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ABSTRACT

In this article we evaluate the deployment of a smart trading system that exploits the features of different technical indicators for intelligent stock trading.
Depending on their behaviors, these indicators help in trading under various market conditions. Our smart trading system uses a unified trading strategy that
selects five indicators from three well-known categories referred as leading, lagging, and volatility indicators. The trading system looks for common trend
signals from at least three indicators within a certain period of time. Collectively generated signals from the technical indicators are used to train a neural
network model. The trained neural network model is then used to produce buy and sell signals for trading in stocks. The system is efficient and convenient to
use for both individual traders and fund managers. We tested the model on actual data collected from Saudi Stock Exchange and New York Stock Exchange.
The performance of the model was checked in terms of percentage returns. The results of the proposed trading model were compared with the benchmark

trading strategy. The deployed smart trading system is efficient to produce significant returns over the longer and shorter timeframes.

Keywords: Stock market forecasting, Time series data, Smart trading, Trend indicators, Artificial neural network

1. Introduction

Trading stocks is very intricate profession that requires an
efficient trading system and careful planning with persistent
hard work and reliable strategy [1]. Many traders seek help of
the professionals to get guidance which is normally costly.
Others use different software without any prior experience and
knowledge. Furthermore, there are investors who are
unfamiliar with the use of technology, and they often fell into
vicious market cycles [2, 3]. Before investing, a trader must
acquire the knowledge of the company, its business operations
and financial statements [2]. Moreover, the purpose of a trading
model is to help traders to make right decisions at the right time
and to avoid any trading decision which is based on emotions
or random news. Professional trading models aim to setup rules
of taking trades, and they wait for the good opportunities to
invest the capital [4].

The use of Technical Indicators (T1s) for stock trading helps
in chart analysis and to look for new patterns available in data
values. Based on the nature of a technical indicator, it may be a
leading, lagging, or volatile indicator. Leading Tls like Relative
Strength Index (RSI) and Triple Exponential Average (TRIX)
predict trends based on rate of change of stock prices and they
are also called momentum-based indicators [5, 6]. To measure
volatility level of stock prices, we use volatile technical
indicators. One of the examples of volatile TIs is the Average
Directional Index (ADX) [7]. The lagging technical indicators
are used to quantify the strength of a trend. Exponential Moving
Averages (EMA) and Moving Average Convergence
Divergence (MACD) are among some well-known lagging
indicators [5, 8]. They are called lagging indicators because of
their delayed feedback after a large shift has occured.

*Corresponding author:zeexhan@hotmail.com

The traditional algorithms used to implement technical
indicators are slow and computationally costly. Artificial
Intelligence (Al) with its application in various fields serves as
compact and efficient solution for the real world problems. The
field of Artificial Neural Network (ANN) as an extension of Al
is quite advanced now. Neural networks mimic the working of
the human brain, and they provide solutions for the Al and
machine learning related problems. Since last few decades,
automated trading based on neural networks and technical
indicators is used for forecasting in financial markets [9, 10].

Recurrent Neural Network (RNN) is normally considered
to deal with the sequential data problems. Long Short-Term
Memory (LSTM) as a variant of RNN is capable of learning
from historical time-series data and predicts the future values.
Stock market data is an example of time-series data, and it is
very suitable to train an LSTM neural network for predictions.
Many studies show the effectiveness of LSTM neural network
for predicting the future prices after they are trained on historic
stock prices [11]. These models are limited and may not provide
information about the consistent changes of the price values
[12]. Our proposed trading system model is designed
differently, and it is capable to learn the behavior of technical
indicators. Instead of predicting the future price values, it
predicts trends, and generates buy/sell signals accordingly.

Our smart trading model can efficiently respond to a set of
data values for predicting new up or down trends and it helps in
profitable trading by generating buy and sell signals. We
compare the performance of this model with the performance
of a benchmark trading strategy called Buy & Hold (B&H) and
the results show that the proposed smart trading model is
efficient, and it produces significant returns over the longer and
shorter timeframes.
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2. Literature Review

Several types of trading strategies are developed to analyze
the market conditions and the future price levels. Trading
strategies systemize the process of taking trades and they help
to set the rules for productive trading. Trading systems
implement predictive models to help the traders. In all the
models, the basic goal is to construct a strategy based on price
movement or the market volatility and to give
recommendations for taking trades [13]. Some well-known
strategies are used to develop new trading models [14]. A smart
trading model helps to automate the trading process by
employing some probabilistic reasoning on price values and
volume information [15, 16].

Researcher have used Open, High, Low, Close (OHLC)
values of stock data along with the business news, social media,
and market sentiment analysis to predict future prices [17, 18].
Widely available trading systems use various technical
indicators, such as ADX, TRIX, RSI, MACD etc., and the
performance of the system is optimized by using smart
techniques, like swarm optimization method or artificial neural
networks [19-21]. In most cases, the aim is to find patterns in
the past prices of a stock and then use statistical and analytical
methods to predict future price values [22, 23].

Unified Trading Strategy benefits from the features of
multiple indicators and it helps to automate stock trading by
providing potential opportunities of buying and selling shares
in stock market [24]. Five different technical indicators,
including EMA, ADX, MACD, RSI, and TRIX are
simultaneously applied on the stock data and if three or more
technical indicators are able to mark a potential trend, UTS
generate buy/sell signals accordingly. The marked up/down
trends and corresponding buy/sell signals are generated under
the combined influence of collaborated technical indicators
[24].

Machine learning helps to solve the problems of algorithmic
trading. With the help of forecasting by machine learning
methods, we can avail particular opportunities for useful
trading [25]. LSTM works effectively with time series data like
stock price values. It has been used extensively to investigate
prediction for stocks, econometrics, and financial markets [26-
28]. The features of LSTM are added with other methods for
better predictions [29].

Our smart trading system do not train an LSTM model on
regular stock price values. We adopt the data values which are
marked by UTS as a part of up/down trend. The expected result
of trained model is to efficiently predict the future movements
of market by establishing a correlation of data patterns and
market trends. In this supervised machine learning process, the
trend data is considered as input and the output is a binary signal
of value zero or one. The output is zero, if the set of input price
values form a down-trend, and it is one, if these values are a
part of up-trend. Such kind of trained neural network models
are able to replace the traditional trading by searching for
potential buy/sell opportunities. This solution provides
reusability with effective and efficient operation.

3. Methodology

UTS generates highly accurate buy and sell signals to enter
and exit a trade. Some popular technical indicators like MACD,
ADX, EMA, RSI, and TRIX form the base of UTS. The
selection of these technical indicators is from three broad
categories such as leading, lagging and volatility indicators.
The technical indicators are applied on the historical data of
stock prices and the corresponding trends are marked and
stored. To mark a valid trend, it must be commonly declared by
at least three of total five indicators (Fig. 1). Later, the data from
these confirmed trends is used to train a neural network. In the
following subsection, we briefly describe these indicators and
their usage.

any3Tl's
confirm
trend?

Save data
valuesto train
LSTM

Ignore the
data values

Fig. 1: Searching and saving common trends data marked by different

indicators

3.1.  Technical Indicators and their Interpretation

In this section, we provide definitions of technical
indicators that are used by the trading model along with their
interpretations.

Let C; represent the closing price of a stock on a particular
trading day, where the subscript t stands for time and it starts
from 1 and ends at some value T, i.e., 1 <t <T. Similarly, H;,
Ly, and O denote the high, low, and open prices of a stock.

Define an index set for a period of p number of trading days
as follows, Iy p = {i:t—(p — 1) <i<t}, where p <t <T. For
example, if p=10and t = 10 then lyp10 = {i: 1 <i<10}.

3.1.1 Simple Moving Average (SMA)

Given a sequence of closing prices {C.}}_, for N days,
simple moving average (SMA) for the period p is defined by
taking the arithmetic mean of subsequences of p terms, that is,

se=,2G )

Here, simple moving average is represented by s. It yields a
new sequence S, = {s;}t=,. The simple moving averages are
used to measure the direction of the trend whether it is upward
or downward.
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3.1.2 Exponential Moving Average (EMA)

Exponential Moving Average (EMA) works like a filter that
applies weights to older values in a time series that keep
decreasing exponentially. Given a sequence of closing prices
{C.}_,, EWMA for the period p is defined as follows:

Ec=wC+(1—-wW)E(, t>2 2

where E represents the exponentially weighted moving
average, w is a smoothing constant and it is calculated by the

formulaw = pZ?. The values of w lie between 0 and 1. The first

EWMA E; s set in different ways, for example, E; = C;, or E;=
mean of the first p values. It yields a new sequence {E.}T_; .
Some authors prefer to take {E.}{-, .The exponential weighted
moving averages are used to measure the direction of the trend
whether it is upward or downward. The difference between
SMA and EMA is that EMA gives higher weights to the recent
prices of a stock.

3.1.3 Triple Exponential Moving Average (TRIX)

It is considered as a momentum indicator that follows the
trend. It shows the percentage change in the EMA of closing
prices that has been smoothed three times. It is given as:

Etl = E.(C)
Ef = Et(Etl)
Et3 = Et(EtZ)

E?_Et3—1
L

TRIX, =

©)

TRIX is plotted against time t on the xy-plane. The TRIX-
curve keep oscillating around a zero-line.

Rule: A buy signal is generated whenever the TRIX-curve
crosses the 0-line from bottom and a sell signal vice versa. But
most of the time, the use of TRIX is augmented with other
indicators or the candlestick chart.

3.1.4 Moving Average Convergence Divergence (MACD)

It is a difference of short EMA and long EMA, given as
follows:

Mt — Eshort _ Eiong (4)

This yields a sequence of MACD, {M,}},.The most used
short and long EMAs are 12-day and 26-day EMAs. MACD is
used in diverse ways, we will describe the two rules below.

Rule 1:

The values of MACD can be positive, negative or zero, and
when these values are plotted against time on the xy-plane, they
oscillate around the 0-line (the x-axis). When the MACD curve
crosses the 0-line from the lower half plane to upper half plane,
then a buy-signal is generated, and when it crosses the 0-line
from upper half plane to lower half plane, then a sell-signal is
generated. Mathematically, it is defined as follows:

M, <0 and M,>0
M;_;>0 and M,<0

Buy:
Sell:

Rule 2:

Given a sequence of MACD, {M,}\_, first calculate the 9-
day EWMA of MACD sequence. It yields a new sequence
which is denoted by {E}M})_,.The values of the new sequence
can be positive, negative or zero, and these are plotted against
time on the xy-plane, along with the MACD sequence. The
MACD curve is called the momentum curve and the 9-day
EWMA of MACD is called the signal curve. A buy signal is
marked for MACD curve crossing the signal line from bottom
and when it crosses the signal line from top, we take it as sell
signal. It is expressed as follows:

Buy: M, ,<EM, and M,>EM
Sell: ~ M,_,>EM, and M,<EM
3.1.5 Relative Strength Index (RSI)
It is a powerful indicator to determine the strength of the
trend. It is defined in the following way. First, we define two

sequences named as upper (U;) and lower sequences (L) for
time period of N days i.e., t=1 to N as follows:

U, = {Ct —Ciq if Cr > Crq
t 0 otherwise

L = {Ct—l —C if Ci_q > C;
t 0 otherwise

Both the sequences {U,}}, and {L,}}", are nonnegative
sequences. Next, we take simple moving averages for the
period p of these sequences.

1
Ut = - Z Ui;

i=t—(p-1)
and
t
L=1 Yo
t— i
P i1

It yields two new sequences {U}t-, and {L.}i_,. By using
these sequences, we define another sequence by taking their
ratio. It is named as the sequence of relative strengths and is
defined by

cl

RS, == ®)

It produces the sequence {RS}{-,. Next, we define the
relative strength index as follows:

il

100
R_St'

It generates the sequence of relative strengths, that is,
{RSI:}{-,. RSI value remains between 0 and 100. If the value of
RSl is close to zero, it shows a downward trend and if the value
of RSI is close to one hundred it shows an upward trend.

RSI, = 100 —

Rules:

RSI can be used in diverse ways to determine the strength
of the trend. RSI is plotted against time on the xy-plane with the
horizontal lines at RSI = 30, 50 and 70. The region below the
line RSI = 30 is considered as the oversold region, and the
region above the line RSI = 70 is considered as the overbought
region. If the RSI curve crosses the line RSl = 30 from below,

3
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and it is also increasing, then an upward trend is depicted and
similarly if the RSI curve crosses the line RSI = 70 from above
and it is also decreasing, then a downward trend is depicted.
Most of the authors also consider the middle line RSI =50 as a
reference. For instance, a buy signal is generated if RSI, > 50
and RSI,_, <50, and similarly a sell signal is generated if RSI,<
50 and RSI,_, > 50.

3.1.6 Directional Indicators

Directional indicators (DI) were developed by Wilder
(1978) and are used to enter and exit a trade. The DI are
constructed by using not only closing price of a stock but also
the information about the intraday high and low prices of a
stock. To define (DI), first we define two sequences named as
upper move (UM,) and lower move (LM,) sequences as follows:

H,—H if H; > H
UM, = t t—-1 t t-1
t { 0 otherwise
L1 —L if L1 >1L
LM, = t-1 t t-1 t
t { 0 otherwise

Both the sequences {UM})_; and {LM,}}, are nonnegative
sequences.

Positive Directional Movement (DM *)

DM = {UMt if UM;>0 and UM,>LM,
t 0 otherwise
Negative Directional Movement (DM °)
pM; = {LMt if  LM;>0 and LM >UM,
0  otherwise

Note that both {DM;"})_, and {DM;}}_, form sequences of
nonnegative numbers and at least one of them must be zero at
any given value of t.

True range is a term used to provide the price range of day-
to-day trading, and it is defined as follows:

TR; = max{H; — L, Hy —Ce_q, Coq — Lt}

Where, TR, represents true range on a particular trading
day.

Next, we define the positive directional indicators DI}, and
negative directional indicators DI; with the help of DM and TR
for a period of p number of days.

Positive Directional Indicator (DI *)
2§=t—(p—1) DIVIL'+
Yize-p-1 TR:
Negative Directional Indicator (DI )
Zf:t—(p—l) DMi_
z:f:t—(p—l) TR;
These indicators measure the upward and downward price
movements as the fraction of trading range over a period of p
number of days. Moreover, they are inversely proportional to

each other, that is, if one of them increases the other decreases
and vice versa.

DI} =

DIf =

Directional movement index is defined as the hundred times
the ratio of the absolute values of the difference between the
positive and negative directional indicators and the sum of the
positive and negative directional indicators, that is,

4

DI} — DI

DIf + DI
The values of DX lie between 0 and 100. It yields a sequence

{DXi}t=1

3.1.6.1 Average Directional Movement Index (ADX)

The average directional movement index is obtained by
taking the simple moving average of the sequence {DX,}I_, for
the period of p number of days, that is,

DX, =‘

1
ADXy = = ¥l p-1) DXi (6)

The range of ADX values is from 0 to 100. It is a powerful
indicator to determine the strength of the trend.

Trading Rules: ADX is plotted against time t on the xy-
plane. Two horizontal lines at ADX = 20 and ADX = 40 are
drawn which are used to generate the signals. If ADX is greater
than twenty and increasing, then the trend’s strength is
increasing, and if ADX is smaller than forty and decreasing,
then the trend’s strength is decreasing.

3.2  Smart Trading Strategy

The use of technical indicators without a strategy does not
assure profits. Moreover, dependence on any single indicator is
risky, and often multiple indicators are combined to determine
the strength of the trend and momentum.

The goal of the deployed model is to develop a strategy
which uses the most popular technical indicators. The idea is to
use three or more indicators that generate buy and the sell
signals within a predefined range. The potential signals are used
to train a neural network model that learns the nature of the data
that comprise signals. Later, the same neural network model
works as stand-alone system to predict buy and sell signals. We
adopt the default configuration of the neural network model
[24]. The overall strategy is depicted through Fig. 2.

Technical
Indicators
Calculations

Output Signals by
EMA, TRIX,
MACD, RSI, ADX

Input data C,, H,,
L, O,

Feed Signals Data

Confirm Trend

to Train the Consistency

Neural Network

Select Signals

Decide Threshold
for Classifying
Buy/Sell Signals

Back Test Model

Calculate Returns

Fig. 2: Smart trading strategy

Here, we outline the composition of the strategy.

1. Apply the technical indicators, ADX, EMA, MACD, RSI,
and TRIX.

2. Mark the initial signals by each indicator (may not be
common).
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3. Mark trend days based on the output of each indicator.

4. Define the search range to locate the same indexes in
other indicators.

5. Define sensitivity i.e., at least how many indicators must
confirm a signal.

6. Data comprising potential signals is used to train a neural
network model.

7. Trained model is used to generate buy/sell signals
depending on threshold values.

8. Smart trading is performed accordingly, and returns are
calculated.

4. Simulations and Results

In this section we will apply the above strategy to show its
effectiveness through backward and forward testing.

4.1 Data Collection

We have obtained the historical data of the companies
from the online resources. For example, the stock data for
Apple Inc., a US technology company is obtained from Yahoo
Finance [30], and the data for the Saudi Cement Company
(SCC) is obtained from Tadawul [31]. The data is collected
for a period of ten years, from Jan 01, 2010, to Dec 31, 2019.

4.2  Backward Testing

Backward testing is a process to determine how well the
new strategy will perform if it is applied on the historical data
of the stock prices. In the first case we have applied the trading
model on the stock prices of Saudi Cement Company and
obtained the buy and sell signals. We will describe this in the
form of an investment scenario. In the first problem, we
consider an investment in the Saudi Stock Exchange, and in

Table 1: Backward Testing Results for Problem Statement 1

the second problem we consider an investment in the New
York Stock Exchange.

Problem Statement 1:

Mr. Ali wants to invest SAR 10,000 for a tenure of 10
years. Suppose, he purchases the stocks of SCC. His risk
tolerance level is 5% and he intends to achieve a return of 10%
annually over his investments. Use the trading model defined
in this paper to determine the entry and exit points, and also
determine the success rate of this strategy.

1. Initial capital = 10,000 SAR
Investment time frame = 10 years
Risk tolerance = 5% of initial capital
Profit target = 10% annually

Entry point = buy signal

Exit point = sell signal

Assume no fees, no taxes, no cost
Determine the profit or loss

We collect the data of SCC from Jan 01, 2010, to Dec 31,
2019, and apply the above strategy to get the buy and the sell
signals. We enter the first trade when we obtain the buy signal
and exit the trade when we obtain the sell signal. We buy the
shares so that the cost is less than the initial capital and the
left-over amount remains in the account as a cash. We sell the
shares when a sell signal is obtained, and the amount received
is kept as a cash until the next buy signal is obtained. We
repeat the process for the tenure of ten years. The results are
shown in Table 1. The above strategy yields tremendous
results. The initial capital SAR 10000 is turned into an amount
of SAR 303497.45 which is a return of 3000%.

N o O~ wd

Buy Sell
No. of Trades | Date Price No Cost Cash Date Price No Cost Cash (new) Return (%)
1 2/16/2010 40 250 10000 0 5/17/2010 49 250 12250 12250 225
2 7/5/2010 45 272 12240 10 7/9/2011 62 272 16864 16874 37.77
3 8/22/2011 58 290 16820 54 3/12/2012 92 290 26680 26734 58.62
4 4/14/2012 88.25 302 26652 82,5 5/5/2012 93.25 302 28162 28244 5.66
5 6/12/2012 90.75 311 28223 20.75  11/4/2012 88.25 311 27446 27466.5 -2.75
6 12/3/2012 90 305 27450 16.5 2/17/2013 97.25 305 29661 29677.75 8.05
7 4/24/2013 95.75 309 29587 91 12/2/2013 107 309 33063 33154 11.74
8 1/9/2014 102.25 324 33129 25 3/17/2014 1145 324 37098 37123 11.98
9 4/23/2014 107.75 344 37066 57 9/22/2014 121.16 344 41679 41736.04 12.44
10 4/15/2015 91.82 454 41686 49.76  6/9/2015 95.91 454 43543 43592.9 4.45
11 11/19/2015 65.75 663 43592 0.65 12/7/2015 69 663 45747 45747.65 494
12 1/28/2016 50.41 907 45722 25.78  3/24/2016 67.16 907 60914 60939.9 33.22
13 5/26/2016 64.45 945 60905 34.65  6/16/2016 66.54 945 62880 62914.95 3.24
14 11/7/2016 52.93 1188 62881 34.11 1/5/2017 71.51 1188 84954 84987.99 35.1
15 5/17/2017 52.52 1618 84977 10.63  6/5/2017 53.23 1618 86126 86136.77 1.35
16 11/30/2017 38.59 2232 86133 3.89 3/29/2018 56.13 2232 125282 125286.05 45.45
17 9/20/2018 40 3132 125280 6.05 10/10/2018 43.1 3132 134989 134995.25 7.75
18 10/30/2018 38.3 3524 134969 26.05  7/23/2019 77 3524 271348 271374.05 101.04
19 9/19/2019 62.5 4341 271313 61.55  1/2/2020 69.9 4341 303436 303497.45 11.84
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Fig. 3: The comparison of smart trading system with B&H (Problem-1)

As noticed in Fig. 3, the profits gained by smart trading
system are higher in each trade than the profits by benchmark
strategy i.e., Buy and Hold (B&H).

Problem Statement 2:

Mr. Neil wants to invest US$ 10,000 for a tenure of 10
years. Suppose he purchases the stocks of Apple Inc. His risk
tolerance level is 5% and he intends to achieve a return of 10%

Table 2: Back Testing Results for Problem Statement 2

annually over his investments. Use the strategy define in this
paper to determine the entry and exit points, and also
determine the success rate of this strategy.

