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1  1 987 Sm all H yd ro St udies , SNC-BAE  Joint Vent ure 

construction materi als and  to i ndicate the Project geology; 

!sepnls  ouneipAiimboloipAH  • 

A com preh ensive review of  all available reports prepared  by othe rs and related to • 

The Scope of Work  was defi ned in the RFP, as foll ows : 

on assum ptions made and  possi ble future economic i m pacts . 

i ncl udi ng a detailed  Capital  Cost Esti mate and a Risk Analysis of  its viability based 

confi rm the feasibil i ty of the P roject, and to com plete a Construction Schedul e , 

The Terms of Reference requi red f ield i nvestigati ons and  engi neeri ng studies to 

S3AL1O3rE10 aNy  3dOOS Aarus  

proposed development is located i n Western Newfoundland and  Labrador, near 

was prepared on behalf  of Newfound land and Labrador Hydro (NL Hydro) . Th e 

This report on the Feasibili ty Study of  the Portland Creek Hyd roelect ric Development 
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site was deleted f rom the Scope of  Work. Changes were made in a Post Tender 

Geotech nical d rilli ng of  the sites of the major structures , i ncluding the powerhouse 

material were to be i nvestigated and i nventoried . 

Tale  qoee o spedse  uoRowlsuoo  O sepatb snopen  .101  seamos  'Llo!uppeUI 

access roads to determine the surface condition and to comment on the geotech nical 

additional i nvesti gations, (i .e . , test pits), at the proposed dam, powerhouse, and 

comment on reports that were previously prepared for the P roject and to carry out 

The pri mary objective of  the Geotech nical I nvestigation was changed  to a review and  

CHANGES TO  STUDY  SCOPE  AND OBJECTIVES  

Preparation of  a Capital Cost Estimate (CCE) for the P roject . • 

!OLOZ  ' Le  ieqopo  o  amp  

D evel opment of a detailed const ruction sched ule, assuming a P roj ect i n-service • 

:(alp/C1-1 iN LIT!AA uopunfuoo  LID CICWH 

I dentification of the location , layout, extent and  methods for miti gation of  the • 

:atpAH  iN  Aq  pep!nald selai  

Detailed off ice engineeri ng and opti mization studies usi ng energy and  capaci ty • 

:spew  sseooe  

I dentif i cation of the opti mum routes for the permanent and  temporary Proj ect • 

!NOW pue  Lwee  bumonlou!  `siepeleut  

I d entification of  areas with  suitable size and terrai n for disposal of  excavated  • 
P reparation of  mappi ng to identify any flooded zones and cleari ng requi rements ; • 

A field survey program to obtain more detailed topography of  all  st ructure sites ; • 
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project by MUN  engineeri ng students . 

P re-feasi bil ity study by Pi nnacle En gi nee ri ng and Design in 2004, as a study 

P re-feasibility study by SNC-BAE  Joi nt Venture i n 1 987, and  

smanis  Sr101A3Eld 

i nformation will be provided to the Consultant for i nclusion in the P roject Report . 

Telecont rol  supervi sory and com m unications, to be determined by NL Hyd ro ; • 

be provided  to the Consultant for i n cl usion in the P roject report ; 

Transmission li ne size and route to be determi ned by NL Hyd ro ; i nformation will  • 

Envi ronm ental/biol ogical  studies related to cari bou and other wildlife species ; • 
•

• 

!eaeJp!el.  uoReneoxe  eq  Jo/pue  

disturbed or dest royed  (HAD D) that may result with  the f l oodi ng of  existi ng ponds 

E nvi ronmental/biological studies to confi rm the extent of  f ish habitat to be altered , • 
Excl uded from the Scope of  the Services were: 

mom amniox3  
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1 .52 m in diam eter, to convey water f rom the 
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A  66 kV  switchyard, adjacent to the powerhouse . • 

superst ructure, and  equipped  with  two P eIton turbi ne-generator units . 

A 17 m x 14  m powerhouse, constructed  of  concrete subst ructure and  steel  • 

f i tted with  a t rash  rack  and  an overf l ow spillway. Maxim um height of  dam is 1 5 .0  

A 143  m long concrete gravity Headpond  Dam i ncl udi ng a power i ntake st ructure • 

f itted  with  a trash  rack. Maxim um height of  dam i s 1 6.0 m ; 

l ong concrete gravity Storage Dam i ncl uding a flow regulati ng structure 

length  of  70 m . Maxi m um height of  dam is 12.0 m ; 

l ong concrete gravity D i version Dam and overflow spillway with  a crest 3
 

main storage reservoi r . Maxi m um depth  of  excavati on is 16.2  m ; 

320 m long D i version Canal  that t ransfers flows from the D i version Pond  into the 

The development is composed  of  the followi ng key com ponents : 

between the Head  Pond  and  the outl et  of  Main Port B rook . 

proposed  development  would  util i ze the available net head of  approxi mately 394.9 m 

t ri butary of  Portland  Creek  on the west side of  the G reat Northern Peninsula . The 

The proposed Portland  Creek  devel opm ent  would  be located  on Mai n Port B rook, a 
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is characterized  by a com plex assemblage of  basement rocks (gneiss, schist , 

The P roject area is withi n Zone A  of  the Appalachian Structural P rovi nce . This zone 
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"saps  wea  puodpeaH  pue  uoisiania  `abeJois  eq  ssaooeo  papnbai  aq  

I nner Pond  to the powerh ouse . km of  construction access would 

and  1 8 .1 5 km of  new const ruction f rom the end  of  the forest access roads along 

and would  i n clude upgradi ng of  approxi mately 9.16  km of  exi sti ng forest access road  

Access to the site would  be provided  f rom the existi ng Daniel' s Harbour Mi ne Road  

this report and  are summarized  below: 

qnoiq  passnosip  luawdolanaa  >jaaio  puepJod oq  sAalaweied aldpupd eq  

event  of  a plant sh ut down duri ng f lood  f low. 
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the form of  raised  beaches . Low-lyi ng areas of  the Coastal Lowlands contain mari ne 

The Coastal  Lowlands are general ly covered with a thi n layer of  mari ne sedi ments i n 

•spuelmol  leiseop  puelpunowteN  

eq  pue  su!eiunon  ebueld  6uoi  eq  moraines is present at  the boundary 

leJeTel  O  awl  eql  !!!T  ppm  

by th in organic growth  in areas of high relief . 0
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the Highlands portion of  the site . Bed rock outcrop is generally conti n uous or covered 

Glacially derived soils i n the fo rm of a thin veneer of glacial till covers about 30% of  

be generally f rom the east to west with local deviations i n the steep sided valleys . 

the underlyi ng bedrock st ructures . I ce flow di rection in the study area is esti mated  to 

poor with numerous bogs form ed  and well -defined st ream d rai nage patterns mi mic 

The whole of  the area was glaciated by the last advance of the Wisconsin G laci ation 

Lowlands and  then i nto the Newfoundland Coastal Lowland . 

`uo!beld  spueimoi  

has been further divi ded i nto the East 

equal/m-1  “Is  
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CD
 division . The access road in the lower elevations crosses 

specifi cally it is within the N ewfoundland Highlands , -qns  su!elunon  

the Atlantic U plands Physiographic Divi sion of the I sland of  Newfoundland . 

Appalachian Region . The high elevations at the power development si te are withi n 

with in two physiographic divisions of  the 
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proposed dam sites and powerhouse the rocks are a mix of  

the Val l ey. I n fact, there are extensive glaciof l uvial deposi ts of  sand, gravel , cobbles 

6  Tnoqu  9,18A00 slisodep  asaqi.  eale  eael.ins  aqi  .Aanen  eql  bum  siepinoq  pue  

bei ng carri ed  in the streams and subsequently deposited as glaciofl uvi al  material i n 

glaci ofl uvial  soil may exi st in thi s Valley . 

Karst topography has devel oped  in the carbonate sedi ments south of  B ri an' s Pond 

3
 

cD
 

CD
 

CD
 

—
a

 
0

 

CD
 

CD
 

CD
 

CD
 

C
.  

CD
 

_0
 

CD
 

CD
 a CD
 Senne].  uoisaia  laJOAOS 

lueupoo  ueopeLLIV  LITJON 

Canadian Shiel d , which  is a suite of somewhat ancient rocks formi ng the core of  the 
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i nt rusive and  metamorphic genesis and comprise m ega-crystic granite, granite 

gneiss and quartz monzonite of  G renvillian to Helikian age . They are part of  the 

l east two small st reams di sappear beneath the 
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execution of  the Field  P rogram . 
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obtai ned  from the Mappi ng D i vision of  the Provi ncial Department of  Envi ron ment . To 

prepared  by Robert Croucher based  on color aerial photography taken in 1979 and  

To prepare this study, new 1 :2500 scale topographic mapping with  2  m contours was 

'ePs Pefoidoq  z)  buOdew 009Z: I- 

Fieldwork  i ncl uded  a geological  assessment of  the site(s) , location of  access roads , 
•Jolaiedo  Jewwell  Noel' el-10 

:saanno  

Jason Morgan , Assi stant Surveyor ; 

Brian Warren , Lead  Surveyor ; 

`)Ilnetio  aorug  

B rad Chaulk, P . En g . , P roject Manager, SNC  Lavali n I nc .; 

:ompitH  iN  'aebeuen  peraid  "61.13  'd  'wale  pAea  

:jo  pepsuoo  MOJO alti .900Z '9 

Fieldwork  was com pleted  on October 4, 2006 and the crew demobilized  on October 

Jeqweldes  aps all  01 pezNow  sem  Maio  

1■
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Except for boulders no glacial  derived soils were recognized i n the area . 

m were encountered  in the nine test locations . 

planar hill sides . P robi ng reveal ed  that the bog was as much as 1 .5 m in some areas ; 

Bogs have devel oped  i n th e low, poorly d rai ned areas between rock  outcrops and on 

The area is generally open barrens with few trees and about 20% exposed  bed rock . 

area for the purpose of  geotech nical discussions . See Figures 3-1 and 3-2 . 

di scernable change i n the rock  conditi ons between the si tes , they are treated  as one 

As these structures are in close proxi mity to each other CD
 OU  SEM way].  

Diversion Dam and Di version Canal 

SNOLLICINOO 31IS 
surveyed areas are incl uded  in I nterim Report N o. 1 , which i s i ncluded  in Appendix C  

C roucher and are part of the Project d rawi ngs . Mappi ng Cont rol  and details of  

The topographic surveys were incorporated with  the contour mapping prepared by 

'LIMO  UOISjeAla  • 

:ieueo  uopJaNG  • 

:wea  puod  ebaloTS 

• 

wea  puodpeaH 
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:asnowamod  • 
undertaken at each  of  the key st ructures, namely; 
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Figure 3-2: Diversion Dam & Diversion Canal  
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M ica and hornbl ende are commo n in all rock observed . The rock  is coarse grai ned 

encountered. G ranodiorite was the dominant rock type recognized over the site . 
6oci  o  sJaAel  le!owns eqi  aq  !pm  >loo.ipaq  

organic growth . The remai ni ng 10% is either colluvium or bog . 

i mmediate area has about 30% exposed rock  and about 60% rock  with a th i n layer of  

slopes of the river valley. Overall  the outcrop is abundant in the riverbed and 

boulders, which  appear to be talus from the adjacent steep hillsides . CO
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Colluvium in the form of  f rost heaved boulders and coarse boulder talus exists 

Except for boulders no glacial  derived  soils were recognized i n the area . 

barrens. See F i gures 3-3 and 3-4 . 

barrens occurri ng on the hill si des and  tops . The l eft bank is covered with scrub and  

area of  the dam on the right bank is covered  by occasional  scrub (dwarf  t rees) and 

to a steep sided valley at the river at the dam location . In general , 

The terrai n in this area varies f rom gently rolli ng h ills and l ow reli ef  at the l ake outl et 
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granitic rocks do have f ractures just below and parallel the ground  surface . 

Exfoliation joi nti ng was not observed in the rocks at this dam site. However, most 

the joi nts several mill i metres to several centi met res . 

