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Cover: Broken ice cover in Sault Ste. Marie Harbor
(Michigan , rig ht; Ontar io, left) on 21 Jan-
uary $977 . The Li ttle Rapids Cut and the
ice booms are at the upper right. i.e.. the
dar k , open water area. The ships im-
mediatel y downstrea m of the Soo Locks
are the Doan Transport, the Roger Clarke ,
and the Cason Calloway. The broken ice to
the right of the 2 ’ 2-mi le-l ong ship track s~upstrea m of the west ice boom. (Photo .
Detroit District . Corps of fngineers . )
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‘ ‘The ice booms on the St. Marys River at Sault Ste.Marie , Michigan and Ontario, were operated a second winter ,
1976.77 , under colder conditions, w ith less water flow, lower water levels, and 25% fewer ships in the river than
during the previous year. The ice cover behind the booms remained frozen to shore for longer periods, and the loads
registered in the booms were relatively unaffected by ship passages compared with the previous year ’s activity. As in
the previous year , most structural load changes took place in the west ice boom and were due to movements of the
ice cover immediately upstream of the boom. The cover broke free from shore on three occasions: the first and
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~ to it, and the boom structure became damaged by the subsequent ice activity. Three anchor line assemblies broke
over a period of about 4 hours; the two latter breaks occurred while a ship was operating in the ice. The first break
was in an instrumented line and the measured load was unexpectedly low. The most important break was in the main
shore anchor and this opened the boom. The maximum force at this anchor was estimated as less than 1) 5  tons
(1 ,023 kN). Some ice moved downstream without serious consequence and the boom was reconnected in two days.
These events point out several factors to be considered in ice booms, such as designing the booms to withstand the
action of the solid ice cover as well as the fragmented ice cover , keeping the structures and their assembly simple,
and inspecting components and assemblies carefully.
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PREFACE

Th is study wa~ conducted and this report was prepared by Roscoc I Perh1sm,
MechanIcal I nglncer . Ice I nglnce’rlng Researc h Branc h, 1 spersmental I nginccf-
ing Division, II S Army (‘old Regions Research and I nglneering I ,thoratory

the work d.’s riht’d in this report w,i~ funded by the Li S Army I ngine’er
Distric t , Detroit , Michigan, under IV 77 . USAF D. DetroIt Order No NCI -Al .77
1 lb . St. Marys Ice Boom Monitor (Ice forces). CRRI I IS responsible tot the’ ise
engineer ing portion of this program

The technical reviewers ot this report were l)r Ge’orge I) Ashton and Dr
Donald I Ne’vel of CRRF I

The contents ot t his report are’ not to be used for advert is ing or promotIonal
purposes Citation of brand names does not constitute an off ic ia l endorsement or
approval of the use of such commercial products
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PERFORMANCE OF THE
ST. MARYS RIVER ICE BOOMS, 1976-1977

Roscoe E. Perham

INTRODUCTI ON COMPARISON OF WINTERS

The St Marys River ic e’ booms were designed River flow
and installe’d at the head of the Little Rapids Cut W atert low in the river averaged 60,9(X) ft s

in Sau lt Ste Marie (Soo), Mn higan 1 he location (1720 rn ‘/s) in 7976-77, whereas it averaged
send gene’ral dirne’nsions of the two ire’ booms 70,000 ft ‘ i s  (1982 m ‘Is) thi’ yt’ar before 1 his
used were’ determine’d through hydraulu model made the water level noticeably lower , wit h
tests using a model ship ~mnd .i model Ire c over more’ rot-ks and land showing in shallow areas
I hi’ boom details ,ere’ pre’sented in CRRL L Re’port beside’ the channe’ I
7~’ 4 , ~ t Mars’s ~ii ,er ice booms . Design Iotce Bec ause the water le’VeI varies considerably
estimate’ and tsel d mt’asurernents (Perharn 1977) during any one winter , it is a little’ d i f f icu l t  to

t he’ main function of the’ ice booms was to select a comparable’ time’ for each winter I or-
sta bilize’ and he’lp reta in the’ ne’ cover upstre’am tunately, however , t he water level records shoss -

in t he’ broad Soo Harbor ,ss an aid to winter ed that the same types of events ot ( urred during
navigation For this purpose, t he two booms pro- e’ach winter even though the date’s of the t’v e’nts

~ ided a 250-f f-wide navigation opening I igure 1 and the periods between the’m were different.
is ,in aerial photograph of the’ timber booms. The time selected for comparison csas a two-day
ta ken looking downstream Into the c ut  period that followed a note made’ on these

t his report describes the’ two most important records of a second influx of f ra, ii ice ’ into the’
aspects of t he’ ope’ration of the’ St Marys River federal and the privately owned hydroelectric
ice booms during the winter of 1976-77 (the sec- powerp lants. ” The water level during this two-
ond year ’ s operation of t he’ booms) These are, a day period was fairly constant , t he’ average level
substantially diminished st’nsitivity of boom for 1975-76 was S81 35 ft (177 3 ml and, f o r

forces to t he passage of ships compared with the 1976-77 was 580.33 ft  (176 ni) or 1 02 ft (0 31 m)
first year ’s operat ion , and the’ sequential break- Ie’ss .
m g  of the structure on one occasion This report
a lso presents a comparison of several factors . Coldness
such as the ice cover , water levels and flows , and The freezing index is probably the’ best
degree days of freezing, between the first and cc- reference for comparing winter coldness This in-
cond years’ operation of the’ booms des is the number of degree days (above and

The ne behind the’ east ic-c boom remained below 32°I) between the highest and lowest
sta ble and fixed during both winters , t here f ore, points on t he cumulative degree-days time c urve
the descriptions of ice’, ship and boom in terac- for one’ freezing w,eson (Huschke 1959) It can be
lions refer only to the west i t t ’ boom, The com- calculated from the National Oceanic and At-
panson of :rnte: applies to both booms mospheric m mfi5t ~~t10n (NOAA) chmatology 
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F igurt’ I l e e ’ boom s .it head ot t. itth’ Rj pids Cut. %at,It tt te ’  Mar it ’
2 t) t ’t ’t ’mhe, 19 5 (h i’ 5~ t ’st hoos~ is in th,.’ rig ht tiiri’gre)unei ~I’hotograph
C e)t i l t i ” ~ t i? 1)t’t rt’it t) ist rsct , ( OI~

) s C) ? 7 I) ,I~I I) t ’ t ’ l s

Table I. Comparison of ice cov ers behind the ice
booms fo r the winters of i’E’S-~’t, and 1q76- ’”.

1% tn f rm
I’) ‘4. ~, I’~ ‘i’

5i.t, I ,ui ut r .‘s i-i tt’stiun,,ictl .1., i, t ‘I i.iii ‘1’ ‘~ I h-~ ‘i’
I ii,, ’ t ,, .i. list’s e iiu,i5tililiiit liii. I. ilt ’ss sI.i~ t’” 411
Sidtuuiitu s l t h u . I. ness sit (liii I .

~ 
U) ii It. e) 4 ) )

I)eui,iti.’n .‘i t h ,  It tt’iitfsiutsn ti.i~ s S I’.

I)ut..In’n t’I u~ e tisci est’cks II ‘~ 14 ’ ,
I twin,.,) i’tliue’nts ,‘iii ’. )s ci tle~ 0 ~t’

R,’es~ih ,‘sI,ni.it, ’ ,‘nls 1 he’ nun, )~,’l * .e,’ th,’.i1ht i.’ ,n.iu, ,ttt ’ ili,’
w~—,iiet’nuuig ci let I .‘i tt~i’rnt,tl cit tuenis .‘n Clii ’ . .‘ e us i—i I ht’t tt’ fl ht’
‘ciii th~ pull ,t’ns oi it,’ e eindiiu.’ii iii .ii s ,n~~s th.,t shutt uiu, ’ it .iit ’~~s ~~~
huics S i~ i~ ,q s.elut’ m ciii .ttes mu,,’ hs’it ’s dliii .,pi.,,n’nhis .i cs, ’ .ik,’i
‘(C

re’pwts b r  the’ mou ths of Noce’nihe’t through ke cocer
Marc h, t he’ f re’e’ i ing index was .‘IOI e h’gre’e’ I In t i ’spenise ’ to t he’ c t i l t fne ss the’ ice en i’m

d,t’, s Ii t’~ de’gre’e’ C das s) in i~~’l~ ~~~~, and Ih~
)ts ~tbos e the ’ booms formed e’arlie’u it bee ,in~t’

degree’ I das 1t) ~ ef ,’gtt ’e’ ( ~~~‘, ~,) in ‘IT’ S 76 t hit ker . lasted longer , and ge’ne’u,ell’ , st a’ , ed
w hit h show s that t he’ wlnte’r ~ f cc a’, frcsz i’n to shore’ 1 ht’ri’ cse’ti’ cml’, tw o da’, s when
substantially e older than the’ pre’s testis one’ i t , ’ passe’cl en ,‘i the’ booms , and the’ e~eiant it ie ’s
Aneit h,’r important tar tot Inc oldness is the’ cc m et- lost cse ’ re’ small 1 able I summarize’s si’ s e’ial
speed, and the’ NO AtA elat,i showed that the ite’nts cit t tm)pat iscm tot t he’ mc i’ os i’i s of thi’
average’ cc ,ls slightl’, gri’ater in the’ cc inter two cc inti’us
let’ ?,
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1 h1’ u pst r e’aiil p rog u i ’s s mon of the mc ,‘ c t ie i’ i in this cc ,ts cml’, .m partial c losing bet , it is t ’ thi’ri’
th,’ I .tt lp Rapid s (ut S% ,i* steiefie’ej ,Is p,;r ( of the’ cc i ’m ,’ 45 foe k,igi’s during I e’bru,it’, ,mnd Mast I)
uileW,li’l stud’, tot this ,tri’ ,e b’, ‘5.t t i ’s ‘\ i Iti’l it .111 I hi’ st ” ,~i’ti ’ cc int er t ondit ions st’e’fli to has i’
Inc 1I’i’ ~‘) 1h,~ 1 ,1st e utri’nt in thi’ e cit i’nsuri’s ue’dut i’d t he tr,tf tic bi’e .iei’se’, i’s cii d e i rm u ig the’ nor
that t hi’ c e’t e’r torn is nl,lInl’, .1* ,t c olli’t tion ot i ce  iii.ml ii,m’, ig,it iesn period of Dee e’mbi’r . pa rt elf

floes .mntl tr.igmne’fl ls e tuning from fj i  fbi’, J,inu.ir’, - and •\~ ui ml there’ were 24% ti’cs- i’r
upst rc ,em ‘\t Ic’s ~iue’rit .115, I ilt e’stmnlat i’d tronl passage’s than in the’ pte’s’ iou’s ‘, e’au