1. Initial capital = $ 10000

Investment time frame = 10 years
Risk tolerance = 5% of initial capital
Profit target = 10% annually

Entry point = buy signal

Exit point = sell signal

Assume no fees, no taxes, no cost
Determine the profit or loss

We collect the data of Apple Inc. from Jan 01, 2010, to
Dec 31, 2019, and apply the above strategy to get the buy and
the sell signals. We enter the first trade when we obtain the
buy signal and exit the trade when we obtain the sell signal.
We buy the shares so that the cost is less than the initial capital
and the left-over amount remains in the account as a cash. We
sell the shares when a sell signal is obtained, and the amount
received is kept as a cash until the next buy signal is obtained.
We repeat the process for the tenure of ten years. The results
are shown in Table 2. The above strategy yields tremendous
results. The initial capital 20000$ is turned into an amount of
301834.2% which is a return of almost 3000%.

O N WD

Buy Sell

No. of Trades Date Price No Cost Cash Date Price No Cost Cash (new) Return(%)
1 2/26/2010 2923 342 9997.14 2.85 5/20/2010 33.96 342 11616.27  11619.12 16.19
2 8/31/2010 3472 334 11599.34 19.78  3/16/2011 4714 334 15746.19 15765.97 35.75
3 7/1/2011 49.03 321 15740.92  25.05  10/3/2011 5351 321 17178.08  17203.13 9.13
4 12/20/2011  56.56 304 1719554  7.59 5/1/2012 83.16 304 25281.07  25288.66 47.02
5 71212012 84.64 298 2522442  64.24  10/5/2012 9322 298 27781.68  27845.93 10.13
6 3/14/2013 61.78 450 27803.57  42.36  3/27/2013 64.58 450 29062.28  29104.64 4.52
7 4/26/2013 59.50 488 29084.79  19.84  6/12/2013 61.74 488 30129.81  30149.66 3.59
8 7/16/2013 61.45 490 30113.99  35.66  9/11/2013 66.81 490 32739.69  32775.36 8.71
9 10/7/2013 69.67 470 32748.92  26.43  1/6/2014 7.7 470 36521.01  36547.44 11.51
10 4/24/2014 81.11 450 36499.5 47.94  12/9/2014 1141 450 51354 51401.95 40.69
11 1/26/2015 1131 454 51347.39 5455  6/8/2015 1278 454 58021.2 58075.75 12.99
12 10/21/2015 1138 510 58017.6 58.15  12/10/2015  116.2 510 59246.69  59304.85 211
13 3/2/2016 100.8 588 59241 63.85  4/15/2016 109.8 588 64591.79  64655.64 9.03
14 5/20/2016 95.22 679 64654.38  1.26 10/28/2016 1137 679 77215.88  77217.14 19.42
15 12/9/2016 1139 677 7714414 73 6/9/2017 149 677 100859.5  100932.5 30.74
16 7/13/2017 1478 683 100926.9  5.54 1/26/2018 1715 683 1171413  117146.9 16.06
17 2/14/2018 167.4 699 116991.6  155.2  4/20/2018 165.7 699 115838.3  115993.5 -0.98
18 5/1/2018 169.1 685 1158335 160 10/23/2018  222.7 685 152570 152730.1 3171
19 1/30/2019 165.3 924 152691 39.07  5/8/2019 2029 924 187479.6 187518.7 22.78
20 6/6/2019 185.2 1012  187442.6 76.02  2/24/2020 298.2 1012  301758.2 301834.2 60.98
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Fig. 4 The comparison of smart trading system with B&H (Problem-11)

As shown in Fig. 4, the profits gained by both the smart
trading system and B&H are almost same for the first five
trades. The profits of smart trading system are higher in each
trade after the fifth trade. Our results show that the model is
efficient to perform well during all market cycles like upward,
downward, or sideways. As the model is trained on the
confirmed buy and sell signals generated by different
indicators, it is able to mark the relevant patterns in any
sequence, and forecast the future trends.

5. Conclusions

We evaluated a smart trading model that uses a blend of
different indicators taken from three well-known classes of
technical indicators. The model is effective to exploit the
patterns of price values, and it performs automated trading by
generating buy/sell signals for positive returns. Our smart
trading model utilizes distinguished features of LSTM neural
network model. We trained LSTM model on the confirmed
buy and sell signals generated by different technical
indicators. We adopted unified trading strategy that helps to
unify indicators and it can be customized according to the
needs and preferences of the traders. The model was back-
tested by feeding the historical data from the international
stock markets and the buy and sell signal were obtained.
These signals were used to enter or exit a trade according to
the designed methodology. The performance of the model
was compared with the performance of buy and hold
benchmark strategy. The results show that the model
outperforms under various market conditions, and it is able to
gain outstanding profits.
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ABSTRACT

For the present preliminary geotechnical investigation, sandstone from Dandot Formation of Permian age has been selected with eighteen samples that were
collected for detailed petrographic analysis while three bulk samples were collected for geotechnical analysis. On the basis of grain size sandstone of Dandot
Formation was divided into three parts. The lower part was mostly very fine, middle part was generally fine and upper part was of medium grain. Texturally
and mineralogically the sandstone was sub-mature. Framework grains in the studied samples essentially consisted of variable amount of quartz (62 to 73%),
feldspar (10 to 19%), and rock fragments (3 to 6%). Accessory minerals include muscovite, biotite, iron ore minerals, zircon and glauconite. The cement type
in the samples was clayey ferruginous. The modal composition of the sandstone falls in the category of Arkose. The strength test including unconfined
compressive strength, unconfined tensile strength, shear strength, specific gravity, and water absorption tests were employed on the rock samples to assess
their geotechnical utilities. After evaluating these properties, the acquired test results indicated that the sandstone is very weak and hence cannot be used for
construction purposes.

Keywords: Petrography, Sandstone, Mechanical properties, Dandot formation, Salt range

Study area lies at the Choa-Saidan Shah to Khewra road
section, Pidh Village, Eastern Salt Range, Upper Indus basin,
Pakistan. Dandot Formation is a part of Nilawahan Group of
Permian age (Fig. 1). Nilawahan Group consists of four
formations (see Table 1).

1. Introduction

Sandstone has been widely used in architecture works not
only restricted to Pakistan but all over the world. Architectural
works include both interior and exterior usage. Interior uses
of sandstone include countertops, decorative aggregate

whereas exterior uses consist of building stone, facing stone, Dandot Formation comprises of sandstone with shale

blocks, slabs, tiles and bricks generally used for building
walls. Sandstone having good compressive strength and low
absorption values are extensively used in foundation for
residential and commercial buildings.

71°E 74° E
35°N| 7 35°N

Hissartang Fault

Kohat

Jhelum River

Kohat Platcau Potwar Platcau
Goan River

Surgarh Range 4°E
[ 33°N

71°E
33°N

Fig. 1: Tectonic map of North Pakistan. The box demarcates the location of
study area [1].

*Corresponding author: mumtazkhan@bui.edu.pk

interbeds. This Sandstone is the main focus of the present
study. Sedimentological and Paleontological studies of
sandstone from Dandot Formation have been done by various
researchers [2-4] while the geotechnical investigation has
been carried out for the first time, in order to know whether it
is feasible for construction purposes. The current research is
of preliminary nature and aimed to know the dependence of
strength of sandstone on certain petrographic parameters.

Table 1: Formations detail of Nilawahan Group
Formations Lithologies
Sardhai Clays, shales (variegated colors
formation reddish, greyish, greenish)
% Warchha Sandstone containing pebbles of ®
G sandstone granite <
3 (Reddish in color) g
% Dandot Sandstone and shale interbeds §
e formation (brownish to yellowish) o
Tobra conglomerates, sandy matrix
formation (brownish in color)

2.  Materials and Methods

Field work was carried out to collect samples from
sandstone unit of Dandot Formation for microscopic study.
Different lithological characteristics were observed in Fig. 2.
Three bulk samples were also collected for preliminary
geotechnical examination.
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Fig. 2: Field photographs showing contact between Dandot and Tobra Formation (A), interbeds of shale in sandstone (B), Sandstone showing parallel

laminations (C), Depicting cross laminations within sandstone unit (D)

Eighteen samples were made into thin sections for
petrographic analysis. Among these only nine are selected for
microscopic study.

According to the ASTM specifications [5], three
cylindrical and three disc-shaped cores for determining
Uniaxial Compressive Strength (UCS) and Uniaxial Tensile
Strength (UTS) respectively, were drilled from each of the
collected block samples. The UCS test was performed directly
on these cores. During the present examination the indirect
tensile method or Brazilian method [5] was used as it is much
simpler and inexpensive [6-10]. Shear strength parameters
were determined indirectly in the current study due to its
simplicity as stated above in case of UTS. Mohr circles were
drawn for the resulting values of UCS and UTS. UCS and
UTS readings of the respective sandstone were taken on the
positive and negative x-axis respectively. A common tangent
to both the Mohr circles was drawn and Cohesion (C) and
angle of internal friction (®) were determined. The angle of
the tangent with the horizontal axis gives the value of ® while
the distance between the x-axis and the points at which the
tangent cuts the y-axis gives the value of cohesion (Fig. 3).

The specific gravity and water absorption competence of
rock samples were determined and their related information
regarding definition and geotechnical importance of the
inspected properties, procedure for sample preparation and
methods used for their determination are given elsewhere [9-11].

10

T = Shear stress

1

Fig. 3: Represents the indirect measurement of shear strength parameters.

uTs ucs

o
normal stress

3. Petrography

The petrographic study of sandstone unit of Dandot
Formation exposed in Pidh village, Eastern Salt Range is
based on the nine (9) representative thin-sections from the
selected stratigraphic levels across the formation, where
lithologic variations occurred. The data obtained from this
petrographic study provides information about textural
properties, modal mineralogy and diagenetic changes of the
Dandot Sandstone. During present study the framework
grains, matrix and cement were identified and relative
abundance of each was determined in comparison with visual
estimation charts given by [12].
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Table 2: Showing textural details of Dandot sandstone

Formation S. No Grain size Roundness Sorting
DSt-1 Very fine Angular to sub-rounded Well

IP_;)rvtver DSt-2 Very fine Angular to sub-rounded Moderate
DSt-3 Very fine Sub-rounded Moderate

) DSt—4 Fine Angular to sub-rounded Well

gllr(:dle DSt-5 Fine Sub-angular to sub-rounded Moderate
D St-6 Fine Angular to sub-rounded Moderately well sorted
DSt-7 Medium Sub-angular to Sub-rounded Moderate

Upper Part DSt-8 Medium Sub-Angular to sub-rounded Moderately well sorted
DSt-9 Medium Angular to sub-rounded Moderate to well

3.1. Texture details

Textural details such as grain size, roundness and sorting
are shown in Table 2. On the basis of grain size sandstone unit
is divided into three parts. Lower part is very fine grained,
middle part is fine grained (Fig. 4A) and upper part is medium
grain. Overall the sandstone is moderately to well sorted and
grains are angular to sub-angular to sub-rounded (Fig. 4B). In
the studied thin-sections tangential and long contacts are

Fig. 4: Photomicrographs (A) indicates very fine to fine grain size PPL
whereas (B) shows moderate to well sorting XPL.

3.2. Modal Composition

The detailed thin sections study reveals quartz, feldspars,
and lithics as framework grains. Micas (muscovite and
biotite), zircon, glauconite and opaque minerals are present as

accessory minerals. The detailed description of minerals is as
follows;

Quartz is present as dominant framework grains in the
sandstone of Dandot Formation. The percentage of the quartz
ranges from 62 to 73 percent (Table 3). Quartz is present both
in monocrystalline and polycrystalline  forms.
Monocrystalline quartz are the most dominant framework
grains in the Dandot Sandstone (Fig. 5A). Mostly
monocrystalline quartz grains are unstrained with non-
undulatory extinction, but few are present with undulatory
extinction commonly known as strained quartz.
Microfractures are dominant features noted in quartz grains.

Feldspars are the second most abundant constituent of
sandstone. The overall percentage of feldspar (Fig. 5B),
including plagioclase and K-feldspars, ranges from 19 to 54
percent (Table 3). Plagioclase is more dominant than K-
feldspars. Mostly plagioclase shows albite polysynthetic
twinning (Fig. 5C). Majority of the feldspar grains show
alteration and fracturing.

Lithics are present in a small proportion as compared to
other framework grains. The percentage of lithics ranges from
3 to 19 percent (Table 3). Chert is dominant lithic present in
the sandstone of Dandot Formation (Fig. 5D). Among
accessory minerals micas are most dominant in the studied
sandstone and these are present as detrital constituents. Micas
present include muscovite and biotite, muscovite is more
abundant than biotite. Muscovite flakes show bending due to
compaction (Fig. 5E). Opaque minerals include magnetite and
hematite. Apart from these a few grains of glauconite are
present (Fig. 5F).

Table 3: Normalized values of framework grains in sandstone of Dandot
Formation

S.No Quartz (%) Feldspar (%) Lithics (%)
01 69 27 04
02 67 30 03
03 71 25 04
04 62 19 19
05 65 29 06
06 38 54 08
07 71 23 06
08 73 23 04
09 65 24 11

11
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Photomicrograph A) showing quartz (Qtz) grains, (B) showing highly altered feldspar (Fspar), (C) showing a grain of plagioclase and microfractures

in grains (D) chert grain, (E) grain of a Muscovite (green) and a fractured quartz grain to the right of Muscovite (Mu), (F) grain of glauconite (Gl)
(green) and ferruginous cementing material between the grains. All photomicrographs are in XPL.

3.3. Sandstone Classification

There are several triangular classification schemes exist
with end members of quartz (Q), feldspar (F) and rock-
fragments (RF). However, [13] classification was followed.
The triangular classification indicates that the sandstone of
Dandot Formation is arkose (Fig. 6).

Ouartz arenite

Fig. 6:
12

Classification of studied sandstone samples following [13].

4. Mechanical Properties
4.1. Results and discussion

The most important and vital scope in rock mechanics is
measuring and determination of rock properties and behavior
by using the suggested testing methods, procedures and
specifications. The engineering characteristics of rocks
include such as its strength, mode of deformation and failure
and modulus of elasticity. UCS is considered as the most
striking property among all the mechanical properties. Three
to five UCS determinations are recommended to achieve
statistical significance of the results [14]. As discussed earlier
three core samples of sandstone of Dandot Formation were
obtained through drilling of bulk samples. UCS and UTS tests
were performed on these samples and the resulting values are
given in Table 4 and 5 respectively.
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Table 4: Details of UCS test results of the studied samples.
Sample Core (length) Core (Diameter) Area Load Strength
S.No Type mm m Inches mm m Inches m? KN MPa
01 S1 304.8 0.304 12 152.4 0.152 6 0.0232 304 12.91
02 S2 304.8 0.304 12 152.4 0.152 6 0.0232 300 12.48
03 S3 304.8 0.304 12 152.4 0.152 6 0.0232 290 13.09
Table 5: Details of UTS test results of the studied samples.
Sample Cube (Thickness) Disc (Diameter) Load Strength
S.No Type mm m Inches mm m Inches KN MPa
01 S1 25.4 0.0254 1 50.8 0.0508 2 3.87
02 S2 25.4 0.0254 1 50.8 0.0508 2 4 3.10
03 S3 25.4 0.0254 1 50.8 0.0508 2 2.32
Table 6: Material grading based on Unconfined Compressive Strength [8].
Geological Society (Anon, 1977) IAEG (Anon, 1979) ISRM (Anon,1981)
Term UCS (MPa) Term UCS (MPa) Term UCS (MPa)
Very Weak <1.25 Weak <15 Very low <6
Weak 1.25-5.00 Moderately Strong 15-50 Low 6-10
Moderately Weak 5.00-12.50 Strong 50-120 Moderate 20-60
Moderately Strong 12.50-50 Very Strong 120 -230 High 60 — 200
Strong 50-100 Extremely Strong Over 230 Very High Over 200
Very Strong 100-200
Extremely Strong Over 200

According to [15], UCS of rocks is eight times their UTS.
Nevertheless, [16] suggested the ratio between UCS and UTS
to be 10:1. But this is not the case in the present study. The
UCS is 4 to 6 times greater than UTS. Similar results have
also been obtained by [9, 17]. According to them the lower
value of UCS to UTS ratio could be either of two reasons (i)
the value of UCS is underestimated or (ii) UTS value is
overestimated. In Table 6 the materials/rocks are specified
according to their UCS values (see for detail) [8].

In the present research UCS values of the sandstone
samples reveals that these rocks lie in the category of very

2.2 = Equation ¥ = -0.4402782491 * X + 7 627302341

R2=0.83

Sp.Gravity

) 1 ’ I . 1 ’ 1
12.4 126 12.8 13 13.2
ucs (MPa)

weak to weak following [18] and Anon [19] respectively. The
average values of cohesion and angle of internal friction of the
Sandstone from Dandot Formation are 6.4MPa and 38°
respectively. Specific gravity and water absorption are also
calculated for the respective sandstone unit. Values are given
in the following Table 7.

Table 7:  Comparison of UCS, Specific gravity and Water Absorption.
Sample UCS (MPa) Specific Gravity Water Absorption (%)
S1 12.91 2.02 11.91
S2 12.48 211 14.43
S3 13.09 1.81 9.25
16 —

Equation ¥ = -8.011876485 ~ X + 114.6280024
R2=0.93
<
14 —
:\j 12—
£ <
10 —
| @
s ' T T T ' T ' 1
12.4 126 128 13 132

ucs (MPa)

Fig. 7: A and B Showing Inverse relation of Specific gravity and water absorption with UCS.

13
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UCS value is very low and reasons are i) the type and most
importantly the amount of cementing material (see for detail)
[8] and ii) most of the feldspar grains show alteration to
sericite and kaolinite. Rocks having silica as cementing
material are the strongest followed by calcite and ferruginous
and with clayey binding material are the weakest [20]. On the
other hand, a positive relationship has been observed between
uniaxial compressive strength and percent cement/ matrix [21,
22]. In the current investigation the low amount of cement
(less than 15%) and type of cement i-e ferruginous and
presence of sericite and kaolinite (clay minerals are highly
porous) shows high water absorption leads to the reduction in
strength of sandstone of Dandot Formation. Apart from this,
microfracturing in grains and nature of contacts of grains
(long and tangential) also play a vital role in decreasing the
UCS of the respective sandstone. Microfracturing results due
to proximity of study area to the Salt Range Thrust. In [23]
Blyth and DeFreitas proposed that rocks with specific gravity
> 2.55 are appropriate for heavy construction works. In the
present case it is low and show inverse relation with UCS
(Fig. 7A). On the other hand, water absorption values are also
very high and depicts negative relation with the UCS
(Fig. 7B).

5. Conclusions
Following are the main conclusions of this work.

i. Sandstone unit from Dandot Formation is classified as
Arkose and is regarded as sub-mature both
mineralogically and texturally.

ii. Grains of sandstone of Dandot Formation ranges from
very fine to medium size and moderate to well sorted.

iii. The nature of grains contacts are tangential and long while,
Ferruginous material acting as cement.

iv. Due to very low UCS values, low specific gravity and
high water absorption values it is concluded that
sandstone of the respective formation is not even
suitable for small construction purposes rather than
being used in heavy construction works.
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ABSTRACT

Specific objective of this study was to find out the distribution of various land use changes in District Layyah from 2000 to 2020 using geographic information
system (GIS) and remote sensing (RS) techniques, and the forces or factors that lead to land use change. District Layyah has experienced remarkable land
use and land cover (LULC) changes for the past three decades. Three Landsat satellite images i.e. thematic mapper (TM), Landsat enhanced thematic mapper
plus (ETM+) and operational land imager (OLI)/ TIRS for the years 2000, 2010 and 2020 were acquired from USGS website in order to detect the land use
changes. By using ERDAS Imagine software, the maximum likelihood classification was employed in order to classify the images. The spatial and spectral
distribution of five land use types was made including i.e. Water, Built-up, Vegetation, Desert, Bare and Sparse land. Ground Truth points were noted and
these points were used for the validation and classification of the images. This accuracy showed an overall accuracy rate of 85% with a Kappa coefficient of
0.9 which demonstrated the basic classification method because the images used in the research were highly good. Results showed that the rise was revealed
in Vegetation, Built-up and Water land uses from the year 2000 to 2020. On the other side, the decrease in Bare and Sparse land and Desert land use was
calculated. The main driving factors behind these LULC changes were found the growth in population, agro-technological advancement and various physical
factors (e.g. availability of water and so on), resulting an increase in built-up area. Present research will be beneficial in understanding the most important

land use changes to estimate the future change trends in various land use classes for policy making and land use management.

Keywords: Land Use Change, Driving Factors, RS, GIS, Layyah

1. Introduction

Land use is can be defined as the manner in which
biophysical resources of land are being used for various
purposes like built-up, industrial and vegetation use and so on
[1]. Land use changes perform an important role at the local
and global levels [2]. Increased and unchecked population
growth besides the industrial and economic growth
particularly in the emerging countries in the late 21% century,
have accelerated the pace of land use change. Therefore, the
Land use changes have been witnessing greatly throughout
the world during the few past years especially in the
developing countries with growing population growth and the
increasing urbanization [3, 4]. Land use change is one of the
main environmental issues globally, which is responsible for
climbing of the land values and conversion of the farmlands
to numerous urban and miscellaneous uses and degradation of
land beside fall in ecosystem services [5-7]. Principal driving
forces responsible for land use change are political and
socioeconomic decisions which are regarded as the key
factors in this sense [8]. Moreover, any changes in the land
use and land cover (LULC) can be the result of alteration in
the intensity of the present LULC types because of man-made
activities and the natural factors [9]. It has been noticed from
the previous researches that the land use change is possess the
potential to have an important ecological impacts [10].
Various researches have also been confirmed the impacts of
land use changes on agricultural production and on
environment [11-13]. Despite the impacts of the human
actions on land use changes, changing in the climate,
environmental factors, conditions of soil and landscape

*Corresponding author: abdurrehmanuospk@gmail.com

features have also been regarded as land use changes. Besides
the human variables for example, the environment and
government decisions [14]. LULC has a direct link with the
change in climates of the cities as well [15]. Therefore,
recently, the LULC changes and their environmental impacts
have attained a prompt attention globally [16, 17].

