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1 .o INTRODUCTION 

1.1 Authorization 

The following report documents t he   f i nd ings  of a geotechnical  s i te 

inves t iga t ion  a t  King Poin t ,  Yukon Terr i tory.   Authorizat ion t o  proceed 

with  the  s tudy was received by t e l e x  from Mr. F. McLennan, Senior 

Science  Procurement  Officer,  Supply and Services  Canada, on 85/03/01. 

The con t r ac t  document for   Cont rac t  N o .  OST84-00494 w a s  received on 

85/03/18. M r .  D. L. Longlitz  of  Indian and  Northern  Affairs Canada 

(INAC) w a s  named i n   t h e   c o n t r a c t  as t h e   s c i e n t i f i c   a u t h o r i t y   f o r   t h e  

p r o j e c t  . 
1.2 Background 

Located a t  l a t i t u d e  69O06'N and  longitude 137O58'W on the  Yukon coastal 

p l a i n ,   t h e   c l i f   f e d  promontory  of  King Point  rises approximately 50 m 

above  adjacent MacKenzie Bay (Drawing N o .  1.1). Immediately  southeast 

of  the King Point  promontory a lagoon is enclosed by a coas t a l   depos i t  

of sand  and  gravel,  forming a ba r r i e r   ba r   ac ross  a former bay-mouth . 
The c o a s t l i n e  t o  the  northwest  and  southeast  of King Poin t  is comprised 

of  ice-bonded s o i l s  which are suscep t ib l e   t o   e ros ion  and  redeposit ion 

by arctic marine processes. 

King Point  was formerly  an  outpost  for  the Royal  Canadian Mounted 

Pol ice  (RCMP) .  Remnants of t he  RCMP b u i l d i n g s   a r e   c u r r e n t l y   v i s i b l e  a t  

t he  s i te  (Plate  No. 1.1) . Because  deep water occur s   r e l a t ive ly   c lose  

t o  t h e   c o a s t l i n e  and  granular   resource  deposi ts   occur   in   c lose 

proximity,  King Poin t   has ,   in  the p a s t ,   g e n e r a t e d   i n t e r e s t  as a 

poten t ia l   mar ine   t e rmina l   and   harbour   for   se rv ic ing   of fshore   ac t iv i t ies  



Plate  No .  1.1 Remnants of RCMP c a b i n a t   K i n g   P o i n t  



10-300 Page 4 

related t o  hydrocarbon  exploration  and  development  in  the  Beaufort Sea. 

Recently a p o t e n t i a l  rock quarry s i t e  located  approximately 12 km south 

of King Point   has  been i d e n t i f i e d  as a possible   source  of   aggregate   for  

offshore  construction  in  both  the  Canadian  and  the American sectors of 

the  Beaufort   Sea,   and  this  has renewed i n d u s t r y   i n t e r e s t   i n  development 

of a harbour a t  King Point .  

In  view of the  above,  Indian  and  Northern  Affairs Canada ( I N A C )  has 

undertaken to   acqu i r e   t he   necessa ry   add i t iona l   da t a  t o  permit 

engineering  assessment of the   po ten t ia l   impacts  of the  proposed 

developments on both  the  coastal  and  onshore  environments  proximate to  

King Poin t .   In  so doing, INAC w i l l  be a b l e   t o  more e f f e c t i v e l y  

regulate  and manage these   resources  so t h a t   t h e   t o t a l  impact on the  

environment is minimized. 

1.3 Objectives of the  Study 

A t  the reques t  of Mr. D. L. Longl i tz  of INAC, an  engineering 

inves t iga t ion  of the  general   subsurface  condi t ions  near  King Point  w a s  

i n i t i a t e d .  The main ob jec t ive  of t h e  programme w a s  t o  acqui re  the  

necessary  information  to   permit   engineer ing  assessment   of   the   potent ia l  

impacts  of  the  proposed  developments on the   o f f shore ,   coas t a l  and 

onshore  environments.   Specific  objectives  in  each  area were a s  

follows : 

1. Offshore - To determine  the so i l  s t r a t ig raphy  and i n   s i t u  

s t r eng th  and  deformation  properties  in  order to  

provide  suff ic ient   geotechnical   information  for  

pre l iminary   coas ta l   engineer ing   s tud ies ,  

foundation  design  and  evaluation  of  marine 

dredging  conditions.  

m. 1. O’CONNOR & ASSOClATE S lTD. 



10-300 Page 5 

2 .  Coastal  - To eva lua te  the coastal regime, t o  i d e n t i f y   t h e  

potential   impacts  of  development  on  the  existing 

coastal   processes   and  any  constraints  t o  

development. 

3 .  Onshore - To c h a r a c t e r i z e   t h e   t e r r a i n  types with respect 

t o  so i l  type and  ground ice cond i t ions   i n  order 

t o  p rov ide   su f f i c i en t   i n fo rma t ion   t o   pe rmi t  

prel iminary  evaluat ion of the engineering 

impl ica t ions  of  developing  King  Point. 

1.4 Scope  of the Study 

During the   course  of the  s tudy,  M. J. O'Connor & Associates  Ltd. were 

requi red   to   per form  the   fo l lowing   spec i f ic   t asks :  

1. 

2 .  

3 .  

Use exis t ing  information  f rom  the  onshore  and  coastal  areas 

including:  logs  of  shot  holes,   boreholes,  tes t  p i t s ,   n a t u r a l  

exposures, etc. t o   p r e p a r e  a detailed  geomorphic/geologic map on a 

photomosaic  base  of  the  area east of the  Babbage River from 

longi tude 137O45' t o  138O15' and  from l a t i t u d e  68O55' t o  the  

coas t l i ne .  

Synthesize  exis t ing  onshore and coastal   information  regarding 

material types and poten t ia l   aggrega te   sources   ( inc luding  the 

distribution  of  permafrost   and  ground  ice)  in  the  study  area.  

Drill, log  and  sample  selected  geomorphic   terrain  uni ts   in   the 

v i c i n i t y  of King P o i n t ,   t o  assess the s u i t a b i l i t y  of foundation 

condi t ions  and  the  potent ia l   for   granular   resource  development .  
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4. 

5. 

6. 

7. 

8 .  

9. 

D r i l l ,  sample  and  log  boreholes  in  the  offshore and coas t a l  areas 

a t  King Po in t   r e t a in ing  t h e  samples   for   fu ture   l abora tory   t es t ing .  

Log and  sample the  offshore  permafrost  where encountered,  noting  in 

par t icu lar   the   p resence   o f  any excess  ice.  

Conduct labora tory  and i n   s i t u   t e s t i n g  as may be  required  to  

provide a preliminary  geotechnical  assessment  of the s t r eng th  and 

deformation  behaviour  of the offshore  sediments.  

Evaluate  the  coastal   regime a t  King Point  by assembling  exis t ing 

information on c l i f f   s u b s t r a t e s ,  beach subs t ra tes ,   nearshore  

substrates, coas t a l   r e t r ea t   r a t e s ,   l ongshore   t r anspor t   d i r ec t ions  

and  magnitudes,  recent sea level  changes,  and  oceanographic 

processes .  

Construct a coastal   sediment dynamics model t o   i l l u s t r a t e   t h e  

probable   evolut ion of the King Point   shorel ine-   over   the  previous 

5000 t o  10 000 years ,   incorpora t ing  n o t  on ly   coas ta l   e ros ion  

information,  but also estimates on ebb t i d a l  delta s i z e  and 

subaqueous delta s i z e  of small  nearby streams. Oceanographic da t a  

w a s  t o  be used as appropriate .  

Evalua te   p robable   d i s t r ibu t ions  and thicknesses  of nearshore 

grave ls   us ing  the sediment  dynamics model. 

1.5 Execution of the  Study 

Under t h e   d i r e c t i o n  of M. J. O’Connor & Associates L t d . ,  a group of 

subcontractors   provided  special ized  services  related to   execut ion  of 

the study. The subcontractors  and their r e s p e c t i v e   r e s p o n s i b i l i t i e s  

are l i s t e d   i n   T a b l e  No. 1.1. 
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In   addi t ion  t o  t h e  above subcontractors  and M. J. O'Connor & Associates 

Ltd.   personnel ,   sc ient i f ic   personnel  from the  Department  of  Indian  and 

Northern  Affairs  and  the  Geological  Survey of  Canada ( A t l a n t i c  

Geoscience  Centre  and  Terrain  Sciences  Division) were on s i te  during 

the   i nves t iga t ion .  M r .  D.  L. Long l i t z ,   t he   Sc i en t i f i c   Au thor i ty   fo r  

t he   con t r ac t ,  was present  on behalf  of  Indian  and  Northern  Affairs 

Canada. The Geological  Survey of  Canada (GSC)  personnel   par t ic ipa ted  

in   logging  the  boreholes ,   col lect ing  samples ,   conduct ing  in   s i tu   cone 

penetrometer tests and i n s t a l l i n g  ground  temperature  instrumentation. 

GSC personnel also performed  laboratory  miniature  vane  tests  and 

s a l i n i t y  measurements. Yukon Terr i tory  land-use  inspect ion  personnel  

were present   for   the  onshore  invest igat ion  to   provide  direct ion  with 

respec t  t o  environmental   protect ion  considerat ions.  

The s i te  inves t iga t ion  was ca r r i ed   ou t  between 85/03/2 1 and 85/03/29. 

Locations  of a l l  of  the  onshore,   coastal  and offshore  boreholes  and 

cone  penetration tests a r e  shown on  Drawing No. 1.2.  The tes t  hole  

loca t ions  and depths   a re  summarized in  Table N o .  1 .2 .  



TABLE NO 1.1 

SUBCONTRACTORS 

RESPONSIBILITY 

Beaudril  Ltd .  

Beau-Tuk Marine Services  Ltd. 

Ice p r o f i l i n g  of the   access   rou te .  

Supply of ca t - t r a in  camp, food, 
provis ions,  camp personnel  and  bear 
monitors. 

Challenger  Surveys & Services  Ltd.  Location of survey  control  and 
surveying of borehole  locations.  

Dobrocky Seatech  Ltd. 

Foundex Explorations  Ltd. 

Midwest D r i l l i n g  Ltd. 

Terrain  Analysis  and Mapping 
Services  Ltd .  

Review and  analysis  of coastal 
processes.  

Provision  and  operation of t h e  
r o t a r y   d r i l l i n g   r i g ,  equipment, 
so i l  sampling tools and  the 
acous t i c  cone  penetrometer  system 
f o r  the of fshore   inves t iga t ion .  
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TABLE NO. 1.2 
TEST HOLE SUMMARY 

Area 

Offshore 

C o a s t a l  

Onshore 

T e s t  Hole 
NO 

F85-KM1 
F85-KM2 
F85-KF1 
F85-KF2 
F85-KF3 
F85-KF4 
F85-KF5 
F85-KF6 
F85-KF7 
F85-KF8 

F85-KM3 
F85-KM4 
F85-KM5 
F85-KM6 
F85-KM7 
F85-KM8 
F85-KM9 
F85-KM10 
F85-KM11 
F85-KM12 
F85-KM 14 
F85-KM15 
F85-KM16 
F85-KM17 
F85-KF9 
F85-KF10 

F85-KM13 
F85-KM18 
F85-KM19 
F85-KM20 
F85-KM2 1 
F85-KM22 
F85-KM23 
F85-KM24 
F85-KM25 
F85-KM26 
F85-KM27 
F85-KM28 
F85-KM29 
F85-KM30 
F85-KM3 1 
F85-KM32 
F85-KM33 

U T M  C o o r d i n a t e s  
(Zone 8 CM 135OW) 
Northing 

7669092 
7669364 
76693 13 
76690 15 
7669837 
7670498 
7670393 
7670031 
7670498 
7669449 

7668632 
7668 126 
7667824 
7667567 
76678 16 
7667975 
7668070 
7668193 
7668453 
7668392 
766876 1 
7668724 
7668674 
7668295 
7667772 
7667769 

7668057 
766744 1 
7669288 
7666768 
7666380 
7666559 
7666595 
7667869 
7667507 
7668635 
7669785 
7669785 
7667967 
7666233 
7669  37 1 
76698 13 
7670498 

E a s t i n q  

38  1335 
38  1787 
381811 
382 16 1 
382845 
383551 
383 141 
383008 
383551 
382667 

381521 
381521 
381703 
38  1779 
382085 
38 1848 
38 1954 
38209 1 
3818 14 
38 1750 
381593 
38  1530 
38 1484 
38  1672 
381631 
38  1628 

381221 
382097 
38 1879 
381917 
382460 
38 1 148 
379632 
378551 
37999 1 
380270 
3797 14 
378987 
377332 
377025 
378496 
377802 
376800 

B e l o w   S e a b e d  
( m )  

26.0 
24.4 
20.1 
30 *6 
0.1 
17  e5 
11.4 
8.6 
15.1 
15.2 

13.8 
12.2 
9 -8 
4.9 
7.9 
8.3 
7.9 
7.4 

1 1  .o 
7.9 
9.7 
7.9 
7.4 
10.2 
26 - 5  
19.1 

25 . O  
29.3 
20.1 
20.1 
29.3 
23.2 
26.2 
14 . O  
29 -3 
29.3 
20.1 
14.0 
20.1 
20.5 
29.3 
29.3 
11.0 

T y p e  of 
T e s t  Hole 

M 
M 
F 
F 

CPT 
CPT 
CPT 
CPT 
F 
F 

M 
M 
M 
M 
M 
M 
M 
M 
M 
M 
M. 
M 
M 
M 

CPT 
F 

M 
M 
M 
M 
M 
M 
M 
M 
M 
M 
M 
M 
M 
M 
M 
M 
M 

D a t e  

85/03/24 
85/03/24 
85/03/22 
85/03/23 
85/03/24 
85/03/24 

85/03/25 
85/03/25 
05/03/26 

85/03/24 
85/03/23 
85/03/23 
85/03/23 
85/03/23 
85/03/23 
85/03/23 
85/03/23 
85/03/23 
85/03/23 
85/03/22 
85/03/23 
85/03/23 
85/03/23 
85/03/26 
85/03/26 

85/03/22 
85/03/24 
85/03/24 
85/03/25 

85/03/25 
85/03/25 
85/03/25 
85/03/26 
85/03/26 
85/03/26 
85/03/26 
85/03/26 

85/03/26 
85/03/27 
85/03/27 

85/03/24 

85/03/25 

a5/03/26 

* L e t t e r  symbols represent the following types of test hole: 
M - M i d w e s t  Rotasonic B o r e h o l e  

F - F o u n d e x  Rotary B o r e h o l e  
CPT - C o n e   P e n e t r a t i o n   T e s t  
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2.0 REGIONAL CONDITIONS 

2 .1  Regional Geomorphology and  Quaternary  Geology 

Most of the   s tudy  area l ies  within the c o a s t a l   f r i n g e  of t he  Yukon 

Coastal   Plain (Rampton, 1982, Bostock, 1970) .  The c o a s t a l   f r i n g e  is 

r e l a t i v e l y  low with   e leva t ions   ra re ly   exceeding  80 m. Local r e l i e f   t o  

60 m is comon. The southern  end of t h e  area rises gent ly  to  ( n e a r )  

250 m e leva t ion  as it impinges on the  mountains of the  Yukon Coastal  

Plain.  Unconsolidated  Quaternary  sediments are th i ck   (gene ra l ly  more 

than 60 m )  under   the   coas ta l   f r inge .  Under the  mountain f r i n g e   t h e  

Quaternary  sediments  are  generally  thinner  and  the  surface  topography 

commonly reflects  the  underlying  bedrock  topography.  Locally,   bedrock 

is exposed a t  the   su r f ace .  

The thick  sequence  of  unconsolidated  Quaternary  sediments of t h e  

c o a s t a l   f r i n g e   o v e r l i e s  a gentle  northward-sloping  pediment,  or  erosion 

surface,   that   extends  southward  to   the  mountain  f r inge.  The erosion 

sur face  was l i k e l y  formed during the late t o  middle  Tertiary (Rampton, 

1982) Resis tant   bedrock  s tands  out   as  knobs  and r idges   (o r  

monadnocks) on the   e ros ion   sur face .  

Since  the  middle  and late Quaternary the Yukon coas t a l   p l a in   has  been 

the  focus  of  perimarine  sedimentation.  Thick  interbedded  sequences  of 

both  marine  and  fresh-water  fine  grained  sediments  (clay, s i l t  and f i n e  

sand) are exposed  along  the  coast from west of Herschel  Island  to  near 

Shingle  Point.  Peat layers   represent ing  terrestrial  organic  

accumulation are common within  the  fresh-water  f ine  grained  sediments.  
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Wedges of  sandy  and gravel ly   sediment   present   within  the  f ine  grained 

sequence  represent  deltas  and large a l luv ia l - f ans   g rad ing   t o  sea l e v e l .  

The la t ter ,  which were probably  deposi ted  local ly  by an   ances t ra l  

Babbage River, are p a r t i c u l a r l y  w e l l  exposed  along  the sea c l i f f s  

southwest of King Poin t .   P la tes  No. 2.1 and 2.2 are photographs, 

ob ta ined   dur ing   the  1985 site inves t iga t ion ,   o f  these c l i f f   exposures .  

According t o  Rampton ( 19821, t h e r e  is no evidence t o   s u g g e s t   t h a t   t h e  

sur f ic ia l   depos i t s   and   landforms  a long   the  Yukon Coastal   Plain  can be 

a t t r i b u t e d   t o  more than  one  glaciation  of  probable early Wisconsinan 

age. During t h i s   p e r i o d ,  termed the  Buckland Glac ia t ion  by  Rampton 

( 1982, p. 21 ) , t h e   i c e   f r o n t  advanced  from the   no r theas t ,   ove r r id ing  

perimarine  sediments  in  the King Point  area and reaching i ts  most 

advanced  positon well west and south  of King Poin t .  A c l a y  till w a s  

deposited  over  the  perimarine  sediments  during  this  advance.  During 

r e t r e a t  from its most  advanced pos i t ion ,   the   i ce   appears   to   have   paused  

n e a r   t h e   p r e s e n t   c o a s t l i n e   t o  the southeas t  of Kay Point  (Rampton, 

1982) .  This   major   s t i l l s tand ,  which  has  been  termed the  Sabine Phase 

of the Buckland Glaciat ion,   resul ted  in   the  deposi t ion  of   an  apron of 

glaciof luvial   sand  and  gravel   south  of   the  ice   f ront .  The meltwater 

which  formed t h i s  apron  discharged westward, pa ra l l e l ing   t he   p re sen t  

course of Deep Creek, t o  P h i l l i p s  Bay. During the  Sabine  Phase the 

r idge  between Kay and  King Poin ts  was formed by e i t h e r   i c e   t h r u s t i n g  or 

squeezing  out  of  unconsolidated  preglacial   perimarine  sediments from 

under  the  edge  of  the  glacier (Mackay, 1959, Rampton, 1982) .  This 

p rocess   r e su l t ed   i n  a var iab le   th ickness   o f  till being  deposited  over 

contor ted  preglacial   sediments .  

Following f i n a l   r e t r e a t  of t h e   g l a c i e r s  from t h e  Yukon c o a s t a l   p l a i n ,  

water  courses  such as the  Running River  and the B l o w  River  continued t o  

be d ive r t ed  westward toward P h i l l i p s  Bay pa ra l l e l   t o   t he   Sab ine  Phase 



plate NO. 2.1 Cliff Exposure of Coarse 
Grained Sediments 



Plate No. 2 . 2  C l i f f  Exposure of Frozen  Fine  Grained  Sediments 
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ice f r o n t .  These r i v e r s  flowed along the  broad, terraced, 

g l ac io f luv ia l   channe l   pa ra l l e l ing  Deep Creek and its eastward 

extension.   This   f low  pat tern  cont inued  unt i l  a t  least 8500 years  ago 

(Vincent, GSC , per s  . comm. t o  V. N. Rampton, 1984) .  Shor t ly  

t h e r e a f t e r ,   c o a s t a l  retreat r e su l t ed   i n   t he   p re sen t  lower  courses  of 

t he  Running  and Blow Rivers  being  eroded.  Incising  and  terracing of 

t h e  Deep Creek val ley  has   occurred  subsequent   to  its abandonment by t h e  

Running  and B l o w  Rivers. 

During g l a c i a t i o n  some of the  ground is thought  to  have  been  unfrozen 

with  the  base of t h e   g l a c i e r  a t  i t s  pressure   mel t ing   po in t .   Shor t ly  

after  deglaciation,  permafrost  aggraded,  with  ground ice forming  where 

groundwater was in   p l en t i fu l   supp ly   a t   t he   base   o f  t h e  aggrading 

permafrost.  Permafrost was probably  absent below much of t he  a l l u v i a l  

channel  presently  occupied by Deep Creek  (formerly the lower  courses  of 

t h e  Running  and Blow Rivers).  Undoubtedly,  permafrost  aggraded  rapidly 

following abandonment  of t h i s  channel by t h e  Running  and Blow Rivers. 

During the  early Holocene, c l ima t i c  warming led   to   thermokars t   ac t iv i ty  

(Rampton, 1973, 1974) . Once ex tens ive  areas of  ground i c e  began t o  

melt, the  surrounding  material  was r e d i s t r i b u t e d  as retrogressive-thaw 

flow-slides formed  around  ponds, l a k e s ,   r i v e r   b a n k s ,   s e a   c l i f f s  and 

along  other   s lopes.  Much of t h i s  thawed ma te r i a l  was u l t ima te ly  

depos i ted   in  lake basins.  Although it is presumed t h a t  t h e   l a r g e r  

thermokarst   lakes were, a t  one time, underlain by t a l i k s  , permafrost  

re-aggraded in   t he   l ake   bas ins  once  they were e i the r   d ra ined   o r  

i n f i l l ed .   S l igh t   coo l ing   du r ing   t he  la te  Holocene  has led t o  a more 

s t ab le   l andscape ,   a lbe i t  one marked by i so l a t ed   ac t ive   r e t rog res s ive -  

thaw flow-slides . Aggrading  permafrost  formed  ground  ice  in  the 

a l l u v i a l  and   co l luv ia l   depos i t s  which have  developed as a r e s u l t  of 

m. J. O’CONNOR & ASSOCIATES LTD. 
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During t h e  Late Wisconsinan  and  Early  Holocene  the sea l e v e l  was lower 

than a t  present ,   a l lowing streams on the Yukon c o a s t a l   p l a i n  to  erode 

t h e i r  stream va l l eys   t o   dep ths  well below  modern sea l eve l .  The 

subsequent  Holocene rise i n  sea l e v e l   r e s u l t e d   i n  the drowning  of small 

va l l eys  l i ke  those  immediately  southeast  of King Point ,   and  a lso 

i n - f i l l i n g  of t h e  lower p a r t  o f   l a rger   va l leys  by the  modern streams, 

such   as   the  Babbage River  and Deep Creek. 

The rise i n  sea l e v e l  may a l s o  have   cont r ibu ted   to   ac t ive  retreat of 

t he   coas t l i ne  and the  build-up  of  beaches  and  bars,  the la t ter  

r e s u l t i n g  from erosion of coarse  materials from sea c l i f f s  and the  

t r anspor t  of these  materials through  long-shore  drift .  The c o a s t a l  

processes  are d i scussed   i n   g rea t e r  detail  in   Sec t ion  7 . 0 .  

2.2 Regional Climate and  Permafrost 

Long, co ld   win ters  and s h o r t  cool summers are c h a r a c t e r i s t i c   o f   t h e  

arctic m a r i t i m e  climate on the Yukon coas ta l   p la in   (Burns ,  1973) .  The 

mean annual   a i r   temperature   recorded a t  Shingle  Point  during  the  period 

1957-1980 was  -10.4OC (Harry e t  a l ,  1985) .  The ent i re   onshore  region 

near King Poin t  is underlain by continuous  permafrost ,   with  the 

exception of major  lakes  and  river  channels. The th ickness  of t h e  

a c t i v e  layer ranges  from less than 0.3 m i n  some f ine  grained  sediments  

ove r l a in  by o rgan ic   depos i t s ,   t o  1-2 m i n   a r e a s  of sparse ly   vege ta ted  

sands  and  gravels (Rampton, 1982) . The d is t r ibu t ion   of  ground ice is 

h igh ly   va r i ab le ,   r e f l ec t ing   t he  wide range of geological  and  geomorphic 
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environments,  as  well  as  the  complex  history  of  permafrost  development. 

The occurrence  of  ice-bonded  permafrost is widespread i n  t h e  f i n e  

grained  sediments  of  the  area. Ground i c e  may be present   as   pore  ice ,  

reticulate  ice-vein  systems,  segregated  ice  lenses and i c e  wedges, a s  

w e l l  a s   th ick   t abular   shee ts  of  massive i c e .  

2.3 Physiography 

The coas ta l   c l i f f   exposures ,  which a r e  the  major  sources  of  materials 

for   deposi t ional   features   such  as   the King  Point  Barrier  Bar,  are 

composed  of var iab le  amounts  of gravel,  sand, mud and i ce .   Pe r ig l ac i a l  

mass wasting  processes i n  the form  of re t rogressive- thaw  fa i lures  and 

block slump f a i l u r e s   a r e  common fea tu res  of erosion  along  ice-rich 

c l i f f   s e c t i o n s .  Much of the volume of c l i f f   m a t e r i a l   a t  King Point is 

ac tua l ly   i ce ,  a f a c t  which s ign i f i can t ly   a f f ec t s   t he   na tu re  of c l i f f  

erosional  processes.  Gravity  slope  processes,  such  as  gullying  and 

ta lus   cones  are  common along  ice-poor   c l i f f   sect ions.  

I n  the  immediate v i c i n i t y  of King Point,  very  high (50  m )  c l i f f s  w i t h  

both  old  and modern c l i f f   f a i lu re   f ea tu re s   a r e   p re sen t .  Some of the 

o lde r   f a i lu re s  have become re-act ivated.  To t h e  southeast ,  low (10  t o  

20 m) coas t a l   c l i f f s   d i sp l ay   ex tens ive ,   r e t rog res s ive  thaw f a i l u r e  

features  with mudflow t ranspor t  down the  s lope.  Massive  ground i c e  is 

usual ly   present  i n  the  headwall  of  the thaw f a i l u r e s .  A narrow  sand 

and gravel  beach  fronts  the  base  of  the  lower  cliffs.  

m. 1. O’CONNOR & ASSOCIATES LTD. 
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According t o  the sea level   curves  shown i n  Drawing No. 2.1 , sea l e v e l  

has risen  approximately 55 m over  the last 15 000 years and p resen t ly  

may b e   r i s i n g  as much as 10 mm/year. As a r e s u l t  of t h e  inc rease   i n  

sea l e v e l ,  much of   the  coast  is undergoing  rapid  erosion  and the 

stream va l l eys  are becoming  submerged. 

2 - 4  Bathymetry 

Bathymetr ic   data   for   the  southern  port ion of Mackenzie Bay i s  shown i n  

Drawing No. 2.2.  The of fshore   ba thymetry   in   th i s   a rea   re f lec ts  the  

seaward  extension  of  the  broad,  shallow  shelf ,  (<5 m deep)  of  the 

Mackenzie Delta from  the  southeast,  the  submarine  extension  of Kay 

Poin t   to   the   nor thwes t  and the  shoreward  extension  of  the Mackenzie 

Trough  from the   nor th .  

The nearshore  bathymetric data p resen ted   i n  Drawing No. 2.2 shows the  

20 m isobath  located  approximately 2400 m from  shore a t  King Point .  

