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PRELIMINARY  DESIGN  STUDY 

SUMMARY 

.VANCOUVER 
B .C .  HYDRO AND POJJER AUTHORITY 

B.C. 

DATE MARCH 1978 

I .  

2. 

SCOPE AND PURPOSE  OF  DESIGN  STUDY 

B.C.  Hydro and Power Authority i s  consider ing  the development  of a 
2000 W* thermal power p l a n t   f i r e d  by coal  from the   depos i t s  in t h e  Hat 
Creek  Vall.ey near  Ashcroft ,  B .C .  For loca t ion ,   see  Key Plan on opposi te  
page. I n  t h e  Interim  Report V4007/1 (Reference 1 **), Sandwell. i d e n t i f i e d  
water  sources and conduit   routes for six p o t e n t i a l  power p l a n t   s i t e s  and 
prepared  cost   estimates.   Subsequently,  B.C. Hydro se l ec t ed  the! Harry Lake 
Power P lan t  s i t e  for conceptual  design. In January 1977, Sandvell  
presented  their  Conceptual  Design  Report V4007/2 (Reference 2 )  fo r  a water 
supply  system  consisting of a d i r e c t   i n t a k e   i n   t h e  Thompson River,  and a 
b u r i e d   s t e e l   p i p e l i n e   t o   t h e  water r e se rvo i r   ad j acen t   t o   t he  Ha.rry Lake s i t e .  

In May 1977,  Sandwell was awarded the  preliminary  design  study for 
t h e  water supply. The assignment was t o  review  the  conceptual  design 
s tud ie s ;   s tudy   a l t e rna t ive   p ipe l ine   rou te s ,   i n t ake   s i t e s  and pumping 

including a de ta i l ed  cost   es t imate  and construction  schedule.  
systems; and complete preliminary design  of  the recommended scheme 

'This report   presents   the  Prel iminary Design and Cost  Estimate  for  the 
Cooling  Water  Supply  System. The power p l a n t   s i t e  i s  s i t u a t e d  i n  t h e  
northeast   corner   of   the  Upper Hat Creek  Valley, i n  the  Trachyte  Hills, and 
i ts  water   reservoir  at  e leva t ion  1372 m (4500 f t )  i s  the   t e rminus   for   the  
water  supply  system. The water would be drawn from t h e  Thompson River at  

head  intake pumps 0.7 km t o  a d e g r i t t i n g   c l a r i f i e r .  From the re ,  it would 
about  elevation 290 m (950 f t )  through  t ravel l ing  screens,  and pumped by  low 

be pumped i n  a buried  pipel. ine 23 km (14 miles) t o   t h e   p l a n t   r e s e r v o i r  by 
two boos te r   s t a t ions  w i t h  equal heads of 640 m (21.00 ft) each. 

Assessment o f  the.  environmental  and  social  impact  of  the  water  supply 
p ro jec t  i s  under  study  by  others. 

PRELIMINARY  DESIGN AND R O U T E  

'The pipel ine  route   selected  for   Prel iminary Design  follows  the  Conceptual 
Design  Route f r o m t h e  river t o  Boston Fla t s ,   the   p roposed  500 kV transmission 
1i.ne ***to McLean Lake and .the project   access   road from McLean I&e t o   t h e  
PI:>.nt reservoir .   This   route   not  on ly  combines project  service  ( :orridors  but 

* Mega-watt. For t h i s  and o ther   abbrevia t ions ,   see  Appendix 1, Glossary  of 

** For references,   see  Appendix 2 of t h i s   r e p o r t .  
***In the   l a te   s tages   o f   p re l iminary   des ign ,   the ,poss ib i l i ty  of l o c a t i n g   t h e  

proposed 500 kV transmission :Line seve ra l  miles south  of  Ashcroft was 
introduced. However, t h i s  study assumes tha t   t he   t r ansmiss ion   l i ne   fo l lows  
the   rou te  shown on Drawings Dh191-13 and -14. 

Terms. 

vi 
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wou1.d encounter  fewer  steep  rocky  sections  than t h e  Conceptual  Design  route, 
enabl ing  pipel ine  construct ion by more conventional  techniques.  

The system  configuration  of  low-lift   intake pumps followed by  two equal l i f t s  
of  booster pumping was adopted t o  avoid  excessive pump wear  by  t.he  provision 
o f   deg r i t t i ng   p r io r   t o   boos t e r  pumping; t o  avo id   d i f f i cu l t i e s  w i t h  t h e  
supply  of   pipe,   f i t t ings,   valves  and pumps; and t o  avo id   d i f f i cu l t i e s   w i th  
welding  and  construction. Ilhe pipel ine  diameter  of 800 rum (32  inch)  was 
se l ec t ed  t o  provide the  l e a s t   t o t a l .  of c a p i t a l   c o s t  and present  worth O f  
operat ing  costs   for   the  average  system  discharge  of  663* l / s  (10,490 USGPM). 
Key system  parameters   are   sxmarized  belov:  

- Summary of  System  Parameters 

- 1 tem Amount (3.1. ) Amount (Imperial) 

Maximum Discharge 1580 .l/s 25,000 USGPM 
Elevation  Difference 1083 m 3,550 f t  
Pipeline  Length  (along  slope) 23.5 km 14.6 miles 
Pipe Diameter (nominal) 800 mm 32 i n .  
Booster Pump Motors,  each s t a t i o n  4 @? 3600 kW 4 @ 4800 I I P  
Tntake Pump Motors 5 @! 170 kW 5 @ 250 IiP 

The  Thompson River  Intake,  developed  with  the  help  of  hydraulic model 
s t u d i e s ,  would incorporate  a by-pass  flow p a r a l l e l   t o   t h e   t r a v e l l i n g   s c r e e n  
face  to  prevent  entrapment o f  f i s h .  The proposed  location  of  the: 
in take ,  on t h e   r i g h t  bank of   the  Thompson River  about  2.5 km upstream of 
Ashcroft ,  was se l ec t ed  from f i v e   p o t e n t i a l  sites for   reasons  of   f ish 
protect ion,   hydraul ics   and  ac:cessibi l i ty .  A c l a r i f i e r  would be  provided 
ahead of the booster  pumps t o  remove g r i t   t h u s  minimizing pump wear. 

Booster   Stat ion No. 1 which j.s near   the '   in take  and No. 2 which i s  about 

providing  cost  and  maintenance  advantages. The booster  pumps would be 
9.3 km along  the  pipel ine,   have  ident ical   arrangement  and equipment thereby 

mult i -s tage  horizontal   type;   ra ted  for  395 l / s  each  against  a 640 m 

motors. An equal iza t ion  tank a t  t h e  No. 2 Booster   Stat ion would regula te  
delivery  head;  and  driven by 3600 kW, 3600 r p m ,  squirrel-cage  induction 

discharges between t h e  two s t a t i o n s  and  would provide a p o s i t i v e   i s o l a t i o n  
of   the  two p ipe l ine   sec t ions   thus   s impl i fy ing  waterhammer cont ro l .  

Power f o r  t h e  boos te r   s t a t ions  would be tapped from a new'substation  and 
new 69 kV t ransmiss ion   l ines .  

The p ipe l ine  would be  buried,   of welded s t e e l ,  and w i t h  wal l   th ickness   of  

Design i s  Grade  60 with  reduced  carbon t o   o b t a i n  good welding  and  impact 
8, 11 o r  16 mm depending  on  pressure. The s t e e l   s e l e c t e d  f o r  prel-iminary 

ex ter ior   coa t ings  and  by cathodic   protect ion.  Waterhammer would be 
charac te r i s t ics .   Corros ion   pro tec t ion  would be  provided by i n t e r i o r  and 

con t ro l l ed  by providing one-way surge  tanks,  by increas ing  pump-set i n e r t i a ,  

would be provided by deep b u r i a l  of the  pipe.   Provis ions would be  made f o r  
and by c o n t r o l l i n g   t h e   r a t e  of discharge  valve movements. Freeze  protection 

inspection  using  "pigs",  flow  driven instrument packages  which t r a v e l   i n s i d e  

bl:ried dra in  l i n e  at Boston F la t s .  
t he   p ipe .   P ipe l ine   d ra inage   f ac i l i t i e s  would include 1.6 km of  250 mm 

i :;ubsequent t o  Preliminary  Design,  average  discharge was r e v i s e d   t o  726 l / s  
(:n.,500 USGPM). 

Vll 1.3:t /L ) v i i  



... .. 

?he  system would be manua1:ly operated from t h e  Power P lan t  and  only  be 
capable  of  operating at four   d i scre te   d i scharge   ra tes   de te rmined  by t h e  
capac i t i e s   o f   t he   fou r   pa i r s   o f   boos t e r  pumps. Alarms and in t e r locks  would 
ensure safe and  simple  operation. 

The capaci ty  of' t he   r e se rvo i r   ad j acen t   t o   t he   p l an t  i s  s u f f i c i e n t   f o r  
approximate1.y 70 days of powerplant  operation at  maximum predic ted   capac i ty  
1':~d;or durinK t h e  most severe  water  demand period.  Therefore,  shutdown of  
I;hc cool.inf:  water  supply  system  for  periods up t o  70 days would n o t   r e s t r i c t  
(!nerpy p.roduction at  t h e  Hat Creek Thermal Plan t .  

i. ~!OST iK::l.'IMATI<:; 

'i'he Capi ta l  Cost estimate  has  been  based on the  Prel iminary Design as 
summarized  above  and upon four th   quar te r  1977 pr i ces .  It inc ludes   the   d i rec t  
cos t s  of  l and ,   s t ruc tu res  and  equipment,  construction  overhead,  engineering, 
contingencies and  corporatc?  overhead  but  excludes  interest  duri.ng 
cons t ruc t ion   esca la t ion ,   the  69 kV power supply,working  capital.,   start-up 
expenses,   Federal   sales and  municipal  taxes, and premium time  charges  except 
ror a limited  allowance. 

S t ruc tures  

Description Material 

271.00 Tnompson River   Intake $ 1,070,000 
272.00 Water P ipe l ine  6,665,000 
2'73.00 No. 1 Booster   Stat ion 550,000 
274.00 No. 2 Booster   Stat ion 615,000 

Tota l   S t ruc tures  $ 8,900,000 

Equipment 

271.00 Thompson River  Intake $ 1,450,000 
272.00 Water Pipeli.ne 
273.00 No. 1 Booster   Stat ion 
27h.00 No. 2 Booster   Stat ion 

2,500,000 

291.00 Power Supply & Dis t r ibu t ion  1,750,000 

Total  Equipment $ 9,930,000 

'I'otal  Direct  Cost $18,830,000 

Owner's Construction Overhead 
Engineering 
Contlngencies 

Total   Construction Cost 
Corporate Overhead 

Total   Capi ta l  Cost 

1,610,000 

2,620,000 

v i i i  

Labour - Tota l  

$ 1,570,000 $ 2,640,000 
8,870,000  15,535,000 
400,000 

1,140,000 
950,000 

1,755,000 

$ 11,980,000  $20,880,000 

$ 330,000 $ 1,780,000 

930,000 
775,000  2,385,000 

825,000 
3,430,000 
3,445,000 

595,000  2,345,000 

$ 3,455,000  $13,385,000 

$ 15,435,000  $34,265,000 

3,500,000 
2,740,000 

5,245,000 

$45,750,000 
2,250,000 

$48,QOO,OOO 
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.- l'l!l!:I.I.M.rNARY DESIGN STUDY DATE MARCH 197 

1 DI'I'HOIIIICTION 
I 

- Hnck6:round 

D. C .  Hydro and Power Authority i s  consider ing  the development  of i i  2000 MW* 

Ashcroft, B.C. For loca t ion ,   see  Drawing A4191-1 **, Key Plan. In the   Inter im 
thermal power pl .ant  f ired by coa l  from the  deposi ts  i n  t h e  Hat  Creek Valley near 

Report Vb007/1 (Reference 1 Sandwell   identified  water source:; and  conduit 
rou tes  for  s i x   p o t e n t i a l  power p l an t  sites and  prepared  cost  estimates. 
Suhsequently, R .  C .  Hydro selected  the  Harry Lake Power P l a n t   s i t e   f o r  
conceptual  design. I n  January 1977, Sandwell  presented  their  Conceptual  Design 
Report Vh007/2 (Reference 2 )  for a water supply syst.em consis t ing  of  a d i r e c t  
in take  i n  t h e  Thompson River  and a b u r i e d   s t e e l   p i p e l i n e   t o   t h e  Hat: Creek Va l l ey  

Terms of Reference 

I n  May 1977, Sandwell was awarded the  prel iminary  design  s tudy for  the   water  
supply. The assignment was t o  review  the  conceptual   design  s tudies;   s tudy 
n1, ternat ive  pipel ine  routes ,  intake s i t e s  and pumping systems;  and  complete 
prel iminary  design  of   the recormended scheme including a de ta i led   cos t   es t imate  
and construction  schedule.  

'I'he de ta i l ed  Terms of   Reference  for   this   ass ignment   are   a t tached  to   this   Report  

of' Reference  with  the  exception of  the   inves t iga t ions   in to   ind i rec t   water   in take  
as Appendix 3. The  work was car r ied   ou t   genera l ly  i n  accordance  with  the Terms 

w h i c h  were more extensive  than  ant ic ipated.  

'l'tic :;ystem configurat ion chosen. for Preliminary  Design  has  evolved from s tudies  
of i n t ake   l oca t ions ,   p ipe l ine  and tunnel   rou tes ,  and pumping schemes. The 
current  studies  have  determined  the  best   location  for a Thompson River  intake 

T h i s  s e c t i o n   d e s c r i b e s   t h e   a l t e r n a t i v e s   s t u c e d  and the   reasons  f o r  s e l e c t i n g  
nnd have   se lec ted   the   p ipe l ice   s ize ,   p ipe l ine   rou t ing  and t h e  pumping arrangemen 

the  Prel iminary Design configuration. 

* Mefp-Wtt. For t h i s  and other   abbreviat ions,   see  Appendix 1 -Glossary  of 

** For rirawings,  see Appendix 6 - I l l u s t r a t i o n s .  
*** I?or re ferences ,   see  Appendix 2 .  

Terms. 



Selection of   Direct   Intake 

wLt;t!dra.w 1580 l/s (25,000 USGPM) from a major r i v e r  w i t h  minimum adverse  effects  
'phc meri.ts of thc   var ious   r iver   in take   des igns   tha t   a re   ava i lab le  t o  r e l i a b l y  

w:%t(:T Intake Desicq  (Reference 3 ) .  Although this  StuW  concluded  that   "only 
the  direct, in take  can  provide  an  assured  large  water  supply  necessary  for  the 
:;uccessful operation  of a . thermal   generat ing  s ta t ion",  it was no t   Spec i f i ca l ly  
r c l n t e d   t o  a par t icu lar   reach  of a s p e c i f i c   r i v e r .  

::ince the  interim  Report   (Reference 1) had  determined t h a t   t h e   p r e f e r r e d  
Inc:l:t,jnn of a water   intake  for  a power p lan t   loca ted  a t  Harry Lake was i n  t h e  
'Ptlrmp::nn River  upstream  of  the  confluence  with  the  Bonaparte  River,  geotechnical 
: ; t , u d i w  were car r ied   ou t   to   de te rmine  i f  t h i s   r e a c h  of t h e   r i v e r  was geologically 
s 1 1 i  f.:tli'l.e fnr an ind i r ec t   i n t ake   ( spec i f i ca l ly ,   r ad ia l  Wells). 

Gro~mdw:iter  Geologists  (Appendix 9 ) ,  t h e  most f e a s i b l e   l o c a t i o n   f o r   r a d i a l  wells 
Accrirdiny: t o  a repor t   o f  29 Ju1.y 1977  by E. Livingstone  Associates,   Consulting 

:m<l Llonaparte Rivers.  As recommended by Mr. Livingston, a borehole was d r i l l e d  
.in the   v ic in i ty   o f   Ashcrof t  would be   c lose   to   the   conf luence   o f  t h e  Thompson 

near the confluence  of   these  r ivers   taking  both strata and water  samples. The 

Ilv::.l~t:~tion of In t ake   S i t e  10 (Appendix 161, and Beak Consu l t an t s   l e t t e r  of 
rrsu.I i .s 0.r t h i s  program are  given i n  Colder  Associates  Report,  Geotechnical 

28 November 1977  (Appendix 10). E.  Livingston  Associates we& subsequently 

?I kcemher 19'17 i s  at tached as Appendix 9 .  L iv ings ton ' s   . r epor t   s t a t e s   t ha t  
pmvided  with  copies  of  the Gol.der  and Beak r epor t s  and the i r   r epor t   o f  

"tl:e chance  of  locatinp: an aquifer   capable   of   yielding 1580 l / s e c . .  . . . . anywhere 
i n  the  Ashcroft   area i s  extremely  remote". As the  geological   condi , t ions do not 
r:lvnur an ind i r ec t   i n t ake ,   t he   s e l ec t ion   o f  a d i r e c t   i n t a k e  for t h i s   p r o j e c t  
was con firmed. 

S i t e  o f  Direct   Intake 

' P o  r a c i l i t a t e  a possible   pipel ine  route   within  the  proposed  access  :road right-of- 
way al.onf: Cornwall  Creek, t h e   t e c h n i c a l   f e a s i b i l i t y   o f   a n   i n t a k e   s i t e   ( S i t e  16)  
downstream of  Ashcroft  between  the 105 mile  Post  Indian  Reserve 2 and  Cheetsum's 
F:rr.~n Tndian  reserve '  was reviewed.  Project Memorandum Vh191/2* shows t h e  
locrrtion o.f S i t e  16 and evaluated it with  respect   to   geophysical ,   gcotechnical  
:tnc t'l.uvia1 considerat ions and compared S i t e  16  w i t h  S i t e  10 - the   :s i te  

.::c'lrc!ted  durinp;: the  Conceptual  Design as t h e  most f e a s i b l e   l o c a t i o n   f o r  a water 
int,nke .. and concluded  "That s i t e  16 does not   o f fe r  any in t ake   l oca t ion   t ha t  
COIII~I be considered  viable   for   the Hat Creek Project".   Therefore,  it d i r e c t  
int,:lkc located a t  S i t e  10 was se lec ted .  

Wnr:ld Precedents for System Configuration 

Orliy :a l imi t ed  number of   projects   in   the  world  have pumping heads and discharge 
rates similar t o   t h e  Hat Creek  cooling  water  supply  project. A lisl, of some of 
 the:.;^, r e levant   p ro jec ts  i s  presented i n  Table A ,  Appendix h .  I n  t hese   p ro j ec t s ,  
thc  { : reat   var ie ty   of   solut ions  . ref lects   the comclex nature  of  the  problems 
V : J . c e d .  %me f a c i l i t i e s ,  such as a t  Caracas,  break down a high pumpi.ng head by 
Il:;i.nr mult ip le  pumping s t a t i o n s  whereas  others  such  as  Lornex,  Sar (!heshneh and 
i':IimonStOn.use a s i n g l e  gunping  :s ta t ion  for   the  ent i re  lift. Conside:rations  such 

have jtfSected these   so lu t ions .  These considerat ions make it impossi.ble t o  
:is opera t iona l  c r i te r ia ,   ea r thquake   condi t ions ,   p iFe  s i z e s  and f r i c t i o n   l o s s e s  

*~"or this and o the r   p ro j ec t  memoranda, see Appendix 8, (Volume 2 ) .  

L-ish l i f e  have  been  investigated and a re   r epor t ed   i n   P ro jec t  Mem.0randu.m V4007h 

.- 
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f.'r)rn~ul.ate f ixed   ru l e s  for de t emin ing  a system  configuration  based on o ther  
inst ,al . lat ions.  

i!qwever, t he re  i s  great   value in knowing  what has  been  done  elsewhere  and how 

].of30 tn (3550 f e e t ) ,  i s  well below that   encountered on, f o r  example, t h e  Trans- 
ILhnt, wmpnres t o  t h e  Hat Creek p ro jec t .  The t o t a l   s t a t i c  head at  Kat Creek, 

i<clmdurinn o i l   p i p e l i n e .  The discharge rate of 1.58 m3/s  (25,000 USGPM) i s  low 

precedents from which a Hat Creek  scheme may draw information  and  experience. 
compared t o  many of the   p ro jec ts   l i s ted .   Therefore ,   there   a re   severa l  good 

Optimal Route  and Pumping SchemE 

'ProJect Memorandum V4191/4, System  Design,  provides a de t a i l ed   desc r ip t ion  of 
the, process O P  se l ec t ing   t he   rou te  and pumping configurat ion.  

As di:;cussed  above, intake  Location 10, near  the  confluence of the  Bonaparte 
:mi 'Ihompson Rivers,  was se lec ted  as t h e   s t a r t i n g   p o i n t  f o r  t he   p ipe l ine .  The 
power. p lan t  water r e se rvo i r  i n  the  Trachyte  Hills above t h e  Hat Creek Valley 

,1080 m (3550 f e e t )  and t h e  problem was how b e s t   t o  pump 1580 l/s (25,000 USGPM) 
i:; t h e  terminal   point .  The t o t a l   s t a t i c  head for the  proposed  pipel ine i s  about 

~ f '  water  over  the 24 km ( 1 5  mi le )   d i s tance .  

'l'hc various  routes  studied, A through D ,  a r e  shown on t h e   i l l u s t r a t i o n s   a t t a c h e d  
to   P ro jec t  Memorandum V4191/4. The p o t e n t i a l  pumping s t a t ion   l oca t ions ,  up t o  
5 i.n number, a r e  shown marked on  Route C by  an "X". Schemes involving a range 
o f  pumping l i f t s ,  a t  any o r  all. of t hese   l oca t ions ,  were s tud ied .  

present  worth  of  operating  costs  over  expected  plant  l ife.  H i g h  cos t s   fo r  
Tlre comparison  between  schemes was made on the   bas i s  of t o t a l   c a p i t a l   c o s t  and 

plmpina s t a t i o n s   t e n d e d   t o  make! schemes with more than   th ree  Pumping 
in s t a l l a t ions   ( i nc lud ing   t he   i n t ake )  uneconomic. 

As discussed i n  t he   P ro jec t  Memorandum, t h e  most  economic scheme is  as  
foll.ows : 

1. Fipe l ine   to   fo l low Route C ,  the  Conceptual  Design  Route. 

: I .  I! 365 m l i f t  from the  intake  over   Elephant  H i l l  t o   t h e  Boston F l a t s   a r e a .  

i .  A 9115 m lift from t h e  Boston F l a t s   a r e a   t o   t h e  power p l an t   r e se rvo i r .  

11. Arl 000 nun (3% inch)  pipeline  diameter  throughout.  

: : t , l r ! < ~ i , ~ ! i  Houte  and Pumping Sch;= 

l h p i t e   t h e s e   r e s u l t s ,   f a c t o r s   o t h e r   t h a n  economics en te red   i n to   t he   s e l ec t ion  
proccss   and  a l tered  the  configurat ion from th is   op t imal  scheme. Consideration 
of' pump wear, as de ta i l ed  i n  Pro jec t  Memorandum V4191/17, Pumps and Pump Wear, 
c:lim.innted the   use   o f   h igh   l i f t ,   in take  pumps and l e d   t o   r e j e c t i o n  of the. most 
r?conomic scheme. The next most; economic  scheme,  which was t o  use low-lift   intake 

:%.h?r.? slsc m i n i .  low- l i f t   in take  pumps but  w i t h  two equal l i f t s  of booster 
ptmps a n d  3 s ing le  h igh - l i f t   boos t e r   s t a t ion ,  was eliminatsd i n  favour  of a 

PIltnPinc. Tiis Scheme  was selected  for   Prel iminary Design because of t h e  
inl!rr:ased a v a i l a b i l i t y   o f  a t h i n n e r  wall p ipe ,   t he  numerous precede:2ts  for 
{Pt.IlttJ>.ini: xt a I.ower head for   the   requi red   d i scharge   ra te   and   the   ab i .Li ty   to  =e 
~ : ~ ~ l ~ v ~ ~ r ~ L i o n a ' l  p ipel ine  construct ion and  welding  methods. 

('/!I I O 1  / I )  
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. .. . SANDWE'L -- 
The p ipe l ine   rou te   s e l ec t ed  for  preliminary  design i s  a combination of Route C 
(. t,hr conceptual  design  route)  and  Route A ( the   t ransmiss ion   l ine   cor r idor ) .  
AI . thou~h  the  selected  route  i s  based on the  corridor-combination  concept  rather 
t h e n  t h e  minimum cost  concept  of  the  shorter  Conceptual  Design  Route,  aerial 
reconnaissance o f  the   se lec ted   Pre l iminary  Design  Route ind ica t e s  t h i s  rou te  
does not   contain as many steep  rocky  sections as the  Conceptual  Design  Route. 
Thus, pipel ine  construct ion would be more conventional  and  could  be  scheduledwit 
[<reat.er  confidence. The e q u a l   l i f t  pumping scheme i s  shown on the   rou te  
plnTlle,  Drawing D4191-15. Table 1 summarizes t h e   c r i t e r i a   o f   t h e   s e l e c t e d  
sy:;te:n configurat ion.  

Table 1 - Summary of System  Configuration 

.Item - Amount (S.1.) !mount ( Imperial) - 
Dv:;i{:n Discharge  Rate 
Average Discharge  Rate* 

Maximum Elevation  Difference 

- I n t a k e   t o  No. 1 Booster   Stat ion 36 m 
- No. 1 t o  No. 2 Booster   Stat ion 544 m 
- No:2 t o  Power Plant  Reservo-ir 529 m 

25,000 USGPS 
10,490 USGPh 

1785 f e e t  
118 f e e t  

1736 f e e t  

Maximum Difference  1083 m 3553 feet 

P ipe l ine  Length 

- Tntake t o  No. 1 Rooster   Stat ion 0.7 km 
- No. 1 -to No. 2 Booster   Stat ion ' 9.3 km 
- No. 2 t o  Power Plant  Reservoir 13.5 km 

0.4 miles 

8.4 miles 
5.8 miles 

Tot a1 23.5 km 14.6 miles 

Open System  Versus  Closed  System 

of pumping s t a t i o n s   t o   e f f e c t i v e l y  isolate each  stage of  pumping.  Water i s  
A n  open pumping system  has  tanks  open t o  atmospheric  pressure on the   suc t ion   s ide  

next set  of pumps. Conversely, in a closed  system,  the first s t a t i o n  would 
pumped in to   t he   t ank  and  flows  by g rav i ty  from t h e   t a n k  t o  t h e   i n l e t   o f   t h e  

pump th rough   t he   p ipe l ine   d i r ec t ly   i n to   t he   i n l e t   heade r   o f   t he  pumps a t  the 
next   s ta t ion .  

Whereas the   mul t ip le  pumping s t a t i o n s   o f   o i l  and gas   pipel ines   are   of ten 
closed  systems  because  the  products  are  inflammable o r  vo la t i l e ,   wa te r  
pipe1.ine  systems a re   u sua l ly  open  systems. A few examples of open water 
pipeline  systems  given i n  Table A ,  Appendix 4 a re :  

- ' l 'ijuana  water  supply, Mexico (Reference 9 ) .  
- Caracas  water  supply,  Venezuela  (Reference 10). 
- h k e  Huron water  supply, Canada (Reference 11). - Iloi~lder  City  water  supply,  U.S.A. Reference  12).  - Mnr:icnibo Water supply,  Venezuela  (Reference 13). 

i:Amoimts Riven  used i n  Preliminary Design  Study.  Average  Discharge  Rate  since 
- .. 

revised t o  726 11s (11,500 USGPM). 
t he   l a t e   s t ages   o f   p re l imina ry   des ign ,   t he   poss ib i l i t y  of 1ocat; ing  the 

~ ~ t v p o s e d  500 kV transmission .Line several   miles  south o f  Ashcroft was introduced. 
IIowever, t h i s   s tudy  assumes tha t   the   t ransmiss ion   l ine   fo l lows   the   rou te  shown 
on Drawings D4191-13 and -14. 
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'I'tle reasons t h a t  water pumping f a c i l i t i e s   a r e  uSUally  open  systems  are: 

I .  Rnch sect ion  of   pipel ine i s  protected from t h e   t o t a l  system s t a t i c   p r e s s u r e .  
Trl :I closed  system,  the  pipe would b e   s u b j e c t e d   t o   t h e   t o t a l   s t a t i c  
r>rc!z:;ure if vr?l.ves leaked. 

7. Wit: pipeline  does  not  need  to  be  designed  for  the  full  shutoff 'head o f   t he  
Ip!lmps, as wodd  be  experienced i f   t h e  downstream pump s ta t ion   ua lves   c losed  
w h i . 1 ~  the   upstream  s ta t ion  cont inued  to  pump. 

' 4 .  : k t  P-rep;ul.x-tion can  be  used t o  match pumping s ta t ion   d i scharges ,   as  
rlvxribed. i n  the  fol lowing  sect ion.  This avoids  wasting  energy  by 
I . h r . ~ ) t t l . i n ~  or  by-passing  flow. 

11. Waterhammer  control  problems  are  reduced. 

One disadvantage  of  the open  system i s  t h a t  a tank i s  required,  which  must be 
provided w i t h  over f low  fac i l i t i es   and ,   for   the  Hat Creek pro jec t ,   p ro tec ted  
Y r o m  rreezinc.  

C o n s i d e r i n ~   t h e  above  reasons and t h e  recommendations  of waterhammer s p e c i a l i s t s *  
T':n-mnkian, S t r e e t e r ,  and  Wylie; an open  system has been  selected ::or 
pr.eI.iminary design. 

'Po provide  both  the open  system  and t o  smooth f low  var ia t ions between pumping 
:jt,nti.nns,  an  open  tank is provided  between  each set of pumps. The open tank 
at. N o .  1 Booster   Stat ion would 'be the   c l ea rwe l l   fo l lowing   t he   deg r i t t i ng  
c l a r i f i e r  and would have a capaci ty  of  approximately 300,000 l i t e r s   t o   p r o v i d e  
n maximum r a t e   o f   l e v e l  change  of 2.0 meters  per  minute  with a l l  in take  pumps 
runninp: and no booster  pumps running. 

The open tank at  No. 2 Boos ter   S ta t ion   (ca l led   the   equal iza t ion   tank)   a l so  
provides  self-regulation  of  discharges from pumping s t a t i o n s  No. 1 end No. 2 
b y  va r i a t ion  of  water   l eve l .  For example, i f   t h e   d i s c h a r g e  from No. 1 s t a t i o n  
exceeds t h a t  from No. 2 ,   t he   wa te r   l eve l   i n   t he   equa l i za t ion   t ank   r i . s e s .  As  a 
resul t   of   the   level   change,   the  pumps i n  No. 1 s t a t i o n  work aga ins t  an increased 
hcnd which reduces  their   discharge.   Simultaneously,   the Dumps i n  No. 2 
::'l.:!.t,j.on Bre s u b j e c t   t o  a g rea t e r   i n l e t   p re s su re  which increases   the i r   d i scharge .  
With it su i t ab le   t ank   he igh t   a t   t he   r i gh t   e l eva t ion ,   t he   d i scha rges  from t h e  
two s t a t i o n s  w i l l  equalize  under a l l  operat ing  condi t ions.  

'I'IIOMl'!:ON RTVFR INTAKE 

!:txlectinrl of Intake  Location  at  Site 10 

the pri.me s i t e  fo r  a d i rec t   r iver   in ta .ke   to   supply  1580 l / s  (25 ,000 USGFM) of 
'In ::andwel'l's Conceptual  design  Report  (Reference 2 ) .  S i t e  10 was i d e n t i f i e d  as 

c o n 1  in(: water. T h i s  s i t e  i s  located on t h e   r i g h t  bank of t h e  ThomDson River 
,111:;'L. upstream nf  the  confluence with t h e  'Bonaparte  River,  and i s  about  2.5 km 
I I ~ S  tream of  Ashcroft. 

*.John Parmakian,  previously  with  the U.S. Bureau of i(eclamation, now a p r iva t e  

" 

consultant,  Boulder  Colorado;  Victor  Streeter,  Frofessor &meritus of c i v i l  
:-r;,;ineerinc,  University  of Mich.igan;  Benjamin  Wylie, Professor   of   Civi l  
i.::!+:i.rl~ering, University  of Mich.igan. 

.., 



A tlvli.(:opter  survey of t h e   s i t e  10 a rea  was conducted by Sandwell,  "orthwest 

(:c)Irler Associates Lj.mited ( the   geotechnica l   consul tan t  f o r  th i s   s tudy)  on 
l1,ydrnlllic Consultants  Limited  ( the  hydraulic  consultant  for t h i s  s tudy)  and 

2;' b't-hr1lnr-y 1.977. On t h e   b a s i s  of v i sua l   obse rva t ions ,   f i ve   po ten t i a l   i n t ake  

A!:l~~!rofY to  about 3.5 km upstream  of  Ashcroft .   These  locations  are  referred  to 
I~~~:n t i .onr ;  were i d e n t i f i e d  i n  t he   s ec t ion   o f   t he   r i ve r  from t h e   v i c i n i t y   o f  

I)r;lwincs D11191-5 and D4191-6. In assessing  the  meri ts   of   each  locat ion,   the  
i t 1  .this rt3por.t as C ,  D, E, F, and G ,  and t h e i r   p o s i t i o n s   a r e  shown on 

1 ' 6 1  l(.>win{< c h a r a c t e r i s t i c s  were s tudied:  

1. ilydraulics 
2 .  Fish  Protect ion 

4. t,ocation 
3 .  Construction  Cost 

I,::I.C~I chnrac te r i s t i c   s tud ied  wa.s ra ted  on a s c a l e  of one t o   t e n ,  w i t h  a score of 

s ca l e  ot' one t o  te.n were then  appl ied  to   account   for   the  re la t ive  importance  of  
t . c n  Ixing: assicned t o  t h e  most des i r ab le   l oca t ion .  Weighting f ac to r s  from a 

I.hc Cuor c h a r a c t e r i s t i c s .  

'l'hc p:xrameters included  under   the  col lect ive  character is t ic ,   Kydraul ics ,  
(:on:;.ir;ted of a study  of  r iver  depth at  the   i n t ake   f ace ,   r i ve r   ve loc i ty ,  and 
i w c l .  wf turbulence.  The de ta i l s   o f   t h i s   s tudy   a r e   con ta ined  i n  NIICL's r epor t  
"Kwiluation of Intake  Si tes"  (Appendix 11). The Hydraul ics .   character is t ic  was 
a:;:;ii:nccl n weighting  factor of  nine.  

' P h c  charac . te r i s t ic ,   F ish   Pro tec t ion ,  was also  given a weight ing  factor  of nine.  
'l'tlc s i t e s  were ra ted  as p a r t  of a s tudy  carr ied  out  by Beak Consul?:ants 
(Appendix 1 5 )  t o   e v a l u a t e   t h e  proposed  design of the  water  intake  with  respect.  
LC, the   p ro tec t ion   of   the  Thompson River   f ish  resources .   Since  the  f ive sites 
were evaluated  during an upstream  migration  period, a further  study  should  be 
car r ied   ou t   dur ing   the  downstream migration  period of 1978 to   dete~mine  whether  
thc  scores  need t o  be  adjusted.  

'fhe var ious  i tems  s tudied  under   the  character is t ic ,   Construct ion  Cost ,   are  
l . i s ted  i n  Table 2 and t h e   t o t a l   c o s t s  were  given a weighting  factor  of s ix .  
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Table 2 - Construction  Costs of Intake  Locations 

Item - 
1:ni;ake Access 
I4ridce 

Ronaparte  River 
:<ubmerr,ed Pipe l ine  ., 
Crossing & B r i c  

Thompson River 
Submerged Pipe1 
Crossing 

Excavation 
(Includes Real 
Estate) 

lee 

.ine 

- 310,000 

440,000 - 

Pipeline-Low Pressure 
(Excludes  River 
Crossing)  795,000 760,000 

Pipeline-High 
Pressure 1,380,000  1,380,000 

Contingencies 
. .  

- 130,000 190,000 

395,000  440,000 

315,000  310,000 

1,380,000  1,160,000 

340,000  460,000 - 

G - 
$1h5,000 

- 

- 

305,000 

430,000 

1,160,000 

500,000 

Total  Costs $2,890,000$2,840,000  $2,600,000$2,680,000  $2,540,000 

Scoring  based 
on Total   Costs 9  9 10 9 10 

Note: Only items which vary   wi th   loca t ions   a re   l i s ted  i n  t h e  above t a b l e .  

The four th   charac te r i s t ic   s tud ied ,   Loca t ion ,   cons is t s  of a combin:rtion of the 
fol Lowing parameters: 

~I . Distance from Eroding C1i:Pfs 

These c l i f f s  comnence ju s t  upstream of the  confluence of t h e  Thompson and 
Ilonnparte  Rivers and extend  a long  the  r ight  bank  about 3.5 km upstream t o  

are contained  in   Golder 's   Report ,   Stabi l i ty  o f  Cliffs (Appendix 1 2 ) .  
t h e  second CNR br idge.  Details of s u r f i c i a l   i n v e s t i g a t i o n  of t h e s e   c l i f f s  

2. Ceotechnical  Aspects 

Go]-der car r ied   ou t  a geotechnical   evaluat ion of in take   loca t ions  C through 
G and a copy o f   t h e i r   l e t t e r   r e p o r t  is included i n  Appendix 13. 

-3. Relation  to  the  Bonaparte  River 

An intake  upstream of  t h e  ThompsoniBonaparte confluence would not  be 
a f f ec t ed  by the   r e l a t ive ly   h igh  suspended so l ids   load  which t h e  Bonaparte 

out  by  Beak i n  t h e i r   r e p o r t ,  Sediment Charac t e r i s t i c s  of t h e  ?Pnompson 
con t r ibu te s   t o   t he  Thompson. A de ta i led   s tudy  of t h l s   t o o i c  was c a r r i e d  
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River  and the   Ef fec ts   o f  Algae Growth on t h e  Hat Creek Water Supply  Systems 
(Appendix 18). 

