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Examination of the Level of Contamination by Mycotoxins of Imported Grains, Nuts and
Green Coffee.
*Saleh A. Isslugi **Ali A. Elagael ***Altaher O. Alzwei
Abstract
This study aimed to examine the level of contamination by Aflatoxins in 7 imported
samples for human consumption; six of which were collected from the Food and Drug Control
Center, Tripoli-Libya: wheat, barley, corn, almond, cashew and green coffee, in addition to the
red lentil sample which was collected from a local market. Also, the levels of contamination by
DON were examined in 3 samples imported for animal feed: wheat, barley and corn using ELISA
test. The results show that the level of aflatoxins in wheat, barley and red lentil samples were
5.25 ppb, which is above the permissible level according to the Libyan Standard for the maximum
limits of aflatoxins in food and feed No. 597 of 2015, which are 4 ppb for wheat and barley, and
2 ppb for red lentils. The aflatoxins level for cashew, almond, corn and green coffee samples
were (.75 ppb, 0.27 ppb, 5.25 ppb and (.75 ppb respectively, all are within the safe limits
allowed in the Libyan and European standards. The results also showed that the Don's mycotoxin
analysis for wheat, barley and corn samples imported as animal feed were 107.21ppb, 69.08 ppb
and 417.89 ppb respectively, all are within the permissible level according to the Libyan standard

for the maximum limits of Don in food and feed No. 827 of 2015, for animal fodder.
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Abstract:

This study aimed to identify the effect of total quality on human resources
planning, as the study population was represented in (Almadar Aljadid) company, the
study sample included some managers of the total quality and the human resources
department of (Almadar Aljadid) company, which numbered (50), the questionnaire was
adopted as a tool for data collection, as (50) questionnaires were distributed and after
analyzing the data using statistical methods, standard deviations and percentages. The
study reached a set of results, the most important of which are:

The existence of a statistically significant relationship between total quality
management and human resources planning, and it has been shown, that there is great
interest on the part of the company under study in total quality management, and human
resource planning, and it has been shown that there is great interest on the part of the
company under study in total quality management in all its dimensions, and that it is ready
to support it financially and morally. According to the these results, the study presented a
set of recommendations, the most important of which is the need for the company to
continue to adopt and implement TQM, which has important significance in improving the
efficiency and effectiveness of the human element as well as focusing on spreading

awareness of the importance of the concept of total quality through holding seminars,
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conferences, related meetings and focusing on monitoring and follow — up processes for

implementation of total quality .
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THE IMPORTANCE OF AGRICULTURAL PRODUCTS MARKETING SYSTEM IN IMPROVING LIBYAN
AGRICULTURE AND ACHIEVING FOOD SECURITY

*Dr. Taher Ali Daba
ABSTRACT

It is found that agricultural products marketing system has a beg importance in achieving food
security by serving the interests of agricultural producers and inducing them to increase production
of important agricultural commodities in food security for the country, and the marketing system
supplying food to consumers in place, time, and form which satisfies their food needs at affordable
prices. Therefore, agricultural and food marketing systems have a central place in the Libyan
agricultural economic structure. Marketing system of agricultural products in Libya contains four
subsystems, which are: production subsystem, consumption subsystem, distribution subsystem, and
organization subsystem. All the participants in marketing system of agricultural products look to that
system from the view of their own interests which are conflicting interests. Marketing systems of
many agricultural products are complex and interacted because of the many participants with

conflicting interests. The interest of society as a whole is to what extent the marketing system of
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agricultural products would create jobs and increase employment, this task will be achieved through
production and marketing systems response to consumer demands, which are considered the main
motive for production, marketing, and consumption activities, in addition, the society expects the
marketing system to protect and conserve the environment to achieve sustainable agricultural
development. The accurate knowledge of consumer demands in quantity and quality and their changes
comes at the top interests of all institutions and organizations participating in the marketing systems.
The consumption needs from agricultural products in Libya are estimated in thousand tons per year,
therefore, the estimated average quantities per year from agricultural products available for human
consumption points to the huge burden on the marketing system and its role to make the necessary
balances which are not confined only to the internal market but extends to external markets. The
approach to marketing in Libya has witnessed many developments and changes during the last five
decades from 1970, and at the end it settled at adopting the private trade as an approach to the
marketing and distribution since 2001. The assessment of performance of agricultural and food
marketing system is a very important issue, the performance of the marketing system can be assessed
in the light of the way by which the marketing system serves what the participants in the marketing
system and society expect from this marketing system, where, the well developed and sophisticated
marketing systems are one of the requirements for improving and progressing the Libyan agricultural
and to achieve food security for the population. It should be stressed that, there is no optimal
marketing system than can be followed, but the commodity marketing system should be evaluated in

the context of the Libyan conditions.

Key words: marketing, marketing system, agricultural products, trade, food security

*Staff member Faculty of Agriculture Tripoli University Libya
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Abstract

Some theorists of the neoclassical school believe that the rapid and temporary
windfalls, resulting from the rise of an export good, the discovery of a new economic
resource that can be exported, or a sudden a technical advance in one of the
economic sectors does not necessarily lead to a real balanced economic development
as much as it can lead to Negative effects on the structure of the recipient economy,
especially if the economy is a small open economy, given the accompanying and
subsequent adjustment problems that these flows contain, this phenomenon is known

in the economic literature as the Dutch disease, which is a phenomenon whereby
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rapid cash flows that occur as a result of a rise in the price of an export commodity
or the discovery of a new exportable source or a technical advance in a specific
sector lead to an imbalance change in the relative prices of tradable and non-tradable
goods which leads to the expansion of the latter at the expense of the former. This
study aims to measure the impact of rentier windfalls on the structure of the Libyan
economy. The study began with a review of the literature on entire economy and the
concepts associated with it, and then moved to estimate the impact of oil windfalls
on the supply of tradable and non- tradable sectors econometrically. The study
concluded that: The high oil revenues resulting from the increase in oil prices on the
world market led to a rise in the real exchange rate of the Libyan dinar, which is in
line with the expectations of the Dutch disease theory. And the real exchange rate of
the Libyan dinar contributed to the expansion of both sectors, the non-tradable sector
(the services sector) and the tradable sector (the productive sector), which contradicts
the expectations of the Dutch disease theory, and accordingly it can be emphasized
that the Libyan economy has not witnessed the phenomenon of the Dutch disease
.Based on this, the study recommended the necessity of working to diversify sources
of income, directing investments to economically feasible projects, and developing

the necessary policies to protect the economy from the risks of external shocks.
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Abstract:

This study aims to identify and evaluate the extent of teaching staff members'
realization to the importance of the ZAKAT accounting and the need to include it the
Accounting teaching program in the Libyan universities and studying the constituents that
should be existed in the universities to graduate competent ZAKAT accountants. This study
depended on a sample of 87 accounting teaching staff in Libyan universities. The
questionnaire survey was used in this study to collect the data and to test its hypotheses.
The results of this study indicate that the accounting teaching staff understand the
importance of the accounting of ZAKAT and also aware of the need to involve it in the
Libyan accounting education system. The results also show that there are some constituents
should be exist to graduate effective ZAKAT accountants, some of these requirements are
related to the teaching methods, labor market, the practice environment, laws and
regulations. The study is carried out to illustrate this vital and religious tittle. It is expected
that the findings of this study can be motivation to Accounting departments to insert the
ZAKAT related subjects in the accounting education programs in the Libyan universities,
which contribute effectively in developing the Accounting education programs in Libya to be
proper for the labor market requirements (THE LIBYAN ZAKAT FUND).

