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c 1.0  SUMMARY  AND  RECOMMENDATIONS 
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The  Thompson  River,  a  major  tributary  of  the  Fraser  River 
System  drains  the  interior  plateau of British  Columbia. A 
site on the  Thompson  near  Ashcroft, B C  has  been  identified 
as  the  preferred  makeup  water  source  for  the  proposed  Hat  Creek 
thermal  generating  station.  This  study  provides  an  assessment 
of  potential  impacts on the  salmon  resource  of  the  Thompson 
River  attributable to the  proposed  water  supply  development. 

The  Fraser  is  the  largest  single  salmon  producing  river  in 
North America, and  accounts  for  approximately  one-third of the 
total  commercial  salmon  landings  in  British  Columbia.  The 
wholesale  market  value  of  the  provincial  commercial  salmon 
fishery  was  approximately $440 million  in 1974 ('I, and it is 
estimated  that 10 percent  of  the  provincial  catch  is  contri- 
buted  by  the  Thompson  River . ( 2 )  

Five  species of  anadromo.us  salmonids; chinook,  coho, pink  and 
sockeye  salmon  and  steelhead  trout  migrate  past or reside  in 
the  area of the  proposed  water  intake  during  some  portion of 
their l.ife cycle.  Construction and operation Of the intake 
would  potentially  affect  these  species.  Potential  impact  would 
likely  be  limited  to  that  associated  with  the  operation of the 
proposed  water  intake,  through  impingement loss of juvenile 
downstream  migrant  salmon,  providing  salmon  spawning  and  in- 
cubation  periods  are  avoided by construction,  or  adequate 
measures  are  taken  to  mir.imize  siltation. 

Intake  design  emphasized  fish  protection, and  the  efforts of 
the design  consultants  incorporated  the  experience of Environ- 
ment  Canada,  Fisheries and  Marine  Service  and  the  International 
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Pacific  Salmon  Fisheries  Commission,  and  the  B  C  Fish  and 
Wildlife  Branch. A simple  linear  model  which  relates  the 
rate  of  water  withdrawa1,to  downstream  fry  migration  was 
then  developed  which  projects  estimated  fish  losses  and 
assumes  no  fish  protection  measures.  Less  than  one-half of 
one  percent  of  all  Thompson  River  salmonid  stocks  are  poten- 
tially  vulnerable  to  impingement,  although  there  is  strong 
empirical  evidence  to  suggest  that  even  the  most  vulnerable 
salmon  fry  will  be  successfully  bypassed  by  the  intake as 
presently  designed. 

The  site  selected  for  intake  construction  avoids  critical 
habitats  and  spawning  grounds  and  considerable  effort  has 
been  expended  in  the  design of the  proposed  intake  to  mini- 
mize  fish  exposure.  Operational  strategies  are  also  avail- 
able to protect  fish  during  the  most  likely  periods  of 
potential  impingement  oc'zurrence.  Ebasco  Services of Canada, 
Ltd.;  Environmental  Consultants  (ESCLEC)  concludes  that  Fraser 
River  salmon  stocks  and  the  ecology  of  the  Thompson  River 
would  not  be  adversely  affected  by  the  installation  and  oper- 
ation of the  proposed  Hat  Creek  water  supply  intake. The 
following recommendations are offered to assure that no 
signifi.cant  adverse  impacts  develop  during  construction of 
the  int.ake  and  to  provide  early  detection  and  mitigation of 
any  unforeseen  impacts: 

I. Minimize  suspended so:tids loading  and  habitat  disturbance 
during  construction,  avoid  silt  loading to the  Thompson 
River  July 20 to May 31.. 

2 .  If disturbed,  spawninq  grounds  in  the  lower  Bonaparte 
River  be  restored  after  construction  of  the  water  pipeline 
crossing  and  access  bridge. 

3 .  Monitor  the  intake  screens  during  downstream  migration 
periods  to  determine  if  any  loss  of  juvenile  salmonids 
occurs  during  intake  operation. 
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I 4 .  Monitor  the  intake  vicinity  and  bypass  channel  particularly 
during  salmon  spawning  migrations,  to  determine  presence of 
unusually  large  numbers of fish or unnatural  behavior or 
disorientation. 

5. Utilize  operational  flexibility  provided  by  the  excess 
reservoir  capacity  to  reduce or cease  intake  operation  during 
vulnerable  migrations  should  impacts  be  noted  during  the 
monitoring  programs  described  above. 
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2.0  INTRODUCTION 

.- r 
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Operation  of  a  closed-cycle  2000  megawatt  coal-fired  thermal 
generating  station  at  Hat  Creek  requires  a  reliable  cooling 
water  supply.  The  present  design  specifies a  water  supply 
system  composed  of  a  Thompson  River  water  intake,  an  overland 
pipeline,  and  a  plant  site  reservoir.  The  water  intake  struc- 
ture i.s a pier-type  direct  intake  with  vertical  traveling 
screens  and  low  head  tu.rbine  pumps. It would  be  located on 
the  Thompson  River  approximately  0.4 km (0.25  miles)  upstream 
of  the  confluence  with  the  Bonaparte  River.  Water  would  be 
delivered  by a buried  pipeline  23.5  km  (14.6  miles)  to a 
reservoir  at  the  plant  site. 

The  design  flow  rate  through  the  intake  screens  is  1650 l/s 
(58.1 cfs),  although  estimated  average  pumping  rate  is  726 1:s 
(25.7  cfs) ( 3 )  . Maximum  plant  makeup  water  requirements  range 
between  1146 l/s and  13!35 l/s, depending  upon  the  water  manage- 
ment  plan  (1220 1/s preferred  scheme) (4) employed.  Average 
plant  makeup  water  requirements  would  also  depend  upon  the 
water  management  scheme  selected.  The  average  water  makeup 
ranges  between  622-824 l/s with  (710 l/s preferred) ( 4 ) .  The 
desigr:  approach  velocity  for  the  screens is 0.12  m/s (0.39 
FPS) at  design  flow  rate  through  the  intake  and at minimum 
river  water  level ( 3 ) .  Considerable  flexibility  in  pumping 
times  and  rates  is  possible  without  affecting  power  plant 
operations  because  a  reservoir  with  a  70-day  water  supply  at 
maximum  plant  requirement,  is  presently  planned  at  the  plant 
site (4) 
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The withdrawal  of l a r g e   q u a n t i t i e s  of water from a n a t u r a l  
water body may adve r se1 .y   a f f ec t   t he   aqua t i c   o rgan i sms   p re sen t  
i n  t h a t  body of water, e i t h e r   t h r o u g h   t h e i r   d i r e c t   i n t e r a c t i o n s  
w i t h  t h e   i n t a k e   s t r u c t u r e   o r   d u e  t o  secondary   e f fec ts   which  
modify o r   d e g r a d e   t h e   e x i s t i n g   a q u a t i c   h a b i t a t .  

The Thompson River  i s  a major t r i b u t a r y  of t h e   F r a s e r  River 

watershed.  The Fraser River   d ra ins   approximate ly  9 0 , 0 0 0  sq m i  
of i n t e r i o r   B r i t i s h  Columbia and is  t h e   s i n g l e  most impor t an t  
salmon  producing  system i n  North  America  today. B C Hydro, 
r ecogn iz ing  the v a l u e   o f   t h e  Thompson R i v e r  and i t s  con t r i -  
b u t i o n  t o  t h e  Fraser River  anadromous a n d   r e s i d e n t   f i s h   s t o c k s ,  
selected  Ebasco  Services   of   Canada  Limited,   Environmental  Con- 
s u l t a n t s  (ESCLEC) t o  e v a l u a t e   t h e   e n v i r o n m e n t a l   e f f e c t s   o f  
u t i l i z i n g   t h e  Thompson River  as t h e  water s u p p l y   s o u r c e   f o r  
t h e  Hat  Creek Project.  