11. Supervision 

An in t ake   l oca t ion  on t h e   r i g h t  bank o f   t he  Thompson River ,   being  nearer   to  
the  No. 1. Booster   Stat ion  than an in take  on t h e   l e f t  bank, i s  des i r ab le  as 
t h i s  s imp l i f i e s  t h e  sxpervis ion  of   the two u n i t s .  

l ~ : : ~ l t  or I.he a h w e  ‘four  items w a s  then  assessed and a weight ing   fac tor   o f   th ree  
w;1.:; !lppl.ied. 

The sco res   a s s igned   t o   t he   fou r   cha rac t e r i s t i c s  were then  tabulated  and computed 
:IS shown i n  Table 3. 

Table 3 - Evaluation of  Potent ia l   Intake  Locat ions 

Charac t e r i s t i c  , Weighting  Score  for  Intake  Location 
Factor  C D E F G  

Hydraulics 9 
Fish  Protect ion 9 
Construction  Costs 6 
Location 3 

Total  Score 207 238 159 163 189 

!l’hi.s numerical   analysis   technique  ass igned  the  highest   score   to   Locat ion D and 
t h i s  loca t ion  was therefore   chosen  as   the  pr ime  locat ion  for   the  intake.  While 
loca t ion  C i s  p resen t ly   t he  most des i r ab le  back-up loca t ion ,  i ts p o s l t i o n   i n  
t h e   t a b l e  may change when the   f i sh   p ro tec t ion   aspec ts   a re   rev iewed  dur ing  a 
downstream migrat ion  per iod.   This   review  of   the  f ish  protect ion  scoring would 
)not a l t e r   t h e   s e l e c t i o n   o f   l o c a t i o n  D.  

Watkr Levels 

‘Po ohtn in   da ta  on t he   r e l a t ionsh ip  between  water  surface  elevations  and  r iver 
di:;charges ai; S i t e  10, recording of water   l eve ls  commenced i n  December 1976 

Memorandum Vb191/3, Thompson River - Water Level Data. A program t o  monitor 
a n d  terminated i n  July 1977. Detai ls   of   this   survey are included i n  Pro jec t  

r e i n s t a t e d   i n  December 1977. The results of   th i s   survey  w i l l  be  issued  as an 
low r i v e r  water l e v e l s  and  peak i eve l s   du r ing   t he   f r e she t  of 1978 was 

nddeniium t o  t h i s   r e p o r t .  

‘IWe wf Direct   Intake 

]’or loca t ion  lO-D, t h e r e  are two possible   types of d i r ec t   i n t akes  - a bank i n t a k e  

r i v e r  bend  where depth  and  current  are  normally  greatest,  whereas a p i e r   i n t ake  
or a p ie r   i n t ake .  A bank in take  i s  genera l ly   loca ted  on t he   ou t s ide  sdge of a 

t h u s  requi r ing  an access   br idge.   Except   for   the  locat ion an i  need for  an access  
i s  1.ocnted i n  a deep  portion of t h e  ri.ver no t   d i r ec t ly   ad j acen t   t o   t he  river bank 

b r idce ,   t he   p i e r   i n t ake  i s  i d e n t i c a l  t o  t h e  bank in take .  The require(1  distance 

d e p t h s  a t  minimum flow.  For s i t e  lO-D, t h i s   d i s t a n c e  would be 17 m (56   f ee t )  
from t h e  s h o r e   t o   t h e   f a c e   o f  a bank in take  is  determined by s u i t a b l e   r i v e r  

t x ~ h i  river w i d t h s .  TO Construct a bank in take ,  t h e  area  behind  the  intake would 
1Q’i ‘dater and 4 5  m (148 f e e t )   a t   h i g h  water, or 23%  and 35% of   the   respec t ive  

( V I 1  l y l  /I ) a 
. .~ 



." . SANDWELL - "- " 

be f i l l e d  such t h a t   t h e   s h o r e l i n e  i s  brought   out   to  t h e  face of t h e ' i n t a k e .  
Al te rna t ive ly ,   the   shore l ine   could   be  l e f t  i n  i t s  o r i g i n a l   l o c a t i o n  and t h e  
s t ruc tu re   connec ted   t o   t he  sho.re  by a br idge.  Although t h i s   a l t e r n a t i v e  i s  
r e f e r r e d   t o   i n   t h i s   r e p o r t   a s  a p i e r   i n t a k e ,  it does  not  exactly fit t h e  
d ~ f i n i t i o n   o f  a pier   int ,ake,  as i ts  loca t ion  i s  no t   d i f f e ren t  from the   bankin take  

I,ayouts  and cos t   es t imates  for two bank in takes   (Al te rna t ives  1 anti 2 )  and  one 
pier i .ntake  (Alternative 3 )  a t  Location 10-D were  prepared and are at tached  as  
Appcndix hE. I n  summary, the   cos t   o f   the   i t ems  which e re   no t  common t o  all 
a l t e rna t ives   a r e :  

Al te rna t ive  1, Bank Intake:  $ 850,000 
Al te rna t ive  2 ,  Bank Intake:  1,000,000 
Alternat ive 3, P ie r   In take :  640,000 

' 1 % ~  p i e r   i n t ake   a l t e rna t ive  was se lec ted  for i n t ake   l oca t ion  10-D fo r  t h e  
rol:l.owing reasons: 

l!ased on the  cost   comparisons,   the   pier   intake would be more economical 
t h a n   t h e  bank in take .  

The hydraulic  impact on t h e   r i v e r  from t h e   p i e r   i n t a k e  would be minimal 
whereas  the bank in t ake  would  remove an unacceptably  large  port ion from t h e  
o r ig ina l   r i ve r   c ros s   s ec t ion .  

I n  Beak report   "Fish  Protection  Aspects" (Appendix 1 5 ) ,  page 1 4  states 
t h a t :  

"The of fshore   loca t ion   of   th i s   p ie r - type   in take  i s  c l ea r ly  
supe r io r   t o   i n t akes   a long  a r i v e r  bank. This des ign   ac t s  

which may occupy t e r r i t o r i e s  i n  r i v e r  margin. This a l s o '  
t o   p r o t e c t  small steel.head,  chinook,  coho, and o t h e r   f r y  

allows  passage  of  upstream  migrants  around  the  facility 
i n  t h e   r e l a t i v e l y   s h a l . 1 0 ~   w a t e r  which they commonly use". 

Geotechnical  Investigations 

otlce the   intake had  been  established as S i t e  10-Location D,  a geotechnical 
survey of t h e   s u b s t r a t a  i n  t h e   v i c i n i t y  of t h i s  s i t e  was c a r r i e d  out. This 

drnwing D4191-5 t o  determine  the  bedrock  level and the   charac te r i s t . i cs  of t h e  
inves t iea t ion   cons is ted   o f   d r i l l ing   th ree   boreholes  i n  t he   pos i t i ons  shown on 

overhurden. Water  samples  were a l so   t aken  and permeabi l i ty   t es t s   car r ied   ou t   to  
provide  data  for t he   i nd i r ec t   i n t ake   s tudy   d i scussed   ea r l i e r  i n  thii;  report. 
'The d r i l l i n g  was supplemented by a seismic  survey  along  the four l i n e s  shown 
on the  drawing t o  determine  the  bedrock  surface  between  the  dri l l   holes.  Both 
t h e  d r i l l i n g   i n v e s t i g a t i o n  and the  seismic  survey  are   detai led i n  Golder's 
report,  Geotechnical  Survey of In t ake   S i t e  10  Location  (Appendix 16) which 

clcvxtion  of  approximately 284 metres. A t  t h e   l o c a t i o n  of t he   i n t ake  it i s  
concluded tha t   t he   sha l ey  mudstone  bedrock surface  has a f a i r l y   c o n s i s t e n t  

expccted t h a t  the   sur face  of the  bedrock i s  about 3 m below t h e  bed of t h e  

,:ravel,  cobbles and boulders. 
r i v e r .  The mater ia l  above the  'bedrock i n   t h e   r i v e r  bed is  l i k e l y   t o   b e  sand,, 

( V J I . t ? . l / l )  9 
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TO provide  fur ther   information on t h e   r i v e r   b o t t o m   p r o f i l e   i n   t h i s   a r e a  and t h e  
type   md  s ize   oFmater ia1   depos i t red   there ,  an  underwater  survey was car r ied   ou t  
by  Swan Wooster Engineer ing,   detai ls  o f  which are included i n  t h e i r   r e p o r t ,  
ilnderwater  Survey  of  Intake S i t e  10-Location D (Appendix 14). This  survey 
provides   useful   data  on t h e  preparatory work which  would be  required on t h e  
r i v e r  bed  before  construction of t he   i n t ake .  

:['he data   obtained from these  geot,echnical  and  underwater  surveys  have  confirmed 
the Feas ib i l i t y  of construct ing EL p i e r   i n t a k e  a t  Site.10-D. 

i l i o io~ ica l   Cons ide ra t ions  

'the major b io logica l   cons idera t ion  o f  any  water  intake  on a r i v e r  i s  t h e   f i s h  
l i f e .  Tn the i r   repor t ,   F i sh   Pro tec t ion   Aspec ts  of  Water Intake Design for  t h e  
I l a t  Creek Pro jec t  (Appendix 1 5 ) ,  Beak Consul tants   ident i f ied and descr ibed  the 
l i f e   h i s t o r y  of the   key   f i sh   spec ies   o f   the  Thompson River   and  invest igated  the 
behavioural  aspects of these  key f i sh   spec ies   wi th   respec t   to   the   p roposed   water  
in take .  Although Beak concluded tha t   bo th   the   des ign  and t h e   l o c a t i o n  of t h e  
proposed in t ake   a r e  good from a f i sh   p ro tec t ion   s tandpoin t ,   they  recommended a 
number of refinements  to  the  design.  These  recomendations  and  Sandwell 's  
response  are shown on Table  F, Appendix 4. 

I n  t h e i r   r e p o r t ,  Suspended  Sediment Charac t e r i s t i c s  of t h e  Thompson River and 
Affects of  Algae Growth on t h e  Hat  Creek  !.later  Supply  System (Appendi:x la), 
Beak concluded tha t   a l though  cer ta in   types  of a lgae  w i l l  occur   in   g rea t  
abundnnce i n  .the Thompson River ,   they   a re   no t   expec ted   to  f o u l  t h e   t r a v e l l i n g  
screens or c log   the   t rash   racks .  

Suspended  Sol-ids 

I n  t h e i r  r epor t ,  Suspended  Sediment Charac te r i s t ics  of t h e  Thompson River and 
Effec ts  of Algae Growth on Hat Creek  Water  Supply  System  (Appendix la), Beak 
e s t a b l i s h e d   t h a t  suspended  sediment  concentrations  during  the low flow period 
from November t o   A p r i l  were i n   t h e   o r d e r  of less than 0.1 mg/l t o  2 .O mg/l. 
liowever, during  the  r ising  freshet  (MayJune),   suspended  sediment  concentrations 
may reach as high  as 91.0 mg/l as reported by Northwest  Hydraulic  Consultants 
J . imi l ed  i n  1976. 

A :;lrrvcy O F  o the r   r i ve r   i n t akes   i nd ica t ed   t ha t   on ly  where t h e r e  was some type  
.)I' svL1.I in{< area  i n  f ron t  of t he   i n t ake   d id   t he   i n t ake  pumps have a reasonably 
1 o n ~  ' I i  re. Those in t akes  which  have  been  placed  directly  in  the  r iVer.(CariboO 
1'11i.p nnd Paper at  Quesnel  and  the  Ashcroft  Municipal  Intake) nave expwienced a 
::i.b:rri I'i.cnnt amount of sediment  accumulation i n  t h e  pump c e l l s  and wear on t h e  

1l:rt. (!vcek Pro jec t   requi res  it t o  'be i n   t h e  stream of the   r i ve r   w i thou t   bene f i t  
irrtrl.ka pumps. The basic  concept of the  proposed water in take  f o r  t h e  

.,I' a s~ttling bas in   in   f ront  o f  the   in take   and ,   therefore ,   the  intake! would 
be tleoitqled t o  handle  occasionally  high  concentrations of suspended 
xz:l .i 11s . 
I(:,? ('onditions 

I r l  l - , l l r * i  I' report ,   Ice   Condi t ions (Appendix 1 9 ) ,  Northwest  Hydraulic  Consultants 
. : I I I ( , . ~ I I ~ ~ ? ~  t h a t   i c e  i n  t h e  Thompson River  does  not  present any major  hazard  in 
;t!I'm!; Or i(!e  Forces. or i c e  jamming a l though  the   in take   s t ruc ture  must be  

Yrom l a rge   quant i t ies  of f r a z i l  o r  s l u s h   i c e  which occasional ly  exists in t h e  
It.t:iI:IK:d for i ce   l oads .  The most s ign i f i can t  operating  problem would come 

." 
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backwashing  systems to   p reven t  plugging. A conveyor be l t   sys t em  r a the r   t han  a 
r ive r .  The t rave l l ing   sc reens  would require  well-designed  cleaning and 

s imple  s luice i s  recommended t o  d ispose   o f   l a rge   quant i t ies   o f   f raz i l   i ce   t aken  
up on the  screens.  Heating o f  c r i t i c a l   g a t e   s l o t s ,   e t c .  w i l l  be   e s sen t i a l .  

Uoncec~tual  layout 

The previous  discussions  of  biological  considerations,   suspended  solids  and  ice 

proposed in t ake  must  accommodate. 
r:onditi.ons have e s t ab l i shed  some of t h e   c r i t e r i a  which the   l ayout  of t h e  

'l'he major component of a water   intake is  the  screening  system. The :preferred 
loca t ion  of the  screening  system is  at  the   face  of the  intake.   See :Drawing 
Dhl.91-9. With t r ave l l i ng   s c reens ,  it is n o t   f e a s i b l e   t o  mount the   sc reen  at  t h e  
face of the  intake  because  the above-water por t ion  of the   sc reens   requi res  
protect ion  against   ice ,   f reezing  temperatures ,  and debr i s .  This pro tec t ion  

may be  trapped  between t h i s   c u r t a i n  wall and the   sc reens .  The propo:;ed in take  
i s  provided  by a concre te   cur ta in   wal l   in   f ron t  of the   sc reens .  However, f i s h  

concept  minimizes t h e  possibi l i ty   of   entrapment  of f i s h  by providing a by-pass 

becomes p a r t  of the r i v e r ,   p e r m i t t i n g   f i s h  which  have en tered   th i s   channel  t o  
flow  through  the  channel  between  curtain w a l l  and screens,   such  that   th is   channei  

r e t u r n   t o   t h e   r i v e r .  The upstream  end  of t h e   i n t a k e  would be  provided  with an 
approach sect ion  having  t rash  racks  extending  the  ful l   depth of t he   i n t ake   p i e r ,  
a l lowing  r iver   f low  to   enter   the  channel   over   the f u l l  r iver   depth .  

Environment  Canada r e g u l a t i o n s   s t i p u l a t e   t h a t  approach  velocity t o   t h e  
t rave l l ing   sc reens   sha l l   no t   exceed  0.12 m / s  (0.4 f p s )  . For t h e  minimum r i v e r  
water   level  at  S i t e  10D, Sandwell   selected  the 1-in-100 year  low watc?r e leva t ion .  
'Phe stage  discharge  curve i n  Northwest  Hydraulic  Consultants  report,  Evaluation 
o f  In take   S i tes  (Appendix ll), es t imates   the  1-in-100 year  low wa te r   l eve l   t o   be  
289.20 m. Elevation 289.00 m, 0.20 m lower  than  the  estimated  value. ,  was 
se lec ted  as the  design minimum water   l eve l .  

To preven t   r i ve r   so l id s  from s e t t l i n g  i n  t h e  by-pass  channel  and r e s t r i c t i n g   t h e  
flow,  the  bottom  of  the  channel  has  been  sloped away from t h e  screen!; t o   d i r e c t  
s e t t l i n g   s o l i d s  back t o   t h e   r i v e r   a s  shown i n  Sect ion D-D on Drawing D4191-10. 
'phis   geometry  places   the  top  of   the  t ravel l ing  screen  boot  at  e leva t ion  287.90 m, 

on the screens of 1.10 m at design minimum r i v e r  l e v e l .  
1 .70 m above t h e  r i v e r  bottom  elevation of 286.20 m. This  leaves a water  depth 

?'he design  flow rate through  the   t rave l l ing   sc reens  i s  1738 l/s (27,tiOO USGPM) 
which is  the  sum of  the  system  design  capacity  of 1580 l / s  (25,000 USGPM) p lus  
t h e  following two 5 percent  allowances: 

" 7 9  t / s  (1,250 USGPM) fo r   i n t ake  pump wear and process  losses  such ELS 

dc:(;ritting c l a r i f i e r   w a s t e ,  pump sea l   wa te r  and t ravel l ing  screen  spray  water .  
For de t a i l s ,   s ee   P ro jec t  Memorandum V4191/17, Pumps and Pump Wear (Appendix 8) .  

- '79 l /s  (1,250 USGPM) f o r  increitsed  flow  through  the  screens due t o  reduced 
p ipe   f r i c t ion  when t h e  minimum number of   in take  pumps a re   ope ra t ing   t o   f eed  
one booster  pump. See  Project Memorandum V4191/14, Pumping System - In take  
t o   C I - a r i f i e r  (Appendix 8) .  

The required  t ravel l ing  screen  width W ,  i s  determined by the  design  flow  through 
the  screens Q ,  the  minimum water  depth at the   sc reen   d ,   the  maximum approach 
ve loc i ty  and a to t a l   s c reen   e f f i c i ency   coe f f i c i en t  of 0.883 i n   t he   fo l lowing  
formula: 
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w =  Q 
0.883 x d x 

- - 1.738  m3/sec 
0.883 x 0..12192 m/sec  x 1.10 m = 14.68 m (48.2 f t ) .  

Leading  manufacturers   fabr icate   their   t ravel l ing  screens i n  incremental   widths 
of 0.5 f t  (0.15 m )  up t o  a maximum width  of 1 4  f t  (4.27 m ) .  There  could  be a 
minimum of   four   t ravel l ing  screens,   each  12.5 f t  (3.81 m) wide. However, i n  
t h i s  Preliminary  Design  Study,  the  screen  width  has  been  l imited  to  approximately 
10 f t  (3.05 m )  for  the  following  reasons: 

- To reduce  the  chance  of  non-uniform  flow  through  the  screens. 

- To reduce  potential   vibration  problems  caused by  by-pass  flow. 

- To a l l o w   f o r   t h e   i n s t a l l a t i o n  of the  approximately 10 f t   ( 3 . 0 5  m) wide,  flush 
face  travell ing  screens  presently  being  developed by a leading  manufacturer. 

'The selected  screen would  be 10 ft (3.05 m) wide   as   th i s  i s  t h e  nearest size 
to   the  required  width W of 48.2 f t  (14.68 m) when u t i l i z i n g   f i v e   s c r e e n s .  The 
r e su l t i ng   i n t ake   ce l l   w id th  would  be 3.40 m (11.2 ft), 0.35 m (1.2 f t )  wider 
than  the  screen  width  to  accommodate the   sc reen   s ide   pane ls .  

f lydraulic Model Studies  

To confirm  the  concept  of  providing a by-pass  flow  through the   i n t ake ,  a 
hydraulic model of  the  previous1.y-described  conceptual  layout was constructed 
and t e s t e d  by Northwest  Hydrauli.cs  Consultants  Limited. The results of t h i s  
inves t iga t ion   a re   conta ined   in   the i r   repor t ,   Hydraul ic  Model of Intake 

t h a t  provides  acceptable sweepin.@; ve loc i t i e s  for all foreseeable  operating 
(Appendix 1 7 ) .  The 1:40  hydraul.ic model r e su l t ed  i n  an intake  arrangement 

condi t ions .   Also   inves t iga ted   in   th i s  model study  were  sedimentation  and 
trash  accumulation  aspects.  

p a r a l l e l   t o   r i v e r  flow, was found t o   b e   d e f i c i e n t   i n   t h a t  by-pass  flow was not 
The o r ig ina l   o r i en ta t ion  of the   intake  approach  sect ion,   ful l -depth  inlet  

s a t i s f a c t o r y   v e l o c i t i e s  were obtained  even a t  minimum r i v e r  flow. The most 
ob ta ined .   men   t he   fu l l -dep th   i n l e t  was or ien ted   s l igh t ly   in to   the   : r iver   f low,  

acceptable   solut ion w a s  obtained w i t h  all trash rack bars o r i e n t e d   i n t o   t h e  
f low at 45O. This intake  configurat ion w a s  adopted and successful ly  
demonstrated t o   t h e   v a r i o u s   f i s h e r i e s   a u t h o r i t i e s .  

Tests on sediment  accumulation  confirmed  that  the  sloping s i l l  i n  tht?  by-pass 

of   the  intake.  The t e s t s   fo r   t r a sh   accumula t ion  showed tha t   deb r i s  1:normally 
channel would prevent  accumulation  that would  be de t r imen ta l   t o   t he   ope ra t ion  

surface-carr ied)  i s  more l i k e l y   t o   c o l l e c t  on the   fu l l -depth   in le t  of t h e  
approach  section  than on the   l ow- leve l   i n l e t s  which are  submerged. 
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S i t e  Layout 

Once t h e   l o c a t i o n   o f   t h e   i n t a k e  had  been e s t ab l i shed  and the  configurat ion  of  
t h e  intake confirmed hy the  hydraul ic  model s tud ies ,   the   o r ien ta t ion   of   the  
i n t a e  i n  t h e   r i v e r  had to   be  es tabl ished  together   with  the  inter-connect ion 
o f  the   in take  and other  elements  of  the  cooling  water  supply  system. 

The p i e r   i n t a k e  at  s i t e  10-D would be   p l aced   a lmos t   pa ra l l e l   t o   t he   r i ve r   f l ow 
os shown  on drawing D4191-7. This   o r ien ta t ion  would provide  suff ic ient   f low 
along! the   face   o f   the   sc reens   to  convey debr i s  and  guide f i sh   pas t   t he   i n t ake .  

Acce:::; t o   t h e   i n t a k e  would be  provided  as shown on Drawing D4191-22. The 
existinc  Bonaparte  River  road  bridge,  approximately 0.3 kilometres  upstream  of 
t h e  CNR Ronaparte  Bridge,  could  not  carry  the heavy c o n s t r u c t i o n   t r a f f i c  
associated w i t h  t h i s  p ro j ec t  and would therefore   be  replaced  with a new br idge .  
The ex i s t inp :   d i r t   r oad  from t h e   b r i d g e   t o   t h e  CMi t r acks  would be  upgraded  and 
a new sec t ion  of road would be   cons t ruc t ed   pa ra l l e l   t o   t he  CNR t r acks  from t h e  

would be  provided at a l oca t ion  which would be   su f f i c i en t ly  downstream of   the  
e x i s t i n g  right-of-way to   the   in take   access   b r idge .  A l eve l   t r ack   c ros s ing  

HcaS e s t a t e   nego t i a t ions  would be requi red   wi th   the  CNR and wi th   the  owners o f  
exis t ing  overhead  t ransrciss ion  l . ines   to  Satis* a l l  regulatory  requirements.  

l ~ o t s   a d j a c e n t   t o   t h e  CNR t r acks .  

which would. replace  the  exis t ing.   fence  bordering  the CNR property.  
D r a w i n R  Dh1.91-22 a l so   ind ica tes   the   loca t ion   of  two new securi ty   fences ,  one of 

which  would a i so   suppor t   the  900 mm (36 i nch )   p ipe l ine  from t h e   i n t a k e   t o   t h e  
Access t o   t h e   i n t a k e  from t h e   r i v e r  bank  would be  provided  by a two span  bridge 

c i a r i f i e r .  The se lec t ion   of   the   d iameter   o f   th i s   p ipe l ine  i s  discussed i n  
Prr.Ject Memorandilm V4191/14, Pumping System - I n t a k e   t o   C l a r i f i e r .  'The sec t ion  
Of p ipe l ine  on the   b r idge  would be  insulated  for   f reeze  protect ion w]oile t h e  
balance  of  the  pipeline would be  buried.  The p ipe l ine   rou te  would general ly  
follow t h e  CNR t r acks  and cross  underneath  the  Bonaparte  River. 

General  Arrangement 

'The Eeneral  arrangement  of  the  intake i s  shown on Drawing 54191-9. irhe 45 long 

awroach  sec t ion  and a rounded  downstream  end. The operat ing floor, placed 2.8 
pier   inc ludes  6 in t ake   ce l l s   (one   o f  which is a spare), a rounded  upstream 

o f  t h e   p i e r  and would accommodate t ravel i ing  screen  housing,  pumps, c : l e c t r i c d  
above maximum r ive r   wa te r   l eve l s ,  would be  canti levered 1 . 5  m over  both sides 

r o m  and an equipment  unloading  bay. The e n t i r e   f l o o r  would be  servi.ced by a 
:?O torme  overhead- t rave l l ing   c rane .  
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Trashracks  and  Trashrack Rakes 

Al.:l. i n l e t s   t o   t h e  by-pass  channel would be  equipped  with  trashracks  to  exclude 
debris .  To avoid  blockage  caused  by  any  debris which  might enter   the  by-pass ,  
!A(: ori t le t  would not  have  racks. The racks  in   the  approach  sect ion would extend 
rrl1.I~ depth from s i l l  t o   ope ra t ing  f loor  whereas the  low-level   racks  in   f ront   of  
t h !  i n t a k e   c e l l s  would ex tend   on ly   to   the   unders ide   o f   the   cur ta in  wall which i s  

:G !;hewn on Drawing D4191-10 would be  provided so t h a t   t h e   t r a v e l l i n g   c r a n e  can 
:>8 (TI below  .the 1-in-100 year minimum water   l eve l .  Openings i n   t h e   o p e r a t i n g f l o c  

' k w  ~u::t?d t o   s e rv i ce   t he   t r a sh   r acks .  

' I ' k  'low :Level racks would b e   p a r a l l e l   t o   t h e   r i v e r   f l o w  and therefore  not  prone 

morc prone to   co l l ec t   t r a sh   a s   con f i rmed  i n  the   hydraul ic  model  (Appendix 1'7). 
i.0 co l l ec t ing   deb r i s .  The ful l -depth  racks  in   the  approach  sect ion would be 

Accumulation of t r a s h ,  however, i s  n o t   l i k e l y   t o   b e  a problem for the  following 
reasons : 

1 .  The  Thompson' River is bas i ca l ly  a c l ean   r i ve r .  

2.  Trash, i f  any,  would  mainly  occur  during  the  freshet when accumulation 
on the  ful l -depth i n l e t  t rash   rack  would least interfere with  the  required 
by-pass  flow. A s  most of t h e   t r a s h  i s  f loa t ing ,   t he   l ow- leve l   i n l e t s  would 
only  be  exposed t o  submerged debr i s .  

3 .  The 23 cm spacing  between  trash  rack  bars would allow  passage of a l l  small 
debris .  

1.1. The Lornex  intake,  located  about 24 km downstream  from the  proposed Hat Creek 
intake,,  operates  without  problems of trash  accumulation at  the   racks .  

5. Based on Beak's  report on t h e  effects  of  algae  growth (Appendix 18), algae 
a re   no t   expec ted ' to   c log   t rash   racks .  

Although the  accumulation of t r a s h  i s  not  considered a problem,  possible  future 
addi t ion  of a mechanical  rake at the   fu l l -depth  i n l e t  t r a sh   r ack  was 
inves t iga ted .  

A s t a n d a r d  mechanical rake l i f t s  any a c c m u l a t e d   t r a s h  up the  racks  and dumps 
it in a b in  on the   ope ra t ing  f loor .  Al te rna t ive  1 on Drawing D4191-8 shows t h e  

housing with  access   br idge  placed  opposi te   the  rake  for   ease of traoh  removal. 
.intake  arrangement  with a standard  mechanical rake placed  outs ide  the  intake 

A1:ternative 2 on Drawing D4191-8 shows a custom-designed  rake  operated by means 
o r  a mechanism placed   ins ide   the   p ie r .   Ra ther   than   co l lec t   t rash ,  t:he 
objec t ive  of t h i s   r a k e  would be t o  d is lodge   t rash   such   tha t  it i s  swept  downstrea 
by the   r iver   f low.   Table  B ,  Appendix 4 compares the  advantages  and  disadvantages 
of  t h e  two a l t e r n a t i v e s .  

proven  technology,  preference is g i v e n   t o   t h i s  a l t e r n a t i v e  because the   gu ides  
Altt~oueh t h e  custom-designed rake described as Al te rna t ive  2 cannot be  considered 

a n d  mechanism of a standard  mechanical  rake  are  designed t o  opera te   in   an  
approach  channel  and  are  not  suitable when exposed t o  a r i v e r  flow p a r a l l e l   t o  
the  rake.  
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upstream  migrating  f ish  could  easily  enter  the  unobstructed  by-pass  channel 

passace  of  the  largest   expected  f ish  through  the f u l l  dep th   t r a sh   r a tk  a t  t h e  
o u t l e t  on t h e  downstream  end and swim t o   t h e  by-pass i n l e t .  To e n s w e  

approach   sec t ion ,   the   th ree   bars   ioca ted   c loses t   to   the   ins ide   face  of t h e  by- 
pass would be  spaced at  30 cm h s t e a d  of the  s tandard  23 cm.  To minimize t h e  

alternative  arrangement  could  be made whereby the   l a rger   bar   spac ing  would be 
chance o f  debris   enter ing  the  by-pass   through  this   increased  bar   spacing,  an 

provided  in  an  extended  rack  placed  paral le l   to   the  r iver   f low.  Tbe arrangement 
is  shown i n  Detail X on Drawing Dk191-11. To ensure  adequate downst.ream 

mode3.led during  Final  Design. 
ve loc i t ies   th rough  th i s  extendeci  by-pass, th i s   re f inement  would have! t o   b e  

I[ 'ravelline  Screens 

Five of t h e  s i x   i n t a k e   c e l l s  would be  equipped  with  t ravel l ing  screens.  The 

s top  logs. Idea l ly ,   t he   f ace  o:P the   t ravel l ing  screens  should form a continuous 
s ix th   ce l l ,   p rov ided  as a spare ,  would be   i so la ted  from t h e  by-pass  channel by 

f3.ush surface  with  the  face of t h e  walls d iv id ing   t he   i n t ake   ce l l s .  This could 
be  accomplished  by i n s t a l l i n g  so ca l led   " f lush   face"   t rave l l ing   sc reens ,  
presently  being  developed  by  leading  screen  manufacturers. However!. as these  
screens  have  not  yet   been  proven,  standard  vertical   travell ing  screens  are 

11y t h e  s ides  of t h e  trays on the   s tandard   sc reens ,  t h e  screen  face would be set 
proposed i n  this   prel iminary  design.  To accommodate discont inui t ies   caused 

hack  and the  corners  of t he   d iv id ing  walls would  be  rounded as showrl on 
Sec-tion A-A, Drawing Dh91-10. 

Thc screen  cloth would be  fabr icated from s t a in l e s s   s t ee l   w i re s   w i th  2 . 5  mm 

the   t rave l l ing   sc reens  would operate   behind  f ixed  t rash  racks and  be  exposed t o  
(0.1 inch)   c lear   openings  to  comply with Environment Canada requirements. A s  

.the  sweeping.  action of  t h e   r i v e : r ,   l i t t l e   d e b r i s  i s  expected t o   c o l l e c t  on t h e  

hooked l i f t i n g   l i p s  which  would permit water t o   d r a i n  away from the   sc reen  t o  
screens.  If necessary for t r a s h  removal,   the  screen  baskets  could  be  f i t ted  with 

avoid  entrapment o f  f i sh .  

Cleaning of the  screens would be  by two rows of  high-pressure  water  sprays a t  
operatfng floor l eve l .  These  sprays  would  also  eliminate  any  build-up  of  algae 
on the   sc reen   c lo th .  Any debr i s   ca r r i ed  up the   sc reen  would b e   r e t u r n e d   t o   t h e  

which  would be  equipped  with 8. ' b e l t  conveyor as shown in Section D-1) on Drawing 
r i v e r   a t   t h e  downstream end of   the  intake by means of a trough, a sec t ion  of 

Dl~Igi.-l.O f o r  fast  .removal of f r a z i l   i c e  which  might  be ca r r i ed  up on the   sc reens  

Thch screen  requires  approximately 30 l / s  shower water a t  600 kPa pressure.  
'The demand is  in te rmi t ten t  and water i s  only required when a screen becomes 
c1or:eed. To avoid  plugging  and  wear  of the  spray  nozzles ,   c lean water would be 
obtained by i n s t a l l i n g  a 250 mm d iameter   g rav i ty   l ine  from t h e   c l e a n e l l  

the   in take   opera t ing   f loor .  
f o l l o w h f :   t h e   d e g r i t t i n g   c l a r i f i e r   t o  a 60 l / s  capaci ty   booster  pump loca ted  on 

'1'0 ensure t h a t   t h e  i n i t i a l  f low  through  the  screen would be  gradual  and  not 
:ulvrr::ely a f f e c t  f i s h  l i f e ,   t h e   i n t a k e  pumps would be  s tar ted  again: ; t  a 

wn~tl .d be opened  slowly.  Furthermore, as pumps and screens  are  combined i n  
c.IosPtl discharge  valve.  When t h e  pump has  reached  operating  soeed,  the  valve 

ir~l:cF,ral. units,   the  f low  through  any  single  screen  could  not  exceed  the  design 
rn.t1:. 

A t ravel l ini :   Screen 's   effect iveness  i n  blocking  passage  of  salmon  fry  depends 
nnt. o n l y  o n  t he   s c reen   c lo th ,   bu t   t o  a grea t  extent a l s o  on the   condi t ion  of 
( V k I  !)I / I ) 15 
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s ide  and  bottom seals. The screen  c loth  can  easi ly   be  inspected  in   the  screen 
hollsing at opera t ing   f loor  by ro ta t ing   the   sc reen .   Spec ia l   p rovis ion   to  
in spec t   t he   s ea l s  would be  provided as descr ibed i n  Pro jec t  Memorandum V4191/10, 
Provisions f o r  Inspecting  Travell ing  Screens.  

Tntnke Pumps 

:;ince the  'Thompson River  passes  through areas s u s c e p t i b l e   t o   e r o s i o n  and s l i d e s ,  
i.l: cnrl have high  concentrat ions of suspended  sol ids .   Sol ids   enter ing  the  intake 
crxl:Ld p a s s  th rough  the   in take  pumps and cause severe wear i f  provisi.ons were 

Memorandum V4191/17, Pumps and I'ump Wear, the fol lowing  design  features  must be  
n o t  mnde t o  minimize the   e f fec ts   o f   these   so l ids .  As pointed  out  i n  Pro jec t  

incorpora ted   in to  t h e  i n t ake  pumps: 

- l o w  rpm. 
- Low head pe r   s t age .  
- Ahrnsion-resis tant   mater ia ls .  

For preliminary  design, a speed  of  900 r p m  has  been  selected.  During  Final 
Design,   suppl iers   should  a lso  be  asked  to   quote  on pumps operat ing a t  720 rpm. 
S ix   suppl ie rs   have   ind ica ted   tha t   they   could   p rovide  900 rpm units while 
two ind ica t ed   t ha t  720 rpm units could  be  supplied. 

The proposed  intake pumps would be   ve r t i ca l ,   d i f fuse r   s ty l e ,   mu l t i s t age   un i t s .  
Tab1.e 4 below gives   typ ica l   spec i f ica t ions   o f   these  pumps. 

Table 4 - I n t a k e   P u p   S D e c i f i c a t i o n s  

Item Amount (S .1 . )  Amount ( Imperial)  - 
Rated  head 
Rated  flow 
Speed 

Maximum Eff ic iency 
Number o f  Stages 

Wear Ring  Clearance 
Bowl Diameter 
Net Power 

39 m 
330 l / s  
900 rpm 
1-3" 

80-86 % 
0.5 t o  1.0 mm 

190 kW 
600 t o  700 mm 

5,250 WGPM 
1.28 M; 

900 r p m  
1-3* 

80-86 % 
0.02 t o  0.04 i n .  

24 t o  28 in.. 
250 hxs 

* Depends on suppl ie r  

A?.thouch larger  clearances  slight.ly  reduce.  effi.ciency,  they  ensure  lo.nger pump 
l i f e .  Therefore ,   the   rad ia l  and axial wear r ing   c learances . should   be   as   l a rge  as 
p rnc t i cn l  i n  o rde r   t o   pas s  most of   the   coarse   par t ic les   expec ted  i n  t'le water. 
PJI'l'iciency is  n o t   a s   c r i t i c a l  for t h e   i n t a k e  pumps because power consumption i s  
1.ow compared to   t he   boos t e r  pumps. The clearance  specif ied f o r  t h e  in take  pump 
wear rings  should  be at  l e a s t  0.5 mm (0.020 i n . ) .  Both  bowl and  impe:ller  wear 
r ings  would be  included. The wear r ings   cou ld   a l so   be   f l u t ed   t o   pas s  larger 
par t ic les   wi th  as l i t t l e  damage as possible .  

The impel lers  would be  the semi-open type which no t   on ly   r e s i s t s  wear t o  a grea te l  
degree than  the  c losed  type  but   a lso  can  be  adJusted  axial ly   for  wear and  can  havf 
replaceable  bowl l i n e r s .  



me .metallurgy of t he  pump should  be  specif ied  for  i t s  wear resista:nt proper t ies .  
The wetted  parts  should  be  of  very  abrasion-resistant materials S U C : ~  as stainless 

every   suppl ie r   spec i f ies   d i f fe ren t  materials, bids  should  be  evaluated on t h e  
steel fo r   t he   impe l l e r  and bowl and s te l l i t e  coated for  t h e  wear ri;?gS.  Since 

basis of   mater ia l   hardness   as  well as a v a i l a b i l i t y .  and  Cost. 

