


THE ASSOCIATION OF 
PROFESSIONAL ENGINEERS 

OF ALBERTA 

PERMIT NUMBER 
P 245 

E B A ENGINEERING 
CONSULTANTS  LTD. 



GRANULAR RESOURCE DEVELOPMENT 
AND MANAGEMENT PLAN 

FOR 
TUKTOYAKTUK, N.W.T. 

Submitted t o :  

I N D I A N  AND NORTHERN AFFAIRS CANADA 

OTTAWA, ONTARIO 

P r e p a r e d  by: 

EBA  ENGINEERING  CONSULTANTS  LTD. 

EDMONTON, ALBERTA 

DECEMBER 1983 

€M €ng)ineering Conrulknb ltd. e m  



EXECUTIVE SUMMARY 

Granular  construction  rnateri a1 s have h is tor ica l ly  been i n  short  supply i n  
the Tuktoyaktuk area. Recent borrow  demands created by oi 1  and gas related 
a c t i v i t i e s  i n  the  northern Mackenzie region have severely  strained the 
existing  resources, due i n  part  to  the  actual demand  and i n  part to the 
generally ad  hoc manner of resource  recovery and  removal  In order  to 
fac i l i t a te   fu ture   o rder ly  borrow development, a study has  been conducted to 
assess  various  factors  controlling borrow  management. 

A n  examination of existing borrow resource  evaluations  allowed the 
compilation of  a group of pits  sui table   for  producing any  of four  types of 
granular  material . These materi a1 types  are  specified  as Type I ( h i g h  

quali ty  structural   aggregate),  Type I  I ( s t r u c t u r a l   f i l l  1, Type I i i   (general  
f i l l  ), and  Type IV (rip-rap and  armour stone).  U n i t  granular  material 
costs,  predicted  for each of the next 5 years,  have  been assigned  to each 
type of material  recoverable from sui t a b l e  borrow p i t s .  Borrow  demand, 
by b o t h  the publ i c  and private  sectors,  has been assessed  concurrent w i t h  an 
evaluation of the economic supply of material from the  various  inventoried 
pits. 

Two development scenarios  are  identified.  Scenario 1 considers normal 
average  material  utilization around  Tuktoyaktuk  while  Scenario 2 considers 
the   e f fec ts  of possible  large-scale  airport  expansion i n  addition  to normal 
requirements. I t  i s  concluded that  sources  currently under  development 
(160/161 and Ya Ya Lake) would most economically sat isfy Scenario 1 
requirements  while  Scenario 2 wi l l  require development of a1 ternat ive 
sources (162 and possibly 168) t o  economically meet w i t h  the  increase i n  
demand. Scenario 2 wi l l  also  see  Source 160/161 res t r ic ted   to  use by the 
haml e t  of Tuktoyaktuk. 

Detailed p i t  development plans  for each of the   p i t s  recommended for  
development are appended t o  the  report. General  recommendations regarding 
p i t  development, moni tori ng ,  and inspection  are  contained i n  the body  of 
report. 

the 
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1 .o INTRODUCTION 

1.1 Background 

Page 1 

Significant volumes of h i g h  qual i ty  granular  construction  material s have 
h i s to r i ca l ly  been i n  short supply i n  and around the Haml e t  of  Tuktoyaktuk, 
N.W.T. Studies  conducted  over  the  past 10 years have located a  number of 
small sources  of  marginal qual i ty sand and gravel i n  the  surrounding  area. 
Development of  these  deposits  has been on  an ad hoc basis.  Commonly, 
projects  necessitated removal of  granular borrow from the most convenient 
location w i t h  the most convenient  technique. 

Methodical  development of  granular  resources  has been  hampered by the  lack 
of  information on current and future demand for  granular  construction 
material s. In this regard,  the Department of  Indian  Affairs and Northern 
Development (DIAND) retained EBA Engineering  Consultants L td .  ( E B A )  t o  
develop a 5 year management plan t o  proinote e f f i c i e n t  use o f  granular 
resources,  based on  an assessment  of ava i l ab i l i t y  and requirements. 

1 . 2  Project Scope 

The scope  of  the  project  described i n  t h i  s report  incl uded the fo l l  owing: 

a )  Examination  of reports  describing  granul  ar  material  desposits 
near  Tuktoyaktuk. 

b )  Development o f  a granular  resource  supply model . 

C )  Consul t a t i o n  w i t h  local  private and  publ ic  sector  granular 
materi  al  users. 

EBA engineering Conrultants ltd. 
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d)  Development o f  a g rar lu l   a r   resource  demand model. 

e)  Development o f  a recommended resource  development  scenar io.  

f )   P r e p a r a t i o n   o f   p i t  management p l a n s   f o r   t h o s e   s o u r c e s  
w i t h   t h e   b e s t   d e v e l  oprnent prospects .  

The n e x t   t h r e e   s e c t i o n s  o f  t h i s   r e p o r t   ( S e c t i o n s  2.0 t o  4.0) address   the  

background  cons idera t ions  i nvol  ved i n p r e p a r a t i o n   o f   t h e  supply-demand 
model , which i s presented i n  Sect ions 5 .0 and 6.0. Recommended development 

scenar ios  and management p lans   a re   i nc luded   as   Sec t i ons  7.0 and 8.0, 
r e s p e c t i v e l y .  

2.0 INVENTORY OF GRANULAR MATERIALS 

Severa l   inventory   and  asssss lnent   s tud ies  have  been  under taken  s ince  1970  to  

d e t e r m i n e   g r a n u l   a r   m a t e r i a l   p o t e n t i a l   i n   t h e   T u k t o y a k t u k   a r e a .  These 

s t u d i e s  were  prompted  by a p e r i o d   o f   u n u s u a l l y   h i g h   m a t e r i a l  demands 

a s s o c i a t e d   w i t h   o i l  and  gas a c t i v i t y   i n   t h e   a r e a .   M o s t   s t u d i e s  have 
inc luded   a i rpho to   i n te rp re ta t i on ,   f i e ld   reconna issance ,   geophys ica l   su rveys ,  

and d r i l l   i n g  programs t o   i d e n t i f y ,   d e l  i nea te ,   and   eva l   ua te   g ranu l   a r   ma te r ia l  
sources. 

The f i r s t   i n v e n t o r y   ( R i p l e y ,   K l o h n  & L e o n o f f   I n t e r n a t i o n a l ,  19731, 

comlnissioned  by DIAND,  i d e n t i f i e d  14 s o u r c e s   w i t h i n  a 16 km r a d i u s   o f  

Tuktoyaktuk,  and  two  sources 1 ocated 27 km from  the  community. A t o t a l  

volume o f  approx imate ly  1.5 m i l l i o n   c u b i c   m e t r e s   o f   s u i t a b l e   g r a n u l a r  
m a t e r i a l  was e s t i m a t e d   f o r   t h e  10 sources  (main ly   sp i ts ,   bars,   and  beaches) ,  

cons ide red   su i   t ab l  e f o r  devel  opment.  Another  inventory  (Mol 1 ard,  1972) 
conduc ted   f o r   t he   A rc t i c   Pe t ro leum  Opera to rs   Assoc ia t i on ,  a1 though 

E M  Englneerlng Conrultontr ltd. 



101-3760 

December 1983 
Page 3 

cen t red   on   R icha rds   I s l  and, a l  so i d e n t i   f e d   s e v e r a l   s o u r c e s   w i t h i n  a 
reasonabl e d i   s t a n c e   o f   T u k t o y a k t u k .  

Rap id   dep le t i on   o f   t he   sou rces   p rox ima l   t o   t he   commun i t y   and   an t i c ipa ted  
h i g h   g r a n u l   a r   m a t e r i a l   r e q u i r e m e n t s   t o w a r d s   t h e   e n d   o f   t h e   1 9 7 0 ' s  
n e c e s s i t a t e d  a second  ma jor   inventory   s tudy   o f   the   Tuk toyak tuk   a rea   (Hardy ,  

1977). The study, commi ssioned  by DIAND, i n c l  uded a i   r p h o t o   i n t e r p r e t a t i o n ,  
r e c o n n a i s s a n c e ,   t e s t - p i   t t i n g  and w a t e r - j e t t i n g   o p e r a t i o n s .  The o b j e c t i v e  

was t o   i d e n t i f y  a m i  nirnum o f  7.6 m i  l l   i o n   c u b i c   m e t r e s   o f   g r a n u l   a r   m a t e r i a l  
w i t h i n  a 48 km r a d i u s   o f   T u k t o y a k t u k .  A t o t a l   o f  22 s i t e s  were 

i n v e s t i g a t e d ,  and d e t a i l e d   e v a l u a t i o n   o f   t h e   f o u r   m o s t   a c c e s s i b l e   s i t e s  was 
recommended. E i g h t   a d d i t i o n a l   s i t e s   w e r e  recommended f o r   d e t a i l e d  

e v a l u a t i o n   a f t e r   c o n s t r u c t i o n   o f   t h e   p r o p o s e d   I n u v i k - T u k t o y a k t u k  Highway, 

depending  on  fu ture  borrow  requi rements.  

Detai led  borrow  evaluat ion  programs  have  s ince  been  undertaken a t   s e v e r a l  o f  

t h e   s i t e s   i d e n t i f i e d   i n   t h e   p r e v i o u s   i n v e n t o r i e s .   G e o p h y s i c a l   s u r v e y s  
(Hardy , 1978),  and t e s t   d r i l l  i ng  (Hardy , 1979) ,   were  under taken  for  D I A N D  a t  

Source  162 i n  Tuktoyaktuk  Harbour. D I A N D  a l  so commissioned  studies a t  
Source  160/161, on t h e   e a s t   s i d e   o f   t h e   h a r b o u r   ( H a r d y ,  19801,  and a t  

Sources  168  and 211, south   o f   Tuk toyak tuk  (BBT, 1983) .   Other   per t inent  
d e t a i l e d   i n v e s t i g a t i o n s   i n c l u d e   t h e   e v a l u a t i o n   o f   t h e  Ya Ya Lake  esker-kame 

cornpl ex (EBA, 1975) , and   the   geo techn ica l   i nves t i ga t i on   o f   g ranu l   a r   sou rces  
a d j a c e n t   t o   t h e   p r o p o s e d   I n u v i k - T u k t o y a k t u k  Highway (DPW, 1981).  References 

f o r   t h e   i n v e n t o r y  and d e t a i l e d   i n v e s t i g a t i o n   p r o g r a m s  a r e  i n c l u d e d   i n  
Appendix B-1. 
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3.0 CLASSIFICATION OF GRANULAR  BORROW MATERIALS 

3.1 Type I Borrow Material 

Type I borrow has been classified  as  granular  material   suitable  for  use as 
h i g h  qual i ty  surfacing  material ( i  .e. fo r   a i rpo r t  runway use)  or  asphal t and 
concrete  aggregate. This type  of  material  consists  of a s t ructural ly  sound 
aggregate  that   adheres  to a r e l a t ive ly  narrow gradational  range.  Processing 
(crushing, washing and blending) i s  usually  necessary t o  produce the 
required  gradation. 

3.2. TvDe I1 Borrow Material 

Qual i ty  gravel  will be required  for a stable  surface  course on roads and for  
f i l l  s supporting  structural 1 oads. This type  of  material shoul d possess  the 
gradational  characterist ics shown i n  Figures A - 1  a n d  A-2, Appendix A ,  a n d  

have moisture  contents  (ice  contents) bel ow 10 percent. W i t h  t h i s  gradation 
and moisture  content,  the Type I1 borrow material  will be r e l a t i v e l y   f r o s t  
stab1  e,  will  place and compact w i t h  reasonable   effor t ,  and will have good 
load b e a r i n g  cha rac t e r i s t i c s .  

3.3 Type I11 Borrow Material 

Type I11 granular borrow has been c l a s s i f i e d  as material   suitable  for  use  as 
general f i l l   fo r   roads ,   a i r s t r ips ,   f lex ib le   foundat ion  pads ,  and  lay-down 
yards.  Gradational 1 imits of this material  are  similar  to  those  for  the 
Type I1  material  (Section 3.2) however, a f ines   content  of u p  t o  15 percent 
i s  considered  acceptabl  e. 
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Moisture  contents  should be 1 imi ted t o  1 ess t h a n  10 percent  since most o f  
the moi s ture   ( ice)   wil l  be located  in  the  fines.  If  the  moisture  content i s  
too  high,  the  backfill  will be unstable upon thaw, resul t ing i n  poor 
trafficabil   i ty,   potential   sloughing, and  settlement o f  the   f i l l   dur ing warm 
weather. 

3 . 4  Type IV Borrow Material 

Type IV granu l  ar  borrow material  has been cl  assi  fied  as  material  sui  tabl e 
for use  in  erosion  control  measures.  This  type o f  material commonly 
consis ts  of  cobbles, boul ders, or rock fragments. 

4 . 0  COST OF GRANULAR BORROW MATERIALS 

4 .1  General 

The cost  of  granular borrow material s is   controlled  primarily by p i t  
development and t ransportat ion  costs ,  and annual volume requirements. A 
cer ta in  minimum  volume i s  required t o  offset   the   costs  of access  upgrading, 
s i te   preparat ion work, and  init ial   set-up  costs for each borrow source. The  
uni t   cost  of  borrow material s from a particular  source  will be substantially 
higher i f vol umes smaller t h a n  the minimum amount are  extracted.  

Once t h e   i n i t i a l   s i t e  development work i s  completed,  the  cost o f  material s 
from establ  ished borrow sources i s  1 argely  control  led by haulage cos ts ,  
which are  generally  independent o f  annual volume requirements. In most 
cases,  these  costs  reflect  travel  time,  rather than  distance,  due t o  
d i f f icu l t ies   assoc ia ted  w i t h  northern  surface  transportation, where most 
roads  are  useable  only  during  winter  conditions. I f  s i te   access  can be made 
via an ice  road on a r iver,   travel  t imes,  and consequently  haulage  costs 

E M  Englnearlng Conrulknlr ltd. Aiz 
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will be r e l   a t i v e l y  1 ow , i n  compari  son w i t h   t h e   c o s t   o f   t r a n s p o r t a t i o n   t o   t h e  

same s i t e   v i a  an   ove r l   and   w in te r   on l y ,   rou te  o f  s i m i l a r   d i   s t a n c e .  

A c e r t a i n  minimum annual  volume i s  a l  so r e q u i r e d   t o   o f f s e t   a n n u a l   s t a r t - u p  

c o s t s   a t  each  source.   For   sources  access ib le   on ly   by  an  over land  route,  
h i g h e r   r o a d   m a i n t e n a n c e   c o s t s   t e n d   t o   i n c r e a s e   t h e   u n i t   p r i c e  o f  borrow 

mate r ia l s ,   by   an  amount  dependent  on  annual  volume  requirements. 

4.2 B a s i s  o f  Mate r ia l   Cos ts  

The  est imated  costs  o f  mater ia ls   f rom  the   var ious   bor row  sources  i n   t h e  
s tudy   a rea   a re   based  on   d iscuss ions   w i th   loca l   con t rac tors .  The u n i t   p r i c e s  

f o r   m a t e r i a l s   f r o m   e x i s t i n g   p i t s   a r e   b a s e d  on a c t u a l   p r o d u c t i o n   c o s t s  and 
volumes o f  m a t e r i a l   e x t r a c t e d   d u r i n g   t h e   w i n t e r   o f  1983. Costs o f  m a t e r i a l s  

f rom  o the r   bo r row  sou rces   have   been   es t ima ted ,   w i th   cons ide ra t i on   o f   t he  
f a c t o r s   o u t l i n e d   i n   S e c t i o n  4.1, and   d i scuss ions   w i th   l oca l   con t rac to rs .  An 

annua l   cos t   inc rease o f  8 percent  has  been assumed f o r   y e a r s   s u b s e q u e n t   t o  
1983. 

D e l i v e r y - t o - s i t e   c o s t s   o f   m a t e r i a l s   t h a t  have  been p r e v i o u s l y   s t o c k p i l e d   i n  

Tuktoyaktuk  are  based on t h e  1983 u n i t   p r i c e  o f  $6.50/n3($5.0O/yd3)  and  an 
8 percent   annual   increment .  The c o s t s   f o r   w i n d r o w i n g   d e p o s i t s   d u r i n g   t h e  

summer p e r i o d   a r e   e s t i m a t e d   o n   t h e   b a s i s   o f  a 1983 c o s t   o f  $1.25/m3 ( $ l / y d 3 )  

and  the assumed 8 percent   annual   increment .  

The  1983 p r i c e s  were  provided  by one c o n t r a c t o r ,  E .  Gruben  Transport   Ltd.  

(Gruben,  1983b,c) , except   as  noted.   Whi le   th is   approach may 1 imit t h e  
Val i d i  t y  of   the  economic  cons iderat ions somewhat, it can  no t   be   avo ided 

s i n c e   t h e r e   a r e   n o   o t h e r   e x p e r i e n c e d   c o n t r a c t o r s   r e s i d e n t   i n   t h e   a r e a .  

C o n s u l t a t i o n s   w i t h   g r a n u l a r   r e s o u r c e   u s e r s   a n d   o t h e r   c o n t r a c t o r s   i n   t h e  

T u k t o y a k t u k   a r e a   i n d i c a t e   t h a t   t h e   c u r r e n t   p r i c e s   a r e   r e a l   i s t i c .  The va lues  

EBA Engineering Conrultcmb ltd. 
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presented  do, however, provide a t   l e a s t  a means of comparing cos ts  between 
the  various borrow sources. 

5.0 DEMAND FOR GRANULAR BORROW MATERIALS 

5.1 General 

The information  gathering  process was in i t i a t ed  by d is t r ibu t ing  a l e t t e r  and  
questionnaire t o  potential  granular  resource  users and contractors  in  the 
Tuktoyaktuk area. The questionnaire  recipient was asked t o  estimate  their  
highest 1 ikely and  1 owest 1 ikely demand for  the  various  types o f  granular 
material  over a 5 year  period  starting  in 1984. Examples o f  uses of  each  of 
the  material  types were given. 

Information from the  distributed  questionnaire was received  through a 
combination o f  mailed  responses,  telephone  follow-up, and personal 
consul ta t ion.  A f i e l d   v i s i t  was  made  by  an E B A  representative and  Mr. A .  

Cronk,  of  DIAND, d u r i n g  the week o f  February 28, 1983 t o  consul t w i t h  
granular  material  users and  governmental agencies  in  Tuktoyaktuk,  Inuvik, 
and Yellowknife.  References for  the above personal communications are  
incl uded in Appendix 8-2. 

The  demands presented  in  the f o l l  owing sub-sections  are  the  aggregate of  
reported demands and  form the  current  best  estimate o f  the  5-year  granular 
requirements  in a n d  around  Tuktoyaktuk. 

5.2 P u b l  ic  Sector Demand 

P u b l  ic  sector  granular borrow demand i s  primarily comprised o f  Haml e t  use 
for road construction,  land development, and maintenance; and Ministry of  

EBA Engineering  Conrultants ltd. 
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T r a n s p o r t  (NOT) use fo r   a i rpor t   expans ion   and  ma in tenance.   The  p roposed 
Inuv ik-Tuktoyaktuk  h ighway  would  requi re   large  amounts o f  f i l l  m a t e r i a l  , 
which  woul d have a s i  g n i   f i c a n t   e f f e c t  on  granul   ar   supply  i n   t h e   a r e a .  
Publ i c  Works Canada have p r e v i o u s l y   c o n d u c t e d   t h e i r  own granu lar   bor row 

mater ia l   programs,  thus D I A N D  r e q u e s t e d   t h a t   g r a n u l a r  demands presented by 
the  h ighway  be  exc luded  f rom  th is   s tudy.  It i s  noted,  however, t h a t  

c o n s t r u c t i o n   o f   t h e  h i g h w a y   m i g h t   r e s u l t   i n  an overal l   improvement i n   t h e  
g ranu la r   supp ly   s i t ua t i on   by   p rov id ing   access   t o ,  and  opening  up o f  

sources i n   t h e   P a r s o n ' s  Lake  area. 

La rge -sca le   use   o f   bo r row  ma te r ia l   by   t he   pub l i c   sec to r   has   occu r red  
i n f r e q u e n t l y .   I n  1981, 750 000 m3 o f  sand was dredged  from  Tuktoyaktuk 

Harbour   for   use i n   t h e   c o n s t r u c t i o n   o f  a f reshwa te r   rese rvo i r .  No p r o j e c t s  
o f   t h i s   s c a l e ,   w i t h   t h e   e x c e p t i o n  o f  t h e   p o s s i b l e   a i r p o r t   e x p a n s i o n ,   a r e  

p l a n n e d   f o r   t h e   n e x t  few years .  

