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related to measurable ssical quantities. Due to these reasons the method is not
attractive to the offsho in stry and Miner’s rule is preferred because of its ease in

dealing with a probabil c structure.
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where C, is the rotati stiffness of the riser base. The boundary conditions at the top

can be prescribed as:

X=Vat z=L (3.7)
2

%X _gaz=1 (3.8)
oz*

where V(¢) is the hori  tal displacement of the floating structure and L is the length of
the riser. The configu 1 of the riser system is shown in Figure 3.2.
The first ter tl left-hand side of Equation (3.4) represents bending forces,

the second term repre  1its~ sion forces, and the third term accounts for inertial forces.

These forces are ba by Morison-type fluid force F(z,t) on the right side of
Equation (3.4). The t for can be presented as a modified form of Morison equation
to account for the ri otion. This hydrodynamic force can be presented as:

F(z,)=F, +F,. (3.9)

The term F, inthe. vee _ ‘ession is the inertia force per unit length and can be shown

as:
Foolare 0w 1 o 00X (3.10)
T TP Ty TP |
and the drag force per it length F, can be given by:
1 ow [ oX
Fp==pdCp| —+U, - +U, —— 3.11
D 2/%1’ D( at c N c at ( )

where

p = density of seaw
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Sea Level

Mean Sea Level

aca

1 1re 3.2 Riser configuration

C,, = hydrodynamic  rtia coefficient = 2 (Brouwers, 1982);

C, = added mass c : that accounts for the entrained water during riser motion
| ~ | (Brouwers, 1982);

|

|

C, =dragcoefficient 1(  iwers, 1982);
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C,, = hydrodynamic inertia coefficient = 2;
d = diameter of a riser.

The drag-inertia paran . K(x), can be defined as:

K(x)=0.125 plx) €, H, (3.25)
a(x) Cy
The x-dependent cons a(x) and ,B(x) are defined as following (for the orientation of

x see Figure 3.3):

o for x<0(belown sea level)
alx) =142,/ 4.) fexplx/ 4,)-expl(x—2L,)/ 4, )
+%(1 — A,/ plx/A,)—exp(x/4,)} (3.26)

ﬂ(x)z%(l #2412 Mexp™ 14, )—expl(x—2L,)/ 4, )

+%(1—2,1b/xw)“' p. i/ A,)—exp(x/4,)}; where 4,4, #0 (3.27)

? 7w

o for x > 0(aboverr sea level)

a(x)= %(1 + JA,)" pl-x/4,)-exp((x-2L,)/ 4, )} (3.28)
Ax)=0+24,/2,)"( 4/4,)a(x) (3.29)
In the above expre ons L, is the ex iion of the riser above mean sea level. The
parameters (x) and B(x) are at most equal to unity and both reach a maximum value at
some distance below :an sea level.

The parameter of o, quation (3.19) may be given as:

_0,dI2

o, ; (3.30)
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property (details are gi | in Appendix I), the parameters of the lognormal distribution

for E[DT] would be:
'uInE[DT] =InQ+In7 [blulné '_:ulni') (333)

or alternatively,

Hooio,) = ME[D; ] (3.34)
and

- ~mQ

E[D,]= % (3.35)
where E[D, ] is the - value of the random variable E[D, ], and tildes (~) represent

median values of r dc  variables. T is time period in seconds. The variance in terms of

the coefficient of variation (CV) can be given as:

ol = 1n[(1 o 2NN )”} (3.36)

In £[D;]

Similarly, the parame : of the distribution for the strength variable A are:

~

M ; =InA (3.37)
and

op; =tnfi+cv?) (3.38)
Furthermore, the | nance function G =A/ E[D(t)] will also have a lognormal
distribution w o parameters:

Hue  Hind " Pk, (3.39)
Ore=0pit 0 lznz::[o,] (3.40)
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Table 3.3 Sea states used in analysis