Whi l e   t he   cons t ruc t ion  ,and o p e r a t i o n   o f  a water i n t a k e  will 
affect .  t h e   a q u a t i c  community i n  a v a r i e t y   o f  ways, t h e   e f f e c t  
of  major  concern i s  the  impingement of young  salmonid  species,  
p a r t i c u l a r l y   t h e  most vu lne rab le   o f   t hese ,   t he   p ink   s a lmon ,  
Oncorhynchus  gorbuscha.  This assessment p rov ides  a g e n e r a l ,  
p r e d i c t i v e  model t o   d e t e r m i n e   p o t e n t i a l   p i n k  salmon impinge- 
m e n t  a t  t h e  proposed i n t a k e  and projects p o t e n t i a l  commercial 

f i s h e r y  loss estimates should  impingement  of  pink salmon f r y  
occur. R e s u l t s  of t h e  a n a l y s i s   c h a r a c t e r i z e  t he  range of 

po ten t i a l   p ink   s a lmon  lclsses as downstream f r y   m i g r a t i o n   v a r i e s  
w i t h  time and r i v e r  flow and   p rov ides   i npu t   da t a   fo r   t he   economic  
e v a l u a t i o n   o f   t h i s  impact. 

The   proposed   in take   inc ludes   severa l   des ign   measures  t o  p r o t e c t  
Thompson River   f i sh .   These  are d e s c r i b e d  i n  t h e  PRELIMINARY 
DESIGN  STUDY by Sandwell  & Company, L t d .  ( 3 )  and i n   t h e   F i s h  
P ro tec t ion   Aspec t s   o f  The Sandwell   Design  report   by Beak Con- 
s u l t a n t s   L t d .  ( lo) .  I t  is  n o t   p o s s i b l e  t o  q u a n t i f y   t h e   u l t i -  
mate impingemen t   r educ t i ' 3n   a t t r i bu tab le  t o  t h e s e   f i s h  protec- 
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tion  measures for the  model  used  herein.  However, they are 
discussed  qualitatively  in  Sections 4.0 and 5.0. 
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3.0 MATERIALS  AND  METHODS 

I 

empirical  approach  was  used  to  estimate  environmental  impact 
of  the  water  intake  construction  and  operation  on  resident  and 
anadromous  fish.  The  assessment  is  based  primarily  on  the  body 
of published  data  relevant  to  the  Fraser  River  salmonid  stocks: 
an  intake  design  and  location  selected  and  developed  by  B  C 
Hydro  and  Sandwell  and  Company,  Ltd.  the  engineering  consultants 
for  the  water  supply  system  (including  some  hydraulic  model 
results  and  information on fish  protection  design  features); 
and  the  results  of  limited  field  reconnaissance  conducted  in 
1 9 7 7  by B  C  Hydro, Beak  Consultants  Ltd.,  and  ESCLEC.  Fisher- 
ies  and  Marine Service,  Environment  Canada  and  the  International 
Pacific  Salmon  Fisheries  Commission  (IPSFC)  and  B.C.  Fish  and 
Wildlife  Branch, assist:ed  in  the development  of  non-efficiency 
fish  protection  design  features,  reviewed  the  Sandwell  design 
and  recommended  refinements. 

Because  anadromous  salmonids are the  most  important  fishery 
resource of British Columbia, they are  accorded  the  major  con- 
sideration  in  the  assessment of impact. This  assessment  focuses 
on  those  life  stages of species  which  would  be  most  vulnerable 
to construction  and  operation of a  water  intake  in  the  Thompson 
River.  Vulnerability to adverse  environmental  impact  can  be 
considered to be a  function of three  interrelated  factors: 
- duration  and  intensity  of  the  action  causing  the  impact 
- length  of  exposure  of  the  organisms  to  the  impact 
- ability  of  the  organisms  to  avoid  the  impact 
Impacts  are  expressed  as  a  potential loss of adults  recruited 
to the  commercial  fishery. 
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Environmental  impact  for  the  purposes  of  this  assessment  can 
be  considered  to  be  a  cihange in  either  the  quantity  or  quality 
of an  ecological  resource,  including  habitat,  due  to  the  effects 
of one or more  project ,actions. Impact  assessment  involves  a 
description  of  the  resource  base  and ?I measurement or estimate 
of the  magnitude  and  significance of change. 

The  following  assumptions  were  used  to  develop  the  impact  esti- 
mates  presented  in  this  report.  (These  assumptions  and  their 
effect. on  the  assessmenr  are  discussed  in  more  detail  in  Section 
5.0). 

anadromous  salmonids  are  the  most  valuable  fishery  resource 
of British  Columbia  and  for  this  reason  are  accorded  the 
bulk of attention  for  the  purposes of impact  assessment 
and  fish  protection  design. 
a  larger  proportion  of  the  anadromous  fish  population  as 
compared  to  resident  fish  population  would  be  exposed  to 
the  intake  due  to  the  migratory  behavior of the  former  group. 
pink  salmon  fry  are  considered  most  vulnerable  due  to  their 
relatively  poor  swimming  ability  and  abundance  in  the  intake 
vicinity  relative  to  other  species  exposed. 
fish  would  be  homogenously  distributed  throughout  the  river 
cross-section  in  the  intake  vicinity. 
the  intake  would  operate at average  capacity  during  periods 
of pink salmon fry mi,gration. 
impact  would  be  a  direct  function of water  withdrawal. 
a reduction  in  the  ncmber of downstream  migrants  (juveniles) 
would result  in  some  reduction  in  the  adult  population  avail- 
able to  the commercial  fishery  (loss  would  not be  borne by 
spawning  escapement,  which is that  portion  of  the  adult  pop- 
ulation  allowed  to  return  to  spawning  grounds). 

Important  Thompson  River  salmonid  species  which  could  be  affected 
by construction  and  operation of the  water  intake  were  characterized 
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i n  a " v u l n e r a b i l i t y   m a t r i , x " .   T h i s   m a t r i x  was d e s i g n e d   t o  show 
t h e   r e l a t i v e   i m p o r t a n c e   o f   t h e   f a c t o r s  l i k e l y  t o   a f f e c t  a s p e c i e s  
v u l n e r a h i l i t y , a n d   h e n c e ,   i m p a c t .   F a c t o r s   c o n s i d e r e d   i n c l u d e :  

- l i f e   s t a g e   e x p o s e d   t o  t h e  i n t a k e  

- numbers exposed t o   t h e   i n t a k e  
- temporal   durat ion  of   exposure 
- m i g r a t o r y   o r   t e r r i t o r i a l   b e h a v i o r  
- swimming a b i l i t y  

I n  a d d i t i o n   t o   r a n k i n g  t h e  r e l a t i v e   i m p a c t   p o t e n t i a l  among t h e  
v a r i o u s   s p e c i e s ,  a s imple   empi r i ca l  model  was  used t o   q u a n t i f y  
p o t e n t i a l   a d u l t   l o s s e s   t o   t h e   p i n k   s a l m o n   c o m m e r c i a l   f i s h e r y .  The 
model was deve loped   f rom  popu la t ion   and   l i f e   h i s to ry   da t a   ob ta ined  

from  the I P S F C ,  and  from Thompson River   d i scharge   records  a t  Spences 
Bridge,  B C ( S t a t i o n  0 8 L F 0 5 1 ) .  

