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Section P.1
PREFACE

APPLICATION TO THE

NATIONAL ENERGY BOARD FOR APPROVAL
OF THE MACKENZIE VALLEY PIPELINE
VOLUME 3: ENGINEERING DESIGN

EXECUTIVE SUMMARY

P.1.1 PROPONENTS

The proposed Mackenzie Valley pipeline will extend about 1,220 km from
Inuvik in the Mackenzie Delta to northwestern Alberta.

The pipeline proponents are:

Imperial Oil Resources Ventures Limited

Mackenzie Valley Aboriginal Pipeline Group (APG)
ConocoPhillips Canada (North) Limited (ConocoPhillips)
ExxonMobil Canada Properties (ExxonMobil)

Shell Canada Limited (Shell)

The proponents are required to consider arctic and subarctic environmental and
topographic factors, and to choose the most suitable route, when evaluating,
engineering, designing, constructing and operating the Mackenzie Valley
pipeline.

In developing the engineering design plans, the proponents considered
engineering, environmental, safety and cost factors. In addition, the views,
concerns and suggestions of the affected stakeholders along the proposed route
were regularly sought and considered. In some cases, the route was altered to
accommodate these concerns.

P.1.2 ARCTIC ENGINEERING

The Mackenzie Valley pipeline will be built in an arctic and subarctic
environment. It will be buried for most of its length and will encounter areas of
both continuous and discontinuous permafrost over its entire length. Heat
transfer, geotechnical and structural engineering factors were considered in
evaluating construction options and materials.

Before developing engineering, design and route options for the pipeline,
material needs, stresses and tolerances were analyzed and evaluated. Data on
climate, ground temperatures, topography and specific terrain conditions were
gathered. The information collected was used for pipeline, facilities, construction
and operations planning.
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Section P.1
EXECUTIVE SUMMARY

P.1.3 SYSTEM DESIGN

P.1.4 DESIGN BASIS

Sweet natural gas from the anchor fields at Niglintgak, Taglu and Parsons Lake
will be transported through gathering pipelines to the Inuvik area facility. The
gas pipeline has been designed to deliver about 34 Mm®/d of natural gas from the
Inuvik area facility to Alberta during the summer and about 39 Mm®/d during the
winter. In addition, gas from other sources may be transported in the pipeline.

Pipeline design alternatives were evaluated using a variety of simulation
programs and models that analyzed the materials and designs according to
geotechnical, process and hydraulic characteristics.

The design and construction of the gas pipeline involves meeting the
requirements of shippers and understanding the characteristics of the specific
types of terrain, including watercourse crossings, and ambient conditions that
will be encountered along the pipeline route. In addition, associated facilities,
including compressor stations, block valves, meters and a heating station, were
evaluated and designed.

The specific characteristics of the pipeline and associated facilities, including the
materials, design parameters, manufacture, special operating or performance
features, and installation and construction needs were examined. Various
construction techniques for watercourse crossings were evaluated and the
methods for watercourse crossings that might require special attention were
evaluated in detail.

P.1.5 ROUTE AND SITE SELECTION

The pipeline will generally be routed within a 1-km-wide corridor. The
objectives of the route and facilities site selection process included avoiding
sensitive environmental and cultural areas, reducing disturbances to communities
and the landscape, satisfying engineering and construction requirements, and
minimizing costs.

The route selection process for the pipeline began in 2001. The preliminary
routes selected have since been reassessed as a result of field investigations and
considerations of community input. In evaluating the suitability of many of the
route segments, the proponents studied alternatives to the original proposed route
that were suggested by local inhabitants, and the route was altered in some cases.
Criteria were developed and used to select each route segment. The original route
was adjusted in response to community concerns and input. Additional
refinements to the route might be made before construction starts, depending on
the results of continuing community input.

Criteria were also developed and applied to selecting the sites for the pipeline
facilities, including compressor station, heater and block valve sites.

Mackenzie Valley Pipeline August 2004
MGRA1-3



CONTENTS

APPLICATION TO THE

NATIONAL ENERGY BOARD FOR APPROVAL
OF THE MACKENZIE VALLEY PIPELINE
VOLUME 3: ENGINEERING DESIGN

TABLE OF CONTENTS

Preface

EXECULIVE SUMIMATY ...c.vviiiiiiieiieiie ettt ettt sttt et e esteestaessaessaesssessseesseesseesssesssesssennseenses P-i

Contents
TaDIE OF COMEEILS ....vviivvieeiieiieiieciie ettt ettt ettt e et e et e esbeesteestbeesbeesbeesbaessestsessseesseenseesseesssessseans il
LSt Of TTTUSIIAIONS ....vevviiirieieeciiectie ettt estt e st e eev e et e esteesteestbeeabeesbeessaesssesesessseesseenseesssesssessseesenns ix

