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Presi dent 0s

Dear Fellow Members,

My warmest greetings on behalf of the council
members and welcome to our 39t Annual Journal .

With the covid -19 pandemic situation, SNAMES
Council Members extend our warmest wishes to all
members during this period.

The covid -19 crisis has immediate consequences for
the maritime industry, but it has also speed up the
industry  digitalization and rapidly turning to
alternative solutions.

This yeard sourrjal title O0SMART SHIPS, SMART PORT, SMART OCHEANvith the
objective of the smart innovation in mind of bringing togetherness in the industry

to share ideas, resources, and collaboration in today & gpandemic situation
Leading companies in the industry have embark ed on changes and innovations
to cater for the technology advancement S.

In 2019/2020, SNAMES has held monthly technical talks through collaborative
efforts together with |1 nstitute of Marine Engineering, Science and Technology
(IMarEST}Joint Branch and Singapore Shipping Association (SSA) to share s on
issues of mutual interests, knowledge, and experiences for our me mbers.

During the Circuit Breaker (CB) period, SNAMES continue to host tal ks via
technology platform.  The experiences for the team and feedbacks collected

from partners and members have being fruitful ~ with good take -aways and
turned out. Under such initiatives, the council is always looking at different ways

to champion and addr ess challenges and move towards a more sustainable
solution.

The Council will continue to form collaborative effort with different organization
to have a collective effort within the maritime eco -system to create synergies
through creativity and innovatio  ns format to the members and industry.

Last but not least, | would like to sincerely thank all our members and industry
partners for the ir unwavering support to the Society over the years. Our role as a
Society is to continue to nurture talents and advan ce the maritime profession,
through good or challenging time

Wishing all Good Health and Stay SAFE!

With best wishes

Shu Yong, KOH
President SNAMES Council 201 9/2020
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Chue Wen Xiang
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Wellbore Cleaning Method for Offshore

Directional Drilling

Abstract

Wellbore cleaning is essential to all
kinds of drilling commence, which
includes production and exploration
wells. This method helps to prevent
None Productive Time (NPT) and
reduces the cost of operation.
Despite numerous advancements of
tools and equipme nt in the current
wellbore cleaning operation, there
are still unpredictable incidents
happening, which lead to an
increase in rig downtime.

In this paper, an inventive
methodology aims to improve
current wellbore cleaning efficiency
with the help of Com putational Fluid
Dynamic (CFD) software to observe
the internal flow patterns in the
wellbore  with variant deviation
angle of the models. The results and
data are obtained, are analysed
mathematically with the adaption of
different variables and parameters
of the wellbore environment
conditions in terms of its fluid regime
and rheology.

Furthermore, a few purposed ideas
of the new wellbore cleaning tools
are modelled with the wused of
AutoCAD to compare the
advantages and disadvantages in
terms of function ality, durability and
operating actions with the current
tools in the market.

Keywords

Wellbore cleaning; Deviated
wellbore; Offshore drilling; Cleanout
tools; Drilling fluid regime and
rheology; = Computational  Fluid
Dynamics (CFD)

1. Introduction

This paper is organised as follows :
Section 1, where a brief foundation
of current variables and factors
which affect the process of wellbore
cleaning. In  Section 2, the
methodology is elaborated, while in
Section 3, the data and results from
drilling fluid regime and rheology are
analysed according to different
wellbore environment parameters
which include simulation of variant
angles wellbore models. The newly
purposed wellbore cleaning tools
with technical comparison is shown
accordingly in  Section 4. Finally,
Discussion and Conclusion are
allocated in the final section of the
paper.

1.1 The major problems
faced in wellbore cleaning.

Wellbore cleaning is an essential
step in all kinds of drilling
commences, especially in

directional drilling well. Drill cuttings,
rock particles and debris produced
from the wellbore might lead to




severe downtime of the rig due to
stuck pipe or failures of the drilling
tools. All these happen due to the
solids and debris accumulation at
the lower side wall lining in the
deviated wellbore.

Over the years, with an increasing

number in the exploration of deep -

water deviated wells, wellbore

cleaning has bee n investigated
deeply by the drilling operators. A

clean wellbore is essential to ensure
the smooth drilling process and to

keep advantageous drilling

production of the well life.

The debris and cuttings that remain
in the well will damage the well
format ion and slow down the
process of the drilling operation.
Incidents, which include high tension
on the drill string, often require
replacement of drilling tools due to
wear and tear, high temperature is
formed due to high frictional force
which leads to hig h risk to fail to
achieve the optimum level of drilling.

A clean wellbore also prompts to
improve the drilling capability
without any Non -Productive Time
(NPT) and reduce the cost for the
operation. However, a well -planned
schedule and initial precaution ary
steps must be considered to prevent
any expensive workovers and
mechanical and tools failures.

1.2 The necessity of wellbore
cleaning

Drilling commences always aim for
zero accident and incidents. Hence
a well -planned wellbore cleaning in
the deviated
fundamental to
following benefits:

wellbore is
achieve the

1 Reduction in operating cost
1 Lessrig downtime and delays

1 Prolong down -hole tools life and
functionality

1 Reduction well completion time

 Reduction of accumulation and
bed forming in the devi ated
annulus

Wellbore cleaning usually is done by
using chemicals or mechanical tools.
However, this operation is more
focused on the critical down -hole
condition, which is based on the
wellbore properties and formation in
varying inclined angles of the
annulus.

1.3 The factors and variables

L TR —
2 Dﬂlliln
s
2
g
= Hole cleanin
Contre fi —

Fig. 1 Key variables that influence
cutting transport

In the current wellbore cleaning
process, there are two significant
variables, which are controllable
and uncontrollable. In Figure 1
(Ranjbar, 2010) shows the two major
factors that affect wellbore cleaning.
Firstly, the controllable variables that
are hi ghlighted in blue, in which, one
element is not changed, as its
perpetual state will allow other
effect brought out by other variables.
In the other hand, the boxes in red
are the uncontrollable variable, in
which some of the environmental
issues and nature of the well




formation will affect the efficiency of
the wellbore cleaning process.

With regards, to the two significant
variables, with the adaptation of the
study of drilling fluid flow regime and
rheology; the possible approach to
improve current wel Ibore cleaning is
discussed in the following sections in
this paper.

1.4 Current wellbore cleaning
tools

Mechanical wellbore tools are
implemented to assist in the removal
of cuttings and debris in which those
with high gravity and complex
shapes of ro cks. In the current design
of wellbore cleaning tools, for
example, scraper, high pressure
jetting devices, brusher and magnet
casing are the most common tools
used for the wellbore cleaning. In
Figure 2 (Halliburton, 2014b), the
design of several types of devices
combines to tackle different
formations and properties in the
down -hole. Combination of wellbore
cleaning tools is an approach to
expand the cleanout effectiveness
without any failures and reduce
work -over.

Fig. 2 Combination of cleanout tools
used by Halliburton

For the entire tool designs mainly
apply for specific down -hole

diameter and designated properties
of the wellbore. Although a
combination of tools increases the
efficiency, in actual case it might not

be suitable in highly deviated well
due to the interval connections in a
single drill string.

1.5 Aim and objectives

This paper aims to improve the
efficiency of wellbore cleaning by
getting through various factors and
variables, which include the study  of
fluid regime and rheology of drilling
fluid and purpose new design of
wellbore cleaning tools for the most
effective method in the directional
drilling operation.

2. Methodology

This paper focuses on methods to
improve current wellbore cleaning
meth od, aiming to enhance
wellbore -cleaning efficiency. The
proficiency implied to perceive the
project objective is discussed in
section 3,4 and 5. In Section 3, the
preparatory design concept is
clarified with the aid of variant of
deviated angle wellbores ( 30°, 40°,
50°, 60° and 70°) and the
mathematical analysis of the down -
hole drilling fluid characteristic is
explained. In Section 4, a few
purposed ideas of new wellbore
cleaning tools are elaborated and
interpreted according to its design
concept. All the drawings of the
wellbore tools are created using
AutoCAD drawing, typically shows a
rough idea of the tool's design,
which can adapt to various critical
down -hole parameters and
conditions. Lastly, these results and
data is processed and plotted for
further evaluation and discussion in
Section 5.




3. Fluid rheology and the regime in
a deviated wellbore

In Section 1, the factors and
variables for the wellbore cleaning in

the deviated wellbores are
highlighted. To have further
discussion, many considerations

have considered studying the flow

patterns in variant deviated angles

of the wellbores. In this Section, by
taking consideration of all the
factors and variables, the fluid
rheology and regime in a wellbore

are being analysed with specific

down -hole parameters in the CFD
simulations.

3.1 Down -hole drilling mud
properties

Drilling mud is the most important
medium to transport the debris and
cuttings out of the wellbore.
Temperature, density and pressure
are essential in drilling mud
properties. Details analysis and
calculation must be done to
maintain drilling mud in optimal
condition to have a smooth wellbore
cleaning procedure. As the drilling
mud yield point increases, the flow
pattern will change from turbulent to
laminar. In typi cal cases, a higher
yield point regime is selected
because higher viscosity drilling fluid
adequate cuttings suspension and
proficiency
transportation is improved.

i
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YO T L /

J 1 I N INU

——

Table 1. Drilling mud properties.

Drilling Mud Properties

Density(E @ 1400
Velocity Magnitude (m/s) 100
Viscosity (P3) 1.49
Conductivity (W/rk) 0.286
Specific Heat (J/kk) 2386
Operating Temperature (°C) 150

of t he

Table 1 (Limited, 2000) shows the
drilling mud properties, which are
used as the input flow for the CFD
Simulation. This driling mud is
simulated under 2000ft to 2500ft at
the most  critical down -hole
operating condition.

3.1.1 Prediction of down -

hole behaviour for drilling

fluid
While drilling in down -hole, the
prediction of bottom hole circulation
temperature is essential for use in
hydraulic and drilling mud modelling.
Prediction of down -hole behaviour is
a very complex task as many
operat ional and physical
parameters are required. A simplified
numerical calculation method (API,
2006) is presented below, which
sufficiently to predict the down  -hole
behaviour accurately.

Static temperatures in a seawater
column can be predicted as a
functio n of depth by: _

cuttingd

s
For water depths 0O3000f
T CF)=154.43-14.214" In(D) ) (1)

For water depths >3000ft:

T (°F) = 41714 - 0.0003714" (Dyy/) (2)

The drilling fluid density can be




calculated with the use of a
compositional model that considers
the liquid and solid phases in the
drilling fluid. Hence, the total volume
of drilling fluid is expressed below.

VOl ta) VOl page V0l prine VOl gplids (3)

Drilled solids are  considered
incompressible, and correction for

weé ab is the only correction
needed. The corrected volume of

drilled solids in the fluid is then
expressed below:

80.056704° Vol, . (%)g

(4)

The mass of the components is given
by:

VOlotal” "total ~VOlpase " base™

#Volpyrine Mprine™Volgs /ds (5)

Values of static temperature
obtained from equations (1) and (2)
can be used for a prediction. The
static drilling fluid density, " of local
drilling fluid, can be written as:

r. _(vol base’ r baszeJ'VOI brine’ r brine+VOI ds’ r ds) 6
I Vol ( )
Ototal

Meanwhile, the dynamic local

drilling fluid density, ” , is obtained
the same way as for the static
condition:

._(VOI base' r phasne+VOI brine' r brine+V°|ds’ r ds)

' VOl

r

(7)

Static and dynamic  pressure
depends on true vertical depth, 0O
and the density profile of the drilling
fluid column in the down -hole. For

conventional wells, density in the

NNUAL JOURNAL 205720 £U
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drilling fluid can be approximated by
the drilling fluid density measured at
the surface, ”

Drill string hydrostatic pressure:

R,g=0.052 r4 Dy, (8)
Annulus hydrostatic pressure without
cuttings:

Pha:0.052' rS' Dy (9)

Annulus hydrostatic pressure with
cuttings:

Ry = 0052 g1 ¢)re+8.345cr§2 Dy, (10)

With the use of the drilling mud
properties provided in Table 1 and
the equations provided above, the
calculated result of the down -hole
static and dynamic of temperature,
density and pressure are obtained
by using Microsoft Excel. All the
calculation results and dat a are
plotted will be discussed later in the
result and discussion section.

3.2 The modelling of a
deviated wellbore

The effectiveness of a wellbore
cleaning depends on its deviated

angle and the parameters around

the wellbore itself. To prove a
decent result for all five variant
angles of wellbores condition, Table

2 (Institute, 2010) shows the
information with provided at a

constant rate to simulate the models

near to the actual scenario

environment.




Table 2. Well
wellbor e models

information for all

Well Information

Open Hole Diameter (inch) 9.65
Drill Pipe (inch) 5

Drilling Fluid density (psi) 1400
Temperature (°C) 150
Solids Density CTA | 3.70
Well Length (feet) 2000

Deviated Angle (degree) 30°, 40°, 50°, 60°, 70°

Intermediate wells, defined as wells
at angles 30° to 70°, are the most
difficult to clean. The drag force lift
force and gravity force will cause

the cuttings to buil
and accumulate to form the
cuttings beds. Hence, all the
intermediate  w ell angles are

simulated with the aids of Autodesk
CFD Simulation software and Table 2
data as the operation scenario to
analyse its down -hole flow regime,
and drill cuttings flow behaviours.

