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Travel Time and Cost are Represents the Main Factors

for Shifting Travel Mode Policy in Gharian Streets

Adel Ettaieb Elmloshi & Mohammed Mustafa Khalifa
Department of Civil and Structural Engineering / Engineering Faculty of Gharian
Adel.elmloshi@gu.edu.ly — adelelmloshi@gmail.com - Mohamajary@gmail.com
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ABSTRACT :

Transport modes are very important to Libyan’s Gharian travellers for their
activities and daily trips. However, the increase of total number of private car and
private transport namely (taxi and micro buses) on the road increases and causes
many road problems such as traffic congestion, accidents and noise pollution. The
aim of this research is to study the two important factors to shifting to public
transportation. Analyses about relation between factors as travel time and cost
have been made to answer research questions. A questionnaire survey in Gharian
city was carried out to study the potential reduction of private cars on road through
optimal use of suitable public transportation system (PT) in order to reduce traffic
congestion problems such as travel time. Logistic regression model has been used
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to analyse the factors that influence users to shift their trips to public transportation
alternatives.

Key words: travel time, travel cost, private car, public transport (PT), traffic
congestion and Logistic regression.

INTRODUCTION :

Private cars are important for most household activities in Libyan societies.
They give comfort and convenience to the users to go to different destinations
without affecting other users [4]. Private car is one of the important modes of
personal transport in Libya cities, mainly because it is cheap and more reliable
than the existing transport modes available namely (taxi and micro buses) [5].
Private car use has obvious negative effects, such as the traffic congestion,
accidents and noise pollution. The shortage of private and public transportation
services especially public buses in Gharian may be the reason why travellers prefer
to use private cars [9]. In fact, in Gharian city there are many areas that do not
have private transportation and acute shortage public transportation services. This
situation encourages travellers in these areas to use private cars to make their daily
trips. Increase in parking cost may cause private car users to think many times
about their travelling behavior and travelling choices [1]. Finally, the shift will
save their expenditure on transportation and may also reduce travel time and traffic
congestion.

STUDY PROBLEM :

The private Car is easily available vehicle in Libya [2]. Each Libyan
household has owned one or more cars and they can travel by their private cars in
a few minutes from place to another and most the people prefer the car because
they can travel freely. Understanding travel behavior and the reasons for choosing
one transport mode over another is an essential issue. However, travel behavior is
more complex. For each trip, commuters have the choice between different modes
of transportation. Each mode is having specific characteristics, such as advantages
and disadvantages depended on travel time and parking cost [5]. Travellers in
Gharian used private transport namely (microbuses, private taxies and coaches)
and private cars to their works or study activities. Private transport can be owned
and operated by individuals or company. The uncontrolled usage of these transport
modes has caused road traffic congestion which has increased travel time, accident
and pollution to the city environment [3]. Due to the complex scenarios happening
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in Gharian city a study has been carried out to understand the travel behavior and
try to establish suitable models to reasonably describe travellers' attitude and
perception in the city.

DATA COLLECTION AND ANALYSIS:

The understanding of travel behavior should be done through data collection
[6]. The data collection was done through field study i.e. survey. The survey was
done using questionnaires to get relevant data. The respondents for this survey are
the private vehicles' users at study areas who use their private car and private
transport as (taxi, microbuses) to make their different trips. The respondents were
selected randomly [8]. The questionnaires were printed by Arabic language, to
provide easier understanding and answering for some respondents. Respondents
were selected randomly from travellers in study areas which does not have public
transportation services. This survey was done on work days (Sunday to Thursday).
The total number of respondents who was involved in this research was 170
respondents [8]. Excel software was used to analyse the questionnaire and also
logistic regression method was used in this study.

DATA ANALYSIS OF TRAVEL TIME AND TRAVEL COST IN
GHARIAN STREETS BY PRIVATE CAR AND PRIVATE
TRANSPORT:

This section describes survey results and the analysis of the data collected
about the travellers of private car users used. Data was analysed by logistic
regression models for probability prediction travelling behaviour in Gharian city
streets, model for the private car for all types of trips, to determine the relationship
between the two factors that influence the shift to public transport. The probability
of private car drivers shifting to public transport is also examined based on travel
cost, travel time.

Effect of Travel Cost on Travel Mode :

Figure (1) as shows that 57% of the respondents paid less than 5 Libyan dinar
(LyD) cost per trip, 28.9% paid about 6 to 10 LyD, 5.9% paid about 11 to 15 LyD,
8.1% paid more than 15 LyD.
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Figure (1): Travel Cost for Trips

The data of travel cost collected for this factor are shown in figure (1). The data
are represented in the form of cumulative format in third column in Table (1),
which shows the Travel cost category with respect to survey results and the
probability of prediction (P) values. P value is derived from Equation (1) which
involves constant and alpha (o) values to verify the logistic prediction model used
in this study. This function has a continuous derivative, which allows it to be used
in back propagation, according to Patterson [7]. The following functional form is

used in this study to determine the shift probability of dependent variables.
1

P= 11 Dea™ Equ. (1)

Where,

P = prediction probability of shift to Public transportation (PT)

D = constant

a = coefficient of x

x = Category of travel cost

e = the base of natural logarithms (approximately 2.718)

Table (1) Survey result and data calibration for travel cost category

Category Travel cost Cumulative (P) 1-P P/1-P In(P/1-P)
Survey result

1 5 LyD or less 0.57 0.43 1.325581 0.281851
2 6to 10 LyD 0.859 0.141 6.092199 1.807009
3 11to15LyD 0.919 0.081 11.34568  2.428837
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4 More than
15LyD 0.99 0.01 99 4.59512

The model shift probabilities were categorized by various categories of travel cost
as shown in Figure (2). Mode shift probabilities ranged from 43% probability of
private car use with travel cost (5 LyD or less) to 1% probability of private car use
with travel cost (more than 15 LyD). In other words, public transport users
probability increased from 57% with travel cost (5 LyD or less) to 99% of
probability when travel cost (more than 15 LyD).
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Figure (2): Shifting percent - Travel cost category

A simple linear regression analysis was then conducted by using Microsoft
Excel to obtain the intercept constant (D) and the a value. The results of the above
Table (1) reflect the model calibration process which then introduced to excel to
get the ANOVA table, which is described in Table (2), used to develop the
Analysis of Variance (ANOVA) table which some important factors reflect the
study significance that the values of R square, intercept coefficient and the
important factor was alpha value which is used in the equation (1) above to verify
the used model. By using the alpha (a) and (D) values from the ANOVA table, our
model achieved the value of P equal to 0.021184 which is somehow acceptable to
be significant (significant value is <0.05) as shown in Equation (2).
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Table (2): The ANOVA table for travel cost category

Intercept X Variable 1
Coefficients -1.1122 1.356163
Standard Error 0.549324 0.200585
t Stat -2.02468 6.761046
P-value 0.180186 0.021184
Lower 95% -3.47576 0.493116
Upper 95% 1.251347 221921
Lower 95.0% -3.47576 0.493116
Upper 95.0% 1.251347 2.21921
LnD=-1.1122 D =3.041054
o=1.356163
R?=0.9581

Where R* approaches one value indicating the
thus, the result of the prediction models can be

(€))

1
T 1+3.041054e1356163(x)

Table (3) shows the respective survey data and
travel cost.

model's strong correlation power
as shown in Table (3) and Figure

Equ. (2)

model data that correspond to the

Table (3): Survey result and logit model result for travel cost category

Category Travel cost

Cumulative (P) Modelling result

Survey result

1 5 LyD or less 0.57 0.561
2 6to 10 LyD 0.859 0.832
3 11to 15 LyD 0.919 0.951
4 More than 15LyD 0.99 0.9868

This result is more identified in Figure (3) which shows a high correlation between

survey results and the modelled counterparts
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Figure (3): Correlation between survey results and modelling —
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Travel time for work to study trip by private car :

Figure (4) shows 41.5% respondents travelling daily from home to work
or study in 10 minutes or less, 38.5% between 11 and 20 minutes, 14.1%
between 21 and 30 minutes, 1.5% between 31 and 40 minutes, and 4.4%
more than 40 minutes.
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40.0
30.0
20.0
10.0

.0

Percentage

.

10 min or between 11 between 21 between 31 more than

less

and 20 min and 30 min and 40 min

Time per minute

40 min

Figure (4): Shows Travel Time

The data of Travel time collected for this factor are shown in figure (4).
The data are represented in the form of cumulative format in third column

10
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in Table (4), which shows the Travel time category with respect to survey
results and the probability of prediction (P) values. P value is derived from
Equation (3) which involves constant and alpha (o) values to verify the
logistic prediction model used in this study.