1. Arctic Engineering

L 113 04 1317 5 () W PP OPRRUSRRPRRRO 1-1
O O O 7 Tod ¢ (01 1 Lo APPSR 1-1
1.1.1.1  Arctic PIPElININg ......ocvieiieiieiieciie ettt 1-1
1.1.1.2  Unique Pipelining Considerations.............ccccceeeverrreerreereervenreesreeneeennns 1-1
1.1. Permafrost DiStrIDULION .......cecveeiiiiieiieriieree ettt e e ere e es 1-2
O G T OV oo 1 D - BRSSPSR 1-3
O T N B T 1. B 100 7 RS 1-3
1.1.3.2  Ground TemMPETatUIES .........c.eceverereerreerieerieerreereeieesseesseessessseesessseenses 1-3
O o) 010 4 1 5] 1| USRS 1-3
1.1.5 Engineering Terrain ANalySiS.........ccceevuieriiireniieeiieerieecieeesreeeireesreeeeeeesveeeenas 1-3
2. Geotechnical CoNSIACTATIONS. ........evverierriierieereesteeieeieerteeseessesseeseesseesseesssessseesseensaessaens 1-5
1.2.1  Geotechnical Loads ......cccveeiiiiieiieiieeieeieeieeie et eee et e stae s e e snbe e esseenns 1-5
1.2.1.1  FrOSt HEAVE ..cceveieiiiiciieeeiie ettt ettt et e e e e e 1-5
1.2.1.2  Thaw Settlement ............ccceeevieiiierieniierieiie et es 1-5
TR B TSy e AN o) 01 (o Tl s OO UPRTS 1-9
1.3.1  DeSIZN ODJECHIVE ...eeeuviieiiiieeiieeeiiee ettt esteeeteeeireeeveeestteesereeeabeessbeessseeesseesnsaeenssens 1-9
1.3.1.1  DeSi@N OPtiONS....ccuvieerieeeiereeiieeiteerteeeteeesreesreeesereesseeessseessseesssseessnes 1-9
1.3.1.2  Maintenance OPLIONS ........cccvervrrereerreereereesreareesseesseessesssesseessessseenses 1-9
1.3.2  DESIZN PTOCESS ..uvviieiiiieiiieciie ettt ettt ettt e tee e e e taeesabeeebaeessseesnsaeennns 1-10
1.3.2.1  Temperature GUIdEIINES ........c.cceevieeriieeriieeiiierieeecieeeereeeree e e evee e I-11
1.3.2.2  Construction Surface Disturbance...........ccceecvevvverierieerveereereeneennens 1-11
1.3.2.3  Pipeline Loading ........ccccccvevienierieniiiieeieeieeree st see e eve e ssee e 1-12
1.3.2.4  Strain Capacity.....ccceeceveerciieeiiieeiieerieeereeesireesreeeseeeesseessaeeseseeeseeenes 1-12
1.3.2.5 Deformation Monitoring and Maintenance..............ccceevervveerreerverenenns 1-13
1.3.3  ClmMate Change .........cccevceerieriueeieeiiesieestestesreeseeseesseessresssessseensaesseesssessesssenns 1-13
4. GeoteChniCal MOAEIS........ciiiiiiiiiecii ettt ettt e et e b e e ebaeesabeeessaeesssaans 1-15
L.4.1T  FrOSt HEAVE......viiiiie ettt ettt et ette et e e e e sebeeestaeesssaesasseesssaeenes 1-15
1.4.2  Thaw Settlement.........cccccuiriiiiiiierieiie ettt e e e e e steesreesnne e 1-16
1.4.3  Operating TemMPETATUIES ........cecveeirireeeiieeiieeeieeesireeereeeereesreeessreesresesseesseeennns 1-16
5. Materials ConSIAErationS........c.ceervieeriieerieeeiieesieeeiteeesreeesteeesreeaseeesseesssseesssesassseessseesnsns 1-19
1.5.1  Materials SEIECtION ......ccvviriieiieiieie ettt e see e e beebe e eessaessbeenseesaessaens 1-19
1.5.2  Design Considerations...........ecverververierireesieeseeseesinesseesseesseesseesssesssessseessessseens 1-19
August 2004 Mackenzie Valley Pipeline iii

MGRA1-3



CONTENTS

TABLE OF CONTENTS

1.5.2.1  Fracture INitiation..........cccveeeveeereerieniieniesieeieeieeseeseeseeseseenseesseesenens 1-19
1.5.2.2  Propagating Ductile Fracture .............cccceeeviieiiieeciieeciee e 1-20
1.5.2.3  Brittle FTacture .......cvecvveiiiiiiieitciieieeree ettt 1-20
1.5.2.4  Local Buckling — Compressive Strain Limit State..........c..cccccoceeeenen. 1-20
1.5.2.5  Girth Weld Tensile Fracture — Tensile Strain Limit State .................. 1-21
6. SHrUCTUTAl ANALYSIS ...ecictiiiiiieeiieeeiee ettt ettt e et e e stb e e este e e b e e esbeeesseesnseeesseennses 1-23
L T I oo o TSRS 1-23
1.6.2  Structural MOdellIng.........cccoevuiiiiiiiieiieieetieceeet et sreeeveeereeveesveesteesene e 1-23
1.6.3  Frost HEAVE. ....coiuiiiiiiieeeee ettt 1-23
1.6.4  Thaw Settlement.........ccccuiriiiiriierieiie ettt ereere e e e steessaesnne e 1-24
7. Right-0f-Way Considerations ............ccceceeriiereereerireriieesieeseeseesressseesseesseesseesssessseesseesses 1-27
1.7.1  Permafrost Considerations ..........ccocueeiueerieeniienieiienie e e ettt et 1-27
1.7.2  Right-Of-Way Settlement...........c.ccveriierienieiiieiieieeieree st ere e see e 1-27
1.7.3  Ditch Backfill DeSign.......cccveciiiiiiiriiiriiiiiieieeeeree et ese e 1-28
1.7.4  Slope Stability DeSI@N .......cccvieeciiieiiieeiieecieeeee ettt e eeeesreeeereesreeeaeeesevaeenes 1-28