Serial ant Wave Height Probability of Occurrence
Number (m)
1 o 1.75 ) 0.005
2 2.75 0.03
3 3.25 0.09
4 3.75 0.13
5 4.25 0.185
6 4.75 0.25
7 5.25 0.18
8 5.75 0.09
9 6 0.04
4 -
3.5
—_— 3 1
'g —Hs-1.75m
%" — Hs-4.75m
o) 2.5
5
Z 2
a
£1.5
2
172}
1
0.5 1
0 T T T Y T T Q
0 0.5 1 1.5 2 2.5 3 3.5
Frequency (rad/s)
Figu Pierson-Moskowitz wave height spectrum
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riser main section. The fatigue damage associated with VIVs can be combined with the

wave force fatigue dar in calculating the riser life (Serta ez al., 2000). However, the
treatment of VIVsin ¢ ting the service life is beyond the scope of the current work.
0.035 - 6
X
0.03 - *j{ S
X ¢ ( .d Form (Wirsching)
x + Closed Form +t
o 0025 4 X A Simulation *

5 x x Reliability Ind y e
= x y Index 5
E X, W 3
25 ] =
=00 > I\ =
(@] X) 4. L 3 é\
2 X Tt =
E'—1 x)(x '4’ £O
‘B 0.015 | XX x + 8
< XX xx <
a) XX x + 1)
re) ;XXxxXXX M

o‘: 4'4' X X % X X X;E 2

0.01 - +
oy
41 |
0.005 - ***
o4
ar*
0 ""‘""H“ T T T T T O
0 5 10 15 20 25 30 35 40 45
Time (Yr)

F 1re 3.6 Fatigue reliability results
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emulsification isnot «  ral e increase in volume but also a large increase in viscosity
(Sebastiao and Soares, 1995).
Mackay et al. (1980) proposed the following expression for the rate of incorporation of

water into an oil slick:

fdzzleo-ﬁ(Wﬂ) -lJ (4.6)

t N ,
where
Y = fraction of water  oil;
C, = final fraction water content (0.7 for crude oils and heavy fuel oil, and 0.25 for home
heati1  oil).
An increase in viscc ' le to mousse formation is computed by the following equation

(Mooney, 1951):

2.5Y 1

4.7
1-CY @7

M= py exp[

where u, = parent o viscos -, which can be calculated with the percentage asphaltene

content 4. as: u, 1,

Evaporation also cai * osity increase, which can be modelled as:

p =t exp(C,Fy) (4.8)
where C, = a cons [1, 10]; where 1 is for light substances such as gasoline, and 10

is for crude oils.
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For sediment

d
'd—t(VB‘iZBdfd ) = 14 + D24f2 - (DR4 + DBm' + D42 )f4 (4-14)
The subscripts represent water and sediment, respectively (adopted from
Mackay, 1991), and ts the bulk phase. The input rate of a chemical compound
is denoted by /, (mol/s). ription and the related equations for the parameters Z and
D are presented in T 4.3. The compartment voll es are a function of time so as to
account for the gr of the oil slick due to spreading. However, the Z values are
considered constant. ilts in the following system of differential equations:
For water,
d
232V52%:12+D41 - +DA2+D24+Dcz)f2 (4.15)

For sediment,

d
ZB4VB4 % = 14 + D24 24 +DBur + D42 +DG4 )f4 (4.16)
where
dv
D 4 52 4.17
G2 B2 ( )
av
D.,=27 B4 4.18
G4 BT ( )

Equations (4.15) and 1L16) a combined with a system of differential equations for the
weathering proces: e solution can be obtained by employing the numerical

inte ation methods.
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The reaction residence time [tm,u = klj is approximately 5200 h or ~ 7 months. The
4

residence time for the sediment growth process is the same as that for the water

compartment growth n time. The last transport process is the sediment burial
with an associated res ce time of:
hS

= =168 yr (4.27)

resBur U
Bur

The analysis shows that ¢ ing the growth regime (up to 225 h), the growth process is the

most important transpe rcess in the sediment compartment.
Another impor t rameter is Z, which distributes the concentration between
phases. A phase of h . value (such as fish) absorbs a greater quantity of solute

