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Abstract :

It is known that one- third of the energy generated by combustion of fuel in
internal combustion engines transfer to the walls of engine parts and causing
their temperature to rise. This lost energy is extracted by the water cooling
system. This paper is addressed to investigate the possibility of using a lost heat to
drive absorption refrigeration system as an alternative system for car air
conditioning. Lithium Bromide — water absorption refrigerator is suggested for
this application. A theoretical analysis of the system has been carried out to
maximize its cooling potential. The study was conducted on the 6-cylinder petrol
engine and it is found that the wasted energy from the engine cooling system is
ranged between 10.8 kW at engine speed 500 rpm to 77.6 kW at engine speed
2000 rpm. In this research was calculated the cooling capacity and of the
coefficient of performance of the system at different temperature in the condenser
and evaporator and noted that the low level of the water temperature did not allow
the refrigeration system to produce continuous cooling corresponding to engine
speeds at a low evaporator temperature (less than 22 °C) , especially at hot
weather condition (at 45 °C).
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Abstract:

Spices are used in Libyan food to improve its taste and flavor. These spices
may be susceptible to contamination with heavy metals such as lead, mercury, etc.
Therefore, this research was conducted to determine the concentration of lead and
mercury in samples of spices sold in the Libyan market in Tripoli, including: red
pepper, black pepper, turmeric, mixed spices (Hrarat), and Cumin. Fifteen samples
of each spice type were analyzed by Graphite Furnace Atomic Absorption
Spectrophotometer (GFAAS). The results showed that the concentrations of lead
and mercury in most samples did not exceed the maximum permissible limits by
WHO and FAO organizations and a few samples were above this limit. In all
samples lead concentrations ranged from 0.086 to 12.58ppm, whereas mercury
concentrations were between0.037and3.338ppm. The result of the correlation
coefficient (r) between lead and mercury concentrations showed a significant
positive relationship (p<0.05) between their concentrations in turmeric, which
means that this type is likely to be contaminated with the two elements from the
same source. Obtained results indicate that although lead and mercury
concentrations in most of the investigated spice samples were very close the
permissible limits, their consumption on a daily basis, and in large quantities, may
pose a threat to the consumer's lives due to their long-term accumulation.

Key words: Lead, Mercury, Spices, GFAAS.
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Abstract

Tripoli and the surrounding areas are distinguished with several agricultural
and industrial activities which produce several residuals that contain heavy metals.
These metals might be arrived to the groundwater with different ways. The goal of
this study is to determine the groundwater contamination with heavy metals
because of that residuals. According to the expected sources of contamination 64
wells were chosen that have been used for domestic, agricultural, and industrial
activities. The heavy metals included in this study are Zinc (Zn), Chromium (Cr ),
Cadmium ( Cd ), Mercury ( Hg ), and Lead ( Pb ). To achieve the goal of this
study some field and laboratory investigations were carried out that include: the
lithological structure and hydrogeological properties of the aquifer, determining
the water table level, and processing the chemical analysis on the collect samples.
The results of the study showed that, the temperature and pH values of samples
were closed in spite of the different well’s depths. Also, natural groundwater flow
is in the northwest direction. Concerning the TDS values most of the wells were
polluted according to standard specifications. The mentioned heavy metals were
existed with different concentrations. However, in the most samples were below
the permissible limit according to the standard specifications except Hg in well
(B1s), Crin wells ( Bys, Big, Dy ), and Cd in well ( Byg ). Therefore, the area is
considered unpolluted with heavy metals.

Key wards: Groundwater contamination, heavy metals, dissolved solids.
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Abstract:

Pipelines are among the main facilities for the transportation of crude oil from
production wells to main terminals. Internal corrosion of these pipes may lead to
oil spills to surroundings and cause environmental problems as well as loss of
production. Among the different types of corrosion responsible of such problems,
biological corrosion initiated by bacterial activities maybe the main source for
pipelines damage especially during periods of downtimes. In this study, biological
corrosion was investigated within the main Al-Waha pipelines for crude oil
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transportation. This study was conducted on Al Waha oilfield of Al Waha Qil
Company during the long downtime due to the instability of the country and
deterioration of the security situation. Field samples were taken during the
downtime of Waha oil field. It was found that corrosion occurred in these
pipelines as a result of bacterial activity, which is related to a specific type of
bacteria called Sulphate Reducing Bacteria (SRB). If this type of bacteria is not
properly treated, the activity of this type of bacteria will spread-out in all
production facilities, and results in large corrosion problems and leakage, and
increase maintenance costs. This paper highlighted different types of treatment
processes, such as mechanical and chemical treatment processes. It was concluded
that despite of effectivity of mechanical treatment process, chemical treatments
maybe more effective especially for prolonged periods of downtimes.
Examinations of chemical treatments using biocides found to be very effective, it
can be used to control the corrosion rate and keep pipelines in good condition for
as long as possible.

Key words: pipe line corrosion, sulfate reducing bacteria, biocides.

Introduction:

The oil transportation lines in all fields considered as one of the most important
structure facility to export oil from desert to main terminals. the materials of these
lines are subjected to degradation after some times in use, these would result in
the loss of mechanical properties like strength, ductility, impact strength; and may
lead to loss of materials, reduction in thickness and at times ultimate failure due to
corrosion™™?. The reservoir fluids in oil and gas fields around the world vary
greatly in composition. In some cases the reservoir fluids basically comprise of
any one or combination of the following types of fluids with dissolved and
suspended solids, based on the reservoir formation. The ageing reservoirs will be
souring (increase in the acid gas-Hydrogen Sulfide level) and with the increase in
the water cut. The corrosivity of the fluids increases as the well is being drained of
the fluids. Where Corrosion is defined as the destruction of a metal by a chemical
or electrochemical reaction. Corrosion occurs, when a metal in contact with water;
forms a corrosion cell. The corrosion cell generally has four components, the
aqueous phase (water), which acts as an electrolyte, ions migrate through forming
an anode on the metal surface; where the metal itself considers a metallic path
connecting the cathode to the anode®. Corrosion in oil and gas industry is mainly
due to the reservoir and well fluids tapped during the exploration and production
operation. Internal corrosion in oil and gas pipe lines is primarily caused by the
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presence of water together with acid gases (carbon dioxide or hydrogen sulphide)
or sulphate reducing bacteria (SRB)“"Microbial corrosion can occur and advance
through two main mechanisms. The first methods of microbial enhanced corrosion
occurs from microorganisms producing acidic metabolic by products or from
microorganisms participating directly in the electrochemical corrosion of the pipe.
These mechanisms directly cause or promote the corrosion process. Microbial
influenced corrosion can also occur from the presence of biofilms. These biofilms
create a micro-environment which differs from the surrounding environment,
forming a corrosion cell and initiating the corrosion process. Microbial corrosion
commonly caused by Fungi as, Acid-Producing Bacteria (APB), Sulfate-Reducing
Bacteria (SRB) and Iron Reducing Bacteria (IRB). In oil and gas pipelines, Acid
Producing Bacteria and Sulfate Reducing Bacteria are commonly foud.

In practice Sulphate reducing bacteria are one of particular group of microbes
that frequently induce corrosion in pipelines. Although different strains of SRB
exist that flourish under different conditions, this group of bacteria all perform
similar chemical reactions involving the reduction of sulfate in the pipeline fluid.
Due to the prevalence of these bacteria, many studies on microbial corrosion focus
on SRB in detail, and some studies have been conducted solely on the corrosive
abilities of SRBPL. Through metabolic processes, SRB reduce this sulfate to
sulfide, which corrodes the pipeline interior through a reduction/oxidation
reaction®.Most sulphate reducing bacteria are anaerobic and thrive in oxygen-
poor environments, such as within a biofilm. In addition to reducing sulphate,
different strains of this bacteria can also reduce other sulfur compounds such as
sulfite or thiosulfate through different chemical reactions”.although significant
amounts of research have been performed on the corrosive effects SRB, the
reaction mechanisms of SRB are still not fully understood. This lack of
understanding is due to both the large number of different varieties of SRB as well
as the fact that in a realistic environment, SRB will not be the only bacteria present
and corrosion will be caused by all the microorganisms in the biofilm™ Thus,
laboratory experiments cannot take these factors into account. Nevertheless, many
theories have been proposed about SRB mechanisms and research is still being
conducted to better understand SRB. Sulphate Reducing Bacteria are active in
promoting and accelerating corrosion of systems completely void of oxygen.
While other microorganism such as sulfide or acid producing bacteria my play
some role in corrosion, sulphate reducers are by far the most important and
damaging in producing oil industry.
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Treatment Considerations:

Basically two methods are used to treat the microbial problem, mechanical
treatment and chemical treatment. Mechanical treatments are rather limited, both
by nature and by their effect on microbial problems. From the standpoint of
controlling the growth of bacteria in water injection system, these point may be
considered:

e Selection of water sources can reduce or circumvent a potential problem.

e Aecration of water to aid in hydrogen-sulfide or iron removal will also tend to
render the water less suitable to the growth or reproduction of strictly anaerobic
bacteria such as sulfate-reducers.

e Coagulation, sedimentation and filtration Water treatment processes can
effectively limit microbial growth and reproduction in the water system.

All these procedures usually tend to reduce the total bacterial population; as
usually practiced. However, these methods are not very efficient in themselves for
correcting a specific microbial problem. Usually at points downstream from these
units, a progressive increase in numbers of microbes is found unless other
treatments are used.

Pipe line pigging could be one of the most useful method to clean all main pipe
line. Where pigs are devices inserted into and travel throughout the length of pipe
line, driven by product flow. During the construction of the line, pigs can be used
to remove debris that accumulates. Testing the pipeline involves hydro-testing and
pigs are used to fill the line with water and subsequently to dewater the line after
the successful test. During operation, pigs can be used to remove liquid hold-up in
line, clean wax off the pipe wall®. Chemical treatment is one of the most effective
ways to ensure complete control of the microbial problem. Chemical compounds
used in treatment can classified into two main categories. One that kills bacteria
and the other inhibits or delays the growth of bacteria but does not Kill
organisms™®. The substances that give the same results against other forms of life
are called biocides and bio state respectively. Biocides traditionally known as
chemicals capable of destroying living organisms. The modern definition of
biocide is a formulation containing one or more active substances that will-in very
small doses-repel, render harmless control, or destroy harmful organisms. Two
main classes of oil field biocides, Oxidizing biocides , oxidize organic matter
leading to immediate death of the cell and quick killing rate these not have long
lasting, and Non —oxidizing biocides, work by interfering with processes within
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the bacterium e.g. reacting with amino acids in the cell wall to destroy cell wall
and kill bacteria these have longer lasting effects .