_ 1
" 1+4Dea®

Equ. (3)

Where,

P = prediction probability of shift to PT

D = constant

a = coefficient of x

x = Category of travel time

e = the base of natural logarithms (approximately 2.718)

Table (4) Survey result and data calibration for travel time category

Category Travel time Cumulative (P) 1-P P/1-P In(P/1-P)
Survey result

1 10 min or less 0.415 0.585  0.709402 -0.34333
2 11 to 20 min 0.8 0.2 4 1.386294
3 21 to 30 min 0.941 0.059 15.94915 2.769406
4 31 to 40 min 0.956 0.044 21.72727 3.078568
5 More than 40

min 0.99 0.01 99 4.59512

The model shift probabilities were categorized by various categories of
travel time shown in Figure (5). Mode shift probabilities ranged from
58.5% probability of private car use with travel time 10 minutes or less to
1% probability of private car use with travel time more than 40 minute. In
other words, the probabilities of public transport user increased from 41.5%
at travel time 10 minutes or less to 99% of probability with a travel time
more than 40 minute.
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Figure (5): Shifting percent - Travel time category

A simple linear regression analysis was then conducted by using
Microsoft Excel to obtain the intercept constant (D) and the a value. The
results of the above Table (4) reflect the model calibration process which
then introduced to excel to get the ANOVA table, which is described in
Table (5), uses to develop the Analysis of Variance (ANOVA) table which
some important factors reflect the study significant which is the values of R
square, intercept coefficient and the important factor was alpha value which
is used in the equation (3) above to verify the used model. By using the
alpha (o) and (D) values from the ANOVA table, our model achieved the
value of P equal to 0.003205 which is somehow acceptable to be significant
(significant value is <0.05) as shown in Equation (4).

Table (5): The ANOVA table for travel time category

Intercept X Variable 1
Coefficients -1.17354 1.156918
Standard Error 0.441465 0.133107
t Stat -2.65829 8.691654
P-value 0.07645 0.003205
Lower 95% -2.57848 0.733313
Upper 95% 0.231396 1.580523
Lower 95.0% -2.57848 0.733313
Upper 95.0% 0.231396 1.580523
Ln D =-1.17354 D =3.233429
o=1.156918
R?=0.961805
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Where R2 approaches one value indicating the model's strong correlation
power thus, the result of the prediction models can be as shown in Table (6)
and Figure (6)

1
T 1+3.233429¢1.156918(x)

Equ. (4)

Table (6) shows the respective survey data and model data that correspond to the
travel time.

Table (6) Survey result and logit model result for travel time category

Category Travel time Cumulative (P)  Modelling result
Survey result

1 10 min or less 0.415 0.495844
2 11 to 20 min 0.8 0.757733
3 21 to 30 min 0.941 0.908646
4 31 to 40 min 0.956 0.969354
5 More than 40 min 0.99 0.990156

This result is more identified in Figure (6) which shows a high correlation between
survey results and the modelled counterparts.

1 = ?
0.9 *2—9
0.8 *
0.7
e 06
& 05
S 04 + ¢ Survey result
g 03 ]
2 02 Modelling
0.1
0 T T 1
0 2 4 6
Travel time category

Figure (6): Correlation between survey results and modelling —
Travel time category
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DISCUSSION :

This study has also revealed that positive and negative operations are
needed to encourage travellers to shift from private car and private transport
to public transport. The positive operation would be to reduce travel time,
cost and improve service (more frequent and more on-time trips), and the
negative operation for example if increases the parking fees and reduce
number of the parking spaces in the city. The collected data were obtained
from our survey which was subjected to the logistic model prior to the
calibration process. D and o value were extracted to be used in our model
equation. Then the validation process took place to fit our results into the
model. From the ANOVA results, the value of R square was within the
normal range. Based on the given results, our model was approximately
significant with the P value of < 0.05. Results of the study have shown that
more time will be used to travel by private car and private transport for
work or study trips, and these scenarios have encouraged the travellers to
shift to the public transport (PT) system. The logistic regression applied
depending on the factors affecting the shift from car to public transport
(Travel cost, Travel time). These factors have encouraged the travellers to
shift to the public transport (PT) system. About the travel cost, public
transport users probability increased from 57% with travel cost (5 LyD or
less) to 99% of probability when travel cost (more than 15 LyD). For travel
time, the probabilities of public transport user increased from 41.5% at
travel time (10 minutes or less) to 99% of probability with a travel time
(more than 40 minute).

CONCLUSION :

The increasing number of private cars and private transport namely taxi,
microbuses and coaches in Gharian city has been named as the cause for
increased road traffic congestion, environmental pollution and traffic
accidents. This study shows the need to introduce an efficient public
transport (PT) system to reduce traffic problems such as traffic congestion,
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road accidents and delay in travel time on Gharian roads network as have
been reported for all trips. Gharian people need to cooperate and support
the use of the public transport (PT) system. It is very important to relieve
the traffic problems on Gharian streets. Finally, all these factors have
spurred the shift from using private vehicles to using the public transport
system for all travellers’ trips for various purposes in their daily lives.
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Waxy crude oil transportation in

Gulf-sirt offshore field.
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1,2- Higher Institute of Sciences And Technology, Gharyan. Libya,
3- Chemical Engineering Department, Tripoli University Tripoli- Libya.
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Abstract:

Crude oil transportation in the pipe lines connecting platforms at
projected offshore Gulf-Sirt project is assumed in this paper. The
precipitation of the solid phase of wax in the pipe wall creates pressure
abnormalities and causing an artificial blockages leading to a reduction or
interruption in the production. Wax can precipitate as a solid phase on the
pipe wall when its temperature drops below the appearance temperature
(WAT).
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This work is aimed to study the wax deposition process on the internal
surface of oil production pipelines and the influence of parameters such as
flow rate, pipe wall temperature, Insulated Pipeline, Effect of Crude-Oil
Composition (or WAT), Effect of Crude-Oil and Seawater Temperatures on
the deposit thickness.

The analysis was conducted assuming pseudo steady conditions on the
fluid phase, the solution was implemented numerically using the MATLAB
PROGRAMMING. The results showed that increased flow rates reduce the
maximum deposit thickness, insulation preventing further solids deposition,
The higher WAT gave a larger deposit thickness, reduction in the amount
of deposited solids with an increase in either the crude-oil temperature or
the seawater temperature, as it spreads on a longer distance in the pipe
when considering a constant wall temperature or the axial thermal gradient
with a positive slope, and the opposite effect is observed when considering
the axial thermal gradient with a negative slope.

Key words : Waxy crude oil, MATLAB PROGRAMMING, wax
deposition, crude oil transportation .

Introduction:

When a liquid flowing through a pipeline is exposed to a cold
environment that is below its freezing-point temperature (or solubility
temperature), solids deposition on the pipe wall is likely to occur. This
phenomenon takes place frequently during the transportation of “waxy”
crude oils that contain high-molecular-weight alkanes or paraffin waxes.
Paraffin waxes have a reduced solubility in crude oils at lower
temperatures, causing their crystallization and deposition on cooler
surfaces.

The adverse effects of wax deposition are encountered in all sectors of
the petroleum industry, ranging from oil reservoir formations to blockage of
pipelines and process equipment. The deposited wax impedes the flow of
oil through the pipeline, causing an increase in the pumping power. If not
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controlled adequately, the deposited solids may block the pipeline, resulting
in high costs for its cleaning. Remediation can be carried out using
mechanical cleaning methods, chemical cleaning methods, or by heating to
melt the deposit.

Theoretical Formulation :

Consider a long pipeline carrying a “waxy” mixture that is completely
immersed in water at a constant temperature (T¢). This is similar to the
transportation of waxy crude oils through sub-sea pipelines from offshore
wells. Heat transfer to the surrounding “colder” seawater would decrease
the crude-oil temperature (Ty), which could lead to the precipitation and
deposition of paraffin solids on the pipe wall. As mentioned above, wax
crystals would form a deposit layer comprising a solid (wax) phase with
immobile liquid oil trapped within it. With time, the deposit layer would
grow in thickness until such time that its growth does not occur any more.
At this point, the rates of heat transfer across the flowing oil, the wax
deposit layer, and the pipe wall would be the same and remain constant
with time. When this happens, the thickness of the deposit as well as the oil
and wall temperature would each attain a constant value. Once the deposit
layer achieves a constant layer thickness, the rate of heat transfer can be
assumed to be under a thermal steady state because of the stable
temperatures.

