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SECTION A (Total: 40 marks)

Answer ALL questions.

Please use the answer booklet provided.

Question 1

Upstream is a term for the operations stages in the oil and gas industry that involve
exploration and production. Oil and gas companies can generally be divided into three
segments: upstream, midstream, and downstream. Upstream firms deal primarily with the
exploration and initial production stages of the oil and gas industry.In the exploration phase,
the goal is to locate and estimate the potential of a resource. If an area shows potential to
host a resource, exploratory wells are drilled to test the resource. In the oil and gas sector,
test drilling is an important component of the exploration phase. In the event that the
exploratory well is successful, the next step is to construct wells and exiract the resource.
Upstream companies also operate the wells that bring the crude oil or natural gas to the

surface.
Refer Below - Figure1 : Upstream Oil and Gas Exploration .
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Figure 1: Upstream Oil and Gas Exploration
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(a) The upstream activities needs to explore the optimisation the process by using Newton Raphson
Sketch and describe the graph for Newton Raphson

(5 marks)

{b) The optimisation function solution needs to use Newton Raphson methods. Solved
using this method.
fle) =22 — 1172 + 1770 - 5
Use 3 iteration with x = 3

(7 marks)

{c) Use Gauss elimination process to solve the alternative way optimisation in upstream
oil and gas industry.

2:81 —6:1:2 —Ty = —38
—3n1 —xz +Tzy = -34
—8r1 4wz —2z3 = -20
(8 marks)
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Question 2

API 653 is the American Petroleum Institute Standard that provides inspection, repair,
alteration, and reconstruction criteria for above ground atmospheric and low pressure storage
tanks. API 653 inspections are periodic assessments to ensure the safety of these tanks, as
well as compliance with applicable codes and standards from APl and government
organizations that recognize this standard. These inspections are necessary to detect any
structural problems with the tank, such as corrosion or weak points in the walls, base, or roof.
Additionally, regular inspections and repairs to the APl 653 standard are required by the DOT

and by some state regulations for many storage tanks.
Rofer Below - Figure2 : Fuel Storage Tank-.

Figure 2: Fuel Storage Tank

(a) Explain the formula and sketch the graph for Simpson's 3/8 rule with their
parameters
(5 marks)

k) The volumetric of fuel in the storage tank, V, can be determined by using the
following intergration;

%72
/ (6 + Beosy)dx

0
Analyse the value of V,by using Simpson's 3/8 rule.Answer as follows;

(10 marks)
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{c) Compare b} with analytical method or calculus methed
(5 marks)
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SECTION B (Total: 60 marks)

Answer THREE (3) questions only.

Please use the answer bookiet provided.

Question 1

In a detailed mooring system analysis, many parameters must be obtained through
experiments or finite element calculations, all of which require considerable computation cost
and time. In optimizing the approximation model, this method can effectively reduce the
number of sample points to obtain higher model accuracy, saving considerable time and
cost. Currently, the catenary anchor leg mooring system (CALM) is the most widely used in
single-point mooring systems. a schematic of the CALM, which consists of an upper
buoyancy system and mooring chains. Under working conditions, the anchor chain is
subjected to tensile forces, gravity, and buoyancy caused by the buoyancy system and
seawater. A tanker is connected to the CALM buoy. The mooring ship in this study is a

300,000-ton large oil tanker with a scale of 320 m long, 60 m wide, and 30.5 m height.
Refer Below - Figure3 : Single Mooring System .

Single Buoy Mooring

Tanker

Catenary Anchor
~ leg Mooring {CALM)

Anchor
Chains

Submarine
“Pipelines

Figure 3: Single Mooring System
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(a) The engineer decided to measure the tension of anchor cable by using the Bisection
method to ensure CALM unit partially immerse on the water surface, describe the
Bisection method.