The  model c a l c u l a t e s  a t h e o r e t i c a l  loss t o   t h e   c o m m e r c i a l   f i s h e r y  
of r e t u n i n g   a d u l t s  ( A  ) two years   fo l lowing   the   b rood   year  

( a )  as the   p roduct   o f   the   p ink   sa lmon  f ry   popula t ion   (Na ,g , f ,So)  ; 

t h e  r a t i o  ( e )  of in take   f low (IF) t o   r i v e r   f l o w  (%) and  surv ivor -  
s h i p   f r o m   f r y   t o   a d u l t  (Sl); t hus :  

(a+2)  

(ac.2) =(N,) (gfso)  ( e )  (sl) 

where, 

A (a+2)  
N = spawning  escapement t o  Thompson River   dur ing  a 

9 = s e x   r a t i o ,  ? / a 

= loss of   adul t   p ink  salmon t o  the   commerc ia l   f i she ry  

a 
p a r t i c u l a r   b r o o d   y e a r  

7 
f = fecundi ty   (eggs / female)  

= f r e s h w a t e r   s u r v i v a l   ( e g g   t o   f r y )  

= m a r i n e   s u . r v i v a 1   ( f r y   t o   a d u l t )  S1 

9 = r a t i o   o f   . i n t a k e   f l o w ( I F )   t o   r i v e r   f l o w  (RF), 
measured (at Spences  Bridge  (Stat ion NO. 08LF051) 

a t  time (- i .m) ,  where +m is t h e  time of  90 p e r c e n t  

passage of downstream  migrant  pink  salmon  fry.  
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I n   p r a c t i c e ,   t h e   p r o d u c t   o f   g ,  f,So and S1 can be treated as 

a popu la t ion  cons tan t  (K ) ,  derived  f rom IPSFC records ob ta ined  

s i n c c  1’357. Tables  3-1, 3-2 and 3 - 3  summarize relevant  d a t a   f o r  
p i n k   s a l m o n   p o p u l a t i o n   s t a t i s t i c s .  The value o f   t h e   p o p u l a t i o n  
constant  computed  from t h e  fo l lowing  mean va lues :  

POP 

t h u s  : 

So: = 0 . 1 3 4  

g x = 0.59 

f : = 2 0 0 0  

SI; = 0.029 

K = s o G * g : ’ f :  * s l ;  
POP 

K = 4.585 
POP 

I n t a k e  flow (IF) was set  equal  t o  t h e   a v e r a g e  pumping ra te  of  
726  l / s  ( 2 5 . 7   c f s )  . The e q u a t i o n   d e s c r i b i n g   p o t e n t i a l   l o s s e s  
t o  the  commercial   p ink  salmon  f ishery  can  then  be  reduced to  a 

d i r e c t   r e l a t i o n s h i p   b e t w e e n  Thompson River pink salmon spawning 
escapement ( N a ) ,  Thompson River  f l o w  (%) and   popu la t ion   cons t an t  
desc r ib ing   f ry   p roduc t ion   and   egg  to  a d u l t   s u r v i v a l .  Thus: 

( 3 )  

o r :  

A (a+2) = 4.585 (Na 0 )  
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Brood 
Year 

5 7  

59 

6 1  

6 3  

6 5  

6 7  

6 9  

7 1  

7 3  

7 5  

- 

Tota l  
Spawners 

x106 

2.425 

1 .078 

1 . 0 9 4  

1 .953 

1 . 1 9 1  

1 . 8 3 1  

1 . 5 2 9  

1 . 8 0 4  

1 . 7 5 4  

1 . 3 6 7  

TABLE 3 - 1  

FRASEiR RIVER P I N K  SALMON 
ESCAPEMENT STATISTICS - /1 - 

Female Ratio 
Sex 

" (a) x : l 0 6  

1.423 0.59 

0.596 0 . 5 5  

0.654 0.60 
1 . 2 1 7  0.62 

0 .692 0.58 

1.015 0 . 5 5  

0 . 9 6 1  0.63 

1.103 0 . 6 1  

1 .015 0 .59  

0.806 0 . 5 9  

P o t e n t i a l  
Egg Depos i t i on  - x 1 0 9  

2.8745 

1 . 0 8 4 7  

1 . 5 6 9 2  

2.4348 

1 .4878 

2 . 1 3 2 1  

2.0182 

1 .923 

1.865 

1 . 4 9 3  

g j ;  = 0.59 f j ;  = 2002 

Fecundi ty  
0 

2 0 2 0  

1 8 2 0  

2 3 9 9  

2 0 0 1  

2 1 5 0  

2 1 0 1  

2 1 0 0  

1 7 4 3  

1 8 3 7  

1 8 5 2  

Source:  I n t e r n a t i o n a l  P a c i f i  lmon F i s h e r i e s  Commission 
Annual Repor t ,  1 9 7 7  



TABLE 3-2 

w 
.- 

P 
I 

e 
I 

FRASER  RIVER  PINK SALMON 
SURVIVORSHIP  VALUES /1 

Brood 
Year 

5 1  
59 
6 1  

6 3  
6 5  
67 
69 

7 1  
73 
75 

Freshwater  
Survival  

(So) 

0.092 
0.117 
0.184 
0 .111  
0.097 
0.127 

0.157 
0.187 

So j ;  = 0.134 

Marine 
S u r v i v a l  

(SI) 

- 
- 

0.037 
0.008 
0.047 

0.016 
0.05 
0.028 
0.017 
0.029 

S1 j ;  = 0.029 

Source: I n t e r n a t i o n a l  P a c i f i c  almon F i s h e r i e s  Commission 
Annual Report, 1977 (17 7 - 



T;RLE 3-3 

ANADROMOUS SALI.IONIDG ESCAPEMENT TO THE 
"" 

THOMPSON RIVER  DRAINAGE(--^^ - 

Brood 
Year 

1957 
1958 
1953 
1960 
196 1 
1962 
1963 
1964 
1965 
1966 
196 7 
196 8 

1969 
19 70 
1971 

" 
P i n k  

269106 

8 7 2 2 4  

69411 

285243 

233100 

450487 

247896 

258203 

Coho 

12000 
16600 
3350 
18075 
24575 
20775 
9775 
15325 
31000 
15575 
4350 
13450 
19325 
16 300 
15559 

Sockeye 

330974 
2362660 
19 754 7 
1.1852 
80584 

1217301 
237610 
10334 
75155 

1358394 
86  14  72 
20522 
71586 

1561853 
307867 

C h i n o s k  

20533 
29850 
17150 
16625 
12900 
21050 
16575 
24175 
18800 
13625 
30250 
24250 
30525 
28725 
2 16 50 

Total 

632613 
2409110 
311271 
46552 
187470 
1259126 
549203 
49834 
348055 

1387594 
1346559 
58222 
369332 
1606878 
603279 



Brood 
Year P i n k  

1972 
1973  283385 
19  74 
1975  480350 
1976 
1977 972941 

- - 

Annual 
Average  165334- 
Cycle 
Average  (330668) 

/3 

Coho Sockeye C'ninook 

12454  22017  17147 

NA NA 

15906- /4 545402 

%of Fraser  River  Annual  Escapement 
21% 27% 

NA 

2 1490 - /5 

Total - 

51618 

NA 

701667- /6 

43%  46% 30 % 

e Steelhead  data - not available. 
e Sources:  Environment  Canada,  Fisheries  and  Marine  Service,  1974 (5), and  Inte - 

national  Pacific  Salmon  Fisheries  Commission  Annual  Report,  1977(17f. 
- /3 Includes  average  annual  escapement to Nicola  and  Bonaparte  Rivers of 911 fish/year. 

fi Includes  average  annual  escapement to 1839  fish to the Nicola  River. 

e Includes  average  annual  escapement to 3777  fish  to  the  Nicola  River. 

- I6 1957 - 1972 only. 



4.0 RESULTS 

I .- 

;m ... 