Keywords: Including ZAKAT Accounting, Accounting education, competent ZAKAT

accountants.
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15. Amir, D and Sonderpandian (2002), Complete Business Statistics, 5th Edition,
McGraw-Hill, New York, USA.
16. Asteriou and Hall (2007). Applied Econometrics — A modern Approach using
EViews and Microfit (Revised Edition), Palgrave Macmillan, The USA.
17. Sekaran, Uma (2003), Research methods for business, 2" Edition, John Wiley
and Sons, New York, The USA.
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Dental Caries Experience among 6-14 years old Schoolchildren in Municipality of Tripoli Center, Libya

*Ebtehal Gabroun **Amel Berbash ***Sara Abusreweil ****Najeha Shetwi

Abstract:

Dental caries is still the most prevalent oral disease of school-aged children on
a global basis. The present study aims to assess the dental caries experience among
schoolchildren in the Municipality of Tripoli center, Libya. A cross-sectional descriptive
study was performed on 320 schoolchildren (132 girls, and 188 boys), aged between 6-14
years, between October and December 2018. The experience of dental caries was
assessed using World Health Organization criteria (WHQO) 2013 criteria: dmft & DMFT
indices. Data was analyzed using SPSS Statistics Version 26. Dental caries prevalence in
permanent teeth, among schoolchildren in Tripoli center, was 56%, while the prevalence
of dental caries in primary teeth was higher than in permanent teeth, with mean dmft
and DMFT scores of 3.11 and 1.89, respectively. Statistically significant differences were
found between girls and boys, where more girls showed a higher D score than boys, with
a mean DMFT score of 1.65 and dmft score of 2.96 in boys, and a mean DMFT score of
2.23 and dmft score of 3.30 in girls. The prevalence of dental caries was high amongst
schoolchildren and indicated the requirement of urgent comprehensive oral health,
educational and dental service programs, targeting schoolchildren population at the early
stage of caries development.

Keywords: dental caries; schoolchildren; Tripoli; DMFT; dmft

*Staff member, Faculty of Dentistry, University of Tripoli, Libya
**Staff member, Faculty of Dentistry, University of Tripoli, Libya
*** Staff member, Faculty of Dentistry, University of Tripoli, Libya
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1. Introduction

Dental caries is the most global prevalent oral disease, affecting 60-90% of
school-aged children and most adults (Petersen, 2003). Dental caries or tooth
decay has been defined as a microbial disease of the calcified tissues of the teeth,
that results in demineralization of the inorganic and destruction of the organic
substances of the tooth. For many years, dental caries was regarded as an
infectious and transmittable disease caused by a specific pathogen, such as
Streptococcus mutans (Caufield et al., 2005, Balakrishnan et al., 2000). However,
these concepts have changed over the past few years. Recent molecular studies
have recovered a wide variety of microbial communities from caries lesion where
S. mutans represents only a tiny fraction of these diverse bacterial communities
(Simoén-Soro and Mira, 2015). In fact, there is evidence that several factors are
associated with the global prevalence of caries lesions, such as sugar consumption
(Lagerweij and van Loveren, 2020, Hong et al., 2018), deprivation (Hall-Scullin et
al., 2017) and the lack of oral health education (Al-Samadani et al., 2017). Dietary
sugars have been considered by Sheiham and James (2015) as the only cause of
caries. This concept is best explained with a quote by Giacaman, which states
“Even in the absence of a correct hygiene, caries would be kept at a very low rate
if sugar consumption were low and infrequent, just like it was in ancient humans,
before the industrial revolution” (Giacaman, 2016).

Dental caries was found to have a significant negative impact on
schoolchildren’s quality of life, particularly eating, sleeping, daily activities
(Martins et al., 2016) and functional abilities (Mota-Veloso et al., 2016). Despite
the decline in the prevalence and severity of dental caries among 5-12 year Old’s
over the last four decades, dental decay was prevalent in all age groups, with the
lowest prevalence amongst 12-year-olds and 35-44-year-olds in wealthy countries
(Frencken et al., 2017). According to a recent systematic review and meta-
analysis, the global prevalence of dental caries has still been found to be high in
primary and permanent children’s teeth. This prevalence was found to be higher
in Africa than in other continents (Kazeminia et al., 2020).
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In fact, there still is a paucity of information regarding the prevalence of
dental caries amongst Libyan schoolchildren, as not many studies reported the
oral health status in Libya (Kabar et al., 2019). However, a recent study found a
significant association between the low caries prevalence among Libyan
schoolchildren and their high-income families and highly educated mothers
(Kabar et al., 2019). The present cross-sectional study aims to assess the
prevalence of dental caries among schoolchildren of Municipality of Tripoli
Center, using WHO criteria. The study compares between boys and girls, and
between different age groups. This study would provide baseline data for future
planning and evaluation of Libyan school-based oral health promotion programs.

2. Materials and methods

A cross-sectional study was conducted, from October to December 2018,
on schoolchildren aged 6-14 years, with a total number of 320 (188 boys & 132
girls), recruited from two public schools located in Tripoli Center. Ethical approval
was obtained from the Ministry of Education (Department of social service and
school health), and the study was approved by the Research, Consulting and
Training Center at the University of Tripoli. Parents’ consent was also obtained for
this study before examining the schoolchildren.

The students’ personal data was obtained from the school records for each
individual pupil. For more convenience, the children were divided into 3 groups as
described by Kumar et al. (2013): class one to three (6-8 year olds), class four to
six (9-11 year olds) and class seven to nine (12-14 year olds). WHO criteria (WHO,
2013) was used in dental examination, using dmft & DMFT indices. The oral
examination was carried out by a single trained examiner, with a colleague
present for data recording. The examination was performed in the classrooms
with the aid of natural and artificial lights. Examination gloves, protective gowns,
face masks, sterile mouth mirrors and dental explorers were used in this study.

The results were analyzed using Statistical Packages for Social Sciences
(SPSS), version 26. A Chi-square test of homogeneity was used when comparing a
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difference between groups of independent variables on a dichotomous
dependent variable. If the variable contained more than two groups and the
difference is significant, post hoc analysis was performed, and involved pair-wise
comparisons using the z-test of two proportions with a Bonferroni correction. A
Mann-Whitney U Test was used to determine if there are differences between
two groups (gender) in dmft/DMFT scores. A Kruskal-Wallis H Test was used to
determine if there are statistically significant differences in dmft/DMFT between
classes. Differences were considered statistically significant when p < 0.05.

3. Results

A total of 320 schoolchildren were examined; 132 (41.3%) were females,
188 (58.8%) were males. Of 320 students, 40 were in the 6-8-year-old group, 77
were in the 7-11-year-old group and 203 were in the 12-14-year-old group. About
92% of children were Libyans. Table 1 summarizes the data distribution according
to the gender, class, age, and nationality.

Table 1. The distribution of samples according to the gender, class, age and nationality.

