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PREFACE

This report was prepared by D.E. Garfield , Research
Mechanical Eng ineer , of the Engineering Services Branch ,
Technical Services Division , CRREL , C.E. Ashline , Main-
tenance Supervisor , Alyeska Pipeline Serv ice , Co . ,  F.D.
Haynes, Materials Research Engineer , of the App lied
Research Branch , Experimental Engineering Division ,
CRREL , and H.T. Ueda, Mech anical Eng ineer , also of the
Engineering Services Branch at CRREL. Funding was pro-
vided by the Directorate of Facilities Engineering under
Order No. ENG—CRREL 76—1 , Acct . Classification 2162020—
08—7600, P728012.3000 349—129 COCE 7282—3000, Consoli-
dated Trans-Alaska Pipeline Research Pro gra ri.

The contents of this report are not to be used for
adver tising or promotional purposes. Citation of brand
names does not constitute an official endorsement or
approval of the use of such commercial products.
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Introduction

The present and proposed construction of petroleum pipe line s in
Alaska , such as the Trans—Alaska ipeiine , have created a ren ewed in-

terest in existing pipelines which have been built in the northern :j r - ~ts
of North America. Some of these lines , or at least sections of them ,
are still operational in the United States and Canada. An Irjdersuin iirlr
of the problems encountered with the environment and with construction ,
hydrostatic test ing and operat ion of the ex i s t ing  pi pelines nrovides n
valuable backgroun d for the aralysi s and evaluat ion of new p ipelines
being built in cold regions.

Unfortunately , much of the in formation on the ex i s t i ng  pipelines is
scattered and generally not well documented. This report summarizes  an
investigation on one of those pipelines, namely the Haines—Fairbanks
Pipeline in Alaska. This is intended to be the first of a series of
reports on pipelines constructed in cold regions .

General Description

The p ipeline from Haines to Fairbanks cane about becau se of fuel
shortage problems in Fairbank s during World War II. During that period
most of the mil itary fuel was supplied by ~~— and n — i n .  l ines from
Skagway to Fairbanks. To meet increased fuel demands , a finished
duct pipeline was proposed between the deep water port of Haines in
southeastern Alaska and military installations north of the Alaska kar.’o
in interior Alaska. This pipeline would t ransport vari~ ’is petrolc- u~.
products, delivered by ocean barges or tankers and stored in bulk ¶:er —
nal facil i t ies at Haines , to storage faci l i t ies  at several locat ion s
near Fairbanks.

The entire 8—in., multi—product pipeline was in operation fror~ l° 56
to 1973. It began at Lutak Inlet about three and one— half miles nor~ h
of Haines and crossed into Canada along the Haines Highway to H~iirr-:
Junction. From there it followed the Alaska Hi ghway through Tok and
term~nated seven miles north of Fairbanks (see Fig. 1). In i ts  ~t(i—ni e
route, the pipeline made 25 major river crossings , 82 stream erossinr :,
149 major highway crossings , 39 secondary road crossings , ani 11 
swamp—tundra crossings . The pipeline extended over the floastal ioun t~ iris ,
through the plateaus and valleys ~f the Yukon Terr i~ ory arid British
Columbia , and then re—entered Alaska . Temperature extremes along ~ne
pipeline route have ranged from a low of —82°F at t~nag , Yukon Territory ,
to a high of 92°F at Fairbanks , Alaska.

In i t ia l  Design

In 1950 , Fluor Corporation ‘ontrrv’ t cd t o  ies i~~r the ~— i n .  ~i nr- .
This phase of the program consumed two veni’s .
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The original desi gn criteria were based upon pumping P600 Lrtrreis
per day (BPD) of jet fuel ( spe c i r i  gravity 0.8205 ) at a temperature of
—20°F. Original appurtenant facilities inclu led five pumping stat.i~~r,s ,
two intermediate takeoffs , terminal facilities at Fairbanks , two t.mk
farms at Haines and Tok, and a steel pile pier at Haines. The five pump-
ing stations were located at Haines , Bord er , Junction , Donjek and Tok
(six booster stations were added in 1962, as described be1o~~). The
normal throughput rate of 9600 BPD was attained with pumps operating at
Haines , Border and Tok stations. Emergency throughput rates of 16,500
BPD could be attained by placing the Junction and Donjek stations on
line to supplement the Haines , Border and Tok stations. Intermediate
takeoffs were planned at Fort Greely and Eielson Ai r Forc e Base , and
another small takeof f was added at Birch Lake.

The Haines—Fairbanks pipeline right—of—way location was selected to
allow the maximum access from the existing Alaskan and Canadian hipd i-
ways. This route selection also allowed the use of many existing
bridges for stream and river crossings. Due to favorable topography , it
was possible to keep the line level in many locations. The line heron
at Haines at an elevation of 30 ft, with a net vertical r ise of ~OO ft
at Fairbanks. This seemingly small grade was conplicated by several
peak elevations as indicated in ~igure 2. These peaks greatly influenced
pipe and valve select ion and the design and location of pumping stations.

The original pipe materi al and wall thicknesses were based upon the
use of the Modified Barlow Equation :

- 
(p + 50v ) D (l~t~~~~~~ 5~~~~~~ 75 2y

where :

t = wall thickness , in.

P = maximum control pressure , lb/in?

V = maximum flow velocity , ft/ sec

D = outside diameter of pipe , in.

Y = minimum transverse yield strength , lb/in?

0 85 = maximum working stress
min imum transverse yield

0.875 = factor for wall thickness tolerance

.2
50V = factor for surge pressure , lb/in.