2. System Design
Lo INEOAUCTION ...ttt sttt et e b e bt et be st e e sbe et e sae et eneens 2-1
2.1.1  PropoSed DESIZN......cccuiiriiiriiiieeieeiietiesee et ereereeseesteesraessaesnseebaessaesseesnnennnes 2-1
2.1.1.1  DeSign VOIUMES ......cocvvieiiciieiicciieciee ettt ettt tn e eenas 2-1
2.1.1.2  System Availability........cccccoiiriierieieeseeee e 2-2
2.1.1.3  EXPANSION....iiiiiiiiiiieeieeieeieeteerite st et e e eeeeseaesteesenesnsesnseenseeseesseennnes 2-2
2.1.2  Gas Pipeline Configuration ...........cccueevereverieesieenieriieneesreereesieesseesnessessseesseenens 2-3
2.1.3  Summer FIow Capability........cccocveviierciieiiiieciie ettt e 2-3
2.1.4  Winter FIow Capability .........ccceoierieriiniieiieieeieree e see e 2-4
2. DeSIZN ALCINALIVES .....uiectieiieeeieriieieeieesteesieestestestesseesseesseesseesssessseasseesseessaessaesssenssensseans 2-7
2.2.1  PiIpeline AIEINAIVES ...ccveeeeiiiieiieiiieesieeeeiteesteeereeerreesreeeebeesbeeesseessseeeeseesnseens 2-7
2.2.1.1  Alternatives Considered...........evouiriieriiinienieiie et 2-7
2.2.1.2  Evaluation CriteTia .........cceeriierierireerrieiierieeseesieeseesseesnessnesseesseesseennns 2-7
2.2.1.3  Dense-Phase DeSIZN.......cccceeviiriiiiiiiieeiieeeieeeree et e ereeeeveesereeeeneeeenas 2-7
2.2.1.4  Tw0-Phase Design ........cccceeeviiiiiiieiiiecieeeiee ettt 2-8
2.2.1.5  Single-Phase DeSigN ......c.ccccvecvierieenierieiieeieerieeseesre e ere e seesne s 2-8
2.2.1.6  Selected CONCEPL......cccieriieeieeiieiierieieeree e sre e eseeseesresereesreesseens 2-8
2.2.1.7 Rationale for Rejected Concepts......cccevurrrvrireriieeiieeniieeiee e evee e 2-9
2.2.2  DeSign ACIMALIVES .....eerviereieeieeiieieeseesre et ereesseesteeseressseeseesseesssesssessseesseesseesnns 2-9
2.2.2.1  Design Considerations ............cceeceerverereerreereesieesnesssesssessseeseesseesssesnnes 2-9
2.2.2.2  Alternatives Considered..........ccovuiiiiirieiniiiienieeie e 2-9
2.2.2.3  Attributes of Selected Design.........ccceevvieecriiiriieriie e 2-9
3. Pipeline HYdrauliCs ......cccevieeiiiiieiieiiecie ettt sttt ta e st ssbeessaenseennnas 2-11
2.3.1  Hydraulic MOdel.........cooouiiiiiiiiiieieccee ettt et erae e 2-11
2.3.2  Hydraulic Parameters ..........ccccecuiieriiieiiieciie ettt etee e sveeesive e reeesereeenes 2-11
2.3.2.1  MoOdel INPULS ...ooviiiieciiecie ettt sreeteesreesaeesenesnne e 2-11
2.3.2.2  Temperature Profile ..........ccceeierieriiniieiieeceeree e 2-11
4. SIMUIAtion MOAEIS .....c.eoiiiiiiiiiii et 2-15
241 MoOdels USEA....ooueiiniiiiieiieite ettt ettt sttt 2-15
2.4.2  Geotechnical Simulation MoOdEIS ..........ccceevieriiiriiiciieieeeeree et 2-15
2.4.3  Process and Hydraulic Simulation Models...........c.cceeviiriiiinieeiiieeieecciee e 2-15
5. Regulations, Codes and Standards ............cceccveereiieeiiiierciie it 2-17
2.5.1  Applicable REgUIAtIONS .......eccvveriiiriieiieiieiiercere ettt sre e eieesaeesene e 2-17
2.5.2  Applicable Codes and Standards...........cccevevereieeciienienieriesie e eieesiee e sene e 2-17
iv Mackenzie Valley Pipeline August 2004

