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3 INDUSTRY OUTLOOK

potemialof e Weslcxtension s received continucd inteest (Husky Encrgy. 2008

Expansion plans for bOM e Terra Nova and Hibernia iehs aso indicate the trend in
hemessing the ull polemial of Ewfoundland and Labrador'soi | and gassesourses. The

following fgure shoves he spproximate locatiol of theaforcmellioned fie s with

Figure 6. Offshore Newfoundnd snd LabradorOilfickds( Rigzone. 2005)



st due for services

becoming increasinglydiffiull 1 make project cconomics work. The WhiteRose

o cxample,addsonlya 10

bt will st 25 % of the oriinal White Roscdevclopment hudger (TheCanadianPress

provinee iscx pecied to reach the 400,000 Barels per Day (BPD) mark withproduction

expansion ofthe industry. larger stand-slone ficlddevelopmentsor smallr feld

deselopmel s equied. Park
production trends for the theceeurrent producing fclds on the Grand Banks: in 2007330

pereent decreasein production was predicted by 20 11, Withoutadditionaldesclopmenl



Themajorilyofoil and gas aCliviy has been focused in Theleanne DY AfcBasinwhichis

bearing rock.AlldiscoveriesonlheGrand Banks lodale have been inlhisbasiawhile

There are spproximately4 million heelares wnder licene i the offshorcareasof.

by heCNLOPBIn 2

have been grantcd fo s parcels comprising 3 10l of 604,647 heclares. Thrscof these
parcels, which make up approximalely 13%ofthetOlal ara, are locaedin the Jeanne
O'Are Basin while th remaining area s in the Weslem Newfoundland and Labrador

offhore rgion (Ocpanmenl of Natural Resourees. Gov. NL.2008). The numberof




328 well had b

n spuded (spudding i The very sar ofdiling on 4 new well)

& I0lalindusiryespendilurcswasapproximalelyS21billion =1 Sbillion on

barels of natural gas liqids had been discovered (Deptanent of Natunl






4 SUBSEA PROTECTION

41 Conventional Protection

4LL Protection Frames or

hal here isa large enough isk of sccidental oading. hen some means of proection

thee isa

tisk oFdropped abject impact loads o snag loads (Tishing gear. anchors). Work s

lures. Maximum

oadsexpecICd from dropped objeetimpacts and fhing ecararestjpulated. Forallluli-

s given s 5010, A maximum load of | MN GOl traw ground rope sna s given inthe

progressive collapse limit Sate (PLS) for  nom-overtwlablelnonsra: freestnucture






e, a wellhead fulure. Thesafely-valve syslemisdesigned 10 be fail-
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in The wbing sting ot cast30 m below theseanaor. s lipulatdby IheCNOPB under

An sualysis perrormed by Doha (2007) provides insightilo thesare angeordepihs

which certain dowsholecomponenls may bescl. Signifieant sresseswere round 0be

nonexiSlcntat ypical SCSSY inSlallslion kvels. RekuncconSCSSY's and other |

morrductionin o peront



ponionofihe Xmas Ire.can be placed undera safcly class 2designationascenain

10 wilhoulice

Foran unprolected well. Fowlow (2007)cslimates an iebergeontaclprobabilityof.6x

0 hriSlrmash

the Iee area can beneglected. ahicving a COllct probabiliyreduction of 17 %. -

iven iechergeonlacl hasoccurred. isapproximatcly0,097. Integratng this sug

a5 well ag n SCSSV probabilly of i lacaf0.027 an overall lowout probabilityof9. 7

S yesrs. Fowlow (2007) uses a more conservative valucof36.7. which reslted from

polenlal leak sources. In addition thedalaset ma



resuling fom iecberzcontaci and the comesPOnding effct on S

SV relabiliy and

To ke parate rom

Sccondary barriers et s backup i caseafa primary barrier faiurs andlcniary

Doba (2007 performed a fult tre anslysis ) roughly predici heoveral probabiiy of

lheir

combined cffons give a probabiliy of filure ofspproximalcly § 10 Tilcunnulus

barricrs- packerscasingjoinls. ubing hanger seals and ammularisolionvalves-givea

wasperformed giving therclabiliy o fallpolenliallcak sourcesequal weight when in






Figure 11 Proteclve ShellerConcept (Petroleum DirtClorate Gov NL.1951)

