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EXECUTIVE SUMMARY

R.F. Binnie & Associates and its team of sub-consultants have been retained by BC Hydro to
provide engineering design services for several segments of Highway 29 between Hudson's
Hope and Fort St. John that would require relocation if the proposed Site C Clean Energy Project

were approved and constructed.

The Site C Clean Energy Project includes construction of a propos’ed: new dam on the Peace
River in northeast BC. The Proposed Dam will be the third dam ‘en ‘tﬁe Peace River system and
will be located downstream of the W.A.C. Bennett and the Peace Canyon Dams. The Proposed
Dam will result in the formation of a new reservoir that- spans from the ex;stmg Peace Canyon

Dam to the proposed new Site C Dam site near Fort St John

The total length of Highway 29 between Hudseﬁ“’s‘ Hope end“\ ‘the Highway 97 j@'nction is
approximately 75 kilometres of which 30 kilometres erf4b:~f,pereent7‘WOuId require relocation due to
the proposed reservoir. The 30 kilometres of relocation is in six distinct segments as listed below

and shown in Figure ES1.

e Lynx Creek

e Dry Creek
 Farrell Creek -

e Km21toKm 26.5
+ Halfway River

. Bear Flat/ Cache Creek
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Figure ES1: Map of Highway 29 Pro
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Previous studies dating back to the 1980s were prepared that evaluated several corridor or
alignment options for Highway 29. The Design Team reviewed these previous reports and
alignment options and have been working on updating them based on current design standards.
The Design Team also explored new alignment options based on feedback received from local
residents during the public consultation process that took place in 2008. The findings contained in
this report are based on limited geotechnical investigations and mapping obtained from remote
sensing. More detailed geotechnical investigations and ground survey's""'would be required to

confirm actual ground conditions and material sources.

A project wide design criteria document has been developeg for Highway 29 and associated side
roads. The design criteria document was developed.in c;oﬂaboration with the BC Hydro Site C
Integrated Engineering Team, the BC Ministry of Transportation and Infrastructure,kkan,d the Binnie

Design Team.

The primary objective of the studies undeftaken by the‘:wB,inn;e'Design Team was to determine
safe, cost effective re-alignment options ihat~meet all the reqﬁired Ministry of Transportation and
Infrastructure design standards and crife;ia WHiIe,minimizing‘énykironmental, agricultural and
private property impacts. Mitigating the jmpabts’f due to landsﬁde generated waves and
addressing global stability cohéems asa reéultaof th‘ép‘rbpc)sedﬁ neyv reservoir are also key design
considerations. Additi’onalk objectivés of the Higﬁwéy 29 Definition Design stage included:

Reviéwing pkr'é"viqus alignmerﬁ options fr(;m équier studies;
* Providing uinitiéyl‘ g“ébteéhnical‘aSSess‘ﬁyléﬁf'qf‘”e“éch segment;
. - Dkétk:e:f\r"r’]iknin’g‘;'"po,,tential rﬁaterial sources; "
' ; . k’ Providing suppoft\fqr the Mtiltiple Account Evaluation process;
\ . V'Prep.aring roadway‘énd structural Definition Design drawings;
. Préh'aring right of way Definition Design drawings to assess property requirements;

. Proviyding" estimated ’construction cost estimates to help facilitate the selection of a
preferred alignment option for each segment;

A Multiple Accounts Evaluation process was used to help in the selection of the preferred

alignment options for the Lynx Creek, Halfway River and Bear Flat / Cache Creek segments.

Several indicators were quantified or assumed and used in the Multiple Accounts Evaluation

process. Indicators used included Cost and Constructability, Safety, Environment and Social

accounts.
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The other three segments, Dry Creek, Farrell Creek and Km 21 to Km 26.5, were subject to a
design review and refinement process instead of a Multiple Accounts Evaluation process because
only a single viable corridor existed for each of these segments. ‘

Six alignments were considered for the Lynx Creek segment each with short and long bridge
variants for a total of 12 options. The preferred option vtakes ‘into  consideration the
recommendation of local residents that the realignment utilized as' much of Millar Road as
possible. That recommendation resulted in a preferred alignment that has the least amount of
property impacts and agricultural severances. The total length of the preferred alignment option

is 8.22 kilometres and includes a 160 metre bridge and a.290 metre Causeway. The estimated

total project cost of the Lynx Creek preferred alignment option all in yd

The capacity of the existing culvert at Dry Creek is less than that reqUired to handle the 200 Year

Instantaneous Flow. In addition it would be fully submerged once the Proposed Dam is
constructed. The existing highway alignment and profile within the Dry Creek segment also do
not meet the design criteria used for this :project. The preferred option at Dry Creek replaces the
existing culvert with an 8.2 metre by 4.1 "nfi'etre precast concrete arch culvert and improves the
horizontal and vertical alignrhenat of the highway to a 90 kilometre per hour design speed. The
preferred alignment option at Dry Creek has a fotal length of 1.40 kilometre and an estimated

otal projec cost o

As previously noted Onlyva single alignment weysycohéidered at Farrell Creek including short and
long bridge variants. The total length of the preferred alignment option is 2.12 kilometres and

includes a 170 metre bridge and a 150 metre causeway. The estimated total project cost of this
alignment option is

The Km 21 to Km 26.5 segment is in an area where the preliminary erosion and stability impact
lines crossed over the existing highway. A highway realignment option was selected as the best
way to deal with this issue. The preferred alignment option at Km 21 to Km 26.5 has an

estimated total project cost of —

Three alignment options were considered at Halfway River each with short and long bridge
variants. The total length of the preferred alignment option is 3.7 kilometres and includes a 305

metre bridge and a 640 metre causeway. The estimated total project cost of the preferred

alignment option at Halfway River is—
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Two corridor options were considered at Bear Flat / Cache Creek each with short and long bridge
variants. The total length of the preferred alignment option is 8.36 kilometres and includes a 200
metre bridge and a 240 metre causeway. The estimated total project cost of the preferred

alignment option at Bear Flat / Cache Creek is—

The estimated total project costs referenced above includes both construction and non-
construction costs. A 20 percent contingency has been added to the sUthotal construction costs
to account for the uncertainty in the estimate due to unknown condi'tiorrs: Other non-construction
project costs such as project management, engineering, construction sUpervision, environmental

mitigation and property acquisition have been included as pertof the total‘p“roject costs.

Limited field programs such as topographical field suryey end geotechnical drilliﬁg .were initiated
» during the Definition Design stage, and a more cqniprehensive V»fj,eld survey and geotechnical

drilling program will be required to advance the Defihi’t‘i\cnnDesign‘,te'aﬁ preliminary design stage.

The Design Criteria Document for. Highway 29 Relocetiori:and Assaciated Roads includes
structural Design Criteria for all bndges and structures to wrthstand all loadings identified and
quantified during Defrnltlon Design mcludmg Iandshde generated wave loads. As part of the
Definition Design process potentlal gravel and rlprap sources were ldentlﬂed Additional effort will
be required to conflrm the source of constructlon materials as well as the subsurface soil

conditions.
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LIST OF ACRONYMS

IET Site C Integrated Engineering Team
BCMOT BC Ministry of Transportation and Infrastructure
MAE Multiple Accounts Evaluation

LKl Landmark Kilometre Inventory

AADT Annual Average Daily Traffic

SADT Summer Average Daily Traffic

GIS Geographic Information System

ALR Agricultural Land Reserve

TAC Transportation Association:of Canada
EIL Erosion Impact Line

SIL Stability Impact Line

EHRL Extreme High Reservoir Level

BGC BGC Engineering ’

FIL Flood Impact Line .
WIL Landslide Generated Wave(lr,/npact Line
NSL Natural 8tability Line"

FSL Fuil Supply Level

SGSB Select Granular Sub-Base

WGB Well:Grade Base Course

TLCA Temp‘orary Licence for Construction Access
Site C Clean Energy Project Confidential Document

Highway 29 Definition Design vii

Last updated: Apr 2012



Site C Clean Energy Project , April 13, 2012, v4

Doc 05-0044

TABLE OF CONTENTS - VOLUME 1

EXECUTIVE SUNMNARY ...covvusmsusrsrorsrrermmmmenssismssmscissssssssssmrssssssessissrresssssanmmamiasis s |
1.0 INTRODUCTION .....orcireirmmurerresresserresmasssssrscessresssssaimtsntasmrsmmasetensmsssssaasrasssasarresassans 1
2.0 EXISTING CONDITIONS......coormiinmrmet st s 3
2.1 LYNX CREEK eeoeceieeeoeeeeteneeeeemessssesesassseseseesses s sesisennensenens L 4
2.1.1  Geometry and CroSS-SECHONS...........ccovuureeecvirinnen i .................................... 4
2.4.2  TFAIFIC oo e e 6
-2.1.3  Intersections and ACCESSES....................... .......................... 6
214  DraiNage .....ocoocoeeeeveeeeeeriieeeeeieenenii TR N 6
24,5 GOOWOCHIICEI oot 8
21.6  SHUCHIIES..ooooooreersooeerssrreree S - SN
21.7  Utilities and Infrastructure........................ N 9
2.1.8  Environment " =
2.1.9  Propemrty......ccorveenennis e ..........................................
2.2 DRYCREEK ....covovererirereianeienenns . Y e
221  Geometry and.Cross-sections; - 4
222 TIGHIC. koo . T . e
2.2.3  Intersections and Accesses
224  Drainage ... , ;. . L eercesnetenes s as R
225  Geotechnical » - V
2206 SHUGHUIBS....ocoiisioroooveeceerevereessessossteesooooeiosssssss e
227 UHitIos QNG INTASHUCHUIE........cc.cccoccerreoersvorsssosrssoseeseesscen e 14
228 Environmeﬁt‘..: .......... ‘ ..................................................................................... 15
e O T 15
2.3 FARRELL OREEK ...ccolooorsoorosorssoes oo oo 16
2.3.1 Géometly and c;oss—sections ..... et 16
RV X 16
2.3.3 Intersectiohs IO ACCEOSSES ..o eee et ea e e e eaa e et esee b aneas e e nntaeerseneneen 16
284 DIBINAGE oot 18
2.3.5  GOOIBCAINICAL ..ottt 18
D.3.6  SHUGIUIBS. ... ettt e ee e e s e 2 et n et 18
2.3.7  Utilities and INfrasStruCture ..............cocooveeeeeeiieee e 19
2.3.8  ENVIFONIMIBNL ...ttt 19
Site C Clean Energy Project Confidential Document Last updated: Apr 2012

Highway 29 Definition Design viii




Site C Clean Energy Project April 13, 2012, v4

Doc 05-0044
2.3.9  PrOPBIES. ..ottt ettt e, 20
2.4 KM2TTOKM2B.5. .0ttt 20
2.4.1 Geometry and CrOSS-SECHONS ..............cc.ooeeeeeeeeeeeeeeeeeeee e eeeeeeeeeeeea 20
242 TEAITIC ..ottt 22
2.4.3  Intersections and ACCESSES ..............cocuvvvceeseaeaeeiaeeennn, N RO 22
2.4. 4 DIAINAGE ..ot 22
2.4.5  GEOECRANICAL ........ccoocv i F ot 22
2.4.6  Ulilities and INfrastruCture .................cccccuoocueeeeeeeeee il oo, 23
2.4.7  ENVIFONMEN........oooiiiiieieeseeeeeeeeeseeeeniiis i et e e, 23
248 PIOPOIMY ..o 24
2.5 HALFWAY RIVER....c.oiiiiiiiiiiiie et ee e it sttt B oo, 24
2.5.1 Geometry and Cross-sections..........;. e e 26
2.5.2  TraffiC.c.ccocuiiisciieeeiseieaieeicicieves i TN TR S 26
2.5.3  Intersections and ACCESSES ..........ceeeues i iioe st 26
254 Drainage .......cccooocouiieis ittt 26
2.8.5  GEOIBCANICAL ...........c.o i o eeve et it 27
VAN (Vo (VL UDUUNUOMUUR TS U 27
2.5.7  Utilities and Inrastructure ... .o i e e 28
PAGR NN S ((ogil-Toic it U SR R 28
2.8.9  PIOPEIY ..ok 29
2.6 BEARFLAT/CACHE CREEK................ccoo..ov..! SO 29
2.6.1  Geomelry and CroSS-SECHONS. iivivru.i i oo e es e 31
262 TEAMIC.........ocit i ettt 31
2 2.6.3  INterSettion and ACCESSES. ...........ccceeeeeieeiiieeeeeeeereeeeeeeeeee e, 31
2.6.4  DraINAGE (i oo oot 31
2,68 GEOECANICAL ............coieriioiieeeeeeev et et 33
266 Structures.....‘yi...,.,‘ ................................................................................................... 34
2.6.7  ULilties AN INfTASHUCHUTG ...........cc....ooooeo oo eeseeesores oo 35
2.6.8  ENVIFONMENIA ...........coovvv.ooooeveooeeeeeeeoeeeeeeoeoeeeeeoeoeeoeeeeeeeoeeeeeoeeeeeo 36
2.6.9  PIODGIY (..ot ettt eer e 37
3.0 PROJECT OBJECGTIVES......ooc o crercmrrtscsseressrersssissssesassssssssssssenssesssssenss sesesesensnessseasse 38
3.1 DESIGN CRITERIA ....cooiiaviriiie et e ene e 38
3.2 PROBLEM DEFINITION ...outtiiitiiiaieiitte ittt et ettt e e eee e e e eee e e ete e e e, 39
3.3 IMPACT LINES ..ottt ettt ettt et ree et 41
Site C Clean Energy Project Confidential Document Last updated: Apr 2012

Highway 29 Definition Design ix



Site C Clean Energy Project April 13, 2012, v4
Doc 05-0044

4.0 OPTIONS ANALY SIS . uueiiiiicierirsnrrcisssressassssmsssssameessnonan s ssarsta s ssssssss s nesansassasss s sssarsssssnss 42

B4 LYNK CREEK ooooeoeooooeooeeeeese s esee st 44
4.1.1  Pre-screening MAE — Lynx CreeK..........ccccovvereiveiinncnnecns S Rt 44
4.1.2 . Final MAE Process — LYNX CreEK...........cccovimmmmeeieiiiniaiiieieinee i 46

4.1.3  Final MAE Results — Lynx Creek :
4.2 DRY CREEK ..voeeeeeeeeeeeeereeeessaeeseeasessesasssseseseestassesasessennisanenanan "

4.2.1 Conceptual Dry Creek Options ...........ccoonnienennns ........ e

4.3 FARRELL CREEK ... iouieeiisesessesesesesessseasesesssseesssensansnensiones | T———— 49
831 FAITEl CrOk OPHONS ..eoverseseereeeseooeessssoeisss e esses sttt 49
B4 KM2ATOKMZB.5.ceoroeooosoeeseeeseseoe st oo . N 50
441 KN 21 0 KM 26.5 OPHONS.c.ccoooo oot N 50
45  HALFWAY RIVER ....ooovmrrrinriiineenreeneas A TR — 51
4.5.1  Pre-screening MAE Process — Halfway. Rlver...............;l ........................... ......... 51
4.5.2  Final MAE Process - Ha/ﬁ/vay Rlver....,...';..;.. k“.‘.f.'.' ............................................. 53

4.6  BEARFLAT/ CACHE CREEK ... [ oo b eeeesrrsseesee s ittt st 55
4.6.1 Final MAE Process — Bear Flat/ Cache Creek ......... et rnas 55
4.6.2 Post MAE Reflnement Process Bear Flat/ Cache Creek .................................... 56

5.0 PREFERRED OPTlONS

51  LYNX CREEK...;l ............... | T OOV
R WONUE . S
51.2 Geotechniéar..,.,.:,;,.j,.,. .......... T 62
51.3 Constructablln‘y .............................. .................................................................. 63
571.4 - Material Sources ................................................................................. 64
5, 1.5 Env:ronmental Mlt/gatlon and ComPENSatioN ..........cocccccvirieieeiaiiiinsiiie s 65
5, 16  Recreation S:tes............‘.‘ ...................................................................................... 65
517 - Travel Time Savmgs and Passing Opportunities...........ccocccvivvieriniiincnnienein 66
5.1.8 Schedule...f.f;..,;f; ............. e, 66
5.1.9  COSEESHMALE . ......oveoeoveeeeeeeeeeeeeeeeeveeee v ettt assna s 67
BA A0 RISKS .- oooeeoeeeeeeeseeeeeeveeeae e ese st S 68

5.2 DRY CREEK ..uuueeeieeisesteeseasaaeaasesseaaeee e bt ey st et s e i bt ae e e e ea e s Rt n e e e n e r s 69
B.2.7  SCODE. ettt 69
5.2.2 Geotechnical...........cccouverriiiiiiiiiiiiiiineeee i et 72
5,23 CONSHUCKADIY .orvvvvveeoeoseeeeeeeeeevooeseeeeeeeeeeossss s sses st 72
524 MatOrial SOUICES ....ooeoeeeereeeeeeeeeeeseeee et et et e e n ettt eeaa e e e e e sttt e e s s sn s 73

Site C Clean Energy Project * Confidential Document Last updated: Apr 2012

Highway 29 Definition Design X




Site C Clean Energy Project April 13, 2012, v4

Doc 05-0044

5.2.5  Environmental Mitigation and COmMPensation ................cococooemvoeeeeeeeooe 74
526 RECreation SIeS...........ccccoveieiiieeeeeeeeeeeee e 74
6.2.7  Travel Time Savings and Passing Opportunities .............c.wcooveeeeeoeoooo ) 74
5.2.8  SCREAUIE............cooiooieeeeeeeeeee e e 75
5,29 COSEESHMALE........ccooioiieieeeeeee e e 76
B.2.70  RUSKS ..ot e 77
5.3 FARRELLCREEK...................................; ................................. L 77
B.3.1  SCODB.....coeeeeeeee e e 77
532 GEOECANICAL........c.ocooeieiereeeeeeeeeeeeeee i e e oo 80
5.3.3  CONSHUCLADIILY .....c.oveeoeeeiioeeeeeeeeeeeee it 81
5.3.4  Material Sources ................. 82
5.3.5  Environmental Mitigation and Compensation ...........cc.cccvvennn.... . 83
5.3.6  Recreation SHes...........c..ccoo....... . . T 83
5.3.7  Travel Time Savings and Passing Opportumities..............c.ococcovveveeeeeoeoo, 83
53.8 Schedule.................... T U 84
5.3.9  COSt ESHMELe......ooc.coroiairooos s N 85
5310 RISKS...oooorooroeror W . 86
ER VIR CY P N W 86
541 SCOD....cccoooieoeeriisiiesreeeeoresis A A 86
5.4.2  Geotechnical............c.ccccooueurinn, hveear et ettt ettt es e et e et ereanns 89
5.4.3  Constructability......c.......ooo......... - T e, 89
R e 89
54.5  Environmental Mitigation and Compensation .................. ettt 90
946 ReCrealion SIeS.....c.......cccooeiiieiiieiieieeeeeeeteeeeeeeeeee e, 91
5.4.7  Travel Time Savings and Passing Opportunities ...........coiuveeeeeooooo 91
548 SCNEUUIB ..ooosievvvvooeeeeeeeeeeeeeee oo oo 91
5.4.9  COSEESHMAIE ..o, 92
CRRTA - E 93
5.5 HALFWAY RIVER ... .oooooeecooonicsioe oot eeee e eeeee oo 94
G.5.7T  SCOPO . e 94
5.56.2  Geotechnical...................... e e a1 e e e e e e et e e et e aeee e neer e e an e aaeanaas 98
583 CONSHUCIADIILY ..ot 99
5.5.4  Material Sources ................... e et At Lo r et e e s nenesaaee s tee e arteeerenaas 100
5.5.5  Environmental Mitigation and CompenSation ................ocooeveioeeoeeooeeooo . 101
55,6  RECIEatioN SIES........c.ccooiieieeieeieeee et 101
Site C Clean Energy Project Confidential Document Last updated: Apr 2012

Highway 29 Definition Design Xi



Site C Clean Energy Project April 13, 2012, v4
Doc 05-0044

557  Travel Time Savings and Passing Opporfumities ..............ccccoovveencivenccciiiicnin 102
B.5.8  SCROAUIB ...ttt et 102
B.5.9  COSEESHMALE . ..oveoeeereeeoeeeeoeeeoeeeeeeeeeesssv e ssss e 103
B.5.00  RISKS e oo eee e et et e e e ea et s ettt ettt n e n et s et 104
5.8 BEAR FLAT/CACHE CREEK ....ooiiiitiiriuueresaauntreereneaasaiiessssrnssesanssssssassserassstessnssns s sessns 105
5.6.1
56.2 _
5.6.3  CONSHUCIADIIY .......ecvvieeseeiei i s 110
5.6.4  Material Sources ........................... 110
5.6.5  Environmental Mitigation and Compensation ................. ....................... 111
5.6.6  RECIOation SHES.........ovvrverreriirsee - A N 112
5.6.7 Travel Time Savings and Passing OprﬂLihities ........ S Cheeeannens 112
5.6.8  SONOAUIG.....o.coosrrrrersensresonsi Y S 112
569  COStESHMAE......cocrsivescesscrecsvoresco N A
5.6.10  RISKS...rvvrrresrcoeevecerrrens = = S

6.0 SUBSEQUENT DESIGN

6.1 ITEMS TO BE COMPLETED

8.2  POTENTIAL COST SAVING MEASURES: .. ‘i

7.0 REFERENCES .ooorosrrerrissmionssssessen O — 117
Site C Clean Energy Project Confidential Document Last updated: Apr 2012

Highway 29 Definition Design xii




Site C Clean Energy Project April 13,2012, v4
Doc 05-0044

LIST OF TABLES

TABLE 5.1.1: NEW RIGHT OF WAY REQUIRED AT LYNX CREEK .......c.oioviiostiii i oo e 62
TABLE 5.1.2: SUMMARY OF ESTIMATED CONSTRUCTION COSTS AT LYNX CREEK ....................................... 68
TABLE 5.2.1: NEW RIGHT OF WAY REQUIRED AT DRY CREEK ... 0.t i oo 72
TABLE 5.2.2: SUMMARY OF ESTIMATED CONSTRUCT'ION COSTS ATDRY CREEK .o i, 76
TABLE 5.3.1: NEW RIGHT OF WAY REQUIRED AT FARRELL CREEK .......c.ocvvevreeeeeeeenn. L T 80
TABLE 5.3.2: SUMMARY OF ESTIMATED CONSTRUCTION COSTS AT FARRELL CREEK...........ii i 85
TABLE 5.4.1. NEW RIGHT OF WAY REQUIRED AT KM 21 TO KM 2B.5. . .....oi oo 89
TABLE 5.4.2: SUMMARY OF ESTIMATED CONSTRUCT!QN COSTSAT KM 21 TOKM 26.5....ccccviiieiiiceirn, 93
TABLE 5.5.1: NEW RIGHT OF WAY REQUIRED AfHALFWAY RIVER.......... .................................................... 98
TABLE 5.5.2: SUMMARY OF ESTIMATED CONSTRU‘,:CT ION, COSTSAT HALFWAY RIVER ..o, 104
TABLE 5.6.1: NEW RIGHT OF WAY REQUIRED AT BEAR FLAT JICACHE CREEK.......ccooiiiiiiiiiiice e, 108
TABLE 5.6.2: SUMMARY OF ESTIMATEDE'CONSTRUCT‘ON*COSTS AT BEAR FLAT/ CACHE CREEK............. 114
Site C Clean Energy Project Confidential Document Last updated: Apr 2012

Highway 29 Definition Design



Site C Clean Energy Project _ April 13, 2012, v4
Doc 05-0044

LIST OF FIGURES

FIGURE ES1: MAP OF HIGHWAY 29 PROJECT CORRIDOR -....ccccoociiiiiiimnnnsernnrnsresssssssessoonennne Il
FIGURE 1.1: HIGHWAY 29 OVERVIEWMAP ................. OO 2
FIGURE 1.2: MAP OF HIGHWAY 29 PROJECT CORRIDOR ...........cco00erec- S 3
FIGURE 2.2.1: DRY CREEK EXISTING CONDITIONS...............‘........y..;.’.;..:‘,.‘;’.' ...................................... 12
FIGURE 2.3.1: FARRELL CREEK EXISTING CONDITIONS ... 17

- FIGURE 2.4.1: KM 21 TO KM 26.5 EXISTING CONDITIONS...’;.5.‘...‘..‘.’. ............ L N— 21
FIGURE 2.5.1: HALFWAY RIVER EXISTING CONDITIONS.........coocooccovviiimvennnen --------------------- 25
FIGURE 2.6.1: BEAR FLAT / CACHE CREEK EXISTING CONDITIONS.....ocvvvrv  — 30
FIGURE 5.1.1: PREFERRED ALIGNMENT OPTION AT LYNX» CREEK ................. 59
FIGURE 5.1.2: POTENTIAL GRANULAR BORROW SOURCES AT LYNX OREEK ..o 65
FIGURE 5.2.1: PREFERRED ALIGNMENT OPTION AT DRY CREEK ..... e 71
FIGURE 5.2.2: POTENTIAL GRANULAR BORRDW SOURCES AT DRY CREEK .o 74
FIGURE 5.3.1: PREFERRED ALIGNMENT OPTION AT FARRELL CREEK 78
FIGURE 5.3.2: POTENTIAL GRANULAR BORROW SOURCES AT FARRELL CREEK ......cccccoouccccr-. 83
FIGURE 5.4.1: PREFERRED ALIGNMENT OPTION AT KM 21 TO KM 265 ..o 87

~ FIGURE 542 POTENTIAL GRANULAR BORROW SOURCES AT KM 21 TO KM 26.5......ccvrcve 90
FIGURE '5‘."5.1 PREFERRED ALIGNMENT OPTION AT HALFWAY RIVER ......ccoevecciiiiimrrmrmnninnnnssnss 95
FIGURE 5.5;2- POTENTIAL GRANULAR BORROW SOURCES AT HALFWAY RIVER ............ccoovneen 101
FIGURE 5.6.1: PREFERRED ALIGNMENT OPTION AT BEAR FLAT / CACHE CREEK..............cocrvee 107

FIGURE 5.6.2: POTENTIAL GRANULAR BORROW SOURCES AT BEAR FLAT / CACHE CREEK.... 111

Site C Clean Energy Project Confidential Document Last updated: Apr 2012
Highway 29 Definition Design Xiv




Site C Clean Energy Project April 13, 2012, v4
Doc 05-0044

LIST OF PHOTOS

PHOTOGRAPH 2.1.1: EXAMPLE OF PIPE OUTFALL IN LYNX CREEK (CREDIT: BINNIE) .......ccoeves 7
PHOTOGRAPH 2.1.2: EXAMPLE-OF BROKEN PIPE AND SLOPE FAILURE (CREDIT: BINNIE) ........... 8
PHOTOGRAPH 2.6.1: EXAMPLE OF BROKEN PIPE (CREDIT: AMEC) ......ciuovovoveeeereeeeeoeees 32
PHOTOGRAPH 2.6.2: EXISTING CACHE CREEK BRIDGE (CREDIT: AM’EC) ...................................... 35
PHOTOGRAPH 2.6.3: OVERHEAD LINES (CREDIT: AMEC)........; e B, 36
Site C Clean Energy Project Confidential Document Last update'd: Apr 2012

Highway 29 Definition Design XV



Site C Clean Energy Project : April 13,2012, v4
Doc 05-0044

~ VOLUME 2

o Definition Design Highway Relocation Drawings

+ Right of Way Definition Design Drawings

VOLUME 3

o Definition Design Cost Estimates

o Bridge Definition Design Report

s Environmental Assessment Report

e Final Hydraulics Report for Definition Design i

¢ Preliminary Geotechnical Assessment Proposedeynx Creek Segment

e Preliminary Geotechnical Assessment Proposed Fatrell Greek 'Segment
«  Preliminary Geotechnical Assessment Proposed Halfway Rlver Segment
e Preliminary Geotechnical Assessment Proposed Bear Flat Segment

o Approved Project Desngn Cntena Document by '

s Alignment Optlons Drawmgs k|

* MAE Report Ha fway and Lynx

¢ MAE Meetmg Mmutes r o _ .

s Highway.29 North (Reallgnment Sectlons) Trafﬁc Forecast Update Version 2
. _Colhslon Predlct:on ! Safety Modellmg

= ‘RISk Review Sheets \

. ReCreatlonaI Access Mitibation Concepts Review memo

. Meetmg Minutes — Openmg discussions between engineering and environmental groups on
wetland opportumtles at the proposed reservoir”

e Bear Flat/ Cache Creek Option G Alignment Option

Site C Clean Energy Project . Confidential Document Last updated: Apr 2012
Highway 29 Definition Design xvi




Site C Clean Energy Project ) April 13, 2012, v4
Doc 05-0044

1.0 INTRODUCTION

R.F. Binnie & Associates (Binnie) and its team of sub-consultants (Design Team) have been retained by
BC Hydro to provide the engineering design services for several segments of Highway 29 that would

require relocation due to the proposed Site C Clean Energy Project.