I iiheitos that it take’s on the’ ,ic e’ragt• t rostt I he’ spe’e’e fs of 2 ’  sl)ips p.i’ssing thIt)(Jg h the
I’ to 2 cc i’e’ks b r  the’ Ll I is tr t ’ .tu ) l edge’ c)t the’ Re’ booms we ’re’ n~e’asei re ’d ,ind their ,esi’ragc’ speed

.‘s i’t tel progress ff0111 I .tke’ Nit ole’t LIII through cc .*s c 6 k nots (1  0 in s)  (A knot is .1 n,itatie ~il iflhl t’
the c ut  te l  the’ te’ rr’ , tossing per hour I I he’ .i~ e’tag c’ spt’t’d for the’ 4 t a s t e ’ s t

1 he’ s,%mi’ phenomenon cc as studied for the’ passage’s cc- as 8 -‘ knots (4 5 in ~1 and Ic ir the’ I
two sublet t cc m nte’ rs using Corps of I ngincers ice s lowest , 4 4 knots (1 8 in sf
d ata for tile’ ,erc’a 1 hi’ data are’ riot pre’t se’ .tnd
hate’ to be’ plotted , as e’rage’d and sfti t lie’tl
e ,ere ’futl ’, at the’ s ,eme’ time’ the’ ph’, sic ,el i’s e’nts
th,it took p lac e ’ in the’ i_ u t  ,end t ipstre’a in ot the’

cit must be’ e onsicje’ri’d SHIP EFFECTS
I cit tile’ cc mntc’ r of I ‘I ’ S “ ti ml is e’st inlate’d that

the’ it e’ c oce’ r progression took ,eppreniniate’l’, Noticeable events
2 cc ,‘t’ks and that the’ ten e’r re’maint’d in the’ I’assing ships ups ’t the’ equilibrium of the’ it i’

it ii nt ’ , of t he’ te’ rr’ , rossing for ,ibcitit 2 fllelflths to e i’r ,itsot t ’ the’ bcsOill% e’L’, tees t ime ’s All
I or fbi’ toilcIcs ing cc Inter ~1 C)’11 7 ) th,’ ot i’r t ’R ’  not it e’able’ e f f e c ts we ’re ’ I imitc’d Its tIle’ cc i’st it i’

gre’sslon took ose’r S we’e’ks and the’ co t  i’r ii’ boom and i t”  ie e’ tot  e’r , ~t hi.. Ii lie’ be’teeet’n the
in.uirit’t i near the’ te ’rr’, e to ssi ng tot the’ s,iii U’ sh ip tr ac k a,)d the’ .sout he’rl’,- shore’ of Sclo I i,er
2 month period hot Most of the’ t e i t i _  e’ c hange’s th,et re’giste’re’d on

It is ditti c tilt to s ac hoes mut h the’ ‘rite’rion of the’ rc’c ordt’r t harts cc crc ’ cr~ sm~ill and cst ’r,’
it t’ progre’ssion duration should be e’mphasize’d probab l’, clue’ IC) shi1s iildu(e’d %% ,IC i’ s

in c’s ,eluatm rsg the’ pe’rforn~,ine e of the’ booms On 4 l,erlel.irs- T’T’ ,Ill(i It) \ ta rt  h “T’ , passing
L)uring the’ f i rst  w inter . thi’ booms st’c’n~t’d to be’ ships probabl’, t oustrm butt ’t l te l the’ hri’aking tree’
ot 5(1111,’ be’~ e’t it . beit ISLIt C e’t ’ , intit h ‘I e’t it is ill I rtsn) shore’ of the’ c i ’  e os i.e 1 hi’ tort es

possible’ to pr0~e’e I how se’s e’re’ the’ situation ge’ne’rate’d in the’ bocsm st rci (’ tcile ’ on tht’se chile’s
might hate’ he’t cmii’ cc ithout the’iii B,isit ,ell’, - the’ how e’s e’t , we ’re’ not high I he’ m,iximeifll
data indic ate’ that the boom tmmhe’rs csc ’ ri ’ not nie’asured tort e’ Its c ,eble’ C 1W c~,is I 4 .(XX) lbt (14’
holding the’ ice’ bac k as we’ ll as they ‘should hate’ kN) cm the’ date’ of the’ f irst e’s- e’nt and 19 , 5(k) 11sf

[)uring the’ csinti’r of l’)”t~ T’’ , the’ e ,~ booms (87 kN) on the’ date’ of the’ si’c csiie l c”,e’flt 1 he’
worked meire’ ,es e’\pe’t It’d and inaintaint’d a main rac ist’ of t he’ c lmfte ’ re ’ nc e’ in t o t e  c’s cc- ,ss pie
stj hle’ it e’ te n  e’r But ,is Cousine’au (1 e)5e)) Oil- bably- the’ wind, cc hit h sea s cc e ’ s t , ’l I’, at 12 knots
ludi’s , it is u’su,tll’, easier for an ic e’ os e’r tel 2 in s) in the’ f i rst  c ,%se’ ,tild e’aste’rl’,- ,st 8 knots

form and stabilize’ unde’r c onditions of se ’S c’ri’ (4 2 is s) in the’ see ouid
oldnt’ss than under more’ nlode’rate’ c onditions 1 he’ i c e ’  broke’ tre ’ e’ Irons s hore’ ,t thir d 11)1St’ , ,tp

this fac tor may- have’ made’ the’ me e’ booms .t~ 1 pare’nt ls trolls n,steir ,el ,euse ’s and be’c ause’ elf a
pe’,Ir IC) has i’ ot-t’r( OmC their ice ’  re ’straint se’qcie’flce’ cst e’te ’nts use es l e ing a ship ,iuicl esther
wt ’ ,ikl)m’ss during the’ cc inter elf 1 ‘)T’ t, ‘T’ , wher e’,ss t , i t  t o rs  ~(.‘s ribe’eI in the’ follow ing t e’~~t , t i le’ mc .,’
then still nt’e’d iniprosing bcsom broke’

Shipping Discussion
I hi’ ncinshcr cit ships ~iass i ng through the’ ~s e’Cl Lit tle’ I- ,In be’ said about the’ e’t tec - f s  i)t ships cm

L d c ks in I 976 77 sea s ,iht~~t three’-fourths that of the’ ic - i’ te n e’r ,~rsc1 i c e ’ besoms during the’ cc inter est
the’ pre’c mocis ye’,lr, i e’~, from 1 De’ce’mbe’r through I ‘)7( , 77 T he’ good bond that the’ it i’ t e n  e’r had
40 April . t here’ we ’ re’ 1784 ship lock ,ege’ s in with the’ shclri’lIne’ ,end the’ strength of the’ me t’
1~~7S 7t~ and, in 1’I7t, 77 , 128(1 ship b e  k,ige’s , or te n e’r ,illowe’d it to prote’ t the’ ic e ’  boom most of
28% fewer The wmflt e’r navigation se’ ,%’son wa s of- the time’ 1 he’ ,itlditmem tsf si’ilsOl s fcsi me’,lsuImng
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Table ti. Av erage forces in the west ice boom Earl y winter
in early winter 1q76-77 for selected periods, Re’presc ’ntati s ’e’ s .ileie’ ” of tort e’s rise’ ,ssc irc’d in

the’ west cc ’ boom e’,e rb’ ,- th s~ winter arc’ gise’is in
4 ne hi.s q II fl.s Ii I V.’t ,‘ ,‘ ,‘s jl,’~ I abbe ’ lb During this pe’riod the’ it t ’ e en or is nor-

i, ni’ .‘ 1’I~ - t ’ s .  Un - k ‘s — UII - C is~,s I I., tini. onsob idatc’d or f r~sgnsc ’ntc’c1 T he’ c-a Inc’s
,lte’ as e’ragc’s tot three’ clitfi ’re’nt thre’c’-da’,

4, 1’,’, 5 11)11 :4 4’IOi) _‘.i ‘MINI IS pe’riods . the”, ,ere’ much smallc’r than tiit’
25% (1 ii .~‘il)i1 11 (1 ~ e’c~ imatc’ d dc”s igti forc e’ s
I’,’, i iiexs 11(1 1 :exl c e ( 1 ( N)  14 “c f a c to r  of gre’,lte’r sigii itic ance thasi the’ to rc e’

- - — - Ii’s ci may he’ the’ rc’f,stit-e’ s- ,iiuc”s of lort ’c’s be’-
- tcs-e’c’n strut ’ tura I mc’mise’rs 1 he’ t alue’s in ant’ her

s e’rtmc al mosements in the’ ice’ would help u~ pres- 
lint’ (2\\ ss-e’re’ e’spe’c- Ie’d to be’ ne’ ,srb’ ,- tile’ s ,etsle ’ .i*

side’ dat,i eac h ‘, i’ar on st ’s crab of the’ e Isangi’s those’ in C I ~ but the’t ,- cc e’re’ much boss e’r and

th at take place ’ when ships pass ,and would make’ i’4.- e’fl /c ’rO during tw o period s 1 he’ ‘, ,iluc’s in (~ t’.\
t his ~i’spe’c I of the’ sILidy- nlore’ nse’ ,sn iusg f ul we’ re cnpet ’te ’d to be’ a small f rac t ion . ,sppro’s-

insate ’ lc one’-cisth . of t ho~ ’ in CI \\ , bcit the’
~eve ’r ,lge’ f rat lion t ti rne’d Oti t to be’ ouli’- t hi rd or

MEA RED FORCES 
bout Ice it - i’ ,es nsuch as enpe’t’te ’d A ppare ’ntbc

SU the’ ice ’ t os e’r 55 ,15 solid or ne’arlv so most i_st time’
T he’ mechanisms cc’hc ’re’b’, the’ above’ difte ’ re’nt ’,’s

Method t aij (it’Vc’l0~
) arc’ cle’s..- ribe’d l,ite’r in the’ t l i%cus -

The ’ measure’me’nt s % stern is di ’cc rihed in last smon
t, t ’ ,tr ~ report by Pe’rh,s m (1977) end in ,s pre ’c luLl s

re’port bc Perh,sm (1q74) Anchor c-able’ tort  c’s Remainder of winter
were’ re c orded on strip chart recorders Copscs of Most of the remain Ing noteworthy or
some’ sign,d trare’s for the’ T I W . 1 1W . and I representative force ,i t ic i t ~ in t he cc e’et boom
syslerss s are given In I igure’ 2 1 1’s% nle’ascl re’s took pl~sce during the’ event of 20 lanu,sry 1977
force’ s in anc hor line (‘1W , 1 2V’, me’,isure’s fesr ces The forces measured on this date’ are g ise n in
in (2W , and 7 1W me’ast,re ’ s tore- c’c sn ( ‘ 4~%’ Appendix A It should he noted that early in the
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f igure I—lead of l i t t l e ’ Rapids ( U t  showing s t e  cue e’r behind cc ‘‘si booni
(upper left arr’ i c c )  c rj t k e d  free ’ from shore. Right arr ow ind icat e ’ s e’ast
boom.

