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1. 
1.0 SUM&ARY AND CONCLUSIONS - 

Rev. 1 a )  The general  mode of degradation of t h e   c l i f f s  on the r i g h t  

bank a'f the Thompson River  'upstream of Ashcroft seems to be one of continu- 

ing  small  scale  collapse  rather  than major sliding.  Continuing  observa- 

t i ons  and photographic  recordings of the  degradaton of the c l i f f s  should be 

c i r r ied  out   to   confirm  this .  A su i t ab le  time in t e rva l  would be /twice 

year ly ,   a f te r   the   win ter  run off and in the  l a t e   f a l l .  

However, large  scale   s l iding  involving up to  about 

200-30~0,000 d(260-400,000 I:U. yds.) of mater ia l  can  occur i n  the 

c l i f f s .   S i g n i f i c a n t l y   l a r g e r  volume s l ides  seem unlikely  unless 

hydrostatic  water  pressures  occur  in  strata behind t h e  c l i f f s   o r   un le s s  t h e  

c l i f f   mater ia l s   a re   under la in  by  weak s t r a t a  such  as clay  shale seams.  Our 

assessment of s t a b i l i t y  is based on the  assumption t h a t  such detrimental  

conditions do not ex is t .  To confirm  this ,   dr i l l ing and sampling  could  be 

car r ied   ou t  from the  top of t h e  c l i f f s ,   a t  2 o r  3 locations  toget.her  within 

t h e   i n s t a l l a t i o n  of piezometers  to measure  pore water  pressures. 

b)   In  the  unl ikely  event   that  large sca l e   s l i d ing  of t h e  order 

of  1/4  mill ion 3 (1/3  milli.on CU. yds.) occurs,   the  material  is  

unl ike ly   to  dam off the river  'because it would form a shallow ang.le cone at  

the  base of t h e  c l i f f s .  The! r i ve r  would subsequently  erode  the 'toe of the 

cone and transport   the material downstream. 

c )  The s teep s i l t  c l i f f s   j u s t  upstream of the Bonapa~:te River 

and downstream of the CN Rail bridge  appear  to be in a marginal  state of 

s t a b i l i t y  being  heavily  inci.sed and oversteepened. I f  an intake were 

loca ted   d i rec t ly  below or  opposite these cl i f fs ,   considerat ion  should be 

given t o  f la t ten ing   the   c l i f f s .   This  would offer   protect ion  not   only.   to  

the water supply  intake  but  also to  disrupt ion of the CN Rail at   the  base 

of   the  c l i f fs .  Much improvement could be achieved by cu t t ing  back the 

c l i f f s  from El. 330 m (1,080 f t . )  t o  about El. 370 m (1,210 f t . )  co a 40' 

slope.  This would be necessary Over a length of about 150 m (500 f t . ) .  

Golder Associates 
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Rer. 2 d)  A col lapse  large enough to  cause  blockage of the r ive r  could 
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. .  occur i f  i n t ens ive   i r r i ga t ion  of the land above c l i f f s   a longs ide  the r i v e r  
\ 

is carried  out.  For t h i s  reason it is recommended tha t  B.C. Hydro and 
r,' ' ,  (. Power Authority  should  take  precautions  to  ensure  that  irrigation, is not 

Y -  

jm' operation of the  water  supply  intake. 

allowed on land above c l i f f s   a longs ide  t h e  r i v e r   a t  any location where 

blockage of the r iver   resu l t ing  from a landslide  could  seriously impede 1, 
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2.0 INTRODUCTION 

Based on ins t ruc t ions  from  Sandwell,  Golder Brawner 6 Associates 

(GBA) car r ied   ou t   de ta i led   sur face   so i l s   inves t iga t ions  of the hi.gh b lu f f s  

on the   r ight  bank (west and north) of the Thompson River from j u s t  upstream 

of  the  confluence w i t h  the Bonaparte River to  the second CNR bridge  about 

3-1/2'b:m (2  miles)  upstream. The locat ion is shown i n  Figure 1 and a 

panoramic  view'of  the  section of the   r iver  under  study is shown clln P l a t e  1 

view a., A t  the  request of B.C. Hydro, d r i l l i n g  was not  included  in  this 

s tudy .   S tab i l i ty  of the  bluffs  was assessed on the  basis of examination of 

a i r  photography, mapping of the s o i l  exposures on the   c l i f f   face and slope 

s tab i l i ty   ana lyses .  

An i n i t i a l   i n v e s t i g a t i o n  of t h e  c l i f f s  was made on Febrwary 22, 

1977 during  the  course of a helicopter  reconnaissance of the  Thompson River 

i n   t h e  company  of Sandwell and representat ives  of Northwest  Hydra.ulic 

Consultants.  Helicopter  landings were made at   var ious  locat ions on the 

I&-.. . 
r i g h t  bank of the  r ive r ,  which a t   t h a t  time was a t  a low flow of 200 

m3/s (7,000 cfs.). The mater ia ls  were examined and t h e i r  propert ies  
*. 

g#. . ~ .  assessed  both  a t   r iver   level ,  and a t  various  levels above the  r i v e r  

a t t a ined  by climbing the bluffs.   This was carr ied  out  by N.A. Skermer of 

Goklep Associates 
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GBA, who in  addition  carried  out  detailed  geotechnical mapping from the 

lef t  bank of the  r iver  on June 13-15, 1977. This la t ter   information was 

p lo t ted  on topography  prepared from 1970 a i r  photographs tha t  had been 

flown by P a c i f i c  Survey and were ava i lab le   a t  a sca le  of 1 to 12,000. T h i s  

was the bes t   ava i lab le   recent ,   a i r  photography from which to  prepare  contour 

drawings.  Topographic mappin.g was produced by McElhanney Surveying h 

Engineering L t d .  a t  a scale of 1:2000 and a t  10 m contour  intervals.  They 

also  prepared  topography from 1 to 33,480 a i r  photographs  flown in 1948 by 

t h e  B.C. provincial  governme,nt, and from a fur ther  set of 1 to 211,000 

photographs  flown by McElhannay i n  1976. T h i s  was done to  enable a 

comparison t o  be made of t h e  r a t e  of erosion from t h e   c l i f f s  Over a 

reasonable time span. Examhation of the  topography  indicated art!as for  

p lo t t i ng  of cross-sections,  and this  information was prepared by 

McElhanney. 

3.0 DESCRIPTION OF CLIFF DEPOSITS 

The fu l l   ex t en t  of t:he exposures mapped on the   r ight  bank is shown 

on Drawing 1 and d e t a i l s  of t.he so i l   depos i t s   tha t  were found a t  each 

locat ion  are  shown on Drawings 2 and 3.  

The mater ia ls  exposed on the c l i f f   f aces   a r e   en t i r e ly   f i ne   t o  

coarse  :sized  granular  materia,ls  ranging  in  particles from s i l t ,  through 

sand and gravel t o  occasional,  cobble and boulder seams. Clay and t i l l  

s t r a t a  may be present  at   $rea,ter  depths below the base of t h e  c l i f f s .  The 

exposed materials  are  predorninently  glacial outwash with  minor amclunts  of 

slopewash mater ia l  - colluvium. Many of the exposures on the lowar slopes 

towards r ive r   l eve l   a r e  covered by talus derived from erosion of mater ia l  

Gokier Associates 
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above. The erosion has resul ted from ra in ,   f ros t  and  wind ac t ion ,  and 

under-cutting by the r iver ,   resul t ing  in   col lapse '  of the slabs.  

Bedrock is exposed a t  one locat ion  in  the back of tho gu l ly   a t  

approximately  station 22,300N and 31,90OE, see Drawing 3.  Elsewhere eas t  

of t h i s  location  the rock. can be seen  exposed above and a t   t he  back of the  

c l i f f s  on the  flank of Ra.ttlesnake H i l l .  The cover of g lac ia l   depos i t s   in  

th i : j  sec t ion  of the c l i f f s  is r e l a t ive ly   t h in  compared to downstream. of the 

bend. 

Major bodies of glacial   lake  deposi ted s i l t  are   present   in   this  

sec t ion  of the Thompson River. The lakes  are  believed to have been formed 

by i ce  damming in   the  val ley  fur ther  downstream a t  the close o f  the  g l a c i a l  

period. The s i l t  is c l e a r l y   v i s i b l e   i n  these c l i f f s   a s  a creamy white  near 

ver t ica l   s tanding   s lope   o f ten   heavi ly   inc ised  by water  erosiou. The 

incisions  are  particular1.y  noticeable  in  the  cliffs  just   upstream of t h e  

Bon,aparte  River and immediately downstream of the CN bridge.  Inspection of 

the  top of the c l i f f s  showed that   the   incis ions have cut  back 10-15 m (30- 

50 f t . )  so that   the  s i l t  in the   c l i f f s   t ends   to  become isolated  into 

individual  blocks. These  blocks rise very  steeply above the CN Railway 

and, as discussed later, if a large collapse occurred the d e b r i s  material 

would very  l ikely over-run the rail in to  the r iver .  

I 

Alluvial   fans ,   eravel ly   del ta ic   deposi ts  and sandy g tave l ly  

co l luv ia l   mater ia l s  cap Ithe s i l t  a t  the top of the c l i f f s   i n  ixlost 

locations.  In general this capping  layer is thin,   but   a t  t h e  bend between 

22,000N and  31,600E the   co l luv ia l  material is much thicker  and. over l ies  a 

col lapse or slump s t ruc tu re  in the  underlying  glacial  lake  sediments. The 

slump may have  been  caused by melting of a large  block of s tapnant   glacial  

Golder Associates 
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i c e ,  and the   resu l t  is dipping.and  faul t ing  in   the  soi l  beds.  This can be 

seen in P l a t e  1 view b. The co l luv ia l   mater ia l   in  t h i s  sect ion is; a well 

graded s i l t y  sandy gravel bedded near  horizontally,  which would hawe been 

derived from slope wash mater ia l  from the h i l l s i d e   t o  the north. 

A general   descr ipt ion of the  g l a c i a l  geology of t h i s  sect:ion of 

t h e  Thompson River can be found in  the  following  publication: 

"Terrain  Inventory and Quaternary Geology Ashcroft,  Briti.sh 

Columbia", J.M, Ryder, Page 74-49, Geological  Survey Canada 1976. 

4 .0  CLIFF STABILITP 

Many sect ions of the  c l i f fs   are   s tanding  near   to   ver t ical .   for  

heights  up to  about 50 m (160 f t . ) .  This appl ies   to   s lopes  in  bot:h the 

thick s i l t  deposi ts  and the more sandy  gravelly  colluvium  at  the bend i n  

the  r iver .  In a thoroughly  broken down condition  these materials s tand  a t  

an  angle of repose of about 35' a s  is demonstrated by t h e  accumulations of 

ta lus   mxter ia ls .  Where s lopes  are   s tanding  a t   s teep  angles ,  the  mater ia l  

i n  its undisturbed  state  possesses a small amount  of cohesion.  This may 

have a r i s en  due to  the ground water  flowing  through  the  material i n  the 

past and weakly  cementing  the particles  with  carbonate or s i l i c a t e  

compounds. In the  case of t h e  massive s i l t  beds ,  the cementing awent 

probably  includes  clay, which  becomes even harder on desiccat ion a s  occurs 

near   to  the face of the slopes.  Visual  examination of the s o i l s  i n  the 

slopes  . indicates  thar  to  varying  degrees,   cohesion is present  in a111  the 

mater ia ls .  Some of t h e  sandy mater ia l  is so st rongly cemented t h a t  it is 

c l a s s i f i e d   a s  a weak sandaton+. 

The topography of t h e  r i gh t  bank of the r ive r  is shown on Drawing 

No. 1, ,the f u l l  set of contou.rs shown faint   in  the background beiag from 

GQMW Associates 
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the  1970 topography. The heavy l ines   a t  the top of the bank are  from the 

1948, 1970 and 1976 mapping and are  shown to  indicate  the  recession of the 

c l i f f s .   Sec t ions  1 to  7 indicated on the  plan  are shown on Figures 2 t o  8. 

These i l l u s t r a t i o n s  show that   s ince 1948 t h e  major areas of c l i f f   e ros ion  

have  been  confined  to:  (a) s l ide in  the s i l t  bluffs  around sect ion 7 ,  which 

would appear  to  have been a s ing le  sl ide of about 200,000 m3, (260,000 

CU. yds.), and (b) t h e  large,  but  probably  discontinuous,  erosion of the 

. c l i f f s ,  in the bend between 22,100N and  31,600E. The continuing  process of 

erosion  in  the bend  shows up by examining the e a r l i e s t   a e r i a l  photography 

of the river  taken  in 1928, which unfortunately was not good enough for 

topography mapping in  the detai l  required in t h i s  study. 

During  the f i e l d  mapping on 13-15 June 1977, small s a l e  erosion 

o f   t he   c l i f f s   i n  t h e  bend was seen  to be occurring mre or  les.5 

continuously. , Sand and s i l t  poured down the face of the c l i f f .$   in   var ious  

chutes,  and on one occasion  prior to  a storm when a strong wind. blew, the  

c l i f f s  were p rac t i ca l ly  obscured  in a cloud of whirling  dust. This process 

Rev. 3 of  small  scale  erosion is clear ly   apparent  by comparing  photographs  taken 

on 22 June and  15 Novemb.er 1977, respect ively  Plates  2 and 3 .  The volume 

of  material   that   appears t o  have slipped from the top of t h e  c1, i f fs  is 

about 3-4000 m3 and most of t h i s  material  has  finished up in the r ive r  

d i r e c t l y  below. Another interest ing  feature   that   appears  on the November 

p i c tu re  is the cone-fan at: r iver   l eve l  on the l e f t  of the view. This seems 

t o  have formed from material  breaking  loose from about the mid h e i g h t  of 

the  c l i f f s   j u s t  above the cone. 

In addi t ion  to  sural1 scale   erosion,  however,  the s l i d e  scarps 

apparent on sec t ion  .2 and on Pla t e  1 view b show tha t   l a rger   un i t   s l ides  

can  also  occur  in t h i s  area. 

Gsider Associates 
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cohesion of the   so i l  i n  any riection of the  slope us ing  Taylor 's  method 

s lope   s , t ab i l i ty   ana lys i s  and by making the  assumptions  that: 

a)  the overal l   s lope  mater ia l  is homogeneous, 

e 

of 

b)  water  seepage  pressures do not exis t   wi thin  the  potent ia l  

s l i d i n g  mass of soi l .  

Such ana lyses   a re   ra ther   s impl i s t ic ,   bu t   g ive  a valuable  indication of the 

condition of s t a b i l i t y  of the! b lu f f s  and of t h e  volume of material   that  

could b e  involved  in  sliding. The fa i lu re   a r c  is  assumed to be c i r cu la r  

and thils is reasonably  valid  as  evidenced by the  scarps of the e x i s t i n g  

slides in   the   c l i f f s .  The c r i t i ca l   f a i lu re   a r c   fo r   s t eep   s lopes  passes 

through the toe of the  slope  with  the  lowest  point on the fa i lure   sur face  

be ing   a t  the  toe of the  slope,  see  Figure 8. This  analysis was applied  to 

the  fa i . lure  of the  s i l t  b luf fs .   a t   sec t ion  7 where the  slope  height was 115 

m (337 :Et.) and the  average  slope  angle  prior  to  failure was 62 degrees. 

Assuming tha t  t h e  angle of imerna l   f r ic t ion   for   the  s i l t  is 30",  the  

calculated  value of the cohesion is 130 .kPa (19 p s i )  which  roughly  agrees 

w i t h  the  consistency of the  mater ia l  i n  hand specimens. A similar   analysis  

of  the  Eailure  in the sands a.nd gravels   a t   sect ions 2 and 3 where the slope 

height  is 110 m (360 f t . ) ,  t h e  s lope  angle   pr ior   to   fa i lure  was 40 degrees 

and  assuming angle of i n t e r n a l   f r i c t i o n  of 35 '  yie lds  a cohesion of 20 kPa 

(3  psi) . .  This is less  than  the  value  calculated  for  the s i l t  but it is 

consis tent  wi th  the  coarser particle size of the ma te r i a l s   a t   t h i s  

location. 

Golder Associates 
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Yours very  truly 

GOLDER BRAWNER 6 ASSOCIXTES LTD. 

Per: N.R. McCammon, P .  Eng. 

- 
N.A. Skemer, P. Eng. 

Rev.. 1 p. 1 G.A., Dec., 1977 - Description of general mode of collapse of 

c l i f f s .  

Rev. 2 p .  2 G.A., Dec., 1977 - Recommendation on control of irrigation 

above c l i f f s .  

Rev. 3 p .  6 G.A., Dec., 1.977 - Plates 2 and 3 added showing 1977 s l i p  f rom 

c l i f f s  and cone-fan below. 
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LOCAT/ON P U N  Figure 1 
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sEcnoN 3 -3 Fi!gure 4 
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SECTYON 5 -5 Figure 6 
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SECTION 7- 7 Figure 8 
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CONSULTING  GEOTECHNICAL  EIUGINEERS 

E/77/1174 
August  17, 1977 

Sandwell and Company Limitred 
Suite  601 - 1550 Alberni   Street  
Vancouver, B.C. 
V6G lU.4 

- ATTEIWIOR: Mr. Arno Copel.and, P. Eng. 

Re: Eat Creek  Water Supply 
Intake  Evaluation 

Dear S i r :  

evaluat ion of in take   s i tes  C to  G is given  herein. 
In  response  to your l e t t e r  of August, 3 1977, our geotechnical 

have a preference for s i t e s  D and G on the   r i gh t  bank of the river. S i t e s  
E and P on t h e   l e f t  bank are  located  beneath  fairly  steep  high  bluffs and 
although  protected  to some, extent  by C.P. Rail's t rack,  the hirltory of the 
r a i l  i n  this  general   region  has been one of i n s t a b i l i t y .  Sites1 F and G a r e  
beneath  deep  erosion  gullies which do not  appear  to  have  suffered any 
recent  major collapse,  but  continuing small sca le  removal  of mterial can 
be  expected  to  continue.  Site C is rather  near  to  the CN bridge and 
reworking of the bed of t he   r i ve r  can  occur due t o  the  influence of the 
br idge  piers   in   the  r iver .  

Geo techn ica l ly   a l l   f i ve   s i t e s ,  C to  G ,  are  acceptable  but we would 

An intake a t  s i te  C could be a f f ec t ed   s t ruc tu ra l ly  by possible 

of the r i v e r  downstream of the bridge. The white s i l t  is deepl.:g incised by 
col lapse of the  steep si l t  b luf fs  above t h e  CN Rail track on the r i g h t  bank 

water erosion.  Inspection of the  top of t h e   c l i f f s  showed that:  the 
incitrions have cu t  back many meters so tha t   the  s i l t  in the c l i f f s   t ends  to  
become isolated  into  individual  blocks.  These blocks rise very  steeply 
above the CN Rail track and they  are  in a s t a t e  of marginal  sta:kil i ty.   If  
collapse  occurred  the d e b r i s  mater ia l  would very  l ikely over-ru.n the  r a i l  
in to   the   r iver .   This  might pose a ser ious  threat   to  the  operation of the 
water intake. 

blockage of the   r iver  would occur ,   but   intensive  i r r igat ion of the  land a t  
It is =st unlikely however, t ha t  a col lapse large enough to  cause 

t h e  k s k  of t h e .   c l i f f s  could  lead  to  such a collapse.  This occurred in t h e  

.river were a t t r ibu ted   to  farm i r r iga t ion .  For this   reason we would 
last century downstream of Ashcroft where massive s i l t  s l i des   i n to   t he  

reconnuend that   control  of i r r igat ion  should be exercised by B.C. Hydro and 
Power Authority. 
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would of fer   p ro tec t ion  not only  to B.C. Hydro's  water  supply  intake  but 
a l so   t a   d i s rupt ion  of the CN Rail t r ack   a t   t he  base of t h e   c l i f f s .  Much 
improvement could be achieved by cu t t ing  back t h e   c l i f f s  from elevat ion 330 
t o  about  elevation 370 t o  a 40 degree  slope.  This would be necessary  over 
a 1engt:h of slope of about 150 meters. 

Consideration might a l so  be given  to   f la t tening,   the  c1if:Es. This 

Yours  very t ru ly  

GOLDER BRAWNER & ASSOCIATES LTD. 

Per: N.R. McCammon, P. Eng. 

N.A. Skermer, P. Eng. 

NRM / N K  ,.rme * 

V77047 

mi 
Golder Associates 
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I. 0 INTRODUCTION 

A s  requested by Sandwell  and Company L t d . ,  i.:n a meeting 
wi th   our  Mr. G. Zonailo on January 1 8 ,  1978 ,  Swan 
Wooster  Engineering Co. Ltd., has completed , a n  

underwater su:evey o f   t he  Thompson River a t  s.ite 1 0 ,  
location D ,  near  Ashcroft ,  B.C. 

The purpose o f  t h i s   su rvey  was t o   a c q u i r e   s u f f i c i e n t  
information  to   produce a map of  bottom  featu..res 
r e l a t i v e   t o  Sandwell's gr id   l ayout   and   to   assess  the 
f e a s i b i l i t y  of d r i v i n g   s h e e t   p i l e s .  
Photographs  of  typical  bottom  formations were t o  be 
taken, and soundings made to   confirm  bot tom  contours .  

In   add i t ion ,  Swan Wooster was t o   i n s p e c t  and photograph 
the   Vi l lage   o f   Ashcrof t ' s  water in t ake  and r e p o r t  
on its condition. 

The survey was done  between  January 31 and  February 4 ,  

1978 by Swan Wooster  personnel - J. Armstrong,  P.Eng., 
d ive r ;  J. Vance, d ive r ;  A. Cadenhead, diver ;  and 
B. Van D i j k ,  surveyor. The r e s u l t s   o f  these!  inspections 
are descr ibed   in   the   fo l lowing   repor t .  

- 1 -  
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2.0 DESCFbTION OF SURVEY 

. .  

Using the po in t  on the r a i l  (N100,  ElOO) , a base l ine  
was e s t ab l i shed  a t  E127  a s  shown on  Drawing No. 
A1-9214-1. 

T h r e e   l e a d   f i l l e d   l i n e s  were p l a c e d   i n   t h e   r i v e r  
p a r a l l e l   t o   t h i s   b a s e l i n e   r u n n i n g  from N190 t o  N60 
a t   l o c a t i o n s  E177, E167 and E154. In   addi t ion ,  a 
f loa t ing   po lye thy lene   l i ne  was placed a t   l o c a t i o n  E145. 
A l l  t he se  l i n e s  were marked a t  5m in te rva ls   and  were 
anchored  upstream. The t h r e e   l e a d   f i l l e d   l i n e s  were 
used   fo r   t he   unde rwa te r   i n spec t ion   i n   t he   r e l a t ive ly  
deeper water, while t h e   f o u r t h   l i n e  was used f o r  
inspec t ing   the   bo t tom  f rom  the   sur face   in  the shallower 
water. 

Levels were taken  from McElhaney BM 1 - 4 0 1 ,  which i s  
loca ted  on telephone  pole #8 on the  CNR right-of-way, 
and  water   levels  were measured a t  the  r i v e r ' s   e d g e  
a t  loca t ions  N60, N125 and N190. 

An echo  sounder was u t i l i z e d   t o   g e t   d e p t h   r e a d i n g s  
Of the r iver   bot tom, and contours were produced 
using these  soundings, see Drawing NO, 'Al-9214-1. 

- 2 -  



3 . (I OBSERVATIONS 

3 .1  S i t e  1 0 ,  Location D 
P r i o r   t o  any diving  being  done,   the   r iver  

current w a s  roughly  measured  along  l ines 
E167,  E177 ,  and E 1 9 2  s t a r t i n g  a t  N190. The 
method used was t o  measure t h e  time required 
f o r  a g roup   o f   f l oa t ing   ob jec t s   t o   t r ave l  90  m 
downstream. T i m e s  measured were 7 0  seconds, 
6 5  seconds,  and 85 seconds   i nd ica t ing   d i f f e ren t  
water v e l o c i t i e s  a t  d i f f e ren t   l oca t ions .   These  
times averaged to   y i e ld   an   approx ima te   r i ve r  
cu r ren t  a t  s u r f a c e   l e v e l  of 1 .25 m/sec. The 
weather on the   days  the d iv ing  was done was 
sunny  with some cloudy  periods.  The a.ir   temperature 
was about -12OC and t h e  water temperature  about 
+O .7OC. There was very l i t t l e  wind. , 

Observations  from  the  underwater  inspection were 
as follows : 

Line 1: N190 E177 t o  N60  E177 (Dwg.Al-9214-1) 
V i s i b i l i t y  was good, i n   t h e   r a n g e  of 6 t o  8 m. 
The  d i v e r s   i n i t i a l l y   c r o s s e d   t h e   r i v e r  from  south 
t o  nort:h  upstream from the  survey area.. The bottom 
was uniform coarse grave l  and cobbles  with most 
material be ing   in   the   range  from coar se   s and   t o  
0.3 m d.iameter. The f i r s t  60 m from N190 t o  N130 
showed a s i m i l a r   g r a v e l  bottom  with s c ~ n e  medium 
sized  rounded  boulders  of  about 0.3 m , in diameter 
(photograph 3 ) .  There were a f e w  la rqer   boulders  
i n  the 1 m diameter  range  randomly  1oc:ated i n  
t h i s  area.. 

- 3 -  
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Line 1: N190 E177 t o  N60 E177 (cont 'd )  
From N1.30 t o  ~ 1 0 0 ,  the bottom  remains  gravelly 
wi th   the  number and s i z e  of boulders  i .ncreasing, 
some being  about 1.3 m diameter.  

From N90 t o  N60, smooth  black  bedrock was 
encount.ered  (photograph4 ) .  Outcrops were 
widely  spaced a t  N90 and  increased  to   cover   three-  
qua r t e r s   o f   t he   r i ve r   bo t tom  a t  N60. 

Line 2 :  N190 E167 t o  N60 E167  (Dwg.. A:1.-9214-2) 
For the!  first 5 0  m,  the   bot tom is sand.  and g rave l  
w i th  some 0.3 m boulders.  A t  approximately N150 
t h e r e  is a 1.5 m x 3 m boulder  with a s l i g h t l y  
smaller one  beside it (photograph 5 ) .  

A t  N140 there are s e v e r a l  0.7 m x 1.1 m boulders.  
From N1:40 t o  N115 t h e r e  is just  t h e  odd 1 m 
diameter  boulder  with  the  predominance  being 
small 0.3 m t o  0.5 m boulders. 

A t  N l l O  t h e r e  is a small sec t ion  of bare  rock 
outcrop. From N l O O  t o  N60 again  bare  rock 
outcrops  are   evident   (photograph 6 ) .  There 
are several sharp ridges i n  this area from 
1 m t o  1.7 m high  (photograph 7 )  . 
Line 3: N190 E154 t o  N60 E154 (Dwg. &1.-9214-2) 
F o r   t h e   f i r s t  40  m a gravelly  bottom  with some 
small bou lde r s   t o  0.6 m in   d iameter  w a s  again 
encountered. 

~t ~1513  there  i s  a very  large  boulder  about 3.5m. 

in   diameter   (photograph 8). About 6Omrn of t h e  
boulder  protruded above t h e  water sur face .  
Beside  this   boulder  are a couple  of smaller 2 m 
diameter  boulders.  

- 4 -  
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Line 3: N190 E154 t o  N60 E154 (cont 'd )  
From NlEiO t o  N l O O  the  bot tom is covered  mostly 
i n  smaller boulders up t o  0.5 m i n  d i ame te r ,w i th  ~ 

some up to 1 m to 1.2 m in   diameter(photographs 9&la) 

From N l O O  t o  N60,  till was encountered  generally 
on the  shoreward  s ide  of   the   l ine  (photographs 
1 2 ,  13, 1 4  and 1 5 ) .  This t i l l 'was  q u i t e  
h a r d   i n s i t u ,   b u t  became crumbly when b rough t   t o  
t he   su r f ace .  The till cons i s t s  of mainly 6 inch 
minus  .gravel set i n  a matr ix  of hard sandy  clay. 
Bedrock  outcrops were observed on the r i v e r   s i d e  
of the  Line,  downstream  from N90. (photograph 11) . 
Line 4: N190 E145 to N60 E145 (Dwg. A1-9214-2) 
The inspec t ion  was done on the su r face  as a 
snorke l   d ive   s ince  the  water w a s  qui te   shal low.  
A t  N190 .there is a l a r g e  2 . 5  m diametex  boulder. 

From N190 t o  N145, the  bottom was most:Ly g rave l  
and  sand  with some 1 m diameter  boulders evident.  

A t  N140 t h e r e  is a 3 rn diameter  boulder and a t  
N130 the re  i s  a 2 . 5  m x 1 . 2  m boulder  and three 
1.2 m diameter boulders.  

From N120 t o  N80, the  bottom is composed mostly . 

of  boulders  with maximum size  being  about  1 m 
t o  1.2 In. This   sec t ion  was similar t o   t h e  
rocky  sections  above water beside the r i v e r .  
From N70 on, till was evident .  

- 5 -  
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3.2 Ashcroft  Water  Intake 

On Friday,  February  3rd'   the wafer i n t a k e   f o r  
the   Vi l lage   o f   Ashcrof t  was inspec ted  by divers  
J. Vance and A. Cadenhead. The sununary of the 
r e s u l t s  are noted on  Drawing No. B-9214-3. 
Photograph 1 6  shows t h e  50mm screen on the  end 
of the   in take .  

The in take   p ipe  is l o c a t e d   i n  a l a r g e  eddy down- 
stream of the southeast highway b r idae   p i e r .  
Current   veloci ty  was very low a t  the   i n t ake   a s  
a r e s u l t .  

- 6 -  



4.0 FEASIBILITY Ol? DRIVING SHEET PILES 

Al t e rna te  methods  of u t i l i z i n g   s h e e t   p i l e s   f o r  the 
cons t ruc t ion  of the   coo l ing  water i n t e e  are being 
considered by  Sandwell as shown on Sandwell Drawing 

D-4191-29. 

A l t e rna t ive  1 cons i s t s   o f  a c e l l u l a r   s h e e t  p i l e  
cofferdam  paral le l   to   shore,   connected  back to shore 
by f i l l  dams at each  end. 

A l t e rna t ive  2 cons is t s   o f  a s h e e t   p i l e   c a i s s o n  
immediately  surrounding  the  intake  structure.  

Our comments on p i l e   d r i v i n g   f o r  these schem- as are as 
follows : 

4 . 1  A l t e rna t ive  1 
Driv ing   o f   shee t   p i l e s   i n to   t he   r i ve r   bo t tom 
w i l l  be d i f f i cu l t   o r   imposs ib l e   because  of t h e  
occurrence  of  boulders  in  the  overburden. A t  

t h e  downstream  end  of the s i te ,  .bedrock  outcrops 
o f   i r r e g u l a r   p r o f i l e  will be  encountered, as well 
as iayers of till. W e  an t i c ipa t e   cons ide rab le  
d i f f i c u l t y   i n   d r i v i n g   p i l e s   t h r o u g h   t h e  till. 
Because  of these fac tors   des ign   of  the c e l l u l a r  
cofferdam  should  allow  for  only minima:l p i l e  
pene t ra t ion .  

4.2 A l t e rna t ive  2 
I f   t h i s  scheme requ i r e s   pene t r a t ion  of s h e e t   p i l i n g  
t o  bedrock  or  till, the   bou lde r s   i n  t h e  overburden 
w i l l  have t o   b e  removed p r i o r   t o   p i l e   d r i v i n g .  

- 7 -  
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INTRODUCTION 

BEAK was retained by Sandwell to   evaluate   the  design of the  makeup cooling 

water   i a take   for   the  Hat Creek p r o j e c t   r e l a t i v e   t o   p r o t e c t i o n  of t he   f i she ry  

resources of the  Thompson River. Appendix B contains Sandwell  drawings V4007l46,  

D4191-5, 6 and SK63 which indicate  major  features of the  presently  envisioned 

intake  design and areas   o f   po ten t ia l   in take   loca t ion .  

Consultation was supplied  to  Sandwell by BEAK and in te res ted   regula tory  

agencies  during  the development of the  preliminary  design.  This  report   repre- 

sents an  evaluation of the  s t ructure   as   present ly   envis ioned.  The! terms of 

reference  for   design were tha t   the   s t ruc ture   could   opera te  a t  100% capacity 

during all ant ic ipated  condi t ions of river flow and f i sh   d i s t r ibu t : i on  and t h a t  

the  design would assure  operation  without  significant  impact upon the   f i shery  

resource of the  Thompson River. The design was to   assure   f ish  guidance  before  

impingement, no t   f i sh   handl ing  af cer impingement. 

SECTION I. PRESENT ENVIRONMEIYTAL SETTING - FISHERIES 

A. =Fish  Species 

The,  Thompson River f i s h  fauna is known t o   cons i s t  of 13 speci>:!s including 

anadromous s tee lhead   t rou t ,  and  chinook,  coho,  pink and sockeye sa.lmon. The 

resident  fauna  includes rough f i s h  such  as  northern  squawfish and largescale 

sucker   as  well as more des i rab le  game f i s h  such  as  rainbow  trout  and  brook  trout. 

The Bonaparte  River i s  known to contain an addi t iona l   f ive   spec ies . .  A list of 

species   occurr ing  in  t h e  Thompson River and  Bonaparte River i n  t h e  area of t h e  

in take  is given in Table 1 (Tables  are  found in Appendix A ) .  

Certain of the   spec ies  in. Table 1 may be more suscept ible   than  others  to 

injury a t  a water in take  and some have  higher commercial  and recrea t iona l  

- 1 -  
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importance. Based on these   fac tors   cer ta in   spec ies   can  b e  used a s  key species  

fo r   t he   eva lua t ion  of an intake  design. In general ,  we  may say that anadromous 

f i s h   a r e  more vu lne rab le   t han   r e s iden t   f i sh .   Nh i l e   r e s iden t   f i sh  may occupy 

t e r r i t o r i e s   o r  home ranges   i n   t he   v i c in i ty  of an intake,   only a small   por t ion 

of a res ident   f i sh   popula t ion  can  conceivably b e  exposed to  such a s t ruc ture .  

However, l a rge   f r ac t ions  of i:he anadromous fish  populations  can  pass  through 

a g iven   r iver   sec t ion  on upstream  and downstream migrations.  Thus;, t h e  anadromous 

salmon  and s tee lhead   t rou t  will be  considered key species   for   the  evaluat ion of 

t h e   f i s h   p r o t e c t i o n   f e a t u r e s  of t h i s   i n t ake .  

B. Life  History of Key Fish  Species 

Among t h e  anadromous sa lmon ids ,   ce r t a in   l i f e   h i s to ry   a spec t s  and ecological  

i n t e rac t ions  may be   i den t i f i ed  which are pe r t inen t   t o   i n t ake   l oca t ion  and design. 

For  example,  primary  spawning sites should  be  avoided  and an intake  should  not  be 

cons t ruc t ed   i n  areas where f i s h  may congregate  or  prefer  to  migrate.  The timing 

of migrations is of  concern In evalua t ing   f i sh   in take   in te rac t ions .  The timing 

of  salmon  and s t e e l h e a d   l i f e  stages i n   t h e  Thompson River is out l ined   in   Table  2 

along with comaents on spawning locat ion,   predators ,   prey,   e tc .  .A more de ta i led  

account of t h e   d i s t r i b u t i o n  of pink salmon is contained i n  Table 3. In numerical 

terms t h e  pink salmon  and  sockeye  salmon a r e  most important (Table! 1). 

spawning 

Pink salmon spawn i n   t h e  Thompson River upstream of the  propased  intake  and 

t o  a small extent  in the  Bonaparte River. The c loses t  known Thompson River 

Spawning loca t ion  is  along  the  right  bank  immediately  upstream o:E' the  Canadian 

Nationa.1  Railroad  Bridge which crosses  the  r iver  upstream of the  :?reposed intake.  

"I 

Scuba surveys were conducted by the   In te rna t iona l   Pac i f ic  Salmon :Fisheries Com- 

mission  during  the 1977 pink salmon run. No spawning pa i r s   o r   r edds  were s i t e d  

i n  t h e  8,000 f o o t   s t r e t c h  of river i n  which the   in take  is to  be  located.  It was 

1 *Looking  downstream. - 2 -  
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concluded tha t   t he   a r ea  had poor  spawning habi ta t   condi t ions  including low water 

ve loc i ty  and unsuitable  gravel  (Personal Communication, P. Andrew). .Appendix E t o  

th i s   s tudy   conta ins   the   wr i t ten   repor t  on t h e  Internat ional   Pac. i f ic  Salmon Fisher ie  

Commission's 1977 survey. Their repor t  was rece ived   too   l a te   for   incorpora t ion   in t  

t h i s   r epor t .  Sockeye salmon are not  'known t o  spawn a t  any 1ocat : ions  c lose  to   the 

proposed intake  locat ion.  Some chinook, coho and steelhead  could  possibly spawn i n  

the   a r ea  of the  intake.  

- Rearing and Downstream Migrations 

Aspects  of  the l i f e  h i s to ry  of salmonid fry  determine  the  types of in take  i n t e ~  

ac t ions  which will occur  during  downriver  migration  or  instream  rearing.  Pink sal- 

mon ac t ive ly  migrate downriver i m e d i a t e l y   a f t e r  emergence, a t  which time they  are  

approximately 30 m in   to ta l   l ength .   S tee lhead ,  coho and chinook f r y   e s t a b l i s h  

res idence   in   sha l low  s t ream.areas  where they  feed and grow prio:r to   migrat ing down- 

river. Sockeye f ry   gene ra l ly   en t e r   l akes   t o   t ake  up residence  :for  an  extended  peri 

od prior  to  migrating  downriver.  Migrating  sockeye  smolts w i l l  move ac t ive ly  down- 

stream, while  coho,  chinook and steelhead  can  be  expected  to make a slower  "feeding 

migration"  (Personal Communication, E. Brannon). The juveni le   pink salmon  which 

encounter   the   fac i l i ty  w i l l  all be  qui te  small, while most of the  migrating sockeye 

chinook, coho and steelhead w i l l  have a t ta ined  a much greater s i ze .  It is p o s s i b l e  

t h a t  some small coho,  chinook or   s teelhead  f ry .may rear i n   t h e   v i c i n i t y  of the  in- 

take and these   f i sh  may encounter   the   in take   a t   s izes   as  small as the   pink  f ry .  'R 

r e l a t i v e   f r a c t i o n  of these  species  populations which encoun te r   t he   f ac i l i t y   a t  a 

small s ize  will be qu i t e  l o w  f o r  a l l  species  except  pink salmon.. Swimming a b i l i t y  

improves  with  increasing size. Pink  salmon f r y  w i l l  be leas t   ab le   to   avoid   in te r -  

act ion  with  the  intake  s t ructure .   Therefore ,   designing  the  intake t o  protect   p ink 

salmon f r y  is of  high  priority.  

- Upstream  Migrants 

Upstream migrating adu1.t salmonids may encounter   the   in take   fac i l i ty  and 

provisions must  be .incorpol:ated in   the  desigwto  a l low  f ree   passage  through  or  

- 3 -  



around  the  faci l i ty .   Observat ions of  upstream  migrating  pink  and  sockeye salmon 

in  1977,by E. Mulvihil l ,  K. 1'. Campbell  and A. Auld indicated a movement confined 

to  an  area  within  approximately 10 meters from the  shorel ine.  These observations 

a l so   ind ica ted  a substant ia l1 .y   greater   f ract ion of t h e  migrants  passing  upstream 

alosg  the l e f t  shorel ine  than  a long  the  r ight   shorel ine.  Some upstream 

migrating  salmonid  f ishes w i l l  ho ld   i n   des i r ab le   a r eas  between periods 

of active  upstream  migration. Scuba surveys  conducted  during 1977 

ind ica ted   tha t   the   in take   loca t ion  was not  an a rea   u t i l i zed  by pink salmon f o r  

holding  (See  Internatioilal   Pacific Salmon Fisher ies  Commission Survey i n  Ape. E) - 

- Haven. for   Preda tors  

Among t h e   p o t e n t i a l  problems  which  one  must  consider in design  of water- 

handling. and fish-handling  st;Cuctures i s  the  developmat  of a reas  ,which w i l l  con- 

cent ra te   f i sh   p reda tors .  A number of f i s h  which are known to  prey on young 

salmonids are present   in   the  Thompson River  (Table  1). These include  northern 

squawfish,  brook  trout,  rainbow  trout,  and Dolly Varden. The desilzn fea tures  

of the  proposed Thompson River intake  should  avoid  providing  addie:lonal  habitat 

for   these   spec ies .  We see no d i f f e rence   i n   t he   i n t ake   s t ruc tu re  and o ther   l a rge  

obstruct, ions in the   r iver   (br idge piers, boulders ,   e tc . )   as   areas  which w i l l  

concentrate  predators.  