 
 

 
 

C
L 	

a) 
co

 
CD

 	
cn

 —
.

CD
CD

 	
cn

 
cn

 	
m

-  
o
 	

5
 

F)
 	

*
 	

Pa
 

a)
 	

0
 

cf
) 

3
 	

a.
 

cp 
	

Pa
 

w
 	

E.
 

4c.  



M
 

CD
 

a)
 

W
 

C2
), 

C
r. 

E 
74

7 
•..

< 0
.) E
 

c
, 0
 a

 
I-

 
-0

 

. 
0
 

0
 

C
D

 tD
_ 

CD
 

C
:2

 

CD
 

CD
 

0
 

-1
3 5.
 

CD
 

0
 

gravity dam with only removal  of  overb urden cs_
 

cD5
-3

 
cn

 

8
 

c7
 

o
_
 o

 
c-)

 

c7, 
• 

	

0
 g

l)
 	

H
 `

<
 

	

C
D

0
_

 	
=

 C
D

 
CD

 	
C7

).  
X

i  

	

cn
. 	

c7
 

	

j
 	

an
 

=
 c

n
 

	

=
 	

CD
 

	

a)
 	

CD
5
 

	

—,
 	

cn
 

5
  

	

8-
 	

o CO
 	

CD
 

	

0
 	

,..-
1:

 
a
  

o
 

	

=
 	

co
 

0
  

C
L

0
 
C

D
 

	

a
. 	

=
 5

' 

	

0
 	

0
 
=

 

	

=
 	

0.1
 

	

Cn
 	

CD
 

	

11
) 	

s<
 	

Cn
 

.-4
- 

0
 

0
. 

<
 

0
 

(13
. 

0
 

CD
 

;E 

 
 

 
 

 

 
 

 
 

 

 

C 7
 

 

•

wep  aq  o  saps aqi  

together with loose or broken rock requi red . G routi ng is requi red beneath  and  along 

•pin  uileAel-ONIS 

 

Figure 3-3: M ap of Storage Dam 
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sporad i cally in the area. The channel  of  the exi sti ng st ream contains many large 

Coll uvi um in the form of  f rost heaved boul ders and coarse boulder talus exists 

The terrai n in this area varies f rom gently rol li ng hills and l ow reli ef  at the lake outl et , 
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where f rost action was not  prevalent, were ti ght with little or no separation . In areas 

apart exi st in the area of  the proposed  dam and  at a location 300 m downst ream . 

'EWE au  Inoqbnalq4  ingoo  near horizontal  joi nts, spaced  from 1 3 

snonupoosp  ei  own O sow 

provi ded  a joint set with  st rike of  265°  AZ and dip of  85°  N  and  another with Strike of  

bumeld ̀Janennoq  the joint orientations on a Sch mitt  Equal  0
 

rocks on the adjoi ni ng slopes . No discernable patterns were noted  on the ground , 

eql  Li!  awn  AJOA o  peqienpeq  ui  mioal  u!  peoeds  ep!nnleueb SEM 61110ECIS por  

and  contai ned  a mix of  quartz and  potassi um feldspar crystals . 

These vei ns were generally thi n , less than 5 cm th i ck  

contai ni ng 2  cm crystals . Occasional  small  pegmatite veins were recognized  in the 

coarse grai ned with  crystals generally a centi met re across with  occasional  areas 

over the site . Mica and hornbl ende are common in all  rocks observed . The rock  is 

will  be encountered . Megacrystic granite was the dominant rock  type recognized  

Beneath  the surf i ci al  layers of  organic material  and  occasional  coll uvi um , C
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In summary, the bed rock  is hard  and  the area is also well suited  for a concret e 
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A map of  the Penstock  route is shown i n Figure 3-7 . 

3 

glaciofl uvial  soil  is expected  to exist f rom approxi mate elevation 100 m down 

most of  this distance, then back  to bedrock  near the powerh ouse . CD
 

slope to relatively thick  glaciofl uvi al  sand, gravel, cobbles and boulders for 

Between km 2.5 to km 2.9 the natural  soil  will  range f rom talus at the toe of  • 

that are near parall el  to the rock  surface in the area ; 

i nterpreted  as materi al  produced  f rom detached blocks along exfoliation joints 
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Between km 2 .1  to km 2.5 the natural  soil  is practi cally nonexistent with  som e • 

also developed  i n the shallow val l eys ; 
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The subsurface conditi ons expected  along the Penstock  route are as fol lows: 

areas and relatively steep slopes approaching the powerhouse . 

Km 2 .5 to km 2 .9  will  t raverse an uplands ter rain with  a combi nation of  f l at • 

tale  eq  u!  Ts!xe  

1 40 m . Several , short, near verti cal , cl iff  faces, generally less than 1 5 m high , 

Overall  slope angle approaches 14°  with  local  areas at 33°  over a l e ngth  of  

Km 2 .1  to km 2.5 will  t raverse an alpi ne terrain with  'sedols  deals  kien  • 

:se6pp  raipeq  gip  MN eps  deals  

Km 0 .0 to km 2.1 wil l  t raverse an u plands terrain consisti ng of  a moderately • 

The penstock  will t raverse th ree disti nct terrai ns as follows: 
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quartz monzonite. All  rock  exami ned  were hard , crystall i ne and  st rong . A very weak  

1 .8 m; and  another at 4.0 m beneath  the surface of  the rock  knob . 

bank of  Portland C reek. I ts composition was m egacrystic, granite with  bands of 

Just upst ream of  the powerhouse l ocati on , bed rock  outcrop was exposed  on the ri ght 
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A map of  the powerhouse site follows i n Figure 3-8 . 
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is i nterpreted that, as the bed rock  surface rises i nto the area, th rough  which  excess 

more than can be released and groundwater l evel ri ses . At this particular l ocati on , it 

rapidly until either a less permeable layer is encountered or the water enteri ng is 

CI)
 

Measured natural  slope angles to the horizontal varied f rom 25°  to 

average of  31°. Soil  creep was evident on all slopes observed in the glaciofl uvial  

and  boulders with  a t race of  fi nes . Most parti cles were well rounded to sub-ro unded . 

Just east of  the proposed powerhouse location small amounts of groundwater were 

however, glaci ofl uvial soi l  may exist up to elevation 100 m along the Penstock . 

el evation of  1 00 ± 2 m. This terrace was not recognized near the powerh ouse ; 

southwest of  Main Port B rook where it enters Portland Creek at approximate 

approxi mate elevation 87 ± 2  m . Another higher 

Isnr  pu  ie  wesaJd si  aoatial  

el evations of 50 ± 2  m and  60  ± m respectively. The fourth  terrace at the site was at 

present river level  is the lowest  at approxi mate elevation 42 m ± 2 m . Two narrow 

of the terraces were recognized . A narrow flood plane approxi mately 3 m above th e 

all  terraces are present everywhere in the Val l ey. West of the powerhouse, only four 

Vall ey, seven di sti nct terraces were recognized th rough air photo interpretation . Not 

terraces i nci sed i nto a large deposit of  glaci of l uvial materi al . Within Portland  Creek 

The u pland area i mmediately adjacent to Portland Creek  com prises a series of  
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Figure 4-1 shows the location of the d rai nage basins, while Table 4-1 summarizes 

AutoCAD map havi ng 50 ft contour li nes . 
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V3EIV 3Ovronia 

AD010EICIAH  

3
. 

co
 •

c_ 
Z

 
p

 c
 

•
N

.) 
-
4

 0
 

C
O

 0
 

(3
) m

 z
 

(D
 

Et
. 

8 8_
 

E
 

o
 

13
 ID

 
o
 a
 To

 
a

>
 a

 
o
 

0
 

c
o

 a
 

C
D

 -
‘ 

X
' 

0
  

a_
 

co
 

(IT
 

(D
 

Figure 4-1 : Location Map 

'seam  ebeupip  eq  

'OUI  UHEAUMONS 



sum I!  `81-01 jel-ITiv  

poped weiowns  e  
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East. Greavett Brook  Station has 22  years of  records ; 1 984-2006. 

d rai nage area is about th ree ti mes the size of  Portland Creek's and  is ori ented  West- 

uoims  eigellene  isameu  eq  

The second  nearest stat ion is Cat  Arm R iver above G reat Cat Arm (02YFO01 ) . 

I t has 22  years of  daily records (1 984 — 2005) . • 

:peminbai  OU  si  MOlI  Jenp  eqj  • 

I t has similar physiographic characteristi cs ; • 

I t has the same orientation (f l ows f rom East to West) ; • 

eem  ebeuiaip  sH  s of  the same order of  magnitude (1 06.3 km2  vs 95 .7 km2) • 

I ts d rai nage basin i s l ocated  close to the Project' s d rai nage basi n ; • 

The following are the reasons for the station selection: 

G reavett B rook  above Portland  Creek  Pond (02YE001 ) was selected  to represent  
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Figure 4-3 : Isolines of  Mean Annual  R unoff  
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observed records. The resul ts are presented  in Figure 4-6 and Table 4-5 . 

The Log-Pearson 3 dist ri bution was selected  because i t best 

*Obtained  by multiplying the maximum daily flow by the average peak ratio 
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UHeAel-ONS 

Opti mization of  Reservoi r Vol ume . 

Details of  reservoir volumes and  flooded areas are presented  in Section 6-7 — 
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13  "O pen Ch annel I m provements"  by Van T . Ch ow, McG raw-Hi ll B rook Com pany, New York , 1 959 

woleq  uoirelnoleo  ees  

Water l evel  would  rise to elevation 474.89 m duri ng the 1000-yr flood  (1 30 m3/s) . 

The spillway length is 70 m . Figure 5-1  shows the rati ng curve of  the spillway. 
wea  uolsAania  W  Aennmds  

The discharge coeff i cient  of  the ogee spillway is 2 .2 . 

H  i s the head  above the crest in m . 

L  is th e l ength  of  the spil l way in m ; 

ebJeuosip  eqi  si  0  

Q  i s the discharge over the spillway in m3/s ; 
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elevation 458 .3  m when the oufflow is 1 0 m3/s , as below: 

The spi llway length  is 30 m ; its crest elevation is at 458 m . Water l evel  will  rise to 

• The maxi mum outflow f rom the reservoi r , i .e. 7 m3/s . 

 

• The 1 000-yr f l ood  f l ow f rom the 2 .1  km 2  additional  catch ments between the Mai n 
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unewl-ONS 

on experi ence at Cat A rm . This assumes use of  deflectors to divert jet fl ows f rom 

Pressure rise or full load rejection was set at static head  (at unit) plus 1 5% based  • 

:smolloj.  se  `uelsep  LiTbuails  Noolsued pue  

A preli mi nary waterhamm er design was derived for i nput to penstock l ayout studies 

NOIS3a 1:131A11/WHI:131VM 

al 01917  asn 

✓

is velocity at gate section (= 2 .06 m/s) 

(w  g.  =) e6o  t-1113P s! M 

D

is the height of  the gate in m (= 2.0 m ) 

S

is the mi ni mum submergence in m ; 

zna n VS.0 = 
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be  closed slowly  to  control wate rhammer.  Valve  c losu re  t imes,  in  the  o rde r  of 27  

seconds,  were  estimated.  

Pressu re  drop  on  load add itions  was  set  at  20%  of static  head (at  un it).  This  

• 

based on  loading  un its  sequent ia lly,  at  an  eq u ivalent  va lve  open ing  time  of 10  s.  

The  double  action  of a  Pe Ito n  tu rbine  on  load  rejection  perm its  loads  to  be  rej ected 

rapid ly  via  deflecto r  deployment,  while  load add itions  at the  rate  of 1. 15  MW/s  are  

perm iss ible  without  undue  pressu re  drops  in  the  penstock.  

A ru le-of-thu mb suggests  that  a  surge  tan k device  for  contro l 

"5 

waterhammer  may  be  req u ired when  the  rat io  of penstock length/head exceeds  fou r  

ove rspeed on  load rejection;  therefore  a  su rge  tank is  not  req u ired.  

