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Arctic Pipelining— Tough, Costly, But Feasible
By

William H. Pearn 
In te rn a tio n a l C oord inato r 

Williams B rothers Engineering C om pany

ABSTRACT
The development of vitally important Arctic petroleum resources presents new and interesting challenges. 

Although the answers to some questions will undoubtedly undoubtedly go unresolved until considerable operating 
experience has accrued, we can improve our present insight through an awareness of the work performed by others 
under similar conditions. This presentation focuses on Soviet pipelining experience in arctic and subarctic regions of 
Siberia.

Discovery o f N o rth  A m erica’s largest oilfield, 
P rudhoe Bay, cam e a t a tim e  w hen oil p roduction  
from  trad itio n a l sources w ith in  th e  U n ited  S tates 
was dw indling. A t the  sam e tim e, o u r proven 
natu ra l gas reserves had  also begun to  decline.

T he U nited  S ta tes was n o t on ly  being forced 
in to  increasing dependence upon foreign supplies 
bu t its eventual ab ility  to  m eet overall fu tu re  
energy dem ands was questionable .

T he m o tivation  for p ro m p t developm ent o f 
these vast new  reserves o f  oil and gas is evident. 
However, th e  uncerta in ties  em anating  from  a lack 
of experience in b o th  pe tro leum  p ro d u c tio n  and 
pipelining in  perm afrost areas have proven to  be 
m ore o f  a problem  th an  had  been co n tem p la ted  by  
m any early observers.

Ironically , this ex trem ely  fo rb idd ing  area o f  
our na tion  also has a very fragile ecology. T he 
slightest dam age to  the  skin o f th is  rugged land  
may be capable o f causing irreparable  damage.

M oreover, this com es at a tim e w hen civiliza­
tion has, as a m a tte r  o f  selfpreservation , been  
forced in to  an aw areness o f the  critical environ­
m ental problem s w hich co n fro n t us. M any A m eri­
cans in th e  low er 48, as well as A laskans, are 
determ ined  to  preserve o u r  last m ajor w ilderness.

I t is obvious th a t we m ust ta p  the  enorm ous 
energy resources w hich exist in  o u r A rctic and  
subarctic regions. H ow ever, we m ust be able to  
establish th a t  the u ltim a te  gains will ou tw eigh  th e  
u ltim ate  losses.

This basic econom ic  reality  is certain ly  n o t a 
new concep t, b u t w ith in  the  realm  of to d a y ’s 
values and  priorities em phasis is placed on the  
p roposition  tha t we m ust be reasonab ly  assured 
th a t no serious, p e rm an en t ecological dam age will 
be incurred.

The m ost persuasive argum ents in  this area 
will be provided by  exam ples derived from  experi­
ence gained from  ac tua l opera ting  facilities or 
from  full-scale on-site te s t facilities.

Presented at ASME 25th Petroleum Mechanical Engineer­
ing Conference, Denver, Colo., Sept. 14, 1970.

EXPERIENCE LACK

By v irtue  o f the  n a tu re  o f  ou r geography, our 
operating  experience in pipelining under these 
cond itions is nil. O n the  o th e r hand , the  Russians, 
w ith  half o f  th e ir te rrito ry  underla in  w ith  varying 
form s o f perm afrost, began co n stru c tio n  o f  gas 
pipelines in A rctic  areas in 1964. T o  da te , the 
Soviets have com pleted  A rctic  p ipelines in sizes 
th rough  48  in., are construc ting  a 56-in. p ipeline, 
and are p lanning o thers  in sizes th ro u g h  99-in. 
A lthough the  design criteria fo r these gas- 
transm ission pipelines are q u ite  d iffe ren t from  
those o f o u r p roposed  hot-oil pipelines, we feel 
th a t our endeavors in b o th  the oil and gas 
A rctic-pipelining fields can p ro fit from  an aw are­
ness o f th e ir  w ork.

In th is  regard, W illiams B ro thers  Engineering 
Co. has co llected  and  transla ted  a num ber o f 
articles on  the  subject w hich have been  published  
in Russian periodicals and trade  jou rnals.

A lthough a num ber o f papers on sim ilar 
subjects have been  transla ted  and freq u en tly  pub ­
lished by  o thers , to  th e  best o f  ou r know ledge the  
m aterial in th is collection represen ts its first 
tran sla tion  and d is tribu tion  ou tside  the  Soviet 
Union.

PREVAILING CONDITIONS
The geographical scope o f  the  articles encom ­

passes th e  regions o f the  Soviet U nion  w hich lie to  
the  n o r th  o f th e  6 0 th  parallel, as well as areas o f 
perm afrost ex tension . D espite the  diverse clim atic , 
geologic and hydro log ic  con d itio n s  o f th is  im ­
mense te rr ito ry , several com m on na tu ra l charac­
teristics bear relevance to  the  technolog ical aspects 
o f  A rctic  pipelining.

A m ong these  are:
1. A n enduring  w in ter season o f  8-10 m on ths 

w ith  po lar n igh ts and  air tem p era tu re  d ropp ing  to  
as low as -65 F.

2. A short b u t relatively  h o t sum m er w ith  air 
tem pera tu re  as high as 85 F.
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3. Wind velocities to  85 m ph  an d  substan tia lly  
h igher in certain  m aritim e regions; and

4. E xtensive sw am ps and flood lands consisting  
o f  m oistu re-sa tu ra ted  silty soils w hich have a 
p ro p en sity  to  heave a n d  th a t, w hen thaw ing , have 
little  load-bearing  capacity .