Wellbore

Fig. 3 The preliminary design of a
deviated wellbore.

The preliminary design in Figure 6
shown above is drawn with the aid
of AutoCAD 3D wireframe. From the
drawing above, the inner cylinder is
representing as a drill pipe, while the

outer cylinder simulates as the
wellbore annulus lining. Variant
deviated wellbo res are then

39TH A

modelled and modified at 30°, 40°,
50°, 60° and 70°, then converted the
file type and simulated in Autodesk
CFD Simulation to obtain the
dynamic flow results in variant
deviated wellbore models. All the
results and data gathered from
Autodesk CFD Simulation are then
elaborated in Section 5.

4. A new concept of wellbore
cleaning tools

It is important to note that the
wellbore cleaning tools designed in
this paper are not meant to replace
current wellbore cleaning tools.
owever, all .these | conc
desildrr%d t%o¥s aPeS rQl“olcuoé,eld I’Fl) its
flexibility in various sizes annulus and
operability in t he various critical

down -hole environment. The

detailed design for each device will
be explained and elaborated in this
section.

Drill Pipe

Fig. 4 Wellbore cleaning tool
concept 1

In Figure 22, the tool is designed with
the concept of a wool thread. The

retractable and expandable
features able to operate in various
size of wellbore diameter.

Meanwhile, the operating idea as a
kitchen egg stirrer, the thin wire lines
installed can cl ean and swipe the
accumulated cuttings bed. Hence,




the drilling fluid can transport the
cuttings and debris by the
disturbance of the flowing manner in
the wellbore with adequate mud
pressure. Besides, the material cost
of this tool is much lower compared
to others. However, from research
compared to current devices, the
wire lines are the main factor which
could not operate in critical well as it
might become brittle the materials
and increase the Non -Productive
Time (NPT).

Metal Strips

Drill pipe

Fig. 5 Wellbore cleaningt ool
concept 2

In Figure 23 shown, it is much durable
build compare to the previous
design. The tool concept gets from a
foldable  Chinese lantern. The
retractability of the tool is the main
feature in this design, which is like the
previous model; the devi ce can
operate in various sizes of down -hole
diameter. With the aid of small
Polycrystalline Diamond Compact
(PDC) on the metal strips, it aids the
function of grinding and shearing to
the annulus wall, reduce the debris
particle size for more comfortable
cuttings transportation. From the
physical build of this tool, metal strips
are used due to durability and
critical down -hole condition.

Drill pipe

Series of PDC

Fig. 6 Wellbore cleaning tool
concept 3

Meanwhile, in Figure 24 shown,
larger metal strip surface is designed
to have a more significant contact
area to the cutting bed. Series of
PDC is installed on the metal strips to
grind and crush the cuttings to
smaller pieces for faster -cuttings
transportation. Two inverted
retractable umbrella frames inspire
the design concept . The retractable
function can adapt to various inner
diameters of the annulus. Besides,
the idea of this tool is designed to
have bi -directional cleaning process,
which allows cleaning is carry on
during tripping -in and tripping -out
without any downtime.

5. Results

5.1 Calculation of drilling fluid

According to Section 3 Table 1 and
2 data with the list of formulas for
down -hole behaviour drilling fluid,
the calculation for drilling mud
properties is performed in different
measured down -hole depths. Drilling
mud properties will change due to
the down -hole behaviour due to
temperature, pressure and density.




Fig. 7 Graph of down -hole
temperature against measured
depth

Downhole Pressure

—pplied Dynamic
Pressure |psi)

—rpplied Static
Pressur
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e

Fig. 8 Graph of down -hole pressure
against measured depth

Downhole Drilling Fluid Density
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Fig. 9 Graph of down -hole drilling
fluid density against measured
depth

Based on the graph plotted in Figure
3, dynamic and static temperature
both react at the same manner
where decrease linearly at a depth
of 3500ft, but the temperature gains
back and increase to the point at
73°C and 46°C respectively due to
increasing number of measured
depths. As the measured depth
increases, the temperature in down
hole will also increase due to well

reservoir geometry, and it also
affects the down -hole pressure. In
Figure 4 shown, pressure increase
gradually when the measured depth
increases. In high pressure and
extreme down -hole temperature
wells, the drilling fluid density profile is
significantly affected by various
measured depth. In Figure 5, it can
be noticed that the mean static
density is obtained at 12.57lbm/gal
at the bottom of 3000ft; in the other
hand, the mean dynamic density is
obtained at the value of
12.55lbm/gal at the depth between
11500ft to 12000ft. The fluctuation of
the drilling fluid density i s significantly
small in both static and dynamic
density results, which keeps an
average value of 12.49lbm/gal and
12.52Ibm/gal.

5.2 Computational Fluid Dynamic
(CFD) simulation results

As stated previously, the models are
simulated in Autodesk CFD
Simulation  software. The inner
cylinder, which is the drill pipe, is
assigned as solid and steel in the
materials column. Meanwhile, the
outer cylinder, which is the annulus
space, is assigned as liquid and
drilling fluid with a density at
1400g/cm 3. All the models are
simulated at a temperature of 150°C.
Furthermore, in the boundary
condition column, the velocity with a
magnitude of 100m/s as the input
and static pressure as the output to
obtain the flow dynamics results. All
the simulations are run at 100
iterations with three cycles. Small
lines shown in Figure 10, 13, 16, 19
and 22 are simulating as the drill
cuttings flow behaviour in the
annulus.




5.2.1 Deviated wellbore CFD
simulation at 30°

Fig. 10 30° deviated wellbore model
in CFD

Load case: 100; Last iteration/Step
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Fig. 11 Velocity magnitude of 30°
deviated wellbore model.
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Fig. 12 Static pressure of 30°
deviated wellbore model.

Figures 11 and 12 show the velocity
magnitude and static pressure,
respectively. As from the vel ocity
magnitude result, it fluctuates from
the input boundary plane,
decreasing significantly across the
annulus. This is because shear stress
and friction loss occur between the
flow and annulus wall. From the
static pressure result shown in Figure
12, it has a significant drop at near to
point 1 in the annulus due to the
deviated angle. However, the
pressure fluctuates widely across the

whole section.

5.2.2 Deviated wellbore CFD
simulation at 40°

Fig. 13 40° deviated wellbore model
in CFD

Load case: 100; Last Iteration/Step
100,24
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Fig. 14 Velocity magnitude of 40°
deviated wellbore model.
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Fig. 15 Static pressure of 40°
deviated wellbore model.

As shown in the result obtained in
Figure 14, the velocity magnitude, it
shows a significant drop from the
point of 1.5 to 2.5. It is because as
the drilling fluid flow from bottom to
the surface, wvelocity will be
decreased due to frictional loss and
disturbance of drilling particles. In
Figure 15, the static pressure
decreases from the initial to the
deviated angle section, which is at 1,
the pressure slowly gains back and
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proves that cross -sectional area at deviated section and pressure
deviated section is smaller than reduces dramatically, tot the output.
other Sections. Hence the pressure Hence, it proves that the drilling
increases at the output. particles starting to accumulate at
the lower side of the wellbore and
5.2.3 Deviated wellbore CFD affe cts the static pressure of drilling
simulation at 50° fluid.
i 5.2.4 Deviated wellbore CFD

simulation at 60°

J

Fig. 19 60° deviated wellbore model
Load case: 100; Last iteration/Step
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Fig. 17 Velocity magnitude of 50° - ; /\ ;
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deviated wellbore model. Fig. 20 Velocity magnitude of 60°
deviated wellbore model.

-

Fig. 16 50° deviated wellbore model
in CFD
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Fig. 18 Static pressure of 50° Fig. 21 Static pressure of 60°

deviated wellbore model. deviated wellbore mode  |.
From the results obtained in Figure 17 As can be seen from the graphs in
and 18, it shows th? velocity'a'n.d Figure 20 and 21, velocity magnitude
pressure change in the initial in a 60° wellbore model shows
intermediate angle well. In Figure 17, increasing to the point of 1 and drop
it fluctuates across the whole significantly to the outlet. Skin
annulus section and slowly incre ases fraction between the annulus wall
at the end. Figure 18 shows that the and drill pipe occurs frequently and

pressure rises significantly to the resulting in velocity magnitude drops.




Besides, the graph in Figure 21
indicates static pressure keeps at a
constant rate at the inlet, and then it
reduces significantly due to high
deviated angle of the wellbore. Less
allowable space in the deviated
area between annulus wall and drill
pipe, which leads to pressure drops
in the section. However, the pressure
gains back near to initial pressure. It
shows that a venturi effect occurs in
the deviated area of the wellbore.

5.2.5 Deviated wellbore CFD
simulation at 70°

> ___ 3

Fig. 22 70° deviated wellbore model
in CFD
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Fig. 23 Velocity magnitude of 70°
deviated wellbore model.
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Fig. 24 Static pressure of 70°
deviated wellbore model

The graph in Figure 23 depicts the
drilling fluid magnitude of a drilling

fluid flutter with a significant
decreasing across the annulus. It
determines forming of cuttings bed
in the area due to small surface area
and gravitational pull. Moreover, the
grap h in Figure 24 shows the static
pressure reduces in the initial input
section. However, it returns to the
foremost pressure after passing
through the deviated area. Same as
the previous simulation, the venturi
effect is also found in that area due
to a sma |l cross-sectional area.

6. Discussion

It has been shown that down -hole
conditions are not always constant;
flow regime for each deviated angle
wellbore may affect wellbore
cleaning methods and procedures.
Calculation of drilling mud properties

is necessary to predict the down -
hole environment. From the result
obtained in Figures 3, 4, and 5, it can
be concluded that drilling fluid
temperature, pressure and density
fluctuate  accordingly to the
increasing number of measured
depths. Drilling fluid density
calculated keeps an average of
12.57Ibm/ga |, as it proved that oil -
based drilling fluid operates at the
best-rated condition. Same to the
drilling mud temperature and
pressure calculated, due to high
temperature and high pressure of
down -hole behaviour, drilling mud
pressure must  be increased
grad ually to pressure loss along the
drill string and maintain the annulus
formation and prevent collapse.
Precise calculation of driling mud
properties benefits to the rig
operators in terms of a more
straightforward wellbore cleaning
process. It also reduce s the risk of
danger.




From the results and data obtained

from the simulation, down -hole
behaviour can be easily predicted
to optimise the wellbore drilling
commences. From the simulation
results in the previous section,
wellbore angle at 30° to 50° shows
the flowing particles are flowing in
an orderly manner around the drill
pipe  section. Meanwhile, the
intermediate angle of wellbore 60°
and 70° shows the smooth particles
are accumulating behind the drill
pipe and flow through to the outlet.

It proves tha t in these angles of the
wellbore, cuttings bed is easily
formed at the low side of the hole
and slip back down due to
gravitational force. Rig operators
can use the simulation data to
predict the down -hole environment
and behaviour to tackle any drilling
incidents. Furthermore, according to
the result and data obtained, rig
operators can change the drilling
fluid properties for the different
specific down -hole condition to
observe the type of flow includes
laminar, transition and turbulent of
the drilling fluid. Hence, wellbore -
cleaning efficiency is optimised and
monitored easily.

Lastly, based on the concept of new
tools, retractability is the primary
point of design and functionality to
operate in various sizes of wellbore
diameter compare to current fi  xed
size tools in the market. The devices
can be expanded and retract either

by oddalbipd activati
hydraulic powered by a down  -hole
motor. Installing Polycrystalline

Diamond Compact (PDC), which
inspired from a drill bit, the rotational
motion bring s to grinding and
shearing to the cuttings. Bi -

directional design of the PDC also

takes into consideration when
wellbore cleaning is still able to take
place during tripping in and out. To

optimum, the wellbore cleaning

efficiency, a series of wellbore
cle aning tools is recommended, like
a pack of various cleaning tools are

used together in a single drill string
form.

7. Conclusion and recommendations

7.1 Conclusion

Factors and variables of wellbore

cleaning process  specific in
directional drilling are identified to
calculate optimum  drilling fluid
properties in various measured

down -hole depths. Deviated angles
of varying wellbore models are
tested and simulated with Autodesk
CFD Simulation to observe drilling
mud flow regime and rheology i n
the annulus. With this method, it is
proven that the intermediate angle
well (approximate 30° to 50°) has a
higher chance of cuttings bed
forming at the lower section of the
hole. The innovative design of the
wellbore cleaning tools is purposed
to increa se wellbore -cleaning
efficiency. Such purposed designs
can operate in various annulus
diameters, adapt to critical down -
hole conditions and long operation
lifetime. The retractability
characteristic will also help in disturb
the flow pattern of the drillin g fluid in
the annulus, as to wash away the
accumulated cuttings bed and
tPaHsport e rparticles to the surface
quickly.




