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The Environmental Challenges Facing TAPS

A. V. Cardin
Alyeska Pipeline Service Company 

Houston, Texas

Before the potential benefits o f the recent oil 
discoveries on the North Slope of Alaska can be 
realized, the oil must be transported to refining 
and marketing areas. The Alyeska Pipeline Service 
Company has the responsibility for the first step in 
this transportation—to design and construct the 
Trans Alaska Pipeline System. We will pipe the oil 
from the discovery areas near Prudhoe Bay to an 
ice-free, deep-sea tanker loading terminal at Valdez 
of the South Coast o f Alaska. From Valdez the oil 
will be transported to the West Coast by tankers. 
This is the most feasible system of a number 
considered.

The basic facilities of the system consist o f a 
pipeline, the pump stations, a tanker loading 
terminal, and a communications system to provide 
the necessary means of operating control. To make 
possible the construction o f these facilities, a haul 
road must be constructed connecting the present 
Alaska road system to the Prudhoe area—a dis
tance of some 400 miles.

PIPELINE
The pipeline route generally parallels the 

Sagavanirktok River across the North Slope, cros
ses a high pass in the Brooks Range, passes near 
Wiseman, crosses the Yukon River near Livengood, 
passes just east of Fairbanks, and closely follows 
the Richardson Highway to Valdez. (See figure 1)

The line pipe is 48 inches in diameter and is 
manufactured under strict metallurgical specifica
tions providing the fracture toughness and welda
bility to satisfy the requirements of the low- 
temperature Alaska conditions. The line pipe is of
0.462” and 0.562” wall thickness and has mini
mum yield strengths o f 60,000; 65,000; and
70,000 psi. The pipe is thoroughly inspected at the 
mill for both chemical and physical properties and 
for processing procedures prior to shipment. The 
construction of the pipeline will be thoroughly 
inspected and tested prior to its acceptance and 
operation. (See figure 2)

PUMP STATIONS
Major components of the pump stations will 

consist o f gas turbine prime movers, centrifugal 
pumps, tankage, power generation equipment, and 
fuel processing facilities—all enclosed in buildings 
as required for good operational security. Housing 
will be provided for both permanent and transient 
personnel.

Twelve pump stations are required for the 
maximum design which provides capacity to move 
2 million barrels of crude oil per day. The initial 
construction will not include all pump stations.

TERMINAL
The basic facilities at the tanker loading 

terminal consist of tanker docks, oil storage 
tankage, oil loading system, and ballast treating 
facilities. The tanks will be 250 feet in diamter by 
62 feet high, with a capacity of about 510,000 
barrels. The docks are sized to handle tankers of 
up to 250,000 dwt. The ballast treating facilities 
will be capable of handling total ballast o f the 
largest ships, discharging simultaneously at the 
dock.

Initial construction will include three docks 
and 6 million barrels of oil storage. Ultimate 
facilities are estimated at five docks and from 15 
to 20 million barrels of storage. (See figure 3)

COMMUNICATIONS
The communications system as proposed will 

consist of a highly reliable microwave system, 
augmented by high frequency radio coverage.

Reliability is stressed due to the need for all 
operational points to be in data contact, as 
functions and locations are integrated into a total 
system control. The entire system will shut down 
upon loss of communications.

EVIRONMENTAL CHALLENGES
The environment in Alaska is usually de

scribed in terms of weather and dimensions—the 
long winters, extremely low temperatures, winds, 
ice-fogs, permafrost, the long distances, earth
quakes, limitations of transportation and com
munications. It is a hostile environment! Alaska is 
also characterized by flora and fauna which are, at 
the same time, hardy and delicate. Plant and 
animal life must be hardy to exist under natural 
conditions. Yet any destruction is not so easily or 
quickly cured as it would be in areas where plant 
growth is rapid. Alaska is then described in 
modern terminology as having a delicate ecology.

There is no doubt that the installation and 
operation of our proposed facilities in the existing 
Alaska environment bring many challenges. We 
will of necessity disturb the environment. Our 
challenge is to assure that this disturbance will not
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Figure 1-Proposed p ipeline  ro u te  fro m  P ru d h o e  Bay to  V aldez, Alaska,
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Figure 2-Possible p ipeline appearance  in m o u n ta in  valley.
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Figure 3 -A rtis t’s sk e tc h  of p ro p o se d  tan k e r  loading  te rm in a l and  oil sto rage  tankage n ear V a ldez , A laska.
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resu lt in perm anen t dam age. The design philoso
phy  has been, fro m  the  in cep tio n  of th e  p ro jec t, to  
design the  s tru c tu re s  to  cause th e  least d isturbance 
o f  the  env ironm ent and  to  provide the  safest 
s tru c tu re  th a t can be designed using th e  m ost 
m odern  techno logy . The p ro te c tio n  Of th e  en
v ironm en t is necessary to  assure th e  sa fe ty  o f  the  
p ipeline. T hus th e  tw o  m ajor criteria  are so 
in te rre la ted  th a t  th e  end req u irem en ts  are fully 
com patib le .

