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t 

pr
op

or
tio

ns
 

fr
om

 
th

re
e 

cl
as

se
s 

of
 

hy
dr

oc
ar

bo
ns

; 
al

ka
ne

s 
(p

ar
af

fi n
s)

, 
cy

cl
o 

al
ka

ne
s 

(n
ap

ht
en

es
) 

an
d 

ar
om

at
ic

s[
22

]. 
Li

gh
t 

oi
l 

is
 g

en
er

al
ly

 c
on

si
de

re
d 

m
or

e 
ac

ut
e 

to
xi

c 
co

m
pa

re
d 

to
 h

ea
vy

 f
ue

l 
oi

l, 
bu

t 
on

 t
he

 o
th

er
 h

an
d 

th
e 

lig
ht

er
 o

il 
ev

ap
or

at
es

 
qu

ic
ke

r 
an

d 
is

 th
er

ef
or

e 
no

t t
ra

ns
po

rte
d 

as
 f

ar
 in

 
th

e 
m

ar
in

e 
en

vi
ro

nm
en

t a
s a

 h
ea

vi
er

 fr
ac

tio
n[
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]. 

B
ot

h 
lig

ht
er

 a
nd

 h
ea

vi
er

 o
ils

 c
an

 d
ei

ns
ul

at
e 

bi
rd

’s
 

pl
um

ag
e;

 e
ith

er
 t

hr
ou

gh
 d

eg
re

as
in

g 
or

 t
hr

ou
gh

 
bs

m
ea

re
d 

fe
at

he
rs

. 
Es

pe
ci

al
ly

 i
n 

co
ld

 c
lim

at
es

, 
re

la
tiv

el
y 

sm
al

l a
m

ou
nt

s o
f o

il 
ca

n 
pu

t a
 b

ird
’s

 li
fe

 
in

 d
an

ge
r; 

2-
3c

m
2 

of
 o

il 
co

ve
re

d 
fe

at
he

rs
 m

ay
 b

e 
lif

e 
th

re
at

en
in

g 
fo

r a
n 

in
di

vi
du

al
[2

3]
. 

W
he

n 
re

le
as

ed
 i

n 
w

at
er

, 
th

e 
ch

em
ic

al
 a

nd
 

ph
ys

ic
al

 p
ro

pe
rti

es
 o

f 
oi

l 
ar

e 
al

te
re

d.
 T

he
 m

ai
n 

pr
oc

es
se

s a
cc

ou
nt

ab
le

 fo
r t

he
se

 c
ha

ng
es

 a
re

:[2
0]

:

• E
va

po
ra

tio
n,

 
th

ro
ug

h 
w

hi
ch

 
th

e 
lig

ht
er

 
fr

ac
tio

ns
 d

is
ap

pe
ar

 fr
om

 th
e s

ea
 su

rf
ac

e l
ea

vi
ng

 
a 

pr
od

uc
t o

f h
ig

he
r v

is
co

si
ty

.
• N

at
ur

al
 d

is
pe

rs
io

n 
in

cr
ea

se
s t

he
 co

nt
ac

t s
ur

fa
ce

 
be

tw
ee

n 
oi

l 
an

d 
w

at
er

, 
w

hi
ch

 
ac

ce
le

ra
te

s 
na

tu
ra

l d
eg

ra
da

tio
n 

of
 o

il 
in

 w
at

er
.

• S
pr

ea
di

ng
 o

f 
th

e 
oi

l 
is

 d
ep

en
di

ng
 o

n 
th

e 
pr

op
er

tie
s o

f t
he

 o
il,

 b
ut

 a
ls

o 
on

 th
e 

pr
ev

ai
lin

g 
w

in
d 

an
d 

cu
rr

en
t 

co
nd

iti
on

s. 
A

cc
or

di
ng

 t
o 

IV
L’

s 
(I

V
L 

Sw
ed

is
h 

En
vi

ro
nm

en
ta

l R
es

ea
rc

h 
In

st
itu

te
 L

td
’s

) o
lje

jo
ur

, a
 ro

ug
h 

ge
ne

ra
liz

at
io

n 
of

 t
he

 d
is

tri
bu

tio
n 

be
tw

ee
n 

a 
lig

ht
er

 a
nd

 a
 

he
av

ie
r f

ra
ct

io
n 

co
ul

d 
lo

ok
 li

ke
 th

is
:

B
ey

on
d 

th
e 

pr
oc

es
se

s 
de

sc
rib

ed
 a

bo
ve

, 
th

er
e 

ar
e 

ot
he

r w
ay

s i
n 

w
hi

ch
 o

il 
in

 th
e 

ta
nk

s o
f a

 w
re

ck
 

fr
om

 W
or

ld
 W

ar
 T

w
o 

co
ul

d 
be

 al
te

re
d.

 T
he

 n
at

ur
al

 
m

ix
 o

f d
iff

er
en

t c
he

m
ic

al
 c

om
po

un
ds

, c
om

m
on

ly
 

re
fe

rr
ed

 to
 a

s 
oi

l, 
im

pl
ie

s 
th

at
 e

.g
. o

cc
ur

re
nc

e 
of

 
de

ns
ity

 d
riv

en
 s

tra
tifi

 c
at

io
n 

of
 o

il 
in

 in
ta

ct
 ta

nk
s 

co
ul

d 
no

t b
e 

ex
cl

ud
ed

 in
 c

as
e 

th
e 

ta
nk

 is
 re

la
tiv

el
y 

st
ill

.

2.
1.

2 
Di

ffr
en

t t
yp

es
 o

f s
ho

re
lin

es

De
pe

nd
in

g 
on

 t
he

 n
atu

ra
l 

sh
or

eli
ne

 c
ha

ra
cte

ris
tic

s, 
th

e 
co

ns
eq

ue
nc

es
 fr

om
 a

n 
oi

l s
pi

ll 
re

ac
hi

ng
 la

nd
 c

an
 

be
 c

on
sid

er
ab

ly
 d

iff
er

en
t. 

In
iti

al 
re

po
rts

 fr
om

 a
 m

ajo
r 

oi
l s

pi
ll 

of
ten

 p
ict

ur
e 

a 
se

ns
e 

of
 c

om
pl

ete
 e

co
lo

gi
ca

l 
di

sa
ste

r, 
fro

m
 w

hi
ch

 na
tu

re
 w

ill
 ne

ve
r r

ec
ov

er.
 H

ow
ev

er
 

re
co

ve
ry

 w
ill

 f
ol

lo
w 

ac
co

rd
in

g 
to

 th
re

e 
di

sti
ng

ui
sh

ed
 

ph
as

es
, w

he
re

 th
e fi

 rs
t in

vo
lv

es
 th

e s
tar

t o
f r

ec
ol

on
iza

tio
n 

of
 o

pp
or

tu
ni

sti
c 

sp
ec

ies
. T

he
 fo

llo
wi

ng
 s

tep
 d

es
cr

ib
es

 
th

e 
tim

e 
fro

m
 e

sta
bl

ish
ed

 re
co

lo
ni

za
tio

n 
un

til
 th

e 
th

ird
 

ph
as

e, 
a 

re
co

ve
re

d 
ec

os
ys

tem
, 

is 
es

tab
lis

he
d.

 P
ha

se
 

on
e 

an
d 

tw
o 

ov
er

lap
 a

nd
 th

e 
ra

te 
of

 re
co

ve
ry

 is
 v

er
y 

va
ria

bl
e 

de
pe

nd
in

g 
on

 th
e 

ty
pe

 o
f 

sh
or

eli
ne

 th
at 

ha
s 

be
en

 p
ol

lu
ted

[2
4]

. D
ea

n 
an

d 
Je

we
tt[

25
] c

om
pa

re
d 

th
e 

re
co

ve
ry

 th
e fi

 rs
t fi

 v
e y

ea
rs 

af
ter

 th
e E

xx
on

 V
ald

ez
 sp

ill
 

in
 A

las
ka

, a
t e

elg
ra

ss
 b

ed
s c

om
pa

re
d 

to
 si

tes
 d

om
in

ate
d 

by
 k

elp
 fo

llo
wi

ng
 th

e. 
Th

e 
stu

dy
 fo

un
d 

m
uc

h 
slo

we
r 

re
co

ve
ry

 a
t 

th
e 

ee
lg

ra
ss

 b
ed

s, 
wh

ich
 p

ar
tly

 c
an

 b
e 

”B
lue

 sh
im

me
r”

He
av

ier
 oi

l

Th
ick

ne
ss

 of
 th

e o
il-s

lic
k

>1
μm

1-
5m

m

Re
lat

ive
 vo

lum
e  

of 
the

 
oil

-sl
ick

10
%

90
%

Re
lat

ive
 ar

ea
 of

 th
e o

il-
sli

ck
läc

ke
n

90
%

10
%

• D
is

so
lu

tio
n 

is
 g

en
er

al
ly

 o
nl

y 
ap

pl
ic

ab
le

 t
o 

a 
sm

al
l 

am
ou

nt
 o

f 
th

e 
oi

l. 
W

he
n 

di
ss

ol
ve

d 
in

 th
e 

w
at

er
 th

e 
oi

l i
s 

no
 lo

ng
er

 a
 th

re
at

 w
ith

 
re

sp
ec

t t
o 

be
sm

ea
re

d 
sh

or
el

in
es

. I
n 

sp
ite

, t
he

 
bi

oa
va

ila
bi

lit
y 

to
 a

qu
at

ic
 o

rg
an

is
m

s 
in

cr
ea

se
s 

an
d 

ca
us

e 
en

ha
nc

ed
 a

cu
te

 to
xi

ci
ty

. 
• O

xi
da

tio
n 

is
 p

rim
ar

ily
 t

ak
in

g 
pl

ac
e 

th
ro

ug
h 

ph
ot

o 
ox

id
at

io
n 

an
d 

is
 th

er
eb

y 
lim

ite
d 

to
 th

e 
to

p 
la

ye
r w

he
re

 th
e 

su
n 

lig
ht

 re
ac

he
s.

• E
m

ul
si

fi c
at

io
n 

ca
n 

be
 re

ga
rd

ed
 a

s t
he

 o
pp

os
ite

 
to

 
di

sp
er

si
on

, 
i.e

. 
em

ul
si

fi c
at

io
n 

m
ea

ns
 

hy
dr

at
io

n 
of

 
th

e 
oi

l 
re

su
lti

ng
 

in
 

en
la

rg
ed

 
vo

lu
m

es
 o

f 
oi

l 
po

llu
tio

n.
 T

he
 v

ol
um

e 
co

ul
d 

ea
si

ly
 b

e 
do

ub
le

d 
in

 a
 c

ou
pl

e 
of

 d
ay

s 
an

d 
th

e 
co

ns
eq

ue
nc

e 
is

 r
ed

uc
ed

 e
va

po
ra

tio
n 

an
d 

di
sp

er
si

on
. A

ls
o 

sp
re

ad
in

g 
of

 th
e 

oi
l s

pi
ll 

w
ill

 
de

cr
ea

se
 a

s 
th

e 
em

ul
si

on
 h

as
 a

 h
ig

he
r d

en
si

ty
 

an
d 

vi
sc

os
ity

.
 

s
p
re
a
d
in
g 

e
m
u
ls
if
ic
a
ti
o
n

o
x
id
a
ti
o
n 

d
is
s
o
lu
ti
o
n

 

e
v
a
p
o
ra
ti
o
n 

n
a
tu
ra
l 

d
is
p
e
rs
io
n
 

s
e
d
im
e
n
ta
ti
o
n 

b
io
lo
g
ic
a
l 
d
e
g
ra
d
a
ti
o
n
 

h
o
u
rs
 

d
a
y
s
 

w
e
e
k
s 

m
o
n
th
s
 

y
e
a
rs

Fi
g.

 3
 O

ve
rv

ie
w

 o
f t

he
 p

ro
ce

ss
es

 
in

vo
lv

ed
 

af
te

r 
an

 
oi

l-s
pi

ll.
 

Ad
ap

te
d 

fro
m

 IL
 O

lje
jo

ur
en

 [20
]



14
15

ex
pl

ain
ed

 b
y 

ge
ne

ra
lly

 le
ss

 ex
po

se
d 

lo
ca

lit
ies

, b
ut

 al
so

 
by

 co
m

m
un

ity
 co

m
po

sit
io

n d
om

in
ate

d b
y m

or
e s

en
sit

iv
e 

sp
ec

ies
 co

m
pa

re
d 

to
 th

e k
elp

 co
m

m
un

ity
. O

th
er

 st
ud

ies
 

po
in

t o
ut

 th
at 

th
e a

cu
te 

to
xi

c e
ffe

cts
 in

 th
e w

ate
r c

ol
um

n 
de

cli
ne

 ra
pi

dl
y 

du
e 

to
 d

ilu
tio

n[
16

, 1
8,

 2
6]

. H
ow

ev
er

, 
re

ce
nt

 e
xp

er
im

en
ts 

in
 p

ela
gi

c 
m

es
oc

os
m

s b
y 

Hj
or

th
 e

t 
al 

20
07

[6
8]

 s
ho

we
d 

th
at 

sin
gl

e 
ex

po
su

re
 o

f v
er

y 
lo

w 
co

nc
en

tra
tio

ns
 o

f 
py

re
ne

 (
a 

PA
H 

m
od

el 
su

bs
tan

ce
), 

co
ul

d 
af

fe
ct 

bo
th

 s
tru

ctu
re

 a
nd

 fu
nc

tio
n 

of
 a

 p
lan

kt
on

 
co

m
m

un
ity

. T
he

se
 r

es
ul

ts 
ar

e 
ra

th
er

 c
on

tro
ve

rsi
al 

as
 

th
e 

pr
ev

ail
in

g 
op

in
io

n 
ha

s 
be

en
 t

ha
t 

th
e 

m
ax

im
um

 
en

vi
ro

nm
en

tal
 e

ffe
ct 

fro
m

 a
n 

oi
l s

pi
ll 

is 
fo

un
d 

in
 th

e 
be

nt
hi

c 
co

m
m

un
iti

es
 a

s 
a 

de
lay

ed
 (

in
 t

he
 o

rd
er

 o
f 

m
on

th
s) 

re
sp

on
se

. A
n e

xa
m

pl
e i

s t
he

 B
alt

ic 
Ca

rri
er

 sp
ill

 
in

 2
00

1,
 w

he
n 

m
or

e 
th

an
 1

10
0 

to
ns

 o
f h

ea
vy

 fu
el 

oi
l 

po
llu

ted
 G

rø
ns

un
d 

in
 so

ut
he

rn
 D

en
m

ar
k.

 A
 m

on
ito

rin
g 

pr
og

ra
m

 w
as

 es
tab

lis
he

d f
ol

lo
wi

ng
 th

e s
pi

ll 
an

d t
wo

 an
d 

a h
alf

 m
on

th
s l

ate
r e

lev
ate

d l
ev

els
 of

 PA
H’

s t
ra

ce
ab

le 
to

 
th

e 
in

cid
en

t w
er

e 
sti

ll 
m

ea
su

ra
bl

e. 
Th

e 
co

rre
sp

on
di

ng
 

fi g
ur

e f
or

 th
e s

ed
im

en
ts 

wa
s t

hr
ee

 y
ea

rs 
fo

r a
ll 

bu
t o

ne
 

sa
m

pl
ed

 s
ite

s. 
Fo

r t
ha

t p
ar

tic
ul

ar
 s

ite
 fi 

ve
 y

ea
rs 

we
re

 
re

qu
ire

d 
be

fo
re

 th
e 

ele
va

ted
 P

AH
’s,

 o
rig

in
ati

ng
 f

ro
m

 
Ba

lti
c 

Ca
rri

er
 s

pi
ll,

 c
ou

ld
 n

ot
 b

e 
di

sti
ng

ui
sh

ed
 f

ro
m

 
ba

ck
gr

ou
nd

 le
ve

ls 
in

 th
e s

ed
im

en
ts 

an
ym

or
e[

18
].

To
 su

m
m

ar
ize

 th
e r

ec
ov

er
y o

f a
n e

xp
os

ed
 ro

ck
y s

ho
re

 
ca

n 
be

 e
sti

m
ate

d 
to

 1
-2

 y
ea

rs,
 w

hi
le 

th
e 

co
rre

sp
on

di
ng

 
tim

e 
re

qu
ire

d 
fo

r r
ec

ov
er

y 
of

 a
 sa

lt 
m

ar
sh

 c
an

 e
xc

ee
d 

5-
6 

ye
ar

s. 
Pa

ra
do

xi
ca

lly
, 

th
e 

pr
oc

es
s 

of
 r

ec
ov

er
y 

is 
no

t 
alw

ay
s 

fa
cil

ita
ted

 t
hr

ou
gh

 h
um

an
 a

cti
on

s 
of

 
re

m
ed

iat
io

n,
 a

s t
he

 in
iti

al 
re

co
lo

ni
za

tio
n 

ph
as

e 
ca

n 
be

 
de

lay
ed

 b
y 

su
ch

 an
 o

pe
ra

tio
n 

24
].

Th
e t

oo
l D

ig
ita

l m
ilj

öa
tla

s[1
] (

Di
gi

tal
 en

vi
ro

nm
en

tal
 

atl
as

), 
de

ve
lo

pe
d 

by
 

IV
L 

co
m

m
iss

io
ne

d 
by

 
th

e 
ad

m
in

ist
ra

tiv
e c

ou
nt

y b
oa

rd
 of

 V
äs

tra
 G

öt
ala

nd
 C

ou
nt

y, 
ca

n 
be

 u
se

d 
to

 il
lu

str
ate

 th
e 

di
str

ib
ut

io
n 

of
 sh

or
e 

lin
es

 
ac

co
rd

in
g 

to
 

di
ffe

re
nt

 
se

ns
iti

vi
ty

 
in

de
xe

s 
an

d/
or

 
sp

ec
ifi 

ca
lly

 p
ro

tec
ted

 a
re

as
 o

r 
na

tu
ra

l 
re

se
rv

es
. T

hi
s 

in
fo

rm
ati

on
 c

ou
ld

 b
e 

ad
vi

so
ry

 e
.g

. t
o 

lim
it 

ha
za

rd
ou

s 
ac

tiv
iti

es
 in

 e
sp

ec
ial

ly
 se

ns
iti

ve
 a

re
as

. A
no

th
er

 fi 
eld

 o
f 

us
e 

is 
ra

pi
d 

id
en

tifi
 ca

tio
n 

of
 w

he
re

 to
 p

ut
 m

ax
im

um
 

re
m

ed
iat

io
n 

ef
fo

rt 
in

 th
e 

ev
en

t o
f a

 su
dd

en
 o

il 
sp

ill
, i

n 
or

de
r t

o m
in

im
ize

 th
e i

m
pa

ct 
at 

th
e m

os
t s

en
sit

iv
e t

yp
es

 

of
 sh

or
e l

in
es

, w
hi

ch
 o

f c
ou

rse
 al

so
 co

ul
d 

be
 b

en
efi 

cia
l 

fro
m

 an
 ec

on
om

ic 
po

in
t o

f v
iew

. T
he

 D
ig

ita
l m

ilj
öa

tla
s 

is 
ye

t n
ot

 c
om

pl
ete

, b
ut

 F
ig

 4
 s

ho
ws

 a
n 

ex
am

pl
e 

of
 

pr
es

en
t t

yp
es

 o
f s

ho
re

 li
ne

s a
lo

ng
 th

e S
we

di
sh

 co
as

t o
f 

Bo
hu

slä
n,

 w
hi

ch
 c

ou
ld

 b
e 

af
fe

cte
d 

fro
m

 a
 s

ud
de

n 
oi

l 
sp

ill
 fr

om
 an

y 
of

 th
e p

ot
en

tia
lly

 p
ol

lu
tin

g 
wr

ec
ks

 in
 th

e 
Sk

ag
er

ra
k.

2.
2 

S
oc

io
ec

on
om

ic
 c

on
se

qu
en

ce
s 

2.
2.

1 
Di

re
ct

 c
os

ts

Th
e 

cl
ea

n 
up

 o
f a

 m
aj

or
 o

il 
sp

ill
 is

 o
f c

ou
rs

e 
co

st
ly

 
w

ith
 r

es
pe

ct
 to

 b
ot

h 
us

e 
of

 s
pe

ci
al

 e
qu

ip
m

en
t t

o 
fi g

ht
 o

il 
po

llu
tio

n 
(v

es
se

ls
, 

sk
im

m
er

s 
et

c)
 a

nd
 

ex
te

ns
iv

e 
pe

rs
on

ne
l 

co
st

s. 
Th

e 
Sw

ed
is

h 
R

es
cu

e 
Se

rv
ic

es
 

A
ge

nc
y 
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s 
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m

m
is

si
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ed
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se
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ch

 
re

ga
rd

in
g 

id
en

tifi
 c

at
io

n 
an

d 
qu

an
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 c
at
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n 

of
 

co
st

s 
as

so
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at
ed

 w
ith

 m
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or
 o

il 
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ill
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w
ed
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h 

w
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er
s[
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R
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 c
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 b
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h 
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e 
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at
io

n 
to

 m
ot

iv
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ha
nc

ed
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ca

ut
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 m
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ev
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fu
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re
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id
en
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nd
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o 
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t 

a 
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t o
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er
 o

f p
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f a
n 
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de
nt
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9]

. 
Fo
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m

an
 e

t a
l 2

00
2[
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] a
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00
6[
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] c

la
ss

ify
 th

e 
di

re
ct

 c
os

ts
 a

s f
ol

lo
w

s:

• N
at

io
na

l R
es

cu
e 

Se
rv

ic
es
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 O

il 
po

llu
tio

n 
co

nt
ro

l a
t s

ea
 

   
   

 o
 E

qu
ip

m
en

t
• L

oc
al

 R
es

cu
e 

Se
rv

ic
es

   
   

 o
 P

er
so

nn
el

 c
os
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 E
qu

ip
m

en
t

• T
ra
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po

rts
, l

og
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s a

nd
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te

 d
is

po
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l
   

   
 o

 R
em

ed
ia

tio
n

   
   

 o
 P

er
so

nn
el

 c
os

ts
   

   
 o

 E
qu

ip
m

en
t, 

tra
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po
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 a
nd
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te
 d

is
po

sa
l

A
cc

or
di

ng
 

to
 

Sw
ed

is
h 

la
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00
3:

77
8)

 
th

e 
Sw

ed
is

h 
C

oa
st

gu
ar

d 
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sp
on

si
bl

e 
fo

r 
en
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ro
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en

ta
l 
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ue
 s

er
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s 
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 s

ea
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Sw
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h 
C

oa
st
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ar

d 
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a 
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 t
o 
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nd

le
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l 

sp
ill
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 t
he

 o
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er
 o

f 
50

00
 t

on
s, 

bu
t 

du
rin

g 
20

09
-2

01
2,

 th
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 c
ap
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ity

 w
ill

 b
e 

do
ub

le
d 

m
ai

nl
y 
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e 
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 in

co
rp

or
at

io
n 

of
 th
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e 

ne
w

 m
ul

ti 
pu

rp
os

e 
ve
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el

s[
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]. 
Th

e 
le

ve
l 

of
 p

re
pa

re
dn

es
s 

an
d 
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ai
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bl

e 
op

er
at

io
na

l r
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rc

es
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ee
n 

ou
tli

ne
d 

by
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e S
w

ed
is

h C
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st
gu

ar
d i

n c
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su
lta

tio
n w

ith
 th

e 
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ed
is

h 
R
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e S
er
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s A
ge

nc
y 

an
d 

th
e S

w
ed

is
h 

M
ar
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m

e 
A

dm
in
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tio
n.

 T
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 o
ut

lin
e 
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 d

ue
 t

he
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ct
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e o
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en
 a 
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nt

s o
f o

il 
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ill
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ee
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ng
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00
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 in
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w

ed
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h 
w

at
er

s. 
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m
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f o
il 
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tio
n 
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m
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h 
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il 
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s. 
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 th

e e
ve

nt
 o

f a
n 

ur
ge

nt
 si

tu
at

io
n 

of
 a

 m
aj

or
 s

pi
ll,

 a
ll 

po
te

nt
ia

lly
 u
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fu

l 
na

tio
na

l 
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ce
s 

w
ill

 b
e 
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tiv

at
ed

. F
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 in
st

an
ce
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ta
ry
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ss
el

s 
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n 
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st

 p
ut

tin
g 

ou
t 

sk
im

m
er

s 
an

d 
no

t 
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t t

ra
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rta

tio
n 
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m
en
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el
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Th
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r c
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e 
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fi c

ie
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m

e 
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r v
es

se
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ed
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r 
oi

l 
po

llu
tio
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l. 
Fu

rth
er

 e
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or
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m
en
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w

ed
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h 
C

oa
st
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ar

d’
s 
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tiv
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ed
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hr
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gh
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er
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l 
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en
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h 
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C
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en
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n 
A
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m
en
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nd
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e 
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pe
an

 
M
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m
e 
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fe
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If
 p

os
si

bl
e,

 ta
ki

ng
 c
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tro

l o
f o

il 
po

llu
tio

n 
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a 
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 o

fte
n 
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ed
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 b
e 
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, t
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n 
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ng
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p 

th
e 
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e[
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. E
tk

in
 (

20
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th
e 
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s 
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 c
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p 
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 c
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st
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il 

sp
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s 
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to
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e 
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 c
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rr
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g 
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t 
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a.