afternoon of that day the relationships between Boom component identification

forces in anc hor lines C1W , C2W , and C3W we’re Figure 4 is a plan ow of the west ice boom, it

~ini ibar to t hose described above s hows the location s of parts of the structure that
are ’ disc us ’ s e ’ (J  ~c h component is identified by
tunctio n , number and general location , for c’s-

SEQUENTIAL BREAKING OF .sn~pie’, the set of symbols A4W identifies anchor
point number 4. on shore, of the west boom The

THE STRUCTURE n u m bers used in the report ,sre show-n in Figure 2
T he’ be’tter C refers to anchor lines , B refers to

Brief description of event boom seclions , and I refers to tension links
Late in t he ,cflernoon of 20 Jc)nu.)ry the ice

behind the’ west ice boom t racked away from Previous conditions
s hore in a manner almost identical to that shown During the previous week , t he ice cover
in the upper left of Figure .1, a photo taken last behind the west ice boom was solid , about 12 in.
year T hat night , at about 2050 hours , w hile a (0 3 m) thick , and frozen fast to shore. Only a te’ce
large ore carrier was moving downstream in the’ ships passed through the ice boom and none had
ship track well above the bend, a lso shown, t he any noticeable effect on the ice cover. Two
shore’ anchor chain of the west boom broke with elevation sighting poles were set into the ice on
a loud noise and approximately 500 f t  of ice 19 banuary to observe ice elevation changes
cover passe d through the boom location The caused by Ihe last ship passages of the naviga-
line of timbers remained connected to the lion season.
upstream anc hor but it moved out into mid- The temperature was relatively warm on 20
stream , nartia lby blocking the opening. T he ship January, about 20°F (— 5°C). A thorough check
stopped , backed up, and tied up near the Soo of the condition of the force sensing and record-
locks at 2310 hours The Soo Area Office ’ person- ing systems was completed that morning. All
nel and eouipment repaired the ice boom, corn- measuring units in t he west ice boom structure
pleting mcst of the work by the evening of 22 were found to be properly adjusted and in good
Januar’ That night the’ last four ships — the operating condition.
Ca llaway, Blough, C larke and Doan Transport — At approximatel y 1630 hours on 20 januar y ,
went downstream withoul incident, the ice upstream of the west boom cracked

5



a lcing t i~i’ shc)re’fI ne’ It pulled away (ruin shore’ , had bi’i’n a Im ,ill (I,)’,’ bcit at ,Il)d)Ut 2(1111) hours .i

ri’ating ,mn open w,lte’r gap about 21) ft (6 1 ml gentle wind ,irc)se ’ I remi the ’ nort hwi’sI
- - wmdc ’ I he’ri’ was lies appare’nI re’asoil fur the’ At 2 1) 27 hocirs the ’ fort e level in the ’ ( 1W e •ehl e’

e rat k About 1600 hours the’ LI S Curt is of st ,irte’d to inc re’ ,ese’ If rose’ to 11,9(11) lbt (I 51 k N),
I ngine’e i s I fyelrogr,iph Jul ,ited tspstre, im ill then dropped ,mnd varied suine’wls ,it , ,iiltl si’e ’iiie’d
clii ,ited that tile’ w ,ite’ r le’ve’ l was dropping, but It) st,ihiliie’ ,et 26,00(1 lhf (11 6 I~N) A note’ cm t Ile’
t he’ tota l h,irige’ was .1 l i t t le ’ ove’r ,erl inc h in Iwo r~’~ ore ie r c hart ,et ,e~s~ireixi in ,ite’b’, 21) 11) blocl rs re’ad
he cci r s ibow ever , si 0111,1 r c hange’s h,ed t .ek en p1 at e’ - - I ce ’  mcsve’ine’n t ,i he’ ,ec l e d flit’ Re ige ‘r Ill on gii
t he’ pre ’viocis we’e’k without ,e not it e’able’ e ’ f l e ’ e  I downhocinel - -

tin liii’ It C ’ d over Wi tsd ret urds show that tile’ At 21)5(1 hours la rger fore i’s and f o r c e ’  I but ti i,e
ce- int l was e aIm , or near ly so , in t he’ morning ,trsd t i e ) l i s  we’ri’ applii’d to ( ‘1W 1 e’ss I h,en 2 r i l i l lu te ’s

inc re’ ,ise ’el to ,in .ive’rage’ of about 8’ knots (4 4 .mt t m ’ s this the’ fort e’ le’ve ’l in ( 2W liii Ii’,ise’il ve’ r’,
ill s) f i tin ) a isorthw e’ste’ rly eliri’e t ion later in the’ rapidly 1 he’ (2 W fort e’ went up to 52 (11111 iht
at te’rnoon (2 II kN) ,incl then dropped to 7 (00 lbt (12 kN) At

t h e ’ same’ t U l le ’  t i le’  f ei rt e’ Ill (‘ 1W ilri9lpt’eI
Recor ded force changes nsonsi’nlarmly to t 5,5(11) 11)1 ((,~1 IsNI

he’ nl e’as ure’i ni ’ ilt sysl e’ n is indie ,ited f hat I he’ t o m ~~~ ‘ lc ’~e’ l In 1 ,ible ( 1W s- ,irli’el ,ip
t es ri  c’s sf ,erte ’d to inc re’ase’ at ,ihoeit 1555 hoeirs on l) re’c i,ibly ,incl rapidly at te ’r 21)5 1 hot lrs but
2(1 1 ,inu.iry ifl both the’ (‘1W and the’ (‘ 1W ,irle hor generally inc re ’ ,cse’el to  87 ,111)0 Ibi ( 187 Is N) •et 211)2
line’s I iguic’ 2 shoes ’, tile’ signal tr ac i’s for tile’ hours b ile’ lo re e’ Ie’s-i ’l ~, ~ 2W rt’ill,iinl’el Ic~ss .11111
ss e ’ s t  bislinl at that t I me’ ,end late’r 1 he’ forc e’ in - inC re ’ase ’el a l i t t le ’  t i s  1(131111) bht (44 5 kN) ,et 211)2

re’ ,ise ’tl rapidly in the ’ ( l’v%’ e ,eblt’ from 5,7(11) lbf hours At this t i m e ’  t i le’ f e i i i  e iii ( 1  \IV drtippi’d
(25 kN’p until i t  ri’ ,te he ’d ,i le’ve’l ~t 19,11111) list ( 17 1 rapidly to ,i i i ot i t  2 . 61( 1 lii i (‘1 8 kN) I lit’ e ’ t te ’ e t (iii

IsN1 at abtitit 1601’ iloeirs l iii’ signa l le’ve’l in C 1W able’ ( ‘2W w as slight but slot it e’ ,ill le’
then pltiillme’te’d to /e ’ro , whit ii indie atecl that Af t e ’ r  this (11 c eirri’n e’ , tile ’ lore c’s still s,is it’d il

se n i le ’  p,irt of liii ’ line’ broke’ at that tu lle ’ U 1W ,l,lel (2 W  te n ,mpprox inlafe’ ly t ine’ h,elf hcmi
ibowev e’ r , flit’ illt ’ , is i i r it lg c i t  nit w as still int ,et t I he’se ’ v ,e rma t ic , i l s eee ’ i e ’  inois’ibl’,- clue’ to ic e’ Silos’
and ope’r,)ting lug nvi’i re’in,ililii)g pa rts cit the iseses ii~ I Ill’ 111,15

l)iiring (lie’ s,enle’ pe’ritsel , f ist’ signal frcnn t h e ’  lin el i ll f t ri e’ ill ( l ’s’s’ e lcirillg this pe’rioel was 1101)1)
1W ,iIsle’ siiowi’ef Ih,if its tore e su e re’ ,cse’d from ltd (49 kN), t ht fei re e’ l~’ve’I st.ibili,e’cl ,it 4,8(11) IbI

17 ,11111) bbf (76 kN) to 28,5(111 lbt (127 IsN) ,it flit’ (21 kN) I he’ iil ,i~ imeiiil fort e’ in ( 2 W  was 27 ,000

finn’ of C 1W c ,ibbe’ st ’p,ir,itiesr l 1 he’ lent e’ ItO ( 12( 1 kN). t he’ loic e’ le ’ve ’b st ,ibibiii’t l ,if 7 ,5(111
- I d ri ppe’d .11 nios t to tilt’ pre’v me inc li’ve’l ,mnd tile’ ii lb I ( I I Is N)

~icc rt’ ,ist’tl to a peak ,it (((1111) 11sf (147 kN) ,it 161 1 1 111’ i ll e’ ,i su i t i l l e ’ i i f  s y s t t ’ i l l s  tu l le  ti csi lt ’tl c orrt’e
bestirs 1 hi’, peak w,i’, fo llowed b’, ,i gradual tort e’ by c leiring flit’ pe’riot l of fa i lure ’
re’e lc s c t ion to  27 ,2(11) bbf (12 1 k N) over the’ 110sf

two hours Broken elements
I tsR c’s ill til l ’ (2 W ( able’ we ’re ’ ,ilnio’,t c ill ,lf WillIe’ rc’p,iirimlg tI le’ it t’ binsill , f lit’ tvei rk t ie ’ ss

fe ’ tell by tile’ ,ilsove’ ,i t ivi ty 1 hey re’nl,emne ’el at a tunnel se ’ve ’ r,el sIe ’e ’b s ( r e ic t e i r , i b  ite’ ills bruke’n
level ol ,ibout S f1111) lIst (22 kN) i ’ sc  

~‘l’t 
f i n  a I ht’se’ i f e ’n l s  ,mel t ile’ s;n’I if ted b a d -i ,c mryi ng

ise’riot l of ,eppressimn,i te’ ly one’ qe iartt’ r of ,en hour e ap.u i f ’ , -  of e ’ a t  is a re’ Iis fe ’dl iii (,it ile’ III, isei t fbi’
ise’t c re’ .1,141 at te ’ r the’ 1 (‘ski signal d rop cc hen it I es i le lm tm t ) i l c it t’,it ii List prior It) i ts bri’,lklllg is lic it

was 51,111) 11sf (24 1) kN) An i t o  dsneli t ie ) m l cke ’ t t is kisuwi i ,lnd e a re ’ fub ev,lluatioi l e st t i le’  ille’t,il an(l
for 17 It) hours shosve’eI l,iti’r,il i r,ie its in the’ ic e’ file’ re ’s ulta nt fr , ic lure’ f i , I t t e ’ r i l s  il ,i’. i les t lse’e’il
C live’ r ti pst re’ ,e ill 10(1 - 4(11) f f  (it I I 22 Ill) t resin t he’ Ill ,ide’ I t sr c 1)1111 i,e r i cciii , t i le’ s i i i ’s .1 iid et re’ngt hs of
we ’st boom 1 he’ tort e’ lovc’l gradu,llly in rc’ ,ese’cl t i le’ wire ’ rope’s ~ised in se’i it ’ s wi l ls tlle ’se’ ili’iils ale ’
abocit 1,201) 11sf (11)6 kN) ,it 18 (0 hocirs liii’ at - - a Iso shtsw n iii flit’ ta ble’
eflllp,irlylng note’ toelrld on the’ re’t orde’r c hart ( ‘ 1W broke’ at the’ ov,eI link ile’ ,lr t ile’ bUflt (ion