The Site C Clean Energy Project includes construction of a proposed new dam on the Peace River in
northeast British Columbia. The Proposed Dam will be the third dam on the Peace River system and wil
be located downstream of the W.A.C. Bennett and the Peace Canyon Dams. The Proposed Dam will
result in the formation of a new reservoir that spans from the existing Peace Canyon Dam to the

proposed new Site C Dam site near Fort St. John.

Previous studies dating back to the 1980s have been prepared that evaluated several re-alignment
options for Highway 29. The Design Team reviewed these previous reports and alignment options and
have been working on updating them based on current désign standards. Alternate alignment options
were also explored by the Design Team with consideration given to local resident’ concerns during
previous public consultation process, re,duc'in,g gqnstructidn costs and minimizing impacts to

environmental and agricultural land.

Highway 29 is a two-lane Provincial’Highway th"af begins in Tumbler Ridge and runs northwest through
the communities of Chetwynd and Hudson’s Hope. The highway then heads in a north easterly direction
along the north bank-of the Peace River tenninating at the junction with Highway 97 at Charlie Lake. Itis
- this latter section of Highway 29 that will be impacted by the proposed reservoir created from the

Proposed Damy;
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------ PROPOSED
SITE C DAM

Figure 1.1: Highway 29 Overview Map

The total length of Highway 29 between Hudson's Hope and the Highway 97 junction is approximately 75
kilometres of which 30 kilometres or 40 percent will require relocation due to the construction of the
Proposed Dam. The 30 kilometres of relocation is in six distinct segments as listed below:

¢ Lynx Creek

e Dry Creek

o Farrell Creek

e Km21toKm26.5
s Halfway River

¢ Bear Flat/ Cache Creek
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Figure 1.2: Map of Highway 29 Project Corridor

The Design Team has been working closely with the Site C Integrated Engineering Team (IET) as well as
with the BC Ministry of Transportation and Infrastructure (BCMOT) to determine a preferred alignment
option for each of the six segments listed above. A Multiple Accounts Evaluation (MAE) process was
used at the Lynx Creek, Halfway River and Bear Flat / Cache Creek segments to select the preferred
alignment. The MAE process evaluated each alignment option based on several key indicators including
Financial, Engineering, Environmental and Socio-Economic accounts. The MAE process is further
described in Section 4 of this report.

The Dry Creek, Farrell Creek, and Km 21 to Km 26.5 segments were not subjected to the MAE process
since only a single viable corridor was available for each alignment within these segments. Instead these
segments underwent design reviews to optimize the alignments and minimize construction costs, property
impacts and environmental impacts.

2.0 EXISTING CONDITIONS

Highway 29 within the project area is a two-lane rural arterial undivided highway under the jurisdiction of
the BCMOT. For the purpose of this report, Highway 29 will be considered an east west highway which
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connects the community of Hudson’s Hope in the west with Charlie Lake and Fort St. John to the east.
The posted speed on Highway 29 is.90 kilometres per hour however there are several Iocatlons along the
corridor that require a lower advisory speed due to tight horizontal curves and are ldentlfled with advisory
curve warning signs. The cross section generally consists of two 3.5 metre paved lanes with 0.5 to 1.5
metre paved shoulders. Embankment side slopes vary between 2H:1V and 4H:1V with 3H:1V appearing
. to be the most common slope. Excavation cut slopes vary between 2H:1V nd 3H:1V depending on the

native ground conditions. Concrete roadside barrier is provided at brid proaches, on the outside of

sharp curves and in high fill locations.

2.1 LyYNX CREEK

8.2 kilometres ending approximately 600 metres west of
Figure 2.1.1. Based on the BCMOT Landmark Kllometr

ing Farrell Creek Road as depicted in

ntory (LKI) referencing system, the

21.1 Geometry and Cross-sections

The existing horizontal ahgnment through the' | “Creek segment contains several curves with

horizontal radii that are below the requ1rements for 90 kilometres per hour design speed. At the
western end of the segment the allgnment is genera angential until the approach to the Lynx Creek

eft: ahd radius 175 metres right lead to the bridge.

Bridge where reverse curves of. radius 150 mkkf
Just north ,;"'f"the bndge a sharp nght hand curve of 70 metres is followed by a left hand curve of 190
metres. The remainder of the eX|stmg allgnment is generally curvilinear containing several gentle curves
with radu ranglng from 300 metres to 2, 000 metres with the exception of two curves of 200 metre and 130

metre radu

The hlghway passes through rol]mg terrain with grades between 1 percent and 3 percent throughout the
segment. The exceptlon to '(hIS is at the west approach to the Lynx Creek Bridge and the eastern project

limits where vertical grades reach approximately 5 percent and 6 percent respectively.

The existing cross section through the Lynx Creek Segment consists of two 3.5 metre lanes with paved
shoulders varying in width between 0.5 to 1.0 metres. Concrete roadside barrier is located on the high
fills at the eastern project limits. The existing highway that would be inundated by the reservoir will have
to be deactivated prior to being flooded.
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21.2 Traffic

The Annual Average Daily Traffic (AADT) and Summer Average Daily Traffic (SADT) along the Lynx
Creek segment are estimated to be 699 vehicles per day and 1,001 vehicles per day respectively for the
2010 year. For the 2035 horizon year, the AADT and SADT are estimated to be 999 vehicles per day and
1,431 vehicles per day respectively. The two way design hourly volume is estimated to be 70 vehicles
per hour for the 2010 year and 100 vehicles per hour for the 2035 horizon year. All traffic data used in
this report was taken from the memorandum entitled “Highway 29 Northk (Realignment Sections)
Traffic Forecast Update Version 2" dated January 27, 2012. A copy of the memorandum can be found
in Volume 3 of this report. k

2.1.3 Intersections and Accesses

There are several intersections and accesses located within the current limits of Lynx Creek. Most are
minor gravel driveways or field access providing access to adjacent préberties but some are public roads.
The public road intersections close to or within the Lynx Creek segment include Reschke Road, Backman
Road, Millar Road and Farrell Creek Road. '

Reschke Road is a rural local paved road Idcéted approximately 200 metres west of the western project

limits. This intersection is located west of the current projéct‘lim’i't”s.

Backman Road is a rural local gravel road located within the sharp horizontal curve on the east approach
of the Lynx Creek Bridge. This intersection provides access to several properties north of the existing

highway.

Millar Road crosses Highway 29 providing access to properties on both the south and north sides of the

Highway. Millar road is paved on the north side of the highway and gravel on the south side.
Farrell Creek Road is a gravel road located just east of the Lynx Creek project limit.

21.4 Drainage

Lynx Creek is a tributary of the Peace River, draining an area of 320 square kilometres upstream of the
existing Highway 29 Lynx Creek Bridge. The channel has an average gradient of about 1.1 percent, is
about 20 metres wide bank-to-bank and meanders within an entrenched valley that varies from 200
metres to 600 metres in width. The present Highway 29 Lynx Creek Bridge and approaches are

protected from erosion with a moderate amount of approximately 250 Kg Class riprap.
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Shallow drainage ditches are provided in cut sections to collect water from the adjacent slopes and from
highway surface runoff. Cross culverts convey surface water from the north side of the highway to the
south side. Steep slopes and embankments are protected from erosion using half culverts anchored to
the face of the slopes as shown in the Photograph 2.1.1 below.

e

¢ (Credit: Binnie)

Photograph 2.1.1: Example of pipe outfall in Lynx Creek

A detailed survey of the existing drainage features was not included as part of the Definition Design but
will be completed during subsequent design stages. A site visit by the project team however did identify
that several culverts are in poor condition and draining directly on to the existing slope causing slope
instability and erosion. This is illustrated in Photograph 2.1.2.
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Photograph 2.1.2: Example of broken pipe and slop (Credit: Binnie)

2.1.5 Geotechnical

From a geotechnical perspective, the proposed Lynx Creek highway relocation segment can be generally
divided into two distinct sections.

From the western extent of the proposed relocation extending approximately 6.5 kilometres towards the
east (from Station 999+540 to 1006+000), the current Highway 29 alignment (and proposed realignment)
traverses a series of fluvial terraces adjacent to the north bank of the Peace River. These terraces
represent post-glacial fluvial deposits, formed as part of the down-cutting of the Peace River.
Construction along the fluvial terraces is expected to encounter primarily granular soils, with variable but
generally minimal thicknesses of surficial silt and organic soils requiring sub-excavation or stripping.
Conventional cuts and fills, and a pavement structure based on primarily non-frost susceptible subgrade
soils can be applied in the design.

East of the fluvial terraces to the eastern limit of the segment (Station 1006+000 to 1007+774), there are
fine-grained soils of different origins (Willis Cunliffe Tait Delcan, 1982) and/or bedrock on the toe of the
north slope of the Peace River Valley. There are fluvial fans at the base of drainage gullies emerging from
adjacent north slope of the Peace River Valley, and colluvial deposits overlying bedrock or late-glacial
glaciolacustrine deposits. The overburden and bedrock (shale) contact varies in elevation. Above the
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current Highway 29 alignment, the valley slope is comprised primarily of steep, unstable, bedrock-
controlled valley bluffs that are covered in colluvium in many places and overlain by thick deposits of fine
grained soils at the valley crest. The bedrock exposed in the highway cuts is weathered sedimentary rock
(typically shale). Below the highway, the fine-grained colluvium and side-cast fill generally continues to
the river level. Along this section all the proposed highway alignment options are required to traverse a
tightly constricted slope area, where the Peace River impinges directly on the lower portion of the north
Peace River valley sidewall slope. This is a geologically active area, where k ;fhljmber of pre-existing slope

failures are located both above and below the current alignment of nghway 29 and construction will be

more challenging. Given the tightly constricted location, and the dlrectly a',i, ent valley sidewall stability

conditions, it is unlikely that an alternate cost effective hlghwaky,allgnment at"ft,/ ast end of the design

segment can be found that can completely avoid existing

A Preliminary Geotechnical Assessment report for the Proposed Lynx Creek segment repdﬂis included in

Volume 3 of the report and provides additional details.

2.1.6 Structures

The existing bridge at Lynx Creek is approximéfoly 48 metres in\[e‘ngth and consists of two spans
approximately 15 metres long |, and two end”spans 9 metres long. The bridge, built in 1967, is of a

composite deck construction with the remforced concrete deck and steel plate girders. Reinforced

concrete piers are supported on 5- Steel H- -piles and the abutment foundations use 4-steel H-piles. The
existing bridge will be ﬂooded by the construction of the Proposed Dam and may have to be demolished
after the new replacement bndge is constructed

A Bridge DéﬁniﬁOn 'DéSign Repo:rt,'i‘s included in Volume 3 of the report and provides additional details.

2.1.7° Utilities and Infrastructure

There are extstmg utility poles Wlthln the Lynx Creek Segment as well as an underground telephone line
that appears to oross the hlghway near the eastern project limit. The exact location of the poles and
underground lines sﬁown on the 'design drawings are approximate and based on Geographic Information
System (GIS) data provided by BC Hydro. The location and owners of the utilities will need to be
confirmed in subsequent design stages in order to properly assess the impacts and potential relocation
costs. There is also an area identified as being approved for gas and oil exploration near the Lynx Creek

segment.
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2.1.8 Environment

2.1.8.1 Fisheries

Lynx Creek is a small stream located approximately 73 kilometres upstream from the Proposed Dam.
Mountain Whitefish, Rainbow Trout and Arctic Grayling have been captured in Lynx Creek. Adults and
juveniles of these three species have been observed in the creek suggesting that it provides spawning
and rearing habitat for them. Upstream movement of fish is limited i in Lynx Creek due to a steep canyon
approximately 3.2 kilometres upstream from the confluence. Rambow Trout have been found above the
canyon but likely represent an isolated population. Lynx Cree}; contalns Longnose Sucker and Northern

Pike minnow as the most abundant non-sport fish.

Fish historically recorded in the Lynx Creek system mclude Arctlc Grayling, Bui! Trout Mountain
Whitefish, Burbot, Largescale Sucker, Longnose Sucker ‘White Sucker Flathead Chub “"Lake Chub,

Longnose Dace, Northern Pikeminnow, Peamouth Redsrde Shmer “Trout Perch, Prickly Sculpin, Slimy

Sculpin, and Spoonhead Sculpin.

An Environmental Assessment report is mcluded in Volume 3 of the re,oOrt’.

2.1.8.2 \Wildlife

Many carnivores have, been rdentrfred ‘t Lause the I’I’ ,r'ran community of Lynx Creek. Wolves commonly

A‘ngregatlons of waterfowl are also a common sight along the

use this drainage for huntrng Large::
outflow of Lynx Creek to the Peace Rlver Numerous other species were detected during the winter track
counts as noted in the Srte c Prolect inventory (Keystone Wildlife Research 2009. Peace River Wildlife
Surveys Baselrne Inventory Sun/eys 2006) including species of Ruffed Grouse, Marten, Frsher Long-
tailed Weasel and Mink.

An Environmental‘Assessmenti port is included in Volume 3 of the report.

2.1.8.3 Other

As part of the Site C Project’s Stage 3 work, BC Hydro has engaged consultants to study and document
other elements of the physical and social environment. These other elements include vegetation,
agriculture, archaeological and heritage, contaminated sites, climate, socio-community, socio-economic,

and recreation, and are reported-on outside of this report.
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2.1.8.4 Development and industry

The BCMOT Rieske Pit is located to the west of Lynx Creek and local farming and agricultural operations

are located adjacent to and accessible from the Highway.

21.9 Property

The property ownership within the Lynx Creek Segment is a mix of private prbperties, Crown Land, BC
Hydro Owned Land and BC Hydro Owned land that is currently Iease,dyr to local residents (BC Hydro
Leased). Most of the properties within the limits of the proposed resérvoir a;fe either BC Hydro Owned or
BC Hydro Leased. The land use within the Lynx Creek segment is primarily residential or agricultural with
the majority of the segment within the Agricultural Land Réserve with the exception of the last 3
kilometres at the east end of the segment and the:immediate adjacent areas westfénd east of Lynx
Creek. ‘

There are buildings present on some propetties and the foundations of other old buildings may be present
on others. It is likely that wells and septic systems have been 'consty‘ructed on these properties as well.

There is an abandoned gas station property located at the ‘east end of the Lynx Creek Bridge.

2.2 DRY CREEK

The Dry Creek segment begins just éast of the Farrell Creek Road intersection and is shown in Figure
2.2.1. Based on the BCMOT LKIi refefencing system, the realigned Dry Creek Segment is located
between kilometre 13.5 and 14.9 on LKI Segment 1181.

224 _Geometry and Cross-sections

The ‘existing horizontal alignment through the Dry Creek section consists of back to back curves with
curve radii of 190 metres and345(‘) metres. The 190 metre radius curve meets a 70 kilometres per hour
design speed but is well below the 340 metre minimum radius required for a 90 kilometres per hour

design speed.

The vertical alignmenyt consists of a sag vertical curve with a K-Value of approximately 16 which is within
the design domain for a 60 kilometres per hour design speed assuming headlight control. There is a
steep grade of 8.5 percent which is located within the tight 190 metre radius curve. The combination of
the tight horizontal curve and the steep grades results in this segment of Highway 29 having one of the

lowest standards on the entire corridor.
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The existing cross section through the Dry Creek section consists of two 3.5 metre lanes with paved
shoulders varying between 0.5 to 1.0 metres. Concrete roadside barrier is located on the outside of the

small tight radius curves.

2.2.2 Traffic

The AADT and SADT along the Dry Creek segment are estimated to be 699 vehicles per day and 1,001
vehicles per day respectively for the 2010 year. For the 2035 horizon year, the AADT and SADT are
estimated to be 999 vehicles per day and 1,431 vehicles per day respectively. The two way design hourly
volume is estimated to be 70 vehicles per hour for the 2010 year and 100 vehicles per hour for the 2035
horizon year. All traffic data used in this report was taken from the memorandum entitied “Highway 29
North (Realignment Sections) Traffic Forecast 'Update Version 2" dated January 27, 2012. A copy of
the memorandum can be found in Volume 3 of this report.

2.2.3 Intersections and Accesses

There are three existing accesses located within the current limits of the Dry Creek Segment. These are
gravel driveways or farm access providing access to properties on either side of the highway. There are

no major intersections or local roads within the Dry Creek Segment.

2.2.4 Drainage

Dry Creek is a small tributary of the Peace River, draining an area of approximately 58 square kilometres.
The existing culvert appears to be a barrier to bed load. Outside of the highway right of way (RoW), the
upstream channel is steep and highly eroded. The channel flattens out within the RoW slowing flows and
resulting in.a 40 meter wide un-vegetated deposition area. Under natural conditions, the active channel
would likely be in the order of 10 metres in width. Just upstream of the highway, the channel is confined

in a 30 metre deep ravine.

The existing culvert at Dry Creek is a 2.4 metre diameter steel multi-plate culvert that does not have
enough capacity’to handle the 200 year (Q200) Instantaneous Flow, which is estimated to be 44.3 cubic
metres per second. The normal operating level of the reservoir is estimated to vary between 460 metres
to 461.8 metres and the existing culvert invert elevation under the existing highway is at an elevation of
approximately 456.8 metres. The culvert will be fully submerged when the reservoir is at full supply level.
It is generally not desirable to have a culvert fully submerged in water if it can be avoided because they
are difficult to maintain, they may produce undercurrents which could be of concern and they are difficult

to replace in the event the culvert fails.
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A detailed survey of the existing drainage features was not included as part of the Definition Design but

will be completed during subsequent stages.

225 Geotechnical

Dry Creek is an ephemeral stream that has incised a deep, steep-sided, tributary valley into the upland
terrain and thick soil deposits north of the main Peace River Valley. Just'upstream from the existing
crossnng of Highway 29, the Dry Creek channel is situated in a steep- srded ﬂat—bottomed gulley that has
been |nc1sed into a relatively flat lying river terrace in the bottom of the Peace River Valley. Below the
existing Highway 29 culvert and fill crossing, Dry Creek discharges ’,onto akfluvl’al fan, lower terrace level
and flood plain of the Peace River. The existing Highway 29 'alighment is lock:at‘eda on a bench of cut/fill
transition across an intermediate slope between the upper and lower terrace levels Based on exposures
observed in the adjacent highway cuts, it is antlmpated that the terram and gulley slopes immediately

adjacent to and north of the existing Highway 29 align t are underlam by a thin deposn of sand and

gravel overlying shale bedrock at a relatively shallow depth. The exustlng highway fill appears to consist of

locally borrowed granular material construc d at or slightly above its natural angle of repose (36 to 40

degrees). Foundation conditions under the h|ghway fill and eX|stmg culvert are unknown. The Dry Creek

channel bottom upstream from the crossing" ":s SImelca \ bed load deposrts consisting of variable fine

grained sediments, woody debris;:coarse grave ders on surface Given the nature of the deeply

eroded upstream valley, At “for the exrstlng highway fill and the Dry Creek

channel bottom are underlam by quite vanable debris: flow deposits that can be unreliable or unsuitable
for structure foundatlons.;,S:Lk{bsurfacemvestylgatlon is recju\jred to determine the extent and nature of these

deposits.

2.2.6 Structu res

The ex;stmg culvert at Dry Creek was mstalled in 1964. Itis a 58 metres long steel multi-plate culvert with
az24 metre dlameter An mspect!on in 2010 found signs of the early stages of culvert failure with roof

distortion and small but growm' 'steel cracks. Options to deal with the submerged culvert include filling it

with grout and leav;n’ itin place_,or removal.

A Bridge Definition Deslgrlfeport is included in Volume 3 of the report and provides additional details.

2.2.7 Utilities and Infrastructure

There are existing utility poles within the Dry Creek Segment. The location of the poles shown on the
design drawings are approximate and based on GIS data provided by BC Hydro. There also appears to
be an underground telephone line crossing just east of Dry Creek. The location and owners of the utilities
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will need to be confirmed in subsequent design stages in order to properly assess the impacts and
potential relocation costs.

2.2.8 Environment

2.2.8.1 Fisheries

Dry Creek only flows intermittently and historical reports indicate no fish are in'the lower sections.
An Environmental Assessment report is included in Volume 3 of the report.

2.2.8.2 Wildlife
The section of Dry Creek impacted by the proposed works is limited in its ability to provide diverse wildlife
habitat but it has good nesting sites for common species of songbirds.

An Environmental Assessment report is included in Volume 3 of the report.

2.2.8.3 Other

As part of the Site C Project’s Stakge 3 work, B Hydro hés engaged consultants to study and document
other elements of the physical and social envir ment. These other elements include vegetation,
agriculture, archaeological and heritage; ,contamih,ateq sites, climate, socio-community, socio-economic,

and recreation, and are ’reported—on ouftsi’de of this re’[:yﬁ‘c‘),rt.’

2.2.8.4 Development énd Industry

Shale-gasyfacilities' accessed off Farrell Creek Road and local farming and agricultural operations are
located adjacent to and acces§ible fron{’lkthe Highway.

2.2.9 ’Pr"op'erty

The properties wifhin the Dry Creek Section include private properties which are located on both the north
and south sides of Highway 29 and a small parcel of crown land located on the east side of the highway.
The land use within the Dry Creek segment is primarily agricultural and is all within the Agricultural Land

Reserve with the exception of the areas immediately adjacent to Dry Creek.
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2.3 FARRELL CREEK

The Farrell Creek segment is located just to the east of the Dry Creek segment and is shown in Figure
2.3.1. Based on the BCMOT LKI referencing system, the realigned Farrell Creek Segment is located
between kilometre 15.3 and 18.0 on LKI segment 1181.

2.3.1 Geometry and cross-sections

The existing horizontal alignment approaching the Farrell Creek Bri ‘k onéists of a 180 metre radius

curve that appears to be compounded with curves of 120 metres 201 s and 250 metre radii. Based
our design speed and are

speed. Advisory curve warning signs are

The existing cross section through the Farrell

shoulders varying betwegn"O.S ) metres.

rell Creék "’segment are estimated to be 699 vehicles per day and
y for the 2010 year. For the 2035 horizon year, the AADT and SADT

the memorandum canbe ound in Volume 3 of this report.

