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31 October 1978 

13. C .  Hydro and J’ower Authority 
BOX 12121 
555 West Hast ings  Street  
Va.ncouver, B.  C .  
V 6 B  4T6 

Attention: Mr. C. K .  Harman,  P. Eng. 
Project  Manager, Off -S i te   Fac i l i t i es  

Reference: V425.t Hat Creek Project  
Cooling Water Supply 

021.50  Preliminary Design  Study 
Supplementary  Investigations 

Tkar S i r s :  

We are  pleased to present t h e  a t tached copy of our  Report V4251/1, 

Supplementary Investigations,   dated October 1978. Twenty copies !lave 
l l u t  Creek Project,  Cooling Water Supply,  Prel.ininary Design Study, 

been s e n t  t o  your  atter,tion  under  separate  cover. 

Yours t r u l y  

SANDWELL AiiD COMPANY LIMITED 

A. Copeland,  P. Eng 
Project  Zngineer 

AC/ , jC 
Attachment:  3e:Iort V k 2 5 l / !  
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B.C. HYDRO AND POWER AUTHORITY 
VANCOWER B.C. 

DATE OCTOBER 19'78 

INTRODUCTION 

:CII March ,1978 Sandwell  presented  Report V4191/1, the  Preliminary Design  Study 

pl.nnt i n  the Hat Creek Va1le:y near  Ashcroft, B .C .  Subsequent t o   t h a t   r e p o r t ,  
for the  make-up water  supply of B.C. Hydro's  proposed 2000 MW* thermal power 

f'ilur supplementary  investigations were carr ied  out .  

'Phis report   describes  these  investigations and also  contains a breakdown of 
the Preliminary Design pipel. ine  cost   estimate.   Investigations and cost  
breakdown are   repor ted  i n  fi.ve  Project Memoranda, Appendix 2,  a :;munary o f  
which follows. 

I'TI'ELINE RQUTE I?EVIEN 

I n  the  Preliminary  Design, a portion  of  the  pipeline  follows  the 500 kV power 
t ransmission  l ine  planned  to  run due e a s t  from the  power p lan t .  

Project  Memorandum Vb251/1 reviews  the  pipel ine  route   consider ing  that   the  

I'reLiminary  Design scheme would change main1;r as follosrs: 
500 kV transmission l i n e  wou:.d not be located i n  t h i s   a r ea .  I n  tha t   case ,   the  

i I.. Routing: Section between  Boston F la t s  and Mc1,ean  Lake 
relocated. 

2. Length : 22.4 km, 1.1 km shor te r .  

3 .  Waterhammer Protection: - One addi t iona l  one-way surge  tank. 
- Increased  booster pump i n e r t i a   a t  No. 2 

Eooster  Station. 

1 1 .  Direct  Capital  Cost: $33,990,000, $28c,000 lower. 

5. Minimm Ener.w  Cost., 
Present  Value: $20,861,900, $b5,000 lower. 

1 * : . l c~~s-w: j . t t .  F:>r t h i s  and other  abbreviations,   see Appendix 1, iGlossary of 

I. . " 



Rl%ERVOIR RELOCATION 

c.lose  proximity  to  the power p lan t .  
In t h e  Preliminary Design the  cooling  -dater  supply  reservoir i s  located i n  

Project  Memorandum  V1+21j1/4 reviews  the  water  supply  system  considering  that 
the   reservoi r  would be 1ocat.ed i n  upper  Medicine  Creek  approximately 1 km 

m i g i n a l l y  proposed  reservoir. As for  P.M. V4251/1, t 'nis study  also assumes 
fu r the r  away from the  power p lan t  and  approximately  125 m lower t h a n  t he  

tha t  t h e  500 kV transmission  l ine i s  not a f ac to r   i n   rou te   s e l ec t ion .  

A scheme i s  recommended which  d i f f e r s  mainly  as  follows from the  Preliminary 
Desipn: 

1. Route: - Section between  Boston Fla t s   a rd  McLean Lake 
relocated  ( fc l lows  route  recommended i n  
P.M. V4191/1). 

- Last 2 km of   pipel ine  re located.  

2 .  S t a t i c  L i f t :  1013 m, 70 m lower. 

'3. Len8;th: 21.4 ian, 2 . 1  km shorter .  

h. Pipeline  Diameter: 7.3 lcx of 900 mm w i t h  the  balance 8100 mm, instead 
of 800 m. throughout. 

5 .  Uaterhammer Protect ion:  - One additional  simple  surge  tank. 
- Reduced booster pump inertia.  

6.  In le t   to   Hecervoi r :  F'ollojrs  upstream  end  of reservoi r   va l ley   ins tead  
of crossing under reservoi r  dam. 

7. Total  Capital  Cost:  $46,000,000, $l,LOO,OOO lower. 

il. M i n i m u m  Energy Cos';, $15,699,000,  $5,207,000  lower, u t i i i z ing   fou r  
mill ion m per  annum of Medicine  Creek run-off. 3 Present Value: 

9. Gravity Flow: 
which p a r t i a l l y  f u l l .  
3.5 iun of  pipeline would flow by gravi ty ,  some of 

Project Memorandlum V425113 records  and  reviews  water  treatment  proposals 

dc@-itting c l a r i f i e r .   T h i s  method of  treatment was selected  during 
rcceived  during  the  Preliminary Design  and recommends fiesign  parameters  for a 

erosion i n  the  kigh  pressure pumps. 
I'reliminary Design t o  remove Thompson River  i iater  solids  for  the  prevention of 
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'CHOMPSON RIVER - WATER LEVEL DATA 

Project  Memorandum V4251/5 supplenents  water  level  data  reported i n  t h e  
Preliminary Design  Stu6y f o r   t h e  proposed  intake  si te.  Water levels  recorded 
here were taken a t  bimonthly in t e rva l s  from 1 4  December 1977 until 1 July  1978. 

" 

PIPELINE - B R W D O W N  OF COST  ESTIMATE 

Project  Memorandum V4251/2 records  quant i t ies ,   uni t   pr ices  and breakdown of 
cost  which  were developed for   the   cos t   es t imate  of t he  water supply  pipel ine 
d u r i n g  Sandwell's  Pre1iminar:y  Design. 

Prepared  by 
A.  Copeland, P. :Eng. 

Approved by 
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kilowatt  hour 
ki lopascal  
l i t r e   p e r  second 
metre 
millimetxe 
r!eKa-wa?;t 
r e t r e   p c r  second 
cubic  metre  per  second 
tne  thousandth  of a mm 
m e  thousandth of a do l l a r  

by t h e  Clow for   inspect ion o r  cleaning purposes. 
Jnstrument  packages which travel  through a pipel ine  propel led 

pounds per  square  inch 
pounds p e r  square inch  gacge 
second 
square 
IJnited States gallons per  minute 
The  waves of pressure which t r a v e l  i n  a p ipe l ine  when changes 
.in flow  occur. 



Metric  Units 

Quant i tz  

Length’ 

Area 

Volume 

Discharge  Rate 

Force 

Mnss 

Pressure 

Power 

Velocity 

I n e r t i a  

SI* Unit  Abbreviation  Equivalent  Imperial Unit 

millimetre m 
centimetre 
metre 

cm 
m 

kilometre km 

square met:re 2 

hectare  h a  

cubic  metre m 3 

l i t r e  1 

cubicmetrepersecond m / s  

l i t r e   p e r  :second l / s  

m 

3 

newton N 

tonne t 
kilogram  kg. 

pascal  Pa 

k i lopasca l  kPa 

megapascal mPa 

kilowatt  kW 

metre  per  second m / s  

kilogrammetre  square kg.m 2 

0.3937 
0.03937 

3.28 
39.37 
0.6214 

3280 

10.87 
2.471 

35.314 
264.17 

0.2642 

35.314 

15.852 

0.2248 

2207 
2.207 

0.00014:; 

0.145 

1 4 5  

1.34 

3.28 

0.737 

inch 

f e e t  
inch 

inches 
mile 
f e e t  

square  feet  
acres  

cubic   feet  
US gailons 
US gallon 

cubic   feet   per  

US gallons  per 
second 

minute 

pounds 

pounds 
pounds 

pounds per 
square  inch 
pounds per  
square  inch 
pounds per  
square  inch 

horsepower 

f ee t   pe r  
second 

s lug.  f e e t  
square 

* In te rna t iona l  Systec:  of U n i t s ,  as  adopted by the  Canadian Construction 
Industry.  
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B.C. HYDRO AND POWER  AUTHORITY 
VANCOUVER B.C. 
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B.C.  HYDRO AND POWER AUTHORITY 
VANCOUVER B.C. 

DATE 23 JUNE 1978 

IMTRODUCTION 

Mr. C .  K .  Harman of B . C .  Hydro and Power Authority  requested a rt?view  of t he  
In a l e t t e r   t o  Mr. D. A. Bru:ndrett  of  Sandwell,  dated 22 February 1978, 

pj .peline  route  described i n  ;Sandwell's  Preliminary Design  Study,  Report V4191/1, 
March 1978. The reason  for .and extent  of  this  review were given  as  follows: 

"Review and se l ec t  optimum pipe l ine   rou te  between  Boston F la t s  and McLean 
Lake on t h e  assumption t h a t   t h e  500 1tV t ransmission  l ine wou:.d not  be 
I.ocated in t h i s   a r e a .  If a new pipe l ine   rou te  i s  chosen,  select a new 
loca t ion   for  No. 2 booster  station.  Revise  the  drawings and cost   estimates 
t o   r e f l e c t   t h e  new locat ions."  

'lhis memorandum records  the  :studies done t o  determine  the  optimui  route and 
p resen t s   t he   r e su l t s .  ?he se lec t ion  of t h e  optimum route  i s  based on c a p i t a l  
x i t i  operat ing  cost ,  and on obher  considerations. 

Rather  than  revising t h e  pre.iious  drawings,  Sandwell  has  prepared new drawings 

cursory   ident i f ica t ion  of cos t   d i f fe rences   ra ther   than  an  in-dept,h  review of 
to, show the   rou tes   s tuc ied .  COST est imate   revis ions have  been l i m i t e d   t o  a 

the   en t i re   p ro jec t   es t imate .  

IIOUTES STUDIED 

1 ' 1 ~  routes   s tudied  are  shown on Drawings B4251/1-1 and D4251/1-2, and t h e i r  
p ro f i l e s  on Drawing D4251/1-3, a l l  i n  Appendix 2. ?he routes   are:  

- Preliminary Design  Route as  presented i n  Sandwell  Report V k l 9 l / l ,  March 1978. 

- Alternatives 1, 2 anu 3 ,  which,  including  the  booster  station  locations,  were 
developed  using maps and a i r  photos,  but  without a f i e l d   v i s i t .  

Al.ternative 1 avoids  the  lake at S ta t ion  11+000 and much of t he  rock  excavation 
0 1 '  the  Preliminary Design  Route. 

a r i d  l ake  mentioned. 
Alternative 2 follows i~ s t r i p  of favourable  topography  and  also  avoids  the  rock 

Alterndtive 3 i s  basicel ly   the  sane as t h e  Conceptual  Design Route (Report 
VhOO7/2, January 1977), except t h a t  it has been shifted  about 1 km nor th   a t   t he  
top  of' t he  h i l l  above  hoston F la t s  t o  avoid some d i f f i c u l t   t e r r a i n  which became 
apparent  during  the  helicopter  survey on 8 November 1977. 

w L 
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A combination u t i l i z i n g   t h e  lower  portion of Alternat ive 3 with  the  upper 
port ion of Alternat ive 2 ,  joining after the   boos t e r   s t a t ion ,  was considered t o  
reduce  clearing on the  upper  portion  of  Alternative 2 while  avoiliing  the 
eroding zone on i t s  lower  portion. However, as this  combination would requi re  
ex tens ive   s idehi l l   cons t ruc t ion  and would increase   the   p ipe l ine  :Length with 
few offset t ing  advantages,  i t  was not  developed. 

booster pump i n e r t i a   t o  cont ro l  waterhammer pressures   in  the  pipt?line.  
The Preliminary Design Route requires  two one-way surge tanks and increased 

B.C. Hydro assessed waterhammer c o n t r o l   f a c i l i t i e s   o n l y  for  t h e  most promising 
Scheme, Alternat ive 3,  and  found t h a t  it requires  an addi t iona l  one-way surge 
t a n k   ( t o t a l  of t h r e e )  as we1.l as increased  booster pump i n e r t i a  at No. 2 
Booster  Station. Waterhamme:r c o n t r o l   f a c i l i t i e s   f o r   A l t e r n a t i v e s  1 and 2 were 
assumed t o  be t h e  same as fo:r the  Preliminary Design  Route. 

Geotechnical   s tabi l i ty  was not  appraised  for  each  route  alternative owing t o  
time and  budget l imitat ions.   Previous  s tudies  have resul ted  in   favourable  
assessments of t h e  a rea  so that t h e  routes  shown are   expec ted   to   be  
Eeotechnically  acceptable. 

Cost differences and other   considerat ions were determined  using air photos 
(Reference 1*), topographic maps (Reference 2 ) ,  photographs  and  impressions 
from p rev ious   f i e ld   v i s i t s .  

CAPITAL COST 

Only those items in  the  Prel iminary Design cost   estimate which vary  significantly 
from rou te   t o   rou te  were  included in   t he   cos t   ana lys i s .  

'Phe d i r ec t   cos t s  shown i n  Table 1 are for   the   sec t ion   of   p ipe l ine   where , the  
route i s  a l t e r ed  - t h a t  is, from Sta t ion  5 + 560 t o   S t a t i o n  1 4  + 150, using t h e  
or ig ina l   s ta t ion ing  from Report Vbl91/1. Unit pr ices  from the  Prel iminary 
Design est imate  have  been  used, which  were based on the   four th   quar te r  of 1977. 

- * For references,   see  Appendix 1 

(I'M Vh251/1) 2 



* .d 

w 

Item - 

Table 1 - P a r t i a l  Cost Estimate,   Station 5 + 560 t o  14 

Preliminary  Alternative  Alternat, ive  Alternative 
Design 1 2 1  3 

Dept. 272.00 - Water P ipe l i rE  

272.63 
272.65 
272.67 
272.70 
272.71 
272.74 
2'12.75 

2'12.83 
~"(2 .78 

2y2.86 

Grading 

Trenching 
Pipe 

Welding 
Line-up 

Bedding 
Lower-i.n 

Backf i l l  
Surge Tank Systems 
Drainace Pipel ines  

Sub-Total 

$ 105,000 

1,278,800 

160,800 
217,300 

127,000 
248,600 

148,600 

231,500 

1,693,400 

- 

4,211,000 

$ 77,200 

1,292,300 

160,100 

1,688,600 

213,500 

245,500 
90,900 
144,300 

87,600 
* 

$ 4,000,000* 

$ 100,500 $ 78,900 
1,502,700  1,430,200 

191,700 
143,000 

187,500 
135,000 

220,300  215,600 
124,200  96,800 
133,000 128,000 

118,300 75,700 

$ 3,790,000* $ 3,865,000 

1,256,300  1,267,300 

w 250,000 

- 

Dept. 2'74.00 - r b .  2 Booster  Station 

27h.86 Drainage  Pipelines $ 74,000 $ 74,000 $ 172,000 $ 240,000 
274.93 Overflow Reservoir 890,000 890,000 690,000 620,000 
2'74,911 Access Roads 35,000 43,000 108,000 155,000 

Sub-Total $ 999,000 $ 1,007,000 $ 970,000 $ 1,015,000 

bept. 291.00 Power Supoly & Distr ibut ion 

291.51 69 kV Transmission 

- 
. .  

Line - Nil - $ 3,000 $ 25,000 $ 50,000 

Sub-Total - N i l  - $ 3,000 $ 25,000 $ 50,000 

Total of Par t ia l   Di rec t  Cost. $5,210,000 $ 5,010,000* $ 4,785,000* $ 4,930,000 

Notes on Cauital Cost % t i m e %  

I. Items 272.63, 67, 75 and. 78, respectively  grading,  trenching,  bedding and 

- 
- - 

backf i l l   a re   in f luenced  by the  depth of rock  under  the  surface. The 
assumptions  for  rock  depth  are shown on Drawing D4251/1-3. 

* Waterhammer ma lyses  would be necessary  to  determine i f   add i t iona l   su rge  
tanks  are  rec.uired. The cost  of an  extra   tank would 3e  about $250,000. 

(PN v11251/1) 3 



2. 

3. 

4. 

5 .  

6. 

7 . 

Items  272.70, 71, and 74,  respectively.line-up,welding and lower-in,  vary 
i n  accordance  with  the  grade and w a l l  thickness as shown on Drawing 
D4251/1-3. 

Item  272.83,  Surge Tank Systems, is based on ana lys i s  of the   Prel iminary 
Design  Route  and Alternat ive 3, but  without  analysis of Alternat ives  1 
and 2.  Conceivably, 1 o r  2 may requi re   addi t iona l  waterhammer cont ro l  
measures. 

Drawing D425:1/1-2. 
Item  272.86,  drainage  pipelines, i s  based on the   d ra in  point:: shown  on 

s t a t i o n ,  and  274.94,  acct?ss  roads,  are  as shown on Drawing D4.251/1-2. 
Items  274.86, the  concrete-lined  overflow  trench at  t h e  second booster 

The overflow  reservoir eubankments,  274.93, are  based on borrowed mater ia l  
as follows: 

Alternat ive 2 
Alternat ive .L,  as f o r  Preliminary Design 

Alternat ive 3 
72,500 m3 
97,000 m3 

63,000 m3 

B.C.  Hydro and Power Authority was responsible fo r  the  design. and cost  
es t imate   for   the 69 kV transmission l i n e  during  the  Prelimina.ry Design 
studies.  Therefore, Item 291.51 was excluded from Report V4191/1, and only 
the   ex t ra   l ength  of l i n e  from t h e   a r c  shown  on Drawing D4191/2 i s  included 
he re   a t  $31,00O/km. 

OPERATING COST 

of the   ex t ra   p ipe l ine   l ength  compared to   the   shor tes t   rou te ,   Al te rna t ive  3, i s  
Enerey cost   for   pmping  over   the 35 year   p ro jec t   l i fe t ime due t o   t h e   f r i c t i o n  

as shown i n  Table 2. 

Table 2 - Present Value  of h e r g y  Cost  Based On 
20 Mills per Kwh and 8% In te re s t  

Route 

Extra Minimum 
Length (Pumping a t  725 l/s (Pumping at 1,580 l / s  

( m )  -. continuously) f o r  46% of   the time) 

Maximum 

Preliminary Design  1,090 $ 45,000 
Alternat ive 1 
Alternative 2 

1,035 40 ,.OOO 

Alternative 3 0 0 
140  5,000 

$ 210,000 
200,000 

30,000 
0 



CONSTRUCTION 

steepness 

Sidehill  construction 

D= 

Spillage  path 

Ranking is from 1 (best) to 4. 

(FM V4251/1) 

m y  Considered 
Preliminem Alternative  Alternative  Alternative 

Ranking+ 

Partial cost estimate  does  not 
.fisricduish  the  dearec of steepness 

Cost  is more for sidehill, as it requires 
an excavated working mad. 

COSt of uperadine or building 
construction mads. 

Distinguishing  Characteristic 

Slope from Boston  Flats  to  First r d t ,  
approrircetely  at El.  1300. 

Baaed on topographic  maps. 

Distance from existing  foreet  road 
network. 

Worst - Highway jmctim at Boston  Flats; 
Alternative 3 has a remote  chance of 
Better-field*;  hay  fields at Boston  Flats. 

flooding I.R.~. 

Appearance on air  photos  and  maps. 

Measured  length. 

Width of band in  which  route can be 
located. 

Adjustability of location  and general 
site  steepness. 

Field  photographs  and  air  photos. 

Suitable  alternative  locations  and 
capability for expansion. 

Design 

1 

4 

1 

3 

3 

4 

4 

2 

1 

1 

TOTAL 24 
- 

5 

1 

2 

2 

2 

4 

2 

3 

3 

1 

3 

1 

- 
23 

2 

4 

3 

3 

1 

4 

2 

2 

4 

4 

4 
- 
31 

3 

3 

1 

4 

2 

1 

1 

1 

3 

2 

3 
- 
21 



CONCLUSIONS 

The c a p i t a l  and operating  co:j ts   favour  Alternatives 2 and 3 over  Alternative 1 
and the  Prel iminary Design  Route. The cos t   d i f fe rences   a re  as follows: 

- Table 4 - Cost Differences 

Rout  e 
Preliminary  Alternative Alternat ive  Alternat ive 

2 3 Item - Desi&= 1 

Par t i a l   Cap i t a l  Cost 
(Table 1) $ 5,210,000 $ 5,010,000* $ 4,785,000" $ 4,930,000 

Minimum Operating 
Cost (Table 2 )  45,000  40,000 5,000 0 

Total  $ 5,255,000 $ 5,050,000* $ 4,790,000* $ 4,930,000 

Preliminary Design 
Savin85 R e l a t i v e   t o  

- - 

- $ 205,000" $ 465,000" $ 325,000 

Liayings as  % of  Total 
Direct Cost of 
Preliminary  Design - 0.6% 1 . 4 %  0.9% 

The reasons why Alternat ives  2 and 3 a r e  more economical a r e  mainly: 

- Shorter  pipe l e n g t h .  

- Fewer p ipe l ine   d ra inage   fac i l i t i es .  

- Smaller  overflow  reservoir embankment. 

The cost  advantage  of  Alternative 3 over  Alternative 2 would be  :reversed if 
Alternative 2 a l s o  needed  an addi t iona l  one-way surge  tank. Thi:s difference 
is only  0.4 percent  of the  t o t a l  d i rec t  cos t .  

