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SPECIALI EP PIPELINE EQU IPMEN T

by

B. Hanamoto

IN’1’i~ODUCTI0N

The construction of’ the 800—mile Trans—Alaska Pi pel ine from Prudhoc
Bay on the North Slope and Beaufort Sea to the t erminal  at \‘al.Ie:. out ¶i:e
5I .ilt’ of Alaska is a project unl ike  any that has been undert aken t ’ei \ ’re .
The combination of varied arctic t e rr a in  condit ions , severe cilma t ic
c o u;d it  ions , conservational and environmental  r e s t r a i n t s , u. ig  Id  s e t t o d u l  —

l u g ,  and a complex management—contractor sys t em make s t h i s  a un i que
Vt ’t t tUr t ’ .

The par t i t ioning of the p ipe l ine  into  f i v e  s e ct i on s , each w i t  P
pr ime contr ’ic tor  , has placed a rt ’qUi remetit on each sect ion of ini~ I tig out
hand all  equipment and machinery ~it ’t”de i t o conipl t’t.e al l  p1111505 of t I to
p ipeli ute const ruct ion.  The cent r i tct  or in sect iou  “ , Mo rr I son— Knud sen
r e ; ;pen sih le  for  t h e  terminal  at Va ILI~’~ . and the 11110 north  for about I ~~
miles . Is u t i l i z ing  over l 500

1
pieces of equipment . of w h i ch  t’OO are

classified as heavy equipment . The total amount of equ i pment . out  t h e
e~~ ire l ine is estimated at over 2500 pieces of heavy equipment. l . lo ..e rr .
backhoes , cranes , scrapers , dump trucks , e t c .  ‘~~. This t o t a l  includes lie
urun  ~ p ieces required for t .renchi ng,  eart h mov i u~g.  and r i p e  handi i n~~.
as well as special i zed items for p ipe preparation and f i n i s h i n g . Some

f the’ specialized equ ipment. are newly designed p r o t o t y p e s  w i t h  not t i l l  t Pt ’
hugs ent irely el iminated . Also , some of t.he equipment i s  o v e r ly  s1t ’~ iguied
in compl exity and sophist icat ion and underdes igned 1 o cope w i t  ii lie
harsh arctic environment .

The varied terrain condIt ion s  , inc lud i ng those  encou !ltered o u ; l y  in
the  nort h (tundra , muskeg , permafrost , and areas o C deep t 1 m w  and ntis t mit ’ le
ground , present vary ing demands on t h e  t v res L~ 

I’ equ I pnmeui t t o be use~1
T ime rest rict ions placed by cay ironnientuil and conservu t I ounu 1 coI ;:~ i i  e t u t l o u i s
on t ime allowable changes and modif icat ions  t o  t h e  t err i t  i n  add t o  I t i e
already complex construction task. ‘l\~o l y p o s  of t e r r a i n  i n i v e  t o  t’e
co ut s I dered , with condi t fort s  where the  s o i l  is  c I it s si  I ed as e i t  t ie r  t haw
static or thaw unstable. In a stable soil , t haw i ng o t’ t he surround i ng
ground does not bother the s t ab  j i l t  y o I 1! ; t ’ p i p t ’I i tie . I t t  h i s  y p e
soil  , below—ground pipe I n s t u t l  lui t~ l o u i s  its  l ug  conv ent  i o~rt 1 1; :r in  1 i-;e I hod ::
are employed . However , i n  u n s t a ble  s o i l  • t l i t ’ t haw i ng ~‘I t Pt ’ :~; m r  r ’ ; m ; ’ .51 ;;~~~:

causes se t t l ing  and a f fect , :; t h e  st mit ’ i i i  I of he i i  t ie  t h e re  Ic ~~~ ‘ • t he
tibov e—ground mode 1 p i pe  i t i s  t. a 11 mi t  l out i ttsed . The t we mod or
d i v id e d  about ‘‘O— ” O .
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I t i c  I mt e..I i m i  ~‘re ~l r i L i  e~t ho I o:. t. l~ ~~ . 
I , •tt ’pt ’uLsl t ~~~~ ~~~ 1 h 0 •~~~~

l t  t s ’t l S .  ; : rt  a.1 1 tug  V:~t’! ’ i s  c m m  ~5t t o  51t~V 1mm ’. t~ t t ie  t:m ~~ ::’. fro m: ; t.’ : m ; m , m
t lttttt e p i pm I i I l e  c ou r t  ruc t j o t :  I’ i~~~

1 ’ :  ~ i m r m  ~~. ‘r i l l  I ag • t ’ re . t r  i t  m d  1i• I or fo r  \‘e r t  I ca I :h:t’:’ 5 ’r ~ Momt ’er .