Satellite remote sensing spatial data is considered
tremendously useful to map out the discrete land use classes
[18]. It concentrated the world wide change significant
problems on the global, local and at the regional levels [19].
Furthermore, in year 2000, Council of the Europe
implemented the Convention on European landscape because
of increased changes in land use which adversely influenced
the surface of the earth [20]. The Landsat images were
initially administered in the ERDAS Imagine Software
according to the need of the study area and selected land use
classes i.e. agricultural land use and barren land classes were
mapped to know the potential impact on the land use [21, 22].
Change detection techniques have been distributed into three
stages mainly based on the pixels [23].

The land use change researches provide us very much
useful information towards improved information of the past
practices, present land use change patterns and the future land
use trends as crucial for policy makers and land use
management [24-26]. Many studies have been conducted in
various areas of Pakistan to determine the land use and it’s
causing factors and impacts. Like a study conducted in Quetta,
Balochistan using satellite imageries found increase in built-
up area and decrease in open spaces [27]. Similarly, another
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study conducted in Quetta to monitor the urban sprawl and
urban land use change found the substantial increase in built-
up area (52.33%) and a great loss of vegetation up to 60%
[28]. Similarly, the extensive urban sprawl and resultant land
use changes are monitored in different parts of the Karachi,
the biggest city of Pakistan by using the remote sensing and
geographic information systems [29]. Therefore, the present
research aimed at accomplishing the comparative analysis of
LULC of District Layyah, Punjab, Pakistan by using tools of
Remote Sensing data and Geographic Information System.
The district has high agricultural potential but facing notable
changes in its land use over the past years which are needed
to highlight for better planning and management of land use.
Therefore, the objectives of the present study were; First, to
identify and detect various categories of LULC and the
changing pattern in land use in District Layyah from 2000 to
2020 by using the Remote Sensing data and Geographic
Information System to disseminate the various changes in
study area and second, to evaluate the main driving factors or
forces keeping in view the extent and role of the LULC
change.

2. Materials and Methods
2.1  Description of Study Area

District Layyah lies in southern Punjab and it is bounded
by district Jhang on its East, Dera Ghazi Khan on its West,
Bakkar on its North and district Muzaffargarh on its South.
Layyah has three tehsils (sub-divisions) namely Layyah,
Chaubara and Karor Lal Esan. The population of the district
was about 1.82 million according to the 2017 National Census
of Pakistan as compared to the 1.12 million in 1998 with a
growth rate of 2.59 [30, 31]. District Layyah is located at 30°
45' to 31° 24' North latitudes and 70° 30' to 71° 47" East
longitudes (Fig. 1).

Its height is 500 feet from sea level. The area eastern part
of the district comprised sandy desert. So, the area under study

region is famous for its sand storms due to extraordinary
temperatures throughout the summer season. A very little
annual rainfall pours in Layyah in two seasons of the year.
Relief features of the study area include rich and fertile fields,
citrus gardens, grams and historical places. The area possesses
rich agricultural lands and access to an extensive canal
system, harvests many crops and being most popular for the
production of grams [32].

2.2 Data Acquisition and Collection

In order to meet the objective of the study, the satellite
images for the years 2000, 2010 and 2020 were acquired from
the website of USGS to examine the spatio-temporal land use
changes of the District Layyah, study area. The characteristics
of these downloaded satellites images have been shown in the
table 1. The field work was performed to collect the Ground
Control Points (GCPs). Maps and preprocessed images were
validated.

2.3 Image Pre-processing

Radiometric, geometric correction and layer stacking
correction techniques are regarded as preprocessing methods
prior to the extraction of information from the images.
Landsat TM of years 2000, 2010 and 2020 were acquired. The
various bands of the tiff image were converted in the image
format via layer stacking technique in the ERDAS IMAGINE
8.0 software to generate the False Color Composite (FCC)
image. Then all the images were geometrically exported to the
ArcGIS software and then to the Universal Transverse
Mercator (UTM). The district Boundary of the study area was
extracted via Software ArcGIS 10.2 through masking tool.
Images of the various acquired years were independently
classified using supervised classification. The spectral
signature for all land use classes were created through pixel
analysis of the image. The study area images were broadly
classified into five major land use classes such as Barren,
Vegetation, Desert, Water and Built-up land use class.
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16



M. Sajid et al. / The Nucleus 60, No. 1 (2023) 15-23

Table 1. Features of the Acquired Remote Sensing Images
Year Satellite Sensor Band Pixel Season Source
2000 Landsat 5 Thematic Mapper(TM) 7 30m Dry http://glovis.usgs.gov/
2010 Landsat 7 ETM+ 7 30m Dry http://glovis.usgs.gov/
2020 Landsat 8 Operational Land Imager 9 30m Dry http://glovis.usgs.gov/
(OLI/TIRS)

The images which were classified revealed the common
ground features of the District Layyah, study area and gave
the required information to understand the changes in land use
patterns of the study area. After, the images were processed
and the land use classes were extracted. These images data
were acquired from the Landsat 5 Thematic Mapper (TM) for
2000, Landsat 7 Enhanced Thematic Mapper Plus (ETM+) for
2010 and Landsat 8 Operational Land Imager (OLI)/ TIRS for
2020 respectively of study area, District Layyah. These
satellite images were downloaded from the website of the
United States Geological Survey (USGS) (Earth Explorer).
These satellite images were acquired in the form of geo-tiff
with various spatio-spectral bands in the distinct files. The
ancillary spatial data comprised on the earth reference data
(most occasionally it is regarded as the data on ground truth)
acquired through the real surveys of the ground which was
obtained individually. The Global Positioning System (GPS)
was utilized to validate the data related to the ground truth
while accomplishing field work. Water, Built-up, Vegetation,
Desert, Bare and Sparse land classes were included in the
present study and the images acquisition dates were July 21,
2000, July 22, 2010 and July 23, 2020 respectively.

2.4 Image Classification and Accuracy Assessment

Supervised classification technique was used for
classifying the images. Sample’s training was created by
using the training sample manager, visual explanation of the
acquired satellite images in Google Earth Software and in the
ground truth data. Each land use category’s training samples
were merged then. Training sample’s signature file was
generated. Maximum likelihood classification was used in
order to classify the images. Image accuracy had been
performed from ground truth data by producing the random
points and then comparing these points to the map which has
been classified by creating the confusion matrix. Producer
accuracy, User accuracy and Overall accuracy were also
performed by using the following Equation. Overall accuracy
Y number of the sampling classes was classified correctly
with number of the reference sampling classes (1).

Equation 1: Image Accuracy Assessment Types

User A _ Number of Correctly Classified Pixels in a class
seraceuracy - Total Number of Pixels in a Class

Number of Correctly Classified Pixels in a class

Prod A =
roducer Accuracy Total Number of Pixels in all Classes

Total Number of All Correctly Classified Pixels
Total Number of Pixels in all Classes

The values of Kappa (K) measures show how well the
Remote Sensing classification approves or are correct with
reference data [33]. The Overall accuracy was 87.81%, 93.3%
and 95.4% for the images classified for the year 2000, 2010

Overall Accuracy =

and 2020 respectively which is indicative that classification is
good and acceptable.

Table 2. Land-use Classification System and Type Description.
Land Use/Cover Types  National Land Cover Description
Built Up Area Land that includes a settlement
Vegetation Land exclusively utilized for growing the
agricultural crops
Desert Land which receives annual rainfall less than

10 inches
Bare and Sparse Land
Water

Land which includes, bare land, rock and sand

Comprises the water of inland and the River
Water

Source: [34]
2.5  Land use Change Analysis

The internal trading for the land use classes were assessed
using the vector datasets for the 20 years. These image
datasets were intersected with the help of the intersect tool
available in the ArcMap 10.2. These datasets were acquired
in this manner and were then transferred to MS Excel. Land
use change matrix was also created with the help of the pivot
table. The resulting datasets were then noted in stable or in the
converted land areas.

2.6 Image Enhancement

Image enhancement is basically a process of presenting an
image more interpretable for a specific application. The basic
purpose of image enhancement is to make the raw image or
the remote sensing data more un-testable for the human eye.
Enhancement procedures are most commonly used instead of
the classification techniques in order to extract the features,
locating and studying various areas, some objects on ground
and to derive the meaningful information from these images.
Usually, the enhanced images are used only for visual
analysis, besides the actual images are used for specific
automated analysis [35]. Geographic Information System and
Remote Sensing define the changes in the land use types [36,
37]. LULC based on the visual understanding and satellite
images was verified from the inspection of the field also.

3. Data Analysis
3.1  Overall Accuracy and Kappa Index

The Kappa statistics and overall classification accuracy (in
percentages) was used to assess the classification accuracies
[34]. To investigate the classification accuracy result of the
images, the Kappa index or Kappa Coefficient (K) was
calculated for all the maps classified. So, the overall
classification accuracies for the year 2000, 2010 and 2020
were 87.6%, 85.65% and 89.2% respectively and the statistics
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of the Kappa for the images of 2000, 2010 and 2020 were
84.2%, 81.9% and 91.2% respectively.

Table 3. Land-use Classification and the Techniques used to Study.
Application Techniques Used to Study
Land  use/Land Differencing of Image, Image rationing, PCA, Chi-

cover change square, Post-classification,

change and GIS

Detecting  hybrid

Vegetation Differencing of Image and Post-classification

Urban change Differencing of Image, Post-classification, Hybrid

change detection, PCA & GIS

Landscape change  Post-classification and GIS

Deforestation
Source: [34]

3.2 Land Use Change Detection

Post classification change detection method in ArcGIS
10.2 was used in the present study. This classification
technique is most commonly utilized by many researchers in
the urban environments because of its accuracy and efficacy
to detect the location, rate and nature of the change.

Post-classification, Differencing of Image and PCA

3.3 Principle Component Analysis (PCA)

Eigenvector transformation is also known as the
Principal Component Analysis (PCA). During the process of
change detection, two mechanisms/techniques can be
applied for PCA. The very first technique can be applied by
addition of the two images with different dates in one file.
The other way is to subtract the second satellite image from
the concerning image for first day or date after executing the
Principal Component Analysis (PCA) distinctly. Thus,
Standardized PCA, the first technique is considered most
suitable than un-standardized PCA for change detection
process while detecting land use change [38, 39].

3.4  Post-Classification Comparison

It is a very helpful method to extract the land use data.
Supervised classification was basically the technique in
which the analyst itself picks a number of the area of an
image, then recognizes the kind of the task on the screen of
the computer. According to this process as recognized by
analyst, the system recognizes an attribute of the data which
includes every kind. It classifies nearly all the similar image
pixels remaining. Geographic Information System (GIS) and
Remote Sensing (RS) are the vital tools for detection of the
land use changes [40] important in investigating and
assessing the land use changes [41, 42]. Spatial data and
remote sensing possess the ability to identify the synoptic
land use changes data over the particular time period with
respect to location [43-45]. Land use change analysis was
performed using co-relation analysis [46]. Kappa
Coefficient (K) and Overall Accuracy (OA) were used for
the evaluation of the accuracy from error matrix. The
Producer’s Accuracy (PA) 87.1% and User’s Accuracy
(UA) 88.3% were also assessed for the selected classes of
land use.
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4. Results and Discussion
4.1 Land Use Change Detection for the Year 2000

Table 4 and Fig. 2 and 6 showed the different land use
classes in 2000. Water land use class was covered the land
area of 200.2 km?, Built-up land use covered just 88.7 km?,
Vegetation land use covered the biggest share of 2,330.3
km?, Desert land use covered 1,602.3 km?, while the Bare
and sparse land use covered the land use of 2,159.3 km?.

4.2  Land Use Change Detection for the Year 2010

Table 5 and Fig. 3 and 7 showed the different land use
classes and their change detection in 2010. Water land use
class was increased to 243.6 km?, Built-up land use also
enhanced the land area and reached 165.2 km?, Vegetation
land use also shown the increase and reached to 2,965.3 km?,
whereas the Desert land use shown a decrease and reduced
to 1,194.4 km?, while the Bare and sparse land use also
declined to 1,811.7 km?. These results demonstrated the
notable variations in the land use of the district Layyah from
2000 to 2010.

4.3  Land Use Change Detection for the Year 2020

Table 6 and Fig. 4 and 8 showed the different land use
classes and their change detection in 2020. Water land use
class was again slightly increased to 251.9 km?, Built-up
land use also considerably augmented the land area and
reached 237.2 km?, Vegetation land use also exhibited the
slight increase and reached to 3,054.0 km?, whereas the
Desert land use shown an unexpected increase in land area
to 1,506.7 km?, while the Bare and sparse land use again
declined to 1,598.6 km?. These results proved the important
variations in the land use of the district Layyah from 2010
to 2020.

4.4 Accuracy Assessment of Classified Map of Past 20
Years (2000-2020)

The analysis results of the remote sensing imageries from
2000-2020 showed that District Layyah has undergone many
changes in the land use patterns (Table 7 and Fig. 5 and 11).
Firstly, the area of Vegetation land use class, which is the
biggest portion of the land use class, encompassing
miscellaneous crops and vegetation. During the last 20
years, Vegetation land has been considerably increased from
2,330 km? in 2000 to 3,054 km? in 2020. Secondly, the area
of Water considerably increased from 200.2 km? in 2000 to
251.9 km? in 2020. Thirdly, the Bare and sparse land area
was decreased from 2,159 km? in 2000 to 1,598 km? in 2020.
Besides, the area of Built-up land was considerably
increased from 88.7 km? in 2000 to 237.2 km? in 2020 was
also classified, as study area is covered with the settlements
mixed with the farm areas having low density. These results
verified in various researches as a recent study conducted in
Bahawalpur city by employing satellite remote sensing,
machine learning and geographic information modelling
found the massive increase in urban built-up area 4,768 acres
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(90.08%) from 1990 to 2020 and in contrast, the decrease in
vegetation and barren classes at the rates of 2,116.55 acres
(6.61%) and 2,785.47 acres (32.11%) [47]. Another study
undertaken in Tehsil Shorkot, District Jhang to assess the
impact of changing land use on agricultural production from
2010 to 2020 using RS and GIS data revealed the noteworthy
increase in built-up land class (16.6 km? in 2010 to 26.8 km?
in 2020) and decrease in forest land class (90.8 km? in 2010
to 61.84 km? in 2020) and barren land class (528.54 km?in
2010 to 333.1 km? in 2020) [48]. Similarly, a study conducted
in Dong Trieu district, Vietnam with utilizing Remote
Sensing data from 2000 to 2019 to assess land use and its
driving forces concludes a net decreasing tendency in major
land use classes i.e. Cropland (1,852 acres), Forest (882.6
acres), Water body (2,836 acres) and Barren land (8,837.7
acres) [49].

4.5  The Land Use Transition Matrix from 2000 to 2020

The land use change detection matrix for the period
among 2000, 2010 and 2020 was created with the help of
pixel-by-pixel process to examine the land use change
detection in District Layyah. It was examined the variable
pattern of the land use types. Over the past 20 years it was
revealed a substantive rise in the vegetation land use class at
the place of other land use types. This land use increased
greatly. Bare soil demonstrated a decreasing tendency

Table 7. Land use Change matrix (2000-2020)
Class Year 2000 Year 2010 Year 2020
Water 200.2 km? 243.6 km? 251.9 km?
Built-up 88.7 km? 165.2 km? 237.2 km?
Vegetation 2,330.3 km? 2,965.9 km?  3,054.0 km?
Desert 1,602.2 km? 1,194.4 km?  1,506.7 km?
Bare and Sparse land  2,159.3 km? 1,811.7 km?  1,598.6 km?
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Bare and Sparse land 2,159.3

Table 5.

Land-use Change detection for the year 2010

Name of land use class Area (km?)
Water 243.6
Built-up 165.2
Vegetation 2,965.9
Desert 1,194.4
Bare and Sparse land 1,811.7

Table 6:

Land-use Change detection for the year 2020

Name of land use class Area (km?)
Water 251.9
Built-up 237.2
Vegetation 3,054.0
Desert 1,506.7
Bare and Sparse land 1,598.6
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Fig. 4: Land-use Change Detection in 2020 in District Layyah
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4.3  Proximate Drivers of Land Use Change

The amalgamation of the human activities which aims at
seeking to certify the supply of the food and to make better
the incomes of growing families or population were the main
driving factors or force behind the land use change. It was
observed through the field observations that the human
activities had an adverse effect which became a reason of the
land use changes of the area under study.

4.4  Primary Land Use Change Drivers

It is found that the accelerated consumption patterns
which are needed to fulfill the hiking food requirements were
among the major causes of land use change. Furthermore, the
information derived from the natives of the study area through
the interviews that improved infrastructure and ameliorated
roads had increased the expansion in agricultural activities
when compared with the other land use activities.

4.4.1 Population Growth

Growth in the population had been increasing gradually in
the study area since 2000 to 2020 as it was 1.12 million in
1998 and climbed to 1.82 million in 2017 [31]. Moreover,
Migration of the individuals from rural to urban places was
very much common. It is believed that if the population
density is high, there will be more built-up land use. The
growth of population and urbanization also brought changes
in land use i.e. as these are witnessed in case of many
Pakistani cities (e.g. Quetta, Bahawalpur and others) [27, 50].

4.4.2 Agro-technological Advancement

Advancement in agriculture in the study area comprises
excessive use of the spray, pesticides and fertilizers along
with heavy machinery in order to prepare the land ready for
the extensive agriculture. It means that the agricultural
expansion takes place at the place of the other kinds of the
land use of the study area. Though, urban land use planning
has got due attention in many researches but agricultural land
use planning turned little focus in many studies [51].

According to a study in the District Layyah, the study area,
the rise in the use of pesticides and using the desert and barren
land for agriculture and for residential purposes had
influenced the land use changes in the area under study [32].

4.4.3 Physical Factors

Various physical factors are also responsible for the rapid
changes in land use of many areas. For instance, the
availability of water responsible for conversion of desert and
barren land use class into vegetation land use class. Past
studies focused on the land use changes especially centered at
its various patterns [52]. During the 20™" century, due to fast
increase in the population, the available resources of land has
been depleted rapidly, which has drawn the attention of
various countries of the world more on the current status of
the land use [53, 54], impacts on the land use and environment
[55-57], vigorous simulation and forecast [58, 59] at various
spatiotemporal epochs. It is widely believed that the chief
driving forces analysis and spatiotemporal dynamics
estimation for land use in future may assist ascertain the
emerging trends and extent of the particular changes in land
use. These changes are very serious for justifiable land use
and reduction of the global environmental issues regarding
land use. Many studies have also proved the impact of land
use change impact on agricultural production around the
globe [60, 61].

5. Conclusion

The present study aims at investigating the land use
changes in District Layyah and its driving forces. For
examining the land use changes dynamics, the explanation of
the multi temporal satellite images has been concluded to be
very useful technique. Results revealed that a constant
reduction was recorded in Desert and Bare land use classes,
whereas the Water, Built-up and vegetation land use class
areas were increased drastically during the year 2000 to 2020.
In present research, the assessment of land use and its changes
detection was performed by using digital image processing
methods. The findings revealed that the important reason for
conversion of Barren and Desert land into agriculture land
was to fulfill the requirements of the food and alteration in the
land use. During this period, the human population increase
led to increased desire in the vegetation production. The high-
quality LULC maps can produce essential base for fruitful
policies of planning and land management [34]. The land use
change researches provide us very much useful information
towards improved information of the past practices, present
land use change patterns and the future land use trends as
crucial for policy makers and land use management. Hence,
this study could be assisting in future research on land use and
land cover and their causing factors on local and regional
levels. The study suggests that land use change detection is
vital for land use management so that it should be deployed in
policy formulation and decision making. The district Layyah
has possessed good fertile agricultural land therefore the
haphazard population growth dangerous for the agricultural
land base and as well as for surrounding land uses
transformations. Therefore, it should be regularly monitored
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and land use policies should be formulated according to the
ground realities to make the land use efficient and sustainable.
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ABSTRACT

Problems related to the loss of coolant flow in nuclear reactor may initiate fuel meltdown and fuel-cladding interaction (FCI) due to the overheating of fuel
and are therefore of great concern in power reactor safety. Therefore, licensee must provide evidence through rigorous analyses of all conceivable flow
problems that plant’s engineered safety systems (EES) have the capability to maintain fuel and cladding temperatures well below the melting point. Among
the loss of flow events the flow coastdown transient is also a critical issue considered for the safety analysis of Pressurized Water Reactor (PWR), which is
characterized by a sudden loss of power to the main reactor coolant pump (RCP). There has been a provision in RCP to maintain flow through reactor core
for some time, immediately after the loss of power to pump, like in case of Station Blackout (SBO) due to the flywheel mechanism of RCP. However, that is
inadequate for the extended times following the SBO and RCP must be powered by emergency diesel generators (EDGs) to maintain flow through the reactor
core to remove heat from the fuel without any break. After the event of Fukushima, a lot of progress has been made to analyze situations, where the EDGs
become inundated or unavailable. Analytical and empirical models have continuously been evolved to simulate the characteristics of pumps in such a crucial
event to guide accident prevention and mitigation strategies. These models are divided into two broad categories like the short models and detailed models.
The short models take into account the inertia of the flywheel, pump speed and the flow rate in core. The detail models also consider the pump characteristic
curve on which homologous curves are derived and help to establish head and flow rate third degree polynomial. It has been observed that the detail models
predict more accurate results in comparison with the experimental data. It has also been observed that the accuracy of the simulated results also relies on
the inclusion of the pump mechanical friction losses in the model. Moreover, an attempt has been made to extend the coastdown transient analysis to predict
the core outlet temperature during the course of the accident which requires an efficient solution strategy for solving models for the pump, coolant half time

and the core time constant. In this article, evolution of different models has been discussed in detail.