A very large p ro p o rtio n  o f  th e  p ipeline rou te  
is on  Federal lands, adm in istered  b y  the  D epart
m en t of the  In terio r. As a cond ition  to  the  
gran ting  o f a perm it for co n stru c tio n , the  D epart
m en t o f the  In te r io r  and  th e  F edera l Task Force 
on  Alaskan Oil D evelopm ent developed stipu la
tio n s  specifically designed to  p ro te c t th e  environ
m ent. The s tipu la tions  cover a w ide  range o f 
environm ental fac to rs includ ing  w a te r po llu tion , 
therm al p o llu tio n , use o f  pesticides and  herbicides, 
perm afrost deg radation , san ita tio n  and  w aste dis
posal, aesthetics, w ildlife p ro te c tio n , fire pre
ven tion , re s to ra tio n  and revege ta tion , and preser
va tion  o f archaeological findings. F edera l person
nel have b road  pow ers o f  approval, in spec tion , and 
en fo rcem en t. We have agreed to  these s tipu lations 
w hich  have been  public ized  as a m odel fo r 
env ironm enta l p ro tec tio n . T he N ational Environ
m enta l Policy A ct is concerned  w ith  th e  same 
principles.

A no ther task  force was estab lished  to  review 
technical da ta  o n  the effec ts  o f  the  p ipeline on  th e  
env ironm ent and  to  evaluate  the design criteria. 
M ore sim ply s ta ted , it was to  define th e  p roblem s 
and  review so lu tions developed  by  o u r personnel 
w ith  the aid o f  private consu ltan ts . This g roup 
consists o f th e  U. S. G eological Survey and o th e r 
Federal and S ta te  governm ental agencies such as 
th e  Cold R egions Research and Engineering Lab, 
Federal W ater Q uality  A dm in is tra tion , C orps o f 
Engineers, C oast G uard.

To im p lem en t the  requ irem en ts  o f the  s tipu la
tio n s  and th e  developm ent o f  designs, m uch basic 
d a ta  had to  be developed. F o r  exam ple, very little  
detailed  in fo rm a tio n  was know n a b o u t th e  types, 
characteristics and  loca tion  o f  the  perm afro st and  
soils along th e  pipeline ro u te  o r o f  th e  p o p u la tio n  
and  m igratory  p a tte rn s  o f  certa in  w ildlife. We have 
coun ted  and charted  m ovem ents o f  caribou  and  
o th e r  w ildlife, have de te rm ined  species and  p o p u 
lations o f fish , have reco rded  m arine biological 
cond itions, have excavated  m any archaeological 
sites, have de te rm ined  w eather an d  sea-current 
data . These are am ong num erous activities re 
qu ired  due to  the  lack o f  reco rded  data  no rm ally  
available in m any  m ore developed areas.

P ipeliners believe a pipeline shou ld  be  bu ried  
w herever prac tica l fo r reasons o f  aesthetics, n o n 
in terference  w ith  w ildlife m igrations, access by

The Environm ental Challenges Facing T A P S

hum ans, reduced  exposures to  ex trem es o f  tem 
pera tu res, an d  to th e  effects o f  seism icity , p ro 
tec tio n  against fo rest fires, vandalism , and  m any 
o th er fac to rs.

T he d e te rm in a tio n  o f w here it  is p ractical to  
bu ry  a pipeline is prim arily  soils d ependen t. A 
buried  p ipeline tran sp o rtin g  w arm  o il will m elt th e  
perm afrost a t a ra te  and in  a th a w  bulb p a tte rn , 
b o th  o f  w hich  are p red ic tab le. T h is  m elting is a 
p rob lem  on ly  w here the  p e rm afro s t is o f  such  
character and  ice c o n te n t th a t it becom es unstab le  
upon thaw ing .