. 
The a s ses smen t   o f   po ten t i a l   impac t s   a s soc ia t ed   w i th   t he   Ha t  

Creek w a t e r   i n t a k e  is based on an   a s ses smen t   o f   t he   po ten t i a l  
s u s c e p t i b i l i t y   o f   t h e   h a b i t a t   a n d  i t s  re s iden t   and   mig ra to ry  
f i s h  community to   impac t .   Res iden t   and   mig ra to ry   f i sh   spec ie s  
e x p e c t e d . t o   o c c u r   i n   t h e   v i c i n i t y   o f   t h e   p r o p o s e d   i n t a k e  are 
l i s t e d  i n  Table  4 - 1 .  While r e s i d e n t   s p e c i e s  may be in f luenced  
by t h e   i n t a k e   t h r o u g h o u t   t h e i r   l i f e   c y c l e ,   o n l y  a small propor- 
t i o n  of t h e   t o t a l  Thompson River   populat ion  would be exposed 
to a p o t e n t i a l   i m p a c t .   I n   c o n t r a s t   t o  t h i s  a l l  anadromous 
salmon. ids   migrat ing  past .   the  Thompson R i v e r   i n t a k e  are p o t e n t i a l l y  
v u l n e r a b l e   t o  i t s  e f f e c t s .  Due t o  t h e i r  commercial and recrea- 
t i ona l   va lue   and   because  a la rger   p ropor t ion   of   the   anadromous  
populat ion  could  be  exposed t o  i n t a k e   e f f e c t s ,   t h e   P a c i f i c  
salmon were c o n s i d e r e d   t h e   i m p o r t a n t   s p e c i e s   f o r   p r o t e c t i o n .  
Table 4-2 shows t h e  average  percentage  of   annual   escapement   of  
P a c i f i c  salmon t o  t h e  Thompson River .   In  terms o f   t o t a l  numbers 
sockeye  and  pink  salmon  are   the  most   important .  I t  should  be 
noted   however   tha t  46 p e r c e n t   o f   t h e   h i s t o r i c a l   F r a s e r   R i v e r  
chinook  salmon  run is c o n t r i b u t e d  by t h e  Thompson River .  

Table 4-3  presents t h e  r e l a t i v e   v u l n e r a b i l i t y  of the impor tan t  
Thompson R ive r   s a lmon ids .   Vu lne rab i l i t y  was  assumed t o   b e  

dependent on t h e   t o t a l  numbers  exposed,  duration  of  exposure  and 
r e l a t i v e   a b i l i t y   o f   t h e   L i f e   s t a g e  exposed to  avoid  impact .  As 

a r e s u l t   o f  t h i s  assessment ,   p ink  salmon  ( f ry)  were cons idered  
t o  be  t h e  most v u l n e r a b l e  t o   i n t a k e   e f f e c t s ,  as they  would  be 
p r e s e n t   i n   t h e   g r e a t e s t  numbers  and a t  t h e   s m a l l e s t  s i z e  
(approximately 30 mm t o t a l  length) .   Al though  ra inbow  and steel- 
h e a d   t r o u t   f r y   c o u l d   b e   e x p o s e d   a t  a s m a l l e r  s ize ,  they  are n o t  
e x p e c t e d   t o   b e   f o u n d   i n   t h e   v i c i n i t y   o f   t h e   i n t a k e   i n   s i g n i f i c a n t  
numbers a t   t h i s   e a r l y   l i f i e   s t a g e .  
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potential  impacts  can  result  from  both  construction  and  operation 
of the  proposed  intake.  Impacts  associated  with  construction  are 
limited  to  stream  habitat  disruption  (including  siltation)  asso- 
ciated  with  the  construction  of  the  intake  pier  in  the  Thompson 
River  and  the  buried  pipeline  crossing  and  access  bridge on the 
Bonaparte  River. The  Bonaparte  River  is  apparently  under  con- 
sideration  as  part  of  the  Salmon  Enhancement  Program  (SEP)  but  no 
detail  information  was  available  when  this  report  was  written. 
These  activities  are  discussed  in  detail by Sandwell (3) and  are 
scheduled  during  the  fall  and  winter of even-numbered  years and 
the  spring of odd-numbe.red  years. This  effectively  eliminates 
construction  impacts  to  pink  salmon.  Effects  associated  with 
these  activities  should be short-term in nature  and  are  limited 
to coho, chinook,  steelhead  and  some  rainbow  trout. 

Spawning  grounds  in  the  Thompson  River  should  not be  affected  if 
suspended  solids  loading  is  controlled.  Some  spawning  areas  in 
the  lcwer  reaches  of  the  Bonaparte  River  would  be  unavoidably 
disturbed.  Estimates of suitable  spawning  habitat  by  ESCLEC  and 
IPSFC biologists  indicate  that  the  best  gravels  lie  near  the 
mouth of the  Bonaparte  River,  and  the  affected  area  could  re- 
present  as  much  as 25-30 percent of the  available  spawning  area 
between  Bonaparte  Falls and the  confluence  with  the  Thompson 
River.  Annual  escapements  to  the  Bonaparte  River  are  estimated 
to average 25 chinook  and  approximately  the  same number of 
coho ( 5 )  (2). Based  on  catch  escapement  ratios  of 4.0:l for 
chinook  and 3.0:l for coho, severe  disruption  of  this  area 
during  spawning  season  could  result  in  an  estimated  potential 
loss of up to 40 chinook:  and coho  to  the  fishery. 

Timing  of  construction  activities  to  avoid  spawning  and  incuba- 
tion  periods  and  use  of  proper  restorative  measures  in  the dis- 
turbed  areas  after  construction  would  serve  to  greatly  reduce 
or  eliminate  these  poten,tial  impacts. No other  construction 
impacts  are  predicted. 
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O p e r a t i o n a l   i m p a c t s   a r c   t h o s e   a s s o c i a t e d   w i t h   w a t e r   w i t h d r a w a l ,  
and   fo r  t h e  p u r p o s e s   o f   t h i s   r e p o r t   a r e   a s s u m e d   t o   b e   d i r e c t l y  
r e l a t e d   t o  volume  withdrawn. The e q u a t i o n   p r e s e n t e d   i n   S e c t i o n  

3 . 0  is u s e d   t o   e s t i m a t e   i m p a c t   a s   e q u i v a l e n t   a d u l t s  ( i e ,  a d u l t  
losses t o   t h e   c o m m e r c i a l   f i s h e r y ) .  I t  i s  assumed t h a t  any 
p o t e n t i a l   s t o c k   r e d u c t i o n  would n o t   b e   p e r m i t t e d   t o   r e d u c e  
managed escapement   to  the spawning  grounds  and t ha t  any  addi- 
t i o n a l   i m p a c t s  would be c o n s i d e r e d   u l t i m a t e l y  as a n   a d d i t i o n a l  
m o r t a l i t y ,   a f f e c t i n g   t o t a l   a l l o w a b l e   c a t c h .  

The re la t ionship   be tween  p ink   sa lmon  escapement  ( N a )  and e s t i -  
ma ted   l o s ses   t o   t he   p ink   s a lmon   s tock  (Aa+2)  due t o   p o t e n t i a l  
f ry   impingement  were computed f o r  Thompson R ive r   d i scha rges  
between 5000 and 50 ,000  CFS. F igu re  4 - 1  p r e s e n t s   t h e  r e su l t  of 
t h i s   a n a l y s i s .  The geometr ic  mean f low  fo r   t he   pe r iod   o f   r eco rd  
(1925-1977) i s  p r e s e n t e d ,   c o r r e s p o n d i n g   t o  t h e  p o t e n t i a l  l o s s  
p r o j e c t i o n   f o r  a flow (of 23,400 CFS. 