3

1
_ _ _ _ _ _  ---, --~~~~-—- - _-- --- - -—-- _~~~~~~~~ —_ --~~~~~-rn .~~~--- ~~ 



F— ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

- Nortr ,r~.s? // H~ ur~ uIk Grodient~ Southloit
-

-
~~~~ -

~ 

H -

- I / 1  I~’ / -4000 / // - I it

—
-
~ “ 

- - - ; ,
~~~~ ?‘1~

-
~~

-
~~~~

_ _ _  _ _ _ _ _ _  _ _ _ _  _ _ _  

5
___________ Ii  I .____ s___ .I __ .4 ..__ ______ .I .__ . _.14. _ _J_ . _____ _ f_ . ___ i____ I I 31 I 3 I

(m ile ’ t ) 600 560 520 480 440 400 360 320 280 240 200 60 120 80 40 0
Di stonce

S taj j~oc o t i on  - Sr a  - L oc a tOr -  St o LOcot~on

Homes Se ‘- o~c or Boy ~ 10k
2 Border 6 Donj ek 0 - Sears Creek
3 Blonchord River Beove r River I i  Timbe r
4 Ho m es Junction 8 - ~oke~iew

FIG. 2. Hainc’s—Fairbiink~ Pipe m e  Profile , Punt Stations
a f t e r  Modi f i co~ tons , ~nd Pvcr,iul c C~r n d i e nt s .

- - - -- --- --
---- - — —

~

-— -----—---— —.---- ‘--- . -- ,— -—— --- —-- - -—----- .-~~~~~----- ------_ --- - - - - - - - -_ - - -



r .

~~~~~~~~~~~~~~~~ .. ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

---— - --
~~~~~~~~

-

~~~~~~~

— - - - -- -- -- — - - -

The factor for wall thickness t olerance was included because the original
specifications allowed a denth of d~ fe~ t or variat ion in wall thickness
of ± 12.5% of the nominal wall tbickness.

The average fluid velocity in a pipe can be calculated from tio
flow—rate by:

(2 )

where :

V = average velocity, ft/sec

Q = average flow rat e , ft 3/sec

A = average internal pipe cross—sectional area, ft?.

Average fluid velocity, V , for a flow rate of 9600 BPD in an 8—in .—I.D .
pipe is 1.787 ft/sec .

Subst ituting in eq. 1, the maximum line pressure f,r the 8.-625— i~~.
outside diameter pipe having a minimum yield strength of 30,000 lb/m i
and a wall thickness of 0.277 in. is

— 0.85 x 0.875 x 2 x 30000 x 0.277
8 — 5 0 1.7 7

P = 131414 lb/in?

Likewise , for the standard
2
0.322—in. wall thickness pipe , the allowable

pressure , P, is 1577 lb/in.

The line pipe specified for the Haines to Fairbanks line was API 5L
Grade A Seamless, with a specified minimum yield strength of 30,000
lb/in? Most of the mainline pipe was of 0.277—in, wall thickness. At
most underwater crossings , 0.322— in, wall pipe used. For a distance of
about 14 miles after Border Station , B.C ., Canada , 0.322—in, wall pipe
was used.

Init ially, the pipeline was intended to operate under normal
conditions with only ilaines , Border , and Tok Pump Stations in operation .
The pumps at Haines were positive displacement types , while those at
Border were centrifugal types , acting as boosters. Products were
separated and stored at Tok ~

‘.tat on and pumped on to Fairbanks with
positive displacement pumps. When emergency throughput was required ,
additional centrifugal pumps at Junction and Donjek Stations were
operated. Each site included housing, maintenance and supporting

5 
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fa- r J  i ti e s  for  the  s t a t i o n . r : ,  t t t i i~~ 
i n’1 , 5 .  - - i ’ n r o  cap il ii - ~~~ -~ -~~- -~~

provided at Haines and Tok .-

‘c~~ S’ r-ic t iiin

J r ~~g inal b ids  nit t h e  - . l t i c L sal t ed 0 . r ’  6it ~ ~~~~ of 8.O,L— ~ n. —1 .F.
pipe with two wall th icknesses  - - f ’ 0.f’(T aria 0 .322-- i . it -rrage  facilities
i c r  he pipel i t ie wet’ o to c( usi  sr o ~ t o  - I t t i ’  i t s  one at Hai t i  -s w i th
1 t t r ~ns t La lug 2 7 - t ,000 b i t ]  t ool one ‘~t L k  , ;Hs o t h  0 t ’uiks t - O aJ in f~
? [ n , 000 bbl. The t o o  s t~’-jt ’t i~ i-i:: to stiirt in ‘ or e iibe-~ 1’)~i~. and be
comi- lo Led in i t ~, L - ~ ti~~~~r 1955

The ~ o r i t  t o- ’  - -ta rt awar’ to in  n t  ‘i ‘.‘ - v t r ~- l t - r  l°53, it -i to- I at - n —
t r a sh ed  c ) r t  of --2 9 ,00l ,. r  ide r i s c e r - s t u l  I d w : :  su i -u t tt ed  .j ointJ ’
by k il liams  Brot i ters  Co. , Tir tsn  , Oklahoma ; Tc~~ri oihl l i~ , 1st- . , r; i’ e~~’. Fails ,
i-iorit ana; and Morr e]  Const i-u s L i o n  Co. , Va: rou iu  s , kr-i ~ i sh  °o l r i r r h i r ~.

A ;- t: ttonLru ~c icr , Oaks -or st rut - t on  c • , IS t r ’ t fo  , I -t- sor c learl  no
rporat~ -ri t r t a irn o.t1 immediate ly .  Thir’y f m- ~~f~ of’ the id— ft r i c~ht_ of_way
was cleared of ’ t rees and brush.  In i t i a l  c l e u r i r i r  be ytri by ~s5 no two
iat ’rn I ar 2—3 hulldorterrr at ~-~id Al r Forci’ ka.;e i n  - - i i  r b a r r k s .  Two