DORIS Engineering perfonned o detsled study in 999 on akematives to ghory holes

protectone to threesubsea templatcswhich require  much hrer stlcturethanwould be

required by a single satlil

Nonctheles. thecstimalediccberg kadingand

necessary shiletre sideslopewouldapply. Tile minimumbeight waschosenas 10m

Scsbed. A horizonlaltree. usuallyaroundSmhighwouldreqlie @ structurcabCl § m

Hgh, Fgurel2

from st of



Figure 12- Typical ProteclionSiruclure Arrangement (Dors Engincering. 1999)

The fol lowing poinls

Ny outline I varous shctures considered

oping fuce design and external shell of conerete o sesl. To be foaled snd

separately comsnucted and ransported elemellts. Similar o the monolitic rigid

+ Pled sepmenta figid strucrure this solution was shown Io requirea hrge number

ofpites lo resistibe lateraloadsand therefore was 101 imstigatcdfuther



expected kading 10 the requiremenl foraconsidernbleamounlofaddilionsl

berm around.




uplo LSminthepast(Clark. Helheringlon Zavitz. & ONGIL1997). The evel of
uncenainly and prudence for esablishingaconservalvedesign basiswilhrespecll 0

Safely Trgels hasTed reccm developmenls on IheGrand Banks, amely White Rose and

in e

incosporsed apen glory holks providing about 4 1 of scour proiccion (Camick. Delong
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Difficult

WhileRosegloryholeexca3iions. Cost implicaions of rge open glory holes provide.

reasollloerC3echeapershemalives. Wilh ancstimaledcos] 9,55 MM CDN (2007)

carridoll Thesil

operatons, Thesilohasaweakpointatapre determinedclevationbelow ca fevel. In

the case of

cherg impacl. the silo is sheared a the weak poillt ndlheupperpartofthe.

il is sacrificed. leaving the lowerpartofthe s o the wellhcadandiheChrislmasirecin



A feldiial in 199010 assess the feasitilyofusing Tornado DrilGechnologyshowed

NATURAL
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applicd o the

loped excavirions i necessary t avoid sil slippage. Aninnerprotectiveshieldcould

alsobe incorporaldta protect the production equipment from debris and makecleanup

NATURAL
SEABED

mult-well cluster tie-hack developmers from @ risk and cost perspective. The modifed

ed hokeconcept wasfoundiobethe mostattact

coptionfromacombined cost and



ey, The

Jink sClivalion a brea

special

Banks by

s productill wels i he feds ar found 10 be cornmercially viabc ata llerdale. As
discussedby Fowlow CFER (1988 invesligaledthe collapsc behavior ofthese 1067m

0 assess the b

While

the relt vy wnsophistcaled anslysi yielded favomble resuts. uncertinlcs in cason

trcnith snd soil parameters were sufficient to sugs thai n SOUCS tuaionscaisson



ousson
LOWER WASTER ALYELS)
08 OF WELLHEAD

Figurci7-CaissonComplelionMcthod(Fowlow.2007)

1a78) height was

‘6 (approximately 1.5m) @ other crical

portions of the syslem are sunk toa req

deplh and re designed I uomatically shat

pasictila design s

covered by a protctive dome. New design (catures (or this concept were prototyped.



Figure18-CameronlronworksCaissonComplelionSyslem(*Occan Industry.1978)

insulled
using siandard procedures: aconveicnce feature which woukl increase atlractvelCSS of
any neweoncepl. Thediffcrencebetwecnthisconceptandihecaisson compichion

syslemisthenon-requircmeni fora lower lrccassembly. InStead asingleisolationball
valve i nsalled abovelhe bing hanger. BClweenthelubinghangerand weak fink in

Ihecsissoncompllionsyslem.therceonsislsa Jowerand uppertree sssembly compared
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whing. The intntior

ofthe pipe-in-pipe cross sceton i o desrease stiffnessattheshear

Figure 20-Amangement of Shear Link Wellhcad System (Doha, 2(07

ofthisconeptis tht no special ol exira excavaion or vessel requitement beyond a

ars requied for insalstion of sub-mudline casingandrubing hangers. Al

major sctor i the relative cconomic atmctiveness ofthis caneepl. AdownfilLofthis

comceptis thai while shear Tinks sr inlended m relieve harizontal I



ot prevent damage from significant vetial forses. Thevertical frcesereatedduring

in estimating an overall sk Revelof 1.27x 10% which is fess than Ihe largetsafelyLevel