‘‘Mae kinaw dcswribound 18 ( 1 ‘‘ plate’ ,iI t lie’ wate ’ r surt ,et e’ 1 he’ I ilk split in the’
A t ten the ’ Pc’iae Is m a w  w o rst downstre’ani , tht’ snlallt’r radius ,lt one’ e’ildl

t t nt c ’ systi’nls gave’ e urlstamlt le’vi’l re’adingc for At the’ A4W ,iin hsr  Isesl ilt tile’ les,eil is e an it’d b’,
,ihit s eit 2 hours a stud hiik e 11am of 1 ~4 - ill (4 4 nl)-eiialll slu t Is

At 11)4 1 hours the ’ ore’ u arrie’r Roger Illougll le’f t Uric’ esf liii ’ links brtiki’ in two tsb a I’S h it’ large’,
the ’ Poe’ lot k dowribountl 7 he’ wind e ondituinc re’,n,sining see lion was totintl its have’ a slig h t

I,,te’r,el ben d est ,iheitgl ‘I ,, in (0 5 e m )
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Tab le lii. Selected component st rengths ol thre e anchor lIne assembl ies ,

M,n eiis eini e, t i ssu e’, tr,l ci err r, ipc’
Iliei&e’ii jhi’t fitr’,lkiii55

j u t  heir lune ’ Sill’ slic’uigth Cu:,-’
,tsst’nitili N.snie’ tin I , ~~ 111 1( l&~~t (cci I it sic? I ll.I~ IL \ I

(‘,5l t ie iii link I’ , I it Ie~
).cRN~ 44’, 1 : ‘~ $9 h4ki i’s ’s

c IS’, e fi,ni, sh~ie Itt,’ I ’ , III I Iit lR~
) S,~S I ,,‘ ‘, it ’S 11110 C’i’)

5 e ie”,% ~liii

k45% fl,~VL- St u d hnk I , 4 4 11111 ilu~1 I c,’Ie) I ‘ , 4 1 It) t~ Ki I i’ , C

,ls ~ I ‘s’s (1 mg 4) 1 Ile’ te ’ %% ,ls ,t ~~ri1l loiiIle e ’el I hailge’
5I,)ile,, 150
DI nit ’ i ll tile’ t csre i’ le’e’e’ l esf I ‘s’s ,%s a i e’su It est fi sm s c’s e ’elf

- - ‘sOle e ti’e’ estlie’t tee -el ,iilt be st li tle ’ ,lsse ’Illtllil ”. ths,et9
Isteski ’ w e ’ r e ’  n e i l  i ni s lrc i tsn ’ ni t t ’ ti , it is dif t ie is ll t e l sa’,

‘I ~~~ 9.eei.,’.lI
*Ae’IS. Lu,.. ICC I 5% h e’ll ti se” , tam li’ci I Icssc- i’~-t ’t - one’ ci t  t ile ’m ll I I’s’,

A ~~aS’I~~ PII I SS I I share’cl .1 nile t iell l plate’ cc it is tile’ i ils t r t l i lle ’Ilt e’el

Inn’ I 25’s •iilil, it t Ile’ f e s l e  e’ il l I (5% e is,iisge’el0 ~I~.*.” L,Ma(T i

t I sei hsst ,lIlt mail ’ , ,  mt e oe i lel be’ e’ itpe ’e focI that t h is
:s cc es uilel ,et it ’e t tile’ sigis,il Ii’S e’t ii~ I

Sc , I,, ~~~~~~~~~ I I lle ’ pe,ik fe l l t o  lee .‘l of ‘~2 . 0111) li s (.1 I) LN) m i s
t~ 50 SO.c~ ~~i II ~i M.~1. I ,’’,’, ,et Ill i I i le i t i i s  se ’u’fll s te l misc u e ,lte ’ list ’ t u lle’

t hat I I’~\ Ineiki ’ I lose c’s c’S - ,I slSl)il,ii Ise”k es ia
I 11’ 001) Its ( ((I” it N) t hat  clt ’c- e ’Jci pe’eI mn I, IS’s ,tt .~I020 

htsui e, c’iilel Il,lse’ tse ’e ’ i i ie’I,~te ’t f te l  I lIe’ shine’ ,en
1105 1s t e’,e it i’\e e’pt (11,1 t if ha p~se’iie’il ,i t ,t cliff e’ l e’ ll t- — I ,  ~

0’
I i t l le’  I he’ log Ises isk gte i’s tile ’ time’ te l l  ‘‘ a lese it i
i i t i i se ’  ,%ss ele i ,iti ’ti ce-it li til l ’ tite ’ ,lkliI$j cit t he’ s t i t i t

I t O me ’ ,ls 2051) hesii i 5 ‘sss ui )l i i lg that tile’ shine’ ,til
C.’ (it’I e hess hioke’ .11 2051) Isesu,s . the’ ee c’ t iiulib s t a l t

them e’t i l i  0. tls,it flit’ ,ellc hc~ e hans se as fist’ se’e esi ieb

I~~ne-iHg ,Iilel t , ius e’ I IS’s I t s  bre’ ,ek ,et 205 I hese i~s
as itl dit atc ’ t I hc .‘\% fe s i e c’s I Ills mi selm e ,ate’sI

I ‘(it’ ite’ ii i Its bre’ ,ik
I ‘sa ,llle’t l l , lt lSe ’ lstlss itlml it’ ,’ tes t  the’ ~~~ f o re e’— 

•Oo pe’,ek is that tin’ pe’ ,e k cc , is el ite ’ tes tile ’ ti c’ ,ii tnsg
OiSIs~t~ 1511

es,s l’, on the’ f loats , it t ,le h e’d t is tile’ (silt f i d el plate’
I ig i,rt ’ 4 PI.in of cc e’st ccc ’  heson,. c elllni ’e t 11 1,1 1 .‘‘s% ,115e1 I I’s’s i’esss mbl ’, ti’e’ I (S’s -

,lcse’l1lh5l ’, Isrelke’ i’a,lme’i ,snel t h e’ d c  e t i i i t ’u l e e’ %Se ’i lf

I he’ f escm r lh it c’iis tcscmnd I-s reske’n cs ,Is ,e illellol umtl i l ist me e’eI tse ’e at ise’ fbi’ I .‘S\ ,15’,i’illtll ’, se’t’tlle’ iI

elilile’e tin, ,iil ,it t,ie tlil)e’lIt plate ’ elms tile’ ti i stt sem quite’ mnse ’ llsm t is ’e ’ te l  f e i t e  0 e h,iiige’s in tile’ tt’st cit

ne’are’st s helre’ lilt’ ~s l,ete ’ ec.ls (uris elf I iafe ’ra Ils the’ s tl lie fume ’ i,illt ml 20’~s0 hesci t I lii’ ri’aselil tell

prtitl,ltsI’, Is’, the’ l( ,~’s%’ li e’ lse ies en t ,elslu’ uncle’, t l s m s i m l se ’ i ls i tm S- mf ’ ,  is belie’s i’d te l  lit’ chit’ te l the’ sea ’ ,
C gelils g Iesae$ nc ’ le ’ ,ese ’ ilIus%’e ’ lIle ’i l t s  alter the’ ,inie - btii’ s the’ t e e’ c u e  I’, (l i e ’ shes t e ’Jti ic ’ aml liii ’ ii i’ lsilesill iii

c ha mu Isr csk e ’ t~~i ,le t (‘ci at ,l 11101 Is e’a r I ten if ,t It’ tills lilt en ,%e t ies i l

cc ill be’ dice uss e’c f in the no~f se’ e ti e lil

liii’ f i n e  i’s m is t IS’s ,ttte’ i •‘1)’,() hse s c i t s cc e’ ie ’ 1itob
,tt s lc clue’ t e l  me t’ at tmn g iso the ’ lange’ I lcs ,tt suppelit

DISC USSION
t o g I t  ‘sV ,it till’ sc i t t , ec e’ h it’ ~‘~‘I’ ~~~ 

st i ll 11)ulC It)g

t hrough the’ me t’ at that t ul l e ’ ,tntl its ,ie ti e it ’ , ~n is Is

SlgnI f kance esf masi mum tor tes ,tli h ’, a I se l at t i’i (eel t hi’ i e ’ ,le l ings esl I he’ I ore e’s

I lie’ t i r s t . m e  bes t J mne ’ Isreak clu e urre ’t l In I (5% ‘sV he’is ti ie ’ sbu s c t ts is i ie~iI 
iS ti tl e c’ rt ,s (ms 1 lie’ ~se’ak

eshec ii cc ,, s c elil t svc ted t el tile’ 5,11111’ pint tm(lll plate’ lesaul es t 8’ ,001) his ( (8’ kNi en C IS’s ,sf .~l0 .’ I~ou~
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F sge,re’ S Hr ok e ’n it t’ ll(’IiIIleI f lu ’ west s e t’ bt ’ e~ i~

,iilel t h e ’  ma t sm cl c le i s i l that f eslbel%c e’uI ,e ie ’ t hie)c ig hlt to bi’ ,es t if se ’e’ils s to ie’ e e ’ iC I’ hia it tiI fi l e’ Ia t t ’u,ul fuec c ’s
Ise’ il ue’ I t s  it e’ ~su shmcsg clii the ’ I lesa t t m i l t i l  it t Imulti ti e e’iI Is’, tile’ i~ 0 ant Ii mi sg h s h lt ’ u1elmii ~’nu cn is

sc il s uslt ’ i g e’ cl , cc he’c i’e i is.,ii t ile’ ic e’ e e s c i le l  i’,islI’, sli d e’ di c e cis ”c’ ef m is t Ile’ ife’ sm gui e e ’h l i s i ( (i’i’i li ,imi i b ’~ ‘ I
t iC c i  lt ‘slli l t i le’l i e ’,lselil t e l l  t I’e’ iiilc’’ ,~st’i t~ ii Iis ,IeI (i ,%t

te ’u sic css,i ’ , isas e’ be ’e’ii thi’ ~~~~~~~ e’ tO la ige’ ii

Itc, shesre , and hoesns inferae tion u e’gu l,ic I’, sha~ii’tI (lle ’e c ’ s of Ii I’ s t ie ii as t h e ’  t l l ie ’

I he’ uul t c ’n ,i e tmilil hse ’fe~-e’e ’e i tilt’ me e’ . t hse ’ sh~i sie’b i ui e ’ ch ews ii iii I ugem ue ’ ‘‘ ‘seie Ii a pme’ t e’ e oc ile l i ,~ t , , l .