MGRA1-3



CONTENTS

TABLE OF CONTENTS

3. Design Basis
Lo INEEOAUCTION ...ttt ettt ettt et et sb e bt e sbteeateeateebeenteens 3-1
31T PUIPOSE ittt ettt e ettt e st e et e et e e e tb e e s ab e e e taeeabaeebaeetaeesnbaeenbaeenraaans 3-1
3.1.2  LoCation DESCIIPLION ......eccvieiieriieiiieiieeieeieerieesieesetesreereeseesseessaesssessseenseenseenseens 3-1
3121 Gas PIPEINe ....ccveeeeiiiiiciieieeeeseeete et 3-1
3.1.2.2  Facility LOCAtIONS. .......ccecviiiiiieeiieeiieeciee et eeiree et eeere e 3-1
3.1.3  Community ACCESS t0 GAS ...cueevuiereririeeiierieerieeseesteereeseesseesseesssessseesseesseenseessaens 3-2
2. Materials and Pipeling DESIZN ........c.evcverriiiriierieiieiie ettt ste e ebe et iee e snsesnseesaensee s 3-5
3.2.1  Quality ASSUrance Programi.........cccceeecuiieriiesiiieeiiieeieerreeeieeesreeetaeesveeeereeseveeas 3-5
3.2.2  PIPCINE....uiiiiiiiiiie ettt et e et e et e e e ta e et e e e re e e abaeebaeetaeesbaeeabaeanraeans 3-5
3.2.2.1 Line Pipe Selection, Manufacture and SUpply........ccceccvevververcvercrennnenn 3-5
3222 WEIdING..eoneiiieiieiieee ettt eneas 3-6
3.2.2.3  COALNG ..ccouvieeirieeiieeeiee ettt eeteesieeeseteesteeetbeesebeeesbeessbeeebaeensreeeraeennaeas 3-6
3.2.2.4  Valves and Fittings........ccceovvevieriieniieenieeniesie e ere e esiee e sne e eseeeees 3-6
3.2.2.5  Internal CorrOSION ....cc.eeuteriiriieieriieiesie ettt 3-6
3.2.2.6  External CorrOSION ......c.cueeiiirieriiiie ittt ettt s 3-6
3.2.2.7  Fracture DeSiZN .....cceecuieciieriieriieiieeie et estee st sreeve et sseesenesnseenseas 3-8
3.2.3  DeSign ParameterS......cccveeuierierieiieeieerieeseesresreeseeseesseesssessseenseeseesssesssesssesnses 3-8
3.2.4 Block Valves and Pigging Facilities...........cccccueeriiiriiiieiiieciieeiee e 3-10
3.2.5 Compressor Stations, Heater Station and Meter Stations...........ccccceeeviveereveeennee. 3-12
3.2.5.1  Material SeleCtion ........cceevcverriieriieriierieeie ettt ere e es 3-12
3252 WEIING..coviiieiiiieie ettt ettt 3-12
3.2.5.3  Internal CorroSION ......ccouieiierieeriieeiie ettt ettt st 3-12
3.2.5.4  EXternal COTTOSION ...c..eeveruiruieriiniieienieeteie sttt ettt eee e 3-12
3. Pipeling CroSsing DESIZI......ccuevviriirciieiieiieiie sttt esteeseesresteeseesseessaesssesnseesseesseessnes 3-13
3.3. 1 WALET CIrOSSINES ..eecuvveeeerieeiieeiereeeteeeeireesseeessseesseeessseesssesessseessseesssssesssessssseessses 3-13
3.3. 1.1 DeSi@N Criteria . cccuiiisiieeiiieiieeeiieeeieeeiteesveeesteeesereeeteeeseseeesseessseeenns 3-13
3.3.1.2  Water Crossing ClassifiCations ..........c.ceccverveereerienieeneeneesresnesneenns 3-13
3.3.1.3  Construction Techniques...........ccceecveiriiiiiiiieriie e 3-14
3.3.1.4 Horizontal Directional Drilling...........ccceeevieeviienciieeieeciee e 3-15
3.3.2 Highway, Road and Pipeline CroSSINgs .........cccccvrvveerieerieereeseenivesreeseesseeneeenens 3-20
4, COMPIESSOT STATIOMS ..vveerreieeriieriiesreaiteeteesteesseessressseeseeseesseesseesssesssessseesseessessseesssesssennns 3-27
34T PUIPOSE . eeiieiiieeieeetee ettt ettt e ettt e s b e e et e et e e esteeesabeesaseeessaeesaseeesaeeanseeensaeensseas 3-27
3.4.2  Facility DeSCIIPHON ....ecviiiieiieiiesieeie et et siee st e seresreeteesteesteessaesnsesnseensaenseennns 3-27
3.4.2.1  REQUITCIMENLS ...vveereiieeeieeiieieeieesieeseressesseesseesseesseesssesssesssesssessseeses 3-27
3.4.2.2  COMPIESSION....eiiiuiieerieeeiieeireesteeetteesreessseeessreeesseeessseesseeesssesssseeanses 3-28
3.4.2.3  COOIMNG..ciiiiiiiiieeiieecee ettt ettt re e et e e sveeeave e s sbeeeebeesareeenes 3-28
3424 ULIIHES c.eetieiieiieiceie sttt st 3-30
3.4.3 Safety and Control SYStEMS........cccvieiiiiiiiieiiie ettt eee e e eeeeesree e 3-30
3.4.4 Compressor Station SChematiCs .........ccceevvieeciiieriieeie e 3-30
5. HeAtET StAtION...cuiitiiiiiieie ettt ettt ettt bttt 3-41
35,1 PUIPOSE ittt ettt ettt ettt ettt e st e st e et e e nt e st e e ta e e enteeenaeennreas 341
3.5.2  Facility DeSCIIPHION ...cccuviieiiiieiiiieiieeciee ettt ettt et et e v e e e vaeeereeesraeenenas 341
3.5.3 Safety And Control SYSTEIMS ......ccccveeieiiieriieeiie et eeieeeeree e sveesreeeereesaneas 3-42
0. Other FACHITIES ....euvieeirtieiieie ettt ettt st sttt st sbe et enees 3-47
3.6.1  Inuvik Gas Meter StatiON ........cocueeiiriierieenieniie ettt ettt 3-47
3.0. 1.1 PUIPOSC..ciciiieiiieeiie ettt ettt etee ettt e st e et e e e baeesabeesnbeeeesaesnseeenees 3-47
3.6.1.2  Facility DeSCription.......c.cccveruierieereerienieeieeieesieeseeseesnesseesseesseenens 3-47
3.6.1.3  Safety and Control SYStEmMS .........ccceevvererrerieerieerienieeie e esieeeee e e 3-47
3.6.2 NGTL Interconnect FacCility .......cccceeveiiiiriieiiii ettt 3-48
August 2004 Mackenzie Valley Pipeline \Y

MGRA1-3



CONTENTS

TABLE OF CONTENTS

7. Environmental Design Considerations............cevververireerieeseeseesresreesseesseesseesssesssessseenses 3-53
IR B 1T o TSROSO 3-53
3.7.2  Right-Of-Way DESIGN .....ccveviieiieiiieiiesieeieeie ettt sresere e eseessaessaessaesnnesens 3-53