OF1X10° I weassumeice management isunsuccessullhecstins

s incressed u

A lheee year program by GERTH (Groupemen! Européen de Rec herches Technologiques

sures in 1976 wit dying 8

design ofasix-momb.per-yearproducion scheme as ilustrated by Figure2 1 (sec Duval




To place critcal compancnlSoll ofrange of scouring ce keels i was decidedloplacelhe

cquipment on Ihe boltom ofa glory hole, The Ximastre slood & height of4 mwilhas

AULin place 10 avoid filling by soil cave-ins. Tubinghangerswere locscd in al m
caissonapproximalely 17mbelow Iexcavation bonom, Thecaissoncornplelion

lower and

and upper sce asscmibly (upper ful safe miSler block weak point extension vy

diverter well

Oainingeomponentsarelocaledhelow Iheweakpoinl. Thewcak point isincorporated

in his particular design as asafety measure in the improbablecven ofani ccberg kecl

Thisconcepl includes theee separate protelion schemes n onc: open ghryhole cased

slory hole. and caisson complelion. ForapplicalionontheGrandBanksorinanyother



has had

e this sy, The

Figure2 I Muli-ProtectionCollcepi(Duvalet al 1950)

development in orrshore ice environments. An i depth sisk analysis & conducted ror

concepts presented.

ol the Xmas 1 with dorwabole weak shear plane and the modificdeased glory hole



options were deemed worthy offusher sIUdy due to their avorability from commercil

Componcnis ofthe completion sre suggested. Resulsofariskanalysis based on contct

frequency and he potcntal

Asdiscussed by Doha (2007), ¢ would 01 becconomically asible fo rescrvoiesless

protecton. A recommendation for new subsca protection ideas was putfonly

Fowlow(2007) perfonned an in-deplh sk and cost sudy forlhe varous prolection

comepts

e el devclopenent scenarios as wel as muli-wellelusterarrangemenls

were analyzed. The annual contact probabilly wascaleulaled foreach concepluliizing

effcts o ceberg management with an asumed §5 ®6c ectivencss. From a purely risk
based perspective. assuming tht ce keelcontact resuls n @ well Blowout. i was

Suggested hal open ghory holes and modificd cased glory holes ar Ihe mostfavorable




reduced by shortening the spacing betwcen Xmastrces i they

uster. Fowlow (2007)
suggestcdchangingthe minimumwell spacing from 25mioiO mtoreducceoniact

cost anlysis was undertsken fo the aforcmentioned wellhead protectionconcepts. The
et cost ofa paicular system i evalusted using the following expression

WhereCl.y sthe net incremental systcmeost equalta e incremental CAPEX cost

(Ceam ) IUS e COStOFisK fom icebers (Cong ). Cost ofrisk can be cxpressed as

where, f1

L seost

singlesatellte wel development based on nct cost. While s unprOleeled wel it snd



hreshold sty limit 010 5 based onlheassumprionthal ice

comparison of the associaled coss for each concepl. CAPEX has thegreate

nfluence

Unit Normalized

Figure22- UnitNormalizedCAPEX &Cost ofRisk (Fowlow. 2007)




The majorilyoficebenss that find Iheir way 10 the Grand Banks calveoffoflheWest

Jechergslravel  orthinlheWeslGreenlandCurrenl IhenSouthintheBaffinand




causing scours (zouges) o pis. It & worth noting that theCanadian lerm “scour”is

ynonymous withtheU S, term gouee’. The numberoficebergswhichenter the Grand

fechergseasonextends from March through June, While iccbergs are great spectacles for

Acceptabe safety orrliability targes associaed it subsea instalations i ice

omshorccodes provide the bsi design guidance relating t Grand Banks e ssues



Greatrisk o e orhigh.