Variable Groups Numbers (%)
Gender Female 132 (41.3%)
Male 188 (58.8 %)
Nationality | Not recorded 6 (1.9 %)
Non-Libyan 20 (6.3 %)
Libyan 294 (91.9 %)
Class /Age | Class: One to Three / Age: 6-8-year old 40 (12.5 %)
Class: Four to Six/ Age: 9-11-year old 77 (24.1 %)
Class: Seven to Nine/ Age: 12-14-yearold | 203 (63.4 %)
Total 320 (100.0%)
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Of 320 schoolchildren, 93 (29.1%) were reported to have mixed dentitions,
225 students (70.3%) were reported to have permanent dentitions and only 2
(0.6%) students had primary teeth, as shown in Figure 1.

Types of dentition

B Primary ® Mixed M Permanent

Total number of students = 320

Figure 1. Sample size in relation to the type of dentition. Total number of schoolchildren = 320.
Permanent teeth present in 318 students (225+93) and primary teeth present in 95 students
(2+93).

The prevalence of dental caries in permanent and primary teeth was found
to be 56% (n = 178) and 80% (n = 76), respectively. In contrast, 44% of students (n
= 140) had caries-free permanent teeth and only 20% (n = 19) had caries-free
deciduous teeth. In addition, about 90% of students experienced no filled or
missing teeth (Figure 2).
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Figure 2. Dental caries experienced among students. A. Decayed, missing, and filled permanent
teeth. Permanent teeth present in 318 schoolchildren. B. Decayed, missing, and filled primary
teeth. Primary teeth present in 95 schoolchildren. Yes: Number of students who were affected.
No: Number of students who were not affected.

Dental caries prevalence in primary teeth was higher than in permanent
teeth with a mean dmft and DMFT of 3.11 and 1.89, respectively (Table 2). DMFT
index scores for each child were calculated as listed in (Table 2). Missing teeth due
to caries were included only in data processing. Teeth extracted for reasons other
than caries were all excluded. A score of 0 (caries free) was the highest score
(40.3%), followed by a score of 2 (15.7%), and a score of 1 and 4 (11.6%), as shown
(Figure 3).
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Figure 3. DMFT score for permanent teeth (D = decayed teeth, M = missing teeth, F = filled teeth).
DMFT index is measured by the sum of decayed, missing and filled teeth. Caries-free tooth (DMFT

=0).

Table 2. DMFT & dmft indices and scores for permanent teeth.

Total Mean Std. Deviation Score Number %
d 95 2.88 2.64 0 128 40.3
m 95 0.08 0.32 1 37 11.6
f 95 0.15 0.46 2 50 15.7
dmft 95 3.11 2.69 3 30 9.4
D 318 1.65 1.94 4 37 11.6
M 318 0.11 0.41 5 10 3.1
F 318 0.14 0.47 6 12 3.8
DMFT 318 1.89 2.12 7 8 2.5
8 2 0.6
9 1 0.3
10 3 0.9
Total 318 100.0
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Statistically significant differences were found between females and
males, where more girls showed a higher score than boys, with a mean DMFT
score of 1.65 and dmft score of 2.96 in boys, and a mean DMFT score of 2.23 and
dmft score of 3.30 in girls. The mean DMFT and D scores in girls were found to be
significantly higher than in boys (*p < 0.05), but no significant difference was
found among both sexes regarding the mean dmft score (Table 3).

Table 3. Difference between boys and girls. Data were analyzed using a Mann-Whitney U Test. *
indicates statistically significant differences (*p < 0.05).

Gender Girls Boys

N Mean Std. N Mean Std. P value
d 40 3.10 2.52 55 2.73 2.73 0.344
m 40 0.08 0.27 55 0.09 0.35 0.987
f 40 0.15 0.48 55 0.15 0.45 0.910
dmft 40 3.30 2.62 55 2.96 2.75 0.439
D 131 2.01 2.11 187 1.40 1.78 0.011*
M 131 0.10 0.41 187 0.12 0.42 0.480
F 131 0.14 0.51 187 0.14 0.45 0.526
DMFT 131 2.23 2.29 187 1.65 1.96 0.032*

The means of DMFT and dmft were found to significantly increase and
decrease with age, respectively. The mean of dmft at the age group of 6-8 years
was 4.75, of 9-11 years was 2.4, and of 12-14 years was 1.05, while the mean of
DMFT at the same previous age groups of 6-8, 9-11 and 12-14 year olds were 0.24,
1.6 and 2.32, respectively. These differences were in a statistically significant
manner (**** p < 0.0001,
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Figure 4. The mean dmft (A) and DMFT (B) among different age group. Class 1-3 (6-8 year
olds), Class 4-6 (9-11 year olds) and Class 7-9 (12-14 year olds). Data were analyzed by Kruskal-
Wallis H Test. * indicates statistically significant differences (**** p < 0.0001, **p < 0.01).
Significance values were adjusted by the Bonferroni correction for multiple tests. **p < 0.01) as
shown (Figure 4, Table 4).

Table 4. Differences between classes. * indicates statistically significant differences.

Class/ Class 1-3 Class 4-6 Class 7-9

N Mean Std. N Mean Std. N Mean Std. P value
d 40 | 4.6000 2.67754 35 | 2.0571 2.02837 20 0.9000 0.85224 0.0001****
m 40 | 0.10 0.304 35 |1 0.11 0.404 20 0.00 0.000 0.362
f 40 | 0.08 0.350 35 |1 0.23 0.547 20 0.15 0.489 0.246
dmft 40 | 4.7500 2.73393 35 | 2.4000 2.18551 20 1.0500 0.88704 0.0001****
D 38 | 0.2368 0.67521 77 | 1.4286 1.66566 203 | 1.9951 2.07173 0.0001****
M 38 | 0.00 0.000 77 | 0.08 0.354 203 | 0.15 0.464 0.047*
F 38 | 0.00 0.000 77 | 0.05 0.223 203 | 0.20 0.566 0.011*
DMFT 38 | 0.2368 0.67521 77 | 1.5584 1.75089 203 | 2.3251 2.24771 0.0001****
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4. Discussion

The aim of this study was to assess the prevalence of dental caries in
schoolchildren in Tripoli center using WHO criteria. Based on DMFT values, WHO
generated a scale to classify caries severity: DMFT ranged between 0.0 and 1.1
were considered very low; 1.2-2.6 were low; 2.7-4.4 were moderate; 4.5-6.5
were high; and > 6.6 were very high (WHO, 2000).