Other considerations shown  on Table 3 determine t h e  se lec t ion  of Alternative 3 
rather   than  2 ,  LLS it ranks 10 po in t s   be t t e r .  The super ior i ty  of Alternative 3 
is mainly a t t r i b u t a b l e   t o  t h e  categories   s idehi l l   construct ion,   vatercourse 
capacity  for  overflow, and  passage  through  eroding  zones,  as wel.1 a s   s l i gh t  
advantages in   f ive  other   categories .   Al ternat ive 2 has  only sli,:ht  advantages 
i n  two categories:   general   access  and sp i l lage   pa th .  

* Waterhanmer ;analyses would be  necessary t o  determine if additional  surge 
t a n k s  a r e  re,!uired. The cost  of an extra   tank would be  about $250,000. 



In conclusion,  Alternative 3 offers   cost   savings and i s  i n   o t h e r  ways superior 
t o  t he  other   routes ,   and  thus i s  recommended  by Sandwell. 

The route   se lec t ion  and booster   s ta t ion  locat ion  should  be confi:rmed by 
yeotechnical  evaluation and f i e ld   app ra i sa l .  

Approved b 
9 " 
" 
" 

A. Copeland, P. Eng. 
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B.C.  HYDRO AND I?OWER AUTHORITY 
VANCOUVER B.C.  

DATE .23 JUNE 1978 
PROJECT MEMORANDUM Vk251/1 
PIPELINE ROUTE REVIEW 

APPENDIX 1 - REFERENCES 

1. Four McElhanney Air Photographs - MA 1044-06315-0:6660 through -6663 o f  
September 1976 (Approximzte  Scale 1" = 2400 f t ) .  

2. Integrated  Resources  Photography  Limited,  Topographic Mapping, Project  
77-245, prepared from re.ference 1, Sheets 3, 4 and 5 of  October 1977. 
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PROJECT MEMORANDUM V4251/2 

BREAKDOWN OF COST ESTIMATE 
PIPELINE 

CONTENTS 

PURPOSE AND BAClKGROUND 
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1 - Cost Breakdown 
2 - Illustrations 

B4251/2-.1 Pipel i ne  Rou 

B. C. HYDRO AN:D TOWER AUTHORITY 
VANCOUVER B. C. 

DATE 

1 

It e 
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PROJECT V4251 
HAT CREEK PROJECT 
COOLING WATER SUPPLY 

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

DATE 2 1  APRIL 1978 
PROJECT MEMORANDUM V4251/2 
PIPELINE 
BREAKDOWN OF COST  ESTIMATE 

PURPOSE AND BACKGROUND 

The purpose of t h i s  memoran,im i s  to   r eco rd   quan t i t i e s ,  unit pr i ces  and 
breakdown of cos t  which  were developed for t he   cos t  estimate of the water supply 
pipeline,  during  Sandwell 's  Prelyminary Design Study,  Project Vb191. The cos t  
estimate  recorded  here compj-ises the   p ipe l ine  from Thompson River i n t a k e   t o   p l a n t  

of Sandwell's  Report V4191/:t of March 1978. This  route i s  also shown on 
reservoi r  and i s  based on the  Preliminary Design  Study route  proposed i n  Volume 1 

Drawing B4251/2-1 i n  Append:-x 2 o f   t h i s  memorandum. 

To incorporate   appropriate   uni t   pr ices ,   the   pipel ine was divided. i n t o  1 4  sect ions.  
Appendix 1 contains a cos t  breakdown, quant i t ies  and unit pr ices  f o r  each of  t h e  
1 4  pipel ine  sect ions.  

by sub  accounts. 
Table 1 on the  following pa@:e i s  a summation of the  pipeline  costs  broken down 

T h i s  t ab l e  i s  iden t i ca l   t o   t he  one  given on page  2 of  Appendix 5 ,  Details of 
Cost Estimate,   Structures,   contained i n  Volume 1 of Sandwell's  Report V4191/1. 

Report V4191/1. 
For a descr ipt ion of t h e  basis of  t he   e s t ima tes   r e f e r   t o  Page 59, Volume 1, of  



Table 1 - Deta i l s  O f  Cost Est* 

Department 272 - Water P i p e l i n e  Material 

272.62 
272.63 

272.65 
272.66 
272.67 
272.68 
272.69 
272.7.0 
272.71 
272.72 
272.73 
272.74 
272.75 

272.77 
272.78 
272.79 

272.64 

272.76 

272.80 
272. a1 
272.  a2 
272.86 
272 .a7 
272. 88 
272.90 

Clearing 
Grading 
Stockpi le  
Pipe 
Haul and S t r i n g  
Trenching 
Dewatering 
Bending 
Line-up 
Welding 
Pa tch   Jo in ts  
Anchors 
Lower-in and Tie-in 
Bedding 
X-Rays 
Test ing - Hydro and  Pig 
Backf i l l  
Crossings - Road and. Gaslines 
Crossings - Railroad 
Crossings - Stream 
Clean-up and  Hydro4eeding 
Drainage  Pipelines 
Access Manholes 
Pig  Traps 
Land Cost 

To ta l ,  Department 272 

$ - 
- 
- 

4,8ao,ooo 
25,000 

40,000 
- 
- 
- 
- 

60,000 
10,000 

175,000 
- 

75,000 

40,000 

10,000 
30,000 

80,000 

335,000 
40,000 

120,000 
745,000 

- 

- 

(PM V4251/2) 2 

$ 6,665,000 

Labour 

$ 115,000 
295,000 
25,000 

3,400 000 
315,000 

210,000 
510,000 

450,000 
525,000 

220,000 

640,000 
20,000 

190,000 

120,000 
195,000 

20,000 
175,000 
195,000 
970,000 
10,000 
180,000 
5,000 

- 

- 

85,000 

Total  - 
$ 115,000 

25,000 
4,880,000 
340,000 

3,400 000 
250,000 
510,000 
525,000 
450,000 
280,000 
30,000 
640,000 
365,000 

120,000 
75,000 

235,000 
115,000 

255,000 
30,000 

195,000 
1,305,000 

50,000 
925,000 
125,000 

295,000 

$ 8,870,000 
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PROSCT "IORANDUM V4251/2 
PIPELINE 
BREAKDOWN O F  COST ESTIMTE 

B. C .  HYDRO AND POWE27 AUTHORITY 
VANCOWER B.C. 

DATE 21 APRIL 1978 

APPENDIX I. - COST BREMDOWN 

The cost  breakdown for   the   p ipe l ine  i s  given in   t he   fo l lowing  1 4  pages,  each  covering a sec t ion   o f   t he   p ipe l ine ,  as 
f0l.lows: 

Section F r o m  
S t a t ion  

' To - 
rn m 

1 - F r o m  i n t a k e   t o   f i r s t  - 

2 - S t a r t s  at f i r s t   b o o s t e r  0 + 300 

3 -  
4 -  

2 + 000 
3 + 500 

5 -  8 + ooo 
6 -  8 + 500 
7 - Includes  piping  around  second 8 + 800 

8 -  10 + 500 
9 -  11 + 000 

10 - 12 + 000 
11 - i3 + 700 
12 - 13 + 800 
1 3  - 18 + 500 
1 4  - 20 + 500 

booster  pumping s t a t ion .  

pumping s t a t ion .  

booster  pumping s t a t i o n .  

Totals  

- 
2 + 000 

3 + 500 
8 + 000 
8 + 500 
8 + 800 
10 + 500 

11 + 000 
12  + 000 
13 + 700 
i 3  + 800 
18 + 500 
20 + 500 
23 + 090 

Length 
m 

697 

1700 

1500 
4 500 

500 
300 

1700 

1000 
500 

io0 
4700 
2000 

1700 

2590 
23487 m 

Total  
cost  

$(Rounded) 

450,000 

1,205,000 

1,305,000 
2,700,000 

270,000 

1,700,000 
230,000 

435,000 
775,000 
965,000 

80,OOO 
2,640,000 
1,065,000 
1,715,000 

$15,535,000 

Average 
cos t  
$/m 

645.6 

708.8 

870.0 
600 .o 

766.7 
540.0 

1000.0 

870.0 
775.0 
567.6 
800.0 
561.7 
532.5 
662.2 

$661.4 



PIPELIHE SECTION - i 
L ~ G T H :  697 m plus  Standpipe 

Account 

272.62 
.63 

.64 
.65 

.66 

.67 

.68 

.69 

.70 

.71 

.72 

.73 

.7b 

.75 

.76 

,78 
.77 

.79 

.80 

.81 

.82 

.87 

.88 

.90 

oc . U” 

Descript ion 

Clear ing 
Grading - Earth 

S tockpi le  
Pipe - 800 0 x 8 m wall Thickness 

x 11 mm Wall  Thickness 
x 17 mm W a l l  Thickness - 900 0 x 9 mm W a l l  Thickness 

- 1200 0 x 6.5 1 - U . l l  mhicb..ess 

- Rock 

Shop Bends and/or Tees 
Haul and S t r i n g  
Trenching - All S o i l   t o  3 m Depth - 2 m S o i l  + 1 m Rock - 1 m S o i l  + 2 m Rock - All Rock t o  3 m Depth 
Dewatering 
Bending 

Welding 

Anchors 
Pa tch   Jo in ts  

Lower-in and  Tie-in 
Bedding - Concrete 

Line-up 

X-rays 
- Mulch 

Test ing  - Hydro and Pig 
B a c k f i l l  
Crossings  -Road  and  Gaelines - Open Cut 

Crossings - Railroad - Bore and Case 
cr0sBi”gs - stream 
Clean-up  and Hydro-Seeding 
Gr&inage Pipe1ixcj 
Access Manholes 
Pig  Traps 
Land Costs 

- Bore and Case 

Tota l  
Total-Rounded 

(P.M. V4251/2, APP. 1) 

801 m 
836 m 

20 m 
20 m 

Bonaparte  River - L.S. 
20 m 

- 
- 

300 m 

2 

w t e r i a l  
un i t   P r i ce  

5.0Im 
i i i i  

5.201~1 

21.351m 
9.85lm 

20.00lm 
l 8 . O O / m  
9.15lm 
3 . 6 0 1 ~ ~  

2 5 . 5 0 1 ~ ~  

4.601m 
- 

FRO:.! IXTPTS 

TO KO. 1 BOOSTER STATION 

cost 
Mater ia l  Totai Labour - cos t  $h 

Average - 
- 

4,000 - 
- 
- 
- 
- 
- )  

-) 
-1 

11.000 
57,675 

- 
- 
- 

7,890 
17,100 
16,720 
15,050 

7,650 

20,425 
450 

3,725 - 
4,180 
6,570 

19,700 
20,400 

- 

5.600 

16,000 
6,570 - 

I_ 

- 
65 

4,000 - 

- 
182.960 

11,840 
57.675 

- 

17,100 
9,210 

15,050 
9,740 

700 
20,425 

16,720 

~ 

4,205 
2,710 
4,180 

5,600 

29,400 
19,700 

20,000 
6,570 - 

6,570 

- 



PIPELIKE SECTION - 2 

LMGTH: 1700 m 

Account Descr ipt ion 

272.62 
.63 

.64 
.6: 

.66 

.67 

.68 

.69 

.7O 

.72 

.I1 

.73 

.74 

.75 

.?6 

.77 

.T8 

.I9 

.81 

.80 

.82 

.87 

.90 

. -_ A?. 

.ea 

Clearing 
Grading - Earth 

Stockpi le  
- Rock 

p :  **e - - 800 0 x 8 
x 11 
x 17 

m Wall Thickness 
mm w a l l  Thickness ~ ~~ 

- 900 0 x 9 mm W a l l  Thickness 
. mm W a l l  Thickness 

- 1200 0 x 6.5 mm W a l l  Thickness 
Shop Bends andlor Tees 
Haul and S t r i n g  
Wenching - All S o i l  t o  3 m Depth 

- 1 m Soil + 2 m Rock 
- 2 m S o i l  + 1 m Rock 

- All Rock t o  3 m Depth 
Dewatering 
Bending 
Line-up 
Welding 
Pa tch   Jo in ts  
Anchors 
Lover-in and Tie-in 
Bedding - Concrete 
X-rays 

- Mulch 

Test ing - Hydro and Pig 
B a c k f i l l  
Crossings - Road and Gaslines - Open Cut 

Crossings - Railroad - Bore and Case 
Crossings - Stream 
Clean-up and Hydro-Seeding 
crzinsge  Pipel ines  
Access Manholes 
Pig  Traps 
Land Costs 
Total 
Total-Rounded 

- Bore and Case 

(P.M. V4251/2, APP. 1) 

Amount 

i.700 36 
1,700 m 

1,700 
- 
- 

Unit  Price 
Material Labour 

- 
1.65lm 

2.50/m 

135 m 

- 
1 - L.S. 

5.20/m 

FROM 110. 1 SOOSTZR SCATION 
STATION 0 + 300 

TO 'STATIOX 2 + 000 

8;500 

1,955 

3,845 

- 
- 
- 
- )  
- )  
- I  

22,355 
122,400 

- j  

- 
- 
- 

16,745 
36,295 
34,000 
30,600 
15,555 

43,350 

7,820 

8,500 
13,940 
37,800 

- 
- 
- 

- - 
- 

13,940 
- 
- 

44,740 
335 

8,500 
3,845 

1,955 
- 
- 
- 
- 

531,510 

122,400 
24,055 

- 
- 
- 

19,550 
36,295 
34,000 
30,600 
19,805 

43,350 

e ,925 
5,510 
8,500 

13,940 
37,800 

- 
- 

- - 
- 

.13,940 - - 
230,100 

9,195 
1,204,375 $708.5/m 
1,205.000 708.8Im 

L 
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PIP?LIEIE  SECTIOX - 3 
LmOTH: 1500 m 

Account DescriDtion 

272.62 
.63 

.64 

.65 

.66 

.67 

.68 

.69 

.70 

.71 

.73 

.72 

.74 

.75 

.77 

.76 

.79 

.?8 

.81 

.80 

.82 

.86 

. 87 

.80 
-90 

Clearing 
Grading - Earth 

S tockpi le  
P ipe  - 800 0 x 0 mm Wall m i c h e s s  

x 11 mm Wall Thickness 
x 17 mm Wall Thickness 

- 900 0 x 9 mm W a l l  Thickness - 1200 !d x 6.5 mm W a l l  Thickness 

- Rock 

Shop Benhs and/=? Tens 
Haul and S t r i n g  
Trenching - All S o i l  t o  3 m Depth 

- 2 m S o i l  + 1 m Rock 
- 1 m S o i l  + 2 m Rock - All Rock t o  3 m Depth 

Bending 
Dewatering 

Welding 
Line-up 

Patch  Joints  
Anchors 
Lover-in  and  Tie-in 
Bedding - Concrete 

X-rays 
- Mulch 

Test ing - Hydro and Pig 
B a c k f i l l  
Crossings - Road and  Goslines - Open Cut 

Crossings - Stream 
Crossings - Railroad - Bore and Case 

Clean-up and Iiydro-Seeding 
Drainage  Pipelines 
P C C . J S S  M&?hClfS 

Land cos ts  
Pig Traps 

Total-Rounded 
Total  

- Bore and Case 

1,500 m - 
- 

FPOEI STATION 2 + 000 

TO STATION 3 + 500 

Unit   Pr ice  
Material Labour Mater ia l  Labour 

~ v e r a e e  
Total c o s t  $b 

cos t  
" 

- 
- 

210.87ir 
309.71/m - 

- 

1 . OO/m - 
- 

2.50lm 
1.65lrn 

60.00/m 

3.241~1 

6. 8Wrn 

- 
- 
- 

20 m 

L.S. 

5.20/m 
- 

- 177,130 - 204.410 

- 9,200 

0.21/m 7,800 
- - 

1 ,:9c 

111,000 
- 
- 
- 
- )  
-1 
- 
- 
- 

19,725 - 
- 
- 

375,000 

32,025 
45,000 

13,725 
32,400 

48,000 
4,725 

52,500 

- 

- 
- 

7,500 
12,300 

11,820 
- 
- 
- 

12,300 

2,000 

315 
- 

3,39e 

111,000 
- 

381,540 
- 
- 
- 

21,225 

- 
375,000 

45,000 
32,025 

32,bOO 

7,200 

142,500 
48,000 

17 ,L75 

- 
4,860 
7,500 

22,500 

- 
12,300 

11,200 - 
8,115 

1,3C2,930 $868.6/m 
1,305,000 870.0/m 

(P.M.  V4251, App. 1) 4 



PIPELXBE SECTION -4 
LENCPH: 4500 m 

Account Descr ipt ion 

272.62 
.63 

.64 

.65 

.66 

.67 

.68 

.70 

.69 

.71 

.72 

.I3 

.7b 

.75 

.77 

.76 

.78 

.79 

.BO 

.81 

.82 

.86 

.87 

.88 

.90 

Clearing 
Grading - Earth 

S tockpi le  
Pipe - 800 0 x 8 mm Wall Thickness 

x 11 mm Wall Thickness 

- 900 0 x 9 mm Wall Thickness 
x 17 mm W e l l  Thickness 

- 1200 0 x 6.5 mm W a l l  Thickness 

- Rock 

Shop Bends andior Tees 
Haul and S t r i n g  
Trenching - All S o i l  t o  3 m Depth 

1 2  m S o i l  + 1 m Rock - 1 m S o i l  + 2 m Rock - All Rock t o  3 m Depth 

Bending 
Dewatering 

Line-up 
Welding 

Anchors 
Patch  Joints  

Bedding - Concrete 
Lover-in  and  Tie-in 

- Mulch 
X-rays 
Test ing  - Hydro and Pig 
B a c k f i l l  
Crossings - Road and Gaslines - Open Cut 

Crossirles - Railrond - Bore and Cane 
Crossings -Stream 
Clean-up  and Hydro-Seeding 
Drainage  Pipelines 
Access Manholes 
Pig  Traps 
Land Costs 
Total  
Total-Rounded 

- Bore and Case 

Amount Materiel 
Unit   Pr ice  

1,500 m - 10% 

(P.M. V4251/2, App. 1) 5 

5.000 
1. oo/m 

2.50/m 
0.50/m 

FRCM STATION 3 + 500 
M STATION a + ooo 

c o s t  
Material Labour Total Cost Slm 

Average 

10,170 
22,500 - 
5,175 

-1 
-1 
-1 
-1 
-)  

324,000 
59,175 

- 

- - 
- 

411,325 
96,075 
90,000 
81,000 
41,175 

114,750 
1,500 

20,700 

22,500 

- 
- 

36,900 - 
29,550 - 

- 
36,900 

b?L ,890 - 
- 

945 

10,170 
22,500 

5,175 - 
- 
- 

1,005,875 - 
- 

63,675 
324,000 - 

- 

96,075 

81,000 
52,h25 
2,250 

114,150 

51.750 

90,000 

23,625 

22,500 
14,580 

36,900 

49,250 
- 

- 
36,900 
571,100 - 

2,698,845 $599.7/m 
2,700,000 6oo.o/m 

24,345 



PIPELINE SECTION - 5 
LENGTH: 500 m 

Account Description 

272.62 
.63 

.64 

.65 

.66 

.67 

.68 

.7O 

.69 

.71 

.72 

.74 

.73 

.75 

.76 . 77 

.78 

.79 

.BO 

.81 

.86 

.87 

.88 

.go 

. a2 

Clearing 
Grading - Earth 

x 11 mm Hall Thickness 
x 17 rn W a l l  Thickness 

- 900 0 x 9 rn W a l l  Thickness - 1200 0 x 6.5 m H a l l  Thickness 
Shop Bends and/or lees 
Haul and S t r i n g  
Trenching - All S o i l   t o  3 m Depth - 2 m Sa i l  + 1 m Rock - 1 m S o i l  + 2 m Rock - All Rock t o  3 m Depth 
Dewatering 
Bending 
Line-up 
Welding 
Pa tch   Jo in ts  
Anchors 

Bedding - Concrete 
Lover-in and  Tie-in 

- Mulch 
X-rays 

B a c k f i l l  
Test ing - Hydro and  Pig 

Crossings - Road and Oaelinnes - open cut 

Crossings - Railroad - Bore and Case 

Clean-up and  Hydro-Seeding 
Drainage  Pipelines 
Access Manholes 
Pig  Traps 

Tota l  
Land Costs 

Total-Rounded 

- Bore and Case 

cross ings  - st ream 

(P.M. V4251f2, App. 1) 6 

- 

Material  
U n i t  Price 

2.50fm 
0.50 

0.651~1 
3.24fm 

8.40fm 

FROM STATION 8 + 000 

M STATION 8 + 500 

Mater ia l  Labour  Total  cost $h 
cost Average 
" 

1,130 
3,250 

~ 

7,075 - 
- 

90,750 

5,750 
10,675 
15,000 
10,800 

5,825 
750 

16,000 

- 

2,625 
1,620 
2,500 
8,300 - 

- 
- 

4,100 

- 
2,705 __ 

269,550 $539.1/m 
270,000 540.0fm 



PIPELIAE SECTIOR - 6 

LENGTH: 300 m 

Account Description 

272.62 
.63 

.64 

.65 

.66 

.67 

.68 

.70 

.71 

.72 

.I3 

.I4 

.?5 

.77 

.76 

.79 

.78 

.80 

.81 

.82 

.86 

.87 

.88 

.90 

.69 

Clear ing 
Grading - Earth 

Stockpi le  
Pipe - 800 0 x 8 m W a l l  Thickness 

x 11 mm Wall Thickness 

- 900 0 x 9 mm W a l l  Thickness 
x 17 mm Wall Thickness 

- 1200 0 x 6.5 mm W a l l  Thickness 

- Rock 

Shop Bends and/or  Tees 
Haul and S t r i n g  
Trenching - All S o i l   t o  3 m Depth 

- 2 m S o i l  + 1 m Rock - 1 m So i l  + 2 m Rock - All Rock to  3 m Depth 
Dewatering 
Bending 
Line-up 
Welding 
Patch  Joints  
Anchors 
Lower-in end  Tie-in 
Bedding - Concrete 

X-rays 
- Mulch 

Tes t ing  - Hydro end  Pig 
B a c k f i l l  
Crossings - Road and  Gsslines - Open Cut 

Crossings - Railroad - Bore and Case 
Crossings - Stream 
Clean-up  and Hydro-Seeding 

Access Manholes 
Drainage  Pipelines 

Pig  Traps 
Land Costs 
Total  
Total-Rounded 

- Bore and Case 

Material Labour 
Unit   Price 

- 
300 rn 

FRO$! STATICB 8 + 500 

TU STATION 8 + 800 

Material  Labour Total Cost $h 
c o s t  Average 
” 

- 
1,625 ___ 

227,535 $758.5/m 
230,000 766.7/m 

(P.M. V425112, App. 1) 7 

L 



PIPELINE SZCTIOX - 7 
LFNGTH: 1700 n 

Account Description 

272.62 
.63 

.64 

.65 

.66 

.67 

.68 

.70 

.71 

.72 

.73 

.74 

.75 

.76 

.77 

.78 

.79 

.BO 

.81 

.82 

.86 

.8 i  

.E8 

.90 

.69 

Clearing 
Grading - Earth 

Stockpi le  
Pipe - 800 0 x 8 m Wall Thickness 

x 11 m Wall Thickness 
x 17 mm W a l l  Thickness - 900 0 x 9 mm W a l l  Thickness - 1200 0 x 6.5 mm Wall Thickness 

- Rock 

Shop Beirds ald;or Tees 
Haul and S t r i n g  
Trenching - All S o i l   t o  3 m Depth - 2 m S o i l  + 1 m Rock - 1 m S o i l  + 2 m Rock - All Rock t o  3 m Depth 
Dewatering 
Bending 

Welding 
Line-up 

Patch  Joints  
Anchors 
Louer-in  and  Tie-in 
Bedding - Concrete 

- Mulch 
X-rays 

Backf i l l  
Test ing - Hydro and Pig 

Crossings - Road and Gaslines - Open cut 

Crossings - Railroad - Bore and Case 
Crossings - Stream 
Clean-up and Iiydro-Seeding 
Drainsge  Pipelines 
Access Hwholes 
Pig  Traps 
Land Costs 

- Bore and Case 

Total  
'I'otal-Rounded 

Amount - 
- - 

955 m 

870 m 

150 m 
i 

1,700 m - 15% 

n2- 

2 - 

(P.M. V4251/2, App. 1) 8 

Mater ia l  Labour 
Unit   Price - 

0.65/m 
3.2b 

7.05/m 
6.50/m 

1.15/m 
- 
- 
- 
- 
- - 
- 

13.15/m - 
- 

181.50/m 

9.85/m 
21.35/m 

21.60/m 
30.00/m 

9.15/rn 

32.00/m 
1.80/m 

4 .6Wm 

5.00/m 
8.2O/m 

- 

- 
- 

- 
- 
- 
- 

8.2O/m 
~ L.S. - 
0.2l/m 
L.S. 

