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Modelling oil spill layer thickness and hydro-meteorological conditions
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Abstract

The general model of oil spill domain movement forecasting dependent on the thickness of oil spill layer
based on a probabilistic approach considering the influence of the hydro-meteorological conditions at
sea area is proposed. A semi-Markov model of the process of changing hyvdro-meteorological conditions
is constructed. A two-dimensional stochastic process is used to describe the oil spill domain central
point position movement. Parametric equation of oil spill domain central point drift trend curve consid-
ering the initial thickness of oil spill layer at the oil spill central point is used. Next, the method of oil
spill domain determination dependent on the thickness of oil spill layer for various hydro-meteorological
conditions is presented. The generalization of the presented approach assuming that the thickness is

changing with time is also proposed. At the end, the research further perspective is given.

1. Introduction

In the era of globalisation of the economy, we can
observe a negative impact of chemical releases in
all the kinds of world waters. The significant issue
is to forestall the oil slicks and mitigate its costs
to the nations and biological life. For that reason,
there is a requirement for strategies and methods
decreasing the water contamination (Bogalecka,
2020; Bogalecka & Kotowrocki 2015a, 2015b,
2018; Fingas, 2016). One of the significant and
essential ways of satisfying this need is the strat-
egy for fast and accurate determining the oil slick
area, thickness of a layer and the domain move-
ment.

The oil spill central point drift trend, the oil spill
domain shape and its random position fixed for
changing different hydro-meteorological condi-
tions allow us to construct the model of determi-
nation of the area in which, with the fixed proba-
bility, the oil spill domain is placed (Dabrowska
2021; Dabrowska & Kotowrocki, 2019). This
model is considered in this chapter with taking
into account the thickness of oil layer.

This chapter is composed of Introduction,

Sections 1-5 and Conclusion.

First in Section 2, a semi-Markov model of the
process of changing hydro-meteorological condi-
tions is defined and its parameters and character-
istics are introduced. Next in Section 3, stochastic
modelling trend of spill central point drift with
considering thickness of oil layer is presented. In
Section 4, identification of oil spill drift trend with
considering thickness of oil layer is considered.
Next in Section 5, a theoretical background of oil
spill domain movement with considering thick-
ness of oil layer is presented. In conclusion, the
research further perspective is given.

2. Process of changing hydro-meteorological
conditions

Let A(¢) denote the process of varying hydro-me-
teorological conditions at the sea water
area (where the oil spill happened) and let
A = {1,2,...,m}, be the set of all possible states of
A(t) in which it may stay at the moment
t, t € (0,T), where T > 0. Further, we assume a
semi-Markov model (Grabski, 2014; Kotowrocki,
2014) of the process A(f) and denote by 6 its con-
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ditional sojourn time in state ¢ while its next tran-
sition will be done to state j, where
I, € {1l it

Under these assumptions, the process of changing
hydro-meteorological conditions A(f) is com-
pletely described by the following parameters
(Dabrowska, 2021; Kotowrocki, 2014; Limnios &
Oprisan, 2001; Xue, 1985; Xue & Yang, 1985,
1995):

¢ the vector of probabilities of its initial states

at the moment 1 =0

[P(0)] = [p1(0), p2A(0)...., pm(0)], (1)

e the matrix of probabilities of its transitions be-
tween the particular states

Pu P " P
pZ p2 e p_m

pd=|"2 "2 2
pnrl pm?. Ijmm

where Vi=1.2,...m, p; =0,

e the matrix of distribution functions of its con-
ditional sojourn times &; at the particular states

‘/V“([) ‘/V]z(f) ‘/Vlm(f)

W, (1 W, (1 W”m t
[Wy(n)] = “}() “;() ":() ., (3)

vVl”] (f) I’Vﬂ‘i'l(t) vam('r)

where Vi =1,2,....m, W;(H) =0,

e the expected values (mean values) of its condi-
tional sojourn times @; at the particular states

M, = E[0] = [tdWy®), (4)
0

i,j=12,..m,i#],

e the variances of its conditional sojourn times
¢; at the particular states

Vi = DI6;] = [(1 - E[6;])dWy(n), (5)
0
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L= 12, . m1+]