P ro jec ted   pub l  i c  s e c t o r   g r a n u l a r   b o r r o w   m a t e r i a l  demands a r e  summarized i n  
Table 1. Est imates   o f   the   20-year   bor row demand f o r  Haml e t  use,  based on 
t he   recen t l y   app roved   town   p l  an, were  provided  by  Ferguson, Simek, Cl a r k  
L im i ted   (1983) .  The 5-year demand data  was e s t i m a t e d   i n c o n j u n c t i o n   w i t h   t h e  

20-year   p lan  and  d iscuss ions  wi th   the  Government  o f  the   Nor thwest  
T e r r i t o r i e s ,   D e p a r t m e n t  of Loca l   Governmen t   (1983c ) .   Es t ima tes   f o r   a i rpo r t  

expansion  were  provided by Acres  (1983). The q u a n t i t i e s   i n c l u d e   m a t e r i a l  
requi red  for   upgrading  the  present   runway,   expansion  o f   the  runway  and 

a i r c r a f t   p a r k i n g   a r e a s ,  and poss ib le   fu ture  developments  such  as  apron 
areas,  commerical l o t s  and o i l  company t e r m i n a l s .  The a c t u a l   m a t e r i a l  

requ i rements   a re   very   dependant   on   the   ra te  o f  development i n   t h e   a r e a   o f  
o i l  company f a c i l  i t i e s .  

EBA Engineering consultants ltd. 
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PROJECT MATERIAL VOLUME ( low /h igh )  TOTAL 

(m3) (m3) 

HAMLET USE1- 1984  1985  1986  1987  1988 - - - - - 

M i  sc. P r o j e c t s  Type I 1 1  6100  6100 6100 6100 6100 30500 

Engineer ing   Pro jec ts   Type 111 20300  20300  20300  20300  20300  101500 
Type I1 3300  3300  3300 3 300  3300 16500 

Type 1 1250  1250  1250  1250 1250 6250 

Road Cons t ruc t i on  Type 111 4000  4000 4000  4000 4000  20000 
and  Maintenance Type I 1  1000 1000 1000  1000 1000 5000 

Erosion  Control   Type I V  3000  3000  3000  3000  3000  15000 
Maintenance 

SUB-TOTALS Type I V  3000 3000  3000  3000 3000 15000 
Type I 1 1  30400 30400 30400 30400 30400 152000 
Type I 1  4300 4300 4300 4300 4300 21500 
Type 1 1313 1313 1313 1313 1313 6565 

AIRPORT EXPANSION2. Type 111 100000/150000  100000/150000 100000/150000 25000  25000  350000/500000 
Type 11 32000  32000  16000  16000  16000  112000 

TOTALS Type IV 3000 3000 3000 3000 3000 152000 
Type I I 1  130400/180400 130400/180400 130400/180400 55400 55400 502000/652000 
Type I1  36300 36300 20300 20300 20300 133500 
Type I 1313 1313 1313 1313 1313 6565 

NOTE: 1. Borrow demand data   fa r   Hamle t   p rov ided  by  GNWT, Dept.   Local   Gov' t  ( 1 9 8 3 ~ ) ~  and  Ferguson,  Simek, C1 a r k   L i m i t e d  

(1983) . 
2. A i r p o r t   e x p a n s i o n  may o r  may n o t   o c c u r   d u r i n g   t h e   n e x t  5 years .  

EBR Enginearing  Conrultank Ud. 4 k  
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5.3 P r i v a t e   S e c t o r  Demands 

The T u k t o y a k t u k   a r e a   p r i v a t e   s e c t o r   c o n s i s t s   p r i m a r i l y   o f   t h r e e   r e s o u r c e  
development  companies, (Esso Resources Canada L i m i t e d ,  Dome P e t r o l  eum 

L imi ted ,   and  Gu l f  Canada Resources  Inc. ) ,   two  t ranspor tat ion  companies,  

( A r c t i c   T r a n s p o r t a t i o n   L t d .   a n d   N o r t h e r n   T r a n s p o r t a t i o n  Co. L td . ) ,  and a 

m a r i n e   c o n s t r u c t i o n  company (Beau-Tuk  Marine  Services  Ltd) . Large  volumes 

o f   g r a n u l a r  fill have  been  used i n   t h e   p a s t ,   p r i m a r i l y   f o r   c a m p s i t e   a n d   y a r d  

c o n s t r u c t i o n .   I n  1980, Dome Petroleum  dredged 400 000 m3 from  Tuktoyakt.uk 
H a r b o u r   f o r   c o n s t r u c t i o n   o f  a lay-down  yard,   an  a i rpor t   tax iway,   and  genera l  

fill. I n  1981, Esso dredged 273 700 m3 o f  sand  f rom  the  bay  for  a lay-down 
y a r d   a d j a c e n t  t o  t h e i  r camp. 

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

n e x t  5 years .  The o n l y   l a r g e   p r o j e c t   i d e n t i f i e d   t h r o u g h   t h e   s t u d y   i s   t h e  

p o t e n t i a l   c o n s t r u c t i o n   o f  a base camp b y   A r c t i c   T r a n s p o r t a t i o n   L t d .  

A summary o f  a n t i c i p a t e d   p r i v a t e   s e c t o r   g r a n u l a r   b o r r o w  demand i s  presented 
i n  Table 2. The demand d a t a  was o b t a i n e d   f r o m   t h e   w r i t t e n   o r   v e r b a l  
responses   to   the   c i rcu la ted   ques t ionna i re   by   each  o f   the   compan ies ,  as 

re fe renced i n  Appendix B-2. 

5.4 Granular  Resource Demand  Summary 

A summary o f  t h e   t o t a l   f i v e - y e a r   g r a n u l a r   r e s o u r c e  demand, f o r   b o t h   t h e  

pub; i c  and p r i v a t e   s e c t o r s ,   i s   c o n t a i n e d   i n   T a b l e  3. O f  n o t e  i s t h e   e f f e c t  

o f  a s i n g l e   p r o j e c t ,   a i r p o r t   e x p a n s i o n ,   o n   o v e r a l l   g r a n u l a r   b o r r o w  demand. 
Assumpt ions  regard ing  the 1 i k e l  i hood  and t i m i n g  of  such a p r o j c t  have a 

d i s p r o p o r t i o n a t e   e f f e c t   o n   t h e   e s t i m a t e d   r e q u i r e d   v o l  umes. 

EBA Engineering Conrultanb Ud. 
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FIRM MATERIAL VOLUME ( low /h igh )  TOTAL 

( m3) (m3) 

A r c t i c   T r a n s p o r t a t i o n  

Beau-Tuk Marine 

Dome Petroleum 

Esso  Resources 

Gul f Canada 

Nor the rn   T ranspor ta t i on  

Type I11 

Type  1 

Type I 1 1  

Type I 1 1  

Type XI 

Type I 

Type 111 

Type 111 
Type I 1  

Type I 1 1  

Type I 1  

Type 1 

1984 - 

5500/7700 
150/300 

7600 

5000 

3000 
1000 

0/300 
0/10000 
0/300 

~ 

1985 

3800/6100 

7600 

5000 
3500 

5000 

3000 
1000 

0/300 
0/10000 
0/300 

1986 - 

10500/14000 
450/600 

7600 

5000 
10000 

5000 

3000 
1000 

0/300 
0/10000 
0/300 

- 1987 

1500/2300 

7600 

5000 

3000 
1000 

0/300 
o/ 10000 
0/300 

- 1988 

1500/2300 

7600 

5000 

5000 

3000 
1000 

0/300 
01 10000 
0/300 

22800/32400 
600/900 

38000 

5000 

20000 

3500 

25000 

15000 

5000 

10002. 

250003. 

TOTALS Type I 1 1  21100/23600 19400/22000 31100/34900 17100/18200  17100/18200 106800/116400 
Type I 1  looo/ l looo 9000/19000 11000/21000 1000/11000  6000/16000 50000 

Type  1 150/600  3500/3800  450/900  0/300  0/300  5100/5400 

NOTES: 1. Demand da ta  was obtained  f rom  responses t o  ques t i onna i res  by  each o f  

p r iva te   compan ies ,  as re fe renced  i n  Appendix 8-2. 

2. Total   volume i s  f o r   b o t h   g e n e r a l  and se lec ted  fill m a t e r i a l s .  
3. Total  volume i s   r e p r e s e n t a t i v e   o f  5 y e a r  demand. 

E M  Englneerlng  Conrultantr ltd. 
& 
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TABLE 3 GRANULAR BORROW DEMAND S U M M A R Y ~ .  

SECTOR MATERIAL VOLUME (1  ow/hi gh)  

( m3) 
TOTAL 

(m3) 

1984  1985  1986  1987  1988 - - - - - 

Pub1 i c - w i   t h o u t  Type IV 3000  3000 3000  3000 3000  15000 

a i rpo r t   expans ion   Type  111 30400  30400 30400  30400 30400  152000 

Type I1  300  4300 4300  4300 4300  21500 

Type 1 1313  1313 1313  1313 1313  6565 

P r i v a t e  Type  111 21100/23600 19400/22000 31100/34900 17100/18200  17100/18200 106800/116400 
Type I 1  1000/11000 9000/1900 11000/21000 1000/11000  6000/16000 500002* 

Type 1 150/600 3500/3800 450/900 0/300  0/300 5100/5400 

TOTALS - w i t h o u t  Type IY 3000 3000 3000 3000  3000 15000 

a i r p o r t   e x p a n s i o n  Type  111 51500/54000 49800/52400 61500/65300 47500/48600  47500/48600 258800/268400 
Type I 1  5300/15300  13300/23300  15300/25300  5300/15300  10300/20300  715002- 

Type  1  1463/1913  4813/5113  1763/2213  1313/1613  1313/1613  11665/11965 

TOTALS - with Type IV 3000 3000 3000 3000  3000 15000 

a i r p o r t   e x p a n s i o n  Type I11 151500/20400 149800/202400 161500/215300 72500/73600  72500/73600 608800/768400 
Type I 1  37300/47300  45300/55300  31300/41300  21300/31300  26300/36300  1835002. 

Type  1  1463/1913  4813/5113  1763/2213  1313/1613  1313/1613  11665/11965 

NOTES: 1. Data  summarizes p u b l i c  and p r i v a t e  demands f rom  Tables 1 and 2, r e s p e c t i v e l y .  
2. Total   volume  requirements  are  based  upon  est imated 5 y e a r  demand r a t h e r   t h a n   y e a r l y   e s t i m a t e s  

EBA Engineering Conrultantr ltd. Ais 
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6 .O SUPPLY OF GRANULAR MATERIALS 

6.1 General 

P rev ious   s tudes   have   i den t i f i ed   app rox ima te l y  7 m a t e r i a l   s o u r c e s   w i t h i n  8 km 
o f  Tuktoyaktuk,  11 s i t e s   w i t h i n  29 km, and  over 40 s i t e s   w i t h i n   t h e  

rema inder   o f   t he   Tuk toyak tuk -Mackenz ie   De l ta   a rea .   Eva lua t i ons   o f   t hese  
p o t e n t i a l   p i t s  may be  found i n   t h e   r e p o r t s  1 i sted i n   t h e   g e n e r a l   r e f e r e n c e s  
i n  Appendix B-1.  Table 4 c o n t a i n s  an e v a l u a t i o n   o f   v a r i o u s   g r a n u l a r  
d e p o s i t s   c u r r e n t l y   u n d e r   c o n s i d e r a t i o n   f o r   d e v e l o p m e n t .  

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

development a t   t h i s   t i m e ,   p r i m a r i l y  because o f  t r a n s p o r t a t i o n   c o s t s .   O t h e r  

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

r e s t r i c t i o n s   p l a c e d   o n  them  by  various 1 evel s o f  government.  For  instance, 
t h e   N o r t h e r n   A f f a i r s  Program, i n  consu l   t a t i on   w i th   t he   Tuk toyak tuk   Hun te rs  

and  Trappers  Associat ion  and  Hamlet  Counci l  , has a genera l   po l   i cy  o f  n o t  
g r a n t i n g   p e r m i   s s i o n   f o r   t h e   e x t r a c t i o n   o f   m a t e r i a l   f r o m   g r a n u l a r   b e a c h  

d e p o s i t s   o n   e i t h e r   s i d e  o f  Tuktoyaktuk,   except  under  special   c i rcumstances. 

F o u r   p r o m i n e n t   g r a n u l a r   s o u r c e s   e x i s t   i n   t h e   s t u d y   a r e a .   M a t e r i a l  
p r o p e r t i e s   a r e   w e l l  known, access i s  good  and  adequate  volumes  are 

ava i lab le .   Source  160/161 ( e a s t  o f  Tuktoyaktuk  Harbour)   conta in  a good 

qual i ty  Type 111 bor row  mater i  a1 a t  a r e l   a t i   v e l y  1 ow cost.  Source  162 

(Tuktoyaktuk  Harbour)   conta ins a 1 ower  qual i ty o f  Type III bor row.   Th i s  
m a t e r i a l   c a n   b e   e x t r a c t e d   e f f i c i e n t l y  i f  1 arge  volumes o f  borrow  are  dredged 

a n d   s t o c k p i l e d   a t  a g iven  t ime.  The Ya ' fa  Lake  deposi t  i s   t h e  most 
prominent  source o f  Type I I   m a t e r i a l   i n   t h e  Clackenzie De l ta   a rea .  al though 

EBA Engineering consultants ltd. 
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TABLE 4 EVALUATION OF  SELECTED  GRANULAR SOURCES13 2 -  

SOURCE MATERIAL QUAN ITY DEVELOPMENT 1983 COST J m CONSIDERATIONS ~ m 3  

156 

157 

158 

159 

160/161 

162 

167 

168 

169 

177 

211 

Ya  Ya 
Lake 

Type Ill 

Type 1x1 

Type 111 

Type I11 

Type 111 

Type I 1 1  

Type I 1 1  

Type I 1  

Type I 1 1  

Type II- 
Type I 1 1  

Type I 1 1  

Type I 1  

230 000 

1 000 000 

3  800 000 

3 500 000 

750 000 

630 000 

1 750 000 

350 000 

750 000 

1 900 000 

380 000 

7  600 000 

D e p o s i t   c o n s i s t s   o f   o c e a n   s p i t s   a n d  
beach  depos i ts ,   thereby   exc lud ing  it 
from  development. 

D e p o s i t   c o n s i s t s   o f   o c e a n   s p i t s  and 
beach  depos i ts ,   thereby   exc lud ing  it 
from  development 

Depos i t   cons is ts   o f   a   ree f   and  a   shoa l   12 .00-18.00  
l o c a t e d  5 km n o r t h   o f   T u k t o y a k t u k .  
Ma te r ia l  woul d  need t o  be  dredged, 
s t o c k p i l e d  on the  shore1  ine,   and 
re-excavated  and  hauled  to   Tuktoyaktuk 
before  use.  Development may have 
adverse  impact on b i o t a .  

Depos i t  i s   l o c a t e d   n e a r   T u k t o y a k t u k  11.75 
however, i s   s i m i l a r  a n d   a d j a c e n t   t o  
t h e  a1 ready  developed  160  and  161  sources. 
I s   c o v e r e d   b y  up t o  2 m o f  overburden. 

Depos i t  i s   l o c a t e d   a c r o s s   t h e   h a r b o u r   f r o m  11.75 
Tuktoyaktuk  and i s   c u r r e n t l y  under 
development. 

D e p o s i t   c o n s i s t s   o f  sand  on the   bo t tom 6.50-12.503. 
o f  Tuktoyaktuk  Harbour. Has p r e v i o u s l y  
been  a  source o f   b o r r o w   m a t e r i a l   a n d  
i s   s u i t a b l e   f o r  development when l a r g e  
q u a n t i t i e s   o f   m a t e r i a l   a r e   r e q u i r e d .  

Depos i t  i s  a kame l o c a t e d  27 kn   sou th-  32.003. 
e a s t   o f   T u k t o y a k t u k .   F e a s i b l e   f o r  
development  only i f  t h e   I n u v i k -  
Tuktoyaktuk  highway i s  cons t ruc ted .  

D e p o s i t   c o n s i s t s   o f   a  kame-esker  30.003- 
complex, l o c a t e d   a d j a c e n t   t o   S o u r c e  167. 
Re1 a t i   v e l y  i naccess i   b l  e, may be f e a s i   b l   e  
source o f  Type I 1  bo r row  ma te r ia l ,  i f  
s u f f i c i e n t   q u a n t i t y   e x c a v a t e d   i n   s i n g l e  
season 

D e p o s i t   c o n s i s t s   o f   a n   o u t w a s h   p l a i n  
l oca ted   16  km sou theas t   o f   Tuk toyak tuk .  
Has extens ive  overburden  cover  and i s  
very  d iscont inuous,   thus  making it 
u n s u i t a b l e   f o r   d e v e l o p m e n t .   R e l a t i v e l y  
i naccess ib l  e. 

D e p o s i t   c o n s i s t s   o f   a n   o u t w a s h   p l a i n  30.003. 
l o c a t e d  22  km south o f  Tuktoyaktuk.  
Fa i r l y   d i scon t inuous ,   mak ing  
development d i f f i c u l t .  Re1 a t i v e l y  
i naccess ib le .  

D e p o s i t   c o n s i s t s   o f  an   esker   loca ted  36.003. 
on   the   shore   o f   Wi l low  Lake.   D is tance 
f rom  Tuktoyaktuk makes development 
o f   t h i s  s o u r c e   u n f e a s i b l e   u n t i l   c l o s e r  
sources  are  depleted. 

Depos i t  i s  a  kame-esker  complex  on  the  36 .OO 
shore o f  Ya  Ya Lake. I s   c u r r e n t l y  
under  development  and i s a  good  source 
o f  Type I 1   m a t e r i a l .  

NOTES: 1. Da ta   based   on   consu l tan ts   repo r t s   on   i nd i v idua l   p i t s .  

2. Costs   based  on  d iscuss ions  wi th  E. Gruben T ranspor t   (1983)and   i nc lude   de l i ve ry   t o  
s i t e   o f  volumes i n   t h e   o r d e r   o f   t y p i c a l  annual  requirements. 

3. Costs  based  on  a  minimum  annual  volume,  as  discussed i n   t e x t .  

EBA Engineering  Conruitanb ltd. A i E  
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the  gravel i s  relatively  expensive,  very 1 arge and easily  recoverable 
quant i t ies   are   avai lable  ( E B A ,  1975)   S l igh t ly  less  expensive Type II 
borrow material may be available from Source  168,  located 26 km overland 
from Tuktoyaktuk, i f  I arge  quanti t i e s   a r e   ex t r ac t ed  i n  a s i  ngl  e season. 

The fol l  owing sub-sections  contain more detailed comments on these borrow 
areas . 

6.2  Source  160/ 16 1 

Hardy Associates (1978) Ltd.  under contract   to  DIAND, evaluated  granular 
Source  160/161,  located on the  east   s ide of  Tuktoyaktuk  Harbour. This 
project  included two f ie l  d programs,  conducted i n  1977 and 1980. Portions 
of  the  area had previously been explored by E B A  i n  1973, f o r  Imperial Oil 
Limited, and by Ripl  ey , Kl ohn, & Leonoff International Ltd. ,  representing 
DIAND, i n  1972. 

The deposit 1 andform was described  as  being a g l  aci  ofl  uvial  terrace, 1 ocal l y  
covered w i t h  a t h i n  veneer of peat  and/or 1 acustr ine  s i l  t. Thicker 
1 acustrine  deposits  occurred i n  thermokarst  depressions. Sand  and gravel 
were found near-surface;  visible  ice  contents were between 5 percent and 20 
percent by volume, w i t h  10 percent  being  about  average. A to ta l   of  36 grain 
size  analyses were performed on recovered  samples; a summary o f  the   t es t ing  
i s  presented i n  Figure 1. This figure shows t h a t  the borrow material a t  
Source  160/161  ranges from  a gravelly sand t o  a sand and gravel  mixture w i t h  
a f i n e s   ( s i l t  and clay)  content between 5 percent and 22 percent. This 
materi  al i s cl  assi fied a s  Type II I borrow materi  al . 

On the  basis  of  the 1980 study, six potential borrow areas were ident i f ied  
w i t h i n  the confines of  t he   s i t e .  Total  recoverable volumes were estimated 

eba Englneering Conrultants ltd. 
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a t  746 000 m3, w i t h  yearly  recoverable volumes being  estimated a t  
67 000 m3 

This source i s currently  being  exploited, w i t h  borrow being  excavated and 
transported  to Tuktoyaktuk d u r i n g  the  winter  season. The cos t  of th i s  
material  delivered i n  Tuktoyaktuk i s  currently $11.75/n3  ($9.00/yd3) 
(Gruben, 1983b) . 

Some d i  f f i c u l   t i e s  i n  working w i t h  t h i  s materi  al have been reported, 
primarily  related  to h i g h  ice   content  and consequent i n s t a b i l i t y  when 
thawed. Usually , several summer seasons  are  required  for  the pl aced gravel 
to   d ra in  a n d  acquire   suff ic ient   s t rength  to   support   t raff ic   loads.   I f  
drainage was enhanced i n  the p i t  d u r i n g  periods of  thaw, the  winter 
excavated and pl aced  gravel would 1 ikely be stabl e d u r i n g  t h e   f i r s t  thaw 
period. The cost  of  leaving a dozer i n  the borrow p i t  over  the summer, t o  
maintain s i te   drainage and  windrow gravel, would add approximately $1.25/m3 
($1 .OO/yd3) (Gruben,  1983b) t o  the current   cost  of  granul a r  borrow from th is  
source. 