. i lO 5~ t~,i e~ t I Vt ’ of t P i s  paper s t o ~ V t  a 51 e;.c i. i pt .‘ut  • ‘I coat • ‘ C t t ie
a ll :.e.t e~p m i  pu :emt t  t i r ed  i n  iii ’ cs tui: :t m u c  I ( ou t  j ’It t tse  of  ‘; t ’ i ~: — - l

P t  l o l  l u t e . T i m  ~ir e m& 5 ’f : : t’ t imi l ,, a t  t o n  m s  t :e  L ’ i  t ’t .  ~~~~~~~~~~~~~~ to::  m~ r t~o
.t .

we  Id  tu ig  and one area m ’uu5 h i t t  be ow and  m m t ’ • t  t~—~~r o i t m i 5 t  p pe 1 ;t : :t  a I I a ’. I

• ‘ “1I~~’.~.. : \~11t ~.NCF’

:~ ~ I a t’r I e .~ • ~\ e t v  low f t iit’ Os ’t l : i  t rue t lout t n z ;k f o r  I. t ie p i  :‘~ I l u t e
he coast  ruc t t on  :me~ uoutce tu m i d 5 ’t ’r t rt ’ iut t~’um:: of mm I’ I old  hir\ ’ t’ 1 1

211:  ~eu ~ °‘12 for t h e  : t  at e  of A Iru:;kuu Pt po I u te Cooed i mit ot’ 2f f too wil l
be Pu’ m ”.;e u i t  ed p~~r~;outm t 5~~’1nultttl t e st  1011 1 . ‘b 

~~~~~~~~~ m e t  ion  ::equeu :ce : I~~t
:1 1 2 — n i  IC  : t  rot ct~ 5 5 u m  r t  m i t t ’ l .’titd . I t  i i i  m i s : : m m u ’ u e 5 l  t hat a peel imi  ‘mar ~
r i t r v  m .~ an5t general r o u t e  : 0  t O t  I s ’u e t’t t’t t s’oI i ~ ’ I ot ed l~\ t hi’ ~\ I .~ , rk :u
P t  p o l l  lie l~~~r v ~~ ~‘ t ’s’mpatty itu t s i  t tp ~’r0V e~t t’\’ t ho mIetiet’tt  1 ~ec hu t  I ott  I :‘ l i i i’ C 01

tic ’ mt ’ .  0 of A I as kit  P1 p o l l u t e  C~’ord I us I or •: 2 f Ice  • and I hat t he not ~~ t ’

o pr5 ’ct ~e~t h~u : : bocu g i v e n .  t t e  :;m ’~~t t e 1 m c o  01 a comi : :  I t t n  I 5 u  j ’hase
p m  p . 1  m flt ’ f o l l ow s

•\~ O \ t ’~ Q’s ’und ‘~ s~~~~~~ _ i o m ~~~~~ ’rt lea t~~~~t ’~~~r t I ’Imnct ’er: : ~

A .  2wo each of mat or i mu I:: ~~t itI  di ii j ’L’St% 1 c i  t e ~ mm r t ’ t’C~~ii0r  t od .
e l l a  I S l I e r  fo r  work l ’ 551m ;  mund S

~ ’s ’ 1 1 m l ~lt s~’Ormu I s i t  e m m u r m  t ent at we

-~~~~~~ ~~~~~~~~~~~~ _ _ _ _ _ _ _ _
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selected by Alyeska geologists. Layout draw ings are prepared and 1u~gal
descr ipt  ions I sued . Permit it ;  requested , rev i ewed and l and /mate r ia l
sale is completed. ‘rime to complete:  ,~0 days. Q u a l i t y  of m a t e r ia l  j r
checked by means of t e st  p i t t ~ . Approval must be obtained f’z.om ~ t u t t .  P50
1 o explore value and l imits of’ mater ia l  wi tit in t he s i te s .  Equi pment ri nd
me n required : 1 helIcopter and 1 survey crew ; t ime : 2 days.  P er m i t  ‘ f i e ld
memo i s  issued by FSO to clear arid develop si tes .  S it e s  must be acce ’p—
table and approved by Environmental/Fish and W i l d l i f e  groups. Based on
mmbo v e information and restr ict  ions placed on the owner companies , e l ear i t ig
ari d develo~mtent are allowed to start at both material and disposal s i te s .

B. Right—of—way construction t~otie wid ths  are surveyed and st mu ked
in ace ordanc e with previously approved drawl ngs . C I. ott r I utg limIt are
est  ablished at the same time the construc t ion ~~~~~ are flagged.
F:qui puteuit and men required : 1 helicopter arid 1 surv ey crew ; t i m e :
2 week s .

C. Fi eld memos are issued on a foot — b y— Coo t  basis for e lear iutg ,
w i t h  consideration for environmental , f i s h  and w i l d l i f e, and a e s th e t i c
c et i c m ’r n s .

P . Slash , over—burden and undesirable material are e i t h e r  burned
or taken to disposal s i te s  as prey ido l by st i p u l a t i o n s .

~~~. Clear ing  is m~ ta r ted  I for an aver age 10—n ul l  e spread . Pqu I pimm e mi t
.~ bulldozers, o support veh icles ( fuel mauthaul s , e t c  I , hyd r omux , I turn
p i t  ; men : 1” ; t into : .~ weeks.

V \~ ‘rkpad const ruction begins a ft e r  separat e approv a l  by P52 on a
e 5 5  — by —boot bmt ~ is. Restaking must. tm’ done pr i  or t o  court  t .uc t ion Si 1100

c i  e a r i n g  has el intl united 1 m u  t markers.