As shown schematically with radial temperature profiles in Fig .1, the
transfer of thermal energy from the “hot” fluid (the flowing crude oil) to the
“cold” fluid (the surrounding seawater) at steady state involves four thermal
resistances in series: two convective resistances due to the flowing crude oil
and the seawater and two conductive resistances offered by the pipe wall
and the deposited layer.
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Figure 1. radial temperature profiles through the various thermal
resistances.
Assuming one-dimensional heat transfer in the radial direction of the pipe,

the rate of heat transfer could be equated to the rate of thermal energy lost
by the hot waxy crude oil, the rate of thermal energy gained by the cold
seawater, and the rate of heat exchange between hot and cold fluids, as
follows:

q= rr'lhch(Th in— T out) = niccc(Tc out — ¢ in) = UiAi(T_h - 'ITC)

(1)
Where: q = rate of heat transfer.
my, M, = mass flow rates of “hot” and “cold” streams.
Ch,C. = average specific-heat capacities of “hot” and “cold”

streams. Ty, in, Th out = inlet and outlet “hot” stream temperatures.
Te in» Tec out = outlet and inlet “cold” stream temperatures.
U; = overall heat-transfer coefficient based on inside pipe surface
area (A)).
Ty, T. = average temperatures of “hot” and “cold” streams,
respectively.
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The rate of heat transfer can also be equated to the heat flow across the two
convective thermal resistances, as follows:

q= hcAc(Two - T_c) = hhAh(T_h - Td) (2)

Where:  h.,hy = convective heat-transfer coefficients on outside and
inside of the
pipe, respectively .
A, = pipe outside surface area in contact with cold stream.
A;,, = inside surface area at deposit-oil interface.
Tq = temperature at this interface.

Note that, for a clean pipe with no deposit, A, would be replaced by (Aj)
and (T4) would become equal to( Ty;).
Next, the overall or combined thermal resistance is expressed as the sum of
four individual thermal resistances:

To Tj
1 — 1 ln(r_i) ln((ri_xd)) + 1 (3)
UjAj hhAp 2nky,L 2nkqL hcAc

At steady state, the heat flux (i.e., the rate of heat transfer per unit inside
pipe wall area) through each of the four thermal resistances included in Ui
is as follows:

q _ hh(T_h_Td) _ kd(Td_Twi) _ km(Twi_Two) _ hc(Two_T_c)
et = Smwiwo) — 2ewo )
rj ln(;)

i m i ln((rii—iXd)) To

1

Where x4 = deposit thickness (assumed to be uniform along pipe
length).
Twi» Two = average inside and outside pipe wall temperatures.
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kg, km = thermal conductivities of deposit layer and pipe wall,
respectively.

When dealing with the solidification or melting of a pure substance, the
liquid-deposit interface temperature (T4) would be the melting or freezing
temperature; however, it would be the liquids or saturation temperature for
a multicomponent mixture. From a modeling study, Singh et al. [1]
estimated (T4) to approach the (WAT) of waxy mixtures when the deposit
layer thickness stops growing, while Bidmus and Mehrotra [2] verified
experimentally that (Tq) and WAT are the same temperature at pseudo-
steady-state conditions. The mathematical relationships for heat transfer
and energy balance presented above can be utilized for calculations dealing
with solids deposition in a pipeline.

Determination of Deposit Thickness(xq) at different Crude-oil flow
rate:

“waxy” crude oil is produced and transported via a pipeline from an
offshore oil production platform to an onshore refinery for processing. The
crude oil has a (WAT) of 26°C. At the beginning of the operation, about
100000, 150000 and 200000 barrels of oil per day (bopd) at a temperature
of 40°C leaves the offshore platform into the pipeline. After a few months
of pipeline operation, it is observed that the pressure drop across the
pipeline has increased considerably and that the crude oil arrives at the
refinery at a temperature of 28°C, which has been found to be more or less
constant for several days. The engineer managing the operation believes
that the increased pressure drop is a result of solids deposition, and the
deposit thickness needs to be estimated before deciding on a suitable
remedial action. It can be assumed that the seawater at an average
temperature of 10°C flows across (or normal to) the pipeline at an average
velocity of 0.1 m/s. How could the deposit thickness be estimated from
heat-transfer considerations Pertinent pipeline data as well as average
crude-oil and seawater properties are listed in Table 1.
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Table 1 Data and Average Properties Used in Calculations.

Property Value

Crude oil:

Flow rate(F) 100000, 200000 and 300000

Specific-heat capacity(Cy) bopd

Thermal conductivity(kp) 2400 J/kg K

Viscosity(Up) 0.15W/m K

Density (pn) 0.0514082 pas

898.4 kg/m’

Seawater:

Specific-heat capacity (C;) 4200 J/kg K

Thermal conductivity (k) 0.65 W/m K

Viscosity(pc) 0.001 pas

Density(pc) 1020 kg/m?
Deposit:

Thermal conductivity( Kg) 0.24 Wim K
Pipeline:

Wall thermal conductivity (km) 24 W/m K

Inside diameter (Dj) 0.254 m

Wall thickness (ro —1j) 0.0159 m

Outside diameter (Do) 0.286 m

Estimation of inside heat-transfer coefficient (hy) : The average velocity

of crude oil in the pipeline is:

_F  4F
Uy = — =
h Ai ‘l'[Di2

The Reynolds number of crude oil in the pipeline is:

_ PhUp Dj

R
¢ Hn
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The Prandtl number is:

Chln
P. =

r kh

Given that the flow is turbulent (Re > 4000) and assuming L/D; to be
large, the Holman correlation [3] can be used to estimate the average heat-
transfer coefficient in the pipeline( hy):

_ hyD;

Nu = = 0.023 Re%8pr03
kp

Estimation of outside heat-transfer coefficient (h¢):

_ PcucD,
¢ e
Cele

K¢

P. =

The Churchill-Bernstein equation [4] can be used to obtain the average
heat-transfer coefficient for cross flow across a cylindrical surface:

4
Nu = h.Dy 0.3 0.62Re/2Pr'/3 Re /s /s

- T 04, 2] +<282000)
[1 +( . /Pr) ]

ke
Estimation of deposit thickness (Xg):
The average oil temperature is (Tp) = (40 + 28)/2 = 34°C. As already
explained, the deposit-oil interface temperature (Tq4) will be assumed to be
equal to the (WAT) of 26°C. Therefore, using Eq. (4), we obtain:

hh(T_h B Td) _ kd(Td B Twi) _ km(Twi B Two) _ hc(Two B ’I_‘c)

Ij - . - i
(ri—xq) riln ((r:xd)) Tiln (rr_c,)) ro

Solving these equalities simultaneously for (Ty;), Two, and (Xg).

The Case of Insulated Pipeline:

With an additional thermal resistance (due to insulation), Eq. (4) becomes:
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hh(T_h_Td) _ kd(Td_Twi) _ km(Twi_Two) _ hc(Tins_T_c) _ kins(Two_Tins)
I (S r_o) T _H T (o ins
(ri=xq) rlln((ri_xd)) r‘ln(ri (ri+Xins) rlln( (ro) )

)

where (Kins) and (Xins) are the thermal conductivity and the thickness of
the insulation material, respectively, and Tins is the temperature of the
insulation material surface in contact with the seawater. Without any solids
deposition (i.e., X4 = 0), Twi > Tqg. Equation (5),Azevedo , Teixeira[5],
therefore, becomes:

km(Twi - Two) _ hc(Tins - ’ITC) _ kins (Two - Tins)

To - T - I'o+Xins
i In (I‘_l) (ri+Xins) Ti In ( (ro) )
Effect of Crude-Oil Composition (WAT):

hh(T_h - Twi) =

A change in the crude-oil composition will affect its (WAT). Basically,
the waxier a crude oil is, the higher is its (WAT). The effect of wax
composition will, therefore, be investigated by varying the (WAT).

Since crude-oil properties and other data (listed in Tablel) as well as
operating conditions are the same, the individual heat-transfer coefficients
can be used. Equation (4) can be solved for (x4) by substituting the given
(WAT) values for the interface temperature (Tg).

Effect of Crude-Oil and Seawater Temperatures:
Using Eq. (4) with the same properties and heat-transfer coefficients, we
get (Xq).

