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(A study on the design and installation of Arctic pipelines)
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2 2A9 29 dgdes A Folzegle]l MAHL lom Govy FI
7R AAE dFo Atk §4 FEAYE FolZdUE AA 30000 7t
A A"l glow tozw Be AAJ} JAE 53 IAE FojZEdd »
AAYE FEAGNM B2, 1 dBAN R2EEAL EFLoA} Koz
9 AYL 5 < Y=d BAEEAL Aol 2 ATI AAV2AE AL
2 P Jroz ojFdtE AFo|rh EFxoiAol solxgl AHE opF2A
9 Al AR AAstzolg HolZekel FEAY oY E AmvA} =
z g, AEES ool AAE ddse gAY TR HAo|ZAAd ¥
AA Yol

2xg solzeiale FAol gloIH HE 5AAA FAE FA qe F2EH
At E ERD fKold ¥ 4 Ak wEky FAE sojmae dut 9
2 SN £45E oz ua ¥, TERAE, ALEFHEN FAA A
29 Ade 71&0] 879 A% Sof HolTAge Ad, A L &7, *
olzz}ele] BAN HAESF T FAE HZY I8t Ak

oul &l ¥ SAtd AXHE Folxed] did A7E 1 T E

Ao gtom A oA AA F23 o] FoA Al°b} g &4 F
Exdd AXEE dolzeld g 7= FUFHL= n&& AAolth &=
AE oA FukRE IA & Fo|ZEel, B3] Yaid A sol=ekle] g 4
27+ @wrs] ARAHYIL  (Archibald, 1992, Kamyshev, 1993. Key, 1985;
Kharionovsky, 1992; Khatib et al., 1992; Weider et al., 1985 Weber and Mudan,
1992), ZUaAE F2 F&X BETAS #dd AF7E 45 @xd v Ak
(2R3 9, 1993 AL 9] 1992).
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FA§ spolZeele] MA U HAse nB

o JhadolZelel] AALS A fiolzo] vla vl =I™ Alaska Highway
Gas Pipeline 9 3% 27o] ¢ 142 m olt}. A|o}9) BEA YL 7R o}
olZe}gle] R AHAREY 1960 o] AL 0B ofFx (Yakutsk) Ao MHy
A& F Zol7 600 km, H7°] 053 m Uod. T3 1968d-19%69do] YA
(Norilsk) A9l 217 0.72 m, ¥ Z°] 600 km ¢ 7}2Auo]Zelolo] BAg ul ¢
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g 1 SAL golx=Eglel A shx] BAuhy.
(Methods of constructuring main pipelines in
permafrost areas [Kamensky, 1993])
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HAzt2x o]$ & FolZeele 53], ekl 4000 psi ©]8 =7 ®WEl o]
Zo] AFGH o FAFo] Fag 1 Aot F44 FEAHA WAEE ol
Zaiele] F 4 Aubag sl g A7 F_srh (Nixon, 1992). £ 3%
stgol 93 AFAALE Fad AFdiAolth (Williams et al, 1992).

£ FEXA do]lzgele Ay 43 A} Fa BHLI ANHA
olt}, wrata] spol=ZEel AAAl FEA G AR Hy A AEY I8
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U ATFE YA A ol9 2L 2z o5 dolx FWe gLo] =i
Ho| spolzglqlo] Roz A& AseA He 9P Feis 9k I TEE Y9
g Mg Ae golzacle] A& Adstd 1dd £8 < 10 m A A
A 9ot (Williams, 1989).

olZ1d EAHE FHE3IY] sl AU E ol&d Hol=Z g AW Y= MR
I Ad# golxeQl Ateld] Fr|7t BHES slo dolZzw Y AYHE o)
AvtE §FHAINE AL 438 JAFEE st AN Gl HeA HA} o9}
22 7MEAdE AdAAY F& FAXAY (VSMs : Vertical Support Members)
gt FE2Ed o] FAAAUE HolZed AF, FFd g% Fd A o3
A F& dde] d F Qlojok dith aY 2 = A VSMs Al2d"e] Fx8 4
o Fi 3. EE VSMs 92 #olZ & HASAYa s Avke g/t A
BASHA] Fe AL oplh sHEUE F3le Holxe] do] d&ow ALY o
ol olgid FAFE IFHSH7] & EF VSMs Al~® (Thermal VSMs
System) ©] ILAtH AT
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Bumper —— -
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support
Shoe slides
on support
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= -~ == Support
Grade ‘“l beam
NG NN
).% ! \ : L