Keywords: Coastdown, Energy Ratio, Inertia flywheel, Transient Flow

1. Review of Different Models

The coastdown transient is a highly sensitive issue as the
pump head is no longer available owing to the loss of the off-
site power. As a result, the reactor is scrammed, nevertheless,
the heat generation in fuel continues due to decaying fission
products. Additionally, a serious setback can be faced in case
the diesel generators are unable to restore the power supply
for keeping the coolant pumps in operation. Quantitatively,
the decay heat piles up and approximately within one hour and
reaches to 1.5% of the steady state power before its shutdown.
Eventually, the fuel assemblies may disintegrate or at least
experience bowing, cladding ballooning, etc. which cannot be
ignored from safety perspective. So, the safety analysis of the
nuclear reactor imposes the stringent requirement of having
enough cooling ability to keep the fuel temperature below the
specified limit. So, a lot of effort has been made for studying
the coastdown transient because the fate of the core depends
upon the inertia of the flywheel of the pump. Basically,
coastdown transient models can be classified in two main
categories, termed as the short models and detailed models.
The simulation with the short models needs only design head,
rated flow and moment of inertia. While the detail models
consider the pump characteristic curve upon homologous
curves are drawn and pump head and flow rate were
calculated by fitting the third order polynomial to these
homologous curves.

Analytical methods were the first to be developed for the
establishing the characteristics of pump during operational
transients. In these methods, mathematical models of varying
complexity considering characteristics of energy, torques,
friction of pump and associated components in the flow loops
*Corresponding author: idrees@pieas.edu.pk
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were suggested. First analytical method to study the behavior
of pump during operational transients utilized the model for
hydraulic characteristics of machine and pipeline and
projected them on a single diagram[1]. The model was
generalized to incorporate start-up transients as well as valves
opening and closing by improving energy conservation
considerations [2]. They also linked the accuracy of their
method to the availability of components’ steady state input
data for the flow prediction[2]. Then, a dynamic model by
combining the pump rotary parts and fluid in the connecting
pipes for the coastdown event originating from the failure of
the power appeared, in which the resulting equations were
solved analytically for the rigid fluid columns and the elastic
fluid columns. Also, the technique was extendable to simulate
other abnormalities in the system[3]. The calculation of An
analytical method to determine velocity of flow during a
coastdown transient in a loop without the use of pump
characteristic curves the for single-suction and double-suction
centrifugal pumps was suggested [4]. While comparing the
predictions of analytical method and experimental
characteristics’ curves, it was found that the effect of a
mechanical friction loss on the flow rate was very small in the
early stage of pump failure transient, and the time of two-third
decay of the flow was not affected very much by the friction
loss. However, this effect is larger in the later stage of the flow
decay. Therefore, the time when the flow rate becomes zero,
depends very much on the estimation of this loss [5].

With respect to nuclear power plant, a model considering
the torque speed dependence to electric torque to predict
primary coolant flow rate and the primary pump rotation
speed for different transients was suggested [6]. The method
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was applicable to simulate various scenarios like station
blackout, pump startup and the valve opening installed on the
pump discharge line.

Following the improving trend of envisioning of the
accident scenario, a pragmatic model relying on the motor and
the revolving parts of the pump was established [7].
However, model did not consider the electrical energy and
therefore, no longer suitable for coastdown transient analysis.
While analyzing the test data for the PWR at the Shipping port
(Pa.) Power Station. (NSA 22: 33101), kinetic energy in pump
rotor was found to be a significant parameter in determining
the rate of flow during coastdown. Therefore, an empirical
method for treating the transfer of energy from the pump rotor
to the fluid was developed [8].

Another experimental validation study of a thermal-
hydraulic model[9] revealed that in first half the simulated
results were of higher side while the converse behavior was
observed in the second half of the time-line of the coast down
event. For having deep insight on the pump start-up related
issues, the torque equation was solved adopting the detailed
characteristic data of the pump[10]. A theoretical model [11]
was developed by investigating the pump characteristic like
flow rate, pump speed and rotational speed in a stopping
period of the centrifugal pump experimentally. It was
explored that, initially, the pressure rise coefficient is higher
than the quasi-steady state coefficient and at the later stage the
converse situation was observed. The main finding of this
study was that the impulsive pressure and the lag in
circulation formation around impeller vanes play predominant
roles in the difference between dynamic and quasi-steady
characteristics of turbo pumps. To address the safety related
issues of nuclear power plant a simple method utilizing steady
state governing equations of centrifugal pump characteristics
was developed with the hypothesis that pump head is
changing proportional to the square of the pump speed [12].
Despite the simplicity of his method, he successfully handled
the highly fast startup issue of the pump and expanded its
application to the pump stopping case. The method was
successful as no big anomalies were reported in comparison
with the experimental trends. Another experimental and
theoretical study [13] on the stopping and starting periods of
a centrifugal pump on a set-up having a small pipeline
connected to discharge flange of the pump revealed that
unsteady pump dynamic’s characteristics considerably
deviates from steady-state characteristics. The researchers
also solved their numerical model by the method of
characteristics.

In another study, dedicated to characterize the
experimental facility ATLAS (Advanced Thermal-hydraulic
test Loop for Accident Simulation)with reference to scaling
and behavior of the pumps in single and two phase flow cases
came up with the homologous curves in single phase in all
quadrants [14]. While characterizing KALIMER-600 against
coastdown accident, various influential factors such as the
size of the flywheels, initiation of decay heat and peak
temperature were considered to optimize the design with a
coastdown time of 25 s for the safe end of the accident [15].

Furthermore, the investigation of the coastdown transient for
a pool type Material Test Reactor (MTR) was carried out
employing a mathematical model for kinetic energy of pump
and in the piping system [16]. The results predicted by
simulation have shown an excellent agreement to that of the
experiments results. The worthwhile effort regarding
coastdown transient has been made for Dayawan nuclear
reactor which was a three loops nuclear power plant, where a
simplified mathematical model was developed for solving
flow rate transient and pump speed transient during flow
coastdown period [17]. The quadruplicate polynomial curve
equation was found to adequately simulate the flow-rate,
rotate speed along with time for the analysis of station
blackout accident at nuclear main pump [18]. The simulated
strategy depends upon the total pressure drop relation,
balanced momentum equation of the primary coolant, coolant
pump momentum balance relation, pump half time, coolant
half time and the energy ratio. The energy ratio which was
foundation stone of their study depends upon pump half time
and coolant half time and directly affect all pump parameters,
such as the speed, non-dimensional flow rate, torque and head
of the pump. They solved the resulting equations analytically
for finding the transient flow rate and pump speed. From the
comparison to the experimental data, it can be inferred that
the calculated flow rate values agree well with the
experimental values in the first half of the flow coastdown
process. In the later-half of the experiment, the calculated
values were over-estimated in comparison with the
experimental data. The well-known reason is that of ignoring
the mechanical friction loss of the coolant pump as the
mechanical friction loss becomes dominate when the pump
speed approaches to zero.

Similarly, a mathematical model of core thermal-
hydraulics for the flow of coastdown transient has been
developed for power as well as in the research reactor and
compared results to the experimental results[19]. They also
simulated the core temperature with simple heat transfer
relation instead of solving the complex equations as
programmed in popular transient simulating code (RELAP).
The solution technique of their model incorporates parameters
like, pump half time, the loop half time and the core time
constant. The excellent agreement between experimental and
simulated core temperature has been observed. Recall that
such simulation methods are only suitable for case when there
is no boiling in the core. Initially, the matching trend between
experimental and the simulated results was better and after
that the trend becomes wider that might be due to ignoring the
mechanical friction in pump. The other reason might be the
complete stoppage of the one coolant pump during the course
of the accident.

The parameters of the primary coolant pump in the Jordan
Research and Training Reactor (JRTR)were studied by using
a software package, Modular Modeling System (MMS) and
characteristics have been developed [20]. The loop coolant
inertia effect was found to be small in the JRTR PCS loop,
i.e., about one second increases in a coastdown half time
required to halve the coolant flow rate. The coastdown half
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time was found to linearly increase with the flywheel inertia,
however remained within the safe limits of fuel integrity [21].
While studying the coastdown transient in the generation 1V
reactors ESPR—sodium cooled fast reactor, it was found that
the Generation IV reactors have more safety as compared to
their predecessors, as a tertiary loop has been added [22].
Briefly, the ESPR is as industrial type reactor having three
cooling systems- primary secondary and tertiary systems. The
primary system is composed of three primary coolant pumps,
six decay heat removals, six intermediate heat exchanger. The
secondary system has six intermediate loops comprised of one
intermediate heat exchanger and six sodium/water heat
exchangers. Then, the tertiary loops thirty-six separate loops.
For simulation the coastdown transient, they used well known
TRACE code and observed some discrepancy in their results
and lack of inclusion of pump mechanical friction loss
responsible for it.

The coastdown transient model in research and power
reactors was extended to simulate the other core parameters
such as the flow rate, temperature, pressure and departure
from nucleate boiling ratio [23]. It is worth mentioning that
no complicated equation like RELAP is solved and whole
scenario is based upon the pressure drop relation and pump
moment balance equation. It can be seen that with increasing
time these parameters getting departure in comparison with
experimental data. The reason might be the ignoring the pump
mechanical friction loss like other models discussed earlier in
the article. Then the coastdown transient was analyzed for a
floating nuclear power plant by solving the complete pump
speed modeling equation. A first-degree polynomial was
fitted to measure the pump’s internal part friction factor. The
results for different energy ratios were presented for the flow
rate and the speed of the pump [24]. It was suggested to
include the a model for frictional torque in governing
equations for minimizing discrepancies [12, 14, 16, 17, 19,
22, 23]. A quasi-steady state approach was introduced to
simulate other parameters such pressure, temperature and
DNBR and an excellent agreement with the experimental data
was obtained. To qualify safety features of Super-Fast
Reactors (Super FR), accident and transient’s analyses were
performed using validated computer codes SPRAT and
SCRELA. For the partial loss of feed water, one of the reactor-
coolant pumps trips with a coastdown time of 5 s, which leads
to a decrease in the feed water flow rate by 50%. Signal of
low flow rate (90%) is detected at the beginning, which leads
to scram actuation. For the total loss of feed water flow
accident, the scram signal is released at 0.5 s and the power
rapidly decreases to the decay heat level in about 1 s. Scram
actuation and/or auxiliary feed system actuation have been
found effective to mitigate all abnormal transients in the Super
FR [25, 27].

Additionally, a pump model for Sodium cooled fast
reactor was solved using the TRACE code and argued to
incorporate the friction factor in the model equations as
well[22]. So, a novel method for the coastdown event by
exploiting the pressure drop relation and pump movement
balance equations was articulated [28]. In this approach the
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primary coolant flow and the pump speed governing
equations were derived with the inclusion of frictional torque
caused by the pump revolving part. Remember that the
complete pump modeling equation was solved has the
following form:

dw

—= = Mo () = My(0) = My()

where Mem(w) stands for the electromagnetic torque and,
Mhn(w) represents the hydraulic torque and Mg ) is for the

friction torque. Moreover, Ii—?represents the inertial torque of

a rotor, | stands for the moment of inertia of the reactor
coolant pump, o is the angular velocity of the motor of the
coolant pump respectively. It is worth mentioning that in the
most of the previous studied the frictional torque of the pump
is ignored which has shown a major flaw in the results of the
previous studies, usually, in the latter half of the accident. But,
in the study [28], the complete pump modeling equation is
solved and the friction factor in the frictional torque is
estimated with the second order polynomial and is derived
using the concept of pump characteristics [29]. Resultantly,
the key parameter, the effective energy ratio which interlinks
the kinetic energies of the pump and of the primary coolant
flow has become variable as the accident proceeds. The
resulting method is applied to the Pakistan research reactor
(PARR-1) and the Chashma-2 nuclear power plant
(CHASNUPP-2) and plausible matching are found between
experimental and theoretical results over longer time.

1

It is clear from [28] that the simulated results for the two
pumps are showing off trend; the reason is that one pump has
stopped during the course of the transients. Surprisingly, the
results are for better that [12, 14, 16,17] because the visible
off trend can be felt in latter half of the accident. Recall that
the detail model is used for the present simulation.Similarly,
the experimental study [30] to explore characteristics of
coastdown transient following the loss of off-site power
revealed that inertia of coolant pump should be high so that
the speed of the pump and flow rate degrades slowly. This
conclusion has been drawn by changing the inertia of the
pump and seeing its effects of pump rotatory speed and the
flow rate. In another study, a mathematical model of idling
speed and flow characteristic curve of reactor coolant pump
under the power failure condition was suggested and
orthogonal optimization schemes was used with hydraulic
modeling database of different vane structure parameters. The
predictions from multiple linear regressions were compared
with the experimental data [31].

Conclusion

Summarizing, the different simulated models can be
divided into two types- the detail models and the short models.
The detail models take into account all the pump parameters
like pump speed modeling equation the pump characteristic
curves and has the ability to predict results closer to the
experimental data in comparison with short models. The close
observation of the results of the different models has revealed
that the Inertia of the Flywheel must be enough that the
coolant pumps have ability to flood the core for the enough
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period until the Generator System becomes in the full
operation. Also, it has been observed that the most models
ignore the friction torque and consequently that results are
comparable to experimental data for the longer time.
Additionally, some discrepancy in the results can be observed
at the initial stage of the accident [12, 14, 16, 17, 19, 22, 23].
So the inclusion of the frictional torque and homologous
curves are must for predicting the correctness of experimental
data, [28]. Also, some of the coastdown transient models has
the capacity to predict the core decay heat to the coolant [19,
23]. These models take into account the simple equations and
utilize the different parameters like the pump half time, the
core time constant, the coolant half time, surprisingly,
simulated the core outlet temperature comparable to the
experimental data.
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ABSTRACT

The purpose of this paper is to briefly review early developments in the chemical and biological acid leaching of uranium ores in Portugal, Canada, Sweden,
Finland, Estonia, and Pakistan. Uranium exists in tetravalent (U(IV)) and hexavalent (U(VI)) oxidation states in igneous, metamorphic, and sedimentary
mineral deposits. Acidic ferric sulfate is a chemical oxidant of tetravalent uranium and is regenerated from ferrous iron in the leachate and produced also
from pyrite (FeS,, cubic), marcasite (FeS,, orthorhombic), greigite (FesSs) and pyrrhotite (Fey..S) by acidophilic Fe- and S-oxidizing bacteria and archaea.
The hexavalent uranium is soluble in sulfuric acid solution (lixiviant) and is recovered in downstream hydrometallurgical processing to produce a concentrate
(yellowcake). The acid bioleaching reactions are optimal at pH 1.5-3 as the low pH facilitates proton attack on minerals and alleviates the precipitation of
metals in the leachate and on mineral surfaces. Uranium is extracted from ores on a commercial scale using heap, dump, and stope leaching processes. In
some operations other metals can also be recovered as byproducts in the process.

Keywords: Acid leaching, Acidophilic Microbes, Bioleaching, Pyrite Oxidation, Uranium Leaching

1. Introduction

Uranium deposits occur in igneous, metamorphic and
sedimentary rock types are widespread, with the largest
deposits found in Australia, Kazakhstan and Canada [1-3]. To
date, the largest high-grade uranium deposits containing
13.88%-15.92% U3Os occur in the Athabasca
Basin of northern Saskatchewan, Canada (Cigar Lake) [4, 5].
Uranium ore deposits are generally classified into 15 main
categories of deposit types, each with multiple subtypes,
according to their geological setting and genesis of
mineralization and arranged by to their approximate
economic significance [6]. About 40% of the uranium
reserves are in sandstone type uranium ore deposits [7].
Almost 300 uranium minerals have been identified in the form
of halides, oxides, carbonates, sulfates, phosphates, arsenates,
vanadates, and silicates [8, 9]. Uranium also exists in organic
complexes such as thucholite and uranyl oxalate minerals
uroxcite and metauroxcite [10]. Some major and minor
uranium-producing countries are presently Australia, Canada,
China, India, Kazakhstan, Namibia, Nigeria, Pakistan, Russia,
South Africa, Ukraine, United States and Uzbekistan [1].
According to the World Nuclear Association, the top four
uranium producers in the world in 2021 ranked Kazakhstan,
Namibia, Canada, and Australia.

Uranium can be extracted from ores with sulfuric acid
(H2S0.) or carbonate solution (NaHCO3, Na;COs, NHsHCO3,
(NH4)2COs, K2CO3, KHCO:3). Biological leach solutions with
acidophilic iron- and sulfur-oxidizing autotrophs can also be
used for the extraction of uranium from ores. In the leaching
process, uranyl ion (UOy?*) forms soluble sulfate
(UO2(S04)3*) or carbonate (UO,(CO3)s*) complexes. The
role of acidophilic iron- and sulfur-oxidizing mesophiles and
thermophiles, archaea, and iron-oxidizing heterotrophs in the
bioleaching of uranium ores is well documented and reviewed
in the literature [11-15]. In the bioleaching process, dilute
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sulfuric acid is the leach solution promoting proton attack and
ferric iron is the oxidizing agent. If uranium is initially present
in the insoluble tetravalent state (U(IV)) in the ore, Fe3*in
sulfuric acid solution oxidizes it to U(VI), dissolving it as
soluble UO2%*. Fe®* is reduced to Fe?* in this redox reaction
and is re-oxidized by iron- and sulfur-oxidizing acidophilic
bacteria and archaea [16-18]. An example of a flow sheet
diagram of the bioleaching of uranium is shown in Fig. 1.

Depending on the specific grade and mineralogy of the ore
body, the use of acidophilic iron- and sulfur-oxidizing
bacteria in the industrial-scale extraction of uranium from
ores containing pyrite and/or other sulfide minerals may be a
feasible, alternative approach to the chemical
hydrometallurgical process technology. Heap and dump
leaching processes are technically feasible for bioleach
operations, whereas the bioleaching of uranium is not
practiced in stirred tank processes in commercial scale. The
technology is particularly applicable to low-grade uranium
ores (<0.042% U), which contain pyrite or other sulfide
minerals. The leaching process may be amended with pyrite
or sulfur for the acidophilic iron- and sulfur-oxidizing bacteria
to provide for oxidation and acid capacity of the leach solution
[19, 20].

Many countries have had research groups working on
uranium bioleaching projects using bench-scale, pilot-scale,
and commercial-scale techniques with varying successes.
These projects were primarily evaluating uranium leaching
yields with changes in physical and chemical experimental
conditions. The underlying microbiology of the leaching
process was relatively poorly understood in the 1950°s-
1960’s. Key enzymes, taxonomic and phylogenetic diversity,
and molecular biological analysis of microbial cultures were
practically unknown in the first 15-20 years of the emerging
bioleaching technology. The domain Archaea was not
discovered until 1977 [21]. The fundamental discovery and
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Fig. 1: Anexample of a flow sheet diagram showing bioleaching of uranium from ore to produce uranium concentrate (yellowcake).

emergence of molecular biology and omics have led in
subsequent years to information on acidophilic thermophiles
that are potentially useful in bioleaching processes at elevated
temperatures.

The purpose of this paper is to review brief historical
aspects, starting in the 1950’s, of the chemical and biological
leaching of uranium from ores in several countries including
Pakistan. The history of the acid bioleaching of uranium
coincides with R&D in the bioleaching of sulfidic ores for the
extraction of copper, which was subsequently expanded to
nickel, cobalt, and zinc. One driving force in boosting
uranium extraction from ores in the 1950’s-1960’s especially
and gradually ebbing through 1990, was the Cold War and
stockpiling of nuclear weapons for nuclear deterrence.
Uranium is now mostly used as fuel for nuclear power plants
and nuclear reactors in naval vessels and as a source of
isotopes in medicine, many industrial processes, and military
purposes. The non-fissile U-238 isotope with a >99% relative
abundance is the most common in nature.

Portugal

Early advances in the bioleaching of uranium ores date
back to the 1950°s. It was reported that the Urgeiri¢a uranium
ore-processing plant in Portugal was not achieving the
expected yield of uranium from the ore stockpiles [22]. The
discrepancy in terms of the loss of uranium was eventually
attributed to substantial leaching of uranium caused by
rainwater. Subsequently, it was discovered that uranium
dissolution from the ore was catalyzed by acidophilic Fe- and
S-oxidizing autotrophs [23]. The Urgeirica uranium ore
contained, on average, 5% pyrite, which was oxidized by
bacteria to acidic ferric sulfate lixiviant. In the 1950’s, some
studies on uranium bioleaching processes were initially
directed towards preventing dissolution of uranium from ore,
but it soon became apparent that this process could be applied

to extract uranium from low-grade ores. In 1952-1953, a heap
leaching process was started for the recovery of uranium on
commercial scale at the Urgeirica plant site. The Urgeiriga is
one of the early milestones in the bioleaching of uranium ores
[24]. Multiple small mines were active in mining uranium
ores through 1962. In subsequent years, uranium mining did
not employ specifically designed bioleaching processes with
native bacteria, but heap leaching was practiced for low-grade
ores [24]. Uranium mining in Portugal ceased in 2001.

Canada

In the 1960’s, bioleaching processes were applied for
commercial scale uranium extraction by heap, dump, and
stope-leaching of mine waste rocks and worked-out stopes in
uranium mines in the Elliot Lake area, Ontario, Canada
[25-27]. The uranium mine waters containing acidic ferric
sulfate were circulated through surface heaps and
underground-stopes [28, 29]. Some mines leached uranium by
hosing down roofs, walls, and floors of mine stopes at
intervals of several months, because supporting underground
structures could not be safely mined via conventional
processing. Other left-behind uranium ore materials and waste
piles were also treated with mine waters at acidic pH 2-3,
yielding dissolved uranium at concentrations that were
economically recoverable by using a strong basic anion ion-
exchange resin [Amberlite IRA-400 (OH)].