Practical Study:

This study was conducted on Al Waha oilfield of Al Waha Oil Company
during the long downtime due to the instability of the country and deterioration of
the security situation. The study included two main pipelines for transporting the
crude oil, (LA —7 & LOC- 10). During the past four decades, there was no internal
corrosion activity had occurred. In year 2011, Waha field (WOC) has been shut
down for almost 10 months, with no harm recorded to the crude oil transmission
pipeline, after a year and a half Waha field was shut down by force about two
years and a half. Waha oil company implemented the integrity assessment of the
pipe based on the results of intelligent pig survey accomplished in year 2007-2008
and appropriate recommended actions have been taken to increase their life time ,
however these two pipelines were subjected to frequent failure in year 2015,
Where internal spills resulting from internal corrosion are found everywhere along
the two-pipe line!.

(Bs) & (W) Measurement:

water content in crude oil of transmission pipelines at Waha station gets a bit
high reading in year 2017.when cleaning scrapping pig lunched through defa 20
and GAILO 30 as shown in Figure (1) and Figure (2) .

Chemical Treatment:

The biocide used for this study to treat SRB activity at Waha oil field are
D(3986) , D(2947) the characteristics and specification as shown in table( A) ©!

Table(A) Characteristics and Specification of Biocides.

Biocide Density(20°)c | Viscosity(20°) appearance PH(1%
solution)
D(3986) Appr.1.08g/ml | Low viscous | Colorless liquid 3.2-4.2
D(2947) Appr.1.03g/ml 3mpa Clear liquid Appr. 8
8 Copyright © GJT Al (b ye Al Ads iae wolall (3 58a
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The chemical treatment was carried out at WSW (81, 83, 110, 385 & 463), the
experiment have been done in Waha corrosion section on Dec-2017 to detect the
SRB activity as follows:

The water sample were taken from six different wells in DEFA area of Waha
field. the sample were treated before been subjected to sulphate reducing bacteria
growth monitoring test using serial dilution as shown in Figure (3).

Serial dilution analysis was done, this method presents a procedure for growth
pattern determined from a triplicate. Test was used to enumerate the number of
bacteria per mil of the sample for a given period.

1)- A two dozen of vials containing 12 vials were taken Labeled on each pack is
the sample location, with date of inoculation and time of inoculation. The top of
the pack is divided into six sections as follows; 1a, 1b, 1c, 2a, 2b, 2c, 3a, 3b,
3c,4a, 4b, 4c, 5a, 5b, 5¢ and 6a, 6b, 6¢. Using a new syringe, 1ml of the sample
to be analyzed was picked, injected it into 1a, shaken, using the same syringe,
1ml of the sample to be analyzed was picked and inject it into 1b, and then
shaken. The above steps were repeated for 1c, 2a, 2b and 2c shaken and then
disposed.

2)- Same was done for 3a, 3b and 3¢ as well as 4a, 4b, 4c and S5a, 5b, 5c and 6a, 6b,
6¢c,For sulphate reducing bacteria, incubation was done at 31.5C (88.7F) for
28days, bottles is then used to determine the Number of bacteria in the original

sample using a statistically derived table.

3)- Twenty eight table monitoring sheet was generated to monitor the growth of the
bacteria daily for 28 days by indicating positive sign (+) if any bottle changes its
colure to black (indicating growth) and a negative sign (-) if no change in colure

(no growth).as shown in Figure (3)

10 Copyright © GJT Al e s Ads gdae wolall (5 g8a



O Al slall Madl sgaall [ Al iy 2 Al
Gharyan Journal of Technology, High Institute of Science & Technology Gharian
Issue (4), December- 2018 - ssawsd &l ) aaadl

Fig 3: Dilution Samples

Results and Discussion:

The growth rate of bacteria after 28 days is shown in Table (B) as well as
Figures from (4) to (7).

From the results of the growth rate of sulfate reducing bacteria in produced
water sample carried out. It is clear from Figure (5) and Figure (6) there is no
growth occurred during 28 days this indicates that the treatment of biocides was
probably working and should got excellent results from this treatment which was
held every 7 days. The growth rate of the Sulphate Reducing Bacteria is very high
when there is no treating done for the wells using biocides as shown in Figure (4)
and Figure (7).
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Conclusion:
It is concluded that, when Sulfate Reducing Bacteria (SRB) are in the sample.

sulfate reduced to hydrogen sulfide (H,S) during incubation. The H,S reacts with
the ferrous iron in the vial to form black iron sulfide. This sulfide commonly
forms in the vial, sulfate reducing bacteria typical grow in anaerobic conditions
deep as a part of a microbial community, and the water sample turns black due to
the high level of H,S present in the sample. Sulfate reducing bacteria can cause
problems such as strong odors, blackening of equipment, slime formations and the
start of corrosive processes. After the shutdown period about three years for Waha
oil field they found an increase for leaks on the main pipeline especially when
pipe pigging is taken place, due to the stagnant water area. Many factor leads to
cause corrosion one of these factor is a high activity of sulfate reducing bacteria
which is leads to sour corrosion in the absence of oxygen. So the best period time
to get best results that the treatment using biocide must be done every seven days.

The biocide treatment have an acceptable results of controlling the activity of
SRB, But this treatment cannot terminate this bacteria which could leave the
bacteria to grow and become billions of colonies in the absence of oxygen in the

stagnant areas especially during shut down for long period of time.
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Fig 4: Bacteria Growth Over Time (WSW-463)
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Recommendations:

1-

Under deposit corrosion, one of the main factors that could lead to cause
damage (leaks) to the main pipe lines, this type of corrosion must be treated
using alternative treatments which could be chemically like biocide treatment
and mechanically by using pipe pigging.

An action must be taken before the shutdown to minimize the distraction
power of corrosion during the shutdown period

Chemical treatment should be carried out inside the main lines before stopping
completely using the appropriate type of pipe pigs.

It is necessary to develop new methods to treat this bacterial
activity ,there are many studies that use either nitrate/nitrite
injection or ultrasound, as this technology is still under
development.

The treatment for the (SRB) must be held within every 7 days.

Locate the damaged pipeline location (lowered down ground) , use internal
coated pipe.
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Abstract:

Medical images modalities are extensively adapted and used for disease
diagnosis. These imaging modalities include computed tomography (CT),
magnetic resonance imaging (MRI), ultrasound (US), and X-ray... etc. The
problem associated with medical images is the storage space and bandwidth
required for archiving and transmission of this kind of images. Thus image

compression is a key factor to reduce the bit rate for transmission or storage while
maintaining an acceptable reproduction quality.
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In this paper, an efficient ROl compression approach using hybrid lossy-
lossless compression technique will be presented. This method is based on
applying discreet wavelet transform (DWT) as a lossy method and grayscale
matrix (GSM) coding algorithm as lossless method. The results show that the
performance of the proposed method is much better than the other existing
techniques especially with smaller regions of interest.

Keywords : DWT, ROI, Image Compression, Medical Image.

I.Introduction

Visual inspection of medical images is an important task in diagnosis that
demands experience and great concentration. The rapid advancement in digital
image processing has led to computer assisted diagnosis (CAD) [1]. Even the
CAD is used for diagnosis purposes, still medical images have to be in a
compressed form. [1,2]

Image communication systems for medical images have bandwidth and image
size constraints that result in time-consuming transmission of analog raw images
[2,3]. The movement towards digital images in radiology and telemedicine
presents the problem of how to conveniently and economically store, retrieve and
transmit volumes of digital images. Thus digital image data compression is
necessary in order to reduce the storage of medical images and solve practical
limitations of transmission bandwidth. However, as the number of digital
modalities increases, the demand for an efficient medical image compression is
increasing. Thus image compression is a key factor to improve transmission speed
and storage, but it risks losing relevant medical information [2]. It exploits
common characteristics of most images that are the neighboring picture elements
or pixels are highly correlated [4]. It means a typical still image contains a large
amount of spatial redundancy in plain areas where adjacent pixels have almost the
same values.

Image compression techniques can be classified into two different categories;
lossy and lossless. Lossless compression allows for the perfect reconstruction of
the original images, but yields small compression ratios around 3:1 even under
state of the art coding methods. [5]. On the other hand, significantly higher
compression ratios can be obtained if the loss of quality can be allowed, thus;
more compression is obtained at expense of higher image degradation, which
may cause misdiagnosis. However, a hybrid lossy-lossless compression technique
can be applied on different regions of the image. Since only a small portion of the
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image (ROI) might be diagnostically useful, this region can be lossless compressed
while the rest is lossy compressed.

In this paper, an efficient hybrid lossy-lossless compression technique has been
proposed. Our new lossless algorithm used as lossless technique to compress the
ROI [6], while a lossy wavelet-based compression is used as lossy technique for
the rest of image regions. More details on this technique will be explained in the
next section.

Il. Materials and Methods

A region of interest (ROI) is defined as the area of an image which is clinically
or diagnostically important to doctors who can free to identify the ROI based on
their needs. In this study a sample of 8-bit per pixel grayscale images have been
used. The original MRI test images are shown in figure 1, while the original CT
test images are shown in figure 2. These images are first read then a region of
interest is chosen and extracted.

There are two methods to identify the ROI, one is manual and the other is
automatic. The manual method was used in our case to identify the ROl of 10%
and 15% size. The ROI has been losslessly compressed whereas the remaining
image was lossy compressed.

The following figures show some of compressed images, where the GSM
algorithm proposed in [6] were used as a lossless technique to compress ROI,
while the DWT was used as a lossy technique to compress the remaining image.
The general block diagram of the proposed method is illustrated in figure 3.

Figure 1: Original MRI Test Images

19 Copyright © GJT Al e s Ads gdae wolall (5 g8a



Ol Al g o glall Mal) agaall [ 45850 oy 6 Al
Gharyan Journal of Technology, High Institute of Science & Technology Gharian
Issue (4), December- 2018 - ez 2 Al sl

Figure 2: Original CT Test Images

Lossless Compression |

for the ROI
Original . Overall
B — Image — Segmentation — ®—> Compressed ——
Image

Lossy Compression for |
the BG

\ 4

Figure 3: General Block Diagram of the Proposed Method

Table 1: Steps of the Proposed Method

1:// start
2:// Read the original image
3/l Segment the image into ROl and BG
subimages
4:// Segmentation Process:
5:// Select the coordinates of the ROI subimage
6:// if the selected coordinates are correct
Extract the (ROI)
7:// else goto 5
8:// For the (ROI) subimage
Apply the lossless algorithm [6]
9:// for the rest of mage
Apply lossy compression using DWT
10:// end
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The proposed lossless algorithm is based on only two matrices, binary matrix
and grayscale matrix, that’s why is called GSM The main steps of the proposed
algorithm are as follows:

STEP1: Read the original image matrix [OR].

STEP2: Construct the binary matrix [BM] and grayscale matrix [GSM] as
explained in the next steps.

STEP3: Compare each pixel in the matrix [OR] with the previous pixel in the
same matrix as indicated in figure 3.