2.3.3 Intersections and Accesses

There are seven existing driveways located within or near the current limits of the Farrell Creek Section.
Most are minor gravel driveways providing access to adjacent properties. There are no major

intersections or local roads within the Farrell Creek Segment.
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2.3.4 Drainage

Farrell Creek is a tributary of the Peace River, draining an area of 642 square kilometres upstream of the
existing Highway 29 Bridge. The channel has an average gradient of 0.07 percent and is approximately
30 metres wide bank-to-bank. It has a meander pattern that is entrenched in a steep sided valley that is
50 metres deep and 200 metres to 400 metres wide. At the current highway crossing the channel is
confined by a near vertical shale bank to the east and the highway approach to the west. The present
Highway 29 Farrell Creek Bridge has a small amount of 100 Kg and 250 Kg Class riprap used to protect

the local stream banks and highway endfill from erosion.

Shallow drainage ditches are provided in cut sections to collect water from the adjacent slopes and from
highway surface runoff. Cross culverts then convey surface water from the north side of the highway to
the south side. A detailed survey of the existing drainage features was not included as part of the

Definition Design but will be completed during subsequent stages.

2.3.5 Geotechnical

The topography along Highway 29 in the immediate proximity of the Farrell Creek project segment
consists of relatively flat lying raised fluvial terraces adjacent to the north bank of the Peace River. These
fluvial terraces consist primarily of sand and gravel soils which are underlain by sedimentary bedrock
(siltstone and shale) at depths shallower than apbroximétely 5 metres. Farrell Creek, a tributary of the
Peace River, flows in an underfit meandering channel in the base of a north-south oriented valley that
dissects the terraced terrain. The Farrell Creek valley is about 200 to 500 metres wide through the area
and has steep, bedrock controlled 25 metres to 30 metreé high side walls and a relatively flat bottom. The
existing Highway 29 alignment at Farrell Creek includ‘és a curved descent into and out of the Farrell

Creek valley to access a bridge crossing in the base of the valley.

A Preliminary Geotechnical Asks‘e,‘ssment report for the Proposed Farrell Creek segment report is included

in Volume 3 of the report and provides additional details.

2.3.6 Structures

The existing bridge  at Farrell Creek is a four-span structure with two main spans of
approximately 15 metres and a 9 metres long side span on either end. The bridge, built in 1967, is of a
composite deck construction with the reinforced concrete deck cast onto steel plate girders
supported on reinforced concrete piers. The piers are found on 5-steel H piles and the abutments are
found on 4-steel H piles. The existing bridge will be flooded by the construction of the new dam and may

have to be demolished after the new replacement bridge is constructed.
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A Bridge Definition Design Report is included in Volume 3 of the report and provides additional details.

2.3.7 Utilities and Infrastructure

There are existing utility poles within the Farrell Creek Segment including an overhead crossing east of
the bridge. The exact location of the poles shown on the design drawings are approximate only and
based on GIS data provided by BC Hydro. The location and owners of .the utilities will need to be
confirmed in subsequent design stages in order to properly assess the im'paéts and potential relocation

costs.

2.3.8 Environment
2.3.8.1 Fisheries

Farrell Creek is a small stream located approximately 63 kilometres upstream from the Proposed Dam.
Juvenile Mountain Whitefish were the most abundant species in Farrell Creek in the first set of surveys
completed for the Project in the late 1970’s, Non-sport fish including Redside Shiners, Longnose Sucker,
Slimy Sculpin, Longnose Dace and Lake Chub are present in the creek. A pair of spawned out Walleye
were observed in the creek in 1989 that mtlar:k 'ty‘kﬁ’el’furthest‘ upstream observation of this species. A
resident population of Rainbow Trout has been repdrted in the upperk reaches of Farrell Creek and

juvenile Rainbow Trout were abserved.in small r"iumbersf;in the lower sections of this watercourse.

Fish historically recorgl,efd,;in the Farrell Creek system,jhclude Arctic grayling, Mountain Whitefish, Rainbow
Trout, Burbot, Largesc;;alg _‘Sucker,yi ,:t;,_;;)ngn_o,se Suékgr,~, White Sucker, Flathead Chub, Lake Chub,

Longnose Dace, Northern Pikeminnow, Redside Shiner, Trout Perch, Prickly Sculpin, and Slimy Sculpin.

An Environmental Assessment fep,drtis included in Volume 3 of the report.

23.82 Wildiife

Farrell Creek Is used extensivélly by wolf and other carnivores for hunting abundant furbearer prey in the
lower Peace area, They use the Farrell drainage, especially along the riparian community. Farreli Creek
also has a diversity of bird s{peCies and has had a recorded sighting of a rare Canada Warbler along its
stretch. Large congregations of waterfowl are common along the outflow of Farrell Creek to the Peace
River. It has a known bat roosting location along its section where the Northern Myotis bat has been
recorded. Beavers appear to be common downstream of Farrell Creek Bridge but uncommon upstream
of the crossing location. The rare Fisher was captured along the riparian community of Farrell Creek

during Site C Project surveys.
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An Environmental Assessment report is included in Volume 3 of the report.

2.3.8.3 Other

As part of the Site C Project’s Stage 3 work, BC Hydro has engaged cdnsultants to study and document
other elements of the physical and social environment. These other elements include vegetation,

agriculture, archaeological and heritage, contaminated sites, climate, socio-community, socio-economic,

and recreation, and are reported-on outside of this report.

2.3.8.4 Development and industry

Local farming and agricultural operations are located adjacen 1

2.3.9 Properties

The properties within the Farrell Creek Section consis
land that is currently leased to local residents (BC Hydro he land use within the Farrell Creek
section is a mix of residential and agriculﬁjrfai .and is all wi e Agricultural Land Reserve with the

exception of the area immediately adjacentid" Far'r‘eﬂ'i\l‘iyi’C?reek.

2.4 Km 21 1o Km 26.5

1 kilometres east of Hudson's Hope and extends
2.4.1. Based on the BCMOT LK! referencing
d 26.7 on LKI Segment 1181.

The Km 21 to Km 26.5 ,seg'men‘t begins approximate
for approximately 5.85y~‘kil0metres as shown in Figu

n kilometre 20.

2.41 G,eQméfryﬁ'éﬂd«;:’rosé-'get;tibns

ment befWeen Km 20.8 and Km 26.7 is good, consisting of large radius
s

800 metfésWhigh is well abovéitﬁe requirements for a 90 kilometres per hour design speed.

een 460 metres 500 ‘mﬁét,ce radii with the majority of the curves having radii greater than

the Km 21 to Km 26.5 segment is generally flat with gentle vertical curves

The vertical alig‘hm'ént,\ throug

throughout. The gfé’de‘ éf’dnder 2.5 percent throughout the segment with the exception near the

eastern limit where thek‘gfédes increase to approximately 4 percent.

The existing cross section through the Km 21 to Km 26.5 segment consists of two 3.5 metre lanes with
1.0 metre paved shoulders. South of the highway, natural hillsides varying between 30 metres to 65
metres in height extend down to the river. These hillsides are steep and are susceptible to erosion and

slope failure.
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2.4.2 Traffic

The AADT and SADT along the Km 21 to Km 26.5 segment are estimated to be 735 vehicles per day and
1,053 vehicles per day reépectively for the 2010 year. For the 2035 horizon year, the AADT and SADT
are estimated to be 1,051 vehicles per day and 1,505 vehicles per day respectively. The two way design
hourly volume is estimated to be 74 vehicles per hour for the 2010 year and 105 vehicles per hour for the
2035 horizon year. All traffic data used in this report was taken from the memorandum entitled “Highway
29 North (Realignment Sections) Traffic Forecast Update Version 2” dated January 27, 2012. A

copy of the memorandum can be found in Volume 3 of this report.

2.4.3 Intersections and Accesses

There are several existing driveways and field access located within the current limits of the Km 21 to Km
26.5 segment. Most are minor gravel driveways providing access to adjacent properties including a
gravel pit near the eastern project limit. There are no major intersections or local roads within the Km 21

to Km 26.5 segment.

2.4.4 Drainage

Shallow drainage ditches are provided in cut sections to collect water from the adjacent slopes and from
highway surface runoff. Cross culverts then convey surface water from the north side of the highway to
the south side and down the slope. There is a Iérge erosion gulley located approximately 500 metres
east of the western project limits. A detailed survey of the existing drainage features was not included as

part of the Definition Design but will be completed during subsequent stages.

2.4.5 Geotechnical

In the vicinity of the Km 21 to Km 26.5 highway segment, the existing alignment of Highway 29 is located
on some relatively broad, flat iying, fluvial terraces within the bottom of the Peace River Valley. From the
western end of the segment (Sta. 6000+000 to approximately Sta. 6005+000), Highway 29 follows the
southern edge of a main terrace level (approx. elevation 485 to 490 metres). Between Sta. 6005+000 and
6005+600 the highWay climbs up onto a second higher main terrace level (approx. elevation 505 to
510 metres). From Sta. 6005+600 towards the east end of the project segment (approx. Sta. 6006+400),
the current Highway 29 alignment gradually moves away from the south edge of the terrace. Existing
sand and gravel borrow pits are located adjacent to and north of Highway 29 in the vicinity of Sta.
6005+400 and on both sides of the highway near Sta. 6006+200. Soils immediately underlying the
existing highway and the main terrace levels adjacent to and immediately north of the highway are
anticipated to consist primarily of well drained sand and gravel, although a surface layer of fine grained
(silty) topsoil can be expected.
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Between approximately Sta. 6000+900 to 6003+700, the southern side of Highway 29 is located along
the crest of an approximately 50 to 55 metres high, partially vegetated, terrace slope face that descends
directly down into the main channel of the Peace River. Beneath some upper sand and gravel layers, this
slope is likely underlain by finer grained soils and shale bedrock. The slope has an average natural angle
of repose ranging between about 1.5:1 and 2:1, although there are many steeper segments, particularly
at the locations of local river bank erosion, slope erosion, slope failures. and incised gullies. Some
perched groundwater tables and areas of seepage day-lighting along the slope face are also likely

present.

Between Sta. 6003+700 and 6005+600, the main channel of the Peace River.is located further south,
away from the terrace slope face below the highway, and ,the toe of the terrace slope is generally located
on lower, minor terraces and partially abandoned side channels on the flood plain ::ofvthe Peace River.
Along this section, the slope ranges from 30 to 40 metres in height, ht,as;a natural angle'of,:rfepose ranging
from about 1.5H:1V and 2.5H:1V, and is generally well vegetated and appears naturally more stable than
the prewously described upstream (westerly) section. The geology underlying the slope area is currently

unknown, but is suspected to be similar to that of the upstream sectron

Easterly, beyond Sta. 6005+600 to the end Of"the segme’nt at Sta. 6006+4OO the terrace face below the
highway transitions into a more uniform, partially. vegetated slope in the order of 55 to 65 metres in height.
The upper one half to two thirds of the slope appears to be underlain primarily by sand and gravel.

However, shale bedrock and mtervenrng fine gralne;, ksorls likely occur at lower elevations on the slope.
With the exception of some:locally steeper areas of shallow raveling failure apparently induced by surface
erosion, the slope appears to be relatlvely stable and is at or near its natural angle of repose which is in
the order of 1.5H1V. More frequent evidence of erosion and surface raveling failure of the slope is
apparent east (downstream) of Sta. 6006+3OO

2.4.6 Utllrﬁties and lnfrastrirctUre

There are no known utilities w1tl;un the Km 21 to Km 26.5 segment but this will need to be confirmed in
subsequent design stages.

2.47 Environment

2.4.7.1 Fisheries

No fish bearing watercourses are known with this section.

An Environmental Assessment report is included in Volume 3 of the report.
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24.7.2 Wildlife

This section is located primarily through agricultural fields that provide limited wildlife habitat but are
favoured by ungulate species. The treed locations down slope of the highway and on the east end of the

segment are more significant as they provide thermal and security habitat for ungulates.

An Environmental Assessment feport is included in Volume 3 of the report. .

2.4,7.3 Other

As part of the Site C Project’s Stage 3 work, BC Hydro has eng _jf‘énts to study and document

other elements of the physical and social environment. s include vegetation,

agriculture, archaeological and heritage, contaminated climate, socio-community, socio-economic,

and recreation, and are reported-on outside of this rep

24.7.4 Development and industry

Local farming and agricultural operationsf: , and accessible from the Highway. A

private gravel pit is located at the eastern pr

2.4.8 Property

The property ownershlp thhm the Km 21 to Km “segment north of the existing highway consists
primarily of pnvate land and one parcel of crown land. On the south side of the existing highway the
> Hydro owned land that is leased (BC Hydro

nd and one parcel of crown land. The land use is

primarily | agncultura! and |s all w1thm the Agncultural Land Reserve with the exceptlon of approximately

0.5 kllometres at the east end There |s an existing private gravel pit located near the east end of the

pI‘O]eCt;hmlt

2.5  HALFWAY RIVER

The Halfway Ri{\/erf:é‘egment/‘is,"i/\ocated near the eastern end of the project corridor approximately 8
kilometres west of the BearFlat / Cache Creek segment as shown in Figure 2.5.1. Based on the BCMOT
referencing system, the rééligned Halfway River Segment is located between kilometre 36.9 and 41.0 on
LKl Segment 1181.
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2.51 Geometry and Cross-sections

The existing horizontal alignment within the Halfway River segment consists of two smaller radius curves
of 320 metres and 330 metres located just east of the existing Halfway River Bridge. These-curves are

below the minimum radius of 340 metres required for a 90 kilometres per hour design speed.

The vertical profile consists of steep grades on both the west and east approaches as you descend into
the river valley on the approach to the Halfway River Bridge. The grade west of the existing bridge is
approximately 5 percent and the grade just east of the existing bridge is between 4 percent and 6

percent. At the east end of the Halfway River segment, the vertical grade increases to over 9 percent.

The existing cross section through the Halfway River segment consists of two 3.5 metre lanes with 1.0

metre paved shoulders.

2.5.2 Traffic

The AADT and SADT along the Halfway River segment are estimated to be 735 vehicles per day and
1,053 vehicles per day respectively for the 2010.year. For the 2035 horizon year, the AADT and SADT
are estimated to be 1,051 vehicles per day aﬁd,1,505 vehicles per day respectively. The two way design
hourly volume is estimated to be 74 vehicles pef hour for the 2010 year and 105 vehicles per hour for the
2035 horizon year. All traffic data used in this repbrt was taken from the memorandum entitled “Highway
29 North (Realignment Sectidns) Traffic Forecast Update Version 2" dated January 27, 2012. A copy

of the memorandum can be found in Volume 3 of this report.

2.5.3 Intersections and Accesses

There are several existing driveways located within the current limits of the Halfway River segment. Most
are grav_el driveways and field access providing access to adjacent properties. There are no major

intersections or local roads within the Halfway River Segment.

2.5.4 Drainage

Halfway River is one of the main fributaries to the Peace River in the area, with a drainage basin of 9,350
square kilometres above the Highway 29 Bridge. Near the present highway crossing, the channel is 100
metres to 150 metres in width bank-to-bank and has numerous gravel bars and vegetated islands. It has
a meander pattern that is entrenched in a steep sided valley that is 40 metres deep and more than 700
metres in width. The present highway crossing is located near the confluence of the Peace River where
the river valley widens. The Highway 29 Halfway River Bridge has a moderate amount of approximately

250 Kg Class riprap protecting the highway endfill from erosion.
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Shallow drainage ditches are provided in cut sections to collect water from the adjacent slopes and from
highway surface runoff. Cross culverts then convey surface water from the north side of the highway to
the south side. A detailed survey of the existing drainage features was not included as part of the

Definition Design but will be completed during subsequent stages.

255 Geotechnical

This proposed. Halfway River highway realignment segment is located within the Peace River Valley
adjacent to the confluence of the Halfway River with the Peace River. At,this location, the Peace River
Valley bottom is 2 to 3 kilometres wide and is dominated by vayrious'relatively flat-lying raised fluvial
terraces on the north side of the river that are related to historic river vall'e'y‘ development. Throughout
these terraces, sands and gravels or silty sands are most likely to be encountered near surface, although
a silt cap is likely present in areas east of the Halfway River. The Halfway River, a major tributary of the
Peace River, has cut into these terraces and created{ its own Iocal“floodplain area within which the
channel has developed several meanders upstream from "t}he:conﬂ:uence with the Peace River. Bedrock
outcrops are exposed on actively erodingf;slopes along théf:f;{!i-;{lf;ajlfway River as well as at the present

Highway 29 road cut to the east of the eyxis:fting‘ ri\ier,, crossing. The exposed bedrock consists of friable

shale with a few thin (5 to 10 centimetres thick) i terbedd_ed’isandstone*!’ayers. From the exposures along
the Halfway River valley slbpe,s it was noted tha the sand and gravel overlying the shale bedrock was in

the order of 5 to 8 metres thick.

A large scale slope instability, the Attachie Landslide, is_located southwest of the confluence of Halfway
River and the Peace River fon\ the ,sou,thérn "siop,e&,gf 't'h_e‘Peace River Valley. This area failed rapidly in
May 1973 mobilizing an est‘ima’éed‘12.4 million cubic fnefres of material. There is an estimated 6.0 million
cubic mefé’rfé of ’poténfi:é’ikl,yﬁgnst’ablé“material remaining on the slope. Debris from the 1973 slide crossed
the 7|>"iv,:g’r and remains inwéﬁl‘\ace adjﬁ’éléeﬂnt to the existing Highway 29 alignment upstream from the

confluence of the Peace and Halfway Rivers.

. A Preliminary Geoteqhnical Aséqsément report for the Proposed Halfway River segment report is included

in Volume 3 of the rep'ort andwpr’ovides additional details.

2.5.6 Structures

The existing bridge at Halfway River is a three-span structure with two main spans of approximately 61
metres, and a westerly side span of approximately 13 metres. The bridge, built in 1975, is of a
composite deck construction with the reinforced concrete deck cast onto steel plate girders

supported on reinforced concrete piers found on spread footings. The existing bridge will be flooded by
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the construction of the new dam and may have to be demolished after the new replacement bridge is

constructed.
A Bridge Definition Design Report is included in Volume 3 of the report and provides additional details.

2.5.7 Utilities and Infrastructure

| There are existing utilities poles within the Halfway River Segment including é” overhead crossing of the
highway near the east project limits. There is also an underground teiephone line with an underground
crossing of the highway near the west project limit. The exact locataon of the poles and underground lines
shown on the design drawings are approximate only and based on 'GIS data provrded by BC Hydro. The
location and owners of the utilities will need to be confrmned in subsequent desrgn stages in order to

properly assess the impacts and potential relocation costs._ ’

2.5.8 Environment

2.5.8.1 Fisheries

The Halfway River is the largest tributary upstream of the Proposed Dam Major tributaries of the Halfway
River include the Chowade, Graham, and Cameron nvers and Cypress Colt, Kobes, and Ground Birch

creeks. It is known to be used by 16 fish specr including 7 sport frsh and 9 non-sport fish species.

Mountain whitefish are the most abun _ant spec hekHalfway system and adults, juveniles and young
of year have been captured or observed The presence of young of year fish suggests that mountain
whitefish use the Halfway River for spawnlng and rearmg Juvenile and adult rainbow trout and Arctic

r and its tributaries. Adult and juvenile Bull Trout

Grayling have also been obse ed i ln the Haifway Ri

are commonty found in.the Halfway River and its tnbutanes This system also provides habitat for

e : sucker cyprmld and sculpln species. Fish historically recorded in the Halfway River system
rnclude Mountaln Whitefish, Bull Trout Arctrc Grayling, Bull Trout, Kokanee, Rainbow Trout, Burbot,
Northem Plke Largescale Sucker Longnose Sucker, White Sucker, Flathead Chub, Lake Chub,
Longnose Dace Northern Prkemlnnow and Slimy Sculpin.

An Environmental AsséSsment report is included in Volume 3 of the report.

2.58.2 Wildiife

The Halfway River system is broad and wide. It is used by many species of wildlife. Wolves use this
drainage for hunting commonly along the riparian communities as they follow the deer and elk along the
fields and its riparian community. The wetlands provide nesting and roosting for many species of birds.
A wide diversity of bird species such as the rare provincially Red-listed Connecticut Warbler and Blue-
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listed Canada Warbler have been recorded along the lower Section of the Halfway River system.
Furbearers like the rare Fisher and Marten were confirmed along this corridor during wildlife surveys for
the Site C Project. The wetland communities also provide suitable bat roosting locations, especially
upstream of the existing highway on Halfway River. The lower section contains extensive beaver use,
especially along the Peace River where slow moving water is present. Large numbers of ungulate (deer
and elk) use the lower sections of the Halfway River system, especially in the winter due to the low snow
pack. Moose are scattered through the area but 41 percent of all ungulates that were reco‘rded in

historical Site C Project studies show that the Halfway River area is favored habitat.
An Environmental Assessment repbrt is included in Volume 3 of the report.

2.5.8.3 Other

As part of the Site C Project’s Stage 3 work, BC Hydro has engaged consultants to study and document
other elements of the physical and social environment -These other elements include vegetation,
agriculture, archaeological and heritage, contammated sites, cl;mate socic-community, socio-economic,

and recreation, and are reported-on outs:de of thls report

2.5.8.4 Development and industry

Local farming and agricult;ural;opérat?iiéns are loca; " adjacent to and accessible from the Highway.

2.5.9 Property

The properties within the Halfway Rwer Sectlon are a le of BC Hydro Owned fand that is currently
leased to Iocal reSIdents (BC Hydro Leased) and Crown Land. No private properties are located within
the Halfway River Segment, T'he ,land use is primarily agricultural and is all within the Agricultural Land
Reserve with the exception of apprGXfmately 0.5 kilometres at the western project I|m|t and the area

|mmed|ately adjacent to Halfway R:ver

2.6 BEAR FLaT/ CACHE CREEK

The Bear Flat / Cache Cfreak segment is the most easterly segment within the corridor that would require
relocation and is shown in Figure 2.6.1. Based on the BCMOT LK referencing system, the realigned
Bear Flat / Cache Creek Segment is located between kilometre 48.59 and 56.95 on LK Segment 1181.
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2.6.1 Geometry and Cross-sections

The section of existing highway within the project boundaries is approximately nine kilometres in length,
the majority following the Peace River Valley floor on a bench which is roughly 15 metres above the river

level.

Along the valley floor the horizontal alignment is good, consisting of gentle horizontal curves. A sharp

substandard horizontal curve is located at the eastern project limit.

The vertical alignment, along the valley floor, is generally flat with some slightly undulsting vertical curves
which follow the contours of the existing ground. At the project limits the highway exits the valley floor
and the vertical grades increase. To the west at Watson Hill, the highway climbs up a steep grade of 10
percent which is cut into a side slope with stability concerns. To the east the highway climbs up a steep

grade that continues for approximately two kilometres.

The existing cross section through the Bear Flat / Cache Creek segment consists of two 3.5 metre lanes

with 1.0 metre paved shoulders,

2.6.2 Traffic

The AADT and SADT along the Bear Flat / Cache Creek segment are estimated to be 735 vehicles per
day and 1,053 vehicles per day respectively for the k2010 year. For the 2035 horizon year, the AADT and
SADT are estimated to be 1,051 vehicles per and 1,505 vehicles per day respectively. The two way
design hourly volume is estimated to be 74 vehicles per hour for the 2010 year and 105 vehicles per hour
for the 2035 horizon year. All traffic data used in this report was taken from the memorandum entitled
“Highway 29 North (Realignment Sections) Traffic Forecast Update Version 2 dated January 27,
2012. A copy of the memorandum can be found in Volume 3 of this report.

2.6.3 Intersection and Accesses

There are several.existing driveways and intersections located within the current limits of the Bear Flat /
Cache Creek segment. Most are gravel driveways and farm accesses providing access to adjacent
properties. There is a access to a BCMOT gravel pit, a private gravel pit and to a campground as well as

one main intersection at Watson Road within the Bear Flat / Cache Creek segment.

2.6.4 Drainage

There are two significant tributary streams of the Peace River within this segment. An unnamed stream is
located at the west end of the segment and flows in a small draw and Cache Creek which is located near
the east end of the segment. Cache Creek has a drainage basin of 932 square kilometres upstream of
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the Highway 29 Cache Creek Bridge. Near the present highway crossing, the channel is 30 metres to 35
metres wide bank-to-bank. Upstream, the channel and floodplains are entrenched in a steep sided valley
that is 40 metres deep and 400 metres to 700 metres in width, but downstream of the existing bridge the
channel is unconfined as it approaches Peace River. The Highway 29 Cache Creek Bridge has a
moderate amount of 500 Kg Class riprap used to train the channel and protect the highway endfill from

erosion.

Storm water reaches the existing highway alignment, flowing from the high escarpment to the north,
across the low lying farm fields via a series of valleys and swales and crosses the highway through a
series of culverts. Watson Slough intercepts and retains some surface runoff, prior to it crossing the
highway.

Down pipes are common in the area as illustrated in Photograph 2.6.1. however they are prone to

damage due to ground movement.

Photograph 2.6.1: Example of broken pipe (Credit: AMEC)
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A detailed survey of the existing drainage features was not included as part of the Definition Design but

will be completed during subsequent stages.

2.6.5 Geotechnical

The Peace River Valley is 2 to 3 kilometres wide through the Bear Flat / Cache Creek segment, and
about 200 metres deep. The valley bottom adjacent to the river is characterised by fluvial features such
as floodplain areas and older abandoned river channels. The river morphology is primarily sinuous. Bear
Flat gets its name from two broad flat terraces located within the Peace River Valley, but above and north

of the current river flood plain.

The lower elevation terrace feature within the Bear Flat / Caéhe Creek section (here‘after called the lower
terrace) is situated just below the proposed reservoir Full Supply Level (FSL), around 460 metres above
sea level (ASL) elevation at the upstream end of the section and '440 metres ASL éiévation at the
downstream end. Throughout much of its length, the surface of the lower terrace has a slightly higher

elevation closer to the current river channel than it does to the north, and the north margin of the terrace

is occupied by a long, narrow, wetland
represents the surface of an infilled and, aba
the lower terrace adjacent to the floodplain h

Peaceview Pit).

underlying its nor

yer terrace have

The adjacent nortt
erodible. There are mg defined gullies and creeks along the valley slopes that have formed from
runoff of rainfall and snow melt. While the Peace River Valley is considered mature, the valley slopes are

still unstable (Thurber, 1978).

