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Abstract

This study included first attend in Iraq to built a mathematical model predicting the behavior oil
spill discharged into Tigris river and the fate of spill along the river. The model included many
factors such as spreading & oil spill, evaporation; emulsion shoreline closes in river sedge. The
calculations based on the geographical location of the spill & geometry of the river section also, the
model predicts the speed of Water River and its effect on the oil. Spill spreading along the river. The
model did not describe the oil spill in one equation but, it divided to steps related together to give the
single results. The model equation can be solved by computer software designed using visual basic

program to facility getting result by any use.

Introduction

Mathematical model of prediction the oil spill fate in river Tigris is achieved in this work , after
that the model applied by a computer program designed by Visual Basic language ,to simplify the

use of the mathematical model to any user [1].
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River Tigris representing an important source of water for many governors in Iraq , it has long
path from north to south , and it is very important to prevent and control any pollution accidents
occurs in the river . oil spill one of most possible event in the river , this belong to the fact of many
oil projects , like refineries storages and others are founded in different areas of Iraq close to the
river and also many pipelines pass near it . In the past time there is no any record or archives for
such events and there is no any scientific data about the oil spill happened in the river Tigris.
Therefore, it is very important to build a mathematical model to control, predict and record all oil
spill can occur in the future. The model cover the whole path of the river across Iraq lands from the
entering point in the north Duhuk to the last point in the south Basra. Taking into account the
weather effect, river water conditions, geometry of the river and oil spilled type and properties [2].

There are many oil spill studies and models. Almost all these models were developed for marine
environment. For rivers, limited models were developed and the model can be applied for the
specific river and this is the fact that each river differ than other rivers which required a limited oil
spill mathematical model [3].

The oil spill in the river will take many directions, at the minute it starts, under the effect of the
river conditions at the area of spill. First, advection under effect of river water velocity and wind
speed take place,, the velocity of oil and flow direction will determine the time required to reach
specific place. Known this time will very important to treatment work. Second, the horizontal flow
of the oil across the river and maximum diameter of the oil spill can give the idea about the area will
be cover by the oil. Third, the effects of loss some hydrocarbons due to evaporation will be calculate
by the mathematical model, which represent an important factor in the air pollution. The loss in the
shorelines (river cliff) according to the nature and constituent the river cliff also the emulsion effect
on oil properties with time to be evaluate mathematically [3].

Most of the above factors are calculated from experimental models used previously and derived
from the basic of scientific resources. The final result of the work is a simple and clear computer
application fed with oil spill data like location, date, oil spill amount , type of the oil, wind speed and
weather conditions. All of this information are easy to collect and fed to the program [4].

Then the computer will provide results of spreading velocity and area, time to reach any area will
be known, amount evaporated after time, the loss at river cliff, and changing in oil properties
aftertime. Normally, the calculations is made for the first twelve hours due to the fact that the oil
spill spreading will take its final limit within this time and the treatment work will be started at this

period specially in the oil spill river it is more easier than oil spill in the sea [5].
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At the end the program will keep a record of all details for this oil spill and this will be a basic

archive to any future study or observation of oil spill pollution in the river Tigris [6].

The Mathematical Model

The mathematical model dialed with four points:
Evaluation of oil spill speed.
Evaluation of oil loss by evaporation.

Evaluation of oil deposed on river beaches.

B b=

Evaluation of oil residue.

In general, the state of oil spill transported on river water can be described by equation 1:

So, the quantity of oil transferred with river is calculated using equation 2:

OS - OA +OV+OSL (1)
OA - OS - (OV + OSL) ............... (2)

Transport and Diffusion

When volume of oil discharged to river water, the first stage that described the behavior of the oil
spill formed is the transport of oil spill with river current associated with diffusion of oil in river
water.

The overall speed of oil spill transported over river water is yield of spill velocity with river

current direction and molecular diffusion velocity of oil as shown in equation 3

Wind

Water
\_ 2/
Fig. (1)

Spill velocity with river current direction depending on wind direction and illustrated by

equations 4 and 5:
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U, = KgUg + KyyUpyooovveee 4)
U, = KsUsg — KyyUpyoovvveve (5)

The velocity of river is graduated from zero in river bottom to maximum value at river surface

and can be represented mathematically depending on fluid flow phenomena as shown in Fig. (2).

4 )

P> > 5 River Surface
g § 2z
= Q
> 5 =
> EZC>
—>
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\ River Bottom )
Fig. (2)

By taking slide with control volume AxAyAz shown in Fig. (3) and making momentum balance

over it:
Ay
szl - — ‘l'xz |
Ax
Az
Fig. (3)
Tyy , - AXAY =Ty, . AXAy +AX Ay Az pgbz............ (6)
At steady state:
Divided equation 6 on Ax Ay Az:
Taking limit to equation 7:
Txz 4 Xz z4pg
AZ o +pgbz............ (7

According to Newton low:
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dauy,
Txz = - E

Equation 8 becomes:

Txz z- Txz

Az

limy,_, 22 = pgbz .......(8)
d —
i (Txz) = pgoZ

d , du,
- - (0 ) = pghz

d . dUzy _ pgbz
B dz (dz) u
d?u,  pgOz
G T e 9)
Integration of equation 9 gives:
6
U, =- % Z24+C,+ Do (10)

Equation 10 represents velocity distribution in dynamic water with z depth. By applying boundary
conditions on equation 10:
At z=0 (River Bottom)
u,=0
0=0+0+D =) D=0
U,=- £90 2y C,
2y

At z=h (River Surface)

Integration of equation 11:
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US:% Z2h = 2)........ (12)

The evaluated velocity by equation 12 based on motion of river water in linear direction without
any bending but in real state Tigris River move with bends inside Iraq as shown in Fig. (5) so, it's

very important to correct the velocity.

