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4 Mopenb nepemelleHUs anc6epros

BaykHbIM acnekToM npu MOAENMPOBaHUN OBVKEHVIS
ancbeproB SABNSETCH BblAeNeHMe OBYX MacLUTaboB:
rNoBasIbHOrO U NOKasTbHOrO. Bbigenm ¢ LEHTPOM B TOYKE
PacroNoXXeHVs MNaToPMbl HEKOTOPYIO “NoKabHy0”
06nacTb, MoLLab KOTOPO 0603HAYM A (p|/|c 1).

Ha ypoBHe rnobanbHoro macutaba oueHleaeToﬂ
BEPOSTHOCTL (HacToTa) Nprxoda ancbepros B 3Ty 06NacTb,
a Ha ypOBHE JTOKaSIbHOro MacLuTaba paccHMTbIBAETCSH
YCNOBHAsA BEPOSTHOCTb CTOSIKHOBEHMA AaHHOro ancbepra
€ nnatdopMoi (Mpw YCNoBUK, YTO OH BOLLEN B Mpedenbl
obnactn). Paamepbl 0611acTv AOMKHbI ObITb TaKMM, YTOObI
aPXVBHblE AaHHble JOCTOBEPHO CBUAETENLCTBOBA/IM O
hakTax HabnaeHWa ancbepros B Npeaenax BbloeneHHON
obnactn. OBbIHHO Takme 06acTy UMEIOT rpanHnLaMN
MepuavaHbl 1 napanneni. ApxvBHble AaHHbIE MO
ancbepram B bapeHLeBOM Mope MpeacTaBieHb! 4ns
obnacTen, 3aHMMaroLLMX 2 rpad. no W1poTe 1 5 rpafd. no
ponrote (puc. 2, [16]). O6o3Ha4mM HYepes A UHTEHCUMBHOCTb
MoTOKa ancbepros, MPUXOAALLMX B BblOENEHHBIA ParioH.
OTMETUM, HTO YKa3aHHbIV MapaMeTP MOXXET OLIEHNBATLCS
MO apXMBHBIM aHHbIM, HO B MPUHLMME MOXET U
PacCHATLIBATHLCS C MOMOLLbIO MOAENPOBaHWS MOMHOM
“cyobbbl” ancbepra meTogoM MoHTe-Kapno oT MoMeHTa
€ro 06pas3oBaHVa y OAHOrO 13 BbIBOOHbBIX IEOHWKOB,
MPOCAEXMBAHWA TPAEKTOPUW ero apenda noa AeNCTBLEM
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4 Iceberg Movement Model

An important aspect when modelling iceberg movement

is the identification of two scales: global and local. Let’s
select, with the centre at the platform location point, a
“local” domain, the area of which we express as 4 (F|g 1).
At the global scale level, we estimate the probab|||ty
(frequency) of the icebergs arriving at this area, and at the
local scale level, we estimate the conditional probability

of an iceberg/platform collision (provided that the iceberg
has arrived within the domain boundaries). The dimensions
of the region must be such that the archive data would
provide reliable evidence of the facts of seeing the icebergs
within the selected domain. Usually, such domains have
meridians and parallels as boundaries. The archive data

on icebergs in the Barents sea are provided for the
domains occupying 2 degrees of latitude and 5 degrees of
longitude (Fig. 2, [16]). Let A denote the rate of occurrence
for icebergs arriving at the selected region. Note that the
said parameter may be assessed using archive data, but,
in principle, it can be estimated through modelling of the
entire iceberg’s “life” using the Monte-Carlo method, from
the moment of its formation near one of the outlet glaciers,
tracking its drift trajectory under the influence of flow fields
and wind within the framework of general regional models
of “atmosphere-ice-ocean” type. The estimation using the
second option above requires, naturally, colossal computer

www.rogtecmagazine.com



ARCTIC DEVELOPMENT

NoNen TEYEHUN 1 BETPA B PaMKax 0BLLMX PEMMOHANBHbIX
Mogesnen Tmna “atmocepa-nen-okean”. PacqeT no
BTOPOMY BapuaHTy TPeDYET, KOHEYHO, KOMOCCabHbIX
3aTpaT KOMMBLIOTEPHOrO BPEMEHW 1 LOCTOBEPHOMN
NHZOOPMaUMKM O NOJISAX TEHEHUM 1 BETPOB.

Beenem cneaytoLme obo3HaqveHns: D — pasmep
npuvLLIEaLLEro B pamoH Areg ancbepra (Hanpumep,
XapaKTepHbI UM MaKCUMasTbHbIA Pa3Mep B niiaHe

Ha YPOBHE BOApbl); V — CPEAHSIA CKOPOCTb ABVKEHNS
ancbepra BHyTPV 0651acTy; ¢t — BPeMs NpedbiBaHyis
ancbepra B Npegenax obnactu; £ - obLiast oavHa nyTm
ancbepra BHyTpK obnactu. B obLem cnyyae Bce YeTbipe
nepeYncEHHbIX NapamMeTpa SBAAOTCS ClyYanHbIMU.
YacTo npegnonaraeTcs, YTo BENMYMHBI D 1 v HE3aBUCMbI
B BEPOATHOCTHOM CMbIC/IE (3TO, KOHEYHO, TpebyeT
0BOCHOBaHNS B KOHKPETHBIX YCIOBUSX ) 1 OMUCHIBAKOTCS
COOTBETCTBYHOLLVIMU (OYHKLMSIMU MAOTHOCTU W (X) 11 w ().
B 70 >xe Bpems Benn4mHbl v, £ 1 £ 32BEA0MO 3aB/CUMbI,
MOCKOJIbKY CBA3aHb! OHEBUAHBIM COOTHOLLIEHNEM

t=vt .
[anbHenLiee NOCTPOEHe MOOEIN 3aBUCUT OT MMrnoTes
OTHOCUTENBHO BEPOATHOCTHbBIX PacipeneneHni aHHbIX
BESIMYMH, B TOM YUCIE, OT TOO, KaKm1e 13 HUX MPUHATL
3a OCHOBHbIe. Hanpumep, B mogenn “ooxxas” [13], korga
MMEIKOTCH OCHOBaHWA NpeanosiaraTb, YTO BCe ancbeprn
B 1CClieyeMOM paioHe COBEPLLIAIOT MPenMYLLECTBEHHO
NPSIMOJSIHENHOE ABVKEHNE BAOSb BbIOENEHHOrO
HanpasneHns (prc. 3), 3a OCHOBHYKO NEPEMEHHYIO
PaLWOHaNbHO MPUHATL CKOPOCTb V. o 3Tom £ =L, =
const. Ecnn »xe asmkeHre ancheproB HEMPAMOMHENHO
(pnc. 1), nnm gOCTaTOYHO XaOTU4YHO, TO TUMUHHBLIN
NOAXoA, K MOAENMPOBAHNIO B 3TOM CllyHae 3aKJIoHaeTCs
B NMPeLooXeHnM, HTO BpeMst t pacrpenesnieHo rno
noKasaresibHOMy

F (x)=1-e*, roe

u=1/t

— obpaTHas Benm4nHa CPeaHEro 3Ha4YeHNs: BPEMEHN
npedbiBaHWA ancbepra B Npedenax obnactu.