(6 marks)

3 =2
®  Determine the real root of J{%) = 52" — 5a” + 6 — 2 by using graphically
method

(10 marks)

{c) Solved the linear equation by using graphically method for x, = 0 and x, = 10;
~0.57r; +m =

X1 +6xp = 34
(4 marks)
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Question 2

Piping design and layout are integral to the oil and gas industry, forming the backbone of
infrastructure that enables the transportation of fluids, gases, and hydrocarbons between process
units. A well-designed piping system ensures operational efficiency, safety, and compliance with
industry standards.Piping design and layout involve planning, engineering, and constructing
pipelines to transport process fluids within facilities like refineries, offshore piatforms, and
petrochemical plants. The design process includes material selection, pipe routing, stress analysis,

and compliance with industry standards.
Refer Below - Figurs4 : Pipelfine System for Ol and Gas .

_To_lal Production System

o+

Figure 4: Pipeline System for Oil and Gas

(a) The daia inspection for stress analysis, f(x) during the pipsline fabrication by production
engineer shows need to be analysed. Sketch the f(x) versus x using graph paper and
employed Simspon's rule to finalise the data for stress at pipeline.

Refer Below - Table1 : Stress Data Analysls .
(10 marks)
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Table 1: Stress Data Analysis

x | -2 0 2 4 b g8 10
| 35 5 -10 2 5 32

(b) Compute the M-Script file Matlab for the function integration (Trapezoidal rule and Simpson

rule);
1.5

(142?)de
(3]

CLLLLLLELEELLLLLLLLL LS DI PIDEDDZBBEIDDEBEPODB>IDIDDDIHS5>>3555555> 55>
% Define the function

f=@x)

% Analytical Solution

analytical = (14.4(2 ." 1.5)) / (2"log(14))~(14.4(2 ."0.5)) / (2"log(14)},

% Trapezoidal Rule with n=1

X_trap = linspace(__, 5+1);

y_trap = f(x_trap);

trapezoidal = trapz(x_trap, y_trap);

% Simpson 1/3 Rule with n=2 (as 5 is not even)

x_simp_13 = linspace(__, __, 5+1);
y_simp_13 = f(x_simp_13);
h=(_-_)/_

simpson_13 = (h/3) * (y_simp_13(1) + 2*sum(y_simp_1 3(3:0.5:end1.5)) +
4*sum(y_simp_13(2:2:end)) + y_simp_13(end));

% MATLAB's integral function for an exact comparison
matlab_integral = integral(f, __, ),

% Display the results

fprintf(' Analytical solution: %fin’, analytical);

fprintf(' Trapezoidal Rule with n=5: %f\n’, trapezoidal);
fprintf('Simpson 1/3 Ruie with n=4: %f\n’, simpson_13);
forintf(MATLAB integral function: %f\n’, matlab_integral);

% Error calculation

epsilon_trap = abs((trapezoidal - analytical) / analytical) ™ 100;
epsilon_simp_13 = abs((simpson_13 - analytical) / analytical) * 100;
fprintf('Trapezoidal Rule Error: %f%%\n’, epsilon_trap);
fprintf('Simpson 1/3 Rule Error: %f%%\n', epsilon_simp_13);

(10 marks)
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Question 3

Offshore jacket platforms are lattice-type marine steel structures extensively used for Oil &
Gas production in water depths between 20.0 and 90.0 m. These jacket structures are fixed
to seabed using large diameter steel tubular piles which requires exceptional design and
installation skills to withstand adverse geotechnical conditions and extreme environmental
loads. These piles are generally in the range of 1.5-2.8 m outer diameter, up to 101.0 mm
thickness, and are generally driven deep up to 100.0 m and beyond into the soil below the

seafloor.
Refer Below - Figure5 : Self Pile Offshore Pilatform .
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Figure 5: Self Pile Offshore Platform
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(a) A civil engineer involved in the platform construction requires 4800, 5810, and 5690
m°® of sand, fine gravel, and coarse gravel, respectively, for a Company X project.
There are three pits from which these materials can be obtained. The composition
of these pits has showed.