 T
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 a
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ls
o 
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 th

e 
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ea
n-

up
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f t
he
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s 

ra
th

er
 

w
er

e 
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m
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 th

e 
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st
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r 

to
n 
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il)
 o

f 
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n-

up
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t 
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a.
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 S
w

ed
is

h 
ex
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pl

e 
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 t
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 n
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 b

ill
 

fo
r 

O
pe

ra
tio

n 
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 S
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n 
H

ai
; 

th
e 
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ue
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ct
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n 
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w
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g 
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e 
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si
on

 b
et

w
ee

n 
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e 
C
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ne

se
 s
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p 

Fu
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n 

H
ai
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e 

C
yp
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te
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l G
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rth
 

of
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m
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ay
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 D
ur

in
g 

th
e w

re
ck
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f 
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 S
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n 
H

ai
, t
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w
ed

is
h 

C
oa

st
gu

ar
d 

to
ok

 ca
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 o
f 
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ox
im

at
el

y 
10

00
 to
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 o

f h
ea
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 fu

el
 o

il 
at

 se
a t

o 
a 

co
st

 o
f a

pp
ro

xi
m

at
el

y 
10

 m
ill

io
n 
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K

. D
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pi
te

 
m
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ffo
rts

, a
no

th
er

 1
00

 t
on

s 
of
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il 

re
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he
d 

th
e 
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e 
an

d 
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e 
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n-

up
 c
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e 
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im
at
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y 

15
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n 
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K
. T
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ta

l c
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in
g 

th
e 
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f c
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 a
nd

 sh
ip

, t
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C
on
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ru
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io
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w
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h

G
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lly

 b
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B
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m
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t b
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R
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y 
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N
o 
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ta

L
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en
d
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or

e 
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Fi
g 

4.
 D

iff
er

en
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es

 o
f s

ho
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s r
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D
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l m
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öa
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.
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17
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n 
an

d 
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e 
re
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s 
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l p
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n 
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ce
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ed

 1
 b
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K
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3]
.
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 th

e e
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m
pl

e o
f F

u 
Sh

an
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ai
, t
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il 
st

ru
ck

 th
e 
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ed
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h 

R
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io
n 
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ån

e 
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 s

ho
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e 
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m
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ed
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 b
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es

. S
uc

h 
a 
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h 
is

 re
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el

y 
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 r
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re
 t

hr
ou

gh
 r
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al
 o

f 
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e 
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m
es

 o
f 
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nd

. I
n 
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rd
an

ce
 to

 th
e 

di
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si

on
 o

f d
iff

er
en

t 
en

vi
ro
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en
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l 
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s 
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sh
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 c
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up
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e.
 

A
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 c
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s 
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ne
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lly
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h 

m
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co
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 t
o 
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e 
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m
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 if
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e 
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co
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t 
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y 
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m
an
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n 

fo
r 
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n 

m
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 n
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fi c
an
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gr
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s. 

Th
e 

fa
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t s
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e 
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pe
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e 
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 r
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s, 
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 m

en
tio

ne
d 
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e,
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lt 

m
ar

sh
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. T
hi

s t
yp

e 
is

 a
ls

o 
th

e 
m

os
t e

xp
en

si
ve

 
to

 r
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. 
In

 s
pi
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 o

f 
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gh
 c
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re
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at
io

n 
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d.

 T
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th
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an
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 ty
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 d
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be
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iffi
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ul
t t

o 
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en
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 c
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e 
of
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o 
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tio
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e 
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g 
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g 

th
e 

pu
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 w

he
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“n
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m
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 ta
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n”
.
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2.

2 
In

di
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ct
 c

os
ts

So
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r o
nl

y 
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re
ct

 c
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ts
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e 
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 d
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ed
, t
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t 

is
 c

os
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 f
or
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ip
m

en
t, 

m
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er
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l 
an

d 
pe
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on

ne
l 
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lv
ed
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n 

a 
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ea
n-

up
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io

n 
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n 
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l 

sp
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. 
U

nl
ik

e 
th

e 
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ct

 c
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, w
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re
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tiv
el

y 
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si
ly
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an
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 e
d,
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iti
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 e

xt
en
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ve
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re
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 c
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m
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h 
m
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e 
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ffi 
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lt 

to
 d
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tin
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st

s 
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e 
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ar

ily
 d

ue
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o 
in
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d 
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f 
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ca
l 
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 r
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ed

 i
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al
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es
. 
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e 
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w
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f 
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 th
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 b
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al
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s 
th
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e 
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e 
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m
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t 
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n 
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y 
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d 
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ee
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m
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w
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O
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 c
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m
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e
o 

H
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bo
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s
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W
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te
 d
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l a
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g
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cc
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of
 p
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ou
r-m

ar
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m
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m
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t
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l r
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ru
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en
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f m
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w
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U
ne

m
pl
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m
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t
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ed

 b
ra
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us
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m
o 
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er
ie

s a
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ac
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l e
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at
e 

m
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ke
t
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en
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e 
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r 
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s
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cc

id
en
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o 

D
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th
 a
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 p

er
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ur
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s
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M
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l d
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n
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e 
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e 
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st
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e 
w
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 c
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e 
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m
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al

ue
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ra
di
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n 
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w

er
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s d
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e d
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lu
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h 
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 c
an

 b
e 
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ro

du
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n 
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.g
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ila
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lit
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.g
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al

ly
 c

ul
tu
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 c
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 p
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 m
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) 
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h 

w
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t 
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t, 
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e 
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ot

he
nb

ur
g[

28
]. 

In
 

th
is

 
pr

es
tu

di
e o

f w
re

ck
 as

se
ss

m
en

t a
nd

 re
m

ed
ia

tio
n,

 n
o 

de
ta

ile
d 

an
al

ys
es

 o
f s

oc
io

ec
on

om
ic

 c
on

se
qu

en
ce

s 
fo

r 
di

ffe
re

nt
 

po
te

nt
ia

l 
sp

ill
s 

fr
om

 
in

di
vi

du
al

 
w

re
ck

s. 
Th

er
e 

ar
e 

st
at

is
tic

al
 m

et
ho

ds
 t

o 
tra

ns
fe

r 
ca

lc
ul

at
io

ns
 

in
 

on
e 

sp
ec

ifi 
c 

en
vi

ro
nm

en
t 

or
 

si
tu

at
io

n 
to

 a
pp

ly
 th

e 
da

ta
 in

 a
no

th
er

 sc
en

ar
io

[3
2]

. 
N

on
e 

of
 

th
e 

re
co

gn
iz

ed
 

po
te

nt
ia

lly
 

po
llu

tin
g 

w
re

ck
s 

in
 t

he
 S

ka
ge

rr
ak

 a
re

 t
ho

ug
ht

 t
o 

co
nt

ai
n 

oi
l 

vo
lu

m
es

 i
n 

th
e 

or
de

r 
of

 2
5 

00
0 

to
ns

, b
ut

 a
s 

pr
ev

io
us

ly
 p

oi
nt

ed
 o

ut
 in

 m
an

y 
re

po
rts

 th
er

e 
ar

e 
no

 li
ne

ar
ity

 b
et

w
ee

n 
th

e 
vo

lu
m

e 
of

 a
n 

oi
l s

pi
ll 

an
d 

th
e 

cl
ea

n-
up

 c
os

ts
[9

, 3
2]

. T
o 

cl
ea

n 
up

 a
 sp

ill
 in

 th
e 

or
de

r o
f 1

00
-5

00
0 

m
3 

do
es

 n
ot

 n
ec

es
sa

ril
y 

ha
ve

 to
 

be
 fa

r l
es

s 
ex

pe
ns

iv
e 

co
m

pa
re

d 
to

 a
 s

ig
ni

fi c
an

tly
 

la
rg

er
 s

pi
ll[

32
]. 

A
s 

ev
en

 a
 p

rim
ar

y 
an

al
ys

is
 o

f 
so

ci
oe

co
no

m
ic

al
 c

on
se

qu
en

ce
s 

in
cl

ud
es

 a
 r

an
ge

 
of

 f
ac

to
rs

 o
f 

un
ce

rta
in

ty
[2

7]
, i

t i
s 

no
t j

us
tifi

 e
d 

to
 

us
e 

a 
tra

ns
fe

r o
f c

al
cu

la
tio

ns
 b

ef
or

e 
th

e 
po

te
nt

ia
l 

en
vi

ro
nm

en
ta

l 
th

re
at

 f
ro

m
 a

 w
re

ck
 i

s 
se

cu
re

d.
 

In
st

ea
d,

 w
e 

ch
os

e 
to

 d
ra

w
 a

 p
ar

al
le

l t
o 

co
st

s 
fo

r 
cl

ea
n 

up
 o

f 
a 

m
aj

or
 s

pi
ll 

ou
ts

id
e 

G
ot

he
nb

ur
g 

(T
ab

le
 1

).

Es
tim

ate
d v

olu
me

 of
 oi

l 
(to

ns
)

Di
re

ct 
co

sts
 (S

EK
)

Ind
ire

ct 
co

sts
 (S

EK
)

19
87

, T
olm

iro
s*

, o
il s

pil
l 

ou
tsi

de
 T

jör
n

40
0

96
 m

illi
on

s
No

 da
ta

20
03

, F
u S

ha
n H

ai,
 sa

nk
 

no
rth

 of
 B

or
nh

olm
11

00
25

 m
illi

on
s

No
 da

ta

20
02

, c
as

e s
en

ar
io,

 ta
nk

er
 

ou
tsi

de
 G

oth
en

bu
rg

 [28
]

25
00

0
So

me
 hu

nd
re

d m
illi

on
s

> 
1 b

illi
on

* 
W

as
 la

te
r c

le
ar

ed
 o

f s
us

pi
ci

on
, b

ut
 th

e 
in

ci
de

nt
 is

 st
ill

 re
fe

rr
ed

 to
 th

e 
su

sp
ec

te
d 

sh
ip

’s
 n

am
e.

Ta
bl

e 
1.

 C
os

ts
 re

la
te

d 
to

 o
il 

sp
ill

s



18
19

3.
 W

re
ck

 in
sp

ec
ti

on
 a

n
d

 r
is

k 
as

se
ss

m
en

t

A
fte

r m
ap

pi
ng

 th
e 

po
te

nt
ia

lly
 p

ol
lu

tin
g 

w
re

ck
s, 

fo
llo

w
ed

 b
y 

lis
tin

g 
of

 t
he

ir 
re

la
tiv

e 
pr

io
rit

y,
 t

he
 

ne
xt

 st
ep

 is
 to

 m
ak

e 
a 

m
or

e 
de

ta
ile

d 
in

sp
ec

tio
n 

of
 

in
di

vi
du

al
 w

re
ck

s (
Fi

g 
5)

. T
hi

s s
te

pw
is

e p
ro

ce
du

re
 

ha
s 

su
cc

es
sf

ul
ly

 
be

en
 

ap
pl

ie
d 

in
 

N
or

w
ay

 
to

 
ha

nd
le

 p
ot

en
tia

lly
 p

ol
lu

tin
g 

w
re

ck
s i

n 
N

or
w

eg
ia

n 
w

at
er

s[
36

]. 
A

 s
im

ila
r 

w
ay

 o
f 

w
or

ki
ng

, 
M

IF
O

 
(M

et
ho

d 
fo

r I
nv

en
to

ry
 o

f P
ol

lu
te

d 
A

re
as

) h
as

 a
ls

o 
be

en
 d

ev
el

op
ed

 b
y 

th
e 

Sw
ed

is
h 

En
vi

ro
nm

en
ta

l 
Pr

ot
ec

tio
n 

A
ge

nc
y[

37
, 

38
] 

fo
r 

in
ve

nt
or

y 
an

d 
cl

as
si

fi c
at

io
n 

of
 p

ol
lu

te
d 

gr
ou

nd
.

A
 d

et
ai

le
d 

as
se

ss
m

en
t o

f 
th

e 
w

re
ck

 s
ta

tu
s 

an
d 

its
 su

rr
ou

nd
in

g 
is

 c
ru

ci
al

 to
 g

et
 in

fo
rm

at
io

n 
ab

ou
t 

w
hi

ch
 m

et
ho

d 
to

 c
ho

os
e 

fo
r 

re
m

ed
ia

tio
n.

 T
he

 
as

se
ss

m
en

t s
ho

ul
d i

nc
lu

de
 in

sp
ec

tio
n o

f t
he

 pr
es

en
t 

w
re

ck
 c

on
di

tio
n,

 th
e 

vo
lu

m
e 

of
 o

il 
on

bo
ar

d 
an

d 
w

he
re

 it
 is

 lo
ca

te
d 

an
d 

fi n
al

ly
 w

he
th

er
 o

r n
ot

 th
e o

il 
co

ul
d 

or
 sh

ou
ld

 b
e 

re
m

ov
ed

[9
]. 

Th
e 

fi n
al

 q
ue

st
io

n 
in

cl
ud

es
 b

ot
h 

th
e 

po
ss

ib
ili

ty
 o

f c
re

at
in

g 
re

la
tiv

el
y 

sa
fe

 w
or

ki
ng

 c
on

di
tio

ns
 a

nd
 a

 r
is

k 
as

se
ss

m
en

t 
w

ith
 r

es
pe

ct
 to

 p
la

us
ib

le
 c

on
se

qu
en

ce
s 

of
 a

n 
oi

l 
sp

ill
 fr

om
 th

e 
in

di
vi

du
al

 w
re

ck
 w

ou
ld

 g
et

.

3.
1 

W
re

ck
 in

sp
ec

tio
n

Th
e 

w
re

ck
 

in
sp

ec
tio

n 
is

 
pr

ed
om

in
at

el
y 

of
 

pr
ac

tic
al

 n
at

ur
e,

 b
ut

 t
o 

fa
ci

lit
at

e 
th

e 
pr

ac
tic

al
 

w
or

k 
it 

is
 p

re
fe

re
nt

ia
l t

o 
ha

ve
 a

s m
uc

h 
th

eo
re

tic
al

 
in

fo
rm

at
io

n a
s p

os
si

bl
e a

bo
ut

 th
e w

re
ck

. F
ol

lo
w

in
g 

da
ta

 is
 g

oo
d 

to
 a

ss
em

bl
e[

9]
:

• 
Te

ch
ni

ca
l 

dr
aw

in
gs

 
of

 
th

e 
w

re
ck

ed
 

sh
ip

 
co

ns
tru

ct
io

n.
 In

 la
ck

 o
f d

ra
w

in
gs

 o
f a

 sp
ec

ifi 
c 

sh
ip

, 
dr

aw
in

gs
 o

f 
si

m
ila

r 
sh

ip
s 

sh
ou

ld
 b

e 
st

ud
ie

d.
• E

ye
-w

itn
es

s d
ep

ic
tio

ns
 a

nd
/o

r p
ho

to
s f

ro
m

 th
e 

po
in

t o
f w

re
ck

ag
e

• 
D

oc
um

en
ta

tio
n 

fr
om

 th
e 

la
st

 jo
ur

ne
y,

 s
uc

h 
as

 
ca

rg
o 

an
d 

bu
nk

er
 re

po
rts

 e
tc

 
• 

D
oc

um
en

ta
tio

n 
fr

om
 

pr
ev

io
us

 
w

re
ck

 
as

se
ss

m
en

ts
 a

nd
 re

m
ed

ia
tio

ns

A 
de

tai
led

 th
re

e d
im

en
sio

na
l s

ur
ve

y 
of

 th
e w

re
ck

 
an

d 
its

 su
rro

un
di

ng
s c

an
 b

e m
ad

e w
ith

 a 
m

ul
ti 

be
am

 

so
na

r c
ou

pl
ed

 to
 a 

GP
S.

 T
hi

s c
an

 p
ro

vi
de

 d
eta

ile
d 

in
fo

rm
ati

on
 o

n 
th

e w
re

ck
 p

os
iti

on
, h

ow
 in

tac
t t

he
 

wr
ec

k 
is,

 an
d 

if 
tec

hn
ica

l d
ra

wi
ng

s a
re

 av
ail

ab
le 

ca
n 

co
m

pa
ris

on
s b

etw
ee

n 
th

e s
on

ar
 im

ag
es

 an
d 

th
e 

dr
aw

in
gs

 fo
r e

xa
m

pl
e r

ev
ea

l t
he

 lo
ca

liz
ati

on
 o

f t
he

 
tan

ks
. F

ro
m

 th
is 

in
fo

rm
ati

on
 it

 is
 p

os
sib

le 
to

 co
nc

lu
de

 
wh

er
e i

t i
s l

ik
ely

 to
 fi 

nd
 re

m
ain

in
g 

oi
l a

nd
 w

he
re

 to
 

lo
ok

 to
 fi 

nd
 th

em
. F

or
 in

sta
nc

e i
t i

s l
ik

ely
 th

at 
th

e 
re

m
ain

in
g 

oi
l o

f a
 w

re
ck

 th
at 

re
sts

 m
or

e o
r l

es
s i

nt
ac

t 
an

d 
up

 si
de

 d
ow

n 
is 

lef
t i

n 
th

e t
an

ks
, w

hi
le 

a w
re

ck
 

th
at 

wa
s s

ev
er

ely
 d

am
ag

ed
 d

ur
in

g 
th

e i
m

pa
ct 

an
d 

is 
fo

un
d 

wi
th

 th
e v

alv
es

 o
f t

he
 ta

nk
s u

pr
ig

ht
 m

ig
ht

 h
av

e 
lo

st 
m

or
e o

il 
sin

ce
 th

e t
im

e f
or

 si
nk

in
g.

 In
 g

en
er

al 
a 

sin
ki

ng
 sh

ip
 re

ac
he

s i
ts 

m
ax

im
um

 si
nk

in
g 

ve
lo

cit
y 

at 
ap

pr
ox

im
ate

ly
 1

00
 to

 3
00

 m
 d

ep
th

. T
he

 sp
an

 is
 d

ue
 

to
 v

ar
iat

io
ns

 in
 e.

g.
 d

iff
er

en
t h

ul
l d

es
ig

n,
 ca

rg
o 

an
d/

or
 

wr
ec

ka
ge

 re
lat

ed
 d

am
ag

e. 
Th

e p
re

se
nt

 co
nd

iti
on

 o
f a

 
sh

ip
 w

re
ck

 is
, b

es
id

es
 d

am
ag

e f
ro

m
 th

e w
re

ck
ag

e a
nd

 
im

pa
ct 

wh
en

 re
ac

hi
ng

 th
e s

ea
 fl 

oo
r, 

als
o 

de
pe

nd
in

g 
on

 
th

e e
nv

iro
nm

en
tal

 co
nd

iti
on

s a
t t

he
 si

te 
su

ch
 as

:

• 
W

ate
r d

ep
th

• 
Ex

po
se

d 
or

 p
ro

tec
ted

 w
ate

rs

• 
W

in
d 

an
d 

cu
rre

nt
 co

nd
iti

on
s

• 
W

ate
r t

em
pe

ra
tu

re

• 
Bi

ol
og

ica
l a

cti
vi

ty

• 
W

ate
r c

he
m

ist
ry

W
ate

r d
ep

th
, i

n 
co

m
bi

na
tio

n 
wi

th
 w

in
d-

 an
d 

cu
rre

nt
 co

nd
iti

on
s c

an
 af

fe
ct 

th
e p

os
sib

ili
ty

 fo
r l

ar
ge

 
sc

ale
 m

ov
em

en
t o

f t
he

 w
re

ck
, b

ot
h 

(a
s p

re
vi

ou
sly

 
di

sc
us

se
d)

, b
ut

 al
so

 la
ter

 w
he

n 
th

e w
re

ck
 re

sts
 at

 
th

e s
ea

 fl 
oo

r. 
Co

ns
id

er
in

g 
an

 ex
po

se
d 

sit
e w

ith
 

hy
po

th
eti

ca
l w

av
e l

en
gt

hs
 o

f 7
5-

15
0 

m
 ca

n 
sc

ou
r t

he
 

wr
ec

k 
th

ro
ug

h 
th

e w
av

e p
ul

se
s. 

Th
is 

ca
n 

ac
ce

ler
ate

 
th

e d
eg

ra
da

tio
n 

of
 st

ee
l a

s c
oa

tin
gs

 an
d 

bi
ol

og
ica

l 
ep

ig
ro

wt
h.

 It
 ca

n 
als

o 
fo

rc
e t

he
 w

re
ck

 in
 m

ot
io

n,
 

wh
ich

 in
 tu

rn
 ca

n 
ca

us
e f

ur
th

er
 d

am
ag

e o
f t

he
 

co
ns

tru
cti

on
 o

r b
ur

ial
 o

f t
he

 w
re

ck
 in

 th
e s

ed
im

en
t 

m
ak

in
g 

it 
m

or
e d

iffi
 cu

lt 
to

 lo
ca

liz
e t

he
 ta

nk
s f

or
 

sa
m

pl
in

g 
an

d 
po

ss
ib

le 
re

m
ov

al 
of

 th
e o

il.
 In

 sh
all

ow
 

wa
ter

s, 
br

ea
ki

ng
 w

av
es

 ca
n 

in
cr

ea
se

 th
e o

xy
ge

na
tio

n 
of

 th
e w

ate
r a

ro
un

d 
th

e w
re

ck
, w

hi
ch

 m
ig

ht
 co

nt
rib

ut
e 

to
 en

ha
nc

ed
 co

rro
sio

n 
of

 th
e h

ul
l. 

Es
pe

cia
lly

 th
e 

ox
yg

en
 co

nc
en

tra
tio

n 
in

 th
e w

ate
r h

as
 tu

rn
ed

 o
ut

 
to

 b
e a

 cr
iti

ca
l p

ar
am

ete
r f

or
 th

e c
or

ro
sio

n 
ra

te[
39

]. 
Ot

he
r c

on
tri

bu
tin

g 
pa

ra
m

ete
rs 

ar
e s

ali
ni

ty,
 b

io
lo

gi
ca

l 
ep

ig
ro

wt
h 

an
d 

de
gr

ee
 o

f b
ur

ial
 in

 th
e s

ed
im

en
t. 

Th
es

e 
pa

ra
m

ete
rs 

ar
e a

ll 
m

or
e o

r l
es

s i
nt

er
co

nn
ec

ted
 o

r 
in

ter
de

pe
nd

en
t. 

He
nc

e, 
co

rro
sio

n 
ra

tes
 ar

e d
iffi

 cu
lt 

to
 ca

lcu
lat

e t
he

or
eti

ca
lly

 as
 re

du
cti

on
 o

f o
ne

 k
ey

 
pa

ra
m

ete
r m

ig
ht

 in
du

ce
 in

cr
ea

se
 o

f a
no

th
er

[8
]. 

Be
sid

e 
its

 ef
fe

ct 
on

 co
rro

sio
n 

ra
te,

 th
e w

ate
r t

em
pe

ra
tu

re
 al

so
 

af
fe

cts
 th

e v
isc

os
ity

 o
f o

il,
 w

hi
ch

 ca
n 

ca
us

e s
ea

so
na

l 
oi

l s
pi

lls
. F

in
all

y, 
th

e w
ate

r d
ep

th
 g

ov
er

ns
 th

e c
ho

ice
 

of
 m

eth
od

 fo
r w

re
ck

 in
sp

ec
tio

n,
 ei

th
er

 d
iv

er
s a

nd
/o

r 
RO

V:
s.