SECTION II. FISH PROTECTION DESIGN CONSIDERATIONS 

A. +&@oral Aspects  of Key Fish Species 

Beh;r:ioral aspects  of t h e  key f i s h   s p e c i e s  which may relate t o  refinements 

of t h e  proposed  intake  design  have  been  considered. The behavioral   categories  

which are  considered  relevant  tire swimming a b i l i t y ,  downstream migration  and 

p o t e n t i a l   f o r  guidance. These subjects   are   discussed below. 

- 4 -  
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- Swiraming A b i l i t y  

A number of s tud ie s  of swimming speed,  metabolic rate, e t c . ,  have  been con- 

ducted.  Greenland and Thomas f1972) t e s t ed  chinook f r y  in a stamina  tunnel at  

var ious   ve loc i t ies   ranging  from 18-27 cm/sec (0.6-0.9 f t l s e c ) ,  for: durat ions of 

3, 6 anti 9 minutes  and  determined  the number still  swimming (not  Impinged). A t  

18 adsec (0.6 ftlsec) 98% of 33-35 nun f r y  were still  swimming a f t e r  3 minutes. . 

A t  21 adsec (0.7 f t l s e c )  88% were st i l l  swimming and a t  24 cmlsec (9.8 f t l s e c )  

72% wera st i l l  swimming. Larger  fry  performed  better  but a slump i n  performance 

was noted at 37.0-38.9,nm, the  approximate  size  at  yolk-sac  absorption. They 

reconmended des igning   sc reening   fac i l i t i es   to  accomodate f i s h  with a swimming 

speed of 18 cm/sec (0.6 f t l s e c ) .  A t  h igh  veloci ty  (27 cmlsec (0.9 f t l s e c ) ) ,  I. 

approximately 50% were st i l l  swimming a f t e r  9 minutes.  Considering  the  length  of 

the  inta.ke a sweeping ve loc i ty  in excess of 27 cm/sec  should serve t o  remove 

chinook fry from t h e   v i c i n i t y  of the   screen  face  ra ther   rapidly.  

B r e t t  and Glass (1973)' s tudies  swimming speeds of sockeye  salmon a s   r e l a t e d  

t o  s ize  and  temperature. In th i s   s tudy   there  were no small f r y  (<((liO,mm), however, 

mathematical   relationships were derived which  have  been appl ied   to  smaller sizes.  

of other   species .  Among the  equations  derived is the  following  for  sustained 

60 min swimming speed in cmlsrac (Y) as r e l a t e d   t o   t o t a l   l e n g t h  in cm (X) a t  2OC: 

log  Y = 0.9053 + 0.6294 log X 

This equat ion  indicates  a sustained swimming speed of 16 cmlsec (0.53 f t / s e c )  

f o r  30 mm f r y  at  2°C. Higher  temperatures  (within  l imits)   yield  greater swimming 

speeds. Brett (1973), i n  a fur ther   s tudy of sockeye,  observed  bursts a t   t h e   o n s e t  

of f a t igue  of 2-3 times t h e  kimum sustained  speed. These bursts  could only be  

maintainmed f o r  a period of approximately 20 seconds. 

Dav:Ls et al .  (1963) s tudied   the  swimming performance  of  chinook and  coho 

salmon at   various  temperatures, .  The chinook  underyearlings  ranged from 51-76 mm 

fork   l ength  and the  coho underyearlings  ranged  from 67-90 mm fork  length.  They 

determined  velocity of first f a i lu re   a t   d i f f e ren t   t empera tu res  and dissolved 

- 5 -  
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oxygen levels, A t  8-9  ppm dissolved oxygen f i r s t   f a i l u r e s  of chinook  under- 

yea r l ings   occu r red   a t  49-55 cm/sec (1.6-1.8 ft/sec!. Under s imilar   condi t ions 

coho f:Lrst f a i l u r e s  were a l so  between 49-55 cm/sec  (1.6-1.8 f.t/sec). Certain 

problems in the experimental  animals and techniques were noted,  possibly 

result:Lng i n   f a i l u r e s   a t  lower swimming speeds  than would occur :in nature.  
Fisher  et  al. (1976) s tudied t h e  swimming performance of chinook  salmon 

ranging: in s ize  from 30-50 mm a t  flows  ranging from 6 t o  30 cm/sec (0.2 to  1.0 

f t / s e c )  and  durations up t o  6 hours. Results were expressed  as m e a n  X success 

during  the last 3 hours. A d i p   i n  performance was noted a t  40 mm which was 

associated  with  yolk-sac  absorption.  Performance was inverse ly   re la ted   to  

ve1ocit.y  and d i r e c t l y   r e l a t e d   t o   s i z e .  A t  v e l o c i t i e s  less than  18  cmlsec  (0.6 

f t / s e c )  young chinook  were  observed t o  l i e  on t h e  screens even when not impinged. 

mer (1976) observed  pink  and  chinook f r y   i n   t h e  Thompson River which 

ga the red   i n   t he   r e l a t ive ly   qu ie t  water i n   f r o n t  of an  intake  screen where 

approach v e l o c i t i e s  ranged f:rom 5 t o  6 cm/sec (0.17 t o  0.21 f t / se t : )   (o r   l ess ) .  

No imphgement was ovserved at these   ve loc i t ies .  S m a l l  schools of 20-30 f i s h  

were obsserved in  t h e  surface  water in f ron t  of the  screen mesh, f ac ing   i n to   t he  

current . ,   and  holding  a   s ta t ionary  posi t ion  with  their   ta i ls   wi thin one inch of 

the  screen. 

Andrew (1977) c i t ed  a study by Chapman (1935) t h a t  showed le,r:s than 4% of 

chum f r y  were swept over a revolving drum screen a f t e r  5 h r s   a t  1.2 cm/sec  (0.4 

f t / s ec? ,   bu t  70.5% were swept o v e r   a f t e r  1 h r   a t  18  cm/sec (0.59 .Et/sec). Andrew 

(1977) a l so   c i t ed  Edgeworth tha t  chinook, coho and steelhead were not impinged 

on i r r iga t ion   d i t ch   s c reens  at  12 cm/sec (0.4 f t / s e c )   b u t  suffered. total .   mortal i ty  

a t  30 cmlsec (1.0 f t / s e c ) .  

Based on a l l  of t h e  above observations it would appear   that  small salmonids 

(about 30 mm) can  withstand  intake  approach  velocities below 15 ctdsec (0.5 f t / s e c  

f o r   r e l a t i v e l y  long  periods of time. This conclusion is consis tent   with recommen- 

dat ions by the  U.S.  Environmc:ntal Protect ion Agency (1976),  the U.S. Nuclear 

Regulatory Commission (1975) and the  U.S. Fish and Wildlife Service (1975,  1977) 
- 6 -  
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- 
t h a t   t h e  m a x i m u m  veloci ty   protect ing most small f i s h  is 15 cm/sec: ( 0 . 5  f t / s ec )  . 
It should  be  noted  that   this  conclusion is i n   l i e u  of a bypass  vedocity which 

can  be  used t o   e s c o r t   f i s h  from the   face  of a screen  before  they become fatigued. 

BEAK 

- Downstream Migration 

Pink salmon f ry   ac t ive ly   migra te  downstream t o  sea, often  covering up t o  10 

miles :tn a night .  Neave (1955) reported an ac t ive   mig ra t ion   a t  a veloc i ty   g rea te l  

than  the downstream cur ren t ,   c rea t ing  a "bow-wave" i n  f r o n t  of f r y  on the   sur face .  

Some reports  indicate  nighttime  migration  with  fry  seeking  cover :in gravel  during 

dayl ight   while   other   reports   indicate   migrat ions  during  both day and night.  (Hart 

1973, Scot t  and Crossman 1973).  In  the Thompson River  catches of p ink   f ry  have 

been similar during day  and .night (Pyper  1976).  Apparently a preference   for  

l i g h t  deve lops   shor t ly   a f te r   exposure   to   l igh t  (Hoar 1956) a f t e r  which t h e   f r y  

school up and migrate ac t ive ly  in dayl ight .   In   the   tu rb id   Fraser   River   f ry  

general ly  move downstream wh,ile  maintaining a more o r   l e s s  random depth   d i s t r i -  

but ion  except   for  a tendency t o  'congregate   nearer   the  surface  in   dayl ight  (Hoos 

and Packman 1974,  Vernon.1966). Vernon (1966)  found t h a t   i n   t h e  Thompson River 

pink  fry  tended  to  be  concentrated  near  the  surface  except when t u r b i d i t y  was 

high. Neave (1955) reported  catching 62% of p i n k   f r y   i n   t h e  upper t h i r d  of a 

46 an (&+inch) column of water. Neave (1955) also  noted  an a b i l i t y  of migrating 

f ry   t o   avo id   so l id   ob jec t s :  "The f i s h   t r a v e l e d   s i n g l y   a t  a speed much grea te r  

than  tbe  current,  and often  appeared  to  avoid  expertly  the  solid  'objects which 

sometimes made a straight  course  impossible." McDonald (1960)  found t h a t  above 

40 cm/s,ec ( 1 . 3   f t / s e c ) ,   l a t e r a l   d i s t r i b u t i o n  was d i r e c t l y   r e l a t e d   t o   c u r r e n t  

veloc1t:y i n  Williams Creek   wi th   g rea te r   f i sh   dens i t ies   in  mid strf!am where 

ve loc i ty  was higher. 

Sockeye  salmon smolts  migrate t o  s e a   a f t e r  having  spent  approximately  one 

year  in fresh  water .  The downstream migrants swim ac t ive ly  downst:ream i n   q u i e t  

reaches: of r ivers,   but  proceed t a i l  f i r s t  through  rapids  (Hart  1973).  Travel 

speed  ranges from 3-40 km (2-25 miles) per day (Hart,  1973). McDouald (1960) 

found t h a t  lateral d i s t r i b u t i o n  was c lose ly  and pos i t ive ly   re la ted   to   cur ren ts  
- 1 -  
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greater   than 40 cm/sec (1.3 f t / s e c ) .  Hoar (1954) found  an  increased  activity 

of smo1.t~ leading   to  downstream displacement a t   n i g h t .  

The downstream migra t ion   of   the   t e r r i to r ia l  coho  salmon  occwcs when t h e   f i s h  

are approximately 100 mm long. The smolts  form  schools  prior  to  migration  and 

the  schools  move mainly a t  night   (Scot t  and Crossman 1973, Hart 1!?73). Sudden 

e l eva t ions   i n  water level increased  the  ra te  of downstream displacement 

(Hoar 1.951). 

Chinook salmon migrate downstream a t   va ry ing  sizes dependent on the  stock 

involved. Some migrate  almost  immediately  after emergence while  others remain i n  

the  s t reams  for   as   long as two years (Scott and Crossman 1973). Their behavior 

after emergence is  school  formation a t   f i r s t   b u t  later i n d i v i d u a l   t e r r i t o r i e s  are 

establi .shed  in  the  stream  margins  (Scott  and Crossman 1973). 

Steelhead  generally  remain in  f r e s h  water f o r  2 o r  3 years   pr ior   to   migrat ing 

t o  sea. A t  t h i s   age   t hey   a r e   r e l a t ive ly   l a rge  compared with  the :pink, chum o r  

chinook.  smolts. 

Far r  (1976) noted  that  .in reservoirs  juvenile  salmonids are aormally in t h e  

top 9-15m (30-50 f t )  of water during  migration and when enter ing a dam in take  

75-80% are   concent ra ted   in   the   top  5m (15 f t )   o f   the   in take .   F ie lds  (1964) found 

that 90% of f i s h  used a byparis 5m (15 f t )  below the   su r f ace  at  McNary Dam, but  

an entrance  15md50 f t l  below the  surface was not   as   successful .  Rees (1956) 

found  few f i s h  below 14m ( 4 5  f t )  and the   a r ea  from 0-5m (0-15 f t )  (18.6% of cross- 

section.al  area) contained 8 8 . E  of t he   f i sh .  

In general,  salmonid smcllts migrate  in.   the  upper  layers of water.  This 

statement is, however, subjec: t   to  numerous except ions,   especial ly   in   the  case of 

pink srilmoa f r y  i n  the  Frazer   River  which show vary ing   behaviora l   a t t r ibu tes  

depending on conditions. 

- Pot tmt i a l   fo r  Guidance 

Bates  and  Vinsonhaler (1957) invest igated  the  use of louvers  .€or  guiding 

- a -  
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f i sh .  Tests indicated  that   chinook salmon (>70 mm) could b e  successful ly   diver ted 

with a louver  bypass  system. With a louver  frame a t  16' to   the  nain  f low,   louvers  

2 . 5  (1 inch)  apart  were 84-100% e f f i c i e n t .  Louvers  8.9 cm 6 . 5  inches)   apar t  

were 86-98% e f f i c i e n t .  It was observed  that i f  veloci ty   did  not   exceed  the 

-inurn swimming speed of t h e   f i s h ,   f i s h  would d r i f t  downstream t a i l  first.  A t  

h ighe r   ve loc i t i e s   t he   f i sh  were turned  sideways. 

Bates and Jewett (1961) tes ted   louver   e f f ic iency   in   def lec t ing  downstream 

migrant  steelhead. The louver  frame i n  t h e  2.83 m3/SeC (100 C f S )  Canal Was a t  

2cQ to   the   f low and louver  spacing  varied from 5 .1   to  25.4 cm ( 2  t o  10 inches).  

, The bypass  efficiency was 98% f o r  5.1 cm ( 2  id spacing, 90-95% f o r  10.8 an 

(4.25in) spacing  and 62.6% f o r  25.4  cm (10 in) spacing.  Variations i n  approach 

1 ve loc i ty   d id   no t   appea r   t o   a f f ec t   e f f i c i ency .  

Fisher  et  a l .  t1976) noted  that  chinook salmon act ively  a t tempted  to   pass  

through  screen  openings and t h a t  a maximum c l e a r  opening of 4 mm (diagonal) 

was a p o s i t i v e   b a r r i e r   t o  30-50 m chinook  salmon.  Their s tud ies   ind ica ted  that 

a conv€!ntional  louver  concept was n o t   e f f i c i e n t   f o r  small f i sh .  However, Schuler 

I 

(1974) found that   louvers   with 2.5 cm <I i n )  gaps  between  vanes were be t te r   than  

screens; f o r  bypass  of medium s ized   sa l twater  fishes. Schuler's  bypass  velocity 

exceede.d t h e  approach  velocity. 

The l i te ra ture   ind ica te3   tha t   a lmost  a l l  f i s h  will avoid  bei:ag  impinged for 

the   per iod of time before  facigue sets in .  They will general ly  do t h i s  by main- 

t a in ing   pos i t ion  a t  some d i scance   i n   f ron t  of  the. tes t   screen.  Most s tud ie s ,  

espec ia l ly  on young salmonids,  have  been  conducted  with  flows  perpendicular  to  the 

screen ,and with no lateral component to   the  flow. I f  a l a t e r a l   f l o w  component 

(bypass  flow) is added t o  t h e  in take  component f i s h  will be   t ranqtor ted   l a te ra l ly  

u n t i l   f a t i g u e   s e t s   i n  due to   f i gh t ing   t he   i n t ake  flow. I f   t h e ' f i s h  i s  t ransported 

past tho six screen faces before   fa t igue  sets i n , i t  will be  removed from  the dange 

of impingement.  Experiments  conducted  with  louvers and angled  screens,  and ex- 

perience! a t  ope ra t iona l   i n s t a l l a t ions  document the   e f fec t iveness  of bypass  flows. 

L - 9 -  " 
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Based on t h e  above p r inc ipa l ,  Andrew (1977) calculated  the passage! time tha t  

should  be  designed  into  the Hat Creek intake.  He recommended a passage time 

of not more than  ten  minutes  in  the  bypass  channel assuming a scrE:en approach 

ve loc i ty   o f ' about  12 cidsec' (0.4 f t / s e c ) .  

B. Interviews of Knowledgeable Individuals  

The an t ic ipa ted   spec i f ic   behaviora l   in te rac t ions  of the key :€ish  species  

wi th   t he   i n t ake   des ign   i l l u s t r a t ed   i n  Sandwell  drawing A4191-SK63 (Appendix B) 

were  discussed  with a number of expe r t s   i n   t he   Pac i f i c  Northwest. Interviews 

were conducted  with M r .  George Eicher and Dr. Stanley Katkansky of Portland 

General Electric Company; Mr. Richard Duncan of the  Port land  Off ice  of the U.S. 

Army Corps of Engineers,  Project  Operations  Division; Dr. 'Roy Hamilton of P a c i f i c  

Power sad  Light Company: Dr. Ernest Brannon of the  University  of'ilgshington; Mr. 

~ Cli f ford  Long of the  National.  Marine Fisher ies   Service;  and Mr. Andrew Auld of 

I EBASCO. With  each  of these  individuals  we discussed  the problems  of downstream 

migrants,   upstream  migrants,   predators  and  carcasses  as  they  relate  to  the pro- 

posed  design. A copy of the  question  sheet used for   these  interviews i s  contained 

in  Appendix C. to  t h i s  report:.  Consensus  opinions  are  reflected below. 

In general  most i n d i v i d u a l s   f e l t   t h a t   f r y  would tend  to  be  passed  through the 
7 

bypass  channel  given  the  approach  velocity of 12 cmlsec  (0.4 f t / soc :  and minimum 

bypass  channel  velocity of 21. cm/sec (0.7 f t / s e c )  determined i n   t h e   p h y s i c a l  model 

s tudies .  However, there  was some concern t h a t   f r y  may hold  posi t ion  in   the  bypass  

channel  particularly in  areas  where eddies may develop  such as i n   t h e   v i c i n i t y  of 

the  pie:es  between  the  traveli.ng  screens. Mr. Long f e l t   t h a t  water: i n   t h e   n e a r  

v i c i n i t y  of the  screen  face would be  approaching t h e  sc reen   face   a t  a r i gh t   ang le  

and, a s  such, would in te r fe re .  somewhat with downstream movement of f ry   w i th in  

t h i s  zone  of  influence. It was general ly   agreed  that  a bypass  vel.ocity in   excess  

of the  approach  velocity is desirable .  The need for   an  upper limit t o   v e l o c i t i e s  

i n  the  bypass  channel was gen,erally  discounted  except  that   very  high  velocit ies 

7 
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(6 m/sec (20 fps ) )  may induce  excessive  turbulence. A po ten t i a l  'reason f o r  

l imi t ing   ve loc i ty   in   th i s   channel  would be  to  avoid  turbulence and  provide a 

more laminar  flow. Downstream migrants are expected  to  be found .along shore as 

well a s   i n   mid r ive r   w i th   va r i a t ion  among species.  A preference  for  upper  water 

l e v e l s  was noted, and d ie l   d i f fe rences   iwmigra t ion  rates were  expected for   p ink  

salmon  based on t h e i r  emergeuce a t   n i g h t .  

Darkness in  the  bypass c:hannel was not  generally  considered i% problem. One 

e x p e r t   f e l t  t h a t  darkness may affect  guidance and saw no advantage  to  darkening 

the  area.  Two e x p e r t s   f e l t  t:hat  guidance would be  enhanced in the  dark  because 

the  f is 'h would have no visual. keys  causing them t o  hold  position. 

The presence  of  l ights on the  external s t ruc tu re  was projected  to  have  poten- 

t i a l l y   d i f f e r e n t   e f f e c t s  depending upon species  and l i gh t   i n t ens i ty .  D r .  Brannon 

noted t:hat sockeye are a t t r a c t e d   t o   s t r o n g  beams of l i g h t .  Consequently  strong 

lights  should  be  avoided.  Pink salmon f r y  were noted  as  being  photonegative. 

IIowever, exposure to   l igh t   apparent ly   has   d i f fe r ing   e f fec ts  on their   behavior  

depending on conditions (Hoar 1956). It is not   c lear   whether   s t rong  l ights  would 

serve t n  increase or  decrease.   interaction of pink salmon f ry   wi th   the   in take .  

The po ten t i a l   fo r   c r ea t ing  a haven for   p reda tors  was discussod.  This 

po ten t i a l  was not  considered a ser ious  drawback  of the  design. The s t r u c t u r e  

w i l l  no't exclude  predators,   but it was not  expected  to  produce  concentrations  of 

prey  or   predators   substant ia1, ly  above those found  elsewhere i n  the! river. 

It was generally  agreed that some upstream  migrants would enter  the  bypass 

channel while o thers  would pa.ss  around the outs ide of t h e   f a c i l i t y .  Opinions 

were d iv ided   as   to  which route  would be  preferred.  A 30 cm (12 i n )  opening in 

t h e  trash  racks  at  the  upstream  approach  section was cons idered   sa t i s fac tory   for  

passage  of  even  the  largest  chinook salmon if adequate room (e.g., 1 m) was pro- 

vided  to allow l a rge r   f i sh   t o   t u rn .  

Impingement of carcasses  on the  upstream  trash  racks was expected,  but no one 

f e l t   t h a t   t h i s  would b e  a severe problem. Carcasses which enter  the  bypass channe: 

are expected to   be   passed  downstream.- 11 - 
. ~~~~~ . ~ . .  . ~ 
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The ' loca t ion  of t h e  proposed  intake a t   s i t e  D was considered  sat isfactory 

and a l t e rna te   l oca t ions  below the  Bonaparte River were considered  undesirable 

because of the added number of downstream  and upstream  migrants  passing  either  to 

o r  from the  Bonaparte. The pier-type  location was considered  superlor  to a bank- 

type  intake,  and a r e l a t ive ly   s t r a igh t   l oca t ion   i n  a deep sec t ion  of r i v e r  away 

from r i f f l e s   o r   r a p i d s  was considered  desirable. 

C. m s t e d  Design  Refinements 

During discussions  with  the above  mentioned individuals ,  a number of po ten t ia l  

design  refinements were suggested. From an engineering  standpoint  not a l l  of 

these refinements may prove  feasible and  they do no t   a l l   r e f l ec t   t he   op in ions  of 

the   au thors  of this report .  In t h e  interest of completeness  they  are a l l  pre- 

sented  here.  

The general  comments of a11  experts  contacted  indicated  that  the design pre- 

sented  to  them was excellent considering  the  condition  encountered :in t h e  Thompson 

River and r e f l ec t ed   t he  state of t h e   a r t  i n  f i sh   p ro t ec t ion   a t   i n t ake   s t ruc tu res .  

With respec t   to   p ro tec t ion  of migrat ing  f ry  and smolts, a general ly  recom- 

mended change was removal of projections  into  the  bypass  channel by u t i l i z i n g  

flush-mounted t ravel ing  screens,   preferably  without   l ips .  The use  of  louvers  as 

a guidance device a t  the upstream  approach  section was a l so  mentioned severa l  

times. Replacement of t h e  upper  portion  (near water surface) of the  upstream 

approach  :section  of  trash.racks  with a cu r t a in  wall, s top  logs,   e tc . ,  was suggested 

to  take  advantage of the   sur face   o r ien ta t ion  of most migrating  salmc~~lids.  It was 

a l s o  suggested t o  make provisions  to  place  stop logs at in t e rva l s  behind t h e  

traveling screens t o  more evenly  dis t r ibute   intake f low across   the  screen face  if 

uneven  flows  cause impingement  problems during  operation. Use of flow d i r ec t ing  

vanes  within  the  bypass  channel  close  to  the  traveling  screens and within  the 

t ravel ing  screens was suggested  to   assure   that   the   f low would s t r i k e   t h e  screen a t  

a shallow  angle  (approxfmately 200) and thus  ass is t   bypassing of downstream 

migrants within the   near   v ic in i ty  of the  screen. - - 
. .  . . . .  " ~ . ~  . 
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If f l u s h  mounting of t rave l ing  screens cannot  be  achieved, it was suggested 

t h a t   a n  a i r  pump be  used at  the  leading 'edge of each  pier   to  lift fry i n  this 

v i c i n i t y  up and out  of the  screens.  Also i t  was suggested  that  

several  mechanical means, e.g.,  water jets and paddlewheels,  could be  used t o  in- 

duce a m.ore rapid  flow in the  bypass  channel. Removal of supports between the 

curtain wall and p i e r s  was recommended to   provide more laminar  flow. 

Most individuals   did  not  see how predator   use  of   the   faci l i ty   could  be 

avoided;  however, a few suggestions were obtained. Since predators  and  prey may 

concentrate in any eddies  fonned a t   t h e  downstream  end of t he   s t ruc tu re ,  it was 

sugges ted   tha t   i f   the  downstream end of the   s t ruc ture  was tear-drop  shaped it 

would b e  an advantegeous  modification. A0 induced  bypass  velocity of 0.9-1.2 m/sec 

(3-4 f t / s e c )  was recommended to  e l iminate   predators  from the  bypass; channel. 

The passage of upstream  migrants was not  c0nsidered.a problem,,  and  most indi-  

v i d u a l s   f e l t   t h a t  a 20 cm (8 in) opening  between t rash   rack   bars  would be  suffi-  

c i en t .   O the r s   f e l t   t ha t  a 30 cm (12 i n )  opening would be  necessary. An alterna- 

tive which p laces   the   t rash   rack   sec t ion   wi th  30 cm (12 in) openin(:s p a r a l l e l   t o  

the  river flow was considered viable so long as water  flowed  through  these open- 

ings and the re  was ample room (1 m) to   a l low  l a rge r   f i sh   t o   t u rn .  .Some individ- 

ua l s  recmmended  excluding  upstream  migrants by placing  racks a t  t h e  downstream 

end of t:he bypass  channel. 

SECTION 111. FISH PROTECTION AT CHOSEN INTAKE 

A. m . k e  Location 

Pot :ent ia l   in take  locat ions C, D, E, F and G are ind ica t ed   i n  Iiandwell  drawings 
\ 

n4191-5 and 6 (Appendix B). In  choosing  an  intake  location,  areas which 

might b e  se lec ted  as being  desirable  f ishing  locations  should  be  avoided.  In 

t h i s  way one can avoid  areas which are more l i k e l y   t o   c o n t a i n   f i s h  as w e l l  as 

avoid p1.acement of an in take  in someone's favor i te   f i sh ing   loca t ion .   Res t r ic t ions  

in river width may lead   to   forc ing  most of a migrating  population  through a narrow 

- 13 - 
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area. From a biological   v iewpoint ,   the   ideal   locat ion  for  an i n t a k e   i n   t h e  

Thompson River would be a re:Latively  deep,  wide, s t ra ight   channel ,   wi thout . r i f f les  

or   other   turbulence.  Among t h e   a l t e r n a t i v e   s i t e s ,   s i t e  D is c l ea r ly   t he  best with 

r e spec t   t o  a l l  of these   fac tors .  S i t e  C on the   oppos i te  bank i s  second bes t .  Use 

of t h i s  s i te  would,  however,  probably requi re  a submerged pipe rkwer crossing 

which would not   be  desirable .   Aesthet ics  would be a consideratio:cl i f  a bridge 

crossing were constructed. Sites E and F a re   no t   des i rab le  1ocat:i.ons  due t o   r i f -  

f l e s   and /o r   f l ow  r e s t r i c t ions .  S i t e  G is on the   deposi t ional  sidl2 of a curve   in  

the   r i ve r .  Sites G, E and F are a l l  downstream of t h e  confluence  of  the  Bonaparte 

River and w i l l   t h u s  have  additional  input of migrant   f ish and suspended s o l i d s  

with which to   dea l .  The re la t ive   ranking  of acceptab i l i ty  (from most t o   l e a s t )  of 

the   poss ib le   in take  sites from a f ish  protect ion  viewpoint  is  D, I:, G ,  F, E. 

Th,e offshore  locat ion of th i s   p ie r - type   in take  is c lear ly   super ior  t o  in takes  

located  along a river bank. This   design  acts   to   protect  small steelhead,  chinook, 

coho,  and o t h e r   f r y  which may occupy t e r r i t o r i e s  in the  river margin. This a l so  

allows  passage  of  upstream migrants  a round  the   fac i l i ty   in   the   re la t ive ly   sha l low 

water which they commonly use. It is suggested that a minimum distance of 3 m 

(10 f t )  of watered  area  be  ma.intained  between  the bank s i d e  of t he   i n t ake   s t ruc tu re  

and  the  r iver  bank. This w i 1 . l  protect   the   shal low  water   rear ing  habi ta t  which is 

used p r i o r   t o  and during  the downstream migration of many species .  

B. Intake Design 

The Thompson River intake  design  incorporates numerous f i sh   p ro t ec t ion   f ea -  

tures .  The primary  feature  of  the  design is a bypass  channel whicrh sweeps t h e  

screen face  a t   approximately two o r  more times t h e  approach  veloci.ty.  This  feature 

coupled  with  approach  velocities of 12 d s e c  (0 .4  f t l s e c )   o r   l e s s  w i l l  se rve   to  

transport   migrating fry which enter the  channel past the  t ravel ing  screens and 

return them to   t he  river. :-e screens  themselves will b e  cons:ructed  of a f i n e  
, . . . . . . .. . . ..... 

(2 .5  mm (0.1 in)) mesh which will serve  to  exclude small f r y  from possible  

. . . . ... . . . . ~.. .~ .. . .. 
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entrainment. The p ier - type   s t ruc ture   wi l1 , i so la te   the   in take  from the many young 

f i s h  which u t i l i z e   t h e   s h o r e l i n e   a r e a s  of t he   r i ve r ,  and may a l s o   i s o l a t e   t h e  

s t r u c t u r e  from  upstream  migrants  since a t  l ea s t   p ink  and  sockeye szilmon adu l t s  

seem to  migrate   a long  the  shorel ine.  The generally  streamlined  bullet-shaped con- 

f igurat i .on of the  s t ructure   should serve t o  minimize  eddies and tuxbulence re- 

s u l t i n g   i n  fewer f i sh   ho ld ing   pos i t ion  i n  the  immediate v i c i n i t y  of the   intake.  

The normal  spacing  between  trash  rack  bars w i l l  allow  passage of  many upstream 

migrants  and  the area of 304 ~ n m  (12 in)  spacing w i l l  allow  passage of t h e  l a r g e s t  

chinook  salmon. 

Individuals  with  experience in the   opera t ion  and design of No1:thwest in take  

s t ruc tu res  saw th is   as   be ing  d considerable improvement over  most  bank-type in- 

takes an.d coments   ind ica ted   tha t   th i s   des ign  was considerably  advanced  with 

r e s p e c t   t o   t h e   s t a t e  of t h e   a r t  i n  designing intake s t ruc tu res   t o   p ro t ec t   f i sh .  

This is no t   t o   s ay   t ha t  some of the  detailed  design  aspects  cannot b e  ref ined t o  

,provide an even greater  degree of f i sh   p ro t ec t ion .  

Comparing t h i s   s t r u c t u r e   w i t h   t h e  Lornex Mining Corporation  intake on t h e  

Thompson River w i l l  provide some perspect ive  on  those  features  whic:h  may be 

modified  to  provide  further  refinement.  Pyper (1976) performed a series of de- 

ta i led   observa t ions  B t  t h e  Lomex in take  which ind ica ted   the   type  of behavior 

which  pi.nk  and  chinook  salmon fry  exhibi ted  with  respect   to  this st:ructure  and 

t h e  mode of  entrapment  and impingement of f i s h  by the  intake.  The Lornex in take  

is set back i n  a U-shaped indtentation in the   r i ve r  bank 12 m (40 ft:! from the  

original.   shoreline.  Such a configurat ion  leads  to   eddies  and s t i l l .  water in f ron t  

of the  Intake,   wi th  a r a the r  complex water circulat ion.   Migrat ing  f ish which en- 

counter  such an area  may exper ience   d i f f icu l ty  in  maintaining downtitream movement. 

Furthemore,  as pink  fry  begin  to  congregate i n  the area they may 'hegin to  school,  

espec ia l ly  in dayl ight ,  and switch from negative  rheotaxis  to  posit : ive  rheotaxis 

(swimmin,g aga ins t  a cu r ren t   r a the r   t han   w i th   i t ) .  The complicated  behavioral 

changes  associated  with  exposure  to  l ight,   experience  with  schooling  and  init ial  

- 15 - 
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d i rec t ion  of swimming have  been s tud ie s  by Hoar (1956). Neave (1955) reported 

on f ie ld   observa t ions  of migrating  pink  and chum salmon. Based OTI the  results of 

these two authors ,  we f ee l   t ha t   i n t ake   des igns  which c r e a t e  eddie:s and still  water 

can  cause a change in  behavior which h a l t s  downstream movement. :For this   reason 

an  intake  structure  should  provide l i t t l e  o r  no i nh ib i t i on   t o   t he  downstream move- 

ment of f r y .  The loca t ion  of t h e  Lornex in t ake   a long   t he   sho re lhe  a l s o  l e a d s   t o '  

in te rac t ion   wi th   spec ies  which reside  along  the  shoreline,  thus  Pyper (1976) 

observed  chinook f r y   a s  well as   p ink   f ry   ho ld ing   pos i t ion  in  f ron t  of the   in take  

screens fac ing   in to   the   cur rea t .  The chinook f r y  were probably  shoreline  residents 

exhib i t ing  a normal pos i t ive   rheotax is  and the   p ink   f ry  were probably downstream 

migrants  which  had become disor iented and  were exhib i t ing  abnorma:l. pos i t i ve  

rheotaxis.  

.. Pyper (1976) a l s o  made Observations on the  manner i n  which fry were captured 

by the  screens a t  Lornex.  Impingement w a s  not  observed,  nor would. it have  been 

expected  considering  the low approach ve loc i t i e s .  F r y  were captured  during 

operation of the   t rave l ing  sc:reens wi th   f i sh   be ing   car r ied  up on .the screen t r a y s  

and then washed o f f   i n to   t he  wash trough. The horizontal  bottom  :lip of the  screen 

t r ay   i n t e rcep ted   f i sh  which  were hold ing   pos i t ion   in   f ront  of the  screen face. 

Those f i s h  which subsequently  f l ipped  to  the  front  edge of t h e   l i p  would f a l l  back 

i n t o   t h e  water, while   those  that   f l ipped in  the   oppos i te   d i rec t ion  were caught i n  

a groove a t  the  base of the  screen. These f i s h  were a l i v e  after having been 

ca r r i ed  up the  screen face  and washed i n t o  a trough. They then f e l l  12 m (40 f t )  

to   the  water   surface.  

The comparison  with  the  Lornex  intake is made for   the   sake  of improving the 

state of t h e  art during  the  present  design. The number of f i sh   cap tu red   a t  Lornex 

was small and capture   did not: necessar i ly  mean mortal i ty .  

The Sandwell  design  should  attempt  to  avoid  the  situations which l e d   t o   t h e  

capture of f r y  a t  t h e  screen  face.  A number of  design  features  are  involved. A 

primary  factor  should be  minjmization of any  tendency to   c rea te   eddies   o r  s t i l l  

- 16 - 
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water within the  bypass  channel. To this end, f l u sh  mounting of t:r:aveling screens, 

elimination  and/or  reduction of all cross  members and o ther   s t ruc tc l ra l  components 

within t h e  bypass, and design of t ravel ing  screens  without   horizontal   t rays   or  

l ips   should  be considered.  Pyper (1976) sugges ted   an   inc l ined   l ip  on the   t rave l -  

ing  scre'en  and  elimination of the  groove between the  back of t h e   l i p  and t h e  

screen mesh. This type of modification i s  clearly  desirable.   Pypm  also  suggested 

e1iminat:ion  of l i g h t s   a s s o c i a c e d   w i t h . t h e   i n t a k e   f a c i l i t y  and,  considering  the 

a t t r a c t i o n   t o   s t r o n g   l i g h t  which some species   exhibi t  and the  behavioral  changes 

i n  pink :salmon assoc ia ted   wi th   exposure   to   l igh t .  (Hoar 1956), elimination of l i g h t s  

would se,n to  be a des i r ab le   f ea tu re .  

Considering  the  experience a t   t h e  Lornex in take  and a t  o ther  I?acific North- 

west in takes  we fee l   tha t   cer t :a in   fea tures  can  be  refined  in  the  Sandwell  design 

to   provide a g rea t e r  measure of f i sh   p ro t ec t ion .  These recommended refinements 

are l i s t e d  below: 

1. 

2. 

3. 

4. 

To the   ex ten t   poss ib le ,   e l imina te   s t rong   l igh ts   wi th in   tho   bypass  

channel and on the   ex te r io r   s t ruc tu re .  

Within  the  bypass  channel  provide  for a minimum of turbulonce, 

s t i l l  water, o r   edd ie s  by el iminat ing  project ion  into  the  bypass  

channel; f l u sh  mounting t ravel ing  screens;  and reducing, rear- 

ranging,  and/or  streamlining  cross members. 

Maintain a watered  area  between  the  intake  and  the  shorelkae 

of a t  least 3 m ( l o  f t )  in hor izonta l   d i s tance .  

Provide  for   the use of s top  logs, slats, o r   b a f f l e s  behind. t h e  

t rave l ing  screens which  could be  used  to  spread  the  approach 

ve loc i ty  more evenly  across  the  screen  face.  

. .. .. . ~ .  ~. - -.. . ... 
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5. 

6 .  

7 .  

a. 

9. 

I 1: 

Make provis ions   for   t rave l ing  screens which  have e i ther   (a )  no 

hor izonta l   t rays  on l i p s ;  (b) an inc l ined   p l ane   l i p  ang:Led a t  

approximately 450 to   hor izonta l   wi th  no groove a t  the   i n t e r -  

s ec t ion  of l i p  and screen  face;  (c) hooks rather   than 

horizontal   t rays .  

Provide  the downstream  end of the   s t ruc ture   wi th  a more stream- 

l ined  shape. 

Use the   reversed   or ien ta t ion  of the  upstream  trash racks (or   port ion of 

i t )   to   reduce   bypass   ve loc i ty   on ly  when i t  serves to  reduce  turbulence 

and eddies  within  the  bypass  channel  or serves to  exclude a 

high  proportion of downstream migrants from gntering  the  bypass 

channel by serving  as  a louver  system.  This  procedure  should 

not  be  followed i f  i t  reduces  bypass  velocity below  approxi- 

mately 27 cmlsec (9.9 f t l s e c ) .  

A st ructure   such as a cu r t a in  wall on the  upstream  approach 

sec t ion  of trash  racks  should  be  used  to  exclude  surface  oriented 

downstream migrants   only  i f  it can  be shown t h a t   t h i s  w i : L 1  not .' 

r e s u l t  in any  back-flow  of water in the  bypass  channel or re- 

duction in bypass  velocity  to less than  approximately 27 cm/sec 

(0.9 f t / s e c ) .  

An upstream  approach  section which places   the  t rash  rack  sect ion 

with 30 cm (12 in)   interbar   spacing parallel to   f low is recommended 

providing  that  a 1 m (3 f t )   tu rn ing   rad ius   be   a l lowed  for   l a rge  

upstream  migrants and t h a t  model s tud ie s   i nd ica t e  a downstream 

flow of water through th i s   s ec t ion .  

Ls r ea l i zed  that a l l  of these  refinements must be  tempered by engineer- , .  , .  

ing f e a s i b i l i t y  and cost-effectiveness.  

- 18 - 
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SUMMARP 

The  design  and  location  of  the  Thompson  River  intake  have bem evaluated  and 

both  the  design  and  location  are  good  from a fish  protection  standpoint.  The 

design  represents  the  state  of  the  art in fish  protection  and  the  primary  location 

(D) is  the  most  desirable  of  the  alternatives. A number of design  refinements 

and  specifications  have  veen  recommended  based on a review  of  fish  behavior  and 

interaction  with  other  intake  facilities.  Incorporation of these  refinements  will 

enhance  the  fish  protection  effectiveness  of  the  facility. 
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TABLE 1: L i s t  of Fish  Species i n  the Thompson and Bonaparte Rivers in the  Vicinity  of  the Proposed Intake  Location. 