Iy 2 AEy JdFAAY (VSMs) o FHFE.
(Detailed structure of VSMs above ground [Williams, 1989]))
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G4 VSMs A29& FEAAIE B dAdolzay Bt FXE 2% 9
o SiAe) WA 99 VSMs Nl BUAEA HaA 29 e 2o
A 137t

o} B8 £ slury S AYA dA F9d FH e slury 2o 3
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FTEES FASHE O% AAyle Foldh oA I, A 2E B
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VSMs A2€e] Eol= E% 8 m oA ojd ZHpdl= 20 m o]l 28T B4
7t Aok VSMs®l EolE dselZo A {o] HALHr|E Fvh F@ o=l
I RAE 9AYETE PFog A& Zolrt WA Huz dAMo] ofd TR
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m vith @5sd ANFANE AA e gzt aFHEES Fot
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Ag7] 2 gAAs} o] s FosH olAL BALKLE TN AET
¥ FUE olEHA S AZHo gtk Wt FHEY FA§7] R s
2 1%t 42 A AW §7]18A (frost heave on foundation £ ice jacking d-
olgtm EY) Wyl Ey widd dol=Zgld nXe B4E $& A7E 987
et 3 o)ASL sojxEel MAAA JHF FTAF 842 FIIALH FAEH
At
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vortex sheding®] 2AIstd Tol=Zgglo] FdA Hol doj=Zetele] St
7 2 A Ao] uAdc} Vortex shedding o €3 dFo]=Zelle) AFarles Aot
gojxglele) HZsgd s 43 JFE nAE Ao IR FAAAY 2.
Aol Stk
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457-mm-Q0 Pipe
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Ly=6

610-mm-diameter
L predrilled hole

(Structure of heat pipes [¥ 4 ¢ 391, 1992])
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A gol45e9 AT FAZPA wel 2uxEe AFHA KA ARHe
2 45cm - 4m 9 Zold widsr|xE @t a8 4 of WfAITHY dE HAF
g ol WAy 7AE o]zl EAL 9] Y8 F /Y ofdd=FA
(Zinc-ribbon anodes) ©l #o]lZ g we}l ujds|o] ot el AFE v 3ol
A EWe AS =W Ege 2 A Awe] BAAHA HE B9t AT
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dolxe] FHFo] WA NS HAFH vk ol T FARE FHEE/] A
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o] 98 W=t EE WEAL #3477 Y& Fzrl bz dede vk 3
Zolo] opo] AF3| AR Gvrd Auto] AT sl Qo £ ¥t
Aol %4 (frost heave) & 7Is A= o
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a3y 4 wAY 44 oldf dolxERle FAFE.
(Arrangement of buried oil pipeline [Williams, 1989]))
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FROZEN(STABLE) UNFROZEN(HEAVING)

uplift resistance
from frozen soil

P
RARAR

heave exerted
by freezing soil
FROST HEAVE
UNFROZEN(STABLE) ICE-RICH(SETTLING)
gravity loading
from seuling soil

SXRRR
PHitt

bearing support
from unfrozen soil

THAW SETTLEMENT

ag 5 A T T4 9% vldg sfo|xalole] Wy,
(Differential pipeline frost heave and thaw settlement [Nixon, 19921
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23 AG7tLo|F 8 Folxeel

Ad7tzol 44 ol Letole) AT Asto] wWAsts WY, A4 Fe

A B, Ao AUl 2Xse B o) A7 & Utk o] FolA
Aste] WgsE Wil AAtrolSEo2E A% FeH RoE Lol olx
R QITh 3 olfE Afe) Aes el ARz LEF (C olshE wEojx
ARF7) @ olde) EAMe]l BARK Yol AWEES FHAM ofr) 5
FARE A § Q) AFol Hgo] R LRAAE UEI Fob s T