Back-calculated loss e s t i m a t e s  are made f o r  t h e  y e a r s  1 9 5 9 , 1 9 6 1  

and  1975  based  on  the  tassumption  that   the   intake was i n  p lace   and  
opera t ing .   P ink   sa lmon  f ry   migra t ion   in format ion  i s  a v a i l a b l e  
f o r   t h e s e   y e a r s  (6). T h e s e   c a l c u l a t e d  lo s s  e s t i m a t e s   a r e   p r e s e n t e d  
i n  Table 4-4 and on F i g u r e  4 - 1  t o   p l a c e  them i n   p e r s p e c t i v e .  The 

e s t i m a t e s   a r e   b a s e d  on t h e  mean Thompson River   f low  a t   Spences  

Br idge   (F igure  4 - 2 )  and  cor responding   census   da ta   expressed  as 
t h e  cumula t ive   downst ream  migra t ion   of   p ink   sa lmon  f ryare   p re-  
s e n t e d   i n   F i g u r e  4-3. 

O t h e r  p o t e n t i a l   i m p a c t s   c a n   o c c u r   d u e   t o   o p e r a t i o n   o f  a l a r g e  
wa te r   i n t ake .   Impac t   can   be   due   t o   hab i t a t  loss a n d   c u r r e n t   d i s -  
r u p t i o n  by the phys ica :L   p lacement   o f   the   s t ruc ture   o r  t h e  loss 
assoc ia t ed   w i th   downs t~ ream  hab i t a t   e f f ec t s   due  t o  water   wi th-  

drawal.  The loss of t h e  physical  area of the river a s s o c i a t e d  
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w i t h   t h e   p l a c e m e n t   o f   t h e   i n t a k e   p i e r   i n   t h e   b o t t o m  i s  an  unavoid- 
a b l e  loss ,  however, it is  less t h a n   t h a t  associated wi th   the   con-  
s t r u c t i o n   o f  a bank- type   i n t ake .   Th i s   hab i t a t  i s  n o t   u s e d   f o r  

spawning  and  does  not   represent  a s i g n i f i c a n t  loss .  A d d i t i o n a l l y ,  
the  sha l lows   a long   the   bank  are avoided.  T h i s  s h o a l  area r e p r e s e n t s  
a n   i m p o r t a n t   h a b i t a t   a n d   r e f u g i a   f o r  the smaller l i f e  s t a g e s   o f  
t he   r e s iden t   f i sh   and   s a lmon ids   wh ich  may u t i l i z e   t h i s   r e a c h   o f  
r i v e r   a s  a r e a r i n g  h a b i t a t .  

Flow modi f ica t ion   due  to p lacemen t   o f   t he   s t ruc tu re   can   cause   bo th  
h a b i t a t  l o s s ,  due t o  s c o u r ,   a n d   d i s o r i e n t a t i o n   o f   m i g r a t i n g   s a l -  
monids. The cons ide rab le   hydrau l i c   eng inee r ing   and   mode l l ing  
e f f o r t s   a s s o c i a t e d   w i t h   t h e   i n t a k e   d e s i g n ,   a n d  i t s  g e n e r a l l y  
s t r eaml ined   shape  shou1.d e l i m i n a t e  or  minimize  flow  problems. 
D i so r i en ta t ion   o f   mig ran t s  is a c r i t i ca l  fac tor ,   however .  The 
s u r v i v a l   r a t e   o f   j u v e n i l e   s a l m o n i d s  i s  c l o s e l y  t i e d  t o  t h e   f i n d i n g  
o f   f a v o u r a b l e   c o n d i t i o n s   i n   t h e   e s t u a r y   a n d  a t  s e a   d u r i n g   t h e i r  
mar ine   r ea r ing   pe r iod  (see F o e r s t e r ,   1 9 6 6 ,  (71.. Lor a g e n e r a l   d i s c u s s i o n )  
which  involve a h igh ly   complex   i n t e rac t ion   o f   t iming ,  climate, 
f o o d   a v a i l a b i l i t y   a n d   c t h e r   e n v i r o n m e n t a l   f a c t o r s .   A d d i t i o n a l l y ,  
t h e   s u c c e s s f u l   r e t u r n  t o  the  spawning  grounds  by  adul ts   involves  
a del icate  ba lance   o f   energy   reserves   and  stream c o n d i t i o n s .  
Delay  can mean r e tu rn ing   adu l t s   neve r   r each   t he   spawning   g rounds ,  

o r  i f  t h e y  do spawn,  subsequent egg s u r v i v a l  may be l o w  o r  develop- 
m e n t  slowed so t h a t   f r y  emerge t o  less t h a n   o p t i m a l   c o n d i t i o n s   t h e  
Eo1 lowing   spr ing .  

The  f lows   a round   t he   p i e r   and   t h rough   t he   i n t ake   bypass   channe l  are 
d e s i g n e d   t o   e n c o u r a g e   f i s h   p a s s a g e   a n d   s h o u l d   n o t   r e s u l t   i n   s i g n i -  
f i c a n t   d e l a y   o r   d i s o r i e n t a t i o n  of juveni le   downst ream  migrants .  
The p l a c e m e n t   o f   t h e   p i e r   a l l o w s   f o r   t h e   f r e e   p a s s a g e  of f i s h  on 
b o t h   s i d e s ,   p a r t i c u l a r l y   i m p o r t a n t   f o r   u p s t r e a m   m i g r a n t s .   T h e r e  
i s ,  however, a tendency for  migrat ing  salmon t o  "take t h e   p a t h  of 
l ea s t  r e s i s t a n c e "   a n d   t h e   l o w e r   v e l o c i t y   i n d i c a t e d   f o r   t h e   b y p a s s  
channel  may t e n d   t o  a t t r a c t  some adu l t s   du r ing   t he   spawning  
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migra,tion.  While  the  numbers  actually  entering  the  intake  bypass 
channel  are  not  expected  to  be  large  as  the  intake  pier  represents 
less  than 10% of the  cross-sectional  area  of  the  river,  the  import- 
ance of each  returning  spawner  to  the  maintenance  of  the  stock  is 
great  enough  to  justify  the  need for investigation  of  this  problem. 
Should  upstream  migrants  prove  to  be  delayed or disoriented by 
entering  the  bypass  itself,  modification to the  intake  would  be 
necessary  and  could  be  easily  accomplished. 

Additional  habitat  disruption  will  occur  due  to  the  construction 
of the  intake  pier  itself  and  the  bridge  and  submerged  pipeline 
crossing  of  the  Bonaparte  River.  Increases  in  suspended  solids 
loading,  if  kept  to  a  minimum  and  timed to  avoid  spawning  and 
egg  and  larval  development  periods,  should  not  affect  downstream 
spawning  areas.  There  are  no  significant  spawning  areas  between 
the  proposed  intake sit.e  and the  town  of  Ashcroft 
habitat  disruption  in  the  Bonaparte  River  should  constitute  a 
one-time  event  and  only  affect  chinook,  coho  and  possibly  steel- 
head  during  one year, a s  the  activity  is  not  scheduled  to  occur 
during  a  pink  salmon  spawning  year.  With  proper  gravel  restor- 
ation  techniques  after  construction,  the  area  can  be  returned 
to its  original  productivity. 