Couuuon Name Scien t i f ic  Name 
Thompson 

River 
Bonaparte 

River Comments 

Pink salmon 
Coho salmon 

Oncorhynchus gorhuscha ++t + 
Oncorhynchus kisutch +t 

Sockeye  salmon 
i- 

Oncorhynchus nerka 
Chinook salmon Oncorhynchus tshawytscha U 
Mountain whitefish Prosopium williamsoni 
Rainbow t rou t  - Salmo gairdneri  P 
Steelhead  trout Salmo gairdneri  

Odd year  only  run of pinks 
Spawning near intake 

i. . Spawning near  intake 
P 
P 

++t Migrating t o  N & S Thompson - 
Food and game f i s h  
Spor t   f i sh  

Spences  Bridge 
sport  fish e s p e c i a i i y   a t  

- P  P  Large-size  steelhead,  popular 

Brook t rou t  
Dolly Varden 
Peamouth chub 

Longnose dace 
Northern squawfish 

Leopard dace 
Redside shiner 
Finescale  sucker 
Bridgelip  sucker 
Largescale  suoker 
Aleutian  sculpin 
Slimy sculpin 

Salvelinus  fontinalis 

Mylocheilus  caurinus 
Salvelinus & 

Ptychocheilus  oregonensis 
Rhinichthys  cataractae 

Richardsonius  balteatus 
Rhinichthvs  falcatus 

Catostomus  catostomus 
Catostomus  columhianus 
Catostomus macrocheilus. 
Cottus  aleuticus 
Cottus  cognatus 

Food and game f i s h  

Forage f i s h  

Forage f i s h  

From: Environment Canada, Fisher ies  and Marine Service (1974). B.C. Ministry of Recreation and Conservation,  Fish 
and Wildlife Branch (1976,  1977). B.C. Research  and Dolmage Czq5el.l d bsscciate- (1975), Beak Consultants 
i imited <i4i?j 

+ Uncommon - 0-1000 spawning  and migrating f i sh  
ff. Moderately  abundant - i.000-100,000 spawning and migrating  f ish 
"t Abundant - 100,000-500,000 spawning and migrat ing  f ish 
P Present 
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TABLE 2: Timing of   Life   History  Stages of Salmon and  Steelhead in t h e  Thompson River. 

Species   Life   Stage Tbs? Camexlts 

Pink  incubate t o   f r y   s t a g e  . 
(odd years  

Aug. 28l  - May2 
rear - 

only) downstream migration Mar. 1 - May 15 a t  Spatsum. 1976 

- 
none (estuary  rear ing)  ' 

(Peak Apr. 15 - May 9)3  12 miles d l s   Ashc ro f t ,   f ry  make 

adul t   migrat ion Aug. 22 - OCt.  29 Thompson River, general  

spawning 

predators   (adul t )  
predators  (fry.   smolts)  

direct   migrat ion  to   ocean 

(Peak  Sept.  29 - O c t .  m 4  

(Peak O c t .  &iEj'* ' Aug. 28 - N&. 5 Thompson River,   general  

- man - some bear - rainbow trout ,   Dol ly  Varden,  coho 
smolts2 

prey - - 

Sockeye incubate - 
rear 
downstream migration Apr. 15 - June 206 
adul t   migrat ion 
predators  

Ju ly  20 - Oct.  2a6 

- 

prey 
- - 

none 
none (lake rear ing)  
at  Spences  Bridge 
Thompson River, general  
man - some bear 
zooplankton, insects6 

6 

Coho i ncuba te   t o   f ry   s t age  late Sept. l a  e Jan. 2 coho, general ,  11 wks. incubation 
rear 
downstream migration 

Peb., Apr i l  
O c t .  

a t  in take  and elsewhere 

a d u l t  rnigrzttinn -i+ce=t. = "'J "-?-. .T-.- ""1% y:!Q.ipsi.<: E&:=r, g=ner=l 
through  proposed  intake  area 

spawning late Sept. - e a r l y  Nov.. 9 Thompson River,   general  
predators  - - i n sec t s  

-7, b 2 

4 

prey 
man 

- 2 -  
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TABLE 2 Continued: Timing of  Life  History  Stages of Salmon and  Steelhead in t h e  Thompson River. 

Species   Life   Stage Time Comments 

Chinook incubate 
rear 
downstream migration 
adul t   migrat ion 
spawning 

predators   (adul t )  
predators   ( f ry ,   smolts)  
prey 

m i d 4 c t .  - Spring 
Feb., Mar. 7 j  , A p 3 *  
May - Sept. 

ear ly   Sept  . - mid-0c t. 
(Peak la te  Sept.) 

2 

- 

- 

Steelhead  incubate Mar. - Ju ly  10 
rear 
downstream migration 
adul t   migrat ion 

- 
not  known 
late Sept. - A p r i l l l  
Oct. - Feb. 
(Peak Sept. - Oct.) 1 2  
March - June1' spawning 

preda tors   (adul t ,   f ry ,  sm.) 
Prey 

- 
- 

near  intake  and  elsewhere 
chinook,  general 

through  proposed  intake  area 

Thompson River,   general  

man 

insects and  crustaceans 

- 

- 
2 

s teelhead,   general  - 
- 
Thompson River,   general  
Thompson River,   angler  data,  1976 

man, t r o u t ,  coho  smolts2 
Thompson River,   general  

plankton, f ish2 

13  

. .  

* In t h e  Shuswap a rea   f ry   r ea r ing   an   ex t r a   yea r  i n  freshwater were common. 
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TABLE 2 Continued: Timing of Life  History  Stages of Salmon and  Steelhead in the Thompson River. 

Footnotes 

1 
2 
3 
4 

5 

7 
6 

8 

10 
9 

11 
12 
13 

Internat ional   Pacif ic  Salmon Fisheries Commission  (1967-76) 

Pyper (1976) 
Sco t t  and Crossman  (1973) 

Adult  migration was calculated by subtracting 6 days from the  spawning  period - sockeye  and  pinks 

Spawning period wa& calculated on the  basis of 5 years of data: 20 days was added on to e i t h e r  
are known to spend 6 days on t h e  grounds before spawning, 

s i d e  of the  mid-point  of the  peak spawning period over 5 years  for  pinks,  15 days for sockeye, 
(Fred Andrew  IPSFC pers. coma.) 
International Pacific Sahac PishBries Cc~~issicn, psrr. c ~ m . ,  herd hrdrews (Get., i 4 i i j  
Fisher ies  and Environment Canada, Fisheries and  Marine Service (1977), pers. comm. L. Goodman,  Kamloops 
F isher ies  and  Environment Canada, Fisheries and Eiarine Service (1977). pers. comm. Don Oral, Kamloops 
F isher ies  and  Environment Canada, Fisheries and Marine Service (1976) 
Carlisle (1975) 

B.C. Ministry Recreation and Conservation,  Fish and Wildlife Branch  (1977). pers. comm. Sandy  MacDonald,  KarnloopE 
B.C. Ministry  Recreation & Conservation,  Fish & Wildlife Branch  (1977), pers. comm. John  Cartwright, Kamloops 

B.C. Ministry Recreation and Conservation,  Fish and Wildlife Branch (19771, Thompson River steelhead  survey 
1976/77. Ted Antifeau, Kamloops 30 pp f f i g .  unpublished  manuscript. 
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" TABLE 3: Distribution of Spawning Pink Salmon in the Thompson River from t h e  
Confluence with  the Fraser River t o  Kadoops  Lake. 

Portion of River Number of Spawners' % of Thompson River' 

hwnstream of Bonaparte 
(River  miles 0 t o  4812 

Upst,ream of Bonaparte 
(River  miles 48 t o  72) 

Confluence of NicoJa t o  m:Ue 35 
(Riv,er miles 24 t o  35) 

River  miles 35 t o  42 

River  mile 42 t o  confluence of 
Bonaparte 
(Rimer mile 48) 

River mile 48 t o  Kamloops  Lake 
(River  mile 72) 

Mile 0 to  Walhachin Bridge 
(River  mile 63) 

Walhachin Br .  t o  Kamloops Lake 
(River  miles 63 to 72) 

58.278 

206,623 

18,543 

31,788 

7,947 

206,623 

.98,013 

166,888 

22% 

- 78% - 
1 0 0 % ~  

7% 

12% 

3% 

78% 

:loo% 
." 

37% 

63% 
:l.oo% 
-" 

Source: Internat ional   Pacif ic  Salmon Fisheries Commission 

B.C. Research (i Dolmage Czmpbell & Assoc., 1975 
Federal-Provincial Thompson River Task Force, 1976 

Annual Reports 

Footnotes 

'Five-year average 1975,  73, 71, 69,  67 - 264,901 spawners 
;!file 0 is confluence of Thompson and Fraser River 
In 1977  82% of the 97:1,000 pink salmon in the run spawned ctbove the  intake 
.area (Personal Communication, F. Andrew) 
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APPENDIX c 
FISH PROTECTION OUESTIOELS 

1. A t  t h e  low flow  bypass  velocity, as determined in the  model,  of 22 cm/sec 
(0..72 f t / s e c )  (minimum) o r  27 cm/sec (0.89 f t /sec)   (average)  and screen ap- 
proach  velocity of 12 cm/sec (0.4 f t / s e c ) ,  w i l l  migrating  fry  tend  to  bypass 
the   sc reens  or hold  posi . t ion in f r o n t  of t h e  screens? 

2. Wh;%t bypass/approach r a t i o  is necessary  for  successful  bypass of migrating 
f FJ? 

3. How low a r a t i o  would be, detrimental? 1:1? 

4. Should the re  by any  uppe,r l imi t   to   bypass   ve loc i t ies   a t   h igh  flow? 

5 .  Would you expect  migrating fry t o  be  found  alongshore, i n  mid-river or   bo th?  

6. W L L 1  migrat ing  f ry  show any  depth  preference? 

7. Wi:L1 rates of migra t ion   or   pos i t ion  i n  water show a d i e l   v a r i a t i o n ?  

8. Wi:L1 darkness  in  the  bypass  channel  affect   guidance a t  t h e  scrreens? 

9. Would l i g h t s  serve to  increase  guidance  or attract more f ry?  

.O. A r t ?  there  any spec ie s   spec i f i c   f ac to r s  which would make t h i s  design more or 
less e f f ec t ive  in guiding  certain  salmonid  species? 

Predation 

1. W i l l  t h i s   s t ruc tu re   p rov ide   add i t iona l   hab i t a t   fo r   p reda to r s?  What spec ies  - 
DolSy Varden,  squawfish? 

2. WU.1 t h i s   s t r u c t u r e  serve t o  concentrate f ry   l ead ing  t o  concentrations of 
predators?  

3. Would predator  concentration be a ser ious  drawback of this   design? 

Upstream Migrants 

1. W L . 1  upstream  migrants  eater  the  bypass  channel a t   t h e  downstream  end with 
bypass   veloci tyrv22 cm/sec (0.72 f t / s e c )   o r   w i l l   t h e y  go around  the  intake 
s t r u c t u r e  on e i t h e r   s i d e ?  

2. I f  upstream  migrants  enter  the  bypass  channel  will  the  .trash  rack  area  with 
30 cm (1 f t )  between bars  allow  passage? 
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3.  

1. 

2. 

2.  
1 .  

4 .  
3 .  

5 .  
6 .  

2. 
1. 

4 .  
3. 

2. 
1 .  

4 .  
3 .  

5 .  

What would be minimum spa.cing of bars  to  al low  passage of upscream migrants, 
and how wide  an area of s'uch spacing would be recommended? 

Carcasses 

wi1:t carcasses  pass  through  the  rack, become impinged upon i t  or  slough  off 
Considering  the  approximate 15 cm (6 in) spacing of bars i n  the t rash   rack ,  

i n t o   t h e  river? 

If :some carcasses  do pass  into  the  bypass  channel w i l l  they  continue on 

flow  bypass  velocity? 
through  the 30 m (100 f t )  long  channel  or will they settle o u t  a t  a low- 

=General Comments on Design 

Trash  racks  (ver t ical   bars  30 cm (1 f t )   a p a r t )  
Screen  design  (standard  vertical   traveling) 
Distance from shore 
Depth of in take  (1.5-10.4. m (5-34 f t ) )  
Screen  bypass  channel (0.9 m ( 3  f t )  width) 
Screen recesses  (-15 cm (6 i n ) )  

- Intake  Location Comments 

Meanders vs s t r a i g h t  runs! 
Dep.th of  intake 

o Accret ion  s ide 
o Erosion  side 

BaLk vs p ie r   i n t ake  
Xif:Ele areas   vs   poo1,areas  

Po ten t i a l  Design Kefinements - Comments 

Racks st downstream end of  bypass 
Altered  width  between  trash  rack  bars 
In t enn i t t en t  vs continuous  operation  of  traveling  screens 
1nc.lined plane l i p s  on t ravel ing  screens  with hooks f o r  frazi:L. i c e  and debr i s  
Oth,ers 
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INTAKE FACT SHEET 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

10. 

11. 

12. 

13. 

Pier intakew30.5 m (100 f t )  from shore 

1/10  inch mesh ver t ica l   t rave l ing   sc reens  

V e r t i c a l   t r a s h   r a c k s t o p   t o  bottom a t  upstream  approach 

10.4 m (34 f t ) .   c u r t a i n  wall and 5 foot  trash  racks  along  remaining  intake 

Intake  f low = 1.58  m3/sec  (55.7 c f s )  

River  flow = 115 m3/sec (4,060 c f s )  100 year m i n i m u m ,  4134 m3/sec (146,000 
c f s )  100 year m a x i m u m  

Sc:reen approach ve loc i ty  = 12 cm/sec (0.4 f t / s e c )  

Bypass ve loc i ty  = 22 cm/sec (0.72 f t / s e c )  minimum,  27 cm/sec  (0.89 f t / s e c )  
average 

Bypass channel  width = 0.9 m ( 3   f t )  

Bypass channel  lengthw30.5 m (100 f t )  23.8 m (78 f t )   sc reened  

LCIW flow  depth.vl.5 m (5 f t )  

High flow  depthw10.4 m ( 3 4 ' f t )  

Traveling screen r e c e s s e s ~ l 5  cm (6 i n )  
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APPENDIX D. 

GLOSSARY 

Anadromous - A l i f e   h i s t o r y   p a t t e r n   i n  which a d u l t   f i s h   r e t u r n  from the   sea   to  
spawn i n  fresh  water .  

Diel - Refer r ing   to  a 24 hour  day,  e.g.,  feeding  patterns  in some species  may 
exh ib i t  a d i e l   pe r iod ic i ty   w i th  heavy feeding   a t   sunr i se   and/or  sunset. 

Forage f i s h  - Fish which serve as   p rey   fo r   l a rge r  game f i sh .  

Fork  Length - Length of a f i s h  measured f rom t h e   t i p  of the   snout   to   the   fork  
of t h e  t a i l  f i n .  

Metabo1:tc Rate - The rate a t  which l i f e  processes  proceed; may vary  with temp- 
e r a t u r e  and o ther   fac tors .  

Predator - Within  the  context: of t h i s   r e p o r t ,   p r e d a t o r s   a r e   f i s h  which consume 
othex  f ish.  

Rough f i s h  - Fish which may compete with game f i sh   fo r   food ,   bu t   a r e   no t  con- 
s idered  valuable  game f i s h   o r  counnercial f i sh .  

Spawning - Egg deposit ion and f e r t i l i z a t i o n .  



INTERNATIONAL PACIFIC SAIMON  FISHERIES  COMMISSION 

ui 
.. . 

J 
. .  

J 

d 

DISTRIBUTION OF P I N K  SALMON SPAWNERS IN THE THOMPSON RIVER SYSTEM IN 1977 

WITH, SPECLA& REFERENCE TO T B  PROWSED HAT C m K  T " A L  PLANT WATER 

SUPPLY FACILITIES 

INTRODUCTION 

The object of this project  vas  to  record  the numbers and. 
d is t r ibu t ion  of adul t  pink salmon in .   the  Thompson River  system in.  1977 
v i th   de t a i l ed   obsemt ions  i n  areas that might  be affected by the proposed 
Hat Creek t h e m 1   p l a n t  vatex supply facil i t ies i n  Thompson and Bonaparte 
Rivers. The proposed in i t ia l  stage of the  Hat Creek thermal power plant 

. .  proposed by B.C. Hydro vould  involve a 65 c f s  water supply  intake i n  

Thompso,n River, v i t h  some vahr from t h e  supply  pipeline  extending between 

this intake and the  power plant  being  discharged  into Bonaparte River 

when required for dsainage. 
Obsemtions  vere =de of spvo ing  pink salmon in t he  Thompson 

River system  between Xamloopa  Lake and  Spences Bridge,.  including  ,the 
Nicola, Bonaprte, and Deadman Rivers. Approximately 0.58% of the, 

migrating  adult  pink salmon were captured,  tagged and released i n  the  

Thompson  Canyon a p p r o x h t e l y  10 miles downstream of Spences  Bridge. 

The carcasses of the  spvned-out  f ish t h a t  vere swept onto  the river banks 
vere counted including  the n d e r  of tagged f i s h  recovered, so thltt the  

total   spvning  population  could be determined. 
Detailed  observ8tion.s were made in an 8000-ft reach of Thompson 

River ntjar the proposed vater  intake, as well as i n  a l.5-mile ra tch of 
BonaparLe River between the mnuth and an  impassable falls. 

MZTHODS 
Before reaching  the  spvning areas upstream of Lytton, 5676 pink 

salmon were tagged and released. After the  salmon had spavned and had 
begun dying,  the dead were recovered from both banks of t h e   r i v e r  and a 

record was kept by sex and by area of recovery of both  the numbers of 
dead and. the  numbers of tags recovered. An estimate of the pink sr%lmon 
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population in the  Thompson River system was then  calculated based c m  the  

proportion  of  tags  recovered wnd the dead recovery data. The spawning 

populations i n  t h e  Nicola, Bonaparte and Deadman Rivers were estinmted by 
applying  the usual index  factor of 2.6 t o   t h e  maximum l i v e  count  plua the  
cumulative  dead  recovery up t o  t h e  date  of t h e  msximum l i v e  count. The sex 
r a t i o  of pink salmon i n  Nicole., Bonaparte and Deadman Rivers was a;sIsumed 
t o  be the same as that i n  Thompson River. 

Observations of the numbers and dis t r ibut ion of  spawning pink 
salmon wore made from both barks of the  Thompson River  over t h e  fu1.l length 

of the spawning area. ,Where v i s i b i l i t y  was poor, observations werm recorded 
from a boat.  Observations i n  t h e  8000-ft reach i n  which the  proposed water 
intake would be  located were made from a boat as well as from both banks. 

Detailed  l ive  counts  in  the proposed water intake  area and i n  Bonalarte 
River be1,ween t h e  mouth and f d l s  were completed  every four days  during 

the  pink selmon  spawning period. 

An underwater survey was carried  out i n  the  proposed uatsr   in take 
area by tu0 divers employed by B. C. Hydro, and a t   t h e  same time a l i v e  

count  vas  completed' in   the  s tandard manner. The divers had t o  make three 

d r i f t s  01: t he  8000-ft  reach in order t o  cover  the full width of tho river. 
As well as completing a l i ve  count, t h e  divers  photographed the  

bottom features in a section of the r ive r  bottom 60 f t  from shore and 

150 f t  long a t  proposed water intake  Si te  D. Detailed  underwater 

observations were a l so  -de i n  a spawning area  approximately 0.5 miles 

upstream of S i t e  D e  The divers   reported  direct ly   to  B. C. Hydro concerning 
composition of materials on t h e  r ive r  bottom but t h e i r  f i sh  observations 

are  given i n  this report. 

TIMING OF THE PINK SAIMON KiN 

Migration  of pink salmon in to   the  Thompson River  system began 

about September 18 and continued u n t i l  approximately  October 15. A r r i v a l  
times i n  1977 were 5 t o  7 days earlier than  usual. Spawning vas first 
observed on September 25 and continued until October 22. The peak of 

spawning i n  t h e  Thompson and Bonaparte Rivers occurred  October 3-6, while 



the peak of spawning in the  Nicola and Deadman Rivers occurre d O< :tobe 

3 

The pinks began dying. on September 27 and dying  continued until 'October 27, 

t h e   p e d  of dying  occurring October 8-18. 
Tagging procedures1 were carried out September 20-29 during t h e  

peak of the  pink  migration t h o u g h  Thompson  Canyon, and the   l ive  count 
obsennitions began on October 3 a t  the start of t h e  peak of spawning and 
were continued  until October 26. 

NUMBEN OF PINK SAIMON SPAWNERS 

The pink salmon population  in  the Thmpson River  system was 

estimated t o  be 972,94l, of which 971,157 spawned i n  Thompson River 
(TABLE 1 ). T h i s  populat ion estimate was based on a dead recovex-:g of 99,667 

and a 'tag return of 576 of t,he 5676 tags  put  'out. Males and females were 
enumennted sepawtely and the  sex r a t i o  was determined t o  be 44.98% male 

and 55.02% female. The femrrles were examined for egg retention .and t he  

success of spawning was detc:rmined t o  be .91.92%. 

TABLE .1. Numbers of pink  salmon  spawners in   t he  Thompson River system. 

River Haximum 
Live Count Uead Recovery Population Estimate 

d P Total CF 0' Total - 
Thompson 36,2!;3 63,075 99,328 436,859 5341298 971,157 
Nicoh 35 5 I36 137  223 u4* fiU* 98P' 
B o ~ p a : r t e  202 22 . 8 2  104 275" 336" 6U*+ 

Deadma:n 32 3 9 12 8 7  1029 185" 

- 
Total spawning population 972 , 9W 

* Calculated using Thompson River sex r a t i o  
** Calculated f r o m  maximum :Live count 

- 

Population  estimates for the Nicola, Bonaparte, and Deadman 
Rivera were based on maximurp l i v e  count and  dead  recovery data. The maximum 
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l i v e  count on Nicola  River vas 355, which occurred on October 7 and up t o  

tha t   d s t e  25 dead had been recovered,  giving a t o t a l  population  ostimate of 
988. In Lionaparte River,  a msximum l i v e  count of 202 on October 5 plus 33 
accumulated  dead  gave  a population  estimate of 611. A population  estimate 

of 185 pink salmon i n  Deadman River was based on a d a d  recovery of l2, a 
l i v e  count of 32, plus  71  pinks known t o  have passed  through  a  weir  located 
half a mile upstream from the  creek mouth.  The sex r a t i o  i n  a l l  three 

r ive r s  was assumed t o  be the  same a s   i n   t h e  Thompson. By counting  the 

number of eggs retained i n  the  carcasses of spawned femles   the  success  of 
spawning i n  Bonaparte; Nico:La and Deadman Rivers was determined l,o be 

96.34, 99.27 and 100.00%, respectively. 

DISTRIBUTION OF SPAWNERS BASED ON DEAD f i E C O E B X  

The numbers of dead recovered by area i n  the  main Thompson River 

are  shown i n  TABLE 2 . Because female salmon  do not move f a r  f r o m  t h e i r  
redds ,after spawning, the   d i s t r ibu t ion  of spawners  can be estimated from 
the  numbers of dead females recovered i n  each area. The seven  dead recovery 

areas  i n  Thompson River and the   th ree   t r ibu tary  spawning areas a r e  shown i n  
FIGURE 1 . Approximately 130% of the female carcasses were recovered in  

Areas lA, IB and 2,  which a re  upstream from the  proposed water  intake. 

TABLE ,2. Distribution of pink salmon carcasses  recovered from both banks 
of Thompson River, 

A r e a  Number of Dead Recovered Distr i l~ut ion of 

d Total 
fenales 

y. 

Total 35,892  62,559  98,L51 100 <,oo 
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FIGIJRE 1. - The Thompson River system showing the d i s t r ibu t ion  of  spavning 
pink salmon, estimated on the  basis of l i v e  counts. 
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DISTRIBUTION OF SPAWNERS BASU ON LIVE COUNTS 

The d i s t r i b u t i o n  of  spavaers  vas  also  determined on the  basis 
of t h e  .numbers of l i v e   f i s h   s e e n  i n  each of the   a reas  shown i n  FIGURE 1 . 
The l ive  count method of determining  spavner   dis t r ibut ion may havo been 

more accurate  than  the  dead  recovery method s ince   the   va te r  vas c l e a r  

enough.to see f ish  spavning  throughout   the  length of t h e  river, and 

therefo,re   the  error   introduced by dovastream d r i f t  of  spauned-out f i s h  

vas  avoided. The proportion of t h e   t o t a l  number of spavners u t i l i z i n g  

each of the  designated  areas  and the   t r ibu tary   s t reams is shovn in 
FIGURE 1 and t h e  numbers of spavners  seen  in  each of the   a r eas   In  

Thompson River  are  given i n  TABLE 3. 
Heaviest  spavning  density  occurred between Kamloops Lako and 

Deadman River. A heavy  concctntration of spavning was observed O.!i mile 

upstrwm of  the   p roposed   va te r   in take   s i te  (FIGURE 2). 

FICURS 2. ?hotograph of part of t h e  pink salmon  spawning a r e s  
approximately 2000 f t  upstream from t h e  proposed Hat 
Creek va ter   in take   s i te .  
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TABLE 3. Haximum l i ve  counts of pink salmon spauning i n  designatled areas 
. of Thompson River. 

Area Live Count % of  Total 
Live Count 

L4 

1B 
2 

3 
4 
5 
6 

L3 e 2  

10.2 
31 .O 
4.9 
9.1 
1.6 

Light spawning was recorded i n  the  mouth of Nicola and Deadman Rivers 
as well as i n  Bonaparte  River  upstream t o  t h e  falls. Together these 
three rivers  accounted for less than 1% of the t o t a l  number of sp.wning 

pink salmon observed in the Thompson River system. 
The l i v e  counts  indicated that approximately SL% of the 

spawning occurred between Kamloops  Lake and 0.5 mile  upstream from Bonaparte 
Hiver. As previously  indicated, 80% of the  femsle  carcasses were :recovered 

i n  this area. It is therefore concluded that approxhately 82% of t h e  
spawning occurred  upstream from t h e  propased water intake  s i tes .  

OBSERVATIOiVS IN THE VATER INTAKE AREA 

Five alternate sites for t h e  water intake s t ructure  were being 
considered by B. C. Hydro a t  the time of t h i s  study and these a re  shown i n  

FIGURE 3 , i n  the  locations given i n  8.  C. Iiydro drawings DW9l-SIS54 and 

SK55. Each pink  salmon observed i n  the  8000-ft reach of the  Thompson 

River  that  might  be affected by the  water in take  f a c i l i t i e s  is shown as 
a dot an FIGURE 3. 
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O n l y  &l pink salmon vere recorded i n  t h i s  8 0 0 b f t  reach, 

including  those  seen by t h e  divers. O f  these W fish,  3L vere npvned 
males, 4 vere spawed  females and 3 vere  migrating f i sh .  There was no 
evidence that pink salmon  spavned i n  t h i s  reach of t he   r i ve r  or ,that 
migrat ing  f ish accumulated :Ln schools or rested i n  the  region of t h e  

va te r   in take   s i tes  under  consideration. 

Spavning conditions in  the  study  area  vere poor. As 
indicated i n  FIGURES 4 and 5 ,  the   va te r  vas deep  and slou floving 

and i n  many areas t h e  r i v e r  bottom vas  covered v i t h  boulders 1-2 f t  

i n  diameter. 

FIGURE L. River  conditions a t  proposed water  intake  Site D. 
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FIGURE f j .  Riverbed  material a t  proposed  water  intake  Site D. 

PINK SALMON D1:STRIBUTION IN BONAPARTE RIVER 

The d i s t r i b u t i o n  o f  migrating,  holding, and spawning  pink  salmon 

i n  Bonaparte  River 'is shown in FIGURE 6 . Values shown on the  drawing 
a r e  numbers of f i sh  recorded  during a l i v e  count made a t   t h e  peak of 

spawning. 
Only about 0.1% of the  pink salmon  spawners i n  t h e  Thompson 

River system utilized  Bonaparte  River. Spawning was observed from t h e  

Canadian  National Railway b r idge   a t   t he  mouth upstream t o   t h e   f a l l s ,  a 
d is tance  of 1.5 miles. No f i s h  were observed  upstream of t h e   f a l l s   b u t  

the,   water   veloci t ies ,   depths  and r iverbed  mater ia ls   appeared 'excel lent  

for pink salmon  spawning. Most of the   a r ea  of Bonaparte  River  downstream 
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of t:he falls vas composed of &lo in. boulders  vith s i l t  co l l ec t ing  

betw'een the  boulders.  ApproxiPrately 20% of the  stream below t h e   f a l l s  

exhi'bited good spawning  conditions wi th  2-3 in .   gravel  (FIGURE 7) and 

heayy  spawning  occurred in these  areas .  Tho area  upstream from the 

f a l l s  appeared  capable of supporting  very  large numbers of  spawners. 

FIGURE 7. Typical  gravel  conditions  in  Bonaparte  River  in 
a r e a s   u t i l i z e d  by pink  salmon  spawners below t h e  
f a l l s .  

w 

ONSEXVATIONS BY DIVERS 

?he divers  observed 23 pink  salmon,  8  suckers  and 1 Rocky 

HounT,ain Whitefish i n  the  region of t h e  proposed  water  intake sites. 
All +,he pink salmon  observed were spawned males. ?he divers   did  not  

see   my  ev idence  of spawning, holding or migrating salmon i n  t h e  

8000--ft  reach  observed.  Spavning  conditions i n  th i s   reach  were 

reported by the   d ivers   as   be ing   vary  poor. The r i v e r  bottom Y(LS 

covered  with  large  boulders and s i l t  was co l l ec t ing  on the  downstream 
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s i d e  of these  boulders'. The water veloci ty   a long the  bottom was estimated 

t o  bo only 0.3 fps .  

1. 

2. 

3. 

L. 

CONCLUSIONS 

A.pproxhte ly  8 2 %  of the 972,941  pink  salmon  spawning i n   t h e  Thompson 

River  system i n  1977 u t i l i z e d  areas upstream from the proposed water 
i n t a k e   s i t e .  

lilo pink  salmon  spawning  occurred in   t he   r eg ion  of t h e  pmpclsed water 
in take  sites. Conditions for spawning i n  this area were poor owing 

t,o low v e l o c i t i e s  and s c a r c i t y  of s u i t a b l e  spawning  gravel. 

There was no evidence 'that t h e  area which might be affected, by the  

proposed water i n W e   f a c i l i t i e s  had  any b io logica l   s ign i f icance   as  

a  holding  area for mig:rating  adult  pink salmon. 

Approximately 611 pink  salmon spawned i n  Bonaparte  River. The 

spawning  occurred i n  concentrated  areas  between  the mouth and f a l l s .  

The falls  prevented  the  f ish from migrating  further  upstream, where 

v e l o c i t i e s  and  gravel  conditions  appeared  to  be  excellent for pink 

salmon spaming. 

December, 1977. Ken Morton 
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1.0 INTRODUCTION 

This  report  summarizes the results of d r i l l i n g  and surface 

expLoration  carried out for  preliminary  engineering  purposes in the 

v i c i n i t y  of intake si te 10- locat ion ' D '  on the Thompson River j u s t  

upstream of the  confluence w i t h  the Bonaparte  River.  Proposals had been 

invi . ted  for   dr i l l ing  direct ly   over  the s i t e  of the  intake from. a barge 

moored in the  r iver.   This proved to  be too  costly  for  present needs 

however, and it was .decided  to d r i l l  on both banks of the  r i v e r  on the line 

of t h e  intake,  and to supplement the  findings by subbottom seismic 

.prof i l ing  techniques.  

2.0 DRILLING INVESTIGATION 

Three  boreholes, numbers 1 to  3 ,  were  sunk on shore u.!sing a Becker 

truck mounted hammer d r i l l  employing 143 mm (5-5/8 inch) OD casing. 

Basi.cally  the d r i l l  operates by advancing  casing  into  the ground with a 

pile:   driving hammer mounted on the   r ig  boom, and forcing  the sample re turn  

up the  inside of the  casing by a i r  under  pressure  to  the b i t  v ia  an annulus 

i n  t h e  wall of the  casing.  Despite  the  apparent  crudity of the   so i l  

samrlling, the r i g  is  well   suited  to  exploration of granular   deposi ts ;   in  

general ,  the grading of t h e  samples  returned  to  the  surface  are 

surpr is ingly  representat ive of the  deposi ts   in   s i tu .  The pa r t i cu la r  

machine  used in t h i s  work was f i t t ed   in   addi t ion  wi th  a rotary  rock  coring 

attachment, and it was used t o   d r i l l  bedrock and hard  glacial  ,till. 

Dr i l l i ng  was carr ied  out  on September 26-29, 1977 and it was f u l l y  

supervised by a field  tec 'hnician from Golder Brawner 6 Associates Ltd.  

Boreholes 1 and 2 were sunk for  the  purpose of discovering  the  location of 

Golder Associates 
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bedrock on the   l ine of the  intake  s i te ,   whi le  Borehole 3 was sunk for the 

evaluat ion by others  of a possible.radia1  well .  The locat ion of the 

borings i s  shown on the  attached  Figure 1 and the  detailed  borehole  records 

are  presented  in Appendix A . ,  Borehole Nos. 1 and 2 were moved somewhat 

upstream of- intake  locat ion ' D '  i n  order  to  find a level  piece of ground on 

which to  set up the d r i l l  r ig.   Similarly,   the  seismic  l ine 2 discussed  in 

Secti.on 3 below was  moved a shor t   d i s tan ie  upstream. In  reading  the 

borehole  records the following  should be noted:- 

a )  The sample descr ipt ions  are   detai led  in  lower ca.se l e t t e r s ,  

but  the  essentiaI  consti tuent of each  deposit is  wri t ten i n  

' upper  case  letters. 

b) The casing d r i v i n g  res i s tance  is  a useful   indicat ion of the 

compactness of the  deposit  through which the d r i l l i n g  b i t  is  

advancing. The res i s tance  is  measured as the number of 

hammer. blows per 0.305 m (1.0 f t .  1 and the  values  are 

recorded  continuously. 

cf  Occasional  Standard  Penetration  Tests were carri.ed  out and 

the   resu l t s  - 'N' values - a re  shown as  the  conventional 

Imperial u n i t s  of blows/foot. The sample  recovered by t h i s  

means is id.entified by the l e t t e r  'S' i n  the sample  type 

column on t:he log. Samples ident i f ied  as ' C '  were disturbed 

samples  taken from a cyclone, which was attached  to  the head 

of the casing  to  catch  the sample return.  

d )  Samples of water were taken where encountered in the 

boreholes. These were dispatched  to  Sandwell and  Company 

for   analysis .  

Golder Associates 
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e) A rough  check on ground  permeability  was  carried  out  by 

performing  simple  rising  head  tests  in  the  drill.hole  casing. 

Basically,  the  driller  flushes  the  water  out  of  the  casing 

using  air  pressure,  the  drill  is  then  stopped srld the 

technician  records  the  rise  in  the  water  level  rrith  time. 

The  coefficient  of  permeability  is  then  calculated from this 

data,  together  with  the  diameter of the  inside of the  casing 

and  the  height  to  standing  water  table,  which  is  found on 

completion of drilling.  The  coefficient of permeability 

thus  deduced,  is a mean  value  between  the  horizontal  and  the 

vertical  values.  More  granular  deposits  such a13 were 

encountered  in  parts  of  this  drilling  usually  have 

'permeabilities  in  the  horizontal  and  vertical  directions 

differing  by  at  least  one  order  of  magnitude. 

3.0 SEISMIC  INVESTIGATION - 
Seismic  investigations  were  undertaken  during  the  period  November 

15 t:o November.19,  1977,  by  Geo-Recon  Explorations  Ltd.,  Seattle, 

Washington.  Russell  Hillman  of  Golder  Brawner h Associates Led.  worked  in 

conjunction  with  Geo-Recon  field personeel as  an  integral  part  of  the  field 

crew.  Three  land  seismic  refraction  lines and one  overwater  reflection 

line  were  undertaken  in  this  period.  The  detailed  results  of  the  survey 

are  presented  in  Appendix B of this  report. 

Irq 
. .. 
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4.0 BEDROCK PROFILE 

The shaley mudstone bedrock sur face   wi th in   the   a rea  is r e l a t i v e l y  

f l a t   l y ing .  The three  seismic  traverses  near  to  intake  Location D ind ica te  

tha t   the  bedrock  has a fa i r ly   cons is ten t   e leva t ion  of approximately 284 

metres. A t  the  locat ion  of .   the   intake  a t   Point  D we would therefore  expect 

the  surface of the  bedrock  to be about 3 m (10 f t . )  below the ‘bed of the 

r iver .  The mater ia l  above the  rock in the r ive r  bed i s  l ike ly   to  be sand, 

gravel,   cobbles and boulders. On t he   l e f t  bank roughly E O  met:res 

downstream from Borehole No. 2 ,  there  is a bedrock  outcrop, which was 

v i s i b l e   a t  low water  level  in November a t   t he  time of the  seismic  survey. 

This   indicates   that   the   r iver  bed a t   t h i s   l oca t ion  is  rock  cont:rolled. The 

bedrock  surface  along Seit;mic Line 3 appears  to be s l i g h t l y  deeper which 

may indica te  a shallow d i p  to  the west. 

Based on the  rock  encountered  in  the  drillings and on the measured 

seismic  veloci t ies  it is our  opinion  that  the  bedrock  could no’t be ripped, 

and .would requi re   l igh t   b las t ing   for  removal.  Furthermore,  the  rock i s  too 

hard  for   penetrat ion by sheet  piling  during  cofferdam  construc.t.ion, and it 

woul,d not therefore  be poclsible to   s ea l  the excavation from water by t h i s  

means. 

Yours very t r u l y  

GOLDER BPAWNER h ASSOCLYl’ES LTD. 

Per: N.R. McCammon, P. Eng. 

N.A. Skermer, P. :kg .  
- 

NRMiIVAS : rme 

V77047 
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RECORO OF BOREHOLE f 

L O C N I O N  'tSn Figure f 1 BORING DATE 5ept 21, t7 ,  /977 

BOREHOLE TYPE corlnp  facilt.ty.. 

Elevation top of borehole - 301.02  meters, 987.6 feet. 
Becker hmmer d r i l l  w i t h  

BOREHOLE  DIAMETER 139.7 m. 

SOIL PROFILE 
- 

IEPTH 4 DESCRIPTION 

Gmund surface 

and umrse SANDY GRAVEL w i t h  
Dmse grey brorn, fine. medium 

trace of s i l t .  
:98m 

Very dense. bmn,  f ine SAND, 
sone %lit, trace of gravel. 

&~i cobbles 
Very dense grey FINE SAND, 
sune glravel, sane s l i t .  + I 
Very dense grey FlNE TO 
HEDILWSAND, trace  of s i l t  
t race  of   gravel .  

' f i n e  sand  and gravel,  trace 
Very  dense  grey  TILL. s i l t y  

of clay, sane medium and 
coarse  und. 

BEDROCK CALCAREOUS  SHALE 
Ver,y bixdiy  broken with 
ve r t i ca l  or near ve r t i ca l  

wl t h  s I i ckens idd  surface, 
bedding. ocus iona l  plece 

evidenss of some gwge 

z CASING DRIVING RESISTAMCE 

blarrlfoot 

E f o r  139.7 m d r i l l  casino 
I; 
IL 

REMARKS 
An0 

ADDITIONAL 

TESTING 

30 
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RECORD O f  BOREHOLE 2 

LOCATION (See Figure 1 ) BORING DATE 5e& Z 4 ,  /977 

BOREHQLE TYPE  cor ing   fac i l i t y .  
Bcsker harmer d r i l l  with 

BOREHOLE DIAMETER 139.7 mn. 
Elevation top o f  borehole - 293.16 meters,.961.8  feet. 
- 
DEPTt 

m. - 
ft. 

1.0' 
as/m 
TU ' 

'04rr 
9.0' 

.*.p7n 
' A  0 ' 

??.O ' 

O.dZn 
95.5' 

f.a7n 
L5.f' 

SOIL  PROFILE 

DESCRIPTION 

Ground surface 

Cmpac.t grey  cobbles, smell 
boulders and SANOY GRAVEL 

Very dense  brown s i l t y   f i n e  
sand  and gravel,  trace  clay, 
TILL. 