Inshore of this depth  the  contours are approximately parallel  t o  the  

shoreline.   Nearshore  seabed  slope  angles  are  approximately 0.3O 

between t h e  10 m and 20 m depth  contour  and 0.lo between the 10 m depth 

and the  shorel ine.   Sub-t idal   beach  s lopes are no t   p rec i se ly  known, but  

are probably  s teeper .  

The only  nearshore  bathymetric  anomalies  in  the  area  occur  along  the 

10 m isobath where t w o  5 m deep  t rough  features   are   or iented 

perpendicular  t o  the  shore.   These  features  are l o c a t e d   t o   t h e  

southeast   of   the  King P o i n t   b a r r i e r  and  probably  represent  the  seaward 

extension  of two drowned va l l eys .  
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2.5 Hydrology 

The hydrology  of  the Yukon coas t   r i ve r s .  i s  not  well documented; 

however, flow is  known to  occur   only  during  the summer months and 

usually  peaks  in  early  June. Some of t he   l a rge r   r i ve r s   d i scha rge  as 

much as 100 000 t o  200 000 tonnes of  sediment per year  (Harper e t  a l ,  

1985) .  Most of t h e  Yukon r ivers   discharge  into  lagoons where  sediment 

is t rapped  unt i l   coastal   erosion  exposes   the  deposi ts  a t  a later time. 

The Mackenzie River  annually  inputs  approximately 15 000 000 tonnes of 

sediment to   the   Beaufor t   Sea ,  most of  which is s i l t  and clay.  However, 

t h i s   o n l y  has l imi ted   in f luence  on t h e  area of s t u d y   a t  King  Point .  

Sediment  loads  from  the  local  rivers do n o t   c o n t r i b u t e   s i g n i f i c a n t l y   t o  

t he  local coastal   sediment   budget   s ince  there  are no l a r g e   r i v e r s   f o r  

30 km i n   e i t h e r   d i r e c t i o n .  

2.6  Oceanography 

Low winter  temperatures (mean for  January  at   Tuktoyaktuk, N.W.T. is 

-27OC) r e su l t   i n   t he   fo rma t ion  of sea ice   for   approximately 9 months  of 

the year .   In   the  open water season of the  Beaufort  Sea ( J u l y  t o  

September 1, preva i l ing  winds  tend t o  blow from both wes te r ly  and, t o  a 

lesser ex ten t ,  easterly direct ions.   There is a tendency,  however,  for 

stronger  winds  (exceeding 40 km/hr) t o  blow  from the  west to   northwest  

i n   t he   v i c in i ty   and   o f f shore  of  King Point  (Drawing No. 2.3 1 . Waves 

generated by t h e  winds a l s o   e x h i b i t  a tendency  for  prevail ing  and 

predominant wave d i r e c t i o n s  from the  northwest  (Drawing N o .  2 . 4 ) .  

m. 1. O'CONNOR & ASSOCIATES 1TD. 
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Sea ice  reforms  annually  in  the  Beaufort  Sea  and limits the  open-water 

season to  approximately 3 months. The da tes  of  break-up  and  freeze-up 

i n  Mackenzie Bay are widely  var iable .  The open water season  usually 

begins   in   Ju ly ,   bu t  is sometimes delayed by heavy i c e   u n t i l   l a t e  August 

(F i she r i e s  and  Oceans  Canada, 1981) .  The end da te s  of  open water 

seasons  recorded  between 1970 and 1983 a r e  summarized in  Table 2.1 and 

a r e  shown t o  range  from  early  September t o   e a r l y  November. 

Wave a c t i v i t y  is e f f ec t ive ly   conf ined   t o   t hese  open-water months and, 

as a r e s u l t ,   t h e   c o a s t a l   p r o c e s s e s  are e s s e n t i a l l y  dormant during the 

remaining 9 months. The presence  of  pack-ice  offshore limits wave 

ac t ion  even during  the  open-water  months so tha t   the   Beaufor t  Sea is a 

comparatively low-wave energy  environment. 

In  spite of t h e   f a c t   t h a t  waves are   generated  only  during the 

open-water season,  they  remain the most significant  modifying  process 

of the  Beaufort  Sea c o a s t a l  zone. Open-water c h a r a c t e r i s t i c s   a r e  as 

follows : 

1. Background waves that are less than 1 m in   height   account   for  less 

than 30% of the  annual wave energy  and  occur 78% of the  time; 

2. Intermediate  storm waves t h a t  are 1 m t o  2 m i n  height  account  for 

less than 50% of the wave energy  and  occur 20% of the time; and 

3 .  Severe storm waves that  a re   g rea te r   than  2 m in   he ight   account   for  

20% of the  annual wave energy  and  occur less than 2% of the  time. 

m. 1. O’CONNOR & ASSOCIATES LTD. 



TABLE 2.1  

Y e a r  

1970 

197 1 

1972 

1973 

1974 

1975 

1976 

1977 

1978 

1979 

1980 

198 1 

1982 

1983 

Mean 

VARIATION I N  END OF OPEN WATER SEASON I N  
SOUTHERN BEAUFORT SEA BETWEEN 1970 AND 1983 

Data from K e i t h   P h i l p o t t   C o n s u l t i n g  Ltd. (1985)  

Date - 

Sept . 22 

Oct. 14 

NOV. 4 

Oct. 7 

Sept.  30 

Sept. 25 

Oct. 14 

Oct. 20 

Oct. 4 

Oct. 17 

Sept. 10 

Oct. 7 

Oct. 6 

Sept. 4 

Oct. 5 

September - 
\ 

P l o t  of V a r i a t i o n  

October - N o v e m b e r  - 
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T ida l   cu r ren t s  are small i n   t h e  Canadian  Beaufort Sea (Fissel and 

Birch,  1984)  and  currents  in  the  shallow  coastal   areas  of  the  Beaufort  

Sea are assumed t o  be   p r inc ipa l ly  wave and  wind-driven,  although. no 

measurements  have  been made i n  water depths  of less than 7 m. 

Astronomical t i d e s  are very small i n   t h e  Canadian  Beaufort  Sea; t i d a l  

ranges  for  Tuktoyaktuk are 0.5 m f o r   l a r g e   t i d e s  and  0.3 m f o r  small 

t i d e s .  Storm surges are s i g n i f i c a n t  and may be  up t o  1.5 m (Henry, 

1975). A storm surge   o f   s l igh t ly   g rea te r   than  1 . 5  m would inundate 

most of t h e   b a r r i e r   b a r  a t  King Poin t  (maximum c r e s t   e l e v a t i o n  

approximately 1.6 m) . The presence of overwash channels on the  

backshore  of  the  barrier  bar i s  evidence  of   s ignif icant  storm surge 

e f f e c t s   i n   t h e   r e c e n t   p a s t .  

2.7 Coastal  Processes 

There  have  been some l o c a l  coastal observation  studies  conducted  in  the 

Canadian  Beaufort  Sea (MacKay, 1960,  1963a,  1963b). A l a rger -sca le  

regional   coastal   reconnaissance  s tudy of the  Yukon coas t  was conducted 

i n  the early 1970's (McDonald and L e w i s ,  1973; L e w i s  and  Forbes,  19741, 

but   only  one  mult i -year   process-or iented  coastal   s tudy  has   been 

conducted i n  t h e  Kay Point-Babbage  River area (Forbes,  1981).  Although 

t h e  King Point   area  has   been  included  in  some of the local 

observa t iona l  and reg iona l   reconnaissance   s tud ies ,  no d e t a i l e d   s t u d i e s  

of coastal   processes  have  been  undertaken  at  King Poin t .   In   sp i te   o f  

the   pauc i ty  of s p e c i f i c   c o a s t a l   s t u d i e s   a t  King Poin t ,  it is poss ib l e  

t o  deduce genera l   coas ta l  process information from some of   the  other  

major  Beaufort Sea s t u d i e s .  
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It is known, fo r   i n s t ance  I t h a t  the Beaufort  Sea  coast  has  experienced 

a r ap id   t r ansg res s ion   i n   t he   pas t  10 000 years   and  there  is abundant 

geomorphological  evidence  that   the  transgression is c o n t i n u i n g   a t   t h e  

present  time (Forbes,  1980) .  Much of   the  coast   appears  t o  be 

undergoing  spectacular  annual retreat i n   t h e  order of 0.5 m t o  2 m per  

year.  

As P l a t e s  No. 2.3 and 2.4 i l l u s t r a t e ,   e ros iona l   l and fo rms   a r e  common. 

Coas t a l   c l i f f s   o f t en   exh ib i t   un ique  mass-wasting  processes  such as 

re t rogress ive- thaw  fa i lures   and   b lock   fa l l s  (MacKay, 1966; McDonald and 

L e w i s ,  1973; L e w i s  and  Forbes, 1974) .  

Massive ice and  excess  pore  ice are common i n   t h e   c o a s t a l   c l i f f s  (Plate  

No. 2.5).  These  high  ice   contents  mean t h a t   t h e   a c t u a l  volume of 

sediment  eroded is greatly  reduced,  even when coastal retreat  rates are 

r ap id  (MacKay, 1966,  1971,  1972). 

Barrier is lands  and spits provide  the  pr incipal   coastal   sediment   s inks,  

and t h e s e   f e a t u r e s  are typically  comprised of gravelly  sand (McDonald 

and L e w i s ,  1973; Lewis  and  Forbes, 1974 1 . The smaller r ive r s   o f f   t he  

Yukon coas t  do n o t   d i r e c t l y   c o n t r i b u t e  much sand  and  gravel  to t h e  

coas t ;  most i s  retained  within  the  upper   reaches  of  the r i v e r ,  and s i l t  

and clay  comprise  the main sediment components d i r ec t ly   r each ing   t he  

coas t  (McDonald and L e w i s I  1973; Forbes, 1981) .  Sediment t r anspor t  

d i r ec t ions   a long   t he   coas t  are p r imar i ly   con t ro l l ed  by wave approach 

d i r e c t i o n s .  A s igni f icant   p ropor t ion   of   the  wave energy,  and  hence 

sediment  transport ,   occurs  during  episodic  storm  events  (Harper  and 

Penland, 1982) . 

m. 1. O’COnnOR  ASSOCIATE S 1TD. 



Plate No. 2.3 Coastal  Cliff Eros ion  Lanforms: 
B l o c k  Falls  Southeast of King Point 

Plate No. 2 . 4  B l o c k  Fall 



P l a t e  N o .  2 . 5  Vert ical ly   Incl ined  Segregated Ice i n  
the  Headwall of a Retrogressive Thaw Flow Side 
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3.0 SITE INVESTIGATION 

3.1 Log i s t i c s  

Page 30 

Two d r i l l i n g   r i g s  were u t i l i zed   s imul taneous ly  a t  King P o i n t   t o  

accomplish  the  objectives of both  the  onshore and of fshore  

invest igat ions.   Cont inuous  cor ing  of   the  permafrost-affected  soi ls  a t  

both  the  onshore  and  the  coastal   borehole   locat ions w a s  c a r r i ed   ou t  

using a ro t a son ic   r i g ,  owned and operated by Midwest D r i l l i n g  L t d .  of 

Winnipeg,  Manitoba.  Geotechnical d r i l l i n g  and i n   s i t u   t e s t i n g   i n   t h e  

offshore  and  coastal   lagoon  areas were accomplished  using  an HT-700 

hydrau l i c   t op   d r ive   ro t a ry  drill, owned and  operated by  Foundex 

Explorations  Ltd.   of  Surrey,  Brit ish Columbia. The Midwest ro tasonic  

r i g  was a lso   used   to   p rovide   cont inuous   s t ra t igraphic   in format ion  a t  

two of fshore   loca t ions  (F85KM1 and F85KM2). Both d r i l l i n g   r i g s  were 

mounted with  weather-resis tant   enclosures  on s k i s .  Photographs of the  

t w o  e n c l o s e d   d r i l l i n g   r i g s  are p resen ted   i n   P l a t e s  No. 3.1 and  3.2. 

The  camp suppor t   r equ i r ed   fo r   s c i en t i f i c   pe r sonne l  and d r i l l i n g  crews 

a t  t h i s  remote locat ion  consis ted  of  ski-mounted t r a i l e r s  w i t h  

s leeping ,  wash-car  and k i t c h e n   f a c i l i t i e s   ( P l a t e  N o .  3 . 3 )  . The  camp 

and drill r i g s  were towed t o  t h e   s i t e   w i t h  heavy cons t ruc t ion  

equipment,  including a D7 Caterpillar t r a c t o r  and a C a t e r p i l l a r  930 

rubber - t i red   f ront  end loader .  T h i s  equipment w a s  a l so   used   for  

plowing snow and moving t h e  drill r i g s  between borehole   loca t ions  a t  

t he  si te.  The camp equipment  and  personnel were suppl ied by  Beau-Tuk 

Marine Services  Ltd.  of Calgary,  Alberta. 



Plate  NO. 3.1 Midwest Rotasonic   Dri l l ing Rig i n  TOW 
Behind D6 C a t  

A 

Plate  No .  3.2 Foundex Rotary   Dr i l l ing  R i g  
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Mobilization  of  personnel  and  supplies from Inuvik,  Northwest 

T e r r i t o r i e s  t o  King Poin t ,  Yukon, was pr imari ly   via   four-wheel   dr ive 

vehicles   a long a temporary  track plowed across  the sea i c e  by  BeauDril 

L t d .  of Calgary t o  support  Gulf  Canada Resources L t d . ’ s  operat ions  near  ., 

Herschel  Island.  Helicopter  and  f ixed wing a i r c r a f t   s u p p o r t  were 

required on a limited basis   for   reconnaissance of t he  s i t e ,  

es tabl ishment   of   survey  control   and  for   t ransfers  of personnel.  

Native  people  equipped  with r i f l e s   p rov ided  by the  camp con t rac to r ,  

were  employed t o  monitor   wildl i fe  movements, e .g .   polar   bears ,  

wolver ine ,   in   the   v ic in i ty   o f   the  camp and the  drill r i g s  on a 24 hour 

per  day b a s i s  t o  ensu re   t he   s a fe ty   o f   t he   d r i l l i ng  and s c i e n t i f i c  

personnel   (P la te  No. 3 . 4 ) .  

3.2 Survey  Control 

The U T M  coordinates  of both t he   o f f shore  and onshore  borehole  locations 

were e s t ab l i shed  and r eco rded   i n   t he   f i e ld  by Challenger  Surveys L t d .  

of Edmonton, Alberta.   Borehole  locations were r e fe renced   t o  Government 

of Canada  benchmarks i n   t h e   v i c i n i t y  of King Point   using an e l e c t r o n i c  

distance  measuring (EDM) device and a Motorola Mini  Ranger system. The 

measured  borehole  locations are presumed t o  be accu ra t e   t o   w i th in  

f l  m. The Mini  Ranger system was also used t o  l o c a t e   t h e   e x i s t i n g  

c o n t r o l   s t a t i o n s .  The loca t ions  and e l eva t ions  of t h e   c o n t r o l   s t a t i o n s  

are summarized i n  Table 3.1. 

The e leva t ions  of selected onshore and c o a s t a l   b o r e h o l e s   r e l a t i v e   t o  

t h e  sea ice sur face  were  measured i n   t h e   f i e l d   ( p r e c i s i o n  f5 mm) 

using the EDM survey  equipment (Plate  No. 3 . 5 ) .  Snowmobiles were used 

fo r   t r anspora t ion  of t h e  survey crew and  equipment to  the onshore 

borehole  locations.  Approximate e l eva t ions  (f2 m )  of other onshore 

boreholes were obtained from a contour map of t h e  area prepared by 

Gendron Lefebvre  Inc.  for Peter K i e w i t  Sons Co. L t d .  (Drawing No. H-1, 

Appendix H). 



Plate No. 3.3 Cat-Train Camp 

Plate No. 3.4 Bear Monitor 



I i 1 I I I 

TABLE  NO. 3 1 

SURVEY CONTROL STATIONS 

I I 

S tat ion 
Name L a t i t u d e  Longitude - Z o n e  

SING A-55 69°-02'-13.528''   137°-41'-33.602" 8 

PAT 68O-58"48.676"  138°-00"54.835" 7 

KIN ( 1 )  69O-06'  -44.247"  138-00-06.954" 7 

CLIFF A-23 69°-08"08.817" 138O-07-43 -840" 7 

UTM C o o r d i n a t e s  E l e v a t i o n   H o r i  z . 
N o r t h i n g   E a s t i n g  (m) A d j .  

7660677.9  392515.1  61.1  1979 

7654878 7  6 19446 0 9 6   - 3  1979 

7669620.3  619258.1 N/A 1983 

767  1995 7 614090  -3  75.7  1979 
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3.3 D r i l l i n g  and  Sampling Methods 

Page 35 

A t o t a l  of 43 tes t  holes,  including  both  boreholes  and  cone  probes, 

were completed  during the course  of   the   invest igat ion.  A l l  borehole 

numbers have   the   p ref ix  F85K, s ign i fy ing  a Federal Government borehole 

d r i l l e d   i n  1985 a t  King Point.  Those bo reho les   d r i l l ed   u s ing   t he  

Midwest r o t a s o n i c   r i g  were  numbered with the p r e f i x  F85KM, whereas 

those dr i l led wi th  the  Foundex r o t a r y   r i g  were pref ixed  by F85KF. 

S t ra t igraphic   in format ion   ob ta ined  from the  boreholes  is presented on 

the  borehole logs i n  Appendix A. 

3.3.1  Onshore  and Coastal  Boreholes """""""""""-""""""" 

The onshore  and  coastal  boreholes were dr i l led  using  the 

Midwest ro t a son ic   r i g .  Hollow  aluminum s o n i c   d r i l l   p i p e ,  

nominally 100 mm in te rna l   d iameter ,  was advanced i n t o   t h e  

subsurface  under combined r o t a t i o n ,  downward pressure  and 

v ib ra t ion .  N o  d r i l l i n g   f l u i d s  were required w i t h   t h i s   d r i l l i n g  

method. A continuous  core  sample of the subso i l s  w a s  recovered 

in   the  annulus  of the   sonic  drill pipe.  The core sample was 

r e t a ined   i n s ide  the drill p i p e   a s  it was be ing   ex t rac ted  from 

the  borehole by a sea l ing   va lve   loca ted   behind  the drill head 

and/or by f r i c t i o n .   A f t e r  removal  from the  borehole ,   the   core  

was e i the r   ex t ruded   i n to   co re   t r ays  by means of  hydraulic 

pressure   (pressur ized  water i n j e c t e d   i n t o   t h e   p i p e )   o r  was 

v ib ra t ed   ou t  under the   i n f luence  of grav i ty .  The former method 

of ex t rus ion   r e su l t ed   i n  less dis turbance of t he  core and was 

used  wherever water was p r a c t i c a l l y   a v a i l a b l e .  

m. J. O'CONNOR C ASSOCIATES LTb. 
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3.3.2  Offshore  Boreholes 
""""""""""""" 

Page 36 

All but  t w o  of t he  offshore  boreholes were dr i l led using  the 

Foundex r o t a r y   r i g .  An HW wi re l ine  drill casing,  nominally 

100 mm in te rna l   d iameter ,  was advanced  behind a r o t a t i n g  125 mm 

drill b i t  w h i l e  pumping d r i l l i n g  mud o r  sea water through the 

cas ing  t o  remove c u t t i n g s  and c l e a r   t h e   b i t .   D r i l l i n g  mud 

temperatures  ranged  from O°C t o  +4OC. These  temperatures were 

2OC t o  4OC warmer than  the  intake seawater temperatures  because 

mud c h i l l i n g  equipment was not   suppl ied  with  the  r ig .  

Samples of t h e  sub-seabed  sediments were obtained f r o m  t h e  

offshore  boreholes   using wireline Shelby  tube  samplers. 

Thick-walled 65 mm 0. D. tubes were used t o   o b t a i n  samples of 

coarse  grained  granular   mater ia ls .   Thin-wal led  tubes were used 

i n  t h e  f ine   g ra ined   recent   sed iments .   Tr ip le   tube  diamond 

Coring  equipment (HQ3 and NQ3) was also ava i l ab le  for  obta in ing  

core  samples of ice-bonded  permafrost  but was not   required 

dur ing   the  programme. 

3.4 Sample Handling  and  On-site  Testing 

3 .4 .1  Onshore  and Coastal  Samples -""""""""""""""""" 

Core recovered from t h e   r o t a s o n i c   r i g  was placed on p l a s t i c  

core t r a y s  and t r a n s f e r r e d   t o  a separa te  s k i  mounted l a b  

t r a i l e r .  The core was then examined  and detailed s t r a t i g r a p h i c  

logs  were  recorded. Some sec t ions  of the   core  were 

photographed. A photograph of core from borehole F85KM23 is 

shown i n  Plate N o .  3.6 Core temperatures were  measured using 

m. 1. O'CONNOR & ASSOCIATES LtD. 



Plate No. 3.5 Surveying with EDM 

Plate No. 3.6 Rotasonic Core Samples 
(note massive ice in core) 



10-300 Page 38 

a thermistor   probe t o  provide  an  indicat ion of the  thermal 

condi t ion   o f   the   subsoi l s   ( f rozen/unfrozen) .   S igni f icant  

warming of  the  sonic  core  samples was observed when v ib ra to ry  

ex t rus ion  methods were used. The degree of  thermal  disturbance 

was reduced,  however, when pressure   ex t rus ion  methods were 

used.  Representative  samples  from selected boreholes were 

sea led   aga ins t   mois ture  loss and r e t a i n e d   f o r   d e t a i l e d  

laboratory  analyses.   Permafrost   samples from the  onshore 

boreholes w e r e  r e t a i n e d   i n  a frozen  condi t ion  during 

t r anspor t a t ion  t o  Inuvik t o  retard po ten t i a l   mo i s tu re  loss. 

Selected samples of pea t  and organics  were also wrapped i n  

opaque f o i l   f o r   f u t u r e  amino-acid da t ing   s tud ies .   Excess  ice 

contents  were measured i n  samples  consisting  of  frozen  ice-rich 

sediments. 

3.4 .2  Offshore  Samples 

A small portion  of each of t h e  Shelby  tube  samples  obtained 

us ing   the  Foundex r i g  was extruded  to   permit   on-si te   logging 

and t e s t i n g .  The remaining  portions of these samples were 

sealed inside  the  Shelby  tubes,   packed  in  heavy insu la t ed  

wooden boxes  and  s tored  a t  4OC pr io r   t o   sh ipp ing   t o   Inuv ik .  

The in su la t ed  boxes were stored and  shipped  in a v e r t i c a l  

o r i e n t a t i o n  t o  minimize poss ib l e  sample dis turbance.  

On-si te   tes t ing of the  offshore  samples  performed  in 

conjunct ion  with  the  s t ra t igraphic   logging  included measurement 

of:  

1 -  so i l  temperature,   using a hand-held  thermistor  probe; 

2. bulk  densi ty ,   us ing a KM tube  sampler   (Plate  No. 3.7); 

3.  undrained  shear  strength,   using a Pi lcon  vane  (Plate  NO. 

3 . 8 )  and  pocket  penetrometer;  and 

4 .  excess  ice content  of i c e  r ich samples. 



P l a t e  No .  3 . 7  KM b u l k  d e n s i t y   t u b e  sampler 

P l a t e  N o .  3 . 8  P i l c o n   v a n e   t e s t i n g  
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Soil  samples were photographed  after  being  completely  extruded 

from the   She lby   tubes ,   e i ther   on-s i te   o r   in   the   l abora tory  

( P l a t e  N o .  3.9). 

3.5 I n   S i t u   T e s t i n q  

I n   s i t u   t e s t i n g  was ca r r i ed   ou t  a t  s eve ra l  of the   o f fshore  and c o a s t a l  

borehole   locat ions  with a cone  system  which u t i l i z e d   a c o u s t i c  

transmission.  This  system  consists of a 3 channel  cone  penetrometer 

ou t f i t t ed   w i th   an   acous t i c   t r ansmi t t e r  which t r a n s f e r s  cone data 

acous t ica l ly   a long   the  cone r o d s   t o  a t ransducer  mounted a t  t h e  

sur face .  The s i g n a l   r e c e i v e d   a t   t h e   s u r f a c e  is amplif ied and f i l t e r e d  

by a s u r f a c e   c o n t r o l   u n i t   ( s i g n a l   c o n d i t i o n e r ) .  Data a q u i s i t i o n  and 

recording were performed  using a H e w l e t t  Packard HP87 system  interfaced 

wi th   the   s igna l   condi t ioner .  The equipment  can  simultaneously  monitor 

cone p o i n t   r e s i s t a n c e  and   s leeve   f r ic t ion  on the  cone or  porewater 

pressure  behind  the cone t i p .  

The cone p e n e t r a t i o n   t e s t i n g  (CPT) was performed  using  the Foundex 

r o t a r y   r i g .  The cone  penetrometer was pushed i n t o  the seabed by a 9 

tonne  hydraulic ram which could  apply  e i ther  downward o r  upward 

pressure  t o  the drill head. A h i g h   v i s c o s i t y / l o w   f r i c t i o n   d r i l l i n g  mud 

w a s  pumped through  the  cone  rod  and ejected 1 m above the  cone t i p  

dur ing   the  cone  advancement t o  minimize  skin  f r ic t ion between the  cone 

rods and the  seabed  sediments,   thereby  increasing the  maximum depth  of 

pene t r a t ion   a t t a inab le .  

The CPT data may be  used t o  determine  prof i les  of the geotechnical 

p rope r t i e s  of  marine  sediments  through the  use  of  empirical 

correlat ions.   Geotechnical   propert ies   such as undrained shear 

s t r e n g t h ,   s o i l   s e n s i t i v i t y ,   o v e r c o n s o l i d a t i o n   r a t i o  (OCR) and  undrained 

Young's  modulus (Eu) may be  derived from the  cone  penetrat ion test 

m. 1. O'COIIIIOR & ASSOCIATES 1TD. 



Plate No. 3 . 9  Extruded  Shelby  tube  sample 
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data  (Robertson  and  Campanella,  1983).  Pore  pressure  data  obtained 

during a CPT probe may a l s o  be in te rpre ted   in   conjunct ion   wi th   o ther  

s t ra t igraphic   in format ion   to   p rovide  an est imate  of t h e  general  stress 

h i s t o r y  of a s o i l   d e p o s i t .  

Resul ts  of t he   cone   pene t r a t ion   t e s t ing  are presented   in  Appendix C and 

are d iscussed   in   Sec t ion  6.0. 

3 -6 Field Instrumentation 

Thermistor   s t r ings were i n s t a l l e d   i n  5 of the  boreholes,  2 loca ted  

of fshore  (F85KM2 and F85KF8) and 3 onshore (F85KM13 , F85KM18 and 

F85KM23).  The thermistors were i n s t a l l e d   i n   t h e  open (uncased) 

boreholes  and  backfil led  with the  soi l  cu t t i ngs .  The thermis tors  were 

provided  and  instal led by the  Terrain  Sciences  Divis ion  of   the 

Geological  Survey  of Canada. S t r i n g  depths and in i t i a l   t empera tu re  

readings are summarized i n  Appendix D. The temperature  readings  were 

recorded a t  t h e  time of i n s t a l l a t i o n  and  again  within 1 t o  6 days a f t e r  

i n s t a l l a t i o n   ( P l a t e  No. 3.10).  