Using the above defined parameters, we can de-

termine the following characteristics of the con-

sidered process A(1), t € (0,T), T > 0 (Kotowrocki,

2014; Kuligowska, 2018; Torbicki, 2018):

e the distribution functions of the unconditional
sojourn time & of the process of changing hy-
dro-meteorological conditions at the particular
states i, i =1,2,....m

m

W(I) = ZPUWU(t)’ = 1,2,...,"’1, (6)
j=l

e the mean values of the unconditional sojourn
time & of the process of changing hydro-mete-
orological conditions at the particular states i,
i=12,.m

M;i=E[6] = Y pEL6;],i=12,...m, (7)

j=1

e the variances of the unconditional sojourn time
6 of the process of changing hydro-meteoro-
logical conditions at the states i, i = 1,2,....,m
Vi= D[] = E[67] - (E[6;])%, (8)
i=1,2,..,m,

e the limit values of the transient probabilities of
a process of changing hydro-meteorological
conditions at the particular states

pi(t) = P(W(r) = 0), 9)

t € {0,400),i=1,2,....m,

given by
mM;
pi=limpi() = ———, i=12,..m, (10)
I—»c0 ZEJMJ

=1

where M;, i = 1,2,...,m, are given by (7), while
the steady probabilities 7; of the vector [ ]1xn
satisfy the system of equations
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[/T;][p,_','] =[7T,']
m (1].)

which in the case of a periodic process of
changing hydro-meteorological conditions, are
the long term proportions of this process so-
journ times at the particular operation states i,
i=1,2,..m;

~

e the total sojourn times &,

. of the process at
the particular hydro-meteorological states i,
i =1,2,...,m, during the fixed time @, that have
approximately normal distributions with the

expected value given by

M, =E[0]1=p0, i=12.,..m, (12)

where pi, i = 1,2,...,m, are given by (10).

3. Stochastic modelling trend of spill central
point drift with considering thickness of oil
layer

First, for each fixed state k, k € {1,2,...,m}, of the
process A(r) of changing hydro-meteorological
conditions, introduced in Section 2, and time
t €{0,7), T > Owhere T is time we are going to
model the behaviour of the oil spill domain we de-
fine the central point with considering thickness 7
of oil layer of this oil spill domain as a point
(xk(r,r), y’"(t,r)), t (0,1, te(n,n), u, o > 0,
k € {1,2,...,m}, on the plane Oxy that is the centre
of the smallest circle, with the radius rk(t,r),
t€{0,7), e {n,n), ke {l,2,....m}, covering
this domain (Figure 1). We assume that the thick-
ness 7 is not changeable, i.e. 7 = const. Thus, for
the fixed oil spill domain D kt.t), we have

k k
X7 = ”"("”;x'(f’f), (13)
yk(t,?,') — yi(fﬂr);yl(t:r), (14)

fort € (0,T), 7 € {r1,12), k € {1,2,...,m}, where the
Pi(x} (t,7), ¥} (t,0)) and Pa(x5 (,7), y5 (2,7)) are the

most distant points of the oil spill domain D@,p),
t €(0,7), t € {r1,12), k € {1,2,...,m}, and the ra-

dius r‘k(r,r), called the radius of the oil spill domain
D X(t,7), is given by

*(1,7)

= %J[xl*’ 60~ @) + 1y (60 =y (), (15)

te (0,1, re(t,m), ke {l.2,... ,m}.

B

} x’z‘(r,r), \é (t,T)

~¥=V

0 !

Figure 1. Interpretation of central point of oil spill
definition.

Further, for each fixed state k, k=1,2,...,m, of the
process of changing hydro-meteorological condi-
tions A(z) and time ¢, 1 € (0,7), we define a two-
dimensional stochastic process

(X (t,7), Yi(1,0)), t € (0,]), 7 € (11,12),
such that
x*, ¥:(0.T) > R?,

where XX(1,7), Y*(t,r) respectively are an abscissa
and an ordinate of the plane Oxy point, in which
the oil spill central point is placed at the moment
¢ while the process A(1), t € (0,7), is at the state k.
We set deterministically the central point of oil
spill domain in the area in which an accident has
happened and an oil release was placed in the wa-
ter as the origin O(0,0) of the coordinate system
Oxy. The value of a parameter ¢ at the moment of
accident we assume equal to 0. It means that the
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process (X¥(t,7), Y*(t,r)), is a random two-dimen-
sional coordinate (a random position) of the oil
spill central point after the time ¢ from the accident
moment and that at the accident moment ¢ = 0 the
oil spill central point is at the point O(0,0), i.e.
(X4(0.,0), Y*(0,0)) = (0.0).

