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EXECUTIVE SUMMARY 

O n  behalf of Indian  and Northern Affairs Canada, a review has been 
completed of the  feasibi 1 i ty of developing granular  material s from the 
Mackenzie Riverbed for use as construction borrow. The project was 
completed for Supply  and Services Canada by EBA Engineering  Consultants 
L t d .  who had submitted an unsolicited proposal for  the work. EBA were 
assisted by ESL Environmental Sciences L t d .  and GVM Geological  Consultants 
L t d .  i n  the  office  study. 

River regime d a t a ,  primarily channel morphology  and river  gradient/current 
data were  combined w i t h  geological and terrain evidence of granular  
alluvium t o  develop a r a t i n g  system for 25 km reaches of the  river. 
Approximately 22 percent of the  riverbed was interpreted  to have a high 
potential t o  supply  granular borrow. The area between  Camsell Bend and 
Fort Good Hope appears t o  have the  greatest  potential; however, local 
areas between F o r t  Providence and F o r t  Simpson  have a moderate t o  high 
potenti a1 . 
To develop an understanding of where riverbed borrow production might  be 
required,  data  pertaining t o  upl and or conventional borrow deposits w i t h i n  
15 km o f  the  riverbank was reviewed. Almost 66 percent of the  length of 
the Mackenzie Valley  appears to  be deficient i n  upland borrow resources. 
I n  particular,  the 500 km section upstream of Will owl ake River a n d  the 
175 km section immediately  upstream of the Mackenzie Delta have noticeable 
shortages of upland granular  resources. 

A cost comparison of conventional  versus dredge and barge haul borrow 
development demonstrated the economic feasi b i  1 i ty of ri veri ne borrow 
production. Although excavation and start-up  costs would be  more t h a n  
twice  as h i g h  ($11.90/m3 versus $4.90/rn3) for dredge a n d  barge methods, 
haul costs would be considerably  less f o r  longer  distances. Evidence i s  
presented  suggesting  that f o r  hauls o f  greater than 7 km, river  operations 
may be  more practical .  For h i g h  production rates,  the  potential  cost 
benefits  are even greater. 

Environmental considerations  primarily focused on the  fish popu la t ion  and 
the impact of dredging on water  quality and suspended sediments. 
Generally i t  was concluded that  the Mackenzie River's  naturally h i g h  flow 
ra te  and h i g h  suspended sediment  content dur ing  the open water  season wi l l  
mask  any effects summer dredging migh t  have. Similarly  resuspension of 
sorbed heavy metals and hydrocarbons i s  not  expected to  be a major 
concern. Some concern does ex is t ,  however, for the  interference dredging 
may have on the migrat ion of f ish along  the Mackenzie and spawning areas 
could be impacted. Therefore si te  specific  evaluation will be required 
before major borrow operations  are  init iated.  

The shortage of data upon  which t o  base this study  affected both the 
geotechnical and environmental components. Site  specific  information o f  
the  riverbed  materials and fish  populations is  virtually  non-existent, 
except for the Norman Wells area and tributary  streams and rivers. 
Therefore,  considerable  effort  will be required  before  the  potential  value 
of the  riverbed a1 l u v i u m  as a resource  material can  be established. 
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1 .o INTRODUCTION 

I n  September  1986, I n d i a n  a n d   N o r t h e r n   A f f a i r s  Canada (INAC)  through 

Supply  and  Services Canada ( S S C )  r e t a i n e d  EBA Eng ineer ing   Consu l tan ts   L td .  

(EBA) t o   e v a l u a t e   t h e   f e a s i b i l i t y   o f   r e c o v e r i n g   g r a n u l a r   b o r r o w   r e s o u r c e s  

from  the  main  channel  of the   Mackenz ie   R iver .   Th is   p ro jec t   wh ich  was 

awarded  as a r e s u l t   o f  an u n s o l i c i t e d   p r o p o s a l  was conducted  under SSC 

C o n t r a c t  No. A7134-6-0017/01-ST. M r .  Bob  Gowan  was I N A C ' S  S c i e n t i f i c  

A u t h o r i t y   f o r   t h e   p r o j e c t .  

I n   t h e   m i d  ' 7 0 ' 5 ,  there   were   severa l   s tud ies   o f   the   g ranu lar   bor row 

prospects  i n   t h e  Mackenz ie   Va l l ey ,   exc lud ing   t he   r i ve r .   I nd ian   A f fa i r s  
and  Northern  Devel oprnent sponsored a b r o a d   i n v e n t o r y   o f   t h e  V a l  1 ey 's 
r e s o u r c e s   i n c l u d i n g   s t u d i e s  by EBA (1973), Pemcan (19721,  and t h e  
Geologica l   Survey  o f  Canada (1972,  1973).   Subsequent ly  studies  for  a 
Mackenzie  Val ley gas p i p e l   i n e  and  the  Mackenzie  and  Dempster  highways 
examined  granular  borrow  suppl ies i n  more d e t a i l ,   b u t   a l o n g  much narrower 
c o r r i d o r s .  None o f   these  s tud ies   appears   to   have  cons idered  the   r i verbed 

as a po ten t i a l   sou rce   o f   g ranu la r   bo r row.  The concep t   o f   recove r ing  
b o r r o w   m a t e r i a l s   f r o m   t h e   r i v e r b e d  was, a t   t h a t   t i m e ,   c o n s i d e r e d   t o  be 

environmental  l y  unacceptable. 

G e o t e c h n i c a l   i n v e s t i g a t i o n s   f o r   t h e  Norman Wel ls   Expans ion   Pro jec t  (NWEP) 

completed  between  1978  and  1983  by ESSO Resources Canada L td .  (ESSO f 
e n c o u n t e r e d   s i g n i f i c a n t   t h i c k n e s s e s   o f   g r a n u l a r   r i v e r b e d   a l l u v i u m .  ESSO 

recogn ized  the   economic   va lue   o f   th is   mater ia l  i n   p a r t  because o f   i t s  

e x p e r i e n c e   w i t h   c o n s t r u c t i n g   B e a u f o r t  Sea i s l a n d s  by dredging.  Almost 

1.8 m i l l i o n  cu.m. o f   r i v e r b e d  sand  and  gravel was used f o r   c o n s t r u c t i o n  of 

s i x   i s l a n d s   i n   t h e   r i v e r  by t h e  NWEP. 

On t h e   b a s i s   o f  ESSO's successful   development  of   granular  borrow  resources 
f rom  the   r i ve rbed   and   w i th   t he   know ledge   tha t  some s e c t i o n s   o f   t h e   r i v e r  
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Val l e y   a r e   d e f i c i e n t   i n  up1  and  granular  borrow  resources, i t  was 
a p p r o p r i a t e   t o   i n v e s t i g a t e   t h e   p o t e n t i a l   f o r   o t h e r   r e a c h e s   o f   t h e   r i v e r   t o  
supply   granular   borrow.  The p r o j e c t   c a n   b e s t  be descr ibed as a s t u d y   o f  

t h e   p o t e n t i a l   f o r   f i n d i n g   g r a n u l a r   r e s o u r c e s   a l o n g   s e p a r a t e   r e a c h e s  o f  the  
r i v e r  and o f  t h e   f e a s i b i l i t y   f o r   d e v e l o p i n g  such  deposits i f  they do 
exist .   Environmental ,   and  economic  factors  have  been  included i n  
assess ing   the   genera l   feas i   b i  1 i ty of ri verbed  borrow  development. 

2 .o PROJECT  DESCRIPTION 

The study  area was r e s t r i c t e d   t o   t h e  main r i v e r  channel  and d i d   n o t  

c o n s i d e r   t h e   t r i b u t a r y   s t r e a m s   a n d   r i v e r s   e x c e p t  as sediment  sources. The 

ups t ream  end  o f   the   s tudy  was a t   Great   S lave   Lake (km 0.0 on  the 

h y d r o g r a p h i c   ( n a v i g a t i o n )   c h a r t s ) .  The downstream  end was a t   P o i n t  

Separa t ion  (km 1475 where the  Mackenzi e De l ta   beg ins .  

The b a s i c   o b j e c t i v e   o f   t h e   s t u d y  was t o   i d e n t i f y  where the  development  of  
r i v e r b e d   a l l u v i u m  as a source o f  g ranu lar   bor row  mater ia ls   wou ld  be 
f e a s i b l e .  The pr imary   ques t ions   to   answer  were: 

a)  where do geo log ic   and  hydro log ic   ev idence  suggest   tha t   coarse   g ranu lar  
a1 l u v i u m  will be  found i n   t h e   r i v e r b e d ?  

b )   where   m igh t   t hese   depos i t s   sa t i s f y   l oca l   sho r tages   i n   conven t iona l  
(up1  and)  borrow  materi  a1 supp l   i es?  

c )  how do t h e  economics o f   d redg ing  and t r a n s p o r t i n g   r i v e r b e d  a1 1 uvium 
compare w i  t h   conven t i   ona l   bo r row  p i t   deve lopmen t?  

d )   wha t   env i ronmen ta l   cons t ra in t s   m igh t   a f fec t   r i ve rbed   d redg ing?  

A r a t i n g  system was developed  combin ing  geolog ic   and  hydro log ic   data i n  

o r d e r   t o   i d e n t i f y   t h e   p o t e n t i a l   f o r   g r a n u l a r   m a t e r i a l   i n   v a r i o u s   p a r t s   o f  
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the  river. I n  addition,  the  available upland borrow resources were 
identified for various  parts o f  the  river. 

Another major component of the  overall study was a review o f  the  riverbed 
borrow development undertaken for  the Norman Wells Expansion Project. The 
information  acquired  prior t o  and during  the NWEP i s  by f a r  the most 
detailed  available  assessment o f  any part o f  the  riverbed and the  effects 
of dredging on the Mackenzie River. 

The final  requirement of this  study was t o  out1 ine  subsequent work needed 
t o  develop an inventory of riverbed granular  resources.  Suggestions for 
b o t h  geotechnical and environmental f ield  studies  are provided. 

3 .O NORMAN WELLS EXPANSION  PROJECT 

3.1 RIVER REGIME 

The channel i n  the middle part of the Mackenzie River i s  described by 
Northwest Hydraul ics  (1979) as  being  irregul ar and sl i ghtly  sinuous. I t  
is   characterized by a1 ternations of single-channel  reaches w i t h  much wider 
mul ti-channel  reaches,  divided by i s 1  ands. The Norman Wells area i s  
typical o f  the  multi-channelled  reaches. Northwest Hydraulics (1979) 
interprets  that   the Mackenzie i s  somewhat oversized and that  the  islanded 
reaches  are even more oversized  than  the  general  case i n  terms o f  

cross-sectional  area  for  the  present flow. Two possible  explanations  are 
given for this. These are: 

i the dominant flow that shapes the  river  occurs when the channel i s  

partial  ly blocked by ice,  or 
i i  ) the channel was formed by larger flows i n  the  past and i t  has not 

reached equili brium for present flow rates 
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In evaluating  these a1 ternatives Northwest Hydraulics (1979) noted that  
t h e r e   i s   l i t t l e   d i r e c t  evidence that  ice jams  and the  flooding a t  break-up 
consti tutes an important  p a r t  in  the  shaping of the  river. There are no 
scour  holes  associated w i t h  ice damming a n d  r a p i d  sh i f t s  of the  river  are 
n o t  common. Therefore, i t  was concluded t h a t  the Norman Wells reach 
appears  likely t o  be  one  of sediment  accumulation and slowly rising bed 
levels. 

The riverbed  alluvium  therefore  should be representative of the present 
bedl o a d  r a t h e r  t h a n  some previous  (post-g1  acial  ? 1 deposi t ional  
environment. ESSO's data  clearly shows that  along the main channel,  the 
alluvium  consists of sandy fine  gravel. The source of this  gravelly 
alluvium  could be from the numerous tributary  rivers which enter  the 
Mackenzie upstream of  Norman Wells. Analysis  suggests  that a substantial 
local reach of the  river,  extending from the  Great Bear River  almost t o  
Sans Saul t Rapids, may have a similar bedl oad. 

3.2 ESSO ' S DREDGED GRAVEL 

As p a r t  of the Norman We1 1 s Oi l f i e l  d Expansion project, ESSO dredged 
approximately 174,000 m3 fo r  each of six  islands, 114,000 m3 for  pads and 

roads and 400,000 m3 for  pipe1 i ne trench f i  11.  I n  t o t a l ,  approximately 
1,800,000 m3 
application 
i nc 1 uded for 

ESSO ' s dredg i 

of  r iver borrow was anticipated i n  ESSO's dredging  permit 
ESSO, 1982). An allowance of approximately 15 percent was 
losses d u r i n g  construction. 

ng permit a1 lowed for  the recovery of granular borrow from 
the  slopes of the main channel adjacent t o  the  island  sites b u t  n o t  in  the 
shallow, flat  areas  nearer  the  islands because of the risk t o  f ish  habitat  
(S. Hunter,  personal  communications). The dredge areas were typically 
between  100 and 150 m from the  is1 ands depending on the  floating  pipeline 
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and the  river  currents.  Figure  3.1 shows  where dredging i s  believed t o  
have occurred. The actual dredge areas were selected  for convenience 
rather than on the  basis of  some previously  identified  preferred  location. 
This implies  that ESSO was able t o  find, w i t h i n  the  construction  area, 
useable borrow wherever  they required it .  

Figure 3.2 shows a composite gradation  curve  for 27 samples of dredged 
borrow that  was used for   i s land   f i l l .  These samples were taken from the 
above-water part  o f  the  islands. They therefore  represent an 'as-dredged' 
evaluation of the borrow i n  contrast t o  the  gradation  that would  be 
determined from borehole samples. The borrow would be classified  as a 
sandy gravel t o  a gravelly sand w i t h  a topsize of a t  l eas t  150 mm 

(6 inches 1 and a f ines  (si1 t and clay)  content of less than 5 percent. 
Although on some individual  gradation  curves gap g r a d i n g  of the borrow i s  
indicated,  this i s  interpreted t o  be the  results of g r a d a t i o n  separation 
d u r i n g  the placement of materi a1 s. General ly  the rnateri a1 i s  we1 1 -graded 
( t o  an engineer, and poorly  graded t o  a geologist). 

3.3 SOURCE OF BORROW 

Very l i t t l e  has been reported on the  nature and o r i g i n  o f  the  gravelly 
alluvial  sediments a t  Norman Wells. However, there   i s  more information 
result ing from the Norman Wells Expansion Project t h a n  f o r  almost any 
other  location on the  river. 

The following  description of the  surficial  geology has  been taken from 
Komex ( 1980). 
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3.3.1 Quaternary  Geology 

The Q u a t e r n a r y   h i s t o r y   o f   t h e   M a c k e n z i e   V a l   l e y   i n   t h e   v i c i n i t y   o f  Norman 

We1 1s i s   d e s c r i b e d  by  Mackay and  Mathews ( 1 9 7 3 ) .   D u r i n g   t h e   l a s t  
(Wisconsin)   g lac ia t ion,   g lac iers   advanced  nor thward  a long  the  Mackenzie 

V a l l e y ,   r e m o v i n g   i n t e r g l a c i a l   s o i l   a n d   l e a v i n g  a veneer o f   g l a c i a l  til 1. 

A second i c e   l o b e  moved westward   th rough  the   a rea   o f   For t  Good Hope. 

W h i l e   t h e   i c e   f r o n t   t h r o u g h   F o r t  Good  Hope dammed t h e   v a l l e y ' s   n a t u r a l  
drainage,  recession of the  Mackenzie  Val ley  ice  lobe  caused  the  format ion 

o f  a smal 1 p r o g l   a c i a l   l a k e   h a v i n g  a maximum e l e v a t i o n   o f   a b o u t  240 m 
(790  feet ) .   Recess ion o f  t h e   F o r t  Good  Hope i c e   l o b e   e x t e n d e d   t h i s   l a k e  

i n t o   t h e  Ramparts River   low1 and, e v e n t u a l l y  a1 l ow ing   d ra inage   ove r   t he  
Ontaratue-Rampart   d iv ide  about 11,000 y e a r s  B.P. The l a k e   e l e v a t i o n   a t  

t h i s   s t a g e  was reduced   to   abou t  95 m (310  feet ) .  (Mean w a t e r   l e v e l   a t   t h e  

Norman We1 I s  dock i s  approx imate ly  39.5 m). 

E x i   s t i n g  beach 1 i nes  and s i  1 ty  c l a y   e n c o u n t e r e d   i n   e x p l o r a t o r y  we1 1 s i n  

t h e  N o r m a n   W e l l s   a r e a   i n d i c a t e   t h a t   t h e   u p p e r   l e v e l   o f   t h e  

( g l a c i o l a c u s t r i n e )   d e p o s i t  was l i k e l y   a b o u t  70 m (230  feet )  (Hughes,  1970; 

K u r f u r s t ,  1973; Isaacs,  1974). 

TWO major   sp i l lways  formed i n   t h e   d i v i d e   n e a r   F o r t  Good Hope. The h i g h e r  
o f   the  two, t h e   F o s s i l   L a k e   s p i l l w a y  a t  65 m (215 f e e t ) ,  was abandoned 

about  6,000 years  B.P. Downcutt ing  continued  through  the  Upper  Ramparts 
to   fo rm  the   p resent   Mackenz ie   r i ver   channe l   and  va l ley .  

I n   r e c e n t   t i m e s ,   t h e   M a c k e n z i e   R i v e r   h a s   c u t   t h r o u g h   t h e   l a c u s t r i n e   c l a y  

d e p o s i t s  , which  have been  removed to   va ry ing   deg rees   a long   t he   no r th  
( r i g h t )  bank.  The c l a y  has apparent ly  been  eroded  completely  f rom  the 
a r e a   o f   t h e  (NWEP) F i e l d g a t e   a n d   S e t t l i n g  Ponds.  However, Isaacs  (1974) 
r e p o r t s   t h a t   g l   a c i o l a c u s t r i n e   c l a y   i s  found f u r t h e r  downstream o f  these 

s i t e s  on t h e   n o r t h   ( r i g h t )  bank  of t he   Mackenz ie .   Fo l l ow ing   e ros ion   o f  
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the  clay, an alluvial  flood  plain developed along  the north ( r i g h t )  bank 
of the Mackenzie River and  formed a1 luvial  deposits of clayey si  1 t and 
s i l ty   c lay,  with traces of sand and gravel. I n  a d d i t i o n ,  alluvial 
deposits of si1 t and f ine sand have  formed a ser ies  of islands  in  the 
Mackenzie River,  including Bear and  Goose Islands. The alluvial  deposits 
in  the  riverbed range from si1 t y  f ine sands t o  gravel s ,  and over1 ie   the 
gl aci  ol  acustri ne cl ay. 

3.3.2 Recent A1 1 u v i  um 

From the  preceedi ng description, i t  appears t h a t  the  gravel and sand that  
ESSO dredged  comprises recent a1 luvial sediments.  Figures 3.3 and 3.4 
provide  short  cross-sections compiled from boreholes by EBA (1978). The 
approximate location of these  sections  is shown on Figure 3.1. They 
indicate t h a t  the  recent  alluvium i s  approximately 2 t o  3 m thick above 
the  glaciolacustrine  clay. 

The a1 luvium is  probably highly mobile. Navigat ion charts  prepared by the 
Canadian Hydrographic Service show that  d u r i n g  the  navigation season the 
r iver  flows a t  about  3.5 knots  (1.8 m/sec. a t  Norman Wells. Seasonally 
th i s  wi 11 vary and i t  i s  n o t  c lear  whether the  reported  velocity is a 
maximum or an average.  This velocity  is   sufficient t o  move particles t o  
7 mn diameter by bedload transport (Church and Gilbert ,  1975).  A t  
break-up, the  river  level 
current  velocit ies of as 
move gravel u p  t o  10 - 
1979).  Therefore w i t h  

may r i se  and  fa1 1 more t h a n  4 m during which 
much as 2.05 m/sec. are  possible. This would 

12 mm ie:   f ine gravel  (Northwest  Hydraulics, 
some degree of confidence, i t  is  possible t o  

interpret  t h a t  most of the  granular  material i s  p a r t  of the  active, 
contemporary  bedload alluvium. The distribution of similar  conditions can 
be reasonably  expected t o  extend downstream to a t  l eas t  Sans Saul t Rapids 
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and upstream t o  F o r t  Norman (River Zones  XI11 t o  X V  described  in 
Section 4.0 of th i s   repor t ) .  

Northwest Hydraulic  Consultants Ltd.  (1979)  suggests t h a t  deposits of 
coarser gravel and cobbles  are 1 i  kely t o  have originated frorn inflows of 
higher energy tributary  streams, from local  erosion of coarser  deposits i n  
banks or from ice  rafting. In the deeper portions of the  river, however, 
active bedload transport o f  sand and fine gravel  probably  occurs under 
most  open water conditions. 

3.4 BORROW EXPLORATION 

3.4.1 Sampling Methods 

When ESSO planned the NWEP river  construction, they  conducted,  through 
geotechnical  consul t an t s ,  several   r i   verbed sampl i n g  programs. 
Subsequently  they  developed  designs for  the  islands based on the use of 
sand for borrow. Their  data  suggested  that  they would  have t o  be 
selective of  the borrow because the a1 1 u v i u m  was qui te   s i  1 t y  i n  places. 
I t  was only when the dredging actually commenced, d i d  i t  become apparent 
t h a t  the  quality of  borrow  was  much better.  This is pointed o u t ,  not t o  
be c r i t i ca l  of ESSO or their  consultants (which included EBA) , b u t  t o  
demonstrate  the 1 imi ta t ions  of the sampling procedures  they employed. 

I n  E B A ' s  1978 program and  Komex's 1981 and 1982 programs for ESSO a t  
Norman We1 1 s, a 8-40 holl ow stem auger  dri 11 was used t o  t e s t  the borrow 
prospects. I n  1980, the Komex-Geocon program re1 ied on a diamond dri 11 t o  
advance casing. With ei ther  rig, sampling was achieved by d r i v i n g  a 
381 nun spl  it-spoon  sampler. 
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Split-spoon sampling i s  n o t  totally  representative, because i t  i s  
intermittent and 1 imi ted t o  material t h a t  will  enter  the sampler. 
Generally  the 45.7 cm sampler i s  dri ven a t  45.7 m interval s t o  sample 
a b o u t  50 percent of the  material  penetrated. However, i n  gravelly  soils 
recovery is  poor because large  gravel  blocks  the sampler or the 
non-cohesive soil slips  (washes) o u t  as  the sampler i s  withdrawn t h r o u g h  
the  casing. Recovery therefore depends on the  relative  density of the 
non-cohesive  sediment and on the  topsize of the  sediments.  Figure 3.2 
suggests t h a t  a t  Norman Wells, up t o  30 percent of the  particles would 
have  been too  large t o  be sampled. 

I t   i s  believed t h a t  the sampling program conducted for  ESSO indicated 
s i l t y  sand and not  the sandy gravel t h a t  was eventually  dredged, because 
the  spl i t-spoon  sampler will  recover most si1 t y  sediments and lose most 
clean  sediments. Also i t  will n o t  recover  gravel  in  representative 
proportions. 

I n  E B A  (1978)  these sampl i n g  l imitations were noted w i t h  the  following 
comments.  'Very few texturally-representative samples of sand or s i l t  
were taken  as a resul t  of foreseeable  difficult ies  that  were encountered 
i n  retaining  loose,  cohesionless  soils below water  level.  Judging from 
dri 11 action observed while  penetrating  the surf ic i  a1 sands and gravel s ,  
i t  i s  t h o u g h t  t h a t  the  actual  gravel  content  is  substantially  higher t h a n  
the g r a i n  s ize  curves ( E B A ,  1978) would suggest. Both standard and 
dynamic cone penetration  resistance  varied  considerably w i t h i n  this 
(riverbed  alluvium)  stratum probably as a direct   resul t  of the  significant 
gravel  content'.  This  report  indicated t h a t  cobbles and boulders were 
a1 so suspected. 

Komex (1980)  noted the  presence of cobbles and boulders was inferred i n  a t  
l eas t   f ive  of the i r  boreholes.  'Undetected  cobbles and boulders may ex is t  
a t  other   ( locat ions) ,   e i ther  randomly or i n  concentrations'. Elsewhere i't 
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i s   r e p o r t e d   t h a t   t h e   c o b b l e s  and  boulders  are  'more 1 i k e l y   a l o n g   t h e   n o r t h  
( r i g h t )   s i d e   o f   t h e  main  channel ' . 

3.4.2 Geophysical  Methods 

ESSO a1 so t r i e d   t o  map t h e   r i v e r b e d   a l l u v i u m  by means o f  a ground 

p e n e t r a t i n g   r a d a r  system. It was o p e r a t e d   f r o m   t h e   s u r f a c e   o f   t h e   i c e   i n  

t h e  1981 program  conducted by Komex. T h i r t e e n   p r o f i l e s  were  completed 

m a i n l y   f o r   p r o p o s e d   r i v e r b e d   p i p e l i n e   c r o s s i n g s .   I n  some areas,   there was 

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

g l a c i o l a c u s t r i n e   c l a y   c o u l d  be d i s t i n g u i s h e d .  However, for   most  of   the 

p r o f i l e s   p e n e t r a t i o n  was no t   ach ieved   and   t he   p ro f i l es   were   on l y   su i tab le  

for   determin ing  water   depth  (Steve  Hunter ,   personal   communicat ion) .  

More  convent ional   se ismic  or  E-M techniques  were  not  at tempted a t  Norman 
Wel ls.  ESSO a t   t h a t   t i m e   b e l i e v e d   t h e y   h a d   s u f f i c i e n t  and r e l i a b l e  
r i  verbed  in fo rmat ion   f rom  the   boreho les .  

It i s  now t h o u g h t   t h a t  E-M techniques  would  have  been  successful a t  

mapp ing   t he   t h i ckness   o f   recen t   a l l uv ia l   sed imen ts   and  may have 

s u c c e s s f u l l y   i d e n t i f i e d   g r a v e l l y  zones  from s i l t y  sand  sediments (C .  

Ne1 son,  personal   communicat ion).   Exper ience  wi th E-M mapping o f   g r a n u l a r  

sediments  underwater i s   r e l a t i v e l y   l i m i t e d  even a t  present.  I n  1980-82, 

it was an u n t r i e d  method i n   n o r t h e r n  Canadian  borrow  explorat ion.  

Conven t iona l   h igh   reso lu t i on   sha l l  ow seismic  methods  would  not 1 i k e l y  have 

c o n t r i b u t e d  much t o   t h e   e v a l u a t i o n   o f   b o r r o w   a t  Norman We1 1 s. The 

r e l a t i v e l y  dense s u r f a c e   o f   t h e   r i v e r b e d  a1 1 uvium  would  have a h i g h  

r e f l e c t i o n   c o e f f i c i e n t   f o r   w h i c h   m u l t i p l e s   w o u l d  mask the   nex t   severa l  
m e t r e s   o f   t h e   s e d i m e n t   p r o f i  1 e. S ince   these  depos i ts   a re   genera l l y   on ly  2 

t o  4 m t h i c k   t o o  much c r i t i c a l   d a t a   w o u l d  have  been l o s t .  The r e l a t i v e l y  
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sha l low  water   and  var iab le   water   depth   wou ld  a1 so have  created  problems. 

The in te r fe rence   f rom  echos   o f   t ha t   su r face   wou ld   obscu re   s ign i f i can t  
p a r t s   o f   t h e   r e c o r d s .  

4.0 GEOLOGIC  FRAMEWORK - MACKENZIE R I V E R  

4.1 RIVER ZONES 

The morpho log ic   p roper t i es  of var ious  reaches  o f   the  Mackenzie  River   can 
be i d e n t i f i e d ,  grouped,  and  used i n   a s s o c i a t i o n   w i t h   c e r t a i n   c o n t r o l l i n g  

var iab les   (eg .   g rad ien t ,   sed iment   t ype ,   d ischarge)   to   subd iv ide  the 
e n t i r e   r i v e r  between  Great   S lave  Lake  and  Point   Separat ion  in to   n ineteen 

s e c t i o n s   w i t h   d i s t i n c t i v e   f l u v i a l   r e g i m e s .  These  zones  vary i n   l e n g t h  

f rom 26 km t o  176 km. Table 4.1  summarizes geograph ic   fea tures  

i d e n t i f y i n g   t h e   R i v e r  Zones. 

I n f o r m a t i o n  on reg iona l   Quaternary   and  bedrock   geo logy   ( inc lud ing   tho  

d e s c r i   p t i  on and d i  s tri b u t i  on o f   s u r f  i c i  a1 bedrock  and  unconsol i dated 

d e p o s i t s   i n   t h e   u p l a n d )  was i n t e r g r a t e d   w i t h   r i v e r   r e g i m e   d a t a   t o   d e s c r i b e  
t h e   o v e r a l l   h y d r o 1   o g i c   a n d   g e o l o g i c   s e t t i n g   o f  each r i v e r  zone.  The 

geo log ic   se t t i ng   con ta ins   t he   bas i c   i n fo rma t ion   used   t o   de te rm ine   t he  
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   f o r   t h e   r i v e r b e d ,   t h e   r e l a t i o n s h i p  o f  
p o t e n t i a l   g r a n u l a r   r i v e r b e d   d e p o s i t s   t o   u p l a n d   d e p o s i t s ,  and t h e  
p r o p e r t i e s   f o r  each zone.  The c o m p i l a t i o n   o f   t h i s   r e g i o n a l   i n f o r m a t i o n  
appears  on  Table 4.2. 

4.2 MORPHOLOGIC  PROPERTIES OF THE RIVER 

The   morpho log ic   p roper t i es   and   reg ime   re la t i onsh ips   obse rved   f o r   t he  

Mackenz ie   R iver   near   the  Norman Wel ls  deposi t   (Northwest  Hydraul ics,   1979) 
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have  been applied t o  the  entire Mackenzie River between Great  Slave Lake 
and Point  Separation. The morphologic features observed for each of the 
nineteen  river zones of the  river  include:  a) channel pattern, b )  

presence of islands,  c)  height of r iver  banks, d )  w i d t h  of channel, and e )  
depth of channel. These are  discussed below. 

4.2.1 Channel Pattern 

Channel patterns show the  configuration of the  river  in plan view and 
represent  the channel adjustment t o  channel gradient and cross  section 
( Rei  neck and  Si n g h ,  1975). Control 1 i ng vari ab1 es i ncl udi ng  channel 
gradient,  quantity and character of sediments carried, and amount and 
nature of flow, affect   the channel pattern. 

The Mackenzie River  as a whole i s  an irregular and s l ight ly  sinuous  river 
characterized by a1 ternation of single channel reaches w i t h  much wider 
mu1 ti-channel  or  braided  reaches. The ent i re  channel pattern is  
i nterrnediate between the  continuous  single channel and a f u l l y  braided 
pattern and as a result   the Mackenzie has a relatively  higher bedload and 

gradient t h a n  a single channel r iver (Northwest  Hydraulics, 1979). 

Three major channel patterns were identified  including;  a) straight ana 
single,  b )  braided, and c )  meandering were identified.  Several 
transitional  cases  including; a )  straight transit ional t o  braided, b )  

braided  transitional t o  straight, and c )  braided  transitional t o  
meandering were also  indicated  (see  River Landforms, Table 4 . 2 ) .  For the 
most p a r t  the  braided and braided  transitional t o  s t ra ight  zones w i t h  
higher bed1 oads had better  potential  for  granular  material  sources in the 
riverbed  than d i d  the  straight channel sections. 
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4.2.2 I s 1  ands 

The  presence  or  absence  of   is lands i n  each r i v e r  zone was i m p o r t a n t   t o   t h e  

c l a s s i f i c a t i o n   o f   t h e   c h a n n e l   p a t t e r n  as s ingle,   braided,  meandering  or 
t r a n s i t i o n a l .   G e n e r a l l y ,  numerous is lands   a re   found i n  mu1 t i - c h a n n e l   o r  

b ra ided  reaches .   In fo rmat ion  on a l l u v i a l  sediments i n   t h e   i s l a n d s  was 

o b t a i n e d   f r o m   s u r f i c i a l   g e o l o g y  maps, f rom  boreholes i n   t h e   r i v e r   ( P u b l i c  

Works Canada, 19761, and  f rom  notes on hydrographic  maps (Canadian 
Hydrographic  Service,  1983-1986). 

4.2.3 Channel  Cross  Section 

The morphology o f   t he   channe l   o r   t he   channe l   c ross -sec t i on   ( i nc lud ing  

w i d t h  and  depth of   channel   and  he ight   o f   banks)  i s  a f u n c t i o n   o f   f l o w ,  

q u a n t i t y  and cha rac te r   o f   sed imen t   be ing  moved and  the  character  of 
sediment i n   t h e  channel  and  the  banks  or  upland.  Single  channel  sections 

are   genera l l y   w ide   and  sha l low and somewhat o v e r s i z e d   i n   t e r m s  of cross 

sec t iona l   a rea .   S ing le   and  s t ra igh t   channe l   reaches   usua l ly   have 

bank-to-bank  widths  from 0.75 t o  3 km; a1 though   th rough   th ree   s t ra igh t  
channel   sect ions  near   Great   S lave  Lake  and  a t  Mil 1 s   L a k e   t h e   r i v e r  can be 

f rom 4 t o  17 km wide. 

The mult i -channel   reaches  are  even more o v e r s i z e d   i n   c r o s s   s e c t i o n a l   a r e a  

than  s ing le  channel   reaches.  Mu1 t i -channe l   o r   b ra ided  reaches   have 
s i g n i f i c a n t   v a r i a t i o n s   i n  bank-to-bank  widths  but  are  usual ly  f rom 1.0 t o  
6.5 km wide. I n   t h e   w i d e r  mu1 t i-channel  reaches  bank-to-bank  width 

unobst ruc ted  by i s l a n d s  can be t o  4 km o r  more. T h i s  may i n d i c a t e   t h a t  
d u r i n g   d o m i n a n t   f l o w   c o n d i t i o n   i c e  jams may have  rendered a s u b s t a n t i a l  
p a r t   o f   t h e   c r o s s   s e c t i o n   i n e f f e c t i v e .  However, t h e   c h a n n e l   p a t t e r n   f o r  
the   Mackenz ie   R iver  is s i m i l a r   t o   o t h e r   s o u t h e r n   r i v e r s  and  scour  features 

formed when i c e  causes   l oca l   concen t ra t i ons   o f   bo t tom  cu r ren ts  and found 
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on most northern  rivers  are  missing from the Mackenzie. Therefore,  the 
oversized  nature of the Mackenzie channel i s  not total ly  understood and i t  
may  be caused by other  factors i n  i t s  history (Northwest  Hydraulics, 
1979) .  

4.3 VARIABLES AFFECTING RIVER REGIME 

Channel gradient, sediment type and quantity, and amount  and nature of 
discharge  are  variables which affect  b o t h  channel patterns and the channel 
cross  section. Some information  relating t o  these  variables have  been 
compiled f o r  the  nineteen  river zones. 

4.3.1 Channel Gradient 

Channel gradient has a weak inverse  relationship t o  dominant discharge 
(Northwest Hydraul ics ,  1979).  I n  sand bed channels like  the Mackenzie 
River,  gradient is relatively  insensitive  to  discharge and more sensit ive 
t o  channel pattern or bed-sediment load. The river  profile,  Figure 4.1,  
was developed t o  show channel gradients  along  the Mackenzie re la t ive t o  
the zones with dis t inct ive channel patterns. 

The channel gradient was a1 so used as a factor  in r a t i n g  the  granular 
potential i n  the  riverbed of each zone. For example, eight  river zones 
have s t ra ight  channels  with few islands. These eight have low channel 
gradients  (0.01 t o  0.10 m / k m )  and also  exhibit low potential  for granular  
deposits i n  the  riverbed.  Conversely, i n  the  four of the  five  river zones 
w i t h  high or moderate t o  h i g h  potential for granular  material, channel 
patterns  are  braided or transit ional t o  braided. Channel gradients in 
these  four high potential zones range from 0.12 to  0.30 m/km. 
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4.3.2 Sediment Type  and Quantity 

Sediment data  for the en t i re  Mackenzie River i s  l imited.   Surficial  
geology maps, notes on 1:50,000 navigation maps, boreholes from r iver  
dredging programs, some riverbed sediment  sampling a t  Norman  We1 1 s 
(Section 3 .O) , and suspended  sediment sampl i ng a t  Arctic Red River and 
Fort  Simpson are   the only  sources of this type of data. There i s  
essent ia l ly  no detailed bedload  information  except f o r  near Norman  We1 1 s. 

Suspended sediment concentrations  (discussed i n  Section 6.1.21, a t  gauging 
stations near F t .  Simpson  and Arctic Red River show h i g h  concentrations of 
s i1  t and clay w i t h  only 10 t o  20% f ine  sand carr ied d u r i n g  higher  flows 
(Northwest Hydraulics,  1979). In  1974, b o t h  s ta t ions recorded peak 
sediment  concentrations of nearly 10,000 mg/l i t r e  (approximately 1 percent 
by weight, b u t  concentrations  are  usually (1000 mg/l i t r e ) .  

Calculations of  bed material  mobility done by Northwest Hydraulics  for  the 
Norman Wells area  indicates  that  the maximum s ize  of transportable 
material i s  from 6 t o  12 mm ( f i ne  t o  medium gravel) depending on flow. 
Deposits of coarse  cobbles or gravel i n  the riverbed  near Norman  We1 1 s 
have probably originated from the  inflow of higher energy t r ibutary 
streams, from local  erosion of coarser bank deposits,  as from transport by 
ice (Northwest Hydraul i cs ,  1979). 

In Table 4.2, information on the  principal  types of alluvium found i n  the 
river  deposits of each zone i s  compiled. Surf ic ia l  geology and navigation 
maps provided the f i r s t  level of information.  Boreholes  (approximately 
270)  giving some indication of riverbed  conditions  for Zones  I t o  IV, VI 
t o   VI I I ,  XI t o  XI11 and X V ,  provided the more s i t e   spec i f i c  information on 
river sediments. The locations and schematic  logs of 50 o f  these 
boreholes  appear on strip maps presented  as Drawings 4.1 ( a  t o  9). These 
50 have  been selected  to be representative o f  conditions  encountered i n  
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each  area.  Because  the 270 bo reho les   were   c lus te red   i n   a reas  where  water 

depths   p resented   po ten t ia l   nav iga t iona l   p rob lems,  many o f  them  can be 
represented by one  log. 

Table 4.1, a l s o   c o n t a i n s  a l i s t i n g   o f   t h e   p r i n c i p a l   r i v e r s  and  creeks 

which  supply  sediments  to  the  Mackenzie.   Those  wi th  gravel   beds  which 

c o u l d   a c t i v e l y   p r o v i  de coarse  mater i  a1 t o   t h e  Mackenzie  are so i n d i c a t e d  

i n t h i s  column.  Notes on t h e   t a b l e   r e g a r d i n g   t h e   l a n d f o r m s  and  topography 

o f   t h e   r i v e r  bank o r  up1 and   i nd i ca te   aspec ts   o f   t he   geo log i c   se t t i ng   (eg ;  

g r a i n   s i z e   o f   s u r f i c i a l   d e p o s i t s )   w h i c h   c o u l d   a f f e c t   s e d i m e n t   s u p p l y   t o  

the  Mackenzie  and i t s   t r i b u t a r i e s .  

4.3.3 Discharge 

F lood   f requency   and   dominan t   f l ow   ra tes   a re   ma jo r   f ac to rs   i n   t he  
t r a n s p o r t a t i o n   a n d   r i v e r b e d   e x p o s u r e   o r   b u r i a l   o f   g r a n u l a r  a1 1 uvium. 

Al though some data i s   a v a i l a b l e  on f l ow   ra tes   ( see   Sec t i on  6.1 and 
Appendix  A) it c o u l d   n o t  be r e l i a b l y   r e l a t e d   t o  each o f   t he   n ine teen  

s e p a r a t e   r i v e r  zones. D e t a i l e d   e x t r a p o l a t i o n  of h i s t o r i c a l   d a t a   f r o m   t h e  
f o u r  ma ins tem  hydromet r ic   s ta t ions   to   the   n ine teen  r i ver   zones  was beyond 

t h e  scope o f   t h i s  assignment. 

4.4 PHYSIOGRAPHY AND REGIONAL  GEOLOGY 

Elements   o f   phys iography   and  reg iona l   geo logy   inc lud ing   the   d is t r ibu t ion  

o f  bedrock  and  Quaternary  deposi ts as we1 1 as r i ver   reg ime  da ta   have 

c o n t r i b u t e d  t o  development o f  t he   geo log i c  model o r  framework  used t o  

p r e d i c t   t h e   o c c u r r e n c e   o f   g r a n u l a r   d e p o s i t s   i n   t h e   M a c k e n z i e   R i v e r .  These 

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

by  Bostock , 1969. 
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4.4.1 Great  Slave  Plain  (River Zones I t o  V I I )  

From km 0 a t  Great  Slave Lake t o  km 410 near Camsell  Bend, the Mackenzie 
River  crosses  the  Great  Slave  Plain of the  Interior  Plains  region. This 
area  is comprised f o r  the most p a r t  of low lying  terrain. I t   i s  generally 
below an elevation of 305 m ,  rising  gently t o  the s o u t h  and has a regional 
re l ie f  near F t .  Simpson of 152 m i n  80 km (Rutter  et   al ,   1973).  Northwest 
of F t .  Simpson the p l a i n  r i ses  more steeply  culminating  in  the Martin 
Hi l l s  Uplands t o  the  south and the E b b u t t  Hills   to  the north.  

Upper  Devonian and Cretaceous  sedimentary bedrock (1  imestone,  sandstone, 
s i l t s tone ,  mudstone, shale)  underlies  the  plain. Quaternary glacial 
deposits comprising  fine-grained morainal and glaciolacustrine  deposits 
w i t h  scattered  coarse-grai ned  gl aci of1 u v i  a1 deposits, and f i  ne and 
coarse-grai ned post-g1 aci a1 deposits (a1 1 u v i  a1 , col 1 u v i  a1 , and organic 1 
over1 ie   the  bedrock. Scattered  permafrost i s  present,  particularly  in 
t i l  1 and gl aci ol acustri ne material s beneath the  ice-rich  organic  cover. 

Major r ivers which flow i n t o  the Mackenzie include;  the Liard ,  Trout, 
Redknife,  Jean  Marie, Harris and Martin rivers. Only the Trout and 
Jean Marie which d ra in  on limestone upland  south of Mackenzie River have 
gravel beds (see  River Topography, Table 4.2) .  

4.4.2 Mackenzie P l a i n  (River Zones VI11 - XIII) 

From km 410 (Burnt Island south o f  Camsell  Bend) t o  km 955.7 (Patr ic ia  
Island  north of Norman We1 1 s ) ,  the  river  crosses  the Hackenzie Plain which 
i s  a narrow area t h a t  l i e s  between the Mackenzie  and Franklin Mountains. 
The river is  located toward the  eastern  side of the Mackenzie Plain  near 
the Frank1 i n Mountains. The land  west of the  river and east  o f  Mackenzie 
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Mountains i s  a dissected piedmont. Local re l ie f  th roughou t  Mackenzie 
Plain  varies b u t  a difference of  915 t o  1219 m between the  river and the 
mountains  over a distance of 6.5 t o  8 km is  not  uncommon (Rutter  et  a1 , 
1973). 

The highly  folded Frank1 in and Mackenzie Mountains contain complex bedrock 
including  limestone and dolomite of Devonian age. The lowland adjacent t o  
the Mackenzie River i s  underlain by mudstone, shale, and sandstone of 
Upper  Devonian  and Lower Cretaceous age. Bedrock outcrops  are  confined t o  
the mountains,  deeply dissected piedmont areas, and major rivers,  outcrops 
are more  common along  the Mackenzie River toward the n o r t h  end of the 
Mackenzi e P1 a i  n. 

Bedrock is  overlain by a covering of gl aci a1 and post-gl  aci a1 deposits. 
Fine-grained morainal and  gl aciolacustrine  deposits  are  the most common 
surficial  materials i n  lowland areas.   Glaciolacustrine  si l ts  and clays 
are  often found a t  ground surface below 150 m i n  the Mackenzie Plain w i t h  
some occurrences  to 300 m west of F t .  Simpson. Morainal deposits of s i l t y  
clay t i l  1 (<20 percent  gravel ) under1 i e gl aciol  acustri ne materials and are 
a t  ground surface above the  glaciolacustrine  plain i n l a n d  from the  river. 
Some glaciofluvial  deposits  containing sand and gravel  are a1 so found on 
Mackenzie River h i g h  terraces, i n  abandoned me1 twater channel s ,  and as 
scattered  ice  contact  deposits  overlying  fine-grained  till .  

Recent gravel and sand a1 luvium i s  found along existing  r ivers and streams 
and mostly fine with some coarse-grained  colluvium i s  associated w i t h  
s teep  sl   opes.   Recent  organic  materi  a1 s over1 i e f i   ne -g ra i  ned 
glaciolacustrine and morainal deposits.  Permafrost i s  discontinuous i n  
f ine-grained  materials  south of Willowlake River (km 520) and f a i r ly  
continuous i n  these  materials  north of Will owl ake  River. 
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A dense, well -intergrated  drainage network is  present. Some streams flow 
i n t o  the Mackenzie o f f  the  adjacent piedmont and uplands and others  cut 
across  the mountains from the  plains t o  the  east and from mountain ranges 
t o  the  west. Major rivers w i t h  sand and gravel beds flowing from the 
limestone mountainous terrain t o  the west i n t o  the Mackenzie include  the 
Nahanni, Root, Dahadinni ,  Redstone, Keele, and L i t t l e  Bear Rivers.  Rivers 
from the  east  (with  gravel  beds) which cross  limestone mountains and which 
a t  some time dur ing  glaciation  carried  coarse-grained  glaciofluvial 
materials  included  the Willowlake River, River-Between-Two-Mountains, 
Ochre,  Blackwater,  Wrigley, and Great Bear Rivers. Also approximately 37 
small e r   r ivers  and creeks, many w i t h  sand and gravel  beds, d r a i n  into  the 
Mackenzie River across Mackenzie P l a i n  from the  east and the west. 

4.4.3 Franklin Mountains - Mackenzie Plain  (River Zone XIV) 

From km 955.7 (Patricia  Island north of Norman Wells) t o  km 1017 a t  Sans 
Sau l  t Rapids the Mackenzie River forms the boundary between the Frankl i n  
Mountains on the  east  and Mackenzie P l a i n  on the  west. Elements of 
Franklin Mountains pers is t   east  of the  river and  Mackenzie Plain  features 
are  to  the west. The  Norman  Range  of the Frankl i n Mountains l i e s  10 km 
eas t  of the Mackenzie River.  Carcajou Ridge and East Mountain, east-west 
trending  outliers of the  Franklins, l i e  adjacent t o  Mackenzie River. 

The Frankl in Mountains are  isolated  structural  ridges  separated by broad, 
dr i f t - f i l led  val leys .  The ridges  are developed on resistant  Paleozoic 
carbonate  rocks (Hughes, e t   a l ,  1973). The Mackenzie Plain is  an area of 
low elevation and r e l i e f ,  underlain by shale,  siltstone, and sandstone of 
Cretaceous and Tertiary age. Locally  in  the  Imperial Hil ls   re l ief  is 
developed on Lower Paleozoic  carbonate  rock. 
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Fi  ne-grai ned gl aci ol acustri  ne and  morai na l  deposi t s  w i t h  thick  organic 
cover  are  the most common surf ic ia l   mater ia ls   a t  ground surface. On the 
eas t  side of the Mackenzie, glaciolacustrine s i l t s  and clays predominate 
i n  low-lying areas. On the  west  side of the Mackenzie River,  morainal 
deposits  are found close  to  the Mackenzie  from km 966 northward t o  Maida 
Creek ( k m  1001 1. North of this area, below  150 m, gl aciolacustri ne 
mater ia ls   are   a t  ground surface.  Extensive  coarse-grained  glaciofluvial 
deposits  are a1 so found upstream on the Mountain River and  a fa i r ly   large 
glaciofluvial  deposit i s  located on the  north  side of Carcajou Ridge. 
Permafrost i s  f a i r ly  continuous i n  the Mackenzie Plain and h i g h  ice  
contents  exist  i n  the  fine-grai ned morainal and gl aciolacustr i  ne deposits. 
Thermokarst features  are  also common i n  the  glaciolacustrine  materials. 

Recent a1 luvial  and colluvial  deposits  are  located  along modern rivers and 
on bedrock  and r iver  Val 1 ey slopes. The Carcajou and  Mountain rivers w i t h  
sand and gravel beds drain  into the Mackenzie River from the uplands to 
the west. Mountain River also  cuts th rough  extensive  glaciofluvial 
deposits. 

4.4.4 Peel Plain - Anderson Plain  (River Zones X V  t o  XIX) 

The Mackenzie River forms the boundary  between the Anderson Plain and Peel 
Plain from San Saul t  Rapids (km 1017) northward t o  P t .  Separation 
(km 1475). Peel Plain on the  southwest  side of the Mackenzie River is  a 
remarkably f l a t ,  poorly  drained  plain  except  for re1 i e f  of  229 m i n  
Grandview Hil ls  and  a  few prominent morainic h i l l s  between F t .  McPherson 
and Arctic Red River (Hughes e t   a l ,  1973). The southern and central  parts 
of the  plain  are  underlain by f la t - lying Lower Cretaceous  shale and  minor 
sandstone and the  northern  part by flat-lying  shale and sandstone of the 
Devonian Imperial Formati on. 
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Anderson P l a i n  to   the   eas t  of the Mackenzie i s  broadly dissected, 
u n d u l a t i n g  terrain  dis t inct ly   different  from Peel Plain (Hughes e t   a l ,  
1973).  East of 130" 30' the  plain  is  under1 a i  n by  Middl e Devonian 
1 imestones and shales with some plateau summit areas capped by Cretaceous 
sandstone and shale;  the western part  is  underlain by sandstone and shale 
of the Upper  Devonian Imperial Formation. The highest  parts of Anderson 
Plain l ie   c lose  t o  the Mackenzie River and much o f  the  plain has a broad 
regional  si ope northward. Local re1 i ef of 150 t o  228 m i n  Anderson P1 ai n 
was suff ic ient  t o  control movements of the l a s t  Laurentide  ice-sheet. As 

a resul t  a complicated ar ray  of glacial  deposits  (frontal moraines, 
me1 twater channel s ,  gl aci of 1 u v i  a1 deposits and  gl aci ol acustri ne materi a1 s )  

are superimposed on the  irregular upland. 

From San Saul t Rapids t o  the Ramparts (River Zone X V )  fine-grained 
gl aciolacustri  ne deposits predominate east  and west of the Mackenzie. 
Near the Ramparts (River Zone XVI) fine-grained moraine plain  deposits  are 
most common east  o f  the ri ver and morai  ne veneered bedrock 1 ies west of 
the  river. 

I n  River Zones XVII a n d  XVII I b o t h  fi  ne-grained  morainal a n d  
g l  aci  olacustri ne materials  are  present. From the Ramparts no r th  to Payne 
Creek east  of the  r iver ,   f la t  moraine plain  deposits  are most common.  To 
the west of the  river  glaciolacustrine  materials predominate. 