_'_)._}._)._}.,

i
®—> 0 —)0 >8>0

e —

FSe e e e

i

e

¢—5% >e->e- e

— A
* -0 -H>e-—He->e

Figure 3: Original Image Pixels Comparaison

STEP4: The binary matrix elements are calculated as follow

{o if [ore]i,,.:[OR]i,,-ﬂ

[BM ] . = 1)

"I |1 otherwise
where: i=0,1,2.. M
j=0,1,2..N
M, N is size of the original image

STEPS: First element in [GSM] is set to be equal to the value of the first pixel of
[OR]

STEPG: The rest of the elements of [GSM] are calculated as follows:
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nul if [OR]; =[OR] .,
[sm], - s @
[OR], ; otherwise

where: k=0,1,2..... |
| is size of the grayscale matrix [GSM]
Note that [BM] is a two dimensions matrix while [GSM] is a one dimension
matrix.

STEP7: The original image can be reconstructed as follows:

[rec_img] | =[ 3)

[GSM], if [BM],, =0
[GSM],., if [BM]”:J

The performance of the proposed algorithm is measured by compression ratio
(CR) achieved which is defined as follows [7]:

original  file size
compressed file size

(4)

The quality of the compressed image is measured using Peak Signal-to-Noise
Ratio (PSNR), based on the Mean Square Error of the reconstructed image. The
formula for PSNR calculation is given by [7]:

28 _1
PSNR = 20log dB (5)
MSE

where B is the bit depth of the image. For an 8-bit image, the PSNR is computed
by [7]:

2
PSNR =10 |og{(25—5)] dB (6)
MSE

MSE is the Mean Square Error and it can be calculated using the following formula

[7]:

1 N-1M-1 o e N2
MSE =W;j_0“f(l, i)- 17, J)‘ ] @)
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where:
M, N is the image size
f(i,j) is the original image
f'(i,j) is the compressed image

I11. Results Discussion

The proposed method algorithm is explained in table 1. A sample of sixteen 8-bit
grayscale images has been used in this study. Each image is broken down into two
subimages (ROl and BG). The ROI size has been chosen to represent 10% and
15% of the original image.The ROI is processed using our proposed lossless
coding algorithm [6], while the rest of the image is lossy compressed using
discrete wavelet transform. Figure 4 and 5 shows the ROI technique applied on
MRI and CT images respectively. The first row in each figure shows the original
image, the extracted ROI and the background. The second row shows the
compressed ROI using our lossless technique proposed in stage two, then the
compressed background at high compression ratio and finally the overall
reconstructed image with ROI and background.

Original Image 10% ROI Background

Lossless Compressed ROI Lossy Compressed BG Overall Reconstructed Image

Figure 4: The Original MRI Image and its 10% ROI
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Original Image 15% ROI Background

Lossless Compressed ROI Lossy Compressed BG

Figure 5: The Original CT Image and its 15% ROI

The PSNR comparison of the MRI images with 10% ROI and 90% background
is plotted in figure 6 while the PSNR of the CT images with 15% ROI and 85%
background is plotted in figure 7.

40 T T T . T -

35

30

Hl Background90%
[ ROI10%
Il BG+ROI

5 7 8
Image number

Figure 6: The PSNR of MRI Images with 10% ROI and 90% Backgrounds
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Figure 7: The PSNR of CT Images with 15% ROI and 85% Backgrounds

From these figures, if we compare the quality of the compressed image with
respect to ROI size, it can be noticed that smaller ROI size can be compressed
more efficiently. This is because of the correlation between neighboring pixels
becomes higher in small regions than bigger ones.

The performance of the proposed technique is compared with other research
results. The results comparisons are indicated in Table 2 which shows that the

proposed technique performance is similar or better than other techniques.

Table 2: Performance Comparison of the Proposed ROI Technique

Method Technique ROl size CR
Zhang & Wu Method [8] DWT , JEPG2000 10% & 15% 12:1-18:1
Belc & Foo Method [9] DWT , HC 10% 14:1-38:1
Chan Method [10] DWT, Modified JPEG2000 10% 12:1-25:1
Christopolos Method [11] DWT, Maxshift algorithm 8% - 25% 16:1-50:1
Proposed Method DWT, GSM algorithm. 10% & 15%  16:1-— 48:1

25 Copyright © GJT

Ell gl 2 Alaal Al e bl 38



Ol A g aglall Ml agaal) [ M Gl 8 A
Gharyan Journal of Technology, High Institute of Science & Technology Gharian
Issue (4), December- 2018 - jsamsd ¢l ) aand)

V1. Conclusion

In this paper, ROI based lossy-lossless hybrid compression technique is
presented. Different ROI’s sizes are extracted in which the pixels in the ROI’s
have been replaced by zeros. The ROI is losslessly compressed using our proposed
algorithms [6], while the rest of the image is lossy compressed with high
compression ratio using discrete wavelet transform. The advantage of the proposed
method comes from its simplicity and efficiency compared with existing methods.

References
[1] S.Yu”A CAD System for the Automatic Detection of Clustered

Microcalfications in Digital Mammogram Films”, IEEE Trans., Medical
Imaging, vol. 19(2), 2000, pp.115-126.

[2] Carbal J.E, Kim.Y, “Multimedia Systems for Telemedicine and Their
Communication Requirements”, IEEE Communication Magazine, pp 20-27,
1996

[3] S. D. Streams, L. Tan, and N. Magotra, "Lossless Compression of Waveform
Data for Efficient Storage and Transmission”, IEEE Transactions on
Geosciences Remote Sensing, vol. 31, no. 3, pp. 645-654, May 1993.

[4] D.Clunie,”Lossless Compression of grayscale medical Images-Effectiveness of
Traditional and  State-of-the-art ~ Approaches”, Proc.SPIE, Medical
Imaging,v0.3980, San Diego, CA, pp.74-84,Feb 2004

[5] Sayood K. “Introduction to Data Compression”, Second edition, Academic
Press.NY, USA.2000

[6] Seddeq E Ghrare, Mohd. Alauddin. M. ALI, Mahamod Ismail, “An Efficient
Low Complixity Losslss Coding Algorithm For Medical Imges”, Americal
Journal of Applied Science, 6(8), pp, 1502-1508, 2009

[7] Seddeq E Ghrare, , Mohd. Alauddin. M. ALI, Mahamod Ismail, Kasmiran
Jumari, “Diagnostic Quality of Compressed Medical Images: Objective and
Subjective Evaluation”, The Second IEEE Asia International Conference on
Modelling and Simulation, 12,13, Kuala Lumpur , Malaysia, pp 923-927, May
2008

26 Copyright © GJT Al e s Ads gdae wolall (5 g8a



Ol A g aglall Ml agaal) [ M Gl 8 A
Gharyan Journal of Technology, High Institute of Science & Technology Gharian
Issue (4), December- 2018 - jsamsd ¢l ) aand)

[8] N. Chang Zhang, X. Wu, " A Hybrid Approach of Wavelet Packet and
Directional Decomposition for Image Compression” Proceeding of IEEE
CCECE’99 pp.755-780, 1999.

[9] Belc, D.V.; Foo, S.Y.; Roberts, R.O, “Comparisons of multi-resolution analysis
methods for mammogram and fingerprint image compression”, The 18th
International Conference on Systems Engineering, 2005. ICSEng 2005. 16-18
Page(s):269. Aug. 2005

[10] Chan, H.-Y., Sari-Sarraf, H., Grinstead, B. I., and Gleason, S. S.,“Content-
Based Compression of Mammograms with Customized Fractal Encoding and a
Modified JPEG2000,” Journal of Optical Engineering, vol. 43, p. 2986,
December 2004.

[11] C. Christopoulos, and Carlender, M.L. “Region of interest coding in JPEG
2000”. Journal of Signal Processing & Image Communication. 17: 105-111 ,
2002

[12] Gonzalez R, R. Woods and S. Eddins, “Digital Image Processing using
MATLAB?”, International Edition, Prentice Hall. 2004

27 Copyright © GJT Al e s Ads gdae wolall (5 g8a



Ol A g aglall Ml agaal) [ M Gl 8 A
Gharyan Journal of Technology, High Institute of Science & Technology Gharian
Issue (4), December- 2018 - jsamsd ¢l ) aand)

Orientation Angles Quantification for Commingled
Fibre/Polypropylene Engineering Fabric Using
Partly-Computerized Edge-Detection Image

Processing Technique

Farag Abdiwi

Mechanical Eng. Department, Faculty of Technology Sciences, Sebha
uéi.h.“

A2y Ll 5 Gl llally ol G (e rsSmal) mstigl) gmansl) Clalad Uy G okl

Apaes dualy Glulal e 33550 Aaphll dag Laal) GLES) e adiad 580 Ay pea ddyh
53Ly)s dgadly sl b alil (e 4yl Lol lldg Aygaul) A5y hall Ajlia Lial) ey il Aigylall o3

Aay b
Abstract:

Orientation angles changeability of glass/polypropylene commingled
engineering fabric has been measured using numerical edge detection method.
This method based on mathematical and numerical background. Accordingly, this
method presents advantage over the labor-intensive method in terms of time and
efforts decreasing and accuracy increasing.

1. Introduction:

The labour-intensive image examination process of measuring orientation
angles variability of engineering fabric discussed in author paper [1] is a very time
overwhelming method due to the labour-intensive process of manual drawing
efforts in addition imageJ [2] software efforts of measuring shear angles of every
fabric unit cell. Consequently, a computerised method or partly computerised
method which reduce labour-intensive efforts and time is essential. In this
predisposition, Skordos and Sutcliffe [3] carried out an image processing work on
woven roving engineering carbon fabric to measure the changeability in yarns
direction paths. They used an image processing technique based on the basics of
Fourier convert scheme. Another research in this way performed by Gan, et al. [4].
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They employed a computerised technique to examine changeability in yarns
direction, yarns' sizes and gaps of different types of fibre-reinforced matrix. The
simple fundamentals of their method is converting the photo of engineering fabric
from colour to gray, hence considering each yarn' crossover as a black
concentrated point. The position and coordinates of those points were determined
using restricted configuration method. The present scientific technical article
concerned with determining partly-computably the statistical variables of the
changeability of the orientation angles of a given engineering fabrics and textile
composite materials. The purpose of these effort is for reducing labour-intensive
and time as well as increasing correctness. 'PatComplmPro’ computer software
was implemented in Matlab for measuring the statistical variables of the
changeability in yarns' orientation angles to be as s raw data for further numerical
or finite element analysis of textile or fabric forming or structural performance
examination of composite laminates or mechanical properties of textile or fabric
composite.