After some time, the central point of the oil spill

starts its drift along a curve called a drift curve. In
further analysis, we assume that processes

XXt,1), Y(t,0), t € (0,1, 7 € (11,12),

ke {l2,...m},

are two-dimensional normal processes

N(m'y (1,0), my (1,0), py (10), 0’ (1.0), o} (1,0),

with varying in time expected values

m'y (t7) = EIXt.0l, my (10) = E[V¥(t0], - (16)
standard deviations

ok (o), 6% (17) (17)
and correlation coefficients

Py (10, (18)

forr € (0,7), v € (r1,12), k € {1.,2,...,m}, i.e. with
the joint density functions

I
276k (1. 0ok (1, D1 (Pl (1.7)

). (xy) =

B 1 (x—mk (1,7))°
21— (phy (1, 1)Y) (ok(1,1))?

exp

(x— m;"( (t,o))(y— m;‘; (t.7))
0'; (r,r)df)’ (t,7)

- 2p§(}’ (T, T)

(y —my (t,7))*

(oy (1,7)) @

(x,y) e BBt (0,1, 7€ (r,n), k € {1,2,....m}.
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Thus, the points
(m% (1, 0, my (1, 7)),

te (0,1, 7e{n,n), ke {l2,..m},

given by (16), create the curve K* represented par-
ametrically by

s {xk =x* (t,7)= mf{'( (t,7) (20)

. y* =y*@, 1) =m{‘§(1‘,r), te (0,T>, T e(a,b).

where 7, 7 € (71,72) is the initial thickness of oil
spill layer at the oil spill central point.

V4
. K
(my (t,7), my(t,7)) B
e
//. -
/ | |
v ! .
O 1

Figure 2. Oil spill central point drift trend.

4. Identification of oil spill drift trend
with considering thickness of oil layer

Having in disposal empirical mean positions of
the oil spill domain central point

(m' (11,7), m', (11,0), (' (12.0),
m'y (£2,7)),..., (m' ﬁ( (tnk,7), m';‘, (tnk,T)), (21)

k: 1:2:---9m1

at the moments t1,f2,...,Ink, it is possible to fix the

equation of the central point of oil spill drift trend
curve in the following parametric form

K*:

k k il k
{x =my(t,7)=ay(@)+a) (D)t +...+a, (@T)N"

y=mi(t,0)=F5 (0)+ B @) +...+ B (e, (22)

te (0,1, 1el{n,n), k=12,...m,
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where a and b are natural numbers, while

a’}'. (0,j=0,1, ...a,k=1.2,....m, 7 € (r1,12), (23)
and

,8’; (0),j=0,1,...b,k=12,....m, 7 € (11,12), (24)

are unknown real coefficients of the assumed
curve model.

According to the least squares method the un-
known coefficients of the central point of oil spill
drift trend are determined from the condition of
the minimising the sum of squares of the differ-
ences between the realisations (21) and values cal-
culated from the curve K* equations (22), i.e. for
each fixed &, k = 1,2,...,m, the following condition
should be satisfied

N.k

A = Y[ m' (0v.1) — mk (8,7))

v=1

' k
*F (m Y (I'-’ar) —m Y (t\’ar)):z]
=minimum, k=1,2,....m, 7 € {11,12).