East o f  the Mackenzie from Payne  Creek i n  River Zone  XVII t o  Rabbit-Hay 
River  in  River Zone XVIII g laciolacustr ine  s i l ts  and clays  are wide-spread 
below  150 m and morainal deposits of t i l  1 cover  the up1 ands above  150 m. 
O n  the  west  side of the  river morainal deposits  are more continuously a t  
ground surface. 
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From Rabbi t-Hay River i n  Zone XVIII t o  P t .  Separation a t  the north end  of 
Zone XIX, fine-grained moraine plain,  veneer, and hummocky moraine l i e  
bo th  east  and west of the Mackenzie River. 

Glaciofl u v i a l  sand and gravel  deposits  are  scattered t h r o u g h o u t  the 
Anderson Plain - Peel Plain  region and ex is t  as ice  contact  deposits 
overlying moraine plain  materials. Large glaciofluvial  deposits  are found 
west of the Mackenzie River  near  the Ramparts and east  o f  the  river  near 
F t .  Good Hope. Smaller  deposits occupy old  glaciofluvial  channels 
including  the  valleys of Loon, Tieda, and Thunder Rivers.  Ice  contact 
deposits, eg; the  esker a t  Arctic Red River,  are a t   sca t te red   loca l i t i es  
overlying moraine plain  deposits. 

Organ ic   depos i t s   fo rm a n  e x t e n s i v e   c o v e r   o v e r   f i n e - g r a i n e d  
glaciolacustrine and  morainal materials.  Permafrost is continuous i n  
these  fine-grained  deposits and ice  inclusions  are a l s o  found i n  some  of 
the  coarse-grained  glaciofluvial  materials. 

A 1  luvial  deposits  exist along present  rivers and streams. Many of the 
rivers which cross  glaciolacustrine  plain  deposits have  sandy a1 luvium 
while  the  rivers and streams which dissect morainal deposits have b o t h  
sand and gravel a1 l u v i u m .  

Approximately 23 small t o  medium sized  rivers and streams dissect  the 
Anderson-Peel Plain  physiographic  division.  Arctic Red River, which is 
fai r ly   large,  flows into  the Mackenzie River  in  River Zone XIX. 
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5 .O ECONOMIC CONSIDERATIONS 

5.1 UPLAND  GRANULAR RESOURCES DATA 

Granular   resources  in format ion  f rom two reports  (Hardy,  1986;  and Pemcan, 

1972)  were u t i l i z e d   t o   c o m p i l e  a summary o f   t h e   a v a i l a b l e   g r a n u l a r  
ma te r ia l s   da ta   a long   t he   l eng th   o f   and   w i th in   app rox ima te l y   15  km on 

e i the r   s ide ,   o f   t he   Mackenz ie   R ive r .   Da ta   no r th   o f  Norman Wel ls was 

ob ta ined  f rom  the   Hardy   repor t ,   and  the   in fo rmat ion   sou th   o f  Norman Wel ls 

was f rom  the  Pemcan s e r i e s   o f   r e p o r t s .  The i n f o r m a t i o n   i n   t h e  Hardy 

r e p o r t   a p p e a r s   t o  be complete. The Pemcan repor ts   are  obv ious ly   dated  and 

do no t   exc lude any s i g n i f i c a n t   g r a n u l a r   r e s o u r c e s   t h a t  may have  been  used 

f o r   p i p e l i n e ,   r o a d   c o n s t r u c t i o n   o r   l o c a l   c o m m u n i t y   u s e ,   s i n c e  

1972. For  comparat ive  purposes,  however  the  informat ion i s  adequate f o r  

t h e   l e v e l   o f   t h i s   s t u d y .  

A1 1 deposi ts  15 km e i t h e r   s i  de o f   t h e   M a c k e n z i e   R i v e r   w e r e   i d e n t i f i e d  and 

are  summarized i n  Table 5.1. Environmental  factors,  access  concerns, 
s p e c i f i c   q u a l i t y ,   p e r m a f r o s t   c o n d i t i o n s   e t c .  were not   cons idered.  The 
volumes shown, r e p r e s e n t   t h e   t o t a l  volume i n d i c a t e d   i n   t h e   r e f e r e n c e s .  

Tab le  5.1 a l s o   i n c l u d e s  a summary o f   t h e   i n f o r m a t i o n   a v a i l a b l e   f o r   f i n e  
sand  and  sand/gravel   occurr ing  the  channel   for   each  River Zone. 

I n   o r d e r   t o   b e t t e r   c h a r a c t e r i z e   t h e   l o c a t i o n  and a v a i l a b i l i t y   o f   t h e  
up land   resources ,   t he   r i ve r  was d i v i d e d   i n t o  59, 25 km subzones f o r   w h i c h  

the   g ranu la r   resources   da ta  was summarized. F i g u r e  4.1 i n d i c a t e s   t h e  

volumes of   coarse  sand  and  gravel   avai lable  only  and  excludes any f i n e  

sand  materi  a1 . 

F i g u r e  4.1 shows t h a t   t h e r e   i s  a s c a r c i t y   o f  good g r a n u l a r   m a t e r i a l   a t   t h e  

nor th   and  south  ends o f   t h e   r i v e r .  Zones I t o  VI11 (0-500 km) l a c k  good 

i d e n t i f i e d   m a t e r i a l   e x c e p t   f o r  a smal l   sec t ion   downst ream  o f   For t  Simpson. 
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Similarly, from  1325 km t o  1475 km, there doesn't appear t o  be  much upland 
borrow. Furthermore, there  appears t o  be two other  sections, 750 t o  
875 km, and 1000 t o  1100 km, t ha t  may be short of upland borrow. 

5.2 GRANULAR RESOURCES DEMAND INFORMATION 

5.2.1 Local Community Requirements 

INAC community of f icers  and GNWT granular  resources managers  were 
contacted regarding Mackenzie River community granular  requests from 1987 
t o  1991. Table 5.2  summarizes the  granular  materials  requirements t h a t  
were identified.  Generally,  adequate  local supply exists i n  al l   areas 
except  for: 

Jean Marie River:  Granular  materi a1 i s  imported i n  the  winter 
Arctic Red River:  Granular  material i s  hauled i n  the  winter from the  Fort 

McPherson area 

5.2.2 Highway Requirements 

Pub1 i c  Works Canada  were contacted  regarding  the  locations where granular 
resources m i g h t  be required.  Information  provided by Public Works i s  
summarized  below. 

a )   Fo r t  Providence t o  F o r t  Simpson:  -no information  available 
b )  Fort Simpson  Area ( k m  475-552): -63,000 m3 are  presently  stockpiled 

and additional 10 - 60,000 m3 i s  
requi  red. 

c )  Hardie River t o  River Between -DPW are   apparent ly   p resent ly  
Two Mountains: searching  for  additional  gravel. 
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d)   Wi l low lake   R iver   Area :  -63,000 m3 have  been s t o c k p i l e d  and 
a n d   a d d i t i o n a l  10,000 m3 will be 
requ i red .  

e)  Wrigley  Area  (km 631-693) : -48,000 m3 have been s t o c k p i l e d  and 
a n   a d d i t i o n a l  10 ,000 m3 a r e  

requ i red .  A new nearby p i t  has 

b e e n   d e v e l o p e d   f o r   t h i s  

requirement.  

It appears  that   a t   present ,   most   Mackenzie  Highway  granular   resources 

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

5.2.3 A i r p o r t  Requi  rements 

T r a n s p o r t a t i o n  Canada was contac ted   regard ing   fu tu re   g ranu lar   resources  
r e q u i r e m e n t s   f o r   a i r p o r t   c o n s t r u c t i o n  and  maintenance  along  the  Mackenzie 

R i v e r .   I n  summary, t h e   f o l l o w i n g   i n f o r m a t i o n  was provided: 

Norman Wel ls:  

F o r t  Good Hope: 

A r c t i c  Red R iver :  

F o r t   P r o v i d e n c e :  

G r a n u l a r   m a t e r i a l  will b e   r e q u i r e d   i n  1987.  

Approximately 10,000 m3 will be  removed  from  local 
q u a r r i e s  and an a d d i t i o n a l  1-2 tonnes will be excavated 
f rom  the   r i ve rbed .  

20,000 m3 will be r e q u i r e d   f o r  a new runway.  Date 
r e q u i r e d   i s  unknown. 

A p p r o x i m a t e l y  150,000 m3 w i  1 1   b e   r e q u i r e d   t o  

accommodate a 1.5 m t h i ck   pe rmaf ros t   des ign  pad. Date 

o f  c o n s t r u c t i o n   i s   n o t  known. 

Approximately 8,000 m3 i s   r e q u i r e d   f o r   c u t  and fill 
purposes. No date i s  known. 
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From the  information  presented, i t  appears t h a t  the  required volumes  can 
be sa t i s f ied  w i t h  the  present  available  sources  except  in  the  Arctic Red 
River area which lacks good local g ranu la r  material. 

5.2.4 P i  pel i ne  Requi rements 

Gulf  Canada Corporation was contacted  regarding borrow requirements for 
pipeline  construction. Gulf  Canada, PeBen  and partners completed in 1986 
the most recent of many pipeline  studies.  This study  considered a 508 mm 
(20 inch) t o  610 mm (24 inch)  diameter  pipeline, from Richards  Island i n  
the north t o  Zama Lake i n  the sou th .  The specific  location of the  route 
i s  proprietary b u t  in  general  follows  the  course recommended d u r i n g  the 
Beaufort  Delta  Project.  This  study group identified t h a t  their   project  
would require  approximately 2 mil lion m3 of select  granular  material. 

I n  contrast   to  this,  an analysis o f  the Canadian Arctic Gas Pipeline 
Limited ( C A G P L )  proposal for a 1220 mm (48  inch) gas pipe1 ine which  was 
conducted by EBA (1980) for  Polar Gas Pipeline L t d .  indicated much greater 
volume requirements. Between Thunder River (km 1300) and the  Jean-Marie 
River  area ( k m  2701, C A G P L ' S  construction  plans  required 11.1 million rd 
o f  borrow material. North of Thunder River and south of Jean-Marie  River 
the CAGPL route i s  a considerable  distance from the river. P a r t  o f  the 
difference between CAGPL's  and G u l f  Canada's pipeline design may  be that  
the CAGPL figures  include  all borrow requirements  for compressor stations,  
airstrips,   construction campsites and access  roads; whereas Gulf are only 
considering  pipe bedding and select   backfil l .  
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5.2.5 Potential Borrow Demand 

A 1  though up1 and granular  materi a1 i s  scarce  in many areas  along  the 
Mackenzie River,  current demand  by the communities, for a i r s t r ip s  and 
highways  can be met i n  the  majority of cases by the  present  available 
upland resources. I t  is n o t  clear whether the demand for granular  
materi a1 woul d increase  if economical suppl ies  of riverine borrow became 
available.  Furthermore, as long  as large  diameter  pipeline  projects such 
as  Polar Gas are being considered, i t  i s  feasible t h a t  very major demands 
m i g h t  devel op. 

5.3 BORROW DEVELOPMENT COSTS 

5.3.1 Upland Deposits 

Gulf  Canada Corporation, IPL, PeBen L t d .  and Public Works Canada ( P K )  
were contacted  regarding upland borrow economics, for p i  pel i ne and road 
construction purposes. The following  cost  figures for borrow material 
were presented  for pipe1 i ne construction: 
$39/m3 north of  Norman Wells 
$23/m3 south of Norman We1 1s 

Due t o  the  proprietary  nature of the  pipeline  studies, no detailed 
breakdown of these  figures was provided, however they are a1 I - i  nclusive 
of: 
o access road development 
o excavation 
o stock p i  1 i ng 
o haulage 
o equipment mobilization 
o borrow area development etc.  
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I t  i s  assumed that  the  costs  are  higher north of Norman Wells due t o  the 
more sensitive  nature of the  terrain  (permafrost  conditions  requiring 
addi t ional   preparatory work 1, higher  excavation  costs  in  frozen 
(permafrost)  granular  deposits, and higher equipment mobilization  costs. 

I t  was indicated by Gulf Canada that  these  figures  include an average haul 
distance, which  was n o t  specified. A review of  maps  by  Hardy (1986) and 

Pemcan (1973)  indicated  that on average  potential borrow areas occur  every 
5 km along the  'proposed'  pipeline  route. However, i t  would  be l ikely 
that   greater  haul distances,  say, on the  order of 12 t o  15 km, would  be 
selected because of the h i g h  cost of p i t  development. 

Public Works  Canada (PWC) presented  the  following  cost  figures,  for 
material  being removed  from  an existing  pit :  
Excavation cost: $3.90/m3 
Haul age cost: $1.20/m3/km 

These figures do n o t  include many of the development cost  factors  included 
i n  the Gulf Canada cost  figures, and represent a minimum condition. 

Some estimated  production  costs  for  the T u k t o y u k t u k  area were presented i n  
a report t o  INAC  by EBA (1983). I n  th is   area,   p i t  development costs  are 
generally low because there i s  no tree  clearing and generally low 
overburden ratios. Haul costs vary depending on whether there is  overland 
or ice road hauling  involved. A general breakdown of the Tuktoyuktuk cost 
would suggest  the  fol1 owing cost  factors  are  appropriate for t h a t  area: 

a )  P i t  Development $1.00 - $1.50/m3 
b )  Excavation $3.50 - $4.00/m3 
c )  Haul  Road Development (Winter) $0.20/km/m 
d )  Overland Haul $l.OO/m3/km 
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e )  Ice Road Haul  $0.80/m3/km 

For areas  along  the Mackenzie River  south of the  treeline and north of 
For t  Good Hope where the  granular  deposits  are  naturally  frozen 
(permafrost) ( E B A ,  19731, the  following  cost  factors appear t o  be 
reasonabl e: 

a )  P i t  Development $1.00/~3 
b )  Excavation $4.50/m3 
c )  Access Road Devel  opment $1.00/m3/km (a l l  weather road)  
d )  Overland Haul $1.20/m3/km (from PWC) 

South  of Fo r t  Good Hope, excavation  costs would be about  S4.00/m3 
(approximately PWG's $3.90/m3)  and the  cost of haul road construction 
waul d be $0.50/m3/km because of less  str ingent requirements t o  protect 
permafrost t e r r a i  n. 

On this  basis,  the  pipeline  rates of $39./m3  and  $23./m3 obtained from 
Gulf Canada appear h i g h .  I n  t h a t  regard,  the  following comments are 
presented: 

The break between  $39 ./m3 and $23 ./m3 rates  would 1 ikely be a t  F o r t  
Good Hope, n o t  Norman Wells. Work by EBA (1973 and 1974) suggests 
t h a t  deposits between Norman Wells and F o r t  Good Hope will no t  be 
frozen. 
Assuming  an average haul distance of 15 km of which 10 km i n  on 
pre-developed pipeline  right-of-way,  the  appropriate  cost  figures 
would  appear t o  be  $28.50/m3  and  $25.50/m3.  The disparity between 
nor th  and south appears t o  be unreasonable. 
The pipeline  cost o f  select  gravel probably includes a processing  cost 
including  crushing,  screening or washing, and stockpiling. Although 
this will add t o  the  cost of developing borrow, i t  i s  unlikely t o  
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exceed $l.OO/m3 i n  the worst areas (for pipeline  requirements). 
However, if  material must  be re-handled t o  remove  from stockpiles 
which  have  been allowed t o  freeze, i t  could add $3.00 t o  $4.00/m3 t o  
the  cost. 

d )  The relatively low  volume of material  indicated for pipeline 
requirements  (only 2 m i  11 i o n  m3 f o r  over 2000 km of  pi pel i ne)  suggests 
t h a t  the  pits  would be  smal 1.  Therefore  the development cost per 
cubic metre would be relatively high. 

5.3.2 Riverbed Deposits 

The cost of devel o p i n g  riverbed borrow 
will be used has several components. E 

and moving 
lxcavation c 

i t  t o  the s i t e  where i t  
an  be by dredging or for 

small quant i  t i e s  drag l ine,  clam she1 1 or even  backhoe equipment can be 
used. Transportation can be by barge  or direct  pumping by pipelines. For 
the  following  cost  analysis  dredging and barge transport has been 
considered because i t  appears most cost   effective  for moderate t o  h i g h  
production rates.  

For the Norman Wells Oilf ie ld  Expansion Project, a floating  discharge 
pipel  ine was used t o  rove the dredged borrow t o  the s i t e  of the  islands or 
d r i l l  pads on Goose or Bear Islands. Costs t o  do this were approximately 
$2.70/m3 for  bulk dredging and $5.70/m3 for pipel  ine  dredging and 
backfilling. These figures  include  operating  costs  (fuel,  oil,  support 
equipment, e tc . )  b u t  n o t  mobilization or capital  costs for the dredges and 
tugs. 

ESSO costs for dredge mobilization were $570,000. for a 14 inch dredge and 
$1,100,000. for  the 24 inch Arctic Northern ( R .  Tibbats,  personal 
communications). For  1.8 million  cubic  metres o f  dredging, an equipment 
mobilization  cost of $0.93/m3 can be determined. For smaller  quantities 
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only one dredge would be required b u t  mobi 1 ization  cost on the  order of 
91-00 t o  $ Z . O O / m 3  would be reasonable.  Mobilization  for tugs and barges 
must a1 so be included. 

Beaver Dredging (Western) Ltd.  provided some useful  information on the 
equi pment requi rements and economics of ri ver  dredgi ng operati ons. 
Exclusive o f  equipment mobilization (and  capitalization)  there  are four 
cost components t o  a r iver dredging for borrow operation. These are: 

a )  Excavation and  1 o a d i n g  a t  the borrow s i t e  
- basic equipment would include a dredge and tender t u g  

b Hauling equipment (assumi ng distance  greater than 1 krn which could be 
serviced by pi pel i ne 
- a number  of barges and tugs would be required depending on the 

haul  distance and the  capacity of the dredge 
c )  Off-Loadi ng E q u i p m e n t  

- for small quantities  loaders and trucks m i g h t  work b u t  th i s  would 

1 imi t production rates  
- for  larger  operations  the borrow could be redredged  off  the barge 

and stockpiled on l a n d  or pipelined a short  distance  inland t o  the 
s i t e  of need 

d )  Rehandl i n g  Equipment 
- a conventional  truck and loader  operation t o  remove borrow from the 

docksi te  stockpile and move i t  t o  the s i t e  of need 

Clearly,  there  are many variables i n  calculating  the  cost of dredging 
r iver  borrow. The selection of equipment and production  rates w i  11 change 
w i t h  haul distances,  quantity  requirements, and the  relative  distance of 
the   s i te  t o  which  borrow i s  t o  be delivered from the l a n d i n g  or dock s i t e .  
Typical operating  cost f o r  individual  pieces of equipment (J .  Waring, 
personal communications) are as follows: 
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a )  Barge  load ing   (o r   un load ing)   d redge - $35,00O/week 

(capab le   o f   p roduc ing  60,000 m3/week) 
b )   R i v e r   b a r g e s   t o   t r a n s p o r t   t h e   b o r r o w  - $ 4,20O/week 

( t h e r e   a r e  a 1 i m i t e d  number o f   t h e s e  
a v a i  1 ab1 e i n  Canada) 

C)  Tugs t o  move barges  and  dredges - $35,00O/week 
d l  Loaders  and  trucks a t  t h e   s t o c k p i l e  - $21,00O/week 

Dredging i s  geared t o   h i g h   p r o d u c t i o n   r a t e s  and l a r g e  volumes. For  smal l  

q u a n t i t i e s  it i s  much t o o   c o s t l y .   S i m i l a r l y ,   r i v e r   h a u l i n g   i s  most  cost  

e f f e c t i v e  when d is tances   a re   g rea ter .   F igure  5.1 p r o v i d e s  a comparison o f  

convent iona l  up1 and  borrow  development  costs  with  dredge  and  barge  costs. 

Two cases  are  presented  for   dredging  costs ;  1 arge  volume r i v e r   p r o d u c t i o n  

(8600 m3/day)  and  volumes  more  comparable t o   c o n v e n t i o n a l   b o r r o w   p i t  
product ion  ra tes  (1400  m3/day) .   Table 5.3 summar izes   es t imated   un i t   cos t  

f a c t o r s   f o r   t h e   t h r e e   c a s e s   p r e s e n t e d   i n   F i g u r e  5.1. 

There  are a c o u p l e   o f   s i g n i f i c a n t   f a c t o r s   t h a t   c a n n o t  be e a s i l y   i n c l u d e d  
i n  t h e s e   e s t i m a t e s .   T h e   i n i t i a l   c o s t   o f   m o b i l i z i n g   e q u i p m e n t   i s   h a r d   t o  
def ine.   For   smal l   operat ions,   t rucks  and  loaders  can be con t rac ted   f rom 

the   va r ious   commun i t i es   a long   t he   r i ve r .   Fo r   l a rge  volume  operations, 

a d d i t i o n a l  ones  must  be m o b i l i z e d   f r o m   t h e   s o u t h .   S i m i l a r l y ,   f o r   d r e d g e s  
and  barges, i f  a smal l   operat ion,  say i n   t h e   o r d e r   o f  100,000 m3,  was 

planned, l o c a l l y   a v a i l a b l e   e q u i p m e n t   c o u l d  be m o d i f i e d   t o  do the   job .   For  
a l a r g e r   p r o j e c t  or very   long   hau ls ,  however, spec ia l l y   des igned  barges  

and  d redges  migh t   be   requ i red   to   op t im ize   the   cos t   o f   the   opera t ion .  

Smal l   p roduc t ion   d redges  a re   genera l l y   cons t ruc ted  on a j o b   s p e c i f i c  

basis;  however, ESSO was a b l e   t o   b r i n g  an e x i s t i n g   d r e d g e   t o  Norman We1 1 s 
when it was needed.  Sand hau l ing   barges   a re   no t  a common commodity  along 

the  Mackenzie  system.  For a sma l l   ope ra t i on  it would be p o s s i b l e   t o  
c o n v e r t  same e x i s t i n g   b a r g e s   t o   s u i t ;  however, it might  be  more economic 
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t o  construct  appropriate ones i f  a large number of them  were required for 
h i g h  volume operations or hauls  exceeding 40 km. 

6 .O ENVIRONMENTAL CONSIDERATIONS 

6.1 HYDROLOGY 

6.1.1 Hydro1 ogi c Regime 

The 
and 
bed 

purpose of t h  
assessment of 

i s  section of the  report  is t o  provide a general review 
the na tu ra l  variations i n  discharge, suspended sol i d s ,  

load  transport, morphometric features and substrate  conditions i n  major 
reaches  along  the Mackenzie River. A more detailed  hydrologic  description 
of  mai nstem reaches i s  provided i n  Appendix A. 

The Mackenzie River is   character i   s t ical   ly  a turbid  river and carr ies  2 

relatively heavy s i l t  load. In  contrast ,   i ts   smaller  tr ibutaries a re  
generally  gravel bottomed, fas te r  flowing  streams with clear  water much o f  

the  year (F.F. Slaney and Company Ltd . ,  1973).  Floodplain  deposits o f  

the Mackenzie River are dominantly si1 t and sand,  except immediately 
downstream of major streams  entering from the west (notably  the Redstone, 
Keele and Mountain Rivers), where gravel  typically  overlain by si1 t, can 
be found for  a few miles downstream  (Hughes et   a l . ,   1973) .  

The  Water Survey o f  Canada conducts  hydrometric measurements a t  designated 
s ta t ions on the Mackenzie River. There are  historical streamflow  records 
for four  hydrometric  stations along the Mackenzie mainstem, between the 
out le t  o f  Great  Slave Lake t o  P o i n t  Separation a t  the head  of the 
Mackenzie Delta  (Inland Waters Directorate,  1985). Discharge summaries 
for  these four  s ta t ions  are  provided i n  Table 6.1. 

. 
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The hydrologic regime o f  the Mackenzie River upstream of F o r t  Simpson is  
controlled by the  natural  regulating  effects o f  Lake Athabasca and Great 
Slave Lake. The effects  of regulating  the Peace River a t  Bennett Dam are 
also  apparent b u t  n o t  prominent. The r a t i o  of highest t o  lowest  flows 
have never exceeded 2 in any one year a t  Fort Providence; and, since 1968, 
minimum flows have generally  occurred  in September and October and maximum 
flows  in  June and July. A t  Fo r t  Simpson, below the  Liard  confluence,  the 
r a t io  o f  highest t o  lowest  flows i n  any one year has varied from a b o u t  6 
t o  12;  and, since 1968, min imum flows have generally  occurred i n  November 
and December or l a t e  March and early April and maximum flows i n  June and 
July. Downstream o f  F o r t  Simpson, the  large  unregulated  discharge 
conditions from the L ia rd  and  other major tributaries  continue t o  
dominate, and the  ratio of  maximum t o  minimum flows  in any one year 
increases i n  a northerly  direction t o  approximately 10 t o  15 a t  the 
Mackenzi e Delta. 

6.1.2 Suspended Sediments 

There are 1 imi ted long-term data avai  lab1 e on suspended  sediment 
concentrations along of the Mackenzie River  as a resul t  of Inland Waters 
Directorate (IWD) monitoring. However, only three o f  the nine stations 
are  located upstream of the Mackenzie Delta  (Inland Waters Directorate, 
1984; Western Ecological  Services L t d . ,  1985) and  most sampling results 
are for the open water  period  only. Numerous short-term  samplings o f  
suspended sediments have a1 so been reported d u r i n g  aquatic  f ield surveys 
o f  various  descripts. These 'spot'   data were typically  individual  water 
quality samplings taken a t  different  locations d u r i n g  f isher ies  surveys or 
a t  one location over  short-term major events, eg: spring or summer flood 
events, break-up, freeze-up,  etc. 
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All d a t a  indicate  that  most suspended  sediment (98 percent) i s   ca r r i ed  i n  
the May t o  October  period and daily  loads  are  highly  variable and strongly 
influenced by storm events i n  the  basin.  Concentrations  are  typically i n  
the range of 50 - 1500 mg/l  below Fort Simpson a1 though peak values of  

over 9,000 mg/ l  have  been recorded  (Inland Waters Directorate,  1980). 
Above the  confluence  with  the L i a r d ,  concentrations  are much lower and 
1 ess  variable.  Brunskill e t  a1 (1973)  recorded 100 t o  200 mg/l of 

suspended  sediment i n  the  East Channel of the Mackenzie Delta  in 
mid-summer,  compared to  62 mg/l in  October and 10.7 mg/l i n  November.  In 
contrast  Hei genbottom 1978 reported peak suspended sediment  concentrations 
t h a t  have approached  10,000 mg/l near  Arctic Red River. More direct  d a t a  
i n  this regard i s  presented i n  Appendix A. 

6.1.3 . River Morphology 

Morphological  aspects of  the Mackenzie  River  have been s tudied  
extensively, however,  most studies  are  either  limited t o  a short  river 
reach  (such as the  vicinity of a proposed pipe1 i ne crossing),  or t o  a 
particular  aspect of fluvial morphology (over a larger  reach) such as 
ice-thrust  ridges. Much  of the  watercourse is   re la t ively  s table ,  w i t h  
we1 1 -def i ned channel s. Incised  reaches w i t h  banks of non-fluvial 
materials  are common. These can be expected t o  be relatively  insensitive 
t o  changes i n  the  discharge regime. Sensitive  unstable channel reaches, 
w i t h  low, erodible banks and shif t ing channels also occur. The most 
morphologically sensitive  area o f  the Mackenzie River i s  the  Delta which 
i s   ou t s ide   t he   a r ea   be ing   s tud ied .  The r iver   reach from the  
Liard/Mackenzie confluence a t  For t  Simpson downstream t o  Camsell Bend i s  
also  rather unique. The east  and west banks of the Mackenzie are 
morphologically very different due t o  slow mixing between the  Liard and 
Mackenzie Rivers. The east  bank resembles a lake  outlet  channel, 
characterized by a very stable  coarse armour of cobbles and boulders. The 
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west bank has an uns tab le   sand   subs t ra te ,   cha rac te r i zed   by   sh i f t i ng   ba rs  

and  i s lands   (McDona ld   and  Ke l le rha l  s ,  1978). 

The Mackenzie  River  system shows ev idence   o f   l ong - te rm  deg rada t ion :   va l l ey  
ent renchment ,   unpai red  ter races,   and  kn ick  po ints  i n   t h e   l o n g   p r o f i l e .  

Channel  degradation, bank e r o s i o n   a n d   h i l l s l o p e   e r o s i o n   s u p p l y  more 
m a t e r i a l  s over   ex tens ive   reaches   than  the   r i ver  i s  capab le   o f   ca r ry ing .  

T h i s   r e s u l t s   i n   t h e   f o r m a t i o n  o f  i s l a n d s  and  bars  where  channel  condit ions 

are  favourable  ( In land  Waters  Di rectorate,   1986) .   Under   h igh  f low 
c o n d i t i o n s   t h e   r i v e r  can t r a n s p o r t  sand  and  gravel up to   abou t   10  nm i n  

s i z e  as bedload,  and i t  c a r r i e s  a s u b s t a n t i a l   l o a d   o f   s i l t  and c l a y   i n  

suspension.  Rates  of  change i n   t h e   l o c a t i o n s  of  the  major  banks  and 

i s lands   a re   genera l l y   ve ry   s low .  Changes i n  major  sand  bars  are mre 

rap id ,  a1 though  slow  compared t o  many l a r g e  a1 1 u v i a l   r i v e r s   ( N o r t h w e s t  

Hydraul  i c Consultants  Ltd.,  1979 1. 

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

of   the  Mackenzie  River.   Publ ic Works Canada have  est imated  the  f requency 
o f   r e q u i r e d   m a i n t e n a n c e   d r e d g i n g   ( i e :   t i m e   f o r   f i l l - i n  of p rev ious  

d r e d g i n g   o p e r a t i o n s )   f o r   d i f f e r e n t  segments  of t h e   r i v e r .  From  Great 

S lave   Lake   t o  Cameron Po in t   (kp   425) ,   the   Mackenz ie   R iver  i s  c o n s i d e r e d   t o  

need  re-dredging 1 i n  30 years.  A t  Cameron Po in t ,   t he   es t ima te   f o r  
maintenance  dredging i s  1 i n  20 years.   Other  more r a p i d   i n f i l l   i n g   a r e a s  

i n c l u d e   t h e   w e s t   s i d e   o f  McGern I s l a n d  and  the  Fish  Trap  Creek  area  where 
a d r e d g i n g   f a c t o r   o f  1 i n  10 y e a r s   i s   e s t i m a t e d ,  and the   B lackwa te r   R ive r  
and  Dahadi  nni  River  areas  where  the  maintenance  dredging  requirement i s  
e s t i m a t e d   a t  1 i n  3 y e a r s   ( P u b l i c  Works  Canada, 1976). 
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6.1.4 Hydrology Concerns Related t o  Granular  Materials Removal 

The principal hydro1 ogic  concerns re1 ated t o  the removal of granular  bed 
materials from the Mackenzie  mainstem will be: 

The resuspension o f  si1  ts ,   clays and some sands i n t o  the  water column 
(increased suspended load)  as a resul t  of the removal of the  larger 
more desi  red bed material s. 
The potential downstream redisposition of i n t e r s t i t i a l   s i 1   t s  and clays 
(and some sands) i n  areas of other bed types  as a resul t  o f  the 
increased suspended load  associated with the removal of granular 
materials upstream. 
The potential change i n  channel  width (wider or narrower)  as a resul t  
of  gravel removal ; an associated  shal lowi ng or deepening o f  the  water 
column; and a reduction  or  increase  in  stream  velocities. 
The  a1 teration o f  bedload movement  and composition w i t h i n  and 
downstream of the  granular  materials removal area. 

the basis of assessment and monitoring results  related t o  the  dredging 
Pub1 i c  Works Canada of sections of the Mackenzie River mainstem f o r  

navigation  purposes,  the  recent  construction by ESSO Resources Canada 
Limited o f  several   art if icial   islands  in  the Mackenzie  mainstem near 
Norman Wells, the  construction by Interprovincial  Pipe Line  Limited of a 
Mackenzie  mainstem pipeline  crossing upstream o f  For t  Simpson, and the 
workshop reviews d u r i n g  the 1985-1986  Mackenzie Environmental Monitoring 
Project,  the  effects on downstream suspended loads o f  major in-stream 
operations on the blackenzie mainstem should be short-term and minimal (and 
in many cases  negligible). The large  dilution  factor  offered by the  large 
year-round Mackenzie discharge i s  perhaps the  single most important 
factor. 
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I n t e r p r o v i n c i a l   P i p e   L i n e   L i m i t e d   a n d   I n d i a n  and  Nor thern   A f fa i rs  Canada 

c o n d u c t e d   a q u a t i c   m n i t o r i n g   p r o g r a m s  i n  1984  and  1985 t o   d e t e c t   i m p a c t s  
o n   w a t e r   q u a l i t y   o f   i n - s t r e a m   b l a s t i n g ,   d i t c h   e x c a v a t i o n   a n d   b a c k f i l l i n g  

o p e r a t i o n s   d u r i n g   c o n s t r u c t i o n   o f   t h e i r   p i p e l i n e   c r o s s i n g   u p s t r e a m   o f   F o r t  
Simpson ( I n t e r p r o v i n c i a l   P i p e   L i n e   L i m i t e d  (NW) Ltd.,  1984). The r e s u l t s  
o f   w a t e r   q u a l i t y   a n a l y s e s   b o t h   d u r i n g   a n d   a f t e r   t h e   i n - s t r e a m   b l a s t i n g  
revea led   minor   and  shor t - te rm  ( less   than 24 hour)   increases i n   t u r b i d i t y  
and  suspended s o l i d s   a t  some s t a t i o n s  downstream  f rom  the  b last .  All 
objec t ives   es tab l i shed  fo r   domest ic   consumpt ion  of water  were met. 

The mon i to r i ng   p rog ram  to   de tec t   i nc reases   i n   sed imen t   concen t ra t i ons   f rom 

d i t c h   e x c a v a t i o n   a n d   b a c k f i l l  i ng  operat ions showed t h a t   t u r b i d i t y  and 

suspended s o l i d s   u p s t r e a m   a n d   d o w n s t r e a m   d i d   n o t   d i f f e r   s i g n i f i c a n t l y .  

The  excavat ion  re leased  very l i t t l e   f i n e   ( s i l t  and c lay   s izes)   sed iment .  

The   l a rge  volume o f   n a t u r a l   f l o w   t h r o u g h   t h e   c o n s t r u c t i o n   a r e a  was 

i d e n t i f i e d  as hav ing  a s i g n i f i c a n t   d i l u t i o n   e f f e c t  on whatever  sediment 

was suspended i n   t h e   w a t e r  column. 

ESSO's d redg ing   o f   a lmos t  2,000,000 m3 of  gravel   f rom  the  Mackenzie  River 

was expected  to   cause some i n c r e a s e   i n   s i l t   l o a d s  and some sedimentat ion 
wh ich   wou ld   be   unavo idab le   bu t   neg l ig ib le  (ESSO Resources Canada Ltd., 

1980). On a recent   (September  1986)   aquat ic   moni tor ing  survey by 
Seakem/ESL s t a f f   i n   t h e  Norman Wells  area,  the  presence  of  sediment 

d e p o s i t i o n   t a i  1 s which  were  predic ted  to   extend  downstream  f rom  the 
a r t i f i c i a l   i s l a n d s ,  was c l e a r l y   e v i d e n t .  Two o f   t h e   i s l a n d s   i n   f a c t  were 

a l m o s t   j o i n e d  by t h e   d e p o s i t i o n   t a i l   f r o m   t h e   u p s t r e a m   s t a t i o n   ( p e r s .  
comm. B l a i  r Humphrey, Seakem Oceanography  Ltd. 1. 

The  Mackenzie  Envi ronmenta l   Moni tor ing  Pro ject  (MEMP, 1 9 8 6 )   p a r t i c i p a n t s  

s u g g e s t e d   t h a t   g r a v e l   e x t r a c t i o n   c o u l d  a1 ter  both  channel   morphometry  and 

bed  mater ia l   compos i t ion  but  t h a t   t h e   e f f e c t s   w o u l d   b e   r e l a t i v e l y  

shor t -1  i ved i n  s t r e a m s   o r   r i v e r s   w i t h   h i g h  bed1 oad  t ranspor t   ra tes   such as 
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the Mackenzie River. More long-term effects  would  be possible  ' if (1) 
boulders  are removed  from the  stream and they  cannot be naturally  replaced 
by the  river; a n d  ( 2 )  the volume o f  excavated  material is   large i n  
comparison t o  the  rates of bedload transport ' .  Shor t  term effects  must be 
considered on a s i te   specif ic   basis  because the  fines  content of the 
dredged sediments,  the flow rates and water  quality a t  the time of 
dredging and the  fish  species i n  the nearby downstream area  will vary 
considerably  along  the  river and seasonal ly .  

6.2 WATER QUALITY 

6.2.1 General Concerns 

The major environmental th rea t   to  water q u a l i t y  posed by the removal of 
granular borrow material from the  riverbed is  the  potential  release of 
sorbed  chemicals  as a resul t  of the  resuspension of fine-grained 
(s i1   t /c lay)   par t iculates .  The magnitude of the  effect  will be a function 
of the  relative  increase i n  suspended particulate  concentrations t h a t  
m i g h t  occur a n d  t he   a s soc ia t ed   pa r t i cu la t e   concen t r a t ions  o f  

envi ronmental ly  important chemi cal s. These woul d i ncl ude several  trace 
metals as we1 1 as  various  types of hydrocarbons (non-pol a r  and aromatic). 

There have  been several  reviews of water  quality i n  the Mackenzie River 
based on Inland Maters Directorate  monitoring  over the p a s t  twenty years 
(see  for example Reeder,  1973; Reeder e t  a1 . , 1972; Reid e t  a1 . , 1975; 
Mackenzie River Basin Committee, 1981).  Previous  monitoring has n o t  
included hydrocarbons so t h a t  there is  very limited  data  available and 
none  above detection  limits  before 1985. Trace metal da t a  i n  the  water is 
collected on a regular  basis b u t  much  of this, especially  for some  key 
elements such as Cd and Hg, is below detection  limits or of questionable 
quality. The data  for  trace  metals and hydrocarbons associated w i t h  
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suspended sediments and  bed sediment is even more limited. Recent and 
on-going monitoring programs being  conducted f o r  IWD are examining 
hydrocarbons associated w i t h  suspended sediments. 

6.2.2 Hydrocarbons 

The Mackenzie River  potentially  could have locally h i g h  levels o f  
hydrocarbons  because o f  oi 1 and gas deposits a1 ong the  river and i t s  
t r ibutar ies .  Oil  seeps  along  the Mackenzie River  are an often  cited b u t  
poorly documented occurrence. I t  has been known for many years t h a t  o i l  
seepage  occurs i n  the  vicinity of Norman We1 1 s and indeed the  presence of 
surface o i l  led t o  the  early development of the Norman We1 1 s oi 1 f ie1 d 
(Kindl e and Bosworth, 1920).  Outcrops of bituminous or oi 1 containing 
sands and limestones  are  located  along  the  shores of Great  Slave Lake and 
a long  stretches of the  Peace, Athabasca and Lesser  Slave  Rivers. Below 
Great  Slave Lake, the only other documented oi l  seepage or bituminous 
outcrop,  other  than  near Norman We1 1 s, is  i n  the  vicinity of Fort Good 
Hope. Bituminous Devonian shales  are exposed on the  river bank upstream 
of 01 d Fort Good Hope while tar  springs  exist i n l a n d  from F o r t  Good Hope. 

There are however no good estimates of the volumes of hydrobarbons t h a t  
may enter  the  river from these  sources nor any information  regarding  their 
fa te .  Recent data from the summer of 1985 suggest t h a t  there  are some 
hydrocarbons of petrogenic o r i g i n  detectable on particulates below Norman 
Wells (Nagy e t  a1 . , 1986). However, th i s  was based on a single bed 
sediment sample. More recent hydrocarbon data from the Mackenzie River 
Delta i n  the  winter of 1986 gave no indications o f  hydrocarbons of 
petrogenic  origin  (Erickson and Fowler, 1986). I n  both studies,  dissolved 
hydrocarbon concentrations were  below detection. In response t o  Dene  and 
Metis concerns, b o t h  EPS and IWD are  continuing  studies i n  this  regard. 
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Even  when sediment hydrocarbon concentrations  are  high,  resuspension  will 
result   in only brief and localized  increases i n  particulate hydrocarbon 
concentrations.  Dissolved hydrocarbon concentrations  are  unlikely t o  be 
altered.  The reason fo r  t h i s  conclusion  are: 

1. 

2. 

3 .  

4.  

resuspension  will  occur i n  summer  when flows are  greatest  ensuring  the 
greatest  dilution  rate, 
natural suspended particulate  loads  are h i g h  and variable i n  the 
summer months, and 
hydrocarbons have a strong  affinity  for  particulate and will tend to  
remain associated with the  particulate phase. 
hydrocarbons will be preferrential l y  absorbed t o  si1 t and clay  sized 
par t ic les  which will  rarely exceed 15 percent of the volume o f  

expl o i  tab1 e granul a r  borrow. 

6.2.3 Trace  Metals 

The available  data on trace metal concentrations i n  bed sediments and 
suspended particulates do n o t  indicate any unusually h i g h  levels of  any 
metals w i t h  the  exception of  some mercury da ta  i n  the  reports by Reeder 
(1973) and Reed e t  a1 . (1975). These studies gave some very h i g h  mercury 
concentrations compared t o  typical  unpolluted  riverine or marine sediments 
(Forstner and Wittmann, 1979).  Recent winter d a t a  (Erickson and Fowler, 
1986) found much lower levels and  i t   i s   f e l t   t h a t   t h e   e a r l i e r   r e s u l t s  may 
be i n  error due t o  analytical problems or contamination. Even w i t h  the 
extremely h i g h  levels  reported, i t  i s  unknown  how  much, if  any of the 
particulate  associated metal m i g h t  be released i n t o  solution. As for 
hydrocarbons, any ef fec t  will be transitory and short-1 i ved  due t o  rapid 
dilution w i t h  the main river flow. 
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6.3 FISHERIES 

6.3.1 Data Base 

The following  discussion  focuses on fish  resources  in  the Mackenzie River, 
w i t h  particular  at tention t o  the  area between Trout  River (km 228) and the 
confluence of Arctic Red River ( k m  1454).  I n  Appendix B, f isher ies  
related  data is  summarized for each river zone. The information review i s  
based largely on intensive  studies conducted d u r i n g  the  early  1970's 
associated w i t h  several  large-scal e devel opment proposal s, pri nci pal ly  the 
Mackenzie Highway and the Canadian Arctic Gas Pipeline  project  (eg: 
Hatf ie ld   e t  a1 1972a,b; Dryden e t  a1 1973; Stein  e t  a1 1973; Brunskill e t  
a1 1973; McCart, 1974; McCart e t  a1 1974; Jessop e t  a1 19741, and several 
summary and review documents based largely on these  studies (Doran 1974; 
McCart and Den Beste 1979; Dome Petroleum e t  a1 1982). These studies 
deal t  almost exclusively w i t h  resources  associated w i t h  Mackenzie River 
t r ibu tar ies  on the  east  side o f  the  valley, and usually only provided 
indirect  information with respect t o  ut i l izat ion o f  mainstem habitats,  the 
primary focus of potential gravel removal operations. 

Recently,  additional  studies were completed w i t h  respect  to  the Norman 
Wells Expansion Project (Hardy  Assoc. Ltd.  1979; Envirocon L t d .  1980; ESSO 

Resources  1980) and i ts   associated  pipeline  project  undertaken by 
Interprovincial  Pipe Line (NW) Ltd .  These studies provided some s i t e  
specific  information for the mainstem river,  b u t  were generally  limited t o  
areas  in  the immediate vicinity of Norman Wells. Other  supplemental 
information was obtained from resul ts  of the Mackenzie Environmental 
Monitoring Project (MEMP) (Indian and Northern Affairs Canada e t  a1 19861, 
contact w i t h  the  Freshwater  Institute, unpublished monitor ing surveys o f  
domestic f isher ies  i n  the Mackenzie corridor provi ded by MacLaren 
Plansearch ( 19851, and other unpublished reports. 
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6.3.2 Species  Presel 

A total  of  38 species 
corridor  (see  Table 6.2 
any degree i n  domestic, 

t 

are known t o  occur w i t h i n  the Mackenzie Val 1 ey 
, however only a p o r t i o n  of these  are u t i  1 ized t o  
commerci  a1 , or sport fisheries.  Further, not a1 1 

of  the  species  are abundan t  or distributed  within  the  entire Mackenzie 
mainstem study  area.  Nevertheless,  the  region  possesses some unique f ish 
resources. For example, the Mackenzie River i s  suspected t o  be the only 
drainage  supporting  Arctic  cisco spawning i n  Canada  and possess  the 
largest  populations of broad whitefish i n  Canada (XNAC e t  a1 1986). 

Utilizing  information from  McCart  and Den Beste (1979) and the Dome e t  a1 
( 1982) summary, a total  of 16 species have  been identified t o  have some 
significance  for domestic, or sport  fishery  uses, and therefore  are 
considered major species  within  the mainstem corridor upstream of Arctic 
Red River  (Table 6.2).  Other species  are n o t  generally  utilized or occur 
predominantly i n  areas of the Mackenzie Delta. For example, a1 t h o u g h  
Arctic  char i s  a highly  prized  species, i t  generally only occurs i n  areas 
o f  the  western  Delta  (Peel,  Rat, and B i g  Fish Rivers), and has not  been 
considered as a major species  for  the purpose of this  study. 

As indicated i n  Table 6.2,  some species  are anadromous, spending some 
p o r t i o n  of their   l ife  history  in  the marine environment, returning t o  
spawn in  freshwater  habitats. I n  addition,  the  species  include both  
spri  rig and fa1 1 spawners, indicating  the  general  period d u r i n g  which 
spawning activity  occurs. 

There i s  very l i t t l e  data on the abundance of i n d i  v i  dual species, and 
estimating  the numbers  of f ish is further complicated by the  different 
migratory  patterns which resul t  i n  highly  variable numbers, depending on 
the time o f  year.  Generally,  south of the  Delta,  grayling i s  most widely 
distributed, a long  w i t h  northern  pike and longnose  suckers. A1 t h o u g h  both 
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nor thern  p ike  and  gray1 i ng  a re   w ide l y   d i s t r i bu ted   t h roughou t   t he  system, 

n o r t h e r n   p i k e   a r e   g e n e r a l l y  more  abundant  and  occur i n   l a r g e r   t r i b u t a r i e s  

and  low-gradient   reg ions o f  the   ma ins tem  Mackenz ie   R iver .   Arc t i c   g ray l ing  

a re   mre   w idesp read   bu t   a re   mos t   abundan t   i n  some t r i b u t a r y  streams, 

p a r t i c u l a r l y   w i t h i n   t h e   s o u t h e r n   p o r t i o n   o f   t h e   m a i n s t e m   c o r r i d o r .  Some 

o f  the   spec ies ,   inc lud ing   mounta in   wh i te f i sh ,   Do l ly   Varden  char ,  and 

y e 1   l o w   w a l l e y e   a r e   g e n e r a l l y   r e s t r i c t e d   t o   a r e a s   s o u t h   o f  Norman We1 Is, 
n e a r   t h e   n o r t h e r n   l i m i t s   o f   t h e i r   r a n g e  (Dome e t  a1 1982). I n   c o n t r a s t ,  

c i scos  and w h i t e f i s h   a p p e a r   t o  be the  most  abundant i n   t h e   n o r t h e r n   a r e a s  

o f  the  Mackenzie  corr idor,  downstream  from Norman Wells. 