6.3  Source 162 

Granular  materials  Source 162 i s  located i n  the northern hal f o f  Tuktoyaktuk 
Harbour. I t  was or iginal ly  sampled by E B A ,  f o r  Imperial Oil Limited, i n  
1973 a n d  more ful  ly expl ored  through  geophysical  surveys and  a d r i l l  i n g  
program conducted fo r  DIAND  by Hardy Associates i n  1978 and 1979. A portion 
of  the  southern hal f of the harbour  was explored by E B A  i n  1981 for Esso 

Resources Canada Limited. 

EBA Engineering Conrultants ltd. 



101-3760 
December 1983 

Page 18 

Fiel d investigations determined t h a t  sand, w i t h  some gravel , e x i s t s  under an 
average  overburden  thickness  of  1.0 m. Gradational 1 imits of this sand, 
determined from  32 grain  size  analyses,  are  presented i n  Figure 2. 

Hardy Associates  (1979)  determined  that  approximately 630 000 m3 of Type III 
borrow material  could be extracted from the  harbour, assuming an average 
d redg ing  depth  of 3.5 III t o  4.0 m below the mudline. 

Prel imi nary  eval uati on of  potential  harbour-bottom  resources i n  the   vicini ty  
of Esso's base camp (located on the  east   s ide of  Tuktoyaktuk  harbour) 
indicated  that  approximately 500 000 m3 of Type III borrow could be obtained 
i n  this  area  alone,   if   dredging was conducted t o  -20 m seabed penetration 
( E B A ,  1981). 

Dredged harbour sand has been used i n  the past fo r  general f i l l   f o r  1 and 
development ,   construct ion  of   water   reservo ' i r   embankments ,   a i rport  
construction, and a s  general f i l l   f o r  both  the Dome and Esso yards. This 
sand i s  not a  popul a r   f i l l  material i n  Tuktoyaktuk. Local inhabitants 
complain  about  frequent sand storms i n  the  area,   since most of  the sand 
f i l l s  have n o t  been capped or s t ab i l i zed ,  while  contractors  are  concerned 
about  excessive equipment wear caused by the  fine  grained sand when i t  
penetrates equipment sea ls .  

The current  cost  of  dredged sand stockpiled on the beach i s  reported  to be 
i n the  range of $6.50/m3 to  $7.80/m3 ($5.00/yd3 t o  $6.00/yd3)  (Northern 
Construction Company, 1983), i f  a Northern  Construction Company cut ter-  
suction  dredge i s  used. These costs   are  based on volumes i n  the  order of 
400 000 m3 t o  500 000 m3. A 1 arger  dredge, such as   the  Zanen Verstoep 
Aquarius may achieve a higher  production  rate, b u t ,  the  cost  of  stockpiled 
material  will be approximately $ll.OO/m3 t o  $12.50 .3 ($8.50/yd3 t o  $9.50 

eba Enginwing Connrltanb ltd. 



9 I 

CLAY  SILT 
SAND  GRAVEL 

FINE 1 MEDIUM I C O A R S ~  FINE I COARSE 

SIEVE  SIZES 
n10 :;30 ;:20 4 6  -10 n8 ::4 3/ :r200 ::loo ::Go 8'' 

7- 
1" 1' 

......... 

I . 

. ., ,,, 

........ 

, .  

. I. ..... 

1 oc 

9c 

8C 

70 

60 

50 

40 

30 

20 

10 

0 

i 
.; . 

I.. 

,. . .  

.... 

.... 

., . . 

.... 

/ 
...... .  

/ 
, .... . .  ....... 

:. .......... 

> ......... 

......... 

......... 

......... 

......... 

......... 

......... 

......... 

- 

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

........... 

- A 

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

.0005 ,001 .002 .01 .02 .05 0.1 0.2 0.5 1.0 2.0 5.0 10 20 

GRAIN  SIZE - MILLIMETRES 
........ 

NOTES: 
1) Envelope  constructed from 24 grain size analyses. 
2) Adapted from Hardy Associates (1978)  Ltd., 1979. 

- 
FIGURE 2 GRADATIONAL  RANGE- 

GRANULAR BORROW A T  SOURCE 162 
" (TUKTOYAKTUK  HARBOUR) . ." ~ . 



101-3760 
December 1983 

Page 20 

~ d 3 )  (Canadian Marine Drilling,  1983). These pr ices  assume t h a t  a dredge i s  
avail abl e when the borrow material i s  required. 

6.4 Ya Ya Lake 

The Ya  Ya Lake kame-esker  complex, 1 ocated on Richards  Isl  and,  has been 
extensively  explored and evaluated. Large scale  extraction and stockpiling 
operations have  been conducted a t   t h e  source  for  nearly 10 years.  In 1975, 
E B A  conducted a detailed  evaluation o f  the deposi t   for  the Arctic  Petroleum 
Operators  Association. A total   of 299 boreholes were d r i l l e d  and sampled. 
Grain size  curves summarizing the t e s t ing  program are  presented i n  Figure  3. 
Generally,  the  material , which ranges from  a gravelly sand t o  a gravel w i t h  
some sand, i s  f a i r l y  well -graded and has 1 e s s  t h a n  10 percent  f ines.  This 
material i s  generally of Type II qual i ty.  Moisture  (ice)  contents were 
generally i n  the range  of 5 percent  to 10 percent.  Deposits of  massive 
ground i c e  u p  t o  16 m i n  thickness were encountered d u r i n g  t h e   d r i l l  i n g  
program. A description  of the deposit and ce r t a in  development  problems  has 
been provided by  Hayl ey and MacLeod (1977). 

Exploitable volumes of  gravel are   substant ia l .  Over 7.6 million m3 (10.0 

mill  ion  yd3)  of  gravel have  been inventoried. Due to   the  areal   extent  of 
the  deposit ,   yearly  recovery  rates  are  not a 1 irni t i n g  f ac to r .  The Ya  Ya 
Lake gravel i s generally  considered t o  be the  best   deposit  of  granular 
construction  material i n  the Mackenzie Del ta   a rea .  Gravel from th is  deposit 
has been used a s  Type I ,  Type II and  Type III  borrow material   for  projects 
ranging from roads t o  a r t i f i c i a l   i s l ands .  

Ya  Ya Lake gravel  currently  costs $36.00/m3 ($27.50/yd3)  (Gruben, 1 9 8 3 ~ )  
delivered  to Tuktoyaktuk. Although located 70 km from Tuktoyaktuk, the s i t e  
i s  readily  accessible from the  Inuvik-Tuktoyaktuk  winter  ice  road. The 
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pr ice  of Ya  Ya gravel would  be adversely  affected by closure  of  the  Inuvik- 
Tuktoyaktuk ice   road ,   i f   the  proposed  land  road i s  constructed. 

6.5 Source 168 

Source 168 , 1 ocated on the  north  shore  of Eskimo Lakes, was i n i t i a l l y  
ident i f ied  and  sampled as  source T-114 (Ripley, Klohn & Leonoff,  1973). I t  
was  renamed i n  the 1977 DIAND granular  resources  inventory  (Hardy, 1977) .  A 
more detai led study of  the  source, summarized below, was completed recently 
by BBT Geotechnical  Consultants Ltd . ,  (1983), under cont rac t   to  DIAND. 

The granul a r   d e p o s i t s   a t  this s i t e   cons i s t   o f  an esker a n d  several small 
kames. A 1.5  m-thick layer  of lacustr ine  c lay was encountered a t  surface i n  
one borehole, b u t  generally  overburden i s  absent,   or t h i n ,  ranging from 
50 mm t o  about 1.0 m (on  the  fl  anks of the  r idge) .  The granul ar  material s 
are   general ly   c lass i f ied  as  a gravel and sand mixture, sandy gravel s, o r  
gravelly  sand. A to ta l  of 39 grain  size  analyses were conducted on samples 
recovered d u r i n g  the  f ie l  d programs; a summary of the  gradational  analysis 
i s presented i n  Figure 4. The fines  content i s  typical ly  one t o  two 
percent. T h i  s material i s sui t a b l e   a s  a Type II borrow materi a1 , however, 
compaction may be d i f f icu l  t due to   the  very 1 ow fines content. 

The upper 1.8 m t o  2.5 m of  the  granul a r  material s was typical  ly  dry and  
f r i ab le .  Below th i s ,  the  gravels were i ce  bonded, w i t h  v is ible   ice   contents  
typical ly   f ive  percent  t o  f i f teen  percent ;  however, none of  the  samples 
contained  excess  moisture on t h a w i n g .  While no massive i c e  was encountered, 
i t  was ant ic ipated  that   ice   bodies  may be present i n  the underlying  cl  ay. 

On the   basis   of   the   dr i l l ing program, i t  was estimated  that   the  esker and 
kames contained a to ta l  of  600 000 m3 of good qual i ty  granular  material,  of 
which 350 000 m3 i s  recoverable. I t  was determined that   the   top 1.5 m t o  
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100 - 
90 

80 

70 " 

K 
W 
J 60 
J a 

50 .. 

I- 

W 40 
z 
K 
0 
W 

30 

20 '' 

10 

0 -  - 

CLAY SILT SAND 1 GRAVEL 
FINE I MEDIUM I C O A R S ~  FINE ] COARSE 

SIEVE  SIZES 

.0005 .001 .002 .005 .01 

NOTES: 
1 )  Envelope  constructed from 32 grain-size  analyses. 
2) Adapted  from BBT Geotechnical  Consultants Ltd.,  1983. 

200 

..; .. 

.., .. 

.I. .. 

.'. .. 

..... 

.<. .. 

., . . 

.02 .05 0.1 

GRAIN  SIZE - 
- 

0.2 0.5 

MILLIMETRES 

1 .o 2 .o 5.0 10 20 50 

FIGURE 4 GRADATIONAL  RANGE - 
GRANULAR BORROW AT SOURCE 168 



101-3760 

December 1983 

Page 24 

2.0 m would  be  eas i ly   excavated,   but   subsequent ly ,   annual   product ion  would 

be 1 i m i t e d   t o   t h e   e s t i m a t e d  1.0 m t o  1.5 m seasonal  depth o f  thaw.  While 

g ranu lar   depos i ts   ex tend  severa l   met res   be l  ow t h e  1 evel  o f   t h e   s u r r o u n d i n g  
te r ra in ,   the   recoverab le   vo lumes  a re   based  on  a maximum d e p t h   o r   r e c o v e r y   t o  

about 1.5 m above t h e  1 e v e l   o f   t h e   s u r r o u n d i n g   a r e a  (BBT, 1983).  Drainage 
i s  cons idered  the  1 i m i t i n g   f a c t o r .  

Development o f  the   source   wou ld   requ i re   cons t ruc t ion   and  ma in tenance  o f   an  

over l   and  winter  haul   road. Due t o   t h e   o r i e n t a t i o n   o f   t h e   a c c e s s   r o a d  
r e l   a t i v e   t o   t h e   d i r e c t i o n  o f  t h e   p r e v a i l  i ng  w inds ,   the   year ly   access   cos ts  

woul d be  ext remely  h igh  and  unpredic tab l  e, b u t   p r o b a b l y   i n   t h e   o r d e r   o f  
$100,000 (Gruben,   1983c) .   Th is   necess i ta tes   tha t  1 a rge   quan t i   t i es ,   pe rhaps  

i n   t h e   o r d e r   o f  150 000 m3 (BBT, 1983) , o f   m a t e r i a l   b e  removed i n  a s i n g l e  
excavat ion  season t o   r e d u c e   u n i t   c o s t s   t o  a reasonable 1 evel  . Under  ideal  

c o n d i t i o n s ,  it i s  e s t i m a t e d   t h a t   m a t e r i a l   c o u l d   b e   d e l i v e r e d   i n   T u k t o y a k t u k  

f o r  a u n i t   c o s t   o f  $30/m3 i n  1984, p rov ided a t  l e a s t  50 000 m3 were 
e x c a v a t e d   f r o m   t h e   u p p e r   p o r t i o n s   o f   t h e   d e p o s i t   i n  a s i n g l e   e f f o r t  (Gruben, 

1983c) .  

6.6 Granul a r   Supp ly  Summary 

al though  numerous  granul a r   d e p o s i t s  have  been i d e n t i f i e d   i n   t h e   T u k t o y a k t u k  
area,   on ly  4 sources   a re   regarded  as   economica l l y   feas ib le   fo r   deve lopment .  

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

yea r   ma te r ia l   requ i   remen ts  o f  the   d i f fe ren t   deve lopment   scenar ios .  

No o the r   depos i t s   have   been   i den t i f i ed   wh ich   con ta in   ma te r ia l   t ha t   can  be 

ob ta ined   a t   reduced   cos t .  Many o f   t h e   p r e v i o u s l y   i d e n t i f i e d   g r a n u l a r  

sou rces   e i t he r   con ta in   ve ry   sma l l   amoun ts   o f   des i rab le   ma te r ia l ,   have  1 arge 

Em Engineering  Connrltonb ltd. 



101-3760 
December 1983 

Page  25 

amounts of  overburden,  or  are  very  discontinuous. Access to   o the r ,   l a rge r ,  
potential  sources i s  d i f f i c u l t  and transportation  costs  are  rel   at ively 
h i g h .  

A summary of  the volumes of granular  material  avail  able  for each  of the 4 
recommended areas i s  presented i n  Tabl  e 5. 

7 .O DEVELOPMENT SCENARIO 

7 .1  Without A i  rport  Expansion 

The total  estimated maximum granular borrow demand for  the  next 5 years i s  
367 000 "3, while the estimated m i n i m u m  granular borrow demand i s  357 000 m3 
(Tabl e 3,  Section 5.4) . Approximately  73 percent o f  t h i s  demand i s f o r  Type 
III   material .  Type II f i l l  accounts  for 20 percent   of   the   total   f i l l  
requirements,  while Types IV and  I only  account for 4 and 3 percent, 
respectively. Yearly  requirements a r e  3 000 m3 for Type IV borrow material 
and range from 47 500 m3 t o  65 300 m3, 5 300 m3 t o  25 300 m3, and 1 313 m3 
t o  5 113 m3 fo r  Types 111,  11, and  I borrow, respectively. 

The most cost-effective scheme appears t o  involve  extracting  the Type I I I  
f i l l  from Source 160/161. The borrow material i s of  reasonabl e qual i t y ,  
relatively  inexpensive and the  yearly  supply  exceeds  requirements.  Material 
quality  could be fur ther  improved by leaving a dozer i n  the p i t  area  over 
the summer period t o  windrow borrow material  to  reduce  moisture  contents 

Estimated  costs  for  various  combinations  of  excavating,  stockpiling, and 
placing  material from Source  160/161 are  presented i n  Tabl e 6.  While the 
1 east  expensive granul ar  material  resul t s  from winter  excavation and 
placement, thaw i n s t a b i l i t y  i s  l i k e l y ,  due t o  the h i g h  ice  content  of  the 
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 SOURCE^. MATERIAL YEARLY  RECOVERABLE  TOTAL  RECOVERABLE 
VOLUME  VOLUME 

(m3) (m3) 

160/161 Type 111 67 000 750 000 

162  Type I11 Unknown Unknown 

Ya  Ya Lake Type I 1  Unknown 7 500 000 

168  Type I 1  90 000 - 135 000 350 000 

NOTE: 1. Data   f rom  de ta i led   geotechn ica l   eva l   ua t ions   o f   sources :  

160/161  (Hardy , 1980) 
162  (Hardy , 1979) 

Ya  Ya Lake (EBA, 1975) 
168 ( BBT, 1983) 
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YEAR WINTER  EXCAVATE, WINTER EXCAVATE, SUMMER WINDROW, 
WINTER DELIVER 

SUMMER WINDROW, 
WINTER  STOCKPILE, WINTER  EXCAVATE, WINTER EXCAVATE, 
SUMMER DELIVER WINTER DELIVER WINTER STOCKPILE, 

SUMMER DELIVER 

$/m3 81yd3 8/m3 ~ y d 3  f / m 3  Slyd3 8/m3 B / Y ~  

1984  12.75  9.75  19.75 15.00 14.25  10.75  21.25  16.25 

1985  13.75  10.50 21.25 16.25  15.25  11.50  22.75  17.50 

1986  14.75  11.25 22.75 17.50  16.50 12.50  24.50  18.75 

1987  16.00  12.25 24.75 19.00  18.00  13.75  26.75  20.50 

1988 17.25 13.25  26.75  20.50  19.50  15.00  28.75  22.00 

NOTE: 1. Based  on d i s c u s s i o n s   w i t h  E. Gruben T r a n s p o r t   L t d  (Gruben,  1983b). 

An annua l   p r ice   inc rease o f  8 percent  has  been assumed. 
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fill . Summer windrowing will i n c r e a s e   t h e   p r i c e   o f   t h e   b o r r o w   s l  i g h t l y  , 
b u t  thaw s t a b i l i t y   o f   t h e   g r a v e l  will be  subs tan t i a l l y   improved .  

I f  granul   ar   mater ia l   f rom  Source  160/161 i s s t o c k p i l e d   i n   T u k t o y a k t u k   d u r i n g  
t h e   w i n t e r ,   t h e   m a t e r i a l   s h o u l d   b e   a l l o w e d   t o   t h a w   a n d   d r a i n   b e f o r e  fill i s  

removed f o r  p lacement .   S tockp i l ing   g rave l  i n  Tuktoyaktuk will add 
approx imate ly  $6.75/m3 ($5.25/yd3) t o   t h e   c o s t   o f   g r a v e l   d e l i v e r e d   t o   s i t e .  

Type I I granul   ar   borrow  shoul  d come f rom  the  Ya  Ya Lake  source. Vi s i b l  e 

i c e - f r e e   g r a n u l a r   m a t e r i a l   f r o m   t h i s   p i t  will have   mo is tu re   con ten ts   l ow  
enough t o  a l l  ow winter   p lacement ,   making it unnecessary t o   a l l  ow t h e  

m a t e r i a l   t o   t h a w  and d r a i n   b e f o r e  use. It may b e   d e s i r a b l e   t o   s t o c k p i l e  Ya 
Ya gravel  i n  T u k t o y a k t u k   f o r   f u t u r e   u s e ,   r a t h e r   t h a n   h a u l   g r a v e l   e v e r y   y e a r .  

S i n c e   t h e   y e a r l y  demand f o r  Type II m a t e r i a l   i s   i n   t h e   o r d e r   o f  15 000 m3 t o  

20 000 m 3 ,  s t o c k p i l   i n g  a 2 year   supp ly  i n  Tuktoyaktuk  would 1 i k e l y   b e  more 
p r a c t i c a l .   E s t i m a t e d   y e a r l y   p r i c e s   f o r  Ya  Ya Lake  g ranu lar   bor row  a re  
presented i n  Table  7. 

E v i d e n t l y ,   u n l e s s  a Tuk toyak tuk   s tockp i l e  i s  created,  Ya  Ya gravel   should  be 

excavated,  haul ed, and p l  aced   under   w in te r   cond i t i ons ,   as   t h i  s o p e r a t i o n  
woul d r e s u l  t i n   t h e  1 owest-cost  Type II granu l   a r   bor row.  An a l   t e r n a t i v e  

source  of  Type II borrow  has   recent ly  been  proven a t  Source  168, 
cons iderab ly   c loser   to   Tuk toyak tuk ;   however ,   the   h igh   and  unpred ic tab le  

c o s t s   o f   c o n s t r u c t i n g   a n d   m a i n t a i n i n g  an over l   and  winter   access  road may 
1 imit deve lopmen t   o f   t h i s   sou rce   t o   t he   a i rpo r t   expans ion   scenar io   (Sec t i on  

7 . 2 ) .   U n d e r   i d e a l   c o n d i t i o n s ,   t h e   s t o c k p i l   i n g   o f  a f o u r   o r   f i v e - y e a r   s u p p l y  
may r e d u c e   u n i t   c o s t s   s u f f i c i e n t l y   f o r   u s e   o f   t h i s   s o u r c e  a s  an a l t e r n a t i v e  

t o  Ya  Ya Lake  gravel .  

Type IV and  Type I granular  borrow  shoul  d c o n t i n u e   t o   b e   o b t a i n e d   f r o m   t h e  
Campbell  Quarry, 1 o c a t e d   s o u t h   o f   I n u v i k ,   s i n c e  no su i   t ab l  e a l   t e r n a t i v e  

s i t e s  have  been 1 o c a t e d   t o   d a t e .  It i s  v e r y   u n l   i k e l y   t h a t   a l   t e r n a t e   s o u r c e s  

EBA engineering Conrultcmb ltd. 
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TABLE 7 ESTIMATED YEARLY COSTS OF GRANULAR BORROW-YA Y A  LAKE SOURCE. 

I 

”- 

YEAR winter EXCAVATE, WINTER EXCAVATE, 
WINTER DELIVER WINTER STOCKPILE, 

SUt4MER DELIVER 
$/ m3 $ /y d3  $/m3 $ lyd3 

1984  39 .OO 29.75 46 .OO 35.00 

1985  42 .OO 32 .OO 49.50 37.75 

1986  45.25  34.50 53.25 40.75 

1987  49 .OO 37.50 56.75 43.25 

1988 53 .oo 40.50  62.50  47.75 

NOTE: 1. Based  on   d iscuss ions   w i th  E. Gruben Transpor t   L td .   (Gruben,   1983) .  