3.7.2.1 Right-of-Way Construction Modes..........c.cceeevrrrrierrierierieereereeneeenens 3-53
3.7.2.2  Buoyancy Control ........cccceeviiieiiiiieiiieiieciee et 3-54
3.7.3  Site DEVEIOPIMENL .....eeeiiiieiieciieectee ettt e et e e sbe e e rae b e e enbaeeeaaeas 3-54
374 AL EIMUSSIONS ..oeiiivviiiieiieeeeeeieee ettt eeteee e eeaae e e eeareeeeeaneeeeeeaneeeeensreeesennaneeeennnns 3-55
375 NOISE LEVELS .eviiiiiiiiieeeeeeee ettt ettt e e 3-55
3.7.6  Waste ManagemeNt..........cccueeeieierieeeiieerieesreeesireesteeesereesseeessseessseessssesssssesssnes 3-56
4. Route and Site Selection

L U3 ¢ Y6 13 o150 ) s WO 4-1
1.1 ODJECHIVES .evrieurierieieectteetteeereeteeteesteesteeetbeerbeebeebeestsestseseseesseesseesseesssessseesseenseenns 4-1
4.1.2  SEleCHION PIOCESS ....oouvviiiiieiiie ettt ettt s 4-1
4.1.3  ROULE SEIECHION. ......cooviiiieiiiiee ettt et e eete e e et e e eetreeeeesaaeeeeeetaeeeeentreeeeenes 4-1
4.1.4 Route Evaluation and SeleCtiOn..............coovvviriiiiivieiiiieiee e e eetree e 4-2

2. ROULE DESCIIPLION ...eviieeiiieiiieeiieeieeeiteerte e st e etteesbeestaeestbeessbaeessseesssesessseessseeesssaesssasssees 4-5
4.2.1  Proposed ROULE.......cceeviiriiiiieiieiieite ettt ve s steeseaesnnesnseenns 4-5
422  Inuvik to Norman WEILS .........coooviiiiiiiiiiiiiieie e 4-5

A22. 1 ROULE ettt e e e e e e e e aaae e e e e e e enaen 4-5
4.2.2.2  TOPOZIAPIY ..veieniiieeiiieeiieeeiee ettt e tee e sre e et e e tveeeaeeeseseesssaeessseesnseaenes 4-6
4.2.2.3  ECOTCZION ....vieuiiiiieiiieeieeieesieesiteseteseteeste e stessaessseesseenseesaessaesssesssesssesnes 4-6
4.2.3 Norman Wells To WIllowWlaKe RIVET........cc..oooeviviiiiiiiiiiieeieee e 4-6
A.2.3. ] ROULE it e e e e e e e e e e e e e e enaes 4-6
T TR K0 0103 21 o) 1 USSR 4-6
4.2.3.3  ECOTCZION ....veeuiieiieiieeieeieesieeeieesevesebeebe et e sseessseenseenseesaessaessnessseesseenns 4-8
4.2.4 Willowlake River to Northwestern AIberta...........ocoovvvveeeiiiiiiiiiiiieeeeeeeeeiieeeee, 4-8
A2A4. T ROULE ettt e e e e e e e e e e eaaae e e e e s esennes 4-8
T S K0 0103 21 o) U S 4-8
4.2.4.3  ECOTCZION ...uvvieeiieeiiieeciieeeiee ettt e etteeiteeeetee e tbeeseseeeeseessseaensseessseesnseeenens 4-8

3. ROULE ACINATIVES. ...eeiiiiiiieiiiieeeee ettt e e e e e e e e e e eeasaaaeeeeesesesasaareeeeeeenans 4-11
4.3.1 Routes Evaluated in 2002.........cc.veiiioiueiiiiiieieeeeieee e ettt eeaeeeeeeraee e 4-11
4.3.2 Routes Evaluated in 2003 .........cuviiiioieiiieeieieeeeeee et 4-11
4.3.3  ROULE REINEMENTS ...ovvvviiiiiiiiiiiiiieeec e e e 4-15
4.3.4  Ochre River Crossing ROULE..........ccceeriierieiieeieeieeiieeeesee et ese e 4-15
4.3.5  Trainor LaKe RETOULE ......cccvviiiiiiiiieiciieie et eeaaee e e 4-16

4. Travaillant Lake Route AIEINAtiVES .....cccuvvvviiiiiiiiiiieeeiee e 4-17
4.4.1  RoOULE CONSIAETALIONS ...ovviiiiiiiiiiiieieeeee ettt e e e e eeetere e e e e e e eeeaareeeeeeeseesssaarreeeeeas 4-17
442 Alternative Routes ConSidered.........coviivivvviiiiriieieiiiieieeeeieeee e eeeeeeeeeeeee e 4-17
4.4.3  Preliminary ROULC.........cccuiiiiiieiiieciie ettt et e et eesbeeeneeeseraeenes 4-18
4.4.4  Adjusted Preliminary ROULE .........ccoviieiiiiiiieiiie et 4-18
4.4.5 Travaillant Lake ROULE 1 .......ccoooiviiiiiiiiiiiiieie e eeeee e e 4-18
4.4.6 Travaillant Lake ROULE 2.......coooiviiiiiiiiieeeiieee e eetee e e 4-20
4.477 Mackenzie Highway AIEINatiVe.........cccvreriieiiiieiiieciee e eree e e sreeeseveeeveeens 4-20
4.4.8 Dempster Highway AIternative..........ccccvveeiieiiiieciieccie e 4-20
449 Polar Gas East AICINAtIVE. .......c..oeeeeeuvieeeeieieeeeieeeeeeeeee e eeaeeeeeeareeeeeaneee e 4-20
4.4.10 Tsiigehtchic AIEINAtIVE ......cccveieiiiiiiieciie ettt e et e e sive e v e eseveeeebeeens 4-21