6.3.3 Seasonal L i f e   P a t t e r n s  

a)  Spawning:  Spawning c h a r a c t e r i s t i c s  o f  t he   ma jo r   spec ies   w i th in   t he  
Mackenzi e c o r r i d o r  have  been  summarized  by  Doran  (19741, Dome e t  a1 
( 19821,  and  McCart  and Den Beste  (1979).   Most  of   the  major  species 

w i t h i n   t h e   s t u d y   a r e a   ( 1 1   o f   1 6 )   a r e   f a l l   o r   w i n t e r  spawners. As a 

r e s u l t ,   t h e s e   s p e c i e s   r e q u i r e   h a b i t a t s   t h a t  will p r o v i d e   s u f f i c i e n t  

oxygen,   water   leve ls ,   and  protect ion  f rom  severe  ice  condi t ions  over  

t h e   w i n t e r  m o n t h s .   C o n s e q u e n t l y ,   t h e y   t e n d   t o   u t i l i z e   l a r g e r   r i v e r s  

f o r  spawning,  such as the  Mackenzie  mainstem,  Arct ic Red and Great  

Bear  Rivers,  i n   a d d i t i o n   t o   l a k e s   a c c e s s i b l e   w i t h i n   t h e   M a c k e n z i e  

co r r i do r .   A l though   rna ins tem  spawn ing ,   pa r t i cu la r l y   f o r   wh i te f i sh  and 
c i scos  has  been suggested (Dome e t  a1 19821, t h e r e   i s   a l m o s t  no 

documentation of  these  areas,  since  most  surveys  have  concentrated on 
t r i b u t a r y  systems.  However, recen t   s tud ies  by DFO have  documented 
w h i t e f i s h  spawning a c t i v i t i e s   i n   t h e  rnainstem j u s t  below  the  Upper 
Ramparts  area ( l a t e   O c t o b e r   e a r l y  November).  Other known areas  near 
o r   w i t h i n   t h e  mainstem  are a t   t h e  mouth o f   A r c t i c  Red R i v e r  and P o i n t  
Separa t ion   (S te in ,  DFO Winnipeg,  pers. comm. 1. 
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I n  contrast,  spring spawners (Arctic gray1 i n g ,  northern  pike,  yellow 
walleye,  suckers)  generally spawn during  periods of relatively h i g h  
flow d u r i n g  and following  spring  ice break-up (normally dur ing  May and 
June).  Since  the eggs of these  species  are n o t  required t o  survive 
the harsh conditions of northern w i  nters,  these  species may u t i  1 i ze  
smal l e r  watercourses which m i g h t  completely freeze d u r i n g  the  winter. 
The  spawning period a1 so commonly coincides w i t h  periods of re1 atively 
h i g h  concentrations of suspended solids i n  many of the  larger 
watercourses, and i t  has been suggested t h a t  some  of the  species 
(particularly  Arctic  grayling)  migrate i n t o  c learer   t r ibu tar ies  t o  
spawn d u r i n g  t h i s  period ( Doran 1974) .  
S te in   e t  a1 (1973)  suggested  that i n  the  southern por t ion  of the 
Mackenzie corridor,  the  onset of spawning occurs  approximately 2 weeks 
ear l ier   for   spr ing spawners and 2 weeks l a t e r  for f a l l  spawners, 
compared t o  areas  near  the  Delta, as a resul t  of the  differences i n  
l a t i  tude between these  areas. 

b )  Migrations: The Mackenzie River mainstem  and i t s  major t r ibu tar ies ,  
such as Arctic Red, Great Bear and Liard  Rivers  represent major 
migratory pathways f o r  both anadromous and resident  freshwater 
species. For most species, spawning, nursery, and overwintering  areas 
can occur i n  dist inctly  different  habitats.  Most of the anadromous 
species  are  concentrated  principally below  Norman We1 1 s ,  however 
almost all  these  species have  been reported  in  the Mackenzie drainage 
as f a r  south as  Fort Simspon.  For example, whitefish  represent a 
significant  proportion of the  domestic  catch  throughout  the  corridor 
(Section  6.3.4). A1 so, smal 1 runs of  chum salmon are  reported t o  
ascend the  river t o  Great  Slave Lake i n  September or  October (McPhail 
and Lindsey 1970). Normally, these  species ( w i t h  the  exception of 

chum salmon) migrate upstream during  the summer months, and may return 
t o  mainstem overwintering  areas  following spawning in  the  fall.  For 
example, Stein  e t  a1 (1973) documented the upstream movement  of Arctic 
cisco and  Inconnu i n  the mai nstem by monitoring  the  successive 
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occurrence of  peak abundance from  downstream t o  upstream s i t e s  over 
the  course of the summer. 
Spring spawning species normally m i  grate from overdinteri ng areas i n t o  
spawning habitats  following  ice break-up. After spawning, they may 
return t o  summer feeding  areas  in mainstem habitats or larger 
t r ibutar ies .  For example, grayling from tr ibutar ies  near Norman Wells 
were  documented t o  move from tributary spawning areas i n t o  the 
Mackenzie  mainstem and upstream i n t o  the  Great Bear River over the 
summer (Jessop e t  a1 1974).  Concentrations of Arctic  grayling and 
1 ongnose suckers have  been  documented in numerous smaller  cleardater 
t r ibu tar ies  t h r o u g h o u t  the Mackenzie corridor. Although relatively 
l i t t l e  i s  known about  migrations of other spring spawning species, i t  
i s  suspected t h a t  the  other common species  (eg:  northern  pike and 
b u r b o t )  do not  undertake  large  scale  migrations w i t h i n  the Mackenzie 
corridor. For example, in  recent sampling for  b u r b o t  near Norman 
We1 1s i t  was  assumed t h a t  b u r b o t  are  generally  confined t o  river  areas 
less  t h a n  approximately 40 km i n  length (ESL Environmental Sciences 
Limited and Aquatic Environments Ltd .  survey; B. Humphries, pers. 
comm. 1. 

c )  Nursery Areas: Nursery habitats  exist  throughout  the Mackenzie 
system, and generally most streams  supporting spawning a1 so provide 
some rearing  capacity. Many tributaries,  including small unnamed 
watercourses, a1 so support  juvenile  populations of gray1 i ng, northern 
pike and 1 ongnose suckers. For example, t r ibu tar ies  o f  the Norman 
Wells area  consistently  supported young Arctic  grayling (Dome e t  a1 
19821, and t r ibu tar ies  of the  Great Bear River  provide  nursery  habitat 
for  Arctic  grayling,  northern  pike,  Arctic  cisco,  whitefish, inconnu, 
suckers, and b u r b o t .  Near  Norman Wells, Envirocon Ltd .  (19811, 
reported  the  presence of juvenile and underyearling  fish along  shallow 
gravel  /cobble bars, particularly near  the mouths  of t r ibu tar ies  on the 
east  shore, such as Billy, Oscar, and E l l io t  Creeks. Most of the 
juvenile  f ish were non-salmonid forage  species  (lake chub, trout, 
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perch) .  However, j u v e n i l e   b u r b o t  and some s a l m o n i d s   ( p a r t i c u l a r l y  

w h i t e f i s h  and c isco)   were  a1 so present .  A1 t h o u g h   w h i t e f i s h  and c i  scos 

occur  throughout  the  Mackenzie  system,  the  Mackenzie  Del ta as w e l l  as 

1 akes  and r i v e r s  on t h e  Tuk Pen insu la   have  been  iden t i f ied  as 
s i g n i f i c a n t   r e a r i n g   a r e a s   f o r   w h i t e f i s h  and cisco  species  which  have 

spawned upstream (Dome e t  a1 1982). 
W i t h i n   t h e   M a c k e n z i e   m i n s t e m ,   S t e i n   e t  a1 (1973)  and  Jessop e t  a1 

(1974)   repor ted   cons is ten t   use  o f  backeddies  and  side  channels by 
juven i le   p ike ,   suckers ,   wa l leye ,   and  burbo t .   In   the   sou thern   por t ion  
o f   t h e   c o r r i d o r ,   t r i b u t a r i e s  such as t h e   T r o u t   R i v e r   p r o v i d e   n u r s e r y  

h a b i t a t   p r i n c i p a l l y   f o r   p i k e ,   g r a y l i n g ,   w a l l e y e   a n d   s u c k e r s  (Dome e t  

a1 1981). 

d )   O v e r w i n t e r i n g :   O v e r w i n t e r i n g   h a b i t a t s   a r e   i m p o r t a n t   t o   i d e n t i f y ,  

s ince  they  represent   areas  where  f ish  can become concentrated  and 

re la t i ve ly   sedentary   over   severa l   months   be tween  f reeze-up and 

break-up.   Most   overw in te r ing   hab i ta ts   have  been  iden t i f ied   to   da te  
f rom  surveys   assoc ia ted   w i th   the   Arc t i c  Gas P i p e l i n e   P r c j e c t  (eg: 

McCart  1974;  McCart  and  McCart  1982).  These  habitats  occur i n  

pe rmanen t l y   f l ow ing   t r i bu ta r ies ,   sp r i   ng - fed   s t reams  , lakes,  and 

Mackenz ie   De l ta   hab i ta ts .  The D e l t a   r e g i o n ,   b e l o w   A r c t i c  Red R i v e r  
has  been i d e n t i f i e d   f r o m   s e v e r a l   s u r v e y s  as a major   overw in te r ing   a rea  

f o r   w h i t e f i s h  and c i s c o   s p e c i e s   ( S t e i n   e t  a1 1973  and Mann 1975). It 

has  been c o n s i s t e n t l y   h y p o t h e s i z e d   t h a t   o v e r w i n t e r i n g  a1 so occurs 
throughout  the  Mackenzie  mainstem,  however  there  are no d i r e c t   s u r v e y s  
o f  ma ins tem  overw in te r ing   ava i lab le   to   da te .  

6.3.4 Resource  Harvest ing 

a)   Domest ic   F ish ing:  The h a r v e s t i n g   o f   f i s h   r e s o u r c e s   i n   t h e   M a c k e n z i e  

c o r r i d o r ,   p a r t i c u l a r l y   f o r   d o m e s t i c  use, represents  one  of the  most 
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i m p o r t a n t   a c t i v i t i e s  and food  sources   fo r  communi t i e s   a l o n g   t h e   r i v e r  
(Dome e t  a1 1982).  Increasing  emphasis  has a1 so been p laced on t h e  

development   o f   spor t  and, a t  t imes, on se lec ted   commerc ia l   f i sh ing  
a c t i v i t i e s   t h r o u g h o u t   t h e   a r e a .  

Genera l l y   domes t i c   f i she r ies   occu r   a round   t r i bu ta ry  mouths  near 

se t t lements  and i n   t h e  Mackenz ie   De l ta   (Ha t f i e l  d e t  a1 1972a; LGL e t  

a1  1986; Dome e t  a1 1 9 8 2 ) .   M o s t   i n t e n s i v e   f i s h i n g   o c c u r s   j u s t   a f t e r  

f reeze-up  and  spr ing  break-up,   the  most   act ive  per iods  o f   f ish 

m i g r a t i o n   ( H a t f i e l d   e t  a1 1972a) .   Wi th in   the  s tudy  area,   genera l  

l o c a t i o n s   o f   i n t e n s i v e   d o m e s t i c   f i s h i n g   i n c l u d e   A r c t i c  Red R i v e r ,   F o r t  

Good Hope, Norman Wel ls  , F o r t  Norman, F o r t  Simpson,  and Trou t   Lake 
(Dome e t  a1 1982). 
The amounts o f   f i s h   t a k e n  and t h e   r e l a t i v e   i m p o r t a n c e  of va r ious  

f i s h i n g   a r e a s  have  been d i f f i c u l t   t o  det.ermine , s ince   t he re  have  been 
few c o n s i s t e n t   s t u d i e s   o f   d o m e s t i c   f i s h e r i e s ,  and the   da ta   over   the  
yea rs  has e x h i b i t e d   w i d e   v a r i   a b i  1 i ty.  McCart  and Den Beste  (1979) 
c i t e d  one study  undertaken  throughout  the  Mackenzie  corr idor 

(Table  6.3). They i n d i c a t e   t h a t   t h e   g r e a t e s t   p r o p o r t i o n   o f   t h e   c a t c h  
i s   o b t a i n e d   f r o m   t h e   M a c k e n z i e   D e l t a   t o   A r c t i c  Red R i v e r  

(approx imate ly  68 pe rcen t   o f   t he   ca tch ) .   I n   t he   l ower   Mackenz ie  

reg ion ,   wh i te f i sh   a re   the   ma jor   spec ies   harves ted .   Other   spec ies  

i n c l u d e   c i  scos,  inconnu,  northern  pike  and  burbot. I n   t h e   o t h e r  

r e g i o n s   o f   t h e   M a c k e n z i e   c o r r i d o r   ( F o r t  Good  Hope t o   T r o u t   L a k e ) ,  

wh i te f i sh   spec ies   a re   a l so   p reva len t ,  however  inconnu,  northern  pike, 
Arct ic   gray1  ing,   wal leye  and  suckers a1 so c o n t r i b u t e   t o   t h e   c a t c h  

(Dome e t  a1 1982;  McCart  and Den Beste  1979;  MacLaren  Plansearch 
1985). I n   t h e  Norman W e l l s   a r e a ,   f i s h i n g   f o r   A r c t i c   g r a y l i n g   o c c u r r e d  

a t   S t e w a r t  Creek  and the  mouth o f   t he   Th ree  Day Lake  drainage.  Local 
f i shermen  a lso   harves t   smal l  numbers o f   w h i t e f i s h ,   i n c o n n u ,   A r c t i c  
c i sco ,   p i ke ,   and   wa l l eye   f rom  o the r   a reas   o f   t he   r i ve r  (LGL e t  a1 
1986). 
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b )   S p o r t   F i s h i n g :   L o c a t i o n s   o f   s p o r t  and  commercial  f isheries  have  been 

summarized  by Dome e t  a1 (1982)  and  McCart  and Den Beste  (1979). 
S p o r t   f i s h i n g  i s  ma in ly   concent ra ted  away from  the  Mackenzie  mainstem 

on  var ious   lakes  and t r i b u t a r y  streams. Some s p o r t   f i s h i n g   o c c u r s  

n e a r   F o r t  Norman i n   t h e  Mackenzie  River,  and  near  the  mouth  of  the 

G r e a t   B e a r   R i v e r .   R e s i d e n t s   o f   a l l   c o m m u n i t i e s   a l s o   u t i l i z e   v a r i o u s  

mainstem  areas  and  smal l   loca l   lakes  and  t r ibutary   s t reams.   Nor thern 

p i k e ,   A r c t i c   g r a y l i n g ,   l a k e   t r o u t  and w h i t e f i s h   a r e   t h e   m o s t  commonly 
sought  species (Dome e t  a1 1982). LGL e t  a1 ( 1 9 8 6 )   r e p o r t   t h a t   i n   t h e  

Norman We l l s   a rea   A rc t i c   g ray l i ng ,   no r the rn   p i ke ,   and   ye l l ow   wa l l eye  

a r e   f i s h e d   n e a r   t h e  mouths o f   s m a l l   e r   t r i b u t a r i e s ,  such as Bosworth 

Creek,  the DOT l ake   d ra inage  (KP 897),  and  Oscar  Creek. I n   t h e  

s o u t h e r n   p o r t i o n   o f   t h e   c o r r i d o r ,  some f i s h i n g   a c t i v i t y   o c c u r s   i n   t h e  

Mackenzie  River   near   For t   S impson  and  near   the  mouths  o f   the  L iard  and 

T rou t   R ive rs .  Common s p e c i e s   a r e   n o r t h e r n   p i k e ,   A r c t i c   g r a y l i n g ,  

wh i te f i sh ,   and  wa l leye .  

c )  Commercial  Fishing:  There i s   v i r t u a l l y  no c o m m e r c i a l   f i s h i n g   a c t i v i t y  

w i t h i n   t h e  mainstem  study  area,  s ince  most  commercial   act iv i ty i s  

r e s t r i c t e d   t o   t h e   D e l t a   o r   a r e a s   n e a r   G r e a t   S l a v e   L a k e   ( M c C a r t  and Den 

Beste  1979). Some pas t   commerc ia l   ac t i v i t y  has  been r e p o r t e d   i n   t h e  

area  between Norman Wel ls   and  For t  Norman and  near   For t  Simpson. 

6.3.5 H a b i t a t  Uses 

A v a i l a b l e   i n f o r m a t i o n  on f i s h  use   and   resource   ha rves t i ng   w i th in  each  of 
t h e   s p e c i f i c   r e a c h  zones  (see  Table  4.1) i s   p r o v i d e d   i n  Appendix B. It 

i n c l u d e s   t h e   f o l  1 owi ng i n f o r m a t i  on: 

o M a j o r   t r i b u t a r i e s  
o Major   spec ies  present  
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o Documented o r   suspec ted   hab i ta t   uses  
o Resource  harvest ing  areas 
o Summary o f   f i s h e r i e s   c o n c e r n s  

The  reach  zones o f   p a r t i c u l a r   s i g n i f i c a n c e   a r e  shown i n  Tab le  6.4. These 
reaches   a re   charac ter ized  by a c o m b i n a t i o n   o f   t h e   f a c t o r s ,   p a r t i c u l a r l y  
the   p resence  o f   domest ic   f i sh ing   a reas ,   severa l   t r ibu tary   sys tems  w i th  

documented  spawning  and rea r ing   popu la t i ons ,  and p h y s i c a l   c h a r a c t e r i s t i c s  

such  as  gravel   bars  and/or   s ide  channels   which  are  typ ica l ly   assoc iated 

w i t h  mainstem  rear ing  or  spawning. 

The l a c k   o f   s p e c i f i c   i n f o r m a t i o n   w i t h   r e s p e c t   t o   u t i l i z a t i o n   o f   m a i n s t e m  

h a b i t a t s  makes i t  d i f f i c u l t   t o   e v a l u a t e   i n   d e t a i l  any o f   t h e   r i v e r   a r e a s .  

I n   a d d i t i o n ,   t h e   i n f o r m a t i o n   t o   d a t e ,   s u g g e s t s   t h a t   a l l   a r e a s   o f   t h e  
mainstem r i v e r   a r e   u t i l i z e d   a t  some t imes   f o r   ma jo r   m ig ra t i on  o f  most of 
t he   impor tan t   spec ies .  A t  p resent  some s tud ies ,   inc lud ing   the   Mackenz ie  
Env i ronmen ta l   Mon i to r i ng   P ro jec t  (MEMP), are i n  p r o g r e s s   t o   i d e n t i f y   t h e  

d i f f e r e n t   s t o c k s  o f  w h i t e f i s h ,   i n c l u d i n g   m a j o r   m i g r a t o r y   r o u t e s  and  t imes 
(INAC e t  a1 19861, and   these   k inds   o f   s tud ies  will a i d   i n   t h e  subsequent 
e v a l u a t i o n   o f   v a r i o u s   r i v e r   r e a c h e s .  

6.4 FISHERIES CONCERNS RELATED TO 

GRANULAR  MATERIALS  REMOVAL 

The f o l l o w i n g   s e c t i o n  summar izes  the  major   concerns  assoc iated  wi th   f ish 

resources   and   t he   po ten t i a l   remova l   o f   g ranu la r   ma te r ia l s   f rom  the  

Mackenzie  mainstem. The m a j o r   o b j e c t i v e   i s   t o  summarize  those  aspects  of 

t h e s e   o p e r a t i o n s   t h a t   r e p r e s e n t   s i g n i f i c a n t   i s s u e s ,  and i d e n t i f y   t h o s e  

s p e c i e s   o r   l i f e   h i s t o r y   s t a g e s   t h a t   a r e   o f   p a r t i c u l a r   c o n c e r n .   C o n s i s t e n t  

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

d i s c u s s i o n   i s   n o t   i n t e n d e d   t o   p r o v i d e  a d e t a i l e d   e v a l u a t i o n   o r  assessment 
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o f   t he   po ten t i a l   deg ree   o f   impac t   f rom any spec i f i c   d redg ing   p roposa ls ,  so 

much as c l a r i f y   t h o s e   i s s u e s   o r   a r e a s   w h i c h   s h o u l d   r e c e i v e   p a r t i c u l a r  

a t t e n t i o n   i n  subsequent  studies. 

6.4.1 Po ten t i a l   Sources   o f   D i s tu rbance  

A1 though  there   a re  no d e t a i l s  on the   types   o f   g rave l   remova l   opera t ions  
wh ich   migh t  be u t i l i z e d   w i t h i n   t h e  Mackenzie  mainstem, some f o r m   o f  
dredgi  ng w i  11  be 1 i k e l y  . The e f f e c t   o f   d r e d g i n g   o p e r a t i o n s  w i  11 be 
s i m i l a r   i n  many ways t o   o t h e r  forms of   ins t ream  d is turbances  which  have 

o c c u r r e d   p r e v i o u s l y ,   i n c l u d i n g   t h e  Norman Wel ls   Expans ion   p ro jec t ,   var ious  

p i p e l i n e s  and  highway  developments.  There  have  been numerous reviews 

i n d i c a t i n g  a range   o f   po ten t i a l   sou rces   o f   d i s tu rbance   and   e f fec ts  

a n t i c i p a t e d   f r o m   t h e s e   t y p e s   o f   o p e r a t i o n s  ( I N A C  e t   a i  1986;  Department  of 

F i s h e r i e s  and Oceans 1986; Dome e t  a1 1982; A r c t i c   L a b o r a t o r i e s   L i m i t e a   e t  

a i  1985; Jessop e t  a1 1974; and S t e i n   e t  a1 1973). The s p e c i f i c   i s s u e s  
i n c l  ude: 

o I n c r e a s e d   l e v e l s   o f  suspended  sediments 
o Downstream  sedimentation 

o Re-suspension of   contami  nated  sediments 
0 A1 t e r a t i o n  o f   h a b i t a t   c h a r a c t e r i s t i c s  

o D i r e c t   i n t e r f e r e n c e   w i t h  mi grat ions /spawni   ng  
o Decreased  f ishing  success 

o Mor ta l i t y   f rom  d redg ing   mach inery  

6.4.2 Suspended  Sediments  and  Sedimentation 

P o t e n t i a l   p r o b l e m s   r e l a t e d   t o  suspended  sediments  and  downstream 
sed imenta t ion   a re   p robab ly   the   most   o f ten   c i ted   concerns   regard ing  
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proposals for  instream ac t iv i t i e s  such as  dredging. The range of 
potential  effects from increased  levels suspended sediments  generally 
include  behavioral changes i n  fish,  reductions i n  fish food organisms, and 
direct   effects  on fish health, such as lethal or sublethal  reactions 
associated w i t h  increased  levels of stress.  Potential problems associated 
w i t h  downstream sedimentation  include  the  degradation of fish spawning and 

rearing  areas, and  reductions i n  benthic prey organisms. 

Obviously the  extent of the  disturbance  will depend on  many factors,  
including  the  gradation and fines  content of materials  present i n  the 
r iver  bottom, the  nature of river  flows,  the  specific time and location of 
the granular  removal activity.  I n  a recent review of the  potential 
e f fec ts  of instream ac t iv i t i e s  for the Mackenzie Environmental Monitor ing 
Project ( I n d i a n  and Northern Affairs Canada e t  a1 19861, i t  was concluded 
that  the  effects of suspended sediments were a v a l i d  concern w i t h  respect 
t o  instream  activities. A l t h o u g h  fish can generally  tolerate  relatively 
high levels of suspended sediments  without any mortality,  recent  studies 
have  documented significant  sublethal  effects i n  Arctic  grayling  at  levels 
of suspended sol ids o f  a few hundred ppm. However, i t  was pointed o u t  
that  other  species  (whitefish)  appear t o  have  been at t racted t o  t u r b i d i t y  
plumes associated w i t h  instream  disturbances.  Further, gray1 i n g  are 
generally  associated w i t h  clear-water  tr ibutaries,   rather t h a n  mai nstem 
habitats,  and the  effects of suspended sediments may, therefore, be  more 
pronounced for this species. 

The Mackenzie  mainstem i s  normally t u r b i d  and experiences  relatively h i g h  
levels of suspended sol ids (several thousand ppm) d u r i n g  the open-water 
period. As a consequence, i t  is  anticipated  that  where instream 
activit ies  associated w i t h  gravel removal are of a relatively  short  
duration,  the  effects of suspended sediment additions t o  the Mackenzie 
mai nstem may  be v i r tua l  ly undetectable. 
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The most   p ronounced  e f fec ts   o f   inc reased suspended  sediments  might  occur 

d u r i n g   t h e   w i n t e r  months, when t h e   w a t e r   i s   n o r m a l l y   r e l a t i v e l y   c l e a r ,  

however, it i s   u n l i k e l y   t h a t  any dredging  would  occur  then. A t  these 

t imes it i s  assumed t h a t  some s p e c i e s   ( p r i n c i p a l l y   w h i t e f i s h   c i s c o s ,  

burbot,   p ike,   suckers)  would be o v e r w i n t e r i n g   i n   m a i n s t e m   h a b i t a t s   w i t h i n  

t h e   c o r r i d o r ,   b u t   t h e r e   i s   v i r t u a l l y  no support ing  documentat ion on t h e  

abundance o r   s p e c i f i c   h a b i t a t s   u t i l i z e d   a t   t h i s   t i m e .   A v a i l a b l e   s u r v e y  

i n f o r m a t i o n  has   suggested   tha t   most   in tens ive ly   u t i l i zed   ma ins tem  a rea  i s  

i n   t h e   v i c i n i t y   o f   t h e   D e l t a ,   i n c l u d i n g   A r c t i c  Red R iver .  

The Mackenz ie   Env i ronmenta l   Mon i to r ing   Pro jec t   conc luded  tha t   the   most  

s i g n i f i c a n t   p o t e n t i a l   p r o b l e m   a s s o c i a t e d   w i t h  downstream sed imenta t ion  
would be i t s   e f f e c t  on spawning  areas ( I n d i a n   a n d   N o r t h e r n   A f f a i r s  Canada 
e t  a1 1986).  There i s   s u b s t a n t i a l   d o c u m e n t a t i o n ,   p a r t i c u l a r l y   f o r  
sa lmon ids   (sa lmon  and  t rou t   spec ies)   tha t   the   surv iva l  o f  eggs o r   l a r v a l  
f i s h  can be reduced by t h e   i n t r o d u c t i o n   f i n e   s e d i m e n t s   t o   t h e   s u b s t r a t e .  
Fur ther ,   the  Mackenzie  Envi ronmenta l   Moni tor ing  work ing  group  conc luded 
t h a t  i t  c o u l d   t a k e  a cons ide rab le   t ime   fo r  some sediments  to  be f l u s h e d  

o u t   o f   t h e  system. It was a lso   conc luded  tha t   the   most   ser ious   e f fec ts  

would be f rom  l a rge   sca le   o r   ch ron ic   i npu ts  of  sediments  and on species 

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

l a r g e  eggs ( l o w   s u r f a c e   t o  volume r a t i o s ) .   A r c t i c   c h a r ,   w h i c h   g e n e r a l l y  

occu r   ou ts ide   o f   t he   a rea   a f fec ted  by po ten t ia l   g rave l   remova l   opera t ions ,  

appear t o  be mos t   sens i t i ve  t o  t h i s   p o t e n t i a l   e f f e c t .   T h e r e   a r e  

r e l a t i v e l y  few studies  which  have  examined  the  actual   impact of ins t ream 

d is tu rbances  on spawning  grounds,  however, one s tudy   (Za l   l en  1984) 

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

o p e r a t i o n s   i n  B.C. had no s i g n i f i c a n t   a f f e c t  on incubat ing   mounta in  
w h i t e f i s h  eggs w i t h i n  1 km downstream. 

The ex ten t   t o   wh ich   sed imen ta t i on   cou ld  be  a problem, will depend on t h e  
s p e c i f i c   h a b i t a t s   u t i 1   i z e d  downstream o f  po ten t i a l   remova l   s i t es ,  however 
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t h e r e   i s   r e l a t i v e l y   l i t t l e  known wi th   respect   to   mainstem  spawning i n   t h e  
Mackenzie  mainstem, a t   t h i s   t i m e .  

6.4.3 Resuspension O f  Contaminated  Sediments 

The po ten t ia l   concern   assoc ia ted   w i th   resuspens ion   o f   con taminated  
s e d i m e n t s  was a d d r e s s e d   w i t h   r e s p e c t  t o  W a t e r   Q u a l i t y   c o n c e r n s  

S e c t i o n  6.2. It was conc luded   tha t  a1 though  loca l i zed   a reas   o f  
hydrocarbon  concentrat ions may e x i s t ,  it was u n l i k e l y   t h a t   s i g n i f i c a n t  

hydrocarbon  would be re leased by d r e d g i n g   a c t i v i t i e s   i n   c o a r s e r   s e d i m e n t s .  

No major  resuspension o f  hydrocarbons  or   o ther   potent ia l   contaminants   (eg:  

t r a c e   m e t a l s )  as  a r e s u l t   o f   t h e  removal o f  g r a n u l a r   m a t e r i a l s   i s  

a n t i c i p a t e d .  As prev ious ly   no ted ,  however, Dene and Met is   res idence o f  

the  Mackenzie  Val ley  have  concerns  for   the  hydrocarbons i n   t h e  Mackenzie 

system,  whether  they be n a t u r a l l y   o c c u r r i n g   o r   t h e   p r o d u c t   o f   r e g u l a r  

a c t i v i t i e s  on the  Mackenzie.  Several  studies by EPS and IWD i n c l u d i n g   t h e  

Mackenzie  Envi  ronmental  Monitoring  Program a r e  exami n i  ny  these  concerns. 
P r i o r   t o  any m a j o r   d r e d g i n g   a c t i v i t i e s  a s i t e   s p e c i f i c   e v a l u a t i o n   w o u l d  be 

needed t o  determi ne t h e   p o t e n t i a l   f o r   s i g n i f i c a n t   r e s u s p e n s i o n   o f  
hydrocarbons  or  heavy  metals.  

6.4.4 A l t e r a t i o n  O f  H a b i t a t   C h a r a c t e r i s t i c s  

The  removal o f   m a t e r i a l s   f r o m   t h e   r i v e r b e d   i n   s u f f i c i e n t   q u a n t i t i e s   c o u l d  

a1 t e r   t h e  c h a n n e l   c o n f i g u r a t i o n   t o   t h e   d e g r e e   t h a t   i t s   h a b i t a t   v a l u e  i s  

decreased. The e f f e c t s  on f i s h ,  will of   cou rse  depend  on t h e   t y p e   o f  

u t i l i z a t i o n   p r i o r   t o   g r a v e l   e x c a v a t i o n .   F o r  example,  a  mainstem c o r r i d o r  

p r i n c i p a l l y   u t i l i z e d   f o r   m i g r a t i o n  may n o t  be s i g n i f i c a n t l y   a f f e c t e d ,  

however the  removal o f  gravel   bars  which  prov ide a complex o f   sha l low 

h a b i t a t s   w i t h   d i v e r s e   f l o w   c o n d i t i o n s   u t i 1   i z e d   f o r   r e a r i n g   c o u l d  
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significantly reduce the  area's  capacity t o  support  juveni 1 e f ish.  The 
resul ts  of limited sampling in  the Mackenzie mainstem, has indicated  that 
shallow  gravel/cobble  shores  in  the  vicinity of Norman Wells are  uti l ized 
t o  some degree ( E n v i  rocon 1980). 

6.4.5 Interference W i t h  Migration/Spawni ng  

Instream activit ies  are  capable of d i s r u p t i n g  large numbers  of f ish  i f  
they  occur d u r i n g  the  periods of major movements or d u r i n g  spawning. 
While th i s  concern i s  often  cited w i t h  respect  to  dredging  (eg: 
Department of Fisheries and Oceans 1986),  the  effects can be minimized by 
selecting  appropriate  timing windows for  instream  activity t o  avoid 
sensitive  periods. These periods may vary i n  d i f ferent  port ions of the 
Mackenzie corridor,  since peak migrations  in  the n o r t h  occur a t  different 
times t h a n  i n  the  south. Various sensitive  periods have  been proposed for 
the  t r ibutar ies  of the Mackenzi e corri dor. For example, Jessop e t  a1 
(1974)  propased tha t  from mi d-June t o  m i  d-July,  juveniles  are  emigrating 
o u t  of t r ibu tar ies  i n t o  the mainstem. In a d d i t i o n ,  sensitive  periods for 
fa1 1 spawning and spring spawning species were reported t o  be September 1 
t o  November 15 and  May 1 to  June 30, respectively. Any further  analysis 
of potential gravel removal areas where large equipment would be uti1  ized 
instream  should  include site  specific  information on probable t i m i n g  for 
migrations and an evaluation of potenti a1 spawning potential i n  the 
immediate areas  to be affected. 

6.4.6 Decreased F i s h i n g  Success 

The Mackenzie Env i  ronmental Monitoring Project ( I n d i a n  and Northern 
Affairs Canada e t  a1 1986) examined the  possibility  that  instream 
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ac t iv i t i e s  would reduce f i s h i n g  efficiency th rough  decreased  water 
c la r i ty .  However, the  conclusion was that  i n  the Mackenzie mainstem, 
domestic fishing  ( the dominant f ishing  act ivi ty)  occurs  predominantly 
d u r i n g  open-water when the  river  is  naturally  turbid and any increases i n  
turbidity due t o  development ac t iv i t i e s  would 1 ikely be undetectable. 
Further,  in some situations  whitefish  captures  actually  increased i n  
t u r b i d i t y  plumes associated with  dredging ac t iv i t i e s  i n  Alaska. As a 
result,  the  potential  negative  effects on fishing  success  is n o t  
considered t o  be a s ignif icant  concern. 

6.4.7 Mortal i ty From Dredgi ng Machinery 

One  of the  greatest  concerns w i t h  respect t o  instream  dredging equipment 
i s  the  direct  entrainment of fish,  particularly  juveniles,  within  the 
dredging machinery. Suction  dredging has been identified i n  th i s  regard 
(Department o f  Fisheries and  Oceans 1986). The greatest  risk is  d u r i n g  
periods o f  f ish migration or spawning. By timing  dredging t o  avo id  these 
periods,  the  risk can be substantially minimized. Species of particular 
concern are  whitefish,  ci  scos, and gray1 i ng, since they represent a 
significant  proportion of the domestic or sport   f isheries in the Mackenzie 
mainstem. In some areas of the  river which are u t i 1  ized for rearing 
t h r o u g h o u t  the summer, possibly  for  northern  pike,  burbot, or whitefish, 
this many n o t  be feasible.  Therefore  site  specific  fish p o p u l a t i o n  
information i s  needed  where the  potential  for  gravel removal exis ts .  
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7 .O FEASIBILITY OF RIVERBED BORROW DEVELOPMENT 

7.1 LIMITED DATA BASE 

As noted in  Section  4.0, most of the  interpretation of riverbed  materials 
i s  based on indirect  evidence such as  gradient, channel morphology, 
t r i b u t a r y  r ivers   (s ize  and bed character) and on the upland  geology. 
There is  a critical  shortage of reliable  instream  data and  some  of that  
appears t o  be very s i te   specif ic .  For examples, Public Works Canada 
(1976) reports t h a t  six boreholes  encountered only si1  ty  clay  near Norman 
Wells (see Drawing 4 . le) ;  however, E S S O ' S  experience  (Figures 3.2 and 3.3) 
show t h a t  there may  be several  metres of dredgeable  gravel  there. 

The identification of areas of the  riverbed w i t h  the  potential t o  supply 
granular  borrow is  somewhat  hampered by the  scarcity of directly  relevant 
pub1 i shed information. A t  Norman We1 1 s ,  ESSO and i ts   contractors  and 
engineers have shown t h a t  borrow production from the  river  is  possible. 
Pub1 i c Works  Canada (1976) has provided 267 boreholes and most of those 
are  clustered i n  a few areas where river  navigation m i g h t  be improved by 
dredging. The only other  direct  geotechnical  data  for  the  riverbed was 
gathered for  site  specific  investigations  for  pipeline  crossings and 
possible  docksites.  Surficial geology maps and notes on navigation  charts 
prepared by the Canadian Hydrographic Service  also  contain  pertinent 
information on the a1 luvial landforms ( is lands,  bars and shoals) exposed 
above water1 i ne. 

7.2 RATING THE RIVER 

A rating system was developed t o  evaluate  the  contribution made t o  the 
potential  for  finding  granular borrow i n  each r iver  zone by the  local 
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hydro1 ogi  c regime and tributary  rivers or streams.  Table 7.1 shows the 
r a t i n g  factors  assigned t o  the  three most important character is t ics  of the 
hydrologic regime. Table 7.2 shows the  relative  contribution of each t o  a 
cumulative r a t i n g .  There are two other  factors t h a t  have a significant 
impact on the  potential development o f  riverbed borrow. These are  the 
relat ive  accessibi l i ty  o f  suitable  reserves o f  up land  (conventional 1 
granular  borrow  and the   envi ronmenta l   sens i t iv i ty  o f  each a rea ,  
particularly  as i t  re la tes  t o  f i sher ies   ac t iv i t ies .  Table 7.3 summarizes 
these two factors and the  river regime rating from Tab1 e 7.2. 

Table 7.3 provides an overall  assessment of the borrow development 
potential  for each zone. This information i s   a l so  included on Figure 4.1 
and Drawing 4.1. One important  caution i s  noteworthy i n  this overall 
evaluation of potential  resource  areas. As discussed i n  Section  6.3, 
there   is   insuff ic ient   data   re la t ing  to   f isher ies   act ivi t ies  t o  develop a 
re1 iable r a t i n g  of sensi t ivi ty  for each river zone. Presently  there is  no 
data which would seem to  rule o u t  borrow development anywhere on the 
mainstem of the Mackenzie, b u t  several  concerns have  been raised which 
require  additional  study. 

7.3 POTENTIAL AREAS FOR RIVERBED BORROW DEVELOPMENT 

The river zones which are between 26 and 176 km long were identified on 
the  basis of the morphological properties o f  the  river.  Conditions w i t h i n  
each zone do vary such that  n o t  every section  within  the zone is  o f  equal 
potential  as a source of granular borrow. For that  reason, i t  was decided 
t o  analyze a ser ies  o f  25 km long  subzones. The three  factors which  were 
given most weight i n  these  localized  evaluations were: 

a )  t r ibutary creeks,  streams and rivers w i t h  gravel beds (indicating 
potenti a1 source  material 1 
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b )  upland borrow sources  (a1  ternate economics) 
c )   d i r e c t  evidence of gravelly  alluvium  in  Public Works Canada (1976) 

boreholes 

The subzone analysis  is  summarized on the lower part of Figure 4.1. This 
indicates  thirteen subzones w i t h  a h i g h  potential and six w i t h  a moderate 
t o  h i g h  potential  to supply granular  riverbed a1 1 uvium.  However, the 
f eas ib i l i t y  of development i s   s ign i f icant  only where potential supply 
matches w i t h  potential demand. Table 7.4 1 i s t s  the  highly  feasible  areas, 
subject t o  the economics of haul distance  (Section 5 and Figure 5.1) and 
possible  sources of upland supply that  are more than 15 km inland of the 
river.  

I n  summary, there  are major portions of the  river where riverbed borrow 
development  appears  feasible.  Table 7.4 i d e n t i f i e s   t h a t   a l o n g  
approximately 975 km of the 1475 km length o f  the Mackenzie (exclusive o f  
the  Delta)  riverbed borrow is  potential l y  available where there  are 
shortages of upland borrow. In  fact ,   i f   the  subzone rating were applied 
t o  each bank of the  river  separately, because  upland borrow on one si de 
cannot  readily be used on the  other, more areas m i g h t  be identified where 
riverbed borrow development might be feasible. 

8 .O RECOMMENDATIONS FOR SUBSEQUENT 
EVALUATION WORK 

8.1 RIVERBED INVENTORY 

As the  preceeding  section  concluded,  there  are good reasons t o  believe 
that  riverbed a1 1 u v i u m  could be potentially developed for borrow materials 
t o  satisfy  local  shortages along the  river. However, i t  i s   a l so   c lear  
t h a t  a significant gap exis ts  between potential  source  areas  identified on 
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the  basis of indirect  evidence and establishing proven reserves. 
Recommendations for follow u p  work are  presented below. 

INAC may wish t o  develop an inventory of potential  reserves of granular  
materials  or i t  may wish t o  focus on identifying  reserves t o  supply 
specific  areas.  Regardless, i t  appears t h a t  d i rect   f ie ld/r iver  work is 
required and many of the  steps  are similar i n  any event. 

I n i t i a l l y ,  a general  survey of the  river is  required t o  confirm or extend 
the  interpretation of potential  areas  presented  herein. Both geophysical 
and direct  sampling methods are  necessary. The scale of operation and 
level of e f fo r t  coul d vary considerably from a broad reconnaissance 
program examining the  entire  length of the  river t o  a more s i te   spec i f ic  
one that  concentrates on establishing  the  nature of the  riverbed a1 luvium 
i n  various  parts of the  river w i t h  the  highest  potential  for  future 
devel oprnent. 

The riverbed  inventory  should  focus on the  areas  identified i n  Table 7.4 
as  potential supply reaches, b u t  i t  must also  consider  the need for  
base1 i ne data a1 ong the  enti  re  river  length.  Considering  the importance 
of the Mackenzie River,  there i s  very l i t t l e  information a b o u t  i t s  
riverbed, i t s  hydrology or i t s  fish population. A baseline study migh t  
s ignif icant ly   a l ter  some of this  report's  conclusions which are based on 
so much indirect  evidence. 

I t  is suggested t h a t  the most effective way t o  acquire  the  baseline  data 
would be for a jo in t  geophysical and geotechnical program, probably 
working from separate  r iver  craft .  The geophysical  survey  comprising 
bathymetric,  seismic and possibly E-M equipment would search  for  the most 
promi sing places t o  sample. The slower moving geotechnical program  would 
sample the  substratum to  a depth of about 2.5 t o  3 m a t  these  target 
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locations. The hydrology and basic  fisheries sampling would be  done i n  
conjunction w i t h  the geotechni  cal base1 i ne  sampl i ng. 

8.2 NORMAN WELLS FIELD TRIALS 

If  the  f ield work i s  to  be successful,  reliable geophysical methods and 
sampling techniques must  be demonstrated where there  is  gravelly  riverbed 
alluvium.  Since  the Norman Wells area  constitutes  the only proven 
deposits of borrow, there m i g h t  be  some jus t i f ica t ion   for  an i n i t i a l  
program to  evaluate  the  extent of deposits  similar t o  those  that were 
dredged. 

The d a t a  base available for  Norman We1 1 s would support a t r ia l  run for 
seismic, E-M, ground penetrating  radar  or  other geophysical  techniques. 
Simi 1 arly a1 ternate reconnai  ssance  level sampl i ng techniques coul d be 
tes ted  to  demonstrate which has a bet ter   abi l i ty  t o  recover  the  gravelly 
alluvium. There i s  a need t o  sample material  to a depth of 3 m below the 
riverbed. Grab samplers are unable t o  do this .  Perhaps l i g h t  Vibra 
coring  techniques woul d work, economical ly . Demonstrating re1 i able 
recovery methods  would be a significant  part  of a t r i a l  program. In other 
areas of the  river,  misleading sample recovery (ie.   f ine  fraction  only) 
would prejudice  future development. 

The sensi t ivi ty  of the geophysical equipment t o  different  subbottom 
conditions might a1 so be explored  near Norman We1 1 s. The riverbed changes 
from glaciomarine  clay,  to bedrock, to  gravelly a1 luvium t o  si1  ty a1 luvium 
i n  the  area. Furthermore there  are sing1 e-channel , deep channel, and 
mu1 ti-channel  reaches w i t h i n  40 km of Norman We1 1 s. Near  Goose  and  Bear 
Islands, is the mu1 ti-channel  reach. South of Sans Saul t the  river is 
s t ra ight  and narrow along  Carcajou Ridge; whereas on the  north si de i t  is 
shallow, and fas t  at  the  rapids and changes t o  slow  and meandering by 
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Dummi t Island. Sing1 e-channel  reaches a1 so occur  about 25 km upstream 
(above Ten Mile Island) and 18 km downstream (below Rader Is land) .  The 
Rader Island  section  reportedly has a clay t i l  1 riverbed (Pub1 i c  Works 
Canada, 1976,  Northwest Hydraulics, 1979) .  The Carcajou Ridge section is  
probably bedrock controlled. 

8.3  ENVIRONMENTAL DATA REQUIREMENTS 

8 . 3  .I Water Qual i ty  

There i s  very limited sediment  data  available for trace  metals  or 
hydrocarbons  along the Mackenzie River. Although the  effects of  removal 
of granular borrow material from the riverbed i s  unlikely  to have any 
measurable e f f ec t  on the  concentrations of either  metals  or hydrocarbons 
i n  the  water column, i t  would be informative t o  take samples of the  f ines 
content a t  a1 1 potential borrow s i t e s .  This would be relat ively 
inexpensive and r e q u i r e   l i t t l e  time or   effor t .  These sediments  should be 
analysed  for PAH and selected  metals w i t h  unusually h i g h  concentrations. 
A relatively  inexpensive  screening method fo r  hydrocarbons us ing  
UV/fluorescence  could be used. Based on these  results and assumptions 
regarding  the  proportion of  any particular  variable  that  m i g h t  be released 
on resuspension, a rough estimate  could be  made of whether an impact on 
water  quality i s  likely.  If  these  preliminary  calculations suggest a 
problem, an actual  leach t e s t  should be conducted. 

8.3 .2  Hydro1  ogy 

For any potential dredge s i t e  i n  the Mackenzie River  there i s  a  need for  
specific  hydrologic  information  pertaining  to  spatial and temporal 
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variation i n  water  depth,  velocity, volume discharge,  stability of banks, 
w i d t h  of watercourse, bed type vari abi 1 i ty,  flood regimes, etc. w i t h i n ,  
upstream and/or downstream  of the  s i te .  This  type of information will be 
essential i n  the f i n a l  evaluation of the  potential  effects of granular 
materials removal on suspended load, bedload movement and f l u v i a l  
morphology a t  each specific reach where granular  materials may be 
extracted. I t  i s  therefore recommended t h a t  d u r i n g  on-si t e   t e s t ing  of 
potential  sources of granular  materials,  the above hydrologic  observations 
be  made at  spatially  representative  locations w i t h i n  and adjacent t o  each 
of the  reaches  being testing. 

8.3.3  Fisheries 

Apart from some areas i n  the  vicinity of  Norman he l l s ,   there   i s  very 
l i t t l e  information on f ish  ut i l izat ion of mainstem habitats w i t h i n  t h e  
Mackenzie River. The use of backeddies,  side  channels and gravel  bars 
near  tr ibutaries for spawning and rearing  are  the only documented 
instances i n  the mainstem. As a resu l t   there   i s  no analysis of physical 
h a b i t a t  character is t ics  or f ish  ut i l izat ion where development of gravel 
deposits appear possible.  Since  gravel  substrates  are commonly ut i l ized 
for  bo th  spawning and rearing,  information for these  areas of the mainstem 
would be required on a site  specific  basis.  Baseline  data on the use of 
various  habitats and t i m i n g  of fish ac t iv i t i e s  should be collected for the 
mai nstem. 

There are, however, s ign i f icant   d i f f icu l t ies  i n  identifying  habitats 
w i t h i n  large, t u r b i d  systems, such as the Mackenzie River, and major f i e ld  
surveys would be required t o  map large  areas of the  river. Consequently, 
the next  phase of studies should concentrate on examining only those  areas 
which  have significant  potential  for subsequent  gravel removal. A 

systematic  examination of these  areas should include  detailed  airphoto and 
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mapping exercises t o  identify  probable  habitat  characteristics on a large 
scale. In  a d d i t i o n ,  selected  profiles of depths and substrates should be 
prepared i n  pre-determi ned lengths of these  reaches. I f  feasible,  
selected sampling (g i l lne t t ing  and seining)  should be conducted a t   l e a s t  
three  times d u r i n g  the  year t o  assess   s i te   specif ic  u t i l i z a t i o n .  I f  
i nstream ac t iv i t ies   a re  more 1 i kely d u r i n g  winter,  studies shou ld  a1 so 
occur prior t o  freeze-up t o  assess  overwintering  potential i n  the mainstem 
reaches. 

9 .o CLOSURE 

The evaluation of the  feasibi 1 i t y  of developing  granular borrow from the 
Mackenzie Riverbed has required  the  assistance of several  subconsultants 
and  the  input from a wide range of industry and government personnel. 
Recognition of those firms and individuals i s  provided in Appendix C .  

This study has demonstrated the  feasibi l i ty  of producing  riverbed  gravel 
for  construction borrow uses. There was not ,  however,  enough direct  
evidence,  except  adjacent t o  Norman Wells, to  conclusively prove 
developable  reserves anywhere. This lack of direct   data   is  remarkable 
considering t h a t  the Mackenzie is  one of the  largest  rivers i n  Canada and 

that   the  r iver is  a vital  access  corridor  to  the  frontier  resources of the 
Beaufort Sea. 

The economics of riverbed  dredging and 1 ong di stance barge hauling of 
granular  materials  appears t o  just i fy   fur ther  examination of the  riverbed. 
The study has identified  parts of the Mackenzie Valley which  have 
shortages of conventional borrow w i t h i n  15 km of the  riverbanks. A 
substantial number of those  areas  could  benefit from the use of riverbed 
derived borrow. 
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The environmental concerns relating  to  riverbed  dredging have a1 so been 
considered.  Primarily,  these  relate t o  the impact of dredging on the 
seasonal use of the  river by fish  populations.  Unfortunately,  the  level 
o f  baseline  data on mainstem fish  activit ies  is   clearly  inadequate.  
A 1  t h o u g h  no evidence was uncovered t o  preclude  the development o f  riverbed 
granular  resources anywhere on the  r iver ,   s i te   specif ic   s tudies   are  needed 
before  significant development could  take  place. 

I n  conclusion, i t  appears that  riverbed  granular borrow development is 
b o t h  feasible and potentially economic. In  some areas i t  may even be 
necessary i f  major construction i s  contemplated. I t   i s  not possible,   at  
this  stage,  t o  identify  specific  source  areas or potential dredge s i t e s  
and i t  i s  n o t  possible t o  predict  the impact of dredging on the important 
f i s h   l i f e  of the  river.  Clearly  baseline  geologic  data and f isher ies  
related  data must be acquired  before development of this  potentially 
valuable  resource can proceed. 



0301-34288 Page 66 

Prepared by: 

EBA  ENGINEERING  CONSULTANTS LTD. 

.. . .. 

N.R. MacLeod, P.Eng. 

NRM: j m s  



301-34288 Page 1 

REFERENCES 

A r c t i c   L a b o r a t o r i e s   L i m i t e d ,  ESL Environmental   Sciences  Limited  and EBA 

E n g i n e e r i n g   C o n s u l t a n t s   L i m i t e d   i n   a s s o c i a t i o n   w i t h   T e k m a r i n e   I n c ,  1985. 
Envi  ronmental  assessment of d redg ing   techno log ies .   Prepared  fo r  

Envi ronmenta l   Protect ion  Serv ice.   Env i ronment  Canada, Ye l lowkn i fe ,  
N.W.T., 95  pp. 

B r u n s k i l l  G.J., D.M. Rosenberg, N.B. Snow,  G.L. Vascotto  and R.W. 

Wagemam, 1973. E c o l o g i c a l   s t u d i e s   o f   t h e   a q u a t i c  systems i n   t h e  
Mackenzie-Porcupine  drainages i n   r e 1   a t i o n   t o   p r e p o s e d   p i p e 1  i n and  highway 
developments.   Environmental-Social   Commit tee,  Northern  Pipel ines.   Task 

Force on Nor thern  Oil Development,  Winnipeg.  Report No. 73-40,  131 pp. 

B r u n s k i l l  G.J., -P. Campbell, S.E.M. E l l i o t t ,  B.W. Graham, W.J. Dentry  and 

R. Wagemann, 1975.  The chemist ry ,   minero logy  and  ra tes o f  t r a n s p o r t  o f  
sediments i n   t h e  Mackenzie  and  Porcupine  River  watersheds, N.W.T. 

Yukon,  1971-1973. Environment Canada, F i s h e r i e s  and  Marine  Servi  

Winnipeg.  Technical  Report No. 546,  69 pp. 

Campbell P., J .  Dentry,  G.W. Morden, S. E l l i o t t ,  G.J. B r u n s k i l l ,  

and 

ce , 

R. 
Wagemann, B.W. Graham, 1975.  General   physical   and  chemical   data  for   water 
and  sediment  of   the  Mackenzie  and  Porcupine  watersheds  and  rates  of  
t r a n s p o r t  o f  dissolved  and  suspended  elements a t   s e l e c t e d   s t a t i o n s   i n   t h e  
Mackenzie  and  Porcupine  watersheds  1971-74,  Part 1. Technica l   Repor t  
NO. 556 prepared  by  Environment Canada, F i s h e r i e s  and  Marine  Service, 
302 pp. 

Canadian  Hydrographic  Services,   1983-1986.  Mackenzie  River  Navigat ional  
Char ts  No. 6404 t o  6426. 



301-34288  Page 2 

REFERENCES 

Canadian Marine Transportation  Administration, 1972. Effect of proposed 
dredging on water levels,  Mackenzie River, N.W.T., Phase 1. Ministry of 
Transport, Ottawa, 23 pp plus  appendices. 

Chang-Kue  K.T.J. and R.A.  Cameron, 1980. A survey o f  the  fish  resources 
Of the  Great Bear River, N.W.T. Fisheries and Marine Service, Western 
Region, Department of Fisheries and the Environment, Winnipeg. Manuscript 
Report No. 151, 59 pp. 

Church M . ,  1971. Reconnaissance of hydro1 ogy and f luvial   characterist ics 
of r ivers i n  the Mackenzie Valley, N.W.T., and i n  Northern Alberta. 
Prepared for Mackenzie Val ley  Pipel  ine Research Limited. 48 p p  plus 
figures. 

Church M . ,  and Gilbert R . ,  1975. Progl acial   f l  u v i  a1 and lacustrine 
envi ronments i n  gl aci of 1 u v i  a1 and gl aci 01 acustri ne sedimentation. Soc. of 
Econ. Paleontalogists and Mineralogists  Special  Publication No. 2 3 .  A.V. 
Jobling and B.C. McDonal d. 

Code J.A., 1973. The s t ab i l i t y  of natural  slopes i n  the Mackenzie Valley. 
E n v i  ronmental-Social Comi t t ee ,  Northern Pipel  ines, Task Force on Northern 
O i  1 Development. Report No. 73-9, 18 pp. plus maps. 