(25)

Hence and from the necessary condition for ex-
tremes existence for each fixed k, after substitut-
ing

Nk
k u+v
A]H.:Zt,, »u,v=0,1,....a,

v=l

Nk
Ef ()= tim’% (t,.7), u=0,1,....a,
v=1

(26)
k=1,2,...m, 1€ {t,mn),
N*
Bf = Zr:,"“', u,v=0,1,....b,
v=I
Nk
Fim)y=Y1im%y@,.1), u=0,1,...b, (27)
v=l

k=12,...m,1e{n,n),

and introducing the matrices

dy Ay .. A&
Ao o A A
A(JI(U A{’J\'] . . . A:a
oy (1) Ey (7)
otk(r)z alk(r) Ek(‘[)z El"'(f)
al(r) E,(7) (28)
k=1,2,....m, 1 € (n,m2),
Byy By - - . By
s |By By .. B
By, By . . . By
d oy
k k
F
po=|P | Po=|" |,
By | Fy | (29)
k=12,....m, 1t € (11,02),
we get
Ak ()= EX (1)
B**(0)=F* (1), k=12....m,7 €{a,b). (30)

Hence under the assumption that determinants of
the matrices A* and BY, defined by (28)(29), are
different from zero we get the unknown coeffi-
cient of the curve models from the system of equa-
tions

a* ()= (4)"E*(2)

(@) =B F (), k=12,..m,ze{ab), (1)

where (A% and (B*)! are the inverse matrices of
the matrices A* and B*, defined by (28)—(29).

The equations of the remaining dependent
on time ¢ functional parameters of the join

density functions ¢} (x,y), 1 € (0,T), 7 € (11,12),
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k=1,2,...,m, may be found in an analogous way.
Having in disposal empirical values of standard
deviations of the oil spill domain central point po-
sitions

(32)

vk vk vk
o X (flaf), () X (QJ); veey () X (rNksr)!
k=12,...m, 1 e {1,0),

at the moments f1,2,...,tn%, it is possible to evaluate

the coefficients of functional standard deviations
of random variables X(t,7), t € (0,T), 1 € {11,12),
k=1,2,....,m, given by the following curve in the
parametric form

k k k k
gX(t, D) =y0 (D) + ! (D' + ... + yc (D, (33)
te (0,7, te(n,n),k=1.2,..m,

determining them from the system of equations

(1) = (AN 'GN), k=1,2,...m, (34)
where
70 (2) Gy (1)
S =| D] i = |G|
N T
G =§t:fcr'xk(rv,f), u=0,1,...,c, (35)

v=l
k=1.2,....m, t € {11,12).

Having in disposal empirical values of standard
deviations of the oil spill domain central point po-
sitions

(36)

o't (1,7), 6’ (12,0), ..., 05 (et 1),

k=1,2,...m,1e{n,mn,

at the moments f1,2,...,In%, it is possible to evaluate
coefficients of the functional standard deviations
of random variables Y(#,7), t € (0,T), t € (11,12),
k=1,2,...,m, given by the following curve in the
parametric form

56

et =nE@+nf @ + ... + X DF, (37)
te (0,1, 7rel{n,n), k=12,...m,

determining them from the system of equations

*(x) = (AN HYz), k=1,2,...m, (38)
where
7 (7) H (1)
@ =M O i) = Hi (@) | -
74 (7) HE(r)

Nﬂ'
H ) =Y 1" (t,,7), u=0.1,....d,

v=l
k=1,2,....m.

Having in disposal empirical values of correlation
coefficients

P 5y (01,0), P 5y (12,0), oy p' Sy (1,T), (40)

k=1.2,....m, 1 € {11,12),

at the moments #1,12,....tnk, it is possible to evaluate

coefficients of functional correlation coefficients
of random variables X*(z,7) and Y(t,7), t € (0,T),
7 € {t1,12), k = 1,2,...,m, given by the following
curve in the parametric form

phytD=ci@+cl @ + .. +ck@E,  41)
t € (0,1, t € (r1,12),

determining them from the system of equations

) =AY '), k=1.2,...m, (42)
where
50 () I (r)
o= 5O = 1) @3)
ghite) I} (r)
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Nk

k k

L@ =2 1Py (.0 u=0,1,...e,
v=1

k=1.2,....m, t € {11,12).

Having in disposal empirical values of the radius
of the oil spill domain

rit,0), i), ... rivk), (44)

k=12,...m,1e{1,0),

at the moments f,f,... vk it is possible to

evaluate the coefficients of the radius of the oil
spill domain DNto), te (0D, telnmn),
k=1,2,....,m, given by the following curve in the
parametric form

A0 =@ + @) + .+ (), (45)

t € (0,T), 7 € (r1,12),

determining them from the system of equations

o) = A @), k=12,..m 1 (),  (46)
where
k@) FHG]
tw=5 D) p=| 7@, (47)
1§ @] |75

Nﬁ
k 1k
L@ =2 65",

v=I
u=0,1,..,f k=12,...,m,t € {t1,12).

