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ips entering and exiting GoF

Year
2011
2010
2009

2008
2007
2006

A

Total
43112
36541
38396

47584
39866
37036

Change
18,0 %
-4,8 %
-19,3 %

19,4 %
7,6 %
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N_passenger

5613
4607
5349

4585
5507
5098

domposition:

N_cargo
23338
19398
19749

23237
23323
23107

N_tanker
7416
6574
7031

6053
6796
6850

N_other
3956
3346
4115

10986
3472
1981

N_unknow

n

2789
2483
2152

2723
767

Ice
Harsh
Average
Mild

Very mild
Mild

Average



GoF traffic

Finnish ports

Russian ports

Estonian ports

Skoldvik

Kotka

Helsinki

Hamina

Hanko

Other Finnish ports (GoF)
Sum

Primorsk

St Petersburg
Vysotsk+Vyborg
Ust-Luga

Sum

Muuga (Port of Tallinn)*
Paldiski (Port of Tallinn)*
Sillamae

Vanasadam

Kunda

Vene-Balti

Bekker

Miiduranna

Paljassaare (Port of Tallinn)*

Sum
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2010 cargo Mt

4.647
11.284
10.540

4.268

3.489

4.731
38.959

0.000
41.931
3.931
11.776
57.638

6.243
1.838
1.304
2.61
1.657
0.241
0.6
0.001
0.241
14.735

2010 oil Mt

15.898
0.018
0.340
0.242
0.090
0.045

16.633

77.640
16.117
12.012
0.000
105.769

23.505
2.065
2.196

0

0
0.374
0

0.34
0.095
28.575

2010 cargo total Mt

20.545
11.302
10.880
4.510
3.579
4.776
55.592

77.640
58.048
15.943
11.776
163.407

29.748
3.903
3.501

2.61
1.657
0.615

0.6
0.341
0.336
43.311



GoF tanker DWT

DWT of chemical and gas tankers
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DWT of cil and oil product tankers Lahde: Sormunen O. 2011.
i Mitigating environmental
risks of chemical tanker
collisions with recovery
vessels in the Gulf of
Finland. Diplomityd.
Hanken School of
Economics. 128 s.
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Figure 19 Histograms of chemical & liquid propane gas tankers and oil & oil product
tankers in 2007
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Accidents

* Gulf of Finland 1997-2006 (DAMA-database) HELCOM 2000-2011

195 1%_ 0% 0% _4% 16

E Grounding

B Ship-ship collisions

E Coll. w. bridge or quay

E GoF collisions
m Coll. w. a floating object

B GoF groundings

= Fire, explosion

B Machinery damage

B Sinkings

Aalto-yliopisto
Insin6oritieteiden
[ | korkeakoulu



Ccauses

« HELCOM (Baltic Sea)

Human Techni |Externa No
factor cal | Other information

Baltic
sea

HELCO
M Groundings

50% 22% @ 17% 5 % 6 %
2010 30%  20% 9 % 5 % 36 % - Pilot=  Pilot = exemption
2009 52% 20% 15% 8 % 5% Pilot=1 Pilot=0 n.i. certificate
2008 47%  13%  18% 7% 15 % 23%  64% 9% 4%
2007 2% 20% 12% 4% 32 % 19%  70% 8 % 3%
2006 36%  15% 9% 5 % 35 % 27%  63% 5% 5 %
2005 2%  23% 5% 23%* 7% 18% 65% 10% 7%
2004 45%  21% 5% 10% 19 % 26%  67% 4% 4%
* includes cases where multiple factors were the cause 7% 43 % 50 % 0%
24%  57% 17% 2 %
20%  41%  36% 3%
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Monte Carlo

GoF traffic simulation

o Goerlandt & Kujala (2011) .
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Modeling spills

ER|
KOTKA
« Collision frequency — all tankers
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Spill model ‘ B,
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« New FEM/MATLAB-based model built upon Ehlers (2010)

FEM => MATLAB
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Chemical spill model

MERI
KOTHKA
*  E[chemical spill volume);; = R;; = _—~_¥T_ P, Pr(tanker t is chemical) - “tianksbreached .
Nsim Ntotal
1.11 DWT,
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_ _ E; P H&K T '
» Total: 2700 simulated spills — ol e
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Risk control options