au ic l list’ id e’ (selisni e ,~n Ist’st Ise’ e ham,c t t e ’ cuii ’i I ,ls ,m l i i s tmf  t I le ’ shsisll’f i i le’ luke ’ ,i i i ie ’ t t s a m u m t  .0 e ,tui i  ,lil eI

e elill l llt ’’It I lii’ tI.tta u st st a u ese ’il ,C ilcl tSIlse’ l ’ , ,lfie iil s le’ ,tt l (i l l enil ’ , ,~ si il,ill c c ’ , lion e lf t i l e’ f s , , , ,u i ~ , ‘ t  .i

ti sail e’ fi ltic f a t in t i sms Iuis site ’eI stud’ , , m t e ’  h ilt s i i t f i  c m i  lio n s fle l at ‘s ~~~~ 
l c ia c f ii s g like’ this h ,is l i t ’

e me ’ u i t  til tiill’, e’’e t s iamis cc hat cc as gii im lg d c i  I Iii’ t i ,ii i’ l ,i t misui cc il ls t I le ’ f hi e ’ e’l , ti se ul cc t Ilt Is ,is s ti i iic’ei

elI iguil al e l c ’ smg c s le ’h se lrt (i’i’ihs, iisi i’t ’  ‘1 shiiltilil be’ th ,it t i le’  Ii l ,leI Sc ei e i le l he ’ c’s i’uil’, i l is t i  ib imfc ’ iI
te’te’ , ie’ i I t e l  t i l t  ,lll e mui c l t ’ t st ,et i c l i uig is t ilel%c ti le’ t i l l  ‘silele ilel ,i Sc ’ Iu e l  i c ’ e i s ’ , c ’ S hse’gill f i l  l i s t ’ s ., t l5 c ’i

i esus scdmcl ,ite’eI it t’ c ii’, i’i s c as  e’’s Ilt ’ t tt ’ib t e l  ih l te ’ i . I e  t t i le ’ Il el e lni cc h iu le ’ s m m s s c i l t ,ui si’ i ’ i is l ’ , dieting ,tlts msg tise ’
cc mth fist’ it u’ Isis es eis slstli e’ Iei i e ’ if u is,i ’ , u’ ml i eiem ntc ’e ,i h 5 1 e ’ f 1 1 i d l ~~ l5 ~ hs it hi

1 he’ te s - le  c’ ie’’ ,e’ ls nie’ .is t itc ’c l i ts tiie ’ %c c ’ st le e’ e ansi’s it tc , tiles ’ , e’ sm ile ’cc a’,s ‘st ie Is .i h l u i l t i  i i ” i , ’ l 1  is

Is e le lhil 5%- I’l l ’ ceu t i s i is  e’Spe ’t te’el ‘, ,C lUe ’ s  .15 ill i ’ i ltii itl t ’t I s hielcc ii at t i le ’  It’ll c c ’ cs t c ’ c  u t  i igd m ie ’ ‘, It c’ se ’e ’i i l’  li i

e’ a r lme ’r , Ist it t iic ’~ w e’re’ elf te’ui Cu lt tl i s t tils ii fe’c( ill fi le ’ ~, tiuie’~ I n,ete mc ,c I Ic ,end see Iuii iI~ ,et t he’ llt’l, ul iii l iie’

s t r ut  (c irt ’ ,Is e’ it(l e’e tc ’el . t hs,~t iS th st ’ t es r i  c’ Ic’’, e’I iii sh seite ’lii i c’ ,tll e $ cc hl i ’ul ti le ’ 1iiiesto t% ,ls takc ’ii it

I (‘s’s ce,l s e s i t  I’ll hug hse ’e t isa us e’slsc’e t e ’el m ci tel a tie lii Js i q ’ sm ’ll t en1 •~ u a nst s a usg Ic’ il l a in l i s t  .‘~1” te s  t ise ’
te l  f ise ’  t i l l , , e’ le’~t’ l ill I I’s’s ,~t c t irre~s~leluiiIiisg t miis c ’ s l i s t ’ S  mug le e’ -‘so i’s , i l e ia t mts is - it th si ’ s t ies ,  tiii,~b
‘s lse l . th e’ t e s i e  u’ ti se’ii mul l .‘\% w a s  t i t t t ’ i i  le scee’t tbs aii f i s h  c ’ s cics e le ’ m t i i e ’s e’  c m l i  eiuli st, tuli C’s i c h i l d  usd 1, ,ltc’

e’sgse’ e ten t that lii ,’ t c f l c  u ’s s cc ’ iu ’  c li ig iui. l i luig isO laisil
‘s s t t e l t s g  t , i e  fe l t mci  th is e l i s t t u i s t i t e l l u s  111,1’, Ise’ (lie’ A ise utb ie ’ i f ,ic, tin iii,iitmuig the ’ s m t d ia t  t i l l S Ic’ ss 115 ,115

le~ ,e f l e s il ilt fist ’ ise ses is i  l ist’ iun ig m m s , il e ale til , ite isui s ueli’ ,ul is ,els, ’ e c ’ Iate’iI Its ti ie’ sa l i l e ’ is c ’i le( (s0e ’ I I5~ I
•gnu e ire’eI t he’ pre’se’ fl e e’ eu (1st’ shesne’I~ ie’ hoe .111cc’  ,eniel 4) I 1st ’ is c ’ isel  c~ eii sIei t insel t e l  3 ) I t s t e ’ e I fisc ’ s i l eshi ’

liii ’ ts , i t t s e s , 55 ,15 S c ’ i ’ ,  ~s itle’ ,iiiel (iie’ ue u’ t le ft ’s 5% e ’ le’  c ’csi l is t list’ 1)111105 cc ’ e I lists l( ,Y’s\ f t ellis me c ’ (h i t ’ cs i i i  t ’

h ilt e’spI’ i (e’e l te l  .511 is ,mi i c l s s  fist’ hsarhsi si ,et .111’, .iusei e Ilaill,tt’ u sc’ t i l l  c’ e t u esl i is f t e ’ i sc ie ) u i  .it the’ ,~ti

pis lhl t i u c’ ,l i t ile’ is~~e,tu i l$ii~ e”, e’t (tie’ i cn i e ’ i i t .e t m thne i isc~ ç icu u nsl I he’ i Il,erlgt’ cccse i id iuitsis .ltsl’, Sti l l  Is e’

,uusel I d e  at mills cli (hi’ s s o s f  ileltltli i u res lsat s l ’ ,  gic e’ it gre ’ .it t s u t I ie’ltl mlle ’ .lsi i ie’ l l le ’t l t s is,,’, I’ Cli i i hsc’ c’ ui
sc hm i t t ’  cit t i le’ t hanac te ’ ni ctm e s ill a s he itc ’ lmtsc ’ ‘st uii,lelc’ Its e’s ,sliuate ’ mf
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Tab le tV . (sti mafed loads in the anchor lines of an ice boom str uc ture result ing from the mos’emenf of an ice cs~e’
fr e)aen to its timbers ,

4 cit ?it i~ h u e  h,tr.te tt ’ flstlu I
Spe oug ’ Suit Isseh’et’ I out u’s Ii) the’ c c  i,iitiuui,4j,, cull ,,l ,csit hoc hunu ’u shee-,s ci ’

je it hoc line’ ,.ttr I ltiu 91 ,tte cius ’ ,eciglr C ,isu’ I ( ,lce ,‘ ( Js e I ( .4w’ 4
.i,,c’c,ihli Ills ? cci ? ~& ‘s lii i r .4ts eJ 1.1st c bc’gI IIbtI & ‘ s /  Ills?? IL’S? j l tstI IL’s? 1 (1)11 IL ’ s?

c iCc I ‘sd t ie ’  I) ‘‘I I ‘ 22 • .‘elil ‘445 ~ 2 1 m,clel I isS tI 2,’ kits II ‘ ci Sit . 4*55 2e.t i Cl

15% I ‘Ce? e,c’ us 2 4’, 21) 2011 Si’) 9 21 Cclii 9’, 1~ S C 11115 2 I’ ci

*5% 2 491) hi I I) 59 SI I ‘,4e51 1,45 S
e eec e 140 SitS 1 lii i 11 1” lu ll Ill dl 2t’ e,ell lilt tI 29.e.4SI 112 11 IsS itil ,) 2’) Iii

~4S% 11:5% 2S .ckliu 4 l~ti cue , ’ 411 L’S h ot ) C ’.’ hi I i4 eNit) 594 ~t 14’4 , iliN) OhS el

(l is lli,d u c’,llc ’Ilt ,~ ~isii ’ ‘ s (II I’ll $1) lsl Id? M’S (Ii 11? I’S ‘ Ill SI

I .‘,, c’ ,c’~ei,te’ei to iift.elest c’ .4 e u h ich e’ It deI K .c h u r l  ice the’ ,t,ie huit ,iss,’iiihI~
‘list’ 1,111,, ,,t tlsc’ I’luiesg.u C cuss ,,t the’ ,lnu lint I cisc ’ ,ss s c ’ ,i itht C to Its,’ ,iisiit,c, e’nis’isi t iC the’ it ,‘ sfie’e’ t
i hc’ ,eis~h’ he’isc c’e’,s else’ ,ecs, fits, liii,’ ,sisul Its ,’ clii, ’, I cciii c it C c ,us e’I 1110 0 1 ,‘S tS,,’ it u’ sh,’,’I

I he’ t,n, •‘ Ic’s c’ i is the’ it ,‘ u us e’r ,usstsisie’cf t us tic’ I Ccl titlel Itit lt,t, It N?
‘()isiil,t, i’uss e ’ c s t .0 the’ it c’ she’,’e nre’ifc ’cI lii circe’ 1 ‘i’ i 1st’ ii ,., c’s ~1stsic t5 iii 11,1’ slicu t tu tu ’

I , ls f  I’, ,e large’ me 4’ sheet is ru ’ak ing I re’c’ S rehi l l c’ltsnga t mts n e ha rat t e ’ rust mu c ot tile’ ,~iit hcsr
shine’ (I ig 1) ~ -cit ,iIcf t e’tl (t te s rts t ,et e ’ ,e fiesc i t the’ ,usse’nsilsl’ ,’ ,if t iso shore’ ,lne hesr isism nt A4W I Ise’
s htsre’ liuic ’ .it tsr cii’ar the’ litsishil anti lIlt re ’ ,isi’ tiii’ ilidl iti ~iti t htsr ce ,us Ic se ,ste’ti at suscit 220 It (1s7 ml tin
ltsael in 1 1W uni par f ut ci l ,mr shore’ anti cs ,is c tsis t si ’ ted to the’ mc e’ ht-mcsns hi’,

