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Abstract

Abstract

This article is primarily based on the fundamental model of fluid mechanics,
applying the Newton’s Laws of motion and conservation of mass, to work out the new
formula for stable but continuous spilling oil, and this formula was promoted from the
formulas of Fay. In an ideal situation, using several crucial factors including gravity,
density, viscous force, inertia, we can primarily estimate the size of the polluted area
in the Gulf of Mexico and evaluate the final damage of this accident.

Initially we used the Fay formulas to build a conventional ellipse model, and
approximately graphed the oil spreading area and got the variation of the spreading oil
area. However, because this model is not primarily based on the local hydrology and
weather condition, it lacks accuracy. Thus, we further discussed the movement of
crude oil on the sea surface under the influence of ocean current and wind. Then we
innovatively suggested a brand new model called “egg-shape”, and simulated a more
accurate contour of the spreading oil. Consequently, with the unprecedented
“egg-shape” model, we can more accurately predict the direction of the oil spilling,
leading to more effective remediation for a better environmental protection, and

providing a more comprehensive treatment for the future of the Gulf of Mexico.
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I. General Information

|. General Information

[i] Background of Research

Recently, more and more people are concerned about environmental issues, in
order to protect our common home. And it is widely accepted that the prevention and
treatment of environmental disasters are very important. On April 20 this year, the
U.S. Gulf of Mexico oil spilled, causing great concern in all parts of the world. It is
estimated that a few months of time will be necessary to block the leaking oil wells
but much worse than that, the oil pollution clean-up operation may take up to 10 years.
In the next 10 years, the Gulf of Mexico may turn out to be a severely damaged sea,
with hundreds of billions of dollars economic lost. Serious impact on the global
environment is so profound that it is difficult to forecast the consequence.

As world citizens with a strong sense of responsibility, we have attached great
importance to this event, so that more people are alerted of the urgency of the
protection of the environment. Besides, “oil spilling” was reported to be one of the
hottest words in 2010 recently. Therefore, we have decided to establish an accurate
model for this oil spilling event, to evaluate and to predict the seriousness of this
disaster and to provide a more accurate solution so as to minimize the damage of the
oil spilling event, and to raise the concerns of people to environmental problem at the

same time.

[li] Highlights of Research

® We kept the essence of the Fay formulas and abandoned the complicated
calculation. In addition, we adopted the experience of other researchers to

simplify our model so as to make those abstract parameters more realistic.
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® Since this treatise is primarily focused on the result and the ending of this oil
spreading, we did not explore deeply into the detail of the oil spreading, but
concentrated on the depiction of the shape and the area of the spreading oil.

® We made use of the familiar ellipse formula of parameters to primarily fit our
oil spreading model, and thus guaranteed the accuracy of our model on the
whole.

® Considering the special geographic location of this oil spilling accident, we
put forward a specific model which is more applicable to this very event,
thus making the movement of our model and the location of the final oil
spreading picture more accurate, and therefore better predicted the spreading
of the crude oil.

® In this article, we unprecedentedly put forward an “egg-shape” model.
According to the simulation experiments we conducted, we found that this
model turned out to be realistic, and therefore this model can specify the
depiction of oil spreading.

® We took the advantage of Maple and some other software to make our model
visional and graphical; we used it to produce a more accurate final graph

combining news and data from the satellites.
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ll. Basis of Model

[i] Assumptions

To facilitate our modeling, we have made the following assumptions:

® Oil pollution is regional and water condition is the same. We use the same
diffusion rate of crude oil, and do not consider the variation of water in
different areas;

® The model is formed with continuous variables involved and the parameters
in functions are smooth;

® The total volume of water is constant, regardless of rain and snow fall and
self-purification process under natural conditions (crude oil in general will
not be affected by the natural deposition), and no facilities are on the sea
(that includes ships, or other oil-controlling facilities);

® Do not consider the outflow from the drilling platform before the drilling
platform sank;

® In a large-scale, oil spreading only includes such parameters as gravity,
surface tension, viscous forces which change the nature of diffusion process,
such as density, tension, etc, and oil is in equilibrium in the vertical

direction.