OBbIHHO MOTOK MPUXOASLLMX ancOeproB CHUTaeTCA
MyacCOHOBCKUM, 1 TOrAa MOXHO MokasaTb, YTO cpedHee
(B CTATUCTUHECKOM CMbICIE) 3Ha4EHME 4YMCa ancbepros
B 06NacTv 4, B MPOM3BOSIbHbIA MOMEHT BPEMEHU
BblYMCNSETCHA MO hopmyne

A=A/ (10)

[nst Ka4eCTBEHHOIO COMOCTAaB/IEHNSA PA3/INHHBbIX PEMIOHOB
MO YPOBHIO ancbeproBor ONacHOCTV BBOAUTCS MOHATVE
MPOCTPaHCTBEHHOM MIOTHOCTY ancbeproB (CpeaHee
4MCNO ancbeproB B Npeadenax gaHHom obaactu B
KOHKPETHBI MOMEHT BPEMEHM, OTHECEHHOE K MoLaav):

p=it/A, . (11)
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PucyHok 1: Cxema, onvcbiBaroLlas MOAe b XaoTNHeCKOro
OBVKeHWs ancbepros
Figure 1: Pattern showing chaotic iceberg motion model

time consumption and credible information on the flow
fields and winds.

Let’s introduce the following symbols: D — the size of the
iceberg entering the region Areg (e.g. typical or maximum
plane size at the water level); v — the average speed of the
iceberg movement within the domain; ¢ __— the duration of
the icebergs stay within the domain; £ — the total length of
the iceberg travel distance within the domain. In the general
case, all the four above-mentioned parameters are random.
It's often assumed that the values D and v are independent
in the probability sense (which, of course, requires to be
substantiated in the specific conditions) and are described
with the corresponding density functions w(x) nw (x).

At the same time, the values v, t _and £ are invariably
dependent, as they are connected by an evident relation

t=vt .
Further construction of the model depends on the
hypotheses of probability distributions of these variables,
including on which of them should be adopted as the
basic ones. For example, in the “rain drops” model [13],
when there are grounds to assume that all the icebergs
in the region of study carry out predominantly rectilinear
movements along the selected direction (Fig. 3), the
speed v should be adopted as the basic variable. With
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MNepexoaMM K pacyeTy BEPOATHOCTU CTOSIKHOBEHMIS
ancbepra ¢ nnardopmMoin. 3a Bpems npedbiBaHMA
ancbepra B parioHe OH NMPOXOUT MyTb £=vt 1
“sameTaeT” niowaab A, =€ D (puc. 1).

CTONKHOBEHME MPOUCXOOUT TOrAA M TOMBKO TOraa,
KOr[a paccTosHne Mexxay “LeHTpamn” nnatopmel 1
ancbepra okasbiBaeTca MeHblue (W +D)/2, roe W

— XapaKTepHbIN pasmep NNaTpopMbl Ha YPOBHE
BaTEPMHUM. ECN MHTEPNPETUPOBATb 3TO Kak
nonagaHve LieHTpa nnathopMbl (Touka C Ha puc. 1)
B MOJIOCY WMpUHOM W +D 1 annHOW £, KoTopas
HEKOTOPbIM CTyHariHbIM 06pa30M PacroioXeHa
BHYTPW 06/1aCTW, TO YCIOBHAA BEPOSITHOCTb Dimp (D,v)
CTONKHOBEHUST MPULLIEALLIErO B palioH ancbepra ¢
nnaTtdopMon (Mpr YCIOBUW, YTO €ro AYaMeTP PaBEH,
a CKOPOCTb V) MOXET ObITb OLEHEHA C MOMOLLbIO
BbIPa>KEHWIS

LLInpoTa — Latitude

Dimp (Dv)=(D+W)/L,=(D+W)L,/L, L,=A_ /A (12)

reg’
[na mogenn “aoxas”, CornacHoO BblLLECKA3aHHOMY,
¢ = L,, a ans MOAEn XaoTUHeCKOro ABWKEHNA £ = v/

Tenepb MOXXHO OMPefennTb YCNOBHYIO BEPOSTHOCTb
P, CTONKHOBEHVS nnatdopmbl ¢ ancoeprom,
VMEIOLLIMIM MPOU3BOSIbHbIE (HEM3BECTHbIE) pa3mep

N CKOPOCTb, MPW YCNOBUN, YTO OH MOSIBANCS B

paccMaTprBaEMOM parioHe:

lepzfoDmaxfOVmax Doy (x,x,) w, (x)w, (x,)dx, dx,, (13)

roe D XapakTepusyeT MakcyMaslbHbIA aicbepr,
KOTOPbIM MOXXET OOCTUHb MPaHML, PaccMaTprBaeMoro
parioHa (C y4eTOM reorpaHecKmX 1 KIMMaTUHECKIX
OCOBEHHOCTEN PEervioHa), a v,  — MakCMasibHO
BOSMOXXHas MO PUSMHECKNM OrPaHNHEHMSIM CKOPOCTb
aperidha ancbepra. 3aMeTM, YTO MPUMEHSAEMBIN
Noaxo[, MO3BONAET AOCTATOYHO MPOCTO YYeCTb
CH>KEHNE BEPOATHOCTU CTONIKHOBEHNA 3a CHET
MNPUMEHEHNST CUCTEMbI MOHUTOPWHIA U aKTUBHOIO
BO3OENCTBUS Ha ancbepri ¢ Lenbio X oTeoda. Ecnn
NPeanofioXKUTb, YTO SMIPEKTUBHOCTL TaKOW CUCTEMBI
NPUMEHNTENBHO K ancbepry pasmepa D 1 CO CKOPOCTbIO
V XapakTepunadyeTcs BEPOSATHOCTLIO Heyaayun y(D,v)), TO
dopmyna ons yCnoBHOM BEPOATHOCTN BOSMOXHOIO
CTONKHOBEHMS MPUHUMAaET BUL,

lep:IODmaxJ.OVmax pimp (lexz ))/(Xfxz )WD [X1)WV (XZJdXI dXZ )