Plate No. 3.10 Ground temperature measurements with 
thermistors 
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4 .0  LABORATORY TESTING PROGRAMME 

4 . 1  General 

Page 44 

Soil  samples  from a l l  of the  boreholes  were r e t a ined   fo r   l abo ra to ry  

analyses .  The l a b o r a t o r y   t e s t i n g  was c a r r i e d   o u t   b o t h   a t  the Inuvik 

S c i e n t i f i c  Resource  Centre  and  subsequently  in  Calgary. 

All of the laboratory c l a s s i f i ca t ions ,   mo i s tu re   con ten t s  and excess ice 

contents  were determined a t  Inuvik  immediately  following  the  si te 

inves t iga t ion .  The offshore  Shelby  tube  samples were a l l  extruded  with 

the  exception  of  those  samples  from  borehole F85KF4, which were 

re ta ined  by the  Geological  Survey  of Canada (GSC) f o r   f u t u r e   d a t i n g ,  

t r i a x i a l  compression  and  consolidation  testing. The extruded  tube 

samples were s p l i t   l o n g i t u d i n a l l y  and v i s u a l   c l a s s i f i c a t i o n s  were 

recorded. One ha l f  of  each  sample was sealed and l a b e l l e d   f o r  

archiving a t  the  Atlantic  Geoscience  Centre  in  Halifax,  Nova Scot ia .  

Supplementary tests were performed  on  remaining  portions  of  each  of 

these samples to   de t e rmine   mo i s tu re   con ten t s ,   s a l in i t i e s ,   bu lk  

d e n s i t i e s  and  undrained  shear   s t rengths   (using a labora tory   min ia ture  

vane) . 
Index tes t ing   to   de te rmine   At te rberg  limits ( p l a s t i c i t y )  and g r a i n   s i z e  

charac te r i s t ics   o f   bo th   the   onshore  and offshore  samples were  performed 

i n  Calgary. The d i s t u r b e d   s o i l  samples are c u r r e n t l y  i n  s torage  i n  

Calgary  and  Inuvik. 

m.J. O’CONNOR C ASSOCIATES LTD. 
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4.2 Test ing Methods 

4.2.1 Moisture  Content 
"""""""""""" 

Page 45 

Natural  water conten ts  of t h e   s o i l s  were determined  according 

to   t e s t ing   p rocedures   ou t l i ned   i n   t he  American Soc ie ty   fo r  

Testing  and Materials (ASTM) standard  designat ion D2216. 

4.2.2 Atterberg L i m i t s  
"""""""""""" 

The l i q u i d  limits of f i n e   g r a i n e d   s o i l s  were determined  in 

accordance  with ASTM tes t  method D423, us ing   the  3 po in t  

method. P l a s t i c  limits were determined  for these same samples 

in  accordance  with ASTM test method D424. The Atterberg limits 

are p l o t t e d  on the   borehole   logs   in  Appendix A and a r e  

summarized i n  Appendix B. 

Other  index  parameters  which are u s e f u l   f o r  so i l  c l a s s i f i c a t i o n  

(by  the  Unif ied Soi l  C l a s s i f i c a t i o n  System)  and  which may be 

derived  from  the  Atterberg limits, natural   moisture   content   and 

p a r t i c l e   s i z e   d a t a   a r e :  

1. Plas t i c i ty   i ndex ;  

2. Liquidity  index; and 

3. Act iv i ty .  

Values of these  index  parameters are a l s o  summarized i n  

Appendix B. 

4.2.3 Part ic le   Size  Analyses  
""""""""""""""" 

Soil  particle s i z e   d i s t r i b u t i o n s  were determined  in  accordance 

with  the  fol lowing test procedures: 

1. ASTM D421 s i eve   ana lys i s   o f   coa r se   g ra ined   so i l s ;  and 

2. ASTM D422 hydrometer  analysis of s o i l s  w i t h  a s i g n i f i c a n t  

percentage of p a r t i c l e s  less than 75 um i n  diameter. 

m.J. O'CONNOR & ASSOCIATES LTD. 
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The coarse  grained samples f o r   s i e v e   a n a l y s e s  were prepared i n  

accordance  with  the  procedures   out l ined  in  ASTM D2217. 

Hydrometer  samples  were p re t r ea t ed   w i th  hydrogen  peroxide  to 

remove organic  matter. The r e s u l t s  of t he   g ra in   s i ze   ana lyses  

are inc luded   in  Appendix B. 

4.2.4  Bulk  Density  and Dry Density 
"""""""""""""""""" 

Bulk dens i ty  was determined by measuring the  mass of a known 

volume of re la t ive ly   undis turbed   cohes ive   so i l .  Dry dens i ty  

may be ca l cu la t ed   i f   t he   na tu ra l   mo i s tu re   con ten t   o f   t he  

ma te r i a l  is measured. Dens i t ies  are presented on the borehole 

logs   in  Appendix A and a r e  also summarized i n  Appendix B. 

4.2.5 Porewater S a l i n i t y  
""""""""""""" 

Porewater s a l i n i t i e s  of t h e  samples  from  borehole F85KF4 were 

measured by GSC personnel.  Porewater was extruded from thawed 

or unfrozen s o i l  samples i n  a soi l  p re s s  and t h e  porewater 

s a l i n i t i e s  were determined  using a Goldberg  refractometer. 

4.2.6  Laboratory  Miniature Vane """"""""""""""""- 

Miniature   vane  tes ts  were conducted a t   t h e   I n u v i k  Research 

Laboratory by GSC personnel  to  determine  the  undrained  shear 

s t r eng ths  of undisturbed  samples. The unfrozen  soil   samples 

were either re ta ined   in   the   sampl ing   tube  or ex t ruded   in to  a 
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s p l i t   t u b e .  The vane w a s  i n s e r t e d   i n t o  t h e  s o i l  sample,  then 

r o t a t e d  a t  50 degrees/minute.  Rotation was cont inued   un t i l  

steady  post-peak  shearing  resistance  had  been reached. A 

s t r e s s - s t r a i n   c u r v e  and the  post-peak  shear ing  res is tance may 

be generated  from  these test  r e s u l t s   i n   a d d i t i o n   t o   t h e  peak 

values of  undrained  shear  strength  reported  here. 
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5.0 TERRAIN CONDITIONS OF  THE KING POINT AREA 

5 . 1  Terrain  Analysis and Mapping 

Page 48 

Evaluation of t h e   t e r r a i n   c o n d i t i o n s   i n   t h e   v i c i n i t y  of  King Poin t  

involved: 

1 .  

2 .  

Review of reports and  information on the  Quaternary,  Tertiary  and 

Cretaceous geology  of the  area.   Reference i s  made t o   p e r t i n e n t  

documents elsewhere  in this repor t .  

Compilat ion  and  synthesis   of   the   s t ra t igraphic   information from 

boreholes dr i l led during  the  present   invest igat ion  and  previous 

inves t iga t ions   in   the   a rea .   Informat ion  from previous   s tud ies  

included  seismic  shot   hole   logs from 

programmes conducted  during  the la te  1 

along the coas t a l   b lu f f  and  inland 

inves t iga t ion   r epor t s  by Northern Engi 

o i l  and  gas  exploration 

9 6 0 ' s ,  f i e l d   o b s e r v a t i o n s  

slope exposures,  borrow 

.neer ing  Services  Company 

Limited ( 1976)  and Klohn Leonoff Consultants L t d .  ( 1975)  and  gas 

pipel ine  route   a l ignment   and  terrain data reported by Northern 

Engineering  Services Company Limited ( 1 9 7 5 ) .  

3 .  Production  of  an  uncontrolled  airphoto  mosaic  for  the area a t  a 

s c a l e  of 1:25000 (Drawing N o .  H-2, Appendix H). 

4. Development of a map d e l i n e a t i n g   s u r f i c i a l   t e r r a i n   u n i t s   i n  t h e  

area  (Drawing No. H - 2 ,  Appendix H ) .  

m. J. O'CONNOR & ASSOCIATES LTD. 
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5 .  Defini t ion  and  descr ipt ion  of   the geomorphology, drainage 

processes ,   s t ra t igraphy,   g round  ice   conten ts ,  and engineer ing 

p rope r t i e s  of t h e   v a r i o u s   t e r r a i n   u n i t s .  

Strat igraphic   information  f rom  the  boreholes  i s  presented on t h e  

borehole   logs  in  Appendix A. Drawing No. H - 2 ,  Appendix H is an 

airphoto  mosaic  and  overlay map of t he  area showing t h e   t e r r a i n   u n i t s .  

The t e r r a i n   u n i t s  shown  on Drawing No. H - 2  a r e   d e f i n e d   g e n e t i c a l l y   i n  

Table H-1 and are   descr ibed   in   Table  H - 2 ,  Appendix H .  The t e r r a i n  map 

was or iginal ly   developed on the   bas i s   o f   a i rpho to   i n t e rp re t a t ion  

augmented by e x i s t i n g   d a t a  from o t h e r   s t u d i e s   i n   t h e   a r e a .  The 

d i s t r i b u t i o n s  of t h e   t e r r a i n   u n i t s  shown on the map were i n i t i a l l y  

de l inea ted  on the   a i rpho to  mosaic and  subsequently  modified on t h e  

b a s i s  of  ground  observations  and  borehole  information.  In  preparing 

Table H - 2 ,  t h e  geomorphology, drainage  and  natural   processes were 

in te rpre ted   us ing  aerial  photographs  and  ground-truthing  observations 

near King Po in t .   I n t e rp re t a t ions  were also based on f i e ld   obse rva t ions  

recorded  in  both published  and  unpublished  sources.   Descriptions of 

t he   s t r a t ig raphy ,  materials, permafrost  and  ground ice   in   Table  H - 2  a r e  

based  primarily on the  borehole   data   obtained  during the present  

invest igat ion  and  observat ions of the  coastal   exposures .  Comments on 

the   engineer ing   proper t ies  are based on experience  gained on 

geotechnica l   inves t iga t ions ,   p ipe l ine   rou t ing   s tud ies   and   aggrega te  

searches  in  the  Canadian  Arctic  and  along  the Yukon coast. 

m. J. O’CONNOR & ASS0CIATES LTD. 
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A summary of t h e  t e r r a i n   u n i t s   i n   t h e   s t u d y   a r e a  is presented  in   Table  

5.1.  The s u r f i c i a l   t e r r a i n   u n i t s  which  cover s i g n i f i c a n t   p o r t i o n s  of 

the  map area include:  organic  blanket  and  veneer (OB/OV, 
approximately 25% of the  map area); morainal   deposi ts  (MM, 2 0 % ) ;  

a l l u v i a l   t e r r a c e s  ( A T ,  2 0 % ) ;  l a c u s t r i n e   d e p o s i t s  (LP, 1 2 % ) ,  and 

colluvium (Cx/CB, CL/Cv, 15%) .  Although t h e   g l a c i o f l u v i a l  and 

per imarine  deposi ts   are   a lso  widespread  they  are   only  exposed  a t   the  

s u r f a c e   a t  isolated locat ions.   Surface waters inc luding   lakes ,   c reeks  

and the  King Point  lagoon occupy approximately 8% of t h e   t o t a l  

land-based map area. 

5.2 Geomorphology and  Drainage 

Colluvium  veneered (CV) and  blanketed (CB) bedrock  ridges, 

i ce- thrus t   r idges  composed of perimarine  sediments (PR) and r o l l i n g  

morainic (MM) depos i t s   a r e  a l l  elevated  above the  surrounding  terrain 

and are commonly well drained. The bedrock  ridge (R) south of Deep 

Creek s tands  w e l l  above t h e   r e s t  of t he  area. The r o l l i n g   s u r f a c e s  of 

the  morainal  deposits  have  occasional  poorly  drained  depressions and 

swales within them. 

Lacus t r ine   p la ins  (Lp)  and a l l u v i a l   t e r r a c e s  (AT) and f loodpla ins  

(AP) are f l a t  and commonly poorly  drained,   the   except ion  being some 

higher ,   t e r raced   lacus t r ine   benches ,  which are  moderately well drained. 

Organic  deposits (OB, have  accumulated on the  poorly  drained 

po r t ions  of most lacus t r ine   p la ins .   S tanding  water on poorly  drained 

m. J. O’CONNOR & ASSOCIATES LTD. 



TABLE 5.1  

SUMMARY OF TERRAIN UNITS 

Typical Range 
of Thicknesses 

Genetic  Origin  in  Boreholes (m) 

Alluvia l  Apron 

Thin  Alluvial  ( f a n )  

Al luvia l  Fan 

Active  Alluvial  Floodplain 

Alluvial   Terrace 

Landslides 

Colluvial   Blanket 

Col luvia l  Veneer 

Col luvia l  Complex  Formed 

on Steep  Slopes 

Glac ia l   F luvia l  Apron 

Glacial   Fluvial   Deposi t  Hummocky 

Glacial F luv ia l  Deposit Rolling 

Glacial Fluvial   Deposit  Ridged 

Glac ia l   F luvia l  Terrace 

Lacustrine  Blanket 

Lacus t r ine   P la in  

Morainal  Deposits : Rolling 

Organic  Blanket 

Organic  Veneer 

Perimarine  Deposits:  Rolling 

Perimarine Deposits: Ridges 

Underlain by Steeply  Dipping  Gravels 

Rock: Mainly  Sandstone 

Marine Deposit: Beach Ridges 

Surface Waters (Lakes and Creeks) 

0 . 1  - 6.5 

0.1  - 9.5  

1.0 - 6.3 
0 - 1.5 

0.2 - 3.0 
1.8 M - 14.0+ 

0 . 7  - 8.7  

0.5 - 10.0 

0.3 - 11.2 

0 - 6.5 

Approximate Areal 
Extent ( %  of Map Area) 

0.1 % 

0 .1  % 

1 %  

1 %  

20 % 

1 %  

5 %  

1 %  

8 %  

1 %  

0.1 % 

0.1  % 

0.1  % 

2 %  

0.1  % 

5 %  

2 0  % 

19 % 

6 %  

1 %  

0.2 % 

0 . 1  % 

0 . 1  % 

8 %  
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areas is common as  tundra  ponds  and  in  the  centre  of  low-centred 

polygons  or, less commonly, in  the  trenches  of  high-centred  polygons.  

Table 5 . 1  

A l l  landforms  near  eroded  scarps,   whether  lacustrine,   al luvial  or 

g l ac io f luv ia l ,   t end  to  be r e l a t i v e l y   f r e e   o f   o r g a n i c   m a t e r i a l s  and well 

drained.  This is a l s o   t r u e  of the  colluvium-covered  slopes  forming t h e  

scarps .  

5.3 Materials   and  Strat igraphy 

Most depos i t s   i n  the King Poin t   a rea  are f ine   g ra ined   s ince   t he  till 

has  been  largely  derived  from  glacier ice incorpora t ing   f ine   g ra ined  

perimarine  (mainly  marine)  clay and s i l t  i n t o  its base. The alluvium 

and  colluvium are mainly  derived  from  erosion of t h e  till and a l s o   i n  

the   case  of the  alluvium,  erosion of shaly  bedrock.  Colluvium  and 

al luvium  in  low ly ing   a r eas  commonly conta in   o rganics   due   to   the  

e f f e c t s   o f   p e r i g l a c i a l  processes on their formation. 

Coarse  sand  and  gravel are the primary components of t h e   g l a c i o f l u v i a l  

deposits  and  the  marine  beaches  and  bars.   Sil ty  beds are common i n  

each  type  of  deposit. Sand and g r a v e l   a l s o  form l a r g e  wedges within 

the  perimarine  sequence. One such  gravel wedge, which  has  been  highly 

contor ted,  is exposed  on the  seaward side of t he   i ce - th rus t   r i dge  west 

of  King Point.  Other wedges of perimarine  sand  and  gravel were noted 

i n   s h o t   h o l e s  drilled by o i l  companies  and i n  test  holes  dr i l led during 

t h i s   i n v e s t i g a t i o n .  
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Coarse  rubbly  colluvium  covers  the  sandstone  ridge a t  the  south  edge  of 

t he  area. 

The common stratigraphic  sequences  underlying  the  various  landforms 

wi th in   the  area are as  follows: 

1. Under l a c u s t r i n e   p l a i n s  (LP) 
0 - 4 m of pea t  

2 - 8 m of l a c u s t r i n e  silts 

1 - 10 m of till 

> 20 m of perimarine  sediments;   generally  clay  or s i l t ,  less 

commonly grave l  and  sand; 

See, f o r  example, the  borehole   logs  for  F85KM19, KM20,  KM21 and 

KM22 i n  Appendix A. 

2 .  Under ro l l ing   mora ina l   depos i t s  (mm) 
0.3 - 8 m of a complex  of p e a t ,  pond Silts, alluvium  or 

colluvium 

2 - 10 m of till 

5 - 1O+m of massive ice 

> 20 m of perimarine  sediments:  generally  comprised of s i l t  

and  clay. 

See,   for  example,   the  borehole  logs  for F85KM26 and KM30 i n  

Appendix A. 

3 .  Under g lac iof luvia l   aprons  (GA) 

m. J. O'CONNOR & ASSOCIATES LTD. 
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0 - 8 m of organic  s i l t  and peat 

5 - 20 m of  gravel and sand 

5 - 1O+m of massive i c e  

0 - 5 m of till 

> 10 m of perimarine  sediments  (generally  comprised on s i l t  

and c l a y )  . 
See the   borehole   logs   for  F85KM27, KM28 and KM31. 

Areas of highly  contorted  perimarine  sediments may have  only a t h i n  

cover of till or   s i l ty   co l luv ium.  

5 .4  Ground I ce  

The expec ted   d i s t r ibu t ion  of  ground i c e  and the i c e   c o n t e n t s   f o r  the 

v a r i o u s   t e r r a i n   u n i t s  are given  in  Table €I-1, Appendix H. Ice contents  

a re   genera l ly   h igh   in  the s u r f i c i a l  complex of o rgan ic   pea t ,   a l l uv ia l  

and c o l l u v i a l  materials which  comprise t h e  upper 2 m t o  3 m of 

sediment. Ground i c e   c o n t e n t s  of the  underlyirlg materials are usua l ly  

c lose ly  related to. t h e   p a r t i c l e   s i z e   c h a r a c t e r i s t i c s  of the  generic  

materials and   t he   ava i l ab i l i t y  of groundwater  during  freezing. 

Following is a summary of the   gene ra l   d i s t r ibu t ions   o f  ground i c e   i n  

t h e   v a r i o u s   t e r r a i n   u n i t s  and d iscuss ions  of t he i r   s ign i f i cance .  

Ice   conten ts  are genera l ly  l o w  t o  moderate   within  the  glaciof luvial  

sediments. Less than 30% i n t e r s t i t i a l   i c e   i n   s a n d s  and grave ls  is 

genera l ly   representa t ive  of i c e   f i l l i n g  the pore  spaces, whereas thawed 

water   contents   greater   than  about  30% i n d i c a t e   t h a t  t h e  material 

contains  excess ice s ince   t he   na tu ra l   po ros i ty   o f   su r f i c i a l   s and  

deposits is typica l ly   about  30%. G lac io f luv ia l   depos i t s ,   pa r t i cu la r ly  
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t h e  g lac iof luvia l   aprons ,   conta in   cons iderable   th icknesses  of  massive 

ice ( u p   t o  13 m )  a t  the  base  of  t h e  glaciof   luvial   sediments  ( see 

boreholes F85KM27, 28, 31 , 32) . It is  be l i eved   t ha t   t he   l a rge   l akes  

wi th in   the   g lac iof luvia l   aprons  are a r e s u l t  of natural   thermokarst  

development r e s u l t i n g  from the  thawing  of  massive  ice a t  the  bases of 

these depos i t s .  Many of t h e  lakes do not   f reeze  t o  the bottom i n  

winter and  hence ta l iks   occur   beneath them. 

Morainal  deposits  contain much excess ice (see boreholes F85KM23, 26, 

30 , 33) . The ice  occurs  mainly  as  ice  lenses  and  beds.  Massive  ice 

beds are common under most uplands  underlain by morainal  deposits;  the 

8 m t h i c k  bed  of  massive i c e   i n t e r s e c t e d   i n   b o r e h o l e  F84KM23 is  

typical .   This   subsurface  massive  ice   has  led t o   t h e  development of 

many retrogressive-thaw  flow-slides  and  thermokarst   depressions  in  this 

u n i t .   I n  many cases the  presence  of  massive  ice,   or  icy  sediments,   can 

be  predicted on the   a i rpho tos  by iden t i fy ing   l ands l ides  

( re t rogressive- thaw  f low-sl ides)  and  thermokarst  features. 

Al luvia l   depos i t s   have   var iab le   i ce   conten ts ,   bu t   h igh  ice contents  are 

common, e s p e c i a l l y   i n  the upper 2 m t o  3 m (see boreholes F85KM24, 25 

and 33). 

Lacustr ine  deposi ts  commonly contain  moderate   to   very  high  ice   contents  

(F85KM19, 20,  21, 22) and are   suscept ib le   to   thermal   d i s turbance .   This  

is apparent   a long  old seismic l i n e s ,  which show the  greatest   subsidence 

where they cross t h e   l a c u s t r i n e   u n i t s .  Because the   l acus t r ine   depos i t s  

are r e l a t i v e l y   t h i n  and the  underlying  uni ts   are   general ly   ice-poor ,  

t h e r e  i s  l i t t l e  chance  for  massive  subsidence  and  thermokarst 

development.  Elevated  lacustrine  bench  deposits  such  as  those  exposed 
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in   the  re t rogressive- thaw  f low-sl ide 3.5 km southeast   of  King Point ,  

are of ten   under la in  by massive  ice , and are therefore   an   except ion   to  

t h e  above observat ions.  

Ice con ten t s   i n   t he   co l luv ia l  materials a re   t yp ica l ly   h igh  (see BH's 

F85KM18, 23,  25, 27,  28, 31, 32) due t o  the aggradation of permafrost  

as the  colluvium  accumulates. 

Organic  deposits  have  high t o  very  high ice contents  (see B H ' s  F85KM21, 

26, 29) . Over most of the   s tudy   a rea  , t he   su r f i c i a l   o rgan ic   depos i t s  

are re la t ive ly   th in   bu t   p rovide   impor tan t  thermal i n s u l a t i o n   f o r   t h e  

underlying  f rozen  mater ia ls .  

The per imarine  deposi ts  (see BH's F85KM19, 25, 26) and the  bedrock 

noted  in   borehole  B1024, d r i l l e d  by Canadian  Arctic G a s  P ipe l ines  L t d .  

i n  1975 (Northern  Engineering  Services Company L i m i t e d ,  19761, and 

borehole N75-117A-B1-1, dri l led by R. M. Hardy & Associates L t d .  i n  

1976 (R.M. Hardy & Associates L t d .  and Terrain  Analysis and Mapping 

Services  L td . ,  19771, typical ly   have  very l o w  ground ice   conten ts .  

Accordingly,  there is limited p o t e n t i a l  for s i g n i f i c a n t  thaw subsidence 

of these .   un i t s .  

In  summary, t he  upper 2 m t o  3 m of sediments  in most of t h e   t e r r a i n  

u n i t s  are ice rich,  in   par t   because  of the  ubiquitous  occurrence of i c e  

wedges (Harry e t  a l ,  1985) and  due to   the  occurrence of s u r f i c i a l  

organic  peat. Below th is   depth   i ce   conten ts  are genera l ly  l o w  although 

i s o l a t e d   i c e   l e n s e s  may occur. An increasing  f requency of i ce   l enses  

with  depth is common i n  many g lac io f luv ia l   depos i t s .  Massive i c e  i s  

general ly   located  under   glaciof luvial   deposi ts ,  most  morainic 

m. J. O'CONNOR & ASSOCIATES LTD. 
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highlands,  and some lacustr ine  benches which are raised above t h e  

surrounding  terrain.  

Ta l ik s  may e x i s t  under some l a c u s t r i n e  and al luvial   landforms,   but  

ta l iks  which completely  penetrate  the  permafrost   probably  occur  only 

under  very  large lakes and  the Babbage River. N o  r ecen t ly  abandoned 

lake bas ins  or streams are apparent   in   the  area. The base of   the 

permafrost  probably rises under most l a r g e   l a c u s t r i n e   p l a i n s  and  under 

the r e l a t ive ly   l a rge   channe l  now occupied by Deep Creek. 

5.5 Natural   Processes 

Thermokarst fea tures   a re   p rominent   in  the King Point  area  and are 

a s soc ia t ed   p r imar i ly   w i th   t he   g l ac io f luv ia l  and  morainal  landforms. 

Thermokarst development  involves  thawing  of  ice-rich material and 

subsidence  of   the  overlying  deposi ts   to  form a depression. The 

depression may then   cont inue   to  expand  due to  l a t e r a l  thawing  through 

its banks  and  possibly due t o  t h e  development  of  retrogressive-thaw 

f low-sl ides .   Col luvial  materials are deposi ted on t h e  floor of t h e  

depressions as a r e s u l t  of t h i s   p r o c e s s .  The banks  eventually 

s t a b i l i z e  when covered by s u f f i c i e n t   c o l l u v i a l  material t o   i n s u l a t e   t h e  

underlying  ice-rich materials from further  thawing. If drained,   the  

f l o o r  of the basin  eventual ly   refreezes   (producing some heave ) ,   i ce  

wedges form  and organic  cover  begins  to  accumulate. Many ponds  and 

closed, or par t ia l ly   c losed ,   depress ions   in   mora ina l   un i t s  were formed 

by th i s   p rocess ;   t he   dep res s ions   a r e   t yp ica l ly  0.25-0.5 km diameter and 

the f l o o r s   a r e  20 m below the surrounding h i l l   t o p .  Much l a r g e r  

lacus t r ine   p la ins   have  formed by the  coalescence of smaller 

depressions.  Within the l a c u s t r i n e   p l a i n s   a r e  monadnodes,  which a r e  

m. J. O'CONNOR C ASSOCIATES LTb. 
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the  remnants  of the or iginal   morainal   surface still underlain by 

massive  ice. 

Retrogressive-thaw  flow-slides are common on scarps and  slopes 

underlain by icy  sediments or massive ice. These slides are caused by 

melt ing  of   the  ice-r ich  sediments   underlying  the  s lopes  resul t ing  in  

t h e  downslope movement of the   mel t ing   mater ia l s .  These ma te r i a l s  form 

a viscous  mixture  that   f lows downslope on a low g r a d i e n t   u n t i l  it is 

dewatered t o   t h e   p o i n t  where it becomes r e l a t i v e l y   s t a b l e .   S c a r p s   a r e  

common fea tu res  of many of the  flow slides which are p r e s e n t l y   a c t i v e  

in   ice-r ich  morainal  materials. Some f low-sl ides   are  also occurr ing 

along the edge  of the   g lac iof luvia l   apron  west of King Point  where 

massive  ice has been  exposed.  Landslides are common along  the  coast  

where they are a c t i v a t e d   i n   p a r t  by coas ta l   e ros ion .  

Other mass wasting processes, s u c h   a s   s o i l  creep and, t o  a lesser 

e x t e n t ,   s o l i f l u c t i o n ,  are a c t i v e  on some surfaces.   Active  gullying on 

s t eep  scarps is occurring  mostly  along  the  coast   northwest of  King 

Point.   Material   eroded from t h e s e   g u l l i e s  is eventua l ly  removed from 

the  scarp  bases  by wave ac t ion .  