( 2 )  ( 3 ) .  The 

The s i z i n g  of the  intake  and  booster  pumps Of the  water  supply 
system  results  in  the  removal of more  water  than  can  be  accepted 
by the pipeline  booster  pumps.  The  amount  of  the  excess  water 
is variable,  and  would be returned  via  underwater  discharge  to 
the  Thompson  River  below  the  confluence  of  the  Bonaparte  River. 
Returning  salmonids  utilize a variety  of  cues  to  locate  their 
home  streams,  primarily  olfactory (8) , and it is possible  that 
the  introduction of a  large  enough  flow  immediately  below  the 
Bonaparte's  confluence  with  the  Thompson  could  measurably  dilute 
the  cues  associated  with  the  Bonaparte's  discharge.  While  the 
chance of this  occurrin~g is slight  and  the  disorientation  re- 
sulting  from  it  would  be  transitory,  return  of  this  excess  flow 
to a  point on the  Thomp:son  above  the  mouth  of  the  Bonaparte 
would  remove  this  as  a  possible  concern. 
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The removal of water f.rom a r i v e r  or ztream carries w i t h  it t h e  
p o s s i b i l i t y   o f   c h a n g e s   i n  water d e p t h ,   v e l o c i t y   a n d   o t h e r   p h y s i c a l  

c h a r a c t e r i s t i c s   a s s o c i , a t e d   w i t h  stream d i scha rge ,   such  as tempera- 
t u r e   a n d  stream width ,   which   can   cause   adverse   e f fec ts   on   the  

e x i s t i n g   r e s o u r c e s   o f  ,a r i v e r  o r  stream"). ~ 1 1  p r e s e n t  water use  
a l l o c a t i o n s ,   i n c l u d i n g   t h e   r e q u i r e d  1 5 8 0  l/s ( 5 5  CFS) f o r   t h e  Hat 
Creek Pro jec t ,  would   represent  less t h a n  2 . 3 %  of t h e  1 0  y e a r  
average 7-day low flow  of 1 5 2 , 2 5 5  .l/s ( 5 , 3 0 0  CFS) . Much o f   t h e  
p r e s e n t l y   a l l o c a t e d  water use i s  s e a s o n a l   i n   n a t u r e  (see Appendix 
B) and  would  not be withdrawn  during  the low flow pe r iod .  No 

reduced   p roduc t iv i ty  clm b e   a t t r i b u t e d  t o  a flow r e d u c t i o n   o f   t h i s  
magnitude. 

While r educed   f l ow  can   r e su l t   i n   de l ays  t o  ups t ream  migra t ing  
a d u l t s  or reduced egg ,and a l ev in   su rv iva l   t h rough   t he   exposure   o f  
redds  or  reduced  f low of water th rough   t he   r edd ,  a f low  reduct ion  
of the  magni tude  imposed  by  the Hat Creek Project would n o t  be 

s i g n i f i c a n t .  It s h o u l d   n o t   a f f e c t   m i g r a t i n g   s p a w n e r s   a n d   w h i l e  
p r e c i s e   q u a n t i f i c a t i o n   o f   t h e   i m p a c t   t o   s p a w n i n g   b e d s   w o u l d  
r e q u i r e  a d e t a i l e d  flow a n a l y s i s  of downstream  spawning  beds,  the 
greatest  p o t e n t i a l   c h a n g e   i n  water l eve l s   ( approx ima te ly  1 cm) 
would n o t   c r i t i c a l l y   d e t e r i o r a t e  any  exis t ing  spawning  grounds.  

T h e  presence of m a n - m a d e  s t r u c t u r e s  i n  a w a t e r  body have the  

character is t ic  of a t t r a c t i n g   r e s i d e n t   f i s h ,   j u s t  as n a t u r a l   c o v e r  

does. The d e s i g n  of a n y   s t r u c t u r e   s h o u l d   a v o i d  t h e  c r e a t i o n  
of a d d i t i o n a l   p o t e n t i a l   p r e d a t o r   h a b i t a t  o r  condi t ions   which  
w o u l d  concen t r a t e   p rey   spec ie s   and   t he reby  a t t r ac t  p r e d a t o r s .  
S e v e r a l   p r e d a t o r s  of sa lmonid   f ry   and  smolts  are r e s i d e n t   i n   t h e  
Thompson River .   These  include  Dolly  Varden,   ra inbow  t rout   and 
nor thern   squawfish .  The p l a c e m e n t   o f   t h e   i n t a k e   p i e r   s h o u l d   n o t  
c o n c e n t r a t e   p r e d a t o r s  t.o a n y   g r e a t e r  o r  lesser e x t e n t   t h a n   e x i s t i n g  
s t r u c t u r e s   a n d   o b s t r u c t i o n s ,   s u c h  as b r i d g e   p i e r s   a n d   b o u l d e r s  ( lo) .  
The d e s i g n   o f   t h e   p r o p o s e d   i n t a k e   a t t e m p t s   t o   m i n i m i z e   f l o w  dis- 

rupt ion   and  large areas: of  s t i l l  water o r  eddies  which  might 
a t t r a c t  e i t h e r   p r e y   o r   p r e d a t o r s .  
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TABLE 4-1 

FISH  SPECIES FOUND I N  THE THOMPSON RIVER 

IN THE VICINITY OF THE PROPOSED INTAKEG 

L 

." - 

Pink  Salmon 

Sockeye salmon 

Coho salmon 

Chinook salmon 

Mountain  whitef ish 

S t e e l h e a d   t r o u t  

Rainbow t r o u t  

Dolly  Varden 

Peamouth  chub 

Northern  squawfish 

Longnose  dace 

Reds ide   sh ine r  

F i n e s c a l e   s u c k e r  

B r i d g e l i p   s u c k e r  

La rgesca le   sucke r  

A l e u t i a n  s c u l p i n  

S l imy  scu lp in  

Oncorhynchus  gorbuscha 

Oncorhynchus  nerka 

Oncorhynchus  kisutch 

Oncorhynchus  tshawytscha 

Prosopium wil l iamsoni  

Salmo g a i r d n e r i  

Salmo g a i r d n e r i  

S a l v e l i n u s  malma 

Mylochei lus   caur inus  

P tychochei lus   o regonens is  

Rhinichthys f a l ca tus  

R icha rdson ius   ba l t ea tus  

Catostomus  catostomus 

Catostomus  columbianus 

Catostomus  macrocheilus 

C o t t u s  a l e u t i c u s  

Co t tus  cognatus  

- /I Source:Beak c o n s u l t a n t s ,  L t d . ,  1 9 7 8  ( 2 )  

P 



TABLE 4-2 

Sockeye 

P i n k  

Coho 

Chinook 

Chum 

TOTAL 

PERCENTAGE CONTRIBUTION OF THOMPSON RIVER BASIN 

TO ANNUAL E'RASER R I V E R  SALMON ESCAPEMENT - il 

Fraser  River  Escapement 
Average  Annual 

(Number of F i s h )  

1,264,690 

806,260 

62,725 

5 1 , 2 0 0  

339,670 

2,524,545 

Thompson River Basin 
Average  Annual 

Escapement 

545,740 

118,800 

16,785 

23,470 

0 

704,795 

Percent  
Percent  

43 

1 5  - / 2  

2 7  

46 

2 8  

- 
Source:  Environment  Canada,  Fisheries  and Marine Service, 1 9 7 4  ( 5 )  

I.. 

P e r c e n t   c o n t r i b u t i o n  of Thompson River  to t o t a l   e s c a p e m e n t   h a s  shown 
a g e n e r a l  upward t r e n d  s ince 1 9 5 9 ,  i n  1 9 7 7  an   es t imated  40 p e r c e n t  
t o   t o t a l   F r a s e r  River pink  salmon  escapement was t o  t h e  Thompson River.  