A s tandard  intake pump would usually  have water lubr ica ted   bovl   bewings  Of 
e i ther   b ronze  o r  rubber.  These  materials are adequate  for pumps handling  Clean 
l iq5lids  but would not  last where ve ry   ab ras ive   so l id s   a r e   p re sen t  i n  t he  pumped 
.1 iquid .  To prevent   these   so l ids  from enter ing  and  destroying  the bowl bear ings,  
1,hc in take  pumps requi re  a pos i t i ve  means of continuously  purging  the  bearing 
: : ~ ~ r . ~ ' n c e s  with  clean water. As pointed  out   in   Project  Memorandum Vb:L91/17, 
Pimps m d  Pump Wear, t h i s  can  be  done  by  either  using a r i f l e - d r i l l e d   s h a f t  o r  by 
us in r :  ex t e rna l   p ip ing   t o   ca r ry   c l ean  water t o  each  bearing.  Since  the  pressure 
r e q u i r e d   a t   t h e  bowl bearings i:; higher   than   the   in take  pump discharge  pressure,  

p rov ide   t he   f l u sh ing   wa te r   t o   t he  bowl bearings.  This water would be  supplied 
a small   booster pump ( ra ted   a t   approximate ly  5 l / s  and 600 kPa) i s  r equ i r ed   t o  

by the  '250 mm d iameter   l ine  froln the   c learwel l  which a l so   suppl ies   the   boos te r  
pump for the   t r ave l l i ng   s c reen  shower water.  During i n i t i a l   s t a r t - u p ,  when the  

t h e  intake  discharge  header.  The water for  the  bowl bearings would pass  through 
clearwel l  i s  empty, the  bear ing  water   booster  pump would temporarily draw  from 

f i l . t e r s ,   s i z e d   t o   t r a p  any s o l i d s  which  could damage the   bear ings .  

Kach in take  pump wouid exer t   th rus t   forces  which  would be  taken up hy a t h r u s t  
bear ing   tha t  would b e   b u i l t   i n t o   e i t h e r  th.e  motor o r  t he  pump. If b u i l t   i n t o   t h e  
pump, a more expensive  hollow-shaft  vertical  motor  would  notbe  required. Some 
pumps also have  hydraulically  balanced  impellers which reduce pump t .hrust  
considerably.  Thrust  provisions  vary  with pump manufacturer,   therefore,  PUG 

purpose  of  preliminary  design,  the  thrust  would  be  taken by the  thru.s t   bear ing 
selection  determines  type of th rus t   bear ing  as well as type  of  motor. For t h e  

of the  ver t ical   hol low  shaf t   e lc?ctr ic   motor .  

The design  capacity  of  the  intake pumping system would be 5 percent   greater   than 
the  system  design  discharge  rate! of 1580 l / s .  The allowance  has  been  added t o  

Pump Design  Allowance. 
cover  miscellaneous  services  and  wear  as  outlined i n  Pro jec t  Memorandum V4191/9, 

Drawing Dlr191-26 shows the   va r i a t ion  i n  pump discharge  f low  with  var ia t ion  in  
r i v e r   l e v e l  and mode O f  operation. The  pumps have  been  selected  to  neet  the 
maximllm flow demand at  t h e  most severe  operat ing  condi t ion which wou.Ld occur 
w i t h  minimum r i v e r   l e v e l  and all in take  pumps operating.  Therefore .t r i v e r  

b\r t h e  booster pumps. This excess would overflow at  the  c learwel l ,   back to t h e  
l eve l s  h i g h e r  than  the minimum, the   in take  pum?s would de l ive r  more  .than required 

'l'hompson River  as  pointed  out  in  Project Memorandum V4191/14, pumping System - 
I n t a k e   t o   C l a r i f i e r .  

To meet the   suc t ion  head  requirement,   the  intake pump i n l e t  must be  :L t o  1 . 5  m 
below the   lowes t   water   l eve l .  The in take  pump discharge  piping shown i n  
1)rawing D4191-10 would be  carbon  s teel ,  10  r a t ing .  The discharge  hea,der 
wou:td be  an  extension  of  the 900 mm ( 3 6  i n . )   d i a m e t e r   l i n e   t o   t h e   c l a r i f i e r .  
l!:rrcll pump would have a check  valve  and  shut-off  valve on i t s  discharge.  Tine 
valves would also be ND 10 r a t ing   w i th  trim metallurgy chosen f o r  wear r e s i s t ance  
T h e  check  valves would be  the  fuiiy-opening type so as   no t   to   obs t ruc t   the   f low.  
The shut-off  valves would also  be  fully-opening  gate o r  ba l l   va lves ,  
sized  to  take  the  pressure  drops  encountered  during  start-up, and  mol;orized t o  
provide  the  controlled  opening  and  closing  rate.  All f i t t i n g s  would be  flanged 
f n r  rnsy .removal  and each pump discharge would have a f lexible   connect ion  to  
( V i 1  1.9.) /I) 17 



i::~.l.ate it from the   v ib ra t ions  ,and movenents o f   t he   o the r  pumps and piping.  

Other  Mechanical  Provisions 

: : I  i d r  1::ltes a r e  sometimes i n s t a l l e d   i n   t h e  walls between t h e  pump c e l l s   t o  
Iy-p:~.:::; a. t r ave l l i ng   s c reen  when it i s  i s o l a t e d  by s top  logs  for   maintenance.  
Wi;l .h me except ion,   these  gates  have been   purpose ly   l e f t   ou t   to   p rec lude   the  

opcrat,inF:  condition which could  lead  to   screen  approach  veloci t ies  !.n excess  of 
pn!:::ib.il.ity t h a t  more than  one pump could draw water  through  one  screen,  an 

t,he s t i p u l a t e d  maximum of 0.12 m/s (0.4 f p s ) .  The exception  here is a g a t e   i n  

: k c t i o n s  E-E and F-F on Drawing D4191-10. This   ga te  would be  provided  to  comply 
t h e  wall. between t h e  s p a r e   c e l l  and the   ad jacent  downstream ce l l ,   s ee .  

w i t h  Knvironment  Canada's request  t o  t e s t  a s ta t ionary   sc reen  i n  th t?   spare   ce l l  
a:; described i n  Pro jec t  Memorandum V4191/11, Provis ions   for   Tes t ing  a 
i:tationnry  Screen. 

'I'n he1.p prov ide   f ros t   p ro t ec t ion   t o   t he   i n s ide   o f   t he   s t ruc tu re ,   cu r t a ins  
would he  provided at  the  upstream and downstream  ends of the  by-pass  channel 
( see  Drawing D4191-11) to   p revent   co ld  air from en te r ing   t he   i n t ake .  Each 
,:wrt,ain would consis t   of  two equal-length  panels. 

'Ihe 'lower  panel would b e   e l e c t r i c a l l y   d r i v e n  and would automatical ly   fol low  the 
water sur face .  Both panels would be   r a i sed  above operat ing f l o o r  level   fol lowing 
t h e  end  of  freezing  weather until commencement of   f ros t  i n  t h e  fall .  Inspect ion 
covers  upstream  and  downstream  of  each  gate, would be  provided at  fl.oor 
l eve l .  

S ince   so l ids  less than 2 . 5  mm (0.1 i n . )  in   s ize   could   pass   th rough  the  mesh of 
t he   t r ave l l i ng   s c reens ,   depos i t i on  may occur i n  t h e   i n t a k e   c e l l  sumps. To 
f a c i l i t a t e   s o l i d s  removal, a t r o l l e y  would be  provided as shown in   Sec t ion  L-L 
on Drawing Dhl91-11. A l l  sumps should  be  inspected  annually  after  the  freshet 
t o  determine t h e  level   of  s i l t  deposi t ion.  The so l ids   depth ,  i f  any, could  be 
determined  with a rod. A por tab le   so l ids   d i scharge  pump would be  used t o   c l e a n  
t h e  sump. 

Any i tems  requir ing  s torage i n  t h e   i n t a k e  would be  kept at  t h e  downstream  end 
01' t h e  s t ruc tu re   ad j acen t   t o   t he  w a l l  opposi te  the  main door. The t r a v e l l i n g  
overhead  crane would be  used t o  raise the   t r ave l l i ng   s c reens   fo r   i n spec t ion   o f  
the  lower  sect ion " i n  t h e  dry". A 2 tonne  Capaci ty   auxi l iary  hois t  would assist 
i n  t h i s  inspect ion and other  maintenance work.. 

Washroom f a c i l i t i e s  would not  be  provided i n  t he   i n t ake  as these  would be 
locntcd in t h e  No. 1 Booster  Station. 

Ile:it.inp, and Vent i la t ion   Provis ions  

:pace heat ing would be  done by   t ,hermosta t ica l ly   cont ro l led   e lec t r ic   hea te rs .  
Components i n  t h e  in take  which  would require   heat ing are: 

1 .  Screen  cloth,   only  necessary when f r a z i l   i c e   p r e s e n t .  

2. Lkreen sea l s .  only when screen  operat ion i s  necessary. 

'3. 'hash  racks,  only necessa ry   t o   p ro t ec t   aga ins t   f r az i l  o r  anchor   ice .  

- 
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11. Guides fo r   cu r t a ins  a t  the  upstream  and downstream  ends o f   t h e  by-pass 
channel,   continuously  for  operation  of  lower  panel.  

5 .  Trash  rack  guides,  only when rack  removal  required. 

To prevent   anchor . ice  from forming on the   s lop ing   concre te  s i l l  between t h e  
t rash   racks  and screens,   heat ing  cables  would b e   i n s t a l l e d  i n  ducts  embedded 
i n  the  concrete .  The ducts and cables  would b e   l a i d  i n  dupl ica te   to   p rovide  a 
fac tor   o f   sa fe ty   aga ins t   cab le   fa i lure .  

With t h e  exception o f  t he   s c reen   c lo th  which is  heated by r ad ia t ion  o r  hot  a i r ,  
all metal components r equ i r ing   i ce   p ro t ec t ion  would be  heated by 
thermosta t ica l ly-cont ro l led   induct ion   techniques   to   jus t  above 0 C. Room 
ven t i l a t ion  would consist  of  package wall units and roof exhausters. .  

Fl .ectrica1 System 

0 

‘yhe power supply and d i s t r ibu t ion   sys t em  to   t he   i n t ake  i s  descr ibed later i n  
t h i s  report. a d d i t i o n   t o   t h e   m a j o r   e l e c t r i c a l  equipment i n   t h e   i n t a k e  

trmsfoners, panels,   marshall ing  boxes,   and  control  cabinets.  A contro1 Panel 
containing all loca l   con t ro l s  and instrumentation would be   loca ted   the  
operat ing  f loor .  

A 1 . 5  MVA 41.60/600 V o i l - f i l l e d  power transformer would be   loca ted  i.n a vaul t  
immediately  adjacent t o   t h e   e l e c t r i c a l  room and would be  fed by a f u l l y   r a t e d  

the  intake  requirements  so tha t   on ly  one  stand-by u n i t  would be  requ.ired t o  
c i r cu i t   b reake r  i n  t h e  4.16 kV, MCC. This transforner  has  been  sized at double 

serve all t h r e e  pumpir.g s t a t ions .   In   add i t ion   t o   t he   p ro t ec t ive   r e l ay ing  shown 
on the   s ing le  l i n e  diagram, Drawing D4191-28, t h e r e  would be   sensors   to   a la rm 

would be  connected  to a 600 V MCC. 
low o i l   l e v e l  and high-temperature. The secondary  of  this power transformer 

A l l  600 V s t a r t e r s  would be  ‘fused-contactor tme fo r  full voltage  (across-the- 
1.ine) s t a r t i n g .  Each s t a r t e r  would have i t s  own cont ro l  power transformer.  

A l . 1  motors  and  feeders  connected  to  the MCC would be  provided w i t h  standard 
indus t r i a l   t ype   o f   e l ec t r i ca l   p ro t ec t ion .  

900 rpm, 4000 V ,  60 Hz, 3 phase  asynchronous  (squirrel  cage)  induction  type. 
The f ive  motors d i r e c t l y  coupled. t o   t h e   i n t a k e  pumps would be  190 kW (250 hp) 

The  motmrs would b e   v e r t i c a l ,  flange-mounted  and would have an open drip-proof 

the  mnnufacturer,   the sound pressure   l eve l   wi th   the  motor  running  unloaded would 
F i l t e r   ven t i l a t ed   enc losu re .  The serv ice   fac tor  would be 1.0.  Depe:nding on 

be i n  the range of 84 t o  90 dBA,  measured one meter from. the  enclosure.  Motor 
windings wou1.d have embedded resis tance  temperature   detectors  (RTD) vhich would 
be  used for alarm  purposes. The motors would have an t i - f r i c t ion   bea r ings .  
Vibrat ion  detectors   for  motor pro tec t ion  would be  attached.  During times when 

pr.event  corrosion  due t o  condensation. Inqui r ies  have  confirmed t h a t   s u i t a b l e  
t h e  pumps a re   shu t  down, heaters   located i n s i d e   t h e  motor enclosures would 

motors a r e   a v a i l a b l e  from both  nat ional  and internat ional   manufacturers .  

sta,tion shown on  Drawing 04191-9, t h e   e l e c t r i c a l  room a l s o   w o u ~ h o u s e  



Ai..) it160 V r;t,ar'ters would be   fused   a i r  or vacuum contactor   type f o r  full voltage 
si,art.ing and wcu1.d have  instantaneol ls   short   c i rcui t   protect ion,   thermal  

wo~l'ld be  protected by fu l ly   r a t ed   c i r cu i t   b reake r s   t o   avo id   s ing le   phas ing  
over.load  protection  and  zero  sequence  ground  fault  protection. Sub feeders 

prr,hl.ems. A l l  lr1.60 V motor feeders would be  interlocked armoured cable .  

' 1 % ~  m r l i n  meter ing  for   the  intake pumping s t a t ion ,   cons i s t ing   o f  a k i lowat t ,  
vol.t.;!.[:e and current  metering would be   l oca t ed   i n   t he  No. 1 Booster   Stat ion.  In  
:ddit , ion,   voltage  metering would be  provided i n  t h e  incoming  section  of  the 
11 I60  V int ,ake  s ta t ion MCC. 

General. indoor  i1.lumination would be  provided by mercury  vapour f i x t u r e s .  
Outdoor f loodl ight ing   fc r   secur i ty   purposes  would consis t   of   photo-electr ic  
cmt ro l l e r i  mercury  vapour f i x t u r e s .  The l igh t ing   pane l  would a l so   feed  120 V 
c:onveniencc out , le ts   p laced  throughout   the  s t ructure .  Emergency l i g h t i n g  units 
would b e   i n s t a l l e d  i n  t h e   e l e c t r i c a l  room and o the r   s t r a t eg ic   l oca t ions .  One 
il1.60 V and one 600 V s t a r t e r  of each  size  used would b e   i n s t a l l e d  i.n each 
respec t ive  motor cont ro l   cen t re  t o  se rve  as a stand-by unit. An empty spare  
cubicle  or s t r u c t u r e  at  each MCC would also  be  provided. 

:I tructural .  and Archi tec tura l  

'The in take  would be  founded on bedrock and up t o  and inc lud ing   t he   s t ruc tu ra l  
f l .oor   levcl ,  would be  c0nstruc.te-d from reinforced  concrete .  The supers t ruc ture  
would cons i s t  O C  a s t e e l  frame w i t h  precast   concrete  wall and roof 
f leck p:.meIs. Sound and therma:L insu la t ion  would be  provided by l i n i n g   t h e  
.i rtside f x e  of t h e  wal l   panels .  

l)rnwinj? Uh1.91-12 shows elevation  views of t he   i n t ake  and access   br idge 
preprtred by the   Pro jec t   Archi tec ts  - Toby, Russel l ,  Buckwell and Partners .  
'I'he a rch i tec tura l   concept  i s  directed  tovards  matching t h e  shape, texture and 
c o l o u r   o f   t h e   s t r u c t u r e   t o   t h e   c l i f f s   i n   t h e  immediate  background. 

::r:voral. access   b r idge   a l te rna t ives  were s tud ied  and a pres t ressed ,   p recas t  
crwcrete  double  span  bridge was chosen t o  preserve  uniformity  with  the 

01. : j c r ? e n i n c  t h e  900 nun diameter   pipel ine which would be supported by t h e  
.;it~'ol'str.nct!~re  cladding. The concrete side upstands would also provide a means 

hr.i.clt:o a.t  deck l e v e l .  

Opcr:*tion and  Control 

' P h r  <.>pernti.on and cont ro l   o f   the  Thompson River  Intake i s  shown schematically on 
i'l caw ~ in~raw ~4.~91-2. 

rleyree of' screen  plugging. If t h e   d i f f e r e n t i a l  exceeded a p rese t  :!imit, t h e  
f h o  t r ave l l ing   sc reens  would have d i f f e ren t i a l   l eve l   r i e t ec to r s  t o  measure t h e  

s c r r m ~  wash pump would be   s ta r ted .   Af te r   conf i rmat ion   tha t  wash water i s  
avaii.:ll);e, t,he a-npropriate  screen would. b e   s t a r t e d  and i t s  associated wash water 

screen and t h e  pump capaci ty  i:; 60 l/s, t'le log ic  woul:' 1%!.5 the   sc reen  wash 
v n ~ l v e  opened.  Since  the wash water  requirement i s  approximately 30 l/s per  

cy<.:le t o  a maximum of two s c r e e n s   a t  one time. I n  the   un l ike ly   event   tha t   the  
debr i s  w a s  not removed and t h e  leve l   d i f fe ren t ia l   exceeded  a preset  limit, t h e  
pltmp w<:u?ri b e  s h u t  dowr1. 

, I  
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power p l an t ,  would energize t h e  starters and, if a l l  of  t he   l oca l  
Intake pump s t a r t  s igna l s ,  received through  the  te lemeter ing system from the  

iwterlocks were s s t i s f i e d ,   t h e  pump would start. When t h e  pumps reach  rated 
<:peed, t h e  pneuma.tically-operated pump discharge  valve would open at  an 
;~dJu::t:~ble, p r e s e t   r a t e .  In the  event t h a t  more in t ake  pumps were  running  than 
WOI'C required by t h e  No. 1 Booster   Stat ion,  a v isua l   ind ica t ion  of t h i s  would 
be: displ;%yt?d a t   t he   cen t r a l   con t , ro l   conso le .  

opt.!r.:~Lin(; data such :J.S r iver   l eve l ,   water   t empera ture ,   va lve   pos i t ion ,   e tc .  
w o i l c l  1.w P,eimetered to the   cen t ra l   cont ro l   console   in   the  power p lan t .  

'l'h(> fo l lowing  addi t ional   auxi l iary equipment i s  contained i n  t h e  in take  
::truvtire m d  wou1.d be  control led as noted: 

Item  Control Eode 

Compressor 
Deicing  heaters 

Automatic/Local Manual Override 

Space  heaters 
Remote Manual 

Seal  Pump 
Automatic/Local Manual Override 

Curtains 
AutomaticILocal Manual Override 
Automatic/Local !.lanual Override 

- 

'The fol lowing  local   in ter locks would be  provided i n  addi t ion   to   those   in te r locks  
normally  provided  with  the  equipment  and would i n h i b i t  t h e  start comnand from 
the   cen t ra . l   s ta t ion :  

Item Device 

Pump discharge  valve  not  closed L i m i t  switch 
Drain  valves  not  closed L i m i t  switch 

Air pressure low Pressure  switch 

- 

.Pump protect ion  devices  Switches 

WATER-TREATMENT 

General 

'me exten t  of water treatment  considered  here i s  only   tha t   necessary   to  
f ' nc i l i t a t e   t he  pumping of Thompson r ive r   wa te r   t o   t he   r e se rvo i r   ad j acen t   t o   t he  
pnwrr p lan t  at  Hat  Creek.  Therefore,  any treatment required i n  t h e  power 
wnc!r:tt.inf: process i s  excluded  from  these  considerations. 



lloth d isso lved   so l ids  which may r e s u l t  i n  corrosion and  suspended s o l i d s  which 
inny rc:sult i n   e ros ion  have  been  considered. 

Dissolved  Solids 

l'hc ;amount of d i sso lved   so l ids  i n  a river  water  can  be  determined by 
q u a l i t n t i v e  and quantitive  ana:tysis of water  samples.  Analyses of dissolved 
s o l i d s  i n  Thompson River  water ,   g iven   in  3.C. Hydro's S t a t ion  Design Manual 
on Make-up Water Quality of 28 June 1977, i n d i c a t e  a sof t   water   (hardness  of 
? D  t o  118 mg/l as C a C 0 3 ) ,  low in disso lved   so l ids  (40  t o  109 mg/l) .  These 
ttnalyses,  together w i t h  t h e   f a c t   t h a t  the municipal i ty  of Ashcroft uses untreatee 
'I'hompson R ive r   wa te r ,   a r e   i nd ica t ive   o f   t he   accep tab le   na tu re  of t h i s   r i v e r  
water.   Therefore,   special  PrOViSiOns f o r  co r ros ion   po tec t ion   a r e   no t   r equ i r ed  
as s t a n d a r d  methods  such as   the  coat ing of ferrous  metals  o r  t h e  .use o f  
cor l ,osion-resis tant   metals   in  ]?umps, valve and f i t t i n g s  are adequate. 

Suspended Sol ids  and Pump Wear 

The vu lne rab i l i t y   o f  a water supply  system t o   e r o s i o n  depends on t h e  amount 
of  suspended  abrasives i n  the  water and t h e   r e l a t i v e   v e l o c i t y  between t h e  
suspended  abrasives  and  the components  of the  system. Components i.n t h i s  
system  which  function  with  high  velocit ies  are pumps and valves.  As the   va lves  
a re   normal ly   e i ther   fu l ly  open o r  fu l ly   c losed ,  t h e  amount of time t h a t   t h e s e  

3.imited and erosion is  therefore   no t  a concern. The pumps, on the   o ther   hand ,  
components. are i n  a thro t t led   :pos i t ion  and  exposed t o   h i g h   v e l o c i t i e s  i s  

a re   opera t ing   cont inuous ly   wi th   h igh   water   ve loc i t ies   and   a re ,   therefore ,  

water,  pump suppliers  can compensate t o  a c e r t a i n   e x t e n t   t o  limit wear  by 
extremely  vulnerable   to   erosion o r  wear. If so l ids   a re   an t ic ipa ted  i n  t h e  

mater ia l s .  I n  ad t i t i on ,   boos t e r  pump suppl ie rs  recommend t h e  s ize  of suspended 
sel.ectine:  designs  with low rpm, low  head pe r   s t age  and extrenely  hard 

sol . ids   he  less   than 200 t o  300 micron  (0.008  to 0.012 i nch ) .  

As described i n  Pro jec t  Memorandum Vb191/17, Pumps and Pump Wear, t h e  
combination  of  high  head  with  :relatively low f r i c t i o n  means t h a t  a minor 
degree of wear could  drastica1:ly  reduce  the systeem's ra ted  design  capaci ty .  
Pro tec t ion  of the   boos te r  pumps aga ins t  wear  due t o   r i v e r   s o l i d s  vas, therefore ,  
a prime  concern i n  the se l ec t ion  of the system  configuration. Although 
ava i lnb le  Thompson River   data   indicate  a m a x i m u m  suspended so l ids   loading   of  
only  31 mg/l*  observed  during  the 1976 f r e she t  and an average  of less than 

.proI.wtion  against  wear by means o f   so l id s  removal was d.eemed necerjsary i n  
10 rn(?/l. during  the  remainder  of  any  year on record ,   the   necess i ty  f o r  

the cnnceptual  design  hecause  the  proposed  r iver  intake would be 

:;ourcc! of r iver   so l ids   th roughout   the   year .  
located 900 m (3 ,000   f ee t )  downstream o r  a zone of e r o d i n g   c l i f f s  which a r e  a 

Durini: the  preliminary  design  :phase,   further work was car r ied   ou t  t o  obta in  
s o l i d s  samples  and da ta  on t h e   s i z e   d i s t r i b u t i o n  and the   abras ive   charac te r  of 
these  solids.   Obtaining  representative  samples of suspended  solid:; i s  a 
d i f f icu l t   p rocedure . .  Even if accura te   da ta  were ava i lab le ,   l abora tory  methods 
t o  de te rmine   the   e f fec t  of t hese   so l id s  on pump wear do not   ex is t .   Therefore ,  
opera t ing   da ta  on ac tua l  pump instal la t ions  a long  the  reach  of   the Thompson 
River  between Kamloops Lake and Spences  Bridge was col lec ted .  These 

Wdhachin. i n  addi t ion  to   the  Ashcroft   municiual   intake and t h e  Lornnx intake. 
i nves t i~a t ions   r evea led   t he   ex i s t ence  of  some i r r iga t ion   i n t akes   nea r  

J 



W i t h  the  exception  of  Lornex, all i n s t a l l a t i 0 n s . w i t h  more than  one  year  of 
operat ion  suffered from pump wear  and required  impeller  replacements.  

Thompson River   so l ids  are d iscussed   fur ther   in   Pro jec t  Memorandum Vb191/5, 
i.;nter Treatment, which recommends t h a t  a s o l i d s  removal  system  be  included t o  
prr,t ,<.ct the booster  pumps against  wear. 

'i'ren.tment Al te rna t ives  and Sele- 

yo]- a s o l i d s  removal  system t o  work properly and e f f i c i e n t l y ,  i t  should  be 
cnpable  of:  

1 . Removing so l id s   l a rge r   t han  200 micron (0.008 i n c h ) .  

2 .  Absorbin&  shock  loadings. 

3 .  Avoiding  blinding. 

J.I. Disposing  of removed so l id s .  

The removal  system  should  be  capable  of  continuous  operation  even  under  freezing 

and wear, and t o  avoid  treatment  of waste p r io r   t o   d i scha rge ,  shou:td not   requi re  
condi t ions.  It should  minimize  land and supervision  requirements,  water wastage 

chemicals. 

The fol lowing  sol ids  removal  systems  were  considered: 

- Sett l ing  ponds.  

- Coagula t ion   c la r i f ie rs .  

- D e g r i t t i n g   c l a r i f i e r s .  

- Micro s t r a i n e r s .  

- Drum f i l t e r s .  

- Fedin f i l ters.  

- Cyclones. 

Of' these  systems, t h e  d e g r i t t i n g   c l a r i f i e r   b e s t  meets tine cond i t ions   s e t   fo r th  
ahove.  This  selection was ma6.e af ter   reviewing  data  on size d i s t r ibu t ion   o f  
ri.ver s o l i d s  and the   pa r t i c l e   s i ze s   accep tab le   t o   t he   boos t e r  puxps. The 
major i ty   o f   par t ic le   s izes   an t ic ipa ted  i n  t h e  raw water a r e  between 2 .5  mm, 

Tdblt! 4 i n   P r o j e c t  Memorandum V4191/5, Water  Treatment)whereas p a r t i c l e  sizes 
the  [cap between the   w i re s   o f   t he   t r ave l l i ng   i n t ake   s c reens ,  and 0.1 mm ( s e e  

acceptab le   to   the   boos te r  pumps a r e   l e s s   t h a n  0 .2  m. 

A merlin f i l t e r  would c o l l e c t  1,he major i ty   o f   these   par t ic les   bu t   s ince  a media 
f ' i l t e r  is cleaned by means of a reversed  flow whereby o n l y   p a r t i c l e s  smaller 
t h a n  0.1 t o  0 .5  mm (depending on media s i z e s )  can be  back  washed, most o f   t he  
r i v e r  so l id s  would be  trapped  pemanently.   These  solids  could  be  back washed by 

unacceptable  condition. A media f i l t e r ,   t h e r e f o r e ,  i s  n o t   s u i t a b l e   i n   t h i s  
increasing t h e  reversed f low  but   th i s  would also remove f i l t e r  media - an 

awl i ca t . i on  .. as it  would g r a d u a l l y   f i l l  up wi th   so l ids .  
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'rhr, a b i l i t y   o f  a d e g r i t t i n g   c l a r i f i e r   t o   s e t t l e   s o l i d s   w i t h o u t   t h e   a d d i t i o n  of 
chemica1.s depends  not  only on i t s  des ign   bu t   a l so  on the   na ture   o f   the  raw water.  
Based on operating  experience at  the  Ashcroft  and  Lornex i n t a k e s ,   s o l i d s   i n   t h e  
Thwnpson River   water   appear   to   se t t le   very   eas i ly .  However, operat ing 
experience on o ther   degr i t t ing   c la r i f ie rs   opera t ing   wi thout   chemica ls   should   be  
,,t>t,:tined dur ing   f ina l   des ign .  

Treatment Scheme 

Drawing Dblgl-2, Flow Diagram .- I n t a k e   t o   C l a r i f i e r ,  shows the   l oca t ion  of t h e  
,lei:rit.Eing c l a r i f i e r  i n  the   p rocess  flow. Located  between t h e  Intztke  and Uo. 1 
k o s t e r  S t a t i o n ,  it p ro tec t s  a:L1 booster  pumps aga ins t   so l ids .  The c l a r i f i e r  
overflows  into a n  ad jacent   c learwel l .  '30th vesse ls   a re   loca ted  on a 20 m high 
plateau  behind No.1 Booster   Stat ion as shown on Drawing DL191-22. This 
elevated  location  provides  the  necessary  suction  head for the   booster  pumps 
p1.m an additional  head of 3 m (10 f e e t )   t o   p r o v i a e   f o r   f u t u r e   g r a v i t y  

nddi.tiona1  treatment may not  be  apparent u n t i l  a f te r   rany   years  o f  continuous 
I ' i l t e r ing  of t h e   d e g r i t t e d  water to   fur ther   reduce  pump wear. The need for t h i s  

operat ion.  

'The c o n c r e t e   c l a r i f i e r   v a t  would be ?Q m in  diameter,   have h . 2  m hl.gh s i d e  walls, 
he covered by a domed roof and  provided  with  space  heating  to  prevent  freezing. 

bottom  by means of  a ro t a t ing   r ake  mechanism and r e t u r n e d   t o   t h e   r i v e r  by a 
:;olids would be   concent ra ted   in to   the   cen t re   wel l   o f   the   s lop ing   c la r i f ie r  

(rravity-flow  pipeline.  Discharge would be  regulated by a timer operated  valve.  

Suspended  Organic Sol ids  

The suspended r i v e r   s o l i d s   r e f e r r e d   t o  above are   inorganic  - mostly  r iver  sand 
and s i l t .  However, t h e  Thompson River  also c a r r i e s  suspended  organic  solids i n  

s o l i d s  would be  prevented from reaching  the in take  p w . q  by the   i n t ake   t r a sh racks  
the form of logs,   twigs ,   leaves and algae.  Except f o r  the   a lgae ,  most of these  

and t rave l l ing   sc reens .  Those organic   scl ids  which  would pass  through  the 
screens may n o t   s e t t l e  i n  t h e   c l a r i f i e r   a s  some are   l igh ter   than   water .  
Although these   so l id s  would pass  through  the  booster pw.ps, t h i s  is not a 
m n c e r n  as these   so l ids   a re   no t   abras ive .  

The type and ex ten t  of  alg(ae  growth i n  the  Thomoson River i s  discurjsed i n  Beak 
r epor t ,  Suspended  Sediment Charac te r i s t ics   o f  t h e  Thoxpson River and Effects  of 
Al<s.e Growth on Hat Creek  Water Supply  Systems (P.ppendix 18) .  This   report  
concludes  that   chldr inat icn i s  not  required to ccnt ro l   a lgae  grcwt? and t h a t  t h e  
l'hmpson  River  algae would not  cause any opera t ione l   p roblem i n  the  water 
supply  system  provided  the  inside of t h e   c l a r i f i e r  and tank.s a r e  not exposed t o  
sun1 igh t .  

IiooS'ITR STATIOMS 

General 

p ipe l ine ,  would house  the  major  nechenical  equipment - the   booster  pu??ps and 
'"he roos t e r   S t a t ions ,  Yo. 1 near   the   i c take  and Eo. 2 about 9.3 h a long   the  

motors. 

As t h e  pumuing head and discharge would be equal f o r  each s t a t i o n  for the  reasons 
discussed  under SYSTEM CCNFIGVRA'XO~I, the   l ayout  and major  equipment f o r  each 
s t a t i o n  is ident ical .   This   dupl icat ion  reduces equipment  and construct ion  costs  
( V h  ?3l/l) 2 b  



nn(j simplifies  maintenance. The layout  al lows  future  expansion of  bo th   the  
pumphr,use a n d  subs ta t ion .  The pumphouse could  be  expanded  lengthwise and t h e  
substat ion  could  be expanded  sideways. 

'rhc i:ubsto.tion i s  discussed  separately  under POWER  SUPPLY AND DISTRTBUTION. 

1,ocnl:ion - No. 1 Rooster   Stat ion 

Nc,. I l3ooster S t a t ion  would be  located on t h e   r i g h t  bank of  the  Bonaparte  River 
mIJacent t o   t h e  CNR railway as shown on Drawing Dk191-22.  The boos te r   s t a t ion  
:is approximately 450 m downstream  of t h e  Thompson River  Intake.  

The s i t e ,   i n c l u d i n g   c l a r i f i e r ,   c l e a r w e l l ,   s u b s t a t i o n  and boos te r   s t a t ion ,  would 
occupy  approximately 3 hec tares   o f   l and ,   yesent ly   p r iva te ly  owned. Except for 
ci .ar i . f ier  and c l ea rwe l l ,   t he  s i te  would be  surrounded  by a secur i ty   fence   wi th  
locked  gates a t  the  access   points .  

from t h e  highway. A new road   t o   connec t   t he   c l a r i f i e r   t o   t he   boos t e : ?   s t a t ion  
Access t o  No. 1 Booster   Stat ion would require  upgrading of an e x i s t i n g   d i r t   r o a d  

wou1d be constructed.  

?'he opera t ing   f loor   o f  No. 1 Booster   Stat ion would be at  e leva t ion  :301.0 m 
which is. approximately 3 m above t h e  1 i n  100 year   f lood   leve l .  As discussed 
under VATER TREATMENT, t h e   c l a r i f i e r  and clearwel l  would both  be  located on an 
elevated  plateau  approximately 20 m above the   opera t ing   f loor  of No. 1 Booster 
S i a t ion .  The dec is ion   to   use  an elevated  c learwel l   to   provide  the l!IPSH f o r   t h e  
twoster  pumps i s  explained i n  Pro jec t  Memorandum Vk191/7, Suction  Tressure f o r  
thos t e r  Pumps. The clearwel l  would be  an insulated  s teel   tank  approximately 
8 m i n  diameter and 6 m high and  would have an overflow  capable of :returning 
the  output  from f ive   i n t ake  pumps t o   t h e  Thompson River.  The bur ied   p ipe l ine  
from c l e a r w e l l   t o   b o o s t e r   s t a t i o n  would be 1200 m i n  diameter. 

Location - No. 2 Booster   Stat ion 

No. 2 Booster   Stat ion would be  located,  as shown on Drawing Dh191-23, 9.3 km 
dong? the   p ipe l ine  from No. 1 Booster   Stat ion.  The s i te  would be 
at. WI e leva t ion   se lec ted   to   equa l ly   d iv ide   the  pumping head  between t h e  two 
:; tations.  To accomplish t h i s ,  t h e  upper   water   level   in   the  equal izat ion t a n k  
(869 m) has  been  chosen so t h a t   w i t h   a l l   b o o s t e r  pumps running  and The r e se rvo i r  

?!D. I and No. 2 Booster   Stat ions.  The lower water l e v e l  i n  the   equal iza t ion  tank 
a t  maximum full p o o l   l e v e l ,   t h e   t o t a l  dynamic head i s  equally  divided  between 

( e h ?  m) would occur  with  one pump running in each 'boos t e r   s t a t ion  and t h e  

r!.lcvrrtion 8110 m. To obta in   the  20 m suct ion  pressure  required by the   boos t e r  
rr?:;crvoir drawn down. The floor of   the   equal iza t ion   tank  would be  !;et a t  

piimp!:;, the   operat ing  f loor  of No. 2 Booster   Stat ion would be set a t   e l e v a t i o n  
8:.!0 m. 

For estimating  purposes,  the  tank  diameter  has  been  chosen as 14 m 1;o provide a 
m:lximum water   level  change r a t e  of ,0'.61 m per  minute ( 2 f t  per  minute).  The 
t h n k  height  of 35 m i s  considered  sui table   for  a 10 percent  discrepzmcy i n  
r:lted discharge  between  the No. 1 and No. 2 Booster   Stat ions and fo r   t he   va r ious  
opernCing  discharge  rates. 

'I'IIC! qu:il . ization  tank would be of welded s t ee l   cons t ruc t ion ,  on a concrete 

nlld d m i n  pipe.  Although the   equa l i za t ion   t ank  would be  insulated,   dur ing  long 
r i ~ t u ! ~ l : . t . t i o n ,  with a dome roof ,  mushroom vent,   access  hatches,   ladders,   over-flow 

:;hlit,(i<Wns t h e  tank would be  drained  to   prevent   f reezing.  
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1lot;h . the  elevation and s ize   of   the   equal izat ion  tank  should  be  reviewed  during 
Final.  Design. The f ac to r s  which w i l l  determine  the  equal izat ion  tank  s izes  are: 

- The r e s e r v o i r   i n l e t   d e t a i l  as t h i s   i n f l u e n c e s   t h e   s t a t i c  head at  t h e  No. 2 
i looster   Stat ion.  

- The var ia t ion  of   ra ted  heads and discharges between t h e  booster  pumps. 

- The f i n a l  w a t e r h m e r   c o n t r o l   f a c i l i t i e s .  

- Thc d i f f e r e n c e   i n   f r i c t i o n  head  between t h e  two sec t ions   o f   p ipe l ine .  

Aithou(:h the  equalization  tank  could  overflow i n  any  of  the  following 

ortler tha t   co r rec t ive  measures  can  be  taken: 
circumstances,  overflow would be  annunciated a t  t h e  power p lan t   cont ro l  room i n  

- .If a power outage  occurs at  No. 2 Booster   Stat ion,   while  No. 1 continues 
pumping. 

- 11.' a pump discharge  valve at  No. 2 Boos te r   S t a t ion   f a i l s   t o   c lo se   and ' the  
backflow from t h e  second  section of pipel ine  passes   through  the pumps and i n t o  
the  equal izat ion  tank.  

- I f  G grea te r  number of pumps i s  operat ing at  No. 1 Boos ter   S ta t ion   than   a t  
No. 2 Booster   Stat ion.  

