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NOTICE: The project that i s  the subject of th i s  report was approved 
by the Govern i ng Board of the Nat i onal Research Counc i l , whose ... bars 
are drawn fro• the counc i l s  of the Nat i onal Ac ademy of Sc i ences , the 
Nat i onal Academy of Eng i neer i ng ,  and the Insti tute of Med i c i ne .  The 
members of the commi ttee re spons ible for the report were chosen for 
the i r  spec i al competence&  and wi th regard for appropr i ate balance . 
Th i s  report has been revi ewed by a group other than the authors 
accord i ng to procedures approved by a Report Rev i ew co .. i ttee 
cons i s t i ng of members of the Nat ional Ac ademy of Sc i ences , the 
Nat ional Ac ademy of Eng i nee r i ng , and the Ins t i tute of Med i c i ne .  

The Nat ional Research Counc i l  was e s tabl i shed by the Nat i onal Acade•y 
of Sc i ences i n  1916 to as soci ate the broad co .. un i ty of science and 
technology wi th the Academy ' s  purposes of further i ng knowledge and of 
advi s i ng the federal government . The Counci l  operate s in accordance 
wi th general poli c i es  determi ned by the Academy under the authori ty of 
i ts congre s s i onal charter of 1863 , wh i ch establ i shes the Ac ade•y as a 
pr i vate , nonprof i t ,  self-govern i ng membersh i p  corporat ion . The 
Counc i l  has become the pr i nci pal operat i ng agency of both the Nat i onal 
Academy of Sc iences and the Nat i onal Ac ademy of Eng i neer i ng in the 
conduc t of the i r  serv i ce s  to the government , the publ i c , and the 
scient i f i c  and eng i neer ing commun i t i e s . It i s  admi n i s tered jo i ntly by 
both ac ademies  and the Ins t i tute of Med i c i ne .  The Nat i onal Acade•y of 
Eng i neer i ng and the Ins t i tute of Med i c i ne were es tabl i shed i n  196• and 
1970 , respect i vely , under the charter of the Nat i onal Academy of 
Sc i ence s . 

The program desc r i bed i n  th i s  report i s  supported by Grant No . 
N00014-82-G-0032 admi n i s tered by the Off i ce of Naval Research . 

Cop ies  avai lable i n  l imi ted quant i ty from: 

Mar i ne Board 
Commi s s ion on Eng i neer i ng and Techn i c al Systems 
Nat i on al Research Counc i l  
2 101 Cons t i tut i on Avenue , N . W. 
Wash i ngton , D . C .  20418 

Pr i n ted i n  the Un i ted States of Amer i c a . 

1i 

Copyr igh t  © Nat iona l  Academy o f  Sc iences.  A l l  r igh ts  reserved.

U.S.  Capab i l i t y  to  Suppor t  Ocean Eng ineer ing  in  the  Arc t ic
h t tp : / /www.nap.edu/ca ta log .php?record_ id=19426

http://www.nap.edu/catalog.php?record_id=19426


MARINE BOARD 
of the 

COMMISSION ON ENGINEERING AND TECHNICAL SYSTEMS 
NATIONAL RESEARCH COUNCIL 

John F .  Wing , Chai�an 
Booz , Allen & Hamilton 

Bethesda , Maryland 

Will i am  K .  Nicholson , Vice Chai�n 
u.s. Navy ( reti red ) 
Annapoli s ,  Maryland 

Robert D .  Ballard 
Woods Hole Oceanographic Ins titution 
Woods Hole , Mas s achusetts 

William K.  Benkert 
Pet roferm Mar i ne , Inc . 
McLean , Virg i n i a  

Kenneth A .  Blenkarn 
Amoco Produc tion Company 
Tulsa , Oklahoma 

Donald F .  Boesch 
Louisiana Un i versities  Marine Consor t i um  
Chauv i n , Lou i s i ana 

H .  Ray Brannon , Jr . CNAE) 
Exxon Produc t i on Research 
Hous ton , Texas 

William Creelman 
National Mar i ne Serv i ce 
St . Lou i s , Mi s souri 

Clif ton E .  Curt i s  
The Ocean i c  Soc i e ty 
Washington , D . C .  

Robert G .  Dean CNAE) 
University of Flor i da 
Gai nesv i lle ,  Flori da 

Jact W .  Boller ,  Execut i ve Di rec tor 
Donald w. Perkin s , As s t . Execut i ve Di rec tor 
Charle s  A. Bookman , Senior Staff Off i cer 
Aurora M. Gallagher , Sen ior Staff Off i cer 
Richard w .  Rumte , Sen i or Staff Off i cer 

li i 

Arthur J .  Haskell 
Matson Navigation Co•pany 
San Franc i sco , Cal i forn i a  

Charles D .  Hollis ter 
Woods Hole Oceanographic Institution 
Woods Hole , Mas s achusetts 

Peter Jaquith 
Bath I ron Worts 
Bath , Kaine 

Bramlette McClelland ( NAI ) 
McClelland Eng i neers , Inc . 
Hous ton , Texas 

Clifford K. Sayre 
E . I .  DuPont de Nemours & Co•pany 
Wilmi ngton , Delaware 

Richard J .  Seymour 
Scr i pps Ins titut ion of Oceanography 
La Jolla , Californ i a  

William H .  Silcox 
Standard Oil Company of Cali forn i a  
San Francisco , Cal i forn i a  

Robert J .  Taylor 
Exxon Internat i onal 
Florham Part , Nev Jersey 

Wi lliam c. Webs ter 
Un i vers i ty of Californ i a  
Berkeley , California 

Dor i s  c .  Holmes , Financial As sis tan t 
Gale M . M .  Moore , Admin . As sis tan t 
Joyce Somerv i lle ,  Sec re tary 

Copyright © National Academy of Sciences. All rights reserved.

U.S. Capability to Support Ocean Engineering in the Arctic
http://www.nap.edu/catalog.php?record_id=19426

http://www.nap.edu/catalog.php?record_id=19426


COKKITTBB ON ASSBSSKBNT OF ARCTIC 
OCBAN BNGINBBRING SUPPORT CAPABILITY 

Willi am K. Ni cholson , Chairman 
Consultant 
Annapol i s , Ka�yland 

Robert L .  Friedheim 
Ins t i tute for Karina and Coas tal Studies 
Un ivers i ty of Southern Cal i fo�nia 
Los Angeles , Cal i fo�n i a  

Ben c .  Gerwick , J� . 
Deparbaent of Civil  Eng ineering 
Un ivers i ty of Cal i forn i a  
Berkeley , Cal i fornia 

James K .  Hecker 
Ter� i s  and Sunderland 
Washington , D . C .  

John R .  IC�eider 
ARCTIC , Inc . 
Columb i a ,  Maryland 

Robe�t B .  Potter 
Sohio Petroleum Company 
Dallas , Tezas 

Robert B .  Pot ter 
Sohio Petroleum Coapany 
Dallas , Tezas 

John F .  Prince 
Bzzon Produc t i on Research 
Houston , Tezas 

J .  Bdwa�d Snyde� , Jr . 
Consultant 
McLean , Virg in i a  

Bugene C .  Stearns 
D i llingham Karit iae Ins t i tute 
Seattle , Wash i ngton 

Gunter B .  Weller 
Geophysic al Ins titute 
University of Alaska 
Fai �banks , Alaska 

Donald w. Perkins , Sen i or Staff Off i cer 

iv 

Copyright © National Academy of Sciences. All rights reserved.

U.S. Capability to Support Ocean Engineering in the Arctic
http://www.nap.edu/catalog.php?record_id=19426

http://www.nap.edu/catalog.php?record_id=19426


Kany of the eng i neerins probleas and requi rements part i cular to 
Arct i c  offshore and coastal re source development and product i on have 
been i den t i f i ed s i nce 1980 i n  Nat i onal Research Counci l  ( NRC ) 
report s , l i n  a Nat ional Pe troleua Counci l CNPC ) report , 2 and i n  
several federal sovernaent reports . However ,  the capab i l i ty of the 
nation to respond to these ens i neer i ng requi rements , e i ther by 
sovernaent or pri vate-sector means , has not been as ses sed . 

In response to the Kar i na Board ' s recogn i t i on of the need for such 
an asses saent , the NRC appo i n ted the Commi t tee on As ses saent of Arct i c  
Ocean Eng i neer i ng Support Capab i li ty t o  exaai ne requirements for 
support of ocean eng i neer i ng act i v i ty in the u.s. Arct i c  and the 
present nat i onal capab i l i ty for prov i d i ng th i s  support . Def i ci enci es 
were to be i dent i f i ed and respons ive alternat ives  were to be descr i bed . 

Object ives  and Scope of Study 

For the purposes of th i s  s tudy , the Arct i c  offshore res ion i s  
def i ned as that area north of the Alaska Pen i nsula and the Aleut i an  
I s l ands . I t  i s  recogn i zed that eng i neer l ns capab i l i t i es  appl i cable to 
th i s  area often can be usable ln other Arct i c  locat i on s , and acce s s  to 
u.s. resources aay also iaply a need to operate out s i de of the area , 
e . g . , aar i t iae support i n  i n ternat i onal and Canad i an areas . 

The commi t tee vas charged to undertake the followi ng tasks : 

e By use of recent Nat i onal Research Counc i l ,  Nat i onal 
Petroleua Counci l ,  sovernaent report s ,  and selected 

lEns i neer i ns at the Ends of the Earth : Polar Ocean TechnolosY for 
the 1980s ( 19 79 ) , Research in Sea Ice Mechan i cs ( 1981 ) , Kar i t iae 
Serv i ces to Support Polar Resource Developaent ( 1981) , and 
Unders tand in& the Arct i c  Sea Floor for Ens i neer i ns Purposes ( 1982 ) .  

2u.s. Arct i c  O i l  and Gas CDeceaber 1981 ) . 

v 

Copyright © National Academy of Sciences. All rights reserved.

U.S. Capability to Support Ocean Engineering in the Arctic
http://www.nap.edu/catalog.php?record_id=19426

http://www.nap.edu/catalog.php?record_id=19426


addi t ional commi t tee as ses sments , consol idate and evaluate 
eng i neer i ns requi rements and research needed to support 
ens i neerins development in the u. s. Arct i c  Ocean res i ons . 

• As sess  the ava i lable nat i onal capab i l i t i es ( i . e . , fac i l i t i es , 
manpower , and orsan i zat ional arransements ) to support Arct i c  
eng i neer i ns prosrams i ncludi ns an exami nat i on o f  data 
acqu i s i t ion and analys i s ,  laboratori e s  and other ens i neer i ns 
re search ent i t i e s , ens i neer i ng and techn i cal personnel , and 
los i s t i cs and support servi ces ; and i dent i fy the def i ci enc i es . 

e Develop a framework for sovernment , i ndus t ry , and acadeal c 
prosrams and act i v i t i es l n  Arct i c  ocean eng i neer l ns that w i l l  
bes t  u s e  the i ntesrated capablll t l es of all . 

In i t s di scus s i ons  regard i ng the th i rd task , the commi t tee vas 
aware of two concurrent sovernment act i vi t i e s  and act i ons that 
s t ronsly i nfluence the opt i ons  for lmprov i ns sovernment coordi nat i on 
and cooperat i on i n  ens i neer i ns-related Arct i c  ocean research and 
developmen t . Nat i onal Secur i ty Deci s i on Di rect i ve No .  90 , Un i ted 
State� Arct1� Pol l � ,  Apr i l  14 , 1983 , 3 and the Arct i c  Research and 
Pol l ey Act of 1984 ( P . L .  98-3 7 3 ) both addre s s  sovernment 
respon s i b i l i t i es  and orsan i zat l on ln the Arct i c .  The commi ttee al so 
noted that a domi nan t  problem for sovernment - i ndus t ry cooperat i on i s  
the lack of a focal po i n t  wi th i n  the sovernment where the i ndus try 
research and development as soci at i ons  and join t ventures can plan and 
conduct prosrams in concert wi th the sovernment . The comm i t tee did  
not  s usse s t  organ i zat i onal changes . Such chances will be  i nfluenced 
by the pendi ng report and analy s i s  of the i nterasency commi ttee i n  
response t o  the Nat i onal Secur i ty Di rect ive a s  well  a s  by tbe 
implementat i on of the Arct i c  Research and Pol i cy Act of 1984 . The act 
e s t abli shes an Interasency Arct i c  Research Pol l ey Commi ttee , wh i ch 
should do much to improve coord i nated plann i ns for both research and 
development . Organizat i onal chance us ually follows such plann i ns and 
subsequen t prosram development . 

The commi ttee reques ted and rece i ved cooperat i on from all 
government asenci e s  presently i nvolved in Arct i c  wort . Each asency 
con t r i buted i n format ion about i ts obj ect ives , respon s i b i l i t i e s , 

3The Pre s i dent of the Un i ted States , aware of the need to have 
seneral ques t i ons  of U . S .  Arct i c  pol i cy resolved , has is sued Nat i onal 
Secur i ty Deci s i on Di rect i ve No . 90 ( Apr i l  14 , 1983 ) , wh i ch mandates a 
revi ew of key problems l n  u.s. Arct i c  pol i cy .  The pr i nciples upon 
wh i ch the review wi ll be conducted i nclude protect i ng essen t i al 
secur i ty i n teres t s , support i ns sound and rat i onal development , 
promot i ng sci en t i f i c  research , and promot i ns mutually bene f i c i al 
i nternat i onal cooperat i on . 

v l  
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fac i l i t i es , budget , and s cope of ongo i ng and planned work . In  
add i t ion ,  experts from several agenc i e s  provided techn i cal and program 
presentat i ons  dur ing the three eo .. i ttee .. et i ngs as well as at 
on-s i te meet i ngs to brief the ehai raan on Navy Arct i c  research and 
Navy/ National Ocean i c  and Atmospher i c  Admi n i s trat i on sea l ee 
forecas t i ng serv i ces ; these bri ef i ngs were unclas s i f i ed .  

The report addresses , i n  Chapter 1 ,  general eng i neer i ng needs and 
resources regard i ng offshore operat i on s , sh i pp i ng operat i ons , mar i ne 
transportat ion sys tems , mar i ne nav i gat i on sys tems , sea l ee mechan i cs 
and l e e  forces , and geoteehn i e s . Chapter 2 di scusses  problems and 
resources needed to addre ss  envi ronmental concern s . Previous report s  
b y  the Mar i ne Board have addres sed some o f  these techn i cal areas and 
concerns and have made spec i f i c  techn i cal recommendat i ons for further 
work . Thus , th i s  report h i ghl i ghts  areas of important  research , but 
does not attempt to provi de det a i ls on speci f i c  projects for further 
s tudy , nor does i t  attempt to j udge the qual i ty of pas t or current 
scien t i f i c  i nves t i gat i on s . 

Chapters 3 ,  4 ,  and 5 descr i be public and internat i onal i s sues , the 
object i ves  and capab i l i t ies  of government agenci es , and examples of 
j o i n t  i ndus t ry research . Conclus ions  and recommendat i ons  follow the 
Execut i ve Summary , wh i ch beg i n s  on page 1 .  

The s tudy doe s not addres s  the development and presentat i on of an 
ac t i on plan for the formulat i on and implementat i on of a nat i onal 
pol i cy on Arct i c  development or research , al though i t  does recogn i ze 
that such a poli cy may i nfluence the capabi l i ty of i ndus try and 
government to prov i de eng i neeri ng-related data , i n format i on ,  and 
serv i ces . Furthermore , i t  does not addres s  the eng i neer i ng needs 
attendant upon nat i onal defense or secur i ty ,  al though an enhancement 
of eng i neer i ng-related research capab i l i ty would l i kely enhance the 
nat i on ' s defense pos ture . 

Improved mater i al s  for low temperature uses are needed and are 
under development for speci f i c  appl i cat ions . The commi t tee did  not 
examine th i s  area of technology in detai l ,  as it does not appear to be 
l imi t i ng ,  i . e . , techn i cal alternat ives for Arct i c  appl i cat i on s  are 
ava i lable , but improvements  may enhance economic cho i ce s . 

Further , the s tudy does not cas t j udgment on the adequacy of 
federal fund i ng , but does as sume that an i n tent to prov i de support for 
specif i c  research and developmen t  of serv i ces  wi ll imply that 
s uff i c i ent f i nanci al support will follow . The commi ttee s tudy does 
note certain  fund i ng amount s  have been prov i ded for a program or area 
of act iv i ty only as i nd i cators of th i s  effort or an agency or 
organ i zat i on . A complete l i s t of speci f i c  research i s  not prov i ded , 
s i nce the commi ttee was concerned wi th areas of eng i neer ing  technology 
rather than speci f i c  projects .  

In regard to the i dent i f i cat i on of needed research , the s t udy 
focuses on eng i neer i ng-related research , speci f i cally , the 
acqu i s i t i on , analys i s , and d i s semi nat i on of data needed to prov i de 
eng i neer i ng cr i te r i a  and gu i deli nes and to establ i sh requ i rements for 
des i gn ,  cons truct i on , i n s tallat i on ,  operat i on , and mai n tenance of 
mar i ne s t ructures , faci l i t i es , and ves sels . 

v i i 
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The ca.alttee ' s  analys i s  of ens i neer i ns-related def i c i ences 
focused on f i rst-order probl ... affecti n& s truc tural i ntesr l ty and on 
s afety of operati ons , and on prevent i n& d i rec t detri  .. atal effec ts on 
the envlroa.ent such as pos s i ble di sturbances froa sounds in the ocean 
from offshore operat ions or prevent i n& or clean i n& up o i l  spill s . The 
pos s ible i nd i rec t i nfluence of huaan Arcti c off shore act i v i ty on 
Arc t i c  wi ldl i fe vas not as ses sed , nor does the study deal wi th f i sh 
and wi ldl i fe ques t i ons that are also ca.mon to non-Arct i c  areas . 

vlll 
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EXECUTIVE SUKKARt 

The s i ze of the Alaska Outer Con t i nen tal Shelf (OCS)  measures more 
than 1 . 8  mi ll i on square ki lometers around the s tate ' s  nearly 
11 , 000-ki lometer coas tl i ne . It  represents 74 percen t of the total 
offshore area of the Un i ted States . The maj or i ty of th i s  area , 1 . 2  
mi ll i on square ki lometers , i s  north of the Alaska Pen i n sula . In a 
Nat i onal Petroleum Counc i l  report ( NPC , 1981 ) i t  i s  est imated that the 
und i scovered , poten t i ally recoverable reserves i n  the bas i n s  north of 
the Aleut i an s  are about 30 b i ll i on barrels o i l  equ ivalent . l Another 
s tudy by the U . S .  Geolog i c al Survey ( USGS , 1981 ) g i ves  a 21 b i ll i on 
barrel e s t imate for the s ame bas i n s . Thus , perhaps as much as 25 to 
30 percent of domes t i c  und i scovered hydrocarbon recoverable reserves 
may come from these Arc t i c  offshore areas . 

The Arc t i c , however ,  i s  a harsh env i ronmen t  for man and mach i ne . 
Its  con t i nued offshore and coas tal resource development demands 
greater eng i neer i ng support than do other parts of the world . The 
capab i l i ty of government and i ndus try to respond to these eng i neer i ns 
requ i rements bas not been as ses sed . In response to the Mar i ne Board ' s 
recogn i t i on of the need for such an assessment , a commi ttee was 
appo i nted by the Nat i onal Research Counc i l  to conduc t a s tudy . Th i s  
report represen ts the f i nd i ngs , conc lus i ons , and recommendat i ons  of 
the Commi ttee on As ses sment of Arc t i c  Ocean Eng i neer i ng Support 
Capab i l i ty .  

ARCTIC RESOURCE DEVELOPMENT 

Oi l and gas explorat i on began i n  the Alaskan Arc t i c  i n  1901 when 
the U . S .  Geolog i c al Survey ( USGS ) began surface as ses smen ts . In 1904 , 

1Es t imate i s  expres sed i n  total hydrocarbons ,  b i ll i on barrels  of o i l  
equ ivalent ( gas convers i on 5.6 t r i l l i on cub i c  feet , TCF , per b i l l i on 
barrel s ) , and i s  based on a "r i sked mean assessment" of responses by 
17 organ i zat i ons surveyed by the NPC . 

1 

Copyright © National Academy of Sciences. All rights reserved.

U.S. Capability to Support Ocean Engineering in the Arctic
http://www.nap.edu/catalog.php?record_id=19426

http://www.nap.edu/catalog.php?record_id=19426


oil seeps were found on what is now the Rational Petroleum Reserve in 
Alaska (gpRA) , a 23. 6�llion-acre area. In conjunction with civilian 
drillins contractors, the u.s. Ravy conducted seolosical mappins and 
exploratory drillins from 1923 throush 1926 and extensively from 19•• 
throush 1953. Rine noncommercial oil and aas fields were discovered. 

In 196•, the state of Alaska besan leasins land on the Rorth 
Slope, and in 1968, the Prudhoe Bay oil field was discovered on state 
land east of the gpa&. Construction of the Trans-Alaska Pipeline 
System (TAPS) began in 197/J and was completed in 1977. CUrrent 
throushput is 1. 65 million barrels per day travelins at a speed of 
approximately 10 kilometers per hour, taking 5.5 days to travel from 
Prudhoe Bay to Valdez where it is taken by tankers to u.s. 
refineries. By the end of 1983, about 3 billion barrels of oil had 
been extracted. 

In the Alaskan OCS north of the Aleutian Chain, as of Hay 198/J, 
five federal lease sales have offered a total of just over 35 million 
acres for lease. Of this offered acreaae, a total of 2.7 million 
acres were actually leased for $3.8 billion. Leasin& will continue 
with 8.5 million acres being considered for offering in a sale in 
198•. Additional sales are tentatively planned through 1987 (see 
Table 1, paae 18). 

It is recoanized that the Arctic area includes other resources, 
notably, minerals in shallow coastal waters and coal deposits 
onshore. Transport of these minerals will be required when the 
resources are developed. These resources are not, however, subject to 
the same development pressures as oil and aas. ln&ineerin& problems 
related to development, such as port and ship designs, can be resolved 
with existing methods in time to support eventual utilization of these 
resources. 

BRGIRBBRIRG CORCBRNS 

The Arctic poses an ensineering challenge to the development and 
maintenance of successful oil and gas operations seasonally and 
year-round. Ice is of primary concern for ships and offshore 
structures. The annual extent and variations in the sea ice cover, 
ice movement, the numbers and sizes of pressure ridses and multiyear 
ice floes and ice islands, as well as methodolosies to estimate ice 
forces are among the factors that require continued data collection 
prosrams and experimental and theoretical research. Research on ice 
forces exerted on structures may result in large cost savinss based on 
use of less conservative design criteria. Rew developments in such 
areas as ice surveillance systems, specialized equipment and 
instruments for ice data collection, model testing, and ice properties 
testing will be important in the support of future exploration, 
production, and shipping activities, as well as in oil spill control 
technology. 

Commercial production of oil and gas in the u.s. Arctic at present 
consists of oil production from the Prudhoe Bay and Kuparuk fields and 
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sas produc t i on at Barrow . On the bas i s  of rel i able year-round 
operat i on s , a p i pel i ne acros s Alaska to an i ce-free port was chosen 
over tanker movement through the Northwe s t  Pas sage or throush the 
Chukch i and Ber i ng seas , as the means of transport i ng o i l  fro• the 
area . Wi th the d i scovery of o i l  and the pos s i b i l i ty of resource 
development in areas remote from the p i pel i ne came a renewed i n tere s t  
i n  i ce nav i gat ion for the support o f  development ac t iv i ty and future 
operat i ons  further offshore . 

In 1969 , the SS MANHATTAN , equ i pped wi th an i cebreak i ng bow , made 
a successful tran s i t  of the Northwe s t  Pass age . In the 1970s , the U . S .  
Coas t Guard con t i nued to operate i ts WIND Clas s i cebreakers to No.a 
and to the Ber i ng Strai t i n  winter ice . The del i very of two POLAR 
Class  i cebreakers allowed further study of ice  nav i gat i on through 
j o i n t  i ndus try and government programs that have been ongo i ng s i nce 
1979 . In February 1981 , the POLAR SEA completed a con t i nuous 
i cebreaking  pas sage from Nome to Po i nt Barrow , but was damaged on the 
return trip  and had to wi nter i n .  U . S .  i nformat i on on and exper i ence 
in year-round nav i gat i on in the Arc t i c  oceans  con t i nues  to be l imi ted . 

Tugs and barges are used almost exclus ively to lransport u.s. 
c argoes to the Ber i ng , Chukc h i , and Beaufort coastal areas because of 
the absence of deep-water ports  north of the Kuskokwim Delt a .  The 
ab i l i ty to use mar i ne t ransportat i on to des t i nat i ons  on the Chukch i 
and Beaufort area depends on i ce cond i t i on s . A new generat i on of 
spec i ally des i gned ves sel s , as well  as improved pred i c t i ve i nformat i on 
on i ce cond i t i on s , will  be requ i red to respond to o i l  and gas 
explorat i on and development demands . Revolut i onary new development s  
i n  i cebreaker and ice  transport ves sels  have been made i n  recent 
years , pr imar i ly by the F i n n i sh sh i pyards , for use in Canada and the 
Sov i et Un i on . 

Expans i on of Arc t i c  resource development will  c reate requi rements 
for new and i nnovat i ve transportat i on systems to carry produc ts to 
d i s tant marke t s . Succes sful operat i on requ i res careful des i gn of the 
fleet to meet performance requi rements . Des i gners need data 
descr i b i ng the i ce env i ronment as well as an unders tand i ng of s h i p  
performance and rel i ab i l i ty i n  ice . However ,  nontechn i cal barr i ers 
ex i s t that are economic , regulatory , and env i ronmental in nature . 

At present , there i s  no plan for extens i on of u.s. Coas t Guard 
search and rescue capab i l i ty support i ng mar i ne or mar i t ime operat i ons 
in the Arc t i c  reg i on , apart from current hel i copter serv i ces  based on 
Kodi ak or those operat i ng from an i cebreaker . Increased ac t i v i ty w i l l  
requ i re dependable and q u i c k  response c overage . 

The need for h i ghly accurate nav i gat i onal systems has become a 
s i gn i f i can t  concern for Arc t i c  offshore operators . Each of the 
avai lable sys tems has l imi tat i on s  in polar reg i ons . Commerc i al access  
to the Global Pos i t i on i ng Sys tem i n  1987 is  expec ted to resolve th i s  
problea . 

Major advances i n  unders tand i ng the geotech n i c al nature of the 
Arc t i c  seafloor have been made recently , but some phenomena , i nclud i ng 
subsea permafro s t  and overconsol i dated s i l ts , requ i re spec i al 
eng i neer i ng solut i ons  and further research . 
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Generally , the Arc t i c  offshore reg i on s  of Alaska have low 
se i smi c i ty ,  but a few areas near the Seward Pen i n sula and i n  the 
Beaufort Sea have h i gher level s .  Along the Aleut i an I s lands and ln 
the southern Ber i ng Sea , se i smi c i ty i s  very h i gh ,  warran t i ns long-te� 
mon i tor i n g . 

ENVIRONMENTAL CONCERNS 

It i s  ant i c i pated that con t i nued o i l  and gas development i n  the 
Arc t i c  w i l l  have an effec t on i ts phys i c al and b i olog i c al 
env i ronment .  A subj ec t of concern and controversy has been the 
potent i al effec t that o i l  and gas ac t iv i t i e s  may have on the resi on•s 
f i sh ,  w i ldl i fe ,  and mar i ne mammal s , espec i ally the bowhead whale , an 
endangered spec i e s . Such ac t iv i t i es may cause no i se d i s turbance and 
alter the coastl i ne through c auseway cons truc t i on . 

The pos s i b i l i ty of a maj or o i l  s p i l l  and i t s effec t s  represents  
one  of the  greates t  env i ronmental concerns . Government and i ndustry 
have adopted some meas ures to mi t i gate the effec ts  of an o i l  spi ll , 
but effec t i ve o i l  spi ll cleanup i n  broken i ce rema i ns a ser i ous 
problea . 

Three bas i c  types of envi ronmental i nformat i on need to be 
developed further for Arc t i c  operat i ons : ( 1 )  basel i ne and mon i tor i n& 
i nformat i on on wi ldl i fe demograph i c s  and behav i or ; (2) i nformat i on on 
the hazards to s t ruc tures posed by the env i ronment ;  and ( 3 )  
i nformat i on on changes to the env i ronment generated by i ndus tri al 
operat i on s  and s truc tures . An extens ive ongo i ng effort to collec t 
i nformat i on on the Arcti c  i s  the Outer Cont i nental Shelf Env i ronmental 
As ses sment Program ( OCSKAP ) , conduc ted by the Nat i onal Ocean i c  and 
Atmospher i c  Admi n i s trat i on ( NOAA ) for the Mi neral s  Management Serv i ce 
( MMS ) . In add i t i on ,  other projec t s  are be i ng conduc ted under the 
Nat i onal Sc i ence Foundat i on ' s s upport , Sea Grant , and other 
env i ronmental dat a are be i ng acqu i red and analyzed by MMS and by 
i ndus try on a s i te-spec i f i c  bas i s . 

PUBLIC AND INTERNATIONAL ISSUES 

At present , the Un i ted States i s  evolv i ng i ts Arc t i c  pol i cy 
through a current rev i ew of i s sues i n  U . S .  Arc t i c  pol i cy ordered by a 
pres i dent i al d i rec t i ve . Key elements lo be rev i ewed will  be the 
protec t i on of es sent i al secur i ty i nteres t s , the support of sound and 
rat i onal development , the promo t i on of sc i ent i f i c  research , and the 
promot i on of mutually benef i c i al i nternat i onal cooperat i on . ! The 

!Nat i onal Secur i ty Dec i s i on D i rec t i ve No . 90 , Un i ted States Arc t i c  
Pol i c y , Apr i l  14 , 1983 . 
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Arctic Research and Policy Act enacted by Consress in 1984 (P. L. 
98-373) provides the framework for plannin& and coordinatin& 
Arctic-related research. This report recommends that the Interasency 
Arctic Research Committee, which will be established in 
response to the act, be extended in its purview, by executive order, 
to encompass all sovernment nondefense support of u.s. Arctic offshore 
and coastal development. 

The federal sovernment also needs to expand its already beneficial 
cooperative technical relationships with Canada. In addition, efforts 
to improve cooperation with the Soviet Union in several areas of 
Arctic technolo&Y should be encourased. 

The development of Arctic oil and sas resources by canada has been 
of sreat interest to the United States as well as other countries. 
Canadian development has been particularly important in design and 
construction of Arctic offshore islands as well as marine and support 
systems. 

Also, the significant advances made by the USSR in Arctic 
transport, with their essentially year-round capability, provide a 
potential source of technical background for possible u.s. maritime 
Arctic operation. 

About 20 universities have engaged in lee, permafrost, and coastal 
Arctic research in recent years, while numerous others (up to 130) 
have conducted biological and ecological studies. University research 
and education are essential for a meaningful u.s. presence in the 
Arctic, since only the universities can produce new generations of 
Arctic researchers and engineers. Support of the universities is 
needed to allow them to train personnel and to produce sraduates 
familiar with ice and other Arctic problems, as well as to assure the 
continuity of centers of excellence for Arctic research. 

Arctic research is hampered by a lack of u.s. research vessels 
that can operate in ice-covered waters. Other data acquisition 
barriers also exist, such as the lack of a suitably equipped u.s. 
all-weather radar satellite covering the Arctic area. This situation 
will improve if the proposed European and Japanese synthetic aperture 
radar (SAR) satellites are launched and agreement is reached to 
establish a read-out station for them in Alaska. 

GOVBRRMBIT OBJBCTIVBS AID CAPABILITIES 

A sisnlficant capability for support of industrial and joint 
efforts in Arctic ensineerlng exists within the federal government. 
Several federal agencies have a role in determining the use of ocean 
and coastal Arctic resources. Summaries of their missions and 
services are provided in Chapter 4. Certain barriers exist to the 
development of this capability. Budgetary constraints limit the 
objectives and services to some degree and inhibit long-term 
commitment. Improvements in coordination among the various agencies 
with Arctic prosrams are needed. A framework for encouraging this 
lnterasency coordination in research has been provided by the Arctic 
Research and Policy Act of 1984 . 
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JOINT RESEARCH SPONSORSHIP AND PARTICIPATION 

The log i s t i c s  expense of conduc t i ng Arc t i c  research i s  such that 
cost-shar i ng arrangements are often found . Th i s  i s  par t i cularly true 
for collec t i ng and analyz i ng i nformat i on commonly needed by all 
operators .  The c r i t i c al aspec t s  of mak i ns a j o i n t  progra. succes sful 
for all part i es are mul t i fold . A need mus t  ex i s t ,  and the i nfo�t i on 
mus t  have a value , i n  the v i ew of each part i c i pant , that i s  
commensurate wi th i ts cost ; there mus t  be flex i b i l i ty i n  des i sn i n& tbe 
program to meet the needs of each sponsor ; and the effort mus t  not 
v i olate an t i trus t laws when i ndus tr i al organ i zat i ons  are i nvolved . 
Jo i nt proj ec t s  may i nvolve several organ i zat i ons  wi th i n  i ndus try as 
well as government and i ndus try . Three j o i nt programs are described 
i n  Append i x  D .  
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CORCLUSIORS ARD RECOMMEIDATIORS 

The committee, tbroush its review of information provided by u.s. 
and Canadian industrial orsanizatlons and associations, government 
aseneies, and universities, developed the followins conclusions after 
its deliberations. The recommendations that follow the conclusions 
are not intended to relate to the conclusions on a direct one-for-one 
basis. 

CORCLUSIORS 

Engineering Concerns 

1 .  The oil and gas industry bas demonstrated safe drllllns operations 
to a water depth of 30 metersl in a sea lee environment while 
employing bottom-founded platforms. Also, industry has indicated, 
throush publications, research prosrams, and engineerlns analyses, 
that the teehnolosy is available to design, construct, and operate 
resource recovery systems in most of the Berins Sea and to water 
depths of as much as 100 meters in the Beaufort Sea. 

2 .  Industry assessment of resource exploration and development 
capability in the Arctic is based, in part, on the experience 
salned from Canadian and U. S. operations as well as on numerous 
enslneerlng and data gatherlns prosrams carried out under the 
auspices of the Alaska Oil and Gas Association (AOGA) and the 
Arctic Petroleum Operator's Association [Canada) (APOA). These 
activities are supplemented by individual company prosrams and 
other joint industry efforts. Government and academic sroups have 
completed or have onsolng physical and environmental programs to 

loame Petroleum Ltd. has drilled to water depths of 30 meters, using 
their Single Steel Drilling Caison (SSDC), in exploratory drllllns 
operations durlns the winters of 1982-1983 and 1983-198• . 
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acqu i re and analyze data affec t i ng eng i neer i ng des isn and 
operat i ons . Industry , governmen t ,  and academi a i n  the Un i ted 
States and i n ternat i onally have senerally adequate prosr..a for 
the con t i nued evolut i onary deve lopment of mater i al s  technolosJ and 
s t ruc tural and process  des i gn needed to support prospec t i ve 
development . Add i t ional i ce , oceanograph i c , .ateorolos lc , and 
sea-bottom sed iments data w i l l  be needed to improve and opt lal ze 
des i sns , to bet ter plan and schedule offshore operat i ons , and to 
improve des i gn mars l n s . 

3. Improved understand i ns of sea i ce behav i or at di fferent scales-­
over l arse areas ( tens to hundreds of k i lome ters ) ,  i nte�d i ate 
( tens of meters of ki lometers ) ,  and small areas ( tens of 
cen t i meters ) -- i s  needed . However ,  the development of a r i gorous 
comprehens ive theory for the mechan i c al behav i or of sea lee may 
not be forthcom i ng . Parts of th i s  problem have been addres sed and 
solved for spec i f i c  c ases on an eng i neer ing bas i s  as needed . 
Long-term fund i ng i s  requi red to prov i de a cont i n u i ng and 
effect ive research bas i s  for i ce mechan i c s  research . 

4 .  Permafros t  and other geotechn i cal phenomena present hazards to 
offshore platforms , and p i pel i nes offshore and mus t  be taken i n to 
ac count when evaluat i ng the techn i c al and economic  feas i b i l i ty of 
s t ruc tures . The capab i l i ty to make s i te-s pec i f i c  permafros t  and 
geotechn i cal measurements i s  adequate . 

5 .  Con s i derable se i sm i c  explorat i on survey data are ava i l able . The 
bas i c  techniques used i n  temperate zones appear to be appl i c able , 
al though the cos t s  of Arc t i c  operat i on s  are h i gher . 

6 .  Mos t  of the Arc t i c  ocean areas , wi th the except i on of those 
adj acent to the Al aska Pen i nsula and the Aleut i an Islands , are not 
very ac t ive se i smi c ally , and earthquake-rel ated effec ts do not 
control s t ruc tural des i gn i n  areas under developmen t .  The 
southern Ber i ng Sea , however ,  i s  s uff i c i ently close to the 
con t i nen tal plate marg i n  to be s t rongly i nfluenced by se i sm i c  
ac t iv i ty .  Therefore , safety and s truc tural econom i c s  could be 
enhanced by acqui r i ng add i t i onal se i sm i c  data on the Al aska 
Pen i nsula and Aleut i an I s l ands . 

7 .  The lack of a s u i tably equ i pped U . S .  al l -weather radar satel l i te 
cove r i ng the Arc t i c  area i nh i b i t s  the collec t i on of needed dat a  to 
pred i c t  i c e  movements  and the i r  effec t s  that are v i tal to Arc t i c  
development . Both long-range analys i s  and pred i c t i on and improved 
real-t ime i n format i on rely on s uch a satell i te .  Output from 
future European and J apanese synthe t i c  aperture radar ( SAi ) 
satell i tes  j ust i fy con s truc t i ng a su i table read-out s t at i on i n  
Al aska , the only loc at i on o n  U . S .  so i l  where SAR s atell i te data 
can be  i ntercepted from the  Ber i ng , Chukch i ,  and Beaufort seas . 
Even though the coverage from th i s  satell i te i s  l imi ted by power 
cons tra i n t s  ( 8  mi nutes per 100-mi nute orb i t ) , the e s t abl i shment of 
an SAR rece i v i ng s t at i on in Alaska i s  of h i ghes t  pr i or i ty .  
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8 .  There i s  a need for a research ves sel , e i ther leased or as a new 
cons truc t i on ,  to support sc i en t i f i c  research; acqu i s i t i on and 
analy s i s  of eng i neer i ng-related data concern i ng i c e  forces , 
charac ter i s t i c s , and mechan i c s , would al so benefi t  fro• the 
avai l ab i l i ty of s uch a ves sel . The Nat i onal Sc i ence Foundat i on 
bas commi s s i oned the des i gn of s uch a ves sel , but con s t ruc t i on 
rema i n s  uncertai n .  The commi t tee was unable to i dent i fJ clear 
req u i rements support i ng the large i nves tment s  for a new sh i p ,  but 
i t  was noted that the plann i ng and i n i t i at i on of some long-te� 
research depends on guarantees of ves sel avai lab i l i ty over several 
years . At presen t , all i ce-qual i f i ed research ves sels are of 
fore i gn reg i s t ry .  

9 .  Wh i le the s upply of Arc t i c-or i ented college techn i c al graduates 
appears to fall short of proj ec ted needs , i ndus t ry i s  c urrently 
.aet i ng the requ i rements  by us i ng the trad i t i onal d i s c i pl i nes  wi th 
on-the-j ob trai n i ng .  Industry bas the resources and technology to 
carry out explorat i on programs . However , i n  the even t of 
s i gn i f i cant Arc t i c  d i scover i e s  there will  be a shortage of 
Arc t i c-qual i f i ed eng i neers and techn i c al personnel to support 
developmen t eng i neer i ng ,  con s t ruc t i on ,  and product i on s tartup . 
Current i nd i c at i on s  are that i ndustry i s  i nc reas i ng s upport to 
un i vers i ty Arc t i c  programs , reflec t i ng recogn i t i on of th i s  
long-term need . 

10 . The c apab i l i ty ex i s t s  to develop mar i ne tran s portat i on sys tems , 
i nclud i ng port fac i li ties , that may be requi red i n  the Arc t i c . 
Further development mus t  be based on an i ndustry analys i s  of needs 
for spec i f i c  o i l  f i eld development , f i eld s i ze ,  locat ion , 
development t ime ,  and cos t . Traff i c ab i l i ty s t ud i e s  and ter. i n al 
des i gn s  are a neces s ary i nput to th i s  proce s s . Fi eld development 
t ime scales allow adequate lead t ime for develop i ng spec i f i c  
assoc i ated transport sys tems . 

11 . The commi t tee concurred wi th the eng i neer i ng and techn i c al 
recommendat i on s  of earl i er s t ud i e s  concern i ng research rel ated to 
Arc t i c  ocean eng i neer i ng and offshore development ( referenced i n  
Append i x  A) , wi th several except i on s . In regard to mar i t i .a  
serv i ce s  to s upport polar resource development ( NRC , 198la ) ,  the 
commi ttee con s i ders that test ves sels , s uch as the 
small-to-medi um-s i zed o i l  t anker and correspond i ng local terainal 
fac i l i ty ,  are not needed and could be a cos tly way to develop 
spec i al techn i c al and econom i c  dat a .  In add i t i on ,  the comm i t tee 
does not concur wi th the des i gnat i on of a s i ngle agency 
respons i ble for }mplement i ng all government-supported ac t i v i ty 
related to Arc t i c  ocean and offshore development . However ,  the 
commi ttee does concur i n  a lead agency respon s i b i l i ty for 
coord i nat i on of plann i ng ,  s uch as i s  s t i pulated by the recent 
Arc t i c  Research and Pol i c y  Ac t for research plann i ng . 

9 

Copyright © National Academy of Sciences. All rights reserved.

U.S. Capability to Support Ocean Engineering in the Arctic
http://www.nap.edu/catalog.php?record_id=19426

http://www.nap.edu/catalog.php?record_id=19426


12 . It  is observed that technical personnel workins in Arctic research 
are cooperatins effectively on a case-by-case basis ; 
communications appear to be workins well on an individual baais , 
as well as throush seminars and conferences. The committee noted 
that cooperation in Arctic offshore development between the u.s. 
and Canadian ensineerins and technical communities baa been 
viaorous and effective. This beneficial relationship has been 
encouraaed throuah industrial associations, as well as throush 
intersovernmental aareements. It is equally notable that there is 
little interaaency coordination in the lons-ranse plannins of 
sovernment research, losistics, and budsetins for Arctic offshore 
application. It  is also noted that there is no aovernment focal 
point for Arctic engineerina-related research and technical 
support to encouraae sovernment-industry coordinated research and 
development. 

13 . Additional Arctic ensineering laboratory test tank facilities are 
not needed. However, specialized facilities essential to trainin& 
and education in universities will be required. 

1• . The needed research, such as in ice mechanics and ice dynamics, 
icebreakins techniques, subsea permafrost, and seotechnics, will 
require individualized field support facilities for each specific 
project . 

Environmental Concerns 

1 .  There is a need to address the potential effects of Arctic 
operations on marine wildlife in the area. The effect of man-made 
noise on Arctic wildlife is a major concern of Alaska natives, who 
rely on that wildlife for their subsistence or as a part of their 
culture. The number and intensity of noise sources will increase 
as exploration and development proceed. Continued research, such 
as that sponsored by the Minerals Manaaement Service, is needed to 
determine the nature and extent of noise effects, whether 
additional mitiaation measures are needed, and, if so, what 
measures should be applied. 

2 .  There is broad recognition among industry, government, and 
environmental interests that there is a sisnificant oil spill 
response capability in solid ice and open water conditions 
(limited by sea state). However, there is not a consensus by 
industry and federal, state, and local governments on the adequacy 
of oil spill technology in broken or newly formed ice. This lack 
of consensus is a current constraint on Arctic operations. 
Government research in this area has been sisnificantly reduced. 
The Coast Guard continues to have primary responsibility for the 
coordination of government activities to protect the marine 
environment from pollution resulting from oil spills, includins 
associated research on cleanup. 
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Publ i c  and Internat i onal I s s ue s  Affec t i ng Developmen t 

1 .  The primary cold reg i on emphas i s  of the federal government has 
been on An tarc t i ca and on polar defense needs, rather than on 

Arctic resource development, des p i te such programs as OCSBAP . 
Long-term Arcti c research and development programs have largely 
d i sappeared from federal agency budge ts, when the need for 

env i ronmental and eng i neer i ng data i s  expand i ng rapi dly i n  the 
Arc t i c . The d i ff i culty and amoun t of t ime requ i red i n  the Arc t i c  
t o  get s i gn i f i cant s e t s  o f  env i ronmental data o r  t o  conduc t a 
ser i e s  of eng i neer i ng and sc i ent i f i c  research s tud i e s  cannot be 
overemphas i zed . 

Government Obj ec t i ve s  and Capab i l i t i es 

1 .  Program plann i ng coord i nat i on i s  needed among government agenc i es 
and de s i rable between government and i ndus try to avo i d  dupl i cati on 
of cos tly programs . 

2. There i s  a need for con t i nued cooperat i ve efforts be tween i ndus try 
and the government agenc i e s  i nvolved in the polar reg i ons ; th i s  i s  
part i cularly t rue i n  conduct of prelease stud i e s  and i n  the areas 

of common goal s .  The expense , t ime ,  and d i ff i cul ty of Arc t i c  
research makes pool i ng o f  effort of maj or importance i f  eng i neers 
and sc i en t i s ts  are to develop a real i s t i c  and effec t i ve 
unders t andi ng of the offshore Arc t i c  env i ronmental fac tors . 

3. The sh i ft of  i cebreaker fund i ng away from the Coas t Guard to 
"user" agenc i es may j eopard ize long-term i cebreaker s upport and 
has di scouraged i cebreaker technology development and future 
capab i l i ty .  Th i s  technology development i s  h i ghly 
cap i tal- i ntens i ve and has a very long lead t i me .  The overall 
technology development may then become i nadequate to meet  future 
overall needs . Th i s  i s sue i s  exacerbated by the lack of 
i ce-capable U . S .  research vessel s . 