The Agnew Lake Mine (Ontario) was the first operation
where uranium bioleaching process was applied to a virgin
orebody. Full-scale operation at the Agnew Lake Mine was
launched in 1976 [30]. In the first year of stope leaching
operations, the mine shafts and chambers were fill with the
leachate. The underground and stope leaching works were
discontinued in 1980 as fractures in the orebody failed to
prevent the loss of leach solution. The surface heap
bioleaching continued until 1985 [31]. Tailings in some
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uranium mines contain light and heavy rare earth elements in
addition to other metals. In recent years, this has prompted
interest in recovering rare earth elements from tailings by acid
and bacterial leaching in abandoned or inactive uranium
mines [32, 33]. In some mines, for example, yttrium could also
be recovered as by-product from the raffinate solutions, which
further improves the overall process economics.

Sweden

In Sweden, the alum-shale fields in the southern part are
among the largest uranium-containing shale deposits in the
world. Uranium ore from the alum-shale orebody was
processed in the Ranstad mine during 1965-1969 [34]. The
process was based on the leaching of uranium with sulfuric
acid, yielding about 182 t U [35]. Weathering of the ore
outdoors for weeks before the leaching process decreased the
pyrite content and increased the subsequent yield of uranium
by about 10%, but addition of bacteria was not tested in the
process. Bacterial leaching of uranium from the alum-shale
was tentatively tested in a laboratory-scale [36], but the
research did not proceed to further experiments or
optimization. After the mine closure, the site was eventually
reclaimed, but analyses of drainage from pyritic materials at
the site have shown acidic, sulfate-rich drainage, Fe(lll)
precipitation, and dissolved metals [37].

Bhatti [38] reported that 68-76% yield of U was obtained
in stirred tank leaching of samples of black shale from the
Kyrk Tasjo deposit in central Sweden using mixed cultures of
Fe- and S-oxidizing bacteria with 15-20 days of contact time.
Uranium is also associated with the organic-rich fraction of
the shale. Kalinowsky et al. [39] showed that uranium is
dissolved from alum shale in Pseudomonas cultures. This was
attributed to uranium sequestration with pyoverdine (a
Pseudomonas protein) as well as microbial decomposition of
the organic fraction of the shale, thus causing uranium
dissolution.

In 1976, the Swedish government announced that uranium
mining and production in large-scale were not compatible
with Sweden’s nuclear policy, thus causing major shifts in
uranium exploration and processing. Uranium mining in
Sweden was banned in August 2018, with consequent
financial losses of pending and planned uranium mining
projects. There has been continuing commercial interest in
exploring Swedish uranium-containing shale deposits [40],
presumably for metals such as nickel and rare earth elements
for which there is a high global demand. Uranium-rich alum
shales (0.005-0.04% U) occur in Skéane, Vastergétland,
Ostergétland, Oland, Nirke and along the Swedish mountain
range [41, 42]. In Haggan, for example, the large black shale
uranium field in central Sweden is claimed to be the second
largest undeveloped uranium resource in the world, also
containing Mo, Ni, V and Zn [43, 44].

Finland

In Finland, uranium was produced in 1958-1961 in pilot-
scale in the Paukkajanvaara mine (North Karelia) using
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sulfuric acid as the lixiviant [45]. A total of 40,000 t ore was
excavated yielding about 30 t U before the uranium rich
section was depleted. The process was not designed for native
bacteria to accelerate the leaching. Thirty years later, the mine
site was reclaimed, and field research revealed typical acid
mine drainage at the mine site, evidence for microbial
oxidation of residual Fe-sulfides exposed to humidity,
rainwater, and air and the site has an established microbial
community [46]. Reconnaissance and environmental
sampling have been implemented to monitor the release of
radionuclides and base metals from the mine site [47-49].

In 2007, the Terrafame Ltd. (called Talvivaara Ltd. at that
time) mining company started a bioheap leaching process to
recover Ni, Co, Cu, and Zn from a black schist ore in the
Kainuu region [50-53]. Since then, in the intervening years,
the company secured a permit to also recover uranium from
the leach solution cycle. Terrafame Ltd. is now in the process
of optimizing uranium recovery for full-scale operation (200
t U/year) in 2024 from the leach solution cycle at the mine site
(www.terrafame.com). Uranium recovery is additional to the
Ni, Zn, Cu, and Co concentrates already produced in the
bioheap leaching operation. The plan is to initiate uranium
production alongside the production of other metals
throughout the operating period, which covers at least the next
30 years. The black schist mineralization contains about
0.0017% U, some of it as thucholite. The grade is not
sufficient to be classified as uranium ore, nor could it
economically support uranium mining as the sole product.
The bioheap plant is in the boreal climate with snow cover
during the winter, but the winter and snow have little effect
on the microbial activity in the interior zones of the heaps due
to intense exothermic oxidation of sulfide minerals.

Estonia

In Estonia, the Sillamde metallurgical plant processed
uranium ores for the Soviet nuclear program, starting in the
mid-1940’s. Sillamé&e is on the southern coast of the Gulf of
Finland, at the mouth of the Sbtke River. The history of the
uranium plant processing graptolite-argillite ore has been
reviewed by Lippmaa and Maremée [54-56] and Hade and
Soesoo [57]. The plant also processed uranium ores shipped
from eastern and central European countries until 1977. In
1960-1963 the Sillamée plant tested the bacterial leaching of
uranium from graptolite-argillite ore in open air heaps and a
large outdoor 2,000-ton concrete percolator reactor as well as
in wooden percolators with shelves over 23 months. The
yields of uranium leaching decreased with increasing particle
size: 55% U with 25 mm and 33% with 50 mm material. For
reference, 1% leaching of uranium was noted with 100-200
mm lumps over 18 months [54, 58, 59]. No follow-up test
work on the bacterial leaching was announced. The plant
subsequently tested the pressure leaching of uranium, but the
results did not justify uranium processing in commercial scale
and the funding was finally discontinued in 1973. The
graptolite-argillite mineralization in northern Estonia is a
potential resource of many metals in addition to uranium [60,
61]. Anaerobic decomposition of organometallic complexes
can also release some metals in the solution phase [62, 63].
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The metals in the shales are, however, of low grades and
commercial processing with conventional hydrometallurgy or
bioleaching is presently not economically feasible.

Pakistan

In Pakistan, polymetallic black shale deposits represent
potential uranium reserves. For example, uranium deposits in
Pakistan have been summarized by Butt [64], Mansoor [65]
and Aknhtar et al. [66]. Shake flasks bioleaching experiments
with a mixed culture of Fe- and S-oxidizing bacteria
performed at 50% pulp density of a black shale sample
containing 0.0042% U solubilized 76-80% U in 30 days of
contact time [67]. Uranium dissolution from the shale was
mainly attributed to Fe®*, >500 mV redox potential, and low
pH 1.5-1.9 in the leach solution. Uranium from the
Baghalchur low-grade sandstone ore (0.023% U) amended
with elemental sulfur and/or sulfur mud was leached by
acidophilic autotrophs in shake flasks, columns, and small
pilot-scale bioheap studies [68, 69]. Bacterial oxidation of
sulfur generated sulfuric acid as lixiviant for uranium
solubilization from the sandstone ore.

Reddish-brown Fe(lll)-precipitates collected from the
water channels of the bed-rock seepage in the black shale
formation of Chamiari (Ghazi Tarbela) and Kala Katha area
of District Haripur, Khyber Pakhtunkhwa (Pakistan) are
shown in Fig. 2. Such precipitates are attributed to the
microbiological iron and pyrite oxidation in black shales, with

subsequent  ferric  iron  precipitation as  Fe(lll)-
hydroxysulfates. The precipitates are mixed jarosite types
(solid solutions of jarosite) and schwertmannite. Fe(lll)-
precipitates sequester and retain dissolved uranium from mine
drainage, shown as an example in the chemical analysis in
Table 1. The mechanism of uranium sorption by iron
precipitates is not clear.

Table 1: Uranium content of iron precipitates collected from the seepage
channels of black shale bedrock in Chamiari (Ghazi, Tarbela), Khyber
Pakhtunkhwa (Pakistan). All samples were reddish-brown Fe(lll)-
hydroxysulfate precipitates (unpublished data, T.M. Bhatti).

Sample No. Description of sample U content (ppm)
SW-1 Water channel 13

SW-2 Seepage of shale bed rock 109

CHW-2 Seepage of shale bed rock 9

CHW-3 Seepage of shale bed rock 46

Pakistan has reserves of uranium mineral resources locked
up in black shales and sandstone type deposits. Uraniferous
black shales are widely distributed in the Precambrian
sediments in Khyber Pakhtunkhwa Province and adjoining
areas of Azad Jammu and Kashmir [70-72]. The black shales
contain abundant organic matter (kerogen), disseminated
fresh, tiny, and large crystals of pyrite (7-10%) and U, Ni, V,
Zn, and rare earth elements. The black shales in the Manki
Formation, Ghandgarh Range, near Ghazi-Tarbela (Khyber
Pakhtunkhwa) contain on average 0.0042-0.006% U [73].

' 4 V".\.

.

Fig. 2:  Acid mine drainage representing bacterial oxidation of pyrite and sulfide minerals in the black shale formation of Chamiari (Ghazi Tarbela) and Kala
Katha, Khyber Pakhtunkhwa (Pakistan). The arrows point at the formation of red-brownish Fe(l11)-precipitation in the mine drainage.
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In general, shale deposits are considered as polymetallic
with variable content of pyrite and other sulfide minerals,
sometimes also carbonate nodules or layers. Some
mineralizations are enriched in Ag, Mo, Zn, Ni, Cu, Cr, V and
less commonly Co, Se, and U [41, 43, 44, 74]. The weathering
causes changes in the elemental and mineralogical
composition in black shale deposits and leads to elevated
concentrations of metals and sulfates in surface water and
stream sediments. Metal-bearing minerals and metals are
interspersed in the organic fraction in the shale-matrix. Based
on the weathered bedrock/soil profiles, disintegration is
initiated with the oxidation of pyrite and organic matter,
which increase the overall porosity and water penetration.
Prolonged exposure of black shales and coal-seams to
rainwater, humidity, and air promotes the oxidation of pyrite
and other Fe-sulfides to elemental S, thiosulfate,
polythionates and sulfates, typically mediated by native
acidophilic iron- and sulfur-oxidizing bacteria in sulfidic
mine sites.

Conclusion

Since the initial uranium bioleaching studies in the early
1950’s, applications of acidophilic microbes for recovering
uranium from various minerals, ores and rocks have been
tested in several countries. Historically, the Cold War boosted
the uranium production often without regard to environmental
safeguards, and the environmental and human health legacies
of this era are still apparent in many inactive and abandoned
mine sites worldwide. Major advances have been made in the
understanding of the kinetics of bacterial activities and
leaching reactions as well as electrochemical basis of mineral
dissolution. Indigenous bacteria and their communities in
uranium mine sites have been characterized and new species
have been discovered. The flux of molecular and genetic
knowledge of microbial biochemistry and physiology has
discovered insights on microbe-mineral interactions and
regulatory mechanisms underlying microbial responses for
example to dissolved metals and other stress and inhibitory
factors, permissive temperature ranges, substrates, nutrients,
and microbial population dynamics. Such biological
parameters affect bacterial efficacy in the leaching process
and are targets for optimization with fine tuning for specific
ore or rock types. Mineral composition and galvanic coupling,
particle size distribution, pulp density, aeration, and ore/rock
permeability are some examples of the physical parameters
that must be considered for engineering design in the leaching
process. The bioleaching-based technology is particularly
suited for low-grade uranium ores, which are economically
marginal or otherwise difficult to process by conventional
hydrometallurgy. Scientific discoveries, R&D priorities,
collaborations, and economic incentives to further the
biotechnology of mineral processing are regularly discussed
in the biennial International Biohydrometallurgy Symposium
(IBS) series. This is an international forum and meeting place
for scientists and other specialists as well as the industry
representatives with wide backgrounds to address critical
issues in the mineral biotechnology. Similarly, the European
Union has sponsored international programs such as
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BIOSHALE, BIOMINE, and BIOMOre, which have
promoted collaborative problem-solving, troubleshooting,
and research efforts. Bioleaching technology requires inputs
from many disciplines, requiring cooperation, training, and
funding as well as skilled scientists and engineers
collaborating with the mining industry.
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ABSTRACT

With the huge growth of wireless sensor networks (WSNs) and massive rise in upcoming electronic devices, network management becomes difficult as it affects
the overall performance of the wireless networks. Earlier, in WSN, simple clustering was employed to cover this limitation but over the time, it became evident
that without an effective mechanism of the cluster formation and cluster head (CH) selection, effective WSN performance cannot be achieved. As CH selection
is one of the important phases of wireless communication, that is why, it becomes essential to enhance this phase. This enhancement reflects the great
improvement in the overall performance of WSNs. Different types of methodologies have been introduced in the last 10 years for cluster formation and
especially for CH selection. In this article, we investigate some important methodologies such as A-LEACH, MWCSGA, DEEC-Gauss, and eeTMFO/GA of
cluster formation and CH selection. From the analysis, significant results such as the energy consumption, reliability, number of alive nodes, the lifetime and
throughput of network are computed that can be further utilized in selection of the best algorithm for CH selection.

Keywords: Networks, Sensors, Algorithms, WSNs, Reliability, Nodes, Cluster head, Energy consumption

1. Introduction

WSNs are a branch of the basic ad-hoc technology
consisting of numerous sensor nodes distributed in a given
area. In these types of networks, sensor nodes are
interconnected and communicated wirelessly to gather data
from the surrounding. These nodes are usually low-powered
devices organized in an ad-hoc manner. Due to its huge rate
of growth, WSNs have become a matter of concern for all
researchers. Initially, these were used for monitoring different
kinds of systems of military applications [1]. Now, these are
being implemented in several types of scenarios like health
monitoring, reducing pollution in the atmosphere, ecosystem
observation, physical hazards inhibition, fire detection in
forests and daily activity monitoring. With the immense
growth and demand of these sensor nodes, it has become
difficult to manage wireless environment. So, there is a need
of controlling this situation by making the structures of WSNs
flexible and adaptable to any environment.

The structure of WSN is illustrated in Fig. 1. The wireless
devices also called sensors sense the environment to acquire
useful information like state, values, etc. and transfer them to
other sensors. In WSN, a sensor is termed as a node and the
blue node indicates the member node, whereas, the red node
indicates the head node also called cluster head (CH).
Clustering is an important technique for increasing and
extending the lifetime of WSNs because in general, WSNs
have a limited lifetime.

If each node directly communicates with other nodes then
the structure of WSN becomes easy but on the other hand, it
will not be very efficient. The nodes which are far apart from
each other cannot communicate because of signal loss. Due to
this, a node that is selected or fixed as a CH of the cluster so
that other nodes can communicate through it other than

“Corresponding author: rafiq_mufti@ciitvehari.edu.pk

communicating directly with each other. Member nodes can
send/receive data only through CHs. Being an integral part of
all clusters, the base station (BS) controls the whole
transmissions in the network. Since CHs act as a bridge
between member nodes and BS, therefore, CH selection plays
a vital role in WSN. In case, if this bridge is not efficient then
the successful communication will not take place.
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Fig.1: The general architecture of clustered WSN.

Due to the proliferation of nodes and to improve the data
transmission in WSNSs, the researchers are motivated towards
the effective management methods of sensor nodes. The
factors which are involved in the development and
enhancement of WSNs depends upon the limitations on many
issues particularly in the designing phase, energy
consumption, reliability, network lifetime, scalability, cost,
topology, etc. These limitations can be reduced by the use of
clusters.

Different techniques have been reported in literature for
the cluster formation. One is Low-energy adaptive clustering
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hierarchy (LEACH) that is basically used to decrease the
energy consumption. Further, many advanced versions of
LEACH such as I-LEACH, T-LEACH, HLEACH and
LEACH-II have been developed and the idea of CH selection
is introduced. Particle swarm optimization (PSO) with bio-
inspired aging model is developed for CH selection. Some
other algorithms like gravitational search algorithm (GSA),
genetic algorithm (GA) and multi-objective evolutionary
algorithm (MOEA) have been designed for CH selection.
These algorithms provide the optimal solutions [2].
Moreover, some hybrid techniques such as PSO with GSA,
GA with MOEA, etc., are introduced for better optimal
results.

In dynamic optimization of a sensor node, CHs selection
is accomplished by GA. MOEA is multi-objective nature used
GA and PSO for CHs selection. A fuzzy-based CH selection
scheme is also described in [3, 4]. This scheme utilizes an
eligibility index computed for each sensor node and then an
optimal solution for CH selection is derived. In this paper,
various algorithms and techniques for clustering and the CH
selection are discussed comprehensively. Based on different
parameters, the best algorithm is evaluated.

An algorithm using unique neighbor node approach was
proposed in [5], where selection of CH took place based on
connectivity to at least one neighbor node that is unique. In
case if cluster had no unique neighbor node, then CH selection
was carried out on the basis of maximum residual energy and
the number of other neighbor nodes. This algorithm ensured
the connectivity of the overall network. A mechanism for
selecting dynamic CH was suggested in [6, 7] by introducing
the first kind of CH, second kind of CH, and so on. The
Voronoi diagram was incorporated for cluster formation in the
monitoring area and due to redundant nodes death priority and
network coverage performance, the first kind of CH was
employed and when it became dead, then second kind of CH
was selected on the basis of the average energy of the network
nodes and the residual energy. In [3], a fuzzy-based balance
cost CH selection technique (FBECS) was introduced by
using an eligible index for each sensor node of each cluster,
which was computed and the optimal value of the index was
then chosen. A similar scheme for CH selection and clustering
was also presented in [8] for enhancing the lifetime of the
WSNSs but these methodologies depending on one level head
selection were not so efficient in the multi-hop systems.
Therefore, there was a need for another algorithm that exploits
two-level fuzzy CH selection. An energy-efficient dynamic
scenario (EEDS) was reported in [9] which introduced a new
mechanism of selection of CH based on network traffic and
the node localization. The multi-hop decision-making
technique named Fuzzy-Topsis for CH selection was also
introduced in [10] using distances between neighbor nodes,
the distance from the BS and the remaining energy of the
nodes, as parameters. A high-quality and high-power
clustering algorithm (HQCA) was incorporated in [11], where
selection of CH was carried out based on energy that is
remaining in the sensor nodes, the mean distance of sensors
in the cluster and lowest distances of the sensors from the BS.
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In [12], an energy-efficient CH selection technique was
proposed describing the energy dissipation based on locations
depending upon the residual energy. For this scheme, the
radio energy model was employed for CH selection by
measuring the distance from the sink, so increasing the
lifetime of WSN. The rotating role is one of the approaches
used for CH selection and the role of the head is rotated
among all of the sensor nodes in a given cluster. In [13], the
k-mean algorithm was suggested for finding the centroid node
of the cluster and then adopted it initially as a head node. A
Fault-tolerant head selection method was then proposed to
compute the fitness function of the head node for initializing
and updating CH, whenever the initial CH had a low fitness
function and less residual energy. To improve this algorithm,
another approach by combining the k-mean algorithm and
Huffman coding algorithm was incorporated in [14].
Huffman's coding algorithm is efficient in terms of energy
consumption but has a problem with respect to node residual
energy and its communication distance. This problem can be
resolved by using a gradient descent algorithm that reflects its
effects in the form of an enhanced lifetime, latency, energy
consumption and delivery rates.

The flower pollination algorithm (FPA) is one of the
famous  bio-inspired algorithms consisting of two
components: 1) self-pollination and 2) cross-pollination,
where self-pollination performs local pollination search and
cross-pollination is for global pollination search exploring. In
[15], FPA was proposed for CH selection by doing a local
search and then global search exploring. In [16], an improved
flower pollination algorithm (IFPA) was designed to enhance
traditional FPA in terms of capacity, energy and lifetime. In
this technique, groups of parallel operation-based pollination
were developed to follow the strategy of enhanced
communication depending upon the replacement of old pollen
by new high-quality pollen. The functional fitness of each
group was then evaluated. In [17], the chicken swarm
optimization (CSO) technique was discussed for selecting
CHs based on the fitness function of all the type (roosters,
chicks and the hens) together. However, the fitness function
calculation requires more space and cost.

2. Selected Algorithms for Performance Analysis

2.1 Multi Weight Chicken Swarm based Genetic Algorithm
(MWCSGA)

Multi weight chicken swarm-based genetic algorithm
(MWCSGA) expresses the reflective view of bio-inspired GA
and uses the clustering CSO method for CH selection [18].
Clustering is performed through GA and the head is selected
through swarm optimization technique. In this strategy, the
multi-weight clustering method is first constructed for cluster
formation and a head for communication is then selected. This
strategy comprising of two levels derives the individual's best
fitness functions whose values are used for CH selection. The
process is performed for three groups (indicate as rooster,
hens and chicks by employing fitness value, swarm updating
frequency, Energy, CHs count, mutation and the crossover, as
a parameter. Based on efficient fitness function values for
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individual chicks (nodes), CH is selected and transferred to
consequent generation. The consumed energy (E) of CH in
this strategy is given as:

N N
E= [L (Z_ 1) X Ey +ZEC°m + Y (Eg, Er)

where
Y(Eg, Er) = Ex(L,d) + Er (L, dgs),

Where L is the amount of data transferred by the
transmitting node to the CH; N is the number of alive nodes;
A is the number of clusters in the network; E_d is dissipated
energy; d_BS is the distance fromBSto CH; E_ TandE_R is
energy consumption of transmitter and receiver respectively.
Here, fitness function value calculation is carried out through
a new mechanism because the old CSO is not so efficient in
terms of cost and speed.
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Fig. 2: Structure of cluster eeTMFO/GA.