Note: Need to convert percentage value (%) to be divided by 100%
Refer Below - Table2 : Concrete Gomposition for Pife Platform .

(10 marks)
Table 2: Concrete Composition for Pile Platform
Sand Fine Gravel Coarse Gravel
% % %
Pit 1 521 30v2 18Vv3
Pit 2 201 50 v2 30V3
Pit 3 251 20Vv2 55v3

(*) The value need to divide by 100%

{b) The concrete self pile has been filled into the seabed change with time for all the
works. The engineer need to plot the graph Concrete volume V(m?®) versus Time
t(s) with equation Vi(t) = P+ -4t —1 fromt=-4stods

(10 marks)
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Question 4
Steel beam for the ship is subjected to a load shear force analysis shows in Figure 1 need for
computational analysis by shipyard company.

Refer Below - Figure6 : Bsam for Ship Construction .

Beam

Figure 6: Beam for Ship Construction

(a) The moment bending integration equation, M where, M = 0 and x is distance along
the beam. If x= 11 m, determine M using calculus method.

M= M, + / (5 + 0.2527%)dx
0

(7 marks)
(b) Calculate value of M by using the integration numerical analysis:
i. Multiple-application trapezoidal rule; n =1m
(6 marks)
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ii.  Multiple-application Simpson’s rules, n=1m

(7 marks)

END OF EXAMINATION PAPER
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FORMULA PROVIDED

Secant Method
_ Jl)x, —x)

X4 =X;

SO Jx) - S(xy) N

|ea|='ﬁ:"_°!xmo
' o

Newton Raphson Method

_ f'(xe )

Bisection

:-;._...____..x‘ X

Trapezoidal

3 <+ fib
I=(h-a fla) +1ib) i EAL)

Multi-application Trapezoidal Rule. - :

T | )
SOy 2 2 ) flx)
I=1{b=-a = ";;-" — A
2R , n = no. of segment

Simpson(1/3) _
flag) +-4fte) + f(xy)
6,

I={— )

Simpson(3/8)

Axgl + 3]+ 3flx) + flxs)
a8

Multi-application Simpson’s Rule .
P a—2

o) +4 > fE +2 ¥ fa) )
Pl X8

IEE R

[e= (b= q)

Is= (b= )
3n n = no. of segment
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Ly
(L][d] = [b]
[U]{x] = [d]

Gauss quadrature

Computational Analysis for Offshore Engineering

5 S 1 - n |
L} flz)dr = /-1 Wi(xz)g(z)dx = g'wig(itg).

b-=a .a+b Tl
X=——2Z Do
2 2
a=2"24
2

TabIe parameter for Gaussmn Integratlon

el e
— T2 T . 1.00000 -
B 100000
3 N 0:55456°
LR - 0.88889.
e = 0.84786 086114
' 2 0:65215 ~0.33998
3 065215 © +0.83808
4 034785 .. 0.88114
5 ey 0.23698 | ~D.90618
. g | 9.4786% - -0.58847
3. 6.56889 - 9,00000
4 047863 ©0.58847
| 5 023693 880618 .
, S S e L (Comdy
Lag(ange Intergolation
i) First-order
. St X~ X .
fityy = “‘“—‘“!(-‘fi;} + leg}
«t{; X 1;
i) Second-order
‘ (X — 3 Hx — 2 {x — x){x —
Hlxy = Jlxy) + e f ()
{ay — X Mxg — X2 3 (:\‘1 = A‘{;){l;

{x — xp)€x — x}
X~ apix T X))

Sixa)

i) Third-order
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£, = (x =2, )(x = %, )(x — %3) Flx)+ (x = x)(x =, )(x = x3) F(x)

(g = X )(xp =2, )(xy = X3) (= XXy = %, )0, — X3)
(x = xo)(x = % )(x — x3) (% = % )(x = X, )(x — x,)
’ (3, = x5)(x, — %, )(x, — X3) f( ) (3 = X6 )(x; — X, )%y = X,) J)