There are two significant tributary streams within the Bear Flat segment: an unnamed stream located at
the west end of the segment; and Cache Creek, located near the east end of the segment. The unnamed
stream flows in a small draw which is crossed by the existing highway on a steep-sided embankment fill.
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Cache Creek, a major tributary stream of the Peace River, flows in a meandering, braided channel within
the base of its own mature valley. Where the Cache Creek valley meets the Peace Valley, it extends
through the upper Bear Flat terrace at nearly the same elevation as the Peace River. The valley is
between 40 and 55 metres below the adjacent terrace surface. The lower terrace ends just upstream of
Cache Creek. Due to its width, depth, and proximity to the existing highway corridor which rises up out of
the Peace River Valley at the east end of the Bear Flats section, the Cache Creek valley represents a

major topographic obstacle which must be accommodated by the proposed ‘ahgnment

Three significant areas of large scale slope instability have been i ithin or adjacent to the Bear

(Thurber, 1978). A portion of the slide d
(Bidwell, 1999).

A Preliminary Geotechnica
Volume 3 of the repcrt

2.6.6 Structures

The ex1st1ng bndge at Cache Creek is a smgle span, ucture of 46 metres in length and is shown in
Photograph 2.6.2 below it was reconstructed in 2008 with precast concrete deck panel on steel plate

d. on four 610 millimetre diameter x 19.1 millimetre thick steel pipe

olished after the new replacement bridge is constructed. However, the

e value for re-use.

A multi-plate structure isiocated in a steep valley at the east end of the project. The condition of the multi-

plate was not assessed dlj"fi‘ng the Definition Design.

A Bridge Definition Design Report is included in Volume 3 of the report and provides additional details.
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2.6.7 Utilities and infrastructure

A BC Hydro overhead line runs most of the length of this section switching from side to side of the
existing highway as can be seen in Photograph 2.6.3 below. It diverges from the highway corridor at the
east end of the segment. Also present is an underground telephone line. The location and owners of the
utilities will need to be confirmed in subsequent design stages in order to properly assess the impacts and
potential relocation costs.
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Photograph 2.6.3: Overhead lines (Credit: AMEC)

2.6.8 Environmental

2.6.8.1 Fisheries

Cache Creek is located approximately 25 kilometres upstream from the proposed Site C dam. Most
common fish species recorded in recent surveys include Northern Pikeminnow and Lake Chub. They are
common in all reaches of Cache Creek. Species like the Longnose Dace and Longnose Sucker were also
found in Cache Creek. Fish historically recorded in Cache Creek consisted of Rainbow Trout, Arctic
Grayling, Bull Trout, Longnose Sucker, White Sucker, Flathead Chub, Lake Chub, Longnose Dace,
Northern Pikeminnow and Redside Shiner.

An Environmental Assessment report is included in Volume 3 of the report.

2.6.8.2 Wildlife

The Bear Flat / Cache Creek area provides habitat for a diversity of species. As part of the inventory
surveys completed for the Site C Project, Eastern Red Bats have been identified in the area. Mallards
and Canada Geese are the dominant waterfowl in Cache Creek especially at its confluence with the

Peace River. The Bear Flat / Cache area provides good habitat for furbearers like the provincially Blue-

Site C Clean Energy Project Confidential Document Last updated: Apr 2012
Highway 29 Definition Design 36



Site C Clean Energy Project April 13, 2012, v4
Doc 05-0044

listed Fisher which has been recorded along the system. Wolf and other carnivores commonly use the
riparian community for hunting.  Large mammals like Stone Sheep have historically been identified along
the higher elevation areas. Bat roost sites along the banks of Cache Creek and the existing bridge have
been identified for species like Little Brown Bats, Northern Myotis, Long-legged Myotis and Big Brown

Bats. A rare Red Bat was recorded historically in the area.
An Environmental Assessment report is included in Volume 3 of the report,',',' o

2.6.8.3  Other

As part of the Site C Project’s Stage 3 work, BC Hydro has engaged consultants to study and document

other elements of the physical and social environment; These other elements include vegetation,

agriculture, archaeological and heritage, contaminated cio-economic,

, climate, somo-commumgy*

and recreation, and are reported-on outside of this r

2.6.8.4 Development and industry

A BCMOT gravel pit, a private gravel pit, wetland area with visiting facilities

are located within the Bear Flat / Cache C g and agricultural operations are

located adjacent to and accessible from the Highwkay.

2.6.9 Property

There are 10 separate access points fo'adjacent properties in the Bear Flat / Cache Creek segment. On
the western section there are several restdences at the top of an escarpment and east of Cache Creek
there are two resud nees. Actlve farm land is present throughout the length of this project immediately to

the north of these resrdences One kr[ometre west of the existing Cache Creek Bridge there is an access

erves a private gravel plt and campground The Watson Slough immediately adjacent to the
hlghway 'has a parkmg area. Opposrte Watson’s Slough is an access to a BCMOT gravel pit.

The property OWnership throu,ghout this segment varies between BC Hydro Owned, BC Hydro Owned
land that is curreht’ly f’leased to local residents (BC Hydro Leased) and privately owned property. The land
use is primarily agriCultUral and is all within the Agricultural Land Reserve with the exception of
approximately 1.7 kilometres east of the western project limit and 0.3 kilometres west of the eastern

project limits.
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3.0 PROJECT OBJECTIVES

The primary objective of this project was to determine safe, cost effective re-alignment options that meet
all the required BCMOT desigh standards and criteria while minimizing environmental, agricultural and
private property impacts. Mitigating impacts due to erosion caused by wind induced waves on the
reservoir and from impacts due to landslide generated waves are key design elements that were
considered during the Definition Design stage. Additional objectives of the'}?ii'ghway 29 Definition Design

stage included:

¢ Reviewing previous alignment options from earlier stuc!ie's';:: ,,

e Providing initial geotechnical assessment of each segment

¢ Determining potential material sources;

Providing support for the Multiple Account Evaluation proce

3.1

sjoped for Highway 29 and associated side roads in

and the Binnie Design Team. The purpose of

. Funiétional Classification = Rural Arterial Undivided

. Design;;S\,,‘peed =90 kildm stres per hour

o Lane Widtﬁ _ Gmetres

¢ Paved Shouldyer:

_Jd/‘t;h = 1.5 metres

e Minimum Horizontal Radius = 340 metres

e Minimum Grade = 0.5 percent (1.0 percent on Bridges)
e Maximum Grade = 6 percent

e Minimum Highway/Causeway Elevation = 468 metres (2 metres above Fiood Impact Line)
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* Minimum Bridge Elevation established so the 10,000 year return period landslide generated wave
passes underneath structure

All proposed new major intersections along the Highway 29 corridor will be designed in accordance with
Figure 710.E, Figure 710.G.1 or Figure 710.H from the BCMOT Supplement to TAC Geometric Design
Guide. The exact intersection configuration, including the need for quadrant islands, auxiliary lanes and
storage lengths will be assessed on a site specific basis and based on a traffic analysis during

subsequent design stages.

All private accesses and driveways along the Highway 29 corridor will be designed in accordance with a
Type 1A, Type 1B, Type 2A or Type 2B access as shown |n the BCMOT Supplement to TAC Geometric
Design Guide. The exact access type will be assessed on a site specific basis and in consultation with

property owners during subsequent design stages.

The design criteria document also contains guidelines f*’o;‘r:k"th‘e struc?tﬁ“ I, khydrotechnical and geotechnical

components of the design. The approved design criteria dfc:urhéht can be found in Volume 3 of this

report.

3.2 PROBLEM DEFINITION

The construction of the proposed new dam will re t in the formation of a new reservoir in the Peace

River valley. Four segménfs of Highway 29 (Lyﬁx, eek, Farrell Creek, Halfway River, and Bear Flat /
Cache Creek) would""b/"e inundated by the new fé"'é’é‘rvoir and will require relocation. Two additional
segments (Dry Creek and Km 21 to Km 26 5) would not be inundated but are still impacted by the
reservoir and also requ:re relocatlon The reservoir W|Il also cause erosion and increased instability to the
eXIStlngk‘hlghway embankment slopes at these two sites. This will require either some form of slope
protecffiqn to mitigate the e:fc)sion and instability or the relocation of the highway to outside the zone of
erosidn a\nd‘;instability. This zdne of érosidn and instability is depicted on the Definition Design drawings

by the Erosidn, Impact Line (EII»_;) and Stability Impact Line (SIL) respectively.

The preferred alfgn’ment optibns have been developed to comply with the criteria set out in the design
criteria document. In addition, several other key constraints were taken into considered in developing and

selecting preferred alignment options. These key constraints include the following:

» Geotechnical Ground Conditions: It is preferable to select an alignment option on “good”
geotechnical ground conditions to minimize initial construction costs and future maintenance
costs.
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« Environmental Effects: The selection of the preferred alignment considered the effects to aquatic
and riparian habitat, wildlife habitat and vegetation loss with the aim to minimize these effects.

o Archaeological Sites: The selection of the preferred alignment considered the effects on known
and potential archaeological sites with the aim of minimizing effects on these sites.

e Agricultural Land Effects: The selection of the preferred alignment considered effects on
agricultural lands with the objective of minimizing the total loss of. gricultural land as well as
minimizing the creation of agricultural severances. ’

o Effects on Private Properties: The selection of the preferred ahgnment considered minimizing
effects on private properties. f ~

« Navigable Waters Protection Act: A Navigable Clearan"ée Envelope achyie“ving the requirements of
the Navigable Waters Protection Act will likely be, requrred at the proposed 1 structures at Lynx
Creek, Farrell Creek, Halfway River and Cac eek. Although no final decisions have been
made by Transport Canada regarding the di ons of the Clearance Envelopes a draft memo
prepared by the IET dated August 5, 2011 provided esti ;_ted clearance envelope dimensions
that were used in the preparation of the Definition  preferred options. This memo was

provided to Transport Canada . while they enerally accepting of the proposed

Extree High Resemr Level Estimated Required Navigation
Elevation Clearance Envelope

(Height by Width)
8mby25m
461.9m No Navigation Clearances
461.9m " 8mby25m
~ 4618 m 8m by 25 m
461.8 m 8mby25m

Location

A key consideration in the selection and design of the highway, causeway and bridge structures is the
effects of a potential landslide generated wave. The landslide generated wave is a wave that would be
produced by a landslide event impacting the proposed reservoir. The amplitude of the wave, which is the
height of wave measured from reservoir water surface level, and the forces produced by this wave on the
bridge abutments and piers and to a lesser extent the superstructure approach spans, assuming the
superstructure is positioned to clear the wave at the main channel are critical elements that were
considered when selecting a preferred alignment option and will need to be considered during
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subsequent design stages. BGC Engineering (BGC) has provided some preliminary estimates on the
expected Wave Amplitudes at the various bridge crossing sites based on an estimated 10,000 year return
period landslide. The values used in the Definition Design are shown in Table 3.2.2 below.

Table: 3.2.2: Peak 10,000 year wave amplitudes at bridge sites
Proposed Modeled Peak Wave Amplitude based on a
Bridge Location 10,000 Year Return Period Landslide

Lynx Creek
Dry Creek <1m
Farrell Creek 3m
Halfway River 14 m
Cache Creek } 3m . -
3.3 IMPACT LINES

BGC has developed preliminary impact lines around the pro ’ Site C reservoir that were considered

mpact lines are preliminary and the lines

when developing the preferred highway a gnment optrons The |
i The fgllowing section provides a brief

- described in the approved project design

ion of the. bank to an anticipated angle of repose. Conservative input
- ;parameters have been used to determine the EIL, and it is expected that in the majority of cases
actu’ erosion will be Iess than predicted by the EIL.

. Stablllty lmpact Line (SIL) is “defined as the boundary beyond which land adjacent to the
proposed reservoir is not expected to be subjected to sudden landsliding due to reservoir action,
to an ann»ual probability of exceedance of 1/10,000".

e Flood Impact Line (FIL) is “defined as the boundary beyond which land adjacent to the proposed
reservoir is not expected to be inundated as a result of normal reservoir or flood event”. The
preliminary FIL has been set at a single elevation of 466 metres which is approximately 4 metres
above full supply level.
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e Landslide Generated Wave Impact Line (WIL) is “defined as the boundary beyond which waves
produced by a landslide into the proposed reservoir are not expected to cause erosion or other
damage to an annual probability of exceedance of 1/10,000".

e A Natural Stability Line (NSL) has also been produced to provide an indication of areas potentially
subject to sudden landslides under current (natural) conditions. The NSL is "described as the
boundary beyond which land adjacent to the current river is not expected to be subjected to
sudden landsliding under current conditions, to an annual probabrllty of exceedance of 1:10,000
(or approximately 1% in 100 yrs).” :

4.0 OPTIONS ANALYSIS

The Options Analysis process used to select a preferred allgnment differed shghtly between the six
segments. The Lynx Creek and Halfway River segme" s:Were subjected toa pre-screenmg MAE process
as well as a final MAE session. The pre-screening MAE was used at Lynx Creek and Halfway River to

eliminate less feasible alignment options from further Consrderatlen The final MAE sessions at Lynx

Creek and Halfway River were used to.select a preferre ment option to proceed with through
Definition Design. The preferred alignmento‘p,tioanere’ then subjected to further design refinements and

optimization.

A corridor at the Bear Flat/ Cache’i",___, ent,‘and’ ot an ellgnnwent was selected using an MAE
process. The reason that only a corndor was seie ted was due to the pending updates to the impact

lines and the project’s approach to resrdences within‘the impact lines being undetermined. The outcome

of these two unknowns wouid have an mﬂuenc .on the alrgnment east of Cache Creek and therefore a

preferred ahgnment could not k slected. The se ected corridor was subjected to further design review,

refmement and opttmrzatlon an will-continue to be refined as new information becomes available during

subsequent design stages.

The remai’ning« three segments'ﬂ,; Dry Creek, Farrell Creek and Km 21 to Km 26.5, were subject to a design
review, refinement and optimizefien process only and not to a pre-screening or final MAE process. The
reason for this is“that.all _the;iiayﬁgnment options within these segments were contained within a single

viable corridor.

A MAE process is commonly used by the BCMOT to evaluate highway alignment options based on key
criteria or accounts. While the MAE process ‘used to select the preferred alignments at Lynx Creek,
Halfway River and Bear Flat / Cache Creek slightly differed from the BCMOT process in that Net Present

Value costs were not calculated for each account; the process was still effective in comparing and
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selecting a preferred alignment option and was accepted by the BCMOT. The MAE team was made up of
subject matter experts from BCMOT, BC Hydro, Binnie and the IET.

The MAE Accounts used in both the Pre-screening and Final MAE processes included the following key

accounts and indicators:

o Cost and Constructability Account

(e]

Capital Cost — Total Project Costing including B d Roadway, Property, and
Engineering Design costs. Environmental mitigation and compensation costs were also
included as a percentage of the cost. The capital:costs used in the: re-screening and Final
MAE processes were based on early stages of designs and on histarical unit rates. The
capital costs were intended for compari d not be considered
absolute or final. The capital costs are st ’

a more detailed stage.

Vegetation - Area of vegetation loss
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o Social Account

o Property Effects - Number of private properties impacted
o Change in Land Ownership- Area of private land impacted by roadway alignment

o Effects on Archaeological Sites - Number of known sites within 50 metres of the alignment
and directly impacted by the alignment

o Potential for unknown Archaeological Sites - Area of high and moderate archaeological

potential
o Loss of ALR - Areas of land within Agricultural Lane rted to road right of way
o Agricultural Severance — Length of actively far alignment

4.1 LYNX CREEK

The Lynx Creek segment underwent a pre-screening k

alignment.

41.1 Pre-screening MAE — Lynx Cre

during the bre—screening MAE process. Four of these six alignment

s alignment options developed by Willis Cunliffe Taite Delcan in

e Peace River C Hydro Project Highway 29 Relocation Hudson Hope to Charlie Lake,
prepared by Urban Systems, dated November 2008

The other two alignment options utilize the existing Millar Road alignment and were identified as potential
options based on feedback received during the 2008 public consultation process. For each of the six

alignment options, a short bridge with a causeway and a long bridge with no causeway were considered.
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These proposed six alignment optioné generally followed three main corridors. An inland-corridor located
away from the reservoir, a shoreline-corridor located adjacent to and in close proximity to the proposed
reservoir and the Millar Road options which can be considered mid-corridor options. A brief description of

the six options is provided below and drawings can be found in Volume 3.

Option 1 — This is similar to the previous alignment Option 2A from the 2008 Urban Systems report. The
total length of this option is 7.2 kilometres and can be considered one of the Vt'h‘ree inland-corridor options.
The short bridge option consisted of a 130 metre long bridge and a 320 metre causeway. The long
bridge option consisted of a 450 metre long bridge and no causeway The‘total project cost of the short
bridge option was estimated at | N} I = the total project cost of the Iong bridge option was

estimated at [

Option 2 - This is similar to the previous alignment Qpﬁqn A from th’e~’2008 Urban Syéféms report. The
total length of this option is 7.1 kilometres and can be cdnsidgred one of the three inland-corridor options.
90 metre causeway. The long bridge

The short bridge option consisted of a 160 metre bridge an
option consisted of a 450 metre bridge with ho causeway. The I pro;ect cost of the short bridge option
was estimated at | N =< the total project cost of the Iong brldge option was estimated at

Option 3 - This is similar to the previous alignment Option 1A from the 2008 Urban Systems report, The
total length of this opti Oki b nsidered one of the three inland-corridor options.
2’ long bridge and a 320 metre causeway. The long
‘causeway. The total project cost of the short

bridge optlon | the total project cost of the long bridge option was

estimated at—

Optlon 4 ThlS is similar to the prewou ,

gnment Option B from the 2008 Urban Systems report. The
total length of thlS option is 7.2 kllometres and is the only shoreline-corridor option. The short bridge
option consisted tre long bridge and a 530 metre long causeway. The long bridge option
consisted of a 630 metre Iong bndge with no causeway. The total project cost of the short bridge option

was estimated at— and the total project cost of the long bridge option was estimated at

Option 5 — This is one of two Millar Road options. The total length of this option is 7.1 kilometres and can
be considered a “mid-corridor” option. The short bridge option consisted of a 160 metre long bridge and a

290 metre causeway. The long bridge option consisted of a 450 metre long bridge with no causeway.
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The total project cost of the short bridge option was estimated at || | | | | | JEJJEE 1< the tota! project

cost of the long bridge option was estimated at ||| | | | EGcNGN

Option 6 — This is one of two Millar Road options. The total length of this option is 7.3 kilometres and can

be considered a “mid-corridor” option. The short bridge option consisted of a 160 metre long bridge and a
530 metre causeway. The long bridge option consisted of a 690 metre bridge with no causeway. The
total project cost of the short bridge option was estimated at— and the total project cost

of the long bridge option was estimated at ||| | |  EGcNGNG

One alignment option from each of the “inland-corridor”, “shorelme-comdo and a Millar Road Option was
ere Option 3 Short‘*Bndge Option 4 Short
and Long Bridge and Option 5 Short Bridge. The option ~ i \E process were Option
data and the

selected to proceed to the next stage. The options selecte

1, Option 2 and Option 8. The pre-screening MAE report contammg all the |nd|c

meeting minutes can be found in Volume 3.

4.1.2 Final MAE Process — Lynx Cree

Meeting No. 4). At the meeting

The final MAE process for Lynx Creek took p ce on October 28", :

the Binnie Design Team provided an overvie ) ti:,ons which were Option 3 Short

Bridge, Option 4 Short and Long ?B*'dge and Op

the four remaining
5 Short Bridge. An updated list of indicators was

( ;T e strategy used to select the preferred alignment
was to look at the lowest cost option ﬂrst and detern jif there were any significant concerns with any of

:s were ldentlfled by the Project Team, or the impacts were

the accounts. If no &gmﬁcant Con e

comparable then the Iow cost Opthﬂ was conSIdered the preferred option.

413 Fmal MAE Result,,; = Lynx Creek

"The Capltal costs for the four o i ions evaluated during the Final MAE session were as follows:

option 5 Short — | N
Option 3 Short Bridge was the lowest cost option at ||| | | | QJNJNEEEE ~n acditional benefit of this
option is that it is located outside the Landslide Generate Wave Impact Line which is preferable.
However, a couple of concerné were identified with this option from a property and bridge perspective.

This alignment option would sever an existing active farm and the bridge crossing would be located closer
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to the mouth of the creek and may be subject to increased sedimentation and debris accumulations thus

increasing bridge maintenance costs.

The Option 4 Short and Long Bridge had the highest capital costs of any of the options. In addition, this
option has the highest exposure to Landslide Generated Wave impacts since the alignment is
immediately adjacent to the proposed reservoir. A large amount of riprap material would be required for
this option to protect the slope against wind generated waves which would“ increase annual maintenance
efforts. The hlgh capital costs and the increased risk due to exposure to a landslide generated wave

resulted in this optlon being eliminated from further consideration.

Option & Short Bridge was the second lowest cost option coming in approximately | NN
higher than Option 3 Short at |||l This option however has several benefits when
compared to Option 3 Short Bridge. It has the least amount of property impacts and severances partly .

because it utilizes a portion of the Millar Road alignm'er?}t;,, The use of the Millar Road alignment was

suggested by local residents during the 2008 public consul’taﬁbn process. As with Option 3, the Option 5

alignment is located entirely outside the Landsl’ide Generated Wave Impact Line which eliminates the risk
associated with a landslide generated wave. From a bndge perspective, this option is preferred because

it provides the shortest bridge length and the fldge crossmg is.located far enough away from the mouth

wer annual bridge maintenance is expected with

of the creek to minimize debris and sed|menta on. I

this option when compared to Option 3. Even thougk the capital cost for Option 5 was slightly higher than
the capital cost for Optlon 3, the additional benefits described above were considered significant and
therefore Option 5 Short. Bndge was selected as the preferred option to advance through the Definition

Design stage

Refer to Section 5 for details on the preferred option for Lynx Creek.

4.2 DRy CREEK

As discussed in Section 2, tﬁe, ;existing culvert at Dry Creek is a 2.4 metre diameter steel multi-plate
culvert that lacks ca’pacity, to handle the Q200 Instantaneous Flow and will be fully submerged after
construction of the Proposed Dam. The existing highway alignment and profile at Dry Creek are a
concern to the BCMOT dute to the poor geometry created by the combination of the tight horizontal curves

and the steep grade.

Given these concerns, the Binnie Design Team was asked to explore options to replace the culvert at Dry

Creek. Several options were prepared for consideration and review by the IET. The options included
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both bridge and culvert structures. These options were subject to a design review and refinement

process not a formal MAE in selecting the preferred alignment to advance to the Definition Design stage.

4.2.1. Conceptual Dry Creek Options

An Option 4 alignment and profile was prepared and presented at a design review session held on
October 14, 2011. The horizontal alignment consisted of a 380 metre radlus curve which meets a 90
kilometres per hour design speed. The vertical alignment consisted of a. sag vertlcal curve with 4 percent
and 5 percent approach grades. Three different structures mcludlng a bndge, a pre-cast concrete arch

culvert and a multi-plate arch culvert were considered.

Option 4 Bridge Option — The bridge option consisted of an 1‘8V’metre single épéh"“incorporating precast
concrete box girders. The bridge concept assumed Cast—m place concrete abutments founded on piles
with MSE wing walls that begin above the full supply level elevatlon of 461.8 metres. The bridge option

provided a NaVIQabIe Water Clearance Envelope of 3 metres yh!gh by 10 metres wide and also allowed for

was provided on the upstream side to mim )

also prowded on the downstream side bec

m sides:for the same reasons mentioned above. The concrete arch

gable Water Clearance Envelope of 3 metres high by 10 metres wide.

was estimated to be || ]I 2nc the total estimated project

cost wes [N

Option 4 Multi-plate Culvert Option ~ A multi-plate high profile arch culvert with a span of 6.3 metres and

a rise of 3.68 metres was the final structure considered. This option did not consider the need for a
Navigable Water Clearance Envelope and the only design consideration was that the pipe conveys the
Q200 Instantaneous Flow which is estimated to be 44.3 cubic metres per second. Embankment side
slopes of 2H:1V were provided for this option instead of MSE walls which increased impacts o adjacent

private properties. Similar to the other options and in the absence of any detailed geotechnical
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investigations, a conservative foundation design was assumed with the culvert being founded on piles.
The total cost of the culvert was estimated to be — and the total estimated project cost

wes I

The preferred option that was selected to be advanced through the Definition Design Stage was
essentially Option 4 Multi-plate Culvert Option with a Precast Arch as the preferred structure instead of
the multi-plate. This option was selected because preliminary discussiéns with Transport Canada
indicated that a Navigational Clearance Envelope may not be requy,iredk‘a't Dry Creek and therefore a
smaller and lower cost structure could be used. The Precast Concrete Arch was preferred over the multi-
plate structure because it was thought to be more robust although other structure types can also be

considered in subsequent design stages.
Refer to Section 5 for details on the preferred option;f,gjr yl;)ryy Creek.

4.3 FARRELL CREEK

Farrell Creek was subject to a design reVi’éw and refinement process not a formal MAE process to select

the preferred option to advance through thé' Jefinition Design stage.