A y e a r l y   p r i c e   i n c r e a s e  o f  8 percent  has  been assumed. 

Assumes e x i s t e n c e  o f  government-bui l  t and  mainta ined  ice  road  between  Tuktoyaktuk 

and Ya  Ya Lake. 

I 
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could be developed for   l ess   cos t  t h a n  the  existing  sources,  given  the small 
volumes required.  Procossi ng faci l  i t ies   required t o  crush and blend Type I 
material  are  currently  in  place a t  the Campbell Quarry. 

7.2 With Airport Expansion 

I f  a i rpo r t  expansion  occurs ,   the  demand for   granular   borrow,  and 
par t icular ly  Type i i   f i l l ,   i n c r e a s e s  twofold. The project  will  require 
between 350 000 m3 and 500 000 m3 of Type i i i   f i l l  and approximately 
112 000 m3 o f  Type ii f i l l .  Maximum  Type 111 f i l l  useage ra tes  of 
150 000 m3/year would greatly exceed the  yearly  production o f  70 000 m3/year 
a t  Source 160/161 as  wel 1 as  restrict   the  avail   abil  i ty o f  Type i i i   granular  
material t o  the publ ic   sector  ( i  .e. Haml e t   u s e ) .  In order t o  ensure t h a t  an 
inexpensive  source of granular  material for community use ex is t s ,   the  
160/161 deposit  should be excluded from 1 arge-scale use for purposes  other 
than Haml e t  development. 

A1 ternate  sources o f  f i l l   w i l l  have t o  be exploited  in  order t o  meet the 
demand o f  airport  expansion. Dredged sand appears t o  be the most viable 
o p t i o n  a t  t h i s  time. A dredge  could be positioned  in  the  harbour, w i t h  a 
1 and-1 ine r u n n i n g  t o  the  a i rport  expansion s i te .   I f   desi   red,  a l l  Type i i i  
f i l l  required  for  the  project coul d be dredged in one season,  thereby 
reducing  yearly  start-up probl ems. 

Dredged sand  coul d be  pl aced on-si t e   f o r  between $6.50/rd and $l2.OO/m3, 
(Section  6.3) depending upon the  dredni ng equipment.  In t h i  s regard,  the 
Aquarius may be avail abl e for contract  dredging  during  the 1983 summer 
season.  Northern  Construction  will n o t  have a dredge in  the  area  until 
1984. 
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Annual   requirements  for   Type ii mate r ia l   cou l  d c o n t i n u e   t o  be s a t i s f i e d   b y  
t h e  Ya  Ya Lake  deposits.  Source  168  appears t o   p r o v i d e  an  economical 

a l t e r n a t i v e   t o  Ya  Ya L a k e   p r o v i d e d   s u f f i c i e n t   q u a n t i t i t e s   a r e   e x t r a c t e d  
d u r i n g  a s ing l  e season. A comparison o f   t h e   e s t i m a t e d   u n i t  and t o t a l   c o s t s  

o f  Type ii mater ia l   f rom  the   two  sources  i s g i v e n   i n  Tabl e 8.  The c o s t s   f o r  
Source  168  are  based  on  s tockpi l   ing a two-year  supply i n  1984  and a th ree-  

year   supp ly  i n  1986. 

No Type IV and Type I mate r ia l   requ i remen ts   were   i nd i ca ted  for t h e   a i r p o r t  
expansion;  Type IV and  Type I m a t e r i a l  will s t i l l  need t o  be  imported  f rom 

t h e  Campbell Q u a r r i e s ,   n e a r   I n u v i k   f o r   t h e   r e a s o n s   i n d i c a t e d   i n   S e c t i o n   7 . 1  

8.0 BORROW SOURCE MANAGEMENT PLANS 

8.1 General 

Borrow  source  plans  have  been  prepared  on  the  basis  of   the  supply-demand 
a n a l y s i s  and t h e  recommended deve lopmen t   scenar ios   f o r   t he   nex t   f i ve   yea rs .  

These p l  ans  have  taken i n t o   c o n s i d e r a t i o n   i n f o r m a t i o n   p r e s e n t e d   i n   t h e  

Env i ronmenta l   Gu ide l   ines :   P i ts   and  Quar r ies  Handbook ( Ind ian   and  Nor thern  

A f f a i r s  Canada, 1982) , a n d   t h e   d r a f t   T e r r i t o r i a l  Lands  and  Publ i c  Lands P i t s  
and Quar r i es   Regu la t i ons .  The f o l l o w i n g   s e c t i o n s   p r e s e n t   t h e   o b j e c t i v e s   o f  

t h e  management p l a n s ,   t h e i r  1 i m i t a t i o n s ,   g e n e r a l   c o n s i d e r a t i o n s   r e g a r d i n g  
p i t  deve lopmen t   and   res to ra t i on   wh ich   pe r ta in   t o  a1 1 borrow  sources,  and 

recommendations f o r   r e f i n i n g   t h e   s i t e - s p e c i f i c   p l a n s .  The d e t a i l e d   s i t e -  

s p e c i f i c  management p lans   a re   p resen ted  i n  Appendix C y  D, E, and F, f o r  

Sources  160/161,  162, Ya  Ya Lake,  and  168,  respect ively.  

E M  Engineering Conrultants ltd. eba 



TABLE 8 COST COMPARISON OF TYPE I 1  MATERIAL SOURCES 

" 

YEAR ESTIMATED  ANNUAL  ANNUAL  COST OF MATERIAL BY SOURCE 
VOLUMes Y A  Y A  LAKEs SOURCE 16B3- 

LOW H I G H  $/m3 LOW H I G H  $/ m3 LOW HIGH 

1984 37 300  47  300 39.00 1.46 1.85 33.50 1.25  1.59 

1985 45  300 55 300 42.00 1.90 2.33 41 .OO 1.86 2.27 

1986 31 300 41 300 45.50 1.43 1.88 39 .oo 1.23  1.61 

1987 21 300 31 300 49.00 1.05  1.54  47.75 1.02 1.50 

1988 26 300 36 300 53.00  1.40 1.93 48.50 1.28 1.77 

TOTAL 183 500 44.854- 8.23 41 .054- 7.54 

g 
NOTES: 1. Vol umes based  on t o t a l  s f o r   A i rpo r t   Expans ion   Scenar io ,  Tab1 e 3. 

2. Ya  Ya Lake  costs   based  on  annual   winter   excavat ion  and  de l ivery .  

3 .  Source 168 costs  based on w i n t e r   e x c a v a t i o n   a n d   d e l i v e r y   f o r  1984 and 1986, and 

4. Weighted  average u n i t   c o s t .  
d e l   i v e r y   f r o m   s t o c k p i l e   f o r   o t h e r   y e a r s .  
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8.2 pl an O b j e c t i v e s  

S i t e - s p e c i f i c  m a n a g e m e n t   p l a n s   m u s t   c o n s i d e r   t h e   r e q u i r e m e n t s   a n d  

c o n s t r a i n t s   o f   r e g i o n a l   b o r r o w  demand and a v a i l a b i l i t y .  Each p lan   shou ld  

ensu re   t ha t   economica l   recove ry   o f   qua l i t y   g ranu la r   ma te r ia l  s i s  achieved a t  
each p i t   w i thou t   caus ing   excess i ve   adve rse   env i ronmen ta l   impac t .  The 

environmental   impact on t h e   r e g i o n   c a n   b e   m i n i m i z e d   b y   r e s t r i c t i n g   g r a n u l a r  
r e c o v e r y   o p e r a t i o n s   t o  a s e l e c t  number o f   p i t s ,   r e a l i z i n g   t h a t  maximum 

e x t r a c t i o n  f r o m  a p i t  will l i k e l y  cause a s l i g h t   r i s e   i n   m a t e r i a l   c o s t .  
Th i s   cos t   i nc rease   mus t   be   we ighed   aga ins t   t he   env i ronmen ta l   cos ts   o f   hav ing  

n u m e r o u s   s m a l l e r   p i t s ,   c o n t a i n i n g   l e s s   e x p e n s i v e   m a t e r i a l  , open 

s i m u l   t a n e o u s l y   o r   s e q u e n t i a l l y .   I n   t h i s  1 i g h t ,   t h e   p i t  management p l  ans 

have  been  devel  oped t o   m i n i m i z e   p r i m a r i l y   t h e   r e g i o n a l   e n v i   r o n r n e n t a l  
d i   s tu rbance   and   second ly   p i   t - spec i   f i c   env i ronmen ta l   d i s tu rbance .  

Ac tua l   bor row  requ i rements   fo r   the   Tuk toyak tuk   a rea  will b e   s i g n i f i c a n t l y  

i n f l uenced   by   ma jo r   p ro jec ts ,   such   as   t he   p roposed   a i rpo r t   expans ion   o r   t he  
Inuv i   k -Tuk toyak tuk  Highway . U n c e r t a i n t y   r e g a r d i n g   t h e   s c h e d u l   i n g   o f   t h e s e  

and o i l  and  gas i n d u s t r y   a c t i v i t i e s ,   p r e v e n t s   d e t e r m i n a t i o n   o f   a n   a c c u r a t e  
schedule o f  ex t rac t i on   f rom  the   i nd i v idua l   sou rces .  The  management p l a n s  

there fore   a t tempt   to   ach ieve   o rder ly   and  economica l   deve lopment   and 

r e s t o r a t i o n  such t h a t  i f  a source i s  abandoned  from  time t o   t i m e ,   f u t u r e  

e x t r a c t i o n   o f   r e m a i n i n g   r e s o u r c e s  may be   ach ieved  w i th   m in ima l   e f fo r t   and 
c o s t .  
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The p i t  management p lans   have   been   p repared   based   on   a l l   ava i l ab le   da ta   f o r  
t h e   i n d i v i d u a l   b o r r o w   s o u r c e s .   T h i s   g e n e r a l l y   c o n s i s t s   o f   o b s e r v a t i o n s   a n d  

r e s u l   t s   f r o m   r e c o n n a i s s a n c e   a n d   d r i l l  i ng  programs  designed t o   i d e n t i f y  
borrow  sources,   and  determine  pre l   iminary  development   gu ide l   ines.   Deta i led 
s i t e   s u r v e y  and  bor row  de l   inea t ion ,   and  tes t -p i   t t ing   p rograms  have  genera l l y  

n o t  be  undertaken.  Thus,  factors  such  as  total   recoverable  borrow 

quan t i t i es ,   excava t ion   cos ts ,   and   an t i c ipa ted   env i ronmen ta l   d i   s tu rbance   a re  
d i f f i c u l t   t o  assess. 

I n  those  sources  which  have a1 ready  been  devel  oped t o  some e x t e n t ,   l   i t t l e  

i n s p e c t i o n   o r   m o n i t o r i n g   h a s   b e e n   u n d e r t a k e n .   T h u s ,   v e r i f i c a t i o n   o f  
o r i g i n a l   m a t e r i a l   q u a n t i t y   e s t i m a t e s ,   a n d   d e t e r m i   n a t i o n   o f   r e m a i n i n g   b o r r o w  

r e s e r v e s   a r e   n o t   a v a i l a b l e .   I n f o r m a t i o n  on the   genera l   pe r fo rmance   o f   t he  
e x i s t i n g   p i t s ,  and  assessment o f  environmental   impact i s   a l s o   l a c k i n g .  

The p i t  management p l a n s   n e c e s s a r i l y  re ly  on the  recommendations  presented 

i n   p r e v i o u s   r e p o r t s ,  a s  w e l l   a s   l  imi t e d   i n f o r m a t i o n   o b t a i n e d   d u r i n g   t h e  
w i n t e r   s i t e   v i   s i t ,  a n d   p r e v i o u s   e x p e r i e n c e   w i t h   p i t   d e v e l o p m e n t   i n   n o r t h e r n  

reg ions.  

8.4 P i t  Access 

Winter   haul  age i s recommended for  a1 l  onshore  sources t o   m i n i m i z e  

environmental  d i  s turbance.   Winter   access  to   Source  160/161  and Ya  Ya Lake 

EBA Enginuering  Conrultants ltd. 
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i s ava i l   ab l  e ove r   sho r t   snow/ i ce   roads   f rom  the   sou rces   t o   ma in   i ce   roads .  
Cons t ruc t i on   and   ma in tenance   cos ts   f o r   t hese   access   roads   a re   i ns ign i f i can t  

i n  comparison to   excavat ion   and  hau l  age cos ts .  

Access t o  Source 168 w o u l d   r e q u i r e   c o n s t r u c t i o n   o f  a long  over land  snow/ ice  
r o a d ,   w i t h   a n d   e s t i m a t e d   c o s t   i n   t h e   o r d e r   o f  $100,000 (Gruben, 1 9 8 3 ~ ) .  

Maintenance  costs  woul d be   h igh ,   and  unpred ic tab le ,  due t o   t h e   o r i e n t a t i o n  
o f   t h e   a c c e s s   r o u t e   w i t h   r e s p e c t   t o   p r e v a i l i n g   w i n d s .  

dock 

t h i  s 

8.5 

Summer opera t i ons   wou ld   requ i re   cons t ruc t i on   o f   t empora ry   access   roads   f rom 

t h e   s o u r c e s   a n d   d o c k i n g   f a c i l i t i e s   f o r   b a r g e s .   T h e s e   f a c i l i t i e s   w o u l d  
r e q u i r e  1 a r g e   q u a n t i   t i e s  o f  g r a n u l   a r   m a t e r i a l  s, and t h e r e f o r e  woul d 

s i   g n i  f i  cant ly   reduce  the   recoverab l  e vo l  umes. A p p r o p r i a t e   c o n s i d e r a t i o n   o f  

c o n t r o l  1 i ng  surface  drainage woul d al so be   requ i red .   Cos ts   o f   hau l   i ng  

ma te r ia l   by   ba rges   a re   p robab ly   h ighe r   t han   w in te r   t ruck ing   cos ts  due t o   t h e  

amount o f   r e h a n d l i n g .   A d d i t i o n a l   c o s t s   o f   c o n s t r u c t i o n   o f   a c c e s s   r o a d s   a n d  
i o n   f o l  1 owing  abandonment  probably p r o h i b i t  i ng f a c i l  i t i e s ,  and r e c l  amat 

a l   t e r n a t i v e .  

P i t  Devel  opment 

8.5.1 S i t e   P r e p a r a t i o n  Work 

S i t e   p r e p a r a t i o n  work   shou ld   be   conducted   su f f i c ien t ly   in   advance of 

excava t ion   t o   p reven t   con tamina t ion   o f   g ranu la r   ma te r ia l  s,  and p r e f e r a b l y   i n  

w i n t e r  t o  m i n i m i z e   d i s t u r b a n c e   t o   t h e   s u r r o u n d i n g   t e r r a i n .  Snow should  be 

c l e a r e d   f r o m   t h e   a r e a   t o  be  excavated  and  yard  areas  and  placed so as t o  

minimize  subsequent p i t   i n f i l l i n g  by d r i f t i n g  snow. T o p s o i l   c o n s i s t i n g   o f  
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peat and organic soil s ,  w h i l  e typically  scarce,  shoul d be stripped where 
possible and stockpiled or windrowed a t   t h e  edges of the  pi t   area.  Windrows 
should be placed parl lel  t o  slope  direction t o  prevent ponding o f  surface 
water d u r i n g  spring, or  contamination o f  granular  materials.  Inorganic 
overburden  materi al s should be stripped and pl aced i n  separate  stockpiles or 
windrows, w i t h  similar consideration of drainage  considerations. The 
stripped  materials  are t o  be reserved for reclamation  purposes.  Disturbed 
areas must be kept  to a practical m i n i m u m .  

8.5.2 Extraction Methods 

Winter  recovery  operations  will normally consis t  o f  ripping o f  f r i ab le  
frozen  granular  material and p u s h i n g  i t  i n t o  temporary windrows or 
stockpiles for loading.  This  type of  extraction can be conducted w i t h  
conventional equipment i ncl udi  ng  b u l l  dozers w i  t h  r ippers , 1 oaders , and 
trucks. Poorly-bonded granular  material w i l l  usual ly  be located  near  the 
surface o f  deposits t h a t  exhibit   posit ive  rel   ief .  I t  will represent  the 
material t h a t  has thawed  and drained  over  the summer season.  If an 
insuf f ic ien t  volume of  material can be obtained th rough  r i p p i n g ,  or r i p p i n g  
i s  not  possible,  blasting will be necessary. 

Summer operations will typically  consist  o f  str ipping a n d  windrowing or 
stockpil i ng thawed 1 ayers o f  granul ar materi al w i t h  b u l l  dozers, cornlnenci n g  
when t h a w  has  progressed  about 0.5 m i n t o  the  deposit. The cycle of 
operation i s  1 argely dependant on the  rate o f  t h a w i n g ,  and drainage 
considerations.  This method allows  potentially  greater annual recovery by 
progressively  increasing  the amount of  thawed nater ia l  , and permits  rapid 
drainage o f  the  materi al i n  s tockpiles or windrows. The stockpiled  material 
may be easi ly  loaded w i t h  front-end  loaders and  removed a t  any time  of  the 
year. 
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Excavation cos ts   a re  1 argely  dependant on the  depth  of  recovery  possible and 
ease of excavation, and are   therefore   diff icul t   to   es t imate .  Annual 
recovery  depths i n  undeveloped areas will be i n i t i a l l y  dependent on na tura l  
moisture  contents and the  corresponding  degree of  ice-bonding.  Subsequent 
t o  i n i t i a l  development, the annual d e p t h  of  recovery will depend 1 argely 
upon seasonal  depth o f  t h a w  and pit.  drainage. Poorly-bonded  granul ar 
material s ,  w i t h  moisture  contents  less t h a n  five  percent, will generally be 
easily  ripped. Moderately  ice-bonded material  will be rippable, b u t  with 
some d i f f i cu l ty .  Where moisture  ( ice)  contents exceed approximately 10 
percent, depending on material  type, and the granul a r  materi a1 s a re  wel 1 - 
bonded, slow production r a t e s ,  and consequently h i g h  excavation  costs will 
resul t. B1 asti ng will be necessary if   the  material  i s unri ppabl  e. 

Large  annual requirements from a par t icular  borrow source may warrant 
comparison o f  the economics o f  r i p p i n g  and d r i l l  and blast  operations. The 
1 atter  operation proved successful f o r  development o f  a gravel  source  near 
Fort klacPherson, NWT, d u r i n g  construction o f  the Dempster Highway. Crush ing  
o f  frozen  blasted  blocks may be required t o  reduce  material t o  an acceptable 
s ize .  

8.5.3  Treatment o f  illassive Ice 

The pervious  nature o f  granul  a r  material s tends t o  encourage  the growth o f  
bodies of  t a b u l a r  ground ice  where a b u n d a n t  water i s  avail ab1 e. Massive i ce  
presents b o t h  environmental and construction-rel  ated probl ens t o  p i t  
development. Where practical , the  extent o f  massive ice i n  a prospective 
deposit should be defined prior t o  p i t  development. The development p l a n s  
shoul d include methodol ogy for coping w i t h  ice  bodies  as  they  are 
encountered. 
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Where p r a c t i c a l  , l a r g e   b o d i e s   o f   m a s s i v e   i c e   s h o u l d   b e   a v o i d e d .   T h i n ,   o r  
1 e s s   e x t e n s i v e   m a s s i v e   i c e   w i t h i n   t h e   g r a n u l a r   m a t e r i a l   a t   h i g h e r   e l e v a t i o n s  

should  be  excavated  and  wasted, o r  exposed t o   p e r m i t   t h a w i n g   d u r i n g   t h e  

summer. Dra inage  must   be   cons idered  w i th   e i ther   method  o f   d i   sposa l  . 
R e l a t i v e l y   t h i n   l a y e r s   o f   m a s s i v e   i c e   a t   d e p t h  may b e   p e r m i t t e d   t o  thaw 
p r o v i d e d  a1 1 o v e r l y i n g   r e c o v e r a b l e   g r a n u l a r   m a t e r i a l  s are  removed  during  one 

e x t r a c t i o n  season. Format ion   o f   thaw  ponds   as   i ce  mel t s   d u r i n g   t h e  summer 

i s   i n e v i t a b l e   i n   t h i s   s i t u a t i o n .   A p p r o p r i a t e  measures  must  be  taken t o  
c o n t r o l   d r a i n a g e   a n d   t o   p r o t e c t ,  and  ensure  access  to ,   ad jacent   recoverable 

g r a n u l   a r   m a t e r i a l  s. 

