  WATER CONTENT X e 

40 Bo eo do IM IS0  I60 

0 20 40 SO 80 IO0 I 2 0  

L 



I""'" 
TW 

\ 
- Medium Brown - .Fine Grained 

- Some Silt 
44% Sand 
24% Silt  

r i  L 

,. 

I 
:L 
1 .. 

32% Clay 
j.. 

I -  - .  t 
1 

, -  I t  

Depth of hole be 

, .  -i 
I' 

low ice level 55' 

PROJECT 
I.O.L. - Tuk 

Offshore Borrow Invest .  



I ... 
I 
I ;  

\ 
LAY - Medium Brown 

-1 -, Silty 
" 

I. 1 
1 .  ' 

I '  
i.. [ 

e 7' . 
Ice and water 
Dcspth of hole 

45' 
be low ice 

. .  

level 65' 

. . . . 
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