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I'ItOJEC'F MENORRNDUM V4191/1 
I)I<:T,JGN CRITERIA 

a .c .  HYDRO AND POWER AUTHORITY 
V A N C O ~ ~ P :  a .c .  

DATE 2 AUGUST 1977 
REVISION 1 18 JANUARY 1978 

T N T H O D U J  

This memorandum reco rds   t he   c r i t e r i a   u sed  i n  the  Prel iminary Design  Study, for. 
t h e  Hat. Creek  Cooling Water Supply  System. 

'?tie water  supply system is  t o  provide  cooling  water make-up from t h e  Thompson 

o r  Ashcroft, F.C. The st .a t ion i s  t o  produce 2000 MW of power by burning  coal 
River t o  t h e  Hat Creek  Thermal Genera t ing   s ta t ion   in   the   Trachyte  Hills west 

L'rom t h e   d e p o s i i t s  o f  t h e  H a t  Creek Valley  nearby. 

JII t h e  design o f  the  cooling  water  supply  system,  water  treztment  shall   only 
be t o   t he   ex t en t   necessa ry  to pro tec t   t he  pumping equipment, and  no 
considerat ion  shal l   be   given  to   the  water   t reatment   requirements  of t h e  power 
p l an t .  

H A S I C  REQUIREMENTS 

l'hr; basic  requirements o f  the   water   supply  system  are   out l ined i.n Table 1. 

- Table 1 - System  Requirements 

I tem Amount __ 

S.I .   Uni t s  4 Immerial Un i t s  

20,815 Igpm 
663 11s 8,750 Igpm 

M:lximuln Discharge 1577 11s 
I iverai<e Discharge 
Maximum S t a t i c   L i f t  
 normal^ Pull  Reservoir  Elevat,ion 
Minimurn Reservoir  Elevation 

1082.8 m 3,558 f t .  
1372 m 4,500 f t .  
1357 m 4,1+50 f t .  

M1~:L'1301~0I,O~ICAL  CONDITIONS 

The water  supply  l ine  encounters a range o f  climatic  conditions,   see  Table 2 .  
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Table 2 - Meteorological  Conditions 

Item - - Unit " 
Amount 

Ashcroft Hat Creek Sta t ion  __ 
Elevation 

Mean dai ly   temperature  
Extreme maximum temperature 
Extreme minimum temperature 
Mean annua l  p rec ip i t a t ion  
1 5  minute ra infa l l  

1 hour r a i n f a l l  
Greatest  24 hour  snowfall 
Maximum hourly wind speed 
Probable maximum gust 

(25  yr. re turn  f requency)  

1000 
300 

38.9 
7.4 

-38.3 
235 

29  50 
899 

3.2 
34.4 

-42.8 
317 

14" 
25* 

424 

Prevai.l.ing wind d i r ec t ion  sw** 

- Note:  Temperature and prec ip i ta t ion   da ta   t aken  from "Temperature and 
P rec ip i t a t ion  1941-70 f o r  E.C.", prepared  by  Atmospheric  Ehviroment  Service, 
Environment  Canada, for  Ashcroft  and Hat Creek Sta t ions .  

RIVER WATER 
" 

The discharge and q u a l i t y   c h a r a c t e r i s t i c s  of t h e  Thompson River   near   the  intake 
loca t ion   a re   descr ibed  i n  T'able 3. 

* Values  extrapolated from data   obtained from "Rainfa l l   In tens i ty  - Duration - 
W.A. Murray, Apri l  1964. 
Frequency Maps fo r  B.C.", D.O.T. Meteorological Branch report. by 

** For Ashcroft Manor weather   s ta t ion,   courtesy  E?viroment  Canada. 
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Tab1.e 3 - River   Character is t ics  

Amount 

Mt.:arl annual  discharge* 
Mtlximum recorded  discharge" 
Minimum recorded  discharge* 
Design  f'lood  return  period 
Des:ign flood 

D r , s i ~ n  low flow 
Dcni.[;n low flow  return  period 

Mean hardness as CaCO 
Mnxinwn hardness 
Water temperature - maximum 

- minimum 

3 

S I  U n i t s  

790 m: 1s 
4140 
125 z3 /s  

Is 

100 years 

100  years 
113 m3 /s  

42 mg/l 
35 mgll 

19.5 OC 
0 oc 

4534  m3 I s  

1.NTAICE 

C r i t e r i a  for  intake  design  are  given i n  Table 4. 

- Table 4 - Intake Design 

It. em - 

Imperial U n i t s  

27,900 
146.,000 
4,410 

160,000 

4,000 

3 5 
42 
6 7  
32 

Amount 

c f s  
c f s  
c f s  

c f s  

c f s  

P P  
PPm 
OF 
OF 

S I  Units &?rial Unit 

Approach ve loc i ty  f o r  gross   screen  area 0.12 mls 0.4 f t / s  
1.0w water   level  289.2 m 948.8 f t  
Hi{:h water   level  298.0 m 977.7 ft 
Maximum screen  opening  s ize  2.5 mm 0.1 i n  

A I  lowance f o r  pump wear and process   losses :  10% of m a x i m u m  discharge.  

Ij0O::'I'ER STATIONS 

l k x ~ : ; i . c r  s ta t ions   a re   to   be   des igned   accord ing  t o  t h e   c r i t e r i a  of  Tables 5 and 6. 

Table 5 .- Booster   Stat ion Design 

A I  ~owance for  pump wear: 0 % 
Permissible  noise  levels:   According t o  Workers  Comepnsation  Board - Accident 

Prevention  Regulations. 

* Thomp3on River  near  Spences  Bridge - Sta t ion  No. 08LF051. ' Taken from 

I l i rec tora te  Water Resources  Branch, Ottawa, 1974. 
Ili.:;torical  :;treanfl.ow SummaTy, B r i t i s h  Columbia t o  1973, Inland Water 

(!'M V h 1 . 9 1 / . 1 )  3 
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Table 6 - Mo-or and ?ower Supply Reauirements 

U n i t  Amount - 
No. 1. NO. 2 

Booster  Booster 
In take   S ta t ion   S ta t ion  "_ 

*Transmission  voltage - 69,000 69,000 

:;l'RUCTUBES - 

:Xructu:res  are t o  be  designed  according to   t he   Na t iona l   Bu i ld ing  Code of 
(:anrida, y ' e d i t i o n .  

t . , : .  ' 
l'IT'I?J.,IN:g 

Watf,rhamner Design Cr i t e r i a*  

l'hc design of t h e   p i p e l i n e ,  pumps, valves and appurtenances  subjected  to   effects  
01' water i n  t h e   p i p e l i n e  sha:!l be i n  accordance w i t h  the  fol lowicg  condi t ions:  

Normal Conditions of Pump Operation 

a.  Manual or automatic s t a r t i n g  and stopping of  pumps. 

b.  Shutoff head  develops  upstream  of  any  shutoff  valves on  pump manifold or 
on p ipe l ine .  

c .  Power f a i l u r e  at a l l  pump motors  and  valves. 

(1. Control  devices,  such as surge  tanks,  air chambers, check. valves ,   surge 
suppressors,  and pressure  control  devices  function 2s designed. 

e. Check valves  close  immediately upon flow  reversal .  

I.. A i r  chambers a r e  at minimum a i r  volume which would start a compressor. 

Dur i .ng  these  condi t ions,   water  column separat ion  shal l   not   occur .   Col lapse 
o f  the   p ipe   sha l l   be   p revented   a t  minimum head. 

1,hergency  Conditions  of E'ump Operation 

:;om<, malfunction  of  the  control equipment  occurs as follows: 

a .   Ei ther   of   surge  suppressor  or pressure   re l ie f   va lve  does not   operate .  

I ? .  One check va lve   c loses   a t   t ime  of  maximum reverse  flow. 

c .  Ajr in le t   va lves   inopera t ive .  

d .  Air chamber a t  emergency low a i r   l e v e l  which  would a u t o q a t i c a l l y   t r i p  
out   the  pumps. 

" 

* "Waterhammer Design Criteria", by  John  Parmakian, R o c .  ASCE, P132, April  1957. 
(I'M Vl+l$ j I . / l )  4 

e .  A two speed  control  valve  closes at t h e   f a s t e r   r a t e .  
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1 3. Exceptional  Conditions  of Pump Operation 
I - 

The most unfavourable  malfunctioning o f  equipment i s  assumed to  determine 
the  worst  possible  resuli;.  

Waturhammer Design Cr i t e r i a   fo r   t he   p ipe l ine   a r e   con ta ined  in Table 7. 

Table 7 - Pipe l ine  Design 

i 
I 

Unit Amount - 
Tmpnct _. energy 

absorved at  -4 C 
i n  Charpy Test (1) 

Normal Condition 
Ehergency  Condition 
Exceptional  Condition 

( c o a l   t a r  epoxy l ined )  
maximum 
minimum 

0 

A1.lowabl.e s t r e s s e s  

Hydraulic  roughness E 

J 
f t - l b s  40 

5'+ 

MPa( p s i  177 (25,600) 
MPa( p s i  ) 3511 (51,200) 
" Not Used 

0.06 
0.015 

( I )  'Phe a l lowable   s t ress  is based on requirements f o r  a minimum fac to r  o f  s a f e t y  
on u l t imate   burs t ing   s t rength  of t h e  member, and limits of s t r e s s   r e l a t i v e  
t o   t h e   y i e l d   s t r e n g t h  o f  t he   ma te r i a l  as follows: 

Condition_ 

Normal 
Ihmcrgency 
l!:xceptional 

Minimum" 
M a x i m u m "  

:?roportion 
Factor of Safe tx  - o f  Yie ld  S t r e s s  

3 
1 . 5  
" 

0. a 
1.0 
" 

The val-ues r e l a t e   t o  CSA 2245.2, Grade 60 pipe 

* "New C r i t e r i a   f o r  USBR Penstocks"  by  Arthur & Walker, Proc. ASCE, January 1970. 
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FINARCIAL AND COST CRITERIA 

C r i t e r i c r  f o r  cost  analyses  are shown i n  Table 8. The base  period fo r  cost  
estimates was Fourth Quarter,, 1977. 

Table 8 -. Financial and  Cost C r i t e r i a  

ltem Unit 

Cost of power mils/kwh 
Long-term i n t e r e s t  rate % 
Short- term  interest   ra te  % 
Federal  Sales Tax ?+ 
Provincial Sales Tax % 
Land Cost $/hectare 
Corporate  overhead % 
Amortization  period  year 

- 

Prepared  by 
A.P.  Basham, P. Eng. 

I 

i , Approved by 
i 
I A. Copeland,  P. Eng. 
I 

”” 

-“ 1, ty h 4 A y w 2 4 2  
B.R. McConachy, E’. Eng. 
Project  Engineer 

Revision 1: General 

.. i 

.- Amount 

20 
8 
8 

12 
7 

2,500 

35 
5 



d 

d 

Y 

pi 

U 

Slr 

aid 

- PROJECT IGNORAN’DUM ‘74- 

WATER INTAKE SITE 16 



81 

3 

rr 

u 

I 

Y 

w 

Y 

UJ 

CONTENTS 

INTRODUCTION 

S I T E  16 

Intake Types  and Locations 
Geophysical  Consi.dera.tions 

Fluvial   Consideretions 
Geotechnical  Considerations 

COMPARISON  OF SITE 16 WITH SITE 10  

S i t e  16 
S i t e  10 

CONCLUSIONS 

APPE:NDICES 

1. .References 

B.C. HYDRO PA POWXR AUTHORITY ,’ 

VMJCOWER B.C .  

DATE ~ 27 JUiJE 1977 

1 

1 
2 
2 
3 

3. I l l u s t r a t i o n s  
2 .  Photographs of Water In t ake   S i t e  16 

Ab191/2-2 - Water In t ake   S i t e  16 - 
A4191/2-1 - Water In t ake   S i t e  16 - Key Plan 

Potent ia l   Locat ions 

I 



L 

" 
Ii!'!'t~Ol)lJCTION 

'This Froiect  'Iemorandum l r e s e r  " ~ t s  i feas j  
on t h e  Thompson River. t o  provide 1,577 1, 

E. C. HYDRO & I'O1CR. AUTHORITY 
VANCOUVER B . C .  

DATE 27 JUNE 1977 

i ty   s tudy f o r  an in take  at  s i t e  16* 
?c .  (25,000 USGPM) of  cooling  water 

tbi l :  
'SC 

tnxkcup t o  a 2,000 MW Thermal Power S t a t i o n ,   f i r e d  by coal  from deposi ts  of t h e  
1 k : L  Creek Valley,   being  considered by B.C. Hydro and Power Authority.  

As can  be  seen  from drawi.ng Ab191/2-1 (Appendix 31, t h e r e   a r e  two a l t e r n a t i v e  
co r r ido r s  from t h e  Thompson River t o   t h e  Hat Creek Power P lan t   S i te ,   th rough 
which the  cooling  water  supply  pipeline could be  routed. These co r r ido r s  
:we f o r   t h e   x c e s s   r o a d  and t h e  500 kV t r a n s n i s s i o n   l i n e .  The objec t ive  of t h i s  
Project  Xemorandum i s  t o   c o n s i d e r   t h e   f e a s i b i l i t y  of s i t e  16  fo r  an   i n t ake   t o  
serve a pipeline  along  the  road  corridor.   Various  photographs of s i t e  16  a re  
included i n  Appendix 2. 

The main sec t ion  of t h e  Nemorandum presen t s   po ten t i a l   i n t ake   l oca t ions  and 
i n t a k e   t y p e s   a t   s i t e  16 ,  together   with  the  geophysical ,   geotechnical ,  and 
f luv ia , l   cha rac t e r i s t i c s  of the   a rea .  

Because s i t e  10  was previously  selected as t h e  most f eas ib l e   l oca t ion  for an 

10 has  been  included. 
in take  on t h e  Thompson River  (Reference l),** a comparison  between s i t e s  16 and 

'I'hc port ion of t h e  Thompson River i d e n t i f i e d  as s i t e  16 is t he  bend loca ted  
between l o 5  Mile  Post I n d i a n  Reserve 2 and Cheetswn's Farm Indian  Reserve 1. 
(lknwing A4191/2-2,  Appendix 3) .  

With reference   to   Sandwel l ' s  Memorandum Vi007/1 (Reference 2 )  on Water Intake 
! k z i C n ,  two in take   types  were considered at s i t e  16  i . e .   t h e  bank  and p i e r  

docs n o t   l e n d   i t s e l f   t o  such  a design. Drawing A4191/2-2 (Appendix 3 )  
intake.  The bypass  intake  has  not been considered as the  topography of  s i t e  16  

Eiven i n  Table 1. 
i l l u s t r a t e s   p o t e n t i a l   i n t a k e   l o c a t i o n s ,  and t h e   c h a r a c t e r i s t i c s  of each  are 

" 

]'or this and o ther   loca t ions   see  dra-ging ~.h91/2-1  containei i  i n .  3. i 
** For t h i s  and other   references  see Appendix 1 ~ 
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Table 1 - Charact,eristics  of  Various  Intake  Locations, 

Adjacent To Relat ionship 
R e l a t i v e l y   t o  Cornwall  Crossing 

River 

Deep Water - Creek  Required Comment2 

Bank il u Y 
Bank Y D N 
Pier  Y D Y Additional  he?ards 

due t o   r i v e r  
construct ion work. 

Bank ? V  D N 
Bank Y D Y 

.I 

A l l  t h e  above s i t e s   a r e   i n f luenced  by e f f e c t s  from rapids  and p o t e n t i a l   s l i d e s  

Abbreviations: 

Y :  Yes, X: No, U :  Upstrean, D: Downstream 

Geophysical  Considerations 

For bank in t akes   l oca t ed   a long   t he   r i gh t  bank of the  Thompson River   in   the   a rea  

major  concern.  This would  be further  complicated by ex tens ive   r e s t r i c t ions  
under   s tudy,   the   re la t ive  s teepness  of the  topography would make access a 

which would be  imposed by the  Canadian National Railway regarding  protect ion,  
maintenance  and  operation of their   t rack  during  the  construct ion  phase.  The 

would r equ i r e  a route  with s teep  incl ines .   (Photographs 2 & 3, .Appendix 2 ,  
@-adient o f   t h e   t e r r a i n  i s  such  that   road  accsss,   both  temporary and permanent, 

j . l l u s t r a t e   t hese   po in t s . )  

l ' ier   in takes  i n  the   a rea  of s i t e  16 would possess similar engineering drawbacks 
t o  those  mentioned  above  to@;ether  with  additional  construction  difficult ies 
assoc ia ted  wi th .  o f f - shcre   r i .ver   ins ta l la t ions .  

While j-ntaltes located at pos i t i ons  A and E at t h e   l e f t  bank of t h e  Thompson 

d i f f icu l t ies   a long   the   River  bank and/or   the Canadian Pac i f i c  Railway property,  
River  (Drawing Ah191/2-2, Appendix 3)  should  not  pose  any  significant  access 

Lheir main drawback would be the  requirement of a r iver   c ross ing .  

ko technica l   Cons idera t ions  
" 

'['he geological  background of' the  Thompson River  Valley  around  Ashcroft was 
Given i n  Sandwell's  Interim  Report V4007/1 (Reference 3). The following 
statement i s  a quote from this repor t :  



'"?ilc geology  of t h e  Thompson Valley i n  the   reach   of   in te res t   has   s t rong  

conglomerates and arkosic  sandstones  interbedded  with  black  shales  outcrop 
implicat ions on the   s e l ec t ion  of an in take   loca t ion .   Jurass ic   rocks  of 

a long t h e   r i v e r  between  Ashcroft  and  Basque. The sha les   a re   d i s turbed  and 
crushed. The s u r f i c i a l   s o i l s   a r e  dominated by the   g lac io- lacus t r ine  s i l t  
depos i t s ,  up t o  300 f e e t  t h i c k ,  from Ashcroft t o  south  of  Spences  Bridge". 

If in take  16  were loca ted  on t h e   r i g h t .  bank o f   t he   r i ve r ,  it could   l ike ly  be 
founded on bedrock  close t o  t h e  bank. However, as t h e  CN railway i s  
r e l a t i v e l y   c l o s e   t o   t h e  edge  of t h e   r i g h t  bank of t h e  Thompson R ive r ,   t he  bank 
would have t o  be  extended l o c a l l y   i n t o   t h e   r i v e r   t o  house the   in take  pumphouse 
a.nd a n c i l l a r y  works. 

'?he ground  above t h e   s i t e  i s  a s teep  bedrock  s lope  that   resul ted from erosion 
caused by t h e   r i v e r .  While the   sur face   s tab i l i ty   o f   the   rock   s lope  i s  
probably  only  marginal,   there i s  no vis ible   evidence of  major  deep  seated  rock 
i n s t a b i l i t y   i n   t h e  concave  bend  of t h e   r i v e r .  The rock i s  a sedimentary  type, 
d i p p i n g   i n t o   t h e   h i l l s i d e .  

The major geotechnica l   concern   wi th   s i te  16 would be   the   ins tab i l - i ty  of  the  
prev ious ly   ident i f ied   g lac io- lacus t r ine  s i l t  depos i t s  downstream  and  upstream of 

Two ver:y l a r g e   s l i d e s   i n   t h e  s i l t  depos i t s ,  No. 1 and No. 5, ex is t   about   ha l f  a 
t h e   a r e a ,   p a r t i c u l a r l y  on t h e   l e f t  bank of the  r iver ,   (Photograph I, Appendix 2 ) .  

n i l e  downstream  and ups t ream  of   s i te  16. Downstream s l i d e  No. 1 i s  cu r ren t ly  
ac t ive  and i s  a continuing  problem t o  CPR. Attempts at stabil izctt ion  have so 
far been ra ther   unsuccessfu l .   In   addi t ion  a smaller sliae i n   t h o   s u r f i c i d  

Cornwal.1 Creek jo ins   the  Thompson River (No. 3 ) .  This s l i d e  was active i n  1969. 
depos i t s   ex i s t s  on t h e   l e f t  bank of the  r iver  immediately downstream  where 

,Taking .the  above poin ts   in to   cons idera t ion ,  it i s  c l e a r  that  a major 
r eac t iva t ion   o f   t hese   s l i des ,  f o r  whatever  reason,  could  result  i n  an in take  
a t  s i t e  16 being  completely  inoperat ive,   par t icular ly  if the  sli6.e  occurred 
upstream  and  the  subsequent  washout  buried  the mouth of the  intak:e with 
sedimen-t. 

Fluvial   Considerations 

I 

J!:xmination  of  Photograph 1 (Appendix 2 )  ind ica tes   the   fo l lowing   s ign i f icant  
c h a r a c t e r i s t i c s  of t h e  Thompson R i v e r   i n   t h e   v i c i n i t y  of s i t e  16. 

1.. The average  width of the  r iver   upstream and downstream  of t h e  bend is 
100 - 125 m (330-410 f t ) ,  whereas  the  average  width  within  the  bend i s  
about 200 m (660 f t ) .  Consequently,  the  wider  reach  within  the  bend i s  
expected to   be  shal lower  than  adjacent   reaches.  

2 .  dxamination of Photograph 1, taken at  r e l a t i v e l y  low  water  conditions when 
thc discharge at Spences  Bridge was 243 m3/s(or 8570 c f s , " )   i nd ica t e s  
numerous rap ids ,   the  most severe  of which a r e  at  t h e   e n t r a n c e   t o   t h e  bend. 
T.n addi t ion ,  a large  rock  outcrop i s  v i s i b l e  on t h e   l e f t  bank opposite 

than  adjacent   reaches.  The r e s u l t  of t h i s  i s  tha t   subs t an t i a l ly   h ighe r  
Cornwall  Creek. As such, t h i s  reach o f   r i ve r  would be considerably  steeper 
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v c l o c i t i e s  and tu rbulence   a re   an t ic ipa ted ,   espec ia l ly   a t   h igher   f lows .  
(:o,:~equently, a r ive r   i n t ake  would h%ve t o  be designed t o   p r o t e c t   t h e  

co i>ble   s ize)  which could be  thrown into  suspension  a t   h igh  f lows.  
:;y:;tem from damage from la rge   par t ic les   (probably  up t o   g r a v e l  or small 

I I I  add i t ion ,  it may be ve ry   d i f f i cu l t   t o   ob ta in  uniform ve loc i t ies   th rough 
the screen  for  a direct   in take,   both  because of  suspected  occurrence  of 
very s t rong  large-scale   turbulence and because  of  possible  large-rn-plitude 
water-level  suraing which of ten i s  assoc ia ted   wi th   rap ids .  

Y ~ ~ r t h e r  examination of the   aer ia l   photograph   ind ica tes  a poorly  defined 

t h : i L  t!!e low-water  channel  near t h e   s i t e  i s  on t h e   i n s i d e   ( l e f t  b;%nk, facing 
iow-water channel.   Quite  different  than what i s  normally  expected, it appears 

,iowl!strcam)  of the  bend,  extending from t h e  mouth of  Cornwall  Creek t o   t h e  
<Iownstream  end of t h e  l e f t  'bank point   bar .  It i s  thus  surmised t i a t  
col~r . iderable   surface  bedrock  underl ies   the  channel   adjacent   to   the  s i te .  If 

~:i~:~.nnel. of  adequate  depth i s  located  adjacent   to   any  specif ic   pobent ia l   in take 
x!, bedrock  outcrops may have t o  be  excavated t o  ensure   tha t  a low-water 

xi. t e .  

T11 :ifidition t o   t h e  above,  re:jults  from a sampling ana lys i s  progrem  have 

confluence  with  the  Bonaparts  River  (Apoendix 1, Reference 4, Page 4 ) .  
i nd ica t ed   t ha t   t he  suspended  sediment  concentration  increases downstream of   the  

condi t ions  during  winter .  
' I ' h  cx i s t ence   o f   r ap ids   a t   s i t e  15 produces an increased  chance of f r a z i l   i c e  

A1.l Lhe above comments a r e  i n  agreement wi th   the   c lass i f ica t ion   of   the  
hydrau l i c   su i t ab i l i t y   "o f   s i t e  16  as being  poor" as de ta i l ed  i n  Table 3 page 8 
of Sandwell ' s Interim  Report V4007/l. 

I '  

As s i t e  10 was previous ly   se lec ted   as   the  most feas ib le   loca t ion   for   the   water  
intake (Reference l), a comparison  between s i t e s  1 0  and 16 fol lows  to   determine 
t i c  r e l a t i v e  mer,its o f   t hese   s i t e s .  

LL". ".LC> 10 

Adv:mtaf.,es 

I .  Based on r iver   surveys   car r ied   ou t  i n  January  and March 1977 (Reference 5 )  
the area  around  s i te  1 0  gives  ample choice  of  hydraulically sound in t akes .  

2. Lcascd on v i sua l   obse rva t ions ,   t he   a r ea  i s  considered  geotechnically  sound. 

3 .  A!! i.ntnke  selected  upstream of the  confluence  with  the  Bonaparte  River 
would avoid  taking i n  water   or iginat ing from t h i s   r i v e r  which i s  higher i n  
t u r b i d i t y  t h a n  tha t   o f  t:he Thompson River. 
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I + .  f;cn<:r:LIy,  both  access and room fo r   cons t ruc t ion   a r e  good. 

'>. 'l'!ic ::;iLe i s  i n  the  vicini?,y of a town, namely Ashcroft. 

I ) j  :;::dvantages 

.!. Comp:lred with  s i . te  16 ,  s i t e  10  i s  fu r the r  away from the  access  road 
c:orr?.dor anu the re fo re   r equ i r e s  a 2 mile  longer   pipel ine.  

:',j tC. 16 

h<!v:rntai?cs 

I .  Convenient   locxt ion  for   rout ing  the  pipel ine  a long  the  access   road  corr idor .  

?. karc r  GO t h e  power p l a n t   s i t e   a t  Harry Lake t h a n   s i t e  10, and therefore  

" 

requirinG a shorter p i p e l b e   l e n g t h .  

.;. hsed  on v i sua l   obse rva t ions ,   t he   r i gh t  bank of t h e   r i v e r   a t   t h e   s i t e  i s  
censidered  geotechnical ly  sound. 

l)i s:rclvantagcs 

I .  . h s e d  on v i sua l   obse rva t ions ,   t he   s i t e  i s  considered  hydraul ical ly  
unsui table .  

2 .  : ; i te  has  poor  accessibil i ty.  

3.  'Tllcre i s  i n s u f f i c i e n t  roon between t h e  CNR t r ack  and the  exis t i i lg   shore 
prof i . le  t o  cons t ruc t   the   in teke  pumping s t a t i o n .  

1 1 .  l'hr s i t e  i s  fur ther  away from Ashcroft   than  s i te  10 .  

'5. 'i'here i s  H g r e a t e r   p o s s i b i l i t y  of t he   i n t ake  becoming blocked 'by s l i d e  
depos i t s   t han   fo r   s i t e  10. 

due t o  the   rap ids  i n  t h i s  a rea .  
. m r e  i s  a g r e a t e r   p o s s i b i l i t y  of the   in take   be ing   a f fec ted  by f r a z i l   ice^ 6. $v, 

( : $ > ; ! C L I i S l ~ O E  

' 1 1 1  ILIIc 1Ja:;is of intake  types and locat ions,   geophysical ,   geotechnical  and 
i'l,ivi.:t.I cons idera t ions ,  i t  i s  found t h a t :  

I . .  ~ I I P  of the i n t a k e s   l i s t e d  i n  Table 1, page 2 provides an acceptable 
combinat ion  of   locat ion  character is t ics .  

:'. f i .ccuss wou1.d bi? very  costly,  because of t he   r e l a t ive   s t eepness  and the  
l irn~itcd space  along  the  right  bank. 



3 .  The o p e r a b i l i t y  of an  intake would be threatened by the  danger  of  sl ides i n  
t h e  s i l t  depos i t s .  

1:. 'The r iver   reach  i s  hydraulically  unsuitable,   because  the  deeg  water  channel 
i s  ;%long t h e   l e f t  bank of t h e   r i v e r  and the   p resence  of  rapid.s  contribute 
t o  !suspended s o l i d s  and *,he formation of f raz i l  i c e .  

tha t   could  be considered  viable  fo r  the  Hat Creek Pro jec t .  
?'herefore, it i s  concluded that s i t e  16  does not o f f e r  any  intake  locat ion 

0f t h e  two in t ake   l oca t ions   d i scussed   i n  th i s  memorandum, s i t e s  10 and 16 ,  
each  has  certain  advantages  over  the  other.  However, s ince  si te 16 i s  on most 
c o u n t s   l n f e r i o r   t o   s i t e  1 0 ,  the  recommended choice i s  overwhelmingly i n  favour 
of s i t e  10 as be ing   the  most f e a s i b l e   l o c a t i o n   f o r  a river i n t a k e   t o  supply 
the  proposed  thermal power s t a t i o n   a t  Harry  Lake. 

Prepared. By 

Approved By 

(PM V4191/2) 6 
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PHOTOGWS'HS OF WATER INT- SITE 16 



VANCOUVER 
B.C.  HYDRO AND POWER AUTHORITY 

B . C .  

DATE 27 JUNE 1977 

 MA'^ INTAKE SITE 16 
i’I!O,JKT MEMORANDUM V b l 9 l j 2  

Ai’I’1::NDJX 2 - FFOTOGRAPHS OF WATER INTAKE SITE 16 

I’hotogre. .  

!, 3258’3 Pac i f i c  Survey 

- Golder 

? - 15 Sandwell 

Description 

Aerial  view of S i t e  16  wi th   po ten t i a l   s l i de  zones 
indicated on overlay.  

View of S i t e  16 looking downstream. 

View of S i t e  1 6  looking downstream. 
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rROJECT Vli191 B.C. HYDRO AND POWER AUTHORITY 
liAT CREEK PROJECT VANCOWER B.C. 
COOLING I4ATER SUPPLY 

DATE 2.1 OCTOBER 1977 
PI?OJECT MEMORANDUM V4191/3 
THOMPSON RIVER - h'ATER LEVEL= 

['URPOSE 

T h i s  Pro jec t  Memorandum presents   da ta  on  Thompson River   water   l eve ls   t aken   a t  
p o t e n t i a l   i n t a k e   s i t e s  4A and 10,  see Drawing A4191/3 - I*. 
With reference t o  Sandwell's  Conceptual  Design  Report V4007/2, dated  January 
1377, s i t e  10  was recommended as t h e  prime s i t e   f o r   t h e   i n t a k e .   T h i s   s i t e  
i s  loca ted  on t h e   r i g h t  bank of  the Thompson River j u s t  upstream of t h e  
conf'luence  with the  Bonaparte  River,  about  2.5  kilometers (1.5 mtles)  upstream 
n f  Ashcroft .   Si te  h A  was the  recommended back-up s i t e ,   a l s o  on t h e   r i g h t  bank, 
about 1.1 kilometers ( 7  miles)  upstream of si te 10. 

To obtain  data  on the   r e l a t ionsh ip  between  water  surface  elevations  and  r iver 

S i t e  4 A  was subsequently  rejected  because  of i t s  longe r   d i s t ance   t o   t he  Hat 
discharges,   water  level  readings a t  t h e s e   s i t e s  commenced  on 6 December 1976. 

Creek P l a n t  Reservoir compared with s i te  10, and  because  fur ther   f ie ld   surveys 
produced  several   potential  back-up in take   loca t ions  i n  t h e   v i c i n i t y  of s i t e  10. 

DATA - 
Mcl<l.hanney Surveying  and  Engineering  Ltd.  were  retained  by  Sandwell on 
2 December 1976 t o   e s t a b l i s h  two temporary  bench  marks a t  each 0:: t h e   s i t e s  4A 
and 10 (Appendix 1) and to   carry  out   water   level   readings.  These  bench  marks, 
located on Drawings  A4191/3 - 2 and - 3,   respect ively,   provide  reference 
clcvut ions for water   levels  a t  b o t h   s i t e s  4A and 10. Water leve:. readings  are  
rocorded i n  Tables 1, 2 and 3, Appendix 2. The loca t ions   o f   the  main s t a t i o n s  
where these  readings were  taken  are  indicated on Drawings A4191/:3 - 2 and - 3. 

Readings a t   S i t e  LA were d iscont inued   a f te r  15 May 13'77, when it was re j ec t ed  
:E; t he   po ten t i a l  back-up s i te .   Ins tead ,   read ings  i n  t h e  si te 10  zone were 
expanded w i t h  a t h i r d   s t a t i o n ,  1939 m (6,360 f t )  downstream of S j t e  10. 

'Phc! r e l a t ionsh ip  between  water  surface  elevations  and  r iver  discharges computed 
O(ir S i t e  104, the   s tage  discharge  curve,  i s  shown on Drawing B41.91/3 - 4 .  

lW:>.wjnE D11191/3 - 5 shows hydrographs  of t h e  Thompson River  near  Spences  Bridge 
('or the  years  1918 through li>77. These  graphs  serve as h i s t o r i c  background 

1)r':lwinr; Dlrl9l/3 - 6.  T h i s  drawing a l s o   i l l u s t r a t e s  how the  water  level  reading: 
Vor the  current  19-16 and 1977 hydrographs,   the  details  of  which e r e  shown  on 

cnvcr t h e  1976-1977 low water  period  and  the  1977  freshet,  and how t h e s e   r e l a t e  
t o  the  m i n i m u n  and maximum flows on record. 

* I*'or Lhis and  other  drawings  see Appendix 4 .  



The photographs   l i s ted   in   Table  1 below  and con ta ined   i n  Appendix 3, i l l u s t r a t e  
the   r iver   shore l ine( .$)  i n  t h e   v i c i n i t y  of  S i t e  10 at  various  discharges.  

Table 1. - PhotograDhs 

Computed Water 
River  Discharge  Surface-Elev. a t  

d / s  
Date I n t a k e  Si.te 10-D 

m It 
PhotoqraDl& F i l e  at  S i t e  i0 - - 

c f s  

43270B* 
1-30 

Pacif ic   Survey 230 
NHCL 

8,000 16 A p r i l  1970  290.2  952.1  1:2500 
200 

1-18 
7,000 22 Feb 1977  289.8 950.8 

968.2 
1-19 NHCL :ZOO0 70,600 20 May 1976  295.1  968.2 - NHCL 2000 70,600 20 May 1976  295.1 

- - 
The overlay on Photograph 43270 i n d i c a t e s   t h e   p r o p o s e d   l o c a t i o n ' a n d  plan of t h e   i n t a k e  B 
s t r u c t u r e .  

B.R. McConachy, Fro jec t  Engin 
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McElhanney  Surveying 
& Engineering Ltd 

December 15, 1976 

M r .  A .  Copeland 
Sandwell  and Company Limited 
S u i t e  601 - 1550 A l b e r n i   S t r e e t  
Vancouver, B.C. 

Re: Hat Creek  Water  Supply 

t\:I per your   L t l s t ruc t ionspE December 2, 1976, we s e n t  a two man survey  team  to  

o f  Northwest  Hydraulic C8?&ltant:s Ltd. He i n   t u r n  showed our  men t h e  T.B.M. 
t h e   p r o j e c t  area on  the d i n g  of December 6th,  where  they  met with Mr. J. White 

(temporary  bench  mark) a t  site 4-A and s i t e  10. 

Canadian Nat.Loi1a.L Railway,  right-of-way.  This  bench  mark was based  on  the  exis t -  
A t  s:Lte 10, bench  mark 1-401 ,  e l e v a t i o n  990.42, was set on a p o l e   & t h i n   t h e  

ing  geodet ic   survey   bench  mark (75-J), e l e v a t i o n  988.98. Level loops  were double 

numbers 'CBMI and TBM2 were set near the   waters   edge,  
run w i t h  a nllsclose of 0.02 of  a foot.  Two additional  temporary  bench  marks,  

At site 4-A,  bench  mark  1-402,  el.evation 1034.82,' was set on a pole   wi th in   the  
Canadian  National  Railway,  right-of-way.  This  bench  mark  was  based  on  the exist- 

run w i t h  a D i S C l O S e  of  0.04 of  a foot .  Two additional  temporary  bench  marks,  
Lng geodet ic   survey  bench mark (75-J), e l e v a t i o n  1006.32. Level   loops were double 

numbers T B M l  and TBM2 were se t   near   the   waters   edge .  

T h i s  survey was.cornplete  on December 10th  and the survey  crew  returned  to  Vancouver ' 

t h e  sane day. 

Enclosed  f ind a l i s t  of the bench  marks d e s c r i p t i o n s  and e l eva t ions .  

It' any fur ther   fn t 'o rmat ion  or c l a r i f i c a t i o n   o f   t h i s   d a t a  i s  requi red ,   p lease  let  us  
know. It ha3  been  a  pleasure  to  be of s e r v i c e   t o  you wi th   r e spec t  t:o t h i s  work. 

Yours t r u l y ,  

McELHANNEY SURVEYING h EXqINEERING LTD. 

RRS : ms 
Rupert.. /' R. See1 
Manager,  Engineering  Surveys  Dept. 
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VERTICAL CONTROL  DATA 
FOR 

HAT CREEK WATER SUPPLY 

Siibmitted by 

McElhannoy Surveying h Engineering L i m i t e d  

1200 West Pender Street, Vancouver, B.C.  

December 15,  1976 



BENCH MARKS AT SITE #10 

arp 

Access   to  BM-1-401 is 3/4 o E  a mile  from  Ashcroft on t h e  highway t o  Cache 

Creek   Junc t ion ,   t u rn   r i gh t  and fo l low  the   d i r t   road   to   Bonapar te   Creek  t o  
t h e   t h i r d   p o l e   n o r t h  from !:he railway  bridge  over  Bonaparte  Creek. Bench 

mark, 1401, is ident tEied  by a p l a s t i c   t a g ,  number 1-401. This  bench 

mark is a ra i lway  sp ike  drl.ven in to  a te lephone  pole  #8, on t h e  CNR 

right-of-way, whLch is s i t u a t e d  15 f e e t   s o u t h  of a sign saying,  

''High water mark 
--October 1880" 
when b i g   s l i d e  5 miles  west 
b locked   r iver   for  44 hours" 

30 f e e t   e a s t   o f   t h e   t r a c k s  on the   wes t   s ide   o f   t he   r i ve r .  

Bench Mark 1-401  Elevation 990.42 

*TBMl 

The  raL1way s p i k e  is in a eight   inch  diameter   poplar  tree. This   sp ike  is 

abou t   e igh t  Eeet  above  the  base  of  the  tree  which i s  s i t u a t e d  1.35 f e e t  

e a s t  of? t h e  CNR t r a c k s  and 145 f e e t   n o r t h e a s t  of bench  mark,  1-401.  This 

bench  mark is the   previous one  used by Northwest  Hydraulic  Consultants  Ltd. 

T BM1 Eleva t ion  975.44 

TBM2 

A ra i lway sp ike  i n  a pop la r   t r ee   150   f ee t  east of t h e  CNR t r a c k s ,   t h a t  is 

near   the   edge  of the  high  water  mark. It is a l s o  160 feet   nort:heast   of 

t h e  t h i r d  telephone  pole from  Bonaparte  Creek  bridge  which  has  a  bench 

mark,  1-401  on i t .  

TBM2 Elevation  969.17 

* Revision of TBMl e l eva t ion  

elevat ion.9.75.44 - f rom  e leva t ion  969.17 t o  

Februayy 16 ,  1977 

1 
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BENCH MARKS AT SITE 4-A 

The  en t rance   to  McAbee is 8.6 mi l e s   ea s t  from  Cache  Creek  Junct:ion on 

Highway #1. 
For   permiss ion   to   en te r   the   p roper ty ,   check '   a t   the   house   loca ted  on the  

s o u t h   s i d e  of Highway U1, one mile f a r t h e r   e a s t .  

Bench  mark, 1-402, is i d e n t i f i e d  by  a p l a s t i c   t a g ,  number  1-402. This  

bench mark i s  a rai lway  spike in a telephone  pole,   which is t h e   f i f t e e n t h  

one  west on a c o n t r o l  box and 27 feet east of t h e  CNR t r a c k s ,  and 15 f e e t  

no r theas t   o f  a sign south o f  McAbee, say ing  "McAbee 1 mile". 
Bench Mark 1-4.02 E leva t ion  1034.82. 

TBMl 

There Ls a ra i lway s p i k e  in a  stu-p a t   t h e   t o e   o f   t h e  river bank,  approx- 

imate ly  100 f e e t   s o u t h e a s t  of bench  mark 1-402 and 70 f e e t   e a s t  of t h e  

ra i lway  t racks .  

TBMl Eleva t ion  1013.39 

TBM2 

A ra i lway  sp ike  i n  a 2" by 4" wooden s t a k e ,  i s  l oca t ed  a t  the   base  of the .  
r i v e r  bank,  approximately 200 f ee t   sou th  of bench  mark  1-402 and approx- 

imately 100 f e e t   e a s t  of t h e  CNR t racks .   This  is t h e  bench mark used by 

Northwest  Hydraulic  Consultaats  Ltd.  