4. The Coas t Guard c urren tly does not have nor does i t  plan to have a 
de s i gnated Arc t i c  search and rescue c apab i l i ty beyond hel i copter 
serv i ce , based at Kod i ak ,  wh i ch can use refuel i ng locat i ons  on the 
Ber i ng ,  Chukch i ,  and Beaufort coas t s . The reg ion presen t s  spec i al 
problems , and s i gn i f i can t  expan s i on of offshore ac t i v i ty may be 
expec ted to place new demands on the agenc y . 
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UCOIIMBIIDATIORS 

1 .  The Administrat ion should put in place a process for assurins that 
Arctic offshore and coastal resources research and development 
programs of all federal agenc ies are an integral component of and 
consistent with overall pol ic ies , priorities , and national goals 
for the Arc tic ocean regions . Acceptance at appropriate pol icy 
levels that integrated Arctic ocean research and development is a 
critical and identif iable element of national pol icy will 
facili tate the es tablishment of more real istic funding levels 
wi thin the federal budgetary framework . This process has been 
ini tiated by Rational Securi ty Dec is ion Direc tive Ro . 90 
(April 14 , 1983) . 

2 .  The designat ion of a single lead agency responsibility for all 
nondefense government engineering and logist ical support for 
Arctic marine ac tivi ties does not appear to be feasible . The 
issues and jurisdiction responsibil i t ies are too complex to permit 
this to be effec t ive . A bet ter approach could be an Arc tic 
coordinat ins counc il of senior dec is ion-makins officials from the 
concerned agenc ies, inc luding a representative from the Office of 
Management and Budget (OKB). 

The Arctic Research and Pol icy Ac t of 1984 (P . L .  98-373) , which 
was s igned into law July 1984 , provides the framework for an 
Interagency Arc t ic Research Pol icy Committee , which would provide 
guidance to agenc ies in planning , budget ing , and implementins 
Arc t ic research only ; the Rational Sc ience Foundat ion (&SF) is 
designated as the lead agency in this planning and coordinat ion 
role . The coordinat ing counc il  recommended in this report would 
focus on al l government services and development ac tivities 
direc ted to the Arc t ic offshore , and is not l imited to research . 
I t  is noted that the " Interagency Arc t ic Research Pol icy 
Committee , "  set forth by the Act , wil l  inc lude all the interested 
operat ing , as well as research , agenc ies . Accordingly , the 
coordination recommended by this study might be accompl ished by 
extending the func t ional responsibi l i ty of the "Interagency Arctic 
Research Pol icy Committee" by execut ive order , thus avoiding the 
creation of another committee . 

3. Areas for priority attent ion by the coordinating counc il are : 

e The development and es tabl ishment of a long-term data 
gathering and analys is system to support bas ic knowledge of 
ice , inc luding oceanographic and climatic processes in the 
polar region . This should inc lude a cont inuat ion of 
ocean-surface-posi tioned measuring systems as wel l as polar 
orbit ing satell i tes and real-t ime read-out s tat ions . 
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e The jo i nt Navy-NOAA i ce-forecas t ln& ac tiv i ty should be 
supported wi th a v i ew to expand l nc the type , accuracy , and 
t iael l ne s s  of the lee  coverace i nformat ion avai l able in  
1upport of i ndus t r i al research ac t ivities  i n  the Arc t i c  
rec i on . The requ i rements for data on l ee coverace and type 
wi ll  chance as the development of the rec l on i nc reases or 
sh i fts . 

• A comprehen s i ve review and d l s semlnal l on of avai lable data 
and analyses and con t i nued research i n to the effec t s  of 
humanly- i nduced no i ses  on the l lv l nc resources of the Arc t i c  
should be conduc ted . Resul t s  should be used t o  establ i sh 
real i s t i c  no i se l imi tat i on s  on sys tems development and 
operat ion .  

• lnc l neer l nc development should al so be con t i nued wi th 
covernment suppor t in the followl nc areas : 

e Icebreak l nc for surface support sys tems ; 
e Se i smic  mon i tor l nc for h l &h-r l sk rec ions ; and 
• Ice mechan i c s  l nve s t l cat l on s , l nclud l n& research on the 

effec t s  of lee  forces on f i xed s t ructure s , both in the 
laboratory and i n  the f ield , wi th lone-term support .  

4 .  The Coas t Guard should be prov ided funds to replace the ex i s t l n& 
40+-year-old i cebreakers . Plann l nc , authori zat i on ,  and 
cons truc t i on i s  a 7- to 10-year task that mus t be s tarted wel l  in  
advance of  major Arc t i c  development . These sh i ps are needed for 
search and rescue , as wel l  as for other Coas t Guard mi s s ions . The 
con s t ruc t i on and mai ntenance of i cebreakers i s  a lone-term , 
nal l onal secur i ty commi tment of the covernment and i t  should not 
rely on cons truc t i on i n i t i at ives by i ndus try , wh i ch are based on 
short-term operat ional requ i rements . 

5 .  Spec i al efforts should b e  made t o  expand u s e  of ex l s t i n& federally 
funded ves sels  for research purposes i n  l ee-covered u.s. Arc t i c  
waters . Only the u.s. Coas t Guard ( USCG) i cebreakers fall i n  th i s  
c atecory for use i n  the Arc t i c ; however , these ves sels  have 
l imi ted sc i en t i f i c  c apabi l i ty and are ded i c ated to other 
mi s s i on s . Therefore , a ded i c ated polar research ves sel should be 
bu i l t  or chartered . 

6 .  Further research on o i l  s p i l l  cleanup i s  necessary to evaluate the 
operati onal effec t ivenes s  of  avai l able technoloc ies  and to develop 
new technoloa i e s  for severe lee cond i t i on s . The current level of 
covernment fund i n& for plann i nc, research , and developmen t of 
s p i l l  response sys tems for the Arc t i c  should be i nc reased . The 
effort should be focused on ach l ev l nc measurable c r i ter i a  for 
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judgi ng the extent and degree of c leanup to form a bas i s  for 
agreement among all part i e s , i nclud i ng the o i l  i ndus t ry , and 
federal , s tate , and local governments . 

1. In  v i ew of the ant i c i pated shortage of qual i f i ed personnel to 
support a major expan s i on of Arc t i c  ac t i v i ty , i t  i s  recoamended 
that both i ndus t ry and government cont i nue and expand support to 
univers i t i e s  for Arc t i c -related programs , includ i ng research , 
sympos i a ,  and techn i c al courses or add i t ions to courses . Through 
th i s  ac t i on , focused graduate programs c an be developed that wi ll 
as s i s t in provid i ng competent eng i neers and sc ient i st s  to resolve 
the development problems wi th the requ i red Arc t i c  offshore and 
ocean resources .  
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ALASKA AND NORTHWEST CANADA Geographical Locations of Reference 

ARCTIC OCEAN 

Chukchi Sea 

Lla�� 1sf;�� 

Bering Sea 
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lNTRODUct�ON 

Development of enersy resources i n  the u . s .  Arct i c , north of the 
Alaska Pen i nsula and the Aleut i an Islands , i s  of c r i t i cal importance 
to the nat i on .  Th i s  need ra i ses  concerns about the nat i on's 
sovernmental and i ndustr i al capab i l i ty to prov i de the phys i c al and 
personnel support for offshore ocean ens i neer i ns , techn i c al 
operat i ons , and s upport i ns research . Today , coas tal o i l  resource s at 
Prudhoe Bay accoun t for over 1 7  percent ( 1 . 5  mi ll i on barrels per day ) 
of the o i l  produced from u . s .  lands , and i t  i s  e s t imated that nearly a 
th i rd of th i s  reservo i r  i s  depleted . l The Nat i onal Petroleum 
Counc i l  C NPC ) est imates that the u . s .  Arc t i c  may encompas s as much as 
40 percent of the total und i scovered recoverable o i l  and sas resources 
rema i n i ns wi th i n  the Un i ted States C NPC , 1981 ) .  The NPC ' s est imates 
al so i nd i c ate that over 70  percent of th i s  Arc t i c  o i l  and sas 
potent i al may be offshore . 

S i z  federal lease sales have been held s i nce 1979  for Arc t i c  
offshore areas , i nc lud i ns three i n  the Beaufort Sea and three i n  the 
Ber i ns Sea . The lease areas l i s ted i n  Table 1 are shown on Fi sure 1 ,  
wh i ch i dent i f ie s  subres i on s  and plann i ns areas . 

Alaskan s tate land lease sales reflec t s im i l ar ac t i on s  and plans 
to move i nto offshore sec tors . State submersed lands north of Prudhoe 
Bay and i n  the Flaxman I s l and/Cann i ns River area were leased i n  1982 . 
A Beaufort Sea sec tor was leased i n  1983 ( s ale #39 ) , and two more 
Beaufort Sea s ales are planned ( 1984 and 1987 ) . 

Several cond i t i ons , wh i ch al so fo� the bases  for j udsaen ts  aade 
i n  th i s  report , are impl i ed i n  s tate and federal sovernment lease sale 
plann i ns .  They are as follows: 

• Technolosy and prac t i c e  are adequate to safely provi de and 
operate the nec e s s ary fac i l i t i es  for acqu i r i ns and 
transport i ns Arc t i c  offshore o i l  and sas as well as sand and 

1source of e s t imate s : u . s .  Department of the Inte r i or , Mi neral s 
Kanasement Serv i ce, July 1984 . 
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TABLE 1 u.s. Department of the Inter i or Offshore Leas i ng 
Schedule , 19 79-1987 

Lease Date 

1979  

1982 

1983 

1984 

1985 

1986 

1987 

Sale # Area 

BF Beaufort Sea ( now called Di ap i r  Field) 
7 1  D i ap i r  F i eld ( Beaufort Sea )  

5 7 Norton Bas i n  ( Be r i ng Sea) 

70  St . George Bas i n  ( Ber i ng Sea ) 

83 Navar i n  Bas i n  ( Ber i ng Sea )  
8 7  D i ap i r  F i eld ( Beaufort Sea )  

89 
92 

100 

107 
97 

101 
109 

D i ap i r  F i eld--sand and gravel ( Beaufort 
Sea ) 

( sale on bold ) 

St. George Bas i n  ( Ber i ng Sea ) 
North Aleut i an Bas i n  (Ber i ng Sea) 
Norton Bas i n  ( Ber i ng Sea ) 
Ber i ng Sea--sand and gravel ( sale on bold) 

Navar i n  Bas i n  ( Be r i ng Sea )  
D i ap i r  F i eld ( Beaufort Sea) 

St . George Bas i n  (Be r i ng Sea) 
Barrow Arch ( Chukch i Sea ) 

SOURCE : U.S. Department of the Inter ior , F i nal 5-year OCS O i l  and Gas 
Leas i ng Schedule , updated by Off i ce of Info�at i on Serv i ce s , Kay 24 , 
1984 . 
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Beaufort Sea 
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PIGURI 1 Subrecions , planninc areas , and proposed outer continental 
shelf lease sales . 

SOURCE : u.s. Depart.ent of the Interior , Minerals Management Service . 

19 

Copyright © National Academy of Sciences. All rights reserved.

U.S. Capability to Support Ocean Engineering in the Arctic
http://www.nap.edu/catalog.php?record_id=19426

http://www.nap.edu/catalog.php?record_id=19426


gravel resources . Safety of personnel should be at least 
equivalent to operations in other u.s.  offshore areas . 

• Offshore operations can be respons ive to public law and lease 
stipulat ions protec ting ocean l iving resources , wildlife , and 
the environment . 

• The schedule of leasing is not expec ted to be delayed or 
accelerated signif icantly by sudden world market changes or 
s tresses . 

While the development of energy resources in the u.s.  Arctic ocean 
areas are the princ ipal focus of Arc tic engineering ac tivit ies , the 
l iving resources of the Arctic seas are important to the nat ion . The 
Bering Sea contains one of the world ' s  maj or ground f i sh resources , 
Alaska po l lock . Other valuable fish caught are salmon , hal ibut , king 
and tanner crabs , Pacific cod , and sable fish . The optimum yield ( an  
estimate based on bioloaical data) for ground f ish spec ies i n  1982 was 
1 . 58 mil l ion metric tons . Until  the Magnuson Fishery Conservation and 
Management Ac t was passed in 1976 , almost the ent ire catch was by 
foreign vessels . The u . s .  catch of ground fish from the area , 
original ly less than 100 metric tons annually , reached approximately 
110 , 000 metric tons in 1982 . 

Another Alaskan Arctic resource cons ists of bard minerals .  
Several minerals and metals are known to exist as placer deposits , 
usually at water depths less than 15 meters , along the Bering and 
Chukchi seacoasts . The resources inc lude platinum , tin , chromium , 
tungsten , and gold . 

Alaska ' s coal resources are perhaps equal to those of the rest of 
the United States , but only a small part of the coal is recoverable 
wi th present technology , and even less can be produced at a prof it , 
according to a report by the •at ional Research Counc i l  (.aC , 1980 ) . 
Bxcept for coal deposits in the •ortb Slope Bas in and near Point Hope , 
most Alaskan coal would be shipped by land routes or from ports on the 
Gulf of Alaska . 

Since 1980 , several studies and reports publ ished by government 
agenc ies , the .ac , and the IPC have addressed broad issues of u.s. 
Arc t ic development ,  largely focus ing on oil  and gas resources . 
Appendix A summarizes the maj or , technically related f indings and 
conc lusions of these reports .  

Three other government studies of Arctic problems are being 
conducted , one by the Coast Guard to assess the requirements for polar 
icebreaking service during 1985-2000 , another by an interagency Arctic 
Pol icy Commi ttee in response to an execut ive direct ive to review 
Arctic policy , and a third study by the u . s .  Congress , Off ice of 
Technology Assessment (OTA) . The OTA study assesses Arctic and 
deepwater oi l and gas from technological and economic viewpoints . 
Although these studies were not published or avai lable at the time the 
commi ttee was complet ing its assessments , the agenc ies have been 
cooperat ive in discussing informat ion that would be helpful to the 
commi ttee . 

The study of polar icebreaker requirements is  being undertaken at 
the direc tion of the Off ice of Management and Budget (OKB ) , which bas 
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charced an interaiency pol icy committee ( i . e . , Department of 
Transportation ,  Coast Guard , Maritime Administration , Department of 
Defense , Rational Science Foundation , Rat ional Oceanic and Atmospheric 
Administration , and OKB) to develop an analysis  of polar icebreakin& 
requirements for the balance of the century , and to provide 
recommendat ions on how many polar icebreakers may be required and how 
they should be budseted and developed . This study is to be completed 
in 1984 . The Coast Guard is responsible for the conduct and 
coordination of the s tudy , which wil l  provide a forecast of industry 
and sovernment requirements , an assessment of user al ternatives , and 
development of f inanc in& recommendat ions . 

The second maj or interasency Arctic-related study , now underway 
under State Department auspices , is a two-phase review proj ec t in 
response to the Rat ional Security Decision Directive Ro . 90 , issued on 
April 14 , 1 98 3 ,  which reques ted a report on ways to coordinate U. S. 
activi ties in the Arctic resion with those of other countries 
borderin& on the Arctic Ocean , and to identify federal services needed 
in the Arctic resion over the next decade , includin& relative 
priorities . 
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1 

B&GIIEBRI•c co•caaas 

Ensineerins to support successful operations in the Arctic must 
address ice , oceanosraphic , meteorolosical , and seafloor seolosical 
and seismic factors . The relat ive importance of each factor depends 
on the seosraphic area and the particular operation or structure of 
interest .  For example , ice forces constitute the primary desisn 
influence for structures in the Beaufort Sea , althoush wave effects , 
such as spray and overtoppins , are also a desisn considerat ion . On 
the other hand , waves and wave-borne ice comprise the primary desisn 
factors for production structures in the •avarin Basin .  

The primary amphasis of this chapter is on ice and its effects on 
offshore structures and ships . A description of the ice environment 
includes statistical descriptions of ice feature occurrence , ice 
fracture characteristics , and ice movement .  Ice mechanics addresses 
behavior of sea ice and ice features . Structure and ship 
confisurations must be des isned takins into account ice-structure or 
ice-ship interaction because ice loads and failure modes are 
structure-dependent .  Geotechnical factors , or soils behavior , are 
also essential elements in the evaluation of structural performance . 
Final des isn is based on these technical factors and on user 
requirements for operatins performance , assessment of acceptable risk 
and economics , and des isn codes and resulations . 

This chapter addresses technical issues related to the 
environmental factors affectins offshore operations i shippins 
operations i sea ice mechanics and ice forces i and seotechnics . 
Requirements , existins resources , and saps and deficiencies are 
described . 

OFFSHORE OPERATIO•s 

Ice Cover , Weather , and Ice Features 

Information on ice cover , weather , and ice features is needed to 
support icebreaker and over-ice transportation plannins . to assist 
plannins for open-water construction and supply operations , and to 
develop ice desisn criteria for fixed and floatins structures . 
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lee cover and weather lnfo�at lon bas been gathered bJ the U.S. 
NavJ s i nce the mld-1950s . Dur i ng the las t 10 Jears , these data have 
been used for pred i c t ion serv i c e s  for seal i ft operat ions in the u . s .  
Are t l e  and to support offshore explorat ion operat ions i n  the Canadi an 
Are t l e . More recently , emphas i s  bas been placed on develop i ng and 
improvi ng lee  surve i llance and forecas t i ng techn iques for operat i onal 
support . 

lee Cover 

lee cover , edge locat ion ,  and l ee concentrat ion vary cons iderably 
both Jearly and monthly . lnfo�at lon on these factors is  requ i red to 
plan operat ions  that cannot operate i n  al l types of lee 
concentrat ion s . These  would i nclude convent i onal tug and barge supply 
operat ions , convent ional dredg i ng operat i ons , float i ng dr i l l i ng 
operat ions , and the movement  of bot tom-founded structures . Two types 
of lnfo�at l on are needed : (1 ) h i s tor i c al data to as sess  the 
probab i l i ty of succe s s fully perfo�l ng an operat i on and to he lp plan 
i t ,  and ( 2 )  real-t ime data to ass i s t  the operat i on wh i le i t  i s  
cont i nu i ng . lee cover i s  character i zed by extreme i rregular i t ies  i n  
th i ckne s s , par t i cularly i n  the trans i t i on zone between the landfast 
and polar pack areas , where the i ee i s  cont i nually movi ng and 
deform i ng ( see F i gure 2 ) . S i gn i f i c ant seasonal and yearly var i at ions 
in the l ee cover also oeeur in the tran s i t i on zone . Satell i te imagery 
and photograph i c  s urvey i nformat ion bas been used systemat i c ally  to 
develop i ee cover data in the Beaufort and Ber i ng seas area s i nce the 
1970s . 

Pre s sure R i dges 

Both f i rs t-year and mul t i year pre s s ure r i dges , an i n tegral part of 
the regular i ee cover , are recog n i zed as be i ng potent i ally hazardous 
l ee format i ons . A knowledge of the i r  s i ze ,  geometry , and compos i t i on 
i s  needed when nav i gat i on i s  con s idered , because r i dges are the 
pr i nc i pal imped iments to the movement of ves sels , and they obs truc t 
over- l ee transportat i on .  Qual i tat i ve i nformat i on on pres s ure r i dges 
al so i s  requ i red to pred i c t  sea bottom goug i ng ,  wh i c h  would affect  
subsea p i pel i ne and produc t i on i n s tallat i ons . Mult i year r i dges  al so 
cons t i tute a maj or des i gn load for offshore structures . 

Early work to obta i n  r i dge he i ght stat i s t i cal dat a used 
convent i onal aer i al s tereo pbotogrammetr i c  techn iques to measure s a i l  
he i ghts  and employed upward-looki ng sonar measurements o f  keel s  by 
s ubmar i ne .  Sa i l  he i ght , locat i on ,  and r i dge or i entat ion s t at i s t i c s  
currently are measured along repre sentat ive "random" l i nes  over l arge 
areas us i ng aer i al laser prof i l imeter techn iques . Methods have been 
developed to e s t imate overall r i dge th i ckne s ses  from s a i l  he i gh t  
i nformat ion . On- l ee f i eld measurements have been used to determine 
r i dge compos i t i on . 

24 

Copyright © National Academy of Sciences. All rights reserved.

U.S. Capability to Support Ocean Engineering in the Arctic
http://www.nap.edu/catalog.php?record_id=19426

http://www.nap.edu/catalog.php?record_id=19426


A 
Mabile Polar Pede 1--- Land Felt Ice Ito 20 m by Marchi ---f 1oo1 ·-�;;;;:;.;.;�;,;,;;;,.�� 

Flo.tlng Felt Ice 
Felt Ice Zone 

--f � f-
Grouodlld Open Lelld 
F i rst Year R ldg� (Sometlmnl 

Floating Felt Ice Ex�llon 
-2� 

��::::::���==::����::==�����==�-=-::�-:� 

tt" ActM Tldel c,.kl 
C TFK81 of Fornwr Active Tldel Crac:kl 
Ft Ice Foot-Bottom Fat Ice Zone 
F1 Part of Fat Ice B._. Tldll er.ckl Touching Bottom at Low Tide 

LATE WINTER ICE ZONATION 
(AI..U a...fort S. Shalf) 

8 

FIGURE 2 A and 8 :  Kodela o f  eroaa-ahelf lee zonation in tbe Beaufort Sea durlns winter . 

SOURCIS : A :  Croaadale ( 19 7 7 ) ; 8 :  �ovaea and Sodhi ( 1981) . 
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Limited information exists on ridge keel distributions . Some 
submarine profile data in deep water are available . Upward-looking , 
bottom-supported sonar sounders also have been developed for tbe 
measurement of keel geometries . These techniques , however , have not 
been used extensively . 

Economical techniques to gather pressure ridge statistics ( i . e . , 
sail height , keel geometry , composition , orientation , and frequency ) 
over large areas are needed . It  would be desirable to have large 
quant ities of data over large areas to assess geographic and temporal 
variations . 

Ice Movements 

Ice movements during al l seasons are of interest in predict ing the 
probabi l i ty of encountering large ice features , def ining ice loads , 
and assess ing potential ice management concerns . Movements may occur 
throughout the year in the landfaat , transition ,  and pack ice zones . 
Movements in the landfaat ice zone , however , are smaller than those in 
the pack ice zone . 

Large early season movements of both thin ice and 1-year-old ice 
have a maj or ef fect on floating dri lling operations extended into the 
winter season . Once the ice sheet stabi l izes , the landfaat ice cover 
moves sporadically throughout the winter periods with movement 
increasing as ita outer edges are approached . Much larger movements 
occur in the trans it ion zone . During breakup much larger movements 
again occur , and during this period the concern about ato� surges and 
ice ride-up is moat acute . 

currently , l imited measurements of midwinter ice movements are 
made in the landfaat ice wi th bottom-anchored "wirel ine" measurement 
devices . Early season and breakup movements are measured using 
buoys . Low-coat techniques to measure movement accurately over large 
areas are needed for a better understanding of movements and for the 
development of more accurate modeling and prediction techniques . 

Multiyear Floes 

Multiyear ice f loes , both When embedded in the ice sheet durins 
winter and when f loat ing free during the summer , constitute a maj or 
design load for bottom-founded and floating fac i l i t ies . 

Mult iyear floe distribution frequencies and size statistics are 
obtained by airborne synthetic aperture radar ( SAR) and aide-looking 
airborne radar ( SLAR) techniques , Which can gather large quant ities of 
data over large areas . Data on floe thicknesses have been obtained by 
on-ice dri l l ing , impulse radar , electromagnet ic sensors , and acoustic 
techniques . An improved thickness measuring technique , one that can 
obtain data at lower costa , is desired to provide a better statistical 
data base . Floe movement ve loc ities during summer are measured by 
plott ing SAR/SLAR data taken at daily intervals . CUrrent work 
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indicates that mult iyear floe velocities are correlated and highly 
responsive to wind velocities . 

Improved systems are needed to monitor the size , paths , and 
velocities of multiyear floes into potential dri ll ing areas . Also 
needed is an accurate model to predict multiyear f loe velocities 
correlated with converted wind bindcasting techniques . It would be 
desirable to establish a real-time wind measurement network to 
determine accurate ground truth for such predict ions . 

Ice Islands 

Although infrequent , ice island frasments are found in the 
Beaufort Sea region . These originate from the Ward Hunt Ice Shelf on 
8ortbern Ellesmere Island , become trapped in the polar pack , and are 
carried southward in the mean circulation . They usually remain in the 
polar pack , but frasments sometimes enter the Beaufort Gyre and on 
occasion ground in water as shallow as 14 meters . A comprehensive 
proj ect to identify and track these ice features and study their 
properties as they move westward bas been initiated at the Univers ity 
of Alaska and is sponsored by the Department of lnersy . This activity 
is  being conducted in cooperation with Canada ' s  Department of Energy , 
Mines , and aesources . l 

Ice Forecasting 

The AIDJIX2 program bas developed an ice model that bas been 
adapted and modif ied by a number of offshore petroleum operators , as 
well as government agenc ies . One proj ect known as WIIBS (Winter Ice 
Experiment , Beaufort Sea ) involves the collection of data for early 
winter ice conditions and the theoretical development of a 
coarse-scale and f ine-scale ( 100 kilometers ) mathematical and computer 
model . Late-winter ice data are being added to thi s  program . Other 

lproj ect is titled "Development of Quanti tative Information on 
Arctic Ice Island and Sea Ice Movement and Mechanical Properties , "  
( Department of Bnersy contract DI-AC21 -83-MC2003 7 ) . 

2AIDJIX , the Arct ic Ice Dynamics Joint Experiment , was conducted by 
the University of Washington under the sponsorship of the aational 
Science Foundation , the Of f ice of aaval Research , the aational 
Aeronautical and Space Administration , and the u.s. Geological 
survey . Field work on a pilot basis  was done in 1972 and the main 
proj ect was conducted in 1975 and 1976 . The obj ective of AIDJIX was 
to seek a quantitative relationship between larse-scale stress and 
strain f ields in sea ice . 
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forecast 1104els have been developed at the U . s .  Ar:ay Corps of 
ln&ineers Cold Recions Research and Bncineerinc Laboratory (CRilL) 
(Hibler , 1979 ) and the Paci f ic Karine lnvironmental Laboratory . 3 

Improved ice forecastin& techniques will be extremely important in tbe 
support of future exploration , production , and shippin& activities . 
Work is underway by a number of petroleum operators to develop an ice 
model for preclictinc ice mot ion under summer and winter conditions . 
Dome Petroleum and Sohio have placed remote readout wind and current 
buoys to collect data for aidin& model development . Puture f ield 
procrams will focus on catherine data for further testin& , fine 
tuninc , and modifyin& of the models to attain operational form. Drift 
models , s imilar to the iceberc drift  models developed for the eastern 
Canadian petroleum areas , are under develop118nt for the mov .. nt of 
ice islands and larse , multiyear f loes in the Beaufort Sea . 

Ice SUrveillance Systems 

Sbip- and Aircraft-lounted Ra4ar Work is proceedinc toward the 
development of accurate and reliable instrull8ntation for the detection 
and characterization of hazardous ice durin& summer operations in the 
Beaufort Sea . Karina radar placed in elevated posi tions on dri llinc 
islands and vessels has been used in Canada to provide ice detection 
capabilities . Other proj ects have used aircraft with SAR or SLAR as 
operat ional ice manacement too ls . 

Puture research will  focus on the provision of operational ice 
detection services for proposed icebreakin& tankers and supply 
vessels . A li&htwei&ht SAR system mounted on vessel support aircraft 
is under development and is  intended to lead to the production of a 
system opt imized for airborne ice surveil lance to support drillin& and 
transportation operat ions . • 

Development of an ice hazard detection system to be used on ships 
also is p lanned in Canada . This proj ec t wi ll  result in the 
development of advanced marine radar as well as supplementary systems 
includin& acoustic , passive microwave , infrared , and optical systems . 

Buoys AIDJIX-supported contrac tors developed a satell i te-interrocated 
buoy that provides pos ition , meteorological , and oceanocraphic data . 
Presently , an Arctic basinwide operational network of buoys provides 
informat ion on larce-scale motion , deformation , and other features . 
These buoys serve as research as well  as operational tools useful in 

lcarol Pease , Pacific Marine Environmental Laboratory , Seattle , 
Washincton , personal communication , June 1983 . 

4A 750 kg-SAR system,  developed by Intera Technologies Inc . , 
Houston , Texas , has been employed in such operat ions from a land base . 
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ice forecastins . Their continued technical improvement as well as the 
maintenance of an Arctic basinwide operational network is a relatively 
low cost undertakins that has hisb priority in an assessment of the 
•ational Research Counci l ' s  Polar Research Board (.ac , 1983b) . 

Satellites Table 2 provides a list of remote-sensins satellites for 
Arctic coverase . Visible and infrared imasery from the polar-orbitins 
satellites of the 8ational Oceanic and Atmospheric Administration 
(UOAA) provides medium-resolution information on sea ice cover in 
cloudf ree areas . All�atber , day/nisbt synoptic information on ice 
concentration and on ice type ( first-year versus old) is provided by 
pass ive-microwave imasery obtained by RASA ' s •imbus-7 . This 
spacecraft was launched in 1978 with a planned one-year lifetime . 
However , the radiometers are still providins sood data , and they may 
continue operatins into the mid-1980s . The next senerat ion of 
microwave radiometers will f ly aboard a aeries of Defense 
Keteorolosical Satellite Prosram ( DKSP) spacecraft from 1986 into the 
early 1990s . 

The altimeter aboard •ational Aeronautics and Space 
Administration ' s  (RASA) seasat provided bisb spatial resolution 
information on ice�rsin posi tion and sea ice roushness in 1978 . In 
conj unction with data from wide-swath sensors , such as 
passive-microwave , altimeter data offer sreat promise for sea ice 
surveillance . Future altimetry missions include the u . s .  •avy • s  
Geosat ( to be launched in 1985 ) , the j oint •avy/•AsA/•oAA ..ass ( in 
1989 ) , and the European Space Asency • s  ( BSA) BRS-1 ( in 1989 ) . 

•o u . s .  satel lites are scheduled to carry a SAR durins this 
decade . However , !SA' s BRS-1 and Japan ' s  BRS-1 wi ll  carry SARa . 
Since data rates from an SAR are too bisb for on-board storase , data 
must be transmitted as they are acquired . Consequently , RASA proposes 
to establish an SAR receivins station in Alaska to collect  data from 
the Berins , Chukchi ,  and Beaufort seas . In conj unction wi th the BSA 
station at Eiruna , Sweden , and Prince Albert , Canada , this capability 
would provide the potent ial for all-Arctic coverase . It  should be 
stressed , however , that power constraints l�it total SAR coverase 
aboard !SA ' s BRS-1 to about 8 minutes per 100-minute orbi t .  

Availabi l i ty and Assessment of Resources 

u . s .  resources for monitorins ice characteristics and developins 
theoretical prediction techniques consist of satelli te-borne sensors 
and personnel from univers i t ies , the u . s .  Army Cold Resions Research 
and Bnsineerins Laboratory ( CRRIL) , the u . s .  •avy • s  Joint Ice Center, 
and consult ins firms that support industry . Several maj or oil  
companies also maintain sisni ficant in-bouse staf fs for Arctic 
ensineerins research . These personnel have broad backsrounds in 
materials science , instrumental techniques , and offshore and ocean 
ensineerins . 
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!DLI 2 Satellite a..ote 8enain& of the Polar h&lona 

llbaion Sponaor Senaora Appl lcatlona 

.IIIIUS-5 USA lllcrowave s .. lee con-
Radlo.eter centratlon 
(Mil) 

S&UAT llll Sea lee con-
centrat lon 

Synthetic Hlp-reao-
Aperture lutlon ••a-
Radar ( SAlt )  l e e  J.ua•ry 

Alt t.eter Sea lee extent 
(ALT )  anc1 rouahne•• • 

topoaraphy anc1 
extent of land 
lee 

Scatter- Wlncl vectora over 
o.eter open ocean 
( SCAT ) 

.IIIIUS-7 llll Sea lee con-
cent ration 
ancl type 

GIOSAT u . s .  ALT Sea lee extent 
IIAVY anc1 rouahne•• •  

topoaraphy ancl 
extent of lancl 
lee 

DIISP u . s .  llll Sea lee con-
( Dafen•• AIR centratlon 
Me teo�- PORe I/ ancl type 
loa leal IIAVY 
Sate l l i t e )  

DS-1 IUJtOPIQ ALT Aa for Seaaat 
SPACI SAa 
AGDCY SCAT 

DOSS u . s .  llll Aa for Seaaat 
IIAVYI ALT 
IJOAA SCAT 

DS-1 JAPD SAa Aa for Seaaat 

IWWlSAT CAJIADA SAa Aa for Seaaat 

SOUICI : RASA ,  Barth Sc ience and App l l catlona Dlvlalon . 
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Llfett.el 
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throu&h 
1976 
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1971 

1971-
a t i l l  
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tin& 
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1916 
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1990 
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USA 
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DavelopMnt of tech-
nlquea for proceaalna 
ancl analyalq the clata 
aeta . 

Data proceaalq of 
aeophyalcal par .. -
etera . 

Acqula l t lon , p�-
ceaaln& ancl analyala 
of clata over lee . 
Inveatlaat lon of 
potential for cle-
rlvlna new lee prod-
ucta fl"'OI ALT clata . 

Acqulal tlon , p�-
ceaa lq , archival , 
dbtrlbut lon ancl 
analyala of clata over 
lee . 
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c l l l ty ln Alaaka to 
acquire SAa clata ; pro-
ceaalna ancl analyalq 
theae clata . 

P�c••• · archive , ella-
tribute ancl analyse 
ocean-aurface vlncla . 

Proce•• lee para.etera 
f l"'OI llll ancl ALT clata . 

Ut i l ise Alaaka SAl 
recelvlq atatlon , a• 

. for ISA ' a US-1 . 

Aa above . 
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Ex i s t i ng s atell i tes , e . g. ,  Land1at and NOAA ' • AVHRRS , prov i de 
valuable ice  i nfo�at i on on a h i s tor i c al bas i s , but the i r  value to tbe 
Arc t i c  offshore operator i s  l imi ted by spat i al accuracy l im i t •  ( NOAA 
AVHRR ) , temporal coverage ( Landsat ) ,  vi 1 i b i l i ty res tr i c t i ons , and t iae 
lag i n  obtai n i ng data through normal proces s i ng procedures . 

Important for the development of concepti to aid actual operat ion• 
i n  the Beaufort Sea is the recogn i t i on that the edge of the ice  pack 
i s  qu i te i rregular , and d i ffers s i gn i f i c antly over t ime from the 
boundar i e s  shown in  the ice atlases . The 1 ame d i fference ex i s ts  
between images and atla1e1 i n  regard to i ce concentrat i on . Th i s  i 1  
due to the fac t  that the s atell i te imagerJ i s  es sent i al ly SJnopt i c , 
wh i le the curves shown i n  the atlases re1ult from 1 t at i s t i c al 
smooth i ng of many seasons of data , often obtai ned p i ecemeal . The 
satell i te imagery provide• observat i on of sea l ee behavior over l arge 
areas in real-t ime that can be developed i nto dynamic rather than 
stat i s t i c al model s .  

A better way of obtai n i ng h i gh-resolut i on i nformat i on i 1  to use 
SAR and SLAR. These radar sys tems have been i nves t i gated for the i r  
ab i l i ty t o  prov ide ident i f i cat i on , type d i scr imi nat i on , and 
h i gh-resolut i on mapp i ng of i c e . Satell i te-borne SAR and SLAR sensors 
can obtain  wide-area i nformat i on economi cally , wh ich  is i nvaluable for 
the s tudy and pred i c t i on of large-scale sea ice behav i o r . SAR/ SLAR 
f l i ghts are be i ng used i n  the Beaufort Sea to 1upport dr i l l i ng 
operat i on s  and to as s i s t i n  pred i c t i ng i ce cond i t i ons 24 hours i n  
advance .  

Gaps and Def i c i enc i e s  

Des ign o f  offshore Arc t i c  s tructures and sh i p• requ i re s  an 
unders tand i ng of the Arc t i c  envi ronment that i s  suff i c i ent  to ident i fy 
the mos t  c r i t i c al components. Based on th i s  understand i ng ,  f ield 
measurements of parameters such as ice  propert i e s , ice  feature 
occurrence , and i c e  movement are combi ned wi th analyt i c al procedure s 
to e s t imate des i gn loads . In  the Arc t i c , as i n  any other fron t i er 
area , the f i rs t  generat i on of s t ructure s bu i lt wi ll be based on  
conservat ive des i gn procedures because of uncertai nty . As  experi ence 
is gai ned and add i t i onal data are collected dur i ng i n i t i al 
explorat i on , des i gns wi ll be improved and opt imi zed . 

Presently , techn ique s  and bas i c  i nformat i on ex i s t to support tbe 
des i g n  of f i rs t-generat i on s t ructures. Several sys tems have been 
des i gned and used succe s s fully in the Arc t i c ; however ,  add i t i onal 
env i ronmental data are needed to improve and opt imi ze 
second-generat i on sys tems. The data are be i ng collected i n  research 
programs by i ndus try , government , and ac ademi a and in conj unc t i on wi th 
ongo i ng exploratory operat i ons . 

5AVHRR : Advanced Very H i gh Resolut i on Radi ome ter. 
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An exten s i ve h i s tor i c al data bale ex l s t 1  for l ee cover and l e e  
charac ter l 1 t l c •  l n  mo1t areas of the Ala1kan off1hore Arc t i c . Th i s  
data ba1e cons i s t •  of long-term h i s tor i c al ob1ervat l ons ( 30 years or 
more ) and more detai led i nformat i on from satell i te imagery dur i ng the 
las t 10 year 1 . In add i t ion ,  a large quant i ty of area-spec i f i c  data 
hal been collected l n  the la1t 5 year• from aer i al photography , la1er 
and SAR overfl i ght s , and on -the- lee  1tud l e 1 . The pr imary need ls to 
extend th l 1  data bale to larger geograph i c areas and over a longer 
t ime per i od to as ses•  annual d i fferences . Concurrently , analyt ical 
1tud l e s  should be performed to develop a quan t i tat i ve under1 tandi ng of 
near-shore l ee movement in the Beaufort and Chukc h i  seas and l ee 
movement l n  the Ber i ng Sea dur i ng all sea1on s . 

There are i nadequate data to prov i de acc urate and t imely 
s i te-spec i f i c  l e e  forec as t s . These forecas t s  are used to a1 1 l s t 
s ummer and wi nter con s t ruc t i on ac t iv i t i e s  and exploratory dr i l l i ng 
operat i ons . 

SHIPPING OPERATIONS 

England ' s i ntere s t  i n  trade routes to the Or ient  led to 
explorat i on of the North Amer i c an Arc t i c  i n  the s i xteenth century . 
Numerous unsucce s s ful attempt s  to nav i gate the Northwe s t  Pas sage 
followed . F i nally , Roald Amundsen made the f i rs t  suc c e s s ful trans i t  
of the Northwe s t  Pas s age i n  1903-1906 . I n  teras of prov i d i ng 
techn i c al i n format i on for Arc t i c  mar i ne t ransportat i on , the mos t  
valuable trans i t  occurred i n  1969 . Ins p i red b y  the d i scovery o f  o i l  
at Prudhoe Bay , several o i l  compan i e s  converted a tanker , the ss 
MANHATTAN , and t rans i ted the Northwe s t  Pas s age to tes t  the feas i b i l i ty 
of Arc t i c  mar i ne transportat ion . 

Arc t i c  mar i ne operat i on s  have advanced more rap i dly i n  other areas 
of the world than in North Amer i c a  bec ause larger popul at i on centers 
in northern reg i ons  of Europe and the USSR have c reated more demand . 
Appl i c at i ons  i nc lude fre i ght tran sport , s upport of i ndu s tr i al 
ac t i v i t i es , and s upport of mi n i ng .  S i nce 1980 , the Sov i e t  Un i on has 
conduc ted year-round tran s portat i on ( except at breakup ) through the 
Kara Sea to var i ous  r i ver por t s  ( Maki nen , 1983 ) . The northern sea 
route from the wes tern USSR through the S i ber i an and Chukch i seas l s  
used for about 4 months of the year ( m i d-June to mi d-Oc tober ) ,  and has 
been used for as long as 10 mon th s . However ,  use of th i s  route i s  
costly and not completely r l skfree , as i llus trated by the l ee 
entrapment of a Sov i e t  fleet i n  l ate 1983 . 

The Sov i e t  Arc t i c  mar i t ime c apab i l i ty cont i nues to i nc rease i n  
numbers o f  ves se l s  and expe r i ence wi th 1 5  polar-c apable i cebreakers , 
i nc l ud i ng 3 nuc lear-powered and 34 seasonally operated ve s se l s  C see 
Table 3 ) . One more BRBSHNIV-clas s ( formerly ARKTIKA )  nuclear sh i p  l s  
soon to j o i n  the Sov i e t  Arc t i c  mar i t ime flee t , and several more 
vessels  are expec ted to be ordered from F i n n i sh yards . 

O i l  and gas development i n  North Amer i c a  plays a primary role i n  
nondefense Arc t i c  mar i ne transportat i on . S i nce the mld-19 70s , an 
annual seal i ft operat i on has transported equ i pmen t  and suppl i e s  to 
Prudhoe Bay to support development . All tran sportat i on to the north 
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USA POUlt 81'0 19761 7 7  399 21 13 , 000 60 , 000 or GIS 1'UIIID (G'l) "'r 6+ 
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(3 SHIPS) 
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u.uan ILBCDIC 
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( 5  SHIPS) 

usn IAPI1'U 1980181 433 28 15 , 000 22 , 000 Dl 4 . 5  

DI&IIUBD CLASI 
( 2 SHIPS) 

w US8It IAPI1'U 197 7 1 78 421 28 14 , 4000 22 , 000 4 . 5  w SOilOitD CLASS 
( 2 SHIPS) 

USA CL&CID 1955 310 28 8 , 100 21 , 000 Dl 3 . 5  

c&IIADA ll&c:ncw••-D 1960 315 28 9 , 160 15 , 000 Dl 3 . 5  

CAIIADA I&DISSOII CLASS 1978-82 316 24 8 , 055 13 , 600 Dl 3 . 5  

( 3  SHIPS) 

&aclftiiiA &LIIIIWI'rl 1978 391 31 14 , 500 16 , 200 Dl 3 . 5  
IUZAII 

W .  CDIIAIII POL&ItS1'IB 1982 354 35 14 , 800 20 , 000 DIIIIL 3 . 0  

JAPU PUJI 1965 328 2 7  8 , 566 12 , 000 Dl 3 . 5  

CAIIADA I.ABaADCm 1953 269 30 6 , 940 10 , 000 Dl 3 . 0  

US& mftiiWIIID 1944/45 269 26 7 , 500 10 , 000 Dl 3 . 0  
WIS1'WID 

mrs :  1'h h  table doee not lnclude • - 5 6  v•Hle ( eubarc t lc lcebr.abn ) tbat are capable o f  lcebr.altlaa operatlone lD 
.... onaur lee-covered coeetal .... and laue oute lde the polar realone . 1'heee ehlpe are CNnecl bJ :  c.n.da ( 2 ) ; � ( 2 ) ; 
l'lnlend ( 9 ) ; w.et C:.I'UilJ U) ; ...s.. (6 ) ;  USA ( 1-II&CitiiWI) ;  usn ( 34 ) ; and But C:.I'UilJ ( 1 ) . 

SOUIICI :  u . s .  coaet Guard ,  Ice Operat lone Dlvhlon .  
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coaa t of Alaata occura dur i n& the l imi ted aummer aeaaon 
C Ausuat-September) . 

Tecbnolosy for cona truc t i on and los i at i c a  aupport i a  avai l able 
today . onso i n& wort to improve vea ael dea i sn and aupport aerv i cea , 
aucb aa forecaa t i ns ,  commun i cat i on • , and nav i sat i on ,  will  lead to 
improved mar i ne operat i ona. The more demandi n& perfo�ance 
requ i rement • for the remote Arc t i c  development areaa c reate quea t i ona  
resard i n& requ i rement •  and tecbnolosy for aurface tranaportat i on and 
mar i ne n av i sat i on and tran a portat l on sya tema . 

Kar i na Tran aportat i on Sya teas 

lxpan a ion of o i l  and sa• explorat ion and produc t i on ac t i v i t l e a  i n  
Arc t i c  watera wi ll create requ i rements for new and i nnovat i ve 
tranaportat i on ays tema . Commerc i al ab i pa may be requ i red for 
con s truc t i on support , los i a t i c a  support , and tran a port of o i l  and 
sas. Icebreat l n& and i ce- s trenstbened tankers ,  i cebreat l n& l i qu i d  
natural s a •  c arr i ers , and bars•• are amons the trans portat i on sys teas 
under con s i derat ion . 

Selec t i on and cona truc t i on of a tranaportat i on aya tem wi ll be 
i nfluenced by the a i ze of o i l  f l elda , the cos t to develop the f ielda , 
and the cost to develop the syatem. Tecbnolosy i a  not perce i ved to be 
a con s t ra i nt ; con a t ruc t i on tecbnolosy i s  ava i lable and ens i nee r i n& 
capab i l i ty i s  i n  place . 

Plann i n& for support vea sels  wi th heavy i c ebreati n& capab i l i ty i s  
i n  much the a ame state of development aa the sya tem i t aelf . The u . s . 
Coas t Guard baa no plana  for the con s t ruc t i on of i cebreakers that 
would be dedi c ated to teep i n& sea l anes open for commerc i al traff i c , 
and i t  recently announced pl ans to decommi s s i on one i cebreaker . 
Several u . s .  o i l  compan i e s  have asaea aed Canad i an i cebreaker des i sn s , 
i nclud l ns a 150 , 000-horsepower , Arc t i c  Cl as s 10 , Arc t i c  Kar i ne 
Locomo t i ve that haa been des i sned for Dome Petroleum Ltd . Development 
of i cebreat i ns capab i l i ty i s  expec ted to keep pace wi th the 
development of c arso-c arry i ns ves sel s , s i nce i cebreaker• wi ll  be an 
important  part of the overall transportat i on sys tea .  