In our study, the prevalence of dental caries in permanent teeth for
schoolchildren aged 6-14 was reported to be 56%, which showed similar
prevalence reported in Tripoli (56.94%) in a previous study by Baccush and Nayak
(1991). This was lower than a previous study on Libyan schoolchildren by Al
Sharbati et al. (2000) in the city of Benghazi, where the prevalence of dental caries
was 61.9%. Notably, the mean DMFT of females was significantly higher than
males (*p < 0.05). This was repeatedly reported in previous studies performed in
Libya and the middle east (Al-Samadani et al., 2017, Al-Darwish et al., 2014,
Baccush and Nayak, 1991, Abdelhamid et al., 2019, Kabar et al., 2019), despite the
fact that girls were significantly more knowledgeable regarding oral health than
boys, as we have shown in our previous study (Berbash et al., 2020). This could
be because of the earliest patterns of tooth eruption in females (Baccush and
Nayak, 1991). However, a study in Sebha/Libya found no significant differences in
the DMFT score between males and females aged 6-14 year olds (Kumar et al.,
2013)

In this study, it was found that the mean D and DMFT scores was directly
proportional to the age of the children. The age group of 6-8 years recorded the
lowest decay (D) and DMFT scores (0.24), while the highest D and DMFT scores
were recorded in the age group of 12-14 years (1.995 & 2.33), respectively. This
direct proportional relation between the children’s age and DMFT was also
reported in a recent study where the highest prevalence of DMFT scores (67.7%)
was found in the group of 12-year olds, and the lowest value (9.7%) was found
amongst the group of 6-7 year olds (Kabar et al., 2019). A classic study performed
in Lebanon showed that dental caries affected 92% of schoolchildren aged 12 and

10
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96% of children aged 15 (Hussein, 1996). In fact, the permanent dentition stage
typically begins around the age of 6 and the entire permanent tooth eruption
process typically completes by age 13, except wisdom teeth. As DMFT index was
designed only for permanent teeth, this could explain the relation between the
high DMFT and age 12-14.

This study found, 56% of schoolchildren aged 6-14 were affected by dental
caries in Tripoli city center. Dental caries prevalence is expected to increase due
to the lack of a preventive oral health program. This reflects the urgent need for
establishing comprehensive oral health strategies, increasing the awareness of
general oral health, and strengthening dental services in Libya.
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Adjustment and Analysis of Libyan Geodetic reference (LGD 2000 to LGD 2014 epoch 2000)
*Mohammed Akresh **Ali Saeid

ABSTRACT

During the past decades (1956-2006), Libya has used several different geodetic
references, with a group of different companies and from multiple countries
implementing and establishing ground control networks and various geodetic references,
which has negatively affected the Libyan coordinate system.

The Libyan Surveying Department consolidated these systems under the
LGD2000.3822 reference, using the data of the continuously operating reference stations
(CORS) for the year 2000, the reference frame for the movement of the global crust
movement ITRF 2000 for the epoch 2000 according to the Julys' calendar. Since then, this
reference has not been updated, which adversely affects the coordinate system, due to
changes in the earth's crust from volcanoes and earthquakes to the occurrence of Libya
between the African and European tectonic plates. This study was updated with the
control and analysis of the Libyan reference LGD 2000 to the LGD 2014 reference for the
epoch 2010, and this study concluded that the new reference is suitable for GPS satellite

monitoring techniques and gives better accuracy than the previous reference.

Keywords: LGD 2006, CORS, ITRF
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INTRODUCTION

The coordinate systems used in countries are different from each other in
terms of the geodetic reference used in their systems, where all conversions
between geodetic references are made by the World Geodetic System (WGS84)
of 1984, which is used to locate on the surface of the earth using GPS, the latter
of which is also updated from time to time to improve results, and this update
affects the geodetic references of states, which also require them to update their
geodetic references.

During the past decades (1956-2006), Libya has used several different
geodetic references, with a group of different companies and from multiple
countries implementing and establishing ground control networks and various
geodetic references, which has negatively affected the Libyan coordinate system.
The Libyan Surveying Department consolidated these systems under the
LGD2000.3822 reference, using the data of the continuously operating reference
stations (CORS) for the year 2000, the reference frame for the movement of the
global crust movement ITRF 2000 for the epoch 2000 according to the Julys'
calendar. Since then, this reference has not been updated, which adversely affects
the coordinate system, due to changes in the earth's crust from volcanoes and
earthquakes to the occurrence of Libya between the African and European
tectonic plates.

METHODOLOGY

The research methodology is based on the following steps:

e The use of the Porsche Wolf method in the process of shifting coordinates
due to the ease of dealing with geocentric coordinates, as well as the ease
of dealing with the 14 elements of Helmart.

Refer from the Libyan reference 2006 to ITRF2000 for the epoch of 2000.
e Conversion from epoch 2000 ITRF2000 to epoch 2010 ITRF2014.
Conversion from epoch 2010 ITRF2014 to ITRF2020.

All calculations and analysis by Math CAD software.
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STUDY AREA

The study area includes ground control points obtained in 2006 for the
Libyan Geodetic Reference (LGD2006.3822) (Libyan Survey Department, 2006), 10
points were taken and distributed over the entire Libyan, and including five main

points and five sub-points (table 1).

TABLE 1: GEOGRAPHICAL COORDINATES IN LIBYAN GEODETIC REFERENCE LGD2000

Main Geographical coordinates -N | Geographical Height of
Points Coordinates A-E Geodetic
Tripoli 32°51°29.51338" 13°05°28.42353" 38.346 m
Gath 24°58°10.04927" 10°10°49.95219" 712.293m
Sirt 31°09°56.18881" 16°42°04.94678" 56.190m
Tobruk 31°51°45.10039" 24°01°21.44232" 154.983m
Kofra 24°05°50.82413" 23°16°52.25104" 428.375m
Ujla 29°23°57.11350" 20°45°04.50159" 52.253m
Altamemi | 32°16"29.65011" 22°58°45.44428" 111.650m
Nalut 31°55°25.64696" 10°57°06.33224" 665.999m
Musrata 32°15°24.91987" 15°04'50.51070" 36.355m
Tazerbo 25°38°01.13465" 20°58°42.67433" 275.223m

DATA ADJUSTMENT AND ANALYSIS

Adjusting and analyzing the data to be updated under the Libyan reference
LGD2020 is calculated according to the methodology mentioned above; first, the
data described in table (1) is transferred from the geographical coordinates of the
Libyan reference LGD2006.3822 to the ITRF2000 reference through the Porsche-
Wolf model (Afonin K.F. 2012) in the following equation:

XiTRF2000 X2006 AX T, 1 Wz —Wy\ rX5006
Yirgrzo00 | = | Yao0s | — | AY | = (20063822 -2000) « [ Ty || —w, 1 @ |{ Ya006 (1)
Z1TRF2000 Z3006 AZ T, w, —wy 1 Z3006
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The transformation parameters betweenLGD2006.3822 and the ITRF2000
are listed in table 2.

TABLE 2: TRANSFORMATION PARAMETERS BETWEEN LGD2006.382AND ITRF2000

Relative Changes Rotation Displacement
Ty=-0.00164m wy=0 AX=208.4058m
Ty=-0.00056m wy=0 AY=109.8777m

T,=0.00694m w,=0 AZ=2.5764m

Table 3, illustrates the coordinates of 10 points in geographical and
geocentric coordinate systems after the transformation betweenLGD2006.3822
and the ITRF2000 has been done.