TBM2 Elevation  1011.21 

c 
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B . C .  XKDRC! AND PCKER A'GTHOiiITY : 
VANCOUVEE B.C. ~ 

DATE 21 OCTOBER 1977 ~ 

1'lIO.IECT MEMORANDUM V419113 
'I'iiOMXON RIVER - WATER I.WEL DATA 

Al ' l ' l INDIX 2 - WATER SURFACE ELEVATICE 

Table 1 - Water Surface  Elevations i n  Metric Units 

. Intake S i t e  
~~ 

303.74 

303.41 

303.40 

303.40 

303.36 

303.311 

303.77 

305.09 

305.98 

ChenRe 
( M )  

- 0.32 

- 0.01 

0 

- 0.OL 
- 0.02 

+ 0.43 

+ 1.32 

+ 0.89 

-0 F t  Upstream 1050 F t  Down Stream 
Elevation Chan e Elevation 

10 

290.21 - 0.49 
209.72 

- 0.02 

269.70 - 9.02 

209.60 - 0.03 

209.65 - 0.01 
209.64 

+ 0.57 
290.21 

+ 1.68 
291.69 

+ 1.32 

293.21 

10  
6700 Pt  own Stream 

- 0.09 

269.06 293.12 
- 0.19 - 0.26 

292.06 269.77 
+ 0.54 + 0.84 

25-2.15 - 0.36 
203.46 - 0.63 

239.79  292.83 

289.23 

208.69 

200.60 

280.66 

208.62 

268.62 

269.25 

291.01 

292.34 

292.27 

292.02 

292.78 

202.55 

292.02 

- 0.54 

- 0.01 
- 0.02 

- O.C4 

0 

+ 0.63 

+ 1.76 

+ L.33 

- 0.07 

- 0.25 

+ 0.76 

- 0.23 

- 0.53 

Thompson River 
(See  Note 2 )  

" 

Chanee 

. .  

- 97 

- 6  

0 

- 6  

- 3  

+ 102 

+ 566 

+ 425 

- 25 

- 116 

+ 377 

- 167 

- 193 

NoLt:: 1. T h i s  prc,:~rml i ) r  recording: r iver   wnter   leveis   vas '   tercinated on 15 L'l>l:~ 1977 as t h e  peak. - or t h e  rreshet had passed   the   in take   s i te .  

?. UischarF,:es a r e  f o r  S i t e s  4A and 10 (150 ?t upstream).  Discharges we:?e obtained by 

River  flow a t  Spences Bridge  (Station 0LF51). 
subt rac t ing  Bonaparte and  Nicola  River flows  (Stations 0LF02 and 6Lc.06) from Thompson 1 



Ta:7le 2 - Veter Surface  Elevations i n  I m e r i a l  Uni t s  
! 

~ 

I ,  n 
I n t a k e   S i t e  

,n *I) 
600 F t  Down Stream 

I k t e  - 

' 1 6  I)ec 6 996.53 - 1.06 
'17 Feb 1 995.47 

- 0.04 
Feb 1 4  995.43 - 0.03 
Mar 1 995.40 

- 0.11 
Mar 15  995.29 

- 0.05 

+ ;.bo 

Mar 31 995.24 

Apr 15 996.64 
+ 4.32 

May 2 1000.96 
+ 2.93 

Mqy 1 5  1003.89 

6360 Ft Down Stream 
10 

- i" - 150 Ft UDStrem. 1050 F t  Down Stream 

952.14 - 1.60 
950.54 - 0.07 
950.47 - 0.05 

950.42 

- 0.10 

950.32 
- 0.05 

950.27 
+ 1.09 

952.16 
+ 5.49 

757.65 
+ 4.35 

962.00 

-0.31 
961.69 

960.86 

963.61 

962.80 

960.75 

-0.83 

+2.75 

-0.81 

-2.02 

948.94 

947.17 

947.13 

947.06 

946.93 

946.92 

9L8.99 

354.77 

959.14 

958.92 

958.10 

960.59 

959.84 

958.10 

- 1.77 

- 0.04 

- 0.07 

- 0.13 

- 0.01 

+ 2.07 

+ 5.18 

+ 4.37 

-0.22 

-0.82 

12.49 

-0.75 

-1.74 

Thompson River 
" (See Bote 2 )  i 

Change : 
i n  

. -  D i ! m  Discbar e 
I, CFS I " 
:LO ,500 - 3,400 
7,100 - 200 

6,900 
- 200 

6,700 
- 100 

6,600 
+ 3,600 

10,200 

+ 20,000 
:30,200 

45,200 

+ 15,000 

- goo 
114,300 

- 4,100 
40,200 

+ 13,300 
53,500 

- 5,900 
47,600 

- 6,800 
110,800 

- N,,t.,.: I .  'This prq:ram of rccordinc r i v e r   v a t e r   l e v e l s  was t .erninate8 on 15 J;;ly 1977 as t h e  I 
prmk of t he   f r e she t  had passed  the  int .ake  si te.  ~ 

2. n i scha rces   a r e  f o r  S i t e s  irA and 10 (150 f t   ups t r ean ) .   D i scha rges  w€!re obtained by 
subtractint   Bonaparte and  Nicola  River flows (S ta t ions  aF02 and 8LOO6) from Thompson ' 
Hivcr f l o w  a t  SDences Bridge  (Station 8LF51). 
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Table 3 - Water Surfzce P r o f i l e  

Location  (See igote 3 )  
i n t a k e   S i t e  1.0 

Elevat ion I 
- 

.n.- 

+lo65 
+ 915 
+ 780 
+ 670 
+ 365 

+ 45 
+ 140 

0 

- 35 
- 65 
- 2 5  
- 245 
- 320 

- 550 
- 850 
-1010 

- 1160 
- 13 15 
-1465 
-1730 
-1925 
-2075 

- Notes 

:3500 u/s 

3000 

2550 
2192 
:1192 
4.50 
150 u/s 

cen te r l ine  

108 d/s 

208 
408 
808 

3.050 
1.808 
2808 

3308 
3808 
4.308 
4.808 
5808 
6308 
6808' a/$ 

290.40 
290.09 
290.03 
289.98 
289.94 
289.83 
289 * 79 
289.64 
289.61 
289.56 
288.75 
288.78 

288 .78 
288.73 
288.70 
288.66 
288.50 
288.42 
288.16 
288 .oo 
287.81 
287.40 

1, 
" 

952.50 
951.50 
951..30 
951 ,. 14 
950 99 
950..65 
950 ., 54 
950.02 
949.93 
949.77 
947 .u  
947.20 
947.20 
947.06 
946.96 
946.81 
946.30 

945 .x3 
944.64 

946.03 

944.03 
942.68 

1. All s t a t i o n s  upstream  of  and including +780 m (2550 f t  u/s) were  surveyed by 
N'HCL, on 2 and 3 March 1977 when river discharge was approximately 200 m3/s 
('7,000 cl-s). 

2 .  A l l  s t a t i o n s  downstream  of  and including +670 m (2192 ft  u/s) were  surveyed 
by McElhanney on 31 January  through 2 February 1977 when rive;: discharge was 
approximately 205 d / s  (7,300 c f s )  . 

3 .  FL>r loca t ions  of r i v e r  cross  sect ions  see Drawing A4191/3 - 3 
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VANCOUVER 
B.C. HYDRO AND POWER AUTHORITY 

B.C. 

DATE 21  OCTOBER 1977 
PROJECT  MEMORANDUM V4191/3 
THOMPSON RIVER - WATER LEVEI- 

APPENDIX 3 - PHOTOGRAPHS OF INTAKE SITE 10-D 

Table I. - Photograph  Descriptions 

Photograph  Description 

4 3270' Aeria l  view of S i t e  10-D with  proposed  intake  posit ion 
ind ica ted  on overlay. 

1-30 

1-18 

7 -19 

Thompson River i n   v i c i n i t y  of S i t e  10-D dur ing   typ ica l  
low water  period,  ( looking downstream).  Rapids a re  at  
ThompsonfBonaparte confluence. 

Thompson River  looking downstream  from CNR bridge. 
S i t e  IO-D i n  middle of photograph  and  Ashcroft i n  
dis tance.  

Close up o f   S i t e  10-D and Thompson River looking 

p ic ture .  
downstream with  Bonaparte  confluence i n  t o p   l e f t  of 
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COOLING WATER SUPPLY 

PROJECT  MEMORANDUX V4191/4 
SYSTEM  DESIGN 

B.C.  HYDRO AND POWER AUTHORITY 
VANCOUVER B.C. 

DATE 10 FEBRUARY 1978 

SCOPE AND METHODOLOGY OF STLg 

The system  design  studies  comprised two main tasks .  The first t a s k  was t o  
s e l e c t   t h e   l e a s t   c o s t l y  schemes based on quant i f iab le   cos ts  and assign d o l l a r  
values   to   each scheme. The second t a sk  was t o   s t u d y   t h e s e   r e s u l t s   u s i n g  
enfiineering  judgement and  ex.perience, t o  weigh the   d i f f e rences  in do l l a r   va lues .  
aga ins t   p rac t ica l   cons idera t ions ,   the   cos ts   o f  which are not  easj.ly  expressed i n  
d o l l a r  terms. 

I n  the   d i scuss ion   fo l lowing ,   de ta i l s  of t he   cos t   ana lys i s  methodology a r e  
discussed  under  "Optimization  Study"  and  details  of  judgement  factors  under 
"Pract ical   Considerat ions" .  

OPTIMI2,ATION STUDY 

General- 

Many possib.le  combinations  of pumping schemes, p ipe l ine   rou tes  and p ipe   s izes  
have  been  investigated  to  determine  the  optimal scheme. The  pum'ping schemes 

to   mul t ip le   boos te r   s ta t ions .   Four  main routes  were s tudied:  
studied.  range from the   s ing le   h igh - l i f e   boos t e r   s t a t ion  of the  Conceptual  Design 

A -Following  the  proposed 500 kV transmission l i n e  t o   t h e  proposed power p l an t  
access  road  corridor.  

f % -  Following y a l t e r n a t e   t r a n s m i s s i o n   l i n e   l o c a t i o n   t o   t h e  acce!ss  road  corridor 

C -  The Conceptual  Design  route. 

D -  Following Highway 1 t o  Cornwall  Creek, and then  following  the  access road 
cor r idor .  

Pipe  diameters from 600 t o  1,000 m were  examined.  Comparisons  were  based on 
t o t a l   c a p i t a l  and operat ing  cost   es t imates .  

Costs  have  been  derived  from  those  developed  during  the  Conceptual  Design  Study 
excep t   t ha t   add i t iona l   equ ipen t   p r i ces  were obtained where necessary.   Capital  

Operating  costs  have  been  ex:pressed as equivalent  present  worth  and  were  added 
costs  include  owner 's   construction  overhead,  engineering and contingencies.  

t o   c a p i t a l   c o s t s .  Pumping s t a t i o n s  i n  s e r i e s ,   cu r ren t ly  assumed to   ope ra t e   w i th  
open t a n k s ,  were  assumed to   be  c losed  systems.  The cost   of  water  treatment i s  
not included. 

f 
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Routing 

The main e f f o r t  i n  the  optimization  procedure was expended on the  Conceptual 
Design route ,  C ,  shown  on drawing A4191/4-11. P r io r   t o   op t imiz ing   t he  pumping 

Hill were s tudied .  A de t a i l ed   r epor t  on the   f ind ings  is contain.ed i n  Appendix 3 
ar rangement   a long   th i s   rou ts ,   the   a l te rna t ive   rou t ings   in   the  area of Elephant 

of t h i s  Pro jec t  Memorandum, and can  be  summarized as follOws: 

1. A pipeline  route  along  the  Bonaparte  River  skirt ing  Elephant Hill t o   t h e  
nor theas t ,  i s  not   feas ib le  due to   geotechnica l   hazards .  

2 .  A 1;unnel through  Elephant H i l l  would r equ i r e   fu r the r   i nves t iga t ion  by 
d r i l l i n g   t o   c o n f i r m ,  but, i s  expected t o  be   feas ib le .  However, it i s  more 
cos t ly   than  a surface  crossing,  and could  present a schedul ing   d i f f icu l ty .  

3. A buried  pipel ine  crossing  a long  the  Conceptual  Design route  i s  p r a c t i c a l  

Elephant Hill rout ing.  
from a construction  viewpoint,  and i s  t h e   l e a s t   c o s t l y   a l t e r n a t i v e   f o r  

Therefore ,   the   routes   s tudied i n  t h i s  document u t i l i z e  a bur ied   p ipe l ine  
crossing  Elephant Hill along  the  Conceptual  Design  route. 

As shown  on drawing A4191/4-.1, t h e   r o u t e   a l t e r n a t i v e s   s t u d i e d   h e r e   a r e :  

A - Transmission  l ine  corr idor .   This   route  was developed t o  combine t h e  
pipel ine  with  the  proposed 500 kV t ransmiss ion   l ine   cor r idor   for   the  power 
p l an t .  

€3 - Alt,ernate  transmission  l ine  corridor.   This  route would r equ i r e   r e loca t ion  o 
the  proposed  t ransmission  l ine  locat ion  to   fol low  the  Conceptual  Design 
p ipe l ine   rou te .  

C - Conceptual  Design  route, as described i n  Report V4007/2. 

D - Cornwall  Creek route,  developed t o  follow  the  proposed power plant   access  
road corridor  along  Cornwall  Creek. 

Note that routes  A ,  B and D a l l  fol low  the  access   road  corr idor   through  the 
Medicine  Creek pass t o  t h e  power p l an t   r e se rvo i r .  

Optimization  Procedure 

Optimization was performed  manually  by t h e  method of "dynamic programmingtt2. 
The  met.hod i s  best   explained.  with  the  aid  of  drawing A4191/4-2. A netwoz-k i s  
superimposed  onto  the  prof i l .e ,   wi th   ver t ical   l ines   ("s tages")   represent ing 
p o t e n t i a l  pumping s t a t i o n   l o c a t i o n s ,  and s loping  near-horizontal   l ines  
("states"),  at a s lope   co r re spond ing   t o   f r i c t ion   l o s ses  i n  t he   p ipe l ine ,  
represent ing   po ten t ia l   hydraul ic   g rade   l ines .  Each  segment  of each of t hese  

of p ipe l ine  at  tha t   p re s su re  and  of the  diameter  under  study.  Further,  at  each 
ho r i zon ta l   l i nes  has a cos t   assoc ia ted   wi th  it, which i s  the   cos t  of t h a t   l e n g t h  

p o t e n t i a l  pumping s t a t i o n   l o c a t i o n ,  a cost  i s  ca l cu la t ed   fo r  a pump s t a t i o n  
s u i t a b l e  for l i f t i n g   t h e   w a t e r  from each   lower   s ta te   to   each   h igher   s ta te .  

1. For t h i s  and other  drawings,  see Appendix 4 .  
2 .  See  references,  ApFendix 1. 
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One works  through t h e  diagram  from r i g h t   t o  l e f t ,  and a t  each  "Current node" t h e  
ca lcu l&t ion  would proceed as follows: 

Cost t o  reach  current node  from previous  stage: 

From s t a t e  1: C1 + Cost  of  Pipeline  a + Cost of Pump Sta t ion   a  

From state 2: C2 + Cost  of  Pipeline  b + Cost  of Pump Sta t ion   b  

From st .a te  3: C + Cost  of  Pipeline  c 

From s t a t e  4 :  Not f eas ib l e  as head  would  be  wasted. 

In these   ca lcu la t ions ,  C 1 ,  C2 and C3 a re   t he  minimum cumulat ive  costs   to   reach 
t h e  previous  stage from t h e   s t a r t i n g  node. The appropriate minimum Cumulative 
cost  from those  above, would be  recorded at  the   cu r ren t  node.  Other  nodes i n  
the   cur ren t   s tage  would  be  completed,  then the  procedure would be  repeated 
until t.he  network was completed.  Finally,  the  energy  cost would be  added 
according  to   the assumed pipe  diameter. 

A simi:Lar diagram was made for  each  pipeline  diameter  under  study  for  route C .  
After   the   opt imizat ion  for   route  C was completed, and it was det.ermined t h a t  800 
mm w a s  the  optimal  diameter,  diagrams  were made fo r   t he   o the r   rou te s   u s ing  only 
that   d iameter .  

After  completion of t he   d i ag rams ,   t he   s ens i t i v i ty  of t he   so lu t ion  was assessed 
by determining  second and th i rd   ranking   so lu t ions .  

Pipeline  Cost  Estimate 

Pipeline  cost   can  be  broken down i n t o  two ca tegor ies ,  namely those   cos ts  which 
depend on the  pressure  but   not  on route ,  and those which  depend on route   but   not  

length   for  a given  route,  such as t h a t  shown on drawing A4191/4-.3 fo r  route C 
on pressure.  By d i v i d i n g   t h e   c o s t   t h i s  way, a pressure-dependent  cost  per unit, 

have  been  used t o   e v a l u a t e  all rou tes ,   a l t hough   s t r i c t ly   t hey   app ly   on ly   t o  
(Conceptual  Design),  can  be  determined. For s impl i c i ty ,   t he  same unit cos ts  

route  C. 
These unit cos ts  were estimated  using  the  Conceptual  Design  cost  estimate 
(Report;  Vb191/2,  January  1977,  Conceptual~.Design) , as   fol lows:  

1. Itt3ms i n  t he   e s t ima te  which  depend  only On t h e   r o u t e ,  and not on Pipe 

3 

di ;meter  01 pipel ine  pressure,  were  added together  and a Pr ice   Per  unit 
le]-,gth was calculated.  These items include: a l l  "pipel ine  s t ructures"  - 
such as va lve   p i t s ,   manholes ,   e tc .  ; and from "pipeline  equipment"' - process 
control, moto r s ,   s t a r t e r s  and MCC, power and control   Wir ing! ,   Com~nicat ions,  

anchors,   heat  tracing,  repair   coating,  padding and rock  shield,   drain l i nes ,  
testing, road,   ra i l road and gas  l ine  crossings,   steam  crossj .ngs,   cathodic 
protection,  drainage  control,   seeding,  surge  chambers,  acce::s mpholes ,  and 
pig t r a p s .  The t o t a l  of these  i s  $6,235,000 or $285 Per  metre. 

ros.ds, c lear ing,   grading,   s tockpi le ,   haul  and  String!,  dewatering, 

* A f t e r  completion  of  the  optimization  studies,  it was discovered  that   an item 

Feeder  Cable",   totall ing  $1.33  mill ion or  $60/m,  was omitted :Prom t h e  above 
from t h e  Conceptual  Design  cost  Estimate,  "Substations  along  Pipeline and 

l i s t .  T h i s  would  add a miform  cost ,   regardless   of  pumping  scheme or  pipe 
diameter,   to  each  route,  and thus   does   no t   a f fec t   the  COmpara'iiVe Costs of 
vnrious  schemes. 
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2 .  The items  excluded from t h e  l i s t  above,  were  divided  into  pressure-dependent 
and pressure-independent components. The l a t t e r  were determined for  t h e  
range of pipe  diameters   of   interest  as follows: 

Table 1 - Pressure - Independent  Pipeline  Costs 

Item 
" 

Tota l  Cost f o r  Route C ($1000~) f o r  
Nominal Pipe  Dimeter  (m) 
- 700 800 - yo0 l,ooo 

Sundry Pipe,  Valves and ; ; i t t i ngs l  680 
Coating and Sect  CarrierL. 1,758 
Ditchinf3  821 
Bedding 1,480 
Placing  1,240 
Bends' 622 
Backf i l l  and Compact3 - 191 

Tot a1 6,792 - - 
Unit  Cost ($/m) - Diameter-independent 285 
Unit  Cost ( $ / m )  310 

Total  - Unit Cost ($ /m)  - 
Pressure-independent 595 - - 

2,046 
972 

1,075 
1,810 
1,240 

890 
251 

8,284 

- 
- - 
377 
285 

662 
- - 

- 
1. .Assumed cos t  i s  propor t iona l   to   d iameter .  
2.  Coating  cost  proportional to sur face   a rea .  
3.  :Excavation quant i t ies   ca lcu la ted   wi th  1:l s ide   s lopes ,  1.5; m cover on 

4 .  Assumed proport ional  t o  trench  width.  
:pipe. 

3. The pressure-dependent  costs  are for pipe and  welding  only.  Pipe  cost was 
calculated  using  mater ia l   pr ices  from t h e  Conceptual  Design.  Federal and 
p rov inc ia l   s a l e s   t axes ,  and freight were added. Welding cos t  w a s  es t imated 
using  the  Conceptual  Design man-hour labour rates. 

These  pressure-dependent  costs,   and  total   costs,   are shown on Table 2 .  



Pressure 
Nominal 

" ( b p a ) l  

2.9 

4.9 

7.4 

9.8 

12.8 

L 
Table 2 - Tota l   P ioe l ine  Cost 

Cost ($/m) f o r  Nominal Diameter2 
It em 700 m 800 nun 900 mm 1,000 mm 

Pressure-independent 

Welding 
Pipe 

Total  

Pressure-independent 

Welding 
Pipe 

Total  

Pressure-independent 
Pipe 
Welding 

Total  

Pressure-independent 

Welding 
Pipe 

Tota l  

Pressure-independent 

Welding 
Pipe 

Total  

110 
595 

2 
730 

160 
595 

3 
785 

595 
225 

40 

925 

290 
595 

40 

925 

595 
375 

50 
1,020 

- 

- 

611 
135 

34 
780 

611 
200 

39 
850 

- 

- 

611 
285 
- 49 

945 

611 
370 

59 
1,040 

611 
480 
84 

1,175 
- 

637  662 
160  190 

53 68 
850 920 

637  662 
235 

53 
290 
68 

925 1,020 

637 662 
345 415 

58 73 
.I., 040 1,150 

445 
637 662 

545 
68 ._- - 133 

" 

._- - 

.- - 

:L,150 1,340 

637 662 
580  67  5 
123 153 

11,340 1,490 
-" - 

- 
1. 1 MPa (mega Pasca l )  := 145 p s i .  
2. Cost  rounded.  These r e s u l t s   a r e   p l o t t e d  on drawing A4191-4-3. 

Pumping, S t a t i o n  Cost Estimattr 

Pumping s t a t i o n   c o s t  can  be  divided  into  location-dependent  and location- 
independent   costs .   Further ,   for   the  intake and f o r  a g iven   boos te r   s ta t ion ,  

delivery  pressure,   whereas the cos t  of pumping equipment and p ip ing   a re  
cer ta in   cos ts ,   such  as s t r u c t u r a l   c o s t s ,  would  be largely  independent of t h e  

which  does not.depend on loca t ion ,  i s  as given  in  Table 3. 
pressure-dependent.   Therefoxe,  the  portion  of  the  total  pumping s t a t i o n   c o s t  
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. . Table 3 - Location-Independent Pump Station  Costs 

Type of Discharge cos t  ( $  1 , 0 0 0 ’ s )  
PumDine Head Tcta- 
Sta t ion  ( m )  S t r u c t u r e s  Equipment Substation  Total  Consingency & Misc. 

Intake 
400 
0-100 3,600  1,850  5,570  7,510 

3,780 
120 

2,800(2) 420 7,000 9,510 

Booster 0-400 720 3,500 470 4,690  6,380 

” 

Sta t ions  520 720 3,600 470 4,790 
720 4,000 560 5,280 

i::(3) 6,000 
4,500 680 5,900 

1,300 790 7,610 10,340 

670 
6,530 
7,180 
8,020 890 

(1) Following  the  Conceptual  Design  Study  cost  estimate, a t o t a l   k d i t i o n  of 36 
percent i s  a l l o t t e d   f o r   h e r s ’   c o n s t r u c t i o n   o v e r h e a d ,   e n g i n e e r i n g   c o s t s ,  
and contingency.  This  factor i s  a l so   app l i ed   t o   p ipe l ine  costs,  but was 
added at a l a t e r   s t a g e  of computation. 

(2 ) Inc Iudes  an extra  maintenance  cost  allowance  in  view of pump ‘wear. 
( 3 ) S t r u c t u r e   s i z e   i n c r e a s e d  as f ive   ra ther   than   four  pumps required.  

These costs  have  been  plotted on drawing A4191/4-4. Maintenance  cost  and t h e  
location-dependent  costs,  such as for   t ransmission  l ines ,   land,   e :xcavat ion and 
access  roads,   have  been  determined  for  each  potential  s i t e  and a r e  shown on 
Table 4 .  Again,   for  simplicity,   the  location-dependent  costsassessed  for  route C 
were used  for   the  other   routes  as well. 



Table 4 - Location-Dependent and Ooerating  Costs 
cost  ($l,OOO'S) 

Tota l  ( 6 )  
Including s 'on Land and 

733 Right-of-way Opera t jn7  Cost 5 Total Overhead, Misc - S i t e  

ThOmDSOn Included ( 7 )  
River 
Intake 

Thompson- Included 
Bonaparte 
Confluence 

Boston  Included 
F l a t s  at 
Highway 

Above 110 
Highway at  
Elevatj-on 
610 m 
Above 110 
Highway at  
Elevati.on 
730 m 
Above  60 
Highway at 
Elevation 

( 7 )  

( 7 )  

1,220 Ili 

540 80(4 )  670 

20 25 670 

100 25  670 

140 10 670 

160 10 670 

260 10  670 

1,290 1,660 

71.5 970 

79 5 1,080 

930 1,270 

9 50 1,300 

1,000 1,360 

(1) For route  C .  See  drawing A4191/4-1 for  approximate  location; of  pumping 

( 2 )  Includes  access  roads at  $20/m, s i t e   excava t ion  at $15/m3. 
( 3 )  For  substation t o  provide power from t h e . e x i s t i n g  230 kV t ransmiss ion   l ine  

s t a t i o n s .  

i n  t he  Semlin Valley, and feeders t o  t h e  various sites. .(Cost data from 
B.C. Hydro). 

(4) An allowance of  $75,000 for  the  ent i re   pipel ine  r ight-of-way is included i n  

( 5 )  Includes  maintenance and maintenance materials, plus  an  annual  overhaul,  for 
the  intake  locat ion  cost   only.  

( 6 )  See note 1, Table  3. 
t h e   p r o j e c t   l i f e  of 35 years   cap i ta l ized  at  e ight   percent   in te res t .  

( 7 )  1nc.luded i n  location-independent  cost. 



Waterhammer. Control 

During the  opt imizat ion  s tudy,  it was n o t   p r a c t i c a l   t o  make de ta i l ed   ca l cu la t ions  

configurat ions.   Therefore ,   the   fol lowing  a l lowances1  in   pipe  design were made 
for t h e   e f f e c t s   o f  waterhammer i n  a l l  possible  combinations of routes  and pumping 

uniformly t o  a l l  p ipe l ines :  

1. Pipe l ine  maximum pressure was ca lcu la ted   as   the   opera t ing   pressure   p lus  10  
percent on the  discharge side of pumping s t a t i o n ,  and as operat ing  pressure 
plus 300 m on the   suc t ion   s ide  of pumping s t a t i o n s  i n  s e r i e s .  The 300 m 
p r e s s u r e   r i s e  was t o  a l low  fo r   t he   e f f ec t   o f  a closed  system. 

2. The above f igures   of  10 percent and 300 m apply t o  900 mwdiameter   pipel ines ,  
For other   diameters ,   these  f igures  were a d j u s t e d   i n   p r o p o r t i o n   t o   t h e  
ve loc i ty  at ra ted  discharge.  

3. The pipe was designed  for a f u l l  vacuum. Protect ion  against   water  column 
separat ion was included as a lump sum i n   t h e   u n i t   p i p e l i n e   c o s t .  

4 .  A l l  pump s t a t i o n s  were assumed t o  have t h e  same con t ro l  equipment i n s t a l l e d .  

Following t h e  completion of opt imizat ion  s tudies ,  it was de te rmined   t ha t   a i r  

p r a c t i c a l   t o  compute air chambers requirements   for   each  possible  scheme, t he   cos t  
chambers may be   r equ i r ed   t o  limit p r e s s u r e   r i s e   t o  10 percent .  As it was not 

of t hese  was added afterwards.  A t  t h e  date of wr i t ing ,  air chambers a r e  no 
longer  thought  necessary. 

Power Cost 

Power cos t  was ca lcu la ted  as the  present   worth of t he   va lue  of t h e  power required 
to   achieve  the  average  f low,  640 11s (10,130 USGF"), over 35 years .   This  sum, 
for   each  different   pipe  diameter ,  i s  given  in  Table 5 below: 

Table 5 - Present Value of Fumping Ener 
(At 8% i n t e r e s t ,  20 mills per  kwh, over 35 gars )  

Pipe Diameter ( O . D . )  mm Minimum Cost Maximlsm Cost 

640 11s Discharge)* 40% of the   t ime)  
(Continuous  (Discharge  1580 l/s 

711 

914 
1,016 

610 

81 3 20.75 
20.43 

$ 20.28 

23.79 

$ 21.30 
22.15 

*Assumed :for  Optimization  Study 

Phe power expended aga ins t   f r ic t ion   decreases   as   the   p ipe   d iameter   increases ,  
lowever,   because  of  the  relatively  high s t a t i c  lift. the   sav iner  t F ~ n t  PRII he 

~ ~ .. 
nade i n  t h i s  way are   l imi ted .  As shown i n  drawing h191/4-5,  t h e  power cos t   fo r  
s t a t i c  lift alone i s  about  $20..08  million. 

u- -- 

. Based on a l e t t e r   d a t e d  4 July  1977,  to  Sandwell from Mr. I. C .  Dirom, 
Hydroelectric Design Divisi.on, B.C. Hydro. 
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Results  of  Optimization 

During  .the  optimization  procedure  three  basic  schemes, shown  on drawing 
A4191/4-6,  emerged wi th  lower  costs  than a l l  o thers :  

Scheme 1: High lift intake :pumps, with one booster pumping s t a t i o n  at Boston 
F l a t s   o r   v i c i n i t y .  

Scheme 2 :  Low lift intake pumps, with two booster  pumping s t a t i o n s ,  one at  t h e  
Thompson River and one a t  Boston F l a t s  or v i c i n i t y .  

Scheme 3: Low lift intake pumps, with one booster pumping s t a t i o n  at  t h e  

. .  

Thompson River.  (Conceptual  Design). 

The optimization  study  concentrated f irst  on route  C ,  for which an 800 mm pipe 

was used  throughout  in  the  gppraisal   of  other  routes.  
s i ze   o f f e red   t he   l ea s t   cos t ,   s ee   d rawing  A4191/4-7. The rea f t e r ,   t h i s   p ipe   s i ze  

Table 6 summarizes t h e  approximate to ta l   cos t   index ,   inc luding  power and 
operat ion,   for   the  routes   and schemes studied. 

Table 6 .- Summary of  System  Design  Study, 
800 mm (32 inch)   P ipe l ine  

Scheme 1 
Capital  and  Operating  Cost Index' 

Scheme 2 Scheme 3 
Rout e 

(See A4:191/4-1) Description  Intake  Stations  Design 

FOR  CLOSED  SYSTEM, EXCLUDING A I R  CHAMBERS 

Route High L i f t  Two Booster  Conceptual 

A Transmission  Line  102 110 106 

B Alternate  Transmission 
Line 101  - 105 

c Conceptual  Design 100 108 104 

I) Cornwall C ~ e e k  Access 
Road 109 11 4 114 

FOR  CLOSED  SYSTEM, INCLUDING A I R  CHAMBERS2 

c Conceptual  Design  104  112 106 

1. One index  point  out of 100 cons t i t u t e s  $660,000  present valu;. 
2 .  Air chambers  were  considered  necessary to   ach ieve   su i t ab le  w8:terhammer 

con t ro l   fo r  a l l  routes  and schemes,  however, air chamber ca lcu la t ions  and 
cost  estimates  have  only  been made fo r   t he   t h ree   rou te  C schemes. The 
ex t r a   cos t  of air  chambers raises the  base  index  cost  by  $2.9  million  for 
a l l   t h r e e   r o u t e  C schemes. 
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Table 6 shows t h a t :  

- For a l l  rou te s ,  Scheme 1 has  the  lowest  cost ,   followed by Scheme 3 and 
Scheme 2 .  

- When air chamber cos ts   a re   inc luded  i n  t h e   a n a l y s i s   f o r   r o u t e  C ,  Scheme 3 i s  
about 1..3 percent  ($890,000) more than Scheme 1. 

- Routes C and B have the  lowest   cost  compared t o   o t h e r   r o u t e s .  Route D would 
cos t  an addi t iona l  $5.7 mi l l ion .   bu t   rou te  A only an addi t iona l  $1.9 mil l ion.  

which  were  developed fo r   rou te  C were  used f o r   a l l   o t h e r   r o u t e s .  
Such comparisons may be  misleading,  however, as t h e  Same unit cos t s  

One can  conclude from t h i s :  

- The cos t   for   fo l lowing   e i ther   the   access   road   ( route  D) or t ransmiss ion   l ine  
( rou te  A )  is  higher   than  for   route  C o r  B. 

- An 800 mm diameter   pipel ine  should  be  selected  for  Scheme 1. 

- Scheme 1 has t h e   l e a s t   c o s t .  

Prac t ica l   cons idera t ions  which w i l l  be   d i scussed   la te r ,  and pipe  supply  in 
p a r t i c u l a r ,   l e d   t o   t h e  development  of a va r i a t ion   o f  Scheme 2 using two 
equal - l i f t   boos te r  pumping s t a t ions .  When the   cos t  of air chamber!; and tanks 

two  schemes i s  as follows: 
f o r  an open system is inc luded ,   t he   t o t a l   cos t   fo r   rou te  C f o r   t h i s  and the   o the r  

- Scheme 1 $70.0 mi l l ion  
- Scheme 3 ,  (Conceptual  Design) $70.4 mi l l ion  - Scheme 2 ,  with  equal l i f t s  $73.9 mi l l ion  

Fur the r   de t a i l  i s  provided i n  Appendix 2 ,  Deta i l s  of Cost Estimates. 

These cos t   f igures  must be weighed aga ins t   p rac t ica l   cons idera t ions ,  as described 
in   the   sec t ion   fo l lowing .  

PRACTICAL CONSIDERATIONS' 

Pump  Wear 

Pump wear i s  a se r ious   concern   wi th   the   ins ta l la t ion   o f   h igh  lift pumps o f   t h e  

Memorandum V4191/17, Pumps and Pump Wear, pump wear cons idera t ions   l ed   to   the  
type   requi red   for   th i s   p ro jec t .  For reasons  described i n  d e t a i l  in Projec t  

following  recommendations. 

1. Use low lift in take  pumps. 

2. Provide  water  treatment t o  remove g r i t  from the   water   p r ior   to   boos te r  
pumping . 

whereas e i t h e r  of Scheme 2 or :3 i s .  
Scheme 1, w i t h  i t s  high lift in take  pumps, i s  not   compat ib le   wi th   these   c r i te r ia ,  
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Pipe  S u p p l ~  

I n  the   course   o f  t h i s  study, ma.jor p ipe   suppl ie rs  were contacted  to   determine 
ava i lab le   p ipe  wall thickness  and material for   the  pipe  diameters   of   interest .  
The resu l t , s   a re  shown on drawing A4191/4-8, toge ther   wi th   the  m a x i m u m  w a l l  
th ickness   requi red   for  Schemes 1, 2 and 3. 

The drawing shows t h a t  few suppl ie rs  are capable  of  supplying  the  thickest   wall  
p ipe   for  Scheme 3 .  Schemes 1 and 2 have a more widely  available  requirement,  
s t i l l  outs ide  the  range  of  Canadian mills. It i s  ev ident   tha t   us ing   the  
var ia t ion  of  Scheme 2 with   equal - l i f t   boos te r  pumping s t a t i o n s ,   t h e  maximum w a l l  
th ickness   pipe  required is  reduced, and thus  i s  ava i l ab le  from more supp l i e r s ,  
including Canadian mills. 

Welding 

Welding cos t  was included i n  t h e   p i p e l i n e   c o s t ,  however, t h e r e  i s  no doubt t h a t  
f i e l d   w e l d i n g   d i f f i c u l t i e s  compound as maximum wall thickness   increases .   For  
example, suppliers  have  provided  information on heat   t reatment   requirements   for  
welding  various  pipe wail thicknesses  and grades,  and some of   th i s   in format ion  
i s  presented on drawing A4191/4-9. 

Th i s  drawing is intended  merely t o   i n d i c a t e   t h a t  as wal l   th ickness  and steel 
g r a d e   i n c ~ e a s e ,   t h e   d i f f i c u l t i e s  of  performing  successful  welds  increase.  For 
example, most pipel ine  welding i s  done wi th   ce l lu lose   e lec t rodes ,  which a r e  
l i m i t e d   t o  about 20 mm w a l l  thickness.   Otherwise,  low  hydrogen e lec t rodes  must 
be used   w i th   t he   r e su l t   t ha t   cos t  and d i f f i cu l ty   i nc rease .   Fu r the r ,   s ince   hea t  
treatment  requirements  increase  with  wall   thickness,   one may conclu.de t h a t  some 
sspec ts  of welding  cost ,   such a s  r e p a i r  of de fec t s ,  may not be  adeq,uately 
covered by the   cos ts   inc luded .  

:ontractor 's   Famil iar i 'q  

Fhere a r e  few precedents  that   Sandwell  i s  aware  of i n  the  world,   with  heads and 
3ischarges  resembling Scheme 3. These  precedents w i l l  be  describe6. i n  d e t a i l  
J i t h  references i n  the   Pre l iminary   Engineer ing   Repor t ,   bu t   to  summe.:rize here ,  
it s u f f i c e s   t o   s a y   t h a t :  

1. Systems with  comparable  heads (The  Trans-Andean O i l  P ipe l ine ,  Colombia, t h e  
Lornex  water  supply  system, B.C.)  a r e  of smaller  diameter  pipe.  Therefore 
t h e  wall th icknesses   a re  less t han   t hose   fo r  Scheme 3 and  suiteible  pipe i s  
ava i l ab le  from more mills. 

2 .  Systems  with  comparable  heads  and  with similar or la rger   d i scharges  

use   t unne l s   r a the r  t h a n  p ipe l ines ,   t he reby   t r ans fe r r ing  some of' t h e  water 
(Lune:rsee,  Austria;  Tremorgio,  Switzerland; Edmonston, Cal i forn ia ,  U.S.A.) 

p r e s s u r e   t o   t h e   r o c k .  

! (Aussois,   France;  Dixence,  Switzerland)  uti l ized banded s t e e l   p e n s t o c k s   t o  
3. European hydroe lec t r ic  power s ta t ions  with  high  heads  bui l t   about  1950 

common use i n  North  America. 
reduce  the wall thickness  requiring  welding. Such conduits are not i n  

) I .  Where similar and higher l i f t s  have  been  encountered  elsewhere!,  the  procedure 
has   general ly  been t o  break  the  head down by providing  intermediate   booster  
pumping stations  (water  supply  to  Caracas,   Venezuela).  

11 
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Therefore,  a scheme such as Scheme 3 would have many unique  features .  
Contractors may need t o  apply   l a rge   cont ingencies   to   the i r   b ids   to   account  for 
uncerts. in  conditions  they may encounter i n  construct ion.  

~ I t  should  be  noted tha t  i n  the   case   o f  Lornex, the   use   o f  two l i f t s  ra ther   than  
~ one was recommended i n  one  study,  and  that  i n  the   case   o f   the  Edmonston P lan t ,  
, earthquake and tunnel l ing  considerat ions  favoured  the  use  of  a s ing le  l i f t ,  
i althou@:h a two l i f t  scheme was seriously  contemplated.  

I Stee l   Quan t i ty  

~ For  route C,  with  an 800 rn diameter   p ipe l ine ,   the   to ta l   p ipe   tonnage   for  Scheme1 
' i o r  Scheme 2 would  be about 5,000 met r ic   tons ,  and f o r  Scheme 3 7.,000 metric   tons.  
~ H i s t o r i c a l l y ,   s t e e l   p r i c e s  have  been  subject to   l a rge   f luc tua t ions .   Therefore ,  
, t he re  i s  an advantage  in   reducing  the amount of steel required,  a s  cos t  

i 
j L o g i s t i c s  

i 
i 

uncertaint ies   are   reduced somewhat. 

All schemes except Scheme 2 with  equal l i f t  boos t e r   s t a t ions  may r equ i r e  
some ma te r i a l s  from foreign  suppl iers ,   thereby making  communicatj.ons  and 
tendering more  complex  and de l iver ies   longer   than  would be   t he   ca se   fo r  Scheme 2. 
Further ,   shipping  involves   greater   dis tances  and heavier  weights,   pipe  coating i s  
more d i f f i c u l t  due to   t he   p ipe   we igh t ,  and more pipeline  construction  equipment,  
r a t e d  f o r  heavier   loads,  i s  necessary.  Therefore, Scheme 2 with  equal l i f ts  i s  
p re fe rab le   t o   t he   o the r s  from a log is t ics   v iewpoin t .  

1 Recommendations ,I 1 SandweU has  received  the  fol lowing recommendations from var ious   qua l i f ied  

1 1. S t e e l  mills recommended reducing  the  pipe wall th ickness   in   o rder   to   reduce  
~ 

! 

p a r t i e s  : 

i 
we:ldine problems. 

1 2. Spec ia l i s t   consul tan ts  i n  waterhammer reconmenied: 

- Avoid extending  into unknown technology.  Quoting  from the !  l e t t e r  from 

[J.S.A., t o  Sandwell, 5 August 1977: 
I?rofessor V.L.  S t r e e t e r  and E.B. Wylie of   the   Univers i ty  c)f Michigan, 

I "Basical ly  we have some reserva t ion  and  concern  with  the  high-lift 
~ i n s t a l l a t i o n .  It appears  as if the  s ingle- l i f t   proposal .  would be 

I 
1 at the   accep tance   t e s t ing   s t age   t he   s eve r i ty   o f   t he   S i tua t ion  becomes 
i ex t r eme ly   c r i t i ca l .  These may be  vibration  problems,  ma:terial  defects, 
I c av i t a t ion  problems!, or many conditions  that   cannot  be  predicted.  

pressing  current  technology on many f r o n t s ,   i . e .  pump design, motor 
design,  pipeline  design,  etc.  Should  problems arise, fC,r.eXample, 

Corrective  measures  should  such a condi t ion   deve lop ,   a re   no t   l ike ly  
t o   h e  obvious and would surely  be  costly.   Consequently our a t t i t u d e ,  
although  conservative,   favours  muiti-station  lower lift i n s t a l l a t i o n s . "  
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- pump w i t h  two equal l i f t s .  Quoting from t h e   l e t t e r  from John Parmakian, 
Consulting  Engineer,  Colorado, U.S.A. ,  t o  Sandwell, 5 September 1977: 

"I sugges t   t ha t   t he  mai,n high lift be  broken down i n t o  two l i f t s  
wi.th equal dynamic heads  at  t h e  pumps.  The reasons for  t h i s   a r e :  

b .  Lower pipe  shel l   th icknesses  and  hence much more dependable 
a .   Grea ter   sa fe ty  i n  the  design  of  the  entire  system. 

c .   Lesser  waterhammer cont ro ls   requi red .  
d.  Same  pump design  a t   both pumping s t a t ions . "  

welds i n   t h e   p i p e l i n e .  