Due t o  self-regulat ion by the  tank,   overf low would not  occur when an equal 
number of  pumps are   opera t ing  i n  each  booster   s ta t ion.  

The overflow  pipe from the   equal iza t ion   tank  would discharge  into a concrete 

approximately 60,000 m3 capaci ty   created by construct ion of an embankment 
1.ined t rench.  This trench would d i rec t   the   over f low  to  a s torage  besin  of  

s t r u c t u r e ,  w i t h  a culvert  through  the  bottom. The cu lve r t  would provide  steady 
drainage  of  normal  rainfall   preventing a standing pool from  forming i n  t he   bas in .  
When the   equal iza t ion  t a n k  overf lows,   the   culver t  would be   o f   su i tab le  s ize  so 

w0111.d then  c o l l e c t  behind t h e  embankment, and eventual ly  d r a i n  through t h e  cu lver  
t h a t  only a port ion of   the rated  discharge flow would pas-  through it. The water 

.to natural   water  courses at an  environmentally-acceptable  rate.  A spil lway 
would be  provided to   p reven t  damage t o   t h e  embankment i n  case   the   cu lver t  became 
blocked. If the   cu lver t  were  completely  blocked.  the  storage  basin would 
provide 10 hours of  s torage  capaci ty  at  the  ra ted  discharge.  

The s i t e ,   i nc lud ing   equa l i za t ion   t ank ,   boos t e r   s t a t ion  and subs ta t ion ,  would 
occupy 2.5 hec ta res .  The s torage   reservoi r  would occupy 2 hectares , .  Access 
would be v ia   an   ex tens ion   to   an   ex is t ing   road  which would reauire  upgrading 
to   t r anspor t  heavy  construction  equipment. As  with Yo. 1 Booster   S ta t ion ,   the  
s t a t i o n  will be  surrounded  by a securi ty   fence.  

Layout 

'Thc general  arrzngement  for  both No. 1 and No. 2 Booster   Stat ions i!; i d e n t i c a l  
and i s  shown on  Drawing Dh191-2'4. 



Thc:re would  be  four  booster pumps and  motors  per  station. They would be   a l igned  
nlor,,c the   bu i ld ing   ax is   wi th   the   suc t ion  and d i scha rge   heade r s   Pa ra l l e l   t o   t he  
lijIe pumps and motors.  This  arrangement i s  t h e  most p r a c t i c a l  from 
maintenance,  access,   construction, and cost   v iewpoints   because,   wi th   the  large 
d i , ~ , ~ t , e r   s u c t i o n  and discharge  headers,  any o ther   l ayout  would requi re  a 

i l , l ~ i , l ; , , t , ~  ;iriy 'LOW spots  where solids  could  accumulate.  The 800 mm d i s c h u g e  
,,:r:rp: : cntori pipint:  arrangement. The suct ion  header  would b e  above t h e  floor t o  

t l ~ ~ ; , . ~ l ~ ~ r  w < , u l ~ I  be i n  a trench  approximately  2 m wide  by  2.5 m deep  which would be 
<, ( lv( ! r<<d excep.t a t  each pump discharge l i n e .  

::pxw 1%1' maintenance. The pumping un i t s  would have  approximately 1 . 5  m of 
b ; : ~ +  in~mpinc un i t ,   cons i s t ing   o f  pump and  motor, would have  adequate  access 

I,h(:i I' Icn(:th a l l .ot ted between t h e  pump and  motor f o r  a flywheel  required for 
w:ll.orh;tmmcr cont ro l  and discussed  under Waterhammer Control. 

A n  ac(:ess a i s l e ,   r u n n i n g   t h e   e n t i r e   l e n g t h   o f   t h e   b o o s t e r   s t a t i o n   t o   t h e  
'lwut.in(; bay, would a l so   se rve  as a n  equipment  removal a i s l e .  

The mairrtenance  shop, s tores ,   loading  bay,  washroom and e l e c t r i c a l  'room would be 
ut one  end  of  the  station. Washroom f a c i l i t i e s  would consis t   of  a vash  basin 
and t o i l e t .  Access t o   t h e   s t a t i o n  and loading  bay would be  through a t ruck  
door at  t h e  end of t h e   s t a t i o n .  

A 10 tonne  service  crane would  be  provided to   serve  the  loading  bay  and a l l  

but .excluding  the  suct ion  header .  The e l e c t r i c a l  room would be enc:Losed but  
equipment i n  t h e   s t a t i o n   i n c l u d i n g   t h e   e l e c t r i c a l  room and  maintenance  shop 

The crane would be  an e l e c t r i c ,  pendant  operated,  low-overhead  type  with  single 
removable ce i l ing   pane ls  would be  provided t o   f a c i l i t a t e  equipment :removal. 

hook and would have  such features  as  inching  speeds and j o g g i n g   t o   f a c i l i t a t e  
equipment  assembly. 

Room ven t i l a t ion  would consist  of  package w a l l  units and roof  exhausters.  
HentinF:  would  be provided   by   e lec t r ic   un i t   hea te rs .  

Ceneral  indoor pumping s t a t ion   i l l umina t ion  would be  provided by mercury  vapour 
f i x t u r e s ,   w h i l e   e l e c t r i c a l  rooms and low ce i l i ng   a r eas  would have  f luorescent 
f ix- tures .  Outdoor f loodl ight ing   for   secur i ty   purposes  would consisi;  of  photo- 
e l e c t r i c   c o n t r o l l e d  mercury  vapour f i x t u r e s .  Emergency l i g h t i n g  would be 
i n s t a l l e d  i n  t h e   e l e c t r i c a l  room and o the r   s t r a t eg ic   l oca t ions .  

Rooster Pumps 

The boos ter  pumps and t h e i r   d r i v i n g  motors a r e   t h e  main mechanical  components of  
the  water  supply  system. Each pump would be   ra ted  at  approximately 395 l/s 
(6250 USGPM) and 640 m (2100 f t )  head. 

'Table 5 below gives   the  major   specif icat ions of the   boos te r  pumps. 

Table 5 - Booster Pump Spec i f ica t ions  

'it em 

!iat.ed Iiead 
1inl.ed Plow 
speed 
Nwnber o f  Stages 
!':fficiency  (optimum) 
Wear Ring Radial  Clearance  0.3 mm 0.012 In .  

- Amount (S.1.) h O U t l t  ( ImDer ia l )  

640 m 
395 l/s 

2,100 f t  
6,250 

3,600 rpm 
2 t o  3 

3,600 rpm 
2 t o  3 

80 to a5 p 

USGPM 

80 t o  85 % 
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Mtmy ma.nufacturers  offer  standard  designs of pumps of t h e   s i z e  and s t y l e  
required.  These pumps a r e  used  mainly fo r   bo i l e r   f eed   s e rv i ce   bu t  have  been 
;~dnpted  to   such  services   as :  

- llydrnulic  debarking. 

- :;t,ccl mi l l  descal ing.  

- l'etroleum p ipe l ines .  

- Waterflooding for o i l   i n d u s t r y .  

- Water supply. 

The  above serv ices  a l l  u t i l i z e  some form  of treatment t o  remove s o l i d s   p r i o r   t o  

beinp:  designed  mainly  for  boilel' fee$. se rv ice ,  are of  Droven technology. 
pnmpinr: as i s  intended for t h e  IIat Creek cooling water supply system.. The pumps, 

As pointed  out i n  Pro jec t  Memorandum V4191/6, Number of Booster Pumps, four 
pumpinr: u n i t s  were  'determined t o   b e   t h e  optimum number from cos t  and. a v a i l a b i l i t y  
viewpoints  of  both pumps and motors. As shown on Table 1 o f   t h i s   P r o j e c t  
Memoran(hm, a pump s i z e  of 395 :/s is  qu i t e  common and t h e r e   a r e  many u n i t s  
ope ra t ine   i n   va r ious   s e rv i ces  and at  heads  equal t o  or grea ter   than   requi red   for  
the  water  supply  system.  There  are 8 po ten t i a l   supp l i e r s  of the   boos te r  pumps 
represent ing most major  manufacturers i n  the  world. 

One suppl ier ,   experienced i n  manufacture of water  supply pumgs, recommends 
2 pumps pe r   boos t e r   s t a t ion .  I t  should  be  noted  that  a pump o f   t h i s   s i z e  
(790 I/:;) can  only  be  supplied  and  manufactured by t h i s  one  manufacturer.  This 
a l te rna t ive   could   be   s tud ied   in   F ina l  Resign from an economic  and system 
f l e x i b i l i t y   s t a n d p o i n t .  

As shown  on the  performance  curves on Drawing D4191-26, t h e  pumps were se lec ted  

mnximum system  flow  of  1580 1 / s .  
I;<> de l ive r  395 l/s against t h e  maximum head  of 640 m which occurs   with  the 

The components of t o t a l   head ( f r i . c t i on  and s ta t ic   headlare   'hot   equal   for   each 
st.nt,jon, and are as follows: 

S ta t ion  No. 1 Sta t ion  No. 2, 



- SANDWCLL 

'1%~: booster pumps would be   e i the r   vo lu t e  o r  d i f f u s e r   s t y l e   u n i t s  depending on 

decisinn on pump type would be  based on cos t  and e f f i c i ency   r a the r   t han   s ty l e  
suppl ier   s ince  both  types can meet t h e  head and flow  requirements. 'The 

s ince  there  i s  l i t t l e   d i f f e r e n c e  i n  t h e i r  performance o r  r e l i a b i l i t y .  

'rhe pump would be  of a single  case  construction  and would have 2 o r  .3 s tages ,  
depending o n  suppl ie r .  It should  be  noted  that from a wear s tandpoint ,  
'3 stayqes  would be  preferable   because of  the  lower  head  per  stage. 

To prevent   cav i ta t ion ,   the  NPSH (net  positive  suction  head)  requiremt?nt.must  be 

p ~ u n p  is operat ing.  The maximum NPSH requirement  varies from 18 m t o  4 1  m 
!;nti:jt'ied at  t h e  most c r i t i ca l   ope ra t ing   cond i t ion  which occurs when only  one 

:~.ccording t o  pump manufacturer  based on double  suction first s tage .  Although 

r > T  a s inEle   suc t ion  first s tage,   only 20 m of s t a t i c  head i s  a v a i l a b l e   f o r  No. 1 
No. >? Rooster   Stat ion  could  be  located  a t  a su i t ab le   e l eva t ion   t o   pe rmi t   t he   u se  

14mster   Stat ion.  'kis corresponds t o  an ava i l ab le  NPSH of 28 m which does  not 
pcrmit t h e  use  of a single-suction first s t age   bu t  meets the  requirement  of a l l  
but two booster  pump suppl iers   for   double-suct ion first s tage .  To reduce  spares 

T I C  double-suc t ion   f i r s t   s tage .  
a n d  improve in te rchangeabi l i ty ,  a l l  booster  pumps would be   i den t i ca l  and would 

:;ince  one  percentage  point i c  pump eff ic iency  has  a present  worth  of $300,000 at  
Booster pump ef f ic ienc ies   quoted  by suppliers  range from 80 t o  85 percent .  

20 mil:l/kWh, the  system must be  designed t o  pump Eost   f requent ly   a t   or   near  its 
R.E.P. (Bes t   Ef f ic iency   Poin t ) .  To obta in  maximum eff ic iency,   suppl iers   can,  by 

eva.l.uat,ing tenders ,   the   guaranteed  eff ic iency and locat ion  of  3.E.P. should  be 
choice of impeller  design or trim, s h i f t   t h e   l o c a t i o n   o f   t h e  pump B.E.P. I n  

tnk&  into  account   to  make a f a i r  comparison of all bidders .  

For the  pump eff ic iency  curve shown on Drawing D4191-26, the  efficiefi.cy  drops from 
the D.E.P. w i th   l e s s   t han  four pumps operating.  This i s  acceptable  provided 
that the   des i r ed  mode of  operat ion i s  with a l l  four pumps operating. The 
o d e c t e d  pumps should  have  the B.E.P. spec i f i ed   a f t e r   t he  mode of operation  has 
been  determined. If the  mode of operat ion i s  not known at  the  t ime o f  
order ing,   then  individual   eff ic iency  points   should  s t raddle   the B.E.P. 

m u s t  be  taken   to   ensure  t h a t  quoted  eff ic iencies   are   based upon clearances 
Since  the m a x i m u m  e f f i c i ency   g rea t ly  depends upon t h e  wear r ing   c learances ,   care  

spec i f i ed  i n  the purchase  inquiry.  

Although the   boos te r  pumps w i l l  be   direct ly   coupled  to   nominal ly  3600 rprn  motors, 

pump speed  as low as   p rac t i ca l ly   poss ib l e  i s  desired.  Only one  supplier  could 
the   ac tua l  pump speed is  about 3575 rpm at full load. To minimize  wear, a 

submit. a proposal for a pump oper-ating at 1800 rpm and pumps of   the  s . ize  
required  for 1800 rpm(1arger  and more s t ages )  have  not  been  manufactured t o   d a t e .  

Alt;houch 1800 rpm motors a re  more readi ly   ava i lab le   than  3600 rpm motors,  they 
woi1l.d require   speed  increasers   to   br ing t h e  pump speed t o  3600 rpm. The use  of 

maint,enance  problems; and power l o s s .  A sui tably-s ized  gear  unit would have an 
::peed increasers  i s  not  favoured  because  of  high  capital   cost ,   extra 

efr ic i .ency o f  approximately  98.5  percent  and  the  cost  of  the power 1 ~ ~ 3 s  i n  gear 
unil.:: wnuld have a present  worth of $450,000. 



Therefore,  because of the  high rpm required for the   boos te r  pumps and t h e  

provided   pr ior   to   the  pumps t o  cmsure that   reasonable  pump l i f e  can be 
rp- l l l t ing   e f fec t  on wear, it i s  absolutely  necessary  that   water  trea.tment  be 

obtained. As expla ined   ear l ie r ,  a d e g r i t t i n g   c l a r i f i e r  would remove t h e  
!;u:;pended s o l i d s .  

A:: ~ , I I c  wear '  r i n g  clearance  increases ,   eff ic iency  drops.   Therefore ,  a wear r ing  

rible I,<> s o l id s  w i l l  not  be  excessive.  Although  this i s  s l igh t , ly   l a rger   than   the  
v:dL:t't c.l.e:yrance of 0.3 mm (.OX inch)   should   be   spec i f ied   to   ensure   tha t  wear 

s t a n c k w d  wear r ing   c learance  and produces a i r   e f f ic iency   decrease   o f   about  
1 percent ,  it i s  f e l t   t h a t   e x c e s s i v e  wear  would r e s u l t  i n  more down time if a 
: ; m a l  1.er cl.earance i s  specif ied.  

'The c l a r i f i e r  would be  designed  to  remove p a r t i c l e s   l a r g e r  t h a n  200 microns 
which should  be  re la t ively  easy.  The  pumps would be  expected  to  pass 
p: t r t ic les   smaller   than 200 micrcns  without  excessive  wear. 

'Vie metallurgy  of  the wear r ings  i s  as c r i t i c a l  as the   r ad ia l   c l ea rance .  It 
must be s u f f i c i e n t l y   h a r d   t o   r e s i s t  wear and of sui table   metal lurgy to r e s i s t  
cor rns ion  by r iver   water   ye t  s t i l l  be   r ead i ly   ava i l ab le .  As with  intake pumps, 
the Fina l   me ta l lu ru   s e l ec t ion  would be  based on ha rdness ,   ava i l ab i l i t y  and 
cos t .  

Mechanical s e a l s  o r  t h ro t t l e   bush ings  would be   spec i f ied  for  the   boovter  pump 

purging. The seal  water,  approximately 0 .5  l/s per  pump, would be  tapped  off  
stuffing  boxes.  They would be  of  a type   u t i l i z ing   c lean   f lush ing   water   for  

t,he first s tage  of   the  booster  pump.  The water would be  cleaned  by  in-line 

designed t o   o p e r a t e  at  approximately 100 kPa over  suction  pressure,  an o r i f i c e  
cyc lonic   separa tors   before   pass ing   to   the   sea ls .   S ince  t h e  s t u f f i n g  boxes are 

would be  required t o  reduce  the .pump pressure.  

l'he th rus t   bear ing  would b e   e i t h e r  a pivot-shoe or Michel-pad type,  depending 
on  suppl ie r .  

When the  power supply t o   t h e  pump motors i s  interrupted,  the  system i s  designed 

motors up t o  120 percent  of  rated  speed. Waterhammer pressures  which a r e   l e s s  
to a l low  reverse   f low  to   the   p ipe l ine  and  subsequent ro t a t ion  of t h e  pumps and 

than  the pump shut-off  head, wou:td not  cause  concern. The  pumps  wou1.d have 
instrumentation t o  ensure that  the  bear ings are s t i l l  lubricated  during  reverse  
rwt,tLt.ion. Pump bearings would be   s leeve- type   wi th   forced   o i l   lubr icakion .  
Cnuplings  between  motor and pump would be of  gear  type.  

'Phc so l ind  pressure  levels   generated by t h e  pumps w i t h i n  t he   s t a t ion   a r e   e s t ima ted  
to be? n o t  more than 90 dBA at  a d is tance   o f  1 metre .   This   level  i s  adequate t o  
rflcct. the  Workers'  Compensation  Board  requirements  for  an 8 hour  exposure  as 
out:l..ined i n  Section 13.21 of   thej , r   Industr ia l   Heal th  and Safety  Regulations.  

The f'ol.lowing items would be moni.tored to   ensu re   t ha t  a pump would not operate  
d u r i n K  a malfunction: 

- O i l  pressure.  

- Oil temperature. 

- ::ea: water  pressure.  
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- Cas inK temperature. 

- Suction and discharge  pressures .  

- Vihration. 

7 ' h r s c  .items would be in t e r locked   t o   s top   t he  motor of the   defec t ive  unit and 
~ r l 1 1 1 . d  br?  mnnnc ia t ed   a t   t he   cen t r a l   con t ro l   s t a t ion .  

- Mn1,ors and  E l e c t r i c a l  System 

'I'he motor ra t ing  for   prel iminary  design,  3600 kW (4800 hp) i s  ca lcu la ted  for t h e  
maximum load  condition which occurs when only one pump i s  operat ing.  As shown on 
Drnwing D419l-26, for  average  conditions of head a t  560 m, f low  capacity at  

However, the   h igher   ra t ing  motor has been  selected  to  cover most of t he   va lues  
11.15 l./s, and eff ic , iency at 76 percent ,   the   average power requirement i s  3400 kW. 

qnoted by p o t e n t i a l  pump suppl ie rs .  

F:ach  pump would be   d i rec t ly  cou.pled t o  a 3600 kW (4800 hp) 3600 rpm, 41.60 V, 
60 Hz, 3-phase induction-type  squirrel-cage  motor which would be  horizontal ,  

closed-circli i t   type.  The se rv ice   f ac to r  would be 1.0.  
I'rlotrnounted and water  cooled. The s t a t o r  and ro to r   a i r   coo l ing  would be 

The snund pressure   l eve l  of  t h e  motor a t   f u l l   l o a d   s h a l l   n o t  exceed 90 dBA, 
measured  one  metre away from t h e  motor. Sound absorbing hoods could  be employed 
t o  obtain a lower  sound pressure   l eve l  if required  for  environmentdt  reasons. 

would be  protected by resis tance  temperature   detectors  (RTD's) agains t  
'The motors  'would  have  s,leeve  .bearings w i t h  forced o i l   l u b r i c a t i o n .  The bearings 

overheating  and  could also have vibrat ion  detectors   a t tached.  

Mot.r>r windings would have embedded RTD's which  would be  incorporated  into  the 
pro tec t ive   re lay ing  scheme for the  motors. 

Dir r i .ng  shutdowns,  condensation would be  prevented by hea ters   loca ted   ins ide   the  
motcr enclosure.  

!~l~~.t~!r-ccmled  motors have been  selected  ra ther   than a i r  cooled. A forced-air  
c ~ : m I i . n ~  system on each  motor cons is t ing   o f  a f a n ,   f i l t e r ,   i n t a k e   l o u v r e s  and 
d u c t i n , q  wou1.d cost  approximately $30,000 per  motor  while  water  cooling would cos t  
apprrJxirnately $lS,OOO. The water-cooled  motor would a l so   t ake  up much l e s s  
:ipnct: t h a n  an equivalent  forced-air  cooled  motor. The water-cooled  heat 
excl~:?.n~er would dampen  some sound, r e s u l t i n g  i n  a qu ie t e r  motor than   the  air- 
C O I I  I <?ll type.  

For. preliminary  design it i s  as:;umed t h a t   t h e   a d d i t i o n a l   i n e r t i a   r e q u i r e d  for 
waterhammer pro tec t ion  would be  provided by a flywheel  situated.between  each pump 
and motor.  During  Final Design.,  motor suppliers  should  be  asked if the   addi t iona l  
i.ncri,ia  could  be  provided by inc reas ing   t he   ro to r   s i ze   t hus   e l imina t ing   t he  
srqmrnte  flywheel. The m a x i m u m  a l lowab le   t o t a l   i ne r t i a  of t h e  pump, motor and 
?lywheeI. has heen .se lec ted  as t h e   i n e r t i a   t h e  met3r can acce le ra t e  from zero t o  

:? ta r t ing   cur ren t  and would conslune a negi ib le  .mount of power. 
C 1 i l . I  speed i n  16 seconds. The flywheel  does not   affect  t h e  magnitude of t h e  
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~%~:;t welj.-knom  national and internat ional   manufacturers  can SuPP1.Y motors  of 

:;tandard  cat,,alogue  items b u t   a r e  custom  designed and can  be  ta i lored 
,,he kilowatt  and speed  rating. Mptors of  the  required power r a t i n g   a r e  

r,,of,(~,r (lata received frQm several.  motor  manufacturers showed the  following 
c,oz;,?ly to t h e  requirements of  the  system  and  driven  machine.  Preliminary 

t , y p j c n l .  spec i f i ca t ions :  

Item-, 

Eff ic iency at  T%ll load  96 - 96.8 Z 
Xfficiency a t  3/'+ load 96 - 96.5 $ 

Power f a c t o r  at  f u l l  load 85 - 59.7 
Power f ac to r   a t   3 /4   l oad  82 - 91.1 

Locked ro tor   to rque   as  a % 60 - 125 % 
of f u l l  load  values 

Pull-up  torque 60 - 125 % 

Break down torque 225 - 250 % 

Locked ro to r   cu r ren t  550 - 630 % 

- Range 

Final  Design when load  :requirements,  energy  costs and systenl vol tage 
fluctuations are known, e f f e c t s  of va r i a t ions  i n  motor e f f ic iency ,  power f a c t o r ,  
t,orque-speed c h a r a c t e r i s t i c s  and  locked  rotor  Current would be  eval.uated. 

For economic reasons ,   fu l l -vo l tage   s ta r t ing   (across- the- l ine   s ta r t ing)  would be  
employed f o r   t h e  3600 kW pump motors. I n  o r d e r   t o  minimize vol tage drop and 
o the r   d i s tu rbances   t o   t he  power supply  system,  the  control  logic would ensure 
t h a t  a. pump cannot be s t a r t e d   u n t i l   t h e   u r e s i o u s l y - s t a r t e d  pwnp nas accelerated 
t o  i ' u l l  speed.  These l a rge  motors  can  only  be  started  twice  consecutively 

pe rmi t t ed   t o   coo l   t o  t h e  design  ambient  temperature of LO°C before  attempting 
from a. cold state and once  only from a h o t   s t a t e   a f t e r  which t h e  .motor must be  

t o   r e s t a r t .  

A system  study  should  be  conducted by B.C. Hydro during f i n a l  des ign   t o  
accura te ly   de te rmine   the   t rans ien t   e f fec ts  imposed on t h e  B.C. Hydro power 
t;rnnsmission system by t h e  s ta r t ing  of t h e s e   l a r g e  purnp motors i n   c r d e r   t o  
v e r i f y   t h e   f e a s i b i l i t y   o f   f u l l - v o l t a g e   s t a r t i n g .  As it i s  not  expected  that  
t h e  conclusions from tn i s  study will differ.from th i s   p re l iminary   inves t iga t ion ,  
$1; 1 r~*mnce for any form of  reduced  voltage startinp: has  not  been made i n   t h e  
w!~.t rs t imnte.  

'l'hr: 11 160 V motor s t a r t e r s  would be   o f   the  air circuit   breaker  type.   Sub-feeders 
i ~ r ~ u l d  b e  protected by c i r cu i t   b reake r s   t o   avo id   s ing le  .phasing  proklems. 

Althoueh  riot  shorn' on the  Single  Line Diagram, t h e   c o s t   f o r  a perce:atage 

o f  d i r f e r e n t i a l   p r o t e c t i o n  would be  confirmed  during f i n a l  design. 
d i f f e r e n t i a l   p r o t e c t i o n  scheme has been  included i n  the   es t imate .  '?he necess i ty  

171.1 ittotor feeders would have  running  hour  kilowatt  and  current  mete:ring. 
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A n  ~mdervoltage  relay  connected  to  the  switchboard would t r i p   t h e   f o u r  pw,p 
motors on loss of voltage  to  prever, t  a.  common automatic  re-start  cf a l l  motors 
uprm restoration  of  the  supply  voltage.   Sub-feeders would not  be  t.ripped. 

::inert t he   boos t e r   s t a t ions   a r e   e l ec t r i ca l ly   i den t i ca l  ( w i t h  the  exception  of 

xppl..y rq11a I .1~   t o   bo th   boos t e r   s t a t ions .  
' . : i f?  addi t ional   intake  feeder   a t ;  No. 1 Booster   Stat ion) ,   the   fol lowing comments 

'%t! r :~ . cc t r i ca l  room l ayou t   fo r   t he   boos t e r   s t a t ions  i s  shown  on Drawing 
!)!.!.!'1-211. The e l e c t r i c a l  room would be  located  adjacent   to   the power 
tra.nsformer.end O f  t h e  69 kV incoming  supply  sub-station i n  order   to   keep   the  
main 11160 V feeder   cab le   l engths   to  2 minimum. 3 e s e   f e e d e r   c a b l e s   a r e  

centre   of   the   switchboard  in   order   to   reduce  the main bus  bar  size  requirement 
terminated i n  the  incoming sec t ion  of the  kl60 V switchboard,   located  in   the 

The e l e c t r i c a l  room would a l s o  house  transformers;  panels,  marshalling  boxes, 
:r.n4 cont ro l   cab ine ts .  

A smal l   ba t te ry  room, access ib le  from t h e   e l e c t r i c a l  room, would house t h e  
s b t i o n   b a t t e r y  t o  provide  the 125 Volt CC-power reQuirEd  for   t r ipping and 
c los ing   the  69 kV main c i r cu i t   b reake r  and t'ne bl6C ?I s t a r t e r s .  

Control  panels  containing a l l  loca l   con t ro l s  and instrumentation would be 
located on the  pump operat ing floors. 

Motor pro tec t ion   surge   a r res te rs  would be  connected to   the  switchboard  bus 
r a t h e r  t h a n  to  individual  motors at  the i r   respec t ive   t e rx ina ls .   This  i s  t o  
a.void the  complicat ion  of   their   inclusion i n  the   t e rmina l  box. P, review of 
t h i s  would be   car r ied   ou t   dur ing   f ina l   des ign   to   ensure   tha t   the   co tors   a re  
adequately  protected from switching  surges.  

600 Volt  has  been  selected  as  the nominal vo l t age   fo r   t he   aux i l i a ry  pumping 
s t a t ion   s e rv i ces .  

The 1 . 5  MVA 4160/600 V power transformer,  which would be  located i n  t h e  

be  fed from a fu l ly- ra ted   c i rcu i t   b reaker   in   the  4160 V IICC. I n  addi t icn  t c  
incoming  supply  substation  immediately  outside  the  electrical  room, would 

the p m t e c t i v e   r e l a y i n g  for thj .s  o i l - f i l l ed   t ransformer  shown  on t h e  Single  

high  temperature at  the  t ransformer.  The secondary  side o f  t h i s  power 
Line Diagram (Drawing  D4191-28), t he re  would be  alarms for low o i l   l e v e l  and 

transformer would be  ccnnected t o  2 600 V circui t   breaker   switchboard which 
w o u l d  feed two 600 v s t a t i o n   s e r v i c e  M C C ' s .  

A I  I 6,110 s t a r t e r s  would be  fused-contactor  type for ful l -vsl tage  (across- the-  

rnot,ors and feeders  connected t o  MCC's  would be  provided  with  standard 
i i n t ? ;  s tar t ing 2nd each would have i t s  own cont ro l  power transforrner. All 

indus t r i a l - type   e l ec t r i ca l   p ro t ec t ion .  
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One 1.500 kVA 4160/600 V power transformer would be  s tored at  t h e  power p l an t  
warehouse to   s e rve  as a stand-by un i t   fo r   bo th   boos t e r   s t a t ions  and the   i n t ake  
s t a t i o n .  One 14160 V and one 600 V s t a r t e r  of each  size  used would be 
.inst,alled at  each  respective MCC t o   s e r v e  as a s t a n d - b y   u n i t   t o   f a c i l i t a t e   f a s t  

: : t . ruc t~~re  at  each MCC would a l so  be provided. Costs f o r   t h e s e  stand-by 
re::;toration  of  service after a starter f a i l u r e .  An empty spare   cubicle  o r  

crvnponcnts are  included i n  the  es t imate .  

P i p i n g  

A l l  pi.ping would be  carbon  steel  w i t h  wall thickness  designed f o r  waterhammer 
pressures. The suction  pipe and f i t t i n g s  would be ND 25 r a t i n g  and t h e  
(i tscharge  pipe and f i t t i n g s  would be  ND 40 r a t i n g .  

'he   boos te r  pump supply  header, 1200 m i n  diameter,  is s i z e d   f o r  a maximum 
ve1ocity  of 1 .2  m/s. 

The suction  branch  for  each pump would be 600 mm and  have an expansion-vibration 
couplin8, a shut-off  gate  valve,  and a magnetic  flowmeter.  This  fl.owmeter 
would he i n s t a l l e d   f o r   t h e  fo1:towing purposes: 

- ' Po  a s s i s t   i n  performance  testing  of  booster pumps. 

- TO measure t o t a l  flow t o   r e s e r v o i r .  

- To assist i n  leak   de tec t ion .  

- To a s s i s t  i n  ve r i f i ca t ion   o f  waterhammer analyses 

- TO determine wear r a t e   o f  pumps fo r  preventative  maintenance  purposes. 

ball valve  for  shutof f .  The 800 mm diameter discharge  header would be an 
The discharge piping from each pump wouli  be 350 mm diameter  with a n  a i r -actuated 

extension  of   the main p ipe l ine .  It would l i e  i n  a t rench below t h e  f l o o r  at  an 
e l eva t ion   su i t ab le   t o   b r ing  it below f r o s t   l e v e l  where it emerges  from t h e  
pumphouse. 

V n l  ve!i would be  the  fully-opening  type  because  suspended  solids i n  the  water  
would erode any valve  e lements   direct ly  i n  t h e  flow. Valves su i t ed  for  t h i s  
se?,vi(:e would be   e i the r   ga t e  o r  bal l  types  which, when ful ly .ooen,  l"o not 
n ix t ruc t   t he  flow and therefore:  minimize  head loss and wear. 

R ' I I  vn.lvec on t h e  pump d ischarge   l ines  would have ei ther   pneumatic ,   e lectr ic ,  
i,r' manual  ope ra to r s   s i zed   t o  open  and c lose   the   va lve   aga ins t  full 
( i i  r f e r en t i a l   p re s su re  i f  necessttry. 

The discharge  bal l   valve,   not   designed  to   be  used for flow  regulating  purposes,  
must be sized  to  take  the  pressure  drops  encountered  during  opening and c los ing .  
The ball valve would have a pneumatic  operator t o  open  and c lose  at  a p r e s e t  
ra te  i n  accordance  with waterhanuner protection  requirements.  



Vibr:l.tion and expansion  joints would be provided i n  t h e  pump suc t ion  lines but  

di.:;Chnx'i.e piping would be  designed t o  accommodate s t r e s s  due t o  exp;msion  and 
C : l n n o i ,  tic i n s t a l l e d  i n  the  discharge  l ines   because of .the  high  presrSure. The 

C r m t i - n C t i ~ n  of t h e   l i n e  from  temperacure  and  pressure.  Discharge pj,peline 
c!rnirmy i s  liscussed under  sec-tion PIPELINE DESIGN - Drain valves. 

AIIX i I i.;rry. Equipment 

!,. c.,,~l.~,r~,i V : ~ I . V F :  a.nd preusure-redccin~  system  to  reduce  the f u l l  pump discharge 
A ?  I , ~ , ~ ~ o ~ ! ~ I  the troostcr pwttps could be  used t o   f i l l   t h e   p i p e l i n e ,   t h e y  would requi re  

t , r c ~ : : : : ~ ~ ~ ~ ~ ?  to the l i ne   p re s su re  wh ich ,   du r ing   t he   i n i t i a l   f i l l i ng ,  i s  near 
: l t ,~~ ,~ : :p~ l (~ r j .  (1. Control valves and pressure-reducing components are undesirable  
IW~.:,.IE~,.. o r  kith noise   l eve ls ,   wear ,   cos t ,  and  maintenance.  These  va.lves and 
,.,~II,~~,,I,~.I,~,:; w ~ u l d  have t o   b e   i n s t a l l e d  on a t   l e a s t  two booster  pumps p e r   s t a t i o n  

vt , , r j  : I , ~ I  E speed dr ives   for   the   boos te r  pumps would be  an a l t e rna t ive   bu t   t he  
L C ,  ,: , ; : : : re t h a t  p i p e l i n e   f i l l i n g  would not  be dependent on me booster  pmq. 

C O : ; ~ ,  w0111d be   prohib i t ive .  Also, the  booster  pumps would have t o   o p e r a t e  nea r  
I .ho . i r  minimum flow capaci ty  which i s  not  advisable  because  of  heating  of  the 
lvlllirl i n  the  pump and poss ib le   cav i ta t ion .  

' r h ~ c r ~ r e ,  to fill t h e   p i p e l i n e ,  a separa te  f i l l i n g  system would be providc-d at  

11r:~winp ~4191-27. The f i l l i n g  system would have an average  flow  capacity of 
r ach   s t a t ion   a s  shown  on Flow Diagrams Dk191-3 and Dk191-4 and as described on 

611 'I /S (1000 USGPM) which  would f i l l  t h e  l i n e  i n  approximately 48 ho.urs. The 

r l i r ferent   to   obtain  the  requj-red  discharge  heads.  
r i l l  pumps would have t h e  same s ize   casings  but   the   impel ler   diamete:rs  would be 

Motor-cooling  water would be   t apped   o f f   t he   f i r s t   s t age   o f   t he   boos t e r  pumps, i n  
a method similar to   the   sea l   water   supply ,  w i t h  pressure-reduction ori:' 
before   the motor heat  exchanger. The warmed water would be   re turned   to   the  

i l c e s  

.;uct;ion header. Water requirements would be   l e s s   t han  k 11s per  motor. 

The potable   water   for   both  Booster   Stat ions would be  tapped from t h e  suct ion 
header and chlor inated by a small packzge un i t .  

h c h  pump and motor s e t  would have a common o i l   lubr ica t ing   sys tem  wi th   o i l  

'vsed fvr star t -up and would have i ts  own e l e c t r i c  motor d r ive .  ?"ne o the r  pump 
f i l t e r ,   r e s e r v o i r ,   c o o l e r  and two gear-type o i l  punps. One o i l   p u p  would be 

w r m l r f  be  driven from a gear on t h e  purr.? shaft. Each pump would have a curb 

m l l e c t  seal   water   as   wel l   as  any o i l  o r   w a t e r   s p i l l s ,  An o i l  skimming system 
:I.r<hrnri it,s base  to   contain any o i l   s p i l l s .  The discharge  pipe  trench would 

wnter is directed  to   natural   drai .nage  outs ide  the pumphouse. 
wo111d be i n s t a l l e d  i n  t he   t r ench   t o   s epa ra t e   t he   o i l  from the  water   before   the 

% I  provide  air   for  the  pneumatica.l ly-operated  valves,   each  station wo.lld have 2 
WqXTssors supplying a 250 l i t e r   r e c e i v e r .  In  the  event  of a power f a i l u r e ,  
Lhere would be enough capaci ty  i n  the   rece iver   to   c lose  a l l  necessary  valves. 

::.inCf? the   booster  pumping s t a t i o n s  would be  constructed  of  non-combustible 
r o n c r r t ~ ?  and s t e e l  and s i n c e   a l l   c a b l e   t r a y s  would be i n  covered  t ren( :hes ,   f i re  
irlsllr;.lnce underwriters  only  require t h a t  f i re   ex t inguishers   be   p rovided .  

Battery-operated emergency l i g h t i n g   u n i t s  would b e   i n s t a l l e d  i n  the  e].ectyical  
rown and o t h e r   s t r a t e g i c   l o c a t i o n s .  



--- SANDWLLL -- 

1'rnvi::ions would be made at  each   boos te r   s ta t ion  for pneumatic  operation  of  the 
r1r:r.i r l  val.ve  during. a power outage. 

: ' l . r !~(~l ,~~ra: l .  and Archi tectural  

w:l.l I : m t l  roof deck  panels. Sound  and thermal   insulat ion would be  provided by 
II.IC, : : t , ~ ~ ~ : i , u r e  would consist   of a s t e e l  frame with  pre-cast  concrete 

I .i t t i  n,: t.he i n s i d e  face  of   the  pre-cast   concrete   panels .  

' I ' k  :u-chitectural  concept shown on Drawing D4191-25 i s  d i rec ted  towa:rds 
I>I<?nclin,: t h e  boos t e r   s t a t ions   w i th   t he i r  immediate  surroundings  through  the 

* - I ~ ! v ; ~ t i o n  between the  pumphouse and s l o p i n g   t e r r a i n ,  i s  screened from  view  by t h e  
I I : : , ~  of '  preco1,oured  concrete  panels. The subs ta t ion   loca ted  at  an intermediate 

~ ~ \ m p h u t l s e .  