Tow
Safety Class 2 | potentalforenvironmental
pollution or damage

Safety Class 1| potentalforenvironmental 1xi0*
lution or dums
‘Small ik o life and
e

instalation i hrcore 1510, Up 1 aboultem eniies can be reatedindiv iduallyatthis

safey level

o njecton well.the environmenal impact wil b lss scvereand thercforethesafety



from Ihcgeneral seaicc oad probl

They showed theeffect of lowering e vertical profi installation on

Between 10 and 10-Jwhich is 100 high fo asafly class L installation even Though a full

wel blowoul ismol necessarily a esul ofimpaci. A mai recommendalion from this

paper was o asses Ihersk loslruclures tht prolrude above the scaOvorbysimulationor

“To assess iecbergrisk 10 subsea insallations which protrudeabore The mudline we need

Figurc2d show
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Tablo 2- Areal Densiy for Desyree Squired Containing Ifajor Developments on the

Grand Banks

Areal Deasity
(lcebergs/Ye
Squared)

Source

060

Jordaan etal.(1999)

071
%)

in Fowlow Q007)

C.CORE (2007



LI
106 103

In a report by Canince Consultants L. (1999). sudies by Brooks (19555, EFTahanand
Davis (1955) and Miller and HCtzel (1985) were discussed. Brooks (1985) showed that

an eberg's watcrline Tengh i greater than i deaf in Ol 92 %60 fihe cases analyzed

170ut0r2 0. Milirand

e (pss)

Knglhais) wasts

fiheicebers kngth. Fromhiseesult losccomrelationbetween






D=1030xp(0.70-0.78 InL)+E

Avecent report on ice management (\MEC Easth & Environmenlal. R F. McKennak

Figure 26- PercenlugeofFrec-Floating Keels Capable of Impacl (C-CORE.2007)







Known profiles and recommendation is made loincorpor:ucdata from manylccbergs:




Range Mean Value

T0Bm> Drafl>00m | 0.22mis

105 m > Drall-85m | 034w

T m > Drafi>80m | 0.30mis
Full Region

On-shelf
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Figure25-DriftSpecdStudyRegion(Stuckey 2005)

Fiekd speci i catimates of mean il specdshould consider the wutcrdeplhranizcof the

feldlayaul. forthe

Gl study region inThe above figure. The ollovwin paragraph i a review af rher
(2008)

imatcs of mean drifispeed. havever. Insrccent workdona by Stacks

previous







includeSthe  ortheastGrandBanks.FlemishPassandihewestemportion

Soscourstkm’

O.S6scourstim’ ThevariabilityinlocallevelSorscourdensityis notcd:thercare

incorporated inlo the GBSC. A mean scour densily or 2.64 scourskm’ was de(ermined

forlhelsokm” region




Geological Inference - Upper Bound




Scour depths re diffcul 10 measure consistenty duc (oinformation fom arious

phell 1996)arcinclose agreement;forwaterdepthsranging from $0- 120







Scobiing esverg Keas

through an cxamplepcninent tothis study. Thethcoryforthisapproach was first

prescnted by Sanderson (1955),whodexeloped the method todelermincthefreaquer

melhods requiringestimatesoficebers nux. The following formulac are recentl used



wher i theanmual verage area densy of sbeng, ] s he proputisnaficcbergs
withdrtscapableofcontaclingthefaciily W, fsthe mean widthoffce-nosing

sbery Uisth 0! is

079deg” K
ny zoom 10" 0 o 21500 vt s

26%10-°y.

wherep, isthescourrate,L) isthemeanscourlength Wik isthemean scouring

isthectfective

2y X107 o’ [’ (72 + 21m) x650m




n=n+n,
=2.26x10-' +4.23x10
2310

RClum periods for contact wilh cach type of approaching icebergeanbedetemlinedby
laking the inverse of the contac frequencies. Therelumperiodforcontaci wilh a freely-
fostingiceberg i approximately 442 yearscompared with 23633 years forascouring

The addilionalcomae sisk fom pining iccheres iccberes Ihal ercalC round or oval

froefloating



TablesS- lnpul Paramelersfor TotalContac ProbabilityofaSubsca Facilty
Protruding Above Ihe Mudlin:

D,
079 Megree
m Sousred
SCClions 24/Croasdalecil
e CClons 24Cronsineal
icebergs)
Mean leeberg Dift |
Speed v
Anual ScourRae | 5,
e Keet Wi |-
Mean Scour Length | L.