7.2 Recommendations

This paper provides a fundamental
study on wellbore cleaning
operation in directional drilling by
accurately in flow rheology and the
regime of drilling fluid properties in
different measured depth. Further
research can be done to various
kind of drilling mud used such as oil -
based mud, chemical -based mud,
etc. to adapt multiple down -hole
conditions.

Besides, purposed design tools are
the basic concept to use in various
diameter sizes of the annulus. In term
of durability and operability, in -
depth simulat ion for the devices can
be done by specially designed
software. All newly designed tools
require modification and
improvement to adapt to the real
scenario of critical down -hole
behaviour, for example, high -
temperature high pressure (HTHP)
drilling and und erbalanced drilling
(UBD).
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Revision of IMO Energy Efficiency

Design Index (EEDI) to

Account for and

to Reqgulate Total Life Cycle Externalities

of Shipping

Abstract

IMO, over the years, has adopted
MARPOL regulations and
amendments to increase the energy
efficiency of ships and to reduce
ships emission (EEDI, EEOI, SEEMP,
IMO2020...). IMO2050 regulations,
currently being discussed aim at
reducing GHG by 50% 2008 basis ,
which equates to about 90% by 2015.
However all such regulations
consider only direct emissions from
ships during operations, neglecting
all  emissions occurring  during
construction, decommissioning and,
more important, fuel / energy supply
phase This drawback create a very
large bias when comparing the
sustainability of different propulsion
alternatives. In particular current
regulations do not differentiate
between options allowing from a
real reduction of emissions and
options merely displacing emission
from sea to shore, where they are
more noxious.

S

The aim of the present paper is to
present a way to overcome the

above mentioned shortcomings
whi |l e still operatin
boundaries.

Keywords:

EEDI, EEOI, SEEMP, IMO2020,
IMO2050, Emissions, Externalities,
CO2, GHG

1. Introduction

International  shipping  transports
about 90% of the global trade and it

is the most efficient, cost -effective
and environmentally friendly method

of transportation for most goods.
However the largest majority  of
cargo vessels is powered by two
stroke Diesel engines running on
Heavy Fuel Oil, which is the waste
residue left over from oil refining
processes and which is the worst
fossil fuel, after coal, resulting in high
externalites due to  pollution:
mortality, morbidity, effects on the
environment and on the clime.

Recent epidemiological  studies
estimate that air pollution from
maritime shipping is responsible for
about 400,000 premature deaths
and about 14 millions childhood
asthma cases per year, w orldwide,
mainly due to lung and
cardiovascular diseases [1]. The

igsuesv refatbdi to ClimateM Ol@arsge
and Green House Gas emissions
aggravate the situation even further.




IMO, over the years, has adopted

MARPOL regulations and
amendments to increase the  energy
efficiency of ships (EEDI, EEOI, SEEMP)
[2] and to reduce ships emission. In
particular IMO 2020 aims at reducing
Sulfur oxides (SOx) and Particulate
Matter (PM) emissions [3, 4] aims at
reducing Sulfur oxides (SOx) and
Particulate Matter (PM) emiss ions
while IMO 2050 [5] aims at reducing
GHG by 50%.

However IMO MARPOL regulations
suffer from a critical drawback as

they consider only direct emissions
from ships during operations,
neglecting emissions during
construction, decommissioning, and

fuel / energy supply phases.

The aim of the present study is to
present a way to amend EEDI in
order to overcome such
shortcomings and to to fulfill such
goals.

2. EEDI

The Energy Efficiency Design Index
(EEDI) and Ship Energy Efficiency
Management Plan (SEEM P) were
made mandatory at MEPC 62 (July

2011) with the adoption  of

amendments to MARPOL Annex VI

(resolution  MEPC.203(62)), while
Energy Efficiency Operational

Indicator (EEOI) was and remains

voluntary.

This was the first legally binding
climate change t reaty to be
adopted since the Kyoto Protocol.

The EEDI was devised by IMO as an
indicator (attained value) for the
design energy efficiency of a ship, to
be calculated for some types of new

ships over 400 GT and compared
with a target value (required valu e)
depending on the ship size and type.

The EEDI expresses the design energy
efficiency of a vessel as the tons of
CO2 emitted by the vessel (cost to
the environment) per ton of cargo
carried per mile distance (benefits to
the society).

EEDI = emitted CO2 / (cargo
capacity x distance traveled)
[tco2/tcargo/nm]

In particular EEDI consider CO2
emissions at 75% propulsion power,
and corresponding vessel speed,
plus CO2 emissions arising from the
non propulsive power generation

needed by the ancillary / non

propulsive services of the vessel
while underway.

The target value was derived from a
regression on database of existing in
vessels. The target value would then
be reduced in steps over 15 years, in
principle a 10% reduction from 2015,
a 20% reduction fr om 2020 and a 30%
reduction from 2025.

3. Shortcomings of the Current EEDI
Formulation

The EEDI, as defined in the relevant
regulations and briefly described in

the previous paragraph, is subject

from a series of shortcomings.

First of all the database of existing
vessels used explicate the EEDI
regression contained also old and
largely inefficient ships, therefore,
initial compliance with EEDI was very
easy to attain, and not few
compliant vessel s,
or 0 g r wazen dctually far from

mar k




such. Actually, even today
compliance with EEDI, for the largest
majority of the new buildings, is
everything but a challenge.

In addition non -conventional
propulsive arrangements were
exempted from compliance with
EEDI, allowing from loopholes. Only
recently proposals have been made
to include them [6].

Furthermore, counter intuitively, the
higher the EEDI the lower the
efficiency.

In addition EEDI is not an index
pertaining to efficiency, but to a
single direct emission. For ex ample
the EEDI for a LNG fueled vessel, all
other things being equal, is 11.3%
lower than the one of an HFO fueled
vessel, by virtue of the lower CO2
emissions of LNG. However the EEDI
calculation completely disregards
the very relevant CH4 emissions
arising from LNG, and CH4 is a much
more potent GHG than CO2. As a
matter of fact the global warming
potential, GWP, of CO2 is rated at 1,
while the GWP of CH4 is rated at 28!

[7]

Finally EEDI only considers direct CO2
emissions from ships while in
operation, completely disregarding
what happens in the construction
and decommissioning phases and,
most important, in the fuel supply
chain. As a result EEDI, aside from
promoting a real reduction in CO2
emissions, also favors technologies
that are more effective in  displacing
CO2 emissions from ship to shore,
rather than reducing them. For
example batteries and solar panels
suffer from non negligible

externalities related to construction

and disposal,  while biofuels,
hydrogen and ammonia suffer from
non negligible e xternalities related to
their supply chain. All these are not
accounted for in EEDI.

Let is imagine for a moment a

synthetic fuel generating zero CO2

emi ssi on from t he s hi
stack, but requiring very large CO2

emission for its production.

Accordi ng to IMO regulations this

fuel would have zero EEDI, despite

the oOcost to the envirc
far from zero.

For the above reasons it is clear that
a more holistic approach is needed
in order to shape a regulation that,
while reducing maritime emissio ns,
does not promote, as an unwanted
side effect, an increase in shore
emissions, also taking into account
that externalites due to shore
emissions are larger than marine
ones, due to the proximity to human
settlements.

4. Revising the EEDI

A congruent and comprehensive
regulation on shipping pollution must
achieve the following goals and
constraints

1 It shall take into consideration
the total life cycle of a vessel.

1 It shall allow straight forward
comparison of technologies
generating different mix of
emissions

1 1t shall fall within IMO
institutional boundaries.

The above can be achieved by
revising the EEDI transitioning from
the current formulation to a new




approach considering the total life
cycle externalities.

In particular the total life cycle
approach is needed to consider all

emissions  taking place  during
construction, operation and

decommissioning of the vessel and,
very important, all the emissions
related to the fuel harvest / supply
chain.

The externality approach is needed
to transform each emission in the
corresponding monetary value of
the caused damage.

Finally such approach would still be
fully  withing IMO institutional
boundaries, as the regulation would
not regulate shore based emis sions,
but it would take into consideration
both their quantity and effects.

It shall also be considered that the
proposed approach is already in use
to evaluate the social costs of shore
power generation, an example can
be found in [8].

The idea of using the above
approach on the EEDI is that the
EEDI is already established and well
known, it leans itself very well to the
purpose at hands, it will be
applicable to every type of vessel /
propulsive arrangement, it will also
be applicable to EEOI without a ny
particular modification.

5. Required Data and Inputs

The following databases will be
required:

1 - Database of materials used for
construction the vessel, MC j, [t]

2 - Database of unitary external cost
for each construction materials, EXC |,
[USD/t]

3 - Database of main materials to be
disposed of when scrapping a vessel,
MD;, [t]

4 - Database of unitary external cost
for each material to be scrapped,
ExD, [USD/t]

5 - Database of unitary power
related emissions arising  from
operating a ship, EmP , [t/ kW]

6 - Database of non power related
emissions arising from operating a
ship, EmNP;, [t/y]

7 - Database of unitary external cost
for each operating emission, EXEm
[USD/t]

8 - Database emissions from
harvesting / supplying each fuel
type, EmFS;, [t/kW]

9 - Database of unitary external from
fuel harvest / supply emission, EXFS i,

[VkW]

wher e oi o i s an
different materials and emission

In addition, for each ship type / size
it shall be defined, statistically:

Ship life, years, Y, [y]

Sailing days per year in loaded
conditions, Dloaded, [d]
Sailing days per year in ballast
conditions, Dballast, [d]
Days per year in idle / port /

anchorage conditions, Didle, [d]

Note:
MCi and MD ; are in principle the

same, for all practical consideratio  ns.

EmP; can is basically already present

in IMO Third Green House Gas Study
[9], with some integration still
needed.

i nde X




EmNP; considers ancillary emissions
and release of toxic substances, e.g.
incurred in cleaning / ventilating
tanks, antifouling, others, it can in
principle be disregarded, a these
are most likely lower order effects.

EXEm and EXFS are in principle not
alike since the externalites of
emissions at sea and of on shore
emission are not alike.

6. Revised EEDI
Procedure

Calculation

The revised EEDI, taking into account
the total life cycle externalites, shall
be calculated as follows:

EEDI = (ExC + ExD + ExO +EXFS) /
(CDWT - LLD) [USD /t/ nm]

where

ExC = External costs related to the
construction of the vessel,

ExD = External costs related to the
decommission of the vessel,

ExO = External costs incurred in the
operation of the vessel,

ExFS = External costs incurred in the
fuel supply chain of the vessel,

CDWT = Cargo DWT of the vessel,

LLD = Projected Loaded Life
Distance Traveled,

LLD = Vref - 24 - Dloaded

Vref = Reference speed of the vessel

at reference Main Engine Power
(PME),

In particular:

Ex C iMCilExCi/Y

Ex D i MCiBExD/Y

ExO = (Dloaded + Dballast) - PME -
- DEmP-EXEm + (Dloaded +
+ Dballast + Didle) - PAE -
- DEmMP;-EXEm + EmNP;

EXFS = (Dloaded + Dballast) - PME -
- DEmMFS-EXF$ + (Dloaded +
+ Dballast + Didle) - PAE -
- DEMFS-EXF$

8. Conclusions and Recommendation s

In the present paper  the
shortcomings  of  current IMO
MARPOL regulations have been
presented and discussed.

A revised methodology for the
calculation of EEDI has been
presented. This methodology would
allow to compute in a congruent
and comprehensive manner the
total life cycle design externality
index of ships, considering both
direct and indirect emissions,
allowing for straightforward
comparison of different technologies,
removing bias currently present in
favor of solutions that generate
indirect rather than direct emissions,
while still operating within IMO
institutional boundaries.

It is recommended that IMO

proceeds in revising MARPOL
regulations and in expanding the

Green House Gas Studies beyond
Green House Gas alone,
investigating and quantifying all

main emissions from ships, and
defining the unita ry externalities for
such emissions.

It is finally remarked that the
presented methodology is fully
congruent with what is currently
been considered for onshore power
generation, where the social cost of
energy is calculated according to:
9 total life cycle : construction,
operation, decommissioning,
fuel / energy supply chain




1 different types of externalities:

human health, loss of
biodiversity, damage of crops,
damage on materials,

damages due to other
pollutants, damages due to
radionuclides, climate
change é

1 cost for externalities for a large
and diversified inventory (NH3,
NMVOC, NOx, PM, SOx, CO2,
CH4, N20, Cd, As, Ni, Pb, Hg,
Cr, Formaldehyde,
radionuclides)
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Novel Method of
Monitoring

Bunker Fuel Quality

Abstract

Refueling of ships is a critical
procedure in the maritime industry,
as fuel accounts for over 40% of a
shipds operating
pilferage and quantity disputes have
significantly  reduced, questions
remain regarding quality of bunker
fuels. The current laboratory system
of bunker fuel quality testing is slow,
manual and prone to several
malpractices, leading to expensive
damages, costly insurance claims
and heavy fines. Two fundamental
issues lie in the limited drip sample
and delays in acquiring the quality
report.