Thus, to determine the evaluations of the central
point of oil spill drift trend curves (22) and param-

eters of joint density functions @ir (x,y), t € (0,7,
T € (11,12), k= 1,2,...,m, given by (19), it is neces-
sary to perform the following steps:
e to fix the numbers

N k=12,...m, (48)

of observations of the central point of oil spill
positions,

e (o fix the moments of observations

tt ity k=120,

of the central point of oil spill positions,

e to fix the numbers of the process (X*(t,7),
Yi(t,2)),t € (0.T), 7 € (11,12), k=1,2,...,m, real-
isations
nf(1), n*2), ..., i*(VH, k=1,2,....m,

at the moments t1,f2,....Ink k= 1,2,...,m,

¢ to fix the central point of oil spill positions

@' (00), YT (1,), (8 (1,0), V' (89,0,

vk 1k

(x n¥ ) (tV,T)ﬂ y nk () (t\:,'f)),

k=1,2,...m,t € {11,12),

at each moment ,, v=1,2,...N, k=12,....m,
e to fix the most distant points of the oil spill do-

main

Py

11 (00, Y 11 (8,0, (1 (050), V' 1 (1,0 5o

vk "k
(x 1n* (v) (f\),T), y 12" (v) (f\:,f)),

k=1,2,...m,t € {11,12),

P
G0 (8, D), ¥ S (), (6 s ), Y B 9,00

vk vk
(X 2t (v) (Tp,‘t‘,'), y 2t (v)

(tv,7)),

k=1,2,...m,t € {11,12),

at each moment #,, v=1,2,...N*, k=1,2,....m,
e to evaluate the central point of oil spill mean
positions, according to the formulae

nk(v}

>, #5660

b
n*(v) i

m' X (f\:,T) = (49)

v=12,.. N k=12,...m1¢e {11,12),
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n* (v)

k‘( DIREICES
n

w=l1

m'i) (tv,7) =

(50)

v=12,..N k=12,...m, 1€ {t,m),

e toevaluate the central point of oil spill position
standard deviations according to the formulae

ag ‘;( (t,7)

n‘(v)
=J ”kl(v) Z1 [ @ 0F —[my @0, O
v=12,..N k=12,...m, 1€ {t,m),
¢t (tn1)
n*(v)
:\/ kl 3 [y, oF —[mf@,.0r,  (52)
n (V) w=l

v=12,...Nk=12,...m, 1€ {n,n),

e to evaluate the central point of oil spill position
correlation coefficients according to the for-
mula

P )-(y (tv,7)

n* (v)

LS 0y, 0 - @, D 0,7
Fw &

O'X:{ (,, r)cryf (1,.7)
v=12,..Nk=12,...m 1€ {nmn)
e to calculate the radius of the oil spill domain

1 .
20k (v)

r(,) =

nk(v)

’ Z \/[x“;{w (tv,7)= I'gw (tv, 7)) + [.V“]kw (tv,7)= —‘JZ\_"W (tv, r)]i J

w=l1

v=1,2,..N k=12,...mt€ (11,12)
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e to find parametric forms (22) of the central
point of oil spill drift trend and remaining pa-
rameters (33), (37), (41), (45) of distributions,
applying the formulae (31), (34), (38), (42) and
(46) respectively.

5. Modelling oil spill domain

Assuming that the experiment takes place in the
time interval (0,7), we are interested in finding the
oil spill domain D*t1), t e (0.T), e {(11,12),
k=1,2,....,m, such that the central point of oil spill
domain is placed in it with a fixed probability p.
From (Dgbrowska & Kolowrocki, 2019) we have

P((X*(t,7),Y*(t,7)) e D*(1,7))

= [[ ke n)dxdy=p. (53)

DX (1,7)
te (0,1, tel{tmn), k=12,..,m,
where

1 (x—mg"( (1‘,r))2

Do) ={(x 3y ———(E =M (7)
Y @) ek (D))

(x— mﬁ} (t,o)(y— mf} (t,7)
0';} (r,r)cr}ﬁ (t,7)