Davies K.F., 1974. Hydrometric d a t a  summary Mackenzie River  basin 1973. 
Prepared by Water Survey of Canada, Department of the Environment for  the 
Environmental-Social Program Northern Pipelines. 84 pp. 

Department of Fisheries and Oceans, 1986. Fraser River Dredging 
Guide1 ines.  Draft Copy. DFO Fisheries and H a b i t a t  Management Branch. 
Pacific and Yukon Region, New Westminster, B.C. 15 pp. 



301-34288 Page 3 

REFERENCES 

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

Assoc ia tes   L imi ted ,   1973.   Reg iona l   impact   o f  a n o r t h e r n  gas p ipe1 i ne. 
Vol . 5. Envi   ronmental-Social  Commi t t e e .   N o r t h e r n   P i p e l   i n e s  Task  Force on 
N o r t h e r n  Oi 1 Development.  Report No. 73-32. 

D i r s c h l  H.J., 1975.  Mackenzie  Val ley  and  northern Yukon p i p e l i n e s ,  
reg ional   analys is .   Env i   ronmenta l -Soci  a1 Commit tee,  Northern  Pipel  i nes, 
Task Force  on  Nor thern Oil Development.   Unpubl ished  report   Vol .  1. 

Dome Pet ro leum  L imi ted ,  ESSO Resources Canada L i m i t e d  and  Gulf  Resources 

Inc. ,   1980.   Mackenzie  Val ley  Set t ing.   In   env i ronmenta l   impact   s ta tement  

for  hydrocarbon  development i n   t h e   B e a u f o r t  Sea - Mackenzie  Delta  Region. 
Vol 3c. 

Dome Pet ro leum  L imi ted ,  ESSO Resources Canada L i m i t e d  and  Gulf Canada 

Resources  Inc.,  1982.  Environmental  impact  statement  for  hydrocarbon 

development i n   t h e   B e a u f o r t  Sea-Mackenzie Del ta   reg ion,   research  and 
moni tor ing.   Vol .  7. 

Doran L.D., 1974. F i s h  and  Aquatic  Systems.  Environmental  impact 
assessment o f  t h e   p o r t i o n  of  the  Mackenzie Gas P i p e l i n e  from  Alaska t o  
Alber ta .   Env i ronmenta l   Protect ion  Board,   Winnipeg.   Vol  . IV, Chapter 8, 
205-268 pp. 

Dryden R.L., B.G. Suther land  and J.N. Stein,  1973. An e v a l u a t i o n   o f   t h e  
f i sh   resources   o f   t he   Mackenz ie   R ive r   Va l l ey  as r e l a t e d   t o   p i p e l i n e  
development.   Environmental-Social   Commit tee,  Northern  Pipel ines Task 

Force on Nor thern  Oil Development,  Fisheries  Service,  Department o f  t h e  
Environment,  Winnipeg.  Report No. 73-2,  176 pp. 



301-34288  Page 4 

REFERENCES 

E B A ,  1973. Mackenzie  highway geotechnical  evaluation,  Fort Good  Hope t o  
Norman Wells, N.W.T. A report  submitted  to  Public Works Canada. 

E B A ,  1974. Granular  materials  inventory  Stage I  11. A report  submitted  to 
Indian and Northern Affairs. 

E B A ,  1978. Geotechnical  investigation  for  drilling  islands, Norman Wells 
N.W.T. A report submitted t o  ESSO Resources Canada L td .  ( E B A  Project 
N O .  11-2113). 

EBA,  1980. Geotechnical  engineering overview of  Mackenzie Val 1  ey route 
data. A report  submitted  to  the  Polar Gas Project. ( E B A  Project 
N O .  101-2591 1. 

EBA,  1983. Granular  resource development and  management plan for  
Tuktoyaktuk. A report  submitted t o  Indian and Northern Affairs Canada. 

EBA,  1985. Construction  verification,  art if icial   islands and  berms, 
Norman Wells Oi l f ie ld  Expansion project.  A report  submitted  to Canada Oil 
and Gas  Lands Administration. (DSS Contract No. OGT84-00609). ( E B A  
Project No. 101A-4173). 

Envirocon Limited, 1980. Survey of benthic  macroinvertebrate and f i sh  
populations i n  the Mackenzie River a t  Norman Wells, N.W.T. Prepared for  
ESSO Resources Canada Limited, Cal gary. 

E n v i  rocon Limited, 1981. A survey of fish rearing  areas and hydrocarbon 
analysis of water samples from the Mackenzie River  near Norman Wells, 
N.W.T. Prepared f o r  ESSO Resources Canada Lirni ted, Calgary. 32 pp. 



301-34288  Page 5 

REFERENCES 

Environment Canada,  1960-1979. Water quali ty  data Mackenzie River  basin. 
Prepared by Inland Waters Directorate  for the Mackenzie River Basin 
Committee. 1080 pp. 

Environment Canada, 1982.  Sediment data  reference index. Prepared by 
Inland  Waters  Directorate. 47 pp. 

Environment Canada, 1983. Historical  water levels summary  Yukon and 
N.W.T. Prepared by In1  and Waters Directorate. 37 pp. 

Environment Canada, 1983.  Sediment data Canadian rivers. Prepared by 
Inland  Waters  Directorate. 233 pp. 

Environment Canada, 1983. Surface  water  data  reference index. Prepared 
by Inland  Waters  Directorate. 386 pp. 

Environment Canada, 1984. Historical  streamflow summary  Yukon and N.W.T. 
Prepared by Inland  Waters  Directorate.  128 pp. 

Environment Canada, 1985. Surface  water  data Yukon and N.W.T. Prepared 
by Inland Waters Directorate. 110 pp. 

Erickson P.  and B.  Fowler,  1986. The flux of suspended par t iculates ,  
petroleum  re1 ated hydrocarbons, trace  metals and nutrients from the 
Mackenzie River d u r i n g  the winter season, a p i  1 o t  study  of  the  East 
Channel. A report  prepared  for the Department of Indian and Northern 
Development, Ottawa. 123 pp plus appendices. 



301-34288 Page 6 

REFERENCES 

ESSO Resources Canada Limited, 1980. Norman Wells o i l f i e l d  expansion. 
Environmental  impact statement. Oil f i e l d  development. ESSO Resources 
Canada Limited, Edmonton.  Vol . 2 (n .p .  ). 

ESSO Resources Canada Limited, 1980. Norman Wells o i l f i e l d  expansion, 
environmental  impact  statement. Oi l f ie ld  Development. Vol. 2.  

ESSO, 1982. Norman Wells Project,  dredging  operations  plan 1983-1984. 
Data  prepared i n  support of ESSO's Water Licence  Application t o  the Water 
Resources  Division, Department o f  Indian  and  Northern Affairs.  

Foothi l ls  Pipe Lines (Yukon) L t d . ,  1979. The Dempster highway la te ra l  gas 
pipeline project,  environmental  impact  statement. Foothi l ls  Pipe Lines 
(Yukon) L t d . ,  Calgary. Vol . 4,  632 pp .  

Forstner U. and G.T.W. Wittmann, 1979. Metal pollution i n  the aquatic 
environment. Springer Verl ag, Berlin. 

FOX M.F. , 1979. An exploratory  study of f luvial  s i tes  and processes i n  
the Mackenzie, Liard and lower Fort  Ne1 son rivers. Par t  1. Overview of 
erosion and deposition. Department of Indian and Northern Affairs,  
Ottawa. Vol . 1. 

Geological Survey of Canada, 1969. Map of the physiographic  regions o f  

Canada. (Number 1254A). 



301-34288  Page 7 

REFERENCES 

Geological Survey of  Canada  1972  and 1973. Reconnaissance granular 
resource  inventory of the Mackenzie Val 1 ey. Reports for  Indian and 
Northern  Affairs. 

Hardy Associates  (1978) L t d . ,  1982. Engineering recommendations for  
Bosworth  Creek and Great Bear River  crossings. 

Hardy Associates  (1978) Ltd. ,  1979. Preliminary  environmental impact 
assessment, Norman  We1 1 s development plan.  Prepared for  Esso  Resources 
Canada Limited. 

Hardy Associates  (1978) L t d . ,  1986. Granular  resource  potential, Lower 
Mackenzie Valley. A report  submitted  to Department of Indian and Northern 
Affairs. 

Hatfield C.T., J . N .  Stein,  M.R. Falk and C.S. Jessop, 1972a. Fish 
resources of the Mackenzie River Val ley. Environment Canada. Fisheries 
Service, Winnipeg. Interim Report I ,  Vol. 1, 249 pp. 

Hatfiel d C.T., J . N .  Stein,  M.R. Fa1 k ,  C.S. Jessop and D . N  Shepherd, 
19728. Fish resources of the Mackenzie River Val ley,  Department of 
Environment, Fisheries  Service, Winnipeg. Interim  Report I ,  Vol. 11, 
289 pp. 

Heginbottom J .A. ,  1978. T h i r d  International Conference on Permafrost, 
Edmonton, Alberta.  Field Trip No. 3 ,  Lower Mackenzie River  Valley. 
Geological Survey of  Canada. 66 pp. plus  appendices. 



301-34288  Page  8 

REFERENCES 

Hollingshead G.W. and L.A.  Rundqu i s t ,  1977. Morphology  of the Mackenzie 
Delta  channels. Th i rd  National  Hydrotechnical  Conference. Canadian 
Society  for  Civil  Engineers, Lava1 University, Quebec.  309-326 pp. 

Hughes, O., 1970. Surf ic ia l  geology maps. GSC Open F i l e  No. 26. 

Hughes O . L . ,  J .J. Veil l e t t e ,  J .  Pi l lon,  P.T. Hanley  and R.O. van 
Everdi n g e n ,  1973. Terrain eva lua t ion  w i t h  r e s p e c t   t o   p i p e l i n e  
construction, Mackenzie tranportation  corridor.  Central  part,  Lat. 64 t o  
68 N .  E n v i  ronmental -Social Committee, Northern  Pipe1 i nes, Task Force on 
Northern  Oil Development. Report No. 73-37, 74  pp .  

Indian and Northern Affairs Canada, Environment Canada, Fisheries and 
Oceans  Canada,  Government  of the Northwest Ter r i to r ies  and the Y u k o n  
Ter r i to r ia l  Government, 1986. Mackenzie environmental  monitoring project 
1985-86 Final  Report. 308 pp. plus  appendices. 

Inland Waters Directorate, 1980. Historical sediment  data summary, 
Canadian r ivers ,   to  1978. Inland Waters Directorate, Water Resources 
Branch, Water Survey of Canada, Ottawa. 

Inland Waters Directorate,  Yellowknife, 1985. Hydrology information 
ser ies .  Prepared by Western Ecological  Serivces L t d . ,  Victoria, B.C. 
Mackenzie Delta;  Aklavik;  Fort Norman; Carcajou Canyon; Mahony Lake; 
Norman We1 1 s; Travaillant Lake; Arctic Red River;  Fort McPherson; 
Ontaratue River; Fort Good  Hope; Sans  Saul t Rapids. 



301-34288  Page 9 

REFERENCES 

Interprovincial  Pipe  Line ( N U )  L td . ,  1984a. Post construction  monitoring 
programs for   the Norman Wells t o  Zama pipeline. 

Interprovincial  Pipe  Line ( N W )  L t d . ,  1984b. Water quality  monitoring i n  
re la t ion   to  1984 pipe1 ine construction. 14 pp. 

ISaacs, R. ,  1974. Geotechnical studies of permafrost i n  the F o r t  Good 
Hope-Norman Wells Region, N.W.T. Report 74-16, Environmental-Social 
Committee, Northern Pipelines, Task Force on Northern  Oil Development. 

Jessop C .S., K .T.J . Chang-Kue, J .W. L i  11  ey  and R.J . Percy, 1974. A 

further  evaluation o f  the  fish  resources of the Mackenzie River  Valley  as 
re1  ated  to p i  pel i ne development. Env i  ronmental -Soci a1 Program. Northern 
Pipe1 i nes Task Force on Northern Oi 1 Development. Report No. 74-7, 
95 P P *  

Jessop C.S. and J.W. Lilley,  1975. An evaluation of the  f isher ies  
resources o f  the Mackenzie River Valley based on 1974 data.  Fisheries and 
Marine Service, Department of the E n v i  ronment, Winnipeg. Technical  Report 
Series CEN/T-75-6.  97 pp. 

Kenny, T.C., 1976. Formation and geotechnical  characteristics of 
glacial-lake varved so i l s .  From Laurits Bjerrum Memorial  Volume - 
Contributions t o  Soil Mechanics, ed. Jambu, Jorstand and Kjea, NGI, Oslo. 

Kindle E.M. and T.D. Bosworth, 1920. Geological Survey of  Canada  Summary 
Report. 



301-34288 Page 10 

REFERENCES 

Komex,   1981.   Norman  Wel ls   expans ion   p ro jec t ,   1981  subsur face  

i n v e s t i g a t i o n s .  

Komex, 1982(  a). Norman We1 1 s expans ion   p ro jec t ,  1982 geotechn i   ca l  

i n v e s t i g a t i o n s .  A r e p o r t   s u b m i t t e d   t o  ESSO Resources Canada L t d .  (Komex 
F i l e  No. 921-2). 

Komex, 1982(b) .  Norman W e l l s   e x p a n s i o n   p r o j e c t ,   s e t t l e m e n t   o f   a r t i f i c i a l  

i s l a n d   h y d r a u l  i c  sand fill. R e v i s e d   A p r i l ,  1982. A r e p o r t   s u b m i t t e d   t o  

ESSO Resources Canada L td .  (Komex F i l e  No. 944). 

Komex-Geocon, 1980(a) .  Norman Wel ls   expansion  pro ject ,   1980  geotechnica l  

i n v e s t i g a t i o n s .   I n t e r i m   d a t a   r e p o r t .   S u b m i t t e d   t o  ESSO Resources Canada 

L t d .  

Komex-Geocon, 1980(b) .  Norman Wel ls   expansion  pro ject ,   1980  geotechnica l  
i n v e s t i g a t i o n s .  A r e p o r t   s u b m i t t e d   t o  ESSO Resources Canada Ltd.  

K u r f u r s t ,  P . ,  1973. T e r r a i n   d i s t u r b a n c e   s u s c e p t i b i l i t y ,  Norman Wel ls  
area,  Mackenzi e Val  1 ey.  Report  73-24  Envi  ronmental  -Soci a1 C o r n i t t e e ,  

Nor thern   P ipe l ines ,   Task   Force   on   Nor thern  Oi 1 Development. 

LGL L imi ted ,  ESL Envi ronmenta l   Sc iences  L imi ted,  ESSA Environmental  and 
S o c i a l  Systems Ana lys ts   L im i ted   and  P.J. Usher   Consul t ing  Serv ices 
L i m i t e d ,  1986. C i ted   under   I nd ian   and   Nor the rn   A f fa i r s  Canada e t  d l ,  

1986. 



301-34288  Page 11 

REFERENCES 

Levinson A.A., B. Hi tchon and S.W. Reeder, 1969. Major element 
composition o f  the Mackenzie River a t  Norman Wells, N.W.T., Canada. 
Geochimica e t  Cosmochimica. Acta 33:  133-138 pp. 

Lombard North Group Ltd. ,  1974.  Environmental  impact study, Mackenzie 
Highway, Mile 550-725. Field Research  Report.  Prepared for  Department o f  

Public Works,  Edmonton. Vol .  1, (various  paging). 

Mackay D . K . ,  1967. Discharge o f  the  Liard and  Mackenzie ri vers. 
Geographical Bulletin, 9 (1): 11-19 pp. 

Mackay J . R . ,  1972. Applications o f  water  temperatures t o  the problem o f  
l a t e ra l  mix ing  i n  the  Great Bear-Mackenzie River system. Canadian Journal 
o f  E a r t h  Sciences 9: 913-917 pp. 

Mackay J.R., and  Mathews, W . ,  1973. Geomorphology and Quaternary  History 
o f  the Mackenzie River  Valley near Fort Good  Hope, N.W.T., Canada.  Can. 
Journal  of  Earth  Sciences  10, 26. 

Mackenzie River Basin Committee, 1981. Mackenzie River  basin  study 
report. 231 pp. 

Mackenzie River Basin Committee, 1981. Mackenzie River  basin  study  report 
supplement 2 ,  al luvial  ecosystems. 129 pp. 

blackenzie River  Basin Committee, 1981. Mackenzie River  basin  study  report 
supplement  3, spring break-up. 



301-34288  Page 12 

REFERENCES 

Mackenzie River Basin Committee, 1981. Mackenzie River  basin  study  report 
supplement 4,  hydrometeorologic network design. 101 pp .  

Mackenzie River Basin Committee, 1981. Mackenzie River  basin  study 
report. A report under the 1978-81 Federal  -Provincial Study Agreement 
respecting  the  water and selected  resources of the Mackenzie River  Basin. 
231 pp. plus 9 supplement volumes. 

Mackenzie River Basin Committee, 1981. Mackenzie River  basin  study  report 
supplement 5,  hydrometeorologic network design, background reports. 

Mackenzie River Basin Committee, 1981. Mackenzie River  basin  study  report 
supplement 8,  daily  hydrologic model user manual.  184 pp. 

Mackenzie River Basin Committee, 1985. Mackenzie River  basin s tudy report 
supplement 9, water  quality. 201 pp. 

Maclaren Plansearch  Limited, 1985. Unpublished d a t a  from the Mackenzie 
River. 

McCart P.J. and D. de Graaf, 1974. Effects of disturbance on benthic 
fauna of small streams i n  the  vicinity o f  Norman Wells, N.W.T. P.J. 
McCart (ed. ),  Fisheries  research  associated w i t h  proposed gas pipe1 ine 
routes  in Alaska, Yukon and Northwest Terri tories.   Arctic Gas Biological 
Report Series 1 5 ( 4 ) .  29 pp. 



301-34288  Page 13 

REFERENCES 

McCart P.J., 1974. Late  winter  surveys of lakes and streams i n  Canada  and 
Alaska  along the gas pipeline  routes under consideration by Canadian 
Arctic Gas Study L t d . ,  1972-73. P.J. McCart (ed.),  Fisheries  research 
associated w i t h  proposed  gas pipel  ine  routes i n  Alaska, Yukon and 
Northwest Terr i tor ies .   Arct ic  Gas Biological  Report  Series  15( 1 ) .  183 p p  
plus maps. 

McCart P.J., and J .  Den Beste, 1979. Aquatic  resources of the Northwest 
Ter r i to r ies .  Prepared for  the Science Advisory Board  of the N .W.T., 
Yellowknife. 55 pp.  

McCart P.J . , W Griff i  ths, C.  Gossen, H. Bain  and D .  T r i p p ,  1974. 
Catalogue of lakes and streams i n  Canada along  routes of the proposed 
Arctic Gas pipel ine from the Alaskan/Canadian border to   the 60th para1 le1 . 
Arctic Gas Biological  Report  Series 16. 251 pp.  plus  appendices. 

McCart D .  and P.J. McCart, 1982. Late  winter  surveys of aquatic  resources 
along  the IPL Pipeline Route, Norman Wells, N.W.T. to  Zama Terminal, 
Alberta.  Prepared for  Interprovincial Pipe Line ( N W )  L td . ,  by Aquatic 
Environments Limited,  Calgary. 28 pp. plus maps. 

McPhail  J.D.  and C.C. Lindsey, 1970. The freshwater  fishes of 
north-western Canada  and Alaska. Fisheries Resources Board  of  Canada 
Bulletin 173. 381 pp. 

Nagy E . ,  Carey  J . H . ,  Hart J .H. ,  Ongl ey E .  and Tisdal e J . , 1986. 
Hydrocarbons i n  Mackenzi  e River Suspended Sediments.  National Water 
Research Institute,  Burlington  Ontario. NWRI Contribution 86 - 65. 



301-34288  Page 14  

REFERENCES 

Mann G.J . , 1975. Winter f isher ies  survey  across  the Mackenzie Delta. 
P.C. Craig (ed.),  Fisheries  investigations i n  a coastal  region of the 
Beaufort Sea. Arctic Gas Biological  Report  Series  34(3). 54 pp. 

Neil 1 C . R . ,  1973. Technical report on aerial  reconnaissance and study 
recommendations for   r ivers  i n  the Mackenzie Basin N.W.T. Hydrologic 
assessments of northern pipe1 ine development. E n v i  ronmental -Soci a1 
Committee, Northern Pipelines, Task Force on Northern Oil Development. 
Report  73.3, 259-312 pp.  

Northwest Hydraulic  Consultants Ltd. ,  1979. Regime  of Mackenzie River a t  
Norman Wells i n  relation t o  a r t i f ic ia l   i s land  scheme. Prepared  for ESSO 
Resources Canada L td .  39 pp .  

Northwest Hydraulic  Consultants L t d . ,  1982. Hydraulic effects  of proposed 
dredging i n  Mackenzie River  near  the Ramparts. Prepared  for  Public Works 
Canada, Edmonton.  Vol. 1. 

Pemcan Services, 1972. Granular  materials  inventory done fo r  DIAND. 

Ri ver i nvesti  gati on, prepared navi g a t i  on channel improvements, t e s t  
d r i l l ing  program. Report t o  the Design and Construction Branch. 

Reading, H.G., 1978. Sedimentary  environments and facies.  Elsevier 
Publishers, New York. 

Reconnaissance granular  resource  inventory on the Mackenzie Valley f o r  
Indian and Northern Affairs by the  Geological Survey of Canada, 1972 and 
1973. 



301-34288  Page 15 

REFERENCES 

Reeder S.W., 1973. Annual water  quality  report o f  the Mackenzie River 
Drainage  Basin.  Report 73-12. 

Reeder S.W., B. Hitchon and A.A. Levinson,  1972.  Hydrogeochemistry of the 
surface  water o f  the Mackenzie River  drainage  basin, Canada. I-Factors 
c o n t r o l l i n g   i n o r g a n i c   c o m p o s i t i o n .  Geochem.  Cosmochem. 
Acta 36:825-865 pp. 

Reid K .W., H . O .  B1 ock  and J .T .  Chapman, 1975.  Water  qual i t y  

investigations i n  the Mackenzi e Basin w i t h  speci a1 reference  to  the 
p o t e n t i a l   f o r  impai rment of   water   qual i ty  by pipe1  ine  or  road 
construction. Report 74-45. E n v i  ronmental-Social Committee, Northern 
Pipeline Task Force on Northern O i l  Development. Information Canada, 
Ottawa. 

Reineck  and S ingh ,  1975. Depositional  sed 
Springer-Vorlag  Publishers, New York. 

imentary envi ronments, 

Renewable Resources Consul t i  n g  Services L t d . ,  1978. E n v i  ronmental review 
and assessment proposed Mackenzie River  dredging  project.  Prepared  for 
Pub1 i c Works  Canada and Department of Transport, Edmonton. VOl 2, 
838 pp. 

Rutter, N . W . ,  Boydell, A.N. ,  Savigny, K .W. and Van Everdingen, R.O. ,  1973. 
Terrain  evaluation w i t h  respect  to  pipeline  construction, Mackenzie 
Transportation  Corridor,  Southern  Part.  Report  submitted  to  the 
E n v i  ronmental -Soci a1  Program fo r  Northern P i  pel i nes, Task Force on 
Northern O i  1 Development. 



I 

301-34288 Page 16 

REFERENCES 

Stein J . N . ,  C .S. Jessop, T.R. Porter and K .T.J . Chang-Kue, 1973. Fish 
resources o f  the Mackenzi e River Val 1 ey . Envi ronmental -Soci a1 Program, 
Northern Pipelines Task Force on Northern Oil Development. Interim 
Report  11, 260 pp. 

Water Quality Branch, 1983. Mackenzie River Basin  water quali ty 
interpretive report.  Inland Waters Directorate, Water Quality Branch, 
Yellowknife.  Final  Draft. Vol. Id (various  paging). 

Water Survey of Canada, 1977. Miscellaneous  stream flow measurements i n  
Alberta and Northwest Ter r i to r ies ,  1894-1976. Department o f  Environment, 
Water Resources Branch, Water Survey o f  Canada, Ottawa. 

Water Survey o f  Canada, 1983. Historical  streamflow summary,  Yukon and 
Northwest  Terri tories,   1982.  Environment  Canada,  Inland  Waters 
Directorate, Water Survey of Canada, Ottawa.  115 pp. 

Water Survey of Canada, 1983.  Surface  water  data  reference index, Canada, 
1983. Environment Canada, Inland Waters Directorate, Water Survey o f  

Canada, Ottawa. 386 pp. 

Water Survey of Canada, 1984. Sediment data Canadian rivers, 1982. 
Environment Canada, Inland Waters Directorate,  Water Survey of Canada, 
Ottawa. 268 pp. 



301-34288  Page 17 

REFERENCES 

Zallen M y  1984. Effects of pipeline  construction on juveniles and 
incubating eggs of mountain whitefish (Prosopium williamsoni Girard) i n  
the Moyie River, B.C. A.F. Crabtree  (ed.), Proceedings of the  Third 
I nternational Symposium on Environmental Concerns in R i  ght-of-Way 
Management February  15-18,  1982, San Diego, CA. 488-498 pp. 



0301-34288 

TABLE 4.1 

TABLE 4.2 

TABLE 5.1 

TABLE 5.2 

TABLE 5.3 

TABLE 6.1 

TABLE 6.2 

TABLE 6.3 

TABLE 6.4 

TABLE 7.1 

TABLE 7.2 

TABLE 7.3 

TABLE 7.4  

L I S T  OF TABLES 

I D E N T I F I C A T I O N  OF THE RIVER ZONES 

MACKENZIE  RIVER  TERRAIN AND  BORROW  SUMMARY 
(BY ZONE) 

MACKENZIE  VALLEY  UPLAND AND CHANNEL DEPOSITS 
(BY ZONE) 

ANTICIPATED GRANULAR BORROW REQUIREMENTS FOR 
THE MAJOR MACKENZIE  VALLEY  COMMUNITIES 

COST COMPARISON FOR CONVENTIONAL AND 
RIVERBED BORROW PRODUCTION 

SUMMARY OF DISCHARGE RECORDS  FOR 
THE  MACKENZIE  RIVER TO 1984 

FISH  SPECIES LOCATED WITHIN THE 
MACKENZIE  VALLEY STUDY AREA 

ESTIMATED ANNUAL HARVEST OF THE 
MACKENZIE  VALLEY  DOMESTIC  FISHERIES 

REACH ZONES W I T H   S I G N I F I C A N T   F I S H E R I E S   A C T I V I T I E S  

RATING SYSTEM FOR THE GRANULAR MATERIALS 
POTENTIAL OF THE  RIVER ZONES 

EVALUATION OF RIVER  REGIME  CHARACTERISTICS 
FOR EACH RIVER ZONE 

RIVERBED BORROW POTENTIAL FOR EACH RIVER ZONE 

AREAS WHERE DEVELOPMENT OF RIVERBED 
BORROW APPEARS FEASIBLE 



I I I 1 J I I f i I I I 1 I 1 I I t I 

0301 - 3 4 2 8 8  

TABLE  4.1 
IDENTIF ICATION OF THE R I V E R  Z O N E S  

R I VERI 
K I LOMETRE 

POST I NG 

0 

R I VER 
ZONE 
NO 

NT S 
MAP 
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G r e a t   S l a v e   L a k e  

W e s t   s l d e  of  B l g   I s l a n d  
8 5 F  S o u t h   C h a n n e l  

26 

I I  85F 
West   end of B e a v e r   L a k e  

B e a v e r   L a k e  
6 0  

I l l  85ESF P r o v l d e n c e   R a p i d s  
H o r n   R i v e r   a n d   M I I l s   L a k e   F o r t   P r o v l d e n c e   ( k m   7 9 )  1 0 7  

IV 85E 
Wes t   end  of M i  I I s  L a k e  

M I  I I s  L a k e  
130 

V 85E,  95H 
T r o u t  R I v e r  229  

VI 95H J e a n - M a r i e   R i v e r  (km 2 7 0 )  
G r e e n   I s l a n d   R a p l d s   ( k m   3 2 0 )  300 R a b b i t s k i n   R i v e r  

V I  I 95H 6 J L l a r d   R i v e r ,   F t .   S l m p s o n  ( k r n  3 4 0 )  
E a s t  of B u r n t  Is1 a n d  4 1 0  

VIII 95 J C a m s e l l   B e n d   ( k m   4 6 1 )  
M c G e r n   I s l a n d   ( k m   4 9 2 - 5 1 4 )  5 2 0  W i l l o w l a k e   R l v e r  

I X  9 5 J  6 0 R l v e r   B e t w e e n  Two M o u n t a l n s   ( k m  5 3 8 )  
W r l g i e y  (km 5 7 4 )  5 8 0  W r l g l e y   R i v e r  

X 9 5 0  6 N O c h r e  R.  ( k m   6 0 5 ) ,   J o h n s o n  R .  ( k m   6 3 5 )  
B l a c k w a t e r   R l v e r  665 

9 5 N ,   9 6 C   D a h a d l n n l   R l v e r   ( k m   6 7 8 )  
R e d s t o n e   R l v e r  

XI 
714 
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TABLE 4.1  
I D E N T I F I C A T I O N  OF THE R I V E R  ZONES 

R I VER 
ZONE 
NO 

R I VERI 
K I LOMETRE 

POST I NG 

X I  I 
8 2 8  

X I  I I 
9 6 6  

X I V  
101 7 

x v  
1 0 8 7  

x v  I 
1 0 9 8  

X V I  I 
1 2 6 1  

X V I  I 1  

I X  

1 i i 1 

N T S  
MAP 

GEOGRAPHIC  BOUNDARIES SHEETS  GEOGRAPHIC  FEATURES 

G r e a t   B e a r   R l v e r  
96C S a l l n e  I s .  (km  7241,  K e e l e  R .  ( k m   7 3 7 )  

F o r t   N o r m a n   ( k m   8 2 7 )  

96C,  D6E  Norman We I I s ( k m   9 0 5 1  
P a t r l c l a   I s l a n d  

S a n s   S a u l t   R a p i d s  
96E,  106H 

M o u n t a l n   R l v e r   ( k m   1 0 1 5 )  

106H d I D u m m l t   I s l a n d   ( k m   1 0 2 0 - 1 0 2 6 )  
E n t r a n c e   t o   R a m p a r t s  

E x l t  t o  R a m p a r t s  
1 0 6  I 

F o r t   G o o d   H o p e   ( k m  1 1 0 1 )  

1061,  J b O  O n t a r a t u e   R i v e r   ( k m  1 2 0 0 )  
N o r t h  o f  L l t t l e   C h l c a g o  

1 4 3 8   L o w e r   R a m p a r t s  

1 4 7 5   P o l n t   S e p a r a t i o n  

1 0 6 0  6  N T h u n d e r   R . ( k m 1 2 9 9 )   T r a v a l l l a n t   R . ( k m 1 3 2 7 )  

106N A r c t l c   R e d   R l v e r   ( k m   1 4 5 4 )  

N o t e :  1 )  K l l o m e t r e   p o s t l n g s   a r e   I n t e r p r e t e d   f r o m   t h e   M a c k e n z l e   R l v e r   N a v l g a t l o n a l   C h a r t s   p r e p a r e d   b y   t h e  
C a n a d i a n   H y d r o g r a p h l c   S e r v l c e .   C h a r t   N u m b e r s   6 4 0 4   t o   6 4 2 6 .  
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0301-34288 TABLE 4.2 Page 1 
MACKENZIE RIVER TERRAIN AND BORROW SUMMARY 

(R IVER ZONE I 0-26 km) 

R I VER  TOPOGRAPHY RIVER LANDFORMS  UPLAND  TOPOGRAPHY  UPLAND LANDFOWS 

A) *: <157 m t o  <I56 m A) 

B) Width: 2-10 km B) 

C) Depth: .5-4 m mostly .5-2 m 

D) Tr  ibutary   Rivers:  none C) 

E) Cur ren t   in  channel 1.5 to 4 knots  D) 

E) 

S t r a i g h t  Channel Div ided A) F l a t   p l a i n   a d j a c e n t   t o   r i v e r  

Numerous Islands  in  wide  south B )  N. side  of  channel i s   B i g   i s l a n d  
channel; Brabrant,Sinciair,Matheson, 
Lobstick,Naylor,Grassey,Range, 
25 unnamed 

A I  l u v i a i   d e p o s i t s   s i l t  and sand 

River banks low r e l i e f  

Boreholes show t i l l  I n  channel 

F)*Low p o t e n t i a l  for granular   mater ia l  
I n   t h i s   s t r e t c h  

A) Shale  sandstone  beneath t I I I and 
g l a c i o i a c u s i r i n e   m a t e r i a l s  

13) G l a c l o i a c u s t r i n e   p l a i n   d e p o s i t s  
o v e r l i e   m r a i n e   p l a i n   d e p o s i t s  

C )  Organic   deposi ts   over l ie   f ine-  
g ra ined   g lac lo iacus i r i  ne mater1  ai 
and t i l l  

D) Scattered  permafrost  beneath 
organics 

E)*No p o d  upland  sources  of  granular 
mater I a l  

*Comments re la t i ve   to   g ranu lar   mater ia l   sources  
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R 1 VER TOPOGRAPHY 

A) &: Big   I s land  <156 m; Beaver 
Lake 153 m 

E) Width: 4-11 km 

C) Depth: -5-4 m 

D) Tr ibu tary   R ivers :   nor th  channel 

I 1 I 1 I I f I 

TABLE 4.2 
MACKENZIE RIVER TERRAIN AN) B sur44 ORROW 

(RIVER ZONE 1 I 26-60 km) 

i I I I I 

Page 2 
ARY 

RIVER LANDFORMS  UPLAND  TOPOGRAPHY  UPLAND  LANDFORMS 

A) S t r a l g h t  Channel - expanded I n  A) F l a t   p l a i n  adJacent t o   r l v e r  Sam as Sect  Ion I 
Beaver  Lake 

E) I s l ands   a t   Junc t i on   w i th  N e  channel; 
submerged bars 

C) Low r e l i e f   r l v e r  banks 

D) 6 boreholes show t l l l ;  1 shows sand 

E)*Low p o t e n t i a l  fo r  granular   mater ia l  
i n   t h i s   s t r e t c h  

*caments   re la t i ve   to   g ranu lar   mater ia l   sources .  
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TABLE 4.2 
MACKENZ IE R 1 VER TERRA1 N AND BORROW SUMMARY 

(RIVER ZONE I l l  60-107 km) 

I J I f 1 I 

Page 3 

R 1 VER  TOPOGRAPHY RIVER LANDFORMS  UPLAND  TOPOGRAPHY  UPLAND  LANDFORMS 

A) E: <153 m a t  km 60 t o  143.5 m 
a t   M i l l s  Lake 

B)  Width: 
channe 

C) Depth: 
deep 

2-10 km widest where 
1 1  d iv ides  

<1 m-14 m; usua l l y  .2-6 m 

0 )  Deeper : channels  Beaver  Lake t o  
Fort   Prov 1 dence 

E )  Tr ibutary   Rivers:   B luef ish,  Horn 

F) Curren t   ve loc i ty   in   channe ls  3.5- 
5 knots  except  Providence  Raplds 
where it i s  4.5-8.5 knots 

A) D lv lded Channel - Braided  Rlver 

8) Is lands - Meridian,  Providence, 
Green, Whltlock,  Misson 

C) A l l uv la l   depos i t s  to 153 m 

D) A I  l uv la l   depos i t s  of s i l t  and 
sandy; some gravel 

E) Rlver bank low re1   i e f ;  153 m 
contour marks  break  with up I and 

F)  Providence  Rapids 

G) Many boreholes show sand and 
gravel  

H)*Moderate to h i g h   p o t e n t i a l   f o r  
g ranu la r   ma te r ia l   i n   t h i s  
sec t  I on 

A)  U n d u l a t l n g   t o   f l a t   p l a i n   a d J a c e n t  A) Bedrock: Sandstone, shale  beneath 
to rl ver t i l I and g l a c i o l a c u s t r i n e   m a t e r i a l  

B) G l a c l o l a c u s t r i n e   p l a i n   d e p o s i t s  
o v e r l i e   m r a l n e   p l a l n   d e p o s i t s .  
Total   th lckness of these 
Quaternary  mater ia ls  I s  12-20 in 

C) Organ lc   depos l ts   over l ie  f I ne- 
g r a l n d  moraine p l a i n  t l l  I and 
g l a c l o l a c u s t r i n e   s i l t  and c lay  

0) Scattered  permafrost  beneath 
organ IC depos i t s  

E)*Onl  y  source of  granular  mater1 a1 
along MacKenzle Hwy. 10+ km south 

+Comments r e l a t i v e   t o   g r a n u l a r   m a t e r i a l  sources. 
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R I VER  TOPOGRAPHY 
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TABLE  4.2 
MACKENZ IE RIVER TERRA1 N AND BORROW SUMMARY 

(R IVER ZONE IV 107-130 km) 