3. Consul.tants i n  p ipe l ine   cons t ruc t ion  (Williams Brothers  of  Calgary) 
recommended: 

- Try t o  keep pump s ta t ions   ident ica l   (Minutes  of  Meeting No. 6 ) .  

- High pressure  pipe,   valves ,   f langes and f i t t i n g s   s u i t a b l e   f o r  Scheme 3 
are   no t  common for  the  diameter  contemplated. 

4. B.C. Hydro's Gas Division recommended reducing  the  pipe wall t h i c k n e s s   t o  
make the   p ipe l ine   cons t ruc t ion   c lose r   t o   t he   u sua l  assignments undertaken 
by p ipe l ine   cont rac tors .  

:ONCLUSIONS 

rable 7 summarizes scheme s e l e c t i o n   c r i t e r i a :  

:os t 
'ump  Wear 
'ipe Supp1.y 
Jelding 
:ontractor Famil ia r i ty  
:tee).  Quantity 
;og is t ics  
iecommendations 

Table 7 - Summary o f  Scheme Selec t ion  

Scheme 1 Scheme 2 Scheme 3 
- L i f t  Intake Equal L i f t  Boosters Hii:h L i f t  Booster 

F i r s t  
Third 
Second 
Second 
Second 
F i r s t  
Second 
Second 

Third 
F i r s t  
F i r s t  
F i r s t  
First 
F i r s t  
F i r s t  
F i r s t  

F i r s t  
F i r s t  
Third 

Third 
Third 

Third 
Third 
Third 

[herefore ,   the   only drawback t o  Scheme 2 i s  t h e  5% additional  cost ,   whereas in 
:very o ther   respec t  it i s  s u p e r i o r   t o  Schemes 1 and 3. Sandwell recommends 
;hat t h i s  add i t iona l   cos t  i s  worthwhile i n  view  of the  advantages of Scheme 2 .  

Prepared by - 
#. P.  B a ' d m ,  P. 13ng. 

Approved 'by 

B.K McConachy, P. Eng. 
Project  Engineer 

(PM VL191/4) 
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PROJECT  MEXORANDUM V4191/4 
SYSTEM D : W  

APPENDIX 2 - DETAILS OF COST  ESTIMATES 

Item - 

1 
2 
3 
4 

1 
2 
3 

4 

Note: 

D e s c r i p t i l z  

S t ruc tures  

River  Intake 
Power Supply and Dis t r ibu t ion  
Booster   Stat ions 
P ipe l ine  

Total  

Equipment 

River  Intake 

Booster   Stat ions 
Power Supply  and Di s t r ibu t ion  

a. River 
b. Second 

Pipe l ine  

Tota l  

Total   Direct  Cost 

Engineering 
Clwner's Construction Overhead 

Contingencies 

Tot a1 

Capi ta l ized Power Cost 
Total Comparative  Cost 

B.C. HYDRO AND P(LWR AUTHORITY 
VANCOWER B.C. 

DATE 10 -FEBRUARY 1978 

cos t  ($l,(!OO'S) 
Scheme 1 Scheme 2 Scheme 3 _- 

3,780 

720 
* 

1,080 

5,580 

1,860 
5,470 

- 
5,880 

17,360 
30,570 

36,150 

3,600 
6,500 

3,000 

49,250 

20,750 
70,000 

3,600 

1 ,440  
w 

1,082 
6,120 

2,050 

5,860 
5,430 

17,070 

2,550 

32,960 

39,080 

3,300 
3,870 

6,gOil 
53,150 

20,750 
73,900 

3,600 

820 
* 

1,080 
5,500 

2,550 
1,470 

7,725 

19,280 
31,025 

- 

36,525 

3,600 
6,500 

49,650 

20,750 
70,400 

3,025 

T'hese estimates were m,ade fo r   rou te  C ,  and i nc lude   t he  cost of air  
chambers  and fo r  an open  system  configuration. 

* Included  in   Booster   Stat ion(  s) . - 
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APPENDIX 3 - ROUTING AT ELEPHANT HILL 

' I n t r o d u c u  

This document records   the  bac!kground and findings of routing  stud.ies i n  t h e  
v i c i n i t y  of Elephant Hill*. The f indings were  based on f i e ld   i nves t iga t ions  and 
office  studies.   Geotechnical.  and construct ion  considerat ions,   ra ther   than 
de ta i led   cos t   ana lys i s ,  are foremost i n  the  decis ion  process  used.. 

Three   a l te rna t ives ,  as shown  on drawing A4191/4-10 at tached,  were  considered 
fo r   rou t ing  i n  t h i s   a r e a .  

X - Surface  pipeline  route  along  Bonaparte  River.  

Y - Tunnel. 

C - Surface  pipeline  route  over  Elephant Hill (Conceptual  Design). 

Le t t e r s  X and Y were chosen t o  avoid  confusion  with  route  designstions  elsewhere 
i n  t h i s   P r o j e c t  Memorandum. C i s  a port ion  of   route  C as d i scussed   i n   t he  main 
memorandum. A route  was not  developed  which would pass   to   the  south  of   Elephant  
H i l l , i n   o rde r  t o  avoid  crossing  Indian  Reservation land. 

Bases o f  Comparison 

The c r i t e r i a   f o r   s e l e c t i o n  of a route  are: 

- The route  must  be f r e e  of geotechnical  hazards.  

- The route  must be   su i tab le  for  standard construct ion procedures:. 

- Capit;sl  and  operating cost!: should  be  minimized. 

X - Sur:face  Route  Along  Bonaparte  River 

A dramatic  example of an o ld  s l i d e  i s  shown on t h e  accompanying  photograph. I n  
This  route is threatened by rock s l i d e s  i n  the  northeast   s lopes of Elephant H i l l  

addi t ion ,   there  i s  l i t t l e  room for   cons t ruc t ion   a long   the   s teep   rock   s lope .  

t he   p ipe l ine   once   i n s t a l l ed .  
Cu t t ing   i n to   t h i s   s lope  would endanger t h e  highway,  workers,  road t r a f f i c ,  and 

Therefo:re ,   geotechnical   instabi l i t ies   a lone  completely  e l iminate   . th is   route  from 
fur ther   considerat ion.  

* Elephant H i l l  i s  t h e  propctr name for  the   h i l l   no r th   o f   Ashc ro f t ,   i den t i f i ed  
as "unnamed. ridge"  in  the  Conceptual  Design  Report  V4007/2. 

i 



Y - Tunnel-. 

The tunnel  as aligned i n  drawing A4191/4-10 i s  su i tab le   for   connec t ing   the   rou tes  
A ,  B and C w i t h  t he   i n t ake   l oca t ion .  

Associates,  and to  Geological  Survey  of Canada mapping,  Elephant H i l l  cons i s t s  
According t o   t h e  10  January 1975 r e p o r t   t o  B.C. Hydro by Dolmage,  Campbell  and 

of Jurassic  age  sediments:  conglomerate,  sandstone  and  shale.  These  rocks  are 
described i n  t ha t   r epor t   (p .  8 )  as "competent  rocks  of  moderate  hardness and 

dr iven,  it i s  unl ike ly   to   be   bored ,  however t h e   s u i t a b i l i t y   f o r   t u n n e l l i n g  i s  
should bt? qui te   sui table   for   boring".  Due t o   t h e   s h o r t   l e n g t h  of t unne l   t o   be  

assumed t o  hold   t rue  for  t h e   e n t i r e   h i l l .  However, va r i ab le  and complex  geology 
is expected to  be  encountered..  

The tunnel  would be  about 2,150 m long, and constructed by  conventional d r i l l  and 
blast techniques.  A s  it would cost  much l e s s   t o   ca r ry   t he   wa te r   w : i th in  a pipe 
t h a n   t o   l i n e   t h e   t u n n e l   s u i t a b l y   t o  withstand in te rna l   p ressure ,  a. concre te   o r  
gunni te   tunnel   l iner  would  be  used  and t h e   p i p e l i n e  would continue  through the 
tunnel .  

P r io r   t o   dec id ing   t o   u se  a t u m e l ,  a d e t a i l e d   d r i l l i n g  program wou.:ld be   essent ia l  
t o  confirm i t s  f e a s i b i l i t y .  Even so, t h e r e   a r e  always uncer ta in t ies   wi th  
tunnel l ing ,  as poor  rock  can  be  encountered  which  would make progress  slow. 

In favourable  conditions,  a tunnel l ing  ra te   of   about  6 m per  shift  could  be 
expected, so t h a t  at  two working shif ts   per   day,   about  a year would be  needed t o  
s e t  up po r t a l s  and complete the  tunnel.   'Depending on the  1imitat i .ons of t h e  
construction  schedule,  t h i s  may present an  unacceptable  time  constraint. 

C - Surface  Route Over Elephant Hill (Conceptual  Design) 

that   point   denotes  a f a u l t .  Although  rock  excavation would  be requi red   for  
Route C passes well t o   t h e   s o u t h   o f   t h e  low p o i n t   i n   t h e   s a d d l e   o f   t h e   h i l l ,  as 

t renching   a long   th i s   rou te ,  and  although  special  construction1 met.hods would be 
required on' t h e   s t e e p   s l o p e s   o f   t h e   h i l l s i d e   ( i n   s e c t i o n s   t o  40 p e r c e n t ) ,   t h i s  
would provide a feas ib le   c ross ing   of   the   h i l l .   Spec ia l   measures  t o  cont ro l  
erosion of t h e  backf i l l  ma te r i a l  would  be  necessary,  possibly  even t o   t h e   e x t e n t  
of  using  concrete  bedding  in  sections.  

Following t h i s  route  does  not add t o   t h e   t o t a l   s t a t i c  lift of  the  system, and 
thus  does  not   require   extra  power. 

Evaluation  of  Alternatives 

In t h e  main body of this  Projesct Memorandum, the   r easons   fo r   t he   cho ice  of t h e  
se lec ted  pumping  scheme and route  are  given. The cost   d i f ference of Y over c 
f o r  t h i s  particular  combination is  given on Table 1. 

1. The f e a s i b i l i t y  of pipel ine  construct ion  over   this   route   has  fyeen confirmed 
by consul ta t ion  with a cont rac tor ,   see   F ie ld  Visit Report of 8 November 1977. 

(PM V4191/4, App. 3 )  2 
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Table 1 - Extra Cost  of  Tunnel (Y) Over Surface, 
- Crossin8 ( C )  of  Elephant H i l l  

~ Item  Unit  Cost U n i t s  i:ost ($l,OOO'S) 

~ Drive and Line  Tunnel $ 2,000/m 2,150 m $4,300 
~ I n s t a l l   P i p e  i n  Tunnel 
i 3 2 5 h  2,150 m 700 
j Differenc!e i n  P ipe l ine  Length 85O/m 
~ Elephant H i l l  Surge Tank 350,000 ea.  

-2,600 m ($2,250) 
1 ( 350) 

I 
~ Net Extra  Cost  of Y over C $2,400 

1 -  - 

I 

m- 

I 1.. A one-way surge  tank may be  required t o  prevent  water column separat ion at  
t h e  summit of  Elephant Hi :L l .  

~ I Conclusions 
I 
1 Route C ,  the  surface  crossing  over  Elephant H i l l ,  i s  f e a s i b l e  and i s  t h e   l e a s t  I 

c o s t l y   r o u t e   f o r  t h i s  sec t ion  of p ipe l ine .  

A tunnel  may be feasible, but   involves   uncer ta in t ies ,   schedul ing   d i f f icu l t ies ,  
and extra   cost   of   about  $2.4 mi l l ion   for   the   se lec ted   sys tem  conf igura t ion .  
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I PROJECT I4EMORANDUM V4191/5 
~ WATER TREATMENT 
j 

B.C. HYDRO AND 1;OhTR AUTHORITY 
VANCOUVER B.C. 

: PURPOSE 

The purpose of t h i s   P r o j e c t  Memorandum i s  t o  record  the  information  or iginal ly  

of 12 September 1977 and  answered the  fol lowing  quest ions.  
presented i n  2 l e t t e r   d a t e d  5 October 1977 which responds t o  B.C. Hydro's l e t t e r  

! Question 1 Whether or not  conclusive  information on sediment  concentration 
could  be  obtained? 

j Question 2 Whether or not  Sardwell would recommend a program t o   o b t a i n   d a t a  on 
I 

j 
sediment  concentre.tion? 

Question 3 Sandwell's  opinion. on t h e   p o s s i b i l i t y  of de l ay ing   t he   dec i s ion   t o  
i n s t a l l  t h e  proposed g r i t  removal  system, u n t i l  after t h e  first 
per iod of operation? 

DATE 22 DECEMBER- 1977 

w- 

31- 
d 

m i 

RIVER SOI,IDS 

General 

The amount and s i z e   d i s t r i b u t i o n  of  s o l i d s  which may b e   i n  suspensi.on i n  a r i v e r  
i s  a complex function  of many va r i ab le s ,  some of  which a r e   r i v e r  bottom 
roughness ,   tu rbulence ,   ve loc i ty ,   r iver  bank erosion and input  from s l i d e s  and 
rainstorms. Under s teady   s ta te   condi t ions ,   equi l ibr ium  ex is t s  between t h e   r a t e  
a t  which p a r t i c l e s   t e n d   t o  f a l l  under t h e i r  own weight and t h e  rats at  which 
they   a r e   l i f t ed   t h rough   t he  mixing  process  of  f luid  turbulence.  In a r i v e r ,  
however, cond i t ions   a r e   f a r  from stable .   Veloci ty  and turbulence change  due t o  
va r i a t ions  of r i v e r  c ros s  sect ion,   r iver   bot tom  gradient ,   d ischarge  and  r iver  
bot,tom roughness.  Consequently,  solids  could be picked up at point  A i n  a 

t h e  amount of  solids  in  suspension  upstream of A and downstream of B would be 
r i v e r  and be  deposited at  point B f u r t h e r  downstream. Under these   condi t ions ,  

lower t h a n  those  i n  suspension  between A and B.  Other   factors  which a l t e r   t h e  
amount of s o l i d s  i n  suspension i n  2 r i v e r   a r e   s l i d e s  and eroding  r iver  banks.  

suspension i n  2 r i v e r  can vary a great   deal  at  any  one  time. 
From the  foregoing it is  ev iden t   t ha t   t he  amount of   so l ids  which may be i n  



Thompson River - Suspended So:& 

The fo l lowing   tab les   wi th   da ta  on suspended so l id s   a r e   a t t ached :  

Table 1 Data from Beak Consultants  Limited  Report on Suspended  Sediment 
Charac te r i s t ics   o f   the  Thompson River,  Appendix 18. 

Table 2 Data from B. C. Hydro and Power Authori ty .  

Table 3 Data  from  Northwest  Xiydraulic  Consultants  Limited, Hydro:.ogy Report  of 
November 1976. 

Of i n t e r e s t   a r e   t h e  maximum suspended so l id   concent ra t ions   near  Savona  and 
Wa1hachi.n. ,These a l l  a r e  i n  t he   o rde r  of 10 mg/l. However, a much higher 

Br idge ,   see   t ab le  3.  This  higher  f igure  can most l i k e l y   b e   a t t r i b u t e d   t o   s o l i d s  
so l ids   concent ra t ion  of 91  mg/l was found on t h e   r i g h t  bank near  the  Ashcroft  

o r ig ina t , ing  from t h e  BOnEparte River   and/or   the  eroding  Ashcroft   c l i f fs ,  see 
Drawing A4191/5-1. 

The proposed  intake  location for t h e  Hat Creek ProJect  would be on t h e   r i g h t  
bank  of t h e  Thompson River,  360 m (1,200  feet)   upstream  of  the  confluence  with 

point  in t h e   r i v e r  is not known. It i s  expected,  however, t h a t   t h e  amount 01' 
the  Bonaparte  River,   see Drawing A4191/5-1. The suspended s o l i d $   l o a d   a t   t h i s  

suspended so l id s  at the  proposed  intake s i te  i s  much higher   than  those found a t  
Walhachin and Savona. The r eason   fo r   t h i s  i s  the  presence  of  the  Ashcroft 

t h e   r a t e  of erosion  of   these c l i f f s  does  not  pose a t h r e a t   t o   t h e   o p e r a t i o n   o f  
C l i f f s  commencing only 900 m (3 ,000  feet)   upstream  of   the  intake  s i te .   Al though 

the   i n t ake ,   t he   e ros ion   i n t rudes   so l id s  a l l  year  round. This introduct ion i s  
expected t o  be at i t s  highest .   dur ing  the  f reshet  when r i s i n g  watfr levels   erode 
recent   shore  deposi ts  from SI-ides.   Further  introduction  of  so1id.s  takes  place 
al l  year  round when minor  slj.des f a l l  i n t o   t h e   r i v e r ,  as i l l u s t r a t e d  on t h e  
enclosed  photograph 5 - 7 taken from a he l icopter  on 1 5  September 1976. For 
loca t ion  of s l i d e ,   s e e  Drawing A4191/5-1. 

Whether t he   ma te r i a l  from t h e s e   s l i d e s  would reach   the  river bott,om upstream  of 
t he   i n t ake  is  not known as t h i s  would  depend  on many factors ,   such as d is tance  
of t h e   s l i d e   t o   t h e   i n t a k e ,   r i v e r   t u r b u l e n c e ,   v e l o c i t y ,  and g ra in   s i ze .  

Based on the  foregoing  discussion on r i v e r   s o l i d s ,   t h e  answer t o  Question 1 is  
t h a t  in Sandwell 's  opinion,  conclusive  information on sediment  concentration 
could  indeed  be  obtained  provided  sampling  of  the Thompson River  for  suspended 

i n  t h e  reach  between t h e  CNR br idge and t h e  confluence with t h e  Bonaparte  River) 
s o l i d s  i s  car r ied   ou t  i n  t h e  v i c in i ty   o f   t he  proposed in take  1ocEction ( t h a t  i s ,  

Thompson River - Se t t l ed  Sol:& 

Quali ta t ive  information was obtained on s o l i d s  which  had s e t t l e d  at  t h e  
fol lowing  locat ions:  

- Thomp:;on River Bank Opposite  Ashcroft   Cliffs 
- Ashcroft  Municipal  Intake 
- Lornex Intake 

Sieve  analyses  on samples  taken a t   t h e  above loca t ions  were  carrj.ed  out  only on 
pa r t i c l e s   pas s ing  No. 8 sieve,   2.36 mm (.093  inch).  This  sieve  approximates 
most c l o s e l y   t h e  maximum par t ic le   s ize   pass ing   th rough  the   in take :   t rave l l ing  
screens   wi th   s t ipu la ted  maximum mesh opening  of  2.54 mm (0.10 inch ) .  
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So1.ids f'rom ThOmDSOn River B a g  

On 1 5  June  1977, a s o l i d s  sample was taken from  a ba r  on t h e   l e f t   r i v e r  bank 
opposite  the  Ashcroft  Cliffs ( s e e  Drawing  A4191/5-1). The s ieve   ana lys i s  on 
t h i s  sample i s  shown in   the   a . t t ached   F igure  1. 

Sol ids  from Ashcroft  Municipal  Intake 

The munlcipal i ty  of Ashcroft   operates an in take  on t h e  l e f t  bank  of t h e  Thompson 
River   jus t  downstream of   the  road  br idge  (see Drawing A4191/5-1). The in take  
cons is t s   o f  a pump well  which is  connected t o   t h e   r i v e r  by means of a 375 mm 
( 1 5  inch)  diameter  buried  pipe which protrudes  approximately 0.50 m (1.6 f e e t )  
above the r i v e r  bottom ( s e e  Drawing  A4191/5-2).  During t h e   f r e s h e t ,   r i v e r  

wear i n  t h e   v e r t i c a l   t u r b i n e  pumps until a  program of   per iodic   c leaning  of   the 
so l id s   s e t t l e   ou t   i n   t he   bo t tom  o f   t he  pump weil.  These  solids  caused  severe 

well  i s  equipped  with  an air l i f t .  During a cleaning  operat ion on 13  June 1977, 
pump well   dur ing  the  f reshet   season was i n s t i t u t e d .  For th i s   pu rpose ,   t he  pump 

t h a t   d a t e .  The maximum par t ic le   s ize   encountered  i n  the  samples i s  i n  t he   o rde r  
Sandwell. obtained  12  samples as descr ibed  in   Sandwell ' s   Field Visit Report of 

of 30 m n ~  (1 .2   i nch ) .  The s ieve   ana lyses   a re  shown in   t he   a t t ached   F igu res  2  and 
3. 

Sol ids  from  Lornex Intake 

Lornex  Mining Corporation  operates an in take  on t h e  l e f t  bank of t h e  Thompson 
River  approximately  21 km (13   mi l e s )  downstream of  Ashcroft .  The o r i en ta t ion  of 
th i s   in t .ake  i n  r e l a t i o n   t o  th.e r iver   shore  i s  shown on Drawing A41.91/5-3. On 

one  of t he   t r ave l l i ng   s c reens .  The s i eve   ana lys i s  i s  shown in  a t tached  Figure 4. 
4 August. 1977, a sample was taken   of   so l ids   car r ied  up by t h e   l i f t i n g   l i p s  on 

Discussi.on  of  Sieve  Analyses 

Comparison of  sieve  analyses,   see  Table 4 ,  revea ls  a striking  resemblance i n  

Ashcroft Cliffs and those  of the  Ashcroft   in take.  The Lornex  sample, on t h e  
s i z e   d i s t r i b u t i o n  between t h e  sample taken at  t h e   r i v e r   b a r  opposLte t h e  

other  hand,  indicates a much lower  content i n  p a r t i c l e s  between  2.36 mm 
(0.093  inch) and 0.50 mm (0.020  inch). 

P a r t i c l e   S i z e  Dis t r ibu t ion  i n  % of Dry Weight 
Table 4 - Thompson River Solids 

P a r t i c l e   S i z e  
m -  inch  River Bar Ashcroft  Intake _- Lornex 

2.36 - 1.00 .093 - .039 20 27 20 
1.00 - 0.50  .039 - .020 34 31 46 
0.50 - 0.30  .020 - .012 29 26 24 
0.30 - 0.10 .012 - .004 1 4  

< 0.10 < .004  3 
1 4  9 

Sample #2 Sample #10 Intake 
2 
5 

17 
56 

1 20 2 

2.36 - 0.30 .093 - .012 83 84 
0.30 - 0.10 .093 - .004 1 4  1 4  

< 0.10 < .004 3 2 

(PM V4191./5) 3 

90 24 
9 56 
1 20 

J 
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*INDWELL ... ". .. .... -7 
The reason why t h e   p a r t i c l e s   i n   t h e  Lorcex  intake  sampie  sre much smaller   than 
those - in   t he   Ashc ro f t   i n t ake  sample i s  most l i k e l y  due t o   t h e  Lornex in t ake  
bcing  set   back,  from t h e   r i v e r   ( s e e  Drawing  A4191/5-3) so t h a t   l a r g e r   p a r t i c l e s  

most l i k e l y  withdraws  water from a zone h i e h   i n  suspended s o l i d s  which  have not 
s e t t l e   ou t   be fo re   r each ing   t he   i n t ake .  The Ashcroft   in take,  on the   other   hand,  

had a chance t o   s e t t l e   o u t   b e f o r e   b e i n g  drawn i n t o   t h e   i n t a k e .  

Sol ids   Anticipated i n  Proposed Hat Creek In take  

The intake  arrangement of t h e  proposed Hat Creek  inta.ke i s  shown on Drawing 
D4191/5-4. This   intake wou.ld withdraw  water  directly from the   r i ve r   be fo re  
s o l i d s  have  had a chance t o   s e t t l e   o u t  and from a zone  most l i k e l y   h i g h   i n  
suspend.ed s o l i d s .  Although t h i s  zone of water  withdrawal  would, on the   average ,  
be  fur ther  above the  bot tom  than  that  of the   Ashcrof t   in take ,  it is  considered 
ve ry   un l ike ly   t ha t   t he   s i ze   d i s t r ibu t ion  of par t ic les   (smaller   than  2 .54 m 
(0.10  i .nch)   ant ic ipated  in   the Hat Creek in t ake ,  would be much d. i f ferent   than 
those found i n  the  Ashcroft   in take.  

WATER TREATMENT 

w i t h   t h e  Thompson River  water and i n  a l l  1ikelihoo.d i n  Suf f iC ieE t   quan t i t i e s   t o  
Based on the  foregoing,  it i.s concluded t h a t  suspended s o l i d s  W i l l  be   t aken   in  

pose a t h r e a t   t o   t h e   r e l i a b i l i t y   o f   O p e r a t i o n  Of the  Cooling  water SUPPlY 
system. The extent  of t h i s   t h r e a t ,  however, would not  be known Uti1 Some time 
a f t e r  commencement of pumping. 

S ince   the   p r inc ip le  of water  vithdrawal from t h e  Thompson River  by means of 
low-head in t ake  pumps h a s  been  accepted by B.  C .  IIydro,  water  treatment t o  
pro tec t   the   h igh   pressure  punps aga ins t  wear  can be added at  some l a t e r   d a t e  
provided   tha t   adequate   rea l   es ta te   has   been   se t   as ide .  The quest ion i s  when and 
t o  what ex t en t   f ac i l i t i e s   fo r   wa te r   t r ea tmen t   shou ld   be   i nc luded .   A l t e rna t ive  1 
on a t tached  Drawing A4191/5-.5 shows how a complete water t reatment  scheme i s  

c l . a r i f i e r  and a f i l t e r   i n t o   t h e   c l e a r w e l l .  Head loss  t h r o u g h   t h e   c l a r i f i e r  and 
envisioned at  t h i s   t i m e .  Water  from the   i n t ake  would flow  through a d e g r i t t i n g  

c learwel l   he ight ,  a s p e c i a l   s e t   o f  low-head p n p s  would be  requj-red a t   t h e  
f i l t e r  i s  i n   t h e   o r d e r  of three  meters  (10 f e e t ) .  As th i s   sys t em limits t h e  

of high c learwel l   versus  low c l ea rwe l l   w i th   spec ia l  NPSH pumps i.s discussed i n  
c learwel l   to   p rovide   the   necessary  NPSH fc r   t he   h igh   p re s su re  pumps. The.aspect  

Pro jec t  Memorandum V4191/7, Appendix 8 .  The topography  adjacent; t o   i n t a k e  s i te  
10-D would accommodate a g rav i ty  flow system from c l a r i f i e r  t o  c learwel l .  

I n  Bri t . ish Columbia, water t r e a t m e c t   c l a r i f i e r e  have t o   o p e r a t e  i n  win ter .  I c e  
forms on t h e  walls and s u r f s c e ,   b u t   t h i s  does  not   interfere  w i t h  t he   ope ra t ion .  
The per imeter   weir   does   not   f reeze  provided  the  c lar i f ier   operat .es   cont inuously.  
For t h e  Hat Creek Project,   al lowance w i l l  have t o  be made f o r   i n t e r m i t t e n t  
pumping t o   s u i t   e l e c t r i c a l  I.oad requirements.   Therefore,   to  prevent 
unaccep tab le   f r eez ing   o f   t he   c l a r i f i e r   du r ing   pe r iods  of shutdoxn, a dome has 
been  added as shown on Drawing A4191/5-5. 

The e f f l u e n t  from t h e   d e g r i t t i n g   c l a r i f i e r  would con ta in   pa r t i c l e s  i n  the  range 
of 100 micron  (0.004  inch)  and smaller. These p a r t i c l e s  down t c  a range of 
10  micron  (0.004  inch) would. be  removed by t h e   f i l t e r s .  I n  t h i s   p rocess ,   bo th  
t h e   d e g r i t t i n g   c l a r i f i e r  and. f i l t e r s  would operate   without   the  addi t ion of 
chemice.ls. 

" " 



A s  serious concern  for pump wear  due t o  g r i t  commences w i t h  p a r t i c l e s   l a r g e r  
t h a n  300 micron (0 .01  inch) ,   the   degr i t t ing   c la r i f ie r   should   p rovide   adequate  
pro tec t ion   aga ins t   wear .   Therefore ,   f i l t e rs   could .be  l e f t  out as shown i n  
Al te rna t ive  2 ,  see Drawing Ah191/5-5. However, the  arrangement  of  this scheme 
would a:Llow fo r  a fu ture   inc lus ion  of f i l t e r s   i f  found des i r ab le  uased on ac tua l  
operating  experience.  

A fur ther   s impl i f ica t ion   of   the   t rea tment   p rocess  is shown i n  Alt,ernative 3, 
which  p:rovides f o r   t h e   d e g r i t t i n g  c l a r i f i e r  vat  only.  The mechanism f o r  removal 
of   so l ids  would be l e f t   f o r   f u t u r e  i n s t a l l a t i o n  i f  found des i rab le .  As t h e   v a t  
would operate  as a c l e a r w e l l ,   t h e  water l e v e l  would f l u c t u a t e  and t h e   v a t  would, 
therefo:re,   not  operate as a d e g r i t t i n g   c l a r i f i e r .  

However, t he   va t  would be  located as i n  Al te rna t ive  2 ,  so t h a t  a c learwel l  
could be  added i f  found des i rab le .  

would be of t h e  low head  typa  equipped  with NPSH pumps, so t h a t   t h i s  scheme 
Alternat ive 4 does not  provide  for  water  treatment.  However, t he   c l ea rwe l l  

could  easi ly   be  converted  to  any  one  of the   p rev ious   a l te rna t ives .  

Of t h e  .four a l t e r n a t i v e s ,   t h a   f i r s t  one  can  be  discarded as it i s  considered 
un l ike ly   t ha t  t h i s  scheme,  namely f i l t e r s ,  would be  requir.ed. To assist i n  
choosing from the   r ema in ing   t h ree   a l t e rna t ives ,   cap i t a l  cost  differences for 
these  were prepared, as  show^ i n  Table 5. 

- Table 5 - Water Treatment 

Capi ta l  Cost Differences  for   Alternat ives  2 through 1 
Drawing A4191/5-5 

A l t e r n a t m   I n s t a l l e d  Spa re   Pa r t s  

D e g r i t t i n g   c l a r i f i e r   v a t  
Piping 
Domed cover 
C l a r i f i e r  mechanism 
Clear w e l l  

Total 

$150,000 
105,000 

115,OOC; 
125,000 

75,000 
" 

$570,00C - 
A 1  t ernat= 

Dc(:ritt:tng c l a r i f i e r   v a t  $1 i0,ooo 
Piping 105,000 

Four spare  pump rotat ing  assemblies  
Domed cover 125,000 

Total  $3Pd ,  000 $400,000 

" 400,000 

A I  Lvrrlat- 

C1 e a r  w e l l  $ 75,000 
Four spare  pump rotat ing  assemblies  400,000 

$ 75,000 $400,000 

5 

Tot a1 

$570,000 

$780,000 

$475,000 



The del ivery  t ime of pump ro ta t ing   assembl ies   to   rep lace  worn Units is  i n   t h e  
order o f  18 months.  Because of t h i s  long  del ivery and because  Alternatives 3 
and 4 do not  provide  adequate  protection  against  pump wear ,   these two 
a l t e r n a t i v e s  would r equ i r e   t he   s tock ing  of pump r o t a t i n g  assemblie:; in o r d e r   t o  
safeguard  the  thermal power p lan t   aga ins t  a shutdown of  long  durat:ion. The 

the  average  cooling  water  requirement i s  i n  the   o rder   o f  50 percent  of  the 
present  concept  envisages  eight  identical  pumps, four per pumping :s ta t ion.  As 

assemblies  to  guarantee  the  average  requirement.  
instal led  capaci ty ,   Table  5 contains  an allowance for four   spare  pump r o t a t i n g  

The pros and cons  of  Alternatives 2 through 4 are  given below: 

~ 1 . t t e r n a t i ~ 2 :   D e g r i t t i n g   C l a r i f i e r  and Clearwell 

Advantages 

1. Of fe r s   fu l l   p ro t ec t ion   aga ins t  pump wear due t o   g r i t .  

Disadvantages 

1. Higher in   cap i t a l   cos t s   t han   A l t e rna t ive  4, however,  only by $95,000. 

A l . t e r n a t i u :   D e g r i t t i n g   C l a r i f i e r  V a t  Only 

Advantages 

I. Some pro tec t ion   aga ins t  pump wear. 
2 .  Offers some provis ion  for  removal of s o l i d s .  
3. Can eas i ly   be   conver ted   to   Al te rna t ive  2. 

Disadvantages 

2 .  Highest i n  c a p i t a l   c o s t .  
1 .  Rel iab i l i ty   o f   p ro tec t ion   aga ins t  pump wear i s  s t i l l  i n  doubt. 

A l t e r n a t i v e :   C l e a r w e l l  Only 

Advantage:! 

1. Lowest i n  cap i t a l   cos t .   Th i s   i n i t i a l   advan tage ,  however, would. be l o s t   i f  
eventually  impeller  maintenance due t o  pump wear  would be  required.  

D i s a d v n n t z e  

2 .  N o  p rovis ions   for  removal  of s o l i d s  from the   c learwel l .  
1 . No protect ion  against  pump wear. 

O f  t hese   t h ree   a l t e rna t ives ,   A l t e rna t ive  3 can  be discarded as it i s  t h e  most 

recommend:: Al te rna t ive  2 as it i s  more r e l i ab le   t o   supp ly   coo l ing  water on a 
cxpcnsive  of  these  three schemes. Of the  remaining two alternative:;,  Sandwell 

Al te rna t ive  4, owing t o   t h e   a b s e n c e  of possible  maintenance  cost due? t o   g r i t .  
cont inuous  basis  and as  it is  most l i k e l y  more economical i n   t h e   l o n g  run than 
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As mentioned  before,  sampling  for  suspended  solids  could be carr ied  out  i n  t h e  

Bonaparte  River. In r ep ly   t o   Ques t ion  2 ,  Sandwell  does  not recommend such a 
reach  of   the Thompson River  between t h e  CNR br idge  and the  confluence w i t h  t h e  

progr8.n for   the  fol lowing  reasons:  

1. 

2 .  

3. 

4. 

5. 

A suspended solids  sampling  program would be  very  cost ly .  Because  of t h e  

The o n l y   a v a i l a b l e   a c c e s s   t o   t h e   r i v e r  would be  from t h e  CNR bridge. 
high  forces  involved  during  sampling, a boat i s  not   cons idered   su i tab le .  

Sampling  from t h i s   b r i d g e ,  however,  could  only  be  carried  out from spec ia l  
p1a.tforms  which  would  have t o  be a t t a c h e d   t o   t h e   b r i d g e ,   s u b J e c t   t o  CNR's 
approval. 

For a sampling  program t o   b e   r e l i a b l e ,   s t a f f  would have t o   b e   a v a i l a b l e  on 
shor t   no t i ce  i n  o r d e r   t c  sample immediately.af ter   ra instorms when s o l i d s  
loe.ding,  reportedly,   are  very  high. 

The collection  of  conclu.sive  data on the   in f luence   o f   the   e ros ion  from t h e  
Ashcroft   Cl i f fs  would be a study i n  i t s e l f  - very  time consuming and cos t ly .  

var ious   f reshe ts .   This ,  however, would s t i l l  not  assure  thwt  sampling 
In orde r   t o   ob ta in  adequ.ate data,  sampling would have to   t ake   p l ace   du r ing  

would be  carr ied  out   during  f reshets   with  high  r iver   dischareses .  

Even if da ta  were obtained  during  var ious  f reshet   seasons and during  very 
high  r iver   discharges,   the   possibi l i ty   exis ts ,   a l though  remote,   that   changes 

proposed   in take   s i te  and Kamloops Lake (mining,   logging,   e tc . )  would 
i n  t h e  Thompson River and developments i n ' t h e  catchment  area  between  the 

i n c r e a s e   t h e  suspended so l ids   loading .  

Even i f  r e l i a b l e   d a t a  were ava i l ab le ,   t he   ques t ion  as t o  whether  the known 

remain  unanswered. 
so l ids   concent ra t ions  would actually  pose a t h r e a t   t o   t h e  pumps might 

A s  t he   i nc lus ion  of a degri t t ing  system would be  simple from a system 
configuration  point  of  view and provide good insurance  against  pump wear at  
a r e l a t i v e l y  low premim.  of $95,000 it does   no t   appea r   j u s t i f i ed   t o   ca r ry  
out an expensive  sampling  program, the  success   of  which would not  be 
guaranteed and the  long  term  value  of  which would remain  dou'btful. 

In answer t o   Q u e s t i o n  3,  Sandwell  does not  recommend de lay ing   the   dec is ion  t o  
ins ta l l  a g r i t  removal  system u n t i l   a f t e r   t h e  first period of ope ra t ion   fo r   t he  
following  reasons: 

1. The first period  of  operation  could  be  during a year   with lvii r iver   water  
discharges and the re fo re  would be  inconclusive.  

2. Whether or not a g r i t  removal  system would be   r equ i r ed   a f t e r   t he  first 
period  of  operation  could  only  be  ascertained by tak ing  one or more pumps 
apa.rt t o   i n s p e c t   f o r  wear - an expens ive   opera t ion   in   i t se l f ,  



3. The absence of a g r i t  removal  system would necessitate  adding pump ro ta t ing  

order of eighteeen month!;. On the  other   hand,   the   inmediate   instal la t ion of 
assemblies to   the  spare   par ts   inventory  because  of   long  del ivery i n  t h e  

a g r i t  removal  system would afford more r e l i a b i l i t y  and would i n  the  long 
run, most l i ke ly ,   be  more economical. 

Prepared by 
A. Copeland, P. En&. 

Approved by 
B. McConachy,  P. Eng. .~ - 
Project  Engineer 

Approved by 

Project  Engineer 
B. McConachy,  P. En&. 



Jan. 
Feb. 

Mdrcl! 

Apri  1 

May 

June 

J u l y  

Aug . 
Sept. 
Oct. 

Nov. 

Oec. 

SOURCES 

^.i t h e  TpOr-c j>"  K;,..??. ^ .  
Concentrat ion  Discharge* 

Date  Source Locat ion   (mg/ l )  .m3/s CFS 

23/02/77 No Data < 1.0-2.0  Walhachin  Bridge 4 
I 

17/03/77 
17/03/77 

3.0 1 .O kut ~ I O V C :  lhm,q)glrl.~! 3 
4 190 1.0-2.0 Walhachin  Uridyc 6800 

1973 < 1.0 Near Ashc ro f t  2 
23/05/77 
15/05/76 
20/05/76 
15/05/76 

No Data 
3 

Walhachin  Bridge 5 
1130 40,000 4.0 1.0 km above Bonaparte 

9.0-13.0 
5 

2250 79,500 * 
Walhachin  Bridge 

5 
7.0-17.0 21 15 74,700 * 

Ashc ro f t   B r idge  16.0-91.0 "-" 7 7 m  79,500 * 
I 

1973 No Data < 1.0 Near Ashc ro f t  2 
23/05/77 
15/05/76 
20/05/76 
15/05/76 

5 Walhachin  Bridge 
5 Ashc ro f t   B r idge  16.0-91.0 , "-" 7 7 m  79,500 * 

3 
Walhachin  Bridge 5 

1130 40,000 4.0 1.0 km above Bonaparte 
9.0-13.0 

21 15 74,700 * 7.0-17.0 
2250 79,500 * 

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 

18/11/71 No Data < 1.0 Near Savona I 

16/12/76 l 3  1.0 km above  Bonaparte 1 .o I 1540 54,300 

i. Po i iG t ion   Con t ro l  &ranch, Y.L. water  Resources  Servics as C i t e d  i n  D.C. Research  and Doirnsqe 

2. Beak Consultants  Limited  (1973) 
3 .  Beak Consul tants  1mIted  (Quarter ly  Report   (19770j  
4. 1977 BEAK Survey \Range Observed a t  Three  Transect  Points) 

5. Northwest  Hydraul ic  Consul tants  Ltd.   (1976) 
* Flows est imated for  above the  Bonaparte eXC.t?pt those  re ferenced  bv NHCL which  are  q iven a t  Spences Br idge. 
Note:   Th is   tab le does not   represent   the  ent i re   data  base on susoended  sediments i n   t h e  Thomoson R iver  

and Campbell  (1975) 

I ~ .. 



up 

TASLE 2 

B . C .  HYDRO E POWER AUTHORITY - 
' . HAT CREEK PROJECT 

S I I ~ ~ N A R Y  OF WATER QUALITY  ANALYSES - Tl.lO!lPSOK RIVER 

LOCATICN 1 Pos.ition i n  Thompson 1 SAVONA, 8. C. I 
I'!ATER SOURCE I River Nor S ia ted  \ Szat ion No. 0600004 ' 

PERIOD OF RECORi) i Dec. 1974-Oci. 1975 I Jan. 1971-June 1976 1 I ik-" 
I I 

I 

AGESCY I CALGOY CORPORATION 
I 
iPOLLUTION CONTROL B O W 5  , 
I I 

~ 

, I 
I i PARL\IETER(~) Ihlinimurn [Average [Haximum 

(1) A l l  pamameters  expressed  in m g / l  unless othervise noted 
(2) Average  values  represent monthly aual averages, all 

other parameters  represent i,otal sample  averages 

10 



Site 

at  Creek Below 
auge 

onaparte River 
elow Cache Creek 

hompson River at 
alhachin Bridge 

hompson River at 
shcroft Bridge 

14 
Location 

Mid Channel 

Left C Channel 

Mid Channel 

Right % Channel 

Vertical 1 

Vertical 2 

Vertical 3 

Vertical 4 

Left Bank 

Vertical 1 

V.ertica1 2 

Vertical 3 

Vertical 4 

Right Eznk 

1 
2 

1 
2 
1 

2 
1 

1 
2 
1 
2 
1 
2 

2 
1 

1 
2 
1 
2 

2 
1 

2 
1 

1 
2 

2 
1 

L 

6 4  
18 

151 
i00 

42 

.ll40* 

12 
10 

i 4 5  

I 
10 
10 

9 
10 
13 
10 
13 
9 

24 
16 

i Z h  
s: 

y 1976 

Discharge 
( c f s )  

r 

41 

975' 

79,500*' 

79,500*' 

20 

Cone. 
(mg/l) 

- 

- 

123 

135 

119 

8 
7 

17 
10 

10 
9 

8 
9 

2 2  
16 

y 1976 
Discharge 

(cfs) 

8 5 0 "  

74,700" 

74,.700*k 

5 

8 

11 

6 

S 

le 1976 
Discharge 

(cfs) 

71,000*' 

**Discharge at Spences Bridge 
*WSC Unverified Estimate 
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PROJECT a 
HAT CREEK PROJECT 
COOLING WATER SUPPLY 

PROJECT MEMORANDUM V4191/6 
NUMBER OF BOOSTER PUMPS 

i s  t o  rec 

B.C.  HYDRO AND :POWER AUTHORITY 
VAIiCOWEH B.C. 