in sccond place wilh § percent oFoperalions followed by warer camnons. clS andlwo-

in some carly reports. has e dismisscd due 10 the associled dangers (Barron

The following labl gives I results of the analysis basedon these twodefiitions of o
‘Tableo- IecManagemenl OperationalSuccess( Barronetal. 2005)

Opetiond Sucoms 12 o1
[ we |










provides a good it 1o cmprical data for rcas anging 0.6 m” 1 6 m”. To delennine local

{ce pressuses (1. ) corresponding toan exceeduace probabilty (p,)the following

1, =af-tn(-tnl1- p )+ o}

where p canbedetennined with knowledgeofmean eventduration /aand contact

(camming of Kigorisk vessel. mesn duration cquals 07 ), 1 i sssuied here tha each

COMacl qualficsas an eventior forher deailsand explanation sce (ordaanclul..1993)

pressufe-ueure atonships forcleulation of global ce forces. G lobalice crushing

pressure can becstimlcd by the pressure-area relationship

P=c,a™
WhereC..~Tand Dy =0, 4may betskenas mean global valucs, dependingonthe
applcition. Bow ese resutswers derved

ship ram das (Jordaan, 2(01) Both CF andD"can be laken madorly loex end the




rangeoflistc physicalstuations. The mean S laken in thisstudy s & means of

Wisrecognizedthathighlocal pressures mayex sl onsmallcrareas Local ressure

curvein Figure 30, Focusing o the 10,000 year localpressure cure 1 i evidend that

B

elobally. At point where these curves nlerst u transiion from local 0 glbal

mcan global pressurcealeulatedforlhe mcremental ara in contaCL 1€ for cxamplewe

sssume fll single a

approximiely7 m)uponinitial comtctthearea isalteadyclose o e local 1 global



this prefiminary analysis. The cffcts of igh local pressuresover smal contactareaswil

pracooures may best capture This responsc mechanism and is a recommended couscof

[Paramete |
0| saine . [ Preminay csimae (P Swkey_posonal
e 2008)

munication, July 20,

——
—— I Calculated in Secton 5.4

PSS ————

Figure 30- Local Pressure- A'ﬂﬂ WW‘ ’Zng"'x Retum Period & Mean Global



lechers keels scour he scabed when Iheydrif nlo walerdepths <hallow

hydrosklicsand differences in modeled seQurl




snd scouring icebergs were considered. Bused onlhecontael srea.a forcewascaleulled
from the sampled pressure. ContaClareas resuling from frce-nosling snd scouing
fechergswercconsidered n he analysis. Pressure wasassumed to develop unifomiy

over the entie rigid-body contaclarea and all mpiclS were assumediobe dircethils

55 rmin beicht will w

o the ke

o s over the ICP Oflhe strclurs. Forlhe semainder ofthe icbers
population, hcdistance required o dissipate the Kincticencreyof The iebeng was

caleulaled based on iniil iceberg drift velocily, iceberg mass and impact forceapplicd al



Force (MN)  Momenl (MN-m)
Sid.

Mean Mean  Sid
33 43 92 66
Scourin e 52 18.710.3
excecding2.§ m? 106Stimaic ic keel forces on ahernaliveproteclion Sntctrcs for the

loads ranged from a rcsultani4OMN-200MNon strucluseswhich varcd gresily

fechergs with subsea sikos would be i the order of 10-30 MN with significantdownward

iccbergs.




estimating ice crushing pressures. The cosrfcient C..is aken as7andlhecxponcnlD,

sacrifcial well cquipmen be localedabovelhescabed and crilical cquipmentbeinslalled

Figure 31-Geometry of Trunca

Cane (North Atanti Offshore Engincering Aliance.