more D—8 ’~’ began working  in opposIte - l i r e c t i n r .; 
~~~ it of ?ok on i - ‘anuary 1t45) t .

~ ~~~~~ unit heron w- crk in~ nor t hwur d  from fle - t t v  Cr c-ok at f -he Cusr ~d i an
border. Each u n i t  cleared an a jy ’t’ro t ’e of ahcnt a m i l e  a day during early
i - P . During February , tern oer at  i t t - c - : dropped r-nis —30-°i- ’ to — (-O~ l ,
bringing most work o a s tands t ill .  One crow w i t h  two doser s  kotO
wa- i’ ding , however , by r i gg ing t o r p o r r i s  .aro-~c~-.~ obc- t t ’ :ot’ s SO ~~St ~~~_ the
heat of the engine would kee’- the c’ontr o  to  -r i o  t he  o nro -toc- r warm . At
night the t ractors  were e n t i r e ly  covered a-i P t .  t ar rn iu l  i n s , and e ig t r t
kerosene l a n t e r n s  were placed under each t a r v au l i n  to ~-rt v ide  en -a-ugh
heat to start the t ra ct or s  the next t i  c u i n g .  I-Then the  weather i r t i r ro ve t ,
all five  crews returned to work , clear - L it and i r u i n i n g  or r ive ra ’ s  of 2 .5
mi les  r et - day each. At one noint clearing ‘r ows t o e r  u nm ° - } o ~’ I- ::~ d
at Hungry Horse Dam a few years ear l i e r .  A steel bali  7 ft. iii t i - r r t o c-r
was fi l led with water  to a rotit wei gtb of 10 to 12 t ins , r ir r c - -i wi th
hc- ’ Ty w i r e  rope and swivels , rind towed I v  Lw a n t  t~~~*t i t - es four P
T h i s  method repor ted ly  c lesr e l  b rurd  and small trees  at a rap id rotc- .

:)-2 uji1CSS ~-i Pc- I n c  the  A l a L a n  i t t  thc- cc -it  e a-us • -- r ” s h r i : e t f rom
:;atio~ial P ip e  Co . ,  wi L ‘b e  ar t  of  the r l t e l i r - -  ri ia: _

~Th. a - se - i  o r s t  i s h
r i  ~ie. Fir e was del ivered by r h i  p Ic , ior~ks n t  H a i r i e r  u n i ’- - ’aidez , Alaska.
r ho r n r t r o t p r ’t ,e- 1 p ipe was us] o - r t ~ t - ~ i n i  ra- . ~e 1  j uL shed otack :  8 an ti 9
p ipes leet . Th e p ip e  was t i P  sor t  ~d ar o r l t ; - o  P a -t i l l  P t t l c k t esit . No

:bbir ~~ w ar  used 1 ‘~ r t i i n t n  t i e  p i ‘~ ;i i ’rt tt cS  nr  st~~rnLrO’ . Pi pe was
tv- i n ’: ‘~rtc- t fr’vr L - ~ - t - - t s  by ] c -o t - i : . c  I : a i r -  - n i  :;to r t r - S  led every 5
m l es aloroo ~f P P t  5-0 ne c -i ’ e . . ‘ - .ng ni ~

- ru ct r. g * nP r i g h t — o f — w a y
-- -~arr in m T r l _ t -r -r i l . , u - ’i r rg  r r - k s  ‘ i- i s t i l l s .  ‘ - ‘k wesr -r  r c u t d e l  and

ri n lont ’ ed u s i ng t i m i l s T ~ ’ -r~ m - r o i l l n i r ~ ( ‘ 5 -- - i L  - c i  w i t h  - s i ’k r ion  Fipe
Tayc ’ r si lehurr rs . 

_ _ _ _ _
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A week af ter  ni i r l ~ ne s t r ing ing  i t O  begun , the  t i  c i ; - . we ld ing  crew
began work . The pipe was plOt- :  -l up by a C a t t - r L i J t a r  l lT ~~14 r or ’. one
loader arid the p i p e en -is a t - i - - burni:te -i. ‘we 51—6 t Sat i -r~~i i la r s  w i th
sidebooms worked in ta rul ern , dci a- no  ttr  a-i r e  into position along the
line. These were t ’a - i l  ow e l  by t a  — ( ‘ 5 , ‘rich equipped w i t h  two L in c o l n
electric welders.  W i l l  n r a - hi t i t ;  r - - - rch c- - i over 500 j o i n t s  per day ,
averaging 2 mi les  of completed line per iO~~, and occasionally 6 r o l l e r
per day were completed.

Five teams of a - -Id - n  ins et i t c i each wel l using i;;otore
cam eras. - Most of tre l i r e  ~~

- 
- 
- 

r~ J les) wart installed ~it a-- om an -i , wh i l e
the remainder (i )i8 miles ) was buriei . Inc aboveground sect ions  w et - c -
laid di rect ly  on the gro ml , c-x cer t i n  na -art s- areas where t imber -0110 1 og
was used in order to r e ta in  n t L ir t O  d r a i n ag e  channels .  Al l  t u rn :  were
accomplished wi th  bend ra il  i of at least 140 f t .  T r a n s i t  ions  from aho-t e
to below ground were placed wi thou t  regard to  soil cesd i tons  w i l t rca :;
a f fect  p ipe corrosion . The major buried s - c ’ I o ns of Pb’- line i r 1 c l a - d e d
142 miles northward from i-lam es terminal and 96 miles r 0 t - t h w a r d  f r om di
Delta to the Fairbanks terminal . These section: were buried with ap-
proximately 30 in. of cover. The remainder of the  total 114 8 miles  of
buried line consisted of short buried sec t ions  a l -Dr i g I  the route i r t e n d e - r
to protect stat ion personnel, equipment , and the l ine from r ossib l e
vehicular damage and from washcuts -t ue  to flash fl --a-d r . An attempt war
made to maintain a minimum depth of 3 ft to the top of the  p ipe  when
trenching with the pipeline t renching  machine . A novel m e t h o d , a’. least
at that time , of laying pipe was used is the buried pi t eline s e c t i o n s .
The pipe was welded before it was in st a  l ed  in the a - i t c h , so that.  i i
could be welded before the fr ozen mud and muck could :lo :gIr o f f  the
trench walls . On bridge crossings the p ipe wart roller mounted , wi th  “ 2 ”
bends rang ing from 3 ft  to 140 f t  in radius , before the pipe went uri der-
ground at the br idge i ;hutmerit : ; .

Major constrrn’~ i -ri problems were encountered in swamps , muske c .  an
areas where dits}-:ing a-a: necessary . ~est borings indicated that permit-
frost was present at o n e  l a - t n t  ions  a-P. various depths and, in v a r y i ng
thicknesses . lii some areas there a-ti: permafrost immediately tel-ow the
surface , and in othc-ms it beg-~r 15 to 20 ft down . .1 Cleveland 322
trencher powered by a Caterp illar 1 —8800 engine was modified for or-- s-n—
tion in frozen ground. A small b’-’avy dot 5-1- wheel with a total of 1~i
“J i f fy ” buckets was i n s t al l e d .  h i v e ~ and s i x — i n c h  “J i f f y ” rooter t e et h

were placed alternately on each l-t ck ot . A 2—3 tractor hitched to the
trencher provided additional tractive power. Progress was slow but
steady , and new teeth had to be installed for every shift .

Equipment normally used f~m~ hauling, c-xra- :nOing , welding, lay i ng
pipe , and backfilling had diffic;:1 y tv - versing the nipeline ri gh t — a - f — w a y .
Part of this problem was caused by th e c I t -ri m 4 to  method of push ing  debris
of trees, spo il material , rocks , etc., to the cOg ii of the right—of—woy .

7
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No i m m e d i at e  e ffe c t  wn~s not iced , but  :~~FI.e- r ’ the  f l  r r ;t  :t ’r i  n p  r o n t a - i ’f , sfl
settled from the stacked material , creating ia - k e r n . These dikes nnang t -d
water drainage patterns , causing c o r i n t r c ’r i o n  n r o b l *- m r , ann inter
i n i t i a t ed  r ipe settlement .

The major  port ion of the job was comp i t i te l dur ing  tie l h 5) ~ tot —
st r u c t ion  season , leaving major river crossings and ca-nt’  pumping