However ,  conatra i n t s  o f  a nontechn i c al nature , i . e . , econoa i c  and 
env i ronmental , affec t the development of a mar i ne transportat i on 
sys tem .  I n  th i s  resard , sreate s t  emphas i s  has been placed upon the 
effec t s  of poten t i al o i l  s p i l l s  and i ndus t r i al operat i on•  ( i . e . , 
veaael s , s t ruc tures , and ai rc raf t )  on mar i ne an imal s . Part i c ul ar 
concern has focused on effec ts  of sh i p  no i se on the food chai n of 
Arc t i c  mar i ne mammal s . 

Sh i p  Performance Req u i rements  

Suc c e s s ful operat i on of an  Arc t i c  mar i ne transportat i on sys tea for 
o i l  and sas requi res careful des i sn of the fleet to meet performance 
requ i remen ts . Icebreak i ns or i ce-strens thened tankers may be used to 
transport o i l  and sas from an offshore termi nal i n  the Arc t i c  wi th 
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s torage fac i l i t i ea , wh i ch aay be aoaewbat l imi ted .  Str i c t  schedule •  
for trans i t ,  load i ng ,  and off-load i ng aus t  be aet to avo i d  alowed or 
abut- i n  produc t i on .  Pred i c t i ng vea sel perfo�ance i a  therefore more 
cri t i c al for o i l  and gaa transport than for mo a t  c argo transport . 

Dea i gners requi re data descr i b i ng the i ce envi ronment and an 
unders t andi ng of bow sh i p  charac ter i s t i c s , s uch as hull fo� and 
propul s i on ,  relate to rel i ab i l i ty and perfo�ance i n  i c e . Sh i p  
perfo�ance c r i teri a t o  be con a i dered when dea i gn i ng Arc t i c  s h i ps 
i nclude : 

• Sh i p  rea i s tance , i . e . , bull fo�. forebody shape , and s tern 
shape ; surface roughne s s ; appendages ;  and res i s tance 
reduc t i on techn i ques , s uch as air bubblers and roll tanks ; 

• Sh ip  power i ng , i . e . , eng i nea , transai a s i on ays tea ,  abaft i ng ,  
and propeller• and i ce guards ; 

• Hull s t ruc tural i ntegr i ty ;  
• Maneuverabi l i ty ;  and 
• Ice p i lot i ng and l ee nav i gat i on . 

The relat i onsh i p  between sh i p  rea i a tance , a truc tural i n tegr i ty ,  
and ava i l able power will  determine apeed i n  i ce . Dea i gn of the sh i p  
to meet expec ted i ce condi t i ons  i n  the area of operat i on l a  c r i t i c al . 
For example , numerous f i rs t-year r i dges and rubble f i elds ex i s t i n  the 
Alaskan Arc t i c . The forebody shape and bull fo�s ahould be des i gned 
to mi n imi ze rea i a tance i n  these i ce feature• and to reduce i c e  
i nge s t i on by the propellers . 

Sh i p  res i s tance i n  level i ce i s  the mos t  widely s tud i ed and 
understood res i s tance c ategory . Unfortunately , other con s i derat ions 
usual ly govern sh i p  res i s tance in the North Amer i c an Arc t i c , such as 
res i s tance in r i dge and rubble f i elds . Res i st ance mus t  be pred i c ted 
accurately for proper s i z i ng of the s h i p  power plan t . Wh i le 
overpowe r i ng may be expens ive and i ne f f i c i en t , underpowe r i ng could 
requ i re the ab i p  to ram on a frequen t bas i s , lead i ng to trans i t  
delays . Res i s tance i n  broken i c e  channels mus t  also  be evaluated i f  
the transportat i on sya tem i nvolve s  i cebreaker escorts and 
i ce-strengthened tankers . 

An importan t  cons iderat ion i n  e a t imat i ng rea i s tance i s  the effec t 
of pre s a ure ( or convergence ) i n  the i ce f i eld . Th i s  pre s s ure , wh i c h  
i ncreases  s i de fr i c t i on and res i stance , may b e  part i cularly important 
for i cebreak i ng tankers because of the i r  long s trai ght hulls . 

The sh i p  power i ng sys tem mus t  be des i gned to provi de s uf f i c i ent 
power to overcome res i s tance . Propeller mi ll i ng of broken lee p i ece•  
could al so reduce propeller effic i ency . 

Hull struc ture des i gn typ i c ally i s  governed by local pres sure 
c r i ter i a  based on i ce impac t loads . Numerous dea i gn gu i del i nes are 
avai lable worldwide , although mos t  are baaed on emp i r i cal analys i s  and 
l imi ted data . The ongo i ng t raff i c abi l i ty programs wi th the Coast 
Guard ' s POLAR SEA are prov i d i ng valuable data d i rec ted spec i f i c ally at 
local dea i gn cr i teri a (Append i x  B and Append i x  D, Caae I ) . 

Maneuverabi l i ty i n  i ce and i ce p i lot i ng and nav i gat i on procedures 
wi ll al so affec t ah i p  performance . I f  ac curate real - t i me data on ice  
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cond i t i ons  are ava i l able , maneuverable sh i ps may be able to reduce 
tran s i t  t ime and fuel con s umpt i on . In add i t ion , be tter 
maneuverab i l i ty will  improve te�i nal connec t and d i sconnec t 
operat i onal eff i c i ency , even thoush i cebreaker support will  probably 
be avai l able and requi red at te�i n al s . 

Interac t ion of ve ssel , termi nal , and i ce i s  al so cr i t i cal to 
succe s s ful operat ion  of the overall mar i ne transportat i on sys tea . 
Repeated ves sel trans i t s  could c reate rubble at a te�i nal loc ated i n  
a s t able i c e  reg i on .  I f  the te�i nal i s  loc ated i n  a dynaai c i ce 
area , such as the Navar i n  Bas i n , tanker weatbervan i ng and dynaai c i ce 
effec ts  on the sb i p-te�i nal system mus t  be cons i dered . 

Cargo Transportat i on 

S i nce the mid-1950s when the u . s .  Navy las t used self-propelled 
World War I I  LST- type ves sels  for the ma i n tenance and resupply of 
Di s tant Early Warn i ng ( DEW) fac i l i t i es  in the Alaskan areas near the 
Ber i ng ,  Chukch i ,  and Beaufort seas , tugs and barges have been used 
almo s t  exc lus i vely to transport c argoes to those reg i on s . The lone 
except ion i s  the M/V NORTH STAR III , a d i e sel-powered Vi c tory sh i p ,  
wh i ch the Bureau o f  Ind i an Affa i rs operates t o  prov i de c argo serv i ce 
to nat ive v i l l ages i n  the Ber ing  and Chukch i seas as far north as 
Po i n t  Barrow ( Sea Use Counc i l ,  1983 ) . A maj or reason for the 
trans i t i on from self-propelled vessels  to tugs and barges i s  the 
absence of deepwater po�ts  i n  the u . s .  Arc t i c  north of the Kuskokwim 
Delt a .  Convent i onal c argo ves sels  mus t  anchor several mi les of fshore 
and l i ghter cargoes to shallow draft fac i l i t i es  or , i n  many i ns tances , 
d i rectly to the beach . 

Nav i gat i on to des t i nat i ons  i n  the Chukch i and Beaufort seas i s  
totally dependent  on i ce condi t i on s . The normal operat ing  season for 
ves sels trans i tt i ng from the Ber i ng Sea through the Chukch i Sea and 
around Po i n t  Barrow i n to the Beaufort Sea i s  a per i od of 45 to 60 days 
beg i nn i ng about Augus t  I .  Tugs and barges en route to the Arc t i c  
us ual ly s top i n  the v i c i n i ty o f  Wa i nwr i ght , where the heavy s urge 
cha i n  that i s  used i n  ocean tow i ng i s  removed pr i or to proceedi ng 
through the i ce and shallow waters , s i nce i t  i s  not des i rable to have 
the tow gear dragg i ng the bot tom dur i ng tran s i t  ( Bogert , 1983 ) .  

The development of  both onshore and offshore o i l  dr i ll i ng and 
produc t i on ac t i v i t i es res ul ted i n  an unprecedented requi rement for the 
t ran sportat i on of prefabr i c ated modular componen ts for petroleum 
gathe r i ng centers , pump i ng s t at i on s , water flood sys tems , and of other 
o i l-f i eld-related mater i al s  ( Fi gure 3 ) . Add i t i onally , there were the 
bas i c  mater i al s  and s uppl i e s  nec e s s ary t o  s us t a i n  l i fe that bad t o  be 
transported to the North Slope . Dur i ng the early s t ages of 
development  ( 1968-1969 ) ,  i n i t i al sh i pments  moved in concert  w i th 
mi l i tary DEW l i ne c argoes on a space-ava i l able bas i s .  I t  was soon 
apparent that th i s  arrangement was no longer s at i s fac tory , and the o i l  
compan i e s  contrac ted wi th maj o r  tug and barge operators for annual 
seal i ft s  to the Beaufort Sea ( Bogert , 1983 ) . 
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FIGURE 3 Transportat i on of prefabr i cated o i l  f i eld s tructures , Crowley Mar i t ime 1983 
seal i ft .  

SOURCE : Crowley Mar i t ime Inc . 
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The number of vessels participatina in annual seal ifts may vary 
from as many as •3 baraes and 29 tuas to as few as 2 baraes and 2 tuas 
because of the cyclical nature of carao tonnaaes , dependina on lease 
sale timina and the development schedule for trac ts purchased in a 

. aiven lease sale ( Fiaure • > · 
A new aeneration of tuas , baraes , ria supply vessels , shal low 

draft icebreakers ,  and air cushion vehic les wi l l  be required to 
respond to oil and aas exploration and development demands . The 
bisber cost of Arc tic offshore petroleum-related ac tivities dictates 
that Arctic operatins seasons be expanded to the max� extent that 
tecbnolosy wi ll al low . Also , blab construction costs and a short 
construc t ion season further dictate that modular components be as 
larae as can be safely transported to their respec tive Arc tic sites i 
this larae carso in turn establi shes the size of the equipment 
required to transport the units . 

The only modern vessels des ianed for operatina in the •ortb 
American Arc tic are Canadian icebreakina tuss , icebreakina supply 
vessels , and larae ( i . e . , up to 20 , 000 DWT carso capac ity) 
ice-strenstbened carao baraes that are capable of transportina 
dredaes , derrick baraes ,  rock baraes , and caissons . Future 
requirements will  inc lude a new seneration of vessels that wi ll be 
laraer and heavier and that will  possess far sreater horsepower than 
any equivalent U . S . -f las vessel in service today . 

The tecbnolosy and the industrial base for creat ine a new 
seneration of supply vessels exist and can respond to the need as 
economics require . 

Avai labi l ity and Assessment of Resources 

Until now it bas been possible to del iver caraoes to the Arctic 
durins each summer season with existins tus and barae f leets , and on 
only one occas ion in recent decades--19 75- -bas equipment become iced 
in until  the followins icefree season . Accelerat ins commerc ial 
development is caus ins the situation to cbanse . Expansion of existina 
commi tments and the surfacins of new sbippins requi rements will not 
only increase the volume of traf f ic but wil l  require improved 
scheduling and rel iabil i ty of del ivery . This wil l  place added 
emphas is on t imel iness and accuracy of the ranse of environmental 
informat ion . 

Development and disseminat ion of accurate informat ion on multiyear 
ice f loes inc ludins such data as thickness , direct ion of drif t ,  
veloc i ty , and any relationship to sborefast ice would assist vessels 
transittins the Bering , Chukchi ,  and Beaufort seas wi th plott ina the 
safest and fastest routes tbrousb the ice . Present radar systems and 
twice dai ly air reconnaissance are inadequate because of the short 
ranse of radar and the frequent presence of ice fos . 6 The 

'observation expressed by David Asplund , Racal-Decca Marine , Inc . , 
Seattle , Wasbinston , to Bugene S tearns , commit tee member , 1983 . 
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establ ishment of a stat ion in Alaska to receive imasery from the ISA ' s 
remote-sensin& satellite , ERS-1 , would be an enhancement . Such a 
system aided by SAR would sreatly improve navisation in ice-covered 
seas <•ASA , 1983 ) .  

At present there is no u . s .  Coast Guard search and rescue 
capability support in& offshore operations in ice , other than that 
which can be supplied from the air by hel icopters based at �odiak , nor 
does the Coast Guard have plans for the ini t iation of such a service 
north of the Aleutian Islands . Increased act ivi ty in the Arc t ic on a 
year-round bas is wil l  result in a requirement for dependable and 
responsive search and rescue coverase . 

The importance of Arctic sas and oil  and their marine 
transportation is recosnized by other countries . The USSR continues 
to add to its f leet of icebreakers , which is supplemented by 
transports strensthened for l imited icebreakin& , and other systems 
necessary to work in the Arctic . Many vessel s  in the Soviet 
icebreaker f leet were desisned and bui l t  in Finland , which is 
currently the world leader in numbers of such ocean-soin& vessels 
produced . In Canada , Dome Petroleum , Gulf Canada Resources Ltd . , and 
the government of  Canada are sponsoring maj or programs to produce 
Arc t ic sas and oil and to transport these resources with icebreakin& 
tankers . The Japanese have displayed very strong interest in 
obtainin& and transport in& Arc tic oil , as demonstrated by their heavy 
investment in Dome ' s Arctic program and their part icipat ion in 
construction of advanced exploration dri l l ing systems for Beaufort Sea 
use . 

In the United States , the sovernment , throush the Marit ime 
Administrat ion ' s Arctic Shippln& Prosram , has ensaged in ac t ivi ties to 
develop data and basic technology necessary for commerc ial marine 
interests to make long-term commi tments for the development of Arc t ic 
marine shipping systems , and spec i f ical ly to promote the use of 
U . S . -bul l t  and -operated ships and fac i l i ties for processin& and 
transport ing Arc t ic gas and oil  ( URC , 198la) . Appendix B summarizes 
the course and results of  Arctic marit ime research since the s tart of 
the exploratory voyages of  the MABHATTAY . Recently , the Marit ime 
Administration (MARAD )  has focused its  ef forts on col lectln& 
year-round f ield data on lee condit ions and ship performance 
requirements alon& poss ible tanker routes . Since no u . s .  commercial 
lcebreaklng tanker vessel now exists , MARAD has used Coast Guard 
icebreakers for obtaining operational data . 

MARAD has cosponsored these "traff lcabl l i ty" tests in the western 
Arctic in conj unc tion with the u . s .  Coast Guard , the interagency Ship 
Struc tures Commi ttee , the state of Alaska , the Canadian Ministry of 
Transport , 1 2 u . s .  oil  companies , and I U . S .  shipyard . During a 
period of  5 years , the j oint federal-state program has committed over 
$3 . 1  mi l l ion to these tests . Primary obj ec tives are : ( 1 )  to 
demonst rate the feasibi l ity of year-round tanker operations in the 
Arc t ic ; ( 2 ) to col lect data on the ice environment and features ; and 
( 3 )  to assess ship-lee interac tions . Concurrently , private industry 
has undertaken prel iminary des ign studies for ships requlrln& 
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icebreaking capabi l i ty for Arc tic services . CUrrent testa and those 
planned for the next few years by MARAD are oriented toward gathering 
additional environmental performance data north of the Bering Strai t 
to contribute to the design of safe and ef ficient vessels .  

Significant experience with icebreaking ships is avai lable 
worldwide . Sources inc lude Finland , which baa developed extensive 
capability in ocean engineering and icebreaker design and 
construction , the MAIHATTAY voyage , the u . s .  Coast Guard Polar Class 
icebreakers , Finnish and Canadian icebreakers and merchant vessels , 
Soviet icebreakers and cargo operations , and marine transportation in 
the Baltic Sea . The use of existing data and experience to predict 
performance of the large tankers is an active area of Arc tic marine 
research . 

Estimates of ship resistance and maneuverabil i ty in ice are 
obtained by three methods : ( 1 )  theoretical predictions , ( 2 ) laboratory 
model teats , and ( 3 )  f ield measurements and instrumentation of 
existing vessels . Several analytical models for res istance in level 
ice have been calibrated with full-scale data . Ridge penetration 
models are also avai lable , but have been verif ied to lesser degrees . 
Because of complicated bul l-ice interactions , laboratory model teats 
are valuable 
to identify potential 
measurement programs . 
particularly valuable 
laboratory models . 

Gaps and Defic ienc ies 

areas of concern and to focus ful l -scale 
However , additional f ield measurements would be 

to verify predict ions of theoret ical and 

Icebreaking vessels have operated throughout the year in the 
western Soviet Union , the Canadian Arctic , and the Alaskan Arct ic as 
far north as Point Barrow . Summer operations have become common in 
the Alaskan and Canadian Beaufort Sea . A maj or design and operational 
uncertainty is posed by extrapolating earl ier experience to year-round 
tanker operations in the Arctic and to large increases in vessel size ; 
icebreaking tankers wi l l  be 10 to 30 t imes larger than vessels 
currently operating in the Arctic . 

The 8ational Petroleum Counci l ' s  report (8PC , 1981 ) states : 

There is very reasonable expec tation that 
ice-capable vessels can be bui l t , powered , and 
operated to maintain rel iable year-round rateable 
offtake from ports south of the Bering Strai t . . • •  

Year-round tanker operat ion to ports north of the 
Bering Strait can probablJ be establ ished , but 
reliabil ity is  uncertain . 

7The term rateable in this quotation indicates that there is , or 
wi ll be , suffic ient certainty of future del ivery so that cargo rates 
can be assigned . 
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North of the Ber i ns Strai t ,  mult i year i ce and more severe 
f i r s t-year r i dses and rubble add to the ves sel des i sn and operat i onal 
problems and to the need for techn i c al i nfo�at l on .  onso l ns research 
prosraas in i ndus try and sovernmen t are d i rec ted at respond l ns to th i s  
need . Cont i nued fund i ns of research prosraas aboard the u . s .  Coast 
Guard Polar Clas s i cebreakers north of the Ber i ns Stra i t  wi ll pe�i t 
the collec t i on of valuable i nfo�at l on . Improvemen ts to theoret i c al 
model s  and add i t i onal model tests  wi ll al so be requ i red as leas i ns and 
explorat i on proceed . However , the se requ i rements  c an be acca..odated 
i n  pre sent development schedules .  Acqu i s i t i on and analy s i s  of 
long-te� . wi de-area data on l ee charac ter i s t i c s  and forces  are aaj or 
requ i rement s  for the developmen t of model s  and des l sn c r i teri a .  

I n  add i t i on t o  the need for improvement o f  sh i p  des i gn ,  aar l ne 
te�i nal operat i onal rel i ab i l i ty would be enhanced by ref l neaent of 
lee des l sn c r i ter i a  and load e s t imat i on tech n iques and by the 
development of a numer i c al s imulator to pe�i t opt imi zat i on of 
offload l ns and transportat i on operat ions and fac i l i t i es ( e . g . , 
selec t i on of shuttle tanker , fleet number and s i ze ,  and support vessel  
req u i remen t s ) . 

Mar i ne Nav i gat i on Sys teas 

The need for h i ghly acc urate nav i gat i onal equ i pment bas become a 
maj or pr i or i ty for offshore mar i ne operators who are engaged i n  
s upport of o i l  and sas explorat i on i n  the Arc t i c . The followi ng are 
opt i ons  that are e i ther ava i lable now or may be soon ava i l able : 

• Satell i te Nav i gat i on ( Sat Nav ) 
• Loran C 
e Loran C--Satel l l te ( LORSAT ) 
• omega 
• Global Pos i t i on i ng Sys tem ( GPS ) 

Each of the above sys tems has advantases and , wi th the except ion of 
GPS , al l appear to have l imi tat i ons  in polar appl i c at ion . 

Satel l i te Nav i sat i on Sys tem The mos t  widely used s atell i te sys tem i s  
Trans i t ,  a f i ve-s atell i te sys tem owned by the Navy ; i t  f i rs t  bee ... 
operat i onal i n  1964 and was released for comme rc i al use i n  196 7 . The 
s atell i tes  are e s t abl i shed at an alt i tude of 9 , 600 ki lometers ( 6 , 000 
mi les ) and orb i t  the earth every 107 mi nutes . Pos i t i ons  f i xed from a 
s atell i te are us ually acc urate to 0 . 05 naut i c al m i le . However , because  
of the  fac t  that  pos i t i ons  are only  f i xed when a s atell i te is  in  v i ew ,  
90-mi nute t ime delays  are expe r i enced between f i xes . Al so , satell i te 
s i gnal s are not con t i nuous , and hours may go by before a f i x  i s  
recorded . 

Loran C There are 14 Loran C cha i ns i n  the Un i ted States and overseas 
cons i s t i ng of three to f i ve land-based transmi t t i ng s t at i ons . Loran 
C ' s cont i nuous transmi s s i on feature i s  espec i ally popular wi th 
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mar i ners . Prescribed Loran C accuracy i s  better than o . • 7 ki lometers 
( 0 . 2 5 naut i c al mi les ) , 9 5  percent of the t ime . Less ac curacy i s  
ach i eved under other cond i t i ons , i . e . , more no i se .  Ac curacy 
dimi n i shes out s i de the coverage area , but a number c annot be as s i gned . 

In 1980 , the Coas t Guard sponsored a s tudy concern i ng pos s i ble 
expans i on of Loran C coverage to the Alaskan North Slope and other 
Arc t i c  reg i on s  of Alaska . The recently completed assessment 
recommended no further expans i on of Loran c for the North Slope and 
the Arc t i c  Ocean . Th i s  was based upon a forecas t of mar i t ime user 
populat i on expec ted to benef i t  from such an expan s i on , wh i ch i nd i cated 
that potent i al mar i ne traff i c  would con t i nue to be seasonal and 
i nte�i t ten t . Therefore , the Coas t Guard has no present or immed i ate 
plans to provi de for coverage or expans i on of Loran c to the Arc t i c  
reg i on north o f  Cape Pr i nce of Wale s . 

Loraq C--Sat�ll i te Nav iga�i on Th i s  i ntegrat i on of several nav i gat i on 
sys tems produces a nav i gat ion aid  that t akes advan tage of the bes t  
tra i t s  of each sys tem .  One such sys tem , LORSAT , comb i nes  Loran C and 
Satell i te Nav i gat i on . In tegrat i on of the two systems allows operators 
to nav i gate in areas that heretofore were d i ff i cult when e i ther sys tem 
was used alone ( Lawrence ,  1983 ) . 

pmeg� The Omega sys tem i s  a t ime-shared , con t i nuous wave ( CW) rad i o  
nav i gat i on sys tem . Omega nav i gat i on rel i e s  o n  a very low frequency 
range pos ses s i ng h i gh propagat i on s t ab i l i ty and low attenuat i on , wh i ch 
allows recept i on at great d i s tances from transmi t t i ng stat i ons . The 
sys tem cons i s t s  of e i ght  transmi tt i ng s t at i ons and provi des  worldwi de 
nav i gat i on i n  nearly all weather condi t i ons . Accurac i e s  of 1 . 6  to 3 . 2  
ki lometers ( 1  to 2 mi les ) may be real i zed from the Omega sys tea .  
Us i ng di fferent i al Omega , accuracy i s  poss i ble t o  1 . 4  k i lometers ( 0 . 7 5  
naut i c al mi les ) .  Th i s  sys tem i s  scheduled to be phased out a s  the 
Global Pos i t i on i ng System becomes operat i onal and avai l able . 

Global Pos i t i on i ng Sys tem ( GPS ) GPS i s  a u . s .  Defense 
Department-developed s atell i te nav i gat i onal sys tem . I t  w i l l  be 
mod i f i ed and , wi th two-dimens i onal capab i l i ty ,  wi ll be ava i lable for 
commerc i al use to 100-meter accuracy in 1987 . Three-dimens i onal 
capab i l i ty wi ll  follow in 1988 . The sys tem will cons i s t  of 18 
s atell i te s  and 3 spare s . The s atell i te s  will  orb i t  at an al t i tude of 
20 , 200 ki lometers ( 10 , 900 n aut i c al mi les ) in equally spaced sets of 
three , in s i x  orb i tal plane s . Th i s  conf i gurat i on prov i de s  
unobstruc ted rad i o  contac t wi th a t  leas t four satell i tes froa any 
po i n t  on earth at all t imes . There w i l l  be no sys tem cos t to 
commerc i al users . 

Summary 

Nav i gat i on wi th prec i se accuracy i n  the Arc t i c  i s  yet to be 
real i zed for rout i ne mar i ne operat i on s . Mos t  users and s uppl i ers 
i ntervi ewed relat ive to the accuracy and rel i ab i l i ty of ex i st i ng 
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equi pment readi ly adal tted to sys tea l lal tat l on s . No one , however , 
wi shed to see Loran c phased out i n  areas where tbe serv i ce i s  
ava i l able . F i s b i ns i ndus t ry and fre l sbt serv i ce operators wl tb 
operat i on s  i n  tbe Aleut i an I s l ands , Bri s tol Bay , and Ber i ns Sea areas 
report tbat tbey need Loran c because  of i ts con t i nuous coverase . 
Primary rel i ance for tbe future mus t  be placed on GPS s i nce  all other 
sys tems appear to bave l imi ted futures once GPS i s  in use . There i s  
concern tbat tbe i n s trumentat i on need by GPS users may be expen s i ve ;  
tb i s  i s  a part i cular concern for tbe f i sberaen and nat i ve populat i on . 

SBA ICE MECHANICS AND ICE FORCES 

Ice Kecban l c s  

A maj or obj ec t i ve o f  theore t i c al i c e  mechan i c s  i s  to prov i de tbe 
l i nk between mechan i c al propert i e s  of i ce and l e e  force s  on 
s truc tures . S i &n l f i c ant prosres s  bas been made in lee mechan i c s  
research and i ce force e s t imat ion i n  tbe pas t dec ade , a s  ev i denced i n  
tbe Proceedl nss o f  tbe Seventh Internat i onal Port and Ocean 
Ens i neer i ns Conference under Arc t i c  Cond i t i ons  ( VTT , 1983 ) . 
Nonetheles s , cons i derable benef i t  could be der i ved by con t i nu i ns a 
strons effort i n  i ce research to develop a better unders tand l ns of tbe 
relat i onsh i ps tbat ex i s t  between small- and larse-scale i ce pbenoaena . 

There are three phys i c al scales or s i zes  of i nterest  < s1 , S2 , 
and S3 ) i n  wb l cb theore t i c al l ee mechan i c s  work i s  needed 
( Sacki nser , 1980 ; NRC , 1981b ; Kellor , 1983 ) . Tbe larse s t  s c ale < s1 > 
appl i e s  over d i s tances  of tens of k i lometers and i s  appl i c able to tbe 
l arse- s c ale deformat ion of pack i c e . Tbe ice forces of i n tere s t  at 
tb l s  s c ale are tbe dr i v l n& force s  tbat ac t on i nd i v i dual lee floe s or 
sroups of floes tbat may contac t  a struc ture . Tbe i nte�edl ate s c ale 
< s2 > cons i s t s  of i c e  assresates ( e . s . , f i rs t-year and mul t i year l ee 
r i d&es , i c e  rubble p i le s , and fragmented i c e  covers ) wi th dimens i ons  
of tbe  s ame order of ma&n i tude as an  offshore struc ture . Tbe lee  
forces of i n tere s t  at  tb l s  s c ale are tbe  &lobal des l sn forces  for 
offshore s truc tures . Tbe smallest  scale of i n tere s t  ( S3 ) i s  of tbe 
order of tens of cent imeters . At th i s  s c ale , behav i or of l ee as a 
mater i al i s  importan t . Stre s s -s trai n and fai lure c r i ter i a  of 
d i fferent types of i c e  under vary l n& cond i t i ons  are of i n teres t .  

Ice mechan i c s  on all three s c ales comes i n to play as ice  moves 
asa l n s t  a s t ruc ture . For example , cons i der a mul t i year lee floe of 
over 300 me ters i n  d i ameter , frozen i nto a much larser expanse of sea 
l ee . When tbe floe or sheet moves asal n s t  a struc ture , tbe s t ruc ture 
mus t  wi ths tand the lee forces  and c ause the l e e  to fal l . At the s3 
s c ale of i nteres t ,  the mater i al propert i e s  of the i ce are the key 
i tems s i nce these are the es sent i al parameters i n  tbe analyt i c al 
equat i ons used to c alcul ate botb slobal l e e  forces and loc al ( al so 
c alled contac t  or puncb i n& )  i ce pres sures . At tbe s2 s c ale tbe 
ac tual fai lure mode of tbe shee t/ floe is of i ntere s t . Crush l n& 
fai lure asal ns t  vert i c al-s ided s t ruc tures , bendl ns fai lure asa l n s t  
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i nc l i ned surfaces , and ai xed-mode fai lures as the floe moves i n to a 
rubble p i le & i va r i se to d i fferent i ce loads . The s1 scale br i n&s 
i nto cons i derat i on other iaportant que s t i on s , the most importan t  of 
wh i ch i s  the ac tual dr i v i n& force for the mov i n& floe . It  i s  not 
i nf i n i te , as often as sumed . The floe wi ll lose ener&Y and momentum as 
i t  moves i nto contac t  wi th the s tructure , wi th or wi thout a 
s urround i n& rubble f i eld . The floe bas weak zones . The ice  sheet 
around the floe i s  not as th ick  as the floe , and i t ,  too , has weak 
zones . 

A maj or &oal of i ce mechan i c s  research and analys i s  i s  to pred i c t  
performance of en& i neeri n& s truc tures and sh i ps i n  s e a  i ce . All of 
these phys i c al scales of i ntere s t  and the i r  i n terrelat ions mus t  be 
unders tood , and ach i ev i ng th i s  unders tandi n& requ i res  a comb i nat i on of 
analyt i c al , l aboratory , and f i eld pro&rams . Analyt i c al stud i e s  
addres s  all three s c ales o f  i n terest  and br i d&e the gap between 
laboratory s tudi es and f i eld observat i on s . 

Laboratory sea i ce mechan i c s  stud i e s  c an be clas s i f i ed i nto two 
general c ate&or i e s : ( 1 )  s tud i e s  to determi ne mechan i c al propert i e s  of 
sea ice ( i . e . , i ce propert i e s  tests ) ; and ( 2 ) s tudies  to evaluate 
i c e- i ce , i ce-s truc ture , and i ce-sh i p  i n terac t i on ( i . e . , model tes ts ) . 

The obj ec t i ve of mechan i c al propert i es  s t ud i e s  i s  to def i ne the 
behav i or of sea i ce as a mater i al .  For example , tes t s  are des i &ned 
and conduc ted to determi ne ten s i le and compres s ive s t rength , 
s tres s - s trai n behav i or , and y i eld c r i teri a  under di fferent tes t  
condi t i ons . Al thou&h l aboratory tes t s  of i ce propert i e s  have been 
conduc ted for many years , a lar&e scatter i n  tes t  results  i s  common . 
The pr i nc i pal causes of the d i vers i ty i n  results  are often the l ack of 
a desc r i pt i on of i ce s ample charac ter i s t i c s  and a lack of s t andard i zed 
tes t  procedures .  These def i c i enc i e s  are reco&n i zed to vary i ng degrees 
in c urrent tes t programs , and improved reproduc i b i l i ty in tes t  results 
is  be i ng ach i eved . 

Model tes t s  comb i ne the knowledge of sea i ce propert i e s  wi th 
large-scale ice , s truc ture , or sh i p  charac ter i s t i c s  to evaluate i c e  
modes and loads . The primary concern i n  all model tes t s  i s  correc t 
s c al i ng of the propert i e s  of i c e  used i n  the model tes t . It  i s  not 
pos s i ble to scale s imultaneously all propert ies  of the i ce wi th 
present technology . Therefore , i t  i s  neces s ary to i den t i fy the 
fai lure mode of i ntere s t  and to s c ale the appropr i ate propert ies . 

F i nally , f i eld measurements of large-scale i ce proper t i e s , i ce 
features , and ice  loads are requi red to ver i fy the analyt i c al and 
l aboratory predi c t i on s . 

Limi ted f i eld data i nd i c ate that loads on ful l-s c ale s truc tures 
may be les s  than pred i c ted from analyt i c al and l aboratory stud i e s . 
Three fac tors may contr i bute to th i s  d i fference . F i rs t , mi xed-load 
fai lures occur i n  the f i eld but are d i ff i cult  to evaluate 
quan t i tat i vely wi th theory or model tes t s . Second , l arge-scale 
defec ts  in natural sea i c e , typ i c ally not con s i dered in small-scale 
tes t s , may c ause i ce f a i l ure at lower loads than pred i c ted . F i nally , 
the env i ronmental dr i v i ng forces i n  the f i eld may be l imi ted ; for 
example , the natural dr i v i n& force avai l able to push a lar&e i ce 
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feature aca l n s t  a s truc ture may be les s than the load requi red to 
c ause fai lure of the l e e  feature . 

Analyt i c al , Laboratory , and Fi eld Requ l re.en ts  

The analyt i c al resources needed to enhance the knowledce of 
theore t i c al l ee mechan i c s  cons i s t  mos tly of personnel wi th broad 
backcrounds i n  mater i al s  sc i ence and sol i d  mechan i c s . An 
understandl nc of the mechan i c al behav i or of sea i ce requ i res an 
l ntecrat i on of many of the top i c s  that one would f i nd i n  the 
enc i neer i nc collece c atalocue of a maj or un ivers i ty- -all appl ied to 
the s ame mater i al .  Sea l e e  behav ior i s  very complex and depends on 
both i ce type and load i n& cond i t ions . The s truc ture of sea i ce i s  
i nhomoceneous , wi th larce var i at i on s  i n  c rys tal s truc ture occurr i nc 
over short d i s tances . Ice i s  al so an i sotrop i c  as a result  of the 
shape and or i entat i on of i ce crystal s . The qual i tat i ve nature of the 
mechan i c al behav ior of i ce i s  s t roncly dependent on the deformat i on 
proce s s  that c reates the load i nc .  Elas t i c , plas t i c , v i scous , and 
br i ttle frac ture mate r i al responses c an all be observed wi th i n  tbe 
realm of typ i c al i c e  deformat i on proces ses . Propert i e s  vary by more 
than an order of macn i tude depend i nc on s al i n i ty ,  temperature , 
c rys tallocraphy , and rate of load i nc . Sample s i ze al so may affect  
measured propert i e s . 

Thermal effec ts  al so are s i &n i f i cant . A float i n& l ee sheet 
represen t s  a un ique phys i cal s i tuat ion ln that one ent i re s urface i s  
mai ntai ned at the freez i nc temperature wh i le the other expe r i ences 
l ar&e temperature excurs i ons . The temperature di s t r i but ions throuch 
the i ce sheet th i cknes s ,  that result from var i at i ons i n  cond i t ions at 
the upper surface , c i ve r i se to a thermal-related d i s t r i bu t i on of 
mechan i c al propert i e s . 

The analyt i c al model s  of sea ice  behav i o r  requ i re i c e  propert i es 
data from l aboratory tes t s . Re sul t s  of l aboratory tes t s  of sea l ee 
are s t roncly dependent on tes t procedures i n  all phases ,  l nc ludl nc 
s ample collec t ion , s ample s torace , sample preparat i on , and tes t l nc . 
Detai led desc r i pt i ons of s ample charac ter i s t i c s  and tes t  cond i t ions 
are requ i red to i n terpret the data . 

A l aboratory i nvolved i n  tes t l n& sea i c e  propert i es should have 
the fol lowi n& charac ter i s t i c s : 

• Fac i l i t i es to s tore i c e  samples at or  below about -30°C .  
• Equ i pment for s ample preparat i on loc ated i n  a cold roo• . 
• Ideally a tes t mach i ne loc ated i n  a cold room , hav i n& a 

closed loop feedback sys tem wi th mul t i ax l al tes t  capab i l i ty .  
• Expe r i enced personnel i nvolved i n  all phases of tbe tes t  

procram . 

Model tes t i n& uses laboratory i ce wi th propert i e s  sc aled l n  
conj unc t i on wi th the ceometr i c  scale o f  the model tes t . The purpose 
of model te s t i n& is  to as sess  l ee- i c e , i ce-s truc ture , and l ee-sh i p  
i nterac t i on .  Model tes t s  prov ide two types  o f  i nformat i on . F i rs t , 
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they prov i de qual i tat ive des c r i pt i on of i c e  failure mode and 
behav i or . Th i s  qual i tat i ve i n format i on i s  valuable i n  evaluat i ng new 
s truc ture or s h i p  conf i gurat i on s , part i cul arly where a compl i c ated i c e  
fa i l ure mode i s  i nvolved . The second type o f  i n fo�at i on i s  
quan t i tat i ve measure .. nts  of forces on s tructures and res i s tance of 
sh i ps to veri fy theoret i c al pred i c t i on s . 

In attempts to improve the s c ale propert i es  of model i ce , several 
types of model i c e  have been used . Sal i ne i ce ,  c arbamide ice , and wax 
base model i c e  are mo s t  commonly used at the present t ime . 8 Each 
type of model i c e  has advantages and d i s advantages depend i ng on tbe 
part i c ular appl i c at i on . 

Model i ce propert i e s  are very c r i t i c al to the success  of the tes t s  
b u t  are very sens i t i ve t o  fo�at i on and cur i ng procedure s . Proper 
scal i ng of the mos t  importan t  i ce parameters and homogeneous ,  
reproduc i ble model i ce are requ i red . As i n  the case of  mechan i c al 
propert i e s  of sea i ce ,  det a i l ed doc umentat i on of model i ce mechan i c al 
propert i e s  are req u i red to i nterpret correc tly the model tes t  results . 

The tes t  bas i n  mus t  be l arge enough to m i n imi ze and control edge 
effec t s . The mimimum acceptable s i ze depends on the model s c ale , tbe 
type of s tructure be i ng tes ted , and the phys i c al propert i e s  of tbe 
model i ce used . Large-sc ale tes t s  are des i rable to m i n imi ze scal i ng 
problems . However ,  large-scale model i ng requi res a more mas s ive 
support s t ructure or c ar r i age to ensure adequate s t i ffne s s  to 
wi ths t and the force s  exerted on the model . Large-scale tes t i ng i s  
more costly and usually produce s  fewer data po i nt s  per test i ce shee t . 

F i eld programs to dete�i ne mechan i c al propert i e s  can prov i de 
valuable i nfo�at ion but are d i ff i cult and expens i ve to conduc t .  
Numerous programs have prov i ded useful i nfo�at i on on l ee 
charac ter i s t i c s  such as temperature , s al i n i ty ,  and c rys t allography . 
However ,  i n  s i tu or i n-the-f i eld tes t s  of mechan i c al propert i e s  are 
more d i ff i c ul t . Unles s  the programs are well-planned and c areful ly 
executed wi th good equ i pment ,  data can be mean i ngle s s  and confus i ng . 

Bulk propert i e s  of i ce features such as rubble p i les  and mult i year 
floes and r i dges are be i ng stud i ed . These  data are requi red to 
correlate large-area data c s1 > to the i c e  forces on s truc tures 
( S2 ) .  

Full- scale observat ions i n  the f i eld of i ce fa i lure modes and 
loads are essen t i al to ver i fy model tes t resul t s . As wi tb mechan i c al 
propert i e s  tes t i ng ,  programs that develop mean i ngful data are 
expens i ve and d i f f i cult to perform . 

·- - - - - ----

&sal i ne test i ce i s  naturally grown i ce that h as been "doped" wi th 
s alt . Carbami de i s  i ce "doped" wi th urea . Wax i c e  i s  a synthet i c  
mold i ng mater i al that can be used i n  a nonrefr i gerated env i ronment . 
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Avai labi l i ty and Assessment of Resources 

lnowledse of theoret ical sea ice mechanics has advanced sreatly in 
recent years due to plannin& for oil  and sas lease sales and 
explorat ion operations in the Canadian and Alaskan Arctic . Analytical 
models of ice dynamics , ini tially developed to s tudy larse-scale 
motions of the Arctic pack ( see , for example , Hibler , 1979 ; coon , 
1980 ) , have been ref ined . CUrrent research efforts emphasize 
near-shore ice behavior . 

Recent needs have been met by applyins conventional ensineerins 
approaches to spec ific problema at the s2 scale of interest .  In 
this approach , the dominant ice behavior ( fai lure mode ) expected in a 
specific problem ia defined and used to dete�ine the type of material 
property measurements to be made and the type of mechanics model to be 
used . For example , elastic properties and analysis are used to 
predict the minimum vertical bearins capacity loads that f loat in& ice 
sheets can support for abort time periods . A viscous ( c reep ) analysis 
misht be used for ice loadin& that occurs over a lons time period . 
Plastic limit analyses also have been used in some app licat ions to 
est imate the maximum horizontal loads that can be applied by the ice . 
These types of appl ications typically use ice property data senerated 
from the S3 scale of interest to est imate s2 properties and 
compute S2 loads . 

This approach ia successful in the sense that useful ensineerins 
criteria are deve loped ; however ,  it ia time-consumin& and somewhat 
wasteful of personnel and other ensineerin& resources . In addition ,  
the ut ility o f  the dominant failure mode approach tends to break down 
when complex fai lure processes ( somet imes cal led mixed-mode failures ) 
occur . The result ia usually a tendency to overdeaisn because of an 
inadequate understandin& of bas ic ice behavior . Present lons-te� 
research on theoretical ice mechanics emphasizes a more complete 
understandin& of sea ice behavior to complement the ahort-te� 
requirement for answers to specific ensineerin& problema . 

Laboratory facili ties are limi ted in the Uni ted S tates for model 
teatin& and teatin& mechanical propert ies of ice . The firs t  type of 
fac i l i ty ia for ice properties teat ins . The only industrial facility 
for ice properties teatin& ia owned by IXXon Production Research 
Company ( IPR) in Houston , Texas . IPR baa perfo�d several teat 
prosrama with first-year and multiyear ice us in& c losed loop

' 

equipment .  They have published some results and offered others for 
sale . The faci lity is not senerally avai lable for private use . 

CRRIL , located in Hanover ,  Rev Hampshire , contains extensive 
fac i l i ties for storin& and teatin& ice . The ice ensineerin& fac i l i ty 
wi th a test bas in , a larse f lume , and a model testin& area is 
addressed in the di scussion of model test ins . lxist in& equipment for 
ice properties teat in& inc ludes a c losed loop test machine wi th an 
environmental chamber for teat in& ice . Other teat machines are 
located in co ld rooms but are not presently outf i t ted with a closed 
loop feedback system . First priori ty for use of CRRIL soes to 
sovernment asenc ies , but academic partic ipat ion is  welcome ; industrial 
use is an exception , but can be arransed when common interests are 
involved ( see Appendix D) . 

48 

Copyr igh t  © Nat iona l  Academy o f  Sc iences .  A l l  r igh ts  reserved.

U.S.  Capab i l i t y  to  Suppor t  Ocean Eng ineer ing  in  the  Arc t i c
h t tp : / /www.nap.edu/ca ta log .php?record_ id=19426

http://www.nap.edu/catalog.php?record_id=19426


At leas t three other h i gh-qual i ty fac i l i t i es  for lee  mechan i c al 
propert i e s  tes t i ng ex i s t  out s i de of the Sov i et Un ion . Both the 
Nat i on al Research Counc i l  of Canada and ARCTIC Canada Limi ted operate 
l aborator i e s  in Ottawa ; the l atter i s  ava i l able for commerc i al 
tes t i ng .  The th i rd fac i l i ty i s  owned by Hamburs i sc he 
Sch i ffbau-Versuchsan s t al t  ( HSVA) i n  Hamburs . Germany . All fac i l i t i es 
have closed loop tes t mach i nes , cold room fac i l i t i es , and expe r i enced 
personnel . Though l imi ted in number , there appears to be a s uff i c ient 
number of fac i l i t i es worldwide for i ce propert ies  te s t i ng . 

The second type of laboratory fac i l i ty i s  for model tes t i ns of 
l ee-l ee, i ce-s truc ture, and l ee-sh i p  i nterac t i on s . Three general 
types of model ice  bas i n s  are i n  operat i on today-- i ndoor refr i serated 
bas i n s , an outdoor bas i n ,  and i ndoor bas i n s  us i ng a wax-base model 
i c e . Table 4 l i s ts  charac ter i s t i c s  of  ex i s t i ng refrl serated i c e  model 
bas i ns in the world . Eleven bas i n s  have been cons tructed as of 1983 . 
The f i r s t  bas i n  was cons truc ted i n  1 9 5 5  i n  Len i ngrad . Refri serated 
model tes t bas i n s  in the Un i ted States are at CRRIL ( government ) , Iowa 
Ins t i tute for Hydraul i c  Research ( un i vers i ty ) , and ARCTIC , Inc . 
( coanerc i al )  . 

The number of bas i n s  has i ncreased dramat i c ally s i nce 1970 , 
reflec t i ng the i ncreased i ntere s t  i n  offshore development of the 
Arc t i c . As i nd i c ated in Table 5 ,  recent bas i n s  are typi c ally l arger 
to accommodate models  of wi de offshore s t ructures at larger scale s . 
Several o ther bas i n s  are presen tly under cons truc t i on i n  the USSR , 
Canada , Japan , and Wes t  Germany . 

The only ex i s t i ng outdoor bas i n  i s  owned by ISSO Re sources Canada 
in Calgary , Alberta . Its charac ter i s t i c s  are shown i n  Table 5 .  The 
bas i n  has been used s i nce 1974  to study i ce-s t ruc ture and i ce- l ee 
i nterac t i on at large s c ale ( about 1 : 10 ) . The l arge bas i n  has the 
advantage of be i ng able to accommodate l arge-sc ale tests , but i s  
s ubj ect to weather fluctuat ions . I f  a warm w i n ter occurs , tes t i ng i s  
1 imi ted . 

Two model bas i ns us i ng a wax-base i ce , c alled Mod Ice , are i n  
operat ion i n  North Amer i c a--one owned b y  ARCTBC , Inc . , i n  Columb i a ,  
Maryland, and the other by ARCTBC Canada Ltd . i n  Calgary , Alberta 
( Table 5 ) . Mod Ice i s  a propr i etary wax-based mater i al wi th some 
potent i al advantases at small model scale s . However ,  as wi th sal i ne 
and c arbamide model i ce , not all propert i e s  c an be scaled 
s imultaneously in correc t rat ios . 