FROM STATION e + 800 

To STATION 1 0  + 500 

Mater ia l  
cost 
Labour 
13,925 
12,6kO 

2,275 
- 
- )  
- 1  
- )  
-1 
- )  

25,975 
"j 

- 
- 

358,465 

19,'455 
42,170 
59,250 
42,660 
18,070 

63,200 
3,555 

- 

- 
9,085 

9,875 
16,195 

- 

- 
- 
- 
- 

16,195 
13,650 - 
89.480 

355 

13,925 
12,840 

2,275 
- 

- 
458,280 - 

- 
27,950 - 

- 
358,465 

22,715 
42,170 

42,660 
59,250 

23,010 

63,200 
5,530 

10,370 
5,510 

16,195 
9,875 

- 

- 

- - 
- 
- 

16,195 
34,880 

- 
461.400 

9;195 
1,695,890 $997.6/m 
1,700,000 lOOO.O/m 



PIPELINE SECTION E 
LENGTH: 500 m 

Account DescriDtion 

272.62 
.63 

. 6 i  

.65 

.66 

.67 

.68 

.69 . 7c 

.'I2 
:r1 

.?3 

.74 

.75 

.76 

.77 

.78 

.79 

.80 

.81 

.82 

.86 
, a7 . a8 
.9O 

Clearing 
Grading - Earth 

Slushpila 
Pipe - 800 0 x 8 m W a l l  Thickness 

x 11 mm Wall Thickness 

- 900 a x 9 mm w a l l  Thickness 
x 17 mm W a l l  Thickness 

- 1200 0 x 6.5 mm W a l l  Thickness 

- Rock 

Shop  Bends andlor Tees 
Haul and S t r i n g  
Trenching - All S o i l  t o  3 m Depth - 2 m S o i l  + 1 m Rock - 1 m S o i l  + 2 m Rock 

- All Rock t o  3 m Depth 
Deuatering 
Rending 

Welding 
Line-up 

Pa tch   Jo in ts  
Anchors 
Lower-in and  Tie-in 
Bedding - Concrete - Mulch 
X-rays 
Test ing - Hydro and Pig  
Backf i l l  
Crossings - Road and  Gaslines - Open Cut 

Crossings - Railroad - Bore Bnd Case 
Crossings - Stream 
Clean-up  and  Hydro-Seeding 

Access Manholes 
Drainage  Pipelines 

Pig  Traps 
Land Costs 

- Bore and Case 

Total 
Total-Rounded 

~ 

- 
500 m 

2 - 

- 
- 

Plus pump Out Lake-Allow 

5 

Mater ia l  
Unit   Pr ice  

4,525 

37.000 
- 

- 
- 

6,575 - 
- 
- 

125,000 
12,000 
10,675 

10,800 
4,575 

15.000 

16.000 
1,575 

17,500 
- 
- 

2,500 
4,100 

- 
- 
- 
- 

4,100 
- 
- 
- 

1.05 

115.435 

7,075 

125,000 
15,000 

15,000 

2,400 
5,825 

117.500 

10,675 

10,800 

16,000 

1,620 
2,500 
7.500 

2,705 
430,660  $861.3/m 
435,000 870.01m 

(P.M. v425112, App. 1 )  Y 

-__ 



FI?2L:RZ SECTIOii 9 
LDIGTH: 1041m 

Account Description 

272.62 
.63 

.64 

.65 

.67 

.66 

.68 

.69 

.7O 

.71 

.72 

.73 

.74 

.75 

.77 

.76 

. I8 

.79 

.81 

.80 

.82 

. 86 .. 

.87 

.86 

.90 

Clearing 
Grading - Earth 

Stockpi le  
Pipe - 800 0 x R mn wall Thickness 

x 11 mm Wall Thickness 
x 17 mm Wall Thicbess - 900 0 x 9 mm Wall Thickness 

- Rock 

Shop Bends endlor  Tees 
Haul and S t r i n g  
Trenching - All Soil t o  3 m Depth 

- 1200 $3 x 6.5 m wall m.hick.eecc 

- 1 m S o i l  + 2 m Rock 
- 2 m S o i l  + 1 m Rock 

- All Rack t o  3 m Depth 
Dewatering 
Bending 

Welding 
Line-up 

Anchors 
Patch  Joints  

Lower-in and Tie-in 
Bedding - Concrete 

- Mulch 

B a c k f i l l  
Test ing - Hydra and  Pig 

Crossings - Road and  Gaslines, - open cut  

X-rays 

Crossings - Railroad - Bore  and Case 
- Bore and Case 

Crossings - Stream 
Clean-up  and Hydro-Seeding 

Access Manholes 
Pig  Traps 
Land Costs 
Total  
Total-Rounded 

nrcina_ee Pipe l ices  .. ~ 

*2 

(P.M. V4251/2, App. 1) 10 

Material Labour 
Unit  Price 

FROM STATIO3 11 + 000 

TO STATION 12  + 000 

cos t  
Materia Labour Total Cost $/m 

Average - 
?,05C 
5,000 

1,150 
-) 
-) 

- 

- 
- 
- 
- 

13,150 - 
- 

181.500 

21,350 
9,850 

20,000 
18,000 
9,150 
1.000 

25,500 

- 

- 
G ,600 

5.000 
6,200 

- 

- 
- 
- 
- 

8,200 

2,000 

210 

L , " , 7 , ,  

- 

181,500 - 
11.500 
21,350 
20,000 
18,000 
11,650 
1.,500 
25,500 

771,460 $771.5/m 
775,000 775.0/m 

5,410 



PiPELINE'SECTION 10 
LENGTH: 1700 m 

Account 

272.62 
.63 

,64 
.6: 

.66 

.67 

.68 

.7O 

.71 

.72 

.73 

.74 

.75 

.76 

.77 

.79 

.80 

.81 

.82 

.a6 

.88 

.87 

.90 

.69 

.7a 

Description 

i i d a r i n g  
Grading - Earth 

S tockpi le  
Pipe, - 800 0 x 8 m Wall Thickness 

x 11 mm Wall Thickness 
x 17 mm Wall T h i c h e s s  - 900 0 x 9 nrm Wall michess 

- *L"" II A w., YI 1-1 A . i & c u . = "  
?.,An n - L E I ..,̂ .. -2 .,..... 

- Rock 

Shop Bends andfor Tees 
Haul and String 
Trenching - All S o i l  t o  3 m Depth 

- 1 m Soi l  + 2 m Rock 
- 2 m S a i l  + 1 m Rock 

- All Rock t o  3 m Depth 
DeWatering 
Bending 
Line-up 

Pa tch   Jo in ts  
Anchors 
Lower-in and  Tie-in 
Bedding - Concrete 

X-rays 

Welding 

- Mulch 

Test ing - Hydro and Pig 
Backf i l l  
Crossings - Road and Gaslines - Open c u t  

Crossings - Railroad - Bore and Case 
Croaeines - Stream 

Drairlilar Pipeiirrrr 
Clean-up  and Hydro-Seeding 

Access Manholes 
Pig  Traps 
Land Costs 
Total 
Total-Rounded 

- Bore and Case 

\ 

,, -. "I, 

(V4251/2, ADP. 1) 1.1 

Material Labour 
u n i t  Price 

FROM STATION i? + 000 

To STATION 13 + 706 

Material  
cost P.vera&e 
Labour - Total  Cost $/m 

11,765 
9,350 

1,955 
-1 
d 

- 

- 
- 
- 
- 

2?,355 

246,500 
- 
- 
- 

16,745 
36,295 
34,000 
30,600 
15,555 

43,350 
1,700 

- 
7,820 - 
13,940 
8,500 

- 
- 
- 
- 

13,940 
m v.n 
,J,ll" - 

- 
355 

11,765 
9,350 

~ 

24,055 - 
246,500 

- 
8,925 

8,500 
5,510 

13,940 - 



PIPELINE SECTION 11 
LENGTH: 130 m 

Account  Description Material 
Unit  Price 

FROM STATICX  13 + 700 

M STATION  13 + 800 

cost 
Material 

Average 
Labour E.?L cost $10. 

272.62 
.63 

.64 

.65 

.66 

.67 

.68 

.69 

.7O 

.71 

.72 

.73 

.74 

.75 

.77 

.76 

.78 

.79 

.BO 

.81 

.82 

.86 

.87 

.88 

.!IO 

C1.earing 
Grading - Earth 
Stockpile 
Pipe - 800 0 x 8 

x 11 

- 900 0 x 9 
x 17 

- Hock 
mm Wall Thichness 
mm Wail lllickness 
mm Wall  Thickness 

- l o o  0 X 6 . 5  mm wall miCkneSa 
mm Wall  Thichness 

Shop  Bends  andior  Tees 
Haul and  String 
Trenching - All Soil to 3 m Depth 

- 2 m Soil + 1 m Rock 
- 1 m Soil + 2 m Rock 
- All Rock to 3 m Depth 

Dewatering 
Bending 
Line-up 
Welding 
Patch  Joints 
Anchors 
Lower-in  and  Tie-in 
Bedding - Concrete - klch 
x-rays 

Backfill 
Testing - Hydro  and  Pig 
Crossings - Road and  Gaslines - Open  Cut 
Crossings - Railroad - Bore and  Case 
Cross?ngs - Stream 
Clean-up  and  Hydro-Seeding 
Drainage  Pipelines 
Access Mrrnholes 
Pie Traps 
I . M d  CO'iLS 

- Bore  and Case 

Total 
Total-Rounded 

78,89b $788.9/m 
80.000 800.0/m 

540 



FIZLi!;E SECTION 12 
LEICTH: L7OOm 

Account Description 

272, b2 
.63 

.64 
F E  
..I 

.66 

.67 

.69 

.68 

.70 

.71 

.72 

.73 

.74 

.75 

.77 

.76 

.78 

.79 

.81 

.80 

.82 

.86 

.87 

.88 

.90 

Clearing 
Grading - Earth 

Stockpi le  
pi;? - 4 x 8 m Wall Thickness 

x 11 mm Wall Thickness 
x 17 mm Wall Thickness 

- 900 0 x 9 mm W a l l  Thickness 
- 1200 B x 6.5 m W a l l  Th*ckr,ess 

- Rock 

Shop Bends andfor Tees 
Haul and S t r i n g  
Trenching - All S o i l   t o  3 m Depth - 2 m S o i l  + 1 m Rock 

- 1 m S o i l  + 2 m Rock - All Rock to 3 m Depth 
Dewatering 
Bending 
Line-up 
Welding 

Anchors 
Patch Joints 

Lwer-in and Tie-in 
Bedding - Concrete 

x-rays 
- Mulch 

Test ing - Hydro and Pig 
Backfi l l  
Crossings - Road and Caslines - Open Cut 

Crossings - Railroad - Bore and Case 
Crossings - Stream 
Clean-up  and Hydro-Seeding 
Draioape Pipelines 
Access Manholes 

Land Costs 
Pig  Traps 

Total 
Total-Hounded 

- Bore and Case 

(P.M. V425112, APP. I )  13 

Material 
U n i t  Price 

FX9X STATIOIC 13  + 833 

TO  STATION 18 + 50.2 

- 
691,500 - 

- 

100,345 
54,050 . 

94,000 
8h.600 
51: ,755 

119,850 
7,050 

- 
?I< ,671 
15,230 
23,500 
38,540 

- 
- 

233,920 
38,540 
"I , 3"" 
J" -.on 

- 

2,635,125 $560.7b 
2,640,ooo 561.7At 

25,425 



PIFELIBE SfCTIOR 13 

LENGTH: 2000m 

Account Descrivtion 

272.62 
.63 

.64 

.65 

.66 

.67 

.68 

.69 

.10 . 11 . 'rd 

.73 

.74 

.?5 

.76 

.77 

.78 

.79 

.81 
.80 

.82 

.81 

.86 

.88 

.90 

Clearing 
Grading - Earth 

Stockpi le  
Pipe - 800 0 x 8 mm Wall Thickness 

x 11 mm Wall Thickness 
x 11 mm Wall Thickness - 900 0 x 9 mm Wall Thickness - 1200 0 x 6.5 mm W a l l  Thickness 

- Rock 

Shop Bends and/or Tees 
Haul end S t r i n g  
Trenching - All S o i l  t o  j m Depth 

- 1 m S o i l  + 2 m Rock 
- 2 m S o i l  + 1 m Rock 

- All Rock to 3 m Depth 

Bending 
Dewatering 

Line-up 
Welding 

Anchors 
Pa tch   Jo in ts  

Bedding - Concrete 
Loner-in and Tie-in 

x-rays 
- Mulch 

Backfi l l  
Test ing - llydro and Pig 

Crossings - Road and Caslines - Open Cut 
- Bore and Case 

Crossings - Railroad -  ore and case 
Crossings - Stream 
Drainage  Pipelines 
Clean-up and Hydra-Seeding 

Access Manholes 

L m d  Costs 
Pig  Traps 

Tota l  
Total-Rounded 

(T.M. Vh251i2, App. 1) 

- 
- 

2,000 m 

Material 
U n i t  Price 

Labour 

FRO>: STATION 18 + 503 

TO STATICN 20 + 500 

cost (ryerage 
Material - Labour Total  Coat Urn - 

is ,001) 
8,160 

2,300 
- 
- 
. 
- 
- 
- 
- 

26,300 
- 
- 

363,000 

3,100 
62,700 
40,000 
36,000 

- 

1 A .3nn - 
51,000 - 
9,200 

10,000 
16,400 

- 

- 
- - 
- 

16,400 
110,300 - 

- 
420 

8,160 
i0 ,Xi) 

2,300 
320,480 

- 

- 
- 
- 
- 
- 

28,300 - 

363,000 

42,700 
7,000 

40,000 

23.300 

51,000 

- 

36,000 

- 
- 

10,500 
6,480 
10,000 
16,400 - 



Account 

272.62 
.63 

.64 
,. 

+o> 

.66 

.67 

.68 

.69 

.70 

.72 

.,- *, 

.73 

.74 

.75 

.~ 

.76 

.77 

.78 

.79 

.BO 

.81 

.82 

.86 

.88 

.87 

.90 

Descript ion 

Clear ing 
Grading - Earth 

Stockpi le  
Plpe  - 600 $ x 8 m w a l l  Thicbness 

x 11 mm Wall Thickness 
x 17 mm Wall Thickness 

- 900 0 x 9, ma Wall Thickness 

- Rock 

- 1200 0 x ".j iiuTl n,ii&-Le66 
Shop Bends and/or  Tees 
ilaul and S t r i n g  
Trenching - All S o i l  t o  3 m Depth 

- 2 m S o i l  + 1 m Rock 

- All Rock t o  3 m Depth 
- 1 m S o i l  + 2 m Rock 

Dewatering 
Bending 
Line-up 
k7..,2ir- .& 
Anchors 
Pa tch   Jo in ts  

Bedding - Concrete Loner-in and Tie-in 

x-rays 
- Mulch 

Test ing - Hydra and Pig 
B a c k f i l l  
Crossings - Road and  Gaslines - Open cut 

Crossings - Railroad - Bare and Case 
- Bore and Case 

Crossings - Streem 
Clean-up  and Hydro-Seeding 
Drainage  Pipelines 
Access Manholes 
Pig  Traps 
Land Costs 

Total-Rounded 
Total 

2,500 m 

- 
250 rn 

2,590 m 

,!e ~ 500 z L.S. 
1 L.S. 
1 L.S. 

Material Labour 
un i t   P r i ce  - 

1.65im 
- 21.35im 

9.85im 

- 20.00im 

2.50/m 
- 18.0oIm 

Y.15/m 

- 25.50im 

0.65im I1.60Im 
60.00 35.00 

FROM STATION 20 + 500 

TO STATION 23 + 090 

Material  
cost   A-erage 
Labour Total  - - 

- 
5,000 

-) 

2,590  34  ,060 
-1  

420,025 

36.650 

375,550 
- 

4,275 25,515 29,790 - 55,300 55,300 - 51.800 51,800 - 46,620 46.620 
6,475 Z 3 , i K  

.. - 
15,000 

8,390 
1,685 

- 

- 
66,045 

11,915 
8,750 

12,950 
21,240 

13,600 
0,390 
12,950 
21,240 

167,415 
21,240 

44,740 
2,000 

545 

213,570 
21,240 

230,700 
11,200 

1h.01.5 
1,712,785 $661.3/m 
1,715,000  662.21m 

! 



APPENDIX 2 

ILLUSTRATIONS 
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PROJECT V4251 
HAT CREEK PROJECT 
COOLING WATER SUPPLY 

PROJECT MEMORANDUM V4251/3 
WATER TREATMENT BY MEANS OF SETTLING 

INTRODUCTION 

8 . C .  HYDRO AND P'WER AUTIIORI'PY 
VANCOUVER B.C.  

The purpose of t h i s   P ro jec t  Memorandum is  to   r eco rd  and review  water  treatment 
proposals  received  during  the  Preliminary Design  Study, Project  V4l91,  and t o  

was se lec ted  by  Sandwell i n  Report V4191/1 (Reference l.l)*, t o  remove Thompson 
recommend design  parameters f o r  a d e g r i t t i n g   c l a r i f i e r .  Tbis method of treatment 

River   water   sol ids   for   the  prevent ion  of   erosion  in   the  high  pressure pumps. 

PROPOSALS 

Water treatment  proposal:;  were  received i n  answer t o  Sandwell's l e t t e r  o f  
inquiry,   dated 7 October 1977, Appendix  2. To obtain  the  widest   possible  

o f  treatment  system  except f o r  exc luding   la rge   se t t l ing   bas ins  and prohibi t ing 
response from water   t reatment   suppl iers ,   th is   inquiry  did  not   specify  the  type 

the  use of chemicals. T?.ble 1 on 'page 2 l i s t s  the  proposals.  

* For references  see  Appmdix 1. 
" 

- 



Table 1 - Proposed Water Treatment  Systems 

Treatment  System Make or= Required  Supplier 

1. S e t t l i n g  

Units 

1.1 
1.2 
1 . 3  

1.5 
1.4 

Hydroseparator 1 Dorr-Oliver-Long  Ltd. 

Aerated  Degrit ter 
De t r i t o r  
Grit Collector  1 Rexnord (Canada)  Ltd. 

Degri t t ing Clarifier 1 Envirotech Canada Ltd. 
1 Degremont-Infilco  Ltd. 
1 Dorr-Oliver-Long Ltd. 

2. Centrifugal  Cleaner 

2 .1  

2 .3  
2.2 

2 . h 

2 .5  

FR Dorrclone 6 
Desandi:ng Dorrclone 

Dorr-Oliver-Long Ltd. 
7 or 12Dorr-Oliver-Long  Ltd. 