[li] Parameters

® [ is for the reservoir thickness, and 44 is for the water reservoir thickness.
po=810kg/m’ is for the oil density, p,~1022kg/m’ as the density of sea water,
and therefore we have 4=0.2074.

® [ is for the expansion of crude oil leaked in diameter, which can be

interpreted as a crude measure of all stages of spreading.
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® Using J to be the net surface tension with water-air interface d,,,, oil-air
interface d,,, and oil-water interface J,,. According to Fay's theory, in the
ideal conditions when J < 0, the oil will stop the spreading. So the problem
was simplified to the evaluation of the net surface tension coefficient, and
thus 0 is the amount which we will focus on.

® Local (28°N) acceleration is due to gravity g=9.79m/s”. T is the time from
when the oil started leaking to when the oil stopped leaking; V' is the volume
of crude oil which had already leaked.

® L., ky, k. are leaked stage of three empirical parameters, which are also called
the crude oil volume attenuation coefficient. The international results are that
k=1.40, k,=1.65, k. =0.60.

® () is for the oil spreading amount per unit time; S is the constant speed in a
single direction of flow, the direction shall be x-axis direction; D is the

distance for the x-axis direction.

[lii] Correlated Formulas of the Model

As the spreading of oil can be divided into two stages (divided by 84 days,
mainly the time when spilling was stopped) by three effects, we need not take all into
account.

The early stage of spreading is mainly due to the spilling of crude oil,
supplemented with evaporation; in the later stage of the spreading of crude oil (after
blocked), it was the film diffusion and extension and also evaporation which played
dominant factors (as the total volume of spilled oil has stopped increasing). Here we
will consider the evaporation, degradation, and the oil control measures, all of which
are positive factors that help reduce the crude oil spreading. However, the winds and
ocean currents are factors which increase the spreading of crude oil, so we call them

negative factors.
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The leakage of crude oil began from the moment of time #,, and we can assume

2131 on the

the whole spreading as two processes, combined with information"
hydrodynamic equations:
According to the fluid dynamics equations, in 0<t<t, of the continuous leakage
of crude oil, the volume ¥(¢) is as
V()= 0M[1-K(t-jAt)] O<t<to (1)
t=j
K is for the crude oil volume attenuation coefficient (to be confirmed).

When 0<t<t), the leakage of crude oil changed in three stages:

11

L= Ki(AgV)*t? (2)
11 11

In= Ku(Ag)S V3w 1244 3)
1 13

In = Kmo?vw 4 pw 2t* 4)

In the formulas above, I, Iy, Iy are the scales of each stage of the spreading, and
Ki=1.35, Ki=1.60, K1;;=0.48 are for the spreading coefficient of each stage. From the
three types above, we can determine the adjacent two-phase critical points of
two-phase ¢, and #,3.

At =ty, the oil leakage stopped. Suppose that crude oil volume is ¥V} (calculated
by the (1) style), and oil volume with t is V() as

V(O)y=Vo[1-K(t—t0)] t>1t0 (5)
Similarly, when £, the oil spreading can be also divided into three stages:

11

L= Ki(AgV)*t? (6)
r i 11
I2=K2(Ag)sV3vw 1284 (7)
r1r 13
I[3=K30%v 4pw 2p4 (8)
( |




1. Basis of Model

In the formulas above, K, K>, K3 are expansion coefficients in consecutive stages of
oil spreading after time #.
In Fay’s theory, under ideal conditions, net surface tension coefficient is less
than zero, when the expansion of crude oil stopped,
1
m:m[%js ©)
P DS
where S is the oil solubility, D is surfactant for oil spreading coefficient in the water,
and Ky is the coefficient which is needed to be determined. However, K, involves
many uncertain factors, which makes it more difficult to determine. According to the

information, usually, by the experiments we use the simplified formula:

3
Ar=10°V+4 (10)
with 4;in units of m?, ¥ in units of m”.
Since our model is based on a continuous period of time of oil leakage, the

model spans [0, 7]
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lIl. Analysis & Calculations of Initial Model

[i] Analysis of the Model

On the sea, for the two-dimensional unsteady flow field, the spreading of crude
oil can be divided into two directions. We
considered the area near the leakage point as
a plane, and therefore set the direction of
X-axis to be eastward, and the direction of
Y-axis to be northward. In order to facilitate

description, we assume x-axis as the main

diffusion direction of crude oil, with x-axis
Graph 1 perpendicular to y-axis, which was the

secondary direction of movement (Graph 1, the direction of x-axis will be discussed

hereinafter).

The following are the main influence parameter:

Total volume of crude oil leaked: 7=0.76x10°m’

0il leakage was successfully blocked by: 7,=84d=7.26x10%

Crude oil in the [0, 7] flow: 0=9100m*/d=(9100/86400)m’/s

Oil density: p,~=810kg/m’

The density of sea water: p,~1022kg/m’

Wind drift coefficient: K=0.020

Continuous expansion coefficient of the actual oil spill: K;=1.35, K;;=1.60,
Kin=0.48

Upper vertical surface viscosity: y=10kg/(m"s)

Water viscosity: v,,=1.01x 10°m?/s

Gulf Centre latitude: p=28°(N)

The average water depth of Gulf of Mexico : H=1512m

Net surface tension: 6=71.05x10"kg/s’
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Gravity acceleration in Gulf of Mexico: g=9.79m/s”
Earth's rotation angular velocity: @=72.72x10rad/s

The speed and the direction of wind near the leakage point: |U;o|=5m/s, 315°

The speed and direction of the fluid near the leakage point: |U¢[=0.25m/s,
105°

(All the data cited above are collected from Internet, such as Baidu and Wiki.)

[li] Calculation Procedure

In the Gulf of Mexico, the spreading scale of oil can be approximately
superimposed on the sea of spreading crude oil. We still use the coordinates above.
The main direction of movement is the x-axis, supplemented with a different y-axis of
the spreading. Okubo et al concluded the data''l, and then provided the mean-square
deviation of normal distribution of spreading oil:

5(t)=0.001"" (11)

Then we used the formula for the main movement in the direction of x-axis, dy,

and the subordinate movement in the direction of y-axis, d,, as follow:

d«(t) = wo(t) (12)
dv(t) = wad(t) (13)
. 1
where a, @ are constants, in general, to take « :ﬁ:0.316, a):x/ﬁ =3464.1t

unit of s, d, d, unit of m.

According to the information which we obtained, until oil leakage was blocked
up, the total amount of the leaked oil to the surface (not including those which were
burned) was about 400 million barrels of crude oil which can be expressed by the
average leakage rate (flow) around 0=9100m’/d.

As for the spread of crude oil itself, theoretically (it will be combined with the
actual adjustment hereinafter) we have:

Dx(t) =ds(t)+dx(t) (14)
Dy(1) = ds(t) +dy(1) (15)
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dris for the scale in the isotropic spreading, and d., d,, respectively x, y are the scale
direction of the spreading.

Approximate outline of the spreading crude oil can be regarded as an ellipse,
when 0<0 is complete cessation of spreading of crude oil. We can infer that when the
thickness /4 and crude oil spreading of area 4 (including some less than the area of
observation, is the theoretical value) are infinitely close, then when §=4, the extended
area will be the largest, after =4, due to the edge diffusion, these sections cannot be
observed, so 4 will be greater than S, so there we have: 0<5<4.