Gaps and Def i c i enc i e s  

The ens i neer i ns req u i rements  for theore t i c al l e e  mechan i c s  at the 
s1 • s2 , and s3 levels of i ntere s t  are generally assoc i ated wi th 

opt imi zat i on and cost  reduc t i on .  In mo s t  cases , quest i ons  of 
feas i b i l i ty c an be addres sed wi th ex i s t i ns analyt i cal methods . 

Potent i ally ava i l able resources for theore t i c al i ce mechan i c s  work 
i n  the Un i ted Slates cons i s t  of un i vers i ty personnel , as wel l  as 
profe s s i onal personnel and fac i l i t i es  at CRRBL and the U . S .  Navy Oce an  
Systeas Center , San Di ego , Cal i forn i a .  The need for bas i c  work i n  
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TABLE 4 Refr i serated Ice Bas i ns i n  the World 

Year S i ze i n  Meters 
Bu i l t  Coun try C i ty OWner Lensth Wi dth Depth 

195 5 USSR Len i nsrad Arc t i c  and Antarc t i c  13 . 4  1 . 8 1 . 3  
Research Ins t i tute 

1969 F i nland Hel s i nltl Wirts i li Icebreaki n& 3 7 . 0  4 . 5  1 . 2  
Model Bas i n  

1971  Germany Hamburs Hamburs Sh i p  Model 30 . 0  6 . 0  1 . 2  
Bas i n  

1974 USA Colwab l a ,  ARCTIC , Inc . 30 . 5  3 . 7  1 . 8  
Maryland 

19 7 7  Canada ICanata ARCTIC CANADA 30 . 5  4 . 9  1 . 5  
( Ottawa ) 

1 979  USA Hanover , Cold Res ions  Research 36 . 0  9 . 2  2 . 5  
New and Bns i neer i nc 
Hampsh i re Laboratory ( U . S .  

Army Corps of 
Bns i neers ) 

1981 USA Iowa C i ty ,  Iowa Ins t i tute of 20 . 0  5 . o  1 . 5  
Iowa Hydraul i c  Research 

1981 Canada Ottawa Nat i onal Research 21 . 0  7 . 0 1 . 2  
Counc i l  ( Canada ) 

1981 Japan M i taka Sh i p  Research 30 . 0  6 . 0 1 . 2  
( Tokyo ) Ins t i tute 

1982 Japan Tsu C i ty N i ppon ICokan IC . IC .  20 . 0  6 . 0  1 . 8  
1983 F i nl and Hel s i nki wart.s l la Arc t i c  7 7 . 3  6 . 5  2 . 3  

Research Center 

TABLE 5 Nonrefri serated Ice Bas i ns in the World 

Year S i ze i n  Meters 
Bui l t  Country C i ty OWner Lensth Width Depth 

MODEL ICB 
1981 Canada 

1982 USA 

OUTDOOR ICE BASIN 

Cal&ary , ARCTIC CANADA 30 . 5 
Alberta 

Columb i a ,  ARCTIC , Inc . 25 . 6  
Maryland 

1973  canada Calsary ESSO Resources  5 5 . 0  
Inc . 
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theore t i c al i c e  aecban i c s  has been recogn i zed i n  the l i terature , but 
the level of ac tual ac t i v i ty rema i n s  low ( Morland , 1983 ; Pon ter , 
et  al . ,  1983 ) . Progres s  i n  th i s  work area i s  l imi ted pr imar i l y  by 
fund i ng commi tments  rather than techn i c al resources .  Long-te� 
fund i ng commi tments are neces sary for substan t i al progre s s  to be 
ach i eved . T ime ,  on the order of S or 10 years , should be expec ted for 
s i gn i f i c ant  contri but ions . Add i t i onal effort would then be requ i red 
to apply the bas i c  work to eng i neer i ng problems . 

Ex i s t i ng i ce l aborator i e s  c an support i ncreased demand for 
small-scale i c e  propert i es test i ng .  Kore data are requi red and test  
techn iques have been ident i f i ed that would prov i de good dat a ,  but  tes t  
programs are expen s i ve .  At present , con s truc t i on of new fac i l i t i es 
bas not been economically j ust i f i ed . Another l imi tat i on to the use of 
ex i s t i ng fac i l i t i es  i s  a lack of standard i zed tes t  techn iques that 
would fac i l i tate data compar i son among tes t  programs . 

S im i l arly , i n  the commi ttee ' s  v i ew ,  ex i s t i ng model bas i n  
fac i l i t i es  seem adequate to mee t near-term needs of offshore 
development . However , i t  i s  important to cont i nue development of 
improved model test  c apab i l i t i e s . Improved model i ce mater i als  
c apable of s imul t aneously s c al i ng all propert ies  would be  valuable for 
s t udy i ng mul t imodal fai lure . As wi th i ce propert ies  test i ng , 
compar i son of data amon& model tes t  programs i s  d i ff i cult bec ause of a 
l ack of s t andard i zed procedures for tes t i ng model i ce propert i e s . 

The pr imary i n format ion gap i s  a l imi ted s upply of ful l-scale 
measurements  wi th wh i ch to ver i fy laboratory tes t  resul t s . Analyt i c al 
stud i e s , model tests , and f i eld measurements  have been perfo�d to 
des i gn and operate the f i rs t  generat ion of Arc t i c  s t ruc tures . A 
second generat ion of s truc ture s  for deeper water i s  be i ng developed . 
Several measurement programs around s tructures and on i cebreakers are 
currently underway or pl anned in the Arc t i c . There , f i eld data wi ll 
prov i de useful feedback for evaluat i ng and improv i ng laboratory tests 
used in evaluat i ng future des i gn s . 

Ice Load i ng on Structures 

Ice load i ngs on s truc tures are both local and global . The loc al 
loads may be generated under impac t from a mav i n& ice  feature or from 
the sustai ned force of s urround i ng i c e  act i ng through a "hard po i nt" 
bear i ng on a loc al are a .  The c rush i ng s t rength of the ice is  very 
s i gn i f i c antly affec ted by the area of contac t  i n  rela� i on to tbe 
th i ckne s s  of the i ce feature . Th i s  i s  due to the two- and 
three-d imens i onal con f i nement of the "hard po i n t . "  For larger contac t  
areas , the i nc rease i n  the number o f  homogene i t ies , s uch a s  fractures 
and br i ne i nclus i ons  in the volume of i ce under stre s s , reduce s  tbe 
effec t ive s t rength . The loc al loads are al so affec ted by the s t ra i n  
rate , the temperature o f  the i ce , and the s al i n i ty .  

Curves have been developed g i v i ng the apparent  i c e  strengths 
versus contac t  area , recogn i z i ng the var i ables i nvolved . For very 
small areas , the vary i ng pre s s ure may be up to three t imes tbe 
un i ax i al compres s i ve s t rength of the i ce . Such loc al loads , ran&i ng 
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up to 8 . 3-11 . 0  KPa ( 1 , 200-1 , 600 ps i )  and more , produce h i sh flexural 
and shear loads on the per i pheral wal l s , wh i ch could lead to buckl i n& 
of frames i n  s teel-ski nned s t ruc tures or punch i ns shear i n  concrete 
wal l s  unless  they have been properly des i sned to res i s t  s ucb forces . 
Cons iderable effort i s  be i ns devoted to the des isn and tes t i n& of 
var ious wall s .  

The des i sn of the i n ternal s t ruc ture of tbe platfo� mus t  also 
con s ider these  local loads , s i nce they c an produce very h i sh 
compres s ive and membrane shear forces i n  the di aphrasms (wal l s  or 
frames ) support i ns the per i pheral i ce wall . 

Global i ce forces  are those ac t i ns on the s truc ture as a whole . 
The s t ruc ture mus t  wi ths t and forces i n  the wi nter senerated by tbe 
slowly mavins ice f i elds that may conta i n  r i dses embedded in ault i year 
floes . Structures mus t  al 1o res i s t the impact of a mul t i year floe i n  
a 1 ummer ice i nvas ion , i n  wh i ch the floe t ransmi ts  h i sh ki net i c  enersy 
forces to the s t ructure over a period of a few seconds . Th i s  
short-burs t  enersy mus t  be absorbed pr imar i ly by the crush i n& of the 
ice , al thoush other mechan i sms such as the far-fi eld creep strain  and 
compl i ance of the s truc ture i n  so i l  s tra i n  may l imi t the max imum force . 

A number of soph i s t i cated conf i &urat ions have been developed to 
i nduce ice fai lure , i nclud i ns upward-breaki ns cones , hour-slass 
con f i surat ions , and monotowers wi th con i c al collars . These appear , on 
the bas i s  of model tests  and ens i neer i ns analyses , to reduce tbe 
max imum ice forces exerted on the s t ruc ture . However ,  th i s  reduc t i on 
may be i nh i b i ted by adfreeze ( adhes i on by freez i n& )  or the j am.i ns of 
a larse mult i year r l dse asa l n s t  the throat of the s truc ture . 
Therefore , cons i derat i on has to be s l ven to extreme event loads , as 
well  as to tbe wide ranse of forces that may be developed by the 
var ious i ce scenar i o s . Fortunately , the max imum force exerted on the 
s truc ture by a larse ice expanse may be re s t r i c ted by natural l iai t s  
to t h e  dr i v i ns force o f  the l ee pack- l e e  sheet that i s  ac t l ns asa i n s t  
the c r i t i c al i ce feature . 

The effect of these extreme loads on s t ruc tures l s  to produce both 
lateral C sl i d i ns >  forces and overturn l ns C t i l t l ns >  moments that mus t  
be t ran smi t ted throu&h the s truc ture t o  the so i l ,  and then be res i sted 
by the so i l  in shear and bear i ns . Th i s  ac t i on i s  di scus sed later i n  
th i s  chapter ( see Geotechn i c s ) . 

Global forces ,  espec i ally those occas ioned by the impac t of floes 
and r l dses , may be cen t r i c  or eccentr i c . They may ac t no�al to the 
per i pheral wall or at an an&le to l t .  Recent s tudi e s  show that these 
eccentr i c  and i ncl i ned forces may be more demandi ns than centr i c  
load i nss , s i nce they produce tors i onal forces i n  the struc ture and the 
foundat i on so i l s . 

The ph i losophy of Arc t i c  s tructures des i &n i s  i n  evolut i on . I t  
appears that a ph i losophy s imi l ar t o  that employed i n  earthquake 
ens i neer i n& i s  mo s t  appropr i ate , namely to des i sn for elas t i c  behav i or 
under normal operat i ns loads that have a reasonable probab i l i ty of 
occurrence dur i ns the service  l i fe .  For extreme even t s , duct i l i ty and 
f a i l ure mode should be con s i dered . Pro&re s s i ve collapse should be 
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prevented , wh i le damage and d i spl acement c an be ac cepted , prov i ded i t  
i nvolves no loss of l i fe o r  r i sk of an o i l  spill . 

Both i ndus try and government need more i nformat i on on the return 
per i ods and propert i e s  of the larger ice features to permi t a 
stat i s t i cal evaluat i on and a rat ional semi probabal i s t i c  approach to 
des i gn . Research on l arge ice features and the forces they can exert 
on s t ruc tures  may result in s i gn i f i cant cost sav i ngs . 

At present , coapan i e s  that operate or plan to operate i n  tbe 
Arc t i c  offshore , as well  as Arc t i c  eng i neer i ng f i rms , base the i r  
des i gn methodolog i e s  on e s t abl i shed procedures such a s  the l imi t  s tate 
or the worki ng s tres s  approach ( API , 1982 ) . 9 Such methods have 
prov i s ions for i ncud i ng stat i s t i cal i nformat ion relat ive to sea i ce 
through spec i f i c at ion of rec urrence i nterval s . However ,  currently 
there are no widely accepted i ndu s tr i al des i gn prac t i ces  that set 
forth sea ice  force c r i ter i a .  I n  general , i ndus try-developed 
prac t i ces  for ri sk-based loc al and global i ce force cri ter i a  are 
des i rable , prov ided that such prac t i ces would allow new technology to 
be i ncluded i n  the des i gn c r i ter i a ,  wi th l i ttle t ime delay . Use of 
s uch prac t i ces would requ i re con s i derable knowledge about tbe 
s t at i s t i cal var i ab i l i ty of the ice  env i ronment to receive wide 
acceptance . The current data base of i ce fai l ure mechan i sms and i ce 
s trength measurements , al though suff i c ient  to s upport the de s ign of 
certa i n  structures , i s  i nsuff i c i ent to e s tabl i sh general i zed i ce 
c r i ter i a  of the type commonly spec i f i ed i n  an i ndus try des i gn 
prac t i ce . However ,  th i s  data base i s  expandi ng and evolv i ng yearly 
through i ndus try and government s tudi e s  that will  extend the data base 
avai l able for the development of an i ndus t r i al des i gn prac t ice . 

Ava ilab i l i ty and As sessmen t  of Re sources  

An area of eng i neer i ng concern is  the s uperstructure i c i ng of 
dr i l l i ng r i g s  and ves sels to the po i nt that operat ions c an becoae 
c r i t i c al and may even requ i re curtai lmen t .  Th i s  i s  more of a problem 
wi th float i ng and semi submers ible dr i l l i ng un i t s than wi th 
bot tom-founded platforms . Exper iences in the Alaska Outer Con t i nental 
Shelf  Reg ion make i t  obv i ous that supers truc ture i c ing  i s  a r i sk i n  
the central and southern Ber i ng Sea area under certai n weather 
cond i t ions . R i g s  mus t  be des i gned to accommodate exce s s ive i ce loads 
result i ng from superstruc ture i c i ng .  

9Amer i c an Conc rete In s t i tute ' s  consensus s tandard , Proposed 
State-of-the-Art Report _qn Offshore Conc rete Struc tures for tbe 
Arc t i� ,  ACI commi t tee 3 5 7 , Jal N.  B i rdy , chai rman ( Br i an Watt 
As soc i ates , Hous ton , Texas ) ; report is  i n  rev iew and scheduled for 
late 1985 i n i t i al draft publ i c at ion . 
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Kos t  of the plann i ng for exploratory dr i l l i ng and produc t i on l n  
the Beaufort and Chukchi  seas l s  based on the use o f  f i xed s tructures , 
founded on the seafloor . In shallow waters ,  up to 15  to 20 meters 
deep , gravel i sl ands wi th s lope protec t i on have been adopted . Beyond 
that depth , concrete c a i s son-retai ned i slands have been proposed . One 
s uch i sland , Tars u i t ,  l n  the Canad i an Beaufort Sea , bas been coapleted 
and the exploratory dr i l l i ng program succ e s s fully executed ln the 
Canad i an Beaufort Sea . A second i sland concept ut i l i zes  a s teel 
cai s son r i ng as a means of conta i n i ng and protec t i ng the s and and 
gravel . Th i s  was empl aced in the summer of 1983 i n  the Canadi an 
Beaufort Sea for Esso Resources Canada , Ltd . A th i rd pl atfo� , used 
i n  Canad i an waters , the s i ngle s teel dr i l l i ng c ai s son , SSDC-1 , 
cons i s ts  of the mi dbody of a very l arge c rude c arr i er ( VLCC ) ,  seated 
on an underwater embankment and protec ted by an art i f i c i ally generated 
rubble p i le of i c e . Another cai s son-type s t ruc ture , Global Kar i na 
Development Company ' s  Concrete Island Dr i ll i ng Sys tem ( CIDS )  
( F i gure 5 )  was construc ted i n  Japan , towed to the Alaskan Arc t i c  and 
i n  Augus t  1984 was empl aced 9 mi les from shore , 115  mi les northeas t of 
Prudhoe Bay . Gul f Canada ' s  mob i le Arc t i c  cai s son was al so bu i l t  i n  
Japan for empl acement i n  the Beaufort Sea dur i ng the s�r of 1984 . 

For deeper water and extended serv i ce , the c urrent trend l n  
plann i ng for the Chukch i and Beaufort seas i s  toward full c a i s sons , 
e i ther vert i c ally s ided or t runcated cones , seated on the seafloor or 
on an underwater embankment of s and and gravel . Inten s i ve effort and 
advanced eng i neer i ng have been d i rec ted i n to a number of these 
concept s . 

Several i nnovat ive s truc tural concepts have been offered as be i ng 
workable for explorat i on sys tems i n  waters out to 50- to 6 5 -meter 
depths ln the Beaufort Sea ( see F i gures 5 ,  6 ,  and 7 ) . For the most 
part , these i nclude grav i ty-type mob i le struc ture s des i gned to break 
and spl i t  oncomi ng l ee . Even though these s truc tures are very heavy 
and there fore very res i s tan t  to i ce forces , the fac t remains  that such 
s t ructures , as bu i l t , will  requ i re conservat ive des i gn c r i teri a ,  
c r i t i c al des i gn rev i ew ,  laboratory tests  of scale model s ,  and 
perfo�ance mon i to r i ng i n  the f i eld . In the Canad i an Beaufort Sea , 
Gulf Resources Canada Ltd . ope rated a float i ng dr i ll i ng c a i s son , 
Kulluk , i n  1983 . 

Pl ann i ng for produc t i on platforms i n  the Beaufort and Chukch i seas 
generally appears to be based on gravel i slands to 15 meters , 
cai s son-retai ned i sl ands to 30 meters , and full c a i s sons or con i c al 
s t ruc ture s beyond that depth , al though full cai s sons , e . g . , conc rete 
i slands , may be used i n  preference to other sys tems i n  water as 
shallow as 20 meter s . Exten s i ve use w i l l  be made of modular 
proce s s i ng un i ts to m i n imi ze the offshore labor hookup . . 

For the Ber i ng Sea , mos t  s i tes  are acces s i ble for explorat i on 
dr ill i ng by convent i onal semi submers l ble or j ack-up r i gs i n  the open 
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FIGURE 6 Float i ns dr i l l i ns r i s  
KULLUK . 

SOURCE : Gulf Resources  Canada , Ltd . 

s s  

FIGURE S Global Mar i ne 
Development Corporat i on ' s 
concrete i s land dr i ll i ns sys tem 
( CIDS ) . 

SOURCE : Global Mari ne 
Development Corporat ion . 

FIGURE 7 Stepped pyramid 
concept for deep water . 

SOURCE : Commi t tee on 
As ses sment of Arc t i c  Ocean 
Ens i neer i ns Support Capab i l i ty .  
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water durins the summer season . Produc tion struc tures wil l  either be 
s teel j acket struc tures , s�i lar to those in Cook Inlet , or 
bottom-founded sravity-base structures s �lar to those in the •orth 
Sea . Concrete ialands or caisson-type structures may be used in 
•orton Sound . Monotowers with icebreakins conical collars may be 
favored to reduce the overturnins moments caused by winter i ce . In 
the •avarin Basin eapec ial ly , offshore oil  storase may be required , 
and the struc tures wil l  probably be similar to those emplaced in the 
•orth Sea . 

The use of full caissons , supportins fully intesrated decka , with 
al l process and dril l ins equipment installed , hooked up , and tested , 
appears economically advantaseous with almost al l construction and 
assembly carried out in warm-water areas such as Japan , �orea , or 
Puset Sound , Washinston . One example of such intesrated construction 
is the "stepped pyramid" concept for deep water shown in Fisure 7 .  
Another example is the cone-shaped dril l ins platform , Arctic Cone 
Exploration Struc ture (ACES ) ,  developed for IXxon , Shel l ,  and Chevron 
by Brian Watt Associates . 

Based on various indust ry-sponsored conceptual development studies 
to date , Arctic offshore produc t ion terminals wi ll  most l ikely bear a 
remarkable similarity to Arctic oil produc t ion struc tures or be 
reasonable extens ions of exist ins production terminal tecbnolosy . The 
Alaskan Arc t ic ocean environment does not present a unique problem for 
the des isn of moorinss . 

The structural materials beins cons idered inc lude heavily 
st iffened steel and prestressed reinforced concrete . Sand and sravel 
wil l  be used to increase bal last weisht Where needed . A review and 
discussion of current tecbnolosy and proposed proj ects in the 
appl icat ion of concrete structures to the Arc tic was held at the 
International Workshop on the Performance of Of fshore Concrete 
Struc ture in the Arc t ic Environment on Karch 1-2 , 1983 , at the 
Rational Bureau of Standards , u . s .  Department of Commerce . 
Proceedinss of this workshop have been published (aDS , 1983 ) . 

The offshore industry has had many years of experience of 
ensineerins and usins many struc tures in a wide variety of sea 
states . Storms in the Berins Sea are not sisnif icantly dif ferent , if 
at al l , f rom storms in the Korth Sea and the Gulf of Alaska , except 
that the combination of ice and s torms accentuates the potent ial for 
damase to coastal and some offshore structures . Short steep waves are 
common under storm condit ions in Morton Sound , which is characterized 
by extens ive shallow water areas . This environment could be 
part icularly hazardous to barse and smal l ship t ransportat ion . Such 
condit ions accentuate the need for accurate and t imely weather and sea 
state forecast ins coverins the Berins sea areas as development 
prosresses . 

Ports and Terminals--Berins Sea 

The construct ion d i f f iculties posed by the terrain alons the 
Berins sea , the lack of land transportation interties , and the short 
ice season for most of the area make the use of tankers appear to be 
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the most promi s i ng opt i on for transport i ng o i l  from the Alaskan wes t  
coas t along the Ber i ng Sea . 

Although i cebreaki ng tankers have been proposed by several 
compan i e s , the cap i tal cost of a fleet of spec i al i zed tankers that 
would only operate a small percentage of the t ime in the i cebreaki ng 
mode would make th i s  opt i on uneconom i c al . The mos t  probable scenar io 
would be the use of convent i onal t ankers operat i ng from a 
trans-sh i pment termi nal at a loc at i on i n  the Aleut i an I slands , s uch as 
Un lmak I s l and . 

As i ce cond i t i ons  i n  the Beri ng Sea are not part i cularly severe 
duri ng most of the year , tanker transport us i ng convent i onal c raf t 
could t ran sport crude i n  the Beri ng except for a short per i od of 
t ime .  Some s torage c apac i ty would be requ i red offshore for well s i tes  
remote from the shore . Storage onshore for loc at ions relat i vely close 
to shore would be feas i ble . The onshore s torage fac i l i t ies  would be 
des i gned to h i gh standards s uch as those at Valdez , Alaska , to as sure 
aga i n s t  env i ronmental da.age . 

Present eng i neer i ng plans i nclude the use of tankers that would be 
double hulled and would not use contami nated ballas t water .  Wi th 
s ide-looki ng radar reconnai sance , the probab i l i ty of coll i s i on wi th 
i c e  and damage to a large tanker should be low . Loc al damage to a 
bull would release env i ronmen tal ly s afe ballast water . 

Gaps and Def i c i enc i e s  

There i s  a s i gn i f i c ant  lack of data and i n format i on about the 
d i s t r i bu t i on and propert i e s  of large mul t i year floes . Th i s  importan t  
i n format i on often establ i shes des i gn l imi ts  for extreme s truc tural 
load i ngs . Ice floes may con t a i n  embedded r i dges , wh i ch make an 
evaluat ion of floe forces even more complex . Data on floe s i ze , 
th i c kne s s , veloc i ty ,  spat i al and corporal d i s t r i but i on , i n ternal 
frac ture planes , and surf i c i al i c e  s trength ( espec i ally the external 1 
to 2 meters that have been i n  contac t  wi th the sea ) , are needed so 
that a reasonable as ses sment c an be made of the force they can exert 
on a struc ture . S im i l ar i nformat i on i s  needed for the propert ie s  of 
th i c k  mult i year r i dges and i ce i sland fragments . 

A s t at i s t i c al problem ex i st s  s i nce mos t  floes are only a few 
hundred meters i n  d i ameter , but rare ones wi th mas ses that are orders 
of magn i tude greater than common floes , have been s i gh ted and have 
been 5 , 000 to 10 , 000 meters ln d i ame ter . 

A mos t  c r i t i c al ques t i on i s  whether the work i n  l ee mechan i c s  
C l . e . , the s3 tes t s ) c an be rel i ably extrapol ated to the l ee 
features ac t i ng on the struc tures C S2 scale ) . There are i nd i c at i on s  
from f i eld observat i on s  that the ac tual forces expe r i enced o n  the S2 
sc ale are s i gn i f i cantly les s  than those that can be computed from the 
ava i l able data on small-scale spec imens . 

Many of these ques t i on s  have been rai sed i n  prev i ous reports on 
Arc t i c  ocean s truc ture s , and they are be i ng addres sed in research 
reports by un ivers i t i e s , profe s s i onal organ i zat ions , government , and 
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e spec i ally i ndus try ( NRC , 1981b ) . A more complete effort at data 
collec t i on ,  di rec ted at the extreme l ee features s uch as mult i year 
floes and r l daes and lee i sland fras-en t s , will has ten the s afe and 
econom i c al development of Arc t i c  ocean resources . 

Meanwh i le ,  s truc tural research and development con t i nues on 
improved mater i al s  and des i ans  to res i st these  lee forces . Amana the 
important  areas ident i f i ed ( NBS , 1983 ) are the fol low i na : 

o Puncb i na shear l n  conc rete wall s .  Some i ndus t ry-sponsored 
proarams are i nve s t i aat i na the use of mult i ax l al 
re i nforcement and s andwi ch-wall ( hybr i d )  s teel-conc rete 
cons truc t ion .  The Nat i onal Bureau of Standards l s  plann l na a 
research proj ec t on tb l s  subj ec t i n  the form of a j o i n t  
aovernment- l ndus t ry study ex tend i na over a per i od o f  several 
years . lO 

o Ice abras ion of concrete . Industry l s  l nves t i aat l na tbe 
ac tual performance of conc rete and s teel s t ruc tures ln sea 
l ee env i ronments , such as the Bal t i c  Sea , and l s  condue t l na 
exten s i ve laboratory tes t i na . 

o Sea l ee s truc ture-s o i l dynami c i n terac t i on i s  be l na analyzed 
and evaluated throuah un ivers i ty research sponsored by 
i ndus try . 

o Freeze-thaw of saturated concrete near the waterl i ne bas been 
extens i vely i nves t l aated under j o i nt i ndus try research 
proarams . 

o Development of econom i c al s teels and weldl na technoloay to 
prevent br i ttle frac ture under impac t at low temperature has 
been car r i ed out by the s teel i ndus try , par t i c ularly ln Japan . 

o P i pel i ne bur i al techn i ques sui table to the Arc t i c  have been 
l nves t l aated under j o i n t  i ndustry proarams . Bur i al in water 
depth s les s  than 50 meters appears nec e s s ary to preven t  
damaae from deep-keeled r l daes . S imi lar efforts  have been 
addres s ed to the pi pel i ne c ros s i na of the coas tl i ne , where 
permafrost  dearadat i on and thermokars t1 1  ero s i on miabt  
occ u r . 

Needed research and developmen t for s t ruc tures i nclude repa i r  
techn iques for concrete and s teel s truc tures at  low temperatures ,  
improved s t ructural means for d l s tr i but l na h l ah local forces throuah 
the i n ternal s t ruc ture and thence i nto the sea floor , and tbe 
development of h l ah-c apac l ty moo r l nas for float l na ves sel s under sea 
lee cond i t i ons . 

lOaefer to Dr . H .  L .  Lew , Nat i onal Bureau of Standards , Cons truc t ion 
Safety Grou p ,  Wash l naton , D . C .  20234 . 

1 1Thermokars t : settl l na or cav l na of the around from the melt l na of 
around l e e . 
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Ic i ng and Sh i ps 

The accumulat ion of large quant i t i es of ice  and attendant los s of 
s tab i l i ty i s  a maj or hazard to the operat i ons  of f i sh i ng ves sels  i n  
northern waters and i s  also a safety concern i n  the des ign and use  of 
float i ng platfo�s . The northern Pac i f i c  env i ronment and espec i ally 
that of the Beri ng Sea , as well as the Gulf of Alaska , present the 
most s t r i ngent s t ruc tural i c i ng problem , wh ich is a threat to the u . s .  
f i sh i ng and c rabb i ng i ndus try operat i ng i n  Alaskan waters . The most 
ser ious cond i t i on s  prevai l  i n  areas where the ai r temperature i s  below 
the freez i ng po i n t  of seawater ( about -1 . 8°C ) , the sea-surface 
temperature is below soc ,  and the wi nd i s  in excess  of 20 knots . 
Wh i le there are i c i ng s t andards promulgated i n  several nat i on s , 
part i c ul arly J apan and the Un i ted K i ngdom , as well as by tbe 
In ternat ional Mar i t ime Organ i zat i on1 2  ( IMO) , no s uch operat ional 
s tandard ex i st s  in the Un i ted States . The F i sh i ng Systems Panel 
( MS-1 1 )  of the Mar i ne Sys tems Commi t tee , Soc i ety of Naval Arch i tect s  
and Mar i ne Eng i neers ( SNAMB ) , has spon sored a study t o  i dent i fy 
as soc i ated ac t i ons  needed to enhance unders tand i ng , s uch as tbe 
acqu i s i t i on and analys i s  of i c i ng reports , models or full-scale tes t s  
o f  var ious  hulls  and s truc tures , and analyses o f  the r i sks assoc i ated 
wi th atmospher i c  i c i ng .  The SNAMB panel ' s  wort , wh i ch i s  i n  report 
preparat ion , should contr i bute to adopt i on of c r i ter i a  for use i n  the 
des ign of u . s .  f i sh i ng ves s el s . 

GBOTBCHNICS 

Seafloor So i l s  and So i l  Mechan i c s  

Obtai n i ng geotechn i c al data , espec i ally i n  the shear i c e  zone , i s  
a part i cularly d i ff i c ult  challenge wh ich i s  confron ted by several 
problems s uch as : ( 1 )  acqu i r i ng a platfo� c apable of working i n  
mov i ng broken ice , ( 2 )  as s ur i ng adequate log i s t i c al s upport ,  and 
( 3 )  obtai n i ng rel at ively und i s t urbed s amples  i n  s uch c r i t i cal so i l  
s trata as part i ally i ce-bonded s ands , overconsol idated s i l ts , and 
gas-charged s i l ty clays . These s i lt s  and s i lty clays  appear to be 
h i ghly an i sotropic . 13  In s i tu measurements curren tly appear to be 
the bes t  mean s . One new techn ique , i . e . , elec t r i c al res i s t i v i ty 
meas urement s , i s  be i ng explored . 

12po�erly IMCO , the Intergovernmental Mar i t ime Con sultat i ve 
Organ i zat ion . 

13An i stropi c :  exh i b i t i ng propert i e s  ( e . g  • •  res i s tance ) that have 
d i fferent valve s when measured along axe s  i n  d i fferen t d i rec t i on s . 
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Advances i n  understand i ns the spec i al seotechn i c al nature of tbe 
Arc t i c  sea floor ( NRC , 1982b ) have been made i n  the pas t 5 years . At 
the s ame t ime ,  some phenoaena have ach i eved new importance and concern . 

The i nc reased des l sn forces  as soc i ated wi th rare events  aay 
req u i re the so i l  to accept very l arse force s  ( of the order of 100 , 000 
met r i c  tons ) i n  l ateral s trai n ,  accompan i ed by s l sn l f l c ant bearl ns 
loads under the overturn i ns aoment . The aoment may be offset by 
conf i sur i ng the s t ruc ture wi th an i nc l i ned face so that the reac t i on 
i s  d i rected downward . Wh i le adfreeze •ay i nh i b i t the effec t i vene s s  of 
th i s  des i sn i n  wi nter , the des i sn concept may be effec t ive for 
c r i t i c al summer l e e  floe l•pac t s i tuat i ons . 

The s truc ture-so i l  i nterac t i on may be very complex bec ause Arc t i c  
seafloor so i l s  may have maj or property changes wi th depth a t  locat i ons 
where overconsol l dated Ple i s tocene so i l s  have rece i ved l i ttle 
add i t i onal sedl•ent dur i n& the Holocene per i od . At thes e  locat i on s , 
fai l ure by s l l d l ns aay take place i n  shallow s trata near the seafloor , 
where the so i l  has been reworked by l e e  gous l ns ,  or i t  aay t ate place 
at some depth where a plane of s i lt  has been weakened by water and 
pos s i bly by gas i nflux from thaw i ng permafros t  below . 

The i n s tallat i on of mechan i c al means to transfer shear , such as 
skirts  or spuds , may be adversely affec ted by l nteraed l ate 
near- surface layers of overconsol i dated s i lt ,  that are extremely 
d i f f i cult to dredse or penetrate mechan i c ally . However ,  they appear 
to break up read i ly under the ac t ion of h i &h-pre s sure water j et t i ng . 
Further research on these phenomena i s  needed ; some i s  underway l n  
un i vers i t i es . Pene trat i on of these l ayers aay requ i re the use of 
h i &h - pre s s u re j et s  alons wi th other methods . 14 The i nterac t i on of 
bo th j et water and mechan i c al impac t and v i brat i on on overconsol l dated 
s i lt s  i s  not well unders tood , and improvements i n  tnowledse of 
compound penetrat i on techn iques  may have cos t  benef i ts . 

The mai n  d i f f i culty wi th overconsol i dated s i l t  i nvolves 
character i z i ns a des i sn s trensth for s l i d i ng res i s tance , as part i al 
drai nase takes place dur i n& mos t  i n  s i tu tests  and dur i ng full-scale 
f i eld load i ns . 

The alternat i ves  of art i f i c i al freez i ns or art i f i c i al drai nase of 
these s i lt s  and s i lty clay layers are be i ng proposed . Concurren t ly , 
rel ated ques t i ons  ar i se such as : How w i l l  s i l t s  whose h igh water 
con len t i s  s al i ne behave under art i f i c i al freez ing?  Wi ll the i ce 
lenses and br i ne pockets  be smal l and d i scont i nuous or so larse as to 
pose a ser i ou s  plane of weaknes s ?  and Wi ll  dra i n ase by wi cks or s and 
dra i n s  be effec t ive ?  

14only some of the Alaskan s i lt s  have a low enoush pl as t i c i ty to be 
eas i ly erodable . Jet t i ng c an al so have adverse effec t s ; dead-we lsbt  
load i ng or mechan i c al impac t may be preferred al ternate techn iques . 
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Stab i l i zat i on of weak sea floors i s  be i ns c arr i ed out i n  J apan , 
us i ns cement-mi z i ns and l ime-mi z i ns techn iques . Sand i nj ec t i on 
methods have al so been used i n  s im i l ar so i l s  on shore . These may have 
appl i c ab i l i ty for produc t i on platforms i n  areas wi th weak surf i c i al 

soi ls . The low amb i ent  temperature ( -lo to -20C)  mus t  be taken 
i nto account . In Japan , at the reque s t  of Global Mar i ne Developmen t , 
tests  have shown that s at i sfac tory s t rength has been demon s trated 
at -t0c .  

An early recogn i zed problem , trans fer of heat from a c lus ter of 
product i on well s ,  wh i ch c auses l arse-s c ale thawi ns of permafro s t  and 
thaw subs i dence under the struc ture , c an probably be countered by well 
operat i onal control techn i ques and refri serat i on comb i ned wi th the use 
of i nsulat i on .  Data conf i rm i ng th i s  should be ava i l able soon from 
on-shore ezperi enee in the Prudhoe Bay area . 

Bns i neer i ns responses to other concern s , such as wave and i ce 
eros i on of s lopes and bottom scour i ng ,  appear to be wi th i n  the 
prov i nce and capab i l i ty of i ndus t ry or c an be resolved wi th further 
research . 

Ice goug i ng of the seafloor i n  the shear zone i s  a de s i gn 
cons idera t i on for a platform that may be 100 to 150 meters in d i ameter 
and may be spann i ng ac ros s  many gouges , of  d i fferent ages , depth s ,  and 
desrees of ref i ll i ng . Industry i s  worki ng on var i ous means to 
e s tabl i sh a s at i sfac tory i nterface and contac t  for seafloor-founded 
s t ruc ture s . The "s imple" solut i on of s t r i pp i ng and f i ll i ng wi th s and 
and gravel turns  out not to be ent i rely s imple , as prac t i c al mat ters 
make the s e reed i ng of such an embankment to close toleranc es eztremely 
d i ff i c ul t . The ezpe r l enee wi th Dome Petroleum ' s  SSDC-1 dr i ll i ng 
vessel  i n  the Canad i an Beaufort has demons trated the need for 
supplemental means of unde rbase f i ll i ng .  Reportedly , at tempts to 
screed the underbase embankment to an acceptable tolerance proved 
imprac t i c able i n  the open sea , despi te the use of very modern , 
soph i s t i c ated dredg i ng equ i pment .  The s t ruc ture was therefore 
temporar i ly seated on three pads ( concre te plus a polyurethane 
cush i on ) , and s and was s lurr i ed underneath the s t ruc ture us i ns a 
system patented i n  The Netherl ands . A s imi l ar ezper i enee i s  reported 
for the barge-mounted sal twater treatment plan t for the Prudhoe Bay 
waterflood proj ect . 

To res i s t ezt reme i c e  events such as th i c k  mul t i year floes , 
deep- keeled r i dges , and l ee i sland frasment s , embankments and berms 
are often proposed to be cons t ruc ted to absorb the ki net i c  energy of 
these  large l ee features by forc i ng a plough i ng ac t i on . Embankments 
may eztend close to or above sea level , in  wh i ch e ase protec t i on 
aga i n s t  wave eros i on wi ll be necess ary , or embankments may termi nate 
in a berm 10 to 15 meters below sea level . The res i s tance offered to 
the l e e  plough i ng ac t i on i s  l argely determi ned by the pas s i ve 
res i s tance of embankment so i l  and by the surcharge of so i l  pushed up 
ahead of the i c e . Of apparently les s import ance are fr i c t i on of the 
ice on the so i l  and l i f t i ng of the i ce feature . 

If  smaller c a i s sons are placed on the embankmen t to ret a i n  sand 
f i l l  wh i le ac t i ng to prevent  wave eros i on ( the c a i s son-re t a i ned 
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i sl and concept ) ,  then a suff i c i ent  depth of mater i al mus t  be p i led 
beh i nd the c a i s son to prevent  a loc al upward f a i l ure of pas s i ve 
re s i s tance . 

Other potent i al concepts for reten t i on of embankments i nclude 
re i nforc ed earth concepts and both convent i onal and novel s and cel l s  
made o f  fabr i c , membrane , o r  s teel , f i lled wi th sand , gravel , o r  weak 
concrete . 

Offshore Per.afro s t  

Offshore i ce-bonded permafro s t  affec ts  petrolewa operat i ons i n  
mos t  o f  the s ame techn i c al areas as onshore permafrost : p i pel i ne 
settlement ,  thaw subs idence around wel l s , foundat i on defor.at i on , 
se i smi c record i nterpretat i on , h i ndrance of excavat i on ,  and 
thermal-hydraul i c  eros i on along the seacoas t . However ,  offshore 
permafro s t  d i ffers s i gn i f i c antly from that on shore . Nearshore , water 
depth i s  the controll i ng i nfluence on seafloor temperatures In water 
depths greater than about 2 me ters , there i s  no ac t ive layer , and the 
top of the i ce-bonded permafrost  i s  usually tens of meters below the 
seafloorl 5 ; pore water s al i n i ty affec ts permafro s t  thawi ng 
temperature and makes the tber.al , mechan i c al , and elec tr i c al 
propert i e s  of the i ce-bear i ng so i l  h i ghly temperature dependent .  
Offshore permafrost  i s  relat i vely warm and undergo i ng long-term 
degradat i on from above and below ,  and i t s  d i s t r i but ion i s  dependen t on 
recent shorel i ne h i s tory and the presence of overly i ng 
low-permeab i l i ty s o i l layers . Bec ause of pore water s al i n i ty ,  the 
s tandard def i n i t i on of permafros t  based on 0°c i s  not very useful , 
so i n  the followi ng d i scus s i on , "permafrost" only refers to 
i ce-bear i ng so i l , wh i ch may or may not be bonded . 

Research areas that mer i t  further work and data acqu i s i t i on 
i nclude phase beh av i or of s al i ne pore water ; s alt  transfer i n  thawed 
and freez i ng so i l ; mechan i c al ,  thermal , and elec tr i c al so i l  
propert i e s ; permafros t  d i s t r i but i on , l i thology , and temperature ; data  
for  surface and seafloor beat balance c alculat i ons ; i n-place cond i t i on 
of art i f i c i al f i ll mater i al used i n  i slands and c auseways ; nu.er i c al 
model i ng for beat and s alt  tran s fer ; so i l / s t ruc ture tber.al and 
mechan i c al i n terac t i on model i ng for wells , p i pel i nes , and proce s s  
fac i l i t i es ; fro s t  heave ; exc avat i on methods ; and coas tal eros ion . The 
proceed i ngs  of the Fourth Internat i onal Conference on Permafros t  C NRC , 
1983 a)  provi de a collec t i on of research papers de scribi ng much of the 
knowledge on th i s  s ubj ect . 

1 5 In some areas of overconsol i dated sed iments , the permafro s t  
hor i zon may b e  wi th i n  a few me ters of the sea floor , a s  has been 
obs erved over a s i gn i f i c ant  area in the Beaufort Sea where depth to 
bonded permafrost  i s  less  than 10 meters . 
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Ava i l ab i l i ty and Asses sment  of Resources  

Several oil  compan i e s  i ntere s ted in  the Arc t i c  offshore are 
conduc t i ng i n-house research programs . There are numerous cons ul t i ng 
compan i e s  wi th a range of analys i s ,  l aboratory , and f i eld 
c apab i l i t i es . Few U . S .  un i vers;tt i es conduc t research or provi de 
tra i n i ng i n  cold reg ions geotec i c al eng i neer i ng .  Ac ademic  research 
that i s  done , such as by the Un i ers i ty of Alaska , i s  funded by both 
government agenc i e s  and i ndustry . Limi ted academ i c  research i s  
conduc ted at the Un i vers i ty of Cal i forn i a  at Berkeley , Thayer School 
of Eng i neer i ng at Dartmouth College , Un i vers i ty of Wash i ngton , and tbe 
Mas s achusetts I n s t i tute of technology , the latter under an i ndus try 
grant from Soh i o . CRREL , the u . s .  Geolog i c al Survey ( USGS ) , and the 
Mi neral s Management Serv i ce (MMS )  are the maj or government 
organ i zat i ons  i nve s t i gat i ng offshore permafro s t . Canada and tbe USSR 
also support offshore permafro s t  research . 

Equ i pment ,  fac i l i t i es ,  and trai ned personnel are general ly 
avai lable to perform the requi red eng i neer i ng ,  as economi c 
c i rcums t ances  warran t . The research and eng i neer i n g  effort s  
undertaken for the Trans-Alaska P i pel i ne Sys tem and the Alaskan 
Natural Gas Transportat i on System underscore i ndustry ' s ab i l i ty to 
undertake large , comprehens i ve effort s . Several un i vers i t i es are 
i nteres ted i n  and c apable of performing useful research and c an become 
more i nvolved as fund i ng i s  made ava i l able . 

Offshore-related work i n  the Beaufort Sea to depths of 20 meters 
has pr imar i ly been an extens i on of offshore expe r i ence f rom other 
areas of  the world . Work in depth s of les s than 10 meters i s  
pr imar i ly an exten s i on of onshore experi ence . Tra i n i ng of personnel 
has tended to be on-the-j ob , typi c al of work in a developi ng 
technology . Technology advances have usually been keyed to 
acqu i s i t i o n  of l aboratory and f i eld dat a , wi th the lat ter be i ng costly 
to obt a i n .  

The techn i c al l i terature conta i ns many recent publ i c at ions  that 
addre s s  most of the research areas i dent i f i ed .  However , in almost 
every area , more data wi ll be  needed for both reg i onal and 
s i te-spec i f i c  des i gn cons i derat i ons . In most s i tuat i ons , i t  should be 
feas i ble  to des i gn for permafro s t  problems , but wi th ex i s t i ng 
i n fo rmat i on such des i gn s  may be overly conservat i ve and could place  
add i t i onal f i nanc i al burden on  h i gh-cos t Arc t i c  proj ec t s . Improved 
knowledge of offshore permafros t  behav i or and i ts i nterac t i on wi th 
offshore sys tems wi ll  lead to improved des i gn s . 

Gaps and Def i c i enc i es 

Al though l imi ted , there i s  techn i c al l i terature on the phase 
behav i or of seawater ( Ono , 197 2 )  and s al i ne pore water ( Page and 
Iskandar , 19 7 8 ) . Salt transfer processes  in permafros t  have al so been 
i nve s t i gated ( Lachenbruch and Marshall , 19 7 7 ; Swi ft e t  al . ,  1983 ) . 
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L i mi ted data ex i s t on frozen so i l  mechan i c al propert i e s  ( Ogata e t  al . ,  
1982 ;  Sego et  al . ,  1982 ) , but i ndus try has propr i etary prosr .. s 
underway to develop add i t ional data on frozen so i l  s t rensths and 
thermal propert i e s . All so i l  propert i es depend on i ce conten t , wh i ch 
i s  d i ff i cult  to meas ure d i rec tly . 

Informat i on regard i ng the d i s t r i but i on of offshore permafrost  i s  
evolv i ng (Ki ller and Brugsers , 1980 ; Sellman and Chamberl a i n , 1980 ; 
Osterkamp and Harr i son , 1982 ) , but few data on th i c knes s ex i s t ,  and 
the seaward extent of permafro s t  h as not yet been determi ned . 
Inc reased i nformat i on of th i s  type would be useful for prelease sale 
cos t i ns of produc t i on scenar i o s , but i s  not bel i eved essent i al unt i l  
s i te-spec i f i c  produc t i on centers and preferred p i pel i ne r i sht-of-ways 
are known , at wh i ch t ime i ndus try would c arry out the req u i red 
detai led permafro s t  surveys . 

Me thods ex i s t  to acqu i re permafros t  cores and log pe�afros l  
format i ons , but improved methods are needed t o  obt a i n  bet ter data 
qual i ty .  Advances i n  elec tromagnet i c  methods to aap the top and 
bot tom of permafro s t  are be i ns made ( Rosenbers and Hoeks tra , 1982 ; 
Corwi n ,  1983 ) , but add i t i onal work i n  th i s  techn i c al area would be 
useful , espec i ally to a i d  i n  the selec t i on of opt i•um s ubsea p i pel i ne 
corr i dors and i n  the des i gn of well  coaplet i ons . 