Very dense grey s i l t y   f i n e  
sand  and gravel,  trace  clay, 

TILL. 
occasionaI'smaI1  cobbles, 

Very dcense grey GRAVELLY 
CLAY AND SILT. t m e   f i n e  
sand, (occasional  small 
boulders. 

Very dmse  grey  si1 t y  f i n e  
sand and gravel, some med. 

clay, Uccasional  cobbles. 
and coilcse sand trace of 

occasional  layer  of  gravel ly 
c lay and s i l t ,   s m e   f i n e  
sand, TILL 

SHALE  flEDROCK 

End of borehole 

T 

t 

I 

i 

I 

> CASING DRIVING RESISTANCE 

2 

REUARW 

A N D  
ADDITIONAL 

LT 
Y blows/fwt 

E for  139.7 mn d r i l l  casing 
LT TEST1 NG 

. .  ..... 
" ...,. ....... 

... .. 

... ... . . . .  ......... - _" -. _ _  (5') bel- ground 
. . .  ..... . . .  wrf.ce S e ~ t  28/77. . . . . . . . . . . . . .  m q  .... .. ....... 

....... - . . . . . . . .  _ _  ..... - .. - . . . . . . . . . . . . . . . . . . . .  .- 

...... . ~ .. . "I" 



SOIL PROFILE - 
DESCRIPTION 

Ground  surface 
7 

Canpact  becaning  very  dense 
grey fine, medium 6 coarse 
SANDY GRAVEL. trace o f  silt  
occasional small boulder, 

sand. 
lens of  medium  and  coarse 

Very d a m e  grey  silty  fine 
SAND c GRAVEL, some medium 
and co11rse sand, trace ciay. J 

Very dwse grey  TILL,  silty 
fine sand and gravel s a  
medium  and  coarse sand, trace 
of clay, occasimal cobble. 

- 

- 
Pare  cobbies and  boulders 
b e l m  11.89 n.(39 ft.) 

End of borehole. 

..... 
. .  .. 

REMUKS 
AND 

ADDITIONAL 
TESTING 

7AWN 
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December 9, 1977 

G-13 2 

Golder  Brawner & Associates  Ltd. 
224  West  8th  Ave. 
Vancouver, B.C. V5Y 1N5 

GEOPHYSICAL  SURVEY - THOMPSON  RIVER,  COOLING  WATER  SUPPLY, 
HAT CREEK PROJECT 

This  letter  and  Golder  Associates Figure.2 presents  the  results 
of a land  seismic  refract.ion  and  the  overwater  acoustic  reflection 
survey,  conducted by your.  authorization,  at  the  proposed  location 
of  the  cooling  water  supply  intake  for  the  Hat  Creek  praject, 
on  the  Thompson  River  nea,r  Ashcroft, B.C. The  purpose  of  the 
survey  was  to  delineate  t,he  bedrock  surface  between  the  land  bor- 

designated  line  locations.  The  field  phase  of  the  survey  was 
ings  and  the  edge  of  the  river  and  across  the  river  along  pre- 

of  your  office  supervised  the  field  phase  of  the  survey  and 
conducted  between  November 17 and  20, 1977. Mr.  Nigel  Skermer 

Mr.  Russell  Hillman  from  your  office  assisted  in  field  operations. 

The  survey  consisted  of  four  seismic  lines.  The  seismic:  velocity 
profiles,  as  computed  from  the  field-gathered  data,  are  shown  on 
Figure 2. The  seismic'velocity  profile  interpretation  for  Seismic 
Lines 1, 3 and 4 was  from  data  obtained  with a conventional SIE 
RS49,  24-channel  seismograph.  The  seismic  velocity  profile  for 
Seismic  Line 2 was  developed  from  data  gathered  by  an  overwater 
acoustic  reflection  profiling  device  (Pulser). 

For  the  velocity  profile  of Seismic.Line 2 ,  the  computed  pulser 
depth  points  were  obtained  as  the  pulser  crossed  the  axis  of  the 
seismic  line.  The  acoustic  profiler  was  operated  parall.el  to 
the  flow  of  the  river  current,  from  downstream  of  the  seismic 

moment  (of crossing  the  seismic  line, a location  was  deterinined  by 
line, up to  and  across  the  axis  of  the .seismic  line. At. the 

a transit and  the  record  was  marked. These  marked  points  on  the 
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acoust:ic  records were p l o t t e d   t o   p r o d u c e   t h e   r i v e r   p r o f i l e .  

physic:al  measurements made  by generally  accepted  methods and 
The geophysical   information  in   this   report  i s  based upon geo- 

r e su1 t : s   a r e   i n t e rp re t ive   i n   na tu re  and are considered t:o be a 
f i e ld   p rocedures  and our in te rpre ta t ion   o f   these   da ta .   These  

reasonably   accura te   p resenta t ion  of ex is t ing   condi t ions   wi th-  
i n  the! l i m i t a t i o n s   o f   t h e  methods  employed. 

The land seismic refract . ion  l ines   exhibi ted  . four- layer   veloci ty  
p ro f i l . e s .   These   l aye r s ,   w i th   t he i r   ve loc i ty   r anges   a r e   l i s t ed  
below: 

Layer 

Top l aye r  

Veloci ty  Range - 
305 - 365 m / s  
( 1 0 0 0  - 1 2 0 0  f p s )  

Second l a y e r  975 - 1524 m / s  
(3200 - 5000 f p s )  

Third  layer  
91 

1900  - 2286  m / s  
(6250 - 7500 f p s )  

id 

Fourth  layer  3048 - 3810 m/S 
(10,000 - 12,500  lips) 

A t h i n   l a y e r  of  boulders  not  included  in  the  above l is t  o r  shown 
on  Figure 2 i s  present  on the   su r f ace  on some of   the seismic l i n e s .  
This  boulder pavement appea r s   t o  be shal low  (0 .3   to  0.6 meters) and 
has   an  apparent   veloci ty   of  3261 m / s  ( 1 0 , 7 0 0  fp s ) .   Th i s  i s  
e s s e n t i a l l y  a horizontal   veloci ty   and is  markedly d i f f e r e n t   t h a n  
the  ver t ical   veloci ty   through  boulder   pavement .  

The f i r s t   l a y e r  shown above is t y p i c a l  of s u r f i c i a l   m a t e r i a l s .  
Cor re l a t ion  of remain ing   layers   to  t h e  materials.   found  in the  
boreholes   located  a long  the  seismic l i n e s  i nd ica t e   t ha t   t he   s econd  
l a y e r  is e i ther   weathered  till and/or  sand and g r a v e l ,   t h e   t h i r d  
l a y e r  is till and t h e   f o u r t h   l a y e r  is bedrock. 

Figure 2 ,  Seismic Line 2, shows the  der ived seismic vel.ocity 
prof i l te   across   the  Thompson River.  Water  depths were p l o t t e d  
u t i l i z , i n g  a water velocity  of  1463 m/s ( 4 8 0 0  f p s ) .  A t.wo-layer 
subbottom was noted on t h e  records .   Corre la t ion   to   the   l and  
se i smjc   ve loc i ty   p ro f i l e s   i nd ica t e s   t ha t   t he   t op  of t h e  second 
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l a y e r  on Seismic Line 2 i s  equiva len t   to   the   top   o f   the!   four th  

computed a t  1904  m / s  (62.50 f p s ) .  
layer  (bedrock)  on Seism.ic Lines 1 and 4 .  Subbottom  de!pths were 

The accuracy  of   the seismic v e l o c i t y   p r o f i l e s  is cons idered   to   be  
within  reasonable  limits f o r  a p re l imina ry   s i t i ng   o f   t he   i n t ake  
s t r u c t u r e .  However; it i s  recommended t h a t   a n  overwate:!: seismic 
refract ion  prof i le   be  developed  between  the  shore  and tbe proposed 

p ro f i l i ng   t echn ique   w i th  a more p r e c i s e  d e f i n i t i o n  of  subbottom 
i n t a k e  structure loca t ion  t o  v e r i f y   t h e  accuracy  of t h e   a c o u s t i c  

material velocity.   Also,  a shore  line  upstream  and  downstream a t  
the   in take   loca t ion   could   be  run to   de f ine   t he   bed rock   conf igu ra t ion  
i n  a d i rec t ion   normal   to   the   p roposed   cen ter   l ine   o f  t h e  i n t ake  
s t r u c t u r e .  

Please advise   us  i f  you  :have any  questions  regarding this r e p o r t  
o r  i f  we may be  of   fur ther   service.  

Sincerely,  - 

GEO-RECON EXPLORATIONS . . r 

NO. €G 861 

mi 

3 
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SUMMARY 

The cool ing  water   supply  intake  for   the 
proposed Hat Creek  Project  has  been  designed as a p i e r  
i n t ake   l oca t ed   i n   t he  Thompson River.  Concern  has  been 
expressed   regard ing   the   e f fec t   o f   the   in take  on t h e  
su rv iva l  o f  salmon fry  hatching  in  upstream  spawning 
areas .  The fry  could  be  entrapped  between  the  t ravel l ing 
screens   p ro tec t ing   the  pumps from  small   trash  and  the 
c u r t a i n  wall and   t r a sh racks   t ha t   p ro t ec t   aga ins t   l a rge r  
t3:ash' and i c e .  A concept was developed t o   c r e a t e  a bypass 
channel   that  would acc.ept   r iver   water  and c r e a t e  a sweeping 
ve loc i ty  between the   sc reens   and   cur ta in   wal l / t rashracks  
to   ca r ry   t he   f ry   back   t o   t he   r i ve r .   Th i s   r epor t   r ep resen t s  
t h e   r e s u l t s   o f  a s tudy  using a 1:40 scale  hydraulic: 
model to  develop  this  concept  and  demonstrate it to be a 
t echn ica l ly   f ea s ib l e   so lu t ion   t o   t he   p rob lem.  The study 
r e s u l t e d  i n  an intake arrangement  that provided an acceptable 
sweeping  flow  for al.1 fo re seeab le   ope ra t ing   s i t ua t ions .  
A l s o  i nves t iga t ed  were  sedimentation  and  trash  accrunulation 
problems  and  specific  recommendations  were made r e l a t i v e   t o  
these  problems. 
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1. INTRODUCTION 

In Western Can 

1. 

s which ,ada,   water  supply  intake 
ta .ke  water   direct ly   f rom  r ivers   have  unique  operat ional  
problems. They must: pe r fo rm  sa t i s f ac to r i ly   du r ing   pe r iods  
o f  sustained  sub-zero  temperatures  and  during  periods 
when considerable   debris  o r  i ce   a re   be ing   t ranspor ted .  
Consequent ly ,   the   t rend   has   been   to   u t i l i ze  a cur t a in  
wal l   and   t rashracks   loca ted   in   f ront   o f   the  pump ba.yS, 
while  the pumps a r e   f u r t h e r   p r o t e c t e d  from in take  of 
fo re ign   so l id s  by a f ine   s c reen .  The cur ta in   wal l  
extends  below  the  design low water   surface s.0 t h a t , , '  
toge ther   wi th   the  pump housing  superstructure ,  it c rea t e s  
an environment  which is  pro tec ted  from the damaging ac t ion  
of  extreme  cold  temperatures. However, these   in takes  do not  
provide   for  a r iver   f low  a long  the  screen  face and f i sh   can ;  
t he re fo re ,  become trapped  between  the  cur ta in   wal l / t rashracks 
and  screens. 

Recogniz ing   th i s   po ten t ia l   f i sh   p roblem i n  t h e i r  
de:sign o f  an in take  f o r  water  supply  to  the  proposed Hat 
Creek Project for the British Columbia Hydro and Power 
Authority (B.C. Hydro),  the  engineering  consultant,  Sandwell 
and Company (Sandwell)  explored  methods  of  preventi.:ng  fish 
entrapment. A concep tua l   des ign   t o   c r ea t e  a downstream 
f lushing  f low  between  the  cur ta in   wal l / t rashracks a.:nd 
the   f i ne r   s c reens  was subsequently recommended. As t h i s  
concept was basically  unproven,  Sandwell   requested  , that  
NHCL design,   construct  and t e s t  a hydraul ic  model t o   v e r i f y  
the  concept.  

d 
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In a l e t t e r   t o   Sandwel l ,   da t ed  2 7  May 1 9 7 7 ,  NHCL 
proposed  to   assess  't:he hydraulic  performance'of  flow  between 
th.e cu r t a in   wa l l / t r a sh racks  and  the  (finer)  travel ' l . ing  screens 
by t e s t i n g  a 1:40 s c a l e  model. The model,   constructed  in 
a flume,  would  be  conceptual i n  na tu re ,   bu t  would be designed 
using  parameters  (eg.   elevations,   water  depths,  etc:.)  from 
th;e p r e f e r r e d   S i t e  1)(4)*; i n   t h i s  way, r e su l t s   r ega rd ing  f low 
between  the  cur ta in   wal l / t rashracks  and  t ravel l ing  Screens 
could   genera l ly   be   t : ransfer red   to   o ther   s i tes .  

Sandwell, in  a l e t t e r   d a t e d  1 June 1977,  authorized 
NEKL t o  proceed  with  the model study as proposed. P r i o r  t o  
model cons t ruc t ion ,  NHCL provided  advice  to Sandwel.1 on the  
hydraul ic   design o f  t he   i n t ake ,  and the  resul t ing  :prototype 
design  provided a b a s i s  f o r  t he  model design. 

As the  preliminary  engineering f o r  the  water   intake 
would pa ra l l e l   t he   hydrau l i c  model study,  and  because  design 
changes  might  be  required t o  assure  an  acceptable  flow  between 
cu r t a in   wa l l  and t r ave l l i ng   s c reens ,  two key  items  were  agreed 
upon a t   t h e   o u t s e t  of  the  study: 

(1) The model woul'd be   cons t ruc ted   in   sec t ions  
so as t o  f a c i l i t a t e  quick  design  changes by 
interchanging  smaller  components. 

( 2 )  Sandwell would regular ly   review model 
progress  t o  ensure  compatibil i ty  with  th,e 
overall   preliminary  engineering  phase.  

NHCL personnel  included  Albert G. Mercer, P.  Eng.,  
who directed  the  s tudy,   Brent  A.  Berry,   E.I .T.,  who conducted 
t h e   t e s t i n g  program  and  Michael H .  Okun, P.  Eng. who provided 

- 
"Superscr ipt  numera:ls i n   b r a c k e t s   r e f e r  t o  references 

1 . i s t ed   a t   t he  end of t h i s   r e p o r t .  
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co-ordinat ion w i t h  other  phases  of  the 'water  supply 
study. 

2 .  PROJECT DESCRIPTION AND BACKGROUND 

2 . 1  General 

B.C.  Hydro has  been  considering  development 
of a the rma l   p l an t   i n   t he  Hat  Creek a rea  o f  sou th -cen t r a l  
13rit ish Columbia. S p e c i f i c a l l y ,   t h e   s i t e  i s  loca ted  i n  
t he   no r theas t  corner of   the Upper Hat  Creek Val ley ,   in  
the  Trachyte Hills. An open p i t  coal mine cons t ruc t ed   j u s t  
west  of  the  powerplant would provide  ' fuel   for   the pro jec t .  
Cooling  water  for  the  powerplant w i l l  be  provided from a 
r e se rvo i r   w i th  make-up cooling  water  supplied  to  the 
. r e se rvo i r  from ou t s ide   t he  Hat Creek area.  

Sandwell was commissioned t o   u n d e r t a k e   f e a s i b i l i t y  
s tud ies   to   conceptua l ly   des ign   the   requi red  1 6 0 0  :l/s 
( 2 5 , 0 0 0  U.S.G.P.M.) make-up cooling water supply :system 
for the  powerplant. (11121 On t h e   b a s i s  o f  t h e i r   s t u d i e s ,  
Sandwell   determined  that   water  could  best  be suppl ied by 
cons t ruc t ing  a water in t ake  on t h e  Thompson River,,  and 
pumping through a bur ied   p ipe l ine  t o  t he   r e se rvo i r .   I n  
add i t ion ,   Sandwel l   de t e r~n ined '~ '   t ha t  only a bank or p i e r -  
type   in take  would meet the  technical  requirements o f  t he  
project.  Accordingly,  Sandwell  adopted'l'a  bank-t:ype  intake 
u t i l i z i n g   t r a v e l l i n g   s c r e e n s ,   p r o t e c t e d  by a c u t r a i n  wall 
and  trashracks.  

2 . 2  In t ake   S i t e   Cha rac t e r i s t i c s  

On t h e   b a s i s  of  Sandwell 's   engineering  evaluation 
of the  water  supply  system* it became apparent tha:t the 

- ~~. - .~~ - 
*The evaluation  inc:luded  Sandwell 's  Conceptual  Design, 
subsequent  collect . ion o f  r iver   engineer ing  and geotechnical  

Associates   ( the  geotechnical   consul tants) ,   and NHCL. 
da ta ,  and ensuing  discussions  with B . C .  Hydro, Go:Lder 

( l J  
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optimum a r e a   f o r  a water   intake was i n  a 2 km'(1.25; mile) 
re,ach jus t   ups t ream o f  Ashcroft .   Subsequent ly ,   f ive  s i tes  
we're examined, two upstream  of  the  Bonaparte  River,  and 
th ree  downstream.  Based on economic,  geotechnical  and  r iver 
engineer ing  considerat ions (4)(5), S i t e  D ,  loca ted  on. the  
r i g h t  bank of  the Thompson River,   about 380 metres (1250 f e e t )  
upstream  of  the  Bonzparte  River, was selected  as  the  prime J 
s i . t e .  The s i t e  i s  about 500 metres (1600 f e e t )  downstream 
of a Canadian  National  Railway  bridge  crossing  and  l ies i n  
a r j t ra ight   reach  of   r iver  where both  the  bed and  banks  of 
t h e   r i v e r   a r e  armored  with  cobbles  and  boulders. About 275 
metres (900 f e e t )  downstream, t h e   r i v e r  is  con t ro l l . ed   a t  
lower  flows by the  p'resence  of  the  Bonaparte  Rapids. 

Based on a review14)of  available  data,   th.e  following 
range and frequency o f  streamflows was found to   be   appl icable :  

. .  

Return  Period Flow i n  m /s (c.fs) Comments 3 - 
>1000 year   f lood 5665 (200,000) 

:LOO year   f lood  4530  (160,000)  Design  high f low 
10  year   f lood 3685 (130,000) 
2 year   f lood 2720 ( 96,000)  Approximate  average 

annual  flood. 
100 year  low-flow 115 ( 4 , 0 0 0 )  Design l o w  flow 

- 
A t  S i t e  D, water   l eve ls  and ve loc i t i e s   fo r   va r ious   d i scha rges  
have  previously  been  determined(#)and  are shown on 
Dwg. 2 . 2 . 1  herein.  

H i s t o r i c a l l y ,   t h e  Thompson River  near  Ashcroft  has 
not: had   su f f i c i en t   quan t i t i e s  o f  ice  cover  (and  subsequent 
i c e  jamming) t o  a f f ec t   t he   i n t ake  design!61  There  can  be,  however, 
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5 .  

l a r g e   q u a n t i t i e s   o f   f r a z i l  o r  s lush   i ce   pass ing   the  s i t e ,  
and the  formation  of  anchor  ice i s  also  probable,  depending 
on t h e   s e v e r i t y  o f  the  winter .  (61 Trash ,   e i t he r   f l oa t ing  
on the   su r f ace  o r  i n   t h e  form of  sunken  water-logged wood, 
can be  expected  during  the  spring, summer and faJ.1. 

Since  the Thompson River  flows  out  of .Kamloops 
Lake,  located  about 30 ki lometers  (19 miles)  upstream  of 
S i te  D ,  the  suspended  sediment  load of  the r i v e r  is  normally 
very low. In   addi . t ion,   the  bank  and  bed  armoring  of  cobbles 
and  boulders, whic:h extends a l l   t h e  way  down from Xamloops 
Lake,  leaves l i t t l e  source  for  sediment  supply. l :I t . is  surmised 
t h a t   t h e  bed  of the Thompson River becomes mobile  only 
during  extreme  f lood  events ,  i f  a t   a l l . )  However, t he re  
are numerous s teep  bluffs   of   f ine  sands  and silt:; bordering 
the   r iver   banks   ups t ream  of   the   s i te ,  which  can  contribute 
s lugs  of f i n e   m a t e r i a l   t o   t h e   s t r e a m ,  and t h i s   p o s s i b i l i t y  
has been  considered  in   the  intake  design.  

2' .3  Conceptual  Intake  Design 
.2.3.1 Background 

Sandwell 's  conceptual  design, as recommended i n  
,the  January 1 9 7 7  Reportcl ' is  shown  on Dwg. 2 . 3 . 1 ,  which i s  
a copy o f   t h e i r  Dwg. D 4 0 0 7 / 4 6 .  After   consider ing  the 
:Locaxion of   the  face o f  t he   s t ruc tu re   r equ i r ed  to obtain 
su f f i c i en t   dep th  o f  flow, and by considering  the  engineering 
economics  of a bank versus  pier  type  intake,   Sandwell   and 
NHCL s e l e c t e d  a p i e r - t y p e   i n t a k e   f o r   S i t e  D.  I t  was agreed 
tha t   excep t  f o r  s i t e - s p e c i f i c   e l e v a t i o n s ,   t h i s   c o n c e p t  
could   be   t ransfer red   to   o ther   ad jacent   s i tes ,   should   S i te  D 
be dropped'   from  consideration  for any reason. 
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2 : 3 . 2  Design  for  Hydraulic Model 

Dwg. 2 . 3 . 2 ,  which is  a copy of  Sandwell 's 
Dwg. D 4191-SK14: August 1 9 7 7 ,  shows the  prototype 
design  concept from  which the   hydrau l i c  model was designed. 
Th.e in take   cons is t s   o f  a p ie r   conta in ing  6 pump bays.  Across 
th.e front  of  each  bay .is a convent iona l   t rave l l ing   sc reen  
and i n   f r o n t  o f  each   t rave l l ing   sc reen  i s  the   cur ta in   wal l  
containing  ( for   each  screen)  a low level  entrance  :;lrotected 
by a t rashrack .  Upstream  of t he  pumping bays i s  a f u l l -  
depth  entrance,   a lsc>.protected by t r a sh racks ,   t ha t   supp l i e s  
t h e   e x t r a  f l o w  needed to   ma in ta in   t he  sweeping ve loc i ty  
between the   cu r t a in   wa l l / t r a sh racks  and t r ave l l i ng   s c reens .  

The specif ic   dimensions of '  t h e   s t r u c t u r e  were 
es tab l i shed   having   in  mind c r i t e r i a   s e t  by regulatory 
ag:encies. For ins tance ,   the   approach   ve loc i ty  t o  t h e   t r a v e l l i n g  
sc.reens was not  t o  exceed 0 . 1 2  m/s ( 0 . 4  feet /sec)   based 
on gross   area  below  the  water   surface  a t  low r iver   f low.  
A l s o  the  sweeping  velocity  between  the  trashrack/curtain 
wa.11  and  the  travell . ing  screens was t o   b e   a t   l e a s t   a s   g r e a t  
as  0 . 1 2  m/s ( 0 . 4  fee t / sec)   under   a l l   condi t ions   o f   opera t ion .  

3 .  DESCRIPTION OF MODEL 

3.1. Model l ing  Cri ter ia  - 
The pr imary  object ive  of   the  model was to  demonstrate 

t h a t  the  .concept  of  providing a sweeping ve loc i ty   pas t   t he  
t r ave l l i ng   s c reens  u,nder a l l   c o n d i t i o n s  of  flow was t echn ica l ly  
f e a s i b l e  and t h a t  any  foreseeable  problems  could  be  resolved  in 
the   f i na l   des ign .  

- 
*Mote: T h i s  drawing  gives a minimum design  water 1&el of 

289.00 m, which i s  0.20. m lower  than  the 1 i n  1 0 0  year 
minimum on Dwg. 2 . 2 . 1 .  T h i s  lower level w a s  u sed   i n  
the model as the 1 i n  1 0 0  year minimum.wate1: l e v e l  is 
i n  t he  estimated por t ion  of t h e  stage discharge  curve.  
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The model 
laboratory  f low  and 
f o r   t r a n s i t i o n  f r o m  

s c a l e  was selected  consider ing 
flume c a p a b i l i t i e s ,  Reynolds c r i t e r i a  
laminar   to   turbulent  flow, and 

convent ional   laboratory  capabi l i t ies   for   veloci ty   measurement .  
The scales  chosen  were: 

Linear   scale  - 1:40 
Veloc i ty   sca le  - 1:(40)' = 1:6.32 
Time s c a l e  - 1:6.32 

A t  low r i v e r  f l o w s ,  t h e   v e l o c i t i e s   i n   t h e  model were  doubled 
t o   f a c i l i t a t e   v e l o c i t y  measurement so  t h a t   t h e   v e l o c i t y   s c a l e  
became 1:3.16 and the   t ime  sca le  1 : 1 2 . 6 4 .  

3.2 Model Geometries _. 

A flume measuring 0 .61  m (24 inches)  deep, 0.47 m 
(18.5 inches)  wide  and 5 m (16 fee t )   long  was a v a i l a b l e   f o r  
the   t es tprogram.   This   wid th  was no t   su f f i c i en t   t o   pe rmi t  
an  adequate flow p a s t  a model p i e r   l o c a t e d   i n  tht?  middle  of 
the  f lume, so  it was e f f e c t i v e l y  widened  by  constructing  an 
embayment into  the  s ide  of   the   f lume.  The model was i n s e r t e d  
i n   t h e  embayment as shown on Dwg. 3.2.1 s o  that   only  the  f low 
around the f ron t   f ace   o f   t he   p i e r  was reproduced.. The model 
was f r e e   t o  be moved around  within  the embayment so t h a t  
observations  could.  be made w i t h   t h e   p i e r   o r i e n t a t i o n   s l i g h t l y  
oblique t o  the  flow. The bed  of   the  r iver  was rtsproduced  with 
well   rounded  gravel  that  was s table   under   the  highest   f low 
tested.   Recirculat ing  discharge  through  the flume was provided 
by a pump w i t h  a c:apacity  of 0 . 1 5  m3/s ( 5  c f s ) .  A c a l i b r a t e d  
o r i f i c e   i n   t h e   d e 1 , i v e r y   p i p e  was used  for  f low mc aasurement. 
The intake  flows  were  withdrawn from the model by copper  pipes 
s imula t ing   the  pumps. These  operated  under syphcrn 
ac t ion  and  delivered  , their   f lows  back  to  the  laboratory sump 
th rough.   smal l   ind iv idua l   o r i f ice   t anks .  

The two geometries  modelled  are shown :in Dwg. 3.2.2. 
They a re   l abe led  Geometry A and B and d i f f e r   o n l y   i n   t h e  
arrangement  of  the  full  depth  bypass  entrance. The concrete  
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features   of   the   intake  were  reproduced  using  c lear   acryl ic  
shee t s   a s  shown i n  Photo 3.2.1.  The model in take  was b u i l t  
i n   s ec t ions   t o   f ac i1 i t : a t e   t e s t ing   o f   t he   d i f f e ren t   ' a r r angemen t s .  
These  sections  included  the  streamlined  head-form,  the  block 
containing  the  ful l   depth  bypass   entrance,   the   upstream  three 
pumping bays,   the downstream t h r e e  pumping bays, and t h e  
s t reamlined  ta i l form.  The pumping bays  were  constructed  extra 
long   i n   ca se   t h i s   l eng th  was needed to  obtain  proper  ;approach 
flow to t h e  pumps.. However, t h e   t e s t s  showed t h a t   l e n g t h s  
i n d i c a t e d   i n  Dwg. 2.3.2  were  adequate.  Therefore,  bulkhead  walls 
were  used f o r   a l l   t e s t s   t o   s i m u l a t e   t h e   p r o p e r   s i z e  of  bay. 

No attempt was made t o  model the  individua:l. 
components   of   the   t ravel l ing  screens.   Instead,   the   . t ravel l ing 
screens  were  modelled  using a b e l t   o f   p l a s t i c   f l y - s c r e e n i n g  
havi,ng a mesh spacing  of 6 . 4  mm (0 .25  inches)  prototype  and 
a ne t   a r ea   equa l   t o  6 %  percent   of   the   gross   area.  The screen 
face was recessed 0 . 2  m (8  inches)  back  from  the  front  of t.he 
bays. From the  point  of  view  of  maint'aining a smooth  sweeping 
flow it would  be p re fe rab le   t o   have   t h i s   s c reen   f l u sh   w i th  
the   f ront   face   bu t   p resent   p ro to type   sc reen   des igns   : a re   no t  
capa.ble  of  producing t h i s   f l u s h   f a c i n g .  

The f,our  arrangements  of  the model t r a sh racks   a r e  
shown i n  Dwg. 3 .2 .3   and   t hey   d i f f e rka in ly   i n   t he   o r i en ta t ion  
of  the  trashrack  bars.   Trashracks  were  constructed  with  the 
rec tangular   bars   o r ien ta ted  9 0 ° ,  75', 60' and 45O t o   t h e   f r o n t  
f ice o f  t he   t r a sh rack .  One o f  t h e  45' t rashracks  is shown i n  
Phot.0 3.2.3. The bars measured 32  mm (1 .25  inches) by 160 
mm ( 6 . 5  inches)   and  their   centre- to-centre   spacing  var ied 
from 160 mm ( 6 . 5  inches) f o r  90'. o r i e n t a t i o n  t o  230 mm 
(9 inches)   for  4.5' or i en ta t ion .  A f i f t h  arrangement  consisted 
of  round  bars  rather t:han rectangular  ones.   These wIme  32 mm 
(1.25  inches)  in  diameter  and  spaced 160 mm ( 6 . 5  inches)   apar t .  
In  t .he  model,  the  lower  level  entrances  were  protect:ed by 
Sing: le t rashracks  and  the  ful l   depth  entrance was prcrtected by 
5 t rashracks   s tacked  on top  of  each  other.  Geometry A, t he  
ini t . ia1  geometry  tes ted,  had a f u l l  depth  entrance  aligned 
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with   the   lower   en t rances .   Di f f icu l t ies   wi th   th i s   a r range-  
ment  which will be d e t a i l e d   i n   t h e   s e c t i o n  on model r e s u l t s ,  
l e d  to Geometry B which a l igns   t he   fu l l   dep th   en t r ance  
obl iquely t o  t he  f low and to  the  lower  entrances  (see  Photo 
Photo 3 . 2 . 2 ) .  

3 . 3  Instrumentation and  Data Collect ion Methods 

In  the  course  of   the   s tudy,   data   were  col lected  on 
water   veloci t ies ,   f low  passage  t imes,   f low  direct ions,   sediment  
behaviour  and  trash  behaviour. Water velocit ies  were  measured 
using a miniature  propellor  meter  with a propel lor   diameter  
of 1 . 0  cm, capable o f  o ,pe ra t ing   a t   ve loc i t i e s  down t o  0 . 2  m/s. 
However, f o r  most r e l i a b l e   r e s u l t s  model ve loc i t ies   were   kept  
above 0 . 3  m/s by  augmenting  the  flow when required as 
discussed i n  Sect ion 3.1.  Flow passage  times  were  measured 
by t iming   t he   t r ave l  of small dye  clouds.  These  clouds also 
permitted  the  observation  and  recording o f  f low direct:ions. 
Assessment o f  sediment  accumulation  and  trash  accumulation 
behaviour was mostly a . subjec t ive   p rocess   bu t  some qua.ntity 
measurements  were made as d e s c r i b e d   l a t e r  i n  the   repor t .  

. j, 

4 .  MODEL RESULTS 

4.1 - Geometry A 

In  general   the  magnitude of the  bypass   veloci ty  
depended on the magnitude  of t h e  r i v e r   v e l o c i t y ,  which is  
minimum a t  low f lows.  As a r e s u l t ,   t h e  emphasis o f  t h e   t e s t i n g  
on  Geometry A was on attempting  to  achieve  an  adequate  bypass 
v e l o c i t y  a t  t h e  minimum design flow. 

A t  minimum design  flow of 115 m / s  ( 4 0 0 0  c f s ) ,  
the  average  r iver  ve1oc:ity i s  0.52 m/s ( 1 . 7  f p s )   a t   t h e '  
f a c e  of t h e   i n t a k e  where the  depth  then i s  2.8 m (9:2 f t ) .  
When Geometry A was t e s t e d  a t  th i s   f l ow  wi th  90' 
trash.racks a continuous  flow down the  bypass was not 
achieved. The f u l l  depth  bypass   entrance  fa i led t o  a t t r a c t  
any  of  the r i v e r  f l o w .  The water   enter ing  the f i r s t  :LOW 

3 
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l eve l   en t rance  would f l o w  upstream  and  exit  through  the 
full   depth  bypass  entrance.   Photo 4 . 1 . 1  shows dye  being 
i n j e c t e d   i n   t h e   r i v e r   f l o w   a d j a c e n t   t o   t h e   f u l l   d e p t h  
bypass  entrance. The dye s ta ined   water  was c a r r i e d  b y  t he  
r i v e r  t o  t h e  f irst  low leve l   en t rance  where it entered  the 
bypa.ss  and  flowed  back  upstream. Dye in jec ted   in   f ro :n t   o f  
Bay 3 a l s o  moved back up the  bypass  channel  as shown i n  
Photo  4.1.3. 

Even though  there was  no flow down the   bypass   a t   the  
upst'ream  end,  the  original  geometry showed promising  features .  
There was a flow  out  of  the  bypass a t  t h e  downstream e x i t  
i nd ica t ing  a f avorab le   p re s su re   g rad ien t   a t   t he   t a i l .   Pho tos  
4.1.2 and 4 . 1 , 4  dep ic t   t he  downstream movement of dye introduced 
i n  't:he r i v e r   a t  Bay 5 .  The f low  through  the  t ravel l ing  screens 
i n t o   t h e  pump bays was also  observed  to  be  uniform in .  i t s  
over:all d i s t r i b u t i o n .  

In   an   a t t empt   t o  make use of some of .   the  d:ynamic 
head of the   water   f lowing   pas t   the   p ie r   to   he lp  attract  flow 
in to   the   en t rances ,   the   t rashracks   wi th   the   bars   angled   ups t ream 
were  installed.   Angles o f  7 S 0 ,  60'  and 4 5 '  were t r i e d ,   b u t  
none  induced t h e  f l o w  downstream i n   t h e  bypass..  Beca.use  of 
the  accelerated  f low a.round the  head form it appears  . that   there 
was a larger pressure head a t  t h e  f irst  l o w  level ent.rance 
than a t  t he  full depth bypass entrance.  Th i s  caused the  water 
en ter ing   the  f i r s t  low level   entrance  to   f low  upstream 
and e x i t  through  the f u l l  depth  bypass  entrance. 

4 . 2  Geometry B 

Once the problem of i n su f f i c i en t   f l ow down the  
bypass  channel had bee:n i d e n t i f i e d   a s   t h e   r e s u l t   o f  a:n 
a?ve.rse  pressure  gradient imposed through  the   fu l l   depth  
bypa:;s entrance,  it was rea l ized   tha t   p roper   f low cou:ld be 
induced by c rea t ing  a high  posi t ive  pressure  head  a t   the   bypass  
entrance.   This was achieved by o r i en t ing   t he   fu l l   dep th  
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entrance so tha t   t he   r i ve r   f l ow was de f l ec t ed  away increas ing  
the   p ressure   a t   the   en t rance .   This   p r inc ip le  was accomplished 
i n  Geometry B.  

Geometry B was t e s t e d  a t  the minimum design  flow 
with  several   t rashrack  configurat ions.   Table  4 . 2 . 1  summarizes 
t h e  sweeping ve loc i t i e s   i n   t he   by -pass   channe l   fo r  5 t e s t s .  
Appendix A provides  the  complete  set  o f  a l l   v e l o c i t y  measurements. 

'TABLE 4 . 2 . 1 .  

VELOCITIES IN THE BYPASS CHANNEL FOR GEOMETRY B 
AT LOW DESIGN RIVER DISCHARGE  OF 115 m3/s, (4000 cfs) WITH 

WATER SU'RFACE AT EL. 289.0 

Trashrack  Bypass 
Arrangement Maxi~num 

Value* 
90' Trashracks 0 . 3 5  ( 1 . 2 )  
60' Trashracks 0 . 3 5 .  ( 1 . 2 )  
45' Trashracks 0.45 ( 1 . 5 )  
No Trashracks 0.50 (:l. 6) 
Round Bars 0 . 4 5  (1.5) 

Veloc i ty   i n  
Minimum 

Value* 
0 

0 . 1 5  (0.5) 
0 . 3 0  (1.0) 
0 . 3 5  ( 1 . 2 )  
0 . 2 0  ( 0 . 7 )  

m/s ( fps)  
Average 
Value* 

0 . 2 0  ( 0 . 7 )  
0 . 3 5  (1.1) 
0 .45   (1 .4 : )  

0 . 3 0  (1.0) 

*Maximum, minimum and  average of a s e t  'of   seven  veloci t ies  
measured a t  E l .  288 upstream  and  downstream o f  each  bay. 

The change i n  the  ful l -depth  entrance  geometry 
p roduced   s a t i s f ac to ry   en t r ance   ve loc i t i e s  as shown i.:n Photos 
4 . 2 . l  and 4 . 2 . 2 . .  However, with  increased  f low  throug:b  the f u l l -  
depth  entrance less  flow  entered  the  lower  entrances  and  the 
bypa:js veloci ty   decreased  with  dis tance down t h e  chan.ne1. 
With 90' t r a sh racks   t he   ve loc i t i e s  became zero  near t:he t h i r d  
and  :fourth  bay. They increased  again a t  t h e   f i f t h  and s i x t h  
bay as the  f low was a t t r a c t e d   t o   t h e  downstream  bypass exi t .  
Di rec t ing   the   t rashrac 'k   bars   in to   the   r iver   f low  (decreas ing  
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the  t :rashrack  angle)  increased  the  f low  through  the  entrances 
and   increased   the   bypass   ve loc i t ies .   I t   appears   tha t   the  f l o w  
through  the   en t rances   can   be   increased   in   th i s  manner i f  t he re  
e x i s t s  a favorable   pressure  gradient   across   the  entra:nce  but  a 
f l o w  cannot   be   c rea ted   th i s  way aga ins t  an unfavorable  gradient.  

The g rea t e s t   bypass   ve loc i t i e s  were  generated when 
the   t rashracks   were  removed completely.  This  discove~:y 
prompted t h e   t e s t i n g  of trashracks  with  round  bars which  have 
l i t t l e   d i r e c t i o n a l   b i a s   b u t   t h e   r e s u l t i n g   v e l o c i t i e s  were 

, . appreciably  lower  than  the  best   achieved  with  direct ional  
t rashracks .  

The most acceptab le   so lu t ion  was obtained  with  the 
use  of 45' t r a s h r a c k s   i n  a l l  openings.  Photo 4 . 2 . 3  shows 
dye  being  injected  outs ide o f  the  bypass  and  flowing  through 
the  t rashracks  and down the  channel.  Photo 4 . 2 . 4  depic:ts 
the  f low  out   the e x i t  o f  the  bypass  channel. 

Geometry B was f u r t h e r   t e s t e d   a t   f o u r   o t h e r   d i s c h a r g e s  
w i t h   t h e   r e s u l t i n g   v e l o c i t i e s  summarized in   Table  4 . 2 . 2 .  

TABLE - 4 . 2 . 2 .  