I '  

Averaye 
Thompson River  

Escapement Spec ies  
( P e  r c G t  age 

Number 
Above 
I n t a k e )  

Chinook 1 7 , 7 1 3  ( 8 2 )  

Coho 1 4 , 0 6 7  ( 88) 

Pink  330,668 - / 3  
( 82) 

Sockeye  545,482 (1001 

S t e e l h e a d   P r e s e n t ,   v a r i a b l e  
numbers 

i ' " I  ' I  
I I I 

R e l a t i v e  
Vulnerable   Durat ion 
L i fe   S t age  of Exposure 

A l l  f r e s h w a t e r   T r a n s i t o r y  to 
l i f e   s t a g e s  2 yea r s  

All f r e s h w a t e r  About 1 y e a r  
l i f e   s t a g e s  

Adul t   spawners ,   Trans i tory  
downstream 
m i g r a n t s   ( f r y )  

Adul t   spawners ,   Trans i tory  

migrants  (small) 
downstream 

A l l  f r e s h w a t e r  2-3 years 
l i f e  stages 

Avo idance   Vu lne rab i l i t y  
/ 

A b i l i t y  Rank 

Moderate t o  h igh  - / 2  4 

Moderate t o  h igh  - / 2  5 

L O W  1 

High 2 

Moderate t o  h igh  ( 2 )  3 

/1 Ranking  of 1 = Most Vulnerable  

/2 Depending on L i f e  S t age  

& Every Odd Numbered Year 



TABLE 4-4 

m - 
" 

" 

POTENTIAL  PINK SALMON LOST 

TO THE CCIMMERCIAL FISHERY COMPUTED 

FOR BROOD YEARS 1957,  1959 AND 1973 

Brood E s c a p e m e n t   L o s s  t o  C o m m e r c i a l  
Year (N,) e F i s h e r y  A 

1957  269106 0.0016688311 2080 (1959) 

1959  87224 0.0008538205 290  (1961) 

1973  283385 0.0010447154 800 (1975) 

Pink 

(a  + 2) 
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El. 0 DISCUSSION 

.'" 

1 

C' 

A s i m p l e   l i n e a r  model  which re la tes   p ink   sa lmon  spawning   escape-  
ment, water i n t a k e  pumping r a t e  and r i v e r   f l o w   t o   e s t i m a t e  a 
po ten t ia l   magni tude   o f   p ink   sa lmon  losses   to   the   commerc ia l  

f ishe.cy is p r e s e n t e d   f c r  Thompson River   discharges  between 5000 

and 5 0 , 0 0 0  CFS. T h i s  rr-ode1 is based  on a va r i e ty   o f   a s sumpt ions  
and q u a l i f i c a t i o n s  need t o  be cons idered  when a s ses s ing   t he   impac t  
p o t e n t i a l   o f   t h e   p r o p o s e d   i n t a k e .  

For   the   purposes   o f   the   ca lcu la t ion   provided   here ,  a  homogenous 
t e m p o r a l   a n d   s p a t i a l   d i s t r i b u t i o n   a c r o s s   t h e   r i v e r   a n d   t h r o u g h  

the water  column was assumed. I n  r e a l i t y   t h i s  may n o t  be t h e  
c a s e .  P i n k  s a l m o n ,   p a r t i c u l a r l y ,  may i n i t i a l l y   m i g r a t e  i n  h igher  
numbers   during  the  night   than  during  the  day (11) ( I 2 )  , a l though 
t h i s  may vary  (6) ( I 3 )  (I4). Regardless   of  time o f   mig ra t ion   t he re  
may a l s o  be a t e n d e n c y   f o r   f r y   t o   m i g r a t e   i n   t h e   u p p e r   l e v e l s   o f  
t he   wa te r  column (12 )  (14). A d d i t i o n a l l y ,   l a t e r a l   d i s t r i b u t i o n   o f  
both  sockeye  and  pink  downstream  migrants seems t o  b e   d i r e c t l y  
r e l a t e ! d   t o   w a t e r   v e l o c i . t y  (6) ( 1 3 ) .  These   va r i ab le s  were not   con-  
sidered i n  t h e  quan t i f i ed   impac t   e s t ima te ,   however ,  owing to  i n -  
s u f f i c i e n t  s i t e  s p e c i f i c   d a t a .  

R i v e r   d i s c h a r g e   a f f e c t s   b o t h   t h e   d e n s i t y  of f i s h   i n   t h e   w a t e r  
wi thdrawn  and   the   in take   approach   ve loc i ty .   Higher   d i scharge  
( o c c u r r i n g   l a t e r   i n   t h e   f r e s h e t   p e r i o d )  would  reduce  f ish  den- 
s i t y  by i n c r e a s i n g   t h e  Volume of  water i n  which  the f i s h  a r e  

conta ined ,   and  it would  lower screen approach   ve loc i ty  by i n -  
c r eas ing   t he   submergence   o f   t he   s c reens .   Bo th   f ac to r s  would 
combine t o   r e d u c e   t h e  ncunber o f   f i s h   v u l n e r a b l e   t o   p o t e n t i a l  

imping,ement. 

m' 
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The m o d e l ' s   l o s s  estimates f o r  pin.k  salmon a r e   p r e d i c a t e d  on 
t h e  a s sumpt ion   t ha t   none   o f   t he   des ign   a spec t s   fo r   p ro t ec t ing  
f i s h   a t   p r o p o s e d   i n t a k e  w i l l  reduce  potent ia l   impingement ,   and 
t h a t  impingement i s  d i r e c t l y   r e l a t e d   t o   w a t e r   w i t h d r a w a l .  Each 
of these a s sumpt ions   i n t roduces   s ign i f i can t   conse rva t i sm.  

" 

While s w i m  speed  information i s  p r , imar i ly   de r ived   f rom  l abora to ry  
s t u d i e s   a n d  is often  ambiguous o r  ( d i f f i c u l t   t o   i n t e r p r e t  when 
a p p l i e d   t o  a f i e l d   s i t u a t i o n ( l O )  (l!'), numerous   observa t ions   in -  
d i c a t e   t h a t   s a l m o n i d   f r y   c a n   s u c c e s s f u l l y   n e g o t i a t e   i n t a k e   v e l o -  
c i t i es  below 0.15 m / s  ( 0 . 5  FPS) fo r   p ro longed   pe r iods  
S t u d i e s  on t h e   e f f e c t s   o f  s i z e  and   t empera tu re   t o  s w i m  speeds 
of  sockeye  salmon (I6) have   r e su l t ed  in the  development  of re- 
l a t i o n s h i p s   w h i c h   h a v e   b e e n   a p p l i e d   t o   o t h e r   s i z e s   a n d   s p e c i e s  
o f   f i s h .  While no juven i l e s   unde r  5 0 m  i n  l e n g t h  were t e s t e d ,  
t h e   e q u a t i o n   f o r   t h e  1 hour   sus t a ined  s w i m  speed a t  ZoC, 

(10) 

l o g  Y = 0.9053 + 0 . 6 2 9 4  log X 

where: Y 
X 

= 1. hour   sus t a ined  s w i m  speed (cm/s), and 
= 1.ength (cm), 

i n d i c a t e s   t h a t  30mm f r y   s h o u l d  be capable   o f   main ta in ing  a 
s u s t a i n e d  s w i m  speed of 0 . 1 6  m / s  (0.52 F P S ) ,  which i s  w e l l  
above  the maximum d e s i y n s c r e e n a p p r o a c h   v e l o c i t y   o f  0 . 1 2  m / s  
(0 .93 FPS) f o r   t h i s   i n t . a k e .  