Results:
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Figure 2. Effect of Crude-Oil Flow Rate on deposit thickness under
similar operating conditions at 0.184 m*/s.
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Figure 3. Effect of crude-oil WAT on deposit thickness under similar
operating conditions at 0.184 m3/s.
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Figure 4. Effect of crude-oil WAT on deposit thickness under similar
operating conditions at 0.276 m*/s.
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Figure 5. Effect of crude-oil WAT on deposit thickness under similar
operating conditions at 0.368 m3/s.
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Figure 6. Predicted variations in deposit thickness with crude-oil
temperature at different seawater temperatures at 0.184 m’/s.
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Figure 7. Predicted variations in deposit thickness with crude-oil
temperature at different seawater temperatures at 0.276 m’/s.
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Figure 8. Predicted variations in deposit thickness with crude-oil
temperature at different seawater temperatures at 0.368 m’/s.
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Figure 9. Predicted variations in deposit thickness with seawater
temperature at different crude-oil temperatures at 0.184 m/s.
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Figure 10. Predicted variations in deposit thickness with seawater
temperature at different crude-oil temperatures at 0.276 m*/s.
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Figure 11. Predicted variations in deposit thickness with seawater
temperature at different crude-oil temperatures at 0.368 m*/s.
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Conclusion:

The deposit thickness is reduced as a result of an increase in the crude-oil
flow rate. This is caused by the increased inside heat-transfer coefficient
due to the increased flow rate. The resulting higher wall temperature then
yields a reduction in the amount of deposition.

The predictions are shown in Figs.3 and 4, which indicate that there is a
reduction in the amount of deposited solids with an increase in either the
crude-oil temperature or the seawater temperature. Conversely, a
reduction in either the crude-oil or the seawater temperature would yield a
larger amount of deposited solids. These predictions are in good
agreement with experimental results reported by Mehrotra and Bidmus
[6], who had performed wax deposition experiments over a range of
operating conditions using a concentric draft tube assembly with a “hot”
wax-solvent mixture flowing in the inner tube and cold water flowing
through the annular region.

The higher WAT gave a larger deposit thickness and a lower WAT of
gave a smaller deposit thickness of. These results imply that an increase in
the crude-oil wax concentration would lead to an increase in the amount
of deposit in the pipeline. This effect is further illustrated in Fig.2, where
the deposit thickness has been obtained for WAT values ranging from 20
to 27°C. It should be noted that, in these calculations, it was assumed that
all crude-oil properties remain constant even though the concentration of
wax was varied. Properties such as the viscosity and density of the crude
oil can be altered by an increase in wax concentration, which would alter
the value of inside heat-transfer coefficient. However, even with such
crude-oil property changes, an increase in wax concentration would lead
to increased amount of deposit in the pipeline.

During the solids deposition process, the deposit layer acts as an
insulation to heat transfer, thereby preventing further solids deposition.
The importance of the deposit thermal conductivity is illustrated in case
study. Also note the much larger temperature difference across the
insulation material.
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ABSTRACT:

Estimation of cementation factor is one of the most important factors in
determining the hydrocarbon/water saturations. In order to determine this
factor accurately, core sample porosity, formation water resistivity and
resistivity of the core sample hundred percent saturated by formation water,
were performed using the Archie equation. The objective of this petro
physical study is to obtain a more realistic cementation factor for some
sandstone reservoir core samples. cross-plots between formation resistivity
factor and porosity were created for measured data points The values of
internal geometry factor a and cementation factor m were obtained from the
cross —plots for each field .the cross-plots showed a good relationship
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between the two properties F & @ where the standard error for the actual
data points was calculated for a field .This is mainly due to the internal
heterogeneity and more fractures in the Brack sandstone formation of field-
Q. Also the percentage average relative errors between the humble equation
and the actual data points and the new correlation and the actual data points
were calculated for this field.

Keywords: cementation factor, porosity, formation resistivity factor, rock
samples.

INTRODUCTION:

Petrophysical science is the science concerned with studying the physical
properties of rocks and their relationship with fluids. Successful assessments of
petrophysical reservoir properties are essential to determine the hydrocarbon
capacity and reservoir system action, and help researchers predict the behavior of
complex reservoir settings[1]. Previous research indicated that cementation factor
value is greatly influenced by porosity, porous throat volume, water and mineral
conductivity, and surface area per unit volume and cement. The cementation factor
usually depends on the shape and surface area of the compound particles and the
tortuosity factor [2-3]. The cementation factor in study was determined by using
the experimental data .These measured data including core sample porosity,
formation water resistivity and resistivity of the core sample hundred percent
saturated by formation water. The analysis of these data were showed that more
accurate value for cementation factor can be derived .the data were used in this
study are from several wells in field .The Brack formation of the eastern sirte basin
consists of mainly sandstones and shale’s resting with non-conformity on a
basement complex of igneous and metamorphic rocks, and overlain by the upper
cretaceous clastic rocks. The Brack formation is subdivided into three layers .the
Brack sandstone represent braided and meandering fluvial deposit, where as the
middle member Nubian represents shallow lake deposit. The layers of Brack
formation comprise mainly of sandstone interbedded with siltstones and shale’s
.the Middle Nubian consists of shale’s and silty shales.

Porosity:

Porosity is one of the most important petrophysical properties, which is a
measure of the storage capacity of hydrocarbon. Porosity is defined as the
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ratio of the pore space within the rock to the total volume of the rock
.porosity is created as a result of imperfect contact between rock grains .the
void space created between the rock grains is called pore volume and the
remaining part of the rock that occupied by the rock grains is called grain
volume. Therefore, porosity can be expressed mathematically
as

@- Vp/Vb @ -Vp/(vp+vg) (1)
@ Fractional porosity

Vp pore volume

Vg Grain volume

Vb Bulk volume

The porosity of petroleum reservoir ranges from 5% to 40%, which
depends on rock texture and the digenetic process. Porosity is independent
of grain diameter but strongly depends on packing and sorting in general
small grain size and high angularity tends to increase porosity while an
increase in particle size range (sorting) tends to decrease porosity [4].

Resistivity:

Electric resistivity was the earliest and still the most frequently measured
physical property of rocks to locate oil and gas reservoirs [5]. Electrical
resistivity methods involve the measurement of the apparent resistivity of
soils and rock as a function of depth or position. The electrical resistivity of
a material is its ability to resist or impede the flow of electric current. The
resistivity of rocks is a complicated function of porosity, permeability, ionic
content of pore water, and clay mineralization. Dry rocks are poor
conductors; therefore, they normally exhibit extremely high resistivity
[6].Reservoir rocks are porous and their pores are generally saturated with
water, oil and gas .the formation water normally has resistivity of 0.04 to10
ohm.m at 70°F, which is much lower than that of the rock grains .As a
result, they are conductors of moderate conductivity when they are
saturated with water. The electric resistivity of a material can be defined by
the following equation
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R=r*AlL 2)
Where:
R Resistivity
r Resistance
A cross-sectional area of the conductor available to current flow
L Length of the conductor
AJL Geometric factor which, which depends on the geometrical shape of the

investigated rock Porosity and resistivity relationship (the concept of formation
resistivity factor)

Archie (1942) found that the resistivity 100 % water saturated rocks is directly
proportional to the resistivity of the water that saturates them [7] .The constant of
proportionality is called formation resistivity factor (FF),which is defined as the
ratio of the resistivity of the fully saturated rock to the resistivity of the water that
saturates its pore space .

FF=Ro/Rw (3)

A strong dependence of formation resistivity factor on porosity was observed
Archie (1942). A large number of measurements on rock samples showed that the
formation resistivity factor of shale — free rocks could be related to porosity by:

FF.@™ (4)

Where FF is the formation resistivity factor, @ is the fractional porosity and m
is cementation exponent .The above equation implies that a graphical presentation,
the logarithm of the formation resistivity factor FF versus the logarithm of the
fractional porosity @ is a straight line with slop m [8] .Thus, cementation factor m
as a function of formation resistivity factor FF and porosity @ is

m_-logFF/ log @ (5)

Therefore, m is generally referred to as the cementation factor; archie
relationship was later modified by winsaure to the general form .

F.a/@" (6)

Where a was defined as a constant and is a function of the tortuosity of the
capillary path in the rock .winsaure ,et al applird the general Archie form in
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sandstone formation and they obtained m - 2.15 and a - 0.62.This equation is
known as the Humble equation and it is the most widely used for sandstone in the
world [9].

F.0.62/¢*" (7)

The most widely used form of Archie equation for both limestone and
dolomites is basic: [10-11]
F.1/0°2 (8)

Experimental Technique:

Full diameter cores from six wells from Brack sandstone were prepared
cleaned dried and left to cool in room temperature before conventional core
analysis commenced.The cell helium expansion gas porosimeter used for
measurement the grain volume of samples and calculate the porosity and
bulk volume by early equations .The Formation resistivity factor was
measured for the previous samples. The clean, dry samples were loaded in a
stainless steel saturator and evacuated for 12 hours. A solution of 170 g /I
(for x1-x6) sodium chloride was introduced at the end of the period |,
followed by pressurizing the system at 2000 psig for 12 hours to assist
penetration.