Y ¢ AE FHE Ao

Zt=ojEg FolZEklQl S AshujA wAle d@sw oz 7kx FHo] 9uh
Zbao] 712t A WPIFS P HAA 2L Aoy, 9B Heo 27
of kAsts, A shddiel o3 W] nis AAAHo|x, TA BYY s} o]
e FLE FANZ F Qlm, 8HRFHA ofE uk whde] A4} spH
Aol stolzlg HAsE AfdE st AHAEL Y (volumetric heat
capacity) ©] o}F o} 100 °C o) o2& Amzte] 7]2Wsle wel slATe] w
TR FEHE 8 B Yo A4 ALt 44 He S+ Qo

FhagolZEel g Aste mjAstE Wl b FElFQ AYdE BEpstm o
7HA EAAC Aok 2A7tE JMAE o)FdtE FHolZagle] Xt mjAgW 1Y
6 3 o] ATl o AFeQ FHo| HolX ZoZ o|Esld U fo|x
T FaAe] 7t Z4E AN B4 (frost heave) & o7 A €} o)
e B 98l 3 m AEY HEE st I AF 0T BEAAAE A 55
E 3 AE Eol I0m 25 BE§vE o225 it}

=3 FEA A% JaE P PPoEA Ano|TE o) gAY FHL
071X e Ags Estel BUsE Aotk Saol o8 HolxLs} Wy ol
ARE g9 AFAo| Hob solTr}t YAFonN WASE $HNYG A
3 7tz solzetele) B¢ el AutAste] M Bde AN Eeu)
t wo)=e) o) 2m sholxeel o) ejo] 4@E) k7] WRolth vhol=
A AANA Hde sy Hastets] AAA o] oldsE uPES 3
xAR Bas,

T 1

hadtolzetele HAY W E ThE BARE stae Wt Wl gRe sho]
Z A DFE ATl Avks Aotk o] AL dolxe Ao A 4
= AA #47) (ClERE sh2e) REE F2 0°C o4 of & wAwY. vo
Tk gWos Womat AFL HolZ 9 F9 TS F9 B HSH
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Fo BAS AHol R2H A ¥HA FATo Waz ¥A zag d=4,
Hag Edd 2AAEES Y3 (BT olUe) FAR) AW Sl ok
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Water moves towards pipe
along gradient of potential

a9 6 W7tA o|F8 FolEEle] FHE nx= g3}
(Effect of cold gas pipeline on surrounding soil [Williams, 1989]))
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3. 83 A vo]xz}el

= =EdAE gty Holxeln FEHE FEQ A, d@F, Auord,
A2, o= A5, FEFE, 2, g2y, 44 58 A3 WA =3
d TATE dFux vk dusq gelxEgly FEHE BEL &Y Fa
8 T AA3] LAE itk (Mousselli, 1981; DnV, 1981).

31 899 o #$H A L A agArg
(1) 3 (Sea Ice)
o] FAHO] AAY dYo] A= WP HA Fo]ZeledL MR T o

= ARG A3xAS AL 2ART @o] Helzee] A S
312 stefo} gk,
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A dolzZzd AANA sEjsfor & AHe thg 3 2l

- golqs A volzeile] Ay A8 YT
- sholzmebel RuX Aol W gouge X FWH Fo|Lelne 2=
- AR APl B I

AA Wetee Al B 54, 72E 34 2 FEUH, sy 2¥ 2
olFEE TS NI AT 53 Aot A= {9
gouge (‘A ZolTax F-29 offd X MG ) 9o JhsAdol WEHY dFoj=x
gt e AAe glolM M T aAEeld