2. Material and Method:

The partly-computerised name is an indication of that; the recent method
consist of two steps the first step could be a labor-intensive or computerized and
the second and last step is a computerized. The first step is determining the
position of crossed yarns and the second step is determining the coordinates of
each fabric unit cell yarns crossovers. The labor-intensive in the first step is a hand
drawing grid tracking yarns with desired grid's degree or painting a spot on yarns'
crossover on fabric image imported to Painter software [5]. However, this step can
be changed to be a computerized by ordering from fabric suppliers a particular
purpose fabric with different warp and wefts colors i.e. the warps are dark and the
wefts are bright or verse versa. On the other hand, the second step is a
computerized step in all cases where a coordinates of each yarns' crossover were
determined using one of number of edge detection techniques implemented in
Matlab.

The weave structural configuration of engineering fabric ease the process of
detecting yarns' crossover as different color regions using edge detecting
techniques [6-8].
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3. Theory and Numerical Analysis

Images can be in gray or colour scale. The substantial constitutive of any gray
or colour image is pixel. Every image consists of limited number of pixels depends
on image's scale and quality. Pixels are saved numerically as humbers for example
(0-255) for gray scale image and also for colour images but (0-255) for green, (O-
255) red and (0-255) blue.

Defining perimeters in images based on a method takes in account the first and
second derivative. Taken pixels first derivative crossover an image is the way of
determining perimeters. Each image has intensity function I, perimeters detected
by taken the first derivative of the intensity function | (see equation 1 and 2) [11].

VI =VI(x,y) (1)
_a_l_
OX

VI = a )
L0y ]

ol

— and — are the partial deferential equations of the intensity function in

OX

the directions of x and y axes respectively. The absolute value of the intensity
function gradient is as illustrated in the following equation 3.

EE (le(%') ®

The straightforward edge detection method among several methods is the
operation developed by Robert in 2002 [12] which adopted an edge detection
technique based on local intensity function gradient. A matrix of four components
(kernel) defining the brightness and darkness of every pixel and consequences of
pixel state on neighbour pixels produce a reasonable edge detection results
[13,14].
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Another image detection method was developed for grey scale by Prewitt [15-
17]. Prewitt replaced the 2x2 convolution kernels with 3x3 convolution kernels.
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For higher gray scale edge detecting Sobel developed another edge detection
method. The advantage of this method it can detect edges that existed in both
direction (horizontal and vertical direction) [15-17].
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4. Method:

The methodology of characterising orientation angles changeability inherent in
engineering fabric or textile composite using the partly-programmed image
handing out technique divided into steps. The first step could be carried out
physically by hand using marker pen by drawing grid or points on given
engineering fabric (see Figure 1) or ordering a fabric with different warp and weft
colour as explained previously in the introduction of this paper
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Figure 1: Painting spots on the crossover of warps and wefts with desired grid

degree.

Once the drawing grid or points is performed on the given fabric, a colour
photo of the given fabric is taken and imputed to Matlab with tif image format.
Gray and colour images converted to matrices consisted of numbers. Gray image
consists of one matrix (0-225) whereas colour image consists of three matrices (0-
225) for three colours green, red and blue. After imputing the colour image to
Matlab, converting the colour image to gray image by using rgb2gray subroutine
already stored in Matlab Library. Although the image converted to gray image, but
there are still some unclear features and unwanted edges which need to be cleared
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to obtain just a black spots on a white background. This has been done by
increasing the brightness to a desired level by changing the gray scale of intensity

matrix | with suitable factor (see Figure 2). Figure 2 shows black spots after
increasing the brightness to a desired level.

Figure 2: Black spots as a result of increasing the brightness of the image.

Detection black spots were carried out using Roberts edge detection method
implemented as Matlab subroutine in Matlab library. This method introduced first
time by Bovik [18] in his research paper. Detecting edges using this method has
been carried out by applying the kernels (4) and (5) (see equations 4,5). Edges in
the given image are detected after applying equations (4) and (5) as a number of
coordinates in each single spot. Considering an edge detection process to be
successfully defined once the characteristic features of the image edges are
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obvious and apparent with brilliant visualization as well as clear background with
almost no image noise [18].

The black spots appear as circles or rounded 2D shapes. The perimeter around
each circle are small connected points (see Figure 3). The coordinates of each
small point on the perimeters are determined using a Matlab subroutine
implemented already in Matlab library (bwboundaries).

Figure 3: Detected edges of the black spots as small connected points and

determining coordinates of those small points

In order to generate one node in each detected edges of the black spots,
averaging the coordinates of the small connected points on each individual
perimeter was carried out. To this extend, node matrix contains x,y and z
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coordinates has been created and stored. Generating quadrilateral finite elements
were carried out using a simple polar searching technique implemented in
'PatComplImPro’ (see Figure 4). For further use in numerical orientation angles e.g.
Varifab [1] statistical information as the mean and standard deviation of the given
image is calculated and stored. The flow chart of the programming stages of
'PatComplImPro’ are illustrated in Figure 5.
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Figure 4: The connectivity of the quadrilateral finite element generated from

the nodes obtained from edge detection method
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Figure 5: The programming stages of ‘PatComplmPro’ edge detection code
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5. Results and Discussion:

In the way of 'PatCompIlmPro’ code validation, numerical and labour-intensive
work on square 30x30 cm of glass/polypropylene commingled twill weave
engineering fabric to measure the inherent orientation angles variability has been
carried out. The statistical variable as mean and standard deviation of the inherent
orientation angles of the fabric sheet were produced once by the numerical method
using 'PatComplmPro’ code and the other once using hand drawing grid or black
spots on yarns crossover and then measuring the shear angles by imagel [2]
software. A comparison between the two mentioned methods was taken place as
illustrated in the histogram in Figure 6. Without any little doubt, numerical method
of determining the statistical variables of the orientation angles of the commingled
fabric using 'PatComplmPro' introduced number of advantages on the counterpart
method such as reducing time, reducing efforts and increasing accuracy. The huge
differences between the two method as can be easily noticed in the two curves
(Figure 6) shows how much differences between the two method where the labor-
intensive lacks of accuracy since it is tedious and need focusing on the screen
which can be stressful and depends on human skills and sight.
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Figure 6: Comparison between the measurement of orientation angles of
commingled fabric using labour-intensive and partly-computerised methods
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6. Conclusions:

New inventive method of measuring the statistical variable for orientation
angles of commingled fabric has been developed using edge detection numerical
foundations. This method can be applied to any type of engineering fabric such as
plain weave, twill weave and satin weave or commingled fabric and textile
unidirectional composite. In addition, the results shows the benefits of using the
numerical method where a huge differences takes place between the numerical and
labour-intensive method. Moreover, numerical method decrease the processing
time and efforts.
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Abstract

In the present work, a new method for creating oxygen vacancies in the
perovskites structure was investigated. The methods studied were based on solid-
state reactions but used different slurry medium, namely acetone and water. The
purpose of the solvents is to enhance the homogeneity of the mixtures, and to
create dry and wet media for the initial reaction. The main aim of the study is to
investigate the impact of an aqueous slurry medium on the structural
characteristics of the BaSr,TaOss perovskite. The oxide was characterized by
scanning electron microscopy, thermogravimetric analysis, and X-ray and neutron
diffraction. The compound was prepared and has a face centered cubic structure
with space group Fm3m. The two synthetic methods produce monophasic powders
and these differ in color, particle size, and hardness. The cell edges of the oxides
obtained by mixing the reactants with water are larger than these obtained when
the mixing was conducted with acetone. The neutron diffraction profiles
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demonstrate that A cation and oxygen ions are disordered in the structure. The
unusual thermal expansion of the unit cell is due to the presences of water and
anion deficiency into the oxides structures.

Key words: perovskite structure, Influence of water.

Introduction

The structure of the ordered defect double perovskites of the type A,B"BOss
where A and B" = Ca”*, Sr** or Ba®* and B = Ta"" are of current interest, since the
mechanism of water interaction and the proton diffusion in the structure are critical
in determining the electrical properties of such systems 2. The title double
perovskites exhibit ionic conductivity ®! and can absorb significant amounts of
water to become proton conductors .. Unlike stoichiometric ABO; perovskites,
in which all the B- type cations are six coordinate, the effective coordination
number of the cations in anion-deficient A,B'BOss perovskites is reduced from six,
so that locally some B- type cations will be five, or even four, coordinate ®. Water
can be incorporated into the lattice by occupying either the vacancies or nearby
interstitial sites. The site which the incorporated water occupies will be dependent
on the differences in the coordination tendencies of the B” and B cations .

The typical crystal chemical effects observed in the A,B"BO: 5 oxides include
B-cation ordering ™! and/or structural distortions approximated by rotation of the
nearly rigid BOs octahedra ©; both effects are known to substantially influence the
properties of these oxides ["*. A common approach to tune the structure of
perovskites is substitution of the cation at the octahedral site forming oxides of the
type, AB, B"0;. In situations where x ~ 0.5 and when the size and/or charge of
these two cations are sufficiently different the materials exhibit a 1:1 ordering of
the two B-site cations, with alternating layers of the BOg and B"Oj octahedra along
the [111] axis of the cubic cell, leading to a doubling of the unit cell lattice
parameter ' The A site cations occupy every void that exist between 4 BOg and
4 B"Og octahedra resulting in a three-dimensional arrangement that has the same
topology as that of the anions and cations in the rock-salt structure ™**. In the
non-stoichiometric A,B"BOs s oxides, B-site ordering has been reported where the
two nominally octahedrally coordinated cations display a rock salt like ordering
[13,14,15]

Recently, the average and local crystal structures of the perovskites Sr,MSbOs 5
(M = Ca?*, Sr*" and Ba®") have been reported ™. These adopt a faced centered
cubic double perovskite structure with space group Fm3m and exhibit 1:1 cation
ordering. An unusual feature of these oxides is the presence of a displacive
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disorder of both the A site cations and oxygen anions **1. In addition these oxides
display anomalous thermal expansion of the lattice parameters as a consequence of
local clustering of the vacancies and/or the anions with absorbed water molecules
(31 Studies of the local structure using pair distribution function (PDF) analysis of
the neutron diffraction data showed that the SbO, polyhedra adopt distorted
trigonal bipyramids as a consequence of movement of oxygen into interstitial
positions. This increases the coordination number of the B site cation from 5 or 6,
to 6 or 7, and decrease the A site coordination number from 12 to 11. It is
postulated that the movement of the oxygen into the interstitial sites is coupled
with large displacements of the A and B site cations and, for M = Sr**, 45° rotations
of the SbO, polyhedra ®. The two previous neutron diffraction studies provided
no evidence for long range ordering of the oxygen vacancies in the structure but
clearly a considerable amount of short range ordering does exist.

Experimental Work

The preparation of samples involved different stoichiometric compositions of
Ta,0s5 (Aldrich, 99.99 %) and SrCO; or BaCO; (Aithaca, 99.98 - 99.99 %). The
mixtures were initially ground, as either an acetone or aqueous slurry, and
preheated at 850 ‘C for 12 h, and then reground and heated at 1100 ‘C for 48 h. The
crystallography of the samples was monitored by X-ray powder diffraction.
Variable temperature powder X-ray diffraction data were collected on a
PANalytical X’Pert X-ray diffractometer using Cu Ka radiation and a PIXcel
solid-state detector.