Ecnm nMetoLLIMXCa CTaTUCTUHECKNX JaHHbIX HEQOCTaTO4HO
LN onpefeneHyst 3aBYCUMOCTY CKOPOCTY aicbepra oT
€ro pasmepa 1 eciv B LUeNsX YNpOoLLEHWS MPUHSATb, YTO
YCMEeLLHOCTb onepaLuii Mo Bo3AecTBUO Ha aincoepr He
3aBMCUT OT €ro PasMepoB 1 CKOPOCTU 1 paBHa y =const,
TO MOXXHO MOJIyHMTb CleOytoLLEee BblpaXKeHe 4151 OLIEHKMN
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that in mind, € = L, = const. If the icebergs movement is
not rectilinear (Fig. 1) or is sufficiently chaotic, the typical
approach to modelling in this case would be an assumption
that the time ¢ __is distributed under the exponent rule

F (x)=1-e*, where
u=1/t

res

1 18/205  20/202 16/67

751

16/192  26/141

1 9/58| 35/1 22 10/59| 12/4q 8/

& -ttt ]

356.00  40.00 45.00  50.00 55.00 60.00 65.00

Honrota — Longitude

PucyHok 2: [laHHble 0 HabroageHMsX ancbepros B

3a nepviog, HabnmtogeHwn 1888—1991 rr. [16] (KpacHbIM
KBagpaToM 0603Ha4eHo LLITokMaHOBCKOE MECTOPOXKAEHE)
Figure 2: Iceberg observations data for observation period
1888-1991 [16] (red mark representing Shtokman field)

is a reciprocal of the average value of the time spent by
the iceberg within the domain. Usually, the flow of arriving
icebergs is considered a Poisson input, and then it is
possible to show that the average (statistical) value n of the
number of icebergs in domain Areg at an arbitrary time point
is calculated from the formula
n=A/u . (10)
For quality comparison of different regions in terms of the
level of iceberg hazard, we introduce the notion of spatial
density of icebergs (the average number of icebergs within
the given domain at a certain time point, referred to the
area):
P=ﬁ/A,eg . (11)
Let’s move on to the calculation of the probability of an
iceberg/platform collision. For the duration of the iceberg
stay in the region it travels over the distance £=v ¢ _and
‘sweeps” the area A = £ D (Fig. 1).
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YCNOBHOW BEPOATHOCTU CTONKHOBEHUS MpULLELLIErO
ancbepra ¢ NnaTopMOoi;

P, =Y(D+W)VE,_ /A

res reg ’

(14)

roe Jepta ceepxy 0603HaAYaEeT CPeaHee 3HaqeHVe
COOTBETCTBYIOLLIEV Cly4alriHOW BEINYNHBI.

Kak y>ke 0TMeYanochb, OOHON BEPOATHOCT CTONKHOBEHWSA
HeOOCTaTO4HO AJ15 3a4aHNst PaCHETHOWM Harpy3Ku.

[ns NpOEKTNPOBAHMS HEOOXOAMMO PaCCHUTLIBATH
BEPOSITHOCTb O0JIee CNOXHbBIX CyHaiHbIX CODbITUNA,
XapaKTepU3YIOLLMX HE TOMBKO cam (DaKT CTONKHOBEHWS,
HO 1 MapaMeTPbl CTONKHYBLLErocs ancbepra. [pusegem
HECKOBbKO XapakTePHbIX MPYMEPOB.

B pamkax on1ceiBaeMoro noaxona MoXxHOo,

HanpUMeEpP, PacCYUTaTb YCMOBHYIO BEPOSTHOCTb

P,mp* (D) CTONKHOBEHNST MIATPOPMbI C ancheprom,
pa3Mep KOTOPOro HE MEHBLLIE 330aHHOO 3HaYeHNs

D, Npuv yCroBuK, YTO B parioHe NOABUICS ancbepr ¢
HEN3BeCTHbIMI NapamMeTpamm (M OTCYTCTBUM CUCTEMbI
aKTVBHOIrO BO3OENCTBMA Ha ancbepri):

P, *(D)=(1/A,) V t ., | Soma(x #W)w (x )dx, (19)
STa BE/MHIHa MOHOTOHHO ybbiBaeT ot P, 1o O npw
BogpactaHum Dot 0o D .
YT106bI HANTK BE3YCNOBHYIO BEPOATHOCTb CTONKHOBEHWS
nnatopMbl C ancbeprom, HE06XOAMMO YHECTb HacTOTy
npvxoaa ancbeproB B UCCNeayeMbIt paroH. Ecnm
MCMNONb30BaTb MOLESb MyaCCOHOBCKOIO NMOTOKa C
WNHTEHCMBHOCTBIO A, TO, KaK M3BECTHO, BEPOSTHOCTU
nosiBNeHnst POBHO k ancbepros (k= 0, 1, 2, ...) B Te4eHne
NHTepBana BpemMeHn T BbIMUCNSOTCH MO hopMyne

P (kT)=(AT) e /k!
Tenepb MOXXHO MoKasaTb, YTO Be3ycnoBHas
BEPOSATHOCTb CTOSIKHOBEHWS NNATPOPMbI B TEHEHME
nepuopa BpemeHn T ¢ ancbeprom, pasmep KOTOporo
He MeHblLLIe 3ajaHHOMO 3Ha4YeHNst D, onpeaenseTcs
COOTHOLLEHMEM
P(D,T)=1-exp[-ATP, *(D)] (16)
(MprD=0 nony4yaem 6e3yCnoBHYtO BEPOSTHOCTb

CTONKHOBEHUS MNaTOpPMbl B TEHEHME neproda Bpemern T
C MPOW3BOSbHBIM acheprom).

B nenctButensHOCTH, HanOeHHOE COOTHOLLIEHVE (16)
CMpaBef/MBO KaK A1st PEOKMX COObITUN, TaK 1 AN YaCTbIX
(cm. [17]), KOHEYHO, B paMKax cagnaHHbIX MPeanonoXKEHNIA.
OpHako 019 peaKnx CobbITU, K KOTOPbIM OTHOCUTCS
CTONKHOBEHVE C ancbeprom, BenviviHa P, * (D)

BECbMa Masa, YTO MO3BONSET 3annCaTb CNEMyOLLYHO
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A collision occurs when (and only when) the distance
between the “centres” of the platform and the iceberg turms
out to be less than (W +D)/2, where W is a characteristic
size of the platform at the waterline level. If this is interpreted
as the platform centre (point € in Fig. 1) being within a band
of width W +D and length ¢, which in some random manner
is located within the domain, then the conditional probability
Pimp (D,v) of collision between the iceberg arriving at the
region and the platform (provided that its diameter is D, and
the speed is v) may be estimated from the expression

Donp (DV)=(D+W)/L, =(D+W)L,/L, L, =A /A, . (12)

For the rain drops model, in accordance with the above,
¢ = L,, and for the chaotic movement model £ = v/u.