TABLE 3: THE GEOCENTRIC COORDINATES

Point Geocentric coordinates
LGD2006.3822 ITRF2000
Tripoli X 5223900.8573 5223692.4620
Y 1214796.8215 1214686.9473
Z 3440831.4562 3440828.8356
Gath X 5695229.3009 5695020.9056
Y 1022736.8909 1022627.0168
z 2676344.3870 2676341.7663
Sirt X 5232350.8014 5232142.4061
Y 1569917.2517 1569807.3776
Z 3281695.5771 3281692.9564
Tobruk | X 4952817.184 4952608.7887
Y 2207479.9365 2207370.0624
z 3347625.8072 3347623.1866
Kofra X 5351793.1384 5351584.7431
Y 2302762.6908 2302652.8167
Z 2588349.2609 2588346.6402
X 5200744.822 5200536.4267
Y 1970515.7489 1970405.8747
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Ujla Z 3112595.3571 3112592.7364
Altame | X 4969804.6475 4969596.2522
mi Y 2107437.2048 2107327.3307
Zz 3386354.3903 3386351.7696
Nalut X 5320631.9046 5320423.5092
Y 1029577.785 1029467.9108
VA 3353663.9087 3353661.2881
Musrata | X 5213226.1296 5213017.7343
Y 1404752.3682 1404642.4941
Zz 3384628.1366 3384625.5159
Tazerbo | X 5373049.5792 5372841.1839
Y 2060209.7392 2060099.8651
VA 2742682.7211 2742680.1004

The data obtained from Table 3 is for the ITRF2000 global ground
reference, of which the Libyan Geodetic Reference for LGD2014 can be obtained
in a simple way, using the conversion elements of Helmert (ITRF 2000), these
elements are listed in table 4.

Table of 4 elements of conversion between the Libyan references ITRF 2014 and ITRF2000

Relative Changes Rotation
Tx=0.0007m wx=0 D=2.1210°
Ty=0.0012m wy=0
T,=-0.0261m wz=0

The process of converting space coordinates (geocentric) from the new
ITRF2014 system to ITRF2000 is directly through the modified model [ITRF
reference] while the reverse process needs variables affecting it, including the
tectonic plates and the service system for the reference of the global earth
rotation axes IERS. The IERS displacement between the two pre-mentioned
systems is determined by the following equation:
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dXiers —Ty D Wz —Wy\ /XiTRF2000
(dYIERS> =(-Ty|+|-w, D Wy (YITRF2000> (2)
dZgrs -T, wy —wy D ZITRF2000
The previous equation gives the reverse value of the elements of
transformation between the two references, in which the time changes between
them enter the earth's axis, as well as the simple and negligible changes in the
larger and smaller axis of the oval shape (WGS84-G1674) and these data take from

permanent ground stations and certified by Geodetic System Department of
Defense World (Bursa M. 1967, P 127& ITRF 2000).

Tectonic plates play a major role in changing coordinate systems causing
displacement of the three axis, calculated by observing the annual changes of the
Earth's crust; (Guido Alejandro 2006)

dXpiate 0 —Wz; Wy X2000
dYpiate | = (from epoch — to epoch )| w, 0 —Wy (}’zooo> (3)

AZpiate —wy —wy 0 Z2000

The basic elements of the earth's axis rotation matrix resulting from the
impact of earthquakes and other changes in the earth's crust for the African region
[6] are shown in table 5.

Table 5: the basic elements of the earth's axis rotation matrix

Position of | wx 10®rad/yaer | w,10°rad/yaer w, 10 rad/yaer
plate
Africa 0.000891 -0.003099 0.003922

The value of the two equations (2,3) is added to the value of the geocentric or
vacuum coordinates of the epoch 2000 ITRF2000, and produces the space

20



Issue 20 AL-OSTATH  Spring 2021 Part1

coordinates of the 2010 epoch in the (ITRF2014) and the Libyan Geodetic
Reference LGD2014 (Akresh 2020, PP 23-28) (table 6).

Table 6: The geocentric coordinates for 10 points in LGD2014

Point Geocentric coordinates Geocentric coordinates Geocentric coordinates
ITRF2000 ITRF2014 LGD 2014

Tripoli X 5223692.4620 X 5223692.3181 X 5223900.7239
Y 1214686.9473 Y 1214687.1239 Y 1214797.0016
z 3440828.8356 z 3440829.0413 Z 3440831.6177
Gath X 5695020.9056 X 5695020.7939 X 5695229.1997
Y 1022627.0168 Y 1022627.2181 Y 1022737.0958
z 2676341.7663 z 2676341.9834 Z 2676344.5598
Sirt X 5232142.4061 X 5232142.2532 X 5232350.659
Y 1569807.3776 Y 1569807.5567 Y 1569917.4344
z 3281692.9564 z 3281693.1651 Z 3281695.7415
Tobruk X 4952608.7887 X 4952608.6082 X 4952817.014
Y 2207370.0624 Y 2207370.2313 Y 2207480.109
z 3347623.1866 z 3347623.3923 Z 3347625.9687
Kofra X 5351584.7431 X 5351584.5832 X 5351792.989
Y 2302652.8167 Y 2302653.008 Y 2302762.8857
z 2588346.6402 z 2588346.8575 Z 2588349.4339
Ujla X 5200536.4267 X 5200536.2633 X 5200744.6691
Y 1970405.8747 Y 1970406.0548 Y 1970515.9325
z 3112592.7364 z 3112592.9472 Z 3112595.5236
Altamemi X 4969596.2522 X 4969596.0744 X 4969804.4802
Y 2107327.3307 Y 2107327.4997 Y 2107437.3774
z 3386351.7696 z 3386351.975 Z 3386354.5514
Nalut X 5320423.5092 X 5320423.3755 X 5320631.7813
Y 1029467.9108 Y 1029468.0916 Y 1029577.9693
z 3353661.2881 z 3353661.4951 Z 3353664.0715
Musrata X 5213017.7343 X 5213017.5847 X 5213225.9905
Y 1404642.4941 Y 1404642.6712 Y 1404752.5489
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Z | 3384625.5159 z 3384625.7228 z 3384628.2992

Tazerbo X | 5372841.1839 X 5372841.0288 X 5373049.4346
Y | 2060099.8651 Y 2060100.0554 Y 2060209.9331

Z | 2742680.1004 z 2742680.3166 z 2742682.893

Determining the epoch for coordinates is very important; It is identified in

a complex and difficult way, Where the velocity of the earth's rotation either in
the undulating and chain conditions at the poles and some other factors, for this
reason, the transformation parameters for Helmet 2014 does not identified. Also,
the Libyan geodetic datum for the year 2020 cannot be identified, and to content
with the Libyan geodesic reference for the epoch of 2010- LGD2014 which is
calculated through ITRF2014 and the transformation parameters used in the
interest of the Libyan Survey Department, which is all imposed by zero, and thus
adds the displacement between the two ellipsoids, table (6) shows this.

The process of reference to geographical coordinates2010-LGD2014 uses

a serial iteration method or the Blandine method without repetition with high
accuracy (Afonin K.F. 2012), (table 7).