s ta t ions  for completion in 1955. Maximum omp ]r r/mion l -ri t m i n g  t,he t eak of
cons t ruc t ion  was 775 men . Cons t ruc t  la -ri wits  in a c c er - I an e e  w i t h  to ;-

~j nerican Petroleum Ins t i tu te  Standards and ~ecumrni r’n- ’o-i Practices , API
Spec if ica t ions :

Std 602 — Small Carbon Oteel Gate Valve:

Std 6D — Pipeline Valves

Std 599 — Steel Plug Valve~

Std 600 — Steel Gate Valves

Std 11014 — Welding Pipeline and Related Fac il it ies

RP 1107 — Recommended Pipeline Maintenance  Lelding P r a c t i c e s .

Original construction was completed in the summer of 1955 at a
total cost of $38,2Lt9,796. This represents a 32% cost overrun . The
completed length of the pipeline was 626 mi les , 11 miles longer - han
originally planned , partially because the line was run around rather
than across 290—ft—deep Kluane Lake.

Test ing

After construction was completed in the late sumrn°r o’~ lOlL , water
was pumped into the line for hydrostatic testint . Enough water’ was
pumped into the line to exten-l for 200 miles , follow ed , by ii batch a-f
diesel fuel , and this followed by a batch of jet. f-re] . lest press- res
were 1500 lb/in? on the Alaskan portion of the line and 1900 lb /in? cI,-

the Canadian portion . Four ruptures developed in the Curia-liar rnrtior ,
and several damaged sections were discovered on the Alaskan portion ,
mainly caused by tractors running over the pipeline . Repairs were ronnie
and hydraulic testing was completed in August..

The pipeline was operated by i-til line’irr Si r- . t t i e r s  (‘a - .  u: lt.i the nltto l
States Army, Alaska accepted the pipeline a n d  facilities on 12 (/c ’ot-er
1955.

At some time after -i n ;-- acceptance, St a -nts d iscovered that  t h e
p ipe l ine  was blocked. Pi peiJne s a r a n -e r - :  dad nat. teen used to  dis lace

8
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r
the water from the p i p eLi n e , len ; lt ; i— t e ’ t r  -~ ~; it f ici ’ - ni: ar t i r  a-n , tao
valleys of the pipel ine  to p lo , - the I I- ~

- t t - ~, ‘r - - ‘ rn;: tjer: - - .n n e  5
determined that the line a-n 1 . - - k c ~~; I — n 5 -a -a - ’ f r- ms ‘-rn - a
Station . The Army rjt t— -nntto -l 5- r- - - n r , i- ve in of ha- i t -  1 . - - - rita-a - i ’ -
lighting wood frrc:; wider the :,a [C- - I c - i  1 5 - - - a c- - . I d - ’: crr t t i e  sO re -
l ine in seven locations , but ritt~ nt~-~~t to r n - a -  - l i n e -  —

‘
- ‘-i”- a-ra -a-c:a-:sful.

A cont ract a - s i n  awarded t o  a c r 5 ;: in - u - - p i n e -  ‘ i n  s i p - l I n e , an- i  f
scale purging operations began -- n ~3 

d - : r u n i r  ~~~~~~~~~ 
1 0 I — a n t - - t I  ckage:

a chart was prepared which :1 -a- - ; t -xpt- ’ t ’  - ‘ - e l k.;: er a ’ all . --i tt1-
and check valves and other  loca’ - n . r  ~-~~- n 1 000 lt/in. a - n,  m a i r r ’ ’ :n ” i at
the upstream pump station . S’resc- ln - c - s t - i t - i ~~l ’ : U - n  n~ - v a S  -a :- : nrI t t o ns
where pressure taps were installe a- n o - I n -  pi; .-lSno- - ni:cru ct2n . ~-2~n n: a
measured pressure reading was low e r It -~- -- -t : -  - t a-::: a r : n s n e d  ha t
the blockage was between that b e n ’ i -n. ar ;-~ 

t i e  Lo ut - S  a -r i  of ‘h ~- pra-vi )ra - s
correct read ing . A “hot tap ” (a pi n - c . Ira - ~

- l e v im e  ch a l low -.: t ap  p ing  -

into a line while it is under ~r-e aa -u r t - )  a-a- ; a-sO le I so t h e  n , i p e i i r , r’
midway between these two locations a i l  a or o r n ur e  .n -n ; ;ore r - er ’. ma le to
further  pinpoint the blockage . T h i s  process was m i s - e a t e r  a - n t i l  t h e
blockage was located to within a m i l e .  Then m o-n a-c . a - id  walk ~he n i se~
line, striking it with 10—lb hammers . A sharp r i n g  i n d i c a t e --i a c l e a r
pipe, while a dull thud indicated the presence of an ice P)~uC .

‘when the ice was located , the a-ua-tp pressure at J -a -n ct i c - n S t a t i o n i ,
the nearest pump station upstream from the  b l o c k age , was lowered and
gate valves both upstream and d ownstream from t he  plug were clone- i . A
“hot tap ” was installe-l just c-a-a-a-a-si re-am from the plug and a pressure
gage installed to in-licate lire arera-Irre dur :ng cutting operations.
Communications with the valve and ~ump stat i on operators were critical
during the purging period.

Most attempts to construct n collection basin for the fuel were
unsucc essful , since the ground war frozen . li-a-a-ph : were cut in the cm , ow
to divert fuel from the right—of—way because of t}~ fire hazard when
welding the pipe . The pipeline was mo-ied beyond the right—of—way arc~a
by sideboom tractors and then the line a-rn: cut - Aft er the downstream
end was drained , it was moved back ~ ‘~ iy the r ight— sO’—way and a weld—end
installed while the upstream end of - he tine was being n u rp et i .

Purging operations were til ret ’ el from the nuriting site. Sidetcom
tractors equipped with cradles r a ised  the pipe 14 to 1 feet in the air
and moved along the right—of—way : - t t e r n p t i n p  to break or- the ice by
flexing th e pipe . Preparati on: wc- ’e rotate to light brush fires beneath
the pipe during t S ; is  period. ASic ’ s L ox i n g  t h e  p i pe , all up stream s -usa-ps
were put on l ine and set for max !nnnrm o ut :u t .  Jus t  be fore  the p-ur n-p s
would shut off  automat;ically iso to hi gri pressnrm , ncr; at the iipst reuri
valve were directed t~t a - s en -h r  v-j ive . f-i n-a -] a ne - - i : l y , t h e  b r u s h  crew
ignited the i r  brush piles. ~-a - r p i ’ r i ’  was d i n c o n i t in -r e - i  when t h e  l ine  sr i —
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peared cleared or when it was d et e r n i ned t hat , t h e  tt’rmain co-ri d no- s
safely tra il more fuel. To the latter - case , the line would be wel ded
and a cut made in another location .

The cut pipe ends were t i e - h  t r y - t h e r , and befo t- - - f i n a l  w e l d i n ; p  t i ; ,-

downstre—o ’n; valve was opened . Tin - ip::t re-un : valve a-na-s then ora-”r,ed w1 ale
station o ;e ru t  or: monitored l i n e  J r ( ’ ; ’~~rr~~. When a n r - : n r :ur e nrc r~ a- n t ; ;

observed at the station , pumpiflg at ni reduced rate  began . This r a te  was
adjusted to maintain 350 lb/in~

- at the a-old end , which allowed bleeding
air from the line through the “hot taps ” installed earlier.

When pressure at the weld se- -tiny: reached the required level , the
weld operation was completed. Thi.: a-ne rat i on was repert el 28 times
between points 195.8 to 382.5 miles from 1-Sainie :. Occasionally, t he
method did not work on the first- ~~~ empt , in which case th e flex ing and
brush fires were continued until the line was p-rrge-1 .