2) Bd<

o] FAHE ddAME Yol AFEHA Zof dFut ulgS el o] F§ A
At o] fHo] dAdo R AW AAvEeE FAY F4S JsiA €d o
A& WAZ (ice gouge T ice scour) °Jgtar 3l W AL W& o
Ag A oz 714 Z AdLA7 9 £ Itk WHFE o= {4
ot} MAte] Feh= ofF ThFARE #l AU Bt FdHom 7 FHY
ol Aol= F4 molA F4 km o o]tk 1y 7 & Wzl ¥AIAY 2
AT 7Aool e WY E HoFa Qi
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dgzL Avd SRS E 4 150-230 m oA diF-E TAsy HAY
AFEZo)= HF 30 m el 10 m 714 587 E 3t} (Clark et al, 1990).
Beaufort# ol M o] A8 W9 zole 06-21 m olth At} FH3te)
PG ddoly 24 o] BEZ&edn 22 £& WHZol WA &F3 AYEo]
Aot A Beaufortd]} Barentdllo} & HZa AtdryE W Zo] gddA =
< thdA Weely A5l sl BAdY w3 W g B=RR4 93
A HAESS] 227t H2Holst gujol A2E dFe mAG stk (Clark et
al,, 1990). A2 ZAol= WA sejzelel FAmg Addrt AT Yol =
7heta gtol Rl el wjdzlolE Frtstdof sla Wi olE QA dtEW Aty
Bo] 433 F7tsA "l

(3) A& Fol= A=

o]z e HA ZHolE AFE s1ea 37iv sty W& AEHE AR
U sto]li AZARE o] AFSHA FRS) AL £ Yoo stk A sol=Zall
o] Agrt gl & MNERASR 1) 35HF FgI B AT $ glojor 3
w 2) g9 A&ges 3) AAFTHFE MR ok = Aol FHolzmo] MBI A
E A (steel), €F7¥ (aluminum), pre-stressed Z2E, Z A8 (plastic) 2
A (fiber-glass) 5°] AFEH7IE A2 Af} AA7LA o4 Holxa
A ARZE F2 AP A3 UEE TR/ FE2S o] AL

28, HUUF 5 ANH AFF FAYANZAL DEHE AR 17
4 Zeegn fONAt gHSHe wom PR wAANY szl Qe
Aol wgoltt. & MATE ARE AT A FFL I @Y L
Frhsts ddds d4d 2AYE W83} veze ¥4 F FaHE Bg
Wi F A el stk 3% FoMA6lE BAIA 49 Zrkszz o w
HAE Fesith AF0E dolZe) TAYE WNEE Frh2y JEAZ WA I
Bate] #4g dgsior Aok MR tolxe] FAeE BBE B Agol= =
FFgeel] 98 2aeest Hed £A7 B

A FEFH FEEAC) FL TAAYEE A o)F Fdag dolzy) glon,
N ZA golZ giide] F@goz quREe F FIAYE HolZxE Ao
7Vs3tth. A pre-stressed EZHE o|xLo] ste] AP 9ow o)A
ARG HEE Z A dlo]lZe) RAFAE ojn AEE sAo] sHssith

FAE HolZeHQd = Hojzede @9dold £85HE FEEF FFoIEH
|&E Fol7] H% EFHo=m AR UFAY #o]ZT2A Controlled-rolled steel
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1

grade?l X60, X65~X75 AFS AHggtt A4 go]=ZEole AMo ALHE
Controlled-rolled #}o]XZo] EAo] #AJel VNIST (All-Union Pipeline
Construction Research Institute) ¢4 %Eo] I wlst Q1Y (Shakirov and
Khomenko, 1991).

BERELNEERE

W HE A golzEglgr HAAAHELE F2F AAQAF shtol) o)z
el AAAA ALHE dEHA EFALE Ao AT (high viscocity
crudes), ¥¥39 AI1F (waxy crudes), ¥4 (emulsions) 223 hydrate
formations E°|th. old s AAAE AIEFOoZH do] Y8 £AHA gona
B L o5 RAY 2EF A & U} of2E FAU FHolTel AAEL
F9 7 FEAE BASY A dFHAR] ATFED Aukgsl, Hs=
ol Z ekl 743 XA E442200] H7| gfEolr},

o]l HAAAIAg 7B FHAE AAA, B3z aeln A H2
Aot A HolZElQle F2 AIEHE AAdANEE Ze$d g (polyurethane
foam), PVC, syntactic foam 59 4] 7}Aele}, PVC Ur syntactic foam < 43|
e ¥ XA ARSI FFEiA E2E9dee Jd 914 m —’F’fn‘JJr A
200 F 9 XM A48 ¢ glo] dwtxo=w dg *}%5“:} e vdae 94
EEo] Yol ¢ AdS S ASHE Hug dolzaold A4 o e Xﬂ’&"ﬂ
Hlg] 271A2E 24 F Joh 29 8 & 05 m Fol =gl Ao lojy A
AAE AP AT ALEEA] e A9 2EXRE HAF3 g