Several heat tran sfer model s  have been developed for freez i ns and 
thawi ng so i ls ( O ' Ne i l , 1983 ) , some of wh i c h  i nclude convec t i on . None , 
however ,  r i gorously i ncludes s al t  trans fer processes  or the effec t s  of 
a seawater layer . Improved model s  would be useful , espec i al ly for 
p i pel i ne des i gn .  Measurement s of some meteorolog i c al dat a ,  such as 
longwave and shortwave rad i at i on and snow depth and dens i ty ,  needed 
for i nput to these models  are rel at i vely l imi ted .  

The technology for deal i ng wi th fro s t  heave i s  rap i dly evolv i n g  as 
a result of ch i lled gas p i pel i ne work in both the Un i ted States and 
Canada . Add i t i onal research i s  needed to extend the developi ns 
technology i n to s al i ne so i l  env i ronmen t s . Such work may be helpful i n  
l imi t i ng cos tly eng i neer i ng solut i ons to mi t i gate frost  heave o r  to 
des i gn foundat i ons  and fac i l i t i es  that can accommodate heaving  s oi l . 
Sal i ne pore water c an s i gn i f i cantly reduce heave ( Chamberlai n , 1983 ) . 

Some analyses  of permafros t  eng i neer i ng problems for offshore 
petroleum development have been publ i shed ( Scher , 1982 ; Heuer et al . ,  
1983 ; Ki tchell et al . ,  1983 ) , but much more remai n s  propr i et ary . 
Exten s i ve effort s are underway for both explorat i on and produc t i on . 

The preced i ng d i s c us s i on i s  a br i ef summary of research that has 
been c arr i ed out to develop i nformat i on on offshore permafro s t . Mos t  
of the ava i l able publ i c at i on s  date from work c arr i ed out i n  the pas t 
f i ve years , wh ich  i s  i nd i c at i ve of the fron t i er nature of th i s  work . 
To s upport the con t i nued rap i d  development of technology , i n c reased 
efforts  are needed to c at alogue the i nc reas i ng amoun t of ava i l able 
data , to s t andard i ze termi nolosy and data collec t i on procedure s , to 
publ i sh updated maps of env i ronmental dat a ,  to develop better 
i ns trumen ts  and techn iques for in s i tu and remote data collec t i on ,  and 
to tran s l ate pert i nent fore i gn publ i c at i on s , espec i ally those  i n  
Ru s s i an .  
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A proc e s s  for exchange of i nfo�at i on on pe�afros t-related 
research and technology i s  prov ided by nat i onal and i nternat i onal 
conferences  s ponsored by profes s i onal organ i zat i ons , government 
agenc i es , and un ivers i t i e s . A maj or i n ternat i onal conference  i s  held 
every 5 years ; the mo s t  recent was the Fourth Internat i onal Conference 
on Pe�afro s t  at the Un i vers i ty of Alaska , Fai rbanks , July 1 7 -2 2 , 1983 
( NRC , 1983 a )  under the sponsorsh i p  of the Nat i onal Research Counc i l ' s 
Polar Research Board . 

Explorat i on Se i smology 

Many types of geolog i c  and geophys i c al i nformat i on are used to 
develop an i ntegrated i nterpretat i on of the hydroc arbon potent i al and 
to prepare an econom i c  evaluat ion of an offshore bas i n . One of the 
key tools used i n  th i s  process  i s  se i sm i c  data that c an prov i de the 
explorat i on s e i smolog i s t  wi th acous t i c  c ross  sec t i ons  of the 
s ubsurface . Industry requ i res  such data to c arry out bas i n  and 
prospec t evaluat i on s  before lease s ales , selec t i on of opt imum 
dr l ll a i tes for explorat i on wells , and det a i led evaluat ions of resource 
prospec t s  dur i ng produc t i on development .  The amount of se i sm i c  data 
requ i red in these phases of ac t iv i ty var i e s , depend i ng on bas i c  
s t ruc tural complex i ty and o n  the degree o f  economic  r i sk an o i l  
company i s  w i l l i ng t o  accept . 

Ava i lab i l i ty and As ses sment of Resources  

An extens i ve se i sm i c  data base ex i s ts  for  moa t  of the  Arc t i c  
bas i ns . For example , i t  i s  e s t imated that about 50 , 000 l i ne 
ki lometers ( 30 , 000 l i ne m i les ) of se i smic  dat a ex i s t  for the Beaufort 
Sea . Add i t i onal data are be i ng obta i ned each year . Numerous 
geophys i c al contrac tors are or have been engaged in se i sm i c  data 
acqu i s i t i on programs i n  Arc t i c  areas . Wes tern Geophys i c al 
Corporat i on , for example , bas four survey sh i ps operat i ng i n  the 
area . These cont rac tors have several years of expe r i ence and have 
developed mar i ne equ i pment and methods s u i ted for Arc t i c  and cold 
weather duty . 

Dat a acqui s i t i on by geophys i c al c rews i n  the Arc t i c  offshore 
rel i e s  pr imar i ly on s tandard procedures that are c arr i ed out in open 
water , wi th l i ttle , i f  any , float i ng sea l e e  present . Ice i s  absent 
in the Ber ing  Sea from 5 months in the northern reg i on s  to 10 mon ths , 
or more , i n  the St . George Bas i n  ( j us t  north of the Aleut i ans ) .  
Consequently , there i s  no prac t i c al seasonal l imi tat i on to s i gn i f i c an t  
se i smi c explorat i on i n  the Ber i ng Sea . However ,  the open water t ime 
becomes les s favorable i n  the Chukch i Sea , and i s  s t i l l worse i n  the 
Beaufort Sea . 

Typ i c ally , offshore geophys i c al c rews i n  the Beaufort Sea , north 
of Alaska , average 20 days a year to conduc t se i smic  s urveys us i ng 
boat s . Th i s  t ime i s  often reduced by 1 or 2 days  due to pas s age of 
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bowhead whales . Boats are usually left overwi nter at Prudhoe Bay 
s i nce trans i t  to and from the Beaufort Sea would reduce the i r  
avai lab i l i ty for data acqu i s i t i on serv i ce . Nonetheles s , the quan t i ty 
of data could be i ncreased , at add i t i onal cos t , by i ncreas i n& tbe 
se i sm i c  survey fleet and survey c apabi l i ty .  However , i t i s  e s t i•ated 
that i t  costs  $5 m i ll i on a year to operate and overwi nter a s e i smi c 
s urvey boat i n  the Beaufort Sea . Thus , the dai ly cos t for data 
acqu i s i t i on approx imates $2 50 , 000 per day--more than e i &ht t i  .. s tbe 
cost for explorat ion  surveys in warmer ocean s . Arc t i c  se i s•ic  cos t s  
c a n  b e  even h i &her i f  survey programs are conduc ted on short not i ce . 

Al thou&h Arc t i c  se i sm i c  boat s are usually i ce strengthened , tbe 
techn i cal requi rements imposed for operat i n& the se i smic  sources 
( usually a i rsuns ) and ma i ntai n i n& proper seometry for the se i sm i c  
cables  es sent i ally preclude operat ions i n  i ce-i nfes ted waters . Hence , 
the overall open water per i od i s  reduced to the average 20-day per i od 
noted prev i ously . I t  i s  not bel i eved to be cos t-effec t i ve to attempt 
to extend technology to conduc t surveys i n  i ce-i nfes ted waters . Cos t s  
us i n& open water techn iques , though larse , are acceptable . Moreover , 
seophys i c al contrac tors have personnel and equ i pment avai lable ( and 
can read i ly expand the i r  effort ) to carry out the mar i ne prosraas 
requi red by i ndus t ry i n  the br i e f  Arc t i c  summers . !x i s t i n& techni ques 
are bel i eved adequate to prov i de data for future lease sales well  i n to 
the early part of the next century , al thoush i ncreas ing  water depths  
usually impl i e s  bri efer open water per i ods . Consequen tly , deeper 
water se i smi c data acqu i s i t i on programs may requ i re large efforts  
concentrated i n  "good" i ce years . 

Offshore se i smi c explorat i on also i s  carr i ed out us i n &  l and 
s e i smolo&y methods that have been adapted to work on stable ice , once 
i t  has srown to about 1-2 meters th i c k .  Surveys from the s table i c e  
also are cos tly , but have prov ided a n  effec t i ve way t o  augment data 
acq u i red by se i sm i c  boat s . On- i ce s urveys typ i c ally e•ploy a 
caterp i l l ar tra i n  contai n i ng the c rew quarters , and record i n& 
i ns truments , v i brator se i smi c sources , and se i smic  cables that are 
deployed and ret r i eved as in normal land operat i on s . 

Much of i ndus try ' s current i ntere s t s  ( and sovernment leas i n& 
prosrams ) l i e  i n  the shear zone , where the i ce i s  always mov i ns .  In  
the  lease  areas that are deepes t  and farthes t  from shore , there may be 
l i ttle or no t ime i n  the year free from s i gn i f i cant ice  cover ( 4  
tenths area coverage or sreater ) .  Therefore , technolo&Y mus t  be 
developed for operat i ons  i n  these areas . 

Once se i sm i c  data are obtai ned , several proces s i n& s teps are 
requi red to produce f i nal se i smi c sec t i on s  for s ubsequent 
i n terpretat i on .  To an extent , the ex i s tence of permafro s t  requ i re s  a 
ref i nement i n  normal proces s i n& , but the comb i nat i on of more than a 
dec ade of explorat i on exper i ence ( both se i smic  and i nterpre tat i on )  has 
y i elded methods to correc t for permafros t  effec t s . 
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Gaps and Defic ienc ies 

Explorat ion seismic tecbnolosy is well developed and has been 
proven applicable to the Arctic offshore . &onconventional approaches 
( e . s . , submarine seismic profil ins or the use of dri f t ins ice f loes as 
source and array platfol"'IUU ) may be proven feas ible , but are not l ikely 
to receive industry endorsement or fundins until feas ibil i ty is 
established . However ,  coat tradeof f &  amons various exia tins methods 
can be made and industry is prepared to pay for the data it needs . 
Further , i t  is felt that seismic data proceaains techniques , 
applicable to non-Arctic areas , coupled with establ ished methods to 
correct data for pe�froa t . seismic veloc ity effects , are sui table for 
produc ins state-of-the-art seismic cross sections of the subsurface . 

Seismici ty 

General ly , the deep Arc tic resions of Alaska have relatively low 
seismic i ty . A resion of moderate activi ty does exist in the Camden 
Bay area near the Canadian border and offshore of the Seward 
Peninsula . The two bas ins in the southern Berins Sea are resiona of 
relatively hi&h seismic activi ty . 

The active plate marsin south of the Aleutian Islands is  far 
enoush away to attenuate much of the hi&h-f requency components in the 
st . Georse Basin and , to a lesser extent , those components in the 
Rorth Aleutian Bas in .  However ,  ancient subduc tion zones exist  north 
of the Aleutian Islands , and smaller but much closer events are 
poss ible . 

Structures in these areas may be surrounded on rare occasions by 
ice rubble . The interaction of struc ture , ice , water , and soi l  under 
earthquake conditions recently has been addressed in an analytical 
research prosram at the Universi ty of Cal ifornia at Berkeley . The 
results are atronsly dependent on the condition of the ice rubble at 
the time ( i . e . , mushy or stronsly frozen) and the soi l  ( i . e . , medium 
clay or sand ) . However ,  evaluation of a number of combinat ions shows 
that the phenomena probably wi ll  not control  the deaisn in most  cases . 

Gaps and Deficienc ies 

Offshore development of areas near the Alaska Peninsula and the 
Aleutian Islands , Which are adj acent to an active plate , may be 
subj ec t  to severe seismic condit ions . A network of seismic sensors , 
telemetered to Sand Point , Alaska , provides a record of seismic events 
valuable to ensineerins development plannins . Data from this sensor 
and recordins system are analyzed by the Lamont-Doherty Geolosical 
Observatory , as part of a prosram supported by the u . s .  Department of 
Bnersy . This data acqui si tion and analys is system was formerly part 
of a larser system in the outer Continental Shelf Environmental 
Assessment Prosram (OCSIAP) , under BOAA and u . s .  Department of the 
Interior sponsorship . There is no lons-term sovernment commi tment to 
the continuation of this important prosram . 
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IIDUSTRY ROLl IB IUGIBIBRIIC-RILATBD RBSIARCH 

This chapter has noted the role of industry ,  univers ities , and 
government in undertaking research that directly inf luences or 
supports engineering , including j oint endeavors . More of the activity 
within academe and government is discussed in later chapters--in 
regard to environmental concerns in Chapter 2 and to government 
capabilities in Chapter 4 .  

In comparison to government and university research , industry 
research activities are more di fficult to identify or quantify . 
•early all of the maj or petroleum companies engaged in u . s .  Arctic 
offshore development have engineering research or analysis sections 
committed to resolution of Arctic  offshore problema in ice mechanics 
and so ils and their relat ionship to struc tural des ign , as wel l  as to 
the acquis i t ion of environmental data . In many cases Arctic work is 
being done by general engineering groups in other sections of the same 
organizations Where the numbers of engineers , sc ient ists , and 
technical personnel involved of ten exceed the numbers of those in 
organizations spec if ically commi tted to Arc t ic proj ects . If  the 
consulting and design engineering and small orsanizat ion specialists 
were added to the probable total of the engineering researchers in 
maj or companies , the committee estimates that professional personnel , 
in the order of 1 , 000 , are now engaged in u . s .  research and 
development work for those technical areas discussed in this 
section . 16 The j o int industry and j o int industry/universi ty/ 
government work , While larse in committed funds and technically 
valuable ,  is  still  a minority of all industrial research activity . 
The competitive and rapidly changing charac ter of the research 
products encourage the single-organization , proprietary approach to 
research , despite the flexibi l i ty of fered by j o int industry proj ects 
sponsored by members of the Arctic Oil and Gas Associat ion (AOGA) . 

AOGA has administered more than 260 proj ects since its f irst 
proj ect in 1968 and has expended over $55 mi ll ion in their support 
s ince inception . Bearly $8 mi l l ion of research costs occurred in 1983 
and over $14 mil l ion was expended in 1982 . 

16secause of the proprietary interests involved and the breadth of 
interpretation of Arctic-related engineering and research and 
development , no attempt was made by the committee to derive prec ise 
estimates of the numbers of engineering and technical personnel . The 
range stated above is  intended to be only generally indicative of the 
degree of industry activity in Arctic ocean engineering-related 
research and development . 
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2 

ENVIRONMENTAL CONCERNS 

OFFSHORE OPERATIONS 

Three type s  of env i ronmental i nformat i on need to be developed for 
Arc t i c  operat i ons . The f i rs t  type i s  basel i ne and mon i tori ng 
i nformat i on on the numbers , di s t r i but i on , hab i tat s , and behav i or of 
Arc t i c  wi ldl i fe ,  part i cularly mar i ne mammal s . The Mi nerals Kanage .. nt 
Serv i ce ( KKS )  and the Nat i onal Ocean i c  Atmospher i c  Admi n i s trat i on 
( NOAA) are respond i ng to th i s  need through OCSIAP , wh i ch i s  d i scussed 
later in th i s  chapter . In  add i t i on ,  NOAA , through the Sea Grant 
Program , and the Nat i onal Sc i ence Foundat ion  have sponsored 
s i gn i f i cant envi ronmental research and assessment s  i n  the second 
category of i nformat i on , wh i ch addres s e s  the env i ronmentally generated 
hazards to struc tures ( d i scus sed in Chapter 1 ) . It i s  the th i rd 
category of i nformat i on ,  the "f i rs t  order" effec t sl of i ndus t r i al 
operat i ons  and s tructures on the env i ronment ,  wh i ch i s  d i scus sed i n  
th i s  chapter ; th i s  i nformat i on i s  probably the least well developed . 

Sc i ent i f i c  research has concentrated on understand i ng bas i c  
b i olog i c al and phys i c al processes . Industry and un i vers i ty research 
has concentrated on unders t and i ng how to protec t offshore and coast al 
s tructures from damage or des truc t i on and to provi de personnel safety 
( U . S .  Depart .. nt of the Inter i or , 1982b ) . There has been l e s s  
i nterd i sc i pl i nary synthes i s  wh i ch would as s e s s  env i ronmental 
i nformat i on requi red to reduce the env i ronmental iapac ts  of i ndustri al 
ac t i v i t i e s  i n  the ·Arc t i c . 

A maj or env i ronmental concern related to eng i neer i ng and 
development i n  the Beaufort Sea i s  the bowhead whale . From Apr i l  to 

l"Fi r s t  order" effec ts  are those phys i c al changes that could result  
from eng i neer i ng ac t iv i t i e s  and techn i c al operat i ons  i n  offshore 
areas , such as no i se generat i on , o i l  s p i l l age , Arc t i c  or pos s i ble 
coas tal mod i f i c at i on caused by changes in  curren ts or wave ac t i on 
followi ng emplacement of s truc tures . 
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June , these whales  mi grate northward from the Ber i ng Sea through the 
eastern Chukch i Sea and cros s the Beaufort Sea eas tward to the i r  
summer feed i ng grounds i n  the Amundsen Gulf Area . Prom Augus t through 
Oc tober , the bowheads usually mi grate wes tward i nto the Chukch i Sea , 
through the Ber i ng Stra i t ,  and i n to the Ber i ng Sea . Dur i ng th i s  
seasonal cycle , the whales pas s through or near areas under or 
proposed for resource development ( see F igure 8 ) . 

The Nat i onal Mar i ne F i sher i es Serv i ce , wh i ch i s  respon s i ble for 
manag i ng the bowhead whale , s t ated , "No i se d i s turbance or o i l  sp i l l s  
that cause bowhead whales t o  abandon trad i t i onal winter i ng areas , 
alter mi grat i on routes , or i nterfere wi th feed i ng , mat i ng ,  or breedi ng 
would be l i kely to j eopard i ze the cont i nued ex i s tence of the 
endangered bowhead whale" ( NOAA , 1983 ) . The federal Endangered 
Spec i e s  Ac t requ i res  that federal agenc i e s  ensure that such j eopardy 
does not occur . 

In  1979 , bec ause of these concerns , the s tate of Alaska and the 
u . s .  Department of the Inter i or imposed seasonal dr i l l i ng res t r i c t ions  
on all  leases to  be  awarded i n  the 19 7 9  Jo i n t  Federal/ State Beaufort 
Sea Lease Sale . Th i s  dec i s i on allowed o i l  compan i es to dr i ll 
exploratory wel l s  only from November 1 through Karch 31 each year wi th 
the pos s i b i l i ty of exten s i ons  up to Kay 1 5  at some locat i on s . 

In  1982 , the res t r i c t i ons  were rev i sed to proh i b i t  dr i ll i n& 
operat i ons  i n  maj or hydroc arbon-bear i ng fo�at i ons dur i ng peri ods of 
broken l ee unt i l  o i l  i ndus l ry les sees adequately demons trated the 
c apab i l i ty to clean up spi l led o i l  in broken i ce .  In addi t i on ,  the 
1982 rev i sed res tri c t i on s  requi red a complete shutdown of dr i l l i ng 
operat i ons  from Kay 1 5 to Oc tober 31 i n  maj or hydroc arbon-bear i ng 
format i ons outs i de the Beaufort Sea barr ier  i sl ands . Ins i de the 
barr ier  i s lands , dr i ll i ng was hal ted from May 1 5 unt i l  the sea was 
free of i ce , usually i n  mi d-July , and dur i ng the fall whale mi grat ion . 

Four o i l  compan i e s  part i c i pated i n  o i l  sp i l l  c leanup 
demons trat i ons  in February 1983 and , based on the s tate of Alaska 
evaluat ion  of re sults , the s t ate res tr i c t i ons  on exploratory dr i l l i ng 
were part i ally relaxed to allow year-round dri l l i ng i n s i de the barri er 
i slands and a 9 . 5-month dr i ll i ng season outs i de the i s lands ( State of 
Al aska , 198• > . Wb. i le stat i ng that an adequate cleanup c apab i l i ty 
ex i s ts  i f  exploratory wel l s  are dr i lled from a gravel or natural 
i s l and or an approved platform ,  the s tate requ i res  the les see to 
submi t and rece i ve approval of an Oi l D i scharge Con t i ngency Plan , to 
part i c i pate in a state-approved 5-year research and development 
program to improve c leanup effec t ivene s s  dur i ng broken i ce per i ods , 
and to tra i n  dr i ll i ng personnel i n  wel l  control techn iques . Further , 
year-round dr i l l i ng wi th i n  the barr i e r  i s lands c an be done only i f  the 
les see part i c i pate s in a whale mon i tor i ng program de s i gned to as sess  
the  i n fluence of the  dr i ll i ng operat i on on  bowhead whale behav i or . 
Ou t s i de the barr i e r  i slands , dri ll i ng above the threshold2 level 

2The threshold depth i s  a po i n t  above wh i ch maj or ac cumul at i ons  of 
hydroc arbons are not l i kely . Th i s  depth wi l l  be de te�l ned on a 
c ase-by-c ase bas i s  by the Di v i s i on of O i l  and Gas ( s tate of Alaska)  
after  con s ul tat i on wi th the  Al aska Oil  and Gas  Conservat i on Commi s s i on 
and , when appropr i ate , the Mi neral s Management Serv i ce . 
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wil l  be prohibi ted only when whales are migrating through or near the 
area , but dri l l ing be low the threshold depth will  be prohibited from 
August 15  through Rovember 1 ,  or until the whale migration has ended 
(providing the lessee participates in a state-approved whale 
moni toring program) . 

Ef fect of Operationally Generated Roise 

The Beaufort Sea and its  shore areas provide habi tats for many 
wildlife spec ies , including polar bears , seals , f ish , caribou , and 
birds . This wildl ife depends heavi ly on the brief but very productive 
open water season in the summer when there is a rapid growth in the 
food supply . The Inup iat (Eskimo )  people , who are the native people 
of the Rorth Slope , depend heavily on Arctic  wi ldl i fe and have made a 
spec ial case for the harvest of the bowhead whale . 

Hydrocarbon development in the Arctic  wi l l  introduce both 
stationary sources of no ise , such as dredging equipment , dri llships , 
and dri l l ing ac t ivity on art i f i c ial islands , and mobi le sources of 
noise such as supply vessels , icebreakers , and ai rcraft . Roise from 
these sources may propagate for long distances in the underwater 
envi ronment (Cales , 1982 ) . 

Underwater sound is the by-product of normal marine operations and 
has the potential for affect ing whales ( Fraker et al . ,  1981 ) . It  also 
may affect other marine animals ,  such as seals and sea l ions (Cales , 
198 2 ) . In addition , noise may indirec tly af fect hunt ing by native 
Alaskans if i t  displaces animals from normal migratory routes into 
less accessible areas . 

Marine animals may hear the sounds of offshore o i l  and gas 
operations out to distances as far aa 185 ki lometers ( 100 nautical 
miles ) or more , depending on the oceanographic conditions . Avai lable 
information indicates that noise may cause fl ight responses , 
physio logical stress , and masking of signals used by marine animals 
for communication , locat ion of food , and avo idance of environmental 
hazards ( Fraker et al . ,  1981 ; Gales , 1982 ; u . s .  Department of the 
Interior , 1982a) . 

One response to this concern is to design and construc t  dri l l ing 
p lat forms and vessels for reduced sound emiss ions . Since some or all 
of these alternatives are expens ive , i t  is desirable to establish the 
no ise levels  at which signi ficant behavioral changes may occur so that 
unnecessary noise reduct ion ef forts can be avoided . Unfortunately , 
those levels are largely unknown and wi ll  remain diff icult  to predict 
(KKS ,  1983 ) . I t  is  an even more formidable task to establish cause 
and ef fect relationships between noise and animal behavior because of 
the problems in sett ing up experiments in the f ield (Mansf ield , 
1983 ) . Arctic  marine mammals are hard to locate , isolate , and 
observe . Stress effects are d i f f icult to study in any an imal , and are 
espec ial ly so in large whales (Richardson et al . ,  1983 ) . 

Consequently , much of the avai lable informat ion on react ions of 
such mammals to noise is anecdotal and inferential in nature . For 
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example , researchers have i nferred that seemi ngly mi nor changes i n  
overt behav i or may b e  man i festat i ons o f  i nternal s tres s  ( R i chardson 
e t  al . ,  1983 ) . Low-fly i ng a i rcraft and h i gh-performance boats appear 
to h ave the greatest  effect on whales .  Res tr i c t i ng the alt i tude for 
a i rc raft i s one measure that mi t i gates the problem . A collec t i on of 
references  on the acous t i c  effec t of outer con t i nental shelf ( OCS )  o i l  
and gas ac t i v i t i e s  on mar i ne mammals i n  the Beaufort Sea i s  presented 
in Appendi x C .  

The Outer Con t i nental Shelf Lands Ac t ( OCSLA) prov i des  suff i c i ent 
author i ty to establ i sh no i se s tandards . Sec t i on 2l ( b )  of that ac t 
provi des that the Sec retary of the Department of the Inter ior  shall 
requ i re use of the bes t  ava i l able and safe s t  technolog i e s  for dr i l l i ng 
and produc t i on operat ions  ( 43 USC 1347 ( b ) ) .  In add i t i on ,  Sec t i on 5 of 
that ac t g ives the secretary broad author i ty to promulgate regulat i ons  
neces s ary to conserve the  natural resources  of the  OCS ( 43 USC 
1334 ( a ) ) ,  S imi lar author i ty to protec t Arc t i c  wi ldl i fe i s  prov i ded by 
the Endangered Spec i e s  Ac t and the Mar i ne Mammal Protec t i on Ac t ( 16 
usc 1 540 ( f ) ; 16 usc 1382 ( a ) ) .  

OIL SPILLS , CONTAl.NIIBNT , AND CLBANUP 

St at i s t i c al ev i dence po i nt s  to a reduc t i on i n  o i l  spi lls  over the pas t 
10 years ( Lanfear and Ams tutz , 1983 ) . A recent comprehens i ve study of 
offshore o i l  spi lls  that have occurred over the las t 2 5  years has 
concluded , however ,  that " acc i den ts wi ll occur in future offshore 
operat i ons  desp i te the mos t  determi ned efforts that c an ,  and should 
be , made to prevent  them" ( Gulf Research , 1981 ) . Consequently , i t  i s  
necess ary to prepare for such s p i l l s  by develop i ng o i l  spi l l  
contai nment and c leanup equ i pmen t . The bes t  plann i ng and the mos t  
modern safety techn ique s  c annot ensure that ac c idental o i l  s p i l l s  wi ll 
not occur . Thus there i s  a def i n i te need for o i l  s p i l l  cont i ngency 
plan s  and response sys tems for Al askan waters . The severe s t  test of 
these plans and response sys tems w i l l  be in the Arc t i c  reg i ons of 
Alaska , spec i f i c ally in the Beaufort and Chukch i s eas . 

Develop i ng Spi ll  Response Sys tems 

ocs Order No . 1 requ i res  i nspec t i on s  and reports , spi l l  
cont a i nment , cleanup equ i pment ,  mater i al s , con t i ngency plans , and 
personnel tra i n i ng .  The KKS and the U . S .  Coas t Guard have a 
memorandum of underst and i ng stat i ng that the U . S .  Coas t Guard wi l l  
rev i ew the adequacy o f  o i l  s p i l l  con t i ngency plans  submi tted t o  tbe 
KKS . The Coast Guard has the overall respon s i b i l i ty to coord i nate 
env i ronmental protec t i on ac t i on s uch as o i l  sp i ll c leanup , in tbe 
Arc t i c  waters , as wel l  as in all u . s .  offshore areas . 
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O i l  Spi ll Respon se for Arc t i c  Reg ions  

The annual growth and decay cycle of tbe Arc t i c  sea i c e  produces a 
chang ing i ce arrangement and form tbrougbout tbe year , wb i cb i n  turn 
requ i res tbe use of var i ous  response  strateg i es and techn i ques should 
an o i l  s p i l l  occur . In  desc r i b i ng tbe appl i c able s p i l l  response 
techn i que s , i t  i s  conven i ent  to d i v i de tbe yearly cycle i nto tbree 
spec i f i c  i ce cond i t i ons  wb i cb may be encountered , and tbree overall 
response  s trateg i es tbat apply . Tbese  tbree s p i l l  cond i t i on s  are 
summar i zed as follows : 

o Tb i c k ,  s t able , level i ce . A release of o i l  beneath or on tbe 
surface of tb i c k ,  s t able , level i c e  resul t s  in a degree of 
con t a i nment on tbe rougb upper surface or i n  tbe undulat i ng 
under s urface . In add i t i on ,  tbe tb i ck i ce prov i des  a worki ng 
platform for s p i l l  re sponse . Tbe primary respon se s trategy 
i s  d i rect  d i spos al tbrougb in s i tu burn i ng , skimmi ng , and 
pump i ng . 

o Dynami c broken i ce . A release of o i l  i n  broken i ce presents 
tbe mos t  d i ff i cult techn i c al problem . At b i gb concentrat i ons  
( S-8 oktas , or 6 to 10 tentbs ) , 3 tbe  i ce may conf i ne tbe 
o i l  in tb i ck patches s ucb tbat in s i tu burn i ng i s  pos s i ble . 
At lower i ce concentrat i ons  tbe o i l  l ayer may be too tb i n  for 
combust i on and tbe l ee w i l l  hamper mechan i c al recovery 
attempts .  However ,  i ndustry in tbe Un i ted States and Canada 
bas developed f i re contai nment booms tbat c an con t a i n  o i l  for 
in s i tu burn i ng under tbese cond i t i ons . Research and 
eng i neer i ng i s  unde rway to extend operat i onal capab i l i t ie s  of 
sucb booms . 

o Open water . A response  effort mus t  be exc lus i vely 
mar i ne-based and or i en ted toward concentrat i ng and recove r i ng 
tbe o i l  from tbe s urface of tbe water . O i l  sp i ll s  in so  .. 
l i gbt i c e  cond i t i ons c an be treated i n  a fash i on s imi lar to 
open water s p i l l s . Tbe conta i nment booms for i n  s i tu burn i ng 
may al so  be appl i ed under tbe se cond i t i on s . 

Arc t i c  0 1 1  Sp i ll Response Capab i l i ty 

An o i l  s p i ll re sponse for o i l  on sol i d ,  level i ce u s i ng 
s tate-of-tbe-art techn i ques for i n  s i tu burn i ng could be b i gbly  
s ucces s ful , remov i ng at leas t 70 percent of tbe oil  from tbe l ee and 
water . However ,  add i t i onal re search i s  nec e s s ary to develop 
surve i ll ance techn i ques for o i l  under i ce ,  and c areful pl ann i ng ,  

3An okta i s  a meas urement of i ce cover ; 1 okta means one-e i gbtb of 
tbe area i s  l e e  covered . More recently , i ce coverage des c r i pt ions  
bave been expres sed in  tenth s . 
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i nc l uding  an evaluat i on of the ent i re o i l  spill  response syste• ,  wi ll 
be requi red to provi de adequate log i s t i cal s upport for the response 
effort . 

The adequacy of o i l  spill  response i n  broken i c e  i n  the Arc t i c  has 
been debated for several years . Lack of agree.ant on the adequacy h as 
prompted the s tate of Alaska and the u . s .  Department of the Interi or 
to res t r i c t  exploratory dri l l i ng i n  the Alaskan Beaufort Sea duri ng 
per i ods of broken i ce through the impos i t i on of lease sale 
s t i pulat i ons , beg i nn i ng wi th the Jo i nt S tate/Federal Beaufort Sea 
Lease S ale held in December 1979 . The proponents of the res t r i c t ions 
argued that the r i sk to the envi ronment of a large o i l  s p i ll dur i ng 
exploratory operat ion s  i s  too h i gh i n  per i ods of broken ice  when 
c leanup effec t ivenes s  is lower and the b i olog i c al ac t i v i ty i s  h i gher . 
The opponents  of the res t r i c t i ons argued that the r i sk of a l arge o i l  
s p i l l  i s  extremely low , i t  could be cleaned up , and a spill  would not 
result in long-te� envi ronmental b ar. . 

Dur i ng 1983 , several o i l  compan i e s  .. t wi th representat ives of tbe 
KHS , U . S .  Coas t Guard , Alaska Departments of Env i ronmental 
Conservat ion and Natural Resources , and the North Slope Borough to 
def i ne tbe areas of concern relat i ve to spi ll respons e  capab i l i t i e s  i n  
broken i c e  and t o  des i gn test s  t o  meet the demons trat i on requi re.ants  
of the  lease sale s t i pulat i ons . These tests  were conduc ted by  tbe 
i ndus t ry and wi tnessed by the agency personnel dur i ng the suamer of 
1983 ( S . L .  Ros s , 1983 a , b ) . The resul ts  of tbe demons tr at i on h ave 
been rev i ewed by the s tate of Alaska , and some reduc t i on i n  dr i l l i ng 
res t r i c t i ons  has resulted , as noted e arl ier i n  th i s  chapter . Further 
research wi ll be requ i red by the s tate for those compan i e s  wi s h i ng to 
explore in s t ate offshore waters . Meanwh i le , the l ack of consensus on 
the effec t ivenes s  of response pers i s t s . 

Overall response effec t i vene s s  us i ng avai l able techn iques and 
equ i pment i n  l i ght  i ce and open water condi t i on s  i s  h i ghly dependent 
on the spec i f i c  s p i l l  scenar i o , e . g . , s i ze of s p i l l , type of o i l , 
remotene s s  of loc at ion , and weather cond i t i ons . 

ENVIRONMENTAL DATA AND I.FORKATION 

The Outer Cont i nental Shelf Env i ronmental As s e s sment  Program 
( OCSIAP) , conduc ted by NOAA for the KHS , i s  a maj or ,  mul t i d i s c i pl i ned , 
long-te� attempt to collec t i n fo�at i on i n  the Arc t i c . Data and 
i n fo�at ion produced by th i s  program are used i n  leas i ng dec i s i ons  of 
Alaskan offshore lease sales . The program,  begun i n  19 7 5 , i s  probably 
tbe larges t  undertak i ng of th i s  k i nd ever attempted in the Un i ted 
States , i nvolv i ng at i ts peak i n  197 7 and 1978 more than 100 
i nd i v idual proj ec t s  at about 30 i ns t i tut i ons and an annual budget of 
over $20 mi l l i on . Tbe program con t i nues at a reduced level of about 
$11  mi ll ion i n  f i scal year 198• . Tbe type s of stud i e s  undert aken are 
summar i zed in Table 6 .  

I t  i s  not pos s i ble to summar i ze the f i nd i ngs of the program i n  a 
few paragraph s . These f i nd i ngs are con t a i ned i n  several synthes i s  
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TABLE 6 Stud i e s  Conducted Under the Outer Con t i nen tal Shelf 
Env i ronmental As sess  .. nt  Prosram 

Study 

Contuai n ants  

Env i ronmental 
Hazards 

Con t am i n ant  
Pathways 

B i ota  at Ri sk 

Hydroc arbon 
and Develop­
ment Effec t s  

Obj ec t i ves  

Establ i sh a cheai cal basel i ne 

Dete�i ne hazards to dr i ll 
sh i ps , platforas and p i pe­
l i nes and acc ident 
probabi l i ty due to these 
hazards 

Dete�i ne the transport , 
weather i ns , and d i spers i on 
of spi lled o i l  and other 
contual nan t s  

Dete�l ne what b l olos l c al 
resources could be at r i sk 
from o i l  s p i l l s  or other 
contaminan t s  

Dete�i ne t h e  ac tual effec t 
of spi lled o i l  and other 
di s turbances on i nd i v i dual 

spec i e s  and sys tems 

76  

L i sht  and heavy 
hydroc arbons 

Heavy •tal s 

Se i s•i c i ty/volc an i c i ty 
Seafloor i n s tab i l i ­

t i e s , etc . 
Waves ( extreme events ) 
Sea l ee morpholosy and 

dynuai c s  
Sea i c e  propert i e s  
I c e  i s lands 
Ice sous i ns of the 

oc ean floor 
Subsea peraafros t/ 

c lathrates 
Stora surses 

Wind-dr i ven surface 
c i rculat i on 

Oce an currents  
O i l - i ce i nterac t i ons  

and transport 
Weather i ns and tran s ­

format i on 
Contual nan t traj ec­

tor i e s  and d i s pers i on 

D i s t r i but i on and popu-
lat i on dyn .. i c s  

B i rds 
1181111lals 
L i t toral b i ot a , 

ben thos , and 
plankton 

Ecosys te•s 
Vulnerable 

h ab l  tat s 
Food web relat ions 

of key spec i e s  

Effec t s  o n  i nd i v i dual 
spec i e s  ( b ioass ays ) 

Effec ts  on ecosys te•s 
i n  selec ted areas 
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volumes , one for each lease sale that bas occurred , and i n  the 
Envi ronmental Impac t Statements ( EIS ' s )  wr i tten by the MMS for each 
s ale . Two sales took place in the Beaufort Sea pr ior to 1984 . The 
envi ronmental assessment  for the sales i s  par t i c ularly relevant in the 
context of th i s  report ( NOAA , 1978 , 1981 ) . The liS ' s  al so include 
tecbnolosy and development scenar i os , and an assessment of 
soc ioeconomic  impac ts . OCSIAP bas attempted to relate i ts f l nd l nss to 
envi ronmental s t i pulat ion s  imposed on the les sees by the federal 
sovernment ( Un i vers i ty of Alaska , 197 9 ) . Such i s s ues  i nclude : 

• Limi tat ions as the result of extreme l ee h azards ; 
• Mon l tor l ns of potent i al ice  hazard s ; 
• B l olos l cally sens i t ive areas ; 
• S l t l ns of i ndus t r i al fac i l i t ie s  and ac t ivi t i e s ; 
• Res t r i c t ion of exploratory dr l ll i ns per i od ;  
• Res t r i c t ions on borrow removal ( e . s  . •  s and , sravel > ;  
• Res t r i c t ions on art i f i c i al i slands and causeway s ; 
• Depos i t ion of fo�at ion water , dr i l l i ns muds , and sol i d  wastes ; 
• O i l  s p i l l s , counte�easure s , and con t i ngency pl an s ; 
• Freshwater supply for i ndus t r i al ac t i vi t ie s ; 
• Ai rcraft and no i se di s turbance ;  
• Durat ion of lease per iod ;  and 
• Lons- te� mon l tor i ns and as s e s smen t . 

Of the f i ve study areas i n  Table 6 ,  the leas t prosram emphas i s  and 
resources have been appl ied to the env i ronmental hazards area . Hazard 
s tudies  have been deempbas i zed by OCSEAP over the las t few years , 
s i nce  they s upposedly fall under the mandate of other government 
asenc i e s  or of i ndus try . Apart from some mar i ne geolog ical s t ud i e s  
sponsored b y  the U . S .  Geolog ical Survey , l i ttle work i s  done o n  the 
maj or s ubtop i c s  of sea ice and s ubsea pe�afro s t  by other asenc l e s . 
However ,  i ndus try s tudi e s  i n  th i s  area are propr ietary and not i n  the 
publ i c  doma i n , although they are usually made ava i l able after some 
t ime bas pas sed . The need for such s t ud i e s  i nvolv i ng i ndus try , 
sovernment agenc i e s , and un i vers i t i e s  bas been po i n ted out i n  several 
recent reports by the Nat i onal Research Counc i l  ( NRC , 198lb ) and the 
Nat i on al Petroleum Counc i l  ( NPC , 1981 ) . 

One area of env i ronmental hazard under s t udy wi th i n  OCSEAP i s  
model i ng and s t at i s t i c ally analyz i ng s torm surges i n  the Beaufort 
Sea . Such s urges are of part i c ular concern in v i ew of the low 
coas tl i ne and the potent i al for severe damage caused by ice  movement 
and r i de-up . 

Stud i e s  of contami nant pathways are rece i v i ng atten t i on from 
OCSIAP and con s t i tute the maj or part of research . B i ota at r i sk  and 
hydrocarbon and development effec t s  al so con t i nue to be s tudi ed by 
OCSIAP , the latter through cooperat ive arrangements  wi th the Canad i an  
Baff i n  I s l and O i l  Spi l l  ( BIOS ) Proj ec t . 

Other Arc t i c  offshore-related env i ronmental s tud i e s  have been 
undertaken , such as PROBES ( Processes  and Resources of the Ber i ng Sea 
Shelf )  and other proj ec t s  sponsored by the Nat i onal Sc i ence Foundat ion 
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and NOAA . These prosrams are noted l ater i n  the report i n  conj unc t i on 
wi th a rev i ew of sovernment Arc t i c  offshore act iv i ty ( Ch apter • ) . 

Gaps and Def i c ienc i es 

There are i nsuff i c ient data to es tabl i sh no i se levels  for des i sn 
purposes . In  part i c ular , the frequency and level of acceptable noi se 
have to be es tabl i shed throush the s tudy of an imal behav i or . However , 
th i s  soal may not be ach i evable , and present research in  the area will  
have to  be asses sed for i ts contribut i on to  improvement i n  defi n i ns 
no i se parameters that affec t the mar i ne wi ldl i fe cons i dered iaportant  
to the needs of the  loc al populat ion . 

S imilarly , o i l  spi l l  respon se effec t i veness  does not have a 
generally agreed upon set of s tandards on wh i ch effec t ivene s s  
j udgments  can be made . overall subj ect ive measures of response 
effec t ivene s s  s uch as "sood , "  "adequate , "  or "has poten t i al"  are 
i nadequate to ach i eve agreement among all relevant part ies . 

OCSKAP has been a maj or s tep forward i n  e s tabl i sh i ns the 
env i ronmental basel i nes  to be used in unders tandi ns and develop ins the 
Arc t i c . The Arc t i c  i s ,  however ,  a l arse area , and i ts chans i ns 
env i ronment mus t  be v i ewed on a cont i nuous bas i s  to establ i sh true 
basel i nes  and tes ts . The program mus t  be con t i nual , rev i ewed , and 
adj us ted to reevaluate emers i ng concerns and to analyze the 
con s iderable mas s  of acqu i red data . Moreover , correlat ion of the wide 
vari ety of stud i e s  wi th i n  OCSIAP i s  a con t i nu i ns problea . 
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3 

PUBLIC AND I�ERNATIONAL ISSUES 

MAJOR POLITICAL AND SOCIAL ISSUES AFFECTING DIVILOPKIIT 

Econom i c . pol i t i c al .  le&al . and d i plomat i c  uncerta i n t i e s  add to 
the l i s t of factors that i ncrease the r i sk of operat i n& in the 
Arc t i c . A number of economi c and pol i t i c al problems and que s t i on s . 
s uch as those l i s ted below . imp i n&e on the way i n  wh i ch engi neer i n& 
needs may be addres sed .  How these pol i t i cal i s sues and probleas 
affec t the approach and t ia i n& of efforts to close caps i n  knowledge 
for ens i neer i n& purposes . as i dent i f i ed in th i s  report . i s  d i ff i cult 
to est imate . The probleas are : 

e What mus t  be done to implement the pr i nc i ples of Nat i on al 
Secur i ty Dec i s i on D i rec t ive No . 901 so thal the Un i ted 
States w i l l  have an effect i ve overall Arc t i c  pol i cy? 

e What are the appropri ate relat i onsh i ps between publ i c  and 
pr i vate sec tors in the development of the Arc t i c ?  

• What are the appropr i ate relat ionsh i ps between the u . s .  
government and the s tate of Alaska on the que s t i on of 
develop i ng the resource s  of the Alaskan Arc t i c . alone wi th 
the as soc i ated concerns of envi ronmental protec t i on and the 
needs of the nat i ve peoples ?  

• How wi ll problems be resolved between the Un i ted States and 
Canada on a substant i al ranee of Arc t i c  problems ? In 
part i c ular . how will  the fol lowing problems be resolved : 

Role of the Arc t i c  i n  overall u . s . -canad i an relat i on s ; 
Del imi tat ion of several d i sputed boundar i e s ; 
Ques t ion of transportat i on r i ghts  throuch Arc t i c  waters ; 
Role of p i pel i ne s ; and 
Role of th i rd part i e s  such as Japan i n  the u . s . -canad i an  
relat i onsh i p? 

• What are the impl i c at ions of the U . S . -USSR rel at i on sh i p  i n  
regard t o  broad secur i ty ques t i ons . legal theory . sc ient i fi c  

lsee footnote #3 i n  the Pref ace . 
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and technolos i c al data shar i ng ,  and the uncerta i n  locat i on of 
tbe U . S . -Rus s i an Convent i on L i ne of 1867 i n  the Navar i n  Bas i n . 

u . s .  Arc t i c  Pol l e y  

Accord i ng to aany observers knowledgeable i n  polar affa i rs , tbe 
Un i ted States has never adequately addres sed Arc t i c  pol i c y . Wh i le 
j ur i s t s  i n  Canada and the USSR deny that tbe sec tor theory2 i s  law ,  
i t  i s  wi dely recogn i zed tbat both countries  see themselves a s  hav i ng a 
"preferent i al"  res iae i n  the Arc t i c  ( Johns ton , 1981 ) . Yet i f  a 
substant i al percentage of U . S .  o i l  reserves i s  loc ated in  tbe Arc t i c , 
c r i t i c s  argue that the Un i ted States should develop a concept that 
would allow it to art i culate a broader level of concern . Some 
commentators sugses t  a nat i onal Arc t i c  pol icy , a governmental 
commi tment that allows the goal s of both the pr ivate and publ i c  sec tor 
to be advanced but wi th the overs i gh t  that the publ i c  i n tere s t  
requ i re s  ( Conan t , 1983 ) . 

A useful remi nder of the areas of governaenl res pon s i b i l i t ie s  b as 
been prov i ded by the Nat i onal Ac ademy of Sc i ence s : ( 1 )  resource 
development ; ( 2 )  s tewardsh i p  of the land ; ( 3 )  cultural well-be i ng ;  < • >  
defense and nat i onal secur i ty ;  and ( 5 )  s upport o f  sc ient i f i c  research 
( NRC , 1982a) . The curren t level of i nves tment in sc ience in relat i on 
to development needs has been low .  For example , the f i scal year 1983 
Arc t i c  research budget of tbe Nat ional Sc i ence Foundat i on was about 
$1  • •  5 m i l l i on ( Nat i onal Sc i ence Foundat i on ,  1983 ) , even thousb in 
compar i son , each mi le of the Trans-Alaska P i pel i ne System ( TAPS ) cost 
aore than $10 m i l l i on . 