Now we can determine a conditional probability P, of
the collision of the platform with an iceberg of random
(unknown) size and speed, provided that it arrived at the
region under consideration:

lepzfoDmaxI gmax P (XX, )Wy (X)W, (X,)dx, dx,, (13)
where D characterises the maximum iceberg that can
reach the boundaries of the region under consideration
(taking account of the geographic and climatic features

of the region), and v__is the maximum possible, by
physical limits, speed of the iceberg drift. Note that the
used approach allows to quite simply take into account
reducing the collision probability owing to the monitoring
system and active action on the icebergs for the purpose
of their diversion. If we assume that the efficiency of such

a system in relation to an iceberg of size D and speed v is
characterised by a failure probability y(D,v)), the formula for
conditional probability of a possible collision would become

P[mp:J.oDmaxj.gvmax p[mp (Xllxz JY[XllXZ )WD (XJJWV (XZJdXI dXZ )

If the available statistical data is insufficient to determine
the relationship between the iceberg speed and its size,
and if, for simplicity, we assume that the success rate of
the operations aimed at impacting the iceberg does not
depend on its size and speed and equals y=const, we

can obtain the following expression for estimation of the
conditional probability of the collision of the arriving iceberg
with the platform:
lep:y([_)+W)|7t' /A

res reg ’

(14)

where the line above means the mean value of the
corresponding random variable.

As noted earlier, the collision probability alone is not enough
for setting the design load. For the purposes of design,

it is necessary to design the probability of more complex
random events that characterise not only the fact of
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NPUBIIIKEHHYIO (HOPMYITY:

P(D,T)~ATP, * (D),
TOYHOCTb KOTOPOW HE XY>XXE ()LTP,mp*)Z.

OTMETUM, YTO B pamMKax OnMm1caHHOro noaxoaa MOXHO
paccHiTaTb pasnyHble Apyre nokasarenm ancbeproson
OMacHOCTW, HaNPUMEP, BEPOSITHOCTHYHO OYHKLMIO
pacrnpeneneHnsa KUHETUHECKOM SHEPTK ancbepra,
COYyOapstoLLErocs ¢ NNatgopMOon:

F.*(z)=Pr{K<z / Imp}=

:J.oDmaxj-ovmaxJ-gkmax(X1+W)/[D+W) Fh (Z/ (X3 X12 X22 )) WD (XJ
w, (x,)w, (x,)dx, dx,dx, .

MpegnonaraeTcs, YTO KMHeTUYeckast aHeprns K
BblHMCIISETCS Mo chopmye

D?hv?

K=/, mv’=1/, (nD?/4) K'hp, v*=kp,,

ice
roe h — obuwas BeicoTa ancbepra, D — ero anameTp Ha
YPOBHE BaTeps/IMHUN, v — CKOPOCTb, k — KOS(MMULMEHT
opmbl, a p, , — NIOTHOCTb Nibfia ancbepra. Bee BenmyvHbl,
KPOME MocneaHen, npegnonaraioTCcs CryHaiHbIMU C
N3BECTHBIMW BEPOATHOCTHLIMU pacrpeneneHaMu:
yHKLmen pacripeaeneHns F, (x,) 1 (yHKUMSMA MIOTHOCTY
w, (x )w, (x,),w, (x,) COOTBETCTBEHHO.

[ns nony4eHmns YCIEHHbIX OLIBHOK TPebyroTes
COOTBETCTBYIOLLVE UCXOAHbIE JaHHbIe. Bonpoc o
crocobax Mx MomnyyeHnst, OLIBHKE VX JOCTOBEPHOCTU U
MOMHOTLI TPEOYET OTAENBHOrO PAaCCMOTPEHVSI.

5 OueHKa 4acToTbl CTOJIKHOBEHMI aicbepra ¢
nnatcgopmomn

BbINOMHMM OLEHOYHbIE PacHETbl BEPOATHOCTU
CTOJIKHOBEHNS MNaThopMbl C ancbeprom anas

parioHa LLITokmaHoBCckoro mectopoxaeHus (LLIFKM),
PAaCMONOXXEHHOIro B bapeHLeBoM Mope. AHaNM3 apXmBHbIX
OaHHbIX 3a nepuog 1888-1991 rr. [8,16] nokasbiBaeT,

4TO 0bLLEe YMCno ancbeproB, HAbMOAEHHbIX 32 BECb
100-neTHWIA NEPUOL, B parioHe, MpeacTaBnstoLLEM CODO
reorpadhudeckunin keagpar 72-74° c.uw., 40-45° B.4.
nnoLaaso Areg = 36000 M? (puC. 2), MOXET ObIiTb OLIEHEHO
3HadeHreM 30. OTO COOTBETCTBYET YacTOTe NpUXo4a
ancbepros B konudecTse 0,3 B rod. B 2003 r. oyepenHas
negoviccnenoBarenbCckasn akeneauums B panoH LLIFKM
[16] 3athnkcmpoBana hakT aHOMabHOro Bbibpoca
ancobeproB: 0bLLEE YMCNIO 3ahUKCMPOBaHHbIX arncbeproB
1 X 06MoMKOB cocTaBuno 41. O6beauHAS NHDOPMaLMIO
B OVH MaCCVB, MPUHUMAEM CPEOHIO NHTEHCUBHOCTb
npuxopa ancbepros A = 0,7/T,, rae T, — ANTENIbHOCTb
OHOrO rofa B BblbpaHHbIX edVHNLEAX BPeEMEHW. [prmem
CpenHWn pa3mep ancbeproB Ha yPOBHE BATEPIMHIN
paBHbIM D = 100 M, a ArnameTp njasyden niartopmMel W=
50 M. CpeaHasi CKOpOoCTb apenda OLEHMBAETCS Kak v =
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collision, but the parameters of the colliding iceberg too. Let
us give you some typical examples.