Wherei=1, 2, 3, ...etc

When R= Rl = R2: R3

Us
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Wit wrtws+..0;

i

Us Us Us

O ?2 + R1 XR3 + Rq XR2 XR3 towy
U= -
l
1
o Uskeg
= (18)
L
For example:
U (L . 1 . 1 . 1 )
U= * Ry "R1xRz) 'Ry xRz xR3) " (Ry xRz xR3%xRg)

4

At other hand , the molecular diffusion velocity of oil can be calculated using equation 19:

Vo=/4D7/8; ......... (19)

The diffusivity coefficient is calculated by equation 20:
Dr=0.0372n, U g h*.............. (20)

To evaluate molecular diffusion velocity it is important to evaluate random function as shown in

Fig. (5):

Vs R,

Fig. (5)

The final value of molecular diffusion velocity can be evaluated using equation 21:
Uy =R, Vp ' ®.......... 1)

Evaporation

When oil spill move on river water, the light compounds of oil may evaporate, so the rate of
evaporation is convicted with mass transfer low:

Input = Output + Accumulation

A+ A.Ax | Xa

s ax- e

NA ’X A= NA
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_ dcy
(NA,X- NA’X_'_AX).A*A.AX.F
Nax = Na |x+ax _ dCy
Ax dt
: Nalx = Na|xiax _dCa
hmAX_}O ' Ax dt
4N, = 4

- E(NA) = or e (23)

Substitution of Fick's low in equation 23:
—_p%a
Np=-D X
d dCay _ dCa

_ﬁ('DK) = .. (24)
Applying equation 24 for component i:

G _ . G

S =D (25)
Solution of equation 25 is:

b'e

ci = Cjo erfc ( W)"""""""'(26)

The mole rate of evaporation is:
Ni=km (cpo—¢i)
Km=0.0292 U, no!' S, 067 ... (27)
Se=-H (28)

According to equations 27 and 28 the rate of evaporation in mole/sec units can be calculated as

follows:
X
Ni = km Cio ( 1 —erfc (Z\/—DT) (29)
While the rate of evaporation in m*/sec :
. Pl X
vi=Kn o (1- erfc ( 5 \/D_it)) ............. (30)

Emulsion
The motion of river water creates emulsion of water drops in oil , this emulsion system as shown

in Figs.(6) and (7).
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The water cut emulsified in oil phase must evaluated in order to know the fate of the spill:

d"'-’ — Kem (Uy + 12 ( 1-

kem 18 constant can be calculated from experiments.

dve
at

2
kem ( U + 1) kem (UW +1) Ve
Multiplying equation 32 by Cs:

dve

C3. =28 =Kem (Uy + 1)*. C; -
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Cs. % Kem (Uy + 1> [C3—1, ]

dve

Cs.

= Kkem (Uy + 1)* dt

C3—ve

e Xem (Y1) dt (33)
3

C3—ve

Taking integration of equation 33:

[yt =S (1) [ dt
3

0 C3-ve

]nﬁz_ke_m (Uw+1)2t
C3

Cate EXP(—kem (Uy+1)721)
3

Ve kem (Uw + 1)2
I-Z2=pxp (-Em Dy

=1-EXP (= =2 (Uy+1) "t )
3

3

Ve =Cy [ 1-EXP (= =2 (Uy+ 1)t )]......(34)

Evaluation of water cut emulsified in oil phase leads to evaluation the density of oil after

emulsion:
Pe=Ve Ppwt (1-0)(pct CsFe).ovinii. (35)
Pe = Pe — > Settling
Pe<Pc —> Floating

Qil Deposited on River Beaches

When oil discharged to water river, the oil spill is expanded in two dimensions as show in Fig.

(8). The rate of oil deposited on the beaches of river can be evaluated as follows:

deL _
dt°

k is constant depending on saturation half time of beach and type of beach, so:

YSL _ e gt
L~k dt

fUSLZ dvgy, =k ft 2 go

UsL1 Vg,

InZL2 =k (,—t;) =k At°

VsL1

L (37)

UsL1
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R = %

Rgy —ekAt ... (38)

Minimum Diameter

Maximum Diameter

River

Minimum Diameter >= River Beach Minimum Diameter < River Beach
Rg.= Value Rg = Zero

Fig. (8)
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Solution of Mathematical Model

The derived equations of the model are complex, so the solution of this set of equations needs using
of many boundary conditions. According to this reason computer package was designed in order to
facile the solution of model equations and predict fate of oil spill discharged to Tigris river.