FREQUENCY REGULATION 

Lc? 

p lant,  using  an  empirica l This  method c lassifies  

Further  Gordon  established  a  

c lass ification  system  as  a  function  of a  paramete r  K,  whe re:  
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Th is  analys is  conc luded that  the  proposed  des ig n,  intended  pr imarily  to  produce  

en hance  frequency  reg ulation  capability.  It  is  recommended that  this  qu estion  be  

NL Hydro  may  cons ide r  des ig ns  with additional ine rtia  (add it io n  of flywhee ls)  to  

ene rgy,  wou ld not contribute  s ig n ificantly  to  system  freq u ency  regu lation.  

reviewed during  f inal desig n  at which t ime  more  refined  ana lyses  cou ld be  employed.  
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INTRODUCTION 

concept,  inc lud ing  the  opt im izat ion  of key  Proj ect components.  

cl 
co APPROACH 

Layout  stud ies  were  unde rtaken  a lternat ive  layouts  

layouts  were  assessed with  the  objective  of 

conce rns  and the  like.  Optimal plant  featu res  we re  decided  e ithe r  on  the  bas is  of 

econom ic  analys is  o r  by  eng ineering  judgement  taking  into  accou nt  site  constra ints  

and re levant  SNC- Lava lin  experience  on  s im i lar  projects.  

ECONOMIC PARAMETERS 

NL Hydro  provided the  following  econom ic  facto rs  for  input  to  optim ization  analyses:  

Ene rgy  at  $0. 70/kWh;  • 

Capacity  at  $1, 144/kW,  based on  the  use  of gas  turbines  for  peaking ;  

• 
Service  life  of Project  —  60 yea rs;  

• 

Discou nt  rate  —  8.4%;  

• 

Cu rrent  inte rest  rate  for  computat ion  of interest  during  construct ion  —  7. 8%.  

• 

Using  the  above  parameters,  the  va lue  of 1.0  m  of  head  loss  was  ca lcu lated to  be  

ACCESS ROADS 

Va rious  access  road routings  were  invest igated  cons idering  alternative  starting  

po ints  and routes  from  the  powerhouse  to  upstream  structures.  Routings  cons idered 

SNC-Lava lin  Inc.  



topog rap hy  and g rou nd condit ions,  as  assessed  from  1:50,000 topo  maps  and aeria l 

Fu rthe r  details  on  the  alte rnat ive  stud ies  and the  se lected permanent  and 

construct ion  access  road routes  are  g iven  in  Sect ion  8. 1.  

WATERWAY LAYOUT 

Port land Creek Pre- Feas ibility  Study  proposed  separate  storage  and 

Headpond  Dams.  This  concept  was  reviewed cons ide ring  the  following  alte rnat ive  

a r rangeme nts:  

A lternat ive  1 —  "Bas ic  Arra ngem ent" • 

Alte rnative  2 —  "High Headpond Dam".  • 

In  this  alte rnat ive  the  c rest  of the  Headpo nd  Dam  wou ld be  ra ised to  476.0 m  to  

contro l  the  wate r  leve l in  the  rese rvoir.  This  wou ld perm it  elim inat ion  of the  

A lte rnat ive  3  —  "Extended  Penstock" • 
In  th is  alte rnat ive  the  penstock wou l d  be  lengthened  by  1, 500  m  to  an  intake  at  

the  Sto rage  Dam.  Th is  wou ld perm it  the  e lim inatio n  of Headpond Dam  an d 

explo itat ion  of the  head d ifference  betwee n  Headpond Rese rvoir  and Storage  

Pre lim ina ry  layouts  an d  order-of-mag n itude  costs  we re  prepared for  each of these  

a lte rnat ives.  Compa rison  of these  cost  est imates  showed:  

The  increase  in  cost  of a  high Headpon d  Dam  was  much  g reate r  than  the  

savings  obtained  by  e lim inat ion  of the  Sto rage  Dam.  

S NC-Lavalin  Inc.  



benefits  of increased head.  The  benefits  of increased head  were  fou nd to  be  

substantia lly  reduced 0
 

-0
 

a) 
_c 

173 
a) 

Additiona lly,  the  mean  g ross  head wou ld  be  based on  the  mean  wate r  leve l  in  the  

rese rvo ir,  substan t ia lly  be low  

exe rcise  confirmed the  merits  of the  se lected layout  —  Alte rnative  1.  

OPTIMIZATION OF  CAPACITY 
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assumed plant  f low  capacit ies  (and plant  insta lled capac ities).  In  all,  five  alternative  

project  capac ities  were  cons idered.  

Determ ination  of Benefits  

as  a  run-of-r iver  plant  with  temporary  storage,  was  operated 

objective  of maxim izing  ene rgy  output (o r  m in im izing  spills).  A seconda ry  obj ective  

the  remain ing  20 hours.  (This  assumes  a  p lant  config u rat ion  of two  2-j et  horizonta l 

axis  PeIton  tu rbines  or  one  vertica l axis  4-j et  PeIton  tu rbine).  With  th is  operating  

p lant  capac ity  can  be  credited  as  firm  capacity.  To  ensu re  this  

req u irement,  ru le  cu rves  were  deve loped  for  each a lte rnative.  The  model s imulat ion  

done  in  monthly  steps  for  21  years  from  October  1984  to  Septe m ber  2005,  

"Opt imu m" penstock d iameters  we re  computed us ing  Falbusch 's  formula  
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losses  in  the  penstock as  a  funct ion  of Q2 .  

Section  6.3.  Benefits  were  also  eva luated fo r  alternative  energy  at  $1.40/kWh  fo r  

input  to  sens it iv ity  analyses.  

The  resu lts  of these  reg u lat ion  studies  are  summa rized in  Table  6- 1.  
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The  sig n ifican t  costs  in  th is  analysis  were  costs  that  vary  as  a  function  of plant  

capacity,  notably :  

Powe rhouse,  including  wate r  to  wire  equ ipment;  

• 
•

• 	
• Contro l Stru ctu re;  

Relat ive  costs  we re  dete rm ined us ing  parametric  equat ions  and  quant ity  take-offs,  

Cost  of water-to-wine  

eq u ipment  was  estimated  using  a  p rog ram  deve loped by  J. L.  Gordon,  

assum ing  a  2005 -  2006  p rice  esca lation  of 6%.  

The  resu lting  re lat ive  capita l cost  estimates  are  shown  in  Table  6.2.  

Econom ic  Analys is  

Econom ic  Analys is  exam ined Project  lifetime  costs  and benefits  expressed in  

p resent  value  te rms,  as  derived the  econom ic  parameters  provided  by  NL 

va riat ions  in  the  bas ic  assumptions.  The  cases  studied were:  

Bas ic  Case  inclu d ing  both energy  and capacity  benefits;  

S NC-Lavalin  Inc.  
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Table  6-2:  Summary  of Relative  Capita l Costs  

REMARKS 

,
.... 

,f: .
,
 

- 	. 

COSTS ($  x  103)   	s tiv  

I 
I 

- 
- 	

I 

$19 925  

6-11172—  

trt70  1.$  

$1 285  [  

$34 622  I  

v int 	J 	s hiv 	IhIV 

i 1 

$15  467  

$ 1  034 

990  l$  

$28 613 I  

$13 185 

a() 1.6 

L69$  

$24 981 

-
 

-
 

-
 

,. 

$10 355  I  

$ 1 021 

1792$ 

6L6 OZ$  I  

I  

$8  987   

$1  018  

c296  

$18  864 I 

STRUCTURE 

INSTALLED CAPACITY (MW)   

' POWERHOUSE  
I. .  water-to-wire  equipment   
I... erection  of equ ipment   

Electrical:   
... remainder  of plant  services   

Mechanical:   
..shut-off valves  (2)   

I..P/H crane   
I. .draft tube  stoplogs   
I. .mechanical auxiliaiies   

' Civil:   
I..excavation  (rock +  overburden)   
l_substructure  concrete  
I..structural steel 
I..bui lding  envelope  

. .architectural features  

I SUBTOTAL POWERHOUSE  

I PENSTOCK  

.. pipe  supply  and install 
_earthwork 

I..corrosion  protection  
I  SUBTOTAL PENSTOCK  

I INTAKE   
..common  items   
..service  gate   

I..bulkhead gate  
1. .trashrack 
' SUBTOTAL INTAKE  

1 CONTROL STRUCTURE  

SWITCHYARD  
.. power  transformer   

I..common  items  

' SUBTOTAL SWITCHYARD   

' INFRASTRUCTURE COSTS   

I SUBTOTAL DIRECT COSTS  

Wr3 

' Owner's  Costs:   
I  EDC @ 2.4%  %Z9'L @ 3011 

I  GRAND TOTAL 

SNC-Lavalin  Inc.  



operat ion  —  pe rhaps  unrep resentat ive  of NL Hydro's  system  load  characterist ics.  

Optima  were  not  fou nd within  the  range  of a lte rnatives  stud ied fo r  e ither  Case  1 

B/A C< 1. 0,  powe r  benefits  can  be  obtained more  cheaply  at  an  alte rnat ive  pla nt.  

Opt ima  were  fou nd for  Cases  2  and 3 that cons idered energy  benefits  on ly.  

• 

po int  at  which the  inc rementa l benefit/cost  ratio  become  un ity.  Beyond this  point,  

econom ics  of a  hydroplant operat ing  as  part  of a  utility  system  is  to  dete rm ine  the  

The  resu lts  of these  analyses  a re  g iven  in  Table  6.3  

The  following  observat ions  are  noted:  

or  Case  4  that  included capacity  benefits.  It  is  thoug ht  that  this  finding  resu lts  

from  the  defin it ion  of firm  capacity  based on  an  assumed fou r- hou r  peaking  

• 

This  value  is  cons isten t  with recent Canadian  experience,  notably  at  Paradise  

Rive r  G. S.  where  the  plant  f low  capacity  is  approximate ly  1. 5  x  Q,  (mean  f low)  

versus  Portland Creek with a  ratio  of 6.6/5. 2  =  1.27.  The  la rge r  capac ity  values  

a) a) ca. 
2 a_ 
a) 

Same  as  Case  2 but  with energy  valued at  $ 1.40/kWh;  

Same  as  Base  Case  but with CC E increased by  20%.  

0
 

0
 

if) 
cn 

C
 

i—
 a) o_ 

ai 1E
 

,c) 	
p

 
5

 u
i a

) N 
=

 ---- • —
 

crs 
c'E

 E
 

E
 c

o
 o

_
 

.—
 c..6 o 

-a 
u)

o 
2
 ._

 _
c
 c 

70
  
5
 
o
 

5
 a

s
 

c
 

O
. 

 
0
 	

-Ca; 
CU 	

cn 
0
0
 0

5
 

0
 

-E  _
0

 
c‘1. 5

 ct5
 

.
,
,
 - a

 . 
-0

 
E

 M
 

c
 =

 
0

 

a
s E

 a
5
 

.,—
 ...= cm

 
u)so_ 
a)  
0
0
 

cn 
a
) 5

 
C

D
 p 

c
 c

 0
 0_ 

._
 o

 
7:3 

E
 as (..) 

a) so_ o co 
E

 0
 

._
 o

 o
_

 
,.. 

ccs 
p
 o

 
 

Hydropower  Eng inee ring  Handbook.  New  York,  McGraw- Hill,  Inc.  New  

  

SNC-Lavalin  Inc.  

 

 
 



SNC-Lavalin  

n
. 

c
0

 	
co 

(0
 

c)0 

-
 —

 
Ec>1 tC3 	

Co 
Zr-1 

N
 

c
r3  
N

 
63 C

A
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1.0 Cumulative  PV:  

Remarks  

F
Sum  of energy  and  
capacity  benefits.  

Note  PV of ann ual recurring] 
costs  are  inc luded.  

Energy  Benefits  on ly.   

Mid range  values   

Energy  Benefits  on ly.   