I 

RIVER LANDFORMS  UPLAM) TOPOGRAPHY 

I I I I 

UPLAND  LANDFOWS 

I 

Page 4 

A) &: 143.5 m 

~~~~~~~~~ ~ ~ 

A) Expanded S t r a l q h t  Channel - Lake A) Same as Zone I I I A) Same as Zone I I I 

B) Wldth: 6-17 km B)   Lacus t r lne /A l luv la l   P la  

C) Depth: .2-6 m C) A l l u v l a l   P l a l n   d e p o s l t s  

D) Deeper channel o f f  Horn  Rlver 
f Ine sand 

S. c e n t r a l   p a r t  of lake D) Rlver bank low re1 le f ;  

, I t s  

and 

n depos 

of SI It 

53 m 
contour marks break w I t h  up land 

E) Boreholes show s l l t y  and c l a y  

F)*Low p o t e n t l a l  for granular   mater la l  
I n   t h l s   s e c t l o n  

*Comments re la t i ve   to   g ranu lar   mater ia l   sources .  



i 1 I f I 1 1 i I I 1 t I f I 

0301-34288 

R I VER  TOPOGRAPHY 

TABLE 4.2 
MACKENZIE RIVER TERRAIN AND BORROW SUMMARY 

(R IVER ZONE V 130-229 km) 

RIVER LANDFORMS  UPLAND  TOPOGRAPHY 

Page 5 

UPLAND  LANDFORMS 

A) E: 143.5 M i l l s  Lake t o  141 m 
a t  km 228.5 

B )  Width: 1-4 km 

C) Depth: 2-12 m; u s u a l l y  2-8 m 

D) Deeper: channel - Bouvier  Rlver 
t o  Redkni fe   River  

E )  Tr lbutary   Rivers:  
Bouvier  (gravel  bed) 
Trout  (gravel  bed) 
Redknlfe  (gravel bed) 
Axe C. 
Small Axe C. 
Wal lace C. 

Morrisey C. 
Ha i r  Stand C. 
Several unnamed creeks 

Sku l l  C. 

A) S t r a l q h t  Channel A)  U n d u l a t l n g   t o   f l a t   p l a i n  

B) A l l u v i a l   P l a l n  and terrace  deposlts  B)  Upland  area  Horn  Plateau 75 km t o  
t o  153 m N. 

C) A I  l u v l a l   d e p o s i t s   o f   s i l t  and sand C) Low r i dges  ( 2 4 0  t o  300 m) 
represent 1 ng shore1 I nes o f  G I  ac 1 a1 

0) Two very smal I unnamed is lands  Lake McConnel I r 1 5 8  s I I ght  I y above 
the  gIacloIacustrIne/moraine p l a i n  

E) River banks low r e l i e f  N. of t h e   r l v e r  

F )  153 m contour  marks  break w I t h  D) Escarpment of I imestone  rock I l es  
up I and 7 t o  25 km S. o f   r l v e r  

G)*Posslble  gravel i n   r i v e r  near m u t h  
of   gravel  bed t r i b u t a r i e s ,   l e ;  
Trout,  Redknlfe,  Bouvier. 

H) Low t o  moderate p o t e n t i a l   f o r  
g r a n u l a r   m a t e r l a l   i n   r i v e r  

A) Shale, Sandstone i n  lowland  by 
r i v e r ;  I Imestone  along  escarpment 
7-25 km S. o f   r i v e r ;  Sandstone  and 
shale I n  Horn  Plateau 

B)   G lac lo lacus t r l ne   p la ln  and veneer 
deposi t s   ( u p   t o  5 m t h i ck )   ove r  I l e  
moralnal  deposits 

C) Tota l   depth  o f   g lac io lacust r lne 
and tll I i s  12-20 m 

D) Organic   deposi ts   over l ie  t i l I and 
g lac lo lacus t r ine   mater ia ls .  
Scattered  permafrost  beneath 
organ 1 cs 

E)*Upland  granular  material  In 
beaches and a long  escarpmnt   In  
g l a c i o f l u v i a l   d e p o s i t s  

‘Comments re1 a t l ve   t o   g ranu la r   ma te r ia l  sources. 
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0301-34288 TABLE  4.2 Page 6 
MACKENZ IE RIVER TERRAIN AND BORROW SUMMARY 

(R IVER ZONE Vi 229-300 km) 

R I VER  TOPOGRAPHY RIVER LANDFORMS U P L M  TOPOGRAPHY  UPLAND  LANDFORMS 

A) E W. of Trout   R lver  141 m t o  A) S t ra lgh t  Channel A)  S l m l i a r   t o   S e c t l o n  V 
Rabbi tsk ln   Rlver  137 m 

B) A I  l u v l a i   p l a i n  and ter race  deposi ts  
6) Wldth: .75-1.5  km t o  153 m 

C) Depth: 2-15 m C) A i i uv la l   depos i t s  of sandy s i  It, 

D) Deeper channel; Jean Marie Creek 
a l so  t i l l on r i v e r  bed 

t o  Cache I 

E) Tr lbutary   Rivers:  
Jean Marie  (gravel  bed) 
Spence 

D) Some boreholes show granular 
a l   l uv lum 

E) Rlver banks show some re1 ref - 
cutbanks Spence R i v e r   t o  
Rabbl tsk ln   Rlver  

A) S l m l  l a r   t o   S e c t i o n  V except 

1 )  Fewer g iac io lacush- ine  depos 
o v e r l i e  t l l l  on N. s ide of R 

i t s  
I ver 

21  Glac lo lacus t r i ne  and morainal 
deposi t s  on1 y 12 m t h   I c k  N. of 
r I vet- 

3)  Giac lo iacus t r ine   depos l ts  - over 
t l l l  very t h i c k  ( 2 0 m )  S. of Rlver  

4 )  Dunes developed on g lac fo lacus t r i ne  
ma te r la l  S. o f   r l v e r  

5) Extenslve  high  ice  content perma- 
f r o s t  I n  g lac lo lacush- lne   mater ia l  
and t i I I w I t h  organ IC cover 

+Comments r e l a t i v e  t o  granular  material  sources. 



t I i i 

0301-34288 

1 I I 1 1 1 

TABLE 4.2 
MACKENZ IE RIVER TERRAIN AND BORROW SUCIMARY 

(RIVER ZONE V I 1  300-410 km) 

I 1 I 1 I 

Page 7 

R I VER TOPOGRAPHY RIVER LANDFORMS  UPLAND  TOPOGRAPHY  UPLAND  LANDFORMS 

A) e: E. o f   Rabb l t sk in  137 m to A) St ra lgh t  Channel: 3 Mlnor   Mul t l -  A )  U n d u l a t l n g   t o   f l a t   p l a l n  W. of A )  Bedrock:  Shale,  Sandstone I n  low 
E. o f   Bu rn t   I s l and  (120 m channel s t re tches  r I ver  land  near r I ver 

8) Width: 1.5-3 km 

C) Depth: 1-10 m u s u a l l y  2-7 

D) Tr lbutary   Rlvers:  
L i   a r d  
Har r  I s 
Mart 1 n 
T r a i  I 
Several unnamed creeks 

8) A l l u v l a l   d e p o s i t s   t o  153 m B )  F l a t   p l a l n   w l t h  dunes S .  of r l v e r  B )  Shale  and  Sandstone I n   E b b u t t  and 

C) Near Rabbi tsk ln   River  3 t e r race  C) 152 m represents   g lac lo lacus t r ine /  
Mar t i n  H I  I I s  

l e v e l s   r e p r e s e n t i n g   o l d   r l v e r  t l l l  boundary N. o f   r i v e r ;  213 m C) Moralnal  deposlts above 152 m N. 
on S .  s lde  of r l v e r   o f   r i v e r ;  above 213  m S.  of  r lver 

D) I s l a n d s   ( a l l   s m a l l )  Green, Hanson, 
Mart ln,  Ft.  Slmpson, 5 unnamed D) M a r t i n   H l l l s   r l s e  above p l a l n   t o  S .  D) G lac lo lacusk lne   depos i t s  

t h l c k e s t  S .  o f   r l v e r  
E) A l l u v i a l   p l a l n  and ter race  deposi ts  E) E b b u t t   H I I I s   r l s e  above p l a l n   t o  N. 

o f  sand  and s i  I t  E )  Dunes on g l a c l o l a c u s t r l n e   p l a i n  

F) Rlver   bot tcm  In  till; boulder 
pavement (6 m t i l I / b e d r o c k )  

G) R i  ver  banks h igh  and steep 
p a r t   i c u  I a r  I y S. sl  de 

H) Green Is land  Raplds 

I ) Som boreholes show gravel  near 
Green Is land  Raplds 

J)*Low p o t e n t i a l  for granular  mater la l  
I n   r i v e r   e x c e p t  downstream o f  Green 
Island  Rapids 

F) Quaternary  deposlts 12 m t h i c k  N. 
o f   r l v e r ,  12-20 m S .  of r l v e r  

G) l n te rm l t ten t   h igh   i ce   con ten t  
permafrost   beneath  organlcs  In 
f Ine-gralned  deposits 

H)*Only  several  upland  granular 
deposi ts  associated  wl th 
g l a c l o f   l u v l a l  and a l   l u v i a l  
te r races  

*Comments re la t l ve   to   g ranu lar   mater la l   sources  
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R 1 VER TOPOGRAPHY 

B)  Width: 1-6.5 km; w ldes t   in  areas 
of   mul t ichannels  

C) Depth: 1-10 m; usual l y  2-7 m 

D) Tr lbutary   Rivers:  
Nahannl (g rave l  bed) 
Root  (gravel  bed) 
Wi l lowlake  (gravel   bed) 

t 1 1 I I t 1 1 

TABLE 4.2 
MACKENZIE RIVER TERRAIN AND BORROW SUMMARY 

(R IVER ZONE VI I I 410-520 km) 

R 1 VER  LANDFORMS 

A) Bralded  River 

8) A l l u v l a l   p l a l n  and ter race  deposi ts  
t o  153 m 

C )  I s lands  (many) - 22 unnamed. Also 
McGern, Barry, and Burn t   I s land 

0) Al luv ia l   depos i t s  of sand, s l l t ,  
gravel 

E)*McGern I s land  has g rave l   i n  lower 
a l l u v l a l   p l a i n ;  also grave l   i n  
hlgher  e lev.  from WII lowlake  Rlver 
sources 

F) Some steep  banks on W. and S. s i d e  
o f   r i v e r  

G) Some boreholes  near McGern I s  land 
and Burn t   I s land show gravel 

H)*High p o t e n t i a l  for granular 
m a t e r i a l   i n   t h i s   s e c t l o n  

1 t 

UPLAND  TOPOGRAPHY 

A )  U n d u l a t i n g   t o   r o l l i n g   m o r a l n e   p l a l n  
E. o f   r l v e r ;   f l a t   g l a c i o l a c u s t r i n e  
and moraine p l a i n  W. of r i v e r  

B) G l a c i o l a c u s t r i n e   d e p o s i t s   t o  300 m 
E. and W .  of r l v e r  

C)  Camsel I Range W. o f   r i v e r  10-30 km 

D) O l d   r l v e r  channel E. o f  Mackenzie 
Rlver  near  Camsell Bend 

i 1 I I I 

Page 8 

UPLAND  LANDFORMS 

A) Bedrock: Shale, Sandstone  near 
r i ver ;   L lmestone  in  Camsel I Range 

8) TIII and g lac io lacus t r ine   depos l ts  
over l ie   bedrock (12-20 m t h l c k )  

C) Low-Moderate i ce   con ten ts   I n  
ln terml t tent   permafrost   except  
where organlcs  over I le f ine-gralned 
til I and g l a c i o l a c u s t r i n e  

D)*A few large  scat tered  g lac lo-  
f luv ia l   g ranu lar   depos i ts  
p a r t l c u l a r i y  near Wit lowlake 
River and  Root  River 

*Comments r e l a t i v e   t o   g r a n u l a r   m a t e r i a l  sources. 
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TABLE 4.2 
MACKENZ IE RIVER TERRA1 N AND BORROW SUMMARY 

(RIVER ZONE I X  520-580 km) 

RIVER LANDFORMS  UPLAND  TOPOGRAPHY 

A) & W. Wi l lowlake  River  (105 m A) S t r a i g h t  Channel T r a n s i t l o n a l   t o  
t o  Wrlgley  Rlver (95 m Braided  River 

B) Width: 1-2.5 km B) A few a l l u v l a l   i s l a n d s  

C) Depth: 1-10 m C) Is lands:  Old  Fort ,  7 small unnamed 

D) Deepest sec t ion   F ish  Trap Creek 
i s  I ands 

t o   W r l g l e y  D) A l l u v i a l   d e p o s i t s   t o  153 m 

E) Tr lbutary   Rivers:  E) Moderate to  hlgh banks  near r l v e r  
River-Between-Two-Mountains 
(gravel  bed)  F) A l l uv ia l   depos i t s   o f  sand, s i l t  
Wrlgley  (gravel  bed) poss ib le   m lno r   g rave l   I n   r l ve r  
F l sh  Trap  Creek (gravel  bed) deposits  near mouth of   River-  
Hodgson Creek Between-Two-Mountains and Wrigley 
Moose Pasture Creek R I ver 

G)*Moderate p o t e n t l a l  for g rave l   In  
t h   i s   s t r e t c h  

A)  Ro l l i ng   t o   r l dged   p la in ;   m ino r  
s e c t i o n s   o f   f l a t   p i a l n  E. o f  
Mackenz I e 

8) F l a t   t o   u n d u i a t l n g   p l a i n  W. o f  
r I ver 

C) McConneli Ranga IO km E. o f   r i v e r  

D) Camsell Range 30 km W. of r i v e r  

I 1 I I 
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UPLAND  LANDFORMS 

A) Bedrock: Shale, Sandstone  near 
r iver;   L imestone and D o l m l t e   I n  
Camsell and McConneli Ranges 

B) Druml ino id  mra lne,   mora ine  p la in ,  
and g lac io lacus t r lne   depos l ts  5- 
30 m t h i c k  E. o f  Mackenzle R iver  

C )  Mora ine   p la ln  and hummcky m r a i n e  
deposi ts W. o f   r l v e r  

D)*Large g l a c i o f   l u v i a l   t e r r a c e   o f  
sand and gravel  near  Wrigley. 
G lac io f l uv la l   depos i t s  of sand/ 
gravel  near  River-Between-Two 
Mount a I ns 

E) I n t e r m l   t t e n t   t o   e x t e n s i v e  penna- 
f r o s t  

*Comments r e l a t i v e  to granular  material  sources 
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TABLE  4.2 
MACKENZIE RIVER TERRAIN AND  BORROW SUMMARY 

(R  I VER ZONE 

R I VER  TOPOGRAPHY RIVER LANDFORMS 

A) Wrlgley  River <95 m A) S t r a i g h t  Channel 
Blackwater  Rlver <90 m 

. B )  Width: 

C) Depth: 
deepest 

B) No a l l u v i a l   i s l a n d s  

C) Steep  banks 
75-1 km 

-18 m mostly 2-7 m except 
channe I s  D)*A l i uv ia l   t e r races  of s i l t ,  sand, 

some gravel to 153 m 

1 

D l  Tr ibutary   Rivers:  
( a i  I gravel  beds) 
Ochre 
Johnson 
Blackwater 
Eetseemoday 
Mountain  People C. 
Three  Finger C. 
Mountain Sand C. 
Whlte Sand C. 
Dam C. 

Gashoday C. 
Phi  I I IPS C. 

E ) *G lac io f i uv la l   t e r races   o f  sand/ 
gravel   a t   h igher   e lev.  between 
Dam Creek and Blackwater  River 

F)*High  potent ia l  for g r a v e l   i n   t h i s  
s e c t i o n   p a r t i c u l a r l y   n e a r  Ochre 
River ,   B lackwater   River   out le ts  

3 

X 580-665 km) 

UPLAND  TOPOGRAPHY 

A) F l a t   g l a c i o l a c u s t r l n e  and moraine 
p l a i n   d e p o s i t s   f l l i   n a r r o w   v a l l e y  
(20 km wlde)  between  McConnelI 
Rlver and Wrlgley  Plateau 

B) Minor  creeks  are  deeply  incised as 
t h e y   e x i t  McConnell Range and 
Wrlgley  Plateau 

1 I I I I 
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UPLAND  LANDFORMS 

A) Bedrock: permafrost  sandstone, 
shale  near  r lver;  Dolomite, 
I imestone in  Camsel I Range; 
Sandstone, shale  In  Wrlgley 
PI  ateau 

8) Moralnal and g i a c i o l a c u s t r i n e  
p l a l n   d e p o s l t s  5-30 m 

C) Thick  organics  developed on fine 
grained  deposlts 

D) Hlgh  Ice  conterrt  permafrost i n  
f lne-grained  organic  covered 
deposi ts - In te rm l t ten t  to  
e x t e n s i v e   I n   t h i s   r e g i o n  

E ) *G lac io f l uv ia l  sand and gravel i n  
up land near Ochre, Johnson, 
B I ackwater R l vers  

*Comments r e l a t l v e  to granular  material  sources 
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TABLE 4.2 
MACKENZ IE R 1 VER TERRAIN AND  BORROW SUMMARY 

(RIVER ZONE X 665-714 km) 

f I 

R I VER  TOPOGRAPHY R I VER  LANDFORMS  UPLAND  TOPOGRAPHY 

A) Blackwater  River <90 m t o  A) S t r a i g h t  Channel T r a n s i t i o n a l   t o  
<75 m Redstone Rlver  Braided  River 

6) Width: .5 t o  3.5 km; w 
B i r c h   I s l a n d  

C) Depth: .5 t o  18 m; mos 

' i des t  near B) A l l u v i a l   I s l a n d s  - B i r c h  I ,  
6 unnamed 

D) Tr ibutary   Rivers:  
( a i  I gravel beds) 
Dahadinni 
Redstone 
Sa l ine  
Nodaddy C. 
Several unnamed creeks 

t i y  1-8 m C) Moderately  steep  banks  especially 
near  Dahadinni  River 

D ) * A i i u v l a l   d e p o s l t s   o f   s i l t ,  sand; 
some gravel   in  these  deposi ts  f rom 
Blackwater  to  Dahadinni   River 

E) Some boreholes show gravel and sand 
upstream  of   Birch I 

F)*Moderate t o   h i g h   p o t e n t l a l   f o r  
g ranu la r   ma te r ia l   I n   t h i s   sec t i on  
espec ia l l y  near  Blackwater, 
Dahadinni  River and B l r c h  I a t  S .  
end of zone 

A )  F l a t   g i a c l o l a c u s t r i n e  and moraine 
p l a i n   i n   v a l l e y  between McConnel I 
River and Wrigley  Plateau 

B) Val ley wider  than i n   S e c t i o n  X 
eg: 40 km 

C) F i a t   g l a c i o f l u v i a i  and  a1 l u v i a l  
t e r r a c e s   t o  150 mt 

D) Old  meltwater  channels E. o f  
Mackenzle, S. o f   B l r c h  I 

I I I 

Page 1 1  

UPLAND  LANDFORMS 

A) Bedrock:  Shale  and  Sandstone i n  
v a l l e y  and Wrlgley  Plateau; 
Limestone  and  Dolomite  in McConnel i 
Range 

B) Morainal and g l a c i o l a c u s t r l n e  
deposi ts 5-30 m t h i c k  

C) Fa i r l y   ex tens ive   permaf ros t   in  
f I ne-gra 1 ned depos I t s  

D)*Large  g lac io f luv ia l   depos i ts   in  
terraces  near  Redstone  and 
Blackwater  Rivers;  Also smai I 
scattered  deposi ts  associated  wi th 
g lac io f luv la l   channe ls  on m r a i n e  
p l a l n  

*Comments r e 1   a t i v e  to granular  mater ia l   sources 
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0301 -34288 TABLE  4.2 Page 12 
MACKENZ IE RIVER TERRAIN AN2  BORROW SUMMARY 

(RIVER ZONE XI I 714-828 km) 

RIVER TOPOGRAPHY RIVER LANDFORMS  UPLAND  TOPOGRAPHY  UPLAND  LANDFORMS 

- Elev:   a t  Redstone R lver  <75 m and A) Bra ided  River  - Trans l t l ona l  t o  A)  F l a t   t o  r o l  I Ing   mora lne   p la ln  
a t  Great  Bear (60 m Meander ing deposi ts above 153 m; f l a t   g l a c l o -  

Wldth: 1 to  12 km; w ldes t   i n  B) Meander Cut-Off  Islands - very 
v l c i n l t y  of a l l u v i a l   i s l a n d s  l a rge   i nc lud ing  6 la rge  unnamed B) McConnel I RangdFrank I I n  Mtns. 15- 
formed by meander cu t -o f f s  i s lands  and Pol   Ice I 25  km E. of r l v e r  

I acus t r l ne   p la in   be low 153 m 

Depth: .5-12 m; usua l l y  1-7 m C) Also many small   Islands - 18 I n  C) MacKay Range 25  km W. of r l  ver 

Tr  I butary  R Ivers: D) Numerous thaw  lakes  In  glaclo- 
Keele  (gravel  bed) D ) + A l  l u v l a l   d e p o s l t s   a r e   m s t l y  sl I t  Iacus t r lne   depos l ts  
L l t t l e   B l r c h  and sand; some gravel   In   the 
B l g  Smlth Creek (gravel  bed) islands  from  Redstone  Rlver to 
L i t t l e  Smith  Creek (g rave l  bed) B i g  Smith  Creek; some gravel N. o f  

number 

Keele River   In   is lands;   a lso  gravel  
repor ted  on char ts  near  Seagull I 
and In  boreholes  near  Great  Bear 
R I ver 

E) 1 borehole shows gravel  near 
Sal ine  Is land; 1 downstream o f  
Redstone  Rlver; 2 boreholes show 
th ln   g rave l   over  t l l  I and shale 
j u s t  upstream of Great  Bear  Rlver 

F)*Moderate p o t e n t i a l  for borrow I n  
r l v e r .  Upland sources are smal I 
and sca t te red   w l th  some permafrost  

A) Bedrock: Shale, Sandstone I n   r l v e r  
val  ley; LImestone/DoIomIte In 
mountai ns 

€3) Morainal  deposits mre canmon fran 
Redstone R i  vet- t o  B l  g Sml t h  Creek 

C) Glacio lacust r lne  deposi ts  m r e  
canmon; Big  Smith Creek to Great 
Bear R l  ver 

D )  Dunes on g iac lo lacus t r lne   depos l ts  

E) Organlcs and extenslve  permafrost  
assoclated  wi th  f lne-gralned 
depos 1 t s  

F)*Smal I sca t te red   g lac lo f   l uv la l  
deposi ts - e s p e c l a l l y   n e a r   L l t t l e  
Smlth  Creek; few granular  deposl ts 
fran L l t t l e  Smith Creek to Great 
Bear R I  ver 

+Comments re la t l ve   to   g ranu lar   mater la l   sources  
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TABLE 4.2 
MACKENZ IE RIVER TERRA1 N AND BORROW SUMMARY 

(RIVER ZONE XI 1 1  828-966 km) 

R 1 VER  TOPOGRAPHY RIVER LANDFORMS 

A) &: a t  Great  Bear <60 m a t  A) Braided  River 
P a t r i c i a  I <45 m 

B) Numerous Islands; Windy, Gaudet, 
B) Width: 1.5 to 6.5 km; w ides t   i n  Halfway, Ten Mi le,  Bear, Goose, 

Stanley,   Wi l lard,   Pat r ic ia ,   S ix  
v i c i n i t y  of i s lands  Rader, Ogi lv ie,   Judi th,   Perry,  

C )  Depth: 2-11 m; u s u a l l y  2-8 m; Mile, Mac, 4 unnamed 
1-4 m near i s lands  

C) Is lands  most ly  of  sand and s i l t  
D) T r ibu tary   R ivers  and Creeks: 

( a l l   g r a v e l  beds) D)*Gravel l y   a l   l u v i a l   d e p o s i t s   a t  
Great Bear, L i t t l e  Bear, mouth o f   L i t t l e  Bear  River, 
S la t te r   R ive rs  poss ib ly  Oscar Creek and o ther  

Creeks : 
(a1 I gravel  beds)  E)"Gravel i n  channel  deposits - 
Jungle  Ridge,  Vermillion, Esso 
Proh lb l t l on ,   Chr i s t i na ,  Helva, 
Francis, Canyon, Joe, Bosworth,  F) 6 boreholes show s i l t y  c lay  t i l l  
B i l l y ,  Oscar, E l l i o t t ,   B l u e f i s h ,  ( 4  m) over   sha le   r igh t   near  Norman 
MacKay,  Bogg, Stewart, Loon, Ray, We1 I s  
Devo,  Windy, F a i r  

creeks 

G)*Moderate to h i g h   p o t e n t i a l  for 
g r a v e l   I n   r i v e r   i n   t h l s   s e c t i o n ;  
gravel  bed trl butary  sources  of 
gravel  

I 

UPLAND  TOPOGRAPHY 

A )  Norman Range (Bear  Rock) a t   r i v e r ;  
E. s i d e   o f   r i v e r  Norman Range 0- 
5 km fran r i v e r ;  W. 32 km t o  
Mackenzie  Mountains 

B) M o s t l y   f l a t  to r o l l i n g  narrow p l a i n  
between two  mountain  ranges 

C) Stretches  of  f l a t   g l a c l o l a c u s t r l n e  
p l a i n  below 120 m 

D) Beach rl dges a t  120 m 

E) F l a t   t o   s l o p i n g   m s r a l n a l   p l a i n  and 
veneered  bedrock  above 120 m 

F)  Deeply incised  creeks; E. o f   r i v e r  

I I I 

Page 13 

UPLAND  LANDFORMS 

A) Bedrock: Shale, Sandstone i n  low- 
land;  Limestone i n  Mackenrie and 
Norman ranges 

B) Bedrock  shal low beneath m r a l n a l ,  
g Iac lo Iacus t r1  ne  mater1 a i s  

C ) * A I l u v l a l   p l a i n   d e p o s i t s   t o  90 m 
along  r iver ;   these may have minor 
grave I 

DIuLarge  g lac io f luv la l   p la in   near  
L i t t l e  Baar   River ;   a lso  a l luv la l  
fan  deposi ts beh Ind Kee Scarp 

E)*Scattered smal I granular   g lac io-  
f luv ia l   depos i ts   a long  s t reams  in  
uplands 

F)+Granular  mater ia ls  In beach r i d g e  
depos 1 t s  

G)*Chanm of  granular  mater1 a1 i n  
te r races  on W. s ide  o f   r i v e r  

H)*Large g l a c i o f l u v i a l   d e p o s i t  up 
Great  Bear  Rlver 10 t o  15 km known 
as IBennett  F le l  d l  

I )  Fai r l y   con t lnuous   permaf ros t  

*Comments re la t i ve   to   g ranu lar   mater ia l   sources  
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R I VER  TOPOGRAPHY 

i 1 t 

TABLE 4.2 
MACKENZIE RIVER TERRAIN AND BORROW SUMMARY 

(R IVER ZONE XIV 966-1017 km) 

R I VER LANDFORMS  UPLAND  TOPOGRAPHY 

Page 1 4  

UPLAND  LANDFORMS 

A) P a t r l c i a  I <45 m to  
kbunta in   River  (40 m 

8) Width: .75 t o  3 km; w ides t   a t  
Axel I 

C)  Depth: 1-19 m; shallowest  near 
Axel I 

D )  Tr ibutary   Rivers:  
CarcaJou  (gravel  bed) 
Mountain  (gravel  bed) 
Maida  Creek 
Trapper Creek 

A)  S t ra igh t  Channel T r a n s i t i o n a l   t o  A )  Franklln  Mountains  (CarcaJou  Ridge 
Braided  River and East  Mountain)  border E. s ide 

o f   r i v e r ;   w i t h  one f l a t   p l a i n  
8 )  islands  Axel I ,  2 unnamed sect   ion adJ acent to rl ver 

C l  A l i uv la l   depos i t s  of sand and s l l t  8 )   F l a t   g l a c l o l a c u s t r l n e   p l a i n  and 

D)*Gravel i n   a l l uv ia l   depos i t s   nea r  t o  W. of r i v e r   i n  Mackenzle  Plain 
undu I a t  I ng m r a  I ne  veneered  bedrock 

Mounta i n R I ver 

E) Steep  banks 

F)*Moderate po ten t  la1 fo r   g ranu  la r  
mater ia l ,   espec ia l l y  near Mtn. River 
where gravel   is   coarse-grained 

A )  Shaie/Sandstone in  Mackenzie  Plaln 
W. o f   r i v e r  and I n  lowlands  between 
CarcaJou  Ridge  and E. Mountain 

B)*Sand and g r a v e l   g l a c i o f l u v i a i  and 
f i ne -g ra ined   g iac io lacus t r i ne  
d e p o s l t s   i n   f l a t   p l a i n  between 
Carcajcu  Ridge  and E. Mountain 

C) Mora i ne  veneered  bedrock W. of 
r l v e r   P a t r i c i a  I t o  MaIda Creek 

D) G iac io lacus t r i ne   f ran  Maida 
Creek t o  Mounta I n  R i  ver 

E)*Gravel i n   r i v e r   a t  San S a u l t   t e s t  
s i t e  

F)*Extensive  coarse-grained  giacio- 
f l u v i a l   d e p o s i t s  >10 km up 
Mounta I n R I ver 

G) Fai r l y   con t inuous   permaf ros t  

+Comments r e l a t   i v e  to granular  mater ia l   sources 
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R I VER  TOPOGRAPHY 

I 

A) Mountain  River C40 m t o  
Ramparts <30 m 

B)  Wldth: 1.5 to 5 km 

C) Depth: .5-12 m; usua l l y  .5-7 m 

D) Tr ibu tary   R ivers :  
(no  gravel beds except   poss ib ly  

Hanna 
Donne I I y 
Ts i n t u  
Ramparts 
Hume 
Snafu  Creek 

Donnel ly  River)  

f I I t f 

TABLE 4.2 
MACKENZ IE  RIVER TERRAIN AND BORROW  SUMMARY 

(RIVER ZONE XV 1017-1087 km) 

i t I I 

Page 15 

RIVER LANDFORMS  UPLAND  TOPOGRAPHY  UPLAND  LANDFORMS 

A) Bralded  River A) 

B) Numerous Is.  incld.:  Dummit, Hanna, 
N. Hanna, Hardie, Hume, Spruce, 
1 i unnamed 

B) 
C)*AI luv ia l   deposi ts   sanddsi l t   except  

downstream o f  San Sault  Rapids where 
sanddgravel i s  present  on Dummit Is .  C )  
b between Dummit and Hardie Is .  

D) Steep  banks l n   g l a c i o l a c u s t r i n e   c l a y  
from San Sau i t  t o  Spruce I 

E) Steep banks i n  bedrock  from  Spruce I 
t o  Ramparts 

F) San  Sau I t  b Ramparts  Rapids 

G) 2 boreholes show gravel  upstream  of 
Donnelly  River;  probe  holes show 
gravel  near Dummit Is .  

H)*Moderate t o   h i g h   p o t e n t i a l   f o r  
g rave l   in   the   sou thern  15 km o f   t h l s  
s e c t i o n ;   p a r t i c u l a r l y  downstream o f  
San Sauit  Rapids  near Dummit i s .  d 
Donnelly R. t he   res t   o f   t he   a rea  will 
probably be m s t l  y sandy and o f  low 
t o  moderate po ten t  1 a I 

F l a t   g l a c i o l a c u s t r i n e   p l a i n  
(Anderson P l a l n )  E. s i de   o f  river 
wlth  severa l   r idges of F rank l i n  Mts. 
(Beavertai  I Mtn. and Bat H I  I I s )  

F l a t   g l a c i o l a c u s t r i n e   p l a i n  W. o f  
r i ve r /Pee I   P la in  

Thaw lakes and permafrost   in   g iac io-  
l a c u s t r i n e   p l a i n  

A)  Sandstone  and  Shale I n  lowlands; 
Limestone i n  lowland  fran Spruce 
I s  land to t h e  Ramparts; Limestone 
i n   B e a v e r t a i l  Mtn. and Bat H I 1  I s  

B) G i a c l o l a c u s t r i n e   p l a i n   o f  sand, 
s i l t ,   c l a y   ( t h i c k )   w i t h   o r g a n i c s  
and fa i r l y   con t i nuous   pe rmaf ros t  

C) No granu lar   mater la l   in   up land 
areas  except  al I uv l   a l   t e r race  s I It/ 
sand 

D) *G lac io f l uv la l   o r   a l l uv ia l   C lass  2 
deposits  (Hardy Assoc.) W. o f  
r l  ver  near  Ramparts. Th i s  zone 
and Zone X V I  

E )  Extens  ive  permafrost 

+Comments re la t i ve   to   g ranu lar   mater ia l   sources  
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R 1 VER  TOPOGRAPHY 

A) E: S. end  Ramparts <JO m, N. 
end Ramparts 28 m 

6)  Width: .5-1 km 

C) Depth: .5-18 m 

D )  Tr ibutary   Rivers:  none 

t I I I 1 I I I I I 

TABLE 4.2 
MACKENZ IE RIVER  TERRAIN AND BORROW SUMMARY 

(RIVER ZONE X V I  1087-1098 km) 

RIVER LANDFORMS  UPLAND  TWOGRAPHY 

A) S t r a i g h t  Channel A )  F la t   mora ine   p la in  E. o f   r i v e r  

B) No is lands  8 )  Fla t   to   undu la t   ing   mora lne  veneered 

C) Steep banks i n  bedrock  (l imestone) 

D) Low p o t e n t l a l   f o r   g r a v e l   i n   r i v e r  

bedrock W. o f   r i v e r  

1 I I 1 1 

Page 16 

UPLAND  LANDFOfiMS 

A)  Limestone  beneath  morainal  deposits 

B ) *G lac io f l uv la l  or AI l uv ia l   depos l t  
of Class 2 mater la l  has been 
reported W. o f  r I v e r  by  Hardy Assoc 
Par t  of t h l s   d e p o s f t   i s   I n  Zone XV 

C) Mora ine   p la in  <5  m E. of r i v e r ;  
moraine veneer deposi ts 1-5 m 
W .  of r l v e r  

*Comments re1   a t i ve   t o   g ranu la r   ma te r ia l  sources 
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R I VER  TOPOGRAPHY 

A) e: N. end  Ramparts  28 m t o  
K.P. 1261 c23 m 

B) Wldth: 1-5 km; w ides t   In   mu l t i -  
channel  areas 

C) Depth: .5-23 m; u s u a l l y  1-19 m 
and 1-4 m near i s  lands 

D) T r ibu tary   R ivers :  
Hare  Indian  (gravel bed) 
Loon (gravel  bed) 
Tieda  (gravel bed) 
G I 1  I s  
Ontaratue 
Gossage 
Payne Creek 

I 

M 
TABLE  4.2 

IACKENZIE RIVER TERRAIN AND  BORROW SUMMARY 
(RIVER ZONE X V I  I 1098-1261 km) 

R I VER LANDFORMS 

A) Braided  River 

B) Numerous la rge  6 smal l   is lands 
Inc lud lng :  Manitou, Askew, Bryan, 
23  unnamed;  same shallow  bars 

C ) * A I  l uv ia l   depos i t s  of sand/si It; 
possfble  gravel   near  Tleda  River 
f rom  charts 

D)  Steep  banks i n  I imestone  from 
Ft .  Good  Hope t o  Askew Is I ands 

E )  Moderate  banks Askew I s l a n d s   t o  N. 
o f   L i t t l e  Chicago 

F)*Low to moderate p o t e n t i a l  for 
g r a v e l   i n   r i v e r ;  most a l l u v i a l  
deposi ts wl I I be sandy 

UPLAND  TOPOGRAPHY 

I 

. .  

A)  F l a t  moraine p l a i n  E. o f   r i v e r  from 
N. end o f  Ramparts t o  Payne  Creek 
(Anderson P l a i n )  

B) F l a t   g l a c i o l a c u s t r i n e   p l a i n  adJacent 
t o   r i v e r  on W. side;  also on E. 
side  from Payne  Creek t o  N. of 
L l t t l e  Chlcago 

C) Thaw lakes and permafrost  features 
in  morainal  6 g l a c i o l a c u s t r i n e  
p l a l n  

I t f I t 
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UPLAND  LANDFORMS 

A )  Sandstone;  Shale, Limestone I n  low- 
lands 

B) Limestone  exposed i n   h i g h e r   r i v e r  
banks  from  Ft. Good  Hope t o  
Askew I 

C) Moraine  deposits of till; g lac lo -  
lacust r ine  deposi ts  of s i  I t /sand 

D)*Scat tered  g lac io f   luv ia l   deposi ts  
on m r a l n e   p l a l n  

E)*Large  upland sand  and gravel 
g lac io f l uv la l   depos i t   nea r  E. of 
r f v e r   a t   F t .  Good Hope 

F)*Most other  upland  deposi ts  are 
small and are  near  Tleda  and Loon 
R I vers 

G )  Some g l a c i o f l u v l a l   m a t e r l a l  
possible on W. slde of Mackenzle 
Rlver  near  Yeltea Lake o u t l e t  

*Comments re la t i ve   to   g ranu lar   mater ia l   sources  
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t I I 

R I VER  TOPOGRAPHY 

A) km 1261 <23 m t o  Loner 
Ramparts <21 m 

8) Width: 2-4 km, w i d e s t   i n   m u i t i -  
channel  areas 

C) Depth: .5-20 m usual l y  1-7 m 

D )  Tr ibu ta ry   R ive rs  
T r a v a i l l a n t  
Thunder (gravel  bed) 
Tree 
Rabbit-Hay 
P i e r r e  Creek 
Adam Creek 
Fat   Rabbi t  Creek 
Benoit  Creek 

i I t 1 I I 

TABLE 4.2 
MACKENZIE  RIVER  TERRAIN AND  BORROW SUMMARY 

(R IVER ZONE X V I  I I 1261-1438 km) 

RIVER LANDFORMS 

A) B ra ided   R ive r   T rans i t i ona l   t o  
S t ra  1 gh t  Channe I 

B) A l l u v i a l   I s l a n d s  - 1 1  unnamed of 
s i l t ,  sand 

C) Many p a r t i a l l y  submerged is lands 
of sand, s i l t  23 t o t a l  

D) Steep  banks i n  sandstone/shale 
from 1350 km t o   A r c t l c  Red R lver  

E) Moderate  banks 1350 km to F t .  
Good  Hope 

F)"Low p o t e n t i a l  for g r a v e l   i n   r i v e r ;  
most a l l u v i a l   d e p o s l t s  wil I be 
sandy 

I I 1 I t 

UPLAND  TOPOGRAPHY 

A)  F l a t   g l a c i o l a c u s t r l n e   p i a l n  E.bW. 
o f   r l v e r  frun K.P. 1261 t o  Rabbl t- 
Hay River 

B) F l a t   t o   r o l l i n g   m r a i n e   p l a l n  E. 
and W. f r an  Rabbit-Hay  Rlver to 
Arc t  I c Red R I ver 

C) Thaw lakes and permafrost  features 
In   g lac lo lacus t r l ne  and moraine 
p l a l n  

Page 18 

UPLAND  LANDFORMS 

A) Sandstone shale  in   lowland 

B) Sandstone in   s teeper  banks frm 
1350 km t o   A r c t i c  Red R iver  

C) Morainal  deposits of till; g lac io -  
I acustr  i n e  depos i t s  of s I I t /sand 

D)*Scat te red   g lac lo f luv ia l   depos i ts  on 
m r a i n e  p l a i n  - eg:  near  Thunder 
Rlver (E.  and W. of Mackenzle 
R i  ver 1 and t h e  Lower Ramparts, and 
Rabbi t Hay River 

E) Fa l r ly   cont inuous  permafrost  

"Comments re la t i ve   t o   g ranu la r   ma te r la l   sou rces  
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R I VER  TOPOGRAPHY 

A) &: <21 m Lower Ramparts t o  
(20 m Pt. Separatlon 

6) Wldth: 1 km 

C) Depth: 1-23 m; u s u a l l y  1-12 m 

D) 
Arc t  
Ts ia  

u ta ry   R lve rs :  
IC Red 
I Tre l  n Creek 

I t J I I 1 I I t I 

TABLE 4.2 
MACKENZIE  RIVER  TERRAIN AND BORROW  SUMMARY 

(RIVER ZONE X I X  1438-1475 km) 

R I VER  LANDFORMS  UPLAND TOPOGRAPHY 

A) S t r a l q h t  Channel A) Rol l i n g   t o  hummocky mora lne  Arct ic  

B) Several  small a l l u v i a l   b a r s   o f  sand 
Red River   area 

below  Lower  Ramparts 8) Thaw lakes and permaf ros t   In  
hummcky moraine 

C) Steep  banks i n   s h a l e  

D)*Low p o t e n t l a l  for gravel In  r l v e r   o f   A r c t l c  Red R l v e r   t o  Pt. 
C) Mora lne   p la ln   ( f l a t )   downs t rean  

except   poss lb ly   In  channel  below  Separat  Ion 
Lower Ramparts 

I 1 I I I 
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UPLAND  LANDFORMS 

A) Shale I n  lowlands 

€3) Steeper banks I n   s h a l e  

C) Morainal  deposlts I n  t l l l  

D)*Scat te red   g lac lo f luv la l   depos l ts  
I n   m r a l n e   p l a l n  and hummcky 
mora Ine, eg: esker  near A r d  Ic 
Red R I  ver 

E)  Frog Creek g l a c i o f l u v l a l  complex 
>10 km S.W. o f   A r d I c  Red R ive r  

F)  Falr ly  contfnuous  permafrost  

*Comments re la t l ve   to   g ranu lar   mater ia l   sources  
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K I LOMETFE 
POST I NG EPOS I T 
(km) NLMBER 

0 

5 
10 
15 
20 
25 

I f I I t f f f I i I f I I I I 

TABLE  5.1 
MACKENZIE  VALLEY  UPLAND' AN)  CHANNEL DEPOSITS ( R l v e r  Zone I 0-26 km) 

Page  1 

RESERVES OF KNOWN GRANULAR MATERIALS* RIVERBED  DATA 

BAN( E ST I MATED3  BCREHOLES4/ 
RIGHT LEFT DISTANCE FROM RIVER VOLUME  HYDROGRAPHIC 

( R )  ( L )  MATER I AL (km) ( m 3 )  OBSERVAT I ONS MATER I AL 

No known d e p o s l t s  N3. 3,  4, 5 ,  6 Sandy SI I ty, 

No. 19 TI1  I No. 34  TI1 I No. 44 T i l  I 
No. 5 2  TI1 I 
NO. 66 T i l  I 

Clay   T I1  I 

1 ) Up I and  depos I t s  g r e a t e r   t h a n  15 km from t h e  r 1 ver  have not been cons1  dered. 
2) Pemcan 1972. 
3 )  N/D - Quant I t y   no t   de te rm ined .  
4 )   P u b l l c  Works Canada, 1976. 
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K I LOMETRE 
POST I NG 

(km) 

29 
36 
40 
45 
55 

60 

1 1 I 

TABLE 5.1 
MACKENZ IE VALLEY  UPLAND'  AND  CHANNEL DEPOSITS ( R I  ver Zone I I 26-60 km) 

I I 1 

Page 2 

RESERVES OF KNOWN GRANULAR MATERIAL$ RIVERBED  DATA 

BAN(  ESTIMATED3  BCREHOLES4/ 
DEPOS I T RIGHT LEFT DISTANCE FROM RIVER va-uME HYDROGRAPH I C 
NLMBER ( R )  (L)  MATER I AL (km) ( m 3 )  OBSERVATIONS  MATER I AL 

No known d e p o s l t s  
No. 82 
No. 127 
No. 114 
No. 102 N3. 2 

NO. 99 

T i l  I 
Silty Clay 
S i l t y   C l a y  
S I I t y  Clay 
e a v e l  l y  SI I t y  
Sand 
Sllty C lay  

1 )  Up I and d e p o s i t s   g r e a t e r   t h a n  15 km from t h e  rl ver   have  not  been cons1  dered. 
2)  Pemcan 1972. 
3 )  N/D - Quant l ty   no t   de termined.  
4 )  P u b l i c  Works Canada, 1976. 



0301  -34288 

K I LOMETRE 
POST I NG 
(km) 

59-63 

65 
66-72 

73 
82 
07 

99 
105 

1- 1 I I 

TABLE  5.1 
MACKENZ IE VALLEY  UPLAND'  AFD  CHANNEL DEPOSITS ( R I  ve r  Zone I I I 60-1 07 km) 

1 1 I 1 

Page 3 

RESERVES OF KNOWN  GRANULAR MATERIAL$ R I VERBED  DATA 

BAN< EST1 MATED3  BCREHOLES4/ 
EPOS  IT  RIGHT LEFT DISTANCE FROM RIVER VOLUME  HYDROGRAPH I C 
NWBER (R) (L) MATER I AL (lull) (m3) OBSERVATIONS  MATER I AL 

NO. 96 

NO. 19 No. 31 No. 37 

NO. 39 No. 42 

No known d e p o s i t s  
St rewn  boulders 6 
g r a v e l   I n   s h a l l o w  
wa te r  l e f t  b r l g h t  
banks 

Shal low w a t e r   w i t h  
bou I ders  6 g r a v e l  
ledges l e f t  6 r l g h t  
banks 

Sand b Gravel  

Sand 6 Gravel  
Sand 6 Gravel  
Clayey Sand d 
Gravel 
T I 1  I 
S l l t y   C l a y  w/ 
Gravel 

1 

1)   Up land  depos l ts   g rea ter   than 15 km fran the r l v e r   h a v e   n o t  been considered.  
2) Pemcan 1972. 
3) N/D - Quant l ty   no t   de termined.  
4)  P u b l I c  Works Canada, 1976. 
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TABLE  5.1 
MACKENZIE  VALLEY  UPLAND1 AND  CHANNEL DEPOSITS ( R I  ve r  Zone IV 107-1 30 km) 

I I I 

Page 4 

RESERVES OF KNOWN GRANULAR MATERI A L S ~  RIVERBED  DATA 

K I LOMETRE  BAN<  EST1  MATED3  BCREHOLES4/ 
POSTING  DEPOSIT RIGHT LEFT DISTANCE FROM R I  VER v a u E  HY  DROGRAPH I C 

(km) NLMBER ( R )  ( L )  MATER I AL (km) (rn3) OBSERVATIONS  MATER I AL 

128 
No known d e p o s l t s  

No. 84 S l l t y   C l a y  

1)   Up land  depos l ts   g rea ter   than 15 km from t h e   r l v e r  have  not been considered.  
2)  Perncan 1972. 
3 )  N/D - Quant l t y   n o t   d e t e r m l n e d .  
4 )  P u b l l c  Works Canada, 1976. 



I I I 

0301-34288 

1 I f I I 1 I I 1 I I I I I I 

TABLE  5.1 
MACKENZIE  VALLEY  UPLAND' AN) CHANNEL DEPOSITS ( R i  ver  Zone V 130-229 km) 

Page  5 

RESERVES OF KNOWN GRANULAR MATERIALS* RIVERBED  DATA 

K I LOMETFE  BAN< E ST I MATED3  BCREHOLES4/ 
POST I NG DEPOS I T RIGHT LEFT DISTANCE FROM R I  VER VOLUME  HYDROGRAPHIC 

(km) NlMBER ( R )  (L)  MATER I AL (km) (m3) OBSERVATIONS  MATER I AL 

No known d e p o s i t s  
155-170 

188 AI luv ium L Mlnor  sand 6 g r a v e l  T r l b u t o r y   R e d k n l f e  N/D 

219 A I  luv lum L Minor  sand 6 g r a v e l  T r l b u t o r y   T r o u t  R. N/D 
R i  v e r  

Sand near l e f t  bank 
between t r l b u t a r i e s  
o f   a l  I uv I urn-Axe C r  .- 
Bouv I e r  C r  . 

1 ) Up land  depos l ts   g rea ter   than 15 km from t h e   r i v e r  have  not been  cons1  &red. 
2)  Pemcan 1972. 
3 )  N/D - @ a n t   i t y   n o t   d e t e r m i n e d .  
4) P u b l I c  Works Canada, 1976. 
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TABLE 5.1 
MACKENZIE  VALLEY  UPLAND' AND  CHANNEL DEPOSITS (River  Zone VI 229-300 km) 

Page 6 

RESERVES OF KNOWN GRANULAR MATERIALS~ R I VERBED  DATA 

K I LOMETRE  BAN< E ST I MATED3  B(XIEHOLES4/ 
POST1 NG DEPOSIT RIGHT LEFT DISTANCE FROM RIVER VOLUME  HY  DROGRAPH I C 

(km) NlMBER (R) ( L )  MATER I AL (km) (m3) OBSERVATIONS  MATER I AL 

No known  depos I t s  
269 

216 

298 

No. 16 

No. 75 

NO. 48 

Sand h Clay  w/ 
Gravel 
Sand h Clay  n/ 
Wave I 
Sandy C lay  w /  
Grave I 

1 ) Up land  depos i ts   g rea ter   than 15 km from t h e  r l ve r   have   no t  been  cons1  dered. 
2 )  Pemcan 1972. 
3 )  N/D - Want I t y   no t   de te rm lned .  
4 )   P u b l i c  Works Canada, 1976. 
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K I LOMETRE 
POST I NG DEPOS I T 

(km) NLMBER 

305 

314 

322 

324 
334 FS- 1 

FS- 1  1 

335 

336-347 
340-344 
340-352 
342-349 
347-350 
35 3 
355 
360 
366 
369-370 
310-313 
3 1  5 
383 
39 3 

FS-3 

FS- 12 
FS-13 
FS-8 

FS-7 
P101 
P102 

P103 
P104 
P105 

I I I I 1 I I I 1 i i 1 I I I 

TABLE 5.1 
MACKENZlE  VALLEY  UPLAND' AND CHANNEL  DEPOSITS (River Zone V I 1  300-393 km) 

Page 7 

RESERVES OF KNOWN GRANULAR MATERIALS~ R I VERBED  DATA 

BAN< EST I MATED3 BOREHOLES4/ 
RIGHT  LEFT DISTANCE FROM RIVER VOLUME HY DROGR APH I C 

( R )  (L )  MATER I AL (km)  (m3) OBSERVATIONS  MATER I AL 

No known deposl ts Elo. 55 3 '  Sandy Gravel 
over T I  I I 

Q-avel 

Gravel 

No. 64 S l l l y  Sands w /  

NO. 69 Sand d F lne  

NO. 75 Sand 6 Gravel 
3 km S .  o f  500,000 
Ft.  Slmpson along 
L a l r d  R. N. slde 
4 km S.  Ft.  Slmpson N/D 
S.  s lde   L la rd  R. 

L Sand 6 Gravel 

L Sand d SI I t  

L 

R 
R 

L 

L 
R 
R 

L 
R 
R 

F lne  Sand 

Sand 6 Gravel 
Grave I 
F lne  Sand 

F lne  Sand 
Sandy Gravel 
Sandy Gravel 

Sand 6 Gravel 
Flne Sand 
F ine  Sand 

1 

0 .o 
1.5 
4 

3-6 
0.0 
0 .o 

1.5 
3.5 
5.5 

Unl lm l ted  

N/D 
1,500,000 
15,000,000 

2,000,000 
N/D 
N/D 

N/D 
N/ D 
N/ D 

Sand 6 Gravel l e f t  
bank, In tersect   ion 
w/ L l a r d  R. j u s t  S .  
of  Ft .  Slmpson 

L e f t  Bank- I s  le  Sand 

L e f t  Bank Sand 
L e f t  Bank-Shore1 1 ne  Gravel 

Mid-Channel-Isle Sand 

L e f t  Bank Sand 

1 ) Up I and depos I t s   g rea te r   t han  15 km f rom  the   r l ve r  have no t  been cons1  dered. 
2) Pemcan 1972. 
3 )  N/D - Quant I t y   n o t  determined. 
4 )   Pub l I c  Works  Canada, 1976. 
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TABLE  5.1 
MACKENZ IE VALLEY  UPLAND1 AND CHANNEL DEPOSITS (R iver   Zone VI I 393-41 0 km) 

Page 8 

RESERVES OF KNOWN GRANULAR MATERIAL$ R I VERBED  DATA 

K I LOMETRE  BAN< E ST I MATED3  BCREHOLES4/ 
POST1 f f i  DEPOSIT RIGHT LEFT DISTANCE FROM R I  VER  VOLUME  HYDROGRAPHI C 

(km) NWBER ( R )  ( L )  MATER I AL (km) (m3) OeSERVATlONS  MATER I AL 

394  P107 R S i  I t y  Sand 
398 

0.5 
P106 R F i n e  Sand 5.0 

400-408 
407 P109 R S i l t y  Sand 0.5 

N/D 
N/D 

N/D 

L e f t  Bank  Sand 
Mld-Channel 6 Sand 
L e f t   B a n k - i s l e  
L e f t  Bank  Sand 

Zone Borrow 
Summary 

Zone Borrow 
Summary 

L F l n e  Sand 
L Sand d Gravel 

R F i n e  Sand 
R Sand 6 Gravel 

17,000,000+N/D 
500,00O+N/D 

N/D 
l,500,000+N/D 

1)   Upland  deposi ts   greater   than 15 km from t h e   r i v e r   h a v e   n a t  been considered. 
2)  Pemcan 1972. 
3)  N/D - Quant i ty   no t   de termined.  
4 )  P u b l i c  Works Canada, 1976. 
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TABLE 5.1 
MACKENZ IE VALLEY  UPLAND' AND  CHANNEL DEPOSITS ( R l  ver  Zone VI I I 41  0-51 6 km) 

Page 9 0301-34288 

K I LOMETRE 
POST I NG 

(km) 

410 
413 
416 
417 
422 
4 30 
430-441 
455 
457 
460 
468 
410 
493 
495 
498 
499 
501 
502.5 

506 
509 
510 
510 
512 
512.5 
514.5 
515 
516 

RESERVES OF KNOWN  GRANULAR MATERIAL$ RIVERBED  DATA 

BCREHOLE S4/ 
HYDROGRAPHIC 
OBSERVATIONS 

Mld -Channe l - I s le  

BAN< E ST I MATED3 
RIGHT LEFT DISTANCE FROM RIVER VOLUME 

( R )  (L1 MATER I AL (km) ( m 3 )  
EPOS I T  
NlMBER 

P1 IO 
Plll 

PI 29 

P135 
P134 
P136 

P139 
P140 

P133 

MATER I AL 

Sand 
R F l n e   S i l t y  Sand 0.5 
R S i  I t y  Sand 0.5 

N/D 
N/D 

Mid-Channel-Isle 

Mld-Channel-Isle 
Mid-Channel - Is le  
L e f t  Bank 

NO. 60 
Sand 
Sand 
Sand 
Sand 
Sand d Gravel 

No. 56 
Mld-Channel - Is le  
Mld-Channel-Isle 
NO. 55 

Sand d Gravel 
Gravel 
Gravel 
SI Ity Sand 

R Sand d Gravel McGern I s. N/D 
No. 4 No. 5 
NO. 51 No. 7 

Sand 
F l n e  Sand 
Sand-Clay T i l  I 
5' Sandy Gravel ,  
o v e r  T I 1  I 
T i l  I NO. 50 

R S l l t y  Sand 
R S i  I t y  Sand 
R S i l t y   G r a v e l  

5.5 
2 
5 

N/D 
N/D 
N/D No. 46 

L e f t  Bank 
No. 45 

Sand d Gravel  
Sand 
Sand d Gravel R Sand d Gravel 

R F l n e  Sand 
6.5 
3.5 

500,000 
3,000,000 

N3. 31 
I s  le 

S l l t y  Sand 
Sand d Gravel 

1 )  Up I and  depos I t s   g r e a t e r   t h a n  15 km f r o m   t h e   r i v e r   h a v e   n o t  been  cons1  dered. 
2) Pemcan 1972. 
3 )  N/D - Quant i ty   no t   de termlned.  
4) P u b l i c  Works  Canada, 1976. 
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0301-34288 TABLE  5.1 
MACKENZ IE VALLEY  UPLAND'  AND  CHANNEL DEPOSITS ( R I  ver  Zone VI I I 516-520 km) 

Page  10 

RESERVES OF KNOWN GRANULAR MATERI A L S ~  R I VERBED  DATA 

K I LOMETRE  BAN<  EST I MATED3  BOREHOLES4/ 
POSTING  DEPOSIT RIGHT LEFT DISTANCE FROM RIVER V a U M  HYDROGRAPH I C 

(km) NLMBER (R)  (L)  MATER I AL (km) (m3) OBSERVATIONS  MATER I AL 

516-518 
517 