(organic chemical), re: tit in higher concentrations while retaining a low fugacity. The

converse is true for  pl having a low Z value. The Z value for fish ( Z,) is

approximately 1.091 mol/m*Pa; for water, the value (Z,)1s 0.024 mol/m>Pa. This leads

. . Zy . : )
to fish concentrations which are =% times higher than the water column concentrations.
2

F' e 4.1(g) provi : rison of fish and water column concentration profiles for

the case study.
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change in area as
evaporation, emulsif

4. The governing eq

revised as («  Appe
s _ 0.256 4, "
dt

Fugacity le
predict the fate and t

The water column ¢

Cy(ty=2,* f,(1)*
where Z, is the fug

the water column.
The tempor:

concentration ( PC), 1

PC = TJ'CW (t)dt

1
T
Finally, the «
EC=p*PC*BF

where

p = probability of

the total volume in

tion of actual area. The other weathering algorithms (i.e.,
on, and natural dispersion) are the same as discussed in Chapter
lion of the area growth for the surface tension-viscous regime is

x I10):
(5.7)

IV modelling (see Equations (4.12) and (4.13)) is employed to
ort of oil in two bulk compartments (i.e. water and sediment).

( on, C, , is calculated using:

4 (5.8)

ty acity for water as defined in Table 4.2, and f, is fugacity of

average concentration is used for the predicted exposure

it 1s:

(5.9)

ire concentration ( EC') is given as (Sadiq et al., 2003):

(5.10)

sure, which is calculated by dividing the volume of the plume by

 fish are expected, and
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Tal Output of the submerged buoyant jet simulation
Parameter Notation Value Unit
Casel |Case2
Centerline velocity fo 1 W 1.2 1.3 ms
distribution at the exi " _
Plume radius followir ibution b, 5.2 4.2 m
at the exit
Ratio of surfacing cor I to initial C 9.2x10* 6.2x10” -
concentration -
CO
Source strength S, 112.0 tuv./ m /s
Area of spill due to sc Aq 2.031x10° | 1.814x10° | m’
Y
*Qil and gas mixwure reiease scenario
**Oil release sce.  ow 10 gas
45
40
35
30 4
E 25 7
=
b
B 20 A
o
15 A
10 A
5 =
\\
Q0 T T T 1 e T — T
0 0.2 0.4 0.6 0.8 1 1.2 1.4 1.6 1.8

Velocity of buoyant jet element (m/s)

Figure 5.6 Simulation

(a)
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with no gas



Height (m)
— — [\ ™o (e (98] N N
S w S »u & » o O
il 1 1 ) H 1 H |

W
I

0 . ;
1 10 100 1000

Concentration (ppm)

(c)

Figure 5.7 Simulal | results of the submerged oil buoyant jet modelling with no gas

As mentiol naphthalene is used as a representative stressor in the
present study. The ¢ itration of naphthalene in a typical crude oil is approximately

1000 ppm (Neff, 02). The ratio of surfacing plume concentration to initial

concentration, C£ the bubble buoyant jet simulation is 9.2x10™, This ratio is

6.2x107 for the oil iis results in a naphthalene concentration in the surface oil slick
of 0.92 ppm (~ 0.007 >I/m’) and 6.17 ppm (~0.04 mol/m?) for the bubble plume and oil

plume, respectively.
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10. A conventiol
been revised
convenient f
algorithms i
for exposure

framework.

area growth equation for the surface tension-viscous regime has
ns of the change in area as a function of actual area. This new
of the area growth expression is combined with other weathering
« differential equations. Finally, the developed methodology

sis is incorporated in the U.S. EPA ecological risk assessment
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Appendix I

Selected Proper " a Lognormal Distribution and Hazard Rate
Function
If k& indepen iormal variables X, , with parameters g, and o,, are

multiplied such as:

k
r=[JbX" (Al1.1)
i=]
then 7" will also follc ygnormal distribution, by virtue of the reproductive property
of the lognormal di i, with the following parameters:
k k
p=>YInd,)+> a, (A1.2)
i=l i=]
k - '
o'=>a | (A1.3)
i=1
where
1= mean of a logn« bution
o’ = variance of a I distribution

a, = constant

b, = constant

The mean !’;( ), variance u,(X), and coefficient of variance cv(X), of a
lognormal variable (. | be given respectively by:
#(X) = exp(u + (A 1.4)
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m(X) =expu+at > )-1] (A 1.5)