F u rth e rm o re , railroads and  highw ays are  near­
ly  non-ex isten t, the river-navigation period  is very 
sh o rt, and  m any areas are  to ta lly  u n in h ab ite d .

A com bination  o f  low tem p e ra tu re s  and  high 
w inds necessitates p a rticu la rly  stric t observance o f 
safe ty  regulations. F o r  in stance, experience  in 
N orthw este rn  Siberia has show n th a t  w ith  air 
tem p era tu res  o f  +5 F ., and a w ind velocity  o f 20 
m ph, con tinuous open-air w ork can o n ly  be 
p e rm itted  for a m axim um  o f 50 m in. T h en , a 
10-min rest period  m ust fo llow  for w arm ing.

W hen w ind velocities reach  50 m ph , all 
open-air work stops co m ple te ly , regardless o f  th e  
tem pera tu re . W ork d u rin g  co m p le te ly  calm  -50 F. 
w ea ther is also p roh ib ited .

W inter c lo th ing  no rm ally  used  in n o rth e rn  
c lim ates is unsu itab le  beyond  th e  A rctic  Circle 
w here fu r or o th e r  special c lo th ing  is requ ired .

C o n stru c tio n  co n d itio n s  in regions o f  perm a­
frost are excep tiona lly  sensitive and  un ique. T hey 
are m anifested  in d iffe ren t ways depend ing  upon  
th e  m agnitude of th e  perm afrost layer, its tem ­
p era tu re  conditions, and th e  charac te ris tic s  and 
m oistu re  c o n ten t of th e  soil.

T he geocryologic character is de te rm ined  by 
the  h ea t and mass tran sfe r be tw een  th e  a tm os­
phere and th e  frozen  s tra tu m , as well as by  the  
prevailing soil com position .

In the c o n s tru c tio n  o f  buildings, felling o f 
clearings, building o f  roads, co n s tru c tio n  o f  p ipe­
lines, and any  o th e r activities associa ted  w ith  a 
change o f the  surface the h ea t-tran sfe r co n d itio n s  
are d istu rbed . The n ew  surface h e a t balance leads 
to  a change o f  the h e a t c o n d itio n  o f subsurface- 
rock  fo rm ations an d  the d e p th  o f  the  seasonal 
freezing  and thaw ing.

T his generates su ch  cryogen ic  processes as: 
frost cracks; soil bulging and  sagging; overglazed 
ice; sloughing o f  soil b y  m eans o f m ud flow , called 
su ffusion ; and  creeping  o f the  thaw ed-so il layer 
along the  inclined u p p e r  surface o f  th e  perm afro st, 
know n as so lifluc tion .

Such  occurrences alter the  g round  su rface and 
can cause considerab le  stresses in  underg round  
pipelines. A co m b in a tio n  o f  these  stresses and 
those caused by  tem p e ra tu re  changes and in ternal 
pipeline pressure co u ld  result in p ipeline failure.

SURVEYING, PLANNING
O ne of th e  m ain  problem s o f  p lann ing  an 

A rctic pipeline is p rovid ing  special tech n iq u es

w hich will prevent surface d istu rbance an d  th e re ­
by, assure the  s tab ility  o f th e  pipeline.

In  perm afrost regions, se lection  o f th e  p ipe­
line ro u te , d e te rm in a tio n  o f  the  ap p ro p ria te  in sta l­
la tion  m ethod , and fo rm u la tio n  o f an ad eq u ate  
logistical suppo rt system  m ust be considered  n o t 
only  in re la tion  to  ex isting  cond itions, b u t  also in 
re la tion  to  those  co n d itio n s  orig inating as a resu lt 
o f th e  in te rac tion  o f  the  p ipeline w ith th e  n a tu ra l 
env ironm ent.

C onsequen tly , th e  p rob lem  arises o f  fo re ­
casting the  new geocryologic  co n d itio n s  b rough t 
ab o u t by th e  no n am b ien t charac te ris tics  o f th e  
pipeline. To accom plish  th is , com prehensive in ­
vestigations m ust first be m ade along th e  pipeline 
ro u te  to  determ ine th e  n a tu ra l cond itions.

A de te rm ina tion  m ust th en  be m ade as to  th e  
d irec tion  and in ten sity  o f th e  generated  cryogenic 
processes. In doing so, each  o f  th e  local varia tions 
m ust be considered in o rd er to  o b ta in  an  exact 
defin ition  o f the  new  heat balance w hich can th en  
be app lied  to  specify the  new  conditions.

E xp lo ra tion  to  de te rm in e  these fac to rs  is very 
com plex . In add ition  to  the  usual o p e ra tio n s  
associated  w ith  p ipeline-rou te  selection it is neces­
sary to  s tudy  the  th ickness o f th e  active-soil layer 
th a t is above the  pe rm afro st and  w hich  can be 
exp ec ted  to  freeze and  th aw  during  n o rm a l season 
cycles.