Recently , there bas been con s i derable d i scus s i on regard i ng tbe 
Arc t i c  Research and Pol i c y  Ac t of 198• . Wh i le tbe Ac t does  prov ide an 
organ i zat i onal framework for research plann i ng and does recogn i ze u . s .  
Arc t i c  i n teres t s , i t  doe s  not s tate a general u . s .  commi tment i n  tbe 
Arc t i c  that would ass i s t  in respond i ng to the broader concerns 
affec t i ng the nat i on ' s eng ineering and development needs , such  as 
commun i cat i ons , nav i gat i on ,  and search and rescue . 

PUBJ�IC SECTOR ' S  ROLE IN ARCTIC DBVILOPIIBNT 

Federal-State Relat ionsh i ps 

In recent years new problems have emerged i n  tbe relat i onsh i p  
between the federal government and the people and governmen t of 

- · - - - - - - - ---

2Each country borde r i ng the Arc t i c  has sovere i gn- l i te powers wi th i n  
p i e- shaped sec tors froa the two outer edges o f  i ts southern terr i tory 
to tbe North Pole . 
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Alaska . There are a number of d i sputes that affec t the level and cost  
of ens l neer i ns support . The f i rs t  i s  the concern of Al askans that o i l  
development will  affec t the res t on ' s  f i sher ies  ( Youns . 197 7 ) . 

The poten t i al impact of development on the s ubs i stence economJ and 
culture of the nat ive populat i on i s  also a matter of ser i ous concern 
to the s tate . In add i t i on ,  Alaska has an onso i ns terr i tor i al d i s pute 
wi th the federal sovernment in the Beaufort Sea concern i n& the method 
of del imi tat ion of the terr i tor i al sea wh i ch could cloud the t i tle to 
offshore trac t s  already under leas e . The s tate al so i s  an i n teres ted 
party i n  the U . S . -Canadi an boundary di spute i n  the Beaufort Sea . 

U . S . -Canad i an Relat i ons 

The area north of the cont i nental land mas s  represents  pr i nc i pal ly 
a port i on of Canad i an nat ional terr i tory to wh i ch the Un i ted States 
and others have never fully acceded . Th i s  i s  the reason for the 
s trenuous res ponse of Canada , in the form of the Arc t i c  Water 
Pollut ion Prevent i on Ac t of 1970 , to the voyaae of the MANHATTAN . 

The u . s . -canad l an boundary i n  the Beaufort Sea i s  not the only 
boundary in di spute between the Un i ted States and Canada , but i t  wi ll 
be a d i ff i cult one to solve because of the pos s i b i l i ty of f l nd i n& 
resources i n  the rea i on .  However ,  i t  i s  unl i kely that th i s  boundary 
que s t ion wi ll  be resolved unt i l  the Atlan t i c  boundary d i spute , now 
before the Internat i onal Court of Jus t ice , i s  al so re solved . 

How the resources extrac ted get to market from the h i gh north i s  
al so a subj ect o f  con s i derable controversy . As the MANHATTAN voyage 
demons trated , Canada i s  concerned over the pos s i b i l i ty of open i ng up 
the Northwe s t  Pas s age to commerc i al s h i pp i ns . In  addi t i on to the 
sovere l anty que s t i on ,  concerns wi th problems of pollut i on control , 
overall env i ronmental effec t s , tran s portat i on safety , and who wi ll 
prov ide support serv i ces , such as weather and sea l ee pred i c t i on and 
i c ebreaker s upport , are related i s s ues for resolut ions . The que s t i on 
of wh i ch i s  more des i rable , tran s portat i on by sh i p  or p i pel ine , w i l l  
b e  heav i ly case-or i ented i n  the analys i s , depend i ng o n  t h e  s i ze and 
locat i on of the f i eld as well as other fac tors . Further , whether the 
pi pel i ne wi ll be purely nat i onal , s uch as TAPS , a parallel gas l i ne ,  a 
purely Canad i an polar aas proj ec t ( Kan s t l nen , 1981 ) , or a j o i ntly 
developed Alaskan Natural Gas Trans portat i on Sys tem ( ANGTS ) are al so 
sal i en t  que s t i on s . 

F i nally , Arc t i c  resource management mus t  al so con s i der the 
i n tere s t  of part i e s  other than the Un i ted States and Canada . It i s  
conce ivable that Canada or the Un i ted States may wi sh to sh i p  energy 
produc t s  acro s s  each other ' s  claimed areas to th i rd part i e s . 

Sov i e t  Un i on and Arc t i c  Resource Development 

No s urvey of Arc t i c  development problems can be complete wi thout a 
br ief d i s c u s s ion of the USSR ' s pos i t i on .  The Sov i e t  Un i on i s  the 
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maj or Arc t i c  power . I t  bas a larser popul at ion l iv i ns above tbe 
Arc t i c  c i rcle  than any o ther nat i on , bas t r i ed "enclos i ns" the Arc t i c  
b y  var i ous lesal dev i ces  such a s  h i s tor i c  bays and c l osed seas , b as 
been conduc t i ns a larse volume of Arc t i c  sc ient i f i c  and ensi neer i ns 
research , and bas bad d i sputes wi th ne i sbbors on sovere i sn ty and 
acce s s  ques t ions . 

Two poten t i al problems mus t  be menti oned bec ause of the i r  pos s i ble 
effec t on the level of Arc t i c  ac t iv i ty .  The f i rs t  is the uncertai nty 
of the locat ion of the boundary l i ne between the Un i ted States and tbe 
USSR in the Navar i n  Bas i n ,  where seolos i c al i nd i c ators po i nt to the 
pos s i ble ex i s tence of o i l . Jo i n t  d i scuss ion s  of resource development 
in the Arc t i c  wi ll  tate place in an atmosphere of pol i t i c al 
compet i t i on ,  wh i ch has become more s t r i den t . Tbe Sov i e t  Un ion b as 
always been sen s i t ive to Arc t i c  i s s ue s . 

In the second problem area , Arc t i c  sc i ence , cooperat i on between 
the Un i ted States and the USSR has been sporad i c . Even so , both 
nat i ons have a broad base of common i ntere s t s  i n  the excbanse of 
eng i neer i ng-related research data and i nformat i on in such areas as i ce 
mechan i c s , i cebreaker operat i on s , so i l  mechan i c s , and mater i al s  and 
metallursy related to Arc t i c  env i ronments , as well as i n  weather 
forecas t ing . 

OFFSHORE ARCTIC DEVELOPMENT IN CANADA 

The Un i ted States , Un i ted K i nsdom , and Norway have enac ted 
s tatutes claim i ng exc lus ive j ur i sdi c t i on over the i r  cont i nental 
shelves . Canada does not have a con t i nental shelf ac t extend i ns 
Canad i an law to the con t i nen tal marg i n  but does exerc i se control over 
the offshore through several ac t s  ( Johns ton , 1981 ) . However ,  as a 
nat i on vot i ng for and s i sn i ng the 1982 Un i ted Nat i ons  Law of the Sea 
Treaty , when the treaty comes i nto force Canada presumably wi ll be 
guided i n  j ur i sd i c t i onal claims by treaty obl i gat i ons  concern i ns the 
del imi tat ion of the con t i nen tal shel f , the enforcemen t of a 200-al le 
economi c zone , the spec i al s tatus of i ce-covered areas , and the r i sh t s  
of trans i t  pas s age through s tra i t s . 

In Canada , the federal governmen t and the prov i nces  of 
Newfoundland , Labrador , Nova Scot i a ,  and Br i t i sh Columb i a  c laim 
j ur i sd i c t ion over the con t i nental shelf resources and exerc i se vary i ns 
degrees of regulatory con trol over offshore dr i ll i ns ac t ivi t ie s . 

In the Arc t i c , respons i b i l i ty for manasement of o i l  ac t i v i t ies  h as 
been clar i f i ed by the pas s age of leg i slat i on i n  1982 that c reated the 
Canada O i l  and Gas Lands Admi n i s trat i on ( COGLA) . Th i s  law ,  in concert 
wi th the 1979  O i l  and Gas Proc lamat ion and Con serva t i on Ac t ,  
es tabl i shes the legal and admi n i s trat ive framework under wh i ch o i l  
ac t i v i t i e s  i n  fron t i e r areas are governed . It  req u i red the 
renegot i at i on of all i n tere s t s  in Can ad i an l ands . 

The development of o i l  and gas resources by Canad i an compan i e s  i n  
the Arc t i c  has been o f  i n tense i ntere s t  to commerc i al developers .  
Canad i an developers have e s tabl i shed the techn i c al lead i n  offshore 
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i sl and des i sn and cons truc t i on , and i n  the des i sn and operat ion of 
several mar i ne and land transportat ion s upport systems . Canad i an 
aff i l i ates of several u . s .  o i l  compan ies have part i c i pated i n  the 
Beaufort Sea , Melv i lle I s l and , and Eas tern Canad i an operat i ons  wi th 
s i gn i f i c ant  benef i t  to u . s .  plann i ns and ens i neer i ns for Alaskan 
development .  u . s . -canad i an cooperat ive efforts are fundamental to 
ai n imi z i ns r i sk to personnel and the env i ronment as well as to 
ensur i n& the economic  success of northern ventures for both countr ie s . 

Canad i an i ndus try has es tabl i shed several techn ical research and 
plann i ns assoc i at ions , bav i ns organ i zat i onal i n tert i e s  between var ious 
offshore area developments . Wi th few except i on s , these i ntrai ndus try 
orsan i zat ion s  are not supported by d i rec t sovernmental fundins . 
Des c r i pt i ons of the as soc i a t i ons follow . 

Canad i an Arc tj� Petroleum Operators ' As soc i at ion ( APOA) APOA was 
formed i n  1970 by a sroup of petroleum compan i e s  operat i ng in the 
Canadi an Arc t i c  to promote j o i n t  research in the Arc t i c  and to provi de 
l i ai son between i ndus try , sovernmen t ,  and un ivers i t i e s  on Arc t i c  
research related t o  petroleum development . Mos t  APOA research has 
been di rec ted to obta i n  ens i neer i ns and env i ronmental data and to 
develop operat i ng techn iques and equ i pment to meet the un ique 
cond i t i ons  of the Arc t i c . In 1983 about $ 7  mi l l i on ( Can . ) i n  proj ec ts  
were commi t ted . In some cases  the re sul t s  of APOA re search proj ects  
are released to the seneral publ i c  immed i ately , wh ile some reports are 
protec ted up to 5 years .  

Other Canad i an Petroleum Industry As soc i at i on s  The Offshore Operators 
Divi s i on of the Canad i an Petroleum As soc i at i on ( CPA) includes many of 
the members of APOA . The former Eas t Coast  Pe troleum Operators 
As soc i at i on ( EPOA) merged wi th the CPA ' s Offshore Operators D i v i s i on 
i n  1984 . APOA and EPOA have j o i ntly engaged i n  safe ty-related 
i nve s t i gat i on s , such as the Offshore Safe ty Task Force i n  1982 , to 
rev i ew and evaluate the petroleum i ndus try ' s offshore safety prac t ices  
and capab i l i t i es , cove r i ns the top i c s  of l i fesav i ng and res c ue 
equi pment , mar i ne emersency tra i n i ng and offshore safety . Much of 

Canada ' s  offshore o i l  spi ll research unt i l  1980 was conduc ted by 
i nd i v i dual compan i e s , un ivers i t i e s , and the government . Wi th the 

expan s i on of offshore dri ll i ng , both i ndustry and government concern 
for the env i ronmental effec ts of a potent i al o i l  spi ll i nc reased . In 
1980 , th i s  concern i nduced APOA/EPOA members to form the Canad i an 
Offshore O i l  Sp i ll Research Assoc i at i on ( COOSRA) and undertake 26 

research proj ects  in a 4-year , $5  mill i on i nves t i gat ion of spi ll 

countermeas ures . Resul t s  and report s are ava i lable to the publ i c . 3 

3APOA , EPOA , and COOSRA proj ec t reports are avai l able from Pall i s ter 
Resource Management Ltd . , 105 , 4116-64th Avenue S . E . , Calgary , 
Alberta , Canada T2C 283 . 
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The Baff i n  I sland O i l  Spi ll ( B IOS ) Proj ect i s  closely related to 
the mi s s ion  and prosr .. of COOSRA . BIOS , wh i ch i s  conduc ted under the 
Envi ronmental Protec t i on Serv i ce of the Department of the Bnv i roa.ent 
( Canada ) , was i n i t i ated in 1979  as a $ 5  aill i on ( Can . ) 
i nterd i sc i pl i nary and i n ternat i onal proj ect ( Canada , Un i ted K i nsdoa , 
Un i ted States , and Norway ) . O i l  sp i ll exper iments  were conduc ted i n  a 
sroup of bays near Cape Hart on the nor thern t i p  of Baff i n  I s l and . 
These tes ts  produced basel i ne data , dete�i ned the effects  of 
d i spersan t s , and asses sed the effec t i vene s s  of mechan i c al cleanup 
dev i ce s  and beach clean i n& metbods . 4 

Another prosram , the Eas tern Arc t i c  Mar i ne Env i ronmental Stud i es 
( lAMES ) , was i n i t i ated i n  an t i c i pat i on of  proposed o i l  and sas 
explorat i on and i s  manased j o i ntly by sovernment and i ndus try . I t s  
s t udy area i ncluded mar i ne sec tors adj acent t o  Baff i n  Island , where 
research was conduc ted from 1976  to 1980 . 

Canad i an Env i ronmental Stud i es Revolv i ns Funds ( ESRF)  The Canada O i l  
and Gas Ac t ,  Karch 1982 , e s t abl i shed ESRF "to f i nance tbe 
env i ronmental and soc i al a tud i e s  needed to as s i a t dec i s i onmati n& on 
o i l  and gas ac t iv i ty in tbe Canada lands . "  The funds are obtai ned by 
lev i e s  on petroleua compan i e s  bold i ne o i l  and sas i n tere s t s  i n  Canada 
lands . There are two funds , one each  for northern and southern 
Canada . The Northern Fund , affec t i n& tbe Beaufort Sea and other 
Arc t i c  areas , i s  admi n i s tered by the Department of Ind i an Affa i rs and 
Northern Development ( DlAND ) , and may have a budset max imum l iai tat i on 
of $15  m i l l i on ( Can . ) .  Research pr i or i t i e s  are e s tabl i shed by tbe 
mi n i s ter of DIAND each year , and s t udy proposals are i nv i ted from 
" i nd i v i dual s , compan i e s , un i vers i t i e s , pr i vate i ntere s t  sroups , o i l  
and &as compan i e s , or federal and prov i nc i al asenc i es . "  Stud i e s  mus t  
b e  res i onal o r  nat i onal i n  scope , "be s upplemen tary o r  complemen tary 
to ongo i n& government programs , and be clearly tarseted to tbe needs 
of the o i l  and gas i ndus try and the i r  regulators . "  Research results  
wi ll be  publ i shed and made publ i c . 

As soc i at i on of Can ad i an Un ivers i t i e s  for Northern Stud i e s  Th i rty­
three Canad i an un i vers i t i e s  conduc t research on northern problems and 
have banded together to enhance the i r  common i n teres t s . More than 6 50 
faculty members  report that the i r  research i nvolves northern 
problems . Moreover ,  sc i ent i f i c  tra i n i n& gran t s  are ava i l able , and 

4BIOS reports can be obtai ned from BIOS Proj ec t Off i ce , 
Env i ronmental Protec t i on Serv i ce , •804 , 9942-108 Street , Edmon ton , 
Alberta , Canada T5K 2J5 . 
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northern f i eld study f ac i l i t i es ex i s t .  Canad i an scholarsh i ps i n  tbe 
northern s tud i es area prov i de a source of valued data and expert i se . S 

UNIVIRSlTY RESEARCH AND EDUCATION 

About 20 U . S .  un i vers i t i e s  have conduc ted i ce pe�afrost  and 
coas tal research i n  Alaska and i ts adj acent waters , wh i le others have 
done bi olog i c al and ecolog i c al s tud i es . Much of th i s  research i s  
relevan t to Arc t i c  ocean eng i neer i ng and some deals wi th eng i neer i ng 
problems d i rectly . Sea i ce problems , i n  part i cular ,  have been tbe 
doma i n  of un i vers i ty researchers ( e . g . , AIDJBX) and mos t  of tbe 
nat i on ' s expert i se on large-scale geophys i cal probleas assoc i ated wi th 
sea i ce res i des in un i vers i t i es .  The s ame c an probably be s tated for 
other f i elds that generate i nfo�at i on needed in eng i neer i ng des i gns 
and operat i ons . 

Topi c s  of s tudy i nclude geophys i cal hazards s uch as land and 
s ubsea pe�afrost , i ce mechan i c s  and strengths , ice  goug ing , waves , 
t i des and curren t s , and earthquakes . A number of proj ec t s  have 
exami ned sea ice  i n terac t i on wi th s t ruc tures , i nclud i ng that occurri ng 
dur i ng an e arthquake . Un i vers i ty research in these areas i s  an 
i ntegral part of the nat i on ' s efforts i n  Arc t i c  ocean eng i neer i ng ,  now 
and i n  the future , but poses some spec i al program plann i ng proble•s , 
such as as surance of adequate f i eld support and long-te� fund i ng . At 
the s ame t ime ,  new opportun i t i e s  for un i vers i ty and i ndus try 
collaborat i ve research appear to be emerg ing . 

The Un i vers i ty of Alaska awards advanced degrees i n  Arc t i c  
eng i neer i ng ,  and the Un ivers i ty o f  Cal i forn i a  a t  Berkeley conduc t s  a 
graduate course i n  polar ocean eng i neer i ng . A number of "short 
courses" and " s emi nars" h ave been conduc ted by var i ous un i vers i t i e s . 
These have been s upplemented by spec i ally ded i c ated Arc t i c-rel ated 
semi nars at the techn i c al meet i ngs of profes s i onal soc i et i e s . 

Industry grants  to un i vers i t ies  have been made recently to 
i n i t i ate i c e  research , to prov i de test fac i l i t i es that complement 
i ndus tr i al capab i l i ty ,  and to at trac t  and develop the techn i c al and 
profes s i onal personnel needed i n  the nex t dec ade . For example , an l e e  
tes t i ng program b a s  been funded a t  the Thayer School o f  Eng i neer i ng , 
Dartmouth College , and the i nterac t i on of concrete and s teel 
s t ruc tures , foundat i ons , and l ee floes and other env i ronmental forces  
are be i ng asses sed at the Mas sachuset ts  In s t i tute of Technology . 6 

Soceas i onal papers on northern problems are ava i lable from the 
As soc i at i on at : 130 Albert Street , Su i te 1915 , Ottawa , Canada KlP5G4 . 

6Tbe s truc ture- i ce i n terac t i on research , s ponsored by Sob i o , i s  
be i ng conduc ted at the Mas sachusetts Ins t i tute of Technology , Center 
for Sc ient i f i c  Excellence and Ocean Eng i neer i ng ,  under the d i rec t i on 
of Prof . Charles c .  Ladd . 
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As di scus sed i n  Chapter 1 ,  the most cr i t i cal need i s  not for 
add i t ional test fac i l i t i es but to prov i de , on a con t i nu i ng bas i s , 
personnel fami l i ar wi th Arc t i c  eng i nee r i ng problems . More effi c ient 
use of ex i s t i ng fac i l i t i e s , such as promot i ng s abbat i c als and s tudent 
research at CRREL , would as s i s t th i s  goal . 

Shore-Based Log i s t i c s  Log i s t i c s  are expens ive i n  the Arc t i c . 
Moreover , adequate log i s t i c s  are often not ava i l able com.erc l ally .  
Ai rcraft , i nclud i ng hel i copters , can usual ly be chartered , but few of 
these a i rcraft have the h i gh-prec i s ion nav i gat i onal sys teas that allow 
repeated occupat i on of the same oceanograph i c  s t at i on s  on the sea lee , 
for example . Hotel ac commodat i on s  are ava i lable at Barrow , Prudhoe 
Bay , and at other locat i ons , but there are no l aborator i e s , l i brar i es , 
computers , or other fac i l i t i es avai lable at these s i tes .  Any 
comprehens i ve research program will  need access to such fac i l i t i es as 
well as f i eld and log i s t i c  support .  The Arc t i c  Research and Pol l ey 
Ac t of 1984 recogn i zes the need for improved log i s t i c al coord i n at i on 
and support of research , and th i s  func t i on has been ident i f i ed as one 
of the dut i e s  of the new Interagency Arc t i c  Research Pol l e y  co .. l ttee . 

Sh i ps There i s  a lack of research ves sels that c an operate in 
i ce-covered waters . I t  is  noteworthy that , unl i ke in  other nat ions 
hav i ng maj or i nteres t s , coas tal areas , and ocean resources in  th• 
Arc t i c , there i s  only one ded i cated u . s .  polar research vessel , other 
than Coas t Guard sh i ps , that c an operate in l ee-i nfes ted seas . Th i s  
i s  the research ve s sel ALPHA HELIX , wh ich  i s  operated by the 
Un i vers i ty of Alaska for the Nat i onal Sc i ence Foundat i on .  It  i s  the 
only i ce-s trengthened sh i p  in the Un i vers i ty Nat i onal Oceanograph i c  
Laborator i e s  Sys tem ( UNOLS ) fleet . 

Coas t Guard i cebreakers are ava i lable dur i ng l imi ted per i ods , but 
they have i nadequate laboratory space and accommodat i on , and moreover ,  
often are d i verted for other mi s s i ons . In add i t i on ,  some NOAA ves sels 
c an operate in  l ee , however ,  the i r  c apab i l i ty is  more l iai ted than 
ALPHA HELIX . Leases of fore i gn vessel s , i f  avai l able , do not 
con s t i tute a long-term commi tmen t to Arc t i c  research , but represent a 
s top-gap measure at be s t .  The area be tween nearshore reg i ons that c an  
b e  covered b y  small boats and deeper waters i n  wh i ch the i cebreakers 
h ave collec ted i nformat i on is presently a data vo id  along most of the 
shores of Alaska . 

Educ at i on 

Personnel requi remen t s  for U . S .  o i l  and gas explorat i on and 
produc t i on dur i ng the per i od 1 9 7 9-1990 have been comp i led by the 
Nat i onal Petroleum Counc i l  ( NPC , 197 9 ) . Wh i le there i s  a s uf f i c ient 
number of personnel ava i l able today , the number of graduates expec ted 
to be produced in the long term by un i vers i t i es  fal l s  substant i ally 
short of proj ec ted requ i rement s . The report s tates that oil and gas 
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i ndua trJ eaployera have l iai ted the i r h i ri ns• aai nly to sraduatea wi th 
advanced desree s . At the . ... t ime ,  i nauffi c i ent funds for faculty  
and s tudent s upport h ave led to  a dec l i ne i n  the sraduate prosrama of 
same schools ,  or erod i ns the qual i ty of sraduate educat i on ,  i n  wh i ch 
reaearch plays a maj or part . 

Recent developaenta , auch al Soh i o ' l srant to KIT for Arc t i c  
researc h , i ndi c ate i ndus try ' •  recosn i t i on of th i s  problea . However , 
lons-ter. fund i ns of sraduate level educat i on and reaearch con t i nues  
to  be a concern i n  as a ur i ns an  adequate i nfus i on of techn i c al 
personnel and c apab i l i ty i n  Arc t i c  ens i neer i ns .  

Profea s i onal soc i e t i e s  have had a aaj or role i n  foa teri ns 
educat i on i n  Arc t i c  Ocean ens i neer i ns technolos i e s , part i cul arly in  
advanc i ns the i nforaat i on baae avai l able to trai ned ensi neers . l 

1zxamplea are the spec i al aesa ion s  on Arc t i c  offshore technology 
held at the Offshore Technolosy Conference in 1984 ; the Arc t i c  
Offshore Short Course-1984 , sponsored by the Amer i c an Soc i ety o f  C i v i l  
Ens i neers (ASCI ) ; a spec i alty conference of the ASCI , "C i v i l  
Ens i neer i ns i n  the Arc t i c , "  scheduled for 1985 ; the Mar i ne Technology 
Soc i e ty ' s Spi lhaus Sympos i um  on "Arc t i c  Ens i neer in& for the 21 a t  
Century , "  t o  b e  held i n  Oc tober 1984 ; and the Amer i c an Soc i ety of 
Mechan i c al Ens i neer ' s Conference on "Offshore Mechan i c s  and Arc t i c  
Ens i neer i ns , "  held i n  1984 and scheduled asai n  for 1985 . There have 
been s imilar mee t i nss  i n  Canada and Europe , several of wh i ch were 
conduc ted under the auspi c e s  of the Internat i onal As soc i at i on for 
Ens i neera . 
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Var i ous federal asenc i e s  c arry out the sovernment ' s  role i n  the 
development of c apab i l i t i es that support and enhance ens i neer i ns 
ac t iv i t i e s  essen t i al to the use of ocean and coas tal resources i n  the 
Arc t i c . Theoret i c ally , no federal asency should be i nvolved i n  an 
undertaki ns that does not s tem from a les i slat ive or execut i ve base . 
Th i s  sec t i on di scusses these mandates and the i r  i nterpretat ion , 
prosrams that have been undertaken , and the commi tments made to 
cont i nuat i on or expans i on of ac t i v i ty . 

The nat i onal sovernment ' s  broad roles concern i ns the ocean may be 
stated as follows : 

• Provi de and operate a navy for nat i onal secur i ty .  The other 
serv i ces • mi s s i ons also affec t the Arc t i c  offshore and 
coas tal ac t i v i t ies , e . s . , research conduc ted by the Army 
Corps of lns i neers and ac t i v i t i e s  undertaken by the Ai r Force 
to prov ide commun i c at i ons servi ces . 

• Enunc i ate nat i onal pol i c i e s  concern i ns the mar i ne i n tere s t s  
of the Un i ted States . 

• Fos ter explorat i on , development , and use of the oceans and 
the i r  resources , i nclud i ns envi ronmental protec t ion thereof , 
throush es tabl i shment of appropr i ate f i nanc i al ,  lesal , 
resulatory , enforcement ,  and adv i sory i n s t i tut i ons  and 
measures to ensure max imum mul t i ple use for the benef i t  of 
the Un i ted States . 

• Promote desc r i pt i on and pred i c t i on of the ocean envi ronment .  

• In i t i ate , support , and encourase prosrams of educ at ion , 
trai n i ns ,  and research . 

H i s to r i c ally , the federal sovernment , somet imes i n  coord i nat i on 
wi th the s t ates , has prov ided r i ver , harbor , and ocean nav i sat i onal 
capab i l i ty ;  envi ronmental data collec t ion , s ampl i ns ,  and analy s i s ;  
salvase ; oceanosraph i c  sc i ence ; educ at i on ;  and seafloor i nspec t i on for 
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c ivil purposes . These historic services are embodied in s tatute and 
executive direc tives . 

The las t  few decades have seen sisni f icant federal ocean-related 
technolo&y achievements primarily inf luenc ins ensineerin& operat iona 
in the Arctic , throu&h •avy undersea technolosy and IASA ,  Ai r Force , 
and lOA& satel l i te technolosy . 

The federal sovernment role aa a aponsor of baaic research in the 
Uni ted S tates is clear , but the level of aupport and the priori t ies or 
emphas is in various f ields f luc tuates and is both a concress ional and 
executive issue each year . Federal support for development , inc ludin& 
appl ied research , is unc lear and a diff icul t matter involvin& level of 
support and even pol icy ques tions as to Whether or not each endeavor 
is or should be a federal role or reapons ibi l i ty .  Func tions that fal l  
in the unc lear po l icy area resardin& the appropriate support ins 
ent i ty , private or sovernment , are pro tec tion of coastal property f roa  
envi ronaental forces , icebreakins , o i l  ap i l l  and po l lution cleanup , 
oceanosraphic and me tero losical informat ion and data col lec tion , and 
certif ication of some personnel and types of equip .. nt . 

The followin& is a discuss ion of the ro le , procram , and com.i tment 
of each asency that provides resources for the development of Arc t ic 
offshore technical capabili ties . 

RESOURCES AND ROLlS OF FIDIRAL AGIRCIIS 

u . s .  Department of Defense 

u . s .  •avy 

The •avy obj ective is s imply s tated : Be able to operate at 
anytime , at any depth , at any place in or on the oceans of the earth . 
The •avy has no le& i s lat ive cons traints , except that i t  may not 
provide weather forecas ts to the cont inental Uni ted S tates unless the 
local commander dec ides that not to do so would endanser or threaten 
human l i fe . Admini s t rat ive direc t ions prohib i t  the •avy f rom  
competin& asains t private avai lable services . The real cons traints 

are mos t l y  budcetary l imitat ions and concerns about the handl ine of 
c las s i f ied information and techno losy t ransfer to potential 
adversaries . 

The Of f ice of Raval Research ( ORR ) has served as the focus of 
Arctic research for the &avy , and the Arc t i c  prosram obj ec t ive is to 
st Lmulate and menace research that keeps pace wi th Ravy operational 
needs and wi l l  c lose technolosy saps . These techno losy def ic ienc ies 
inc lude knowledse of sea ice charac teri s t i c s  and dynamics , acoustic 

propasat ion loss , ambient no ise , volume reverberation , ice scat terin& , 
ocean f rontal and mixed layer dynami c s , weather , Arc t ic seophysics , 
sediment d i s t r ibut ion , and acous tic s t ratisraphy . 

A maj or ORR ac tivi ty has been the marzinal ice zone experiment 
(KIZKI) . The obj ec t ive of thi s  mu l t inat ional ef fort is to unders tand 
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the l n�erac t l on of l ee and the at.osphere i n  the decay l ns l ee mars l n  
at the southern eztr .. l ty of the seasonal sea lee . Wh i le .os t of 
KIZIX has been i n  the Greenland Sea , a smaller parallel proj ect was 
undertaken i n  the Ber l ns Sea i n  1983 . 

In  add i t ion ,  the Navy has sponsored work s i nce 197 5 at the u . s .  
Aray Cold Res lons Research and Ens l neer l ns Laboratory ( CRREL) ; support 
has averased about $250 , 000 annually for l e e  .odel l ns ,  dri f t  
observat i ons , l e e  .. chan l c s , and acous t i c s . 

The Navy ' s  Arc t i c-related research i n  bas i c  areas has ransed from 
$4 al l l l on to $8 al ll i on over the pas t decade ; 80 percent of th i s  
support soes to con trac tors , wh i ch are larsely un i vers i t ies  and 
oceanosraph l c  orsan l zat l ons . 

Appl i ed research i n  Arc t i c-related proj ec ts , wh i ch has rece ived 
i nc reas l ns eaphas i s  s i nce 1982 and i s  currently funded at $2 mi ll i on a 
year , larsely supports i n-house work at the Naval Ocean s  Sys te•s 
Center , San Dl eso , Cal i forn i a ,  and , to a lesser desree , un ivers i ty 
research . Th i s  research inves tment i s  ezpec ted to rema i n  at th i s  
approz lmate level for several years . 

Research ves sels wi th l c ebreakl ns c apab i l i ty for Arc t i c  work would 
be of i nterest  to Navy l nves t i sators , pos s i bly , for 60 to 90 days out 
of the year . Research vessels , such as Norway ' s  POLAR BJORN or Wes t  
Germany ' s  POLAR STERN , are ava i l able from fore l sn sources . However ,  
the demand for research ves sel lease t ime i s  l ncreas i ns ,  pos l ns the 
real probab i l i ty of a shortase of such ves sels in a few years . 

Jo i n t  Ice Center 

The Jo i nt Ice Center ( JIC) , wh i ch is operated by both NOAA and the 
Navy at Su i tland , Maryland , senerates lee analyses and forecas ts  for 
commerc i al and sovernment s h l pp i ns and barse operat i ons in u . s .  Arc t i c  
ocean areas . J IC l ntesrates sround observat i ons wi th 
satell i te-derived lmase i nterpretat i on s  wh ich  are operat i onally 
ava i l able from the Nat i onal Env i ronmental Satel l i te Data and 
Informat i on Serv i c e  ( NESDIS ) , NASA , and USAF . Ice forec as t s  are 
prepared us l ns su i dance mater i al from the Nat ional Meteorolos l c al 
Center ( NMC )  and the Navy ' s  Fleet Nume r i c al Oceanosraphy Center . 

NESDIS prov i des several resources to the JIC : data from satell i te 
sensors , fund i ns at approz imately $40 , 000 a year , and one s taff 
person . The Navy s taff numbers about 18 ; NOAA ' s Nat i onal Weather 
Serv i ce prov i des  one s taff person . 

Table 7 l i s t s  the parameters and ranse of JIC ' s analys i s  
capab i l i t i e s  for i ts c atesor i e s . The Navy recosn i zes the need for 
improvement i n  the prec i s i on and t imel i ne s s  of l e e  coverase that could 
result from the use of d i s l tal techn i ques rather than the present 
rel i ance on qual i tat i ve evaluat i on of i ce cond i t i ons , wh i ch i s  der i ved 
i ndi rec tly from wi nd and meteorolos i c al i n format i on and other 
i nferences . 
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TABLB 7 Data Analys i s  Capab i l i t i e s  of the Joi nt Ice Center 

Par ... ter 

Ice Bdge 

Icebergs 

Concentrat i on 

Ice Islands 

Leads/Polynyas 

R i dg i ng / Keel i ng 

Ice Mot i on 

Bnv i roD1fntal Cond i t ions 
Cloud Free Cloud Covered Reconna i s s ance 

1.2£_�t i on ( Ita) --ran..u._2f...Ac:.:c:.:u==ruauc=..J�------

5-10* 25-100 Ita 1 

5-10* None 1 

tenths of area covered 

5 3 1 

S i ze 

5-10* km None 20 II 

1-4* km 25 Ita 10 .. 

�qnd i t i ons �o�b�s�e�r�v�e�d ____________ _ 

None None 

D i rect i ons  and veloc i ty 
from dr i ft i ng buoys 

Frequency of 
ridg i ng 

None 

*In l imi ted areas due to l ack of local area coverage or h i gh­
resolu t i on p i c ture transmi s s i on coverage . 

NOTB : Age e s t i mated as new , young , f i rs t-year , or old ; th i cknes s  
e s t imated a s  th i n , med i um ,  th i c k ,  f i rs t-year , or old . 

SOURCE : Jo i nt Ice Cen ter . 
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U . S .  Ai r Force 

The u . s .  A i r  Force operates D i s tant Barly Warn i ng ( DIW) s i tes in  
Alaska and the Canadi an Arc t i c . Sh i p  and barge supply of these s i tea 
has been the aaj or mar i t ime operat i on north of Cape Pr i nce of Wales 
unt i l  the recent oil development in the Beaufort Sea and North Slope 
area . 

The A i r  Force Arc t i c  Reaearch Program deals only wi th at.ospher i c  
research , part i c ularly concern i ng the Arc t i c  i onosphere , and how to 
pred i c t  i ts changes and to as sess  the effec t s  of these changes on Ai r 
Force commun i c at i on and surYe i llance i n  the Arc t i c . 

The Ai r Force has operat i onal respons i b i l i ty for the Global 
Pos i t i on i ng Systea ( GPS ) . As was noted i n  the d i scus s i on of mari ne 
nav i gat i onal systeas i n  Chapter 1 ,  the Ai r Force has made a co .. i tment 
to prov ide GPS for use  by  other government agenc i e s  and c i v i l i an 
offshore operat i ons beg i nn i ng i n  1987 . 

u . s .  Army Corps of Bng i neers 

In regard to i ts defense-related mi s s i on , the Corps of Eng i neers 
( COB ) has no leg i slat ive constra i n t s . However ,  the River and Harbor 
Ac t of 1899 and the Clean Water Ac t of 1 9 7 7  add c iv i l  respons ib i l i t i es 
i n  regulat i ng cert a i n  construc t i on and f i ll i ng ac t iv i t i e s  i n  u . s .  
waters , i nclud i ng coas tal waters , r i vers , streams , and soae wetlands . 
Any regulated ac t iv i ty i n  these areas mus t  be preceded by a permi t 
from the Corps , spec i f i cally from the D i s t r i c t  off i ce i n  Anchorage for 
Alaskan operat i on s . 

The focus of COB ocean eng i neer i ng ac t iv i t i e s  and research i s  i n  
support o f  mi l i tary requi rements . However , the Corps h a s  recogn ized 
the need for and value of j o int  research and development ( I&D ) i n  
support of Navy needs and wi th c iv i l  research proj ec t s  where the COB 
bas un ique fac i l i t i e s  and staff c apab i l i t ies  wh i ch are not i n  
compet i t i on wi th c iv i l i an laborator i e s  and where such research would 
enhance the c apab i l i t i es and expert i se of the Corps . The Shell O i l  

. company/Corps o f  Eng i neers Sea Ice Mechan i c s  program i s  i llus trat i ve 
of ·such a mutually benef i c i al arrangement and i s  di scus sed i n  
Append i x  D .  

�oldJtUtQD• le.!.!!£.ctl!...anc!�!!&!.qnd_r!& Laborat:,qa_{_gJRIL) Th i s  
spec i al ty laboratory i s  operated by the COB and focuses on geophys i c s  
and eng i nee r i ng for mi l i tary operat i ons and construc t i on i n  the 
world ' s  cold reg i ons . lt supports the c iv i l  works re spons i b i l i t ies  of 
the Corps concern i ng wi nter nav i gat i onal problems . Much of the 
laboratory ' s  work i s  appl i c able to the c ivi l i an sec tor . The CRilL 
staff numbers about 2 7 5 , i nclud i ng .ore than 100 eng i neers and 
sc i e n t i l t s . 
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The laboratory has a large l ibrary that , i n  conj unc t i on wi th the 
Li brary of Congress , has access  to the world l i terature on the sc i ence 
and eng i neer i ng of the c old regi on s . Other CRRIL fac i l i t ies i nclude 
26 cold roo.s , a large .odel bas i n  for test i ng sh i ps and s truc tures ln  
i c e , a refr i gerated fluae , refr i gerated hydraul i c  .odel fac i l i t ie s , 
and a wide var i ety of spec i ally des i gned equi pment developed for 
deal i ng wi th snow , i c e , and frozen ground problems . A new bu i ld i ng , 
wh i ch i s  under construc t i on ,  wi ll permi t large-scale exper iments on 
problems of ground freez i ng .  However ,  CRREL ' s .est valuable as set l s  
i t s var i ed and experi enced techn i c al staff . I t  also prov ides 
opportun i t ies  i n  the academi c f i eld for profes sors on sabbat i c al leave 
and for thes i s  wort by graduate students . 

CRREL has a long and d i s t i ngu i shed record of wort on proble•s 
related to the sc i ence and eng i neer i ng of the polar oceans , beg i n n i ng 
wi th i ts i n i t i al s tudy of the eng i neer i ng mechan i c s  of sea i ce ( the 
Jo i n t  Serv i ces Sea Ice Phys i c s  Program , Labrador and Greenland 
195 5-5 7 ) .  Frequently , CRREL ' s wort i n  the polar oceans has focused on 
problems c aused by the presence of i c e--sea l e e , ice  i slands and 
i c ebergs , snow cover , and subsea permafros t .  

Wi th few except i ons , CRREL research on polar ocean problema has 
been funded by other government organ i zat i ons  and agenc ies , i nclud i ng 
the Department of Energy , the Mi nerals Management Serv i ce , NASA , 
Nat i onal Sc i ence Foundat i on , NOAA , u . s .  A i r  Force , u . s .  Coas t Guard , 
U . S .  Geologi c al Survey , and the u . s .  Navy . In  add i t i on ,  pr i vate 
organ i zat i ons--Shell O i l  Company , Exxon , and Soh i o--have supported i ce 
research programs at CRREL through j o i nt and i ndividual proj ects . 

Defense Mappi ng Agency 

The Defense Mapp i ng Agency ( DMA )  prov ide s  coas tal , harbor , and 
approach charts of the Arc t i c  coas t s  of North �r i c a ,  Euras i a ,  
Greenland , lceland , and offshore i slands i n  response to mi l i tary and 
c iv i l  sec tor requi remen ts . The Department of Defen se Naut i c al Chart 
Li brary , mai ntai ned by DMA , i s  the respos i tory of all avai l able 
fore i gn charts of the reg i on . DMA also i s  respons i ble for tracki ng 
s atell i tes . 

u . s .  Department of Transportat i on 

u . s . Coas t Guard 

The leg i slat i ve requi rements for the Coas t Guard , i n  add i t i on to 
enforcement of laws and treat i e s , are der ived from an extens ive set of 
ac ts  wh ich  d i rect respons ib i l i ty such as prov i d i ng icebreating 
serv i ces , mai n t ai n i ng aids to navi gat i on ,  prov i d i ng search and rescue 
serv i ces , protec t i ng f i sh i ng re sources , and undertaki ng remed ial 
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act i on i n  the case of o i l  pollut i on .  Many of these requ i rements focus 
on func t i ons  under Arc t i c  envi ronmental condi t i ons . Coas t Guard 
respons i b i l i t i es , wh ich are related to Arc t i c  ac t iv i t i es , are s e t  
forth i n  the followi ng publ i c  laws : 

• Federal Water Pollut i on Control Ac t ( 19 72 ) ; 

• Ports and Waterways Safety Ac t ( 19 72 ) ;  

• Deep Water Port s  Ac t ( 19 7 5 ) ; 

• Clean Ai r Ac t ( 19 7 7 ) ; 

• Outer Cont i nental Shelf  Lands Ac t Amendment ( 19 7 8 ) ; 

• Ports and Tanker Ves sel Safety Act ( 19 7 9 ) ; and 

• T i tle 14 , usc--wh i ch i ncludes requi rements related to 
i c ebreak l ng , aids to navi gat i on ,  persons or ves sels in  
di s tres s , serv i ces to other agenc ies  and s t ates , and to 
ass i s t the operat i on of commerc e . 

The Coas t Guard trad i t ionally has operated i n  the Arc t i c  to 
support the resupply and log i s t i c al operat i on s  for the Departmen t of 
Defense ' s  fac i l i t i es . I t  has al so served as s t andby for search and 
rescue and has placed nav i gat i onal aids at selected North Slope 
locat i ons . Support of the sc i ent i f i c  and oceanograph i c  ac t ivi t ies  of 
other agenc i e s  has i ncluded the Mar i t ime Admi n i s trat i on ' s  
traff l c ab i l i ty stud i e s  and the Department of the Inter i or ' s  mari ne 
mammal s urvey s . 

The Coast Guard has the only U . S . -owned i cebreaki ag 
c apab i l i ty . ! The s i x-ves sel i cebreaki ng fleet i ncludes two Wi nd 
Clas s i cebreakers and the GLACIER , wh i ch are aged and soon wi ll need 
to be replaced or to undergo maj or renovat i on . NORTHWIND and WESTWIND 
were bu i l t  i n  the mid-1940s and GLACIER was bu i l t  i n  1955 . The Coas t 
Guard e s t imates 2-3 years are requ i red for the des i gn process  and 4 
years  

1coast  Guard l e e  operat ions  are conduc ted by  medi um-endurance ,  
all-weather i cebreakers ,  of wh i ch one i s  i c e-capable ; patrol boats ; 
and one i ce-c apable cutter ( USCGC STORIS ) ;  i ce-c apable large buoy 
tenders ; and i ce-capable aux i l i ary general i c ebreakers , of wh i ch there 
are f 1 ve : POLAR SEA , POLAR STAR , NORTHWIND , WESTWIND , and GLACIER . 
USCGC STORIS and the large buoy tenders are l imi ted generally to l ee 
th i cknesses  of less than 0 . 65 meters ( 2  feet ) . The POLAR Clas s i s  
c apable of year-round operat i on north of the Aleut i an s  and along the 
North Slope . The WIND Class and GLACIER have a marg i nal c apab i l i ty to 
operate north of the Ber i ng Stra i t in w i n ter . 
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are required to build new ships . If  the plannin& and bud&etin& t Lme  
were added t o  the complete authorization and construction process , as 
much as 10 years may be needed before a new icebreaker could be 
avai lable . The U . S .  Coast Guard policy resardin& replacement and 
upsradin& of the fleet wi ll be inf luenced by tbe resul ts of an 
interasency study to be completed in 1984 . 

In the Arc tic environment-�ich imposes hi&h operational 
costs--icebreakins , as well as other traditional services , such as 
search and rescue , safety , and navisational aids , face increasin&lY 
more diff icult budsetary constraints . The Coast Guard ' s  missions in 
the Arct ic , their present activity , and capabil ities are summarized 
below . 

Enforcement of Laws and Treaties ( ILT) The Coast Guard has not yet 
needed to use its potent ial capabi l i ty north of the Aleutians . POLAR 
and WilD Class breakers provide the potential for undertakin& this 
mission in ice-covered waters . 

Search and Rescue (SAR) The Coast Guard has the capabil ity to  conduct 
SAR on non-ice-covered waters north of the Aleutians . USCGC STORIS 
and larse buoy tenders have conducted SAR on ice-covered waters , 
thoush their icebreakin& is limited . The SAR demand on ice-covered 
waters is presently minimal . The five auxil iary seneral icebreakers 
can serve as SAR standby platforms when operatin& north of the 
Aleut ians ; their polar operat ional capabil ity is extended by use of 
two helicopters (HH-5 2 ' s ) .  Arc tic SAR capabil ity for ice-covered 
waters , when icebreakers are not operatin& in the area , is dependent 
on twin-ensine hel icopter service (presently 3 HH-3 hel icopters ) 
operatin& from Kodiak Island and refuel in& at such locations as 
Barrow . Helicopter ranse is 300 miles from the fuel depot ; however , 
15 percent of the Berin& Sea , an area alons the U . S . -USSR border , 
cannot be reached . 