This paper presents a solution that
addresses both issues, by presenting
a solution that scans the entire fuel
transfer while providing real -time
information about the fuel quality to
the respective authorities. Such a
system can detect and eventually
dete r bunkering malpractices as the
entire fuel transfer is being scanned.
Providing real -time information, the
system can actuate faster decision
making and reduce unexpected
maintenance or delays.
Implementing this scanning solution
shall restore confidence in the buyer
and eventually lead to a more
transparent ecosystem.

1. Introduction

With fuel constituting over 40% of a
shipds operating cost,
have substantial impact to
operations [1]. In recent times with

c 0 sihcseasing Wosts | ot fuelf UZ&,l it has

become imperative to ensure
quantity and quality of bunker fuel
onboard the vessel. Singapore
implemented mass flow metering on
board the bunker tankers delivering
both residuals and distillat es to
ensure quantity of the fuel being
bunkered in the port  [3] [4]. Although
disputes regarding the quantity of
bunker fuel has quelled, quality of
bunker fuel raises questions [5].

Needless to say, quality of bunker

fuel i s critical t o a
performance. With several layers of

filtering, purification and treatment
procedures, there are several layers

of impedance to contaminated fuel
reaching t he imds.i p o s
However, despite such measures,

several ships suffer engine damage

due to clogged fuel filters and

purifiers. In some extreme cases, the
shipds engine may st al
crew, passengers and cargo at high

risk. Insurance claims for such
damages d ue to poor fuel quality is

upwards of US$ 500,000 per engine

[6].

The costly consequences of poor
fuel quality is not over with engine
damage. When the disputed fuel




claim is proven, the bunker vessel
operator is obliged to r emove the
bad bunker and cover the costs of
this de -bunkering operation, which
ranges between US$ 1 -2 Million per
operation.

With new revised and more stringent
emission control regulations at sea,
IMO 2020 is aimed at curbing the air
pollution caused du e t o
emissions. These regulations
mandate major ports to ensure
presence and use of compliant fuel
onboard ships, breaching which shall
amount to costly fines and legal
consequences [7].

2. Overview of current practices

The present methods of testing
marine fuel quality are based on drip
sampling and laboratory checks. In
Singapore, bunker vessels are
required to comply with the SS600
standards as a licensing requirement.
Shipowners, operators and
charterers are obligedt 0 advise their
officers to follow the procedures and
requirements as stipulated in the SS
600 standards, when their vessels call
at Singapore for bunkering  [8].

Figure 1 Drip sample on -board
vessels

Figure 1 represents the current
method of drip sampling with an
existing drip sampler. The sampler is
designed to extract
drips of the fluid into a container for

the entire duration of the bunker
transfer. The drip rate of the fuel is
adjusted as per estimated bunkering
duration. The container is then well -
mixed and equally distributed into

i fivé ane litre sample bottles. The 1

litre samples are then sealed. 3 are

kept by the receiving vessel and 1

each by bunke r surveyor and bunker
tanker. Of the 3 samples, 2 are kept

for reference by the vessel and 1

sample is sent to onshore
laboratories via an agent.

The laboratory shall test the various
components within the fuel sample

as per ISO 8217 standards [9] [10].
ISO 8217 specifies the requirements
for fuels for use in marine diesel
engines and boilers, prior to
conventional onboard treatment
(settling, centrifuging, filtration)
before use on board the vesse |. This
standard for marine distillate and
marine residual fuels includes a set of
key tests which are needed to help
identify potential fuel issues before
serious damage is caused to ship
engines or emission compliance
violations occur. A list of the test ed
properties can be found in the I1ISO
8217 standard specification sheet
[10].

When a fuel sample is reported to
have breached their respective limits,

as specified in the ISO 8217
standards, the sample is flagged as
ookpecd fuel Wh e n
raised in such scenarios, to try and
resolve the dispute, the samples from
bunker surveyor, bunker supplier and
the vessel (one of the remaining two




samples kept onboard the receiving

vessel), shall be sent for testing. In
the scenario where majority of
samples are red -flagged, then the

ship shall undergo de -bunkering.
Taking on off -spec fuel leads to
severe disruption of the vessel
operations.

Limitations of this sampling

Whilst the measurement techniques
and instrumentation employed in
guality testing are accurate, the
underlying method of drip sampling
can be enhanced. Firstly, as the
name suggests, sample is a relatively
small portion of the fuel transfer,
which is in mo st cases less than a
fraction of the entire fuel transfer
guantity. Although continuous
sampling procedures are employed,
owing to manual procedures, the
sample collection method is prone
to errors and to malpractices, as the
rate of drip is adjusted to av
spillage. Moreover, certain aspects
of fuel cannot be retrieved by the
drip sampler, such as asphaltenes,
sludge, or any substance that may
be too big to flow into the drip
sampler. Also notable is the fact that
the drip sampler is at risk of clogging,
due to certain dirt and other
substances, which can render the
sampling procedure futile.

oid

The other aspect to consider is the
time taken to obtain a test report.
Although  the procedures in
Singapore ports are very efficient,
the procedure still takes 1  day at the
earliest. As the testing requires
sample to be taken onshore, the
current method can only be
post -bunkering. The
captain 1is

conducted
shipds

al

walit for the fuel quality report prior to
usage of the fuel.

3. Real-time quality detec tion and
monitoring

Dravam Pte Ltd has developed a
novel method of monitoring fuel
quality utilizing Machine Learning

techniques built on -top of
multiphase algorithms called DR -
SCANE. Rat her t han me
sample, DR-SCANE, scans the
transfer in the pipeline, and detects
contaminants in the fuel. This
facilitates early- dete
speco fuel in the bunke
monitors the entire fuel transfer and

works throughout the bunkering

operation, providing  what is

analogous to an X -Ray scan of t he

entire body, in medical industry.

DRSCANE, a patented sol

3 components as shown in  Figure 2.
The system has a hardware
component that shall be placed on

the fuel line of the vessel. The
hardware is standard flow
instrumentation, which monit  ors flow
changes in pressures and
temperatures. This information is
gathered via a data acquisition
system and transmitted to a cloud
based computing engine via an
Internet -of-Things (loT) gateway. The
algorithms are run on the cloud
engine on the transmit ted data, to

extract information about the
contaminants in the fuel. A log is
then generated and is made
available through a web -based
reporting engine.

ways advised to
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Figure 2 Schematic of DR -SCANE

As the hardware picks up signals, the
patterns on these signals are
analyzed. When a fluid flows through
pipeline, it has got a characteristic
signature, which is tied in with its
properties. When the properties of
the flud change, the flow
characteristic s will change. This is
exhibited in increase or decrease of
fluid shear stress near wall of the
pipeline. When different
components or
through the pipeline, a different
characteristic  pattern shall be
exhibited. The magnitude and
patte rn change in the signal are
characteristic to property of the
foreign body.

In order to provide proof of this
concept, a multiphase testing facility
in National University of Singapore
was utilized.

4. Experimental Validations

NUS Multiphase Flow Laborat ory is a
specialised test facility which has the
capability to generate the complex
flow regimes experienced by oil,
water and gas mixtures during
pipelines transportation due to
variation in the flow rates oil, water
and air within the pipeline. By
contro lling the flow rates of oil, water

of oreign bodyo

and air flowing into the flow loops,
various flow conditions and flow
regimes can be generated in the

Multiphase Flow Loop to help
address the complex multiphase
and Flow Assurance issues faced by
the Offshore Oil & Gas i ndustry. The
laboratory is utilized for industrial
projects, including modelling of flow
assurance, loading forces in oil
transfer  pipelines, testing and
calibration of multiphase phase flow
meters. For more information on the
flow loop the reader is direc ted
towards the research group of Loh
Wai Lam [11] [12].

FIRE

oOws

Figure 3 Testing-Skid for DR-SCAN in
NUS Multiphase Laboratory

Figure 3 represents the test -skid
utilized for testing the flow of marine
fuel oil. This is a closed loop rig, with
can be tested on 10 litres of fluid. The
rig has been designed to run on
minimal amount of fluid. The pipeline
utilized for this proof of co ncept was
a 1 inch (27.86 mm nominal
diameter) stainless steel pipeline. The
instrumentation includes a gear
pump for fluid power, with
associated pressure relief valves for
safety. The flow rate is controlled via

a variable speed drive invertor. The
flow is then passed through a mass
flow meter to register data about
the flow rate and the density of fluid.
The pressure and temperature are
measured with  transducers. A
differential

pressure transducer is




installed in the line to capture the
pressure drop. Al | instruments are
tied back to a SCADA system,
controlled by LabVIEW software.

The signals from all sensors are
inputted into an in  -house developed
code. A pre -processing algorithm
reduces the number of variables
which need to be input into a signal
proc essing code, which recognizes
patterns changes and alterations in
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magnitude of the signals. Such
changes in patterns are registered
and labelled into categories. Each
contaminant displays a separate
signal pattern and hence can be
labelled as a contaminant

In the experiments conducted as
proof of concept study, the oil used

was process oils and lubricant oils.
Only limited tests were conducted

with marine fuel oil.
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Figure 4 Different patterns found for injection of air,wate, solids and different
blends to oll

5. Conclusions

The existing methodology of drip
sampling during bunkering process
has limitations of limited sampling,
which coupled with a manual
process, is prone to incorrect
information, malpractices and
misinterpretations. This can lead to
expensive consequences of

equipment failure on board vessels
and more recently, environmental
fines. Dravam is pioneering a new




technology, leveraging on machine
learning algorithms, to detect the
contaminants in the fuel, by
scanning the entire fuel transfer and
providing real -time data. This paper
presents a proof of concept study
conducted in the NUS Multiphase
Laboratory, whereby the system is
shown to detect basic contaminants

in process oils. By training the
algorithm on a multitude of marine
fuel oils, DR-SCANE
detect a wider envelope of
contaminants. Working together with
existing drip sampling methodology,
DRSCANE shall
comprehensive fuel quality data,
paving way for a more transparent
bunkering ecosystem.

6. Patent

The technology of DR -SCANE
been patented under the IPOS
10201906212T. The technology is
owned by National University of
Singapore and licensed exclusively
to DRAVAM Pte Ltd.
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Abstract

The aim of the present paper is to
illustrate Marine Molten Salt Reactors
(m-MSR)  for  sustainable  ship
propulsion. International shipping
transports about 90% of the global
trade and it is the most efficient,
cost -effective and environmentally
friendly met hod of transportation for
most goods. Despite the above
shipping externalities, in terms of
mortality, morbidity, effects on the
environment and on the clime are
quite high. IMO, over the years, has
adopted MARPOL regulations and
amendments to increase the  energy
efficiency of ships and to reduce
ships emission (EEDI, EEOI, SEEMP,
IMO2020...). IMO2050 regulations,
currently being discussed aim at
reducing GHG by 50% 2008 basis,
which equates to about 90% by 2015.
However no current technology is
able to ach ieve these targets and to
provide the necessary amount of
fuel / power for Shipping future
demand. Of the technologies
currently being developed MSR is
arguably the most sustainable, and
with the added advantage of being
already tested in the past.

MSR promise to be the energy
source of the future: one that
answers the challenge of providing
providing safe, abundant and
affordable power, while finally

meeting the requirements of future

generations. Adaptation of MSR to
ship use (m-MSR) will allow for
compl iance with IMO2050 targets,
providing for a sharp reduction in
both total life cycle externalities in
comparison to pre IMO 2020 vessels
(-90%)), total life cycle private costs (-
35%), and for substantially higher ship
speed and shorter transit time, where
trade warrants.

Keywords

Propulsion, Thorium, Reactors,
Nuclear, Atomic, IM0O2020, IMO2050,
Emissions, GHG Externalities

1. Introduction

International  shipping  transports
about 90% of the global trade and it
is the most efficient, cost-effective
and environmentally friendly method
of transportation for most goods.
However the largest majority of
cargo vessels is powered by two
stroke Diesel engines running on
Heavy Fuel Oil, which is the waste
residue left over from oil refining
processes and which is the worst
fossil fuel, after coal, resulting in high
externalites due to  pollution:
mortality, morbidity, effects on the
environment and on the clime.

Recent epidemiological  studies
estimate that air pollution from
maritime shipping i s responsible for
about 400,000 premature deaths
and about 14 millions childhood




asthma cases per year, worldwide,
mainly due to lung and
cardiovascular diseases [1]. The
issues related to Climate Change
and Green House Gas emissions
aggravate the situatio n even further.

IMO, over the years, has adopted
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production itse If, further aggravating
the matter.