Within the framework of the described approach we can,
for instance, estimate the conditional probability P,mp* (D) of
a collision between the platform and an iceberg whose size
is above the established value D, provided that in the region
an iceberg with unknown parameters has turned up (in the
absence of a system of active impact on icebergs):
P, *(D)=(1/A,) VT, | Pra(x #W)w, (x )dx, (15)
This value monotonically decreasing from P, to O as D
rises fromOtoD_ .
To find the unconditional probability of the platform/
iceberg collision, the frequency of icebergs arrival at the
region of study should be taken account of. If we use a
Poisson flow model with intensity A, then, as is known,
the probabilities of occurrence of precisely k icebergs
(k=0, 1,2, ...) during the time interval T are calculated
from the formula

P (kT)=(AT) e /k!
Now we can show that the unconditional probability of the
platform collision within the time period T with an iceberg,
whose size is above the established value D, is calculated
by the relationship
P(D,T)=1-exp[-ATP, *(D)] (16)
(if D=0, we obtain an unconditional probability of collision
of the platform during the time period T with a random
iceberg).

In fact, the found relationship (16) is true for both rare
events and frequent ones (see [17]), of course, within the
framework of the assumptions made. However, for rare
events, which include a collision with an iceberg, the value
P *(D) is very small, and that allows to write down the
following approximation formula:

P(D,T)=ATP,, * (D),
whose accuracy is not worse than (ATP,mp*)Z.

Note that within the framework of the described approach
we can estimate various other indicators of the iceberg
hazard such as the probabilistic function of distribution of
kinetic energy for an iceberg colliding with the platform:

F.*(z)=Pr{K<z / Imp}=

:J-oDmaxJ-o"maxJ.okmax[Xl+W)/(D_+W) Fh (Z/(X3 X12 Xzz )) WD (XIJ
w, (x,)w, (x,)dx, dx, dx, .

It is assumed that the kinetic energy K is calculated from
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0,2 m/c. Torga, Npy yCNoBUM NPSIMOSNIMHENHOTO OBVXXEHUA
ancbepra oLeHKa MakCMasbHOM AINTENBHOCTI €ro
NpebdblBaHVA B PaCCMaTpBaEMOM PaioHe COCTaBNSET
12 cyT. HabntogeHus 3a ancbepramu B bapeHLesom Mope
MOKa3bIBAOT, YTO TPAEKTOPUM UX ABVIKEHNST 3HAYUTENBHO
OT/IMYAKOTCS OT NPSAMOSIMHENHBIX. Bbina HaaeHa

oUeHKa ngd KOs dULMEHTA U3BUNIMCTOCT TPAEKTOPUN
ancbeproB AN1s YCIOBUI LEHTPaNbHOM YacTh bapeHuesa
mopst: k=95 [16]. [na ,u,aaneMLumz< pac4eTOB MPUMEM
TPW XapakTepPHbIX 3HAYEHNSA CPEAHEN ANINTENBHOCTY
npebbiBaHWs ancbepra B panioHe A

t..=20¢cyT 40 cyT, 60 cyT.
COOTBETCTBYHIOLLME 3HAYEHWS MPOCTPAHCTBEHHOWM
MJIOTHOCTW ancobepros, g
BblYMCIISiEMbIE MO DOPMYIIE 1
(11), paBHbI

the formula
K=1/,mv*=1/, (wD’/4) k'hp, v*=kp,, D*hv*

where h is the total height of the iceberg, D is its diameter at
the waterline level, v is the speed, k is the form coefficient,
and p, _ is the density of the iceberg’s ice. All the values
except the last one are assumed as random with known
probability distributions: distribution function F, (x,) and
density functions w,, (x )w, (x,)w, (x,) respectively.

To obtain numerical estimates, the relevant source data is

required. The issue of obtaining such data, analysis of its
credibility and completeness is the subject of a separate

review.
* CTapT — start

p=1110"2110" 3210"
(17)

icnonb3yst COOTHOLLIEHWE V
(14), Haxognm,

YTO BEPOSATHOCTU
CTOJIKHOBEHUS C
npuvLeawmM B panoH
ancbeprom ons aTnx Tpex
cny4aes pasHbl 0,0014;
0,0029 1 0,0043. C
Y4ETOM NHTEHCUMBHOCTM
npvxoga ancobepros

B paccmaTpuBagMblin
KBagpar nosyyaem,

YTO OXXMOAEMOE H1CSIO
CTOJIKHOBEHUIN B TeHeHue
roga c ancbeprom

onst nnatopmbl,

<« W

pas3MeLLEeHHOM Ha

A

Y

LLITokmaHOBCKOM
MECTOPOXKOEHWM,
coctansieT 0,001; 0,002
1n 0,003 COOTBETCTBEHHO.
Hwxe ByneT nokasaHo,
YTO HaMOEHHble
3HAYEHNSA HaxXoOATCs B
XOPOLLEM COOTBETCTBUM C pe3yfibTaTaMn pacHeTos,
BbIMOJSIHEHHbIX MPW OLIEHKE ancbeproBom onacHOCTY ANs
MECTOPOXXOeHUN Lenbda KaHagp! (C y4eTOM nepecyeTa
WNHTEHCVBHOCTM MOTOKa NPUXOASLLMX ancbepros).

HeobxoammMo oTMEeTUTb, YTO B paboTax cneumnanmcToB
AAHINW Ha OCHOBE TeX »Xe MCXOOHbIX OaHHbIX MoJlyYeHa
OLEHKa YacTOTbl CTONMKHOBEHMS C ancbeprom 1 pas B
35 net [16] (B paboTe [8] MpMBOANTCS HECKONBbKO MHas
oueHka — 1 pas B 104 roga), 4To OTBeYaeT BEPOATHOCTM
CTONKHOBEHWS B TEYEHME roga npuMmepHo pasHon 0,03
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L uHULL — finish
1

PucyHok 3: Mogenb noxas [Rain drops model]
Figure 3: Rain drops model

5 Assessment of the Frequency of Iceberg to
Platform Collisions

Let’s run estimates of probability of the platform/iceberg
collision for the Shtokman field area located in the Barents
Sea. The analysis of archive data for the years 1888-1991
[8,16] has demonstrated that the total number of icebergs
observed during the entire 100-year period in the region
being a geographic square 72-74° north, 40-45° east, of
area Areg = 36,000 m? (Fig. 2), may be estimated at 30.
This corresponds to the frequency of the icebergs arrival
of 0.3 per year. In 2003, a regular ice research expedition
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(cooTBeTCTBEHHO, 0,01). Ob6a 3Ha4YeHNH, NONYyHEHHbIE

C MOMOLLIbIO METOAVKM, OTAINHHOW OT U3NOXKEHHOW B
HacTosLEeNn padboTe, Ha MOPSAAOK BosbLUe NPUBEAEHHbIX
BbiLLE. Takxxe B ykasaHHbIX paboTax npuBoamTCcs
OLeHKa, CorjlacHoO KoTopor B paroHe LLIF'KM B cpegHem
1 pas B 5 NeT ¢ BEpOSATHOCTLIO 95% cnenyeT oxunaatb
npuxog oT 9 oo 19 ancbeproB B TeHeHWe OQHOMO

roga, a ogyH pas B 10 net — ot 12 go 26. C y4eTom
BblLLIECKAa3aHHOr o, npencrtaBnAaeTCcd, 4TO B YKa3aHHbIX
paboTax CTeneHb ancbeproBon yrpo3abl, Bolpaxaemas B
BEPOATHOCTHbLIX NoKa3daTesAax, CyLLeCTBEHHO 3aBbllUeHa.
[MNo-BMANMOMY, 3TO ABMSAETCA CreacTBUEM BbIOpaHHOMO
noaxoda, He oTpakaroLlero Bcen cneunukim
npobnembi.