The computer package showing in Figs.(9) and (10) can be evaluating behavior and fate of oil spill

according to block diagram showing in Fig.(11) that includes steps of operation this program.

Republic of Iraq
Ministry of Oil

Petroleum Research and Development Center

Oil Spill Evaluation in Tigris River

Inter Username [
Fig. (9)
T = 5 TR =
Giowors S|
Type of Dischrged Oil Emulsion
15082011 Y Petroleum Products Crude Oil

I j I :] Oil Behavior %
Input Data

Wind Speed and direct T s Density kg/3 Emulsified Water in Oil
Weather Temperature K Boiling Point K Emulsified Oil Density kg/m3

River Speed kb Vaper Pressare Pas Oil To Beach Relation

Di ed Oil Vols m3 River Beach

sehurged Ol Veme 0l Spill Spreading et
Time Required hr I Oil Sill Area K
River Data [~ Oil Spill Thickness “ Deposited Oil Cut

Rirer Length K| | nimom Diameter = Deposited Ol Volume n3
Al Rlier ik %[ Masimon Dismeter L]

Oil Spill Transporting
Maximum River Width m
River Depth ’_ m E‘;p::ﬁ:‘ = | Ol Splt Speed l km/hr
il Cut Evaporats
| s b
ShowingData  River Map Oil Volume Evaporated a3 Oil Residue 0
= | = |
Clear Exit
Fig. (10)
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Select Clty Select Type of QI
| Wind Speed '\\ '// Time |
| Weather Temperature Equations4, 5,17, 21 QI Volume Discharged |
Cll splll Area

Gl Splll Thickness
Minimum Splll Dlameter
Maximum SplllDlameter
Oll Cut Evaporated

QCll Behavlior Oll Yelume Evaporated

l

Equations27, 30 ‘

l

Water Cut Emulsified In Cll

| River Beach Type

Density of Cll Splll after Emulsion

l

Equations34, 35, 38

l

Cll Cut Deposited onRiver Beach

Yolume of CllDeposited onRiver Beach

Oll DIffusion Speed (Herlzental Spreading)

Cll splll Speed

Yolume of CllResidus (Transported)

Fig. (11)
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Nomenclatures
Symbol Definition Unit
O Quantity of Oil Discharged
Oy Quantity of Oil Evaporated
OsL Quantity of Oil Deposited on River Beaches
Oa Oil Transported with Water River Currents
Ui Total Transport Velocity of Oil Spill m/Sec
U, Speed of Oil Spill m/Sec
Uy Diffusion Velocity of Oil Horizontally m/Sec
K Constant
Ky Constant
Us Speed of Water at Top River Surface m/Sec
Uw Speed of Wind at 10 m over Sea Level m/Sec
Tk 2 Input Moment at Distancg z N/Sec
Tp 2+ Output Moment at Distance z + Az N/Sec
h River Depth m
p Density of Water Kg/m’
u Viscosity of Water Pas.Sec
V4 Distance toward Top Surface of River m
G Angle of River Slop = zero
g Gravity Acceleration m/Sec”
S Radical Distance of River m
R Radius of River Bending m
0° Bending Angle
\Y Linear Velocity of River Water m/Sec
t Required Time Sec
w Radiant Velocity of River m/Sec
u Average Flow rate of RIVER m/Sec
1 Number of Bends
Vb Diffusion Velocity m/Sec
Dr Diffusivity m*/Sec
8 Time Interval
np Roughness Factor of River Bottom
Us Speed of River Water at Top Surface m/Sec
R, Random Number
On Random Angle
Di Diffusivity Factor of Component i m°/Sec
Z Distance of Evaporation through Air m
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Gi Concentration of component i in Spill at Time t mol/m’
Cie Concentration of component i in Spill at Time zero mol/m’

erfc Error Function Mathematical Formula

X Thickness Distance of Oil Spill m
N; Molar Diffusion Rate of Component i mol/Sec
Kn Mass Transfer Coefficient m/Sec
hs Final Thickness of Oil Spill m
Se Schmidth Number

Wi Viscosity of Oil Pas.Sec
Di Density of Oil Kg/m’
Vi Rate of Evaporation m°/Sec
p? Vapor Pressure of Compound i Pascal
R Gas Constant J/mol.K
T Weather Temperature K
V. Cut of Emulsified Water in Oil

¥ o/w Surface Tension of Oil in Water Dyen/cm2
¥ wio Surface Tension of Water in Oil Dyen/cm2
Cs Constant
Kem Constant
Pe Density of Oil Spill Before Emulsion Kg/m’
Pe Density of Oil Spill after Emulsion Kg/m’
F. Ratio of Oil Evaporated from Spill mol/Sec
VsLi Volume of Oil Deposited on River Beach at Time t1 m’
Vs Volume of Oil Deposited on River Beach at Time t2 m’

t° Time hr

K Constant Depending on Half - Time of River Beach
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