As part of hestudy, Ihe delermination of iecberg loads by cnergyconservationand
‘mOllcntumconservation spproaches was inveslgated, Asvwell.anumericalmodel of

fecberg nOtion was accomplished

A resent study by Gudmestad snd Liferv (2007) assessed ice oads of sn ice-ridgekecl

onarigid subseash

cohesion, keel angk of intemal fiction). Theanalysiswas performedfor shallow
intcanedialCwatcrdColhs in ce covered walers. Asampleoutput eraph showed anmul

exceedance probabiliy versus comacl fore per mCler(widt) for 3 10mwideslruchure

30 mwater depth. &

Confined ke, with lhe bigh driving forces Oflhe surrounding iec 00€ were presumed ©
ither sheara Th Keel or fillocally and/or ghbally, Resultsof The analysis showed tha

i all but o cases, local propagating filure was the mechanism that limiled the keel






Energy 200, f for

where KE, . Eis

liding(or crshing). E. heenergy inlifing e iecberg.and EI inrol3kng e iccberg

where mis miss. ¢ is anaddedmasseoe ficicaland I s lhe asSUleddrift specdofih

waler suounding the iccbers. The sdded masscoe fcienl an vary betweenQ OSfora



exaellcly




o Ihe forces at hekeel

Eromihecenterofgravityofiheiccberg.c. nd e, arelhe harizonlal andvertical

beequaled 10 the righing m

nent todetenn

nelheamountofinducedrolalion Righling

subilty. It stherefore important 0 ntegrae sabilitycalculations when considering the

M = 5in0-A

eightsnd & is

Where ¥ s the submerged or displaced volume, The distance GM i pivenby



where KB s thedislance fiom Th keel 1 cenler oTbuoyancy. BM is hedislance from

the keel 1

M, = B - RGhino- &

Wwhere 1. is the moment ofinena ofthe waterplane arca. and ¥ s the submenged o

displaced volume. Equation 6-15can then be rearranged ss follows

1

S

(. TGA)in0

e assume hatfor smallangles.sinf - B.the cxpression canbefurlher simplifid

an icchergsome angke wilkoutperfonningdetailed sabilitycaculaions Foraninitial



calculaed by:




» Theke from s hydrostatic analysis will be

e r paled through
crushingofihekecl.Encrgystoredinheavedisplacementwillin turnadd energy to the

System inthe form of polental energy: the et balance will ikely beneghgiletowards

Assuming basc kel widlh height (h)
e rdius of the o Figure 33,
blshed wed
5 he hight canbe

adjustedand the hydrostatcs peformed iteatively: the foliowing deseribes s process

by simple cone(inthisClse,

where h, 7, and 7, are llusiated in Figure 33, The weight o he ce (W,, ) which is
qual Olhe buoyant force (FB).can then becaleulaled by muliplyingthevolumeofice.

by the unil weight. assuming the densily of ce is spproximately 925 kg/m®



densilyofseawaterisio2skgim®

(Eq625)

requied;  soluion can be schicved iterativelyorusinga solverloolsuchasgoalseckin
excel. Furthermore changes lo hegeometry(i ¢ overallheighl)can be made t achieve

e desired drat



symmetric geometry in this cxample. ther i no need todislinguishbelsrcen on

can becalculated by equlion 6-14. The location of the cCalerof gravityforatruncated

2 o)

wherel sectioml area i

AfCreauating these key parameters. it s e

ively simple 1 ca'sulae the slability
curve (GZ curve) fOf the given shape. taking advantage of the small angle.

approximation. With surticienlaccuracy forallpracticalpurposcs thedistanceGZean



accounled fo.

pressare can be approximated by the nominal presure

tionship giving normal

Will e sharp increase. and e aceumulation ofarea will coninuc on lincarlylhcreafler

angle ofthe seUClurcand the cosfficien offeclion behween e kecland slnclurcface
Figure 34 illustrtes the growth of the contact area ik horizonlal pencirationasswellas
he nommal and component forcs. Theappticdmornentatthe keelis then caleulated

enabling esolutionaflhe rotalionangle. We can alsosole for he verical uplif s the

displacemell. the work done by surge. heave and pitch motionscan bedelermined by

gral e e




performed for a truncated cone shaped

sample calculaion

rectangular frame seucture as summarized by the parameters

“Table 10- Sample Calculation Parameters Trunca







il allof

Fronlhis

fgure we can s thatcrushingencrgy incresscs apidly at st due o the fic that the

GOt v s 2 0 a8 4 oas

Figure 35. Work Doneversus Penetration- Trune ledCone lecbergGeometry
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Parcantge of WorkDone