Alluvial   erosion  and  deposi t ion is p resen t ly   ac t ive   a long  both the 

Babbage River  and Deep Creek, as well as t h e i r   t r i b u t a r i e s .   E r o s i o n  on 

meanders has produced many small scarps   a long   the   r iver   courses .  

Deposition,  mainly of s i l t  and fine  sand,  occurs  on low ly ing  areas 

a d j a c e n t   t o  the streams. 
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Wind erosion of mine ra l   so i l s   i n   t he   s tudy  area is no t   ac t ive ,   bu t  wind 

erosion of organic   depos i t s  may be a c t i v e  on sparse ly   vege ta ted   s lopes ,  

pa r t i cu la r ly   du r ing   t he   w in te r  months. 

Wave erosion  and  long-shore  transportation of beach materials are 

ac t ive   a long   the   coas t .  Wave eros ion  is r e spons ib l e   fo r  t he  formation 

of t he   s t eep  coastal scarp  and  react ivat ion  of   landsl ides .  Comparison 

of aerial  photographs  over a period  of 20 years  and  the  observations 

and  photographs  recorded  over  the  years  in  personal  f ield  notes 

( p a r t i c u l a r l y   t h o s e  of MacKay, 1959, 1963) i n d i c a t e   t h a t   e r o s i o n  has 

caused   s ign i f icant   a l te ra t ion  of t h e  coas t l i ne   conf igu ra t ion .  MacKay 

( 1963) estimates coas ta l   e ros ion   of   severa l  metres per   year   inland a t  

King Poin t .  McDonald and Lewis  (1973) showed that c o a s t a l  retreat w a s  

most rapid i n  areas where f ine   g ra ined   depos i t s  formed t h e  c o a s t a l  

c l i f f s ,   e spec ia l ly   i f   t hey   con ta ined   h igh  ice contents  or i f  massive 

i c e  was present .  However, long-shore  transport  of coarse grained 

materials has   extended  the  spi t  t o  form a bar r ie r   bar   across   the   l agoon 

a t  King Point   indicat ing  that   coarse   grained  sand  and  gravel  are also 

being  eroded. Aerial photography  between 54/08/22 and 70/08/18 

documents the   c losure   o f  the lagoon by extension of t h e  spi t  by 450 m 

(28 m/a) and areal enlargement  of the s p i t  by approximately 58 000 m2 

(3600 m 2 / a )  . 
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6.0 SUBSURFACE  CONDITIONS 

6.1 T e s t  Hole Locations 

A t o t a l  of 43 tes t  holes ,   including  both  borings  and  cone  penetrat ion 

probes,  were  completed  during  the  course of the study. The loca t ions  

of a l l  t h e   t e s t   h o l e s  are shown on Drawing No. H-3, Appendix H.  

Strat igraphic   information  and  geotechnical  data obta ined   dur ing   the  

inves t iga t ion  are summarized on the   borehole   logs   in  Appendix A. Logs 

for   the   o f fshore   boreholes   a re   inc luded   in  Appendix A-1, the c o a s t a l  

borehole  logs are inc luded   in  Appendix A-2 and logs   fo r  the onshore 

boreholes are presented   in  Appendix A-3. Laboratory  tes t ing data a r e  

presented   in  Appendix B and r e s u l t s  of the  cone  penetrat ion tests a r e  

presented   in  Appendix C. 

6.2 Ground Temperatures 

6.2.1  Offshore 
"""""""" 

Ground temperatures were measured us ing   thermis tor   cab les  

i n s t a l l e d   i n  2 of the offshore  boreholes (F85KM2 and F85KF8) . 
The thermis tor   da ta  are recorded  in Appendix D and on the  

borehole   logs   in  Appendix A-1 . These thermistor   cables  which 

were ins t a l l ed   t h rough   t he   i ce   i n   t he  open boreholes were l a t e r  

destroyed by s h i f t i n g   i c e .  The  minimum temperatures of t he  

frozen  offshore  sediments  measured  with  the  thermistors  ranged 

from -1 .5’C  to   -1 .7’C.  However, s ince  these  temperatures  were 

measured only 1 t o  2 days a f t e r   i n s t a l l a t i o n  of t he  

thermis tors ,   they  are not   considered  to   be  representat ive  of  

t he   i n   s i t u   equ i l ib r ium  t empera tu res .  Lower temperatures 
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ranging  from -2OC t o  -3OC were, i n   f a c t ,  measured i n  some of 

t h e  undisturbed  tube  samples  from the offshore  boreholes   using 

hand-held d i g i t a l  thermometers.  These  sample  temperatures  are 

also recorded on the   borehole   logs   in  Appendix A-1 and on the  

summary s h e e t s   i n  Appendix B. Although the   o f fshore   thermis tor  

i n s t a l l a t i o n s  were destroyed by  moving ice, t h e  data were 

usefu l   in   the   p resent   s tudy   for   conf i rming   the   p resence  of 

subsea  permafrost   in  the  coarser  sediments.  

6 . 2 . 2  Onshore 

Thermistor  cables were i n s t a l l e d   i n  open boreholes a t  3 onshore 

loca t ions  (F85-13,  18 and 23). Ground temperatures  measured 2 

t o  6  days a f t e r   d r i l l i n g  and i n s t a l l a t i o n  are recorded i n  

Appendix D and  on  the  logs  in  Appendix A-3. The  minimum 

temperatures   recorded  in  the onshore  sediments  ranged  from 

-1OoC t o  -13OC. The temperatures of core  samples from t h e  

onshore  boreholes  measured  using  hand-held  digital thermometers 

were warmer than  those  recorded  with  the  thermistors .  These 

sample temperature  data  which are recorded on the summary 

s h e e t s   i n  Appendix B are not   considered to  be representa t ive   o f  

in   s i tu   temperatures   because  of   thermal   dis turbance  during 

d r i l l i n g  and core  sample  extrusion. 

Based  on the   l imi t ed  amount of good q u a l i t y  data it is evident  

that   the  onshore  ground  temperatures  at  King Point  are 

considerably  colder  than  those of the subsea  permafrost   in  the 

offshore.   Addi t ional   data  are r equ i r ed   t o   cha rac t e r i ze  more 

d e f i n i t i v e l y  the ground  thermal  regimes  in  both  the  onshore  and 

coas t a l   a r eas .  

m.J. O’connoR e associates ITD. 
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6 . 3  Offshore  Sediments 

6.3.1 S u r f i c i a l  Geology  and St ra t igraphy -_""_"""""""""""""""""- 

As Drawing No. 6 . 1  demonstrates,  King Point  is located  near   the 

western  margin  of  the  major  physiographic  province known as t h e  

Mackenzie  Trough.  Immediately off shore,  from the c o a s t l i n e   t o  

about 3 km offshore,  the  seabed  slopes  northeastward a t  an 

average  gradient of  approximately 0.5% t o  0.6%, b u t   t h e r e a f t e r  

the  pr incipal   gradient   turns   northward and becomes more gent le  

f o r  some d is tance .  

According t o  t h e  cone pene t r a t ion  test da t a  and geotechnical  

borehole  information  from the of fshore ,   the   sur f ic ia l   mar ine  

geology is comprised  of 2 p r i n c i p a l   s t r a t i g r a p h i c   u n i t s :  a 

recent  marine  sequence  of s i l t y  c l ays  and  an  older, much 

s t i f f e r  sequence  equivalent t o  the   depos i t s  of t h e  Yukon 

c o a s t a l   p l a i n  which was eroded dur ing   the  most recent  marine 

t ransgress ion .  The former  represents  Unit  A in   the   genera l  

geologic model of the Beaufort  Sea  Continental  Shelf  proposed 

by O'Connor ( 1980) ,  while the  la t ter  i s  s imi l a r  t o  (though  not 

necessa r i ly   t he  same age as)  the  pre- t ransgression  Unit  C 

sed iments   in   the   o ther   phys iographic   p rovinces   to  the east. 

This  area experienced  erosion  during  marine  transgression. The 

sur face  between the  2 u n i t s  is a major  unconformity  recognized 

along much of the   coas t  west of t he  Mackenzie  Trough. A map of 

the s u r f i c i a l  geology  of the  off   shore and c o a s t a l  areas which 

w a s  developed  from  the test  hole  information  obtained  during 

t h i s   s t u d y  is presented on Drawing No. 6 . 2 .  

The recent  marine  sequence i s  most c l ea r ly   s een  a t  l oca t ions  

F85KF4, KF5, KF6 and KF7 shown in   c ros s - sec t ion  Drawing N o .  

6.3. CPT t e s t ing   p rov ided   exce l l en t   de f in i t i on  of the 



Contour Elevations in metres 

Bathymetry 
(m)  

JOB No.: 10-300 DATE: 85/08/06 

DRAWN BY: MG DWG. No.: 6 . 1  



i 
I 

m 
P- 

+76660M)N 
Ir) 

N 
500 I000 

I 

m e t r e s  



10-300 Page 66 

s t r a t i g r a p h i c  changes  within t h e  recent   sur f ic ia l   mar ine  

sediments,  but  the  cone  could  not  penetrate  the  underlying 

older  coastal   sediments.   In  boreholes F85KF1, -2, KM2 and 

KF3, located wi th in  1 .7  km of the   shore l ine ,   these   o lder  

coastal   sediments  outcrop  directly  at   the  seabed. The edge of 

this   outcrop  occurs   c lose  to ,   but  seaward of borehole F85KF3, 

near  the 17 m isobath.  This  is about  the same edge of outcrop 

depth  previously  observed  near  Herschel  Basin (M.J. O'Connor & 

Associates Ltd . ,  1984) . 

A s  noted  above,  the  recent  marine  sequence  near  King  Point 

c o n s i s t s   e n t i r e l y  of so f t   c l ays  w i t h  a t r a c e   t o  some silt.  

According to   l abo ra to ry   t e s t   da t a  shown  on the  log  for  borehole 

F85KF7, t h i s  clay  appears  to be h igh   p l a s t i c  w i t h  some organic 

layers .  The underlying  older  sequence is comprised  mainly of 

low p l a s t i c  s i l t y  c lays  and clayey si l ts ,  but  sand and gravel 

l aye r s   a r e   a l so  common, both  near   the  surface  (see BH' s  F85KM1, 

-2, KF8) and  a l so   a t   depth   ( see  B H ' s  F85KM1, KF8). 

6 . 3 . 2  Geotechnical  Properties """"""""""-""""" 

A range of geotechnical  properties of t h e  marine  sediments  were 

measured i n  o rde r   t o   c l a s s i fy   t he   ma te r i a l s  and to  provide a 

basis  for  preliminary  design and assessment of t h e   f e a s i b i l i t y  

of proposed  developments i n  the  offshore and coas ta l   a reas .  

A l l  of t h e  laboratory  data   for  t he  off  shore  boreholes  are 

presented i n  Appendix C. P l a s t i c i t y   d a t a  for the off  shore 

sediments  have  been  summarized i n  Drawing No. 6 . 4 .  The f i n e  

grained  recent ( U n i t  A )  sediments   general ly   c lass i fy   as   high 

p l a s t i c  silts and organic si l ts ,  while   the  older  ( U n i t  C )  

sediments  are  generally low p la s t i c   c l ays  and silts. 
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The measured  moisture  contents  of the f ine   g ra ined   o f f shore  

sediments were t y p i c a l l y  between  about 15% and 25%, however, 

moisture  contents  ranging  from 30% t o  60% were a l s o  measured i n  

ice-rich  sediments  and  soils  containing  organic  peat.   Although 

Atterberg limits were not   determined  for   the  ice-r ich  and 

o r g a n i c   s o i l s ,  some of these materials appear to  have moisture 

contents  which may exceed  the  l iquid l i m i t .  The n a t u r a l  

moisture   contents  of those  offshore  samples which were analyzed 

were lower than   t he   l i qu id  l i m i t  and, i n  some cases, were  below 

t h e   p l a s t i c  l i m i t .  

The measured  bulk  unit  weights of the  recent   sof t   sediments  and 

organic   mater ia ls   ranged from 16 t o  20 kN/m3, whereas  those 

of t h e   s t i f f e r ,  pre-unconformity materials were genera l ly  

between  about 20 and 2 1.5 kN/m3. 

Undrained  shear  strengths of t h e  offshore  sediments were 

measured  using 3 d i f f e r e n t  methods: acous t ic  cone penet ra t ion  

tes t ing ,   the   P i lcon   vane  and the  miniature   laboratory  vane.  

The vane s t r eng th  data from  borehole F85KF7 and t h e  CPT data 

from test hole  F85KF4 ( a d j a c e n t   t o  F85KF7) a r e   p l o t t e d  with 

depth on Drawing No. 6.5. P ro f i l e s   o f   o the r   p rope r t i e s  

inc luding   mois ture   conten t ,   bu lk   un i t   weight   and   sa l in i ty   for  

t he   r ecen t  marine sediments  from  borehole F85KF7 are a l s o  

p l o t t e d  on  Drawing No. 6.5. There is some v a r i a b i l i t y   i n  the 

moisture  and  unit  weight data w i t h  depth,  however s a l i n i t y  and 

undrained  s t rength  general ly   increase  with  depth  in   these 

recent  sediments.  The da ta  on the  drawing  indicate  that  the 

vane s t r eng ths  compare reasonably well wi th   the  CPT s t r eng th  

p ro f i l e   ca l cu la t ed   u s ing  a cone  factor  (Nk) of 11. However, 

vane s t r eng ths  of undisturbed  samples  taken  over the  depth 

i n t e r v a l  11.9 t o  12.3 m,  i n   pa r t i cu la r ,   va r i ed   w ide ly  from 5 

kPa t o  95 kPa. This wide v a r i a t i o n   i n   s t r e n g t h  i s  be l ieved   to  

r e f l e c t  the lamina ted   s t ruc ture   over   th i s   depth   in te rva l .  

m.J. o*connoR ASSOCIATES ltd. 
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The s e n s i t i v i t y (  ( St) of the   recent   offshore  sediments  

was estimated  based on CPT f r i c t i o n   r a t i o s  (FR). Using t h e  

empir ica l   cor re la t ion   p resented  by Robertson  and  Campanella 

( 1983 ) (2 , St values  were found to  range  from  about 1 t o  

8 and  had a mean value of  about 4.  According to  t h e   c l a s s i f i -  

cation  system shown i n  Table 6.1, t h e   r e c e n t   f i n e   g r a i n e d  

sediments are s l i g h t l y   s e n s i t i v e   t o   v e r y   s e n s i t i v e ,   i n d i c a t i n g  

tha t   on ly  moderate reduct ions  in   undrained  shear   s t rength may 

r e s u l t  due t o  dis turbance and  remoulding of the  sediments. 

Ratios of  undrained  strength  (based on vane tests) t o   e f f e c t i v e  

v e r t i c a l  stress are plotted aga ins t   p l a s t i c i ty   i ndex   fo r   t he  

off  shore  sediments  in Drawing No. 6.6. The Cu/O; ratios 

der ived from the CPT da ta  a t  F85KF4 are a l s o   p l o t t e d  on Drawing 

No. 6.6 a g a i n s t   p l a s t i c i t y   i n d i c e s  ( Ip)  f o r  samples  obtained 

from the  adjacent  borehole F85KF7. An empi r i ca l   co r re l a t ion  

between Cu/U; and for  normally  consolidated soils 
presented by Skempton (1957)  is p l o t t e d  on t h e  same drawing fo r  

comparison. 

It is read i ly   appa ren t   t ha t   t he  CPT data from the   recent  

sediments  (Unit A) a l l  f a l l  close t o   o r   s l i g h t l y  above 

Skempton' s empir ica l   re la t ionship ,   conf i rming   tha t   the   recent  

sediments are normally or jus t   very   s l igh t ly   overconsol ida ted .  

The vane  data,  on the o the r  hand, exhib i t   cons iderably  more 

scatter and s igni f icant ly   h igher   va lues .  I t  i s  p resen t ly  

uncertain  whether  these  higher  values are t h e   r e s u l t  of using a 

d i f f e r e n t  method (the  vane)  for  determining  the  undrained  shear 

s t r eng ths ,   o r  whether  such  values  actually arise because t h e  

older   sediments   tes ted at some locat ions  using  the  vane  are  

more highly  overconsolidated  than  the  recent  sediments.   In  any 

case,   both sets of data fa l l   wi th in   the   range   no ted   p rev ious ly  

by other i n v e s t i g a t i o n s   i n  t h e  Beaufort  Sea. 

1. S e n s i t i v i t y  is d e f i n e d   a s   t h e   r a t i o  of undis turbed   to  remoulded 
s t rength .  

2 St 1O/FR% 

m. J. O'COnnOR 8 ASSOCICITES 1TD. 



TABLE NO. 6.1 

CLASSIFICATION OF SENSITIVITY VALUES 
(From Rosenqvist, 1953) 

S t  

Insensit ive 

S l ight ly   s ens i t ive   c lays  

Medium sens i t ive   c lays  

Very sens i t ive   c lays  

S l ight ly  quick c lays  

Medium quick clays 

Very quick c lays  

Extra qu ick  c lays 

about 1 . 0  

1 -  2 

2 -  4 

4 -  8 

8 - 16 

16 - 32 

32 - 64 

> 64 
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Overconsolidation  ratios* (OCR) were estimated based on the  CPT 

data from t e s t   h o l e  F85KF4 and t h e  p l a s t i c i t y  data from 

borehole F85W7 us ing   t he   empi r i ca l   co r re l a t ions   ou t l i ned  by 

Schmertmann (1978).  Estimated OCR values  are plotted with 

depth on  Drawing N o .  6.5  and are summarized in   Table  C-1 , 
Appendix C . The estimated OCR va lues   fo r   t hese   r ecen t  

sediments  range  from 1 t o  5 ,  with a mean of about 2.  The 

sed iments   exhib i t   s l igh t ly  more apparent   overconsol idat ion 

within the 'depth  interval  0 t o  11 m below  seabed  than  in  the 

i n t e r v a l  from 11 t o  17 m. S t i f f  t o  hard sediments  encountered 

a t  17.5 m may e i t h e r  be  ice-bonded or heavi ly  

overconsolidated.  

6.4  Coastal  Sediments 

6.4.1 S u r f i c i a l  Geology  and St ra t igraphy 
..................... 

Fi f t een  ( 15 1 coas ta l   boreholes  were drillel 

m. 1. O'COnnOR & ASSOCIATES 1TD. 
W 

d and 1 CPT w a s  

conducted to   inves t iga te   subsur face   condi t ions   a long  the 

b a r r i e r   b a r  and  under  the  coastal  lagoon a t  King Point .  

S t r a t ig raph ic  cross sec t ions   th rough  the   bar r ie r   bar  and  lagoon 

are p resen ted   i n  Drawings No. 6.7  t o  6 .10,   inclusive.  

Boreholes   d r i l l ed   a long   the   c res t  and f lanks  of the  ba r r i e r   ba r  

i nd ica t e  t ha t  the bar  is comprised  of  gravel and  sand  overlying 

f ine   g ra ined   ma te r i a l s   ( i nc lud ing  s i l t ,  c l a y  and pea t )  . The 

sediments  comprising  the  barrier  bar and beaches represent   Unit  

B i n  the general   geologic model of t h e  Beaufort Sea Continental  

Shelf  proposed by O'Connor (1980) .  

* Overconsolidation  ratio is def ined as t h e   r a t i o  of maximum p a s t  
e f f e c t i v e   v e r t i c a l  stress t o   t h e   p r e s e n t   e f f e c t i v e   v e r t i c a l   s t r e s s .  
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A north-south  s t ra t igraphic   cross   sect ion  through the  lagoon 

boreholes is presented   in  Drawing N o .  6.1 1.  Although t h e  

o r i g i n  of the sediments a t  the base of the  lagoon  are   present ly  

not  well defined, it appears   that   the   lagoon may have  formed 

i n i t i a l l y   a s  t w o  separate depressions which were eventua l ly  

interconnected as the  intermediate  causeway  of land was 

breached.  Dating  of  the  sublagoonal  sediments may provide 

i n s i g h t   i n t o   t h e  morphology of the lagoon.  For  example, it may 

be possible t o   e s t a b l i s h  whether or   no t  the t w o  depressions 

formed simultaneously  and  the  approximate time since  marine 

t ransgress ion  of each of the  depressions  occurred.  This 

information  has a bear ing on ex is t ing   subsur face   condi t ions  and 

on e s t i m a t e d   h i s t o r i c a l   r a t e s  of sediment  transport  and 

deposi t ion.  

Very s o f t   t o   s o f t   c l a y e y  silts were encountered  to  a depth  of 

7 m below the  mudline a t  the   south  end  of t he   l agoon   i n   t e s t  

hole F85KF9 and  borehole F851CF10. The th ickness  of soft silt  

in   the  nearby  borehole  F85KM5 was 4.1 m. However, only 1.5 m 

of s o f t   c l a y  was noted  below  the  mudline  in  borehole F85KM3, 

located in  the  north  sector  of  the  lagoon,  and no s o f t  

sediments were encountered  in  borehole F85KM4, l o c a t e d   i n   t h e  

cen t r a l   a r ea  between the  depressions. 

6.4.2 Geotechnical  Properties 
"""""""""""""~"" 

The g r a i n   s i z e   d i s t r i b u t i o n s   p r e s e n t e d   i n  Appendix C i n d i c a t e  

t h a t   g r a v e l  and  sand  materials  comprising  the  barrier  bar  are 

generally  poorly  graded ( w e l l  so r t ed )  . Fines  content  is 

gene ra l ly   g rea t e r   i n   t he  sands  t han   i n  the grave ls  and 

apparently  increases  with  depth.  The range  of   grain  s ize  

m.J. o*connor 8 ASSOCIATES [TO. d5 
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d i s t r i b u t i o n s  for gravel  and  sand  samples from boreholes which 

penet ra ted  the b a r r i e r   b a r  is i l l u s t r a t e d   i n   t h e   g r a i n   s i z e  

envelope  presented  in Drawing N o .  6.12. The est imated  quant i ty  

of grave l  and  sand i n   t h e   b a r r i e r   b a r  is approximately 

2 000 000 m3 based on the cross -sec t ions   p resented   in  

Drawings No. 6.7 t o  6 .10,   inclusive.   Addit ional   granular  

materials which  have  accumulated on the  beach to  the   southeas t  

of t h e   b a r r i e r   b a r  are not   included  in   the  above  es t imated 

quant i ty .  

P l a s t i c i t y  data for   f ine  grained  sediments   encountered  in   the 

coastal boreholes are p resen ted   i n  Drawing N o .  6.13. The f i n e  

grained  sediments  include l o w  p l a s t i c  s i l ts ,  c l ays  and organic  

pea t .  

Although  the  samples  in many of   the   coas ta l   ho les  were 

thermally  dis turbed  during  vibratory  extrusion,   ice-bonded 

f rozen   so i l s   (bo th   coarse  and f ine   g ra ined )  were  encountered  in 

some of the   coas t a l   bo reho les ,  as noted on the logs   i n  Appendix 

A-2. Massive  ground i c e  w a s  n o t   i d e n t i f i e d   i n  any  of the 

coas ta l   boreholes .  The d i s t r i b u t i o n  of ground i c e   i n   t h e  

coastal   sediments is poorly  defined  because of sampling 

d i s tu rbance .   Add i t iona l   i n   s i t u   t he rmis to r   da t a  i n  the 

v i c i n i t y  of the  coastal   lagoon would be use fu l   fo r   de f in ing  the 

t r a n s i t i o n s  of  ground temperatures between the  onshore,   coastal  

and of fshore  areas. 

Moisture   contents   of   the   f ine  grained  coastal   sediments   ( in  the 

thawed s t a t e )   r anged  from  about 5% t o  80%. The higher  moisture 

contents,   exceeding  about 50%, typ ica l ly   occur  either i n  

organic   or   ice-r ich  sediments .  The natural   moisture   contents  

exceeded  the  l iquid limits of s eve ra l  of the  coastal   sediment  

samples  analyzed, e. g. in   boreholes  F85KM7, KM8, KMl0 and 

m11.  

m. J. O’COnnOR & ASSOCIATES 1TD. 
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Undrained  shear  strengths were measured a t  only t w o  of t h e  

coas ta l   borehole   loca t ions   in   the   l agoon.  Vane t e s t s  were 

performed on undis turbed  f ine  grained  soi l   samples  from 

borehole F85KF'lO and a CPT was performed i n  test  hole F85KF9 , 
both   loca ted   in   the   southern   sec tor  of the lagoon. 

The vane data are p l o t t e d  on the  borehole   logs  in  Appendix A 

and the CPT data a re   p re sen ted   i n  Appendix C. Undrained  shear 

s t r eng ths  measured by vane t e s t i n g  of undisturbed  samples from 

borehole F85KF10 and  cone  penetrometer  results from test  hole  

F85KF9 (assuming a cone f a c t o r ,  NK of 1 1 )  are p l o t t e d  w i t h  

depth on Drawing No. 6.14 .  Some of   the  vane  s t rengths  are 

lower  than  the  comparable  cone  strengths,  suggesting t h a t  a 

cone fac tor   g rea te r   than  11, e.g. Nk = 14, may be more 

appropr i a t e   fo r  some of the  sediments  underlying  the  lagoon. 

The so i l  consistencies  and OCR values  shown on Drawing No. 6.14 

i n d i c a t e   t h a t   t h e   s t r e s s   h i s t o r i e s  of the s o i l   s t r a t a  under the 

lagoon  vary  considerably.  Very sof t ,   compressible  s i l t  is 

present   in   the   upper  7 m. The c l ay   ma te r i a l s  between 7 m and 

22 m have  consistencies  ranging from f i r m  t o   v e r y   s t i f f .  Below 

22 m depth  the  sediments are very  s t i f f   to   hard.   Overconsol i -  

d a t i o n   r a t i o s  estimated on t h e   b a s i s  of CPT da ta  from test  hole  

F85KF9 are less than 1 i n  the upper 7 m of sediment,  but  range 

from 2 t o  6 i n   t h e   u n d e r l y i n g   f i r m   t o   s t i f f  materials and 

con t inue   t o   i nc rease   fu r the r  t o  g rea t e r   t han  10 i n  the very 

s t i f f   t o   h a r d   s t r a t a   a t   d e p t h .  These OCR va lues   i nd ica t e   t ha t  

the  shallow  lagoonal  sediments i n  t he  upper 7 m a r e  

s l igh t ly   underconsol ida ted  or normally  consolidated  while the 

m. 1. O'COnnOR C ASSOCIatES 1TD. 
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sediments b e l o w  7 m depth  are  overconsolidated.  It is not  

p re sen t ly  known whether  the  high OCR values   obtained a t  depth 

a r e   i n d i c a t i v e  of a hard  stratum  or  ice-bonded  permafrost. 

The a v e r a g e   s e n s i t i v i t y  (estimated on the bas is   o f  CPT f r i c t i o n  

r a t i o s )  of the very  sof t   to   sof t   sediments   within  the  upper  7 m 

. of borehole F85W9 w a s  approximately 2 ,  i n d i c a t i n g   s l i g h t  

sens i t iv i ty   (Rosenqvis t ,   1953) .  The ave rage   s ens i t i v i ty  of t he  

under ly ing   f i rm  to   s t i f f   sed iments  w a s  about 4 ,  i nd ica t ing  

medium t o   v e r y   s e n s i t i v e   s o i l s .  These s e n s i t i v i t y   v a l u e s  

i n d i c a t e   t h a t   t h e   p o t e n t i a l   l o s s  of s t r eng th  of t h e  sublagoonal 

sediments upon remoulding is only  moderate t o  low. 