O f equal im portance  are: (a) the d e p th  and 
th ickness o f underg round  ice fo rm atio n s; (b ) 
heaving p roperties o f th e  soil; (c) places o f 
p o ten tia l fo rm ation  o f swelling m ounds and soil 
collapse know n as th e rm o k ars t; (d) tem p e ra tu re  
con d itio n s  o f frozen  soils; (e) th e  p red ic ted  dy n a­
mics o f the  tem p era tu re  field caused by the  
p ipeline, and (f) a n tic ip a ted  changes in  the  heat- 
m oistu re  co n ten t o f  the  soils.

C onventional m ethods o f  e x p lo ra tio n , such  as 
drilling  and poking, for loca ting  ve in -struc tu red  
underground-ice  fo rm a tio n s  have no t p roven  to  be 
reliable. This m akes special e lec tro so u n d in g  geo­
physical studies necessary.

T he com plex ity  o f th e  s itua tion  m akes it 
ra th e r  d ifficu lt to  fully estab lish  the param eters  
needed  to  determ ine  the possib ility  and  in ten sity  
of m ost o f these phenom ena. This is p a rticu la rly  
true  during the  course o f a one-tim e survey  along a 
considerab ly  leng thy  pipeline ro u te .

Should  param eters be based upon th e  resu lts 
o f one-tim e surveys, th ey  m ust be conservatively  
fo rm u la ted  from  th e  m ost unfavorab le  com b ina­
tions o f cond itions. In  all like lihood , th e y  will n o t 
provide adequate  criteria  fo r  th e  o p tim u m  design.

NEEDS VARY WITH TYPES
T he ex te n t and  d irec tion  o f  ex p lo ra tio n  is 

strong ly  dependen t upon  the  ty p e  o f p ipelaying
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a d o p te d  for th e  p ro jec t. This is a fa c to r  w hich 
generally  can n o t be decided  prior to  in itia l ex­
p lo ra to ry  w ork.

A boveground pipeline in sta lla tion  requires a 
m ore detailed  to p o g rap h ic  ex am in a tio n , while the  
e x te n t o f th e  geo techn ica l w ork m ay  be sharply  
reduced . At river crossings it is necessary  to  
carefu lly  s tu d y  soil co n d itio n s  on th e  shore , where 
su p p o rts  for th e  crossing are lo ca ted , w hile de­
tailed  ex p lo ra tio n  of the  river bed is unnecessary .

On the o th e r  hand , u n d erg ro u n d  insta lla tion  
requ ires a less detailed  to p o g rap h ic  e x p lo ra tio n , 
b u t m ore d e ta iled  geo techn ica l and  cryological 
investigations. Also, a full set o f  top o g rap h ic , 
geo techn ical, and  hydro log ical investigations o f 
the  river bed and its w ater co n d itio n s  will be 
required .

If the p ipeline is to  be laid d irec tly  on  top  o f  
the  ground, o r sem i-buried , the p rob lem  o f su r­
face-w ater drainage m ust be resolved.

It can be seen th a t  th e  geocryo log ic  stud ies 
th a t perm it the developm en t o f  reliable and 
com plete  in fo rm a tio n  for fo recasting  are an in ­
tegral part o f  th e  engineering surveys in perm afro st 
areas. O nly a fte r  carefu l co n sid e ra tio n  o f th e  
in fo rm atio n  derived from  these s tud ies  can be 
o p tim um  ro u te  and in sta lla tion  sy stem  be p ro ­
posed..

GEOCRYOLOGICAL GROUPS
The diverse landscape com plexes occurring  in 

the  n o rth e rn  part o f  W estern S iberia can be 
assem bled in to  six rep resen ta tive  g roups:

1. The m ost prevalen t co n d itio n s  are those  o f 
th e  first g roup . This consists o f level, slightly  h illy , 
o r  fo rested  tu n d ra , w ith  an 8-10-in .-th ick  m oss 
cover. It is d issected  by vertical ice wedge p o ly ­
gons and is o ften  sw am py and covered w ith  
tussocks.

The soil is generally  an uncohesive sandy loam  
or a highly icy  loam , and  th in  veins o f  ice are o fte n  
found. One o f  the m ain pecu liarities  o f  th is g roup  
is the th ix o tro p ic  n a tu re  o f th e  soil, w hich  is 
expressed by  d e te r io ra tio n  u nder th e  in fluence  of 
dynam ic loads.

The te m p e ra tu re  o f the  soil at the  d e p th  
w here seasonal varia tions cease to  have any effec t 
ranges fro m  15°F. to  ju s t below  freezing. The 
d e p th  o f sum m er thaw ing  is 2-5 f t,  a lthough  
individual sp o t thaw ing  o f  5-7 ft is fo u n d . The 
m oisture c o n te n t o f  the  active layer varies from  
1 5-25% in sandy varie ties to  35-50%  in loam s.

2. T he second g roup  is charac te rized  by peat 
massifs 1 ,000 -1 ,200  ft across, 7 -1 5 -ft-th ick , and 
o ften  d issec ted  by polygons. The peat tem p e ra tu re  
is 25 -28 F. and its m o istu re  c o n te n t seldom  
exceeds 50%  by volum e. The d e p th  o f sum m er 
thaw ing  is n o t m ore th an  20-30 in.

A rctic  Pipelining - Tough, Costly, But Feasible

3. The th ird  g ro u p  includes w ell-drained sec­
tions o f  p la teaus and  w ater-sheds. These are m ade 
up o f  loam s w ith  icy sandy pa tches, and th e  
perm afrost is in te rflu en t. T he te m p e ra tu re  o f  th e  
soil is 28°-30°F . and  the  d e p th  o f th e  sum m er 
thaw ing  is 5-8 ft.