S . Workpami mater ml hauling s tar t  s ( for mutt  average I Q—un i l e  work
spread ) . Equipment : I. ’ scrapers , 0 belly dumps , ~ I , ..’ u~t~ 12 yd ’  ) t ’ro:it  —

end loaders , “ bulido~ ers , 12 support volt i ci es (pickups , mechanics
trucks ) , h~ motor patrols ( l’i midos I , 2 rollers lv  i brat ors ‘I ; meti : c ou i—
::t ruct Ion type and 2 survey crews; time : 100 days.

11. Resurvey is conducted for VSM locat l ea ; men : .‘ survey crews
for 10 day FS0 t o  inspect and issue field memos.

1. V~~’1 equipment ( i ’ i g . 2 4 1 is I n s t a l l e d . Equi pment. : h~ ~fr i  11 r igs ,
I~ support vehicles ; men : 1to; time : ~~‘ days.

C . Pipe is welded . Equipment : t ’ welding skids , 1 0 support ~ elm I c i~’ s
o side—boom tractors , 1 pipe bender with support vehicle; men: ‘2,
t ime : 30 days.

~~~~~~~~~
— 
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Fi gur e ~~. Vertical Support ~Ieml’er I ns t al l  mil  o m t .

K.  \‘SP support is placed am id p ip e  i s  h i t  a i l e d  ~l ’ i g .  “) .  I
1 crane , side boom crawlers  , I’ su psor t  V el i  c 1 or , , I S~ :5\ s ’’
crew ; t ime : 10 days .

�
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Pigur e  5. Vert ical  Support Member Supports ;  I sr I  mil  I m i t  I ott o: ~ 1 p m ’

L. Pi pe insulation is ins talled  ( F l  ~~~. o 1 • l-~~i m i  pmeui t  : 1 m o d - t I
handler , 1 unfolder , 1 manipulator , 2 mobi im ’ er m in e s , us su pp o r t  w el t  Ic  1 0 m m ;

un cut : 20; t ime : ~0 days .



Figur e 6. Pipe insula t ion .

I~m ’~~~~~~u~’und p ipe i n st a ,2  i m i t  l o u t

~~e. mtm ’ 5Ce i t  s5tfl m3 A— C m m : i d t ’r mmt ’ 5~v e — ~~rour i d c o : t m m t  rtzc t l o u t  mmj ’~’ly . 1 um
I t  I o :m • ite following ax~e re~iuxr od

11. I ’lie centerline o C t r e nch  is  sesurv eyed . id~u I pment : 1 uppo m d
v el I c I e ; mcii : 1 survey c rev t lust ’ : ~ d uty s

C m ’eun~t i s  excavated  for  s t m t u m d m t r d  hur i a! ~ C p i p e .  l’~~t t  I puse : :
Pa r~ l m c e m m • 1 smal l bul ldo ~er , 14 mmu p po ust v eh ic l es  ; uses : I us ;  t I me :

I V  5 .

14 2 . Ci ’dsl i t ig  material is prepared f o r  p ip e  Pu r l  mm 11” i g . . 1” ctu I
C 0 sum ’- :~~‘ r p~ an t s / ~ c re e u t  p lants , 14 f r on t  —end loader s , ~. P u l l  do .‘ er r  • 14

S. ’ m i se r s  or 14 0 yd h-’eI iy dumps , S suppor t  voL i c lo s ;  men : ,
~~

‘ ‘ ; t tune :
140 . l : m \  S

is. . Pedd i rig and padding ( i n c lu d i n g  sp o I l  s .11 spo m m t i  1 ‘1 mm Sm’ placed.
1 pickup ~conveyer  , C i’rc’nt — end loaders , 1 small bul ldo .er

co::l m t c ( o r m m , 1” .‘2—yd mt uiutp t rucks , 1 n s t o u ~ sod ; men : .P~ ; t i m e :
J a m s .

L. Pipe is ins ta l led  wi th  welding done above ground ( P i g .  S~ .
i’~~m i i  ; ‘ r m e m m :  : us w e l d i n g  rk j d m m 

* 10 support vt ’ lm i e1  0m m , 0 s i d e ~—l ’oorn cr awler s
1 Ps ’:tde u~ u n i t  wi t  P support w e l t  i c  le  ; s t o u t :  t O ;  t lme : ~0 duty m m .

~-t .  11p m’ is taped ( F ig .  0 ‘I • Cdi i i  pu nemi t  : C t a p i n g  n t ac h i sem m •
l:~’ m m :  e rr , .‘ ;‘ I pt’ ol em ot e r s , us m m i de—boots  c rawlers ;  men: . ‘“ ; t 1mm’:

~:, da,vs .
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Figur e 7. Material Site.
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4 Figure 8. Pipe Welding .

N.  Cathodic protection is installed (Fig .  i o) .  Equipment :
side—boom crawler , 1 anode skid; men : Ii; t ime : 28 days .

0. Backfilling of the trench is done using existing material (Fi g.

11). Equipment : 2 bulldozers, 2 front—end loaders, 14 support veh ic les ;
men : 12; time : 10 days .

The data above do not include:

1. Valve sites and i n s ta ll a t i on
S .  Revegetation



~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

T

~~~~~~~~~~~~

T i:1
• F igure  0 . ~~~ Tap in g .