‘\ re seigh u’stinl,Ite’ cit the’ nsovc ’rllt’nt jse )Ssiblt ’ in le’llgthis es t 2 1) its (~ I t i ll) ,iiiul 1 in (4 4 e nil
f he’ eicre’t tics n elf I (‘s’s1 c ,sm i he’ n’uatlu’ (roe~i the’ r,it mis st e id- I ink ,tts ~, hor t iiamti so se’rie’s I he’ c hain w as
ill lengths ,is en Ieve’ r,sge’ alt eil atm cs ns (‘ ISV us Isurce’ul anti ctnssi’ ot thit’ till iisate’ri,s I ni,ic’ has,e’
,ihelti t ((lil t ( (~$) I to ) eips tr t ’an l (8 the’ hesl(l in tile’ hi’e cl Ose ’ I ru / i’d In iii’, c ,sse’ , tile’ t baits u s essut  is

she l!e ’l uu l i’ ,~nuI tht’ it e c cs s - e ’ r  t till re’ ,sc h upstrt’,lnil st ml te n t h a n  t lie’ ,ent istsr lint’s mrs usthe’r lot ,ut meuse
t iC en sac “*100 If (2111) ml It the sbu s tr,n k ts  In addition, the’ f t s r e  e e cmli’s to tilt’ c haiti
lear ,irsd III) If II 1 ns) cs- ide’ whe’n tll ,’ e t , c - m ’~ threseigh .1 1’ , st i  ( 1 1 e ns)-deam wIre’ rope’ , Isusot’ms

tsre’,iks I rc’c’ the it e ,it C ISV t eseild te’ts(l tel mesvc’ see tuocl 112W l iii’ 551c c ’ rope’ uscia ll’s- tolltssc s the
eseit 4 ft (1 42 tss) 1 bus is at tuall’,’ Inure’ stre’te h t n i c e ’  est the’ Ic e’ tso csisl ,,nd c~an he’ iseille’d into ,i

th,en cc nen’d,’eJ to brt’,ik the’ lisle’ (
~,ilt ui,ific,css us- sfr,itghtc’r lent’ einde’r load Its distsl,~c e’hlle’llt

t Ime alt’ turthe’r that the’ Isri’alsumig le’vel ot tore e wesule l then hi’ grt’au’r th ,ics its te’rss ile ’ Isrds lserti e’s
an lii ’ tie’s-t’luspe’d is’, this ne ’  e elS i’t he”ve’r we sc mlti undue ’ ,ste’

In  the’ .sts,il’,’sm’,, s e ’ ee ’ m al  IltssSlIlIi’ e ,el c m e ’ s Icir
Force estimate s hcsre’ ,sti e titsr st itti i e ’cs were’ trme ’ti ut itm l a i cmi

ieee. of the’ ,lfle best lIne’ ,lcse’ti lhhme’s th,st broke is un iatu esn ot fort i’s cc-as tcsei ,sel that se as t a ut  I’, e iso

is ore ’ tint ,nctr.ini,’ntr’d , ,intl it se’t ’,ne’el ,Idvmsal)Ic’ sisti’t l( wills flit’ t usrc c’s that cc e’re’ isie’,sscire’tI

Its tr’ , to e’stitii,ite’ the’ lu’~e’Is of fort e’ Isri’se’nt ~n 1 ,ilsl u’ IV suc ist is ,cru/ e ’ s the stru t tur,u l c har,se ti’ris-
ttse’cii when the bri’aks oe- t urrc ’d the’ me e’ e ove’r tic ’ s ,ind (he’ t’a lt ’u icste’uI f ts R e’s t he’ tent e’ est

cs.is .iss uns.’d to he sesliel .if the’ lime’ cit the’ 1 50,0111) lbs ((s(s7 kN) csts the it 0 i us i’s is ,t rcscigh

lsre’ ,uks ,sncl (m ien I 11111’, to the’ ic e’ h(s(lrfl tmnihers i’s t iella te; f ist ’  (low c otsdmtmotis cc-ore’ e I’m’, nsm hc i esn
c’s I’ll though ml had e t,I(kc’tl .55% a’, two s s hune’ 20 I,inei,Ir~ , hut the’ s mie’ cit the’ solid hu e’ c twe ’r
‘sisus fPs ’ ic e’ u tse e’r was ,Issuflie’d Its move’ ins the’ was muc h gre’ ,sti’r than origunall’ ,- i’itpee ted 1 hi’
sanle’ ge’nc’r,,i dur e’ct u(sn as the upstream shtsre’- ais ,cI’ ,-s is ,~lses asst uts ie’eI th,s ( the’ stru,it tlire had nil
Imne’ in the ’ cut unit’s st the boom, or I ((~0 I hi’ me t’ loads in it when tise’ t tstldlitlons we’re’ ,~pp l,tsd l ist’

boom plans gave’ the’ Ioc,stion and orientation of Ve’ry st itt sprung rate (I tsrt - e -e ’Iestsgat mcsn rattus ) mn
es,ir h le e’ houins t ompone’nt and the shoreline’ dic - ,sti’d fuir A4W prodeit e’d (lit’ mclst c onscs (e’nt
(h g  4) t he’ mn d mv md c i , i l t ompone’ntc we’re’ also re’cults
well des’rfhe’d h’s’ the’ plans and their lui,-id
deflection chas r~su ti’risticc we’re’ calculat ed

~Lc

nitsst diif fud Iilt isart w is estm rn st tn~ (he’ 
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I sp lanat ion of eases SO t test  sc u ll - ii eiw even - e’e~ei ,uls I he md c ’ lelatl 1 h~’
In e ,use’ 1 (1 able’ IS S ,ull ot the ,ihl c hilt se’e cstse f ite’t ls Is tile ’ t ’s t iii iate ’t l i t t’ s iie’t ’t 1110%-I’

,iss e’nsbli e’s ,it i’ mn ut , ec I t he’ ttnc e h’~e’ls ant ’ nse’nt u t  ft 9 m ci tO 2 1 t ill Althisugh this se’i’isss lii
roughl’s the’ s ,mc m’ tot eat is .isse’tisbl’s e’se e’~s t f e sn be’ a nattier stii,ill elts p l,Ic e ’ msle ’ Is t , ml is ,uII that Is

*e4 ’s% where’ the”, ,ire’ tout h gte’ati’c t he’ h ilt’ S nie’e’c l i ’ef Its ef t’ ~ e’ Iti~u t he’ fo rt c’ e e inuku mn i ,efm c us s i ic icc nu

pee t~eI e e lcscli(mdsn he’re’ is the (tint i’s it s th.’ I 1 Vs einsde ’ t these ieiet ,ilm,e’eI c i te hmlll st ,lhli c ’s
anti 1 25% Imni’s whit is ,uri’ nougisI’s ,tt t he’ s,itise’ 1 ,151’ 4 ,ls s h itil e ’s f ii ,ut the’ shu ite’ ,umlt belt has
Ic~e’i as those’ in C I’s ’s ,iinf I’ I’s’s I he’se’ I m ist t ve c u tureil ,e’n ,ini el th at t ile’ it t ’ is ts e’m nlg re’ctr,iiite ’d is ’s
lmn e ’s art ’ d C  e’t tw i t  e ,ts s t tesls ~ as tht’ latli’r (se’e 1 (5% - 5, ,~‘s% ,unel I 15%’ 1 he’ c csc s s ls i i satmii t s ei l f i ne s ’ s

1 able’ III) Shims t he”, .ini ’ e ,~pats It ’ elf suhslst ’urt mt sg .1 shcswts is ill I,Iu l ,ignee’us l i ’ hs t cc mt ts  t is e ls e ’ ,ne’ ,mcured
cssue h l,trg.’r jso rtm iss s c ut fbi’ l c u ,mcl s I isis he irc ‘ shonti’, ,ttfe’i the’ sistue’ ,tnsc hot iut ’ ,iit us ,lc ise ’ ,iiei
i*’vc’l heicse’v,’r , ms e ts ss tto lleci Is’, list’ stilt tsi’ss tst I hi’ hre’,m kcng est htstt i ,usc hesn e d u n c e  ties tls i liL ist
t he’ Imus e’s ,ic~eI t he’ut eiu re ’c h eld c i t e s t ie ’ n t , i t ues t s wi th h,i~e’ ,Igmf ,Ite’el the’ heuts lsi s lu tie h u t ’  atse l is ncs ts,ulsl’s
rc ’s lst ’ t t (0 me 0 111(1% e’nie’ rst it the dere’t h ells d it ,muct’tI cc ’s ei,il Inisbe’rs It) e n.ue It Sr.’. ’ tnisti s the’ it t ’
(tnt I’ tr u th lb.’ Cc e’ c esv. ’ r shisultl t Isausge ’ anti 1s t ’ sheet tsi t lte’ e ,ls e’s e e l c u le l 1st’ c ,ile eul , ite ’c I , Is is t til e

lessi’ l’s- allgust’tI cc mth ( I Vs ,Itlel (
‘ 25% (hi’ (c m i 0 5,11 ecius t ll e ’e il,uilt s llis and sml ~~,it uc s tss that mntlu

It’s e’Is would thesi be’ •such re ’ pmnj se ir t t cs ss ,ul to the e’use t’eI (he’ bre,uk iusg ‘I the’ bescs nss sc ’t ’ uss Its is, ie e’
‘I str e’ngth eli e,Ie h ,uss e ’n s is l ’s bei’n ptsmnte’e I ciut ,ucsd t’e ,mlua(e’el sot tie me’Slll ’ ,

lcs c, ace’ .~ 5, (5% us tsteske’cs I he’ ‘hesri’ ,ltit htsr
lore e’ ts ,mc tile ru’,tcm’tI ,tnel the’ Jti,utl lii tile ’ rt ’ uls.lm t l Iffec t esf ship passage
mti g Imi s es has mts re’ ,ise’el s m usiml ar l ’ ,  I he’ lesad As t lse ’t lt i est ~~’t l i’ ,t n lit’t - ,i 1111(1’ es us t h e ’  d e ’ e c i t  tlt’t
ta le cmla te’d fe-st (‘l’s’s u s lclcce’t Ihami t t s , it isle ’as urt ’t l e hart read M,it kits ,mw citses tsbelullei 18 II
,utte’r the hr,’,uk , Iseif the’ e alt uI,ml,’cI Ie,aei lilt (‘25% lsse’,Itimdig I h,it it ~s,usse’eI ttstesug li tile ’ ii I’ Iscicsi i is ,lt
mc tout h hi~he’r (hats its hslt’,isLlte’tI e ,ilue’ I he l,et 1811 htsuuc I ht’ Stsei m i  It ci ,mt, u siies~s tii,mt liii ’
te’t tlse’,Isurciiie’flt te’nsalne’d at ,ibcsut S 2(111 list (2 I M,~e It ~~~~ lesu leti eseit - clues ts tscsu ,ius ei, ,tt 1811)
i~N) nudIs t ot th.’ ti lls.’ helu ns I he’ shmp niust has-c’ Istise t ’e’c leel ci mr e ’ c ii’,