5. Bear Rock to Great Bear River Route AIternatives .......cocvvvvveeieiiieiiiieieeeee e 4-23
4.5.1 Alternative Routes ConSidered.........couiiiivuviiiiniieieiiiieie e eeeeeeeeeveee e 4-23
4.5.2  Preliminary ROULE.......cccccvveiiiirieiieiie ettt ete et e e saessaesnneennees 4-23

Vi Mackenzie Valley Pipeline August 2004

MGRA1-3



CONTENTS

TABLE OF CONTENTS

453  LOW PasS AICINATIVE. ......ccovviiieereieeeeieee et eeeee et eetee e e eeiteeeeeeareeeeetaeeeeens 4-23

6. Wrigley ROUte AIEINAtIVES.......cccciiiiiieeiiieciie et eeiee ettt s e e veeeteeesaveessveeessbeeenes 4-25

4.6.1 Alternative Routes ConsSidered.........cccuvvvivvveiiiiiieieieiieeeeeeieeeeeeeeeeeeereeeeeeneeeea 4-25

4.6.2  Preliminary ROULE.......c.cccvieiiiirieiieiie ettt ete et ens e seesaaesnneenne s 4-25

4.6.3  EaStern AILCINAtIVE .....uvvviiiiiieiiiieeeeee et e e e e e e e e e s e e e eaaaeeeeeeas 4-25

4.6.4  WeStern AIEINAtIVE . ......eviiii it e e e e e e e eaaraanee s 4-25

7. Willowlake River ROUte AITEINAtIVES .....ccuvvieieeiieeeeeeieiee et et eeanee s 4-27

4.7.1 2002 Alternative Routes Considered........cccuvviiveuiiiiiiiiiiiiiiiiieeeeeeee e eenveee e 4-27

4.7.1.1  Preliminary ROULE .......c.eeoviiiiiiieiie ettt 4-27

4.7.1.2 Western ARCINALIVE .....c..eeeeveriiiieieee e e 4-27

4.7.2 2003 Alternative Routes Considered..........c..ooevvvvirieiiuvereeiiieeeeeieeeeeeveee e 4-28

4.7.2.1 Western Alternative with a Central River Crossing...........c.ccccveenenenn. 4-28

4.7.2.2  Western Alternative with an Eastern River Crossing............c.c.cceu... 4-28

4.7.2.3  Eastern AIErnatiVe......cccueeeoeeviiiiiiiieeeeeee e e 4-30

8. Ebbutt Hills ROUte AItEINAtIVES .....cooeeeeiieiiieeeeeieeeeeee et ee e en 4-31

4.8.1 Alternative Routes Considered...........cooovuuvviiiiiiiiiiiiiiiieeeeeeeeeeeeeeee e 4-31

4.8.2  Preliminary ROULE.......c.cccvieiiieriieiieiie ettt et e e e ssaesnnesnnees 4-31

4.8.3  EaStern AICINAtIVE .....uvvvviiiiiiiiiiieeeee ettt e e e e e e e e e eenaaaeeeeeas 4-31

9. Mackenzie River Crossing Route AIternatives .........ceeecveereiieeiieeeciieerreeeieeesveeeiveesveeens 4-33

49.1 Alternative Routes ConSidered.........ccuiivivuriiiiiiieieeiiieiee e eeeeeee e 4-33

4.9.2  Preliminary ROULE.......coccviiriieriieiieiie ettt ste ettt seessaesnneenne s 4-33

4.9.3  Central AIEINALIVE .....vveviiiiiiieiieeeeee et e e e e eataaeee s 4-33

4.9.4  EaStern AILCINAtIVE ......vvviiiiiiiiiiieeeeee ettt e e e et e e e e s e e seaaaaaeeeeas 4-33

10. Alberta Boundary Route AIEINatiVeS........c.eeveeeieeriierienieeieeie et eieesee e sereereeseesseesenens 4-37

4.10.1 Alternative Routes Considered...........cooovuueeiiiiiiiiiiiiiiiieeeeeeeeeeeeeeeee e 4-37

4.10.2 Preliminary ROULE.........cccviieiiiiiiie ettt evee e tee e e e eaveesibeeeseeesereeenes 4-37

4.10.3 EaStern AICINATIVE .......ccooovvieieereeeeeeieeeeeeieeeeeeeteeeeeeeaeeeeeeaaeeeeeeareeeeeareeeeenareeeeas 4-37

4.10.4 WeStern AICINATIVE . .....c.coovviieeeieeieeeteeeeeeeeeeeeeeeee e et e e eereeeeeeaneeeeeaneeseenaneeeean 4-38

11. Facilities Site Selection and Route RefInements............cooeevvvvveiiiiiiiiiiiiiieeiieeeeieeeeeeeee 4-41

BTT1.T SCOPE ceitieeiieeeiee ettt tte ettt e et e ettt e st e e bt e e e ateesabeeesateesnbeeeanseesabeeeseeesnsaesaneeesnseeans 4-41