A logical question , th en , is w hy tra n sp o rt 
warm  oil. C ertain  b en efits  are in d ica ted  by  cooling 
the oil at below -freezing tem p era tu re s  to  preven t 
m elting. D etailed stud ies reveal m ajor design and  
opera ting  p rob lem s w hich ren d e r  the concep t 
invalid. No cooling m eth o d  or m ed ia  is sa tisfac to ry  
when considering th e  seasonal tem p e ra tu re  effects. 
The rap id  cooling resu lts  in p a ra ffin  d ro p o u ts  fo r 
w hich no effective, and env ironm en ta lly  p ro 
tective, disposal m e th o d  is available. The cooling 
tends to  cause adverse basic changes in physical 
p roperties and  behav ior p a tte rn s  o f  the oil. Even if 
the  oil cou ld  be coo led  sa tisfac to rily , th e  h ea t 
generated  b y  the flow  fric tion  w o u ld  again elevate 
the tem pera tu res. T hese facto rs estab lish  th e  w arm  
oil co n d itio n . H ow ever, no  h e a t is in ten tio n a lly  
in troduced  in to  th e  system .

As s ta ted  previously, the  th a w  dim ensions and  
thaw  rates are pred ic tab le . In  o rd e r  to  m ake th is  
d e te rm ina tion , a w ea lth  o f soils d a ta  is requ ired  on  
heat d issipation  fro m  the  pipe to  th e  soil. The hea t 
d issipation is a ffec ted  by  the  ty p e  and lo ca tio n  o f 
perm afrost and soils; the  ch a rac te r o f the  soils 
before , during an d  after th a w ; the m elt ra te ; 
m igration o f  m elt w ater; seasonal tem p era tu res; 
ice-con ten t and lo ca tio n ; p ipeline  in su la tion ; and 
m any o th e r  param eters. The h e a t tran sfer d e te r
m inations are m ade on  a co m p u te rized  m ath e 
m atical m odel. T he w ork is very  com plex  and o f  a 
p ioneering natu re . In o rder to  verify the  h ea t 
transfer m odel resu lts  th ro u g h  ground tru th , a 
heated  experim en ta l pipeline section has been  
co n stru c ted  in F airbanks. T he section  sim ulates 
the o pera ting  con d itio n s  o f th e  line  in various soils 
and perm afrost, w ith  em phasis on th e  critical 
F airbanks silt o r loess soils. T h is insta lla tion  also is 
being used to  d e te rm in e  th e  ty p es  o f vegetation  
w hich will grow over and ad jacen t to  a h ea ted  
pipeline so  th a t th e  revege ta tion  process can  be 
im plem en ted  w hen required .

The m elting o f  the  p e rm afro s t has a w ide 
range o f effects, fro m  negligible to  critical, on  soils 
perform ance. P erm afrost has n o  standard  m easure
m ent param eter ex cep t its tem p e ra tu re  cond ition . 
Low ice-content perm afrost, such as typ ically  
exists in the  h igher, w ell-drained areas and in  the 
gravel deposits in  th e  benches o f  selected  stream s,
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m ay be  m elted  and s tab ilized  w ith  m in im um  harm  
to  th e  env ironm en t. C onversely , perm afrost in 
high ice-con ten t, loess soils, d e p e n d e n t on th e  
local te rra in  cond itions, m ay  p resen t serious p ro b 
lems. M ajor p rob lem s w h ich  are caused o r  m agni
fied b y  thaw ing  include  soil se ttlem en t o r , specifi
cally, d ifferen tia l so il se ttle m en t, slope s tab ility , 
p o ten tia l o f  soil liq u e fac tio n , and soil erosion.

Alaska is an area o f ex tensive seism ic activ ity . 
We have assum ed th a t m ajor earth q u ak es will 
occu r in th e  v icin ity  o f th e  p ipeline ro u te . T he 
effects o f th e  ea rthquake  a re  closely re la ted  also to  
soils characteristics and  to  te rra in . D etailed  investi
gations ind ica te  th a t  e a rth q u a k e  risk areas, in 
general o rd e r  o f decreasing  severity  or p ro b ab ility  
o f occurring , are landslides along river b luffs, 
shallow  landslides o n  slopes, p o ten tia l fo r liq u e
fac tio n  o f  soils, p ipeline  flexu re  due to  seism ic 
shear waves, and surface b reakage due to  fau lting  
o r tec to n ic  creep.

We have tak en  th e  p o s itio n  th a t the  best 
p ro te c tio n  against these soils-associated p roblem s 
is th e ir  avoidance. This avo idance  is accom plished  
th ro u g h  critical se lec tiv ity  o f th e  ro u te  o r selec ti
v ity  o f th e  soils w h ich  estab lish  the  ro u te . M ost 
p o ten tia l landslide areas can be avoided by  m ino r 
rerou ting .