4.3.1  Farrell Creek Options

A single alignment and profife option, "pnsidered at Farrell Creek including short and long
bridge variants. The proposed alignmenf is genera :yk‘tangential with the exception of three large radius
curves of 5,000 metres, 2,000 metre’s and '1,00,Q;metrke; rgdii which are well above the requirements for a
90 kilometres-per-hour design speed. The Vertiéé[?ﬁproﬁle consists of gently rolling vertical curves with
grades under 3 percent.. The exception to this is at the east project limit where a 4.3 percent grade is

required to match the existin

g‘highwaiy. This horizontal and vertical alignment for Option 1 provides a
significant improvement over : exisfing alignment. The total length of the Option 1 alignment is 1.97
vkilometres. A short bridge o orii with a causeway and a long bridge option with no causeway were
considered. Th'e','fshort bridge ’ included a 160 metres long bridge and a 150 metres causeway. The
bridge configurati'Onk consisted of 2 spans 80 metres long and one pier. The estimated total cost of the
bridge structure only wa;sf’_ and the estimated total project cost of the short bridge
variant was—. The long bridge option included a 310 metres bridge with no causeway.
The bridge configuration consisted of 3 spans of 80 metres and one end span of 70 metres with three

piers. The estimated total cost of the bridge structure only was— and the estimated

total project cost of the long bridge variant was ||| NI
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Based on costs, the long bridge variant was eliminated from further consideration. The short bridge
variant with some revisions to the horizontal alignment was selected as the preferred option to advance

through Definition Design.
Refer to Section 5 for details on the preferred option at Farrell Creek.

4.4 Km 21 To Km 26.5

The Km 21 to Km 26.5 segment is in an area where the preliminary’fer‘osyiyon and stability impact lines

extend beyond the existing highway. This indicated that some for"rﬁ“of"‘ Sléb"e protection may be required
to protect the embankment from erosion and prevent a slope. fallure Alternately, the highway alignment
may need to be relocated outside of the erosion and stablllty 1mpact lines. The landshde generated wave

is not a concern within the Km 21 to Km 26.5 segmentf

4.41 Km 21 to Km 26.5 Options

Slope Protection Plan — This option inve 1gated the feasub ofﬁprowdlng slope protection by placing

riprap along the embankment slopes adjacent o the proposed reservoir. The riprap was only to be

placed between elevations 459.6 metres and W|th the intent of providing erosion protection

from wind induced waves. Riprap.of 100 Kg etre thick was assumed. The total estimated

project cost of the ‘slope_ protectloh{' an was ]

protection from wind mduced waves and did not ss the overall global stability of the embankment

his option only provided localized
slopes. In addition the constructlon of thls optio uld be difficult because of the high and steep

embankment slopes which are as steep as 1 25H 1V d'as high as 65 metres. For these reasons, this

concerns by relocatmg the hlghwey beyond the stability impact line and is significantly less expensive and
easier to construct tha e slope protection option but it does have a greater impact on private
properties. The realignm‘ent option was selected as the preferred option to advance through Definition

Design.

Refer to Section 5 for details on the preferred option for Km 21 to Km 26.5.
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4.5 HALFWAY RIVER

The Halfway River segment, similar to Lynx Creek, underwent two levels of Options Analysis including a
pre-screening MAE and a Final MAE prior to selecting a preferred alignment.

4.5.1 Pre-screening MAE Process — Halfway River

The pre-screening MAE took place over three days on July 22, 2011 (Meeting No. 1), July 28, 2011
(Meeting No. 2) and September 23, 2011 (Meeting No. 3). The purpose of Meeting No. 1 was to allow
the Binnie Design Team an opportunity to present the different align‘myent’options to the IET and BCMOT
for their review and consideration. The purpose of Meetlng No. 2 was'to reVIew the indicator data
compiled for each alignment option and eliminate ahgnment options that were conSIdered less feasible
from further consideration. A third meeting, Meeting No. 3 was held to consider Chan,g;es to the vertical
profile and cost estimates that were suggested during Méeting No. 2. .

Three alignment options were evaluated dunng the pre- screenlng MAE process. These three alignment
options were enhancements of previous ahgnment options developed by Graeme & Murray Consultants
Ltd. in 1982 and subsequently updated by Urban Systems in 2008 These previous alignment options

can be found in the following reports

Eﬁvironmenté'l Impact and Engineering Study of
d by Graeme & Murray Consultants Ltd., dated

+ Highway 29 — Hudson Hope to Charlie
Highway #29 Relocatlon Sectlan 1, prepj‘,_,;
January, 1982

e Peace River Site C. Hydio Pro;ect nghway 29 Relocation Hudson Hope to Charlie Lake,
prepared by Urban Systems dated November 2008

These three ahgnment,cpt}tgns generally followed three main corridors. An inland-corridor located away
from the reservoir, a shdfét?i’hejcorridéf’?lo;cated adjacent to and in close proximity to the reservoir and a
mid-corridor. A brief descripfi’éh“-pf the three options is provided below. A short bridge with a causeway

and a Iongbridge with no causéwéy were considered for all alignment options.

Option 1 — Thls is stmllar to the prevrous alignment Option C from the 2008 Urban Systems report. The
total length of this optlon i8°4.7 kilometres and can be considered a mid-corridor option.  The short
bridge option included a 640 metre long bridge and a 320 metre causeway. The long bridge option
included of a 960 metre bridge with no causeway. The total estimated project cost of the short bridge

option was || S ¢ the total estimated project cost of the long bridge option was i}
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Option 2 - This is similar to the previous alignment Option A from the 2008 Urban Systems report. The
total length of this option is 4.5 kilometres and can be considered an inland-corridor option. The short
bridge option included a 305 metre long bridge and a 1,367 metre causeway. The long bridge option

included a 1,672 metre bridge with no causeway. The total estimated project cost of the short bridge
option was | BB =nc the total estimated project cost of the long bridge option was i}

Option 3 - This is similar to the previous alignment Option B from the "'2"008:‘Urban Systems report. The

total length of this option is 3.4 kilometres and can be considered the shorehne corridor option. The short
bndge option included a 305 metre long bridge with a 695 metre causeway The long bridge option
included a 1,000 metre long bridge with no causeway. The tota! estimated project cost of the short bridge

option was | I ¢ the total estimated project cost of the long bridge option was N

As noted, after Meeting No.2, refinements were made to th 2 Short Bridge profile to reduce the

amount of imported fill material required” rt e causeway cons tion. The unit rates for imported fill

assumed that the riprap could be

produced and hauled f | that the imported fill could be sourced from the

Im?® for riprap and i Im* for riprap and

|I for imported fill _]Im3 for imported fill

Option 2 Long (A)

Option 3 Short (B)

....J.

Option 3 Long (B)

Site C Clean Energy Project Confidential Document Last updated: Apr 2012
Highway 29 Definition Design 52




Site C Clean Energy Project April 13, 2012, v4
Doc 05-0044

After the MAE process, these rates were again revised to _ per cubic metre for riprap andl
-per cubic metre for imported fill and these rates were used in the determination of the final
Definition Design cost estimates for all segments. The- per cubic metre for riprap was based on
the assumption that riprap could be produced and hauled from Portage Mountain instead of the West
Pine Quarry which reduces the haul distance. There is a risk that this assumption is proven wrong in
subsequent design stages then increased project costs could result. The imported fill unit rate of-
per cubic metre was determined by estimating loading times, hauling distance and equipment rates to

calculate an appropriate rate.

The three alignment options were evaluated based on a series of key accounts and indicators as

described earlier in Section 4.0.

After the pre-screening session, Option 2 Short Bridge and Long Bridge were elimi ed and Option 1
Short, Option 1 Long, Option 2 Short Revised, Option 3 Short and Option 3 Long were selected to
advance to the final MAE process. The pre-screening MAE‘f',{repert containing all the indicator data and

the meeting minutes can be found in Volume_&g -

Minor revisions were made to all horizontal and vertical al nments between the pre-screening and final

MAE sessions. A sacrificial breakwa congidered for all thrée alignment options in order to

protect the bridge structure agéi’nst impa ndslide genekréted wave. The sacrificial berm was
conceptual only and ,kbage;d on a previygus study titleg "f:Peace River Site C Project Model of Landslide
Waves at Attachie and Bear Flat Areas, prepared by Northwest Hydraulic Consultants Ltd. and dated

“June, 1983.

452 Fi’njal MAE Process — Halfway River

preferred alignmén was to ,lodk at the lowest cost option first and determine if there were any significant

concerns with any he accounts. If no significant concerns were identified by the Project Team, or the

impacts were comparablye, then the low cost option was considered the preferred option.

The estimated total project costs for the five options evaluated during the Final MAE session, including

the berm costs, were as follows:
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« option 1 Short | NN

« option 1 Long - | NGB

« Option 2 Short Revised — ||| | Gz
« Option 3 short - || EEGEGEG

» option 3 Long - | G

Based on these estimates, all the long bridge options were eliminated frorﬁ f

her consideration because

they were substantially higher in cost than the short bridge options. .

Option 1 Short Bridge was the highest cost option of all of th,e,s‘zhoi"t' bridge o s. This option had the
longest bridge at 640 metre long which resulted in the much higher costs. Thé‘k'éaVUSeway length for this
option was 320 metres. The entire length of the Opti

Impact Line (WIL) however the east end of the ali nt | 0 imi WIL which will

Option 2 Short Bridge is the second hig 0 i ing | =ss than the Option 1
Short Bndge It is the furthest inland and offers the gr n:from a landslide generated wave.

high costs associated thh thls optlon Slmllar to Q lon 1 the entlre length of the Option 2 alignment is
within the 10,000 year Landshde Gen 'ated Wave
therisk to the hi

ver the east end of the alignment is near the

outer limits of the WiL wh,,lch would limi way from a landslide generated wave.

t Bridge is. ’(rr‘hekid\}i‘(éétéc:ost of all the three short bridge options coming in approximately.
_ less than s 1“an‘d‘2 This option, like Option 2 has the shortest bridge at 305 metres
metres Iong -The short bridge and the relatively short causeway resulted in

the Iowe costs associated with t S op’non The entire alignment for this Option is within the 10,000 year
Wave Impact Lihe however unlike Option 1 and Option 2, the east end of the alignment is near the
proposed reservoir ‘ nd may be exposed to higher risks in the event of a landslide generated
wave event. This option is preferable from a properties perspective because it has the least impacts and

least amount of agricultural severances.

Option 3 short bridge was selected as the preferred alignment option to proceed with through Definition
Design even though it was at the greatest risk from a landslide generated wave. BC Hydro and BCMOT
have not reached agreement on whether the highway and bridge will be designed to accommodate
potential 1,000 year and 10,000 year return periods however, with BCMOTSs agreement, Definition Design
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has been concluded by proposing highway and causeway grades so that the 1,000 year return period
landslide generated wave does not overtop the highway embankment, raising the bridge so that the
10,000 year return period wave amplitude passes under the proposed bridge, and by proposing a bridge

that can withstand the forces induced by the 10,000 year return period landslide generated wave

As -previously noted the capital costs used during the MAE process were intended for comparison

purposes only and should not be considered absolute or final.
Refer to Section & for details on the preferred option for Halfway River.

4.6 BEAR FLAT /| CACHE CREEK

The Bear Flat / Cache Creek segment was subjected to an MAE process to select an alignment and then

to a design review, refinement and optimization prooe‘seﬁ;prior to selectinkg’ a preferred aligrrment.

4.6.1  Final MAE Process — Bear Flat / Cache Creek

Two alignment options (Options D andéfE’,)"'iwere evaluated during the MAE process. These were
enhancements of previous alignment options"~,?devefoped by Graeme k‘?&f Murray Consultants Ltd. in 1982
and subsequently updated by Urban Systems'in 2008 These prevrous alignment options can be found in
the following reports: . ‘ .

¢ Highway 29 - Hudson Hope to Charlie La_,, Environmental Impact and Engineering Study of
Highway #29 Relocation Sectlon 1 prepared by Graeme & Murray Consultants Ltd., dated
January, 1982

» Peace River Site C H ,kdro Project Hrghway 29 Relocation Hudson Hope to Charlie Lake,
prepared by Urban Sys 5, dated November 2008

The flnal MAE process for Cache Creek took place on October 28" 2011 (Meeting No. 4). At the meeting
the anxe DeS|gn Team provrded an overview of the two alignment options. An updated list of indicators

was prowded at the meeting r review and discussion. The strategy used to select the preferred
alignment was to look at the Iowest cost option first and determine if there were any significant concerns
with any of the account,s.k’ klf no significant concerns were identified by the Project Team, or the impacts

were comparable, then "tykhey;low cost option was considered the preferred option.

A short bridge with a causeway and a long bridge with no causeway were considered for both alignment

options.

Option D - The Option D alignment is similar to the previous alignment Option D-D1 from the 2008 Urban

Systems report. The alignment is located at the base of an existing escarpment which poses significant
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geotechnical concerns. The total estimated project cost estimate for the Option D alignment option was
I o' the short bridge option and || for the 'ong bridge voption. These
are both significantly higher than the Option E cost estimates and because of this and the increased
geotechnical challenges associated with this option, both the short and long bridge Option D alignments

were eliminated from further consideration.

: ', n E from the 2008 Urban

and is in an area with fewer

Option E - The Option E alignment is similar to the previous alignment
Systems report. This option follows the proposed reservoir shoreli
geotechnical challenges. The total estimated project cost estimete‘, fer the Option E alignment was-
I o' the short bridge option and _i‘fyor the long bridge option. Due to the
higher cost and the increased maintenance and icing co i i : onger bridge, the long

d the Option E short bridge o was selected

bridge option was eliminated from further considerati

for further refinement.

4.6.2 Post MAE Refinement Process

A collaborative effort between the BC H /dro Site.C IET and th Binnie design team resulted in the

development of four new alignment options which wi all refihehﬁ'ehts to the preferred Option E
ption F, Option B Modified and Option F

“the four O‘pﬁens to avoid impacts to a property

alignment. These alignment options are called Option B,
Modified. The horizontal alrgnment was ad)usted
containing a gravel plt Cost and propert' ,;,rmpacts ‘particularly east of Cache Creek were the determining
factors in the selectlon o the preferred allgnment ief description of the four alignment options is

provided below and draw gs of the optrons can be fo n Volume 3.

Option B 5 ‘O‘ption’B alignm'eht deviates from the Option E alignment at the Cache Creek crossing
the residential property lmmedlately east of crossing. This option requires high embankments
the east tie in. - ,total estimated project cost for the Option B alignment was ||

" short bridge. optroni nd_ for the long bridge option.

Option B Modif'ied‘?’[he 0
Cache Creek by tying:

k,B Modified alignment is similar to Option B but deviates from it east of
k into the Option E alignment which reduces Athe embankment height
approaching the east tie in. The total estimated project cost for the Option B Modified alignment was-
_ for the short bridge option. A long bridge option was not considered for Option B Modified.

Option F - The Option F alignment deviates from the Option E alignment at the Cache Creek crossing and
passes behind the residential property immediately east of Cache Creek. This option utilizes an existing .
road allowance and requires high embankments at the east tie in. The total estimated project cost for the
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Option F alignment was | for the short bridge option and | for the 'ong

bridge option.

Option F Modified - The Option F Modified alignment is similar to Option F but deviates from it east of
Cache Creek by tying back into the Option E alignment rather than using the existing road allowance.
This results in reduced embankment heights approaching the east tie in. The total estimated project cost
for the Option F Modified alignment was ||| || NNEE for the short bridge option. A long bridge
- option was not considered for Option F Modified.

Due to the lowest cost, Option F Modified was selected as the preferred alyi;g'nment to advance through

the Definition Design phase.

Refer to Section 5 for details on the preferred option for Bear Flat / Cache Creek.
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5.0 PREFERRED OPTIONS

5.1 LYNX CREEK

The preferred option at Lynx Creek is Option 5 Modified - Short Bridge which is one of the Millar Road
options and is shown in Figure 5.1.1. The total length of this Option is 8.22 kilometres. The design

drawings for the preferred alighment can be found in Volume 2 of the report. .

511 Scope

The horizontal and vertical alignment for the Preferred Option 5 Mo

rt Bridge complies with the

1,000 metre radius left hand curve and i

radius left hand curve is foliowed by L

reverse curves mm:mlze ’the rmpact
Just beyond these curves the alig
/ » radius right hand curve is followed by a short
This large 4,500 metre curve shifts the alignment
farm field north of the alignment. Reversing 550 metre radius

us right hand curve at the eastern project limit.

The vertical 'proﬂle is generally ﬂat with grades between 0.5 percent and 1.1 percent throughout the

segment except at the pro;ect mlts and the west approach to the bridge. At the west project limit the
profile matches thegex;stmg hrghway with a grade of 3.6 percent. At the east end of the project the profile
climbs at 4.0 percent and_matches the existing highway with a 2.5 percent grade. At the west approach
to the bridge the grade is 5.6 percent. Concrete roadside barrier will be placed on the causeway and in

areas of high fill.
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For the last 2.5 kilometres between Station 1005+000 and 1007+540, the alignment traverses an area of
unstable ground. The existingl highway embankment slopes adjacent to the Peace River show signs of
instability and have failed in the past. The slopes above the existing highway also show signs of
instability and failures. This unstable area cannot be avoided and measures will be incorporated into the
design to reduce the risk of failures. Construction of the highway through this section will be challenging
and a detailed geotechnical investigation will be required to determine the obtimized design alignment.
For the purpose of the Definition Design and to provide a conservative yfoot‘print, the alignment through
this section has been shifted away from the unstable valley slope ahd is located entirely within the
reservoir. A granular embankment fill with riprap protection of the slope has been assumed. When
further geotechnical information becomes available it may be possiblle to shift the alignment closer to the
existing valley slope to minimize the footprint and reduce encroachment into the reservoir. The minimum
highway elevation through this section has been set at 468 metre which is 2 metres. above the flood
impact level and will ensure that the highway pavement structure remains dry. During subsequent design
stages, there may be.opportunities to optimize the alignment through this challenging eastern section. A
Preliminary Geotechnical Assessment report for the Proposed Lynx Creek segment report is included in

Volume 3 of the report and provides additional details.

The cut slopes have been designed at 3H:1V ﬁowever the initial ,geotech’nical assessment indicates that
cut slopes of 2H:1V and even 1.5H:1V may b‘e‘ acceptable subject fo more detailed investigation.
Similarly, all the fill slopes have been"d,esigned at 2H:1V however the initial geotechnical assessment
indicates that some.41.5H:1V slopes may be acceptable depending on the material used to construct

them.

The pavement structure ‘for the Definition Design was assumed to be 125 millimetres of asphalt, 300
millimetres of 25 mm Well Graded Base Course (WGB) and 600 millimetres of Select Granular Sub-base
(SGSB) but there may be opportunity fo. reduce the thickness of the SGSB layer to 300 millimetres

de‘pending on existing soil conditions.

One of the purposes,,of the Definifion Design is to establish the Highway 29 relocation project footprint so
that all the impacts can be included as part of the overall project Environmental Assessment. Therefore
in the absence of detailed geotechnical investigations, conservative cut and fill slopes were assumed for
the Definition Design so that the largest impact would be included as part of the Environmental
Assessment. The cut and fill slopes and the pavement structure design will be refined and optimized in

subsequent design stages when detailed geotechnical investigations are completed.

The proposed crossing of the Lynx Creek channel includes a 160 metre bridge and a 290 metre

causeway. A Navigable Water Clearance envelope in excess of 8 metre high by 25 metre wide has been
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provided under the structure. The landslide generated wave amplitude, assuming a 10,000 year return
period landslide is estimated to be 3 metres at Lynx Creek based on the most current wave modelling

results from BGC provided in January 2012.

Preliminary wave modelling results indicated landslide generated wave amplitudes to be 9 metres and 14
metres for the 1,000 year and 10,000 year return pericd landslide generated wave respectively at Lynx
Creek. The Definition Design bridge elevations were established to allow the é"metre wave amplitudes to
pass under the structure assuming a 3.3 metres superstructure dep‘fh.,aThe most current modelling
results, at the time of writing, indicated significantly lower wave am'p!i“tf'Udes:~ than previously anticipated,
and there will be opportunity to lower the elevation of the bridge ‘c"kf'uring subsequent design stages which
will reduce impacts and costs. The Navigable Water Cleafa'nce Envelope will now govern the bridge

elevation at Lynx Creek.

The causeway has been designed assuming 2H:1V granula( emb,a,nkment slopes. The causeway slopes

would be armoured with riprap between the elevations of metres and 464.0 metres to protect

against wind induced wave action. Riprapf'will also be requirea”at“the east end of the proposed alignment

where the new embankment slopes are wnthm the proposed reservoir. - The bridge abutments will also be

protected with riprap. Details of the rlprap desvgn can be found in the Final Hydraulics Report for

Definition Design contalned |n Volume 3.

Potential new lntersecttons field accesses and drive ay accesses have been shown along the preferred
alignment. These are conceptual only and subject to Change based on consultation with affected

property owners

The culverts shown on the Definition Design drawings are conceptual only and not.based on a detailed
drainage study. A hydrology '?studyVWiil;I:'be compieted in subsequent design stages to confirm the culvert
requirements. The surface drainage design will also be completed at subsequent design stages to
determine splllway and catch basm requirements. The hydrology and surface drainage designs will follow

the guidelines from Sect«on 1000 from the BCMOT Supplement to TAC Geometric Design Guide.

The location of utility poles and an underground telephone line within this segment of Highway 29 will
need to be confirmed durmg subsequent design stages. Consultation with utility owners along the

corridor and the preparation of utility relocation drawings will be completed in subsequent design stages.

Proposed right of way limits have been established assuming a minimum horizontal distance of 5.0
metres from the proposed top of cut or bottom of fill. The Right of Way Definition Drawings can be found

in Volume 2. The properties that are impacted by this proposed alignment include Private Land, Crown
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Land, BC Hydro Owned and BC Hydro Owned lands that are currently leased to local residents (BC
Hydro Leased). There also appears to be some existing road / utility allowances that will be impacted.
Table 5.1.1 below summarizes the amount of new right of way required based on the Option 5 Modified —
Short Bridge preferred alignment. It does not include the right of way inside the existing highway that will

still be required nor does it identify any surplus highway right of way.

Table 5.1.1: New right of way required at Lynx Creek
Description New Right of Way Required

Existing Road / Utility Allowance

Private Land
BCH Owned
BCH lLeased

Crown Land
Total

51.2 Geotechnical

As previously mentioned the proposed Lynx

into two distinct sections. .«

portunit); to ste pen cuts to 1.5H:1V in granular soils, or alternately,

rtunity. The foundation conditions for the bridge and the causeway
; ; be favourable, as the ground conditions appear to consist
f granular floodplain qils over shale and possibly sandstone bedrock. Such ground conditions

would prowde ﬂggod bearing resistance and likely minimal settlement issues, although a geotechnical

investigation will be r’:e‘quiredl to b&ter assess the foundation conditions and to confirm the absence of any

soft or weak subsﬁrfécﬂeflia s Foundations for a bridge are expected to encounter granular floodplain

soils over sedimentary‘ bedrock (shale, siltstone and minor sandstone) and rock-socketed piles are likely
a suitable foundation option. The causeway embankment is unavoidably within the reservoir footprint and
will require erosion protection, as will some of the steep natural slopes of the Lynx Creek valley and north

bank of the Peace River that are in close proximity to the bridge abutment and causeway approaches.
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From Station 1006+000 to 1007+774, the proposed highway alignment option is required to traverse a
~ tightly constricted slope area, where the Peace River impinges directly on the lower portion of the north
Peace River valley sidewall slope. This is a geologically active area, where a number of pre-existing slope
failures are located both above and below the current alignment of Highway 29 and construction will be
more challenging. A very robust solution is envisioned for this area — likely incorporating extensive
replacement or berming of existing poor quality (failing) fills, widening/constructing a new armoured
granular highway fill partly or entirely within the reservoir, and/or possibl 'some local structural solutions

(retaining structures) while minimizing cut slopes. The preferre ",nment contemplates a large

armoured granular highway fill being constructed in the Peace River ~adjat:ent»,to the existing Highway 29
alignment. Significant additional geotechnical investigation andstability modeling will be required in future
project phases to develop the optimal alignment solution‘throug'h,this tightly consfr’icted area.

A Preliminary Geotechnical Assessment report for the Proposed Lynx Creek segment report is included in
Volume 3 of the report and provides additional details.

5.1.3 Constructability

The Lynx Creek alignment is primarily off—line“:kand"e\)vey from the éXieting Highway 29 alignment which

should allow for easy construction. The exc p;gon to {] _s’,ls at the pro;ect limits and along Millar Road

where single lane alternatlng traffic wnth delays will be" quired durmg construction.

One challenging area WIH be near Statlon 1005+84O Where the proposed alignment crosses the existing
highway at an elevation approxmately 1 5 metres hrgher than existing. In this area, a detour alignment of
approxrmately 500 metres m Iength may be requrred The detour begins at Station 1005+500 on the
. proposed new allgnment and contmues east for 500 metres before tying back to the existing highway
ahgnment near Station 1006+OOO. A 70 kilometres per hour design speed and an 8.0 metre top

pavement width has been 'asie,,dmed for 'fhis detour road. A temporary licence for construction access

(TLCA) has been shown for tnis detour road and has been included as part of the right of way Definition
Design drawmgs _The detour desrgn alignment and profile drawings have been included with the
Definition Design hrghway ‘drewmgs. Both of these drawing packages can be found in Volume 2.

Construction of the proposed bridge will not require a detour or the construction of a temporary bridge as
it is located away from the existing highway. The proposed central pier is located outside the wetted
perimeter of the creek and all pile installations and substructure construction can be carried out without

the use of a cofferdam or temporary berm.
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Temporary gravel construction access roads will be required to access the abutments and central pier.
To access the west abutment and pier, a temporary construction access road can be provide
approximately 100 metres west of the existing Lynx Creek Bridge. Access to the east abutment will be
from the existing Highway 29 and Backman Road intersection. Drawings of the proposed construction

access roads are included with the Definition Design highway drawings in Volume 2.