DATE 22 DECEMBER 1977 

:ord the   in format ion   or ig ina l ly  

PURPOSE 

The ourr)ose of t h i s  Pro jec t  Memoran 
" 

presented in.  a l e t t e r   d a t e d  6 October 1977 on the optimum number of pumis per 
boos te r   s t a t ion .  

.dum 

NUMBER OF BOOSTER  PUMPS 

Configurations  using from 2 t o  5 pumps p e r   s t a t i o n   t o  meet t h e   t o t a l   f l o w  
requirements of 1580 l / s  (25,000 USGPM) were  studied. 

A search of s u p p l i e r s '   i n s t a l l a t i o n  l is ts  was conducted for  both pumps and 
motors of t h e  required  ra t ings  and  these  f indings are summarized in   Tab le s  1 
and 2 on the   a t t ached   shee t .  The t a b l e s  show t h a t   t h e  number of i n s t a l l a t i o n s  
decreases   with  increased  ra t ings for  both pumps and  motors. 

The  two-pump a l t e r n a t i v e  was el iminated  f rom  fur ther   considerat ion  because  there  

of suppl.iers for both pumps and motors. The fo l lowing   tab le   g ives   the   ra t ings  
are  very few 6700 kW (9000 HF') motors i n  s e rv i ce  and t h e r e  i s  a l imi t ed  number 

and cos t s  of the   remain ing   a l te rna t ives .  

Item - Unit 3 Units 4 Units 5 Units  

Pump Capacity l/s (USGPM) 530 (8350) 400 (6250) 320 (5000)  
Motor Re.ting kW (HP) 5100 (6800) 3700 ( 5000) 2700 (3600) 

Direct  Cost" $ 4,900,000 5,200,000 
Cost  Index 

*Not inclu'ding  engineering,  contingencies,  and construction  overhead. 

Inc reas ing   t he  number of pumping uni t s   has   the   fo l lowing   e f fec ts :  

a .  Advantages 

- 

5,600,000 - 1.00 1.06 1 . 1 4  

- Sound pressure   l eve l  (SPL) decreases  with smaller units. 

lower t h a n  a 5100 kW motor. 
For example, a 2700 kW motor has a SPL approximately 5 d B ( A )  

- NPSH requirements  decrease, which means a lower  clearwell  o:r NPSH pumps 
of lower  rating. 

- F l e x i b i l i t y   i n c r e a s e s  and capaci ty  loss  per  unit o u t  of seririce  decreases.  

- Total   system  iner t ia   increases ,   therefore   reducing  the  effects  of 
waterhammer. 
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b. e i d v a n t a n e s  

- Tota l   s ta t ion   cos t   increases .  

- Sta t ion  s ize  increases  by 110 m2 (1200 i"t2) per u n i t .  

- Spare  parts  inventory  i .ncreases.  

- Maintenance  requirement,s  increase. 

- Amount of   control   . information  to  transmit and  monitor at t h e  
power p lan t   increases .  

- Motor eff ic iency  decreetses   s l ight ly .  

Wear of pumps will no t   a f f ec t   t he   s e l ec t ion ,   s ince  r p m  and  head  per stage are 
the same fo r  a l l  a l t e rna t ives .  

Although pumps and  motors fo r   t he   t h ree -un i t   a l t e rna t ive   a r e  available, 
Tables 1. and 2 show t h a t   t h e r e   a r e   r e l a t i v e l y  few i n s t a l l a t i o n s  from  which 
operating  experience  could  be  obtained. It. could  thus  be  considered  that   the  

Sandwe1:L's opinion t h a t  adequate f l e x i b i l i t y  can be  provided w i t h  a four-unit 
three-uni t  system would be less r e l i a b l e   t h e n  a four  or five-unit  system. It is 

Pumping System as opposed t o  a five-unit  system. It i s  therefore ,  recommended 
t h a t  fol? g r e a t e r   r e l i a b i l i t y ,   t h e  premium cos t   be   a l loca ted   for  a fow-unit  
system tis opposed t o  a three-unit  system. 

Preliminary  design o f  the booster  pumping s t a t i o n s  i s  proceeding  based on t h e  
following  specifications:  

Item 

Number of   booster  pumps p e r   s t a t i o n  4 
Flow r a t e   p e r  pump 400 l/s (6250 USGPM) 
Discharge  head  per pump 645 meters  (2120  feet) 
Motor r a t i n g  3700 kW (5000 HP) 

- Amount 

Approved by 
B. R .  McConachy, I?. E n g . A  

v 
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B.C. HYDRO AND POWER AUTHORITY 
v m c o m  B.C. 

DATE 22 DECEMBER 1977 
PROJECT MEMORANDUM Vh191/7 
SUCTION  PRESSURE  FOR  BOOSTER= 

PURPOSE, 

The purpose  of t h i s  Pro jec t  Memorandum i s  to   r eco rd   t he   i n fo rma t ion   o r ig ina l ly  
p re sen ted   i n  a l e t t e r   d a t e d  27 October 1977 on t h e  means t o   s a t i s f y  the 
NPSH" requirements  of  the  booster pumps. 

NpSH  REQUIREMENTS OF BOOSTER- 

the  Eonaparte   River .   Prel iminary  indicat ions from supp l i e r s  show t h a t   t o  meet 
The study was based on loca t ing  the  first boos te r   s t a t ion  on the r i g h t  bank  of 

the  NPSIi requirements at  t h e  maximum flow  condition,  the  booster pumps requi re  
a suct ion  water   level   ranging from a minimum of 11 m (35 f t)  t o  : a  m a x i m u m  of 
20 m (65 f t )  above t h e  pump cen te r l ine ,  depending on manufacturer. 

These NPSH requirements  can  be met by  any  of t h e  schemes shown d:iagrarmnatically 
on the   a t t ached  Drawing A4191/7-1. 

Schemes 1 and 2, which u t i l i z e   s e p a r a t e  pumps t o   p r o v i d e   t h e  NPSH, would be 
necessary  in  t h e  absence  of   high  land  adjacent   to   the  booster   s ta t ion.  These 
schemes a r e   e s s e n t i a l l y   t h e  same excep t   i n  Scheme 2, t h e  NPSH pump has a 

the  booster  pump a s  i n  Schem.e 1. 
separa te   d r ive  and a s s o c i a t e d   e l e c t r i c s   r a t h e r  t h a n  be ing   d r iven   i n  tandem wi th  

Scheme 3 u t i l i z e s  a p l a t eau   fo r   t he   c l ea rwe l l ,  11 m (35 f t )  t o  2.3 m (65 ft) 
higher   than  the  booster   s ta t ion  (depending on NPSH requirements).  Scheme 4 i s  

r equ i r ed   s i t ua t ed   ad jacen t   t o   t he   boos t e r   s t a t ion .  
e s s e n t i a l l y   t h e  same a s  Scheme 3 except a much t a l l e r   c l e a r w e l l  would  be 

Any of   the  four  schemes could  be accommodated a t  the  proposed  locat ion 

w i t h  each scheme i s  as follows: 
on t h e   r i g h t  bank  of t h e  Bonaparte  River. The t o t a l   d i r e c t   c o s t   a s s o c i a t e d  

Scheme Description " Total  Direct  Cost 

1. Pumps i n  tandem w i t h  booster pumps $400,000 
2 .  Separate pumps $440,000 
3. Low clearwel.1 on p la teau  $140,000 
4 . High c l ea rwe l l   ad j acen t   t o   boos t e r   s t a t ion  $400,000 

* Net Posi t ive  Suct ion HeaB. 
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~ The cost  includes  only  equipment  required  to  provide  the  necessa:ry NPSH. i 

The separate  pumps of Scheme 2 add approximately $40,000 t o   t h e  1d.irect cos t  
and o f f e r   l i t t l e  advantage  over Scheme 1. Also, because of othe:r  disadvantages 
of Scheme 2 such as, added  motor  and  controls  and  greater  space  :requirements, 
it has been  eliminated from fur ther   considerat ion.  

Since Scheme 4 costs  approxi:mately $260,000 more than Scheme 3 and o f fe r s  no 
real advantage, it a lso   has  'been eliminated from further  conside:ration. 

T h i s  narrows t h e  s e l e c t i o n   t o  Schemes 1 and 3. Scheme 3 i s  'not  only 

Therefore,   provision of NPSH by means of  an  elevated  clearwell   located  on  a 
economically more advantageous  but  also has maintenance  and  space  advantages. 

p l a t e a u   a d j a c e n t   t o   t h e   b o o s t e r   s t a t i o n  i s  recommended.  The layout  i s  shown 
on at tached Drawing  A4191/7-2. 

A t  the  second  booster pumping s ta t ion ,   the   necessary  NPSH w i l l  be  obtained  by 
means s imi l a r  t o  Scheme 3, with  an  equalization  tank  located above the  
pumping s ta t ion.   Prel iminary  engineer ing w i l l  proceed on t he   bas i s  of Scheme 3. 

" " 
A. Copeland, P. :Eng. 

Approved  by 

Project  Engineer -0 

2 
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B.C. HYDRO AND I'OWEFi AUTHORITY 
VANCOUVER B.C. 

DATE 2? DECEMBER 1977 
PHOJECT MEMORANDUM V4191/8 
PIPELINE FREEZE  PROTECTION 

PURPOSE 

The purpose  of   this   Project  l~emorandum i s  to   r eco rd   t he   i n f romat ion   o r ig ina l ly  
p re sen ted   i n  a l e t t e r   d a t e d  25 November 1977. 

'The Terms of  Reference, Page 3 ,  states t h a t  Sandwell  shall: 

" 4 .  Review  and confirm  the  :selection  of a bur ied   p ipe l ine ,  and  review 
a1 , te rna t ives   to   the   e lec t r ica l   hea t ing   provis ions   p roposed  i n  t h e  
Conceptual  Design  Study". 

, 

i The select ion  of  a buried  pipeline  has  been  confirmed  based on ccrst, 
c o n s t r u c t i b i l i t y ,  and secur i ty   cons idera t ions ;   therefore   on ly   f reeze   p ro tec t ion  
fo r   t he   bu r i ed   p ipe l ine  remains t o  be  reviewed. 

, FREEZE  PROTECTION - GENERAL 
~ 

The a v a : i l a b l e   l i t e r a t u r e  on the  subject  has  been  reviewed  (See  attached 
1 Li tera ture   Survey) ,  and ca lcu la t ions  made re la t ing   the   depth   o f  b,ury  of t h e  

e r fec t iveness   o f   var ious  methods  of  protection  such as insu la t ion ,   hea t  
t r ac ing  and  depth  of  cover has been  evaluated. 

i 

t o   t h e  rate of  heat loss and  to   e lapsed   t ime  before   f reez ing .  The 

While these ca lcu la t ions  provi.de some i n s i g h t   i n t o  the  mechanisms  of f reez ing ,  
assumptions are required - t h e   e f f e c t s  of  which  have great  impact  on  the 
result. For  example, the  degree of s a tu ra t ion  of t h e  so i l ,  t h e  makeup of t h e  
backf i l l   ma te r i a l ,   t he   na tu re  of vegetat ive  cover ,  and the  depth  of snow cover 
are  very  sensit ive  factors.   Therefore,   Sandwell   has  l imited  confidence  in  the 
accuracy o f  computations i n  t h i s   a r e a .  

1 m e   o b j e c t i v e s  of f r e e z e   p r o t e c t i o n   f a c i l i t i e s   a r e  as follows: 
! 
~ 1. Prevent  freezing of any  of t he   va lves  or  tanks which are   requ. i red  for  
i operat ion  of   the  pipel inf?  o r  water hammer pro tec t ion .   These   a re   to  be 
I 

~ 

separately  heated and not; discussed  fur ther   here .  

i 

i 2.  Prevent   ice   formation  in   the  pipel ine which  would impair  the  delivery  of 
the  design  discharge.  

http://provi.de
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These ob jec t ives   a r e   t o   be  met with i n l e t  water  temperature  as  low as 0 c, 
during  .the most severe  winter  on record o r  expec ted   dur ing   the   l i fe   o f   the  

Stat ions.  
f ac i l i t : y ,  and  with a coincident  extended power outage a t  the  Booster Pumping 

There a re  two operat ing modes which must be  considered: 

1. Pumps not  running,  water  standing. 

2. Pumps running,  water  flowing. 

Therefore,  i n  the  discussion  that   fol lows,   protect ion for standing  water and 
for  f lowing  water w i l l  be  discussed  separately.  Two d e f i n i t i o n s   a r e   o f   h e l p  i n  
discussing  freeze  protection  systems: 

Active  systems  are  those  that  add h e a t   t o   t h e  water i n  the   p ipe .  

passive.   systems  are  those  that   reduce  the rate of  heat loss  from the   wa te r   i n  
the  pipe.  

0 

PROTECTTON FOR STANDING WATER - 
a. - Protec t ion  by Depth  of B s  

I n  order   to   s impl i fy   computa t ions ,   the  US Corps of h g i n e e r s  
Design Curve" as presen.ted i n  A W A  Manual "11, page 217 was used t o  

cal .culate  maximum f ros t   pene t r a t ion .  Temperature  records  for  the 1968-69 
winter1 from Ashcroft an.d Hat Creek  weather   s ta t ions,   extrapolated  to  
e leva t ion  1370 m (4500 f e e t )  have  been  used  and  thus  the  degree-days  below 
freezing  have  been compu.ted as 3100. For t h i s ,   t h e  US Corps  "Design Curve" 
gives  a design  f rost   depth  of   less   than 2.0 m (6.7 f e e t ) .  

If this   design  curve i s  va l id ,  and  provided  the  pipe  centerline i s  at  or 
below 2.0 m ,  regardless  of  whether  the water in   t he   p ipe  i s  standing or  
flowing,  then as the  s o i l  temperature  around  the  pipe is above freezing,  
a t   l e a s t   a s  much h e a t   f l o w s   i n t o   t h e ~ p i p e  as out when the  water  temperature 
i s  a t  O°C. T h i s  i s  because  the ground at depth a c t s  as a heat r e se rvo i r  
from season  to   season and th i s  method of   p ro tec t ion  i s  thus  an a c t i v e  
system. 

7, 

- 
1. Northwest  Hydraulic  Consult,ants  Limited, i n  t h e i r   A p r i l   1 9 7 y   r e p o r t   t o  

Sandwell e n t i t l e d  "Thompson River  Ice  Condition"?  presented  air   temperature 
records from Kamloops arid Ashcroft   over  the  period 1941-1975. These 
records show t h a t   t h e   w i n t e r s   o f  1949-50 and 1968-69 were  th.e  most severe 
on record.  O f  these,   the  former i s  more severe b u t  temperat.ure  records 

Therefore ,   for   the  purpose  of   Prel iminary  Engineer ing,   the   data   for  1968-69 
f o r   t h e  Hat Creek weather   s ta t ion   ex is t   on ly  from November 1960 on. 

w a s  used f o r  these   ca lcu la t ions .  

* See  Report Appendix 119. 
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Backfil l   should be f ine   g ranular  o r  Clay  mater ia l   to   provide  reasonable  

may no t   be   ava i l ab le   i n   ce r t a in  areas unless   t rucked   in .   Also ,   a f te r   the  
insu la t ion .  Due t o   t h e  amount of  rock  excavation  expected, :such b a c k f i l l  

good insulat ion.   Therefore ,   backfi l l   should  be  wel l  compacted. 
s o i l  i s  dis turbed it can  take many years t o   s e t t l e   s u f f i c i e n t l y   t o   p r o v i d e  

b. protec t ion  by Insu la t ion  

Insulation  can  be  exchanged  for  soil   cover,   but as this  i s  a passive 
protection  system, it serves   to   delay  ra ther   than  prevent   f r (2ezing.  If a 
900 m ( 3 6  inches)   pipel ine were buried  with 75 cm ( 3 0  inches)  of s o i l  

wou.ld theore t ica l ly   t ake   about  23 days to   f r eeze   t he   p ipe   so : l i d ,  w i t h  an 
cover,  and w i t h  a 5 cm (2 inches)  polyurethane foam insulati :ng  jacket,  it 

ambient .air   temperature  of -2OOC. As th i s   du ra t ion  and intensi ty   of   cold 
i s  highly  improbable,   insulation  provides a high  level   of   f reeze  protect ion 

about $160/m compared t o  the to ta l   t renching   cos t   o f   about  $holm, p lus  
for   s tanding water bu t   a t   h igh   cos t .  An i n su la t ed   j acke t   on thep ipe   cos t s  

Thus t h e   t o t a l   e x t r a   c o s t   t o   t h e   p r o j e c t  would be  a t  l e a s t  $2.5 t o  
there  would be   s ign i f icant  extra cos ts   for   handl ing   and   ins ta l l ing   the   p ipe .  

3.0 mil l ion.  

A l t e rna t ives   t o  an insu la ted   j acke t  are: 

- - In-situ  insulation  using  Styrofoam  sheets:  may be of value where rock 
excavation i s  encountered, t o  reduce  the  requirement  for borrowed 
backf i l l   ma te r i a l s ,   bu t   has   no t  been  considered  for  protection of t h e  
e n t i r e   r o u t e .  

- - In-s i tu   insulat ion:   using  sulphur  foam, asphal t ic   mater ia ls ,   thermal  

expensive, and have  not  been  further  considered. 
concrete ,   hydrocarbon  granules   and  the  l ike  are   e i ther   experimental  or  

C.  P ro tec t ion  by Heat T r a c i x  

The pipel ine  could  be  protected by providing  thermal  energy t o  balance  the 
heat  loss  t o   t h e  environment. An e f f i c i e n t  method of  hea t   t r ac ing  i s  
described by Carson  (See  attached  Literature  Survey). This .would requi re  

The tube would a c t  as an e lec t r ica l   conductor  and heat ing  ekment .  
a 30 mm (1-)i inch)  steel   tube  tack-welded t o  the ex te r io r  of the 

Heat t r ac ing  would prevent  freezing by  applying a uniform he.st t o   t h e   p i p e  
along i t s  length,   thus i s  an ac t ive  system. 

The d i sadvan tages   t o   t h i s  System are: 

a. Requires more d i f f i cu l t   cons t ruc t ion  due to   t he   hea t   t ube   a t t ached   t o  
the   p ipe .  

b. Requires enough t ime   t o   d ra in   t he   p ipe l ine   be fo re  it freezes ,  if the  
t r ac ing  System fails. Therefore, a reasonably  deep  trench i s  s t i l l  
required i n  addi t ion   to ' the   t rac ing   sys tem.  

(PM V4191/8) 3 
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a. m ) t e c t i o n  by Line D r a i r w  

Line  drainage  alone i s  an opera t iona l   d i f f icu l ty ,  as about 15 t o  20 hours 
would  be r equ i r ed   t o   d ra in   t he   p ipe l ine ,  and 30 t o  35 hours t o  re f i l l  it. 
Numerous loca l   d ra ins  and vents would  have t o  be  actuated i n  o r d e r   t o   d r a i n  
the   p ipe l ine ,  and without  power, t h i s  would  have t o  be a mama1  operation. 
( T h i s  is ne i the r  an ac t ive  nor passive  system, as rather   than  inf luencing 
the   hea t  loss cha rac t e r i s t i c s   o f   t he   p ipe ,  one  merely  removes t h e   p o t e n t i a l  
for   i ce   format ion) .  

e. G l t i n u o u s  Flow 

power f a i l u r e  a t  a pumpi.ng s ta t ion .   Al te rna t ive ly ,   main ta in ing  continuous 
Continuous  flow i n  the  uphill   direction  cannot  be  maintained. i f  t h e r e  i s  a 

flow by leaking water from the   r e se rvo i r   back   i n to   t he  Thompson River 
would b e   d i f f i c u l t   t o   i n i t i a t e  and cont ro l  if power i s  out.   (This would be 
an  active  system i f  the  water i n  the pipel ine  were  colder   than  the water. 
coming i n ) .  

PROTECTION FOR  FLOWING WATEF! 

Thompson River  water  temperatures as low as 0.5 C have  been  recorded at  
Walhachin,  about 20 km (12 miles) upstream  from the   i n t ake   l oca t ion .   I ce  
condi t ions,   including frazil. i c e ,  are expected t o  oc6ur  during  severe  winters 
a t   t h e   i n t a k e .  The in take  i.s to  be  designed  to  operate  without  blockage  due 
to   these   condi t ions .  

Assuming t h a t  5 percent of t he  power output of t he  pump i s  converted t o  heat 
The main booster pumps and l . ine f r i c t i o n   p r o v i d e  some h e a t i n g   t o   t h e  water. 

i n   t h e  water, each of t h e  two main boos te r   s t a t ions  would r a i s e   t h e  water 
temperature  about 0.09OC at any  discharge  ra te .   Line  f r ic t ion would raise the  
water t,emperature  about 0.06OC at  average  discharge rate. The t o t a l  
t emperz ture   r i se  from these  sources would be  about .25OC, a r a the r  
i n s ign i f i can t  amount. 

Ice  conld form in   the   l ine   whi le   f lowing  if the   hea t  loss i n t o   f r o z e n   s o i l  
along the  p ipe l ine  i s  more t h e n  t h a t   s u f f i c i e n t  t o  cool  the water temperature 
t o  OOC. In t h i s  case,  assuming that  the   in take   water  i s  at f reez ing ,   there  
should  be a net   gain of hea t ,  o r  at l e a s t  no loss ,  along  the  pipc:l.ine. As 

ambient. temperature  surround.ing t h e  pipe i s  above 0 C ,  i.e. by ac t ive  methods. 
f r i c t iona l   hea t ing  i s  small ,   ice  can  only  be  prevenf;ed  by  ensuri .ng  that   the 

Therefore ,   the  methods of freeze  protection  discussed  under  "Protection for 
Standing Water"  would protect  running  water as follows: 

a. m t h  of Bury 

0 

A s  t h i s  is an act ive  system,  suff ic ient   depth  of   bury would prevent   i ce  
formation i n  flowing water. 

4 
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b. Insu la t ion  

As t h i s  i s  a passive  system,  the amount of insu la t ion   requi red  must be 
s u f f i c i e n t   t o   p r e v e n t  a temperature f a l l  t o  O°C. As calculated  above,  the 
water  temperature  could'be assumed a t  0.25 C ,  including pumping heat and 
l i n e   f r i c t i o n .  This margin i s  t o o   c l o s e   t o   f r e e z i n g   f o r   s e c w i t y   a g a i n s t  
i c e ,  as it i s  below t h e  recommended minimum temperature of 0.3OC 

insu la t ion  does  not  provide a s a t i s f a c t o r y   s o l u t i o n   t o   t h e  problem  of i c e  
(See  References 1 and ir i n   t he   a t t ached  literature survey).  Therefore, 

prevent ion  in   f lowing  water .  

0 

c .  Heat Tracing 

Heat t rac ing ,   be ing  an active  system,  can  prevent  ice  formation i n  flowing 
water. 

a. Line  Drainaae 

The concept   of   l ine   drainage i s  inconsis tent   with  the  protect ion  of   f lowing 
water from ice  formation.  

3. m t i n u o u s  Flow 

AS determined i n   t h e   c a l c u l a t i o n s  above, the   hea t   suppl ied  by pumping i s  
neg:ligible.  Therefore,  continuous  flow i s  an i n s u f f i c i e n t   a c t i v e  method. 
I n  order t o  make this method s u f f i c i e n t ,  the water at  the   in l .e t  would need 
t o  be  heated  enoughothat,  over  the  length of t he   p ipe l ine ,  it. c o o l s   t o  a 
temperature  above 0 C. Water heaters  are  not  considered  an  economical 
so lu t ion .  

SUMMARY 

Table 1 summarizes the  various  protection  measures.  

Table 1 - Freeze  Protect ion Methods 

Method 
" 

a. Dept,h of bury   (ac t ive)  

b .   Insulat ion  (passive)  

c. Heat Trac ing   (ac t ive)  

d. Line  Drainage 

P ro tec t s  
Standing 
Water 

Yes 

Yes 

Yes 

Yes 

e. Continuous Flow ( a c t i v e )  No 

(I" V4191/8) 5 

P ro tec t s  
Flowing 
Water 

Yes 

NO 

Yes 

No 

No 

Comments 

Requires compacted 
s e l e c t   b a c k f i l l .  

Costs $2.5 - 3.0 Mil l ion 
more than a. 
System  could  malfunction. 
Use d. as backup. 

P ipe l ine  must. be  out  of 

minimum. 
service  about 2 days at 

Not prac t ica l   dur ing  
power f a i l u r e .  

J 



Sandwell recommends opt ion E.. ,  depth of  bury. The only  drawbacks t o   t h i s  
opt ion  are   uncertainty due to   the  assumptions  out l ined  ear1ier ;and  uncertainty 
i n  t he   fo recas t   o f   t he  most severe  winter  expected. These uncer ta in t ies   can  
be eliminated  by: 

a. Use well-compacted s e l e c t   b a c k f i l l ,  and a well-drained  trench  with at  
l e e s t  2.0 m depth t o   t h e   p i p e   c e n t e r l i n e .  

h .  Continuously  monitor  water  temperatures a t  t h e   i n l e t  and o u t l e t  of t h e  
p i p e l i n e ,   t o  know  when f reez ing   condi t ions   a re  imminent.. Then u s e   l i n e  
dre.inage as a last r e s o r t .  

c .  During t h e  first and  second  winter of operation,  measure  the rate of  heat 
loss  from t h e  water, a t  a few se lec ted   po in ts   a long   the   p ipe l ine .  This 
would provide  operating  experience  useful i n  predict ing  except ional  
condi t ions which  would requi re   l ine   d ra inage .  

T h i s  procedure  should  provide a high  degree of s a f e t y  from freezi.ng,  while 
minimiz.ing c a p i t a l   c o s t ,   o p e r a t i o n a l   d i f f i c u l t i e s ,  and design  uncertaint ies .  

Prepared by 

Approved by 

Project  Engineer 0- 
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5. 

- Stee l   P ipe  - Design and Operation 
K i A  Manual "11, American  Water Works Association, New York, 1964. 

The so i l   su r round ing   t he   p ipe  must f a l l  below OOC i n   o r d e r  fclr t h e  water 
i n   p i p e   t o   f r e e z e .  A f reezing  index  based on cumulative  degree-days  below 
f r eez ing   can   be   r e l a t ed  t,o depth o f  frost  pene t ra t ion ,  by U. S. Army Corps 
of Engineers  data  presenled. 

The warning i s  given that, water  temperature  should  be  maintained above 
0.3% t o  avoid  blockage due t o  f raz i l  ice  formation. 

Stephenson,  David,  Pipeline  Design  for  Water  EnKineers 

Amst.erdam, 1976. 
No. 6 i n  Developments I n  Water Science,  ed. Ven Te Chow, Elsevier, 

wrapped pipeline,   given  the  ambient s o i l  temperature  and  water  temperature. 
Formulae a r e   g i v e n   f o r   c a , l c u l a t i n g   t h e   r a t e  of heat loss and cooling from a 

Creager, William P., and Jus t in ,   Joe l  D., Hydroelectric Handbook 
2nd Edition,  Wiley, New York,  1950,  Page 657. 

Creager  and  Justin states t h a t   " t h e r e  i s  p r a c t i c a l l y  no danger  from 

the   p ipe  i s  below t h e   f r o s t   l i n e " .  That is ,  provided the mea:n s o i l  
f reez ing  in a pipe  covered  with .... ea r th ,  .... prov ided   t he   cen t r e ' l i ne  of 

temperature  surrounding  the  pipe is above O°C. 

Cameron, James J. "Buried Utilities in  Permafrost  Regions",  proceedings of 
Symposium on Utilities Delivery  in   Arct ic   Regions  held March 16, 17 and 18, 

Economic and  Technical Re.view Reoort EPS3-W-71-1 
1976, Edmonton, Alberta,  Pages 151 t o  200. 

Environment Canada, Janua:ry, 1977 

The water  temperature  should  not  be  allowed  to  drop  below O.3('C. The time 

remedial measures o r  r e p a i r ,  or t o  d ra in  the p ipe l ine ,  i n  the event of a 
f o r  t h e  p ipe   to   f reeze   should   be   des igned   to   be   long  enough t o   undertake^ 

f a i l u r e   o f  pumping, or of  heat  tracing,  whichever i s  preven.ting  freezing. 

GilpLn, R.  R. "A Study  of  Pipe  Freezing Mechanisms" 
Seminar as 4 ,  Pages 207 t o  220. 

.water)   before   nucleat ion,   then a sudden  formation of dendr i t ic !   i ce   c rys ta l s  
The mechanism of   ice   formation i s  described: water c o o l s   t o  -.O.l0C ( r i v e r  

occurs ,   and  temperature   re turns   to  OOC. Thereaf te r ,   annular   i ce  grows in 
l a y e r s  on the   p ipe  walls u n t i l   t h e   p i p e  i s  f rozen   so l id .  

I n  smal l   p ipes ,   the   dendr i t ic   s tzge   c rea tes  a s l u s h   i c e  which r equ i r e s  

presented fo r  p ipes   o f   the '   s izes   o f   in te res t   here ,   imply ing   tha t   for  sizes 
inc reased   p re s su re   t o  drive along. Data on increased  pressure i s  not  

l a rge r   t han  a few inches ,   t h i s  i s  not  a problem. 
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Thornton, D. E. "Calculation  of  Heat Loss From  Pipes" 
Seminar  as 4, Pages 131 to 150. 

Methods  are  given  for  calculation  of  cooling  and  freezing.ratrs  of  pipelines 
buried in various  soils,  given  water  and  air  temperatures. 

Carson, N.  B. "A New  Method  for  Heat  Tracing  Pipelines" 
ASME Paper No. 74-Pet-35  for  meeting  September 15 to 18, 1974. 

A discussion  of  the  skin-effect  method of heat  tracing. 

Legget, R. F.,  and  Crawford, C. B. "Soil  Temperatures  in  Water  Works 
Practice" J. AWA', October 1952, pp  923-939. 

Comprehensive  discussion  of  preliminary  results of  a  frost  pe:netration  study 
conducted  in  the  Ottawa  area.  Tests  basiczlly  ccnfi-rmed  the  applicability 

warning of uncertainties  involved is given.  Further  research  is  necessary 
of  the U. S. Corps of Engineers  Design  Curve  (Reference l), however,  the 

to  get a better  definition  of  the  problem  and  solutions. 
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1 PROJECT V4191 
HAT CREEK PROJECT 
COOLING WATER SUPPLY i 
FROJECT MENORANDUM V4191/9 1 FIJMP  DE:SIGN ALLOWAIiCE 

B.C. HYDRO AND POWER AUTHORITY I 
VANCOWER B.. C .. 
DATE 3-FEBRUARY 1978 

PURPOSE, 

The purpose   o f   th i s   Pro jec t  Memorandum i s  to   record  the  informati .on  or iginal ly  
presented i n  a l e t t e r   d a t e d  30 November 19'77. 

INTRODUCTION 

The use  of a d e g r i t t i n g  system t o   p r o t e c t   t h e   b o o s t e r  pumps from excessive 
wear has  been  accepted.  Therefore  the  matter of add i t iona l  pumping capaci ty  
remains  only  to  be  viewed  with  respect  to a general  pump design  ;allowance t o  
compensate fo r  normal wear. 

BOOSTER- 

Tolerances  and  Allowances 

There are many to le rances  and  allowances which a r e   b u i l t   i n t o   t h e  equipment 
and pumping system. The most  important  are: 

1. Manufacturing Design Tole- 

Pumps bui l t   accord ing   to   the   Hydraul ic   Ins t i tu te -Cent r i fuga l  Pump Test 
Code, must ensure   tha t :  

... no minus to le rance  o:r margin shal l   be   a l lowed  with  respect   to   capaci ty ,  
t o t a l  head or e f f i c i ency  a t  t h e   r a t e d  or specif ied.condi t ions. .  

Furips shal l   be   within  the  fol lowing  tolerance:  

A t  r a t ed  head:  plus 10 percent   of   ra ted  capaci ty ,  or 
at ra ted   capac i ty :  ?ius 3 percent  of  rated  head. 

It fol lows  that  a flow a:tlowance  of up t o  10  percent may b e   b u i l t   i n t o  a 
pump by the   manufac turer   to   ensure   tha t  it meets  specified  conditions.  

2 .  Frict ion  Tolerance 

The est imate   of   f r ic t ion  for   the  cool ing  water   supgly  pipe l i ne  is 

p ipe l ine   f r i c t ion   a f t e r   ex t ended   s e rv i ce   o f   coa l - t a r  epoxy l i n e d  steel 
conservative.  A value of  10  m/lOOOmisused,  which i s  the  est;:imated 

p ipe .   Actua l ly ,   the   f r ic t ion  does not   increase  appreciably  over   the  lower,  
new pipe  value of 8 m/1000 m. This indicates   that   the   actual   f low,   because 
of lower friction  head,  could  be  approximately 7 percent   g rea te r   than  
des ign ,   th roughout   the   l i fe   o f   the   p ro jec t .  
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d 

d. 

?. -Iced F r i c t ion  at  Lower Flows 

mode of   operat ion,   there  may be   add i t iona l   capac i ty   i n   t he  system re su l t i ng  
The above to l e rances   a r e   fo r   t he  m a x i m u m  flow  condition.  Depending on the  

lest;  than h booster pump::, operating  over a longer  time  span,  there would 
from reduced  friction  head a t  lower  flows. By choosing a pumping mode with 

be  addit?.onal  capacity as: shown  on at tached Drawing D4191/9-1. and 
summarized as   fol lows : 

Rated  Flow/Unit. 
Number of Actual Flow X No. of Pumps Additional 

pwnl)s Operatine - l/s:ec (IJSGPM) l / s e c  (USGPM) ll’low Capacitz* 

4 
3 

1 
2 

1580  (25,000) 
1290  (20,500) 

1580  (25,000) 
1185 (18,750) 

91.5 (14,500) 
475 ( 7,500) 

790 (12,500) 16% 
395 ( 6,250) 20% 

0 
9% 

Note! t h a t  a t  any  flow  except m a x i m u m ,  t h e  pumps w i l l  del iver   considerably 
more than   the i r   ra ted   ind iv idua l   capac i ty .  

There  are two other   areas  which  could  have  built-in  allowances  although 
the::e a r e   d i f f i c u l t   t o   q u a n t i f y  a t  t h i s  time. One i s  the  m a x i m u m  design 
capacity  of  1580  l /sec  (25,000 USGPM) being 44 percent  higher  than  the 

The other  area i s  the  allowance i n  cooling water requirements  which  the 
average demand of 1099 l / sec   (17 ,423  USGPM) a t  100 percent   capaci ty   factor .  

power plant   designers  have  already  included. 

Consequences o f  Flow Allowance i n  Design 

Many adve r se   e f f ec t s   r e su l t  when an  allowance i s  added t o   t h e  head o r  flow 
capacity  of a high  pressure pump. 

The atta.ched Drawing  A&191/9-2  shows  what e f f e c t s  a normal f:l.ow allowance 
of 10 percent   has  on t h e  head  of,  and power for  t h e  pump. For our system,  an 
addi t iona l  10 percent  f low  increases  the  total   head by 3.3 percent and 
increases   the power  by 14 percent.  The velocity  through  the pumps and piping 
increases  by 1 0  percent.  

Specifically,   the  consequences  of a flow  allowance are: 

1 ~ .  Power Requirements 

A 10 percent  flow  allowance  necessitates  motors of l h  percent  higher 
horsepower r a t i n g  and la rger   cab les   to   accomodate   the   resu l t ing   increased  
current .  

* - Actual  flow - Rated  flow x 100 percent 
Rated  flow 



" SANDWELL 

2. EIW Veloci tx  

For valves  and some p i p e   f i t t i n g s ,  a LO pe rcen t   i nc rease   i n   ve loc i ty  would 
r e s u l t   i n  an estimated 33 percent   increase   in  wear, as wear :is approximately 
p r o p o r t i o n a l   t o   t h e  cube! o f   t he   ve loc i ty .  Pressure changes ' due t o  
waterhammer  would a l s o   i n c r e a s e   i n   p r o p o r t i o n   t o   t h e   v e l o c i t y .  

For t h e  pump, a flow  allowance would increase   the  NF'SH requi.:rements  and 
wear wi th in   the  pump. 

INTAKE PUMps 

The 5 in take  pumps have  each  been s i zed   fo r  330 l/seC (5,250 USCl'M) providing 
a t o t a l   capac i ty   o f  1660 l /sec  (26,250 USGPM) a t  minimum r iver   l eve l .   This  i s  
5 percent  greater  than  required  because a flow  allowance i s  added t o  cover 
miscell.aneous additional  requirements  such as booster  pump seal water ,   in take 

backwash, washroom faci l i t i .es ,   c lean-up  hoses ,   e tc .  Also, since  ef'fective 
pump bear ing   f lush  water, t r ave l l i ng   s c reen  showers, c l a r i f i e r  o r  f i l ter  

been  included for wear. The! in take  pumps are designed t o   d e l i v e r  330 l / s e c  
degri t t ing  cannot   be  provided  pr ior   to   the  intake pumps, some allowance  has 

(5,250 USGPM) a t  minimum r ive r   l eve l   bu t   because  of t he   va ry ing   r i ve r   l eve l  
and the  varying  pipe  l ine  friction  depending on  number of pumps in   opera t ion ,  
t h e  all.owance w i l l  a c tua l ly   va ry  from 5 percent at  minimum r ive . r   l eve l   wi th  
f i v e  ptmps o p e r a t i n g   t o  20 percent at  m a x i m u m  r i v e r   l e v e l   w i t h  two pumps 
0perati.ng. The 5 percent  allowance would be  adequate t o  cover wear  and 
miscellaneous  services.  

RECOMMENDATIONS 

Based on the  above,  Sandwell  recomend that: 

1. For the   boos te r  pumps, sddi t iona l   capac i ty   no t   be  added t o  compensate for  
normal wear  and tear   because of many to le rances  and allowances  already 

r e su l t i ng  from added Capacity. 
i n c l u d e d   i n   t h e  system. a.nd equipment  and  because of adverse   e f fec ts  

2. For t he   i n t ake  pumps, a 5 percent  additional  capacity  allowance  be added 
t o  compensate for  pump wear,   including  process  losses.  

Approved by 

Froject  Fhgineer 





I 

1.5 



c 

YL 

.. . 

rc 
. .  P R O J E C T  MFNORANDUM V k 1 9 1 / l O  

P R O V I S I O N S  FOR I N S P E C T I N G   T R A V E L L I N G   S C R E E N S  



B. C.HYDR0 ANI) POWER AUTHORITY 
VANCOWER B.C. 

I.’ROVISIONS  FOR  INSPECTING TRAVELLING SCREENS 
PROJECT MEMORANDUM Vk191/10 DATE 22 DECEMBER 1977 

PURPOSE 

The purpose  of   this   Project  Memorandum i s  to   desc r ibe   t 4e   p rov i s ions  made fo r  

F isher ies  and  Marine Services  of Environment Canada. 
inspec t ing   the   t rave l l ing   sc reens  i n  o r d e r   t o  merit the  requirements   of   the  

“ 

PROVISIONS  FOR  INSPECTING TRAVELLING SCREENS 

The general  arrangement  of  the water in take  and the  proposed  provisions  for 
i n spec t ion   o f   t he   t r ave l l i ng   s c reens   a r e   i l l u s t r a t ed  on Drawing D4191/10-1 
of December 1977. 