After the removal of’ one or na-ore ice obstructions , the produ ct
could be received at reduced rates at Tok Station. After a period of
time varying from immediately up to several days , pumping would cont inue
until another blockage occurred downstream from the previous one. After
a 10—day shutdown period to wait for resupply at Haines Terminal , pumping
operations finally reached normal on 3 April 1956. A number of im-
portant observations were drawn from this operation:

1) Water should not be allowed to accumulate in the pipeline when
there is danger of freezing.

2) Since most of the ice blockages were not solid ice masses ,
large pipeline flows created enough pressure drop across the blockages
to t ransport them down the p ipe; small pipeline flows would not move
the blockages and the fuel pumpe I past. the blockages was simply pumped
onto the ground . (500 BPH rn -la in-sin- recommended on an 8—in, pipe.)

3) The pipe must be cut before at t empting to thaw the ice or
larger , more solid obst ru~rtioa:s may form.

14 )  Flexing the pipe using cradles from side boom -tractors was
very effective in breaking up obstructions .

5) Communications were absolutely essential for proper valve and
pumP sequencing.

6) The use of alcohol was na-t adequately t e s t e d  for  removing ic e
b l o c k a g e - :;  however , it war f e l t -  t b s ~ ( ‘c a -f l O a -  lerable time was required
before noticeabl e effects would he observed.

10
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Ope rat ion

The pipeline war dc sO -~~ei - -  t m  ar ia  n t s r ~ 1’] ya ;hc - d - -1 , t - :- leum products .
The original desi gn required i t -  a u n n r ct a - r at’ tte TeL ‘sOng fuel a: diesel
fuel , Arctic Grade C; a i r c ra f t  t u rb ine  and let f u e l , JP—3; motor vehicle
gasoline , Grade 72 octane ; aircr:jfr. reciprocating engine fuel, Grade
115/1145. These ore-hin ts a -e r-c u-a-sired through in “hatches ,” with  no
mechanical separation between batct-i’-s.

The Dispatch Division at; ur ;,~t R i cha r cbn-o n , Alaska , m a i n t a i n e d  super-
visory control over all n- r ni-j-:r.s disroa-tche~ n-hmosgh t h e  pi pe l ine . The
entire pipeline was monitoond at a manually cr em ated control  b o a rd  which
presented the pipeline in graphic form. Tie control board consisted of
three parts: (1) a paper tape scaled to 1/8 in. per 100 barrels , (2) a
p Lpelirie scale profile , sri -

, I) devices to determine volume variations
due to changes in operating t emperatures and pressures. The paper tape
was used to plot the displacement of the products in the line by batches ,
corrected to all operating variables including t ime of entry into the
line and specific gravity of the product. At hourly intervals t hi s
color—coded tape was manually advanced in the direction of product flow
a distance equal to the net quantity of product pumped into the line .
The control board was operated in conjunction with a telephone—teletype
coimnunication system to all pi~peline stations and served as the contro l
center for product movement or-eration .

All products were delivea--ed to terminal storage at Tok Term inal .
From Tok the products were pumped through the main line to either Eielson
Air Force Base or the Fairbanks Terminal . The product could also be
removed by “sampling” the batches as they moved through the main line ,
and it could be stored in tanks at the Fort Greely Take—off Station a - n - i
Birch Lake Tank Farm .

The pipeline condition was monitored by weekly round—trip flights
from Haines to Tok or Haines to Fairbanks. These flights were made by
civilian aircraft under government contract. If the pilot observed any
leaks or other condition requiring immediate attention , he would radio
the nearest pump station or terminal so that they could take remedial action .

Maintenance

According to sortie sources , pipeline wear due to scouring was a
potential problem , p-a ;-ticularly where the pipe was laid over rocky g rou n d .
Ambient temperature variations caused tire t : i~~C to expand and contract.,
with resulting lateral rnovcmer:  - o7 the i - i r e  over the soil. A sample
calculation is included in Ap r  --r , -Ai x -\ to show th at  this could indeed be
a problem.
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Other external pipeline maintenance included repair of washouts,
removal of debris , t.a--ee cutting, etc. These jobs were performed mainly
to improve or maintain drainage patterns on the pipeline right—of—way .

Since the Haines—to—Fairbanks pipeline was a finished rroduct line ,
there were no waxing problems. Pipeline scrapers (pigs) were used
primaril~

r to remove water and sediment accumulations in the pipeline .
To preve it corrosion inhibitor removal from internal pipeline walls ,
al i—cup- pol_ya-ar -

~~ har m n i g - 3  w ( ’r - cm ri sc-- I , Un I erO S Ste - m e - e - ’ n ; a - e  ot S€e-IitflC’tO -

indicated that a comb I as  a- ion wire brush an - - Phem c ar - pig should be
used - To nun In;] Ze the na -r I-c a-n S of a-n t .er ~-~a-a-g i n S  0 he ci peli ne , a-sarI am
summer operations water wan a--erov ; ~ai ly f r -re ti.e bat s rn, a - - f  all r;t-nragt-
tanks. Filter/separators at Haines anro Tok were excelsior—filled tyl-es ,
which had limited sedimen t. filtratiar: and wri t ci - re~~ ntIon capabilities .
When temperatures at Tok were 1:: n c } :  ira -er tha’ a~ Ilaines , water in the
pipeline turned into ice particles and clogged the strainers at Thk.

A 12—mile section of r i pe , r ear - S of it r - i r i r r i ng  under the Klukshu
Rivex- in Canada, was replaced i n  1910. Because of the impact the oc,r. —
struct ion had on the  Alaskan and Canadian f i s h i n g  indus t ry , many n a-re—
cautions were taken. The river had to be d i v om n e d , the salmon “herded ”
through the diversion , ar:d then herded back to the original channel when
construction was completed. About 10,000 gallons of fuel were drained
from the T ine and trucked 120 miles  to Haines , Alaska.  The pipe was
thoroughly tested before m d  after installs i or in ‘ne line. i l- : t en : i- -;e
paperwork was involved — accounting to cus tom s o ff i c i al s for a r l  m a t e r ia l
brought into Isnada and returned to A l a r a -k a  when c a r a - r ; t r u : t i o n  was a re—
pleted. W i l d l i f e  o f f i c i a l s  from both nati ons were satisfied with the
precautions taken during this reconstruction.

Desi gn of Mc-iificati-on.a-

hrc~ ected fuel r; rr ag . r i m e n - ;e n t s  i r nrea sed , so in 1961 a redesign ;
a-am ; I n i t i a t e d  which would Inc cease max i nnrurr. t i t r o u g l n r u t  c a n a l — : ]  ity from

~ ,5Oo l o a m -r c a - s  per day to 21 ,500 I s ’ r e i ; ;  oem 
~~~~~~~~ 