The m ajority  o f  p rob lem s are so re la ted  to  
soils th a t a massive soils investiga tion  p rogram  has 
been  u n d er way fo r  a b o u t tw o  years. This inves
tig a tio n  includes m e th o d s  such as in te rp re ta tio n  of 
regular b lack  and w hite , co lo red , an d  infrared  
aerial p h o to g rap h y  and de ta iled  sam pling and 
analysis o f  freq u en t soil borings. C om pleted  or 
u nder w ay are a b o u t 3 ,0 0 0  b o reh o les  w ith  nu
m erous o th e r  data  sources such as previous borings 
fo r h ighw ay c o n s tru c tio n  and oil ex p lo ra tio n . 
While th e  borings are effec tive, the  m eth o d  is 
penalized  by  the  dem ands o f t im e  and m oney . In 
an e ffo rt to  o b ta in  fas te r an d  m ore com plete  
coverage, several ex p erim en ts  w ere  co n d u c ted  u ti
lizing terra in -p rob ing  rad a r  and  seism ic m ethods. 
U n fo rtu n a te ly , th ese  m eth o d s, while prom ising, 
have n o t been  developed  to  th e  e x te n t th a t th ey  
provide a useful too l for o u r  specific design 
requ irem en ts.

W ith th e  de ta iled  soils in fo rm a tio n , th e  be
havior o f th e  soils u nder various co n d itio n s  m ay  be

p red ic ted . The allow able lim its o f  the  soil behavior 
m ay be  estab lished  by  th e  p e rfo rm an ce  o f  the 
p ipe, as in  th e  case in  d iffe ren tia l soil se ttlem en t. 
Thin-w all, high-yield line p ipe  has th e  d em o n 
s tra ted  ab ility  to  con fo rm  to  th e  c o n to u rs  o f  the  
p ipe tren ch . T he lim its o f  th is  ab ility  are being 
estab lished  on  th e  selected  p ipe b y  d e flec tio n  tests 
u n d er fu ll opera ting  stresses d u e  to  in te rn a l pres
sure and  th erm al expan sio n  forces.

W ith all these  investigations and tes ts , we fully  
recognize th a t in  certa in  areas th e  critica l soils and 
co n d itio n s  m ay n o t be avoided . W here th e  line 
m ay n o t be bu ried  w ith  assurance o f  env ironm en t 
an d  pipeline p ro te c tio n , the  line w ill be con
s tru c ted  on elevated s tru c tu re s  su ch  as pile- 
su p p o rted  ben ts  o r gravel pads.

O th er areas o f  in te res tin g  challenge and  in
vestigation  are in  p e rfo rm an ce  o f  th e  p ipe  in 
refrozen  soils and  revegeta tion . The co ld  p ipe test 
near P o in t B arrow  was designed to  evaluate  the 
pipe stresses due to  ice freezing  and crack ing  and 
to  evaluate th e  env ironm en ta l e ffec ts o f various 
co n stru c tio n  m ethods. R esu lts  in d ica ted  th a t 
freeze stresses are  m inim al w ith  respect to  th e  pipe 
s tren g th  and th a t  gravel pads and foam ed  insu la
tio n  are effective in co n tro llin g  perm afro st thaw  
caused b y  in ten tio n a l surface d istu rbance .

R evegeta tion  is im p o rta n t as a n a tu ra l insu la
tio n  to  prevent o r  co n tro l thaw ing  o f  th e  perm a
frost. Investigations being  m ade inc lude  th e  selec
tio n  o r  developm ent o f su itab le  p lan t species, the  
effects o f fertilizers and  g ro w th  ho rm ones, and  the 
effects o f grazing on  b o th  th e  co ld  and warm  
pipeline environm ents.

These, o f course, are only  som e o f  the 
env ironm ental challenges facing  us. We recognize 
and accep t th e  fac t th a t  th e  env ironm en t an d  the  
p ipeline m ust be  p ro te c te d  fro m  dam age. We are 
convinced we have th e  basic  know ledge to  ac
com plish  th is. Som e m istakes will be  m ade; w e will 
co rrec t them . We believe w e can p roceed  w ith 
con stru c tio n , w hile c o n tin u in g  to  learn , fo r  the  
final tes t o f th e  design basis is th e  a c tu a l perfo r
m ance in opera tions. We are  p roud  o f  th e  p e rfo r
m ance o f th e  oil in d u stry  in p ro te c tin g  the 
env ironm ent on  th e  N o rth  Slope. We rep resen t the  
sam e industry  w ith  th e  sam e in te n tio n s  and 
capabilities. We are w illing to  s tand  o n  th a t record .

A. V. Cardin
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