5.1.4 Material Sources

It is estimated that approximately 3.5 million cubic metres of impo Il and 45,000 cubic metres of

riprap will be required for the Lynx Creek Segment.

borrow opportun

Within the Lynx Creek Segment relatively favourable gra ill likely be available

metres thick, of sandy, cobb!y gravels le!te subsurface mvestlgatlon and Iaboratory testing has

been completed to date but they mdtcated that the aggregate quality was poor and contained too many

fines and sand. Further hould be conSIdered prior to eliminating this as a borrow source.

The second _saurce, BCM‘ kske Plt is 1ocated between the highway and the Peace River, to the

west of Lynx Creek. Although has been assumed that deposits below the reservoirs FSL would

be cgnsidered for use a irst pnonty rather than Rieske Pit, the character of the deposit in the Rieske

Pit ma‘y'"'b‘e,t’ypical of others in the vncmtty,;The Rieske Pit reserve is approximately 50 hectares in area
d for borrow and highway construction. A BCMOT gravel pit
he material in the pit could be crushed into SGSB, 25-mm WGB and

medium asphalt mix. aggregates Further investigation would be required to determine remaining

and has “pfeviously been

investigation found that much,

aggregate volumes and quallty.

In addition to the above noted areas, granular borrow may be found along the majority of the proposed
option alignments across the fluvial terrace terrain areas, particularly in cut slopes to the west of Lynx
Creek. A detailed sub-surface investigation, including sampling and lab testing should be carried out
for granular cut areas along the alignment and for granular areas adjacent to the alignment, but below

the reservoir FSL in future design phases.
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There were no suitable riprap sources within or in close proximity to Lynx Creek. Portage Mountain is a
potential source of riprap but further geotechnical investigations, drilling and material testing will be
required to confirm the suitability of the site.

LYNX CREEK CROA3 1O

ML L L S I —— |
GAAMLAR BORREIA ALY
CFTICH S WanT

Figure 5.1.2: Potential Granular Borrow Sources at Lynx Creek

5.1.5 Environmental Mitigation and Compensation

Environmental mitigation and compensation will be required for wildlife and fisheries habitats impacted by
the proposed Highway 29 relocation. The IET and the BC Hydro environmental groups have been
assessing potential wetlands sites along the Highway 29 corridor that could be included as part of the
mitigation and compensation areas. Within Lynx Creek, two potential wetland sites have been identified.
These sites are described in the document “Meeting Minutes — Opening discussions between
engineering and environmental groups on wetland opportunities at the proposed reservoir’ dated
October 12, 2011. This document can be found in Volume 3 of this report.

5.1.6 Recreation Sites

The potential for a recreation site and possible boat launch at Lynx Creek is being explored. The
proposed |ocation for the recreation site is south of the proposed new alignment and east of Lynx Creek
near Station 1001+670. The proximity to Hudson's Hope makes this a desirable location. Further
information on potential recreation sites along the corridor is included in Volume 3 of this report in the
document titled “Recreational Access Mitigation Concepts Review" dated October 6, 2011,
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5.1.7 Travel Time Savings and Passing Opportunities

The preferred alignment options are generally more tangential and shorter than the existing current
highway alignment. This results in travel time savings when compared to the existing current highway

alignment as well as a potential increase in passing opportunities.

Travel time savings were calculated based on an estimated average travel speed and travel distance.
The estimated average travel speed along the existing alignment was based on the existing conditions
and the assumption that vehicles slow down at the sharper honzontal curves An average speed was

estimated along the existing highway using this approach. The estlmated average travel speed along the

preferred alignment was estimated to be 90 kilometres per | hour throughout the_s gment because all the

curves meet the 90 kilometre per hour design speed. Based on this approach 45 Seconds of travel time

savings has been estimated at Lynx Creek.

Section 7.10.1 from the BCMOT Manual of Standard ffi S"'iégnsukand Pavement Marking Manual

indicates that passing is allowed where the sight distance al d is greater than 330 metres for a 90

preferred alignment;are approx "ate yénly and basedona desktop exercise.

51. 8 Schedule

Due to the long winters exper“'?' nced in the north, the construction season has been assumed to be 7

months from Aprll to October. It is anticipated that the Lynx Creek Option can be completed within two to

three construétioh"seasons, witl ;fbugh grading and bridge approach fills completed in the first year. The
bridge constructiongan_begih/ohce access to the bridge sites and lay down areas have been secured.
Bridge construction may ~eb:e>t:ompleted in one year if work is permitted in winter months otherwise two

seasons may be required to complete the bridge construction.

Some of the critical items that will enable successful completion of the project include:
s Securing the required right of way prior to the construction start;
« Providing access at mid-points along the alignment to minimize haul routes;
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s Ensuring a suitable source of riprap is available near the project site or that alternate products
can be used;

s Confirmation of aggregate quality and quantity
It is contemplated that the construction of the dam would begin in 2015 with the construction of coffer
dams during Stage 1 and the diversion tunnels during Stage 2. After construction of the diversion tunnels
are completed, the construction of the dam itself will begin during Stage 3. It is expected that the total
dam construction period from Stage 1 to Stage 3 is to last approximately seven years. The Lynx Creek
segment is far enough away from the proposed dam site that impacts to the segment would not occur
during Stage 1 and Stage 2 construction. The construction of the Lynx Cyre'ekk-segment would need to be
completed prior to the completion of the proposed dam but not’}firior to Stage‘1 or Stage 2.

5.1.9 Cost Estimate

The total estimated construction cost for the preferred Opti n 5 Modified — Short Bridge at Lynx Creek is
I it = total estimated project cost of _ The Definition Design cost
estimates for the preferred alignment differe m earlier estim ates at Lynx Creek due to advancement of
the design and refinements to some of thé Uhit rak" he estimates are subject to change as the design
progresses into a more detailed design ‘ongrapﬁyi{cé ‘\‘survey and geotechnical field
investigations are completed. The,g_sktik,mates ar ‘
or an increase in general c/ohstructi'c;ﬁ"costs that may materialize over time or may be due to an overall
increase in activity in:the area causedff}by,‘ the dam E:Qnstruction. Table 5.1.2 provides a summary of the

cost breakdown and a more detailedrgqlst'estimate can bé_found in Volume 3.
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Table 5.1.2: Summary of Estimated Construction Costs at Lynx Creek
ITEM COST DESCRIPTION

Includes Mobilization, Traffic
Management and Quality
Management

SECTION 1 - GENERAL

SECTION 2 - SITE PREPARATION AND ROAD
GRADE

SECTION 3 - PAVING CONSTRUCTION

SECTION 4 - STRUCTURAL

SECTION 5 - CONSTRUCTION DETOUR AND
CONSTRUCTION ACCESS ROAD

SECTION 6 - PROVISIONAL SUMS

odification (5%)

SECTION 7 - MISCELLANEOUS ITEMS

SUB-TOTAL CONSTRUCTION COST

Contingency 20% assumed

TOTAL CONSTRUCTION CO Rounded Total

Pavement removal and utility

SECTION 8 — WORK BY OTHERS .
relocation

Project Management,
Engineering, Construction
Supervision, Environmental

Mitigation, Property acquisition

Rounded Total

SECTION 9 - OTHER PROJECT COSTS (NO

TOTAL PROJECT CO

. lncreased Nawgatlonal Water Envelope requirement that may alter design;

) Changes to he Impac Ves that may alter the design alignment and bridge concepts;

¢ Changestoth ggn due to the Public Consultation Process;
e  Unknown geotechnical conditions at the east end of Lynx Creek;

e Unexpected ground conditions encountered during subsequent design stages and during
construction;

o Not securing the required right of way prior to the construction start,

o Lack of quality riprap and aggregate sources.
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5.2 DRY CREEK

The preferred option at Dry Creek is called Option 7 and is shown in yellow in Figure 5.2.1 and includes
an 8.2 metre span by 4.1 metre rise Precast Concrete Arch culvert. The total length of the Dry Creek
segment is 1.4 kilometres. The design drawings for the preferred alignment can be found in Volume 2 of

the report.

5.21 Scope

Several alignment options were considered prior to selecting a preferred optron The preferred alignment
is further south than previous alignment options to minimize the effects on the farm fields east and west of
Dry Creek. The horizontal alignment for the preferred Option 7 beglns at the west ;project limit with a 550
metre radius right hand curve followed by a 485 metre radius left hand curve. "East of the proposed
culvert location, the ahgnment consists of a large 1,400 metre radlus rlght hand curve followed by a 5,000
metre radius left hand curve that ties back to the existing hlghway‘ , _gnment The vertical proflle for the

preferred optron consists of a short, 3.2 percent downhill grade near the western project limit that is

reduced to the minimum 0.5 percent grac roachlng Dry Cre k. From Dry Creek to the east project

limits, the grades are all below 2 percent.’ yst and sag vertlcal curves have been provided between

changes in grade. The honzontal and vertical ali nments achleve a 90 kllometres per hour design speed

and are a significant lmprovement over the currel

Concrete roadside barrler will be placed‘on both srdes of the highway and the proposed embankment
slopes are 2H:1V throughout the segm'

The cut slopes have:been deSig’hed at 3H:1V eveh'though the initial geotechnical assessment indicates
that cut slopes of 2H':'1'V and even 1.5H:1V may be acceptable subject to a detailed geotechnical
inveSti‘gation. Similarly, afl'l’the fillslopes have been designed at 2H:1V even though the initial
geotechnical assessment indioates that some 1.5H:1V slopes may be acceptable subject to the materials

used for construction.

The pavement stru'oture for the Definition Design was assumed to be 125 millimetres of asphalt, 300
millimetres of 25 mm-WGB and 600 millimetres of SGSB but there may be opportunity to reduce the

thickness of the SGSB layer to 300 millimetres depending on existing soil conditions.

One of the purposes of the Definition Design is to establish the Highway 29 relocation project footprint so
that all the impacts can be included as part of the overall project Environmental Assessment. Therefore

in the absence of detailed geotechnical investigations, conservative cut and fill slopes were assumed for
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the Definition Design so that the largest impact would be included as part of the Environmental
Assessment. The cut and fill slopes and the pavement structure design will be refined and optimized in

subsequent design stages when detailed geotechnical investigations are completed.

The proposed structure is a precast concrete arch with a span of 8.2 metres and a rise of 4.1 metres and

it is located approximately 5 metres west of the existing culvert. The concrete arch structure is founded

on piles with concrete headwalls and aprons provided at the inlet and outl st of the culvert. Riprap of 250

Kg Class will be placed at the inlet and outlet of the structure. The: p will be placed between the

elevations of 459.0 metres and 463.0 metres. The total length of t concrete arch is 113 metres

culvert has been set at an elevation

imated at 463.8 metres which allows a

determine spillway and cateh basin requirements. The hydrology and surface drainage designs will follow

the guidelines from Section 1000 from the BC Supplement to TAC Geometric Design Guide.
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There are utility poles located adjacent to the existing highway through this section. While these poles
could remain at their current location because they are located beyond the inundation area, it is
anticipated that they will likely be moved adjacent to the new alignment. This will allow easier access for
maintenance work and will also allow the existing highway to be decommissioned and restored to a
natural condition. Consultation with utility owners along the corridor and the preparation of utility

relocation drawings will be completed in subsequent design stages.

Proposed right of way limits have been established assuming a minimum horizontal distance of 5.0
metres from the proposed top of cut or bottom of fill. The Right of Way Definition Drawing can be found in
Volume 2. The properties that aré impacted by this proposed alignment include Private Land only.
Table 5.2.1 below summarizes the amount of new right of way required based on the preferred alignment
option. It does not include the right of way inside the existing highway that will still be required nor does it

identify any surplus highway right of way.

Table 5.2.1: New right of way required at D’ry Creek
Description New Right of Way Required

Private Land
Total

5.2.2 Geotechnical

In the absence of subSurface investigiations, new érossing alternatives should be designed with
consideration of either pile foundations or a relatively deep sub excavation and replacement of unsuitable
foundation materials beneath the Dry Creek channel and the existing highway embankment. Cut slope
“approaches on the north side of theexisting alignment will likely be in relatively dry, stable materials
consisting. of shale bedrock overlain by sand and gravel with a silty topsoil cap. These materials could be

excavated at angles as steep as"1i.5H:1V.

5.2.3 Constructability

The Dry Creek alignment is primarily off-line and away from the existing Highway 29 which should allow
for easy construction. The exception to this is at the project limits where single lane alternating traffic will

likely be required to complete the construction.

The proposed new culvert is located west of the existing Dry Creek channel. A temporary berm and
dewatering may be required during the construction of the new culvert so that it can be constructed in the

dry. Once the culvert installation is complete, flow from the creek can be diverted to the new culvert and

Site C Clean Energy Project Confidential Document Last updated: Apr 2012
Highway 29 Definition Design 72




Site C Clean Energy Project k _ April 13, 2012, v4
Doc 05-0044

backfilling can begin. Flow from the outlet of the new culvert will need to be diverted to the inlet of the
existing culvert until the highway construction is complete. Traffic can then be diverted onto the new

alignment.

A temporary gravel construction access roéd will be required to access the new culvert location. The
construction access road is proposed to be located adjacent to the existing side slope east of the
channel. A temporary culvert will be required to cross the existing cljeek“channel. Drawings of the
proposed construction access roads are included with the Definition Des:gn highway drawings in Volume
2.

5.2.4 Material Sources

It is estimated that approximately 175,000 cubic metreé of imported fill and 5,000‘Cubikc;metres of riprap
will be required for the Dry Creek Segment. ' '

Within the Dry Creek Segment relatively favourable granUla opportunities will likely be available

along the fluvial terraces, including areas that will be inundate the reservoir. For Definition Design

purposes, it is assumed that areas of the flu

located below the reservoir's FSL, as shown':

priority gravel source, leaving thoséareas above FSL féi?"'later use by others.

e riprap sources within or in clo

There were no suitab
potential source of rip
required to confirm the suitabi

Since this “éegment is 'r‘éfatively' short; the production of paving aggregate and crushed base material will
likely come from a pit established fdf"’the*ﬂLynx Creek or Km 21 to Km 26.5 segment.
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Figure 5.2.2: Potential Granular Borrow Sources at Dry Creek

5.2.5 Environmental Mitigation and Compensation

Environmental mitigation and compensation will be required for wildlife and fisheries habitats impacted by
the proposed Highway 29 relocation. The IET and the BC Hydro environmental groups have been
assessing potential wetlands sites along the Highway 29 corridor that could be included as part of the
mitigation and compensation areas. The north side of the highway at Dry Creek has been identified as a
potential wetland site. This site is identified and described in the document "Meeting Minutes — Opening
discussions between engineering and environmental groups on wetland opportunities at the
proposed reservoir” dated October 12, 2011. This document can be found in Volume 3 of this report.

5.2.6 Recreation Sites

No recreation sites are currently bi:aing considered within the Dry Creek Segment.

5.2.7 Travel Time Savings and Passing Opportunities

The preferred alignment options are generally more tangential and shorter than the existing current
highway alignment. This results in travel time savings when compared to the existing current highway
alignment as well as a potential increase in passing opportunities.

The travel time savings were calculated based on an estimated average travel speed and travel distance.
The estimated average travel speed along the existing alignment was based on the existing curve radii
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and assumed vehicles would need to slow down at the sharper' horizontal curves. An average speed was
then determined along the existing highway using this approach. The estimated average travel speed
along the preferred alignment was. estimated to be 90 kilometrevper hour throughout the segment
because all the curves meet the 90 kilometre per hour design speed. Based on this approach 4 seconds

of travel time savings has been estimated at Dry Creek.

Section 7.10.1 from the BCMOT Manual of Standard Traffic Signs

indicates that passing is allowed where the sight distance ahead is

'avement Marking Manual
er than 330 metres for a 90

kilometre per hour design speed. A driver eye height of 1.05 met rehicle height of 1.15 metres

were used to determine potential passing opportunities. Sight 1ces w ecked along the existing

alignment and compared with the preferred alignment taki consideratioh existing and proposed

horizontal and vertical curves. At Dry Creek the passi pportunities increased from-0 metres to 500

metres in both the eastbound and westbound direction

The travel time savings and increase in passmg opportunmes are approximate only and based on a

desktop exercise.

5.2.8 Schedule

The construction season has been ssumed to be. 7 months from April to October. It is anticipated that

nsuring a swtabie source of nprap is available near the project site or that alternate products
can be used;

. Conflrmatlon of aggreg te quallty and quantity.
It is contemplated that the construction of the dam would begin in 2015 with the construction of coffer
dams during Stage 1 and the diversion tunnels during Stage 2. After construction of the diversion tunnels
are completed, the Con:s*tfuction of the dam itself will begin during Stage 3. It is expected that the total
dam construction periody":from Stage 1 to Stage 3 is to last approximately seven years. The Dry Creek
segment is far enough away from the proposed dam site that impacts to the segment would not occur
during Stage 1 and Stage 2 construction. The construction of the Dry Creek segment would need to be

completed prior to the completion of the proposed dam but‘ not prior to Stage 1 or Stage 2.
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5.2.9 Cost Estimate

The total construction cost for the preferred option at Dry Creek is estimated to be ||| | | JEEEEE vith
a total project cost of ||| BBl The Definition Design cost estimates for the preferred
alignment differed from earlier estimates at Dry Creek due to advancement of the design, changes to the
culvert fype and size and refinements to some of the unit rates. The estimates are subject to change as

the design progresses into a more detailed design stage when topographic survey and geotechnical field

investigations are completed. The estimates are based on 2011 dolla ave not considered inflation

or an increase in general construction costs that may materialize du n overall increase in activity in

the area caused by the dam construction. Table 5.2.2 provides a Su‘r"nmkéry‘ the cost breakdown and a

more detailed cost estimate can be found in Volume 3.

Table 5.2.2: Summary of Estimated Construction Cos at Dry Creek 7 .
ITEM COST DESCRIPTION

Includes Mobilization, Traffic

Management and Quality

Management

SECTION 1 - GENERAL

SECTION 2 - SITE PREPARATION AND R
GRADE o

SECTION 3 - PAVING CONSTRUCTIO

Site Modification (5%)
ltems not yet quantified such as
fencing, signing and drainage

. features

20% assumed

Rounded Total

Pavement removal and utility
relocation
Project Management,
Engineering, Construction
Supervision, Environmental
Mitigation, Property acquisition

Rounded Total '

TOTAL PROJECT COST
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5.2.10 Risks

Some potential risks include the following:

e A requirement to provide a Navigational Water Envelope which would alter the design;
¢ Changes to the Impact Lines that may alter the design alignment;
¢ Changes to the design due to the Public Consultation Process;

o Unexpected ground conditions encountered during subsequent design stages and during
consfruction; ~

¢ Not securing the required right of way prior to the construction start.

5.3 FARkELL CREEK

The preferred option at Farrell Creek is Option 2 - Sho "Br‘idge and g

length of the preferred alignment is 2.12 kilometres. The aesign drawings for the preferred alignment can

be found in Volume 2 of the report.

5.3.1 Scope

The preferred allgnment was shlfted south fro, ,:the p \ ous ‘alignmehytl‘options to stay outside of the

existing wetted penmeter of the creek. The horiz t’él alignment';"fer the preferred option is generally

tangential consisting of a large 8,000 :metre radius nght hand curve on the west side of the bridge and
3,600 metre radius left.

and curve east of the bridge. The proposed bridge crossing is tangent.

The vertical proflle con3|sts of a short 3. 2 percent grade at the west end of the segment and a 4.3 percent
grade at the eastern project limit that matches existing grade. All other vertical grades within the segment

are under 1.5 percent.

Concrete l:d”edside barrier will be }‘placed on the causeway and in areas of high fill.

The cut slopes 5haye been desyign'ed at 3H:1V even though the initial geotechnical assessment indicates
that cut slopes of 2H'~1V end'even 1.6H:1V may be acceptable subject to a detailed geotechnical

investigation. Similar ;f‘"ff'all the fill slopes have been designed at 2H:1V even though the initial
geotechnical assessment indicates that some 1.5H:1V slopes may be acceptable subject to a detailed

geotechnical investigation.
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The pavement structure for the Definition Design was assumed to be 125 millimetres of asphalt, 300
millimetres of 25 mm-WGB Course and 600 millimetres of SGSB but there may be opportunity to reduce
the thickness of the SGSB layer to 300 millimetres depending on existing soil conditions.

One of the purposes of the Definition Design is to establish the Highway 29 relocation project footprint so
that all the impacts can be included as part of the overall project Environmental Assessment. Therefore
in the absence of detailed geotechnical investigations, conservative cut and fill slopes were assumed for
the Definition Design so that the largest impact would be included as part of the Environmental
Assessment. The cut and fill slopes and the pavement structure design will be refined and optimized in

subsequent design stages when detailed geotechnical investigations are completed.

The proposed crossing of the Farrell Creek channel includes a 170 metre long bridge and a 150 metre
causeway. A Navigable Water Clearance envelope.in excess of 8 metres high by 25 metres wide has
been provided under the structure. The landslide genérated wave amplitude, assuming a 10,000 year
return period landslide is estimated at 3 metres at Farrell.Creeki based on the most current wave

modelling results from BGC provided in January 2012.

Preliminary wave modelling results indicated landslide generated wave amplitudes to be 9 metres and 14
metres for the 1,000 year and 10,000 year return period-landslide generated wave respectively at Farrell
Creek. The Definition Design bridge elevations were established to allow the 9 metre wave amplitude to
pass under the structure assuming a 3.3 metres superstructure depth. The most current modelling results,
at the time of writing, indicated significantly lower wave amplitudes than previously anticipated, and there
will be opportunity to lower the elevation of the bridge during subsequent design stages which will reduce
impacts. and costs. - The Navigable Water Clearance Envelope will now govern the bridge elevation at

Farrell Creek.

The causeway has been designed assuming 2H:1V granular embankment slopes. The causeway slopes
are armoured with riprap between the elevations of 459.0 metres and 464.0 metres to protect against
wind induced wave action. Th’é bridge abutments will also be protected with riprap.  For details on the
riprap design refer to the Final Hydraulics Report for Definition Design found in Volume 3.

Potential new intersections and driveway accesses have been shown along the alignment. These are
conceptual only and subject to change based on consultation with affected property owners. A low
volume road has been shown at Station 2000+420 that provides access to private properties northwest of
Farrell Creek. Thisvlow volume access road is approximately 300 metres long and is located within the
existing Highway 29 corridor. A 15 metre radius cul-de-sac is provided at the end of the access road to

provide a turn-around facility for maintenance vehicles as it is anticipated that this will be a public road.
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The culverts shown on the Definition Design drawings are conceptual only and not based on any detailed
drainage study. A hydrology study will be completed in subsequent design stages to confirm the culvert
requirements. The surface drainage design will also be completed at subsequent design stages to
determine spillway and catch basin requirements. The hydrology and surface drainage designs will follow
the guidelines from Section 1000 from the BC Supplement to TAC Geometric Design Guide.

Utility poles are located within this section and will need to be identified f,o,rfré]‘ocation during subsequent
~ig‘hway near Station 2000+250

whose location will need to be confirmed. Consultation with utlhty owners -along the corridor and the

design stages. There is also an overhead crossing of the proposed

preparation of utility relocation drawings will be completed in subsequent deSIgn stages.

Proposed right of way limits have been established a k m'ing a minimum horiioﬁtal distance of 5.0

metres from the proposed top of cut or bottom of fill.. ight of Way:Definition Drawmg '

dydro Leased). There also appears to

he existing ownership of the Farrell

option. It does not include the right i high Y that will still be required nor does it

identify any surplus highwéy/ right o

New RoW Area Required

5.3.2 Geotechnicakl‘k ~

Beginning at the western end, the proposed new 2.5 kilometres long highway alignment would diverge
from the current Highway 29 alignment towards the south and extend generally straight in an easterly
direction into and across the Farrell Creek valley, making use of the relatively short direct route across the
creek between two raised terraces on either side of the valley. Construction across the fluvial terrace

areas on either side of the valley is expected to encounter primarily granular soils overlying the bedrock,
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with variable but generally minimal thicknesses of surficial silt and organic soils requiring sub-excavation
or stripping. Conventional cuts and fills and a pavement structure based on primarily non-frost susceptible
subgrade soils can be applied in the design. Cuts and fills should be designed with maximum slopes of
2H:1V, although there may be an opportunity to steepen cuts to 1.5H:1V in granular soils, or alternately,

flatten them for additional borrow opportunity.

The foundation conditions for the bridge and the causeway fill for the crossing of Farrell Creek are
anticipated to be favourable, as the ground conditions appear to con,si'et primarily of granular floodplain
soils over shale and possibly sandstone bedrock. Such ground conditions would provide good bearing
resistance and likely minimal settlement issues, although a geotechnical investigetion will be required to
better assess the foundation conditions and to confirm the absenoe of any soft or weak subsurface layers.
Foundations for a bridge are expected to encounter grénﬁlar floodplain soils over s’édimentary bedrock
(shale and minor sandstone) and rock-socketed plle are Ilkely -a suitable foundatlon option. The
causeway embankment is unavoidably within the reservoir footpnnt and will require erosion protection, as
d north bank of the Peace River that

are in close proximity to the bridge abutmenta’nd ca,deeway appreafches.

will some of the steep natural slopes of the Farrell Creek vall

A Preliminary Geotechnical Assessment report for the Propesed Farrell Creek segment report is included

in Volume 3 of the report and: prowdes additional ,detalls

5.3.3 Constructability

1y from the existing Highway 29 which should

allow for easy.genstruction’ The exceptlon to th t the project limits where single lane alternating

traffic with delays will Ilkely be reqwred to complete the construction.