T h i c k e r   i c e   b o d i e s   a t   d e p t h ,   f r e q u e n t l y   a t   t h e   b a s e  o f  the   depos i t ,   shou ld  
be  preserved, i f  thawed it i s  1 i k e l y   t o   p r e v e n t   r e c o v e r y   o f   a d j a c e n t  

m a t e r i a l  s, o r   r e s u l  t i n  ma jor   d is tu rbance  o f   the   sur round ing   a reas .  A 
minimum c o v e r   o f  1.5 m o f   g r a n u l a r   m a t e r i a l   s h o u l  d be 1 e f t  a s   i n s u l   a t i o n  

o v e r   m a s s i v e   i c e   t o   p r e v e n t   e x c e s s i v e   t h a w i n g .   C r i t e r i a   f o r   e s t a b l  i sh ing  
t h e  minimum th i ckness   o f   mass ive   i ce   beds   wh ich   shou ld   be   p rese rved   shou ld  

b e  i n f l  uenced by t o p o g r a p h i c   r e l   i e f  , t h i c k n e s s   a n d   e x t e n t   o f   g r a n u l   a r  
m a t e r i a l s ,  and t h e   a n t i c i p a t e d   e f f e c t   o f  thaw  ponds  on  surrounding  terrain.  

8.5.4 Dra inage  Considerat ions 

Adequate  drainage o f  p i t  a r e a s   m u s t   b e   m a i n t a i n e d   t o   e n s u r e   a v a i l   a b i l i t y   o f  

recoverable  granul  a r  m a t e r i a l  and t o   a t t a i n   r e q u i r e d  annua l   ex t rac t i on  
r a t e s ,   s i n c e   h i g h e r  moi s t u r e   c o n t e n t s  i n h i   b i  t thawi  ng, i nc rease   excava t ion  

c o s t s  and  reduce  mater ia l   qual  i ty. $mal 1 amounts o f  mel twater   runof f   f rom 
i c e  bonded  and t h i n l y   i c e - l  ensed  granul a r  m a t e r i a l  s coul  d be a1 1 owed t o  seep 

i n t o   t h e   s u r r o u n d i n g   t e r r a i n ,   b u t  1 a rger   amounts   o f   runof f  , from  thawing o f  
l a r g e   m a s s i v e   i c e   b o d i e s ,   s h o u l d   b e   d i r e c t e d   t o   r e t e n t i o n  ponds o r  sumps 

excavated i n   t h e   p i t  fl oor.  Where g r a v i t y   d r a i n a g e   i s   p o s s i   b l  e, n a t u r a l  
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ponds or  drainage  ditches may be e f f e c t i v e   a t  removing water from the   s i t e .  
However, excavated  ditches  are  general  ly  ineffective i n  regions o f  h i g h  
ground ice   content  soil s. 

I t  i s essent ia l   tha t  p i t  drainage  facil i t i e s  be nai  ntai ned  and updated 
frequently  to  ensure  that  moisture  drains away from the working face, and 
t h a t  ponded runoff  does  not  accumulate on recoverable  granular  material. 
Where thaw ponds a re  a1 1 owed t o  form by exposing b u r i e d  massive i ce ,   o r  
coll   ection ponds  are   created,   care  shoul d be taken to  preserve,  and maintain 
access  to,  adjacent  recoverable  granular  material s. A development  plan t o  
adequately  account  for p i t  drainage i s  particularly  important where summer 
extraction  operations  are employed. 

8.5.5 LIaste ivlaterial 

A1 1 1 enses  of  fine-grai ned material  (sil t s  and clays) found w i t h i n  the 
granular  deposit,  should be stripped and wasted. Waste material  should be 
stockpiled  near the wasted  overburden for  use i n  p i t  reclamation.  Fine- 
grained  waste  material a t  depth wil l  undoubtedly have h i g h  excess  ice 
contents, hence i t  may be advisable t o  construct a dyke of d r i e r  overburden 
around  waste pi les   to   prevent  flow  of thawed waste  onto  surrounding t e r r a in  
o r   i n t o  p i t  areas. 

8.6 Uti1 ization  of Borrow Sources 

High qual i ty  g ranu la r  material s are  scarce and costly i n  the Tuktoyaktuk 
area,   therefore,  f u l l  u t i l i z a t i o n  o f  material from each  source must be 
achieved. Maximum recovery froin existing  sources may require more cost ly  
extraction and drainage  control  measures, b u t  these s h o u l d  be encouraged 
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before new sources  are  contemplated.  Material from  any particular  source 
must be used only for  the  purposes  for which i t   i s  best   suited; high- 
grading,  the  practice of  using any readily-avail ab1 e material where 1 ower 
quality  material would suff ice ,  should be discouraged,  possibly th rough  
stockpiling of various  material  types  in  the immediate  Tuktoyaktuk area. 

A s  indicated  previously, i n  Section 6.2,  the  limited  reserves o f  Type I11 
material a t  Source  150/161  should be reserved  primarily  for Hamlet use. I f  
major vol  umes of general f i l l   mater ia l   are  needed, as  for the  a i rport  
expansion,  dredging from Source 162 i s  recommended, and consideration 
shoul d be given t o  stockpil i n 9  additional dredged material  for Ham1 e t  use. 

Similar, good quality Type I1  material i s   ava i l ab le  a t  Source 168, and Ya Ya 
Lake;  however, minimum  volume requirements  required t o  deliver  material t o  
Tuktoyaktuk a t  reasonable  cost  will 1 ikely 1 imi t. development o f  Source  168 
t o  a high-use  scenario, such as  completion o f  the   a i rport  expansion in  the 
next  five  years. 

Wherever practical , development o f  any individual  source shoul d be awarded 
t o  a sing1 e contractor ,   e i ther  on a negotiated or competetive-bid  basis. 
The contractor should be responsible for construction and maintenance of any 
overland  access,  site  preparation work, extraction  delivery and stockpiling, 
i f  required, o f  all  granular  material s frorn the  source, and restoration 
measures. When sources  are abandoned temporarily, and remaining  granular 
material s are  t o  be recovered a t  a 1 a ter   date ,  some a1 lowance shoul d be made 
for conducting  restoration  following  depletion and permanent  abandonment. 
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8.7  Environmental Considerations 

8.7.1 Terrain D i  sturbance 

Terrain  disturbance i s   s ign i f i can t ly   l e s s  where winter  operations  are 
undertaken, and  access i s  obtained by f o l l  owing ice  roads. Over1 and travel 
i n v o l v i n g  considerable maintenance  of access   t r a i l s ,  should be minimized 
where possible and to ta l ly   res t r ic ted  t o  winter. Summer operations normally 
r e q u i r e   t h a t   a t   l e a s t  1.5 m of f i l l  be used i n  construction of  roads,  access 
t r a i l s  and working areas.  Regardless of  season , areas which are 
particul a r l y  environmentally  sensitive, such as  steep  banks,  vegetated 
1 owlands and rnajor wildl i fe   habi ta ts ,  should be avoided. 

Areas required  for  staging, and for stockpiling  organics,  overburden, and 
borrow material s should be kept t o  a m i n i m u m  and 1 ocated on d r i e r ,  poorly 
vegetated  areas,  or where possible,  confined t o  previously  disturbed  areas. 

8.7.2  Thermokarst 

Thaw ponds resul t i n g  from me1 ting o f  massive ice   a t   the   f loor  o f  worked 
areas  are  generally  considered t o  be environmentally  acceptable i n  areas 
w i t h  numerous natural ponds and small lakes .   Ini t ia l ly ,   mel t ing of  ice  will  
be accompanied by coll  apse a1 ong the shore1 i nes, b u t  these  are  expected t o  
s tabi l   ize  over a few years. Where  summer operations  are  undertaken , i t  
should be noted t h a t  these open bodies of  water may a t t r a c t  wild fowl d u r i n g  
p i t  devel opment. 

Existing thaw ponds  bordering  granular  sources may a1 so be environmentally 
sensi t ive.  Smaller,  shallow ponds which freeze t o  the bottom, and do n o t  

E M  Engineering Conrultanb Itd. 



101-3760 
December 1983 

Page 42 

support permanent aquatic  populations, may be considered  expendable.  Larger 
and deeper ponds must  be avoided. 

The other major concerns where large  bodies of massive ice  are  encountered, 
are   re la ted t o  drainage  control , as discussed i n  the  next  section, and 

restoration of  thermokarst  areas,  as  discussed i n  Section 8.8. 

8.7.3 Drai nage Control 

Small amounts o f  me1 twater from ice-bonded  granular  materials may be 
disposed o f  by draining  onto  the surrounding t e r r a in ;  however, where massive 
ice  i s  present,  the  large  quanti  ties of si1 t y  water may r e su l t  i n  some 
environmental damage, thus  retention ponds should be used.  Retention  time 
will  vary w i t h  the   character is t ics  of individual  si tes.  

E x i  sting  drainage  courses must be maintained and protected. Di sposal of  

si1 t-1 aden me1 tsdater i n  clean  streams  supporting  aquatic 1 i f e   i s   g e n e r a l l y  
not  acceptable. A positive p i t  floor  slope t o  d i r ec t  me1 twater t o  adjacent 
1 akes i s  considered an acceptable a1 ternat ive t o  flooding of 1 arge  areas o f  
the   p i t   f loor  or surrounding  terrain.  Ditches, a1 t h o u g h  practical  in 1 ow 

ice-content  soil s ,  may soften from thermal erosion and collapse. Pumping o f  
water t o  a suitable  location i s preferabl  e. 

Di sposal of me1 twater in adjacent ponds will  resul t in si1 t a t i  on, therefore,  
t h i s  should be 1 imi ted t o  non-productive  or a1 ready turbid  bodies o f  water. 
Use o f  tenporary  settl i n g  ponds will  reduce  si1 t a t i o n .  Workings bel ow the 
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1 eve1 of  adjacent 1 akes  will 1 ike ly   resu l t  i n  flooding  of  portions  of  the 
p i t  f loor.  Dykes of i n  situ frozen  soil  or  constructed  of  saturated  frozen 
f i l l  may be used t o  reduce the  area  of  flooding. Pumping o f  water t o  
adjacent 1 akes a f t e r   s e t t l  i n g  may be necessary i n  summer operations. 

8.8 Restoration 

Restoration measures are  required  whether the p i t  i s  being abandoned 
temporarily  or  permanently. A1 1 worked areas should be cleaned  of  all 
debri s ,  and graded t o  remove a1 1 topographic i rregul a r i   t i e s .  Where 
abandonment i s temporary,  positive  drainage away from existing  faces and 
access  routes must be provided by grading  or  ditches t o  ensure  future 
recovery o f  remaining  material s. Berms stloul d be constructed a t   t he   t op  of  

p i t  faces,   if   necessary,  t o  prevent  surface  runoff from entering  the p i t  
area. 

Pr ior  t o  permanent  abandonment, the  edges o f  worked areas ,   o r  p i t  wa l l s ,   i f  
any,  should be recontoured  to  blend  as much as  possible  into  the  surrounding 
t e r r a in .  A1 1 obstructions  to  natural  drainage  should be  removed and any 
slopes  graded  to  prevent  runoff from channel1  ing and downcutting.  Since 
thaw ponds and 1 akes and massive ground i ce   a r e  common i n  the Tuktoyaktuk 
area,  flooding of pi ts  i s  an acceptable, a n d  frequently  inevitable,  method 
o f  restoration. Areas which are  not 1 ikely t o  become flooded  should be 
smoothly graded and covered with stockpiled  overburden and organics. 

Revegetation may be feasible  i n  cer ta in   areas  by redistributing  stockpiled 
organic  topsoil and peat  over  the graded slopes of areas u n l  ikely t o  be 
flooded, and seeding  or a1 1 owing reinvasion  of  natural  vegetation, depending 
on the  nature  of  the  si te and the qual i ty  of  the  topsoil.  Fine-grained 
overburden soi l  s are  generally adequa5e for  surface reel amation, however, 
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the amount of  naturally-occurring  topsoil i s  very 1 imi t e d   a t  some s i t e s .  
The f e r t i l  i ty  of  these soil s may require  enrichment  for  revegetation. 

The surface o f  areas t o  be revegetated  should be broken up  w i t h  a 
ca te rp i l l  a r  ripper  tooth i n  the fa1 1 a f t e r  frost has penetrated t o  a depth 
o f  a b o u t  150 mm. The resul t ing roughened surface  serves t o  reduce  potential 
wind  erosion, and provide she1 te red   s i tes  for re-establ i shment  of 
vegetation. 

8.9 Moni tori ng a n d  Inspection 

Fiel d m o n i t o r i n g  and inspection  are  requirgd t o  ensure t h a t  each source i s  
devel oped according t o  the management p l a n  i n  order   to  maximize recoverable 
vol uine and mi nimi ze  envi  ronmental damage. 

Fiel d inspection d u r i n g  operations, shoul d involve  regular  checking  of: 

1) the  area under development, 
2 )  removal  and stockpiling of organic  topsoil a n d  inorganic 

overburden, 
3 )  dra i  nage control  measures, 
4)  excavation  rates and vol umes,  and 
5 )  disposal of waste  material. 

Occasional moni tor ing  d u r i n g  operations by qual i fied  geotechnical  personnel 
i s a1 so recommended to  verify  recoverable  reserves and development 
g u i  del i nes. T h i  s moni to r i  ng shoul d i ncl ude: 
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1) m a p p i n g  subsurface  soil  stratigraphy, ground ice  conditions,  
and depth o f  thaw, 

2) del ineation of waste s o i l  and ice  bodies,  
3)  observation of excavation,  including  extraction  methods, ease 

o f  excavation, and depth o f  excavation  possible, 
4)  evaluation  of  drainage and erosion  control  measures, 
5) observation o f  thermokarst  development, and 
6 ) assessment of required  restoration measures. 

Field  inspection  following  temporary abandonment should  include  checking 
o f :  

1) p i t  area and excavated vol umes, 
2 )  clean-up  measures, and 
3) drainage and erosion control  measures. 

Inspection and rnoni tori ng fo l l  owi ng permanent or 1 ong- term abandonment and 
restorat ion should be undertaken fo r  a period  of a t   l e a s t  two years and 
i ncl ude, i n  addition  to  the above, 

1) checking s i te   grading,  
2) monitoring  extent of flooding, and therrnokarst  development, 
3)  evaluation  of  progress o f  revegetation, and 
4 )  ident i f icat ion o f  potential problem areas.  

9 .o SUMI4ARY AND RECOMMENDATIONS 

Based on reported  5-year  granular borrow demands, i t  appears   tha t   suf f ic ien t  
granular borrow resources  exist   in  the Tuktoyaktuk area. Development of 
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Source 160/161 shou ld   con t inue,   as  it i s   t h e  most   conven ien t   and  leas t  

expensive  source o f  Type 111 fill mater ia l .   Dredged  sand i s   t h e  most  c o s t -  

e f f e c t i v e  Type I 1 1  fill f o r  1 a r g e   s c a l e   p r o j e c t s  i f  it can  be  placed 

d i r e c t l y .  I f  t h e   a i r p o r t   i s  expanded,  dredging o f   h a r b o u r  sand  froln  Source 

162 will 1 i k e l y  be   requ i red .  

The Ya  Ya Lake  depos i t  i s  t he   mos t   su i tab le   sou rce   o f   Type  I1  c o n s t r u c t i o n  
ma te r ia l   un less   t he   a i rpo r t   expans ion   scenar io   occu rs .  A1 though  the  gravel  

i s re1   a t i ve l y   expens ive ,   t he   depos i t  i s we1 1 proven  and  extensive.  Source 

168, shows p o t e n t i a l   f o r   s u p p l y i n g  more  economical  Type I1 bor row,   p rov ided 

s u f f i c i e n t   q u a n t i t i e s   a r e   e x c a v a t e d   d u r i n g  a s i n g l e  season t o   o f f s e t   t h e  

c o s t s  and r i s k s   o f   c o n s t r u c t i n g  and m a i n t a i n i n g  an ove r land   w in te r   access  

road. 

P r e p a r a t i o n   o f   s i   t e - s p e c i   f i c   b o r r o w   s o u r c e  management p l  ans i s  necessary t o  

ensure   the  maxiinum a v a i l a b i l i t y   o f  e c o n o m i c a l   g r a n u l a r   m a t e r i a l   o f   a l l  

r e q u i r e d   t y p e s ,   w i t h  a minimum o f  env i ronmenta l   d i   s tu rbance.   Th is   p rocess  

i s  h indered  by a l a c k  o f  d e t a i l e d   i n f o r m a t i o n   o n   t h e   e x i s t i n g  borrovJ 

sou rces ,   i nc l   ud i  ng t h e   a c t u a l   d i s t r i b u t i o n  o f  m a t e r i a l  s encountered i n   t h e  

p i t s ,   t h e   p e r f o r m a n c e   o f   m a t e r i a l  s on placement,  ease o f   excavat ion ,   annua l  
dep th   o f   recove ry ,   and   ove ra l l   pe r fo rmance   o f   t he   d i s tu rbed   a reas .  The l a c k  
o f   i n f o r m a t i o n   o n   t h e   e x t e n t   a n d   d i s t r i b u t i o n   o f   m a s s i v e   i c e   i s   o f  

p a r t i c u l a r   c o n c e r n ,   a s  i t  s i g n i f i c a n t l y   a f f e c t s   p i t  devel  opnent  and 

r e s t o r a t i o n .   I d e n t i f i c a t i o n   o f   r e g i o n s  a n d   p r o b a b l e   e x t e n t   o f   m a s s i v e   i c e  

w i t h i n   p i t s  where i t  i s known t o   o c c u r   i s   f e a s i b l e  by d r i l l  i ng  and 

geophysical  methods. 

P i t  deve lopment   and  res to ra t ion   p lans   and  es t imated   cos ts   fo r   each  bor row 

source   can   be   re f ined a s  d e t a i l e d   s i   t e - s p e c i f i c   i n f o r m a t i o n   i s   o b t a i n e d .  

Mon i to r i ng   and   i nspec t i on   o f   bo r row  sou rces   cu r ren t l y   under   deve lopmen t  i s 
e s s e n t i  a1 . 
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BORROW SOURCE MANAGEMENT PLAN 

SOURCE 160/161 

LOCATION: Eas t   S ide   o f   Tuk toyak tuk  DISTANCE  TO  TUKTOYAKTUK: 2-3 km W 
Harbour 

LANDFORM: G1 a c i o f l   u v i a l   T e r r a c e s  RECOVERABLE  VOLUME (m3) : 
Total : 750,000 
Annual : 67,000 

MATERIAL  TYPE: Type I I 1  REFERENCES: R i  p l  ey , K1 ohn & Leono f f  
I n t e r n a t i o n a l ,  1972a 

UNIT COST (1983) : $11.75/m3 Hardy  Associates,  1977 
Hardy  Associates,  1980 

PIT  PLAN  REFERENCE: Hardy 
Associates , 
1980 

SITE  DESCRIPTION: 

Source  160/161  consists o f   s i x   g l   a c i o f l u v i a l   t e r r a c e   d e p o s i t s  i n  a r e g i o n   o f  
f l a t   t o   g e n t l y   r o l l   i n g   t e r r a i n   w i t h   r e l   i e f   g e n e r a l l y  1 ess  than  15 m. The 

r o l l   i n g   t o  hummocky s u r f a c e s   o f   t h e   t e r r a c e s   a r e   p r o b a b l y  a r e s u l t   o f  
thermokarst   subs idence  that   has  occurred  s ince  deposi t ion.  The depos i t s ,  

which  are  genera l ly   bounded  by  the 8 m o r   1 0  m contour ,   range i n  area  f rom 
1.7 ha t o  10.0  ha,  and t o t a l  25.0  ha. 

The predominant   vegetat ion compl ex i s birch-heath  tundra.   Overburden, 

c o n s i s t i n g   o f   p e a t   a n d   t h i n   s i l  t 1 ayers,   ranges i n   t h i c k n e s s   f r o m  0 m t o  

2.5 m, averaging  about  300 mm ove r   t he   s i x   a reas .   Granu la r   ma te r ia l  s 

c o n s i s t   o f   f i n e  t o  coarse  sands,   wi th   d iscont inuous  gravel  1 ayers.   Whi le 

b o t h   t h e   f i n e s   ( s i 1  t and  c lay)   and  g rave l   con ten ts   a re   genera l l y   low,   they  

va ry   cons ide rab ly  1 ocal l y .  
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The deposits  are moderately t o  well -drained. Much o f  the  granular  material 
i s ice-bonded and v i  sib1 e ice  contents  are  generally 1 ow t o  moderate , b u t  
ice-rich zones are  present. Massive ice  underlying  the  deposit, was 
encountered i n  many of the  boreholes, a t  depths  as  shall ow as 2.0 m ,  b u t  
averaging 4.3 m .  Most of the borehol es were terminated i n  the massive i ce  
bodies. 

Source 160/161 i s   cur ren t ly  being  developed. While no detailed  records have 
been kept t o  date,  i t  i s  estimated t h a t  approximately 150,000 m3 of  material 
has been excavated and removed. 

ACCESS: 

Winter access i s   ava i lab le   v ia  a short snow road from the  source t o  an i ce  
road across Tuktoyaktuk  Harbour. The cost  o f  the  short  access road  does n o t  
s ignif icant ly   effect  minimum annual  volumes, or uni t   cos t s  of granular  
material s del ivered t o  Tuktoyaktuk . 