VIHTEepeCHO CoOMOCTaBMTb AaHHble MO YaCTOTe MNOSIBNEHNS
ancbepros ¢ panoHoOM HbtodayHaONeHCKon BaHKn
(BocTO4HOE Nobepexxkbe KaHaabl). Tam ancbepru
NOSIBASKOTCA ropasfo valle. Hanpumep, B kBagpate 46-
47,5° c.w., 47,5-49,5° 3.0. nnowagpto 26000 km?
cpedHee KONMMYecTBO HabraaeMbIx ancbepros
cocTaBnsieT 72,6 B anpene 1 88,9 B mae [7]. OTmMeTuMm,
YTO MMEEeTCS 3HaYNTENbHAS HEPABHOMEPHOCTb
MOCTYMeHVs ancbeproB B pacCcMaTprBaEMbI parioH.
Tak, Hanpumep, B 1984 r. napannens 48° c.Lu.
nepecekno 6onee 2200 ancbepros, a B 1966 r. He
ObI10 3aHUKCUPOBAHO HM OOHOIO Takoro Cly4asi, 4To B
COmMoCTaBNeHMM CO Cny4vaem 3adurkcnpoaHHoro B 2003 T.
MacCOBOIro Bblbpoca ancbepros B paroH LLIFTKM [8],
no-BUAMMOMY, NO3BONSET CAeNaThb BbIBOO O TOM, YTO
Takme cUTyaLmmn XoTb U UMEKOT HU3KME BEPOSATHOCTH
peanm3auum, TeM He MeHee ABMATCS TUMUYHBIMU O
N3y4aemMon NpobnemMsl.

[nsa keagpata 46-47° c.uwl., 48-49 3.40. Nnowaasto

8500 km?, roe pacnonoxeHo mectopoxaeHve White
Rose, npr MogenMpoBaHn ancbeprosom yrpoabl
CpenHerofoBoe HMCNo ancbepros, NMPUXOOALLIMX

B yKa3aHHbI KBafpaT, oLeHeHo Ymcnom 70.
[NpocTpaHcTBEHHAsA NAOTHOCTL ancbeproB Anst 4aHHOro
panioHa paBHa p = 2,5:10°, 4To Ha ABa nopsaka
NpPeBbILLAeT COOTBETCTBYIOLLMI NokasdaTenb (17) ans
panioHa LLIFKM.

CornacHo NpoBeAeHHbIM Ha MPEANPOEKTHOM

CTagun pacyeTam, Ans UHAMBUOYabHOro

ancbepra BepOSTHOCTb CTONIKHOBEHWS C MiaByyen
nnatdopmon nnm cyaHom FPSO, ycTaHOBAEHHBIM

Ha mecTopoxaeHun White Rose, coctaBnsiet

3Ha4eHne nopsagka 0,002...0,003 (kak n3BECTHO, Ha
MECTOPOXXOEHUM peanm3oBaHa KoHuenumsa FPSO). C
YHETOM UHTEHCUBHOCTW MOTOKAa MPUXOAALLMX ancbepros,
ro4oBasi HacToTa Cny4aeB CTOJIKHOBEHUS C ancbepramm
coctaBnsieT 0,14...0,21. 310 NOYTN Ha OBa Nopsagka
OonblLe N0 CPABHEHNIO C MOJTyHEHHbIMM BblLLE OLIEHKaMM
ons LLFKM, 4To HaxoauTcsa B MOJIHOM COOTBETCTBUN C
TeM PakToM, YTO MHTEHCUBHOCTb MOTOKa ancbepros
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visiting the Shtokman gas condensate field [16] recorded
an abnormal outbreak of icebergs: the total number of

the recorded icebergs and their fragments was 41. By
combining the information in one array, we assume the
average rate of iceberg occurrence A = 0,7/T,, where T, is
the duration of one year in the selected units of time.

Let’s assume the average size of the icebergs at the
waterline level as D = 100 m, and the diameter of the
floating platform as W = 50 m. The average drift velocity is
estimated at v i = 0.2 m/s. Then, provided that the iceberg
movement is rectilinear, the maximum duration of its stay

in the region under consideration is 12 days. Observations
of icebergs in the Barents Sea demonstrate that their
trajectories are significantly different from rectilinear.

An estimated value was found for the tortuousness of
icebergs’ trajectories for the central part of the Barents Sea:
k.. =9 [16]. For further calculations, let's assume three
characteristic values of the average duration of iceberg stay
in region A

t..=20,40,60 days.
The corresponding values of spatial density for icebergs
calculated from the formula (11) are
p=1110%%2110" 3,210* (17)
Using the ratio (14), we find that the probabilities of
collision with an iceberg arriving at the region for these
three cases are 0.0014, 0.0029 and 0.0043. Taking
account of the frequency of the icebergs arrival at
the square under consideration, we obtain that the
anticipated numbers of collisions with an iceberg during
a year for a platform located in the Shtokman field are
0.001, 0.002 and 0.003 respectively. We will show below
that the found values are in good agreement with the
results of estimations made when evaluating the iceberg
hazard for Canadian offshore fields (honouring the rate of
occurrence of the arriving icebergs).

We should note that in the works of AARI specialists
based on the same source data, the estimated frequency
of iceberg collisions is once every 35 years [16] (in the
work [8], a slightly different estimate is given, once

every 104 years), which is equivalent to the probability

of collision during a year approximately equal to 0.03
(and 0.01, respectively). Both values obtained using the
methodology different from the described in this work,
are one order of magnitude greater than those above.
Also, the said works contain an estimate according to
which in the Shtokman field area, on the average once
every five years, with 95% probability, one should expect
the arrival of 9 to 19 icebergs during a year, and once
every 10 years - from 12 to 26 icebergs. In view of the
above, it appears that in the said works the degree of
the iceberg hazard expressed in probabilistic indicators
is considerably overestimated. It seems that this is a
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Ha HbtohayHaneHckon 6aHke 6onee vem B 100 pas
NPEBOCXOANT aHanoryHbIN nokasarenb ansa LLUMKM.