I I 0. t hod ~ .~ Pr- .1 . 
~~ t I s  ‘ut I Sm :  t mu 1 u t t  I or : .

i ’i i t  — ut u i d -— t i l l  s s p e r m t t  I t  Cm~S ‘t .h t t ’r  I h t m u u t  mmelut  I I i ’ve I m u  5 5 ’  . P1 rues
iii I I m m / v a  I I e y m : : m u a ’  I utel u demi ( not .  ove r  u s O f t  in  lie I gu t. f r o uuu I eve I on
both  m : i s l e m ;

I i  h u L l  t .e~~t. ( h y d r o 5 t . t L t .  I s ’ ‘1 of’ OO In J S L et - e d  1 i r s ’
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Figure 11. Trencti Backf’illing .

SPEC IALIZ)~~ EQUIPM~~ T

The variety of equipment needed can be m u t m i ul f rom t h e  foregoing des-
cription. For both the above— and below—gr ound I ’ip e  ins ta l l a t ion,
specialized equipment is being used , and thur fo l low i ng describes t h e
equipment and machinery used , In  t hree e e r u : m t  suet I O I l  l . h u i tm er of the p ipe
ins ta l l a t ion.

Pipe Bending

‘I’ht e changes l i t  ci e!vat j ou t  as we 1,1 :1m m I i i  dl see t ion of t it t ’ p1 pm’ i i  u m e
r equ i re  the  bend i ng of t hu t ’  110— ft ( . d~ . 14—rn ‘I we 1 dod—ret ’ t i on  mm t r u t  i g lu t  p pm ’
dc l i  vered  t o  t he i n s t - a l  1 at i otu S i t  e . A n av er a g e  of 00 t m ’ ~1 00 l e n t  mm -
m i i i ’  have i’cen made i t t  many u rev I Ot I S  p 1 i’~’ I ny I rug rro .~ em ’ I s . i t t  A L  asks

he number of betida i m m exps ’ .’ t. ‘ SI t o i’e i i i  gher t luau I 00 ‘ m u  e ( 1  152o hut
A f t e r  t h e  m :u r v e v  l e t  err s t u s ’ : I tie 51t ’gt ’ ee of’ t ’ u ru ~I mi t ar ty  g i v e n  I O C t 1 1  l O l l  *

t-he ‘‘ov erbeust , ‘‘ ‘‘ sag ,’’ s ’l’ ‘‘ m m ide t ’s t i . t ’’ 1 m m  marked on t hus ’ I’ i pe m ; s ’~~t I s i t

The bet iding wui  t t r ave is t h u e 1 j ut e , I nd i r ig  vat ’ It 5t’s ’ t i o u  of p1 pe ml::
required.

The general 51e:: i t ~ I I  Sp’ s ’ I t’i cnt i O t I S  Cot’ t hu t t s e u u 4 t e r  ta in t  re i t  t ~‘ hav e
it bend c apahi 1 1 ty of up t o I . ‘° 114’ u~ 1e 5— i i i .  ( I ‘ ‘ — emi l  ‘

~ max i ntuuu — d I t utlet or ’
pipe * of wal l t hu c k r u e  m I S  from 0 . ~ u ’ .’ i n .  ( 1  . iT cm t o 0. ‘0 in .  ( 1  . ‘1 0 cm
‘1’lue equipment i s  t•o Opel’at i ’ In  I emperut ures slm SWl t t 0 — ~0’ I ’  _j lu ‘14’ ‘I . i~ ’ur
u i — in.  ( .~5 . 6~ cm) — di am hydraul to 5sy Ii t i d e r m :  • eap umb ii’ 01’ w i t  hstand I ‘ig 14000 psi
( . ‘. (us x  10 N /rn ’ ) 

~
‘ r OmJ ’Jur ( ’ , m ; u t j ’p .l y I i t t ’ act lul l O t ’n5 i i  r u g  fo ro . ’ . T h e  m t  r~ ~.t ’

capabi Ii ty of I hu e ’ s ’~~ Ii tud ~~r m m  I mi :LIn ’ut t we I imes a m :  mum’ It an g le  ‘vs ri ’ . m u d  t i m

t - h t e  maxi muiru l ’ouud angle .  A gencrato t’ m m t i ~ ’~ ’ I I ’  power I . ‘ st ’ eu ’ : t  t e  t lie iu u i t
:1m m wet I as power t o  o l s e ru t  s’ I lie Li m i t  er r  t’ot’ t l ie  bender  e tug i l i t ’ , hsendcr
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:_

~

:

~
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m’ylitiders , bender hydraulic fluid tank , and mandrel h y dr a u l i e  f l u i d
tank . A heated cabin is also provided for the  machine operator .  A l l
contac t surfaces on the bender are coated wit h a I h i m  f i lm  of polyurethuaxue
t o  m i t t im iz e  damage to the protective ocat ing  on t lie’ p ipes while L m ’ i u t g .

bent . A1th o i~ghi heavy—walled pi pe may be bent without  any in te rna l
backup , t h e  th in—walled , high— tensile pi pe bei ng used for t h i s  project
makes it necessary to use a mandrel t o suppo rt the i n sid e  of t h e  l i l t ’
be ing bent (Fig .  io) . The mandrel sit s in the bending machi me 1.1 f t ’ l su ts ’k
shoe unt i i  the pi pe joint is brought through the pin—up mm I t ie I rut  o t h e ’
iuiaehiine (Fig. 13).

a

J

F I gu.l’e 1 ’ . 1’ i i s ~’ Beutmi I r i g  t l t t u u d r e i  .