Re-routing

Velocity reduction

 Recovery

Training

Wider double hulls / stronger hull structure
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Risk control options

« Factros most affecting spill:

— Double hull width
* 1 mincrease => Spill probability decreases by x 10

— Colliison velocity of striking ship
* 1 kn increase => Spill probability increases by x 1.4
 Recovery vessels

e Louhi
— 1. "real” chem recovery vessel

e 1200 m3 oll
e 200 M3 chemicals
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Other recovery vessels

« HELCOM:

— 6 h response time to any accident
— 72 hto collect 30 000 t oil
— No similar for chemicals

Tank size [m~3] Sweep area [km*2 /12 h]

1600

& Max. recovery result [m~3 /24 h]

7 TA00 mfvrk R ¢ Sweeparea[km*2/12h]
+ 08 == Length[m]
O 407
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e 1
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Optimal placement for collision spill
response

T
inz; = argming, Z E spilled ckemicalsl, * d.

Tl
* 1 vessel available
* 2 vessels

-3 vessels

u.q.mé_q-

T

VYRR

HH..MIHA
KOTKA
; FRIMORSK

Table 5. Optimal RV placemént for chemical collision spill re-

- sponse with average distances and response times to simulated

accidents (adapted from Sormunen 2011)

Harbor(s) Value Average Average
ofz; distance (km) response time (h)
Helsinki 70777.03 7721 278
Hanko
& Skoldvik 45361.00 50.96 1.83
Hanko,
Upinniemi
& Skoldvik 36821.00 4144 149

A
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Cost-Benefit Analysis

Traditional CBA makes no sense-

HELCOM recommendations for oll
— 6 h to site

— 72 h to recover total spill from 2 side tanks of the biggest size of
tanker

No corresponding one for chemicals

Adapted to chemicals
— More chemical than oil tankers in the GoF
— 2/ 3 transported chemicals float
— 1/ 2 float and are toxic
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Effect on spill probabillity

Init. Velocity: Pr(spill|collision)

125 %
110 %
100 %
90 %
75 %
50 %

46,9 %
44,8 %
42,3 %
40,4 %
35,7 %
25,5%

50,0 %

40,0 %

30,0 %

20,0 %

10,0 %

0,0 %

-10,0 %

/

== Pr(spill|collision)

= Prediction

——Poly. (Pr(spill|collision))

y =-0,2374x? + 0,699x - 0,0347
R2=0,9993

/
/

50%

100% 150%
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Limiting initial velocity

45,0 %
40,0 % /)
Max 15 kn 41,2 % 35,0 %
Max 13 kn 39,0 % /
30,0 %
Max 10 kn 33,7 % /
25,0 % / =—4—Max velocity
20,0 % / Prediction
15,0 % — Poly. (Max velocity)
10.0 % / y =-0,0014x? + 0,0496x - 0,0207
’ R2=1
5,0% //
0,0 % . . ; .
({ 5 10 15 20
-5,0 %
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Re-routing

Soomere T, et al. 2011. The use of Lagrangian trajectories for the identification of the
environmentally safe fairways. Marine Pollution Bulletin; 62(7): 1410-1420.
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Gulf of Finland Traffic Separation Scheme (Rytkénen et al. 2002:82)
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WIP

« Grounding frequency and location modelling
e Grounding damage modelling

/\( s
/ N\

 |ce conditions modelling

WINOIL
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Thank you for your attention!

CHEMBALTIC partners

Partners include: ﬂ . A'
[ |
y

» Kotka Maritime Research Association
 Aalto University

 University of Turku CRYSTAL GROUP
* Port of HaminaKotka \\ 4

 Finnish Transport Safety Agency _ MERITURVALLISUUDEN JA ~LIIKENTEEN TUTKINUSKESKUS

e Finnish Port Association

— Aalto University

« Finnish Ship-owners Association abd NESTE OIL
« NESTE QOil
e Crystal Pool - j w TraFi *Tekes
PORT OF
) ] ] HAMINAKOTKA
All publications available at @7/
www.merikotka.fi 49 Suomen Satamaliitto S tlelibghoilion;
Finnish Port Association Finnish Shipowners' Association
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