The bring saturated plugs were placed in turn between electrodes at 1KH
frequency and their electrical resistances were measured consecutive days
until ionic equilibrium was achieved between the fluid and rock samples

Formation factor measurements are made on 100% brine saturated rock
sample either at ambient conditions or elevated reservoir overburden
pressure. Sample resistance is measured and converted to resistivity using
sample cross-sectional area and length. Formation resistivity factor is
calculated as the ratio of the sample resistivity to the resistivity of the water
saturating it. The formation resistivity factor of a group of samples is
plotted versus their porosities on log-log graph paper. The slope of the best
fit line is the value of the cementation factor, m and the intercept is the
value of, a.
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Data Analysis procedures :

*The formation resistivity factor (F). was calculated for each well using Archie
equation:

F=Ro/Rw

*The formation resistivity factor (F) was plotted against the porosity (&) on
logarithmic scales for each well and for each field[12].

*Calculated m , a from the logarithmic cross plot and the standard error was
determined.

Where:

a - represent the intercept of an extrapolated trend line on logarithmic F & @ cross
— plot with the porosity axis equal one.

m _ represents the slope of trend line..
Standard error is the positive and negative error of the actual data points.

For each constant a & m the formation resistivity factor was calculated using the
general form of Archie equation

F-a/g"

*The relative error between the actual equation and Humble equation was
calculated.

FA - Ro/Rw Actual Equation
FH _0.62/ @* Humble Equation
Relative % _((FH —FA)/FA) * 100

*calculate the average error between the actual equation and Humble equation
using the following equation:

Average error % - Sum error % / no. of point

*Calculate the relative error between the actual equation and the new correlation.
FA - Ro/Rw Actual Equation

FN_a/ @™ New correlation

Relative error % _ ((FN-FA)/FA) * 100
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*Calculated the average error between the actual equation and new equation.

Average error % - Sum error % / no. of point

The cross-plots of the formation resistivity factor versus porosity for
wells Q2,Q4,Q5 and Q6 are showing blew, the cross-plots illustrate the
obtained internal geometry factor a , cementation factor m ,correfficient

R? and the stander error.

Table (1) shows the measured data of well Q2

Well # Sample# | Porosity Rw Ro FA

fraction ohm-m ohm-m
Q2 1 0.1021 0.061 5.290 86.72
2 0.1571 0.061 1.886 30.92
3 0.0709 0.061 4.610 75.57
4 0.0964 0.061 3.613 59.23
5 0.0802 0.061 5.185 85.00

1]
0.06 0.08 0.1 0.12 0.14 0.16 0.18

1o - | |

1 ’
A ============== == y=39262x 1195 |

R =0.7154
1

Figure (1) shows the formation resistivity factor versus porosity fro

well Q2
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Table (2) shows the measured data of well Q4

Well # Sample # Porosity Rw Ro FA
fraction ohm-m ohm-m

Q4 1 0.062 0.061 4.469 73.26

2 0.131 0.061 2.365 38.77

3 0.0992 0.061 3.068 50.30

4 0.0879 0.061 3.135 51.39

5 0.1443 0.061 1.804 29.57

6 0.0545 0.061 4.574 74.98

7 0.0961 0.061 3.384 54.89

8 0.074 0.061 4.362 71.51

9 0.1053 0.061 2.130 34.92

10 0.0639 0.061 4.256 69.77

11 0.1696 0.061 1.555 25.49

00 ————————————— ————————— ————

FF

| y 4 4.5223x {00
| R? = 0.9126

0.05 0.07 0.09 0.11 0.13 0.15 0.17 0.19

Figure (2) shows the formation resistivity factor versus porosity fro
well Q4
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Table (3) shows the measured data of well Q5

Well # Sample # Porosity Rw Ro FA
fraction ohm-m ohm-m
Q5 1 0.1731 0.061 1.995 32.70
2 0.1037 0.061 2.968 48.66
3 0.1271 0.061 2.372 38.15
4 0.1372 0.061 2.072 33.97
5 0.1418 0.061 2.901 47.56
6 0.1262 0.061 2.332 38.23
7 0.1201 0.061 3.357 55.03
8 0.1218 0.061 1.695 27.79
9 0.1366 0.061 2.221 36.41
10 0.1049 0.061 3.507 57.49
11 0.1022 0.061 3.361 55.10
12 0.1301 0.061 2.102 34.46
13 0.1054 0.061 3.179 52.11
14 0.1473 0.061 1.671 27.39
15 0.1617 0.061 1.548 25.38
16 0.0963 0.061 3.430 56.23
100

< & __‘“"—t———--".;'
T 10
y =2:8996x 1267
R?* = 0.5992
1 4 4
0.09 0.11 0.13 0.15 0.17 0.19

Figure (3) shows the formation resistivity factor versus porosity fro
well Q5.
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Table (4) shows the measured data of well Q6

Well # Sample # Porosity Rw Ro FA
fraction ohm-m ohm-m
Q6 1 0.132 0.061 2.489 40.80
2 0.1016 0.061 4.338 F1a1
3 0.0936 0.061 4,871 79.85
100 +— S —— R —
4——-_______“_________“*
i e ——= = iy
I ——
o 10
V=07 2373 o9
R:*=10.9954
0.09 0.1 0.11 0.12 0.132 0.14
&

Figure (4) shows the formation resistivity factor versus porosity fro
well Q6

Table (5) shows the results of internal geometry factor a,
cementation factor m and the standard error for all field.

Well # Internal geometry | Cementationfactor | Standard error
factor a m
Q2 3.94 1.19 0.11486
Q4 4.54 1.00 0.04873
Q5 2.90 1.27 0.07970
Q6 0.72 1.99 0.01506
Field 2.96 1.25 0.0776

Results and discussion:

The cross-plots of formation resistivity factor against the fraction
porosity on the logarithmic scale were showed a good correlation all wells
in the field .many samples selected from all wells and represent around the
sandstone formation were used in this petrophysical analysis .

The following are the results of an average relative error of field.

*The average relative error of field from Humble equation is equal

62.18%.
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*The average relative error of field from New correlation is equal 1.36%.

Conclusions :

More realistic values for cementation factor m and the internal geometry factor
a were derived from this petrophysical study for the field representing the
Brack sandstone formation and using Archie general equation the proper
correlation for field.

F_296/@"

The calculated error of the data points when deriving the correlation was very
small which indicated that the correlation is consistent.

This study showed that Humble equation could not be applied for this
formation due to the large difference and error, which were observed between
this equation and the actual data points.

The study showed using of the experimental data to derive the values of a & m
will produce more accurate and correct results .
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Abstract

This paper presents a study modification of separation distance of
lightning arrester protecting a 400KV sub-station from lightning strokes
related to the distance between the transformer and lightning arrester (the
installation place of the lightning arrester ) a simple model was created in
ATP and the distance between the arrester and transformer were varied.to
ensure proper installation and to reduce the high lightning failure rate and to
eliminate devastating impact, caused by lightning, the model e installation
represents circuit composed of four towers . Program ATP-Draw
(Alternative Transient Program) was used to simulate the problem. The
simulation was done on three stages and the results were compared.

Key Words : lightning arrester, current, distance (the installation place of
the lightning arrester related to protected unit), transformer

1.0 -Introduction

Sub-stations are the most sensitive part in power systems and are

exposed to many stresses, like Transients over voltages which caused by
lightning discharges or switching operations. So Lightning is the main
reason for outages in transmission and distribution lines [1].
A surge lightning arrester is a protective device which is must be used in to
substations to be protected. The highly non-linear characteristics of an
arrester allow the arrester to limit the voltage across its terminal during
conduction of surge current, arrester exhibits very low impedance. This
study was executed using two kinds of lightning arresters Zinc Oxide
PEXLIM -Q2) and (Zinc Oxide EXILIM —-Q1). the 1980s polymeric ZnO
surge arresters have been developed quickly and put into operation on
transmission lines in parallel with the insulators to limit the over voltages
based on their excellent performance [2], [3].[4]

2.0 - System under study:

This part introduces single line diagrams of the 400kv network. Which has
triplet bundle conductors. Tower footing resistance of this system is 10 Q
and the range of lighting current is 300KA with negative peak and the
following fig (2.1) shows model for a 400kV network. The Physical
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specifications of conductors and geometrical parameters of the tower are
given in table (2.1).