YELOCITIES I N  THE BYPASS CHANNEL FOR GEOMETRY B 
W : I T H  45' TRASHRACKS AT VARYING RIVER DISCHARGES 

Velocity 
River Rirer Measurement Bypass Velocity in m/s (fps) 

Discharge Velocity  Elevation  Maximum Minimum , Average 
d; / s  (cfs) m/s (fps) M Value* Value* . Val.ue* 

115, ( 4.000)  0.50 ( 1.7) 288 
200 ( 7,000) 0.76 ( 2.5) 288 

0.45  (1.5) 0.30 (1.0) 0.35 (1.1) 

285 ( 10.000)  1.00 [ 3.3) 
0.65  (2.2) 0.30 (0.9)  0.40 (1.3) 

288 0.95 (5.1) 0.55  r1.8)  0.65  (2.21 
1980 ( 70,000)  2.50 ( 8.2) 294 

291 
1.30 ( 4 . 2 ) '  1.20 (3.9) 1.20 (4.0) 
1.30 (4.2)  0.80 (2.6) 0.95  (3.2) 

. 288 
4530 (160.000) 3.95 (13.0) 

1.65 (5.4) 1.05 (3.5)  1.25 (4.0) 
297 
294 

2.05 (6.7) 1.85 (6.1) 1.95 (6.3) 
1.65 (5.5) 1.60 (5 .2)  1.55 (5.1) 

291 2.20 (7.3) 1.65 (5.5) 1.75 (5.8) 

. .  . .  . .  

288  2.40  (7.9)  1.85 (6.1) 2;OO (6.5) 
*Maximum, minimum an? average of a set of seven velocities measured at 
.that: Elevation upstream and downstream of each Say. 

d 
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These  measurements show t h a t   t h e   d e s i g n  low discharge 
def ini te ly   produces  the  lowest   bypass   veloci t ies   and  that  
ve loc i t ies   increase   wi th   increas ing   r iver   d i scharge .  

Photos 4 .2 .5  and 4 .2 .6  show the  model operat ing 
wi th   the   r iver   d i scharge  a t  1980  m3/s (70 ,000  cfs) while 
Photos 4.2.7 and 4 .2 .8  show sub-surface  views  with  the 
uppe'r  design  discharge  of 4530 m3/s (160 ,000)  cfs. At 
1980 m3/s (70 ,000)  t he   ve loc i ty  i n  the  bypass  channel.  averages 
s1ig:htly more than 1 m/s (3.5  fps)  and was f a i r l y  qui.et  but 
a t  t:he h igher   d i scharge   the   ve loc i ty  i n  the  bypass  channel 
apprsoached 2 m/s (7  fps)  and became not iceably  more turbulen t .  
La ter  tests were  directed  towards  reducing  the  bypass  flow 
a t  th is  condi t ion.  Also,  it was observed a t   t h i s   c o n d i t i o n  
tha t   t he   fu l l   dep th   en t r ance   accep ted  so much flow t h a t  water 
flow'ed  out of the  low-level  entrances as shown i n  Photo 4 .2 .8 .  

4.3 Effects of   Res t r ic ted  Pump Operation 

In order   to   de te rmine   the   var ia t ion   in   the   bypass  
v e l o c i t y   a s  it i s  influenced by having   d i f fe ren t  pumps I n  
operat ion,  five a d d i t i o n a l   t e s t s  were  conducted at th.e minimum 
design  flow.  Table  4.3.1 summarizes t h e   r e s u l t s  a1on.g with 
a comparison t o   t h e  fu.11  configuration  with a l l   s i x  pumps 
operat ing.  . 

As evident  from  Table  4.3.1  the  bypass  velocity 
was reduced   s l igh t ly  when t h e  pumping capaci ty  was reduced. 
The grea tes t   reduct ion  i n  veloci ty   occurred when the  two down- 
stream pumps were of f .   This  minimum veloci ty   occurred i n  f r o n t  
of   the two bays  which  were  not  operating  and,  therefore, i n  
a zone  where t h e r e  was no veloci ty   through  the  t rave1, l ing 
screens.  In f r o n t  of the   opera t ing  pumps the   ve1oci t : ies   in  
each  case  exceeded 0 .15  m/s (0 .5  f p s ) .  

Y 
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TABLE 4.3.1. - 
VELOCITIES IN THE BYPASS CHANNEL FOR GEOMETRY B 

WITH 45' TRASHRACK AT 115 m3/s (4,000 c f s )  
RIVER DISCHARGE WITH RESTRICTED  PUMP OPERATION 

Operating . 
Pumps 

A l l  pumps on 
No pumps on 
Four downstream 
pumps on 
Two downstream  and 
two upstream pumps on 

pumps  on 
Four  upstream 

A l l  pumps a t  1 /3  
capac i ty  

Maximum 
Bypass Velocity i n  m/s (fp:;) 

Minimum Average 
Value* Value* Value* 

0 . 4 5  (1.5) 0.30  (1.0) 0.35 (1.1) 
0.35  (1.1) 0 . 2 5  ( 0 . 9 )  0.30 (1 .0)  
0.40  (1.2) 0 . 2 5  (0.9) 0.30 (1.0) 

0.45 (1.5) 0 . 2 0  (0 .6 )  0.30  (1.0) 

0 .45  (1.5) 0.15 (0.5) 0.25  (0.8) 

0.35  (1.2) 0 . 2 0  ( 0 . 6 )  0.30 (0.9)  

*Maximum,  minimum and  average o f  a set  of  seven  ve1ocit:y 
measurements a t  E l .  288 upstream  and  downstream  of  each  bay. 

4 . 4  :Flow Res t r i c t ions  t o  L i m i t  High  Bypass 
'Velocity a t  Higher Flows 

The p o s s i b i l i t y   e x i s t s   t h a t   t h e   l a r g e r   v e l o c i t i e s  
and  i :ncreased  turbulence  in  the  bypass a t  t he   h ighe r   r i ve r  
discharges may be  undesirable .   In   order   to   assess   the 
poss i ' b i l i t y  of reducing  the  higher   bypass   veloci t ies  
s e v e r ; l l   t e s t s  were conducted w i t h  d i f f e r e n t  f l o w  r e s t r i c t i n g  
devices.  Table 4 . 4 . 1  summarizes the  results f o r  t h e  t:wo 
higher  f lows  tested.  

The first s e r i e s  o f  t e s t s   c o n s i s t e d  o f  revers ing  
the  4!i0 t rashrack  angle   in   the  upstream  ful l   depth  bypass  
in t ake  s o  tha t   t he   en t r ance  f l o w  was obs t ruc ted   ra ther   than  
aided.. The e f f e c t  was to reduce   t he   ve loc i t i e s  by approximately 
40 percent .  
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WITH 

Condit ions 
Tes t  

TABLE 4 . 4 . 1  

BYPASS VELOCITIES FOR GEOMETRY B 
RESTRICTIONS TO REDUCE THE BYPASS FLOW 

Measurement 
Ve loc i ty  

Bypass   Veloc i ty   in  m/s ( fps )  

M 
E leva t ion  Maximum Minimum 

Value*  Value* 
Average 

Value* 

River   Discharge  of  1985 nr /s (70,000 cfs ) ,  w a t e r   s u r f a c e   a t  El. 295 3 - 
A l l  t r a s h r a c k s  45'  294 1 .30   (4 .2 )   1 .20  (3.911 1 .20   (4 .0 )  
upstream 291  1 .30  ( 4 . 2 )  0.80  (2 .6)   0 .95  (3 .2)  

288  1.65  (5.4) 1.05 (3.5:l 1 . 2 5  (4 .0 )  

F u l l   d e p t h   t r a s h r a c k s  294 0.90 (3 .0)   0 .45 (1.5) 0 .65  ( 2 . 1 )  
p o i n t i n g  4 5 "  downstream 28 8 1.00 (3.2) 0.65  (2 .1)   0 .80  (2 .6)  

Full dep th   t r a sh racks  
g o o  

294 
288 

1 .25   (4 .1 )  
1 .30  (4.3) 

0.90  (3.0) 1 . 0 5  (3 .4)  
0.85 ( 2 . 9 )  1.00 (3 .3 )  

pa r t   b locked   o f f   on  
Full d e p t h   t r a s h r a c k s  2 9 4  1 . 5 5  (5.1) 1.10 (3 .6)  1 .30  (4 .2 )  

downstream  side 
288 1 .85   (6 .0)   1 .20   (4 .0)   1 .40   (4 .6)  

F u l l  d e p t h   t r a s h r a c k  294  1 .35   (4 .4)  1 .10 (3 .6 )   1 .20   (3 .9 )  
p a r t   b l o c k e d   o f f  on 288 1 . 6 5  ( 5 . 4 )  1 . 1 0  (3.6) 1.30 (4 .2)  
ups t ream  s ide  

River  Discharge  of 4 5 3 0 ~ 1  / s  (160,000 cfs) ,   water   surface  a . t  El. 298 

All t r a s h r a c k s  45' 297  2 .05   (6 .7)   1 .85   (6 .1)   1 .95   (6 .3)  
upstream 294 

2 9 1  
1.65  ( 5 . 5 )  
2 . 2 0  ( 7 . 2 )  

1 .60   (5 .2 )  1 . 5 5  (5.1) 

288  2.40  (7.9) 
1.65 ( 5 . 5 )  1 . 7 5  (5.8) 
1 . 8 5  (6.1) 2.00  (6 .5)  

3 

4530m3/s  (1.60,OOO c f s )  297 
Full deu th   r r a sh racks  294 

1.15 (3 .7)  0.50 (1 .6)  0 . 7 5  (2 .4)  
1 .30   14 .2)  0.85 12.91 1.00 13.4'1 

p o i n t i n b  45'  downstream 288 1.50 ( s . o j  0.90 ( 3 . o j  1.20 ( 3 . 9 j  

4530 m3/s (1.60,OOO c f s )  297  1.85 (6.1) 1.15 (3 .7)   1 .45   (4 .8)  
Ful l   depth   t : rashracks  90' 294 1.50 (5 .0)  1 .15  (3 .7 )   1 .30  

288 1 . 8 5  (6 .1)  1 .50   (5 .0)  1 .55  

*Maximum,  minimum and  average of a s e t  o f  seven  veloci ty   measurements  a t  
the   E leva t ion   ind ica ted   ups t ream  and   downst ream o f  each  bay. 
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Also  tes ted was the  use  of 90' t r a s h r a c k s   i n   t h e   f u l l   d e p t h  
bypass intake. As expec ted   th i s  was less ef fec t ive ,   reducing  
ve loc i t i e s   abou t  2 0  t o  30 percent .  

A wall behind   the   fu l l   depth   bypass   in take   par t ia l ly  
blocking  the  entrance  f low was a l s o   t r i e d .  The obs t ruc t ion  
consis ted  of  a sol id   wal l   extending  halfway  across  the! t rashrack  
a t   t h e   t o p ' h a l f   o f   t h e   e n t r a n c e  and taper ing   to   zero   obs t ruc t ion  
a t   t he   l eve l   o f   t he   t op   o f   t he  low leve l   t rashracks .   This  
baff le   wal l   could  be mounted to   obs t ruc t   e i t he r   t he   ups t r eam 
h a l f  or t h e  downstream h a l f  o f   the   t rashrack .  The b a f f l e  
wall   configuration  produced a j e t t i n g   e f f e c t   i n   t h e   b y p a s s  
as the  f low  through  the  unobstructed  trashrack  area  expanded 
t o  f i l l  t h e   f u l l   w i d t h  o f  the  bypass.   This  condition .produced 
zones of l o c a l  eddy  currents.   rn  any  case,   the ve1ocit:y 
reduc,tion was minimal. I t  is  evident from  Table 4.4.'1, t h a t   t h e  
grea tes t   reduct ion   in   bypass   ve loc i t ies   occur red  when t h e  

' 45" t r a sh racks   were   r eve r sed   i n   t he i r   o r i en ta t ion .  
4.5. Sediment  Flushing  Characterist ics  of  the  Intake 

The  Thompson River  normally  has a low sediment  load 
and  sediment  inflow  to  the  intake i s  not   expected  to   adversly 
a f f ec t   t he   i n t ake   ope ra t ion .  Some of   the  f ine  suspended 
sediments w i l l  pass through  the mesh of   the   t rave l l ing   sc reen  
and  i:nto  the pumps and some will be  deposi ted  in   the pumping 
bays and w i l l  require pe r iod ic  removal.  These  sediments  were 
not  t:he  immediate  concern  of  the model study. O f  conc:ern  were 
coarser   sediments ' that   could  deposi t   themselves  on the! f l o o r  
of  the  bypass  channel  and  accumulate  there  to  the  detriment 
of  the  bypass  flow.  These  could  be  deposited  during  higher 
r i v e r  stages and  remain to   i n t e r f e re   w i th   t he   bypass   f l ow 
a t  lower  stages.  

To prevent  these  sediments from depos i t ing ,  tihe 
bottom  of  the  bypass  channel was sloped 35' towards  the  outside 
o f  thce in take   s t ruc ture .   This .   angle  is  a conservative:  estimate 
of   the submerged angle o f  repose   for  any  sediments  that  could 
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be   expected  to   be  t ransported by t h e  Thompson River. 
Several  tests were  conducted to   determine  the  effec, t iveness  
of   the  s loping  f loor   of   the   bypass   and  any  areas  t h a t  might 
co:llect  sediment.  Both  suspended  material  and  bed  transported 
ma te r i a l  were  investigated.  To t e s t  suspended  material, '  
sediment was cont inua l ly   re leased   in to   the   f low  ups t ream 
of   the model and the  pat tern  of   sand  accumulat ion was examined. 
Two sediments  were  tested - a . n a t u r a 1  s i l ica  sand a.:nd a l i g h t  
weight  aggregate composed of   crushed  walnut   shel ls .  

The sand  had a mean diameter  of 0.6 nun and a sediment 
fa111 velocity  of  approximately 0 . 1  m/s. This is  eqyivalent  
i n  the   p ro to type   t o  a f a l l   v e l o c i t y   o f  0 . 6  m/s, which 
corresponds  to  a prototype  gravel   with a diameter of 
1 0  mm. The crushed .walnut s h e l l  had a mean diameter  of  0.3 
nun and a spec i f ic   g rav i ty   o f   1 .3 .  Based  on a simil.ar 
a n a l y s i s ,   t h e  Walnut s h e l l  was equ iva len t   t o  a prot:otype 
sand  with a diameter  of 0 .5  nun. 

A t  a discharge  of  285 m3/s (10 ,000  C f s )  wi th  
v e l o c i t i e s   o f  1 . 0  m/s (3.3 f p s )  the   p ro to type  "gra7rel" 
did  not  remain i n  smpension  and  did.not   enter   the  intake.  
A t  1980 m / s  (70 ,000  cfs) w i t h   v e l o c i t i e s  of 2.5 m/s ( 8 . 2  fps)  
t h e   p a r t i c l e s  remain.ed  suspended unt i l   they  entered  t .he   bypass  
where, due t o  the reduced velocity,   they  dropped Out.  These 
p a r t i c l e s   s l i d  down the   s lop ing   f l oo r  and out  of t he   i n t ake  
ex:cept f o r  a small Etmount of  gravel  which accumu1at:ed  on t h e  
fl.oor of the  bypass  between  the f u l l  depth  bypass ,E!ntrance and 
t h e  f irst  low level   intake  where  the  s loping  f loor  was 
in t e rcep ted  by the   cu r t a in   wa l l .   Th i s   ma te r i a l   c l eaned   i t s e l f  
O t L t  gradual ly  when the  introduct ion  of   mater ia l   ceased O r  t he  
cclncentration  of  suspended  sediments was reduced.  Photo 
4 .5 .1 ,  shows the  accumulation when the  f low was stopped  before 
i,. had  time t o  c l e a n   i t s e l f .  A t  4530 m3/s (160,001) C f S )  t he  
bypass   kept   i t se l f   c lear   o f   any ' sed iment  acCumU1at:ion. 

3 
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The walnut  shell   representing  prototype  "sand" 
accumulated i n   t h e   b y p a s s   a t  285 m / s  ( 1 0 , 0 0 0  c f s )   i n  a 
manner s i m i l a r   t o   t h e   g r a v e l   t e s t s  1980  m / s  ( 7 0 , 0 0 0  c:fs), 
but   a t   h igher   discharges  the  walnut   shel l  washed  thro.ugh 
the  bypass.  

3 
3 

To inves t iga t e   t he   i n t ake   unde r  an extreme  but 
un l ike ly   condi t ion ,  a !sediment  dune was al lowed  to  move 
down the  bed o f  the   f lume  wi th   the   d i scharge   a t  1 9 8 0  m/s 
( 7 0 , 0 0 0  c fs ) .   This  dune was higher  than  the  bottom o:E t he  
bypass  channel and f i l l e d   i n   t h e   c h a n n e l   a s  i t  migrated 
downstream. The bypass  channel  cleaned  i tself   as  the dune 
continued  downstream.  Photo 4 .5 .2  shows the  dune i n   f r o n t  
of Bay 3 and it is ev iden t   t ha t  no sand  exists  upstream i n  
the  c:hannel where t h e  dune  had  previously  passed. 

4 . 6  Trash  Accumulation 

The t r a s h  1oa.d i n   t h e  Thompson r i v e r  i s  not  known 
t o  be h igh   bu t   t e s t s  were  conducted t o  demonstrate   the  effect  
trash. would  have on the   s t ruc tu re .  

The f irst  t y p e !  o f   t e s t s   i nvo lved   f l oa t ing  .mil 
submerged logs  approaching  the  intake  (submerged  logs may 
be  dislodged  from  the  bed  and  shore  area o f  Kamloops  :Lake 
upstream).' Logs 4 m (1.3 f t )  long and 0 .5  m (20  inche:s) i n  
diameter  were  individually  released  immediately upstrlzam of 
and i n  direct  l i n e  w i t h  t he  p i e r  and a count was  made of 
those  t h a t   h i t   t h e  head  form,  the f u l l  depth  bypass  t:rashracks 
o r  any po r t ion  of t h e   m r t a i n  wall downstream.  Table 4 . 6 . 1  
contains   the  percentage o f  bo th   f loa t ing  and  submerged. logs 
that   impacted  a t   three  different   discharges.   Photo 4.,6.1 
shows logs   pass ing   the   s t ruc ture  when t h e  f l o w  was 1 9 8 0  m3/s 
(70 ,000  c f s ) .  

. .  
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TABLE 4.6.1 

19. 

PERCENTAGE OF LOGS APPROACHING GEOMETRY B 
THAT TOUCHED ON THE STRUCTURE 

Percent Logs H i t t i n g  
Downstream 

Te :j t Head Bypass Curtain wall 
Conditions Form Trashracks or Trashracks 

River  Discharge o f  
285 m3/s (10,000 c f s )  
F loa t ing  Logs 
Submerged Logs 

River  Discharge  of 
1980 m3/s (70,000 c f s )  
Float ing Logs 
Submerged Logs 

2 0  
24 

16  
8. 

20 
44  

20 
28 

River  Discharge  of 
4 5 3 5  m3/s (1.60,OOO c f s )  
F loa t ing  Logs 24 8 
Submerged  Logs 4 20 

12 
1 6  

4 
4 

8 
4 

These r e s u l t s  show tha t   the   bypass   t rashracks   a re  more 
exposed t o  impact by . f l o a t i n g  and  submerged l o g s .  The 
submerged logs  do not have  as much  momentum and a:re no t  a s  
s e r ious  as far as i.mpact is concerned,  but  they  could  accumulate 
a t  the  bypass entra.nce. 

Water  soak:ed c o n f e t t i  was used   t o   i nves t iga t e  
the   e f f ec t   o f   such   t r a sh   a s   l eaves  or algae.  When t h i s  
c o n f e t t i  was introduced  under  water  upstream  of  the s t ructure  
it spread  out  and became d i s t r ibu ted   t h roughou t   t he   en t i r e  
depth of f l o w  a s  shown i n  Photo 4 . 6 . 2 .  I t  was observed   tha t  
approximately 5 t imes  as much c o n f e t t i  was caught on each 
0.f t h e  f u l l  depth bypass t rashracks  as on t he  low l e v e l  
trashracks  emphasizing  the  exposure t o  t r a s h  a t  thle f u l l  
depth  bypass  entrance. 
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A convent ional   t rashrack  raking scheme did  not  
appea r   su i t ab le   t o   t he   ve r t i ca l   t r a sh racks   exposed   t o  CTOSS 

flows a.s h igh  as  4 m/s (1.3 fps).  Experiments on the  model 
i n d i c a t e d   t h a t  what  would be  needed  would  be a device to 
dis lodge   the   en t rapped   par t ic les  s o  tha t   they  would be 
swept a.way with  the f low.  

5. DIS"3JSSION OF RESULTS 

5.1 Ext.erna1 - River Flows 

The model was s e t   i n   t h e  embayment s o  t h a t  the! flow 
in the  laboratory  f lume would  behave  the same as   the   f low  tha t  
would pass   the   f ront   s ide   o f   the   p ro to type .   This  was ntxessary 
So tha t :   the   p ressures   a t   the   en t rances  would be as nea r ly   a s  
poss ib1 .e   representa t ive   o f   th .ose   in   the   ac tua l   s t ruc ture .  
For the  purposes o f  t h i s   s t u d y ,  however, it was not   necessary 
to   produce  other   aspects   of   the   external   f low  hydraul ics .   These 
include: : 

i the  flow  around  the  back  of  the  intake  adjacent 
t o  t h e   r i g h t   r i v e r  b.ank and  around  any p i e r s  
support ing  the  br idge  to   the  intake 

ii the wake downstream  of  the  intake 

iii loca l   scour  which  could  occur  around  the  base  of  the 
in take  

iv   t he   a f f ec t   o f   t he   a l ignmen t  o f  the   in take  with 
t h e   r i v e r  f low streamlines. 

The r i v e r  is  s u f f i c i e n t l y   r e g u l a r   i n  i t s  charac te r  and the 
bed ani1 banks   a r . e   su f f i c i en t ly   s t ab le   t ha t   a l l   f o re seeab le  
des ign   ques t ions   re la ted  to these  aspects  can  be  resolved 
reasonably  without   recoulse   to   fur ther   r iver   model l ing.   There i s ,  
however,  the  question o f  s a t i s fy ing   r egu la to ry   agenc ie s  o f  
t he  adL;quateness  of  the :;elutions and  hydraulic  models 
are powerful  tools  for  demonstrating  the  completeness o:E 
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ai 
... a hydraul ic   des ign .  For th i s   purpose ,  a hydraul ic  model of 

approxi:mately  one  kilometer  of  the  r iver,   to  an  undistorted . . 

s c a l e  o f  1:80 would  be  completely  adequate. 

5 . 2  &pass Flows 

u. 

W 
.. . 'The  bypass   channel   with  seven  points   of   inf lux 

and e f f lux   r ep resen ted  a complex hydraul ic   conf iguta t ion .  
The flow down the  bypass  depended on f a i r ly   sma l l   p re s su re  
grad ien ts   across   the   d i f fe ren t   openings .  Geometry A c r ea t ed  

w 

u l .  a lower   p ressure   a t   the   fu l l   depth   bypass   en t rance   than  
. .  a t   the   low- leve l   en t rances  and th i . s   had   to   resu l t  i n  

3 flow  exit ing  from  the  bypass  entrance.   This  basic  short:-  

,. . 

coming 'was cor rec ted  by the  configurat ion  of  Geometry B.. 
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A t  high river discharges  the amount o f  water 
moving down the  bypass  channel was l a rge  compared t o  the: 
amount 'being pumped s o  tha t   t he   f l ow  en te r ing  (or ex i t ing )  
the  lower level entrances was r a t h e r   i n s i g n i f i c a n t  and  had 
l i t t l e   ' b e a r i n g  on the  bypass   veloci t ies .  A t  t he  low design 
f low  the  balance  of   f lows  enter ing or l eav ing   t he   d i f f e ren t  
openings  was,   however,   delicate  and  each  entrance  had  to 
contr ib ,ute  i t s  share  or an adequate  bypass  flow  would  not 
be  maintained down the  channel.  Angling  the  bars  of 
the  t rashracks  provided  the  necessary  control .  A s  mentioned 
ear l ie r ,   water   cannot   be   forced   in to   an   en t rance   aga ins t  
an adverse  pressure  gradient   by  adjust ing  the  bar   angle   but ,  
given a favourable   g rad ien t ,   the   bar   angle  will con t ro l  
t h e  amount of  flow. The angled  trashrack  bars  are  important 
to  maintaining  an  adequate  bypass  flow. 

A t  the  low design  f lows  especially,   water  did  not  f low 
II down the  bypass  as a continuous  stream.  Generally,  the 

I ' f low  en ter ing   the   fu l l   depth   en t rance   en tered   the   ups ts t ream 

. fed  the  next  bay  downstream,  etc. ,   while  the downstream low-level 
pumping bay  and  the  flow  entering  the  upstream  low-level.  entrance 

Me. 
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entrance  suppl ied water to   the   bypass   ex i t .  From the   po in t  
o f  view o f  t h e   f r y ,  however, t h e r e   d i d   e x i s t  a continuous 
down~tream component t h a t  would  sweep t h e   f r y   o u t   t h e   e x i t .  Some 
tu rbu lence   d id   ex i s t   i n   t he   bypass ,   bu t   t he re  were  no f ixed  eddies  
tha t   could   ho ld   the   f ry   en t rapped .  The passage time f o r  t h e  
fu l l   l eng th   o f   t he   bypass  was approximately  one  minute and .did 
not  exceed two minutes   for  any condi t ion   t es ted  on the  recommended 
design. 

Maximum pe rmis s ib l e   ve loc i t i e s   i n   t he   bypass  
channel  have  not  been  established. The v e l o c i t i e s   a t  
high  flows  reach 2 m/s ( 7  fps )  and in   . the   event   tha t   these  
p rove   excess ' i ve ,   e i t he r   fo r   t he   f ry  or f o r   t h e  equipment 
such as the  screens,   the   veloci t ies   can  be  reduced by 
constr ic : t ing  the  f low  a t   the   ful l -depth  intake as indica ted  
by the  t :ests.   Reversing  the  orientation o f  the  trashrac'k 
bars  is  a prefer red  method because it does  not   create   tho 
dead  f low  areas  that   are  caused by more s o l i d   c o n s t r i c t i o n s .  

High bypass   ve loc i t ies   a l so   t end   to   d i s turb   the  
uniformi.ty  of  f low  through  the  travell ing  screens.  A t  h.i.gh . 
velocit i .es  the  f low  through  the  screens was h ighes t   over   the  
downstream ha l f   o f   the   sc reens .  However, i t  is not  necessary 
t o  have  uniform  flow i f  the  veloci ty   approaching any  part: 
of   the   screen  does  not   exceed  the  value  specif ied  for  
f i s h e r i e s .  

A t  low r iver   f lows  the submerged screen  area i s ;  
sma l l e s t  and the  average  velocity  approaching  the  screen i s  
highest . .   Fortunately  the  .bypass   veloci ty  i s  a l s o  low so  t h a t  
t he  f l o w  can  be  expected %o be  approximately  uniform  through 
the   s c reen .  A t  high  rive:r  flows  the  submerged  area i s  l a r g e r  
so  t h a t  some non-uniformity  can  be  tolerated  without  exceeding 
the  1i1i . i t ing  approach  velocity.  

The uniformity  of  velocity  through  the  screen  depends 

4 
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on head loss  through  the  screen  as  well   as  the  bypass 
ve loc i ty .  . A denser  screen w i l l  r e s u l t  i n  a more ixniform 
flow. The 1:40 s c a l e  model i s  not  adequate  for  measuring 
this   uniformity  because  the  veloci t ies   through  the  screens 
a.re  too low t o  measure  and  because  the  details  of  the 
screens  are   not   adequately  represented.  To v e r i f y  
uniformity,  a model. of   the   bypass   channel ,   t rashmck 
a.nd s c r e e n   i n   t h e   v i c i n i t y   o f  one  bay t o  a scale   of   about  
1:lO would be ,adequate   for   represent ing   the   f low  d is t r ibu t ion .  

5 . 3  Trash  Accumulation - 
The  amount: o f   t r a s h   i n  a r i v e r  i s  v e r y   s i t e  

specif ic .   In   the  absence  of  a f i e l d   s t u d y  one  can  only 
specula te  on t h e   s e v e r i t y   f o r  any ' p a r t i c u l a r  intayke. The 
t :es ts   performed  for   this   s tudy  provide  only  indic .a tors  o f  
how the   s t ruc tu re   r e sponds   t o   t r a sh .  I t  is  repor.t:ed t h a t  
the Thompson River i s  r e l a t i v e l y   f r e e   o f   t r a s h   o f  any kind,  
pa r t i cu la r ly   du r ing  low flow  periods when the   capac i ty  o f  
t:he t rashracks  t o  pass  flows is  most c r i t i c a l .  T:he p o s s i b i l i t y  
of  masses  of  algae  being  caught on the   racks   in  t:he summer 
has  been  suggested. A trash  problem is  expected t:o be 
an unusual  occurrence  associated  with a spec i f ic   event  
such  as  a major  flood. o r  a bank  subsidence  upstream. 

The t e s t s  show t h a t  t he  f u l l  depth   t rashracks   a re  
more exposed to   t rash   accumula t ion   than   a re   the  l o w  l e v e l  
t rashracks .  However, the  actual   need  for   rakes   has   not   been 
e s t ab l i shed  and a rake  arrangement   that  would o p e r a t e   a t  
the  high  f low  veloci t ies   could be  expensive to   des ign  and 
construct .  A f i e l d  program  might  help  assess  the  seriousness 
of  the  problem and the  need  for   rakes .  
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5 . 4  Sediment  Accumulation 

Sediment t r a n s p o r t   r a t e s   a r e  low i n   t h e  Thompson 
River s o  that   sediment   'accumulat ion  in   the  bypass  is not  
ex:pected t o  be a serious  problem. The t e s t s  conduc:ted i n   t h e  
model confirm  that   the  3 5  degree  slope  provided i,l the  bypass 
ch.anne1 f i o o r  i s  suf f ic ien t   to   p revent   accumula t ion   of  any 
amount  of sediment  detrimental   to  the  operation of  the  bypass. 

6 .  CONCLUSIONS AND RECOMMENDATIONS 

As a r e su l t  o f   t h i s   s tudy  i t  is  possible   to   conclude:  

1. t h a t ,  on t h e   b a s i s  of Geometry B i n   t h i s  report:, a 
sat isfactory  bypass   channel   can be designed  which will produce 
over   the  ent i re   range  of   expected  r iver   f lows a sweeping 
v e l o c i t y   i n   f r o n t  of t he   t r ave l l i ng   s c reens   i n   excess   o f   t he  
minimum v e l o c i t y  of 0 .12  m/s (0 .4  f e e t / s e c )   s t i p u l a t e d  by 
r e g u l a t o r y   a u t h o r i t i e s .  

2 .  t h a t  all foreseeable   design  problems  re la ted to the  f low 
ex te rna l  t o  t he   i n t ake   p i e r   can  be resolved  reasonably  without 
recourse t o  fur ther   model l ing.  

3 .  t h a t   t h e  f l o w  dis t r ibut ion  through  the  screens  appears  
uniform on the   bas i s   o f  dye  observat ions  in   the 1:40 model, 
b u t   t h a t  a l a r g e r  model will be   requi red   to   ver i fy   ;h i s  by 
measuring the e x a c t   v e l o c i t y   d i s t r i b u t i o n  a t  various  flow 
condi t ions.   This  model could  be  l imited  to   the  .area.around 
one  bay. 

4 .  that   the   accumulat ion o f  sediment on t h e   f l o o r  of t he  
bypass  channel, t o  t he   ex t en t   t ha t  it i n t e r f e r e s  with the 
flow  in  the  bypass  c:hannel or  with  any  other   operat ional  
aspec t  of  the  bypass,  w i l l  not  be a problem i f   t h e   s l o p i n g  
f l o o r  of the  conceptual  design i s  incorporated.  

5 .  t h a t   t h e  f u l l  depth  entrance i s  more exposed to t r a s h  
accumulation  than  are  the  low-level  entrances.  

J 
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As a result   of  these!  conclusions it  is  recommended t h a t :  

1. the  design  of  the  bypass  channel  be  based on Geometry 
B o f  t h i s   s tudy .  

2 .  i f  a spec i f i c   i n f low  d i s t r ibu t ion  i s  t o  be v e r i f i e d  a 
1:lO scale  hydraulic.  model of  one intake  bay  and  the  associated 
bypass  channel and low-level  entrance be constructed and 
t e s t e d .  

3 .  a 1:80 sca le   r iv .e r  model be constructed  and  tested  only 
i f   t he   need   a r i s e s   t o   s a t i s fy   r egu la to ry   agenc ie s  of the  
adequacy  of  certain  aspects  of  the  design  as it a f f e c t s  
external  f low  and bed scour.  
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w Pbto 3.2.1. Gecme.try A before installation  in flume. 

Y ': Photo 3.2.3. Model ttashrack with 45' bar orientation. 
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Photo 3 . 2 . 2 .  Geometry B befo re   i n s t a l l a t ion  i n  
the  flume. 
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Photo 3 . 2 . 4 .  

Geometry B 
i n s t a l l e d  i n  
the  laboratory 
flume. 

Xod$l Configurations 

Pho.t,o 3 . 2 . 1 .  

Pho.to 3 . 2 . 2 .  

Photo 3 . 2 . 3 .  

Phoro 3 . 2 . 4 .  



d 

Y 

Photo 4 .1 .1 .  Dye being released  at the entrance for  the 
bypass flow. 

I 

Photo 4 . 1 . 3 .  Dye. released i n  the bypass channel i n  
front of Bay 3 flows upstream. 

The flow is from right to l e f t .  The trashracks have 



Photo 4 .1 .2 .  Dye  released  outside of bypass  channel 
in  front of Bay 5 flows downstream 
through  the  trashracks. 

Geometry Awith prototype 
discharge o f  115 m Is ( 4 I I O O . c f s ) .  3 

Photo 4 .1 .4 .  Dye released  in the bypass  channel 
:In front  of Bay, 5 flows  downstream. 

Photo 4.1.1. 
Phot:o 4.1 .2 .  

Photo 4.1 .3 .  

Phot:o 4 .1 .4 .  

bar orientation. 

d -  



Photo 4 .2 .1 .  DYE! released upstream of the bypass entrance 
flaws i n to  the bypass channel. 

Photo 4 . 2 . 3 .  Dyz released  outside  the bypass  channel flows 
though the  trashracks. 

The flow i s  from r ight   to   l e f t . .  The trashracks hav 



41 
Photo 4 . 2 . 2 .  The dye wand is inside  the  bypass 

entrance. 

Photo 4 . 2 . 4 .  Dye released In  the  bypass  ChaMel 
flows  out  the exit. 

p i '  

Geometry 13 with  prototype 

discharge of :L15 m / s  (4000 c f s )  3 

Photo 4 . 2 . 1 .  

Photo 4 . 2 . 2 .  

Photo 4 . 2 . 3 .  
Photo 4 . 2 . 4 .  

4 5 '  bar   or ientat ion.  
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Photo 4.2.5. The dye is released  upstream of the   p ie r .  
The prototype  discharge is 1980 m3/s 
"(i/0,000). 

Photo 4.2.7. Underwater shot of  dye  being  released  upstream 
of t h e  by ass entrance. The prototype  discharge 
iri 4535 m 5 /s (160,000 c f s ) .  

The f low is from r igh t  t o  l e f t .  



Photo  4.2.6.  The  dye is re l eased   i n   t he   bypass  
SI c.hanne1. The  prototype  discharge 

is 1980 m3/s (70,000 c f s ) .  

d' 

3. 
Photo  4.2.8.  Underwater  shot of dye  being 

r e l e a s e d   i n  the  bypass  channel 
i n  f ront   o f  Bay 5 .  The prototype 
discharge is 4535 m3/s (160,000 c f s ) .  

d 

Geometry B wi th  45' t rashracks  

a t  two high  discharges.  

Photo  4.2.5. 

Photo  4.2.6. 

Photo  4.2.7. 

Photo  4.2.8. 



Photo 4.5.1. Sediment has accumulated In the bypass 
channel  between  the  bypass  entrance and, 
the first low level entrance, 

Photo 4.6.1. Model logs  floating past the  bypass 
entrance. 

The  flow I s  from right  to  left. 
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m 
Photo 4 . 5 . 2 .  The sediment  dune has migrated 

downstream  and is covering  the  bottom 
of the  bypass  channel in  f r o n t  of 

'911 Bay 3. 

3 

Md 
Photo 4 . 6 . 2  Wet confe t t i   f lowing  past the   p i e r .  

3 

Geometry :B with  prototype 

discharge of 1.980 m /s (70,000 3 

Photo 4 . 5 . 1 .  

Photo 4 . 5 . 2 .  

Photo 4 . 6 . 1 .  

Photcl 4 . 6 . 2 .  

cf s: 
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0.176m x 0.032m BARS 
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TABLE C 1  j 
VELOCITY DATA FOR GEOPIE1'RY B UITH DIFFJ3ENT TRASHRACK  CONFIGURATIONS AND DIFFERENT FLOWS 

TESTS Al - A9 

Elevation of 1 

River  River  River  Velocity 
Run Discharge 

Number Configuration m3/s (cfs)  
Depth* Velocity Measurement Upstream Upstream Upstream Upstream Upstream Upstream Do-str- 
m ( f t )  m / s  ( fps)  M of Bay 1 of Bay 2 of Bay 3 of Bay 4 of Bay 5 of Bay 6 of Bay 7 

Velocity in m/s (fps) 

A 1  

A2 

A3 

A4 

A5 

A6 

A7 

A8 

A9 

90' Trashracks 

60' Trashracks 

45O Trashracks 

No Trashracks 

Round Bars 

45O Trashracks 

450 Treshracks 

Trashracks 

115(  4,000) 

115( 4,000) 

115(  4,000) 

115(  4,000) 

115 ( 4,000) 

200 ( 7,000) 

285 ( io, OOOj 

1980(  70,000) 

45' Trashracks 4530(160,000) 

. 

2.8( 9.2) 

2.8( 9.2) 

2.8( 9.2) 

2.8( 9.2) 

2.8( 9.2) 

3.6C11.8) 

4.3(14.1) 

8.9(29.2) 

L1.8C38.7) 

0.52a.7) 

0.52(1.7) 

0.52(1.7) 

0.52(1.7) 

0.52(1.7) 

0.76(2.5) 

1.0 (3.3) 

2.5 (8.2) 

4.0(13.0) 

288 

288 

288 

288 

288 

288 

2 88 

29 1 
294 

288 

297 

291 
294 

288 

- 
0.35(1.5) - - - - - 
0.37(1,21)  0.23(0.75)  0.22t0.72)  O.ZO(0.66)  O.lg(0.62)  0.17(0.56)  0.16C0.52 

0.47(1.54)  0.30(0.98)  0.30(0.98)'  0.29(0.95)  0.33C1.08) 0.30(0.98) 0.29(0.95 

0.49(1.61)  0.34(1.12)  0.42(1.38)  0.42(1.38)  0.49(1.61)  0.49(1.61)  0.45(1.4€ 

0.47(1.54)  0.27(0.89)  0.27(0.89)'  0.27(0.89)  0.25(0.82)  0.27(0.89)  O.Zl(0.69) 

0.65(2.13)  0.45(1.48)  0.37(1.21)'  0.31(1.02)  0.30(0.98) G,28(0.92) 0.23(5.95) 

0.95(3.12)  0.76(2.49)  0.57(1.87)  0.57C1.87)  0.57(1.87)  0.57(1.87)  0.66(2.16) 

1.28C4.20)  l.Zl(3.97)  l.Zl(3.97)  1.18C3.87)  1.18(3.87)  l.la(3.87)  1.25(4.10) 
1.28(4.20) 1.06(3.48) 0.87(2.85) 0.83(2.72) 0.80C2.62) O.gl(2.98) l.OZ(5.31) 
1.65(5.41) l.Zl(3.97) l.Zl(3.97) 1.18C3.87) 1.18C3.87) l.lO(3.61) 1.06(3.48) 

Z.OS(8.20) 1.86(6.10) 1.86(6.10): 1.86(6.10) 1.86(6.10) 1.86(6.10) 2.05(6.72) 
1.52(4.99) 1.67C5.48) 1.52(4.99)! l.SZ(4.99) l.SZ(4.99) 1.52(4.99) 1.67(5.48) 
Z.Zl(7.25) 1.86(6.10) 1.67(5.48) 1.67C5.48) 1.67(5.48) 1.67(5.48) 1.67(5.48) 
2.40(7.87) 2.21(7.25) 1.86(6.10), 1.86(6.10) 1.86<6.10) 1.86(6.10) 1.86(6.10) 

~~ . ~ 
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*Depth above bed a t  El.  286.2 
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TABLE C2 
VELOCITY DATA FOR GEOMETRY B WITB 45O .TRASHRACKS AT 115 m /s (4000 c f s )  3 

THE VARIOUS PUMP CONFIGURATION TESTS B 1  - B5 

Elevation  of 
River River River Veloc i ty   Veloc i ty   in  m / s  ( fps)  ! 