6.5  Onshore  Sediments 

Seventeen  (17)  onshore  boreholes were drilled over an a rea  of 

approximately 26 km2 i n   t h e  area south  and w e s t  of King Point .  The 

loca t ions  of the  onshore  boreholes  are shown  on Drawing No. H-3 , 
Appendix H . 
A s  descr ibed   prev ious ly   in   Sec t ion  5 .0 ,  these boreholes were d r i l l e d  

i n t o  a number o f   d i f f e r e n t   t e r r a i n   u n i t s .  While t h e   s t r a t i g r a p h i c  

conditions  encountered  in  the  onshore  boreholes  are  therefore  highly 

va r i ab le  (see t h e   d e t a i l e d   l o g s   i n  Appendix A-3) , most (over 8 0 % )  of 

the sediments  encountered were silts and clays. 

6.5.1  Index P rope r t i e s  
"""""""""""" 

P l a s t i c i t y  data for  the  onshore  f ine  grained  sediments which 

are summarized i n  Drawing No. 6.15 i n d i c a t e  that  these  

ma te r i a l s  are g e n e r a l l y   c l a s s i f i e d  as low p l a s t i c  s i l ts  and 

c lays .  
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Natural   moisture  contents measured af ter   thawing of the  onshore 

samples are plot ted  with  depth on the  borehole   logs and a r e  

l isted i n  Appendix B. The na tura l   mois ture   conten ts  are 

genera l ly  below t h e   l i q u i d  l i m i t  except  in  ice-rich  sediments 

and organic  peat. 

The s t r eng th  and  compressibility  of  the  onshore  sediments were 

not  measured  during  this  study. Both are   pr incipal ly   dependent  

on ice content  and  temperature  for  ice-rich  permafrost .  Core 

samples obtained  using  the Midwest r o t a s o n i c   r i g  were thermally 

dis turbed  and  therefore   not   sui table   for   compression  tes t ing.  

6.5.2 Onshore  Granular  Resources 
""""""""""""""""" 

I n   s p i t e  of the  predominance of f ine  grained  sediments   in   the 

s tudy area, coarse   g ra ined   mater ia l s   a re   a l so  common. Sand and 

grave l  were i d e n t i f i e d   i n  13 of the  onshore  boreholes (F85KM18, 

20,  21, 22, 24, 25, 26,  27, 28, 29,  31, 32 and 33). 

Unfortunately,  most  of the  sand and gravel   occurs   in   beds of 

only 1 t o  3 m th ickness ,   o f ten   in te rbedded   wi th  s i l t y  or clayey 

mater ia ls .   Gravels  of per imar ine   o r ig in   usua l ly   conta in  

r e l a t ive ly   h igh   f i nes   con ten t s  ( greater than 15% s i l t  and c l a y  

s i z e d   p a r t i c l e s ) .  Moreover, much of the grave l  is b u r i e d   a t  

appreciable  depths  ranging from about 10 t o  25 m under  ice-rich 

fine  grained  sediments.   Alluvial   sands  found  in  boreholes 

F85KM24 and 33 are   bur ied   a t   depths  of only 6 m and 1 m 

r e spec t ive ly ,   bu t   t hese  layers a r e   g e n e r a l l y   s i l t y  and a r e  

interbedded wi th  ice- r ich   mater ia l .  For these  reasons many of 

the  sand  and  gravel  deposits  near King Poin t  are no t   r ead i ly  

explo i tab le   for   engineer ing   grade   mater ia l s .  
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Deposi ts   of   glaciof luvial   sands  and  gravels   ident i f ied  in  

boreholes F85KM28, 31 and 32 are more r ead i ly   exp lo i t ab le ,  

because  they are usua l ly   c leaner  (less than 15% f i n e s ) ,  much 

th i cke r ,  and   occur   re la t ive ly   c lose   to  the ground  surface. 

Like  a l l  the  onshore  granular   mater ia ls ,  however, t hese  

depos i t s  are w e l l  ice-bonded,  and  therefore would r equ i r e  

gradual  development  over  several  seasons  or  blasting  of  the 

f rozen  gravels  i f  exp lo i t a t ion  is to   proceed.   Grain  s ize  

d i s t r i b u t i o n s   f o r  some of the  gravel  and  sand  samples  obtained 

from the  boreholes  are presented i n  Appendix B. A n  envelope  of 

t h e  measured   gra in   s ize   d i s t r ibu t ions   for   the   g lac iof luvia l  

materials in   boreholes  F85KM28, 3 1 and 32 is p resen ted   i n  

Drawing No. 6.16. 

6.5.3 Seasonal Thawing 
"""""""""""" 

Because the   p re sen t  programme was conducted  during the winter 

months, it w a s  d i f f i c u l t  t o  determine  the  thickness  of the 

a c t i v e  layer a t  King Poin t .   Genera l ly ,   f ine   g ra ined   so i l s  

along the Yukon c o a s t a l   p l a i n  which are covered by peat and 

moss have   ac t ive   l ayers  less than 300 mm in   thickness .   Coarser  

grained  gravels  or sands  with  broken  vegetative  cover may have 

ac t ive   l ayers   wi th   th icknesses   o f  1.0 t o  1.2 m (Rampton, 1982). 

Moss and organic   pea t  were p r e s e n t   a t  the ground sur face  a t  a l l  

of the  onshore  borehole  locations  hence it is l i k e l y   t h a t   t h e  

a c t i v e  layer thickness  i s  less than 300 mm over much of t he  

area. Surf ic ia l   pea t   th icknesses   encountered   in   the   boreholes  

ranged from about 100 mm (organic   veneer)  t o  seve ra l  metres 

(organic   pea t   b lanket ) .  
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6.5.4 Ground Ice 
""""""""" 

The occurrence  of  massive  ground i c e   p r e s e n t s   t h e  most 

s ign i f icant   geotechnica l   cons t ra in t  to  poss ib le   onshore   s i te  

development  because  the  potential   for thaw subsidence  and mass 

w a s t i n g   i n c r e a s e s   s i g n i f i c a n t l y   i f   t h e   e x i s t i n g  thermal 

equi l ibr ium of the ground is altered. The t e r r a i n   u n i t s  and 

approximate  thicknesses  of  massive  ground  ice  encountered  in 

each of the  onshore  boreholes are summarized in  Table 6.2. The 

g r e a t e s t  ground ice   th icknesses  were observed  under  the 

glaciof   luvial   aprons (see BH's F85KM31 and 32) and g l a c i a l  

moraine depos i t s  (see BH's F8SKM2 1, 23 and KM30 1 . A s  t h e  

d e t a i l e d  ground i ce   desc r ip t ions   p re sen ted  on the borehole  logs 

i n  Appendix A-3 demonstrate,  massive ice and  very  ice   r ich 

strata were i d e n t i f i e d   i n  a l l  but  one  of the onshore  holes 

(BHF85KM13) and  excess  ground  ice w a s  n o t e d   i n   a l l  of t h e  

boreholes.  The thicknesses  of massive  ice  noted  in  Table 6.2 

a re   s ign i f i can t ,   r ang ing  from less than 1 m t o   g r e a t e r   t h a n  

14 m. It  is noteworthy that  the   fu l l   dep th  of massive  ice w a s  

not   completely  penetrated  in  two of the   boreholes  (F85KM31 and 

F85KM32) 



TABLE NO. 6 .2  

SUMMARY OF TERRAIN TYPES AND GROUND I C E  DISTRIBUTION I N  
THE ONSHORE  BOREHOLES 

Total Thickness  of 
Massive Ground Ice  ( m )  Terrain  Units  Borehole 

F85 KM13 Colluvium, a l l u v i a l   f a n  and  marine  (beach  ridge) 
deposits  over  glacial   moraine (mcB/AF/wR/MM) 

0.0 

colluvium  over  perimarine  gravel (C,/gP) 0.5 F85 KM18 

F85 KM19 Lacus t r ine   p la in   depos i t   over   g lac ia l  till and 
perimarine silt  (Lp/MM/mP) 

2 .4  

Lacus t r ine   p la in   over   g lac ia l  till and  perimarine 
depos i t s  ( $/b/msgP 1 

1.5 F85 KM20 

Lacus t r ine   p la in   over   g lac ia l  till and perimarine 
depos i t s  (Lp/"/mSgP) 

F85 KM21 
5.5 

Organic   pea t   b lanket   over   l acus t r ine   p la in ,   g lac ia l  
moraine  and  perimarine  deposits (oa/Lp/M~) 

1 .5  F85 KM22 

colluvium  over  glacial  moraine (C,/") 10.0 F85 KM23 

F85 KM24 

F85 KM25 

A l l u v i a l   t e r r a c e   o v e r   g l a c i a l  moraine (AT/") 0 -8 

Col luvia l  complex and a l luv ia l   f an   ove r   g l ac i a l  
moraine  and  perimarine  deposits (C,/A,/M,/P) 

2 -5 

Organic   peat   b lanket   over   glacial  till and perimarine 0 . 9  
depos i t s  (OB/"/P) 

F85 KM26 

Organic   pea t   b lanket   over   g lac iof luvia l   sand ,   g lac ia l  
till and  perimarine  deposits (OB/G/M/P) 

1 .o F85 KM27 

Peaty  col luvial   b lanket   over   glaciof luvial   apron (CB/GA) 1.6 F85 KM28 

F85 KM29 Al luv ia l   t e r r ace   ove r   g l ac i a l  till and perimarine 
depos i t s  (AT/MM/P) 

0 - 5  

Glacial  moraine  over  perimarine  sediments ("/PI 5.8 F85 KM30 

F85 KM31 

F85 KM32 

Peaty  col luvial   b lanket   over   glaciof luvial   apron ( C B / G A )  >14.0 

Peat over  si l ty  colluvium  over  glaciofluvial   apron 
( &J/CB/GA) 

> 10 .o 

Al luv ia l   t e r r ace   ove r   g l ac i a l  moraine (AT/") 1 .o F85 KM33 



10-300 Page 92 

7.0 COASTAL  PROCESSES AT KING POINT 

7 . 1  Coastal  Morphology and  Sediments 

A descr ip t ion  of t h e   e x i s t i n g   c o a s t a l  morphology of the King Poin t   a rea  

provides   considerable   insight   into  present-day  coastal   processes ,  

e s p e c i a l l y   i n  terms of  sediment  supply,  sediment  transport  paths  and 

c o a s t a l   i n s t a b i l i t y .  The presence of c o a s t a l   c l i f f s   i n d i c a t e s  a ne t  

coas ta l   sed iment   def ic i t  and sugges t s   t ha t   t he   coas t  is i n  a s t a t e  of 

dynamic disequi l ibr ium as a r e s u l t  of changing  environmental  processes. 

The eroded materials which are derived  from t h e  predominantly  fine 

grained,   ice-r ich  sediments   compris ing  the  coastal   c l i f fs ,  are mainly 

t ransported  offshore,   a l though lesser amounts  of  sand  and  gravel are 

also  eroded from t h e   c l i f f s  and  deposited on the  beach. Barrier 

islands and sp i t s   p rov ide  an index of ne t   t r anspor t   d i r ec t ions  and, as 

such,   indicate  where poten t ia l   sed iment   s inks   ex is t .  These  examples 

i l l u s t r a t e   t h e   u t i l i t y  of i n f e r r i n g   c o a s t a l  process elements from 

c o a s t a l  morphology. 

Coastal  morphology a l so   p rovides   an   exce l len t   ind ica t ion  of c o a s t a l  

s t a b i l i t y  and may be used to   es t imate   coastal   sediment   budgets   or  

e s t a b l i s h  risks associated  with  engineering  proposals  provided t h a t  

changes i n   c o a s t a l  morphology can be  documented over time from shore   o r  

aerial photographic   surveys.   In   this  respect, aerial photography of 

King Po in t   fo r   t h ree   success ive  times (1954 and 1970 v e r t i c a l  aerial  

photography,  and 1984 oblique  colour  video  photography) can  be used t o  

estimate  coastal   morphologic  processes.  
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In  the King Poin t  area, the   coas t l ine   can   be   d iv ided   in to  the 6 major 

coas t a l  morphology  segments,  which a r e  l isted in  Table  No .  7.1 and 

shown i n  Drawing N o .  7 .1 .  

Grain  s ize   data   reported by R.M. Hardy and Associates ( 1 9 7 7 )  f o r   c l i f f  

and  beach  samples a re   p resented   in   Table  No. 7.2.  According t o   t h e  

g r a i n   s i z e  data in  Table No. 7 .2 ,  it may be inferred  that   sand-sized 

par t ic les   e roded  from t h e   c l i f f s  are t r a n s p o r t e d   r e a d i l y   t o   t h e   b a r r i e r  

beach  while some of t h e  grave l ,  s i l t  and c l a y   p a r t i c l e s  are excluded 

from the   sed iment   load   a r r iv ing  a t  the beach. However, t h e   g r a i n   s i z e  

da t a   fo r   ba r r i e r   ba r  samples   ob ta ined   dur ing   th i s   inves t iga t ion  which 

a r e  summarized i n  Table No. 7 .3  , ind ica te   tha t   mater ia l s   wi th   h igher  

proport ions of fines  and/or  gravel  than  suggested by the  more s e l e c t i v e  

data   in   Table  No. 7 .2  a r e   a l s o   p r e s e n t   i n  the ba r r i e r   ba r .  Neverthe- 

less, the  barr ier   bar   sediments   are   pr imari ly   coarser   grained  sands and 

gravels   with limited f ines   conten ts .  

The cliff   sediments  exposed  to  the  northwest of  King Point  are 

pr imari ly   f ine  grained  sediments   of   per imarine  or igin  a l though a 

glaciofluvial  apron  deposit  comprised  mainly  of  sand  and  gravel is a l s o  

exposed  over a l imi t ed   d i s t ance  (see Drawing N o .  H-2, Appendix H ) .  

Gravels  and  sands  within the per imarine  deposi ts   general ly   occur   in  

beds of only 1 t o  3 m th ickness  and con ta in   r e l a t ive ly   h igh   f i nes  

conten ts   (grea te r   than  1 5 % ) .  Based on the   p resent  data it appears that 

coarse  grained  sands  and  gravels  derived from coastal   erosion  processes  

are being  deposi ted on the  King Poin t   bar r ie r   beach  while  f ine   g ra ined  

sediments  are  probably  being  transported  offshore.  
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Segment Feature 

1 Barr ie r  Bar 1 
( 3  km e a s t )  

2 Low Coastal  C l i f f  

6 

Barr ie r  Bar 2 
( 1  km e a s t )  

Low Coastal   Cl i f f  

i t 1 1 1 

TABLE NO. 7.1 

DEFINITION OF COASTAL MORPHOLOGY  SEGMENTS 
I N  THE KING POINT AREA 

Linear  Extent  Description 

0.6 km 

1.7 km 

0.2 km 

1.0 km 

5.2  Re-curved  Ridges 

5 . 3  D i s t a l  Segment 

I I I 

King Poin t   Bar r ie r  Bar 1.9 km 

5 . 1  Proximal Neck (0.6 k m )  

5 . 4  Lagoon Beach 

High Coastal   Cl i f f  

(0.6 km 

( 0 . 7  km 

( "- I 

> 3 k m  

I I I 

Gravel/sand/driftwood barrier bar (50  m to  100 m width) 
across mouth of drowned va l ley   enc los ing  a lagoon. B a r  
breached by open channel  in  July,  1984 video  survey. 

Extensive  re t rogressive thaw f a i l u r e  wi th  mudflow 
t r anspor t .  Massive  ground ice in  headwall of f a i l u r e .  
Narrow gravel/sand  beach. 

Gravel/sand/driftwood  barrier  bar ( 5 0  m width) across 
mouth of  lagoon. 

I ce  rich and f i n e  sediment c l i f f  sec t ion .  Very narrow 
gravel/sand  beach. 

Mult iple ,   re-curved  spi t   r idges on backshore,  broken by 
overwash  channel,  fronted by paral le l   beach  r idges on 
foreshore.  

Pre-early 1950 's  sediment   deposi t ion  before   inlet  
channel  closure.  Generally 50 - 100 m width. 

C l i f f s  up t o  50 m above sea   l eve l .  Composed of e a r l y  
Wisconsin i c e - t h r u s t  sediments.   Old,   stabil ized 
sec t ions  and re -ac t iva ted ,   re t rogress ive  slump f a i l u r e  
sec t ions .  Narrow gravel/sand  beach  to 10 m width a t  
base.  
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Sediment  Size 
Class 

Gravel - Coarse 
- F i n e  

TABLE NO. 7 . 2  

RELATIVE  CHANGES I N  SEDIMENT SIZE CLASSES BETWEEN 
CLIFF SAMPLES  (SEDIMENT  SOURCE) AND BARRIER BEACH 

SAMPLES ( SEDIMENT SINK) 

Sand - Coarse 
- Medium 

- F i n e  

F ines  

C l i f f  Samples 
( %  w t . )  

38 

31  

6 

9 

12 

4 

Barrier 
Beach Samples 

( %  w t . )  

13 

29 

5 
37 

6 

0 

Relative 
Change 
( %  w t . )  

- 25 

- 2  

- 1  

+28 

- 6  

- 4  

NOTES : 

1. Data  from R.M. Hardy and  Associates  Ltd. ( 1 9 7 7 ) .  See Appendix 1 for o r i g i n a l  
sample da ta .  Note tha t   on ly  2 c l i f f  samples and 2 b a r r i e r  beach  samples 
were analyzed. 

2. Cl i f f  samples a re   on ly   r ep resen ta t ive  of 20 - 30% of t he   c l i f f   f ace   w i th   t he  
majori ty  of c l i f f   be ing   f ine   sed iments .  



GRAIN S I Z E  DATA SUMMARY 

1985 BARRIER BEACH SAMPLES 

I I I I 

F85KM7 

F85KM9 

F85KM12 

3.0 54.0 I 
I 

3.3 I 41.3 1 

0.5 I 37.4 I 
1 
1 

1 .o I 26.1 I 

I 
I 

1.9 I 58.0 I 

I 
2.2 I 50.2 I 

1 
I I I 

1.6 I 38.2 1 

5 -0 I 3.0 I 
6.0 I 45.6 I 

29.8 

54.3 

57 . O  

63.6 

56.7 

31.6 

37.4 

88.2 

51 . O  

1 16.2 

I 4.4 

I 
I 
I 
I 
I 
I 
I 

5.6 

10  e3 

5.1 

10.4 

12.4 

8 e 8  

3.4 

F85KM15 I 5 -0 32.9 66.4 

I 1 I 
0.7 

AVERAGE I 38.7% 1 53.6% 1 7.7 
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7.2 Coastal Erosion  and  Deposition 

Page 98 

In   the  longer  term, the   en t i r e   l eng th   o f  t h e  Yukon c o a s t a l   p l a i n  is 

undergoing  erosion as a r e s u l t  of  the coastal t ransgress ion .   In   the  

sho r t e r  term, however, s ec t ions  of the coas t   a r e   e rod ing  a t  va r i ab le  

rates with some sect ions  exhibi t ing  coastal   deposi t ion  and 

progradation. A summary of a l l  t he   ava i l ab le   h i s to r i ca l   da t a   r ega rd ing  

coastal   changes  in  the v i c i n i t y  of  King Point   are   presented  in   Table  

NO. 7.4 .  

Rates of coastal   erosion  and  deposi t ion  for   the King Point  area have 

been  determined  from h i s to r i ca l   accoun t s  and more r e l i a b l e  comparisons 

of v e r t i c a l  a i r  photographs. The loca t ion  of the grave marker of G. 

Wiik (shown i n  Plate No. 7 . 1  ) and its proximity  to  t he  c o a s t a l   c l i f f  

with time were used by McDonald and L e w i s  ( 1973) t o   e s t i m a t e  the rate 

of coas ta l   e ros ion ,   bu t   s ince   the   g rave  marker was moved, this est imate  

is considered less r e l i a b l e   t h a n   t h e  more r ecen t   ae r i a l   su rvey   r e su l t s .  

Rates of c o a s t a l  change fo r   t he   pe r iod  1954 t o  1970 a r e  shown f o r   t h e  

var ious   coas ta l  morphology  segments i n  Drawing No. 7 .1 .  In   add i t ion ,  

over   th i s   per iod  t h e  King P o i n t   s p i t  had grown southeastward 

approximately 400 m and  formed a barr ier   bar   completely  enclosing the  

lagoon. From a review  of t h e  1984 aer ial   v ideo  survey it is a l s o  

apparent tha t  t h e r e  has been  seaward  progradation of the   southeas t  end 

of the b a r r i e r   b a r   i n   t h e  order of 100 m s ince  1970. 

On a l a r g e r   s c a l e ,   t h e   c o a s t a l   c l i f f s   w i t h i n  20 km i n  either d i r e c t i o n  

from King Poin t   a re   e roding  a t  an  average  rate  of  approximately 

0.6 m/a; however, i n  the per iod 1954 t o  1970, t he  c o a s t a l  c l i f f s  t o  

m. 1. O’connor C ASSOCIATES 1TD. 
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Date 

1905 - 1906 

1906 - 1957 

1954 

1957 

1968 

1970 

1954 - 1970 

1984 

I I I I 

TABLE NO. 7.4 

SUMMARY OF HISTORICAL DATA OF VARIOUS TYPES ON COASTAL CHANGES 

Source 

Amundsen (1908)  

McDonald and L e w i s  
(1973)  

Vert ica l   a i rphoto  
( EMR 1 

MacKay (1960)  

Fishe r i e s  and  Oceans 
Canada (1981)  

Ver t i ca l   a i rpho to  
( EMR 1 

McDonald and L e w i s  

Oblique  Aerial 
Colour  Video 
Survey ( GSC 1 

I N  THE V I C I N I T Y  OF K I N G  POINT 

Description 

Roald Amundsen with the  crew  of t he  Gjoa wintered a t  King Point .  The boat 
was f rozen   in  by September 9,  1905, seaward  from the  sandspi t   in   about  
3 m of  water. 

An h i s t o r i c a l  and somewhat unreliable  account  of  coastal  retreat a t  King 
Point  based upon the   loca t ion  of the  grave  marker  of G. Wiik ( P l a t e  N o .  
7.1)  wi th   r e spec t   t o   t he   coas t a l   c l i f f .  A r i go rous   i n t e rp re t a t ion  
confirms a maximum of 10 m of c o a s t a l   r e t r e a t  between 1906 and 1957. 

The photo shows the  s p i t  beach w i t h  a channel  opening  of  approximately 
400 m. A n  extensive  beach is a l so   p re sen t   i n   t he   sou th  side of t h e  
lagoon. 

Photographs  taken  in 1905-1906 (Amundsen, 1908) compared with the   p resent  
coas t  (19571, show t h a t  t h e  sandspit   has been driven  landwards 
( sou theas t )  some 15 t o  30 metres. In  1957, depths  within  the  lagoon and 
t h e  wide channel  reached a maximum of 3 t o  3.5 metres.  

The survey  ship  Richardson  reported  that  t h e  lagoon was closed and the  
sand  bar  across it had b u i l t  up t o  a height  of  about 1 m. 

The photo shows the  entrance  channel  closed  with a ba r r i e r   ba r  width of 
approximately 100 m a t   t h e   l o c a t i o n  of the  former  channel. 

Based on airphoto  comparisons  and a ground  survey i n  1972 they  (1973)  
concluded: ( 1 )  a bay-mouth bar  about 100 m wide and composed of sandy 
pebble  gravel had grown (south)  eastward 425 m to  completely  enclose  the 
lagoon; ( 2 )  t h e   c o a s t a l   c l i f f   f o r  5 km west  of  King Point  showed no 
measureable  change;  and ( 3 )  between King Point  and  Sabine  Point the coast  
has   s t ra ightened by c o a s t a l   r e t r e a t  and the local   progradat ion of bay- 
mouth bars  and  mainland  beaches. 

The most apparent change is the progradation  deposit  of  beach  ridges a t  
t he  southeast  end  of t h e  b a r r i e r   b a r .  



P l a t e  No. 7 . 1  Grave   Marker  of G. W i i k  
( 1 9 0 5 )  a t  K i n g   P o i n t  
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5 km northwest of  King Point  showed no measureable  change. The c l i f f s  

are   general ly   high (30  m t o  50 m )  and a re   f ron ted  by a 15 t o  20 m wide 

beach. 

7 e 3  Sediment  Sources  and  Sinks 

A n  assessment  of  coastal   processes a t  King Point  was conducted by 

reviewing  possible  sediment  sources  and  sinks  within  the  coastal  

system.  Because  of t he  limited data base for the  area it was not 

cons idered   feas ib le   to   der ive   an   exac t   quant i ta t ive   coas ta l   sed iment  

budget. 

Within the ex ten t  of coas t  bounded  by Kay Poin t   to   the   nor thwes t  and 

the   Sh ing le   Po in t   sp i t  to  the   sou theas t ,   coas t a l   e ros ion  of 

unconsolidated terrestrial sediments is cons idered   to  be t h e  dominant 

source of sediment t o  the  c o a s t a l  zone. N o  l a r g e   r i v e r s   e n t e r  t he  

coas t  between Kay Poin t  and the Sh ing le   Po in t   sp i t .  Beyond these 

features ,   sediments  from l a rge   r i ve r s   a r e   t r anspor t ed  away from, r a t h e r  

than  toward, King Point .  The small streams which e n t e r   t h e  coast i n  

t h e   v i c i n i t y  of  King Poin t   a re   cons idered   to  be insignif icant   sediment  

sources.  L ikewise ,  shallow  marine  sediments  in  the  nearshore 

apparent ly  do no t   con t r ibu te   s ign i f i can t  amounts  of  sediment t o   t h e  

coastal   sediment load. 

An estimate of the  annual  contribution  of  sediments  from  cliff  erosion 

t o  10 km e i t h e r  side of  King Point  was derived from the  average  erosion 

r a t e  of 0.6 m / a ,  t he   ave rage   c l i f f   he igh t  (20  m )  and t h e   t o t a l   d i s t a n c e  

a long   the   coas t  (20  k m )  . The product of t hese   y i e lds  240 000 m3/a, 

of  which approximately 10% t o  50% may be excess   ice ,   thereby  reducing 

the ne t  amount of  sediment t o  as l i t t l e  a s  120 000 m3/a. Of t h i s  

amount, it is only   the   sand   and   grave l   s ize   f rac t ions   (es t imated  to  be 

approximately 10% t o  30% o r  12 000 t o  40 000 m 3 / a )  which w i l l  remain 

i n  t h e  coastal   system, t h e  s i l t  and c l a y   s i z e   f r a c t i o n s   b e i n g  suspended 

and t ranspor ted  t o  shelf   depths and  beyond. 
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The s ignif icant   s inks  for   eroded  c l i f f   sand  and  gravel   sediments  

inc lude   coas ta l   depos i t s  and  submarine  deposits as a r e s u l t  of  ongoing 

t ransgress ion .  T h e  coas ta l   depos i t s   inc lude   beaches ,   sp i t s ,   bar r ie r  

ba r s  and  lagoon f i l l   r e s u l t i n g  from  overwash processes .  The c o a s t a l  

beaches  along  the  base of c l i f f s   t o   t h e   n o r t h w e s t  and  southeast  of King 

Point  vary from non-existent up t o  10m t o  30 m in  width.  The only 3 

b a r r i e r   b a r   f e a t u r e s  are those shown i n  Drawing No. 7.1 ,  which also 

enclose  lagoons. U l t i m a t e l y ,  wi th   prolonged  coastal   t ransgression,  

coastal   sand  and  gravel   deposi ts  must ei ther be   re ta ined   as  a 

t r ansg res s ive   coas t a l   depos i t   o r  "smeared" as a lag   depos i t   over  t he  

nearshore  unconformity  that   results from the   t ransgress ion .  