Room temperature synchrotron X-ray powder diffraction data were collected
over the angular range 5 < 20 < 85°, using X-rays of wavelength 0.82518 A on the
powder diffractometer at the Australian Synchrotron "), For these measurements
each sample was housed in a 0.3 mm diameter capillary. The structures were
refined using the program RIETICA . The peak shapes were modelled using a
pseudo Voigt function. Neutron powder diffraction data were measured at 293 K
using the high resolution powder diffractometer, Echidna ™!, at the OPAL facility
(Australian Nuclear Science and Technology Organization) at a wavelength of
1.6220 A.

Thermal gravimetric analysis was conducted using a TGA 2950. The data were
recorded under atmosphere of pure N, in order to examine weight loss under inert
condition. Samples were analyzed up to a maximum temperature of 800 ‘C using a
heating rate of 10 ‘C per minute and purge rate of between 40 and 60 mL/min. The
microstructure of the powder samples was examined by scanning electron
microscopy using a Intellection Quemscan.
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Results and discussions:

Visually, it was observed that the colour of the powdered compound obtained
using either acetone or water during the mixing is slightly different. The powder of
BaSr,TaOs is dark yellow when prepared using acetone whereas it is light yellow
if water is used in the initial mixing. The hardness of the powders was found to be
dissimilar; generally samples are much smoother after mixing with water. SEM
analysis also revealed that the particle sizes were not equal. These surprising
observations indicate that the presence of water in the initial stage of the reaction
leads to larger crystallites and this is probably the basis for the differences in
appearance and texture. Figure 1 demonstrates, as an example, SEM images for
BaSr,TaOss. The grains are monophasic and apparently free of impurities, as
confirmed by EDX analysis. The quantitative element analysis indicated that a
chemical composmon is consistent with the expected stoichiometry.

Figure 1: Scanning Electron Micrograph images for BaSr,TaOs 5 obtained
using either acetone or water during the mixing.

Crystal Structure

The synchrotron X-ray powder diffraction patterns of the oxide exhibited strong
(111) reflections indicative of 1:1 ordering of the B-site cations. No splitting or
asymmetry of the cubic reflections was detected in the diffraction patterns
indicating the structure was cubic, and the appropriate space group was Fm3m.
The materials can be formulated as (BaSr)SrTaOss in order to emphasize the
ordering at the B site between the Sr and, Ta) cation. In the double perovskite
structure, it is anticipated that the two smallest cations will order in the octahedral
sites, this ordering being a consequence of the differences in the size and/or charge
between the two cations "), The largest cation will then occupy the 12-coordinate
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(cub octahedral) site. The corresponding ionic radii of Ba®* (12 coordinate ionic
radius, 1.61 A and 6 coordinate ionic radius. 1.35 A) ) Sr?* (1.44 and 1.18 A),
Ta> (0.64 A) ! cations suggest that the ( Ta>") and one Sr** cation will occupy
the 6-coordinate sites whereas the Ba®* or a mixture of Sr** and Ba?* will occupy
the cub octahedral sites.

The Rietveld refinements, using synchrotron X-ray powder diffraction data,
confirmed the ordering of the two B- site cations and established the distribution of
these. Refinement of the structure of BaSr,TaOss (acetone), assuming Sr only
occupies the octahedral sites gave R, = 3.21 % and Ry, = 4.77 %. The fractional
positions were A (%, %, %), B” (0, 0, 0), B (%, % %) and O (x, 0, 0) with x ~ 0.25.
Refinements where the Sr and Ta were allowed to disorder over the two
appropriate sites (anti-site disorder) did not significantly alter the quality of the fits
R, = 3.15 % and Ry, = 4.63 % and indicated less than 3 % of the Ba was mixed in
the octahedral site. Figure 2 illustrates the Rietveld refinement profiles for the
ordered model of BaSr,TaOss. The pattern contains a number of weak and
somewhat broadened reflections that are more pronounced at low angles
originating from traces of a second perovskite phase. Consequently, a two-phase
model was utilized where the major phase was in Fm3m and the minor phase in
Pm3m where the cations were disordered over the two sites appropriate to the
stoichiometry. The oxides obtained using water during the mixing were found to
have similar atom distributions to those made by using acetone suggesting that, as
expected, the reaction media had a little impact on ordering. Table 6.1 presents the
results of the structure refinement of the BaSr,TaOss.
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Figure 2: Synchrotron X-ray diffraction profiles for BaSr,TaOss (acetone).

The data are represented by the crosses and the solid lines are the calculated
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and difference profiles. The positions of the space group allowed reflections
are shown by the vertical markers immediately below the observed profile.
Upper marks are from the major phase and lower marks for the minor
Pm3m phase. A representation of the ordered BaSr,TaOss structure is also

included.

Table 1: Structural parameters for BaSr,TaOs s as obtained from the Rietveld

refinement against powder synchrotron diffraction data.

Atom | site X y z Biso (A?) | Occupancy
Major Phase Fm3m a = 8.4539(6) A Z=8
Ba/Sr | 8(c) | 0.25 025 | 025 | 3.97(3) | 05/0.5
st | 4@ 0 0 0 | 4.905) 1
Ta | 4(b) 05 05 05 | 0.30(0) 1
O | 24(e) | 0.2741(5) | 0 0 5742) | 0.92(2)
Manor Phase Pm3m a=4.2154(1) A Z=1
Ba | 1(h) 0.5 0.5 05 |0.33(16) 1
Ta | 1(3) 0 0 0 |0.10(11) 1
0 3(b) 05 0 0 |75315) | 0.71(3)
R- factor Rp=3.15 %, Ryp=4.63 %, x* = 8.93,

Table 2 provides the values of lattice parameters, unit cell volumes and x
coordinate of the oxygen for the different compositions. The cell volumes are
slightly higher where water was employed in the reaction than in the acetone
treated samples. This result corresponds to the effect of water on the oxides texture

where the grain sizes and the cell volumes increase by adding water to the initial

45 Copyright © GJT Al e s Ads gdae wolall (5 g8a



Ol A g aglall Ml agaal) [ M Gl 8 A
Gharyan Journal of Technology, High Institute of Science & Technology Gharian
Issue (4), December- 2018 - jsamsd ¢l ) aand)

reaction. It is thought that in these samples the absorbed water interacted with the

framework oxygen resulting in small displacements of the atoms.

Table 2: Lattice parameters (a), unit cell volumes (V) and x coordinate of the
oxygen for different compositions of BaSr,TaOss as obtained from the
Rietveld refinement against powder synchrotron diffraction data.

Formula a (A) V (A% X
BaSr,TaOss (acetone) 8.4539(6) | 604.186(1) | 0.2729(6)
BaSr,TaOss (water) 8.4803(4) | 609.955(6) | 0.2708(5)

Since the refinement using the XRD data did not locate the light oxygen atoms
with certainty, neutron diffraction was employed to better describe the position of
oxygen atoms and to aid in the refinement of any non-stoichiometry. Neutron
diffraction data were collected for the BaSr,TaOss (water). Compared to other
oxides studied this oxide, displayed a significant difference in the cell volume
between the two synthetic methods. A striking feature of the neutron diffraction
profiles for BaSr,TaOss s the presence of diffuse intensity in the form of a
modulated background (Figure 3). Since there is only one anion site in the ideal
structure it is not possible to have an ordered arrangement of the anion vacancies.
The diffuse structure was not apparent in the X-rays profiles suggesting that the
modulated background is associated with disorder of the lighter atoms. The
disordered phase evident in the synchrotron profiles of BaSr,TaOss was not
observed in the corresponding neutron profile, presumably as a result of the lower
peak with resolution of the neutron profiles.
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Figure 3: Neutron diffraction profiles for BaSr,TaOss (water). The data are
represented by the crosses and the solid lines are the calculated and difference
profiles. The positions of the space group allowed reflections are shown by the
vertical markers immediately below the observed profile.
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Accordingly, the refinements of the structure of BaSr,TaOs s against the neutron
diffraction data were performed using the same model suggested by Zhou et al. [**!
where the Ba(1), Sr (1) and oxygen were disordered at the cuboctahedral and
anion sites respectively. As found by Zhou et al., the refinements showed evidence
for A cation and anion displacive disorder in the two oxides structures.

Table 3: Results of the structural refinements for BaSr,TaOss (water) using

neutron powder diffraction data.

Atom X y Z Biso (A?) Occ
Ba/Sr(1) | 0.2736(8) | 0.2736(8) | 0.2736(8) | 3.20(29) 1
8 Sr(2) 0 0.033(2) -0.033(2) | 1.76(74) | 0.77(1)
(,)f Ta 0.5 0.5 0.5 1.97(08) 1
© 0(1) 0.2708(5) 0 0 3.90(10) | 0.67(1)
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0(2) 0 0.169(1) | 0.169(1) | 3.88(54) | 0.09(1)

R- factors Rp = 3.41 %, Ryp = 4.46 %, y° = 1.45

As summarised in table 3, a (011) displacement of the 4a cation at (0, 0, 0)
onto a 48i site at (0, y, -y) with y ~ 0 was evident and such displacement gave an
optimal fit to the neutron data. The occupancy of the 48i site was refined and gave
the required stoichiometry. Examination of the Fourier maps generated by Rietica
revealed the presence of nuclear density near 0 1/6 1/6, corresponding to a 48h site
in Fm3m. The Fourier transform is a useful probe in the crystallography since the
difference map can be used to locate missing atoms in a crystal structure 3. The
Fourier difference maps provided evidence for the presence of the protons (water)
in the structure as suggested by TGA analysis. The measured neutron and
synchrotron X-ray diffraction profiles show no evidence for superlattice peaks
associated with tilts.

Thermal analysis

Thermal analysis measurements (TGA and VT-XRD) demonstrate a weight
loss and an unusual thermal expansion upon heating for the oxides prepared using
water during the mixing. Figure 4 shows the thermal decomposition curve of
BaSr,TaOs5.nH,O in the temperature range 30-600 °C and under a nitrogen
atmosphere. These measurements were performed immediately after sample
preparation. The initial weight loss for both samples at temperatures of < 100 °C
is believed to be due to the loss of chemisorbed water. That this occurs below 100
°C reflects the use of a dry N, atmosphere in the measurements. The observed
weight loss near 550 °C is indicative of the removal of the water molecules that
occupied the nominally vacant anion sites. At higher temperature, the sample
weight is essentially constant demonstrating that all the water is lost from the
lattice by ~ 600 °C.
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Figure 4. Thermogravimetic curves for BaSr,TaOss.nH,O under a nitrogen
atmosphere.