4. The e lem ents o f th e  fo u r th  g roup possess 
the best charac te ris tics  fo r p ipelin ing , th a t is, 
surfaces o f  d ry , w ell-drained  s tra ta , com posed  o f 
sandy loam s and loam s th a t  a re  in terspersed  w ith  
gravel. T he perm afro st is n o t in te rf lu e n t and the  
tem p e ra tu re  o f the  frozen  soil is 3 1 -32 F.

As a ru le , the  surface is fo re s ted  and th e  d e p th  
to  th e  u pperm ost layer o f  p e rm afro st is a m in i­
m um  o f 25-30  ft. This g roup can  include sections 
w here n o ncrum bling  rocky  g round  is d irec tly  
exposed  to  the su rface  o r covered  by a th in  layer 
o f loose, low -m oistu re-con ten t deposits .

5. To the  f if th  group b e lo n g  the flood  plains 
o f  l a r g e  rivers. N orm ally , the d e p th  to  
frozen  rock  deposits  exceeds 25-35  ft and  th e  soil 
is com posed  o f a highly m oist alluvial m aterial 
th a t, in th e  m ajo rity  o f cases, is superim posed  by 
highly m oist loam s.

6. T he six th  g roup co m b in es  th e  least de­
sirable e lem ents such  as p ea t h illocks, swelling 
m ounds, th e rm o k ars t fo rm a tio n s , and sections o f 
slopes th a t  are unsafe  from  th e  v iew po in t o f  the  
g en era tio n  o f so lifluc tion  o r e a r th  creeping.

55

UNDERGROUND CONSTRUCTION
The Soviets have found  th a t  un d erg ro u n d  gas 

p ipeline in sta lla tio n , desp ite  b e ing  the  m ost w idely 
used  m eth o d  u n d e r  norm al c o n d itio n s , is generally  
n o t feasible in th e  regions u n d e r  d iscussion . The 
m ain  reason  is th e  d ifficu lty  o f  e lim ina ting  the 
hea t e ffec t o f th e  pipeline in  highly m oist frozen  
g round .

U nderg round  in sta lla tion  in d ry , w ell-drained 
env ironm en t o f  the fo u rth  group is feasible. 
H ow ever, the e ffec t o f b u ry in g  a p ipeline in 
g round  w ith  c o n d itio n s  described  in  the  o th e r 
g roups w ould be the su b seq u en t g en era tio n  o f a 
th ick  thaw ing  aureo le  a long  the  e n tire  leng th  o f 
bu ried  section.

Such  a co n d itio n  w ou ld  be accom pan ied  by  
th e  p ipeline’s sagging or flo a tin g  in th e  m elted  soil 
pu lp . T his th e rm o k ars t p h en o m en a  develops from  
th e  collapse o f  th e  su rface due to  a m elting  o f 
fossil ice w ith  a co rrespond ing  d im in u tio n  o f 
vo lum e resu lting  from  the  tra n s fo rm a tio n  o f ice 
in to  w ater.

A prim ary  th rea t to  the p ipeline is th e  
c o n d itio n  o f h ighly  d isp a ra te  soil an d  ice-con ten t 
co n d itio n s  c losely  ad jacen t to  each  o th e r  th a t 
resu lt in w idely  d iffe ren t active th aw  levels and  
fro st forces.
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T his can cause irregu lar sagging and th ru s tin g  
th e re b y  p roducing  h igh stresses th a t  will d e s tro y  
th e  p ipe. R eplacing th e  g round  u n d e rn e a th  th e  
p ipeline w ith  heat in su la tio n  does not b y  itse lf 
appear to  be a rem edy  as th e  in su la tio n  w ould  
becom e sa tu ra ted  w ith  w a te r, obv iating  its e f­
fectiveness.

G ro u n d  heaving caused b y  frost c reates sim ilar 
p rob lem s and is observed  in areas o f  highly 
co n tra s tin g  rock  fo rm a tio n s  and soil hum id ities. 
Bulging m ounds, em erging in  areas w ith  a c o n ­
tin u ed  in flow  of in te rfro s t w aters du ring  soil 
freezing, are especially  dangerous.

C o n tin u o u sly  w iden ing  ravines w ith  su b ­
seq u en t des tru c tio n  o f th e  g radually  exposed  
p ipeline can be p roduced  e ith e r b y : (a) th e rm o ­
karst p henom ena  o r, (b ) b y  soil suffusion  th a t  
s ta rts  in trenches and  ru ts  p roduced  on th e  
right-of-w ay during  c o n s tru c tio n .

It is d ifficu lt to  ca lcu la te  th e  stresses on  an 
u n d erg ro u n d  pipeline lo ca ted  in a su ffusion  lan d ­
slide area. It can be d e s tro y e d  along the b o rd ers  o f  
th e  slide.

SURFACE CONSTRUCTION
Pipeline in sta lla tion  d irec tly  on  to p  o f th e  

g round  is occasionally  p rac ticed  under no rm al 
cond itions , b u t  does n o t ap p ear to  be  e x c ep tio n a l­
ly p rac tica l in perm afrost areas unless th e  p ipe is 
highly in su la ted . S om e o f th e  sam e adverse h ea t 
effec ts  discussed fo r bu ried  in sta lla tions  also app ly  
here.