Desandi:ng Dorrclone 5 US Filte::  Fluid 

Celleco  Cleaner 2 Sancroft Western 

Smith a:nd Loveless Model 30:2 Ecodyne Ltd. 
Pista  G:ri t  Trap or  

Model 30:l 

Systems  Corporation 

Sales  Limited 

3. Media F i l t e r  

3.1 Neptune  Microfloc F i l t e r  6- Neptune Microfloc 
3.2  Peacock Immedium Upflow Not Peacock  I3rothers  Ltd. 

3.3  Graver F i l t e r  
3.4 

F i l t e r  
6 Ecodyne Limited 

Graver Monovalve F i l t e r  17 Ecodyne Limited 

Given 

1 1 .  Micro F i l t e r  

14 .1 

h .2 

Cuno Automatic  Flo-Ktean  2 
F j l t e r  

Peacock  Eirothers L t d .  

North Water F i l t e r  6 H.D. Fowler Co. Ltd. 

The majority o f  pa r t i c l e s   an t i c ipa t ed   i n   t he   yoposed  Thompson River  intake would 
range from 2.5 mm, t h e  {:ap  bet:ween the   wi res  sf the   t r ave l l i ng   s c reens ,   t o  
0 .1  mm (Reference 1 .3 ,  Table 11). Par t ic le   s izes   acceptab le   to   the   boos te r  
pumps are  i n  t h e  order  of 0.2 m and smaller  (Reference 1 . 2 ) .  

F o r  the   requi red   r iver   so l ids  removal  system t o  work properly and e f f i c i e n t l y ,  
i t  must be  able  to:  

1. Remove sol ids   ranging from 2.5  mm t o  at  l e a s t  0.2 mm. 
2. Absorb shock  1oadini:s  and avoid  blinding 

3. Hinimize  land  requi?enents,  energy,  supervisicn,  water  waste and wear. 

( !'YI '11+251/3) 2 



- SANOWELL 

4 .  Operate  continuously,  even  under  freezing  conditions. 

5. Operate  without  chemicals and without  treatment  of waste pr ior   to   d i scharge .  

6. Dispose  of removed so l ids .  

7. Have proven  technology. 

8. Operate  without  enhancing a l g a l  growth. 

m e  sec t l ing   p roposa ls ,  System 1, are   acceptab le   in   p r inc ip le  sinc:e they   sa t i s fy  
the above requirements. These proposals  are examined i n  depth i n  t h i s  Project  
Memorandum i n  order   to   es tabl ish  specif ic   design  parameters   for   use  during 
f inal   design.  Resumes of these  proposals   are   given  in  Appendix 3. 

All other  proposals  in  Table l, Systems 2 ,  3 and 4 ,  were r e j ec t ed   fo r  t h e  
following  reasons: 

- Centrifugal  cleaners (System 2 )  waste approximately 10 percent  of  inflow 
water, require  energy (a  head  of 3 t o  15m), a r e   sub jec t   t o  wear and a r e  
generally  used  for removing sol ids   ranging from 500 t o  3  micron:!.  Not only 
from  an operational  viewpoint are cent r i fuga l   c leaners  less a t t r ac t ive   t han  
a s e t t l i n g  system  such as a d e g r i t t i n g   c l a r i f i e r ,   b u t   a l s o  from cap i t a l   cos t  
considerations,  as shown below: 

Degri t t ing - Clarifier C a p i t a : w  

Based on Preliminary Design Study,  Report V4191/1, Volume 1, Appendix 5 ,  
Detai ls   of  Cost  Estimate, page 5,  Item 273.64: 

Rake, including  erection 
Concrete  vat, 30m diameter $ 75,000 

170,000 
Dome, to   p revent   f reez ing  105,000 

Total  $350,000 

Centrifugal  Cleaning Capita:= 

Based on Dorr-Oliver-Long's telex  proposal  of 28 June 1978, for  twelve 
76cm (30  in.)   diameter Desanding  Dorrclone centr i fugal   c leaners   with a 
pressure  drop  of 5.3m (7.5 p i g ) ,  see Appendix 4 ,  Item 2 . 2 .  A proposa l   in  
t he  same t e l e x   f o r  7 ident ica l   un i t s   bu t   opera t ing  wi th  a pressure  drop  of 
1 b . l m  (20  psig) was found to   be   l e s s  economical  because  of  higher  energy 
cost .   Present  value of  energy  cost was based on 35 years ,  20 mills per Kwh, 
8 percent   in te res t ,   in take  pump ef f ic iency  of 80 percent ,  and  motor eff ic iency 
of 90 percent:  

12  1)orrclones $144,000 
Taxes,   p iping,   f i t t ings and 

erec t ion  of Dorrclones  108,000 
Housing  50,000 
Increased   capac i ty   a t   in take  

( aLlowance) 100,000 
Present  value  of  energy 112,coo 
T o t d  $514,000 

(PM V4251/3) 3 
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- Media f i l t e r s  (System 3) would co l lec t   the   major i ty  O f  particle!r  between 
Z.5m and O.lmm, but  since  they  are  cleaned by means of a reversed  flow 
whereby only   par t ic les  smal:ler than 0.5 t o  0.lmm (depending on media sizes) 

These solids  could  be back washed  by increasing t h e  reversed  f low  but   this  
can  be  back washed,  most  of t h e   r i v e r   s o l i d s  would be trapped  pf'rmanently. 

would also remove f i l t e r  me(iia - an  unacceptable  condition. A media f i l ter  

up w i t h  so l id s ,  
i s ,  t he re fo re ,   no t   su i t ab le   i n   t h i s   app l i ca t ion  as it would gradually fill 

- Micro f i l t e r s  [System 4)  art? designed to   ope ra t e  a t  a h igh   r a t e   o f  20 t o  50 l / s  
per m2 ( 3 0   t o  70 USGPM per f t 2 )  and are  primarily  used where so l id s  
concentrat ions  are   consis tent ly  low.  Because  of  the  danger  of  blinding i n  
the  case of Thompson River ?water, micro f i l t e r s  are not recommended. 

Detai ls   of  Systems 2,  3 and 4 are given i n  resumes contained  in  Appendix 4 .  

THEORY OF SETTLING 

Data on the   theory   o f   se t t l ing  were  obtained from sources i n  Reference 2. 

The r a t e  of s e t t l i n g  of a d i s c r e t e   p a r t i c l e   i n  a f l u i d  i s  a function  of  the 
v iscos i ty ,   dens i ty  and  temper.zture of the f lu id ,  of  the size,  shape, and 
specif ic   gravi ty   of  t he  p a r t i c l e  and of   the  Reynolds  number. 

Drawing  A4251/3-1*  shows t h e   r a t e  of s e t t l i n g   i n  s t i l l  water of 20°C, fo r  
par t ic les   varying from 10 microns t o  1 cm and  having  specific  gravit ies 

Reynolds numbers different ia te   three  set t l ing  zones:   the   eddying  : res is tance,  
varying from 2.65 (d i sc re t e  sand par t ic les )   to   1 .05   ( f loccula ted  mud p a r t i c l e s ) .  

the  Stokes Law and the   t rans i t ion  zone. 

- The eddying  resistance zone i s  f o r  Reynolds numbers grea te r  than 2000. This 
i s  the  turbulent  zone where eddying  res is tance  s lows  the  set t l ing  ra te .  

par t ic les   considered  here .  
As it app l i e s   t o   pa r t i c l e s   l a rge r  t'flan 5mm, it i s  outside  the  range  of 

* For drawings,  see  Appendix 15 - I l l u s t r a t i o n s  

(PM Vk251/3) 4 



- The Stokes Law i s  f o r  Reynolds numbers less than 1. P a r t i c l e s  I n  t h i s  zone 

p a r t i c l e s  slows t h e   s e t t l i n g  r a t e ,  expressed as follows: 
a re  i n  a laminar flow  region where viscous  res is tance from t h e  water 

i n  which V = s e t t l i n g  rate i n  cm/s 
g = acce lera t ion  due t o   g r a v i t y  i n  cm/s2 

Sp = spec i f i c   g rav i ty  of  t h e   p a r t i c l e  
Sf = spec i f ic   g rav i ty   o f   the   f lu id  
d = diameter of t he   pa r t i c l e  i n  cm 

= kinemat ic   v i scos i ty   o f   the   f lu id   in  cm2/s 

Viscosity i s  influenced by temperature. Thompson River water tzemperatures 
range from OOC t.o 19.5OC at  Spences  Bridge,  over  the  period  of  record 
commencing i n  1952  (Reference 3 ) .  Drawing A4251/3-2  shows t h a t ,  over   th i s  
temperature  range,  the  viscosity  of  water  increases  significantly,  from 
0.95 at  1 9 . 5 O C  t o  1.65 at OOC (Reference 4). As t h e   s e t t l i n g   r a t e   v a r i e s  

Therefore, a t  OOC it is  0.95/1..65 = 0.6 o f   t h a t   a t  1 9 . 5 O C .  This i l l u s t r a t e s  
inverse ly   wi th   the   v i scos i ty ,   th i s   ra te  decreases  with  lower  te:nperatures. 

the  significant  influence  of  temperature i n  the  design of s e t t l i n g  systems. 

- The t r a n s i t i o n  zone is for  Reynolds numbers from 1 t o  2000. This zone 
includes most o f  t he   pa r t i c l e s   r e l evan t   t o   t he  Hat Creek aapl icat ion.  

A mathematical  expression :for t'ne s e t t l i n g   r a t e  i n  t h i s  zone is not   avai lable  
end these   ra tes   a re ,   therefore ,   based  on experiments  such as carr ied  out  by 
liazen (Reference  2 .1)   for   par t ic les  from 10 mm t o  0 . 1  mm. S e t t l i n g   r a t e s  

Stokes Law zone, f o r   p a r t i c l e s  from 60 micron t o  I: micron. 
a r e   l i s t ed   i n   Tab le  2 (Reference 5 ) ,  which a l so   g ives   s e t t l i ng   r a t e s  i n  t he  

I n  a d d i t i o n  t o  "Se t t l ing  mte", Table 2 a lso  l i s t s  "overflow ra t e" .  The 

as flow per unit area.  Water treatment  suppliers commonly use  the  overflow 
former i s  expressed as len,%th  per unit time,  whereas  the  lat ter i s  expressed 

r a t e   a s  it can  be  equated d i r e c t l y   t o  a tank  s ize .  



Table 2 - Set t l ing   Rates  

Diameter 
of P a r t i c l e  
Micron mm 

10.0 
1.0 

600 0.6 

200 
400 0.4 

0.2 
1100 0.1 
60 

40 
20 
10 

Class i f i ca t ion  

Gravel 

Coarse Sand 

Fine Sand 

S e t t l i n g  Overflow Rat e 
Rat e or Rise Rate 
m/ s 1fslmz USGPM/ftF 

1 000 1 000 1. 475 
100 100 148 
63  63 

42  42 
21  21 
8 8 
3.8 3.8 

2.1 2.1 
0.62 0.62 
0.154 0.154 

3.1 I 0.91 Stokes 
0.227 I 

0.025  0.025  0.036 t 
Note: These s e t t l i n g  rates a r e  i n  s t i l l  water  of lOoC f o r  d i s c r e t e   p a r t i c l e s  

with a specif ic   f ; ravi ty   of  2.65 

The s e t t l i n g   r a t e s  i n  'T:?ble 2 apply   to   d i scre te   par t ic les   wi th  a spec i f i c   g rav i ty  
of 2.65. This i s  for  send and s i l t  as  given  in  Reference 5. For s o i l  i n  

between 2.6 and 2.7 (ReI'erence 6). 
,:eneral, t he   spec i f i c   g rav i ty   va r i e s  from 2.0 t o  3.0, however it' i s  usually 

APPLICATION OF SETTLING 

were obtained from suppl iers .  I n  addition,  overflow  rates were establ ished 
To evaluate  the  proposed  set . t l ing  systems  l isted i n  'Table 1, i n s t a l l a t i o n  l i s t s  

based on 1580 11s (25,000 USI>PM?), t he  flow  given i n  t h e   l e t t e r  0:' inquiry.  
These  overflow rates  toGether wi t ' n  other  system  parmeters are  given i n  
Table 3. 



Item 

Manie 

Tank Size - m  
- ft  

Tank Area - m2 
exciuiiing  ieeilweii - I L _I 7 

Minimwn Operating 
Temperature - oc 

Specific  Gravity  of 
S e t t l e d   P a r t i c l e  

Safety  Factor  

Overflow Rate - l/s/rn2 
after applying 
sa fe ty   f ac to r  - USGPM/ft2 

M i n i m u m  Settl.ed 
P a r t i c l e   S i z e  - Microns 

Table  3 - Coagaris-n  of  Daymeters of Proposed Ze t t l i ng  Sj-stenls 
Systerr Ymber and  supplier^ 

Dorr-Oliver 
I .I 

-Long 

Hydroseparator 

24 diameter 
80 diameter 

430 
1.L1.n 
.+U'+U 

2 

2.65 

1.43 

3.6 

5.4 

100 

i . 2  

Envirotech 

Degri t t ing 
C l a r i f i e r  

29 diameter 
95 diameter 

c o>n 
/"J" 

5110 

0 

2.65 

2 

2.9 

4.3 

100 

L.3 

Degremont-Infilco 

Aerated  Degritter 

10 X 16 
33 x 52 

140 
l ' i50 

Not given 

Not given 

11 .'I 

17.2 

200 

1 . 4  

-Long- 

Det r i to r  

Dorr-Oliver 

12  diameter 
1+0 diameter 

120 
"" I Thn 

Not given 

Not given 

1 

13.5 

19.9 

150 

Rexnord 

Grit Col lec tor  

5 x 21 
1 5  x 70 

1050 
loo  

Not given 

Not given 

1 

16.1 

23.8 

200 



The safe ty   fac tor  i s  an  important  system  parameter. It allows  for  discrepancies 
between ac tua l  and theoret ical   overf low  ra tes ,   because  of   actual   par t ic le  
densi t ies ,   turbulence,  wind aczion,  short   circuit ing,   thermal  currents and 
f loccu la t ing   e f f ec t s .  

'The d ivers i ty   o f   over f low  ra tes ,   sa fe ty   fac tors  and minimum p a r t i c l e   s i z e  used  by 
water   t reatment   suppl iers   indicates  t h a t  f inal   design  inquiries  should  be  based 
on spec i f i c  paramet,ers. 

which satisfy  the  requirements f o r  t h e  Hat Creek Project .  
Of the  f ive  proposed  set t l ing  systems  l is ted i n  Table 3, fol lowing  are   the two 

liydroseparator By Dorr-Oliver-Long (1.1) 

This  separator i s  a c i r c u l a r   c l a r i f i e r  w i t h  rake mechanism and operates  without 
the  addition  of  chemicals i n  many indus t r ia l   p lan ts   to   recover   so l ids .  

Design is based on Table  2,  ad.justed  for minimum operating  temperature and 

ba lance   in   the  USA. For detai:Ls see  Appendix 5 .  
s a fe ty   f ac to r .  Dorr-Oliver-Long l i s t s  24 i n s t a l l a t i o n s ,   f i v e   i n  Canada and t h e  

Degr i t t ing   Clar i f ie r  by Enviro-;ech Canada Limited  (.1.2) 

T h i s  c i r cu la r   c l a r i f i e r   w i th   r ake  mechanism i s  custom  designed on the   bas i s   o f  
Table  2,  adjusted for minimum operating  temperature and safe ty   fac tor .  Although 
not  backed up by i n s t a l l a t i o n s ,   t h i s  system i s  acceptable  as it i s  s i m i l a r   t o  
Dorr-Oliver-Long's  Hydrosepara-;or. 

The other  proposed  sett l ing  sy:i tems, 1 .3 ,  1.4 and 1 . 5 ,  would be  unsui table   for  
the iiat Creek Project,  because  these  systems do not   apply  to  raw water,  as 
dabora t ed  below. 

Aerated  Degritter by Degremont-Infilco (.l.3). 

%is ae ra t ed   deg r i t t e r  i s  only  used i n  sewage treatment  plants,  where ectrained 

Degremont-Infilco  claimed t h a t  en t r a ined   a i r  would also  be of value! i n  r a w  water 
a i r  a ids  t h e  separntion  of  organic material from  send p a r t i c l e s .  Although 

deer i t t ing,   experience  records  to   substant ia te   this  were not  provided. 

- Detr i tor  by Dorr-Oiiver-Long (:N 
The Det r i to r  i s  s ln i la r  t o  a c:Crcular c l a r i f i e r  w i t h  rake mechanism, except   that  

Det r i to r  i s  common:.y used for   cfegri t t ing sewage, prior  to  treatment.   (Refereme 7 ) .  
the   l iquid  f lows  across   the  c lar i f ier   ra ther   tkan from the   cen t re .  The 

(Xiver-Long wi thd rw  the   De t r i t o r  i n  favour  of  their   5ydroseparator.  
Subsequent to   Sandwel l ' s   reques t   for   ins ta l la t ions  01: raw r iver   water ,  Dorr- 

Cri t Collector by Vexnord ( 1 . 5  1 
'.?!lis system  consis:.s  of a rectangular   set t l ing  tank ,with a V-botton.. Solids 
cc>l!.ected i n  t he  bc,ttom are  rerloveC by means o f  a p ~ ~ p  rrounted on a. t r ave l l i ng  
briti,:e. Its main : .pplication  appears  for  sludge rer?cve: i n  water and waste 
treatment  plants.   Applications fo r  the  treatment of raw water were not  supplied, 
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CONCLUSIONS 

On the   bas i s  of  both  theory and app l i ca t ion   o f   s e t t l i ng  it can be concluded tha t :  

1. A c l a r i f i e r   p rov ides  a r e l i a b l e  method f o r   t h e  removal  of Thompson River 
water   sol ids  by means of   se t t l ing .  

2. Clarifier design can be  based on overflow  rates  given i n  Tab1.e 2,  provided 
these  are   adjusted Tor temperature ,   safety  factor  and, if nec!essarY, 
spec i f i c   g rav i ty   o f   pa r t i c l e .  

DESIGN  PARAMETERS 

General 

Drawing A4251/3-?, prepared (on the   bas i s   o f   over f low  ra tes  i n  Table  2, shows t h e  

O W  and 20012, with a sa fe ty   f ac to r  of 2 and f o r  a capacity  of 1,660 l/s. This 
re la t ionship  between minimum s e t t l e d   p a r t i c l e   s i z e  and c l a r i f i e r   d i ame te r   a t  

capacity i s  5 percent more than  the  cooling water supply  design  (capacity of 
l , % O ,  l/s, t o  a::ow f o r   c l a r i f i e r  underflow and process  losses.  On the   bas i s  of 
t h i s  drawing the  following  design  parameters  are  discussed. 

Feedwell 

Although the  feedwell  adds  considerably  to   the  overal l   c lar i f ier   d iameter ,  it i s  
important t h a t  i.t be   l a rge  enough t o  avoid  high  entrance  veloci t ies   into  the 
c l a r i f i e r .  The assumed diameter of 12 m would provide a weir  rate  of k k  l/s. 

Minimum Operatin6 TemCeratur.2 

A c l a r i f i e r  designed t o  remove p a r t i c l e s  down t o  200 microns  wodd  have a 
diameter  of 17 .5  m a t  2OoC, and  20.5 m a t  007,  an increase of 17 percent.  
S imi la r ly   for  100 microns,  23.5 m at  20OC  anci 30 m at  O W ,  an in.crease  of 
28 percent.   Therefore,   there would be  s ignif icant   savings i f  a higher  design 
.temperature  than O°C could  be  selected.  This,  however, i s  not reconmended a s  
the  most c r i t i ca l   condi t ion   occurs  i n  winter when water  temperatures  are 
OOC and suspended so l id s  c m  be  present in the   in take  due  t o  its proximity 
to  the  eroding  Ashcroft  b1u:Pfs (Reference 1.41.. 

Drawing A425U3-4 shows the   re la t ionship  between a typ ica l  Thompson River 
hydrogra2h and the   r i ve r  wx:er temperature  curve,  both at  Spences  Bridge. This 

1 4 O C ,  6 degrees  below i ts  m;?.ximum of 200C. Although the   f r e she t  peak may give 
ind ica tes   tha t   the   f reshe t  :?eaks when the  r iver  water  temperature i s  only 

the  highest  solids concentr, l t ion i n  t h e   r i v e r ,   r e l i a b l e   s o l i d s  Pemoval must 
already  take  place when s o l i d s   f i r s t   a p p e a r  i n  the  r iver .   This   occurs  when the  
r i v e r  starts t o  rise i n  Apri l  when water  temperatures are appro:cimately 2 t o  hoc. 
As protect ion or the  high  pressures pumps i s  the  sole   object ive  of   the 
c l a r i f i e r ,  i t  i s  recoamended t h a t  i t  be  provided a l l   y e a r  round and,  therefore,  
that OOC be  selected 2s the  minimum operat ing  teaperature .  

Specif ic  Gravit:f o f  Tbompson River  Solids 

Overflow ra t e s  in  Table 2 are  based on sand and s i l t   p a r t i c l e s ;   t h e s e  have a 

mater ia ls   s imiizr   to  sand  and silt and f o r  wgan ic  and mud par t ic les   a re   g iven  
spec i f i c   g rav i ty  of  2.65.  For the  purpose of cozparison,   specif ic   gravi t ies   for  

i n  Table 4. 
(E” V4251/3) 9 
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- Table 4 - Specif ic   Gravi t ies  

Material  Amount 

Mica 2.8 
Granite 2.7 
Shale.,  Limestone  and  Quartz  2.6 
Asbestos  and  Ciypm  2.4 
Sandstone  2.3 
Concrete  2.2 
Suspended orga.nic matter 1.0-1.4 
Flocculated mu.d p a r t i c l e s  1.05 

Water treatment  handbooks,  Dorr-Oliver-Long and Envirotech a l l  use 2.65 as 
tne   spec i f i c   g rav i ty   fo r   r i ve r   so l id s .  It appears   reasonable   to  assume t h a t  
t h i s  same value  can  be  used  for Thompson River  solids,  because: 

- Thompson R ive r   so l id s   s e t t l e  i n  t h e  sump of t h e  mlunicipal in take  a t  Ashcroft 
(Reference 8 ) .  