7.4  Evolution Model of  King Poin t  Barrier Bar 

C o a s t a l   f e a t u r e s   i n   t h e   v i c i n i t y  of  King Po in t   cons i s t   p r imar i ly  of t he  

a d j a c e n t   c l i f f s  , the b a r r i e r   b a r  and the  lagoon.  These  have  evolved 

under the   in f luence  of a va r i e ty  of con t ro l l i ng   f ac to r s ,   i nc lud ing :  

1. The i n i t i a l   c o a s t a l   p l a i n  morphology,  sediments  and 

d i s t r i b u t i o n  of i c e .  

2 .  A gradual   sea  level  rise, Holocene t ransgress ion  and 

r e s u l t a n t   c o a s t a l   e r o s i o n .  

3 .  Coastal   sediment  transport   processes  influenced by waves 

and cu r ren t s .  

The p r i m a r y ,   o r   i n i t i a l ,   o r i g i n  of  King Point  is due t o  a topographic 

high of  deformed (preglac ia l )   per imar ine   depos i t s .   Converse ly ,   to  the 

southeas t ,  a re la t ive   topographic   depress ion   conta ins   the   bar r ie r   bar  

and  lagoon.   Although  there   are   several   possible   or igins   for  King 

m. 1. O'CONNOR & ASSOCIATES LTD. 
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Point ,  it appears that  the topographic  depression was probably  created 

as the r e s u l t  of  one o r  t w o  thermokarst lakes being  breached by the  

coas t a l   t r ansg res s ion .  There i s  no topographic  or  bathymetric  evidence 

t o   i n d i c a t e   t h a t  the lagoon  has  formed a s  a r e s u l t  of the submergence 

of a pre-ex is t ing   va l ley ,  however some downwasting appears t o  have 

occurred on t h e  landward side of the  former lake depressions.  

Once a loca l   i nden ta t ion  had been   c rea ted   in   the   coas t l ine ,  a 

discont inui ty   in   longshore  sediment   t ransport  was also crea ted  which 

r e s u l t e d   i n  a locus   fo r   s ed imen t   depos i t i on .   In i t i a l ly ,   t h i s   appea r s  

t o  have  occurred  both as the  formation  of a spi t  extending  southeast  

from  King Point  and as the  formation of a beach i n  t h e  south  lagoon 

embayment (based on the  1954 a i r  photograph) . Thus, the   locus  of 

deposi t ion  for   sediment   t ransported from the  northwest was the  s p i t  

while  the   locus  of deposi t ion  for   sediment   t ransported from the  

southeast  was the  lagoon  beach. The spi t  continued  to  advance 

southeastward  as   indicated by the  re-curved  spi t   r idges i n  t h e  middle 

and d i s t a l   s e c t i o n s .  A t  t he  same time, cont inued  coastal   t ransgression 

eroded most  of the  proximal  portion of the s p i t ,   l e a v i n g  a r e l a t i v e l y  

narrow  beach r idge   depos i t .  

Eventually,   the  southeastward  migration of t h e  s p i t  and the  migrat ion 

of the  lagoon  beach t o  t h e   i n l e t  mouth combined to  c lose   o f f   the  

channel. The exact  time of t h i s   e v e n t  is not  known, but  it probably 

occurred  in   the m i d  1960 I s .  Since  then,  the greatest amount of 

sediment  accumulation has occurred  as  prograded  beach  ridges  along the 

southeas t   sec t ion  of t h e   b a r r i e r   b a r .  T h i s  has  modified the l o c a l  

shorel ine  configurat ion from  concave  seaward to   a lmost   s t ra ight .  

1. O’COnnOR & ASSOCIATES 1TD. 



10-300 Page 104 

In   the   near   fu ture  (10 t o  20 yea r s )  it is l i k e l y  that  continued  coastal  

progradation w i l l  t ake   p l ace   i n  t he  southeas t   sec t ion   of   the   bar r ie r  

bar,   al though the locus  of  sediment  deposition may change o r  migrate a s  

the   loca l   shore l ine   o r ien ta t ion   changes .  

7.5 Modern Longshore  Sediment Transport  

For the  King Point  area t h e   r a t e s  and d i r ec t ions  of modern longshore 

sediment  transport  can  be  derived  using two approaches: 

1 .  The f i r s t  approach  consists of  measuring  shoreline  changes 

between t h e  1954 and 1970 ver t i ca l   a i r   pho tographs  and t h e  

1984 aerial  video  survey. When these   p lan  measurements a r e  

combined with  e levat ion,   borehole  and bathymetric data, t he  

volumetric  accumulation of sediment  can  be  estimated. 

2. The second  approach is the  numerical  estimation of sediment 

t ranspor t   us ing   h indcas t  wind and wave da ta ,  wave 

r e f r a c t i o n   a n a l y s i s  and  longshore  sediment  transport 

mode 1 s . 

The l a t t e r  approach  has  recently  been  applied  to the  King Poin t   a rea   in  

a study by Kei th  Phi lpot t   Consul t ing L t d .  (KPCL i n  1985) .  T h i s  study 

included a beach  plan  evolution model f o r  2 condi t ions,   wi th  and 

without  an  engineering  structure.  

The areas of coastal   sediment  accumulation  for  the  various  periods 

( 1954,  1970,  1984) are shown on  Drawing No. 7.2.  When combined w i t h  

borehole data of ba r r i e r   ba r  and nearshore  deposit   sediment  thicknesses 

(see Appendix F) and  shore l ine   fea ture   e leva t ions ,  it has  been  possible 

t o  compute  volumes of coastal  sediment  accumulation  (Table No. 7 . 5 ) .  

m. J. O’COCICIOR C flSSOCIATEI 1Tb. 
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TABLE NO. 7 . 5  

VOLUME ACCUMULATION OF COASTAL  SEDIMENTS AT KING POINT 

Per iod  

A t  1954 

1954 - 1970 

1970 - 1984 

Volume Accumulation 

(m3) 

1 500 000 to  2 500 000 

300 000 to  700 000 

200 000 to 300 000 

Average 

Accumulation Rate 

(m3/a) 

Unknown 

20 000 to  40 000 

15 000 to 20 000  
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The t o t a l  volume accumulat ion  pr ior   to  1954 ( 1  500 000 t o  

2 500 000 m3) appears t o  be  comprised  of  approximately 75% s p i t  

deposits  and 25% lagoon  beach  and  bay mouth depos i t s .  The f a c t   t h a t  

t h e  spit was being  extended  toward  the  southeast   suggests  that  75% of 

the  sediments were probably  derived  from  the  northwest.  Furthermore, 

t he   f ac t   t ha t   t he   p rox ima l  end  of the s p i t   d i s p l a y e d   t h e   e f f e c t s   o f  

t ransgress ion ,  would seem to   ampl i fy  the r e l a t i v e  amount of  sediment 

suppl ied from the northwest.  In t h i s  r e spec t ,  it is thought t ha t  t he  

lagoon  beach  sediments,  once  deposited by longshore  t ransport  from t h e  

southeas t ,  were trapped  and  not  recycled  out  through  the  entrance 

channel. It is also thought   tha t   the  amount of  sediment  bypassing  the 

channel w a s  very limited. 

A prel iminary estimate of  sediment  accumulation  derived  from  the 

comparison of a i r  photographs  for  the  period 1954 t o  1970 i nd ica t e s  

that   approximately 300 000 t o  700 000 m3 of  sediment  accumulated a t  

the  southeast   end of t he   ba r r i e r   ba r .  This has   r e su l t ed   i n  an average 

annual  rate  of  accumulation of 20 000 t o  40 000 m3/a.  This  can be 

cons idered   to   be   the  t o t a l  o r  gross quan t i ty  o f  sediment   t ransport   i f  

t h i s  sediment  accumulated  from  both  directional  sources  (northwest and 

sou theas t )   and   i f   t he   i n l e t  w a s  100% ef f ic ien t   in   t rapping   sed iment  and 

d i d  not  al low any  sediment  bypassing. The to t a l   quan t i ty   does   no t  

i n d i c a t e   t h e   r e l a t i v e  amounts  of t r anspor t  from the  northwest   or  

southeas t .  

F ina l ly ,  volume accumulation  from 1970 t o  1984 indicates   an 

accumulation rate of 15 000 t o  20 000 m3/a.  S ince   t he   i n l e t  of t he  

bay mouth w a s  c losed for this period,  sediment  transport  could now 

continue  along the coas t   in   bo th   d i rec t ions ,   thereby   reducing  the  l o c a l  

apparent  accumulation of sediment a t  t h i s  s ec t ion  of t he  shore l ine .  
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Thus, t he  lower  measured  accumulation r a t e s  between 1970 - 1984, than 

between 1954 - 1970, would also seem l i k e l y   t o   o c c u r   i n   p r i n c i p l e .  

I n  summary, a t o t a l  o r  gross sediment  transport   rate  of 20 000 t o  

40 000 m3/a seems rep resen ta t ive  of the southeast   sect ion  of   the King 

Poin t   bar r ie r   bar ,   wi th   an   h i s tor ica l   ind ica t ion  ( t o  1954) of 75% of 

the  t r anspor t  from the  northwest  and 25% from the   southeas t .  Because 

of t h e  changing   shore l ine   angle   a t  King Point and to  the   sou theas t  

( p a s t   t h e   b a r r i e r   b a r ) ,  it is a l s o  l i k e l y  tha t   the   percentages  of 

nor thwes t   and   southeas t   d i rec ted   t ranspor t   vary   loca l ly   a long   the  

coas t .  

A numerical  estimation  of  sediment  transport  and  beach  plan  change was 

conducted  for  the King Poin t  s i te  as p a r t  of a recent  coastal   sediment 

transport   modelling  study  in  the  Beaufort  Sea (KPCL, 1985 ) . The study 

compiled  available wind and  open  water data fo r   t he   pe r iod  1970 to  1983 

t o   d e r i v e d  time series p red ic t ions  of wave height ,   per iod and 

d i r e c t i o n a l   s t a t i s t i c s   f o r   o f f s h o r e ,  deep water loca t ions .  Wave 

r e f r ac t ion   ana lyses  were then  performed  using a nearshore  bathymetric 

g r id   t o   t r ans fo rm the deep water wave climate data t o  an inshore wave 

cl imate  a t  t h e   c o a s t a l  s i t e  of i n t e r e s t .  Computation  of p o t e n t i a l  

longshore  sediment  transport rates were then  performed  using a dozen 

separate  longshore  sediment  transport  models. " B e s t  es t imates"  were 

determined from t h e   r e s u l t s  of a l l  of t he  models. A beach  plan 

evolut ion model was a l s o  conducted  for King Po in t   fo r   t he  period 1970 

t o  1983. A t o t a l  of 11 beach  sections were de l inea ted  (Drawing No. 

7 . 3 )  and  longshore d r i f t  rates, beach  section volume changes  and  beach 

shoreline  posit ion  changes were determined. Beach plan  evolut ion was 

a l so   cons idered   to   eva lua te   the   e f fec t   o f  a h y p o t h e t i c a l   s t r u c t u r e   a t  

t h e  boundary  between  beach sec t ions  4 and 5 (Drawing No. 7 . 3 ) .  

m. J. O'COIIIIOR & ASSOCIATES 1TD. 
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The r e l e v a n t   r e s u l t s  of the  numerical m o d e l  estimates  of  sediment 

t r anspor t  are contained  in  Appendix F. Before  examining these r e s u l t s ,  

it is appropriate   to   review some of the l i m i t a t i o n s  and s impl i fy ing  

assumptions  required  to  operate the model, s ince  sediment   t ransport  

modelling is a t   b e s t  an  approximation of real physical   condi t ions.  

1. A l l  sediment  transport   models  determine  the  potential   or maximum 

longshore   t ranspor t   ra te  which is  on ly   r ea l i zed  when there is an 

unlimited  supply  of  sand. A t  King Po in t ,   t he   po ten t i a l   t r anspor t  

rate is probably  not  realized  because of mixtures  of  gravel , sand, 

s i l t  and c l ay   w i th   t he   add i t iona l   i n f luence  of  frozen  beach 

mater ia l s .  

2 .  Related t o  1,  in   the  beach  plan  evolut ion model t h e r e  is an 

underlying  assumption  that  a l l  of t he  material eroded from the  

ac t ive   beach   face  i s  t ranspor ted  as l i t t o r a l   m a t e r i a l  and tha t  

poss ib le   o f fshore  loss of f i n e  material is neglected.  A t  King 

Poin t ,   e roding   c l i f f   faces   conta in   subs tan t ia l   f ine   mater ia l  and 

h igh   ice   conten ts  which do not  become p a r t  of  beach  sediments i n  

t r anspor t .  

3 .  Waves a r e  refracted t o  a depth of 4 m using  available  bathymetric 

data. Inshore  of  the 4 m depth , waves are r e f r a c t e d   t o   t h e  

breakpoint  using  plane  beach  refraction,  assuming  the  contours are 

l o c a l l y   p a r a l l e l   t o   t h e   s h o r e l i n e .  However, it is known t h a t  t h e  

bathymetry  inshore  of 4 m is not   everywhere  paral le l   to  the 

shore l ine .  

m. 1. O'COnnOR 4 ASSOCIATES LTD. 
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4 .  Longshore cur ren ts  are assumed t o  be generated  only by the obl ique 

approach  of  breaking waves without  any  consideration of  wind 

generated  currents   within  the coastal zone. Wind genera ted   coas ta l  

currents   can  contr ibute   s ignif icant ly   to   longshore  current   speeds.  

5. For t h e  beach  plan  evolution m o d e l  with  the  condition  of a 

s t r u c t u r e ,   t h e   s t r u c t u r e  is only   cons idered   to   c rea te  no t r anspor t  

across  the boundary  of t he   ad jacen t   beach   ce l l s   w i th  no provis ion  

i n   t h e  model f o r   l o c a l   e f f e c t s   o f   t h e   s t r u c t u r e .   R e a l i s t i c   l o c a l  

e f f e c t s  would include wave d i f f r a c t i o n ,   r e f r a c t i o n ,  and s h e l t e r i n g ,  

a l l  of which would r e s u l t   i n   s u b s t a n t i a l  modifications i n   t h e  

volume of erosion/deposi t ion  es t imated by the model r e s u l t s .  

The detailed r e s u l t s  of the numerical model es t imates  of  longshore 

sed iment   t ranspor t   a re   p resented   in  Appendix F. These r e s u l t s  can  be 

general ized  to   provide  the  fol lowing main conclusions: 

1. The po ten t i a l   l ongshore   t r anspor t   a long   t he   coas t   a t  King P o i n t  

reaches a maximum gross   po ten t i a l  rate of  approximately 

200 000 m3/a. Numerical p red ic t ions   sugges t   t ha t   t he  14 year  

average  ra te  of  sediment  accummulation is approximately 2 t o  4 

times the  measured r a t e  shown in  Table  N o .  7.5. 

2 .  From year   to   year   there  may be more than  an  order  of  magnitude 

v a r i a t i o n   i n   t h e   r a t e  of  longshore  sediment  transport. 

3. From year   to   year   there  may be s i g n i f i c a n t   r e v e r s a l s   i n  the 

d i r e c t i o n  of net  sediment  transport .  

4.  Longshore  sediment t ranspor t   p red ic ted   for  the beach  sections shown 

i n  Drawing No. 7.3 ind ica t e s  t ha t  t h e   d i r e c t i o n s  and r a t e s  of 

m. 1. O’CONNOR 8 ASSOCIATES 1TD. 
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t r anspor t  are not  uniform  along  the King Point  coastl ine.   There is 

a zone of divergence  of  longshore  sediment  transport  near  the 

northwest  end of t h e   b a r r i e r   b a r  and a zone  of  convergence  of 

t r anspor t  a t  the  southeast  end of t h e   b a r r i e r  bar. 

5. The r e su l t s   fo r   t he   beach   p l an   evo lu t ion  model (see Drawing No. 

7 . 4 )  conducted  without a s t r u c t u r e   f o r   t h e   p e r i o d  1970 t o  1983 show 

eros ion  of t h e  sho re l ine  by 40 t o  50 m near the northwest  end  of 

t he   ba r r i e r   ba r  and deposi t ion  or   progradat ion of 100 t o  150 m on 

the southeast  end of the   ba r r i e r   ba r .   Th i s  is similar t o   t h e  

measured depositional  advance  between 1970 and 1984 determined 

using  aer ia l   photographs (see Drawing No. 7 . 2 ) .  However, t he  model 

pred ic ted  much higher rates of erosion  than the  average  measured 

r a t e  0.6 m/a. 

6. The r e s u l t s   f o r  the beach  plan  evolution model conducted  with a 

s t ruc tu re   i n   p l ace   fo r   t he   pe r iod  1970 t o  1983 are presented   in  

Drawing No. 7.5.  On the northwest  side of t h e   s t r u c t u r e ,   t h e  

shore l ine   pos i t ion   in i t ia l ly   p rograded   to  +80 m between 1970 and 

1974 and  then receded t o  -40 m from the   o r ig ina l   sho re l ine  by 1983. 

On the   sou theas t   s ide  of t h e   s t r u c t u r e ,   t h e   s h o r e l i n e   p o s i t i o n  

receded as much as 130 m. The p r e d i c t e d   t o t a l   a c c r e t i o n  of 

sediment on the  lagoon  beach  southeast  of King Point  is similar 

with or without t he  s t r u c t u r e .  

7. Although the   p red ic ted  rates of longshore  t ransport  and erosion/  

deposi t ion volumes a re   g rea t e r   t han   t hose  measured  from a c t u a l  

coastal   changes on a i r  photos,  t he  p a t t e r n  of erosion/deposi t ion 

is cons idered   to   be   representa t ive  of the   rea l   phys ica l   sys tem.  

T h i s  is subs t an t i a t ed  by the  actual  accumulation of sediment a t  the 

southeast  end of the ba r r i e r   ba r   a s   p red ic t ed  by the  beach  plan 

model fo r   t he   pe r iod  1970 t o  1983 (Drawing No. 7 . 2 ) .  

m. 1. O’CONNOR ASSOCIATE s ITD. 
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8 .0  IMPACT  OF  PROPOSED  DEVELOPMENT  AT  KING  POINT 

Future  development  of  the  King  Point  area  must  consider  not  only  the 

natural  environmental  and  physical  constraints  imposed  by  the 

terrestrial,  coastal  and  marine  conditions  which  presently  exist  in  the 

area,  but  also  how  these  existing  conditions  may  be  impacted  by  any 

proposed  development  scenario. 

Several  development  concepts  have  already  been  proposed  for  King  Point. 

Detailed  engineering  studies  have  not  yet  been  conducted  to  support  the 

proposed  conceptual  designs.  Such  studies have,  however,  been 

conducted  at  Stokes  Point  on  the  Yukon  Coast  and  at  McKinley  Bay  on  the 

Tuktoyaktuk  Peninsula,  as  well  as  at  Prudhoe  Bay  in  the  Alaskan 

Beaufort  Sea.  Information  obtained  in  these  other  areas  has  been 

helpful  in  evaluating  the  requirements  for  impact  assessment  in  the 

King  Point  area. 

8.1  Proposed  Harbour  and  Onshore  Developments 

A  total  of 6 proposed  harbour  and  onshore  development  schemes  were 

available  for  review  during  this  study: 

1. Peter  Kiewit  Sons  Co.  Ltd.,  Phase  I 

2. Peter  Kiewit  Sons  Co.  Ltd.,  Phase II 

3 .  Dome  Petroleum  Ltd.,  Short-term  Use 

4.  Dome  Petroleum  Ltd.,  Long-term  Development 

5 .  Monenco,  Phase I 
6. Monenco,  Phase II 

These  proposed  development  schemes  are  conceptual  only  and  do  not 

include  design  considerations  developed  on  the  basis of site  specific 

investigations. 

m. 1. O’CONNOR & ASSOCIATES 1TD. d5 
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Drawings of the proposed  development  concepts  are  included  in Appendix 

G. Test ho le   l oca t ions  from the p resen t   s tudy   a r e   p lo t t ed  on t h e  

drawings i n  Appendix G fo r   r e f e rence .  These t e s t   h o l e   l o c a t i o n s  were 

selected pr imar i ly  on the   bas i s   o f   geologica l   cons idera t ions   ra ther  

than   to   p rovide   spec i f ic   in format ion   requi red   for   engineer ing   des ign .  

8.1.1 Peter K i e w i t  Sons  co.  Ltd.,  Phase I """""""""""""""""""""- 

The Phase I K i e w i t  proposal  is intended  pr imari ly   to   support  a 

rock  quarrying  operation. The harbour  development  therefore 

has been  designed t o   p r o v i d e   f a c i l i t i e s   f o r   b u l k   c a r r i e r   v e s s e l  

loading  and a shore  pad  for the  temporary  storage  of  quarry 

products  (armour  stone  and  gravel). The proposed  harbour 

f a c i l i t y   c o n s i s t s  of  both a wide channel  dredged t o  13 m depth 

and  extending  toward  shore  as  far as the e x i s t i n g  8 o r  9 m 

depth  contour,  and a rock berm s to rage  pad b u i l t  on the  

northwest  end of the   bar r ie r   bar   wi th  a rock berm extens ion   to  

a depth of 8 m. A n  access   road   to   the  s i te  from the   southeas t  

has  been sited on the   ex i s t ing   ba r r i e r   ba r  w i t h  addi t ional   rock 

berm pro tec t ion   bes ide  the road. 

8.1 .2  Peter  K i e w i t  Sons Co. L t d . ,  Phase II 
...................... 

In  the  proposed  second  phase  the  original  Phase I development 

is s ignif icant ly   extended  to   provide  mult i -user   port  faci l i t ies  

on a year  round  basis. The Phase II harbour  includes an 

offshore  breakwater   paral le l  t o  the   sho re l ine ,  2 r ight-angled 

jetties enclosing a large  basin  dredged  to  a depth of 7 t o  13 m 

and the  complete  f i l l ing-in  of  the  existing  lagoon. 
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8.1.3 Dome Petroleum Ltd . ,  Short-term Use """""""""""""""""""""- 
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The development  proposed  by Dome Petroleum  includes a 4 ha 

camp, STOL a i r s t r i p ,   g r a v e l  mining areas and  access  roads. The 

proposed  harbour  development  consists  of a 800 m long  causeway 

or  breakwater  placed  approximately  perpendicular to  shore and 

ex tend ing   t o  a depth of 10 m. The causeway is shown as being 

attached t o   t h e  King Point  shoreline  immediately west of the 

northwest  end of t h e   b a r r i e r   b a r .  The causeway is o r i e n t e d   t o  

shelter vesse l s  from nor th  t o  northwest waves. The e x i s t i n g  

b a r r i e r   b a r  i s  shown as u n a l t e r e d   i n   t h i s  proposal. 

8.1.4 Dome Petroleum Ltd., Long-term  Development 

This expanded proposal   includes a 2100 m a i r s t r i p ,  16 ha camp, 

and  extended  access  roads  to  facil i tate  both  gravel  mining and 

rock  quarrying  operat ions.  The proposed  harbour  development 

cons i s t s  of a causeway extending 2200 m offshore  into  depths  of 

approximately 20 m and  an  additional  offshore  breakwater 

o r i en ted  t o  s h e l t e r   v e s s e l s  from  waves from the  north-northeast  

t o  easterly d i r ec t ions .  The b a r r i e r   b a r  is also  cut   through a t  

its northwest  end to   a l low  access  t o  a shal low  draf t  mooring 

basin  within  the  exis t ing  lagoon.  

8.1.5 Monenco, Phase I 

This  development scheme p r o p o s e s   t o   u t i l i z e   t h e  King Point  

lagoon a s  a harbour. The proposed  harbour  development  includes 

a dredged  channel  extending  perpendicular t o  the  sho re l ine  

from  the' 20 m depth  contour  which  cuts  across the  e x i s t i n g  
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b a r r i e r   b a r   i n t o  the lagoon. The channel is t o  be dredged t o  a 

depth  of 13 m(?) . It is not   c lear  a t  the p resen t  t i m e  whether 

or not  the  dredged  channel has p r o t e c t i v e  berms along i ts  

sides. For the   p resent   s tudy ,  it was assumed t h a t  there are no 

berms  and tha t   the   on ly   modi f ica t ion  of the sea f loo r  is a 

dredged  channel. 

The proposed  onshore  development  includes  administration, 

warehousing,  maintenance  and  support f a c i l i t i e s  wi th  a h e l i p o r t  

and STOL a i r s t r i p .  A n  access  road is  planned  from  the  harbour 

t o   t h e   a i r s t r i p ,  a d is tance  of approximately 3.5 km onshore. 

8.1 .6  Monenco, Phase II """"""""""""- 

This  proposal  includes a l a r g e   s c a l e  a i rport ,  townsite and 

harbour  development. The proposed  harbour  development  includes 

the  dredged  channel  of Phase I and two l a rge  "dog  leg" jetties 

or breakwaters  which are a t t a c h e d   t o  t he  shore and  extend 

o f f   sho re   t o   t e rmina te   i n  water depths  between 10 and 15 m. It 

is assumed that the  t w o  j e t t i e s   a r e   p r imar i ly   des igned   t o  

she l te r   the   harbour  from  Beaufort Sea wave ac t iv i ty ,   a l t hough  

t h e r e  is a re la t ively  large  opening  remaining between t h e  ends 

of   the two jett ies.  The je t t ies  may a l s o  be in t ended   t o   t r ap  

sand  and  gravel  beach  sediment on each side of the  harbour  and 

reduce  channel  maintenance  dredging  costs. 

8.2 Considerat ions  Related  to   Coastal  and  Offshore Development 

8.2 .1  Impact of  Coastal   Processes on Harbour  Developments 

Harbour s i t i n g   f a c i l i t i e s   a t  King Point  may be designed  only 

af ter   the   impact  of both  marine  and  coastal  processes on the 

development  have  been carefully  evaluated.  Although t h e  
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pauci ty  of coas ta l   in format ion  a t  King Po in t   p re sen t ly  

precludes  the  detailed  assessment  of any s i te  s p e c i f i c  

condi t ions ,  it is poss ib l e  t o  make some general   statements 

regarding the poten t ia l   impacts   to  be considered. 

Waves, cu r ren t s ,  sea i c e   f l o e s  and  storm  surges are but  some of 

the  marine  parameters  to be eva lua ted   i n  more d e t a i l   b e f o r e  

development  proceeds. From a coastal   process  viewpoint,  

chronic   erosion of t h e  unconsol idated  c l i f f   sediments  must 

remain a major cons idera t ion   for  any  long-term  development  of 

t he  area. The numerical   analyses  suggest  that   erosion rates 

may b e   s i g n i f i c a n t l y   a c c e l e r a t e d   a d j a c e n t   t o   j e t t i e s  

constructed  perpendicular   to   the  shorel ine.  