Table7: the shift value between LGD 2006 and LGD 2014

Point Geocentric coordinates Geocentric coordinates | The shift value between
LGD 2014 LGD 2014 LGD(06-14)
Tripoli X 5223900.7239 [0) 32°51°29.51935" N -0.005965"=-0.1841m
Y 1214797.0016 A 13° 05" 28.43144" E -0.007906"=-0.2440m
z 3440831.6177 Haeo 38.3587m
Gath X 5695229.1997 [0) 24° 58" 10.05523 " N | -0.005952"=-0.1837m
Y 1022737.0958 A 10° 10" 49.96002" E -0.007822"=-0.2414m
Z 2676344.5598 Haeo 712.3083m
Sirt X 5232350.659 [0) 31°09° 56.19479" N -0.005977"=-0.1844m
Y 1569917.4344 A 16° 42" 04.95493" E -0.008151"=-0.2515m
z 3281695.7415 Haeo 56.2033m
Tobruk X 4952817.014 [0) 31° 51" 45.10630" N -0.005903"=-0.1822m
Y 2207480.109 A 24° 01" 21.45094" E -0.0086"=-0.2661m
Z 3347625.9687 Haeo 154.9959m

22




Issue 20 AL-OSTATH  Spring 2021 Part1
Kofra X 5351792.989 [0) 24° 05" 50.83005" N -0.005925"=-0.1828m
Y 2302762.8857 A 23° 16" 52.25946" E -0.00842"=-0.2600m
Z 2588349.4339 Haeo 428.3906m
Ujla X 5200744.6691 [0) 29° 23 57.11945" N -0.00595"=-0.1836m
Y 1970515.9325 A 20° 45" 04.50996" E -0.00837"=-0.2584m
Z 3112595.5236 Heeo 52.2668m
Altamemi X 4969804.4802 [0) 32° 16" 29.65602" N -0.005915"=-0.1825m
Y 2107437.3774 A 22° 58" 45.45285" E -0.00856"=-0.2644m
Z 3386354.5514 Haeo 111.6628m
Nalut X 5320631.7813 [0) 31° 55 25.65291" N -0.005952"=-0.1837m
Y 1029577.9693 A 10° 57° 06.34001" E -0.00777"=-0.2398m
Z 3353664.0715 Heeo 666.0119m
Musrata X 5213225.9905 [0) 32° 157 24.92584" N 0.00597"=-0.1843m
Y 1404752.5489 A 15° 04" 50.51874" E -0.008043"=-0.2482m
Z 3384628.2992 Haeo 36.3679m
Tazerbo X 5373049.4346 [0) 25° 38 01.14061" N -0.005959"=-0.1839m
Y 2060209.9331 A 20° 58" 42.68267" E -0.008343"=-0.2575m
Z 2742682.893 Heeo 275.2381m

Table (7) explains the importance of updating the ellipsoid references used for
states to fit their calculations from the last global geodetic reference framework
and the epoch of calculating elements of earth pols deviations[8], and this has a
direct impact when using GPS.

CONCLUSION

The conclusion is drawn from the analysis of the following data:

The Reference of the Libyan Support LGD2014 era 2010
corresponds to GPS devices better in terms of accuracy.

The displacement between LGD2014 and LGD2006 is important
within cities and real estate.
Easy direct transfer through the models mentioned without

complicating for all data in reference LGD2006
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Abstract

Concrete is considered these days one of the most important materials for
construction and it is widely used around the world, which gives it a vast influence
on human life. As a result, scientists and experts are working hard every day to
discover more about this popular material, trying to improve its characteristics
and also attempting to eliminate its negative effects during manufacturing,
production and its lifetime, in order to make it a more durable and sustainable
material. This paper highlights how the concrete could contribute significantly
towards attaining sustainable construction and lowering the carbon footprint;
hence reducing its environmental impact at the long term.

KEYWORDS: Sustainability; Carbon Footprint; Durability; Life Cycle Assessment.

1. Introduction

Although concrete was invented thousands of years ago [the origin of the
name is the Latin word 'concretus', meaning 'grown together' or 'compounded'
(French, 2005)], modern concrete progress started with the development of
Portland cement (PC) in 1824 by Joseph Aspdin (Sharp, 2006). By the beginning of
the 20th century it was being used in the construction of roads and buildings.

*Staff member Faculty of Engineering Tripoli University Libya
**Staff member Faculty of Engineering Tripoli University Libya
***Staff member Faculty of Engineering Tripoli University Libya
***xStaff member Faculty of Engineering Tripoli University Libya
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Today, more than 4 billion tonnes of cement are used worldwide per annum,
hence concrete has become the second most consumed material after water
(Kumar et al., 2016). By the year 2050, the highest and lowest expectations for
global cement production are 13.5 and 5.7 billion tonnes, respectively (Edwards,
2015). Such great use of concrete has come about through improved
understanding of the complex nature of the material. The rise of recognizing the
environmental impact of construction and the necessity to obtain greener
concretes has led to attention being paid to reduce the embodied energy and the
carbon footprint of concrete and heading to new ecological concrete structures.

2. Sustainability

There are numerous definitions for the word “sustainability”, one of which
is, “The ability of a development to meet the needs of the present without
compromising the ability of future generations to meet their own needs”
(IStructE, 1999). Due to the recent high rates of pollution and ecological damage,
the environmental aspect has become the most important issue for concern.
Engineers, when expressing the issue of something not harming the environment,
use the term “sustainability”. Hence, “sustainable”, “environmentally friendly”
and “green” have become synonyms. It can be stated that to ensure the
achievement of sustainability, high levels of discipline need to be undertaken in
different aspects. These can mainly be limited to three aspects (environmental,
social and economic) where the economic and social parts are hidden inside the
environment and depend on it (Figure 1).
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Sustainability as interlocking circles

N

Enviromental

Enviromental

Sustainability as concentric circles

Figure 1: Sustainability envisioned as interconnecting against concentric circles
(Henry and Kato, 2012)

3. Ecological Impact Of Concrete

The main environmental threats for our planet in the coming future are the
high rate of increment in the population, energy consumption and greenhouse gas
emissions, which are indirectly related to each other. This is due to the very high
demand of new construction for concrete production which hence increases the
rate of cement manufacturing, the main cause of carbon dioxide (CO;) emissions
in large amounts in the atmosphere, thus raising the global warming effect
(Penttala, 1997). Based on a graphical plot for the surface temperature of our
planet and the concentration of CO; in the atmosphere over the last 140 years
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(Figure 2), a direct relationship has been revealed between the rise of earth’s
temperature and CO; concentration (Mehta, 2010).

With every tonne of cement produced, about 1 tonne of CO; is released
into the atmosphere (Benhelal et al., 2013). The production of concrete worldwide
leads to 7-10% of global CO; emissions (Nixon et al., 2004), and around 90% of
this amount is a result of cement production (Kajaste and Hurme, 2016), which is
considered to be nearby 26% of the total industrial CO; emissions (Telesca et al.,
2017). To produce one tonne of cement requires 1.5 tonne of natural raw
materials and 3.40 GJ and 5.29 GJ of energy for the dry process and the wet
process, respectively (Madlool et al., 2013). Also, the energy cost for one tonne of
cement represents 40-45% of the overall energy cost for the whole plant, which
results in each tonne of cement produced liberating 1.0 to 1.2 tonne of CO; into
the atmosphere (Swamy, 2001). So cement manufacturing represents 2—-3% of
annual global consumed energy (Juenger et al., 2011). Owing to these high rates,
the environmental impact is significant and the movement towards sustainability
becomes an inevitable necessity.