2.2 Energy-efficient Trusted Moth Flame Optimization
and Genetic Algorithm-based Clustering Algorithm
(eeTMFO/GA)

The eeTMFO/GA introduced in [19] is an optimal
selection algorithm for cluster formation to enhance network
performance. Structure of a cluster eeTMFO/GA is shown in
Fig. 2. Due to its GA feature, it has the ability for selecting
the cluster head with minimum energy consumption. Fitness
function is evaluated by using residual energy of elected node,
connected node density, packet forwarding progress, the
average delay of transmission and average cluster distance as
parameters.

2.3 Advanced LEACH (A-LEACH)

LEACH was the first algorithm designed for WSN for the
formation of clusters, CHs, measuring network lifetime,
throughput and reliability. It uses simple and traditional
parameters such as residual energy and distance from BS in
the selection of CH. In [20], CH selection is carried out based
on the distance between BS and the CH. The cluster is divided
into semi-clusters and threshold is given as:

TT=PG+PC

where
p K
G o —————————
n
n—k (’L’ mod ;)
PC — Ecurrent x E

Einitiar 1

P; denotes the general probability; P. represents the
current state probability; T represents any round; k shows the
expected number of CHs in a round; n denotes the total
number of sensor nodes in the network; E . ren: 1S the current
energy of the node relative to initial energy Ejnitiqi- A Node
having higher residual energy nearer to sink is to be selected
as a CH. This technique is beneficial for energy-aware
techniques and dissipates energy from clusters leading to
improve overall network lifetime.

2.4 Distributed Energy Efficient Clustering with Gaussian
(DEEC-Gauss)

Enhanced distributed energy-efficient clustering (E-
DEEC) presented in [21] set a node as CH having higher
remaining energy. DEEC used the probability of ratio of
average energy and residual the energy. E-DEEC introduced
the supernode to increase the heterogeneity and enhance the
network lifetime. Using some additional parameters, an
enhanced version of the E-DEEC algorithm was designed and
combined with the Gaussian algorithm that filters out the best
supernode (i.e. CH) of the cluster.

3.  Comparative Studies

Tables of comparative studies are given in Appendix 1.
The comparative analysis of existing techniques used in CH
selection is discussed in Table 1. The methodologies along
with its parameters such as fitness value, mutation, residual
energy, sense power, node position, etc. are listed in the table.
These parameters play an important role in performance
evaluation. The research gaps are also identified in the given
methodologies. From the parameters given in Table 1, five
parameters are selected for Table 2 as a benchmark for
performance evaluations. These parameters are the key points
in our proposed work.
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Fig. 3: Wireless sensor network.
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4. Performance Evaluation
4.1  Simulation Procedure

The effectiveness of the algorithms discussed in Section 3
is evaluated based on alive node, energy consumption, time
complexity and throughput. The simulation is done by using
MATLAB/SIMULINK environment. The basic level
parameters used for simulations are given in Table 3
(Appendix 1).

The experiments are performed with 500 operational
nodes of WSN by setting the rounds as 50 and 100. Assume
that, data length is 12000 bits and the transmission power is
0.0175 nd/bit/m?. The initial energy assigned to every node is
0.28 Joule. The model under consideration for WSN is
illustrated in Fig. 3. The data transmission rates of A-LEACH,
MWCSGA, DEEC-Gauss and eeTMFO/GA algorithms are
represented in Fig. 4. The data transmission rates of
MWCSGA and A-Leach are almost the same, whereas
eeTMFO/GA has the highest data transmission rate for
particular operational nodes.
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Fig. 5a: Number of alive nodes with 50 rounds.

4.2.1 Analysis of alive nodes

Alive nodes are used to send data to BS/sink immediately
after successfully aggregated it. These nodes calculate the
weights of randomly selected numbers dynamically. This
concept of random number selection was first introduced in

38

the LEACH protocol for CH selection. Fig. 5 depicts the
number of alive nodes of each algorithm with 50 and 100
rounds. The increment of rounds affects the first node death
(FND), half node death (HND) and last node death (LND)
percentage of each algorithm.

In 50 rounds, the FND of MWCSGA is the highest and of
eeTMFO/GA is the lowest but the HND and LND of
eeTMFO/GA are larger that make the total percentage of alive
nodes highest. On the other hand, in 100 rounds, the
eeTMFO/GA has a high percentage in terms of FND, HND
and LND. In general, the dimension of alive rate depends
upon the number of nodes. As the number of nodes increases,
the alive rate decreases, i.e., it almost goes to zero. It can be
observed that the lowest possible alive rate of any node is
approximately 0.00003s. From Fig. 5, it is clear that
eeTMFO/GA algorithm has a large number of alive nodes as
compared to other algorithms.
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Fig. 6a: Energy with 50 rounds.

4.2.2 Analysis of Energy Consumption

Energy utilization is the main concern in WSNs, as it plays
a vital role in the selection of CH. A node having minimum
amount of energy consumption is to be selected as a CH in the
cluster. Fig. 6 shows the flow of energy consumption in which
the energy or power consumption of A-LEACH is high. This
is due to its traditional structure and transmission. MWCSGA
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and DEEC-Gauss have an average energy consumption but
eeTMFO/GA consumes less energy as compared to others.
From this figure, it can be observed that energy consumption
is directly proportional to the number of rounds. The number
of rounds increases with the increase of consumption.
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Fig. 7 represents the average consumed energy at 50 and
100 rounds. MWCSGA and DEEC-Gauss have low average
consumption whereas eeTMFO/GA has the lowest average
energy consumption.
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Fig. 7b: Average energy for 100 rounds.

Similarly, Fig. 8 shows the overall energy consumption of
head selection. eeTMFO/GA has the lowest energy
consumption as compared to other algorithms regarding CH
selection.
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Fig. 8: Overall energy consumption.

4.2.3 Cluster Head Selection Phases

CH selection takes place in four phases. In the first phase,
CH selection using residual energy and fitness factor provides
the large number of nodes selected as CHs as shown in
Fig. 9a. DEEC-Gauss provides the selection of CHs that is
high at the beginning but low at the end, so this behavior is
not acceptable. On the other hand, eeTMFO/GA and
MWCSGA provide the average rate of CHs and the average
ratio of eeTMFO/GA is higher than the average ratio of
MWCSGA, so it implies that eeTMFO/GA provides the
optimal and efficient CHs selection in the first phase.
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Fig. 9a: Head selection phase 1.

In the second phase as shown in Fig. 9b, CH selection
takes place by using residual energy and node position for (x,
y). MWCSGA provides the lowest selection rate and A-
LEACH has either the same effect or higher selection rate.
eeTMFO/GA and DEEC-Gauss have an average ratio of
selection but the ratio of eeTMFO/GA remains higher than the
ratio of DEEC-Gauss. In the third phase, A-LEACH and
DEEC-Gauss have a larger selection ratio than MWCSGA.
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eeTMFO/GA leads with their highest ratio in the average rate
of selection and the same is the case in fourth phase.
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Figure 9b: Head selection phase 2.
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4.2.4 Analysis of Throughput

Throughput is mainly concerned with data transfer rate in
unit time. The basic goal of WSN is to increase the network
lifetime with enhanced reliability by improving the
throughput. Residual energy is used as a primary aspect in the
improvement of throughput. As energy resources increases
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and energy consumption decreases, then throughput
increases. The performance analysis in terms of throughput is
given in Table 4. It is obvious from Table 4a, eeTMFO/GA
has the highest throughput as compared to other algorithms
for all aspects. This enhancement is due to the involvement of
certain factors such as death rate, transmission media, power
consumption and scalability and their impacts are given in
Table 4b.

Table 4a: Throughput performance of algorithms for various rounds.
Algorithm With 50 Rounds With 100 Rounds ~ Overall
MWCSGA 65% 56% 60%
eeTMFO/GA  68% 60% 64%
A-LEACH 55% 49% 52%
DEEC-Gauss  65% 53% 59%

Table 4b: Throughput enchantment factors.

Algorithm Death Transmission ~ Power Scalability
Rate media consumption

MWCSGA Mediam  Stable Low High
eeTMFO/GA  High Very Stable Low High
A-LEACH Mediam  Not Stable Large Mediam
DEEC-Gauss  High Sometime Mediam Mediam

Stable

Sometime not

stable

Table 5. Overall analysis
MWCSGA eeTMFO/GA A- DEEC-
LEACH  Gauss

Average 2.34] 1.98) 6.4) 4.5])
Consumed
energy 50 With
Rounds
Average 3.5) 2.48) 7.2] 5.9)
Consumed
energy 100 With
Rounds
The  difference  1.16J 0.5J 0.8J 1.4)
with an increment
of Rounds 50-100
First Node Death  60% 25% 61% 27%
Percentage with
500 Nodes
Half Node Death  80% 71% 86% 32%
Percentage with
500 Nodes
Last Node Death  76% 94% 94% 76%
Percentage with
500 Nodes
Throughput 60% 65% 51% 59%

4.2.6 Time Complexity

Big-O is one of the common factors used to evaluate the
complexity of any algorithm. It is the worst-case analysis to
determine the execution time of an algorithm. The Big-O of
algorithms is described in Table 6 which shows that A-
LEACH consumes a lot of costs as compared to others,
whereas eeTMFO/GA exhibits the lowest cost. The cost
consumed in A-LEACH is n5 which is large enough to affect
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the overall contributions of network reliability. DEEC-Gauss
consumes the cost in factorial of iterations that reflect its
drawback in terms of memory rudiments. Similarly, the cost
utilized in MWCSGA is in binary form that gives a bit effect
of high energy consumption in peak value. Overall, the
efficiency of MWCSGA and eeTMFO/GA s significant in
terms of throughput as compared to others.

Table 6: Big-O analysis.
Algorithm Big-O
MWCSGA o(n(n—7r)2™1)
eeTMFO/GA  0(c(n? +n)) = 0(n?)
A-LEACH 0(n*(n— Dlogn +n* + n*(n— 1)) = 0(n®)
DEEC-Gauss  0((n— Dn!+ (n— 1)(n+1)!)

=0((n-Dn+1D)

5. Conclusion

Cluster Head (CH) selection has become a matter of
attention for researchers because of its contribution to the
overall performance of WSNs. In this paper, the previous
studies of CH selection have been discussed. The well-known
techniques for CH selection such as A-LEACH, DEEC-
Gauss, MWCSGA and eeTMFO/GA have been investigated
and evaluated in terms of energy consumption, alive rate,
lifetime and reliability. Based on performance, it can be
concluded that eeTMFO/GA method perform better as
compared to the traditional methods in terms of energy
efficiency. Moreover, eeTMFO/GA has efficient energy
consumption, a high network lifetime and a large rate of alive
nodes. It provides 12%, 9% and 8% performance
improvements in all aspects as compared to A-LEACH,
DEEC-Gauss and MWCSGA respectively.

A low power and trust aware network has become one of
the essential parameters of WSNSs. Our future work is mainly
focused on the design of an energy efficient algorithm which
may be expected to have reliability and high network lifetime.
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Appendix

Table 1: Comparative studies of existing approaches.

References Parameter Methodology Limitations
Fitness value, mutation, swarm  CSO and GA work together, Selects the CH Fitness function
Nader Ajmi et al. (2021) [18] updating frequency, crossover based on efficient fitness function values for calculation needs

D. Laxma Reddy et al. (2021) [24]

Oluwasegun Julius Aroban et al. (2021)
[22]

Atefeh Rahiminasab et al. (2020) [25]

Ramadhani Sinde et al. (2020) [2]

ee TMFO/GA (2020) [19]

Thi-Kien Dao et al. (2020) [16]

Kashif Naseer Qureshi et al. (2020) [25]

G Pius Agbulu et al. (2020) [14]

Pawan Singh Mehra et al. (2020) [3]

Amir Abbas Baradarana et al. (2019) [11]

Amanjot Singh Toor et al. (2019) [34]
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Energy, and the cluster heads
count

Residual Energy, Sense power,
Node Position, Fitness of nodes

Communication range, data
packet size, residual energy,
distance with sink

Energy, effeicent use of the size
od data queues, distance to the
center, and the mobility.

Node degree, residual energy,
and distance

Density, Energy, Distance with
packet forwarding progress,
Transmission delay,

Data aggregation, network
status, Classification Support
Vector Machine(SVM)

Gateway Node weight, centroid
position, energy consumption
model,

Aggregation-energy, Network

Traffic

Nodes States(Show the current
state of the node),
RegionvBased probability

Based on residual energy of
node, all node distance with BS,
amount of energy per cluster,
and cluster density
NetworkvStatus, Residual
Energy, node location

individual chicks(nodes) and transfers it to
consequent generation.

Combination of ACI and GSO, selection based
on local searching and global searching. Rapid
discovery of solution by ACO and GSO based
non-centralized control

An enhanced version of the E-DEEC algorithm
that uses Gaussian formula that shows the
efficient performance

Multi-factor decision-making, a combination of
AHP and CSP.

Combine PSO with AP for selection. Selection is
done with local and then global best solutions

Combination of GA and MFO, Selects the
optimal solution

Decision function classification deployed the
data aggregation. Improved flower pollination
algorithm (IFPA) solves this problem by dividing
the parallel operation into groups and then
calculate the fitness function of each group.
Replace the optimal solution with the original
one.

Gateway Energy-Efficient Centroid (GCEEC)
routing protocol nature-inspired algorithm for
agriculture. Selects the CH by calculating the
centroid position of node and gateway node for
transmission of data with BS.

A combination of K-mean and Huffman
algorithms. K-mean calculates the nearest node
and the Huffman algorithm is used to organize
the nodes.

Enhanced Version Of BCSA algorithm. The
density and power level of nodes is used to
calculate the energy expenditure of selected CH.

Uses Fuzzy Decision Block (FDB) and checks
the parameters. A node that has less distance from
BS, has higher in remaining energy, enhanced
cluster quality, and less mean distance is selected
as CH.

Energy-Aware Cluster-Based Multi-hop
(MEACBM), uses Subcluster formation and

more space and cost

More Cost required

The complex structure
of Gaussian make cost
higher

Dead rate not
enhanced

AP exemplar
selections are not
effective after a little
enhancement

This procedure has
network delay

The complexity of the
overall algorithm is
increased that reflects
the problematic
outcomes in terms of
cost function
calculations.

Inter-cluster ~ Multi-
Hop communication
needs more energy,
also has network
delay

Huffman  algorithm
complexity affects the
overall cost or
complexity of cluster
formation.

Requires More Cost
for Node  Status
Calculation

Fuzzy logic in high
vagueness

The structure
becomes complex and



Somaye Jafarali Jassbi et al. (2019) [26]

Jin-Gu Lee et al. (2019) [27]

Krishnasamy Gomathi (2019) [34]

Liang Zhao et al. (2018) [28]

Adem Fanos Jemal et al. (2018) [13]

Bilal Muhammad Khan et al. (2018) [10]

Taj Rahman et al. (2020) [29]

Payal Khurana Batra et al. (2016) [30]

Sachin Gajjar et al. (2014) [31]

M. Senthil et al. (2014) [12]

Tapan Kumar Jain et al. (2014) [5]

Chakchai So-In et al. (2013) [32]

P. K. Dutta et al. (2013) [9]

Parul Saini et al. (2010) [21]
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Communication range, data
packet size, residual energy,
distance with sink

Objective Function,
Homogeneous Energy,
aggregation rate, Location

The trust factor, Energy

ResidualvEnergy, Network
Address

Energy and power
consumption, and the packet

loss

Data aggregation, member

Nodes,

Quality of Service (QoS)

Stability  Period,
Consumption

Energy

Data aggregation, energy, BS
location, Energy Consumption,
reachability from its
neighborhood,

The energy dissipated and the
distance between the base
station and the CH

Residual Energy of neighbor
nodes, unique nodes that
connected to each node of the
cluster

Energy consumption, optimal
weight

Network  traffic, residual
energy, remaining energy of
node, the cost function for each
node

ResidualvEnergy, Distance
With BS, Network Area

residual energy-based selection. Also Calculates
efficient multi-hop routes for commination.

Backup Cluster Head (BCH) is selected after
HEED CH selection based on minimum distance
and maximum residual energy.

SSMOECHS protocol for CH selection based on
sampling-based SMO by using the received
information

Secure CH selection, fuzzy logic is used for
selection of CH

LEACH-M is an improved version of LEACH, a
distributed approach used to find Optimal
Solution

Uses k-mean to select initial cluster header and
use Euclidean distance for CH selection

Selection is done by multi-conditional decision.
Network robustness and effective network
expectancy

Merge two ideas in MANET, first is cross-layer
design and second is self-organization

Randomness is used in LEACH

CH selection protocol by using Fuzzy Logic
(CHUFL), the selection is based on residual
energy based on neighbor nodes.

Distance based CH selection between sink and
CH. In this paper, cluster divides into semi-
cluster that have less distance from the sink.

In this strategy, the CH is selected based on
neighbor unique node connectivity. The selected
CH fitness function is calculated. Then less
distance with BS reflects the validity of CH.

Uses moving energy window  energy
computation on previous LEACH algorithms and
enhanced probability of CH.

Uses three parameters and select CH, initially CH
is selected randomly, and then its remaining
energy and cost fitness for CH is calculated. After
that performance is measured by electing CH
among these randomly selected CHs.

E-DEEC Algorithm uses for CH selection that is
energy efficient and enhances the clustering

has network overhead
due to sub-cluster
formation processes

Overhead of HEED is
deployed but not fully
removed

Delay increases

More  memory s
required as  you
consider

Delay increases

Network delay
increases

Fuzzy logic in highly
vagueness and sink
mobility prediction is
complex

The pre-specified
version needs more
memory

Needs more cost
function for
prediction

Energy consumption
is not so effective
when the number of
nodes increased
Network  robustness
effects

This procedure has
network delay

Network
effects

robustness

More memory is
required for two way
selection

The death rate is very
large

Table 2: Comparative study of parameters.

Reference Reliability Energy Consumption 'Iiliifa\lt\g%le( ég:: dNode Per Throughput
Pawan Singh Mehra et al. (2020) [3] Dense 5J v 30% v

M. Senthil et al. (2014) [12] Nearest Neighbor 1.6bJ v 7% -

P.K. Dutta et al(2013) [9] In terms of Cost Function 7] v - v

Tapan Kumar Jain et al. (2014) [5] Stability - v 48% -

Amir Abbas Baradaranaetal. (2019) [11]  Complexity 1.5) v 82% v

G Pius Agbulu et al. (2020) [14] Latency 0.9bJ v 50% v

Thi-Kien Dao et al. (2020) [16] Accuracy 4.7] - - v

Kashif Naseer Qureshi et al. (2020) [25]  Error Free 8.5J v 40% v
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Amanjot Singh Toor et al. (2019) [33] - 10J v 45% v

eeTMFO/GA (2020) [19] effective and Secure 2.2) v 75% v

Sachin Gajjar et al. (2015) [31] Latency 5J v 10% v

Somaye Jafarali Jassbi et al. (2019) [26]  Effective And Secure 4] v 38% v

Nader Ajmi et al. (2021) [18] Efficiency 3J v 65% v

Ramadhani Sinde et al. (2020) [2] Efficiency, Accuracy 11 v 17.50% v

Jin-Gu Lee et al. (2019) [27] Accuracy 3J v 54% v

Bilal Muhammad Khan et al. (2018) [10] latency, Mobility 0.08bJ v - v

D. Laxma Reddy et al. (2021) [23] Scalable 12) v 56% v

Adem Fanos Jemal et al. (2018) [13] Nearest Neighbor 3] v 34% v

Atefeh Rahiminasab et al. (2020) [24] Mobility 2] v 65% -

Payal Khurana Batra et al. (2016) [30] - 5J v 54% v

Taj Rahman et al. (2017) [29] ROl Adaptive 9 v - .

Krishnasamy Gomathi (2019) [34] Secured - - - v

Xin-She Yang et al. (2012) [15] - 7] v 45% _

Chakchai So-In et al. (2013) [32] Adaptive 0-5% improved v _ v

Parul Saini et al. (2010) [21] Energy 2] - 25% v

([)2I§]wasegun Julius Aroban et al. (2021) Energy 1.0891bJ v 70% v
Table 3: Simulation parameters.

Sr. No. Parameters Value

1 Number of Nodes 500

2 Sensed Area 500*500m?

3 BS Coordinate (250,250)

4 Initial Energy 0.28J

5 Length of data Packet 12000 bit

6 Elec(Elected Energy) 25nJ/bit/m™

7 efs (Free Space energy) 0.0013pJ/bit/m*

8 emp() 20pJ/bit/m2

9 Number of Rounds1 20

10 Number of Rounds2 50

11 Number of Rounds3 100

12 Sense power 0.0175nJ/bit/m?

13 Transmission power 0.744nJ/bit/m?

14 Receiving Power 0.0648 nJ/bit/m?
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ABSTRACT

The bottom nozzle is a critical component of the fuel assembly of 340 MWe PWR Nuclear Power Plant at Chashma site (CHASNUPP). It bears axial loads
during fabrication, handling, transportation, and reactor operation. The perforated plate, containing flow-holes of complex orientation, is the main critical
load bearing and supporting component of the bottom nozzle. Therefore, mechanical strength and stresses of the bottom nozzle need to be analyzed and tested
under limiting load conditions, i.e., transportation load 6g. The present study is an attempt to develop the finite element (FE) methodology in order to assess
the structural integrity and determine the maximum stress concentration area of the bottom nozzle at applied limiting load of 6g, at standard temperature and
pressure (STP). The FE model of the bottom nozzle was produced by solid element (C3D8R) and solved by the static linear analysis using computer code
ABAQUS/CAE 6.10-1. Final results acquired from the FE analysis are compared with the mechanical compression test results for mechanical design
verification. The values of maximum stress calculated through FE analysis are much comparable with the stress values obtained from each strain gauge at
similar locations, which confirmed the accuracy of the FE methodology. The value of the max. von-mises stress (Seqv.), obtained by the FE analysis, and max.
value of the stress obtained through test, under applied load of 6g, are less than the design stress limit (yield strength) of bottom nozzle material, SS-321,
thereby verifying its structural integrity as well as satisfying its mechanical design criteria under limiting load of 6g.