A detour allgnment is shown where the proposed causeway embankment slope covers the existing
hlghway allgnment at Station’ 2001 +200 The detour option shown is a 30 kilometres per hour design
alignment that beglns at the east end of the existing Farrell Creek Bridge, passes between the proposed
pier and bridge fill and then ties back to the existing alignment approximately 300 metres east of the
bridge. The detoury aﬁgnmenf has a maximum grade of 10.5 percent. The proposed width of the detour
road is 8.0 metres paved but may need to be widened to accommodate large trucks and construction
equipment especially around the 35 metre radius curve at the east end of the existing bridge and will
need to be evaluated further at subsequent design stages. A temporary licence for construction access
(TLCA) has been shown for this detour road and included as part of the right of way Definition Design
drawings. Drawings of the detour design alignment and profile is included with the Definition Design

highway drawings included as part of Volume 2.
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Temporary gravel construction access roads will be required to access the abutments and central pier.
To access the west abutment a temporary driveway access can be constructed near Station 2000+350
and access to the west abutment can be gained along the proposed new alignment. To access the pier
and east abutment, a temporary driveway access can be constructed approximately 400 metres east of
the existing Farrell Creek Bridge. A construction access road can then be provided down to the pier and
east abutment. This construction access road will become part of the detour alignment during
(TLCA) has been shown for

2ss roads are included with the

construction of the causeway. A temporary licence for construction acc
the construction access roads. Drawings of the proposed constructio

Definition Design highway drawings in Volume 2.

5.3.4 Material Sources

f imported frll and 7,000 cu o etres of riprap

It is estimated that approximately 700,000 cubic me
will be required for the Farrell Creek Segment.

Within the vicinity of the Farrell Creek proj
Farrell Creek have been identified as "¢
sourcing from the Farrell Creek Valley is

above the existing water table_ elevations.

groundwater at shallow depth A: talled study based on mltral projected volume requirements should be

undertaken at the detalied desrgn tage to examine the most suitable area(s) to develop. Material

fromd the Iocal granular dep its wou!d likely need to be screened for use as fill to remove oversize

boulders. and cobbles. Areas of potentral borrow material that will fall below the final reservoir level

should be used where possrb!e are shown in Figure 5.3.2.

There were no suité,’b‘le, rinre'pfsfources within or in close proximity to Farrell Creek. Portage Mountain is a
potential source of ripr"’a'p,b[it further geotechnical investigations, drilling and material testing will be

required to confirm the suirability of the site.

Since this segment is relatively short, the production of paving aggregate and crushed base material will

likely come from a pit established for the Lynx Creek or Km 21 to Km 26.5 segment.
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Figure 5.3.2: Potential Granular Borrow Sources at Farrell Creek

5.3.5 Environmental Mitigation and Compensation

Environmental mitigation and compensation will be required for wildlife and fisheries habitats impacted by
the proposed Highway 29 relocation. The IET and the BC Hydro environmental groups have been
assessing potential wetlands sites along the Highway 29 corridor that could be included as part of the
mitigation and compensation areas. No wetland sites are currently being considered within the Farrell
Creek Segment.

5.3.6 Recreation Sites

No recreation sites are currently being considered within the Farrell Creek Segment.

5.3.7  Travel Time Savings and Passing Opportunities

The preferred alignment options are generally more tangential and shorter than the existing current
highway alignment.  This results in travel time savings when compared to the existing current highway
alignment as well as a potential increase in passing opportunities.

The travel time savings were calculated based on an estimated average travel speed and travel distance.
The estimated average travel speed along the existing alignment was based on the existing curve radii
and assumed vehicles would need to slow down at the sharper horizontal curves. An average speed was
then determined along the existing highway using this approach. The estimated average travel speed
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along the preferred alignment was estimated to be 90 kilometres per hour throughout the segment
because all the curves meet the 90 kilometres per hour design speed. Based on this approach 52

seconds of travel time savings has been estimated at Farrell Creek.

Section 7.10.1 from the BCMOT Manual of Standard Traffic Signs and Pavement Marking Manual

indicates that passing is allowed where the sight distance ahead is greater than 330 metres for a 90

kilometre per hour design speed. A driver eye height of 1.05 metres and ) icle height of 1.15 metres

were used to determine potential passing opportunities. Sight dlstances were checked along the existing

alignment and compared with the preferred alignment taking mto con31derat|on the existing and proposed

horizontal and vertical curves. At Farrell Creék the passmg;,opportumtles m_ eased from 0 metres to

1,600 metres in both the eastbound direction and 2,200 me r

 in the westbound directi

The travel time savings and increase in passing 0,;3} ;_‘r}t"unities are approximate only a ] based on a

desktop exercise.

5.3.8 Schedule

i to QOctober.

The construction season has beenb assume be months from A It is anticipated that

and bridge approach fills comple

the bridge sites and laydownareas : t aine and the bndgé construction may be completed in
one year if work is pen’mtted in wint jonths othér‘w;se two seasons may be needed to complete the

bridge construction.

s Confirmati faggreg equahty and quantity.

it is contemplated tha onstruction of the dam would begin in 2015 with the construction of coffer
dams during Stage 1 and the diversion tunnels during Stage 2. After construction of the diversion tunnels
are completed, the construction of the dam itself will begin during Stage 3. It is expected that the total
dam construction period from Stage 1 to Stage 3 is to last approximately seven years. The Farrell Creek

segment is far enough away from the proposed dam site that impacts to the segment would not occur
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during Stage 1 and Stage 2 construction. The construction of the Farrell Creek segment would need to

be completed prior to the completion of the proposed dam but not prior to Stage 1 or Stage 2.

5.3.9 Cost Estimate

The total construction cost for the preferred option at Farrell Creek is estimated to b—
with a total project cost of — The Definition Design cost estimates for the preferred

~ alignment differed from earlier estimates at Farrell Creek due to a ;ncement of the design and

refinements to some of the unit rates. The estimates are subject to change as the design progresses into
a more detailed design stage when topographic survey and e’dtechn*" al field investigations are

completed. The estimates are based on 2011 dollars and hav‘ not considered inflation or an increase in

general construction costs that may materialize due to rall increase in actlv"‘ in the area caused

by the dam construction. Table 5.3.2 provides a sumr ry of the cost breakdown and a more detailed

cost estimate can be found in Volume 3.

rell Creek

Table 5.3.2: Summary of Estimated Construction Costs at Fai
DESCRIPTION
Includes Mobilization, Traffic

- Management and Quality
Management

SECTION 1 - GENERAL

Site Modification (5%)
Items not yet quantified such as
fencing, signing and drainage
features

20% assumed .

- Contingency
TOTAL CONSTRUCTION COST

Rounded Total
SECTION 8 WORK BY OTHERS Pavement remoyal and utility
relocation

Project Management,
Engineering, Construction
Supervision, Environmental
Mitigation, Property acquisition

Rounded Total

SECTION 9 — OTHER PROJECT COSTS (NON-
CONSTRUCTION)

TOTAL PROJECT COST
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5.3.10 Risks

Some potential risks include the following:

+ Increased Navigational Water Envelope requirement that may alter design;
+ Changes to the Impact Lines that may alter the design alignment'and bridge concepts;

e Changes to the design due to the Public Consultation Process;

e Unexpected ground conditions encountered during su t design stages and during

construction;
« Not securing the required right of way prior to the ¢

o Lack of quality riprap and aggregate sources.
54 Km 21 To Km 26.5

The preferred option at Km 21 to Km 26.5 is Option 3 — Rez t'and is shown in Figdre 5.41. The
total length of the preferred highway realignment option is

ort.

lometres. The design drawings for the

preferred alignment can be found in Volume 2 Of"t,he

5.41 Scope

- hé preliminary stability impact lines.

With this option the hlghway ahgk outside

The alignment was desngned to achleve a 90 kilometres per hour design speed and consists of several

curves with radii tha rg at or above :00 metres which is well above the minimum requirements for a 90

designed at 2H:1V evi ( ug’h the initial geotechnical assessment indicates that some 1.5H:1V slopes

may be acceptable.

The pavement structure for the Definition Design was assumed to be 125 millimetres of asphalt, 300
millimetres of 25 mm-WGB and 600 millimetres of SGSB but there may be opportunity to reduce the

thickness of the SGSB layer to 300 millimetres depending on existing soil conditions.
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One of the purposes of the Definition Design is to establish the Highway 29 relocation project footprint so
that all the impacts can be included as part of the overall project Environmental Assessment. Therefore
in the absence of detailed geotechnical investigations, conservative cut and fill slopes were assumed for
the Definition Design so that the largest impact would be included as part of the Environmental
Assessment. The cut and fill slopes and the pavement structure design will be refined and optimized in

subsequent design stages when detailed geotechnical investigations are completed.

Driveway accesses will be re-established at their current location along the proposed alignment. As well
additional driveway accesses have been shown on the Definition.Design: drawings based on previous
consultation with affected property owners. These are conceptual only and subject to change based on

further consultation with affected property owners.

~ There is a watercourse that crosses the proposed alignment at Station 6000+450. The size and flow of
this watercourse and the type of culvert structure required. is not known at this time. The Cdlverts shown
on the Definition Design drawings are conceptual only and nof based on any detailed drainage study. A
hydrology study will be completed in subsequent design stagés fo Confirm the culvert requirements. The
surface drainage design will also be completed at subsequent des’i‘gn stages to determine spillway and
catch basin requirements. The hydrology and surface dr’ainag’e designs,,will follow the guidelines from

Section 1000 from the BC Supplement to TAC Geometric Design Guide.

There are no known utilities within this section although this will need to be confirmed with detailed
ground survey during subsequent design stages. Consultation with utility owners along the corridor and

the preparation of utility relocation drawings will be completed in subsequent design stages if required.

Proposed right of way‘ limits have been established assuming a minimum horizontal distance of 5.0
metres from the proposed top. of cut or bottom of fill. The Right of Way Definition Drawing can be found in
Volume 2. The properties that are impacted by the preferred alignment option are Private and Crown
Land. There also appears to be some existing road / utility allowances that will be impacted. Table 5.4.1
below summarizés the amount of new right of way required based on the preferred alignment. It does not
include the right of way inside the existing highway that will still be required nor does it identify any
surplus highway right of way.

Site C Clean Energy Project ' » Confidential Document Last updated: Apr 2012
Highway 29 Definition Design 88 -




Site C Clean Energy Project April 13, 2012, v4
Doc 05-0044

Table 5.4.1: New right of Way required at Km 21 to Km 26.5

Description New Right of Way Required
Existing Road / Utility Allowance 0.4 ha |
Private Land 21.8 ha
Crown Land 0.9 ha
Total 231 ha

54.2 Geotechnical

In terms of geotechnical conditions for new construction desig'n'éd 'to provide séti"back of the highway from
potential reservoir shoreline induced stability issues along the Km 21 to Km 265 segment; new
alignments shifted northwards from the existing nghway 29 location are antlmpated to encounter quite

favourable, well drained granular soil conditions. Cut ""pes as st "‘p as 1.5H:1V can llkely be used,

along with pavement structures that consider relatively well dr ‘lned non-frost susceptible subgrades.

Some attention will need to be given to dr oI' particularly where crossing previous

drainage channels and where new cross-

located along the crest of the slope adjacent to and south of the ex:stmg nghway 29 allgnment

5.4.3 Constructability .

The Km 21 to Km 26.5 segment is pri ily off-line and away from the existing Highway 29 which should

allow for easy constructibn The exception to this is at the project limits where single lane alternating

traffic may be required to complete the constructmn No constructability issues are anticipated through

this segmeynt and constru,chon access can be gained are various locations along Highway 29.

544 Material Sources

Based ori"ifbencurrent design ported fill will be required for the Km 21 to Km 26.5 segment. The
total Type-D excavation quantity is estimated to be 182,000 cubic metres (neat line) and the total Type-D
embankment quaﬁtikty is estiiﬁﬂaféd to be 106,000 cubic metres which will result in a surplus of 768,000
cubic metres of matyéri;a‘l,.‘ ,'Thé Type-D excavated material within this segment is expected to be suitable
for use as Type-D embankment. The riprap requirements within this segment will be minimal and will only

be required at the inlets and outlets of the proposed culverts.

However, if needed favourable granular borrow opportunities will likely be available along the fluvial
terraces, including areas that will be inundated by the reservoir. For Definition Design purposes, it is
assumed that areas of the fluvial terraces, fluvial plains, and in-stream gravel bars that are located below
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the reservoir's FSL would be considered a potential and first priority gravel source, leaving those areas
above FSL for later use by others.

There were no suitable riprap sources within or in close proximity to Km 21 to Km 26.5 segment. Portage
Mountain is the most likely source of riprap but further geotechnical investigations, drilling and material
testing will be required to determine the suitable of the material.

It is likely that a sufficiently large source of paving aggregates and base course material could be
established within the project segment to supply the Km 21 to Km 26.5 segment as well as other project
segments to the west or east if needed. As well areas above the inundation line within this segment
would also be more suitable and attractive for production of base and asphalt aggregates however
additional geotechnical investigation and testing of prospects above and below inundation line will be
required for confirmation.

KmatKm2ad

[ETE S ST = |
EAA L powoY iy B |
GRTEN

Figure 5.4.2; Potential Granular Borrow Sources at Km 21 to Km 26.5

5.4.5 Environmental Mitigation and Compensation

Environmental mitigation and compensation will be required for wildlife and fisheries habitats impacted by
the proposed Highway 29 relocation. The IET and the BC Hydro environmental groups have been
assessing potential wetlands sites along the Highway 29 corridor that could be included as part of the
mitigation and compensation areas. No wetland sites are currently being considered within the Km 21 to
Km 26.5 Segment.
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5.4.6 Recreation Sites

No recreation sites are currently being considered within the Km 21 to Km 26.5 Segment.

5.4.7 Travel Time Savings and Passing Opportunities

The preferred alignment options are generally more tangential and shorter than the existing current
highway alignment. This results in travel time savings when compared to the existing current highway

alignment as well as a potential increase in passing opportunities.

The travel time savings were calculated based on an estimated avke;a'ge "trayél;,‘speed and travel distance.
The estimated average travel speed along the existing alignment was basedfgq,the existing curve radii
and assumed vehicles would need to slow down at the sha‘rp‘e'kr horizontal curves.”An average speed was
then determined along the existing highway using thrsapproach The estimated aver;gg,e; travel speed
along the preferred alignment was estimated to be 9’0 kilometre pér hour througho'lj"tyuthe segment

because all the curves meet the 90 kilometre per hour demgn peed. Based on this approach 1 second

i

d Pavement Marking Manual
: ad. is g ater than 330 metres for a 90
tres and a vehicle height of 1.15 metres
Sight distances were checked along the existing

king into consideration the existing and proposed

The travé’l‘ time savings an assing opportunities are approximate only and based on a

desktop exercise.

5.4.8 Schedule

It is anticipated that the Km 21 to Km 26.5 segment can be completed within one to two construction
seasons, with rough grading completed in the first year and paving later that year or early the following

year.

Site C Clean Energy Project Confidential Document Last updated: Apr 2012
Highway 29 Definition Design 91



Site C Clean Energy Project April 13, 2012, v4
Doc 05-0044 "

Some of the critical items that will enable successful completion of the project include:

e Securing the required right of way prior to the construction start;
e Providing access at mid-points along the alignment to minimize haul routes;

s Confirmation of aggregate quality and quantity.
It is contemplated that the construction of the dam would begin in 2015_,wifth, the construction of coffer
dams during Stage 1 and the diversion tunnels during Stage 2. After conéffuction of the diversion tunnels
It is expected that the total
years. The Km 21 to Km

e segment would not

are completed, the construction of the dam itself will begin during S

dam construction period from Stage 1 to Stage 3 is to last approximat

26.5 segment is far enough away from the proposed damz’

occur during Stage 1 and Stage 2 construction. The construction of the Km 21 to Km 26.5 segment

would need to be completed prior to the completion of
2.

but not prior to & ge 1 or Stage

5.4.9 Cost Estimate

The total construction cost for the preferr

Site C Clean Energy Project Confidential Document Last updated: Apr 2012
Highway 29 Definition Design 92




Site C Clean Energy Project
Doc 05-0044

April 13, 2012, v4

Table 5.4.2: Summary of Estimated Construction Costs at Km 21 to Km 26.5

ITEM

SECTION 1 - GENERAL

DESCRIPTION

Includes Mobilization, Traffic
Management and Quality
Management

SECTION 2 - SITE PREPARATION AND ROAD
GRADE

SECTION 3 - PAVING CONSTRUCTION

SECTION 4 - PROVISIONAL SUMS

Site Modification (5%)

SECTION 5 - MISCELLANEOUS ITEMS

_ | Items not yet quantified such as
fencing, signing and drainage

- features

SUB-TOTAL CONSTRUCTION COST

Contingency

| ' ‘ 0
I O

TOTAL CONSTRUCTION COST

SECTION 6 — WORK BY OTHERS

Rounded Total

Pavement removal and utility
relocation

SECTION 7 — OTHER PROJECT COST (NCk):
CONSTRUCTION)

TOTAL PROJECT COST

5.4.10 Risks

Some potential risks include the fglf!t;fy\)ing': -

Project Management,
Engineering, Construction
| Supervision, Environmental
| Mitigation, Property acquisition

Rounded Total

. Qhéhges to tHéllmpact Lmes that may alter the design alignment and bridge concepts;

o Changes to the deSighyidkue to the Public Consultation Process;

o Une,;xpected ground '¢nditions encountered during subsequent design stages and during

construction;

¢ Not secuﬁng’ the required right of way prior to the construction start.
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5.5 HaLFwAY RIVER

The preferred option at Halfway River is Option 4 - Short and is shown in Figure 5.5.1. The total length
of Option 4- Short is 3.7 kilometres. The design drawings for the preferred alignment can be found in

Volume 2 of the report.

551 Scope

The horizontal and vertical alignment for the Preferred Option 4 — Short he ‘been established to meet a

90 kilometres per hour design speed. The horizontal alignment beg west project limit with a large
ngent section and then
: hand curve. The

g across the causeway n‘d,pridge structure.

re radius cun)ébéfqre tying back

t limit the pr
a grade of 3.8 percent and at the east end o profile cll

existing highway.

One of the purp’as"‘eé,"s’{of the Definition Design is to establish the Highway 29 relocation project footprint so

that all the impacts ca i cluded as part of the overall project Environmental Assessment. Therefore

in the absence of detailed .geotechnical investigations, conservative cut and fill slopes were assumed for
the Definition Design so that the largest impact would be included as part of the Environmental
Assessment. The cut and fill slopes and the pavement structure design will be refined and optimized in

subsequent design stages when detailed geotechnical investigations are completed.

Site C Clean Energy Project Confidential Document Last updated: Apr 2012
Highway 29 Definition Design 94




S6 ufisag uomuysqg 67 AemySiy
710z 4dy :p=iepdn 15€7 W3WNI0Q |eRUSpLUOY 1330id ASsaug wesp ) sus

Jaary Aemyjey je uondQ juswubiy pauejald :1'g's a1nbi

¥#00-50 200
A ZLOZ 'L Judy 3o9foid ABieug ues|y 9 aug



Site C Clean Energy Project April 13, 2012, v4
Doc 05-0044

The Halfway River segment is located across from the Attachie Slide area and is the segment along
Highway 29 that is the most susceptible to a large landslide generated wave. A quantitative risk
assessment (QRA) is currently underway at Halfway River that will provide guidance on the most
appropriate landslide return period to design for. For the purpose of the Definition Design and in the
absence of the recommendations from the QRA, a 10,000 year return period landslide generated wave
- was assumed for the bridge design and a 1,000 year landslide generated wave was assumed for the

highway approach and causeway.

The proposed crossing of the Halfway River channel includes a 305 metres bridge and a 695 metre
causeway. A Navigable Water Clearance envelope in excess of 8 metres high by 25 metres wide has
been provided under the structure. The landslide generated wave amplitude, éSsuming a 10,000 year
return period landslide is estimated at 14 metres at Halfway River. The current ‘deéign elevation of the
bridge structure is high enough to allow the 14 metre wave amplitude to pass under. the structure
assuming a 3.3 metres superstructure depth. The design‘ proceeded wifh the assumption that the bridge
foundations and piers could be designed to withstand the forces 'Created by a 10,000 year landslide
generated wave however more detailed exjginee‘ring is required at the subsequent design stages to
confirm this assumption. The preliminary loads on the bridge structure from a 10,000 year landslide
generated wave have been estimated by Kthh Crippen Béf‘ger,, Ltd. and presented to the IET team in &
letter memorandum dated January 31, 2012. This letier memorandum is included in Appendix F of the
Bridge Definition Design Report that can‘be found in Volume 3. ‘

The elevation of the weSt‘approach and~/:'¢auseway has"'been established so that a 1,000 year landslide
generated wave would not run up and overtop the existing highway. This resulted in the west approach
and causeway being raised to a minimum elevation of approximately 481 metres which significantly
increased the imported fill requireménts from previous options. This elevation was based on modeling
work performed by BGC to determine how far a wave would run up the proposed highway embankment
assuming a 1,000 year landslide generated wave. The modeling was based on the preferred Definition
Design alignmént and assumed 2H:1V embankment slopes. During subsequent design stages,
refinements to the ‘\pre,ferred aiignment will be explored to reduce the height of the highway at the west
approach and causeWéy by rﬁitigating the effects of the wave run up. Some refinements include
providing a steeper and rdugher embankment slope, providing a vertical retaining ‘wall instead of an
embankment slope or providing a large ditch adjacent to the highway. These refinements will help to
reduce the height of the wave run-up which may allow a lowering of the west approach and causeway

resulting in a reduced quantity of imported fill and cost.
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Raising the west approach and causeway above a 10,000 year wave run up would require a significant

increase in elevation and was not considered to be feasibie and was not considered any further.

The causeway has been designed assuming 2H:1V granular embankment slopes. The causeway slopes
are armoured with riprap between the elevations of 459.0 metres and 464.0 metres to protect against
wind induced wave action. Riprap or other slope protection will also be required along the existing steep
slopes on the west approach to protect against wind induced waves. Rlprap has been shown for the
purpose of the Definition Design but the feasibility and constructability of providing riprap on the existing
steep slopes will need to be further investigated in subsequent stages The bndge abutments will also be
protected with riprap. For details on the riprap design refer to the Final Hydraullcs Report for Definition

Design found in Volume 3.

conceptual only and subject to change based on consultatlon w:th affected property owners:

The culverts shown on the Definition Desig‘n%‘idr,awings are coné’eﬁptual only and not based on any detailed

drainage study. A hydrology study will be mpteted in subsequent“"idesign stages to confirm the culvert

requirements. The surface drainage design will also"bevcompleted at subsequent design stages to

determine spillway and catch basln reqwrements -The hydrology and. surface drainage designs will follow

the guidelines from Sectlon 1000 from the BC Suppf' 1ent to TAC Geometnc Design Guide.

Utility poles and an underground telephone Ime are located within this section and will need to be
identified for relocation or protectlon durlng subsequen deS|gn stages. There is an overhead crossing at
Station 3000+300 and an under :
confirmed.  Consultation with Zli’t"i’l’ity:aowners along the corridor and the preparation of utility relocation

round telephone llnecrossmg near Station 2999+800 that will need to be

ill be completed!fin i'subsequ,ent, design stages.

Proposed'righ;?t), of way limits have been established assuming a minimum horizontal distance of 5.0
metres from the proposed top ofcut or bottom of fill. The Right of Way Definition Drawing can be found in
Volume 2. The properties,;tha'tk are impacted by the preferred alignment include BC Hydro Owned land

that is currently leased cal residents (BC Hydro Leased) and Crown Land. There also appears to be

some existing road / utility allowances that will be impacted. The existing ownership of the Halfway River
channel is undetermined but a property taking has been identified in the Definition Design. Table 5.5.1
summarizes the amount of new right of way required based on the preferred alignment option. It does not
include the right of way inside the existing highway that will still be required nor does it identify any
surplus highway right of way.
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Table 5.5.1: New right of Way required at Halfway River

Description New Right of Way Required
Existing Road / Utility
Allowance 0.4 ha

Existing Watercourse 17.4 ha

BCH Leased

Crown Land
Total

5.5.2 Geotechnical

m Highway 29 neaigr‘“‘Tyhompkins Pit
n the Halfway River and the existing
to encounter primarily granular soils

of surficial silt and organic soils

potentially unstable and wﬂl”’* req re detailes eotech:ﬁical investigation to confirm slope stability

conditions and mvestlgate the reqwrement for erosion ‘protection.

An approximately perpendvcu]ar crossmg of the Halfway River ﬂoodplaln and channel will be via a

causew y'e bankment and new: bndge to be located about 800 metres north (upstream) of the existing

Highway 29 bndge crossing. he foundation conditions for the bridge and the causeway fill for the
crossing are antuc;pated to be yreiatlvely favourable, as the ground conditions appear to consist primarily of
granular floodplain soﬁs over bedrock. Such ground conditions would provide good bearing resistance
and likely minimal settléfhent issues, although a geotechnical investigation will be required to better
assess the foundation conditions and to confirm the absence of any soft or weak subsurface layers.
Foundations for a bridge are expected to encounter granular floodplain soils over sedimentary bedrock
(shale and minor sandstone) and rock-socketed piles are likely a suitable foundation option. The
causeway embankment is unavoidably within the reservoir footprint and will require erosion protection, as

will some of the steep natural slopes of the Halfway River valley and north shoreline of the reservoir that
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will be in close proximity to the bridge abutment and causeway approaches. The natural slope on the east
side of the Halfway River, below the proposed bridge abutment location, should be considered potentially
unstable and will require detailed geotechnical investigation to confirm slope stability conditions and

investigate the requirement for erosion protection.