F u rth e rm o re , th e  use o f  an ea rth en  cover fo r 
large-d iam eter on -the-g round  pipelines w ould  n o ta ­
b ly  change th e  surface g eo m etry . T h is w ould  
in te rfe re  w ith  n a tu ra l drainage as well as a lte r  th e  
h ea t-tran sfe r co n d itio n s  o f  the  su rro u n d in g  area.

M uch o f  th e  success o f  a su rface line covered 
by  an ea rth  berm  dep en d s u p o n  th e  ty p e  o f  soil. 
E arth en  cover in p e rm afro s t zones in  areas o f  h igh  
ice c o n te n t is closely tied  to  seasonal varia tions. If  
th e  cover is placed in  th e  su m m ertim e , th e  thaw ed  
active layer is buried  below  it.

F o r  large-d iam eter p ipelines, requ iring  th ick  
cover, th is  m eans th a t  a d e fro s te d  trough-shaped  
layer m ay be m ain ta ined  b e n e a th  th e  ce n te r o f th e  
cover. In  the  case o f  f iltra tin g  soils th is layer ac ts  
as a d ra in , its  d e p th  and  m o istu re  c o n te n t increas­
ing du ring  th e  sum m er p e rio d .

O bservation  o f e a rth e rn  cover in p e rm afro s t 
zones has show n th a t  th is  o f te n  resu lts in th e  
g ro u n d ’s acquiring  th e  co n sis ten cy  o f  runn ing  
sands. P ropagation  o f  the  d e fro s ted  layer causes 
sags a long  th e  axis o f  th e  cover and  any  uneven  
sagging causes d e fo rm atio n  o f th e  cover and  stress 
on  th e  pipeline.

F u rth e rm o re , a p a rtia l d rain ing  and d ry in g  o f 
ad jacen t fields leads to  a considerab le  increase in

th e  th ickness o f  th e  active lay er; a fa c to r  th a t in 
itse lf can be a source  o f  in ten s ifica tio n  o f the 
th e rm o k ars t processes.

C onversely, w hen  th e  cover is p laced in the 
w in te rtim e  a layer of frozen  g round  is buried  
below  it. D uring th e  ensuing sum m er periods, part 
o f the  cover and  th e  active" layer b e n e a th  it thaw s. 
A layer o f frozen  ground  is m ain ta in ed  axially  
u n d e rn e a th  the  ce n te r o f th e  cover.

C onsequen tly , th e  degree o f  sag in th e  cen te r 
o f the  cover is less th an  th a t  on th e  sloped 
em bankm en ts. T his leads to  creep ing  em bank ­
m ents and  d im in ishm en t o f  th e  cover. T he frozen  
layer can also ac t as an ice dam , thus p ro h ib itin g  
drain ing  and  a lte rin g  the  m o istu re  c o n te n t o f the 
su rround ing  g round .

It shou ld  be n o ted  here, how ever, th a t a 
loop-line section  laid  upon  a low -ice-con ten t e a rth ­
ern pad in su la ted  w ith  4-in. o f  p o ly u re th an e  and 
w a te rp ro o f o u te r  p lastic  w rapp ing , and  covered 
w ith  a low -ice-con ten t berm  has show n hopefu l 
signs o f s tab ility  during  six m o n th s  o f  hot-oil 
pum ping  a t th e  te s t fac ility  n ear Inuv ik , NWT, 
Canada.

ABOVE GROUND CONSTRUCTION

If th e  p ipeline is installed  o n  low su p p o rts , or 
on  leveled fill, th e  direct e ffec t o f  th e  p ipe on  th e  
base g round  is n o t appreciab le . N evertheless, th is 
ty p e  o f c o n s tru c tio n  is n o t w ith o u t p rob lem s. In 
ad d itio n  to  th e  drainage b lo ck in g  o f such  surface 
lines, im m ense snow  d rifts  can accu m u la te  on  the  
leew ard side o f  large-d iam eter pipelines.

Snow , being a good heat in su la to r, prevents 
deep  freezing  and , th e re fo re , n o n -u n ifo rm  zones of 
frozen  g round  are developed . T h is n o n u n ifo rm ity  
in the  active layer results in a g rea ter degree of 
sagging o n  the  leew ard side o f th e  p ipeline th an  on 
th e  w indw ard  side and c rea tes  the p rob lem  of 
m ain ta in ing  alignm en t o f  th e  suppo rts .

The R ussians have observed  th a t d istu rbance  
o f  the  cryologic  c o n d itio n s  o f  p e rm afro s t can be 
avoided b y  laying th e  p ipeline  well above g round. 
A gas p ipeline laid above the  m ax im um  level of 
snow  cover has v irtua lly  no h ea t e ffec t on  the 
ground  and  insures m ax im um  stab ility  o f  the  
in sta lla tion .

It is generally  unnecessary  to  w ork  th e  frozen  
ground  o r  in su la te  it from  th e  h ea t e ffec ts  o f  the  
p ipeline w ith  th is  type  o f  design. H ow ever, in­
creased p ipeline heat losses to  th e  a tm osphere  
during  th e  w in ter, the  p ro b lem  o f  p rec ip ita tio n  of 
condensa te , e tc ., have to  be  considered .