The following components of  a convent iona l   t rave l l ing   sc reen   requi re   per iodic  
inspec t ion   to   ensure  f i s h  t i gh tness :  

- Screen  c loth 
- Side   s ea l s  
- Bottom seals 

Inspect ion  of   the  screen  c loth  can  be  carr ied  out  i n  the  screen  housing a t  

had i t s  turn .  
opera t ing   f loor  at  any t ime,   s imply,   by  rotat ing  the  screen  unt i l   each  panel   has  

provisions,   both  of which are   descr ibed below: 
The inspect ion  of   the  s ide ;and bottom  seals  requires  special   t iming  and 

Bottom and s i d e   s e a l s  of the   t rave l l ing   sc reens   could   be   inspec ted   annual ly  
during low water. To enable   th i s  work to be  carried  out ‘ i n  t he   d ry ’ ,  a 
fl.ow of 283 m3/s (10,000 cfs)  has  been  adopted as t h e  maximum win te r   r i ve r  flow 

shown on Section A-A of Drawing 04191/10-1 i s  t h e  calculated  water  surface for 
( s e e  Drawing D4191/10-2 of December 1977). The leve l   o f  290.50 m ( 9 5 3   f e e t ) ,  

t h i s  flow. The pumphouse headroom, crane and screen frame would be  designed  to  
enable   1 . i f t ing   o f   the   en t i r s   sc reen  u n i t  above t h i s  water l e v e l   t o   a l l o w  
inspec.tion of t h e  bottom  and s i d e   s e a l s   ‘ i n   t h e  dry ’ .  

To prevent ,  i f  necessary,  f i s h  from e n t e r i n g   t h e  pump  sump while: the   sc reen  
u n i t  i:; i n  the   ra i sed   pos i t ion   for   inspec t ion ,   s top   logs  would be  posi t ioned 
as shwm i n  Section A-A. 

Quick :release of spray  water and e lec t r ica l   connec t ions  would be! provided at  
operat ing floor to   enable   i .nspect ing  with  the minimum of down-ti.me. 



SAWDWELL 

A removable  platform would be  provided  for   the  actual   inspect ion  phase and 
maintenance, if necessary,   of  the  bottom and s i d e  seals (Sect ion A-A). This 
platform would be   fo lded   (Deta i l  ' Z ' )  when passing  through  the  narrow  opening 

Movement o f  the  platform i n  t h e   v e r t i c a l   d i r e c t i o n  would be  achieved  by  an 
a t  ope:rating  floor  between the  cu r t a in  w a l l ' a n d  travell ing  screen  housing. 

manually  operated by a ' con t ro l l e r   pu l l   co rd ' ,  which would ex tend   to   the   lowes t  
a u x i l i a r y   e l e c t r i c a l   h o i s t  as shown in   Sec t ion  A-A. This   hois t  ,would be  

posi t ion  of   the  inspect ion  platform.  

This  arrangement would requj-re  only  one  inspection  platform  for all s i x  c e l l s .  

Before  the entire screen u n j . t  would be   r e tu rned   t o  i t s  opera t ing   pos i t ion ,   the  
s i l l  would have t o  be  cleaned of r iver   sol ids   that   might   have  been  deposi ted 
during  the  inspect ion  per iod.  This cleaning would be  done  by means of a high 
pressure  water  lance  operated from the  inspect ion  platform.  

A hatch  has been incorporated as shown i n   t h e   P l a n  of the  inspect ion  platform 
to   p rovide   access   for  a d iver  by  means of a l a d d e r   t o   t h e   c o n c r e t e  s i l l  and 
trash rack.  This  access  hatch would a lso provide a means of   c lose ly   inspec t ing  
fish  behaviour and obtaining:   f ish  counts ,   e tc .   in   the  by-pass   channel .  
Removable inspect ion lamps  would be   c l ipped   t o   t he   p l a t fo rm  handra i l   t o  assist 
i n  the   inspec t ion  and f i sh   observa t ions .  

Prepared  by 

Project  Engineer .d 
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PROJECT MEMORANDUM Vbl9l/ll 

PROVISIONS FOR TESTING A STATIONARY SCREEN 

- 



B. C.  HYDRO AND POWER AUTHORITY 
VANCOUYER B.C. 

- PROJIECT MEMORANDUM V4191/:g DATE 22 DECEMBER 1977 
- PROVISIONS  FOR  TESTING A :STATIONARY SCREEN 

PURPOSE 

The :purpose o f   t h i s   P r o j e c t  Memorandum i s  to   descr ibe   the   p rovis ions  made f o r  
t e s t i n g  a s t a t iona ry   s c reen   i n   o rde r   t o  accommodate the   reques t  of t h e  
F isher ies  and Marine Services  of Environment  Canada. 

“ 

- PROVISIONS FOR TESTING A ;STATIONARY SCREEN 

The concept  of  an  intake with s ta t ionary   sc reens  was presented as Type I B  on 
Drawing D4007/1/1 in   Sandwell’s   Project  Memorandum V4007/1  on Water In take  
Design,  dated  January 197’7. In   Sect ion F-F, t he   s t a t iona ry   s c reen  i s  b a s i c a l l y  
i n  l i n e   w i t h   t h e   c u r t a i n  w a l l  and  exposed d i r e c t l y   t o   t h e  river flow. A 
similar placement of a s ta t ionary   sc reen   for   t es t ing   purposes   in   the   p roposed  
Thompson River  Intake would physical ly   be  possible  by interchanging a t r a s h  
rack  for  a s ta t ionary  screen.   Hydraul ical ly ,  however, the   S ta t ionary   sc reen  
would not   be   connec ted   to   the  pump ce l l   behind  it because  of the  by-pass 
between t rash  rack-curtain w a l l  and t rave l l ing   sc reens .   Extending   the   ce l l  
w a l l s ,  by means of s t o p   l o g s ,   t o   t h e  trash rack-curtain w a l l  would p rov ide   t h i s  
hydraulic  connection  but it would interfere   with  the  by-pass   f low - an 
unacceptable  condition ‘ for  t he   ope ra t ion  of the  remaining  intake  cel ls .  
Therefore ,   the   on ly   p lace   su i tab le   for   t es t ing  a s ta t ionary   sc reen  would be  at  
the  face  of   an  intake  cel l ,  where the   sc reen  would b e   s u b j e c t   t o   t h e  by-pass 
flow  (See  Sections E-E and F-F, Drawing D4191/11-1 of December 1977). 

A s  t h e   t e s t   s c r e e n  would he   p l aced   i n   t he   spa re   ce l l  which  would not  have a 
pump, f low  through  this  cell would  have t o  be  obtained from the  adjacent  pump 
c e l l .  To achieve t h i s ,  a s lu i ce   ga t e  would be provided. Duri.ng t e s t i n g  of 

by-pass  and t h e   s l u i c e  ga%e  would b e   i n   t h e  open pos i t ion ,  so that  a l l  the 
the   s ta t ionary   sc reen ,   s top   logs  would i s o l a t e   t h e   a d j a c e n t   c e l l  from the  

pumped flow would go through  the stationary screen. 

Approved by 
B.R. McConachy,  P. h g .  
Project  Engineer 
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PROJECT MIMORANDUM Vb191/12 

PIPELINE ROUTING - McLEAN LAKE TO  PLANT RESERVOS 



PR0,JE:CT V4191 
HAT (!REEK PROJECT 
COOL1:NG WATER SWPLY 

PROJEXT MEMORANDUM V4191/12 
PIPELINE ROUTING - WLEAIi LAKF: 
TO PIANT  RESERVOIR 

PURPOSE 
” 

E.C. HYDRO AND POWER AUTHORITY 
VANCOUVER ~ E. C. 

DATE 22 DECEMBER 1977 

7”ne purpose of  t h i s  Pro jec t  Memorandum i s  to   r eco rd   t he   i n fo rma t ion   o r ig ina l ly  
presented i n  a l e t t e r   d a t e d   1 2  December 1977. 

INTRODUCTION 

The t,opography  between McLean Lake  and t h e  Power P lan t   r e se rvo i r   p re sen t s  
va r ious   p ipe l ine   rou t ing   a l t e rna t ives  which a re  shown on the  enclosed  drawings 
D4191.-12-1 and D4191-12-2. 

These p ipe l ine   rou t ing   a l t . e rna t ives   a r e :  

A Eiummit Route 
E Summit Route 
C Medicine  Creek  Route - Pumped Flow, Full Pipe 

The objec t ive  i s  t o   s e l e c t   t h e  most  economical a l t e r n a t i v e .  While 

se lec t ing   the   rou te ,   these   cons idera t ions   a re   no t   inc luded  i n  t he   ana lys i s .  
considerat ions  of  combining s e r v i c e   c o r r i d o r s   i n   t h i s   a r e a  may p lay  a p a r t  i n  

- Gravity Flow, Fu l l   P ipe   ( so l id   l i ne )  
- Gravity Flow, P a r t l y   F u l l   P i p e   ( d o t t e d   l i n e )  

DESCRIPTION AND MERITS  OF  ROUTES 

A. + m i t  Route - Gravity Flow, Ful l   P ipe  

This a l t e r n a t i v e ,  shown as a s o l i d   l i n e  on drawing D4191-12-2, would be a 
g r a v i t y   p i p e l i n e ,   s t a r t i n g  at  t h e  summit tank and k e p t   f u l l  by a discharge 
valve on t h e   o u t l e t .  The summit route  was chosen  during  Conceptual  Design 

pump d ischarge   l ine .  A t  tha t   t ime,   the   d i scharge   f low  ra te  was t o   b e  
t o  gain  an  advantage i n  waterhammer cont ro l  by shor ten ing   the   l ength  of t h e  

i.n t h e  summit t a n k   t o   c o i n c i d e   w i t h   t h e   p i p e l i n e   f r i c t i o n  ‘between t h i s   t a n k  
c!ontinuous at  t h e  syst.em capacity  of 1600 l / s .  By se t t i ng   t he   wa te r   l eve l  

and t h e  power plant   reservoir ,   energy was not  wasted. 

However, during t h i s  Preliminary  Engineering  stage of s tud ie s ,  it has 
d.eveloped that   the   average  discharge i s  only 663 1/s. A t  t h i s   l e s s e r  

l e s s ,  s o  t h a t   t o   f o l l o w   t h e  summit route  would involve pumping over a hump 
d.ischarge r a t e ,   t h e   f r i c t i o n  between the   t ank  and r e se rvo i r  would be much 

and  wasting  energy. E:nergy would be  wasted  even if periodic  pumping a t  
system  capaci ty ,   for   shorter   durat ions  of   t ime,  was ca r r i ed   ou t   t o   p rov ide  
t h e  make-up water  requirements, as p i p e l i n e   f r i c t i o n  i s  much higher  at t h i s  
capac i ty   than   a t   the   average   ra te .  
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SAIIDWELL 

- Summit Route - Gravity  f low,  Partly Full Pipe 

This a l t e r n a t i v e ,  shown  on drawing Dk191-12-2 as a dashed ' l ine  is a 
p a r t i a l l y  f i l l e d  p i p e l i n e   s t a r t i n g  at the summit t ank .   In   o rde r   t o  be 
pr r r t ia l ly   f i l l ed   th roughout  i t s  length,  it i s  l a i d  at  a s teady  gradient  

length has been minimized by using earth berms f o r  low spots ,  and cu t s   fo r  
oi' 0.75 percent which i s  why it must follow a c i rcu i tuous   rou te .  The route  

high  spots .  

Compared t o  A, the   advantages  are:  

- air valves  unnecessary. 
- se l f   d ra in ing .  

- discharge  control   valve and control  apparatus  unnecessary.. Summit 
tank   leve l  would  be  controlled by an  overflow weir. 

However,  compared t o  A,  the  disadvantages are: 

- an 1150 m diameter   p ipe l ine ,   ra ther   than  800 mm diameter:, is 

- the   rou te  i s  longer. 
- ear th  fill berms and deep  rock  cuts  are  required. 

:required. 

- Medicine  Creek  Alternattve - Pumped Flow, Full Pipe 

This a l t e r n a t i v e  was developed  specifically  to  save  enerQy when pumping 
a t  discharge  ra tes   less   than  the  system  capaci ty .  When the   rou te  was first 
developed,  the waterhammer control   implicat ions were unknown. Subsequently, 
as  discussed i n  the  foll .owing  section, it has  been  determined  that   there i s  
on1.y a small   difference i n  waterhammer control  requirements between A and C. 

Compared t o  A ,  the  advantages of t h i s   r o u t e  are: 

- t h e   t o t a l   r o u t e  i s  s l i g h t l y   s h o r t e r .  
- energy i s  saved when t h e  pumping r a t e  i s  l e s s   t h a n  1600 l / , s ,  t h e  

- a downstream discharge  control  valve i s  not   required,   as   the  pipel ine 
system  capacity. 

would en te r  t h e  r e se rvo i r  below the  l o w  water   level .  

Waterhammer Protect ion 

Waterhammer protect ion  requirements   for  A, B and C a r e  shown on Table 1. 
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Table 1 -. Wate rhmer   P ro tec t ion  Requirements, 

Downstream 
Discharge 

Summit 
One Way Tank o r  

Flywheels Valve s t r u c t u r e 3  
pump 1 Control  Surge  Overflow 

A Summit Route - 
F u l l  Pipe Yes Yes 1 Required Yes 

R Summit Route - 
P a r t l y  Full Pipe Yes NO 1 Required Yes 

C Medicine  Creek Yes No 2 Required No 

- COST  COMPARISON 

To a s s i s t  i n  the   se lec t ion   of  t h e  most a t t r ac t ive   a l t e rna t iva ,   cos t   d i f f e rences  
r e l a t i v e   t o   A l t e r n a t i v e  A are given on Table 2. 

- 
1. Flywheels on  pumps inc rease   t he   i ne r t i a  at  t h e  pump and thus  reduce 

t h e  s eve r i ty  o f  flow  and  pressure change caused by power failure.. 

2. One-way surge  tanks  a.re  tanks  isolated from t h e   p i p e l i n e  by check valves.  
When a negat ive  pressure wave passes down t h e   p i p e l i n e ,   t h e  check  valves 
open and water  flows  into t h e  p ipe l ine  from t h e  tank ,  thereby  preventing 
water colwnn separat ion and cav i t a t ion .  

3. The summit overf low  s t ructure  would cons is t   o f  a tank wi th  i n t e r n a l  
overflow  weir,  designed  to  keep  the  pipeline  upstream submerged,  and t o  
sepa ra t e  it from t h e   s e c t i o n  downstream. 



Table 2 - Cost Summary 

?ipel ine 

3.3 MPa, 800 m D. 
11.9  MPa, 800 mm D. 
7.4 MPa, 800 mm D. 
3.3 MPa, 1150 mu D. 

Unit 
cos t  - 

780/m 

940/m 
1,fOS:m 

$ 17,000ea 

a50rm 

:ir and drain  valves 
?ock excavation $ 13/m3 
Zarth berm construction $ 2.50/m3 

Cotal 

J a t e rhmer   P ro tec t ion  

plywheels 
L-way surge t a n k  
)ischarge  control  valve 
jummit Overflow Structure 

Fotal 

hergy Cost 
r 

Cxtra Pumping  Head a t  
Averwe  Discharge 

!OTAL EXTRA COST 

Summit 
Full Pipe 

Summit 
Par t ly  Full Pipe 

Medicine 
Creek - . 

A B C 

Base 
Base 

Base 
Base 
Base 
Base 
Base 

$ 
$ 350,000 ea. 

- Base 

$ 100.000 ea.  Base 
Base 

$ 150,000 ea. Base 

$ 17,50O/m Base 

- 2,480 m -510 m 
0 -150 m 

- 10 m 
0 
0 
0 

185,000 m3 0 

0 

- 4 
4,270 m 

16,000 m 3  

0 
0 

-1 
0 

0 
+1 
-1 
-1 

0 -33.30 m 

L 

Extra Cost 
($lOOOS 1 

- A B C - - 

0 
0 -2,730 -400 

0 -130 
0 
0 11,700 

0 - 10 
0 

0 -  7 0 '  0 
210. 

0 
0 

0 +2,570 -544 

- 460 .- 

0 0 
0 

0 
0 350 

0 - 100 -100 - 0 0 -  

0 - 100 +200 

0 0 -580 "- 
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1s shown  on Table 2, t h e  Medicine  Creek  rou%e,  Alternative C, is t h e  least 
m s t l y  scheme  due to   t he   sho r t e r   l eng th  of p ipe l ine  and  reduced power cost. 
Pbe sumit rou te ,  A ,  using a full pipe  costs   a lmost  $1 mil l ion  more, or using 
3 p a r t l y  fill pipe $3.L milj.ion more. 

I'nerefore,  Sandwell recommends the  Medicine  Creek  route  be  adopted. The 
:omparettive cost   data  provided w i l l  enable B.C. Hydro t o  evaluate any combination 
,f corr idors .  

Prepared by 
A . P .  

Approved by 
B.R. McConachy, P. Eng. 
P r o j e c t   h g i n e e r  

PM V4191/12) 5 
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B. C. HYDRO & POWER AUTHORITY 
VANCOWER B.C. 

PROJECT MEMORANDUM V4191/13 
PIPELINE  STEEL  SELECTION 

DATE I 5  DECEMBER1977 

SUMMARY 

Only detai led  engineer ing  s tudies   can make t h e   f i n a l   p i p e l i n e   s t e e l   s e l e c t i o n ,  
however,, as this item  comprises some $5-6 mi l l ion   in   cos t   for   p ipe   supply ,  
de l iverJ ,  and  welding, a pre l iminary   spec i f ica t ion  i s  needed for   cos t   es t imate  
purpose!s. 

Using  information from various  pipe mills, a reasonable  preliminary 
spec i f i ca t ion  can  be made. :Cn addi t ion,  a t o t a l .   d i r e c t   c o s t   a n a l y s i s   f o r  
pipe and  welding  cost components was made, and as a result the  following steel 
selected:  

Standard 

CSA 2245.2 H i g h  Strength  Steel   Line  Pipe 18 i n .  and  Larger 
i n  Diameter. 

Grade 60 Category I1 

Minimum 'Tensile  Strength 518 MPa (75,000  psi) 
Minimum 'Yield Strength 414 MPa (60,000 psi) 

Deviations: Maximum carbon  equivalent 0.40 
Maximum carbon  content 0.12 
Impact test - Charpy  v-notch, full size, 54 J 
a t  -4OC (40 f t  l b  a t  +25OF). 

CODE SELECTION 

The following  organizations  write  codes  which  were  considered: 

AWWA -, American Water Works Association 

- covers   pipe  and  s teel ,  similar t o  AFT for  steel. 
C201- Fabr ica ted   E lec t r ica l ly  Welded S t e e l  Water Pipe 

C201- AWWA Standard  for Mill Type S t e e l  
Water  Pipe - covers   pipe  and  s teel ,  similar t o  M I  for   ; s tee l .  

ASTM -. American Society  for   Test inn and Materials 

A516-74a Pressure  Vessel  Plates,  Carbon S tee l ,   f o r  Moderate 

- for welded  pressure  vessels  where  impact i s  
and Lower Temperature  Service. 

importmt.  

A537-74a Pressure  Vessel  Plates,   Heat  Treated,  Carbon-Manganese- 
S i l icon .  - normali.zed  or  quenched  and  tempered. 
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Apr - American  Petrol.eum I n s t i t u t e  

API-5LX - Speci f ica t ion  f o r  High Test  Line  Pipe - mataerials and p ipe   fabr ica t ion .  

ASME: - American Society of  Mechanical  Engineers 

ASME Boil t t r  and  Pressure  Vessel Code Sect ion V I 1 1  - covers   mater ia ls ,   design,   fabr icat ion and erec t ion  
of unfired  pressure  vessels .  

CSA - Canadian  Standsrds  Association 

2245.1 General  Requirements f o r  P la in  End  Welded and 
Seamless  Steel  Line  Pipe. - covers   general   p ipe  specif icat ion and t e s t i n g .  

2245.2-1974 High Strength  Steel   Line  Pipe 18 inchels  and l a r g e r  
i n  diameter. - covers material and p ipe   fabr ica t ion .  

The CSA standard is very   s imi la r   to   the  API-5LX standard,  however f o r  Canadian 
condit , ions,   especially  for  cold  temperature  services,   the  Canadian  standard 
i s  superior .   Ei ther  CSA or API standards  should  be  used,  as  they  are more 

with  their   requirements .  
commonly spec i f ied   than  AWh7A, ASME o r  ASTM, and mills a re  thy6 ‘more f ami l i a r  

GRADE SELECTION 

The choice of s t e e l   g r a d e  i!rom within  the  range  included i n  CSA. 2245.2 is as  
shown  on Table 1. 

- 

1 Table 1 - S t e e l  Grades 

Minimum 
Yield 

Minimum 
Tensile Allowable 

Grade - Strennth 
P s i  MPi; MPa p s i  Mpa 

Strength 
Ps i  

Stress’ 

52  52,000 3519 66,000 
56 56,000 386 
60 60,000  41 4 75,000 

71,000 

65 65,000 448 77,000 
70 70,000 483 82,000 

455 22,000  152 
490  23,600  163 
518 25,000  173 
531  25,600 
574 27,300  188 

177 

* For normal  conditions,  as  defined i n  Design Cr i te r ia ,   equa ls   l e i se r   o f   Yie ld  
Strength x 0.8 or  Tensile Strength x 0.33. 

The following  recommendations  were  received  during  the  course (of s tud ie s   t o   da t e :  

- Stee l  Co. of  Canada (Meeting 5 October 1977, l e t t e r  18 0ctobe:r 1977, F i l e  272.34 

Reconmend grades 60 t o  70, t o  have t h e  most range  for  adjustment of s t e e l  

e spec ia l ly ,   ac i cu la r   f e r r i t e   mic ros t ruc tu re ,   such   a s ,  i n  p a r t i c u l a r ,   t h e   l e t t e r  
chemis t ry   t o   t a i l o r  it to   t he   spec i f i c   pu rposes .  Recommend pear l i te-reduced,  or 

recommends s t e e l   t y p e s  as follows: 

(PM Y4191j13) 2 
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1. A 0.12% carbon maximum, f e r r i t e  - pea r l i t e   t ype   s t ee l ,  which was used for 
1067 mm (42") O.D. x 9.7 mm(.,3801t) w a l l  Gr. 65 for  B.C. Hydro. 

2, ' A  0.10% carbon maximum p e a r l i t e  - reduced molybdenum bearing  s teel ,  
currently  being used fo r  Gr. 70 l ine   p ipe .  

Table 2 shows the  available w a l l  thickness for 920 mm O.D. pipe from t h i s  
suppli.er. 

Table 2 - Stee l  Co. of Canada Pipe  Supplz 

Welland - Stelform  Pipe Mil& 920 m. O.D. 

Thickness (mm) a t  
L i m i t  o f  Supply 

38.1 

29.0 
31.5 

24.9 
26.4 

20.3 
23.1 

Maximum Required 
Thickness (mm) 
fo r  7.91 NPa 

24, 23 
22 
20 
19 
19 
18 
16 

(1) Minimum I.D. from Stelform Mill 882.7 mm., UO Mill cannot 
meet wall  thickness  requirements. 

( 2 )  Not covered by CSA 2245.2 

Therefore,  the  Stelco  supply limits have no influence on the  select ion of s t e e l  
grade, at this  diameter  of 920 mm O.D. 

-a S tee l   (Le t t e r ,  8 August 1977) 

Limi t . s  of plate  supply m a y  influence Grade se lec t ion ,  as shown  on Table 3: 

- Table 3 - Alnoma Stee l   P la te  SuDply 

Maximum ( 1) 
Thickness (mm) a t  Required 

- Grade L i m i t  of  Supply  Thickness-(mm) 

56 

65 

52 

60 

70 

36.3 
27.1 

12.5 
19 -2 

11.7 

19 
18 
17 
17* 
16* 

(1)For nominal 800m diameter  pipe,  for 7.91 MPa. 
* Required  thickness  exceeds  available  supply 

Therefore, if the  pipe were made from p la t e  from t h i s  suppl ier ,  Grade 60 would 
be the  maximum possible  to  supply the  maximum plate,thickness  requirement. 

(PM Vh191/13) 3 
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- Interprovincial   Steel   and  Pipe Co. (See V4007 - Minutes of Meeting 3).  

Recommt?nd use  of Grade 70 pipe.  L i m i t  of supply i s  a t  14.3 rn for  863  and 
914 m O.D., and 12.7 m f o r  813 mm O.D. s ize,  regardless  of grade  selected.  

Mannesmann Pipe and Stee l  C c a  

Sugges.t  use of  higher  grade,  such as 70, t o  reduce t o t a l  tonnage  of  steel .  Limil  
of  supply do not   a f fec t   g rade   se lec t ion .  

B .C .  Hydro Gas Division - (See V4007 - Minutes of Meeting 2)  

have  used  Grade  65  successfully. 
Recommend ex tens ive   s tudy   t o   s e l ec t   s t ee l ,   cu r ren t   p rac t i ce :  

Kokan K.K.  (Minutes  of  Meeting 11) 

Have supplied  Grades 42 t o  75, bu t   for   th i s   appl ica t ion   recornend Grade 60 o r  
lower. L i m i t s  of  supply from UOE Mill - 25.4 m wall   th ickness   regardless   of  
grade,   for  813-914 mm O.D. 

Sumitomo Metal Indus t r i e s ,  Ltd. (Le t t e r  - undated) 

Grade 70 and  heavy wall thicknesses   of  Grade 65 could  have some ba in i t i c*  
micros t ruc ture ,   therefore   use  Grade  60 o r  lower. L i m i t s  of  supply - 
38.1 nun w a l l  thickness  rega.rdless of grade ,   for  813-916 mm O.D. 

Willituns Brothers Canada L t L  (See V4007 - Minutes  of  Meeting No. 1) 

Recornlend Grade 52 o r  56 to  avoid  problems of welding and f ie ld   bending,  
pa r t i cu la r ly   p reva len t  w i t h  thin-walled  pipelines.  

These  recommendations,  although  not  completely  consistent,  suggest - 
1. Avoid grades t h a t  a re   too  low (. less  than 56) due t o  wall thickness  

bwoming  excessive. Al.so, the  necessi ty   for   control led  chemistry  for  
w e l d a b i l i t y   m d  impact  requirements,   automatically  gives  higher  yield 
s tzengths .  

2. Avoid grades t h a t  a re   too   h igh ,  (.i. e .  701, t o   a v o i d  thin-wall vending and 
welding  problems, also to   avoid   ba in i t ic   micros t ruc ture .  

3 .  Recommended range i s  general ly  Grade 56, 60 and 65. Therefore, a b r i e f  cost 
arialysis was made, incl .uding  the  cost   of  pipe  supply,   delivery,  and 
we!lding, for these  three  grades.  The r e s u l t s  are shown on Table 4. 



- Table 4 - S t e e l  Grade  Cost Analysis 

For P ipe l ine   P ro f i l e  as shown on Sketch D4191-SK64 dated  October 77. 

Grade - 
56 

60 

65 

Pressure 
MPa 

3.0 
4.9 
7 .3  

3:O 
4.9 
7.3 

3.0 
4.9 
7.3 

Wall (1) 
Thickness  Length 

nun" km 

8 8.83 
12 
1 8  

10.77 
3.03 

8 8.83 
1 2  10.77 
17 3.03 

8 8.83 
11 10.77 
17  3.03 

Unit  Cost ( 2 )  Total  Cost 
$Im ($2000'~.) 

202.5 1790 
273.4 2940 
380.5 1150 

5880 

205.4 1810 
277 7 

- 

368.8 
2450 
1120 
5380 
- 

205.6 1820 
273.4 2940 
380.4 - 1150 

5910 

Tota l  
Difference 
($l,OOO'S) 

+500 

o Least 
Costly 

+530 

(1) To nearest  mm. - Mill to lerance  

( 2 )  Unit  cost  based on 900 D. p ipe ,   for  which  comparative  data are avai lable .  
According to   Smitomo,  F.O.B. Vancouver,  import  duty  paid,  includes 
F.S.T., P.S.T., freight to   Ashcrof t .  Welding  included (a t  $68-$82Im) 
depending on wall thickness   but   not   s teel   grade.  

Therefore, Grade 60 apparently  saves  about $500,000 over  Grades 56 and 65, 
and as it a l s o   f a l l s   w i t h i n   t h e   r a n g e  of most recommendations,  has  been 
selected  for  Preliminary  Engineering  purposes. 

I_mpact Requirements.. 

water. Therefore, when i n e t a l l e d ,   t h e   p i p e   s t e e l  i s  unl ike ly  t o  fa l l  below 
The p ipe l ine  w i l l  be   bur ied ,  and normally w i l l  only  be stressed. when f i l l e d  w i t h  

0 OC, both  due t o  the wate? it c a r r i e s  and the  depth of b u r i a l   g e n e r d l y  below 
f r o s t   l i n e .  

The p:rimary purpose of  impact  towhness  requirements i s  to   p revent   c rack  

o r  accidental   impact  (for  example,   arcidental  strike by a backhoe), it would 
growth, so that  if a small crack  forms,  ei ther due t o  a construct ion  oversight ,  

no t   be   ab le   to  grow i n t o  a major  leak. 

Crack growth c r i t e r i a   a r e   t h e   s u b j e c t  of intensive  study  by a ( S A  Code 
Sub-committee. When a crack i s  l e s s   t h a n  a ce r t a in   s i ze ,  it w i l l  not grow 
when the  pipe i s  s t ressed  'to the  indicated  level ,   according  to   the  fol lowing 
c r i t e r i a ,  as shown on Table 5. 



- SANDWELL 

- Tab.le 5 - Crack Growth Criteria 

Courtesy: F. Christensen, S tee l ,  Co. of Canada. 

Pipe  Size:  914 mm. O.D.  
Pipe  Stress:  0.4 x y i e ld   s t r eng th  
Impact  Toughness: Charpy 2 / 3  s i z e   t e s t :  27 J at - 4 OC 

Wall Thickness  Through-thickness” 
(20 f t .  l b s  a t  25 OF) 

(mm) C r i t i c a l  Flaw s i z e  (:h) 
19 31.5 

274 6.4. . . . . . .  . . . . , , . . . .  : 

?r The l e n g t h  of a flaw which passes  completely  bhrough  the  thickness of t h e   p l a t e  
- 

such   tha t  if the   l ength  were  any grea te r ,   the   c rack  would i n c r e a s e   i n   S i z e  
at  t h e   s t a t e d   s t r e s s   l e v e l .  

Therefore,  for  example, i f  t h e   p i p e l i n e  at  i t s  maximum wall th ickness   o f   say  
l 9  mm, were punctured while operat ing a t  the design stress leve l ,   the   puncture  
would not  grow if l e s s   t h a n  315 mm long. 

It is feasible   to   specify  impact   toughness   requirements   exceeding  those of 
Table 5 ,  and thus  increase the c r i t i c a l  flaw s i z e .  Toughness up t o  about 
54 J (40 f t .  l b s )   shou ld   be   a t t a inab le   fo r   t he   r equ i r ed  w a l l  th ickness  and 
tempera ture .   Therefore   th i s   h igher   a t ta inable   l eve l  is assumed fo r   cos t  
estimate  purposes.  

Approved by \ 
A. Copeland, P. Eng. 

_” . -. 
Project  Engineer 
B. McConachy,  P. Eng. .r 





B.C. HYDRO AND-POWER AUTHORITY 
VANCOWER B.C. 

DATE 
PROJECT MEMORANDUM V4191/14 
PUMPING  SYSTEM - IIVAKi? TO CLARIFIER 

' PUBPOSE: I 
between t h e  in take  and t h e  deg r i t t i ng  C la r i f i e r .  
The purpose of t h i s  Project  Memorandum i s  t o   i n v e s t i g a t e   t h e  pumping system 

GENERAL, 

The design of the  del ivery  system from i n t a k e   t o   c l a r i f i e r ,  as sbown on the  
at tached Drawing A4191/14-1, i s  governed  primarily by the. m a x i m u m  permissible 
approach   ve loc i ty   to   the   in take   t rave l l ing   sc reen  of 0.12 m/s (0.4 f i l s )  at 
minimum r i v e r   l e v e l "  as s t ipu la t ed  by Environment Canada. The i n t a k e   c e l l s ,  
in take  pump and p i p e l i n e   t o   c l a r i f i e r  - the   major  components  of  'the pumping 
system - are  discussed below t o  determine how Environment  Canada's s t i pu la t ion  
can  be  met. 

The flow  imbalances  caused by t h e   v a r i a t i o n   i n   t h e   r i v e r  level and by in take  
pumps feeding  booster pumps are   a l so   d i scussed .  

1 INTAKE  CELLS ME INTAKE W E E  

If the   in take   ce l l   d imens ions   used   in   the  model s tudy  are   re ta ined,  t h e  flow at  
minimum r i v e r   l e v e l  must be   l imi ted  t o  350 l / s  (5,500 USGPM) fo r  which  each c e l l  
i s  designed. The f ive   i n t ake  pumps are s e l e c t e d   t o   d e l i v e r  330 l./s (5,250 USGPM) 
each a t   t h e   c o n d i t i o n  of minimum r i v e r   l e v e l  combined with  total   d ischarge  f low 
from a l l  f i v e  pumps. If at  minimum r i v e r   l e v e l  less than   f ive   in . take   pmp,~  

thereby  increasing  each  remaining pump's discharge  flow. The inc rease   i n  flow 
discharge   in to  a s ing le   p ipe l ine ,  t h e  p i p e l i n e   f r i c t i o n  would be reduced, 

due t o  ]-educed f r i c t i o n  must not  exceed 350 l/s (5,500 USGPM) per  c e l l  t o  
s a t i s f y  Environment  Canada's s t i pu la t ions .  

To ensure that  the  pump discharge  flow  does  not  exceed 350 l / s  (5,500 USGpM) with 
Only two** pumps Operating,  the  decrease i n  p i p e l i n e   f r i c t i o n   s h a l l   b e   l i m i t e d   t o  
2 . 7  m ( 9  f e e t )  as shown  on t h e  pump curve of  Drawing  A4191/14-2. I n  o ther  
Words, the   p ipe l ine  diaIUeter (from i n t a k e   t o   c l a r i f i e r )  w i l l  have t o  be  s ized 

than 2.7 m ( 9  f ee t )   ove r   t he  f r i c t i o n  head when only two pumps a r e  running. 
such the.t t h e  f r i c t i o n  head increase when all f ive   pmps  are  running i s  not more 

* Sand.wel1 se l ec t ed   t he  one i n  100 year minimum k r t e r   l e v e l  as the  minimum 
des ign   r i ve r   l eve l .  

** A minimum of two in take  pumps would be  used  since  one  intake :pump operat ing 

Drawing A4191/14-3. 
alone would not   be   ab le   to  match the  f low of a s ingle   booster  pump. See 

. 
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velocit ies  through  the  travell ing  screens  are  not  exceeded,  cont:r-ol  valves 
Since  the  correct   choice of pipeline  diameter w i l l  ensure that  s t i pu la t ed  

t o  l i m i t  flow would not  be  required.  . .  . . 

PIPELINE FROM INTAKE TO C M -  

The optimum pipel ine  diameter   between  the  intake  and  c lar i f ier ,must   sat isfy  the 
followj.ng c r i t e r i a :  

a. Minimum ve loc i ty   i n   t he   p ipe l ine   sha l l   be   0 .9  m/s ( 3  fi'ls) 
t o   p reven t   s e t t l i ng   o f   so l id s .  

b .  Maximum v e l o c i t y   i n   t h e   p i p e l i n e  shall be 3 m/s (10 f i l s )  t o  keep 
wear of  pipe and valves t o  a minimum. 

c.  Frlction  between m a x i m u m  and minimum f low  in   t he   p ipe l ine  at  minimum river 
l e v e l   s h a l l  be less   thanapproximately 2.7 m (9  f e e t )  as ou t l ined   ea r l i e r .  

The attached  Table 1 gives  t ,he   veloci t ies   and  f r ic t ion  head for var ious   p ipe l ine  

t h i s  t a b l e  it i s  apparent   that  the  900 m (36 inch)  diameter l ine   bes t   meets  the 
d iameters   cons idered   for   the   p ipe l ine   f rom  the   in take   to   the   c la r i f ie r .  From 

t h a n  e i t h e r  850 mm (34 inch)  or  950 mm (38  inch).  
above c r i t e r i a .  It is  a l s o  a more standard diameter f o r  low pressure  pipel ine 

be a s ing le  900 mm (36  inch)   diameter   l ine.  
Therefore, it i s  recommended. t h a t   t h e   p i p e l i n e  .from the i n t a k e   t o   t h e   c l a r i f i e r  

MATCHING INTAKE AND BOOSTER  STATIONS 

A s  shown  on Drawing A4191/14-1, t h e   i n t a k e  pumps f e e d   t h e   c l a r i f i e r  which 
overf lows  into  the  c learwel l   located  before   the  booster  pumps. Any excess  not 
required by the   boos te r  pumps and  other  services would overflow  from  the 
c l e a r w e l l   t o   t h e   r i v e r .  

With in take  pumps feeding  booster..pumps, there. i s  an  excess  flow  delivered  by 

operat ion  and  r iver   level .  The amount of  excess  capacity of t h e   i n t a k e  pumps 
the  int,ake pumps t o  t he  clee.rwel1. The amount of excess varies with mode of 

Drawing D4191/14-4. 
i s  sho1.m on Drawing A4191/14.-3 with  f lows  extracted from at tached 

Drawing A4191/14-3 ind ica t e s  that the  excess   capaci ty  i s  minimal  during low 
water   l eve ls   occur r ing   in   win ter   bu t   qu i te   subs tan t ia l   dur ing   the   h igh  water 
l e v e l s  of summer. This  excess  could  be  either  overflowed from the   c learwel l  
back t o   t h e  Thompson River  or  eliminated by cont ro l  valves on each pump.  The 
cap i t a l   cos t  i s  approximate1.y  equal  for  each method  of handling  the  excess.  

r e d u c e d   r e l i a b i l i t y ,  wear  of  control  components and dependence on cont ro ls .  
Control.  valves  are  undesirable  because of extra maintenance  requirements, 

t o  have a present  worth of only $150,000. 
With overflowing  of  the  excess,   there i s  some wasted power but i t  i s  estimated 

Therefore,  it i s  recommended that   the   excess   be  overf lowed.  

(PM V4191/14) 2 



It i s  reconnuended t h a t :  

1. During  Final  Design,  care  be taken t o  ensure that  ve loc i ty   t h rougk the  
t rwel l ing  screens  does  not   exceed  the m a x i m u m  as s t ipu la t ed  by Environment 

with a steep  head-capacity  curve and tha t   t he   pe rmis s ib l e   d i , f f e ren t i s l  
Canada. Spec i f i ca l ly ,  t h a t  preference  be  given  to  the  selection  of 8 pump 

f r i c t i o n  head  be  confirmed on t h e   b a s i s  of t h e  pump curve of t he   s e l ec t ed  
equ.ipment . 

2. The p ipe l ine  from i n t a k e   t o   c l a r i f i e r  be a s ing le  900 mm (36 inch)  diameter 
l i n e .  

3. The excess  flow  from  the  intake pumps be  overflowed t o   t h e   r i v e r .  

Approved by 4 w  
B.R. McConachy, P. Eng. 
Project  Engineer 



VANCOWER 
B.C. HYDRO AND POWER AUTHORITY 

B.C. 

PROJECT MEMORANDUM V4191/14 DATE 24 JANlJARY 1978 
TABLE 1 - PIPELINE  SIZING - INTAKE TO CLARIFIER 

Maximum 
D i f f e r e n t i a l  
Friction*** 

Head 
m 

P ipe l ine  
Diameter 

( i nches r  

Minimum* 
Veloci ty  

M€LXirmtm** 
Veloci ty  

m m l  s m l s  
( f i l s )  ” ( f t / S )  (fi) 

950 
(38)  

1000 
(40)  

Preferred  Values 

( 2 . 8 j  
0.86 

(8 .5)  
2 .6 .  

(6.3) 
1.9 

than 
less 

3.0 
(10.0) 

less , 
than 

(9 .0)  
2.7 

** Marximum r i v e r  l e v e l ,  f i v e  pumps operating. 

* Minimum r i v e r  l e v e l ,  t w o  pumps operat ing.  

*** D i f f e r e n c e   i n   t o t a l   f r i c t i o n  head at minimum r i v e r   l e v e l  between m a x i m u m  
( f i v e )  and minimum ( two)  number of pumps operating. 

m and &%% : Not acceptable.  

4 
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PROJECT 
HAT CREEiK PROJECT 
COOLING WATER SUPPLY 

PROJECT MEMORANDUM V4191/15 
PIPELINE: - LEAK DETECTION 

VANCOWER 
B.C. HYDRO AND POWER AUTHORITY 

B.C. 

DATE 22 DECEMBER 1977 

PURPOSE 

The purpose of t h i s   P r o j e c t  Memorandum i s  to   record   the   in format ion   or ig ina l ly  
presented   in  a l e t t e r   d a t e d  10 December 1977. 

In  a l e t t e r  of 20 September 1977, from Mr. Waite of B.C. Hydro's  Generation 
Planning: t o  Mr. Y . I .  Fellman  of t h e  Department  of  Environment, it was  s t a t ed :  

"Controls w i l l  be  designed to   de tec t   l eaks . ,   to   immedia te ly   shut  down t h e  system 
i n  the  event  of a small l eak ,  and t o  limit the   l eng th   o f  l i n e  thti t  would drain 
in   the   un l ike ly   occur rence  of pipe  rupture." 