Velocity Measurement 
Number Configuration m3/s ( c f s )  

Discharge 
m ( f t )  
Depth* Upstream  Upstream  Upstrean  Upstream  Upstrean  Upstream Downstream 

m/s (fps) x of Bay 1 of Bay 2 of Bay 13 of Bay 4 of Bay 5- of Eav 6 of Bav 6 ! 
Run 

i 
I i 

B 1  

B2 

B 3  

B4 

B 5  

No pumps on 115(4,000) 

Pour downstream 115(4,000) 
p m p s  on 

Two downstream 115(4,000) 
and two u p  
stream pumps on 

Four  upstream 115(4,000) 
pumps on 

All p q p s  a t  115(4,000) 
113 capac i ty  

2.8(9.2) 

2.8(9.2) 

2.8(9.2) 

2.8(9.2) 

2.8(9.2) 

i 

. 
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TABLE %3 
VELOCITY DATA FOR GEOMETRY B 

THE VELOCITY RESTRICTION TESTS C1 - C6 

River River River 
Elevation of 

Velocity 
Run Discharge Depth*  Velocity Heasurement  Upstream  Upstream 

Number Configuration m3ts ( c f s )  m ( f t )   m k i f p s )  M of Bay 1 of Bay 2 of Bay: 3 of. Bay 4 of Bay 5 of Bay 6 of 827 6 
Upstream Upstream Upstream 

Velocity i n  m/s ( fps)  
Upstream  Downstrea 

c1 

c2 

c3 

c4 

c5 

C6 

Full depth 1980( 70,000) 8.9(29.2) 
t rashracks  
point ing 45' 
downstream 

Full depth 1980( 70,000) 8.9(29.2) 
t rashracks  90" 

Full depth 1980( 70,000) 8.9(29.2) 

blocked  off on 
t rashracks   par t  

downstrean  side 

Full depth 1980( 70,000) 8.9(29.2) 
, t r a sh racks   pa r t  
blocked  off on 
upstream  side 

45' t rashracks  4530(160,000) 11.8(38.7) 
i n  bypass 
entrance 
reversed 

90' t rashracks 4530(160,000) 11.8(38.'7) 
i n  bypass 
entrance 

*Depth  above  bed at  E l .  286.2 

2.5( 8.2) 

.2.5( 8.2) 

2.5( 8.2)  

2.5( 8.2) 

4:.0(13.0) 

4.0(13.0) 

. 

294 
288 

294 
288 

244 
288 

294 
2 88 

297 
294 
288 

297 
294 
288 

0.73(2.39) 0.50(1.64) 0.46(1.51) 0.58(1.90) 0.65(2.13) 0.76(2.49) 0-91(2.98 
O.gS(3.12) 0.65(2.13) 0.65(2.13) 0.69(2.26) 0.73(2.39) 0.87(2.85), 0.99(3.25 

. : 
1 -- . - _. 

l.ZS(4.10) O.gg(3.25) O.gq(3.25) O.gl(2.98) O.gl(2.98) O.gg(3.25) 1.21(3.97 
1.31(4.30) 0.87(2.85) 0.87(2.85) O.gg(3.25) O.gg(3.25) O.gg(3.25) 0.99(3.25 

1.54C5.05) 1.25(4.10) 1.18(3.87) l.lO(3.61) 1.28(4.20) 1.28(4 .20> 1 . 3 1 ( 4 . 3 0 )  
1.84(6.04) 1.31(4.30) 1.43(4.69) 1.31(4.30) 1.31(4.30) 1.28(4.20) l.Zl(3.97) 

l.Za(4.20) l.lO(3.61) l.lO(3.61) l.lB(3.87) l.la(3.87) 1.21(3.97) 1.35C4.43) 
1.66(5.44) 1.25(4.10) 1.25(4.3:0) l.ZB(4.20) 1.28(4.20) 1.21(3.97) l.lO(3.61) 

~ 

1.86(6.10)  1.52(4.99)  1.33(4.36)  l.lk(3.74)  1.33(4.36)  1.33(4.36)  1.52(4.99) 

i.86i6.10)  1.52(4.99)  l.SZ(4.93)  1.52(4.99)  l.SZ(4.99)  1.25(4.10)  1.67(5.48) 
1.52(4'.99)  1.33(4.36)  1.33(4.36)  1.14(3.74)  1.14(3.74)  1.33(4.36)  1.25!4.10) 

1 
i 
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SUMMARY 

On February 23, March 17,  and June 2, 1977, Beak Consultants Limited collected 
water samples  from  the Thompson  River at Walhachin Bridge in order  to  provide 
supplementary information describing seasonal fluctuations in sediment loads 
and to evaluate  the  effects  of algae growth on proposed Hat Creek water 
intake systems. 'Analyses included suspended  sediment (mg/l), particle size, 
and phytoplankton  composition and relative abundance. 

Suspended sediment  concentrations monitored  during the  sampling period  (less 
than 0.1 to 2.0 mg/l) are indicative of suspended sediment loads which pre- 
vail in the Thompson  River  during the low flow period from November to April. 
During rising  freshet (May-June) suspended  sediment  concentrations  may  reach 
as high as 91.0 mg/l (Northwest  Hydraulic  Consultants Limited, 1976). Part- 
icle  size  analyses  of sedimen1:s obtained  during  the program ind.icate that 
the  majority of particles  were less than 50 microns in diameters. 

During the low flow period from November to March  reduced solar  radiation 
and presence  of ice cover in winter reduce  phytoplankton  densities but favor 
periphyton growth in late fall and early  spring  (Langer and  Nassictluk, 1975; 
Bothwell, 1977). Periphyton  (colonizing algae  which attaches to submerged 
substrates)  occur in great' abundance in the Thompson  River and would appear 
at the intake structure during low  flow. This growth, however, is not ex- 
pected  to be of  concern in fouling  travelling screens or clogging  trash 
racks. Although  'some growth can be expected on travelling screens, this 
will be kept  to  a minimum by pressurized  water spray and low light levels. 
Phytoplankton of the  kinds observed  during the  survey would pass through 
the  screens and pumped without  difficulty. If 'exposed to  light, grlowth 
of periphyton on the  walls of the  degritting  clarifier will be rapid, but 
would not be a  problem if light were excluded from  the clarifier. 

- 1 -  
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The  absence of  light will control  nuisance growth in the  intake pipe, 
however, bacterial  growth (could occur. These growths  are not anticipated 
to  reach  nuisance levels. It is our  opinion that  there will be no need 
for  filters  to control  algae prior to pumping. If media  filters  are 
necessary to eliminate  suspended sediments, some  clogging by phytoplankton 
and bacteria can be expected during peak periods of production. 

Chlorination of filtering and pipeline  systems i s  not considered necessary 
to control algae growth. Sf algae grows in the  clarifier it will be 
pumped without problem. 

- 2 -  
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INTRODUCTION 

As part of  the Hat Creek water  supply study, Beak Consultants Limited was 
requested by Sandwell and Company Limited (Sandwell) to conduct water samp- 
ling of the  Thompson  River near Ashcroft,  British Columbia, between February 
and June, 1977, and to  evaluate  the effect of algae growth in the  Thompson 
River on the  Hat  Creek  water  supply systems. This  report  presents  the res- 
ults of the  water  analyses and discusses  briefly  the  implications  of poten- 
tial algae  fouling and entr,ainment problems associated  with screen, filter, 
and pump systems of the proposed  water  intake system on the  Thompson River. 

Water  sampling  was  conducted on three occasions, February 23, March 17, 
and June 2, 1977 to supplement  exising  information  describing seasonal 
fluctuations in suspended  sediment levels and species  composition and rela- 

.. tive  abundance  of  phytoplankton  (usually  single celled  or  short ,chained 
algae  that drift in the curvent). Periphyton  (algae which  grow ,attached 
to submerged  surfaces)  are 1:aken into consideration but were not sampled 
during the  field program. Early in the  field  program it became $apparent 
that although suspended sed'iment concentrations  were low throughout much 
of the year, it was the  abrasiveness  of  particles  constituting normal sedi- 
ment  loads  which  were of concern in designing booster pumping systems. 
Suspended sediment  analyses  were  therefore  expanded to include particle 
size analysis. 

- 3 -  
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MATERIALS AND METHODS 

Suspended Sediment 

Due to  the  size  of  the  Thompson River and the need for  midstretun sampling, 
field  sampling  was  conducted  from  Walhachin  Bridge located approximately 
21.5 km (13.4 miles) upstream  of the confluence of the  BonaparLe and Thompson 
Rivers near 'Ashcroft. blater samples were obtained at three polnts  across 
the river which  approximated 1/4, 1/2 and 3/4  of the  total width. Samples 
were collected using a CAE model D49 depth  integrating suspended  sediment 
sampler. A detailed description  of  the  sampler is provided in Appendix 
A. Approximately 12 subsamples of 350 ml were obtained at each transect 
point and combined t o  achieve  a  total sample volume  of 4 litre:;. Samples 
were  collected  over a continuous depth range  from  surface to bottom. Water 
samples  were  stored unpreserved in clean  polyvinyl chloride bottles and 
returned to BEAK laboratories for analyses  of either  suspended  solids and/or 
particle size. 

Laboratory  analyses of suspended  solids  were  determined by gravimetric  methods 
as outlined in APHA  Standard Methods (1975). Particle  size analyses includ- 
ing sediment  density and size  were determined  using  a Coulter R Counter 
Model B equipped with  a  Model  M Volume Converter as described by Sheldon 
and Parsons (1967). 

& Two  determinations were ma'de  per sample using 560 and 100 micron diameter 
apertures.  The former was used to measure  the  total spectrum o f  particle 
site and the latter to  measure  smaller  size  ranges which  dominated the Thomp- 
son River samples. The 560 micron  aperture was calibrated using corn  pollen 
(mean diameter 89.8 u, volume 379,000 1-1 1, the 100 micron apertlJre using 

3 

3 

*II- ragweed pollen (mean diamters 19.5 u, volume 3,880 1.1 3 ). 

W '  

kid- 
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The  operation  of  a  Coulter  Counter  requires  that  the  medium  be an electro- 
lyte, therefore  sample  water  was  diluted 1:l with  filtered  sea  water 
(15  psi  vacuum  through  a 0.35 Ultitpor  RDFA  filter) to increase!  its 
conductivity.  A  "blank"  sample  was  run  which  consisted  of  a 1:l dilution 
of  filtered  sea  water and tap water. 

A!gae 
On  each  sampling  occasion  a  single  phytoplankton  sample  was  collected 
'at midstream ( 1 / 2  width  tralnsect  point).  Samples  were  collected from 
surface to bottom  using the  depth  integrated  suspended  sediment  sampler. 
Samples  were  placed in 1 li.tre  polyvinyl  chloride  bottles  and  preserved 
with  Lugol's  solution.  Water  samples  were  prepared  for  plankton  counts 
and  identification  by  filtration  through a 25mm 0.45 um  MF-Millipore 
filter  with  subsequent  clarification of.the filter  using  imnersion oil 
(Rand " et  al. 1976). Algal  lunits (300) within  a  diameter  transect  of 
the  effective  circular  filter  surface  were  identified  and  counted  at 
a  magnification of 400 x  (1Ox  oculars)  with  an  A0  phase  contrast  microscope. 
subsequent  examination  of  difficult  taxa  was  made  with  oil  immersion  at 
1000 x and in settling  chambers  with  Wild M40 inverted  microscope. 
Computer  programs,  developed  by BEAK were  used to summarize  and  format 
data  derived form this  study. 

- 5 -  
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RESULTS AND DISCUSSION 

ul 

Suspended  Sediment  Loading in the  Thompson River 

Suspended sediment  concentrations  observed in the  Thompson River near Ash- 
croft are sumnarized in Table 1. These data include those  obtained during 
the  field  survey as well a!; those described in recent reports. In order 
to place sediment loadings characteristics in perspective with .river flow, 
corresponding  discharge information  for the  Thompson River  above the Bona- 
parte  River is also provided. In addition, a  hydrograph (Drawing No. 04191- 
SK78) prepared by Sandwell  Company for 1976 and 1977 Thompson R.iver flows 
at Spences  Bridge is shown in Figure 1. 

Maximum  suspended  sediment  concentpations appear to occur' in the  Thompson 
River as velocities and discharge peak during  rising freshet.  Highest re- 
corded sediment  concentrations (91.0 mg/l)  were  measured by  Nort,hwest Hy- 
draulic  Consultants Limited! (NHCL) at Ashcroft Bridge  on 15 May 1976 at a 
corresponding  discharge  (measured at Spences Bridge) of 2260 m"/s (79800 
CFS). On  the  same day water samples taken at Walhachin Bridge  indicated 
less sediment loading (9.0 to 13.0 mg/l) further upstream. Suspended sedi- 
ment levels  measured by NHCL at Walhachin Bridge, although considerably less 
than  those  monitored at Ashcroft  still  represent high levels  for the  Thompson 
River. In a summary  of  the water' quality  analyses  for  the  Thompson  River 
(B.C. Hydro & Power Authority)  average and maximum  suspended  sediments  moni- 
tored at station No. 0600004, Savona B.C., by the  Pollution Control  Branch 
(PCB) are recorded as 3.1 mg/l and 7.6 mg/l, respectively. This period in- 
cludes the high flow  year OF 1972 when peak Thompson  River disch,arges reached 
4,134 m3/s (146,000 CFS) on 15 June 1972 (Figure 1). B.C. Research and Dol- 
mage & Campbell & Associates Ltd. (1975)  report  maximum recorded suspended 
concentrations of 9.0 mg/l  \yere recorded by the PCB on 19 June 1!372, four 
days  following  maximum  recorded peak discharge. 

- 6 -  



Jan. 
Feb. 

March 

Apri 1 

May 

June 

July 

h 9 .  

Sept. 
Oct . 
Nov . 
Dec . 

TABLE 1 Suspended Sediment Concentrations Observed i n  the Thompson River i n  
' .. ' 

the V i c i n i t y  of  Ashcroft, Bri t ish Columbia 

Concentration Discharge'.. 
Date Source Location  (mg/l) .m3/s CFS. 

I 1: I I I I 
.. I 1 I I I 

23/02/77  4 Wa lhach i n  Bridge c 1.0-2.0 No Data 
I I I 1 1 

17/03/77 
17/03/77 4 Walhachin Bridge 1 .o-2.0 190 6800 I 3.0 1.0  km above Bonaparte 3 

Near Ashcroft 
1.0 k~ above Bunaparie 4.0 1130 

15/05/76 5 Walhachin Bridge 
20/05/76 5 
15/05/76 

Walhachin Bridge 7.0-17.0 21  15  74.700 *I 
2250  '79,500 *i 

I I "" ,< 1.0 No Data 
40,000 

9.0-13.0 2250 79,500 .*I 
5 Ashcroft  Bridge 16.0-91.0 

t I I I I I 
! 

19/06/72 

; 1030 . 36,400 ! 2.0 Walhachin Bridge 4 02/06/77 

No Data 9.0 Near  Savona 1 

- ." ~ 

18/09/76 1210  42,600 2.0 ' 1.0 km above Bonaparte 3 - "- 
1 I I 

18/11/71 1 I Near  Savona No Data ! 

106/12/76 I 3 1.0 km above Bonaparte 1.0 I 1540  54,300 

SOURCES 
1. Pol lut ion  Control  Branch, B.C. 'Water Resources Service as Cited i n  B.C. Research and  Dolmage 

2.  Beak Consultants  Limited (1973) 

4.  1977 BEAK Surrey Range Observed at  Three Transect  Points) 
3.  Beak Consultants  lmited  (Quarterly  Report (1977bj 

5. Northwest Hydraulic  Consultants Ltd. (1976) 
* Flows estimated  for above the  Bonaparte  except  those  referenced b.v  NHCL which are  given  at. Spences Bridge. 
_I Note: This  table does not  represent  the ent i re   data base on  suspended sediments i n  the Thompson River 

and Campbell (1975) 
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During the 1977 BEAK water survey, suspended  solids  were  measured at each 
of  three  transect points  across the Thompson  River at Walhachin Bridge  on 
three occasions. The  results of the survey are presented by transect in 
Table 2. Concentrations  of  suspended  solids ranged from 1.0 mg/l in. late 
February  to 2.0 mg/l in early June. Little  variation in suspended sediment 
concentrations was observed acro:js the  river  transect on any o f  the  sampling 
occasions. The overall low values  obtained on the  survey are  considered 
representative of suspended sediment concentrations generally  present in 
the  river during low flow period!; from November through April. The  June 
2 sampling  results  suggest that in low flow  years  river waters  can be rela- 
tively  solids  free as late as June. Discharge at Walhachin Bridge at the 
June 2 sampling was estimated at 1030  m /s (36,400 CFS). Thompson  River 
discharge at Spences Bridge peaked on 24 June at 1,790 m /s (63,100 CFS) 
Figure 1). 

3 
3 

.Particle  Size  Analysis 

As  indicated by the' available su:;pended sediment data for  the  Thompson River, 
suspended  sediment loading under normal conditions is particularly low. 
Results  of  the  particle  size  analyses  further indicated  that those particles 
present  under normal conditions are in the silt/clay category. 

The  particle  size  distribution and frequency of occurrence of  suspended  sed- 
iments and samples obtained at Walhachin Bridge  are  given in Tables 3 and 
4. In the  March 18 samples no particles  were  detected  with the  560  micron 
aperture  (capable of  measuring particles up to 560 microns). A more sensi- 
tive 100 micron  aperture indicated the greatest portion (71%) of detectable 
particles ranged in size  from 20 microns  to 41 microns and less than 1% of 
the observed  particles were greater than 52 microns. 

Particle  size  analyses  of samples obta.ined during the  June 2 sampling period 
indicated similar  distributions of detectable particles. Approximately 75% 
of the  particles observed in the transect samples  were contained in the 12.0 
to 17.3 micron size range. No data are available  for particles smaller than 

ui 
- 7 -  



id TABLE 2 Suspended Sediment  Concentrations Measured at Transect  Points 
Across the Thompson  River at Walhachin Bridge  During the 1977 Survey. 

w .  

ri 

Transect Point Discharge* 
Date 1 /4 1 /2 3/4 .3/s CFS 

- 

23/02/77 2.0 1.0 1.0 No Data 

17/03/77 1.0 2.0 1.0 190 (700) 

02/06/77 2.0 2.0 2.0 1030  (364000) 
3. 

ill 
* Estimated Thompson River disc:harge above the  Bonaparte River, Inland 
Waters  Branch,  Water Survey of Canada, Vancouver, 1977. 
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Table 3. Size  Distr ibut ion o f  Suspended Sediment from the Thompson 
River Sampled a t  UaIRachin  Bridge, March 17, 1977. 

APERTURE 
Par t ic ledm1 - DIAMETER (.!J) t width i width 3/4 width 

1 oo!J 

56Ov 

Y 

<20 

28-33 
20-2tl 

33-37 
37-47 

4 3- 46 
41-411 

46-48 

50-52 

'52 

48-50 

beyond detect  ion range 
0.0 6.0 26 
1 .t 7.5 9.0 

2.8 0.3 
0.0 5.5 

1.2 
2.8 

2.0 
2.5  

1.2 1.8 
2.2 2.0 

1.2 
1.8 

2.0  1.2 

1.2 2.3 
1.6 1.0 

1.8 

0.1 <o. 1 <o. 1 

K4264. , . .  , 
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Table 4 S i z e   D i s t r i b u t i o n   o f  Suspended Sediment  from the Thompson 
River Sampled a t  blalhachin Bridge,, June 2, 1977 

Aperture  Diameter (p) - 
c12.0 

lO0u  12.0 - 17.3 
20.5 - 22.9 17.3 - 20.5 
22.9 - 24.9 
24.9 - 26.6 
26.6 - 28.2 
28.2 - 29.5 
29.5 - 30.8 
30.8 - 32.0 

56011  26.4 - 38.1 
38.1 - 45.2 
45.2 - 50.5 
50.5 - 55.0 
55.0 - 58.8 
62.1 - 65.2 58.8 - 62.1 
65.2 - 67.9 
67.9 - 70.5 
90.3 - 101 70.5 - 90.3 
101 - 110 
110 - 118 
118 - 124 
124 - 130 
130 - 136 
136 - 141 

>141 

P a r t i c l e d m 1  
99 3 - - 994 

Beyond detection  range 

154 f 18.2 204 f 20.7 
22.5 f 7.1 30.5 f- 7.5 
13.8 f 3.2 11.5 f 2.3 
4.7 f 1.4 4.4 f 2.5 
2.1 f 1.9 
2.1 t 1.4 

3.5 f 1.4 
2.5 f 3.0 

2.0 f 1.1 2.8 f 1.3 
2.1 f 1.9 2.5 f 3.5 
2.7 f 2.0  2.0 f 0.9 

0.6 f 1.8 
0.3 f 0.4 

0.0 f 1.2 

0.2 f 0.3 cO.1 f 0.1 
0.2 f 0.3 

0.0 f 0.0 0.0 f 0.0 
0.0 f 0.0 0.1 f 0.3 
0.1 f 0.3 
0.0 f 0.0 

0.0 f 0.0 

0.0 f 0.0 0.1 f 0.2 
0.0 f 0.0 

co.1 f 0.1 0.0 f 0.0 
Beyond detect ion range 
0.0 f 0.7 
0.1 * 0.6 

0.0 f 1.1 

0.2 f 0.6 
0.4 f 0.9 
0.0 f 0.4 

co.1 f 0.5 0.0 f 0.4 
0.2 f 0.6 0.1 f 0.4 
0.0 t 0.0 0.0 f 0.0 
0.0 f 0.0 0.0 f 0.0 
Beyond detection  range 

- 995 

2:3.0 f 7.2 
167 2 21.5 

10.0 f 2.4 
3.7 f 2.9 
1.8 f 2.2 
1.8 f 1.9 
0.7 f 0.8 
0.5 f 1.2 
1.3 f 1.8 

0.5 f 1.4 ' 

0.0 f 0.0 
0.0 f 0.0 
0.0 f 0.0 
0.1 f 0.2 

0.0 f 0.0 
0.0 f 0.0 

0.0 f 0.0 
0.0 f 0.0 

1.0 f 1.3 
0.0 f 0.7 

0.1 f 0.4 
0.2 f 0.4 

0.2 f 0.6 

0.0 f 0.0 
0.2 f 0.3 
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12 microns  or  larger  than 41 microns  and 560 micron  apertures,  respectively. 
Similarly,  no  data  are  available  for  particles 70.5 to 90.3  microns  in  dia- 
meter.  It  is  believed,  however,  that  the  great  majority of particles  were 
included in the  size  ranges  counted. 

Algae  Growth  in  the  Thompson  River 

A  schematic  representation  of  algae  growth and of the  hydrologica.1 regime 
above  the  Bonaparte  River  and  below  Kamloops  Lake is provided  in  Figure 2. 
Sources  of  this  information  were  the  short-term  studies  of  Servizi (1976). 
Langer  and  Nassichuk,  (1975),  the  present  study,  and  a  study of t.he  lower 
Fraser by Northcote, Ennis and  Anderson  (1975).  Algae  growth  is  primarily 
controlled by nutrient,  light  and  hydrologic  regimes.  Ice  cover  during  winter 
and  decreased  solar  radiation  reduce  phytoplankton  densities  during  the  period 
of low  water from November to March. These conditions  are,  however,  favor- 
able  to  periphyton  growth  which  peaks  in  early  spring  and  late f a l l  (Langer 
and  Nassichuk,  1975;  Bothwell, 1977) . Results  of  the BEAK phytoplankton 
study on  the  Thompson  River in 1977 show  phytoplankton  densities  increased 
markedly  from  February  through  June  (Appendix B). These  data and  information 
describing  phytoplankton  abuindance in the  upper  Fraser  River  (Northcote, 
Ennis  and  Anderson,  1975),  suggest  phytoplankton  densities  may  be  at  their 
highest  in  early  sunmer,  with low densities  occurring  through fall. 

Nutrient  enrichment  from  human  activity  in  the  upper  Thompson  River  has  pro- 
duced  an  increasing  longitudinal  periphyton  density  gradient  downstream of 
Kamloops  Lake  (Langer  and Nasichuk, 1975; Bothwell, 1977). During  the  early 
spring  and  late fall the  periphyton  is  dominated by a  few  species  of  diatoms 
of the  genera  Gomphonema,  CynlbeZZaand FragiZaria. In  spite o f  their  small 
individual  cell  sizes (15-50 um), their  growth  habit  of  attachment by gelat- 
inous  stalks  and  ribbon-like  proliferation  produced  fluffy  or  stringy  mats 
on  re-k  substrates.  Trapped  air  bubbles  and  water  turbulence  remove  clumps 
or  portions  of  the  growth  wh.ich  are  subsequently  transported  downstream. 
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Phytoplankton density (Qualitative) .' .*e 
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Figure 2 Qualitative periphytic algae production and a 

near Walhachin, B.C. based on Langer and 
typical hydrologic regime in  the Thompson River 

Nassichul; (1975), and Sandwell, Vancouver, B.C. 
drawing No. D4191-SK47. Phytoplankton densities 
from data in Appendix 2 of this report (*) and 
from Northcote. Ennis and Anderson (1975). 
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Entrapped  air  may  enable  pieces  to  drift  near  the  surface  of  the  river. 
The  total  amount  of  periphyton  material  sloughed  off  during  the  highest 
growth  period  may  be  considerable.  The size  of  the  fragments  which  would 
be  present  in  the  river  cannot  be  determined from  previous  work,  however, 
from our  experience  clumps less than 5 to 8 cm in diameter  and  mat-like , 

sectiops 24 X 1 cm  may  be  expected.  The  composition  of  these  materials 
ismall  Cells  attachea  by  gelatinous  material)  allows  rapid  disassociation 
in turbulent water. 

During sumer growth  periods  the  composition  and density  of  the  periphyton 
differs  from  the  low-flow  cold  weather  period.  Inferring  from  Northcote, et.al. 
(1975)  green  algae  (e.g. ulthrix ) are  prominent  along  with  diatoms.  Phyto- 
plankton  densities  increased  from  262,871  units/liter  February  23  to 383,332 
units/liter  on  March 17 to a high of 692,265  units/liter  on  June 2, 1977 . 

(Appendix B).  Dominant  algae in February  were  the  pyrrophyte  flagellate 
(Rhcdcmnas mfnuta ) , a green Chlorella-1 ike  cell,  and  two  diatoms Acnanthes 
minutissima and Synedra vaucheriae . Rhodomnas 'and the Chlorella- 
like  algae  were  probably  derived from  the plankton of Kamloops  Lake. The 
two  diatoms  were  probably  derived  through  periphyton  washing  into  suspension. 
A total  of 54 different  taxa  of  algae  were  observed. In March  the  phyto- 
plankton  were  dominated by diatoms  and  the chlorella-like algae.  Again, 
the  diatoms  were  typical  periphyton  forms. A total  of 55 different  taxa 
were  observed in  March.  In  June the  composition of the  phytoplankton  was 
typical  of a lake  assemblage  with  relatively  few  periphyton  forms.  Dominant 
were  pyrrophytes (Rhoclomnas spp..), chrysophytes (e.g.,Rhizolenia ) and  various 
planktonic  diatoms  (Asterionella, Cyclotella spp.). The  periphytic  diatom 
ananthes minutissima  was,  however,  still  present.  Total  taxa  observed in 
June  were 46. 

In surmnar.~, the  composition of the  pytoplankton  reflects  both  the  influence 
of  the  river  periphyton  (especially in March  when  periphyton  growth  has 
previously been  greatest)  and  the  phytoplankton of Kamloops  Lake.  Th,e forms 
of planktonic  algae  observed  were  primarily  discrete  single-cell  units  rather 

- 9 -  
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than  long,  filamentous  diatoms  or  blue green  algae. It can be assumed t h a t  
blue-green  algae  which  are  filiunentous (OsciZZatoria, Arthrospira, 
Aphrmizomenon and Anabaena ) are  present i n   l a t e  summer  and f a l l .  

The l i te ra tu re   d id   no t   con ta in   repor ts   o f   excess ive  growths o f  macrophytic 
f lower ing   p lan ts  and evidence o f  such growth was not  noted  dur ing  a  s i te 
v i s i t  on September 21, 1977. 

Hat Creek Water Supply Systems  and Algae  Growth 

ar 
.. 

Y '  
.... 

r i .  

*i 

Intake  St ructure The po ten t ia l   fo r   c logg ing   the  openings o f   t h e   t r a v e l i n g  
screen. ( .254 cm) and trash  racks (15.25 cm) were two primary  concerns 
expressed by Sandwell. Float ing  p ieces  of   per iphyton  mater ia l  which will 
appear a t   t h e   s t r u c t u r e   i n   g r e a t e s t  abundance dur ing low  water, will be e a s i l y  
removed from  the  travel ing  screens by the  pressurized  water  screen wash. 
Most o f  these  pieces will be reduced to   sma l l   c l us te rs   o f   ce l l s   by  .the water 
pressure and passed through  the  screens  or  out  the  screen wash s lu ice.  Growth 
o f  per iphyton on the  screens will be kept   to   a  minimum by  the  pressurized 
water  spray and by the very low l eve l  o f  l i g h t  a t  the  screens.  Phytoplankton 
o f   t he   k ind  BEAK observed  February-June, 1977, and that  are  expected  from 
growth i n  Kamloops Lake should  easi ly pass through  the  screens. Due t o  the 
nature  o f   the  nut r ient   enr ichment  o f  the Thompson River and  Kamloop!; Lake 
the  growth of the  slime  bacter.ia SphaerotiZus has been expected f o r  many 
years.  This  heterotrophic  organism  could grow on surfaces i n   t h e  dark and 

has caused fou l i ng   o f   aqua t i c   s t ruc tu res   i n   r i ve rs  where it has been abundant. 
Invest igat ions on the Thompson River by Serv iz i  and Brukhalter (1970) and 
Serv iz i  (1976) on the presence o f  SPhnerotiZus growth i n  1'964, 1965 and 1973 
showed an absence o f   the   bac ter ia l   s l ime on submerged unglazed  tile!;.  This 
would  suggest tha t   g rowth   o f   s l ime  bac ter ia   in   p ipe l ines  and the  in take  s t ruc-  
t u r e  will be minimal if o c c u r r i n g   a t   a l l .  No e f f e c t  upon the  operat ion or 
maintenance o f  the   s t ruc tu re  is expected. 

- 10 - 



It is likely  that periphyton will grow on the lower trash  racks  especially 
during low flow periods. Turbulence  of  the  water  through  the  racks  should 
prevent flocculant accumulation of algae  on the  rack  surfaces and  no problem 
is anticipated at the intake. Algal or bacterial problems have not been 
encountered at the  Lornex  intake  downstream on the  Thompson River (A. Cope- 
land, personal communication). 

Degritting  Clarifier Most of the algae in the  Thompson River will pass 
through. the  traveling screens. Much  of this drift  algae will consist o f  
periphytic  diatoms able to  colonize  stable substrates. If the  walls  of  the 
degritting  clarifier  are  exposed  to  sunlight  they will be rapidly  covered 
with  periphyton. Periphytic material wi1.l slough off  periodically and be 
carried  through  the pumps and piping to  the power plant. Excluding light 
from  the  degritting  clarifier will greatly  reduce this.  Even if growth and 
sloughing  occurs it  is not expected that it will cause any operational or 
maintenance problems. The high head pumps will easily  fragment any algal 
material  that is pumped. 

Media  Filters Given the  relative  abundance and species  compositioo  of phyto- 
plankton in the  Thompson River, there  appears to be no need to filt.er algae 
from  makeup  water prior to pumping. Should media  filters be required to 
remove  suspended sediments, phytoplankton would be filtered  routinely as 
other  particulate  matter at  no disproportionate loss in efficiency  to the 
filtering media. Most  algae  present in the  Thompson River  would pass through 
the  media bed, however, larger species such as AsterioneZZa fomosa, 
CycZoteZZa spp.,Synedra spp. andfiagiZaria spp. and dislodged  periphyton 
would be collected. During peak periods  of phytoplankton production, greater 
numbers would be filtered, however, normal backwashing and filter  maintenance 
is considered  sufficient  to avoid any  problems  attributed to  clogging by 
algae. Since  most  filters are  positioned in enclosed  containers, environ- 
mental conditions are unsuitable for  algae  growth in or on the  surface  of 
the  filtering med'ia. 

- 1 1  - 
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'@ Some  bacteria growth may occur in the  absence  of light, however, no  slime 
. .  producing bacterial  have been found in the Thompson River, hence are not 

r*l anticipated to occur in the sys.tem. 

m ,  Chlorination Based on conclusions drawn by the  Boeing  Company (Boiirdman 
Environmental  Analysis, 1976)  regarding  treatment  of makeup water supplied 
to a  proposed coal fired power plant station on the  Columbia River, it app- 
ears that chlorination o f  makeup  water  from  the  Thompson River  would not 
be  required  to prevent nuisance algae and bacterial. growths in the intake 
and pipeline systems. At the proposed  Boardman  station  a review  of nearby 
irrigation systems using  nutrient  rich Columbia  River waters indicated chlor- 
ination was  not  necessary to  maintain flow in large diameter pipelines. 

%+ 
J 

4 '  

. .  In comparison'to  the Thompson fliver, phytoplankton  densities in the  Columbia 
River reach some 8 to 29 times  the  densities (Beak, 1975-1977a) obslsrved 

.gi; in the  Thompson River. 

" r p ' ,  Lack of light in the intake  pipe will be wfficient  to control nuisance algae, 

. .  
i .' 

however, some bacterial growth could occur. Since the  primary  slime produc- 
ing bacteria Sphaerotilus is not anticipated in the  Thompson River, nuisance 
bacterial  growths would not likely be encountered.  Should some buildups 
occur  the  scouring action of  water  flow  within  the intake  pipe is considered 

m' . 

yl sufficient  to  control accumulation before  clogging or significantly reduced 

flows occur. 
w 

Similarily  there  appears  to be  no need to  chlorinate  media  filters to  control 
algae  prior to pumping. Phytoplankton and dislodged filamentous algae present 
in the  makeup  water would be collected in the  filtering  media  regardless 
of being  killed  prior  to entering  the  media bed. Chlorination would reduce 

ance bacterial growths are  anticipated, and conditions are unfavourable 

*' 

1 potential  bacterial growths in the. filtering media. However, since no  nuis- 

Y . for  algae growth, there  appears  to be no need for  chlorination pretreatment. 
Backwashing  of  the  filtering  media is considered sufficient  to  assure  continued 
filtering efficiency. a 
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APPENDIX A 

0 49 - CAE  Depth  Integrating 
Suspended  Sediment  Sampler 
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D-49  SUSPENDED  SEDIMENT  SAMPLER 
CAE MIODEL 314 c/w CASE 

This 62 pound  bronze  sampler is intended  for  use in streams  up  to 
18 feet in depth. It is raised or lowered by means of a  steel  cable  attached 
to a  hand  reel. A glass  pint bottle is used to collect the  sample. 

The  head of the  unit is hinged  to  permit  access to the  sample con- 
tainer. 

Nozzles of 1 /4”, 3/16” and 118” are  supplied  with sampler. 

.............. - .... ,- .” .............. , ..................... ”_ ...... 
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APPENDIX B 

Computer  Print Out of  Phytoplankton 
Data From the Thompson River Study. 
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TABLE 5: PHYTOPLANKTON  DATA 

THOMPSON  RIVER  STUDY 

TAXA  UNITSILITER 9, 

DATE: 23 FEBRUARY 1977 

w . .  

rr! 

1 .  

RHODOHONAS  MINUTA 
CHLORELLA-LIKE #I 
ACNANTHES HINUTISSIHA 
SYNEORA  VAUCHERIAE 

COHPHONEHA  OLIVACEOIDES 
ACNANTHES  LINEARIS 

TABELLARIA  FENESTRATA 
RHODOHONAS  LACUSTRIS 

FRAGILARIA  CROTONENSIS 

CYHBELLA  HINUTA 
CYCLOTELLA  STEUIGERA 

ASTERIONELLA  FORMOSA 
CRYPTOHONAS  OVATA 
TETRASELHIS trl 
RHIZOLENIA  ERIENSIS 

STEPHANODISCUS  ASTRAEA 
GOHPHONEHA  DICHOTOHUH 

4RTHROSPIRA  JENNERI 
FRAGILARIA  CONSTRUENS 
4,HPHORA PERPUSILLA 
CHRYSOPHYTE  STATOSPORE # 1 1 '  

~ " ~~ 

NAVICULA  CRYPTOCEPHALA 'V. VENET 
MELOSIRA  DISTANS V. ALPIGENA 
GOMPHONEMA  SUBCLAVATUM 
NITZSCHIA  RECTA 
ACNANTHES  LANCEOLATA 
NITZSCHIA  SILICA 
TREUBARIA  TRIAPPENDICULATA 
CYCLOTELLA  KUTZINGIANA 

MELOSIRA  ITALICA 
SCENEDEOHUS  DENTICULATUS 

OCHROHONPS-LIKE 
DIATOHA  TENUE 
NITZSCHIA  FRUSTULUH 
STEPHANODISCUS  ASTRAEA Y. HIN 

NITZSCHIA  GRACILIS 
NITZSCHIA  LINEARIS 

HANNAEA  ARCUS 
CHROHULINA-LIKE 

53519 20.4 
41686 15.9 
35032 13.3 
20987 8.0 
13569 5.2 
12701 4.8 

10558 4.0 
12224 4.7 

6542 2.5 
5249 2.0 
4790 1.8 
3973 1.5 
3514 1.3 
2203 
2195 

08 

2195 
.8 

2186 
.8 

2170 , 

.. 8 
1761 

.a 

.7 
1752 
1752 

e 7  

1144 
.7 

1735 
.7 

1319 
e7 

885 
.5 
.3 

885 
885 

.3 
885 

.3 .3 
876 
876 .3 

e 3  
868 .3 
868 . A  
868 
868 .3 .3. 
442 .2 
442 .2 
442 .2 
442 .2 
442 .2 
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TABLE 5 :  PHYTOPLANKTON  DATA (CONTINUED) 

TAXA 
STATION 346 

' UNITS/LITER % 
"""""""""""".*""""""""""""""",""""""". 

ULOTHRIX ZONATA 442 
CALONEIS  HYALINA 

.2 
442 

COSCINODISCUS R O T H I I  
.2 

NITZSCHIA  ACICULARIS 
434 02 

NAVICULA #13 
434 - 2  

CYMBELLA CISTULA 
434 
434. 

.2 . 
NAVICULA  MINIMA 

.2 
434 

ACNANTHES HAUCKIANA 
.2 

ACNANTVES PERGALLI 
434. 
434 

.2 
CYHBELLA  SINUATA 

.? 
434 

NITZSCHIA  DISSIPATA 
.2 

434 
SYNEDRA OELICATISSIMA 

. 2 .  

NITZSCHIA PALEA 
434 .2 

CYHBELLA A F F I N I S  
434 .2 

CHLAMYDOMONAS-LIKE 434 
434 .2 

.2 

TOTAL MEAN DENSITY  (UNITS/LITER) 262871 

STANOARD ERROR OF. MEAN DENSITY 2576 

COEFF. OF VARIATION  OF'REPLICATES(%) 1.39 

TOTAL  TAXA/STATION 54 

MEAN UNITS  COUNTED/REPLICATE 300.00  

NUMBER OF REPLICATES 2 

0400 = LESS THAN . I% 



TABLE ti: PHYTOPLANKTON DATA 
THOMPSON RIVER STUDY 

DATE: 17 W,ARCH 1977 

ud TAXA UNITS/LITER S 

lrrl 
! 

pl 
i 

4 

W '  

ACNANTHES HINUTISSIMA 
CHLORELLA-LIKE #I 
SYNEDRA VAUCHERIAE 
GOHPHONEWA OLLVACEOIDES 

CYMBELLA MINUTA 
HANNAEA ARCUS 

RHODOWONAS HINUTA 

RHODOMONAS LACUSTRIS 
ACNANTHES L INEARIS  
NITZSCHIA RECTA 
ASTERIONECLA FORMOSA 
CHLAMYDOMONAS-LIKE 
CYCLOTELLA  KUTZINGIANA 
SYNEDRA 'RUHPENS 
NITZSCHIA  PALEA 
GOUPHONEHA OLIVACEUU 
CYCLOTELLA STELLIGERA 
TABELLARIA FENESTRATA 
FRAGILARIA CROTONENSIS 
TETRASELMIS #l 
GOMPHONEHA SUBCLAVATUM 

OCHROHONAS-LIKE 
CYHBELLA A F F I N I S  

CYMEELLA CISTULA 

NITZSCHIA  ACICULARIS 
GOYPHONEHA H E D I N I I  

F R A G I L A R I A  LEPTOSTAURON 
UELOSIRA  ITALICA 
CHROOWONAS NORDSTEDII 
CRYPTOHONAS OVATA 
SYNEDRA RADIANS 
ARTHROSPIRA JENNERI 
AULOMONAS PURDYI 
RHIZOLENIA  ERIENSIS 
DIATOWh VULGARE 
NITZSCHIA  BREVIROSTRIS. 