Table 1:

Overview of lan

d use

intensity relating to a range of energy
systems or electricity generation and
transport fuels [5]

regulations to reduce ships emission. ProdulPrimary ener|Land

In particular IMO 2020 [2, 3] aims at inten

reducing Sulfur oxides (SOx) and E r,\'/}\zNh]

Particulate Matter (PM) emissions Electricitv | Nuclear o1

while IMO 2050 [4] aims at reducing y i

GHG by 50%. Natural gas 0.2
Coal, Underground 0.2

2. Beyond IMO 2020, toward IMO

2050 Coal, Surface 5.0
Wind 1

Several options are  currently

available to comply with IMO2020 Geothermal 2.5

(scrubbers, LSFO, LNG, L PREflowerah8danls)®i0

compliance with IMO2050 is nowhere

in sight. Solar photovoltaic 10
Solari concentrated solar | 15

Biofuels, in general, present quite power

large  externalities related to Biomass (from crops) 500

combustlon byproducts,_ land use, Liquid Fossil o o4

food security, water footprint, loss of Fuel
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that only biofules produced from

algae can be considered sustainable. Sugarcane (from juice) 250

Synthetic fuels, produced by means Sugarcane (residue) 0.1

of electric power generated by

renewables, are cu rrently being Soybean Cellulose, short 1400

proposed as the most straightforward rotation coppice _

way to decarbonise  shipping, gj;';i'g:e' short rotation 1500

however also in this case there are .

some important considerations to be Cellulose, residue 0.1

made. In renewable, especially wind
and solar, suffer from poor land
usage intensity, high resource usag e
intensity, low capacity factor, erratic
power production, limited plant life,
issues in decommissioning. [5, 6]
These shortcomings shall then be
coupled to the additional costs

(CAPEX, OPEX and Externalities)
synthetic

related to the fuel

The above table shows that land

required for
extremely

large, unless in

production of Biofuels is

case

residues are used, however residues
are not meaningful for a large

production,

therefore they

disregarded.

-scale
can




Table 2: Direct and indirect GHG
emissions for power generation
technologies. [6] Note that non GHG
emissions further worsen the case, in
particular for Coal, oil and biomass,
and for gas, but to a lower extent.

Sour |Direct El ndirect
CO2 eq [¢CO2 eq [ g
Coal |960 330
oi | 689 299
Gas |460 770
Bi om1l7 99
Hydr |16 396
Wi nd|1l1 64
Sol al30 249
Nucl |9 21

Another issue related to synthetic
fuels is their impact on the vessel
design, building and operating costs.
Ship Power generation / propulsion
machinery related cost increase at
least 15%, tank volume increases
about 2.3 times for Methanol, 4.1 time
for Ammonia and 7.6 times for
Hydrogen). @ CAPEX for  power
generation and ancillary, in respect
to HFO, increase of about 15% in
case of methanol, 20% in case of
Ammonia, 30% in case of LNG, the
increase for hydrogen will be much
higher. [7]

Operating costs will increase due to
the fact that synthetic fuels from
green sources are projected as more
expensive than synthetic fuels from
fossil fuels, which in turns are more
expen sive than fossil fuels due to the
added processing required, and
related loss of efficiency (about 20 to
25%). It can be preliminary
consi dered t hat
fuel will cost about twice as much as
the fossil fuel based synthetic fuel. [8]

From all the above it can be inferred
that synthetic fuels are unlikely a
sustainable long term solution for
shipping, at least not in the from they
are being proposed today. In
particular sustainable means safe,
abundant, and reasonably cheap.
Green synthetic fue Is are to be
considered quite safe (externalities
are not high), however they have
issues with abundance (due to the
intermittent / erratic power
production and low capacity factor

of wind and solar), and they have a
cost issues, unlikely to be solved
anytime soon, even in case of
massive increase of solar and wind
power generation capacity.

For such reason it was decided to
look for an impending future
technology capable not only to

comply with IMO2020 and IMO2050,
but aslo to achieve a drastic
reduction of total lice cycle
externalities. This technology was
identified in Molten Salt Reactors,
MSR.being:

1 safe, as standard nuclear is
the power generation source
with the lowest adverse effects
on human health, and the
lowest externalities, and MS R
will have lower externalities

1 abundant, nuclear power
produce massive amount on
power, with high capacity
factor, at command, MSR is no
difference

1 reasonably cheap, MSR will be
cheaper than standard
Nuclear,

In respect to the cost of standard

0 g r e BURlAr pos Wep genegation ig shall be
noted that it is cheap whenever new
construction / installation projects

are managed successfully, however




time and budget overruns have
made some onshore project much
more expensive than expected, this
issue is considered solv ed with Small
Modular  Reactors, which  are
designed to be fully factory
assembled and installed on site,
cutting time and cost considerably.

3. A New Atomic Era

On 17t January 1955 USS Nautilus
SSN571 put to sea for the first time
and signaled "underway on nuclear
power." The Nautilus was
decommissioned in 1980 after 25
years of service, 2,500 dives, and a

traveled distance of 513,000 miles[ 9].

On 231 March 1962 N/S Savannah
set sails for her maiden voyage at
sea. She was laid up in 1971 after
sailing almost half million miles,
touching 77 ports and being visited
by almost 1.4 million people

worldwide [ 10].

Figure 1. N/S Savannah

Currently there are about 200
nuclear vessels, ranging from Aircraft

Carries to submarines, and
comprising civilian vessels such as
the N/S Sevmorput, anuclear -
powered icebreak er combo LASH
carrier / container ship, and several

arctic ice breakers. All nuclear

power vessels have s hown an
impressive  safety records, and

virtually no emissions.

A
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Figure 2. N/S Sevmorput

What above shows that nuclear
propulsion is technically feasible,
and that also the legal and
regulatory framework is, at least in
part, already in place. In addition
recent studies have renewed interest
in nuclear propulsion, while nuclear
technology is evolving towards safer
and cheaper reactors. The
application of the recent and near
future advancement in nuclear
power generation to ship propulsion
will pave the way for a New Atomic
Era.

4. Molten Salt Reactors

Military grade nuclear reactors
running on highly enriched uranium
are not suitable for commercial ship
propulsion, but the Molten Salt
Reactors are.

Molten Salt Reactors were initially
devisedinthe 1960s60, in par
7.4 MWt test reactor was operated

at Oak Ridge National Laboratory

from 1965 to 1969 under the so

called Molten Salt Reactor
Experiment. The first advantage of

Molten Salt Reactors is to operate on

a higher temperature / lower

pressure in respect to Pressurized

Water Reactors (around 700°C /
ambient pressure vs 315°C / 150 bar).
This leads to higher efficiency and
increase safety. The second and
more substantial advantage is to
dispense from a liquid coolant and a




solid fuel (whi ch could possible of
melt -down), but to dissolve fissile and
fertile fuel in the salt mix (mostly
lithium -beryllium fluoride and lithium
fluoride) which can be reprocessed
online.

Among the different MSR designs
one of the the most interesting  ones
is the Liquid Flouride Thorium
Reactors (LFTR). The Liquid Flouride
Thorium Reactor, is a liquid -fueled,
graphite -moderated thermal
spectrum breeder reactor optimized

for operation on a Thorium fuel cycle.
Thorium is fertile, not fissile, meaning
that it cannot be used to fuel a
reactor, however thorium can be
transformed into fissile 233U via
neutron absorption. In a LFTR thi s
transformation is started and then it
becomes self sustained.

MSRs, and LFTRs in particular,
represent a dramatic departure from

ost amd o Light Wat er
Technology. In particular MSRS are
designed to produce economical

electric  power by  combining
reduced capital cost, enhanced
safety, operational reliability and
responsiveness. In addition the
Thorium fuel cycle of a LFTR
capable of generating very
valuable isotopes as byproducts.

is

The LFTRsystem can be schematized
as follows (Fig. 2) [11] :
1 The reactor core and Blanket
1 Safety freeze valve and the
drain tank
1 The primary loop, comprising
of the primary pump and of
the primar y heat exchanger
T The intermediate loop,
comprising of the coolant
pump and of the gas heater

i
Te——

YO T L /

J 1 I N INU

——

1 The power conversion system,

comprising of a  Close
Supercritical CO2
Recuperative  Brayton Cycle

driving a generator.

1 The external cooling system,

1 The chemical processing
system for the reactor fluids

1 The off-gas handling system for
managing gases released
from the reactor

Coolant

Coolant

E 131007 SEE)
& 3

Freeze valve

Figure 3. Reference LFTR design
R e a cehematic [11].

The LFTR is currently in advance
stage of development and it is

believed that the first prototype

could be ready in about 5 years time.

In particular the LFTR offers a series of
advantages in respect to

conventional nuclear  reactors:

§ it is a Molten Salt Re actor,
making it small and relatively
light

§ it is intrinsically stable, since
overheating inhibits the
nuclear reaction

f It is melt down proof, as the
fluid is already liquid

1 itis walk away safe

1 it generates virtually no waste
(1% vs 99% fuel efficiency);

f it is proliferation proof, as it
does not produce plutonium;

§ itis virtually emission free;




1 it is relatively cheap to build
and to operate;

1 It does not require refueling
over the life of the vessel.

In principle nuclear fuel cycles that
extract energy from thorium using a
thermal energy spectrum are
proposed as a means to achieve
greater resource and energy
sustainability relative to traditional
LWR fuel cycles, this is thanks to both
the increased fuel utilization of
thorium -based fuel and the
substantial untapped global thorium
reserves.

Increased fuel utilization is a
consequence of the reaction
probabilities both of uranium  -233 fuel
and its daughter products formed by
neutron capture. As a result,
irradiation of wuranium -233 fuel is
more likely to lead eventually to
fission and less likely to produce
transuranics relative to U/Pu -based
fuel cycles.

Further, the use of liquid -state, real -
time fuel processing concentrates
uranium -233 in the fuel stream while
removing parasitic absorbers thus
dec reasing competition for neutrons
and continuously exposing uranium
to the neutron flux, allowing to
extract energy via fission from a
greater fraction of LFTR fissile fuel
than is afforded by solid state
systems.

Within the reactor vessel, a critical
conf iguration of fuel salt, graphite
moderator, and blanket salt is
maintained so as to permit fission
reactions to take place in sufficient
numbers to generate the required
thermal power. Each fission reaction
causes a fissile nuclide (usually

uranium -233) to split into two or more
fission products, each of which has
significant kinetic energy, as well as
two to three neutrons. The fission of
the wuranium also releases four
fluoride ions into the fuel salt. The
two fission products slow down
rapidly and pick up  the fluoride ions
to the appropriate valence. This
slowing -down of fission products
deposits thermal energy in the fuel
salt, heating it incrementally. The
neutrons are born with a great deal
of kinetic energy and lose most of it
in the graphite moderator in non -
absorptive collisions with the carbon
nuclei. One of the neutrons
continues the chain reaction by
causing another fission event while
the remainder are available for
absorption27 by fertile thorium -232
nuclei in the blanket salt, producing
protacti nium-233. Once formed,
protactinium -233 decays with a 27
day half -life into fissile uranium -233.

The mixture of liquefied fluoride salts
allows nuclear fission reactions to
take place at high temperature yet

at essentially ambient pressure. The
high opera tional temperatures of the
fluoride salts (500 -700 °C) allows
coupling to a close Supercritical
CO2 Recuperative Bryton Cycle and
generating power at high
efficiencies (approximately 45%).

In terms of natural resources and
security of supply, thorium deposits
are abundant in many regions,

including those lacking significant
reserves of natural uranium. The
reasonably assured and inferred
recoverable global supply of thorium

is  conservatively estimated at
6,355,000 tons, and substantial
inventories of thorium exist as the
result of mining for rare earths.




Despite being extremely energy rich
Thorium is generally considered a
nuisance waste by -product of rare
earth mining!

5. Comparison with Cu rrent

Alternatives

A preliminary total life cycle
assessment of the m -LFTR in
comparison to current technologies
was performed and presented in [12]

on the basis of Private Costs
(propulsion & power generation
CAPEX and OPEX) and Externalities
(HSE: Health, Safety, Environment
and Climate Change Externalities).

In particular calculations were
performed on the basis of two pre
IMO 2020 single screw parent vessels
equipped with a single Two Stroke
Diesel Engine and with Four Stroke
Diesel Generators, a VLCC with a 30
MW propulsion plant and a ULCS
with a 65 MW propulsion plant. The
results were almost identical and are
presented in a single table and in
indexed form in the table below,
where 100 is the Total Life Cycle Cost
for the parentv essel.

Table 3: Comparison of Total Life
Cycle Costs, Private Costs, HSE
Externalities and Climate Change
Externalties for a VLCC and ULCS. 100
is the reference index for a Pre

IMO2020 vessel.
CAPEX+ Climate

TLCC OPEX HSE Change
HFO pre
IMO 2020 100 80 17 2.2
HFO IMO
2020 103 88 13 1.8
LSFO 118 104 12 1.6
LNG 90 84 2.7 3.7
MSR /
LFTR 53 52 1,2 0,1

It can be observed that LFTR
technology, when fully developed
and deployed, will offer marked
advantages over all solutions, in
particular, in respe ct to pre IMO2020
HFO it it will reduce private costs by
about 35%, the HSE externalities by
about than 90% and the climate
change externalities by  about 95%,
while in respect to LNG, it will reduce
private costs by about 38%, the HSE
externalities by about 55% and the
climate change externalities by
about 97%.

6. Conclusions

Shipping has committed to
decarbonization, however not clear

path to decarbonization is present,
unless nuclear is considered.

It should be noted that LNG is the
best current options to comply with
IMO 2020, in particular thanks to the
drastic decrease in HSE externalties.
Reduction of methane slip will make
LNG even better. However LNG is




not a definitive solution as it cannot
lead to compliance with IMO 2050.