- Ashcroft  municipal  water i s  not   t rea ted  which is  indicative  of  the  absence  of 
l igh tweight   par t ic les .  

- Specif ic   gravi t ies   of  materials similar t o  sand and s i l t ,  l i s t e d  i n  Table 4 ,  
a r e  i n  t h e  2.65  ranges. 

TherePore, it i s  recommended. t h a t  2.65 be  used as   the   spec i f ic   g rav i ty   for  

the  basis   of   laboratory  analyses .  
Thompson River   so l ids ,   bu t   tha t  t h i s  value  be  confirmed  during  final  design, on 

Minimum S e t t l e d   P a r t i c l e   S i z e  

A c l a r i f i e r   o p e r a t i n g   a t  OOC would require  a diameter  of 20.5 m for  a m i n i m m  
p a r t i c l e  size removal of 200 microns, and  30 m f o r   t h a t  of 100 microns,  an 

v4191/1 recommends  a minimum p a r t i c l e   s i z e  removal of  only 200 microns 
increase  of 46 percent.  From a pump protect ion  point   of  view, report  

100 microns w i t h  a diameter  of 30 m .  T h i s  conservative  approach was followed 
(Reference 1.3), whereas t h e   c l a r i f i e r  recommended i n  t h i s  same report  i s  f o r  

for two reasons: 

~ - To provide  the  best   possible   protect ion which can  be  obtained by means of a 
deg r i t t i ng   c l a r i f i e r   a t   r ea sonab le   cos t .  

- To assure   tha t   the  pump manufacturer w i l l  not   be   able   to   use  water   qual i ty   as  
an excuse t o  revoke h i s  performance  guarantee, i n  t h e  event  of  failure  of 
performance. 

For  f inal   design, it i s  recommended t h a t  t h e  minimum se t t l ed   pa r t i c l e   s i ze   be  

study  for  clarifi .er   diameters  of 30 m and 20.5 m. 
confirmed  based on requirements for the   se lec ted  equipment and a cost   benefit  

Cafety Factor 

The safety  factor   a l lows  for   discrepancies  between ec tua l  and theore t ica l  
overf low  ra tes .  A fac t s r   o f  2 i s  recommented. 
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Summary of  Design  Parameter Recommendations 

Overflow Rate Use Table 2 ,  adjusted for temperature. 

Feedwell To be  s ized  for  a low c l a r i f i e r   en t r ance   ve loc i ty .  

Minimum Operating 
Temperature 0% 

Specific  Gravity  of 
S e t t l e d   P a r t i c l e  2.65. To be  confirmed in Final  Design. 

Minimum Se t t l ed  
Pa r t i c l e   S i ze  

A t  l e a s t  200 microns,   preferably 100 microns. To 
be  confirmed i n  f inal   design on t h e  basis of  
pump requirements and cost   benefit   study. 

Safety  Factor 2 

Prepared  by: 

Approved by: 
A.  Copeland, P. Eng. 
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Rexnord  (Canada) Ltd. 
1955 West  Broadway 
Vancouver, B . C . 
Attention:  Sales  Manager 

Reference: V4191 B.C. H:rdro and Power A a t h o r i t y  
273.60 Pumping S ta t ion  - Water ' k e z t n e z t  

D e a r  S i r :  

B. C. Hydro and Power Author i ty  are plannilg a 2000 Kif c o d - f i r e d  
g e n e r a t i n g   s t a t i o n   t o  u t i l k e  t h e   c o d   d e p s i t s  of the Hat Creek Valley, 
near t h e  town of Ashcroft ,  in the Province of British Columbja, Canada. 
Our firm has been retained for the prelimi-y design of the c o o l i n g  . 
water make-up system for this pro jec t  . 
In t roduc t ion  

!he   des ign   capac i ty  of t h e  make-up system will b e  1580 , l/s (25,000 USGE.!), 
which w i l l  be drawn from t h e  Thompson River by p e a s  of a airect  i n t a k e  
i n  the v i c i n i t y  of Ashcroft;, B.C. 

'ihp i n t a k e   s t r u c t u r e  will h o u s e   v e r t i c a l   t r a v e l l i n g   s c r e e n s  krith a maxinun 
nesk s i z e  of 2.5 mq (0.1 i n c h ) ,  and f i v e  low h-35 v e r t i c a l  trlrbine p u p s .  
These pumps w i l l  pass  raw r i v e r   w a t e r   t o  E g r i t   r e z a v a l   p l a n t ,  after which 
four   h ixh   pressure  pumps w i l l  punp t o  a second stege h i g h   p r e s s u r e  statio=. 
From there, the  water  w i l l  b e   p i p e d   t o  t F e  p l a n t   r e s e r v o i r  i n  the Hat 
Creek  Valley. The t o t a l  head from the   t r r a tmen t  $-ant t o   t h e  p l a t  
r e s e r v o i r  will be  1255 n (4115 f t ) .  
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SANDWELL  AND COMPANY  LIMITED 

V4191, 273.69, Rexnord  (Canada) Ltd. ,  7 October  1977 

Budget  ProDosal 

To assist us in   ob ta in ing   technica l   input  and a b u d g e t   p r i c e   f o r  t h i s  
p r o j e c t ,  we request  you t o  submit a p re l in ina ry   p roposa l  with budget 
p r i ces ,  on a  system t o   t a k e   o u t  grit, i n   o r d e r   t o   p r e v e n t  wear on the  
c o s t l y  high pressure pumps. m e  system will r e q u i r e   t o   o p e r a t e  all 
year  round in view  of   the  chance  of   high  sol ids   loading  f roa  eroding 
c l i f f s   n e a r b y   ( s e e   s e c t i o n .  on water   qua l i ty   for   fur ther   de ta : i l s ) .  A 
se t t l i ng   bas in   canno t  be c o n s i d e r e d   f o r   t h e   d e g i t t i n g   s y s t e m   d u e   t o  

u n i t   t o   p r e v e n t  it f rom  f reez ing ,   ( s ince   z l lovance  w i l l  have t o   b e  nade 
r e a l   e s t a t e   r e s t r i c t i o n s ,  and  because a done w i l l  be requi red   over   the  

f o r   i n t e r m i t t e n t  pumping i;o s u i t   e l e c t r i c a l   l o a d   r e q u i r e m e n t s ) .  

Background 

We enclose some da ta  on s e v e r a l   c h a r a c t e r i s t i c s  o f  the Thonp:son River t o  
enable  you  to  decide on the   op t inun  type of grit removal  mechanism  which 
you  would  propose f o r  this pro jec t .  

1. Water  Quality sUm;nary 

was c o l l e c t e d  at Savona,  approximateljr 32 ki lometers  (20 miles )   ups t r ean  
The data presented in Appendix 1 was obtained  from B. C. Hydro and 

of Ashcroft. . .  

Although  the  suspended.   sol ids   load  in   the  vicini ty   of   the   propssed  intake 

of 7.6 mg/l ind ica ted  i n  t h e  t a b l e  i n  this Appenaix. T h e ?  reason fo r  t h i s  
is not  known, we would expect it t o  be much higher t h a n   t h e  xnaxinw v a l u e  

is the  presence  of  the:   Ashcroft  C l i f f i s ,  which are ups t r ean  o f  t h e   i n t & e  
site. The eros ion  of t h e s e   c l i f f s   i n t r o d u c e s   s o l i d s  all year round. 
This   introduct ion is expected t o  be at i t s  h i g h e s t   d u r i n g   t h e   f r e s h e t  
when r i s ing   water   e leva t ions   e rode   recent   shore   depos i t s   f rom  s l ides .  
Fur ther   in t roduct ion  of s o l i d s  takes place  all year round when d n o r  
s l i d e s   f a l l   i n t o  the  r i v e r .  

2. Solids from Thomuson R.iver Bank 

On 15 June 1977, a s o l i d s   s a n p l e  was taken  from a bar on t h e  left  river 
bank opposite the Ashcroft Cliffs. Sieve analysis on th i s  sanple w a s  
c a r r i e d  out only on pa r t i c l e s   pas s ing  NO. 8 s i e v e ,  2.36 am (0.93  inch).  

* p a s s  the proposed   in take   t rave l l ing   sc reens  vith s t i p u l a t e d  naxinm mesh 
This s i e v e   a p p r o x h t e s  most c l o s e l y  t h e  maxi -  p a r t i c l e :   s i z e  which w i l l  

openine of 2.5 ran (0.10 inch) .  The s ieve   ana lys i s   curve  is shown i n  
Figure 1, Appendix 2. 
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SANDWELL  AND COMPANY LIMITED 

V4191, 273.60,  Rexnord  (Canada) Ltd . ,  7 October 1977 

3. So l ids  from  Ashcroft Pkmiciual Intake 

Tine PIunicipali ty of Ashcroft  operates  an intake on the l e f t  bank of 
t h e  Thongson River just downstream of t h e  road bri&e and 4 kn (2 .5  miles)  
downstream of t h e  Ashcroft Cliffs. The intake c o n s i s t s  of a p m p  well 

bu r i ed  pipe  which  protrudes  approximately 0.9 m ( 3  f t )  a b o v e   t h e   r i v e r  
which is connected  to  ' the  r iver  by  mems of a 0.30 m (1 f t )   d i a e t e r  

bottom; t h e  entrance to t h i s  pipe i s  pro tec ted   wi th  a 40 1 c 1  (1.5 i n c h )  
square mesh screen. A:=t from some ch lo r ina t ion  no othe:r trestmert 
is g iven   t o  th i s  potab:Le water supply. 

A s  some r i v e r   s o l i d s   c o l l e c t  i n  the  bot tom of  the pump lfe;Ll, Sandwell 
obtained 12 samples fron d i f f e r e n t   l o c a t i o n s   i n  the well. ;and s i e v e  analyses 
were c a r r i e d   o u t  on  sarlple  nmbers 2 and 10. These   s ieve   ana lyses  were 
on ly   ca r r i ed   ou t  on pa r t i c l e s   pas s ing  No. 8 s i e v e ,  2.36 rmn (0.93  inch). 
This sieve  approxirrate:;   most  closelythe maxinul p a r t i c l e  s ize  which 
will p ~ s s  the   p roposed   in take   t rave l l ing   sc reens  w i t h  s t i p u l a t e d  msximum 
mesh o p e n h g  of 2.5 mn (0.10 inch).  For s i eve   cu rves  see Figure  2 and 
3, Appendix 2. 

Sieve Analysis Results 

The data p r e s e n t e d   i n   t h e   t a b l e  below has  been abstracted from the 
sieve   ana lyses  of samples l., 2 and 10. 

P a r t i c l e   S i z e 5 , s t r i b u t i o n   i n  % of DFf Weight 
Thonnson River  Solid 

2.36 - 1.00 -093 - .039 20 27 
1.00 - 0.50 -039 - .020 34 31 
0.50 - 0.30 -020 - .012 29 26 
0.30 - 0.10 -012 - .004 14 14 

c 0.10 4.004 3 2 

2.36 - 0.30 -093 - .OX1 83 84 
0.30 - 0.10 . w 3  - .O@i 14 14 
4 0.10 L .004 3 2 

3 

of Sample 

20 
46 
24 
9 
1 

90 

1 
9 
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SANDWELL AND COMPANY LIMITED 

~ 4 1 9 1 ,  273.60,  Rexnord (Canada) L t d . ,  7 October 1977 

4. Solids Ant ic iua ted   in  :Proposed Hat Creek Intake 

r i v e r   b e f o r e  s o l i d s  have  had a chance t o  settle out and  from a zone' 
The proposed Hat Creek  intake would withdraw water direct : ty   f ron t h e  

r i c h   i n  suspended  solids.  Although this zone of  water  withdrawal 
would on the   average   bs   l ess   deep  than tha t   o f   t he   Ashc ro f t   i n t ake ,  
it is considered  very  unl ikely that t h e   s i z e   d i s t r i b u t i o n   o f   p a r t i c l e s  
smaller   than 2.5 m (0 .10   i nch )   t o   be   an t i c ipa t ed   i n   t he  1 3 a t  Creek 
in t ake  would be much d i f fe ren t   than   those   found  in   the   Ashcrof t  
intake. It is i n t e r e s t i n g   t o   n o t e  the striking resenblance 
between t h e   s i z e   d i s t r i b u t i o n  of t h e   s i e v e   a n a l y s i s   o f   t h e   s a n p l e  
taken  near   the  Ashcroft  Cliffs and those   t aken   f ro=  the  Ashcroft 
i n t a k e  well (d i s t ance  between  sampling  points is approximately 
4 kilometers  (2.5 mi les ) .  

5. 

Some d a t a  is included  for  your  information  in  Appendix 3 tjn algal 
growth in t h e  Thompson River.  

Degr i t t  ing System 

method(s)  which you  would propose t o  remove grit. from the   r av   wa te r ,  
We reques t  you t o  submit  typical  arrangement  drawings  indicatlng  the 

mechanical  plant.  Delivery  should  be  quoted on an F.O.B. p l a n t  
toge ther   wi th   budget   cos t s   for   the   s t ruc tures   (exc luding   houshgs)  and 

pr ice ,   toge ther  with t h e  plant  weight  and the place  where it will be 
t r anspor t ed  from. The system  can  be  designed  such t h a t   t h e  grit can 
b e   r e t u r n e d   t o   t h e   r i v e r .  We emphasize t h a t   t h e   o n l y   o b j e c t i v e   o f t h i s  

Although we do not  know the: an t i c ipa t ed   so l id s   concen t r a t ion  5a t h e  
system is t o  r e m v e  s o l i d s  Prom the   f l ow  to   p reven t  pump impel le r  mar. 

r iver ,   your   system must be  conservat ively  designed  to   cope with, at 
times, concentrat ions of at. l e a s t  100 - 500 w/l; the anticipasted 
minimum p a r t i c l e   s i z e  that your system w i l l  be capable  of  removing 
must b e  given, (chemical   addi t ion must not be  considered, '50 tihat 
waste can  be  returned t o  th.e r iver   without   causing  environmental  

which process r a w  water without t he   add i t ion  of  chemicals are requ i r ed  
concern).   Details   of  completed p ro jec t s   o f  sinilar i n s t a l l a t i o n s  

toge ther  w i t h  all predicted head a d  water   losses   associated  with  your  
proposed  system. The d e s i r a b i l i t y  of p i lo t   p l an t   s tud ie s   shou ld   be  
indicated.  
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SANDWELL  AND COMPANY LIMITED 

V4191, 273.60, Remora (Canada) L t d . ,  7 October 1977 

F i l t e r s  

Once t h e   d e m i t t i n g   s y s t e n  is in   opera t ion ,   exper ience  Could i n d i c a t e  
t h a t  this system  alone would  not be adequate   to   prevent  wear on t h e  
p m g   i n g e l l e r s  and an a d d i t i o n a l   g r a v i t y   f i l t e r   s y s t e m   m u l d   t h e n  be 
r e q u i r e d   t o  -her r e m v e   s o l i d s .  We the re fo re  also request  Your 

what ex ten t  t h i s  f i l t e r  would be   ab le   t o  remove s o l i d s   c a r r i e d   o v e r  
proposal   for  such a f i l t e r  (no cos t   es t imates  +re n e c e s s a r y ) ,   a n d   t o  

frm t h e   d e m i t t i n g  system. The on ly   ob jec t ive   fo r  the g r a v i t y   f i l t e r  

water  would be r e t u r n e d   t o   t h e   r i v e r  and, therefore ,   chemica l   addi t ion  
would be t o  remove s o l i d s   t o   p r e v e n t   p m p   i m p e l l e r  wear .  Back, Gash 

would not   be  a l lowed  in  t h i s  process.   All   predicted  head  and water 
l o s s e s  are required as are examples  of similar i n s t a l l a t i o n s  that 
remove sol ids   without   the  a l idi t ion  of   chemicals .  The d e s i r a b i l i t y   o f  
p i l o t   p l a n t   s t u d i e s   s h o u l d  ‘be indicated.  

Shock Loading 

Because   o f .   the   an t ic ipa ted   : in tens i t ies  of r ive r   so l id s   concen t r a t ions ,  
the degr i t t i ng   sys t em and f i l t e r s  shall have a h igh   capac i ty   t o   abso rb  
shock loadings.  Systems  which  could become blinded,  such as micro 
screens and micro strainers., are ,   therefore ,   considered  undesirable .  

A l t e rna t ives  

In add i t ion   t o   supp ly ing  us the   information  requested in  this :Letter, 
we vould welcome any   a l te rna t ive   p roposa ls   which  you nay  wish to present.  

Should you  have  any  questions  on  the  contents o f  t h i s  let ter do not 

being  submitted on o r  before! t h e  4th of November 1977. 
hes i t a t e   t o   con tac t   t he   unde r s igned .  We would appreciate  your  proposaL 

Yours t r u l y  

SANDWEU AND C0:QANY LIMITED 
.d / 

. ’ 

A t t a c h e n t s  
cc: Xr. C. K. Haman, B. C. Hydro, Vancouver 
bcc: A. Copeland 

J. Boyle 
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"- TIIOYPSGN III V C E  (S;\\'ONA) K,\'rEil QUALl.CY SU:iYAKY 

PAXdlETER (1) AVERAGE.. 

Total  Dissolvcd  Solids 57.4 

Totel  Solids 60.4 

Suspended S o l l d s  3. x 
Turhidizy (JTU) (2)  l . s  

Specific  Conductance (pmho/crn) (2) 98 

Oil G Crcase c 1.0 

pH (units) (21 7.5 

Alkalinity (CaC03) (2) 35.1 

Hardness (CaC03) (2)  38.2 

Calcim (dissolved) ( 2 )  12.1 

Magnesiuq  (dissclved) (2) 1.9 

Chloride ( 2 )  1 . s  

Sulphate.. ( 2 )  7.2 

Silica") (as sioz) 4.8 

Colloidal Silica -. 
Nitrate-Nitrogen (2) 0.09 

Nitrire-Nitrcpen c 0.005 

Avmonia-Nitrogen 0.012 

Total Cjedahl Nitrogen 0.1 

Nitrocen,  Organic 0.08 

(2)  

(2) 

(2) 

(2) 

Phosphorous as p (2) 

Orgmic Carbon 

Inorganic  Carbon ( 2 )  

Phenol 

(2: 

0.007 

3.12 

7 . 4  

0.002 

72.0 

74.0 

7. G 

8.5 

i! 2 5 

2.0 

8.6 

44.8 

47.. 6 

14.6 

2.6 

3.1 

10.0 

(3.5 

2.1 

0.22 

< 0.00.5 

0.03 

0.24 

0.25 

0.021 

10.0 

10.0 

0.003 

Y 



C)lro~ni~rn.  Dissolved 

Chromitm, Toot21 

Copper,  Dissolved 

Iron, Dissoived 

Lead, Dissolved 

Lead, Total  

Merc:ury, Total (uS/ l )  

EfanlLanese, To ta l  

Molybdenum, Dissolved (pg/l) 

Potassium 

Sodj.um 

Zinc:,  Liissol-Jed 

c 0.005 

< 0.005 

< 0.006 

< 0.09 

< 0.0015 

C 0.0019 

< 0.05 

c 0.01 

< 0.5 

0.85 

2.24 

0.0: 

Notes: 

1. A l l  parameters  expressed i n  mg/i unless   o therwise   no ted .  
2.  Average va lues   r ep resen t   non th ly  annual averages,  a l l  

o ther .   parzmeters   represe i i r   to ta l  sarn?le averages.  

bV,X If.!U.! 

< 0.00s 

< o'.oos 

c 0.005 

0.06 

0.10 

< 0.003 

c 0.003 

0.25 

0.01 

0.7 

0.9 

3.2 

0.12 

- 

Y. 
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M.I.T. GRAIN S I Z E   S C A L E  

S i t e  of openlng,  inches U s . s .  Sieve s i z e ,  meshes/inch 

1111 
0.001 

G R A I N  SIZE, MM 
-__. 

COBBLE COARSE MEDIUM FINE C O A R S E  MEDIUM F I N E  BOULDER 
SILT  SIZE 

SIZE GRAVEL SIZE SAND SIZE 

C L A Y  S I Z E  

I 
- __- 

FlNE G R A I N E D  

" 
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O L  

M.I.T. GRAIN SIZE S C A L E  

Size  of opennng, m c h c s  U.S.S. S ieve s i z e ,  mrshes/ inCh 

IO 

-t 

L E G E N D  

A5hcroFf fnfohe 

Somp/e Z 

j 

GRAIN S I Z E ,  MM 

BOULDER 
S ,ZE GRAVEL SIZE 

COBBLE COARSE MEDIUM FINE COARSE MEDIUM F I N E  SILT SIZE CLAY SIZE 

1 SAND S I Z E  I FINE GRAINED 



Size 01 O D C n m Q ,  Inches 

4 

U.S.S. S i e v e   s i z e ,   m e r h e r / i n c h  

G R A I N  S I Z E ,  M M  

L E G E N D  

Astrcroff Infake H- 

0 oc 

COARSE MEDIUM FINE COARSE  MEDIUM FINE SILT SIZE T CLAY S IZE 
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APPENDIX 3 - ALGAL GROWTH I N  THE TiOMPSON RIV.ER 

ALGAE 
7 

sample  periods a t   tbe   Ua lach in   Br idge,  23 February, 17 March  and 

2 June, 1977, 22 kilometers (14 miles) upstrearti Of Ashcroft. 
. . .  " 

Phytoplankton  densit ies  increased  from 262,871 t o  383,332 t o  695,265 

u n i t s   p e r  litre over the sampling  period. It i s  cons idered  tha t  

maximum p r o d u c t i v i t y  wil'l not  be achieved i n  t h e  Thompson River   system 

u n t i l   l a t e  August, 

The data from t h i s  program  indicated  a  preponderanco of diatom  specie- 

within each  sample. S e r v i c i  (1976) and BEAK (1973)  have s i n t i i a r l y  

i n d i c a t e d  a dominance o f  diatoms i n  per iphyton  samples  co l lected in the 

Thompson system  and the Pol lu t ion   Cont ro l   Branch and Environment Canada 

(1973) also i nd ica ted  a dominating ef fect  of  diatoms on the  south 

Thompson system  near  Malachin.  Diatoms  general ly  range in size from 

5 II t o  75 u: 

Y 



Langar  and  Nassichuk (1975) indicated  that there  exists a protiferation 

of periphytic  algae downst:ream of Kamloops  Lake due to nutriant input 

from  domestic  and industrial discharges into the system. Larger and 

Nassichuk (1975) also indicated that with the  water  currents  found 

in the  Thompson River, periphytic  filamentous  growths  may bec.ome 

dislodged and form mat-liks  rafts o f  algae. They also  speculate  that 

this  phenomenon  occurs relatively frequently. 