Mid  iange  values   

Mid range  values   

Alternative  5 
33.5 

$ 141  325 

$38 5 12  
$6 927 

$45 439 

$95 886 
3. 11  

179'4   

$ 103 824 

$45 439 
$58385  

2. 28 

6170  

006  

$207  648   

$45 439  
$ 162 209  L9'17  

006  

860  

$ 1 41 325  

	$46  214 	 
$6 927  

$53 141  

$88  184 99•Z  

006 

05'1.  

Alternative  4 
26.7 

I.Lt nit 

$3 1 828  
$6 354  

$38 182  

886 1.6$   

90'Z  

$100 262 

$38 182 
$62 080  

2.63 

9E0   

9Z'L 

$200 525  

$38 182  
$ 162  342 939   

931 

09'1.  

$1 30 171  

	$38 1 94 
$6 354  

$44 548 

$85  623 Z6'Z  

9Z'L 

t7E  

Alternat ive  3 
21. 5   

C000'L x$)  
900 LZ  

$27  788 
$5 924  

$33 712 

$87294 
3. 59   

857 

306  96$   

$33 712 

L8'3 
064 59$   

19'  L  

989 

$ 193 805   

$33 712  
$ 1 60 093  9E9  

99•9 

9EZ  

900 1.Z1.$  

$33 346  
$5 924 

$39 270  

$81 737   

BOC 

989 

LO'Z 

Alternat ive  2 
17.1  

96£ 601.$  

$23 336 
$5 487 
$28 823  

$80572 
3.80 

99'9  

$90 182  

$28 823  

60'E  
LIZ 09$   

90't   

58'17 

$180 364  

$28 823   
$ 151 541   93'9  

E817  

668  

$109 395  

$28 003  
$5  487  

$33 490 

906 SL$  
LZT 

E817 

Ett 

Alternative  1 
14.6  

$94 787  

$20  977 
$5 229 

$26 206  

Z9-£ 
I.89 89$  

$78  422  

$26  206  

663   
94Z  39$   

$156 845  

$26 206  
$130 639  669  

$94 787   

$25  172   
$5  229  

$30 401  

$64 386  LE  

Economic  Parameters  
Capacity  (MW)   

Capacity  =  $  1144  / kW  
Energy  =  $  0.70 / kWh  

FRGY ONLY  

Energy  =  $  0.70  /  kWh   

(slom)  

Energy  =  $  1.40 /  kWh  

(s/ELL)   

20%  

MA/  17171-1. $  =  Alloedeo  

Energy  =  $  0.70 / kWh  
Base  +  20%  

1   
(s/Etu) 

Analyses  

BASE CASE 

Benefit  

CCE  
PV  O&M etc   
COSTS 

3/13 
0  -  

Incrementa l B/C 

Benefit  

Isoo 
-El  

Incrementa l B/C  
Plant  Flow  

Benefit   

-  
lsoo 

0/8 
Incremental B/C 
Plant  Flow  

Benefit   

300  

PV O&M etc  
COSTS  

-  
0/9 

Incrementa l B/C  
Plant  Flow  

...... 
d
' 

Table  6-3:  Summary  of Econom ic  Analyses  

 
 



Consider ing  energy  benefits  on ly  at  $  0.70 / kWh.  

Plant  Flow  (m3/s)  

OPTIMIZATION OF RESERVOI R VOLUME 

cs:• 

The  merits  of ra is ing  (o r  lowering )  the  reservo ir  fu ll supply  leve l ( FSL)  were  

invest igated by  comparing  the  cost  of ra is ing  the  FSL from  473.0  m  to  474.0  m  

versus  the  benefit  in  improved wate r  ut ilizat ion  ( reduced sp ill).  The  wate r  use  benefit  

was  estimated  using  a  reg u lation  mode l of the  se lected scheme  in  which the  

rese rvoir  capac ity  was  var ied by  the  volume  betwee n  473. 0 m  and  474.0 m.  The  

0
 

a) 
as 

.7) a)  

c7i 
as 
cr) 

as 

as 
_c 

cr) 

a) 

cr) 
as 

as 

>
, 

a) 
a) 

be  des irable  to  ra ise  the  rese rvo ir  FSL furthe r.  However,  layout  studies  on  the  latest  

mapping  and visual appraisa l of s ite  cond it ions  conc luded that  to  ra ise  the  FSL 

above  474.0  m  would p robably  req u ire  construction  of an  add itiona l saddle  darn  and 

substantia l (d isp ropo rt ionate)  lengthen ing  of the  Divers ion  Darn.  For  these  reasons,  

the  des ig n  FSL leve l was  fixed  at  474.0  m.  

At  a  FSL  of 474.0,  the  flooded a reas  assoc iated  with the  Storage  Pond and 

Headpond  may  be  computed as  fo llows:  
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Fig ure  6-1:  Incremental B/C Ratio  
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New  Flooded Area  

Futu re  Su rface  Area  

Exist ing  Su rface  Area  

cv 
to

 

taking  into  accou nt s ite  topography  and g rou nd condit ions.  The  resu lting  

New  Flooded Area  • 

Along  the  uppe r  1800  m  the  slope  is  low  (about  6%);  

Along  the  lower  1 1 00 m  the  s lope  is  steep  (about  30%).  

Fo r  the  Base  Case  (Case  1),  a  s ing le  steel penstock insta lled in  the  lowe r  section  

• 

was  assu med,  followed by  a  bifu rcation  to  the  two  u n its  at  the  powe rhouse.  

Two  d iffe re nt  penstock  arrangements  were  then  stud ied.  In  the  uppe r  section,  it  was  

penstock  p rofile  is  cha racte rized as  below:  

while  fo r  the  lowe r  section  stee l wou ld be  req u ired for  strength reasons.  

operate  unde r  low  head,  a  po lyethylene  penstock offe red sig n ificant  econom i  

assu med that  a  sing le  penstock wou ld be  insta lled.  As  this  penstock section  will 

Rout ing  of the  penstock was  dete rm ined,  respecting  hydrau lic  desig n  req u irements  

PEN STOCK CONCEPTUAL DES IG N 

• 
co 

Storage  Pond:  

Future  Su rface  Area  

Exist ing  Su rface  Area  • 
• 

cs) 
co 

0_ 



 
 

 
 

 
 

 
 

 
 

 

 

For  Case  2,  with a  view  to  fac il itat ing  the  insta llation  of the  penstocks  in  the  lowe r  

sect ion,  the  poss ibility  of having  two  stee l penstocks  of smaller  size  was  stu d ies.  

this  case,  the  bifu rcat ion  would be  at  the  downstrea m  end  of  the  polyethylene  

 
 

In  the  stee l  section,  two  penstocks  of 48" diamete r  were  assumed.  This  diameter  

 

The  comparison  shows  that  having  two  penstocks  in  the  stee l sectio n  resu lts  in  a  

s lig ht ly  lowe r  annual energy.  Case  2  is,  the refo re,  not  recommended.  

 

Table  6-4:  Layout  Select ion  

a) 

Case  1  vs  Case  2:  Numbe r  of Penstocks  

methodology,  as  described in  Section  6. 6.  
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methodology  as  

or  the  stee l sect ion,  whic h  found  the  increment benefit- 

the refo re,  60" ( 1. 52  m).  

Est imate  the  cost  of p ipes,  excavat ion,  earth fi ll and wrapp ing ;  

The  se lected diamete r  for  the  po lyethylene  sectio n  was  the refore  the  

Eva luate  the  annual ene rgy  with the  corresponding  head losses.  

estimated  to  be  7000 $  / tonne  insta lled.  

la rgest  available  stan da rd pipe  d iamete r,  which  is  63  inches  ( 1.60  m).  

For  polyethylene  pipe,  the  fo l lowing  standa rd d iameters  were  cons ide red:  40,  42,  48,  

Compute  the  head losses  coeffic ient;  

Fo r  the  polyethylene  pipe,  all values  of pipe  diameter  gave  benefit-cost  ratios  hig he r  

A s im ila r  analysis  was  done  

described in  Section  6. 6.  Fig u res  6-2 and 6-3  show  the  resu lts  of these  analyses.  

cost  of 1. 0  to  be  between  60" and 6 1 ".  The  recomme nded  optimu m  diameter  fo r  the  

Inc remental benefit-cost  ratios  were  computed with 

Dete rm ine  the  req u ired th ickness  of p ipe  fo r  each section;  

stee l penstock i 

Se lect  stee l strength class  fo r  each sect io n;  

Compute  the  hydrau lic  g rad ie nt  a long  the  penstoc k;  

PENSTOCK DIAMETER O PTIMIZATIO N 

In  o rder  to  dete rm ine  the  optimum  penstoc k  d iamete r,  the  fo llowing  calcu lations  were  

and an  a llowable  stress  of 166M Pa  (24  ks i).  

54,  55  and 63 inches.  Stee l strength  desig n  assumed CSA G40.2  350WT stee l p late  

• 
• 

• 
• 

• 
• 
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Fig ure  6-2:  Incremental BCR vs  Diameter  -  Polyethylene  Sect ion  

Penstock Diameter  ( in )  
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Tab le  6-2 presen ts  the  main  resu lts.  
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Fig ure  6-3:  Incremental BCR vs  Diameter  -  Steel  Sect ion  



APPROACH 

This  section  summa rizes  the  computations  ca rried  out  to  estab lish the  ene rgy  and 

capacity  benefits  of the  Po rtland  Creek Deve lopment.  

ENERGY BENEFITS 

Energy  benefits  were  dete rm ined by  means  of a  regu lation  model that  s imu lated 

The  reg u lation  model accounts  fo r  da ily  inflows,  changes  in  rese rvoir  sto rag e,  power  

environmenta l flows,  as  recommended by  NL Hydro  were:  

3.5  m3/s  from  May  1 5t  to  Septem ber  30 t h ;  

• 

2. 0  m 3/s  from  Octobe r  1 s t  to  Ap ril  30 th .  

• 
Model inputs  are :  

Pla nt  and  rese rvo ir  characte ristics;  

• 

0
 

• 

Operating  ru les  ( ru le  curve).  

• 

Mode l outp uts  a re;  

Tu rb inable  f low  (QT);  

• 

Spilled flow  (Os);  

• 

Rese rvoir  vo lume;  • 

SNC-Lavalin  Inc.  

and computed daily  energy  production.  spillway  flows  

environmenta l that  the  min imum  



Reservo ir  leve l;  • 

Energy  produced.  • 

Assumptions  and  Desig n  Criteria  

The  reconst ituted flow  se ries  described in  Section  4. 0 was  used to  rep resent  the  

inflow  in  the  rese rvoir.  

i12 

The  storage-e levation  cu rve  for  the  Storage  Pond Rese rvo ir  was  de rived from  2. 0  m  

contou r  mapping  commiss ioned for  th is  study.  The  cu rve  is  shown  on  Figu re  7- 1.  

Fig ure  7-1:  Portland  Creek -  Storage  -  Elevation  Curve  

LC) 

Volume  (m illion  m3)  
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The  head  wate r  leve l was  assumed to  be  458.0  m,  i. e.  the  spillway  crest  e levation  of 

the  Headpond  Dam.  Water  leve l in  the  Headpond  will be  kept  consta nt  at  its  

maximu m  leve l,  by  ba lancing  releases  from  the  Sto rag e  Dam  with powe r  flows.  

As  PeIton  units  are  considered,  the  downstream  head  level corresponds  to  the  

tu rbine  centerline  e levat ion,  at  e levation  42. 63  m.  

The  head losses  in  the  penstock we re  computed  as  a  fu nct ion  of QT2  (see  Section  

5. 1).  The  optim ized penstock diamete rs  were  assumed.  

A ru le  cu rve  was  deve loped by  trial and error  to  ensu re  that  the  req u ired m in imum  

da ily  environmental flows  would be  re liably  provided,  as  noted previous ly  these  flows  

CZ 	
• 3.5  m3/s  from  May  1st to  Septem ber  30th;  

2. 0 m3/s  from  October  1st  to  April 30th.  