According to the formulas of circle, it can be derived that the extension of the

equivalent circle diameter is:

(16)

During the initial spreading process, the leakage center is the thickest and

symmetrical as well (Graph 2):

i 52 . 32
V 203 2047
e
27030

h(x,y,t) = (17)

Graph 2
V' is the volume of oil, so the formula % is equal to what we perceived the minimum

thickness /4y, and then we have:

LS}
S}

+z—2=1 (18)

QN| =

where
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, 203V
27k G0
3 20> InV
 27whko30

_ mavosonlnlV

b’ (19)

S

27whko 30

In summary, we found that in practice there were subtle differences during the

spreading, so we have an adjustment as follows:

D' = %(df +dv) (20)

S
D' == (dr+d) Q1)

According to this treatise, S<A, and thus D, ’=D,, D, =D,

il Data Substitution

From the equations above, we can use the existing data to test the model. In the
0<r<84d stage,

V(t)=0t (22)

Also from (10) and (16), we have the spreading area and diameter of the

equivalent circle as follows.

Ar(t) =10°(0r)* (23)

di() = /M (24)

From (14) (15) (24) we have

Di(t) = ,/w +107/12¢"7 (25)
T

3

4x10°(01)* L0001,

~ J10

Dy(1) =

(26)
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From these two equations, we can draw the parameter equations of crude oil

under static sea wind conditions:

10°] 2
x=—|4-10°(00)* 7" +107°¢"" |cos @

2
103 i 3 7
Y= 410°(0)* ' +10 24" |sin @ (27)
t
Z =
86400

where the unit of ¢ is s. Accordingly, we can draw a contour image of different time

(Graph 3):

Graph 3

In the figure above, the long axis is the x-axis (units km), and the short axis is the
y-axis (units km), and the vertical axis is the z-axis (timeline, units d).

To make it more understandable, we can replace the image above into the
contour map graphic form (Graph 4, the gap between the two neighboring contours

shows a week, 7 days):
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Graph 4

After the correction, the actual area of crude oil

At = %Dx(t)Dy(t) 0<r<84d

(28)

In the formula above, the unit of ¢ is sec. When =84d=84x86400s substitution

test, we have A4(84x86400)=1.17x10""m?. The change of the oil spreading area

according to time is as shown in Graph 5.
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V. Model Optimization

[i] Movement of the Oil on the Sea Surface

According to other researchers!"

, the surface film of the spreading oil is
determined by bias power (hereinafter referred to Ho by the deflection angle of the

decision), velocity of the sea surface wind and velocity of surface flow (tides, currents,

etc.) (Graph 6).
Ur=Uc+Uw (29)
Un|=K|Un| (30)
In the formulas above, Ur is
the film transferring velocity
vector; Uc¢ is the velocity of Uio Ur
surface stream; U is the velocity Uw,
of wind 10m above the leaking
point; Uy is caused by the drift N Ue
velocity vector, and K is the wind
drift factor. a is Coriolis Graph 6

Deflection Angle (the northern hemisphere to the right side), usually determined by
Ekman analysis formula:
sinh 7_ sin 7
D

o = arctan — I (31)
sinh — +sin —
D D

D:ﬂ\/g is the depth of the friction effect, and y; is the upper ocean vertical

viscosity (approximately constant). Q is the Coriolis coefficient and Q=wsing. In this
formula, w is angular velocity of the Earth’s rotation, and ¢ is the local latitude.
According to the data listed on P8, we have a=7.476°, |Up|=0.10m/s, and

furthermore according to the law of cosines,
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Ur]" =|Ud]” +|Un| —2|Uc||Un|cos[180-(105 + 45 - 7.476)]° (32)

Through computing, we have |U7=0.181m/s, <U7, U>=19.624°. The direction
of Uris 85.376° (Graph 7).