The effic iency  o f an u n in su la ted  aboveground  
gas pipeline increases as its  o p e ra tin g  tem p e ra tu re  
approaches th a t o f  the co ld  A rctic  am b ien t tem ­
pera tu re . One investiga to r ca lcu la ted  th a t, com ­
pared w ith  a b u ried  p ipeline , a specific  56-in.-
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d iam e te r ab o veg round  gas p ipeline  in W estern 
Siberia w ould  have an  overall e ffic iency  increase o f  
5%, consid e rin g  an average annual te m p e ra tu re  o f  
+ 2 0 °F .

It m ust be  em phasized  th a t w h a t is ap p ro ­
p ria te  fo r  gas-transm ission  lines m ay  o r m ay n o t b e  
ap p ro p ria te  fo r  liqu ids p ipelines. T he  resu lts  w ould  
be  q u ite  c o n tra ry  fo r an  oil p ipeline . L ow er 
tem p e ra tu re s  w ould  g rea tly  increase th e  fluid 
v iscosity  w h ich  in tu rn  w ou ld  n ecessita te  in o r­
d in a te ly  high pum p in g  p o w er req u irem en s, if th e  
liquid could  be  p u m p ed  a t all.

DESIGN ELEMENTS
A n exam ple  o f  th e  c o m p le x ity  o f  above­

ground  c o n s tru c tio n  can be seen in a Soviet 
research  in s t i tu te ’s sch em e fo r ab o veg round  su p ­
port design. T he s tru c tu ra l  design was ca lcu la ted  
considering: (a) th e  w eigh t o f th e  p ipe; (b ) th e  
w eight o f th e  gas in th e  p ipeline ; (c )  the  w eight o f  
icing; and (d )  w ind p ressu re .

A d d itio n a l d ynam ic  fo rces resu ltin g  from  th e  
m o tio n  and period ic  s to p p in g  o f  cleaning  scrapers 
are re p o rte d  to  have been  neg lec ted . Likew ise, n o  
co n sid e ra tio n  was given to  th e  a d d itio n a l load ing  
o f w a te r genera ted  fro m  th e  m eltin g  o f  snow  th a t  
was in tro d u c ed  in to  th e  p ipeline  du ring  c o n ­
s tru c tio n  an d  was accu m u la ted  ahead  o f  in itia l 
cleaning scrapers.

T he  re p o r t  does n o t s ta te  w h e th e r  th is  design 
was app lied  to  any  a c tu a l p ro jec ts  an d , if  so, th e  
consequences th e re fro m . N evertheless, th is  do es  
p o in t up  th e  fact th a t  e ach  s itu a tio n  is u n ique  an d  
th a t c e rta in  p rob lem s ex ist w ith  each  m ode o f  
in sta lla tion .

P ipeline su p p o rts  can  be  in  th e  fo rm  o f piles, 
fram es, o r g round  prism s. E x p erien ce  has show n  
the  pile su p p o rts  p rov ide  m ax im u m  s tab ility .

ADVANTAGES OF PILES
M any p rob lem s associa ted  w ith  A rctic  p ip e ­

lining can b e  e lim in a ted  b y  in sta lling  th e  p ipeline 
on n o n h e a t co n d u c tiv e  p iles th a t  have been  p laced  
in to  the  p e rm afro s t. S u ch  su p p o rts  w ould  be  
u n a ffec ted  b y  th e  seasonal vertica l d isloca tions o f  
heaving an d  sagging c rea ted  b y  freezing and  
thaw ing  o f  th e  active layer.

H ow ever, the  cost o f  th is  ty p e  o f  c o n s tru c tio n  
is h igh  co m p ared  w ith  th a t  o f fra m e-ty p e  su p p o rts  
o r g round  prism s. A nalysis o f a specific  case m igh t 
show  various c o m b in a tio n s  o f  p ile , fram e, and  
prism  su p p o rts  to  be  th e  m ost feasib le  so lu tio n .

T here  are  several p ipelay ing  tec h n iq u es  w h ich  
are used to  co m p e n sa te  fo r stresses caused by  
te m p e ra tu re  and p ressu re  v a ria tio n s  in above­
g round  p ipelines.

Arctic  P ipelin ing - Tough, Costly, Bu t Feasible

The m ost p rev a len t m e th o d s  e m p lo y  e ith e r: 
(a) a c o n s ta n t zigzag, th a t  is re fe rre d  to  as a 
snake-type  p a tte rn , o r (b ) a s tra ig h t line w ith  
period ic  sligh tly  curved  co m p en sa tin g  sec tio n s  th a t  
are usually  lo ca ted  o n  th e  sam e side o f  th e  p ipeline 
axis.

The stra ig h t-lin e  m eth d  uses a c o m b in a tio n  o f 
fixed , lo n g itu d in a lly  m ob ile , and  free-m oving  su p ­
ports . It is genera lly  p refe rred  to  th e  snake  ty p e  o f 
c o n s tru c tio n  th a t  has a com p lex  sy s tem  o f  fixed 
and  o sc illa to ry -h inged  su p p o rts .

T he stra igh t-line  m e th o d  req u ires  a p p ro x i­
m ate ly  2% less p ipe  th a n  th e  snake  m e th o d . This, 
com b ined  w ith  60%  few er p ipe  b en d s , resu lts  in 
g rea ter p ipeline  h y d rau lic  e ffic iency . T he stra igh t- 
line system  is also su b jec ted  to  less w ind  load  and 
o n ly  requ ires  a p p ro x im a te ly  o n e -th ird  as m any 
costly  fixed  su p p o rts .