To meet t h e  above c r i t e r i a ,  Sandwell  has  surveyed  leak  detection  technology i n  
order   to   de te rmine  a suitable  system for t h e  Hat Creek cooling wster supply 
p ipe l ine .  

Sandwell f e e l s   t h a t   t h e   p r o b a b i l i t y  of pipe  leakage which could  have an adverse 
e f f e c t  on t h e  environment i s  very  low,  given  the  extent  of  geotechnical 
examinations and pipeline  inspection  procedures  envisioned, and  given t h e  
appropriately  conservat ive  design code t o  be  used.  This  Project Memorandum 
repor t s  on what  can be  done and t h e  approximate  cost. 

GENERAL 

Leak detection  systems  can  be  classified  according  to  whether  they  operate 
pe r iod ica l ly  o r  cont inuous ly ,   and   these   c lass i f ica t ions  are discussed  separately.  

be  stopped,  between  those that  de t ec t   l a rge  or small leaks, and those  that 
Fur the r   d i s t i nc t ions  are made between  methods t h a t   r e q u i r e   t h e  pumping operat ion 

l o c a t e  or do no t   l oca t e   l eaks .  

PERIODIC LEAK DETECTION M E T H O : E  

Methods for   per iodic   leak  detect ion  are   divided  according  to   whether   they work 
whi le   the   p ipe l ine  i s  i n  o r   o u t  of operat ion.  



Pipeline  Watered,  but  not in Operation 

1. Acoustic  Pig 

Acoustic  surveying  with an in t e rna l   p robe   (p ig )  i s  based on recording  leak 
noise   as  a function  of :pig posi t ion.   This  method i s  successful  f o r  small 
l eaks ,  as such  leaks  are known t o  produce  high  frequency  vibration. The 
cost   of  one  survey,  excluding  any  cost   associated  with  the  pig  launching 
f a c i l i t y  (which would b e   i n s t a l l e d  anyway), i s  expected t o   b e  between 
$10,000 and $20,000, on a cont rac t ing  basis. This  cost  would include a 
complete  graphical  representation  of  leak  posit ion.  

Cost references were not  avai lable   for   purchasing  such a system. 

2. Pressure  Test ing 

P res su re   t e s t ing   r equ i r e s  a long   tes t ing   per iod  i n  o r d e r   t o   d e t e c t   t h e  
accumulated  effect  of f l u i d  loss .  P r i o r   t o   t h e   t e s t i n g   p e r i o d  it is 
necessary   to   a l low  for   thermal   s tab i l iza t ion  as t h e  ground  and water 
temperatures   are   normally  different .  Due t o  expec ted   d i f f icu l t ies   wi th  
e s t ab l i sh ing  a typ ica l   thermal   s tab i l iza t ion   per iod  t h i s  method i s  not 
su i tab le   for   smal l   l eaks .  

3. Li.ne Volume Balance 

The same comments r ega rd ing   t he rma l   s t ab i l i za t ion   app ly   t o  , th i s  method. 

P ipe l ine  i n  Operation 

1. Acoustic  Survey 

Acoustic  surveying is  zccomplished  by  "listening" t o   t h e   p i p e l i n e ,  from t h e  
surface,   wi th   appropri&.te   vibrat ion  sensors  and amplifiers. Leaks  produce 
a cha rac t e r i s t i c   no i se ,  and thus  can  be  located  as well as   detected.  This 
method i s  cur ren t ly   successfu l ly  employed f o r   l o c a t i n g  leaks i n  municipal 
water   d i s t r ibu t ion  syst,ems  (Vancouver, Pent ic ton) .  Even very small leaks  
at; depth  can  be  found. 

bear ing  noise  may i n t e r f e r e ,  SO t ha t  it may be  necessary t o  test t h e s e  
A drawback of this  meth.od is that  c lose  t o  pumping s t a t i o n s ,  high frequency 

sec t ions  when t h e  pumps are   not   operat ing.  The h igh   s t a t i c   p re s su re  would 
make it p rac t i ca l   t o   de t ec t   l eaks   wh i l e   no t   ope ra t ing .  

maintenance  personnel c!ould b e   t r a i n e d   t o   o p e r a t e  it. Al te rna t ive ly ,  t h i s  
The total   expected  cost ,   of   this  equipment i s  about $7,000. Regular 

t t?s t ing may be  accomplished by outs ide  consul tants   for   about  $2,000 per 
survey. 

2. Line Volume Balance 

Line volume balancing may be  accomplished by integrat ing  f low measurements 
and co r re l a t ing  them with  tank  level  changes.  Leak de tec t ion  limits are 
st?t by instrument  accuracy. A computer is r e q u i r e d   t o  make the   ba lance  
calculat ions.   This  method i s  more s e n s i t i v e   t o  medium t o  l .arge  leaks.  

(PM Vlrl91/15) 2 
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The advantage of t h i s  system is  tha t   t he   t e s t ing   f r equency  can  be  increased 
as des i red .  With increasing  f requency,   per iodic   tes t ing would v i r t u a l l y  
become continuous. 

A major  disadvantage i s  that   leak  posi t ion  cannot   be  determined by t h i s  
method. 

M0s.t of t h e  equipment necessa ry   fo r   t h i s  method  would be  already  provided 
f o r  process  control  functions: 

CONTINUOUS LFfi DETECTION M J ! T T  

1. 

2 .  

Rate-of-Pressure Drop 

T h i s  method cons i s t s  of measuring t h e   r a t e  of pressure  drop at var ious 
poin ts   a long   the   p ipe l ine .  Leaks show up as rap id   o r   s low  pressure   losses ,  
depending on t h e i r  magnitude. The sensors  themselves do n o t   r e s t r i c t   t h e  
r e so lu t ion  of the  system,  rather  the  problem i s  t h a t  any t rans ien t   condi t ion  
could  set   off   a larms.   Therefore   this  method i s  de-activated  during 
t ransient   condi t ions,   such as adjustment of valves o r  stopping and s t a r t i n g  
of pumps. Moreover, the   p ressure   d rop  which  would cause an alarm would be 
set a t  a f a i r l y   h i g h   l e v e l .  Thus, t h e   r a t e   o f   p r e s s u r e  drop method is not  
sui table   for   leaks  smaller   than  about  60 l/s (1000 USGPM). 

Med.iwn s i zed   l eaks ,  up t o  and including  pipe  ruptures ,   can  easi ly   be 
de tec ted  by t h i s  method.  Depending upon the   spac ing   of   the   sensors ,  some 
degree   o f   l eak   loca t ion  is  also  achieved. 

The! cos t  of t h i s  system  with 1 0  rate-of-pressure  drop  units would be 
approximately $100,000an.d t he   r e su l t i ng   l eak   l oca t ion   de f in i t i on  would be 
about 2.4 km (1 .5  miles).* 

Flow Metering 

This method  would  compare the   readings  from  flow meters on each end of a 
reach   of   p ipe l ine   to   de tec t   l eaks .  The system must be  de-activated  during 
t r a n s i e n t s .  

thus   l eaks  of 8 l/s (125 USGPM) can  be  detected  without much. d i f f i c u l t y .  
Overall  accuracy of  flow loss detec t ion  is  i n   t h e   o r d e r  of 0.5 percent ,  and 

The disadvantages  of   this   system  are:  

- Leak loca t ion  i s  not   possible  between  metering  points. 
- Extra   meters   are  needed  each s ide  of surge  tanks,  as metered  sections 

!should not   contain  surge  tanks  with  f luctuat ing  levels .  

Approximate  equipment cost   for  each  metered  section i s  about $12,000, with 
three   surge   t anks   for  waterhammer pro tec t ion ,  a minimum cost  of t h i s  method 
would be $200,000, baseti on five  metered  sections.  

* Cost   es t imates   include  instal la t ion,  which was omitted from those   cos ts  
quoted  in  the 10  Decembe:r 1977 l e t t e r .  



3. Mass aalancing - Computerized 

The f l e x i b i l i t y  of t h i s  system is  l imited  only by computing  (capacity  and  the 
number of sensing  devices  used. 

temperature and pressure,  and thus  would calculate   leakage even during 
The computer would process  inputs  such as flow at  each l i n e  sec t ion ,  

t ra .nsient   condi t ions,  by taking  account of thermal  expansion and pipe s ize  
var ia t ion  with  pressure.  

Sms.11 leaks  could  be  detected  by mass balancing  during  s teady  s ta te  

t rans ien t   condi t ions  by sudden pressure  drops.  Some measure  of  leak 
conditions  whereas medium t o   l a r g e   l e a k s  would be  detected  during  steady  or 

l oca t ion  would be  possible   for   large  leaks,   depending on t h e  number of 
prossul'e  sensors. 

The equipment  cost  components  of t h i s  system,  excluding the computer, are 
as follows: 

- For each l ine   sec t ion   metered  $12,000 
- For  each  pressure  sensor  required $ 2,000 
- For  each  temperature  sensor  required $ 2,000 
- I?rogram f o r  computer $10,000 

A !simple  system  based on 5 flow sec t ions ,  10 pressure  sensors ,  and 10 
temperature  sensors  would  cost  approximately $300,000 i nc lud ing   i n s t a l l a t ion  
but  excluding  the  computer. 

4. Permanent  Acoustic  Sensors 

This method  would be a more sophis t icated  vers ion of t h e  method described 
under  Periodic  Acoustic  Survey.  Instead of " l i s t e n i n g   t o "   t h e   l i n e  from 
the   su r f ace ,  permanent  .vibration  sensors  would be at tached I;O the   p ipe  and 
t h e  s igna l s  are processed  by a cen t r a l  unit. 

Sensors would be  spaced  according t o   t h e   a c o u s t i c   a t t e n u a t i o n  i n  a pipel ine.  
Suggested  spacing  for an 800 m diameter (32 inch) water l i n e  is about 
300 m (1,000 f e e t )  or l e s s .  

The central  processing unit would scan the  sensors and display the pos i t ion  
being  monitored on a visual.  readout  unit. Unless unusual  vibrations are 
encountered  the scan proceeds to   t he   nex t   s enso r .  

When a l e a k   o c c u r s   t h e   v i b r a t i o n   i n t e n s i t y   t r i g g e r s   t h e   s c a m e r   t o   s t o p  and 
t o  sound an alarm. An operator  then  could  scan  the  sensors  manually  to 
l o c a t e  and confirm  the  leak  by  comparing  vibration  intensit ,y  levels from 
several   sensors .  The ope ra to r   cou ld   a l so   l i s t en   t o   t he   ampl i f i ed  sound, 
and thus  could  check  the  val idi ty  of t h e  alarm. 
A computer  could  be used t o  advant,age,  but is not  necessary.  

The advantages of this system are:  

- High s e n s i t i v i t y ,  as small leaks  at high  pressure  produce  dis t inct ive 
- H i g h  resolut ion  for   1 .ocat ion of leaks .  

high  frequency  vibrations.  
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- High v e r s a t i l i t y ,  as the   sys te l .  may be  used when  pumps are not  operating 

- High cost   effect iveness  as acoustic  sensor  cost  i s  about  one t e n t h   t h a t   o f  
or  during  transient  f low  conditions.  

flow  measuring  devices. 

A disadvantage is  t h a t   f a l s e   a l a r m s  may b e   i n i t i a t e d  by other   acoust ic  
sources.  These alarms, however, a r e   no t   l i ke ly   t o   pe r s i s t   un le s s   t he   sou rce  

Permenent acoustic  sources,   such as bear ing   no ise ,   can   be   f i l t e red   ou t .  
is a permanent feature   of  some  new i n s t a l l a t i o n  on t h e   p i p e l i n e   s i t e .  

The approximate  cost  of a fully  automatic  acoustic  leak  aetection  system 
cons is t ing   o f  100 sensing  points  i s  $140,00Oincluding  the  te lemetry  to   the 
cont ro l  room. 

CONCLUSIONS 

The various  systems  discussed  above  are summarized on Table 1, attached. 

Sandwell recommends that  for  F'reliminary  Design  purposes, a system  which  can 
l o c a t e  and  continuously  detect  even small leaks be  included i n  t h e  Cost 
Estimate. However, t he   necess i ty  of th is  system  should  be  reviewed  during 
Final  Design. 

Among t h s  continuous  detection  methods,  the  Permanent  Acoustic  System  provides 
a very  high  resolution  of  leaks and t h e i r   l o c a t i o n ,  i s  simple t o  understand  and 

Hat Creek p ipe l ine .  
operate ,  and has a modest cost..  Therefore  Sandwell recommends it f o r   u s e   i n   t h e  



Category 

Periodic 

P ipe l ine   no t  
operat ing 

P ipe l ine  i n  
"YL" vrvn 4 - 

Continuous ** 

Method 

1. Acoustic  pig 
2. P res su re   t e s t ing  
3. Line volume 

balance 

1. Portable  
onrn.S+in 

detec tor  
2. L i n e  volume 

balance 

"VU "Ab 

1. Rate-of-pressure 

2. Flow metering 

3.  Mass balance- 

4 .  Permanent 

drop 

computerized 

acoust ic   sensors  

Table 1 - Summary of Leak Detection Methods 

Leak Size 
Resolution 

Leak Location 
Resolution 

h Y  
Medium t o   l a r g e  

Medium t o  l a r g e  

h Y  

Medium t o   l a r g e  

60 l / s  (1000 USGPM) 

8 l / s  ( 125 USGPM) 

h Y  

h Y  

Excellent 
N i l  

N i l .  

Excellent 

N i l  

2.4 km 
(1 .5 miles) 

with 5 sec t ions  
2.4 km 

300 m 
(1000 f e e t  

About 4-6 km 

Approximate 
cost  i $1000 j 

10-20 per  survey 
Not determined 

Not determined 

2 per  survey o r  
13 for  equipment 

Not determined 

100 

200 with 5 sec t ions  

300 

140 

* 
* 

Computer not 
included 

** Cost for these  methods estimated  within  about $50,000, and inc ludes   i n s t a l l a t ion   cos t   omi t t ed  from l e t t e r  Of 
* Therms.1 S tab i l i za t ion  problem. 

10 December 1977. 

(PM V4191/15) 6 . 
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B.C.  HYDRO AND POWER AUTHORITY 
VANCOUVER B.C. 

PROJECT MEMORANDUM V4191/16 
SELECTION OF MEDIUM VOLTAGE 

DATE 22 DECEMBER 1977 

PURPOSE 

The purpose   o f   th i s   Pro jec t  Memorandum i s  t o   s e l e c t   t h e  medium voltage  supplying 
the   i n t ake  and booster pump motors. 

INTRODUCTION 

The selec.t ion o f  t h e  medium system  voltage was based on the  requirements a t  No. 1 
Booster   Stat ion and the   In take  where widely  varying  motor  ratings must be 
accomodated. The s i x  in take  pump motors   ( f ive   ins ta l led ,  one f u t u r e )   a r e  
r a t e d   a t  225 kW (300 HP) whi le   the   four   boos te r  pump motors are ra t ed  at  
3700 kW ( 5000 HP) . 
ALTERNATIVES 

The following  three  alternative  combinations  of  voltage? were iden t i f i ed   fo r  
inves t iga t ion :  

Al te rna t ive  
No. 

1 
2 
3 

Booster Pump 
Motor Voltage 

In take  Pump 
Motor Voll- 

6600 o r  4000 
6600 6600 

575 

4000 

COST COW.- 

The fo l lowing   t ab le   i den t i f i e s   t hose   cos t s   fo r   t he   i n t ake   on ly  which vary  with 
the   se lec ted   vo l tage :  
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1 Item/Alternative 
I 1 Intake  Supply  Voltage 

1 - 2 -_- 

6600 or 4000 6600 

575 6600 

- 3 

4000 

1 Intake Pump Motor Voltage 
i 

4000 

1 Intake Pump Motors (6-300HP/1200 RPM) 

Cable  in.cluding  Ducts & Tray $ 90,000 
S t a r t e r s  18,000 

40,500 
2.5 MVA Power Transformer  26,000 
750 kVA Power Transformer  (on  intake) 
Capitalized  Transformer Losses 13,500 

Relative  Cost $188,000 

Cost  Index 1.16 

- 

$ 132,000 $ 105,000 

3,500  4,500 

13,000  13,000 

108,000 39,000 

- - 
- - -_- 

$ 256,502 $161,500 
" 

1.59 1.00 

DISCUSSION AND RECOMMENDATIONZ 

The 4000 Y r a t i n g  was selected  for   the  fol lowing  reasons:  

1. The  Thompson River  Intake would be  subfed on the se lec ted  medium vol tage 
. l eve l  from t h e  No. 1 Booster  Station. If 6600 Q were  chosen,  there would 
be a l i m i t e d   a v a i l a b i l i t y  and a h igh   pr ice  premium f o r   t h e   i n t a k e  pump 
motors  because  of t h e i r  ].ow kW-rating. The use of 575 V pump motors would 
requi re  a fully-rated  transformer which  would  be d i f f i c u l t   t o   a c c o m o d a t e  
on the   in take   s t ruc ture .   Loca t ing   th i s  power transformer away from t h e  
intrrke on top  of t h e   r i v e r  bank would make t h i s  scheme uneconomical due 
to   h igh  600 V feeder   cable   costs .  

2. A m t i x i m u m  fault l e v e l  of 1000 MVA (B.C. Hydro advised a preliminary 
minimum fault l e v e l   o f  675 MVA) at the  pr imary  bushings  of   the  20 MVA power 
transformer w i t h  standard--impedance will y i e l d  a secondary  fa.ult level of 

both  the  magnetic air breaker or minimum oi l   b reaker   type .   Tnerefore ,  
less  than 350 MVA. T h i s  i s  a standard fault l e v e l  for  4160 V switchgear of 

from an in te r rupt ion   capac i ty   po in t  of view, t he re  i s  no reason t o  use a 
vol tage  higher  than 4160 V. 

Psepared  by 

! Approved  by 
K.  R .  Parsons, E'. Eng. 

B.  R .  McConachy. P. E m . / \  _ .  
Project  Rngineer -u 1 (PM V4191/16) 2 
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PROJECT V m  
HAT CREEK PROJECT 
COOLING WATER SUPPLY - 

B. C .  HYDRO AND POWER AUTHORITY 
VANCOWER 3. c. 

PROJECT MEMORANDUM V4191/17 
P W S  Ax11 PUNP W E A R  
" 

PURPOSE 

The purpose of t h i s  memorandunr i s  to   d i scuss  how suspended s o l i d s   a f f e c t  pump 
wear, why preference i s  given t o   t h e   s e l e c t i o n  of low l i f t   i n t a k e  pumps r a t h e r  
than  high l i f t  in take  pumps, and  why a d e g r i t t i n g  system i s  requi red   before   the  
booster  pumps. 

I N T R O D U C l E  

The intak.e pumps would withdraw  water  from t h e  Thompson River  near  Ashcroft. As 
discussed i n  Project  Memorandum V4191/5, Water Treatment,   the Thompson River  has 
a t  times a very  high  suspended  solids  load. To ensure t h a t  the  water  supply 
system  functions  under a l l  r ive r   cond i t ions  it must be  designed t o  operate  
th roughout   the   year   regard less   o f   the  amount of so l ids   p resent  i n  the  water .  
T h i s  memorandum out l ines   the   p rovis ions  which should  be made for t:he Hat Creek 
Cooling Water Supply  System t o  ensu re   accep tab le   r e l i ab i l i t y  and  performance. 

EFFECT O F  SUSPENDED  SOLIDS ON PUMPS 

Wear occurs on a l l  i n t e r n a l  pump p a r t s  when s o l i d s  are present  i n  t h e  pumped 
l i q u i d ,  Normally,  wear occurs a t  t h e  wear r ings   bu t  i f  t he   pa r t i c : l e s   a r e  
abrasive and l a rge  enough, they  could  also  cause wear of t h e   pump':^ impellers,  
s h a f t  and casing. 

Since  the wear r a t e  i s  p r o p o r t i o n a l   t o  t h e  s i z e  o f  t h e  p a r t i c l e s ,   c a r e  must  be 
taken t o  remove p a r t i c l e s  as large  as  economically  possible.  

Drawin; A4191/17-1 shows, i n  a n  en la rged   s ca l e ,   t he   s i ze  of partic:les  that   could 
be expected i n  t h e   i n t a k e   c e l l .  The l a r g e s t   p a r t i c l e ,  2500  micron!; i n   d i ame te r ,  
i s  t h e  maximum s i z e  which  could  pass  through  the  travell ing'screen  cloth.  
Rlthough most p a r t i c l e s   o f   t h i s   s i z e  would s e t t l e   i n   t h e   i n t a k e  ce:!l,  some could 
ze t   i n to   t he   i n t ake  P ~ D S  and damage t h e  wear r ings .  

911 pumps a r e   b u i l t  w i t h  wear :rings which are  designed  to  keep  leakage  between 
l igh  and low pressure  regions t o  a minimum. 
i n s t a l l e d  i n  c r i t i c a l   p o s i t i o n : j  and a re   i n t ended   t o  wear in s t ead  of t h e  pump's 

Replaceable wear r i n g s   a r e  

2asing  and  shaft. 

' a r t i c l e s  which a r e  of a s i z e   c l o s e   t o   t h e  wear r ing  c learance may pass  between 
;he ro ta t ing   sur faces  and  abrade  the  surface  metal ,   eventually wi-dening t h e  
:J.earance:; and lowering  the pump's e f f ic iency  and flow  capacity.  Since  standard 
rear r i n g  clearances  range from 300 t o  500 microns ,   par t ic les   c lose!   to   th i s   s ize  
tnd larger  should  be removed from t h e  pumped l i q u i d .  For t he   i n t ake  pumps, s ince  
. h e r e a r e n o  means t o  remove t h e  suspended s o l i d s ,   t h e  pump design must e n s w e  
.ha t   they   a re   no t   adverse ly   a f fec ted  by the   so l id s .  
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~ 1 1 6 :  booster pumps, on the   o the r  hand,  could  be  protected from solids by some 
means of' degri t t ing.   I f   water   t reatment  i s  not   provided  before   the  booster  
pmps,  t h e  suspended so l id s   cou ld  damage t h e  pump's  wear r ings  and. i n t e r n a l  
el.ements. 

The decrease i n  a pump's  head  and  flow  capacity  due t o  wear of   the wear r ings  i s  
shown on Drawing Ah191/17-2. It can  be  seen t h a t  wear  has a more ser ious  
ei'f'ect 011 a system  such as Hat Creek.  This i s  because   f r ic t ion  i s  a r e l a t i v e l y  
small po r t ion   o f   t he   t o t a l  dynamic head r e s u l t i n g   i n  a f latter system  curve. 
Therefore,  more precautions must be  taken t o   p r o t e c t   t h e  Hat Creek: pumps from 
wear because of t h e i r   s e n s i t i v i t y   t o  wear. 

1NFORMATI:ON ON WEAR 

I n  the   course  of the   s tudy  on pump wear,  extensive  information was gathered, 
including  suppl ier ' s   information and publ i shed   a r t ic les .   Ass is tance  was a l s o  
received from Sandwell ' s   aff i l ia te ,   Electrowatt   Engineer ing  Services   of  
Switzerland. 

The information  included  actual  operating  data,  as wel l  as many a r t i c l e s  on pumps 
and wear. Many ar t ic les   d i scussed   proper  pump design t o  minimize  the  effects  of 
wear. 

One of   the  most u s e f u l   a r t i c l e s  found on  pumps and w e a r  was "Storage Pumps and 

pumped storage  systems i n  Switzerland  with a t o t a l  of 1 5  mul t i s tage  pumps r a t e d  
Glac ia l  Waters" by A. Bezinge  and F. Schafer'. This a r t i c l e   desc r ibes   va r ious  

from 1265 t o  2530 l / s  at 300 ru t o t a l  dynamic head. The water was pumped from 
s to rage   r e se rvo i r s  and l a r g e  1,akes after  passing  through  sand  removal  equipment. 
Despite  t ,he  protective  measures  taken,  severe wear occurred on all wet ted   par t s  
of a l l  w i t s ,  necess i t a t ing  ma,jor  maintenance  after  only 80 t o  240 days  of 
operat ion.  One  pump was so ba.dly worn that   the   rotat ing  assembly  could  not  be 
repaired.  The e f f i c i ency  of  one pump dropped 22 percentage  points  because of 
wear.  This r a t e   o f  wear necessi ta ted  s tocking  of   spare   rotat ing  assemblies   for  
each pump. 

Drawing A4191/17-3 a t tached   ( taken  from  t.he a r t i c l e . )  shows how widening  of  the 
near   r ing  c learances due t o  wear a f f ec t ed   t he   e f f i c i ency  of the purops. 

The authors  concluded  that  i n  o r d e r   t o  minimize wear,  proper  metallurgy must be 
used  and the  suspended  solids must be removed p r i o r   t o  pumping. 

A serious  drop i n  e f f i c i ency   fo r   t he  Hat  Creek  Cooling Water Supply  System  could 
be  expected if some means of   sol ids  removal  were  not  provided  before  the  booster 
Pumps. 

Severa l   a r t ic les   no ted  t h a t  the  fol lowing  re la t ionships   give pump wear r a t e  
l ' a i r l y  accura te ly :  

r .~ .  Wear :is p r o p o r t i o n a l   t o  V 3 , 0 r  ( r p ~ u ) ~  where V = Velocity 
b.  Wear is p r o p o r t i o n a l   t o  H3'2 where H = Head pe r   s t age  

I'ublished i n  English by t h e  B r i t i s h  Hydromechanics  Research Association,  under 
Number 72019  and publ i shed   or ig ina l ly  i n  French i n  B u l l .  Tech. Suisse  Roman& 
Number 49 of October 1968. 

(PM V4191/17) 2 



')'tic:;e re l .a t ionships ,  when app l i ed   t o   t he  Hat  Creek  Cooling  Water  Supply  System 
y i e l d  t h e :  following wear ind ices :  

il. t-JJ rpm  Wear Index 

Low l i f t  in take  Pump 

Iligh L i f t  Intake Pump 
Uoost.er Pump 

1,200 
900 

1,800 
3,600 

1 . 0  
2.4 

64.0 
8 .0  

L .  llead/Stage Head (Meters  per  Stage) Wear Index 

1,ow Lift  Intake Pump 
lii611 Lif t   In take  Pump 
1:ooster Pump 

25 1.0 
60 

300 42.0 
3.7 

P'rorn t h e  above it can be seen how  pump wear increases  as t h e  rpm a:nd head per  
sLap,e of t h e  pump increase.  

I N T A K E :  PUMPS 

The r ive r   i n t ake  pumps would be   ve r t i ca l ,   d i f fuse r   s ty l e ,   mu l t i s t age   un i t s .   S ince  
the proposed - r iver   in take  would  be designed for f i sh   p ro t ec t ion  and not wear 
p r e v e n t i o n ,   l i t t l e   s e t t l i n g   o f   s o l i d s  would be  expected t o  occur  before  the 

www from so l ids   by :  
:illtake pumps. The pumps must therefore   be   se lec ted   to  minimize t h e   e f f e c t s  of 

- keeping  head  per  stage  as low as poss ib le  
- keeping rpm as low as poss ib le  

- w e  of   abrasion-resis tant   mater ia ls   for   wet ted  par ts  

II1c:x a r e   t h e  most important  design  considerations which  minimize  wear  and are 
t,c:;l, :achieved w i t h  low lift in take  pumps. 

A low liph intde p ~ l , ,  on a se rv ice  similar to   t he -p roposed  would run severa l  
years before requiring  maintenance. Based on t h e  above wear re la t i .onships ,  a 
tlieh lift which  would operate  at 1800 rpm, would be  expected to l as t  
one-eighth as long  as   the low :Lift pump Operating at  900 rPm. This: i s  an 
unnccepta 'b le  l i f e t ime   fo r  any pump and d i c t a t e s   t he   u se  of low rPm and  low lift 
in take  uumus. 

A ::L:%ridmd in take  pump would usually  have water lub r i ca t ed  bowl bearings of e i t h e r  
I>I"~~~rl?.e o r  rubber. T h i s  arrangement i s  used on  pumps handling  clean 
l i q u j &  b u t  would n o t   l a s t   i f  -very ab ras ive   so l id s   a r e   p re sen t   i n   t he  pumped 

c'<~r~Ljnuous purging of   the bearings w i t h  clean  water. The purge wai,er could be 
I i l l u i d .  To prevent rap id  wear of t h e  bowl bear ings,  t h e  in take  pumps requi re  

~ , r < ~ v j f i e d  ex te rna l ly  by l i n e s   t o  each bowl bearing or i n t e r n a l l y  by a r i f l e d r i l l e d  
: : l i : i  I ' L .  As t h e  number of  stage:;  increases, so does the  complexity of the  purge 
w:l t l : r .  system  because a di f fe ren t   p ressure  i s  requi red   a t   each   s tage .  A high lift 
i l ~ L ; i k e  pulnp w i t h  6 t o  15. stage:; would be more d i f f i c u l t   t o   1 u b r i c a t . e  i n  t h i s  
m:~.lmcr thlm a low lift pump w i t h  one o r  two s tages .  

,I 
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':'i!,.. a r t i c l e s   l i s t e d   s e v e r a l   m e t a l s  which reduce  Overall pump wear 
r':rtc., but, t he   f i na l   cho ice  would  be dependant on a v a i l a b i l i t y  from t h e  chosen 
prnp  suppl ie r  and must be  selected on t h e   b a s i s  of hardness and cos t .   I nqu i r i e s  
w(:rc.i s e n t   t o  pump supp l i e r s   t o   de t e rmine   t he   ava i l ab i l i t y   o f  low and  high lift 
v c r t i c a l   i n t a k e  pumps. Of t h e  42 suppl iers   contacted,   only  e ight .could  supply 
t,l,c iii,;ii I ~ i f t   i n t a k e  pump, while 20 could  supply  the  low l i f t  pump. 

'!'hc users l i s t s  showed many ins t a l l a t ions   o f  low l if t  v e r t i c a l   i n t a k e  pumps on 
serv ices  similar t o   t h e  proposed. On the   o the r  hand, t h e r e  were very few high 
J i f t  in take  pump i n s t a l l a t i o n s .  Only 11 i n s t a l l a t i o n s  were  found with a 
pumpinE head grea te r   than  180 m (600 f ee t )   bu t   t hese  were on r e l a t i v e l y   c l e a n  
water. 

'I't,,!rerore, because of t h e  problems  associated w i t h  pumping suspend.ed so l ids ,   h igh  
I i ! ' t  in take  pumps were not   considered  sui table  and  were  eliminated. from fu r the r  
von:;ideration. 

'i'he booster pumps would be hor izonta l ,   mul t i s tage   un i t s   wi th   s ing le   cas ing ,  and 
(,I '  volute  or di f fuser   des ign .  As poin ted   ou t   ear l ie r ,   because  of the  high rpm 
a n d  high  head  per  stage, wear would have a more severe  effect  on the   boos te r  
p u t r q x  t h a n  on t h e   v e r t i c a l   i n t a k e  pumps. 

Ten suppliers  of  high  pressure pumps could  manufacture pumps t h a t  met t h e  head 
m d  flow  requirements  of  the  proposed  cooling water supply  system. From t h e i r  
i n s t a l l a t i o n  l is ts ,  many  pumps of a comparable s i z e  were  found on services  such 
s.3 : 

- hydraulic  debarking 
- boi le r   feed  

- s t e e l  mill descal ing 
- 11 i pel  ines 
- waterflooding for o i l   f i e l d s  

A l l .  these   se rv ices  pumped l i q u i d s   t h a t  were ei ther   very  c lean o r  had.been 
t r e a t e d  t o  remove s o l i d s .  

All booster pump suppliers  expressed  concern  about  solids and recommended t h a t  
some means of   so l ids  removal  be  employed. 

Allliough the   boos te r  pumps could  have good design  features  such as proper 
m,-:l,:il:I:ur&:y of impel lers  and wear r ings  as w i t h  t h e   v e r t i c a l   i n t a k e  pumps, t h e  
I I i l : l l  rpni and  high  head  per  stage  remain  and  are  the most de t r imenta l   fea tures  
wil. l !  r e s p e c t   t o  wear.  Therefore, it is  impera t ive   tha t   these  pumps be  protected 
tJy :mmc rneans of g r i t  removal. 

(~o::Lswoul.d be  greatly  reduced.  Provision of a g r i t  removal  system would a l s o  
i3enc;'itc of a g r i t  removal  system are that   maintenance,   repair  and  replacement 

e l imina te   the  need to   s tock  cost ly   spare   rotat ing  assemblies   otherwise  required 
becmse of t h e  18 month del ivery  per iod.  
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Power cos t s   fo r   boos t e r  pumps have  been  calculated t o  be $25,000 per   year   per  
percentage  point  of cha,nge i n  pump e f f i c i ency   y i e ld ing  a present  worth of 
$300,000. It can  be  seen  that   the   eff ic iency would not  have t o  fa.11 much i n  
order t o   r e c o v e r   t h e   c o s t s  of a d e g r i t t i n g  system. 

‘ J ’ k  cos t  of a degri t t ing  system  could  a lso be j u s t i f i e d  by reduced  maintenance 
and reduced  spare  parts.  

RECOMMENDATIONS 

Based on the  above,  Sandwell recommends t h a t   t h e  water supply  system  be  designed 
w i t h  low l i f t  in take  pumps followed by a d e g r i t t i n g  system  before  the  booster 
pumps. 

Approved by - 
A. Copeland, P. Eng. 

(I’M V4191/17) 5 
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E. LIVINGSTON ASSOCIATES 
CONSULTING  GROUNDWATER  GEOLCGISTS 

1401 WEST  BROADWAY. 
VANCOUVfiR 9, B.C. 
TELEPHONE: 738-9232 

Ju ly  29 ,  1977.  

Mr. Bryan McConachy, P. Eng., 
Sandwell  and Co. Ltd., 

Vancouver, B.C. V 6 G  1A4 
1550 Albe rn i   S t r ee t ,  

Dear S i r :  

This le t ter  is  f u r t h e r   t o  my discussion  with you and Mr. Boyle 

of  Sandwell & Co. about   the   poss ib i l i ty   o f   ob ta in ing   cool ing  water from 

wells near  the Thompson River, i n  t h e   v i c i n i t y  of  Ashcroft ,   for  the 

proposed Hat Creek  Project.  It a l s o   d i s c u s s e s   t h e   r e s u l t  of f i e l d  work 

which I c a r r i e d   o u t   i n   t h a t   a r e a   i n  l a t e  July.  

In   o rder . to   ge t   the   requi red  amount of water, 25,000 igpm, 

from wells we must locate   an  except ional ly  good aqui fe r .  Such an   aqu i f e r  must 

be composed of  gravel  or  sand and grave l   wi th  a t ransmiss iv i ty   in   the   o rder  

of one  mill ion  gallons  per  day  per  foot  width.  It would need to have 

adcqua.te  recharge,  probably from a su r face  water body such as t h e  Thompson 

River. 

Such aquifers  have  been  found i n   v a r i o u s   l o c a t i o n s  in the  Province; 
severs].  examples a r e  a t  Prince  George,   near  Castlegar,   in Similkameen Valley,  

near  Chill iwack and a t  For t  St. James. None of  this  caliber  have  been  found 

t o  d a t e   i n   t h e  Thompson River  Valley. Such a q u i f e r s   o r i g i n a t e   a s  water 

deposit-ed  sediments  or  occasionally as ice  contact   deposi ts .   In   the Thompson 

Val ley  near   Ashcroft   the   only  geologic   set t ing  in  which w e  believe  such  an 

aquifer  can  be  found i s  a buried  channel  of  the Thompson River o r  of  the  Bonaparte 

River  a.t i t s  confluence w i t h  t h e  Thompson. 

With t h i s   i n  mind, I spent a couple  of  days i n   t h e   f i e l d  around 

Ashcroft   to  at tempt to work o u t  t h e   s u r f i c i a l  geology as i t  relates t o  an  

aquifer  with  the  characterist ics  mentioned  above.  This meant t r y i n g   t o   d e t e r n i n e  

t h e  following: 
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1. The loca t ion  of the  old  buried  channel  of  the Thompson River 
i n  the  Ashcroft   area.  

2 .  I ts  w i d t h  and depth. 

3 .  The type of mater ia l  i t  contains.  

These ques t ions   a re   c lose ly   re la ted   to  t h e  g l a c i a l   h i s t o r y  of 

t h e   a r e a ,   p a r t i c u l a r l y  what  happened a t   t h e  time  of  the most r e c e n t   g l a c i a l  

episode  local ly  and  what has happened s ince .  

A t  the  time  of  the l a s t   r e g i o n a l   g l a c i a t i o n   t h e  whole  area was 

buried  to a depth of several  thousand f e e t  by i c e .  This ice   shee t  

tended to  scour  out  the main north-south  valleys  deposit ing till along  the 

deepest   par ts .  A t  the  t ime of i ce   mel t ing   the  main val leys   served  as   mel t -  

water  channels  to  carry  sediment-laden  meltwater  to  the  sea. In $Lome places  

grave l  and sand  were  deposited i n   t h e  bottom  of  such  valleys by meltwater. 

Following  the l a s t   r e g i o n a l   g l a c i a t i o n   t h e r e  was a s h o r t   g l a c i a l  

episode  during which i c e  advanced  from  upland a reas   i n to   t he   l a rge   va l l eys .  

These local  advances  often  blocked  drainage  to form  huge l a k e s   i n  which 

were depos i t ed   s i l t y ,  sandy  lake beds  during  the  time when i c e  was melting 

on the  uplands. Such a lake  occupied  the Thompson Valley in   t he   Ashc ro f t  

area.  Its surface  elevation,shown by e x t e n s i v e   r a i s e d   d e l t a s   a t  t.he  mouth, 

of t r i b u t a r y  creeks,  was about 1450 f t .  Small re l ic t   t e r races   p robably  

ind ica t e  a brief  period a t  higher  elevations  perhaps 1600 f t .  and higher. 

The va l l ey  was p a r t i a l l y   f i l l e d   w i t h   l a k e  beds by th i s   p rocess .  

Near the mouths  of t r ibu tary   c reeks   these   l acus t r ine   depos ' i t s   a re   th ick ;  

where no t r i b u t a r i e s  were present   they  are   thinner .  These lake beds a r e  

well  exposed  upstream and downstream  from Ashcrof t   as   l igh t   co loured   b luf fs .  

When the  River  cut down t o  i t s  p resen t   l eve l   i n   t hese   depos i t s ,  

i t  cut  a new va l ley  which i n  some places  ,corresponded  to i t s  o ld   va l ley .  

I n  other   places ,  where i t  cu t  down outs ide  i t s  o ld   va l ley ,  i t  cu t   i n to   t he  

rocks of the   o ld   va l ley   wal l .  This seems t o  have  been the  case i n  severa l  

places  downstream  from Ashcroft where the  River  runs  through modern rock 

canyon. 

There i s  l i t t l e   s u b s u r f a c e   i n f o r m a t i o n   i n   t h i s   a r e a .  I was 

ah1.e to   obtain  information on several   wel ls   near   the mouth of the  Bonaparte , 

R .  and one  across  the Thompson River and upstream on the  old  farm now p a r t  

continued.. . 3 
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of  the DuPont exp los ives   f ac i l i t y .  The well owners r epor t   t ha t   t he   we l l s  

a r k  between 70 and 90 f t .  deep a t  sites about 35  t o  45  f t .  e1evat:ion  above 

the   r i ve r .  One well  (Muir) i s  reported  to  have  bottomed  in  rock ;at about 

70 f t .  The owners report   that   they  pass  through  clay  with  water-bearing  gravel 

near  the  bottom. We th ink   tha t  i n  genera l   rhe   repor t s   a re   cor rec t  b u t  we 

f ee l   t ha t   t he   r epor t  of  bedrock may not  be  correct  mainly  because we f ind  

tha t  many d r i l l i n g   c o n t r a c t o r s  do not  check  to make su re   t ha t   t he   ho le  

i s  i n  rock   pa r t i cu la r ly   i f   t hey  have  already  encountered enough water-bearing 

gravel  i n  which to cons t ruc t  a well .  

I mapped the   l oca t ion  of most rock   ou tc rop   i n   t he   a r ea   i n  an 

attempt to es tab l i sh   the   course  of the  old  rock  valley.  Outcrop is  r a t h e r  

sparse   over  much of t h e  area so i t  is d i f f i c u l t  to def ine  t h e  limits of the 

va l l ey .  I n  the  area  North of Ashcroft   the  River i s  wi th in   the   o ld   va l ley  

b u t  sout:h  of Ashcroft   the R ive r  i s  c u t t i n g  a new canyon i n  rocks on one 

s ide   o r   t he   o the r  of the  old  val ley.  The s i te  being  considered, namely 

a t   the   conf luence  of the  Bonaparte and Thompson Rivers ,   cer ta inly  appears  

t o  be w i t h i n  the  old  rock  val ley.  

The depth of the  old  rock  val ley i s  unknown.  The subsurface 

da ta  show t h a t  i t  i s  a t   l e a s t  35  f t .  below t h e  River   level .  We can speculate  

fur ther   about   th i s  on the   bas i s  of the  mater ia ls   over lying  bedrock where  rock 

is exposed near   River   level   south of Ashcroft. To the  south  the  gent ly  

s lop ing   rock   sur faces   near   River   l eve l   a re   over la in  by t i l l  o r  compact t i l l - l i k e  

ouwash. Only a t  one  place,   just   south of t h e , f i r s t  CN tunnel ,  i s  the re  a few. 

f e e t  of very  coarse   gravel  orr the  rock. A t  the  second CN bridge  upstream from 

Ashcroft:  there  are  exposures  of till and re la ted   pecul ia r   t i l l - l ike   sed iments  

a t  River  level.  Although r0c.k i s  not  exposed w e  t h ink   t ha t   t hese  may be t h e  

materia1.s i n  contact  w i t h  r0c.k so  the   d i s tance  to rock may be  small. 