Since the direction of movement of
crude oil leaking on the surface was Up,
while the leakage point is stationary, and
the oil spill did not stop at once, so there
would be continuously leaking oil in most

STV G . of the parts in the Gulf of Mexico. The

250 km

spread profile of crude oil according to the

Graph 7 above formulations can be broadly
described as an ellipse, and the spread of the main direction which x-axis coincides
with, and the direction of the secondary spread of ellipse formed a minor axis, which
y-axis coincides with, can be used to described the shape of the ellipse. When 0<t<t,
crude oil continued leaking, so that each point in time between the formation of the
ellipse stacked, and the original contour would form a shape similar to an egg over
time. It can be understood as the first oil drops into a basin, and rapidly begins
spreading, but at this time since the drop does not stop, and the first spread formed by
the first drop continues to spread in all directions, and therefore the first drop becomes
the same as a larger drop. Overlapped with countless similar spreads, taking into

account the migration of oil in the sea, it formed an egg-shape contour.

[li] New Model Establishment

From the description of section 1 of this chapter, the “egg-shape” can be seen in
the depiction of the plane to xOy graphics on time points. more specifically, the
formation of “egg-shape” at t moments on every bit of edge, according to the stress of
fluid mechanics moves in a tiny pace, and then we can get “egg shape” of (t+Af)
moment, but this involves difficult fluid mechanics formulas, two-dimensional normal

distribution and higher mathematics calculation. Therefore, this is beyond our ability,
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and we were unfortunately unable to accurately depict the “egg-shape” according to
the above information about the time of the accurate equations (neither function
parameter equation nor equations.)

On the other hand, based on previous ideal condition of crude oil spreading
ellipse model, we tried to use another way to get the “egg-shape” generating equation.
Considering the oil leakage rate O did not change over time and sea situation did stay
calm, we made full use of the isochronic homalographic method to formulate the
modeling of the “egg-shape” 1.

(a_xkx] +(%} =1 a,b>0,ke(0,]) (33)

Also we have the parametric equation:

‘o acos®
" l—kcos® ab=0,ke(0,1) (34)
y=bsind

In this specific issue, we found a connection

between the “egg-shape” model and the ellipse

y —~—
model. According to the previous discussion, the r \

area of the ellipse is A=A(?), and here let us suppose

that the area of the “egg-shape” figure is S=S(¢). The

parameters here about the time are a=a(f) and b=b(?), Graph 8

using the (33) and (34), then we can get the actual shape of the “egg-shape” figure,

whose intersections with the coordinate are (0,b), (0,-b), (ﬁ,Oj, (—ﬁ,O].
_l_

Taking the figure above the x-axis (Graph 8), we can turn it into an explicit function

as follow:

x 2
y=h 1—(%]“) (35)

Collectively, we have the area of the “egg-shape” figure:

att) 2
s =2['%, b(t)\/l —(mj dx (36)
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Theoretically, we can integrate the equation (35) over [—ﬁ,ﬁ} SO as to

+ p—
obtain the connection between S and a, b and k, yet this complicated function is
beyond our capacity. We therefore analyzed the actual spreading of oil®, which after
60 days spread to Florida, 400km away from the leaking point. Suppose that U is the

speed of spreading caused by the ocean current on the right intersection, and then we

have:

an _ DAy Ut

37
1k (37)
According to the situation of the day 60:
a(ggtoj Dx(ggtoj 60
= +U-| —t0 |=4x10°m (38)
1-k 2 4
Approximately solve this formula U~ 0.0483m/s, and we assumed k=0.75.
From (37)
a(t):(l—k){D;(t)-i-Ut} (39)

Let the four intersecting point of the coordinate to be the vertex of the ellipse,
and then we can use semi-ellipses on both sides of y-axis, discovering that the sum of
their area is similar to that of the “egg-shape”, so the area of “egg-shape” can be

computed by calculating the two semi-ellipse on the both sides of y-axis and then we

have
S(1) = 7h(t) [ a(t) N a(t) }: ﬂa(t)bz(t) (40)
2 | 1-k 1+k 1-k
Combine (39) (40)
12
b(t)= (1—=k7°)Dx(t)Dy(1) 1)
4a(t)

Then we have the formula of parameters @ and b from (25) (26) (39) (41):

a(t)=4.033x107¢"7 +19.18¢"" +1.223x107*¢ (42)
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41501077 +7.651x107¢'°% +2574.684¢"7

43
4330x107* /"7 +1.223x1027 +19.178("" 43)

b(?)