Fig (2.1): Shows the structure of 400kv studied system circuit modeled in ATP

2.1 -Conductor characteristics:

Table (2.1): Conductor characteristics:

Rin Rout Rho Horiz Vtower Vmid Separ Alpha
Ph.no
(cm) (cm) | Q/kmDC M M m Cm Deg
1 0 1.3195 0.079 -11.38 | 41.7 | 274 40 30
2 0 1.3195 0.079 0 42.7 | 284 40 30
3 0 1.3195 0.079 11.38 | 41.7 | 27.4 40 30

47 Copyright © GJT AEll e Alaal Ad gisa aokall (5 gis



Ol Al g o glall Mal) agaal) [ Liill Gy & Alaa
Gharyan Journal of Technology, High Institute of Science & Technology Gharian
Issue (7), July- 2021 - sl 92 < gabaad) 2221

2.2-Ground wire characteristics:

Table (2.2) shows the vertical and horizontal distances of the conductor

and the ground wire from the surface.

Table (2.2): Ground wire characteristics

Ph.no Rin Rout Rho Horiz Vtower Vmid Separ Alpha N.b
(cm) | (cm) | Q/kmDC M M M Cm Deg
4 0.48 | 0.87 0.3 -6.28 | 51.27 | 39.07 0 0 0
5 0.48 | 0.87 0.3 6.28 | 51.27 | 39.07 0 0 0

Table (2.3): Conductor arrangement of overhead transmission line

Number.ph Vertical Horizontal
1 41.7m -11.38m
2 42.7m 0
3 41.7m 11.38m
Ground wire Vertical Horizontal
4 51.27m 0Om
5 51.27m Om

3.3 Surge arresters those were used in an electrical circuit
3.3.1-First arrester (Zinc Oxide EXILIM-Q1):

Table (3.1) shows brief performance data.

Table (3.1): Brief performance data

System voltage 170-420kv
Rated voltage 42 - 360kv
Nominal discharge current 20 KA
Line discharge class Class 4
Short-circuit 65kA
Mechanical Strength 2500Nm
Design altitude max 1800m
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Ambient temperature -50 C°to +45 C°
Frequency 15-62 Hz

3.3.2-Second arrester (Zinc Oxide PEXLIM -Q2)

Table (3.2) shows brief performance data.
Table (3.2): Brief performance data

System voltage 52 - 420kv
Rated voltage 42 - 420kv
Nominal discharge current 10 KA
Line discharge class Class 3
Short-circuit 50kA
Mechanical Strength 2500Nm
Design altitude max 1800m
Ambient temperature -50 C°to +45 C°
Frequency 15 - 62 Hz

The surge arrester characteristic of the 400kv network is from General
Electrical Company of Libya (GECOL).

4.0 - ATP Analysis of 400kv circuit diagram:

Three cases were done to test the system under study. In each case it will
be calculated extent the basic insulation level (BIL) of the transformer and
then shows the impact of the lightning on the transformer insulator.
4.1-First Case:

1- The ground wire (shielding line) of the overhead transmission lines
exposed to lightning stroke. The lightning current of the stroke is fixed
(260kA). With changing the separation distance between (the installation
place of the lightning arrester ) and the transformer from (5m to 30m),
increasing 5m each step using the two types of lightning arresters and
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measuring the resulting of the internal voltage on the primary winding of
transformer and basic insulation level (BIL)of the transformer for both
lightning arresters.

Fig (4.1) shows the values of the internal voltages of the primary side of
transformer the distance 5m lightning current 260kAusing(Zinc Oxide
EXILIM - Q1).

Fig (4.1): the transient over voltage on the primary winding of the
transformer when distance (5m) and the lightning current (260 KA)

Fig (4.2) shows the values of the internal voltages of the transformer the
distance 10m and the lightning current is fixed (Zinc Oxide EXILIM —

Q1).

50 Copyright © GJT AEll e Alaal Ad gisa aokall (5 gis



Ol Al g o glall Mal) agaal) [ Liill Gy & Alaa
Gharyan Journal of Technology, High Institute of Science & Technology Gharian
Issue (7), July- 2021 - sl 92 < gabaad) 2221

Fig (4.2): the transient over voltage on the primary winding of the
transformer when distance( 10m) and the lightning current( 260 KA)

Fig (4.3) shows the values of the internal voltages of the transformer the
distance 5m keeping the current fixed (Zinc Oxide PEXLIM -Q2)..

Fig (4.3): the transient over voltage on the primary winding of the
transformer when distance( 5m) and the lightning current( 260 KA)

Fig (4.4) Shows the values of the internal voltages of the transformer the
distance 10m the current is fixed using (Zinc Oxide PEXLIM -Q2).
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Fig (4.4): the transient over voltage on the primary winding of the
transformer when distance( 10m) and the lightning current( 260 KA)

Calculating the Basic Insulation level of the transformer (BIL):

BIL — max overvoltage
%BIL = x 100
max overvoltage

Where: (BIL) equal 1300kV[5].

(max overvoltage) |s the maximum voltage on the transformer on the primary
side 400kV.To avoid destructive damage of the entire transformer the ratio of
(BIL) must be more than 20%.

4.1.1-Calculating (BIL) of the transformer when using both types
table(4.5).
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Table (4.5) Calculating (BIL) according to Effect of increasing the
distance (the installation place of lightning arrester related to primary
winding of the transformer) when the lightning current is fixed 260KA.

. : Zinc Oxide PEXLIM —
Distance Zinc Oxide EXLIM -Q1 Q2

(m) Overvoltage o Overvoltage o
(kV) BIL% (kV) BIL%
5 894.17 45.23% 824.66 57.64%
10 994.88 30.66% 874.29 48.69%
15 1054.8 23.24% 904.08 43.79%
20 1097.9 18.42% 927.47 40.16%
25 1112.2 16.88% 940.02 38.29%
30 1134.7 14.56% 955.08 36.11%

=9=—Zinc Oxide PEXLIM —-Q  =fll=Zinc Oxide EXLIM -Q

1300

1100 -

X
900

700

0

Fig (4.6)-The effect of distance (the installation place of lightning
arrester related to the transient over voltage on the primary winding)
when the current is fixed 260KA. For both arresters
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From the previous results it is clear that.

e The results in table (4.5) showed that as we increase the distance the
internal transient over voltage increase and (BIL) is decreasing. and the
decreasing is clear when the location of the arrester at 20 m (BIL)
for(Zinc Oxide EXLIM- Q1) becomes less than the standard value
(18.42%) compared with type (Zinc Oxide PEXLIM Q2)( 40.16%)
According to the value of (BIL) for both types the second one can
stands the lightning stroke tell 30 m.

e Figure (4.6) shows the effect of increasing the distance in steps (the
installation place of lightning arrester) related to the transient over
voltage on the primary winding of the transformer when the lightning
current is fixed 260KA. For both arresters of the arrester .according to
table (4.5) as we increase the distance the voltage on the primary side of
the transformer increasing. although both are increasing with the same
range the transient over voltage on the (Zinc Oxide EXILIM — Q1) is
higher compared with the voltages value of arrester (Zinc Oxide
PEXLIM -Q2) and this makes the (BIL)decreases .quality 1=2

4.2 - Second case:

study the resulting the transient over voltage when the overhead ground
wire exposed to lightning stroke the separation distance fixed to (5m) the
lightning current strokes ranging from(260 to 300kA) increasing 10KA in
each step using both arresters (Zinc Oxide PEXLIM —-Q2) and (Zinc
Oxide EXILIM -Q1).

Fig (4.7) shows the values of the internal transient over voltages of the
transformer on the primary side 400kV changing the lightning current from
(260 to 300kA) and distance is fixed 5m by using(Zinc Oxide EXILIM —

Q1)..
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Fig (4.7): the transient over voltage on the primary winding of the
transformer when distance (5m) and the lightning current (260 KA)

Figure (4.8) shows the values of the internal voltages of the transformer
when the lightning current is 260kA the distance is fixed 5m using (Zinc
Oxide EXILIM-QL1).

Fig (4.8): the transient over voltage on the primary winding of the
transformer when distance (5m) and the lightning current (290 KA)
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Figure (4.9) Shows the values of the internal voltages of the transformer
when the lightning current is 270kA the distance is fixed 5m using (Zinc
Oxide PEXLIM-Q?2).

Fig (4.9): the transient over voltage on the primary winding of the
transformer when distance (5m) and the lightning current (260 KA)

Fig (4.10) shows the values of the internal voltages of the transformer on
the primary side 400kV result of lightning current 290kA by using (Zinc
Oxide PEXLIM -Q?2).

Fig (4.10): the transient over voltage on the primary winding of the
transformer when distance (5m) and the lightning current (290 KA)
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4.2.1- Calculating the (BIL) of the transformer when using both types
when the separation distance is fixed (5m) and lightning current strikes
ranging from(260 to 300kA)

The following table (4.6) shows the change of insulation level (BIL).