S I u U B A ( k 

~~~~~~tL~~~~~~~~~~~~~~~~~~~~~~~~~~

PIN UP m

I’  I guiI ’ e’ 1 . 1’ i pi ’ Iim ’t imtet’  ‘5’ ’ m t  t ’uu u Skt ’t .m ’h t
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l’ lut ’  ms I’ t X’ut t  L o u t  m i t ’ t h e ’  m uuartdi ’  t i I t$ lt m ; O t’ I t ied  I s e  I m ’\4 w i t  h i t l i i ’  it !  ml ot ’
I’ [gust ’ I ~~ A t ’ t. ci’ t h e ’ p ipe i t ;  t i r o u g h u t  in , t l i t ’  mandrel tmim ’VeS under i t  mm

own power ‘t t i t . o t t im ’  p ipe  t i  la rge  ci ar t m Sme ’u ’ — m ’oa tem.t mi r I ye ~ t tm ’e- i (2 , Fl g. l i i  

— 
FIgur e lii . Mandrel Operation.

driv en by hydrostatic motor s, atid located under the bending ~ie ~~~ ~1g.
114) . The expander sect I o ti m ; ( i i , F ig,  ‘114 )  , j o i tied t m ’ge t  her by t’1. i tt  r t  m m 5 I
m :pr  I ngs are extended by individual hydrau L t o  m ’ .’ i i  utctei’ mi tLIImI lock ed I t i t  m ’

p o s i t i o n . Ex te rna l , eLastomer—coated  steel  str i 
~~ 

( 5 ~~, 11 g . I i~) o u t  t op
t s f  o i l  C I I  led packers ( t i  , V 1g. 1 ~ I rotec t the  p i pe an~l absorb uiuu d
d i s t r i b u t e  I lie buckl ing  rt  u’ erm ;es  . Th ue mandrel  “pack ;; ’’ I t ie  p i pe am ; it
bends around the die , t revent itig t h u e p ipe frout i bu ckl  I tug suid Ci  i t t  t o t t  I ng .
After  lowering t h e  at I ffhack and p in—up mmhiot ’  • t h e  tutand re 1 I t t  rd e~~m ; , ’mt by
re t ract ing the  expander sect-  i oui~~. A:; t .ht ’ p ipe i s  ~‘uu i i  is1 back by t ito
wi ti ch one increment , the mandrel is IIIOV m d  t’o rwiti’~j  t lie sam e ii i :: t u t t i c  e •
The pipe is now ready for the next bend increment  . A l I operat I 0115 01’
t he  mandrel are remotely cotitrolled from a Cm ’fl :tm I o . The pu . i tuic titover iS ,
Fig. 114) is an electric hydraulic system . i3om e ri’ m ’c i f ’ ! cat- i o u :: for  t him ’
148—in. (1219—mm ) mandrel are: height 172 in.  ( 14 , 3 t m) mm) and w e i g h t  12 ,000
lbs (5 14143 kg) .  The unit - s used on the pipeline are i~roduced by t h e  CEC
Crose International Incorporated of Houston , Texas .

The pipe bender (Fig. 1 5)  is also produced by CRC anti it s  operation
is desc ribed with the aid of Figur e it- .

a ) The pipe is moved into the machine and positioned under t h im ’ d ie  S

at the point where the bend is to start , 3, Fig.  ‘11’.

ti ) The mandrel on t -h te  Inside ot ’ t h e  p ipe i s  expatimied * 2 , 1’ 1 g. i t s .

i i
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c) The pin—up cylinder forces the wedge , 14, Fig. 16, under the
pin—up shoe, 5, Fig. 16, to raise it and to secure it against the pipe .

d) The inboard cylinder, 6, Fig. 16 , on the atiffback, 1, Fig.
16, pulls the stiffback up and pushes the pipe against the die.

e) With the die acting as the fulcrum , the outboard cylinders ,
8, Fig. 16, pushes the end of the stiffback up, bending the pipe.

r) After each bending operation, the pipe Is moved through the
machine an increment and the operation is repeated until the desired
angle of bend is achieved.

g) The pipe is always moved toward the pin—up shoe when bending,
thus keeping a straight portion of the pipe in the stiffback.

h )  The longitudinal weld in a bend section should be near the
horizontal axis of the pipe.

i )  The maximum radius of the bend for field cold bends will be 30
pipe diameters , 114140 in. (36.6 in).

j) Tangents approximately 6 ft in length are preferred on both
ends of cold bends.

k) The pipe diameter shall not be reduced at any point by more
than 2—1/2% of the nominal diameter and the completed bend shall pass
the specified sizing pig.

Some specifications for the bender are:

Power unit Diesel , i08 hp (80,500 W) ~t 2350 rpm
Hydraulic system 3000 psi (2.109 x 106 kg/rn )

Valving 2 in. (5 mm)
Winch Hydraulically driven

Dimensions :

Height 133 in. (3.38 m)
Length 1407 in. (10.314 in)
Width l14li in. (3.66 in)
Weight 129,900 lb (58 ,920 kg)

Capacities (with mandrel):

Maximum bend 15° in 140 ft (12 in) length
0.6°/arc ft (0.30148 in)

Average radius 100 ft (30.5 in)

L i  
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The bending operation along sect ion 3 near Fairbanks is shown in  the
following figure (Fig. 17).