Summer access i s  n o t  practical  due t o  the  costs  o f  rehandling  material for 
barging, and the need for  construction o f  onshore f a c i l i t i e s .  

PIT DEVELOPMENT: 

Site  Preparation Work: 

Development during a sing1 e season  should be res t r ic ted  t o  as small an  area 
as  possible t o  ensure maximum recovery o f  the 1 imited amount o f  granular 
material  available.  Site  preparation work s h o u l d  be conducted d u r i n g  winter 
t o  m i  nimi ze te r ra in  di  sturbances. Overburden  should be ripped and 
stockpil ed with  separate p i 1  P S  for organic and inorganic  materi a1 s. The 
overburden  should be retained for  reclamation  purposes. 

EBA Englneering  Con8ultant8 ltd. & 
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Ext ract ion  Methods:  

W i n t e r   r e c o v e r y   o p e r a t i o n s   c u r r e n t l y   c o n s i   s t   o f   r i p p i n g  and  pushing  f rozen 

g r a n u l a r   m a t e r i a l   i n t o   t e m p o r a r y   s t o c k p i l e s   f o r   l o a d i n g   o n t o   t r u c k s .  
a l   though  the   average  th ickness   o f   g ranu lar   mater ia l   averages  3.7 m o v e r   t h e  

s i x   d e p o s i t s ,   t h e   r e c o v e r a b l e   d e p t h  may be  reduced  as a r e s u l t   o f   t h e  
v a r i a b i l i t y   i n   t h e   d e p t h   t o   m a s s i v e   i c e ,   a n d   d i f f i c u l t y   i n   e x c a v a t i n g   w e l l -  

bonded  granular   mater ia l  s. Some a d d i t i o n a l   e x c a v a t i o n   c o s t s   ( i   . e .   d r i l l   i n g  
a n d   b l a s t i n g )  may be   j us t i f i ed   t o   max im ize   recove rab le   vo lumes .  

P a r t i a l  summer e x t r a c t i o n   a t   S o u r c e   1 6 0 / 1 6 1  may b e   f e a s i b l e  due t o   i t s  

p r o x i m i t y   t o   T u k t o y a k t u k .  Summer o p e r a t i o n s   w o u l d   c o n s i s t  o f  p rog ress i ve  
s t r i p p i n g  a n d   w i n d r o w i n g ,   o r   s t o c k p i l i n g   t h a w e d   l a y e r s   o f   m a t e r i a l   w i t h  a 

b u l l d o z e r ,  commencing when the   depth   o f   thaw  has   reached  about  500 mm. T h i s  
method  woul d maximize  recoverabl  e vo l  umes by  a l  1 ow ing   po ten t i   a l  l y  g r e a t e r  

a n n u a l   e x c a v a t i o n   d e p t h   w h i l e   p e r m i t t i n g   d r a i n a g e   o f   t h e   r e l   a t i v e l y   i c e - r i c h  

Source  160/161  mater ia l  s. The  1983 u n i t   c o s t   o f   l e a v i n g  a b u l l d o z e r   i n   t h e  

p i t  f o r  summer windrowing  purposes i s  es t ima ted   t o   be   abou t  $1.25/m3 based 
on  typ ica l   annual   vo l  ume requi  rernents. 

Treatment o f  Massive  Ice:  

Mass ive   i ce  i s p resen t   t h roughou t   t he   sou rce ,   as   t h in  1 a y e r s   w i t h i n   a n d  

1 arge   bod ies   be l  ow t h e   r e c o v e r a b l e   g r a n u l a r   m a t e r i a l  s. As t h e   m a s s i v e   i c e  
o c c u r r s   a t   r e l   a t i v e l y   s h a l l o w   d e p t h s ,  it c a n n o t   p r a c t i c a l l y   b e   p r e s e r v e d .  

T h i n  1 a y e r s   o f   i c e   s h o u l  d be  excavated  and  wasted,  wi th  considerat ion  g iven 
t o   d r a i n a g e   c o n t r o l  . al  1 ove r l y ing   recove rab le   g ranu l   a r   ma te r ia l   shou l  d be 

e x c a v a t e d   u n t i l   t h e   u n d e r l y i n g   l a r g e   i c e   b o d i e s   a r e  exposed. 
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Drainage  Considerat ions:  

Adequate  drainage  must  be  maintained t o   e n s u r e   a v a i l   a b i l  i ty o f   r e c o v e r a b l e  

g r a v e l .  P i t  d r a i n a g e   f a c i l i t i e s   m u s t   b e   u p d a t e d   f r e q u e n t l y   t o   e n s u r e   t h a t  
water  1 i b e r a t e d  by  thaw d r a i n s  away f r o m   t h e   p i t .  Where thaw  ponds  are 

a l l o w e d   t o   f o r m  by   expos ing   mass ive   i ce ,   o r   co l lec t ion   ponds   a re   c rea ted ,  
access   t o   ad jacen t   recove rab le   depos i t s   mus t   be   p rese rved .   Ma in tenance   o f  

p roper   d ra inage  and  co l lec t ion   ponds  i s   p a r t i c u l a r l y   i m p o r t a n t  where summer 
e x t r a c t i o n  i s employed. 

Waste M a t e r i a l  : 

I f  p o s s i b l e ,   l e n s e s   o f   s i l t   w i t h i n   t h e   g r a n u l a r  

s t o c k p i l e d   w i t h   t h e   i n o r g a n i c   o v e r b u r d e n   m a t e r i a  
r e c l a m a t i o n .   D y k e s   c o n s t r u c t e d   o f   d r i e r   s t o c k p i l e d  

u t i 1   i z e d   t o   p r e v e n t   f l o w   o f  thawed i c e - r i c h   w a s t e   i n t o  
t h e   s u r r o u n d i n g   t e r r a i  n. 

m a t e r i a l  s shoul d be 

1 s f o r  use i n   p i t  
overburden  should  be 

work ing   a reas   o r   on to  

UTILIZATION OF BORROW  MATERIAL: 

L i m i t e d   r e s e r v e s   o f   e a s i l y   a c c e s s i b l e  Type  111 m a t e r i a l   d i c t a t e   t h a t  maximum 

po ten t i a l   recove ry   be   ach ieved   a t   Source  160/161, and t h a t   t h e   s o u r c e   b e  
rese rved   p r imar i l y   f o r   Hamle t   use .  

The i n - p l  ace   per fo rmance  p rob lems  assoc ia ted   w i th   the   h igh   i ce   con ten t   o f  

t h i s   m a t e r i a l ,   a s   d i s c u s s e d   i n   t h e   t e x t   o f   t h i s   r e p o r t ,   c o u l d   b e   g r e a t l y  
reduced  by  leav ing a b u l l d o z e r   i n   t h e   p i t   f o r   p a r t i a l  summer excavat ion,   and 

fo r   p romot ing   d ra inage away f rom  remain ing  recoverabl  e m a t e r i  a1 s. 

The schedule  for   development o f   t h e   s i x   a r e a s   w i t h i n   S o u r c e  160/161 should 

p roceed  as   p rev ious ly  recommended (Hardy, 1980). 
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ENVIRONMENTAL  CONSIDERATIONS: 

T e r r a i n  D i  sturbance: 

Previous  development a t  Source  160/161  has  resul ted i n  environmental 

d i s t u r b a n c e ,   t o   t h e   e x t e n t   t h a t   i s   n o r m a l l y   a s s o c i a t e d   w i t h   b o r r o w  
e x t r a c t i o n .   F u t u r e   d i   s t u r b a n c e   s h o u l  d may be   m in im ized   by   ensu r ing   t ha t  

a c t i v i t i e s   a r e   r e s t r i c t e d   a s  much as   poss ib l  e t o   p i t  areas,  and t o   w i n t e r  

ope ra t i ons  when work  must  be  undertaken  outside o f  p r e v i o u s l y   d i s t u r b e d  

areas. 

Therrnokarst: 

Na tu ra l l y -occu r r i ng   t he r rnoka rs t  i s  common i n   t h e   a r e a s   s u r r o u n d i n g   t h e  
depos i t s .  Thaw ponds r e s u l t i n g  froin me1 t i n g   o f  mass ive   i ce   exposed  dur ing  

recovery   opera t ions   a re   genera l  l y  considered  environmental  l y  acceptabl  e i n 
the  area.  The 1 i ke l y   ex ten t   o f   t he rmokars t   deve lopmen t  i s   d i f f i c u l t   t o  

a s s e s s   w i t h   t h e   a v a i l a b l e   i n f o r m a t i o n .  The t h i c k n e s s   o f   t h e   m a s s i v e   i c e  
a t  depth i s   n o t  known s ince  most   boreholes  were  terminated i n   t h e   m a s s i v e  

i c e .   M o n i t o r i n g   o f   t h e   e x t e n t  and d i s t r i b u t i o n   o f   m a s s i v e   i c e  and 
thermokars t   fo rmat ion  i n   t h e   e x i s t i n g   p i t   a r e a s   h a s . n o t  been  undertaken. It 

i s   a n t i c i p a t e d   t h a t  me1 t i n g   o f   i c e  will be  accompanied  by  col lapse  along 
pond shore l ines .  These  slumps  are  expected t o   s t a b i l i z e   a f t e r  a few  years.  

Drainage  Control  : 

S i g n i f i c a n t  amounts o f   s i 1   t - l a d e n   r u n o f f   f r o m   t h a w i n g   o f   m a s s i v e   i c e   b o d i e s  

are  ant ic ipated.   Ex is t ing  dra inage  courses  and  deeper   ponds  suppor t ing 
a q u a t i c   l i f e   m u s t   b e   m a i n t a i n e d   a n d   p r o t e c t e d   f r o m   s i l t a t i o n   b y   r u n o f f .  

EBA Engineering Con~ltanb ltd. & eba 
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Grading or ditching t o  co l l   ec t  and d i r ec t  me1 twater  to  coll  ection ponds  i n  

exploited  areas i s  recommended.  Dykes constructed of saturated  f rozen  f i l l  
may be used t o  reduce  the  area  of  fl  ooding. P u m p i n g  o f  water ,   af ter  
s e t t l i n g  of  the  f ines ,  t o  Tuktoyaktuk Harbour may be necessary  during summer 
operations. 

RESTORATION: 

A1 1 worked areas should be cleaned o f  debris and  graded t o  remove  any 
topographic  irregularit ies t h a t  might obstruct  drainage a t  the end o f  each 
excavation  season. Where abandonment o f  the  source i s  temporary,  positive 
drainage away  from existing working surfaces and access  routes must be 
provided. Where necessary, berms should be constructed a t  the t o p  of 
working surfaces t o  prevent  surface  runoff, from adjacent  higher  elevations, 
from enter ing  the  pi t   area.  

Staged restoration can be planned and implemented as  granular  materials  are 
removed from areas under  development. Prior t o  abandonment, following 
depletion of  each  of the devel oped areas,   the edge o f  the  deposit shoul d be 
recontoured t o  blend as  much as  possible  into  the  surrounding  terrain. 
Formation  of thaw ponds, and  f l o o d i n g  of  s ignif icant  po r t ions  of  the worked 
a r e a s   i s  an inevitable and  acceptable method of  res torat ion.  Areas which 
a re  n o t  1 ikely t o  become flooded  should be graded and covered w t h  stockpiled 
overburden i n  preparation for revegetation. 

Revegetation i s  accompl i shed by redistributing  stockpi1 ed organic  topsoil 
and  peat  over  the  graded  sl  opes, f e r t i l   i z ing ,  and seeding. To roughen the 
surface and  trap moi s ture   pr ior  t o  seeding,  the  surface should be broken u p  
w i t h  a bulldozer  ripper t o o t h  i n  the f a l l  a f t e r   f r o s t  has penetrated t o  a 
depth of a b o u t  150 mm. 

EBA Englnearing  Conrultontr ltd. A i E  eba 
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Fe r t i l   i ze r  and seed shoul d be appl ied by broadcasting  fol 1 owing surface 
preparation. The  recommended f e r t i l  i zer mix (14-28-14) shoul d be  appl ied a t  
a r a t e  of 440 k g / h a  (Hardy,  1980) a t  seeding, and possibly  again  the  next 
summer. A seed  mixture o f  Boreal creeping red fescue, Nugget Kentucky 
bluegrass, Fairway crested  wheatgrass, and Engmo timothy i n  t he   r a t io  by 
w e i g h t  of 2:2: 1: 1 (Hardy,  1980) shoul d be appl i ed a t  a r a t e  o f  55 kg /ha .  
Re-fertil i za t i  on and re-seedi ng requirements shoul d be assessed d u r i n g  

annual inspections. 

MONITORING AND INSPECTION: 

Monitoring and inspection  services shoul d fo l l  ow the  general guide1 ines  
presented i n  the   text .  Areas  of par t icul   ar  concern i n  Source 160/161 
include  area o f  development, extent  and dis t r ibut ion of  exposed  massive i c e ,  
ease  of  excavation and practical  depth  of  recovery,  thermokarst development 
and extent o f  flooding, and revegetation  progress. 

EBCl Engineering C o n ~ l k n b  ltd. 
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BORROW SOURCE  MANAGEMENT PLAN 

SOURCE 162 

LOCATION: N o r t h e r n   H a l f   o f   T u k t o y a k t u k  DISTANCE TO  TUKTOYAKTUK: 0.5 t o  
Harbour 2.0 km W 

LANDFORM: Underwater,  marine-  and RECOVERABLE  VOLUME (m3) : 
thermokars t -mod i f ied   To ta l  :Unknown 
g l   a c i o f l   u v i  a1 complex  Annual :Unknown 

MATERIAL TYPE: Type 111 REFERENCES: EBA Eng inner ing  
Consul tants ,  1973 

UNIT COST ( 1983) : $6.50/m3-$12. Hardy  Associates, 1978 
Hardy  Associates, 1979 
Hardy  Assoicates, 1979 
P i t  Plan  Reference 

P IT  PLAN  REFERENCE: Hardy  Associates, 
1979 

SITE DESCRIPTION: 

Source 162 c o n s i s t s   o f  a m o d i f i e d   g l a c i o f l u v i a l  complex  forming  the  bot tom 
of   Tuktoyaktuk  Harbour .   Water   depths  vary   great ly   throughout   the  harbour ,  

f rom  l ess   t han  3 m i n   t h e   v i c i n i t y   o f   t h e   i s l a n d s   t o   o v e r  33 m i n   t h e  
numerous, i r r e g u l a r   d e p r e s s i o n s .  The h a r b o u r   i t s e l  f, and  the  depress ions 

are   thought   to   have  fo rmed  f rom me1 t i n g   o f  m a s s i v e   i c e   a n d   i c y   g l a c i o f l u v i a l  
sediments. 

Granul a r   m a t e r i a l  s ,  c o n s i   s t i n g   o f   f i n e   t o   m e d i u n - g r a i n e d  sands, w i t h  some 

g rave l  , a r e   o v e r l a i n   b y  a v a r i a b l e   t h i c k n e s s   o f   s o f t   c l a y e y   s i 1  t. The 
overburden i s   t h i c k e s t  ( u p  t o  10 m )  i n   t h e   d e p r e s s i o n s ,   a n d  i s  f r e q u e n t l y  
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absent  i n  s h a l l o w e r   w a t e r s .   I n   t h e   f o u r   a r e a s  recommended f o r  development 

i n   p r e v i o u s   s t u d i e s ,   t h e   o v e r b u r d e n   t h i c k n e s s   a v e r a g e d   a b o u t  1.0 m. The 
b e t t e r   q u a l  i ty m a t e r i a l  s 1 i e   w i t h i n   t h e   t o p  3.0 m o f   t h e   g r a n u l a r   d e p o s i t s .  

The t o t a l   t h i c k n e s s   o f   t h e   g r a n u l a r   m a t e r i a l  s has   no t   been  de termined  to  
date.  

PIT DEVELOPMENT: 

General : 

Development o f  Source 162 o f f e r s   s e v e r a l   a d v a n t a g e s ,   i n c l u d i n g   i t s   p r o x i m i t y  
t o  Tuktoyaktuk,   the 1 a r g e   q u a n t i t y   o f   m a t e r i a l   a v a i l   a b l e ,   i t s   u n f r o z e n  

s tate,   and  the 1 irni t e d   t e r r a i n   d i   s t u r b a n c e   r e s u l  ti ng  from  development. The 

d e p o s i t  it has u t i 1   i z e d   i n   t h e   p a s t   a s  a source   o f   genera l  fill f o r  1 arge- 

s c a l e   p r o j e c t s   ( t h e   w a t e r   r e s e r v o i r   a n d  1 and  assembly). 

The ma jo r   d i sadvan tages   i nc lude   d redge   ava i l   ab i l  i ty, 1 o c a t i o n   o f   s t o c k p i l   i n g  

s i t e s ,   r e m o v a l   o f   o v e r b u r d e n ,   i m p a c t   o n   a q u a t i c   l i f e ,   a n d   d i f f i c u l t i e s   i n  
s t a b i l   i z i n g   t h e   o b t a i n e d  sand. 

S i  t e - s p e c i   f i c   s t u d i e s   o f ,   s t o c k p i l   i n g   s i t e s   a n d   e n v i r o n m e n t a l   i m p a c t   a r e  

necessary   p r io r   to   deve lopment   o f  any p o r t i o n   o f   S o u r c e  162. A d d i t i o n a l  

s i t e   i n v e s t i g a t i o n  i s recommended when e x t r a c t i o n   d e p t h s   i n   t h e   o r d e r   o f  20 

m are  p lanned. 

E x t r a c t i o n  Methods : 

C u t t e r   s u c t i o n   d r e d g i n g   i s   b e s t   s u i t e d   f o r   s e l e c t i v e  removal o f  overburden 
and  recovery   o f   the   h ighes t   qua l  i t y  g ranu la r   ma te r ia l   f r om  the   su r face   o f  

t h e   g r a n u l a r   d e p o s i t .  The dredge  employs a c u t t e r  head   and   suc t i on   un i t  
mounted  on a swinging 1 adder ,   wh ich   pe rm i t s   accu ra te   con t ro l   o f   d redg ing  

depth.  The c u t t e r  head loosens  sediments,   which  are  then  drawn  up  through 
the   suc t i on   hose  and d ischarged  th rough a f l o a t i n g   p i p e 1   i n e   t o   s h o r e .  
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Overburden  should  be  str ipped  and  disposed o f  p r i o r   t o   r e c o v e r y   o f   g r a n u l a r  

m a t e r i a l  s. Overburden  should  be  disposed o f  i n   t h e   B e a u f o r t  Sea, p r e f e r a b l y  
a t   t h e   t i m e   o f  peak f l ows   o f   t he   Mackenz ie   R ive r .   D i sposa l   i n to   t he   deeper  

waters   o f   Tuktoyaktuk  Harbour  will have a n e g a t i v e   i m p a c t   o n   a q u a t i c   l i f e .  

G r a n u l a r   m a t e r i a l s   a r e   t h e n   e x t r a c t e d   i n  a second  pass  and  discharged t o  an 
o n s h o r e   s t o c k p i l   i n g   s i t e .  The d e p t h   o f   r e c o v e r y  i s  dependent  upon  the 

equipment  used. Where overburden i s   t h i n ,  and the   depth  o f  recovery  i s  
g rea ter ,  say 20 m, o v e r b u r d e n   s t r i p p i n g  may poss ib l y   be   avo ided   by   m ix ing  

the   two   ma te r ia l  s when dredging. 

Drainage  Considerat ions:  

S t o c k p i l   i n g   s i t e s   m u s t   b e  1 ocated  where  disposal o f  1 a r g e   q u a n t i   t i e s   o f  
d redge  e f f luen t   can   be   con t ro l led .   Dra inage may r e q u i r e   c o n s t r u c t i o n   o f  

d y k e s   a n d   d i t c h e s   t o   d i r e c t   e f f l u e n t   e i t h e r   t e m p o r a r i l y   t o   l a k e s   f o r  
s e t t l   i n g  or d i r e c t l y  back i n to   t he   ha rbour   depend ing  on t h e  amount o f   f i n e s  

( s i l t  and c l a y )   i n   t h e   e f f l u e n t .  

The dredged  granul a r  m a t e r i a l  s a r e   e x p e c t e d   t o   d r a i n   r a p i d l y .  

UTILIZATION OF BORROW MATERIALS: 

Devel opmel n t  o f  Source 162 i s recommended when 1 a r g e   q u a n t i   t i e s   o f  Type I11 
m a t e r i a l   a r e   r e q u i r e d   f o r   m a j o r   p r o j e c t s ,  such  as   the   p roposed  a i rpor t  

expansion.  However, u t i l i z a t i o n  o f  t h e   d e p o s i t   i s  dependent  on  dredge 
a v a i l   a b i l  i ty .  I f  t h e   a i r p o r t   e x p a n s i o n   o c c u r s ,  it i s  recommended t h a t   a l l  

t h e   a i r p o r t   r e q u i r e m e n t s   f o r  Type I11 mater ia l   be  dredged i n  a s i n g l e  
sea  son . 
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ENVIRONMENTAL  CONSIDERATIONS: 

General : 

Environmental  concerns i n   t h e   d r e d g i n g   o f   T u k t o y a k t u k   H a r b o u r   i n c l  ude t h e  

i m p a c t   o n   s h o r e l i n e   e r o s i o n ,   i m p a c t   o n   a q u a t i c   l i f e ,   a n d   t e r r a i n   d i s t u r b a n c e  
a t   s t o c k p i l i n g   s i t e s .   D e t a i l e d   s i t e   s p e c i f i c   s t u d i e s   a r e   r e q u i r e d   p r i o r   t o  

development o f  any  underwater  source. 