Euler

}!+1.-'}=?.! f( yu)m

Runge-Kutta second order

m1 + 2m2
Yier =YVi+ 3 (h)

Classical Rungge-Kutta 4" Order

ny = f{x,',f}'{) ]
e h
nig = f(-‘:i "’g Y ¥ fl%")
g h zh
my = f{\ﬂf.'*2 y:*""g")

mynfly +h ¥ tmgh)

my +2mz-r2m3 é‘m, )h :

'R'm’;\ﬁér” ( CE

h
RO = 21/(@ + F®)]
h=b—a

o g
R60) =4k > )
k=1 .

. (b—a)

Chi=- 21

xk=a+khi
. 4RGEj-1)—-R({E-1,j-1
R(L)J)= ! 4 —1 / )
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Numerical Differentiation

a) Forward Finite- Divided Differences
Fitst Detwtive Erven

_ﬁxiw}:‘)-'f' Alxe 1) — 38}

¥
oY O

{'ixi} =

=~ Second Derivciiive

Pl = it = 2?;.13 + #x] Ol
=Hxss) + Aitieg] — Sl + 2
h‘?:

el

sl =

Third Derfvative

{méﬁ(}f‘—" iixri:} jl&k;}":ﬁ f{‘fu’!), ;(?4 Cﬂ
ey Tollgea) + Valles) — 24M5e) 4 184x0) —5l6
ha) = T v

o

Fouth Detvakve

=2 osd + 1 Ui gl = 248,30 + 260500 = V4llma} + 344}

2 aiA

™} =

" b) Backward Finite-Divided Differences

iz Dervtive Ercar

!4{' o 3l = 4“:;3 ":",{(A;'-'?" Q}‘}

Sécond Detivative
- fla) — 2f%.cbs R}
A
2} = Sfimi) + hxmg) ~ Axesl

iy = Z N
gt " o)

Pl ot}

Thivd Detivative
i &?’x} — 3&«"-’5‘-!) + Gz} = ﬁ’v—Bi
! ("’ﬁ} = l"z
SHa) = 18fsa1] + 2400iazh = 14H 43} + 3o} o
= Oy

o
2

Gkl

M} =

Founh. Dertvadiive
of = Allao o+ BB}~ Aitxns) & fixg .
) = fled = Alla) + R,\;‘i - 48] + fged il
3l — VA + 28] ~ 24fncal + 1 ifa] — 2]
h&
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¢) Centered Finite-Divided Difference
Fitg Derivalive

Ax0y) — Hes
2h

_ Hxiea) + 81} — Bfxms] + flxe)
- 12h

P} =

Fix)
Second Derivafive
%41} — 2fxd + i}

}}2 ) L o :
'-’ﬂxiié} + 35"{5‘541."—- 39&"1] + ;-éﬁ-‘j—l) - {E)\pﬂ
T2

Pl =

Pix) =

Third Derivative

o Aea) = War] + 2] — Al
f i&'x = T .
’ 2nt ‘
= Rxea) ¥ Bflxaal = 1300643} + 13A5-1) — Blxmg) + flxea)

Fouth Degivetive |
f{x":}}_ 4£X:41'1.4’ 6l = Afi%i) F fix-s)
. - _}?4. } o )

."f”"‘{';x,-f =

Force & Truss Calculation

¥ i

. F,=Fcos¢ F=JR’+F}?

Fy

F=Fdng  p=tamiy

_ Mxea) + 12Ma0) = 39fx] + 50flsd — B} + 120} —flxes)

Ener
O

oY

A,

O

o)

oty

o
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R=F, +Fy=(Fi+Fj+Fi+Fj
ar
RA+Byj=(Fy+ pz; iy Fi
fmm which we caﬁciu&e that L R
v. er- Fy + Fy = 3R,