~~~~~~r~iii
~~~~

i

. 

-

‘ —

Figure 17. BendIng of Pipe .

~~~ e Taping

The pipe—tap ing machine is basically used to apply vary in g wid ths
of protective tape to below—ground pi pe. The tap ing units  used on the
line were produced by Mid—Continent Pipeline Equipment Company cC Houston , -
Texas. The system is composed of’ two subsystems : the prim e and tape
machine , and the pipe—heating system . In observations along section ~
(Fairbanks area) and section 14 (Ft. Greely area), propane—fired heaters
were used (Fig. 18). Gangs of  three heaters supported and moved
by side—boom crawlers (Fig. 19), with fuel tanks (Fir. 20) mounted on the
tractors, heated the pipe ahead of the taping unit. ‘Pvc gangs of’
heaters advancing ahead of the taper heated the pipe to between 230° and
250°F (110° and 121°C ) ,  the required bonding temperature of’ the pro tec t ive
tape being used . With all units of the taping operation working properly ,
pipe tap ing rates of 12 ft/mm (3.7 m / m i n )  can he mainta ined .

The complete taping operation is shown in P i g u i r o  21 , wi th  a rotary
brush pi pe cleaner in the front (background) followed by the heaters and
the taper (foreground). The crew for this operation stopped operations
at the end of’ October 1975 because the heaters could not keep the pi pe
hot enough for the following taper (personal communica t i on) .  An induction
heating system is also available which consists of :t diesel en g i ti e  power

114 
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Figure .‘2. Prime and Tape M ach ine .

A Can sy mm I en t’ c:mmo v em m cxc em; mm pr Iniet ’ ñutmemm . I’hic re I s  a t- — t’t du ’y I t ug  gnu ’
t’etw.’eti t hi .’ u - r u i n i n g  c y st  em and t hit’ t a p i n g  st at  ion . Time t a p ing  st a t  10mm

al sm’ om ’ e r mm t  ed by chains and mm u~rocke t mm and a vutri able speed coat rd
dcv ‘i ce .  Ft u.’ 5 reed cci t t  ro I ~1ev Ice cont t’cl mm t ime t ape wrap ovet ’ I mip  and t he
mu seed ot ’ I ap.’ app i I cat Ion and 1;; 1cc m it tnt  at  I he rear cI’ t lie pr t in I t ig

mit joti. Ph.’ en t ir e  u n i t  ~ ;tm hie .l d coax lii i t 0 It s ’  p ip.’ by means 01’ mm
mm t t’ i tiger , thirough wl u  I oh oaI~l cc , held I ti t ens ion by tim e m m ide l’oor; t rm tc  t cm’
mis. ’ Inser t  ed . ~‘ha ’ mmimm ~i or i at  cc t ’ m m I .‘~‘tttt’cttetit - mm 01’ t hit’ t ’u’ i mm ; . ’ and t mir e  wr ;m m ’
tin i t  are t hue Co 11 owl tig :

1. ~-‘m’a~m m. ’ — The ant t I :ed ¶‘r a:mm. ’ se rve ; ;  mm: ; t he m m t  snot  u rn  I mm u i r p o : ’t  Cc:-
I t t ie  .‘ om mmt ’ ou ie u ; t  ;m . Ti m. - t’rmune mm I : m ’ has m m hi  aged op.’ ra t  or p1 at C. ’ rm on

t h e  r i g h t  — o f — w a y  ;u ide.

2 . ~‘r imi ng :; t mit ion — A sot m it I t ig ci soul mis ~‘:~ I met ’ .‘mtge 1 mm 1 coat  ed
n e at -  t im e cent  .‘r ol ’ t h ue  Cm ’ mum u c . P r i m c t ~ c ’ui~ m m mi t  t ac lued t o t him ; cag.’ di
t r ibu t e t Pt ’ p5 iru er ou t  t h e  i pe . A ~~~— g ; i 1 i i  . r — l  ~‘r i mmmet ’ t muik w i t  h u an
tat .‘r nmm 1 mig i t  m i t cm’ ‘ s— e.Im m the rr lumm e: ’ ont o t Ii.’ si m ’ c’ Cc:’ um i’reading l’ . t ime

Fat ’  I mig st m i t  ion — A rot at  lug t m i t ’  I m u g  s t a t  I on I: tm b ent t’d on I P. ’
se - tm ’  . ‘ m ’ t hi’ t ’; ’m ~ :s- . A m m  t he w: ’ m iu ’ m ’ i muc head m ’ct m i t  ‘m m • t mis. ’ 1m m m u t t  crus t  i c a t  ly