(he t ons ane ’, CII the’ ftsr., e’ d e l  I 25% sc’t’nss Its d iscs t lstr i ’ ,els s t nc s t i i  ti s e’ I d e  I t s ,ursei (hfe semgil tht’ ic e’
mistime ,Ite ’ that , test sesflse re’ascns cIt tsthe’t (his lmn,’ Iscscst i~ es~seus l t sg ,tl a spt’t’eI ,ms t’ r ,lgmtsg ts kts,its ( I 1

w as midst suppesrtmts g the’ b sesisi 1 hi’ri’ksre’ . it w as us s ) tsr ts s c ne’
th’e ide d to t  tile tiI,Ite the (tire e’s for t ,isi ’ I, w hmc ii 1 ht’ total tlue tei, llit sms in fe l ic e ’  e ,~use’di Is’s t ile ’
assut sse ’t i that sotsit’hesw ti ie’ 1 15% lust’ wa s lss ,leii ’ ship wa s tse ll g re’at . ,cts es ii t 1 ( ($11) list I hi’ u llh l leh i

int ’ l (c c  live ’ Its ,lt ieil t lt hul t el list ’ 1 (5% I Ill’s being t,itst I ,ie test - hcsw i’s e’t - us I h,i I the’ t~i,ue It mcsaw s
broken I bis c ast ’ gave’ ,i is i ’ttt ’ r i esrnt’Iat ion cc mdi ~sass,mge’ hrestmgh the ‘ St ies i I,irlsest e u ’  c cs %i ’ i cc
t he’ mt’asure’d t t s rt e’s than the’ pte ’s m e seu s  t ,ise’ se’tsse’d Is’, the’ it e’ t ’u e lts t ls t in e c’ i t sc t t e,mt slt ’ t i t s tes t  ,t

I he’ uiscs e cng. brtske’c s li i’ st ’e’tls s to mnte ’ rae I weth period cit about I S ulsmnuti’s Lse’Ioni’ list ’ Mat kuts,uw
the’ shtsre’lmnt’ ,itstl thi’ boescss Its ns,iki’ (‘2W muie ’f e’t l se’rgi ’el tis rcs ugh the’ Ileseilsi espe ’d l ing I his is

tt ’e l ice’ (cii si~,il I mc e’ e esS en tslesc-t’tls,’tbts It woo hel rusughl’s ,im s a logous t el tr ,us u’l Iicsg (wil t ism i e ls ust the ’

~srtsh,uhl’,~ ties this mti cscst ’ cii t isd s re’ cit the ’ cc .I’,s cims tatic e’ he’twu’e’n tile ’ fsses hsoudil s at ti lt ’ ,uh s es ~e’

elect rils.’ei e’arlme’ r under the semhii’e t est mtst t ’ rae ,lve’r,ig i’ s ise ’ t ’ e l en ,Ihsprusslt is ,ute’ l’s t ise’ ci mcf ai i e e
li ons I tsr i’saniple,a large’ ic e’ Ile e’ e sultl pusil tse’twee’n thu’ I discos S,uult I lee t n t  i’l,i,st ,umsci the
upon the ’ Iles ats at the ch Ild tmc l n st ( ‘ 25%’ and 1 lW te e’ boehili Its dIth er w esrc l s , a sisip tis,it e ,iu ssc ’
and nscsve t hens ta rth e’r o mt  mt st es the ’ u hannie’l I hi’ c Ios e’n to the Ic t’ iscsesti m tis,iui tisis e ocilef ,itte ’e t the’
Iun( t iesn point would clsesvt’ mes at i arc, t cintrcsIlt’t l hu .st lmmsg on t he’ hesouss uusde’t lht’se’ e est seI it ics i~s

h’s (‘ (5% ‘ (set ’ 1 m g I), and re’lmt’ve the Itsaci cii (‘25%
1 he me t’ e ouhcl the’us I re’e’.’e sesltci alsel at he’ c als ie’ ((fed s of sh ip, ice and shore
(loll ’ tri ’t ’!e’ tcs the (cnstse’rs , t hus tii.mng thms e cstsi 1 he’ e t ae Its lidi tle i’d Ill f i le’ I(t ’ t ii’, t ’l ,i( 1’ 15,1

bmnatme sn t l( hs e ls l t ses t l s in plac .‘ hcsurs ussaki’ II cliff me tilt t c s estm mn,i te ’ th1’
Iwo other itenss should he’ pot ntt ’ d cst it Ill e ace’ niuec hanism whi’re’h’s the me i’ e els en i cuulc i

I 1 hr (mist me the lotiti un A4 ’W Its nsagnetudc’ is tli’cie’Iesp the’ tcne c’s e ausuisg Iailuti’ in the’ ,Itle hisi
ts eai l~ t he sans. ’ as the lcsad h e m s the’ ic e’ shee’ t t hamn It nnmst Lie’ assunied that the ’ uc t’ h ide c ’s

‘set the other tw cs tun es also t art ’,’ appre’u, mab le’ c acise ’ the’ sheet to tie t tis ,t eifln( c ’ s i’ll us hen c rtie It
lotids the nsamn re’ ase s ts te n thus apparent anemia- cd I he’ lut ist plausmisli’ t i le d hanictsi see ms te l lie
l’s us t hat , be’s auise the lIne’s are not c irmet i led lii that sotOd’ it e slmd down t he’ gti~s iste ~ 115(151’, mcmi
e ,snr ’s thg . par t ie u lar It iti ef nlcs st i ’t fi c ie’nt i’s . cul l’s .1 t .on,’d h,’twe’e’n th . shoreline’ auid the’ it c’ I e)5 c’s

pen(mtsn cif t heir tension restrain s the ’ me t’ I hemr (ci the’ s ue mdsi t ’ s c it t he’ ant heir A45%
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5% he ’si time’ Rug.” iIIeozgh st,irtc’d Its nse v,’ dmsusn ts l iii’ isre’ak iisg t t l c e  i’s gt’Iit’t.ite’tl ill (iii Istiti iis

ti le’ shil l s tt , l i It isi,uth’ is’, t h e ’ cssuc is i l ,c i del5%t’i strut (tire’ we ’ l l ’  liii’ te ’scul t Is s ,mu l s l ’ ,- elt ll,i te ir ,ll

Ptlit It isi,ucs - it uss,m’, ii,ms e’ e atm se ’e l his i ’ e . m’ si-st ’c ’t ,ef t t il t c’ s ,le I mulg cuts a c t ’ c ’ ,  I,etgt ’ mc e’ t ts s - i ’ t ths,it se a s
t he’ Isocsns Its nes t ,t t e ’ cs utite ’ i e lest kss mse ’ mus imlat i I tel / i ’ l l  Its t i le’  I les ,ut ing d’It’nii’Iltc 1 ise’ Itsrc e’ Ic’s e’ is
s ie’cs abc ics f thms re ’e e ’t it l ’s ~,iiiiisst’ci Ic e’ list’ its t t s r  canicleis h i , l t ts es t t ise ’ s hne it  h uh ’ 155,1’, t s c’

tr es c ls ns i~ mc e ’ cc em It1 ,ie I lu ke’ ,i hlcse it sItu It Iic’(cc t’c’cs e ale eil,ite’tl te’ ,msc s-n,ilsl’, we’ll Is’, trt’,Itiul g ml as a

tile ’ i lldlge ’s el i a t lc its r I is,ut iis,iki’s ml t,ef ion t’,is’s It s st,iI me .111’, mc seh’ti ’c I lh iu l ,m t i ’  st test lure’ I tsr th u s sIt u
peush is i s tile ’ t i t s es t ,iti ti isre’ak (hut’ ismtigt’s I .mtge’ f e m t c’ h ut ’ l im i t  c ’ s i alt uI,ute’tl ill (ill s t ll ,It lClc ’t we ’ re ’

-
u tes ne i’s c isuld Lsi’ de’sc’Icitsc’ei wi lls little’ i c e’ ms s e is  e’ s til sst ,u ,if s, mll ’ s c lm t fe ’c i’us t I re ui s s fist ’ e’ ,ufll e ’ r c ale eu l,u

usiec it 1 1115 ilfl ’t il,i dl ms i l s is ,ldlt ml he’r 1,1 e t i l t  mu las iii tue  5115 cc ii Ic ii es e’ t t ’ hs,i st’ti Li P~ ms ci lie tins scsi id ,I I t’el - tsu

ill ke’e’~sut sg the’ uc c’ she’e’t ,mgamn st shsesre’ t t,egusst’csti’tl me t’ c css t’r lcs ,ttliisg

Ats e ’s ,eleu ,utu ts t i cml file’ isse’asure’d tel te c’s

Tensitsn link check siuises s t iu,ut tilt ’ 5% e ’ sf  Ic e’ hieleslll t o e e’is u’s scsnse ’

I h.’ Iesa cis nse’,usesre ’cl h’s 1 l~u% e le u n utig the’ fcc ts l,ufe ’r,cl tcs r c i’s , ,is ul it cc e’cu ’ ti shud sre ’luu’me’ ~\lst s,

Istc ’,iks ill tilt’ C, 15% ,itl e iiiit Imnt’ fescft ’ iii I’m ”’, ‘is cc iue’ui t hi.~ me e’ c us c ’ i is i itc skt ’ti tsr Is ,~ II’, hte lk i ’tl , if

,m t sei 15111’ Ill 1 ‘m’ t, “ ‘1 cst ’re’ I eiese’t li lacs t h e’ c’s, e ,iii m ts t e ’ t , l c  I lii’tcce’t’ts tilt’ sil d lli ’ ,iisii hu e’ Ise idlll l , cii
Pet he ’d e ,qs~tu it ’ , elI the’ Ituse’ flc’t less.’ ,s t this , It o’ t h e’ hcstsnsi t i - m ats . It s csi,ske’ tiui’ 1 25% ,lli t best t e l l l c ’

ei,it,i acsel t ise’ fc ’ ns m e sdl  lmt ik w e ’ re ’ i .ui c’t till ’ , in mt se ’tfu’ e list’ , u e’ , I I S’s c s se s st t ,utc ’, tist’ Ics ,tci ill

‘Ihc ’e t t ’ t i  I iit ’tt ’ 55,15 l id S tl l dil t ,lf lOll I hat flit ’ (e ’c i I 25% ,is cc i’ll .ss m is tics ii
sies ci tuisk ,umitl isi c ’ , is t i te ’ ulse’dsl s’, sfc’ Il l hs,icl e hi,l t igd’di 8 list’ tine ’ e ,errue ’r Rtsgi’n Illisugis c cin ltn hls t i t e ’ ct

thc ’mn c h,mr,me te ’ru sf m e s Its (hi’ lis,it i d l i  tilt’ iit scst ii ,it tile’ tsis i’ dm1 I,im lut e ’
best Its (cull t’ftt’c t c ,slun )cit lie e’s ,ultm afe ’el