From the TGA measurements, n in BaSr,TaOs5.nH,O were found to be 0.10
moles per formula unit respectively. The inclusion of water in the oxides suggests
the possibility of proton conduction, which might be lost at high temperatures as
consequence of the loss of water.

Variable temperatures XRD (VT-XRD) data reveals a possible mechanism of
the water interaction with the material. As shown in figure 5, initial heating results
in normal thermal expansion of the unit cell volumes of BaSr,TaOss.nH,O in
which both the A-O and B-O distances increase. Between 250 and 350 °C, the cell
volumes decreases as a result of water loss. Above 350 °C, the heating, again,
results in normal thermal expansion suggesting total removal of the lattice water.
The importance of water is reflected in linear thermal contraction upon cooling. A
similar observation has been reported for the Sr,MSbhOss (M = Ca?*, Sr** and Ba®*)
system (1. In this earlier work it was stated that a combination of local clustering
of the anions and vacancies together with water—water and water—host hydrogen
bonds plays a role in defining the volume of the encapsulated water clusters and
that changes in the local structure upon heating result in the anomalous thermal
expansion observed in variable temperature diffraction measurements !, In that
work, the temperature at which the cell size begins to decrease upon heating was

49 Copyright © GJT Al e s Ads gdae wolall (5 g8a



Ol Al g o glall Mal) agaall [ 45850 oy 6 Al
Gharyan Journal of Technology, High Institute of Science & Technology Gharian
Issue (4), December- 2018 - jsamsd ¢l ) aand)

found to be dependent on the size of the cation and increases in the order Ca < Sr
< Ba ™. The movement of the oxygen into the interstitial sites is thought to be
also important since this is coupled with large displacements of the A- and B-site
cations and gives a broad distribution in bond lengths ¢,
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Figure 5: Temperature dependence of the cell volume for BaSr,TaOss.nH,0.
The red circles are the results obtained during the heating cycle and the blue
circles those during cooling. The sample vacuum was 1 x 10 Torr during the

measurements.

Conclusion:

The impact of changing the conditions used to prepare BaSr(SrTa)Oss was
investigated. The oxide was prepared using acetone and aqueous solvents as media
of the reactions. The two synthetic methods produce monophasic powders that
differ in color, particle size, and hardness. It is found that mixing water with
reactants influences the morphology and the texture of the oxides resulting in
yellowish color, larger grain size and rougher surfaces. The oxide form a cation
ordered double perovskite structure and have a Fm3m cubic lattice arrangement.
There is no evidence for cation mixing between the A and B sites. The compound
obtained by reaction with water has larger cell volumes than those obtained by
reaction with acetone. This suggests a role of hydrogen bondings of water with the
oxygen lattice. The neutron diffraction profiles for BaSr,TaOs s (water) showed the
presence of diffuse structure as a consequence of disorder of oxygen atoms. The
structural refinements provide evidences for anion deficiency and a displacive
disorder of A cations into the structures. The oxides demonstrate a weight loss
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upon heating due to the presence of water within the structures. The observation of
unusual thermal expansion of the unit cells is explained by the presence of water
and vacancies in the structure. It is believed that the movement of the oxygen into
the interstitial sites results in large displacements of the A- and B-site cations and
broad bond length distribution. There is the possibility of proton conduction which
would be reduced at elevated temperatures as consequence of the loss of water.

References

[1] K.W. Browall, O. Muller, R.H. Doremus, Materials Research Bulletin,
11 (1976) 1475-1481.

[2] N.L. Ross, R.J. Angel, L.W. Finger, R.M. Hazen, C.T. Prewitt, Journal
of American Chemical Society, 351 (1987) 164-172.

[3] J. Lecomte, J.P. Loup, M. Hervieu, B. Raveau, Physica Status Solidi, 65
(1981) 743-752.

[4] A.S. Nowick, Y. Du, Solid State lonics, 77 (1995) 137-146.

[5] R. Glockner, A. Neiman, Y. Larring, T. Norby, Solid State lonics, 125
(1999) 369-376.

[6] I. Animitsa, A. Neiman, A. Sharafutdinov, S. Nochrin, Solid State
lonics, 136-137 (2000) 265-271.

[7] I. Levin, J.Y. Chan, R.G. Geyer, J.E. Maslar, T.A. Vanderah, Journal of
Solid State Chemistry, 156 (2001) 122-134.

[8] I. Levin, L.A. Bendersky, J.P. Cline, R.S. Roth, T.A. Vanderah, Journal
of Solid State Chemistry, 150 (2000) 43-61.

[9] E.L. Colla, .M. Reaney, N. Setter, Journal of Applied Physics, 74
(1993) 3414-3425.

[10] C.J. Howard, B.J. Kennedy, P.M. Woodward, Acta Crystallographica
Section B, 59 (2003) 463-471.

51 Copyright © GJT Al e s Ads gdae wolall (5 g8a



Ol A g aglall Ml agaal) [ M Gl 8 A
Gharyan Journal of Technology, High Institute of Science & Technology Gharian
Issue (4), December- 2018 - ez 2 Al sl

[11] Q. Zhou, B.J. Kennedy, M. Avdeev, Journal of Solid State Chemistry,
183 (2010) 1741-1746.

[12] G. King, P.M. Woodward, Journal of Materials Chemistry, 20 (2010)
5785-5796.

[13] T. Norby, Journal of Materials Chemistry, 11 (2001) 11-18.

[14] I. Animitsa, T. Norby, S. Marion, R. Glockner, A. Neiman, Solid State
lonics, 145 (2001) 357-364.

[15] Q. Zhou, B.J. Kennedy, M. Avdeev, Journal of Solid State Chemistry,
184 (2011) 2559-2565.

[16] G. King, K.J. Thomas, A. Llobet, Inorganic Chemistry, 51 (2012)
13060-13068.

[17] K.S. Wallwork, B.J. Kennedy, D.A. Wang, AIP Conference
Proceedings, 879 (2007) 879-882.

[18] B.A. Hunter, C.J. Howard, RIETICA. A Computer Program for
Rietveld Analysis of X-Ray and Neutron Powder Diffraction Patterns,
(1998)

[19] K. Liss, B. Hunter, M. Hagen, T. Noakes, S. Kennedy, Physica B,
385-386 (2006) 1010-1012.

[20] I. Animitsa, A. Nieman, S. Titova, N. Kochetova, E. Isaeva, A.
Sharafutdinov, N. Timofeeva, P. Colomban, Solid State lonics, 156
(2003) 95-102.

[21] V.M. Goldschmidt, Naturwissenschaften, 14 (1926) 477-485.

[22] L. Chai, P.K. Davies, Journal of the American Ceramic Society, 80
(1997) 3193-3198.

[23] W. Dmowski, M.K. Akbas, T. Egami, P.K. Davies, Journal of Physics
and Chemistry of Solids, 63 (2002) 15-22.

52 Copyright © GJT Al e s Ads gdae wolall (5 g8a



Ol A g aglall Ml agaal) [ M Gl 8 A
Gharyan Journal of Technology, High Institute of Science & Technology Gharian
Issue (4), December- 2018 - jsamsd ¢l ) aand)

[24] Q. Zhou, B.J. Kennedy, J.A. Kimpton, Journal of Solid State
Chemistry, 184 (2011) 729-734.

[25] R.D. Shannon, Acta Crystallographica Section B, 26 (1970) 447-449.
[26] I. Animitsa, T. Denisova, A. Neiman, A. Nepryahin, N. Kochetova, N.
Zhuravlev, P. Colomban, Solid State lonics, 162-163 (2003) 73-81.
[27] F. Galasso, L. Katz, R. Ward, Journal of the American Chemical

Society, 81 (1959) 820-823.

[28] M. Murakami, K. Hirose, H. Yurimoto, S. Nakashima, N. Takafuiji,
Science, 295 (2002) 1885-1887.

[29] M. Alfredsson, J.P. Brodholt, D.P. Dobson, A.R. Oganov, C.R.A.
Catlow, S.C. Parker, G.D. Price, Physics and Chemistry of Mineral, 31
(2005) 671-682.

[30] A. Shatskiy, H. Fukui, T. Matsuzaki, K. Shinoda, A. Yoneda, D.
Yamazaki, E. Ito, T. Katsura, American Mineralogist, 92 1744-1749.

[31] A. Yeganeh-Haeri, D.J. Weidner, E. Ito, Science, 243 (1989) 787-789.

[32] S.D. Jacobsen, Z. Liu, T.B. Ballaran, E.F. Littlefield, L. Ehm, R.J.
Hemley, Physics of the Earth and Planetary Interiors, 183 (2010) 234-
244,

[33] E.J. Mittemeijer, P. Scardi, Diffraction Analysis of the Microstructure
of Materials, 2004, Springer, New York.

[34] I. Levin, J.Y. Chan, J.H. Scott, L. Farber, T.A. Vanderah, J.E. Maslar,
Journal of Solid State Chemistry, 166 (2002) 24-41.

[35] E. Chinarro, G.C. Mather, A. Caballero, M. Saidi, E. Moran, Solid
State Sciences, 10 (2008) 645-650.

[36] W. Dmowski, K.E. Swider-Lyons, Crystalline Materials, 219 (2004)
136-142.

53 Copyright © GJT Al e s Ads gdae wolall (5 g8a



Ol Al g o glall Mal) agaall [ 45850 oy 6 Al
Gharyan Journal of Technology, High Institute of Science & Technology Gharian
Issue (4), December- 2018 - jsamsd ¢l ) aand)

Estimating Ground Water Aquifer Transmissivity
Using well Specific Capacity Data For Tazerbo

Wellfield, SE - Libya.