4.11.2 Site SeleCtion PrOCESS.....cccuvviiieiriie e et eeeee e e e e e eeareeeeeaeeeeens 4-41

4.11.3 Site Locations and AILEINatiVES..........ooeeuueeiiieieiiieieieeeeee e e eeeaeeeeeee e 4-42
Glossary

August 2004 Mackenzie Valley Pipeline vii

MGRA1-3



CONTENTS TABLE OF CONTENTS

viii Mackenzie Valley Pipeline August 2004
MGRA1-3



CONTENTS

APPLICATION TO THE

NATIONAL ENERGY BOARD FOR APPROVAL
OF THE MACKENZIE VALLEY PIPELINE
VOLUME 3: ENGINEERING DESIGN

LIST OF ILLUSTRATIONS

LIST OF FIGURES

Figure 1-1 Regional Permafrost DiStriDULION. ........c.eecvieriiiiiiieeie ettt eee e 1-2
Figure 1-2 FTOSE HEAVE ...vviiiiiciiecie ettt et st st et e e e e sstesssesnseenseensaenseas 1-6
Figure 1-3 Thaw SEttISIMENT........cccviiiiiiiieiie ettt s eabeebeebe e be e baeseaeeebeeaveenseas 1-7
Figure 2-1 Gas Pipeline ConfigUration ..........c.cecuiecieereerieiienieeieeseeseesnesereeseesseesseessnesnseenseesseensnes 2-1
Figure 2-2 Gas Pipeline and Facility LOCAtIONS.........cccocueririiieeiieesieerieeriesie e e eieeseeeseeseneseeeeeens 2-3
Figure 2-3 Gas Pipeline Route Elevation Profile..........cccoceviiiiiiiiiiiiiiiicciececeee e 2-12
Figure 2-4 Gas Pipeline Operating Temperature Profiles..........cccoecvveeeiiiiiieccieeciiecie e 2-13
Figure 2-5 Compressor Station Monthly Discharge Temperature.............cceeveeviereeecieeneereennennn, 2-14
Figure 3-1 Gas PIpeline SChEMALIC........cccviiiiiieiiie ettt ettt ee e eere e beeeeaeeseseeeseaeenes 33
Figure 3-2 Typical Cathodic Protection Installation Site Plan............cccooeevieiiiiiinciiiiiiieiee e, 3-9
Figure 3-3 Typical Block Valve Site Plan .........ccccccvecvieciiriieniiiiecieeeceeee e 3-11
Figure 3-4 Water Crossing Technique Decision ProCesS.........ccocvvvvervieerienienieiieeieesieesee e 3-14
Figure 3-5 Conventional Open Cut Watercourse CroSSING.........eeecvererveerireeerveeeireeesreeesseeenseessenes 3-16
Figure 3-6 Open Cut Watercourse Crossing with FIUMIng .........c.ccoeevveievienienieniece e 3-16
Figure 3-7 Open Cut Watercourse Crossing with Dam and Pump ...........ccocoveivveiiiiiinienienieee, 3-17
Figure 3-8 Horizontal Directionally Drilled Watercourse CroSSIiNg.........ccceeceveeeeveeecveeerveesveeennnens 3-17
Figure 3-9 Hare Indian (Rabbitskin) River Water CroSSing.........ccccveevvrerieeecrieerieeeiieesveeeveeeenens 3-19
Figure 3-10 Great Bear River Water CrOSSING........ccverierieriieiieieeieeseestesereesseeseesseesseessnesssessseenns 3-21
Figure 3-11 Saline River Water CIrOSSINE ......cvevvireiieriieriierieeiieeieesieesieeseessesseeseesseesssesssessseessessses 3-22
Figure 3-12 Blackwater RIVer Water CTOSSING........cevvieeciieeriieeiieesteeeteeesveesreeessreessseesssseesssessssees 3-23
Figure 3-13 Ochre RIVer Water CIOSSING ......cc.veveerverireerieerieesiestesreeseesseesseesssesssessesssesssassssessennns 3-24
Figure 3-14 Willowlake River Water CTOSSING .......cvecverereriieiieiieiienieenseeseeeseeessseeseesseesseesseesssesnns 3-25
Figure 3-15 Mackenzie RIVEr Water CTOSSING .....c.veevviereiieeriieeiieesireesreeesireesereesseeessseesssessssesssees 3-26
Figure 3-16 Typical Compressor Station Plot Plan ...........ccccceeeiiiiiiiieiiice e 3-29
Figure 3-17 Typical Compressor Station Conceptual Flow Schematic...........ccoceeeveevininienencnnne. 3-31
Figure 3-18 Little Chicago Compressor Station Material Balance — Summer ...........ccccoccvveeevveennenn. 3-32
Figure 3-19 Little Chicago Compressor Station Material Balance — Winter..............ccceevveevveennenn. 3-33
Figure 3-20 Norman Wells Compressor Station Material Balance — Summer..........c.cccccevceeieneene. 3-34
Figure 3-21 Norman Wells Compressor Station Material Balance — Winter ...........c.ccoccevevceniennene. 3-35
Figure 3-22 Blackwater River Compressor Station Material Balance — Summer ............c.ccccveeneee. 3-36
Figure 3-23 Blackwater River Compressor Station Material Balance — Winter............cc.ccocevenneeee. 3-37
Figure 3-24 Trail River Compressor Station Material Balance — Summer............cccoccevininniinennnee. 3-38
Figure 3-25 Trail River Compressor Station Material Balance — Winter ...........cccccceeevvevciveenneeennen. 3-39
Figure 3-26 Trout River Heater Station Plot Plan............cccoooviiiiiiiiiiiieee e 3-43
Figure 3-27 Trout River Heater Station Process FIOW.........ccccvevierieniiiiieiicececcee e 3-44
Figure 3-28 Trout River Heater Station Material Balance — Summer ............ccccceeeeveveiiienieesenieennen. 3-45
Figure 3-29 Trout River Heater Station Material Balance — Winter............cccoeevvevieeecieenieecnieeeen. 3-46
Figure 3-30 Inuvik Gas Meter Station Conceptual Flow Schematic .........ccccooeeeieiinienininneneeenne. 3-49
Figure 3-31 Inuvik Gas Meter Station Material Balance — SUMmer ............ccccooceevenieieninnencneenne. 3-50
August 2004 Mackenzie Valley Pipeline ix