(5 l iii’ cc arillitlg tre’t icl isrtmts ,ibi’s- e ’s ,eggi’n ate’c i ,i

co li c Lu Sl~~NS ~~ e’ ,eke ’sue’ei e est s el i t mts , s lst ’tcs eon fist’ mci ’ e . s c e’ l ,intl
sh isr e ’lici e ’ ,i -ncl Ii’t till’ c imS e ’i hni’ak lesose ’ ( lie’ I lcsse
tote u’s u,nih ’r tim.’ iii ’ . elS ,’l ,iiiii tile’ te e’ tie) e i tll

I l ist’ esc’st it e’ Ise sesc is s s isc s~c i’d a stui’ isf,It l t l , i I lisle c’s I esrnsc’ei ,e I nrc e’ e esuisli’ I h a t  csi,icli’ tile’ mc c’
m us pitse i ’ ns ,’ is t in rt ~c j c j e  mu ig h .u r i i tst uc e’ i e l ssc ’s c~S or 555 i•i~ c hil l , i%% ,i’, t r o l ls  shore’ cst s e t ’ it had brcski’.s
fisessc’ ish tise’ pre’S mt iti s ‘se’,e r I ii.’ ic e’ hse’IluIlel t h e’ tnc’t ’
e’ ,usf heses iss se.i” sf,ih ilc’ tststiu us uiile ’r s tO Ihe St Pui,ir’, ‘, R is e’c ic e’ hesesnis usc’ a cssuc Is

2 l he’ I ,uilis re’ 
~~~~ 

e ’ss It s I lie’ s~~ sf me t’ hescsiss gre’,iti’r tlu.unhi t’s of stuti lituk ,lIle iucs t e il ,sih i ,ltsel
ce. us t ot e, l fc ’ i i  hi’, Iafc ’ r ,cl tOIlS e’ill e’dil lii liii’ 501111 rt’l,ut e’ci shtit ku ’s ,itse l lunks th,its ,;us’s tithed me e’
It 0 t c s . eq 01151 re ’ ,l c ss whit h rc se i lf e ’e I mms Iei ,lt l mtl g I s ise m i ss s l I est  t u lle’s Itelt lwdi
the c (5% , icse bs tst e ,mlsI ~ fcs  t , m m ltmn c ’ ,uf 1~I *m411 li st
(I ‘I’ kN)

I h it’ h ,sule ir e ’ cml flit’ uss ,ml link ,cI I’) h tMl 11sf

(I ‘us ItNI is phi/F li cs g he’c ,uu st’ e ,ulsle’ C, ii,iel RECOMMENDATIONS
hme ’c’cl Iei ,ueii’el Its .11 le ’,icf I fif th) list (2 lii It N) the’
is re ’s ucsus ‘, c ’ ,m i Nes t c’ticstigh l l l te l rd l l ,et t d siS ms I Silss; s I m I ’ , fist ’ aus c hcsr Im m’ue’ ,ssse’nublmi’s , usi’ no
is ,m m l.ul s le’ Its s ,u ’, ccii ’, ( ut ’ Iutsk Isrtskt’ luc it e’ e ummslpesnt’dits th,sn ,sri’ ni’c e’ss,Ir\ ,uuci cisc ’
4 1 he’ ,ldu e h eir i h,umns at  A45%/ cc ,ms isremhi ,slsl’, thi’ hist ’usl iii h ue’ t’se’sh isessslhle’ cc a’, I tsr utlet,itsc c’, it a

su ’t c i c s t l ute ’ rss 1c m t,iml It w,is e c ’r t ,%lcil ’ , (hi’ uss e ssh in S es ire ’ Iti hit ’ us te l lie’ c tit llit ’c tt’tl to aus ,itsc ’iiot ,suitl .5

~ltsr f.uist I ,uulurc’ anti the lire’ak utu g Itim e e is si uae Is Ii’ is r i’q uur i ’eI . t ied ’ an ,inue hesr shat it Ii’, hi t lt ,I

csuikn sesw ii ,ml t i’stsu gh it tis,i’s is ,ms u’ he’u’nu ,ls Iciw as e is ,ill s shl,ie I. Ic’ , tics list’ ,iIle hicit Ist im lut ,itici s c leise’d

1 sf) 41(1(1 lIs t (I’t. ItN) I h1’ Isesemni t able’ th,ut us it f i f t ul i g , nest ,un elç ic ’ni fItti ng, tic s file’ 55 Inc t t i~ t’ As ,e
i ,ic he’d to it is.u s .u tsusn isn,il Iime’ak mns g sfre’nghh em( gi’tse’r,ul res le’ . cc ire re sist’s sh~ iti 1ui lie’ tisi’tl test file ’

2 II) 1111(1 lIst (I 112 I kNi ,eis if thus s .ulisc’ c ,mui he’ d iscs ,unse heir line’s ,end istitmn,s lent’s -

c m c le ’ t m ’ c l ,ms ,ics tipper luni m f tcsn this tort e’ It us 2 ( ‘ ht’c It liii’ pre’se’uut ,umu d hucit hm tmin ts (cml 1’ (Vs
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4 Investigate installing a strut ture cit some
se irt th,st would present the large’ southwest ice
c over trom rotating out unto midstream Another

- - rot Is pile” b e  tiled due south of the present one,
,ibout j (if ’, It (91 ml south of c ourse’ 1. mmght do A
sec ond one’. roughly half wa’s betwe en there and
the west me t ’ boom at the’ edge of the’ nav igation
improveme nt , would also help

S Add tw um new se tion%, c orsiplete with in-
de pendent anc hors and t’j hle’ struc ture’, to t he
west mt- c boom, t hms would help to reduce the
load d’onc entration on t he’ boom It the structure
.n atens 4 us •nst,s lied, however , these’ would prob-
.sbl’, not be needed

hi I ,sst l’s . and nsost idluportant ly, it the’ st e’
booms will he’ used contunuously during the
winter atte ’ r the winter oh 1977-78 , redesign them
using the knowledge gained to date’ Ormginally.
they were ’ a Prototype structure intended only
for temporary use Several parts of the structure ’
should he’ changed to make the’ns nuore’ relmable’
,snd easier to unstall , remove , and niaintam The’
ice restraint cap,it’mty 01 the’ timbers should also
be’ improved
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APPENDIX A. FORCE LEVEL FLUCTUATIONS IN WEST ICE
BOOM, 20 JANUARY 1977.

knttscsr lime’
le nt’ tin -) 1b5) )&N) Notes on Von-u~c’s

35% 1405 S (0(1 24 Sm~l I step increase ,ihdmul l4Ot~ hoeuc-s
(Iension i4cs7 5 4111 24
link 1555 5 ‘ill 15
1 1551 i SSts I,, (cli 2$ Snsatt In~ le’ ,ssc ’

lt~dles t i’S,tm(51) 1” I, I Raped ur ic re’ase to hre’akun$ load
ic ,c17 ci dl Dropped Its zero and rensait ic ’d then-,’

t ,~5’, Scu ll 5,40(1 .~4 Shine ot sI M ht s~j en -uatl c ln
liensseln lil ies S tudll 25 i-ti$h tstml fl t
lunk I Sill 5 4(1(1 ,~4
12W) 540(1 5,111(1 21

1540 S tidies zs ( c’flte’v elf see trnd slight ceursation
l’SeXi 5, 1111 2%
21551 5 , (41(1 24 Start rsl raised Inc n-ease ’
105 1 S .~die1(i lii II I’e’ak lcsad leilIeswe’d hc i~ pud de’e n-case
14154 ‘ (414) (1 Masui’usunm leillemwung pt’ak
:it t: de,4~l1 .18 III (In-set fort e’ tfrcmp at abacuS u.titl) lbi (7b kN)
111 $ .~‘,2eiel 1,11 Mas unseic is subsequent le”.eI
2110 ts ,4(ll 2$ ()e’c te’ast’
1~ 1is es.q0o ii (;radssal ruse ’

Midnight 7 1(1(1 31 Stable’ Ie’vc’l
(‘1W 1 1111 ide, 711(1 4 Slight gtadtu.icl inc ru’a..e
(Ie’nsuflhI 1555 1’ tIlt IS
funk I 55Cm 1 ‘MIS 1 Snnafl ch’ p me n-ease’
Ii’,’,) ltidlts 18 5th 5.1 7 I Mauunsurss b,’ tc mn-e’ break tml C, iS’s

1dec17 2d5 ehhl $‘l Menuisiescss ensnse’cli,cti’lc- alt,’, bre ak
Se miS (StIll 14’
ISles 1’ leSs 121 Sars-ung Ic’cc’I hati siatsel,ze’d here’
lIlt’S 2’S , eltie) II’S Se’eiue’flc e’ small m e  ‘ease ’
1515 lts,1*h5 ‘I ltillo~ e’d Is’, tin-op to thus tt’c-e’l,
15 3 1 2 i ,~ ls ills and ~ rebotsnc l t o this lev,’I ~ he’re

It seas nearl’, constant
:il: ~’ Ii Sell Its ” Slant at uusc n-cas e ’
21)11 34 1315 152 Masinmeucis temlle’iwc’d hi, lIeu, Ic uat s ofl s and
204’S ,~t, tIll t i e s  redcst t ic -sn Ic’ thus Ie’ve’t
lOSeS Its (5115 Ill, Star t t~t qcmlle’ large ’ ti t se tesalso ns
2052 5(2151 1 13’
IllS 5 I S hIl l ts’l It Stiqie ’eI C (5% and heir hrcmlte’
211) 2 57,151511 iS’ III Mas ,nsuuss load
11112 4 1 (cli iii
15 17 15(11) 4’S
1121 4 ‘11*1 .!.~ Stable lev,’l re’ac he’d

It
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A f a c s i m i l e  ca talog  card in Library  of Congress MARC
forma t is reproduced below,

Pe r hans , Roscoe F.,
Performance of the St. Marys River ice booms, 1976—1977 I

by Roscoe E. Perham. Hanover , N,IL : U.S. Cold Regions Re—
search and Engineering Laboratory ; Springfield , Va.: avail-
able from Nationa l Technical Information Service, 1978.

v, 18 p., th us.; 27 cm. ( CRREL Report 78—24. )
Prepared for U.S. Army Engineer District , Detroit , by

U.S. Army Cold Regions Research and E~ gineering Laboratory
under USAED, Detroit Order No, NCE—A 1—77— 116.
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1. Field measurements. 2. Ice,’. 3. Ice booms. 4. Inland

waterways. 5. River ice. 6. Rivers. 7. St. Marvs River ,
Michigan and t~~tario. 8. Winter river navigation.
I. United States. Army . Corps C-sf Engineers. II. Army Cold
R.gions Research and Engineering Laboratory, Hanover , N.H,
III. Series: CRREL Report 78—24.
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