— 2p%.(t,7)

ok 2
+ (3 zny(rafz) <C‘2}, (54)
(oy(t,7))°

te (0,1, 7el{n,n), k=12,...,m,

is the domain bounded by an ellipse being the pro-
jection on the plane Oxy of the curve resulting
from the intersection (Figure 3) of the density
function surface

af ={(x,y.2): 2= 05 (x,y),(x,y) € R*}, (55)
and the plane
7t ={(xy,2):
1 I,
z= exp[——c”],
27265 (1. 0)a (1, D1 - (phy (1.7)
(56)

(xy) e R?},te (0,1, e {t,m), k=12,....m.
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Figure 3. Domain D¥(t,7) of integration bounded by
an ellipse.

It was shown in (Dgbrowska & Kotowrocki,
2019) that the inequality in (54) holds if
¢ =—2In(1 —p).

Considering the above and the assumed in Sec-
tion 3 definition of the central point of oil spill, for
each fixed state k, k € {1,2,...,m}, of the process
A(t) and time ¢ € (0,T), we define the oil spill do-
main

1 (x—mbk (t,7))*

DAt = ((x, y):
ED = e et G

(x—mk (1, D)y — mj (1,7))
ot (1,058 (1,7)

— Zvac(Y (1,7)

(y—my(t,7))°

(Eﬁ(t,f))z 1 £-2:In(1 - p)}, (57
t e (0,7), 7€ {t,m), ke {l2,..m}
where
&) (t,7) = ok (t,0) + (1),
(58)

&y (1.1) = oy (T 1) + (),

te (0,7, e (nn), ke {l2,.,m},

and

A1), t € (0,T), 7 e (ti,m), k € {1,2,....m}, (59)
is the radius of the oil spill domain D kt.7),

t e (0,7, 7 € (tr1,;), k € {1,2,...,m}. The graph of
the oil spill domain D *(z,7), is given in Figure 4.

epiltn) o)(tT

Figure 4. Oil spill domain D (z,7).

5.1. Modelling oil spill domain for fixed
hydro-meteorological conditions

We suppose that the process A(z) for all 1 € (0,7),
is at the fixed state k, k € {1,2,...,m}. Assuming a
time step Af and a number of steps, s > 1, such that

(s — DAt < My < sAt, sAt < T, (60)

where

Mi=E[6], k € {12,....m}, (61)

are the expected value of the process A(r),
t € (0,T), sojourn times G, k = 1,2...,m, at the state
k determined by (7), after multiple applying se-
quentially the procedure from Section 5, for
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t=1At, 2At,..., sAt, (62)

we receive the following sequence of oil spill do-
mains

DN(1Atz), DMQ2AtL),..., DM(sAt7), (63)
7 € (11,12).
Hence, the oil spill domain Df ke {1,2,...,m}, s

described by the sum of determined domains of
the sequence (63)

D= CJB(:‘A:,T) = DY(1At7) U D'Q2AL7)
i=l

U...U DNsALD), T e (), k=1,2,...,m, (64)
and illustrated in Figure 5.
y »
D(sAt.1)
DALz e i =
=2 \
\
\ \
b \
N\ . \
k '3 o + P
(mx(0,0), my(0.0)) A sAL x
0 t

Figure 5. Oil spill domain for fixed hydro-meteoro-
logical conditions.

Remark 1. The oil spill domain p* defined by (64)
and illustrated in Figure 5 is determined for con-
stant radius rJ"(t,r) =r te {0,T), and constant
thickness z, 7 € (11,12), k € {1,2,...,m}. If the ra-
dius is not constant, we define the sequence of do-
mains (Dabrowska & Kotowrocki, 2019)

- b . s
D*(bAtr) = | JDM(aAt,r) = D¥(1A1,7)

a=l1
U D*2At,1) U...u DXbALT),
b=1_2,...51te{nn),ke{l2,... m},
where

D¥aAtg) = DNaAtt),a=1.2,..b,b=12,...5,
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te{n,n), k=1,2,...,m,

defined by (57) with the following substitutions:
my (t,7) = mj (alt,7), m{ (t,7) = mj (aAt,7),
Gx(1,7):=Gy (bAL,T) = ok (bA1,T) + r* (bAL,7),
GX(t,7):=Gr (bAL,7) = of (bAL, T) + r* (DAL, T),

g= 12,0, 6= 12,..5, ¢ s{n,5

ke {l2,...,m}.