Combining (34) (42) (43), we established the formula of parameters of the

alternation of “egg-shape” in accordance with time:

x__4033x10*ﬂ17+19JS£””-+L223X104zC
1-0.7cosé
__4150x104tlﬂ—k7651x104t““-+2574684ﬁ13ine (44)
4.330x107 4" +1.223x107%¢ +19.178¢**"
t
z =
86400

os @

Facilitated with Maple, we graphed the contour of oil spreading area (Graph 9,

units and meanings are the same as those in the ellipse model):

Graph 9
In the same way, we change the graph above into the isochronal plane graph

(Graph 10):

Graph 10
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According to the Uy direction given hereinbefore, we imposed the “egg-shape”

model on the satellite map (Graph 11), and got the final result.

Graph 11
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V. Conclusions of Modelling

[i] Tests of Model

According to the data and other information on the Internet” we drew the
contour of the spreading oil in the third week (Graph 12) and the actual satellite photo
in the fifth week (Graph 13).

Graph 12 Graph 13

From the comparison pictures we can see that, although there are some minor
differences between the model and the actual contour, the general movement of the
spreading oil is in accordance with the fact on the whole. The subtle differences are
mainly caused by the oil-control facilities and the various hydrology and weather

conditions, including hurricanes.

[ii] Analysis of Result

No matter how hard we have tried to improve our model, the spreading of crude
oil still depends on many uncertainties, especially in the expansion of the spreading
border which is vulnerable to external influence, resulting in uneven expansion at the
edge. According to our model, the ideal conditions, ocean currents and tides have
profound impacts to the spreading of crude oil, especially in the Gulf of Mexico,
which is the tropical and sub-tropical, hot and rainy place with heavy rainfall, leading
to the accumulation of rainwater in Florida, a dominant factor affecting the Bay:

ocean current. Although the influence of the tidal waves about 2 meters averagely is
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relatively small. However in summer, it is a very different scenario; storm waves can
be up to Sm. Therefore, the spreading of crude oil is largely due to the ocean current,
which results in the x-axis direction of the oil spreading in the direction of the ocean

current.

The Comparison between the Two Models

Ellipse Model Egg-Shape Model
Calculation Relatively easy Complex
Theoretical basis Relatively strong Relatively weak
Considering factors Fewer More
Authenticity Low Relatively high
Application area Relatively narrow Relatively wide
Development area Small Large

The traditional ellipse model is easy to compute, and it can show the basic
pattern of oil spreading. The length, the ration, the changing of long and short axis are
all similar to the real situation, but it cannot show the influence of the ocean current,
so there are some major difference between the fact and the model.

Nonetheless, the innovative “egg-shape” model put forward by us is a little
difficult to compute, so we suggested a simplified version and it can show the pattern
of oil spreading more accurately. The origin of the coordinates is the point where oil
first began to leak, and it can fully show the influence of the Mexico ocean current, so
it is much superior to the original ellipse model.

However, during the 84 days of oil spreading, the government of the US has sent
ships to stop the oil from spreading, and the hydrology varies from place to place and
from time to time, so there are still some differences between the “egg-shape” model

and the actual oil spreading area.
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[lii] Conclusions

Through the modeling of ellipse and egg-shape, we find that under the idealistic
premise, our models can reflect the spreading of crude oil more accurately and
generally describe the rough images of spreading crude oil.