To
 lo

ca
liz

e a
nd

 sa
m

pl
e i

nd
iv

id
ua

l t
an

ks
 is

 a 
ve

ry
 

tim
e-

co
ns

um
in

g,
 y

et 
ex

tre
m

ely
 im

po
rta

nt
 m

om
en

t. 
Th

is 
wo

rk
 d

oe
s n

ot
 n

ec
es

sa
ril

y 
ha

ve
 to

 in
clu

de
 h

ig
h 

tec
hn

ol
og

ica
l e

qu
ip

m
en

t, 
bu

t c
an

 b
e m

ad
e t

hr
ou

gh
 

kn
oc

ki
ng

 at
 th

e h
ul

l t
o 

fi n
d 

e.g
. b

ul
kh

ea
ds

 an
d 

fra
m

es
 

in
sid

e t
he

 h
ul

l. 
Sa

m
pl

in
g 

co
ul

d 
be

 m
ad

e w
ith

 a 
dr

ill
 

an
d 

a t
hi

n 
ho

se
. I

n 
ca

se
 o

f h
ig

h 
vi

sc
os

ity
 o

il,
 h

ea
tin

g 
m

ig
ht

 b
e r

eq
ui

re
d 

to
 en

ab
le 

sa
m

pl
in

g.
 E

ac
h 

tan
k 

ne
ed

s t
o 

be
 fr

eq
ue

nt
ly

 sa
m

pl
ed

 al
on

g 
a v

er
tic

al 
lin

e t
o 

de
ter

m
in

e t
he

 o
il 

lev
el 

an
d 

th
at 

it 
is 

th
e s

am
e t

yp
e o

f 
oi

l t
hr

ou
gh

ou
t t

he
 ta

nk
 as

 g
ra

vi
m

etr
ica

l s
tra

tifi
 ca

tio
n 

m
ay

 o
cc

ur
. T

o 
su

m
 u

p 
th

is 
im

pl
ies

 m
an

y 
ho

les
 to

 d
ril

l, 
wh

y 
no

n-
de

str
uc

tiv
e m

eth
od

s t
o 

id
en

tif
y 

di
ffe

re
nt

 
liq

ui
d 

lay
er

s i
n 

clo
se

d 
tan

ks
 b

rin
g 

a s
ig

ni
fi c

an
t s

av
in

g 
of

 ti
m

e. 
Th

er
e a

re
 al

so
 u

ltr
as

on
ic 

de
vi

ce
s w

hi
ch

 ca
n 

be
 u

se
d 

to
 d

ete
rm

in
e t

he
 th

ick
ne

ss
 o

f a
 h

ul
l. 

Ho
we

ve
r, 

th
e u

ltr
as

on
ic 

in
str

um
en

ts 
ar

e o
f l

im
ite

d 
us

e w
he

n 
try

in
g 

to
 fi 

nd
 th

e o
il 

lev
el 

in
 a 

tan
k.

 In
ste

ad
 th

er
e 

ar
e t

od
ay

 n
eu

tro
n 

ba
ck

sc
att

er
in

g 
tec

hn
ol

og
ies

[4
0]

 
av

ail
ab

le 
to

 p
ro

vi
de

 in
fo

rm
ati

on
 o

n 
th

e p
os

iti
on

 o
f 

an
 o

il-
wa

ter
 in

ter
fa

ce
 w

ith
 le

ss
 th

an
 5

 cm
 re

so
lu

tio
n.

 
Th

es
e d

ete
cto

rs 
ha

ve
 al

so
 su

cc
es

sfu
lly

 b
ee

n 
us

ed
 in

 
co

m
bi

na
tio

n 
wi

th
 a 

RO
V.

If 
av

ail
ab

le,
 o

r i
f t

he
 co

nd
iti

on
 o

f t
he

 w
re

ck
 al

lo
ws

 
fo

r, 
an

ot
he

r o
pt

io
n 

is 
to

 u
se

 ex
ist

in
g 

va
lv

es
 o

r p
ip

in
g 

  
D

at
a 

ba
se

 o
f p

ot
en

tia
lly

 
po

llu
tin

g 
sh

ip
w

re
ck

s
 

D
et

er
m

in
in

g 
of

 re
la

tiv
e 

 
or

de
r o

f p
rio

rit
y 

of
 th

e
 

w
re

ck
s. 

E.
g.

 a
cc

or
di

ng
 to

 
 

th
e 

cr
ite

ria
 li

st
ed

 in
 

 
A

pp
en

di
x 

1 
 

In
sp

ec
tio

n 
of

 th
e 

m
os

t
 

 
im

m
in

en
t p

ot
en

tia
lly

 
 

Re
m

ed
ia

tio
n

Eliminated potential environmental threat  

po
llu

tin
g 

w
re

ck
s

Fi
g.

 5
 P

ro
po

se
d 

or
ga

ni
za

tio
na

l c
ha

rt
 to

 
en

su
re

 re
so

ur
ce

 e
ffe

ct
iv

e 
ha

nd
lin

g 
of

 p
ot

en
tia

lly
 

po
llu

tin
g 

w
re

ck
s.



20
21

to
 sa

m
pl

e t
he

 o
il.

 F
or

 m
or

e r
ec

en
t w

re
ck

s t
hi

s c
an

 b
e 

a p
os

sib
le 

wa
y 

to
 g

o,
 al

so
 fo

r r
em

ov
al 

of
 o

il.
 W

he
n 

it 
co

m
es

 to
 o

ld
er

 w
re

ck
s f

ro
m

 th
e S

ec
on

d 
W

or
ld

 W
ar

 it
 

is 
un

lik
ely

 th
at 

th
is 

ap
pr

oa
ch

 w
ill

 w
or

k[
7,

 8
], 

m
ain

ly
 

du
e t

o 
co

rro
sio

n 
re

lat
ed

 ch
an

ge
s.

Pr
ev

io
us

 w
re

ck
 re

m
ed

iat
io

ns
 h

av
e p

oi
nt

ed
 at

 
ex

tre
m

ely
 sl

ow
 co

rro
sio

n 
of

 o
il 

co
nt

ain
in

g 
tan

ks
 

wh
er

e t
he

 b
ot

to
m

 p
ain

t o
ut

sid
e t

he
 ta

nk
 is

 in
tac

t 
un

de
rn

ea
th

 m
ar

in
e e

pi
gr

ow
th

. T
hi

s p
he

no
m

en
on

 h
as

 
be

en
 o

bs
er

ve
d 

bo
th

 in
 co

ld
 an

d 
wa

rm
 w

ate
rs,

 d
ow

n 
to

 
50

 m
 d

ep
th

[4
1]

. H
en

ce
, i

t i
s o

f g
re

at 
in

ter
es

t t
o 

ch
ec

k 
th

e s
tat

us
 o

f t
he

 b
ot

to
m

 p
ain

t, 
es

pe
cia

lly
 o

n 
an

d 
clo

se
 

to
 th

e t
an

ks
. T

hi
s i

n 
co

m
bi

na
tio

n 
wi

th
 m

ea
su

re
m

en
t 

of
 th

e g
alv

an
ic 

po
ten

tia
l o

f t
he

 h
ul

l, 
ar

e t
wo

 im
po

rta
nt

 
pi

ec
es

 to
 en

ab
le 

a p
ro

pe
r r

isk
 as

se
ss

m
en

t a
nd

 th
e 

pr
ob

ab
ili

ty
 fo

r t
he

 ta
nk

s t
o 

co
lla

ps
e. 

3.
2 

R
is

k 
as

se
ss

m
en

t

B
ey

on
d 

th
e 

ne
ce

ss
ity

 t
o 

as
se

ss
 w

re
ck

 s
ta

bi
lit

y 
to

 
as

su
re

 
sa

fe
 

w
or

ki
ng

 
co

nd
iti

on
s 

du
rin

g 
an

 
ev

en
tu

al
 r

em
ed

iti
at

io
n,

 i
t 

is
 a

ls
o 

de
si

ra
bl

e 
to

 
m

ak
e 

a 
de

ta
ile

d 
ris

k 
as

se
ss

m
en

t 
w

ith
 f

oc
us

 o
n 

po
ss

ib
le

 c
on

se
qu

en
ce

s 
of

 a
 s

ud
de

n 
sp

ill
 o

f 
al

l 
th

e 
ve

rifi
 e

d 
re

m
ai

ni
ng

 o
il 

vo
lu

m
e 

on
bo

ar
d 

th
e 

w
re

ck
. 

To
da

y 
en

vi
ro

nm
en

ta
l 

is
su

es
 a

re
 h

an
d-

in
-h

an
d 

w
ith

 s
oc

io
ec

on
om

ic
 i

ss
ue

s[
42

] 
an

d 
th

e 
ris

k 
as

se
ss

m
en

t 
th

at
 w

as
 s

ta
rte

d 
w

he
n 

m
ap

pi
ng

 
th

e 
po

te
nt

ia
lly

 p
ol

lu
tin

g 
w

re
ck

s 
ha

s 
to

 b
e 

m
or

e 
de

ta
ile

d 
pr

io
r t

o 
re

m
ed

ia
tio

n.
 B

ef
or

e d
is

cu
ss

io
n 

of
 

su
ita

bl
e 

re
m

ed
ia

tio
n 

te
ch

ni
qu

e,
 th

e 
en

vi
ro

nm
en

ta
l 

be
ne

fi t
 o

f 
a 

re
m

ed
ia

tio
n 

m
us

t 
be

 e
co

no
m

ic
al

ly
 

de
fe

ns
ib

le
, i

n 
ot

he
r w

or
ds

; i
s 

it 
po

ss
ib

le
 to

 v
er

ify
 

th
at

 th
e 

so
ci

oe
co

no
m

ic
 c

on
se

qu
en

ce
s 

of
 a

 m
aj

or
 

sp
ill

 fr
om

 a 
sp

ec
ifi 

c w
re

ck
 is

 se
ve

re
 en

ou
gh

 to
 ca

ll 
fo

r r
em

ed
ia

tio
n?

Th
is

 w
or

k 
sh

ou
ld

 a
ls

o 
in

cl
ud

e 
co

m
pa

ris
on

s 
be

tw
ee

n 
av

ai
la

bl
e 

dr
aw

in
gs

, 
in

fo
rm

at
io

n 
ab

ou
t 

ca
rg

o 
an

d 
bu

nk
er

, 
an

d 
al

so
 e

xi
st

in
g 

m
un

iti
on

s 
or

 o
th

er
 d

an
ge

ro
us

 g
oo

ds
, 

if 
an

y.
 E

ve
n 

th
ou

gh
 

th
e 

fo
cu

s 
of

 t
hi

s 
re

po
rt 

is
 a

t 
th

e 
en

vi
ro

nm
en

ta
l 

th
re

at
 p

os
ed

 b
y 

oi
l s

pi
lls

 a
nd

 n
ot

 m
un

iti
on

s 
su

ch
 

as
 a

m
m

un
iti

on
 o

r 
ch

em
ic

al
 w

ar
fa

re
 a

ge
nt

s, 
it 

is
 

im
po

rta
nt

 to
 re

m
em

be
r t

ha
t p

re
se

nc
e 

of
 th

e 
la

tte
r 

m
ay

 i
nt

er
fe

re
 w

ith
 t

he
 p

os
si

bi
lit

y 
to

 r
em

ov
e 

re
m

ai
ni

ng
 o

il 
fr

om
 a

 w
re

ck
. I

t i
s 

a 
m

aj
or

 s
af

et
y 

ha
za

rd
 t

o 
re

m
ov

e 
oi

l 
fr

om
 a

 w
re

ck
 i

f 
th

er
e 

is
 

an
 e

le
va

te
d 

ris
k 

of
 e

xp
lo

si
on

 o
nb

oa
rd

 o
r 

ris
k 

of
 d

el
ib

er
at

io
n 

of
 w

ar
 g

as
 d

ur
in

g 
sa

lv
ag

e 
w

or
k.

 
Fo

r e
xa

m
pl

e 
du

rin
g 

th
e 

re
m

ed
ia

tio
n 

of
 th

e 
ba

ttl
e 

cr
ui

se
r B

lü
ch

er
 in

 th
e 

O
sl

o 
fjo

rd
, i

t w
as

 c
on

cl
ud

ed
 

th
at

 3
0-

40
 t

on
s 

of
 o

il 
w

er
e 

to
o 

ris
ky

 t
o 

re
m

ov
e 

as
 i

t 
w

as
 l

oc
at

ed
 i

n 
sp

ac
es

 n
ex

t 
to

 a
m

m
un

iti
on

 
st

or
ag

e[
10

]. 

3.
3 

C
ul

tu
ra

l a
nd

 h
is

to
ri

ca
l a

sp
ec

ts
 a

nd
 r

ig
ht

 
of

 s
al

va
ge

A
no

th
er

 a
sp

ec
t o

f t
he

 p
ot

en
tia

lly
 p

ol
lu

tin
g 

w
re

ck
s 

is
 th

ei
r c

ul
tu

ra
l a

nd
 h

is
to

ric
al

 im
po

rta
nc

e.
 W

re
ck

s 
ol

de
r t

ha
n 

ar
e 

10
0 

ye
ar

s a
re

 p
ro

te
ct

ed
 b

y 
m

us
eu

m
 

la
w

s 
ad

m
in

is
tra

te
d 

by
 

th
e 

N
at

io
na

l 
C

ul
tu

ra
l 

H
er

ita
ge

 A
ge

nc
y.

 H
ow

ev
er

, 
th

es
e 

la
w

s 
ar

e 
no

t 
ap

pl
ic

ab
le

 to
 w

re
ck

s y
ou

ng
er

 th
an

 10
0 y

ea
rs

, w
hi

ch
 

in
 m

an
y 

w
ay

s 
is

 a
n 

un
fo

rtu
na

te
 a

nd
 i

rr
el

ev
an

t 
di

vi
si

on
[4

4]
. F

or
 in

st
an

ce
 w

re
ck

s f
ro

m
 th

e S
ec

on
d 

W
or

ld
 W

ar
 c

an
 d

efi
 n

ite
ly

 b
e 

as
 in

te
re

st
in

g 
as

 o
ld

er
 

w
re

ck
s 

fr
om

 a
 m

ili
ta

ry
 h

is
to

ric
al

 p
oi

nt
 o

f 
vi

ew
. 

H
en

ce
 it

 is
 o

f g
re

at
 im

po
rta

nc
e 

to
 in

vo
lv

e 
m

ar
in

e 
ar

ch
ae

ol
og

is
ts

 a
t 

an
 e

ar
ly

 s
ta

ge
 o

f 
th

e 
pl

an
ni

ng
 

of
 a

 r
em

ed
ia

tio
n.

 O
bs

er
va

tio
ns

 f
ro

m
 t

he
 w

re
ck

 
in

sp
ec

tio
n 

ca
n 

al
so

 b
e 

of
 in

te
re

st
 f

or
 th

e 
m

ar
in

e 
ar

ch
ae

ol
og

is
ts

. 
Fi

na
lly

, 
on

e 
ha

s 
to

 c
on

si
de

r 
th

at
 

m
an

y 
w

re
ck

s 
ar

e 
gr

av
es

 a
nd

 s
ho

ul
d 

be
 t

re
at

ed
 

w
ith

 re
sp

ec
t. 

Ea
ch

 y
ea

r, 
th

e 
m

ar
in

e 
ar

ch
ae

ol
og

is
ts

 a
t 

th
e 

B
oh

us
lä

n’
s m

us
eu

m
 in

 U
dd

ev
al

la
 an

d 
th

e S
w

ed
is

h 
C

oa
st

gu
ar

d 
as

si
st

 
th

e 
co

un
ty

 
ad

m
in

is
tra

tiv
e 

bo
ar

d 
of

 V
äs

tra
 G

öt
al

an
d 

C
ou

nt
y 

by
 g

iv
in

g 
th

ei
r 

re
sp

ec
tiv

e o
pi

ni
on

s i
n 

th
e h

an
dl

in
g 

of
 ap

pl
ic

at
io

ns
 

fo
r 

ex
cl

us
iv

e 
rig

ht
 t

o 
sa

lv
ag

e 
ac

co
rd

in
g 

to
 t

he
 

A
ct

 (
19

84
:9

83
). 

Th
e 

es
ta

bl
is

hm
en

t 
of

 t
hi

s 
la

w
 

w
as

 
th

ou
gh

t 
to

 
pr

ot
ec

t 
th

e 
rig

ht
fu

l 
ow

ne
rs

 
to

 
pr

oc
ee

d 
w

ith
 

sa
lv

ag
e 

w
ith

ou
t 

in
te

rf
er

en
ce

 
fr

om
 t

he
 m

an
y 

ea
ge

r 
sa

lv
er

s 
th

at
 u

su
al

ly
 s

ho
w

 

up
 i

n 
ca

se
 o

f 
w

re
ck

ed
 g

oo
ds

 o
f 

co
ns

id
er

ab
le

 
va

lu
e.

 T
hi

s 
po

se
s 

pr
ob

ab
ly

 n
ot

 a
 m

aj
or

 p
ro

bl
em

 
re

ga
rd

in
g 

th
e 

po
te

nt
ia

lly
 p

ol
lu

tin
g 

w
re

ck
s 

as
 th

e 
co

st
s 

fo
r r

et
rie

vi
ng

 th
e 

oi
l o

nb
oa

rd
 is

 m
os

t l
ik

el
y 

ex
ce

ed
in

g 
its

 in
tri

ns
ic

 v
al

ue
. O

n 
th

e 
ot

he
r 

ha
nd

, 
if 

an
y 

pa
rts

 o
f 

th
e 

w
re

ck
 o

r 
w

re
ck

ed
 g

oo
ds

 a
re

 
of

 c
on

si
de

ra
bl

e 
va

lu
e,

 it
 c

ou
ld

 b
e 

us
ed

 to
 r

ed
uc

e 
th

e c
os

ts
 fo

r r
em

ed
ia

tio
n.

 H
ow

ev
er

, t
hi

s b
rin

gs
 th

e 
di

sc
us

si
on

 o
f p

ro
te

ct
io

n 
of

 c
ul

tu
ra

l a
nd

 h
is

to
ric

al
 

va
lu

es
, v

er
su

s 
th

e 
re

du
ct

io
n 

of
 c

os
ts

 to
 p

re
ve

nt
 a

 
po

te
nt

ia
l 

en
vi

ro
nm

en
ta

l 
th

re
at

. 
D

ur
in

g 
20

07
 t

he
 

ad
m

in
is

tra
tiv

e 
co

un
ty

 b
oa

rd
 o

f 
V

äs
tra

 G
öt

al
an

d 
re

je
ct

ed
 th

e 
Sw

ed
is

h 
so

ci
et

y 
of

 m
ar

in
e 

hi
st

or
y’

s 
ap

pl
ic

at
io

n 
fö

r e
xc

lu
si

ve
 ri

gh
t o

f s
al

va
ge

 to
 se

ve
n 

(7
) 

w
re

ck
s 

th
at

 s
un

k 
be

tw
ee

n 
19

40
 a

nd
 1

94
5,

 o
f 

w
hi

ch
 th

re
e 

(3
) 

ar
e 

on
 th

e 
lis

t o
f 

ris
k 

po
te

nt
ia

lly
 

po
llu

tin
g 

w
re

ck
s i

n 
th

e 
Sk

ag
er

ra
k.

 

Fi
na

lly
, 

th
e 

br
oa

d 
pu

bl
ic

 i
nt

er
es

t 
re

ga
rd

in
g 

w
re

ck
s 

su
gg

es
ts

 c
on

tin
uo

us
 d

oc
um

en
ta

tio
n 

fo
r 

po
ss

ib
le

 la
te

r e
xp

os
ur

e o
f t

he
 h

is
to

ry
 o

f t
he

 w
re

ck
s 

to
 th

e 
pu

bl
ic

[4
4]

.

3.
4 

C
os

ts
 o

f 
w

re
ck

 in
sp

ec
tio

n

D
et

ai
le

d 
in

sp
ec

tio
n 

of
 t

he
 w

re
ck

 i
s 

ex
tre

m
el

y 
im

po
rta

nt
 t

o 
ve

rif
y 

th
e 

th
eo

re
tic

al
 a

ss
es

sm
en

t. 
Fu

rth
er

, 
th

e 
pr

ov
id

ed
 

in
fo

rm
at

io
n 

fa
ci

lit
at

es
 

th
e 

pr
ep

ar
at

io
ns

 o
f 

a 
re

m
ed

ia
tio

n 
an

d 
en

ab
le

s 
sm

oo
th

er
 o

pe
ra

tio
n 

e.
g.

 if
 th

e 
lo

ca
tio

n 
of

 th
e 

oi
l t

o 
be

 r
em

ov
ed

 is
 k

no
w

n 
an

d 
w

he
th

er
 th

e 
co

nd
iti

on
 

of
 th

e 
w

re
ck

 a
llo

w
s 

fo
r a

tta
ch

m
en

t o
f a

 p
um

pi
ng

 
eq

ui
pm

en
t 

or
 n

ot
. 

If
 t

he
 d

ec
is

io
n 

to
 r

ea
liz

e 
a 

re
m

ed
ia

tio
n 

is
 b

as
ed

 s
ol

el
y 

on
 t

he
 t

he
or

et
ic

al
 

as
se

ss
m

en
t 

of
 t

he
 w

re
ck

, t
he

 r
es

ul
t 

m
ig

ht
 b

e 
an

 
un

re
as

on
ab

le
 

re
m

ed
ia

tio
n 

an
d 

a 
ha

rd
-e

ar
ne

d 
ex

pe
rie

nc
e.

 O
ne

 e
xa

m
pl

e 
is

 t
he

 r
em

ed
ia

tio
n 

of
 

th
e 

w
re

ck
ed

 ta
nk

er
 M

/T
 S

ol
ar

 1
, w

hi
ch

 s
an

k 
of

f 
th

e 
co

as
t o

f 
th

e 
Ph

ili
pp

in
es

 in
 A

ug
us

t 2
00

6 
an

d 
th

e 
re

m
ov

al
 o

f 
th

e 
re

m
ai

ni
ng

 o
il 

on
bo

ar
d 

be
ga

n 
in

 F
eb

ru
ar

y 
20

07
. T

he
 c

os
t p

er
 c

ub
ic

 c
ap

ac
ity

 w
as

 
ve

ry
 h

ig
h 

(in
 th

e 
or

de
r o

f 4
 m

ill
io

n 
SE

K
 p

er
 m

3)
 

as
 it

 tu
rn

ed
 o

ut
 th

at
 th

e w
re

ck
 al

re
ad

y 
w

as
 m

or
e o

r 
le

ss
 em

pt
y 

(~
9 

m
3 

le
ft 

in
st

ea
d 

of
 th

e e
st

im
at

ed
 7

00
 

m
3)

[4
5]

. C
on

si
de

rin
g 

ol
de

r w
re

ck
s, 

e.
g.

 S
ky

tte
re

n,
 

w
he

re
 n

o 
re

lia
bl

e 
in

fo
rm

at
io

n 
ab

ou
t t

he
 ty

pe
 a

nd
 

am
ou

nt
 o

f 
oi

l o
nb

oa
rd

 a
t t

he
 ti

m
e 

fo
r 

si
nk

in
g,

 it
 

is
 i

ne
vi

ta
bl

e 
th

at
 t

he
 i

ni
tia

l 
as

se
ss

m
en

t 
w

ill
 b

e 
sp

ec
ul

at
iv

e 
or

 a
s a

 b
es

t c
as

e 
ed

uc
at

ed
 g

ue
ss

es
. T

o 
ve

rif
y 

th
e 

ba
si

s 
an

d 
va

lid
ity

 o
f 

su
ch

 s
pe

cu
la

tiv
e 

in
fo

rm
at

io
n,

 it
 is

 n
ec

es
sa

ry
 th

at
 th

e d
et

ai
le

d 
w

re
ck

 
in

sp
ec

tio
n 

is
 c

om
pr

eh
en

si
ve

 e
no

ug
h 

to
 s

er
ve

 a
s 

gu
id

an
ce

 w
he

th
er

 re
m

ed
ia

tio
n 

is
 re

qu
ire

d 
or

 if
 th

e 
po

te
nt

ia
l 

th
re

at
 c

an
 b

e 
ca

nc
el

ed
 w

ith
ou

t 
fu

rth
er

 
at

te
nt

io
n.

 T
he

 c
os

t o
f 

de
ta

ile
d 

w
re

ck
 in

sp
ec

tio
ns

 
in

cl
ud

es
, 

in
 a

dd
iti

on
 t

o 
th

e 
in

-s
itu

 i
ns

pe
ct

io
n,

 
al

so
 th

e 
m

ob
ili

za
tio

n 
co

st
 th

at
 is

 th
e 

tra
ns

po
rt 

of
 

eq
ui

pm
en

t, 
pe

rs
on

ne
l a

nd
 p

os
si

bl
y 

al
so

 m
oo

rin
g 

of
 a

 w
or

ki
ng

 p
la

tfo
rm

. D
ep

en
di

ng
 o

n 
th

e 
du

ra
tio

n 
of

 th
e 

m
ob

ili
za

tio
n 

an
d 

th
e 

de
pt

h 
at

 th
e 

w
re

ck
 si

te
 

th
e 

m
ob

ili
za

tio
n 

co
st

 c
an

 r
ep

re
se

nt
 a

 s
ig

ni
fi c

an
t 

pa
rt 

of
 t

he
 t

ot
al

 c
os

t 
fo

r 
th

e 
in

sp
ec

tio
n.