Biofuels, on their turn, present high
land based externalities, and are
therefore a substandard option for

decarbonization, even if provided

they could be produced in sufficient

large scale.

Green Synthetic fuels also present
several issues, not only they are not
as green as they appear, due to
quite substantial amount of
externalities, in particular related to
the shortcomings of renewables (low
efficiency, low capacity factor,

erratic and in termittent production)
and economic disadvantages

(additional losses due to additional

energy conversion, very long pay
back of the capex due to non

constant / low capacity factor).

On the contrary nuclear propulsion
appears capable to bring an almost
com plete decarbonisation of
shipping, in respect to both direct
and indirect emissions, exceeding
IMO targets, and, in a fully
sustainable way.

In particular it is important to
underline is that nuclear propulsion is
the only option that can drive
compliance to IMO2050 and, at the
same time, drastically decrease the
private costs. Among the nuclear
options, thorium fueled Molten Salt
Reactors appear the most promising
one due to its higher safety and
lower internal and external costs.
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Artificial Intelligence in Early Ship

Design

Abstract

Application of Computing
Technologies in ship design office
has been used for decades with
significant impact on ship design
process at al | it
concept, early and detail design
stages. New artificial intelligence
technologies are considered
utilization for vast amount of proven
ship data for both improvements in
future designs and performing
design activities efficiently. An Expert
System for Ship Design (ESSD), with
automated computing techniques
and tools to interact on critical
decision m aking during design stage
providing effective results is
proposed by authors.

ESSD Software is designed to reduce
the gaps and challenges faced in
performing calculations for ship
design. Modularization of design
packages based on ship types,
specific fu nctional requirements and
required classification rules are key
features of the software. With
intelligent algorithms optimized the
design process to re -utilization of
designs to meet new requirements,
by automation methods in

evaluation and modification o f
existing parameters.

This paper explains the concept in
the application of computing
technologies in various components

of design spiral and automation of
iterative  process. Also provides
in%gpt% go% \,:’benefit}:.i aaﬁ%e\{e in
terms of increase in performance
and productivity.

Keywords:

Computing Technologies, Atrtificial
Intelligence, Expert System for Ship
Design (ESSD), Artificial Neural
Networks (ANN), Fuzzy Logic System
(FLS).

1. Introduction

Ideal solution for optimal ship design
is integration of all aspects of design
spiral and managing the time
consuming iterative process
efficiently. The complexity in ship
design increases many folds due to
the gaps in data handling, analytics
and subjecti ve approach in decision
making by the involvement of
multiple human resources. Traditional
approach of engineering solution is
not efficient due to multi  -level data

blockage and the need of data An
system
Intelligence

embedded with
enable d

expert
Artificial




computing techniques and tools
developed with efficient algorithms
is prerequisite in current ship design
process to provide an optimal and
productive design solutions.

Expert System for Ship Design (ESSD)
is such an Al employed system that
undertakes t he ship design process
from data acquisition of proven ship
data from both SeaTech libraries
and also from the vast amount of
vessels data available on internet in
public domain after filtering and
data validation. Where the logic
and conceptual reasoning behind
the data utilization and adaptation

of parameter set for designing is
handled by Expert System Modules
and data acquisition, data
processing, preparation of reliable
data libraries and  automatic
learning/feedback systems to
improve the decision mak ing
capabilities controlled by Al tools
and techniques.

Data libraries of design parameters
& trend lines, weight components,
machinery and equipment
databases with programmed
multiple verification tools for design
calculations and reference materials
ena ble the designer technological
advantage to perform whole ship
design efficiently and cost
effectively. The data protection and
security tools further enhances the
integrity and intellectual property
leakages. Continuous development
of secured database ena Dbles
reliable source of data inputs for the
study and development of
innovative and cost effective

optimal design products for the
industry growth.

2. Basic A.l System Concepts

Artificial Intelligence is building and
evolution of system models with the
capability to simulate human
intelligence  in  reasoning, self -
learning, decision making and react
rationally. A.l covers vast number of
technologies, a brief overview is
shown in Fig. 1. These techniques
include ML or machine learning, DL
or deep learning, Natural Language
Processing (NLP) or natural language
comprehension,  establishes the
hidden patterns in large data sets
and later using complex algorithms
can relate the findings between
apparently unrelated variables.

Deep Learning

Machine Learning

Predictive Analytics
Translation

Natural Language
Processing (NLP)

Classification & Clustering

Information Extraction
Speech to Text e s
p ! Spesch Amfucxal
Text to Speech Intelligence
- Expert Systems N (Al)
Planning, Scheduling & /
o Optimization _

Robotics
Image Recognition

Fig. 1 Overview of Al Technologi es

The Expert Systems aided by big
data analytics by ML through
Artificial Neural Networks (ANN) and
Fuzzy Logic Systems are utilized for
ESSD. Expert systems are based on
explicitly formulated special domain
knowledge obtained from experts to
emulate the reasoning process and
achieve decision on the expert level.
Expert systems have to provide
recommendation even when part of
the required data is not available.
This requires databases with multiple
or alternative inferences.
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Fig: 2 General ANN Structur e

The artificial neural network (ANN) is
set of processing units called neurons
operating in parallel and connected
to each other by weighting. ANNs

use a mathematical or
computational model for
information processing. The weights
on each connection can be

dynamically adjusted until the

desired output is generated for a
given input. With explicit knowledge
about target values the network is

abl e t o ol earné by
values between connections
(weights between elements).

Typically as shown in Fig. 2, AN N
consists of 3 layers an input layer ,
with a number of neurons equal to
the number of variables of the
problem, an output layer , where the
Perceptron response is made
available, with a number of neurons
equal to the desired number of
guantities computed f  rom the inputs,
and intermediate or hidden layers
ANNs are widely used to solve
problems of classification, prediction,
and control flow.

Fuzzy Logic (FL) is a method of
reasoning that resembles human

reasoning. The approach of FL

imitates the way of dec
in  humans that

ision making
involves  all
intermediate possibilities between
digital values YES and NO. The fuzzy

logic works on the levels of
possibilities of input to achieve the
definite output.

Rules

Defuzzifier

Input Fuzzifier Output

Input
Set

Output

Intelligence set

Fig. 3 Typical Fuzzy Logic System
Structure

Fuzzy Logic System consists of, as
given in Fig. 3, Fuzzification module
which transforms the system inputs,
which are crisp numbers, into fuzzy
sets. It splits the input signal into
different steps. From Expert syste m
Rules for knowledge base, An
intelligence engine to simulate the
haur@e}n Jeasoning §rocesshog inputs
and = Defuzzification module to
obtain the output from the system.

3. Application of A.l in Ship Design

Ship design is an iterative process,
where ship desig n parameters are to
be optimized t o
requirements, performance, class
rule requirements and shipyard
requirements on availability of
materials/  equipments. Various
interlaced design aspects influences
each other making the process as
continuous evaluation and decision
making appropriately at every stage
to provide an optimum and
successful design. Fig. 4 shows
typical design spiral, where hull form

me et




parameters influence the resistance
& powering of vessel. The rule
requirements on freeboard, sub -
division & stability have influence on

cargo capacities and Design
scantlings and arrangement has
effect on lightship weight,
influencing other aspects.

mission
requirements

y £os!
estmates

proportions and
preliminary powering

lines and

bocy plan damaged

stability

hull
form *
hydrostatics
and bon-
jean curves

capacites,
trim, and
intact
stability

light ship
weight
estimate

floodable length
and freedboard

arrangements
ull and
machinery)

structure

Key:
l:l concept design phase |: contract design phase
|_| preliminary design phass () detal design phase

Fig. 4 Ship design spiral

The application of artificial
intelligence tools to effectively and
efficiently solve for integrated ship
design aspects is much needed for
design offices. Expert System for Ship
Design (ESSD) acts as a virtual
operator in ship design, which
provides complete design model for
specified requirements faster a nd
easier.

BIGDATA
FROM
INTERNET

ArtificialIntelligence Tools
ANN & Fuzzy Logic

’ Expert System
sign
Lo Cale -

ity
& Stability

Fig. 5 ESSD system functional outlook

Fig. 5 provides brief outlook of
functional areas and scope of Al
Tools and Expert system, where the
ship proportions and propulsion
sizing carried out for initial inputs
from the reliable big vessel data
from internet and Seatech data
libraries. Using the  outcome
parameters, expert system further
evaluates the other design aspects:

a) Scantlings design and
longitudinal strength verification;
subsequently, Hull steel and LWT
estimation.

b) Cargo carrying capacit y DWT
and Basic Intact  stability
verification.

c) Other design calculations o}

Freeboard, Equipment No., GT/NT.

The feedback system from expert
system and error in desired output
for speed -power and cargo
deadweight is sent to Al algorithm to
modify the weigh ts and re -evaluate
process automatically.

3.1ANN 0 Fuzzy Logic Model

To select the ship proportions and
form co -efficients a two layer neural
network was used along with
standard naval architecture
principles and calculation methods

as rules for fuzzy logic system. Single
layer is used only for Ilinearly
dependent input and output
parameters; whereas additional
intermediate layers are required in
order to approximate nonlinear
behaviors such as displacement o]
speed O power relationships. A
database of proven SeaTech ship
designs created for various ship
types and a similar dat abase for the
internet data with predetermined
dataset is collected and processed

to improve accuracy.




An artificial neuron model consists of
a linear combination followed by an
activation function. Different types of

activation functions can be utilized

for the network; however the
common ones, which are sufficient
for most applications, are the
sigmoidal and hyperbolic tangent

functions. In most of the application,

hyperbolic tangent transfer function

IS a better representation compared

to sigmoid transf er function.

Referring to Fig. 2, the neurons in the
input layer is to distribute the input
signal xi to neurons in the hidden
layer. Each neuron | in the hidden
layer sums up its input signals xi after
weighting them with the strengths of
the respective connections wiji from
the input layer and computes its
output yj as a function f of the sum,
given by

yi=f( ®gx) (a)

where f can be a simple threshold
function such as a sigmoid, or a
hyperbolic tangent function. The
output of neurons in the out put layer
is computed in the same manner.
Following this calculation, a learning
algorithm is used to adjust the
strengths of the connections in order
to allow a network to achieve a
desired overall behavior. Fig. 6 gives
schematic arrangement for
feedback system  with  back -
propagation algorithm.

feedback

outputs

inputs competition/inhibition

feedback

Fig. 6 Feedback System Schematic

As values are sent from one layer to
the next, a weight is assigned to
each interconnecting line and is
multiplied by the values. Each
neuron on the hidden layer sums all
inputs, and the combined input is
modified by the function. The output
value of the transfer function is
passed directly to all neurons in the
next layer, again with a weight
assigned to each value. Values of
the interconnecting weights, pre -

determine the neur al net wor
computation  reaction to any
arbitrary input pattern. As

information is passed forward from
the inputs towards the outputs,
interconnecting weights are
adjusted by a back -propagation
algorithm during the learning phase

so that known output s will best
match predicted outputs.

Fuzzy rule base was generated by
learning from databases created
one for seatech proven ships and
another from internet ship database.
As mentioned, the available set of
data was divided into two subsets:
the first was used for generation of
the fuzzy rule base, and the other
was intended to be a control data
subset. After the fuzzy rule base was
created, the obtained fuzzy system
was tested on both subsets of data.
The estimate of the required design
parameters for the subsets was also
determined wusing artificial neural
networks, as well as by multiple
linear regressions. The training of the
neural network was done using
simulated algorithm. After the testing,
the fuzzy logic approach provides
the closest estimate of th e design
parameters generated in a given
database.
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4, Case study of Application of D= Dept h, T= Dr af t
A.l Tools on Bunker Tanker Ship Type Displacement, LWT= Lightship Weight,
Database DWT= Deadweight and PB= Engine
Power are parameters set taken as
A case study to estimate lightship input layer. Two intermediate/hidden
weight (LWT) and dead weight layers are constructed, where one
(DWT) outputs from the internet hidden layer nodes with geometric
data collected through A.I tools proportions L/B, B/D, D/T and L/T as
performed on sample of 15 ships nodes with initial weightages. The
database of bunker tanker type second layer is formed with form co -
and partial list of ship data given in efficients Cb, Cm, Cp, Cw, Fn as
Table 1. nodes. The output layer is with DWT
Displacement and Engine Power as
Where L = Length between output parameters.

perpendiculars, B= Breadth

Table 1 & Partial list of Testing Data for Case study

Shi DWT Displ. Engine No. of
Nol.o L (m) B(m) | D(m) | T(m) (M) (T‘)) Powe% (kW) | Engines
V1 70.13 | 12.17 6.1 5.1 1650 2750 750 1
V2 66.51 12 5.8 4.24 1798 2744 444 2
V3 69.95 11.9 5.95 4.97 2129 3261 1520 1
V4 71.27 12.5 6.65 4.91 2750 3900 684 2
V5 79.45 12.5 6.3 5 3000 3971 746 2
V6 70.4 14 7.6 5.76 3100 4289 2160 1
V7 86.65 14.1 7.2 5.7 3577 5254 1850 1
V8 81 15 8.6 6.3 4498 6320 1850 1
V9 75.4 16 8.2 6.6 4650 6000 736 2
V10 103.5 17.2 9 6 4915 8219 3000 1
V11 99.95 16 8 5.988 5667 7975 2720 1
V12 95.2 18 8.8 5.95 6200 8500 750 2
V13 102 19.2 9.3 6 6600 9945 2800 1
V14 103.08| 18.2 10 6.7 6603 9918 2610 1
V15 94.96 | 19.05 10.5 7 7277 9945 2970 1
V16 106.47| 17.6 9.4 7.2 7616 10966 1720 2
V17 116.65| 19.05 10.5 7 9596 12930 4320 1

A data of 15 ships from SeaTech
database is taken as teaching set of
data and the 50 ships data
collected as testing set. To train the
neural network the teaching set
data is passed, where each cycle of
feed evaluates the error from the
network  process and output




parameter given in output layer. For
ANN model to begin with, the
activation function b =15 and
teaching factor h =05 are
considered. The learning of error for
each cycle is feedback to the

hidden layers  through back
propagation to adjust the wei  ghts
and refine the process.