Table (4.6) Calculating (BIL) according to Effect of increasing of
lightning current and the distance (the installation place of lightning
arrester related to primary winding of the transformer) is fixed to 5m

Lightning | Zinc Oxide EXILIM - Q1 | Zinc Oxide PEXLIM - Q2
Clar(f)nt Ove(rll/\oll)tage BIL% Ovea\c;l)tage BIL%
260 894.17 45.38% 824.66 57.46%
270 968.04 34.29% 877.48 48.15%
280 1017.2 27.80% 921.48 41.07%
290 1032.1 25.95% 933.32 39.28%
300 1036.6 22.22% 953.84 36.29%

=®=—7Zinc Oxide PEXLIM —-Q  =fll=Zinc Oxide EXLIM —Q

1300
2 ot ¥

800

260 270 280 290 300

KA

Fig (4.11)-The effect of lightning current to the transient over
voltage on the primary winding of transformer when the distance is
fixed 5 m. For both arresters

From previous results we can conclude the following:
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e The results in table (4.6) show that as we increase the lightening current the
internal transient over voltage increase and the (BIL) is decreasing it is clear
when the lighting current is 300kA (BIL) for (Zinc Oxide EXLIM- Q1) is
about to becomes less than the standard value (22.22%) compared with type
(Zinc Oxide PEXLIM Q2)( 36.29%) .according to the value of (BIL) for
both types the second one can stands the lightening stroke better than the first
one.

¢ Results in table (4.6) show that (BIL) decreasing as we increasing the current
especially when the lightning current at 300KA and type (Zinc Oxide
PEXLIM Q2). Stands much better than type (Zinc Oxide EXLIM- Q1) and
the transformer will subjected to high voltage wave is about to break down and
(BIL) stayed more than 20% even the lightning current at 300kA.

o Figure (4.11), as the arrester (the protection device) is close to transformer as
the (BIL) is high even the current is high so by any way this means that
distance factor is represented important role in protection 4t while it finds
that the value of the current in the arresters (Zinc Oxide PEXLIM - Q2) and
(Zinc Oxide EXILIM — Q1) equally happen significant difference in voltage
between retardants.

4.3 -Third case:

3- Studying the voltage behavior when the lightning stroke falls direct to
transmission line .When the lightning current ranging from (260kA to
300kA) And the separation distance fixed (5m) using both arresters.
Fig(4.12) shows the values of the internal transient over voltages of the
transformer  when the lightning strike transmission line directly the
lightning current (300KA)and separation distance fixed (5m) by using

(Zinc Oxide EXILIM —-Q1).
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Fig (4.12): the transient over voltage on the primary winding of the
transformer when the lightning current (300kA) distance (5m)

Fig (4.13) shows the values of the internal transient over voltages of the
transformer when the lightning strike directly transmission line with
lightning current (300KA) using (Zinc Oxide PEXLIM -Q2).

Fig (4.13): the transient over voltage on the primary winding of the
transformer when the lightning current (300kA) distance (5m)
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4.3.1- Calculating the (BIL) of the transformer when using both types
when the separation distance is fixed (5m) and lightning current strikes
ranging from(260 to

300kA)

The following table (4.7) shows the change of Basic insulation level (BIL).

Table (4.7) Calculating (BIL) according to Effect of increasing the
lightning current and the distance( the installation place of lightning
arrester related to primary winding of the transformer) is fixed to 5 m.
for both lightning arresters

Zinc Oxide EXILIM | Zinc Oxide PEXLIM
Lightning -Q1 - Q2
current

Overvoltage o | Overvoltage o
(kA) (kV) BIL% (kV) BIL%
260 1038.4 25.19% 943.67 %37.76
270 1039.2 25.09% 950.07 36.83%
280 1041.9 24.77% 5950.1 36.82%
290 1050.1 23.79% 950.20 36.81%
300 1057.9 22.88% 950.25 36.80%

Note: as we increase the lightning current by 10kA tell 300kA as the basic
insulation level (BIL) is decreasing for both arresters. according to the table (4.7)
type (Zinc Oxide PEXLIM — Q2) can stands the lightning much better than
type (Zinc Oxide EXILIM — Q1) which is about to Breakdown when the
lightning current (300kA).

4. Conclusions:

In this paper, a simple substation model and the effect of lightning strokes and
a multiple strokes of lightning flash were all successfully simulated and analyzed
using program ATP, and the effect of distance factor related to protection device
was approved (place of lightning arrester).The study was supported with Different
types of arresters which were identified and tested to choose the best one for
power protection systems. More than this the results established the need for
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lightning protection using lightning arresters .and results obtained by this study
can summaries in these points:

1-

As the separation distance between protection device (the installation place of
the lightning arrester) and transformer increasing as the transient over voltage
at the primary winding of the transformer increasing and (BIL) of  the
transformer decreasing compared to the standard level of (BIL) and the
transformer will be more subjected to insulation failure .

As the current of lightning stroke increase as the transient over voltage on the
primary winding of the transformer increasing. and the (BIL) will decrease then
the transformer will be more subjected to damage

The separation distance and the lightning current are the main factors in our
study the distance (the installation place of arrester related to the protected
unit) is adjustable compared with lightning current is naturally uncontrollable
and because Most of the transformers failures seem to be due to the excessive
separation lengths between the transformer and the lightning arresters which
will expose the transformer to excessive transient over voltage so it should
always be evaluated to ensure adequate protection.

Point (1) and (2) according to the results for (BIL) transient overvoltage
approving that the priority is for the distance (location of the lightning arrester
related to transformer) then the value of the current of lightning stroke
comparing two different tests. Distance factor is playing the important role in
protection even the lightning current is very high.

Two types of lightning arresters were tested(Zinc Oxide PEXLIM Q2)
and(Zinc Oxide EXLIM- Q1) and results approved that (Zinc Oxide
PEXLIM Q2) is much better than the first one for withstanding traveling
waves due to lightning which causing insulation failure in power systems.
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Abstract:

In this paper a new reversible (also known as invertible) blind image
watermarking technique is proposed based on Integer Wavelet Transform (IWT).
This lossless image watermarking technique is developed for some applications
like face recognition that a high perceptual quality image is required in order to
preserve the performance. For this aim, IWT is applied on an image to decompose
it to different sub-bands. Depending on the desired robustness of the watermark,
the wavelet’s sub-band is selected. Thus, a lossless function is used to embed the
watermark into pair of wavelet’s values. Finally, watermarked image is
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reconstructed by applying inverse IWT. At receiver side, watermark data is
extracted from the watermarked image. Then, the original image is recovered by
using extracted watermark. Experimental results reveal that the proposed
watermark technique not only has proper invisibility but also it has high payload.
Keywords: Digital image watermarking, reversible watermark, integer
wavelet transform, blind watermark, invertible watermark.

1. Introduction

Nowadays, there is special attention to digital watermarking due to its
wide applications such as fingerprinting, copyright control and protection,
authentication, etc. Embedding extra information into the original content
makes a slight difference between original content and watermarked
content. Majority of the available watermarking techniques are irreversible
which the original content cannot be recovered [1]. Distribution and
transmission the watermarked version cannot be always acceptable by some
applications such as biometric recognition [2], military investigation, space
exploration, and medical diagnosis. In these applications, the security of the
content as well as quality of the content must be satisfied. Thus, another
kind of watermarking known as reversible watermarking is applied to
satisfy both of them. Reversible (or also called lossless or invertible)
watermarking does not have any degradation on original content [3]. All of
the reversible watermarking are fragile or semi-fragile which can easily be
destroyed if any modification is taken place [4]. Figure 1 illustrates two
major categories of reversible watermarking techniques.

Reversible watermarking techniques

Semi-Fragile

Figure 1. Two main classes in reversible image watermarking techniques.
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In this paper, a novel reversible image watermarking technique is
proposed by using IWT. The main reason is the ability of IWT for
transforming an image to some sets of integer. Furthermore, applying
lossless functions for watermark embedding and watermark extraction are
broadening the application of this technique for wide range of applications.

The rest of this paper is organized as follow: first, related works in
reversible image watermarking are discussed; second, the proposed
reversible image watermarking technique is explained; third, an
experimental result on the proposed reversible image watermarking
technique is provided; fourth, the proposed algorithm is compare with other
techniques; and finally, conclusions and future trends are presented.

2. Related Works

Majority of reversible image watermarking techniques have been
classified into two main techniques including semi-fragile and fragile
watermarking techniques. Figure 2 presents available reversible image
watermarking techniques.