Impact  on Shore1 ine   E ros ion :  

Shal low  dredging ( 4  m t o  5 m ) i s   n o t   l i k e l y   t o   s i g n i f i c a n t l y   a f f e c t  
shore1 ine   e ros ion .  The harbour i s  r e 1   a t i v e l y  deep,  and c u r r e n t s   a r e  

g e n e r a l l y  weak. However, it i s  recommended t h a t   d r e d g i n g   b e   r e s t r i c t e d   t o  
areas a t   l e a s t  30 m from  shore. 

Impact   on   Aquat ic   L i fe :  

Dredging will r e s u l  t i n  removal or b u r i a l   o f   s u b s t r a t e s  and  organisms,  and 

i n c r e a s e d   t u r b i d i t y  and  sedimentation.  Measures t o  reduce  the  impact  o f  
dredging i n c l   u d e   m i n i m i z i n g   t h e   t i m e   p e r i o d ,   a r e a   o f   e x t r a c t i o n ,   a n d  

min i rn iz i  ng  sedimentation. As d iscussed   p rev ious l y ,   d i   sposa l  o f  overburden 
i n t o   t h e   B e a u f o r t  Sea, and  use o f   s e t t l   i n g  ponds f o r   e f f l u e n t ,  will g r e a t l y  

reduce  the  impact   upon  aquat ic  l i f e   i n  Tuktoyaktuk  Harbour. 

Impac t   on   S tockp i l i ng   S i te :  

S i 1   t a t i o n  i s  1 i k e l y   t o   d e s t r o y   v e g e t a t i o n   o n  s t o c k p i l e   s i t e s  and t h e  
ad jacent   a reas  and  thermokarst may b e   i n i t i a t e d .  S t o c k p i l   i n g   s i t e s   s h o u l d  

EBA Enginmrlng  Conrultcmt# ltd. 
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therefore be chosen carefully w i t h  particul ar a t tent ion t o  drainage and 
g round  ice  conditions i n  order t o  minimize the  area of  di sturbance, and t o  
a v o i d  particularly  sensit ive  areas.   Restoration measures are  required a t  
stockpi 1 i ng  s i   t es .  

RESTORATION: 

Restoration should  proceed as  soon as possible  after removal of granular 
material s from stockpi le   s i tes ,  and i n  the immediate a u t u m n  fol l  owing 
dredging  in  adjacent  areas where vegetation has  been destroyed by si1  tat ion.  
The di  sturbed  areas shoul d be ripped t o  mix in  the  underlying  native  organic 
soil s ,  during l a t e r  a u t u m n  a f t e r   f r o s t  has  penetrated  about 150 mm. Seed 
and  f e r t i l i z e r  should  then be broadcast a t  ra tes  of  55 k g / h a ,  and 440 k g / h a ,  
respectively. Boreal creeping  red  fescue, Nugget  Kentucky bluegrass, 
Fairway crested  wheatgrass and Engmo timothy i n  a 2 :2 :1 :1  mixture, and 
14:28:14 f e r t i l i z e r   a r e  recommended (Hardy, 1979) .  

MONITORING  AND  INSPECTION: 

Moni tor i  ng and inspection  services  are  requi  red  during  dredgi ng operations, 
and for a period o f  a t  1 eas t  two years  following  reclamation of stockpil ing 
s i t e s .  Borrow material  quality  should be monitored  continuously d u r i n g  
dredging  operations.  Inspection  of  stockpil i n g  s i t e s  and drainage  control 
measures  should a1 so be undertaken d u r i n g  dredge  operations. The impact o f  

stockpil i n g  operations shoul d be monitored  immediately fol l  owing compl etion 
of  dredging t o  determine  the  restoration measures required. The progress o f  
revegetation should be monitored for a t  l e a s t  two years   af ter   res torat ion.  

Em Engineering Condtantt ltd. & e m  
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BORROW SOURCE MANAGEMENT PLAN 

YA YA LAKE SOURCE 

LOCATION: Southern End o f   R i c h a r d s  DISTANCE  TO  TUKTOYAKTUK: 82 km ME 
I s l  and 

LANDFORM: Esker-kame cornpl ex RECOVERABLE  VOLUME (m3) : 
Total : 7,500,000 
Annual : Unknown 

MATERIAL TYPE: Type I11 

UNIT  COST (1983): $36/m3 

REFERENCES: Mol la rd   and  Asso ica tes ,  
1973 
EBA Engi   neer i   ng 
Consu l tan ts ,  1975 
T e r r a i n   A n a l y s i  s and 
Mappi  ng Services,  1976 

PIT  PLAN  REFERENCE: Ter ra in   Ana lys i s   and  
Mapping  Services,  1976 

SITE  DESCRIPTION: 

The Ya  Ya Lake  source   cons is ts  o f  a g l a c i o f l u v i a l  esker-kame  complex w i t h  

outwash-,  wave-,  and  thermokarst-modif ied  features. The main  esker,   which 
reaches t o  a  maximum h e i g h t  o f  41 m above Ya  Ya Lake, i s  composed o f  a 

s e r i e s   o f   s i n g l e  and m u l t i p l e ,   s t e e p - s i d e d   r i d g e s ,   d i s s e c t e d   i n   s e v e r a l  
1 ocat ions  by  dra inage  courses.   Severa l  m i  n o r   e s k e r s   f o r m   t h e   m a i n   r i d g e   a t  

t h e   e a s t e r n  end.  The separa te   eske r   r i dges  merge i n  s e v e r a l   l o c a t i o n s   t o  
form kalne features,   most  o f  which  are 25 m t o  30 m i n  diameter,   and  about 8 

rn i n   h e i g h t .  Glaciolacustrine-modified te r races   and  smal l   a reas   o f   ou twash 
a r e   p r e s e n t   o n   t h e  edges o f  the  complex. Much of  t h e   l o c a l   r e l i e f   o v e r   t h e  

d e p o s i t   i s   a t t r i b u t e d   t o   a g g r a d a t i o n  and  subsequent 1 oca1 i z e d  me1 t i n g   o f  
massive  ice.  
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Vegeta t ion  i s  g e n e r a l l y   s p a r s e   o n   t h e   r i d g e   t o p s   a n d   c o n s i s t s   o f  1 ichens  and 

grasses  and an assor tment   o f   shrubs  and  bushes  (wi l lows,   labrador   tea,  
b e r r i e s ) .  More  dense v e g e t a t i o n  i s  encountered   on   the   f lanks   o f   the   r idges .  

Overburden i s  a b s e n t ,   o r   c o n s i s t s   o f   v e r y   t h i n   l a y e r s   o f   o r g a n i c s   a n d   s i l t  
o n   t h e   e s k e r s ,   b u t   t h i c k e n s  away f r o m   t h e   m a i n   r i d g e s   t o   a b o u t  600 mm t o  

3.0 m. Granu l   a r   ma te r ia l  s range  from  medium-grai  ned sandy grave l  s t o  medium 
and  coarse  sands. The eskers  conta in   main ly   wel l -graded  sands  and  gravel  , 
w h i l e   t h e  kames a r e  more v a r i a b l e ,   w i t h   l e n s e s   o f   s i l t  and f i n e  sand w i t h i n  
we1 1 -graded  sand  and  gravel . 

The s u r f a c e s   o f   t h e   e s k e r s   a r e   d r y  and  well-drained.  Small  randomly- 

o r i e n t e d   v e i n s   o f   v i s i b l e   i c e  were   obse rved   w i th in   t he   g ranu la r   ma te r ia l  s a t  
d e p t h ,   a n d   m o i s t u r e   c o n t e n t s   w e r e   t y p i c a l l y   f i v e   p e r c e n t   t o   t e n   p e r c e n t .  

B o d i e s   o f   m a s s i v e   i c e  were  encountered  throughout   the Ya  Ya a rea ,   usua l l y  
between  the  bottom o f  t he   g ranu l   a r   ma te r ia l   and   t he   under l y ing   p reg l   ac ia l  

s i 1   t s .  The e x a c t   e x t e n t  and c o n f i g u r a t i o n   o f   t h e   i c e   b o d i e s  i s n o t  known, 
b u t  17 m o f   i c e  was encountered i n  one  borehole. 

Ex t rac t i on   f rom  the   depos i t   has   occu r red   s ince   t he   ea r l y  1970's.  No 

es t imate  o f  t h e   t o t a l   v o l  ume e x t r a c t e d   i s   a v a i l a b l e .  

ACCESS: 

Access t o  Ya Ya Lake i s   a v a i l a b l e   i n   w i n t e r   v i a  a sho r t   hau l   road   f rom  the  
Inuv i k -Tuk toyak tuk   i ce   road .  Due t o   p r e v i o u s  work a t   t h e  source,  the  annual 

cos t   o f   open ing   t he   sho r t   onshore   hau l   road  i s   i n s i g n i f i c a n t .  Access t o   t h e  
s i t e   w o u l d   b e   s e r i o u s l y   a f f e c t e d  i f  t h e   m a i n   i c e   r o a d   i s  n o   l o n g e r   b u i l t  and 

m a i n t a i n e d   a f t e r   c o n s t r u c t i o n  o f  t h e   I n u v i k   t o   T u k t o y a k t u k  Highway. 
A1 te rna t ive   access   wou ld   be   by   barg ing  i n  summer. 
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PIT DEVELOPMENT 

General : 

A d e t a i l e d   s i t e   d e v e l o p m e n t   a n d   r e s t o r a t i o n   p l a n   f o r   t h e  Ya  Ya Esker Complex 

was p r e p a r e d   f o r  DIAND by  Terra in   Analys is   and  Mapping  Serv ices  L td.   (1976) .  
The  complex was s u b d i v i d e d   i n t o  a s e r i e s   o f   e x t r a c t i o n   b l o c k s ,   w h i c h   w e r e   t o  

be   ass igned   to   t he   ma jo r   use rs ,   i nc l   ud i   ng   rese rve   b locks   f o r   use   by   t he  
Hamlet o f   Tuk toyak tuk .  No d e t a i l e d   m o n i t o r i n g   o r   i n s p e c t i o n   h a s  been 

ongoing  to   date,   hence,  it i s  n o t   c e r t a i n   t o   w h a t   e x t e n t   t h e  1976 p lans  have 
been  irnpl  emented.  The management p l a n   p r e s e n t e d   h e r e i n   r e f e r s   o n l y   t o   t h e  

a r e a   b e i n g   u t i l i z e d   a s  a s o u r c e   o f  Type I1 g r a n u l a r   m a t e r i a l   f o r   u s e   i n  
Tuktoyaktuk.  

S i t e   P r e p a r a t i o n  Work : 

No e x t e n s i v e   s i t e   p r e p a r a t i o n  work i s   r e q u i r e d   f o r   t h e  Ya  Ya Lake  source 

owing  to   the  th in   overburden,   and  prev ious  development .  Snow should  be 
c lea red   f rom a1 1 work ing  areas  and  p laced so as to   p reven t   subsequen t   p i t -  

i n f i l l i n g  by d r i f t i n g  snow. The small  amounts o f   o r g a n i c   a n d   i n o r g a n i c  
overburden  present  shoul  d be   s t r i pped   and   p laced  i n  s e p a r a t e   s t o c k p i l e s   f o r  

use i n   p i t  rec lamat ion.  

E x t r a c t i o n  Methods: 

E x t r a c t i o n  may b e   a c h i e v e d   d u r i n g   w i n t e r   o p e r a t i o n s   w i t h  a bu l l   doze r   by  
r i p p i n g  a n d   p u s h i n g   f r i a b l e   g r a n u l a r   m a t e r i a l s   i n t o   t e m p o r a r y   s t o c k p i l e s   f o r  

l o a d i n g   o n t o   t r u c k s .   T y p i c a l l y  1.0 m t o  2.0 m o f   g r a n u l a r   m a t e r i a l   c a n   b e  
recovered  annual ly  f rom  poor ly-bonded  areas. Some a r e a s   o f   d r i e r ,  non- 

bonded  granular   mater ia l  may be 1 oaded d i r e c t l y   f r o m  a work ing   face   on to  
t r u c k s   w i t h  a f r o n t - e n d  1 oader. D r i l l i n g  and b l a s t i n g  will be  necessary t o  

r e t r i e v e   m o d e r a t e l y  and we1 1 -bonded  granul   ar   mater ia l  . We1 1 -bonded m a t e r i a l  
may requ i re   thawing   and  d ra in ing   be fore   p lacement .  
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Summer o p e r a t i o n s   w o u l d   i n v o l v e   s t r i p p i n g  and s tockp i l ing   o f   newly - thawed 

m a t e r i a l  cornmencing when thaw  has  penetrated  about 500 mm i n t o   t h e  ground. 
The c y c l e  o f  o p e r a t i o n   i s   d e p e n d e n t  on i n i t i a l   m o i s t u r e   c o n t e n t ,   a n d  

consequent ly , r a t e  o f  thawing  and  dra inage  considerat ions.  

Treatment o f  Massive  Ice: 

S i  t e -spec i f i c   recommenda t ions   f o r   t rea tmen t   o f   mass ive   i ce   canno t   be  made 
due t o   t h e   t y p i c a l   v a r i a b i l i t y   o f   i c e   b o d i e s .  Each occurrence  must, 

t h e r e f o r e ,   b e   e v a l u a t e d   i n d i v i d u a l l y   a s  i t  i s   e n c o u n t e r e d   i n   p i t  
development. 

Where p r a c t i c a l ,   e x t e n s i v e   b o d i e s  o f  m a s s i v e   i c e ,   p a r t i c u l a r l y   n e a r   l a r g e  

thaw  ponds  adjacent  to  the  deposi t ,   shoul  d be   avo ided.   Th in ,   o r  1 ess 
a r e a l l y   e x t e n s i v e   b o d i e s   o f   i c e   w i t h i n   t h e   g r a n u l a r   m a t e r i a l  s should  be 

excavated  and  wasted,  or  exposed t o  p e r m i t   t h a w i n g   d u r i n g   t h e  summer. S ince 
most o f  t h e   i c e   b o d i e s   a r e   a t   t h e   b a s e   o f   t h e   g r a n u l a r   d e p o s i t s ,  it i s  

c o n s i d e r e d   a p p r o p r i a t e   t h a t   t h e s e   b e   e x p o s e d   a t   t h e   p i t   f l o o r   b y   r e m o v a l   o f  
t h e   l a s t  1.5 m t o  2.0 m o f   m a t e r i a l  , d u r i n g  a s i n g l e   e x t r a c t i o n  season,  and 

a l l  owed t o  thaw  dur ing   the  summer. 

I n   s i t u a t i o n s  where  thawing i s  1 i k e l y   t o   p r e v e n t   r e c o v e r y   o f   a d j a c e n t  
m a t e r i a l  s, o r   r e s u l  t i n  ma jo r   d i s tu rbance   t o   t he   su r round ing   a rea ,   t h i cke r  

i ce   bod ies   shou ld   be   p reserved by 1 eaving a minimum c o v e r   o f   a t  1 e a s t  1 .5  m 
o f   g r a n u l a r   m a t e r i a l .   C r i t e r i a   f o r   e s t a b l i s h i n g   t h e  minimum th i ckness   o f  

massive  icebeds  which  shoul d be   p reserved  a re  i n f l  uenced  by  topographic 
r e l i e f ,   t h i c k n e s s  and e x t e n t   o f   g r a n u l a r   m a t e r i a l s ,  and t h e   a n t i c i p a t e d  

e f f e c t  o f  thaw  ponds  on t h e   s u r r o u n d i n g   t e r r a i n .  
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Dra inage  Cons idera t ions :  

Adequate  drainage o f   p i t  a r e a s   m u s t   b e   m a i n t a i n e d   t o   e n s u r e   a v a i l a b i l i t y   o f  

recove rab le   g ranu la r   ma te r ia l  s, and t o   a t t a i n   t h e   r e q u i r e d   r a t e s   o f   a n n u a l  
e x t r a c t i o n   f r o m   t h e   d e s i g n a t e d   p i t   a r e a .   L a r g e  amounts o f   m e l t w a t e r   f r o i n  

t h a w i n g   o f   i c e   b o d i e s   s h o u l d   b e   d i r e c t e d   t o   c o l l e c t i o n   p o n d s   i n   p r e v i o u s l y  
e x c a v a t e d   a r e a s ,   o r   t o   e x i s t i n g   p o n d s ,   w i t h   c o n s i d e r a t i o n   o f   e n v i r o n m e n t a l  

e f f e c t s .  

C o n s t r u c t i o n   o f   d i t c h e s   t o   c o l l   e c t   o r   d i r e c t  me1 t w a t e r   t o   a d j a c e n t  1 akes i s  
cons idered an acceptab le  a1 t e r n a t i v e   t o   t h e   r e d u c t i o n   o f   r e c o v e r a b l e  

rese rves  by f l o o d i n g   o f  1 a rger   a reas  o f  t h e   p i t   f l o o r ,   o r   t o  f l  ooding 
su r round ing   und i   s tu rbed   t e r ra in .  However, t h e   p o s s i b i l  i t y  o f  thermal 

e ros ion   must   be   cons idered.  I f  t h e   d i t c h e s   a r e   u n s t a b l e ,  a p o s i t i v e   s l o p i n g  
p i t  f l  oor ,   re ten t ion   ponds ,  and  pumping will b e   r e q u i r e d   t o   m a i n t a i n   p i t  

d r a i  nage. 

It i s  e s s e n t i a l   t h a t   p i t   d r a i n a g e   f a c i l i t i e s   b e   m a i n t a i n e d  and  updated 
f r e q u e n t l y   t o   e n s u r e   t h a t   m o i s t u r e   d r a i n s  away f rom  work ing  areas  or   faces,  

and t h a t   r e c o v e r a b l e   g r a n u l a r   m a t e r i a l  s a re   no t   f l ooded .  Dykes c o n s t r u c t e d  
o f   f r o z e n  fill should  be  used t o  1 imi t the   a rea   o f   f l ood ing .  

Waste M a t e r i a l  : 

The kame p o r t i o n s  o f  t h e  Ya  Ya Lake  source  are  most 1 i k e l y   t o   c o n t a i n   l e n s e s  

o f  f i n e - g r a i n e d   m a t e r i a l  , b u t   o w i n g   t o   t h e   c o m p l e x   s t r u c t u r e   o f   t h e   d e p o s i t ,  
l e n s e s   o r   p o c k e t s   o f   w a s t e   m a t e r i a l   a r e   p o s s i b l e   t h r o u g h o u t   a l l   d e p o s i t s .  

A1 1 1 enses o f   f i n e - g r a i n e d   m a t e r i a l   ( s i 1   t s   a n d   c l a y s )   w i t h i n   t h e   g r a n u l a r  

m a t e r i a l  s shou ld   be   s t r i pped  and  wasted. 
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Waste material should be stockpiled  near  the overburden for use i n  p i t  
recl  amation. Fi  ne-grai ned materi a1 obtained a t  depth will undoubtedly  have 
h i g h  ice  contents;   therefore,  waste p i l e s  should be surrounded by dykes 
constructed o f  drier  stockpiled overburden t o  prevent  flow o f  thawed waste 
i n t o  the p i t ,  or  onto  the  surrounding t e r r a in .  

UTILIZATION OF BORROW MATERIALS: 

Extract ion  faci l   i t ies   are  a1 ready i n  place a t  the Ya Ya Lake source, and the 
material and i t s  performance on placement are  well-known; therefore 
continued development o f  the  deposit as a source o f  Type I 1  material for use 
i n  Tuktoyaktuk i s  recommended. Owing t o  the h i g h  cost  o f  the  material ,  i t  
must only be u t i 1  ized where  Type I 1  material i s  required.  Stockpiling o f  a 
two-year supply i n  Tuktoyaktuk m i g h t  be practical w i t h  current volume 
requirements. Development o f  the Ya  Ya Lake source  should  generally  follow 
the recommendations of  the 1976 plan  (Terrain Analysis and Mapping Services 
L t d .  19761, w i t h  extraction from specific  user-dedicated  blocks. 