A I .  No.  I. Boos t e r   S t a t ion ,   t he   c l a r i f i e r  and c learwel l   a re   loca ted  on an  upper 
I , w c : h ,  and a re   pa r t i a l ly   s c reened  by  landscaped berms  moulded to   blend  with 
ILIK? st i r rounding  terrain.  

,,'. I ,.I I rt 1;enance 

, I  

" 

h : : e  o r  maintenance  and r epa i r  are important  considerations when choosing'   the 
t~<~c>! ; t , ? r '  s t a t i o n  equipment and tihe equipment  layout  should  be  such  that all areas  
nrc t tasily  accessible  for  maintenance. 

7'hc booster  station  equipment  has  been  arranged so t h a t  a l l  pumps and motors  are 
c:x.si.ly access ib le .  Each  pumping unit   bas  about 1 . 5  metres of c l e a r  :jpace 
:irounB it , .  A v o l u t e   s t y l e  pump, wi th   t he   ca s ing   sp l i t   ho r i zon ta l ly ,  i s  
re:l.;lt;ively  easy to   repa i r   because   the   top   ha l f   o f   the   cas ing  can  be e a s i l y  
rwnt,vorl, exposing  the  ent i re   rotat ing  assembly  for   inspect ion.  The d i f f u s e r   s t y l e  
~ w m p  1-equires more time t o  open fo r  inspect ion o r  disassembly.  This  should  be 
considered when comparing  bids. 

Al'l mechanical  spares would be  stored a t  t h e  power p lan t  f o r  s a fe ty  and inventory 
pwr;x>ses but   lubr icants  would  be s t o r e d   a t   t h e   b o o s t e r   s t a t i o n s .  Two spare  
r'c,tatinp,  assemblies  complete w i t h  shaf t ,   impel le rs  and  wear r ings  would be 

:i:::;<!mbled ro ta t ing   e lement   could   be   ins ta l led   in  much less time than  individual  
::t,(x:lted ra ther   than  individual   wearing  par ts .  This is  advantageous  because  an 

;,art.:; m i l d  be  replaced. The  worn o r  damaged rotating  assembly  coul6  then  be 

c<mdi t..Lons. The repaired  assembly would then become the   spare .  
t d t ( s I ~  t.o .the power p l an t  t o  be  repaired,   without  haste,   under good working 

. ,  

'!'he work shop  provided at  each  booster   s ta t ion i s  only  for  day-to-day 
i:.:r.i:~tenance tasks, and  only  tools  necessary  for minor r epa i r s  would be provided. 
F?a.jol' r e p a i r  work  would  be  performed at  t h e  power plant  maintenance  shop. 

I.. 

,,per.atiny  cond.itions of equipment,  maintenance  crews  need  only v i s i t   t h e   s t a t i o n s  
. , ! t w c  the   hoos. ter   s ta t ions would be  monitored  by  instrumentation  for data on 

week.ly fo r   v i sua l ,   v ib ra t ion ,  ant. miscellaneous  chedks. . 



Operation and Control 

OPERATION AND CONTROL OF THE.SYSTEM. This description  provides  f t lr ther 
The overall   operation  and  control  system is descr ibed  under   the  sect ion,  

d e f i n i t i o n  of  t h e   p a r t  of the  system  within  the  booster  stations. 

The booster  pumps would be  control led and opera ted   remote ly ,   S igna ls   to   s ta r t  
pumping, o r ig ina t ing  from the  power p l a n t ,  would  be  received by t h e  

prevent  improper  operation of t h e  pumps were s a t i s f i e d ,   t h e  pumDs would start. 
te lemeter ing   sys tem  a t   the   boos te r   s ta t ions .  If all in ter locks   p rovided   to  

When t h e  pumps reach.  rated  speed,  the  pneumati 'cally-operated pump discharge 
valves  would  then  open a t   ad jus t ab le   p re se t   r a t e s   t o  minimize  pressure  surges 
i n  the   p ipe l ine .  

The self-regulat ion  funct ion of the   equal iza t ion   tank  i s  discussed.  under SYSTEM 
CONFIGURATION. The booster  pmnp discharge  valves   are   only for  i s a l a t ion   du ty  

both  the  c learwel l   and  the  equal izat ion  tank would be  monitored  continuously. 
and stopping and s t a r t i n g  pumps - not   for  flow cont ro l .  The 1iqui .d   level   in  

Low c l ea rwe l l   l eve l  and  both %ow and h igh   equal iza t ion   tank   leve ls  would be 
annunciated at the power p l an t   con t ro l  room. If cor rec t ive   ac t ion  were  not 
taken,  low  level  switches on both  the  c learwel l   and  the  equal izat ion  tank 
would immediately  shut down al.1 booster  pumps t o  prevent   cavi ta t ion damage. A 
high  level  switch on the   equal iza t ion   tank  would shut down No. 1 Xooster 
S t a t ion  pumps to  prevent  unnecessary  overflow. The normal  shutdown  procedure 

then   s top   the  pumps. 
for the   boos te r  pumps would be to   c lose   the   d i scharge   va lves  at a   p re se t   r a t e ,  

Operating  data  such  as suction. and  discharge  pressure;vdve  posi t ion e k .  w o u l d  
be   t e lemetered   to   the   cen t ra l   cont ro l   console   in   the  power p l a n t .  

The following  auxiliary  equipment would be  .contained  in  each  booster  station a n d  
would  be  controlled  as  noted: 

Item - Control Mode 

Two a i r  compressors Automatic/bcal  Manual Overrid 
Two l i n e   f i l l i n g  pumps and  valves Local manmml 
Line  drain  valves Remote manual 
Space  heaters  Automatic/Local Manual Overrid 

The fo l lowing   loca l   in te r locks  would be provided   in   addi t ion   to   those   in te r lock  
normally  provided  with  the  equipment,  and  would  inhibit  the start command from 
t h e   c e n t r a l   s t a t i o n .  

Pump discharge  valva  not  closed 

Low c l ea rwe l l   l eve l  (No. 1 Booster 
Local  equipment i s o l a t i o n  

Low equal iza t ion   tank   leve l  

Suction  valve  closed 
(No. 2 booster 

Air pressure low 

L i m i t  switch 

*) Level  switch 
Hand switch 

' )  Level  switch 

Pressure  switch 
L i m i t  switch 
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me fol.lowing in t e r locks  would be  provided  through  the  central   control   logic  and 
would i n h i b i t   t h e  start command: 

Item Device 

Pipel ine  drain  valve open L i m i t  switch 
If igh equal iza t ion   tank   leve l  

(No.1  Booster)  Level  switch 
Fipe3.ine  not fu l l   Pressure   swi tch  

- 

PTl'I!:J, I NF: ROIJTE 

General 

The se l ec t ed   p ipe l ine   rou te  i s  shown i n   g e n e r a l  on Drawing D4191-13 and 
11b191-14, and i n  d e t a i l  on Drawings D4191-16 through D4191-21. A pro:?ile i s  

System Configuration,  for  the  fol . lowing  purposes:  
shown on Drawing D4191-15. This  :route  has  been  developed, as described  under 

1. It combines wi th   o ther   se rv ice   cor r idors   for   the   p ro jec t ,   spec i f ica l ly   wi th  
t h e  500 kV transmission l i n e  :right-of-way*, from  Boston F l a t s   t o  McLean Lake,  
and  with  the  access  road  corridor from McLean Lake t o   t h e  power p l an t .  

2. It minimizes energy  requirements  and  capital   cost  by fol lowing  the McLaren 
Creek - Medicine  Creek  pass in the  Trachyte Hills. This aspect  i s  
described i n  d e t a i l  i n  Pro jec t  Memorandum V4191jl2,  Pipeline  Routi.ng, 
McLean Lake t o  Power Plant   Reservoir .  

The route  has  been  studied as foliows: 

1. Desk s tud ie s  us ing  maps and air  photos. 

2 .  Field  study by hel icopter   over   port ions of t he   s e l ec t ed   rou te  on 

3.   Field  s tudy by he l i cop te r  on 8 November 1977  with  representatives ,from 

1 5  September 1976, with  representatives  of  Sandwell  and  Golder  Associates. 

Marine Pipe l ine ,  B.C. Hydro Gas Group and Sandwell. 

4 .  F i e ld   s tud ie s  by Golder  Associates on foot  and  by  four-wheel  'drive 
vehic le ,  16 and 17 Xovember 1977. 

i3;rsed on ana a e r i a l  photograph  interpretat ion as well  as f i e l d  stuciies, 

geotechnical  hazards.  (Reference 7 )  
~ ~ 1 , ~ i e . r  Associates  have  concluded t h a t  the   rou te   appears   to  be free  of  

Therefore  only  construction  conditions and a general   descr ipt ion  are   discussed 
1,elow. 'The p i p e l i n e ' r o u t e  w i l l  be   discussed i n  individual   port ions  over  which 
.thesr chnrac t e r i s t i c s   a r e   r e l a t ive ly   . un i fo rm.  

NO. I Dooster   S ta t ion   to   S ta t ion  2 + 000"" 

See Drawing ~4191-16 and  Photograph 13-4A** 

* I n  t h e  la te  s tages   o f   p re l iminary   des ign ,   the   poss ib i l i ty  of l o c a t i n g   t h e  
proposed 500 kV transmission line several  miles  south  of  Ashcroft w a s  
introduced. However, t h i s   s tudy  assumes tha t   the   t ransmiss ion   l ine   fo l lows  
the route  shown on drawings D4191-13 and 14. 

2 + 000 chosen at   the   Ashcroft  highway in te rsec t ion .   Cons is ten t  w i t h  normal 
p rac t i ce ,  hundreds  of  metres arc? separated from the  ki lometers  by a + s ign ,  

***For photographs, see Appendix 7 .  
so t h a t  18 + 500 means 18,500 m.. 

** Sta t ion  numbers represent   the  actual   cumulat ive  pipe  length,   wi th   s t ,a t ion 
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.pr(,,,, N ~ .  1 B o o s t e r   S t a t i o n ,   t h e   f i r s t  2 km of   pipel ine  route   fol lows  exis t ing 
roads to minimize   d i s turbance  of t h e   r e s i d e n t i a l  and a g r i c u l t u r a l  development 
in  the area.  

rrhc:, Icc5,,1:echnical assessment of t h i s  sec t ion  is  as follows  (Reference 6 ) :  The 
6~rn, ,n , l  from t h e  NO. 1. Boos ter   s ta t ion   to   S ta t ion  2 + 000 i s  f la t ,  cons is t ing  
(.,r ( fc l t , :~ ic  and a l l u v i a l   d e p o s i t s  of layered  sands  and  gravels,  with an upper 
i:,,yc+r i." places or cobbles  and  boulders.  These  deposits are unconsol.idated and 

t?xc!avated by digging. I n  gene ra l ,   t he  maxinum S i z e  range of t h e  
~,~~,,: I~~~~,.~; is 20 t o  Go cm, but  an occasional  large  boulder up t o  2 m s ize  could  be 
t::rlcr~,nlt.,cre~i. A th in   capping   layer  of wind-blom S i l t  and f i n e  sand c:OverS the  
Tlnt, ground i n  many areas .  

over t h i s  sect ion,   access  i s  exce l len t  and o ther   cons t ruc t ion   condi t ions   a re  
favourable.   During  construction,  safety  provisions  such as fencing  a. long  the 
trench would be  made, s i n c e   t h i s  area i s  developed. 

The Inland Natural Gas pipel ine  feeding  Ashcroft   crosses   the  route  at  about 
S ta t ion  1 + 900. Special   care  would have t o   b e  employed during  Construction 
here .   addi t ion t o  the  gas  pipeline,   municipal  services  such  as  water,  
Sewer, gas lines, and e l e c t r i c a l   s e r v i c e s  may be  encountered i n  t h i s   a r e a -  
,phese have not been  investigated  as  yet ,   but an allowance  for  crossing them 
!I;?.$ 'been made in   the   cos t   es t imate .  

S t a t ion  2 + 000 t o  3 + 500 

See Drawing D4191-16 and  Photograph 13-8A from Elephant Hill Summit. The 
reasons   for   se lec t ing  a surface  crossing  of  Elephant Hill along  this   : route   are  
descr ibed   in   Pro jec t  Memorandum V4191/4, System  Design. 

The gently  sloping  ground from Sta t ion  1 + 700 t o   t h e   f o o t  o f  the   d i ssec ted  
t e r r a c e   b l u f f s ,   S t a t i o n  2 + 000, is a deposit  of  colluvium  probably 
r e s u l t i n g  from erosion of t h e   t e r r a c e   d e p o s i t s .  The mater ia l  i s  a layered 

The material   has  already  been  borrowed t o  some exten t ,  and it would  provide 
depos i t   o f   f ine   to  medium grain  sand,  with some coarse  sand  and odd gxavel. 

rnateri a.1 i s  ava i lab le .  
a useful.  source  of  pipe  bedding  material.  Approximately 75,000 m3 of t h i s  

The g u l l i e d   t e r r a c e ,  which r ises   !s teeply from the   road   (S ta t ion  2 + 000) 
cons i s t s  of layered  deposi ts  of sands  and  gravels  with a capping of Loose 

t h e  proposed  pipeline  route.  Layt?rs of cobbles  and  boulders ( m a x i m  s i z e  
s i l t y   g r a v e l .  A good exposure   exfs t s   in   the  highway c u t   j u s t   t o   t h e   n o r t h   o f  

nhout  145 cm) are   p resent .  The mater ia l  i s  unconsolidated  and  can  be  readily 
excavated by digging. 

Although the   f ace   o f   t he   t e r r ace   d i sp l ays   deep   e ros ion   gu l l i e s ,   e ros ion   shou ld  

are taken  to   prevent   the  pipel ine from  becoming an erosion  channel. 
not  be a problem if the   p ipe l ine  i s  kept  out of t h e   g u l l i e s  and  precautions 

Ascending  Elephant H i l l ,  the  route  reaches a m a x i m u m  gradient  of about b5%. 

whereby  equipment i s  held by  winch and cable  from t h e  t o p  of t h e   h i l l .  Genera3 
On t h i s  s lope   t he   p ipe l ine  would be  constructed  using  the "yo-yo" technique, 

access i s  ava i lab le  on t h e  radio  tower  road. 



I ,  

wt1ir:h appear to he a t i l l - l i k e   m i x t u r e  o f  s i l t s ,  sands a n 3  g a v e l s .  I n  places  
T h e  : ; w t . i n n  crossing Eoston F l a t s ,  to Sta t ion  7 + 000 is cocprised o:F deposi ts  

i,he : ; i ! ty   mater ia l   predominates ,  and j u s t  below S ta t ion  3 + 530 t h e  mater ia l  
:;(:em:; to be eas i ly   e rod ib le .  For t h i s  reason, t h e  p ipe l ine  might  need t o  be 
t>tlried  ,leeper  than,elsewhere down the   s lQp ing   ea s t   f l ank  of t ne   va l l ey .  

' In  the u e c t i ~ n   c r o s s i n s  Elephant Hill, from S ta t ion  2 + 500 t o   S t a t i o n  3 + 500, 

ov~: r ly .Ln~ tterlrock. ln general ,   the   soi l   should  be assumed t o  be  not more than 
t,ile ,:round cons i s t s  of 8 shallow  veneer of sandy  soiL and gr+vel talus 

,.f ?,!IC. :.i:ii-~: :r.hove :about e leva t ion  625 m is  covered i n  places  w i t h  a veneer of 
y L 6 f )  r":n ! .hick,  2nd  i n  many places  bedrock  outcrops  are  visible.  The f i a t   t o p  

: : i  1 1 ,  o r .  : ; i l t ; y  t.i 1.1.  '!%e thickness o f  cover i s  d i f f i c u l t  ts est imate   but  it i s  

(:(..ncr.?l access   to   the  Boston F la t s   a r ea  i s  provided by Vighway 1, an3 by t h e  
:~(:cp.ss  roads for the  hay f i e l d s .  The o r i g i n a l   t o p s Q f l   w ~ u l ?  b e   r e p l w e d   a l t e r  
r:,,nstrllrtion of  the   p ipe l ine .  

; ; h t i o n  '7 + 000 t o  8 + 500 

%e Drawing Db191-17 and  Photograph 13-13A. 

'The w u t e  i n  t h i s  a rea  follows the   road   t o  a garbage dump near S t a t i : x  8 + 000, 
r l r l  :I mild ( 2 0 % )  s ide  h i l l .  Near s t a t i o n  8 + 100 t h e  p ipe l ine  route  t l l rns  t o  
foI.l<;w t h e  proposed 500 k'? transmission  line  right-of-way t3  %Lean Lake. 

:;tntion 8 + 500 t o  11. + 000 

: h e  Drnwinp 34191-17, Dbi91-18 :and Fhotogrephs i3-;7A., 13-22).. 

'Ph.i:: s ec t ion   runs   d i r ec t ly  up t h e   h i l l s i d e   a t  an  average  graiient of 23 percec t ,  
with n maximuc grariient  of 32 percent .  The rock   b l a f f   a t   S t a t ion  8 4. 750,  seen 
WI phot.', l?-'.?A, would requi re  some b l a s t i n ? ,   a s  wouli the   rcck  o.at-,?op Jwt 
<,?.SI, of' the little l ake  at Station 11 + 000 ,  shown zn ?hers 13-22A. The route 
i s  tlmvi1.y fores ted  above  about  Station 9 + 600. 

V i d d  :wrveys by Colder  Associates  (Reference 7)  have  indicated t h a t  esslirdng 
l. i l t :  m:l.;~.~mum depth r , f  excavation would E X  be  greezer  than :-- E, The 

8 + 500 t o   t he   r e se rvo i r .  I n  most p laces ,   t he  mil c c t s i s t s  of  i e p c s i t s  o f  till 
rock excavation s h m l d  be l e s s  than 1G percent  over t i e  roxte  from S t a - . i x  

anrl p-ave;.,  very  thick i n  many places  2nd. genera l ly   g rea te r  t h a n  2 3 depth t o  
bedrock. These depnsits  can  be  seen i n  t he   c i l t s   akng   t he  x r e r o u s  e.benCs?ed 
'l,>qf.;.in?: roads that cover  the  areit.  

Whrrre r . x k  is  exposed it appears  to  be hard but c l o s e i J   j o i n t e d . n a t e r i a l   t h a t  
c~iu l t l  be 1ooser.ed  and excavated by l i g h t   b l a s t i n g .  ZLsewhere, the  til: and 
f?r:ivel. soil should  present no di!?ficulty i n  digging usicg coc-rent iotf l  
cxcavnting  equipment. 

- .  

I L. 
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'I'hc: .Ioc;ltion  of No. 2 Soos te r   s t a t ion ,  at  s t a t i o n  9 + 500, has  exce l len t  
:we:% drn.inage wit,h a ground s lope of about 18 percent,   the  appearance  of 

r < > a d s  wh.ich would he  improved. 
l's>,vour:Me foundation  conditions,  and  general  access  provided by o l d  .Logging 

~ . !~ ,~ , : ; l , r ' ~~~~l , i~ )n   ac ross  t h e  l i t t l e  l ake  at  S t a t i o n  11 + 000 has  been asswned t o   b e  by 
l.c!mpor~l.ri.ly d r a i n i n r :  the   l ake ,   a l though t h i s  aspect  would be  studied  (during 
' V i  u : 1 1  Ih!::i,?n. 

: ; I . : ~ . I , ~ < ~ I ~  11. + OOO to 1 1 4  + 200 

:kt: 1Dr:rwing 1>)1191.-18, Dk191-19 and  Photographs 13-23A,  13-25A. 

T71i:: section  runs  through  timber  stands of v a r i a b l e   d e n s i t y   t o   t h e   o u t l e t  of 
MI,~x.!;+.,I Lake. Short   se$ents  requiring  sidehill   construction  are  encountered near 
:;t.;I.t,.ion I:? + 000. Except f o r  a swampy sec t ion   near   S ta t ion  12 + 500, and a rock 
ou1:crnp at  about   s ta t ion  1 3  + 800, excavation  should  be  in till and  gravel.  
Arce:;:; to t h i s   s e c t i o n  would be on ex i s t ing   fo re s t   roads ,  improved as necessary. 

:;(.ation .I h + 200 

See I~rawing D4191-19 and Photograph 13-25A. 

A L  t h e   o u t l e t   o f  McLean Lake,  Cornwall  Creek  has  formed a s t eep   gu l ly  as 
indicated on .the  photo  by a tongue of t r e e s .  This crossing must be  designed 
t o  e n s u r e  t ha t   t he   c r eek  w i l l  no t   cu t   i n to  i t s  bed  and  expose the   p ipe l ine .  A t  
p resent ,  i.t appears  t,hat  Cornwall  Creek is  gradual ly   cu t t ing   deeper   in to  i t s  
course and th rea t en ing   t o   d ra in  McLean Lake. Moreover, the   s lopes   o f   the  gully 

t i r ls table ,   but   detai led  s tudies  would be needed t o  confirm t h i s .  For t h e  
cons is t   o f  a s i l t y ,   g r a v e l l y  till of considerable  thickness which appear 

purpose of' Preliminary  Design, th i . s  crossing is  assumed t o  consist   of an 
embankment br idging  the  gul ly .  A cu lver t  would ca r ry   t he  Cornwall  Creek  discharge 

process from reaching   the   p ipe l ine  o r  McLean Lake. If found  advantageous  during 
and r i p r a p  downstream  from t h e  embankment would prevent  the  natural   downcutting 

Final  Design,  the  pipeline and t h e  power plant  access  road  crossings of Cornwall 
(!reek could  be combined t o   u t i l i z e  t h e  same embankment. 

S t a t i o n  1 . h  + 200 t o  Power P l a n t  Reservoir 

See Drawings Dk191-19, D4191-20,  Db191-21 and Fhotographs 13-28A, 13-3:38. 

!phi:; sec t ion  of p ipe l ine   fo l lows   the  power plant  access  road,  and  thus  the 
design and construct ion of t h e  two serv ices  must be  coordinated. 

'I'he route  up t o   S t a t i o n  18 + 500 is heavily  t imbered,  but beyond i8 + ij00 
passe:; through  open meadow and l igh t ly   fo re s t ed   s lopes .  Throughout t h i s   s e c t i o n ,  
t h e  aerial photographs  and t h e  sur f ic ia l   geologica l   in format ion   ind ica te   tha t  
the  cround is  s i l t y  till. 

d p [ x w i t ,  which i n  t h e  Hat Creek area ,  has  been found t o  be very  hard. 
Any deep excavations i n  till could  encounter  an underlying consolidated till 

- 

:'I'll<! Yilt:!i Section of p ipe l ine  from S ta t ion  22 + 500, where the   rou te   depar t s  

Iltl l . ' Y l - N ,  i t  i S  a3SUmed to   pas s  under  the dam a t  about  elevation 1350 EL. The 
l't'~>N! t . t w  Y U ? ~ . ,  would be revi.ewed during  Final  Design. A s  shown on Draving 

,!*:.:it:n ' ~ f '  t h i s  feat,ure j.s discussed  under  Regervoir  Inlet  i n  the  next   sect ion.  

( V h I 9 l / l )  kl 
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'IPELINE DESIGN 

j t ee l   Se l ec t ion  

Je1ded s t e e l  i s  the   on ly   appropr i a t e   p ipe   ma te r i a l   fo r   i n t e rna l   p re sowes   ove r  
lbout i . 9  ma (27'5 p s i ) .  Below t h i s   p r e s s u r e ,   o t h e r  materials such as d u c t i l e  
;pori wi th  O-ring  connections,  concrete  pipe  with  O-ring  connections, C r  
, restressed-cqncrete  steel-cylinder  pipe  with  welded  connections  could  be  used. 
bile Some material and  construct ion  costs  may be   r educed   i n   t h i s  marlrLer, 
:onsiderations  such as t h e   o v e r a l l   s e c u r i t y   o f   t h e   l i n e  and t k e  mifClmitY O f  
Lnspection  procedures  suggest  that   welded  steel   construction  shod6  be emPlOY4d 
zhroughout t h e  l ine.  

The se l ec t ion   o f   t he   exac t  steel complsi t ion  required for t he   p ipe l i ; ?e  wili be 

e s t ima te ,  a prel iminary  specif icat ion  has   been made as desc r ibed   i n  :?reject 
reviewed  extensively  during  Final.   Design.  For  the  purpsse  of  this  report  and 

Memorandum Vk191/13. P ipe l ine   S t ee l   Se l ec t i cn ,  and is sumarize3. bel:,w. 

Standard: 

S t e e l  Grade: 

Category: 

CSA 2245.2 High Strength CteeL Line Pipe 18 i n .  
and l a r g e r   i n   d i a m e t e r .  

60. Mi.nimum y i e l d   s t r e n g t h  - L1L ?@a !60,000 p s i )  
Minimum Tensi le   Strength - 518 MFa (75,000 p s i ;  

11. Fur   buried  pipel ines   where  tmgkaess   Frcpert ies  
are impor twt  . 

Deviation  from  Standard: Maximum carbon  equivalent - O.L?3 
M a x i m w n  carbon  content - C.12 
Impact. tes t  - Charpy -1 size,  

5L J. a t  -L3: (LC f t - l b .   a t  +25V) 

Pipe.  Manufacturing  and SUDPLL 

The.pipe  manufacturing  processes most s u i t e d   t c   t h e   i i a t  Creek p ipe l ine  are: 

- Spira l   cons t ruc t ion ,  submerged.-arc  welded,  cold  expanded. 

- U-O* ( long i tud ina l  seam) construction,  submerged-arc wel3e6, cold  expanced. 

Seamless  pipe i s  ncre   expensi ,ve  but   not   cf   bet ter   qual i ty ,  sr,i is nct, genera l ly  
ava i l ab le  i n  t h e  sizes 'needed. '%e cold  expansion  process  provides c!o1d 
working  which  reduces  grain s i ze  and  imprcves the   Ica te r ia l   tv ighness .  ??le 
choice  of  3-0 or   sp i ra l   cons t ruc t ion   does   nc t   appear   cossequec t ia l ,  E I S  b s t h  
a r e  i n  wide  use. 

PrcJec t  Memorandum Vk19l/ l r ,  Sgstelr D e s i g ,  incLades a sxzar3 :  cZ  t h e  
a v a i l a b i l i t y  of  pipe from varizus scurces. Fcr   tke   pa- t ica la r   p ipe   5 :pec i f ica t i .m 
and s i z e  as descr ibed  here ,  10  pc?er, t ial   pipe  s . ispliers were sumeyet i   by   l e t te r .  
O f  t hese ,  4 rep l ied   they  were w i l l i n g  t o  sl;p>ly t h e   e n t i r e  :r.ler, E?. 2 were 
wi l l i ng  t o  supply a majori ty  o f  t he   o rde r   ( zp  t c  a lizi? cf w a l l  t h i ckness ) .  
Two more would  probabljr  bid  for t h e  e n t i r e   o r d e r ,  ar.8 x e  more 'on ly   fc r  en 
alternative  diameter.   During  Final  Desigr.   the  questicr,  of whether   the  pipe 
should  have a uui fc rm  in te rna l  o r  e x t e r n a l   d i m e t e r  will 3e exarrined. Tne fcrmer 
is preferab le   hydraul ica l ly ,  but less commonly ava i lab le .  

* U-0 refers t o  the   p rocess   by  which a p l a t e  i s  f i r s t  s t azped   i n t c  a. U shape, 
then  rounded t o  an 0 shape t o  become a pipe.  

[V4191/l) L2 
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A L  rni~l, inspection would c o n s i s t   o f   l a d l e   t e s t s   t o  check the  chemical 
~ . ~ , l ~ l ~ , ~ : ; ~ t i o n  of t h e  s t e e l  and a va r i e ty   o f   t e s t s   o f   t he  completed PiPC? t o  
, , r , l , e ~ r n t i T l c ~  i ts  me&anical  properties. Such  methods as pressure   t es t ing ;  Charpy 
:I.II~ Drop-Weight Tear  Tests;  magnetic  particle,  x-ray and ul t rasonic   inspec t ions  
WOII I (.I h e  considered. 

?iw !:ize 

: ' w ~ . j u ! t .  Memorandum V4191/4, System  Design,  describes how the   choice   o f   p ipe  
~ t i : ~ . t w t , ~ r  ai ' fects  t h e  t o t a l   c a p i t a l  and operating  cost   of  the  system. A 
:li:met.t:r of (100 mm (32  i n . )  was found t o   b e  t h e  opt imal   s ize  for t h e  Conceptual 
i'ie::L(:n route.  During  Final  Design,  this  assessment w i l l  be  reviewed  using 
prevailing s t e e l  and power p r i c e s ,  and revised  average  discharge." 

On[:! 1::in;tdian supp l i e r   (S t ee l  Company of  Canada),  does  not  have  tooling  for  the 
800 n!m s ize .   Therefore ,  it may be  advantageous t o   c a l l   t e n d e r s   w i t h  a choice 
r > f  p i p ?  s i ze s  from 800 t o  900 mm diameter i n  o rder   to   ob ta in   the  most competative 
bi.d:: I'ronl domestic  sources. 

V o r '  the 800 mm diameter  pipe  size,   hydraulic  data  are  presented i n  Table 6. 

" 

Table. 6 - Hydraulic Data for 800 mm diameter  Pipeline 

Outside  Diameter: 813 mm 

- Avern.ee Ins ide   DiaIe te r :  About 790 mm (wa.11 th ickness   var ies  from 8 t o  16 mm) 

3.3 m / s  a t  system  capacity of 1.58 m3s 
1 . 4  m/s at  average  discharge  of  0.66 m3s* 

Fr ic t ion  Losses** 7.4 - 10.0 m / k m  at  system  capacity  of 1.58 m3s 
1.7 - 1.9 m/km at average  discharge  of  0.66 m3/sa 

'The concept  of  varying  pipe  diameter i n  order   to   save  s teel   weight  has  been 
re.jccted owing to  the  requirement  of  using  "pigs" f o r  i n t e rna l   i n spec t ion .  
(See  Inspection and  Cleaning Fac i l i t i e s   fo r   exp lana t ion   o f   "p igs" ) .  However, 

outside  diameter  but  with  varying wall thickness ,  would no t   i n t e r f e re   w i th  
a smal.1. var ia t ion  such as would r e s u l t  from t h e  use of  pipe made t o  uniform 

pi{<,:inc. Where pipes of d i f fe ren t  wall th icknesses   a re   jo ined ,   the   th , icker  
v :~ , l l .  ,-o!lld be beve l l ed   i n t e rna l ly   t o  matcn tne   t n lnne r  wall. 
lJ?Si,:n Codes fo r  Pipe  Thickness 

!;l:rny tlesiGn codes are  used for d:ifferent  types of pressure  piping so t h a t  
, l ~ ~ ~ l ~ ~ ~ ! n c r t ~ t  i s  required i n  deciding upon the  appropriate   design code f c r   u se  on 
L h i s  p ro j ec t .  Most codes r e l a t e   a l l owab le   s t r e s ses   t o   t he  minimum spec i f ied  
y i c l d  point of  t h e  s tee l   a l though some consider a factor   of   safety Sa.sed on t h e  
~~1t~i rnn . t . e   t ens i le   s t rength ,  and thus  pipe  rupture  as well. The provisions of 
va.rI.ous codes f o r  i n t e r n a l  and externa l   p ressures ,  are tabula ted  and at tached 
: v i  7'a.hle D i n  Appendix 4 .  

'Phe IJSl3R penstock  design  cri teria  has  been  selected  for  the Hat Creek Pro jec t  
i'or t i l e  fol.lowing  reasons : 

* :hbsequent  to  Preliminary Desj.gn Studies,  average  discharge  has  been  revised 
f r c m  0.66 m3/s t o  0.726  m3/s. 

*" RY Darcy-Weisbach formula w i t h  E = .015 nun f o r  smooth condition and 
15 = 0.06 mm f o r  rough condi t ion.  This i s  consis tent   with  use of coal  tar 
em-my coated  s teel   p ipe.   See Re erence 8. 

!Vlll"l/:) E:, 
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- :;ui tnbly  conservat ive.  

- iln:: been  used successfu l ly  for t h e   C a l i f o r n i a   S t a t e  Water Project  (Reference 19 

- :5 7,. rlr:tni l o 4  than  the AWdA code. 

- l{,.,mrmendn~l by waterhammer consul tant  John  Parmakian. 

l ' r ~ , j c ~ L  I4ernr,rnndum V4191/1, Design Cr i te r ia ,   p rovides  more d e t a i l  on the   s e l ec t ed  
d<.:; . if :n LYXIP, and defines  the  ncrmal,  emergency,  and except ional   condi t ions,  
whi,~lb : I . w  r e f e r r ed   t o  i n  Table D.  

l'hc kiMZ pressure  vessel  code was considered  too  conservat ive  for  t ' b i s  appl icat iol  
as j l ,  a p p l i e s   t o   b o i l e r s  i n  chemical  plants,  nuclear power p l a n t s   m d   t h e   l i k e .  
Gas and o i l  p ipel ine  codes,  owing to   the   d i f fe ren t   weight ,   compress ib i l i ty ,  and 

nppl icable .  The AWWA guidel ines   are   perhaps more appl icable   to   municipal   water  
Tlow p rope r t i e s  of o i l  and gas compared t o  water, were not  considered 

:;uppl.y p ro jec t s ,   bu t  were not  used  mainly  because of t h e   b e t t e r   d e f i n e d  
provis ions  of   the  USBR code. 

I ' i p  " Thickness  Design 

'I'nble 7 [:ives the   r e l a t ionsh ip  between the   p ipe  wall thicknesses  used f o r  
Preliminary  Design,  and  the  corresponding  internal  pressure  allowed for t h e  
normal design  condi t ion,   us ing  the USBR code for the   se lec ted   s tee l   (Grade  6 0 ) .  

Table 7 - Pipe  Thickness and Pressure 

Pipe Wall Thickness 
- mm (Inch) - MPa m of  $later k3.J 

Maximum I n t e r n a l   P r e s s u r e  

3.43 3L9 
4.73 481 
6.92 704 

,trs: 1. Formula used  (Reference 8) accounts for t h e   e f f e c t  of wal l   th ickness  - on maximum internal  pressure.   Outside  2iamet-r  of 813 mn and 
al.l.owable s t r e s s  of 172.4 MI% used. 

2. The 8 mm w a l l  th ickness  was determined  according  to  the  Stewart 
formula,  Reference 17. 

.3. The maximum p ioe l ine   i n t e rna l   p re s su re  of 6.92 MPa, i s  t'he t o t a l  
dynamic head plus  10% waterhmner  allowance. 

' I ' h t !  pipe s t r e s s e s  which govern minimum wal l   th ickness   a re  due t o   e x t e r n a l   s o i l  

hr: miequate  both f o r  col lapse  prevent ion and to   prevent   buckl ing  during  handl ing.  
:Inti water  pressures on the  pipe when empty. The minimum thickness  of 8 m. would 

to :l.~lchorages  and  bends,  and o t h s  miscellaneous stresses such  as  earthquake 
1d)rwitudinal   s t resses  due t o   s e t t l i n g  and temperature   var ia t ion,   s t resses   due 

w e  rliAsigned without  an  allowance  for  longitudinal  thermal  stresses as t h e  
r:t.re:;ses must be  considered  during  Final  Design. In general ,   bur ied  pipel ines  

:151!nl Ponstruct ion  pract ice  i s  t o  make t h e  l a s t   g i r t h  welds jo in ing  l.ong segments 
" r  '! lr .e when t h e  pipe i s  cool ,   perhaps  ear ly   in  t h e  morning, t o  reduce  the 

U I I  i r l )  wwld result   are  not  Considered  harmful.  Fumps and spec ia l   s t ruc tu res  
v:Lt - i : l . t i cm of  temperature from cons t ruc t ion   to   opera t ion .  The  therma:. s t r e s s e s  

( V J I  1 ' 1  I / l  ) 4 b  
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whicl! may he damaged hy thermally-induced  stresses would be   p ro tec ted  by anchor 
i>l(l<:ks;. 

Weldin(; 

r!xt.(!nr,ive invest igat ions  during  Final  Design  and  thorough ca re  i n  construct ion 
'The c ipe l ine  welcls would be  important components o f   t he   p ro j ec t   r equ i r ing  

:l.rl~l inspect ion.  The requirements  for  the  production of acceptable  welds are 
r~ r r tp~r  cho:ice 01" steel, use oT qual i f ied  welders ,  and  complete  inspection. 

'i'tli? p i p e l i n e   s t e e l  W i l l  have a low carbon  equivalent  value  to  reduce  the  chances 
( 1 1 '  rormin(T n bri t t le   martensi- t ic   microstructure   during  welding.   Other  
pr~~lx!r.ti.es of t h e - s t e e l ,   s u c h  as a l loy   conten t  and sulphur   content ,  w i l l  be  
:;r::l.cct;ed so t h a t  the   p ipe  material i s  the   bes t   ob ta inable  at  reasonable   cost .  

l ! a v i n r :  ensured  that  a su i t ab le   ma te r i a l  w i l l  be  used,  one  can  also  ensure  that 
.l.itf! welders used on t h e   p r o j e c t  can  produce  an  acceptable  result  by using 
~I I :L~ i , i ' icat ion  tes ts   such  as  AI'I spec i f i ca t ion  ApI-1104. 

Tnspaction and t e s t i n g  by  an  independent  testing company is  a l s o   r e q u i r e d   t o  
rlchievc aood welds. Test and  inspection  procedures  are  expected t.o include: 

- Ul t ra son ic   t e s t ing   o f   t he   p l a t e  and the  pipe  ends a t  t h e  mill t.0 de tec t  
laminations.  

- 1.00 percent  x-ray  inspection  of  f ield  welds.  

- Visual  inspection  of  completed  welds. 