[MNpr 3TOM NPOEKTOM 0DYCTPOMCTBA MECTOPOXKAEHNSA
White Rose nonyckaeTcsi CTONKHOBEHME C ancbeprom
maccon go 100000 T. C y4eTOM NPUMEHEHNS CUCTEMBI
ancbeproBoro MOHUTOPWHIA U, NPY HEOOXOAUMOCTH,
Mep Mo aKTUBHOMY BO3OENCTBUIO Ha ancbepru
(0ththeKTMBHOCTb BCEW CUCTEMbI OLIEHNBAETCA Kak 85-
90%), a TakKe BO3MOXXHOCTM OTCOEAMHEHNSA Pan3epoB
N AKOPHbIX IMHWUI B 9KCTPEMasIbHbIX CUTYaLNAX
(HaOEXXHOCTb 3TOM TEXHUYECKOW Onepaumm NpuHaTa
paBHoM 99%), nToroBasi BEPOATHOCTb CTOSIKHOBEHNS
nnatopmbl B TeHeHWe rofga ¢ ancbeprom, Macca
KoToporo npesbitlaeT 100000 T, OUeHNBAETCA Kak
(1,2...1,6)-10*, 4TO NPU3HAHO YOOBMETBOPSIOLLM
Kputeputo 6e630nacHOCTH.

HedTaHoe mecTopoxkaeHune XanbepHus (Hibernia)
pPacnonoxXeHo B 315 KM K tOro-BOCTOKY OT MOBepeba
0. HbtohayHONEHA, HEMHOMO HOXKHEE MECTOPOXAEHSA
White Rose. HacToTa nosBneHus ancbeproB 34ecb
HEMHOro MeHbLLe. [naTtdopma rpaBUTaLMOHHOIO
Tuna (Gravity Base Structure, GBS) “XanbepHuns”
SABNAETCA NepBOn 1 NoKa eAMHCTBEHHOM B MUPE
nnaTopMON, 3anpPOEKTUPOBAHHOM Ha BOCMPUSTIE
yoapa ancbepra. PacyeTHbI ancbepr No KpUTepuio
NPOYHOCTM (CoyaapeHne ¢ KOTOpbIM nnatdopma
OOJDKHA BbloepXnBaTh 6€3 Kakmx-To 6bl HW ObINo
NoBpEeXAeHNN) MMeeT Maccy 1 MH T, MPU 3TOM
MOBTOPSIEMOCTb TaKOrO CODLITUSA OLIEHNBAETCS KaK

1 pas B 500 neT. Pac4eTHbI ancbepr Mo KpUTeputo
6e3onacHOCTU (MpK CoyaapeHnn ¢ KOTopbiM niaTtdopma
MOXXET MOJIYYUTb NOKaIbHbIE MOBPEXAEHWS,
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consequence of the chosen approach that does not
reflect all the specific aspects of the problem.

It would be interesting to compare the iceberg
occurrence rate data with those for the Grand Banks of
Newfoundland (east coast of Canada). There, icebergs
occur much more often. For example, in the square
46-47.5° north, 47.5-49.5° west, of 26,000 km? area,
the average number of observed icebergs is 72.6 in
April and 88.9 in May [7]. Note that there is a substantial
irregularity of the icebergs arrival at the region under
consideration. For example, in 1984, the 48° north
parallel was crossed by over 2200 icebergs, and in
1966 no such cases at all were recorded, which, in
comparison with the massive arrival of icebergs at the
Shtokman field area recorded in 2003 [8], as it seems,
allows to draw a conclusion that such situations, despite
having low probabilities of occurrence, are still typical for
the problem under study.

For the square 46-47° north, 48-49° west with the

area 8500 km?, where the White Rose field is located,
when modelling the iceberg hazard, the average annual
number of icebergs arriving at the said square is estimated
at 70. The spatial density of icebergs for this region is p =
2,510%°, which is two orders of magnitude greater than
the corresponding indicator (17) for the Shtokman gas
condensate field area.

According to the calculations made at the pre-design
phase, for an individual iceberg, the probability of
collision with a floating platform or FPSO vessel
installed in the White Rose field is in the order of
0.002...0.003 (as is known, the FPSO concept was
implemented in the field). Taking account of the rate
of occurrence for the arriving icebergs, the annual
frequency of iceberg collisions is 0.14...0.21. This
is almost two orders of magnitude greater than the
obtained above estimates for the Shtokman field,
and it is in full agreement with the fact that the rate
of occurrence of icebergs in the Grand Banks of
Newfoundland is 100+ times greater than the same
indicator for the Shtokman field.

Furthermore, the development plan for the White Rose
field provides for a possible collision with an iceberg
weighing up to 100,000 tons. Taking account of the
application of the iceberg monitoring system and,
where necessary, measures of making active impact on
the icebergs (the efficiency of the entire system being
estimated at 85-90%), and also potential disconnection
of risers and anchor lines in emergency situations (the
reliability of this technical operation is assumed as 99%),
the resulting probability of the platform collision during
a year with an iceberg whose weight exceeds 100,000
tonnes is estimated at (1,2...1,6)-10*, which is regarded
as meeting the safety criterion.
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YyCTPaHUMble NOCNeayoLLMM PEMOHTOM) UMEET Maccy
6 MSH T, MPWY 3TOM MOBTOPSIEMOCTb Takoro CobbITUSA
oueHnBaeTcd kak 1 pad B 10000 net. PaccuntaHHas
0719 nnatdopmbl “XanbepHusa” YacToTa CTONKHOBEHWIA
C ancbeprom coctaBngeT nopsagka 1 cnydas B 10 ner,
YTO COOTBETCTBYET BEPOATHOCTM CTONKHOBEHWM:A 0,1 B
TedeHne roga. Kpome Toro, NpoeKToM NpeaycMoTpeHa
MOCTOSIHHO OENCTBYOLAsa NporpamMma negoBoro
MOHUTOPWHIa, NpeaycMaTpuBatoLLas Hanmyime CUCTeEM
paHHero 06HaPY>KeHUs1, OTCNEXMBAHNA 1 aKTUBHOMO
BO3OENCTBUS Ha ancbepri, YToO MPU3BaHO CHU3UTb
BEPOSTHOCTb COyaapeHust ancoteprom ¢ nnaTopMon.
Bonee 4em 3a 10 neT akcnnyaTauum nnatopmbl
“XanbepHus” He BbINo COOBLLEHUI HN 006 OOHOM Cly4ae
CTOJIKHOBEHUS, XOTs B paboTe [15] B paMmkax nogxoaa,
YYMTbIBAKOLLErO AOCTATOYHO 60SIbLUYHO BEPOATHOCTb
nponycka HeboNbLUNX MO pa3Mepy ancbepros B
npoLecce peannaaumm MOHUTOPWHIA 1 TEM CaMbIM
3HAYUTENBHO YBEMNYMBAIOLLIMM MPOrHO3HOE 3HAYeEHNe
4mMcna NpUxoasLmx ancbepros, NoyYeHa oLeHKa
4aCTOTbl CTOJIKHOBEHUS nopsaka 0,3 c/iyvaeB B rof,
YTO CHOBA CYLLIECTBEHHO BbILLIE, YEM O YCOBUM
LLITOKMaHOBCKOrO MECTOPOXXOEHWS.