East of the Halfway River channel, the proposed new alignment follows flat lying terrain just to the north
of a sloping terrace face prior to rejoining Highway 29 about 700 metres south of the toe of Halfway Hill.
Construction across this area is expected to encounter primarily. Sands and gravels or silty sands
overlying bedrock. However, much of the granular soils may be ov‘éﬂafn 'by/éfsilt cap of variable thickness
which may require sub-excavation in excess of normal stripping. Convénﬁdhal cuts and fills and a
pavement structure based on primarily non-frost susceptible subgrade soils can beykfapplied in the design
where the silt cap absent or is removed. Furthek investigation to delineate the  thickness and
characteristics of the silt cap is required. Cuts and" f;i,l],;\,ts‘;ghould be dé’signed with maXirijm slopes of

2H:1V, although there may be an opportunity to steepen cuts.to 1.5H:1V in granular soils, or alternately,

flatten them for additional borrow opportu

A Preliminary Geotechnical Assessment repor izor the'P iver segment report is included

in Volume 3 of the report and’k provides additiohﬂ detai

5.5.3 Constructablhty

The Halfway River alrg;ment is pnmarlly off-line and away from the existing Highway 29 which should

allow for easy constructlon The,exceptlon to this |sya the project limits where single lane alternating

traffic may be reqmred to complete the construction.

The-bridge constructlon WIH not requ1re a detour or the construction of a temporary bridge since it is

from the existin

located ay ‘ ghway The location of Pier 1 and Pier 2 are located outside the wetted

perimeter of ‘e creek and the;plle installations and substructure construction can be carried out without

the use of a cofferdam or temporary berm. Pier 3 however is located within the existing river channel and

will require a cofferdam ‘an,’d‘.dewatermg for the pile installation.

Temporary gravel constyr'uction access roads will be required to access the abutments and piers. To
access the west abutment and Pier 1 and Pier 2, a temporary construction access can be provided
approximately 600 metres west of the existing Halfway River Bridge. From there an access road can be
constructed to the proposed new highway alignment which can then be used to access the west

abutment and Pier 1 and Pier 2.
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To access the north abutment, a temporary access can be provided off the existing intersection
immediately east of the existing Halfway River Bridge. From here a temporary construction access road

can be constructed to the abutme_nt.

Access to Pier 3 is the most challenging. A temporary access can be provided off the existing

intersection immediately east of the Halfway River Bridge. From here a 450 metre long temporary

construction access road would need to be constructed along the existing.¢ bank of the Halfway River

to navigate down to the pier. An alternate option could be to build porary working platform at the

pier and barge equipment and machinery from the west side of th

5.5.4 Material Sources

0

It is estimated that approximately 4.0 million cubic s of imported fill and 20 cubic metres of

riprap will be required for the Halfway River Segmen

Within the area of the Halfway River proj

areas associated with the ancient Peace |

detailed deélgn stage to 1dentlfy the most suitable area(s) to develop.

Material from the ioca! granula deposﬂs would likely need to be screened for boulders and cobbles for

use as embankment ﬂl! A asﬁyof potential borrow material that will fall below the final reservoir level

should be used whereprSSl Ie

There were no suitable riprap sources within or in close proximity to the Halfway River segment. Portage
Mountain is the most likely source of riprap but further geotechnical ihvestigations, drilling and material

testing will be required to determine the suitable of the material.
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It is likely that a sufficiently large source of paving aggregates and base course material could be
established within the project segment however additional geotechnical investigation and testing of
prospects above and below inundation line will be required for confirmation.

HALFWAY RIVER CROASNG.
PULLEPAYIOTL @)
CHAVLAM BORASR ANEA
oFTeRa

— =

i /
- ! ’
- ORTION A Famit H-_-_-"""*--—-—"/f/"
4

Figure 5.5.2: Potential Granular Borrow Sources at Halfway River

5.5.5 Environmental Mitigation and Compensation

Environmental mitigation and compensation will be required for wildlife and fisheries habitats impacted by
the proposed Highway 29 relocation. The |IET and the BC Hydro environmental groups have been
assessing potential wetlands sites along the Highway 29 corridor that could be included as part of the
mitigation and compensation areas. No wetland sites are currently being considered within the Halfway
River Segment.

5.5.6 Recreation Sites

No recreation sites are currently being proposed within the Halfway River segment. This is a departure
from earlier considerations by BC Hydro, as suggested in the document titled “Recreational Access
Mitigation Concepts Review” dated October 6, 2011 and available in Velume 3.
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5.5.7 Travel Time Savings and Passing Opportunities

The preferred alignment options are generally more tangential and shorter than the existing current
highway alignment. This results in travel time savings when compared to the existing current highway

alignment as well as a potential increase in passing opportunities.

The travel time savings were calculated based on an estimated average travel speed and travel distance.
The estimated average travel speed along the existing alignment was based on the existing curve radii
and assumed vehicles would need to slow down at the sharper honzonta| curves An average speed was
then determined along the existing highway using this approach The estlmated average travel speed

along the preferred alignment was estimated to be 90 ki metres per hour th oughout the segment

kthIS approach 14

because all the curves meet the 90 kilometres per hour ,des‘lygn speed. Based

‘ is greater than 330 metres for a 90

kilometre per hour design speed. A drive

and a vehicle height of 1.15 metres

were used to determine potential passing of

The travel time saving

desktop exercise...

ned to be 7 months from April to October. It is anticipated that

the Halfway Rlver Option can be ‘ ompieted within two to three construction seasons, with rough grading

and bridge approach fills completed in the first year. The bridge construction can begin once access to
the bridge sites and !aydown areas have been obtained and the bridge construction is expected to be

completed in two constructlon seasons.

Some of the critical items’ that will enable successful completion of the project include:

e Completing the QRA to determine the appropriate landslide generated wave return period that
should be designed for;

o Ensuring that the bridge can be designed to withstand the forces of the landslide generated
waves;
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s Securing the required right of way prior to the construction start;
s Providing access at mid-points along the alignment to minimize haul routes;

* Ensuring a suitable source of riprap is available near the project site or that alternate products
can be used;
» Confirmation of aggregate quality and quantity. )
It is contemplated that the construction of the dam would begin in 201 5 with the construction of coffer

dams during Stage 1 and the diversion tunnels during Stage 2. AfterpcdnStru'ction of the diversion tunnels

are completed, the construction of the dam itself will begin durmg Stage 3. It is expected that the total

dam construction period from Stage 1 to Stage 3 is to last approxnmately seven years The Halfway River

segment is far enough away from the proposed dam site
during Stage 1 and Stage 2 construction. The constructlon of the Halfway River segm nt would need to

hat rmpacts to the segment would not occur

be completed prior to the completion of the proposed dam but not prlor to Stage 1 or Stage 2,

5.5.9 Cost Estimate

The total construction cost for the preferr at Halfway ’Rl 5L i

with a total project cost of || NG

alignment differed from earlier estimates a

fi nltlon De gn cost estimates for the preferred

refinements to some of the uni rates. ignif increase in t estlmated cost resulted from raising

be made‘to optrmrzethe design. :The estimates are based on 2011 dollars and have not considered
inflation or an increase in general construction costs that may materialize due to an overall increase in
v in | by construction. Table 5.1.2 provides a summary of the cost

breakdown and a more detailed bst estimate can be found in Volume 3.
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Table 5.5.2: Summary of Estimated Construction Costs at Halfway River
= COST

DESCRIPTION

Includes Mobilization, Traffic
Management and Quality
Management

SECTION 1 - GENERAL

SECTION 2 - SITE PREPARATION AND ROAD
GRADE

SECTION 3 - PAVING CONSTRUCTION
SECTION 4 - STRUCTURAL
SECTION 5 -CONSTRUCTION ACCESS ROAD
SECTION 6 - PROVISIONAL SUMS

e Modification (5%)
vet quantified such as

I
I
I
[
[
e fencing, signing and drainage
I

SECTION 7 - MISCELLANEOUS ITEMS

SUB-TOTAL CONSTRUCTION COST
Contingency
TOTAL CONSTRUCTION COST

20% assumed

Rounded Total

Pavement removal and utility
relocation

~ Project Management,

__ Engineering, Construction

“Supervision, Environmental

Mitigation, Property acquisition

Rounded Total

SECTION 8 - WORK BY OTHER

SECTION 9 - OTHER PROJECT COSTS |
CONSTRUGTI

from the assumptions used during the Definition Design which
, causeway and bridge designs;

o Changeks“'tb the ImpacﬁtﬁLl‘peS that may alter the design alignment and bridge concepts;

e Increased Nav; nal Water Envelope requirement that may alter design;
e Changesto the design due to the Public Consultation Process;

e Unexpected ground conditions encountered during subsequent design stages and during
construction;

o Not securing the required right of way prior to the construction start;
s Lack of quality riprap and aggregate sources.
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5.6 BEAR FLAT/CACHE CREEK

The preferred option at Bear Flat / Cache Creek is Option F Modified and is shown in Figure 5.6.1. The
total length of Option F Modified is 8.36 kilometres. The design drawings for the preferred alignment can
be found in Volume 2 of the report.

5.6.1 Scope

The preferred alignment has been developed to minimize the effects on 'hérifége and archaeological sites.
The horizontal and vertical alignment for the Preferred Option F M,oydiﬁed{ih’a,ks‘ been established to meet a

90 kilometres per hour design speed.

The horizontal alignment begins at the west project |imi:t*~wiih sweeping reverse curves of 440 metres
taking the alignment to the top of the lower escarpment. it then follows a generally tangentlal alignment
paralleling the future reservoir shoreline, with minor devxa’uons to avotd lmpacts to private properties and

archaeological sites. Immediately followmg the Cache Cre rossmg, and avoiding the nearby

residences, the alignment follows revers 2 ' curves of 650 metre and 440 metre radii,

tying into the existing Highway 29 at the e

grade on Watson Hill at82 percent )
project limit the existing highway grade of 8. met again with a new 6 percent approach grade.

The cut slopes:-have kbeeny de’éigned" at 3H:1V even tf ugh the initial geotechnical assessment indicates
that cut slqp'e's of 2H:1V and éVen k1:.5H:1V may be acceptable. Similarly, all the fill slopes west of Cache
Creek have been designed at 2H: 1V even though the initial geotechnical assessment indicates that some
1.5H:1V slepes may be acCeptabIe East of Cache Creek fill slopes of 3H:1V have been used in the
design owmg to the knowledge that the insitu material is of a silty nature, with potent:ally poor load

bearing characteristics.

The pavement structure for the Definition Design was assumed to be 125 millimetres of asphalt, 300
millimetres of 25 mm-WGB and 600 millimetres of SGSB but there may be opportunity to reduce the

thickness of the SGSB layer to 300 millimetres depending on existing soil conditions.

One of the purposes of the Definition Design is to establish the Highway 29 relocation project footprint so
that all the impacts can be included as part of the overall project Environmental Assessment. Therefore
in the absence of detailed geotechnical investigations, conservative cut and fill slopes were assumed for
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the Definition Design so that the largest impact would be included as part of the Environmental
Assessment. The cut and fill slopes and the pavement structure design will be refined and optimized in

subsequent design stages when detailed geotechnical investigations are completed.

The proposed crossing of the Cache Creek channel includes a 200 metre bridge and a 240 metre
causeway. A Navigable Water Clearance envelope in excess of 8 metres high by 25 metres wide has

been provided under the structure. The landslide generated wave ampli . assuming a 10,000 year

return period landslide is estimated to be 3 metres at Cache Cree : ed on the most current wave

modelling results from BGC provided in January 2012.

“of the bridge

The Navigable Water Clearance

ower the elevati

slopes. The causeway slopes
are armoured with riprap betw ’ 4.0 metres to protect against
wind induced wave action. Riprap is also require e east end of the proposed alignment where the

oir. The bridge abutments will also be protected

new embankment sl’
Final Hydraulics Report for Definition Design

ay accesses have been shown along the preferred alignment.

{ change based on consultation with affected property owners.

n Desfgn drawings are conceptual only and not based on any detailed
’ ocated approximately 400 metres east of the western project limits at
Station 400+920 : | eﬁnition Design a 3.6 metres by 3.1 ‘metres concrete box culvert 122
metres long has bee L,'l,m"ed. A hydrology study will be completed in subsequent design stages to
confirm the culvert requirements. The surface drainage design will also be completed at subsequent
design stages to determine spillway and catch basin requirements. The hydrology and surface drainage
designs will follow the guidelines from Section 1000 from the BC Supplement to TAC Geometric Design

Guide.
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Utility poles are located within this segment of Highway 29 and will need to be identified for relocation or
protection during subsequent design stages. Consultation with utility owners along the corridor and_ the
preparation of utility relocation drawings will be completed in subsequent design stages.

Option F Modified attempts to minimize impacts to the residential property east of Cache Creek. The
alignment is upslope from the residence and thus does not interfere with the future view of the proposed

reservoir.

Proposed right of way limits have been established assuming a minimum horizontal distance of 5.0
metres from the proposed top of cut or bottom of fill. The Right of Way‘Defihition Drawing can be found in
Volume 2. The properties that are impacted by this proposéd alignment include Private Land, Crown
Land and BC Hydro Owned and BC Hydro Owned land that are currently leased to:local residents (BC
Hydro Leased). There also appears to be some existing road / utility that will be impacted. The existing
ownership of the Cache Creek channel is undetermined but a property taking has been idéntified in the
Definition Design. Table 5.6.1 below summarizes the amount of new ‘right of way required based on the
preferred alignment option. It does not mclude the right of way mSIde the existing highway that will still be

required nor does it identify any surplus hlghway right.of way

Table 5.6.1: New right of Way i'equired at Bea'r Flat /Cache Creek

Description New Right of Way Required
Existing Road / Utility *

Allowance
Existing. Watercourse

Private Land ‘ l , .

BCH Leased ‘ e 5.7 ha
‘ ~Crown Land - 0.8 ha

; Total . 53.8 ha

5.6.2 Geotechmcal

From the" westem extent of the proposed highway relocation segment extending approximately 6.2
kilometres towards the east (from Station 400+500 to 406+710), the proposed realignment (Option F
Modified Short) is pﬁmarily Iocated near the edge of the upper fluvial terrace that consists predominantly
of sands and gravels. These are post-glacial fluvial deposits, formed as part of the down-cutting of the
Peace River, and appear to be underlain by till and/or bedrock. Construction along the fluvial terrace is
expected to encounter primarily granular soils, with variable but generally minimal thicknesses of surficial
silt and organic soils requiring sub-excavation or stripping, although the possibility of encountering till soils
or a perched water table cannot be discounted. Conventional cuts and fills and a pavement structure
based on primarily non-frost susceptible subgrade soils can be applied in the design. Cuts and fills shouid
be designed with maximum slopes of 2H:1V, although there may be an opportunity to steepen cuts to
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1.5H:1V in granular soils, or alternately flatten them for additional borrow opportunity. Several small
draws are crossed and will require full embankment fills with toes close to reservoir impact lines.
Additional geotechnical investigation to confirm embankment fill conditions are required, particularly for

crossing of the unnamed stream gulley at the western end of the segment.

The foundation conditions for the bridge and the causeway fill at Cache _Creek are anticipated to be
favourable, as the ground conditions appear to consist primarily of granular floodplain soils over shale at
a shallow depth. Such ground conditions would provide good bearing resistance and likely present
minimal settlement issues, although a geotechnical investigation: will be required to better assess the
foundation conditions and to confirm the absence of any soft or /Weak subsurfac,e layers. Foundations for
a bridge are expected to encounter granular floodplain soki,,l{s*fﬁover sedimentary be,éifock (shale and minor
sandstone) and rock-socketed piles are likely a suitable foundation option. The causewa,y embankment is
unavoidably within the reservoir footprint and will redui;e erosion protection. The natu'ra]:"kslopes on the
west side of the valley, below the proposed bridge abutment Ioca;ﬁdh,y should be considered potentially
to confirm slope stability conditions and

unstable and will require detailed geote mcal mvest:gauon

investigate the requirement for erosion protect n.

Wl” requxre eroswn protectlon

located below ,Eull SUPply Le\'Iél ;

The east end of the segment ties mto the existing highway part way up Cache Creek Hill, an area that has
a’long hlstory of terrain lnSta‘ll‘Ity, Iandshdlng, and erosion. Tie in to the existing highway may require

reconstruction of existing fil slopes leading up to the last several hundred metres to the limit of

realignment; where the proposédf"élignment overlaps the existing highway footprint.

Within the Bear Flét[,,,(}ach , Creek segment, relatively favourable granular borrow opportunities will likely
be available along the fluvial terraces, including areas that will be inundated by the reservoif. The upper
terrace surface typically has a surface cover of mixed alluvial material that would need to be stripped. An
aggregate investigation would be required to collect samples and conduct appropriate laboratory tests on
the soil. For Definition Design purposes, it is assumed that areas of the fluvial terraces that are located
below the FSL would be considered as the primary potential gravel sources, although a field investigation

and laboratory testing would be required to confirm suitable quantity and quality of material.
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No areas were noted within the Bear Flat segment that may be suitable for borrow of riprap. An existing
BCMOT prospect for riprap is present just east of the end of the project segment (Bear Flat Quarry),
where Dunvegan sandstone outcrops north of the highway. The rock was tested and deemed unsuitable

for riprap production due to poor durability and small fragment size.

A Preliminary Geotechnical Assessment report for the Proposed Bear Flat segment report is included in

Volume 3 of the report and provides additional details.

5.6.3 Constructability

Access to Option F Modified from the existing highway is quite/st’féiéﬁt forwé"r’d\ii/ith direct access from the
al portion. For the

adways across

way from the existing Highway 29
this is at the project limits.

It is estimated that"a'ppr fitm‘atély 2.1 million cubic metres of imported fill and 20,000 cubic metres of

riprap will be required for.the Bear Flat / Cache Creek Segment.

Within the Bear Flat / Cache Creek Segment relatively favourable granular borrow opportunities will likely
be available along the fluvial terraces, including areas that will be inundated by the reservoir as shown in
Figure 5.6.2. For Definition Design purposes, it is assumed that areas of the fluvial terraces, fluvial plains,
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and in-stream gravel bars that are located below the reservoir's FSL would be considered a potential and
first priority gravel source, leaving those areas above FSL for later use by others.

There were no suitable riprap sources within or in close proximity to the Bear Flat / Cache Creek
Segment. Portage Mountain is the most likely source of riprap but further geotechnical investigations,
drilling and material testing will be required to determine the suitable of the material.

It is likely that a sufficiently large source of paving aggregates and base course material could be
established within the project segment however additional geotechnical investigation and testing of
prospects above and below inundation line will be required for confirmation.

BEAR FLAT . CACHE CACEK CROBAMNG
e e A ———— |
L ———
ETH P I

DETIONIEMODIEIED

Figure 5.6.2: Potential Granular Borrow Sources at Bear Flat / Cache Creek

5.6.5 Environmental Mitigation and Compensation

Environmental mitigation and compensation will be required for wildlife and fisheries habitats impacted by
the proposed Highway 29 relocation. The IET and the BC Hydro environmental groups have been
assessing potential wetlands sites along the Highway 29 corridor that could be included as part of the
mitigation and compensation areas. A potential wetland site has been identified west of Cache Creek on
an existing island that is currently being investigated as a source of gravel. This site is identified and
described in the document Meeting Minutes — Opening discussions between engineering and
environmental groups on wetland opportunities at the proposed reservoir dated October 12, 2011.
This document can be found in Volume 3 of this report.
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5.6.6 Recreation Sites

Due to the proximity to Fort St. John, the Bear Flat / Cache Creek segment was considered an ideal
location for a boat launch site. BC Hydro is considering a possible recreation site outside of the scope of
this Definition Design report, and subsequent design stages may have to-include provision for access

between the realigned highway and the potential recreation site.

5.6.7 Travel Time Savings and Passing Opportunities

The preferred alignment options are generally more tangentlal er than the existing current

highway alignment. This results in travel time savings when compared to the existing current highway

alignment as well as a potential increase in passing opportunities.

The travel time savings were calculated based on an.g ;irﬁeted average travel speedk‘ar\i’d}t[avel distance.

desktop exercise.k‘

5.6.8 Schedule

The constriiction season has been assumed to be 7 months from April to October. It is anticipated that
Option F modified could be completed within two construction seasons, with rough grading completed in
the first year along with the Cache Creek bridge approach fills being placed in the first summer
environmental window. Construction of the bridge could continue throughout the year with the highway
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gravelling and paving operations completed the following summer. Relocation of the BC Hydro line to the
new route should occur during this second construction year. Once the required right of way has been
defined for the preferred option, the property acquisition process should commence to avoid construction

delays to construction commencement.

Some of the critical items that will enable successful completion of the project include:

s Securing the required right of way prior to the construction sta}rt'f" ”

» Providing access at mid-points along the alignment to minimi

e Ensuring a suitable source of riprap is available near’kthé’i’ 'broject site

r that alternate products
can be used; : .

e Confirmation of aggregate quality and quantity’f o

dam construction period from Stage 1 to Stage nately seven years. The Bear Flat /
h that it will be flooded during
ion of the Bear Flat / Cache Creek

Cache Creek segment is close to the propo: d dém sife

design proﬁgresses into a more detailed "aesign stage when topographic survey and geotechnical field
investigations ,a;r,e completed. The estimates are based on 2011 dollars and have not considered inflation
or an increase in gfeneral construction costs that may materialize due to an overall increase in activity in
the area caused by"the da’my construction. Table 5.6.2 provides a summary of the cost breakdown and a

more detailed cost estimate can be found in Volume 3.
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Table 5.6.2: Summary of Estimated Construction Costs at Bear Flat / Cache Creek
ITEM COSsT DESCRIPTION

Includes Mobilization, Traffic
Management and Quality
Management

SECTION 1 - GENERAL

SECTION 2 - SITE PREPARATION AND ROAD
GRADE

SECTION 3 - PAVING CONSTRUCTION

SECTION 4 - STRUCTURAL

SECTION 6 - PROVISIONAL SUMS

ltems n quantified such as

SECTION 7 - MISCELLANEOUS ITEMS fencing, sighi and drainage

SUB-TOTAL CONSTRUCTION COST

20% assumed

N
I
|
I
SECTION 5 -CONSTRUCTION ACCESS ROAD | [l
[ |
N
[
[

Contingency

TOTAL CONSTRUCTION CO Rounded Total
SECTION 8 — WORK BY OTHERS Pavement remoyal and utility
relocation

SECTION 9 — OTHER PROJECT COSTS (N
CONSTRUCTION)

Project Management,
Engineering, Construction
Supervision, Environmental
Mitigation, Property acquisition

Rounded Total

TOTAL PROJECT COST

5.6.10 Risks

Some pont risks include the foll wing:

eased Navigatiohgi ‘\Nater‘ En;\iglope requirement that may alter design;

es ies that may alter the design alignment and bridge concepts;
. Changéé,étb the design due to the Public Consultation Process;

. Unexpected ?gfo,und,f/éonditions encountered during subsequent design stages and during
construction;

» Not securing the required right of way prior to the project start;

e Lack of quality riprap and aggregate sources.
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6.0 SUBSEQUENT DESIGN

6.1 ITEMS TO BE COMPLETED

Key items that will need to be completed during the subsequent preliminary design stage include the

following items:

» Geotechnical field investigations at all bridge sites, at the east end of "fh‘e Lynx Creek Segment, at
Dry Creek and to prove out suitable aggregate and riprap sourceS'

» Structural design solutions to withstand the impact of - a Landsllde Generated Wave at the
proposed Halfway River crossing to offset the requlrement ofa berm;

» Detailed ground survey at all bridge sites;

¢ Detailed ground survey at all watercourses;

Confirmation of Navigable Water Clearance Env (

* lIdentify local borrow. plts an

+ Drainage design:

e Armoring requirements for re oir drawdown penods have not been addressed in this stage of
the design. It is expected that the freq‘ ency.and extent of reservoir drawdowns will need to be
determined in. subsequent design stages. Frequent and long term reservoir drawdown may
né,essutate the need for addltlonal armoring at elevations below the locations shown on the

' drawmgs

o Idenhﬁcat;on of whicﬁkéécesseé"vy\'iif‘lﬁl need to be maintained and or replaced and which ones can
be “eliminated, which | ay depend on existing BC Hydro lease arrangements and property
negotiations; . ] '

. Preparation of publlc consultation material;

s Incorporating enwronmental mitigation and compensation measures into the design;
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6.2 POTENTIAL COST SAVING MEASURES:

During the subsequent design stage, efforts will be made to optimize the design to minimize costs. Some
potential cost saving measures that will be explored during the preliminary design stage include the

following:

« Optimizing all the bridge crossings by either lowering the elevation of the crossing, shortening the
bridge span as much as possible while still maintaining an o"emng wide enough to satisfy
Navigable Water and hydraulic requirements and re-examining e‘ foundation designs when the
topographical survey and detailed geotechnical field investi "aﬁon are completed:

+ Optimizing the roadway design to minimize excavation’ and embankment‘quantltles

s Refining the pavement structure design to minir "'the thickness of th base and sub-base
based on the finding of detailed geotechnlcal lnves lgatlons

e Refining the roadway cut and fill slopes:b ed on th ‘fmdmg of detalled geotechmcal
investigations to mlmmlze embankment and excava_tion quantrtles,

e Adjusting the alignment and vert
quantities; ‘

profile at the ea Lynx Creek to minimize imported fill

¢ Refining the detour alignment and p

hat will allow a lowering of the west
steeper embankment slope, a wide ditch and a

+  Working with BGC to explc
approach and causeway (eg a rougher
vertical wall instead of an emba kment)
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