519 P141 R Sand 6 Gravel  11 N/D 

Le f t  Bank- I s  l e  Sand 
No. 30 T i l  I 

Zone Borrow 
Summary L F l n e  Sand No known depos I t s  

L Sand 6 Gravel 

Zone  Borrow 
Summary R F l n e  Sand 

R Sand d Gravel 
3,000,000+N/D 
500,00O+N/D 

1)   Up land  depos l ts   g rea ter   than 15 km from t h e   r l v e r   h a v e   n o t  been considered. 
2)  Pemcan 1972. 
3 )  N/D - Quant l ty   not   determlned.  
4 )   P u b l l c  Works Canada, 1976. 
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0301-34288 TABLE  5.1 
MACKENZIE  VALLEY  UPLAND' AN)  CHANNEL DEPOSITS ( R i v e r  Zone XI 520-577 km) 

Page  11 

RESERVES OF KNOWN GRANULAR MATERI A L S ~  R I VERBED  DATA 

BAN<  EST1  MATED3  BOREHOLES4/ 
RIGHT  LEFT D ISTANCE FROM R I  VER  VOLUME  HY  DROGRAPH I C 

(R)  ( L )  MATER I AL (km) (m3) OBSERVATIONS  MATER I AL 

K I LOMETRE 
POST I ffi 

(km) 
DEPOS I T  
NWBER 

532 
5 36 
5 37 
5 40 
540 
542 
547 
5 49 
550 
55 1 
553 
554.3 
556 
556 
560 
560-565 
562 e5 
564 
565 -5 
566 
567  -5 
569 
57 1-582 

P142 
P143 
P144 
P146 
P148 
P147 
P151 
P150 
P152 

Sand b Gravel 
Sandy Gravel  
Sand 6 Gravel 
Sand 6 Gravel 
Sand 6 Gravel 
Sand 6 Gravel 
Sand 6 Gravel 
Sand 6 Gravel 
Sand 

5 
7 
3 
4 
7 
1 
3.5 
6 
1.5 

3,000,000 
1,000,000 
N/D 
600,000 
N/D 
N/ D 
1,500,000 
N/D 
N/D 

L e f t  Bank 
3,000,000 

N/D 
N/D 
N/D 

10 , 000,000 

Sand 6 Gravel 
P153 
P154 
P155 
P156 
P i  57 

R 
R 

R 
R 

L 

Gravel 
Sand 6 Gravel 
Sand b Gravel 
SI I t y  Sand 6 Gravel 
S i l t y  Sand 6 Gravel 

4 
0.5 
0.5 
4 
8 

L e f t   B a n k - I s l e  Sand 6 Gravel 
P158 
w1 
w 20 
w3 
w11 
w2 

R S i  I t y  Sand 6 Gravel 7 
R Sandy Gravel  0 

R S i l t y   G r a v e l  1.5 
R Sandy Gravel 0 
R Sandy Gravel  0.5 

L Gravel 0.5 

N/D 
5,000,000 
200,000 
1,000,000 
150,000 
40,000,000 

Le f t   Bank-Wr ig ley  R. Gravel 
I n t e r s e c t   i o n  

10,000,000 573 
574 
575 
576 
577 

w5 R Sandy Gravel 0.5 

W6 
w10 
w7 

R Sandy Gravel  0.5 
R Sandy Gravel 2 
R Sand b Gravel 4.5 

1,000,000 
300,000 
250,000 

1 )  Upland  deposi ts   greater   than 15 km f rom  the   r l ve r   have   no t  been consldered. 
2) Pemcan 1972. 
3 )  N/D - Quant i ty  not   determined. 
4 )   Pub l i c  Works Canada, 1976. 
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TABLE  5.1 
MACKENZIE  VALLEY  UPLAND' AN)  CHANNEL  DEPOSITS (R lver  Zone X I  577-580 km) 

Page 12 

RESERVES OF KNOWN GRANULAR MATERI A L S ~  RIVERBED  DATA 

K I LOMETRE  BAN< EST1 MATED3 BOREHOLES4/ 
POSTING  DEPOSIT  RIGHT  LEFT  DISTANCE FROM RIVER VOLUM HYDROGRAPHIC 
(km) NLMBER (R) (L)  MATER I AL (km) (m3) OBSERVATIONS  MATER I AL 

577.5 W13 R Sandy Gravel 0 -06 
579 w12 R Sandy Gravel 0 
580 

1,000,000 
600,000 

Zone Borrow 
Summary 

Zone Borrow 
Summary 

L Flne Sand 
L Sand 6 Gravel 

R F ine  Sand 
R Sand 6 Gravel 

200,00@tN/D 

N/D 
78,400,000+N/D 

I 

1 )  Upland  deposits  greater  than 15 km from t h e   r i v e r  have no t  been consldered. 
2) Pemcan  1972. 
3 )  N/D - Quant i t y   n o t  determined. 
4 )  Pub l i c  Works  Canada, 1976. 
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TABLE 5.1 
MACKENZ I E  VALLEY  UPLAND' AND CHANNEL  DEPOSITS ( R i  ver Zone X 580-664.5 km) 

I ' I  I 
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RESERVES OF KNOWN GRANULAR MATERIALS~ R I VERBED DATA 

K I LOMETRE  BAN( ' E ST I MATED3 BOREHOLES4/ 
POSTING DEPOSIT RIGHT LEFT DISTANCE FROM RIVER VOLUME HYDROGRAPH I C 

(km) NLMBER ( R )  ( L )  MATER I AL (km) (m3) OBSERVATIONS MATER I AL 

5 90  P159 R Sand d Gravel 8 1,000,000 
602 PI 63  L Sand 6 Gravel 0.5 N/D 
604  P164 R Sand d Gravel 0.5 1,500,000 
605  P165 R Sand 6 Gravel 0.5 N/D 
606 P168 R Sand d Gravel 0.5 3,000,000 
61 2 P169 R Sand 6 Gravel 0.5 1,000,000 
61 3 P170 R Sand 6 Gravel 0 e5 2,000,000 
613 P171 L Sand 6 Gravel 0.5 N/D 
614  P172 R Sand b Gravel 4 N/ D 
618 P174 R Sand b Gravel 6 N/D 
625  P176 R Sand 6 Gravel 0 e 5  10,000,000 
629 P177 R Sand b Gravel 0 250,000 
632 P178 R Sand d Gravel 0 2,000,000 
635 
636  P179 L SI I t y  Sand 0.5  WD 
637  P180 L Sand d Gravel 0 -5 N/D 
644 P183 R S I I ty   Grave l  1.5 1,000,000 
649 P184 R Sand d Gravel 0.5 1,500,000 
655 P185 R Sand d Gravel 0.5 2,500,000 
66 1 
663 P190 R Sand b Gravel 1 10,000,000 
664  P189 R Sand d Gravel 0.5 50,000 

P191 R Sand 6 Gravel 5 20,000,000 

664 e5 P186  L Sand 6 Gravel 0 N/D R lgh t  bank In te r -  Grave I 
sect  Ion w/ 
Blackwater R. 

Zone Borrow L Fine  Sand N/D 
Summary L Flne  Sand N/ D 

Zone Borrow 
Summary 

R F lne  Sand 
R Sand d Gravel 

N/D 
55.8x106/m3+N/D 

1 )  Upland  deposits  greater  than 15 km from t h e   r l v e r  have no t  been considered. 
2) Pemcan 1972. 
3) N/D - Quant i t y   n o t  determined. 
4) Pub l i c  Works Canada, 1976. 
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K I LOMETRE 
POST I NG 

(km) 

665 
666 
669 
671 
672 
677 

678 
68 1 
688 
690 

695 
696 
696 5 
697.5 
698  -5 
700 
702 
702 
702 e5 
703 
705 
710 
71 1 
71 1-722 

712.5 
712.5 

DEPOSIT 
NLMBER 

P188 
P187 

P194 
P195 

P193 
P196 

P197 

P200 

P209 
P201 
P203 
P202 
P208 
P210 
P204 
P205 

P211 

P212 
P213 

1 f I I 1 I I 1 I I 

TABLE 5.1 
MACKENZIE  VALLEY  UPLAND1 AN) CHANNEL  DEPOSITS (R iver  Zone XI 664.5-712.5 km) 

I I I I 

Page 14 

RESERVES OF KNOWN GRANULAR MATERI A L S ~  R I VERBED  DATA 

BAN( E ST I MATED3 BOREHOLES4/ 
RIGHT  LEFT  DISTANCE FROM RIVER VOLUME HYDROGRAPH I C  

(R)  (L )  MATER I AL (km) (m3) OBSERVATIONS  MATER I AL 

R 

R 
R 

R 
R 

R 

R 

R 
R 
R 
R 
R 

R 
R 

R 

R 
R 

Sand 6 Gravel 0 
L Sand 6 Gravel 0 

Sand 6 Gravel 1 
Sand 6 Gravel 2 

SI I t y  Sand 12 
Sand d Gravel 3.5 

Sand 6 Gravel 4.5 

Sand 6 Gravel 13 

Fine  Sand 
Sand 6 Gravel 
Sand 6 Gravel 
Sand 6 Gravel 
S i  I t y  Sand 6 Gravel 

L SI I t y  Sand 
Sand b Gravel 
S i  I t y  Sand 

2 
1 1  
10 
15.1 
0.5 
0.5 
9 
8 

Sand 6 Gravel 5 

Sand 
Sand 

7 
3 

N/ D 
N/D 

N/D 
10,000,000 

N/D 
40,000,000 

15,000,000 

N/D 

3,000,000 
N/D 
N/D 
N/D 
N/D 
N/D 
N/D 
N/D  

N/D 

N/D 
5,000,000 

Mld-Channel R. Bend 

L e f t  Bank l n te r -  
sec t ion  w/ Dahadinnl 
R. 

R lgh t  Bank 
No. 9 

No. 1 1  

Mid-channel 

Mid-Channel-Isle 

L e f t  Bank- I s le 
In tersect   ion w/ 
Redstone R. 

Grave I 

Grave I 

Sand 6 Gravel 
SI I ty Sand over 
Gravel 
Sand 6 Gravel 

Grave I 

Sand 

Grave I 

I 

1 )  Up land  deposits  greater  than 15 km from  the r 1 ver  have  not been cons1  dered. 
2) Pemcan 1972. 
3 )  N/D - Quant i t y   no t  determlned. 
4 )  Pub1 Ic  Works Canada, 1976. 
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TABLE  5.1 
MACKENZIE  VALLEY  UPLAND’ AND CHANNEL DEPOSITS ( R 1  ver  Zone X I  71 2.5-71 4.5 km) 

1 1 I 

Page 15 

RESERVES OF KNOWN GRANULAR MATERI A L S ~  RIVERBED  DATA 

K I LOMETRE  BAN< EST1 MATED3  BOREHOLES4/ 
POSTING  DEPOSIT RIGHT LEFT  DISTANCE FROM R I  VER  VOLUlrE  HYDROGRAPH I C 

(km) NLMBER (R) (L)  MATER I AL (km) (m3) OBSERVATIONS  MATER I AL 

714  P214 R Sand 1 
714.5 P216 L SI I t y  Sand 1 
714.5 P215 R SI I t y  Sand 2 

N/ 0 
N/D 
N/D 

Zone Borrow 
Summary 

Zone Borrow 
Summary 

L F l n e  Sand 
L Sand 6 Gravel 

R F l n e  Sand 
R Sand 6 Gravel 

N/D 
N/D 

1)   Up land  depos i ts   g rea ter   than 15 km from t h e   r l v e r   h a v e  not been consldered. 
2) Pemcan 1972. 
3)  N/D - Q u a n t l t y   n o t  determined. 
4) P u b l I c  Works Canada, 1976. 
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0301-34288 TABLE  5.1 
MACKENZIE  VALLEY  UPLAND' AN)  CHANNEL DEPOSITS (Rlver  Zone X I 1  714.5-763 km) 

Page 16 

RESERVES OF KNOWN GRANULAR MATERI A L S ~  R I VERBED  DATA 

K I LOMETRE  BAN< E ST 1 MATED3  BOREHOLES4/ 
POST1 MG DEPOS I T RIGHT LEFT  DISTANCE FROM RIVER VOLUME  HYDROGRAPHIC 

(km) NCMBER ( R )  (L)  MATER I AL (km) (m3) OBSERVATIONS  MATER I AL 

717 
718 
722-730 
7 24 
7 25 
730-737 
7 30 
7 32 
133 
7 35 
7 38 
7 38 
739-742 
7 40 
740 
743 
744-747 
144 
745 
747-153 
752 
753 
754-758 
755 
756.5 
756.5 
758 
7 59 
760 
7 63 
763 

P219 
P217 

R 
R 

Sand b Gravel 
Sand d Gravel 

12 
0 

N/ D 
N/ D 

R l g h t   B a n k - I s l e  Grave I 
P222 SI i t y  Sand N/D L 0 No. 14 

L e f t  Bank- I s le 
Sand 6 Gravel  
Grave I 

P224 
P223 
P225 
P229 
P228 
P230 

R 
L 

L 

L 

R 

R 

Sand & Gravel 
S i l t y  Sand 
Sand b Gravel 
SI I t y  Sand 
Sand b Gravel 
S I I t y  Sand 

11 
0.5 
10 
2 
2 
3 

2,000,000 
N/D 
N/D 
N/D 
8,000,000 
N/ D 

Mid-Channel-Isle Gravel 
P227 
P23 1 
P233 

R 
R 
R 

Sand b Gravel 
Sand 
Sand 6 Gravel 

5 
2.5 
14 

25,000,000 
N/D 
N/D L e f t  Bank 

Mld-Channel 
Gravel 
Gravel 

P232 
P235 

R 
R 

Sand b Gravel 
Sand b Gravel 

10 
15 

500,000 
N/ D 

R l g h t   B a n k - I s l e  Sand b Gravel  
P241 
P236 

R 
R 

Gravel  l y  Sand 
Sand b Gravel 

12 
1 1  

N/D 
N/D 

Le f t  Bank- I s  le Gravel  
Sand b SIIt 
SI I t y  Sand 
Sand d Gravel 
S i  I t y  Sand 
S i  I t y  Sand 
S i  I t y  Sand 
S i l t y  Sand 
SI I t y  Sand 

P24 3 
P237 
P24 2 
P238 
P239 
P244 
P240 
P245 

7 
10 
8 
10 
10 
3 
8 
6 

WD 
N/D 
N/ D 
N/ D 
N/D 
N/D 
N/D 
N/D 

Mld-Channel Sand 

1 )  Upland  depos i ts   g rea ter   than 15 km f r o m   t h e   r l v e r   h a v e   n o t  been consldered.  
2)  Pemcan 1972. 
3 )  N/D - Q u a n t l t y   n o t  determined. 
4 )   P u b l I c  Works Canada, 1976. 
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K I LOMETRE 
POST I NG 

(km) 

766 
766.5 
767 
768 
7 69 
770 
77 1 
773 
778 
7 79 
786 
788 
790 
791 
792 
792 
795 
802 
808 
81 5-826 
816 
816 
820 
820 
822 
823 

824 

EPOS I T 
NlMBER 

P246 
P248 

P247 

P251 
P250 
P249 

P25 2 

P255 
P253 
P25 4 
P256 
P257 

FN8 
FNl6 
FNl l  
FN12 
FN13 
FNlO 

1 t f 1 I i I I I i 1 1 1 I 1 I 

TABLE  5.1 
MACKENZ I E  VALLEY  UPLAND1 AND CHANNEL  DEPOSITS ( R l  ver Zone X I I 763-824 km) 

RESERVES OF KNOWN  GRANULAR MATERI A L S ~  R I VERBED DATA 

Page 17 

BAN<  EST1 MATED3 
RIGHT LEFT DISTANCE FROM RIVER VOLUME 

( R )  (L )  MATER I AL (kml (m3) 

R 

R 
R 
R 

R 

R 
R 
R 
R 
R 

R 
R 
R 
R 
R 
R 

L SI I t y  Sand 
Sand d Sllt 

L S l l t y  Sand 

F lne  Sand 
F lne  Sand 
F lne  Sand 

F lne  Sand 

F lne  Sand 
F lne  Sand 
F lne  Sand 
F lne  Sand 
F lne  Sand 

Gravel 
F lne  Sand 
F lne  Sand 
Gravel & Sand 
SI I t y  Sand 
S i l t y  Sand 

0 
0 

0 

8 
4 
2 

1 1  

4.5 
10 
7 
5 
4 

0 
5 
0-Great  Bear R. 
&Great  Bear R. 
Great  Bear R. 
&Great  Bear R. 

N/D 
N/D 

N/D 

5,000,000 
N/D 
700 , 000 

1,000,000 

7,000,000 
2,000,000 
1 , 000,000 
1,500,000 
250,000 

N/D 
1 , 000,000 
N/D 
N/D 
1,000,000 
400,000 

BmEH0LES4/ 
HYDROGRAPH I C 
OBSERVATIONS  MATER I AL 

Mld-Channel Grave I 

Rlght  Bank Grave I 
L e f t  Bank Gravel 

R lgh t  Bank Grave I 
Right  Bank Gravel 

R lgh t  Bank Grave I 

L e f t  Bank Sand 
L e f t  Bank- I s le Sand 

NO. 1 

NO. 15 

SI I t y  Sand d 
Gravel  over 
Shale 
Sand d Gravel 
over TI1  I 

1 )  Upland  deposlts  greater  than 15 km f rom  the   r i ve r  have no t  been consldered. 
2) Perncan 1972. 
3) N/D - @ a n t   l t y   n o t  deterrnlned. 
4 )  Pub l I c  Works  Canada,  1976. 
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K I LOMETRE 
POST I NG 

(km) 

825 
825 
a27 
828 

1 I I t I I t I I i t r 1 

TABLE  5.1 
MACKENZ IE VALLEY  UPLAND' AND CHANNEL DEPOSITS ( R I  ver  Zone X I I 824-828 km) 

I 1 I 

Page  18 

RESERVES OF KNOWN GRANULAR  MATERI A L S ~  R I VERBED  DATA 

BAN(  EST1  MATED3  BOREHOLES4/ 
EPOS I T RIGHT LEFT  DISTANCE FROM RIVER VOLUM HY  DROGRAPH I C 
NWBER ( R )  (L)  MATER I AL (km) (m3) OBSERVATIONS  MATER I AL 

FN14 R F l n e  Sand 1 300,000 
FN23 R Sand 6 Gravel 0 5,000 
FN5 R SI I t y  Sand 2-Great  Bear R. 1 0,000 
FN6 R SI I t y  Sand 0.5 N/D 

Zone Borrow 
Summary 

Zone Borrow 
Summary 

L F l n e  Sand 
L Sand 6 Gravel 

R F l n e  Sand 
R Sand 6 Gravel 

N/D 
N/D 

21 .16x 1 06/m3+N/D 
3 5 . 5 ~  1 o~/,~+N/D 

1 ) Up land  depos l ts   g rea ter   than 15 km f r o m   t h e   r i v e r   h a v e   n o t  been consldered.  
2 )  Pemcan 1972. 
3)  N/D - Quant l ty   no t   de termlned.  
4 )   P u b l I c  Works Canada, 1976. 
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K I LOMETRE 
POST I NG DEPOS I T 

(km) NLMBER 

i 9 I I 1 I I t I I I f 1 

827-835 

828 
829 
8 30 
832 
837 
837 
8 39 
840 
840 
842 
843 
843 

843.5 
844 
846-850 
854-863 
857 
860 
865 
867 
867 
870-880 
870 
873 
876 
876.5 
879 

FN22 
FN7 
FN3 1 
FN26 
FN29 

FN2 1 
FN27 

FNl9 
FN20 

P259 
P260 

P262 

P263 
P266 

P267 
P268 
P269 
P270 
P274 

TABLE  5.1 
MACKENZIE  VALLEY  UPLAND' AND CHANNEL  DEPOSITS ( R I  ver Zone X I I I 827-879 km) 

I I 1 
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RESERVES OF KNOWN GRANULAR MATERIAL$ R I VERBED  DATA 

BAN<  ESTIMATED3  BOREHOLES4/ 
RIGHT  LEFT  DISTANCE FROM RIVER VOLUME HY DROGRAPH I C 

( R )  ( L )  MATER I AL (km) (m31 OBSERVAT I ONS MATER I AL 

R 
R 
R 
R 
R 

R 
R 

R 
R 

R 
R 

R 

R 
R 

R 
R 
R 
R 
R 

Sand & Gravel 
Gravel & Sand 
Sand & Gravel 
Sand & Gravel 
Gravel 6 Sand 

Gravel 
S i  I t y  Sand 

Grave I 
Silt d Sand 

SI I t y  Sand 
F ine  Sand 

Sand 

Sand d Gravel 
S i l t y  Gravel 

S i  i t y  Sand 
Sand 8 Gravel 
Sand d Gravel 
Sandy Gravel 
S I I t y  Sand 

7 
0 
2.5 
3.5 
7 

3 
0 

4.5 
0 

0.5 
3 

10 

10 
4 

6 
4.5 
0.5 
4 
4.5 

100,000 
25,000 
75,000 
2,000,000 
300,000 

N/ D 
700 , 000 

N/D 
N/D 

N/D 
25 0,000 

N/D 

N/D 
N/D 

N/ D 
N/D 
N/D 
200 , 000 
N/D 

Mid-Channel-Isle, 
Great  Bear R l ve r  

L e f t  Bank 

L e f t  Bank i n te r -  
sec t ion  w/ l i t t l e  
Bear RI ver 

Le f t   Bank- Is le  
Mid-Channel-Isle 

Mld-Channel 

L e f t  Bank 

Sand 

Sand 

Grave I 

Sand 6 Gravel 
Sand 

Sand 

Sand 

1 )  Upland  deposits  greater  than 15 km from t h e   r i v e r  have not been considered. 
2) Pemcan  1972. 
3)  N/D - Quantlty  not  determlned. 
4) Pub l i c  Works  Canada, 1976. 
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TABLE  5.1 
MACKENZIE  VALLEY  UPLAND' AM) CHANNEL  DEPOSITS (Rlver Zone XI  I I 880-910 km) 

f I t I 

Page 20 

RESERVES OF KNOWN GRANULAR MATERI A L S ~  RIVERBED  DATA 

K I LOMETRE  BAN<  EST I MATED3 BCREHOLES4/ 
POST I NG DEPOS I T  RIGHT  LEFT  DISTANCE FROM RIVER VOLUME HYDROGRAPHIC 

(km) NWBER ( R )  (L)  MATER I AL ( k m )  (m3) OBSERVATIONS  MATER I AL 

880 
880 
881 
882-890 
883 
884 
884 
886 
886.5 
887.5 
887.5 
889.5 
890.5 
892 
893 
894 
896 e5 
899.5 
900-91 0 
900 
900 
903 5 
904 

905 
906 
907 
907 
908 
910-916 
91 0 

P273 R 
P283 R 
P275 R 

P276 R 
P277 R 
P278 R 
P279 R 
P280 R 
P28 1 R 
P282 R 
NW14 R 
NW12 R 
NW9 R 
NW18 R 
NWB R 

NW10 R 

NW17 L 
NWI (7.52) R 
NW14 R 

NW6 L 
NW2(7.50) R 
NW3 R 

NW5 L 

Sandy Gravel 4 
Sand b Gravel 3.5 
Sand b Gravel 4.5 

Sand b Gravel 2 -5 
Sand 4 
S i l t y  Sand 6 Gravel 5.5 
Sand 6 Gravel 2 
Sand d Gravel 4 
Sand b Gravel 6 
S I  I t y  Sand b Gravel 2 
SI I t y  Sand 2.5 
S i  I t y  Sand  2 
Sandy Gravel 6 
Sand 3 
Gravel 6 

Gravel 6 

S i  I t y  Sand  5 
Sand b Gravel 0 
SI 1 t y  Sand 2.5 

S i l t y  Sand  5 
Sand b Gravel 1.5 
Sandy Gravel 3 

N/ D 
N/D 
2,000,000 

200,000 
N/D 
2,000,000 
1,000,000 
1,500,000 
2,000,000 
N/D 
1,500,000 
200,000 
700,000 
1 00,000 
1,000,000 

1,000,000 

Mld-Channel-Isle Sand 

Mld-Channel-Isle Sand 
3,000,000 

1,500,000 
200,000 

No. 3 S l l t y  Clay  over 

No. 4 S l l t y  Clay 
Shale 

1,500,000 
75,000-250,000 
1 25,000- 5 00,000 

1,500,000 
L e f t  Bank Sand 

S l l t y  Sand  4 

1 )  Upland  deposits  greater  than 15 km fran t h e   r l v e r  have no t  been consldered. 
2) Pemcan  1972. 
3) N/D - Quant i ty   no t  determlned. 
4)  Publ Ic Works  Canada,  1976. 
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K I LOMETRE 
POST I NG 

(km) 

910 
91 2-92 1 
912 
91 6 
920-924 

920 
925 
926-933 
934 
937-940 
938.5 
939 
940 
94 1 
943.5 
944 
947.5-967 
953.5 
954 
958.5 
960 
963 
963 

1 I t I 1 I I I I I 

DEPOS I T 
NWBER 

NW15 

NW 
NWll 

NW19(7.46) 
P285 

P287 

P289 
P291(7.37) 
P288(7.35) 

P292 

P296(7.25) 
P299 
P299A 
1.22 
P300 
7.19 

TABLE  5.1 
MACKENZIE  VALLEY  UPLAND' AND CHANNEL  DEPOSITS (Rlver Zone XI I I  910-963 km) 

RESERVES OF KNOWN GRANULAR MATERIALS* RIVERBED  DATA 

BAN<  EST1  MATED' 
RIGHT LEFT DISTANCE FROM RIVER VOLUME 

( R )  (L )  MATER 1 AL (km) (m3) 

R 

R 
R 

R 

R 
R 
R 

R 

R 
R 
R 
R 
R 
R 

Sandy Gravel 

L S i  I t y  Sand 
L S i  I t y  Sand 

Sand h Gravel 
SI I t y  Sand 

F lne  Sand 

Gravel 6 Sand 
Sand h Gravel 
Gravel h Sand 

F lne  Sand 

Grave I 
Flne  Sand 
F ine  Sand 
Sand 6 Gravel 
F lne  Sand 
Sand, Sllt 

5 

3 
1 

5 
6 

3 

4 
1 
4 

0.5 

4 
0.5 
1.5 

1 
5.5 

1,000,000 

500,000 
750,000 

700,000 
N/ D 

3,500,000 

1,500,000 
N/D 
10,000,000 

10,000,000 

2 .5 -15~10~  
2,000,000 
N/D 
50-150,000 
N/D 
15x106 

I I I 

Page  21 

BaREHOLES4/ 
HYDROGRAPHIC 
OBSERVATIONS 

No. 21 
Mld-Channel-Isle 

Righ Bank In te r -  
sect  Ion w/B I I I y Cr .  

Mld-Channel-Isle 

L e f t  Bank 

Mid-Channel-Isle 
Mld-Channel-Isle 

MATER I AL 

S I I t y   C lay  
Sand 

Sand 

Sand 

Sand 

Sand 
Sand 

Zone Borrow 
Summary L Flne Sand  7.25x106/rn3 

L Sand h Gravel N/D 

Zone Borrow 
Summary R Fine Sand 

R Sand h Gravel 
33.25x106/m3+N/D 
43.9x1O6/m3+N/D 

1 )  Up1 and depos I t s   g rea te r   t han  15 km from  the r l  ver have no t  been cons1  dered. 
2) Pemcan  1972. 
3) N/D - Quantlty  not  determlned. 
4) Pub l I c  Works  Canada, 1976. 
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K I LOMETRE 
POST1 NG DEPOS I T 

(km) NLMBER 

977  P302 
978  P303 
979-980 
981  -982 
990 7.17 
1001-1010 
1010-1013 

1015 

1017 
1017.5 

I I i I 1 I I t i t 1 I 1 I I I 

TABLE 5.1 Page 22 
MACKENZ IE VALLEY UPLAND' AND  CHANNEL  OEPOS I TS ( R  I ver  Zone X I V 963-1  01 7.5 km) 

RESERVES cf KNOWN GRANULAR MATERI A L S ~  RIVERBED  DATA 

BAN< EST I MATED'  BOREHOLES4/ 
RIGHT LEFT DISTANCE FROM RIVER VOLUME  HYDROGRAPHIC 

(R)  (L)  MATER I AL (km) (m3) OBSERVATIONS  MATER I AL 

R Sand d Gravel 1 1  N/D 
R Sand d Gravel  11 N/D 

Mid-channel Sand 
Le f t  Bank Sand 

Mld-Channel-Isle Sand 
Lef t  Bank- I s  l e  Sand 
i n t e r s e c t   I o n  w/ 
Carca J w R I ver  
Le f t  Bank I n t e r -  Sand d Gravel 
s e c t l o n  w/ M t .  R. 

R Sand b Gravel 1-2 5 - 2 5 ~ 1 0 ~  

Zone Borrow 
Summary 

Zone Borrow 
Summary 

L F l n e  Sand 
L Sand d Gravel 

R F l n e  Sand 
R Sand d Gravel 

N/D 
N/D 

15x 1 06+N/D 
5-25x1 O6 

1) Up land  depos i ts   g rea ter   than 15 km from t h e   r l v e r  have  not been consldered.  
2) Hardy 1986. 
3 )  N/D - Quant I t y   n o t   d e t e r m i n e d .  
4) P u b l i c  Works Canada, 1976. 
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K I LOMETRE 
POST 1 NG DEPOS I T 

(km) NWBER 

1018-1020 
1020-1025 
1030 
1031 
1031 
1033 
1034 
1034.5-1043 
1040-1  051 
1050- 1059 
1 058- 1070 

1 068- 1084 

1082-1086.5 6.84 

f 1 f I 1 1 t I I 

TABLE  5.1 
MACKENZIE  VALLEY  UPLAND' AND CHANNEL  DEPOSITS (River Zone XV 1017.5-1086.5  km) 

1 I I 

Page  23 

RESERVES OF KNOWN GRANULAR MATERI A L S ~  R I VERBEO DATA 

BAN<  EST I MATED3 BCREHOLES4/ 
RIGHT  LEFT  DISTANCE FROM RIVER VOLUME  HYDROGRAF'H I C 

( R )  (L )  MATER I AL (km) (m3) OBSERVATIONS  MATER I AL 

L e f t  Bank Sand 
Mid-Channel-Isle Sand 
L e f t  Bank Sand No. 19 Sand 6 Gravel No. 20 Sand 6 Gravel 
Mid-Channel-Isle Gravel 

Mid-Channel-Isle Sand 
Mld-Channel-Isle Sand 
Rlght  Bank-Isle Sand 
Mid-channel Hume Sand 
River   in tersect   Ion 
Lef t   Bank- Is le  Sand 
Ramparts R. i n te r -  
sect  Ion 

L Sand b Gravel 1 300,000-1 - 5 ~ 1 0 ~  

Zone Borrow 
Summary 

Zone Borrow 
Summary 

L Fine Sand 
L Sand b Gravel 

R F ine  Sand 
R Sand b Gravel 

N/D 
3- 1 5~ 1 06/m3 

N/D 
N/D 

1 ) Upland deposlts  greater  than 15  km from the r l ve r  have not been consi dered. 
2) Hardy 1986. 
3)  N/D - Quant l t y  not  determlned. 
4 )  Pub l ic  Works  Canada,  1976. 
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TABLE  5.1 
MACKENZIE VALLEY  UPLAND' AM) CHANNEL  DEPOSITS (R lver  Zone X V I  1086.5-1097 km) 

Page 24 

RESERVES OF KNOWN GRANULAR MATERIAL$ RIVERBED DATA 

K I LOMETRE  BAN<  EST I MATED3 BCREHOLES4/ 
POSTING  DEPOSIT  RIGHT  LEFT  DISTANCE FROM RIVER VOLUME  HYDROGRAPHIC 

(km) NLMBER (R) (L )  MATER I AL (km) (m3) OBSERVATIONS  MATER I AL 

1086.5-1093 6.84 L Sand d Gravel 
1091 P318 R SI I t y  Sand 23 

1-2 

1097 P315 R Sandy Gravel 27 

300,000- 1 - 5 ~  1 O6 
N/D 
600,000 

Zone Borrow 
Summary 

Zone Borrow 
Summary 

L Flne  Sand 
L Sand d Gravel 

R F lne  Sand 
R Sand d Gravel 

N/D 
.3-1 .5x106/m3 

N/D 
&x1 06/m3 

1 )  Upland  deposlts  greater  than 15 km from t h e   r l v e r  have no t  been considered. 
2 )  Hardy 1986. 
3 )  N/D - Quant l t y   no t  determlned. 
4 )  Publ Ic  Works  Canada, 1976. 
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K I LOMETRE 
POST I NG 

(km) 

1070-1150 

1098 
1100 
1101 
1102 
1102 
1103 
11 03.5 
1104 
1104 
1104 
1104.5 
1105 
1109-1 114 
1 1 1 1  
11  12-1  126 
1113 
1115 
1126-1133 
1132 
1134 
1136-1138 
1140-1  145 
1149 
1150-1  153 
1151-1160 
1154 
1160-1163 

i t 1 1 t 1 t i t t I f 

DEPOSIT 
NWBER 

6.83 
6.82 

FGH2(6.80) 
FGH8 
FGH7 
FGH3 
P316 
P317 
FGH 1 
FGH4 (6 79) 
FGH9 

FGH6 

FGH5 

6.55 
6.53 

6.43 
6.41 

6.42 

RESERVES OF KNOWN GRANULAR MATERIALS* 

BAN< EST1 MATED3 
RIGHT LEFT DISTANCE FROM RIVER VOLUME 

( R )  (L)  MATER 1 AL (km) ( m 3 )  

R 
R 

R 
R 
R 
R 
R 
R 
R 
R 
R 

R 

R 

R 
R 

R 
R 

R 

Sand 6 Gravel 
Sand 6 Gravel 

Sandy Gravel  
Sand 6 Gravel 
Sand 
Sandy Gravel 
S I  I t y  Sand 
SI I t y  Sand 
Sandy Gravel  
Sandy Gravel 
Sand 

SI I t y  Sand 

Sand 

Sand 
Sand d Gravel 

Gravel 
Gravel 6 Sand 

Gravel 6 Sand 

0.5 
0.5 

0.5 
1 
11 
0.5 
23 
25 
5 
1 
12 

9 

2 

1 
3 

1 
0.5 

2 

100,000-1x106 
750,000-10x106 

30,000,000 
1,000,000 
100,000 
7,000,000 
N/D 
N/D 
4,000,000 
400,000 
6,500,000 

I I I I 

R I VERBED  DATA 

BCREHOLES4/ 
HYDROGRAPHIC 
OBSERVATIONS  MATER I AL 

Mld-Channel-Isle Sand 6 Gravel 
I n t e r s e c t  ion w/ 
H a r e   l n d l a n   R l v e r  

Mld-Channel-Isle 
100,000 

L e f t   B a n k - I s l e  
30,000 

.8X10X106 
1-3x1 O6 

300,000-600,000 
90,000-10x106 

.4-6.5x106 

Page 25 

R l g h t  Bank 
R lgh   Bank- Is le  

Mld-Channel - Is le  
L e f t  Bank 

Mld-Channel-Isle 

L e f t   B a n k - I s l e  
T leda   R lve r  

Sand 

Sand 

Sand 
Sand 

Sand 
Sand 

Sand 6 Gravel  

Sand 

1 ) Up l and   depos l t s   g rea te r   t han  15 km from t h e  r l v e r  have  not been  cons 1 dered. 
2 )  Hardy 1986. 
3) N/D - Q u a n t l t y   n o t  determined. 
4 )  P u b l I c  Works Canada, 1976. 
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f 

K I LOMETRE 
POST I NG DEPOS I T 

(km) NWBER 

1162 

1168-1177 
1178-1  183 
1192-1  198 
1 200- 1 205 

1164.5 6-37 

1207-1215 
1210 6.1 1 
1215-1218 
1217 6.9 
1221 
1222-1  225 
1225-1  230 
1230 5.4 
1234 
1236-1  241 
1246-1  260 
1252 
1255 

i i I f I f I t 

TABLE 5.1 
MACKENZIE  VALLEY  UPLAND' AND CHANNEL  DEPOSITS (Rlver Zone X V l l  1163-1255 km) 

RESERVES OF KNOWN GRANULAR MATERIALS~ 

BAN<  EST I MATED3 
RIGHT LEFT DISTANCE FROM RIVER VOLUME 

(R)  ( L )  MATER I AL (km) ( m 3 )  

R Gravel 1.5 .1-1x106 

R Grave I 

R Sandy Gravel 

R Sand 

5 

6 

0-3 72x1 O6 

I 

R I VERBED DATA 

t I 

Page 26 

BCREHOLES4/ 
HYDROGRAPH I C  
OBSERVATIONS  MATER I AL 

Mld-Channel-Isle Sand 
L e f t  Bank Sand 
Mld-Channel-Isle Sand 
Mld-Channel-Isle Sand 
Ontaratue R1  ver 
In te rsec t   Ion  
Mid-Channel-Isle Sand 

Mld-Channel-Isle Sand 

Mid-channel Sand 
Rlght  Bank-Isle Sand 
Le f t   Bank- Is le  Sand 

Mld-Channel-Isle Sand 
Mld-Channel Sand 
L e f t  Bank- I s  l e  Sand 
Mld-Channel 
R lgh t  Bank  Sand 

Zone Borrow 
Summary L Flne  Sand N/D 

L Sand d Gravel N/D 

Zone Borrow 
Summary R Flne  Sand 8.28 

R Sand d Gravel 3.09 
83.5~ 1 06tN/D 
94.5~10~ 

1 )  Up land depos Its greater  than 15 km from  the rl ver have no t  been cons1  dered. 
2) Hardy 1986. 
3)  N/D - Quant I t y   n o t  determlned. 
4) Pub1 I c  Works  Canada, 1976. 
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0301-34288 TABLE 5.1 
MACKENZIE  VALLEY  UPLAND' AND CHANNEL DEPOSITS (River  Zone X V I  I I 1255-1390 km) 

Page 27 

RESERVES OF KNOWN GRANULAR MATERI A L S ~  R 1 VERBED  DATA 

K I LOMETRE  BAN< ESTIMATED3  BCl?EHOLES4/ 
POST I NG DEPOS I T RIGHT LEFT  DISTANCE FROM RIVER V O L U M  HY  DROGRAPH I C 

(km) NLMBER (R)  (L)  MATER I AL (km) (m3) OBSERV  AT I ON S MATER I AL 

1261-1274 
1265 
1272 
1274-1  279 
1281 
1282 
1283 
1283.5-1294 
1284 
1297 
1300 

M id -channe l - i s l e  Sand 
50,000-40x106 
1 - 5 ~ 1 0 ~  

5.23 
5.21 

R 
L 

Sand 6 Gravel 2 
Sand 6 Gravel 5 

Le f t  Bank Sand 
3 - 3 ~  1 O6 

45 ,000-3 .5~10~ 
5 -20 
5.18 

Sand, S i  i t y  Gravel 1.5 
S i l t y   G r a v e l  1 

L 
L 

Mid-channel 
Mld-Channel-Isle 

Sand 
Sand 

1 0 , 0 0 0 - 4 ~ 1 0 ~  
25,000-10x106 

5.19 
4.104 

S i l t y   G r a v e l  7 
S i  I t y  Sand 6 Gravel 1 

L 
R 

Mid-channel,  Thunder 
R i v e r   I n t e r s e c t   i o n  
L e f t  Bank 

Sand 

Sand 1  300-  1  307 
1307-1318 
1307-1318 
1314-1320 
1318 
1318 
1318 
1326-1  330 
1336 
1351-1358 
1360-1  363 
1365 
1366-1  379 
1381 
1386 
1387-1393 

20,000-7.5~10~ 
5 - 2 0 ~  1 O6 

5-2Ox 1 O6 
70,00C-2x 1 O6 
150,000-2x 1 O6 

4.109 
5.12 

L 
R 

S l i t y  Sand 6 Gravel 4-5 
Sand 6 Gravel 1 

Sand R i g h t  Bank 
4.107 
5.13 
5.14 

L 
R 
R 

Sand 6 Gravel 1-2 
G r a v e l l y  Sand 1 
S i  I t y  Sand 1 

Mid-channel 
L e f t   B a n k - I s l e  
L e f t  Bank- I s le 
L e f t  Bank 
Mid-channel 
Mld-Channel 
Mid-channel 
L e f t  Bank 
R i g h t  Bank i n t e r -  
s e c t   i o n  w /  R a b b l t  
Hay R i v e r  

Sand 
Sand 
Sand 
Sand 
Sand 
Sand 
Sand 
Sand 
Sand 

1390 

1 )  Upland  depos i ts   g rea ter   than 15 km f r o m   t h e   r i v e r   h a v e   n o t  been considered.  
2 )  Hardy 1986. 
3 )  N/D - Q u a n t i t y   n o t  determined. 
4) P u b l l c  Works Canada, 1976. 
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K I LOMETRE 
POST I NG DEPOS I T  

(km) NLMBER 

1405 
1410 
1417 
1423 
1425-1  434 
1430 

t I f I I 1 i t I I I I I 

TABLE  5.1 
MACKENZ IE VALLEY  UPLAND' AM) CHANNEL DEPOSITS ( R 1  ver Zone XV I I I 1390-1  440 km) 

RESERVES OF KNOWN GRANULAR MATERIALS* RIVERBED  DATA 

I I 1 

Page 28 

BAN<  EST1  MATED3  BCREHOLES4/ 
RIGHT LEFT DISTANCE FROM RIVER VOLUE HYDROGRAPH I C  

( R )  (L)  MATER I AL (km) (m3) OBSERVATIONS  MATER I AL 

Mld-Channel Sand 
L e f t  Bank Sand 
R l g h t  Bank  Sand 
Mid-channel Sand 
L e f t   B a n k - I s l e  Sand 
R l g h t  Bank Sand 

Zone Borrow 
Surnrnar y 

Zone Borrow 
Summary 

L F l n e  Sand 
L Sand d Gravel 

R F l n e  Sand 
R Sand b Gravel 

N/D 
6.4-43x106/rn3 

1 5 - 2 ~  1 O6 
5 . 1 4 - 7 2 ~ 1 0 ~  

1 ) Up1 and  depos I t s  g r e a t e r   t h a n  15 km f rom  the  r I ver  have  not  been  cons I dared. 
2)  Hardy 1986. 
3 )  N/D - Q u a n t l t y  not deterrnIned. 
4) PublIc Works Canada, 1976. 
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0301-34288 TABLE 5.1 
MACKENZIE  VALLEY  UPLAND' AND  CHANNEL DEPOSITS ( R i v e r  Zone X I X  1440-1475 km) 

Page 29 

RESERVES OF KNOWN  GRANULAR MATERIALS2 R I VERBED  DATA 

BAN< ESTIMATED3 BOREHOLES4/ 
DEPOS I T RIGHT LEFT  DISTANCE FROM RIVER VOLUME HY DROGR Ani I C 
NWBER ( R )  (L)  MATER I AL ( k m )  (m3) OBSERVATIONS  MATER I AL 

K I LOMETRE 
POST I NG 

(km) 

3.16 R Sand 6 Gravel  0-1 175-2x1 O6 R i g h t  Bank  Sand 
Mid-channel Sand 
L e f t  Bank Sand 

1440 
1444 
1444-1  449 
1453 
1473 L e f t  Bank Sand 

Zone Borrow 
Summary L F i n e  Sand 

L Sand 6 Gravel 
N/D 
N/D 

Zone Borrow 
Summary R F i n e  Sand 

R Sand d Gravel 
N/D 

1 7 5 - 2 ~  1 O6 

1 )  Upland  depos l ts   g rea ter   than 15 km fran t h e   r i v e r  have  not been consldered.  
2)  Hardy 1986. 
3) N/D - Quan t l t y   no t   de te rm ined .  
4 )  P u b l i c  Works Canada, 1976. 
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TABLE 5.2 

A N T I C I P A T E D  GRANULAR BORROW REQUIREMENTS 
FOR THE MAJOR MACKENZIE  VALLEY  COMMUNITIES 

COMMUNITY  LOCAT I ON 
( k m )  

F o r t   P r o v  i d e n  ce 79 

J e a n   M a r  le R l v e r  270 

F o r t  S I mp son 340 

W r l g l e y  574 

F o r t   N o r m a n  827 

N o r m a n  We1 I s  9 05 

VOLUME ( m 3  X 100) 

1987 1988 1989 1990 1991 TOTAL 

""" 

47 36 - - 100 183 

12 17 100 - - 129 

u s e  I O  - 20,000 m 3 / y e a r  

13 90 10 100 16 229 

35 - 57 15 - 107 

N o t   A v a i l a b l e  

F o r t   G o o d   H o p e  1101 165 15 23 32 - 235 

A r c t i c   R e d  Rlver 1454 140 90 - 15 - 245 
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0 3 0 1 - 3 4 2 8 8  

TABLE  5.3 
COST COMPAR I SON FOR CONVENT I ONAL AND R I  VERBED BORROW PRODUCT1 ON 

CONVENTIONAL UPLAND 
BORROW PRODUCTION' R I VERBED DREDG I NG COSTS2 

COST  COMPONENT (SOUTH OF 
NORMAN WELLS) 8600 m3/day  1400 m3/day  

a )   Equ  1 pmen t  Mob 1 I I z a t  i on ( $ / m 3 )  - 5 -00 6 -00 

b )  P I t   D e v e l o p m e n t   ( $ / m 3 1  1 .oo - - 
c )   E x c a v a t  1 o n  ( $ / m 3 )  4 -00 0 - 6 0  2.00 

d )   O v e r l a n d   H a u l i n g 3   ( A c c e s s   R o a d  d T r u c k i n g )  
( S / m 3 / k m )  

e) R i v e r   H a u l i n g   ( B a r g e )   ( S / m 3 / k m )  - 0.15  0.75 

f )  D o c k s i t e   R e h a n d l   i n g  d S t o c k p l  I l n g 4  ( $ / m 3 )  - 3.505  3.50 

N o t e s :  ( 1 )  C o n v e n t i o n a l   p r o d u c t i o n   r a t e s   w o u l d   b e   1 0 0 0   t o   1 5 0 0   m 3 / d a y .  
( 2 )   C a p i t a l   c o s t s  f o r  d r e d g i n g   a n d   b a r g l n g   e q u l p m e n t   n o t   i n c l u d e d .  
( 3 )  A p p r o x i m a t e l y  S0.50/m3/km f o r   a c c e s s   r o a d   d e v e l o p m e n t   a n d   $ 1 . 2 0 / m 3 / k m   f o r   h a u l i n g .  
( 4 )  Assumes t h a t   s t o c k p i l e   i s  we1 I d r a i n e d   a n d   n o t   a l l o w e d   t o   f r e e z e .  
( 5 )   F o r   c a s e s   w h e r e   r i v e r   b o r r o w   m u s t   b e   m o v e d   I n l a n d ,   b o t h   a r e   r e q u i r e d .  
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T A B L E  6.1 
SUMMARY  OF D l  S C H A R G E   R E C O R D S   F O R   T H E   M A C K E N Z I E   R I V E R   T O  1984 

( I N T E R P R E T E D   F R O M   W A T E R   S U R V E Y   O F   C A N A D A   R E C O R D S )  

S I T E  
NUMBER 

M a c k e n z l e   R l v e r   N e a r  1 OFBOOl 
F o r t  P r o v l d e n c e   ( K P  8 0 )  

M a c k e n z l e   R l v e r   A t  106C001 
F o r t  S l m s p o n   ( K P  3 4 0 )  

M a c k e n z l e   R l v e r   A t  1 O K A O O l  
N o r m a n  We 1 I s ( K P  9 0 5 )  

M a c k e n z l e   R l v e r   A b o v e  1 O L A 0 0 3  
A r c t l c   R e d   R l v e r   ( K P  1454)  

YEARS  OF 
RECORDS* 

9 s  
1 oc 

2 6 s  
21c  

20s  
17c 

1s 
1 2 c  

MEAN 
FLOW 
Y E A R S  
( M 3 / S )  

4280  
o v e r  21 y r s  

6 5 5 0  
o v e r  2 1 y r s  

8 400 
o v e r  17  y r s  

89  40 
o v e r  12 y r s  

MEAN 
A N N U A L  
D A  I LY 
FLOW/ 
Y E A R S  
OF 
RECORD 
( M 3 / S )  

7580  
13 y r s  

16400 
40 y r s  

22270 
29  y r s  

28600 
12 y r s  

P E A K  
OF 
RECORD 
( M 3 / S )  

8 8 4 0  

23500  

30300  

32000 

M E A N  
A N N U A L  
M I N I M U M  
D A I L Y  
FLOW/ 
Y E A R S  
OF 
RECORD 
( M 3 / S )  

1680  
10 y r s  

201 0 
22 y r s  

2500  
17 y r s  

2560  
12 y r s  

L O W E S T  
MEAN 
M I N I M U M  
D A I L Y  
FLOW OF 
RECORD 
( M 3 / S )  

1040  

1500  

1950  

1680  

S - S e a s o n a l   R e c o r d s   O n l y  C - C o n t l n u o u s   R e c o r d s  
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TABLE 6 . 2  
FISH  SPECIES LOCATED WITHIN THE MACKENZIE  VALLEY STUDY  AREA 

( A d a p t e d   f r o m  Dome e t   a l  1 9 8 2 )  

COMMON NAME 
MaJ o r  Spec les 
D o l  I y V a r d e n  
L a k e   T r o u t  
L a k e   C i s c o  
A r c t  1 c C 1 s c o  
L e a s t   C i s c o  
H u m p b a c k   W h i t e f l s h  
B r o a d   W h i t e f l s h  
Round Wh i t e f  i s h  
M o u n t a i n   W h i t e f i s h  
l n c o n n u  
A r c t i c   G r a y l i n g  
Go I d e y e  
N o r t h e r n   P i k e  
Ye I I ow  Wa t 1 eye 
L o n g n o s e   S u c k e r s  
B u r b o t  
MI n o r   S p e c   i e s  
W h i t e   S u c k e r s  
Chum Sa t mon 
A r c t i c   C h a r  
A r c t  1 c L a m p r e y  
P o n d  S m e  I t 
N o . R e d b e l l y   D a c e  
F i n e s c a l e   D a c e  
L o n g n o s e   D a c e  
P e a r l   D a c e  
Lake   Chub  
F l a t h e a d   C h u b  
Emera  I d Sh i n e r  
S p o t t a i l   S h i n e r  
F a t h e a d  M i  nnow 
B r o o k   S t i c k l e b a c k  
N l n e s p l n e   S t i c k l e b a c k  
T r o u t   P e r c h  
Y e l l o w   P e r c h  
S l i m y   S c u l p l n  
S p o o n h e a d   S c u l p l n  

S C I E N T I F I C  NAME 

S a l v e l l n u s   m a l m a  
S a l v e l i n u s   n a m a y c u s h  
C o r e g o n u s   a r t e d  1 1  
C. a u t u m n a l  is 
C. s a r d  I n e  I I a 
C. c l u p e a f o r m l s  
C. n a s u s  
P r o s o p l u m   c y l i n d r a c e u m  
P. w l  I I i a m s o n i  
S t e n o d u s   l e u c l c h t h y s   n e l m a  
T h y m a l l u s   a r c t i c u s  
H l o d o n   a l o s o i d e s  
E s o x  I u c  I u s  
S t i z o s t e d l o n   v i t r e u m   v i t r e u m  
C a t o s t o m u s   c a t o s t o m u s  
i o t a   I o t a  

C a t o s t o m u s   c a t o s t o m u s  
O n c o r h y n c h u s   k e t a  
Sa I v e  I I n u s  a1 p I n u s  
L a m p e t r a  J a p o n l   c a  
H y p o m e s u s   o l i d u s  
Chrosomus  eos 
C h r o s o m u s   n e o e u s  
R h l n l c h t h y s   c a t a r a c t a e  
S e m o t i l u s   r n a r g a r l t a  
c o u e s i u s   p l u b e u s  
P l a t y g o b i o   g r a c l  I i s  
N o t r o p i s   a t h e r i n o i d e s  
N o t r l p i s   h u d s o n i u s  
P i m e p h a l e s   p r o m e l a s  
C u l e a   l n c o n s t a n s  
P u n g l t i u s   p u n g l t l u s  
P e r c o p s l s   o m l s c o m a y c u s  
P e r c a   f l a v e s c e n s  
C o t t u s   c o g n a t u s  
C o t t u s  r I c e i  

SPAWN I NG 
PERIOD 

F 
F 
F 
F 
F 
F 
F 
F 
F 
F 
S 
S 
S 
S 
S 
S 

S 
F 
F 
S 
S 
S 
S 
S 
S 
S 
S 
S 
S 
S 
S 
S 
S 
S 
S 
S 

TYPE** 

A 
F 
F 
A 
A 
A 
A 
A 
F 
A 
F 
F 
F 
F 
F 
F 

F 
A 
A 
A 
F 
F 
F 
F 
F 
F 
F 
F 
F 
F 
F 
F 
F 
F 
F 
F 

~~ 

* S p a w n l n g   P e r l o d :   F - F a l l  ** Type:   A-Anadromous 
S-Spr I n g   F - F r e s h w a t e r  
W-Wl n t e r  



0301 -34288  

TABLE 6.3 
ESTIMATED ANNUAL HARVEST OF THE MACKENZIE  VALLEY  DOMESTIC  FISHERIES 

( F r o m :   M c C a r t   a n d   D e n   B e s t e  1 9 7 9 )  

NO. OF 
COMMUN 1 TY  POUNDS M A I N  TYPES OF F I S H  HARVESTED 

M a c k e n z i e   D e l t a   a n d   T u k t o y a k t u k  111,000 A r c t l c   c h a r ,   w h i t e f l s h ,  
l n c o n n u ,   h e r r l n g  

F o r t   M c P h e r s o n   a n d   A r c t l c   R e d  R. 4 5 0 , 0 0 0   W h i t e f l s h ,  C I S C O ,  A r c t i c  
c h a r ,   n o r t h e r n   p f k e ,   s u c k e r s  

F o r t  Good Hope, Col v l  I l e   L a k e  100,000 W h i t e f i s h ,   c l s c o ,   l n c o n n u ,  
t r o u t  

F o r t  Norman,  Norman We1 I s  

W r l g l e y  

F o r t  S i mpson 

J e a n - M a r l e   R l v e r  

T r o u t   L a k e  

2 9 , 0 0 0  L a k e   t r o u t ,   A r c t l c   g r a y l i n g ,  
w h l t e f l s h ,  CISCO, i n c o n n u  

2 , 5 0 0   W h l t e f i s h ,   n o r t h e r n   p i k e ,  
s u c k e r s  

1,000 W h l t e f i s h ,   n o r t h e r n   p i k e ,  
s u c k e r s  

8 0 0   W h i t e f l s h ,   n o r t h e r n   p i k e ,  
s u c k e r s  

1,000 W h i t e f l s h ,   n o r t h e r n   p l k e ,  
s u c k e r s  
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TABLE 6.4 
REACH ZONES WITH SIGNIFICANT  F ISHERIES  ACTIVIT IES*  

REACH BOUNDAR I E S 
ZONE (km) GEOGRAPHIC LOCATION 

V I  I 300- 410  E. o f  R a b b l t s k i n  R. t o  E. o f  B u r n t  I s .  

I X  520-   580 N. o f  W l l l o w l a k e  R. t o   W r i g l e y  R.  

X 580- 605 W r l g l e y  R. t o   B l a c k w a t e r  R .  

X I  I 7 1 4 -   8 2 8   R e d s t o n e  R. t o   G r e a t   B e a r  R .  

X I  I 1  828-  956 G r e a t   B e a r  R. t o   P a t r l c l a  Is. 

x v  1 0 1 7 - 1 0 8 7   S a n s   S a u l t   R a g i d s  d M o u n t a l n  R. t o  t h e   R a m p a r t s  

X V I  I 1098-1   261 N. e n d  o f  R a m p a r t s  t o  N. o f  L i t t l e   C h i c a g o  R.  

X I X  1 4 3 8 -   1 4 7 5   L o w e r   R a m p a r t s  t o  P o i n t   S e p a r a t l o n  

* T h e s e   a r e   n o t e d   a s   Z o n e s   w l t h   H l g h  Fisheries A c t l v i t l e s  on F l g u r e   5 . 1 .  
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TABLE 7.1 
RAT I N G  SYSTEM FOR  THE 

G R A N U L A R  MATERIALS  POTENTIAL OF THE R I V E R  ZONES 

RAT I NG 
PO I NTS 

0 

1 - 4  
5 

6 - 7  
8 

9 - 13 

A. 

8. 

C. 

D. 

RIVER CHANNEL CHARACTERISTICS 

T y p e   o f   C h a n n e l  
B r a i d e d  
B r a l d e d   t r a n s l t l o n a l   t o   s t r a i g h t  
B r a l d e d   t r a n s i t i o n a l   t o   m e a n d e r l n g  
S t r a l g h t  
M e a n d e r  1 n g 
E x p a n d e d  

RIVER  GRADIENT 

G r a d  1 e n t  
- 0 0 1  - . 0 9  m/km 
.I - . 19  m/km 
. 2  - . 2 9  m/km 
. 3  - . 3 9  m/km 

TYPE OR NUMBER OF TRIBUTAR 

D e s c r l p t i o n  
T h r e e   o r   m o r e   l a r g e   g r a v e l  
m o r e  sma I I g r a v e l   b e d  t r l  b 

ES 

b e d   t r l b u t a r l e s   a n d   f i v e   o r  
t a r  les 

T h r e e   l a r g e   g r a v e l   b e d   t r l b u t a r l e s   a n d   n o   o r  a f e w   s m a l l  
g r a v e l   b e d   t r l b u t a r l e s ,  

One t o  two l a r g e   g r a v e l   b e d   t r l b u t a r l e s   a n d  many s m a l l  
g r a v e l   b e d   s t r e a m s  

One t o  two l a r g e   g r a v e l   b e d   t r l b u t a r l e s   a n d  a few o r  n o  
g r a v e l   b e d   t r l b u t a r l e s  

NO l a r g e   g r a v e l   b e d   t r l b u t a r l e s   b u t   s e v e r a l   s m a l l   g r a v e l  
b e d   s t r e a m s  

No g r a v e l   b e d   t r i b u t a r l e s  

CUMMULATIVE RATINGS  (TOTAL OF POINTS FROM A, B AND C )  

R a t  1 n g  
L o u  
Low t o  M o d e r a t e  
M o d e r a t e  
M o d e r a t e  t o  H i g h  
H I  gh 
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TABLE 7 e2 

EVALUATION OF RIVER  REGIME  CHARACTERISTICS FOR EACH RIVER ZONE 

AVERAGE 
RIVER 

R I VER  GRAD I E N 1  
MORPHOLOGY (m/km)  TRIBUTARY BED CHARACTERISTICS 

RIVER ZONE 
( k m )  

I 
( 0 - 2 6 )  

R I VER REG I ME 
RAT I NG 

S t r a  I g h t  
( 2 )  

0.04 
( 1 )  

N o n e  
( 0 )  

Low 
( 3 )  

I I  
( 2 6 - 6 0 )  

S t r a  1 g h t  
( 2 )  

0.03 
( 1 )  

N o n e  
( 0 )  

Low 
( 3 )  

I l l  
( 6 0 - 1   0 7 )  

0.25 
( 3 )  

2 n o n - g r a v e l  
( 0 )  

M o d e r a t e  
(7) 

IV 
( 1 0 7 - 1 3 0 )  

E x p a n d e d  
( 1 0 )  

v e r y  low N o n e  
( 1 )  ( 0 )  

Low 
( 1 )  

V 
( 1 3 0 - 2 2 9 )  

S t r a  I g h t  
( 2 )  

0 .02 
( 1 )  

3 g r a v e l   c r e e k s  
( 1 )  

Low 
( 4 )  

VI 
( 2 2 9 - 3 0 0 )  

S t r a  1 g h t  
( 2 )  

0 .056 1 g r a v e l   r l v e r  
( 1 )  ( 1 )  

Low 
( 4 )  

VI I 
( 3 0 0 - 4   1 0 )  

S t r a f g h t  
( 2 )  

0.15 
( 2 )  

4 n o n - g r a v e l  
( 0 )  

Low 
( 4 )  

VI I I 
( 4 1   0 - 5 2 0  

B r a I d e d  
( 4 )  

0.15 
( 2 )  

3 l a r g e   g r a v e l  
( 4 )  

H I   g h  
( I O )  

I X  
( 5 2 0 - 5 8 0 )  

S t r a l g t h t - B r a l d e d  0.17 
( 3 )  ( 2 )  

2 g r a v e l   r l v e r s ,  1 g r a v e l   c r e e k  
( 3 )  

M o d e r a t e - H l g h  
(8) 

X 
( 5 8 0 - 6 6 5 )  

S t r a  1 g h t  
( 2 )  

0.06 
( 1 )  

3 g r a v e l   r l v e r s ,  5 g r a v e l   c r e e k s  
( 5 )  

M o d e r a t e - H l g h  
(8) 

X I  
( 6 6 5 - 7 1 4 )  

S t r a  1 g h t - B r  a I d a d  0.3 
( 3 )  ( 4 )  

3 g r a v e l   r I v e r s ,  5 g r a v e l   c r e e k s  
( 5 )  

H I   g h  
( 1 2 )  

X I  I 
( 7 1 4 - 8 2 8 )  

B r a f d e d - M e a n d e r l n g   0 . 1 3  
( 2 )  ( 2 )  

1 g r a v e l   r l v e r  
( 2 )  

M o d e r a t e  
( 6 )  
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TABLE 7 . 2  

EVALUATION OF RIVER REGIME  CHARACTERISTICS FOR EACH RIVER ZONE 

A V E R A G E  
R I VER 

R I V E R  G R A D  I ENT 
MORPHOLOGY (m/km)  TRIBUTARY BED CHARACTERISTICS 

RIVER ZONE 
( k m )  

X I  I I 
( 8 2 8 - 9 6 6 )  

RIVER REGIME 
RAT I NG 

B r a l d e d  
( 4 )  

0 . 1  1 
( 2 )  

3 g r a v e l   r i v e r s ,  2 1  g r a v e l   c r e e k s  
( 5 )  

H f g h  
( 1 1 )  

X I V  
( 9 6 6 - 1   0 1   7 )  

S t r a i g h t - B r a l d e d  0 . 0 8  
( 3 )  ( 1 )  

2 g r a v e l   r i v e r s ,  2 g r a v e l  creeks 
( 3 1  

M o d e r a t e  
( 7 )  

x v  
( 1 0 1   7 - 1   0 8 7 )  

B r a i d e d  
( 4 )  

0 . 1 4  
( 2 )  

No g r a v e l   t r l b u t a r l e s  
(0) 

M o d e r a t e  
( 6 )  

X V I  
( 1 0 8 7 - 1 0 9 8 )  

S t r a l g h t  
( 2 )  

0 . 1 7  
( 0 )  

None 
( 4 )  

Low 

X V I  I 
( 1 0 9 8 - 1 2 6 1 )  

B r a  1 d e d  
( 4 )  

0 . 0 3  
( 1 )  

3 g r a v e l   c r e e k s  
( 1 )  

M o d e r a t e  
( 5 )  

X V I  I I 
( 1 2 6 1 - 1 4 3 8 )  

B r a f d e d - S t r a l g h t  0 . 0 1 1  1 g r a v e l   r i v e r ,  3 +  g r a v e l   c r e e k s  
( 3 )  ( 1 )   ( 1 )  

L o w - M o d e r a t e  
( 5 )  

X I X  
( 1 4 3 8 - 1 4 7 5 )  