This oil spill domain movement is illustrated in
Figures 6-9.

PP ———
B .
D*(1At,7)
—y : R
(m$(0,0), mb(0,0D1A;  2A¢ sAT X
0 t
Figure 6. Oil spill domain at the time 1At.
)s r s
D 2ALD) L —————
DAz
-/
N
™
N
} - | >
On¥(0.0), m0.0) [A;  2Af sAt X
0 f

Figure 7. Oil spill domain at the time 2At.

AN N

D'3AnD)

D

(0.0, mOON1Ar  2Ar  3At sAt
0

.

Figure 8. Oil spill domain at the time 3At.



Modelling oil spill layer thickness and hydro-meteorological conditions impacts
on its domain movement at sea area

v &

DF(sAtLT)

D'((s — DALY

(mxk(U,U)‘, my(0,0)) | At 2;3; ﬂir
0

Figure 9. Oil spill domain at the time sAz.

Remark 2. The natural generalisation of the pre-
sented approach is to assume that the thickness is
changing with time, i.e. 7= (f), t € (0,T). To con-
sider this generalisation, we can assume the form
of the equation 7 = 7(¢) expressing the dependence
of thickness tau on the time t from the moment of
the accident and to identify it.

In the next Section, a model of oil spill domain
movement impacted by changing hydro-meteoro-
logical conditions at the sea water area determina-
tion, based on a probabilistic approach, is pro-
posed.

5.2. Modelling oil spill domain in varying
hydro-meteorological conditions

Considering the varying hydro-meteorological
conditions, we assume that the process of chang-
ing hydro-meteorological conditions A(f) in suc-
cession takes the states

ki, k2, ..., knsr, ki € {1,2,....m}, i=1,2,...,n+1.

For a fixed step of time At, after multiple applying
sequentially the procedure from Section 5.1 and

assuming that s; is a number of steps,
i=1,2,...,n+1, we have:
o for
t= 1At 2At,..., s1At, (65)
at the process A(r) state ki,
e for
t=(s1 + DAL (51 + 2)At,..., 5241, (66)

at the process A(r) state ka2,

o for

[= (Sn—] + I)AI, (Sn—] + Z)Af,..., S;;At, (67)
at the process A(?) state k,,

we receive the following sequence of oil spill do-

mains:

D" (1Ar,7), D" (2At,7),..., D" (5,A1,7), (68)
DR ((s) + DAL T), D*2 (51 + 2)At,7),
wew DR (52A1,T), (69)
D¥n ((sy—1 + DAL T), D*n (551 + 2)AL,T), ...,
eoos Dk (5,AL.T), (70)
where s;, i = 1,2,...,n, are such that
(si— 1At < ilej k+1 < Silkt, (71)
i= o
i=12,...n s:At<T,
and
Mkj kj+] = E[Qﬂjkj+1]gj = 132---:-”5 (72)

are the expected value of the process A(7),
t € (0,T), conditional sojourn times 9,(} Kirl>
j=12..n at the states k;, upon the next state is
kiri,j=12...n, ki € {1,2,....m},i=1,2...,n, deter-
mined in Section 2.

Therefore, assuming oil spill central point drift
trend

Kt = xh (t,7)

Kki- . : t € (0,7, 1t € {11,12),
y* =y"(t,7)

at each state, we obtain the sequences of oil spill
domains.

The o1l spill D'#2-ka — where
kika,...k, € {1,2,....,m}, in the experiment is de-
scribed by the sum of determined domains of the
sequences, given by

domain
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5.

n 9
D ik, :U
i=l j

| DY (5,4 + DALT)
1 ULD k(5,1 +1)AL,T) O D*n (5,1 +2)At,7)

1!

=[D" (1At,7)u D" (2A1,7)U...u D" (5,A1,7)] o D (s, A 2],

u[Dk ((Sl +1)Af,f)uﬁk2 ((Sl +2)A’=7) for k1, ko, ..., kn € {1,2,....m}, 50=0,

U...uDR (52A1,7)] and illustrated in Figure 10.

yn

D'(s,At,7)

DR(1A7) m \
1 / \\J, . | } | } >
(mx(0,0), my(0.0)) 1Ar_2At siAt (s + DAr siAt X
0 t

Figure 10. Oil spill domain for changing hydro-meteorological conditions.