 O
n 

th
e 

ot
he

r 
ha

nd
, 

th
e 

m
ob

ili
za

tio
n 

co
st

 p
er

 w
re

ck
 i

s 
lik

el
y 

to
 d

ec
re

as
e 

if 
in

sp
ec

tio
ns

 o
f w

re
ck

s l
oc

at
ed

 
w

ith
in

 r
el

at
iv

el
y 

sh
or

t d
is

ta
nc

es
 f

ro
m

 e
ac

h 
ot

he
r 

co
ul

d 
be

 i
ns

pe
ct

ed
 i

n 
co

nn
ec

tio
n 

to
 e

ac
h 

ot
he

r 
at

 a
 s

tip
ul

at
ed

 p
ric

e.
 T

he
 c

os
t f

or
 a

 s
in

gl
e 

w
re

ck
 

in
sp

ec
tio

n 
al

on
g 

th
e 

Sw
ed

is
h 

w
es

t c
oa

st
 is

 in
 th

e 
ra

ng
e 

0.
5-

2 
m

ill
io

n 
SE

K
.
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4
. 

P
re

se
n

t 
re

m
ed

ia
ti

on
 t

ec
h

n
ol

og
y 

4.
1 

A
va

ila
bl

e 
m

et
ho

ds

Fo
llo

w
in

g 
th

e 
lo

ca
lis

at
io

n 
an

d 
sa

m
pl

in
g 

of
 t

he
 

oi
l 

in
 t

he
 w

re
ck

, i
t 

is
 t

im
e 

to
 c

ho
os

e 
a 

su
ita

bl
e 

re
m

ed
ia

tio
n 

te
ch

ni
qu

e.
 T

he
 c

ho
ic

e 
is

 p
rim

ar
ily

 
de

pe
nd

en
t o

n 
th

e 
w

re
ck

 c
on

di
tio

n 
e.

g.
 if

 it
 a

llo
w

s 
fo

r a
tta

ch
m

en
t o

f fl
 a

ng
es

 to
 p

um
p 

up
 th

e 
oi

l, 
th

e 
po

si
tio

n 
of

 th
e 

w
re

ck
 a

nd
 th

e 
ty

pe
 o

f 
oi

l. 
In

 th
e 

ca
se

 o
f 

re
la

tiv
el

y 
in

ta
ct

 w
re

ck
s, 

es
pe

ci
al

ly
 i

n 
sh

al
lo

w
er

 w
at

er
s, 

it 
m

ay
 b

e 
pr

ef
er

ab
le

 t
o 

sa
lv

e 
th

e 
en

tir
e 

w
re

ck
. I

n 
m

an
y 

ca
se

s 
ho

w
ev

er
, t

hi
s 

is
 

no
t p

ra
ct

ic
al

ly
 fe

as
ib

le
 a

nd
 to

da
y 

th
er

e 
ar

e 
m

an
y 

al
te

rn
at

e 
ap

pr
oa

ch
es

 t
ha

t 
en

ab
le

 r
em

ov
al

 o
f 

oi
l 

fr
om

 th
e 

w
re

ck
. 

Th
er

e 
is

 a
 r

an
ge

 o
f 

di
ffe

re
nt

 p
at

en
t 

ba
se

d 
on

 
pu

m
pi

ng
 o

f 
th

e 
oi

l. 
Th

e 
ad

va
nt

ag
es

 o
f 

th
es

e 
m

et
ho

ds
 a

re
 t

ha
t 

th
ey

 a
re

 r
el

at
iv

el
y 

co
nt

ro
lle

d,
 

w
ith

 li
ttl

e 
ris

k 
of

 u
nc

on
tro

lle
d 

sp
ill

 a
nd

 th
ey

 a
ls

o 
of

fe
r a

 d
efi

 n
ite

 a
lte

rn
at

iv
e;

 o
nc

e 
a 

ta
nk

 is
 e

m
pt

ie
d 

th
is

 w
ay

 th
e 

th
re

at
 is

 re
m

ov
ed

. E
ve

n 
if 

ta
nk

s 
ar

e 
su

cc
es

sf
ul

ly
 e

m
pt

ie
d 

th
er

e 
m

ay
 b

e 
so

m
e 

oi
l l

ef
t 

e.
g.

 i
n 

pi
pi

ng
 o

r 
be

tw
ee

n 
th

e 
hu

ll 
an

d 
th

e 
ta

nk
. 

Fl
an

ge
s c

an
 e

ith
er

 b
e 

w
el

de
d 

or
 b

ol
te

d 
to

 th
e 

ta
nk

. 
A

fte
r a

tta
ch

m
en

t o
f a

 fl 
an

ge
, w

ith
 fu

rth
er

 p
os

si
bl

e 
co

nn
ec

tio
ns

 o
f h

os
es

 o
r p

um
pi

ng
 e

qu
ip

m
en

t, 
lo

w
 

vi
sc

os
ity

 o
ils

 c
an

 b
e 

di
re

ct
ly

 p
um

pe
d 

th
ro

ug
h 

a 
va

cu
um

 p
um

p 
an

d 
a 

lo
ng

 h
os

e.
 P

ro
bl

em
s 

m
ay

 
be

 e
nc

ou
nt

er
ed

 in
 c

as
e 

of
 c

lo
gg

in
g 

of
 th

e 
pu

m
p 

or
 h

os
e 

by
 c

on
ta

m
in

an
ts

 o
r i

f t
he

 v
is

co
si

ty
 is

 to
o 

hi
gh

.

A
no

th
er

 
at

tra
ct

iv
e 

al
te

rn
at

iv
e 

su
ita

bl
e 

fo
r 

lig
ht

 o
ils

 i
s 

ce
nt

rif
ug

al
 p

um
ps

; 
in

 s
pi

te
 o

f 
th

ei
r 

re
la

tiv
el

y 
lo

w
 w

ei
gh

t 
th

ey
 o

ffe
r 

la
rg

e 
pu

m
pi

ng
 

ca
pa

ci
ty

. 
A

 d
is

ad
va

nt
ag

e 
is

 t
he

 e
nh

an
ce

d 
ris

k 
fo

r 
em

ul
si

fi c
at

io
n,

 w
hi

ch
 s

ig
ni

fi c
an

tly
 r

ed
uc

es
 

th
e 

co
m

m
er

ci
al

 
va

lu
e 

of
 

th
e 

oi
l 

in
 

ca
se

 
of

 
pl

an
ne

d 
sa

le
 o

f 
th

e 
sa

lv
ed

 o
il.

 T
he

 m
et

ho
d 

w
as

 
su

cc
es

sf
ul

ly
 u

se
d 

at
 th

e 
re

m
ov

al
 o

f 
oi

l f
ro

m
 th

e 
U

SS
 M

is
si

ss
in

ew
a[

14
].

W
he

n 
de

al
in

g 
w

ith
 o

ils
 o

f 
hi

gh
er

 v
is

co
si

ty
 

po
si

tiv
e-

di
sp

la
ce

m
en

t 
pu

m
ps

 
su

ch
 

as
 

sc
re

w
 

pu
m

ps
 c

an
 b

e 
us

ed
. 

M
od

ifi 
ed

 v
er

si
on

 o
f 

th
es

e 
pu

m
ps

 h
av

e 
ev

en
 b

ee
n 

us
ed

 f
or

 p
um

pi
ng

 o
f 

bi
tu

m
en

, w
ith

 a
 v

is
co

si
ty

 e
xc

ee
di

ng
 1

00
 0

00
 c

St
. 

G
en

er
al

ly
, t

he
 h

ig
he

r 
vi

sc
os

ity
 th

e 
m

or
e 

di
ffi 

cu
lt 

it 
is

 to
 u

se
 p

um
ps

, i
f 

it 
is

 n
ot

 p
os

si
bl

e 
to

 r
ed

uc
e 

th
e 

vi
sc

os
ity

. 
In

 t
he

 t
an

ks
 o

f 
ne

w
er

 s
hi

ps
 t

he
re

 
ar

e 
al

re
ad

y 
he

at
in

g 
co

ils
 in

 th
e 

ta
nk

s, 
as

 h
ea

tin
g 

of
 t

he
 o

il 
is

 r
eq

ui
re

d 
du

rin
g 

op
er

at
io

n 
pr

io
r 

to
 

co
m

bu
st

io
n.

 I
f 

th
e 

he
at

in
g 

co
ils

 a
re

 in
ta

ct
 a

nd
 in

 
su

ch
 p

os
iti

on
 th

at
 th

e r
em

ai
ni

ng
 o

il 
w

ill
 b

e h
ea

te
d,

 
th

ey
 p

ro
vi

de
 a

 re
la

tiv
el

y 
ea

sy
 a

pp
ro

ac
h 

to
 re

du
ce

 
th

e 
vi

sc
os

ity
. 

H
ow

ev
er

, 
th

e 
he

at
in

g 
co

il 
pi

pi
ng

 
ar

e 
ge

ne
ra

lly
 n

ot
 a

s 
rig

id
 a

s 
hu

ll 
pl

at
in

g 
an

d 
ar

e 
th

er
ef

or
e 

al
so

 m
or

e 
se

ns
iti

ve
 to

 c
or

ro
si

on
. I

n 
th

e 
ab

se
nc

e 
of

 (
in

ta
ct

) 
or

ig
in

al
 h

ea
tin

g 
co

il 
it 

is
 a

ls
o 

po
ss

ib
le

 t
o 

in
tro

du
ce

 a
n 

ex
te

rn
 h

ea
tin

g 
co

il.
 I

t 
is

 a
ls

o 
po

ss
ib

le
 t

o 
in

tro
du

ce
 s

te
am

 d
ire

ct
ly

 i
nt

o 
th

e 
ta

nk
, b

ut
 th

en
 th

e 
co

nd
en

sa
tio

n 
w

at
er

 w
ill

 b
e 

w
as

te
d 

in
 th

e 
ta

nk
. A

no
th

er
 w

ay
 o

f 
re

du
ci

ng
 th

e 
vi

sc
os

ity
 is

 a
dd

iti
on

 o
f 

lo
w

 v
is

co
si

ty
 o

il 
su

ch
 a

s 
di

es
el

 o
il.

 T
hi

s 
pr

oc
ed

ur
e 

fa
ci

lit
at

es
 p

um
pi

ng
 b

ut
 



24
25

st
ill

 t
ho

ro
ug

h 
m

ix
in

g 
is

 r
eq

ui
re

d 
in

 t
he

 t
an

k 
to

 
m

ak
e 

it 
w

or
k 

ac
cu

ra
te

ly
.

To
 a

lte
r t

he
 o

il 
vi

sc
os

ity
 h

as
 a

ls
o 

be
en

 d
is

cu
ss

ed
 

fo
r 

ot
he

r 
so

lu
tio

ns
 t

ha
n 

pu
m

pi
ng

 o
f 

th
e 

oi
l. 

A
no

th
er

 st
ra

te
gy

 th
at

 h
as

 b
ee

n 
su

gg
es

te
d 

is
 to

 a
dd

 
so

m
et

hi
ng

 th
at

 c
om

pl
et

el
y 

so
lid

ifi 
es

 th
e 

oi
l, 

af
te

r 
w

hi
ch

 th
e 

oi
l i

s 
le

ft 
in

 th
e 

w
re

ck
. A

s 
m

en
tio

ne
d 

ab
ov

e 
w

he
n 

di
sc

us
si

ng
 w

ay
s 

to
 re

du
ce

 v
is

co
si

ty
, 

th
or

ou
gh

 m
ix

in
g 

is
 re

qu
ire

d,
 w

hi
ch

 ca
n 

be
 d

iffi
 c

ul
t 

to
 a

ch
ie

ve
.

A
 c

om
pl

et
el

y 
di

ffe
re

nt
 a

pp
ro

ac
h 

is
 t

he
 u

se
 o

f 
m

ic
ro

bi
al

 d
eg

ra
da

tio
n 

of
 t

he
 o

il.
 O

il 
sp

ill
s 

in
 

na
tu

re
 ar

e d
eg

ra
de

d 
in

 co
ur

se
 o

f t
im

e,
 es

pe
ci

al
ly

 b
y 

m
ic

ro
 o

rg
an

is
m

s. 
Th

e i
de

a t
o 

us
e m

ic
ro

 o
rg

an
is

m
s 

fo
r 

la
rg

e 
sc

al
e 

de
gr

ad
at

io
n 

ha
s 

be
en

 in
ve

st
ig

at
ed

 
fo

r 
a 

co
up

le
 o

f 
de

ca
de

s, 
bu

t 
th

e 
pr

ed
om

in
an

t 
co

nc
lu

si
on

 h
as

 b
ee

n 
th

at
 th

e p
ro

ce
ss

es
 ar

e t
oo

 sl
ow

 
to

 b
e 

ap
pl

ic
ab

le
 i

n-
si

tu
[4

6]
. R

ec
en

t 
ex

pe
rim

en
ts

 
ha

ve
 re

po
rte

d 
si

gn
ifi 

ca
nt

ly
 im

pr
ov

ed
 d

eg
ra

da
tio

n 
ra

te
s[

47
, 4

8]
. T

he
 b

re
ak

 th
ro

ug
h 

is
 d

ue
 to

 a
dd

iti
on

 
of

 o
th

er
 l

im
iti

ng
 n

ut
rie

nt
s 

in
 c

om
bi

na
tio

n 
w

ith
 

pu
re

 c
ul

tiv
at

io
n 

of
 b

ac
te

ria
l 

st
ra

in
s 

sp
ec

ia
liz

ed
 

in
 

de
gr

ad
in

g 
so

le
ly

 
th

e 
de

si
re

d 
pe

tro
le

um
 

pr
od

uc
t[4

9]
. A

 s
am

pl
e 

of
 th

e 
oi

l i
s 

se
nt

 to
 a

 la
b,

 
w

hi
ch

 i
so

la
te

 t
he

 b
ac

te
ria

l 
st

ra
in

. B
y 

le
tti

ng
 t

he
 

m
ic

ro
be

s 
ge

tti
ng

 i
n 

co
nt

ac
t 

w
ith

 t
he

 o
il 

an
d 

at
 

th
e 

sa
m

e 
tim

e 
ha

ve
 u

nl
im

ite
d 

su
pp

ly
 o

f 
ot

he
r 

es
se

nt
ia

l 
nu

tri
en

ts
, 

th
e 

po
te

nt
ia

l 
en

vi
ro

nm
en

ta
l 

th
re

at
 is

 c
on

ve
rte

d 
to

 (f
ro

m
 th

e 
pe

rs
pe

ct
iv

e 
of

 o
il 

po
llu

tio
n)

 h
ar

m
le

ss
 c

om
po

ne
nt

s 
ca

rb
on

 d
io

xi
de

 
an

d 
w

at
er

. T
he

 t
em

pe
ra

tu
re

 d
ep

en
de

nc
e 

im
pl

ie
s 

sl
ow

er
 

de
gr

ad
at

io
n 

in
 

co
ld

 
w

at
er

s. 
Fu

rth
er

, 
di

ffe
re

nt
 t

yp
es

 o
f 

oi
ls

 r
eq

ui
re

 d
iff

er
en

t 
ba

ct
er

ia
l 

st
ra

in
s 

w
hi

ch
 b

rin
gs

 n
ew

 is
ol

at
io

n 
pr

oc
ed

ur
es

 fo
r 

ea
ch

 w
re

ck
. T

hi
s c

ou
ld

 b
e 

la
bo

rio
us

 if
 it

 is
 n

ot
 th

e 
sa

m
e 

oi
l t

hr
ou

gh
ou

t t
he

 ta
nk

s.

Fi
na

lly
, i

f 
th

e 
w

re
ck

 i
s 

in
 p

oo
r 

co
nd

iti
on

 a
nd

 
do

es
 n

ot
 a

llo
w

 f
or

 d
ril

lin
g 

or
 w

el
di

ng
 w

ith
ou

t 
im

m
ed

ia
te

 r
is

ks
 f

or
 th

e 
co

ns
tru

ct
io

n 
to

 c
ol

la
ps

e,
 

co
ns

tru
ct

io
n 

of
 a

 l
ar

ge
 t

ai
lo

re
d 

te
nt

 o
r 

um
br

el
la

 
ov

er
 t

he
 e

nt
ire

 w
re

ck
 c

ou
ld

 b
e 

us
ed

 t
o 

tra
p 

th
e 

le
ak

in
g 

oi
l. 

It 
is

 a
ls

o 
po

ss
ib

le
 t

o 
ac

ce
le

ra
te

 t
he

 
le

ak
ag

e 
th

ro
ug

h 
ad

di
tio

na
l 

ho
le

s, 
af

te
r 

pu
tti

ng
 

th
e 

co
ns

tru
ct

io
n 

in
 p

la
ce

. T
he

 o
il 

is
 tr

ap
pe

d 
at

 th
e 

to
p 

of
 th

e 
te

nt
, f

or
m

 w
he

re
 it

 c
an

 b
e 

pu
m

pe
d 

to
 a

 
co

nt
ai

ne
r. 

Th
is

 m
et

ho
d 

re
qu

ire
s 

ca
lm

 c
on

di
tio

ns
 

an
d 

re
la

tiv
el

y 
sm

al
l 

w
re

ck
s 

w
ith

ou
t 

to
o 

m
an

y 
pr

ot
ru

di
ng

 d
et

ai
ls

. O
ne

 le
ss

on
 o

f 
ho

w
 e

xp
en

si
ve

 
a 

m
is

ju
dg

m
en

t c
an

 b
ec

om
e,

 is
 th

e 
st

ai
nl

es
s 

st
ee

l 
um

br
el

la
 ta

ilo
re

d 
fo

r t
he

 w
re

ck
 a

fte
r H

M
S 

R
oy

al
 

O
ak

 in
 S

ca
pa

 F
lo

w
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in

 a
re

as
 w

he
re

 th
e 

pr
ob

le
m

s 
ar

e 
vi

su
al

, a
s 

in
 th

e 
co

m
pa

ris
on

 b
et

w
ee

n 
w

re
ck

ed
 c

ar
s 

as
ho

re
 a

nd
 

su
bm

er
ge

d 
sh

ip
 w

re
ck

s. 
Th

is
 n

at
ur

al
 b

eh
av

io
r, 

to
 

pr
io

rit
iz

e 
ta

ck
lin

g 
of

 p
ro

bl
em

s 
in

 th
e 

im
m

ed
ia

te
 

vi
ci

ni
ty

, i
s o

f c
ou

rs
e 

st
re

ng
th

en
ed

 th
ro

ug
h 

th
e 

co
st

 
of

 a
 re

m
ed

ia
tio

n 
or

 s
al

va
ge

 o
f a

 s
hi

pw
re

ck
 is

 fa
r 

m
or

e e
xt

en
si

ve
 o

pe
ra

tio
n 

co
m

pa
re

d 
to

 th
e r

em
ov

al
 

of
 a

 w
re

ck
ed

 c
ar

. 
Tr

ad
iti

on
al

ly
, 

sh
ip

w
re

ck
s 

ar
e 

al
so

 re
ga

rd
ed

 a
s 

gr
av

ey
ar

ds
 a

nd
 th

er
ef

or
e 

tre
at

ed
 

ac
co

rd
in

gl
y

Th
e 

Sw
ed

is
h 

N
av

al
 F

or
ce

s 
ha

s 
m

os
t l

ik
el

y 
th

e 
op

er
at

iv
e 

ca
pa

ci
ty

 r
eq

ui
re

d,
 a

t 
le

as
t 

to
 p

er
fo

rm
 

de
ta

ile
d 

w
re

ck
 in

sp
ec

tio
ns

. F
or

 e
xa

m
pl

e 
th

e 
fo

ur
 

if 
m

an
y 

w
re

ck
s 

ca
n 

be
 h

an
dl

ed
 in

 c
on

ne
ct

io
n 

to
 

ea
ch

 o
th

er
. I

t s
ho

ul
d 

al
so

 b
e 

ke
pt

 in
 m

in
d 

th
at

 th
e 

po
te

nt
ia

lly
 p

ol
lu

tin
g 

w
re

ck
s 

ar
e 

po
te

nt
ia

l t
hr

ea
ts

 
to

 th
e 

en
vi

ro
nm

en
t a

nd
 o

ut
 o

f p
re

se
nt

 k
no

w
le

dg
e 

it 
is

 im
po

ss
ib

le
 to

 m
ak

e 
a 

re
al

is
tic

 m
ea

su
re

 o
f t

he
 

nu
m

be
r 

of
 w

re
ck

s 
th

at
 c

an
 b

e 
re

m
ov

ed
 f

ro
m

 th
e 

lis
t 

af
te

r 
th

e 
w

re
ck

 a
ss

es
sm

en
t. 

If
 t

he
 o

th
er

 2
43

 
re

co
gn

iz
ed

 p
ot

en
tia

lly
 p

ol
lu

tin
g 

w
re

ck
s 

in
 t

he
 

Sk
ag

er
ra

k,
 t

ur
n 

ou
t 

to
 b

e 
in

 n
ee

d 
of

 i
m

m
ed

ia
te

 
re

m
ed

ia
tio

n,
 t

he
 t

ot
al

 c
os

t 
w

ill
 o

f 
co

ur
se

 w
ill

 
be

 e
no

rm
ou

s. 
Fo

r 
m

an
y 

re
as

on
s, 

in
cl

ud
in

g 
th

e 
po

ss
ib

ili
ty

 o
f c

o-
fi n

an
ci

ng
 o

f t
he

 re
m

ed
ia

tio
n,

 it
 is

 
de

si
ra

bl
e 

to
 e

ng
ag

e 
th

e 
ot

he
r c

ou
nt

rie
s 

co
nc

er
ne

d 
as

 t
he

 m
aj

or
ity

 o
f 

th
e 

w
re

ck
s 

ar
e 

no
t 

re
st

in
g 

in
 

Sw
ed

is
h 

w
at

er
s. 



38
39

m
in

e-
sw

ee
pe

rs
 of

 m
od

el
 S

ty
rs

ö b
ui

lt 
in

 19
96

-1
99

7,
 

ar
e w

el
l e

qu
ip

pe
d 

an
d 

pr
ep

ar
ed

 fo
r m

an
ag

em
en

t o
f 

fu
tu

re
 ty

pe
s o

f R
O

V:
s[

62
]. 

Ev
en

 if
 e

nv
iro

nm
en

ta
l 

op
er

at
io

ns
 ar

e p
ar

t o
f t

he
 m

in
e-

sw
ee

pi
ng

 di
vi

si
on

s’ 
du

tie
s, 

as
 c

le
ar

an
ce

 o
f 

pr
ev

io
us

 m
ili

ta
ry

 a
rti

lle
ry

 
ra

ng
es

 a
nd

 a
m

m
un

iti
on

 d
is

po
sa

l 
si

te
s, 

th
ey

 a
re

 
no

t 
re

sp
on

si
bl

e 
ac

co
rd

in
g 

to
 e

xi
st

in
g 

le
gi

sl
at

io
n 

to
 p

ar
tic

ip
at

e 
in

 p
re

ca
ut

io
na

ry
 a

ct
io

ns
 t

o 
av

oi
d 

fu
tu

re
 o

il 
sp

ill
 fr

om
 sh

ip
w

re
ck

s.

A
n 

im
po

rta
nt

 ju
rid

ic
al

 is
su

e 
di

sc
us

se
d 

by
 b

ot
h 

Ek
st

rö
m

[6
1]

 an
d T

ib
er

g[
63

, 6
4]

 is
 th

e d
efi

 n
iti

on
s o

f 
w

he
n 

a s
hi

p 
be

co
m

es
 a 

w
re

ck
 an

d 
w

ho
 th

e r
ig

ht
fu

l 
ow

ne
r o

f w
re

ck
 an

d w
re

ck
ag

e i
s?

 T
he

 in
te

rp
re

ta
tio

n 
by

 T
ib

er
g 

is
 th

at
 a

cc
or

di
ng

 to
 e

xi
st

in
g 

la
w

s, 
it 

is
 

po
ss

ib
le

 to
 p

ut
 a

n 
ow

ne
r o

f a
 s

hi
p 

re
sp

on
si

bl
e 

fo
r 

en
vi

ro
nm

en
ta

l d
am

ag
e 

du
e 

to
 s

pi
lle

d 
oi

l, 
ev

en
 if

 
th

e 
da

m
ag

e 
oc

cu
rr

ed
 a

fte
r 

th
e 

sh
ip

 w
en

t 
do

w
n.

 
Th

is
 i

s 
ve

ry
 i

nt
er

es
tin

g 
al

so
 f

ro
m

 a
 fi

 n
an

ci
al

 
pe

rs
pe

ct
iv

e 
as

 it
 b

rin
gs

 th
at

 re
ce

nt
 w

re
ck

s, 
w

he
re

 
th

e o
w

ne
r c

an
 b

e i
de

nt
ifi 

ed
 an

d 
fo

un
d,

 ar
e c

ov
er

ed
 

by
 th

e 
ow

ne
r’s

 li
ab

ili
ty

 in
su

ra
nc

e.
 P

ro
ba

bl
y 

it 
is

 
no

t e
co

no
m

ic
al

ly
 d

ef
en

si
bl

e t
o 

re
m

ov
e t

he
 o

il 
fr

om
 

al
l o

ld
er

, s
m

al
l w

re
ck

s 
to

da
y.