olfl Al 7HA] AAAEL s A HA AAFHo] AA B42H7] & &
Tl AY =EHA FEF golxyele 4R E HE (jacket) oF #E dast
ATt E=F o] EL HASE T4 VA £4oz Ry HAAFE BHId
Id 9 = HAAAN &3] AHEH & ZE 42 (polyethylene) 2HA Al Ag 9
dE RoFa vt ENEW AA A=PL ofF sy w&Ee] solZael
AAAEE A AA A xY ugRe FANERZ 3G Few I

HAjobe] VNIST oA Mdd S48 o]zl Ad Alxeo] 29 10 o Y
g Advt olg a¥e 77 T FEAYY dFFEUU JdE A urg
ot 2 F e g A" ¢ Jdr dFaAN29e Yegda g
[Kamyshev, 1993]. 713¥ 10(a) & 28NA =28 T FEAA widd Adfo)4
| Holxzeeld FIT @‘Eﬁo“?}° AABtEL J=d Az Ak st oz st
A& o]zl Ho| Wria sojzelgle] W wjAdH Qv TFFEGS o
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A€ 5 pipe-in-pipe T£E RAF3 v,

uninsulated

insuloted

T 7 T ™

0.0 50 10.0 150 200 250 300 350
Wolzetjl Ae] (miles)

329 8 A 4% FFHe =8 ua,

CONCRETE WEIGHT //
COATING ———— /

STEEL PIPE WITH
CORROSION COATING

POLYETHYLENE
JACKET

FOAM

POLYETHYLENE JACKET SYSTEM

a¥ 9 EdE AA 29,
(Polyethylene jacket system [Weider, 1985])
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mats from synthetic ~ 10 mm
material
protective yrap - 1.5 om
water proofing « 2.5 mn
heat insulation = 100 mm
N vater proofing -9 om
\N pipelin -1220 mm-
mats from synthetic material
gravel padding
R o] | padding from local soil
y //; ] accompaning cold gas pipelines

(@) 4 TEAUNS vjd Ho|Zaele) gl

///I
~ 93 mm
vater proofmg - mn
glpe casing -1420 mm
eat msulatmn - 100 mm
3 B water proofing -5 mm
o] operating pipeline -1220 mm

RN gravel padding

(b) 97FZ2E HAAo) 4A€ pipe-in-pipe FojZ}Q B,

concrete =~ 120 mm
g water proofing - mm
pipeline -1220 mm

(c) g7t Aste Mg X Hojz2d .

29 10 Aol VNOSTY SA§ mo]Zetel AdAad
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32 W39 A Fgo]Za}l F4t (Trenching) @ ¥-A (Installation)

H‘Gﬂ"“"ﬂ/ﬂ“ dutaf = 24T 2/ g 53 Qadda: 943
A FEs REd 5 AEE AA S22tdol ez FAAge 84 oH Y
A Aulx @ol v o224 Beaufortdlol A e HF Aot 37 - 46 m
7HA dgstot, weba A ol d zlo] o] FAtsof sl 4o Be
TE BE d4st Azto] a8 drh 2¢ WA s FAFAS # F 3
= A7 Ao mEt Zg = A&EA wbRe dok s Aot ol g
AR Tog 3 YR 24 44L& A wis A o7 gojrh

o4

Mo ¥

HESIE Z1AA 24718 9353 (single-pass)Al 4t Zol7t 1.8 - 24 m
7t oHW, Azsd HEANN 37 - 40 m AA Asdt @A BrEd
(multiple-pass) 7} 7bsstttd o ol7tx] 34E 4 Uth Plowing W 2%
S A ZAAo)E d3FHA) 18 - 24 m otk kM 37 -46m 9
°] a4t AEME e 2AVled dgHo AMEEAY BEEH 7)Y
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(Lay-barge installation method for the Arctic [Weider, 1985])
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