• 

The  ru le  curve  divides  the  rese rvoir  into  two  zones:  

Above  ru le  cu rve,  a  poten t ia l su rplus  is  indicated  operate  turbines  at  fu l l 
• 

capacity  (6. 6 m 3/s );  

• 

At  ru le  curve,  inte rmediate  flow  between  above  l im its,  as  ca lcu lated  with  reservo ir  

• 

at  ru le  cu rve  elevation.  

Fig u re  7-2  illustrates  th is  operating  strategy.  

S NC-Lavalin  Inc.  
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Fig ure  7-2:  Pre lim inary  Ru le  Curve  

an 

Lf? 

LOL =  462 m  

FSL =  474 m  

SNC-Lava l in  Inc.  

cr) 

Forced outages  due  to  a  compone nt  fa ilu re;  

Unschedu led outages  due  to  any  fa ilu re  on  the  netwo rk;  

Gene rator  effic iency  was  assumed to  be  98%;  

no rmal operat ing  range,  therefo re  effic iency  was  assumed  to  be  constant and 

Total u n it  effic iency  was  90% X 98% = 88.2%  (at  generator  term inals).  

eq u a l to  90% (averag e  over  operating  range);  

Typ ica l ly,  the  tu rbine  effic iency  cu rve  of Felton  tu rb ines  is  almost  flat  over  the  
• 

Un it  outages  can  be  of differe nt  types:  

Ma intenance  and Outa  

• 
• 

• 
• 



Schedu led  outages  fo r  period ical maintenance.  

• 

maintenance  can  be  m it igated on  most  

A wate r  ut ilizatio n  factor  of 97% wi ll 

a) a) a) 

adjust  for  losses  in  energy  p roduct ion  due  to  outages  and "off-peak" operation.  

three  occas ions  in  

L
6

 
C

O
 1986  and in  1987.  Du ring  1985,  the  operation  failed to  

In  this  period,  the  plant flow  

SNC-Lava lin  Inc.  

Fig ure  7-3:  Simulated Water  Level (1984 -  2005)  

Findings  from  Simulat ion  Study  

1984 to  2005.  
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a  min imu m  flow  of 0.5 m 3/s  

.u) 
_c inflow  reaching  was  eq ual to  the  

a) 
a) 

rep resents  a  reliab il ity  of 99.4%,  which is  ve ry  satisfacto ry  ( 1. 5  months  fa i lu re  in  264  

Fig u re  7-4  shows  the  powe r  du rat ion  cu rve  over  the  pe riod  of s imu lation.  It  must  be  

noted  that  the  p lant  maximum  capac ity  (23.0 MW)  is  p roduced  54%  of the  t ime.  

flow  of 2. 0  m3/s,  i. e.  the  req u ired m in imu m  environmental flow  between  Octobe r  and 

Septe m ber.  

Du ring  the  rest  of the  time  ( 17%),  the  powe r  flow  is  such that  the  reservoir  leve l 

matches  the  ru le  cu rve.  

Fig ure  7-4:  Power  Durat ion  Curve  
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Main  Energy  Parameters  

The  princ ipal resu lts  of the  s imu lation  study  are  summa rized in  Table  7- 1.  

SNC- Lava lin  Inc.  

Monthly  Energy  

presented in  Tab le  7-2.  
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Tab le  7-2:  Monthly  Energy  (at  Generator  Term ina ls)  

SNC- Lavalin  Inc.  

CAPACITY BEN EFITS 

maximum  plant  flow  of 6.6  m3/s.  

capacity  is  the  capacity  that  wou ld be  read i ly  availab le  to  p rov ide  peak  power  du ring  

In  a  m ixed  hydrothe rm al system  such as  the  Is land  System  of NL  Hydro,  firm  

bas is  of an  optim izat ion  study  as  descr ibed in  Sectio n  6.6  and corresponds  to  a  

Generat ing  Statio n  would be  base  loaded.  In  the  absence  of a  system  study  to  

Du ring  such periods,  thermal capacity  at  Holyrood c rit ical low  flow  pe riods.  

The  p lant  insta lled capacity  23.0 MW (at  generator  te rm ina ls)  was  determ ined on  the  
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evaluate  the  role  of Po rt land Cree k,  the  following  pattern  of da ily  operat ion  was  

4  hours  at  6.6 m 3/s  g iving  23.0 MW;  

• 

20 hou rs  at  1.08 m3/s  g iving  3.9  MW.  

• 

Ave rage  ove r  24  hou rs  =  2.0 m 3/s.  

evaluated as  equal to  insta lled  capacity  of 23.0  MW  (at  generato r  

PROJECT BENEFITS  

As  previous ly  noted  benefits  were  evaluated  using  the  

fo llowing  econom ic  parameters:  

$ 1, 144  per  kW;  

$  0.70 per  kWh.  

Benefits  were  evaluated  as  below:  

$ 1, 144/kW 

$0.70/kWh  

COM PARISON TO PREVIOUS STU DY 

"?, 

These  energy  resu lts  were  compared to  the  previous  study  made  in  1987.  

hig her  selected insta lled capacity  and the  higher  annua l energy  can  be  exp lained by:  

Greate r  values  fo r  natura l inflow  were  used;  

• 

SNC-Lavalin  Inc.  



The  head inc reased due  to  an  increase  of the  headwate r  leve l and decreased • 

head losses  with a  large r  penstock diamete r;  

The  value  of energy  esca lated mo re  rap idly  than  construct io n  costs,  favouring  a  • 

larger  insta l led  capacity ;  

The  fact  that  the  spilled flow  is  less,  which is  explained  by  the  highe r  installed • 

capacity  an d  the  ut ilization  of a  ru le  cu rve  to  manage  the  rese rvo ir.  

Tab le  7-3  p rese nts  a  comparison  between  this  study  and the  study  made  in  1987.  

Table  7-3:  Comparison  to  Prev ious  Study  
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bridge  structu re.  and one  temporary  

PROJ ECT COMPONENTS 

ACC ESS ROADS 

To  access  the  s ite,  various  alte rnatives  for  roadway  access  were  cons ide red.  

The  recommended  route  includes :  

Pe rmane nt  access  from  the  exist ing  Mine  This  includes  upgrading  of 

• 

existing  forest access  roads  and new  construction  to  Inner  Pond a nd south to  the  

powe rhouse  s ite;  

a) 
_c a)()  a) (nu)  

-E a) a_ 
a) 
_c 2 

-0 as 2 au'w  as00  

"(.7)L-C  a_ 
(DE • 

east  before  tu rn ing  south to  access  sto rage,  Headpond and  Divers ion  Dams.  

The  following  Figu re  8- 1 and Drawing  Num ber  722736-0000-41 DD-000 1 shows  the  

p roposed access  route  fo r  the  Proj ect.  

a) 
_c route  includes  9. 16 km  of upgrading  

existing  roads  and 18. 15  km  of new  road construction  to  permanent standard.  Also,  

inc ludes  two  permanent 

br i dge  structu re,  located at  the  storage  dam,  will be  relocated to  a  

locat ion  on  the  dam  at the  end of construction.  The  cost  to  provide  

access  to  the  site  is  est imated at  $12,380,000.  

S NC-Lavalin  Inc.  
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:  Access  Roads  

commu n ity  of Dan ie l 's  Harbou r  head ing  east  before  tu rn ing  south towards  Inne r  

Cons iderat ion  was  g iven  to  provid ing  access  fro m  the  

Pond as  shown  in  Figu re  8-2.  This  route  inc luded  7. 32  km  of upg rad ing  exist ing  

compared to  upg rad ing  of the  exist ing  forest  access  roads  from  Mine  Road,  the  

Genera l s ite  access.  In  add ition  to  the  recommen ded  routes,  two  alte rnatives  

later  route  was  the  most  feasib le  and favourab le  of the  two.  

roads  and 1.6 km  of new  road construct ion  

were  cons ide red.  

Alte rnative  Cons iderations  



 
 

 
 

 
 

 
 

 

Access  to  the  Headpond,  Storag e  and Divers ion  Dams  from  the  powerhouse.  

a) 

-E a) 0_ 
a) 2 

m— u) a) cT) a) a) crs 4173 5 P_ 
a_ 

a) 
.6) 
ccs 

(7) 

heading  east  for  approximate ly  3.6 km  to  the  Headpond Dam  adjacent  to  the  

Headpond Dam  the  route  wou ld cont inue  

the  Divers io n  Dam.  A separate  access  

storag e  dam  as  pe r  Figu re  8-2.  This  a lte rnat ive  route  crosses  ve ry  rough te rra in  

 

 

Fig ure  8-2:  Alternative  Considerat ions  

 

se lected penstock route.  

app roximate ly  3.4  km  southeast  to  
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Divers ion  Dam  

The  d ive rs io n  dam  structu re  is  of conc rete  g rav ity  dam  construct ion  with  a  maximum  

CONTROL STRUCTUR ES 

a) 
_o 
-0

 

0
 

.R cn 

a) a) 
_c as 
_o 
_c as 

a) ca) 

.o 

"c7) a) 

1i5; a) 
.5

  
cr 

req u ired  to  ach ieve  su itable  g rades  fo r  road  constru ct ion.  In  compa rison  to  the  

referred  to  as  Bailey  Bridges.  Panel Bridges  are  the  most  econom ica l and can  be  

and the  road wou ld have  sections  with very  steep  grades.  Also,  the  route  wou ld 

A total of three  bridges  are  req u ired for  the  permane nt  and tempora ry  access  roads  

ai 

After  construct ion,  the  temporary  bridge  wou ld be  relocated to  a  permanent  locat ion  

Rive r  Cross ing  Permanent  Access  in  to  Portland Cree k Pond -  $365,750;  

Storage  Dam  —  Temporary  Bridge  req u ired for  Construction  -  $220,000.  

2
 

c.) 

0
 

0
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4
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m
 

z4=
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a) 

2
 2
 

-o
 

a) a) 

Bridge  estimates  are  based on  panel-type  bridges,  which a re  more  

the  se lected route  was  most  feas ible  and favou rable  of the  two.  

River  Cross ing  Permanent  Access  in  to  Inne r  Pond -  $239, 800;  

on  the  dam  -  $432, 850.  

insta l led  q u ickly.  
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the  non-overflow  dam  is  set  at  476. 00 m  provid ing  a  free  board  of  approximate ly  1. 11 

m  above  the  des ig n  flood level.  
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Fig ure  8-3:  Diversion  Dam  
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Diversion  Canal 
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Figure  8-4:  Diversion  Dam  Spillway  Sect ion  

The  divers ion  canal se rves  two  pu rposes.  It  transfe rs  the  norma l  inflows  from  the  

as a) _c 0
 

0
 

0
 

0
 

cn 

0
 

—Cd 

0
 

22 
(1) 
cci 

"Fs 0
 

"L".  0
 

0_ 

0
 

a) 
storag e  reservo ir  to  flow  into  the  dive rs ion  pond whe re  they  a re  d ischa rged ove r  the  

divers ion  dam  spil lway.  The  canal is  approximate ly  320  m  long  with its  inve rt  

e levatio n  at  470. 00 m.  See  Fig u res  8-5 and 8-6.  
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Fig ure  8-5:  Divers ion  Cana l 
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Storage  Dam  

es! 

e levat ion  476.00 m  provid ing  a  free  board of 1. 11 m  above  the  des ig n  flood leve l of 

with a  1. 6 m  wide  by  2. 0 m  high ve rt ical lift gate.  Fo r  gate  maintenance  the  trash rack 

to  house  the  contro l a nd operat ing  systems.  There  wil l be  no  spillway  at  the  sto rage  

a) 

474.89  m.  The  storag e  dam  inc ludes  a  flow  reg u lating  stru ctu re  fitted with a  trash 

rack.  Flow  reg u lat ion  throug h the  structu re  is  achieved by  a  bottom  s lu ice  eq uipped 

SNC-Lavalin  In c.  

dam  s ince  it  is  inte nded to  route  all flood flows  over  the  divers ion  dam  spillway.  