MGRA1-3



CONTENTS

LIST OF ILLUSTRATIONS

Figure 3-32 Inuvik Gas Meter Station Material Balance — Winter............coccevveeeieiinienincnnencneenne. 3-51
Figure 3-33 Typical Right-of-Way Configuration for NPS 30 and 10 Pipe.......cccceevvievieviienieennnnne. 3-53
Figure 3-34 Typical Right-of-Way Configuration for NPS 30 Pipe......ccccocevinieninieniiiiiiceee, 3-54
Figure 4-1 Route Development PTOCESS ........cvecieriieriiniiiiieiteieeseesee e stesteebeestee e snsesesesnseensees 4-2
Figure 4-2 Inuvik to Norman Wells ROULE MaD .......cccoviiiiiiiiiiieiiecie ettt 4-7
Figure 4-3 Norman Wells to Willowlake River Route Map........cccccccveeeviiiiiieeriieciieeeieeeee e 4-9
Figure 4-4 Willowlake River to Northwestern Alberta Route Map.........ccccooeeveninieniniencnceenne, 4-10
Figure 4-5 Travaillant Lake Route AItEIMatiVes .......ccveevieeiieriieriieiiecre ettt eveesraesve v e 4-19
Figure 4-6 Bear Rock to Great Bear River Route AIternatives .........cccceevveeeeiieecieeeiieeieeevee e 4-24
Figure 4-7 Wrigley ROULE ALCINAtIVES. .....eevvieiieiieiieciierie et ettt st sebe et e e sseessaessaesnneenns 4-26
Figure 4-8 Willowlake River Route AIEINAatiVES ......c.cccvereierierienieeieerieesee e sve e esreeseaesnesnne e 4-29
Figure 4-9 Ebbutt Hills Route AItEINatiVes ........cc.ceevvieeciiieiiieeiie et eiee et esree e ereeeeaeesevee e s 4-32
Figure 4-10 Mackenzie River Crossing Route AIternatives .........ccoecveevieerierierienieesieeneesee e sneenns 4-35
Figure 4-11 Alberta Boundary Route AIErNatiVes........c.cccveevveeriierierienieeieeieeseesee e sseeseesseesenens 4-39
Figure 4-12 Facility Site Selection SChematiC..........cccveeciiiiciiiiiii e 4-42
LIST OF TABLES
Table 1-1 TEITAIN CIASSES ...euveeieiieiieieetieieet ettt et ettt et ettt e e e s et eneesteestenseeseensesseenseseeneensenseeneenes 1-4
Table 2-1 Gas Pipeline Capability.........ccceiviiiviieriieiieiie ettt eveeveeve e veeseaesrneeareereesreens 2-2
Table 2-2 Gas Pipeling SPecifiCatiOnS.........cucicveeiierierieriesieeie et eieeee e sreereeseesseesseesssesssesnseens 2-2
Table 2-3 Gas Pipeline Performance — Summer DESign .........cceecvieeiieriierieniieiieieesee e sveseeeieens 2-4
Table 2-4 Gas Pipeline Performance — Winter DeSIZN.........cccoviivrieriienieiiieiieieereesree e svre e e 2-5
Table 2-5 Gas Pipeline Simulation ModelS ..........ccovuiiiiiiiiiiieiie e 2-16
Table 2-6 Gas Pipeline Applicable Codes and Standards ............cccoeevvvevierierienienieeeeeeee e 2-18
Table 3-1 Gas Pipeline Facility LOCAtiONS.........c.cceciieiiiieiieeciie et eciee e sreeesereesneeseveesveeeenee e 3-2
Table 3-2 Cathodic Protection Anode Ground Bed Sites........ccoeouieriiiriieniiniiiiieieee e 3-7
Table 3-3 Gas Line Pipe Design Parameters ...........ccvevverieriiiniiieiiieieeiesie et eseesseeseesenesssesnseens 3-8
Table 3-4 Minimum Depth of Cover ReqUIrements..........c..ccveeveeriierierienienieeieesee e sne e 3-10
Table 3-5 Intermediate Gas Block Valve Sites.........ccooiiiriiiiiiiiiiiieeee e 3-10
Table 3-6 Watercourse Crossing Classifications by Region .........ccccceevvevienieniiiiieesienieeieeeen, 3-14
Table 3-7 Primary Watercourse Crossing Techniques by Region...........cccevvveveivnciiiceeneeneennene, 3-15
Table 3-8 Proposed Horizontal Directionally Drilled Watercourse Crossings...........cccccveeeeveeenneen. 3-18
Table 3-9 Pipeline Inlet TeMPETAtUIES .......ccccviervieiciieeiieecieeeite e e eteeesteesreeeereesebeeereeessraeesseeas 3-29
Table 3-10 Estimated Facility Air EMISSIONS.......ccccvvcvieciieriieriieniesieeieesieesieeseeesenesresseeseesseessnesnns 3-55
Table 4-1 Pipeline Route Evaluation Criteria..........ccceeecvieeiiieiiieeiieerieeeieeeieeesreesveeeseaeesveeeeneees 4-3
Table 4-2 Gas Pipeline Lengths by REZION ......c..ccecuiiiiiiiiiiieciiceeeccee et 4-5
Table 4-3 Route Refinement by Route Segment — 2002 .........cccoevierieeiiieniienienie e 4-12
Table 4-4 Route Refinements to Connect Project Facilities..........cvvvvvevievieiiinciieneeneeeie e, 4-16
Table 4-5 Proposed Sites for the Gas Pipeline Facilities.........ccccccevveeviieiiieeciieeieeie e 4-43
Table 4-6 Proposed Gas Block Valve Sites........ccccvecieriieniiiiiiieeieeeeee et 4-44
X Mackenzie Valley Pipeline August 2004

MGRA1-3