S t r a  I g h t  
( 2 )  

0.03 
( 1 )  

No g r a v e l   t r l b u a r l e s  
( 0 )  

Low 
( 3 )  
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TABLE 7 - 3  

RIVERBED BORROW POTENTIAL FOR E A C H  R I V E R  Z O N E  

RIVER 
R I V E R  ZONE R E G  1 ME UPLAND BORROW  DEPOS I T S 2  FISHERIES 

(km)  R A T  I N G ~  S A N D  (m3) SAND 6 GRAVEL ( m 3 )  A C T I V I T I E S 3  POTENTIAL FOR R I V E R  BORROW S O U R C E S  

I Low 
( 0 - 2 6 )  

I1 Low 
( 2 6 - 6 0 )  

None 

None 

I l l  Moderate  None 
( 6 0 - 1 0 7 )  

IV Low 
( 1 0 7 - 1 3 0 )  

V Low 
( 130-300)  

VI Low 
(229-300)  

VI I Low 
( 3 0 0 - 4 1 0 )  

VI I I H I  gh 
( 4 1 0 - 5 2 0 )  

None 

D F M  Low 
( M o d e r a t e )  

D F M  Low 
( M o d e r a t e )  

D S R M  B o r e h o l e   d a t a  (dwg. 4 . 1 )  s u g g e s t s  
( M o d e r a t e )  M o d e r a t e - H l g h  p o t e n t l a l   b e t w e e n  

km 7 5  and  100 

D M  Low 
(Low)  

Some n e a r   T r o u t  b R e d k n l  f e  R l v e r  M D Low-Moderate  betwoen km 170  and  229 
( M o d e r a t e )  

None D M  - M o d e r a t e   n e a r   J e a n - M a r i e   C r e e k   ( k m  
2 7 0 )   o t h e r w l s e   l o w  

U n l   l m l t e d  2,000 # 000 ” M D L  M o d e r a t e   b e t w e e n  km 310-330 
otherwise low 

U n l   l m l t e d  < 500 000 D M S R  Hlgh  near   McGern I s l a n d  ( k m  
( M o d e r a t e )  490-520)  Camsel I Bend  (km  460) 

IX M o d e r a t e - H l g h   U n l l m l t e d   > 6 7 , 0 0 0 , 0 0 0  D M  
( 5 2 0 - 5 8 0 )  

- H l g h   n e a r   W r i g l e y   R l v e r   ( k m   5 8 0 )  
a n d   R l v e r   B e t w e e n  Two M o u n t a l n s   ( k m  
539)  

X M o d e r a t e - H I g h   U n l l m l t e d   > 5 6 , 0 0 0 , 0 0 0  D M  H l g h   n e a r   O c h r e   R l v e r   ( k m   6 0 5 )  
( 5 8 0 - 6 6 5 )  

- 
(High) a n d   B l a c k w a t e r   R l v e r  ( k m  6 6 4 )  

X I  HI gh 
( 6 6 5 - 7 1 4 )  

Un l   Im l ted   >65 ,000 ,000  M S R  H l g h  
(Low 1 
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I I 1 I 1 i I I I f I J I 

R I V E R  
RIVER ZONE R E G  I ME 

( k m )  R A T  I N G ~  

X I  I M o d e r a t e  
( 7 14 -828)  

X I  I I H i  gh 
( 8 2 8 - 9 5 6 )  

X I V  M o d e r a t e  
( 9 6 6 - 1 0 1 7 )  

x v  M o d e r a t e  
( 1 0 1 7 - 1 0 8 7 )  

x v  I Low 
( 1 0 8 7 - 1 0 9 8 )  

X V I  I Low 
( 1 0 9 8 - 1 2 6 1  

X V I  I I L o w - M o d e r a t e  
( 1 2 6 1 - 1 4 3 8 )  

X I X  Low 
( 1 4 3 8 - 1 4 7 5  

TABLE  7.3 
RIVERBED BORROW POTENTIAL FOR EACH R I V E R  Z O N E  

UPLAND BORROW DEPOS I T S 2  FISHERIES 
S A N D  (m3)  S A N D  b GRAVEL ( m 3 )  A C T I V I T I E S 3  POTENTIAL FOR R I V E R  BORROW SOURCES 

U n l   i m l t e d  > 36,000,000 D M S R  M o d e r a t e   b e t w e e n  km 725   and   780  
( H l g h )   H i g h   n e a r   F o r t   N o r m a n   ( k m   8 2 5 )  

>40,000,000 - Mors R H l g h   ( p r o o f   I s  a t  N o r m a n   W e l l s  
( H i g h )   ( k m  905) 

15,000,000 5 - 2 5 ~  1 O6 S R M  HI gh near   Sans  Sau I t  Rap i d s  
( M o d e r a t e )   M o d e r a t e   b e t w e e n  k m  966   and   1000  

~ 2 , 0 0 0 , 0 0 0  - M R S  H i g h   b e t w e e n  km 1017-1030,   low 
( H i g h )   b e y o n d  

Low 

M M o d e r a t e   n e a r   T l e d a   R i v e r  ( k m  1 1 6 3 )  
) L o o n  R 1 v e r   ( k m  1 1  3 6 )   a n d  H a r e  

l n d l a n   R i v e r   ( k m   1 1 0 5 ) .  Low 
b e t w e e n  km 1 140  

R M o d e r a t e   n e a r   T h u n d e r   R i v e r  
( M o d e r a t e )   ( k m   1 2 9 9 )   o t h e r w i s e   l o w  

2,000,000 - M SO Low t o   m o d e r a t e   b e l o w   A r c t  IC Red 
( H l g h )   R l v e r   ( k m   1 4 5 4 )   o t h e r w i s e  low 

Some 
d e p o s  

L i m i t e d  M 
(Low 1 

l a r g e   a n d  many s m a l l  D S R  
i t s   ( H i g h  

- 

U n i   l m i t e d   1 2 - 1 1 5 ~ 1 0 ~  - M D S  

N o t e :  ( 1 )  F r o m   T a b l e  7.2 
( 2 )  F r o m   T a b l e  5.1 
(3) From A p p e n d i x  B ,  S y m b o l s   a r e :  

D - D o m e s t i c  F i s h e r l e s ,   F - S p r o t   F i s h e r i e s  
S - S p a w n i n g  A r e a r s ,  R - R e a r l n g   A r e a s ,  M - M l g r a t o r y   R o u t e s  

W h e r e   h i g h e r   l e v e l  o f  s e n s i t i v i t y   h a s   b e e n   n o t e d   i n   A p p e n d l x  B 
I t  Is i n d i c a t e d   b y   u n d e r l l n e d   s y m b o l   ( e g :  
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TABLE 7.4 
A R E A S  WHERE DEVELOPMENT OF R I V E R B E D  B O R R O W  APPEARS F E A S I B L E ’  

DEMAND POTENTIAL  SUPPLY  REACHES 
REACHES 

( k m )  R a t i n g Z  

0- 200 5 0 -  100 C - M o d e r a t e  

200- 400 2 7 5 -   3 0 0  C - M o d e r a t e  
200- 4 0 0  3 0 0 -   3 2 5  B - M o d e r a t e  t o  H l g h  

400- 4 2 5  C - M o d e r a t e  
4 5 0 -   4 7 5  B - M o d e r a t e  t o  H l g h  
4 7 5 -  500 A - H l g h  

400- 5 2 5   4 5 0 -   4 7 5  B - M o d e r a t e  t o  H l g h  
4 7 5 -  500 A - H i g h  

7 0 0 -   7 2 5   7 0 0 -   7 2 5  A - H l g h  

7 5 0 -   8 7 5   7 5 0 -   7 7 5  C - M o d e r a t e  
8 0 0 -   0 2 5  A - H i g h  
8 2 5 -   8 5 0  A - H l g h  
8 5 0 -   8 7 5  C - M o d e r a t e  
8 7 5 -  900 A - H i g h  

1000-1 100 1000- 1 0 2 5  A - H i g h  
1 0 2 5 -   1 0 5 0  A - H l g h  

1 1   7 5 - 1   2 0 0   1 1 5 0 - 1   1 7 5  C - M o d e r a t e  

1 2 2 5 - 1   2 5 0   1 2 7 5 - 1 3 0 0  C - M o d e r a t e  

1 3 2 5 - 1   4 7 5   1 2 7 5 - 1 3 0 0  C - M o d e r a t e  

N o t e s  : 

1 )  F r o m   r i v e r b e d   s u b z o n e s  of H l g h ,   M o d e r a t e  t o  H l g h ,  
o r  M o d e r a t e   P o t e n t l a l .  

2) F r o m   F l g u r e  4.1 
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. 
A . l  NTS MAP 85-F (KM 0 TO KM 100)1 

The Mackenzie  River  from km 0 on  Great  Slave  Lake t o  km 325 near   Fo r t  

Simpson i s   r e g u l a t e d  by Great   S lave  Lake.   Th is   por t ion o f  the  Mackenzie 
R i v e r  a1 so c a r r i e s   r e 1   a t i v e l y  1 i ttl e sediment. Mean annual  discharge a t  

F o r t   P r o v i d e n c e   i s  4280 m3/sec; t h e  summer monthly mean (May t o  October) 
i s  6,630 m3/sec  and winter   month ly  mean (November t o   A p r i l   i s  2,370 m3/sec 

based on data  from 1943 t o  1979 (Mackenzie  River  Basin  Committee  1981 1 .  

J u s t  downstream of   the  Mackenzie  Highway  fer ry   cross ing (10 km upstream  of 

F o r t   P r o v i d e n c e   a t  km 65 )   t he   r i ve r   s ign i f i can t l y   na r rows   f rom 2.2 km t o  

ha l f   the  width.   Here  Prov idence  Rapids (km  60 t o  km 72)  forms a narrow, 

w ind ing   reach  w i th  some shoal  areas i n   t h e   n a v i g a t i o n  channel   wi th 

c u r r e n t s   o f  5.6 t o  9.3 kg/m. Providence  Narrows (km  72 - km 7 8 )  forms  the 

nor thwest  end o f   t h e   r a p i d s  where the  current   reaches i t s  maximum speed, 

about 9.6 t o  17.7 kg/hr.  (Canadian  Hydrographic  Service  1985). 
Downstream o f  Beaver  Lake,  the  Mackenzie  r iverbanks  are  re lat ively  steep 
and r i s e  6 t o  12 m, p a r t i c u l a r l y   i n   P r o v i d e n c e   N a r r o w s  where the  channel 
i s  narrow and conf ined between  12 m h igh  mud banks  (Renewable  Resources 

Consul ti ng Services  Ltd.   1987).  Bed mater ia l   through  Providence  Narrows 
i s boul  dery til 1. Between km 77 and km 106, s e v e r a l   l a r g e   i s 1  ands are 

l o c a t e d   i n   t h e  channel ,   the  b iggest  being  Meridian  Is land. 

I n   t h e  Mackenzie  River ,   above  the  L iard  River  (km 3401, normal  low-flow 
sediment  concentrat ions  are  about 20 mg/ l .  Based on records  f rom 1966 t o  

1978, maximum instantaneous  discharge on the  Mackenzie  River  near  Fort  

P rov idence   (S ta t i on  No. 10FB001) was 8,010  m3/sec on 1966 Ju l y  10. 

Between  1962  and  1984, maximum da i l y   d i scha rge  was 3,880 m3/sec on 1969 

June 1 (Water  Survey o f  Canada 1985). 

Footnote: 1 Cross  corre la t ion  between NTS  Map sheet  and  River Zone are  
p r o v i d e d   i n   T a b l e  4.1 
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A.2 NTS MAP 85-E ( K M  100 TO K M  195) 

Flows  from the For t  Providence  reach downstream t o  the  junction w i t h  the 
Liard  range from 2,000 t o  8,500 m3/sec (Renewable Resources Consul ti  ng 
Services, 1978) .  From F o r t  Providence downstream t o  F o r t  Simpson, the 
Mackenzie is   re la t ively  f ree  of sediment. The reach i s  incised,  single 
channelled and free of islands or significant  floodplain. 

A.3 NTS MAP 95-H ( K M  195 TO KM 3701 

The channel between Rabbi tski n River and Berens Landing ( k m  300 t o  km 314) 
has some shoal  bars and from  Green Island Rapids ( k m  314 t o  km 323) i s  
constricted between two narrow dredged rock cuts.  Currents th rough  the 
rapids approximate 9.6 k p h  b u t  subsequently d rop  to  about 3.7 k p h  above 
the  Liard  junction on the west side of the Mackenzie upstream of F o r t  
Simpson (Canadian  Hydrographic Service  1985). A section of the Mackenzie 
a t  Green Island Rapids i s  designated a priority  area  for dredging and 
similar  priority  areas occur  off  the m o u t h  of the  rabbitskin  River and a t  
S t rong  Point (Canadian Marine Transportation  Administration 1974) .  

I n  the  Fort Simpson area,  the Mackenzie River  follows a re1 atively 
s t r a igh t  course w i t h  1 i t t l e  s ign  of meandering since i t s  inception 
following  deglaciation. I t s  banks consist  of glacial d r i f t ,  mostly t i l l  
and  fine  grained  lacustrine  sediments. The Mackenzie essentially 
separates  the  area of thick,  fine-grai ned 1 acustrine sediments  in the 
south from t i l l ,  or  lacustrine sediments  over t i l l  i n  the north.  There 
appears t o  be a minimum amount of deposition  associated w i t h  the 
down-cutting. The surfaces have  been scoured,  exposing t i l  1 ,  lake 
sediment or  lag  gravels. There are, however, remnants of terraces t h a t  
contain  thick  gravels and sand,  usually w i t h  overlying si1 t a t  various 
1 ocati ons a1  ong thi  s segment. 
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Scarps   near   For t  Simpson reach heights of  60 m b u t  decrease i n  h e i g h t  
upstream  from  Fort Simpson (Rutter e t  a1 . 1973).  

, 

I 

In  July  1969,  Reeder e t  a1 . (1972)   recorded  total   d issolved sol ids o f  
177  mg/l i n  the Mackenzie River just  upstream  of i t s  confluence w i t h  the 
L ia rd  River. Discharge a t  the time was 7,985 m3/sec and suspended matter  
t o t a l l e d  5.8 mg/l. A t  the same time the Liard  River a t   F o r t  Simpson  had  a 
discharge  of  2,407 ms/sec, and to t a l   d i s so lved   so l   i d s  were recorded a t  
200 mg/ l  and suspended matter  16.0 m g / l .  In 1973 the Mackenzie River just  
upstream  of the mouth o f  the Liard  River had an annual r a t e  o f  t r a n s p o r t  
o f   t o t a l  suspended sediment   es t imated  a t   4 ,490,000  tonnes/yr .  which, on a 
d ra inage   a r ea   bas i s ,  was equ iva len t   t o   abou t  4,400 k g  of t o t a l  suspended 
sediment/kmz/yr.  (Campbell e t  a l .   1975) .  The cor responding   es t imates   for  
1972 were 3,340,000  tonnes/yr.  and  3,270  kg/km2/yr. 

Based on records  from  1968 t o   1 9 8 4 ,  maximum ins tan taneous   d i scharge  
recorded  In the Mackenzie River a t   F o r t  Simpson ( S t a t i o n  No. 1 O G C O O 1 )  was 
23,000  m3/sec on  1977 June 6 ;  f o r   r e c o r d s  from  1939 t o  1984, maximum d a i l y  
d ischarge  was 23,500 m3/sec on 1980 November 24,  based on records from 
1961 t o  1984  (Water  Survey o f  Canada 1985).  

Growth r a t e   o f   p o i n t   b a r s  and i s lands   a long  the Mackenzie River a r e  
v a r i a b l e  w i t h  the f a s t e s t   r a t e   o c c u r i n g   b e s i d e  active channels and slower 
beside h igh   water   channels .   Also ,   loca t ion ,   ra te  o f  sedimentat io  and r a t e  
o f  p l a n t   i n v a s i o n   c o n t r i b u t e   t o  this va r i a t ion .  A t  the i s l a n d   a t  Camsell 
Bend, apparent  horizontal   growth  rate o f  the i s l a n d  was 13.5  m/yr. 

A .4 NTS MAP 95-J (KM 370 TO KM 545) 

Between Camsel 1 Bend (km 465) and McGern Is1  and (km 5201, the Mackenzie 
River channel i s  wide and f r equen t ly  spl i t  around  is1  ands,  1 ike ly  due t o  
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i n f l o w   o f   c o a r s e   b e d   m a t e r i a l   s u p p l i e d  by the   Root  and North  Nahanni 

r i v e r s .  Sone l a r g e r   s c a l e   i n s t a b i l i t y   i s   e v i d e n t   i n   t h e   v i c i n i t y   o f  
McGern I s 1  and  (Ne i l  1 1973)  and  the 29 km reach a t  and  below McGern I s l a n d  

i s  a p r i o r i t y   d r e d g i n g   a r e a   w i t h  a p o t e n t i a l   r e p e a t   f a c t o r   o f  1 i n  10 
years.  

I 

Fox  (1981)  assessed  changes i n   s p a t i a l   p a t t e r n   o f   r i v e r  banks, i s 1  ands  and 

bars  a long  the  Mackenzie  over  a r e c e n t  10- t o  25-year  per iod.  Changes 

were r e l a t i v e l y  marked i n   t h e   r e a c h e s   b e l o w   F o r t  Simpson  and  before 

Camsell Bend w i t h   e v i d e n c e   o f   i s 1  a n d   e r o s i o n ,   s h i f t i n g   o f   b a r s  and 

c o l l a p s e  o f  r i v e r  banks, a l l   o f   w h i c h  make these  reaches a s o u r c e   o f   l a r g e  

amounts o f  sediment. The reach  before  Camsel l   Bend  includes an a r e a   o f  

e x t e n s i v e   s l o p e   f a i l u r e .   H e r e   r i v e r b a n k s   a r e  composed o f   l a c u s t r i n e   s i l t s  

and   c lays   and   f i ne   f l uv ia l   depos i t s   ove r   sha les .   Recen t   e ros ion  i s  
p a r t i c u l a r l y  marked i n   l a c u s t r i n e   d e p o s i t s   ( F o x  1981). 

Between  Camsell Bends  and W i l l o w l a k e   R i v e r  (km 515)  t h e r e   a r e  a v a r i e t y   o f  

deposi ts   such as g r a v e l ,   p e a t ,   f i n e   f l u v i a l   m a t e r i a l  s and til 1 over  
sandstones, s i  1 t s t o n e s  and d o l  omi tes.   Riverbanks  are  mai   n ly   s tab1 e; 

excep t ions   a re   i s01   a ted   s i t es   on   t he   wes t  bank,  and t h e r e   i s  marked 
sed imenta t ion  on i s 1  ands  and  bars,  (Fox  1981).  Between Wil lowlake   R ive r  

and  River  Between Two Mountains  (km  539)  the  channel i s   w e l l   e s t a b l i s h e d  

between  banks o f  til 1 and l a c u s t r i n e   c l a y   o v e r l y i n g   s h a l e s  and s i 1   t s t o n e s  

o f  Devonian  age  and  recently  eroded.  Deposit ion i n   t h i s   r e a c h   i s   s l i g h t .  
Sediment  from  Wrigley  River  and  Hodgson  Creek i s   c a r r i e d  downstream. 

It i s  common t h a t  1 arge 1 andsl   ides  can  be  found i n   t h e   g l a c i a l   l a k e   b a s i n  

s o i l s   w h i c h   a r e  common i n   t h e   r e a c h   o f   t h e   M a c k e n z i e   R i v e r   b e t w e e n   F o r t  

Simpson  and Camsel 1 Bend (McRoberts  and  Morgenstern,  1973). 
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A.5 NTS MAP 95-0 (KM 545 TO KM 650) 

Between t h e   j u n c t i o n  o f  the  Redstone  River (km 715)  and  Wrigley  (km 574),  

the  Mackenzie  f lows i n  a s i   n g l  e channel o f   f a i r l y   r e g u l a r   w i d t h .   T h e r e   i s  
l i t t l e   s i g n   o f   l a t e r a l   s h i f t i n g   o r  bank i n s t a b i l i t y   e x c e p t   a t   t h e  

r i g h t - a n g l e  bend  below t h e  B1 ackwater  River (km 6 6 3 ) .  I n   J u l y  1969, 
Reeder e t  a1 . (1972)   reco rded   to ta l   d i sso l ved   so l i ds   o f  196  mg/l i n   t h e  

Mackenzie  River  near  Wrigley. Suspended m a t t e r   t o t a l l e d  46.4 mg/l a t   t h e  

t ime and discharged was 10,590 rn3/sec. 

Downstream o f   R i v e r  Between Two Mountains  (km 5381, the  Mackenzie  narrows 

i t s  channel f o r  a d is tance o f  29 km wi th   sha l l ows  and d r y i n g  banks 

bordering  the  channel  (Canadian  Hydrographic  Service,  1985). Sand and 

gravel  banks and shal low  water  border  the  west bank be fore   F ish   Trap  Creek 

(km 556.8) enters  from  the  west, and these  cont inue  beyond  th is  creek 

downstream t o   o p p o s i t e   t h e   s e t t l e m e n t   o f   W r i g l e y .   C u r r e n t s   i n   t h i s  

s t r e t c h   t o  6.4 km before  Wrigley  are  between 9.3 t o  11.1 kph, p a r t  of a 
s w i f t   s e c t i o n .  Downstream f r o m   t h i s   p o i n t   t o   B l a c k w a t e r   R i v e r  mouth the  
c u r r e n t   i s  about 6.4 kph.  Hodgson Creek jo ins  the  Mackenzie  f rom  the  east 

through a gravel  beach  immediately  downstream o f   W r i g l  ey. 

The Ochre  River  mouth (km 605) i s   r e s t r i c t e d  by  sand f l a t s   s e p a r a t e d  by a 
narrow , shallow  channel a t   t h e   e n t r a n c e .  A t  t h i s   po in t   immed ia te l y  

downstream o f   t h e  Ochre  River,  the  Mackenzie i s  only  about 0.48 km wide 

the  lower  stages. The d e l t a   o f f   t h e  mouth of Johnson  River (km 635) d r i e s  

a t  low  water  stages. 

A.6 NTS MAP 95-N (KM 650 TO KM 680) 

The Mackenzie  River  fo l lows a s t r a i g h t   c o u r s e   t o  downstream of t h e  

Blackwater  River  enter ing  f rom  the  east.   Between  Blackwater  River and O ld  
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F o r t   P o i n t  (km  7721,  the  Mackenzie i s  w ind ing   w i th   f requen t   expans ions  
c o n t a i n i n g   i s l a n d s ,   d r y i n g   b a n k s   a n d   r i v e r   c r o s s i n g s   ( C a n a d i a n  

Hydrographic   Serv ice,   1985) .   R iver   banks  are  c lay  and  gravel   vary ing i n  

h e i g h t   f o r m  20 t o  60 m. The c u r r e n t   i n   t h i s   s e c t i o n   i s   t u r b u l e n t   w i t h  a 
r a t e  between 9.3 and 12.8 kph. A t  km 666.2, the  Mackenzie makes an a b r u p t  

t u r n   w e s t   f o r  4.8 km b e f o r e   c o n t i n u i n g  a northward  course.  Around  th is 

end  the   nav iga t ion   channe l   fo l lows  the   wes t  bank du r ing   h ighe r   wa te r  

1 eve1 s and t h e   e a s t  ban d u r i n g  1 ow w a t e r   l e v e l  s. A dry ing   g rave l   a rea  
separa tes   the  two channel s. Downstream o f   t h i s  end, the   Dahad i   nn i   R iver  

j o i n s   t h e   M a c k e n z i e   f r o m   t h e   w e s t .   T h i s   r i v e r   i s   d i v i d e d   o v e r   l o n g  
s t r e t c h e s   i n t o   s e v e r a l   s h a l l  ow channels  and a t   i t s  mouth it f lows   ove r  a 

d r y i n g   b a r  o f  sand  and  gravel. 

A.7  NTS MAP 96-C ( K M  680 TO KM 845) 

The reach o f  the  Mackenzie  River  between  the  Redstone  River (km 714)  and 

S e a g u l l   I s 1  and (krn 790) i s  p robab ly   the   most   uns tab le  one  a1 o n g   t h e   e n t i   r e  

r i v e r .   I n   t h i s   s e c t i o n ,   t h e   r i v e r  has an i r r e g u l a r  meander p a t t e r n   w i t h  

f r e q u e n t   i s l a n d s  and  bars.  The  banks o f   t h e   r i v e r  and i s l a n d s   a r e   s l o w l y  

be ing   e roded;   the   na tura l   concent ra t ion   o f   sed iment  may be as h i g h  as 

7,000 mg/l o r  8,000 mg/ l   dur ing   h igh   f low.   Both   the   Redstone and Keele 

Rivers  (km 737 b r i n g  1 a r g e   q u a n t i   t i e s   o f   s i  1 t, sand  and  coarse  bed 

ma te r ia l   i n to   t he   Mackenz ie .  The w i d t h   o f   t h e   M a c k e n z i e   a t   i t s   c o n f l u e n c e  
of   the  Redstone i s  s u b s t a n t i a l l y   r e d u c e d  by the   bu i ld -up   o f  a l a r g e  

s ide-channel   bar .   Th is   bar  i s  composed of mater ia l   f rom  the  Redstone 
R iver   wh ich   wou ld  be t o o   l a r g e   t o  be moved by  the  Mackenzie. The r i v e r  

s l o p e   t r o u g h   t h i s   r e a c h  has increased  considerably ,   probably  due t o   t h e  

b u i l  d-up o f   s e d i m e n t   a t   t h e   u p p e r  end o f   t h i s  reach.  Because the   Kee le  

R i v e r  i s  somewhat more stable  than  the  Redstone, it does n o t   c a r r y  as much 

sediment  into  the  Mackenzie  (Renewable  Resources  Consul t ing  Services  Ltd. ,  

1978 I .  
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The h igh   sed imen t   t ranspor t   i n to   t he   Mackenz ie  by the  Redstone  has 
r e s u l t e d   i n  many ba r   and   i s l and   f o rma t ions  downstream. D e p o s i t i o n   i s  

heavy i n   t h i s  area  and much s i l t  and  sand i s   e i t h e r   i n   t r a n s i t i o n   o r   i s  

be ing   depos i ted  a1 ong t h e  edges o f   t h e   i s l a n d s .  Banks a d j a c e n t   t o   t h e  

r i v e r   a r e   v e n e e r e d   w i t h  sands  and gravels.  Between  the  Redstone  and  Keele 
Rivers,   eros ion  a long  the  banks  o f   the  Mackenzie i s   l i g h t   e x c e p t  on t h e  

n o r t h e a s t  bank o f   t h e   r i v e r   o p p o s i t e   t h e   K e e l e   R i v e r   ( F o x  1979). 

No mainstem  sediment   sampl ing  s ta t ions  are  located i n   t h i s  map area. 

A .8 NTS MAP 96-D (KM 845 TO KM 855) 

The  reach  f rom  Seagul l   Is land  (km 7 9 0 )  downstream pas t   Ha l fway   Is lands  

(km 860) t o  Ten M i l e   I s l a n d  (km 885) i s   c h a r a c t e r i z e d  by an i r r e g u l a r  
meander pa t te rn   and   occas iona l   i s l ands  and  bars.  The  substrate i s  
general  l y  sand  and grave l  . The r i v e r   n a r r o w s   t o  a s ing le   channe l  i n   t h i  s 

reach. The Great   Bear   R iver   (km 8271, w h i c h   e n t e r s   t h i s   r e a c h   j u s t   b e l o w  

F o r t  Noman,   br ings i n   o n l y   s m a l l   q u a n t i   t i e s  of g rave l   to   the   Mackenz ie  

(Renewable  Resources  Consul ti ng Serv i ces   L td .  1978).  I s 1  ands w i t h i n   t h i s  

map area   near   p resent   s t ream  leve l  , c o n s i s t   o f   s i 1  t, sand  and  gravel , and 

a r e   s u b j e c t   t o   p e r i o d i c   f l o o d i n g   ( L o m b a r d   N o r t h  Group  Ltd. 1974). 

A.9 NTS MAP 96-E (KM 855 TO KM 975 1 

Some s e c t i o n s   o f   t h e   r i v e r  bank i n   t h i s  map a r e a   e x h i b i t   l a r g e   s c a l e ,  

r e t r o g r e s s i v e   f a i l u r e s  accompanied  by g u l l y i n g  (Code 1973). Changes i n  
p l a n   c o n f i g u r a t i o n   f r o m   t h e   m a i n   r i v e r   a n d   i s l a n d   b a n k s   a t  Norman Wel ls  

have  been  examined  by a d e t a i l e d   c o m p a r i s o n   o f   a i r p h o t o s   t a k e n   i n  1950 and 
1972. Some of t he   ma in   f ea tu res   no ted  were: t h e  downstream  bank o f   B e a r  

I s l a n d   f a c i n g  Goose I s l a n d  has c u t  back by about 100 m i n  22 years,  
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averaging 5 m per   year ;  a 1.6 km l e n g t h   o f   t h e   l e f t   r i v e r  bank oppos i te  

t h e   u p s t r e a m   p a r t   o f   B e a r   I s 1  and may have c u t  back  by  up t o  30 m; changes 
i n   S i x   M i l e ,   F r e n c h y  and  Goose I s l a n d s   a r e  more d i f f i c u l t   t o   d e f i n e  

because  the  is lands  have  few we1 1-def i   ned  banks  and  are  surrounded  by low 
bars  and  shoals.  There i s  e v i d e n c e   o f   m a i n l y   l a t e r a l   s h i f t i n g   i n   t h e  

p r i n c i p a l   b a r s   a r o u n d   t h e   i s 1  and.s A t  S i x   M i l e   I s l a n d  some shore l   i nes  
have  apparent ly   sh i f ted   by  up t o  250 m y  o r   a b o u t  11 m/yr.; t h e  Goose 

I s l a n d   s h o r e l   i n e   t h a t   f a c e s   B e a r   I s l a n d   a p p e a r s   t o  have  receeded  about 

180 m, which means that  the  channel   between  the  is lands  has  widened  by 

some 280 m. Changes i n n   w e l l - d e f i n e d   b a n k s   o f   t h e   h i g h e r  wooded i s l a n d s  

do  not  exceed 5 m p e r   y e a r  on the  average;  changes i n   t h e   s h o r e l i n e s   o f  

ma jor   sand  bars   a re   more   rap id  and may be up t o  12  m p e r   y e a r  on t h e  

average.  The o v e r a l l   r a t e s  o f  change  are  very  small  i n  r e 1   a t i o n   t o   t h e  
s i z e   o r   t h e   r i v e r   ( N o r t h w e s t   H y d r a u l i c   C o n s u l t a n t s   L t d .   ( 1 9 7 9 )  

The reach  upstream o f  Ten M i  1 e I s l a n d   i s   c h a r a c t e r i z e d  by an i r r e g u l a r  
meander pa t te rn   and   occas iona l   i s l ands  and  bars. The s u b s t r a t e   i s  

general  l y  sand  and grave l  . The r i v e r   n a r r o w s   t o  a s i n g l e   c h a n n e l   i n   t h i s  
reach. The G r e a t   B e a r   R i v e r ,   w h i c h   e n t e r s   t h i s   r e a c h   j u s t   b e l o w   F o r t  

Norman, b r i n g s   i n   o n l y  smal 1 q u a n t i   t i e s   o f   g r a v e l   t o   t h e   M a c k e n z i e ,  
because  the  suspended  load  of   the  Great  Bear i s  low  (Renewable  Resources 

Consu l t ing   Serv ices   L td .   1978) .  The  co ld,   c lear   water   f rom  Great   Bear  

R i v e r  does n o t   r e a d i l y   m i x   w i t h   t h e  warm, t u r b i d   w a t e r   o f   t h   M a c k e n i z e  

River ;  i n   f a c t  comple te   mix i   ng   does   no t   occur   fo r  500 km downstream 
(Mackay  1972).  This i s  a reach o f  l i g h t   t o  moderate  deposi t ion.  

The r i v e r  downstream o f  Ten M i l e   I s 1  and, w i t h i n   t h i s  map area, i s  

c h a r a c t e r i z e d   b y  an expansive,   weakly  entrenched,  straight  channel  

i n c o r p o r a t i n g  numerous r i v e r   i s 1  ands  and  bars.  This  reach o f  t h e   r i v e r  

appears t o  be more uns tab le   than  the   reach  ups t ream  o f  Ten M i l e   I s 1  and. 
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Banks are  generally h i g h  and  bank erosion i s  evident i n  many locations.  
The flow  along this  reach  varies from a low of 70,500 c f s ,   t o  a h i g h  of 
~ ~ ~ , o O ~  Cfs (2,000 m3/sec t o  25,500  m3/sec) dur ing  the summer; natural 
suspended  sediment  concentrations  range from 300 mg/l t o  8,000 mg/l 
(Renewable  Resources  Consulting  Services L t d .  1978). Records from Water 
Survey of  Canada (1985)  indicate  that  the maxirnum dai ly   discharge  a t  
Norman Wells i d  30,300  m3/sec  (1975 Play 24) and the m i n i m u m  daily 
discharge i s  1,950 m3/sec (1979 December 26).  

Brunskill e t  a l .  (1975)  estimated  the  average annual mass of  suspended 
sediments a t  Norman Wells t o  be about 101,000,000 metric  tonnes/yr. and 
the annual mass of sediments per u n i t  area o f  watershed was estimated a t  
64.5 metric tonnes/km2/yr. This compares w i t h  621,000 metric  tonnes/yr. 
and 0.64 metric  tonnes/km2/yr. a t   F o r t  Providence  for  the same observation 
period .-1971 t o  1974.  In general ,   the Mackenzie River  increased i t s  
sediment  load and i t s  dissolved  mineral  content i n  i t s  course downstream. 
The sediment  load i s  acquired mainly from r ivers  from the west; for   the  
tr ibutary  streams on the   eas t   car ry  a low sediment load. The dissolved 
mineral  content i s  acquired  mainly by effluent  groundwater  seepage t o  the 
river and t o  i t s  t r i b u t a r i e s .  Campbell e t  a1 . (1975)  reported a range of 
concentration of t o t a l  suspended sediment a t  Norman Wells of 3.5 t o  
1,800 g/m3 w i t h  quartz,  colomi t e ,   c a l c i t e ,   c h l o r i t e ,  i l l i t e ,  and 
plagioclase  present i n  samples col lected from 1971 t o  1974. 

Weighted averages for dissolved  sol ids  i n  Mackenzie River  waters a t  Morman 
We1 1s  averaged  173 ppm and varied  seasonally i n  a narrow range between 162 
and 176 ppm. On  a higher, intermediate and low discharge-based  evaluation 
i t  i s  shown t h a t  d u r i n g  periods of h i g h  discharge  the river carr ied more 
to ta l   d i sso lved   so l ids  per u n i t  volume than d u r i n g  periods of low 
d i s c h a r g e .  D u r i n g  per iods   o f  low d i s c h a r g e ,  river w a t e r s   a r e  
characterized by increased  contents of Na and C1, and d u r i n g  periods of 
h i g h  discharge by increased  contents o f  Ca and HCO3. Amounts of NO3 and 
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p o s s i b l y  K and Mg increase  wi th   lowered  d ischarge.   These phenomena a r e  

a t t r i b u t e d   t o   t h e   v a r i e d  and r e l a t i v e   c o n t r i b u t i o n s  o f  groundwater   in f low,  

s u r f a c e   r u n o f f  and lake   s to rage .  In p e r i o d s   o f   l o w   f l o w  on the  Mackenzie 

R iver ,   Great   S lave   and  Great   Bear   lakes   con t r ibu te   poss ib le  75 t o  
80 p e r c e n t   o f   t o t a l   d i s c h a r g e ,   e v i d e n c e  of t h e   s i g n i f i c a n t  of l ake   s to rage  

( L e v i   n s o n   e t  a1 1969). 

The Mackenzie  River i n   t h e  Norman We1 1s  area  (km  905) i s   e x c e p t i o n a l l y  
wide (5.6 km) and i s   c h a r a c t e r i z e d  by  numerous i s l a n d s  and  shoal  areas. 

The m a t e r i a l s  on t h e   r i v e r  bed a t  Norman We1 1 s are   ma in l y  1 t o  4 m o f  
medium  sand w i t h   g r a v e l   o c c u r r i n g  1 oca1 l y  over   ca ly ,   bedrock  or  til 1. The 

a l l u v i a l   c o v e r   i s   n o t   c o n t i n u o u s  (Esso Resources Canada L t d .  1980). 

The r i v e r  downstream o f  O g i l v i e   I s l a n d   i s   i n  a r e g i o n  o f  f l ow   to   modera te  

e r o s i o n a l   p o t e n t i a l .   D e p o s i t i o n  has  been  moderate t o  heavy r e s u l t i n g   i n  

e x t e n s i v e   i s 1  and  development.  Bars  are  conti   nual l y  i n  a s t a t e   o f   f l u x  as 

s i 1   t s  and  sands c o n s t a n t l y   r e d i s t r i b u t e   t h e m s e l v e s .   V e g e t a t i o n  has 

s t a b i  1 i z e d   t h e   m a j o r i t y   o f   t h e   i s l a n d s   a n d   r i v e r   b a n k s   ( F o x   1 9 7 9 ) .  

Only  one  suspended  sediment  stat ion (NO. 10KA001; Lat .  65 16 54,  Long. 126 
50 580) i s   l o c a t e d   i n   t h i s  map area. The data  were  gathered  by  Davies 

(1974)  between  June 5 and  October 11, 1973  (seven  ind iv idua l   depth  
in tegrated  samples)   dur ing  which  suspended  sediment   concentrat ion  ranged 

from 3.5 t o  1,800 mg/ l  i n   t h e  Mackenz ie   R ive r   a t  Norman We1 1 s ,  w i t h   d a i l y  
r a t e s  o f  t r a n s p o r t  o f  t o t a l  suspended  sediment  from  the  Mackenzie  River, 

20 km downstream o f  Norman Ne1 1 s ,  f o r   d e t e r m i n a t i o n   o f   c h e m i c a l  
composi t ion.  

A.10 NTS MAP 106-H ( K M  975 TO KM 1060) 

The  Mackenz ie   R iver   f rom  Axe l   I s land (km 1005) t o   t h e   n o r t h  end of t h i s  

map area i s  c h a r a c t e r i z e d  by shoals, 1 a t e r a l   c h a n n e l s   a n d   r i f f l e s .  The 
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r i v e r  has an i r regu la r   w id th ,   occas iona l   i s1  ands,  and several  bedrock 

c o n t r o l s   t h a t   r e s u l t   i n   r a p i d s .  The Mounta in  River   enters  f r o m  the  west, 

j u s t  upstreain f r o m  the  Sands Saul t Rapids (km 10171, and b r ings  sand  and 

g rave l   i n to   t h i s   reach .  Much o f   t h e   m a t e r i a l  i s  t ransported  through  the 

rap ids  and deposi ted on i s 1  ands  and bars downstream. The Mackenzie  River 

becomes wider   and  exhib i ts  more spl  i tti ng around  bars and i s 1  ands from 

some d is tance downstream o f  the  Mountain  River mouth. The r e l a t i v e  

i n s t a b i l i t y   o f   t h e   r e a c h   i s   p r o b a b l y  due t o  the  excess  of  coarse  sediment 

brought  down the  Mountain  River and through Sans Saul t Rapids. The slope 

of  the  Mackenzie  River  below  the  rapids i s  th rough  to   be   inc reas ing   s lowly  
as  the  deposi t ion  a t   the  upst ream end o f   t h i s   reach   con t inues  (Renewable 

Resources Consul t ing  Serv ices  L td.  1978). 

Erosion i s  severe  along  the  west bank o f   t h e  Mackenzie  River,  opposite 
Snafu  Creek,  where  slopes  are  moderate  and  have  undergone  severe  sloping 

and gu l   l y i ng .  The Mountain  River Val 1 ey  has a1 so undergone  extensive 
s lumping,   deposi t ing  large  quant i t ies   o f   sediment   in to   the  Mackenzie.  

Over the   pas t  25 years  bars have s h i f t e d   s u b s t a n t i a l l y   b u t   i s l a n d   g r o w t h  

has  been  minimal i n   t h e   s t r e t c h  downstream from  the Sans Saul t Rapids  (Fox 

1979). A1 1 i s 1  ands w i t h i n   t h i s  map area  are  near  present  stream  level,  

c o n s i s t  o f  s i l t ,  sand  and grave l ,   and  a re   sub jec t   to   per iod ic   f lood ing  

(Lombard Nor th  Group L td .  1974). 

The Sans Saul t   Rapids  are  cons idered  the  most   d i f f icu l t  and  dangerous 

sec t i on  o f  the  Mackenzie  River  to  navigate.  The rapids  are  formed by a 
rocky  ledge  that   extends  into  midstream  f rom  the  east bank. A t  h igh  
stages  they  are drowned ou t  by the   t u rbu len t ,   sw i f t - runn ing   r i ve r .  A t  low 
stages  the  rapids  are  shal low and less   t u rbu len t   w i th   wa te r   dep ths   i n   t he  

o r d e r   o f  1.2 t o  2.4 m y  b u t   c o n t a i n  numerous edd ies   w i th   cur ren ts  between 

1.5 and 2.0 m/sec (Canadian  Marine  Transportat ion  Administrat ion 1972). 
Flash  f loods on the  Mountain  River have  been known t o  jam  the  Mackenzie 
R i v e r   w i t h   d e b r i s   a t  Sans Saul t Rapids. 
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Boulders and cobbles  occur downstream of the Sans Sault Rapids along b o t h  
sides o f  the river.  The shores of Dummit Island (km 1025) are  composed of 
boulders and cobble w i t h  large  isolated  patches of sand and gravel on some 
she1 tered beaches (Renewable Resources Consul t ing  L td .  1978). 

Suspended sediments i n  this s t re tch of the Mackenzie River  are n o t  well 
documented b u t  are t h r o u g h  t o  be simi 1 a r  t o  those a t  Norman Wells 
(300 mg/l t o  8,000 mg/l) .  The only deviation from th i s  m i g h t  be the  water 
along  the  south  shore below the  confluence o f  Mountain River. In Autumn, 
water from the Mountain River i s  much less  t u r b i d  than t h a t  froln the 
Mackenzie River, and the  clear  water from the Mountain River  extends for  a 
considerable downstream (Renewable Resources Consul t ing  Services Ltd. 
1978 1. 

Horizontal growth ra te  of  an island  beside an active channel i n  the 
Mackenzie River  near Sans Saul t Rapids was estimated by Hardy Associates 
(1978) L t d .  (1982) as 6.6 m/yr. w i t h i n  a range from 1.8 t o  13.5 m/yr. for 
six s i t e s  sampled on the L ia rd  and  Mackenzie Rivers. Var ia t ion  i n  
sedimentation  rate i s  due to  location,  rate of deposit and rate of plant 
invasion. 

A . l l  NTS MAP 106-1 (KM 1060 TO KM 1195) 

Upstream  of The Ramparts ( k m  1087 t o  km 10971, the Mackenzie River i s  
characterized by a wide channel w i t h  numerous sand bars. The wid th  of the 
river  varies  considerably and banks are undergoing erosion a t  some 
locations. The ins tab i l i ty  of this reach i s  probably due t o  the  excess of 
coarse sediment ( sand and gravel which i s  brough t  down the Mountain River 
and th rough  Sans Saul t Rapids to be deposited i n  this area. 

On this map area,  the  portion o f  the Mackenzie River upstream of the Loon 
River (km 1130) forms a highly complex reach.  Erosion i s  moderate t o  
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heavy along most r iver banks. Channel deposition i s  moderate t o  heavy 
t h r o u g h o u t  this reach. S i l t  and silty-sands have  been deposited  along  the 
r iver  channel, forming a network of islands and bars.  Vegetation  creates 
a temporary s tabi l   iz i  ng force on many of the  is1 ands (Fox 1979) .  Spruce 
Island and the  large u n  named island just upstream are above present 
floodplain  level s and are composed of gravel , sand and s i  1 t. Other 
islands  in  the  area  are  subject t o  periodic  flooding (Lombard North Group 
Ltd.  1974). 

Based on the Water Survey of Canada records from Norman Wells,  the 
following  discharges were projected  for The Ramparts segment o f  the 
Mackenzie River: mean discharge, 14,400 m3/sec; highest  discharge  recorded 
28,600 d / s e c ;  lowest  discharge  recorded, 6,100 m3/sec; mean October 
discharge, 9,700 m3/sec; discharge exceed on October 12 i n  90 percent of 

years,  8,100 m3/sec (Northwest  Hydraulic  Consultants Ltd.  1982). 

From the Loon River mouth t o  the  northwest edge of this map area  the 
northeast  side of the Mackenzie River i s  dominated by steep-terraced 
slopes.  Deposition i s  moderate to  heavy i n  this reach.  Is1 ands and bars 
consisting of si1 t and si1 t y  sands have accumulated in  the  river  channels. 
Bar shif t ing  is   qui te   evident   in  some places which vegetation has, a t  
1 east  temporarily,  stabil  ized  other bars (Fox 1979).  

A t  The Ramparts, the  r iver i s  s t ra ight ,  entrenched and confined by high 
l imestone  cliffs.  Bed material i s  bedrock and boulders. Flows range from 
2,000 m3/sec t o  25,500 rn3/sec b u t  water  level changes are predominantly 
control  led by ice  jams that  form through The Ramparts (Renewable resources 
Consul ti  n g  Services L t d .  1978). 

There are no mai nstem sediment  survey s ta t ions 1 ocated i n  t h i s  map area. 
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A.12 NTS MAP 106-5 (KM 1195 TO KM 12351 

Modera te   t o   heavy   depos i t i on   o f  sands  and s i  1 t s   a l o n g   t h e   M a c k e n z i e   R i v e r  

i n   t h i s  map area  has  resul ted i n  numerous  bars  and  islands  which show some 
ev idence  o f   e ros ion .  The On ta ra tue   R ive r  (km 1200) i s   c u r r e n t l y  a major  

sou rce   o f   sed imen t .   h i s to r i ca l l y ,   t he   sou thwes t  bank o f   t he   Mackenz ie  
R i v e r   i s   t h o u g h t   t o  have  p rov ided  subs tan t ia l  amounts of   sediment  because 

i t i s  composed o f  weak s h a l e   o v e r l   a i  n by a veneer o f   s i 1  t and s i  1 ty-sand. 
The  southwest  bank,  however, was degraded a cons ide rab le   t ime  ago  and 

v e g e t a t i o n   i s   w e l l   e s t a b l i s h e d .  The northwest  bank i s  much steeper  and 
composed o f  more r e s i s t a n t   r o c k s  (Fox 1979). The o n l y   a r e a   o f   r e l a t i v e l y  

u n s t a b l e   r i v e r  banks  on t h i s  map area i s  a s h o r t  segment on b o t h   s i d e s   o f  
the   Ontara tue   R iver ,   about  6 km ups t ream  f rom  the   mou th   o f   t he   r i ve r  

( D i r s c h l  1975). 

There  are  no  mainstern  sediment  survey  stat ions  located i n   t h i s  map area. 

A.13 NTS MAP 106-0 (KM 1235 TO KM 1355) 

R i v e r  banks w i t h i n   t h e   u p s t r e a m   t h i r d   o f   t h e   M a c k e n z i e   R i v e r   i n   t h i s  map 

area  vary   f rom  gent le   to   moderate  s lopes.  Mass movement, i n   t h e   f o r m   o f  
f lows,  has  occurred i n   g l a c i o l a c u s t r i  ne d e p o s i t s   t h a t   o v e r l   i e   t h e  

res i s tan t   sands tones  on t h e   n o r t h e a s t  bank. Where r e c e n t   d e p o s i t s   a r e  
th in ,   banks   a re  more s t a b l e  and we1 1 wooded. S i 1   t s  and  s i1  ty-sands  have 

accumulated i n   t h e   r i v e r  channel   forming  f requent  bars  and  is1  ands (Fox 
1979). 

D e p o s i t i o n   i s   l i g h t   t o  moderate i n   t h e  downstream  two t h i r d s   o f   t h e  

Mackenzi e R i v e r   i n   t h i s  map area. Mu1 t i p l e   r e t r o g r e s s i v e   l a n d s 1   i d e s   a l o n g  



0301-34298 Page A15 

the Thunder River ( k m  1299) and the unnamed tributary o the  east  side o f  
the Thunder River a b o u t  2 km upstream from the Mackenzie River  supply, 
supply the Mackenzie w i t h  large amounts of sediment. The banks o f  the 
Mackenzie show  some evidence of erosion a1 ong the nor th  b a n k ,  west of the 
Travail lant River mouth ( k m  1327) (Fox  1979). 

A.14  NTS MAP 106-N ( K M  1355 TO K M  1470) 

The reach of the Mackenzie River from the  east,. n edge o f  this map ar  ea t o  
a b o u t  Pierre Creek ( k m  1424) i s  i n  a region o f  moderate deposition 
result ing i n  both island and bar formation. The r iver  banks and bluffs 
have undergone considerable g u l  ly i  n g ,  ri 11 erosion and 1 andsl ides. 
Terraces  are we1 1 devel oped i n  a variety of recent  deposited (Fox 1979) 

Turbid i ty  increases from F o r t  Providence t o  Wrigley, declines s l i g h t l y  a t  
Norman  We1 1 s then r ises  again upsteam of  the  confluence w i t h  the  Arctic 
Red River. This reflects  the i n p u t  of  essentially  lake water t o  the 