 C
on

ce
rn

in
g 

re
ce

nt
 

w
re

ck
ed

 sh
ip

s, 
w

he
re

 th
e 

m
at

te
r o

f o
w

ne
rs

hi
p 

an
d 

th
er

eb
y 

al
so

 in
su

ra
nc

e 
do

 n
ot

 n
ec

es
sa

ry
 h

as
 to

 b
e 

su
ch

 a
 ju

rid
ic

al
 c

ha
lle

ng
e 

as
 fo

r o
ld

er
 w

re
ck

s, 
it 

is
 

al
w

ay
s 

th
e 

ow
ne

r’s
 r

es
po

ns
ib

ili
ty

 to
 r

em
ov

e 
th

e 
en

vi
ro

nm
en

ta
l t

hr
ea

t. 
If

 th
e 

ow
ne

r 
re

fu
se

s 
to

 d
o 

so
, t

he
 S

w
ed

is
h 

C
oa

st
 G

ua
rd

 c
an

 m
ak

e 
su

re
 th

e 
w

or
k 

is
 p

ro
pe

rly
 d

on
e 

an
d 

la
te

r o
n 

th
e 

ow
ne

r w
ill

 
be

 c
ha

rg
ed

 th
e 

co
st

.  

6.
2 

H
ow

 d
o 

ot
he

r 
co

un
tr

ie
s 

ta
ck

le
 th

e 
pr

ob
le

m

Th
e 

U
S 

is
 f

re
qu

en
tly

 d
ep

ic
te

d 
as

 o
ne

 o
ut

 o
f 

fe
w

 
co

un
tri

es
 th

at
 ha

s a
n e

xi
st

in
g l

eg
is

la
tio

n c
on

ce
rn

in
g 

po
te

nt
ia

lly
 p

ol
lu

tin
g 

w
re

ck
s[

9,
 3

1]
. T

he
 sy

st
em

 is
 

ba
se

d 
on

 id
en

tifi
 c

at
io

n 
of

 a
n 

ow
ne

r t
ha

t c
ou

ld
 b

e 
he

ld
 re

sp
on

si
bl

e 
fo

r t
he

 w
re

ck
 a

nd
 th

e 
ow

ne
r w

ill
 

ha
ve

 3
0 

da
ys

 to
 a

cc
om

pl
is

h 
hi

s 
ta

sk
. I

f t
he

 w
re

ck
 

is
 c

on
si

de
re

d 
to

 p
os

e 
an

 im
m

in
en

t e
nv

iro
nm

en
ta

l 
ris

k,
 th

e 
tim

e 
as

si
gn

ed
 is

 re
du

ce
d 

to
 2

4 
ho

ur
s. 

In
 

th
e 

ev
en

t o
f a

ut
ho

rit
at

iv
e 

ac
tio

n,
 e

ith
er

 th
e 

ow
ne

r 
or

 th
e 

ow
ne

r’s
 in

su
ra

nc
e 

co
m

pa
ny

 a
re

 f
or

ce
d 

to
 

pa
y 

re
m

ed
ia

tio
n 

co
st

s. 
So

m
et

im
es

 p
ar

t o
f t

he
 c

os
t 

or
 th

e 
en

tir
e 

co
st

 c
ou

ld
 b

e 
co

ve
re

d 
th

ro
ug

h 
sa

le
 

of
 th

e 
w

re
ck

ag
e 

an
d 

or
 c

ar
go

 le
ft.

 H
en

ce
 th

e 
U

S 
su

ffe
rs

 fr
om

 th
e 

sa
m

e 
pr

ob
le

m
 a

s 
ot

he
r c

ou
nt

rie
s 

in
 c

as
e 

no
 o

w
ne

r 
or

 r
es

po
ns

ib
le

 p
ar

ty
 c

an
 b

e 
he

ld
 re

sp
on

si
bl

e,
 w

hi
ch

 is
 th

e 
ca

se
 fo

r s
ev

er
al

 o
f 

th
e 

m
an

y 
po

te
nt

ia
lly

 p
ol

lu
tin

g 
w

re
ck

s 
fr

om
 t

he
 

Se
co

nd
 W

or
ld

 W
ar

, t
he

 fi 
na

nc
in

g 
of

 r
em

ed
ia

tio
n 

re
m

ai
ns

 u
ns

ol
ve

d.

N
or

w
ay

 h
as

 a
ct

ed
 in

 a
 w

ay
 w

or
th

y 
of

 im
ita

tio
n 

si
nc

e 
th

e 
N

or
w

eg
ia

n 
Po

llu
tio

n 
C

on
tro

l A
ut

ho
rit

y 
(S

FT
), 

in
 19

92
 co

m
m

is
si

on
ed

 th
e B

er
ge

n M
ar

iti
m

e 
M

us
eu

m
 to

 c
om

pi
le

 a
 d

at
a 

ba
se

 o
f 

w
re

ck
s 

al
on

g 
th

e 
N

or
w

eg
ia

n 
co

as
t. 

B
ot

h 
pu

bl
ic

 a
nd

 p
riv

at
e 

ar
ch

iv
es

 w
er

e 
se

ar
ch

ed
 f

or
 w

re
ck

s 
ac

co
rd

in
g 

to
 

th
e 

cr
ite

ria
 th

at
 th

e 
sh

ip
 s

ho
ul

d 
ha

ve
 b

ee
n 

la
rg

er
 

th
an

 1
00

 G
RT

 a
nd

 s
un

k 
af

te
r 

19
14

. T
od

ay
 i

t 
is

 
th

e 
N

or
w

eg
ia

n 
C

oa
st

al
 A

dm
in

is
tra

tio
n 

th
at

 i
s 

re
sp

on
si

bl
e 

fo
r t

he
 d

at
a 

ba
se

 p
re

se
nt

ly
 c

on
ta

in
in

g 
23

00
 w

re
ck

s. 
D

ur
in

g 
th

e 
pe

rio
d 

19
93

-2
00

0,
 a

 
na

tio
na

l p
ro

gr
am

 o
f w

re
ck

 as
se

ss
m

en
ts

 st
ar

te
d 

an
d 

36
 p

ot
en

tia
lly

 p
ol

lu
tin

g 
w

re
ck

s 
of

 h
ig

h 
pr

io
rit

y 
w

er
e 

as
se

ss
ed

. 
Th

e 
in

iti
al

 
as

se
ss

m
en

ts
 

w
er

e 
fo

llo
w

ed
 b

y 
m

or
e 

de
ta

ile
d 

in
sp

ec
tio

ns
 o

f 
w

re
ck

s 
th

ou
gh

t t
o 

be
 in

 n
ee

d 
of

 im
m

ed
ia

te
 a

tte
nt

io
n.

 A
s 

pr
ev

io
us

ly
 m

en
tio

ne
d 

th
e 

ba
ttl

e 
cr

ui
se

r 
B

lü
ch

er
 

in
 th

e 
O

sl
o 

fjo
rd

 w
as

 e
m

pt
ie

d 
in

 1
99

4 
w

ith
in

 th
e 

fr
am

ew
or

k 
of

 th
is

 p
ro

gr
am

[1
0,

 3
6,

 6
5]

.

IM
O

 is
 w

or
ki

ng
 o

n 
a 

co
nv

en
tio

n 
re

ga
rd

in
g 

th
e 

ha
nd

lin
g 

of
 w

re
ck

s (
D

W
R

C
, d

ra
ft 

w
re

ck
 re

m
ov

al
 

co
nv

en
tio

n)
[6

6]
. T

he
 c

on
ve

nt
io

n 
ai

m
s 

at
 re

gu
la

te
 

th
e 

ha
nd

lin
g 

of
 w

re
ck

 o
n 

in
te

rn
at

io
na

l w
at

er
, f

or
 

ex
am

pl
e 

a 
ob

lig
at

or
y 

sy
st

em
 f

or
 r

ep
or

ts
 o

f 
ne

w
 

w
re

ck
s a

nd
 sp

ec
ifi 

ca
tio

ns
 o

n 
th

ei
r p

os
iti

on
, c

ar
go

, 
ca

us
e 

of
 w

re
ck

ag
e 

et
c 

is
 s

ug
ge

st
ed

. 
H

ow
ev

er
, 

be
fo

re
 t

he
 fi

 n
an

ci
al

 m
at

te
rs

 a
re

 r
es

ol
ve

d,
 t

he
 

im
po

rta
nc

e 
of

 
th

e 
pr

op
os

ed
 

co
nv

en
tio

n 
is

 
un

fo
rtu

na
te

ly
 r

es
tri

ct
ed

. 
Su

gg
es

te
d 

so
lu

tio
ns

 o
f 

co
-fi 

na
nc

in
g 

ha
ve

 s
o 

fa
r 

re
qu

ire
d 

ra
tifi

 c
at

io
n 

by
 

th
e 

m
aj

or
ity

 o
f t

he
 m

em
be

r s
ta

te
s, 

pa
rtl

y 
to

 a
vo

id
 

st
at

es
 t

ha
t 

do
 n

ot
 r

at
ify

 t
he

 c
on

ve
nt

io
n 

to
 s

til
l 

al
lo

w
 sh

ip
s t

o 
be

 re
gi

st
er

ed
 u

nd
er

 th
ei

r fl
 a

g,
 p

ar
tly

 
be

ca
us

e t
he

 p
ot

 w
ill

 b
e s

m
al

le
r t

he
 fe

w
er

 th
e s

ta
te

s 
th

at
 p

ar
tic

ip
at

e.
 

6.
3 

Po
te

nt
ia

l p
la

tf
or

m
s 

an
d 

so
ur

ce
s 

of
 

fin
an

ci
ng

Pr
ev

en
tiv

e a
ct

io
ns

 co
nc

er
ni

ng
 po

te
nt

ia
lly

 po
llu

tin
g 

w
re

ck
s a

re
 c

os
tly

, b
ut

 a
s d

is
cu

ss
ed

 p
re

vi
ou

sl
y,

 th
e 

co
st

 ha
s t

o b
e c

om
pa

re
d t

o t
he

 co
rr

es
po

nd
in

g c
os

t i
f 

no
 m

ea
su

re
s a

re
 ta

ke
n.

 A
 p

ot
en

tia
l t

ra
ck

 fo
r f

ur
th

er
 

in
ve

st
ig

at
io

n 
is

 th
e 

po
ss

ib
ili

ty
 to

 u
se

 fu
nd

in
g 

fr
om

 
th

e 
lia

bi
lit

y 
in

su
ra

nc
e 

of
 e

nv
iro

nm
en

ta
l 

da
m

ag
e 

(m
ilj

ös
ka

de
fö

rs
äk

rin
ge

n)
, t

o 
w

hi
ch

 a
ll 

in
du

st
rie

s 
de

al
in

g 
w

ith
 p

ro
ce

ss
es

 o
r 

pr
od

uc
ts

 o
f 

po
ss

ib
le

 
ha

rm
 to

 th
e 

en
vi

ro
nm

en
t a

re
 o

bl
ig

ed
 to

 c
on

tri
bu

te
 

ac
co

rd
in

g 
to

 S
w

ed
is

h 
la

w
 (1

99
8:

14
73

).

A
no

th
er

 
po

ss
ib

le
 

al
te

rn
at

iv
e 

fo
r 

fi n
an

ci
ng

 
of

 h
an

dl
in

g 
of

 w
re

ck
s 

in
 S

w
ed

is
h 

w
at

er
s 

is
 

es
ta

bl
is

hm
en

t 
of

 a
 n

at
io

na
l 

fu
nd

, 
si

m
ila

r 
to

 t
he

 
on

e f
or

 p
ol

lu
te

d 
gr

ou
nd

 (2
00

4:
10

0)
. I

n 
co

nn
ec

tio
n 

to
 th

e 
fu

nd
 it

 w
ou

ld
 b

e 
ad

vi
sa

bl
e 

to
 s

ta
rt 

a 
ce

nt
er

 
of

 c
om

pe
te

nc
e 

to
 e

ns
ur

e 
ef

fi c
ie

nt
 u

se
 o

f r
es

ou
rc

es
 

th
ro

ug
h 

co
-o

rd
in

at
io

n 
of

 a
ct

io
ns

 a
nd

 f
ee

db
ac

k 
of

 e
xp

er
ie

nc
es

 t
o 

im
pr

ov
e 

an
d 

fa
ci

lit
at

e 
fu

tu
re

 
ac

tio
ns

. H
op

ef
ul

ly
, t

hi
s 

as
su

ra
nc

e 
of

 c
om

pe
te

nc
e 

co
ul

d 
al

so
 le

ad
 to

 re
du

ce
d 

co
st

s i
n 

th
e 

fu
tu

re
.

To
 re

so
lv

e 
ha

nd
lin

g 
of

 w
re

ck
s 

on
 in

te
rn

at
io

na
l 

w
at

er
 a

nd
/o

r 
w

re
ck

s 
on

 o
th

er
 n

at
io

n’
s 

w
at

er
, y

et
 

po
si

ng
 a

 th
re

at
 to

 S
w

ed
en

, i
t i

s 
im

po
rta

nt
 to

 fi 
nd

 
w

ay
s 

of
 s

m
oo

th
 c

oo
pe

ra
tio

n.
 T

he
 q

ue
st

io
n 

ha
s 

be
en

 ra
is

ed
 in

 a 
w

or
ki

ng
 g

ro
up

 o
f t

he
 C

op
en

ha
ge

n 
A

gr
ee

m
en

t[6
7]

, 
bu

t 
w

as
 

po
st

po
ne

d 
af

te
r 

th
e 

an
no

ta
tio

n t
ha

t N
or

w
ay

 is
 in

 th
e f

ro
nt

 li
ne

 re
ga

rd
in

g 
w

re
ck

 a
ss

es
sm

en
t a

nd
 re

m
ed

ia
tio

n 
w

hi
le

 S
w

ed
en

 
an

d 
D

en
m

ar
k 

st
ill

 la
ck

 a
ny

 p
la

ns
 o

f 
ac

tio
n.

 Y
et

, 
th

is
 a

nn
ot

at
io

n 
ha

s 
to

 b
e 

co
ns

id
er

ed
 a

s 
a 

st
ep

 in
 

th
e 

rig
ht

 d
ire

ct
io

n 
as

 i
t 

op
en

s 
th

e 
di

sc
us

si
on

 o
f 

th
e 

pr
ob

le
m

 i
n 

a 
fo

ru
m

 o
f 

ex
is

tin
g 

do
cu

m
en

te
d 

co
-o

pe
ra

tio
n 

w
ith

in
 a

n 
ad

ja
ce

nt
 p

ro
bl

em
, n

am
el

y 
oi

l p
ol

lu
tio

n 
co

nt
ro

l i
n 

th
e 

oc
cu

rr
en

ce
 o

f m
aj

or
 o

il 

sp
ill

s.

Ev
en

 if
 th

e 
w

or
k 

of
 I

M
O

 a
im

in
g 

at
 r

eg
ul

at
io

n 
of

 t
he

 p
ro

bl
em

 c
on

ce
rn

in
g 

po
te

nt
ia

lly
 p

ol
lu

tin
g 

w
re

ck
s a

t a
n 

in
te

rn
at

io
na

l l
ev

el
, i

t i
s p

ro
ba

bl
y 

to
o 

op
tim

is
tic

 to
 b

el
ie

ve
 in

 a
 n

ea
r s

m
oo

th
ly

 o
pe

ra
te

d 
fi n

an
ci

al
 p

la
n 

to
 b

e 
re

ad
y 

w
ith

in
 t

he
 n

ex
t 

fe
w

 
ye

ar
s. 

Pr
ob

ab
ly

, 
it 

w
ou

ld
 b

e 
m

or
e 

re
al

is
tic

 t
o 

in
cr

ea
se

 
co

-o
pe

ra
tio

n 
w

ith
in

 
Eu

ro
pe

, 
in

iti
al

ly
 

m
ay

be
 in

 th
e 

fo
rm

 o
f 

a 
co

up
le

 o
f 

EU
-p

ro
je

ct
 to

 
re

in
fo

rc
e 

re
gi

on
al

 c
o-

op
er

at
io

ns
 a

nd
 n

ot
 le

as
t fi

 n
d 

m
od

el
s 

fo
r 

bo
th

 s
tra

te
gi

ca
lly

 a
nd

 p
ra

ct
ic

al
 w

or
k 

w
ith

in
 c

on
ce

rn
ed

 c
ou

nt
rie

s.



40
41

7.
 C

on
cl

u
si

on
   

   
   

   
 

Th
er

e 
is

 a
n 

im
m

ed
ia

te
 n

ee
d 

fo
r 

a 
lo

ng
-te

rm
 p

la
n 

of
 a

ct
io

n,
 i

nc
lu

di
ng

 c
le

ar
ly

 i
de

nt
ifi 

ed
 a

re
as

 o
f 

re
sp

on
si

bi
lit

y,
 re

ga
rd

in
g 

as
se

ss
m

en
t a

nd
 re

m
ed

ia
tio

n 
of

 p
ot

en
tia

lly
 p

ol
lu

tin
g 

sh
ip

w
re

ck
s. 

Th
e 

m
aj

or
ity

 
of

 t
he

 r
ec

og
ni

ze
d 

po
te

nt
ia

lly
 p

ol
lu

tin
g 

w
re

ck
s 

da
te

 b
ac

k 
to

 t
he

 S
ec

on
d 

W
or

ld
 W

ar
 a

nd
 h

en
ce

 i
t 

is
 

tim
e 

to
 a

ct
 n

ow
 a

s 
so

m
e 

w
re

ck
s 

ha
ve

 c
or

ro
de

d 
to

 th
e 

ex
te

nt
 th

at
 th

ey
 a

re
 a

lre
ad

y 
le

ak
in

g.
 P

rio
r 

to
 

an
y 

re
m

ed
ia

tio
n,

 it
 is

 o
f 

gr
ea

t i
m

po
rta

nc
e 

to
 m

ak
e 

de
ta

ile
d 

in
sp

ec
tio

ns
 o

f 
th

e 
w

re
ck

s 
bo

th
 to

 v
er

ify
 

th
e 

po
te

nt
ia

l 
th

re
at

 a
nd

 t
o 

fa
ci

lit
at

e 
a 

po
te

nt
ia

l 
re

m
ed

ia
tio

n.
 C

on
ce

rn
in

g 
w

re
ck

s 
on

 S
w

ed
is

h 
w

at
er

 
es

ta
bl

is
hm

en
t 

of
 a

 f
un

d,
 s

im
ila

r 
to

 t
he

 e
xi

st
in

g 
m

od
el

 f
or

 h
an

dl
in

g 
of

 p
ol

lu
te

d 
gr

ou
nd

, c
ou

ld
 b

e 
a 

po
ss

ib
le

 so
lu

tio
n.

 R
eg

ar
di

ng
 w

re
ck

s o
ut

si
de

 S
w

ed
is

h 
w

at
er

, y
et

 p
os

in
g 

a 
po

te
nt

ia
l e

nv
iro

nm
en

ta
l t

hr
ea

t 
to

 S
w

ed
en

, i
t w

ou
ld

 b
e 

pr
ef

er
ab

le
 to

 c
o-

op
er

at
e 

w
ith

 th
e 

ot
he

r c
on

ce
rn

ed
 c

ou
nt

rie
s 

th
at

 a
re

 N
or

w
ay

, 
D

en
m

ar
k 

an
d 

th
e 

co
un

tri
es

 o
f t

he
 B

al
tic

 S
ea

. T
he

 im
m

in
en

t s
itu

at
io

n 
re

ga
rd

in
g 

S/
S 

Sk
yt

te
re

n 
sh

ou
ld

 
no

t a
w

ai
t a

 p
ro

tra
ct

ed
 c

om
m

is
si

on
, b

ut
 a

s s
oo

n 
as

 p
os

si
bl

e 
be

 in
sp

ec
te

d 
in

 si
tu

 to
 v

er
ify

 w
he

th
er

 sh
e 

is
 

a 
su

bs
ta

nt
ia

l t
hr

ea
t o

r n
ot

.

T
H

A
N

K
S 

   
   

   

Th
e r

el
ev

an
ce

 o
f t

hi
s r

ep
or

t w
as

 si
gn

ifi 
ca

nt
ly

 im
pr

ov
ed

 th
ro

ug
h 

in
fo

rm
at

io
n,

 p
er

so
na

l c
om

m
en

ts
, a

nd
 

no
t l

ea
st

 c
os

t e
st

im
at

es
 fr

om
 m

an
y 

pe
op

le
. T

he
 a

ut
ho

rs
 w

ou
ld

 li
ke

 to
 th

an
k 

ev
er

yb
od

y 
fo

r t
he

ir 
in

pu
t! 

A
 li

st
 o

f c
on

tri
bu

tin
g 

co
nt

ra
ct

or
s a

re
 fo

un
d 

in
 A

pp
en

di
x 

4.



42
43

8
. 

R
ef

er
en

ce
s 

   
   

   
   

 
1.

 
Li

lje
be

rg
, 

M
., 

C
. 

Li
nd

gr
en

, 
an

d 
J. 

Fe
je

s, 
IV

L 
Sw

ed
is

h 
En

vi
ro

nm
en

ta
l 

R
es

ea
rc

h 
In

-
st

itu
te

 L
td

. 
M

an
ua

l 
til

l 
D

ig
ita

l 
M

ilj
öa

tla
s, 

ht
tp

://
w

w
w

.g
is

.ls
t.s

e/
iv

l/.
 2

00
4.

2.
 

Li
nd

st
rö

m
, P

., 
V

ra
k 

i S
ka

ge
rr

ak
. F

or
um

 S
ka

-
ge

rr
ak

 II
. L

än
ss

ty
re

ls
en

 i 
V

äs
tra

 G
öt

al
an

ds
 

Lä
n.

 2
00

6.
3.

 
N

ils
so

n,
 O

., 
M

ar
in

 M
ät

te
kn

ik
 A

B
, 

Pe
rs

. 
co

m
m

. 2
00

7-
08

-2
1.

4.
 

Eh
n,

 
T.

 
(m

p)
, 

A
ns

va
rs

fr
åg

an
 

vi
d 

lä
ck

-
an

de
 

ga
m

la
 

fa
rty

gs
vr

ak
, 

In
te

rp
el

la
tio

n 
20

06
/0

7:
67

6.
5.

 
A

nd
er

ss
on

, 
E.

 (
c)

, 
M

. 
A

nd
er

ss
on

 (
c)

, 
L.

 
B

ru
na

nd
er

 (
c)

, I
. F

ra
nz

én
 (

c)
 o

ch
 R

. T
ho

-
ré

n 
(c

), 
Et

t r
en

ar
e 

V
äs

te
rh

av
, M

ot
io

n 
on

 th
e 

Sw
ed

is
h 

Pa
rli

am
en

t: 
19

91
/9

2:
Jo

65
9.

6.
 

G
er

da
u 

M
. 

(m
) 

oc
h 

L-
A

. 
St

ax
än

g 
(m

), 
D

um
pn

in
g 

av
 v

ra
k 

oc
h 

an
na

n 
m

ilj
ös

tö
ra

nd
e 

ve
rk

sa
m

he
t, 

M
ot

io
n 

on
 th

e 
Sw

ed
is

h 
Pa

rli
a-

m
en

t: 
20

07
/0

8:
M

J2
28

.
7.

 
R

us
se

ll,
 M

.A
., 

D
.L

. C
on

lin
, L

.E
. M

ur
ph

y,
 

D
.L

. J
oh

ns
on

, B
.M

. W
ils

on
, a

nd
 J

.D
. C

ar
r, 

A
 m

in
im

um
-im

pa
ct

 m
et

ho
d 

fo
r 

m
ea

su
rin

g 
co

rr
os

io
n 

ra
te

 o
f s

te
el

-h
ul

le
d 

sh
ip

w
re

ck
s 

in
 

se
aw

at
er

. T
he

 In
te

rn
at

io
na

l J
ou

rn
al

 o
f N

au
-

tic
al

 A
rc

ha
eo

lo
gy

, 3
5 

(2
): 

31
0-

31
8,

 2
00

6.
8.

 
R

us
se

ll,
 M

.A
. a

nd
 L

.E
. M

ur
ph

y,
 U

SS
 A

riz
o-

na
 P

re
se

rv
at

io
n 

Pr
oj

ec
t R

es
ea

rc
h 

R
at

io
na

le
. 

20
04

.
9.

 
M

ic
he

l, 
J.,

 D
.S

. E
tk

in
, T

. G
ilb

er
t, 

R
. U

rb
an

, 
J. 

W
al

dr
on

, a
nd

 C
.T

. B
lo

ck
si

dg
e,

 P
ot

en
tia

lly
 

po
llu

tin
g 

w
re

ck
s 

in
 m

ar
in

e 
w

at
er

s. 
In

te
rn

a-
tio

na
l O

il 
Sp

ill
 C

on
fe

re
nc

e.
 2

00
5.

10
. 