3akno4yeHme

1o pesynbTatam ConocTaBUTENBHOrO aHann3a
«0ETEPMUHUCTUYECKOrO» (TPAAULIMOHHOMO) 1
«BEPOATHOCTHOrO» NOAX0A0B K MPOEKTUPOBAHNIO
chenaH BbIBOM, YTO OCHOBHbIM MPENATCTBMEM A5

Tak Ha3blBAEMOIro BEPOSITHOCTHOIO NoAxoaa K
MPOEKTUPOBAHNIO MOXET OKa3aTbCA HEQOCTATOK
NCXOOHbIX AaHHbIX O BEPOSTHOCTHbIX pacnpeneneHusx
onpepensowyx napameTpoB. B To xe Bpems, Ha
npuMepe 3aga4n 06 oLUeHKe ancbeproBor ONacHOCTU
NPOAEMOHCTPMPOBaHa 3hHEKTNUBHOCTb MPUMEHEHNS
BEPOSITHOCTHbBIX MOAXOA0B K 3aAad4am OnpeaeneHHoro
knacca. [lpuBeneH BapuaHT NOCTPOEHNUS U aHann3a
MOAENM, NO3BONSAOLLEN PACCHUTbIBATL Pa3NYHbIE
nokasarenu ancbeproBor ONacHOCTY AN MOPCKMX
nnaTdopm, BKIKoHast BEPOSTHOCTb CTONKHOBEHMS C
ancbeprom, y KOTOporo onpeaefieHHble napameTpbl
(Hanpumep, anameTp, Macca Un KUHETUYeCKas
SHEPIUsl) UMELOT 3HA4YEHS, He HVDKe 3adaHHbIX.
MpvBeaeHbl OLEHO4UHbIE 3HAYEHUS BEPOATHOCTU
CTOJIKHOBEHUS ancbepra ¢ nnathopmon B

ycnoBusx LLITOKMaHOBCKOIo MECTOPOXXAEHNS,
KOTOPbIE OKa3bIBAIOTCA Ha NOPAOOK DOfee HU3KMMU
MO CPaBHEHWIO C aHANOMNYHbIMI 3HAYEHNAMN,
MoSTly4eHHbIMM paHee apyrumu asTopamu. [ns
NPUMEHEHNSA OMUCAHHOW METOOMKM Ha MPOEKTHON
cTagun ocBoeHust LLITOKMaHOBCKOIro MeCTOPOXAEHUS
HeobXx0AMMO MPOBECTU Bonee AeTabHbIN
CTaTUCTUHECKUA aHaNn3 nMmetoLLiencs 6asbl AaHHbIX Mo
HabntoaeHNo ancbepros B bapeHLEeBOM Mope C LIeNbio
onpepeneHns ¢ AOCTaTOYHOM CTENEHBIO HAOEXXHOCTH
BEPOSTHOCTHbIX pacnpeneneHni napameTpoB
ancbepros, UCMOJMb3YEMbIX B paMKax NPeanoMeHHOro
nogxopa.
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The Hibernia oil field is located 315 km south-east off the
coast of the island of Newfoundland, just a bit south of the
White Rose field. The frequency of iceberg occurrence here
is much lower. Hibernia Gravity Base Structure (GBS) is the
first platform (and the only one in the world so far) designed
to survive a collision with an iceberg. The design iceberg,
by the strength criterion (collision with which the platform
must withstand without any damage), weighs 1 million tons,
and the repeatability of such an event is estimated as once
every 500 years. The design iceberg, by the safety criterion
(when colliding with which the platform can sustain local
damage that can be remedied by a later repair), weighs

6 million tons, and the repeatability of such an event is
estimated as once every 10,000 years. The frequency of
iceberg collisions estimated for the Hibernia platform is in
the order of 1 event per 10 years, which is equivalent to
the collision probability of 0.1 during a year. Moreover, the
design provides for an ongoing ice monitoring programme
based on the availability of systems of early warning,
tracking and active action on icebergs aimed at reducing
the probability of iceberg/platform collisions. For over 10
years of operation of the Hibernia platform no collisions
have been reported, though in the work [15] within the
framework of the approach honouring a quite large
probability of omitting smaller icebergs in the course of the
monitoring implementation, thus considerably increasing
the forecast value of the number of arriving icebergs, an
estimated frequency of iceberg collisions was obtained at
0.3 events per year, which, again, is considerably higher
than that for the conditions of the Shtokman field.

Conclusion

From the results of a comparative analysis of the
“deterministic” (traditional) and “probabilistic” design
approaches, a conclusion has been drawn that the main
hindrance for the so-called probabilistic design approach
may be the lack of source data on probabilistic distributions
of the determining parameters. At the same time, the
example of the task to estimate the iceberg hazard has
demonstrated the efficiency of application of probabilistic
approaches to the tasks of a certain class. An example

of a model construction and analysis has been given

that allows to calculate various indicators of the iceberg
hazard for offshore platforms, including the probability of
collision with an iceberg whose certain parameters (e.g.
diameter, weight or kinetic energy) have values above the
established ones. The estimated values for probability of
iceberg/platform collision are given for the Shtokman field
conditions, which are an order of magnitude smaller than
the similar values obtained earlier by other authors. In order
to apply the described methodology at the design phase of
the Shtokman field development, it is necessary to carry out
a more detailed statistical analysis of the available database
of icebergs observations in the Barents Sea, so that we
could determine with an adequate degree of reliability of
probabilistic distributions of iceberg parameters used within
the framework of the proposed approach.

www.rogtecmagazine.com