In   contrast   to   thjs   evidence  for   shal low  bedrock  there  i s  conf l i c t ing  

evidence  that   the   depth  to   ruck may be  great.  On the  west s ide  of   the   River  

a t   t h e  f irst  bend  upstream  from t h e   f i r s t  CN br idge  north of Ashcroft   there  

i s  a l a r g e   c o l l a p s e   s t r u c t u r e   i n   t h e   s i l t y ,  sandy v a l l e y   f i l l .   T h i s   c o l l a p s e  

f e a t u r e  i s  f i l l e d   w i t h  younger fan   depos i t s  washed i n  from the  northwest.  The 

beds in   the  middle  have slumped about 100 f t .  and the   co l lapse   s t ruc ture   ex tends  

continued. ... 4 
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below River   level .  T h i s  impl ies   tha t   there  was over 100 f t .  of ice   bur ied  

below River   level  and ind ica tes   tha t   the   bur ied   va l ley  i s  over 100 f t .  i n  

depth below the   R ive r   a t   t h i s   po in t .  

The f i e l d  work shows tha t   t he re  i s  evidence  that   the  buried  rock 

va l ley  i s  deep and also  confl ic t ing  evidence  that  i t  i s  re la t ive ly   sha l low.  

The mater ia l s  on bedrock  along  the River are   genera l ly   no t   favourable   as  

f a r   a s   pe rmeab i l i t y  i s  concerned  but i t  i s  possible  that   highly  permeable 

gravel  occurs i n  the  old  channel. The subsur face   da ta   ind ica te   tha t   condi t ions  

a r e   n o t   p a r t i c u l a r l y   f a v o u r a b l e   f o r   a t  least 35 f t .  below the  River.  

We believe  the  presence  or  absence of a high  capaci ty   aquifer  can  be 

confirmed by d r i l l i n g  one h o l e   i n   t h e   v i c i n i t y  of the  confluence of the  Bonaparte 

and Thompson Rivers.   Ordinarily we do not  favour a one  hole  exploration program 

i n   s i t u a t i o n s  of t h i s  k ind .   In   th i s   case ,  however, t he   t a rge t  must  have a 

l a rge   s i ze   t o   be  of any value  (i.e.  to  produce  25,000 gpm). For th i s   reason  

we be l ieve   tha t  a s ing le   t e s tho le  i s  j u s t i f i e d .  

It should  be  dr i l led 8" diameter  using a cable   too l  r i g  or an a i r  

r o t a r y   r i g  equipped w i t h  a casing hammer (not a Becker D r i l l ) .  An 8" diameter 

t e s tho le  i s  l a r g e  enough to  perinit a pump test i f   favourable   condi t ions   a re  

found. I f   d a t a  on foundat ion   condi t ions   a re  of any value,   foundation 

t e s t i n g  equipment ( s p l i t  spoon,  Shelvy  tube  samplers  etc)  can  be  used  in  the 

same hole. 

We est imate  t h e  cos t  of a . t e s t   w e l l   t o  200 f t .   a s   f o l l o w s :  
1. Move equipmen.t t o  and  from Ashcroft $ 800. 

2. Drill 8" t o  200 f t .  @ $25/ f t .  5000. 

3 .  Hourly work pul l ing   cas ing ,   t ak ing   ba i le r  
samples  etc. 25 h r  @ $50/hr.  1250 

$7050. 

3 
I f   an   aqu i f e r  i s  encountered, a long  screen is s e t  and a pump test 

ca r r i ed   ou t ,   t he   add i t iona l   cos t  might  be  as much as $6,000.00. 

d ' 

ss- 

I n  summary: 

1. An except ional ly  good aquifer   could  yield  the  required amount of 

water  for  the Hat  Creek Pro jec t .  The only  aquifer  of t h i s   t ype  

d 
continued.. .  5 
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2 .  

3 .  

4 .  

5 .  

6. 

i n   t he   Ashc ro f t   a r ea  would be a buried  channel  of  the 

Thompson River. 

A study of surf:tcial  geology shows tha t   t he re  i s  an  old 

buried Thompson River channel. 

The confluence  of  the  Bonaparte and Thompson Rivers seems t o  

be i n  the  old  channel.  

Svbsurface  information i s  sparse   bu t  i t  shows t h a t  1:he old 

channel  extends a t  least 35 f t .  below River level. 
There i s  confl ic t ing  evidence as t o   t he   dep th  of t he   o ld  

buried  channel. 

A s ing le   t es thole   near   the   conf luence  of the  Thompson and 

Bonaparte  Rivers is probably   jus t i f ied  a t  a cos t   as   h igh  as 
$7,lOO i f   unsuccessfu l ,   o r   i f   successfu l ,  as high as $13,000. 

Yours t r u l y ,  

E. LIVINGSTON ASSOCIATES , 

EL/ IW 
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December 21,  1977 

Snndwell  and Company Ltd. 
l lh01, 1550 Alberni   Street  
Vancouver, I!. C. V6G 1A4 

Attention: Hr. Arno Copeland, P. 
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Your reference: V4191 B. C. Hydro and Power Authority 

271.1 Ind i r ec t  Water Intake - General 
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Dear Sir: 

1401 WEST  BROADWAY, 
VANCOUVER, B . C .  V6H 1H6 
TELEPHONE: 738-9232 

T h i s  i s  in   r ep ly   t o   your  l e t t e r  of December 13 about   the water in take  on the  
Thompson River north  of  Ashcroft. 

We have   carefu l ly  examined the  data   included  with  your  letter. The r e s u l t s  
of the  dr i l l . ing and t h e  s e i smic   su rvey   ce r t a in ly   f i t  our concept of t h e  geo- 
logy of t h e  a rea .  

high  veloci ty   boulder  pavement i n   t h e  area but  no mention of   the low velo- 
We note ,  i n  the  Geo-Recon Explorations Ltd. repor t  on page 2 ,  mention of a 

c i t y   l a y e r  shown on t h e   s e c t i o n s   j u s t  below sur face .  From our experience, 
i t  is materLal   with  this  low v e l o c i t y  (when dry)   that   has   the  high perme- 
ah i l i t y   r equ i r ed  for  high  capacit:y wells or  a r a d i a l   c o l l e c t o r .  The sec t ions  
show t h a t   t h i s  material is very  t.hin  everywhere and t h a t  i t  is  missing en- 
t i r e l y  over   par t   o f   the   a rea .  

The next   layer ,   wi th  a ve loc i ty   o f  975 t o  1524 m/sec i s  probably t o o  compact 
tn have high permeabili ty.  It is quite   thin  except   near   borehole  3 .  Most 
o f  t h e   v a l l e y   f i l l  i s  till which rests d i r e c t l y  on rock. The surface  of  
the  rock,  according  to t h e  seismic  data ,   has  l i t t l e  r e l i e f   w i t h i n   t h e  area 
of i nves t iga t ion .  The greatest   depth  to   rock is about 15  m. below t h e  water 
tab le   ( sur face   o f   the   r iver ) .  

T t  i s  i n t e r e s t i n g   t o   c o n t r a s t   t h e   s u b s u r f a c e  a t  t he   i n t ake  s i t e  with t h a t  a t  

u n l e s s  some of  the  bouldery  sediments are till .  The p a r t   t h a t  most resembles 
tile CNR br idge a t  mile 45.8*. The s i t u a t i o n  is  en t i r e ly   d i f f e ren t   w i th  no till, 

t i l l  i n  t h e   o l d   d r i l l   l o g s   f o r   t h e  CNR br idge is a t  t he   t op  of BH no. 5,  
where there is 1 .8  m of  "boulders,  sand and gravel".  There is an  exposure 

of  Cine sil t : ,   sand and s tone  whic.h i s  not t i l l .  The old logs do  not show 
on the  river: bank about 30 m from  the t es t  hole .   This  i s  a contorted  mixture 

wlieLh~~r t h e  holes  reached  rock.  In  any  case,  the  lower  part  of  the  section 

of 274.2 m ,  approximately,the same as the elevation  of  the  bottom of the   rock  
i n  a l l  but  one  hole is f ine  sand.  One hole ,  BH no. 3 ,  reached  an  elevation 

va l l ey  a t  the   in take  s i t e  according  to  the  seismic  survey.  There is nothing 
on t h e  l ogs   t o   i nd ica t e   whe the r the   t e s tho le s  a t  the  bridge  reached  rock. 

* See at tached Drawing Dh191-SiC(g 

cont'd ... 2 
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The f ac t   t ha t   t he   subsu r face   s ec t ion  from the  br idge and t h e  proposed  intake 
a r e  so diss imi la r ,   re f lec ts   the   complexi ty  of t h e  geology i n   t h e   r i v e r   v a l l e y .  
The t i1 . l  i n  t h e   v i c i n i t y  of the   in take  s i te  may be  associated  with  the Bona- 
parte  River.  The configurat ion of t h e   l a y e r s ,   a s  shown by the  seismic  sect ions,  
may be   the   resu l t   o f   to r ren t ia l   f low  in   the  Thompson River. We have  seen 
other  inconclusive  evidence  for  such  f low  upstream as f a r   a s  Savona. A shor t  
period  of  flow a t  an  extremely  high  rate would erode  the compact v a l l e y   f i l l p r o -  
ducing  an  i r regular  smooth p ro f i l e   w i th  an i r r egu la r   l aye r   o f   g rave l   a t   su r -  
face ,  c:apped by a boulder pa.vement. This i s  of no p a r t i c u l a r   i n t e r e s t   ' i n   t h e  
present:   investigation,  other  than  to  explain  the  shallow  sub-surface  geology. 

The rec:ent work and the  subsurface  data  from  the  bridges  upstream  are  evi- 
dence t:hat an aquifer of very   h igh   capac i ty   does   no t   ex is t   in   the   v ic in i ty  
of the  mouth of the  B0napart.e  River  or  along  the Thompson River up or down- 
stream. For a very  high  capaci ty   aquifer  we must  have: 

(a) a deep  rock  valley  below  the  present river level, 
(b) clean  sand and grave l   f i l l ing   such  a va l l ey ,  
(c:) an  hydraulic  connection between the  sand and gravel  and the   r i ve r .  

The subsurface  data   near   the mouth of the  Bonaparte River show t h a t   t h e  max- 
imum depth  to   rock below river l e v e l  is only  about 15 m. The test h o l e s   a t  
the br idge   severa l  miles upstream do not  define  the  depth  to  bedrock  unless 
we assume that  the  deeper  ones  stopped at  the  rock  surface.  The minimum 
depth  to   rock i s  also  about  15 m below the  r i v e r .  

The fill in   t he   rock   va l l ey  a t  the  Bonaparte is mostly till or compact grave l  
(outwash)  both  with  low  permeability. A t  the  bridge  upstream most of the  
f i l l  is sand  which we be l ieve  is n o t   l i k e l y   t o  have  extremely  high  permeability. 

v a l l e y   f i l l  which may be  observed  about a mile upstream  from  the  proposed 
The on1.y evidence  for a poss ib l e  deep va l l ey  i s  the   co l l apse   s t ruc tu re  i n  t h e  

inrake site. A photograph .of   th i s   s t ruc ture  is  included w i t h  t h i s  repor t .  

cer ta inly  inconclusive  evidence and i t  i s  qu i t e   poss ib l e   t ha t   t he   co l l apse  
(This photo w a s  not  available t o  accompany our let ter of July 29). This i s  

occurred  with  only 20 m of ice i n  the   va l l ey  below river level. This   fea ture  
i s  probably  associated w i t h  t h e  till found a t  the  proposed  intake  s i te .  

we conr.lude t h a t   t h e  chance of locat ing  an  aquifer   capable  of y ie ld ing  1580 
In view  of t h e  addi t ional   negat ive  evidence from the   recent   inves t iga t ion ,  

l / s e c .   i n   t h e   v i c i n i t y  of th , e  mouth of  the  Bonaparte  Riveq  or anywhere i n  the  
Ashcroft area, is  extremely  remote. No f u r t h e r  work i s  required t:o subs t an t i a t e  
this   conclusion.  

Yours t r u l y ,  

E. LIVINGSTON ASSOCIATES , 

E. Livingston, P.  Eng. 
L' 

encl.  
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Beak Consultants Limited 

Montreal 
Toronto 
Calgary 
Vancouver 

RlchmondIBritish Columbia 
Laboratoryl3851 Shell  Road 

CanadaIV6X 2W2 
Telephone  (604)  273-1601 
Telex  04-508736 

Environmental Specialists 

28 November 1977 

Sandwell E, Co. L td .  
S u i t e  601 - 1550 A l b e r n i  S t .  
Vancouver, B.C.  
V 6 G  l A 4  

A t t e n t i o n :  A .  Copeland 
" 

___- Reference: J5012/85 

Dear S i r :  

E n c l o s e d   p l e a s e   f i n d   t h e   r e s u l t s   o f   t h e   a n a l y s e s  you requested. I have 
a l s o   i n c l u d e d  2 cop ies  o f  our b o o k l e t   " F i e l d   P r e p a r a t i o n   o f   W a t e r   f o r  
Labora tory   Ana lys is "   wh ich  I hope you will f i n d   u s e f u l .  

As  we disct !ssed  on  the phone:, n o n f i l t r a b l e  (suspended)  residue was no t  
analyzed l?er:ause the  heavy  layer  of sediment i n   t h e   b o t t l e s   a p p e a r e d   t o  
be a r e s u l t   o f   s a m p l i n g   r a t h e r   t h a n   a c t u a l l y   p a r t   o f   t h e   w a t e r .  

We have  used our usual  methods of a n a l y s i s   f o r   a l l   t h e   p a r a m e t e r s .  They 

o n   t h e   t a b l e   s e n t   w i t h  your l e t t e r .  I f  you w o u l d   l i k e   a n y   s p e c i f i c  de- 
a r e   e i t h e r   t h e  same as o r   g i v e   r e s u l t s   c o m p a r a b l e  t o  those  methods l i s t e d  

t a i l s  on our methods I will be  p leased  to   d iscuss   them w i t h  you. 

Accord ing   to   "S tandard   Methods   fo r   the   Examinat ion  o f  Water  and  Waste- 
w a t e r " ,   1 4 t h   e d i t i o n  (APHA, AWWA, WPCF), page 487, "terms  such  as 
" co l l o ida l " .   " c rys ta I Io ida1"   and   " i on i c "   have  been  used t o   d i s t i n g u i s h  
between  various  forms o f   s i l i c a   i n   w a t e r s .  Such te rmino logy   cannot  be 
subs tan t i a ted " .   Fo r   t h i s   reason  we use  the   te rm  "mo lybdate- reac t ive  
s i l i c a " ,   a l t h o u g h   t h e  1971 Annual Book o f  ASTM Standards,   Par t  2 3  (ASTM) 
r e f e r s   t o  i t  as c r y s t a l  1oid;ll ( n o n - c o l   l o i d a l ) .  

l o o k   f o r w a r d   t o   c o n t i n u i n g   o u r   s e r v i c e s   t o  you i n   t h e   f u t u r e .  
I f  you have  any   fu r ther   ques t ions   do   no t   hes i ta te  t o  c o n t a c t  me. We 

Yours t r u l y  

BEAK CONSULTANTS 

S h e i l a  McMeekin 



Beak Consultants L.irnited 

CI,~,,~ Sandwel 1 & Co. L t d .  
S u i t e  601 - 1550 A l b e r n i  S t .  
Vancouver , B . C . 
V6G 1A4 

A t t e n t i o n :  A. CoDeland 

Sample  relerence 

T o t a l   A l k a l i n i t y  
C h l o r i d e  
C o n d u c t i v i t y  

(umhos/cm) 
Hardness 

( b y   t i t r a t i o n )  
pH 
F i l t r a b l e   ( D i s s o l v e <  

S u l f a t e  
Tota l   Organ ic  

Molybdate-React ive 

Total S i l i c a  
Total Sodium 

Res i due 

Carbon" 

S i  I i c a  

B.H.1 

339 
4 . 5  

I120 

226 
8 .5  

77 1 
320 

2290 

17.3 
17.9 

150 

i b l :  

:': Sample was not   preserved.  

B.H.2 B .H .3  
- 

3560 

1388 

1330 

522 
8.2 8.1 

3400 1090 
2000 

2310  1850 

630 

Report of analysis: 

Project: ~ 5 0 1 2 / 8 5  

Date received: 7 November 1977 
Date  analyzed: 

Number of samples: 3 
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1. INTRODUCTION PJJD BACKGROUND 

Sandwell   and  Company's   (Sandwell)   Inter im  Report  
V 4 0 0 7 / 1 ,  d a t e d   O c t o b e r  1 9 7 6  f o r   t h e   c o o l i n g   w a t e r   s u p p l y   f o r  
B r i t i s h  Columbia  Hydro  and  Power  Authori ty 's   proposed  Hat  
C r e e k   P r o j e c t   i n c l u . d e d   t h e   e v a l u a t i o n   o f   n u m e r o u s   p o t e n t i a l  
r i v e r   w a t e r   i n t a k e  s i t e s  on t h e   F r a s e r   a n d  Thompson R i v e r s .  
A s  t h e   C o n s u l t a n t  f o r  t h e   s t u d y ,   S a n d w e l l   r e t a i n e d   N o r t h w e s t  
Hydrau l i c   Consu l t an . t s   L td .  (NHCL) t o   a s s e s s   t h e   r i v e r   e n g i n e e r -  
i n g   a n d   h y d r o l o g i c   a s p e c t s   o f   t h e s e   e v a l u a t i o n s .  

I n   t h e i r   C o n c e p t u a l   D e s i g n   R e p o r t  V 4 0 0 7 / 2 ,  d a t e d  
J a n u a r y  1 9 7 7 ,  Sandwell  recommended S i t e  1 0  a s   t h e   p r i m a r y  
s i t e  f o r  t h e   i n t a k e .   T h i s  s i t e  i s  l o c a t e d ,   a s  shown  on F i g u r e  
1, on t h e   r i g h t   b a n k  of t h e  Thompson j u s t   u p s t r e a m   o f   t h e  
mouth o f  t he   Bonapa r t e  River, about  2 . 5  k i l o m e t e r s  ( 1 . 5  m i l e s )  
u p s t r e a m   o f   A s h c r o f t ;  a recommended a l t e r n a t i v e  was 
S i t e  4 A ,  a l s o  on t h e   r i g h t   b a n k ,   a b o u t  11 k i l o m e t e r s   ( 7   m i l e s )  
ups t ream o f  S i t e  1 0 .  

S u b s e q u e n t   t o   t h e   s u b m i s s i o n  o f  S a n d w e l l ' s   r e p o r t  
V 4 0 0 7 / 2 ,  NHCL c o n d u c t e d ' r i v e r   b e d   a n d   b a n k   s u r v e y s   a n d   m i d -  
w i n t e r  l o w - f l o w  o b s e r v a t i o n s   a t   b o t h   s i t e s   ( R e f e r e n c e s  4 ,  5 ,  8 )  

A p r e l i m i n a r y   e v a l u a t i o n   o f   t h i s   a d d i t i o n a l   d a t a   r a i s e d   q u e s t i o n s  
a:: t o   t h e   s u i t a b i l i t y   o f   b o t h   S i t e  1 0  a n d   S i t e  4A a s   s p e c i f i c  
i n t a k e   l o c a t i o n s   b e c a u s e   o f   s h a l l o w s   t h a t   w e r e   f o . u n d   t o   e x i s t  
n e a r   t h e  r i g h t  b a n k   i n   t h e i r   i m m e d i a t e   v i c i n i t i e s .   H o w e v e r ,  
a t   t h e  same t i m e   t h e   f i e l d   d a t a   i n d i c a t e d   t h a t  a f r e s h   l o o k   a t  
a l a r g e r   r e a c h   o f   r i v e r   f r o m   a b o u t  3 . 5  k i l o m e t e r s  ( 2 . 2 5  m i l e s )  
ups t r eam o f  A s h c r o f t   t o   t h e   v i c i n i t y   o f   A s h c r o f t   w o u l d   b e  
w o r t h w h i l e .   S u b s e q u e n t l y ,   a d d i t i o n a l   r i v e r   s u r v e y   d a t a  were 
o b t a i n e d  f o r  t h i s   l a r g e r   r e a c h   ( R e f e r e n c e   9 ) .  

A p r o p o s a l   t o   e v a l u a t e   S i t e s  1 0  and 4A was s u b m i t t e d  
to   Sandwel l   by  NHCL on 1 6  F e b r u a r y ,  1 9 7 7 .  I n   t h e   c o u r s e   o f  a 



J ... 

northwctst  hvdraulic  consultants  itd. 

2 .  

Y 

a 
, .. 

ai 

u. 

si- 

Y 

l ow- f low  r econna i s sance   conduc ted  on 2 2  F e b r u a r y ,  1 9 7 7  
b y  r e p r e s e n t a t i v e s   o f   S a n d w e l l ,  NHCL a n d   G o l d e r   A s s o c i a t e s ,  
L t d . ,   t h e   g e o t e c h n i c a l   c o n s u l t a n t   f o r   t h e   s t u d y ,  two 
r e g i o n s   ( d e s i g n a t e d .  A and B )  a l o n g   t h e   r i g h t   b a n k   n e a r   S i t e  
4.A and   f i ve   r eg ions   (C ,D ,E ,F ,   and  G ,  shown  on F i g u r e s  2 and 3 )  

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

B e f o r e   t h e   e v a l u a t i o n  commenced, i t  was dec ided  to 
d e l e t e   S i t e  4A f r o m   f u r t h e r   c o n s i d e r a t i o n .   T h u s  i t  was t h e  
p ' u r p o s e   o f   t h i s   s t u , d y   t o   e v a l u a t e   t h e   h y d r a u l i c   a n d   r i v e r  
e n g i n e e r i n g   a s p e c t s   o f   f i v e   m o r e - o r - l e s s   s p e c i f i c   s i t e s   i n   t h e  
r each   immedia t e ly   u .ps t r eam  o f   Ashc ro f t .  

D a t a   a n d   r e s u l t s   p r e s e n t e d   i n   t h i s   r e p o r t   a r e  
e x p r e s s e d  i n  m e t r i c   u n i t s ,   w i t h   i m p e r i a l  u n i t s  shown i n  
b . racke ts .   However ,   s ince  

(1) E x i s t i n g   s t r e a m f l o w   d a t a   a r e   c u r r e n t l y   . p u b l i s h e d  
in   rounded  cfs ( i m p e r i a l   u n i t s ) ,   a n d  

( 2 )  N H C L ' s  p r ev ious   hydro logy   s tudy   (Refe re :nce  6 )  and 
f i e l d   s u r v e y s   w e r e   c o n d u c t e d   u s i n g   i m p e r i a l   u n i t s ,  

t he   numbers   shown   have   gene ra l ly   been   s e l ec t ed   i n   round  
i m p e r i a l   u n i t s   a n d   t r a n s l a t e d   d i r e c t l y   t o   a p p r o x i l n a t e   m e t r i c  
u n i t s .  
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2 .  IIYDROl.OGIC/HYDR4ULIC DATA AND ANALYSES 

2 . 1  l lydrology - 

I n   o r d e r   t o   d e f i n e   d e s i g n   f l o w s   f o r   p r e l i m i n a r y  
c n g i n c e r i n g   p u r p o s e s ,  a b r i e f   h y d r o l o g y   r e v i e w  was u n d e r t a k e n .  
I n  a p r e v i o u s   I n t e r i m   R e p o r t   d a t e d  November 1 9 7 6 ,  "Hat  Creek 
P ro jec t ,   ,Wate r   Supp ly   Hydro logy" ,  NHCL e s t a b l i s h e d   h i g h   a n d  
low f low  f requency  curves   f rom  Water   Survey  of   Canada (WSC) 
 lata f o r   t h e  Thompson R i v e r   a t   S p e n c e s   B r i d g e ,   l o c a t e d   a b o u t  
35 k i l o m e t e r s  ( 2 2  mi l e s )   downs t r eam  o f   t he   cu r ren t   s tudy   r each .  
S u b s e q u e n t l y ,   a v a i l a b l e  WSC f l o w   d a t a   w e r e   e x a m i n e d   t o   e s t a b l i s h  
w h a t   d i f f e r e n c e   i n   e x t r e m e   h i g h / l o w   f l o w s   e x i s t s   b e t w e e n   S p e n c e s  
Br idge   and   t he   Aschro f t   a r ea .   Dur ing   pe r iods   o f   peak   f l ows  
on t h e  Thompson R i v e r ,  i t  was found  tha t   peak   f low: ;  on t h e  
N i c o l a   R i v e r   ( t h e   o n l y   s i j i n i f i c a n t   s t r e a m   d o w n s t r e a m   o f   t h e  
Konapa r t e )   occu r red   we l l   he fo re   peak  Thompson f l o w ! < .   S i m i l a r l y ,  
t ho   Bonapa r t e   f l ows  'were a l s o   f o u n d   t o   o c c u r   w e l l   b e f o r e   p e a k  
Thompson f l o w s .   I n   f a c t ,   d u r i n g  Thompson River p e , a k s ,   t h e  
t o t a l   N i c o l a   p l u s   B o n a p a r t e   R i v e r   f l o w s   r e p r e s e n t s   f r o m  2 t o  5 
p e r c e n t  o f  t h e  Thompson f l o w  a . t   Spences   Br idge .  By i n c l u d i n g  
t h e  N.icola  and  Bonaparte f l o w s ,  a c o n s e r v a t i v e   f l o o d   v a l u e  
i s  o b t a i n e d   i n   t h e   s t u d y   r e a c h .   C o n s e q u e n t l y   t h e   f l o o d   f r e q u e n c y  
C U I - v c   f o r   t h e  Thompson R i v e r   a t   S p e n c e s   B r i d g e  was  assumed t o  
a p p l y  t o   t h e   s i t e s   u n d e r   i n v e s t i g a t i o n   i n   t h i s   s t u d y .   T h i s  
a s sumpt ion   i gnores   abou t  1 0 4 0  s q u a r e   k i l o m e t e r s  ( 4 0 0  s q u a r e  
mi Ic s )  o f  loca l   in f low  be tween  the   Bonapar te   River   and   Spences  
Ilr i d g e  . 

During   ex t reme  low-f low  events  on t h e  Thompson R i v e r ,  
i t  c an   s a fe ly   be   a s sumed   t ha t  a drought  would be widespread  enough 
t o  cncornpass   the   Nicola   and   Bonapar te   River   bas ins .  T h u s ,  f o r  
e x a m p l e   d u r i n g   r a r e   l o w - f l o w   e v e n t s  on t h e  Thompson, i t  i s  
e x p c c t . c d   t h a t   s i m i l a r   r a r e  ( o r  a t   l e a s t   v e r y )   l o w - f l o w   e v e n t s  
wou ld   bc   occu r r ing   s imul t aneous ly   on   t he   N ico la  ant3. Bonapar te  
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R i v e r s .   T h e   e s t i m a t e d   1 0 0 - y e a r   l o w - f l o w   e v e n t s   f o r   t h e  
Thompson a t   S p e n c e s   B r i d g e   ( F i g u r e  5 ) ,  Nicolafz)   and   Bona-  
p a r t e   R i v e r s l l '   a r e   r e s p e c t i v e l y  1 1 5 ,  1.7 and  0.3 m:3/s 
( 4 0 0 0 ,  6 0 ,  and 1 0  c f s )  . H e n c e ,   f o r   t h i s   c o n d i t i o n ,   t h e   t o t a l  
N ico la   p lus   Bonapa r t e   f l ow i s  abou t  1 . 7 %  o f   t h e  Thompson f low 
a t   S p e n c e s   B r i d g e ,   w h i c h  i s  c o n s i d e r a b l y   l e s s   t h a n   t h e  
accuracy   (25%)  of   f lows   gauged   by  WSC. A s  such ,   t he   l ow- f low 
f r e q u e n c y   d a t a   f o r   t h e  Thompson R ive r   a t   Spences   Br i . dge  were 
a l s o   a s s u m e d   t o   a p p l y   t o   t h e   s i t e s   u n d e r   i n v e s t i g a t i . o n   f o r  
t h i s  s t u d y .  

Bo th   t he   h igh -and   l ow- f low  f r equency   cu rves   a r e  
r e p r o d u c e d   i n   F i g u r e s  4 and 5 .  N o t e   t h a t   a t   e x t r e m e   l o w   f l o w s ,  
a s e c o n d ,   f l a t t e r - s l o p i n g   c u r v e  i s  i n d i c a t e d .  The t r e n d   i n  
d a t a   f o r   e x t r e m e   l o w - f l o w   e v e n t s   i n d i c a t e s  a l e v e l i n g   o f f   t o  
a b o u t  115  m3/s ( 4 0 0 0  c : f s ) .   T h i s  is  assumed t o   b e  a r e s u l t  
o f  t h e  n a t u r a l   c o n t r o l   p r o v i d e d   b y   b o t h  Kamloops  and  Shuswap 
L a k e s ,   l o c a t e d   r e s p e c t i v e l y   a b o u t  30 and   130   k i lome t re s  
(19 and 80 mi l e s )   ups t r eam  o f   Ashc ro f t .   F requency   ana lyses  
by WSC, o u t l i n e d  i n  Refe rence  (l), show s i m i l a r   s l o p e   c h a n g e s  
f o r  ex t r eme   l ow- f low  even t s .  

From F i g u r e s  4 and 5 ,  t h e   f o l l o w i n g   r e t u r n   p e r i o d s  
w e r e   a d o p t e d   f o r   p r e l i m i n a r y   e n g i n e e r i n g   p u r p o s e s :  

R e t u r n   P e r i o d   F l o w   i n   m 3 / s   ( c f s )  

> l o 0 0  y e a r   f l o o d  5665 ( 2 0 0 , 0 0 0 )  
1 0 0  y e a r   f l o o d  4535  (160,000) 
10 y e a r   f l o o d  3685 (130,000)  

2 y e a r   f l o o d  2 7 2 0  ( 9 6 , 0 0 0 )  
1 0 0  year   low-f low 1 1 5  ( 4 , 0 0 0 )  

' "See  Reference (l), which  shows  approximate  low-flow  analyses  
f o r  t h e s e   r i v e r s .  
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2 . 2  l l y d r a u l i c s  

F i g u r e  1 shows t h e   l o c a t i o n   o f   b o t h   t h e   s t u d y  
r e a c h   a n d   t h e   f i v e   s i t e s .   F i g u r e s  2 and 3 show t h e   p l a n  
form ( i e .   t h e   r i v e r   g e o m e t r y  as viewed  from  above)  and 
v x r i a t i o n   i n   c r o s s   s e c t i o n   o f   t h e   s u b - r e a c h e s   t h a t   c o n t a i n .  
t h e   s p e c i f i c   s i t e s   a b o v e   a n d   b e l o w   t h e   B o n a p a r t e .   ( E a c h   o f  
t h e   s i t e s   c a n   b e   r e g a r d e d   a s   r e f e r r i n g   t o   t h e   l e n g t h   o f   b a n k  
e x t e n d i n g   p e r h a p s  1 0 0  me t re s  (330 f e e t )   u p s t r e a m  a:nd down- 
s t r e a m   o f   t h e   e x a c t   l o c a t i o n s   m a r k e d .   P r e c i s e   s i t i . n g  w i l l  
b e   d e t e r m i n e d   d u r i n g   t h e   d e t a i l e d   d e s i g n   s t a g e  o f  t h e  
p r o j e c t . )  

The i n i t i a l   s t e p   o f   t h e  s i t e  e v a l u a t i o n   c o n s i s t e d  
o f   c o m p u t i n g   w a t e r   s u r f a c e   p r o f i l e s ,   d e p t h s ,   a n d  mean 
v e l o c i t i e s   f o r   t h e   r a n g e   o f   d i s c h a r g e s   t h a t   c a n   b e   e x p e c t e d  
i n   t h e  Thompson. For  t h i s   p u r p o s e  a s t a n d a r d   b a c k w a t e r  
ana lys i s   compute r   p rog ram (U.S .  Army Corp   o f   Eng inee r ' s  
I l E C - 2 )  was u s e d .   C a l i b r a t i o n   o f   t h e   p r o g r a m  was r e l a t i v e l y  
s t r a i g h t   f o r w a r d  as n e i t h e r   f l o o d   c h a n n e l   n o r  f l o o d  p l a i n  
f l o w s   w e r e   i n v o l v e d ,   e v e n   a t   t h e   h i g h e s t - d i s c h a r g e  runs. 
F o r   t h e   c a l i b r a t i o n ,   d e t e r m i n a , t i o n   o f   a p p r o p r i a t e   v a l u e s   f o r  
Manning's 'n' was based  on a v a i l a b l e   w a t e r   s u r f a c e   p r o f i l e s  
d i s c h a r g e s   a n d   s p o t   e l e v a t i o n s   o b t a i n e d  from various s o u r c e s ,  
a s  o u t l i n e d   b e l o w :  
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a Approximate Discharge  Upstream 
of   Bonapar te   River  

I t em  Source   Dates   in  m3/s ( c f s l  
WJi " 

& ( a t   S i t e  1 0 ,  
S p o t   E l e v a t i o n  

S t a t i o n  0 )  
NHCL May 2 0 ,   1 9 7 6  2,000 ( 7 0 , 6 0 0 )  

( a t  CN b r i d g e ,   j u s t  
S p o t   E l e v a t i o n  

upstream o f  S i t e  C )  
NHCL June  2 4 ,   1 9 7 6  2 , 4 9 0   ( 8 8 , 0 0 0 )  

ul. W a t e r   S u r f a c e   P r o f i l e  
( a s  r e c o r d e d   d u r i n g  
N I l C L ' s  f i e l d   s u r v e y  NHCL 
o f  Ikcenlbcr 4 - 6 ,  
1 9 7 6  Rcrcrcnce  4 )  

December 5 ,  1 9 7 6   3 0 0   ( 1 0 , 6 5 0 )  

Water   Sur face   E le-  

dur ing   Sandwel l  ' s a n d   E n g i n e e r i n g   u n t i l   J u l y  1 5 ,  1 8 6   ( 6 , 6 0 0 )  
mV v a t i o n s  (as recorded  McElhanney  Surveying  December 6 ,  1 9 7 6  R.anging  from 

' w a t e r   l e v e l   m o n i t o r -  Company 1 9 7 7  t o  1 , 5 1 5   ( 5 3 , 5 0 0 )  
& ing   p rogram,  

Appendix A ,  T a b l e   1 )  

p r o f i l e   ( a s  
Wate r   su r f ace  

,' r c c o r d e d   d u r i n g  
S n n d w c l l ' s   w a t e r  

McElhanney  Surveying-   January 31 - 
and  Engineer ing 

l c v c l   m o n i t o r i n g  
Februa ry  2 , 1 9 7 7  

program,  Appendix 
Company 

A ,  T a b l e  3 )  

2 0 5   ( 7 , 2 0 0 )  

'I'he above   va lues  o f  d i s c h a r g e   u s e d  on t h e   g i v e n   d a t e s  may 
v a r y  s l i g h t l y  f r o m   f i g u r e s  now a v a i l a b l e   f r o m  WSC, and as shown 
i n  Appendix A .  H o w e v e r ,   t h e s e   v a l u e s   r e f l e c t  o u r  hest e s t i m a t e  
o f  'Thompson f l o w s   a t   t h e  time the   backwate . r   s tudy  was unde r t aken .  

3 Any d i f f e rence   be tween   t he   above  flows a n d   c u r r e n t  WSC d a t a  

d- 
would  have a n e g l i g i b l e   e f f e c t  on r e s u l t s .  
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3 

S i t e   D i s c h a r g e s   w e r e   d e t e r m i n e d   b y   u s i n g ,   a v a i l a b l e .  
p r e l i m i n a r y   d a t a   f o r   N i c o l a   R i v e r   a t   S p e n c e s   B r i d g l s  (WSC gauge 
8L(;6), Bonaparte   River   a t   Cache  Creek  (8LF2) , and  Thompson  River 
a t   Spences   Br idge   (8LF51) .F lows   downs t r eam  o f   t he   Bonapa r t e  
w e r e   e s t i m a t e d   b y   s u ' b t r a c t i n g   N i c o l a  (8LG6) f lows  :from Thompson 
( 8 ~ ~ 5 1 )  f lows .   Ups t ream  of   the   Bonapar te ,  f lows fo:r t he   Bonapa r t e  
(81.F2) and t h e   N i c o l a  (8LG6) w e r e   s u b t r a c t e d   f r o m  Thompson 
(81,FSl) f l ows .  As Nico la   and   Bonapa r t e   R ive r   f l ows   were   no t  
a v a i l a b l e   f o r   a l l   c a l i b r a t i o n   p o i n t s  a t  t h e   t i m e  o f  t h e   s t u d y ,  
t hey   were   e s t ima ted   (where   necessa ry )  on t h e   b a s i s   o f   d r a i n a g e  
a r e a .  

The h i g h e s t   d i s c h a r g e   f o r   w h i c h  a c o r r e s p o n d i n g  
water l eve l  was a v a i l a b l e  was 2490 m3/s (88 ,000 c f s ) .   V a l u e s  
f o r   M a n n i n g ' s  I n '  f o r   h i g h e r  f lows were e s t i m a t e d  on t h e  
b a s i s   o f   r i v e r   e n g i n e e r i n g   e x p e r i e n c e ,   a f t e r   c o n s i d e r i n g   t h e  
t r e n d   o f   t h e  n v a l u e s   e s t a b l i s h e d   f o r   t h e   f l o w s  up 'to 

2490  m3/s (88 ,000  c f s ) .  The v a l u e s   o f  n used  were as f o l l o w s :  

Discha= n - cfs rn" 
- 

2 0 5  7 , 2 0 0  
300 10 ,650  

1 1 9 0  4 2 , 0 0 0  
2000  7 0 , 6 0 0  . 0 4 7  
2 4 9 0  8 8 , 0 0 0  .040 

2 7 2 0  96,000 . 0 3 9  

From c a l i b r a -  
t i o n  runs 

3685 1 3 0 , 0 0 0  
4535 1 6 0 , 0 0 0  . 035  

Es t ima ted  

5665 2 0 0 , 0 0 0  . 0 3 4  J 

U s i n g   t h e   a b o v e - l i s t e d   v a l u e s   f o r  n a n d   t h e   r i v e r  
c h a n n e l   c r o s s   s e c t i o n : ;   o b t a i n e d  i n  t h e   r i v e r   s u r v e y s ,   w a t e r  
s u r f a c e   p r o f i l e s   w e r e   c a l c u l a t e d   f o r   d i s c h a r g e s   o f   v a r i o u s  
r e t u r n   p e r i o d s .  The r e s u l t s   a r e   g i v e n  on F i g u r e  6 ,  a l o n g  
w i t h .  a p lo t   o f   computed  mean v e l o c i t i e s  and a p l o t   o f  
r e p r e s e n t a t i v e  r iver  w i d t h .  
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I n   g e n e r a l ,   f o r   h i g h e r   d i s c h a r g e s ,   F i g u r e  6 shows 
r e l a t i v e l y  low v e l o c . i t i e s   a n d   l a r g e   d e p t h s .   i n   t h e   r e l a t i v e l y  
wi.de upstream  end o f  t h e   r e a c h ,   h i g h   v e l o c i t i e s   a n d   l a r g e  
d e p t h s   i n   t h e   c e n t r a l ,   n a r r o w ,   p o r t i o n   o f ' t h e   r e a c h ,   a n d   i n t e r -  
m e d i a t e   v e l o c i t i e s   a n d   s h a l l o w e r   d e p t h s   i n   t h e   w i d e   d o w n s t r e a m  
c n d   o f   t h e   r e a c h .  ,4t minimum d i s c h a r g e s ,   t h e r e  i s  adequa te  
dep th   fo r   an   i n t ake   t h roughou t   mos t   o f   t he   s tudy   r each ;  
v e l o c i t i e s   a r e  low, 0 . 6  m/s ( 2  f t / s e c )   o r   l e s s   e v e r y w h e r e  
e x c e p t   a t   t h e   B o n a p a . r t e   r a p i d s   a n d   a t   s h a l l o w s   a t   S t a t i o n  
9 1 5 +  ( 3 0 0 0  u / s ) ' ' ) .  

F i g u r e s  7 t h rough  11 i n c l u s i v e   a r e   s t a g e   d i s c h a r g e  
c u r v e s  f o r  a l l   f i v e   s i t e s .   C o n s i d e r a b l e   j u d g e m e n t   h a s   b e e n  
a p p l i e d   t o   e s t i m a t e   w a t e r   l e v e l s   a t   h i g h e r   d i s c h a r g e s .   S t a g e  
measurements a t   t h e   s e l e c t e d   s i t e   f o r   d i s c h a r g e s   o v e r ,   s a y ,  
3000 m3/s ( 1 0 6 , 0 0 0  c f s )  will b e   r e q u i r e d   t o   c o n f i r : m   t h e   a c c u r a c y  
o f   t h e s e   e s t i m a t e s   b e f o r e   d e t a i l e d   d e s i g n .  