Th
e 

N
or

w
eg

ia
n 

C
oa

st
al

 
A

dm
in

is
tra

tio
n,

 
w

w
w

.k
ys

tv
er

ke
t.n

o.
11

. 
ht

tp
://

w
w

w
.to

ta
l.c

om
/e

n/
gr

ou
p/

ne
w

s/
sp

e-
ci

al
_r

ep
or

t_
er

ik
a/

.
12

. 
Fi

nd
la

y,
 A

., 
Pr

ac
tic

al
 c

on
si

de
ra

tio
ns

 in
 th

e 

re
co

ve
ry

 o
f o

il 
fr

om
 su

nk
en

 a
nd

 a
ba

nd
on

ed
 

ve
ss

el
s. 

In
te

rn
at

io
na

l O
il 

Sp
ill

 C
on

fe
re

nc
e.

 
20

02
.

13
. 

Fo
nt

ol
an

, M
. a

nd
 R

. G
al

le
tti

, P
re

st
ig

e 
oi

l r
e-

co
ve

ry
 f

ro
m

 th
e 

su
nk

en
 p

ar
t o

f 
th

e 
w

re
ck

. 
Th

e 
Pe

tro
le

um
 A

ss
oc

ia
tio

n 
of

 J
ap

an
 O

il 
Sp

ill
 R

es
po

ns
e.

 2
00

5.
14

. 
W

al
ke

r, 
B

. 
an

d 
S.

 E
va

ns
, 

U
.S

. 
N

av
y 

su
c-

ce
ss

fu
lly

 o
ffl 

oa
ds

 n
ea

rly
 tw

o 
m

ill
io

n 
ga

llo
ns

 
of

 o
il 

th
re

at
en

in
g 

th
e 

U
lit

hi
 a

to
ll.

 C
ur

re
nt

s, 
Su

m
m

er
 2

00
3.

15
. 

N
or

w
eg

ia
n 

O
ffi 

ci
al

 
R

ep
or

ts
. 

A
ns

va
r 

fo
r 

op
pr

yd
ni

ng
til

ta
k 

et
te

r 
sj

øu
ly

kk
er

. 
N

O
U

 
20

02
:1

5.
16

. 
El

m
gr

en
, 

R
., 

S.
 H

an
ss

on
, 

U
. 

La
rs

so
n,

 B
. 

Su
nd

el
in

, 
an

d 
P.

 B
oe

hm
, T

he
 ”

Ts
es

is
” 

oi
l 

sp
ill

: 
ac

ut
e 

an
d 

lo
ng

-te
rm

 i
m

pa
ct

 o
n 

th
e 

be
nt

ho
s. 

M
ar

in
e 

B
io

lo
gy

, 7
3:

51
-6

5,
 1

98
3.

17
. 

K
ar

ls
so

n,
 L

.-I
., 

Fo
rs

ka
re

 tr
or

 p
å 

sn
ab

b 
ne

d-
br

yt
ni

ng
 a

v 
ol

ja
n.

 D
ag

en
s 

N
yh

et
er

. 
20

02
-

11
-2

0.
18

. 
St

or
st

rø
m

s 
A

m
t, 

Te
kn

ik
- 

og
 M

ilj
øf

or
va

lt-
ni

ng
en

, 
Va

nd
m

ilj
øk

on
to

re
t 

og
 G

ul
db

or
g-

su
nd

 K
om

m
un

e,
 N

at
ur

 o
g 

M
ilj

øa
fd

el
ni

ng
en

, 
”B

al
tic

 C
ar

rie
r”

 o
lie

fo
ru

re
ni

ng
en

 - 
m

ilj
øe

f-
fe

kt
er

 2
00

1-
20

06
. 2

00
7.

19
. 

R
itc

hi
e,

 W
., 

D
. B

ed
bo

ro
ug

h,
 J

. D
av

ie
s, 

D
. 

D
ic

ks
on

, M
. H

al
l, 

R
. H

ep
w

or
th

, P
, K

in
gs

-
to

n,
 J.

 M
ai

le
s, 

P.
 M

on
ag

ha
n,

 M
. O

’S
ul

liv
an

, 
B

. 
Tu

llo
ch

, 
M

. 
U

sc
he

r 
an

d 
L.

 K
in

gh
am

, 
W

re
ck

 o
f t

he
 ta

nk
er

 B
ra

er
: T

he
 e

nv
iro

nm
e-

nt
al

 im
pa

ct
 o

f t
he

 o
il 

sp
ill

. S
pi

ll 
Sc

ie
nc

e 
an

d 
Te

ch
no

lo
gy

 B
ul

le
tin

, 1
 (2

): 
10

1-
10

7,
 1

99
4.

20
. 

O
lje

jo
ur

en
, 

IV
L,

 
ht

tp
://

w
w

w
.iv

l.s
e/

af
fa

r/
m

ilj
o_

ka
rtl

/p
ro

j/o
lje

jo
ur

/.
21

. 
H

or
t, 

R
. o

ch
 Å

. S
an

ds
trö

m
, N

är
 o

lja
n 

nå
r 

la
nd

 -
 h

ar
 s

ta
te

n 
sä

ke
rs

tä
llt

 e
n 

go
d 

ko
m

-
m

un
al

 b
er

ed
sk

ap
 f

ör
 o

lje
ka

ta
st

ro
fe

r?
 T

he
 

N
at

io
na

l 
Sw

ed
is

h 
A

ud
it 

B
ur

ea
u 

20
05

:3
1.

 
20

05
.

22
. 

O
lja

ns
 v

är
ld

 -
 f

rå
n 

kä
lla

 t
ill

 k
on

su
m

en
t, 

Sv
en

sk
a 

Pe
tro

le
um

 In
st

itu
te

t. 
20

04
.

23
. 

Li
nd

gr
en

, 
C

. 
oc

h 
J. 

Fe
je

s. 
Tv

ät
t 

av
 o

lje
-

sk
ad

ad
e 

få
gl

ar
, I

V
L 

co
m

m
is

si
on

ed
 b

y 
Th

e 
Sw

ed
is

h 
N

at
io

na
l E

nv
iro

nm
en

ta
l P

ro
te

ct
io

n 
A

ge
nc

y.
 2

00
3.

24
. 

Li
nd

gr
en

, C
. o

ch
 A

. M
ar

tin
ss

on
. H

ur
 lå

ng
 

är
 å

te
rh

äm
tn

in
gs

tid
en

 fö
r d

en
 s

ve
ns

ka
 k

us
-

te
n 

ef
te

r e
tt 

ol
je

ut
sl

äp
p?

 IV
L 

co
m

m
is

si
on

ed
 

by
 T

he
 S

w
ed

is
h 

R
es

cu
e 

Se
rv

ic
es

 A
ge

nc
y.

 
20

05
.

25
. 

D
ea

n,
 T

.A
. a

nd
 S

.C
. J

ew
et

t, 
H

ab
ita

t-s
pe

ci
fi c

 
re

co
ve

ry
 o

f 
sh

al
lo

w
 s

ub
tid

al
 c

om
m

un
iti

es
 

fo
llo

w
in

g 
th

e 
Ex

xo
n 

Va
ld

ez
 o

il 
sp

ill
. E

co
-

lo
gi

ca
l 

A
pp

lic
at

io
ns

, 
11

 (
5)

: 
14

56
-1

47
1,

 
20

01
.

26
. 

de
 la

 H
uz

, R
., 

M
. L

as
tra

, J
. J

un
oy

, C
. C

as
te

l-
la

no
s, 

an
d 

J. 
M

. V
ié

ite
z,

 B
io

lo
gi

ca
l i

m
pa

ct
s 

of
 o

il 
po

llu
tio

n 
an

d 
cl

ea
ni

ng
 in

 th
e 

in
te

rti
da

l 
zo

ne
 o

f e
xp

os
ed

 sa
nd

y 
be

ac
he

s:
 P

re
lim

in
ar

y 
st

ud
y 

of
 th

e 
‘‘P

re
st

ig
e’

’ o
il 

sp
ill

. E
st

ua
rin

e 
C

oa
st

al
 a

nd
 S

he
lf 

Sc
ie

nc
e,

 6
5:

19
-2

9 
20

05
.

27
. 

Fo
rs

m
an

, 
B

., 
So

ci
oe

ko
no

m
is

ka
 

ef
fe

kt
er

 
av

 s
tö

rr
e 

ol
je

på
sl

ag
 -

 S
ce

na
rio

st
ud

ie
r 

fö
r 

H
al

la
nd

, S
kå

ne
, B

le
ki

ng
e 

oc
h 

K
al

m
ar

 lä
n.

 
SS

PA
 c

om
m

is
si

on
ed

 b
y 

th
e 

Sw
ed

is
h 

R
es

-
cu

e 
Se

rv
ic

es
 A

ge
nc

y.
 2

00
6.

28
. 

Fo
rs

m
an

, B
., 

H
. H

an
ss

on
, a

nd
 K

. M
ag

nu
s-

so
n,

 R
is

kb
ild

 fö
r o

lje
ut

sl
äp

p 
oc

h 
ol

je
på

sl
ag

. 
SS

PA
 co

m
m

is
si

on
ed

 b
y 

th
e S

w
ed

is
h 

R
es

cu
e 

Se
rv

ic
es

 A
ge

nc
y.

 2
00

2.
29

. 
Li

nd
bl

om
, E

., 
Fi

nn
s 

de
t t

id
 a

tt 
ha

 b
rå

tto
m

? 
D

em
on

st
ra

tio
n 

av
 m

ul
tik

rit
er

ie
an

al
ys

 s
om

 
st

öd
 v

id
 k

om
pl

ex
a 

fl e
rm

ål
sb

es
lu

t 
vi

d 
sa

-
ne

rin
gs

in
sa

ts
er

. 
IV

L 
co

m
m

is
si

on
ed

 b
y 

th
e 

Sw
ed

is
h 

R
es

cu
e 

Se
rv

ic
es

 A
ge

nc
y.

 2
00

6.
30

. 
Th

e 
Sw

ed
is

h 
C

oa
st

 
G

ua
rd

, 
ht

tp
://

w
w

w
.

ku
st

be
va

kn
in

ge
n.

se
/k

bv
te

m
pl

at
es

/P
ag

e.
as

px
?i

d=
28

6.
31

. 
Et

ki
n,

 D
.S

., 
W

or
ld

w
id

e 
an

al
ys

is
 o

f 
m

ar
in

e 
oi

l s
pi

ll 
cl

ea
nu

p 
co

st
 fa

ct
or

s. 
A

rc
tic

 an
d 

M
a-

rin
e 

O
il 

sp
ill

 P
ro

gr
am

 T
ec

hn
ic

al
 S

em
in

ar
. 

20
00

.
32

. 
Fr

an
zé

n,
 F

., 
Å

. S
ou

tu
ko

rv
a,

 a
nd

 T
. S

öd
er

-
qv

is
t, 

Sk
ag

er
ra

ks
 m

ilj
ö 

i 
sa

m
hä

lls
ek

on
o-

m
is

k 
be

ly
sn

in
g.

 F
or

um
 S

ka
ge

rr
ak

 I
I. 

En
-

ve
co

 M
ilj

öe
ko

no
m

i A
B

. 2
00

6.
33

. 
Th

e 
Sw

ed
is

h 
C

oa
st

 G
ua

rd
 h

ttp
://

w
w

w
.k

us
t-

be
va

kn
in

ge
n.

se
/k

bv
te

m
pl

at
es

/Im
ag

eV
au

lt.
as

px
?i

d=
79

2.
34

. 
In

fo
 f

ro
m

 M
A

R
B

IP
P 

(M
ar

in
e 

bi
od

iv
er

si
ty

, 
pa

tte
rn

s 
an

d 
pr

oc
es

se
s)

: 
ht

tp
://

tm
bl

.g
u.

se
/

uf
/M

A
R

B
IP

P2
00

6/
1h

an
dl

ed
/1

be
gr

ep
p/

6v
a

ro
r/1

.h
tm

l.
35

. 
M

ill
en

ni
um

 E
co

sy
st

em
 A

ss
es

sm
en

t. 
Ec

o-
sy

st
em

s 
an

d 
H

um
an

 W
el

l-b
ei

ng
: S

yn
th

es
is

: 
Is

la
nd

 P
re

ss
, W

as
hi

ng
to

n,
 D

C
. 2

00
5.

36
. 

N
or

ge
s 

O
ffe

nt
lig

e 
U

tre
dn

in
ge

r, 
A

ns
va

r 
fo

r 
op

pr
yd

di
ng

st
ilt

ak
 e

tte
r 

sj
øu

ly
kk

er
. 

Sj
øl

ov
-

ko
m

ite
en

, N
O

U
 2

00
2:

15
.

37
. 

Th
e 

Sw
ed

is
h 

N
at

io
na

l E
nv

iro
nm

en
ta

l P
ro

-
te

ct
io

n 
A

ge
nc

y.
 M

et
od

ik
 fö

r i
nv

en
te

rin
g 

av
 

fö
ro

re
na

de
 o

m
rå

de
n.

 A
na

ly
s-

 o
ch

 te
st

m
et

o-
de

r. 
19

99
.

38
. 

Th
e 

Sw
ed

is
h 

N
at

io
na

l E
nv

iro
nm

en
ta

l P
ro

-
te

ct
io

n 
A

ge
nc

y.
 M

et
od

ik
 fö

r i
nv

en
te

rin
g 

av
 

fö
ro

re
na

de
 o

m
rå

de
n.

 B
ed

öm
ni

ng
sg

ru
nd

er
 

fö
r m

ilj
ök

va
lit

et
. V

äg
le

dn
in

g 
fö

r i
ns

am
lin

g 
av

 d
at

a.
 1

99
9.

39
. 

M
ac

Le
od

, 
I.D

., 
Sh

ip
w

re
ck

s 
an

d 
ap

pl
ie

d 
el

ec
tro

ch
em

is
try

. J
ou

rn
al

 o
f E

le
ct

ro
an

al
yt

i-
ca

l C
he

m
is

try
, 1

18
: 2

91
-3

03
. 1

98
1.

40
. 

H
og

en
bi

rk
, A

. a
nd

 F
.A

. H
ar

to
g,

 L
oc

at
in

g 
li-

qu
id

 a
nd

 g
as

 in
te

rf
ac

es
 b

eh
in

d 
a 

st
ee

l h
ul

l: 
a 

ne
ut

ro
n 

ba
ck

sc
at

te
r t

oo
l i

n 
ac

tio
n.

 R
ad

ia
tio

n 
Pr

ot
ec

tio
n 

D
os

im
et

ry
, 

11
6 

(1
-4

):3
63

-3
65

, 
20

05
.

41
. 

M
of

fa
tt,

 C
., 

M
et

ho
do

lo
gi

es
 f

or
 r

em
ov

in
g 

he
av

y 
oi

ls
 a

s u
se

d 
on

 th
e 

SS
 Ja

co
b 

Lü
ch

en
-

ba
ch

 a
nd

 j
oi

nt
 i

nt
er

na
tio

na
l 

te
st

in
g 

pr
o-

gr
am

s. 
M

ar
in

e 
Te

ch
no

lo
gy

 S
oc

ie
ty

 Jo
ur

na
l, 

38
 (3

): 
64

-7
1.

 2
00

4.
42

. 
Sö

de
rq

vi
st

, T
., 

M
. H

am
m

er
, o

ch
 I-

M
. G

re
n,

 
Sa

m
ve

rk
an

 f
ör

 m
än

ni
sk

a 
oc

h 
na

tu
r. 

En
 in

-
tro

du
kt

io
n 

til
l e

ko
lo

gi
sk

 e
ko

no
m

i. 
20

04
.



44

A
p

p
en

d
ix

:
A

pp
en

di
x 

1:
 P

re
lim

in
ar

y 
ris

k 
as

se
ss

m
en

t o
f S

/S
 S

ky
tte

re
n

A
pp

en
di

x 
2:

 M
od

el
ed

 c
ur

re
nt

 d
at

a 
at

 th
e 

S/
S 

Sk
yt

te
re

n 
po

si
tio

n

A
pp

en
di

x 
3:

 O
il 

sp
ill

 tr
aj

ec
to

ry
 m

od
el

s f
ro

m
 th

e 
S/

S 
Sk

yt
te

re
n 

po
si

tio
n

A
pp

en
di

x 
4:

 L
is

t o
f c

on
tri

bu
to

rs
 re

ga
rd

in
g 

co
st

 e
st

im
at

es

43
. 

R
os

én
, 

L.
, 

T.
 S

öd
er

qv
is

t, 
Å

. 
So

ut
uk

or
va

, 
P.

-E
. B

ac
k,

 L
. G

ra
hn

, o
ch

 H
. E

kl
un

d,
 R

is
k-

vä
rd

er
in

g 
vi

d 
va

l a
v 

åt
gä

rd
ss

tra
te

gi
. H

ål
ll-

ba
r 

sa
ne

rin
g.

 T
he

 S
w

ed
is

h 
N

at
io

na
l 

En
vi

-
ro

nm
en

ta
l P

ro
te

ct
io

n 
A

ge
nc

y.
 2

00
5.

44
. 

vo
n 

A
rb

in
, 

S.
, 

B
oh

us
lä

n’
s 

M
us

eu
m

. 
Pe

rs
. 

co
m

m
. 2

00
7-

08
-1

3.
45

. 
ht

tp
://

sl
ud

ge
.w

or
dp

re
ss

.c
om

/2
00

7/
04

/0
2/

on
ly

-9
00

0-
lit

er
s-

re
co

ve
re

d-
fr

om
-s

ol
ar

-i/
.

46
. 

Ve
no

sa
, A

.D
. a

nd
 E

.L
. H

ol
de

r, 
B

io
de

gr
ad

a-
bi

lit
y 

of
 d

is
pe

rs
ed

 c
ru

de
 o

il 
at

 tw
o 

di
ffe

re
nt

 
te

m
pe

ra
tu

re
s. 

M
ar

in
e 

Po
llu

tio
n 

B
ul

le
tin

, 5
4 

(5
): 

54
5-

55
3,

 2
00

7.
47

. 
Ji

m
en

ez
, N

., 
M

. V
in

as
, J

. S
ab

at
e,

 S
. D

ie
z,

 
J.M

. B
ay

on
a,

 A
.M

. S
ol

an
as

, a
nd

 J
. A

lb
ai

-
ge

s, 
Th

e 
Pr

es
tig

e 
oi

l s
pi

ll.
 2

. E
nh

an
ce

d 
bi

o-
de

gr
ad

at
io

n 
of

 a
 h

ea
vy

 f
ue

l o
il 

un
de

r 
fi e

ld
 

co
nd

iti
on

s 
by

 th
e 

us
e 

of
 a

n 
ol

eo
ph

ili
c 

fe
r-

til
iz

er
. E

nv
iro

nm
en

ta
l S

ci
en

ce
 a

nd
 T

ec
hn

o-
lo

gy
, 4

0 
(8

): 
25

78
-2

58
5.

 2
00

6.
48

. 
G

al
le

go
, J

.R
., 

E.
 G

on
za

le
z-

R
oj

as
, A

.I.
 P

e-
la

ez
, J

. S
an

ch
ez

, M
.J.

 G
ar

ci
a-

M
ar

tin
ez

, J
.E

. 
O

rti
z,

 T
. 

To
rr

es
, 

an
d 

I.F
. 

Ll
am

as
, 

N
at

ur
al

 
at

te
nu

at
io

n 
an

d 
bi

or
em

ed
ia

tio
n 

of
 P

re
st

ig
e 

fu
el

 o
il 

al
on

g 
th

e 
A

tla
nt

ic
 c

oa
st

 o
f 

G
al

ic
ia

 
(S

pa
in

). 
O

rg
an

ic
 G

eo
ch

em
is

try
, 

37
 (

12
): 

18
69

-1
88

4,
 2

00
6.

49
. 

K
or

en
, O

., 
V.

 K
ne

ze
vi

c,
 E

.Z
. R

on
, a

nd
 E

. 
R

os
en

be
rg

, 
Pe

tro
le

um
 p

ol
lu

tio
n 

bi
or

em
e-

di
at

io
n 

us
in

g 
w

at
er

-in
so

lu
bl

e 
ur

ic
 a

ci
d 

as
 

th
e 

ni
tro

ge
n 

so
ur

ce
. A

pp
lie

d 
an

d 
En

vi
ro

n-
m

en
ta

l 
M

ic
ro

bi
ol

og
y,

 6
9 

(1
0)

: 
63

37
-6

33
9,

 
20

03
.

50
. 

St
ed

t, 
B

. S
ho

rt 
su

m
m

ar
y 

re
po

rt 
in

 F
in

nb
irc

h 
ac

ci
de

nt
. 

H
el

si
nk

i 
R

es
po

ns
e 

8/
20

07
. 

Ta
l-

lin
n.

 2
00

7.
51

. 
ht

tp
://

en
.w

ik
ip

ed
ia

.o
rg

/w
ik

i/S
S_

Su
ev

ic
.

52
. 

La
w

so
n,

 S
.H

., 
K

va
rs

ta
d 

sh
ip

s 
an

d 
m

en
, 

ht
tp

://
w

w
w

.w
ar

sa
ilo

rs
.c

om
/fr

ee
fl e

et
/k

va
r-

st
ad

.h
tm

l.
53

. 
w

w
w

.g
re

at
oc

ea
nl

in
er

s.n
et

/s
ue

vi
c.

ht
m

l.
54

. 
Sv

er
ig

es
 

N
at

io
na

la
tla

s, 
V

äs
tra

 
G

öt
al

an
d,

 
ht

tp
://

fr
ia

tla
sg

is
.sn

a.
se

/s
na

/w
eb

b.
at

la
s.

55
. 

Fo
ns

el
iu

s, 
S.

, V
äs

te
rh

av
et

s 
oc

h 
Ö

st
er

sj
ön

s 

oc
ea

no
gr

afi
  .

 T
he

 S
w

ed
is

h 
M

et
eo

ro
lo

gi
ca

l a
nd

 
H

yd
ro

lo
gi

ca
l I

ns
tit

ut
e.

 1
99

5.
56

. 
H

ul
th

, S
., 

M
in

er
al

iz
at

io
n 

of
 b

io
ge

ni
c 

de
br

is
 in

 
co

nt
in

en
ta

l s
he

lf 
an

d 
sl

op
e s

ed
im

en
ts

, P
hD

 th
e-

si
s. 

D
ep

t. 
of

 A
na

ly
tic

al
 a

nd
 M

ar
in

e 
C

he
m

is
try

. 
G

öt
eb

or
g 

U
ni

ve
rs

ity
. 1

99
5.

57
. 

M
on

fi l
s, 

R
., 

Th
e 

gl
ob

al
 r

is
k 

of
 m

ar
in

e 
po

llu
-

tio
n 

fr
om

 W
W

II
 s

hi
pw

re
ck

s:
 e

xa
m

pl
es

 f
ro

m
 

th
e 

se
ve

n 
se

as
. M

an
us

cr
ip

t.
58

. 
M

on
fi l

s, 
R

., 
T.

 G
ilb

er
t, 

an
d 

S.
 N

aw
ad

ra
, S

un
-

ke
n 

W
W

II
 s

hi
pw

re
ck

s 
of

 th
e 

Pa
ci

fi c
 a

nd
 E

as
t 

A
si

a:
 T

he
 n

ee
d 

fo
r 

re
gi

on
al

 c
ol

la
bo

ra
tio

n 
to

 
ad

dr
es

s 
th

e 
po

te
nt

ia
l 

m
ar

in
e 

po
llu

tio
n 

th
re

at
. 

O
ce

an
 a

nd
 C

oa
st

al
 M

an
ag

em
en

t, 
49

 (
9-

10
): 

77
9-

78
8.

 2
00

6.
59

. 
G

iri
n,

 M
., 

Eu
ro

pe
an

 e
xp

er
ie

nc
e 

in
 re

sp
on

se
 to

 
po

te
nt

ia
lly

 p
ol

lu
tin

g 
sh

ip
w

re
ck

s. 
M

ar
in

e T
ec

h-
no

lo
gy

 S
oc

ie
ty

 Jo
ur

na
l, 

38
 (3

): 
21

-2
5.

 2
00

4.
60

. 
Th

e 
Sw

ed
is

h 
Se

a 
R

es
cu

e 
So

ci
et

y,
 h

ttp
://

w
w

w
.

ss
rs

.se
/p

ag
e/

18
98

/p
re

ss
m

ed
de

la
nd

en
.h

tm
.

61
. 

Ek
st

rö
m

, O
., 

A
ns

va
r 

fö
r 

m
ilj

öf
ar

lig
a 

fa
rty

gs
-

vr
ak

, D
ep

ar
tm

en
t o

f L
aw

. T
he

 S
ch

oo
l o

f B
us

i-
ne

ss
, E

co
no

m
ic

s 
an

d 
La

w
, G

öt
eb

or
gs

 U
ni

ve
r-

si
te

t. 
20

07
.

62
. 