Figures  8-7,  8-8,  and 8-9.  

45.0 m  long  and 
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Fig u re  8-6:  Diversio n  Canal Section  



Fig ure  8-7:  Storage  Dam  
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Fig ure  8-8:  Sectio n  at  Contro l Structure  



 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 

Trash racks  will be  of the  remova b le  type  to  be  installed in  stee l em bedded parts  on  

the  face  of the  intake  and will be  handled  us ing  an  electric  cab le  monorail to  be  

 
 

 
 

 
 

 
 

 

Fig ure  8-9:  Typ ical Dam  Sect ion  

 
 

 

Following  are  est imated main  characterist ics  of the  trash racks :  
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A differe nt ia l p ressu re  measu ring  system  will be  provided to  mon ito r  the  deg ree  of 

obstru ct io n  of the  trash racks.  

will req u ire  desig n  in  order  to  prevent  the  trash rac k  linte l e levation,  trash 

formation  of ice  on  the  exposed po rt io n  of the  tras h racks.  

the  contro l gate's  em bedded parts  req u ire  inspection  and/o r  maintenance.  They  will 

be  provided in  multiple  sections  to  be  ind ividua lly  handled by  the  same  monora il 

used for  handling  the  tras h racks,  u nde r  balanced hydrau lic  con d it ions.  

Following  are  the  estimated main  character ist ics  of the  stop  logs:  

Contro l  Gate  

The  contro l  gate  will be  of the  fixed-wheel type,  with an  upstrea m  sealing  system.  

For  removal and  maintenance  the  gate  will be  operated by  an  electric  cable  

a lso  be  used for  trash rack and  stop  log  

maintenance.  The  gate  will come  complete  with stee l em bedded parts  and will be  

des ig ned  to  cut  the  f low  under  emerg ency  cond it ions.  The  gate  we ll and em bedded 

pa rts  wi ll be  heated to  prevent  formation  of ice  in  winter.  

Following  are  the  estimated main  cha racte r istics  of the  contro l gate:  

Hydrau l ic  Passage  Width • 

Hydrau l ic  Passage  He ight  • 

Sill Elevat ion  • 

SNC-Lavalin  Inc.  



structure  is  located on  the  rig ht  bank of the  river.  Flows  throug h the  structu re  to  the  

intake  structu re  fitted with a  trash rack and an  ove rflow  spillway.  The  power  intake  

458. 30 m.  The  top  of the  non-ove rflow  dam  is  set  at  e levation  459.30  m  providing  a  

free  board of app roximate ly  1.0 m  above  the  maximu m  water  level in  the  Headpond.  
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See  Fig ures  8- 10,  8- 11  and 8- 12.  
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The  Headpond Dam  is  of concrete  gravity  dam  constru ct ion  with a  total length of 

Monorail Lift ing  Capac ity  

ea 

• 

of 15.0 m.  The  Headpond Dam  includes  a  power  143.0 m  and a  maximum  he ight  
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Fig ure  8-10:  Headpond Dam  



Headpond Dam:  Intake  

TOP OF  DAM EL.  459.30 
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Fig ure  8-12:  Headpond Dam:  Typical Dam  Sect ion  

Mechanical Equipment 

Trash racks  of the  Headpond Dam  will  

Trash racks  

No  special des ig n  will be  req u ired to  prevent ice  formation  on  the  trash racks  as  

a) 
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a) EL2 
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Hydrau lic  Passage  Width • 

Hydrau lic  Passage  He ight  • 

Sill Elevat ion  • 



The  powerhouse  stru ctu re  is  located on  bedrock on  the  r ight  bank of Port land Cree k.  

A short  ta ilrace  will be  excavated through bedrock and bou lders.  

The  powerhouse  substructu re  is  primarily  of flat s lab construct ion  placed on  a  rock 

of braced steel construction  with  insulated  meta l 

See  Figu res  8- 13,  8-  
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The  control gate  of the  Headpond Dam  wil l be  of the  same  arrangement  as  at  the  

 
 

 
 

Da m,  with  the  following  est imated ma in  characte ristics:  

 
 

Storage  Dam,  with the  following  estimated main  characterist ics:  
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inc luded in  the  Cost  Estimate.  

Space  for  the  va r ious  functional areas  of the  powerhouse  such as  warehouse,  office,  

repa ir  bay,  washroom,  contro l room  etc.,  have  not  been  la id out  at  this  stage  but  are  



Fig ure  8-13:  Powerhouse  Site  Plan  
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droelectric  Pro iect  

Fig ure  8-14:  Powerhouse  Floor  P lan  
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Turbine,  Main  Inlet  Valve  and Governor  

following  estimated  ma in  characterist ics:  

Mechanical Equ ipment  

Fig ure  8-15:  Building  Section  
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Auxilia ry  Lift ing  Capacity  • 

SNC-Lavalin  Inc.  

Plu m bing,  san ita ry ;  

Mechanical Auxiliary  Systems  

• 

Fo llowing  mechanica l aux i lia ry  systems  wil l be  provided  ins ide  the  powerhouse:  

Ma in  Lift ing  Capacity  • 

4(5 mechan is m  

-(7) 
co 

co 

Cci 

se rvomoto rs.  Jet  deflectors  will be  used  to  prevent  excessive  over  speed du ring  load 

The  contro l system  will allow  operat ion  of one  or  two  nozzles  depending  

o n  the  flow.  

The  components  of the  tu rbine  wil l be  des ig ned to  withsta nd all stat ic  and  dynam ic  

loads  resu lt ing  from  continuous  operation  within  the  fu ll rang e  of heads  and  outp uts.  

An  e lectro- hydrau lic  dig ital type  gove rno r,  su itab le  for  fu lly  automatic  contro l,  will 

contro l un it  speed du ring  start-up  and synchron izing  seq uences  as  we ll  as  generato r  

output  power  afte r  synchron ization  of the  un it  with the  grid.  It  will comp rise  the  PI D 

contro ls  and adjustable  (0- 10%)  speed droop  operat ing  components  for  load and 

freq uency  contro ls  and  logical funct ions  fo r  start-stop  sequences.  

Due  to  the  lim ited  s ize  of the  un its,  it is  not  envisaged to  ca rry  out  any  mode l tests.  

Powerhouse  Overhead  Crane  

ove rhead trave ling  crane.  It  will be  The  powerhouse  will be  eq uipped 

p rovided  with  a  main  lifting  hook,  for  han d ling  the  turb ine-generator  un it's  heaviest  

components  and an  auxiliary  lift ing  hook for  handling  othe r  m inor  eq u ipment.  

main  hook lift ing  capacity  will be  selected based on  the  we ight  of the  rotor,  which will 

be  the  heaviest  piece  of  eq u ipment  to  be  hand led by  the  crane.  

Following  a re  the  estimated main  characte rist ics  of the  powe rhouse  ove rhead crane:  
CNI 



Fire  p rotect ion  system;  

• 

Cooling  water  system;  

• 

Low  pressure  compressed a ir  system;  

• 

Powerhouse  HVAC system;  

• 

Oil handling  and pu rification  system.  

• 

Electrical Eq u ipment  

The  two  synchronous  machines  at  the  Port land  Creek powe rhouse  will have  the  

and directly  coupled  to  the  Pe Iton  tu rbine.  A 

Static  Excitation  System  

1 2  MVA  generators.  exc itat ion  system  will  consist of a  dry-type  excitat io n  

thyristo r  rectifier  bridges,  voltage  regu lator,  DC fie ld breaker  and 

a) 

discha rge  res istor.  

The  powe r  supply  for  the  exc itat ion  system  wil l be  taken  from  the  generator  te rm inals  

through the  exc itation  transforme r.  

Generator  Phase  Connection  

cci 

The  connectio n  between  the  generators  and  the  step-up  transforme rs  wil l be  done  

via  two  para lle l s ing le-co re  15  kV XLPE cables  pe r  phase.  The  cab le  connection  wi ll 

be  made  between  the  generator  phase  cubicle  term ina ls  and step-up  transformer  

term inals  located in  the  switc hyard.  

S NC-Lavalin  Inc.  



The  nominal cu rren t,  at  rated gene rator  output  and rated voltage  flowing,  in  the  

will be  502  A.  With a  10 % overload,  

.0 will increase  

Acco rd ing  to  ou r  eva luat ion,  by  taking  into  accou nt  the  applicable  de-rating  facto rs,  

the  cab le  with 2  x  350  MC M pe r  phase  will be  su itable  fo r  552 A continuous  service.  

transfo rmers,  withdrawable  

13.8 kV Generator  Terminal Cubicle  

Neutral  Grounding  Cubicle  

Ins ide  the  Port land Creek powe rhouse,  the  three-phase  taps  to  the  generato r  phase  

.0
 

cn-§-  

transfo rmers,  su rge  arresters,  su rge  capac itors,  disconnect  switch and g rou nding  

cubicle  and to  the  stat ion  auxil ia ry  transformers  wi ll  be  done  acco rding  to  the  main  

s ing le  line  Drawing  No.  722736-0000-47DD-0001.  

The  neutra l te rm inals  of the  generators  will be  connected  to  the  generato r  neutra l 

In  line  with the  main  s ing le  line  d iag ram,  each generato r  term inal cubicle  will be  

SNC- Lava lin  Inc.  

tra nsforme rs  will be  oil immersed,  outdoor  type,  10/13. 3  MVA  with  ONAN/O NAF  

The  generator  term inal voltage  of 13. 8  kV will be  stepped-up  to  66  kV  throug h 

Generator  Step-Up  Transformer  

of the  generator  on  the  gene rator  floor.  

a ir-coo ling  system.  

fau lt cu rrent  of the  gene rator  to  a  maximum  of 15  A.  

The  gene rator  neutra l g rou nding  cubic le  wi ll be  insta l led next  to  the  neutra l te rm ina ls  
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bushing  type  current  

15  kV  XLPE  powe r  cables.  The  H. V.  term inations  will  be  connected  to  

su rge  arreste rs  will be  mounted on  the  brackets  of the  transformer  tan k.  The  neutra l 

switc hyard ove rhead  conducto rs.  

The  high voltage  s ide  of the  transformer  will 

tra nsfo rmers.  

H. V.  bushings  of the  transformers  will 
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the  transforme rs  by  about  one  mete r,  wil l separate  one  
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A  fire  protect ion  system,  includ ing  fire  detecto rs  and sp rin klers,  wi ll  be  installed 

be  able  to  conta in  the  volu me  of o i l of one  tra nsforme r.  

transforme r  from  the  next.  

exceed the  
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Powerhouse  AC and DC Auxiliary  Electrical System  

Powerhouse  AC Auxil ia ries  

The  powerhouse  ac  auxi liaries  will be  fed from  the  gene rating  u n its  throug h two  13.8 

kV:  600  V,  dry-type  auxil ia ry  transfo rmers.  

cubicle.  The  secondary  of power  cables  to  the  1 3.8  kV generator  term ina l 

auxilia ry  transformers  will be  connected to  the  600 V,  3-phase,  4-wire  stat ion  

voltage  powe r  cables.  The  stat ion  

_c 2 services  switchboa rd 

inte rconnected through a  bus-t ie  circu it  switchboa rd will be  sectiona lized and 

A diese l generator  (D G)  set,  s ized to  feed the  essential loads,  will provide  station  

emergency  powe r  in  the  eve nt  of the  unavailab i lity  of the  generat ing  u n its  and  of the  

g rid  supply.  The  DG  set  will be  con nected to  the  600  V stat ion  service  switchboa rd 

through three-phase  power  cab les.  

after  a  su itable  t ime,  to  supply  the  essential loads  for  periods  when  the  infeed from  

the  system  is  not  available.  Upon  restoration  of the  main  supply,  the  switchove r  to  

the  main  will occu r  and the  DG set  will stop  automatica lly.  

The  three  incom ing  c ircu it  breakers  feed ing  the  600  V station  se rvices  switchboa rd  

are  electrica lly  interlocked  to  prevent  the ir  inadvertent  para lle ling  onto  the  station  

se rvice  bus.  