In an y  even t, an  u n in su la ted  aboveg round  
gasline w o u ld  be  sub jec t to  severe stresses from  
te m p e ra tu re  changes th a t  cou ld  exceed  desired  
lim its in ce rta in  sizes. A lso such  a line  w ould  have 
excessively h igh o p e ra tin g  te m p e ra tu re s  in sum m er 
and , converse ly , low  in w in ter.

In sp ite  o f  th e  c o m p le x ity  o f  the  various 
su p p o rts , ab o v eg ro u n d  in s ta lla tio n  resu lts  in  th e  
m in im iza tio n  o f  th e  h e a t e ffec t o f  th e  p ipeline on  
th e  frozen  g ro u n d  an d  th e  c o n se q u e n t m axim iza­
tio n  o f  p ip e lin e  s tab ility . F o r  th is  reason , th e  
R ussians feel th a t ,  in nearly  all in stances , th is  is 
th e  best m e th o d  fo r in s ta lla tio n  o f  gas-trans­
m ission lines in  W estern  Siberia.

T he te s t lo o p  fac ilities in  n o r th e rn  C anada 
m ay, how ever, a lte r  th is  conc lu sion  fo r  p e rm afro st 
c o n s tru c tio n .

W hen th ese  te s ts  are  c o m p le te , it is possib le  
th a t  a b u rie d  re frig e ra te d  line m ay  prove best fo r 
gas; w ith  a c o m b in a tio n  o f in su la ted  line laid  in  a 
b e rm , o r on  h igh  su p p o rts , fo r  a ho t-o il line 
d ep en d in g  o n  th e  ice c o n te n t o f  th e  soils.

LOGISTICAL CHALLENGE
T he R ussian  p ipelines are  b e ing  laid in  vast 

u n in h a b ite d  te r r ito r ie s  and p resen t com p lex  logis­
tica l challenges. H ousing , and  g ro u n d  co m m u n ica ­
t io n , an d  tra n s p o r ta tio n  are  v irtu a lly  n o n e x is te n t.

T he tra n s p o r ta tio n  p ro b lem  consists o f, on  
one  h an d , th e  need  fo r  d ev e lo p m en t o f  e q u ip m e n t 
capable o f  traversing  th e  te rra in  w ith  large pay  
loads. O n th e  o th e r  h a n d , it is necessary  to  p rev en t 
surface d e s tru c tio n  th a t  w ou ld  resu lt in h ea t 
tra n sfe r  varia tions.

T he so lu tio n  to  th e  fo rm e r p ro b lem  is in  th e  
se lec tion  o f  e q u ip m e n t iw th  e x c ep tio n a l m o b ility  
and  tra c tio n . T he  la t te r  p ro b le m  can o n ly  be  
solved b y  ca re fu l analysis o f  th e  geocryo log ic  
varia tions th a t  will b e  p ro d u ced  b y  a lte ra tio n  o f  
th e  su rface  h e a t tran sfe r.

57

U M R  Journal, N o. 2 (June 1971)



58 W illiam  H. Pearn

T he p rim ary  fa c to r  c o n tr ib u tin g  to  g e o c ry o ­
logic s tab ility , and  th u s  to  th e  load -bearing  capac­
ity , is th e  8 -10 -in .-th ick  m oss b lan k e t th a t  in ­
su la tes th e  g ro u n d  f ro m  e x te rn a l h ea t. W ith  th e  
passage o f  a vehicle th e  moss b la n k e t m ay co llapse 
o r  be d es tro y e d , leaving the  su rface  u n in su la te d .

As m ore h ea t f lo w s in to  the  g ro u n d , th e re  is 
an  increase in th e  d e p th  and  in te n s ity  o f seasonal 
m elting  u n d er th e  tra c k s . As a resu lt o f  th e  m elting  
p rocess in ice-im pregnated  g ro u n d , a gu lly  d e ­
velops along th e  p ipeline  ro u te .

T h is  becom es a n a tu ra l  d ra in  fo r  the  s u rro u n d ­
ing en v ironm en ta l su rfaces an d , in  tu rn , c rea te s  a 
th ic k e r  active layer w h ich  p ro m o te s  even  m ore 
m elting . The m elting  d e p th  be low  th e  tra c k s  can  
a m o u n t to  10 f t  in o n e  season, w h ile  th e  gully  in 
th is  a rea  m ay deepen  b y  as m u ch  as 3 ft.

T h e  presence o f  vein ice m ay lead to  g ro u n d  
co llapse th a t can  sp re a d , causing d is in teg ra tio n  o f  
a d jacen t te rra in . F u r th e rm o re , th ese  soils o f te n  
have th ix o tro p ic  p ro p e rtie s  an d  have a te n d e n c y  to  
lose th e ir  lo ad -bearing  capac ity  even u n d e r  th e  
e ffec t o f  relatively  m in o r  d ynam ic  loads.

T hese processes are sources of n u m ero u s  
tra n sp o rta tio n  delays, as w ell as be ing  sign ifican t 
eco logical problem s.