NITZSCHIA FRUSTULUM 

NITZSCHIA S I L I C A  

ACNANTHES FLEXELLA 

98039 
4'6023 
45567 

27375 
17304, 
13666 
11153 
10612 
5458 
5068 

4028 
4721 

4028 
3682' 
3444. 
3292 
3097 
2945 
2902 

2556 
2902 

2209 
2209 
2014 

1819 
1819 
1624 

1473 
~ 1473 

1278 
,1278 
1278 

1083 
1083 

73 6 
736 

30818 

2014- 

1083 

25.6 
12.0 
11.9 
8.0 

4'. 5 
7.1 

3.6 
2.9 
2.8 
1 e.4 
1.3 
1.2 

1.1 
1e1 

1.0 

.9 

.9 

.a. 

.a 

.8 

.8 

-6  
..? 

e 6  .s , 

.5 .s .s 

.4 

.4 

.4 

.3 

.3 

.3 

.3 
r 3  
e3 
.2 
02 

.t 
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STATION 401 
TAXA  UNITS/LITER % 

"""""""""""~"--C"""~""""""~"""-""--"-""--"- 

SCENEDEDHUS  OENTICULATUS 736 
AHPHIPLEURA PELLUCIDA 736 

.2 

.2 
OSCILLATORIA  LIMNETICA 736 
FRAGILARIA  CONSTRUENS 736 

.2 

ANKISTRODESMUS FALCATUS 54 1 
.2 

NITZSCHIR  SUBACICULARIS 
.1 

54 1 
CHROHULINA-LIKE 

.1 
54 I 

SPAURONESS  ANCEPS 
. I  

54 1 
NITZSCHIA  fONTICOLA 

.1 
5.4 1 

NITZSCHIA  DISSIPATA 54 1 
.1 
0 1  

TREUBARIA  TRIAPPENDICULITA 541 .l 
NITZSCHIA  LINEARIS 54 1 
SYNEDRA  HAZAMAENSIS 

. 1' 
541 

ACNANTHES  LANCEOLATA 541 
01' 
.1 

SYNEDRA ULNA 54 1 
GOMPHONEHA  PARVULUM 

.1 
54 I .I 

TOTAL  MEAN  DENSITY (UNIIS/LITERl 383332 

STANDARD ERROR O f  MEAN  DENSITY 58449 

COEFF. OF VARIATION OF. REPLICATES(%) 21.56 

TOTAL  TAXA/STATION 55 
w 

%. MEAN  UYITS  COUNTED/REPLICATE 30.0.00 

NUMBER OF REPLICATES 

d 
2 



TABLE 7: PHYTOPLANKTON  DATA 
THOMPSON  RIVER  STUDY 

TAXA UNIfS/LITER S 

DATE: 2 \rlUNE 1977 

RHODOWONP~ WINUTA 

ACNANTHES  HINUTISSIHA 
RHIZOLENIA  ERIENSIS 

ASTERIONELLA  FORMOSA 
CYCLOTELLA  KUTZINGIANA 
CYCLOTELLA  STELLIGERA 
RHODOMONPS  LACUSTRIS 
OCHROHONAS-LIKE 
CRYPTOMONAS  OVATA 
SYNEORA  VAUCHERIAE 
SYNEDRA  .PUMPENS 
CHROWULINA-LIKE 
NITZSCHIA  ACICULARIS 
CHLORELLA-LIKE #l 
SYNEDRA  RADIANS 

SCENEDEDMUS  DENTICULATUS 
CYHBELLA  HINUTA 

I . .  DINOBRYON  SERTULARIA 
.' ACNANTHES  LINEARIS 

FRACILARIA  CONSTRUENS 
NITZSCHIA  PALEA 
HELOSIRA  ITALICA 
STEPHINODISCUS  ASTRAEA. 
NITZSCHIA  RECTA 

DIATOMA  TENUE 
CRUCIGENIA  PUADRATA 

NITZSCHIA  FRUSTULUM 
ARTHROSPIRA  JENNERI 

FRAGILARIA  CAPUCINA 
GOWPHONEMA  OLIVACEOIDES 

NITZSCHIP  SILICA ~-~ 
DINOBRYON BAVARICUH 
TETRASELMIS #l 
CL4DOPHORA 
OSCILLATORIA  LIMNETICA 
NITZSCHIA  GRACILIS 

CHLAMYDOMONIS-LIKE 
OOCYSTIS PUSILLA 

RHIZOCHRISIS #I 

232468 
111991 
39684 
35138 
34104 

29754 
29843 

18968 
17310 

14191 
16508 

10875 
10500 
9413 
9270 
6953 
5865 
5723 
,5723 
4492 
3690 
3548 
3405 
3242 
2469 
2460 
2318 
2.1  75 

,2175 
2175 

1230 

1230 
1230 

1230 
1230 
1230 
1230 
1230 
1230 

33.4 
16.1 
5.7 
5.1 
4.9 
4.3 

2.7 
4.3 

2.5. 
2.4 
2.0 
1 ..6 
1.5 
1.4. 

1.0 
1.3 

-8  
e 8  
.8 
e 6  
.5 
05 
r 5 
.S 
.Q 
.4 
.3 
.3 
.3 
.3 
.2 
.t 
.2 
.2 

.2 

.2 

.2 

.2 

.2 



TABLE 7 :  PHYTOPLANKTON DATA (CONTINUED) 

STATION 450 
TAXA UNITS/LITER % 

"""""""""~"""~,""~"""""~"""""~"~~"""""-" 
SYNURA UVELLA 1230 
NAVICULA PUPULA. 

.? 
1087 .2 

HANNA€A  ARCUS 1 oat 
HALLOHONAS PSEUOOCORONATA 1087 

.2 

.2 
NAVICULA X8 1 0 8 1  
NAVICULA CRYPTOCEPHALA Vas VENET 1087 

.2 

.2 
ACNANTES LANCEOLATA 1087 .2 

TOTAL ~ E A N  DENSITY (UNITSVLITER) 695265' 

STANDARD  ERROR OF MEAN DE:NSITY 42786 

COEFF. OF V4RIATION OF- REPLICATES(%) 8-10 

TOTAL TAXA/STATION 46 

- . '. MAN UNITS COUNTED/REPLIC:ATE 300.00 

NUMBER OF REPLSCA~ES 2 

***e = LESS THAN .I% 
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1. 

1. INTRODUCTION 

B.C. Hydro and Power Authority 's   proposed 
Hat Creek Pro jec t   involves   the   cons t ruc t ion   of  a 
.major water in t ake  on the  Thompson River. A s  pa:rt 
of the ongoing   s tud ies   for   the   in take ,   Sandwel l  
and Company Ltd., t he  consu l t an t s   fo r  the water 
supply,   retained  Northwest  Hydraulic  Consultants 
Ltd. (NHCL) t o   i n v e s t i g a t e   t h e   r i v e r  ice regime  of 
t h e  Thompson i n   o r d e r   t o   i d e n t i f y   p o t e n t i a l   d e s i g n  
and/or  operations  and  maintenance  problems  related 
t o  river ice. Figure 1 shows the   s tudy  area. 

The terms of   r e f e rence   fo r   t he   s tudy   a r e  
included  herein as Appendix A. Author iza t ion   to  
proceed  'with  the  ,study was received by  .Sandwell  on 
20 January, 1977. 



northwest hydraulic consultants ltd. 
2. 

2. GENERAL 

It is s tandard   p rac t ice  i n  ca r ry ing   ou t  
the   des ign   of  a water in t ake  s t ruc tu re  t o   a l l o w   f o r  
t he   va r ious   poss . ib l e   e f f ec t s  of ice: 

1. 

2 .  

3 .  

-4. 

5 .  

Ice forces,   both  impact  of  f loes  and  expan- 
s ion  o.f a s o l i d  ice cover: 
Freeze-up  jams,   and  their   effects  i n  terms 
of both low water and  flow  conditions. 
Break-:up jams, a n d   t h e i r  effects i n  terms 
of  both  high  water  levels  and ice forces:  
Screen  clogging  or jamming,' or  maintenance 
problems related t o   t h e   i n t a k e   o f  eit.her 
broken ice o r   f r a z i l  ice; and 
In take   por t   b lockage  or screen jamming due 
t o  development  of  anchor i c e  on s t rucj tural  
elements p a r t l y  submerged  and par t ly   exposed 
to   the  a tmosphere.  

General   knowledge  of  the  climatic  conditions . ' . -  

of   t he  Thompson River   region  and  considerat ion  of   the 
e f f e c t  on river temperatures  of Kamloops Lake Led t o   a -  
general   impression a t  t h e   o u t s e t   o f   t h e   s t u d y   t h a t  
problems  associated  with  Points  I, 2 o r  3 would be un- 
l i k e l y .  The c o l l e c t i o n  of some formal data, was, how- 
ever, necessa ry   t o  confirm th is   impress ion .  The possi-  
b i l i ty   o f   p roblems related t o   P o i n t s  4 and 5 appeared 
t o   b e  more se r ious  however, i n  view o f  the   fac t :   tha t  
per iods  of   intense cold do  occur i n   t h e   r e g i o n .  

In   order   to   determine  the  magni tude  of   possible  
ice-related  problems,   var ious  sources  of r e l evan t   i n fo r -  
mation were pursued: a program  of f i e ld   obse rva t ions  
was e s t ab l i shed ,   ex i s t ing   da t a   r eco rds  were searched, 
and interviews with  knowledgeable   local   res idents  were 
ca r r i ed   ou t .  
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3 .  

3 .  DATA COMPILATION 

3 .1  Field Proqraz 

A field program of r i v e r  and l a k e  ice 
observat ions was i n i t i a t e d   i n  mid-January, 1977. 
B.C. Hydro and Power Authority  provided  an  obse:rver 
i n   t he   pe r son  of Mr. Bob Maxwell, Landsman, of :B.C. 
Hydro's Kamloops o f f i c e .  The ob jec t ives  and method- 
ology of t h e  program were discussed  with Mr. Maxwell 
i n  a series of phone conversations  and le t ters ,  and 
j o i n t  site v is i t s  were ca r r i ed   ou t  on January 31. 
Informal   ins t ruc t ion  was g iven   regard ing   r iver  ice 
phenomena and t h e  effect of those phenomena on the 
operat ion of a n   i n t a k e   i n   o r d e r  t h a t  M r .  Maxwell 
would be be t t e r   p repa red   t o  make observat ions and 
record  comments. 

Appendix B. conta ins  a sample  of   inst ruct ions 
and a copy of tho  t r i a l  r e p o r t   s h e e t   f o r  Mr. Ma.xwel1's - ', - 
observations.  

A s  it turned  out ,  no r i v e r   o r  lake ice 
observat ions were recorded t h i s  season  due t o   t h e  mild 
winter  t h a t  the region  experienced. However, we are 
i n  .a pos i t i on  to re -ac t iva te  t he  program a t   s h o r t  
not ice   and a t  l i t t l e  cost next  winter  should it be 
desirable t o  do 80.. 

3.2 River  Temperature  Data 

The I n t e r n a t i o n a l  Salmon  Commission carries 
o u t   r i v e r  water temperature  measurements  with a con- 
tinuous-recording  thermograph a t  Walhachin,  about 
6 miles downstream of Kamloops Lake  and about 20 miles 
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4 .. 

upstream  of  Ashcroft,  during  the  winter  months, 
usually  every  second  year.  Table 1 presents  a 
summary of the d a k  for the  yea r s  of record.  

. e  

A s  can be seen, the lowest  temperature 
recorded  in  t h e  8 w i n t e r s   f o r  which d a t a   e x i s t s  was 

33' F. However, these p a r t i c u l a r  8 win ters  were 
r e l a t i v e l y  mild, as w i l l  be seen after consider ing 
t h e  data discussed  below. I t  seems l i k e l y   t h a t  
t h e  water temperature  of  Walhachin would  have  been 
down to  32' during  colder   winters .  

3 . 3  Meteorological  Data 

Meteorological  data were i n s p e c t e d   t o  
determine the degree of seve r i ty   o f   w in te r s  that can 
occur   a long   the  Thompson, t o  confirm  reports   of  ice 
condi t ions  by either Water Survey of Canada.or ]:oca1 
' r e s iden t s ,   and   t o  see i f  an  approximate  corre1at:ion . 
between air temperatures  and  occurrence  of ice could 
be  determined.  Relevant  meteorological data are   p re-  
sented  on  Figure 2 and T a b l e  2 .  

Figure 2 shows mean monthly  and minimum 
recorded temperatures a t  Ashcroft  for the  month of 
January for the   per iod  1 9 4 1  through 1975. Also shown 
are the yea r s  t h a t  ice conditions  have either been re- 
ported or  are strongly  suspected  to  have  'occurred. 
Table 2 g i v e s   t h e  maximum and minimum dai ly   temperatures  
a t  Ashcroft f o r  the s p e c i f i c   p e r i o d s   f o r  which accurrence 
of ice is known or   suspected.  

It can  be  seen  from  both the f i g u r e  and t h e  
table that--as one would expect--there is a reasonable 
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5. 

c o r r e l a t i o n  between r epor t s   o f  ice and co ld   per iods ,  
bu t  some d iscrepancies  are apparent.  The met da t a  
conf i rmed  the   repor t  by a l o c a l   r e s i d e n t   t h a t  1949-50. 
was the   wors t   w in te r   fo r  r i ve r  ice i n   h i s  memory,and 
most   o f   the   spec i f ic   da tes   o f  ice condi t ions  (Table 2 )  

correspond t o  severe c o l d   s p e l l s .  However, some of 
the reported  per iods  of   ice   are   probably  incorrect ,  
such  as   January 1953, most  of December and   the   ear ly  
par t   o f   January  1956-57,  and  February 1 9 6 2 .  Apparently, 
the  occurrence  of  a b r i e fve ryco ld   pe r iod   (up  t:o 3 or  
4 days )   i n  an otherwise w a r m  month does  not  tri.gger 
s i g n i f i c a n t  ice formation. An example  of t h i s  i s  
January 1947 (Figure 2 ) .  

Genera.lly, it appea r s   t ha t  a s i g n i f i c a n t  ice 
cover  has formed. i f   t h e  mean monthly  temperature was 
below  about  plus, l 0PF and i f   t h e  month included a per iod 
when temperatures fe l l  below  about  minus 20'F. 

, " 

3.4 Water Survey  of Canada Ice Data 

The records  from  four Water Survey o:E Canada 
gauging  stations;  were searched   for  comments ind ica t ing  
ice-affected condi t ions.  ( ' Ice a f f e c t e d ' ,   i n  WSC 

r eco rds ,   i nd ica t e s  that  t h e r e  was s u f f i c i e n t  ice t o  
affect the   s t age   d i scha rge   r e l a t ionsh ip  of t h e   s t a t i o n .  
Thus the   no ta t ion   does   no t   necessar i ly  indicate  t h a t  
river was completely  frozen  over,   but it, i s  l i k e l y  
tha t   the   percent - ice-cover  was s u b s t a n t i a l . )  

W 
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S t a t i o n  Number S t a t i o n  Name Period  of  Record 
08LF033 Thompson near  Savona 1925-32 

1950-55 
08LF043  Thompson near  Walhachin 1932-48 
08LF022  Thompson a t  Spences  Bridge 1911-32 

1934-51 
08LFO51 Thompson near  Spences  Bridge  1952-Present 

The f i r s t :  two records  included  no comme:nts 
whatsoever  regarding ice. Table 3 presents  a summary 
of   the  information  obtained  f rom  the  las t  two s t a t i o n s .  

As noted   on   the   t ab le ,  i n  some i n s t a n c e s   t h e  
length  of  time shown for   per iods   o f  ice v a r i e s  from t h e  
Water Survey  of Canada record.  No criticism of Water 
Survey is in t ended   i n  this ana lys i s  and  discussion; it 
must b e   k e p t   i n  mind t h a t   t h e   g a u g i n g   s t a t i o n s  are 

.v i s i t ed   u sua l ly   on ly   once .  a month,  and  hence  periods 
of ice must be estimated from  inspection  of the  gauge - *  

recording. On occa,sion,  gauge  malfunction  or icin.9 
prevents  any firm conclusions  regarding ice from being 
'drawn a d  en tered  i .n  the formal  record. 

The  approximate   r iver   d i scharge   for   the  
period  involved is presented  for   general   information,  
and also t o  i n d i c a t e  a poss ib le   explana t ion   for  some 
of the apparent   d i screpancies   in  ice repor t s .  For: 
example, the   d i scharge  i n  January 1950 was very hi.gh, 
which  might  have  minimized ice formation a t  Water 
Survey's  gauge: on t h e   o t h e r  hand, ice condi t ions  were 
repor ted  i n  January  1935, when the   d i scha rge  was even 
higher.  The freeze  reported i n  January  1953 might: have 
occurred  because of abnormally low flow. 
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' I  . 
I n   c o n d u s i o n ,  on a t  least  9 occasions,  

s u b s t a n t i a l  ice condi t ions  have  apparent ly   exis ted 
f o r   r e l a t i v e l y   p r o l o n g e d   p e r i o d s   o f  time. It is 
v i r t u a l l y  certain., however, t h a t  even  during  the 
coldest   per iods,   open  water   condi t ions  exis ted  in  
the   r ap ids   s ec t ions   and  i n  those  reaches where t h e  
mean f low  ve loc i ty  was high. 

3.5 Interviews 

A number of long-term  local   res idents  who 
were f a m i l i a r  w i t h  t h e ' r i v e r  were sought  out  and 

. ques t ioned   regard ing   the i r  knowledge  of t h e   h i s t o r y  
of r i v e r  ice cond.itions.  Brief  notes  from each of t h e  
interviews are inc luded   here in   as  Appendix C.  

Of p a r t i c u l a r  interest are t h e  comments of 
Mr. Lyons and Mr. Chris t ianson.  Many of t h e i r  
comments were borne  out   in   subsequent   inspect ion  of  . . -  

WSC and  rneteorologic 'al   f i les.  

pj :. .. 
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4 .  DISCUSSION 
4 . 1  Ashcroft  Aret% 

The i n v e s t i g a t i o n   c o n f i r m e d   t h e   i n i t i a l  
impress ion   tha t   r . iver  ice condi t ions  on  the Thompson 
w i l l  no t   p re sen t  (any s igni f icant   des ign   problems  in  
terms  of ice forces,   freeze-up jams t ha t   cou ld   s ig -  
n i f i c a n t l y  affect low-flow  flow  conditions,  or  break- 
up jams t ha t   cou ld   p roduce   e i the r   h igh  water levels 
o r   unusua l ly   l a rge   fo rces .  

Indications are tha t   abou t   one   yea r  i n  f i v e  
a t  Spences  Bridge, an ice cover   o f   s ign i f icant   ex ten t  

. forms. On a somewhat less f requent   bas i s ,  a complete 
ice cover  forms,  :but  probably  only i n   t h e   d e e p e r ,  more 
slow-moving reaches.   Rapids  l ikely  never  freeze  over,  
b u t  would produce  large  volumes  of frazil  during intense 
cold.  

About  one  year i n  ten,  t h e  ice covers   tha t   do  - ' .- 

form pe r s i s t   fo r   ( approx ima te ly  a month during t h e  Janu- 
ary/February  period. 

When such ice covers.  develop  downstream  of 
rapids   substant ia .1   depths   of   f razi l   probably  accumulate  
under the ice. T:he combinat ion  of   the  exis tence  of  the 

ice cover   and   the   depos i t ion   o f   f raz i l  may produce a 
temporary rise i n  water levels of several. f e e t .  

Mr. Walah 's   observat ion  that  no portion  of 
the Ashcroft  'window' has   f rozen  over   completely  in   the 
las t  18  years  is :noteworthy.  (See  Appendix C.)  However, 
those  18 winters :have been r e l a t ive ly   mi ld   w i th   t he  
exception  of 1968,-69 (see Figure 2 ) .  I f   t he   r each   nea r  
Ashcrof t   d id   no t  .freeze o v e r   t h a t  winter, it might  have 
been  because  the  (discharge was r e l a t i v e l y   h i g h  (see 
Table 3 ) .  We do :know from WSC da ta  and  from Mr. McFarland 
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d i r e c t l y  tha t  the :river d id  freeze over on two occasions 
t h a t  winter a t  Spences  Bridge. 

Although no ice thickness measurekents  exist ,  
loca l   res idents   in te rv iewed had the firm impression 
t h a t  the ice away  :from the  shore would never be sa fe ,  
being  probably a f o o t   t h i c k   a t  most. It is considered, 
however, tha t  i n  prolonged  cold  periods  such as January 
of 1949-50, t he  ice cover  probably  develops t o  a some- 
what greater   thickness .  than one  foot.  It would be  pru- 
dent   in   des igning  the cu r t a in  wall t o   u s e  thermal ice 
pressures  corresponding  to,   say,  a two-foot ice thickness  

Break-up appears   to   occur   qu ie t ly ,   wi th  the 
ice thinning,  weakening,and  unravelling  from  the down- 
stream edge.  Local  residents did not  recall ever  seeing 
a heavy  run  of ice.. There is, however, no 'hard '  data 
on how break-up  actually.proceeds after a prolongedperiod 
of  intense  cold.  I:f t h e  ice th ins ,  weakens,  and  ,unravels * '. 

from the var ious ic:e-covered reaches  more-or-less  simulta- 
neously,  then  the  hreak-up would indeed be uneventful. On 
the o the r  hand, i f  because  of  the  influence  of t h e  lake, 
the ice covers  break-up  sequentially  from  upstream t o  down- 
stream, then i n  the downstream reaches substantia11 jamming 
could  occur,  partic:ularly  below major rapids.  The  jams 
would l i k e l y  n o t   p e r s i s t   f o r   l o n g ,  and the  water :Level 
f l uc tua t ions  would l i k e l y   n o t  be g r e a t  - perhaps i n  the 
order  of 1 0  f e e t  at: most. Thus the water l e v e l s  produced 
should  not  be a des ign   fac tor .  

Ice forces  can be generated  during  break-up 
either through direct impact  or  through an ice f loe   be ing  
xedged aga ins t  a s txucture .   In  the case of a bank in take  
w i t h  i t s  face  a t  a mild  angle   to  the flow, it is thought 
that the forces  due  to  break-up would be less than those 
due t o  expansion  forces  of  the  pre-break-up  ice  cover. 

d 
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If a p i e r - type   s t ruc tu re  i s  loca ted  i.n a 
reach where  a s o l i d  ice 'cover  can  form, it wil:L have 
to   be  designed t o  withstand  the  impact   force  generated 
by the  ice c o v e r   j u s t  as it starts t o  break-up. The 
des ign   va lues   for   depth  of ice and s t rength   o f  ice 
cannot  be stated a t  t h i s  time. 

There remains the  possible   design  and/or  
main tenance   p roblems  re la ted   to   f raz i l  ice and  anchor 
ice. It i s  a p p a . r e n t   t h a t   l a r g e   q u a n t i t i e s   o f   f r a z i l  
would  on occasicmn be  generated i n  t h e   r i v e r ,  as 
temperatures  of -30' and -40 '  F can  occur  with  open 
water cond i t ions .   In   add i t ion   t o  f r a z i l  being  produced 
during  per iods o f  i n t ense   co ld ,  heavy  snowstorms  could 
also c o n t r i b u t e   l a r g e   q u a n t i t i e s  of s lu sh  ice. 

If the   i n t ake  were t o   b e   l o c a t e d   i n  a reach 
that  developed  an ice cover   and  that  was downstream of 
a lengthy  open  reach  with numerous rap ids ,  it is . .., 
p o s s i b l e   t h a t  a subs t an t i a l   dep th   o f  f r a z i l  and  broken 
pan ice could  develop  under   the  sol id  ice cove'r a t   t h e  
in t ake  s i te ,  as mentioned  above.  Thus the  intake  system 
would  have t o  be  designed t o  cope  with  severe f r a z i l  
condi t ions.  

There is a l s o  a p o t e n t i a l   f o r  severe anchor 
ice problems as a i r  .temperatures of minus  30'to  minus 
40' F do  occur. Thus troublesome ice build-ups  could 
occur-around  intake  ports  and on equipment  unless 
design steps are t aken . to   p reven t  it. 

4 .2  Site 4A 

The above comments, though  par t ia l ly   based  
on data   for   Spenaes  Bridge,  are l i k e l y  a reasonably 
conserva t ive   desar ip t ion  of r i v e r  ice cover   condi t ions 

d 
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i n  the v i c i n i t y   o f  S i t e  1 0 .  However, a t  S i t e  4A, r i v e r  
ice condi t ions  may be somewhat milder. Indeed, N r .  

Chris t ianson (see .Appendix C) s ta ted   emphat ica l ly  that. 
he had  never  seen the r ive r   f rozen   ove r  anywhere be- 
tween Kamloops Lake and h i s  ranch (Si te  4A) i n  the las t  
1 6  o r  1 8  years,  and ice conditions  have  never  been re- 
ported a t  Walhachin.  Again, t he  las t  1 6  o r  18 win ters ,  
w i t h  the  exception  of 1968-69, have  been r e l a t i v e l y  
mild,  and the rive.r  discharge i n  t ha t  winter  was high. 

Anchor ice c o n d i t i o n s   a t  S i t e  4A would  be 
comparable t o   t h o s e  a t  Site 10 inasmuch as a i r  temper- 
ature condi t ions would be similar. 

A s  f o r  ice coming out   of  Kamloops Lake, it 
i s  r e p o r t e d   t h a t  t he  lake seldom f reezes   over  (1 year  
i n  7 ) ,  and i f  strong  winds  occur t ha t  break up t h e  ice 
cover,   they are usua l ly  west winds t h a t  push the l ake  
ice away from t h e   r i v e r .  Thus t h e   l a k e  ice u s u a l l y   r o t s  . ... 

i n   p l a c e ,  and i f  any f l o e s   e n t e r  the r ive r   t hey   qu ick ly  
break up  and melt. 

d :  
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CONCLUSIONS AND RECOMMENDATIONS 

1. The incidence  and  degree  of  ice  cover  forma.tion 
i s  s u c h   t h a t  it does  not  present  any  major  hazards 
i n  terms of ice f o r c e s   o r  ice jamming, b u t   t h e  
des ign   o f   t he   i n t ake   s t ruc tu re  w i l l  have t o   t a k e  
in to   account  ice loading. 

2 .  Large   quan t i t i e s   o f   f r az i l ,   s lu sh  ice and  possibly 
broken  pan i c e  w i l l  on occas ion   ex i s t  i n  t h e   r i v e r  
and w i l l  tend  to   be drawn in to   the .   in take  siystem. 
The t r ave l l i ng   s c reens  w i l l  require  well-designed 
heating  and  back-washing  systems t o  prevent:  plugging. 
The backwash water s lu ice   should   incorpora te  a con- 
veyor   bel t   system as the quant i ty   o f  ice taken up 
by t h e  screens could overwhelm a simple sluicing 
system. 

3 .  The river and c l ima t i c   cond i t ions  are s u c h   t h a t  
severe anchor ice plugging  and jamming problems 
could   occur ,   and   thus   the   capabi l i ty   for   hea t ing  of 
ports,  of  equipment,  of c r i t i ca l  g a t e   s l o t s ,  etc., 
w i l l  be   e s sen t i a l .  

1 . >  

4.  The program of f i e ld  observat ions should be re- 
a c t i v a t e d  i n  the coming winters   on ly   i f   severe   co ld  
weather is experienced. 



4 -  
northwest hydraulic consultants Itd. 

Y 

TABLES 

3 



d TABLE 1 

SUMMARY OF RIVER  TEMPERATURE DATA 
THOMPSON  AT  WALHACHI# 

INTERNATIONAL  PACIFIC  SALMON 
FISHERIES  COMMISSION 

I". 

+. 

@. 

d 

y1 

Degrees F 
1957 1959  1960 ' 1961 1965 1967  1969 1973 

- 5 8  6 0  dl -62 6 6  -68 -70 -74 

Dec 1 41.5  41.5 4:L.O 42.0  42.0  42.0  40.5 
1 0   4 1 . 0  40.0  40.0 3g.O 42.5  41.5  41.0 40 .0  
20 40.0 39.5  40.0 313.0 40.5  38.0  40.5  40.0 

Jan 1 38.5  37.0  39.0 3'7.5  36.5  38.0  37.0  37.0 
1 0  39.5  35.0  39.0 316.5 35.0  35.5  36.0 34 .0  
11 33.5 
16  33.0 
20 38.5  33.5  38.0  34.5  34.5  37.0  35.0  34.5 
21 3:3.0 
23  33.5 

Feb 1 38.0 35.0 36.5 35.0 34.0 35.0 35.0 34.5 
1 0  34.0 35.0 35.5 35.0 34.0 34 .0  35.0 35.5 
20 37.5 35.0 36.0 34.0 34.5 36.0 35.5 34.5 

Mar 1 36.5  35.0  36.5  35.0 34 .0  35.0  35.0  35.0 
9 33.0 

1 0  36.5 33.5 37.0 3.3.5 35.0 35.5 35.5 36.5 
20 38.0 .34.0 38.5 3!5.5 35.5 36.0 38.0 36.0 
30 38.5 37.0 38.0 36.0 38.0 37.0 37.5 37.0 

3 



TABLE 2 

A I R  TEMPERATURES  AT ASHCROFT ( O F )  FOR SELECTED 
COLDER WINTERS  SINCE' 1940 

1942-<1.. i949-SO 1951-S2 1952-153 1951-54 1956-57 
*.x *tn xax "a" % A i  xin I u x  Hi" >lax nin x1x rar Xi" IAl. HZ" :,ax "In 

1961-61 1968-69 1371-72 

mc 1 I' 2 1  
11 u 
11 15 

0 .c  1 
2 



TABLE 3 

SUMMARY OF WSC RECORDS REGARDING RIVER ICE 
For The Period 1911-76 

Winter Ice  Affected  Conditions Approx. Length 
of  Reported a t  Discharge of  Time Comments 

Spences  Bridqe cfs Days 

gr 

Y 

4 

sr 

rl 

litation 08LF022 
I @  Spences Br .) 

1915-16 Jan 26 - Mar 4 5,000 38 
1928-29 Jan 23 - Mar 4  4,500 41 
1934-35.  Jan 14 - Jan 25 11,900 1 2  
1935-36 Feb 6 - Mar 7 6,800 30 
1942-43 Jan  18 - Feb 8 7,500 22 
1949-50* Ice  not  reported 10,300 Possibly No W:SC data, b u t  reported 

50 to have  been worst i ce  
i n  memory : 

Station 08LF051 
(:near Spences Br.) 

. .  

1951 -52 Jan 1. 7 ,  14, 27 5,700 28** 
1952-53 Jan  15, 16 4,900 2 
1953-54* Ice  not  reported 9,000 Possibly 

10 
1956-57 Dec 9 - Feb  21 6,000 40** 
1961  -62 Jan 24, 25 8,000 9** 

Feb 4. 5 0** 
1968-69 Oec 28 - 31 10,000 4 

Jan  17 - Feh 7 9,000 22 
1971 -72 Dec 26 - 31 8,000 6 

Years o f  rec:ord: 65 
Number of years  ice 
conditions  reported: 

Longest period of i ce  
conditions; days: 

I 

1 2  (14, i f  1949-50 and 
1953-54 are  included) 

41 (p0ss.f bly 50 days, if 
19451-50 is included) 

* 1949-50 and  1953-54 are  included i n  this table  as i t  was judged l ikely t:hat ice  conditions 
i n  f ac t  occurred dur ing  these winters. 

The actual l eng th  of time tha t  the river l ikely had a substantial  percent-ice-cover has 
been estimated by NHCL after  consideration o f  both the WSC data and the air temperature 
records for the corresponding period. Air temperature  records  pre-datin,g 1943 were not 
inspected. See Table 3. 

H 
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SCALE IN MILES 
HAT CREEK WATERSUPPLY 

LOCATlON PLAN 
STUDY REACH OF THOMPSON RIVER 
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0 - MINOR PERIODS OF ICE IN-JANUARY 

? - NO REPORT OF ICE BY WSC. BUT 
0 - MAJOR PERIODS OF ICE IN JANUARY 

OCCURRENCE OF ICE KNQWN  OR 
SUSPECTED 

I -  ICE CONDITIONS AT SPENCES BRIDGE AS 
REPORTED BY WATER SURVEY OF CANADA 

1945-72: ASHCROFT (R or H) TEMI? DATA 
1974-75 : ASHCROFT TEMP.  DATA 

2- 1941-44 a 19731 KAYLOOPS TEW DATA 
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northwest hydraulic consultants Itd. 
4823'.99 st, edmonton.elberta TOE 4VI edmonton 
teI.I403) 436-5868 Vancouver 

Our Fliw Numbu 

January 1 4 ,  1977 

Sandwell  and Company Limited, 
601  1550 Alberni Street ,  
Vancouver, B.C. V6G 1A4.  

At ten t ion :  A. Copeland, P.Eng. 

1 
Dear S i r :  

Re: Revised  Suggested Terms of   Reference  for  Thompson 
River Ice Study;  :Supercedes  Item 5 of NHCL L e t t e r  
t o  Sandwell  of  September 22 ,  1976/ - 

- . ., 

re ference   and   rev ised   cos t   es t i .mate  as discussed  with  you 
by telephone on' January 1 4 ,  1977.  

This  l e t t e r  {confirms  the  revised terms of 

Revised Item 5 is as follows: 

5 .  River  Ice . .  

presence of  bank i c e ,  :Erazil i c e  or i c e  jams i n  the-Thompson 
River.  However, only  : l imited  information i s  a v a i l a b l e  on 
h i s t o r i c  ice c o n d i t i o n s   i n  t h e  Thompson nea r  t he  sites. 

Design o f  thle i n t a k e  w i l l  be   a f f ec t ed   by   t he  

I t  is proposed  that   during  the  1976-77 winter  
season, data be c o l l e c t e d  which, when ana lysed   wi th   o ther  

po ten t i a l   i ce   p rob lems .  Work proposed is as   fo l lows:  
a v a i l a b l e  data, would ;aid i n   e s t a b l i s h i n g  bounds o f   t h e  

a )   S i t e  v i s i t  by an   exper ienced   r iver   engineer  
t o   i n t e rv i ew  loca l   r e s iden t s   and   ob ta in   f rom 
them . f i r s t  hand  informa.tion on historic:  ice 
condi t ions .   People   to  be contacted  would 
include  Ashcroft   v i l lage  employees,  Lo:mex 
s ta f f ,  railway  maintenance s taff  and  Water 

.' Survey of Canada s t a f f .  
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January 1 4 ,  1977 
Sandwell and 1 Company Lim.ited 

Instruct an observer  ( to be  provided by 
B.C. Hydro) t o  obtain and record  visual 
observat ions  regarding  ice   condi t ions  a t  or 
near   S i tes  4A and 1 0  a t   in tervals   throughout  
the  cold  weather  season.  Particular  at ten- 

during  periods  of  lowest  temperatures. Pho tos  
t i o n  will be  given  to making observations 

w i l l  .be  taken. 

The local   observer  would contact  the NHCL 
o f f i c e  when extreme  or  unusual  conditions 
were  encountered  and a NHCL engineer  familiar 
with  ice  problems would v i s i t  t h e   s i t e  when 
extremes  were  noted. We an t i c ipa t e   t ha t  one 
such t r i p  would be  required,   at  which t ime!  
the  tasks  outl ined i n  Item  5(a)  could also be 
carried  out.  

Review exis t ing   da ta  on r iver   i ce   condi t ions ,  
river  water  temperatures, and extreme minimum 
air   temperatures .  

Analysing and report ing of the   po ten t ia l   for  

recommendations f o r  addi t ional   data   col lect ion 
ice   re la ted  problems  a t   the   intake  including 

i f   requi red .  

The time  e:stimates for the above work are:  

Engineer 
Pr inc ipa l /Spec ia l i s t  1 0  days 

5 days 
Technicianldrafting 3 days 

f o r  disbursements.  This  cost  estimate  includes one t r i p  
t o  t he   s i t e .  

Es t imated   to ta l   cos t s   a re  $5 ,500 ,  including $ 4 0 0  

proposal,  please do no t   hes i t a t e  t o  contact me. 

Yours t r u l y ,  

NORTHWEST HYDRAULIC CONSIJLTANTS LTD. , 

I f  you require  further  information on th i s   rev ised  

. %. ::* 
P-= 

A. L. Charbonneau, P.Eng.. 

ALC: jk 
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B.C. Hydro  and Power P a t h o r i t y ,  

Kamloops, B.C. 
155 Vic to r i a  St., 

Attn:  Mr. Bob Maxwell. 

Dear Mr. Maxwell: 

Enclosed  herewith  please  f ind  four  maps: 

1. 1" = 4 miles; map showing the   po r t ion   o f   t he  
Thompson River we a r e   i n t e r e s t e d   i n .  

2 .  1" = 0.8 mi les  map showing  the two s i t e s .  
3 .  1" = 0.25 mi les  map o f .   S i t e  4A. 
4 .  1" = 0.25 mi.les map o f   S i t e  1 0 .  

- .  

Map 1 a l s o  shows p o s s i b l e   p o i n t s   f o r  makin.g 
observat ions.  I did  not   ment ion it during  our phone 
conversat ion,   but  I wcluld l i k e  you t o   n o t e   t h e   e x t e n t  
of   the  ice   cover  i n  Kamloops Lake as well. J u s t  a 
rough  estimate o f  the  percent   cover  w i l l  do. 

Also enclosed   a re  a number of   copies   of  a t r i a l  
check-off reportsheet. Try them o u t  and l e t  me  know if 
they   a r e   u se fu l .  

Let me emphasize a f e w  th ings :  

1. Try t o  make observa t ions   dur ing   co lder   per iods ,  

2 .  Frequent  obs,ervations  are  not  necessary.  
3 .  I t  is  not   necessary   to   observe   condi t ions   a t  

many points   a long  the  r iver   each  t ime.   Obser-  

probably  be  enough. ' 

v a t i o n s   a t   S i t e  4A and S i t e  1 0  only w i l l  

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

........ 2 
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4 .  Deta i l ed   co~men t s   a r e   no t   necessa ry .  
5 .  F i l l  ou t  a :report   sheet  even i f  t h e   r i v e r  is 

6. Don't   be  surprised i f  you don ' t   see  much 
i ce   f r ee ,   bu t   don ' t   bo the r   w i th  a photograph'. 

worth  reporting! 

t r i a l   r e p o r t   s h e e t ,  O:P i f  you  have  any  questions,   please 
do not   hes i ta te   to   ca :Ll .  

If you  wish.   to   discuss  your observat ions or t h e  

contac t  you to   a r r ange  a mee t ing   e i the r  i n  Kamloops o r  
When  my next  s i t e  v i s i t  i s  f i n a l i z e d ,  I w i l l  

i n  t h e   f i e l d .  

Yours   t ruly,  

NORTHWEST HYDRAULIC CONSULTANTS LTD. 