Though many factors including ocean currents, in turns of the bias power, tidal
waves and oil depletion have been taken into account, there are still some other
discrepancies in the model compared with the actual situation. Particularly the
potential impact of ocean currents significantly influences the spreading of the spilt
crude oil, so this impact brings challenges to our models as well.

So, as mentioned at the end of last section, when crude oil spread is put into a
larger picture, by taking the negative impact of factors (such as ocean currents and
winds which help the spread of oil) into account, we can roughly find that crude oil
concentrates differently. Consequently the spread of crude oil can be predicted easily
and accurately in the future. However, because ocean currents in the sea vary quickly,

our model needs to be further improved.

[iv] Reasonable Advice

Based on the analysis of both models, we put forward some of our advice as

follows:

1. Through the analysis of the variation rate of the area of the spreading oil
(Graph 5), we find that A(?) is an increasing concave function, so we suggest that
government and authority should stop the oil from spilling as quickly as possible,
so as to prevent oil film from expanding faster and faster.

2. We analyzed the movement of crude oil on the sea surface (Graph 11), and it

appears that a large number of salvage ships were sent to intercept the oil spreading
to the leakage point in the opposite direction of Ur at the beginning of the oil spilling,

the spreading of oil could be effectively controlled.
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[V] Further Development & Practical Use

Since our innovative “egg-shape” model can fully show the influence of ocean
current, it is fit for many broad maritime spaces with complex hydrological condition.
As the ellipse model has some limitations in depicting the movement of oil film, it is
not fit for water area with currents, but it still applies to broad calm lake (sea) surface.

If more actual conditions are considered, the “egg-shape” model will also be fit
for estuaries where the impact of currents is notable. For example, it can be used to
predict and graph the oil spreading incident taking place few months ago in the Gulf
of Bohai Sea in China or assisting the managers of South China Sea oil Exploration
Company to manipulate the oil exploration properly and correctly so as to prevent
such accidents from happening again.

Therefore, our models cover most problems taking place on sea surface. In
addition, they not only predict the accurate spreading of crude oil, but also graph the
contour of oil spreading. Nevertheless, the accuracy of this model needs to be further

strengthened.

[vi] Problems to be Solved

® The modeling process is all based on the assumptions citing in the beginning,
but some of those assumptions can hardly be satisfied in reality. For example,
the leakage rate varied while oil was spilling.

® Because we used the average depth of the Gulf in the Ekman analysis
formula in the discussion on the movement and due to the differences of
characters between sand and seawater, there are still some limitations (even
in the “egg-shape” model) as the crude oil spreads to the coastal areas.

® Since we could not valuate the specific influence of the salvage ships and
containment cap on the leakage oil, the computed volume of crude oil on the

sea surface is slightly different from that of the actual situation.
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® The condition of hydrology and weather in the Gulf of Mexico varies from
time to time and from place to place, so there are minor discrepancies when

we discussed the movement of spreading oil.
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This article is primarily based on the fundamental model of fluid mechanics,
applying the Newton’s Laws of motion and conservation of mass, to work out the new
formula for a stable table but continuous spilling oil which was promoted from the
formulas of Fay. In an ideal situation, using several elementary factors including
gravity, density, viscous forces, inertia, we can primarily estimate the size of the
polluted area in the Gulf of Mexico and evaluate the final damage of this accident.

Initially we used the Fay formulas to build the conventional ellipse model, and
approximately graphed the oil spreading area and got the variation of the spreading oil
area. However, because this model is not primarily based on the local hydrology and
weather condition, it lacks accuracy. Thus, we further discussed the movement of
crude oil on the sea surface under the influence of ocean current and wind. Then we
innovatively suggested a brand new model called “egg-shape”, and simulated a more
accurate contour of the spreading oil. Consequently, with the unprecedented
“egg-shape” model, we can more accurately predict the direction of the oil spilling,
leading to some more effective remediation for a better environmental protection, and

providing a more comprehensive treatment for the future of the Gulf of Mexico.
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