Convergence Plot
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Fig. 7 Convergence Plot

The learning process can be used as
tool to determine the network
structured correctly for solving the
intended task. Convergence of the
system is when the output reaches
the desired point statistically or error
value reduces each cycle to
acceptable limit defined. Fig. 7
shows the convergence plot for the
designed ANN, where 120 cycles of
teaching process completed for
RMS error reached target limit of 0.05.

The outputs obtained for DWT an d D
from the ANN are compared with
SeaTech database vessels and Fig. 8
shows variation of trend lines for
teaching set and testing set data
under various ship parameters. The
maximum  deviation of these
parameters given in Table. 2.

Table 2 - % Deviation of ANN Output
from Teaching Set Data

Parameter Max. Deviation (%)
L/B-D 11.5%
B/T-D 9.2%
L/D-D 0.7%

L/BDWT 5.5%
B/T-DWT 8.8%
L/D-DWT 2.0%
LBFD 4.6%
B-D 4.6%
T-D 7.0%
CBDWT 8.5%
FNDWT 6.3%
PB-D 9.5%

Evaluating the results on principle
particul ars of ships
displacement and DWT, the results
show deviation in L, B, T are in 4.6%,
4.6% and 7% respectively indicating
the network can be used for
selection of principle dimensions of
the vessel. The maximum deviations
observed in breadth of ship, which
may be result of specific owner
requirements and optimization can
further be carried out in future ship
designs.

From Fig. 8, On ship proportions L/B,
B/T and L/D with respect to  Dthe
maximum deviations 11.5%, 9.2%
observed at lower displacements
range upto 2000Tons and it can be
contributed due to less number of
vessels in that range. At higher
displacements the deviation is about
5%. With respect to DWT, results are
similar and dr aft restrictions and the
cargo products type may have
influence on deviations.
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Fig. 8 Comparison of ANN output with SeaTech Database

Referring to C g, Froude no. and
engine power output, it is observed
that the effect deviations in first layer
nodes of proportions are getting
compounded at second layer nodes

of form co -efficients, which results in
proportionally higher deviations of
8.5%, 6.3% and 9.5% in Power output.

In overall view, neural network
produces fairly acceptable results.
Further study with increase in no. of
nodes with large dataset to improve
the accuracy has to be investigated.

5. Conclusions

Application  of  fast growing
computing an d automation
technologies is very essential for
marine industry and especially ship
design offices to meet the
challenges and provide solutions in
the era of digital transformation.
Artificial Intelligence technologies
and tools have greatest potential to
provide intelligent and smart
methods for ship design processes
more efficient. Utilization of these
technologies also enables
concepts for

innovative  design
future.




A.l techniques using artificial neural
networks and fuzzy logic systems are
capable of produce reliable and

accurate results applied to early

stage of ship  design. The
characteristics of self -learning from
iterative process as in ship design
spiral and establishing relationship
through data under guided expert
system rules are key factors in
application of A.l technologies.

The important advantage of A.l
technologies is in tapping the vast
pool of unorganized data over
internet. Utilizing limited data sources
from company as teaching set, the

unorganized data can be processed

and trained to produce valuable
information in decision making and
improving/ optimizing design work.

Establishing the best suitable neural
network for the desired output
parameters require a model setup
with careful review of inputs and
outputs, number of la yers, number of
nodes in each layers and their
connections. It is also important to
have suitable amount of data in
teaching and testing sets in order to
achieve  convergence in the
learning process. For the feedback
loop back propagation algorithm is
considered to adjust the weights
during network training process,
which can be explored using other
techniques.

Finally, Trained A.l tools like artificial
neural network can be utilized in ship
design process for its ability to follow
expert rules and capabil ity to derive

meaningful patterns from complex
unorganized data into a productive
data source to assist in early ship
design efficiently and productively.

2]
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Intelligent PME Software for Productivity

In Design Office

Abstract

The 4t industrial revolution will alter
the way we work. Higher productivity
growth has become a basic
necessity in all spheres of life and
commercial enterprise. In a design
office, there are multiple design
projects running concurrently. These
projects  are mon itored and
evaluated on a continuous basis to
improve productivity. Ship design is a
sequential process with numerous
iterations to refine and optimize the
design. Each document may
undergo multiple revisions. The
Project Monitoring System must
address spe cific needs of the ship
design process and it requires
intelligent Project Monitoring &
Evaluation (PME) software that
automates the manual process and
also provides a live dashboard for
the management information system.

As each project progresses, the
amount of project data can
become very huge. The PME
software needs to combine features
for project execution, monitoring
and evaluation, communication
and a project database with ability
to handle multiple projects
concurrently. This paper presents
PME software specially customized

for use in a design office and
estimates the expected
improvement in productivity
compared to the current systems.

Keywords:

Productivity in Design Office, PME
software, Project Execution, Project

Monitoring oDashboard, Proje ct
Communication, Project Database
Management, Performance
Evaluation.

1. Introduction

The 4th industrial revolution, refers as
digital transformation of industry,

leveraging third platform
technologies, such as Big Data
/Analytics and innovation

accelerators, such as the Internet of
Things; and requiring the
convergence of IT (Information
Technolo gy) and OT (Operational
Technology). New IoT, data analytics
technologies are re -shaping the
marine industry in ship operations
and management at rapid pace.
Design offices as frontiers needed to
handle large volumes of data, as in
creating and managing th e ship
design data, critical equipment and
communication information for each
vessel.




In common scenario of working with
multiple  design  projects, the
complexity of project management

aspects of planning, execution,
monitoring, progress, performance
eval uation and project
communication seldom becomes
uncontrollable. As project evolves
documents generated undergo
various phases of review by client,
class society approvals and yard
modifications which needs to be
controlled and monitored regularly.

The traditional use of spreadsheets or
the generic project management
softwares proven to be ineffective to
meet the design office requirements.
These methods observed to create
bottle necks in the process flow due
to lack of adaptation to document
management  in iterative process,
inefficient response for changes in
project structure for various ship
types, loss of time on existing data
utilization and a non -uniform project
management approaches.

Working towards solution for design
offices, SeaTech Solutions
developed custom made Project
Monitoring and Evaluation software
for productivity improvement. The
PME software ensures design offices
to perform efficiently meeting the
design deliverables as defined by
project deadlines. Software key
features are creation of ship design
database, hierarchy and controlled
work flow with data security, multiple
projects handling capability, multiple
level user access, resources
allocation, e -mail management
system, dashboard for projects
/departments /lemployee

p erformances. In the current
dynamic market, this software tool
encompasses design office

productivity and competitiveness
meeting demand for quality work in
optimum time.

2. Project Management
Office & Productivity

0 Design

The scope of project management
in design office is to deliver
approved basic ship  design
drawings to the owner/ shipyard as
per owner requirements and
contractual technical specifications
as shown in figure 1. Further, the
project manager establishes
required documents to be delivered
base d on functional and operational
requirements considering ship type,
class notation and systems onboard.
Typically, the planning of resources
and scheduling the deliverables
carried out in co -ordination with
engineering sections. Details of
typical project management
method are shown figure: 2.

Ship is a high valued asset, which
involves collective contribution of

owner, designer, shipyard, class
society, equipment supplier to
realize the final product. The nature

of project management in ship

design office  varies with other
industries, as it requires matching the
interests of all parties involved.
Eventually, design office needs
incorporate some modifications and

perform iterative design process,
result in multiple revisions for each
documents generated.

Productivity in design office
environment is much focused on
efficient utilization of work force to
produce quality work and minimizing
the time as resource for data
preparation and performing work.
Decision making & response - a vital




aspect of productivi ty, requires
project information and
communication to be available
readily and precisely. An automated
project monitoring plays crucial role
in productivity for status reports,
weekly progress and setting up

action plans.

Approvals,
// comments Q

Shipyard Supplier
Planning, Data
Standards \ \

Class

Design Office
Managment,
Work process

Owner
Progress,
Appovals

\ Design Office V
Project

Manager

Project Deliverables, Planning, Schedule

Monitoring Design Team Work Progress

Project Issues, Bottle necks, Data Requirements,
Fabrication problems and Clearing Technical Issues

Project Communication, Progress Status Reports,
Meetings and Clarifications

Documents Control & Submission; Complete
Project Phases;

Sea Trials & Final Documents Delivery

Figure 1: Overall Scope of Project
Management in Design Office

In a perspective view, productivity in
design office has to be extended to
re-usability and best utilization of
produced data. Work quality is an
important parameter of productivity,
which can impact project with
reworks at expense of large man
hours and ¢ ompany reputation. For

\ T L
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seamless execution and continuous
process improvement - feedback,
evaluation and knowledge bank of
problem & solution needs to be built
for future reference of similar project
issues.

The objective of this software is to
develop a system to handle project
management aspects for the design
office from the start & enquiry reports,
weekly progress and setting up
action plans. stage - to the end 0o
vessel delivery stage - of the project
in standard procedure.
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Figure 2: Project Management Method in Design Office




This system will serve to help project
managers to consistently manage
and monitor the progress of each
project deliverables and status. The
system developed on webl/intranet
platform, where application installed
on server can be accessed by
different sections from local system
to fetch project data and update
assigned work status. The system
should provide role base d access to
the project to display relevant
information and data protection.
Database is used to save large
volumes of data for the projects.

3. PME Software o Concept and
Methodology

Establishing development scope is
essential and foremost step to
convert the productivity needs to
project goals considering current
execution mechanisms and
available resources. Operational
system of company is divided into
organization  structure, functional
sections and their interaction
aspects to get the extent of
automation can be carried out and
also to establish both issues
considered and solutions as goals.
Software needs to provide leverage
over traditional tools in following
areas of design office operations:

Database management
Progress/Status monitoring
Cont rol over project execution
Dashboard

Data Analytics

Feedback and auto alerts
Email management

[ m-R -  cnt  nt

From client enquiry to project closure
managing the planning, execution,
data and communication

effectively with PME Software. It is

developed in 4 phases men tioned
as below and figure: 3 show the
overview of the phases with
associated work flow execution.

Module 1:  Project Information
Management

Module 2:  Project Management
and Execution

Module 3:  Dashboard - Project
Monitoring and Performance
Evaluation

Module 4: Email Management

System & Email Reference Number
3.1 Project Information Management:

The basic requirement of software is
to collect project data through user
interface in an organized manner
and store in structurally arranged
database. This phas e enables the
design office to generate standard
database for organization and
enquiry projects, which will become
basis for subsequent  project
development upon confirmation.
Database for completed / on  -going
projects can be prepared in this
phase. The framework of this
module in the following page




Design office DB Management
~ Organization Structure
_ |~ Employee Database

~ Project Delivarable Templates
Database

(Ship Type, Notation Specific etc.

| [~ Project Database
(for completed / ongoing)
~ Data Migration Tools

Creating DB for Existing Projects

Project Information
Management
[

Enquiry projects
~ Enquiry Information
—~ Deliverables for submission
~ commercial Information
~ Search tools and Email system

Figure: 3 Overview of Project
Information Management

In Design office database,
organization structure used to create

and collect data on hierarchy,
designations, departments, office
locationsand t eamod s

Employee database is resources
database connected to
organization structure. Project

deliverables templates are libraries
of master document register
prepared categorically based on
ship type, Class Notation, Cargo
type, Statutory re quirements etc.

Creating Database for existing ships
is important aspect for design office
to preserve the valuable data and
future references. The engineering
project data is collected related to

principle  particulars, hull  form
parameters, tank capaciti  es,
accommodation details, lightship

data, equipment list etc. Reference
documents Technical specifications,
GA etc. are made available.

~

categor

Any project begins as an enquiry,
hence enquiries and projects are
needs to separate initially and after

contract agre ement it has to
transformed project. Enquiry
management is key for design office,
where each enquiry is handled with
due diligence and quick response to
increase success ratio. The potential
enquiry is registered as new enquiry
and itds i
techno - commercial documentation
is maintained. Features include
communication through Email
system and alert system is of great
help for design office as large
number of enquires needs to be
handled.