The oil spill domain movement determined for  _[pk (1Ar,7) U DY (2A1,7)U...UD ¥ ( AL T)]
varying radiuses is illustrated in Figure 10 in a
similar way (a bit more complicated) to that given u[ﬁ 2 (51 +1)At, 1)U Sk (51 + 2)At,7)
in Figures 6-9. ! ' : s,
Remark 3. The oil spill domain p*-*2-* defined U...U D2 (s2A1,7)]
by (73) and illustrated in Figure 10 is determined

for constant radiuses

f’k‘(f,?.') = rkr’ e (0’D1 TE (T11T2>= ki; € {1:2 ----- ‘Tn}-: U[Ek” ((S”_l +1)Af,1')u Ek” ((S”_[ +2)Al,f)

i=12,..n. u...uﬁ"”(s,,Ar,r)],
If the radiuses are not constant, we define the se-
quence of domains for each sate &,
kie {1,2,...m}, i=12,..,n, in a way similar to
that described in Remark [ in Section 5.1, i.e. we
define the sequence of domains

for bi=1,2,....5i — 5i-1, T € {11,72),
kie {1,2,..m},i=1.2,..,n,
where the sequences of oil spill domains

n b',‘

kK, _ ki = —
D™ (biAt,7) = U UD (s; +a;At,7) D" (s, +a;At,T) = DI‘(SH +a;A1,T),

i=la,=l
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ai=12,..,bi,bi=12,..,5—si1,7€{t,n), (75)
kie{l12,...m},i=12,..n,

defined by (57) with the following substitutions:
mb. (1,7) = m (s, AL, T) + my (AL, 7),

m,") (t,7)= m,’i'*‘ (s;_ AL, T) + m,’i’ (a;Af,7),

5)’; (t,7) = c:r;g (s;_ +a;At,T)

i
k; k
=0y (5 +aALT)+ ) r (b;ALT),
j=1

Gk (1,7) =Ty (i1 +a;AL,T)

=0y (s +aALT) + Y (b AL T),

j=1
where

mf(" (spAr,7) =0, m}’ﬁ" (spAf,7) =0,

for

@i= 12 Di= 120080 —8 4, € LTl
kie{l1,2,..m},i=12,..,n, s50=0.

Hence, according to Remark 3, we can obtain the
sequences of oil spill domains

D*i (51 +1)At,7), DR ((5i- +2)At,7),
... DY (5;AL,7), i=1,2,...m, (76)

in varying hydro-meteorological conditions,

where D" (t,7), T € (11,12), for t equals to
(S,;1+ I)AF, (S,;1+ 2)At, s SN,

are given by (57) with:
e expected values:

m§ (t,7) = mi}"”' (s; A7)+ m’;{ (a;At,7),

mff’ (t,7)= m}"}""' (s;,At,7) + m,fﬁ’ (a;At,7),

e standard deviations:

i
& (1,7) = N (5, + a)AnT) + Y r' (biALT)
j=1

&Y (1,7 = of (5 + a)ALT) + Y (b,An ),
Jj=l

with radiuses
k. k i i
rir)i=ri(bALT), j=1,2,..,
e correlation coefficients p;,,(t,r),
for
ai=1.2,..,bi,bi=12,...,5 —si1, T € (T1,12),
i=12,...n

The oil spill domain in the experiment is described
by the sum of domains determined by (76).

6. Conclusion

The chapter presents stochastic method of oil spill
domain movement prediction dependent on the
thickness of oil spill layer and on changing hydro-
meteorological conditions at sea area. The au-
thor’s further research is intended to be related to
the methods of fixing the exact identification of
the rescue action area and the ways of their quick
reaching. The final effect of the research should
be a model for rapid calculation of the situation at
sea during a disaster resulting in the oil spills and
their consequences mitigation. Practical applica-
tions of the developed models and methods, after
performing scientific experiments and obtaining
suitable statistical data, will be done for the differ-
ent sea water areas.
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