Keywords: CHASNUPP, Bottom nozzle, Perforated plate, Finite element, Compression analysis, Stress measurement.

1. Introduction Four enclosure plates are welded to the perforated plate to

In Pressurized Water Reactor (PWR) the Fuel assembly form a plenum. One bearing plate is welded at each corner of
bears a variety of loads, such as compressive, tensile, torsional (€ Plenum to form the bottom nozzle subassembly. Bearing
impact and bending etc., Moreover, the other external load as ~ Plates act as supporting pads of the bottom nozzle. Each
shipping, handling and reactor operation. The buckling b_earlng_plate_ has a hole_t_hat_can mate with lower core plate
structural strength of the fuel assembly is provided by the fuel ~ Pin for indexing and positioning of the fuel assembly.
assembly skeleton [1]. Bottom nozzle is a square box like During reactor normal operation entire weight of fuel
structure which serves as the bottom structural element of the assembly and associated core components passes to lower
CHASNUPP fuel assembly. It consists of a perforated plate,  core plate through bottom nozzle. Moreover, the perforated
four enclosure plates, and four bearing pates as shown in plate has to bear axial loads during transportation and
Fig 1. handling of fuel assembly. Among all axial loads, the load
during transportation is considered as the limiting one [2].
Thus mechanical tests and finite element (FE) analysis for the
CHASNUPP fuel assembly and components are needed for
determination of structural integrity against such loads.

For this purpose, a FE model of bottom nozzle has been
produced to evaluate the mechanical strength and stress
concentration areas. Its static linear analysis has been
performed using ABAQUS, CAE 6.10-1 software. The

| strength test of the bottom nozzle has also been conducted by
SNERDI, China [3] to determine local stresses in the X and Y
directions (axes in the plane of plate) at specified locations.
The bottom nozzle test specimen was manufactured from
stainless steel (SS-321). The details of material properties
used for the test specimen and FE model are given in Table 1.

Bearing plate ——§

Enclosure plate

Table 1: Material properties of bottom nozzle at room temperature [4]

Fig. 1: Bottom nozzle of CHASNUPP fuel assembly. ) Yield Tensile Modulus of ~ Poisson’s
Material strength strength elasticity ratio
The perforated plate has square cross-section, which is (MPa) (MPa) (GPa) )
provided with number of holes to permit flow of coolant Bottom
upward through the bottom nozzle, as well as provides nozzle >205 >515 200 0.3
connection to the bottom ends of the guide thimbles at (SS 321)

respective hole positions through bolts.

*Corresponding author: wazim_me@hotmail.com
45



Waseem et al. / The Nucleus 60, No. 1 (2023) 45-50

We have already made attempts towards research and
design work of CHASNUPP fuel assembly. Our experience
includes structural integrity assessment of the CHASNUPP
fuel assembly and associated components, i.e. stiffness and
stress measurement of the spacer grid support system using
ANSYS Code [5], study of the buckling or deformation
behavior as well as the stress has been determined across the
fuel assembly at compression load using ANSYS Code [6],
and study of the deformation behavior and the stress
measurement of the skeleton of fuel assembly using ANSYS
Code [1]. Moreover, Chen [7] had reviewed 300 MWe
Qinshan fuel assembly and associated core components
design and proposed some modification. Now, in the present
study, we have performed FE analysis for CHASNUPP
bottom nozzle using analytical code ABAQUS, CAE 6.10-1.
The details of present analytical and experimental work along
with the results are described in the subsequent sections.

2.  FE model

The bottom nozzle of fuel assembly has symmetry in the
cross section. The boundary conditions symmetry is true in
geometry, loads, constraints and material properties.
Therefore, the advantage of symmetry has been taken into
account and only quarter part of the bottom nozzle has been
simulated and analyzed. The solid model is illustrated in
Fig. 2.

Fig. 2: Solid model (volume plot 3-D).

The FE model of the bottom nozzle has been developed
using ABAQUS to simulate the applied boundary conditions,
which prevail during transportation. The solid element
C3D8R type is used to generate meshing of the geometry.

C3D8R is a 3D element having 8-nodes and reduced
integration points (computationally inexpensive) with six
degree of freedom at each node, well-suited for geometrically
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linear or non-linear, large strain, displacement and rotation
problems.

The symmetry of the geometry has been applied at all
nodes associated with inside edges of quarter portion of the
bottom nozzle. To constraint the FE model nodes associated
with bottom surface of the bearing plates are fixed. The load
has been applied on the upper surface area associated with the
guide thimbles. The weight of fuel assembly is 450 kg or
~4410 N. The load has been applied in step multiples of 1g.
Maximum applied load equivalent to 6g (26460 N) is
distributed uniformly on 20 holes for the guide thimbles. The
FE model with all boundary conditions is shown in Fig. 3.

Load

Symmetry in Y-axis

2
Y
(4' Symmetry in X-axis Constraint

Fig. 3: Applied boundary conditions (element plot 3D).

w

Numerical results

1. A high mesh refinement level based on sensitivity analysis
has been applied to final FE model at which results are
converged.

2. The max. elemental Seqv, 128 MPa, is located at upper
surface of the perforated plate, near the edge of the
instrumentation tube flow hole, which is the stress
concentration area, as shown in Fig. 4. The Seqv. value
128 MPais less than the yield strength of the bottom nozzle
material, 205 MPa [4], fulfilling the structural integrity
criterion. The min. elemental Seqv, 0.03 MP4q, is located at
the corner of the bottom nozzle.

3. Maximum tensile stress at Y-direction, 84.39 MPa, is
located at the bottom surface of the perforated plate and
near the edge of the instrumentation tube flow hole as
shown in Fig. 5.

4. The max. compressive stress in Y-direction, -88.4 MP4q, is
located near the joint of bearing plate and enclosure plate as
illustrated in Fig. 6.
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4. Experimental work

The Mechanical (compression) test has been performed to
measure the strength of bottom nozzle under the applied load
of 6g (26460 N). This load is considered as the maximum
limiting load on the CHASNUPP bottom nozzle. There is a
symmetrical loading condition on the bottom nozzle in all
respects. The structural design of the bottom nozzle is also
symmetrical. Therefore, 1/8" of the bottom nozzle is selected
for the test measurements, to save the data analysis time and
to facilitate the installation of strain gauges, as there is a space
limitation for the gauge pasting and taking out the lead-wires
safely.

5. Design and fabrication of test specimen

In order to perform test, the bottom nozzle test specimen
has been designed considering as the structural part of a
15x15 CHASNUPP fuel assembly. For applying the load at
the guide thimbles locations as per actual fuel assembly, 20
guide thimble tubes are connected with loading plate by using
argon arc welding.

These guide thimbles along with the loading plate are
tightened with perforated plate, using bolts after inserting
through their respective holes and locations as per actual
conditions. The bottom nozzle test specimen has been
manufactured using the same material (SS 321) and
dimensions as per actual fuel assembly. All of these parts are
assembled to simulate actual bottom nozzle of CHASNUPP AAA

vie Fixed ends
fuel assembly as shown in Fig. 7.

Fig. 7: Bottom nozzle test specimen.
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Test Description

1. Mechanical (compression) test of the bottom nozzle has
been performed at SNERDI, China [3]. The strain gauges
of very small size of dimension Imm % 1mm have been
used for measurement of the strain during the test. These
gauges are pasted on the 1/8™ top surface of the perforated

is applied through a

computerized Universal Testing Machine (UTM). Its

calibration and verification has been performed as per

ASTM Standard [8] and strain values on the bottom nozzle

have been calculated from the strain data obtained from the

plate. The compression load

Data Acquisition System.

2. Total 22 biaxial strain gauges have been used for the test of
bottom nozzle to obtain strain data from 22 locations. All
these gauges have been installed on the compression
(upper) side of perforated plate. The critical 22 locations,
where it is desired to measure the stress values, are shown
in Fig. 8.

Fig. 8: Arrangement and orientation of the gauges on test specimen.

3. The bottom nozzle compression test is performed at room
temperature in air. The load is applied on the test specimen
in small steps of load 1g (4410 N). The data acquisition
system is attached with the strain gauges, installed at the
specified locations on the specimen, to attain the test data
in the form of strains. The strain data has been further
processed manually to get stress values using principal

stresses formula [9].
Experimental Results and Discussion

1. The results of three strain gauges, Nos.1, 10 and 19, are not
included in the study, as they are located in the low stress
concentration areas and have small stress values, i.e.
<=+ 3.11 MPa. However, absolute error of the results (both

FE and test) is also low for these strain gauges.

The value of the local stress obtained by the FE analysis at
each strain gauge location is compared with the
experimental result [3] obtained at the same location, as
mentioned in table 2.

Table 2: FE and test results Comparison at load of 6g (26460 N).

Stress (MPa)
Gauge No. . % Error

FE Analysis Test
2 -14.2 -12.1 14.7
3 -9.83 -9.92 0.9
4 22.2 -19.63 11.7
5 -21.8 -24.91 -14.2
6 -19.02 22 -15.6
7 -25.84 -29.51 -14.1
8 -24.04 22 8.5
9 -75 -8.6 -14.6
11 -18.38 -18.5 -0.6
12 -14.83 -14.4 2.9
13 -30.49 -30.2 0.9
14 -19.94 -16.8 15.7
15 -37.18 -33.2 10.7
16 -20.6 -17.43 15.5
17 -23.88 -21.8 8.7
18 -24.03 -23.32 3.0
20 -11.32 -10.6 6.4
21 -16.8 -18.81 -11.9
22 -26.65 -23 13.7
*Error= (Test-FE analysis)/Testx100

3. Itis clear from table 2, that the values of stresses obtained
through FE analysis are comparable with the test values at
most of the strain gauges locations. The errors between the
two studies lie within the range of £15.7%, which indicates
the validity of the FE model.

4. Some dispersion in the experimental results mainly caused
due to the allowance of the specimen over all height and
thickness / flatness of the perforated plate. All strain gauges
are pasted on the perforated plate which has too many flow
holes due to the very limited available solid area it was very
difficult to placed strain gauges there hence it may also
cause some error.

5. The value of max. principal stress, -37.18 MPa, is obtained
at strain gauge No. 15, at the same location of the FE result,
i.e. -33.2 MPa (see Table 2). The max. principal stresses
obtained through both studies are comparable and lie within
the error of 10.7%.

6. The max. Seqv obtained by the FE analysis, 128 MP4a, is

obtained at the top surface of the perforated plate, near the
edge of instrumentation tube flow hole. The test result is not
available for the same location because pasting of the gauge
at this location is not possible. Therefore, at this location the
stress value determined by FE analysis cannot be compared
with the test result. However, the max. Seqv, 128.9 MPa
obtained by FE analysis is significantly less than the design

49



8.

Waseem et al. / The Nucleus 60, No. 1 (2023) 45-50

stress limit of the material, i.e., 205 MPa in case of SS 321
material, at room temperature.

Conclusions

The present study involved assessment of the structural

integrity and determination of the stress concentration area of
the bottom nozzle subassembly at load of 6g. The following
conclusions have been drawn.

1.

50

The max. stress values of both studies are in good
agreement and significantly smaller than the limit of design
stress of the bottom nozzle, thus bottom nozzle strength has
safely fulfilled its mechanical design criterion at limiting
load of 6g (26460 N).

The developed FE methodology can be utilized for
evaluation of the designs changes in the bottom nozzle of
CHASNUPP fuel assembly before conducting the
confirmatory tests. Therefore, this analysis is useful for
refining the safety and reliability of supplementary design
modifications such as different material, minor changes in
the geometry, etc.
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ABSTRACT

Northern areas of Pakistan are rich in minerals and different types of precious/ semi-precious gemstones. One of these gemstones called topaz is quite
abundant in Gilgit-Baltistan, Skardu and Kashmir regions. Although, topaz is a semi-precious stone but pink topaz from Mardan district in KPK province
has a high worth in its natural form because it is rare in the world. In general, topaz is a colorless transparent stone, which is not very expensive. These semi-
precious stones can be made precious by adding colors using different treatments like thermal heating, electron beam exposure, gamma rays or neutron
irradiations. Except for electrons and neutrons, all other treatments give brown, golden or light blue colors, which are of low worth. The colors are usually
not stable and fade away with the passage of time. About 30-40 times value can be added if the color is persistent dark blue. This deep blue color in topaz
can be produced by neutron irradiation from a nuclear reactor. At present, for semi-precious stones, the world market is in the hands of blue topaz; typically
named as Sky blue, Swiss blue and London blue. Countries like Indonesia, Thailand and US are already in this business and making significant profit. Pakistan
Research Reactor (PARR-1) at the Pakistan Institute of Nuclear Science & technology (PINSTECH) has the capability to produce these desirable colors.
Therefore, handsome revenue can be generated by utilizing this methodology. Apart from this, the other benefits are the development of a useful technology,
collaboration between public and private sectors and application of nuclear techniques for peaceful purposes, which is one of the objectives of Pakistan
Nuclear Society (PNS).

Keywords: Topaz, color formation, research reactors, neutron irradiations, radioisotopes, elemental analysis

1. Introduction Logend

Gold-silver-platinum @ Peridot @ Aquamarine
History reveals that different types of gemstones were :m Wy Qo
regarded as a status symbol. Since ancient times, kings and Ry Tourmaline 1 Moonsione Y Pargasie. B Ficre
queens used to wear gems embedded in gold for their
grandeur and beauty. The royal families had a hobby to collect
attractive gems like diamonds, ruby, sapphire, emerald,
tourmaline, aquamarine and topaz etc. People attach
particular stones with their good fortune and believe that the
use of these stones have impact on their lives. Therefore, the
business of precious stones has always been considered as
profitable one. Various types of such precious and semi-
precious stones are found in different areas of Pakistan mainly
in the metamorphic rocks of mountainous regions Fig. 1.
These are found in Northwest Frontier Province (Deer, Swat,
Mansehra and Peshawar), Federally Administered Tribal
Areas (Mohmand Agency, Bajaur Agency, Khyber Agency
and Waziristan Agency), Northern Areas (Chilas, Gilgit,
Mardan, Hunza, Shigar, Baltistan, Kashmol etc.) and in
Balochistan Province (Kharan and Chaman) [1]. Some of
these gemstones have inherent worth in their natural form
while others can be made valuable by various color
enhancement processes. Such gemstones are labeled as
‘treated stones’. In general, the value of gemstones depends
upon 4 Cs’: color, clarity, cut and carat. The utmost important
is of color, which can be induced by thermal heating,
diffusion, coatings, bleaching and irradiation methods that

@D Topaz
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Fig. 1: Main areas of gemstones in Pakistan.

‘topaz’ is derived from the Greek Topazios (Topasos); old in
the, which was famous for mining of yellow stone in ancient
times. Alternately, it is believed that the topaz originates from
Sanskrit word ‘tapash’ due to the fire like appearance of
golden topaz in sunshine. Worldwide, it is found in
Afghanistan, Sri-Lanka, Czech Republic, Germany, Norway,
Italy, Sweden, Japan, Brazil, United States, Mexico and
Pakistan [2].

Topaz is an aluminum silicate with fluorine and hydroxyl

include X-rays, gamma rays, electrons and neutrons. Except
for neutrons, the induced colors are usually temporary. The
research reactor at PINSTECH can serve this purpose, as it is
a huge source of neutrons.

For this study, topaz was chosen due to the interest of
gemstone dealers and exporters. This is mainly due to the big
difference in price of natural and treated gemstones. The name

*Corresponding author: wagaraaabutt@gmail.com

ions having chemical formula Al>SiO4(F,OH).. Some general
properties of topaz are given in Table-1 [3]. Both the main
elements Al and Si do not cause induced activity problem but
impurities with high capture cross sections may create
problems when exposed to neutrons. Elemental analyses
reveal that topaz from different mines may contain impurities
like Mn, Sc, Co, Cs, Ta etc. Therefore, thermal neutrons are
considered as undesirable as they activate metal impurities
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present inside the materials. To minimize their effect, strong
absorbers like cadmium, indium and gadolinium is used to
protect the material from thermal neutrons. Topaz changes its
color due to formation of color centers (F-Centers) which are
formed by bombardment with fast neutrons [4-8].

Tablel: General Properties of Topaz

AlLSiO4(F,0H),
Aly(SiO4)F11(OH)os
Silicates

Chemical Formula:
Empirical Formula:
Class

Environment: High temperature quartz veins and

cavities in granites

Name Origin: Named after its locality: Topasos Island in
the Red Sea
Synonym: Yellow stone

was thoroughly washed in a standard decontamination soap
solution, wiped with clean cloth and dried in air. First of all,
raw topaz pieces were analyzed to see whether there was any
radioactive element in the original material. For this purpose,
gamma-ray spectroscopy system based on a high-purity
germanium (HPGe) detector with associated electronics
comprising of a Multichannel Analyzer was employed. The
system was calibrated by using the standard Co-60 and Eu-
152 sources from IAEA. The peak energies and the calibration

spectrum  of  Eu-152  source is  shown in
Fig. 3.
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Most insulator crystals and pure alkali halide crystals are
transparent to visible light. However, when irradiated, these
crystals appear to be colored due to the selective absorption
of some component of visible spectrum by certain
imperfections, which are usually present in the crystal. Thus
a color center is a lattice imperfection (or defect like
vacancies) which absorbs visible light. The light of some
specific wavelength gets absorb while the remaining part
transmits through the material that causes the colored
appearance. The transmitted beam received by our eyes
contains only the remaining colors [9-16].

F-type color center formation is the reason of coloring in
topaz. Fig. 2 is of a fluorite structure containing an ‘F-center’
where a fluorine ion has been replaced by an electron. The
name F-center is from the German word for color, farbe
Farbenzenter', as crystals containing these point defects are
highly colored. These defects have been investigated by
various spectroscopic techniques. The F-centers are point
defects and can be readily formed in alkaline halides with the
help of ionizing radiation, such as a Tesla coil or X-ray source
[17].

Fig. 2: Fluorite structure: (A) normal, (B) containing an ‘F-center’ where a
fluorine ion is replaced by an electron.

2. Experimental
As pre-experimental arrangement, the surface of each stone
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The elemental analysis revealed that there was no
radioactive impurity in any sample and its spectrum was the
same as for background level of the laboratory where the
analysis was performed Fig. 4.
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Fig. 4: The spectrum of raw topaz samples.
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After that, a few pieces of topaz from Gilgit area, obtained
with the courtesy of Gems and Gemology Institute, Peshawar
were selected for irradiation inside the reactor core. For that
initial attempt, two containers were used. A standard plastic
(polyethylene) capsules for shorter time (less than one hour)
used in pneumatic rabbit system of PARR-1 as shown in Fig.
5a and a high purity, reactor grade Al capsule for in-core
irradiation as given in Fig. 5b.
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Fig. 5a: Plastic capsule

Fig. 5b: Al capsule

A sheet of pure Cd (Imm thick) was placed inside the Al
container to reduce the effect of thermal neutrons which were
undesirable for this study. Similarly, the samples placed in the
plastic container were wrapped with a thin sheet of Cd. The
samples in plastic capsules were irradiated for 10 seconds and
then 45 minutes whereas the samples in Al capsules were
irradiated for 12 hours along with IAEA standard SL-1.

3. Results and Discussion

The main objective of this study is to analyze the changes
that would occur in Pakistani topaz specifically from Gilgit
area after irradiation with neutrons from PARR-1. These
stones are originally transparent but can be colored with
various treatments like electron beam heating, gamma
radiations and neutron exposure. Prior to it, no work has been
reported by utilizing neutrons. The study was carried out on
topaz stones from different areas for different irradiation
times.

3.1 Topazirradiated for 10 sec

A few pieces of topaz stones (4-8 gm each) wrapped in 1
mm thick Cd sheet were put in plastic capsule and sent inside
the reactor core through a pneumatic rabbit system. The
neutron flux ~5x10% n/cm?/sec turned colorless stones to
brown. The overall doze on the lot was ~25 mSv. The plot of
counts vs. energy is shown in Fig. 6. No residual activity was
observed for irradiation of 10 seconds.

3.2 Topaz irradiated for 45 minutes

The same stones were reused in plastic capsule with Cd
lining for 45 minutes. The neutron flux was the same. The
sample kept in the pool for 2 days so as to reduce the induced
activity. The capsule was opened in the hot cell by remote
handling. It was found that there was not much activity in the
stones (< 2 nCi/g). The color of all the samples changed to
golden brown. The samples were taken to the analytical lab
for elemental analysis. Negligible impurities were found in
small concentrations. Fig. 7 is the plot of gamma ray spectra
of topaz after irradiation for 45 minutes.
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Fig. 6: Count verses energy plot for 10 sec.
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Fig. 7: Counts verses Energy plot for 45 min.

3.3  Topaz irradiated for 12 hours

Two pieces of topaz were packed in a standard Al capsule
with Cd lining and sent for irradiation inside the core in a
water-box channel where the neutron flux was quite high
(~2x10%* n/cm?/sec). The samples were kept in the reactor
pool for 2 days so that the induced activity went down.
Capsule was cut in the hot cell by remote handling. It was
found that there was not much activity in the stones. Some
radioactive impurities (Cs-134, Ta-182 and Sb-124) were
found in small concentration. Both the stones turned dark
blue. The gamma ray spectrum and energy plot of topaz
samples are presented in Fig. 8 and Fig. 9.