Lubna S. Ben Taher
Lecturer, Civil Engineering Department, University of Benghazi, Libya.
lubna.bentaher@uob.edu.ly
spedld)
A gl oyl ol AT AL s (S) LU due sill Araally Aalad) il Alaia¥) auiall (e ¢
Al aladin) AplSa) (sae JLs) Q3 ol o3 8 Lbus 5ok (e 2k Lealadiu) Cas (T
A sall olaall (A1 (s oal (g uial) goall JLsal iy aladiuly elld ) B0 Clasy HUSU 4 il
Asbaall Gl Y51 1 oa anally Aagiall At jl) o shadl) ) G Ll (B8N0 Gagiadly o3 i
c¥alaall api Lils AQTESOLV gl daul s Wla s Theis nonequilibrium aslias)
Lo sl Andl o el aall e A5 sall A sl eliall <l Al AU Cluay dualall dyy o)
50005 DU Jiad G pal) obaall Aiddal de i) Al s BN G A a3 Ae 181 1l W
Qe Cliny | Bl S5 LS 2 guamal) al) G 558l iy s A Y] Aadlall clEDlally L Hlia
T =198 ) dlilaall L ciaidl (ald 1520 5, (MAPEY) 3llaall (sl Uadl) Jaus 5ia 5 (E96) 35S
=) omisie gl adl (et basgie 5 (E=0.92) daitiud) 1832l e Zels Jolaey (S, %
Lo Jhmaiall il Jlas die 5 7 95 48 2 0a (3Uai e lill L iy s o( MAPE%5.01
Clony LS axe Cnagl dde ) A llAY AL Glul Al e Cuadd il c¥aladl e
Goall LIRS (e A puanal) Al ) 8 AU o8 i 68 Sandra (2016) Asbae lae Lad lEL)
ol
Abstract:

Since the wells specific capacity data useful for estimating aquifers
transmissivity, should be used to increase the number of ground water aquifer
transmissivity estimations. In this study, an investigation of transmissivity (T)
estimating using specific capacity (S) in the aquifer region of Tazerbo wellfield -
SE Libya was established. The main procedure for transmissivity estimation in this
study was: first, using analytical equation derived from Theis nonequilibrium
formula solved by AQTESOLV software. Second, evaluation the existing
empirical equations for sandstone aquifers transmissivity. Finally a new empirical
relationship between transmissivity and specific capacity for Tazerbo wellfield
aquifer was proposed and compared with other existing relationships. At this point
the comparison between transmissivity values done by statistical analysis like
efficiency coefficient (E) and mean absolute error (MAPE%).Moreover, this study
shows that (T = 1.98 S2°°8 ) producing results close to the values obtained from
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step pumping test with (E=0.92) and (MAPE=5.01%), and provide an average
value of transmissivity within the range of 95CI1%.Transmissivity obtained from
the selected relationships display that they are not effective for the study area
aquifer, except Sandra (2016) equation provides a closed transmissivity values to
the calculated one with (E=0.83) and (MAPE=7.05%).

Key words: Sandstone Aquifer; Transmissivity; Specific Capacity; Tazerbo
wellfield, transmissivity and specific capacity empirical relationship.

1. Introduction :

Transmissivity, one of the most fundamental parameters of ground water
aquifers. Many techniques are available to calculate transmissivity by using time
drawdown aquifer tests. Since the high cost of performing an aquifer test and the
expertise required to collect and analyze the data, most water supply wells, have
not had the tests performed on them. As the well specific capacity is partly a
function of the hydraulic properties of the aquifer, several investigators have tried
to relate it to the transmissivity. Furthermore relating specific capacity to
transmissivity can increase the number of aquifer ground water transmissivity
estimation. There are several different approaches for estimating transmissivity
from specific capacity such as analytical, semi-analytical, and empirical. The
appropriate technique for relating specific capacity to transmissivity depends on
well construction, pumping rates, and the accuracy of the applied technique.
Empirical relationships between the transmissivity T and the specific capacity S,
measured in the same well have also been established by several authors, the
studies were selected and listed below are related to our study for the same
objective :

Sandra, et al, 2016 they investigated the possibility and reliability of
estimating the transmissivity using numerous available specific capacity data in
the Saguenay River watershed in the province of Quebec, Canada. In their research
a relationship between 1415 transmissivity and specific capacity for granular
aquifers is proposed and compared with other existing relationships. The resulting
of their empirical equation have correlation coefficient of 0.66. El Osta, 2012, In
his research, he attempted to made evaluation of factors causing excessive well
losses in El Shab area - Egypt. They relating the 30 wells step pumping test and
aquifer hydraulic characteristics to find out the relationship between these
hydraulic parameters. The established relation- ships between well losses constant
with transmissivity and specific capacity indicate, indefinite clear trend relation for
transmissivity with very low coefficient of determination, R® (0.00059), and a
negative linear relation for specific capacity with a low coefficient of
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determination (0.065) respectively. Rotzoll, et al, 2007, their study examined the
relationship between specific capacity Sc and both T transmissivity , K
permeability for the volcanic rock aquifers of Maui Hawaii, USA. The
relationships provide estimation of aquifer parameters with correlation coefficients
between 0.81 and 0.99. Mace, et al, 2001, The purpose of their report is to
categorized and summarized the different techniques available for relating specific
capacity to transmissivity. The report presented analytical, empirical, and
geostatistical approaches for estimating transmissivity from specific capacity. In
addition to a review of the literature, also presented new estimating transmissivity
from specific capacity data for several sandstone aquifers in Texas. In their study
in Texas have shown that estimating transmissivity from specific capacity (five
empirical equations) provide estimation of aquifer parameters with determination
coefficients from 0.45 to 0.82.

The purpose of this study is evaluating the different empirical equations
available for relating well specific capacity to aquifer transmissivity of Tazerbo
wellfield -SE Libya. Furthermore estimating transmissivity from specific capacity
applying the analytical solution using a AQTESOLYV software version 4.5. Finally
a new empirical equation estimating transmissivity from 92 wells specific capacity
data for Tazerbo wellfield. Transmissivity values are calculated from specific
capacity data (Thies equation) compared with the results from the equations
involves empirically relating transmissivity to specific capacity for sandstone
aquifer. The comparison is done with statistical analysis like efficiency coefficient
(E) and mean absolute error (MAPE%).

2. Methodology and Area of study

1.2 Area Of Study

Tazerbo wellfield is one of two well fields of Great Man Mead River project
GMMRP Phase I. The Study area layout is illustrated in Figures (1 and 2). It is
bounded by longitudes 21° and 22° E and by latitudes 25° and 26° N. The
production Wells distributed in 6 lines, with a distance of 1.3 km between two
wells. These wells are distributed into three parallel lines; each line is divided in
two sections, and each line consists of 36 wells. The total depth of the production
wells in Tazerbo wellfield ranges from 460 to 580 m. Analysis of core and cutting
samples from the wellfield indicted the aquifer, consists mainly of silica. The
water depth is variable from one site to another, from 260 m in the NE and NW to
400 m in the SE and SW. Transmissivity had been estimated based on the long-
term pumping tests between 3.71x107 to 7.92x10°° m*/s (Al Faitouri, 2013).
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Tazerbo village

Tazerbo
wellfield

Figure(1) Location Of The Tazerbo Wellfield (Google Earth-2018 ).
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Figure(2) Location And Layout Of Tazerbo Wellfield .

2.2 Specific Capacity:
Step drawdown test developed to assess the well performance and to determine
the optimum pumping rate. The borehole is pumped at a number of incremental
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rates, gradually increasing discharge, and the drawdown is measured during each
of these steps of pumping see figure (3). It is usual to measure until drawdown
begins to stabilize at each rate before proceeding to the next step. In addition at
least 5 pumping steps are needed, each step lasting from 1 to 2 hours see Figure
(3) (Kruseman, and Ridder, 2000).

Pump tumed on at rate Q

Specific capacity:
S. =2
¢ Ba

Water-level elevation—

o - Measurement point

Time of pumping — QACcB410c

Figure (3) Data from a pumping test on a well completed in a confined
aquifer. Specific capacity is determined from one point during the test.

The specific capacity Sc is the ratio of discharging (Q) to steady drawdown (Sw).

Q
S, = S €Y)

The specific capacity can be calculated for each step, and it should be roughly
constant until a pumping rate beyond that sustainable by the borehole is attempted
in a step. The specific capacity can also be used as resource of estimating
transmissivity. Theis and others (1963) presented an equation to relate specific
capacity to transmissivity as:

4nT

_ 2
SC = n[2.25Ttp/r2 5] @

Equation (2) which is based on the Theis nonequilibrium equation, where S is
the storativity of the aquifer, r,, is the well radius, T is the transmissivity and tp is
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the pumping time. Furthermore this equation cannot be solved directly it must be
solved graphically or iteratively.
3.2Empirical Methods

Empirical methods consist of the statistical relation of aquifer transmissivity to
specific capacity measured in the same well. Several authors have developed
empirical relationships between transmissivity and specific capacity summarized
at table 1 (Mace, et al, 2001), (Rotzoll, et al, 2007). Razak and Huntly (1991), they
found that at least 25 pairs would be needed. Huntley and others (1992) found that
measured transmissivities for wells in fractured rocks were lower than
transmissivities determined by using theoretical relationships. Mace (1997)
developed an empirical relationship for a karstic aquifer and showed that data from
karstic aquifers in Florida and Ohio overlaid the relationship, suggesting that the
relationship may be applied to other karstic aquifers. Fabbri (1997) developed an
empirical relationship for a limestone fractured aquifer in Italy. Fabbri thought that
his equation differed from that of Huntley and others (1992) because of partial
penetration of his wells (Mace, et al, 2001). In all the previous studies listed
before, they found that correlation is better between log-transforms of aquifer
transmissivity and well specific capacity, and the linear relationship can thus be
expressed as:
T = a(Sc)b
where a and b are regression coefficients of the power relationship.
Table 1 Summary Of Empirical Relationships Between well Specific Capacity

And aquifer Transmissivity (Mace, et al,2001),(Rotzoll, et al, 2007).

. . empirical Number of
Author Setting Units relationships used data
Eagon and 2 _ 0.81 -
Johe (1972) Fractured carbonate | m“/day T = 3.24S; not specified
Razak and Heterogeneous 2 0.67
. = 15.3S% 21
Huntly (1991) alluvim mi/day | T =1535 >
Huntly,et al -
untty.eta Fractured hard rock | m%day T = 0.125118 not specified
(1992)
El-Naga (1994) | Fractured carbonate | m?/day | T = 1.815%°%7 237
Fractured , 2 _ 108
Mace(1997) carbonate m</day T = 0.76S; 71
Fractured , 2 _ 105
Mace(1997) carbonate m</day T = 1.23S; 14
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Fabbri(1997) Fractured carbonate | m%day | T = 0.7855107 45
Mace(2001) Sandstone m?/day | T = 2.7552:82 147
Mace(2001) Sandstone m¥day | T =3.165%7° 28
Mace(2001) Sandstone m?/day | T =1.515%9? 33
Mace(2001) Fractured carbonate | m%/day T = 0.7852%8 46
Mace(2001) Sandstone miday | T = 1.07S%0! 21
Mace,et al (1999) Sandstone m?/day T = 1.03518 214
Logan (1964) Sandstone m?/day T = 1.22S, not specified
Snivastav, et : 2 _ 0.66
21(2007) Alluvial m°/sec T = 0.48S; 13
Fabbrib and Homogeneous 2  cel.043
piccinini (2013) alluvial misec | T =55 14
Al Farrah, et Clayey sand and 2 _ 0.85
al.(2013) marl msec | T = 0.744S] 15
Sandra (2016) sand and gravel m?/sec T = 4.48S5115 58

4.2 Model Performance Verification :

In this study, several statistical parameters were used to evaluate the
performance of estimated transmissivity equations , which were given by the
following relations:

1- Mean absolute percentage error (MAPE%)

n

100 Xobs.;— Xpre,
MAPE% = Z
n Xobs,;
1=
2- 95% confidence limit (95C1%):
The uncertainty of any estimation methods can be calculated using prediction
intervals that define an envelope which established by obtained the standard error

of the observed values mean as :
S

vn—1
(X()bsé_fx"bs') has a t-distribution with n-1 degrees of freedom,

And for 95% confidence limit
S

Xops —1.95 (ﬁ) < Xpre- < Xops. +1.95 (ﬁ%) (5)

(3)

(4)

Sy=

The quantity
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The value on the left side of the inequality yields the lower limit, and on the
right side yields the upper limit for the mean observed values. The uncertainty of
the regression can be quantified by using prediction intervals that define an
envelope around the line that in turn defines how certain an estimate of predicted
is for a given specific capacity value which is £+ (95% ClI).