Figure 36 % Work Done versus Penclralion- TruncatedCone lecbergGeometry

Tocslablish an

eSlimalCofthe eneray dissipaed through rotaton. we can simulae  ectangula prism

u

CClkerof sravity will be zro asthe horizontal and verical forcesapplied l the keel and.
the moment arms will be practcally the same. The cakeulaionprocedure is the same as

forthe previousexarmple, aside from thedifTerence in geollcty. Thefollowingiuble






As can besecn n Figure 39. neady ll ofthe work s done by crushing of thekeel. The
Sabilly in comprison o the previous shape. Theotherfactorsehich conribulesgrearly
centerlne ofthe iccbers Theappliedmornentatthe keclabolllihe center ofrtalion is

equal 101 horzontal force a the keel multiplied by the disance from the poit of

horizontal distunc is only a small smount lss Than the vertical ilance thererorethe.

e resuls

applicd moment s the keel is much kovwer than fo the previous case.Froll

s clear that

prescated i the

hrough crushing before the icebers comes 10 st affr surging almost 11






volumeand waterplanemoment ofincrtiasrecalculaled todelerminelhe

han the proportion from pitching. Thisislikelyduclolhediffercnce in th slope of the

Ihcorelinllycame toreS1 it had pilehed abouijus secate than 0.23° which closely sgrecs

with  mcan pilch 070.24" presenled in  similar model sed to predicliceberg dynamic
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Mean lecberg Geollclr

Figure42- WorkDoneversus Penclrtion- Mean L
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[EERERERERE]

Figured3. % Work Dane versus Pen

ration - Mean lcbergGeametry

disspbledeniecly through crushingo lhekcelmay be comscrvatve i cases where the
intal poin oFcontiet i fr fom the centcr o rialion ofthe icbere. The recollmended

course of action s toscalecis

ing iecberg profilcs of icebergs suchihatlhey willhae

sea shucturcofa given beight inu For

cachicebery. Bestability woutthevarying dirctions shoukdbe délermined

Representative be sssumed to

The iechergin Figure 44 for example il behave diferlly based on the poin of

contacl. Th

metacentric eight will changeabou different uxesaswell 3 the disance



produce sery differnt results with change in theoricntation o impacl. Applicaton of
the Monte Carlo approach is ecommended ) cover a wide range oficcberg profiles Wil

arc madelosimplfythe load ransfee process. Secmarios areelevelopedto asiess he
stustusal rspanse of aproleetion frame to loads representatve Oflhose Il woukdbe

imposcdduringconactw hanice keel. Alhough awide flleofkcberg koad evells

Ihe ic-stucture inleractionprocess for conlaclwilh scabedinstalltions Based onthi

. borizontal foces generated by ke crushing

csures and surgepenctralion

Il be used comservaively tocalculle lotl workdane. Since heaveandpitchmolions
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Figure 47- Work Done in Crushing versus Penetration (Rectangular Frame Structure)

642 Contact with Truncated Cone Protection Siructure
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FigureS3- Work Done in Crushing versus Penetration (Truncated Dome Struclure)







Each pileconnceled tothe stracture is modeled s 3 separate ntity based on the
assumplion that single i e load and dencetion characteisicswi Inotbeaffecledby

agaceOples. Generally forpl

pacing grealef thancightdismelers. pile grou

may ot have B becvaluuted(A.P. 1. 2000). Empirical methods. based on model and
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Figure 57- Potted Values of Vertical Bearing Capacty Factors (American Liflines
Alliance, 2001)
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Load impacted by

ol fora subses labular-frame prolclion f B

applying forces resuling from pressures representalive of e cushing slrenglh we can

Where F i theforce and 8, represees the caSic displacemelll,Eis Young's Modulus,

Kngrh of the conlactarea along the direction of hetube. Thecharaclerisic lenglh isa

iscussed by Bai (2003).an empirical cquation wasobtuincdihrough The amalysis of

Hinear finie shell clement analysis results and indertation 515 A mean alue s found 1)