For  the  supp ly  of powe r  to  the  Headpond and Storag e  Dams,  one  step-up  25  kV- 

600V,  remote  area  services  transfo rme r,  connected to  the  600V statio n  se rvice  bus  

of the  powe rhouse  will be  provided.  A 25  kV ove rhead line  will supply  powe r  from  

the  powerhouse  to  the  remote  area  feeders.  At  the  Headpond a nd Storage  Dams,  

25  kV —  600V step -down  transformers  will feed the  local loads  at the  dams.  

SNC-Lavalin  Inc.  



Standby  DG sets,  one  for  each dam,  will p rovide  an  emergency  sou rce  in  the  event  

of a  power  outag e  at  the  dams.  The  diese l gene rator  sets  will be  insta lled  in  a  

supply.  Supply  for  the  1 29 V dc  auxilia ries  of the  Port land Creek powerhouse  wi ll be  

For  the  utmost  re liability,  the  contro l a nd protection  eq u ipment  will be  fed  from  a  dc  

hous ing  nea r  their  respect ive  dams.  

Powe rhouse  DC Auxiliaries  

Control,  Protection  and Monitoring  System  

1 29  V dc  supply.  

at  the  Storage  dam.  

Batte ry  and charger  s izes  will be  dete rm ined du ring  the  detailed eng inee ring  stag e.  

Un it,  (RTU)  will be  insta lled at  the  powerhouse,  the  Sto rage  dam  and at  the  

wil l be  provided  at  the  powerhouse,  Headpond Dam  and Storage  Dam.  

Plant  operat io n  philosophy  will be  based  on  u n it  output  dependent  on  the  water  leve l 

The  Portland  Cree k powerhouse  will be  unmanned.  The refo re,  a  Remote  Term ina l 

and contro l the  complete  gene rat ing  station.  

SNC-Lavalin  Inc.  

d istributed contro l system  compatib le  with an  automatic  contro ller  for  each un it,  

The  contro l and  protection  system  of the  powe rhouse  will cons ist  of a  mode rn  
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contro ller,  automatic  synchron izing  equ ipment,  generator  protect io n  

coo rdinated by  NL Hydro.  

system,  main  transformer  protect io n  system,  and auxiliary  syste m  protection.  

The  66  kV bus  and outg o ing  transm iss ion  line  protectio n  will be  supplied  and 

commands.  

Communication  System  

the  latest  available  technology  for  power  plant  control systems  capab le  of g iving  

satisfactory  pe rformance  u nder  the  spec ified cond itions.  

mo n itoring  functions  and fu ll remote  contro l of the  powerhouse.  

NL Hydro's  Energy  Contro l Center  will  have  remote  commu n ications  fo r  mon ito ring  

The  DCS structu re  will use  modern  e lectron ic  device  eq u ipme nt  in  accordance  with 

v 

c 

SNC-Lavalin  Inc.  

Peter 's  Barren  

kV transm iss ion  line.  

Port land Creek te lecommu n icat ions  will include  the  fo llowing :  VHF mobile  rad io,  hig h 

as 

A new  27  km  fibre  opt ic  cable  will be  insta lled  betwee n  Portland Creek Powe rhouse  

a nd Data  Acqu is it ion  (SCADA),  ope rat ional LAN and Teleprotect ion  fo r  the  new  66  

speed adm in istrative  and  inte rnet  access,  te lephone  service,  Supervisory  Contro l 

transm iss ion  structu res.  
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and contro l  of  the  powe rhouse,  intake,  switc hyard,  and assoc iated fac ilit ies.  The  

Portland Creek commun ication  infrastructu re  will be  a  com binat ion  of fibre  optic  



droelectric  Pro iect  

be  attac hed to  the  new  station  service  line.  

Powerhouse  and the  Storage  Dam/Headpond Dam  contro l structu res.  This  cable  wil l  

In  add ition,  a  new  10 km  fibre  optic  cable  will be  insta lled between  Portland Cree k 

Earthing  System  

The  ea rth ing  g rid will be  des ig ned to  obta in  an  ea rth res istance  of 1  ohm  or  less.  The  

the  earthing  g rid of the  66  kV switchyard.  

The  ea rthing  system  of the  Port land Cree k power  stat ion  will be  intercon nected to  

step  and touc h pote nt ia ls  will be  lim ited  to  acceptable  lim its  as  indicated in  IEEE 80  

(0.5  s)  without  harm  m in imu m  of ha lf a  second  part  of the  plant  fo r  a  

conducto rs.  

Du ring  the  deta iled des ig n  phase,  g round res ist ivity  measure ments  will have  to  be  

done  for  the  des ig n  of the  earthing  g rid.  

Indoor,  Outdoor  and  Emergency  Lighting  

The  lig ht ing  will be  des ig ned  in  line  with industry  practices  and in  conformance  with 
co a) 
_c >, 
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consist  of  the  following :  

Indoor  lig hting  system;  

•
• 

• 

Outdoo r  l ig ht ing  system;  

Emergency  light ing  system.  

PENSTOCK 

The  bu ried penstock is  shown  on  Drawings  722736-0000-41 DD-0011 and  722736-  

r iver  until it  meets  
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Fig u re  8-16:  Penstock Locat io n  P lan  

at  c rit ica l changes  in  d irect io n  a long  the  route  of the  penstock.  No  su rge  tank is  

req u ired flow  to  each of the  tu rbine  gene rating  u n its.  Anchor  blocks  will be  provided 

average  s lope  of 29.5%.  The  first  1, 500  m  of penstock wil l be  constru cted of hig h- 

dens ity  po lyethylene  and has  a  nom inal d iameter  of 1. 6 m.  The  rema in ing  1,400  m  of 

req u ired due  to  the  tu rbine  u n it  se lected.  See  Figu res  8- 16  and 8- 17.  
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The  tailrace  d ischarges  the  wate r  from  the  turbines  into  Portland Cree k.  The  water  
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Fig ure  8- 17:  Penstock Section  

 
 

fire  protect ion  of the  powerhouse.  See  Fig u re  8- 1 8.  
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Fig ure  8-18:  Tailrace  
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m i llion  plus  a  conservative  

been  added to  the  capital cost estimate  as  an  

Fo r  the  pu rposes  of this  report,  

ci) 

FISH HABITAT 

allowance  for  replacing  habitat  a lte red,  distu rbed or  destroyed (HADD)  by  the  

cont ingency  of $0.5  mill ion  

dete rm ined.  

The  impact  on  Fish  Habitat  caused by  the  footp rint  of the  Project  has  not  yet  been  

' 
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SWITCHYARD 

Fig ure  8- 19:  Switchyard 

c ivil  contractor.  See  Figu re  8- 19.  
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step-up  transformers,  two  66  kV SF6 circu it  brea ke rs,  five  66  kV 

d isconnect switches,  associated  bus  wo rk,  VT's  and CT's,  su rge  arresters,  66  kV 

The  66 kV  switc hya rd apparatus  wil l be  provided and coordinated by  the  c l ie n t  and 

operating  voltages  and short  circu it  capacity  and constructed 

559  MCM AASC conducto r,  line  post  and suspens ion  insu lato rs.  A stee l towe r,  or  

Drawing  No.  722736-0000-41 DD-0001.  

assoc iated with short  c ircu it  and  earth fau lt  cu rrent  leve ls.  

ant ic ipated that a  short  section  of  line  will be  bu ried  along  Inne r  Pond as  shown  on  

One  27 km  long,  three-phase,  s ing le  circu it,  66 kV transmiss ion  line  will connect  the  

of Inne r  Pond,  and  then  ru ns  re lative ly  stra ig ht  northwest  to  Pete r's  Barre n.  

TRANSMISSION LINE 

SNC-Lavalin  Inc.  

attachment.  

Dam/Storage  Dam  stru ctu res.  This  three-phase,  25  kV line  wil l follow  the  route  of 

In  addition,  a  distr ibut ion  line  wi ll connect  the  powe rhouse  to  the  Head  Pond 

the  construct ion  access  road,  approximate ly  10 km.  

en 
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othe r  special structu re,  will be  



Construct  a  small coffe rdam  at  the  north end  of the  divers ion  cana l  

Fig ure  8-20:  Cofferdam  Cl  

N
 

0
 C

O
 

0
 N

 
C

M
 C

V
 

C  r-- 
o
 o

 
z
 

,., 
—3 

DE-WATERING SCHEME 

0000-41DD-0015,  an  excerpt  

z
 

Construct  a  cofferdam  to  fac ilitate  construct ion  of the  Dive rsion  Dam  (C2  —  

approximate ly  7  m  high).  When  wate r  leve ls  equalize,  cofferdam  Cl  will be  

removed to  allow  flow  back through the  storage  pond.  The  divers ion  dam  will be  

constructed  in  the  dry.  A port ion  of the  dam  cou ld be  completed  while  the  

d ivers ion  cana l is  be ing  excavated.  See  Figu re  8-21.  
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Cofferdam  C2  

Fig ure  8-22:  Cofferdam  C3  

droelectr ic  Proiect  

Dam.  See  Figu re  8-22.  

When  the  d ive rs ion  dam  is  comp leted,  coffe rdam  C2  will  be  removed an d  a  

be  handled by  pu mping  and sett ling  bas ins  du ring  construct ion  of Headpond 

construct ion  of the  storage  and Headpond Dams.  This  coffe rdam  wou ld  d ivert  

coffe rdam  (C3  —  approximately  16  m  hig h)  will be  constructed to  facilitate  



SUPPORT FACI LITIES  

should be  left  to  the  contracto rs  to  dec ide.  It  is  envisaged that  the  contractor  

of accommodations  in  Dan ie l 's  Harbour.  
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CONSTRUCTION METHODOLOGY 

cri 

The  construction  methodology  for  this  

on  two  key  act ivities:  

The  first  season  would  involve  the  construct ion  of a ll support  infrastru ctu res,  ie:  

• 

access  roads,  bridges,  excavation  of the  powerhouse/switchyard area  and 

preparation  of a  campsite.  

the  insta llat ion  

• would see  second season  

excavation  of the  dive rs ion  canal.  

Environme ntal approval p rocess  in itiated,  and completed  ea r ly  in  Yea r  2.  

Unde rtake  the  final fie ld  prog ram,  final Project  optim izat ion,  

CONSTRUCTION  SCHEDULE 

SNC-Lavalin  Inc.  

s ite  access,  an d  re lated suppo rt  operations  req u ired du ring  construction.  

A proposed  construction  schedu le  as  prepared in  Mic rosoft  Project  is  outlined  on  the  

fo llowing  page,  the  bas is  for  which is  summa rized as  fo llows.  

compensat ion  

Appoint  the  EPCM contracto r.  
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Package  2 -  Items  14 to  32 

co 2 
a. 

Water  and Sanitation  

Camp  Trailers  ( Insta llat ion)  

Desig n,  Tender  & Awa  

Turbine  & Generator/Tra nsformer  Manufacturing  &  De  

Turbine  & Generator/Transformer  Supplier  En  

Turbine  & Generator/Transformer  Procureme nt Cycle  to  Award 

Tu rbine  & Genera tor/Tra nsformer  Eng ineering  & Package  Defin ition  

Clea r ing  Headpond Reservo ir  

Diversion  Canal  

Divers ion  Dam  

Headpond Dam  

Power  Complex  

Transm iss ion  Line  

On-Power  Date  
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and san itat ion  

Constru ct  the  powe rhouse,  switc hya rd,  

Construct  transm iss ion  l ine.  

storage  dam,  dive rs ion  cana l,  Divers ion  Dam  and rese rvo ir  c lea rin  

period  for  Package  1 and the  enginee ring/p rocu rement pe riod for  the  tu rb ine- 

generator  package  may  have  to  start befo re  environmenta l  re lease  of the  Proj ect.  

a  32-month Project  with  a  power-on  schedu le  shows  

CONSTRUCTION PLANNING  
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The  successfu l contractor  would become  a  

Penstock,  Headpond  Dam,  Storage  

san itation  fac ilit ies.  