- Fressu re   t e s t ing   o f   t he   p ipe l ine   a f t e r   back f i l l i ng .  Each of t h . e  t h r e e  
sect ions  of   pipel ine would  be he ld   a t  a tes t  pressure  exceeding  design 
p res su re   t o   l oca t e  any leaks .  

inspection possibly augmented with  ul t rasonic   and/or  magneti.c p a r t i c l e  
j,nF;prction, give   the  best ava i l ab le   de f in i t i on  and de tec t ion  of the more 

pipe,   lack  of  penetration  of weld metal, and  weld zone cracking (.k:ydrogen 
serious  welding  defects  such a s  lack  of  fusion between t h e  weld  metal  and  the 

cra.cking). Such defec ts  may n e c e s s i t a t e   t h a t  a weld  be  cut  out and replaced. 
These defec ts  would no t   neceswr i ly  show up i n  a p r e s s u r e   t e s t  as t h e   s t r e s s e s  

welds are mainly due t o   p i p e l i n e   s e t t l i n g  rather t h a n  i n t e r n a l  
pressure.  

p ipe l ines ,  would be   spec i f i ed   fo r   t h i s   p ro j ec t .  The pipe would probably  require 
The shielded  metal-arc o r  gas  metal-arc  welding  processes, commonly used f o r  

pre-heat ing  to  50 OC and  allowances  for  this  procedure  have  been  included i n  t h e  
c o s t  es t imates .  The f i r s t  pa!;s could  be w i t h  lower-strength  electrodes  such  as 
EhO'tO with  subsequent  passes  with  higher-strength  electrodes  such as E8010. Suck 
techniques  are  familiar to   qua l i f i ed   p ipe l ine   con t r ac to r s .  

Slaterhammer Control - General 

wFl,t,c:rhamer i s  t h e  name used  ' to  describe  the waves of  pressure which travel i n  
it p i p e l i n e  when changes in   f l ow occur. These waterhammer  waves o f t en   c r ea t e   t he  
most. severe  conditions for the   design  of   pipel ines .  

'In t h e  Hat Creek cooling  water  supply  pipeline,  waterhammer would occur when a 

wn.terhamer  conditions which must be  considered i n  des igning   the   p ipe l ine   a re  
ptmp is  s t a r t e d  o r  stopped, o:r when a va lve   pos i t ion  i s  adjusted.  The Various 

.!c,rc.ribed i n  d e t a i l  i n  Fr0jec.t Hemorandm V4191/1. Design Criteria. 
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'['he ru1.1.owing sections  identify  adequate  measures  for  the  control of' t h e  
prc:z:;ure:: generated by  waterhammer. However, t h e r e   a r e  many f a c t o r s   t o  be 
wmzidered during  Final  Design t o  fu l ly   de f ine  al l  aspects  of a given 
wn.f;~:rh;mmer control  system. Some of   these   fac tors  are: 

- 'I'IIC w:rt.crrhnmnmer s tud ie s  must b e   r e f i n e d   t o   s u i t   t h e   f i n a l   p i p e l i n e   p r o f i l e .  

' 1 ' 1 1 ~  w:l.t:t~r~ti:Lm!ser control   aspects  are discussed below f o r  the   th ree   p i :pe l ine  
: x v , L i o ! i : : :  f'rom t h e   i n t a k e   t o   t h e  No. 1 Booster S ta t ion ;  from No. 1 t o  No. 2 
km:;I.~~r Sl-xtion;  and from No. 2 Booster   Stat ion t o  the  plant   reserva?ir .  

! 
. - : 4 c m < l o l  Lwts of '  t he   s e l ec t ed  pumps a re   r equ i r ed   t o   de f ine   t he  hydro-mechanical 

~.t~:I.r:rt:I.~~ristics which cou ld   i n f luence   t he   con t ro l   f ac i l i t i e s  and pipe  design. 

W:~.krh:m~mer -in t he   p ipe l ine  from the   i n t ake  t o  t h e  No. 1 s t a t i o n  was b r i e f l y  

wal;crharnmer ana lys i s  for the   por t ion  of p ipe l ine  from t h e  No. 1 t o   t h e  No. 2 
t9x:mlinrd by  Sandwell. B .C .  Hydro and Power Authority has provided  preliminary 

ana lys i s  has  subsequently  been  reviewed  (excluding  verification of computer 
Bocmtrr Sta t ion  and  from t h e  No. 2 Booster t o   t h e  power p l an t   r e se rvo i r .  This 

w i t h  t he   con t ro l  measures recommended. During  Final  Design,  the waterhammer 
s t u d i e s )  by  waterhammer s p e c i a l i s t s  Parmakian, S t r e e t e r  and  Wylie. They concur 

nnal.ysis and proposed  control  measures would be  reviewed  using  the pump 
ch:wacteristics  determined by  model t e s t i n g ,  and using  the f i n a l  p ipe l ine   p ro f i l e .  

Waterhammer Control - Intake  to  No. 1 Booster   Stat ion 

For  t h i s  900 mm (36  in.)   diameter  pipeline,   waterharmer was su f f i c i en t ly   s tud ied  
to devise  a f eas ib l e   con t ro l  system f o r  Cost Estimate purposes. A buried  surge 
r i s e r  o f  900 mm diameter  pipe,   extending t o  e leva t ion  350 m as shown on 

discharge  valves and check  valves. 
Drawiny; D4191-22, would be  provi6.ed. The in take  pumps would be  equipped  with 

biaterhammer Controi - No. 1 t o  No. 2 Booster S ta t ion  

J n  their   report ,   Hydraul ic   Transient   Analysis  (.Appendix 201, B. C .  Hydro i d e n t i f y  
t h e  f'ollowing two al ternat ives   for   waterharmer  control  i n  t h i s   s e c t i o n :  

~ . l'rtivide a one-way surge  tank* (4 m diameter  by  10 m high) on t h e  sunmit of  
t . h o  5:I.ephant H i l l  c ross ing ,  and provide at least 115 kg-m2 of pum~> and  motor 
i n r r t i a   p e r  u n i t . .  

7 .  Provide 400 kg& of  pump and  motor i n e r t i a   p e r  unit. European manufacturers 
c ru ld   bu i ld  t h i s  i n t o   t h e  motor i n  the   fac tory .  However, i n  North. America, 
t h i s  may have t o  be  added by means of a flywheel. 



Alterna t ive   2 ,   h igh- iner t ia ,  has been  selected  for  Preliminary  Design  because: 

- Waterhammer cont ro l  by p rov i s ion   o f   i ne r t i a  would not   be  subject   to   f reezing 
o r  possible  malfunction of check valves as would be the   ca se  with t h e  one-way 
surge  tank. 

- '['he i nc reased   i ne r t i a  i s  low enough to   pe rmi t  motor s t a r t i ng   w i thou t  
overheating. 

'[kc: pipe l ine  would be  designed for a maximum in te rna l   p ressure  10 percent  over 
the pressure at rated  discharge at  t h e  pump end  and decreasing  1:inearly  to  zero 
ut, t he  downstream  end. To keep  pressures   below  this  m a x i m u m ,  flow would b e  
al.:lowed to   reverse   th rough  the  pumps by   c los ing   the   a i r -ac tua ted  pump discharge 
val .ves  a t  a uniform rate over  about 95 seconds  fol lowing  total  power f a i l u r e ,  
r c s u l t i n g   i n   t h e  pumps and  motors  peaking a t  a reverse   ro ta t ion  of 105 percent 
r ~ f  rated  speed. Check valve:;  have  been del iberately  omit ted as they would 
create   higher   pressures .  

Block valves  are  excluded from the   p ipe l ine   to   avoid   increas ing   the   des ign  
maximum p r e s s u r e   t o   t h e  pump shutoff  head  which is  about 16 percent  above  the 
pressure a t  fu l l   d i scha rge .  

Waterhammer Control - No. 2 Booster   Stat ion  to   Reservoir  

measures as be ing   appropr ia te   for   the   second  sec t ion  of pipel ine: :  
The B.C. Hydro repor t  (Appendix  20) a l so   i den t i f i e s   t he   fo l lowing   con t ro l  

1. Provide two  one-way surge  tanks  (each 4 m diameter)   the  first; wi th   f ree  
surface  elevation  1252 m ,  10 m high,  and  the  second  at  e1evai;ion 1345 m, 

p r o f i l e ,  Drawing Dhl91-15). I n   a d d i t i o n   t o   t h e  tanks, provide 
25 m high.  . (See Drawing D4191-18 and 04191-20 and,  for  1ocat;ion  in 

pump and  motor i n e r t i a  of 400. kg-m2 per  unit .   There  are  differences  betweer 
the   p ro f i l e   supp l i ed   t o  13.C. Hydro for ana lys i s ,  and the   cur ren t   p rof i le   o f  
t h e  selected rou te ,  so t h a t   t h e  one-way surge  tanks have been  taken as 

made i n   f u t u r e  s tud ie s .  
30 m high  for  estimating  purposes  to  al low  for  adjustments wh.ich may be 

2 .  Allow reverse   ro ta t ion  o f  t he  pumps d u r i n g   t o t a l  power failure. For t h e  
design  pressure rise of  10 percent,  t h e  valve  c losure would be 95  seconds 

be  excluded  from  this  section. 
and the  pump reverse  speed 100 percent of rated speed.  Block  valves would 

Emergency Provisions and Le& Detection 

During Final  Design, t h e  pressures  generated  by  any  possible  failare  of  the 
waterhammer Protection  system would be invest igated  as   def ined i n  Pro jec t  
Memorandum V4191/i, Design Cr i t e r i a .  

In addi t ion   to   p rovis ion  for these   p ressures ,   the 'p ipe  wall thickrless  and  the 
steel impact  toughness would 'be spec i f i ed   t o   p reven t  a small leak  from  growing 
i n  s i z e .  AS discussed  in  Pro.ject  Memorandum Vh191/13, Pipe l ine   S t ee l   Se l ec t ion ,  

l ine   p ressure ,   wi th  t h e  impact requirements specif ied.  
a crack  as   large as about  27 cm long would no t   t end   t o  grow in   s i ze   unde r  f u l l  



SANDWELL 

~ h 0 ~ l . d  a break  occur i n  t h e   p i p e l i n e ,   t h e  pumps could  be  stopped  c?ither 
manually o r  au tomat ica l ly ,   t r iggered  by a leak  detection  system.  Options  for 
such a system are   discussed in d e t a i l  i n  Pro jec t  Memorandum V4191/15, P ipe l ine  
Leak 'Detection. The proposed  detection  system would function  continuously 
whether o r  no t   the  pumps were operat ing.  It would consis t   of  permanent 

would  de t ec t  unusual v ib ra t ions  caused  by even a small leak .  A scanner would 
ncoust,ic  sensors  attached t o   t h e  p ipe l ine  at  i n t e r v a l s  of 300 m. These sensors  

sound ,an alarm and the  system  operators   could  pinpoint   the   locat ion of t h e   l e a k ,  
stop pumping opera t ions ,  and measure  approximate  leakage rate by llhanges i n  
t a n k  levels.  Valves  could  be  closed t o   i s o l a t e   t h e   r e s e r v o i r  and all tanks from 
the   p ipe l ine  so t h a t   t h e  loss of water would b e   r e s t r i c t e d   t o   t h e  amount i n  t h e  
p ipe l ine .  If a.further  reduc-tion  of  leakage volume i s  required,  motorized 
bl.ock va lves   could   be   ins ta l led   to   d iv ide   the   p ipe l ine   in to   shor te r   sec t ions .  
Nowever, t h i s  i s  not  recommended as t h e   p i p e l i n e  i s  a l ready   d iv ided   in  two and, 
as  discussed  under Waterhammer Control,  the use  of  block  valves would increase  
the   p ipe l ine   wal l   th ickness .  

The design  of  the  pipeline  r ight-of-way would include  trenches,   dykes,  o r  t h e  
l i n e   d r a i n a g e   f a c i l i t i e s   t o   c h a n n e l  any  leaking  water  toward a na tu ra l  water 
course t o  avoid  erosion. The water course would e i t h e r   b e . o f   s u f f i c i e n t   s i z e   t o  
handle  the  f low  without damage o r  would be  provided  with  retention  dykes.  These 
dykes would not  impede t h e  na tu ra l  maximum flow  but would temporar i ly   s tore  
water suddenly  released  by a p ipe   f a i lu re .  The dykes,  trenches,  and  associated 
works  would be  inconspicuous as they would b e   e a r t h   s t r u c t u r e s ,  small i n  s c a l e ,  
planted  with  grass ,   brush and t r e e s   t o  minimize  erosion  and  visual.  impact. 

These provisions  are  intended  to  provide  for  extreme  circumstances.  However, 

p ro j ec t  i s  extremely  remote. The cos t  estimates include an al lowance  for   these 
the  chance  of   any  of   these  faci l i t ies   being  required  during  the l i f e  of t h e  

f a c i l i t i e s ,  however their  necl?ssity  should  be  confirmed  during  Final  Design. 

P ipe   F i t t i ngs  and Bends 

P ipe   f i t t i ngs   such   a s   l a t e ra l s ,   t ee s ,  and  elbows a r e   r e q u i r e d   t o  make sharp  bends 
and t o  make connec t ions   to  pit: t r a p s ,  a i r  and vacuum valves ,  surge! tanks and 
t h e   l i k e .  Shop f a b r i c a t e d   f i t t i n g s  would be  used t o  keep f i e l d   c u t t i n g ,  
f i t t i n g   a n d   w e l d i n g   t o  a miniinum. 

As discussed below  under  Inspection and C lean ing .Fac i l i t i e s ,   p igs  w i l l  be  
used  i n  the   p ipe l ine .   Thererore ,  for t h e  800 mm diameter  pipeline!, a 2.4 m 
minimum radius  of  curvature is necessary so that   the   pig  can  pass   through  bends.  
Ilowever, long  radius   f ie ld   bends would be  used where possible .  

Mc,:;t, pipe l ine  bends would be made i n   t h e   f i e l d   u s i n g   p o r t a b l e  bend.ing  machines. 
f?,,r t h e  topography  of  this arf!a, t he   i dea l   p ipe   l eng th   fo r  bending: i s  18 m 

for  Preliminary  Design. With t h i s   l e n g t h ,   f i e l d  bends a r e  S t i l l  p r a c t i c a l .  
(60 f t ) .  However, considering  the  pipe  weight 12 m (40 ft)  has been se l ec t ed  

Trials conducted  for  Arctic  pipeline  construction  have  confirmed  the 
f e a s i b i l i t y  of   co ld   f ie ld  bencling  of pipe  of   s imilar   s teel ,   weight ,   and Wall 

th ickness .  



Corrosion  Protection 

The pipe would be  protected from corrosion by i n t e r i o r  and ex ter ior   coa t ings ,  
and impressed  current  cathodic  protection. The i n t e r i o r   c o a t i n g  would cons is t  
-,r ccj;tl t a r  epoxy o r  phenolic evoxy  such as t h a t   s p e c i f i e d  by t h e  AWWA d r a f t  
: ;pecif icnt ion C210-76. Ei ther   s ing le  or  double epoxy coat ing,   wi th o r  without 
zinc-r.ich  primer, would be   su i t ab le .  Double coating  without  primer is included 

woui.ti reduce f r i c t i w .  The coa t ing  would be  shop-applied, and thoroughly 
i.11 L t t s  t?sI;imate. I n  add i t ion   t o   p reven t ing   co r ros ion ,   t he   i n t e r io r   l i n ing  

i.ltspctted  for  holidays. The i n t e r i o r   s u r f a c e s   a t   f i e l d  welded j o i n t s  would be 
wi.m hr'ushed and painted w i t h  a spec ia l  epoxy coat ing.  

Al te rna t ives   to  epoxy in t e r io r   coa t ings   a r e   coa l  tar  enamel and cement mortar 
! inincn. Tnamel, because of its re l a t ive   so f tnes s ,   has  been r e j ec t ed  due t o  
c f ~ l c e r n  it may be damaged by pigging. The cement mor ta r   l in ing  w i l l  be 
xpprnised during  Final  Design. 

whereby the   p ipe  i s  coated  with  layers of c o a l   t a r  enamel  and f ib reg la s s  mat 
The ex te r io r   coa t ing  would be  coal  tar enamel  according t o  AWWA Standard C-203, 

and 'topped w i t h  Kraft paper.   Portable  coating machines  could  not  negotiate  the 
s teeper   sect ions  of   the   pipel ine  route  w i t h  the   heavier  wall thickness   pipe 

exterior  coatings  have  been  developed  which  could  be  used. A t  field,-welded 
required,  so th i s   coa t ing  would have t o  be  shop-applied.   Alternativ,?ly,  epoxy 

Jo i .n t s ,   ex te r ior   sur faces  would be ground  smooth,  primed with a n  epoxy-rich  paint: 
and  wrapped w i t h  spec ia l   p l a s t i c   t apes .  

'The impressed  current  cathodic  protection  system would require  groun(iing beds 
and power supply at  in te rva ls   a long   the   p ipe l ine .  

Freeze  Protection 

of frost penetration  in  the  ground. I n  t h i s  way, t h e   s o i l  wiil prov ide   hea t   t o  
The p ipe l ine  will be  protected  against   f reezing by burying it below the   depth  

the   p ipe l ine  so t h a t  even i f  t h e  incoming  water  temperature i s  a t  OOC, f reezing 
will not  occur. 

The ;Liternative methods  of f reeze   p ro tec t ion  which  were s tud ied   a re :  

1. iieat t r a c i n g .  

2. Pipel ine  drainage.  

5 .  Continuous flow. 

) I .  ItI::ul.ation by pipe  .jacket. 

5 .  Insu la t ion  i n  the   t rench ,  

6 .  Deep bu r i a l  

These are   discussed i n  d e t a i l  i n  Project  Memorandum v4191/8, pipel ine F~~~~~ 
Prnt.oct;i.vn. Deep b u r i a l  was chosen as it re l iab ly   p ro tec ts   bo th   s tanding  and 
I '1oWjnE water   a t  minimum cos t .  Fo r  extra  security,   water  temperature in t h e  
oipcl  ine  could  be  monitored. 



Deep b u r i a l   r e q u i r e s  t h a t  t he   p ipe   cen te r l ine   shou ld  b e  below t h e   d e p t h   o f   f r o s t  
pene t r a t ion ,   ca l cu la t ed   a s  2 .0  m .  Sack f i l l   shou ld   cons i s t  of well-graded and 
well-compacted s o i l s   t o   p r o v i d e   s u i t a b l e   i n s u l a t i o n .  

'I'rcnch De& 

i'rr,e7.e pro l .ec t ion   c r i te r ia   have   de te rmined  t h e  minimum depth  of   bury  of  the 
pipe.  ant1 t he   u se   o f  well-compacted b a c k f i l l   m a t e r i a l .  

'I'hr., pipe l ine  would b e   l a i d  at. spec i f i ed   g rades   and   e l eva t ions   t o   enab le   p rope r  
' l j r lc  drainace.  Concrete  bedding may be  required on s t e e p   s l o p e s   t o   p r e v e n t  
w:~~, t~~ut .  of r i l l   m a t e r i a l .  Tie-backs  which  f irmly  anchor  the  r ipe  to  rock msy be  
rvql:<red t o  prevent  long-term  downhill  creep. , 

Wc'ldfd p ipe l ines   genera l ly  do not   require   anchor   blocks a t  bends  because  the 
force   counterac t ing   the  momentum change a t  t h e  bend is  t r a n s f e r r e d   t o   t h e   s o i l  by 
fr ic t . ion  a long a length  of  pipeline.   Therefore,   anchorage at  bends i s  not  
i r ~ c l ~ ~ d e d  i n  the   cos t   es t imate   a l though t h i s  w i l l  b e  reviewed i n  Final  Design. 

' I n  scct..ons where construct ion i s  through  rock,  suitable  borrcwed  backfil l  
ntatcrias would be  needed to   cushion   the   p ipe  and to   ensu re   adequa te   i n su la t ion  t c  
p reven t   f ro s t  from reaching  the  pipe.   Stockpi l ing and t ruck ing   cos t s   fo r  t h i s  
ma te r i a l   a r e   i nc luded   i n . the   e s t ima te .  

l,npervio,ls plllgs and surface  d . ra inage  provis ions  are   necessary  to   prevent   erosion 
o f  bedding and  backfi l l   mater ia l .   Impervious  plugs  could  consis t   of   c lay,  soil 

t h e  plug i n  the   d i rec t ion   a long  t h e  t rench would be  about 5 m for   'c lay,  2 m f o r  
cement o r   c o n c r e t e   t r e n c h   b a c k f i l l   z t   i n t e r v a l s   o f  50 m t o  100 m. The Size  of 

5,2il ce-ent  and 1 m f o r  concrete.  Clay  construction  has  been assumed f o r  
T'reliminary  Design. 

The s i~rsace   t i ra inage   provis ions  would control   the   f low  of   surface  run-off   across  
o r  p a r a l l e l  60 the  right-of-way. Where sur face   f low  runs   across   the .   p ipe l ine ,  
t he   c ros s ing  would be paved w i t h  cobble   s tones   to   p revent   e ros ion   of   the  
ripht-of-way. \!here p a r a l l e l  flow drainage  might  occur,   shallow  t .renches  'or 
depressions would lead  run-off away from the  right-of-way  and  towards  existing 

pxve1  where  necessary w i t h  cobble  stones.  
drainage  courses .  These trenches would commence a t  t h e  plugs and would be 

~ . ' ipc . l  i.ne Right-of-Vay 

a. lc ,ose-surface  access   road,   the   buried  pipel ine,  and a buried  duct-bank  carryin@ 
nIe pipel ine right-of-way rou ld  be  about 18 m ( 6 0  f t )  wide and  would contain 

%he  control cab1  es and power cables .  

'! ,;, , , , ,d i at.e];; f(3llowing  completim  cf  the  pipeline,   the  r ight-of-way would be  
r,.hlc.ic?d :<nd re-vegetated,   except   that   the   road woulcl be  re ta ined  for   maintenance 

pry-hlems wcul:! be  quickly  controlled.  
z c c e s ~ .  Monthly inspect ion of the  right-of-way  woul6  ensure  that  any  erosion 

i. 

" 



Photo 14-37 '(Appendix 7)  of t h e  Afton  mine water  supply  pipeline  provides an 
example of how the  lower  reaches of t he   p ipe l ine  right-of-way would look 
immediately  following  construction  but  before  re-seeding. 

Where pipelines  share  rights-of-way  with  high-voltage  jransmiss?.on  lines,  the 
roll.owing  factors must be considered  (see  Reference 20 : 

1. Electromagnetic  induction from the   l oad  o r  f au l t   cu r ren t s  can  produce a 
c.urrent  flow i n  the  buried  pipel ine.   Proper   design of the  pipel ine  should 
v i r tua l ly   e l imina te  any hazard  to   personnel  and minimize  danger of 
corrosion damage t o   p i p e l i n e  equipment  such  as  insulating  joints  and 
ca thod ic   p ro t ec t ion   r ec t i f i e r s .  

2. E lec t ros ta t ic   induct ion  o r  capacit ive  coupling  can  produce 6 charge on pipe 
above  ground  during  construction.  This  hazard  can  be  elimin.ated by 
grounding  above-ground pipe.  

3. Conductive  energization which occurs when a fau l t   cur ren t   en . te rs   the   ear th  

i n  spo t s  and hea t ing  of the   pipe steel which could  eventually  cause 
i n  t h e   v i c i n i t y  of the   pipel ine,   could  cause breakdown of the   pipe  coat ing 

a safe   spacing between t h e   p i p e l i n e  and t ransmiss ion   l ine  w i l l  be   spec i f ie?  
cracking.  This  aspect is current ly   under   invest igat ion by Y . C .  Hydro and 

when the  investigation  has  been  completed. 

Inspection and  Cleaning  Faci, l i t ies 

Visual  inspection of t he   p ipe l ine  would not   be   p rac t ica l .   Therefore ,   the  
est imate   includes  provis ions for inspect ion  using  so-cal led smart p igs ,  which 
are  instrument  packages  propelled  through  the  pipe by the  flow.  Outside 

descr ibing  the  condi t ion of both i n t e r n a l  and external   p ipe  surfaces ,  and 
cont rac tors   us ing   the i r  own pigs would provide a complete  inspection  report  

of great  value i n  de te rmining   tha t   the   p ipe  i s  cons t ruc t ed   t o   spec i f i ca t ions .  
locating  corrosion  problems.  During  the  construction of t h e   l i n e ,   p i g s  would 'c 

V I P  en t ry  and r e t r i e v a l  of pigs woul~d b e   f a c i l i t a t e d  by  launching and receiving 

t r aps   a r e   ava i l ab le  i n  t h e   s i z e s  and pressure   ra t ings   requi red .  
f a c i l i t i e s   ( t r a p s ) ,   p r o v i d e d  a t  t h e  ends of each pipel ine  sect ion.   Standard 

pi.(::: i s  currently  1.imited  to  about 22 mm and s ince   t he  maximum pipe wall 
:iince the  maximum pipe wall th ickness   for   ex te rna l   sur face   inspec t ion  w i t h  smar 

pipel ine  could be inspected.  As provis ions f o r  pigging  t re   expensive,   their  
thickness  f o r  t h e  proposed p ipe l ine  i s  16 mm, t h e   e n t i r e   e x t e r i o r  of t h e  

n w c s s i t y  shou1.d be  confirmed  during  Final  Design. 

l 'mvision has  also been made i n   t h e  c0s.t   estimate  for man ways t o   t h e   p i p e l i n e  
i n t e r i o r  at four poin ts .  

1 W 1  Valves 
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~ ~ ~ s ~ ~ ~ - s t y l e  coupling  for low pressure o r  a special  sleeve-type  coupling 
xn o r d e r   t o  remove the valve from the   p ipe l ine   fo r   s e rv i c ing ,   e i t he r  a 

for high  pressure would b e   i n s t a l l e d  on each  valve. The Valve and ac tua tor  
w0d.d be  enclosed i n  an  underground  concrete  Vault. 

Air and  Vent  Valves 

water, would be  provided at  all l o c a l  Summits of   the  pipel ine  route .   These 
Air re lease   va lves ,   des igned   to   re lease  small amounts of air  entrapped i n   t h e  

valves would be  enclosed  in  underground  concrete  vaults. 

Vent valves would be  used t o   a l l o w   t h e   e n t r y  and  escape  of  large vo.lumes of 

valves from t h e  pipeline  during  normal  operation so t h a t  they do not 
air  d u r i n g   l i n e   f i l l i n g  and draining. It may be   des i r ab le   t o   i so l a - t e   t hese  

actuate   during waterhammer condi t ions.  

Drain Valves 

J f  i t  were necessary  to   dewater   the  pipel ine  for   inspect ion  or   maintenance, . the 
drainage  sequence would be as  follows: 

1. The dra in   va lves   in  the Booster   Stat ions would be opened  allowing a 

equalization  tank and  from the re   i n to   t he   l ower   p ipe l ine ,   f i na l ly   t o  be 
control led  discharge of water from the upper   p ipe l ine   in to   the  

t h e r e  would not  be any overflow from the   equal iza t ion   tank .  
re leased   in to   the  Thompson River  through  the  clearwell   overflow. Note t h a t  

2 .  When t h e  maximum amount.has  been  released  in this  way, drain  valves  a t  loca l  
low points  in the  p ipe l ine  would be  opened.  These would include  one at  

Plow  Diagrams  D4191/3  and D419114, and on Detailed  Dipeline  Location 
Cornwall  Creek,  one i n   t h e  Boston F l a t s  area, and  others as shown on t h e  

Drawings D4191/16 t o  D4191/21. 

'The main environmental  concerns  with  pipeline  drainage  are  that  erosion o r  

of Thompson River water into  the  Bonaparte  River may d i so r i en t  salmon migrating 
s i l t a t i o n  damage to  streambeds may harm  salmon  spawning beds and t h a t   r e l e a s e s  

up the  Thompson. 

be provided with a pressure-reducing  f i t t ing and with a discharge  control  valve.  
Therefore, t o  avoid e r o s i o n   o r   s i l t a t i o n ,  every d ra in   va lve   i n s t a l l a t ion  would 

In t h i s  way, a predetermined m a x i m u m  discharge  corresponding t o  a port ion of 
t h e  natural   d ischarge of the  watercourse i n  question,  can be obtained.  During 
Final Design,  hydrological  and  environmental  studies would determine  these 
discharges.  

'I'he drainage from the  Boston Flats  area  could  be  accomplished by  one  of two 
methods to   avoid   d i sor ien t ing  sa%mon i n   t h e  Bonaparte  River. 

I.: Drain  into t h e  Bonaparte 'River at  some su i t ab ly  s m a l l  discharge rate - 
. .  

ce r t a in ly   l e s s   t han  100 l/s (1600 USGPM). 

2 .  D r a i n  i n t o   t h e  'Thompson River  by pumping i n  a separa te  small diameter 
DiDeline  over  Elephant Hill and re-introducing  the  flow  back into the  main 
pipe l ine .  

These a l t e rna t ives  W i l l  be  evaluated  during  Final Design b u t ,  for 
estimates, t h e  former method is  assumed. 



For the c u r r e n t   p r o f i l e ,   e i g h t   d r a i n   p o i n t s  would be needed along t h e  p ipe l ine  
rowte, us shown  on t h e  drawings  mentioned  above. A t  S t a t ion  5 + 800 at  

t o  it st i l . l ing  basin  beside  the  Bonaparte   River .  All dra ins  would operate  by 
Roston P l a t s ,  1600 m of  250 mm d iameter   duc t i le   i ron  bu r i ed   p ipe l ine  would run 

(:rrlvity except   the   d ra in  at  t h e   l i t t l e   l a k e  a t  S t a t i o n  11 + 000, where a small 
pump  may be required.  However, t h e   a l t e r n a t i v e s   t o  a pump w i l l  be  reviewed 
durinp; Final .  Design. 

Rescrvo.ir I n l e t  

I%(? mmncr. i n  which the   p ipe l ine   en te r s   t he   r e se rvo i r  which i s  corrta.ined  by an 
e:r i .hf ' j . l l  rlnm has  hydraulic  implications  for  the  system  design. 

rrkle t:wo a l te rna t ive   a r rangements   o f   the   reservoi r   in le t   a re :  

1. i.'ntt,r t h e  r e se rvof r   ove r   t he  dam. With this  arrangement,   the  advantage of 
:Lower equa l i za t ion   t ank   a t  No. 2 Booster   Stat ion would be  gained as t h e  

system  head would b e  independent  of t h e  r e se rvo i r  Water l e v e l .  The 
disadvantages would be that more energy is  required  for  pumpicg when t h e  
reservoir is  drawn down than for  t h e  second a l t e r n a t i v e  and t h a t   t h e  
re l .a t ively  higher   pipel ine  prof i le  i n  t h i s  area may requi re   addi t iona l  
waterhammer control  measures.* 

2 .  b:nter t he   r e se rvo i r  under t h e  dam. The p ipe l ine  would be  excavated i n t o .  
bedrock and backf i l led   wi th   concre te .   In   th i s   case ,   the  eCUal.iZation tank 
needs t o  be h igher   to   a l low fo r  t h e   r e s e r v o i r  Water l e v e l   v a r i a t i o n .  
ill>wever,  energy i s  not  wasted as t h e  water is  pumped d i r e c t l y   i n t o  t h e  

necessary. 
and the   lower   p ipe l ine   p rof i le"  i n  t h i s   a r e a  can be  obtained if 

These a l t , e rna t ives  will be  appraised  during  Final  Design. For t h e  ?Ur?oses 
o f  t,he cost   estimate,   the  second  alternative  has  been assumed. 

1Ail:h ' e i t he r   a l t e rna t ive ,  a c o n c r e t e   s t i l l i n g   b a s i n  would be provid.ed at  t h e  end 
the  p ipe l ine   for   use   dur ing  i n i t i a l  r e s e r v o i r   f i l l i n g .  For t he   s e l ec t ed  

;%lt,ernative,  a nkntorized  shut--off  valve would be  provided so t h a t   t h e   r e s e r v o i r  

admit, air t o   t he   p ipe l ine   du rbg   d ra i . n ing .  The p ipe l ine  would t e rmine te   a t  
~ > u l r l  he i so la ted   dur ing  l i n e  drainage. Also,  a vent  valve would be  provided t o  

wc,,t,cr down t o   t h e   s t i l l i n g  ha!;in d u r i n g   i n i t i a l   r e s e r v o i r   f i l l i n g .   A f t e r   i n i t i a l  
: L t m l i t  S t a t ion  23 + 000, discharging  into a concrete flume  which  wculd ca r ry   t he  

rcst:rvoir tow water   l eve l .  
f i  1 1  in&, t h e  open  end of   the   p ipe  would  simply  discharge  freely  below  the 

Pipe I ine Power Supp1.y 

'Fhc Sinate  Line  Diagram, Drawi.ng Dk1.91-28. shows 3 un i t   subs t a t ions  between t h e  

::i.:.yt.ion a n d  the   p lan t   water   reservoi r .  These  supply power fo r   t he   su rge   t ank  
N o .  1 a n d  No. 2 Booster   Stat ions and 6 u n i t  subs ta t ions  between Ne. 2. Booster 

hcatvrs,  motorized  valves  and  cathodic  protection  along  the  pipeline. 

' l k ?  t .wo u n i t  subs ta t ions   a t   E lephant  H i l l  would  normally  be  fed from No. 1 

1lr10:;t~r S ta t ion  and t h e  three  towards  the end of  t h e  p ipe l ine  would ncrmally  be 
I!oo!.kr %at ion ,   the  four  at  Cornwall Hill would normally  be  fed from No. 2 

h i  tYom t h e  power p l an t .  

Waterhammer pressures  i n  p ipe l ines  w i t h  high gr0roiu.d near t h e  discharge,end  are  
more d i f f i cu l t   t o   con t ro l   t han   t hose   w i th   l ower  ground near   the  discharge end. 

(vh:I91,/1 1 5 3  



'l'tle bu r i e i   sub feede r s   o r ig ina t ing   a t   t he  4160 V switchboards  in t h e  booster  
:;.t:rtions and  at t h e  power plant   are   descr ibed i n  POWER  SUPPLY AND DISTRIBUTION. 

S ince   the  major 1.oad is  hea t ing  power, it is  proposed  that a continuous 4160 V 
:;upply cable   be   ins ta l - led   a long   the   en t i re   l ength  of t he   p ipe l ine .  This cable  
and the  two sec t iona l iz ing   swi tches   l cca ted   as  shown on the  Single  Line Diagram, 
would permit supply  of any  and a1.l loads from  any o f   t he   t h ree   f eed ing   po in t s .  

' lhe ::.upply cable   a long  the  ent . i re   pipel ine would be  s ized  for   the  worst   vol tage 

:.ikrtion or Srom t h e  Power P lan t .  
d r $ , p  condition.  That i s ,  when a l l  loads   a re   fed  from e i t h e r  No. 1 Booster 

SnlxrI .uckine  of   the  feeding  c i . rcui t   breakers   with  the  sect ional iz ing  switches 
t.1) prevent  para.l.lt .1  feeding  and  the  consequent  overloads  in  the  pipeline  supply 

h e  t.n the j o n g  distances  involved.  Therefore,   safe  operation of  t he   p ipe l ine  
~::l.b.lc when a main booster  pumping s t a t i o n   s e r v i c e   f a i l e d  would not   be   feas ib le  

I N I W C ~  :;upply system would have to   be   ensured  by operating  procedures.  

o v t d i t : : r d  l i n e ,  w h i l e  ha.ving  lower  conductor  costs, would r equ i r e  c:.oser than 
An ~wcrtlead  pole l i n e  supply  versus  underground  cable  supply was evaluated. An 

: . ~ l , s ~ . ~ ~ d : m i  po1.e spacing,  since  telecommunication  cables t o  t h e  power p l an t  have 
trl) he ca r r i ed  along t h e  same route .  

F:ven w i t h  overhead  design,  large  portions  of t h e  supply,   e.g.  i n  populated 
:.rCns rind at. highway cross ings ,  would have t o  be run underground for s a f e t y  and 
ertvirormental reasons. The frequent change from overhead t o  underground 
i n s t a l l a t i o n  would make f o r  a po ten t ia l ly- t roublesome  ins ta l la t ion . ,  Also,  pole 
l i n e s  i n  remote  areas  could  be  targets  for  vandalism. The uninterrupted ' 

avtLi'l.ability  of power to   t he   pLpe l ine  and especial ly   the  cont inuous  funct ioning 
o f  thr: remote  control  and  telemetering  system would be   o f   v i ta l   impor tance   to  
Lbc nperation  of the pumping system.  Therefore ,   the   instal la t ion of t h e  en t i re  
1enl:t.h of power supply and te lecomrunicat ion  l ink i n  an  underground  duct  bank 
ha.:: been sei-ected. Ducts would be  concrete  encased  at  road and s e r v i c e   l i n e  
cI*os::ini:s and where these   en te r  and l eave   pu l l   p i t s  and subs ta t ions .  

' h e   h i c t  bank would run p a r a l l e l  t o  t he   p ipe l ine  and would b e   i n s t a l l e d  a t  a 
sui . table   dis tance from the  la t ter  to   p reven t   i n t e r f e rence  between t h e  two during 
rrmintfmance  an4 construct ion.  This d is tance  would vary  with  topographical 
I'c~at~u1'es and wou1.d have to  be  determined  during  Final  Design. 

l'hc? urii.t suhstat,ions  (purchased  as a self-contained  complete  package) would be 

!:<~rvirl)T, 7'he t rmsformers  wou1.d be mounted  on a concrete pad  and  wculd be 
I.ocn.t,ed immediately  beside  the  pipel ine  valve  pi ts  or surge  tanks  they  are 

I ~ o c w A  i n  a kiosk  together   with  their   associated  switchgear .  

f i  I:r:l.nsPormer of  each  size  used i n  t he   un i t   subs t a t ions   a long   t he   p ipe l ine ,  
w r n p l  et,<? w i t h  primary  and  secondary  switchgear, would be  kept i n  s torage   for  
iranw1i:rte nvai : tabi l i ty  i n  t he   wen t   o f   a , t r ans fo rmer   f a i lu re .  Allowance fo r  
t h m e  c.tand-hy units  has  been made i n   t h e   c o s t  estimate. 



OPEIIA'PION AND CONTROL OF THE SYSTEM 

General 

w:itc.r treatment and boos ter   s ta t ions .  'The power plant   operator  would s e l e c t  
t,l!<. desired puml,.colnbiriation  and  would send a cormand s ignal   over  i t  data  
t.l.:ln:;inis::inn l i ne '   t o   t he   i nd iv idua l  pump s t a t i o n s .  A feedback signal would 
P ~ : I I  1 5  !m t h a t  t h e  comand  has  been  carried  out.  