Spatial
Domain

Fragile

Transformed

Reversible Domain
watermarking
techniques Spatial

Domain

Semi-fragile

Transformed
Domain

Figure 2. Available techniques for reversible image watermarking techniques.
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Fragile reversible image watermarking based on spatial domain: The
first technique for fragile reversible image watermarking has been
presented based on differences among the neighborhoods pixels [5].
Although this technique can provide high amount of payload, the
invisibility of the watermark can be degraded.

Fragile reversible image watermarking based on transform domain: A
technique has been developed that apply a transformation functions like
DCT in order to embed the watermarking bit bases on ZRX (Zero-
Replacement Extraction), CA (Confusion Avoidance), or ZRE (Zero-
Replacement Embedding) [6]. Although this technique can provide
reasonable watermark invisibility, the low embedding capacity is the main
problem of this approach. Another algorithm has been used based on
substitution scheme for color images watermarking using Fourier transform
[7]. Although the low capacity is the main issue of this study.

Semi-fragile reversible image watermarking based on spatial domain: A
investigation has been developed based on modifying histograms of two
sets [8]. For this purpose, two sets of regions in the image are selected.
Then, watermark bit is inserted by changing the histograms’ bins.

Semi-fragile reversible image watermarking based on transform domain:
A study in [9] has been developed based on Weighted Quantization Method
(WQM) by using two functions such as F and L. L is consisted of different
quantization steps but F is the main quantization function. Another method
has been presented based on LBP operators by using the local pixel contrast
for the embedding and extraction of watermarks [10]. However, this
technique can provide high amount of payload, the invisibility of the
watermark can be degraded.
3. Proposed Watermarking Algorithm

Apart from watermark types, every watermarking algorithm has two
common aspects including watermark embedding and watermark
extraction. In the following, both of these aspects are explained in the
details.

3.1 Watermark Embedding
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The watermark embedding process is described as following:

9-

Read the original image from input.

Apply one level two dimensional IWT on original image to decompose it
four sub-bands including cA, cH, cV, and cD.

Rearrange details coefficients of the wavelet (cD) to a matrix with size of
2xN (Asz).

For each watermark bit, select pair of values (X, Y) from Ao,

Compute the amount of L and H based on equation (1):
X+Y

L=, H=x-v (1)

Check the condition as in Equation (2)

2% H+W;| <min(2 X (255 —L),2 X L+ 1) )

Embed the binary watermark (W;) data as in Equation (3):

H=2H+W, 3)
Compute the modified amount as in Equation (4):

- H+1 N H

f=1+|F] 7=1-[3] )

Reconstructed the modified wavelet’s details coefficients (cD) from the
modified matrix (A, y)-

Replace cD instead of cD and apply inverse one level two dimensional
IWT to reconstruct the watermarked image.

3.2 Watermark Extraction
The watermark extraction process is described as following:

Read the watermarked image from input.

Apply one level two dimensional IWT on watermarked image to
decompose it four sub-bands including cA, cH, cV, and cD.

Rearrange details coefficients of the wavelet (cD) to a matrix with size of
2xN (Asz).

For each watermark bit, select pair of values (X, Y) from Ao,

Compute the amount of L,,; and H based on equation (5):

R+7 PP SN
Lorg = [TJ A=%-7 (5)
Extract the binary watermark (1) data as in Equation (6):
Wl = Horg % 2 (6)
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7- Compute the new amount of A before watermarking as in Equation (7)
H-W,

Horg = (7
8- Compute the original amount of image as in Equation (8):
Horg+1 — Horg
Xorg = Lorg l éq J: Yorg = Lorg - ngJ (8)

9- Reconstructed the modified wavelet’s details coefficients (cD) from the
modified matrix (A, y).

10- Replace cD instead of cD and apply inverse one level two dimensional
IWT to reconstruct the original image.

In order to describe the proposed algorithm more clearly, Figure 3 presents the
pseudocode for watermark embedding and extraction processes.

Img: input image

Img_wm: watermarked image

Img_org: constructed original image from the watermarked image
CA, cH, cV, cD: wavelet coefficients

N: size of cD

A: Revised matrix from cD

BB: Modified matrix

Floor(): floor function

Reshape(): matrix reshaping function

IWT(): Integer wavelet transform function

Inverse LWT: Inverse integer wavelet transform function
Min: find minimum among between two values
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1. Read original image (img) 1. Read watermarked image (img_wm)
from input. from input.
2. [cAcHcV cD]=IWT(img). 2. [cAcH cV cD]=IWT(img_wm).
3. A =reshape(cD,2,N); 3. A =reshape(cD,2,N);
4. Fori=L:N 4. Fori=L:N
x=B(1,i). xx=B(1,i);
y=B(2,i). yy=B(2,i);
I=floor((x+y)/2). II=floor((xx+yy)/2);
h=x-y. hhh=xx-yy;
5. If abs(2*h+ wi)<=min(2(255- ww;= mod(double(hhh), 2);
1),2*1+1) h_real=(hhh-ww(i))/2;
hh=2*h+w;. xx=ll1+floor((h_real+1)/2);
xx=l+floor((hh+1)/2). yy=lll-floor(h_real/2);
yy=I-floor(hh/2). BB(1,i)=xx;
B(1,i)=xx. BB(2,i)=yy;
B(2,i)=yy. 5. End
6. EndofIf 6. BBB =reshape(BB);
7. End of for 7. img_org= inverse
8. AA =reshape(B). IWT(cA,cH,cV,BBB,liftscheme);
9. img_wm =inverse
IWT(cA,cH,cV,AA).

Figure 3. Pseudocode for the proposed embedding and extraction processes
4. Experimental Results

In this part, the performance of the proposed invertible image
watermarking technique based on IWT is evaluated. For this purpose, five
images were selected including Lena, baboon, cameraman, Barbara,
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(f)

(9)

(h)

()

39.53 dB

41.01

dB

40.55 dB

42.44 dB

40.43 dB

Figure 4. Original images of (a) Lena (b) baboon (c) cameraman (d) Barbara
(e) pepper and the watermarked images of (f) Lena (g) baboon (h)
cameraman (i) Barbara (j) pepper.

Table 1 presents the major criterion for the proposed

image

watermarking technique. As seen, the invisibility and capacity can fully
meet. However, due to fragility nature of the proposed reversible
watermarking technique, the watermark data always extracted with random

nature.
Table 1. various watermarking factors for the developed image watermarking
technique.
Image PSNR (dB) Capacity (b) Avr BER (%)
Lena 39.53 6272 49
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Baboon 41.01 6272 44
Cameraman 40.55 6272 54
Barbara 42.44 6272 59
Pepper 40.43 6272 55

Table 2 presents amount of different criterion for the developed
reversible image watermarking technique. As seen, Mean Square Error
(MSE) revealed that when there was no attack, the constructed images were
exactly similar to original images. In addition, the amount of Peak to Signal
Noise Ratio (PSNR) between original and constructed images were infinity
which show prefect recovered images. However, under attacks, the
proposed reversible image watermarking was behaved like fragile which
can be inferred from the amount of Bit Error Rate (BER). Apart from these
criterion, it can easily infer that the reversible image watermark is only
applying for environment without any attack.

Table 2. Different factors for the developed reversible image watermarking

technique.

Attack MSE BER PSNR

No attack 0 0 00
Salt and pepper noise | 1.2397e+04 43 29.54
AWGN | 1.1586e+04 45 23.23
JPEG 1.2386e+04 62 31.43
Rotation and scaling | 1.2586e+04 23 33.34
Cutting | 1.2576e+04 33 24.54
Filter | 1.0126e+04 51 26.65
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5. Discussion

Digital image watermarking induces undesired noise into the image.
Therefore, some applications like face recognition cannot use

watermarking technology for its security. Although image enhancement
techniques may have some improvements for the performance of face
recognition for noisy face images, the facial and other important
components of the image also be affected. Therefore, developing invertible
image watermarking for these types of applications is required. In this
paper, a novel invertible image watermarking technique is proposed that not
only can carry the watermark but also, the original image can be retrieve
from the watermarked image blindly. This algorithm can support
multimodal biometric systems that are based on facial and watermarked
data. For this purpose, fingerprint biometric information is embedded as a
watermark data which is not degrade the facial biometric information due to
invertibility feature in the nature of the proposed watermark.
6. Conclusions and Future Trends

This paper has been discussed the reversible image watermarking
framework which is based on IWT and some reversible functions. To
achieve this aim, couple of pixels have been used to carry the watermark
data. Although watermarking can provide reasonable watermark’s capacity
and invisibility, it may degrade under intentional and unintentional attacks.
Experimental results reveal that the proposed algorithm can properly
compute the original image from the watermarked image when no attacks
are taken place. Future trends in this work can be apply other
transformation techniques such as DCT, FFT, and multi-resolution
transformation to improve watermark invisibility and improve capacity.
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