~2.1°L/D

ndenlaton 8, can be alculated using o semi-cmpircal cquaton. Theough enerey

As u s3mple calculalion. il u tubular member with 3 diameter of 0.9, and thickness



givesaforee, F

clasticandplasticdisplacenentsareq . 18.36mmanda,~24 62mm. ASSliminga



predicISihe hardening behavior n theplastic

Erades (Walker&Villiams. 1995),

Figare 59 h

on of he Sress-shrsin curve (Wikipedia




A as wm um o w28 A ase eow

modeledusingthesameelementsasforpiles(B31). Pipescelionsare defined for the



ponse is based on Teoryassuming

defined by nonlincarspring elemens in two lansverse dicetions and the longiIUdinal

edepth and

The aput £le

cencrator which ceates theinpul e 10 becvaluated by ABAQUS Shidardwith

atonlhroughsimplestruclumlmodels b irecognized That siress itensity




The following Oowehan oUlines theoverall analyss procedure. Themuin idea s that

e

Calelate work done by kegraiag frce penchation
curves (e if s crebing only. ntepate
honzontl force-penetraton cune)

Calulate avernge presse
o cac oad ep




“Thisscclion presens the resulsofthe finileekement analyses descrbed in the preceding
chapler. There:Witsare fillustated or the rectangula frame model. Theeffectof
incomorningeurved versussnight mermbers i then shown though comparison ofthe

structural response of the tuncated cone and dome models. Bised on the outeome of

Note It Ihe vided ae scakd to improve

ndeformed geomelicsae provided in Section 5. Conlacl srcasare highlghled ond



Struclure (2.5%

‘magnification)



o
3 SN

A (D

=21
60 keel

Figure6 1-Comparison of Truncated Cone and poiic Sirctures (2.5%)












confgurations providing

increased vertical support fo The circular base models could

Since

heside fimpact have displaced inwards about 0.9 m. “The interacion wih the 30" kel



Focusing on the frame response with V1= 25in Figure 60, the poin of first yieldofthe

Figure 65, The area between bwoconsceiveverical lnes rpresents o load slep. At

hispoint Tncice keel has surged about 3 melers and about 27 % of the assumediniial

Figure 65- HorizomalForce- Penetralion Curve - Losd Slep Segmenls

Ina side-by-sidecomparson ofthe Inncated cone anddoll modes ihe esuls shown in

wertical loads Comparisonof



Figure 64, The added stirmesssendsiherorceslhrough he pat o lesst resistanee to the

To improve the dome models ilis

theywould

rectungulur s ractivencss.

could potcnially



create unique and eXremechallenges in every aeClof new developments largeand

A polCrtia solUon for lhe rolsetion ofsngke stelite wells was presented. Thrce

Separate configurations were considred under the ca

ory ofa wbalar frame protecton

for simple

Shapes D assess global kading. Theinilialkincticenergyofsampic kebergs Was

cqualed 1 the work done n crushing i lur of the ice kel over the contact area.and the



implifcation ofthe cnergy approach which conscrvalively assumed crushing filure

exctusively- inlicu ofbetterunderslanding-wasusedtopredicliceloads which were

predicled for ach sructual configuration and a discussion ofthe rsullsensed

slobal s The

Highvenicalpressurcswithoutinereasing the mermber size i 1 the rectangular

frame mode :venicsl sliffningwasrecommended. In comparingthe lrncaledeone snd



discrlely simubted profile. Dirccl.cenlralinteraclioncvenlswilhicsbergsliavcling
horzontaily have been assumed in the current sudy. 1 i recolllended 10 extend
loading scenarios to ncorporal non-ceniral conisci which would induce rotation sbout

he

laxis.T i bergwilh significdal heave

A potental svenue 1 caplure varying stability and keel geometey is oemploy

Keel angle. Withkeclangl

cune. he crushing

which the normal o and resolved

sccondingly. Theapplicd horizontal and verical f much

he iceberg il ptch and heave depending on the sabi

y ofthe iceberg. which is

represenled by is metacentricheighl. Armorcaceuraledescription of the load path
during The ice-structur interaction can beachieved by updatng the positionafThekeel

incrementof




take advantage of the Coupled Lagrangian Eulerisnapproachedbeingdevelopedin

ABAQUS. sithough the cons

ulive models for ics would be a

gnificantchallcnge

Further work on defining keel geometry i recommended faasscss the gencralpolenlal

forkeel proleusions D induce lcal member filre. In addiion [01bis. he ffects of

be assessed o »

Since pile

consideran bierl rsisiance

is needed. Once
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crmbedded

39" andan T
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- 165%
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Figure71- HorizomalLoadversusL.llcralDisplacementing
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