Th
e 

Sw
ed

is
h 

A
rm

ed
 

Fo
rc

es
, 

ht
tp

://
w

w
w

.4
sj

os
tri

ds
fl j

.m
il.

se
/a

rti
cl

e.
ph

p?
id

=1
64

9.
63

. 
Ti

be
rg

, H
., 

W
re

ck
s 

an
d 

w
re

ck
ag

e 
in

 S
w

ed
is

h 
w

at
er

s, 
Sc

an
di

na
vi

an
 s

tu
di

es
 in

 la
w

, V
ol

. 4
6.

 
20

04
.

64
. 

Ti
be

rg
, 

H
., 

Ve
m

 ä
ge

r 
vr

ak
 o

ch
 v

ra
kg

od
s?

 
N

or
di

sk
 sj

öf
ör

sä
kr

in
gs

po
ls

 m
öt

e.
 V

is
by

. 2
00

0.
65

. 
K

ys
tv

er
ke

t. 
St

at
us

 2
00

6 
fo

r 
tid

lig
er

e 
un

de
r-

sø
kt

e 
vr

ak
 m

ed
 p

ot
en

si
el

l 
ol

je
 l

an
gs

 n
or

sk
e-

ky
st

en
. 2

00
6.

66
. 

G
rig

gs
, 

P.
, 

D
ra

ft 
w

re
ck

 r
em

ov
al

 c
on

ve
nt

io
n 

(D
W

R
C

). 
C

om
ité

 
M

ar
iti

m
e 

In
te

rn
at

io
na

le
. 

20
06

.
67

. 
R

ap
po

rt 
fr

ån
 K

öp
en

ha
m

na
vt

al
et

s A
rb

et
sg

ru
pp

-
sm

öt
e 

i K
ar

ls
kr

on
a 

02
-0

3.
03

.2
00

0.
68

. 
H

jo
rth

, M
., 

J. 
Ve

st
er

, P
. H

en
rik

se
n,

 V
. F

or
be

s 
an

d 
I. 

D
ah

llö
f, 

Fu
nc

tio
na

l 
an

d 
st

ru
ct

ur
al

 r
e-

sp
on

se
s 

of
 m

ar
in

e 
pl

an
kt

on
 f

oo
d 

w
eb

 t
o 

py
-

re
ne

 c
on

ta
m

in
at

io
n,

 M
ar

in
e 

Ec
ol

og
y 

Pr
og

re
ss

 
Se

rie
s, 

33
8:

21
-3

1,
 2

00
7.



47

Ex
am

pl
e 

of
 a

ss
es

sm
en

t 
an

d 
ra

tin
g 

of
 w

re
ck

s 
to

 u
se

 f
or

 e
va

lu
at

io
n 

of
 t

he
 r

el
at

iv
e 

or
de

r 
of

 
pr

io
rit

y.
 T

he
 fo

rm
 is

 re
pr

od
uc

ed
 a

cc
or

di
ng

 to
 M

ic
he

l e
t a

l[1
] (

20
05

) a
nd

 is
 c

om
pl

et
ed

 w
ith

 p
re

se
nt

 
in

fo
rm

at
io

n 
ab

ou
t S

/S
 S

ky
tte

re
n.

 

Si
te

 A
ss

es
sm

en
t C

rit
er

ia

R
is

k 
A

ss
es

sm
en

t 
C

rit
er

ia
 a

nd
 Q

ue
st

io
ns

H
ig

h 
R

is
k

M
ed

iu
m

 R
is

k
Lo

w
 R

is
k

W
ha

t is
 th

e s
ize

, ty
pe

, a
nd

 
co

ns
tru

cti
on

 of
 th

e s
un

ke
n 

ve
ss

el?
>1

00
00

 to
ns

10
00

-1
00

00
 to

ns
<1

00
0 t

on
s

W
ha

t is
 th

e l
ike

ly 
qu

an
tity

 of
 oi

l 
on

 bo
ar

d?
Hi

gh
; >

10
00

 to
ns

Mo
de

ra
te;

 10
0-

10
00

 to
ns

Lo
w;

 <
10

0 t
on

s

Ho
w 

ac
ce

ss
ibl

e i
s t

he
 w

re
ck

 
to 

sh
or

e?
Ne

ar
 sh

or
e o

r L
ag

oo
na

l
Of

fsh
or

e b
ut 

ac
ce

ss
ibl

e
Op

en
 se

a

Ho
w 

de
ep

 is
 th

e w
ate

r w
he

re
 

the
 w

re
ck

 re
sts

?
Ac

ce
ss

 by
 co

nv
en

tio
na

l 
SC

UB
A

At
 lim

it o
f d

ivi
ng

 ca
pa

bil
ity

De
ep

 w
ate

r 
Su

bm
er

sib
le 

ac
ce

ss
 

on
ly

Ha
s t

he
 w

re
ck

 a 
his

tor
y o

f 
pr

ev
iou

s o
il r

ele
as

es
?

Do
cu

me
nte

d h
ist

or
y o

f 
oil

 le
ak

s
Oc

ca
sio

na
l o

il l
ea

ks
 or

 no
t 

kn
ow

n
No

ne

W
ha

t o
il t

yp
es

 ar
e c

on
tai

ne
d i

n 
the

 w
re

ck
? A

re
 th

ey
 pe

rsi
ste

nt 
oil

s o
nc

e s
pil

t a
t s

ea
?

Ve
ry 

pe
rsi

ste
nt 

oil
Me

diu
m 

gr
ad

e o
ils

No
n-

pe
rsi

ste
nt 

oil

Is 
the

 w
re

ck
 su

bje
ct 

to 
se

ve
re

 
we

ath
er

 ev
en

ts,
 su

ch
 as

 
sto

rm
s, 

mo
ns

oo
ns

, h
ur

ric
an

es
, 

typ
ho

on
s?

Hi
gh

 de
gr

ee
 of

 se
ve

re
 

we
ath

er
 po

ss
ibl

e
Mo

de
ra

te 
de

gr
ee

 of
 se

ve
re

 
we

ath
er

 po
ss

ibl
e

Lo
w 

de
gr

ee
 of

 se
ve

re
 

we
ath

er
 po

ss
ibl

e

W
ha

t is
 th

e s
tab

ilit
y o

f th
e 

se
ab

ed
 an

d w
ha

t a
re

 th
e 

se
dim

en
t e

ffe
cts

 on
 th

e w
re

ck
 

mo
ve

me
nt 

an
d i

nte
gr

ity
?

Un
sta

ble
 an

d/o
r h

igh
 

de
gr

ee
 of

 m
ov

em
en

t
Re

lat
ive

ly 
sta

ble
 or

 no
t 

kn
ow

n
Kn

ow
n t

o b
e a

 st
ab

le 
se

ab
ed

W
ha

t is
 co

nd
itio

n o
f th

e w
re

ck
, 

de
gr

ee
 of

 de
ter

ior
ati

on
, a

nd
 its

 
fra

gil
ity

 to
 na

tur
al 

dis
tur

ba
nc

e 
eff

ec
ts?

Si
gn

ifi c
an

t d
ete

rio
ra

tio
n

Mo
de

ra
te 

de
ter

ior
ati

on
Mo

stl
y i

nta
ct

Is 
the

 w
re

ck
 su

bje
ct 

to 
hig

h 
lev

el 
of 

hy
dr

od
yn

am
ic 

for
ce

s 
on

 th
e s

ea
be

d?

Hi
gh

 le
ve

l o
f s

ub
-se

a 
cu

rre
nts

Me
diu

m 
lev

el 
of 

hy
dr

od
yn

am
ic 

for
ce

s
Lo

w 
lev

el 
of 

cu
rre

nts
 

an
d d

riv
ing

 fo
rce

s

A
p

p
en

d
ix

 1
P

re
li

m
in

ar
y 

ri
sk

 a
ss

es
sm

en
t 

of
 S

/S
 S

ky
tt

er
en

Appendix 1 Appendix 2 Appendix 3 Appendix 4



48
49

En
vi

ro
nm

en
ta

l A
ss

es
sm

en
t C

rit
er

ia
R

is
k 

A
ss

es
sm

en
t C

rit
er

ia
 a

nd
 

Q
ue

st
io

ns
H

ig
h 

R
is

k
M

ed
iu

m
 R

is
k

Lo
w

 R
is

k

Ar
e t

he
re

 ar
ea

s o
f h

igh
 en

vir
on

me
nta

l 
se

ns
itiv

ity
 in

 th
e r

eg
ion

? C
on

sid
er

 
dis

trib
uti

on
 of

 se
ns

itiv
e h

ab
ita

ts 
su

ch
 

as
 m

ar
sh

es
, m

an
gr

ov
es

, s
ea

 gr
as

se
s, 

co
ra

l re
efs

, m
ud

 fl a
ts,

 an
d k

elp
 be

ds
.

Hi
gh

 le
ve

l o
f 

en
vir

on
me

nta
l 

se
ns

itiv
ity

Me
diu

m 
lev

el 
of 

en
vir

on
me

nta
l 

se
ns

itiv
ity

Lo
w 

lev
el 

of 
en

vir
on

me
nta

l 
se

ns
itiv

ity

Do
es

 sp
ill 

tra
jec

tor
y m

od
eli

ng
 in

dic
ate

s 
sig

nifi
 ca

nt 
en

vir
on

me
nta

l re
so

ur
ce

s a
t 

ris
k f

ro
m 

oil
 re

lea
se

s?

Hi
gh

 pr
ob

ab
ilit

y 
of 

im
pa

ct

Mo
de

ra
te 

pr
ob

ab
ilit

y o
f 

im
pa

ct

Lo
w 

pr
ob

ab
ilit

y o
f 

im
pa

ct

Ho
w 

un
iqu

e, 
ra

re
 or

 di
ve

rse
 is

 th
e 

ec
olo

gy
 of

 th
e a

re
a l

ike
ly 

to 
be

 
aff

ec
ted

?
Hi

gh
Me

diu
m

Lo
w

Ar
e r

ar
e o

r e
nd

an
ge

re
d w

ild
life

 lo
ca

ted
 

wi
thi

n t
he

 re
gio

n o
r p

ote
nti

al 
sp

ill 
im

pa
ct 

zo
ne

s?

Hi
gh

 le
ve

l o
f 

pr
ote

cte
d s

pe
cie

s 
in 

re
gio

n

Lo
w 

lev
el 

of 
pr

ote
cte

d s
pe

cie
s 

in 
im

pa
ct 

zo
ne

No
 pr

ote
cte

d 
sp

ec
ies

 in
 im

pa
ct 

zo
ne

W
ha

t s
en

sit
ive

 w
ild

life
 sp

ec
ies

 ar
e a

t 
ris

k?
 C

on
sid

er
 th

e d
ive

rsi
ty,

 nu
mb

er,
 

loc
ati

on
s, 

an
d s

ea
so

na
lity

.

Hi
gh

 nu
mb

er
 an

d 
div

er
sit

y
Me

diu
m 

nu
mb

er
 

an
d d

ive
rsi

ty
Lo

w 
nu

mb
er

 an
d 

div
er

sit
y

Ar
e t

he
re

 ro
ute

s f
or

 tr
an

sit
or

y s
pe

cie
s, 

su
ch

 as
 m

igr
ato

ry 
bir

ds
 an

d m
ar

ine
 

ma
mm

als
?

Hi
gh

 ab
un

da
nc

e
Oc

ca
sio

na
l

No
ne

W
ha

t is
 th

e p
re

se
rva

tio
n o

r 
pr

ote
cti

on
 st

atu
s o

f th
e a

re
a a

t r
isk

? 
Co

ns
ide

ra
tio

ns
 in

clu
de

: m
ar

ine
 pa

rk,
 

wi
lde

rn
es

s, 
wo

rld
 he

rita
ge

, a
nd

 
co

ns
er

va
tio

n s
tat

us
?

Hi
gh

 le
ve

l o
f 

pr
ote

cti
on

 an
d 

pr
es

er
va

tio
n

Mo
de

ra
te 

lev
el 

of 
pr

ote
cti

on
 an

d 
pr

es
er

va
tio

n

Lo
w 

or
 no

 le
ve

l 
of 

pr
ote

cti
on

 an
d 

pr
es

er
va

tio
n

Ar
e t

he
re

 an
y h

ist
or

ica
l, c

ult
ur

al 
or

 
ar

ch
ae

olo
gic

al 
re

so
ur

ce
s i

n t
he

 ar
ea

 at
 

ris
k, 

inc
lud

ing
 w

ar
 gr

av
es

?

Si
gn

ifi c
an

t 
re

so
ur

ce
s a

nd
 

hig
h v

alu
e

Mo
de

ra
te 

lev
el 

of 
re

so
ur

ce
s

Lo
w

 le
ve

l o
r n

ot
 

pr
es

en
t

Do
es

 th
e a

re
a a

t r
isk

 ha
ve

 su
bs

ist
en

ce
 

fi s
hin

g, 
tra

dit
ion

al 
hu

nti
ng

/ga
the

rin
g o

r 
fi s

h t
ra

ps
 in

 th
e w

re
ck

 ar
ea

?

Hi
gh

 de
gr

ee
 of

 
su

bs
ist

en
ce

 liv
ing

 
in 

re
gio

n

Me
diu

m 
lev

el 
of 

de
pe

nd
en

cy
 on

 
su

bs
ist

en
ce

Lo
w 

lev
el 

or
 no

 
de

pe
nd

en
cy

 on
 

su
bs

ist
en

ce
W

ha
t is

 th
e e

xte
nt 

of 
sc

ien
tifi 

c, 
ed

uc
ati

on
al,

 or
 re

se
ar

ch
 in

ter
es

t in
 th

e 
ar

ea
 at

 ris
k?

Hi
gh

 de
gr

ee
 of

 
int

er
es

t
Oc

ca
sio

na
l in

ter
es

t
Lo

w 
or

 no
 in

ter
es

t

Ec
on

om
ic

 A
ss

es
sm

en
t C

rit
er

ia
R

is
k 

A
ss

es
sm

en
t C

rit
er

ia
 a

nd
 

Q
ue

st
io

ns
H

ig
h 

R
is

k
M

ed
iu

m
 R

is
k

Lo
w

 R
is

k

Ar
e l

ice
ns

ed
 co

mm
er

cia
l fi 

sh
er

ies
, fi 

sh
 

far
ms

, a
qu

ac
ult

ur
e, 

pe
ar

l fa
rm

ing
 et

c i
n 

the
 ar

ea
 at

 ris
k?

Hi
gh

 le
ve

l o
f 

ec
on

om
ic 

va
lue

Mo
de

ra
te 

lev
el 

of 
ec

on
om

ic 
va

lue
Lo

w 
lev

el 
of 

ec
on

om
ic 

va
lue

W
ha

t o
the

r s
ign

ifi c
an

t in
du

str
ial

 us
es

, 
ec

on
om

ic 
re

so
ur

ce
s o

r im
po

rta
nt 

us
es

 
of 

the
 se

a a
re

 pr
es

en
t in

 th
e a

re
a a

t 
ris

k (
e.g

., w
ate

r in
tak

es
, a

qu
ar

ia,
 sa

lt-
pa

ns
)?

Hi
gh

 le
ve

l o
f 

ec
on

om
ic 

us
e 

an
d d

ep
en

de
nc

y

Me
diu

m 
lev

el 
of 

ec
on

om
ic 

us
e a

nd
 

de
pe

nd
en

cy

Lo
w 

lev
el 

of 
ec

on
om

ic 
us

e a
nd

 
de

pe
nd

en
cy

W
ha

t im
po

rta
nt 

re
cre

ati
on

al 
or

 to
ur

ism
 

ac
tiv

itie
s a

re
 ca

rri
ed

 ou
t in

 th
e a

re
a 

at 
ris

k (
e.g

., s
po

rt 
fi s

hin
g, 

div
ing

, 
sn

or
ke

lin
g, 

bo
ati

ng
, s

igh
tse

ein
g, 

su
rfi n

g, 
co

as
tal

 re
cre

ati
on

al 
us

e)
?

Hi
gh

 le
ve

l a
nd

/
or

 hi
gh

 de
gr

ee
 of

 
ec

on
om

ic 
va

lue

Me
diu

m 
lev

el 
an

d/o
r m

od
er

ate
 

de
gr

ee
 of

 
ec

on
om

ic 
va

lue

Lo
w 

lev
el 

an
d/o

r lo
w 

de
gr

ee
 of

 ec
on

om
ic 

va
lue

W
ha

t le
ve

l o
f m

ar
ine

 us
e o

cc
ur

s w
ith

in 
the

 ar
ea

 of
 th

e w
re

ck
?

Hi
gh

 de
gr

ee
 an

d 
ra

ng
e o

f m
ar

ine
 

us
es

Me
diu

m 
de

gr
ee

 
an

d r
an

ge
 of

 
ma

rin
e u

se
s

Lo
w 

de
gr

ee
 an

d 
ra

ng
e o

f m
ar

ine
 

us
es

Is 
the

 re
gio

n u
se

d a
s a

 m
ar

ine
 tr

an
sp

or
t 

co
rri

do
r?

Hi
gh

 de
gr

ee
 of

 
us

e
Me

diu
m 

lev
el 

of 
us

e
Lo

w 
lev

el 
of 

us
e

Do
es

 th
e w

re
ck

 co
nta

in 
su

ffi c
ien

t 
qu

an
titi

es
 of

 un
ex

plo
de

d o
rd

na
nc

es
 

(U
XO

s) 
or

 ot
he

r d
an

ge
ro

us
 go

od
s 

(D
Gs

) t
ha

t w
ou

ld 
po

se
 a 

sa
fet

y h
az

ar
d 

or
 re

qu
ire

 ex
clu

sio
ns

 zo
ne

s n
ea

r t
he

 
wr

ec
k?

Hi
gh

 qu
an

titi
es

 
of 

UX
Os

 an
d/o

r 
DG

s k
no

wn
 on

 
wr

ec
k

Mo
de

ra
te 

or
 

un
kn

ow
n q

ua
nti

tie
s 

of 
UX

Os
 an

d/o
r 

DG
s o

n w
re

ck

Lo
w 

or
 no

 U
XO

s/
DG

s o
n w

re
ck

?

R
ef

er
en

ce
:

M
ic

he
l, 

J.,
 D

.S
. E

tk
in

, T
. G

ilb
er

t, 
R

. U
rb

an
, J

. W
al

dr
on

, a
nd

 C
.T

. B
lo

ck
si

dg
e,

 P
ot

en
tia

lly
 

po
llu

tin
g 

w
re

ck
s i

n 
m

ar
in

e 
w

at
er

s, 
in

 In
te

rn
at

io
na

l O
il 

Sp
ill

 C
on

fe
re

nc
e.

 2
00

5.

Appendix 1 Appendix 2 Appendix 3 Appendix 4



51

A
p

p
en

d
ix

 2
M

od
el

ed
 c

ur
re

nt
 d

at
a 

at
 th

e 
S/

S 
Sk

yt
te

re
n 

po
si

tio
n

S
um

m
ar

y

St
at

is
tic

s o
f c

ur
re

nt
 v

el
oc

ity
 an

d 
di

re
ct

io
n 

fr
om

 th
e o

pe
ra

tio
na

l o
ce

an
 ci

rc
ul

at
io

n 
m

od
el

 H
IR

O
M

B
 

at
 th

e p
os

iti
on

 o
f S

/S
 S

ky
tte

re
n 

O
ct

ob
er

 2
00

6 
ar

e s
ho

w
n.

 M
od

el
 d

at
a e

ve
ry

 3
rd

 h
ou

r w
er

e a
na

ly
se

d 
fr

om
 th

e 
su

rf
ac

e 
do

w
n 

to
 7

5 
m

 d
ep

th
. T

he
 a

na
ly

si
s 

sh
ow

s 
th

at
 th

e 
cu

rr
en

ts
 a

t t
he

 p
os

iti
on

 a
re

 
pr

ed
om

in
at

el
y 

in
 th

e 
no

rth
-s

ou
th

 d
ire

ct
io

n 
th

ro
ug

ho
ut

 th
e 

la
rg

er
 p

ar
t o

f t
he

 w
at

er
 c

ol
um

n.
 A

t t
he

 
su

rf
ac

e,
 w

he
re

 th
e 

cu
rr

en
ts

 a
re

 m
or

e 
in

fl u
en

ce
d 

by
 p

re
va

ili
ng

 w
in

ds
, t

he
 c

ur
re

nt
 d

ire
ct

io
ns

 a
re

 
m

or
e 

va
ria

bl
e 

an
d 

th
e 

no
rth

 g
oi

ng
 c

ur
re

nt
 is

 d
om

in
at

in
g.

 

Th
e 

cu
rr

en
t v

el
oc

ity
 is

 h
ig

he
st

 a
t t

he
 s

ur
fa

ce
 a

nd
 d

ec
re

as
e 

w
ith

 in
cr

ea
si

ng
 d

ep
th

. I
t i

s 
kn

ow
n 

th
at

 th
e 

m
od

el
 te

nd
 to

 o
ve

r 
es

tim
at

e 
ex

tre
m

e 
ve

lo
ci

tie
s 

at
 th

e 
su

rf
ac

e 
im

pl
yi

ng
 th

at
 th

e 
sh

ow
n 

m
ax

im
um

 v
el

oc
iti

es
 m

ig
ht

 h
av

e 
oc

cu
rr

ed
 le

ss
 fr

eq
ue

nt
ly

 th
an

 sh
ow

n.
 T

he
 e

xt
re

m
es

 c
on

st
itu

te
 a

n 
up

pe
r l

im
it 

of
 w

ha
t t

o 
ex

pe
ct

 fr
om

 o
bs

er
va

tio
na

l d
at

a.

Th
e 

m
od

el
 h

as
 n

ev
er

 b
ee

n 
va

lid
at

ed
 w

ith
 d

ep
th

. T
he

 a
cc

ur
ac

y 
of

 th
e 

m
od

el
ed

 b
ot

to
m

 c
ur

re
nt

 d
at

a 
is

 th
er

by
 u

nc
er

ta
in

. 

H
IR

O
M

B
 

Th
e 

op
er

at
io

na
l o

ce
an

 c
irc

ul
at

io
n 

m
od

el
 H

IR
O

M
B

 (H
ig

h 
R

es
ol

ut
io

n 
M

od
el

 o
f t

he
 B

al
tic

 S
ea

) 
is

 d
ev

el
op

ed
 b

y 
SM

H
I a

nd
 is

 u
se

d 
fo

r c
al

cu
la

tio
ns

 o
f p

ar
am

et
er

s 
su

ch
 a

s 
cu

rr
en

ts
, s

al
in

ity
 a

nd
 

te
m

pe
ra

tu
re

. I
n 

th
e 

B
al

tic
 S

ea
, t

he
 K

at
te

ga
t a

nd
 th

e 
Sk

ag
er

ra
k 

th
e 

ho
riz

on
ta

l r
es

ol
ut

io
n 

is
 1

 x
 1

 o
r 

3 
x 

3 
na

ut
ic

al
 m

ile
s. 

Th
e 

m
od

el
 h

as
 b

ee
n 

op
er

at
io

na
l s

in
ce

 F
eb

ru
ar

y 
20

02
. I

n 
20

05
 th

e 
m

od
el

 w
as

 
up

da
te

d 
to

 v
er

si
on

 3
.0

. T
he

 e
xt

en
si

ve
 u

pd
at

e 
to

 v
 3

.0
 s

ig
ni

fi c
an

tly
 im

pr
ov

ed
 la

ye
rs

 a
nd

 re
su

lte
d 

in
 h

ig
he

r c
ur

re
nt

s. 

Th
e 

re
su

lts
 fr

om
 H

IR
O

M
B

 a
re

 d
el

iv
er

ed
 in

 a
 g

rid
 o

f 1
 x

 1
 N

M
. T

he
 th

ic
kn

es
s o

f t
he

 c
el

ls
 v

ar
ie

s. 
A

t t
he

 s
ur

fa
ce

 th
e 

th
ic

kn
es

s 
is

 4
 m

et
er

s, 
i.e

. t
he

 v
el

oc
ity

 re
pr

es
en

ts
 th

e 
(m

ea
n)

 v
el

oc
ity

 b
et

w
ee

n 
0-

4 
m

, 4
-8

, a
nd

 8
-1

2 
m

. B
el

ow
 1

2 
m

 th
e r

es
ol

ut
io

n 
is

 in
cr

ea
se

d 
to

 6
 m

 d
ee

p 
ce

lls
, g

iv
in

g 
fo

llo
w

in
g 

ce
ll 

th
ic

kn
es

se
s:

 1
2-

18
, 1

8-
24

 a
nd

 2
4-

30
 m

. B
et

w
ee

n 
30

 a
nd

 6
0 

m
et

er
 d

ep
th

, t
he

 c
el

l d
ep

th
 is

 1
0 

m
 .