'I'IIc~ d r ~ l , : ~  t.~.nnsmission l i n k  would be a phase-shift   keyed,  digitally-coded 
I W I Z ~  t i1)i.c~ system t , ransmit ted  a t  low speed  over  four  individually  shielded  cable 

' ( 1 ; t . i  r:: w i l , i l  !!$rssa:.;e securi ty   checks  to   detect  and re jec t   e r rors .   Auxi l ia ry  
vc,ui'~nn?nt, ::itch as air conpress,-rs,   space  heaters,   etc.  would have  automatic 
~ ~ ~ ~ l ~ 1 . 1 ' ~ ~ I  s wit,h local   canual   overr ide.   Line-f i l l ing pm:ps and assoczated  valves 
W I ~ I I I I I  he 1 ~ c a . l  manual operated.  Ile provision w i l l  be  nade  for emergency l o c a l  
I t t : . t ! t 8 n l  (?per::!.t;ien of  the  najor  equipment. 

n. .):E. rom<.te  r:anual control  system would enable  uraarned  operation o:C t he   i n t ake ,  

'!'he <.,mt,rol. conscle for t h e  system would 5e l o c a t e d   a t   t h e  power p lan t  and  wculd 
Ile ,>f slr.!ilar 6es ign   t c   t he   o the r  power plant   control   consoles .  %e panel  wodd 
d isp lay ,  on  ccmrr.znd, t he   s t a tus  of the  equipment i n  t h e  system  and, i n  t h e  event 

rni1.l funct ion.  A l l  o f   t he   ccn t ro l   sys t en   l og ic  would be  locate3 i n  t he   con t ro l  
V I '  a malfunction, would generate a v i sua l  and audible  alarm  identifying  the 

ct)nscle end would be  capable  of  being  programe? ir a :?igh-levei data   processing 
1 anguqe  . 
'!'he system would be Gperated at. fcur Ziscre te   d i scharge   ra tes   de te rx inee  jy t h e  
c.apac5tie:; ?.f rhe  f o s r   airs sf !x-s te r  l)uc;ps. 

Ins tnments  

E.lt-n::llrint: instruments would genera l ly   be   c f   the   force   ba lance   type  w i t h  s igna l  
I t ~ v e l ~  nf 11 t o  X !?a DC for   e lec t ronic   devices  and 20 t o  100 KFa for pne,m.atic 
( l ~ v j v e r . .  Local ind ica to r s  would be  included at  each  neasuring  point. 

\':3,lve:r 

Valve:: wou1.i ?>e   t igh t -sea l   bu t te r f l J   type  fcr l o w  sh 'ut-sff   d i f ferent ia ls  and 
i,ir+i.t-sc.?l fall-cpening 3.11 -.%lves for h igh   shut -of f   d i f fe ren t ia l s .  
i..!?1-1 ric:.~.l:!::-po5iti,_ned .:aives wiuld i n c l d e  open  and clcsed limit :;witches. 

" 



fneumatically-positioned valves would include  hydraulic-damping  devices t o  permit 

wj . th  h i g h  d i f f e r e n t i a l s  would include  energy  dissipation  devices.  
independent  stem  speed  adjustment for rates  of  opening and closing,   Drain  valves  

Emergency Provisions 

ind iv idua l ly   under   the i r   appropr ia te   sec t ions .  They include  inter: tocks and 
ihet-gency provis ions  for   the  0-perat ion and control   of   the   system  are   discussed 

sir-a,ctuated  valves,   drainage  provisions,  and leak   de tec t ion .  

POWER SUPPLY AND DISTRIBUTION 

General 

Klec t r ica l  power for  t h e  pumping system would be suppl ied from t h e  proposed 
Rxtt lesnake  substat ion  near  Cache Creek. The e l e c t r i c a l  system would cons i s t  
o r  t ransmission  l ines   feeding two incoming  supply  substations  located at  No. 1 
a n d  No. 2 Booster   Stat ions,  power d i s t r i b u t i o n  and  motor cont ro l   cen t res ,  and 
nine u n i t  subs t a t ions   l oca t ed   a long   t he   p ipe l ine ,   a l l  as shown or. the   S ingle  
Line  Diagram, Drawing Db191-28, and as described i n  d e t a i l  below. 

'Transmission L i n e  

where it would s p l i t   i n t o  two 69 kV p o l e   l i n e s   t o   t h e  incoming  supply 
A 69 kV p o l e   l i n e  would extend  south from the   Ra t t l e snake   subs t a t ion   t o  a point  

subs ta t ions   loca ted   a t   each  of the  booster  pumping s ta t ions .   S ince   the   rou t ing  
and the   de ta i led   des ign   of   the  69 kV t ransmiss ion   l ine  i s  the   respons ib i l i ty   o f  
B . C .  Hydro, t h e   c a p i t a l   c o s t  e:;timate f o r   t h e  water supply  system  does  not 
include t h e  cos t  of t h e  69 kV t ransmiss ion   l ines .  

Tncominp; Supply  Substations 

.A 69 kV incoming  supply  substation would be  located  immediately ad:acent t o  
each of t h e  two booster pumpin(!. s t a t i o n s .  To minimize visual   impact ,   the  
subst,ntion would be a low-proftle  design and be  si tuated  behind the!  pumping 
statj.c>ns. A layout of the   subs ta t ion ,   ident ica l   for   bo th   boos te r  pumping 
r;t.:r.t'lons, i s  shown  on Drawing 1)b191-2b, Booster   Stat ion - General  Arrangement.. 
Tht. substat ion would occupy an a rea  of  approximately 40 by 18 metres. 

The incoming t ransmiss ion   l ine  would be  terminated on a portal   s t ru .c ture  w i t h  
:;ur(:c a r r e s t e r s   l oca t ed  below.  Conductors would drop down to  the  nain  disconnect  
r;w.i.t,ch which would be  connected to   t he   c i r cu i t   b reake r   w i th  a r igid.  aluminum 
t.ub:ing bus s t ruc tu re .   S imi l a r  bus work would connect   the  load  s ide  of   the  

of the 20 MVA power transformer.  The power transformer would be ONAN - cooled 
c i r c u i t  b reaker   v ia  transformer-mounted  surge  arresters to   the   p r imary  bushings 

a.nd would have a standard  off-load  tap  changer.  Space  for a perpendicular bus 
t a p  t o  a fu tu re  power transformer would be  provided  between t h e  main disconnect 
switch  and  the  c i rcui t   breaker .  

For l igh tn ing   pro tec t ion  a ground s p i r e  would be   cen t r a l ly   l oca t ed .  A l l  bus 

l i gh tn ing  would be  designed t o  B.C .  Hydro s tandards.  
and support ing  s t ructures ,   the   s ta t ion  grounding  system,  fencing and e x t e r i o r  



Prel iminary  calculat ions by B.C. Hydro i n d i c a t e   t h a t ,  due t o   t h e   s h o r t   l e n g t h  

maximum vol tage   var ia t ion  a t  t h e  end o f   t h e   l i n e  would be  ?: 5%. Therefore, 
of t he  incoming  transmission  l ine  and  the  exclusive  nature  of i t s  use ,   t he  

on-load tap  changers   are   not   considered  necessary  for   the main power transformers 
and  have not.been  provided. 

The m a i n  disconnect  switch and c i r c u i t   b r e a k e r  would be  inter locked.   such  that   the  
di: ;connect  switch  cannot  be  operated  unless  the  circuit   breaker i s  t r ipped .  

, 
I n  a d d i t i o n   t o  t h e  pro tec t ive   re lay ing  for t h e  power transformer shown on t h e  
:;inp,le l i n e  diagram,  there wou1.d be alarms for  gas  accumulation, l o w  o i l  level 
and h i g h  temperature. 

Power I’or t r i pp ing  and c l o s i n g   t h e   c i r c u i t   b r e a k e r  would be  supplied from a 
s t a t i o n   b a t t e r y .  

Revenue meter ing  for   the pumping s t a t i o n s  i s  not  required.   Protection-class 

69 kV power transformers would be  used  to   meter   the power consumption of t h e  
cur ren t  and potent ia l   t ransformers   connected  to   the  secondary  s ide  of   the  

pumping s ta t ions .   This  would cons i s t   o f  a kilowatt-hour  and a ki lowatt  
maximum-demand meter.  Energy  consumption  and power demand readings of one 
boos ter   s ta t ion  would be   t r ansm. i t t ed   t o   t he   o the r   boos t e r   s t a t ion   fo r  summation 
purposes.  Main.voltmeter  and ammeter with  phase  selector  switches .would a l so  
be  provided. 

Stand-by Power Transformer 

A 20 MVA stand-by power transformer would be  placed  a t  No. 1 Booste:r S t a t ion .  

to  the  primary  bus  system  as it may-be  necessary t o   t r a n s p o r t  it if t h e  
This  transformer would be  mounted on a concrete pad but  would not  be  connected 

connected t o   t h e  stand-by  transformer to   opera te   space   hea te rs   to   p revent  
transformer a t  No. 2 Booster  Station  should f a i l .  E l e c t r i c a l  power  would be  

estimate. 
condensation. The cost  of th i s   spare   t ransformer  i s  inc luded   i n   t he   cos t  

Select ion  of  Medium Voltage 

Various  combinations of voltages f o r  the   i n t ake  and booster pump motors  were 
inves t iga ted  as de ta i l ed  i n  Pro,ject Memorandum V4191/16, Selec t ion  of Medium 
VoltaW. ‘Phe h160 V r a t i n g  was found t o   b e   t h e  most  economical and has  been 
used for  Preliminary  Design. 

Main Dis t r ibu t ion  

A ,1160 V switchboard,   located in t h e   e l e c t r i c a l  room of  each  booster pumping 
s t a t i o n ,  would  be  fed  from t h e  :Low-voltage s i d e  of t h e  incoming supgly 
‘ t ranshrmer  and would, i n  t u r n ,  feed t h e  e l e c t r i c a l  equipment.  Subf’eeders, 
protected by circui t   breakers   to   avoid  s ingle   phasing,  would feed  the  nine 

t h e  e l e c t r i c a l  rooms,  would be  connected in ser ies   with  these  subfeeders  
w 1 i . t  subs ta t ions   a long   the   p ipe l ine .  Current-l imiting reac tors ,   loca ted  i n  

to avoid   having   to   overs ize   the   cab les   to   wi ths tand   the   ava i lab le   sh .or t   c i rcu i t  
].eve1 nt the  14160 V bus. 

. .  



A t  No. 1 Boos ter   S ta t ion ,   the  4160 V switchboard would a l s o   f e e d   t h e  motor 
c o n t r o l   c e n t r e   l o c a t e d   i n   t h e   e l e c t r i c a l  room o f   t he   i n t ake   s t ruc tu re  by a cable  
routed   in  a d i r ec t   bu r i ed  bank  which  would  be concrete  encased at  roadway  and 

remote  control  telemetering and  communications systems. 
se rv ice   l ine   c ross ings .   This   duc t  bank  would a l so   conta in   the   cab le  for t h e  

The 4160 V dist r ibut ion  systems would be  low-resistance  grounded  and  the 600 V 
dis t r ibut ion  systems would be  effectively  grounded  to conform t o  t?stablished 
B.C. Hydro p rac t i ce .  

Emergency Power Supplx 

I n  the  event   of  a prolonged power outage,   several  components of   the  water   supply 
system would be i n  danger  of  freezing and  could  require emergency power f o r  
heat ing.  Not a l l  components could  be  protected by d ra in ing   t he  l i n e  and even 
t h i s  remedy would b e   d i f f i c u l t   t o   c o n t r o l   w i t h o u t  power. Consideration  has  been 

t h e  Preliminary Design cost   estimate  does not  include emergency  power supply 
given to   p rov id ing  emergency  power t o  heat t h e   c r i t i c a l  components. However, 

as t h e  chance of a failure o f   t he  4160 V system a t  t h e  Power P lan t  i s  considered 
extremely  remote. However, this  aspect  should  be  reviewed  during  Final  Design. 

COST  ESTIMATE 

Table 8 summarizes the   cap i ta l .   cos t   es t imate  f o r  t h e  water supply  project .  A 
de ta i l ed  breakdown o f  the  cost :   es t imate  and cash  flow  schedule i s  contained i n  
Appendix 5. 

Table 8 - Summary of  Cost  Estimate 

Description  Material  Labour 

_." S.tructures 

271.00 Thompson River  Intake $ 1,070,000 $ 1,570,000 
272.00 Water Pipe l ine  6,665,000 
273.00 No. 1 Booster   Stat ion 550,000 

8,870,000 
400,000 

27k.00 No. 2 Booster   Stat ion 615,000 1,140,000 

Total. S t ruc tu res  $ 8,900,000 $ 11,980,000 

Equipment- 

271 .OO Thompson River  Intake $ 1,450,000 $ 330,000 
272.00 Water P ipe l ine  
273.00 No. 1 Booster   Stat ion 

775,000 

274.00 No. 2 Booster   Stat ion 
930,000 

291.00 Power Supply & Dis t r ibu t ion  1,750,000  595,000 

Total Equipment $ 9,930,000 $ 3,455,000 

Total   Direct  Cost $.18,830,000 $ 15,435,000 

Owner's Construction Overhead 
Engineering 
Contingencies 

'Potai Construction Cost 
Corpnrate Overhead 
Total Ca  itdl Cost 

1,610,000 

2,620,000  825,000 
2,500,000 
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Total  - 

$ 2,640.,000 
15,535,000 

950,000 
1,755,000 

$ 20,880,000 

$ 1,780,000 
2,385,000 
3,430,000 
3,445,000 
2,345,000 

$ 13,385,000 

$ 34,265,000 

2.740,ooo - 3,500,000 - 5,245,000 
$ 45,750,000 

2,250,000 
$ 48,000,000 



HASIS OF ESTIMTE 

Gerleral 

l'hc cap i t a l   cos t   e s t ima te  i n  Appendix 5 has  been  prepared  based on p r i ces  i n  
effect ,   dur ing  the  fourth  quarter   of  1977. 

contractor 's   supervis ion  and  adminis t ra t ion,  equipment rentals,   overhead and 
T.,a.bour es t imates   include  payrol l   costs  up t o  foreman level ,   board  ard  lodgings,  

p r o f i t .  An average  charge-out, r a t e  of $35 per  hour  has  been  used for all 
cons t ruc t ion   t rades .  

Mat,(?rinl cos ts   inc lude   Provinc ia l   Sa les  Tax of  7 percent ,   packing,   f re ight   to  
si.t;e and insurance.   Federal   Sales Tax is  not   appl icable  and t h u s  i s  not  included 
Co'st of ].and purchase  and  right-of-way  acquisition i s  included a t  $2,500 per  

by 11.C. Hydro. 
hectare ,   except  $15,000 per   hec t a re   a t  t h e  No. 1 Booster   Stat ion,   as   es t imated 

~~ 

C i v i l  and S t r u c t u r a l  

T h e  s t ruc tu ra l   cos t   e s t ima tes  have  been  based on preliminary  designs  developed 
fnr the   in take  and boos te r   s t a t ions .  The costs  have  been  estimated  using  unit  
p r ices  for  t h e  various  items  of work from Sandwell 's   records.  

The es t imates  for booster  station  concrete  foundations  have  been  based  only on 
visual   observat ions of ground  conditions.  Intake  foundation  estimates  are 
h x e d  on borehole  data and a seismic  survey. 

I.:quipment 

Cost  estimates  for  the  major  pieces  of equipment  have  been  based on w r i t t e n  
hud#ret  quotations  received from suppl iers .   Costs  for  t h e   a u x i l i a r y  equipment 
wirint: and process  controls  have  been  estimated from Sandwell 's   records.  An 
nl.lowance  has  been made fo r   spa re   pa r t s .  While pipe  costs  have  been  based 
on budflet  quotations  provided by supp l i e r s ,   t hese   t end   t o   be   t he  most 
iunpredictable  prices as p i p e   a v a i l a b i l i t y  is great ly   inf luenced by other  major 
p ipe l lne   p ro j ec t s .  A bare  pipe  pr ice   of  $710 per  tonne,  landed i n  Vancouver, 
has bncn used. 

1'i.pcl i n e  Construction 

: ; 1 1 ? p c ?  have  been  considered  insofar  as  welding,  handling  and  anchoring  costs  are 
In  't.ho pj.pc?line  construction  estimates.   variations i n  wall thickness  and ground 

concf?rned.  Clearing,  grading,  stockpiling,  ditching,  hauling and s t r ing ing ,  

ch: l ra?ter is t , ics  of each  section of p ipe l ine   rou te .  The assumed d i tch ing  and 
ptdrlfnt.:, bedding, and b a c k f i l l   c o s t s  have  been  estimated  according t o   t h e  

wrlc.:.cte bedding  and  borrowed  material  are  included. 
i:lcn.ri.np, requi rements   a re   g iven   in   de ta i l   in   Table  C of Appendix 4. Costs of 

Ce r t a in   c r i t i ca l .   un i t   cos t s  for pipeline  construction  have  been  developed i n  
ronsu'Ltation w i t h  Marine Pipeltne  Contractors  Limited.  

Costs of sundry  pipe,  valves and f i t t ings   for   the   p ipe l ine   inc lude   such   i t ems  
a!< :lit- valves ,   access  manholes  and  drair .   installations.   Automatically-actuated 
valves  have  been  included  in  process  control  equipment.  Pipe bends; a r e  assumed. 

CoutinR c o s t s   a r e  based on supp l i e r s '  quotat ions.  The cos t  OP f i e ld   coa t ing  
IAI b e  f i e l d  bends. except where sharper  bends necessitate  shop-fabri.cated  bends. 

j o i n t s  i s  included as is t h e  cos t  f o r  hydros ta t ic   t es t ing   o f   the   p i .pe l ine .  
( V J t W l / l )  59 
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i(il,iiL ,;,,, :,,I ,(I maj,,r hi@,hway.cro!;singS a re  assumed t o   b e   i n s t a l l e d  in sleeves  bored 
I,l[,,xr I;he ron(ybe(l. n ive r  and streax,  crCSsinRs would be  buried under the bed 
, ir ld I ~ : , ~ ~  beerl pr iced ;-iccording to   t he i r   i nd iv idua l   r equ i r emen t s .  

~ , , 1 ~ ~ ~  cost of one-way surge  tanks  together  with  associated and fittings' 
i :; included. 

Owncr':; Construction Overhead, 

nrI a1 l.owance o f  R percent of  t he   t o t a l   d i . r ec t   cos t  has been  included  for  owner's 
construction  overhead. 'Phis  allowance is made for those  items  not  normally 
.incll~ded under  contractor 's   overhead which t h e  owner must provide.  The 
estimates  allow f o r  such item:; as suppliers '   erection  supervision.,   warehousing, 
1,cmrmrary ::t,ructures,  temporary  services  and camp maintenance. 

P:rI[; i11w!rirl& 

'I'hc ;.~'l.l.ownnce for  engineering  includes  design  development,   si te  surveys and 
clri'l Vin~;, hydraulic  modelling, waterhammer computer  programs, s p e c i a l i s t  
~ x ~ n s ~ . ~ : I i ~ a n t : ; ,  caJ.:l.ing of tenders  and recommendations of equipment suppl ie rs  
: w d  (:orlt,r:tctors,  .the prepara t icn  of  spec i f i ca t ions  and de ta i l ed  drawings for  
con::t.ruction, a n d  res ident   engineer ing  supervis ion  of   contract  work. 

' 1 % ~  crl,:ineerin(<  allowance is 2 prel iminary  es t imate  ocly. TJpon p ro jec t  
au th r r i za t ion ,  an est imate  of  manhour requirements,   specialized  consulting a.nd 
other   purchased  services  and out-of-pocket  disbursements would be lnade 
Lo a r r ive   a t   t he   f i na l   eng inee r ing   budge t .  

Continaencies 

'I'hc allowance for contingencies i s  intended  to  provide for unfcreseien  items 
which may not 'become apparent  unti l   Final.   Design. T h i s  contingency  allowance 

,le:;j,:n 8ind construct ion  per iod.  A contingency  allowance  of  approximately 
i,!; no t   in tended   to   p rovide   for   esca la t ion   o r   in f la t ion   dur ing   the   p lanning ,  

1.:) p<!r.r:ent, O F  the t o t a l   d i r e c t   c o s t  has been  included. 

(!(~rpor;rt,e Overhead 

,qI, : d ~ . o w n . ~ ~ c e  o f  5 nercent of t he   t o t a l   cons t ruc t ion   cos t  has been made f o r  
lj.i!. ll,ydro's corporate  overhead. 

l k : c r ~ l  at.i.on 

'I'kw 1 . i m e  bizsi:: fo r   the   mater ia l  and  labour  estimates i n  th i s   budget  i s  t h e   f o u r t h  
qu:LrI,er < ) ?  ' I T ( ' ( .  ::(I a:1.3owance has been made f o r   t h e   e f f e c t s  of inf:.ation on labou 
I Y L I ~ : :  nr m:rt.<trial p r i c e s   a f t e r   t h i s   d a t e .  

l'rwni.u!n 'Ti= 

[ I n i t .  prices for p i p e l i n e  labour  include premium time as p a r t  of norm.al p ipe l ine  
prnci.ice. Premium time i s  also included fo r  construct ion of t h e   i n t a k e  
:;l,nl(!'t,lwL?. Otherwise, t.he l a b o m   r a t e s  used i n  compiling  these  estimates a" 
t):j.scxj on a '37. 5 i l c l u r  work wee!<. Should G.C.  Hydro & Power Authori ty   authorize 

pw?mim time payments may exceed t h e  $500,000 included i n  t h i s  es t imate .  
in- ~xtcr ide<l  wtirk week, as ide  from t h e  p ipe l ine  and in take  wcrk ,  t he   cos t s  f o r  

." 



.. . . . SANDWCLL ' 

:xclusions 

:n SuJnmarY, it shou ld   be   no ted   t ha t   t he   cos t   e s t ima te  does  not  include: 

. Transmission 1 i n e s . u ~   t o   t h e   c o n n e c t i o n   t o   t h e   b o o s t e r   s t a t i o n   s u b s t a t i o n s .  

'. Worki.nF: c a p i t a l  o r  the   cos t   o f   opera t ing   mater ia l s   no t   ih i t ia l ly   suppl ied  
under t,he terms of  equipment  purchase. 

3. In te res t   accrued   dur ing   the   cons t ruc t ion   per iod   or  any o the r   cos t s  of 
f inancing t h e  p ro jec t .  

4. Sta r tup  and pre-operating  expenses  such  as  recruitment  and  training  of 
personnel. 

5 .  Federal s a l e s   t a x .  

6. Municipal  taxes. 

' T .  l,ep,al expenses. 

8. l'he  cost of any townsi te   o r   hous ing   fac i l i t i es .  

9.  The cost  of any o ther   p re l iminary  development a c t i v i t i e s   c a r r i e d   o u t  by 
B.  C .  Hydro and Power Authority. 

10. 1be cost  of  overtime premium except   for   the  premium time for intnke and 
pipeline  noted  above. 

11. The cos t   o f   esca la t ion  i n  mater ia l ,   labour  and cons t ruc t ion   cos ts  
a f t e r   t he   fou r th   qua r t e r   o f  1977. 

12. The cost   of t h e  r e se rvo i r  o r  piping from the   r e se rvo i r   t o   t he   t he rma l   p l an t .  

1 3 .  Operat ing  costs .  

1.h. N..lowances for   future   expansion.  

E N G I N F X E I N G  AND CONSTRUCTION 

General. 

The h g i n e e r i n g  and Construction  Schedule i s  shown on  Drawing D4191-30. The 
~01.J.owing  key dates   provide  the time framework within which the  schedule  has 
been  prepared. 

r tern 

1. Commence Final  Design 1 January  1979 

:'. Project   Construct ion  Authorizat ion 1 Apr i l  1980 

. .  

- - Date 

( N o  t enders   to   be   i s sued  p r i o r  t o   t h i s   d a t e )  

7. f!ommence Fi l l ing   P lan t   Reservoi r  1 J u l y  1984 

1 4 .  Firs t   Uni t   In-Service 1 January 1986 
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Enelneering 

The Pina l  Design for  t h e  pro jec t   requi res   the   fo l lowing   c r i t i ca l   p ieces  of 
information  be  developed  withi .n  the  allotted  t ime: 

I,. Confirmation  of  pipeline  route.  

2. Topographic  surveys and s o i l   t e s t s   f o r   p i p e l i n e  and boos ter   s ta t ions .  

7. Determination of booster  pump c h a r a c t e r i s t i c s .  Pump model t e s t s   t o   b e  
completed by manufacturer  before  pipeline waterhammer design i s  commenced. 

1 1 .  fiydraulic models of  intake  cofferdam and of  a s i n g l e   i n t a k e   c e l l .  

'rendering  and  Manufacture  of Equipment 

Tendering  for  the pumps, as  discussed  above, i s  necessary a t  t h e  earliest 
pc~ss ih l e  rla-te, 1 Apr i l   1980,   to   p rovide   the   input   necessary   for  waterhammer 

month. However, manufacture may be  delayed  due t o   o t h e r  commftments of t h e  mill. 
n.nirl.ysis. A modern pipe mill could  produce  the  entire  pipe  order  in  about  one 

For  example,  one.major  Canadian  pipe m i l l  i s  already booked t o   c a p a c i t y  from l a t e  
1978  through  1981.  Therefore, it is  advisable   to   complete   tenders   ear ly ,  
based on prel iminary  specif icat ions i n  order   to   ensure   space   in  a mill's 
-production  schedule. The waterhammer studies  could  be  completed  and  the  pipe 
spec i f i ca t ion   f i na l i zed  well before  the  actual  manufacturing  period. 

Approximate del ivery  t imes for major  equipment are   as   fol lows:  

Item 

Intake Pumps and  Motor 
Booster Pumps and Motor 12- 1 4  months 

8 - 10 months 

Pipe,  (Depending on 
a v a i l a b i l i t y )  1 2  months 

Valves  and f i t t i n g s  10 months 
Transformers 1 2  months 

- Delivery 

'rendering  and Award. of  Construction  Contracts 

The engineering  schedule  permits  the  completion  of  detailed  design so t h a t   a l l  
construct ion  tenders  can b e   c a l l e d  on a lump-sum basis. 

The following 3 cons t ruc t ion   cont rac ts   a re   an t ic ipa ted :  

1. h t a k e .  To include  Bonaparte  River  bridge,  access  road,  cofferdam,  intake 
s t ruc tu re ,   i n t ake   access   b r idge ,   t r ave l l i ng   c r ane  and placement  of t r a v e l l i n g  
screens.  

%. General. To inc lude   s t ruc tures  f o r  b o o s t e r   s t a t i o n s ,   c l e a r w e l l ,   c l a r i f i e r ,  
equa l i za t ion   t ank ,   su rge   t anks ,   va lve   p i t s  and t h e   l i k e  as.well as t h e  
complete  mechanical and e l e c t r i c a l   i n s t a l l a t i o n .  

3 .  Pipel ine.  
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Intake  Construction 

by river +yaw arid by t h e  spawning. of   pink salmon i n  t h e  fall of  each odd- 
7"t,ake co .ns t r , rc t ion  i s  the  most severely r e s t r i c t e d  i tem i n  the  schedule  - both 

numbered year. since project  Construction  Authorization would be  ;after t h e  
winter of 1978-1979, l o w  water per iods   ava i lab le  f o r  construct ion lare t h e  1980- 
~901 winter  and the 1982-1983 winter .  

~ i ~ ~ ~ ~ ~ i o ~ ~ s  w i t h  P.C. Hydro,  Golder  and  Associ.ates,  and  Dillinaham  Corporation 

on Drawing ~4191-29.  For  l i terature  reviewed  during  the deVe1Opment of t h e  
iden , t i f ied  t h e  three  cofferdam  constructfon  alternatives  for  the  intake shown 

fOllCJWing a l t e r n a t i v e s  see References 4 and 5. 

1. Ce l lu l a r  Cofferdam/Berms. 

2 .  Shee t   F i l ing .  

3. E a r t h f i l l  Berm.  

Al te rna t ive  2 ,   Sheet   Pi l ing,  w a s  rejected  because  the  dimensions of  a sheet-  
pil.ed  caisson  around  this  intake,  with  allowance for working  space!, would 
require  extensive  use o f  s t ruts  and a re la t ive ly   long   cons t ruc t ion   per iod .  
Alternat ive  3 ,   Ear th  f i l l  berm, was rejected,   because  the wide c ross   sec t ion  
col1i.d cause  unacceptably  high  water  velocit ies  and  could  also  adversely  affect  
upstream  water  levels. 

Alternat ive 1, Cellular Coffertlam/Berms, has  been  selected as it would give more 
r e l i ab le   p ro t ec t ion   t o   t he   cons t ruc t ion  works  and should   no t   s ign i f icant ly  
a f f ec t   t he   r i ve r   hydrau l i c s .  While it may be  more c o s t l y   t h a n   j l t e r n a t i v e s  2 
and 3, it would minimize the  construct ion  t ime  required.  

Completion o f   t he   i n t ake   s t ruc tu re  up t o   s t r u c t u r a l  f l oo r  l e v e l  may not  be 
possib1.e i n  one winter   per iod.   Therefore ,   the   r iver   construct ion  phases   have 
been,  scheduled  over two winter  terms. The following two schemes a re   ava i l ab le  
to  complete t h e  i n t ake   s t ruc tu re .  

After   construct ing  the  cel lular   cofferdam and berms d u r i n g , t h e   r e l a t i v e l y  
low period  towards  the  end of 1980 (commencing work at  approximately  the 
llecinning  of  October), as much o f   t he   i n t ake   s t ruc t ,u re  as poss ib le  would 
be .constructed  before   the start of  t h e   f r e s h e t  i n  1981. With t h i s  scheme, t h e  
berms would be removed before  the f reshe t   permi t t ing   the   cons t ruc t ion  works 
to be  flooded. The cellular  cofferdam would be  re ta ined  s ince :it i s  
npproximately t h e  same width :.IS t he   i n t ake  and  would not ,   therefore ,  
s ~ ~ f f i c i e n t l y   a f f e c t   t h e   r i v e r   h y d r a u l i c s .  In the   win ter  of 1982,  the berms 
would be  reconstructed,   the  intake  completed,  and a i l  temporary  works 
removed. 

on t h e  expectat ion t h a t  t h e  h e m s  would not s i g n i f i c a n t l y   a f f e c t  t h e  
The second scheme depends on t h e ' s u r v i v a l  of t h e  berms through ft f r e she t  and 

r iver   hydraul ics .  A model :study would be  needed t o  confirm  these  factors .  
:If t h e  berms could be l e f t  :in t h e   r i v e r ,  t h e  intake  could  be  completed i n  
t h e  winter  of 1981 - 1982.  Although t h i s  winter per iod is a salmon spawning 
per iod, the  construct ion work, be ing   ins ide   an   ex is t ing  dam, would not  have 
any  detr imental   effects  on f i s h  spawning  grounds i n  t h e  Thompson River.  
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F~~ the   Prel iminary Desigr,  Study t h e  first scheme, requi r ing  removal  and 
reconntruct ion of t h e   s i d e  berms between per iods  of   construct ion,  has been 
s;e]el:ted as it lninimizes r i s k s .  During  Final  Design,  t,he  best scheme has   t o   be  
developed  based on a detai led  construct ion  schedule ,  model s tudie: ; ,   r isk 
considerat ions and economics. 

A1.1 r iver   const , ruct ion would be   car r ied   ou t  i n  such a way as t o  minimize 
s j  l.t.at.ion . 

To f s c f l i t a t e   c o n s t r u c t i o n  of the  intake,   the   access   road  and  the  br idge  over  
t h e  Bonaparte  River  are  planned t o  be  completed  during t h e  1980 - 81 w i n t e r .  

bank or on a falsework. The crane would be  used  to   assemble  the  s t ructural  
The in take   supers t ruc ture  may be  completed  using a mobile  crane on t h e   r i v e r  

s t e e l  framework inc luding   the   in take   t rave l l ing   c rane  and a l s o   t o  ins ta l l  
t h e  p recas t   wal l ,   roof ,  and br idge  deck u n i t s .  ?he screens,  pumps, pipework, 
and a n c i l l a r y  equipment f o r   t h e  i n t a k e  would then  be  posi t ioned  using t h e  
t rave l l ing   c rane .  

Pipeline  Construction 

The Ashcroft  climate would permit winter p ipe l ine   cons t ruc t ion .  However, t h e  
construct ion is  scheduled  for   the summer of 1983. Construction methods 

Rradinc: and t renching ,   the   p ipe   l engths  would be   s t rung   a long   t he   rou te ,   ben t   t o  
t yp ica l   t o   p ipe l ines  a l l  over  the  world would be employed. After c l ea r ing ,  

f i t   t h e   t r e n c h ,  and b u t t  welded toge ther  on k-ooden blocks  a longside  the  t rench.  

wela5 and  coatinK, t h e  pipe would be  lowered in to   t he   t r ench  i n  long  sect ions.  
After compLetion of   coat ing a t  j o i n t s ,  and thorough  inspection and approval  of 

Backf i l l i ng ,   p re s su re   t e s t ing  and right-of-way  clean-up would follow. 

The ra te   o f   cons t ruc t ion   progress  would be   es tab l i shed  by t h e   r a t e   o f   f i e l d  
welding. T h i s  r a t e   has  been  estimated  by  Marine  Pipeline  Contractors a t  about 

about   three months  would be  needed t o  complete  pipeline  construction. For 
50 j o i n t s   p e r  day or 600 t o  750 m per  day.  Including  mobilization  and  clean-up, 

details  of construction  conditions  such as s o i l ,   c l e a r i n g  and access  along 
the   p ipe l ine   rou te ,   s ee  comments under PIPELINE ROUTE. 

The sect ion  of   the  pipel ine  crossing  the  Bonaparte .   r iver  would be  constructed 

r i v e r  would preclude  construct ion  during  the summer of 1983, a t  the! Same time 
concurrently w i t h  t he   i n t&e ,  i n  t h e  1982-1983 winter .  High flows i n  t h e  

clup: and t h e  pipe  weighted  with a concrete   jacket  and  placed. 
t,he rest of t h e  p ipe l ine .   ' d i thout   d iver t ing   the   r iver .   the   t rench  would be 

llooster Stat ion  Construct ion 

'The boos ter   s ta t ions  would be  constructed  using standard techniques  and  materials 
a n d  t h u s  should  not  pose  unusual  problems. The i n s t a l l a t i o n  of pumps and 
motors  requires  care  but  such  installations  are common. 



Roads t o   t h e   a r e a  of No. 1 Booster   Stat ion  exis t   a l ready  and would be  improved 

extension of  ex is t ing   fores t   roads   to   permi t   passage  o f  l a rge   veh ic l e s   fo r  
as necessary.  Access t o   t h e  No. 2 Booster   Stat ion would require  upgrading and 

construction and equipment  delivery. 

Prepared by 
A .  Copeland,  P.  lhg. 

B.  R.  McConachy, P .  Eng. / .  
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B.C. K D R O  AND POWER AUTHORITY 
VANCOUVER B .C .  

PNELIMINARY DESIGN STUDY 

APPENDIX 1 - GLOSSARY OF TERMii 

Terms And Some Abbreviations 

DATE MARCH 1978 

anchor i c e  

API 

ASA 

ns CC 

ASME 

AWWA 

carbon  equivalent 

ce l lu lose   e lec t rodes  

CSA 

dI3A 

DC 

f r a z i l  i c e  

fPS 

Gas Metal-Arc 
Welding 

hol.idays 

IlP 

112 

J 

I c e  whic:h forms on the  bottom and on channel. obstruct ions 
such as ga tes ,   bars ,   sc reens  and s i l ls  i n   s w i f t l y  
flowing  r iver  water.  

American Pe t ro leum  Ins t i tu te  

American Standards  Association 

American Society  of  Civil   Engineers 

American Society  of  Mechanical  Engineers 

American  Waterworks Association 

A s  defined i n  t h e  Canadian  Standards  Association  pipe 
code, a number represent ing  the  f ract ion  of  (carbon, 
plus  other  elements which behave l ike   carbon,  i n  s t e e l .  

A type  of  electrode  used  for  shielded  metal-arc  pipeline 
welding. 

Canadian  Standards  Association 

Decibels on t h e  "A" s ca l e  - a measure of sound pressure 
l e v e l .  

Direct  Current 

Small   f lakes  of  ice formed i n  supercooled river water 
and t ransported  in   suspension.  

feet per  second. 

Welding using a continuous  electrode and an external ly-  
suppl ied   iner t  gas f o r . s h i e l d i n g .  

Thin spots  o r  holes  i n  a coating. 

horsepower 

he r t z  

j s u l e  



KP:,, 

kV 

kVA 

kW 

:I / s  

martensi te  

M(!C 

m l  s 

m 3 ~ ,  

mn 

m& 

micron 

mill 

MPa 

ma 
ND J.0,25 ,hO 

NT'SH 

O I I R M  

[ I  I I::; 

i t u e n t  o 

k i b - P a s c a l  

k i l o v o l t  

kil.ovolt-ampere 

ki lowatt  

l i t e r   p e r  second 

A b r i t t l e   m i c r o s t r ~ ~ c t u r e   c o n s t  

Motor cont ro l   cen t re .  

metre per  second 

cubic  metre  per  second 

mil.1:-ampere 

mill igram  per l i t e r  

One thousandth o f  a mm. 
One thousandth of  a d o l l a r  

Mega-Pascal 

megavolt-ampere 

f c e r t a i n   s t e e l s .  

DIN st,m*iarti for nominal pressure r a t i n g  of 
p l p e   f i t t i n g s  i n  kp/crn2. 

Net posit ive  suction  head. The absolute   pressure 
required on the   suc t ion   s ide  of a :x?.;; t o  ensure i t s  
operation  without  cavitation  problems. 

Oil rwttural air na tu ra l  

Instrument  packages which t ravel   through a p ipe l ine  

purpo:!es. 
propel led by the  f low for inspect ion o r  cl.eaning 

Par t s   per   mi l l ion  

pounds per  square  inch. 

pounds per  square  inch  gauge. 

revolution  per  minute. 