- .  . "Ic - 
A. L. Charbonneau, P . Eng . 
ALC : l h  
enc l  . 
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HAT CREEK PROJECT WATER SUPPLY STUDY 
THOMPSON RIVEF! ICE OBSERVATIONS REPORT SHEET 

Date: Time : 
Locat  ion : 

- 
Photo  taken 
Roll  number 
Frame number (s)  

- 
- 
" 

River  Ice  Conditions: 
No i c e  - 

- Shore ice i n  slack areas   on ly  
Continuous  shore  ice 
Extends  feet  from shore 
Estimated  thickness:  inches 

- 
- 

- 
- Complete ice   cover   over   r iver  - I c e   f l o e s  moving down r i v e r  

Size:  -foot  diameter - 
- S l u s h   i c e   ( f r a z i l   i c e )   i n   r i v e r  

- Along shore 
- Moving down r i v e r  

Comments : 

Lake Ice  Conditions:  

Extent  of  ice  cover:  
None 
Some shore   i ce  
- 
- 
- 1/4 
- I/ 2 
- 314 

Complete  cover - 
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THOMPSON RIVER ICE CONDITIONS 

Interviews w i t h  Residents 

Date: 
Name : 

Posi t ion :  
Experience with River : 

Comments: 

Feb 1/77 
Doug Lyons, Kamloops 
CP Rail Employee 
Worked on Kamloops - Ashcroft  
s e c t i o n   f o r  35 years .  
- River  has had por t ions   f rozen  

over 3 or 4 times. 
- Worst freeze (winter  of 48-49 

o r  49-50?) 
- at most, 50% o r   r i v e r   l e n g t h  

frozen  over  (guess) 
- ice near   shore maybe 8-10" 

- l a s t e d  2-3 wks (guess) 
t h i c k  

- Never jams 
- Some ice floes occas iona l ly  
- Lake freezes over on occasion 

- winds  usually  from ,west; do 
not d r i v e  lake ice into Savona 
(ie. i n t o  Thompson) 

- ice usua l ly  melts i n  lake 
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THOMPSON RIVER ' ICE CONDITIONS 

I n t e ~ x i e w s  w i t h  Residents 

Date : 
N a m e  : 

Posi t ion :  
Experience w i t h  River: 

ul 

Comments : 

uy - . .. . -  

ill 

url 

Jan 31/77 , 

Jack Chris t ianson 
Rancher 
Owns property a t  S i t e  4.A; has 
l ived   in   p resent   house  1 6  o r  18 
years ,   can see r i v e r  fr'om house; 
l i v e d   a l l  h i s  l i f e  i n  area. 
- Has never   seen  r iver   f rozen  over  

between lake  and S i t e  4A. 

- Shore ice forms; maybe 1 f t  thick.  
- Never many ice f l o e s ;  f e w  cakes., 

not   big.  
- Never  jams. 
- Xamloops Lake 

- f reezes   over  1 yea r   ou t  of 7 
- las t  time probably 1968 (Dec.) 

- f roze   over  two yea r s   i n  a row 
i n  1920's 

- ice u s u a l l y   r o t s  out does n o t  
break up u n t i l  'honeycombed' 
( ie .  candled) 

- not  much comes down r i v e r  
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THOMPSON RIVER ICE CONDITIONS 
Interviews w i t h  Residents 

Date: Jan 31/77 
Name : Jim  McFarland 
Posi t ion:  WSC Kamloops 
Experience  with River: Operated  Spences  Bridge  gauge 

(among o t h e r s )   f o r  1 0  years.  
Comments : - Tota l  ice cover  observed i n  

gauge  reach on Dec. 30, 1968  
- probably  only  few  inches 

t h i c k  i n  cen te r  
- seve ra l  miles i n   e x t e n t  
- a t ,  a t  least two loaa t ions  

- Anchor ice observed a few times 
. -  Lake froze  over   completely i n  '68 
- Ice f l o e s  o u t  of Lake 

- move r igh t   th rough t o  Fraser  
- small percent  area  coverage 

- No jams t h a t  he is aware of 
- Sol id   cover   in   reach  .above CN 

br idge  j u s t  above S i t ' s  1 0  
observed  once 
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THOMPSON RIVER ICE CONDITION5 

Interviews  with  Residents  

Date : Sept 15/76: Mar 17/77 
N a m e  : Ed Walsh 
Pos i t ion :  Town Superintendent,  Ashcroft 
Experience  with River: He l ived  in   Aschroft   s ince  1958;  

wtsrked f o r  town s i n c e  1964; has 
i:nspected town water pumphouse 
n e a r l y   d a i l y   f o r  12 years ,  except 
winter  of 1968-69. 

Comments : - No ice problems  with i n t a k e  i n  
1 2  yea r s  
- In t ake   cons i s t s   o f  12 inc:h 

diameter  pipe  with  screened 
end;  end of pipe submerged 

. .  about 1 0  f e e t  a t  low water. 
Unheated wet well. 

-' River ice: 
- Shore ice forms 
- Ice around  piers  
- Ice in  backwater areas ( t h i c k  

enough t o   s k a t e   o n )  - H a s  never  seen the  r iver   completely 
frozen over between t h e  C N  br idge 
and  Ashcroft;  always  an  open  channel 
l e f t  flowing.  Another  resident  since 
1956  confirmed t h i s  observation. 
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INTRODUCTION 

Under Assignment No. 477-036, the  Hydroelectric Design Division 

(HEDD) was assigned  to:  develop and verify a computer program t o  analyze 

hydraulic  transients in pumping; systems and run the computer progranl and 

interpret   the  results as required by the Water Supply Consultant* for  

the  design of the make-up coo1:tng Water supply System for  the Hat creek 

Pro jec t .  

The water supply system for  punping water from the  Romps~~n 

River to  the  plant  reservoir a3 presently planned would be comprised of 

an 800 mm diameter buried  pipe:line  approximately 23 km long; a pumping 

s ta t ion having f ive  pumping-un:Lts at  the  river  intake; two booster 

s ta t ions each  having  four pump:lng-units  and a free-surface  suction tank; 

and a reservoir near  the powerplant. The average and maximum discharges 

would be 0.725 and 1.60 m3/s respectively, and the maximum t o t a l  static 

l i f t  from the river intake to  the p l a n t  reservoir would be 1083 m. The 

river  intake would be located on the  r ight bank of the Thompson River, 

, ... 

M, . 2.4 km northeast of Ashcroft, B.C. 
! .  

This report presents a brief  description of the computer 

program and its verification, results of hydraulic  transient  studie,s, 

and recommendations for  control  devices. 
WC' 

w<.. 
., ', 11. COMPUTER PROGRAM 

w;. The computer program uses the method  of characterist ics (:1,2)** 

t o  compute the  transient  conditions Is the  pipeline and includes  the 

wi.. f  ollaring boundary conditions : 

&L, * Sandwell and Company  Limit:ed (Sandwell) Vancouver, B.C. 
** Numbers i n  parenthesis refer to  references  listed a t  the end of the  report. 

rrsl !.. . 
( 1 )  



1. 

2. 

3.  

4. 

5. 

6 .  

7. 

a. 

Constant-level  reservoir at the upstream or   a t   the  downstream ends; 

Series junctions; 

Check valves; 

Valves located a t  

Simple or  or i f ice  

the  damstream end or at an intermediate  location; 

surge  tanks; 

One-way surge tanks; 

Air chambers; 

Centrifugal pumps. 

The program was written t o  analyze  transient  conditions in 

a ser ies  p ip ing  system following pump fa i lure  and/or  valve  operation. 

Provision w a s  msde for  the  addition of branch  pipes a t  a later  date.  There 

can be up t o  fifty pipe-segments in t h e  system and each pumping s ta t ion can have 

up to   f ive  paral le l  pumping-waits  which are  manifolded j u s t  near  the 

pumps into  'single  suction ana. discharge  lines.  Similariy,  there aan 

be up to   f ive  each of the fol.lowing control  devices:  surge  tanks, one-way - . - 
surge  tanks,  valves, check valves and a i r  chambers. The  number of pipes  and 

control  devices can be  increased simply by modifying the DTMENSIO?? 

statement of the program. 

The following  cases  for  instantaneous,  simultaneous power fa i lure  

on a l l  pumping-units c+ be  analyzed: 

1. Pump allowed t o  go t o  run-away speed in the  reverse  direction.; 

2. Check valve  closes  inst,antly upon flow reversal through the :pump; 

3. Discharge  valve  closes  slowly,  reverse pump rotation allowed; 

4 .  Check valve  closes  instantly upon flow reversal,  pressure  regulating 
valve opens quickly and then  closes slowly. 



The pump characterist ics and valve-opening versus time curve 

are  specified by storing in the computer discrete  points on the  curves; 

intermediate  points  are  parabolically  interpolated. 

The surge  tanks and. the one-way surge  tanks m y  include  standpipes 

between the  tank and the  pipeline. The head losses and the  iner t ia  of 

the water inside  the  standpipe  are  taken  into  consideration in the 

analysis. when there is  no outflow from a one-way surge  tank, i t  is  

replaced by a series  junction. 

The boundary conditions and solution  procedures  presented i n  

Ref. 2 are used in the program. 

A f i r s t  order  finite-difference method is used to  solve  the 

characterist ic form of the dynamic  and continuity  equations. To avoid 

errors  introduced by interpolations, wave velocit ies are adjusted  slightly, 

i f  necessary, so that   the  characterist ics pass  through the  grid points .  

. - *  

pressures 

using the 

The program was verified by  comparing  computed transient 

with  either  those measured on a prototype:  those comput.ed  by 

graphical method, or  those  obtained by using other simpler, 

problem-oriented computer programs. 

Table 1 s m r i z m  the cases used for  verification and Figs .  

1 and 2 show a comparison of computed  and measured results.  In a l l  cases, 

t h e  agreement was sat isfactory  to  very good. 



TABLE I 

VERIFICATION OF COMPUTER PROGRAM 

TEST NO. DESCRIPTION DATA USED FOR COMPARISON MAX. PRESSURE* M I N  . PRESSURE* REmRKs 

' Standard** Computer Standard** Computer 
Program  Program 

1. Power f a i l u r e  

(a) Discharge  Prototype test data  obtained by the  1.10 1 .09 0 .65  0.58 Action of 
valve  remains Dept. of Water Resources,  Sacramento  siphon o u t l e t  
open. Cal i forn ia  at the  Wind  Gap Pumping valve  not 

?:ant mridelled . 
(b) Discharge 1.09 1.07  0 .61 0. :e 
valve   c loses  11 ,I 

(e) Pressure 
regulat ing  valve 

Graphical  analysis (3,4)*** 

opens  rapidly, then 
closes   gradual ly  

1.18 1.18 0.08 (1.06 

2 .  Valve Closure Computer program (2)*** 2.76  2.16 0.01 0.01 

3. A i r  chamber Graphical  analysis (5)***  2 . 3 3  2.26 0..30 0.30 

* Rela t ive   p ressures   wi th   respec t   to   ra ted   o r  static head. 

** Measured on prototype  or computed by  the  graphical method. 

*** References l i s t e d  a t  the end of  report .  
I 



In. DATA 
The following  information on the  water  supply system w a s  

provided t o  HEDD by Sandwell. 

(a)  Pipeline 

Figs. 3 and 4 show t h e  prof i le  and w a l l  thickness of t h e  

800 mm diameter  pipeline. There are  three pumping stations. Two 

potential  routes - the Summit Route and the Medicine Creek Route - 
for  the  pipeline downstream  from Booster Station No. 2 were considered. 

(b) Pumping Stations 

1. Stat ion  a t  River %a 
Number of pumps = 5 

2. Booster Station No& 

Number o f  pumps = 4 

Elevation of pump centerline : El .  305 

3. Booster Station N o . 2  

Number of  pumps = 4 

Elevation of pump centerline : 

Medicine Creak  Route : El .  843 
B 

Summit Route: E l .  858 

There is a free-surfac$e  tank on the  suction  side of each booster 

station. 
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(c) Pumps and  Motors 

For t h e  pumps and motors at each boos ter   s ta t ion ,   the  

da ta  f o r  each pwnp and motor as used i n  the t ransient   analyses  

a r e  as follows: 

Rated  flow = 0.4 m3ls 

Rated  head = 670 m 

Rated  speed = 3580 rpm 

Number of s tages  = 3 

Specific  speed - 39.2 (SI un i t s )  

M o m e n t  of inertia of pump, motor, sha f t ,  and entrained water 

i n  the  impel ler  62 kg a2 (If requ i r ed ,   t he   t o t a l  inertia f o r  

each unit can be  increased  to  420 kg m2 without  exceeding (:he limits 

of t h e  pump start-up time. The inertia could  be  increased 

* 

. by custom design of !:he motor o r  by adding a flywheel). 

Only c h a r a c t e r i s t i c s   f o r   t h e  normal  zone of pump operation 
*1, 

1. 

. .  
1; * 

I ,  

“i 

were supplied by Sandwell and no da ta  were provided for  the  zones of 

energy  dissipation and turbine  operation.  Therefore,  pump cha rac t e r i s t i c s  

(See Fig. 5) f o r  these two zones were taken from R e f .  2. As t he re  

w a s  c lo se  agreement  between the   cha rac t e r i s t i c s   fo r   t he  normal 

zone, as provided by Sandwell, and those  presented in Ref. 2 f o r  

Ns - 25 (SI un i t s ) ,   t he   cha rac t e r i s t i c s  of Ref. 2 were used f o r  all 

zones of operation. 

* 670 m is used as the ra t ed  head  throughout t h i s   r e p o r t .  I t  should 
b e  noted  that t h e  design  operat ing  condi t ions  for   each pumping 
station were d i f f e r e n t  from the   l i s t ed   r a t ed   cond i t ions  for the  pumps. 



fd) Downstream Reservoir 

Medicine Creek Route 

Maximum water  level = El. U 7 2  

Minimum water level = E l .  U57 

Summit Route 

Water level i n  t h e  control  structure = El. 1427 

The control  structure  at   the summit w a s  taken  as  the downstream 

reservoir and the  free-flowing  conduit from the summit c.ontro1 

structure  to  the  plant  reservoir was not included in  the. analysis. 

IJ. DESIGN CRITERIA 

Sandwell defined the  following  design c r i t e r i a  in the i r   l e t t e r  

of 8 September 1977 (6): 

(a) Normal Conditions 

1. Manual or automatic. s tar t ing and stopping of  pumps;* 

2. Shutoff head develo'ps on the pump mimifold or on the  pipeline 

upstream of any shutoff valve; 

3. Power fa i lure  occurs  simultaneously on all pump-motors; 

4. Check valve, i f  present in the system, closes immediate1.y  upon 

flow rsversal; and 

5. Air chambers, i f  present in the  system, a re   a t  minimum 6 t i r  

volume. 

* Not cr i t ical   s ince  the pumps w i l l  be started and stopped  with  the 
discharge  valve  closed. The opening and closing  times f o r  the 
discharge  valve will be  set so that  the maximum and  minimum pressures 
are  within  the  design ljmits. 



During t h e  above operat ions,   control   devices ,   such as 

surge  tanks, air chambers,  check valves,   surge  suppressors,  and 

pressure  control  devices  function  as  designed. The water colcunn 

does  not  separate  al though  the  pressure may become sub-atmospheric. 

The pipe  design is such  that  it does  not   col lapse  a t  minimum head. 

(b) 'Emergency Conditions 

One of the  following  control  device  malfunction  occurs:  

1. One of the  surge  suppressors,   pressure relief valves ,   or   pressure 

regulating  valves  does  not  operate;  

2. One check  valve c1ose:s a t  t h e  time of maximum reverse flow; 

3. Air i n l e t  valves are inoperative; 

4. An air  chamber is a t  emergency low air volume; 

5 .  A two-speed control   valve closes a t  t h e   f a s t e r  rate: o r  

6 .  A discharge vlave fa i l s   t o   c lo se   fo l lowing  power f a i l u r e .  
* 

(c)  Exceptional  Conditions 

The equipment malfunct ions  in   the most unfavourable 

manner. 

v. ANALYSIS 

Because there  is a free-surface  tank  c lose  to   the p~uops on t h e  

suc t ion   s ide  of  each  booster  s , tat ion,   transiegts in the   discharge l ine were 

analyzed  neglecting  the  effects of transients in  t h e   s u c t i o n   l i n e  For t h e  

Stnmnit Route, t h e  free-flowing;  pipeline from t h e   c o n t r o l   s t r u c t u r e   a t   t h e  

summit to  the  plant   water   supply  reservoir   (see  Fig.  3) was not included  in  

the   ana lys i s .  

* Added  by AEDD 

. 

m '' . . . . . . . . . 
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Transients caus'ed by the  pumps a t  the   r i ve r   i n t ake  were not 

cons idered   to  b e  important enough to  be  analyzed  during  the  preliminary 

design  stages,   because of the short   length of the  pipel ine,   This   should,  

however,  be  done dur ing   f ina l   des ign .  

(a) Normal Conditions 

The following  procedure was used to   se lec t   appropr ia te  

waterhammer control  devices:  

1. Column Separation 

The system was analyzed  for  . the  case of simultaneous . 
power f a i l u r e   t o   a l l  pumps assuming the re  were no cont ro l  

devices. Water column separation  occured in t he   p ipe l ine  

between  Booster  Stations.Nos. 1 and 2, and i n   t h e   p i p e l i n e  

downstream of  Booster. S t a t ion  No. 2 for   bo th   the  Summit and 

Medicine  Creek  Routes.  Provision of a d d i t i o n a l   i n e r t i a   a t   t h e  

pumps and one-way surge  tanks  prevented column separat ion.  

The data fo r   t hese   dev ices   a r e   l i s t ed   i n   t he   nex t   s ec t ion  

. . *  

2. Maximum Pressure 

It was assumed during  the i n i t i d  design  of  the 

p ipe l ine   tha t   wi th   appropr ia te   cont ro l   devices ,   p ressure  rise 
could  be  limited  to 10 percent of t he   r a t ed  head of t h e  pumps. 

With  check valves lomcated downstream of the  pumps, the   p ressure  rise 

following power f a i l u r e  exceeded 10 percent   in  a number of 

cases  (see  Table 11). However, the  pressure rise could  be 

reduced t o  less than 5 percent by s lowly  c losing  the pump 

* 

* Pressure rise = ~ a ~ i m ~ m  t r ans i en t   s t a t e   p re s su re  - s t e a d y   s t a t e ~ p r e s s u r e  



*. . 
3 

pl! 

u\ 

w :  

j# ;. 

discharge  valves.  A pressure   regula t ing   va lve  - check  valve 

combination  could a:Lso be used  but was not considered  because 

of t h e   a v a i l a b i l i t y  of the  above less expensive  a l ternat ive 

(b) Emergency Conditions 

The only  applicable  case was t h a t  of f a i l u r e  of the  

discharge  valve  following power f a i l u r e   s i n c e  a single-rate  c. losure 

was assumed for   the   d i scharge   va lve  and no check   va lves   o r   a i r  

chambers were used as   control   devices .  

(c)  Exceptional  Conditions* 

In a one-way surge  tank,  simultaneous  failure  to open 

of  both  check  valves  should  be  considered  as an exceptional  (operating 

condition. In such a case ,   the  one-way surge  tanks would be  inoperative 

and, as discussed i n  i t e r  (a)-l  above, column separat ion would 

occur. The minimum pressures  would then be equal   to   the  vacuum 

pressures.  

. " 

The computation of t h e  maximum pressures  when t h e  :separated 

columns r e j o i n  was not  considered  important  during  the  preliminary 

design for  such an exceptional  condition.  This  should however,  be 

done  during  the  f inal   design. 

VI. RESULTS 

The maximum and mi:nimum hydraulic  grade  l ines  following power 

f a i l u r e   a r e  shown on Figs. 3 and 4 f o r   t h e  system  containing  suitable 

cont ro l  equipment. 

* Not analyzed. 
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A. Column Separation 

The following  control  devices would successfully  prevent 

column separa t ion   in   the   var ious  segments of the   p ipe l ine .  

(a)   Pipel ine from Booster  Station No. 1 t o  2 

The following two a l t e rna t ives   a r e   ava i l ab le :  

1. Increase  the WR' of  each pump-motor t o  115 kg m' f o r   t h e  

Medicine  Creek  Route and 130 kg m2 fo r   t he  Summit Route  and 

provide a 4 m diameter one-way surge  tank a t  the  top of 

Elephant  Ridge  with  the  steady state wa te r   l eve l   i n   t ank   a t  

E l .  627 (10 m above t h e  ground surface) .  

2. Increase  the WR of each pump-motor t o  390 kg m f o r   t h e  2 2 

Medicine  Creek  Route and to  370 kg m f o r   t h e  Summit Route. 2 

With t h e  above con t ro l s ,   t he  minimum pressures i n  t h e  

P ipe l ine  remain abave  atmospheric  pressure. 

(b)  Pipeline Downstream of Booster  Station No_? 

1. Summit Route 

The following  combination of control  measures 

will prevent column separation: 

( i )   Increase   the  WR of each.pump-motor t o  400 kg m ; 

( i i )   Provide  a 4 m dia.. one-way surge  tank a t  Sta .  11 + 175 

2 2 

with the  s tady state water level i n   t h e   t a n k   a t  E l  1252 

(10 m above  ground l e v e l ) ;  and 

( i i i )   P r o v i d e  a cont : rol   s t ructure   a t   the  summit with  water 

sur face   e leva t ion  a t  E l .  1427 to  provide a minimum 

submergence o f  5 m. 

With these  measures,  the minimum pressures  do 

not become subatmospheric  except at  Sta.  18 + 00 where 

minimum pressure is -4 m. 

! . ~ .  

rri 
. . . . .  
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A. Column Separation 

The following  control  devices would successfully  prevent 

column separat ion in the  various segments of the  pipel ine.  

(a)  Pipeline from Booster   Stat ion No. 1 t o  2 

The following two a l t e rna t ives   a r e   ava i l ab le :  

1. Increase  the WR. of  each pump-motor t o  115 kg m for the  2  2 

Medicine  Creek  Route and 130 kg m2 f o r   t h e   S u m i t  Route and 

provide a 4 m diameter one-way surge   t ank   a t   the   top  of 

Elephant  Ridge  with  the  steady  state  water level in   t ank  a t  

El. 627 (10 m a.bove t h e  ground sur face) .  

2. Increase  the WR2 of each pump-motor t o  390 kg m f o r  t h e  2 

Medicine  Creek  Route and t o  370 kg m f o r  t h e  Summit: Route. 2 

With the  above con t ro l s ,   t he  minimum pressures :in t h e  

Pipeline remain'above  atmospheric  pressure. 

(b)  Pipeline Downstream of Booster  Station No-2. 

1. Summit Route 

The following  combination of control  measures 

will prevent column separation: 

(i) Increase  the WR of each pump-motor t o  400 kg m ; 

(ii) Provide a 4 m dia .  one-way surge  tank a t  Sta .  11 f 175 

2 2 

with the  s tady state water level i n  t h e   t a n k   a t  El 1252 

(10 m above  ground l e v e l ) ;  and 

(iii) Provide a c o n t r o l   s t r u c t u r e   a t   t h e  summit with water 

sur face   e leva t ion  a t  E l .  1427 to   provide a minimum 

submergence o:F 5 m. 

With these  measures,  the minimum pressures  do 

not become sub-atmospheric  except a t   S t a .  18 f 00 where 

minirmrm pressure is -4 m. , I  
1 : i, 

& 
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2. Medicine Creek- 

The  following combination of control  measures 

will prevent  column  separation: 

(I) Increase the WR of each pump-motor to 370 kg m ; 

(ii) Provide a 4 m dia.  one-way surge tank at Sta. 11 + 175 

2  2 

with steady state water level  in  the tank at El. 1252 

(10 m  above  ground level);  and 

(iii) Provide a.4 m dia.  one-way surge tank at Sta 17 + 480 
with steady  state water level in  the tank at El. 1345 

(25 m above ground  level). 

With. these measures, the minimum pressures  along 

the pipeline axe above atmospheric  pressures. 

B. Maximum Pressure 

Table I1 presents  the maximum pressures  following  power . " 
failure when check valves are located  downstream of the pumpai. The 

check valves are assumed.  to close instantly upon flow reversal. 

TABLE ]:I: MAXI" PRESSURES 
AT PUMP  FOLLOWING POWER FAILURE 

Pipeline Maximum Pressure Pressure Rise 
Elevation,  in  m 

Eked Head) 
(:Percent of 

Booster Station No.1 to 2 

Medicine Creek route (WR2 = 115 kg m  and one- 1119 24.2 
Summit Route (WR2 = 370 kg m'!) 1118 22.4 
Medicine Creek Route  (WR2 = 390 kg m2) 1103 21.8 

Downstream of Booster  Station No. 2 
Summit  Route  (WR2 = 400 kg m2!  and  one-way 

Medicine Crook Route (WR2 - 370 kg m  and two 

* 2 
way surge tank) 

surge tank) 1587 9.2 

one-way surge tanks) 1485 0.0 

* Conditions with WR2 - 130 kg m2 fo r  Summit Route are about the same. 

2 

I. " 

. (.I1 1 
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.. The pressure rise following power f a i l u r e  could  be  reduced 

by s lowly  c losing  the pump discharge  valves.  With t h e  c1os:tng times 

l i s t e d  in Table 111, the   p ressure  rise a t  the  pump following power 

f a i l u r e  would be less than 5 percent of the   ra ted  head. A i3ingle 

r a t e   c l o s u r e  was assumed in   these.computat ions.  e, 
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Pipe l ine  

TABLE 111 
DISCHARGE VALVE CLOSING  TIMES AND PRESSURE RISE 

Closing Time Pressure Rise 
(in. sec.) at  the  Pump 

(Percent  of 
Rated Head) 

Booster   Stat ion No. 1 t o  2 

WR2 = 115 kg m and one-way surge  tank 2 

WR2 = 390 kg m (Medicine  Creek  Route) 2 

WR2 - 370 kg m (Sumi t  Route) 2 

Downstream of  Booster  Station No. 2 

Summit Route (WR2 - 400 kg IP and  one one-way 

90 4.0 

95 3.2 

90 4.6 

2 

surge  tank) 100 ' .2.7 
, " 

Medicine  Creek  Route (WR2 f 370 kg m and 2 

two one-way surge  tanks) 95 4.7 

Due to   t he  s:Low closure of the  discharge  valve,  the pump. 

will reverse   for  a shor t  time  (The pumps r each   t he i r  m a x b v l r m  reverse 

speed  within 75 seconds and then beg in  t o  slow down), The maximum 

reverse pump speed fo1:towing pa re r   f a i lu re   fo r   t he   ca ses  when the   d i s -  

charge  valve remains open  and when the  discharge  valve is closed are 

l i s t e d  in Table I V .  However, a s  shown in t h i s   t a b l e ,   t h e  m a x i m u m  

negative  speed  in a l l  cases was less than  the  following maximum per- 

missible l imi t s   spec i f i ed   by ' t he  pump manufacturer: 130% of ra ted  

speed f o r  less than 30 seconds,  and 120% of r a t ed  speed f o r  a longer 

period. 
. ~. .. . 

( 12) 
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c. Emergency Conditions 

As an emergency condition, t h e  discharge  valves were 

assumed t o  remain open following power f a i l u r e .  Because  of the  

higher  than normal i n e r t i a ,   t h e  maximum p r e s s u r e   a t   t h e  plump 

' i n   a l l   c a s e s  remained less than  the  s teady  s ta te   pressure.  

The maximum reverse pump speeds and t h e  time a t  which they  occur 

a r e   l i s t e d   i n   T a b l e  IV.  Since  only a s ingle-rate   c losure was 

assumed, no computat:ions were done for   c losure  of t h e   v a l v e   a t  

t h e   f a s t e r   r a t e .  

TABLE I V  
MAXIMUM REVERSE PUMI' SPEED FOLLOWING POWER FAILURE 

-" " - . 

Maximum Reverse Pump Speed (% of Rated) 

P ipe l ine  Discharge valve Discharge  Valve 
remains open  Closed* 

Booster  Station No. 1 t o  2 

WR2 = 115 kg m and. one-way 113% at  approx.. 37 sec. 112% a t  approx. 35 sec. 

WR2 = 370 kg m (Summit Route) 2 105% at approx. 76 sec. 89% at approx. 65 sec. 

WR2 390 kg m (Medicine Cre$ek Rte) 105% a t  approx. 80 sec.  2 90% a t  approx. 70 sec. 

surge  tank . ' *  

Downstream of Booster  Station- 

Summit Route (WR' = 400 kg m and 104% a t  approx. 85 sec.  88% a t  approx. 75 sec. 2 2 

one one-way surge  tank) 

Medicine Creek Route (WR' = 370 100% a t  approx. 80 sec. 84% a t  approx. 70 sec 
2 kg m and two  one-way 

surge  tanks) 

* Discharge  valve  closed at  a rate t h a t  would keep the maximum pressure 
rise a t  t h e  pump less than 5% o f  t he   r a t ed  head. 



mI. DISCUSSION 

The above r e s u l t s  were obtained  using assumed f r i c t i o n   f a c t o r s ,  

and  assumed pump cha rac t e r i s t i c s .  In addition,  both  the  topographic  in- 

formation  and  the  data  for  the  discharge  valves were not   precisely known. 

A s  the  design  operating  conditions.   for  each pumping s t a t i o n  were d i f f e r e n t  

from the  ra ted  condi t ions of pumps f o r  which data  were provided,  the water 

level i n  the   suc t ion   tank  had t o   b e   a r t i f i c i a l l y  lowered in   t he   ana lys i s  

t o   ob ta in   t he   co r rec t  downstream  head for   the   g iven  pump speed. 

Ar t i f ic ia l   lower ing  of the  suction  reservoir  should  have a neg1:fgible 

effect on t h e  computed pressures   in   the   d i scharge   l ine .  However, t e s t  

runs us ing   d i f fe ren t  pump cha rac t e r i s t i c s  showed t h a t   v a r i a t i o n   i n   t h e  

pump charac te r i s t ics   and/or   in   the   da ta   for   the   d i scharge   va lve   could  

subs t an t i a l ly  change the  computed maximum and minimum pressures,  

Similarly,   significant  changes in the ground  topography would change t h e  

hydraul ic   g rade   l ine   re la t ive   to   the   p ipe l ine ,   thus   poss ib ly   resu l t ing  

i n  s i t u a t i o n s  where column separation could  occur. A di f fe rence  in t h e  

f r i c t ion   l o s ses   cou ld   a l so   a f f ec t   t he  maximum and minimum pressures.  

. ” 

No cushioning  stroke w a s  assumed during the discharge valve 

closure.  This should  be  taken in to  consideratinn  during  the final 

design as i t  could  reduce  the max imum pressures   s l igh t ly .  

With t h e  presentXy  available  data,  the maximum pressure rise 

a t  the  pump can  be  kept be:Low 5% of the  rated  head. However, as discussed 

above, the   p ressure  rise may be  higher   due  to   s ignif icant   var ia t ions in 

t he   da t a   fo r   t he  system. :Cf necessary,   the  pressure rise can b o  decreased 



by increasing  the  discharge  valve  c losing time which would resu:Lt i n  an 

i n c r e a s e   i n   t h e  time per iod   for  which the  pump runs   in   the   reverse  

d i rec t ion .  Although the  maximum reverse pump speed is within  the limits 

spec i f ied  by the  pump manufacturers,  reverse  flow  through  the pimps f o r  

an extended  period may pa r t i a l ly   d ra in   t he   p ipe l ine   a t   h igh   po in t s . i n  

t h e  case of Submit Route and the   p l an t   r e se rvo i r  i n  the   case  of t h e  

Medicine  Creek  Route.  Therefore, it i s  recommended t h a t   u n t i l   b e t t e r  

da ta  is obtained and a sens i t i v i ty   ana lys i s  of the  effects of c3anges i n  

the   var iab les   a f fec t ing   pressure   r i se  is made, the maximum pressure rise 

a t  t h e  pump-end should  be  taken  equal  to 10% of the  rated  head .and the  

e leva t ion  of the  maximum hydraul ic   g rade   l ine  shown in   F igs .  3 .and 4 be 

adjusted  proportionately.   Since by increasing  the  design  pressures  the 

unce r t a in ty   i n   t he  m a x i m u m  pressures  is allowed  for,   this  should  be 

taken  into  considerat ion  while   select ing  the  factor  of s a f e t y   f o r   t h e  

pipeline  design. 
. .  

With the  specified  control  measures,   the minimum hydr.sulic 

grade l i n e  i s  always above the  pipeline except near the  con t ro l   s t ruc tu re  

i n   t h e  Summit Route  where : L t  drops 4 m below the   p ipe l ine .  A t  :Elephant 

Ridge  and a t   t h e  summits downstream of Booster   Stat ion  NO,.^, the 

minimum hydraul ic   grade  l ine is l e s s   t han   f i ve  meters above the   p ipe l ine .  

During  the  f inal   design, however, when be t t e r   da t a  will be  avai . lable ,   th is  

should  be  investigated  in detail and, if necessary,   the   safety !margin 

could  be  increased. 
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The free-standing  height of t h e  downstream  one-way surge  tank 

on  the  Medicine  Creek  Route may be reduced by loca t ing   the   t ank  on an 

adjacent  high ground  and connect ing  the  tank  to   the  pipel ine  with a 

pipe. I f   h igh  ground is not  available  nearby,  then  the  pipeline  route 

may be changed s l i g h t l y .  :In add i t ion , the   poss ib i l i t y  of reducing. the 

tank  height  by re rout ing   tha t  segment of t he   p ipe l ine  in which 'water 

columa separat ion may OCCU:~  should  be  investigated. 

A i r  valves  should  be  provided at   h igh  points   a long  the  pipe-  

l i n e .  These w i l l  be h e l p f u l  f o r   f i l l i n g  and emptying t h e   l i n e  ,and would 

prevent  collapse of a long  length of the  pipel ine  should a brea'k  occur in  

the   p ipe l ine  a t  a lower  elevation. The procedure  outl ined in Ref. 7 may 

be  used  for   s iz ing  these  valves .  In addition,  valves  could  be .provided 

a long   t he   l i ne   t o   i so l a t e  ;and dra in  segments of t he   l i ne   fo r   i n spec t ion ,  

repair   etc.   Transients  caused by the  operat ion of t hese   va lves ,   i f  

The one-way surge  tanks  should  have two p i p e s  f o r  wat'er out- 

flow  from  the  tanks  into  the  pipeline.  This  should  considerabky  reduce 

t h e   p o s s i b i l i t y  of a tank Ilecoming inoperat ive due t o   t h e   f a i l u r e   o f  a 

check  valve  to open. 

provided,  should  be  studied  during  the  f inal   design. In our  opinion, no 

check valves should  be  provided a t  the   i n t e r io r   l oca t ions   a long   t he  

pipel ine  s ince  they have  been  reported  to  cause  resonance (8). However, 

a t  the downstream end of the Medicine  Creek  Route, a check valv,e  should 

be   ins ta l led   to   p revent   d ra in ingof   the   p lan t  reservoir and a v'ent  pipe 

should  be  provided  for emptying the   p ipe l ine .  
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Rro alternatives  are  available t o  prevent column separation  in 

the  pipeline between Booster Station Nos. 1 and 2. The a1ternati:ve with 

increased  inertia only is recommended from an operational  point o:E view 

as  the one-way surge  tank is not  as  foolproof and in  addition  requires 

constant maintenance. 'In addition, f o r  operational  flexibility and for  

ease  in exchanging the  spare  parts, it would be prudent.that a l l  units 

have'equal  inertia; a WR2 = 400 kg m is recommended. Because of th i s  

increase  in  inertia,  the  pressure rise and drop w i l l  be s l ight ly   less  

than  that shown in Figs. 3 and 4 .  

2 

In the  Summit Route, the  free-flow segment of the pipe1:ine 

downstream of the  control  structure  at  the  Summit would require a very 

careful  analysis  since  air  entrainment in the lower part ,  where a hydraulic 

jump could form, may resul t  :Ln blowbacks  and pipe  vibrations.  Pressurizing 

this  length of the  pipeline would require  provision and appropriate 

operation of a control  valve  located  at t he  downstream  end  and wmld 

resul t  in a higher pumping head. 

. . <  

As f a r  as the waterhanrmer control of the Summit and Medicine 

Creek Routes is concerned, one route does not have any significant 

advantage  over the  other;  for the  Summit Route, a control  structu:re and 

a one-way surge  tank and for  the Medicine Creek Route, two one-way surge 

tanks  are  required. 

During the  final  design,  the  possibility of operational 

ins tab i l i ty  between various pumping stations should be investigated. 
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V I I I .  RECOMMENDATIOXE 

1. The fol lowing  controls   are  recormnended to   prevent  

water-col.umn separation: 

(a)  -line Between Booster  Station No. 1 at% 

(i) Summit Route 

A t  Booster  Station No. 1, provide pump-motor 

WR equa l   t o  400 kg m . 2 2 

(ii) Medicine  Creek  Route 

A t  Booster  Station No. 1, provide pump-motor 

WR equal   to  400 kg m . 2 2 

(b) -line Downstream of Booster   Stat ion No;& 

(i) Sununit Route 

Provide a 4 m diameter,  one-way'surge  tank ' . -  

at S ta t ion  11 + 175 with  the  s teady state water 

level in the   tank at El.. 1252 ; a con,trol  

s t r u c t u r e  a t  the  summit with  the  s teady state- 

water level a t  El. 1427, and pump-mcrtor . w R .  of 

400 kg m for   each   un i t .  

2 

2 

(ii) Medicine  Creek  Route 

Provide a pump-motor WR equal   to  400 kg m 

for each  uni t ;  one-way surge  tanks a t  S t a .  11 +175 

(initial s t e a d y   s t a t e  water level El 1252) and 

a t   S t a .  17 + 480 ( i n i t i a l   s t a t e  water level = 

1345). 

2 2 
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2. The following  discharge  valve  closing  times are recommended t o  

keep the  maximum pressure rise a t  t h e  pump-end t o  less 

than 5% of t he   r a t ed  head: 

P ipe l ine  

(a)  Between Booster  Station No. 1 and 2 

Medicine  Crfiek  Route 

Summit Routf: 

(b) ' Pipe l ine  Dovmstream of Booster   Stat ion No. 2 

(i) Sumnit  Route 

( i i )  Medicine  Creek  Route 

C.losing  time 
(in sec.) "- 

95 

90 

100 

95 

As discussed in  Section VII, u n t i l  more d e f i n i t e  

system  data are ;available and a s e n s i t i v i t y   a n a l y s i s  can  be 

made, the   des ign   pressure  rise a t  the  pump-end should  be 10% , . - 
of the   ra ted  head. and the   e l eva t ion  of t h e  maximum hydraulic 

grade l i ne  as shown in   F igs .  3 and 4 should  be  adjusted 

proportionately.  

3 .  Air valves  should  be  provided a t  high  points of t he   p ipe l ine ,  

4. No check  valves  should  be  provided a t   in te rmedia te   loca t ions  

along the pipel ine.  However, a check  valve and a vent  pipe 

should  be  installed a t  the  downstream end of t h e  Medicine 

Creek  Route. 
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5 .  The following  additional  investigations  should  be  carried  out 

during  f inal   design:  

(i) Maximum pressures  caused by column separat ion dula t o  one- 

way surge  tank  being  inoperative  because  of  failure of 

both  check  valves  to open. 

(ii) Opera t iona l   ins tab i l i ty  between var ious pumping :stations.  

(iii) Maximum pressures  following power f a i l u r e   t a k i n g   i n t o  con- 

s iderat ion  the  cushioning  s t roke of the  discharge  valve.  

( iv )  Maximum and minimum pressures  for  simultaneous power 

f a i l u r e   t o  t:hree pumps, four th  pump i n i t i a l l y  not 

operating. 

(v) A sensi t ivi t :y   analysis  assuming poss ib le   var ia t ions  in . ' *  

t h e  pump c h a r a c t e r i s t i c s ,   f r i c t i o n   f a c t o r s  and discharge 

valve  charac:terist ics.  

6 .  To avoid compouncling of safety factors a decision  should b.e 

made as to how sahfety factors  should  be  divided between 

hydraulics and s t : ructural  components of  design. 

ni 
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NOTES: . 
I .  T h i s  figure i :  taken  from App!ied 

Hydraulic  Transients  by 14. H. -. - .. . ~~ 

' '" . Chaudhry. Ref., Z:-,~- 
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* \  
In these  expressions, N = speed, 
T = torque, Q = flow, H = pumping 

rated  condiiions. 
head  and  subscript "R" refers t o  

. \  
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