F i g u r e  1 2  p r e s e n t s   t h e   r i v e r   c h a n n e l   c r 0 s . s   s e c t i o n s  
a t  ( o r  n e a r )   t h e   s i t e s   e v a l u a t e d  and a t   t h e   o r i g i m l   S i t e  1 0  
c e n t e r l i n e .  The s h a l l o w   d e p t h s   n e a r   t h e   r i g h t   b a n k   a t   S t a t i o n  
0 .. m e n t i o n e d   i n   t h e   I n t r o d u c t i o n  - a r e   a p p a r e n t .  The tha lweg 
a t  t h i s  l o c a t i o n   h a s   a p p a r e n t l y   b e e n   f o r c e d   t o   t h e   l e f t   b y  
thc! d e p o s i t i o n   o f   c o a r s e   m a t e r i a l   t r a n s p o r t e d   i n t o   t h e  
Thompson  by the   Bonapa r t e   du r ing   t he   deve lopmen t  o f  t h e  
B o n a p a r t e ' s   g o r g e .  

' 21915  + i n d i c a t e s   a . p p r o x i m a t e   d i s t a n c e  i n  metres   'upstream 

d i s t a n c e  i n  f e e t   u p s t r e a m  o f  s t a t i o n  0 .  
o f  s t a t i o n  0 ( F i g u r e  1); 3000 u / s  i n d i c a t e s   a p p r o x i m a t e  
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3 .  EVALUATION C R I T E R I A  

I t  was t h e   o b j e c t i v e   o f   t h i s   s t u d y   t o   e v , a l u a t e  
o n l y   t h e   h y d r a u l i c   a n d   r i v e r   e n g i n e e r i n g   a s p e c t s  0.f t h e  
v a r i o u s  s i t e s .  O t h e r   f a c t o r s   s u c h   a s  access, s u i t a b i l i t y  
o f   a d j a c e n t   t e r r a i n ,   a d d i t i o n a l   p i p e l i n e   l e n g t h ,   w h e t h e r  
o r  n o t  a r i v e r   c r o s s i n g   w o u l d   b e   r e q u i r e d ,   e t c . ,  were n o t  
c o n s i d e r e d .  

The b a s i c   c r i t e r i o n  was t h e   e x i s t e n p e   o f   a d e q u a t e  
d e p t h   n e a r   t h e   b a n k   a t   d e s i g n  low  water .  Two o the r   ma in  
c r i t e r i a   c o n c e r n e d   m i n i m i z i n g   a n t i c i p a t e d   d e s i g n   p r o b l e m s  
r e l a t e d   t o   b o t h   f i s h   p r o t e c t i o n   a s p e c t s   a n d   t h e   i n t a k e   o f  
suspended   sed iment .  

The i n t a k e   c o n c e p t   c o n s i d e r e d  f o r  t h i s   p r o j e c t  
i n v o l v e s   c r e a t i n g  a r e l a t i v e l y   g e n t l e   l o w - v e l o c i t y   d o w n s t r e a m  
f l o w   b e t w e e n   t h e   t r a s h r a c k / c u r t a i n  w a l l ,  and   f ace  Of t h e  
t r a v e l l i n g   s c r e e n s * ,   w h i l e   d r a w i n g   w a t e r  a t  a maximum s c r e e n  
a p p r o a c h   v e l o c i t y   o f  0 . 1 2  m/s ( 0 . 4  f t / s e c ) .   T h e r e f o r e ,   h i g h  
v e l o c i t i e s   a n d   h i g h   t u r b u l e n c e   l e v e l s   i n   t h e   r i v e r   s h o u l d   b e  
a v o i d e d   a s  much a s   p o s s i b l e .  

H i g h   v e l o c i t i e s   a n d   h i g h   t u r b u l e n c e   w o u l d   a l s o  
i n c : r e a s e   b o t h   t h e   c o n c e n t r a t i o n   a n d   s i z e   o f   s u s p e n d e d   s e d i m e n t .  
The: n e t   s c r e e n   o p e n i n g  i s  2 . 5  mm ( 0 . 1  i n c h e s )   s q u a r e ;   h e n c e  
a n y   s u c h   i n c r e a s e s  in c o n c e n t r a t i o n  o f  s ed imen t s  up t o  t h i s  
s i z e   w o u l d   a g g r a v a t e   m a i n t e n a n c e   c o n d i t i o n s   f o r   t h e   w e t   w e l l s  
a n d   p u m p s ,   p a r t i c u l a r l y  i f  h i g h - l i f t  pumps w e r e   t o   b e   u s e d  
i n   t h e   i n t a k e .  

A n o t h e r   c o n s i d e r a t i o n  was t h e   p r o x i m i t y   o f   e r o d i n g  
c l i f f s   a l o n g   t h e   r i g h t   v a l l e y  wall ,  e x t e n d i n g   f r o m   a b o u t   S i t e  C 
t o   a b o u t  5 k i l o m e t e r s  ( 3 . 5  miles) ups t r eam  o f   Ashc ro f t .   These  
c l i f f s   c a n   s u p p l y  a ma jo r   con t inu ing   sou rce   o f   bo th   suspended  
and  bed  load  sediment  i n  the   s tudy   r each .   The re   ha . s   a l so   been  

*Th i s   f l ow i s  r e f e r r e d   t o   h e r e i n   a f t e r  as the   "by -pass   f l ow" .  
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some c o n c e r n   t h a t  a s l i d e   l a r g e   e n o u g h   t o   r e s u l t  in a 
s i g n i f i c a n t   b e d - s e d i m e n t  wave p a s s i n g   t h r o u g h   t h e   : s t u d y  
r c a c h   c o u l d   o c c u r .   G o l d e r   A s s o c i a t e s   h a v e   s u b s e q u e n t l y  
unde r t aken   (Refe rence  2 )  a p r e l i m i n a r y .   i n v e s t i g a t i o n   o f   t h e  
s t a b i l i t y   o f   u p s t r e a m  c l i f f s .  Based  on t h e i r   d r a f t   r e p o r t  
and a b r i e f   d i s c u s s i o n   b e t w e e n   G o l d e r   a n d  NHCL, t w o  c o n s i d e r -  
a t i . o n s   r e l a t i n g   t o   h y d r a u l i c s   o f   i n t a k e   s i t i n g   a r e   w a r r a n t e d :  

(1) The l a r g e   b l u f f s   b e g i n n i n g  i n  t h e   l a r g e   r i v e r  
bend   ups t ream of S i t e  C ( and   ex tend ing  some 
d i s t a n c e   u p s t r e a m   o f   t h i s   b e n d )   a r e  composed  of 
two d i s t i n c t   m a t e r i a l s / a r e a s :  

i )   F i n e   s a n d y  s i l t ,  c o n t a i n i n g   m a t e r i a l  mos t ly  
l e s s   t h a n   a b o u t  0 . 1  mm i s  e v i d e n t   u p s t r e a m  
o f   t h e   a f o r e m e n t i o n e d   r i v e r   b e n d .  

i i )   L a y e r e d   s a n d s   a n d   g r a v e l s ,   w i t h   c o b b l e s  up 
t o   a b o u t   h a l f - w a y   u p   t h e   c l i f f s   a n d  si . l ts  
o n   t h e   t o p   h a l f   o f   t h e   c l i f f s ,   e x i s t   w i t h i n  

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

These c l i f f s  a re   capab le   o f   supp ly ing   1on .g - t e rm 
s e d i m e n t s  t:o t h e   r i v e r   t h r o u g h   e r o s i o n   p r o c e s s e s .  
L a r g e   s c a l e   s l i d i n g   o f   t h e   o r d e r   o f  1 / 4  m i l l i o n  
c u b i c   m e t r e s  is p o s s i b l e ,   b u t  i s  n o t   l i k e l y   t o  
dam o f f   t h e   r i v e r .  A s  s u c h ,  i t  i s  u n l i k e l y   t h a t  
bed   fo rms   l a rge   enough   t o   r each   t he   i n t ake  s i l l  
( i e .   h i g h e r   t h a n  1-1% m e t r e s   o r  3 - 5  f e e t )  would 
o c c u r   a t   a n y   o f   t h e   s i t e s   b e i n g   i n v e s t i g a t e d .  

( 2 )  The n e a r - v e r t i c a l  s i l t  b u f f s   b e t w e e n   S i t e  D a n d   t h e  
CN r a i l w a y   b r i d g e   a r e   i n  a m a r g i n a l   s t a t e   o f  
s t a b i l i t y .   S l o u g h i n g   o f   t h e s e   b l u f f s   c o u l d   c a u s e  
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s h o r t - t e r m   s l u g s   o f  s i l t s  t o   b e   c a r r i e d  by t h e  
r i v e r   a t   a n y   o f   t h e   s i t e s   u n d e r   i n v e s t i g a t i o n ,  
b u t   w o u l d   n o t   s u p p l y   e n o u g h   m a t e r i a l   t o   r a i s e  
a d j a c e n t   b e d   l e v e l s   t o   t h e   i n t a k e  s i l l .  

Based  on  current   knowledge o f  t h e   u p s t r e a m  c l i f f s ,  
some weight  was g i v e n   i n   t h i s   e v a l u a t i o n   t o   t h e   d i s t a n c e   o f  a 
p a r t i c u l a r   i n t a k e   s i t e  from t h e   s l i d e   a r e a ,   ' o n   t h e   b a s i s   t h a t  
t h e   h e i g h t   o f  a p o s s i b l e   s e d i m e n t  wave  would  decrease  with 
d i s t a n c e ,   a n d   t h a t   w i t h   i n c r e a s i n g   d i s t a n c e ,   a d d i t i o n a l   w a r n i n g  
t i m e   w o u l d   b e   a v a i l a b l e   b e f o r e   t h e   e f f e c t s   r e a c h e d   t h e   i n t a k e .  

The l o c a t i o n   o f   t h e   i n t a k e  s i t e s  w i t h   r e s p e c t   t o  
t h e   B o n a p a r t e   r a p i d s  was a l s o  a c o n s i d e r a t i o n ,   D u r i n g   p e r i o d s  
o f  l o w   f l o w   t h e   r a p i d s   c o n t r o l   t h e  minimum w a t e r   l e v e l  a t  
S i t e s  C and D.  Complete   scouring away of the   r ap ids   wou ld  
r e s u l t   i n  minimum dep ths   be ing   abou t  1 metre ( 3  f e e t )  less  
than  a t  p re sen t .   Th i s   wou ld   cons ide rab ly   r educe   t he   deg ree   o f  
s u i t a b i l i t y  o f  t h e   u p s t r e a m  s i t e s  by   r educ ing   t he   a .va i l ab le  
d e p t h   a t  low  flow. 

I n  summary, t h r e e   m a j o r   c r i t e r i a  were a p p l i e d :  

1. Avai lab le   d .ep th ;  
2 .  Mean velocity a t  h i g h  flow; 
3 .  E s t i m a t e d   l e v e l s   o f   t u r b u l e n c e ;  

and   two  minor   fac tors   were   cons idered:  

1. D i s t a n c e   f r o m   t h e   u p s t r e a m   e r o s i o n   a r e a ;  
2 .  L o c a t i o n   w i t h   r e s p e c t   t o   t h e   B o n a p a r t e   r a p i d s .  
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4 . .  DISCUSSION 

4. .  1 Available  Depth - 

The f a c e   o f   e i t h e r  a bank-type o r  p ie r - . type   in take  
would be loca ted   a s   c lo se  t o  the  bank a s   poss ib l e   ( i n   o rde r  
t.o minimize  the  delzree  of  constriction  result ing  from a 
bank in t ake ,   o r   t he   r equ i r ed   l eng th   o f   b r idge   fo r  a p i e r  
i n t ake )   ye t  i n  as   deep   water   as   poss ib le .   Af te r   cons ider ing  
the   above   fac tors ,   the   loca t ions  shown on Figure 1 2  were 
chosen f o r  t h e   f a c e  of t h e   i n t a k e   a t   e a c h  s i t e .  Modification 
( t h a t  i s ,  excavat ion)   o f   the   na tura l   bed   of   the   r iver   to  
improve  depths was n o t   c o n s i d e r e d   a t   t h i s  time. More w i l l  
be s a i d   o f   t h i s   p o s s i b i l i t y   f u r t h e r  on i n  t h i s   r e p o r t .  

The minimum and maximum dep th -a t - f ace -o f - in t ake  
d a t a   a r e  summarized. i n  Table 1 below: 

Minimum Depth M.aximum Depth 
Distance  from 1:lOO Yr 

S i t e  
Flood  Water's Edge 

Metres  Feet Metres  Feet  Metres  Feet - 

C 3 . 9  1 3   1 3 . 7  4 5 . 0  4 5 . 5  .149* 
D 3 . 1  10 1 1 . 8  3 8 . 7  3 6 . 5  1 2 0  
E 5 . 2  1 9  1 3 . 2  4 3 . 3  3 6 . 5  :120 

F 2 . 7  9 9 . 8  3 2 . 2  4 5 . 5  1 4 9  
G 2 . 7  9 9.6 31.5 36.5 :t 2 0 

TABLE 1 

S i t e  E i s  t h e   b e s t   s i t e   a c c o r d i n g  t o  the  depth 
c r i t e r i o n   a s   t h e   g r e a t   d e p t h  would  permit a l a r g e   v e r t i c a l .  
di.mension f o r   t h e   i n t a k e   p o r t  and  hence  reduce  the  required 
t o t a l   l e n g t h   o f   t h e   s t r u c t u r e .   S i t e  C t h e n   S i t e  D fo l low  in  
preference .  

*Assuming f i l l  as shown on Figure 1 2 .  
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The maximum w a t e r   s u r f a c e   e l e v a t i o n  i s  o f   i n t e r e s t  
t o   t h e   d e s i g n e r   a s  i t  d e t e r m i n e s   t h e   r e q u i r e d   e l e v a t i o n   o f  
t h e   w o r k i n g   f l o o r  of  the   pumphouse .   The   he ight   o f   the   working  
f l o o r   a b o v e   t h e   i n t a k e  s i l l  i s  a f a c t o r  i n  de t e rmi .n ing   t he  
c o s t   o f  some e l e m e n t s   o f   t h e   i n t a k e .   T a b l e  2 p r e s e n t s   w a t e r  
s u . r f a c e   e l e v a t i o n s   a t   t h e   v a r i o u s  s i t e s  f o r   t h e  1:lOO y e a r  
f lood   and   fo r   wha t   wou ld   be  an e x t r e m e l y   r a r e   f l o o d .  Data 
f o r   t h e   l a t t e r  i s  i n c l u d e d   t o   a l l o w   t h e   d e s i g n e r  t:o become 
a w a r e   o f   t h e   s e n s i t i v i t y   o f   s t a g e   t o   f l o o d  r e t u r n  p e r i o d ,  
which i s  a f a c t o r  to c o n s i d e r  i n  de t . e rmin ing   f r eeboa rd .  

W a t e r   S u r f a c e   E l e v a t i o n  

S i t e  
453.5 m3/s 

( 1 6 0 , 0 0 0  c f s )  
5665 m3/s 

1::lOO y r  >1:1000 y r  
- ( 2 0 0 , 0 0 0  c f s )  

Me t re s   Fee t   Me t re s   Fee t  
" - 

C 2 9 8 . 4  9 7 8 . 8  2 9 9 . 6  9 8 2 . 8  
D 2 9 7 . 9  9 7 7 . 2  2 9 9 . 1  9 8 1 . 0  
E 296 .2  9 7 1 . 7  2 9 7 . 3  9 7 5 . 0  
F 2 9 4 . 9  9 6 7 . 3  2 9 5 . 7  9 7 0 . 0  
G 294.!i 9 6 5 . 9  295 .2  9 6 8 . 4  

- 

TABLE 2 

4 . 2  Mean V e l o c i t y  

I n   d e s i g n i . n g   t h e   i n t a k e   u n d e r   c o n s i d e r a t i o n ,  
t h e   d i f f i c u l t y   i n   m a i n t a i n i n g   s u i t a b l e   b y - p a s s   f l o w  
c o n d i t i o n s   d u r i n g   f l o o d   p e r i o d s  w i l l  i n c r e a s e   w i t h  
v r l o c i t y .   T h u s ,   l o w e r  mean v e l o c i t i e s   w e r e   j u d g e d   t o  
be a b e n e f i t .  The v e l o c i t i e s   a t   t h e   v a r i o u s   s i t e : j   a r e  
p r e s e n t e d  i n  T a b l e  3 ,  below: 
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3685 m3/s 4535  m3/s 

m/ s f t / s e c  m l  s f t / s e c  
- S i t e  ( 1 3 0 , 0 0 0  c f s )  (160,000 c f s )  

C 3.17 10.4 3.54 11.6 
D 3.57 11.7 3.96 13.0 
E 3.96 13.0 4.48 14.7 
F 4.15 13.6 4.70 15.4 
G 4.30 14.1 4.89 16.0 

TABLE 3 

By t h i s   c r i t e r i o n ,   t h e   s i t e s   r a n k   i n   o r d e r  
C , D , E , F , G ,  f r o m   m o s t   f a v o u r a b l e   t o   l e a s t   f a v o u r a b l e .  The 
s i t e s   a b o v e   t h e   B o n a p a r t e  ( C  and D) a r e   t o   b e   p r e f e r r e d .  

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

4.3 - Level   o f   Turbulence  

L a r g e   s c a l e   t u r b u l e n c e   c r e a t e d   b y   r a p i d s ,   b r i d g e  
p i e r s ,   b a n k   i r r e g u l a r i t i e s ,   l a r g e   b o u l d e r s  on t h e   b e d ,   e t c . ,  
w o u l d   b o t h   c o m p l i c a t e   t h e   d e s i g n   o f   t h e   b y - p a s s   f l o w   s y s t e m  
and i n c r e a s e   t h e   s i z e   a n d   c o n c e n t r a t i o n   o f   s u s p e n d e d   m a t e r i a l .  
T h u s  p r e f e r e n c e  was g iven  t o  l o w - t u r b u l e n c e   s i t e s .  The 
q u a n t i f i c a t i o n   o f  a t u r b u l e n c e   f a c t o r  was n o t   p o s s j . b l e ,   b u t  
q u a l i t a t i v e   e s t i m a t e : ;  o f  t u r b u l e n c e   l e v e l s   w e r e  made o n   t h e  
b a s i s  o f  knowledge o f  t h e   r e a c h .  

The sub- reach   above   t he   Bonapa r t e  i s  g e n e r a l l y   r e g u l a r  
i n  b o t h   p l a n   f o r m   a n d   c r o s s   s e c t i o n ,   a l t h o u g h  some t u r b u l e n c e  
i s  c r e a t e d  by t h e   c o n s t r i c t i o n   a n d   l a r g e   p i e r s   a t  t:he CN b r i d g e  
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The Bonapa r t e   Rap ids   a r e   t he   ma jo r   sou rce   o f   t u rbu lence   i n  
t h e   s t u d y   r e a c h .  The s t and ing   waves   and   l a rge  sca1.e e d d i e s  
gene ra t ed   by   such  a c o n s t r i c t i o n   w o u l d   b e   s e v e r e  ai: h i g h  
f l o o d  f l o w s ,   a n d   w o u l d   p e r s i s t   f o r  some d is tance   downst ream.  
The p l a n .   f o r m   o f   t h e   r i v e r   b e t w e e n   t h e   B o n a p a r t e   a n d   c r o s s  
s e c t i o n  1 2 2 0 -  ( 4 0 0 0  d / s )  i s  c o n s i d e r a b l y  more i r r e g u l a r   t h a n  
t h e   s u b - r e a c h   a b o v e   . t h e   B o n a p a r t e .   S e v e r a l   b a n k   p r o m o n t o r i e s  
a l o n g   t h e   l e f t   s i d e   w o u l d   g e n e r a t e   c o n s i d e r a b l e   t u r b u l e n c e ,  
a f a c t   t h a t  was obse rved  a t  2000  m3/s ( 7 0 , 6 0 0  c f s )   d u r i n g   t h e  
rec:onnaissance o f  May 2 0 ,  1 9 7 6  (Refe rence  3 ) .  

The  roughness of  t h e   b e d   i n   t h e   s u b - r e a c h   b e l o w  
the   Bonapa r t e  i s  a l s o   r e l a t i v e l y   g r e a t   a s   i n d i c a t e d  by t h e  
low f low n v a l u e   o f  0 . 0 5 2 ,  which i s  v e r y   h i g h ,   e s p e c i a l l y  
when t h e   r e l a t i v e l y   l a r g e   d e p t h  o f   f l o w  i s  c o n s i d e r e d .  

The q u a l i t a t i v e   e s t i m a t e s  f o r  t h e   a n t i c i p a t e d   l e v e l s  
o f   t u r b u l e n c e   a r e   s u m m a r i z e d   i n   T a b l e  4 below: 

S i t e  - - Level  o f  Turbu lence  

C R e l a t i v e l y  low 

E H i g h e s t   ( u n a c c e p t a b l y   h i g h )  
F High 
G R e l a t i v e l y   h i g h  

D Lowest 

TABLE 4 

4 . 4  O t h e r   C o n s i d e r a t i o n s  - 

The e r o d i n g   a r e a s   u p s t r e a m   o f   S i t e  C have  been 
men t ioned   a s  a s o u r c e  o f  sediment   and  as  a p o s s i b l e   s o u r c e  o f  
a b e d   m a t e r i a l   w a v e .   H o w e v e r ,   t h e   r e l a t i v e   s e r i o u s n e s s  o f  
t h i s   a s  a h a z a r d   t o   ; m y   p a r t i c u l a r   s i t e  i s  n o t   p o s s i b l e   t o  
q u m t i f y .   I t  i s  n o n e t h e l e s s   j u d g e d   t h a t   t h e   r i s k   a t   S i t e  C 
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i s  g r e a t e r   t h a n  a t  t h e   r e m a i n i n g  s i tes .  T h i s  i s  based  on 
two f a c t o r s :  f i r s t ,  S i t e  C i s  c l o s e s t   t o   t h e   e r o d i n g   a r e a  
and   hence   t he   magn i tude   o f   s ed imen ta t ion   e f f ec t s  may be 
g r e a t e s t  a n d  t h e   p e r i o d   o f   w a r n i n g   s h o r t e s t ;   a n d   s e c o n d ,  
S i t e  C i s  on t h e   i n s i d e   o f  a mild  bend  and  hence may b e  i n  
a z o n e   o f   d e p o s i t i o n  i f  a l a r g e   s e d i m e n t  wave  were t o   b e  
i n i t i a t e d   u p s t r e a m .  

A n o t h e r   c o n s i d e r a t i o n   p r e v i o u s l y   m e n t i o n e d  was t h e  
p o s s i b i l i t y   o f   d e g r a d a t i o n   o f   t h e   B o n a p a r t e   r a p i d s ,   w h i c h  
would r e s u l t   i n   d e c r e a s e d   l o w - w a t e r   d e p t h s  a t  S i t e s  C and D .  
T h i s   c o n c e r n   h a s   b e e n   d i s c o u n t e d   f o r  two r e a s o n s ,  f i r s t ,  t h e  
r a p i d s   a p p e a r   t o   b e   h i g h l y   s t a b l e  - f l o o d s   f r o m   1 9 2 8   t o   d a t e ,  
i n c l u d i n g   t h e  1:SO y e a r   f l o o d   o f   1 9 7 2 ,   d i d   n o t   h a v e  a s i g n i f i -  
c a n t   e f f e c t ,   a s   j u d g e d   f r o m   p r e - 1 9 7 2   a i r   p h o t o s ;   a n d   s e c o n d ,  
i f  : p a r t i a l   d e g r a d a t i o n   d i d   o c c u r   d u r i n g  a f l o o d  o f  r a r e  
m a g n i t u d e ,   t h e   r a p i d s   c o u l d   b e   r e - e s t a b l i s h e d   a r t i f i c i a l l y .  

A f u r t h e r   m i n o r   c o n s i d e r a t i o n  i s  t h e   i n p u t   o f  sus- 
pended   sed iment   f rom  the   Bonapar te  River. In  re la t j -ve terms, 
t h i s   c o n s i d e r a t i o n   s i m p l y  means t h a t   a t   c e r t a i n  times o f   t h e  
yea:r, S i t e s  E ,  F ,  and G ( p a r t i c u l a r l y  G) could   have   more   in take  
o f  suspended   sed iments   ( than  S i t e s  C and D) due t o  . the  Bonaparte 
c o n t r i b u t i o n .  I t  i s  : n o t   p o s s i b l e   t o   d e f i n e   t h e  amount o f  
e x t r a   s u s p e n d e d   s e d i m e n t   s u p p l y   t o   t h e s e   s i t e s ,   b u t  i t  i s  
e x p e c t e d   t o   b e   s m a l l  i n  compar i son   t o   supp ly   f rom  poss ib l e  
u p s t r e a m   c l i f f   e r o s i o n .  
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5 .  SITE SELECTION  BASED ON HYDRAULIC CONSIDERATIONS 

A f t e r   c o n s i d e r a t i o n   o f   a l l   t h e   a b o v e - d i s c u s s e d  
f a c t o r s ,   S i t e  D i s  recommended a s   t h e   p r e f e r r e d   s i t e .   S i t e  
C ,  t h e n   S i t e  G ,  f o l l o w   i n   p r e f e r e n c e .   S i t e  E i s  n o t   f a v o u r e d  
because  o f  i t s  p r o x i m i t y   t o   t h e   r a p i d s ,   a n d   S i t e  F because  
of  a c o m b i n a t i o n   o f   h i g h   v e l o c i t i e s ,   h i g h   t u r b u l e n c e   a n d  
r e l a t i v e l y   s h a l l o w   d . e p t h   n e a r   t h e   l e f t   b a n k   a t   t h a t   s e c t i o n .  

S i t e  D h a s   n o m i n a l l y   b e e n   l o c a t e d   a t   C r o s s   S e c t i o n  
2 2 5 +  ( 7 5 0  u / s ) .  I f  a c c e s s   t o   t h i s   l o c a t i o n  were made  by t h e  
c o n s t r u c t i o n   o f  a b e r m   a l o n g   t h e   r i g h t   b a n k ,  a q u e s t i o n  can 
b e   r a i s e d  as t o  how f a r  downstream  from 2 2 5 +  c o u l d   t h e   s p e c i f i c  
s i - t e   b e .   I n s p e c t i o n   o f   t h e   d a t a  i n  N H C L ' s  r i v e r   s u r v e y   r e p o r t  
o f   J a n u a r y  1 9 7 7  (Refe rence  4) i n d i c a t e s   t h a t   a t   C r o s s   S e c t i o n  
135+ ( 4 5 0  u / s )   t h e   d e p t h   n e a r   t h e   r i g h t   b a n k  i s  0 . 9  metres 
( 3  f e e t )   l e s s .   T h u s ,   u n l e s s   b e d   e x c a v a t i o n  i s  c o n s i d e r e d ,  
i t  w o u l d   a p p e a r   t h a t   t h e   i n t a k e   l o c a t i o n   c o u l d   n o t   b e  moved 
v e r y  f a r  d o w n s t r e a m .   ( A t   p r e s e n t   c r o s s   s e c t i o n   d a t a   a r e  
a v a i l a b l e   o n l y   a t  9 0  m e t r e   ( 3 0 0 - f o o t )   i n t e r v a l s   n e a r   S i t e  D. 
P a r t i a l   c r o s s   s e c t i o n s   a t   c h o s e n   i n t e r v a l s   w o u l d   b e   r e q u i r e d  
t o   r e f i n e   t h e   i n t a k e   l o c a t i o n   a n y   f u r t h e r . )  

The p r a c t i c a b i l i t y   o f   b e d   e x c a v a t i o n   c a n n o t   b e  
a s s e s s e d   u n t i l   r i v e r   b e d   b o r e h o l e   i n f o r m a t i o n  i s  a v a i l a b l e .  
I f ,  f o r  e x a m p l e ,   f i n e - g r a i n e d   m a t e r i a l   e x i s t s   u n d e r  a 2 o r  3 
foo t   a rmor   l aye r ,   mod i fy ing   t he   bed   wou ld   en ta i l   ove r -excava t ion  
i n t o   t h e   f i n e   m a t e r i a l   f o l l o w e d  by t h e   r e p l a c e m e n t   o f   t h e  
a r m o r   l a y e r .   0 t h e r w i . s e   u n c o n t r o l l e d   s c o u r   c o u l d   d e v e l o p .  A 
c o s t - b e n e f i t   a n a l y s i s   w o u l d   d e t e r m i n e   i f   b e d   m o d i f i c a t i o n  was 
a d v i s a b l e .  
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I f   n o n - h y d r a u l i c   c o n s i d e r a t i o n s   s t r o n g l y   f a v o u r  
a s i t e   o t h e r   t h a n  D ( G ,  f o r   example )  a r e a s o n a b l e   q u e s t i o n  
would  be: How much b e t t e r ,   h y d r a u l i c a l l y ,  i s  S i t e  D ?  The 
d e g r e e   o f   p r e f e r e n c e   c a n n o t ' b e   q u a n t i f i e d   a t  t h i s  t ime .  
Hohxever, t he   magn i tude  o f  t h e   d e s i g n   p r o b l e m s   a s s o c i a t e d  
w i t h   h i g h e r   v e l o c i t i e s   a n d   h i g h e r   t u r b u l e n c e   ( a t   S i t e s  C and 
G )  would  have t o  b e   i n v e s t i g a t e d   i n  a c o n c e p t u a l   h y d r a u l i c  
m o d e l   s t u d y .   ( I n   a d d i t i o n ,   t h e   h i g h e r   m a i n t e n a n c e   c o s t s  
a s s o c i a t e d   w i t h   i n t a k e  o f  s u s p e n d e d   s e d i m e n t s   a t   S i t e  G ,  
f o r   example ,   wou ld   have   t o   be   we ighed . )  I f  t he   p rob lems  
a s s o c i a t e d  w i t h  h i g h   v e l o c i t i e s   a n d   h i g h   t u r b u l e n c e   a r e ,  
i n   f a c t ,   n o t   i n s u r m o u n t a b l e ,   a n d  i f  pump and  wet   wel l  
m a i n t e n a n c e   p r o b l e m s   a r e   m i n i m i z e d ,   t h e n   S i t e  G c o u l d   w e l l  
be a s   a c c e p t a b l e   h y d r a u l i c a l l y  as S i t e  D. 
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6 .  CONCLUSIONS AND  RECOMMENDATIONS 

6 . 1  Conc lus ions  

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

2 .  S i t e  C i s  s e c o n d   p r e f e r e n c e   a n d   S i t e  G is 

t h i r d   p r e f e r e n c e .   B o t h   a p p e a r   t o   b e   a c c e p t -  
a b l e   h y d r a u l i c a l l y .  

3 .  B e c a u s e   o f   h i g h   v e l o c i t i e s   a n d / o r   h i g h   ' l e v e l s  
o f   t u r b u l e : n c e ,   S i t e s  E and F a p p e a r   t o  bt: 
r e l a t i v e l y   p o o r   a l t e r n a t i v e s .  

4 .  The e x a c t   l o c a t i o n  o f  t h e   i n t a k e   w i t h i n  
S i t e  D c a n   o n l y   b e   d e t e r m i n e d   a f t e r   s u b - b e d  
d a t a  are a v a i l a b l e   a n d   a d d i t i o n a l   p a r t i a l .  
c r o s s   s e c t . i o n s   o b t a i n e d   a t   c l o s e r   i n t e r v a l s .  

6 . 2  Recommendations 

S tage   measurements  a t  t h e   s e l e c t e d   s i t e  will b e  
r e q , u i r e d   f o r   f l o w s   o v e r   a b o u t  3000 m / s  ( 1 0 6 , 0 0 0  c f s )   t o   c o n f i r m  
t h e  accuracy  of e s t i m a t e s  made i n  this s tudy .  

3 
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RETURN  PERIOD (yeort)  

% Of Y E A R S  FLOWS  EOUALLED OR EXCEEDED 

N o x s  : 
AUTHORITY 

. LCURVE SHOWN DEVELOPED FROM DATA OF 
HAT CREEK COOLING  WATER  SUPPLY 

WSC STATIONS 08 LF 022 AND 08 LF 051 
.?..PERIOD OF RECORD: 1912 - 1931,  I934 - 1975 

IMUM FLOW FREQUENCY CURVE 
THOMPSOIV RIVER 

NEAR  SPENCES  BRIDGES 
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RETURN  PERIOD (years) 

% OF Y E A R S  FLOWS EQUALLED OR  LOWER THAN :SHOWN 

NOTES : 

LCURVE  SHOWN  DEVELOPED FROM DATA OF 

ZPERIOD OF RECORD : 1912 - 1931, 1934 - 1975 
WSC STATIONS 08 LF 022 AND 0 8  LF 051 

3.AVAICABLE  DATA  INOICATE A LEVELLING OFF THOMPSON RIVER 
MINIMUM FLOW FREQUENCY CURVE 

M N T S .  tT IS ASSUMED  THAT THIS PATTERN IS 
OF MINIMUM FLOWS FOR EXTREME LOW-FLOW NEAR  SPENCES  BRIDGES 

DUE TO THE  NATURAL  CONTROL OF KAMLOOPS 
AND  SHUSWAP LAKES. 

1 Drawn. V.U. I Date. A N  1977 I FIGURE 5 
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DISCHARGE (IOoOcft) : 

DISCHARGE ( m3/t) 
U07€ : 

THIS CURVE WAS DERIVED FROM RESULTS OF A  BACKWATER COMPUTER MODEL 
THE YODEL WAS CALIBRATED WITH AVAILABLE DATA RANGING BETWEEN 
Kx) AND 2500 n?h ( X K X )  AND ~ P O O  d a l .  
WRllONS OF THE CURVE OUTS!DE THIS RANGE ARE ESTIMATES ONLY. 

LE GENU : - CURVE BASED ON AVAILABLE 

--- ESSTIUAEO CURVE 
FIELD DATA 

B.C.  HYDRO AN0 POWER AUTHORITY 

HAT CREEK COOLING WATER  SUPPLY 

I STAGE- DlSCHARGE CURVE 
. Sl.TE C 
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DISCHARGE ( m3/0) 
Nor€ : 

THIS CURVE WAS DERIVED FROM RESULTS OF A BACKWATER COMPUTER MODEL. 
THE HOOEL WAS CALIBRATED WITH AVAILAELE OATA RANGING  BETWEEN 

PORTIONS OF THE CURVE OUTSIDE THIS RANGE ARE ESTIMATES ONLY. 
LOO AND 2500 I#..% (Io00 AND 88,OOOcfs I .  

w 
J 
w 

L€GFMD : - CURVE BASED ON AVAILABLE 

-- ESTIMATED CURVE 
FIELD OATA 

CoypGTe:: UODEf PO!NT?? 

I EC. HYDRO AN0 POWER AUTHORITY 

STAGE- DISCHARGE CURVE 
SITE 0 
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DISCHARGE ( m3/s) 
NOTE : 

THIS  CURVE WAS DERIVED FROM RESULTS OF A  BACKWATER COMPUTER  MODEL. 
THE MODEL WAS CALIBRATED  WITH  AVAILABLE DATA RANGING  BETWEEN 

PORTIONS OF THE  CURVE  OUTSIDE  THIS RANGE  ARE ESTIMATES ONLY. 
ZOO AND 2 500 m’/s ( 7000 A N 0  Se;m CfS 1. 
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-- ESTIMATED  CURVE 
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I RC. HYDRO AN3 POWER AUTHORITY 

HAT CREEK COOLING  WATER SUPPLY 

STAGE - DISCHARGE CURVE 
SITE E 
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.DISCHARGE ( I O 0 0  cfr) 

DISCHARGE ( m3/r) 
NOT€ : 

THIS  CURVE WAS DERIVED FROM RESULTS OF A BACKWATER COMPUTER MODEL. 
THE MODEL WAS CALIBRATED  WITH  AVAILAELE DATA RANGING  BETWEEN 

PORTIONS OF THE  CURVE OUTSIDE THIS RANGE ARE  ESTIMATES ONLY. 
xx) AND 2500 m'/s ( X X X ,  AND espoo cfs).  
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APPENDIX "A" 

d. 

"THOMPSON RIVER NEAR  ASHCROFT 

WATER LEVEL  MONITORING  PROGRAM, 

DECEMBER 1 9 7 6  - JULY 1 9 7 7 "  
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a 

ul 

u. 

303.7b 

303.41 

303.!m 

303.40 

303.36 

303.31 

303.77 

305.09 

305.98 

- 0.32 

- 0.01 

0 

- 0.04 

- 0.02 

+ 0.b3 

+ 1.32 

+ 0.89 

6300 ?t Down Stream 
10 

289.06 
- 0.19 

280.77 
+ 0.5L 

- 0.16 770.31 

?“0.15 
- 0.36 

269.70 

290.21 

2e9. ?2 

2i19.70 

2ti9.60 

289.65 

2t!7.6b 

290.21 

291,89 

293.21 

- 0.19 

- 3.02 

- 0.02 

- 0.03 

- 0.01 

+ 0.57 

+ 1.68 

+ 1.32 

- 0.09 
291.12 - 0.26 

292.86 
+ 0.84 

- 0.21 

- 0.63 

293.70 

203.46 

292.83 

280.23 

258.69 

206.63 

288.66 

288.62 

288.62 

289.25 

291.01 

292.3h 

- 0.02 
195 

0 

- 0.04 - 6  
195 

13? 
0 - 3  

1 E6 
+ 0.63 + 1.22 

2% 
+ 1.76 + 566 

+ ?.. 33 851 + 125 

1,2-0 

- 0.07 

202.27 
- 25 

- 116 - 0.25 
1,254 

l,ljii 

1 ,515  

1,343 

292.02 
+ 0.16 + 377 

- 167 291.78 
- 0.23. 

202.55 

292.02 
- c.53 

1,155 
- 193 



Table 2 - Water Surface  Elevations i n  ImDerial  Units 

In take   S i te  
Thompson River 

(See Note 2)  
" 

~~ td - 
ZOO F t  Down Stream EO Ft Upstrem 1050 Ft Dom Stream 

liA 10 Change 

-rd T F S )  
Date Elevation Chan e Elevation Chan e Elevation Chen e Disoharge  Discharge 

i n  
- 

Y, 
76  Oec 6  996.53 - 1.06 

- 0.04 
77 Feb 1 995.47 

952.14 - 1.60 

950.54 - 0.07 

948.94 

947.17 

947.13 

947.06 

- 1.77 

- 0.04 

- 0.07 

10,500 

7,100 

6,900 

6,900 

- 3,400 

- 200 

0 

Y. 
950.47 - 0.05 

rd. 

L 

rJ, 

Mar 1 995.40 

- 0.11 

Mar l!? 995.29 
- 0.05 

Mar 3:L 995.24 
+ 1.40 

Apr I!? 996.64 
+ 4.32 

M a y  2 1000.96 
+ 2.93 

May l!? 1003.89 

950.42 

- 0.10 
950.32 

- 0.05 
950.27 

+ 1.89 
952.16 

+ 5.49 
957.65 

+ 4.35 
962.00 

- 0.13 - 200 
946.93 6,700 

- 0.01 - 100 
946.92 6,600 

+ 2.07 + 3,600 

+ 20,000 
9".99 10,200 

+ 5.78 
954.77 30,200 

4:: ,200 

a- 
+ 4.37 + 15,000 

959.14 

?a360 Ft  Down Stream 
10 

-0.22 

-0.82 

+2.49 

-0.75 

-1.74 

-0.31 

-0. a3 
961.69 

960.86 

963.61 
+2.75 

-0.81 
962.80 

-2.02 
960.75 

- 900 

- 4,100 

+ 13,300 

- 5,900 

- 6,800 

May 29  951.34 
-0.64 

June 2 950.70 
+1.78 

June 15 952.48 

-0.53 
July 2 951.95 

-1.19 
77  July  15  950.76 

958.92 

958.10 

960.59 

959.84 

958.10 

41&,300 

40,200 

53,500 

47,600 

40,800 

Note: 1. This program of recording  r iver   water   levels  was terminated on 15  Jul.y 1977 as t h e  - 
peak of   the  f reshet  had .passed the   in take   s i te .  

2. Discharges  are  for  Sites 4A and 10  (150 f t  upstream).  Discharges we1.e obtained by 
subtracting  Bonaparte and Nicola  River flows (Stat ions 8LF02 and 8LG06) from Thonpson 
River  flow at Spences  Bridge  (Station 8LF51). 

2 



Table 3 - Water Surface Profile 

Location  (See  Iiote 3 )  
In take   S i te  10 - 

*.L 
Elevat ion __ 

*+ m 

+lo65 
+ 915 

- 

+ 780 

+ 365 
+ 140 

+ 6'70 

+ 45 
0 

- 35 
' - 65 

- 125 
- 245 
- 320 

- 850 
-1010 

-1160 

- 550 

-I315 
-1465 
-1720 
-1925 
-2075 

Notes 

290.40 
290.09 

289.98 

289 .a3 

289.64 
289.61 
299 3 6  

290.03 

289.94 

289 * 79 

2%. 75 
288.78 
288.78 
288.73 
288.70 
288.66 
2% -50 
288.42 
288. 16 
2% .oo 
287.82 

. 287.40 

952 * 50 
951.50 
951a.30 
951.1.4 
950 99 
950.65 
950.54 
950.02 
949 . I n  
949 . '77 
947 ,113 
947.20 
947 .20 

947.06 
946. $26 
946.81 
940.30 
946.03 
945. rs 
944.64 
944.03 
942.68 

1. All s t a t i o n s  upstream of and  in,cluding 1780 m f2550 f t  u/s) were  surveyed  by i 
NHCL on 2 and 3 March 1977 when r iver   discharge was approximately 200 m3/s 
(7,000 c f s ) .  I 

2.  All s t a t i o n s  downstream of and including 6 7 0  m (2192 f t  u/s) *ere  surveyed \ 
by Mc:Elhan?ey on 31  January  thrcugh 2 February 1977 wher. r iver   discharge was i 
approximately 205 m3/s (7,300 c f s j  . 

(PM V11191/3, App. 2 )  3 
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