In summary, it is evident  that those algal groups prevalent wlithin the 

phytoplankton  community o f  the Thompson River near  Walachin  are 

comparable to the  periphytic  associations reported in other studies. 

A dominant group within  these two life systems  were  the  diatom species. 

The m s t  significaiit factors in terms o f  an  intake structure ,would be 

diatoms, which  appear to achieve  maximum  concentration in August, and 

upstream  periphytic colonies that exhib.it a  potential to dishdge in 

large mats. 
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TABLE 1 : PHYTOPLANKTON  DATA 
THOHPSON RIVIER STUDY 

~ 

DATE: 23 FEBRUARY 1977 

TAXA UNITS&ITER S """"""""""""-."""""""""""""-".""""""""" 
RHOOOMONAS  HINUTA 
CHLOQELLA-LIKE #1 
ACNANTHES  HINUTISSIHA 
SYNEDRA  VAUCHERIAE 
ACNANTHES  LINEARIS 
GOHPHONEHA  OLIVACEOIDES 
RHODOHONAS  LACUSTRIS 

FRAGILARIA CROTONENSIS 
TABELLARIA FENESTRATA 

CYCLOTELLA  STELLIGERA 
CYHBELLA  HINUTA 
ASTERIONELLA  FORMOSA 
CRYPTONONAS OVATA 

RHIZOLENIA  ERIENSIS 
TETRASELHIS #1 

STEPHANODISCUS  ASTRAEA 
GOHF'HDNEHA DICHOTOMUH 

4RTHROSPIRA  JENNERI 
FRAGILARIA  CONSTRUENS 
AMPHORA  PERPUSILLA 
CHRYSOPnYTE  STATOSPORE #I1 

MELOSIRA  DISTANS V. ALPIGtENA 
GOHPHONEHA  SUBCLAVATUH 
NITZSCHIA RECTA 
ACNANTHES  LANCEOLATA 
NITZSCHIA  SILICA 
TREUBARIA  TRIAPPENDICULATA 

NAVICULA  CRYPTOCEPHALA V. VENET 

..CYCLOTELLA KUTZINGIANA 

MELOSIRA ITALICA 
OCHROHONAS-LIKE 
DIATOHA TENUE 
NITZSCHIA  FRUSTULUH 

NITZSCHIA  LINEARIS 
NITZSCHIA  GRACILIS 
HANNAEP  ARCUS 

SCENEOEDHUS OENTICULATUS 

STEPHANODISCUS ASTRASA V e  HIN 

CHRQVULINA-LIKE 

53519 
41686 
35032 
20987 
13569 
12701 
12224 
10558 
6542 

4798 
5249 

3973 
3514 
2203 
2195 
2195 
2186 
2178 
1761 
1752 
1752 
1744 
1735 
1319 
885 

885 
885 

876 
885 

876 
868 
868 
868 
868 
442 

442 
442' 

442 
442 

20.4 

13.3 
15.9 

5.2 

4.7 
4.8 

4.0 
2.5 
2.0 
1.8 
1 e5 
1.3 

e 8  
.e 
.8 
.8 
.8 
.7 
.7 

..7 
.7 
.7 

03 
.5 i 

.3 

.3 

.3 
e 3  

e 3  
03 

.3 

.3 

.3 

.2 

.2 

.2 

.2 

.2 

8.0 
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TABLE 1 :  PHYTOPLANKTON DATA (CONTINUED) 

T A X A  UNITS/LITER % 
STATION 346 

"""~,"""""""""""""~"""""~""""--"-~"~""""""" 

ULOTHRIX ZONATA 462 
CALONEIS  HYALINA 

.2 

COSCINODISCUS R O T H I I  
442 .2 

NITZSCHIA  ACICULARIS 
434 .2 
434 

NAVICULA Y13 
.? 

434 
CYMBELLA CISTULA 434 

.2 

NAVICULA  MINIMA 
.2 

ACNANTHES HAUCXIANA 
434 .2 
434 .2 

CYMBELLA SLNUATA 
ACNANTHES PERGALLI 434 .2 

434 
NITZSCHIA  DISSIPATA 

.2 
434 

SYNEORA DELICATISSIMA 434 
.2 

NITZSCHIA PALEA 
.z 

CYHaELLA AFFIN IS  
434' 
434 

.2 

CHLAMYOOHONAS-LIKE 434 
.2 
.2 

TOTAL MEAN DENSITY  (UNITS/LITER) 262811 

STANDARD ERROR OF MEAN DEINSITY 2576 

COEFF. OF VARIATION OF; REPLICATES(%) I .39 

TOTbL  TAXABTATION 54 

MEAN UNITS COUNTED/REPLICATE 3 0 0 . 0 0  

NUMBER OF REPLICATES 2 

3 



TABLE 2: PHYTOPLANKTON DATA 
THOMPSON RIVER STUDY 

TAXA 

DATE: If MARCH 1977 

UNITS/LITER % 

ACNPNTHES HINUTISSIHA 
CHLORELLA-LIKE # l  
SYNEORA VAUCHERIAE 
GOHPHONEHA OLIVACEOIDES 

CYHBELLA  MINUTA 
HANNAEA  ARCUS 
RHODOHONAS LACUSTRIS 

NITZSCHIA RECTA 
ACNANTHES L INEARIS  

CHLAMYDOMONAS-LIKE 
ASTERIONELLA FORMOSA 

CYCLOTELLA  KUTZINGIANA 

NITZSCHIA PALEP. 
SYE;EORA  RUMPENS 

CYCLOTELLA  STELLIGERA 
GOMPHONEHA OLIVACEUH 

FRAGILARIA CROTONENSIS 
TABELLARIA FENESTRATA 

TETRASELMIS #1 

CYMRELLA A fF IN IS  
OCHROMONAS-LIKE 
CYHBELLA  CISTULA 
NITZSCHIA FRUSTULUH 
,NITZSCHIA  ACICULARIS 
GOYPHONEHA H E D I N I I  
IMITZSCHIP S I L I C A  
IFRAGILARIA LEPTOSTAURON 
IYELOSIRA I T A L I C A  
CHROOHONAS NORDSTEDII 

ljYElED2A  RADIANS 
CRYPTOHONAS  OVATA 

ARTHROSPIRA JENNERI 
AULOHONAS  PUROY I 
RHIZOLENIA  ERIENSIS 
IIIATOHA VULGARE 
NITZSCHIA  BREVIROSTRIS 

RHODOMONAS HINUTA 

COWPHONEMA SUBCLAVATUM 

ACNANTHES FLEXELLA 

98039 
46023 

30818 
45567 

27375 
17304 

11153 
13666 

10612 
5458 
5068 
4721 
4028 
4028 

3444 
3682 

3292 
3097 
2945 
2902 
2902 
2556 
2209 
2209 
2014 
2014 
I819 
1819 
1624 
1473 
1473 
1278 
1278 
1278 
1083 
1083 
1083 

736 
736 

25.6 
12.0 
11.9 

8.0 
7.1 

3.6 
4.5 

2-9 
2.8 
1.4 
1.3 
1.2 
1.1 
1.1 
1.0 
e9 
.9 
a 8  
.a 
- 8  
06 

-6 
.7 

05 
.6 

.S 

.5 

.4 
05 

04 
.4 
r 3  
.3 

e 3  
.3 

.3 

.3 

.2 
02 
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TABLE 2: PHYTOPLANKTON DATA (CONTINUED) 

TAXA 
STATION 401 

UNITS/CITER 9; 

SCENEOEONUS OENTICULATUS 
AHPHIPLEURA PELLUCIDA 
O S C I L L A ~ O R I A  LINNETICA 

LINKISTRODESWUS FALCATUS 

- - - . . - - . 

FRPGILARXA CONSTRUENS 

NITZSCHIA  SUBACICULARIS 
CHROHULINA-LIKE 
STAURONESS ANCEPS 
NITZSCHXA  FONTICOLA 
NITZSCHIA  DISSIPATA 
TREUBARIA  TRIAPPENDICULATA 
NITZSCHIA LINEARIS 
SYNEDRA MAZAMAENSIS 
ACNANTHES LANCEOLATA 
SYNEDRA  ULNA 
GOMPHONEHA PARVULUH 

736 
7 3 6  .2 

.2 

736 .z 
736 
541 

.2 

.1 

541 
541 .l 

.1 
541 
541 

.l 

.l 
54 1 
541 

. I  

54 I 
.l 

541 
. l  
i t  

541 
54 1 

.I 

,541 
-1 
. l  

TOTPL MEAN DENSITY  (UNITS/LITERl 383332 

STANOARD  ERROR OF MEAN DENSITY 58449 

COEFF. OF VARIATION OF REPLICATES(O1 21-56 

TOTPL TAXMSTATION 55 

MEAN UNITS C@'JNTED/REPLICATE 300.00 

NUHSER OF REPLICATES 2 
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TABLE 3: PHYTOPLANKTON DATA 
THOMPSON RIVER STUDY 

DATE: 2 JUNE i977 

T A X A  """""""""""""""- 
RHODOHONJS MINUTA 
RHIZOLENIA  ERIENSIS 
ACNANTHES  HINUTISSIMA 
ASTERIONELLA  FORMOSA 
CYCLOTELLA  KUTZINGIANA 

RHODOMQNbS  LACUSTRIS 
CYCLOTELLA  STELLIGERA 

OCHQOHONAS-LIKE 

SYNEORA  VAUCHERIAE 
CRYPTOHONAS OVATA 

SYNEORA  PUHPENS 
CHROHULINA-LIKE 
NITZSCHIA  ACICULARIS 
CHLORELLA-LIKE #I 

CYMBELLA HINUTA 
SYNEDRA RADIANS 

SCENEOEDMUS  DENTICULATUS 
DIN08RYON  SERTULARIA 
ACNANTHES  LINEARIS 
FRAGILARIA  CONSTRUENS 
NITZSCHIb  PALEA 
MELOSIRA  ITALICA 
STEPHANODISCUS  ASTRAEA 
NITZSCHIA  RECTA 
CRUCIGENIA  QUADRATA 
DIATOHA  TENUE 
ARTHROSPIRA  JENNERI 
NITZSCHIA  FRUSTULUM 
GOYPHONEHA  OLIVACEOIOES 
FRAGILARIA  CAPUCINA 

DINOaRYON  BAVARICUH 
TETRJSELHIS # I  

OSCILLATOAIA  LSMNETICA 
CL4DOPHORA 

NITZSCHIA  GRACILIS 
OOCYSTIS  PUSILLA 

RHIZOCHRISIS #1 
CHLPHYOOXON4S-LIKE 

NITZSCHIA SILICA 

UNITSlLITER % ."""""""""""-~"""""""". 
232468 33.4 

35138 5.1 
39684 5.7 

29843 4.3 
29754 4.3 
18968 2.7 
17310 2.5 
16508 2.4 
14191 2.0 
10875 1.6 
10500 1.5 
9413  1.4 

111991  16.1 

34104  4.9 

5723 
5723 .8 

.8 
4492 -6  

3548 
3690 05 

.5 
3405 
3262 

05 
05 

2460 ob 
2460 .4 
231 8 
2175 

.3 
03 

2175 
2175 

.3 

1230 
03 
02 

1230 
1230 02 

02 

1230 .2 

1230 
1230 02 

1230 
.2 
.2 

1230 
1230 

02 
.t 
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TABLE 3: PHYTOPLANKTON DATA (CONTINUED) 

STATION 450 
TAXA U N I T W L I T E R  % 

"""""""""̂"""""""""""""""""""""""""" 

SYNURA UVELLA 
NAVICULA PUPULA 
HANNAEA  ARCUS 
MALLONONAS  PSEUDOCORONATA 
NAVICULA #8 

ACNANTHES LANCEOLATA 

1230 .2 
1087 .2 
1087 
1087 

.2 

.2 
1087 

NAVICULA CRYP~OCEPHALA v. VENET 1087 
.2 
.2 

1087 .2 

TOTAL MEAN OENSITY  (UNITS/LITER) 695265 

STANDARD  ERSOR O F  MEAN OENSITY 42786 

COEFF. O F  VkRIATION OF REPLICATES(%) 8.70 

TOTPL TAXALSTATION 46 

YEAN UNITS COUNTED/REPLICATE 300.00 

NUMBER OF REPLICATES 2 



APPENDIX 3 

RESUMES OF PROPOSALS FOR SETTLING SYSTEMS 

(PM V4251/3) 



. .  

j W '  

r'! 

up 

u 

r*l 

I 
i 

m 

I 

- S*NDWCLL 

B.C. HYDRO AND POWER AUTHORITY 
VANCOWER B.C. 

PROJECT MEMORANDUM V4251/3 
WATER TREArmENT BY MEANS OF SETTLING 

DATE 25 AUGUST 1978 

APPENDIX 3 - RESUMES OF PROPOSALS FOR SETTLING  SYSTEMS 

I n   t h i s  Appendix', resumes are  given of s o l i d s  removal systems which were 
accepted i n   p r i n c i p l e  from t h e  proposals  received  in  response  to  Sandwell 's  
l e t t e r  of inquiry fo r  water  treatment (Appendix 2 ) .  Numbers use,? fo r   t hese  

Memorandum. 
resumes  correspond to   those   in   Table  1 in   t he   In t roduc t ion  of th . i s   Pro jec t  

1. SETTLING 

1.1 Hydroseparator 

Dorr-Oliver-Long  Ltd. o f  Orillia, Ontario,  proposed  one 2 L  m (80 ft) 
diameter  Hydroseparctor,  which is bas i ca l ly  a c i r c u l a r   c l a r i f i e r   w i t h  

microns.  Budget p r i ces  were not  submitted. 
rake mechanism. Thi;; u n i t  would remove at  least 95 percent  of 100 

1 .2   Degr i t t i ng   C la r i f i e r  

Envirotech Canada Ltd.  of  Calgary,  Alberta,  proposed  one 29 m (95 ft) 
diameter clarifier with a 12.2 m (40) f t  diameter  feedwell.  and a 
4 m (13 f t)  depth a t  the  per imeter .   This   depth  includes a 0.6 m 

rake f o r  s o l i d s  removal. Minimum p a r t i c l e   s i z e  removal would be 
(2  f t )  allowance  for  ice  buildup. The c l a r i f i e r  would bet equipped  with a 

approximately 100 microns. 

The quoted  budget  prj.ce was as follows: 

Concrete  base and design $ 75,000 
Mechanism m d   t a n k   s h e l l  110,000 
Erection and pa in t ing  60,000 

Total $245,000 

1.3 Aerated  Degrit ter 

Degremont-Infilco of Montreal,  proposed  one 10 x 15.7 m (33 x 51.5 f t)  : 

troughs  located i n  th.e cent re   o f   the   t ank  and p a r a l l e l   t o  i t s  shor t  
aera ted   so l ids  removaJ system.  Solids would c o l l e c t   i n  two bottom 

pumps. Minimum p a r t i c l e   s i z e  removal would be  200 microns. The quoted 
s ide .  Removal of s o l i d s  would b e  by means o f  two t r a v e l l i n g  submerged 

budget p r i c e  was $100,000, f o r  t h e  mechanical  equipment  consisting of 
a i r   d i f fusion  system and t r a v e l l i n g   s o l i d s  removal pumps. 
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APPENDIX 4 

RESUMES  OF  REJECTED  PROPOSALS:  CENTRIFUGAL  CLEANERS, MEDIA FILTEXS 
AND MICRO FIL!TERS 

L 
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PROJECT V4251 
HAT CREEK PROJECT 
COOLING WATER SUPPLY 

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

PROJECT MEMORANDUM V4251/3 
WATER TREATMENT BY MEANS  OF  SEWLING 

DATE 25 AUGUST 1978 

APPENDIX 4 - RESUMES OF FEJECTD PROPOSALS: 

FILTERS AND MICRO FILTERS 
CENTRIFUGAL CLEANERS, MEDIA 

I n  t h i s  Appendix, resumes are given  of  solids removal  systems wh.ich were 
rejected from the  proposals  received  in  response  to  Sandwell's lcatter of  inquiry 
for  water treatment (Appendix 2 ) .  Numbers used f o r  the resumes correspond t o  
those i n  Table 1 i n  the  Introduction of th i s   Pro jec t  Memorandum. 

2. CENTRIFUGAL CLEANER 

2.1 

2.2 

2.3 

2.4 

FR Dorrclone 

Dorr-Oliver-Long Ltd. of Orillia, Ontario,  proposed s ix  122 cm 
(48 i n .  ) diameter FR Dorrclones which would operate w i t h  a pressure 
drop of 69 kPa (10 :psig) and would  remove par t ic les   dom t o  
100 microns. The quoted  budget  price was $72,000 FOB Vancouver, and 
would include housi:ngs, l iners ,  Vortex finders and apex  valves. 

Desanding Dorrclone 

I n  a te lex  of  28 June 1978, Dorr-Oliver-Long Ltd.,  proposed e i ther  
seven o r  twelve 76 , a n  (30 i n .  ) diameter Desanding Dorrc:Lones operating 
with a pressure dro:p of  respectively 138 kPa (20  psig) rind  52 kPa 
(7.5 psig).  The quoted  budget price was $12,000 per un:it, FOB Vancouver 
This telex proposal  superseded Dorr-Oliver-Long's or iginal  let ter 
proposal of 7 November 1977 for s ix  122 (48 i n . )  diameter F.R.  
Dorrclones, see item  2.1 above. 

Desanding Dorrclone 

P.J. Hannah and Associates  Ltd.  of Vancouver, agents  for U.S. ' F i l t e r  
Fluid Systems Corporation,  proposed five 76 cm (30  in.)  diameter, 

Each unit, requiring a pressure drop of 28 kPa ( 4  psig) ,, would remove 
Desanding Dorrclones  each wi th  a capacity of 330 l/s (5,,200 USGPM). 

price was $250,000 and t h i s  would include  the  Dorrclones,  valving, 
at  least 95 percent of par t ic les  of 110 microns. The quoted  budget 

instrumentation and interconnecting  piping  within  the system limits. 

Celleco  Cleaner 

Bancroft Western Sal.es Ltd. of Vancouver, agents for Cel.leco,  proposed 
two Celleco Cleanpao 130 Canister  assemblies  requiring a. pressure drop 
of 97 kPa ( 1 4  p s i ) .  There would be a continuous  reject flow of 140 l / s  
(2,200 LJSGPM).  The quoted  budget pr ice   for  two canisters FOB Vancouver 
was $136,000,  exclucling taxes. 

J 



Pilot  study  apparatus would be  freely  available  for  testing at  the  
treatment  plant s i te .  

2.5 Smith and Loveless P i s t a  G r i t  TraE 

Ecodyne Ltd. of Edmonton, Alberta, proposed following two alternative 
Smith and Loveless gr i t   t raps :  

Two Smith and Loveless Pis ta  Grit Waps, Model No. 30, operating i n  
para l le l ,  each unit rated for 880 - 1320 11s (14,000-21~,000 USGPM). 
The quoted  budget price  for  rotating mechanism only was  $50,000 
t o t a l ,  FOB plant  Oakville,  Ontario,  with  freight and applicable 
taxes  extra. 

o r  

One Smith and Loveless P is ta  Grit Trap, Model No. 50, rated  for 
1320-2200 l / s  (21,000-35,000 USGPM). The quoted  budget price f o r  
rotating mechanism only was $30,000 and conditions of  saLe would be as 
fo r  Model No, 30 above. 

3. MEDIA FILTER 

3.1 Neptune Microfloc F i l t e r  

bay g rav i ty   f i l t e r s ,  with a t o t a l   f i l t e r   a r e a  of 470 m2 (5000 sq f t l  
Neptune Microfloc of Corvallis, Oregon, U. S. A. ,  proposed four  twin 

The backwash r a t e  for this s i ze  of f i l t e r  would be  approxi:mtely 630 11s 
(,lO,OOO USGPM) and  would normally run from f ive  to   e ight  minutes. A 
storage volume of 320 m3 (85,000 USG) would be required. :Budget prices 
were not  submitted. 

3.2 Peacock Immedium Upflow F i l t e r  

Peacock Brothers  Ltd. (of Vancouver proposed the i r  Peacock Immedium 
Upflow F i l t e r  which  would require an area of 370-470 sq m (4,000-5,OOO 
sq ft) . Other de ta i l s  were not  given. 

3.3 Graver F i l t e r  

Ecodyne L td .  of Edmonton, Alberta, proposed s ix  18.9 m (62 ft)  x 6.7 m 
(22 f t )  concrete Graver f i l ters ,   operat ing i n  para l le l ,  with a i r  scour. 
m e  quoted  budget price was $250,000, FOB shipping  points, for the supply 

with Graver Partilock  underdrain  strainers,  air  distribution i n  plenum 
of dual media 46 cm (18 i n )   an th ra f i l t  and 30 cm (.l2 i n )  sand,  together 

chamber, backwash troughs,  gate  valves and a i r  blowers.  Freight and 
sales  taxes would be  extra  as would all concrete work. 