Harbour  development  must a l s o  take into  account  the p o t e n t i a l  

impact  of  longshore  sediment  transport  which may r e s u l t   i n  

accumulation  of material a t  t h e  je t t ies ,  i n  dredged  channels, 

and in   harbour   basins .  This  i s  pa r t i cu la r ly   impor t an t   fo r  

those   scenar ios  which inc lude   the   cons t ruc t ion  of a dredged 

channel   into  the King Point  lagoon as p a r t  of t h e  i n i t i a l  

phase.  Longshore  sediment t r anspor t  is so s u b s t a n t i a l  t ha t  it 

may not be f e a s i b l e  t o  s a t i s f a c t o r i l y   m a i n t a i n  such a channel 

wi thout   the   benef i t  of p r o t e c t i v e  jetties. 

Dredged channels which  extend  off  shore beyond t h e  17 m i soba th  

w i l l  l ikely  require  ongoing  maintenance as they may b e   i n f i l l e d  

with  fine-grained  sediments  originating  from  the MacKenzie 

Delta. A t  p resent ,   the   geologica l   ev idence   sugges ts   tha t  

erosion/accumulation rates vary   d i rec t ly   wi th   d i s tance  from the  

shore l ine .  It is doubtful ,  however,  whether  these same 

re l a t ionsh ips  w i l l  be  maintained  once  development is i n i t i a t e d .  

It  is not   poss ib le ,   therefore ,  t o  p r e d i c t   e i t h e r  t h e  optimum 
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o r i e n t a t i o n  or location  for  channel  dredging  without first 

conducting more detailed modelling  using s i te  specific coastal 

parameters. 

Development scenar ios  which  propose t o   u s e   t h e   b a r r i e r   b a r  of 

t he  King Point  lagoon  for  access  should  take  into  account  the 

e f f e c t s  of grounded  nearshore ice, i ce   r i dg ing  and ice push  on 

the   ad jacent   beaches .   In   addi t ion ,   cons idera t ion   should   be  

given t o   t h e  impact of erosion/deposi t ion on the barrier bar  

itself caused by overwash channels   ar is ing  during  s torm 

surges.  Such erosion may reduce   the   se rv iceabi l i ty  of access  

roads  constructed on the   ba r r i e r   ba r .  

8.2 .2  Impact  of  Harbour  Developments on Coastal   Processes 

The impact  of  harbour  developments on t h e  coas ta l   p rocesses  

themselves must a l s o  be   cons idered   pr ior   to   cons t ruc t ion .  

While de t a i l ed   coas t a l   s tud ie s   have   no t  been  conducted  during 

the p resen t   i nves t iga t ion ,  it is aga in   poss ib le  to  make some 

general   statements  based on the  range of engineer ing   s t ruc tures  

noted  in  the  proposed  development  scenarios. 

The most s i g n i f i c a n t   e f f e c t   o f  any  harbour  development  on 

coas ta l   p rocesses  is envisaged  to   be  the  modif icat ion of the 

longshore  sediment  transport  regime,  resulting  in  concomitant 

a l t e r a t i o n  of t h e  e x i s t i n g  sites of  sediment  erosion  and 

deposi t ion.  The construction  of  harbour je t t ies ,  causeways or 

breakwaters,  for  example, w i l l  form p a r t i a l   o r  t o t a l  b a r r i e r s  

to   the   longshore   t ranspor t  of  sediment  which now occurs from 

both  the  northwest  and  southeast   directions.  Beach sediment 

may i n i t i a l l y  be  trapped a t  t he  base of engineer ing   s t ruc tures ,  

gradually-  accumulating wide curved  beaches on the   ou t s ide  of 
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10-300 Page 121 

the harbour jet t ies.  Conversely,  one side of the  harbour 

s t r u c t u r e s  may become s ta rved  of t h e  na tu ra l   t r anspor t  of 

sediment  and  hence may become a s i te  of erosion.  Sediment w i l l  

a lso tend  to  accumulate  in  unprotected  dredged  channels  and 

mooring basins .   Exact ly  where these sites of  erosion and 

deposi t ion w i l l  occur,  and t o  what ex ten t   th i s   impact  w i l l  

develop, w i l l  vary with the  various  harbour  plan 

configurat ions.  The e f f ec t s   can  be mitigated  through 

a l t e r a t i o n  of the  design of the   engineer ing   s t ruc tures  or  

operational  maintenance  procedures  (for example,  beach  sediment 

bypassing,  beach  feeding,  or  beach  sediment  extraction),  but it 

is clear t h a t   s u b s t a n t i a l   a d d i t i o n a l  work is necessary   to  

understand  the  present  coastal   regime i n  more d e t a i l ,   b e f o r e  

such  design  measures  can be  proposed. 

Construction  of  access  roads on t h e   b a r r i e r   b a r  and the 

proposed i n f i l l i n g  of the  lagoon are not  expected  to  have  any 

s ignif icant   impact  on the   coas t a l   p rocesses .  

8.2.3 Dredging  Conditions 

Nearshore  dredging  operations a t  King Point  may expec t   t o  

encounter  pre-Holocene  (Unit C )  sediments  having f i r m  t o   ve ry  

s t i f f   cons i s t enc ie s   bo th  a t  t h e  seabed and a t   dep th   w i th in  

approximately 1.7 km from shore   ( to   about   the  17 m water 

depth) .  As descr ibed   in   Sec t ion  6.3, the  sediments are mainly 

f ine   g ra ined  silts and clays, but  coarse  grained  sands  and 

g rave l s   a r e  also p r e s e n t   a t   l o c a t i o n s   n o t e d  on the  borehole 

logs.  Ice-bonded  sediments may be  encountered  within  the 

an t ic ipa ted   d redging   depths ,   par t icu lar ly   c lose   to   shore .  

These may impede dredging rates; Very s o f t  t o  soft  sediments 
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were on ly   i den t i f i ed   i n   bo reho les   l oca t ed  beyond t h e  17 m 

isobath.  These la t ter  sur f ic ia l   sed iments   exhib i t   such  low 

undrained  shear  strengths t ha t  slope s t a b i l i t y   c o n s i d e r a t i o n s  

may form an important part  of  any  deep water dredging 

pro gramme. 

Although  only limited s t rength  information was obta ined   for   the  

of fshore   sed iments ,   resu l t s   o f   theore t ica l   s lope  s t a b i l i t y  

ana lyses   for  a range of s o i l   s t r e n g t h s  are presented .below t o  

permit  preliminary  assessment  of  possible  dredging  requirements 

for  channels  and mooring bas ins  a t  King Point .  

The short-term and  long-term s t a b i l i t y  of  submarine  trench 

Slopes for   vary ing  soil s t r eng ths  are presented   in  Drawings No. 

8.1  and 8.2 ,  respectively.   Although  the  conditions assumed f o r  

these   ana lyses  are of n e c e s s i t y   i d e a l i z e d ,   t h e   r e s u l t s   i n d i c a t e  

t h a t   s t a b l e   s l o p e   a n g l e s   f o r  long-term  (drained)  conditions  are 

shallower  and  therefore more c r i t i c a l   t h a n   t h o s e  for short-term 

(undrained)   condi t ions.  

The t h e o r e t i c a l   s h o r t - t e r m   s t a b i l i t y  of temporary  excavations 

in  sediments whose undra ined   s t rength   p rof i les   increase  

linearly  with  depth  depends  both on the  s lope  angle   and  the 

depth of excavation as ind ica t ed   i n  Drawing No. 8.1 .  Under 

such  assumptions, Drawing No. 8.1  demonstrates  that   trenches 

may be  dredged t o  a minimum depth  of 4.5 m even in  sediments 

where the  undrained  shear   s t rength does not  exceed 5 kPa, bu t  

the   s tab le   s lope   angles   then  become q u i t e   f l a t .   S t e e p e r  

temporary  slopes may be   excavated   in   so i l s  wi th  s l i gh t ly   h ighe r  
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strengths:   e.g.  a 4.5 m deep  cut  has a f a c t o r  of s a f e t y  (F) of 

1.3 a g a i n s t   f a i l u r e  a t  a slope  of 45O i f  c u ( H )  = 10 kPa, 

while 70° s lopes  are stable f o r   t h e  same trench  depth i f  

c u ( H )  = 15 kPa. 

For permanent  submerged cu t   s lopes   in   cohes ive   o r   cohes ionless  

materials (unde r   fu l ly   d ra ined   cond i t ions ) ,   s lope   s t ab i l i t y  

depends on the   f r i c t iona l   shea r ing   r e s i s t ance   o f   t he   so i l ,   bu t  

is independent  of  the  depth  of  excavation. Drawing No. 8 .2  

shows the   va r i a t ion   o f  stable s lope  angles   with  the  angle   of  

shea r ing   r e s i s t ance   fo r   f ac to r s  of safe ty   ranging  from 1 . 1  t o  

1.5.  For soils with  c '  = 0 and 8' = 25O, a permanent  slope 

angle  of 20° has a f a c t o r  of s a f e t y  of 1.3. 

8 .2 .4  Offshore  and  Coastal  Foundation  Conditions 
""""""""""""""""""""""""" 

Foundation  conditions  are  generally  considered to  be s u i t a b l e  

f o r  marine  s t ructures   located  within  about  1.7 km of   the 

coastl ine  and  founded on f i rm  to   ve ry   s t i f f   Un i t  C sediments. 

Soft ,   recent  marine  (Unit  A )  sediments  which  blanket  the  older 

Unit C materials fu r the r   o f f shore  are not   cons idered   to  be 

competent  foundation materials s ince   t hey   a r e   h igh ly  

compressible  and  have  relatively low shear   s t rengths .  The 

thickness  of t h e  Unit A sediments   general ly   increases   with 

distance  from  the  shoreline.   Recent  deposit ional  sediments 

nearshore  (within  about 100 m) comprising the beaches  and 

ba r r i e r   ba r   (Un i t  B sediments) are mainly  coarse  grained 

m a t e r i a l s   i n  a l o o s e   t o  compact s t a t e .  Because t h e  Unit B 

mater ia l s   a re   genera l ly   loose  and well sor ted   (poor ly   g raded) ,  

they  probably w i l l  not   support  major s t r u c t u r e s   o r  heavy 
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t raff ic   loading,   but   should  provide  adequate   support  for e a r t h  

f i l l  berms  and l i g h t   t r a f f i c   l o a d i n g .  The thermal   in te rac t ion  

of c o a s t a l  and  offshore  s t ructures   with  the  permafrost-affected 

sediments  which  presently  exist   near  the seabed must  be 

considered  during detailed engineer ing  design  s ince 

thaw-weakening may r e su l t   i f   t he   subsea   pe rmaf ros t  is degraded. 

Although  massive ice was not   encountered   in   e i ther   the   coas ta l  

o r   o f f shore  test  holes, ice-bonded  sediments, some containing 

v i s i b l e   i c e ,  were p resen t .  

Unfrozen,  compressible  sediments which are p resen t   a t   t he   base  

of t h e  King Point  lagoon are not  competent  foundation 

materials. The th ickness  of these   re la t ive ly   sof t   sub- lagoonal  

sediments is va r i ab le ,   bu t   gene ra l ly   appea r s   t o  be greater i n  

the   sou the rn   pa r t  of the lagoon  than  in the nor thern   sec tor .  

8.2.5 Lagoon Backf i l l  
""""""""""" 

I n f i l l i n g  of   the King Point  lagoon  with  dredged f i l l  and 

quarried rock has been  proposed to   p rovide  a l e v e l  pad  and 

working area for   s tockpi l ing   aggrega te .  Based on t h e   r e s u l t s  

of t h i s   s t u d y ,  it is a n t i c i p a t e d   t h a t   i n f i l l i n g  of t he  lagoon 

may cause   s ign i f icant   consol ida t ion  of the unfrozen, f i n e  

grained  sediments,   both  during  and  after f i l l  placement. The 

magnitude  of  consolidation  settlement is expected  to  be g rea t e r  

i n  the southern  sector  of the lagoon  (near  borehole F85KF10 ) 

t han   i n   t he   no r the rn   s ec to r   i n   t he   v i c in i ty  of borehole F85KM3 

due t o  t h e  grea te r   th ickness  of sof t   sed iments   in  the former 
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area.  Time-dependent  settlement  of  these  sediments  may 

introduce  a  requirement  for  on-going  maintenance  of  the  area, 

including  filling  and  regrading. 

Infilling  of  the  lagoon  is  expected  to  alter  the  thermal  regime 

in  the  underlying  materials  resulting  in  potential  aggradation 

of  permafrost  into  the  sub-lagoonal  sediments  and  eventually 

into  the  lagoon  backfill.  Although  freezing  may  reduce  the 

compressibility  of  these  sediments,  frost  heave  would  also  be 

expected  to  cause  significant  differential  surface  deform- 

ations,  resulting  in  on-going  maintenance  requirements  for 

surface  facilities  in  the  area. 

8.2.6 Lagoon  Dredging 

The  Monenco  development  scheme  which  proposes  to  utilize  the 

lagoon  as  a  harbour  would  require  excavation  of  a  channel 

through  the  barrier  bar  and  dredging  of  the  sub-lagoonal 

sediments.  While  it  is  apparent  that  dredging  the  lagoon  will 

alter  both  the  salinity  of  the  lagoonal  waters  and  the  thermal 

regime  in  the  underlying  sediments,  the  impact  of  these  changes 

is  not  clear  at  the  present  time.  Further  investigation  and 

mathematical  modelling  studies  should  be  conducted  to 

investigate  the  impact  of  specific  dredging  limits  on  the 

stability  of  the  adjacent  terrain. 

8.3 Engineering  Considerations  Related  to  Onshore  Development 

The  proposed  development  schemes  involve  the  construction  of  roads,  an 

airstrip,  housing,  warehouses,  shop  structures  and  other  related 

onshore  support  facilities  for  both  quarrying  and  marine  operations. 
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Construction of  such f a c i l i t i e s  w i l l  r equi re   the   explo i ta t ion  of local 

aggregate  sources.  The Kiewit Phase II proposa l   i nc ludes   i n f i l l i ng  of 

the  existing  lagoon  with  dredged materials and quarried  rock. The 

loca t ion   and   de ta i led   des ign  of a l l  onshore f a c i l i t i e s  for any  such 

development  must inc lude   carefu l   cons idera t ion   of   s i te   s t ra t igraphy,  

t h e  ground  thermal  regime,  the  distribution  of  ground  ice  and  the 

implicat ions of  thaw-induced  subsidence or slope movements a s  well as 

ground  surface  conditions.  

Engineer ing  considerat ions  re la ted t o  onshore  development are ou t l ined  

in   the   fo l lowing   subsec t ions .  

8 . 3 . 1  General -""""""" 

The r e s u l t s  of the   p resent   subsur face   inves t iga t ion ,   in  

conjunction  with  airphoto  interpretation  and  information 

der ived from previous  studies,   provide  an  overview of the 

na ture   and   d i s t r ibu t ion  of t h e   t e r r a i n   u n i t s   w i t h i n   t h e   s t u d y  

area. A t o t a l  of 9 gene r i c   un i t s  were iden t i f i ed   w i th in  the 

onshore  study  area. As Table No. H-1 demonstrates ,   these 9 

u n i t s  were fur ther   subdivided on the  b a s i s  of geomorphology, 

s t r a t ig raphy ,   ma te r i a l  types, ground ice ,   natural   processes   and 

engineer ing   proper t ies   in to  23 t e r r a in   un i t s .   Na tu ra l   haza rds  

and  general   engineer ing  propert ies   of   each  of   the  terrain  uni ts  

are summarized in   Table  No. H - 1 .  

S e v e r a l   c h a r a c t e r i s t i c s  of t h e   v a r i o u s   t e r r a i n   u n i t s  near King 

Po in t   a r e  of i n t e r e s t   w i t h   r e s p e c t   t o   f u t u r e   e n g i n e e r i n g  and 

s i te  development  considerations. Of par t icular   importance are 

the  fol lowing : 
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1. Permafrost is ubiqui tous   in  the onshore area. The limited 

amount of r e l i ab le   t he rma l   da t a   i nd ica t e s   t ha t   onshore  

permafrost  temperatures  within  the  upper 20 m of  the  ground 

surface  range  from  about  -13’C  to -8’C. 

2 .  Near sur face ,  ice-rich materials occur  in most a reas .  Ice 

wedges, some of  which are a c t i v e ,  are common. Those u n i t s  

t h a t  are poorly  drained,  such as the o rgan ic ,   l acus t r ine  

and a l l u v i a l   d e p o s i t s ,  are most prone to   sha l low thaw 

subsidence when their sur faces  are dis turbed,   a l though 

s igni f icant   subs idence  may also occur  due to  melting of 

well drained ice-rich mater ia l s .  

3 .  Massive  segregated ice occur s   p r inc ipa l ly   a t   dep th   w i th in  

the   mora ina l   and   g lac iof luvia l   un i t s .  The presence of 

l a r g e  thermokarst dep res s ions   i nd ica t e s   t ha t   t hese   un i t s  

are suscep t ib l e  t o  thaw  subsidence  i f   thermally  dis turbed.  

4 .  Tal iks  penetrating  the  permafrost   probably  occur  under the 

Babbage River  and  very  large lakes i n  the area. The base 

of  the  permafrost is bel ieved t o  rise under   the  larger  

l a c u s t r i n e   p l a i n s  and the  present-day Deep Creek channel. 

5 .  Retrogressive-thaw  flow-slides,   both  active and inac t ive ,  

occur on scarps   and  s teep  s lopes  in   ice-r ich  mater ia ls  

which  have  exposed cores of   massive  ice   or   ice-r ich 

sed iments ,   par t icu lar ly   a long  Deep Creek  and  along the 

coas t .  

6. The bes t   po ten t i a l   sou rces  of granular  material are t h e  

g l ac io f luv ia l   depos i t s .  The glaciof   luvial   apron west of 

King P o i n t ,   i n   p a r t i c u l a r ,  i s  a po ten t i a l   sou rce  of 

aggregate.  Some f ine-grained  ice-r ich material w i l l  

necessar i ly   have  to   be removed from these   depos i t s   t o  

f a c i l i t a t e   t h e i r   e x p l o i t a t i o n .  
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7 .  The perimarine and  rock  units  have l o w  ground ice contents  

and are r e l a t i v e l y   s t a b l e   w i t h   r e s p e c t   t o  thaw se t t lement .  

Massive  ground ice wi th in   t he   g l ac io f luv ia l  and  morainal 

depos i t s  may become u n s t a b l e   i f  thawed. S u r f i c i a l   d e p o s i t s  

compr ised   of   o rganic ,   co l luv ia l ,   a l luv ia l   and   lacus t r ine  

sediments are general ly   ice-r ich,   poorly  drained  and 

compressible when thawed. 

Detailed  information on subgrade  condi t ions  and  terrain types 

is  of  particular  importance when s e l e c t i n g   l o c a t i o n s   f o r  

s t r u c t u r e s ,  airstrips and road alignments.  Although  detailed 

engineering  information was not   co l lec ted   dur ing   the   p resent  

s tudy,  the prel iminary  engineer ing and geological  information 

t h a t  was obtained  demonstrates clearly that some t e r r a i n   u n i t s  

should be avoided,  whereas  construction may proceed  in   others  

provided  that   the  design  includes  appropriate  measures t o  

mitigate  the  envisaged  environmental  and phys ica l   cons t r a in t s .  

P o t e n t i a l  problem areas are iden t i f i ed   i n   t he   fo l lowing  

sec t ions .  

8.3.2 Engineering  Constraints t o  Development 
""""""""""""""""""""""" 

Areas where c o n s t r a i n t s   t o  s i te  development a r e   b e l i e v e d   t o  

e x i s t  are de l inea ted  on  Drawings No. 8.3 t o  8.5, i nc lus ive .  

The major cons t r a in t s  which arise both from unstable   foundat ion 

condi t ions  and natural   hazards   include:  

1. near-surface  ice-rich  sediments;  

2. massive  ground  ice; 

3 .  t a l i k s ;  

4.  thaw-unstable  slopes;  and 

5. poor surface  drainage.  
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The t e r r a i n   u n i t s   i n  which these   cons t r a in t s   a r e   p reva len t  were 

descr ibed  in   Sect ion 5.0 and are summarized  below. 

Subsidence  due t o  s u r f i c i a l   t e r r a i n   d i s t u r b a n c e  may occur i n  

un i t s   conta in ing   near -sur face  ice-rich sediments, namely t h e  

c o l l u v i a l ,   a l l u v i a l ,   o r g a n i c   ( p e a t )  and p a r t i c u l a r l y   t h e  

l acus t r ine   depos i t s ,  where surface  drainage is poor. 

Ice-r ich materials and  massive ice occur a t   d e p t h   w i t h i n   t h e  

morainal  and  glaciofluvial   deposits.   Areas where these  

depos i t s   a r e   p re sen t   i n   t he   s tudy  area are de l inea ted  on 

Drawing No. 8.3.  Induced  thawing of massive  ice may r e s u l t   i n  

much greater   subsidence  than  that  of the near   surface  ice-r ich 

sediments,  but more s i g n i f i c a n t   t e r r a i n   d i s t u r b a n c e  may be 

r e q u i r e d   t o   a c t i v a t e  thaw subsidence  in   these materials. These 

u n i t s   a r e  most vu lne rab le   t o  thaw degradat ion  a long  natural  and 

cu t   s lopes  where massive ice and  ice-rich  sediments may be 

exposed o r  may only  be  capped by a thin  cover  of soi l .  Removal 

of t h i s   p r o t e c t i v e   s o i l   c o v e r  may i n i t i a t e  thawing  and 

i n s t a b i l i t y .  

Ta l iks  under the major l akes   i n   t he   a r ea  (as well as the  King 

Point  lagoon) may inc lude   so f t  or weak Sediments  which  provide 

poor  foundation  support .   Drainage  or  backfil l ing  of these 

lakes  w i l l  r e s u l t  i n  aggradation of the  permafrost   along  with 

p o t e n t i a l   f r o s t  heave  and u p l i f t  of s u r f a c e   f a c i l i t i e s .  

Retrogressive-thaw  flow-slides  and  other  landslides are most 

prominent i n  the mora ina l   un i t s ,   bu t   a l so   occur   to  a lesser 

degree   i n   t he   g l ac io f luv ia l  and per imar ine   un i t s   ad jacent  
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t o  the   coas t .  Most o t h e r   t e r r a i n   u n i t s  are n o t   p a r t i c u l a r l y  

s u s c e p t i b l e   t o  mass wasting  because  the  scarps  or  steep  slopes 

developed on t h e s e   o t h e r   u n i t s  are not   underlain by massive 

i ce .  The occurrence  of  retrogressive-thaw  flow-slides is 

l i m i t e d   i n  the g lac iof luvia l   mater ia l s   because  the gravel  cover 

is well dra ined   and   re la t ive ly  stable even when thawed. 

Disturbance  of  these  slopes may, however, a c t i v a t e  

re t rogress ive- thaw  f low-s l ides   i f   s ign i f icant  volumes of ground 

ice  are present.   Similarly,   any  scarp  covered by colluvium may 

be  ice-rich  and  prone  to  the  development  of  retrogressive-thaw 

f low-s l ides ,   e spec ia l ly   i f  it is underlain by massive ice. On 

long  s lopes  underlain by morainal or c o l l u v i a l   d e p o s i t s ,  

s u p e r f i c i a l   f a i l u r e  and  sediment  flow may occur   i f  the ice- r ich  

near-surface materials are thawed. Po ten t i a l ly   uns t ab le   s lopes  

in   t he   s tudy  area are shown on  Drawing No. 8.4. 

Wet a reas  which  have  been de l inea ted  on Drawing N o .  8.5 and on 

t h e   t e r r a i n  map (Drawing No. H-2) are cons idered   to  be poor 

prospects  for s i t e  development  because  of  inadequate  drainage, 

as  evidenced by the  abundance  of  standing  surface  water.  This 

water may flow  along  ice wedges i f  thawing  of t h e  wedges is 

i n i t i a t e d  and a polygonal  system  of gullies may then  develop. 

In  many areas, it may be poss ib l e  t o  improve the   su r f ace  

drainage  condi t ions  in   conjunct ion  with the development. 

I n   g e n e r a l ,   t h e   u n i t s   l e a s t   s u s c e p t i b l e   t o  thaw  induced 

weakening  and se t t lement   a re   the   per imar ine  and  rock  deposits. 

Notwithstanding the presence of near-surface  ice-rich  sediments 

ove r ly ing   t he   l acus t r ine   depos i t s ,   t he   geo techn ica l   cons t r a in t s  

t o  development i n  these areas are cons idered   to  be  minimal 
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provided  that  measures are implemented t o  l i m i t  sur face  

dis turbance.  The onshore areas with minimal geotechnical  

c o n s t r a i n t s   t o  development are shown  on Drawing No. 8.6. 

Development within  the Deep Creek  Valley,   indicated on  Drawing 

No. 8.6 as an area where  minimal geotechnica l   cons t ra in ts  

e x i s t ,  would of course  be  contingent upon detailed evaluat ion 

of a r c t i c  hydrology  considerations  such as flood  hazards,  t a l i k  

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

8.3.3 Foundation  Conditions -"""""""_""""""- 

It is impor tan t   tha t   the  s i te  development  proceed in  accordance 

with well planned  construction  procedures  designed  to  minimize 

surface  dis turbance  because of t he  widespread d i s t r i b u t i o n  of 

i ce - r i ch   su r f i c i a l   s ed imen t s .   Eng inee red   f i l l s   fo r  roadways, 

a i r s t r i p s  and building  pads  should  be  designed  to l i m i t  

potential   thawing of the  natural   subgrade  mater ia ls   based on 

considerat ion of long-term  thermal  interaction  between  the 

s u r f a c e   f a c i l i t i e s  and  subgrade. P i l e   founda t ions   a r e  

g e n e r a l l y   p r e f e r r a b l e   t o   o t h e r  types of foundat ion  support   in  

most areas. 

Major s t r u c t u r e s  and su r face   f ac i l i t i e s   shou ld   gene ra l ly  n o t  be 

located i n  areas underlain by massive  ice .   Similar ly ,  

road-cuts  should  not be excavated  through  terrain  uni ts  

containing massive ice   o r   i ce- r ich   sed iments .  Where such 

c o n s t r u c t i o n   a c t i v i t i e s  are deemed unavoidable ,   special ly  

designed  mit igat ive  measures   such  as   insulat ion and s lope  

p ro tec t ion  w i l l  be required.  Such measures may have 

s ign i f i can t   cos t   impac t s  on the  development. 

m. J. O'COCIIIOR e ASSOCIATES 1TD. d5 
W 



7 Ct7 OOGN - 

W 
IC m 
+7666000N- 

!>I 

:;' 

N 
500 I O 0  

I 

m e t r e s  



10-300 Page 138 

Drainage  and/or  backfilling of lakes  should  be  avoided  or 

should  only  be  carr ied  out   subject   to   recogni t ion  that  t h e  

r e s u l t i n g   a l t e r a t i o n  of the ground  thermal  regime may cause 

permafrost  aggradation  into  the  lake  bed  sediments and possible  

f r o s t  heave  effects  . 
8.3.4 Natural  Hazards """"""""""-" 

The loca t ions   s e l ec t ed   fo r   su r f ace   f ac i l i t i e s  and s t ruc tu res  

should  generally  avoid  steep  natural   slopes i n  areas  prone  to 

thaw  induced i n s t a b i l i t y .  I f  access  road  alignments 

unavoidably  intersect  such  areas,   special   precautions must  be 

implemented t o  limit possible   surface  dis turbance and thawing. 