A detailed study on elemental analysis of topaz obtained
from different places in the Northern areas of Pakistan was
performed by Wasim et al [18]. They identified trace-level
impurities of 22 elements after irradiation of topaz samples
for different time intervals. Many of these were common
impurities usually found in topaz depending upon the place
from where these were obtained. Most of the impurities were
the same as observed in this study. However, the focus was
on long-live radioisotopes.
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Ashbaugh [19] observed activity produced from the
radionuclides of trace-element impurities such as Fe, Mn, Co,
Zn, Sh, Ta, Cs, Sc and Th. However, we did not find Mn, Co,
Zn and Tb having longer half-lives.

A photograph of the stones irradiated for different times is
given in Fig. 10. (Also provide photo of Topaz with no
irradiation)
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Fig. 8: The spectrum of topaz for 12 hours.
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Fig. 10: Photograph of the stones for different irradiation times.
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Table 2: Activity after 12 hrs irradiation

Radio-Isotopes  Half Half-life Energy (keV)  Activity (Bq)
Sc-46 83.8d 889 5.12E+03
Sh-124 60.2d 1690 7.96E+05
Cs-134 206y 603 3.72E+06
Ta-182 114.41d 1120 1.49E+05

3.4 Irradiation of topaz in bulk

A visit to topaz mines was arranged with the logistic
support from Pakistan Atomic Energy Commission (PAEC)
and financial assistance from Pakistan Science Foundation
(PSF). Hence, topaz stones in bulk quantity were purchased
from the mining areas in Gilgit and Skardu. Actually, topaz
is very similar to quartz and difficult to distinguish with naked
eyes. Consequently, in the local markets it is sold mixed with
quartz. To ensure its originality, the stones were purchased
directly from the mines.

For large scale irradiations (material in kg), special
containers of reactor grade pure aluminum sheets were
designed and fabricated at the General Services Division
(GSD) of PINSTECH. Pure cadmium sheet of 1 mm thickness
was used as inside lining to minimize the effect of thermal
neutrons. The container system called stringer is shown in Fig.
11. The material was then exposed to neutrons at a convenient
position just outside the reactor core in high neutron flux.
Generally, a high quality color enhancement in topaz occurs
at a neutron fluence of 107 n/cm?, which can be achieved in
12-20 hours of reactor operation even if the fast flux is
~2x10%? n/cm?/sec.

Zhang, et al [20] observed that the color centers in topaz
were produced after 12 hours of irradiation at 1.2 x 10%°
neutrons/cm?/sec. They irradiated the samples in a light water
nuclear reactor at China Institute of Atomic Energy in Beijing.
The samples were placed in cadmium-lined containers to
reduce the amount of thermal neutrons caused by absorption
and also to increase the amount of fast neutrons. They
obtained deep blue color (London blue) in this process. Most
of the samples could be handled after 95 days.

The gemstones irradiated in this process could be handled
ideally after 3 months but to release in the market may take
two years. This is because the dose level must be less than
2nCi/g (74Bg/g) according to the international regulations set
by International Air Transportation Agency (IATA).

In the reactor run of 12 hours at 10MW, the stones were
checked from a safe distance as the activity was much high
and it was observed that the color of the stones was not dark
blue. Apparently, it was deep sky blue with olive green shade.
Therefore, the stones were kept inside the reactor pool at the
specified position for the next reactor run after one week.

It is to mention that the PARR-1 reactor mainly operates for
the production of radioisotopes for nuclear medical hospitals in
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Fig. 11: Aluminum containers with Cd sheet inside.

the country and not exclusively for gemstones coloring
purposes. However, after the 2nd reactor run of 12 hours at
full power of 10 MW, all the stones turned dark blue. Since
the residual activity was quite high, therefore, the material
was kept inside the reactor pool for 3 months. After that the
stringer containing topaz gemstones was shifted to the hot cell
where the stones were poured into another container. Two
representative samples were taken to the analytical lab where
the elemental analysis was performed. It was found that the
results were exactly the same as for the samples previously
irradiated for 12 hours in Al capsule inside the reactor core.
Therefore, the experimental study revealed that London blue
topaz can be produced in bulk quantities by neutron
irradiations of about 20 hours.

4. Conclusion

Pakistani topaz purchased from mining areas in Gilgit
region was originally transparent and was not radioactive in
raw form. After 10 seconds irradiation, its color changed to
light brown and no radioactivity was found. Samples
irradiated for 45 minutes changed color to golden brown and
negligible activity was observed. The 12 hours irradiated
samples turned dark blue. The elemental impurities like Ta-
182, Cs-134, Sh-124 and Ag-110 were identified by using
elemental analysis system based on high precision gamma ray
spectroscopy system. Due to the longer half-lives of some of
these radioisotopes, sufficient time was given to decrease
residual activity below the prescribed limits. The activity was
in the range of micro-curies. In the case of bulk irradiation,
the activity was too high. After two reactor runs of weekly 12
hours operation, it was observed that about 20 hours of
exposure with neutrons is required to change transparent
topaz to dark blue. Due to the formation of long lived
radioisotopes, the material in bulk quantity had to be kept
inside the reactor pool for about 3 months and subsequent
cooling of many months to attain the permissible limits for
taking into the market. However, a huge amount of foreign
exchange can be earned by export of these treated gemstones.

This can be achieved by taking all the stake holders involved
in this business on board.
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ABSTRACT

In this work, we have collected spectroscopic optical fluorescence and absorption spectra of the highly fluorescent laser dye molecule ADS680HO in different
spectroscopic grade solvents with and without the amalgamation of eco-friendly synthesized silver nanoparticles (AgNP’s), which resulted in the spectral
intensities displaying quenching in the fluorescence and absorption intensities. It attributes the shape, dimension and bonding between the AgNP’s and
ADS680HO molecules, as well as the transfer of energy among the fluorescent probe and AgNP'’s. Fluorescence quenching of dye has innumerable uses for
progress in cutting-edge bio-molecular labeling, fluorescence patterning and cancer treatment with chemotherapy.

Keywords: SPR, RET, ADS680HO, absorption, fluorescence, quenching, AgNP's

1. Introduction

This research paper explains a thorough understanding of
the extremely fluorescent dye ADS680HO (Cs7 Hag N2OgCl)
of per chlorate series [1-7]. Spectroscopic studies of this
molecule have sparked the curiosity to take the task in
thorough understanding of the molecule. This aids to develop
and tailor new types of molecules that can be used for specific
applications, like [3] dye lasers, lithography, biosensors,
microbiological schemes, dye based printing methods,
molecular equipment, chemotherapy in the treatment of fatal
diseases like cancer, extensive use in energy transformation
phenomena, labeling proteins in bio-medical chemistry, to
have comprehensive knowledge of fluorescence quenching.,
etc. By assuming extensive applications as an industrially
important ADS680HO dye molecule, a complete
understanding of its photo physical and behavioral nature
inspires a complete, systematic report in this task.

In this communication, we report the quench of optical
fluorescence along with the absorption spectra of ADS680HO
dye molecule by naturally synthesized AgNP’s. The
quenching property of ADS680HO has immense industrial
and medical applications, like chemotherapy to treat cancer.
However, till now, no perfect and systematic study has been
conducted by any investigator to explain the effects of
absorption and fluorescence of this compound. Hence, it is our
opportunity to disclose new exclusive, unique optical studies
on fluorescence quenching with optical absorption studies of
ADS680HO molecules and eco-friendly AgNP's.

Spectroscopic fluorescence and absorption spectra related
to ADS680HO fluorescent molecules without and with
AgNP’s in different solvents are documented on the UV-VIS
Spectra Suite Spectrometer with complete software (high-
resolution model HR-4000 model, having resolution £0.1nm).
Various graphs are plotted on Origin software.

2. Investigation Section
2.1  Spectroscopic Measurements

Spectroscopic fluorescence and absorption spectra related
to ADS680HO fluorescent molecules without and with
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AgNP’s in different solvents are documented on the UV-VIS
Spectra Suite Spectrometer with complete software (high-
resolution model HR-4000 model, with resolution + 0.1nm).
Various graphs are plotted on Origin software.

2.2  Materials Used

American laser fluorescent ADS680HO dye was procured
at ADS Source, Inc., and its structural and molecular formula
is depicted in Fig. 1. Solvents are the alcohol series,
acetonitrile, DMSO, ethyleacetate, toluene, glycerol, and
benzene. Solvents are purchased from Sigma Aldrich and are
of spectroscopic grade. Concentrations of the solution could
be in the range of 1073 mol/L. AgNOQs salt is obtained from
Himedia Laboratories Pvt. Ltd., India. All solution
preparations are carried out using ultra-deionized water.

cio,

OH OH

Fig. 1: Molecular Structure and IUPAC name of ADS680HO.

Molecular formula : Cs7 Hzg N2 Os ClI (commercial name ADS680HO)

IUPAC Name : 2-[5 -(1, 3-Dihydro-3, 3-dimethyl- (2- hydroxyethyl)-2H-
benzindol-2-ylidene) -1, 3-pentadienyl]-3, 3-dimethyl-1-(2-hydroxyethyl)-
3Hbenz[e] indolium perchlorate.

2.3  Green Nanotechnology: Preparation of Silver
Nanoparticles (AgNP’s) by Krishna Tulasi leaves

Fresh Krishna Tulasi (Ocimum Sanctum) plant leaves are
washed thoroughly using deionized water. 40g of Ocimum
sanctum leaves were thoroughly washed and boiled in 100 ml
of distilled water to prepare the extraction. Further, the extract



V.B Tangod / The Nucleus 60, No. 1 (2023) 56-59

was filtered and stored at 40 °C for future experimental work.
This extract is used to reduce and stabilize the synthesis of
silver nanoparticles. 1.5 ml of extract to 20 ml of silver nitrate
(AgNO:s) (concentration of silver nitrate is 2 mM) solution on
a magnetic stirrer container. The color turns yellow within 5
6 minutes. This color-changing property is an indication of the
formation of silver nanoparticles. Here, Krishna Tulasi extract
is composed of certain phytochemicals, namely: urosolic acid,
euginal, eugenol,linalool, carvacrol, limatrol, caryophyllene,
sitosterol, anthocyans methyl, and caricol. These
phytochemicals are mainly responsible for the reduction of
AQNO; salt to AgNP’s. This chemical reduction reaction was
carried out on a magnetic stirrer based hot plate at room
temperature.

3. Surface Plasmon Resonance (SPR) of Eco-friendly
synthesized silver nanoparticles

Nanoparticles have been specifically examined through
Mie’s scattering theory using Maxwell’s electromagnetic
equations regarding their dependence on the size of the
particle and the surrounding medium. Mie’s theory [8—13] is
a Maxwell’s electromagnetic explanation with mathematical
calculations of the scattering of electromagnetic radiation by
spherical nanoparticles. According to Mie’s scattering theory,
the particular size of the nanoparticles exposed by the
particular wavelength results in a peak resonant wavelength.
Two separate approaches based on particle size and target
probe range can explain this. The first strategy is, limit of 2R
<< A, (R is the radius of the nanoparticle and A is the
wavelength of incident electromagnetic radiation), where the
electric dipole term oscillates maximum under the influence
of exposed electromagnetic radiation, which is expressed
expressively [8] as extinction cross-section (Gext), i.e., an
explanation of the surface plasmon resonance (SPR)
spectrum. Optical absorption spectrum is taken in the range of
325-575 nm region.

3
24w R3&% e’
Coxe = A (' +2em) 2+’

1)

¢' real and &"imaginary portions in the complex dielectric
function gm (gm —c + ig").

Second strategy is based on condition to SPR which is
according to Maxwell’s equation.

€ =-2em 2

In case of small AgNP’s, dipole moment is experienced by
an incident electric field which promotes the formation of
surface polarization, i.e., charge, which predominantly affects
the regaining of force by free electrons. The bottom line is that
a higher wavelength of bulk metal absorption maintains a
smaller surface plasmon band, thus, satisfying the equation-2.
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Fig. 2: Optical absorption and fluorescence spectra of ADS680HO in
decanol solvent
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Fig. 3: SPR absorption spectra of eco-friendly synthesized nanoparticles of
Silver. SEM (Scanning Electron Microscope) image.
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4. Optical Fluorescence and Absorption Intensities
Quenching of ADS680HO Laser Dye

This investigation reveals that fluorescence and
absorption quenching were experientially noticed for
ADS680HO laser dye in various alcohol solvents attached to
AgNP’s through hydrogen bonding. The emission and
absorption spectra of ADS680HO before the influence of
silver nanoparticles are shown in Fig. 2.

Typically, quenching in intensities of absorption and
fluorescence is mainly attributed to energy rate transfer from
probemolecules to AgNP’s which is governed by [14] the
following three factors [14]:

1. SPR band width

2. Peak position

3. Coulumbic interaction
Columbic interactions on energy transfer are due to the
following two reasons:
1. Interaction among probe molecules with AgNP's it is

subjected to densities of the charges.

2. Interaction between dipoles within the medium.

Charge density and dipole moment of a dye with AgNP's
are related to energy transfer among dye molecules from the
silver particle, which explains quenching of optical absorption
in the ultra-violet region. This shows a band around 670-700
nm (ADS680HO), and is assigned m-m* transitions. This
amalgamation of AgNP’s and the chosen target dye molecule
encourages strong quenching or enhancement [9-19] of
fluorescence intensities, which is appreciably observed
conditionally depending upon the nature and physical
conditions of the target molecule.

Widening SPR describes the variety of molecules that are
near AgNP's and the absorption / fluorescence intensity that
may quench or enhance them. The width of the curve depends
on the nature of the attaching molecules and is a function of the
bonding between probe molecules and AgNP's. In our case,
absorption and fluorescence quenching are noticed because of
the close distance between AgNP’s and ADS680HO. If
fluorescent dye directly bonds to nanoparticles, it definitely
reveals that fluorescence is completely and heavily quenched.
Hence, in the present discussion, attachment is a little longer in
range i.e bond length is larger, so intensity in quenching is
rather low.

The size of nanoparticles affects the presence of the precise
band of SPR in various alcoholic targeted solvents in
conjugation with ADS680HO molecules was Examine
Through the ultra-violet absorption spectrum at the range 300-
600 nm Fig. 3. A series of alcohols are selected to definite
reactions with alcoholic groups (—OH), nitrile, and chlorate
groups in ADS680HO dye, which primes the patent properties
of the silver and gold nanoparticle optical properties. If
nanoparticle size becomes appreciably greater than the
wavelength of the excitation (A>> 2R), energy transfer can be
estimated and confirmed with minor and extended regions of
SPR. Silver nanoparticles and their spectroscopic properties are
greatly prejudiced by respective their dimension, shapes, and
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nearby environmental conditions. The final thing to say is that
resonant plasmon energy transfer is among tightly spaced
nanoparticles, and the surrounding environment also matters.

The RET (Resonance Energy Transfer) model [9-19] was
created on nonradiative decay, providing complete theoretic
and thoughtful observations of quenching fluorescence
behavior. These specific light interaction properties of metallic
and dielectric  molecules  specifically investigated
experimentally and also theoretically, are of prime interest in
the current trend. If a particle is excited and oscillates with SPR
in the presence of an incident electro-magnetic wavelength
spectrum region, the excited system has an appreciably
disturbing effect and a change in dipole moment, which shows
the radiation response. Particularly, this optical radiation from
dipole moments delivers a channel for the process of radiative
decay. Instead, the Joule effect and surface plasmon absorption
may cause non-radiative decay. The struggle between radiative
and non-radiative decay energy transfer greatly affects the
fluorescence emission spectra of the molecules located near the
particles. Suppose non-radiative decay takes the major ruling
effect, and fluorescence quenching phenomena happens. So,
the variable distance behavior of the radiative and non-radiative
rates explains quantum yield declines at a short distance from
metal nanoparticles [5, 19-21].
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Fig. 4: Optical absorption spectra of Silver nanoparticles with (dotted)/

without (lined) in conjugation with ADS680HO along with solvents

(1- methanol, 2-ethanol, 3-propanol, 4-butanol, 5-octanol).
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Fig. 5: Fluorescence image of silver nanoparticle with (dotted)/ without
(lined) in conjugation with ADS680HO along with solvents (1-
methanol, 2-ethanol, 3-octanol, 4-butanol, 5-ethanol, 6-decanol, 7-
nonanol).
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Our particular experimental quenching of fluorescence Fig. 4
is credited to RET from laser dye ADS680HO to eco-friendly
synthesized nanoparticles. Particularly, this special non-radiative
decay is assigned to the studies of the theory of Forster resonance
energy transfer (FRET) [5, 22, 23]. A small amount of AgNP's is
injected into ADS680HO dye solution in different alcohol
solvents. Target dye molecules have a very high affinity to form
complex clusters that surrounding’s, which causes physical
adsorption and results in optical quenching intensity. At higher
concentrations of ADS680HO, large number of molecules
adsorb on the AgNP's, improving the effectiveness of quenching.
This quantum efficiency yield of AgNP's is given by FRET
theory as below. Here Q is the quenching efficiency of quantum
yield [5].

FR
Q= rR+rNR

'R non-radiative decay and I'* - radiative decay;

Presently, attachment of AgNP's to ADS680HO dye results
in larger non-radiative decay and leads to quantum efficiency
declination, Hence, it leads to fluorescence quenching. Fig. 4 and
5. Here, quenching is static and could also be attributed to an
attachment of the dye with silver nanoparticles via complexes of
the nanometal with —OH, nitrile, and chlorate groups Fig. 6.

©)

! !

Ag

Ag
Fig. 6: Conjugation of AgNP’s withADS680HO molecule.

5. Conclusions

Spectroscopic optical fluorescence and absorption spectra of
ADS680HO molecule in various alcohol complexes with and
without AgNP’s show spectral intensities quenching. This is due
to the probe’s molecular dimension, its shape, coupling between
the AgNP’s and energy transfer between them. The intensity
quenching property of fluorescence using AgNP’s with
ADS680HO leads to numerous and advanced usages,
particularly fluorescence patterning, advanced in bio-molecular
labelling, cancer chemotherapy treatment and many more.
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ABSTRACT

India has the largest thorium reserves in the world. Normally, it is deposited in the rocks and can be extracted through specific processing, however, in India,
it is available in pure and refined form. India has included utilization of Thorium as a major goal in its nuclear energy program because it has the large
amount of thorium as compared to meager uranium reserves. Indian ambitious three stage nuclear program is aimed to fulfill its objective to achieve energy
security whereas nearly 300 million of the population in India is estimated to be out of the national electricity grid. India is expanding its nuclear energy
production to achieve the target of 63 GW into the total power share by 2032 and plans to further increase this share to 25% by 2050. However, the technology
to use thorium as a fuel is quite complicated and no country has yet achieved this capability owing to the involvement of reprocessed nuclear fuel, which is
quite hard to handle. While India is struggling to achieve a breakthrough in the development of technology to use thorium as blanket fuel for use in advanced
reactor. The overall implications of such developments would result in the exponential increase in Indian fissile materials consequently jeopardizing the
deterrence stability in South Asia. Once India is able to tap the weapon grade U-233 from thorium, then its fissile material stocks would increase exponentially

resulting in exacerbating the Pakistani security dilemma vis-a-vis India.

Keywords: Thorium, Indian Thorium Potential, Indian Three Stage Nuclear Program

1. Introduction

In 1828, Jons Jacob Berzelius, a Swedish scientist,
discovered Thorium [1]. It is naturally occurring element 3-4
times abundant than Uranium. It was named after “Thor”.
According to Norse (Scandinavian) mythology, ‘Thor’ was
the god of war who is widely known as hammer-wielding god
protecting the mankind. According to this mythology,
Thorium is also attributed as “Asgard’s Fire”, Asgard being a
small planetary body which is home of their gods [2].

Thorium is a radioactive material which occurs in nature;
however, it cannot be readily used as a fuel. So to call it as
“Thorium Fuel” is wrong because it is fertile material rather
than a fissile material which itself cannot be used as a fuel but
it can be de-generated or irradiated through certain process to
convert it into uranium-233 which is fissile material and can
be used as a powerful fuel. Due to its high radiation properties,
Uranium-233 can be used in nuclear weapons. Although
Thorium is found three times more as compared to uranium,
yet it has never been used into reactors because it does not
have the ability to start fission reaction. This aspect is
associated with the proliferation-resistant trait of thorium as
nuclear fuel.

The earliest reactor using thorium was introduced in
United States in 1962[3]. However, the pace was slow
because the focus was on Uranium based fuel and it was
present in abundance in developed states. In 1996,
International Atomic Energy Agency (IAEA) started a study
to determine potential use of thorium as nuclear fuel. This was
followed by USA’s Shipping port Atomic Power Station
project which was the first of a kind to breed thorium [4].
Currently, Norway is in test phase of two types of Thorium
fuels since 2013 and is hoping to market it as soon as the
regulatory formalities are met [5].
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The top five countries with the most thorium reserves and
the overall world reserves are shown in the table [Ref. 5]:

Table 1: Data showing top 5 countries with most thorium reserves and total
reserves in the world

Country Reserves in Kilo Tones
India 846

Brazil 632

Australia 595

USA 595

Egypt 380

World total 6,355

India has the largest known thorium reserves. It had
envisioned its Thorium potential very early and had the three-
stage program that would use thorium as fuel in the advanced
reactors. India is pursuing its ambitious program but there are
challenges of technological barriers and economic
constraints. It is significant for India because it does not have
large reserves of Uranium whereas it has huge Thorium
reserves. India has been conducting research on utilizing
Thorium for producing energy. For that purpose, it has
developed a “Fast Breeder Test Reactor (FBTR)” and
operating it for 27 years now for experimentation. However,
still it is estimated that it would start production in 