"Domestic" Icebreaking The Coast Guard does not have domestic 
icebreakin& capabi lity over most of the Alaskan coas t l ine because of 
the deep draf t of its breakers (POLAR Class and WilD Class--8 . 53m [ 28 
ft . ] ,  GLACI!R--7 . 92m [ 26 ft . ] ) .  Ro domestic icebreakin& has been 
conducted north of the Aleutians since the Prudhoe Bay sealifts of the 
1970s . 

Sc ient ific OPerations Polar icebreakers serve as the operatins 
platforms that federal asenc ies may use for Arctic research . Examples 
inc lude : 

• Trafficabi lity study for the Maritime Administration , 
Department of Transportat ion , feasibi lity of western Arctic 
year-round marine transportation system; 

e Western Arc tic marine mammal surveys , for the Department of 
the Interior ' s  Minerals Manasement Service and ROAA ; 
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e Topographic studies and acoustical research , for the 
Department of Defense ; and 

• Studies of the marsinal ice zone for &OAA . 

Humanitarian Services Because of the availability of dependable air 
service to outlying areas north of the Aleutians , no demand exists for 
ship transportation for humanitarian services , al though the POLAR and 
WilD Class breakers possess the capabi lities to render assistance , 
should it be neeclecl . 

Pollution Response The POLAR and WilD Class breakers and GLACIER have 
served as research platforms for Coast Guard proj ects in Arc tic marine 
pollution response .  These breakers could serve as staging platforms 
for responding to pollution incidents . 

&avisation The 8avy-operated KAVSAT (navigation satellite ) 2 is now 
used for posit ion fixing and , in addition , a helicopter aids in 
determining ice conditions , existence of leads , and other factors 
affecting the course and operation of Coast Guard cutters . Recent 
instal lation of an automatic picture transmission (APT) satel lite 
image receiver/processor on POLAR SEA and POLAR STAR enables these 
ships to receive near-real-time satellite imagery showing ice 
conditions . 

As noted earl ier , there is no Coast Guard plan to extend Loran C 
navigat ion service in the Arctic to the Chukchi and Beaufort seas 
since GSP service is antic ipated . 

Funding of Icebreaker Facilities and Services 

Icebreaker service in support of other agencies is fully 
reimbursable ; user agencies fund both fixed and operat ing costs for 
the polar icebreaker fleet . The Memoranda of Agreement between the 
Coast Guard and other polar icebreaker "user agencies , "  which govern 
reimbursement , state the following : 

The Coast Guard wil l  plan and fund icebreaker 
acquisition , construction , and improvement ( capital 
improvement )  proj ec ts . This type of proj ect wi l l  include 
icebreaker replacements and maj or rehabili tat ion and 
renovat ion work costing , in general , over $1 25 , 000 per 
proj ect . 

2The Coast Guard will use the KAVSTAR (navigat ion satell ite , timing 
and ranging ) /GPS ( global positioning system) when the system becomes 
avai lable in the late 1980s . 
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Support Required by Increased Offshore Development 

Pol lution Response The u.s. Coast Guard responsibility covers al l 
U . S . ocean areas including u.s. Arctic waters . Under a Memorandum of 
Unders tanding with the MMS .  prior to approval of OCS Exploration 
Development Plans . the Coast Guard reviews oil spill contingency plans 
submitted by industry and advises MMS as to their adequacy . The 
cont ingency plans must provide an industry response capabil ity that 
adequately addresses the risk presented by the dri ll ing activity . 

Research and Development in Arctic Oi l Spill Behavior The obj ective 
of a group of proj ects is to understand and predict the behavior and 
movement of oil  spi l l s  in an Arctic environment . part icularly in the 
offshore regions of the Beaufort Sea . This work is being carried out 
primarily at the Coast Guard R&D Center . Groton . Connecticut . An 
environmental atlas for the Korth Slope region . including information 
on general oceanography and meteorology of the region . is being 
prepared . The information wil l  be used to develop models for 
predict ing o i l  spill  behavior ( e . g  . •  spreading . vert ical migration . 
and weathering) and oil  spi l l  movement in Prudhoe Bay and coastal 
areas of the Beaufort Sea . Proj ects that f ocus on oil spill  detection 
and surve i l lance techniques appl ied to the Arctic environment . 
def ining the extent of contamination . and monitoring the subsequent 
movement of the spi l l  have been proposed for f iscal year 1985 . 

Research and Development in Arctic Oil  Spill  Countermeasures and 
Cleanup Techno logy This proj ec t comprises cooperative research with 
other agenc ies and organizat ions . such as Canadian AMOP (Arctic Marine 
Oilsp i l l  Program) and Alaska Clean Seas (ACS ) and involves test and 
development of Arc t ic oil  spi l l  countermeasures and c leanup 
equipment . The proj ec t emphas is is on understanding the latest 
technology avai lable to meet Coast Guard spill  response moni toring and 
cont ingency planning respons ibi l i t ies • 

. Marit ime Administration 

Marit ime Administrat ion ( MARAD )  act ivit ies and interests have 
inc luded . for more than f ive years . an assessment of the risks and 
feas ibil i ty of Arct ic marit ime transportation systems ; this act ivity . 
inc luding early s tudies . is described in Appendix B .  There are no 
legislative constraints to undertaking these areas of study : 

• Bnvironmental assessment- -knowledge of the ice condit ion 
severi ty ;  

• Ship design standards- -for hul l  resistance . power 
requirements . structural loadings . maneuverabil ity . and 
propellor des ign ; 
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• Ope�ation c�ite�ia--navisational abil i ty in ice-infested 
wate�a ; 

• Shippin& systems and po�ta auppo�tin& A�ctic t�anspo�tation ; 
and 

• Financin& incentives . 

IIARAD has p�ovided fundins fo� the Coast Guarcl ' a two POLAR Class 
iceb�ake�a fo� use in two trafficability testa in the Ba�in& and 
Chukchi seas . Iceb�eakera have ae�ed as platforms to col lect data on 
ice cha�acte�iatica and ship pe�formance . Testa have been conducted 
wi th the coope�ation of the Canadian Ministry of T�anspo�t and with 
the pa�ticipation of interested industry s�oupa and fede�al and state 
asenciea . 

U . S .  Department of Comme�ce 

8ational Oceanic and Atmospheric Adainiat�ation (80AA) 

Those 8ational Oceanic and Atmosphe�ic Adainiat�ation (IOAA) 
act ivities and prosrams which a� A�ctic-�lated a� larsely joint 
endeavo�a wi th one o� mo�e asenciea . The oute� Continental Shelf 
Bnvi�nmental and Assessment P�os�am (OCSIAP ) has been unde�taken in 
collabo�ation with the Depa�tmenta of the Inte�io� and Bnersy . The 
inte�asency environmental assessment p�os�am , of which OCSIAP is a 
pa�t , and the ope�ational and envi�onmental informational ae�icea a� 
discussed late� in this chapter in the context of inte�asency 
act ivities . 

The�e a�e no lesia lative constraints to IOAA' a  activities in 
Arctic offshore support . The asency has a specific lesialative 
offaho� responsibil ity for mappins and ch�tin& u . s .  wate�a , weathe� 
••�ices , and f i sheries manasement . IOAA ••�•• as the sovernment 
ope�atin& asent fo� satelli te-baaed envi�onmental data fo� c ivil ian 
use . Seve�al of ita ae�icea , such as weather information and 
fo�caatins , have been examined as a potential uaer-fee-auppo�ted 

. activity . In this �sarcl , transfer of some functions or ••�ices to 
the private sector �ina an issue . Meanwhile , in 1983 , 80AA' s f i rst 
Resional Se�ice Center went into operation in Seattle , waahinston , 
and a second off ice was opened at Anchorase in July 1984 . These 
Resional Ocean Se�ice Centers were established as a focus for 80AA ' a 
oceanosraphic and atmospheric information se�ices and p�oducts for 
local and commerc ial needs . 

ROAA �search has been undertaken in the followin& topical a�aa : 

• Cl imate and meteo�losy : ROAA maintains an obae�atory at 
Barrow , Alaska , which is one of four wo�ldwide s i tes to 
monito� the atmospheric constituents impo�tant for c l imate 
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chanse (part of the slobal monitorin& network of tbe World 
Keteorolosical orsanization , WHO ) . IOAA' s  8ational Weather 
Service (IWS )  in Alaska undertakes research resardins local 
c l imatic and oceanosraphic phenomena . In addition , IOAA' s  
Environmental Research Laboratories are active in Arctic 
cyclone development and remote sensins of sea ice . 

• Atmospheric research : ROAA and the 8ational Science 
Foundation provide fundins for the international study of 
Arctic haze at the Universi ty of Rhode Island . 80AA also 
conducts research as part of this prosram . 

• Sea ice phenomena and forecastins : Investisation of the 
distribution and traj ec tories of ice f lows in the Berins Sea 
near 8orton Sound have been supported by a ROAA proj ect which 
emp loys the capabili ties of 80AA' s Pac i f ic Marine 
Environmental Laboratory and a contractor , Flow Research 
Corporation . Other ice studies address the effects of the 
accretion of ice on struc tures and the characteristics of 
traj ectories of oil sp i l ls under ice . 80AA is sponsorins 
studies by the University of Alaska tbat seek to describe 
accurately ice phenomena ,  part icularly resardins ice breakup 
and coverase in 8orton Sound . 

• Arc tic oceanosraphy and biolosy : IOAA ' s  Off ice of Karina 
Mammals carries out studies related to marine mammal and 
endansered species in tbe northwest resion of the Alaskan 
Arctic , of ten in conj unction with tbe Univers ity of Alaska . 
These studies concentrate on bowhead whale research and 
monitorin& of the Inupiat bowhead whale bunts . Recently , a 
Canadian observer has partic ipated in these studies . 80AA ' s 
Sea Grant prosram also provides numerous awards to 
univers ities and other research asenc ies concernin& 
development of Arctic marine l ivin& and natural resources . 

The fol lowin& ROAA studies in prosress are examples of 
proj ects to evaluate tbe effec t  of Alaskan offshore 
development on marine l ife : 

• Life history studies of bowhead whales in the 
U . S .  and Canadian Beaufort Sea . 

• Population dynamics ,  behavior , pbys iolosy , and 
fisheries interaction of the northern fur 
seal , in the Berins Sea and north . 

• Berins Sea ecosystem analysis (marine mammals ) • 

• Inc idental catch of Dal l ' s  porpoise and other 
marine mammals in tbe Japanese salmon 
mothership hi&h-seas &il lnet f i shery . 

Studies bave been planned , but are not funded , to assess the movements 
and behavior of sray , white , bowhead , hump back , and killer whales in 
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relation to ice , human activi ties , and other short-term changing 
environmental conditions ; and determining the acoustic response and 
propagation of sound in the presence of migrating and feeding whales . 

The potential marine biological resources for the Alaskan Arctic 
area are diff icult to evaluate because the status of most stocks is 
not known , or at least not well understood . The princ ipal concerns 
for marine mammals are twofold : ( 1 )  loss of individuals from already 
dwindling or endangered populations , and ( 2 ) loss or reduction of 
other resources , such as food or habitat , which may l imit the growth 
of the marine mammal populations . Most large whales in the Bering Sea 
and Arctic region are considered endangered or threatened , and any 
adverse act ions upon these populations might be irreversible . 

Rational Environmental Satellite Data and Information Service 
(IBSDIS) This ROAA service supplies imagery data , data col lection , 
and platform location services from two polar orbi ters (ROAA 7 and 
8 ) . ROAA es t imates that 5 to 10 percent of the useful output of the 
polar orbiting satellites is Arc tic-related . Ice edges (0 . 8-kilometer 
resolution ) , 3 coverage (percent concentration ) , and est imates of age 
( thickness ) are derived from this data base . 

The satellite data col lection capabil ity provides both direc t and 
s imultaneous transmission of data received from surface platforms and 
data storage for later transmission to the ground station at Toulouse , 
France . The data collection capability has been employed primarily in 
research-type act ivities , although Exxon and others have used it  
operationally . Posit ion locations ( accuracy : 1-3 kilometers ) are 
provided by processing the received data from at least two 
transmissions from a surface platform . 

The polar orbi ters wi ll be replaced as needed up through 1989 . 
Funding has been planned , but not yet approved , for replacement in the 
1990s wi th satellites carrying an Advanced Microwave Sounding Unit  
(AKSU) which would provide somewhat lower resolution but would have 
all-weather coverage . In addition , as noted in Table 2 , Chapter 1 ,  
page 30 ,  unc lassif ied data will be available in 1986 from the Defense 
Meteorological Satellite Program ( DKSP ) , which will  have mil itary 
satellites carrying a spec ial sensor microwave imager ( SSMI ) capable 
of sensing edges and coverage . This imager wi ll also provide a direct 
estimate of ice age through the phenomena of ice emissivity change . 

UBSDIS is c losely coupled to the Ravy • s  Remote Ocean Sens ing 
Satellite (&ROSS ) . The Ravy will equip and launch KROSS in 1989 with 
RISDIS having access to data providing microwave all-weather ice 
surveil lance capabi l ity . 

310AA' s  0 . 8-ki lometer resolution imagery is  useful only in 
c loud-free scenes . RASA al l-weather passive microwave satel l i te data 
is provided to the Joint Ice Center by the Ravy • s  Fleet Rumerical 
Oceanography Center in a 60-ki lometer resolution format . 
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After 1985 , NOAA-NBSDIS wi ll  beca.e part of a sbared data 
process i ng network wi tb tbe Ai r Force and Navy . Interconnec ted by 
h i gh-speed data l i nks ( 1 . 3  megab i t s per second) , tbe three agenc i es 
wi ll di s tr i bute respon s i b i l i ty for proces s i ng as follows : 

• NISDIS ( Su i tland , Maryland ) --atmospher i c  soundi ngs i 
• A i r  Force-- imagery ( v i sual and IR) i 
• NAVY ( Monterey , Cal i forn i a ) --aar i ne data ( e . g . , sea surface 

temperatures ) . 

NBSDIS has no i ndependent  plan s  to expand commun i c at ion or 
nav i gat i on serv i ces in the area . 

u . s .  Department of the Inter i or 

Mi neral s Management Service  

The Mi neral s Management Serv i ce ( KMS ) , establ i shed i n  1982  from 
several ex i s t i ng d i v i s i ons of the u . s .  Geolog i c al Survey , the Bureau 
of  Land Managemen t ,  and other I n ter i or off ices , i s  the focus of 
government ac t ivi ty deal i ng wi th development of tbe Outer Cont i nental 
Shel f  ( OCS ) , one of the maj or programs be i ng tbe o i l  and gas leas i ng 
program. Early i n  1981 , the schedule for leas i ng was rev i sed to s peed 
up the process  and to advance the t imi ng of development for tbe 
offshore areas hav i ng the greates t  poten t i al ;  several Alaskan Arc t i c  
offshore areas were affec ted by th i s  accelerat i on i n  lease plana . 

There are no spec i f i c  leg i s lat ive con s tra i n t s  on the KMS , and the 
KMS has pursued developmental research in response to the an t i c i pated 
data and i n format i onal needs to support i ts role in the admi n i s trat i on 
of leases as spec i f ied by the Outer Con t i nen tal Lands Ac t .  Jo i n t  
government / i ndus try and i n teragency research programs have been 
encouraged and have been implemented , such as the sea i c e  mechan i c s  
s tud ies  a t  CRREL <wi th part i c i pat i on b y  Shell O i l ) , and OCSKAP , wh i ch 
was i n i t i ated i n  1973  i n  conj unc t i on wi th NOAA . Informat i on fro• tbe 
latter s t udies  is used in o i l  spi ll traj ec tory analys i s ,  env i ronmental 
impac t s t atemen t s , and departmental dec i s i on documen t s , as noted 
earl ier . S i nce 1 9 7 3 , OCSKAP fund i ng by KMS for proj ec ts  on tbe 
Alaskan OCS has been over $200 mi ll i on or 50  percent of the OCSKAP 
total budge t .  

Resea�b_f��EnJJLnee r i ng APPl i cat i on s  i n  �be __ ��t i �  The Technology 
As ses sment and Research ( TA&R ) Program of the KMS support s ,  i n  
conj unc t i on wi th i ndus try and educat i onal i n s t i tut i on s , the followi ng 
research di rec ted toward the Arc t i c  env i ronmen t :  ( 1 )  s truc tural 
mater i al s  for Arc t i c  operat ion s , ( 2 )  mechan i c al propert i es of sea i ce , 
( 3 )  i ce forces aga i n s t  s t ruc tures , ( 4 )  beh av i or of concrete offshore 
s truc t ures i n  cold reg i on s , and ( 5 )  supers truc ture i c i ng data 
collec t i on and analys i s . 

102 

Copyr ight  © Nat ional  Academy of  Sc iences.  A l l  r ights  reserved.

U.S.  Capabi l i ty  to  Suppor t  Ocean Engineer ing in  the Arct ic
ht tp : / /www.nap.edu/cata log.php?record_id=19426

http://www.nap.edu/catalog.php?record_id=19426


Tbe Arc t i c -related s tudies  sponsored by the KKS i n  1984 are as 
follows : 

Research under contrac t  to i ndus try or consultant : 

• Techaolo&Y As ses sment for OCS O i l  and Gas Operat i ons i n  
tbe Arc t i c  Ocean 

• Arc t i c  Underwater S truc tural Inspec t i on 
• Southern Ber i ns Sea Produc t i on Sys tem Study ( j o i n t  

proj ec t wi th i ndus try ) 
• Evaluat i on of Struc tural Concepts for Norton Sound 

( j o i n t  proj ect  wi th i ndus try ) 

Research be i as conduc ted by the Nat i onal Bureau of Standards under 
KKS support :  

• Struc tural Mater i al s  for Arc t i c  Operat ions  
• Behav i or of Concrete Off shore Struc tures i n  the Arc t i c  

( j o i n t  proj ec t wi th i ndus try and Canad i an sovernment ) 
e Rel i ab i l i ty of Gravel Kat Foundat i ons  for Arc t i c  Gravi ty 

Structures 

Research be i ns conduc ted by the U . S .  Army Corps of Ens i neers Cold 
Res i oas  Research and Eas i neer i ns Laboratory : 

• Mechan i c al Propert ies  of Mul t i year Sea Ice ( j oi n t  
proj e c t  wi th i ndus try ) 

• Env i ronmental Effec t s  of We llhead Removal by Ezplos ives 
e Development and Tes t i ns of an Ice Stre s s  Sensor 
• Ens i aeer i ns Propert i e s  of Subsea Permafros t  
• As ses sment of Struc t ural Ic i ns 
e Supers t ruc ture Ie i ns Data Collec t i on and Analys i s  ( j o i n t  

proj ect wi th i ndus try ) 

Research be l a& conduc ted by Un ivers i ty of  Alaska : 

• Ice Forces Asa i n s t  Arc t i c  Structures 

Research be i ns conduc ted by Woods Hole Oceanosraph i c  Ins t i tut i on : 

• Seafloor Se i smi c  Data Study ( j o i nt proj ect wi th i ndus try 
and the Department of Enersy-Sandi a )  

Research be i ns conduc ted b y  Clarkson Collese of Technolosy . 

e De l c i ne and Prevent i on of Ice Format i on on Offshore 
Dri l l i ns Platfor.s 
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The nature of the TA&R PE"OIE"• is twofold . FiE"st , technolosy 
assessments aE"e conducted to dete�ine , analyze , and compat"e 
state-of-the-at"t pE"actice and knowledse , and to identify technolosy 
saps OE" possible impE"ovements foE" fuE"theE" study . Second , E"esearch 
studies at"e conducted to quantify the appl icability of technolosies to 
BKS opet"ational needs and to pE"ovide needed info�tion that is not 
av&ilable fE"om inclustt"Y oE" otheE" asenc ies . 

The BKS has pE"ovided paE"tial fundins foE" an expans ion of the oil 
spill  containment and c leanup equipment test ins fac i l i ty at Leonardo , 
8ew Jet"sey , which is j o intly aclministel"ecl (with the Coast Gual"cl) . 
This fac i l i ty ,  the Oil and Hazal"clous Katet"ials Simulated KnviE"onmental 
Test  Tank (OHMSITT) ,  can wi thstand sisnif icant ice covel" fot"ces and 
the ef fec ts of opeE"atins duE"ins below-ft"eezins conditions . The 
OHMSBTT fac i l i ty besan oil and ice equipment testins in eat"ly 1984 . 
The tes t  tank is 203 meteE"s lons , 20 metet"s wide , and 2 . 4  metet"s deep , 
al lowins test ins of full-scale equipment in a vaE"iety of ice and oil  
condit ions wi thout E"isk to the enviE"Onment . 

KndanseE"ed Species DuE"ins the past 5 yeat"s , the BKS has conducted an 
aeE"ial suE"Vey of the bowhead whales in the Beaufol"t Sea to ascet"tain 
theiE" movements and abundance . AnotheE" invest isation has focused on 
belusa whales in the coastal watet"s of Alaska with an emphas is on the 
effects of noise dis tut"bances upon them . Othet" , c losely E"elated 
studies include : ( 1 )  compute£" simulation of the pt"obability of 
endanset"ed spec ies intet"ac tins with an oil spi l l , ( 2 )  poss ible effects 
of acoustic stimuli on bowhead whales , ( 3 )  the effect of noise on ll"&Y 
whales , and ( 4 )  the development of satell i te-l inked methods foE" 
tassins and tE"ackins laE"se cetaceans . 

u . s .  Geolosical SuE"Vey 

Since 1982 , afteE" E"e0£"1anizat ion of the Depat"tment of the 
InteE"ioE" ' s  offsho£"8 ac t ivit ies , the u . s .  Geolosical SuE"Vey (USGS ) 
mat"ine pE"OIE"amB have been rediE"ected to basic E"eseat"ch on the OCS , 
inc ludins seotechnical invest isat ions in the fol lowins catesoE"ies . 

• Regional Geo logic FE"amewoE"k The soals of this PE"OIE"&m 
include the E"esional undet"standins of seolosic condit ions , 
tec tonics , and evolution of the Continental Shelf . The 
identif ication of bas ins ancl the seolosic settins conduc ive 
to ene£"1y and haE"cl mineE"al fo�tion continue to be the 
E"eseat"ch aims of the USGS . BeaufoE"t Sea ancl Chukchi Sea 
info�t ion at"e uncle£"1oins this analysis . Futu£"8 
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i nves t i sat ions are aimed at surveys of known , but 
inadeguately aapped bas i n s , or unsurveyed areas on tbe 
con t i nen tal slope , r i se , and deepwater areas . 

• "i neral Resource� Based on tbe prev i ous prosram elemen t ,  tbe 
USGS con t inues o i l  and sas s tudi es of the ocs , but not on 
sale-by-s ale bas i s  as before . Bas i n  analys i s  for petroleum 
prospec ts  ( i nc ludi ng unconvent ional resources s uch as gas 
hydrates ) ,  source rock i dent i f i c at i on , and s imi lar top i c al 
o i l  and sas proj ec t s  con t i nue . Several s tudi e s  performed 
earl i er on sand and sravel resources i n  the Beaufort Sea and 
Norton Sound are be i ns used by KKS as su i del i nes  in leas i ng 
those resources . There are no immedi ate plans to con t i nue 
s t ud i e s  of hard mi neral depos i t s  in Arc t i c  waters . Resource 
e s t imates for onshore and offshore o i l ,  based on a res i onal 
s cheme , wi ll  cont i nue to be prepared . 

• Geolog i c  Processes  Several s tudi e s , conduc ted i n  the  pas t 
under the umbrella of env i ronmental seolosy , con t i nue• : 

e Geolog i c  framework and resources asses sment of tbe 
Beaufort and Chukch i seas ; 

e Env i ronmental seolog i c  s tudi es of the Beaufort and 
Chukch i seas ; 

e Geolog i c  framework and resource as sessment of tbe 
Ber i ns Sea area ; 

• Geolosy and resource asses sment of the northern 
Ber i ns Sea ; 

• Resource and sao-env i ronmental asses sment  of 
Aleut i an r i dse and shelf ; and 

• Alaskan mar i ne mi c ropaleontolosy . 

Wi th respect  to the Arc t i c , top i c s  s uch as shallow faul t i ns , 
sed imentat i on / eros ion/ sediment tran sport ,  mod i f i cat i on of 
shorel i nes and shoal s and the i r  asents  ( i nclud i ns freeze-thaw 
cycles , thermal eros i on ) , offshore permafrost , and i ce 
souses , con t i nue to be of current i n teres t .  The number of 
ac t i ve Arc t i c  proj ects  have dec l i ned , however ,  as funds have 
con trac ted . Present ac t iv i t i e s  i n  the Beaufort Sea 
concentrate on sea i ce as a seolos i c al asent of the pas t and 
on recent sedimentary and seomorph i c  proces ses . A pr i nc i pal 
geotechn i c al concern i s  how to determi ne the s t ab i l i ty and 

4Th i s  l i s t  of  1983 proj ec t s  i ncludes proj ec ts  spec i f i c ally  
des i snated for Arc t i c  por t i ons  of the U . S . -Alaskan waters , i . e . , north 
of the Aleut i ans . 
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shear resistance of offshore Arctic silts , but no activity 
has been currently fundect by the USGS . 

e Other Act ivities . Onshore , coastal studies , and 
environmental rehabilitation investigations in the Rational 
PetroleWD Reserve in Alaska (IIPRA) , as well as some 
permafrost research continue . In regard to sea ice , 
development of remote sens ing techniques using data fro. 
radars and microwave radiometers continue for the Arc tic 
ocean appl ication . 

Fac i l i t ies The USGS operates two oceangoing vessels , the SP L&l and 
the POLARIS I I , for marine geological and geophysical surveys . The SP 
LIB has spent several years in gathering deep seisaic ref lection data 
in the Arctic seas , inc luding the Beaufort Sea . There are no plans at 
present to send the LIB or the POLARIS II to the Arc tic region ; 
neither vessel is capable of operations in ice-infested waters . 

A coas tal vessel dedicated to research in the Beaufort Sea , the 
KARLUK , has been gathering geophys ical data in the Beaufort Sea , this 
activity was supported by OCSBAP through fiscal year 1983 . 
InstrWDentation used on or deployed from the vessels include CDP 
seismics ,  shal low seismics , echo sounders/bottom prof i lers , sonars , 
current meters , coring devices , and geotechnical instrWDents . 

There are no laboratory fac i lities in the USGS decticatect to 
cold-regions research . Approximately 8 technic&! persons are engaged 
in the conduc t or administrat ion ongoing of Arc t ic research . 
Short-term efforts involving the Borth Slope studies of federal 
reserve areas on the Korth S lope boost USGS Arctic study ac tivity to 
perhaps 15 persons a year in 1984 and 1985 . 

Cooperative Efforts Regotiat ions are underway to set up a cooperative 
research ef fort in the Beaufort Sea with the Geological Survey of 
Canada . The aim of this cooperation is to conduc t j oint surveys for 
the comprehens ive understanding of the geology of the Beaufort Shelf ,  
and to invest igate sedimentation history and ice-scour regimes . 

Department of the Interior , Other Arc t ic Activities 

Bureau of Indian Af fairs CBIA) The BIA assists the aboriginal Alaskan 
natives in protect ing and ensuring their benef its f rom trust assets , 
inc luding cons ideration for the native interests in hunting , 
gathering , and f ishing rights , inc luding bowhead whales . 

Fish and Wi ldl ife Service (FWS)  The FWS conduc ts sc ientific research 
on polar bear , walrus , and migratory birds in the Alaskan Arctic . 

Such research is carried out under the authority of the Marine Mammal 
Protection Act of 196 2 ; the Circumpolar Agreement on the Conservation 
of Polar Bears ; and the U . S . -USSR Convent ion on the Conservation of 
Migratory Birds and their Environment . In accordance with the Fishery 
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Con s ervat i on and Managemen t Ac t of 1976, wh i ch es tabl i shed a 200-al le 
f i s hery conservat i on zone , FWS i s  repres en ted on f i shery aanaseme n t  
counc i l s .  I t  al so t akes ac t i on to  protec t threatened and endansered 
spec i e s  under the lndansered Spec i es Ac t of 1973 . 

The FWS ' s  sc i en t i f i c  research prosra. has eaphas i zed tbe 
ec olos i c al effec t s  of human ac t iv i t i es related to development and 
explo i tat i on of the aar l ne env i ronment on aar i ne wi ldl i fe and 
ecosys teas . These effec ts rel ate par t i cularly to tbe hab i tats and 
populat i ons of polar bears , walrus , c ar i bou , anadromous f i sb , 
mi sratory b i rds , and spec i es appear i ns on the u . s .  l i s t  of threatened 
and endansered s pec i es .  

u . s .  Departmen t  of lnersy 

There are no les i slat ive constra i n ts to the Department of lnersy • s  
( DOl ) mi s s ion of maz imi z i ns the energy s upply from the U . S .  Arc t i c  
wh i le s i v l ns con s i derat i on t o  env i ronmental needs and fore l sn pol icy  
concerns . u . s .  Arc t i c  enersy-related pol i c i e s  and ac t i on s  are c losely 
l i nked wi th those of Canada , i nclud i ns j o i n t  research conduc ted i n  tbe 
Canadi an Arc t i c . 

DOl Arc t i c  and Offshore Research Prosra. The obj ect i ve of DOE ' s  
Arc t i c  and offshore research prosram i s  to reduce the techn i c al and 
economi cal uncerta i n t i e s  in the development and produc t i on of Arc t i c  
o i l  and sas resources  i n  Alaska and the Ber i ns , Chukchi , and Beaufort 
seas . Th i s  prosram i nvolves three maj or func t i onal areas : 

e Ice charac ter i zat ion , i nclud i ng laboratory and f i eld analys i s  
of mul t i year l e e , l ee i sland movement analys i s , laboratory 
analys i s  of  i ce acc re t i on and s t ruc ture . Con trac tors and 
other support i ng agenc ies : Un ivers i ty of Alaska , U . S .  Ar.y 
Corps of Eng i neers Cold Reg i ons  Research and Eng i neer i ng 
Laboratory ( CRRIL) , U . S .  Geolog i c al Survey ( USGS ) . 

e Seafloor/ so i l s  research , i nc ludi ng seafloor scour i ng and 
gous i ns ,  fro s t  heave p i pel i ne analys i s ,  permafros t  
evaluat i ons , and accelerat ion /veloc i ty o f  seafloor 
movemen t / s t ruc ture . Contrac tors and other s upport i ng 
agenc ies : CRREL , USGS , Sandi a Nat i onal Laborator ies . 

e Program management , i nc lud i ng data base development and 
technolosy tran s fer , i s  admi n i s tered by the Departaen t of 
Energy , Korsantown Energy Technology Center . 
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, 

Nat i onal Aeronaut i c s  and Space Adai n i s trat i on 

The obj ec t ive of NASA' s prosr .. related to Arc t i c  developmen t i s  
to understand the phys i cal charac ter i s t i c s  and i nterrelat i onsb ips  of 
the ice  cover and the upper at.osphere . �nowledse of tbe i ce cover i s  
o f  most  relevance t o  th i s  s tudy . Here , the soal i s  to use spaceborne 
sensors to dete�ine charac ter i s t i c s  of tbe polar i c e  cover , and to 
unders tand how these are i nfluenced by and in turn i nfluence tbe 
atmosphere and ocean . The three pr imary sensors for th i s  work are 
m i crowave rad i ometers , prov i d i n& coarse-resolut i on iaasery wi th a 
swath wi dth of the order 1 , 000 ki lometers ; synthet i c  aperture radar 
( SAR ) prov i d i ns h i sh-resolut i on imasery wi th a swath width of 
approx imately 100 ki loaeters ; and the radar alt ime ter--prov l d i ns 
detai led l nfo�at l on only alons the subsatell i te tract . 

NASA ' s prosram i s  focused on laprov l ns i ts ab i l i ty to tran slate 
pas s ive-mi crowave and SAR measurement s  rap i dly and acc urately into 
s c ient i f i cally useful seophys i c al parameters , i . e . , sea l e e  exten t , 
concentrat ion , type ; veloc i ty ,  and the s i zes , shapes and d i s tr i but i ons  
of i ce floes and leads . 

Pas t , presen t , and planned satell i te mi s s i ons  relevant to research 
in polar res ion s  were summar i zed in Table 2 ,  Chapter 1 .  Tbe 
pos s i b i l i ty of add l ns a c apab i l i ty for real-t ime proces s i ns of KRS-1 
data has been rai sed and , al thoush not presently as sured in budse t l ns , 
i s  rece l v i ns seri ous con s i derat i on by NOAA . The detai l plann i n& for 
the Al askan rece i v i ns fac i l i ty is underway by NASA , but coaptat i on 
fund l ns before f i scal year 1986 i s  uncertai n . 

The NOAA weather s atell i tes  and LANDSAT were not i ncluded i n  
Table 2 .  These s atell i tes  prov ide s e a  i c e  lmasery a t  opt i c al and 
i n frared wavelensths . Spat i al resolut i on i s  of order 1-4 ki lometers 
for weather s atell i tes and a few tens of meters for LANDSAT . Infrared 
lmasery c an be obtai ned at n i sht , bu t no i nformat i on can be obtained 
throush a c loud cover . The h l sh-resolut i on LANDSAT iaasery can be 
extremely useful over i ce ,  but arransement s  have to be made to swi tch 
the sensors on over the area of i n teres t .  

Nat i onal Sc i ence Foundat i on 

The Nat i onal Sc i ence Foundat i on ( NSF ) s upports prosr .. s of 
fundamental research i n  and on the Arc t i c . Th i s  researcb i ncludes 
proj ec ts  throushout the ent i re ( non-Sov i et ) Arc t i c , i nclud i ns Alaska , 
Greenland , Canada , Svalbard , and the Arc t i c  Ocean . 

The Nat ional Sc i ence Foundat i on has , s i nce 1 9 7 1 , aai ntai ned tbe 
Arc t i c  Research Prosram in i ts Divi s i on of Pol ar Prosrams ( DPP ) as one 
component of i ts overall Arc t i c  research effort . DPP spon sors both 
small s i nsle- i nve s t i sator research proj ec t s  and larse 
mul t i - i nves t i sator and mult idi sc i pl i ne research prosrams such as tbe 
Greenland Ice Sheet Prosram ( GISP ) and Processe s  and Resources of tbe 
Ber i ns Sea Shelf ( PROBBS ) . PROBBS has been one of the maj or mar i ne 
ecosys tem prosrams for u . s .  Arc t i c  ocean areas ; i t  i s  coord i nated and 
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aanaged by the Un ivers i ty of Alaska . Addi t i onal research , appl i c able 
to the Arc t i c  offshore , may be sponsored by other NSF dlvi a l ons . 

The NSF ' s Arc t i c  Research Progr .. • s  obj ec t ive l s  to support  the 
aore complex and important Arc t i c  research l nto probleas that regul re 
an i nterd i s c i pl i nary approach for resolut i on . Areas of spec i al 
i n terest  i nclude : 

• Kechan l sas of energy tran s fer between the magnetosphere , the 
i onosphere , and the neutral atmosphere ; 

• The role of the Arc t i c  Bas i n  l n  i nfluenc i ng c l laate ; 
• Interac t i on s  of the Arc t i c  and subarc t i c  areas wl th the 

global ocean sys tea ;  
• Sea i ce occ urrence and behav i or l n  coas tal waters ; 
• H i s tory of c l iaat l c  changes as revealed l n  the s tudy of l e e  

corea obtai ned a t  depth i n  the Greenl and ice  shee t ; 
• Permafros t  propert ies  and charac teri s t i c s ; and 
• Struc ture , func t i on ,  and regulat ion of Arc t i c  terrestr i al and 

mar i ne ecosys tems . 

The foundat i on al so manages the nat ion ' s  Antarc t i c  Program . The 
budget for th l s  program l a  a separate add i t i onal appropr i a t i on of 
funds to the NSF that c annot be comi ngled wi th funds appropr i ated for 
the NSF ' s regular budget . As a consequence , there c an be no confl i c t  
o r  compet i t ion for NSF s upport o f  research between Arc t i c  and 
Antarc t i c  locat i on s . 

U . S .  Department of State 

Respons i b i l i ty for nat i onal part i c i pat ion ln i n ternat i onal 
ac t i vi t i e s  related to the Arct i c  i s  lodged in the u . s .  Departmen t of 
State . The Department of State has three bas i c  respons ib i l i t i es  i n  
lhe Arc t i c : ( 1 )  def i n i t i on and implemen tat i on , through appropr i ate 
negot i at i ons , of the i n ternat i onal i n tere s t s  and respons i b i l i t i e s  of 
the Un i ted States i n  the Arc t i c ; ( 2 )  fac i l i tat i ng the execut i on by 
other federal agenc ies  of the i r  mi s s i on respons i bi l i t i es , 
regui rements , and ac t i v i t i e s  throughout the Arc t i c  when these have 
i n ternat i onal rami f i cat i ons ; and ( 3 )  negot i at i on of Arc t i c  mari t i  .. 
boundar ies . 

In pursu i t  of the f i rs t  two of these respons ib i l i t i es , the 
department negot i ates , or as s i s t s  in the negot i at i on of , s u i table 
agreements and arrangements  wi th fri endly c i rcumpolar s t ates and other 
coun t r i e s  ( notably the NATO group ) whose commi tments i nc l ude the 
Arc t i c . Cooperat ion wi th Denmark concern i ng u . s .  s c i ent i f i c  research 
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in Greenland is informal and c lose . Periodic meetinss with Canada in 
two informal forums provided useful excbanses of information on Arctic 
research ( led by ISP) and developmental activities ( led by State ) and 
seek mutually beneficial areas for cooperation . A sc ientific and 
technical asreement with the USSR in 1972  fo� tbe basis for several 
prosrams ; most only marsinally deal with the Arctic , if at al l .  It 
did result , amons other tbinss , in several visits by u . s .  scientists 
to Soviet drift stations in the Arctic . SUch useful activities could 
be revived if a thaw in bilateral relations were to occur . 

Environmental Protection A&ency 

u . s .  environmental protection laws administered by the 
Environmental Protection A&ency ( IPA) have important impl ications for 
any resource developments in the Arctic . In particular , the Clear Air 
Act ,  the Clean Water Act ,  and the Karine Protec tion Research and 
Sanctuaries Act af fec t  offshore oil  and sas development as well as 
related onshore and offshore support activities . BPA also bas a 
interest in preservins the environaental intesrity of &lobal com.ons 
areas as directed by Executive Order 1 211• . 

BPA is involved in international nesotiations and meetinss of 
experts held pursuant to two maj or international marine pol lution 
asreements relevant to the Arctic : the London Ocean Dump ins 
Convention , 5 and the MARPOL ' 78 Protocol .  

Government Interasency Prosrams in Bnvironaental Assessment 

In addition to proj ects , such as PROBBS ( Kational Science 
Foundation ) and individual Sea Grant ( KOAA) proj ec ts , many of the 
ac tivities to assess current and future impac t of resource development 
and related activities upon the Arctic environment are shared by KOAA 
and the u . s .  Department of the Interior ( i . e . , Minerals Kanasement 
Service ) throusb OCSBAP . OCSBAP ' s f iscal year 198• budset is about 
$11  mil l ion , of which KOAA provides t• mi l l ion ; Arctic tecbnolosy 
development proj ec ts comprise about $2 mi llion of this prosram 
budset . The MKS es tablishes the information needs of the prosram 
dependin& on the ocs leas in& schedule . KOAA manases the research 
prosram from its Juneau OCSBAP off ice . Some research is done in-bouse 
and by other federal asenc ies , but most is accomplished by univers ity 
researchers and private consultin& asenc ies . In keep in& wi th current 
and antic ipated terres trial , nearshore , and offshore resource 
development activi ties in the u . s .  Arctic , the scope of the OCSBAP is 

5The offic ial title is the "Prevention of Karlne Pol lution by 
Dumpins of Waste and Other Kat ter . '' 
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res tr i c ted to the Beaufort , Chukch i ,  and Ber i ng seas and the i r  
adj acent coas tal zones . Because of OCSIAP ' s consol idated budget and 
report i ng , the program appears to overwhelm other Arc t i c  envi ronmental 
efforts  when , i n  fac t ,  other i ndependently funded proj ec t s , are al so 
maj or elements in the overall  as ses sment process . 

The pr imary obj ec t ive of Arc t i c  Al aska OCS env i ronmental s tud ies , 
under OSCBAP , i s  to provide sc i ent i f i c  i nformat ion for manageaent 
dec i s i on s  that may be necessary to protec t mar i ne env i ronments of the

· 

Gulf of Alaska and the Beaufort , Chukch i ,  and Ber i ng seas from damage 
dur i ng o i l  and gas ezplorat ion and development , i n  accordance wi th the 
Nat ional Envi ronaental Pol i c y  Ac t of 1969 . The MKS-sponsored s tudi e s  
are i ntended t o  serve a s  the techn i c al base for dec i s i on s  concern i ng 
mod i f i c at i on of leas i ng s t i pulat ion s , operat i ng regulat ions , and ocs 
operat i ng orders to permi t more eff i c i ent  resource recovery wi th 
maz lmua env i ronmental protec t ion . 

To fulf i ll these program obj ec t i ve s , OCSBAP addres ses the 
following broad sc ien t i f i c  obj ec t i ves : 

• Determi ne the nature and magn i tude of contami nant  i nputs  and 
env i ronmental d i s turbances that may be as s umed to accoapany 
ezplorat lon and development on the Alaskan con t i nental shelf ; 

• Determi ne the ways i n  wh i ch contaminant d i scharges move 
through the env i ronment and bow they are affec ted by 
phys i c al , chemi c al , and b i olog i c al proces ses ; 

• Determi ne and charac ter i ze the b i olog i c al populat ion s  and 
ecolog i c al sys tems that are subj ect to impac t from pe troleum 
ezplorat ion and development ; and 

• Determine the soc i al , cul tural , and economic  effec t s  of OCS 
operat ions on the nat ive and non-nat ive populat i on s  of Alaska . 

Ach i evement of the above obj ec t i ves requ i re s  very broad approaches 
wi th i n  comparat ively narrow geograph i c  l imi t s . Thus , proper 
asses sment of env i ronmental hazards requ i res broad reg i onal 
unders tand i ng of the geolog i c al , l ee ,  and oceanograph i c  hazards that 
might affec t development . Th i s  i nvolve s determi nat i on and 
charac teri zat ion of the b i olog i c al popul at ions , commun i t i es , and 
ecosys tems that are at r i sk from acute or chron i c  impac ts , and 
prepar i ng e s t imates of the d i s t r i but ion and abundance of all 
b i olog i cal populat ions in a poten t i al resource development area based 
among other th i ngs , on knowledge of the i r  feed i ng s i tes , mi grat ion , 
and behav i o r . 

Government Interagency Ac t i vi t i es 
for Operat i onal and Informat i onal Serv i ces  

NOAA , Coas t Guard , the Navy , and the Defense Mapp i ng Agency 
together mai ntain  a ser ies  of gauge networks for port i ons  of the 
Arc t i c . 
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NOAA ' s Nat i onal Weather Serv i ce leads a World Meteorolog i c al 
Organ i z at i on ( W!O )  effort to establ i sh an Ai rcraft to Satell i te Data 
Relay ( ASDAR) sys tem to prov i de meterolog i c al data acro1 s the Arc t i c  
reg i on . NOAA al to operate• data gather i ng proj ec t s  i n  
solar-terre t t r i al phys i c s , mar i ne geology and geophyt i c s , 1now and i c e  
and 1ol i d  earth geophy1 i c 1 . Tbete ac t iv i tes have led t o  large 
hold i ngs of data on the Arc t i c , wh i ch are rout i nely exchanged through 
the Wor ld Data System .  The data have important appl i c at i on• i n  
defen se , sc i ent i f i c research , env i ronmental at ses sment , and resource 
development .  

� o i n t  I c e  Center ( JIC ) Ac t iv i t i es and Serv i ce• The iaagery data are 
used wi th pas s ive m i c rowave data froa NIKBUS-7 by the NOAA/NAVY JIC as 
the bas i s  for the i r  rout i ne i s sue of charts and other product s  showi ng 
ice boundar i e s , coverage , and age . 

The se produc t s  l i s ted i n  order of decreas i ng frequency are as 
follows : 

• Three t imes /week- - i ce analys i •  charts of tbe Ber i ng Sea and 
North Slope ( faxed to NOAA ' s Anchorage Ocean Serv i ce Un i t  
( OSU ) as i nput to the i r  detai led l ee forec at t s ) . 

• One t ime/week-- i c e  analys i s  cove r i ng eastern Arc t i c  and 
wes tern Arc t i c  ( es sent i ally the Northern He•i s phere ) . 

e Seven-day i c e  edge forec as t each for eas tern Arc t i c  and 
wes tern Arc t i c . 

• Two t imes /month- -30-day i c e  forec as t for eas tern Arc t i c  and 
we s tern Arc t i c . 

• Seasonal forec as t for Al aska publ i shed i n  May shows 
an t i c i pated coverage , etc . , for summer .  

• Seasonal forec as t as above for Baf f i n  Bay and Greenland . 
• Ye arly atlas composed of the prev ious year ' s l nfo�t i on 

produc t s . 

In addi t i on ,  JIC tai lors i c e  analyses for spec i f i c  fore i gn and 
u . s .  ve s sels  as requ i red . They prov i de twi ce weekly updates wi th 
i n te�edi ate 7 2- and 96-hour forec as t s . Only spec i ally tai lored 
reque s t s  from pri vate i ndus try are handled by pr i vate sec tor l e e  
i nfo�at i on sources . 

The analog produc ts  ( chart s )  ar� presently be i ng d i g i t i zed to 
prov ide a data base for exten s i ve s t at i s t i c al analyses of long-te� 
i ce parameters . 

Model i ng programs now underway , wi ll produce a dal ly output from 
the Nat i onal Me teorolog i c al Center ( NMC )  and a model of the Ber i ng Sea 
produced by NOAA ' s Pac i f i c  Mar i ne Eng i neer ing Laboratory ( PMEL ) i n  
cooperat i on wi th the NMC and JIC . 
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The JIC and •ational Weather Service ' s  (YWS ) Anchorage offices 
collaborate to produce a detailed ice forecast . IWS Anchorage uses 
JIC microwave-data (60-kilometer resolution ) -derived ice analyses 
when visual or IR imagery , which is transmi tted directly to them from 
the Gi lmore Creek ground station , is unavailable due to weather 
limitations . This is provided from Anchorage in broadcast and fax 
form . 