Faci l i t ies   located  adjacent   to   act ive  re t rogressive- thaw flow- 

s l ides   a long   the   coas t  must  be s e t  back  from t h e  s lope   to   a reas  

which w i l l  not be a f f ec t ed  by t h e  lands l ide   ac t iv i ty   dur ing  

the i r   requi red   opera t ing   l ives .  

Development i n  a reas  where surface  drainage is poor  should  be 

avoided i f  poss ib le   because   the   sur f ic ia l  sediments i n  these 

a reas   a re   usua l ly   i ce- r ich  and suscep t ib l e   t o  thaw subsidence. 

Wet a reas   a r e   pa r t i cu la r ly   suscep t ib l e   t o  thaw  degradation  if 

the  protect ive  cover  is dis turbed.  Development i n  these  areas  

is feas ib le   on ly   i f   spec i f ic  design fea tures  and construction 

procedures  are  implemented t o  minimize potent ia l   d is turbance.  

8.3.5 Prospective  Granular  Resource  Deposits 

m.J. o'connoR AUOCICITES [TIL rn 
W 

Several  prospective  sources of granular   mater ia ls  have  been 

ident i f ied  within  the  onshore  s tudy  area  during  previous 

inves t iga t ions .   Severa l   o ther   g ranular   depos i t s   (a l luv ia l  

terraces ,   f loodplains ,   fans)   are   general ly   considered  to  be 
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unsui tab le   for   explo i ta t ion   because  of t h e i r  small s i z e  or poor 

q u a l i t y .  

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

po ten t i a l   sou rces  of sand  and  gravel  within  the area. These 

prospects  are de l inea ted  on  Drawing No. 8.7. It has been 

estimated tha t  the   g lac iof luvia l   apron   loca ted  due w e s t  of  King 

Point   (near   borehole  F85KM31) contains  approximately 

4 500 000 m3 of accessible   sand and gravel  (Deposit  No. Y70 , 
R. M. Hardy & Associates Ltd., 1977). Samples taken from tes t  

p i t s   excava ted   i n   t he   ac t ive   l aye r  of t h i s  g l a c i o f l u v i a l  

depos i t  were c l a s s i f i e d  as well graded t o  poorly  graded 

gravels.   Boreholes  through  this same depos i t  (BH F85KM27,  28, 

31 and 32) i n t e r s e c t e d   s t r a t i f i e d   g l a c i o f l u v i a l  material 

cons i s t ing  of 2 t o  9 m of s i l t y   g r a v e l   o v e r l y i n g  0 t o  5 m of 

s i l t y ,  well graded  sand,  and 2 t o  6 m of well graded sand  and 

grave l  which contained  occasional  s i l t  beds.   Exploitation of 

these   depos i t s  would n e c e s s i t a t e   t h e  removal  of several   metres  

of ice- r ich   sur face  materials ( 2  t o  14 m )  and may be  expected 

to  cause  thawing  of the underlying  massive  ice. 

G lac io f luv ia l   depos i t s   i n   t e r r aces   gene ra l ly   con ta in   t oo  much 

f ine   g ra ined  silt t o  be   u t i l i zed   as   aggrega te   accord ing   to  a 

report prepared by  Klohn Leonoff Consultants L t d .  (1975) f o r  

Esso Canada Resources  Ltd.  Nevertheless, materials from these  

depos i t s  may b e   s u i t a b l e   f o r  some purposes  such  as  road  sub- 

base f i l l ,   b u i l d i n g   p a d s  a n d   g e n e r a l   f i l l .  It  is est imated 

that  approximately 2 000 000 m3 of  such  granular materials 

may be   ava i l ab le   i n   g l ac io f luv ia l   t e r r ace   depos i t s  shown t o   t h e  

southwest  of Deep Creek on Drawing N o .  El. 7 and  on Drawing No. 

H-2 i n  Appendix H. 
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A stratum of well graded  gravel and  sand 0.7 m i n   t h i c k n e s s  was 

encountered  in a t e r r aced   g l ac io f luv ia l   depos i t ,   l oca t ed   nea r  

the  southwest  boundary of t h e  area, during  the  study  conducted 

by R. M. Hardy & Associates L t d . (  1977) (ho le  N75-117D-B13-A). 

This   deposi t   contains  an est imated volume of 1 000 000 m3. 

Ice-r ich material under l ies   th i s   depos i t .   Smal l   a reas   o f  

g l a c i o f l u v i a l  materials denoted as GH or GR on Drawing N o .  H-2 

may also provide   eas i ly   access ib le   loca l   sources  of aggregate,  

a l though  the   ava i lab le  volumes  of m a t e r i a l   i n  these depos i t s  

may be  very  l imited.  

A depos i t  of sandstone  debris   overlain by co l luv ia l   venee r   i n  

the southern   par t  of t h e  area (ho le  N75-117A-B1-1 on Drawing 

N o .  H-2)  may be s u i t a b l e   f o r   g e n e r a l   f i l l  and  building  pads,  

according t o  R. M. Hardy & Associates Ltd.  (1977). The 

est imated volume of ma te r i a l  which is accessible   without  

b l a s t i n g   i n   t h i s   a r e a  is 1 000 000 m3. 

Marine  beach d e p o s i t s   c o n t a i n   f a i r  t o  good qual i ty   g ranular  

aggregate   mater ia ls .  R. M. Hardy & Associates L td .  ( 1977) 

tested samples of material from the  King Po in t   ba r r i e r   ba r  

(Deposit  Y72) fo r   su i t ab i l i t y   a s   conc re t e   agg rega te  and  found 

it t o  be  of fa i r  qua l i t y .  The t o t a l  estimated volume of 

granular  material comprising the  beaches  and  barrier  bar  within 

the map area is 4 000 000 m3. Removal of the  beach materials 

f ron t ing  t h e  c o a s t a l  c l i f f s  may not  be  acceptable  because of 

t h e   p o t e n t i a l  for acce le ra t ed   coas t a l   r e t r ea t .   Res to ra t ion  of 

the  bar r ie r   bar   wi th  time by na tura l   long   shore   t ranspor t  is 

conceivable,  however, random removal of t h i s  mater ia l   might  

a l s o   s i g n i f i c a n t l y   a f f e c t   t h e   p r e s e n t  rate and p a t t e r n  of 

coas ta l   e ros ion .  

m. J. O’COIIIIOR C ASSOCIATES 1TD. d5 
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A depos i t  of p reg lac i a l   g rave l s  and  sands  along  the  coastal  

escarpment  immediately  northwest  of King Point  which was 

designated as Deposit Y71 by R. M. Hardy & Associates  Ltd. 

(1977)  contains  approximately  1 500 000 m3 of granular  

material. It may be d i f f i cu l t   t o   s eg rega te   c l ean   s ands  and 

gravels  during  excavation  because of t h e  s t ra t i f ied nature  of 

this   deposi t .   Mit igat ive  measures  would a l s o  be  required t o  

minimize t h e   e f f e c t s  of acce lera ted   coas ta l   e ros ion   fo l lowing  

removal  of t h i s  material. 

Some ridges  of  sand  and  gravel  occur  within  the  perimarine 

u n i t s .  Although the qua l i ty   o f  these materials is probably 

s u i t a b l e   f o r   g e n e r a l  s i te development  purposes,   the  lateral  

ex ten t  of these   depos i t s  is l imited  because  of   their   s teep 

inclinations.   Furthermore,   they  are  generally  covered by 

appreciable  depths of organic  and f ine   g ra ined   ma te r i a l s   ( fo r  

example see the   logs  of boreholes F85KM21 and KMF8526). 

Explo i ta t ion  of these  per imarine materials may, therefore ,   no t  

be   p rac t ica l .  

I n  summary, there   appear   to   be   subs tan t ia l  volumes of granular  

resources  which are su i t ab le   fo r   t he   env i saged  s i te  development 

of King Point.   Although  the  deposits which  have  been 

iden t i f i ed   con ta in  more than 14 000 000 m3 of granular  

ma te r i a l s ,   exp lo i t a t ion  of some of these  resources  may not  be 

p rac t i ca l ly   f ea s ib l e .   P re sen t   p ro j ec t ions   i nd ica t e   t ha t   on ly  

about 50% of t h i s   t o t a l  volume may u l t ima te ly  be a v a i l a b l e   f o r  

exp lo i t a t ion .  The g lac iof luvia l   apron   depos i t s   a re   cons idered  

t o  be t h e  most readi ly   access ib le   sources  of s u i t a b l e   q u a l i t y  

granular  materials. 

m. 1. O’COCICIOR C CISSOCIATES 1TD. 
W 
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8.4 Summary 
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Development of t h e  King Point  area  as a mul t i -u se r   po r t   f ac i l i t y   and /o r  

a base  for   quarrying  operat ions is considered to  be gene ra l ly   f ea s ib l e  

based on t h e   r e s u l t s  of the  present  study.  Although a number of 

environmental   and  physical   constraints  to  development  have  been 

i d e n t i f i e d ,  it is recogn ized   t ha t   t he   po ten t i a l ly   adve r se   e f f ec t s  of 

development  can  be  mitigated by implementing the appropr ia te  s i t e  

selection  and  engineering  design  procedures.  

Some of t h e  important  impacts  and  constraints related to  harbour  

development  which  should  be addressed i n  de ta i led   engineer ing   des ign  

s tudies   inc lude :  

1.  

2 .  

3 .  

4 .  

5. 

6. 

7 .  

8 .  

Erosion  of  unconsolidated  cliff   sediments.  

Accumulation  of  sediment  adjacent t o   s t r u c t u r e s  , i n  dredged 

channels and  mooring bas ins .  

Nearshore ice condi t ions.  

Dredgabi l i ty  of s t i f f  and/or ice-bonded sediments. 

S t a b i l i t y  of  submarine  trench  slopes. 

Offshore  and  coastal   foundation  conditions.  

Impact  of b a c k f i l l i n g  the coastal   lagoon.  

Impact of dredging  lagoonal  sediments  and  breaching  the 

ba r r i e r   ba r .  

m. 1. O'COCICIOR e CISSOCIATES ITD. d5 
W 

Following are t h e  major f a c t o r s   i d e n t i f i e d   d u r i n g  t h e  present   s tudy 

which may constrain  onshore  development: 
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1 .  Potential  instability  of  foundations due to :  

a )  thermal  degradation of near-surface  ice-rich  sediments 

or massive ground ice; 

b) permafrost  aggradation  into  drained or in f i l l ed   l ake  

bas i n s .  

2 .  Natural  hazards  such  as: 

a)  landslides  (thaw-unstable  slopes); and 

b) poor surface  drainage. 

3 .  The access ib i l i ty   o f  granular  resources  for development. 

m. J. O'COCIIIOR 8 ASSOCIATES 1TD. m 
W 
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9 . 0  SUMMARY AND CONCLUSIONS 

9 . 1  Off shore  Geotechnical  Studies 

Page 145 

9 .1 .1  Gravel,  sand, s i l t  and c l ay   ma te r i a l s  were encountered a t  the 

seabed   i n   geo techn ica l   bo reho les   d r i l l ed   t o  a   dis tance of 

approximately 1.7 km from the   coas t l i ne .  A l l  sediments  appear 

t o  have  dense  or  f irm t o  ve ry   s t i f f   cons i s t enc ie s ,   and  are 

be l i eved   t o   r ep resen t  materials exposed  by coas ta l   e ros ion  

dur ing   the  most recent  marine  transgression  (Unit  C ) .  Further 

o f f shore   t h i s   o lde r   s t r a t ig raph ic   un i t   has  been  blanketed by 

v e r y   s o f t   t o   s o f t ,   r e c e n t   m a r i n e ,   h i g h   p l a s t i c  c l a y  (Unit  A). 

9.1.2 Rela t ive ly  slow dredging rates may be a n t i c i p a t e d  when 

excavating  channels  or  deepening  harbours  founded  in  the  older, 

s t i f f e r  sediments or i n  ice-bonded  sediments. Slope s t a b i l i t y  

cons idera t ions  may form  an  important  part   of  the  dredging 

process   for   excavat ions   founded   in   the  sof t  recent  mar ine  

sediments  further  offshore.  

9.1 .3  Although  massive ice was not   encountered  in   e i ther   the  offshore 

boreholes   or   the   coastal   boreholes ,  some of the  shallow 

nearshore  sediments  and  sediments  underlying  the  barrier bar 

are known t o  be ice-bonded  and  contain  visible ice. The i n  

s i tu   s t rength   o f   the   nearshore   sed iments  may be  due, i n  part, 

t o   t h e   p r e s e n c e  of t h i s  ice-bonding.  Degradation  of  the  subsea 

permafrost  may the re fo re  be e x p e c t e d   t o   r e s u l t   i n  some thaw 

weakening  of t hese  materials. 

9.1.4 Thus, while  existing  foundation  conditions are genera l ly  

be l i eved   t o  be su i tab le   for   mar ine   s t ruc tures   p laced   wi th in  

1.7 km of the  coast l ine,   engineer ing  design  must   consider  the 
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thermal   in te rac t ion  of the s t ructures   with  the  permafrost-  

affected  sediments which p r e s e n t l y   e x i s t  a t  or n e a r  the 

seabed. 

9 . 2  Coastal Studies  

9 . 2 . 1  Unfrozen,  compressible  sediments were i d e n t i f i e d  a t  the  base of 

the King Poin t   l agoon  in   boreholes   d r i l l ed   dur ing  t h e  present  

i nves t iga t ion .  It is apparent t ha t  i n f i l l i n g  of the  lagoon may 

r e s u l t   i n   s i g n i f i c a n t   c o n s o l i d a t i o n  of these  sediments  and  also 

time-dependent  settlement of t he  f i l l .  I t  is a l s o   a n t i c i p a t e d  

t h a t   b a c k f i l l i n g  of the  lagoon may r e s u l t   i n   a g g r a d a t i o n  of 

permafrost   into  the  sub-lagoonal  sediments  and  the  backfil l .  

While f r eez ing  of the  sof t   sediments  may reduce   the i r  

compress ib i l i ty ,  it may also  cause  f rost   heave and u p l i f t  of 

su r face   f ac i l i t i e s   suppor t ed  on t h e   b a c k f i l l .   F u r t h e r  

i nves t iga t ion  and analyses  are required  to  determine  whether 

dredging  in  the lagoon w i l l  have a s i g n i f i c a n t   e f f e c t  on the  

thermal  regime  and  stabil i ty of the  sub-lagoonal  sediments. 

9 .2 .2  The l imited  dr i l l ing  conducted  in   the  lagoon  has   demonstrated 

t h a t  so i l  condi t ions are somewhat d i f f e r e n t   i n   t h e   n o r t h   h a l f  

than  they are i n   t h e   s o u t h   h a l f .  It is  pos tu la ted  tha t  t h e  

present  lagoon may have  formed when 2 adjacent  thaw depressions 

were interconnected. The sequence  of  formation  of  these thaw 

depressions and the  subsequent  marine  transgression  has a 

bear ing on ex is t ing   subsur face   condi t ions  and  on the est imated 

h i s t o r i c a l   r a t e s  of  sediment t r anspor t  and deposi t ion.  More 

detailed d r i l l i n g   a n d  sediment da t ing   s tud ie s  must  be carried 

out   before  t h e  morphology  of the  lagoon is known i n   s u f f i c i e n t  

engineering detail  f o r  development  purposes. 

m. 1. O'COnllOR e ISSOCIATEJ 1TD. d5 
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9.2.3 Coastal   processes   a long the  Yukon coas t  of the Beaufort  Sea  and 

i n   t h e   v i c i n i t y  of  King Poin t   a re   charac te r ized  by comon 

e ros iona l   c l i f f ed   coas t a l   s ec t ions   w i th   un ique  mass-wasting 

processes.   This mass wast ing  has   resul ted  in   ongoing  seasonal  

coas ta l   e ros ion .  The rate of e r o s i o n   a t   i n d i v i d u a l  sites is 

highly  variable  but  averages  approximately 0.6 m/a i n   t h e  

study area. The impact  of c o a s t a l   s t r u c t u r e s  on the processes 

must  be considered  during  the  design  and  layout of harbour 

developments. 

9.2.4 Coastal   processes of  sediment  erosion,  transport  and deposi t ion 

i n   t h e   v i c i n i t y  of King Poin t  a l l  d isp lay  a high amount of 

v a r i a b i l i t y  from yea r   t o   yea r .  Longshore  sediment t r a n s p o r t   a t  

King Poin t   occurs   in   bo th   d i rec t ions ,   wi th  a gross  average 

amount of 20 000 t o  40 000 m3/a. The dominant  source of 

beach  and  barrier  bar  sediments i s  c o a s t a l   c l i f f   e r o s i o n  w i t h  

i n s i g n i f i c a n t  amounts  of sediment  derived  from  river  sources. 

The locus of deposi t ion of  sediment a t  King Point  has moved 

southeastward  with  the  rapid  evolut ion of the  former King Point  

spi t  i n t o  a ba r r i e r   ba r .  

9.2.5 It is  an t ic ipa ted   tha t   the   impact  of coas ta l   p rocesses  on 

harbour  development a t  King Point  w i l l  be s ign i f i can t .   Th i s  

impact w i l l  p r imar i ly  take the form  of a l o c a l   a l t e r a t i o n   i n  

longshore  sediment   t ransport   ra tes  which w i l l  i n   t u r n   c r e a t e  

sites of erosion and deposi t ion.  The e f f e c t s  of these changes 

can  be  mitigated by incorpora t ing   appropr ia te   des ign   fea tures  

in   t he   eng inee r ing   s t ruc tu res  and  by  implementing s u i t a b l e  

operational  maintenance  procedures. 

1. The average   ra te   o f   re t rea t  of thaw flow slides measured i n  t h e  
t h e   v i c i n i t y  of  King Poin t  is about 5 t o  6 m/a from 1954 t o  
1985 (personal  communication  with S . R .  Dallimore, 1985). 
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9.2.6 It is  also  anticipated  that  the  proposed  harbour  developments 

will  cause  substantial  accumulation  of  sediments  in  harbour 

basins  or  channels  which  have  been  artificially  deepened  by 

dredging.  These  areas  will  require  ongoing  maintenance. 

9.2.7 Instability  of  the  ice-rich  cliffs  along  the  King  Point 

shoreline  must  be  considered  a  significant  environmental 

constraint  to  coastal  harbour  developments.  Other  marine 

environmental  constraints  include  sea  ice  flows,  exposure  to 

waves  and  storm  surges. 

9.2 .8  The  available  coastal  process  data  in  the  vicinity  of  King 

Point  is  presently  very  limited.  Substantial  additional 

coastal  information  will  have  to  be  obtained  before  a  more 

detailed  assessment of the  potential  impact  of  harbour 

developments  can  be  made. 

9 . 3  Onshore  Geotechnical  Studies 

9.3 .1  More  than 80% of the  onshore  strata  encountered  in  the 

boreholes  consist of silt  and  clay  sized  materials,  however, 

sand,  gravel,  peat  and  massive  ice  also  occur  in  lesser  amounts 

at  most  locations  examined.  The  resulting  stratigraphy  is 

commonly  very  complex. 

9.3.2 The  onshore  area at King  Point  is  underlain  by  continuous 

permafrost.  Taliks  penetrating  the  permafrost  only  occur  under 

major  lakes  and  rivers.  The  base  of  the  permafrost  is  believed 

to  rise  beneath  the  large  lacustrine  plains  and  the  channel 

occupied  by  Deep  Creek. 
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9.3.3 Organic  peat  and mosses covering  the  ground  surface  provide 

in su la t ion ,   t he reby   l imi t ing  the depth of t h e   a c t i v e   l a y e r .  

Disturbance of the  organic  cover is known t o   s i g n i f i c a n t l y  

increase  the  depth of seasonal  thawing. 

9.3.4 The near-surface  organic materials and f i n e   g r a i n e d   s o i l s   i n  

the  onshore area a re   gene ra l ly   i ce - r i ch  and  very  compressible 

when thawed. 

9.3.5 Ice wedges, some of  which a r e   a c t i v e ,  are common in   the   near  

surface,   ice-r ich  sediments .  The poor ly   d ra ined   a l luv ia l ,  

l a c u s t r i n e  and  organic   deposi ts  are prone  to  shallow t h a w  

subsidence when d is turbed .  

9.3.6 Massive ice occurs at   depth  mainly  within  the  morainal  and 

glaciof luvial   uni ts .   Large  thermokarst   depressions  indicate  

t h a t   t h e s e   u n i t s   a r e   s u s c e p t i b l e  t o  considerable  thaw 

se t t lement   and   ins tab i l i ty   i f   thermal ly   d i s turbed .  

9.3.7 Retrogressive-thaw  flow-slides  occur on scarps  and s teep   s lopes  

in   i ce - r i ch  materials. These a r e  most a c t i v e   i n   d e p o s i t s  which 

have  cores of massive ice which are exposed t o  convect ive  heat  

t r a n s f e r  .by a i r  o r  water. Active  erosion of t h e   c l i f f s   a l o n g  

the   shore l ine   near  King Point  has been acce lera ted  by seasonal  

thawing. 

9.3.8 Glac io f luv ia l   depos i t s   a r e   po ten t i a l ly   t he   bes t   sou rces  of 

granular  materials. The g lac iof luvia l   apron  west of King 

Po in t ,   i n   pa r t i cu la r ,   con ta ins  a s ign i f i can t   quan t i ty   o f  

m. 1. O’COIIIIOR 8 ASSOCICITES 1TD. d5 
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mineable  sand  and  gravel. Some ice- r ich  materials w i l l  

necessa r i ly   have   t o   be   s t r i pped  and  handled t o  permit 

exp lo i t a t ion  of this  aggregate  source.   Mitigative  measures 

w i l l  be necessa ry   t o   con t ro l   o r  minimize  thaw  of the underlying 

massive  ice.  

9.3 .9  The perimarine  deposits  and  rock  units  have low i ce   con ten t s  

and are r e l a t i v e l y   s t a b l e  wi th  respect t o  thaw se t t lement ,  

al though some thaw  weakening  and se t t lement  may occur i f  the 

materials which mantle   their   surfaces  are removed or dis turbed.  

Massive  ground i c e  which is p r e s e n t   i n   t h e   g l a c i o f l u v i a l  and 

morainal  deposits may become uns tab le  i f  thawed, although 

r e l a t i v e l y  deep  thermal  disturbance is gene ra l ly   r equ i r ed   t o  

i n i t i a t e  thaw i n  these u n i t s .  The near-surface  organic,  

c o l l u v i a l ,   a l l u v i a l   a n d   l a c u s t r i n e   d e p o s i t s  are genera l ly  

ice-r ich,   poorly  drained and compressible when thawed. 

9.3.10 Although some forms  of c o n s t r a i n t   t o  development  have  been 

i d e n t i f i e d   i n  most  of the  onshore  areas,  it is  recognized that  

the   po ten t i a l ly   adve r se   a f f ec t s   can   gene ra l ly  be mi t iga ted  by 

implementing  appropriate s i te  selection and  engineering  design 

procedures. Some of the important  impacts  and  constraints 

desc r ibed   i n   s ec t ion  8 .0  should be addressed i n   f u t u r e  detailed 

engineer ing   s tud ies .  
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10 .o RECOMMENDATIONS 

The subsurface  information  obtained  during t h i s  i nves t iga t ion  is 

appropriate   for   prel iminary  planning  and  design  purposes ,   but   specif ic  

geotechnical  and coastal engineer ing  data  w i l l  be r equ i r ed   fo r   t he  

de ta i led   des ign  and ultimate  development  of  any  harbour  and  onshore 

f a c i l i t i e s  a t  King Point.  Following are areas of  concern  which w i l l  

r equi re   addi t iona l   inves t iga t ion   pr ior   to   under tak ing   de ta i led   des ign  

o f   such   f ac i l i t i e s .  

1. 

2. 

3.  

4.  

5 .  

Dril l ing  of   geotechnical   boreholes  and determination of foundation 

des ign   parameters   a t   spec i f ic   s t ruc ture   loca t ions   (bo th   onshore  

and o f f shore ) .  

Evaluation  of  the  consolidation  characterist ics  of  the  lagoon 

sediments ,   i f   backf i l l ing  of the  lagoon i s  proposed. 

More ex tens ive   de f in i t i on  of the  subsurface  thermal  regime  and 

t e r r a in   s ens i t i v i ty   i n   bo th   t he   onshore  and coas t a l   a r eas .  

Evaluation  of  the  impact of dredging  the  lagoon  as it may a f f e c t  

both  the  thermal  regime  and the s t a b i l i t y  of the  sub-lagoonal 

sediments. 

D r i l l i n g  of add i t iona l  test  holes  in  the  lagoon  and  dating of t h e  

sub-lagoonal  sediments to   p rovide  a better  understanding of t he  

lagoon  morphology a s  it relates to   ex is t ing   subsur face   condi t ions .  
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6 .  Invest igat ion  to   prove  the  quant i ty   and  qual i ty  of granular 

ma te r i a l s  which are  accessible  for  the  proposed  development,  

including  mater ia ls   for   road and a i r s t r i p   c o n s t r u c t i o n  as well as 

aggregates   for   Port land cement concrete and asphal t ic   concre te .  

7 .  Development  of a mining  s t ra tegy  for   the  required  granular  

ma te r i a l s  which  minimizes  and controls  environmental   disturbance 

of the  tundra.  

8. A detai led  construct ion  plan  out l ining  proposed  haulage  routes  

from selected  granular  borrow  source  locations  and  the  sequence of 

route  construction  operations.   Ground-truthing and inves t iga t ion  

of subsurface  conditions  for  the selected alignments  of  inland 

routes  w i l l  a l s o  be r equ i r ed ,   pa r t i cu la r ly   i n  areas which  have not 

prev ious ly   been   inves t iga ted   in   de ta i l ,   e .g .   to   the   quar ry .  

9 .  I n i t i a t i o n  of a f i e l d  measurement  program  designed to   p rov ide  

s i t e - s p e c i f i c  data on t h e   c o a s t a l   p r o c e s s e s   a t  King Point .   This  

program  should  include: (i) c o l l e c t i o n  of d i r e c t i o n a l  wave da ta  

which  can  be  used to   ca l ib ra t e   p rev ious  wind and wave hindcast  

p red ic t ions ;  (ii) annual  documentation of t he   ba r r i e r   ba r  

evolution  using  both a i r  and  ground  surveys to   p rov ide   de t a i l ed  

sediment  transport  rates and d i r e c t i o n s ;  and (iii) observation  and 

measurement of winds,  waves,  currents  and  beach  process  responses 

a t  t h e  s i t e  to   enab le  improvement  of the  coastal   sediment  

t r anspor t  model p red ic t ions .  
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11  .o  CLOSURE 

Page 153 

The foregoing  report  has  been  prepared  in  accordance  with  generally 

accepted   pr inc ip les  of engineering,  geology  and  geophysics  in  order  to 

provide  Indian  and  Northern  Affairs Canada with  an  assessment  of 

subsurface  conditions and the   po ten t ia l   impacts  of  proposed  development 

a t  King Point.  Conclusions  and  recommendations  have  been  formulated 

on the   bas i s   o f   the   ava i lab le   da ta  and  only  address  general 

considerat ions related to  the  proposed  conceptual  development  schemes. 

Addi t iona l   de ta i led   s tud ies  a re  required  before   f inal   design  or  

construct ion of specif ic   harbour   development   faci l i t ies   can  proceed.  

Respectfully  submitted,  

M. J. O'CONNOR & ASSOCIATES LTD. 

J.  G.  Agar, P .  Eng. 

JGA/ j PC 

, P. Eng., P.  Geoph. 
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