Resistance  temperature  detector.  

2 



Submerged-Arc Welding 

Welding 
Shielded  metal-Arc 

US AS 

USER 

USGPM ' 

V 

Waterhammer 

We1d.ing i n  which t h e   a r c  is sh ie lded  by a blanket 
of  fus ib le   g ranular  material ca l l ed  flux. 

Weld.ing using a s t i ck   e l ec t rode ,   sh i e lded   by   t he  
electrode  covering. 

USA standard.  

United  States Bureau o f  Reclamation. 

U.S. gallons  per  minute. 

Volt 

The waves of pressure which t r a v e l  i n  a p ipe l ine  
when. changes in flow  occur. 

3 



Metric U n i t s .  

QuanS.ity 

Length 

Area 

Volume 

Discharge Rate 

Force 

Mas5 

Pressure 

Power 

Velocity 

I n e r t i a  

SI* Unit  Abbreviation 

mil l imetre  
centimetre 
metre 

kilometre 

square  metre 
hec tare  

cubic metre 

l i t e r  

cubic  metre  per  second 

liter per  second 

newton 

kilogram 
tonne 

Pascal 

Kilo-Pascal 

Mega-Pascal 

ki lowatt  

met.re per  second 

kilogram  metre  squared 

mm 
cm 
rn 

km 

m 2 

ha 

m 3 

.1 

m3/s 

l / S  

N 

t 
kg 

Pa 

KPa 

MPa 

kW 

m / s  

kg-m 2 

Equivalent  Imperial  Unit 

0.03937 
0 13937 

39.37 
3.28 

0.6214 
3280 

10.87 
2.471 

35.314 
264.17 

.2642 

35.314 

15.852 

0.2248 

2207 
2.207 

0.000145 

0.145 

1 4  5 

1.36 

3.28 

0.737 

inch 
inch 

f e e t  
inches 
mile 
f e e t  

square  feet  
acres  

cubic   fee t  
US gal lons 
US gal lon 

cubic   feet   per  

US gallons  per 
second 

:n,inut e 

.pounds 

pounds 
:pounds 

:pounds per  

pounds per 
:square  inch 

:?ounds per 
Isquare inch 

$square  inch 

horsepower 

second 
feet per 

:!lug-f ee t  
:;quared 

* In t e rna t iona l  System of Units ,  as adopted  by the Canadian Construction 
Industry.  
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1.9. 

20. 

Rules  for  Construction o f  Unfired  Pressure  Vessels,   Section VIII, ASME Boiler  

New York (1974 1. 
and Pressure  Vessel Code (1974), American Socie ty  of Mechanical  Engineers, 
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Provide  engineering  services f o r  the  prel iminary  design 

of the w;ILi?r supply  system f o r  the  Ilat Creek Pro jec t .  The work 

s h a l l  b e  based on a thermal  plant  located a t  llarry Lake S i t e  B w i t h  

the   water   del ivered  to  t h e  water   s torage  reservoir   located  approximately 

2 km to   the   southeas t .  The source  of water shall be t h e  Tltompson 

River w i t h  an in take  in t h e   v i c i n i t y  of Ashcroft.  Design  discharge 

f o r  the  water  supply  system  shall   be 1.58 m /s  (25,000 USGPM). 3 

The work sha l l   inc lude :  

1. Review of . the  conceptual   design  s tudies .  

2 .  Comparative  engineering  studies  of  al ternative  pipeline routes ,  

i n t ake  s i tes  and pumping systems. 

3. Preliminary  design of t h e  recommended water supply  scheme,  including 

a detai led  cost   es t imate   and  construct ion  schedule .  

The study  shall   be  scheduled  to meet t h e  following  completion 

da te s :  

1. S t a t u s  memorandum to  be  prepared and completed by 1 September  1977. 

2.  F e a s i b i l i t y  of t h e  recommended scheme confirmed by 1 November 1977. 

3 .  Description of the recommended scheme  and information  required t o  

assess t h e  associated  environmental   implications  to  be  provided 

to  the  Environmental   Consultants as required t o  meet the  1 November 

1977 publ ica t ion   da te  fGr the  Environmental Impact  Assessment 

Report . 
4. Draft o l  Final  Report  submitted  to 11.C. Hydro p r i o r  t o  15 January 

1978  and Vinal l i C p l J K t  COllll~lCti2d by  1. Mar(:Il 1978. 

- 1 -  
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A dc ta i l ed  progrnnl ; ~ n d  srhcdtl1.e. a n d  an ItcmLzrd budget 

estimnte showing work item, L I I C  cxpcctcd numl,er of manhours to 

coslpletc,  and thc estimated cos t  a r e  required by I June 1977. 

During the course of t h e  work,  monthly r e p o r t s   d e t a i l i n g  

study  progress and c o s t s  w i l l  be  required.  

Progress  meetings are to  be  held  with B.C. Hydro a s  

requi red  to  ensure  coordination of  a l l   a s p e c t s  of the  study. 

S . I .  u n i t s  a re   to   be   used   exc lus ive ly  f o r  t h i s   s tudy ,  

including a l l  des ign   ca lcu la t ions ,  mapping  and reports .   Imperial  

equivalents of pr inc ipa l   da t a  and dimensions are to   be  shown i n  
brackets  inmediately  following  the  metric  value on a l l  drawings and 

r epor t s .  

All drawings are t o  become the  property of B . C .  Hydro. 

B. SCOPE OF WORK 

Intake 

1. Study  alternative  int:ake s i tes  along  the Thompson River between 

Ashcroft and t h e  C.N.R. railway  bridge  upstream of the  Bonaparte 

River  confluence  (Site 10 ) .  

2 .  To f a c i l i t a t e  a poss ib le   p ipe l ine   rou te  w i t h i n  the  proposed 

access  road  right-of-,way  along  Cornwall  Creek,  the  technical 

f e a s i b i l i t y  of an incake sice downstream of Ashcroft between 

the  105 mile Post  Indian  Reserve 2 and Cheetsum's Farm 1ndia.n 

Reserve ( S i t e  16) is  t o  be  reviewed. 

3 .  Ilefore  proceeding w i t h  an  assessment of t h e   f e a s i b i l i t y  of an 

ind i r ec t  r iver  intake,  estab1.ish  throtlgh  discussions w i t h  t h e  

Cnn;ldn I)cp;lrtmcot I . I ~  I?llvi,r[)llslcnt - Visllcr ics i111d MilrInc Scrvicc 

(discussions t o  include bot11 engineers and b i o l o g i s t s  from the 

1'islieri~~s ScTvice) w l v ? t l l c r  or not a dfrcct  l.otnkc,  incorporntiu}.; 

the l n t c s t  design  developments and thoroughly model tested. t o  

minimize  environmental  hazards, would be  approved. 

- 2 -  
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4 .  S e l w t  the type and loca t ion  of the Thompson River  intake and 

cunfirm w i t t l  subsurlnce E%p1.0r : JCiOn.  

5. Provide  information  to  the  I:nvironmental  Consultants  regarding 

F i she r i e s   a spec t s  of the  intake  design,  a s  r equ i r ed   i n  Appendix 

I33 items 3, 4 and 5 of the Detailed  Environmental  Studies, 

'Terms of Krference, Hat Creek  Project. T h i s  information is  

required by 1 September 1 9 7 7  f o r  inclusion  in  the  Environmental  

Impact Assessment Repor e .  

& k i n e  Route 

I .  S tudy   a l te rna t ive   p ipe l ine   rou tes   inc luding   the   poss ib iLi ty  of 

combining the p ipe l ine   rou te  w i t h i n  the  proposed  transmission 

l i n e   c o r r i d o r   a s   d e f i n e d  i n  the 500,000 Volt  Transmission 

Line, Ke l ly  Lake Suhstation  to  Nicola  Substation,  Phase Z. 

Route Selection  Study by Ian Hayward and Associates.  The 

p o s s i b i l i t y  of a tunnel   route   through "Gnnamed Kidge" should 

a l s o  be  considered, and the p o s s i b l i t y  of a p ipe l ine   rou te  

around  the  east  side of "Unnamed Ridge" should  be  reviewed. 

2.  A poss ib le   p ipe l ine   rou te   wi th in   the   p roposed  access road 

right-of-way  along  Cornwall  Creek  should  be  considered. 

3 .  Selec t  the p ipe l ine   rou te  and conduct  geotechnical  investigations 

to determine overbuxden  depth and s l o p e   s t a b i l i t y   t o  confirm 

p ipe l ine   l oca t ion  and provide  data   for   cost   es t imates .  

4 .  Review and confirm !:he s e l e c t i o n  of a buried  pipel ine,  and 

rev iew  a l te rna t ives   to  the e l ec t r i ca l   hea t ing   p rov i s ions  

proposed i n  the Conc.eptun1 Design s t u d y .  

5.  ~ c ~ c ~ r m i n e  a v a i l a b i l i t y  and dc.livery time f u r  the pruposed 

pipe. 
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-Desi.cn  study, and conf i rm  the   feas ib i l i ty   o f   the   use   o f  extra- 

ordinary p i p e  thickness and  welding  techniques. 

2. S tudy   a l te rna t ive  pumping schemes a n d  pump s t a t i o n   l o c a t i o n s  

and  compare with  the  Conceptual  Design scheme, including 

- p o s s i b i l i t y  of m u l t i p l e   l i f t  pumping s ta t ions   to   reduce  

p ipe l ine   p ressures .  

- l oca t ion  of s i n g l e  liEt pumping s t a t i o n  a t  Boston F l a t s  

combined with  higher l i f t   v e r t i c a l   t u r b i n e  pumps a t  the  

intake.  

3 .  Selec t   p refer red  pumping scheme/pipeline  rouce  combination and 

complete  preliminary  design,  including 

- confirmation  of most s u i t a b l e  method to   obtain  necessary 

NPSH requirements. 

- s e l e c t i o n  of the  watcr treatment  system t o  remove suspended 

s o l i d s  f o r  pump protvct ion,  i f  required.  

- determination, i n  cooperation  with  personnel  of  the  Hydraulics 

Section  of B.C. Hydro and using  the  computer pr3gram f o r  

analysis   of   hydraul ic   t ransients   developed by B . C .  iiydro,  of 

required waterhammer protection  provisions.  

- de te rmina t iowof   t he   ava i l ab i l i t y  and de l ivery  time of the  

main mechanical  and e lec t r ica l  equipment items se1ec:ted. 

I)rnwings/Cost  EstirnateIConstruction  Schedule 

1,. Prepnre the  preliminary  engineering  drawings  required,   in 

wTTi.cicnt   detai l  t o  f u l l y  d e f i n e  a l l  major  components of  t he  

w:lter supply system. 

2 .  l'l-<~p:lr<~ n dc l ; l i  IC11 L ' 0 : : t  ,.!iI.illlnlc IhlSil'd 011 1 9 7 7  ~ l~~l . l : i l~ ! ; ,  nn1I 

prepare a detai lcd  construct ion  schcdulc  [or the water  supply 

system. 

IJP :nil 

1.7 June 3.977 

- 4 -  
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WATER INTAKE 
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1 .  Assemble information on and  evaluate  the Thompson  River as a water supply 

source  considering such fish factors OS: 

- timing of fry/juvenile downstream  migrations by species 

- size,  behaviour of downstream  migrants and  also sufficiency of supply 

of water  and  water  quality. 

2 .  (a) Consider  impact of reduced  river  flow on downstream ecology of 

the Thompson River. 

(b)  Identify  any  probable  options  far  future use  of  Thompson  River 

water which are  forecloied by this development  and  advise. 

3 . *  Discuss intake  design,  location  and  screening with reference  to  Canada 

Department of Environment, Fisheries and  Marine  Service  recanmendations 

and  requirements. Explain the  critical  factors which protect  against: 

- entrainment of migrating fish 

- creating a haven for predators 

- disorientation, and 

- clogging of intakes 

4.' Evaluate the experience of Lornex Mines intake for reference i n  the Hat 

Creek  intoke  design. 

5.' Indicate the reasons for the selection of the Thompson  River as preferred 

source of water f o r  the Hat Creek  Project. 

* To be provided by consultants  carrying  out  the  preliminary  engineering  far 
the water  supply. 
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PRELIKLNARY  DESIGN  STUDY 

APPENDIX 4 - TABLES 
TABLE A - SOME RELEVANT WATER AND PIPELINE  PROJECTS 

Name of F a c i l i t y  

Sar Cheshmeh Copper Mine 

Tijuana Water Supply 

Trans  Ecuadorian O i l  
P ipel ine 

Lornex 

Edmonston 
(Cal i forn ia  Water Pro jec t )  

Trans Andean O i l  Pipel ine 

Caracas Water Supply 

Hongrin 

Bougainville Copper Projec 

Nippon Coal  Mining Co. 

Maas 
BaLch Addition 

Gougra-Mottec 

Liinersee 

(VllWljl, App. 4 ,  Table A )  

c o u n t q  

I ran  

Mexico 

Ecuador 

Canada 

USA 

Colombia 

Venezuela 

Switzerland 

,t Austral ia  

Japan 

USA 

USA 

Switzerland 

Austr ia  

Date 

1977 

- 

1977 

1972 

1972 
1970 

1968 

1968 

1965 
? 

? 

1958 
1958 
1955 
1954 

TypeW 
w-s 

w-s 

0-P 

w-s 
w-s 

0-P 

w-s 

P-s 

w-s 
D 

H 
H 

P-s 
P-s 

Head ( m )  

1082 Total  

1090 Total  

3800 Total  

1614 
820 

3200 Total  

1210 Total  

850 
790 
690 
795 
7 30 
628 

971 

1 

Dix$T 
0.75 
4 .OO 

0.46 

0.50 
100. 

0.01 

7.20 

6.40 
1 . 4  
0.40 

21.5 
15.9 

3.26 
3.73 

DATE MARCH 

Comments Referen' 

1 pumping s t a t i o n  1 
48 km S t e e l   p i p e l i n e  

6 pumping s t a t i o n s  2 
i n  35 h. 

5 pumping s t a t i o n s  3 
i n  200 km. 
1 l i f t ;  pipel ine.  4 
1 l i f t ;  tunnel.  5 

4 pumping s t a t i o n s  
1220 m max. l i f t .  

3 pumping s t a t i o n s  
i n  30 km. 

S tee l   p ipe l ine .  

Mine Drainage. 

Steel   penstocks.  

Steel   penstocks.  

6 

7 

Tunnel. 4 



APPENDIX 4 - TA3LES 
TABLE A - SGIC3 3ELEVANT WATER AMD PIPELINE  PROJECTS 

Name of F a c i l i t y  Country  Date - 

Kemano 

Aussois 

Dixence 

Bear R. 

Canada 1954 
France 1950 

( Chandoline ) Switzerland 1952 

Se r ra  No. 4,5,6 

Alto Chiese 

P o r t i l l o n  

Tremorgio 

USA 1952 
Braz i l  1946 

-1949 
I t a l y  ? 

France ? 

I t a l y  ? 

Type" Head ( m )  

n 870 

H 860 

H 1750 

H 640 
H 772 

n 7 39 

H 1413 

n 900 

Discharge 
( m3/s ) 

57 .O 

? 

10.3 

5.7 
0 

34.0 

? 

0.40 

Comments 

Tunnel. 

Banded steel 
penstock. 

Banded s t e e l  
penstocks. 

Steel   penstocks.  

penstocks. 
Mult i - layer   s teel  

Banded s t e e l  
penstocks. 

Tunnel. 

Reference** 

9 
10 

a 
11 

10 

10 

10 

* H = Hydroelectric Power P lan t  

0-P = O i l  Pipeline 
I = T"i ,.,.+<" 

P-S = Pumped - Storage 
W-S = Water Supp1.y 

.L. 'L&Y"AY" 

** For  References,  see  attached  page 3. 

(VlLl91/1, App. 4,  Table A )  2 
" -__________ 
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P.PPENDIX !& - TABLES 
TABLE B - COE.ITP.RiSGB OF T?J.Sfi M C R  .%YES 

Advantages 
Standard Rake 

Case 1 Case 2 Stem 
Custom Design 

~ ___ 

Disadvantsges 

Case 2 Case 1 
Standard Rake Custom Design 

Rake Rake - 

St ruc tu re  
Guides in s ide  Guides - Guides f lu sh  

with  Structure  
Guides  protrude 
from S t ruc tu re  

Mechanical Rake 
in s ide   S t ruc tu re  

Mechanical Rake 
ou t s ide  
S t ruc tu re  

Trash  disposal 
system  required 

Mechanical Rake 
outs ide  
S t ruc tu re  - 
Trash  disposal - 
system  required 

Trash Removal Trash  swept  back 
i n t o   r i v e r  by 
custom-designed 
r ake   p ro f i l e  

- Design Guides & 
Mechanicd Rake 
are   s tandard  

Guides d e t a i l  Guides & 
non-standard Mechanical Rake 

non-standard 

Access 8: 
Maintenance Guides & 

Mechanical Rake 
access ib l e   fo r  
maintenance 

Guides & 
Mechanical Rake 
not   read i ly  

maintenance 
a c c e s s i b l e   f o r  

Less   aes the t ic  
than  Case 3 

More headroom 
required  than 
Custom Rakes 

Guides & 
Mechanical Rake 
not   read i ly  

maintenance 
access ib l e   fo r  

Less a e s t h e t i c  
than Case 3 

More headroom 
required  than 
Custom Rakes 

Aesthet ics  - More aes the t i c  
than  Case 1 

More a e s t h e t i c  
than  Cases 1 & 2 

Less headroom 
required  than 
Custom Rakes 

Reference:. Drawin6: D11.191-8, Appendix 6. 



B . C .  HYDRO AND POWER AUTHORITY 
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APPENDIX 4 - TABLES 
‘I’AIILIS C - ASSUMED DITCHING AND CLEARING REQUIREMENTS 

From To Depth To 
::t,ation S ta t ion  Rock (m) 

0+300 
%+OOO 

o+ooo 
3+500 

8+500 
o+aoo 
9+600 

11+000 
10+500 

12+000 
13+300 
13+700 
1.3+800 
1J,+200 

1.9+500 
;’0+500 
L’2+000 
:??+jjoo 

I.O+~OO 

2+000 
3+500 
8+000 
8+500 
8+800 

10+500 
9+600 

12+000 
11+000 

1 k 300 
13+700 
13+800 
14+!!00 
18+500 
19+500 
20+500 
22+000 

23+090 
22+500 

very  deep 
0 

very  deep 
1 
0 
1 
1 

1 
0 

2 
2 
0 
2 

1 
2 

2 
1 

2 
2 

- C:!earing 

sparse  t o  open 
s p a r s e   t o  open 
s p a r s e   t o  open 

heavy 
sparse  t o  open 

sparse  
very  heavy 
very  heavy 
very  heavy 
very  heavy 
open 
open 
open 
heavy t o  very  heavy 
heavy t o  very  heavy 

heavy 
open 

heavy 
open 

N o t e :  :In the absence of test pits and boreholes,  rock  conditions  axe unknown 
at this time. 



APPENDIX 4 - TABLES 
TABLE D - PIPE DESIGN CODE .AND PL4CTICE COMPARISON 

I n t e r n a l  Pressure 
Authority  Ref. ( R )  Design Condition Based on Yield Based on Ultimate Type of   Service 

ASME 1 4  most severe  condition 
of  normal operation 

USAS 15 maximum design 
pressure 

ASA 16 surge  included 

A W A  17 surge  included 
extreme  conditions 

USBR 18 normal  condition & 
surge 
intermit tent   condi t ion 
emergency condition 

except ional   ccndi t ion 

.72  fY(b) - 

.75 fY 

.5 fY 

.67 m F.S. = 3(e )  

.8 fY F.S. = 2.25 

- 
- 

1.0 fy F.S. = 1.5 

- F.S. = 1.0 

Pressure  Vessels 

Gas P ipe l ines  

O i l  P ipe l ines  

Water  Pipelines 

Collaprse Desim 
F.S. = 4 

minimm  thickness 
= 6 m for  900 ma 
p ipe  
n o t   s t a t e d  

1.5-2 

Penstocks  and 
water   p ipe l ines  

n o t   s t a t e d   ( d )  

penstocks 
1.5 used on embedded 

a.  Value var ies   with  populat ion  densi ty  from . 4  - .72. The value o f  .6 corresponds t o  Class 2 population  density.  
(Ashcroft  suburb).  

b .   J o i n t   e f f i c i e n c y  100% use&  consistent  with 100% x-ray  examination  and  submerged  arc  welding. 

c .   Appl ies   to   welded   a l loy   s tee l   p ressure   vesse l .  

2. I q l i e d   t h s t  coiiapse and in te rna i   p ressure   rac tors   o f   sa fe ty   equal?  

e.  Whichever i s  nore s t r i n g e n t ,   y i e l d  c r i te r ia  or  u l t imate   c r i te r ia ,   governs .  

f .  fy  = y i e l d  stress of s t e e l ;  F.S. = fac tor   o f   sa fe ty .  

g. For re ferences ,   see  Appendix 2 o f  t h i s  r epor t .  



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

PRELIMINARY  DESIGN  STUDY DATE MARCH 1978 

APPENDIX 4 - TABLES 
TABLE E - COST  COMPARISON OF ALTERNATIVE I N " S  

Alternat ive 1 

I tern . Bank - - 

Excavate Bank  Material  
Remove Material  'Of f  S i t e  
I n f i l l  Material  
Sheet  Pil ing 
Pile  Bracing 
Road Excavation 
Road Laying (Includes  Real 

Access  Bridge 
River Work Contingencies 

Es ta te  Allowance) 

$ 60,000 
110,000 
460,000 
188,000 

6,000 

26,000 
- - 

Tot  a1  $850,000 

Alternative  2 

B& 

$1,000,000 

Alternat ive 3 

Pier 

Ncte: 1. Only items  which  vary are l i s t e d  i n  the above t a b l e .  
2 .  For layouts of a l te rna t ives   see   a t tached  Drawing D4191/4E-1 

$ -  
50,000 

167,000 
20,000 

101,000 
5,000 

21,000 
176,000 
100,000 

$640,000 
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PRELIMINARY DESIGN Sluok DATE WRCE 1978 

APPENDIX 4 - ? A B I . ~  

TARLE F - IhTAKF DESIGN REFI-S 

Refinement8 Recommended  by  Beak Sandvell Resmnse 

1. To the  extent   possible ,  eliminate Strong  l ights  within 1. There vi11  not  be any a r t i f i c i a l   l i g h t s   i n   t h e  
the  bypass  channel and on the  eXterioC  structure.  brpass  channel  itself. Although access openings 

are  provided a t   t he   t op  of the  channel,  these 
could  be  covered to   p reven t   t he   a r t i f i c i a l   l i gh t  
in the  intake  Superstmcture from enter ing  the 
channel. Only the  access bridge would be  provided 
with  exter ior   l ight ing.  

7. Within the  bypass  channel  provide lor a minimum 
turbulence, still vatell. or eddies by eliminating 
project ion  into  the bypass  channel;  flush mounting 

screens is desirable,   they are  st i l l  in   the  

1.rauellinR screens; and reducing,  recnanging. 
development stage.  Therefore,  conventional 

nndlor  streamlining cross members. 
screens have  been  used. A l l  projections  into 
the  bypass  channel  have been streamlined. 

2. Although t h e  use of flush-mounted t r m e l l i n g  

3. Curreat  design satisfies t h i s  proposal. 

4. Pmvision  has been made f o r  use of stop logs t o  
i s o l a t e   c e l l .  The need t o  spread  the approach 
velocity w i l l  be  determined i n   F i n a l  Design with 
a hydraulic model of one intake cell. 

5. The proposed  design  incorporate%  Conventional 

t r a y   a t   t h e  Jo in t  between adjacent screen bwkets .  
t rave l l ing  screens. These have a horizontal 

This  tray  has  the  dual  function of carrying 
debris up the  screen and forming 8 sea l  with the  
boot which is 8 Curved p l a t e   a t   t he  bottom of t h e  
screen. 
a. Elimination of the  horizontal  tray  vonld 

- Carry up debris and frazi:l ice.  
remove the  screens a b i l i t y  !io: 

- Effectively  clean  the  boot s e a l .  

remove the  8creens a b i l i t y  lie: - Carry up debris and frazil.   ice. 

b .   Instal la t ion oi an inclined  plane l i p  would 

C .  Hooks rather  than  horizontal.  trays  vould 
remove the  semens a b i l i t y  t.0: 

- Sea). the bottom. 
- carry up frazil i ce .  

The bent  solution would be B combination O f  b and c ,  
whereby the  inclined  plane  l ip 'IDUld be ins ta l led  
8s a removable f i l l e r   p i e c e .  This s y s t m  would 

- Carry up debris. 
re ta in  the  screens ab i l i t y   t o :  

- Carry up f r a z i l  i ce  by removing the   f i l l e r   p i eces  
- Clean the boot seal. 

r iuer .  
i n  Winter when salmon f ry  are no t  pregent i n  the 
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B.C. HYDRO AND P O W  AUTHORITY 
VANCOUVER B.C. 

PRELIMINARY DESIGN STUDY DATE MARCH 1978 

APPENDIX 5 - DETAILS  OF  COST  ESTIMATES 

STRUCTURES 

Department 271 - Thompson Rivey  Intake Material Labour - Total 

271 + 11 

271.13 
271.12 

271.14 
271.16 
271.18 
271.21 
271.22 
271.23 
271.24 
271.25 

271.27 
271.26 

271.28 

271.91 
271.90 

271.94 

271.65 

271.11 
271.12 
271.13 

Excavation and F i l l  17/ $ 80,000 $ 390,000 $ 470,000 
P i l i n g  J 3 /  40,000 275,000 315,000 
Concrete s 3 t  600,000 525,000 1,125,000 
Struc tura l   and  Misc. S t e e l  'do/ 60 .OOO - 60 .ooo 
Precast   Siding %/ 
Roofing 33 1 
I n t e r i o r  Finishing Q /  

Paint ing l O O /  

Plumbing and Roof Drains 33/ 
I n t e r i o r  Fire  Protect: lon / d - ~ /  

Heating  and  Ventilating 5 * /  
Lighting 3 3/ 
Apertures s o / ,  

Insu la t ion  3 31 
Sea l  Water P ipe l ine  3 

Fencing 
L a i d  Costs 

Access Roads ? h /  

Sub-Total,  Intake 

5 :i/ 

Excavation  and F i l l  
Access  Bridne 

P i l i n g  
Concrete 

Sub-Total,  Access  Bridge 

To ta l ,  Department 271 

105,000 
10,000 

5,000 - - 
10,000 
10,000 
10,000 

30,000 
5,000 

70,000 
Inc luded   in  

5,000 
10,000 

195;OOO 
15,000 
5,000 
5,000 

15,000 
5,000 

20,000 

10,000 
15,000 

45,000 

271.94 - 110,000 

10,000 
20,000 

$ 980,000 $ 1,460,000 $ 2,440,000 

15,000 50,000 65,000 
10,000 5,000 
65,000 55,000 

15,000 
120,000 

$ 90,000 $ 110,000 $ 200,000 

$ 1,070,000 $ 1,570.,000 $ 2,640,000 



d Department 272 - Water Pipeline;  Material 

272.62 Clearing a/ $ 
272.63  Grading 
272.64 Stockpi le  '1 
2'72.65 Pipe 
272.66  Haul  and S t r i n g  7 1 9  25,000 
27:?. 67 Trenching 0 / I Q a  - 
272.68  Dewatering J G h 4  40,000 
272.69 Bending 0 /,a 0 - 
272. 'TO . Line-up 0 l , U O  

2 . p .  ?[I Welding 0 / I  Qe 
Y(2 .p   Pa tch   Jo in t s  z / / 7 Y  60,000 
2'72.71 Anchors 3 3 /c7 10,000 
272.711 Lower-in and Tie-in 
272.75 Bedding 4 Z/S 2 175,000 
272. 76 X - R a m  75.000 

- 
d /  - 

- 
/ W /  4,880,000 

- 
- 

- 
I m/  0 

. .  
272.77 Test ing - Hydro and Pig / / o c ~  
272.78 Backf i l l  1 7 / 8 3  40,000 
272.79  Crossings - Road and C.aslinesZhh4 30,000 

. .  , - 

272.80  Crossings - Railroad 33/67 10,000 
2'72.81. Crossings - Stream 3 1 / 6 7  80,000 
:'72.82 Clean-up  and  Hydro-Seeding */I , ,  
2T2.86 Drainage  Pipelines 1 6  / 74  335,000 
272.87  Access Manholes 2 0 / l a  
272.88 Pig  Traps 

40,000 

;''P.90 Land Cost ,-/'3 d/ 0 120,000 

Total.,  Department 272 $ 6,665,000 

- 

PI / I  9 745,000 

Labour 

. $  115,000 
295,000 

25,000 

315,000 
3,400,000 

210,000 
510,000 
525,000 

220,000 
450,000 

20,000 

i90,ooo 
640,000 

195,000 
120,000 

85,000 
20,000 

175,000 

970,000 
19 5,000 

10,000 
180,000 

5,000 

$ 8,870,000 

- 

- 

Total  

$ 115,000 
295,000 

4,880,000 
25,000 

340,000 
3,400,000 

250,000 
510,000 
525,000 

280,000 
450,000 

30,000 

365,000 
640,000 

75,000 
120,000 
235,0017 
115,000 
30,000 

255,000 

1,305,000 
195,000 

925,000 
50,000 

125,000 

:$ 15,535,000 



273.11 
273.13 
273.14 

273.18 
273.21 
273.22 
273.23 
273.24 

273.26 
273.25 

273.27 
2'13.28 

m .  86 
27 3.29 

2'13.90 
273.91 
2'73.911 

273.16 

~ x c  avat  ion 0 11 0 0 $ 
Concrete 5 s / 9  s 
S t r u c t u r a l  and  Misc. S t e e l  G 9 / 3 1  
Precast   Siding %.s)rs 
Roofing c 4 4  0 
In t e r io r   F in i sh ing  S d h d  
Pain t ing  0 / / a 0  
In t e r io r   F i r e   P ro tec t ion  3 3/67 
Plumbing  and Roof Dr3in.s S 0 / 5 0  
Heating  and  Ventilating 3 3 /Is 
Lighting 4 0 / 6  b 
Apertures s .4/< '> 
Insu la t ion  40/6 6 
Furni ture  and Fix tures  
Drainage  Pipelines 7 6 /  6 4  
Land Cost f o b  6 
Fencing 1 Or)/& 
Access Roads 6' /4'j - 

Material  

- 
125,000 

60,000 

75,000 
15,000 

5,000 

5,000 
10,000 

10,000 
30,000 

5,000 
20,000 

5,000 
5Q ,O.QO 

105,000 
15.000 

- 

Labour 

50,000 
5,000 

55,000 
90,000 
10,000 

5,000 

10,000 
5,000 

10,000 

15,000 
10,000 

5,000 
30,000 

gQ ,000 

$ 

- 
- 
- 

Total  

$ 5,000 

180,000 
110,000 

165,000 
25,000 
10,000 

5,000 
15,000 
20,000 

25,000 
40,000 

10,000 
50,000 

5 .ooo 
140,000 
105,000 

15.000 
15,000 10,000 25,000 

. - ,  

Total.,  Department  273 $ 550,000 $ 400,000 $ 950,000 

Department 274 - No. 2 Booster   Stat ion 

Excavation 
Concrete 
S t r u c t u r a l  and Misc. S t e e l 6 9 1 3 1  

0 / I  O b  
54/4 6 

$ 

Precast   Siding q.515 s 
Roofing 6 a / y  0 
In t e r io r   F in i sh ing  '5 3 J S ' ! !  

Pain t ing  0 // i: ' >  

I n t e r i o r   F i r e   P r o t e c t i o n  3 3 16 7 

Heating and Vent i la t ing  > S / l S  
Plumbing and Roof Drains S d s 3  

Lighting -4-0 Ja D 

Apertures 5 .>fi; I 
Insu la t ion  4 0  /d  1 )  

Furni ture  and Fixtures J o 0 / O  

Drainage  Pipelines 4.') /s6 
Land Cost 
Fencing SO/< 9 

Access Roads 
Overflow  Reservoir 1 7 l c I  

5 7 /+3 

Tota l ,  Department 274 

95,000 
125,000 

15,000 
75,000 

5,000 

5,000 
10,000 
30,000 
10,000 

5,000 
20,000 

5,000 
35.000 

- 

- 

$ 10,000 
80,000 

90,000 
55,000 

10,000 
5,000 
5,000 
10,000 
10,000 
10,000 
15,000 

5,000 
30,000 

45,000 
- 

$ 10,000 
175,000 
180,000 
165,000 

25,000 
10,000 

I ' 5,000 
15,000 
20,000 
40,000 
25,000 
10,000 
50,000 

80.ooo 
5 .ooo 

3 

- -  , 
5,000 
5,000 5,000 

5 io00 

150,000 
10,000 

20,000 
740,000 

15,000 
890,000 
35,000 

. - 

$ 615,000 $ 1,140,000 $ 1,755,000, 



KQJIPMENT 

Department  271 - Thompson River   Intake Material 

271.34 
271 .31 

271.38 
771.36 

27 1. . 11 1. 
271.43 

271.51 

;?71.53 
271.52 

271.55 

271.57 

271.59 
271.60 

271.44 

271 . 514 

271.56 

271.58 

b p s  '9 /'I $ 245,000 
Pipe,  Valves and Fittingsq'd/fo 220,000 
Cranes,  Hoists  and  ELevators 95 :'s 95,000 

Motors 
Process  Controls : Y J / ~  s 115,000 

S t a r t e r s  and M.C.C. B 7 / / 3  65,000 
Power Wiring 2 3/5 7 
Travel l ing  Screens 3 4/J6 265,000 

15,000 

Ver t i ca l  L i f t  Doors '73/27 40,000 
Trash Racks KS / I  1 55,000 
Ladders and Handrails7 2, /z 5 
Gratings R Q  / L O  

15,000 
20,000 

5,000 
Trash  and  Fr,azil   Ice Conveyor 57/43 20,000 
S lu ice  Gate / a d /  0 

Trash Rack Rake 8 h /  14 30,000 
5,000 

Spare  Parts I o 4 / a  120,000 

42  /g 120 ,ooa 

Stop Logs I b o / o  

Labour 

$ 30,000 
25,000 

95,000 
5,000 

10,000 
10,000 

50,000 
50,000 

15,000 
10,000 

5,000 
5,000 

15,000 
- 
- 

5,000 - 

Tota l ,  Department  271 $ 1,450,000 

Department 272 - Water P i P e l i l E  Material 

272.38 
272.41 
272.43 
272.44 
272.48 
272.03 
272.84 

:?,I?. 89 
272.85 

Process  Controls s 3 h 7  $ 195,000 
Motors 
S t a r t e r s  and M.C.C.  - 2 5 / - L  5 30,000 
Power Wiring 2917 1 
Telemetering  System  Wiring 74/16 325,000 

75,000 

Surge Tank Systems 7 3  1 2  595,000 
Cathodic  Protection Q ' '9 20,000 
Leak Detection S O / S Q  

Air/Vacuum Valves 8 1 ] I  'd 300,000, 
70,000 

- 

T o t s I ,  Department 272 $ 1,610,000 

(V4191/1, App. 5 )  4 

Total  - 
$ 275,000 

245,000 
100,000 
210,000 

75,000 

315,000 
65,000 

65,000 
55,000 

20,000 
25,000 

5,000 
35,000 
5,000 

35,000 
120,000 

130,000 

$ 330,000 $ 1,780,000 

Labour Tota l  

$ 175,000 $ 370,000 
Included  in 272.38 - 

- 

185,000 
10,000 40,000 

260,000 
115,000 440 -000 
155,000 750,000 - 20,000 

70,000 
65,000 

140,000 
365,000 

$ 775,000 2,385,000 



Department 273 - No. 1 Booster   Stat ion  Mater ia l  

Pumps 8 7  113 $ 810,000 
E ? / /  2 70,000 Tanks t 'Cleamell)  

Pipe,  Valves and Fi t tLn@;sXc/2" 215,000 

Process  Controls Y 3 /+.? 
Cranes,  Hoists and Elevators  9515 100,000 

180,000 
Motors SB'J z 590,000 
S t a r t e r s  and M.C.C.  S6)I'' 
Power Wiring 2 6 h +  

190,000 
45,000 

Spare  Par ts  J U U / L .  

Clarifier 2 7 19 3 
100,000 
200,000 

Pump Model and Tes t ing  0 / l o  - 
Tntnl , Department 273 $ 2,500,000 

Labour 

$ 125,000 
10,000 
55,000 
5,000 

160,000 
15,000 

130,000 
30 ,OOQ 

150,000 
250,000 

$ 930,000 

- 

Tot a1 

$ 935,000 

270,000 
105,000 
340,000 
605,000 

175,000 
220,000 

100,000 
350,000 
250,000 

$ 3,430,000 

- 
80,000 

Department 274 - No. 2 Booster   Stat ion 

Pumps %9 113 $ 
Tanks (Equalization) 3 (144 
Pipe,  Valves and F i t t i n g s  8 d  / x 0  

Process  Controls 7 3 / 4 7  
Cranes,  Hoists  and  Elevators 9 3  15 

Motors t.?) x /  2 
S t a r t e r s  and M.C.C. 2i/ !+ 
Power Wiring zc /74 
Spare  Par ts  1 O o / b  

810,000 
390,000 
215,000 
100,000 
180,000 
590,000 
190,000 

45,000 
100,000 

8 125,000 
305,000 

55,000 
5,000 

15,000 

130,000 
30,000 

160,000 

- 

$ 935,000 

270,000 
695,000 

340,000 
105,000 

220,000 
605,000 

100,000 
175,000 

Tota l ,  Department 274 $ 2,620,000 

5 

4; 825,000 



Department 291. Power supply and - 
Distr ibut ion 
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APPENDIX 7 _  

PHOTOGRAPHS 



Photo No: 1 3 4  
. '  Sta. 0+300 t o  2+000 

1 

Photo No. U-13A 
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