3.4 Graver Monovalve Filter: 

Ecodyne proposed as an al ternat ive t o  3.3 seventeen 7.6 m (,25 f t )  
diameter by 4.6 m (15 f't) high,  single compartment, a l l   s teel   construct ion,  
Graver Monovalve F i l te rs ,  complete with  frontal  piping,  controls,  dual 
media 30 cm (12 i n )  an thraf i l t  and 30 cm (12 i n )  sand. Units would be 
shipped knocked down, f o r  f i e l d  assembly by others. 

(PM V4251/3, App. 4) 2 



The quoted  budget price was $1.02 million, FOB plant  Oakville,  Ontario; 
with  freight  included t o  B.C., but all taxes  extra. 

4 .  MICRO FILTER 

4 . 1  Cuno Automatic  Flo-klean F i l t e r  

Peacock Brothers  Ltd. of Vancouver proposed two AMF Cuno Automatic 
Flo Klean F i l t e r s  - :Model  No. FKR16-4, each  capable of f i l t e r i n g  

250 microns. Each f i l t e r  unit would be  supplied  with a !j HP backwash 
790 l / s  (12,500 USGPM) on. heavy duty  service  with element spacing of 

nozzle  drive motor and a 40 HP backwash water  supply pump se t .  

The quoted  budget price was $300,000 t o t a l ,  FOB Hat Creek Si te .  

3.2 North Water F i l t e r  

H.D. Fowler Co. L td .  of Vancouver proposed eight North  water f i l t e r s ,  
each 1.5 m ( 5  ft) diameter by 3.7 m (12 f t)  long.  'North'  water f i l t e r s  
are  manufactured by Green Bay Foundry and  Machine  Works. Five  of  these 
rotat ing  uni ts  would be  equipped  with 75 micron retentive  cloth and be 
able t o  cope with normal operating sediment conditions arld the  three 
remaining rotating filters would only  be  required  during  periods o f  
relatively  high  solids  loading and would be  equipped  with 246 micron 
retentive  cloth.  For approximately $500, 'North' would carry  out 
laboratory  tests t o  determine t h e  exact number and size of t h e   f i l t e r s  
required. Budget  pr::ces were not  submitted. 

(PM V4251/3, App; 4) 3 



APPENDIX 5 

- DORR-OLIVER-LONG  HYDROSEPARATORS: 

- INSTALLATION  LIST AND DATA 
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PROJECT MEMORANDUM V4251/3 
WATER TREATMENT BY MEANS OF'SETPLING 

B.C.  HYDRO AM) POWER AUTHORITY 
VANCOUVW ' ' ' ' B.C. 

DATE 25 AUGUST 1978 

APPENDIX 5 - DORR-OLIVER-LONG HYDROSEPARATORS:  INSTALLATION LIST AM) DATA 

basis of t h i s  l i s t ,  a teleph'one  survey was conducted i n  order  to  locate 
Dorr-Oliver-Long Hydroseparator ins ta l la t ions   a re   l i s ted  i n  Table 1. On the 

instal la t ions most resemblin,g operating  conditions  anticipated for the 
Hat Creek Project  (see  Table 2 ) .  

As shown i n  Table 2, the Eve:Leth Taconite Mining Company a t  Forbes,  Minnesota, 
operates  five Hydroseparator:s ( Instal la t ions 14.2 and 14.4)  which remove solids 
comparable t o  the proposed H a t  Creek Project. These instal la t ions could  be  used 
as a reference  during  Final Design. 

The telephone  survey was l imited  to  the  companies l i s t e d  i n  Table! 2 and 
terminated when a representative  installation had  been located. 



Installation 
Iio . 

1 

2 

3.1 
3 2  

4 

5 

7.1 
7 2  

9 

10 

11.1 
11.2 

12 

Ij 

14.1 

14.2 

15 

Country 

C-da 

Canada 

Canada 

Canada 

Canada 

U.S.A. 

U.S.A. 

U.S.A. 

U.S.A. 

U.S.A. 

U.S.A. 

U.S.A. 

U.8.A. 

U.S.A. 

U.S .A. 

- rear 

42 

63 

64 
64 

65 

66 

65 
70 
76 

65 
65 

65 
65 
73 
73 

65 

66 

67 
67 

69 
72 

74 

74 

76 

Amount - 
1 

1 

1 
1 

2 

2 

1 
6 
1 

5 
6 

1 
1 

1 
1 

2 

1 

2 
1 

1 

1 

3 

3 

1 

9.8 

9.8 

15.2 
3.7 

13.7 

9.1 

4.9 

9.8 

9.1 
9.1 

3.7 
7.3 
3.7 
7.3 

5.5 

15.2 

7.9 
4.9 

9.8 

4.9 

12.8 

l3.7 

19.8 

11.0 

- 
3.1 

- 
3.6 

2.4 

2.2 
3.1 - 
3.4 
3.4 

1.5 
2.1 

2.1 
1.5 

3.1 

3.1 

3.3 
1.5 

2.4 

2.4 

4.7 

3.0 

1.8 

Additions1 
Data i n  Table 2 c-nts 

x 

x 



3.2 

4 
Minerals and 
1n temt iona1  

Chemical, XZ 
Mine 

6 U.S. Stee l  
Minnesote ore 
opemtions 

7 Henna 

R. Smith 306374-4506 

1 

1 

R. Bomboir 306745-3911 2 

C.W. tfiemi 218-741-9020 - 
Robertson 

P.  KosKLnen 218-835-1020 - 
R. Jetsen 218-262-3451 

Sil ica - written request  reqvired  before 
sddimnal data  given. I 

14 Eveleth  Porbea, 
Taconite 

D. wi16oo 
Minneaota, D. Coyle 218-749-116a 

Mi"iM USA 

14.1 3 12.8 4 ' 310 60 Magnetite 4.9-5.2 40 Haterial se t t l ed   ou t 'mt  comparable I 
14.2 j L,.? 6 ll30 20 Si l i ca  2.62.7 150  Application similar to E a t  Creek 

14.3 4 8  2 240 50 Maepetite 4.9-5.2 40 t h t e r i a l  settled out mt c-=able 

14.4 2 12 5 1080 25 Si l ioa  2.6-2.7 150  Application  similar  to Hat Creek 

~- Y" ""..~ - 
.~ I ..-" *.55& rcuj-i. 

Project. 

to Hat Creek project. 

Rojeot .  Notes: 1. Dash ( - )  means information  not given 
I 

2. A l l  above ins ta l la t ions  are inside pmcess  buildinga and operate with  a l iqu ld  temperature equal t o   t ha t  Of the ambient air, except for 

3. Innstallation NOS. 14.1 snd 14.2 are  extension8 to  the original installations,  iios. 14.3 m d  14.4. m e  original ioa ta l la t ions  were not by 
no. 4 (see connrent). 

(Pn V425113,  App. 5) 
D.O.L. 
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B. C. HYDRO AND POWER AUTHORITY 
VANCOUVER B.C. 

DATE 8 SEPTEMBER 1978 

RESERVOIR  RELOCATION' 
PROJECT MEMORANDUM V6251/4 

INTRODUCTION 

Mr. C.K. Harman of B. C.  Hydro  and  Power Authority,  in  a  letter  dated 
25 April 1978 t o  Mr. A. Copeltmd  of Sandwell,  asked what effect  relocating  the 
power plant water reservoir would have on the  cooling water supply scheme and 
on the  preliminary  engineering cost estimate. The reservoir would be relocated 
t o  upper Medicine Creek, as shown on Drawing  B4251/4 - 1*. 
The Scope of Work was defined  in correspondence  dated  2 and 12 May 1978, 

pipeline  route,  reservoir  discharge  arrangement, and with B.C. Hydro assistance, 
quoted i n  Appendix 1. l'he work includes  choosing  a  compatible combination of 

waterhammer control scheme.  The cost estimate was prepared by determining  the 
cost of items which are  different from the  Preliminary Design est,imate, and 
then  adjusting  the  estimate  accordingly. 

PIPELINE ROUTE 

The route  selected  as  being most compatible w i t h  overall  economy and w i t h  the 
relocated  reservoir  location i s  shown on Drawing  B4251/4 - 1, and in   p rof i le  on 
Drawing  D4251/4 - 2. m e  rou.te i s  tha t  of Alternative 3 from Project 
Memorandum'V4251/1, Pipeline Route Review, except tha t  it i s  shorter by 1 km 
because it has been revised between Station 18 + 500 and the  relocated power 
plant  reservoir.  This  route was selected  for  the  reservoir  relocation because 
it offers  the advantage of a high point near Station 10 + 100 suitable for a 

This arrangement simplifies waterhammer control, and also  provides the cost and 
simple  surge  tank, from  which flow would be  by gravity t o  t h e   p l a t   r e s e r v o i r .  

V4251/1. 
other  benefits of Alternative 3 which were identified i n  Project lvlemorandum 

FLOW CONTROL 

Drawing D4251/4 - 2,  Pipeline  Profile, shows that  along  the  selected  route,  the 
pipeline has two  summits about 8.5 icm apart and at   nearly  the same elevation, 
and that  from the second summit the  pipeline descends to  the  plant  reservoir.  
This  profile  creates  special problems for flow control,  and invalidates  the 
one-way surge tank** configur;%tion  proposed  for  the  Preliminary Design route. 

* For Drawings see Appendix 3, I l lustrat ions.  

** A one-way surge  tank is a  tank f i l l e d  with  water,  isolated from the  pipeline 
by check valves, so tha t  when the  piezometric head at   the  tank drops below 
the water leve l  i n  the  tank  the check valves open  and water from the  tank 
flows into  the  pipel ine t o  reduce waterhammer. 
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I n  the  early  stages of t h i s  :study, it was desirable   to  develop a scheme using 
a one-way surge  tank on the :first summit t o  enable comparison between similar 
schemes for  the  relocated  rerservoir and for  the  Preliminary Design reservoir. 
However, such a scheme  was not  developed  because a one-way tank  there would not 
protect  the  pipeline for the  following  reason:  the one-way tank,  being  higher 
than  the second summit, would drain when  pumping stopped. When pumping resumed, 
the  tank would r e f i l l  slowly  through a control  valve, and it i s  possible  that  
maximum pipeline  discharge  could  be  reached with very l i t t l e  water in the  tank. 
Should power f a i l  at  t h i s  time, the  tank would not  protect  the  pi.peline. 

This problem did  not  exist wj.th the  Preliminary Design arrangement  because the 
one-way tanks were located below the  pipeline summit; thus  they would r e f i l l  
during  the  time pumping  was stopped. 

There are perhaps ways t o  avoid t h i s  problem with  the one-way tank, such as 

with  tank  level, o r  even changing the  pipeline  route. However, the  best way t o  
lowering the  pipel ine  prof i le  and tank  elevation,  interlocking pump start-up 

avoid the problem i s  t o  use E, simple  surge  tank*  instead of a one-way surge 
tank. The simple  tank  requires no valves and i s  therefore more reliable.  This 
tank would be located on the first summit, with maximum water level  at about 
elevation 1340. The discharge  throughout  the  pipeline cannot  rea,ch m a x i m u m  
until the simple  tank i s  fu l l ,  because the head i n  the  tank is  needed to   dr ive 
the water downstream. Therefore,  the  pipeline is  protected f o r  the maximum 
flow condition. 

The flow from the simple  tank to   the  plant   reservoir  would be by gravity  since 
the  tank becomes the  high  point i n  the  prof i le .  Two cases  for  controlling t h i s  
flow have been developed, as shown on Drawing  D4251/4 - 2, and as described 
below: 

Case 1: Control Valve a t  Maximum Reservoir Level 

The valve, with an energy-dissipating  fitting  to  prevent 

water leve l   in   the  simple  tank on t h e   f i r s t  smnit. To 
cavitation** damage, keeps the  pipe full and ma:intains the 

reduce the 'height of tank  required, a 900m diameter  pipeline 
i s  necessaqy between the tank and the  valve. 

Case 2: Weir a t  Sewnd Summit 

The weir, Et elevation 1302 i n  a tank at the second summit, 
keeps the wtxter level   a t   that   e levat ion when  pumping stops. 
A t  the first summit, the  pipeline i s  buried below elevation 

would refi1:L when flow resumes.  Again, a 9OOm diameter 
1302,  but the simple  tank  drains when pumping stops. The tank 

pipeline i s  needed between the  summits. 

* A simple  surge  tank i s  a tank  filled  with  water,  connected  directly  to  the 
pipeline. T h i s  tank  controls waterhammer by accepting or  suppl.ying water 
when flow conditions change. 

** Cavitation i s  caused by the! collapse of cavi t ies  of vapour which tend t o  form 
i n  the flow when absolute  pressure  drops  to  the  fluid vapour pressure. The 
collapse  causes  serious problems of noise,  vibration, and p i t t ing  of surfaces. 
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PARTIALLY-FULL FLOW SECTION 

The pipeline  section from the  control  valve  to  the  plant  reservoir  in Case I, 
and from the  weir on the second summit to   the  plant   rsservoir  in Case 2 ,  is 

The par t ia l ly-ful l  system simplifies  flow  control..  Full flow, on the  other 
designed to   carry  the maximum discharge i n  a buried  partially-full  pipe. 

hand, would require a submerged control  valve on the downstream end of the 
pipeline.  This concept was rejected,  as the submerged control  valve would be 
troublesome f o r  operation and maintenance. 

Breather  pipes  rather  than  air  release  valves would allow a i r  ex:change. The 
pipeline would  end a t  a small concrete  st i l l ing  basin below low water  level. 
Transition from pa r t i a l ly - f a l l   t o   fu l l  flow would occur  inside  the  pipe at  the 
reservoir  level.  

was rejected  as  it would be susceptible t o  freezing.  In  the  selected  arrangement: 
A canal or  open channel  along the  surface would be  possible  with  either  case,  but 

the  pipe would  be buried below the depth of frost   penetration i n  the ground; 
t h u s  the  water i n  the  pipe would not  freeze if the  pipe were full. However, as 

breather  pipes,  there  could 'be heat   lost  from the water and ultimately from 
there would be an air-water  interface, and as t h e   a i r  could  escape  through the 

the  surrounding  soil. Remedies  which may include  heat  tracing,  heating  the  air 
i n  the  pipe, o r  deeper burial  of the  pipe,  should be examined during  Final 
Design if   the  heat loss were too  great.  

As the  water i n  the  par t ia l ly-ful l  flow section of the  pipeline d.rops as  

not become so  high as t o  cause  severe damage t o  the  pipeline. The maximum 
much as 87 m with Case 2 ,  the  design must ensure  that  the  water  velocity does 

velocity i n  the  pipeline wou1.d be 7.9 m/s under uniform  flow conditions. 

actual   prof i le  of the  field-k'ent  pipe w i l l  not  be known unt i l   Final  Design.) 
(The calculations for  non-uni.form flow are not  warranted a t  t h i s  time RR the 

X.C. Hydro advised  that  coal  tar epoxy or  other t h i n  f i l m  l inings,   as were 
proposed i n  the  Preliminary Design f o r  the  pipeline  interior,  have an excellent 
operating  record  with  water  velocities up t o  18 - 21 m/s. As t te   calculated 
maximum velocity of 7.9 m / s  i s  w e l l  below t h a t  level ,  the design is acceptable 
for t h i s  portion of the  pipeline. 

(P.M. V4251/4) 3 
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LOCATION OF N? 2 BOOSTER  STATION 

Alternative 3 of  Project Memorandum V4251/1; it was necessary to   re loca te   the  
The t o t a l  dynamic head f o r  Cases 1 and 2 being  about 150 m less   than for 

, N? 2 Booster Stat ion  to   e levat ion 775 m from elevation 835 m. On topographic 
maps and a i r  photos, ground conditions  appear  about.the same. This  location i s  
closer t o  the overflow  reservoir,  thus  the  overflow  trench  requi.red i s  shorter. 
Geotechnical  evaluation and f ie ld   appraisal ,   as  were recommended. in  Project 
Memorandum V4251/1, are s t i l l  necessary t o  confirm t h i s  location. 

PIPELINE  INSPECTION 

Report Vb191/1. In order to use  pigs  with  the Case 1 and Case 2 arrangements, 
The concept of inspecting th.e pipeline  using "smart pigs" i s  discussed  in 

two extra  pig  traps  are needed  each side of the simple  surge tank. These t raps  
are  necessary  because  the  pipe  .diameter changes at   the   tank from 8 0 h   t o  gOOmm, 
too  great a change t o  use  th.e same pig  without  modifying  the  driving  cups. 

The partially-full   portion of pipeline t o  the  reservoir from the  control  valve 
i n  Case 1, and from the weir  tank i n  Case 2 ,  could  not  be  inspected  the same 
way because of the  breather  pipes which  would release  pressure needed to   dr ive 
the  pigs.  However, this   port ion could  be visually  inspected as it.would  drain 
freely. Moreover, the consequences of leakage  are  insignificant  here compared 
t o  pressurized  portions of the  pipeline. 

PIPELINE FRICTION 

pipeline  friction  being  as e.xpected a t   t h e  time of design. In  Preliminary 
In my pumping system, the  delivery of t he  design  discharge depends on the  

Design, pipeline  friction was calculated  for  coal  tar  epoxy l ining and for   the 

the  unlikely  event t h a t  the  pipel ine  inter ior  became badly  corroded, so that  
35 year  project  lifetime, an(3 the pumps were rated  accordingly. However, i n  

the pumps could no longer stagply the  design  discharge, a booster pump could  be 
added t o  each booster station t o  regain  the full discharge  capability. 

For Cases 1 and 2 ,  a substantial  increase i n  f r ic t ion  would cause  the  simple 
surge  tank  to  overflow, and 12 possible remedy would be t o  make'the  tank 
higher. During Final Design, it may be  decided t o  avoid t h i s  

control valve  (Case 1) or  weir tank  (Case 2 ) .  
problem by increasing the  pipe diameter between the simple  surge  tank and the 

WATERHAMMER STUDIES 

The resu l t s  of B.C. Hydro's waterhammer studies of the two cases  are  contained 
i n  a le t ter   dated 30 June 1978 from Mr. I . C .  Dirom of B.C. Hydro t o  
Mr. A.P. Basham of Sandwell. The following measures are  sufficient  to  control 
the  design  pressure  r ise  to  less  than 10% of the  rated  head, and t o  prevent 
water-column separation: 

(P.M. V4251/4) 4 



a. N? 1 t o  N? 2  Booster Station 

- NO 1 Booster Pump -. Motor iner t ia  = 175kg.m each - One-way surge  tank  required  at summit of Elephant H i l l ,  4m i n  diameter - Pump discharge  valve  closing  time = 70 s 

2 

b. N? 2 Booster  Station t o  Control Valve 

- N? 2 Booster Pump - Motor ine r t i a  = 175 kg.m2 each 
- Pump discharge  valve  closing  time = 55 s - Simple surge tank st Station 10 + 100 t o  be 5m i n  diameter. Design 

upsurge t o  be 5m ablme maximum steady  water  level 

Case 2 
a. N? 1 t o  N? 2 Booster  Station 

- A l l  as Case 1 

b. N? 2 Booster Station t o  Plant  Reservoir 

- N? 2  Booster Pump ine r t i a   a s  Case 1 
- Pump discharge  valve  closing  time = 55 s 
- Simple surge  tank as: Case 1 - Tank with  weir a t  St.ation 18 + 500 t o  be 8m i n  diameter. 

The variations from the waterhammer control measures appropriate  to  the. ,  
Preliminary Design are  notably  the  simple  rather than  one-way surge  tank on 
the summit of Cornwall Hill and the  necessity of a one-way surge  tank on Elephant 
Hill. These resul t  from the lower t o t a l  head and al tered  prof i le .  It i s  also 
notable  that  the  booster pump ine r t i a  requirement, less  than  half of t ha t   fo r  
Preliminary  Design, a t t e s t s  t o  the  superior waterhammer  behaviourc of t h i s  
configuration. 

The B.C. Hydro  waterhammer study  group prefers Case 2 because the  control  valve 

require  expensive maintenance i f  the energy dissipator did not  function  properly. 
i n  the Case 1 arrangement could cavitate at low discharges. It could,  therefore, 

CAPITAL COST 

prepared.  This  estimate i s  not  a  complete  re-examination of the  Preliminary 
In  accordance wi th .  Item 8 of Appendix 2 ,  the  following  cost estimate  has been 

Design estimate,  rather it re!flects  adjustments t o  the  various ca.teg0rie.s 
because of the  selection of  Alternative 3 (ProJect Memorandum V4251/1) and 
because of the  relocated  water  reservoir. For ease of comparison, the 
Preliminary Design estimate and the  estimate  for  Alternative 3 are  also  given. 

A detailed breakdown  of the items in the  estimate which have been. changed i s  
provided i n  Appendix 2 f o r  Case 1 and  Case 2 ,  and i n  Project Memozandum 
Vh2.51/1 f o r  Alternative 3.  

(P.M. V4251/4) 5 



Table 1 - Cost Estimate 

Account 

271.00 
272.00 
273.00 
2711.00 

271.00 
272.00 
273.00 
274.00 
291.00 

Item 

STRUCTURES 

Water Pipe l ine  
Thompson River Intake 

No. 1 Booster  Station 
No. 2 Booster  Station 

Tota l   S t ruc tures  

- 

EQUIPMENT 

Thompson River  Intake 
Water Pipe l ine  
No. 1 Booster   Stat ion 
No. 2 Booster   Stat ion 
Power Supply  and  Distribution 

Tota l  Equipment 

Total   Direct  Cost 

Owner's Construction Overhead 
Engineering 
Contingencies 

Total   Construction  Cost 

Corporate  Overhead 

Total   Capi ta l   Cost  

Preliminary 
Design 

(Report V4191/1) 

Adjusted For 
Al te rna t ive  3 
(PM V4251/1) For Case 1 

Adjusted 

UI 

z 
D 

Adjusted ; 
r 

For Case 2 

$ 2,640,000 
15,535,000 

950,000 
1,755,000 

$20,880,000 

$ 2,640,000 
14,940,000 

950,000 
1,770,000 

$20,300,000 

$ 2,6!+0,000 
14,885,000 

950,000 
I., 620,000 

$20,095,000 

$ 2,640,000 
14,925,000 .:.~* 

950,000 
1,620,000 

$20,135,000 

$ 1,780,000 
2,385,000 
3,430,000 

2,345,000 
3,445,000 

$13,385,000 

$34,265,000 

$ 2,740,000 

5,245,000 
3,500,000 

$&5,750,GOO 

2,250,000 

$48,000,000 

$ 1,780,000 
2,635,000 
3,430,000 

2,395,000 
3,445,000 

$13,685,000 

$33,985,000 

$ 2,715,000 
3,500,000 
5,100,000 

$'.= .t,,,uu,uuu -An --- 
2,250,000 

$47,550,000 

$ 1,780,000 

3,370,000 
3,385,000 
2,295,000 

$13,015,000 

$33,110,000' 

$ 2,660,000 
3,500,000 
4,980,000 

$44,250,000 

2,200,000 

$46,450,000 

2,185,000 
$ 1,780,000 
2,370,000 
3,370,000 
3,385,000 
2,195.000 y .  