(X)) = Jexp(a?) -1 (A 1.6)

A well fitted s istical distribution with the life data of a product can be used to
model the time to fa  :. In this context, the hazard function becomes a unique and

significant c acteri  of a life model. The hazard function expresses the conditional

likelihood of failure d the time interval ¢ to ¢ + dt as dt — 0, mathematically:
( T<
P<T<t+dr|T> =17<T<'xd) (A 1.7)
P> 1)

The condition in the above expression is that the failure has not occurred prior to time ¢.

The conditional prol y uation can also be written as:

h(t) = ﬁ— (A 1.8)
and

R, = [ fr (A 1.9)
where

f; = failure probability density function
R, = reliability function
The possible  1eral shape of A(tf) for the structure wear is given by a “bathtub

curve” (see Figure A 1.1). The bathtub curve is comprised of three regimes: 1) burn-in, i1)

useful life, and iii) wear-out.
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For the lognormal ¢ ion the probability of failure in Equation (3.46) is calculated in

MATLAB usingthe . - function (erf) as follows:

1 InD- -
P, =E 1+erf . - (A 2.6)
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Appendix 111

Area Growth for :Surface Tension-Viscous Phase

The radius of a ill (R, ) in the surface tension-viscosity phase is given as (Fay,

1971; Hoult , 1972; a Iman et al., 1972);
g Y2 L3

R =1.6(—’] v 44 (A3.])
P

where

s, = oil-water inter . sion [N/m]

p =density of seav er [} m’]
v = kinematic viscos  [m?/s]
t = time [s]

1
2 1 ,
(s—’) v 4+ =0.094 (m ") (Fannelop and Sjoen, 1980)
P

Equation (A 3.1) bec st

R, =0.15(m/s>*)~ (A3~

3/4

where the constant 0 5 has dimensions of (m/s”'"). The dimensions of a constant

warrant a dimensio1 /7 homogeneous equation.

The area of a circular spi is:

3 2
A, :ﬂ[O.lS(m/s3/4)t4J (A 3.3)
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A, =0.0707(m?/s¥? (A 3.9)
The rate of change of :slick area is prescribed as:
dA >
dtf =0.106(m* / s*'*)t? (A 3.5)
or
4, |’ ol
{ dtf} =0.0012(m®, '*)? (A 3.6)
or alternatively,
dA: ’ 4,3 2 312 %
| = 0.0168(m" /57)| 0.0707(m" /s™ “)t (A 3.7)
The bracket term on hand-side of the above equation is the slick area as given by
Equation (A 3.4).
da 7’ \
P 0.0168(m" (A 2.8)

Finally, the spreadii exp  ion in terms of change in area as a function of the actual

area is expressed as:

1
U, 0256m* 1s) 3
dt
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(A 3.9)







The initial

following expression:

Q gas

action (¢,) within the bubble core is calculated by the

E, =
P.8(H —z,)7p
Similarly, for the init

0.
_ﬂbfw

So

the parameters used in E

u(wb +w0)

(A 4.5)

oil{ tion ( f,) in the liquid part:

160

(A 4.6)

ons (A 4.5) and (A 4.6) are defined elsewhere in Chapter 5.




Appendix V

Finite Difference ¢ tization
Mass

Amy .y = p,Q At

My = My +Amy

Temperature, salinity, concentration and density

myod gy +Ame L —p K27, (L —1,)A

(k+) —
k+1)

Piksny = TS Cin)

_ P.8l S+

blk+l) — e
R,

Velocities (moment ation)
horizontal

_ (’"Im My Yk
Uy =

Mk

lateral

3 (m,(,(, +m )
Viksy = -

Mygay T My
vertical
‘f) - N. pn _pb
[' ] My +[ My

_ p[ FERE pb (k+1)

Wiesy =

My
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(AS.1)

(A5.2)

(A5.3)
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