While  i t  i s  n a i v e   t o  assume t h a t  no f i s h  w i l l  be l o s t  by t h e  

o p e r a t i o n  of t h i s   i n t a k . e ,   t h e  i n t a k e  v e l o c i t i e s   a r e  well below 
t h e   t h e o r e t i c a l   s u s t a i n e d  s w i m  speed  for   even  pink  salmon  f ry ,  
the   mos t   vu lnerable  of t h e   s p e c i e s   c o n s i d e r e d .  I t  s h o u l d   a l s o  
be no ted   t ha t   t he   ac tua .1  i n t a k e  sc reen   ve loc i ty   shou ld   a lways  

be lower  than  the d e s i g n  s c r e e n   v e l . o c i t y   a s   t h i s   l a t t e r   f i g u r e  
i s  based on  a minimum r i v e r   w a t e r   l e v e l .   T h i s   l e v e l   w o u l d  
r a re l :y ,   i f   eve r ,   occu r   du r ing   t he   pe r iod   o f   downs t r eam  f ry  
m i g r a t i o n ,   ( t h e   o n s e t   o f   " f r e s h e t " ) .  

d' 
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Th.is,  coupled  to  the  demonstration  of  an  effective  bypass 
cu.crent  which  can  act  to  direct  the  fish  on  downstream  should 
avoid  even  the  concentration of fry  noted  by  Pyper at the 
Lornex  intake . ( 6 )  

Realistically  then,  while  the  maximum  calculated  impact  that 
is  presented  herein  represents  less  than 0.5 percent  of  the 
Fraser  River  salmonid  escapement,  it  would  likely  be  such  a 
small  percentage  of  even  that  figure  as to be  insignificant. 
In  the  unlikely  event  that  operational  impacts  due  to inlpinge- 
ment  became  evident  after  start-,up,  additional  operational 
alternatives  are  available.  Plant  design  provides  for  a  re- 
servoir  at  the  plant  site  for  makeup  water.  This  reservoir  is 
presently  sized  to  allow 70 days  of  storage  at  the  maximum 
power  plant  water  requirements . This  operational  scheme ( 4 )  

could  allow  for  a  total  intake  shutdown  should  such  an  impinge- 
ment  incident  associated  with  the  downstream  migration  of  salmon 
or  trout or smolts  occur.  It  would  also  allow  day-night  pumping 
operation  if  significant  diel  variation  in  fish  occurrence  was 
found. Thus,  the  combination  of  fish  protection  design  measures, 
small  potentially  afEected  population  and  available  opportunities 
for  mitigation  indicate  the  protection of Thompson  River  salmonid 
populations has been  assured  in  the  design of the  Hat  Creek  water 
int.ake. 
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APPENDIX 83 

WATER 1NTA.KE - 

I) 

" 

" 

w- 

1. Assemble in fo rma t ion  on  and  e .valuate   the Thompson R ive r   a s  a 
water suFply   source   cons ider ing  suct. f i s h   f a c t o r s  as: 

- t iming  of   :?ry/ juveni le   downstream  migrat ions by 
spec i , e s  

- s ize ,   behaviour   o f   downst ream  migrants  and a lso 
s u f f i c i e n c y   o f   s u p p l y  #of water and water q u a l i t y  

2 .  (a)  Consider  impact of reduced  r iver  f low  on  downstream 
ecology of t h e  Thompson River .  

( b )  I d e n t i f y   a n d   a d v i s e   o f   a n y   p r o b a b l e   o p t i o n s   f o r   f u t u r e  
use  of  Thompson River  wa,ter which a r e  foreclosed by 

th i s   deve lopmen t .  

3 .  * Discuss   i n t ake   des ign ,   l oca t ion   and   s c reen ing   w i th   r e f e rence  
t o  Canada  Department  of  Environment,   Fisheries  and  Marine 
Service  recommendations  and  requirements.   Explain  the c r i t i c a l  
f ac to r s   wh ich   p ro t : ec t   aga ins t :  

- e n t r a i n m e n t   o f   m i g r a t i n g   f i s h  
- c r e a t i n g  a haven for  p r e d a t o r s  
- d i so r i en ta t : i on ,   and  
- c logg ing  of i n t a k e s  

4 . *  E v a l u a t e   t h e   e x p e r i e n c e  of Lornex   Mines   and   o ther   in takes   for  
r e f e r e n c e   i n   t h e  Hat Creek   in take   des ign .  

5 .  * I n d i c a t e   t h e   r e a s o n s  for  t h e   s e l e c t i o n  of t h e  Thompson R ive r  

a s  prefer red   sourc :e  of water f o r   t h e  Hat Creek Project .  
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" 

6 .  A r e p o r t   c o v e r i n g  a l l  items i n  t h i s  Appendix w i l l  be   p repared  
by t h e   c o n s u l t a n t   r e s p o n s i b l e  for Items 1 and 2 .  I n p u t  on 
Items 3 t o  5 w i l l  be provided  by t h e   c o n s u l t a n t   a s s i g n e d  

t h e   p r e l i m i n a r y   e n g i n e e r i n g   f o r   t h e  water supp ly   s tudy .  

- 
* T o  be p r o v i d e d   b y   c o n s u l t a n t s   c a r r y i n g   o u t   t h e   p r e l i m i n a r y  

e n g i n e e r i n g   f o r   t h e  water supply .  

" 

" 

" 
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APPENDIX H 

WATER  LICENSES 

THOMPSON  RIVER 



L o c a t i o n  

H 502 

H 5 0 1  
J 502 
J 502 

C 3 8 1  

E 380 
FH 380 

FH 380 

E 381  
P 3 6 3  

NN 362 
L 304 

T 304 

L 304 

CC 305 

U 3 0 1  
Y 3 0 1  
Y 3 0 1  

Y 3 0 1  
HH 348  

WATER LICENSES AND APPLICATIONS 
ON THE  THOMPSON R I V E R  

BETWEEN  WALLACHIN AND LYTTON, BC 

Date - 
F e b r u a r y   3 ,   1 9 ? 5  

March 7 ,  1975  
Apr i l  2 1 ,   1 9 7 5  
A p r i l  2 1 ,   1 9 7 5  
March 2 1 ,  1960 

May 2 ,   1 9 6 4  
March   8 ,   1968 

M a r c h   8 ,   1 9 6 8  

A p r i l  10, 1968  

J u l y   1 7 ,   1 9 1 5  

A p r i l  2 ,   1 9 6 8  
A p r i l  2 0 ,   1 8 9 8  

F e b r u a r y   1 3 ,  19 32 

J u l y  3 ,   1 9 6 2  

May 2 5 ,   1 9 6 4  
A u g u s t   9 ,   1 9 6 7  
August 1 3 ,   1 9 6 8  

November   18 ,   1968  
S e p t e m b e r   2 1 ,  1.970 

J a n u a r y  4 ,  1974 

TOTAL ( ) 

Vo 1 ume 

0.6!5 X l o 6  cf (1) 

2 .6  X l o 6  cf 
0 . 6 5  X l o 6  cf 

0 . 0 3  cfs 
13.:L X l o 6  cf 

0.004 cfs 
34.9 x 106 cf 

0 . 0 0 1  cfs  
7 .0  X 1 0 6  cf 

0 .019  cfs 
78.4 x 1 0 6 c f  

0 . 1 9  cfs 
8.9 X 19  cf 6 

0 . 7 4  cfs 
33:7 x 106cf 
7 . 8  x l o 6  cf 

27.9 cfs  
" -  

0 .04  c fs  
9 . 1  x 1 0 6  c f  

64 .5  cfs 

P13rnose 

I r r i g a t i o n  ( 2 )  

I r r i g a t i o n   ( 2 )  
I n d u s t r i a l  ( 2 )  

I n d u s t r i a l  ( 2 )  

I r r i g a t i o n  

Domestic 
I r r i g a t i o n  
Domestic 
I r r i g a t i o n   ( 2 )  

I n d u s t r i a l  

I r r i g a t i o n  
Domestic 
I r r i g a t i o n  
Domestic 
I r r i g a t i o n  
I r r i g a t i o n  
Mining 
Mining 
Mining 
I r r i g a t i o n  

( 2 )  
( 2 )  

(1) The volume of water  a l l o c a t e d  f o r  i r r i g a t i o n  purposes covers 
t h e  e n t i r e  growing season. 

( 2 )   D e n o t e s  Water A p p l i c a t i o n   o n l y ,   n o t  a l i c e n s e .  

(3 )  C o n s e r v a t i v e l y  Assuming I r r i g a t i o n  Occurs for  o n l y  a two-month 

p e r i o d .  
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