3-E Efficiency factor:

Efficiency factor (E = 0 to 1) is calculated on the relationship between the
predicted and observed mean deviations and it can show the correlation between
the predicted and observed data. E is better suited to evaluate model goodness-of-
fit than the R? ( the square root of the correlation coefficient between the predicted
and observed value).

>  (Xobs.;— Xpre.; )?

E=1 —
L ,(Xobs.;— Xobs., )?

(6)

Where:

n= number of data, Xopsi= Observed value, X = predicted value, S = standard
deviation of observed value, Xobs. = the mean of observed data, Xpre. =
the mean of predicted data.

A better fit, with zero indicating (MAPE% ) and high value of (E) and a perfect
prediction. The probability of procedure produces an interval that contains the
actual true parameter value is known as the confidence level and is generally
chosen to be 95CI1%. So the model if have a good performance well produce a
results within the range of 95C1% of the mean observed data.

4.Estimation of Transmissivity Using Specific Capacity Data for Tazerbo
WellField:
1.4 Transmissivity values from step drawdown test ( Theis analytical
approach).

The step drawdown dataset used at this study was composed of information
obtained from 92 single pumping wells test. The step drawdown test involved
pumping the well at four successively increasing pumping rates or steps each of 3-
hour duration. The initial pumping rate was 40L/sec followed by 80L/se, 120L/sec,
and 150L/sec. The minimum required data for each well to be included in this
study is the well yield (Q), the pumping duration (t), the static water level (SWL)
and all of that are presents at Table 2, also all the documented data are available
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from GMMRA. Because Theis equation, cannot be solved directly for
transmissivity, it must be solved graphically or iteratively, which can be done
manually or by using a calculator, can also solved easily by using computers such
as a AQTESOLYV software (Duffield, 2007). The results presents at Table 3 and
Figures (4 and 5) showing that the estimation using the Thies iterative method
yield a transmissivity with an average of 0.77m?min, and maximum and minimum
values are respectively 1.24, 0.49 m?min. Moreover the results were obtained
meet the observed values, thus indicates that specific capacity tests can be reliably
used to estimate transmissivity.
Table 2 Statistical Analysis of Field Measurement, Tazerbo Wellfield .

Zm Sm E % Hs m bm Q m*/min
Well Final Well static water | The aquifer | laststep rat
elevation | Drawdown | Efficiency level thickness test
Average value | 270.61 18.00 85.02 5.00 151.52 9.24
Max. value 284.11 28.20 97.32 11.24 184.53 9.54
Min. value 167.60 10.59 70.46 -1.94 104.51 8.48

Table 3 Statistical Analysis of the step pumping test result, Tazerbo Wellfield

Variable Mean Minimum Maximum
2 -
Scme/min 0.35 0.22 0.59
Specific capacity
T m*min
Transmissivity obtained from Theis Eq. 0.7 0.49 1.24

045 060 075 080 105 120
Sc m2/min Thies Eq. T m2/min

“ -
N

A
. L
A - Ml

AN, Al

0225 0300 0375 0450 0525

Frequency
o
\l_
I

Figure (4) Transmissivity and Specific capacity m?min Histogram (Tazerbo
Wellfield) .
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Figure (5) Transmissivity contour map of Tazerbo wellfield aquifer and the
well location .

4.2 Transmissivity values from Empirical equations for Sandston
aquifers:

Several researchers have developed empirical relationships between
transmissivity and specific capacity for a range of hydrologic settings. The existing
relationships which used in this study chosen the equations developed for
sandstone aquifers, because the Tazerbo wellfield placed on the Sarir Sandstone
aquifer. The investigators described empirical relationships between transmissivity
and specific capacity for Sandstone aquifers based on the results of step pumping
test are: Mace, et al (2000 and 1999), Al Farrah, et al( 2013), and Sandra, (2016)
see Table 1. Once the best-fit line is found, the coefficient of efficiency (E)
describes how much of the observed variability of parameters can be explained by
the regression model.

Table 4 and Figure (6) provide information about the results from empirical
equation estimation of transmissivity of sandstone aquifers. The use of such a
relationships are reliable with their use in previous studies. But when they applied
in Tazerbo wellfield step tests data, lead a weak coefficient of determination (E)
also large absolute percentage error (MAPE%).
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Table 4 Summary of statistical results error of the empirical relationships
between specific capacity and transmissivity

Equation for MAP The Maximum Minimum 95C1%
Transmissivity E0t E average value value m?/min
estimation m?/min 0 Tm?/min Tm?/min Tm?/min
Theis Eqg. Step- 0.77 1.24 0.49
drawdown test
Sandra 7.27 0.83 0.74 1.31 0.43
(2016)
Al Farrah et al 27.07 | 0.15 0.56 0.86 0.38
(2013) -
Mace and other 58.69 0 0.32 0.48 0.22 I
(2001)(1)
o
Mace and other 60.60 0 0.30 0.45 0.21 o0
(2001)(2) a
Mace and other 60.34 0 0.30 0.48 0.20
(2001)(3)
Mace and other 47.69 0 0.40 0.67 0.25
(2001)(5)
Mace and other 2220 | 025 0.60 1.03 0.37
(99)

The empirical equations Mace (2001, 99) and Al Farrah (2013) are not
effective for the transmissivity estimation and cannot reliably applied to this study
data. On the other hand Sandra (2016) equation provides a closed results to the
calculated transmissivity of Tazerbo wellfield, with higher E=0.83 and lower
MAPE=7.27%, than other equations were used in this study. In addition Sandra
(2016) equation provides an average value of transmissivity within the range of
(95C1% ) for the calculated transmissivity.
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Figure (6) compression between the Empirical relationships results,
Sandra(2016), Mace(2001)(1,2,3,5), Al Farrah (2013), Mace (1999) and the
transmissivity obtained from Theis Eq. also showing the variation from the
predicted line.

3.4 Transmissivity values from developing Empirical equation for
Tazerbo Wellfield :

In this research, nonlinear regression analysis of step pumping test data was
used as a method for estimating aquifer transmissivity. The nonlinear regression
analysis can provide a means for analyzing step pumping tests which may not have
been easily interpreted using traditional techniques, as the nonlinear regression
analysis attempts to match all the test data at both large and small values of time.
However, this analysis also illustrates that fitting methods cannot be totally
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automated, but rather must be interpreted in light of other hydrogeological data in
order to arrive a reasonable model for the aquifer.

As mentioned before, an empirical relationships between the transmissivity and
the specific capacity measured in the same well was established by several
authors. For most of these studies, transmissivity was calculated with the Theis
(1935) method and specific capacity was taken in step drawdown test. In the
present study, 92 values of specific capacity obtained from the GMMRA for
Tazerbo wellfield used to developed a new empirical relationship between
transmissivity and specific capacity. The calculated values were compared with
values of transmissivity from step pumping tests also the existing empirical
equation for sand stone aquifers. This comparative study has never been conducted
before in a study region. The results will add to the development of a cost effective
tool for expert estimation the hydraulic properties of aquifers and their reliability
at a regional scale. In the concerned aquifer, the relationship was derived from
nonlinear regression method using the values of transmissivity (from step pumping
test) and measured specific capacity both in m*min units. The best-fitting line
between these parameters indicates encouraging relationship see Figures (7 and 8).

Moreover, this study shows that T = 1.98(S.)*®* meeting the results which
obtained from step pumping test value with high (E=0.91), and low
(MAPE=5.01%), and provide an average value of transmissivity is (0.77 m?/min)
within the range of 95C1% see Table 5.

This established empirical equation can be used to predict the transmissivity of
the study area aquifer in all new sites for well drilling at which the specific
capacity measured which is expensive, but with low potential error of prediction.

Regression
13 e s Q5% Pl
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2 2 &
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e
o

Trri2/minThies Step-dravdonn tes
e

=}
[£]

o
»

02 0.3 0.4 0.5 0.6
Sc m2/min

Figure (7) Empirical relationships between transmissivity and specific
capacity by nonlinear regression technique for Tazerbo wellfields, showing
the best-fit line and the 95-percent prediction intervals .
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transmissivity and specific capacity and the observed transmissivity for

13

Table 5 Summary of statistical error for the equation of Tazerbo Wellfield

results.
Methods for The Maximum Minimum 95CI1%
Transmissivity MAPE% E average value value °
estimation m?/min Tm?/min Tm?/min Tm?/min
Theis Eq. Step- 0.77 1.24 0.49
drawdown test o
'\,
N
sandra ( 2016) 7.27 0.83 0.74 1.31 0.43
©
i =
The Equation 5.01 0.91 0.77 1.22 0.51
Of Tazerbo Wellfield

5- Discussion and conclusion

In existence of well complete pumping tests, a reliable statistical and spatial
description of hydraulic properties has been achieved in such as the Tazerbo
wellfield aquifer. The Tazerbo wellfield aquifer transmissivity calculated using
Theis iterative equation solved by AQTESOLYV software. Nearby the mean value
of transmissivity is 0.77 m?/min is similar to that obtained from GMMRA, For
these reasons, transmissivity values obtained from step pumping test with the
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iterative method can be considered as reliable estimates. Empirical relationships
between transmissivity and specific capacity obtained in different studies from
different sandstone aquifers were presented and examined. Moreover uses of such
a relationships are reliable with their use in previous studies. But when they
applied in Tazerbo wellfield, lead a weak coefficient of determination and large
absolute percentage error. Nonetheless Sandra (2016) equation provides a closed
results with higher (E=0.83) and lower (MAPE=7.27%), than other equations were
used. The values of transmissivity were calculated from step pumping tests over
the study area (50 Km x 20Km) with long-duration pumping is significant as a
larger number of data can lead to better regression analysis of the transmissivity
values for the regional study, and improvement the accuracy of developing new
empirical relation between transmissivity and specific capacity data. Using the
previous information increases the number of hydraulic property values estimated
in a region, and thus allows for a better regional characterization of aquifers at a
low cost. Finally, the new empirical relationship between T and S. has been
established for Tazerbo wellfield aquifer. The best fit line equation is T =
1.98(S)*** with ( E=0.91), and (MAPE=5.01%). This relationship, permits for a
fast and easy estimation of the transmissivity of the tested aquifer while
conducting a specific capacity test, and can be useful for similar environments.
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