Apart from preparation of relational
data base which is essential for
resource allocation for multiple
projects planning, this concept uses
preparation of standard library of
deliverables list related to design
office based on ship type, notation
etc. for all possible cases. Software
previded iwishn . flexibility to add and
modify the library files for any future
requirements. These features enable
standardization and reusability of
data. As creation of this database is
one -time activity, it reduces time loss
for each project and associated
human error s, enhancing the design
office  productivity. Creation of
database for completed projects is
referred as digitalization of project
data, which is key resource for data
analytics and improvement of ship
design process for organization.

3.2  Project
Execution:

Managemen t and

This module collects the real -time

project data and stores in database
Project

as project progresses.

n f o ralohes list, o n ,



Management is the process of
breaking the work scope into multi -

stage groups and finally
identification  of activities  with
defined fini shing dates. Further these
activities are  operated  using
resources O both man power and
time & to obtain data points in the
path of planned progress. The data
collected is very important source in
decision making, setting action plans
and processing the da ta to evaluate
performance to improve
management processes both in
project works and office. This part
deals with core functional aspects of
project and demands for
application of smart technology to
add value over all available tools.
The software is desi gned to work on
multiple project databases and
capable of operated by multi -level
users based on their roles and
responsibilities at the same time. The
framework of this module is as below:

Project Office
~ Project PrePlanning
~ Issue work and Rechedule
~ Projects meetings and log

~ Manage Comments
Section Portal

~ Work assignment and job list

~ Monitoring work status and
—feedback from employee

~ Performance rating for each
work assignment

~ Review work _and Comment$
Employee Portal

~ Weekly job list
~ Document Management system
~ Time sheets

Admin Portal
L~ Project Reports generation
~ Issue admin jobs list

Project Mangement and
Execution
I

Figure 4: Overview of Project
Management and Execution.

Project pre -planning involves
automation of manual process of
generation of deliverables list,
project timeline with man -hours
budget and master document
register. Also, project manager
provided with tools such as check
lists, document dependency list and
document templates. Project
meeting communications and
minutes log with work issue to
sections in -charge and planning re -
schedule. To monitor and resolving
comments from client, class and
yard manage comments section is
used.

Section Portal, accessed by
designated section in -charges of
Naval Arch., Hull, Outfit, M/c &
piping, Electrical and Analysis
engineering departments. Execution

of work carried out by assigning work

to engineers after verification of

work load on engineers and
prioritizing the work based on
urgency. The work assignment
provided with target dates and

standard man -hours to perform.
Review of work and performance

assessment drawn with provision for
noting comments and rating. Work

type segregation for reworks, work
variations , comments revision is
applied for better understanding of

project man -hours utilization.

Employee Portal is for engineers to
find their work assignments and
manage their jobs with standard
document system. Engineers
prepare  database for actual
durations for completion of work.
Feedback and alert mechanism are
used to communicate with section
head for requirements of data or
issues on progress. Admin portal is to
assign admin related works and




generate required reports from the
database.

Each components of this module is
developed as per working nature of
design offices, which makes PME
software as custom solution for ship
design offices. Data protection and
security is achieved in two stages, At
user end multi - level authentication
of user to access da ta and at server
side data transferred by encryption
and no credentials given to project
team either for accessing and
manipulate database. Project
activities are maintained by web
technologies, where application can
be accessed any branch office in
the wo rld through internet while all
information is available at central
server

3.3 Dashboard & Project Monitoring
and Performance Evaluation

Dashboard is graphical tool to
present the real -time project data in
a useful productive way through
processing the collected project
data. The data points of project are
essentially the relations of activities
(or) man power resources with
respect to target dates (or) time
periods. The project schedule, work
allocation and employee
completion dates are collected as
pro ject progresses and based on the
target date and completion date,
the progress and performance
charts are generated in real -time for
quick review of any project or
employee.

o Overall Projects Status monitoring.

o For every project, each
department completion status
with  reference to  delivery
schedule.

o Project budget time and re  -works
time monitor.
o Man -hour estimate for Variation

Orders

o Employee Work Load Status
monitoring.

o Employee Performance Status
monitoring.

0 Weekly reports generation.

The essence of project
management is made readily
available using dashboard and gives
clear edge over traditional tools. The
status data is plotted as percentage
compared to planned milestones,
which  enable user easy to
comprehend data. This is powerful
tool to determine necessary action
plans at right time.

3.4 Email Management System &
Email Reference Number

Email is common communication
mode for projects and project team,
where information is transferred
between concerned parties.
Generally, the mail com munication
is standardized in design offices,
following approaches in usage -

1 Direct mailing system to project
managers

1 Two-tier transfer; where a specific
office mail id to receive external
mails and then admin to transfer
mail to the concerned.

In both cases wi t h itds
advantages and disadvantages,

requires a better solution to be
implemented.

Integration of PME Software with
Email management is  smart
approach for faster communication

and security for data transferred.




While working in multiple proj ects, itis
also an effective method to
segregate data received from the
owner, suppliers and class and
manage incoming data.

The basic concept is, each project
after status 0 shanged from
enquiry, automatically a project
email id is created by softwa re
under project number.

e.g. P2100@seatechsolutions.com

The project mail id is automatically
linked to external clientele from
database and internal distribution list
for project team is made separately.
These emails were redirected to by
the project manager directly. For
sending document attachments,
initially files are uploaded through
system and an email is sent to the
receiving parties to download the
file. A notification is sent to office
management  to inform the
successful download of  the
documents.

System for Document Submission:

o Email is provided with links to
download.

o Attachment files to be uploaded
to cloud space before sending
download links automatically
from office server.

o Passwords for downloading files
are sent separately to cl ient.

The automation script is set up on
the server to run every 5 min.
Following are the features of the
automation script:

o Redirecting emails from client to
Project Managers on unique
project email address.

i
Te——
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o0 Sending received emails to
project department  members as
set in the database for each
project.

o Redirecting emails from Project
Managers to clients when
received at unique project emalil
address.

E-mail Reference Number System:

For outgoing emails, all emails have
to be assigned a reference number
for record and future tracking.

4. Software Development

PME software is developed using
web technology tools PHP,
Javascript, JQuery, CSS, HTML5 and
Bootstrap as frontend with MSSQL
Server as backend. The advantage
of these technologies is  software can
be operated on web/cloud or
intranet platform. The project work
happening in different countries
made simple to manage. Data
transfer and communication made
secured using data encryption and
multi- level user authentication. At
server side, pr oject data is controlled
and managed using admin
protocols to access.
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SECTION INFORMATION DD SECTION DESIGNATION INFORMATION

S.No. Section Name Section Code S.No. Designation Name Designation Code

1 Section! 15 1 Descriptiont 15

Figure 7: dUser Interface for Model 1  d Project Information Management o]
Organization Structure

ADD PROJECT DATBASE INFORMATION

1 Principle Particulars 2 Statutary Infarmation a2 Tank Capacities 4 Accommodation / Engg Data 5 Equipment Specificaitons g Mavigation/Communcation Spec 7 GAlmage
F

Project Nao. Select Depth
“essel Name Loaded Draft
Type of Yesszel - Select- Air Draft
Class Society Dead Weight
Class Notation Tannage
LOA GRT

LEP MRT

Breadth

Figure 8: dUser Interface for Model 1 & Project Information Management o}
Project Database

DRAWING MASTER LIST

Doc Typeo: st Add Drawing « | ‘
Hull ‘ ? & %

Doc.Type No.

Sheet No.

Rev. No.

Drawing No.

THle Select

Sub-Discipline Select

Include in Project Deliverable © Yes ©
List

Cancel

Figure 9: dUser Interface for Model 1 8 Project Information Management o}
Master Document List Template




PROJECT INFORMATION LIST

Select Custom Field

+ Add Filter

Project  Project Date Client Client Technical
No Title received Company PIC Email SeaTech PIC Lead Doc Req Outstanding Action

PO007  Pump Room  05-07- Ming Tzong Shaun  schuan.lin@msa. hinet.net Others Pump Room Edit | &
Arrangement 2017 Hamg Trading  Lin Arangement
Drawing for Co., Ltd. Drawings
9000 DWT
Tanker

ENTER THE PROJECT INFORMATIOH DETAILS

Project Ho

PO00S
Requested By Frojest Type

selent Request By Gelact

Wessel Categary WVessel Type

Select . Sellect

Project Title Mame of Company

Projsct tile Select

Client Pesan in Charge Client Email

Select

Process Status

Text area

Hey look, this one has feedbadk icons!

" Subimit Cancel

Figure 10: dUser Interface for Model 1 & Project Information Management o}
Enquiry Data

Advantages: track trends of the company and
make informed decisions for the

7 Single platform to manage all company . Rights of access for
project related information. each part of the database can be

9 Allows users to add and view only created to ensure timely update of
their projects and related information to the respective
information. departments.

fwith the new system, all 9 Information is collected through
information is systematically systematic method into the system.
managed by project numbers on This allows proper search functions
one database system. With a and criteria. Engineers can search
database, the business for what they want quickly and

development department can also accurately. This helps to reduce




time spent from searching all the

existing projects and
accuracy of the information used

in crease

for future projects or share with

clients.

1 Eliminate duplicated information.

4.2 Project Management and Execution:

Project Pre-Planning

7Y

Issue work and Re-schedule

Work
Allocation

Engineer 1

Projects meetings and Iog

Manage Commenis

Document submission through

Progress Chart

Update all drawing status as
"Not Started"

hd

Update Drawing Scope of work
Design and Production

l

Add the latest revision number 0,1..
Numbering starts with types €, A, R

I

N

Change status from "Not Started" to
Started — Add progress as 20 %

Change status remark to "On Approval
-Client" — Add progress as 50 %

Engineer 2

No - Change revision number

¥

Client
Approved ?

Update status remark to "On Approval -
Class". Update the type to "A" and initial
number to 0.

Further revisions willbe 1,2 ...

Change revision E(0,1..) to E(0,1..)

"Complete”

Add 100 % to the over all progress of
the drawing and add status as

Client

|

and update system

Class
Approved ?

Change status "Class approved for construction”

Approved ?

Update the drawings approved by class.
Add 10% to existing progress.

Update the type to "R" and initial number
to0

<+
Further revisions increment number 1,2,...

v

Every "R" drawing sent to client for
approval

Figure 11: 8 Project Management and Execution of the Individual Deliverables




Figure 11 shows the software
workflow control for the project
manager activities followed by work
assignment to employees. Further
after completion of work for ea  ch
phase, through progress chart email
with attachment links is sent to client.
The document progress and its %
completion status is automatically
updated in the database.

Project Pre Planning Project Meetings and Logs Waork Allocation

PROJECT PRE-PLANNING

TASK-1 TASK-2
Access Project Documents Save to Local Computer

Open Documents

| Choose file | No file chosen

[/ Machinery & Piping '/ Electrical || Production Engineering

Following figures 13 -14, typical
progress chart with list of drawings
and revision s in each phase. By
clicking the revision, email will be

pop out to send mail with
attachment links. Project manager
also monitor the meetings,

reschedule and comments received
as shown in Figure 15 -16.

Comments Handling

Upload STANDARD FOLDER SYSTEM to Server Location

Open WORKSPACE Location in Server as Default

(=) Admin & Specification [/ General [ Hull & Structure ') Outfitting

[ Calculations () Class Letters | Correspondences

TASK-3

Define Progress Milestones
Contract Based Phases / Categories
Budgeted Manhours for

Phase in Total Project
Completion

Mile Phase
S.No. Phase Stone(EO/AORO) Weightage

Record not found

Stage Completion Based Phase / Categories

Budgeted Manhours for
Stage Stage in Total Project
S.No. Stage(EO/AOR0) Weightage Completion

Action Action

Record not found

PREPARATION OF STAGE-1 PROJECT EXECUTION PLANT WITH DOCUMENT DELIVARABLES

Project Doc.Type Sheet Rev.
S.No. No. No. No. No.

Drawing
No.

Sub-
Title

@1 POOD2  Hull 10 125  Hull-10-  General General

Figure 12: dUser Interface for Model 2

Include in Project
Discipline Deliverable List (Y/N)

® Yes © No

Planned Finish
Planned Start Date Date

Actual Finished

Actual Start Date  Date

27/062017 18072017 12i072017 117072017

0 Project Management and Execution o}

Project Office d Pre Planning

Project No.

Select
5.No. Title
Test Project

Project No.
1 POO0Z

Latest Rev.No

EO E1. |E2 !E3 |E4

03-07-2017

Figure 13 :0User Interface for Model 2

+ Add

Latest Rev.No Latest Rev.No

RO R1 R2 R3 R4 +Add

0 Project Management and Execution o}

Project Progress Chart




Figure 14: dUser Interface for Model 2 & Project Management and Execution o}
Project Progress Chart dUpdate progress & Email to client for submission

Figure 15: dUser Interface for Model 2 & Project Management and Execution o}
Project Office dmeetings log

Figure 16: oUser Interface for Model 2 & Project Management and Execution o}
Project Office dManage comments



















































































































































































