Si m ’ mt 1 e.1 on t 0 t he p1~’.’ . ‘wo t mm u ’.’ as ~ emmmt ’ i i  cm ; , wh I cli I a.’ I mid.’ t im. ’ I m i re
a :“ mm • sew I ad m r mmm mmm ; . I  t ’rt ’:m sur e  r o l l . ’ r • ar .’ m ’urut  I mmtmed . A r o l l  c ~‘ t misc i s
r i  mi, ’ ,’.I ~ tm each m it - u- ; , mmtt.1 mis  t he t ape  1mm t ’e,I oat o t im. ’ p it-c , t h.’ l’ack I
t m - m m - e m ’  j ;m m a i l  c m m s u l  . m l  by r.’woutnl Cc:’ even t  ual .11 m m .’mi rd . Then t h e  t mi t ’ .-

55,’; m m m c d  ~‘nt .‘ t he p i:- .’ by t ls’ r e : m : m um: ’e r o i l  .‘rs .

_ _ _ _ _  _ _ _ _  _ _  _ _  - -
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ur.’t han.’ .‘ ruwl ~ t’ wheel :t a] low the maclit tie to I’.’ .tr i v  en m i t  .‘ug t h u . ’  Pt
1 .-~~c ’z ’ m : c t  of’ c raw I t ’:’ wtme.’l’~ can be mi t- li t :e.t Is ’ ~-t - .’v 1.1.’ .‘~t rim t r um , ’ I I .- u m

cii i t ; .’ I i  ac.t t er r u i u .

• Pc - mm: ’ 1.1 ‘me:’ whet ’ I — tt p%cei’ it itmi I owt’ r 1 d b  .‘r wit.’.’ I : m m m : ’.’ 1. ’.’ at  • ‘-l

m m , ’ m m m ’  t h u e  u ’ , ’um r 01’ the ft’mum ie . l ’ t u e m m t ’ keel’ t lie :m u ;i. ’h l  tie co:ic. ’ :u t  :~ j c wit ii I

p

1.  ‘wet ’ :m\ st en; — A . 1 1 cm ; , ’ 1 eugi t ic mount-cd ci; 1 op of t he C r m u m m ,  -

cv I .1.’ t he nec es s~~x’y ‘i-owe:’ t’om ’ t im , ’ atm it

c~~t t ’c is (ci’ t h e  t ;it i mi g maclit i i . ’ :icl t ide :

Wlieel— .b’iV.’ t i ’au i slut i  551011 — ‘l’hrm ’.’ cent’ t ’m m t  0;; arc  pi’ov I .icd C.’

m t - i  , - ,‘ t i v , - .‘ont sd of Ccrw m m tnt 1 i t s ’ — I r:mv. ’ 1 m mp m ’csl . hey ci’:;,’ I ;m mm I ;;~~‘ pro—

v I .ted for buick I ti g I he an It when mm . - .’ ~- ; m m mm i  u ’y

Eit~ i tic d a t  cli opermil I ti g I cv cm’ — ~t u ;m cat sot S I m m  i ’I : m s ’t ’ ;m t c ; ’ m m

hc’ t mip I ui ~ head , p:’itik’l’ hm cmmd , ;i :;.t p0~~m’t’ t . ’ t lie .11. 1 V.- vi;.’,’ 1 m m  m i :mmmm it um: ; , ’s;u ;m I y

:t~.- hi~v~truu i i  ,‘m m 1 m y —di’ iv ci; b 1 owes : t t i . t  ,‘x h t mium m t t’m mit ;m c ‘:tt I atm.’ 1 d tn t : :  w lii 1.-

1mm ’ .‘mi ~~ Inc  I m m ru t i t i  I ug lace t he imy .tt’umu Ii. ’ i’wn’i’ I:; di’ I v .‘t u  .t I sect 1 y

t he real’ .‘ t’ I hu e cit~ I :i,

~~. I -a: :  c i rcu i t  — I- m it; maid i-I ow .-t ’ mtt ’ ,’ cotitmec .‘d i i i  m mci ’  I e:m • . ~t )  ~‘mmm u

I u ’.’u I I  t- .’ ii.’ 1’ m ’mm ~ v , ’ m I h i m ;  vum l v . - 1mm set  for  1 ~-00 psI  1 . m~ ~x I N rC

m m u m i x  I mm um i lmm S1’ t ’m t m m U 5 t ’ • 1 p i r. ’.’ t I .‘amm I .‘o nt u’cl \ m m 1 y e :  I l i i  m ; m u m  i v . - ;tm I i i r t

ci’ m m t d p s  I h ue l’m i i i  m i nd b lo wer ,  ~ l - x t ; m m u m m t  Cmi: ;  m m p e e . t  ccitt  r. ’1 vs I v t - m

i i i ; ;  v m i l v e  ,‘ cat rd 0 1’ 1 .-w I z t I P.’ i~ ’ .1t’mmu ii. ’ .‘ I t ’c m i  I I  u ’ct’ :m I ow 1 1mg the Cut;; mis

I 1;.’ m u m I V , ’ i s  open. ’.!