Par ed on the  resul ts
of a ~- r€mr lous  design stuap and on r :-e : i  - r u :  - a - m era t - i n g  exper ience , the
f llowing major mechanical r~ - n u i m o m o n ’ s a-er a- i - e - i o I  (1) the t h r c u g h —
r-- a-~ a-ar to be based on jP—1t fuel at- —5 °F fIt -wing thr - , ,gL the exIsting 8—
in line ; (2) m a x i m n rn . pin-clime :tre :a-n ea -a- w ca -- i conforn - ; to Are er ican  ftandards
As soc i at i o n  f t a r . l a - n ci P31. 14 , “Oil T m a n s p n r l r a ion P ip ing , ” excesi t f-or a
six—mile segment downstream from P aine:  l it ;at ion ; ( 3 )  a ne ax im :uo of s ix
new pump stations would be installed , with -rich :~taf ion consisting of no
more than three centrifugal r ulntp t ;r g  - i r a it ;; ; (Ii ) ~o standby taunro ; wou ld
‘n.e installed; (5 )  exist i n - 1- u s i a - r u, stn~’. 0 1 5  would r - m a i n n  u rtc n n anme-l ,
exc ept Border ft  n t I n n ; , which  m i g h t  r e l u  c m  - ‘-ir e add i t iorial n- ia - is p ;
space wn nn i -r b~ no i-ie i f’-:- - s tr a in-ms to e nf -- -c’ijeL rt-n na-a-ve water from
e110~ sO Haines -a - r u  - m o r n ; ( 7 )  h -  - - - : u i r - ,-: - r  e r n s t  - r c  :on - u a - r n a - n 1 - ’ i o n
da~ e would ~r; fl f e t t ’ ~i t- - -i’ I 162. r ise to - i i ’ -  e-rgen -~- o ’~ thi s r— r-o ,~ect.,
the new fa- - ilit ic: a - - i - i-  t~~ l - n c : n r u :er - - l t n , : - - -m n r r ,- - - - ai r ’ r~~CtiOfl .
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In th is  r ed e : i gnn , allowable pi ~-r- ] toe presser’-’: were - s O e r i n t e d
using equilibr ium eqenati-:-ns for a S t  i ra—walled cylinder , a;; given in ASA
B31. 14:

(3 )
where:

t = design t ra 4~~~~~~ ,-r r n uf  p 1; w-~ , in .

P = riaxim-sn ir :~,- r : ra l  ie s i g n pr na - a r e , li - /i n 2.

D = out side 11arrc’~~ n’ a - f  p i n - c , in .

- - - - - .2
= ma:- lm-urn a j e~ n l - -’ dn a-I -~- -:-r a - n .  the ope wall , lb/in.

For the pipe used on the Hair: - r --iairbanlcs line , it j’-I n t efficiency of
100% was reouired , which permi t oed a max imum allowable hoop stress of
0.72 times the minimum yield stren gth of the n-joe. The maximum working
stres~ for the API 5L Gr~de A seamless pipe (yield st r e n g t h 30 ,000
lb/in ) was 21,600 lb/in: The maximum pressures for the three
wall thicknesses used as calculated from

2eq. 3 were : i 387 l b/ in ,  for  the
0.277—in, wall thickness, and 1613 lb/in. for the 0.322-ira . wal l thickness.
The design pressures based on the thin—walled cylinder equa t ion  were
less conservative than when based on the Modi f i e d Par iow Equat i on used
in the ori ginal desi gn.

The hydraulic gradient profile was calculated f:r the entire
pipeline (Fig. 2). The Reynolds number was calculated based on the
following equation :

Re = 50 .7 cC - ( 14 )

where :

Re = Reynold s number

Q = flow rate , g a l  ha-in

-3p = f l u : r r  derana -sy, ~b/ft

I = internsOL p i n : -  dir-;me ter , in.

u = fluid absolut-e viscosity , cj .

Substituting the 9propriate vni~~ne .c for 800 grnrnr of J~e_1, flowing at — 5°F
(p = 51.3733 lb/ft , ~i = 1.779 ~~ n - i r r ~~

--- 1 g i r  Ode P. )71— ir .—I.D. pipe ,
the resul t ing Be~ nolds number w - :  105 ,200 , i n i i c a t s : ~r’ t r : r h u l e r n t fl-ca- . A
f r i c t i o n  factor  of 0.21- 9 was s -i-c - -to -i. n r e r . -: r e di- - . per 100 f t

hI 1 ~~~~~~~~~~~~~~~~~ ~~~---t-- _ _ _ _ ; ,~ , ~~~~~~~~~~~~ - - _
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of pipe was calculated from