TRANSPORTATION PROBLEMS
T he w in ter p e rio d , w hen  th e  v e g e ta tio n  b lan ­

k e t is p ro te c te d  by  snow , is m ore  o p p o r tu n e  fo r 
tra n sp o rta tio n . H ow ever, even  d u rin g  th is  period  
th e  tra ffic  m ust be lim ited  to  special w in te r  roads. 
B lackening an d  c o m p a c tio n  o f snow  an d  u n d e r­
lying veg e ta tio n  can cause a change in th e  surface- 
heat balance.

A lth o u g h  ce rta in  eq u ip m e n t and m ateria l 
item s m ust invariab ly  be m oved overland , th e  
R ussians have rea lized  d e fin ite  eco n o m ies  th ro u g h  
th e  use o f h e lic o p te rs  w henever possib le. H eli­
co p te rs  have been  u se d  to  tra n s p o rt  p ipe jo in ts  o f 
u p  to  120 f t.  in  le n g th  fro m  w eld ing  bases to  th e  
right-of-w ay.

T he  use o f  su c h  tra n sp o rt, even u n d e r  th e  
adverse cond itions  o f  the  po lar n ights, has pe r­
m itte d  a c o n sid e rab le  re d u c tio n  in  c o n s tru c tio n  
tim e.

U n d o u b ted ly , m an y  u n iq u e  p ipelin ing  te c h ­
n iques will em erge a s  a resu lt o f  m a n ’s c o n q u e s t o f 
th e  A rctic . Som e o f  these will p ro b ab ly  serve to  
im prove u p o n  our p ip e lin in g  know -how  in m ore  
conven tional e n v iro n m en ts .

CONCLUSION
Successfu l p ipelin ing  across th e  vary ing  c o n ­

d itio n s  o f  p e rm a fro s t d em an d s se lec tio n  o f  th e  
p ro p er  c o n s tru c tio n  e q u ip m e n t p lu s  th e  f le x ib ility  
to  ap p ly  a d is tin c tly  u n iq u e  c o n s tru c tio n  p h ilo ­
so p h y  to  each  o f  th e  prevailing  co n d itio n s . F u r ­
th e rm o re , c o m p le te ly  d iffe re n t se ts  o f c rite r ia  fo r  
eq u ip m e n t, m ateria l, and  c o n s tru c tio n  m e th o d s  
are app licab le  to  gas and  to  liqu ids A rc tic  p ip e ­
lines.

D esp ite  local variances, th e re  appears to  be 
s tro n g  agreem ent o n  basic p ro je c t p recep ts . A rc tic  
p ipelin ing  requ ires  ex tensive  a n d  carefu lly  c o n ­
trived  p lann ing  and  tim ing .

I t  is essentia l to  select a p ipeline  ro u te  th a t  is 
feasib le  fro m  c o n s tru c tio n  log istical su p p o rt, 
o p e ra tio n a l, and  eco log ical v iew po in ts  S urface  
d istu rb an ces  and  p e rm a n e n t geocryo log ica l im ­
balances m ust be m in im ized  an d  re s to ra tio n  o f  
d is tu rb ed  areas to  th e ir  n a tu ra l  s ta tes  m ust be 
e ffe c te d  as qu ick ly  as possib le.

T his ty p e  o f  p ipelin ing  is u n d e rs ta n d ab ly  
expensive, a lth o u g h , in o rd e r  fo r  A rc tic  energy  
reserves to  be co m p e titiv e  w ith  o th e r  sou rces o f 
su p p ly , it is essen tia l to  have low  u n it- tra n sp o rta ­
t io n  costs. T o a tta in  th is , su ffic ien t th ro u g h p u t 
vo lum es are necessary  to  p e rm it long -d istance  
p ipelines to  be o f  large d ia m e te r , th e re b y , tak in g  
advan tage  o f  th e  eco n o m ies  o f  scale.

O ur obse rva tions  o f  Sov iet A rctic  p ipelin ing  
ex p erien ce  are in te n d e d  to  o ffe r  insight in to  areas 
th a t  th e  R ussians co n sid e r to  b e  critica l, based  
u p o n  th e ir  firs th a n d  ex p erien ces  in A rc tic  p ip e ­
lin ing  fro m  c o n c e p tio n  th ro u g h  o p e ra tio n .

It shou ld  be  a p p a re n t th a t  it w ou ld  be 
irra tio n a l to  consider su ch  o b se rv a tio n s  to  b e  a 
“ h o w  to  do  i t”  o f  p ipelin ing  in  p e rm afro s t areas. 
R a th e r, th e  one c o n cep t th a t  pervades th e  realm  o f 
A rc tic  p ipelin ing  is th e  u n iq u en ess  o f  th e  p rob lem s 
an d  th e ir  requ isite  so lu tio n s.

This un iqueness co m p o u n d s  the  m ag n itu d e  o f 
th e  A rc tic  challenge,, a lth o u g h , how ever fo rm i­
d ab le  th is  challenge m ay seem  to  be, i t  m ust and  
w ill be m et, by  m e th o d s  con firm ed  in  full-scale 
te s t  facilities u n d e r  ac tu a l o p e ra tin g  co n d itio n s .

T he oil and  gas in d u s try  in  N o r th  A m erica  
rem ain s  responsive to  en v iro n m en ta l considera­
t io n s  and  pub lic  o p in io n  a n d  w ill m eet i ts  responsi­
b ilitie s  b o th  to  prov ide th e  energy  re q u ire d  an d  to  
preserve  o u r  n a tu ra l heritage .
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