JIC expects to employ SAR data from the European satellite IRS-1 
and altimetry data from the •avy via GEOSAT to enhance their coverage 
and produc ts . 

Summary of Government Activit ies 
Supporting Arc tic Ocean Engineering 

The federal proj ec ts discussed in this report that are related to 
offshore and coastal development and to the protection of the 
environment will  exceed $50 mi llion in fiscal year 1984 . Recent 
informal est imates of all government research , including support 
service for both land and marine appl ications in the Arc tic approach 
$100 mi ll ion . The magnitude of research applicable to Arctic offshore 
development in the government is imprec ise , and estimates cannot be 
compared since such research is seldom identif ied as a budgetary line 
item for Arctic appl ications . Moreover , the costs for logistical 
support of research are usual ly not identi f ied wi th spec i f ic 
proj ects . Even so , the c ivil works Arctic-related research of the 
Army Corps of Engineers ( nearly $16 million in f i scal year 1984 ) and 
the OCSIAP ac tivities supported by the Department of the Interior and 
NOAA ( at approximately $11  mi ll ion in fiscal year 1984 ) are the 
largest s ingle research endeavors . OCSIAP research inc ludes 
environmental and engineering-related proj ects , as di scussed in this 
report . A summary of research and ac tivi ties , by agency , is provided 
in Table 8 .  

THE FRAMEWORK FOR COORDINATION OF TECHNICAL SUPPORT 
AND SERVICES FOR ARCTIC OCEAN ENGINEERING 

Unt i l  the Arc tic Research and Polley Ac t of 1984 became law ,  there 
was no lead agency or effect ive government coordinat ing group for 
government support of Arctic research and development , inc luding 
offshore-related ac t ivi ties . However ,  before this recent act ,  some 
agenc ies had established a leadership role , of ten as part of 
interagency agreements , to provide continuing support of speci f ic 
services . 

In 1965 , the Navy initiated the Joint I� Center (JIC )  with NOAA 
to meet national goals beyond l imi ted mil i tary obj ec tives and , in 
effect , gave NOAA the " lead agency" responsibi l i ty in c ivi l polar ( in 
this ease , Arc t ic ) oceanographic forecast ing . 
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Table I Su..arr of Govera.eat Ac t i v i t iel Related to Arc t i c  Oceaa ID& i a  .. r i aa aad Develo,.eat 

Depart.eat /A&eacr 

Depart.eat of DefeDie 
••vr 

A i r  rorce 

u . s  • .lnQ corp• 
of ID& l aeer• 

Def•••• Bapp l na 
AIIDCJ 

lelearcb aad Develo,.eat aad 
Tecbai cal Seryi c•• ll t i  .. ted ruad i aa 

laaa• i a  .. C nl4 )  Area• o f  •••••reb Locat ioa 

Sea lee cbarac ter­
l lt l C I  

I c e  dJa• l c l , 
&COUi t l C I , 
l e e  • c at ter l aa ,  
-teorolo&J , 
aeopbJi l C I , 
••dl-at d l l tr l -

but l oa 
Sea l e e  cover 

forec a1 t 1  

CeopbJi i c l , 
peraafro 1 t , 
••• l e e  -cbaa l c 1 , 
l ee nav l aat loa 

u . s .  .&rar Cold 
••a l oa• ••••arch 
aad laa l a  .. r l aa 
Laboratorr C CIIIL) 

Haaover , D 
••val laborator lel , 1 . 0  

ua l verl l t l•• , 
aad oceaaoarapb i c  ( appl i ed  re1earc b )  
oraaa l &at l oa• 

Jo l a t  Ice Ceater 
Su l tl aad , liD 
( w l t b  IIOA.l) 

CIIIL 14 . -16 . 0  

Dep�rt.ent o f  Traa 1 portat l oa 
Coa1 t Cuard Kar l t l- traf f l -

Kar l t l- .ldlll a­
l l trat l oa ( Bar.ld ) 

Depart.ent of Ca..erce 
•at l onal Oceaa l c  

aad .ltllo1pber l c  
.ldal a l 1trat l oa 
( IIOA.l) 

c ab l l l tJ 1 t ud l e 1  
wl tb Kar.ld 

Po l lut l oa re1pon1e 
la .Arc t i c  

OHKSIT te1t f ac l l l tJ 
C w l tb IMI )  

Traf f l c ab l l l tJ 
1 t ud l e 1  

Sea l e e  pbena..na 
aad forec a1 t l DI 
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Bven earl i er ,  the Navy gave the Coas t Guard i ts i cebreakers , thus 
turn i ng over surface nav i gat ion in ice  to the Coas t Guard . S i nce th i s  
tran s fer , fundi ng t o  support Coas t Guard icebreaking operat i ons and 
replacement vessels  has been a controvers i al i s sue . 

The broad scope of government ac t i v i t ies  di rectly related to 
eng i neer i ng concerns in the development of the u . s .  Arc t i c  offshore 
areas , and the di spers i on of these ac t iv i t i e s  among vari ous agenc ies  
that have vary i ng obj ec t ives , make coordinat i on by  the governaent 
agenc ies  mos t  d i f f i cult . Var i ous organ i zat i onal approaches to focus 
government ac t i vi t i e s  have been used in the pas t , i nc lud i ng 
i nteragency commi ttees , but the coord i nat i on comm i t tee approach 
generally degrades as the key admi n i s trat ive level personnel cease 
part i c i pat i ng and as budgetary ac t i on severely reduces tbe 
government ' s ab i l i ty to implement  pol i c y . 

Despi te the frequent i neffec t ivenes s  of i nteragency techn i c al 
program coord i nat i on efforts , the commi t tee recogn i zed that the Arc t i c  
Research and Pol i cy Ac t o f  1984 prov ides the i n i t i al fra.ework for 
i nteragency coordi nat i on , and i t should encourage the atten t i on and 
part i c i pat i on of upper echelon techn i c al and admi n i s trat ive personnel 
from the agenc i es spec i f i c ally named in the ac t .  

A br ief  rev i ew of the Arc t i c  Research and Pol i c y  Ac t of 1984 i s  
prov ided i n  the followi ng paragraphs , and the s al i ent  features that 
could f i t  i nto an effec t ive framework for coordi nat i on are noted . 
F i rs t , the purposes of the Arc t i c  Research and Pol icy  Ac t of 1984 are 
as follows : 

• To e s t abl i sh nat i onal pol i cy ,  pr i or i t i es , and goals and to 
prov i de a federal program plan for bas i c  and appl i ed 
sc ient i f i c research wi th respec t to the Arc t i c , i nclud i ng 
natural resourc es  and mater i als , phys i c al and b i olog i c al 
sc i ences , and soc i al and behav i oral sc iences ; 

• To e s t abl i sh an Arc t i c  Research Commi s s s i on to promote Arc t i c  
research and t o  recommend Arc t i c  research pol i c y ; 

• To des i gnate the Nat i onal Sc i ence Foundat i on as tbe lead 
agency respons i ble for implement i ng the Arc t i c  research 
pol i c y ; and 

• To e s t abl i sh an Interagency Arc t i c  Research Pol i c y  Co.mi ttee 
to develop a nat i onal Arc t i c  research po l i cy and a f i ve-year 
plan to implement that po l i c y . 

The Arc t i c  Research Commi s s i on ,  to be appo i nted by the Pre s i den t , 
i s  to cooperate wi th and ass i s t the Interagency Arc t i c  Research Pol i cy 
Comm i t tee i n  e s t abl i sh i ng a nat i onal Arc t i c  research program plan to 
implement the Arc t i c  research pol i c y . Moreover , the commi s s i on i s  to 
help in develop i ng cooperat i on between the federal government , tbe 
s tate of Alaska , and loc al governments wi th respec t to Arc t i c  
re search . For th i s  purpose , representat i on o n  the Commi s s i on will  be 
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froa academic or other research institutions and will be persons 
havins expertise in various areas of Arctic-related research , 
inc ludin& the physical , biolosical , health , environmental , and social 
sciences . In addition , one member wi ll be a representative of the 
needs and interests of Arctic residents in areas directly affected by 
resource development , and another member will be fami liar wi th the 
needs and interests of private industry ensased in Arc tic resource 
development . 

Amon& several sisnificant requirements of the ac t , one states that 
the Of f ice of Kanasement and Budset (OMB) shall consider al l asency 
requests for research related to the Arc tic as one , intesrated , 
coherent , and multiasency request , and that OMB wi ll review this 
budset in resard to its adherence to a f ive-year Arctic research plan 
to be prepared by the Interasency Arctic Research Pol ley Commi ttee . 
The act also states that •sF and the interasency commit tee would have 
several duties ; of particular note is their responsibility to survey 
Arctic research conducted by federal , state , and local asencies , 
universities , and other publ ic and private institutions , to help 
determine future research priorities , and to promote federal 
lnterasency coordination of losistical plannin& and data sharlns . A 
representat ive of the •sF wi ll serve as chairman of the Interasency 
Arctic Research Policy Committee , Which is charsed wi th implementins 
coordinat ion and plannins . 

The act addresses the need for coordination of research act ivi ty 
but does not cover the equally important need for coordination of a 
larse amount of federal support to Arctic operations , Which extends 
beyond research . Those sovernment services and activities , other than 
research , which have been identif ied earl ier in the report , include 
weather and ice cover analysis and forecast ins ; icebreaker services ; 
communication and navisat ion systems , such as the Global Posl t ionlns 
System (GPS ) ; and acquisition of data essent ial to the sovernment • s  
role in plannin& and admlnlstrat in& lease sale areas . The sovernment 
wil l  cont inue to have responsibilities for acqulrln& data , performlns 
analyses and monitorln& environmental condit ions before and af ter 
offshore and coastal areas underso development ac tivit ies , as has been 
discussed earl ier in this report . Effect ive coordination of Arc t ic 
marine and mari t ime operations requires asreement at the top levels of 
asenc ies involved , and this in turn indicates a need for a 
coordlnatin& body made up of senior execut ives from concerned asencies . 

The commi ttee cons idered several alternatives in resard to the 
means of improvln& cooperation and coordination of ac tivi ties that 
provide the technical informat ion and service basis for federal 
support of Arctic offshore and coast development , and for federal and 
industry cooperation . MUch research coordination is  already evident 
in specific  disc ipl ine areas and in interasency prosrams , as has been 
noted earl ier in the report . A maj or defic iency , Which became evident 
to the committee , is in the need to assure adequate loslstlcal support 
and services , such as in icebreaker service , search and rescue , ice 
cover and weather forecast ins . These and other services are cri t ical 
to the success of research proj ec ts and to the Arc tic deve lopment in 
general . 
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The agenc i e s  hav i ng Arc t i c  techn i c al i n terests wi ll  all be 
represented on tbe Interagency Arc t i c  Research Pol i cy Ca.mi ttee . In 
add i t i on ,  the ac t prov ides s uff i c i ent  .at i vat i on for b i&b-level 
management part i c i pat i on to provi de coordi nated budget i ng and tbe 
nece s s ary long-range plann i ng .  Expan s i on of the func t i on of tbe 
Interagency Arc t i c  Research Pol l e y  Ca.mi ttee would appear to be an 
opportun i ty for improv i ng the organ i zat i onal framework for 
coordi nat ion of techn i c al ac t iv i t i es  for Arc t i c  offshore developaent . 
Such an expans ion of the purv i ew of the i nterasency ca..i t tee would 
also prov i de a central po i n t  of contac t  for cooperat i on between 
government and i ndus try . 

Wi th i n  the federal government tbe c apab i l i ty ex i s t s  for support of 
i ndus tr i al as well as j o i nt effort s in Arc t i c  ocean eng i neer i ng . At 
the s ame t ime ,  it should be noted that h i stor i c  serv i ces prov ided i n  
the pas t  b y  the federal government may be l lai ted i n  the near future . 
These serv i ce s  are broad based geograph i c ally , as opposed to be i ng 
prec i se and spec i f i c , and have h i s to r i c ally  been a federal 
respons ib i l i ty bec ause of the i r  b l gb cos t and r i sk ,  as wel l  as because 
they serve mul t i ple users . 

There could be concern that expan s i on of the Interagency Arc t i c  
Research Pol l e y  Commi ttee ' s  purv i ew beyond research would undercut tbe 
research coord i n at i on effec t i vene s s  of the commi ttee . The ca.ai ttee 
recogn i zes  th i s  danger , but expec ts  that the advantases of 
coordi nat i on of techn i c al serv i ces and log i s t i cal support of Arc t i c  
research and development wi l l  more than offset the added complexi ty 
and i ncrease in commi ttee effort . 
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APPENDIX A 
SUMMARY OF BACKGROUND REPORTS AND FINDINGS 

IN ARCTIC OFFSHORE ENGINEERING 

In conduc t i ns i ts s tudy of the nat ional c apab i l i ty to support 
Arc t i c  Ocean ens i neer i ns , the Mar i ne Board ' s Commi t tee on As sessment 
of Arc t i c  Ocean lng i neer i ns Support Capab i l i ty used the f i nd i ngs  of 
these stud i e s  as a "po i n t  of departure" in  i ts assessment . Summar i e s  
of the f i ndi nss follow .  

� . s .  Arc t i c  O i l  and Gas , Nat i onal Petroleum Counc i l  ( NPC) , 1981 Th i s  
report , prepared i n  response to a 1980 request  from the secretary of 
lnersy , i s  a comprehen s i ve assessment  of u . s .  Arc t i c  o i l  and gas 
development , both on land and sea . The ocean areas d i scus sed are tbe 
same as those con s i dered to be "Alaskan Arc t i c " in th i s  report .  A key 
f i nd i ns i n  the NPC s tudy vas that : 

The bas i c  technology i s  ava i l able to safely explore for , 
produce , and transport o i l  and gas i n  mo s t  of the u . s .  
Arc t i c . Industry exper i ence i n  the North Slope area , 
Cook Inlet , Gulf of Alaska , Canad i an Arc t i c , North Sea , 
and i n  other cold , hazardous ,  or deep-water areas 
provides the bas i s  for the des i sn ,  construc t i on ,  and 
operat i on of systems i n  Arc t i c res i on s . Proven 
technolosy ex i s t s  for on shore operat i ons . Proven 
technology and suff i c i en t  informat i on and techn i c al 
expert i se for advanced des i gn work i s  ava i lable for 
i ndus try to proceed con f i dently wi th operat i on s  in water 
as deep as 184 meters ( 650 feet ) in the southern Ber i ns 
Sea and to about 60 meters ( 200 fee t )  i n  the more 
severely i ce-covered areas of the northern Ber i ns , 
Chukch i ,  and Beaufort seas . These capab i l i t ies  wi ll  
allow development of prospec t ive areas in  all of the 
northern Ber i ng Sea , mos t  of the southern Ber ing Sea , and 
well out i nto the i ce-covered areas of the Chukc h i  and 
Beaufort seas . 

The pr i nc i pal technolog i c al need iden t i f i ed i s  to improve 
knowledge of i c e  condi t i ons , ice  proper t i e s , and i c e  forces  in the 
Arc t i c  Ocean off the North Coas t  of Alaska . The data on ice  are 
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needed to ref i ne the ens i neer i ns des i sn ,  construc t i on ,  and operat i on 
of dr i l l i ns platfor.s , seabed p i pel i nes , and tankers , so that an 
adequate mars i n  of s afety c an be as sured , presumably at less  cost . 

In regard to offshore p i pel i nes  and dr i ll i ns ,  the report noted the 
need for stat i s t i c al data on i ce sous i ns of the seabed , the 
charac ter i s t i c s  and methods for detec t i ns pe�afros t  and frozen gas 
hydrates under the seafloor , thaw and subs i dence in pe�afrost , 
e ffec t s  of fro s t  leave , and methods for dr i ll i ng and sett i ng cas i ng 
throush hydrates . The need for improved and .ore t i  .. ly i n for.at ion 
on i ce and weather forec as t i ns and search and rescue support al so was 
iden t i f i ed .  

In resard to sovernaent serv i ces , the report aade the followi ng 
recommendat i on : 

Government asenc i e s  wi th les i s l ated respon s i b i l i t i es for 
conduc t i ns operat i ons i n  support of explorat ion , 
produc t i on ,  and transportat i on ac t i v i t i es i n  the Arc t i c  
should be organ i zed and staffed t o  .. et  i n  a t i  .. ly 
manner those respons i bi l i t i e s . Some of these 
respons i b i l i t i es  i nclude search and rescue , o i l  s p i l l  
s urve i ll ance , weather and i c e  forec as t i ns ,  s truc ture 
acc red i tat i on , ves sel i n spec t i on ,  preparat i on of 
env i ronmental impac t s tatement s , and s urface and a i r  
navi sat i onal a i ds . 

Research i n  S!a Ice Mechan i c s , Mar i ne Board , Nat i onal Research 
Counc i l . 1981 Th i s  report was produced by the Panel on Sea Ice 
Mechan i c s  and was i n i t i ated by the Mar i ne Board . The panel 
recommended laboratory tes t i ns to obta i n  mechan i c al charac ter i s t i c s  of 
sea i c e  wi th appropr i ate i nternal s t ates , exper iment i ns to dete�i ne 
the larse-scale mechan i c al charac ter i s t i c s  of natural sea i ce cover of 
known i nternal s t ate , and develop i ns theor i es to prov i de sat i s fac tory 
propert i e s  e s s en t i al for ens l neer i ns des i sn . 

The panel concluded that the mechan i c al behav i or of sea i c e  
assresates , as they i nterac t wi th s t ruc tures , i s  n o t  well unders tood 
and recommended that further knowledse be obta i ned through f i eld 
observat ions . Laboratory s tud i e s  should be conduc ted to bet ter 
unders tand the fo�at i on and i n terac t i on of ice aggregates wi th 
eng i neer i ng s t ruc tures . Analyt i c al stud i e s  comb i n i ng f i eld 
observat i ons and laboratory exper iments  wi th the bas i c  laws of 
mechan i c s  should be conduc ted to develop theore t i cal models of the 
mechan i c al behav i or of var i ous i ce types . 

Much understand ins  of i ce processes  and the i nterac t i ons of l e e  
s t ruc tures  wi l l  b e  der i ved from small-sc ale model tes t s . The panel 
recommended that a systemat i c  research program be conduc ted to 
i nve s t i &ate the propert i e s  of d i fferent mater i als for model i ng l ee . 
The feas i b i l i ty of us i n& model i ce to determi ne the large-sc ale 
mechan i c al propert i e s  of l e e  features also should be i nves t i sated . 

The panel conc luded that a systemat i c  approach to sea i ce research 
at the nat i onal level w i l l  requ i re an i n tesrat i on of sovernment and 
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pr ivate plann ins , lons-term research , contrac tual commi tments , and the 
i n terpretat i on of research mi s s i ons  in relat i on to nat i onal needs . 
The sovernment needs to i nc rease i ts sea i ce research efforts by 
s t at i ns a clear commi tment to the i r  pursu i t ,  coord i nat i ns the 
ac t i v i t ies  of the several asenc i e s  wi th an i ntere s t  i n  result s , 
promot i ns the d i s semi nat i on of research resul t s , and attrac t i ng more 
i nvest i sators i n to the f i eld . The panel recommended that one 
government agency be des i snated to lead and coord i nate all federal 
work in sea i c e  mechan i c s  technology . 

ynders tand i ng the Arc t i c  Sea Fjoor for Engi nee r i ng Purposes , Mar i ne 
�oard . Nat i onal Research Counc i l ,  198l The as sessment  by the 
co .. i ttee on Arc t i c  Seafloor Ens i neer i ns of the relat i onsh i p  between 
seafloor phenomena and Arc t i c  ens i neer i ng has shown that eng i neeri ng 
techn i ques and sys tems are avai l able to ant i c i pate , overcome , or 
control potent i al seafloor hazards . A s ubs tant i al body of seafloor 
ens i neer i ns technology for support i ng operat ions  in the Arc t i c  
offshore i s  found i n  un ivers i t i e s , sovernment agenc i es , eng i neeri ng 
consul t i ns f i rms , and the eng i neer i ng organ i zat i on s  of o i l  compan i es . 
A l arse part of th i s  base has been developed by j o i nt i ndu stry 
prosrams , s upplemented by propr i e t ary research . 

The commi t tee recogn i zed the spec i al ens i neer i ns challenges that 
the Arc t i c  seafloor poses . Government agenc i e s , some corporate 
research orsan i zat i ons , and un ivers i ty l aborator i e s , could part i c i pate 
in many aspec t s  of recommended research . Moreover , the use of resul t s  
from ens i neer i ns-ori ented research would b e  re spons i ve t o  the 
obj ec t ive s  and needs of both i ndus try and government . Governmental 
agenc i e s  wi th i ntere s t s  i n  these techn i c al i s s ue s  i nclude the U . S .  
Army Corps of Ens i neers , the u . s .  Geolos i c al Survey , the Mi neral s 
Management Serv i c e , the Nat i onal Ocean i c  and Atmospher i c  
Admi n i s trat i on , the Nat i onal Sc i ence Foundat i on , the Bureau o f  Land 
Management , and the U . S .  Coast Guard . 

The commi ttee emphas i zed that the follow i ng seafloor cond i t ions  
have sreat i nfluence on the des i gn and economi c s  of proj ec ted offshore 
ac t iv i ty that depends on seafloor-based s t ruc tures : 

o rhaw s ubs id�g� develops ax i al and c i rcumferent i al forces 
ac t i ns on o i l  produc t i on conduc tors and c as i ngs , and i s  a 
ser i ous threat to well  i n tegr i ty .  Th i s  d i ff i culty c an be 
deal t wi th i f  s i te i nformat i on i s  ava i l able and has been 
correc tly an alyzed . For th i s  purpose , i t  i s  e s sent i al to 
know the mechan i c al propert i e s  of sal i ne permafrost . The 
s ubs idence problem for the p i pel i ne transpor t at i on of o i l  i s  
s imi lar to that of o i l  produc t i on ,  but not as severe . 

o Sed imentary eros i on i s  a concern i n  all aspec t s  of offshore 
hydroc arbon development  and recovery , and i t  may be an 
imped iment to mi n i ng development and produc t i on .  There are 
wide-rang i ng consequenc es of sed imentary eros i on beyond those 
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spec i f i c  to the s i te .  These i nclude the effects of 
art i f i c i al i s land and s truc tures on coas tal proces ses , 
i ce-pack movement , and the ai grat i on of other i slands . 

o Ice couc i nc i s  a phenomenon hav i ng a aaj or econoai c iapac t on 
o i l  p i pel i ne s  and c ables cros s i ng the freguently shallow 
Arc t i c  seafloor shelf . I t  i s  neces s ary to guan t i fy the r i sk 
to transport sys tems c aused by  contac t  wi th , or the i nd i rect 
effec ts  of , c rush i ng i ce keel s .  Trench i ng i s  an expen s i ve 
eng i neer i ng respon se i n  Arc t i c  offshore areas of 
overconsol i dated sedi .. n t s  or th i n  sed imentary cover . 
Mapp i ng techn iques c an as s i s t  i n  prov i d i ng .are r i gorous 
i n fo�at i on lead i ng to improved r i sk and i nves t  .. nt analyses . 

o 'o i l  _ _ JM�haqi c s  o f  ..J i l t s  i s  a pr iaary problea area that 
confront s  eng i neer i ng in Alaskan Arc t i c  offshore 
development . Fundamental knowledge i s  needed of the shear 
res i s tance of s urf i c i al so i l s . Shear res i s t ance at the 
seabed surface and at i ncremental depths under s t at i c  
( pseudo-stat i c ) and cyc l i c  load i ng i s  part i cularly needed . 
Shear res i s tance dete�i nes a bottoa-founded s t ruc ture ' s 
s i ze ,  wh i ch i n  turn i s  related to i ce load i ng . Shear 
res i s tance i s  a maj or concern for seasonal ly cons trai ned 
Arc t i c  mi n i ng operat i ons  in locat i ons  where produc t i on tl .. 
and c api tal costs  are affected by seabed charac ter i s t i cs . 

In  add i t i on ,  the commi ttee noted Arc t i c  geophy s i c al and ocean 
phenomena that i n fl uence development ; such phenomena i nc lude 
pe�afros t-related fro s t  heave and freezebac k ,  release of gas and 
subs i dence c aused by hydrate deter i orat i on , the�al eros i on , l ee 
r i de-up on s t ruc tures and overconsol idated so i l s . These proble .. , 
wh i le severe at t imes , are spec i f i c to par t i c ul ar s i tes , and aus t  be 
analyzed accord i ngly . The commi ttee has made spec i f i c  recommendat ions  
to ant i c i pate these p�oblems better and to  iaprove the techn i c al 
respon se to them . 

Mar i t ime Serv i ces  to Suppo�t Pola� Resource Development . Mar i t i  .. 
Iranspo�tat i on Resea�ch Board , Nat i onal Research Counc i l . 1981 Th i s  
repo�t , prepared by the Commi t tee on Mar i t ime Serv i ces  to Suppo�t 
Pol ar Development , i nves t i gated ma� i t ime requi rements and potent i al 
for serv i c i ng �esou�ce development i n  polar areas . The report ' s 
conc lus i ons  deal wi th several top i c s  of i nte�e s t  to th i s  s t udy on 
Arc t i c  Ocean eng i nee� i ng c apab i l i t ies . 

Many resources are avai l able i n  the A�c t i c  that w i l l  use mar i t i  .. 
serv i ces  as econom i c  forces  d i c t ate the i r  development .  The c lear 
immed i ate opportun i ty i s  for al te�nat i ve transportat i on of o i l  and gas 
produc ts .  

Transportat i on technology , suppo�t i ng Arc t i c  resou�ce development , 
explorat i on and produc t i on ,  c an be developed when economic  and 
i n s t i tut i onal fac to�• a�e favorable , prov i d i ng appropr i ate engi nee r i ng 
research and development programs are i n s t i tuted to prov i de the 
nec e s s ary fundamental knowl edge . 
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Econom i c  and i n s t i tut i onal con s t ra i n t s  so far have made movement 
of Arc t i c  resources by mar i ne tran sport imprac t i c al .  Al though the 
problems of p i pel i ne operat i on have not all been solved , the p i pel i ne 
prov ides  a basel i ne agai n s t  wh i ch costs  and r i sks of other 
transportat i on systems c an be compared . Ro s im i l ar cost data are 
ava i l able for mar i ne tran sportat i on sys tems . 

Aga i n s t  these conclus ions , the commi ttee then recommended 
development of Arc t i c  mar i ne transportat i on sys tems on a phased 
development bas i s ,  the f i rs t  i nc rement be i ng a s i ngle small- to 
medi um-s i zed o i l  tanker wi th correspondi ng local te�i nal fac i l i ty .  
Government f i nanc i al sponsorsh i p  i s  recom.ended i n i t i ally , wi th later 
part i c i pat i on by i ndus try . The com.i ttee reco ... nded that an Arc t i c  
transportat ion system be des i gned to provi de i nformat i on and 
expe r i ence to evaluate the advantages and d i s advan t ages of mar i ne 
transportat i on of Arc t i c  resources . The recommendat i on s  went on to 
s tate that : 

The Congres s  should d i rec t appropr i ate agenc i e s  of the 
federal government to take long-range re spon s i b i l i ty for 
Arc t i c  weather and sea i c e  pred i c t i on servi ces , 
collec t i on of ice  data , i ce-breaker s upport , rescue 
capab i l i ty ,  enforcement of regulat i ons  perta i n i ng to 
Arc t i c  operat i on s , and fundamental research lead i ng to 
development of mar i ne transportat i on sys tems . To 
fac i l i tate cooperat i on i n  mar i t ime transportat i on 
research and development , a close and con t i nu i ng 
relat i on sh i p  should be mai ntai ned wi th coun t r i e s  hav i ng 
i ntere s t  i n  the Arc t i c . Development of Arc t i c  mar i ne 
sys tems should be coord i nated , espec i ally wi th Canada and 
the s t ate of Alaska to resolve envi ronmental and 
i nd i genous popul at i on problems and r i ghts of pas sage , all 
of wh i ch have economi c and i n s t i tut i onal rami f i c at i on s . 
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APPEIIDIX B 
MARAD AIIALYSIS OF P'UTURE TAIOCER AIID 

OTHER COMMERCIAL SHIP RBQUIRIIIIIITS AIID 
RBLATID TICHYICAL PROBLIKS 

The discovery of oil in Prudhoe Bay in the late 1960s and the 
subsequent exploratory voyases of the icebreakins tanker MAIHATTAII 
dramatical ly raised the level of interest in commerc ial Arctic 
shippins . Commencins in the early 19 70s , the Maritime Administration 
(KarAd) has conducted a series of s tudies wi th assistance , to 
determine the types of vessels required , to evaluate their technical , 
economic and institutional feas ibility , and to devise ways of makins 
their construc tion and operation by u . s .  companies at tractive .  

At the present time , about 1 . 5 mi llion barrels of oil  per day 
extracted from the Prudhoe Bay f ield are beins shipped from Valdez , 
Alaska , to u . s .  refineries . About 60 U . S . -flas vessels are ut il ized 
in this trade . In the next 10 years , an equal amount of oil  (plus 
associated sas ) is l ikely to be produced from offshore areas of the 
U . S  Cont inental She l f  in the Berins , Chukchi , and Beaufort seas . 

Assessment of u . s .  marit ime al ternat ives in the Arc t ic made a 
maj or breakthroush when the ss MAIHATTAN proj ec t was init iated by 
Exxon , ARCO , and BP in the 1968 to 1 9 7 1  t ime period . That proj ect was 
an experimental attempt to determine the feasibility of transport ins 
&orth Slope Alaskan crude oil by the use of icebreakins tankers . 

Interest in all Arc t ic resources was expressed in the efforts 
conducted by the Arctic Institute of &orth America from 1972  to 1973  
under contract to KarAd . Results of that work predicted carso demands 
for commodi t ies from the Arctic such as oil , sas , coal , copper , 
f luorite , and other hard mineral resources through the year 2000 . 

Wi th this background KarAd research explored al ternative ship 
technolosies for avo idins the Arct ic ice in its sponsorship of an 
evaluation of nuclear powered submarine tankers . That work was 
conducted in 1974 and 1975  by an industry team consistins of Rewport 
Rewa Shipbuildins , Westinshouse , Bechtel ,  and Mobil Shippins and 
Transportation . This study indicated that the techno losy existed , the 
carso could be del ivered where it was needed on the last Coast , the 
economics were attractive , no subs idies would have been required , and 
a total u . s .  system would be possible .  

In 1976 to 19 7 7 , KarAd funded ARCTIC , Inc . , to develop topics of 
an Arc t ic research plan deal ins with ship powerins in the Arc t ic . The 
seneral research topics were : hul l  ice resistance , maneuverabi l i ty in 
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i ce , bull s t ruc tural i n tesr i ty ,  propul s i on perfo�ance , and 
env i ron.en tal def i n i t i ons . After pr i or i t i e s  were evaluated there were 
seven proj ec t s  selec ted by the u . s .  Canad i an Adv i sory Board as be i ns 
of b l eb pr i or i ty .  These were as follows : collec t and analyze 
pre s sure r i dse dat& i .odel and analyze ful l-sc ale bull dat& i correlate 
.odel data to KANHATTAN dat & i  collec t bull- i ce i apac t data on POLAR 
Class i c ebreaters i conduc t par ... t r i c  i ce res i s tance .odel tes t s i 
develop advanced elec t r i c  transai s s i on sys tea i and conduc t systeaat i c  
tes t s  o f  maneuverab i l i ty .  so .. of the se have been done i others awai t 
research fund i ns . 

Dur i ns 1 9 7 9  and 1980 , the u . s .  Departaen t of the Inter i o r  
i nve s t i sated t h e  tecbnolos i e s  and econoa i c s  of o i l  and c a s  resources 
developmen t i n  the Nat i onal Pe trolewa Reserve-Al aska ( NPRA) . KarAd 
funded J . J .  KcKullen to coaple .. nt the wort done by the Inter i or 
Departmen t .  That s t udy addre s sed the i c ebreaki ns t anker 
transportat i on of crude i n  a var i ety of larse tankers rans i ns fro. 
60 , 000 to 400 , 000 DWT .  Eas tbound and we s tbound routes fro. the NPRA 
were cons i dered . A s la i l ar rev i ew vas aade for natural cas as LNG or 
me thanol . Re sults i nd i c ated that i c ebreati ns sh i ps were econoa i c al l y  
feas i ble . 

From 1 9 7 7  to 1979 , the KANHATTAN data vas aade ava i l able to KarAd 
by Bxxon , and ARCTIC vas s i ven a contrac t  to put the data i n to an 
easy-to-use set of volu.es . Cop i es of the KANHATTAN doc u.ents are 
ava i l able tbrousb KarAd for use by u . s .  mar i t i  .. i n tere s t s . 

The late s t  wort funded by KarAd , i n  1981 and 1982 , vas an updated 
eval uat i on of me thods for tran s port i ns Al askan natural cas to the 
con s umer aarte t s . That wort vas done by ICF , Inc . i i t  rev i ewed pr i or 
wort by i ndus t ry and sovernment to develop a common-cos t  base , and 
then addres sed spec i f i c  t ran sport opt i ons . The s t udy deal t wi th 
Arc t i c  i cebreaker tecbnolosy , but proposed a cas p i pel i ne to south 
Alaska wi th LNG be i ns transported to e i ther u . s .  or Japanese aarte t s . 
These resul ts show an economi c balance wh i ch i s  about equal to the 
early Al aska Nat ural Gas Transportat i on Sys tea ( ANGTS ) pred i c t i on s  of 
co s t , about of $6 per mi l l i on BTU . 

Fol lovi ns the re search plans developed vl tb ARCTIC , KarAd j o i ned 
wi th the u . s .  Coas t Guard , the Al aska O i l  and Gas Assoc i at i on ,  and the 
sovernment of Canada to conduc t te s t s  on the ab i l i ty to trans i t  Arc t i c  
i ce i n  the wi n ter us l ns the u . s .  Coas t Guard Polar class i cebreakers . 
Th i s  al so save a tea. of Arc t i c  re search sc i en t i s t s  the oppor tun i ty to 
satber offshore l e e  dat a not prev i ously ava i l able . Ice r i dses were 
prof i led , r i dse frequenc i e s  were determi ned , i ce qual i ty vas .. asured , 
and a mul t i tude of meas ure .. n t s  were made on l ee and the i cebreaker 
bull . Corre l at ions were developed relat i ns i ce cond i t i ons and tran s i t  
s peeds . 
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APPBIIDIJ: D 

JOIIIT GOVIRIJKIIIT AIJD IIIDUSTRY ARCTIC PROGRAMS 

Case I .  The j o intly sponsored research prosram at CRRBL to measure 
the ensineerins properties of multiyear sea ice . 

The j ointly funded industry and sovernment ice research prosram at 
the u . s .  A�y Corps of Bnsineers Cold Resions Research Bnsineerins 
Laboratory (CRRIL ) was initiated throush discussions between industry 
and CRRBL personnel . 

A number of studies had indicated a need for f ield measurements of 
ice strensth characteristics of mult iyear and conslomerate ice . CRRIL 
personnel had partic ipated in the Arctic tanker MARHATTAM 
transportat ion proj ec t ,  conducted considerable laboratory measurements 
of ice strensth , and contributed to various ice ensineerins 
requirement studies . 

Personnel at the She l l  Research Laboratory proposed addit ional ice 
property measurements of multiyear ice . Because of a lack of 
avai lable commerc ial laboratories wi th adequate test fac i l i ties , Shell  
inquired if  CRRIL could undertake a industry and sovernment jointly 
funded f ie ld ice sampl ins and laboratory ice-strensth measurement 
pros ram . 

Af ter it  was determined by CRRBL that i t  was of benefit to 
undertake the program and that there were no comparable fac i l ities in 
industry to make the measurements , Shell invited CRRBL to develop a 
prosram . A proposed experimental prosram evolved , and a meet ing was 
set up in Houston , Texas , for CRRBL and She l l  to present the proposed 
prosram to other potent ial ly interes ted government agenc ies and oil  
companies . 

As a result , a three-year , three-phase data sathering and 
measurement prosram was ini t iated , the f irst phase cost ing $ 750 , 000 . 
Ten sponsors were obtained wi th a fee of $ 7 5 , 000 (equivalent services ) 
for the first phase . The nine industry participants for the first 
phase inc luded : Shell Development Company , Exxon Produc t ion Research 
Company , Amoco Produc t ion Company , Sohio Petroleum Company , Gulf 
Research and Development Company , ARCO Oil and Gas Company , Chevron 
Oil and Field Research Company , Texaco Inc . , and the Mitsui 
Bnsineerins and Shipbui lding Company Ltd . Four sponsoring government 
asenc ies inc luded the Minerals Management Service (MMS )  of the u . s .  
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Department of the Interior , the •ational Science Foundation , the u . s .  
Coast Guard , and the Department of lnersy . Each of the sovem.ent 
asenc ies sponsored dif ferins amounts , for the total of $75 , 000 . 

The Phase I CRRBL reports issued in April 1984 , are available to 
the publ ic (CRRBL Report #84-8 , Testins Technique ; and #84-9 , Test 
Results ) .  

Five of the industry companies did not sponsor Phase II . Those 
remainins are the f irst four l isted above ; the remainin& partic ipatins 
sovemment asency is IBIS .  The fundins for Phase II per sroup , because 
of the decreased number , has risen to $120 , 000 . The Phase II report 
is expec ted to be released in early 1985 . Phase III  activi ties are in 
the plannins stase . 

All raw f ie ld data are in the public domain . Analyzed data by 
Shell  have a three-year restric tion on public release . However ,  the 
analyzed data is senerally available to the sponsors . For example , 
data analysis  performed by Shel l  is in use by the Alaska off ice of the 
MMS .  

Case I I . The KarAd Arctic traff icabil ity studies to measure the 
forces of ice on icebreakers and to dete�ine the nav isability within 
the Arctic  pack ice . 

In informal conversat ions between ARCTIC , KarAd ' s  Off ice , and the 
U . S .  Coast Guard ' s  Operat ions Of f ice , the quest ion of how to measure 
traf f icab i l i ty in the Arctic became a common concern . Trafficabil ity 
inc ludes the abi l ity to navisate in the ice and the amount of time 
required to move from one point to another under various condit ions . 
In part icular , Arctic traf f icabil ity informat ion is required to 
analyze possible future commerc ial icebreaker operations needed to 
support Arctic shippins . 

As in most Arctic operat ions , the cost of obtainin& the required 
data was crit ical to undertakin& a study . It  was also evident to 
ARCTIC personnel that there were numerous potential users of the data . 

ARCTIC , Inc . developed a multiple-funded , 5-year traf f icability 
study prosram . Sponsors have inc luded KarAd , u . s .  Coast Guard , 
interasency Ship Struc tures Commi ttee , and •ewport •ews Shipbui ldin& 
Company . Synersist ical ly related stud ies also have been initiated . 

several oil  compan ies have developed individual contracts with 
ARCTIC to part ic ipate in the f ield trials , contribut ins both funds and 
personnel . Through the Canadian subs idiary of ARCTIC , the Canadian 
sovernment sponsorship was developed for icebreaker vibrat ion 
measurements during navisat ion throush the ice . Thus , the obj ec tives 
of the f ield prosram have been inc reased over the years . However ,  
some orig inal obj ectives have been dropped ; for example a •ortbwest 
Passase traf f icab i l ity s tudy has never been carried out . 

Fundin& for icebreaker ship time is a critical financ ial concern . 
At present it amounts to about $5 . 5  mi llion for 60 days of ice 
operations . At the start of the prosram , the ship operat ions funds 
were provided by the Coast Guard . After the shift in& of icebreaker 
operat ional funds to user asenc ies in f i scal year 1983 , the ship 
operat ions funds came from the KarAd budset . For fiscal year 1984 , 
however ,  the KarAd user fundins for the Coast Guard icebreakers was 
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deleted by the admi n i s trat i on fro• the 1984 budget . For the f i eld 
program of the Arc t i c  traff icab i l i ty s tudi e s , the Coas t Guard bas 
prov ided the necessary sh i p  t ime wi thout re iabursemen t .  Hence , 
con t i nuat ion of the traff i c ab i l i ty study i s  i n  quest i on . 

Under th i s  program , each of the part i c i pant s  could send techn i c al 
personnel to the f i eld to a i d  i n  obtai n i ng the needed data . Thus , 
organ i zat ions could gain  valuable exper i ence i n  Arc t i c  f ield 
operat i on s . 

Parts  of the program come under vary i ng res t r i c t i ons wi th regard 
to data obtai ned . For example , the bull-force measuremen ts reports ,  
undertaken wi th Sh i p  Struc tures Commi ttee support , wi ll  become 
avai lable as soon as i t  i s  publ i shed . Traf f i c ab i l i ty s tudi e s  
conduc ted wi th j o i n t  support o f  KarAd and i ndus try wi ll  have an 
embargo on data to nonpart i c i pants  of 1-3 years . 

Case III . Jo i n t  i ndus t ry research coord inated by member compan ies  of 
the Alaska O i l  and Gas As soc i at ion . 

The pr imary i ndus t ry organ i zat i on i nvolved i n  Arc t i c  o i l  and gas 
development i s  the Al aska O i l  and Gas As soc i at i on ( AOGA ) . Wi th i n  
AOGA , Arc t i c  research and eng i neer i ng i s  addres sed through the 
Lease-Sale Plann i ng and Nesearcb Commi ttee and the techn i c al 
subcommi ttee ( LPRC ) . 

The LPRC func t i on s  as a forum for propos i ng and catalog i ng j oi n t  
research s t ud i e s . LPRC meets  every 2 months o n  a regular bas i s . The 
meet i ngs prov i de an opportun i ty for i nd i v i dual s , contrac tors , 
un i vers i t i es , and government agenc i e s  to propose research for j o i n t  
fund i ng .  If suff i c ient  i n terest  i s  shown , meet i ngs  between poten t i al 
fund ing  compan i e s  and the proj ect or i g i nator may be held to di scuss  
the proj ect and make s ugge s t ions for s t rengthen i ng the proposed 
research . F i nally , each of the i nteres ted compan i e s  negot i ates and 
con trac t s  w i th the perform i ng organ i zat i on . 

Spec i f i c  s t i pulat ions  are made regard i ng res t r i c t i ons  on the 
release of data from the study . Such res t r i c t ions i ndicate the per i od 
of t ime and the cost  to addi t i onal organ i zat i ons  for j o i n i ng the 
shared program . Nonmembers of AOGA and government agenc i es may 
part i c i pate as long as equal fund i ng and res t r i c t ions  on data release 
are agreed upon . 

If  a proj ec t i s  funded by one or more compan i es , LPRC as s i gns  a 
proj ec t number to the study . One of the part i c i pat i ng compan i e s  i s  
des i gnated to wri te a one-page proj ec t des c r i p t i on to be i ncluded i n  a 
comp i lat i on of proj ec t s  publ i shed by AOGA . In addi t i on ,  the company 
reports on nonpropr i etary progre s s  of the s t udy at an LPRC meet i ng 
held every s econd month . 

At leas t one other type of s t udy may be i nc l uded i n  the AOGA 
proj ect l i s t . In some cases , an i nd i v i dual company may perform 
research , then offer the re search for sale under a l i cense agreemen t .  
Aga i n , any i nd i v i dual ( or organ i zat i on )  may purchase the i nformat i on . 

Kore than 250  research proj ects  have been j o i ntly undertaken by 
AOGA members at a total cost  of $225 m i l l i on through 1983 . Kos t  of 
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the research fal l s  i nto the followi ng catagories : envi ron.ental 
cond i t i on s ; env i ronmental effec t s  on equi pment& , struc tures ; sensors 
and i n s truments to acqu i re envi ronmental dat a ;  sensors and i n s truments 
to acqu i re env i ronmentally i nduced forces ; s truc tural des i gn to 
wi ths tand envi ronmental condi t i ons ; and engi neeri ng aateri al s , 
transportat i on , and log i s t i c s  for the Arc t i c  envi ronment . 

Many of the early studies  undertaken were data survey proj ec ts . 
ln i t l al offshore data of i n tere s t  was l argely related to weather and 
sea l ee descr i pt ions and seasonal character i s t i cs . Envi ronmental 
i nve s t i gat i on s  moved froa acqu i s i t i on and analys i s  of h i s tori c al and 
arch i eved data to the acqu i s i t i on of new data for spec i f i c  engi neeri ng 
and env i ronmental purposes . The data base has been expanded upon as 
new lease areas have become iaportan t  and as new sensors and 
i n s t rumen tat i on and analys i s  techn iques have beco .. avai lable . Thus , 
sea ice goug i ng s tudi e s  conduc ted i n  the Beaufort Sea i n  the early 
1970s have con t i nued as sensors and techn i ques iaproved .  

As to fac i l i t i es  to conduc t i nve s t i gat i ons , i n  most cases the 
fac i l i t i es and equ i pment used by i ndus try are i ndus try fac i l i t i e s . 
There are , however ,  several notable except ions . These are : 

o Ice force measurements on vessel s . These are cooperat ive 
stud i es wi th the USCG u s i ng i cebreaker hulls . 

o Ice condi t i on documen t at ion . Increas i ng use i s  be i ng aade of 
remote s ensors i . e . , radar , i n frared and aul t l spec tral 
sensors , h i gh resolu t i on aer i al photography , and ocean floor 
and s ubmar i ne mounted sonar . Satell i te sensor data froa 
federally prov i ded s atell i tes and platforms are used to 
determine l ee condi t i on s , breakup , and mo t i on .  Navy 
upward-looki ng sonar data have been used to prov i de a general 
charac ter i z at i on of the roughne s s  of the unders ide of lee  i n  
deeper waters . 

o Ice s t rength measureaents : tn cooperat i on wi th the Mi neral s 
Management Serv i c e , i ndus try has been support i ng work to 
determi ne the s t rength of sea i c e . The program uses the 
CRRIL wh i ch has spec i al i zed cold rooms equ i pped wi th 
i n s trumentat i on requi red to make laboratory measurements of 
the phys i c al and eng i neer i ng propert i e s  of ice . 
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