L I L R I 400
58.5F 280
£ %00 &
g 58.0 c

. S
340 ®
EL | d Lid z
8575 'I" A s
® {1 &8
L el
X g
57.0 CO, Concentration
-1 280
53-51 AL A A l ' A A l L s A I A A A I L A L l A A A I A 2m
1880 1900 1920 1840 1960 1980 2000
Year

Figure 2: CO; concentrations and global temperatures 1880-2010 (Mehta, 2010)
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4. Carbon Footprint

The term “carbon footprint” could be defined as the quantity of CO, gas which
is released by an individual in one whole year. CO; is created from various sources
and it is the main gas responsible for the greenhouse effect, leading to worries
about changes in the climate condition along with other gases such as methane,
nitrous oxide, chlorofluorocarbons and ozone (Matthews et al., 2008). Figure 3
presents a scheme of the manufacturing process for cement with a specific concern
relating to CO, emissions (Habert et al., 2010). The calcination process is considered
to represent nearly one half of CO; emissions while the other half results from the
consumed energy throughout the production process (Huntzinger and Eatmon,
2009).

For the construction sector, cement factories worldwide are generating
almost two billion tonnes per year and releasing approximately two billion tonnes
of CO,. At this rate, by the year 2025 the amount of emission of CO; gas resulting
from cement is expected to be about 3.5 billion tonnes per year, which is very close
to the current sum of emissions in Europe from all sources (Shi et al., 2011).

CcO, CO;
co,

CO;

LB

Cement

Finish Products
Transport and utilisation

7 ol

Raw materials
Limestone quarry
Extraction and transport

By-products
Clinker substitution

Energy
Thermal heat
essentially fossil energies
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Figure 3: A basic cement production operation, with a specific concern relating to
CO; emissions (Habert et al., 2010)

On the other hand, all means of transportation produce CO; emissions in
different levels depending on the size of these facilities and the energy consumed.
Figure 4 illustrates the variation for CO; discharges of one kg of material per one
km distance depending on the type of transportation means. Most past studies
discovered that the carbon releases of transportation contribute by a significant
proportion in the construction sector (Nielsen, 2008). In addition, the speed of
vehicles on the road can have a role in carbon releases. As shown in Figure 5, the
optimum speed which generates the lowest CO, emissions is 50 km/h (Thomas et
al., 2009). Moreover, as an example, the recycled aggregate when it is transported
by road it has less embodied carbon only when the distance is no more than 15
km from the source to the destination (Concrete Centre, 2010). Hence, the
decision for selecting the method of transportation for concrete constituents
should be well thought through.

Railway Transportation
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Figure 4: Transportation related CO, emissions (Nielsen, 2008)
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Figure 5: The effect of road speed on CO; emissions (Thomas et al., 2009)

5. Durability

The duration of the service life for any structure has a direct relationship to
sustainability. When structures start to deteriorate, they need to be repaired, but if
the deterioration becomes very severe, most likely these structures will need to be
demolished and reconstructed. The prolongation of the service life for a structure
depends mainly on the durability of materials selected and construction design.
Consequently, the durability or the lifetime has a direct effect on the environment,
due to the consumed energy and materials used during its life, in the form of
serviceability and remedial works or as demolition works and waste materials when
it is decided to demolish and remove the structure (Struble and Godfrey, 2001). In
addition, durability can be extended if it is considered properly at the design stage.
Forinstance, in the UK, studies and tests have shown that bridges were treated with
de-icing salts need repair every 25 years while the concrete pipelines used for water
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supply are clean and have performed perfectly, even though their lifetimes have
exceeded 100 years (Concrete Centre, 2005).

On the other hand, the process of carbonation phenomenon can play role in
lowering the carbon footprint level. Carbonation (uptake of CO;) takes place at a
relatively slow rate throughout the lifetime of a concrete building but after
demolishing it is accelerated considerably, which is attributed to the great
increase particularly in the surface area being exposed to the atmosphere. By
making a comparison between the uptakes of CO; with the emissions associated
to the demolishing process, it is observed that they nearly balance each other and
neutralizes the carbon footprint of waste recycling (Clear & De Saulles, 2007).

In contrast, the carbonation effect is still considered not very clear, where
some researchers argue that there are three main reasons in concrete structures
restrict the re-absorption of emitted CO; by carbonation which are as follows
(Davidovits, 2008):

1- The carbonation action usually takes place at a shallow depth (i.e. for the
concrete cover zone) in which the carbonated area is small in comparison with
the whole area of concrete surfaces.

2- The rate of carbonation relative to time is very slow process, while the
release of CO; emissions is much faster which goes up to thousand times of
CO; re-absorption by carbonation.

3- Usually, concrete specialists aim for precautions and specifications to
protect concrete from carbonation, which is one of the main factors
responsible for steel corrosion in reinforced concrete.

6. Life Cycle Assessment

The life cycle assessment (LCA) term, used in different fields and it is
considered to be a very useful tool for measuring sustainability. LCA could be
defined as an assessment approach used to evaluate the environmental
performance of products and process through certain limited stages, e.g. from
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cradle to gate or through the whole life which is known as from cradle to grave or
from cradle to cradle. LCA allows assessing the energy effectiveness of the
material and the system and also shows the variation in pollution rates between
different operations in order to be improved (Huntzinger and Eatmon, 2009).
There is an increasing need for LCA studies in order to estimate the embodied
energy and carbon in the construction sector, where the values of these issues
vary from a country to another and this is attributed to the difference of the
applied techniques during the construction process. Hence, the results of
embodied carbon and energy would be more reliable (Monahan and Powell,
2011). Some of the main outputs from LCA are the embodied greenhouse gas
emissions and embodied energy, where the first term can be defined as the scale
for the hange in climate due to the rate and type of consumed products, while the
second term describes the full amount of energy which is exhausted throughout
the life span of a product (Rennie, 2011). The embodied energy is divided into two
main aspects: the initial embodied energy and the recurring embodied energy.
The initial energy is required for extraction and processing raw materials and then
transporting them to the site, whilst the recurring energy is the energy necessary
for maintenance and repair works during the service life of a structure, which is
limited in concrete structures due to its good durability (Ashley and Lemay, 2008).
In view of the fact that undertaking LCA studies requires a huge amount of
information, computer programs have been used to perform this kind of analysis
at a more proficient level. Currently, there are various types of software
applications such as Boustead, LCAit, Miet and Umberto that can be used in
different ways (Bribia’n et al., 2009). In addition, the input information for these
applications can be taken from various sources and databases as University of
Bath ICE, ISO Standards and BRE Global Environmental Profiles Scheme and
Environmental Profiles Methodology (Doran and Anderson, 2011).

7. Strategies Aimed At Obtaining Sustainable Concrete
In spite of the above mentioned, PC is considered to be the most studied and
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cheapest binding agent for producing durable concrete that meets the necessary
requirements for different types of exposure. So the need for cement still exists,
and is increasing, and hence raising the environmental impact of concrete in the
future.