In
 2

00
6 

a 
th

re
e 

m
on

th
 v

al
id

at
io

n 
st

ud
y 

of
 H

IR
O

M
B

, w
ith

 fo
cu

s a
t c

ur
re

nt
 v

el
oc

iti
es

, w
er

e 
m

ad
e 

th
ro

ug
h 

co
m

pa
ris

on
 o

f o
bs

er
va

tio
na

l a
nd

 m
od

el
 d

at
a 

in
 th

e 
H

an
ö 

B
ay

. T
he

 re
su

lts
 s

ho
w

ed
 th

at
 

cu
rr

en
t v

el
oc

iti
es

 g
en

er
al

ly
 ar

e u
nd

er
es

tim
at

ed
. T

he
 v

el
oc

ity
 in

 th
e m

od
el

 w
as

 p
er

io
di

ca
lly

 h
ig

he
r 

th
an

 c
or

re
sp

on
di

ng
 o

bs
er

va
tio

na
l d

at
a.

 T
he

 v
el

oc
ity

 d
is

tri
bu

tio
n 

sh
ow

ed
 to

o 
m

an
y 

oc
ca

si
on

s 
of

 
hi

gh
 c

ur
re

nt
 v

el
oc

iti
es

. A
t t

he
 s

am
e 

tim
e,

 th
e 

m
ag

ni
tu

de
 o

f t
he

 h
ig

he
st

 o
bs

er
ve

d 
ve

lo
ci

ty
 in

 th
e 

sa
m

e 
or

de
r a

s f
or

 th
e 

m
od

el
 d

at
a 

du
rin

g 
th

e 
sa

m
e 

pe
rio

d.
 T

he
 fi 

gu
re

s b
el

ow
 sh

ow
 d

is
tri

bu
tio

n 
of

 
cu

rr
en

t v
el

oc
ity

 a
nd

 d
ire

ct
io

n 
in

 H
IR

O
M

B
 fo

r t
he

 g
rid

 c
lo

se
st

 to
 th

e 
po

si
tio

n 
of

 S
/S

 S
ky

tte
re

n.
 

O
ct

ob
er

 2
00

6 
w

as
 c

ho
os

en
 a

s a
n 

ex
am

pl
e 

of
 a

ut
um

n 
co

nd
iti

on
s. 

D
ur

in
g 

th
e 

su
m

m
er

, t
he

 c
ur

re
nt

 
ve

lo
ci

tie
s w

ill
 m

os
t l

ik
el

y 
be

 so
m

e 
w

ha
t l

ow
er

. 
In

 th
e 

fi g
ur

es
 sh

ow
in

g 
cu

rr
en

t v
el

oc
ity

, t
he

 m
ea

n 
ve

lo
ci

ty
 is

 a
ls

o 
m

ar
ke

d.

Appendix 1 Appendix 2 Appendix 3 Appendix 4



52
53

0
10

20
30

40
50

60
70

80
90

10
0

0204060

/

Number of observations

H
IR

O
M

B
-d

at
a,

 o
kt

 2
00

6
C

ur
re

nt
 v

el
oc

ity
 a

t 4
 m

 d
ep

th

0
10

20
30

40
50

60
70

80
90

10
0

0204060

Number of observations

0
10

20
30

40
50

60
70

80
90

10
0

0204060

Number of observations

H
IR

O
M

B
-d

at
a,

 o
kt

 2
00

6

0
10

20
30

40
50

60
70

80
90

10
0

0204060

Number of observations

0
10

20
30

40
50

60
70

80
90

10
0

0204060

Number of observations

H
IR

O
M

B
-d

at
a,

 o
kt

 2
00

6

C
ur

re
nt

 v
el

oc
ity

 a
t 8

 m
 d

ep
th

C
ur

re
nt

 v
el

oc
ity

 a
t 1

2 
m

 d
ep

th

C
ur

re
nt

 v
el

oc
ity

 a
t 1

8 
m

 d
ep

th

C
ur

re
nt

 v
el

oc
ity

 a
t 2

4 
m

 d
ep

th

0
10

20
30

40
50

60
70

80
90

10
0

0204060

Number of observations

0
10

20
30

40
50

60
70

80
90

10
0

05010
0

Number of observations

0
10

20
30

40
50

60
70

80
90

10
0

05010
0

Number of observations

H
IR

O
M

B
-d

at
a,

 o
kt

 2
00

6

0
10

20
30

40
50

60
70

80
90

10
0

0204060

Number of observations

0
10

20
30

40
50

60
70

80
90

10
0

0204060

Number of observations

H
IR

O
M

B
-d

at
a,

 o
kt

 2
00

6

C
ur

re
nt

 v
el

oc
ity

 a
t 3

0 
m

 d
ep

th

C
ur

re
nt

 v
el

oc
ity

 a
t 4

0 
m

 d
ep

th

C
ur

re
nt

 v
el

oc
ity

 a
t 7

5 
m

 d
ep

th

C
ur

re
nt

 v
el

oc
ity

 a
t 6

0 
m

 d
ep

th

C
ur

re
nt

 v
el

oc
ity

 a
t 5

0 
m

 d
ep

th

H
IR

O
M

B
-d

at
a,

 o
ct

 2
00

6
H

IR
O

M
B

-d
at

a,
 o

ct
 2

00
6

Appendix 1 Appendix 2 Appendix 3 Appendix 4

cm
/s

cm
/s



54
55

S
W

S
S

E
E

N
E

N
N

W
W

05010
0

Number of observations

H
IR

O
M

B
-d

at
a,

 o
kt

 2
00

6

S
W

S
S

E
E

N
E

N
N

W
W

05010
0

Number of observations

C
ur

re
nt

 d
ire

ct
io

n
   

   
8 

m
 d

ep
th

S
W

S
S

E
E

N
E

N
N

W
W

05010
0

Number of observations

C
ur

re
nt

 d
ire

ct
io

n
   

   
12

 m
 d

ep
th

S
W

S
S

E
E

N
E

N
N

W
W

05010
0

Number of observations

S
W

S
S

E
E

N
E

N
N

W
W

05010
0

Number of observations

C
ur

re
nt

 d
ire

ct
io

n
4 

m
 d

ep
th

 
 

C
ur

re
nt

 d
ire

ct
io

n 
18 

  m
 d

ep
th 

C
ur

re
nt

 d
ire

ct
io

n 
8 

m
 d

ep
th

 

S
W

S
S

E
E

N
E

N
N

W
W

05010
0

S
W

S
S

E
E

N
E

N
N

W
W

05010
0

S
W

S
S

E
E

N
E

N
N

W
W

05010
0

S
W

S
S

E
E

N
E

N
N

W
W

05010
0

S
W

S
S

E
E

N
E

N
N

W
W

05010
0

Number of observation

C
ur

re
nt

 d
ire

ct
io

n
 

60
 m

 d
ep

th
 

C
ur

re
nt

 d
ire

ct
io

n 
50

 m
 d

ep
th 

C
ur

re
nt

 d
ire

ct
io

n 
30

    m
 d

ep
th 

C
ur

re
nt

 d
ire

ct
io

n 
75

 m
 d

ep
th 

C
ur

re
nt

 d
ire

ct
io

n 
40

 m
 d

ep
th 

Number of observationNumber of observationNumber of observationNumber of observation

H
IR

O
M

B
-d

at
a,

 o
ct

 2
00

6
H

IR
O

M
B

-d
at

a,
 o

ct
 2

00
6

Appendix 1 Appendix 2 Appendix 3 Appendix 4



56
57

A
p

p
en

d
ix

 3
O

il 
sp

ill
 tr

aj
ec

to
ry

 m
od

el
s f

ro
m

 th
e S

/S
 S

ky
tte

re
n 

po
sit

io
n

H
yp

ot
he

tic
al

 o
il 

sp
ill

 tr
aj

ec
to

ry
 m

od
el

s f
ro

m
 th

e 
S/

S 
Sk

yt
te

re
n 

po
si

tio
n,

 m
od

el
ed

 in
 S

ea
 T

ra
ck

 W
eb

, 
de

ve
lo

pe
d 

by
 S

M
H

I. 
Th

e 
fo

llo
w

in
g 

co
nd

iti
on

s w
er

e 
us

ed
:

Va
ria

bl
es

:
O

il 
ty

pe
s

3 
di

ffe
re

nt
 w

in
ds

:
Pr

er
eq

ui
si

te
s:

Me
diu

m 

He
av

y

Hi
gh

 W
 13

m/
s, 

tow
ar

d 9
0 d

eg
re

es

Mo
de

ra
te 

S 
7 m

/s,
 to

wa
rd

 0 
de

gr
ee

s

Mo
de

ra
te 

E 
7 m

/s,
 to

wa
rd

 27
0 

de
gr

ee
s

No
rth

er
ly 

cu
rre

nt,
 5 

cm
/s=

0.1
 kn

ot,
 to

wa
rd

 0 
de

gr
ee

s

Th
e w

re
ck

 re
sts

 at
 74

 m
 de

pth
. 

Ins
tan

tan
eo

us
 sp

ill 
of 

the
 en

tire
 vo

lum
e

Ex
tra

 un
ce

rta
int

y i
nc

lud
ed

Ca
lcu

lat
ion

 pe
rio

d 2
-3

-4
 da

ys

Vo
lum

e o
f o

il: 
30

00
 m

3

R
ef

er
en

ce
s

M
at

ts
so

n,
 J

. 
(2

00
6)

 H
IR

O
M

B
 v

al
id

at
io

n 
in

 t
he

 D
an

is
h 

So
un

ds
. 

Pr
es

en
ta

tio
n 

at
 t

he
 9

th
 H

IR
O

M
B

 
Sc

ie
nt

ifi 
c 

W
or

ks
ho

p 
28

-3
1 

A
ug

us
t 

20
06

, 
SM

H
I, 

G
ot

he
nb

ur
g:

 h
ttp

://
w

w
w

.e
nv

iro
nm

en
t.fi

 /d
ow

nl
oa

d.
as

p?
co

nt
en

tid
=5

62
62

&
la

n=
en

 

N
er

he
im

, S
. (

20
06

) R
es

ul
ts

 fr
om

 th
e 

H
an

ö 
ba

y 
va

lid
at

io
n 

pr
oj

ec
t

Pr
es

en
ta

tio
n 

at
 th

e 
9t

h 
H

IR
O

M
B

 S
ci

en
tifi

 c
 W

or
ks

ho
p 

28
-3

1 
A

ug
us

t 2
00

6,
 S

M
H

I, 
G

ot
he

nb
ur

g:
 h

ttp
://

w
w

w
.e

nv
iro

nm
en

t.fi
 /d

ow
nl

oa
d.

as
p?

co
nt

en
tid

=5
62

67
&

la
n=

en
 

 

Appendix 1 Appendix 2 Appendix 3 Appendix 4



58
59

 

a)
 

b)
 c)

 

D
ay

 2
 

 

D
ay

 3
  

 

D
ay

 4
  

S 7m/s 

D
ay

 2
  

D
ay

 3
  

E
 7

m
/s

 

W
 1

3m
/s

 

D
ay

 1
  

D
ay

 2
  

W
 1

3m
/s

 

D
ay

 3
 

D
ay

 4
 

D
ay

 3
 

D
ay

 4
 

S 7m/s 

D
ay

 3
 

D
ay

 4
 

E
 7

m
/s

 

a)
 

b)
 c)

 

M
ed

iu
m

 o
il:

H
ea

vy
 o

il:

Appendix 1 Appendix 2 Appendix 3 Appendix 4



61

A
p

p
en

d
ix

 4
Li

st
 o

f c
on

tri
bu

to
rs

 re
ga

rd
in

g 
co

st
 e

st
im

at
es

:

Li
st

 o
f c

on
tri

bu
to

rs
 re

ga
rd

in
g 

co
st

 e
st

im
at

es
 (i

n 
al

fa
be

tic
al

 o
rd

er
):

B
io

Pe
tro

C
le

an
28

0 
M

ad
is

on
 A

ve
nu

e 
#9

12
-9

th
 fl 

oo
r

N
ew

 Y
or

k,
 N

Y
 1

00
16

U
SA

W
eb

: w
w

w
.b

io
pe

tro
cl

ea
n.

co
m

C
ol

d 
C

ut
 S

ys
te

m
 A

B
P.

O
. B

ox
 1

01
81

SE
-4

34
 2

2 
K

un
gs

ba
ck

a
SW

ED
EN

Te
l: 

+4
6 

30
0 

56
 8

0 
70

Fa
x:

 +
46

 3
00

 5
6 

80
 7

9
W

eb
: w

w
w

.c
cs

-c
ob

ra
.c

om

Em
u 

Lt
d 

I M
ill

 C
ou

rt
Th

e 
Sa

w
m

ill
s

D
ur

le
y

So
ut

ha
m

pt
on

H
am

ps
hi

re
SO

32
 2

EJ
U

K
Te

l: 
+4

4 
01

48
9 

86
00

50
Fa

x:
 +

44
 0

14
89

 8
60

05
1

W
eb

: w
w

w
.e

m
ul

im
ite

d.
co

m

M
ar

in
 M

ät
te

kn
ik

 A
B

N
ya

 V
ar

ve
t, 

B
yg

gn
ad

 8
4

42
6 

71
 V

äs
tra

 F
rö

lu
nd

a
SW

ED
EN

Te
l: 

+4
6 

(0
)3

1 
69

52
80

Fa
x:

 +
46

 (0
)3

1 
69

52
90

W
eb

: w
w

w
.m

m
ta

b.
se

So
ns

ub
, a

 d
iv

is
io

n 
of

 S
ai

pe
m

 F
PS

O
 S

.p
.A

. 
V

ia
 G

al
ile

o 
Fe

rr
ar

is
, 1

4
30

17
5 

M
ar

gh
er

a
Ve

ne
zi

a
IT

A
LY

Te
l: 

+3
9 

(0
)4

1 
29

1 
63

11
Fa

x:
 +

39
 (0

)4
1 

53
2 

11
94

W
eb

: w
w

w
.so

ns
ub

.c
om

SV
IT

ZE
R

 S
ve

rig
e A

B
 

N
ya

 V
ar

ve
t, 

B
yg

gn
ad

 8
5B

  
SE

 4
26

 7
1 

V
äs

tra
 F

rö
lu

nd
a

SW
ED

EN
Te

l: 
+4

6 
31

 1
0 

97
 0

0 

SV
IT

ZE
R

 S
al

va
ge

 B
.V

. 
Sl

ui
sp

le
in

 3
4 

P.
O

. B
ox

 5
10

 
19

70
 A

M
 IJ

M
U

ID
EN

 
19

75
 A

G
 IJ

m
ui

de
n 

Te
l: 

+3
1 

(0
) 2

55
 5

62
 6

66
 

Fa
x:

 +
31

 (0
) 2

55
 5

18
 6

95
 

W
eb

: w
w

w
.sv

itz
er

.c
om

W
or

ld
po

in
t A

B
D

al
vi

nd
sg

at
an

 1
0

43
4 

34
 K

un
gs

ba
ck

a 
SW

ED
EN

Te
l: 

+4
6 

(0
)3

00
 6

13
44

, 
+4

6 
(0

)7
05

 8
37

37
0

Appendix 1 Appendix 2 Appendix 3 Appendix 4



A
G

S 
Fo

cu
s 

Ce
nt

er
 (A

FC
) c

on
ta

ct
:

Sw
is

s 
Fe

de
ra

l I
ns

tit
ut

e 
of

 T
ec

hn
ol

og
y 

Zü
ri

ch
 (E

TH
Z)

Ev
el

yn
 U

nd
er

w
oo

d

In
st

itu
te

 o
f I

nt
eg

ra
tiv

e 
B

io
lo

gy

Sw
is

s 
Fe

de
ra

l I
ns

tit
ut

e 
of

 T
ec

hn
ol

og
y 

Zu
ri

ch

CH
N

 G
35

.1
 U

ni
ve

rs
itä

ts
st

ra
ss

e 
9

CH
-8

09
2 

Zü
ri

ch
, S

w
itz

er
la

nd

P
ho

ne
: +

41
 4

4 
63

27
78

7 
   

   

Fa
x:

 +
41

 4
4 

63
21

21
5

em
ai

l: 
ev

el
yn

.u
nd

er
w

oo
d@

en
v.

et
hz

.c
h

M
as

sa
ch

us
et

ts
 In

st
itu

te
 o

f T
ec

hn
ol

og
y 

(M
IT

)

K
ar

en
 G

ib
so

n

M
IT

, 
77

 
M

as
sa

ch
us

et
ts

 
A

ve
nu

e 
E4

0-
46

9,
 

Ca
m

br
id

ge
, 

U
SA

P
ho

ne
 +

1 
61

7 
25

8 
63

68

Fa
x 

+
1 

61
7 

25
8 

65
90

Em
ai

l: 
kg

ib
so

n@
m

it.
ed

u

Th
e 

U
ni

ve
rs

ity
 o

f T
ok

yo

H
ar

um
i K

am
iy

am
a

Th
e 

U
ni

ve
rs

ity
 o

f T
ok

yo
, 7

-3
-1

 H
on

go
, B

un
ky

o-
ku

To
ky

o 
11

3-
86

54
, J

ap
an

P
ho

ne
 +

81
 3

 5
84

1 
79

37

Fa
x 

+
81

 3
 5

84
1 

23
03

Em
ai

l: 
ka

m
iy

am
a@

ir
3s

.u
-t

ok
yo

.a
c.

jp

ur
l: 

ht
tp

:/
/w

w
w

.g
lo

ba
ls

us
ta

in
ab

ili
ty

.c
o.

jp

Ch
al

m
er

s 
U

ni
ve

rs
ity

 o
f T

ec
hn

ol
og

y

A
le

xa
nd

ra
 P

ri
at

na
 

Ch
al

m
er

s/
G

M
V,

 4
12

 9
6 

G
öt

eb
or

g,
 S

w
ed

en

A
sc

he
be

rg
sg

at
an

 4
4,

 3
rd

 fl
oo

r

P
ho

ne
 +

46
 3

1 
77

2 
49

59

Fa
x 

+
46

 3
1 

77
2 

49
58

Em
ai

l: 
al

ex
an

dr
a.

pr
ia

tn
a@

ch
al

m
er

s.
se

ur
l: 

ht
tp

:/
/a

gs
.c

ha
lm

er
s.

se



Th
e 

AG
S 

is
 

a 
co

lla
bo

ra
tio

n 
of

 
fo

ur
 

un
iv

er
si

tie
s 

th
at

 
br

in
gs

 
to

ge
th

er
 

w
or

ld
-

cl
as

s 
ex

pe
rt

is
e 

fr
om

 
th

e 
m

em
be

r 
in

st
itu

tio
ns

 
to

 
de

ve
lo

p 
re

se
ar

ch
 

an
d 

ed
uc

at
io

n 
in

 
co

lla
bo

ra
tio

n 
w

ith
 

go
ve

rn
m

en
t 

an
d 

in
du

st
ry

 o
n 

th
e 

ch
al

le
ng

es
 o

f 
su

st
ai

na
bl

e 
de

ve
lo

pm
en

t.

In
 th

e 
S

ka
ge

rr
ak

 th
er

e 
ar

e 
26

1 
sh

ip
 w

re
ck

s 
w

hi
ch

 h
av

e 
be

en
 

id
en

tifi
 e

d 
as

 p
ot

en
tia

lly
 p

ol
lu

tin
g 

w
re

ck
s.

 T
w

en
ty

 o
f t

he
se

 a
re

 lo
ca

te
d 

cl
os

e 
to

 th
e 

S
w

ed
is

h 
co

as
t, 

w
ith

in
 th

e 
V

äs
tra

 G
öt

al
an

d 
C

ou
nt

y.
 T

he
 m

aj
or

ity
 

of
 th

e 
po

te
nt

ia
lly

 p
ol

lu
tin

g 
w

re
ck

s 
or

ig
in

at
e 

fro
m

 th
e 

S
ec

on
d 

W
or

ld
 W

ar
, h

en
ce

 
m

an
y 

ar
e 

he
av

ily
 c

or
ro

de
d 

an
d 

so
m

e 
ar

e 
al

re
ad

y 
le

ak
in

g 
oi

l. 
In

 S
w

ed
en

 th
is

 p
ro

bl
em

 
ha

s 
be

en
 d

is
cu

ss
ed

 n
ow

 a
nd

 th
en

 s
in

ce
 th

e 
m

id
 s

ev
en

tie
s,

 y
et

 th
er

e 
is

 n
o 

le
gi

sl
at

io
n 

re
gu

la
tin

g 
th

e 
lia

bi
lit

y 
fo

r p
re

ve
nt

iv
e 

ac
tio

ns
 to

 a
vo

id
 fu

tu
re

 o
il 

sp
ill

s 
fro

m
 th

e 
ac

tu
al

 
w

re
ck

s.
 T

hi
s 

pr
e-

st
ud

y 
hi

gh
lig

ht
s 

po
te

nt
ia

lly
 p

ol
lu

tin
g 

w
re

ck
s 

in
 th

e 
S

ka
ge

rr
ak

, b
ut

 th
e 

pr
ob

le
m

 is
 p

re
se

nt
 a

lo
ng

 th
e 

re
st

 o
f t

he
 S

w
ed

is
h 

co
as

tli
ne

. T
he

re
fo

re
, t

he
re

 is
 a

 n
ee

d 
fo

r 
th

e 
es

ta
bl

is
hm

en
t o

f a
 n

at
io

na
l d

at
ab

as
e 

ov
er

 re
co

gn
iz

ed
 p

ot
en

tia
lly

 p
ol

lu
tin

g 
w

re
ck

s.

P
re

se
nt

 s
al

va
ge

 te
ch

no
lo

gy
 a

llo
w

s 
fo

r o
ffl 

oa
di

ng
 th

e 
oi

l o
nb

oa
rd

 th
e 

w
re

ck
s,

 b
ut

 th
e 

re
m

ed
ia

tio
n 

op
er

at
io

n 
ca

n 
be

 v
er

y 
ex

pe
ns

iv
e 

(a
bo

ut
 2

0-
25

0 
m

ill
io

n 
S

E
K

 p
er

 w
re

ck
). 

Th
is

 
co

st
 h

as
 to

 b
e 

co
m

pa
re

d 
to

 th
e 

so
ci

oe
co

no
m

ic
 c

on
se

qu
en

ce
s 

oc
cu

rr
in

g 
in

 c
as

e 
of

 a
 s

ud
de

n 
le

ak
 o

f t
he

 c
or

re
sp

on
di

ng
 a

m
ou

nt
 o

f o
il 

al
on

g 
th

e 
co

as
t. 

To
 e

ns
ur

e 
th

at
 th

e 
en

vi
ro

nm
en

ta
l 

be
ne

fi t
s 

of
 a

 re
m

ed
ia

tio
n 

ar
e 

ec
on

om
ic

al
ly

 ju
st

ifi 
ed

, i
t i

s 
of

 g
re

at
 im

po
rta

nc
e 

to
 in

iti
al

ly
 

co
nd

uc
t a

 d
et

ai
le

d 
w

re
ck

 a
ss

es
sm

en
t w

hi
ch

 in
 a

dd
iti

on
 to

 v
er

ifi 
ca

tio
n 

of
 th

e 
am

ou
nt

 a
nd

 
ty

pe
 o

f o
il 

on
bo

ar
d,

 a
ls

o 
as

ce
rta

in
s 

th
at

 w
re

ck
 s

ta
bi

lit
y 

w
ill

 a
llo

w
 re

m
ed

ia
tio

n.
 T

he
 c

os
t o

f 
su

ch
 a

n 
as

se
ss

m
en

t r
an

ge
s 

fro
m

 0
.5

-2
 m

ill
io

n 
S

E
K

 p
er

 s
hi

p 
w

re
ck

. T
o 

fi n
an

ce
 b

ot
h 

sh
ip

 
w

re
ck

 a
ss

es
sm

en
t a

nd
 re

m
ed

ia
tio

n 
of

 w
re

ck
s 

w
he

re
 n

o 
ow

ne
r c

an
 b

e 
he

ld
 re

sp
on

si
bl

e,
 

es
ta

bl
is

hm
en

t o
f a

 fu
nd

 s
im

ila
r t

o 
th

at
 in

te
nd

ed
 fo

r r
em

ed
ia

tio
n 

of
 c

on
ta

m
in

at
ed

 la
nd

 
si

te
s 

co
ul

d 
be

 u
se

d.
 A

dd
iti

on
al

ly,
 th

e 
fo

rm
at

io
n 

of
 a

 n
at

io
na

l c
om

pe
te

nc
e 

ce
nt

re
 to

 
su

pp
or

t t
he

 fu
nd

, g
at

he
r k

no
w

le
dg

e 
in

 th
e 

fi e
ld

 o
f s

hi
p 

w
re

ck
 a

ss
es

sm
en

t a
nd

 
re

m
ed

ia
tio

n 
an

d 
co

or
di

na
te

 a
ct

io
ns

 is
 re

co
m

m
en

de
d.

 