ENVIRONMENTAL  CONSIDERATIONS: 

Terrain D i  strubance: 

Terrain  disturbance i s   s ign i f i can t ly   l e s s  where winter  operations  are 
undertaken. Areas required  for s t a g i n g ,  and for stockpiling  organics, 
overburden and borrow materials  should be located on drier,  poorly-vegetated 
areas ,  or where possible,  confined t o  previously  disturbed  areas.  Disturbed 
areas should be kept t o  a m i n i m u m .  
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Therrnokarst: 

S i t e - s p e c i f i c   g u i d e l i n e s   f o r   t h e   c o n t r o l   o f   t h e r m o k a r s t   c a n n o t   b e   p r e p a r e d ,  

s i n c e   t h e   e x t e n t  and d i s t r i b u t i o n   o f   m a s s i v e   i c e   h a s   n o t  been  accurate ly  
mapped. Me1 t i n g   o f   i c e  exposed a t   t h e   f l o o r   o f  worked  areas will be 

accompanied by c o l l  apse a1 ong the   shore1  ines   o f   deve l   op ing   thaw  ponds ,   bu t  
t h e s e   a r e   e x p e c t e d   t o   s t a b i l i z e   a f t e r  a few  years .   Ex is t ing   la rge   ponds  

bo rde r ing   t he   g ranu l   a r   depos i t s  may b e   p a r t i c u l   a r l  y env i ronmenta l l y  
sens i t i ve .   Sma l le r ,   sha l l  ow ponds  which  f reeze  to  the  bottom,  and do n o t  

suppor t   aqua t i c  1 i fe   a re   cons idered  expendab le ;   however ,   the   la rger  and 

deeper  ponds  should  be  protected  by  leaving a b u f f e r  zone. 

Drainage  Control  : 

Ex is t ing   d ra inage  courses   must   be   ma in ta ined  and  p ro tec ted .  D i  sposal o f  

s i 1   t - 1  aden me1 t w a t e r   i n t o   c l e a n   s t r e a m s   i s   g e n e r a l l y   n o t   a c c e p t a b l e .  
However, i f  the   s t ream i s s h o r t  and  empt ies  in to   the  Mackenzie  River ,  it may 

be   accep tab le   t o   a l l ow   con tamina t ion   o f   t he   s t ream.  

Small  amounts o f  me1 twater   f rom  i ce-bonded  g ranu l   a r   mater ia l  s w i t h   l o w  
v i   s i b 1  e i c e   c o n t e n t s  may be   d i sposed   o f   by   d ra in ing   on to   t he   su r round ing  

t e r r a i n .   L a r g e   q u a n t i   t i e s   o f   s i 1  ty me1 t w a t e r   r e s u l   t i n g   f r o m   t h a w i n g   o f  
exposed o r  was ted   mass ive   i ce   shou ld   be   d i rec ted   t o   ex i s t i ng   non -p roduc t i ve  

o r   t u r b i d  ponds, or t o   c o l l   e c t i o n  ponds  const ructed i n  worked  areas. 
Di tches  and  dykes,   const ructed o f  f rozen fill, may be  used t o   d i r e c t  and 

c o n f i n e  me1 t w a t e r  t o  t h e  smal l  e s t   p o s s i b l  e a r e a   o f   t h e   p i t   f l o o r .  

RESTORATION: 

Restora t ion   measures   a re   requ i red  when t h e   p i t  i s  abandoned t e m p o r a r i l y   o r  
permanent ly.  A1 1 worked  areas  should  be  cleaned o f   d e b r i s ,  and  graded t o  
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remove a1 1 t o p o g r a p h i c   i r r e g u l a r i t i e s ,   a t   t h e   e n d   o f   e a c h   e x p l o i t a t i o n  

season. P o s i t i v e   d r a i n a g e  away from  working  areas  and  berms  on  top o f  
s l o p i n g   p i t  faces t o   p r e v e n t   r u n o f f   f r o m   e n t e r i n g   t h e   p i t   a r e a   s h o u l d   b e  

p r o v i  ded  where  abandonment i s temporary. 

P r i o r   t o  1 ong-term  or  permanent  abandonment on d e p l e t i o n  , t h e   p i t   w a l l  s,  i f  
any, o r  edges o f  worked  areas  should  be  recontoured  to  b lend,  as much as 

p o s s i b l e ,   i n t o   t h e   s u r r o u n d i n g   t e r r a i n .  All o b s t r u c t i o n s   t o   n a t u r a l  
drainage  shoul d be  removed  and s l   o p e s   g r a d e d   t o   p r e v e n t   c h a n n e l 1   i n g   o r  

downcu t t i ng   by   runo f f .  

Thaw ponds  and  lakes  and  massive  ice  are common on  R ichards   Is land,  hence, 
f l o o d i n g   o f   p i t s ,  and  thermokars t   fo rmat ion   a re   acceptab le ,   and  inev i   tab1 e, 

methods o f  res to ra t i on .   A reas   no t  1 i ke l y   t o   be   f l ooded   shou ld   be   smoo th l y  
graded  and  covered  wi th   s tockpi led  overburden  and  organics i n   p r e p a r a t i o n  

f o r   r e v e g e t a t i  on. 

Revegetat ion i s  a c h i e v e d   b y   r i p p i n g   t h e   s u r f a c e   a f t e r   f r o s t   h a s   p e n e t r a t e d  
t o  a depth of  about  150 mm and   b roadcas t i ng   app rop r ia te   f e r t i l i ze rs   and   seed  

mixtures.   Whi le  no studies  have  been  conducted  to   determine  the  requi red 
f e r t i l i z e r  and  seed m i x t u r e   f o r   t h e  Ya  Ya Lake  source, i t  i s   b e l i e v e d   t h a t  

those recommended f o r  Sources  160/161  (Hardy,  1980) , and f o r   d i s t u r b e d ,  
d redge-s tockp i le   a reas   near   Tuk toyak tuk   (Hardy ,  1979) a re   su i  tab7 e f o r   m o s t  

tundra  areas  near  the  Mackenzie  Del t a  under1  a in  by  granul  a r  m a t e r i a l  s .  
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MONITORING  AND  INSPECTION: 

The detailed moni taring and inspection  services  out1  ined  in  the  text o f  the 
report  should be followed.  Items o f  part icular  concern t o  the Ya Ya Lake 
source  include  the  areas under  development, extent and dis t r ibut ion of 
massive ice,  drainage  control , and thermokarst  devel opment. A detai l  Pd 

1 egal  survey of the Ya Ya Lake  Esker-Kame  Complex, i f  n o t  a1 ready cornpl eted,  
should be performed and survey stations  placed  to  permit  long-term 
monitoring o f  areas and volumes o f  excavation  since  proper management of 
this source may be particularly  important  in a broader  regional  granular 
material s management p l a n .  

EBA Engineering Conrultantr ltd. A i i E  e m  



APPENDIX F 

BORRON SOURCE MANAGEMENT PLAN 
SOURCE 168 

E M  Englnaaring  Conrultontr ltd. & 



PAGE 1 o f  6 

BORROW SOURCE MANAGEMENT PLAN 

SOURCE 168 

LOCATION: North  Shore  of   Eskimo  Lakes DISTANCE TO  TUKTOYAKTUK: 25 km NW 

LANDFORM: Esker,   several  kames RECOVERABLE  VOLUME (m3) : 
T o t a l  : 350,000 
Annual : 90,000-135,000 

MATERIAL TYPE: Type I 1 1  

UNIT COST (1983) : $30/m3 

REFERENCES: R i  p l  ey , K l  ohn a( Leonof f  
I n t e r n a t i o n a l   L t d .  , 
1972a 
Hardy  hssoci  ates, 1977 
BBT Geotechnical  
Consul t a n t s ,  1983 

PIT  PLAN  REFERENCE: BBT Geotechnical  
Consul t a n t s ,  1983 

SITE DESCRIPTION: 

The d e p o s i t   c o n s i s t s   o f  a 1000 m l ong   eske r ,   wh ich   va r ies   f rom  80  m t o  140 m 
i n base  width , and  several smal 1 (about  60 m by  100 m )  kames. The esker  
r i s e s  above t h e  f l  a t  s u r r o u n d i n g   t e r r a i n   t o  a maxi~num h e i g h t   o f  9 m near i t s  

n o r t h e r n  end,  and t o  4 m t o  5 m i n   t h e   s o u t h e r n   o n e - t h i r d   o f   t h e   f e a t u r e .  
The l o c a l   r e 1   i e f   o f   t h e  kames i s   t y p i c a l l y  2 m t o  3 m. 

Granu la r   ma te r ia l  s are  exposed a t   t h e   s u r f a c e   i n   s e v e r a l   s m a l l  , bare  

pa tches ;   e l  sewhere v e g e t a t i o n   c o n s i s t i n g  o f  moss and 1 ow shrubs  covers  the 
sur face.   Organic   topsoi l   beneath  the  vegetated  areas i s   g e n e r a l l y   l e s s   t h a n  

50 mm t h i c k .  The ove rbu rden   th i ckness   i nc reases   on   t he   f l anks   o f   t he   eske r  
t o   a b o u t  1.0 m. A l o c a l i z e d   c a p   o f   c l a y ,  1.5 rn t h i c k ,  was encountered i n  

one  borehole.  The g r a n u l a r   m a t e r i a l  s a r e   c l a s s i f i e d   a s  a m i x t u r e   o f  sand 
and  gravel ,  sandy g r a v e l ,   o r   g r a v e l l y  sand, w i t h   v e r y   l o w   f i n e s   ( s i 1  t and 

c l a y )   c o n t e n t .   G r a n u l a r   m a t e r i a l  was f o u n d   t o   e x t e n d   t o   d e p t h s   o f   s e v e r a l  
metres  be l  ow t h e  1 eve1 o f   the   sur round ing  1 a c u s t r i  ne p l   a i  n .  
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The s u r f a c e   o f   t h e   e s k e r  was dry d u r i n g   t h e  summer s i t e   v i s i t s ,   b u t   i c e -  

bonded  mater ia l  s were  encountered a t  depth. Low t o  moderate v i s i b l e   i c e  

c o n t e n t s   w e r e   r e c o r d e d   d u r i n g   t e s t   d r i l l i n g ,   b u t  no  massive  ice was 

encountered. The surrounding  area i s we t ,   and   exh ib i t s   bo th   h igh   and  1 ow- 
cen te red   f ros t   po l ygons .  

ACCESS: 

Access i s  1 i m i t e d   t o  a w i n t e r  snow o r  i c e   r o a d .  I f  the  source i s  developed 

p r i o r   t o   c o m p l e t i o n   o f   t h e   p r o p o s e d   I n u v i k   t o   T u k t o y a k t u k  Highway,  annual 
c o n s t r u c t i o n   o f  25 km t o  30 km o f  over land  snow/ ice   road  wou ld  be requ i red .  

The c u r r e n t   c o s t  o f  r o a d   c o n s t r u c t i o n  i s  e s t i m a t e d   t o   b e   i n   t h e   o r d e r   o f  
$100,000 (Gruben,  1983c) . High  and  unpredictable  maintenance  and  c lear ing 

c o s t s   a r e   a n t i c i p a t e d  due t o   t h e   o r i e n t a t i o n   o f   t h e   a c c e s s   r o a d   r e l a t i v e   t o  
t h e   p r e v a i l i n g   w i n d   d i r e c t i o n .  The r e l i a b i l i t y   o f   t h e   s o u r c e  i s  a1 so 

1 imi t e d   b y   p o t e n t i a l   d i f f i c u l t i e s   t h r o u g h   m a i n t a i n i n g   t h e   l o n g   o v e r 1  and 
access  dur ing  pro1  onged  stormy  per iods.  

I f  develoment o f   t h e   s o u r c e   o c c u r s   a f t e r   c o m p l e t i o n   o f   t h e   p r o p o s e d   h i g h w a y ,  

access  would  be  avai lab le  through a 10 km-long i c e   r o a d   o v e r  Eskimo  Lakes. 

PIT DEVELOPMENT: 

S i t e   P r e p a r a t i o n  Work: 

S i t e   p r e p a r a t i o n  work i s   n o t   a n t i c i p a t e d   t o  be e x t e n s i v e   a t   S o u r c e  168, 
s i n c e   o r g a n i c   s o i l  s and i n o r g a n i c   o v e r b u r d e n   a r e   r e 1   a t i   v e l y   t h i n  and 

d iscont inuous .  A1 1 o r g a n i c   t o p s o i l  and inorgan ic   overburden  shou ld  be 
s t r i p p e d  and s t o c k p i l  ed a t   t h e   h i g h e r  and b e t t e r - d r a i n e d  edges  of  the 

depos i t   fo r   subsequent  U'Se i n  reel amat ion.   Stockpi les  should  be  p laced so 
a s   t o   p r e v e n t  accumul a t i o n   o f   d r i f t i n g  snow i n  work ing  areas,   contaminat ion 

o f   r e c o v e r a b l e   g r a n u l a r   m a t e r i a l  s, and  ponding o f  sur face   water   dur ing  

summer. Care  should be t aken   t o   p reven t   d i s tu rbance   o f   su r round ing   a reas  

conta i   n i   ng   po lygona l   g round.  
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Extraction Methods: 

Extraction  of  the uppermost 1.5 rn t o  2.0 m of  granul a r  materi a1 can  be 
achieved w i t h  a bulldozer by r i p p i n g  and pushing friable  frozen  material 
i n to  temporary s tockpi les   for  1 oading  onto  trucks.  Excavation  of  material s 
below the dry sur f ic ia l  1 ayer will requi r2 considerably  greater r i p p i n g  
e f fo r t s ;   t he  amount of which i s  dependent on the rnoi sture content and 
degree o f  ice-bonding. R i p p i n g  of  moderately t o  we1 1 -bonded material  will 
not be possible. Recovery of we1 1 -bonded material a t  depth may be 1 imi ted 
annually t o  a 1 .O m t o  1.5 rn 1 ayer which has been a l l  owed t o  thaw and drain 
d u r i n g  the  previous summer. If  thaMing and draining  produce  insufficient 
vol umes of r i p p a b l  e material , d r i l l  i ng and blast ing will be necessary. 

The area o f  the  esker ou t1  ined for  devel opment d u r i n g  the d r i l l  i n g  program 
approximates  the 8.0 m contour   ( re la t ive  e levat ion) .  The recoverable volume 
estimated i s  based on excavation t o  a depth  about 1.5 m above the 
surrounding t e r r a in .  W i t h  adequate  drainage  control , i t  may be possi bl  e t o  
recover  material t o  the 1 eve1 of the surrounding  terrain,  and possibly , t o  
the  depth which can be excavated i n  a final  season, bel ow the level of the 
surrounding  area. 

Treatment  of Massive Ice: 

Massive i c e  was n o t  encountered d u r i n g  the d r i l l i n g  program; however, a l l  of 
the  boreholes were located  along  the  centre1  ine of  the esker and  few 
penetrated  the  underlying  sediments.  Potential  massive  ice a t   t h e  base  of 
the  granular  material s i s  probably  of 1 i t t le   s ignif icance  s ince i t  may n o t  
be possible  to  excavate  the  full  depth  of  the  granular  material s. Massive 
i c e  may  a1 so be present i n  the kames and near  the  edges  of  the  esker, i n  

areas  which  were not  explored. Should massive i ce  be encountered d u r i n g  p i t  
development, the general  ized  guide1 ines  presented i n  the   text   of  this report  
shou ld  be followed. 
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Dra i   nage  Consi   derat ion s: 

The r e 1   i e f   o f   t h e   d e p o s i t  will p e r m i t   a d e q u a t e   d r a i n a g e   d u r i n g   t h e   i n i t i a l  

s tages   o f   deve lopment .  The su r face   o f   t he   worked   a reas   shou ld   be   gen t l y  
s loped a t   t h e  end o f  each  excavation  season t o   e n s u r e   d r a i n a g e   o f   n e w l y -  

t hawed   ma te r ia l   du r ing   t he   f o l l ow ing  summer. When the   excava t ion   su r face  
approaches  the 1 eve1 o f   t h e   s u r r o u n d i n g   t e r r a i n ,  a d r a i n a g e   p a t h   t o  a 1 ower 

area  southeast  o f  t h e   d e p o s i t  may be   requ i red .  

Waste M a t e r i a l  s: 

No s i g n i f i c a n t   b e d s   o f   f i n e - g r a i  ned m a t e r i a l  were   encountered   w i th in   the  
g ranu la r   depos i t s .  I f  encoun te red   du r ing   p i t   deve lopmen t ,   was te   ma te r ia l s  

shou ld   be   s tockp i led   near   the   inorgan ic   overburden  mater ia ls .  

UTILIZATION OF BORROW MATERIALS: 

Source 168 c o n t a i n s   m a t e r i a l s   s i m i l a r   i n   g r a d a t i o n   t o   t h e  Type I 1  m a t e r i a l  
from  'fa  ' fa  Lake i n   c u r r e n t  useage.  Owing t o   t h e   h i g h   t r a n s p o r t a t i o n  costs  

f o r   d e l i v e r y   o f   m a t e r i a l  f r o m  the   sou rce   t o   Tuk toyak tuk ,   t he   depos i t   shou ld  
b e   u t i 1   i z e d   o n l y  when Type I1 - q u a l i t y   m a t e r i a l  i s  requ i red .  The c o s t  o f  

c o n s t r u c t i n g   a n d  mai n ta in ing   access  t o  the   source  may 1 imi t development  of 
t h e   s o u r c e   t o  a high-useage  development  scenario,  such i s the   case i n  which 

t h e   p r o p o s e d   a i r p o r t   e x p a n s i o n   o c c u r s   w i t h i n   t h e   n e x t  5 years.   Excavat ion 
a n d   s t o c k p i l   i n g   o f  a severa l   year   supply  i n  Tuktoyaktuk may b e   r e q u i r e d   t o  

ensure a reasonab le   ma te r ia l   cos t .  
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ENVIRONMENTAL  CONSIDERATIONS: 

T e r r a i n  D i  sturbance: 

Development o f   t h e   s i t e   i s  1 imi t e d   t o   w i n t e r   o p e r a t i o n s  due t o   t h e  1 e n g t h   o f  

access,  hence, t e r r a i n   d i s t u r b a n c e  a t  the  source  should  be  minimal.  Worked 
a reas   shou ld   no t   be   a l l  owed to   encroach  on   a reas   o f   po lygona l   g round.  

Proper   cons t ruc t ion   and  ma in tenance  o f   snow/ ice   roads   must   be   ensured  to  
r e d u c e   t h e   p o s s i b i l i t y   o f   d i s t u r b a n c e   a l o n g   t h e   a c c e s s   r o u t e .  

Thermokarst: 

Thermokarst   format ion i s   n o t   a n t i c i p a t e d   s i n c e  no  massive  ice was 

encoun te red .   Add i t i ona l l y ,   g ranu la r   ma te r ia l   be low  the   es t ima ted   dep th  o f  

recovery will s e r v e   t o   i n s u l a t e  any  massive i c e   a t   d e p t h  . 

Drainage  Control  : 

bioi s t u r e   c o n t e n t s   a n d   f i n e s   ( s i 1  t and c l a y )   o f   t h e   r e c o v e r a b l e   g r a n u l a r  

m a t e r i a l s   a r e   s u f f i c i e n t l y   l o w   t h a t   d r a i n a g e   o f   m e l t w a t e r   o n t o   t h e  
surrounding  tundra i s  cons idered  acceptable.  

RESTORATION: 

Restorat ion  measures  are  requi red  whether   the p i t   i s  abandoned t e m p o r a r i l y  

o r   pe rmanen t l y  Worked areas  should  be  c leaned o f  a1 1 d e b r i s  and  graded t o  
remove a1 1 t o p o g r a p h i c   i r r e g u l a r i t i e s ,   w h i c h   m i g h t   o b s t r u c t   n a t u r a l  

d r a i n a g e ,   a t   t h e  end o f   t h e   e x c a v a t i o n  season. P o s i t i v e   d r a i n a g e   t o   t h e  
edges o f   t h e   d e p o s i t  shoul d be   p rov ided  dur ing   temporary  abandonment, by 

g r a d i n g ,   o r   d i t c h e s   t o   e n s u r e  maximum fu tu re   recove ry  of remain ing 
m a t e r i  a1 s. 
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P r i o r   t o  permanent  abandonment, the edges of  the p i t  should  be  graded t o  
b l e n d ,  a s  much as  possibl e ,  i n t o  the surrounding  terrain, w i t h  care   taken  to  
avoid d i  sturbance  of polygonal  ground i n  the surroundi ng t e r r a in .  
Stockpiled  inorganic  overburden and organic  topsoil shoul d be spread  inwards 
frorn the  edges a s   f a r  as possible.  F1 oodi n g  of 1 ower portions  of the p i t  i s  

an acceptable method of  restoration. 

Revegetation o f  areas  not 1 i ke ly   t o  be flooded  should be promoted by ripping 
the surface,  i n  the fal l   af ter   f rost   has   penetrated  to  a d e p t h  of about 
150 mm, and application o f  a s u i t a b l e   f e r t i l i z e r  and seed mixture. While no 
de ta i l  ed studies were undertaken t o  determi ne the  appropriate mixtures, i t  

i s  believed  that  those recommended fo r  Source 160/161 and disturbed areas  of 
Source 162 s tockpi les  (Hardy, 1979, 1980) are   su i tab le   for  most tundra  areas 
under1 ain by granular  deposits i n  the Tuktoyaktuk area.  

MONITORING AND INSPECTION: 

Monitoring and inspection  services  should  follow  the  general guide1 ines  
presented i n  the text  of  the  report .   Additionally,   inspection of  the access 
routes  should be undertaken  both d u r i n g  each winter extraction season and 
d u r i n g  the following summer. 
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