Dam,  Divers ion  Cana l,  Divers ion  Dam,  Reservoir  Clear ing  and 

Access  Roads,  Excavation  for  Powerhouse/Switchya rd,  HADD  

Compensat ion,  and Preparation  of Camp  Site.  

Construct ion  of Camp  Site  includ ing  insta l lation  of water  and  

p roj ect  sanction.  

A ten de r  fo r  the  tu rbine/gene rator  package  would be  ca l led after  
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Protection  and Contro l 

Transm iss io n  Line  

Hydro  Contracts  

Telecom mun icat ions  



CONSTRUCTION COST ESTIMATES 

BASIS FOR ESTIMATES 

the  cost  is  based on  quantit ies  calcu lated from  survey  information  and concept 
des ign  as  presented in  this  Report.  

CAPITAL COST ESTIMATE 

0
 

CI 
0
 

a) 

=
 (a) 

w
 

co 
o
 

o
 

C%1 

• 
■

1
1
1
1
1
1
1
 

E 

I  96£`96£179  

. 

, 1 i .. 	 1 
, 

I  Diversion  Dam   

Tailrace   
Switchyard  
Project  Support   
HADD Compensation   

Sub-Total Before  Contingency  
Contingency   1901_  

Hydro  Contracts   
rans m ission  Line   

Switchyard  laIwoo uopeP.Id   

Telecommun ications   
Sub-Total Before  Contingency   

	  Contingency  ( 10%)  

Total Direct  Cost  

Management & Engineering  ( 13.5%)   
owner's  Costs  ( 10%  of Direct  Cost)   
Escalation   

I  AFUDC  

Total Indirect  Costs   

TOTAL ESTIMATED CAPITAL COST  
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Project  schedu le  inc luded in  Sectio n  9. 2  of this  report.  Esca lat ion  factors  applied to  

p ric ing  with esca lat io n  effect ive  the  beg in n ing  of 2007.  The  CCE is  based on  the  

the  CCE are  as  fo llows:  

The  deta iled CCE is  inc luded in  Appe nd ix  A.  The  CCE is  based on  Decem ber  2006 

SNC-Lavalin  Inc.  

$  3.933 M/MW Cost  pe r  MW of insta lled capacity  • 

Cost  per  kWh of Annua l Energy  

The  tota l est imated cap ita l cost  inc ludes  tra nsmiss ion  line  and switchya rd cost.  
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Insta lled Capacity  ( MW)  • 

Allowance  for  fu nds  used du ring  construct ion  is  ca lcu lated at  7.53% fo r  2007-2009.  

Total Direct  Cost  ( inc lud ing  contingency)  
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Introduct ion  

RISK  ANALYSIS 

a) 

Technica l  Risks :  

Proven  / Unproven  Technology ;  

Leve l of Eng ineering  completed  at  the  time  of the  est imate;  

Geotechn ical / Site  Cond it ions;  

Schedu ling  Cons i derat ions;  

Budget  Allocation.  

The  types  of Risks  to  be  cons ide red we re  grouped into  two  catego ries:  

NL Hydro  and SNC- Lava lin  ag reed,  du ring  post  proposal negot iations,  that  a  Risk  

• 

fac ilitate  the  decis io n  making  process  for  NL Hydro  in  its  assessment  of the  Project  

q uant ifying  the  maximum  overall rang e  of like ly  outcomes  for  each.  This  shou ld  pu ll 

The  analys is  is  based on  the  identif icat ion  of the  main  antic ipated  risk a reas  and 

out  the  ve ry  best  and ve ry  worst  scenarios  fo r  a  pa rticu la r  cost  ce ntre.  The  e lements  

Ana lys is  of the  Capital Cost  Estimate  should be  prepa red.  The  exerc ise  wou ld 

and the  risk facto rs  are  ente red in  a  prog ram  ca l led 

processed by  iterat ion  using  Monte  Carlo  Simu lat ion.  
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CONTRACT VALUES AND CASH FLOW 



The  R isk Analys is  

Step  One:  Assessment  of Cost  Estimate  

SNC-Lavalin  Inc.  

establish the  "least  cost" and "hig hest  cost" cases,  with the  "most  like ly" cost  

0
 

C.  An  analys is  of the  above  info rmation  us ing  a  Monte  Carlo  Simulat ion  us ing  "@ 

assessment,  by  the  Project  team,  of the  Cost Estimate  line-by- line,  

Major  Equ ipment  —  Supply  and Demand  Conside rat ions.  

case  being  the  est imate  itse lf;  no  cont ingency  cons ide red.  

B.  An  ana lys is  of the  two  categ ories  of risk as  noted above.  

The  Risk Analys is  cons isted  of three  key  steps:  

Environme nta l  Cons ide rations;  

Labou r  Market  Co n d it ions;  

Insu rance  and  Bonds;  

Leg al Cons iderations;  

Labou r  Un ion  Issues.  

Financ ing  Variables;  

Commerc ial Risks:  

Risk" software.  
• 
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1R ES ERVOI R CLEARING  

!ACCESS ROADS  	  
!DIVE RSION CANAL  

IDIVERSIO N DAM 	  

1,ANG   

1H EADPOND DAM 	  

1PENSTOCK 	
I  POWERHOUSE 	  

1M ECHANI CAL  	  
1ELECTR ICAL  	  
ITAILRACE 	
1SWITCHYARD  	 
1PROJECT SUPPORT CONSTRUCTION CAMP (200 Men)   

IP ROJECT SU PPORT PROVI SIONAL ALLOWANCES  

IHADD COMPENSATION  S3I3N3ONI1NO3  81800  .1031:1IOI 

!HYDRO CONTRACTS   

!H YDRO  CONTRACT CO NTING ENCIES  

!I NDI RECT  COSTS  	  
!OTH ER R I SKS 	
1  Environ mental Approval  

1  Penstock 	
I  Construction  labour   

ADJ USTMENTS  

RISK IDENTIFICATION TABLE 

droelectric  Proiect  

N OTE:  ALL COST IN CAN$  AS PER DECEMBER 2006 

The  Techn ical Risk fo r  this  Project  is  assessed as  follows.  

roven  Technolo  

Technical Ris k 
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sub structu re  can  be  built.  Fu rther  

locat ion  appears  to  have  a  suitab le  

Ind ications  are  that  the  rock in  the  area  of the  powe rhouse  is  of good quality  and  not  

Powe rhouse  Rock 

budget  and overall assessment  of the  Proj ect.  

Geotec hn ical / Site  Cond itions  

cond itions  are  cons ide red  very  m in imal.  

AMEC Geotechnical Report  is  miss ing,  but the  geotec hn ical information  

SNC-Lavalin  Inc.  
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1,400 m  of 63" stee l  pipe.  The  pe riod from  awa rd to  complet ion  of the  main  c ivil 

ten  months  fo r  fabricat ion  and  de live ry  of the  pipe.  This  pe riod shou ld  be  adeq uate,  

works  contract  is  about  12  months.  Allowing  two  months  fo r  insta llat ion,  this  leaves  

of road  of which 27  km  are  new  bu ild)  and site  preparation  in  the  first  yea r.  This  may  

Six  months  are  a l lowed for  the  constructio n  and/or  upg rad ing  of access  roads  (37  km  

items  are  as  fo llows.  

Access  Roads  
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This  is  a  spec ialized  machine,  as 

Environmental A 

Tu rbine  Generator  Packa  
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Environmental Considerations  

 
 

and Deman d Con  

the  world,  the  manufactu rers  of 

 
 

Fisheries  Issues  

other  projects.  
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an  ea rly  assessment  of  the  problem  and preorde ring  of the  affected  

components  where  necessa ry.  

Commercial Risk 

Labou r  Ma rket  Condit ions  

Labou r  Market  cond itions  have  changed  cons i de rably  in  the  last  1 2 to  18  months  in  

this  Province,  as  ou r  labou r  force  comes  unde r  the  effect  of the  s ig n ificant  labou r  

shortag e  in  Western  Canada.  This  effect  is  out lined on  the  fo llowing  chart:  

of wages  increase  in  the  

advisors.  It is  also  expected  that  the re  wi ll  be  seve ral maj or  p rojects  proposed  to  be  

p rocessing  pla nt  bu ilt  in  this  province,  ( i. e.,  new  nicke l 

be  insuff ic ie nt if a l l these  p rojects  occu r  s imu ltaneously.  

SNC- Lavalin  Inc.  
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al Cons ide rations  

a) 

Same  as  above.  

Labou r  Union  Issues  

The  Owner  instructed the  team  to  assume  that  the  Build ing  Trades  Council 

Ag reement  wou ld app ly  to  this  Proj ect.  

Simu lation  Resu lts  to  Determine  Most  Probable  Cost  

.— 
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and the  s imulation  produced  the  following  resu lts.  
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The  financ ia l information  used in  the  econom ic  eva luat ion  of  this  Project  was  lim ited 
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respons ibility  of the  Owner.  

 

 

Insu rance  and  Bonds  
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CONCLUSIONS 

It  is  concluded  that:  

Th is  Project  is  techn ica lly  feas ible  and can  be  readily  constructed for  an  

estimated cap ita l  cost  of $90.46  Million  inclu d ing  Owne r's  cost,  a l lowance  for  

funds  used during  construction,  and  a llowance  fo r  esca lation.  
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with an  optimu m  insta lled capacity  of 23.0 MW.  

The  recommended arrang ement  fo r  the  p rimary  Project  stru ctures  is  as  fo l low  

c
i 

Three  concrete  dams;  Headpond,  Storag e  and Divers ion  Dams;  

• 

_c 
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ca 

ca 
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ca 

co 

a) 
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"c7) 

• 

density  polyethylene  and stee l p ipe;  

Powerhouse  with two  PeIton  tu rbines.  

• 

4.

Geotec hn ica l info rmat ion  provided  in  the  AMEC Report does  not  appear  to  

5.

Conc rete  coarse  agg regate  can  be  produced from  rock excavated  from  

_C 
a) 

Dive rs ion  Cana l  and  fine  aggregate  fro m  borrow  sources  identified  in  the  AMEC  

6.

Access  to  the  s ite  shou ld  be  constru cted  fro m  the  existing  Dan ie l 's  Ha rbou r  Mine  

and cons ists  of upg rading  sections  of exist ing  forest access  roads,  

Inne r  Pond to  the  powerhouse  

constructio n  access  to  the  dam  s ites.  

7.

The  impact  the  Project  will have  on  fish habitat  is  to  be  determ ined.  

SNC-Lavalin  Inc.  
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The  Project  construct ion  schedu le  is  presen ted as  a  three-yea r  schedule  based 

cci 

on  one  yea r  for  Environme nta l  Assessment  and  two  years  to  construct  the  

a) 

The  tu rbines  proposed  for  the  Project  are  bas ica lly  cata logue  items,  whic h  

RECOMMENDATIONS  

It  is  recomme nded,  shou ld the  Owner  decide  to  proceed to  Fro nt- End  Eng inee ring,  

that  the  fo llowing  eng inee ring  act ivities  be  in itiated,  namely ;  

A  deta iled  fie ld prog ram  be  ca rried  out  this  winte r.  Winte r  f ie ldwo rk wou ld 

e lim inate  the  need for  helicopte r  support  and reduce  cost cons iderably.  

Front- End Eng inee ring  sho u ld  be  ca rried out  on  all compone nts  of the  Project.  

c\i 

Based on  the  addit iona l  fie ld  data  and des ig n  informat ion,  cost  estimates  shou ld  

be  updated and the  Project  viability  fina lized.  

L
I=

 Assum ing  Project  viabil ity,  an  EPCM  Contract  should be  put  in  place  and 

eng inee ring  and  Project  implementation  carried out.  

In  addition  to  the  eng inee ring  activit ies  ident ified  above,  it is  a lso  recommen ded that  

_To 

a) 

c). assessments  

environmental/soc ial/cu ltu ral concerns  associated with construct ion  of 

and  operat ion  of the  deve lopment.  
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