- ,  . i ’ m 1  nor  C l  .‘v ,‘ ci-.t r.’ I vs I \‘.‘ — ~t ; et ’e mm:’ ,’ I w. ’ ,‘.‘Ut u ’ .’ I I ’om ’ ~r I m m ; . ’:’

~
‘ low : t P.’ m mmi . u ’  CI  ow v mm 1 ~‘ - mind m m t ’ I t i , ’ .‘~‘tu  :‘c m u m  I v , ’ C. ’:’ I’ i i i . ’ m md ’ act  —

r m o t ; t  of pi ’ ins’:’ I’m ’ um ~~ mq’plieml t o  t im. ’ p t~~’c ’~

• . : ‘mmw 1. -u ’ vii.’.’ 1 c I u t o h t  — h-~:;gm mg. ’m m cm ’ .11 m ; m ’ngmtg. ’m m t P. - .It’ i v. ’ .‘ saw Ic;’

whi t ’.’ I s • 

—

r . Wt ’ tmpp I ti~ hs’ad c i  tit .‘ it — Fagmig.’mm ct .11 m;t’t:giiges t hu.’ w r m m  p 1

m t  at  t m ’ t t .

hat  chiet • i~ i l  em’ wheel — ;m ,‘ng:ig.’.I I o ho 1st nut . ’ h u l a . ’ t Vtt. ’ wI 1;

p i I”’ :m ~ ’ I h a t  I mu se l imp vi.t i n~ t I’.’ o f f .

I’ . ‘c~t’mip ~’ I itg hit ’t%sl :m~~.’,’si cent t ’ s ’ I — I t s ’  m t m I n ’ t~,I of r ot  mi t  i s ’:; of t h e

vi’  m ip;’ I m ;~’ i icmu.t  i.e t at  i v . ’ 1 .~ I t ;. ’ : m t ~e,’.I of I t l ,~ m us t . ’ P in . ’ mm 1 .‘un ~ t im.’ p I p.- ~
,n ’n t  15’ l u s t  by I t ;.’ rat I.’ coat t’o 1 i~t ;. ’t’ .a m t im. ’ m mii’  I mibl “ :;pt’.’.I ,‘cflt :‘.‘ I
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dcvi ., .- . In et’fect , this adjustment controls the over lap of t he  tape i t

bends and al so makes p~’ssible t hu. ’ use ~ C var ious w i d t h  t uq-t’: m

A genera]. v iew of the taping opera tion  is shown in  Figure -
- 

~~. The
taping operation near the Chatanika R ive r  n o r t h  of Fa i rbanks  in ~I miy . 1 ’
1976 used an after burner heater following the taper for ensured tape
bonding (Fig. :~ ) .
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Figur e .‘ ~~. Tap ing .~e:;e’ , set t ing up.
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Fi gure 21m . Tap ing Af ter—burner .
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Figure 26. Module Installation.

The unfolder, as the name implies, performs this function on the
• pallet—mounted sheets which are folded into approximately 8—ft (2.I~l~—nt)

x 214—ft (7 .32—rn ) panels , stacked 8 -panels to a t allet (Fig. 27) . 

‘ I

‘ L-i 1 I. ~~ t l -4 - -

.5_ S. - - -

Figure 27. Stacked Panels of Folded Insulation ( Background).

Highway hauling restrictions dictated the 8—ft (2 . l~l~—m) width which re-
quired folding of the sheets. The unfolder is mounted on an 8-ft (2.l

~~—m—
wide ) and 1~O~ ft (12 .2—rn—long ) flat bed trailer. The operating spac e



•- - _-

~~-~~~

-
~ requires about 21 ft (h . lmO nm ) of head room and 30 ft (9.lit m) of width.

The unfolder is fully hydraulically operated . The hydraulic system is
powered by a 12 cycle air—cooled diesel engine . All functions are
controlled by manually—operated valves located in the operator ’s cab.

- An operator ’s helper is the only other member of the unfolder crew . A
- tractor driver tows arid moves the unit . Through the system of’ a r a i s i n g

platform (Fig. 28),  short and long unfolding forks (Fig. 2Q), and
movable unfolding platforms (Fig. 30), th e folded panel s are prepared
for lifting by the manipulator .

I ,

I H

Figure 12~i . Un f’older and Raisint~ Platform.

ui—— WlI~~~Jw

__ _

Figure 12Q . Unfolding Forks.
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1” I g . ~: ) , mind mm m m it I:; i.e lu g  sw-aug ,‘\‘ m ’i’ ( i i , ’ P j P .~~ t im , ’ panel 1 m m  b m ’t i t
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Figur e 35. Wrapping Panel Around Pipe .
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Figur e 36. R ive t i ng  Seam .
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CONCLUSION

The preceding has presented descriptions of specialized equipment
used ott th e Alaska Pipeline proj ect. The magnitude of the project can
be realized if the other general pieces of construction equipment needed
for a project such as this pi peline are considered . The total number ci’
item s exceeds 8000 u n i t m m . A schedule calling for the completion of t h e
line at-md f low—throu g h t-y I’)77, the harsh climate and environment , the
environment al amid couuservat i onmal restrictions , the remoteness and iso-
lation of 5,-ira’ work camps-s and a ful l work force numbering over 120,000
all add up to a proj e’ct w i t h  uni que problems , solut ion s , const r u c t i o n
techn iques~ and on e  from w h i c h  valuable experience amid informat i on carl
be gain -med fo r future w ssm ’k j i m  the far n o r th .  
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