f~~ 2
~P100 = 0.129 —

~~~~
—- ( 5)

where :

= pressure ~rop per 100 lineal feet of pipe , 1b/ir~

f = friction factor

p = fluid density lb/ft3

V = average fluid velocity , ft/sec

d = internal pipe diameter , in.

The resulting pressure drop ~as found to be 0. 37202 1b/in~ per 100
lineal feet or 19.61427 lb/in , per mile . This converted to an equivalent
frictional head loss of 55.0585 ft of JP—14 per mile of pipeline .

These pressure drop figures, together with elevation dat a , required
pump suction pressures, and estimated station pressure drops were used
to determine the location of new pump stations and to determine the
adequacy of existing pump stations , Efficiencies of 90% for plunger
pumps and 79% for centrifugal pumps were assumed.

The engineering study indicated that the five existing pump stations
were adequat e, provided six additional booster stations were added to
the pipeline. These booster stations were constructed at Blanchard
River (Milepost 87) , Destruction Bay (Milepost 208.9), Beaver Creek
(Milepost 323.8) , Lakeview (Milepost 371.1), Sears Creek (Milepost ~85 .8) ,
and Timber (Milepost 5 1414 ).  This portion of the pipel ine was completed
at a total cost of $5,500,000.

The fuels transported through the upgraded pipeline i ncluded diesel
fuel , Grade DFA ; aircraft turbine and jet engine fuel , Grade JP— 14; automotive
combat gasoline , Grade 95C; and aviation gasoline , Grade 115/1145. When
in operation, 210,000 barrels of petroleum products were contained in the
lines.

Cathodic Protection and Corrosion Surveys

Besides the cuts to remove ice from the line during initial testing,
twelve pipeline failures occurred from 1956 to 1970. Bullet holes and
corrosion caused most of the failures, with corrosion alone accountinc
for six failures. The pipe was not wrapped or coated for protection
against extern al corrosion . Where soil resistivity indicated potent ia l
corrosion problems , cathodic protection was installed. A soil resistivity

~1 t
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survey performed in 1957 indicated t ; .a t  n; ,~;: ’~ u i  ‘ Inc  ih I nl iO p was i;
contact with soils of high r f - a - i am t lvit y , and th~it - - :nniy an extr emely
small portion of the line war; in soil t ~;;~ t c- -i~ I ~-c t,- ur;s~ dered m r - t ia n;
mildly corrosive. The data obt a~ ;‘-‘d n i l . ; ; ;  ; : d i - a t t - i that u lvaric ann--ic:
could be used successfully on oraly a mal l r- ’- r - t  a - f th e  n i n e .  ~~~~ -

the soils tested an any of the four tank f-~rrs: a-as of sufficient l y ]~~w
resistivity to be considered corrosive .

The Haines Dock and related ‘am- i I itt -n; west’ mrc t -c cted by ma t ’; esi-us
anode beds arid rectifier controls. hue 5; lar ge t- ,- ;- I i c  -‘ar i at ion : in
total circuit  resistance caused by t Ides  ni nu the  v - i n -i n I a- ri in wat er
alinity, the corrosion protection was -:raIy partial la - - effective nit
Haines.

Another inspection of the pipeline the between d n a - i n c a -  and herder
stat ions was performed in 19(h: by AIv1F Tuboscc; e, In- -- rporaa-c’i. Th i s
inspection was accomplished by a new t-~- -n h n i q u e  w } t r h  used ito i n c a - r u —
mented pig (Linalog survey instrument) to re-nerd t~~ - l a - - c a t i o n  of p i t s  in
the internal or external pipe walls. The results of this survey indicate-u
extensive corrosion damage. Thbcsccpe inspection of the northern section
of the pipeline was completed in 1970. This survey indicated the northern
section to be generally in good condition .

Present Status

As a result of the corro sion survey several r i  i - ’5 of pipe were re-
placed in the southern sectior . It became incr v ’n i r  i n gl y  evi ien~ that
extensive rehabili tation woulo be r e cu lr e d  to na - - a - ira -- am pipeline operan on ,

The pipeline from Haines to Eielsur. Air Porce ia-ri nse was closed in
1973. The 27—mile section of the pipeline between Pniirbanks and Fiel;;on ;
was retained to supply Elelson with the proc~uct delivered to Fairbanks
by rail from Anchorage.

Summary

The Haines—Fairbanks Pipeline was considered nj ‘-c- n-:nic asset from
its very beginning. A 1960 report cited annual savings in transpnrtnt i c - s .
costs in excess of $3.5 million . Dur in g  FY 1970 the nipejine ‘,r an :n  rted
1.3 million barrels of JP—14 and tO .6 million barrels of’ gasoline fc~-r-
support of “Combat Pacer ” (Vietnam flights) plus Alaskan Air C-orr~san-i an.l
Army aviation operations in Alaska.

During construct ion , few envir c- rinen ’ nil rrcca:at ions were recorded.
Standard procedures for b u i ld i n g  a saf e li ne wer e f - I  Ic -w ed , h-rwev e r ,
mainly because of the value of the pro lni et being S ranslorted .

Many problems occurred because - f  ‘hr a : c f  iC i n n ’ -  a r t s i i - ’-

urgency of the project . Because ~~ f I be t.emaorr;r: n ni v im’ f :- n- - - t’ — be
pipeline construction , a v lg orc-u . :  p m cg r ra - r -  nrcv i-Lnr ~-‘-r ‘ i’ n r c - ’ ha - n .
and longevity of the pipeline was not p s-ru e-i .

1.5
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An evaluation of the design , constructir-ra and c-peration of the
Haines—Fairbanks pipeline enables the following observations to be made .
Construction of pipeline right—of--way s must be carefully planned to
prevent drainage problems and prevent pipe settlement . Prevention of
corrosior. by wrapping the pipe and by cathodi c protection appears to be
economic ally justified in prolonging pipeline longevity. After hydro-
static testing is completed , scraper pigs should be used to purge the
line of test water . The removal of’ blockages due to freezing of residual
test water in the Haines—Fairbanks line was an expensive operation .
Purging the line of test water also helps to prevent internal corrosion .
A pipeline exposed to severe temperature differences in the Arctic must
be carefully designed for thermal expansion . Pipe movement due to
thermal expansion required maintenance on the Haines-Fairbanks line.
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Lateral Pipeline Moa--ernent d i e  a- - ~~~~~ 
- c a l  H x r a r s i -r

To determine ~1 b erm ] r x p : n r o - ~ a s’ a nina -el I r e ~ul ~- an: - -- s-h ’—
fidient movement cf nh e surface— - I -: n - j r - a ov~ -i’ t I ~- -  r oil , * he

calculations wer ’-  s t o n e .  The a - a l  a - i c - n . .  ~~n ’ - ‘r a r e ;  - a a t . - ~a - n - - r -a -.

excursion of’ I ~a-°F ~e.g. nc-sn ~~~~ I ;  + - °F )  tc -mI inS - c w i t :  a
linear c o e r f i - n i € - ; i t  f I c-rnn ; I e x a - n i a -  i an , - t , ci’ ( x 10 -

If we tak e a cni ;— r a - i l e  - - g S a ; - I~ pipe , t 5 -  I L r e a r -  - -Y mma. : i -r n  is -nip :

where :

S = change na- length , f t

a = c o e f f i c i e n t  of thermal - x nn n s i o n , ~t / ft / ° F

AT = temperature change , °i-

in i t i a l  p i p e d n r e  l eng th , f r ..

For th is  ex~~ple, it is fousu 
- hal  the one ml ]e ]~-nrt h exa-nad . J~ - .12

ft. with a 130°F temperature rise which , in i t s el f , is not carreL mr - - -- a- n.eaa -~
to cause significant scouring.

Referring to Fig. Al , reupese now we assume that the era--Ir a- f ’ a-. S a - - —

mile length of s traight  pipe . c=52 R- 1 ~~t )  are an-a--bored , -ara- -d the ripe is
free to move laterally . Wha t un ix imur ; movem ent , h , co ild occur due -

- a - - a
130°F temperature rise if it is a-nsa-ira -rd that the  f ina l  sen t’ a r i . i  — a- . ‘f

the pipeline centerline is a circular :;egm cr;t of lenir’h , s, an-r i r a -ra - S~~~~5
radius , R?

Fi yis’- Al. ;ts: un.e I a - i p-~lS ni’ na -c r - - ret ia - n.

-i (-~
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For the example , c = 5280 ft and S = C 52814.12 ft. i~rormn Fig. Al ,
s RO = 52814.12 ft and sin elf’ = 

~~~~ 

= ~~~~~~~~~~ C o m b i n in g  l hc’s t- t wa --  ~- -nauaitior ;r. :

0
sin 2 

— 5 1 - f
U ~7~

’I
~T 1 .l2 .

2

0Let X~~~~- so

s in X 
— 5280

X 
— 

528)4.12.

Expanding sin X into its trigonometric series an;i , f-n an arc—
prox imation, using only the first two terms of that series , we obtain :

— 
SF13 0

1 — —

From this X , or 
~

-, is found to be approximately 0.068)4 radians. To
determine h , we need the following geometr ic relationship from Figure
Al:

c 0
h = ~~

- tan

Subst ituting the appropriate values into thi s equation , h 90.32 ft ,
which is the max imum lateral movement one could expect due to thermal
expansion.

— -~~~~~~- - -~~~~~~~ --
.~~~-- — -‘ ---‘- -  ~~~~~~~~

.

- — -~~~~~~~---- —- -- -
~~~~~~

- ------ ----- -‘ . —