Mackenzie River from Great Bear River upstream of Norman Wells and the 
accumulation of dissolved and suspended material from numerous t r ibu tar ies  
and groundwater sources a1 ong the main river channel. The turbidity  trend 
h i g h l i g h t s  the  important  role of Great Bear  Lake as a  sediment se t t l ing  
basin i n  the Mackenzie dra i  nage network (Glater Quality Branch 1983). 

From d a t a  gathered by the Water Survey of Canada a t  Sediment Survey 
Station 10LA003 for the  years 1973 t o  1979 inclusive, mean monthly 
suspended  sediment concentrations were calculated by B . C .  Hydro and Power 
Authority (1980) as fo l  lows, expressed i n  mg/l w i t h  ranges i n  parantheses: 
Jan. 0.7 (0-3);  Feb. 0.9 (0-3); Mar. 0; Apr. 0.4  (0-3); May 631  (85-1303); 
June 716 (409-1001); July 489 (246-781); Aug. 243 (83-765); Sept. 89 

(46-151); Oct. 38 (14-16); Nov. 12  (0-48); Dec. 0.7 (0-3). For th i s  
sediment  survey station,  estimates o f  annual sediment  loads  (megatonnes) 
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fo r   the   years  1973 through 1979 were 97.4,  138.5,  155.4, 111.7, 101.6, 
55.1 and 105.1, respec t i ve l y .   Sed imen t   a re   ca r r i ed   a lmos t   en t i re l y   i n   t he  
i c e - f r e e  season (May t o   O c t o b e r   i n c l u s i v e )   w i t h   i n s i g n i f i c a n t  alnounts i n  

winter  (Hardy  Associates (1978) Ltd .  1982). 

Using 1982 data as an example, t he   h ighes t   da i l y  mean concen t ra t i on   o f  
suspended  sediments  recorded a t  sediment  survey  stat ion 10LA003 was 

723 mg/l on 1982 June 24 a t  which  t ime  da i ly   d ischarge was 25,000 m3/sec 

and d a i l y   l o a d  was 1,560,000 metric  tonnes/day. I n   t h a t   y e a r ,   d a i l y   l o a d s  

averaged 953,000 tonnes i n  June, 231,000 i n   J u l y ,  455,000 i n  August, 

122,000 i n  September  and 27,700 i n  October ,   w i th  no values shown f o r   t h e  

o ther  seven  months o f  the  year  (Water  Survey  of  Canada 1984). 

Suspended load  composi t i o n   o f   t h e  Mackenzie  River a t   A r c t i c  Red R i v e r   i s  
12 percent  sand, 60 p e r c e n t   s i l t  and 28 percent   c lay,  a s i g n i f i c a n t  change 

f r o m  t h e   t y p i c a l l y  20 p e r c e n t   f i n e  sand, 55 p e r c e n t   s i l t  and 25 percent  
c l a y   c o n t r i b u t e d  by t h e   L i a r d   a t   i t s   j u n c t i o n   w i t h   t h e  Mackenzie. 

Sediments t h a t  f o r m  po in t   bars  and i s lands  on the   ma in   r i ver  stem are 

predominant ly   f ine sand  and s i l t  (Hardy  Associates (1978) Ltd .  1982) 

The high  sediment  load  of  the  Mackenzie  River, i n  the   o rde r   o f  1,000 m g l l  

(Renewable  Resources  Consulting  Services  Ltd. 19781, i s   a l s o   s i g n i f i c a n t l y  

i n f l uenced  by sediment  derived f r o m  wes t -s ide   t r i bu ta r ies   t ha t   i ssue   f rom 

the  Mackenzie  Mountains  onto  the  Mackenzie P1 a i  n. Very  large  deposi ts   o f  
g lac io f l uv ia l   g rave l   a re   assoc ia ted   w i th   ma jo r  me1 twater  channels where 

the  Mackenzie P1 a i  n meets the  Mackenzie  mountains (Hughes e t  a1 . 1973). 
A.14.1 Mainstem  Sediment  Survey  Stations on t h i s  Map 

1. S t a t i o n  No. 10LC003; Lat.  67 45 25, Long 133 51  25; manual sampling, 

seasonal  operation 1973, manual sampl ing,   miscel laneous  data  only i n  

1974; data  are  not   publ ished  for   th is   sediment   survey  s ta t ion.  
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2.  Stat ion No. 10LA003; Lat. 67 21 30, Long. 133 30 30; manual sampling 
m i  scel 1 aneous  data  only i n  1972 and  1975; manual  sampl i n g ,  season 
operation i n  1973 t o  1974 and 1980 t o  1982. 

A.15 NTS MAP 106" (KM 1470 TO THE DELTA) 

A t  Point  Separation the mean discharge of the Mackenzie River  into the 
d e l t a  i s  of the  order of 400,000 c f s  (11,320  rn3/sec). Annual flood peak 
a t  this point i s  estimated a t  947,000 c f s  (26,800  m3/sec)  or more than 
twice the mean discharge (Mackay 1967).  Instantaneous  flows  as h i g h  as 
76,450 m3/sec were associated w i t h  a compari t ive ly  mild ice  jam i n  May 
1975 b u t  the  predicted  daily  discharge  corresponding t o  a 100-yr.  flood i s  
36,800 m3/sec (Hol 1 i ngshead  and Rundqui s t  1977 1. 

The Mackenzie River a t   Poin t   Separa t ion  has a h i g h  potential   for  scour,  
primarily as a r e s u l t  of i c e  jammi ng, and because of fine-grained  (sand) 
bed material   to  great d e p t h .  bank erosion  potential i s  minor (Footh i l l s  
Pipe Lines (Yukon) L t d .  1979) b u t  channel  banks a re  h i g h  enabling the 
devel opment of 1 a rger   i ce  jams. 

Data are   scarce w i t h  respec t   to  suspended  sediment  concentrations.  For 
the Mackenzie River above Arctic Red River, measured concentrations i n  the 
summer season have been mostly i n  the 100 t o  1000 rng/l range. On 
1974 A u g u s t  12  a daily extreme  of 9640 mg/l  was recorded, w i t h  the   r iver  
discharge a t  28,000  m3/sec g i v i n g  a daily suspended  sediment y i e l d  of 23.3 
million  tonnes.  Concentrations have been observed to  decline below 
100 mg/l by the end of  September and remain low u n t i l  1 the next spring 
f l  ood (Hegi  nbottom 1978). 
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APPENDIX B 

SUMMARY OF FISHERIES  INFORMATION FOR REACH ZONES 



MACKENZIE RIVER REACH ZONE: I ( 0  - 25.75 km)  

GEOGRAPHIC LOCATION: Great  Slave Lake t o  west side of  B ig  Island 

MAJOR  TRIBUTARIES:  None 

MAJOR SPECIES PRESENT: Fa? 1 ,  spring and winter spawners grouped, respectively 

Lake Trout  Arctic Gray1 ing 
Humpback Whitefish Northern  Pike 
Round Whitefish Ye1 1 ow Wall eye 
Inconnu Longnose Sucker 

HABITAT USES: 

Burbot 

FISHING AREAS: 

Domestic fishing  in  the  Great  Slave Lake outlet  harvest  whitefish 
spp.,  primarily  while  sport  fishermen  target  lake  trout,  Arctic  grayling, 
northern  pike and yellow  walleye (McCart and Den Beste, 1979) .  

SUMMARY OF CONCERNS: 

The r iver  i n  t h i s  reach has been described as a straight channel 
bearing no tributary  streams. Probably functions  as a migratory 
route f o r  species moving  between the Mackenzie  mainstem and 
Great  Slave Lake. 



MACKENZIE RIVER REACH ZONE: I1 (25.75 - 60 km)  

GEOGRAPHIC LOCATION: West side o f  Big Island t o  west- side of Beaver Lake 

MAJOR  TRIBUTARIES: Kakisa River 

MAJOR SPECIES PRESENT: Fall a n d  spring spawners grouped, respectively. 

Lake T r o u t  Arctic Gray1 i n g  
Humpback Whitefish Northern Pike 
Round Whitefish Ye1 1 ow Wall eye 
Inconnu Longnose Sucker 

HABITAT USES: 

Kakisa River - S p r i n g  runs including  Arctic  grayling,  northern  pike,  yellow 
walleye and longnose suckers, spawn i n  the  river and i t   i s  probable that  fa1 1 
spawners migrate  via this watercourse (McCart e t   a l . ,  1974) .  

" 

FISHING AREAS: 

Primarily humpback whitefish  are  caught  domestically w i t h i n  the  area 
defined by the reach  boundaries. I n  addition, sport fishermen concentrate 
along  the Mackenzie  mainstem t o  catch mainly grayling,  pike and yellow  walleye 
(McCart and Den Beste, 1979) .  Excellent  grayling  catches have also been 
reported i n  the Kakisa  River below the  rapids  (Hatfiel d e t  a1 . , 1972b) .  

" 

SUMMARY OF CONCERNS: 

Potential  concerns have ye t   t o  be identified,  although  intensive 
domestic and sports  fishing i n  the  area  suggest t h a t  migrations 
will be a probable  concern. 



MACKENZIE RIVER REACH ZONE: I1 I (60 - 107 km) 

GEOGRAPHIC LOCATION: Beaver Lake to  Horn River and Mills Lake 

MAJOR  TRIBUTARIES: Horn River 

MAJOR SPECIES PRESENT: Fall and spring spawners grouped, respectively. 

Lake Trout Arctic Gray1 i n g  
Humpback Whi tef  i sh Northern Pike 
Round Whi tef i sh Ye1 low Wall eye 
Inconnu Longnose Sucker 

HABITAT USES: 

FISHING AREAS: 

Whitefish spp . ,  northern  pike,  yellow  walleye and suckers  catches 
have  been reported by local  residents ( F o r t  Providence) a t  the mouth of the 
Horn River (Hatfield ” e t   a l . ,  1972b). 

SUMMARY OF CONCERNS: 

Mainstem defined  as  braided w i t h  sand and gravel  throughout, and 
could  include spawning and rearing  habitats. Probably  provides 
a migration  route d u r i n g  f ish movements. 



MACKENZIE RIVER REACH ZONE: I V  (107 - 130 km) 
GEOGRAPHIC LOCATION: Horn  River and Mills  Lake to west end of  Mills  Lake 

MAJOR  TRIBUTARIES:  None 

MAJOR  SPECIES PRESENT: Fall,  spring  and  winter  spawners  grouped,  respectively. 

Lake  Trout Arctic  Gray1 ing 
Humpback Whi tef i sh Northern  Pike 
Round Whi tef i sh Ye1 1 ow Wall eye 
Inconnu Longnose  Sucker 

HABITAT USES: 

FISHING AREAS: 

Possible  domestic  fishing  locations  for  Fort  Providence  residents. 

SUMMARY OF CONCERNS: 



MACKENZIE RIVER REACH ZONE: V (130 - 228.5 km) 

GEOGRAPHIC LOCATION: West  end of Mills Lake t o  west of T r o u t  River 

MAJOR  TRIBUTARIES: Trout  River (including Trout  Lake) 
Redknife  River 
Bouvier River 

MAJOR SPECIES PRESENT: Fa l l ,  spring and winter spawners grouped, respectively. 

Lake Trout Arctic Gray1 i n g  
Lake Cisco ' Northern  Pike 
Arctic Cisco Ye1 1 ow Mal 1 eye 
Humpback Whitefish Longnose Sucker 
Round Whitefish 
I nconnu 

Burbot 

HABITAT USES: 

T r o u t  River - Spawning and nursery  areas  are for  present  Arctic  grayling, 
northern  pike, ye1 low walleye and longnose  suckers (McCart e t  a1 . , 1974; 
Dryden e t  a1 ., 1973).  Possible  overwintering  areas (McCart  and  McCart, 
1982). Summer feeding  areas  for  grayling,  pike and longnose  suckers and 
occasionally  juvenile  cisco and whitefish spp .  (McCart " e t  a1 ., 1974) .  

" 

" 

Redknife  River - Rearing grounds occur a t   t r i bu ta ry  mouth and large backeddies 
(Stein " e t   a l . ,  1973). 

Bouvier River - Nursery stream for  Arctic  grayling  (Jessop and Lilley,  1975). 

FISHING AREAS: 

Domestic fishermen harvest  whitefish spp .  (humpback  and round) d u r i n g  
migration a t  tr ibutary mouths e.g.  Trout  River (McCart and Den Beste, 1979) 
and a1 so whitefish spp.,  pike and suckers i n  Trout Lake (DIAND/MPS, 1973). 
Sport   f ishing  is   also common i n  these  areas,  concentrating mainly on pike, 
grayling, and walleye (McCart  and Den Beste, 1979) .  

SUMMARY OF CONCERNS: 

Spr ing  spawning movements i n t o  the Trout  River. 

Summer  movements of fry and juveniles from Trout, Redknife and  
Bouvier rivers. 

Fall spawners moving through the mainstem. 

Domestic fishery a t  T rou t  River. 



MACKENZIE RIVER REACH ZONE: VI (228.5 - 300 km) 

GEOGRAPHIC LOCATION: West o f  Trou t  River t o  eas t  of Rabbitskin  River 

Major TRIBUTARIES: Jean-Marie Creek 
Spencer  River 

MAJOR  SPECIES PRESENT: Fall,   spring and winter spawners grouped, respectively. 

Lake Cisco Arctic Grayl i n g  
Humpback Whi t e f i  sh Northern Pike 
Broad Whitefish Yel 1 ow Wall eye 
Mountain Whitefish Longnose Sucker 

Burbot 

HABITAT USES: 

Jean-Marie Creek - Migrat ion route  for  spring runs o f  Arctic  grayling, 
northern  pike,, yel 1 ow wall eye and suckers i n  the 1 ower reaches and a strong 
possibil i ty o f  grayling and walleye spawning a t  the mouth.  A f a l l  run of 
whitefish has al so been observed (Dryden e t  al . , 1973).  Possible fal 1 
spawning of whitefish and cisco spp .  (McCart and McCart 1982). 

Spencer  River - A spawning and nursery  river  for  Arctic  grayling,  northern 
pike and longnose  suckers. Summer feeding  also  occurs (McCart " e t  a1.,1974). 

FISHING AREAS: 

Domestic 
of the Jean-Marie 

fishing  takes  place from s p r i n g  th rough  t o   f a l l  a t  the mouth 
Creek  where the  creek  enters  the Mackenzie  mainstem (Dryden 

1973) 
e t   a l . ,  1973).  Whitefish spp . ,  pike and suckers  are  harvested (DIAND/MPS, 

SUMMARY OF CONCERNS: 

Migration  route t h r o u g h  the Mackenzie  mainstem for  spring and 
f a l l  spawners accessing  Jean-Marie Creek and Spencer  River. 

Important  domestic  fishery a t  the mouth of  Jean-Marie  Creek. 



MACKENZIE RIVER REACH ZONE: VII (300 - 410 km)  

GEOGRAPHIC LOCATION: East of  Rabbitskin  River t o  east  of Burnt Island 

MAJOR  TRIBUTARIES: Rabbitskin  River 
Bluefish Creek 
Liard River 
Harris  River 
Martin River 
T r a i  1 River 

MAJOR SPECIES PRESENT: Fa l l ,  spring and winter spawners grouped, respectively. 

Lake Trout 
Arctic Cisco 
Humpback Whitefish 
Broad Whitefish 
Round Whitefish 
Mountain Whitefish 
Inconnu 

Arctic Grayl i n g  
Northern Pike 
Yel 1 ow Wall eye 
Longnose Sucker 

Burbot  

HABITAT USES: 

Mackenzie  Mainstem - Humpback whitefish,  Arctic  grayling,  northern  pike and 
longnose  suckers were identified  as  the most a b u n d a n t  species  caught i n  the 
Mackenzie  mainstem i n  ear l ier   s tudies   (Stein  e t   a l . ,  1973; Jessop and Lilley, 
1975). Emigration of whitefish,  Arctic  grayllng and longnose  sucker  fry from 
tributary streams t o  the Mackenzie  mainstem observed d u r i n g  June and July 
(Jessop " e t   a l . ,  1974). 

Rabbitskin  River - Fall spawning mountain whitefish,  spring spawning grayling, 
pike and walleye and possibly  burbot  (winter spawner) u t i l i z e  this watercourse 
t o  spawn. Nursery area  for humpback whitefish, inconnu, grayling,  northern 
pike and longnose  suckers (McCart e t  a l . ,  1974).  Overwintering  potential 
(McCart, 1974).  Summer feeding grouniis for walleye  (Jessop e t  al ., 1974) and 
likely  other  species (McCart e t   a l . ,  1974).  

Bluefish Creek - Suspected spawning for  Arctic  grayling and northern  pike. 
Nursery grounds for  grayling (McCart e t   a l . ,  1974).  Cisco spp. and humpback 
whitefish  fry observed moving o u t  of the creek i n  early  July  fol lowed by 
Arctic  grayling i n  mid-July t o  early August (Jessop " e t  a l . ,  1974) .  

L iard  River - Major migratory  route  for many species (McCart " e t  al . ,1974).  

7- 

" 

" 

Harris River - Grayling,  pike,  longnose  sucker and possibly  walleye spawning 
occurs i n  the  spring. As well,  nursery  areas  are  present i n  the  stream for 
humpback and broad whitefish,  northern  pike and longnose  suckers (McCart e t  
al ., 1974).  Possible  overwintering i n  the  river (McCart, 1974).  

- - 



Martin  River - Spawning area  for  Arctic  grayling  (Stein  et  al.,   1973). 

Trail River - Possibil i ty t h a t  f a l l  spawning species  (e.g.  whitefish and cisco 
s p p . )  and summer feeders  uti l ize  the  r iver.  Overwintering i s  suspected 
(McCart  and  McCart, 1982).  Arctic grayl ing have moved i n t o  the  stream under 
the  ice  early i n  May i n  preparation  for spawning and have  been observed moving 
upstream as f a r  as the Harris River  following spawning (Jessop e t   a l . ,  1974).  

FISHING AREAS: 

" 

" 

Whitefish s p p . ,  northern  pike and longnose  suckers are caught for  
domestic  use  along the Mackenzie  mainstem i n  the  Fort Simpson area (DIAND/MPS, 
1973).  Significant  sport  fishing  takes  place i n  the  Fort Simpson area and 
upstream on the Liard  River particularly  for  Arctic  grayling,  pike and walleye 
(McCart  and Den Beste, 1979) .  

SUMMARY OF CONCERNS: 

Mackenzie mainstem i n  the  area as well as the L i a r d  River 
function as major migration  routes  for  spring,  fall and winter 
spawners t o  a number o f  tr ibutary streams i n  the  area. 

Fry move i n t o  the mainstem i n  the summer (June t o  August). 

Important  domestic and sport  fishery i n  the  vicinity of F o r t  
Simpson. 

. 



MACKENZIE RIVER REACH ZONE: VIII (410 - 520 k m )  

GEOGRAPHIC LOCATION: East of Burnt Island t o  north o f  Willowlake  River 

MAJOR TRIBUTARIES: Willowlake  River 
Root River 
Nahanni River 

MAJOR SPECIES PRESENT: Fall, spring and winter spawners  grouped, respectively. 

Lake  Cisco Arctic Grayl i n g  
Humpback Whitefish  Northern  Pike 
Round Whitefish Yel l ow wal l eye 
Mountain Whitefish 
Inconnu 

HABITAT USES: 

Burbot 

Willowlake  River - Spawning area for spring runs of Arctic  grayling, northern 
pike and longnose suckers (McCart e t  al ., 1974). Suspected  spawning for f a l l  
runs of whitefish and cisco spp.  and-possible overwintering grounds (McCart 
and McCart, 1982). Summer feeding area for  lake cisco, humpback whitefish, 
northern pike, walleye, longnose  sucker and burbot (McCart e t  al . , 1974) .  

FISHING AREAS: 
" 

Whitefish spp., inconnu, northern pike and suckers are harvested 
domestically a t  the mouth of Willowlake  River (Jessop and Lilley, 1975). 

SUMMARY OF CONCERNS: 

Domestic fishing a t  the mouth of Willowlake River. 

Spring and fal l spawners  moving  through the McGern Is land  area 
i n t o  Willowlake  River and possibly Root River. 

Braided river  sections including a number of islands,  indicate 
potential  fish spawning and/or rearing  habitat, however past 
surveys in the area are lacking. 



MACKENZIE  RIVER REACH ZONE: IX (520 - 580 k m )  

GEOGRAPHIC  LOCATION: North of Willowlake River to  Wrigley River 

MAJOR  TRIBUTARIES: River Between Two Mountains 
Smi th  Creek 
Hodgson Creek 
Wri gl ey River 

MAJOR SPECIES PRESENT: Fall,   spring and winter spawners grouped, respectively. 

Lake Trout 
Humpback Whi tef  i sh 
Round Whitefish 
Mountain Whitefish 
I nconnu 

HABITAT USES: 

Arctic Grayl ing 
Northern Pike 
Yel l ow Wall eye 
Longnose Sucker 

Burbot  

River Between Two Mountains - Important  Arctic  grayling and round whitefish 
spawning and moderate  longnose sucker spawning exists  as well as a migratory 
route  for a number of spawners.  Nursery areas  for mountain whitefish and 
longnose  sucker and i m p o r t a n t  rearing  habitat  for  grayling and round whitefish 
are  present. The river  also provides summer feeding  for round whitefish, 
grayling and pike.  Overwinter  conditions  are  suitable (McCart e t  al.,1974; 
McCart, 1974; McCart  and  McCart, 1982). 

" 

Smi th  Creek - Possesses  potential f o r  spawning, rearing, Summer feeding and 
overwintering  areas (McCart " e t  a l . ,  1974). 

Hodgson Creek - Identified  as  grayling  overwintering  area and possibly  other 
species (McCart e t  al ., 1974; McCart  and  McCart, 1982). Spawning grounds for  
round whitefish , g r z l  i n g  and l ongnose suckers and nursery  areas  for longnose 
suckers and possibly  Arctic  grayling  as  well.  Grayling,  northern  pike and 
longnose  suckers rear and summer feed i n  the stream (McCart e t  al ., 1974) .  

" 

FISHING AREAS: 

Arctic  grayling  are  fished  for  sport  near  the mouth of  River Between 
Two Mountains (Dryden e t  al ., 1973).  Whitefish  spp.,  northern  pike and 
longnose  suckers are caught for domestic  purposes  near the  settlement of 
Wrigley (McCart  and Den Beste, 1979; DIAND/MPS, 1973). 

" 

SUMMARY OF CONCERNS: 

Domestic fishery w i t h i n  the  vicinity of Wrigley e.g. Wrigley 
River and River Between Two Mountains. 

S p r i n g  a n d  f a l l  migrat ions t o  spawning areas.  Adult and juvenile 
f i sh  move through the mainstem to  overwintering  areas. 



MACKENZIE RIVER REACH ZONE: X (580 - 664.5 km)  

GEOGRAPHIC LOCATION: Wrigley River t o  Blackwater  River 

MAJOR  TRIBUTARIES: Ochre River 
Johnson  River 
Noname Creek 
El ackwater River 

MAJOR  SPECIES PRESENT: Fa l l ,  spring and winter spawners grouped, respectively. 

Humpback Whitefish Arctic Grayl i n g  
Round Whitefish Northern Pike 
I nconnu Yel 1 ow Wall eye 

Longnose Sucker 

HABITAT USES: 

Burbot 

Ochre River - Little  overwintering  potential  although longnose  suckers  caught 
i n  open water  area (McCart and  McCart, 1982). 

Noname Creek - Spawning, rearing and summer feeding  for  grayling and suspected 
spawning for Prosopium species (McCart e t   a l . ,  1974).  Possible  overwintering 
area  for some species (McCart and  McCart,1982). 

Blackwater  River - Migratory  route as well as spawning and rearing grounds fo r  
Arctic  grayling (McCart e t   a l . ,  1974) and possibly  utilized by f a l l  spawning 
species  (e.g.  whitefish and cisco species)(McCart and  McCart, 1982). Summer 
feeders  include  Arctic  grayling and longnose  suckers (McCart e t  a1 ., 1974). 
Good overwintering  potential  because of good flow and well oxygenated water 
(McCart and McCart, 1982). 

” 

FISHING AREAS: 

Domestic fishing  for  whitefish s p p . ,  northern  pike and longnose 
suckers  occurs downstream of Wrigley (McCart’ and Den Beste; 1979; DIAND/MPS, 
1973). 

SUMMARY OF CONCERNS: 

Domestic f ishing  a t   the  Blackwater  River mouth .  

Migration  route  for spring and f a l l  spawners and possibly b u r b o t .  



MACKENZIE R I V E R  REACH ZONE: XI (604.5 - 714 km) 

GEOGRAPHIC LOCATION: Blackwater  River  to  Redstone  River 

MAJOR TRIBUTARIES: Dahadinni  River 
B i r c h  Isl and  Creek 
Sa l ine   R iver  
Reds tone Ri ver  

MAJOR SPECIES PRESENT: F a l l ,   s p r i n g  and w i n t e r  spawners  grouped, respec t i ve l y .  

Humpback Whi t e f  i sh 
Round Whi t e f  i sh 
I nconnu 

HABITAT USES: 

A r c t i c  Grayl i n g  
Nor thern  P ike 
Longnose Sucker 

Burbot 

B i r c h   I s l a n d  Creek - Spawning, r e a r i n g  and summer feed ing   f o r   A rc t i c   g ray l i ng  
(McCart e t  al. ,   1974).  Suspected  Arct ic  grayl ing  overwintering  area  (McCart, 
1974). 
" 

Saline  R iver  - Rearing, summer feeding,   overwinter ing and incidental   spawning 
areas  for  Proso  ium spp., A r c t i c  grayl i n g  and longnose  suckers  (McCart e t  al . , 
1974; McCart, 

" 

FISHING AREAS: 

Spec i f i c   a reas  unknown a t   t h i s  time. No se t t lements   occur   w i th in   the  
immediate v i c i n i t y   o f  reach. 

SUMMARY OF CONCERNS: 

Domestic f i sh ing   a reas  unknown. 

F i s h  movements t o  spawning  streams  dur ing  spr ing  and  fa l l .  

Possible  spawning  and  rearing  habitat  near  mainstem  islands. 
(Probably a minor  concern  since  the  reach i s   r e l a t i v e l y   u n i f o r m  
and a singl e channel (. 



MACKENZIE RIVER REACH ZONE: XIl (714 - 828 k m )  

GEOGRAPHIC LOCATION: Redstone River t o  Great Bear River 

MAJOR TRIBUTARIES: Keel e River 
Li t t le  Smi th  Creek 
B i g  Smi th  Creek 

MAJOR SPECIES PRESENT: Fall,  spring and winter spawners  grouped, respectively. 

Dolly Varden Char 
Arctic Cisco 
Least Cisco 
Humpback Whi tef i sh 
Broad Whitefish 
Round Whi tef i sh 
Mountain Whitefish 
Inconnu 

HABITAT USES: 

L i t t l e  Smith Creek 
l ongnose suckers, 
whi tef i  sh. Summer 

Arctic Grayl i n g  
Northern Pike 
Yel l ow Wall eye 
Longnose Sucker 

Burbot 

- Spawning area for  spring runs of grayl ing ,  wall eye, 
winter r u n  b u r b o t  and possibly fal l  spawning round 
feeding grounds for Dolly Varden char, round whitefish, 
longnose suckers. Nursery areas  are  also Dresent (McCart grayl ing ,  pike and 

" e t  al , 1974).  No overwintering  potential  (Micart and McCart, 1982). 

Big Smith Creek - Spawning area  for  Arctic grayl i n g  and also summer feeding 
area  for  grayling and pike (McCart e t  a l . ,  1974).  Limited overwintering 
potential (McCart and McCart, 1982). Barxer t o  upstream migration a b o u t  4 
miles from the creek mouth (Dryden e t  al . , 1973) 

- 
" 

FISHING AREAS: 

Mainly cisco spp., whitefish  spp., inconnu and Arctic  grayling  are 
caught by local fishermen from For t  Norman although other  species  including 
pike, b u r b o t ,  walleye and sucker spp. comprise the  catches (DIAND/MPS, 1973; 
Unpublished da ta  from  MacLaren Plansearch). 

SUMMARY OF CONCERNS: 

Local domestic fishing  si tes along the mainstem. 

Mainstem use d u r i n g  summer by juveniles and adults  enroute t o  
overwintering  areas. 

A number of islands w i t h i n  Reach X I  I may offer spawning and/or 
rearing  potential. 



I4ACKENZIE RIVER REACH ZONE: XI11 (828 - 965.7 km) 

GEOGRAPHIC LOCATION: G r e a t   B e a r   R i v e r   t o   P a t r i c i a   I s l a n d  

MAJOR TRIBUTARIES: Great   Bear   R iver  
L i t t l e  Bear   River  

He1 ava  Creek 
Franc is   Creek 

S l a t e r   R i v e r  Canyon Creek 
B l u e f i s h  Creek Stewart  Creek 
Jungle  Ridge  Creek Bosworth  Creek 
Nota  Creek Bi l ly  Creek 
Vermi l i o n  Creek Oscar  Creek 
P r o h i b i t i o n  Creek E l  l i o t  Creek 

MAJOR SPECIES PRESENT: F a l l ,   s p r i n g  and  winter  spawners  grouped,  respect ively.  

D o l l y  Varden  Char A r c t i c   G r a y 1   i n g  
Lake  Trou t   Nor thern   P ike  
A r c t i c   C i s c o  Ye1 1 ow Wall  eye 
Least  Cisco  Longnose  Sucker 
Humpback W h i t e f i s h  Go1 deye 
Broad  Whi te f ish 
Round W h i t e f i s h  
I nconnu 

Burbot  

HABITAT USES: 

Mackenzie  Mainstem - R e a r i n g   h a b i t a t   r e p o r t e d   f o r   y o u n g - o f - t h e - y e a r   a n d / o r  
j u v e n i l e   s a l m o n i d s   ( w h i t e f i s h ,   c i s c o ,   i n c o n n u  and g r a y l i n g ) ,   b u r b o t ,   p i k e   a n d  
wa l l eye   i n   g rave l - cobb le   a reas   nea r  Bi l ly ,  Oscar  and E l l i o t   c r e e k s   ( E n v i r o c o n ,  
1981). 

Great   Bear   River  - M i g r a t o r y   r o u t e   f o r   p o p u l a t i o n s   o f   f a l l  spawning  runs  of 
A rc t i c   c i sco ,   round   wh i te f i sh ,   i nconnu   and   sp r ing   runs  o f  g ray l i ng   and   p i ke .  
Poss ib le   spawning   g rounds  fo r   burbo t   and  longnose  sucker   and  suspec ted   nursery  
f o r   a l l   o f   t h e s e   s p e c i e s .   N u r s e r y   f o r   l a k e   t r o u t   ( D r y d e n   e t  a1 . , 1973;  McCart 
” e t   a l . ,   1 9 7 4 ) .  Summer f e e d i n g   f o r   g r a y l i n g  (Chang-Kue  and Cameron 1980). 

B lue f ish   Creek  - Nurse ry   a rea   f o r   b road   and /o r   round   wh i te f i sh   (McCar t   e t  a1 ., 
1974) .   Impor tan t   nursery   and  spawning   a reas   fo r   g ray l ing   (S te in   e t  a1 .,797?). 

” 

Jungle  Ridge  Creek - I m p o r t a n t   A r c t i c   g r a y l i n g  and  moderate  longnose  sucker 
spawning, r e a r i n g  and summer feed ing   a rea   (McCar t   e t  a l . ,  1974). 

” 

Nota  Creek - M a j o r   g r a y l i n g  spawning,  rearing, summer f e e d i n g  and m i g r a t i o n  
rou te .   Inc identa l   longnose  sucker  summer feeding  (McCart  ” e t  a1 ., 1974). 

Vermi l ion  Creek - Moderate  spawning  and  rear ing  o f   gray l ing  and  longnose 
suckers  near  the  mouth.  Nursery  stream t o   A r c t i c   c i s c o ,  humpback w h i t e f i s h ,  
b road   w i te f i sh ,   g ray l i ng   and   wa l l eye .  Summer f e e d i n g   f o r  humpback, broad  and 
round   wh i te f i sh ,   i nconnu ,   g ray l   i ng ,  1 ongnose  sucker  and  burbot  (McCart e t  a1 . , 
1974) .   Overwin ter ing   fo r   Arc t i c   g ray l   ing   (McCar t ,   1974) .  

” 



Prohibition Creek - Moderate spawning and rearing f o r  grayling. Nursery 
stream t o  humpback and/or broad whitefish. Summer feeding for these  three 
species in a d d i t i o n  t o  Arctic  cisco, round whitefish,  Arctic  grayling and 
longnose suckers (McCart " e t   a l . ,  1 9 7 4 ) .  

Helava  Creek - Summer feeding for grayling and pike (McCart " e t   a l ,  1 9 7 4 ) .  

Francis Creek - Arctic  grayling  utilize  the creek for spring spawning, rearing 
and summer feeding t o  a minor degree (McCart e t  a1 . , 1974) .  

Canyon Creek - Spawning and rearing  area for grayling. Summer feeding  area 
f o r  gray1 i n g  and longnose  suckers (McCart e t  a1 . , 1974) .  Possible  areas  for 
overwintering (McCart, 1974). 

" 

" 

Stewart Creek - Migration route  for  spring spawning Arctic  grayling t o  Three 
Day Lake (S te in   e t   a l . ,  1973; McCart e t   a l . ,  1974). Post-spawning migrat ion 
o u t  of the  stream  occurs e i ther  immeditately a f t e r  spawning  or following 
summer feeding, moving upstream into  Great Bear River (S te in   e t   a l ,  1974; 
Jessop and Lilley,  1975). 

" " 

" 

Bosworth  Creek - The creek m o u t h  provides minor spawning and rearing  for 
grayling, longnose  suckers and b u r b o t  (McCart e t   a l . ,  1974) .  Probable 
overwintering grounds (McCart, 1974) .  

Billy Creek - Spawning, rearing and overwintering grounds f o r  northern  pike 
(McCart e t   a l . ,  1974) .  

Oscar Creek - Suspected m i g r a t i o n  route  for spring runs of Arctic  grayling, 
northern  pike,  .ye1 1 ow wall eye and 1 ongnose suckers. Spawning, rearing and 
summer feeding grounds present  for  grayling and longnose suckers. Nursery 
area for whitefish spp. and possible  overwintering grounds (McCart e t  a1 ., 
1974; McCart, 1974) .  Walleye have  been observed spawning i n  the creek in 
early  June, some remaining there t o  feed d u r i n g  the summer then movement o u t  
occurs i n  early September (Jessop e t   a l . ,  1974) .  

E l l io t  Creek - Spawning and rearing grounds present i n  addition t o  summer 
feeding  for  Arctic  grayling (McCart e t  a1 ., 1974) .  Potential  overwintering 
grounds (McCart, 1974) .  

" 

" 

" 

" 

FISHING AREAS: 

Domestic fishing  occurs  along  the  Great Bear River and i n  the 
Mackenzie  mainstem near F o r t  Norman (Dryden e t   a l . ,  1973; Unpublished d a t a  
from  MacLaren Plansearch,  1985). The  main species caught include  lake trout, 
cisco spp., whitefish s p p . ,  inconnu and grayling (DIAND/MPS, 1973) although 
other  species  including  northern  pike, yel low walleye, b u r b o t  and suckers  are 
also taken (MacLaren Plansearch  unpublished  data,  1985). Domestic fishing 
occurs i n  the  vicinity of Norman Wel 1 s for  simil ar catches (McCart and  Den 
Beste, 1979; DIAND/MPS, 1973).  Grayling  are taken a t  the m o u t h  o f  Stewart 
Creek during  spring and summer migrations  (Jessop and Lilley,  1975) .  



SUMMARY OF CONCERNS: 

Primary fish  resource  area due t o  the many tributary  streams 
which o f fe r  spawning, nursery, summer feeding and potential  
overwintering habi ta ts .  

Migrations a t  almost a l l  times. (Probably  a  major  concern). 

Important  domestic and sport   f ishing.  

Numerous is lands i n  the channel  suggest  potential spawning  and 
rear ing  habi ta ts  i n  mainstem. 



MACKENZIE  RIVER REACH ZONE: XIV (966 - 1017 km) 

GEOGRAPHIC LOCATION: Patricia  Island t o  San Sault Rapids and Mountain River 

MAJOR  TRIBUTARIES: Mountain River 
Carcajou  River 

MAJOR SPECIES PRESENT: Fa l l ,  spring and winter spawners grouped, respectively. 

Humpback whitefish  Arctic Gray1 i n g  
Broad whitefish Northern  Pike 
Round whitefish Ye1 1 ow Mal 1 eye 
I nconnu 

Burbot 

HABITAT USES: 

Both the Mountain  and Carcajou rivers  carry a h i g h  s i l t  load and 
l ikely do not  provide  important spawning or rearing  habitat, however, 
potential mainstem habitats have ye t  t o  be surveyed. 

FISHING AREAS: 

Occurance of  spec i f ic   f i sh ing   s i tes   i s  n o t  known,  although  the  reach 
does n o t  l i e  w i t h i n  an area immediate t o  any settlements. 

SUMMARY OF CONCERNS: 

Potential spawning and rearing  habitat i n  braided  sections of 
the mai ns tern. 

Migration  route v i a  the mainstem t o  upstream tributaries  e.g.  
Great Bear River. 



MACKENZIE R I V E R  REACH ZONE: X V  (1017 - 1086.5 km) 

GEOGRAPHIC LOCATION: 

MAJOR TRIBUTARIES: 

MAJOR SPECIES PRESENT: 

A rc t i c   C isco  
Humpback  Whi t e f  i sh 
Broad  Whitef ish 
Round Whi te f i sh  
Inconnu 

HABITAT USES: 

San Sault  Rapids and Mountain  River  to  the  Ramparts 

Hanna R iver  
Donne1 l y  R iver  
Snafu  Creek 
Hume River  
Ts in tu   R ive r  
Ramparts R iver  

F a l l ,   s p r i n g  and w i n t e r  spawners  grouped, respec t i ve l y .  

A r c t i c  Gray1 i n g  
Nor thern  P ike 
Ye1 1 ow Wall  eye 
Longnose Sucker 

Burbot 

Hanna R iver  - Spawning, summer feeding and suspec ted   ove rw in te r ing   f o r   A rc t i c  
g r a y l i n g  and nor thern   p ike .   Gray l ing   nursery   r i ver   (McCar t  " e t  al . ,  1974). 

Donnel ly   River  - A r c t i c   g r a y l i n g  have  been  observed migrat ing  upstream  f rom 
the  Mackenzie  mainstem i n   e a r l y   s p r i n g   ( i . e . ,   b e g i n n i n g   o f  May) and  spawning 
i n   t h e  stream i n   l a t e  May t o   e a r l y  June  (McCart  and de Graff ,   1974).   Grayl ing 
have  been r e p o r t e d   t o  move o u t  o f  the  Donnelly  River  fol lowing  spawning  and 
upstream into  the  Great  Bear  River  (Jessop  et  al. ,   1974).  Primary  spawning 
and  nursery  areas  for   gray1  ing and longnose  suckers and probable  fa7 1 spawning 
i n  1 ower reaches  near mouth f o r   r o u n d   w h i t e f i s h  and inconnu.  Pike  spawning 
occurs  upstream i n  the  Chick  Lake  out let   (McCart  " e t  a1 ., 1974). 

Snafu  Creek - Spawning  and rea r ing   f o r   A rc t i c   g ray l i ng ,   no r the rn   p i ke   and  
longnose  suckers  occurs in   the   s t ream  (McCar t  " e t  a1 ., 1974). 

Ts in tu   R ive r  - Spawning  and rea r ing   s t ream  fo r   A rc t i c   g ray l i ng ,   no r the rn   p i ke ,  
ye1 1 ow walleye  and  longnose  suckers  (McCart " e t  a1 . , 1974). 

FISHING AREAS: 

SUMMARY OF CONCERNS: 

F i s h i n g   a r e a s   n o t   i d e n t i f i e d .  

Movement o f   s p r i n g  spawning  species  between  the  mainstem  and 
t r i b u t a r y  streams.  Probable  migrat ion  of  anadromous f a l l  
spawning  species t o  upstream  areas. 

Braided  channel and  numerous is lands  suggest   rear ing  and/or  
spawning  habitats. 



MACKENZIE  RIVER REACH ZONE: XVI (1086 - 1097.5 km) 

GEOGRAPHIC LOCATION: The Ramparts 

MAJOR  TRIBUTARIES:  None 

MAJOR  SPECIES PRESENT: Fa l l ,  spring and winter spawners grouped, respectively. 

HABITAT USES: 

Mackenzie mainstem - Due to  the h i g h  gradient 
Ramparts, there i s  probably l i t t l e   r e l evan t   f i sh  
i t  i s  potentially  uti l ized by most major species 

FISHING AREAS: 

SUMMARY OF CONCERNS: 

Migrations. 

and turbulent  nature o f  the 
habitat i n  the  area, however, 
as a migration route. 

Possible  fishing  for  Fort Good  Hope residents. 



MACKENZIE RIVER REACH ZONE: XVII (1097.5 - 1261 km)  

GEOGRAPHIC LOCATION: North  end of  Ramparts t o  north of Little Chicago 

MAJOR TRIBUTARIES: 

MAJOR SPECIES PRESENT: 

Lake Trout 
Arctic Cisco 
Least Cisco 
Humpback Whitefish 
Broad Whitefish 
Round Whitefish 
I nconnu 

HABITAT USES: 

Hare Indian  River 
Loon River 
Tieda  River 
Ontaratue River 
P ayne C reek 

Fa1 1 , spring and winter spawners grouped, respectively. 

Arctic Gray1 ing  
Northern  Pike 
Ye1 1 ow Mal 1 eye 
Longnose  Sucker 

Burbot 

Hare I n d i a n  River - Spawning and nursery areas are present of Arctic  grayling 
and 1 ongnose suckers. The river i s  a1 so serves as a migrating route, summer 
feeding loca t ion  and overwintering grounds  (McCart " e t  a l . ,  1974). 

Loon River - Arctic  grayling, northern pike and longnose suckers spawn and  
rear i n  the river and i t  i s  suspected t h a t  whitefish and cisco spp. do as well 
(McCart " e t  a1 ., 1974). Possible overwintering grounds  (McCart, 1974).  

Tieda River - Arctic grayl ing  and longnose suckers utilize spawning and 
rearing  areas  present i n  the river. Summer feeders include broad and round 
whitefish, northern pike and longnose suckers (McCart e t  a1 . , 1974). No 
overwintering potential (McCart, 1974).  " 

Payne  Creek - Spawning and rearing  habitat for grayling (McCart e t  a l . ,  1974).  

FISHING AREAS: 

" 

Whitefish spp.,  cisco spp., inconnu and lake trout  are domestically 
fished near For t  Good Hope  (McCart and Den Beste, 1979), in particular, a t  the 
mouth  of the Hare Indian River during the summer and occasionally d u r i n g  
winter (Jessop and Lilley, 1975). 

SUMMARY OF CONCERNS: 

Domestic fishery  for the Fort Good Hope residents. 

Potential spawning and/or rearing  habitat in  mainstem due t o  the 
presence of  many islands in the channel. No past surveys. 

Migration t i m i n g  of  spring and f a l l  spawners. 



MACKENZIE RIVER REACH ZONE: XVIII (1261 - 1437.9 krn) 

GEOGRAPHIC  LOCATION: North of L i t t l e  Chicago t o  Lower Ramparts 

MAJOR  TRIBUTARIES: Thunder River 
Travai  11 a n t  River 
Tree  River 
Rabbit Hay River 

MAJOR  SPECIES PRESENT: Fal l ,  spring and winter spawners grouped, respectively. 

Lake Trout Arctic Gray1 i n g  
Humpback Whi t e f i  sh Northern  Pike 
Broad Whitefish Yellow Walleye 
Round Whi tef  i sh Longnose Sucker 

HABITAT USES: 

Thunder River - Spawning runs t o  headwater lakes and nursery  areas  are  present 
f o r  broad and round whitefish,  lake  trout and grayling (McCart e t   a l . ,  1974).  

Travaillant River - Spawning and rearing  areas  for longnose  suckers  occur i n  
the  river and possible  grayl i n g  spawners (McCart e t   a l . ,  1974).  C o n d i t i o n s  
are  suitable  for  overwintering  in  the  river  (McCart,T9m. 

Tree  River - The river  supports a good run of Arctic  grayl i n g  i n  the  clear 
water  (Hatfield e t  a l .  1972a).  

FISHING AREAS: 

" 

" 

Domestic f i s h i n g  for  whitefish and cisco spp., Arctic  char,  northern 
pike and suckers  occurs upstream o f  Arctic Red River  near the Tree and Thunder 
r ivers  (McCart a n d  Den Beste, 1979; DIAND/MPS, 1973). 

SUMMARY OF CONCERNS: 

Primary fish  migration  route. 

Domestic fishery. 

Braided nature of the channel  suggests  potential spawning and/or 
rearing  habitats. 



MACKENZIE R I V E R  REACH ZONE: X I X  (1437.9 - 1475 km) 

GEOGRAPHIC  LOCATION: Lower  Ramparts t o   P o i n t   S e p a r a t i o n  

MAJOR TRIBUTARIES: A r c t i c  Red R ive r  

MAJOR SPECIES PRESENT: F a l l ,   s p r i n g  and w i n t e r  spawners  grouped, respec t i ve l y .  

A r c t i c  Char A r c t i c  Gray1 i n g  
Lake  Trout   Nor thern  P ike 
A rc t i c   C isco  Ye1 1 ow Wall  eye 
Leas t  C i  sco  Longnose  Sucker 
Humpback Whi te f i sh  
Broad  Whitef ish 
Round Whi te f ish 
Inconnu 

Burbot 

HABITAT USES: 

Mackenzie  mainstem - Broad and humpback whi te f ish  appear   to  spawn i n  back 
eddies  of   the  Mackenzie  River  near  Arct ic Red R i v e r   i n   e a r l y   O c t o b e r   ( S t e i n   e t  

w h i t e f i s h  i n  t h e   D e l t a   a r e a   ( S t e i n   e t  a1 ., 1973; Jessop and L i l l ey ,   1975) .  
E m i g r a t i o n   o f   p i k e   j u v e n i l e s   f r o m  Tributary streams i n   t h e   A r c t i c  Red R ive r  
area  has been observed  mid-June t o   e a r l y   J u l y  (Jessop e t   a l . ,   1974) .  

A r c t i c  Red R ive r  - This  system  drains a number o f   t r ibu tary   s t reams and l a r g e  
populat ions o f  many species  occur   between  the  Mackenzie  River   de l ta   (Ak lav ik)  
and t h e   A r c t i c  Red River  area  (Jessop and L i l l e y ,  1975).  Probable  broad  and 
humpback w h i t e f i s h  spawning  occurs a t   t h e   r i v e r  mouth  from l a t e  October t o  
e a r l y  November (Jessop e t  a1 ., 1974). 

FISHING AREAS: 

- a1 . , 1973) .   Broad  wh i te f i sh   a re   thought   to  be more abundant  than  humpbax 

" 

" 

I n t e n s e   f i s h i n g   f o r   w h i t e f i s h  spp., c i s c o  spp., A rc t i c   cha r ,   no r the rn  
p i k e  and suckers  occurs i n   t h e   A r c t i c  Red R iver   a rea   by   loca l   res idents   fo r  
domestic  purposes  (McCart  and Den Beste, 1979; DIAND/MPS, 1979). 

SUMMARY OF CONCERNS: 

M a j o r   m i g r a t o r y   p a t h   f o r   l a r g e   p o p u l a t i o n s   o f   f i s h   p r e s e n t   i n  
the  Mackenzie  Del ta ,   Arc t ic  Red R iver  and Mackenzie  mainstem. 

Some spawning  documented i n   t h e  mainstem. 

- Important  domest ic  f ishing  grounds. 
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c .1 PROJECT TEAM 

Several  speci a1 i s t  subconsul t a n t s  were i nvol  ved i n  addressi ng various 
aspects of the  study. These included  the  foll owing: 

a )  ESL Environmental  Sciences L t d . ,  Sidney,   Bri t ish Columbia: 
responsible  for  identification of environmental issues  relating t o  
dredging i n  the  river,  including  fisheries, water-qual i t y  and 
hydro1  ogy. 

b )  G V M  Geological  Consultants L t d . ,  Calgary, A1 berta:  assisted EBA w i t h  
the  evaluation of conventional borrow sources,  the development of the 
geologic model t o  describe  the  location and distribution of  a1 1 u v i  a1 
materials, and the  classification of the  potential o f  various  reaches 
of the  river 

c )  Hydrocon Engineering  (Continental Ltd. ,  Calgary,  Alberta: a s s i s t e d  
E B A  and ESL with the  evaluation of the  hydrologic regime of various 
reaches of the river,  and the  assessment of the sediment transport 
character is t ics  of the  river 

A t  E B A ,  Mr. N . R .  MacLeod  was the  project manager and prepared  the  section 
pertaining t o  Norman Wells. Mr. A.F. Stirbys  contributed  significantly t o  
the  evaluation o f  upland borrow resources and  economic considerations. 
Several  others  including Mr. T.E. Hoeve,  from E B A ' s  Calgary office and Mr. 
B.A. Brown from EBA's Edmonton office  also  particiapted i n  the  technical 
aspects of the  project. 
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