$13,100,000 

$33,235,000 

$ 2,660,000 
3,500,000 
5,005,000 

__ 

$44,400,000 

2,200,000 

$46,600,000 

6 



ENERGY COST 

Energy c o s t   f o r  pumping from the   c l ea rwe l l  a t  e leva t ion  325 m t o   t h e   p l a n t  
r e se rvo i r   ove r   t he  35 yea r   p ro j ec t   l i f e t ime  i s  shown on Table  2. 

Based on 20 Mills per kwh and 8% I n t e r e s t  
Table 2 - Present Value of Energy  Cost 

" 
Preliminary 

Desi@ Alternat ive 3 
(Report V4191/1) (P.M. V4251/1) Case 1 Case 2 

Minimum (Pumping 
at  725 11s 
continuously) $20,906,000  $20,861,000  $19,774,000  $19,213,000 

Maximum (Pumping 
a t  1580 l / s  f o r  
46% of   t he  time) $24,343,000  $24,133,000  $21,252,000  $21,301,000 

As mentioned i n   P r o j e c t  Memorandum V4251/1, Al te rna t ive  3 bene f i t s  from a 
shorter   pipel ine  route   than  the  Prel iminary Design. Cases 1 . a n d  2 benef i t  from 
a p ipe l ine   rou te  which i s  s h o r t e r   y e t ,  from the   use   o f  900 m diameter  pipe,  and 
from a lower e leva t ion  of th 'e   plant   reservoir .  Case 2 saves  about  $0.5  million 
over Case 1 for   the  cont inuous pumping condition  because  the weir cont ro l  
allows a lower water l e v e l  i:n the  simple  surge  tank.  In Case 1, t h i s  water 
l e v e l  would be constant   regmdless   of   discharge.  

As the   r e loca ted   r e se rvo i r  would be  located on Medicine  Creek, it could  be 
designed t o  collect   run-off :from t h i s  stream and thus  reduce  the amount needed 

mil l ion  cubic   metres   per   year) .  
from t h e  Thompson River by 4 mill ion  cubic  metres  per  year (from 22.9 t o  18.9 

Additional  cost  data fo r  the r e loca ted   r e se rvo i r   u t i l i z ing  Medicine  Creek  water 
are   given on Table 3 i n  two groups:  the first group  where the  f u l l  4 mi l l ion  
cubic  metres i s  taken, and t h e  second  group where 2.5 mil l ion  cubic  metres is  
taken  and  the  balance i s  d ive r t ed   fo r   i r r i ga t ion .  

Medicine Creek Water Collected  (basis  as Table 22 
Table 3 - Present Value of EnerDv Cost Where 

Minimum (Pumping at  
598 l/s continuously) 

Maximum (Pumping at  
1580 l/s f o r  38% of t h e  
t ime)  

Minimum (Pumping at  
646 l/s continuously) 

Maximum (Pumping at  
1580 l/s for  41% of t h e  time) 

Volume used from Medicine . 
Creek (mil l ion m3/a) Case 1 Case 2 

4.0  $16,206,000  $15,699,000 

4.0  $17,528,000  $17,575,000 

2.5  $17,548,000  $17,017,000 

2.5  $18,936,0013  $18,972,000 
Cases 1 and 2 thus  can  save up t o  $3.7 mi l l ion  by co l l ec t ing  4 mi l l ion  m 3 / a  of 
Medicine  Creek  run-off.  ($21,301,000 - $17,575,000 = $3,726,000) 

(P.M. V4251/4 7 
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COMPARISON OF CASE 1 AND CAS:= 

The advantages of Case 1 ove:r Case 2 are: 
- The capital   cost  i s  $150,000 l e s s  - A greater :length of pipeline can  be pigged 

The advantages of  Case 2. ove:r  Case 1 are: 

- The energy  cost  for  continuous  discharge i s  

- The simple  surge  tank  drains when  pumping  stop:^, 
$560,000 k s s  

therefore Case 1 requires less  energy t o  prevent 
freezing in the  tank 

- The contro:l  valve and energy diss ipator   a t  
the  plant  :reservoir, which  would be potentially 
troublesome  maintenance items,  are avoided 

As the advantages  of Case 2 over Case 1 outweigh those of Case 1 over Case 2, 

to   re locate   the  plant   reservoir   to  Upper Medicine Creek. 
Sandwell recommends Case 2 for further  consideration  should B.C. Hydro decide 

CONCLUSIONS 

The implications of relocating  the power plant  reservoir t o  Upper Medicine 

Design route i s  no longer  appropriate  to  either  reservoir  location, it i s  
Creek, using Case 2,  would b,? as  shown on Table 4. Since  the  Preliminary 

excluded from the comparison. 

Table 4 - Implications of Reservoir  Relocation 

Item - Plant  Reservoir 
w m i n a r y  Design 
- Plant  Rescrvoiq 

Relocated - C a s g  

Route Alternative 3 
(P.M., V4251/1) 

Pipe  Size Uniform 800mm diameter 

Flow Controls Self--regulating at 
booster stations 

Waterhammer Controls 3 one-way surge  tanks 

400  k:g.m2 flywheel 
i ne r t i a  

Capital Cost $47.6 miilion 

Energy Cost $20.9-$24.1 million 

Altered beyond Sta 18 + 500 
Shorter by 1 km 

7 . 3  km of 9OOwl diameter 

booster stations 
Self-regulating at 

1 one-way surge  tank 
(Elephant H i l l )  

1 simple  surge  tank 
1 weir tank 

175 kg.m2 flywheel 
iner t ia  

$116.6 million 

$1 5.7-$21.3 million 
* 

These inplications can be  incorporated  into B.C. Hydro's considerations of 
other  costs and benefits  which would accrue from relocating  the power 
plant  reservoir. 

*Using 4 million m3/a of Medi.cine Creek water 

(P.M. V4251/4) a 
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Prepared by 

Approved by - L a t $ 2 ~ - . -  A .  Copeland, E'. hg. 

Project  Engineer 
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PROJECT M!iNORANDUM V4251/4 
RESERVOIR RELOCATION 

APPENDIX 1 - SCOPE  OF WORK 

B.C. HYDRO 'AND 'POW3 AUTHORITY 
VANCOWER'"  ' '  ' ' B.C. 

and 12  May 1978 from Mr. D.A. Brundrett  of Sandwell, .the  following Scope of Work 
In l e t t e r s  t o  Mr. C.K. Harman of B.C. Hydro and Power Authority  dated 2 May 1978 

was defined for  determining  the  effects on the  cooling  water  supply scheme of 
relocating the power plant  vater  reservoir t o  Upper Medicine  Creek: 

route downstream of Boston Fla t s  will be  reviewed.  Data i n  Project 
Since a power l ine  corr idor  will not be  required, the! pipeline 

Memorandum V4251/'1 will be  used for  the  pipeline  routing between 

Project Memorandum,  may have t o  be  reconsidered  as t h i s  route may 
Boston Flats  and McLean Lake. Alternative 3,  recommended i n  t h i s  

not be compatible  with a lower plant  reservoir. 

B.C. Hydro i s  t o  advise whether o r  not the proposed power plant 
access road is t o  be considered when selecting a new pipeline  route. 

The selection of a suitable  location  for  the second booster pmnping 

effor t   as  was done for  Project Memorandum V4251/1, 
s ta t ion :   th i s  work w i l l  be  carried  out  with  the same leve l  of 

Pipeline Route Review. 

Pipe wall thickness  requirements w i l l  be  reviewed,  because of a 
lower total  discharge head. 

Since the  divide 'between Cornwall Creek and Medicine (Creek is 
approximately at elevation 1290 m, o r  65 m above the ~ninimum 
reservoir  level,  'we w i l l  review the  discharge  into the  reservoir. 

Report Vkl91/1 where the  ent i re   pipel ine  prof i le  was below minimum 
The resu l t  may be different from the  solution recommended in  

reservoir  level. 

Although t h e   t o t a l  pump discharge head will be s l igh t ly  lower and 

Medicine Creek flows, we will assume that  the  following  water supply 
the   t o t a l  annual vater demands will be  s l ight ly   less  because  of 

parameters and components w i l l  remain unchanged: 

5.2 Entire system from intake to   the   po in t  where the  
5.1 Design capacity of 1580 l / s  

high  pressure  pipeline commences a t   t he  N? 1 
Booster  St;ation 

5 . 3  Pipeline  diameter of 800mm 
5.4 Basic selection and cost of booster pumps and motors 
5.5 System configuration of two booster pumping st,ations 
5.6 Arrangement and size  of booster pumping s ta t icns  



Dr. M.H. Chaudhry of B.C. Wdro will be  responsible for 
waterhammer protection.  Sandwell 's  work will be car r ied   ou t   in  
c lose  consul ta t ion witk Dr. Chaudhry so tha t  specif ic   port ions of 

the   cos t   es t imate ,  will not commence until the  proposed  route  has 
t h i s  review,  such as . the  location of the second  booster  station and 

been  found  acceptable from a waterhammer protect ion  point  of view. 

The fdllowing  drawings will be  prepared: 

7.1 Overal l   p ipel ine  route  similar t o  Drawing B4251/1 - 1, 
7.2 A new p r o f i l e   s i m i l a r   t o  Drawing D4191 - 15, Project  Memorandm V4251/1 

Report V4191/1 

We will prepare a cost   estimate  with  the same l e v e l  of e f f o r t  as 
t h a t  for  our Project  Memorandum V4251/1. This would be  reported 
i n   t h e  form of IL "Summary of Cost  Estimate" similar t o  Table 8, 

material   and 1aI)our will be  provided. Only t o t a l   c o s t s  will be 
page 58, Volume 1, Report V4191/1, except  that  no breakdown of 

given fo r  each  item. 

The r e s u l t s  w i l l  be presented  in   the form of a 
Project  Memorand!um. 

The following  items  should  be  noted,  referring t o   t h e  number s abov 'e : 

1. B.C. Hydro has  advised  that ,  from about  Station 18 + 500, 
the new pipel ine  route  need  not  include  consideration of 
the  proposed power plant  access  road. 

5.3  Pipeline  diamete:rs were modified i n  some areas 
for  hydraulic  reasons.  

(P.M. V4251/4, App. 1) 2 
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PROJECT V425.l 
HAT CREEK PROJECT 
COOLING WATER SUPPLY 

PROJECT MEMORANDUM V4251/4 
RESERVOIR  RELOCATION 

APPENDIX 2 - DETAILS OF COST  ESTIMATE (Showing a l l  a l t e r ed   i t ems . )  

Account 

272.00 

272.65 

. 272.67 
272.66 

272.69 
272.70 
272.71 
272.74 
272.75 
272.77 

272.86 
272.88 

272.63 

272.78 

Item 

STRUCTURES 

- 

Pipe l ine  

Grading 

Haul and S t r i n g  
Pipe 

Trenching 
Bending 
Line-up 
Welding 
Lower-in  and t i e - i n  
Bedding 
Tes t ing  - Hydro and p i g  
Backf i l l  
Drainage  pipelines 
P i g   t r a p s  

A l l  &her p ipe l ine  

Total   (rounded) 

Prel iminary Design 

$ 295,000 
4,880,000 

340,000 
3,400,000 

510,000 
525,000 
450,000 
640,000 
365,000 
120,000 
235,000 

1,305,000 
925,000 

1, 545,000 

$15,535,000 

Al t e rna t ive  3 

$ 268,900 
4,616,800 

3,388,500 
340,000 

510,000 
495,200 
424,200 
607,000 
334,800 
120,000 

1,149,200 
214,400 

925,000 

1,545,000 

$14,940,000 

B.C. HYDRO AND POWER AUTHORITY 
VAXCOljVER B.C. 

Case 1 

$ 263,600 
4,418,000 

325,100 
3,378,900 

474,200 
520,000 

426,400 

329,300 
140,000 
197,200 

1,387,000 
873,600 

1,545,000 

$14,885,000 

607,000 

Case 2 

$ 263,600 
4,369,800 

3,471,600 
325,100 

520,000 
474,200 
421,400 
607,000 
329,300 
140,000 
197,200 
873,600 

1,387,000 

1,545,000 

$14,925,000 



Account 

274.00 

274.86 
274.93 
271r. 94 

272.00 

272.38 
272.43 
272.44 

. 272.48 
272. a3 
272.89 

273.00 

273.31 

~~ ~ ~ ~ ~~~~ ~~ ~ ~~~~ 

- Item 

No. 2 Booster  Station 

Drainage  pipelines 
Overflow reservoi r  
Access  roads 

A l l  other No. 2 Booster  Station 

Total  (rounded) 

EQUIPMENT > 
Pipe l ine  

Process  controls 
S t a r t e r s  and MCC 
Power wiring 
Telemetering  system  wiring 
Surge  tank  systems 
Air/vacuum valves 

All other   pipel ine 

Total  (rounded) 

No. 1 Booster  Station 

pumps 

A 1 1  other Nni 1 Booste? S ta t ion  

Total  (rounded) 

(P.M. V4251/4, App. 2) 

Preliminary Design 

$ 80,000 
890,000 
35,000 

750,000 

$ 1,755,000 

$ 370,000 

260,000 
40,000 

440,000 
750,000 
365,000 

160,000 

$ 2,385,000 

2 

Alterna t ive  3 

$ 246,000 
620,000 
155,000 

750,000 

$ 1,770,000 

$ 370,000 

260,000 
40,000 

440,000 
1,000,000 
365,000 

160,000 

$ 2,635,000 

$ 935,000 

2,495,000 

$ 3,430,000 

$ 96,000 $ 96,000 9 
620,000  620,000 10 
155,000 155,000  10 

750,000 750,000 

$ 1,620,000 $ 1,620,000 

$ 445,000 

202  ,2.00 
31,100 

411,300 
603,300 
332,800 

160,000 

$ 2,185,000 

$ 370,000 11 
31,100 12 
202,200  12 
411,300 1 
860,900  13 
332,800  14 

160,000 

$ 2,3TO,OOO 



Alternative 3 Case 1 Case 2 Notes Account Preliminary D e s i g  

274.00 No. 2  Booster Station 

274.31 Pumps $ 935,000 

A l l  other No. 2 Booster  Station 2,510,000 

Total  (rounded) $ 3,445,000 

291.00 Power Supply and Distribution 

291.51 69 kV transmission  lines $ Excluded 
291.54 Pipeline  sub-stations 895,000 

A l l  other power supply and distribution 1,450,000 

Total  (rounded) $ 2,345,000 

Notes 

1. Differences i n  length. 
2.  Differences i n  wall  thickness  distribution. 

$ 935,000 

2,510,000 

$ 875,000 $ 875,000 15 

2,510,000 2,510,000 

.$ 3,385,000 $ 3,385,000 

$ 50,000 $ 50,000 10 
795,600  696,000 12,16 

1,450,000 1,450,000 

$ 2,295,000 $ 2,195,000 
.." 

3. Difference i n  pipe  diameter. 
4. Extra  depth a t  first summit included  for Case  2. 

6. Differences i n  depth t o  rock. 
5. Includes an allowance for   the  extra   diff icul ty  caused by changing  pipe  diameter. 

7. Two drainage  pipelines no longer needed, 

9. Shorter  length of overflow  pipeline. 
.8 .  Two extra  pig  traps.  

10. See Project Memorandum V4251/1. 
11. Includes  control  valve for  Case 1. 
12. Electr ical  equipment at  2 draimge  Fipelizes  ddeted. 
13. I Case 2 includes  weir  tank. 
l b .  Two fewer airfvacuum  valves needed. 
15. Booster pump flywheel i n e r t i a  reduced. 
16. Includes  substation  for  control  valve, Case 1. 

(P.M. V4251/4, App. 2)  3 
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B. C. HYDRO AND POWER AUTHORITY 
VANCOWER B. C. 

THOMPSON RIVER - WATER L E V E I m  
PROJECT MEMORANDUM V4251/5 DATE 31 JULY 1978 

PURPOSE 

'Phis Project  Memorandum supplements water l e v e l  data f o r   i n t a k e   S i t e  10 

Design  Study", Hat Creek Pro jec t ,  Appendix 8, Project  Memorandum. V4191/3, 
contained  in  Volume 2 of  Sartdwell's  Report V4191/1 of March 1978, "Preliminary 

at  bimonthly  intervals from 6 December 1976 u n t i l  15 Ju ly  1977, during low 
"Thompson River - Water Level Data". The wa te r   l eve l s   i n '  PM V4191/3 were taken 

winter  flows and spr ing   f reshe t .  

Water leve l   read ings   repor ted   here  were resumed on 1 4  December 1977 on a 
bimonthly  basis  unti l  1 J u l y :  1978, for  following  reasons: 

:I. To obtain  readings  during  the  winter  of 1977-1978 as these  were 
an t i c ipa t ed  t o  be except ional ly  low as  a resu l t   o f  the 1977 drought. 

2. To obta in   readings   dur ing   the  1978 f r e she t  as these  were an t i c ipa t ed  t o  
be  higher  than  those  taken  during  the 1977 f r e she t ,  which was  exceptionally 
low. 

3. To ob ta in   r ead ings   a t   S i t e  l O - D ,  t he   i n t ake   s i t e   s e l ec t ed   du r ing  t h e  
Preliminary  Design  Study.  These  readings were required t o  confirm t h e   s t a g e  
discharge  curve  develope,i   during  the  Preliminary Design  Study on t h e   b a s i s  
of  water  levels  taken 180 m downstream of 10-D. 

STATIONS 

Headings  were t aken   a t   t he   fo l lowing   s t a t ions ,   s ee  Drawing A4251/5-1*: 

1. Sta t ion  10-D: The se lec ted   in take  s i te ,  225 m (750 f t )  upstream of S i t e  10  
(S ta t ion  0 ) .  

2. S ta t ion  45 m (150 f t )  Upstream: This   s ta t ion,  45 m upstream  of S i t e  10  
(S ta t ion  0), i s  f o r   c o r r e l a t i o n  of readings 
taken  during 1976 - 1977 and 1977 - 1978. 

3. Sta t ion  10-G: A potentie.1  backup s i t e  f o r  lO-D,  i den t i f i ed   du r ing   t he  
Preliminary  Design  Study.  This  station i s  1220 m (4000 f t )  
downstream of S i t e  10 (S ta t ion  0 ) .  

Tor drawings  see Appendix 1. 
- 



. 
4. Station 1939 m (6360 f t )  Downstream: This  station  serves  as downstream 

with a submerged condition of t he  
control  for  hydraulic computations 

Thompson River  rapids,  located  at  the 

Therefore,  these  readhgs were taken 
confluence  with the Bonaparte  River. 

during  the  freshet on:Ly. 

1'0 obtain  the  water  levels, Sandwell retained Mcxlnanney Survey,ing and 
Engineering Ltd .  who engaged Paul Genton, Land Surveyor of  Clinton, t o  carry  out 
the  readings.  Table 1 i n  Appendix 1 l is ts  the  'readings  togethe]?  with mean 
daily flow ra tes   a t  Spences Bridge,  obtained  fromthe Department; of t h e  
Ichvironment , Water Survey of Canada, Vancouver. 

The hydrograph on Drawing  D425U5-2 i l l u s t r a t e s  how the  water  level  readings 

readings  relate  to  both  the hydrographs for 1976 and 1977, and t.he minimum and 
cover the 1977 - 1978 low water  period and the 1978 freshet ,  and also how these 

maximum flows on record. 

Prepared 

Approved - 
A. Copeland, P. Eng. 
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~a8.50 - 0.17 
288.33 

0 

286.33 

288.13 

- 0.14 
+ 0.06 

288.25 - 0.06 
288.10 - 0.01 
288.113 

+ 0.31 

288.4$ 
+ 0.53 

290.67 
* 0.51 

291.1€; 
+ 1.03 

292.21 
"0.36 

291.85 

289.81 

289.67 

289.66 

289.53 

289.55 

289.53 

289.49 

289. 84 

290.46 

292.59 

293.33 

294.82 

294.31 

- 0.20 
- 0.01 
- 0.13 
+ 0.02 

- 0.05 
- 0.01 
+ 0.35 

+ 0.62 

+ 2.13 

+ 0.74 

+ 1.49 

- 0.51 

289.93 

289.14 

289.13 

289.59 

289.61 

289.56 

289.54 

289.90 

290.54 

292.12 

293.44 

294.90 

294.44 

- 0.19 
- 0.01 
- 0.14 
+ 0.02 

- 0.05 
- 0.02 
+ 83.36 

+ 11.64 

t2.18 

* 0.72 

+ l.46 

- [l.]r6 

218 

192 

111 

146 

165 

156 

153 

232 

351 

1,010 

1,320 

2,050 

1.790 

- 26 

- 21 

- 25 

+ 19 

- 9  

- 3  

+ 19 

+ 119 

+ 659 

+ 310 

130 

- 260 

because the peak of the  freshet had passed 
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