To obtain sustainability in the cement or concrete sector countries worldwide
are heading towards various types of approaches. The selection of the approaches
to be applied depends primarily on economic factors and the obtainability of
facilities and techniques. The major ideas for these solutions revolve concerning
three applications (Figure 6; Mehta, 2010). These are briefly described below:

Tool #1
CONSUME LESS CONCRETE
for new structures

Tool #1+
Tool #2 =
30% cement saving
Tool #1+
Tool #2+
Tool #3 =
50% clinker saving

Sustainability
of the Cement Industry

e

Tool # 2 Tool # 3
CONSUME LESS CEMENT CONSUME LESS CLINKER
in concrete mixtures in the cementing material

Figure 6: Improving the sustainability of cement/concrete sector (Mehta, 2010)
a. Diminishing the amount of concrete by using safe, thinner sections:

Structural engineers should think carefully of minimizing the dimensions of
large structural elements, such as foundations, to the minimum safe level.
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b. Consuming less cement in concrete mixtures: Great cement savings can be
attained if the specifications specify the target strength of concrete at 56 or
90 days (rather than at 28 days) for footings, piers and abutments that
consume massive amounts of concrete. Moreover, to enhance the
workability of fresh concrete, effective chemical admixtures and improved
aggregate grading should be used rather than greater amounts of water and
cement.

c. Reducing the amount of clinker for making cements: In blended or
composite cements about 50%—-60% of PC can be substituted by one or
more of the supplementary cementation materials, which can be ground
with clinker or independently and blended afterward in the cement mills or
at concrete mixing plants during batching. In addition to the above, some of
the most common solutions are presented as follows:

Recycling

At the end of lifetime for concrete structures, destructed concrete can
participate positively in waste management by being used as recycled
aggregates for new construction, hence supplying a significant reduction in
the environmental impact by saving unused raw materials for other projects.
Although the usage of recycled aggregates in concrete production lowers in
general the level of mechanical properties of concrete (Marinkovic™ et al.,
2010), the rate of recycling is progressively increasing. For example, in the UK,
in the years between 1995 and 2005 about 30% of quarried materials for
construction are recycled (Concrete Centre, 2005). In addition, concrete and
cement production can play a major role in the recycling process where many
waste materials can participate in the cement and concrete manufacture
(Figure 7; Phair, 2006); e.g. the use of recycled rubber tires in concrete
construction is a promising practice to reduce its environmental impact
(Khitab et al., 2017).
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Figure 7: Schematic of waste materials which can be used in cement and
concrete production (Phair, 2006)

For the recycling of concrete structures, crushing plants are the main
tools in the recycling technology, which already, exists and can be attained in
most countries. Usually Preparing the reinforcement of concrete for recycling
requires efforts more than plain concrete, where the steel bars need to be
separated from concrete and cut into pieces with about one meter lengths,
in order to be reprocessed. Although, there are parts of old concrete that
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contain some non-hydrated cement portions, almost the same amount of
new cement is required to produce concrete as in concrete consists of virgin
aggregates (Penttala, 1997).

When applying recycled aggregate for process, the production cost and
CO; emissions are likely rise sharply, thus restricting the practice of recycled
aggregate for concrete. To promote the use of recycled aggregate concrete,
it is necessary to provide a good equilibrium between (a) quality and safety,
(b) environmental impact and (c) cost effectiveness (Dosho, 2008). In
addition, there are other alternative aggregates that can be used for concrete
manufacture in special applications, such as sintered fly ash, air cooled slag,
lightweight slag and recycled glass aggregates. The carbon footprint of these
aggregates is much less than that of the normal aggregates (Aitcin and
Mindess, 2011).

e Cement and Alternatives
Since the cement is the primary reactive part in concrete, it needs a
certain amount of care during the design stage for concrete, when the
proportions and type of cements are selected; hence the optimum selection
can lead significantly to durable structures with a reduction in the energy of
construction and less environmental impact.

a. Blended Cements (Composite Cements)

Since the beginning of the 21 century, many cement manufacturers
have started to produce blended cements by using supplementary
cementation materials (SCMs), e.g., pulverized fuel ash (PFA), ground
granulated blast furnace slag (GGBS), ground limestone (GLS), micro-silica
(MS), and natural pozzolan (NP). Consequently, this action has reduced the
amount of PC, and the reduction in CO, emissions and thermal energy
savings have been estimated to be 0.30-213.54 kg CO,/tonne and 0.009—
1.400 GJ/tonne, respectively (Madlool et al., 2013). In addition, these SCMs
have managed to provide preferred properties for the newly produced
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concrete (Swamy, 2001).

Recently, studies have shown that the usage of 50% of GGBS can lessen
carbon release by more than 40% in comparison with a traditional full of PC
concrete mix, and 30% of PFA decreases the embodied carbon by greater
than 20%. Also, the replacement of 15% of cement with GLS can reduce the
CO2 emissions of concrete by approximately 12-15% (Concrete Centre,
2010; Schmidt et al., 2010). On the other hand, the use of green
supplementary material such as rice husk ash in replacing PC partially could
also enhance notably the sustainability of concrete (Ahsan and Hossain,
2018).

It could be stated that the cement industrial process is considered as
the main responsible for the concrete carbon footprint; and the usage of
supplementary cementations materials and new cements has significant
influence for saving carbon emissions (Table 1; Concrete Society, 2011).

Table 1: Embodied carbon contents (cradle to factory values) for the main
constituents of reinforced concrete (Concrete Society, 2011)

MATERIAL EMBODIED CO, (kg/tonne)
PC 930
GGBS 52
Addition or PFA 4
cement GLS 32
constituent  MS 28
Minor additional constituent 32
Aggregate 4
Reinforcement 427

Between 1995 and 2009, many cement manufacturers started to
produce blended cements in order to replace some of the clinker content by
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supplementary cementation materials (Figure 8; Schneider et al., 2011).
Consequently, this action has reduced the overall CO2 emissions which are
released from cement manufacturing by a range of 5 to 20% (Bosoaga et al.,
2009). In addition, cement manufacturers still need more motivation in
order to lower the carbon footprint of this industry. Figure 9 illustrates the
emissions of CO. for various binder designs in relation to PC content
(Deventer et al., 2012).
b. Belite—-Calcium Sulphoaluminate—Ferrite (BCSAF) Cements
This cement is considered to be one of the low energy cements and is
based on C,S. Over the last few decades, various kinds of calcium
sulphoaluminate-based cements have been industrialized for a broad
variety of possible applications. Also there were various trials to create
reactive belite cements with a view to minimize the temperature and the
embodied energy from the clinker’s process in PC furnaces. Such BCSAF
clinkers can create cements with the same efficiency of as ordinary Portland
cements while being produced in classical PC factories with less need for
calcium carbonate (CaCOs) and hence a lower release of CO; gas, ranging
between 20 to 30% (Gartner and Macphee, 2011).

- & slag cement P Parzolan cement

F FIv ash cement = L Limestone cement = M Multiple blend cement
OMasonary cement = Oilwell cement = special binder

white cement = MIC & ofher cem. Materials
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Figure 8: Production of cement types 1995-2009 (Schneider et al., 2011)
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Figure 9: Relationship between CO. emissions and PC content
(Deventer etal., 2012)
c. Calcium Sulfo-Aluminate Cement (CSA)

Calcium sulphoaluminate cement contains mainly yeelimite
(CaAsS') from 30-70% and also consists of belite, C4AF and gypsum in
variable amounts. This type of cement mostly depends on the creation
of ettringite and C-S-H phases. The required temperature for the
production of a clinker containing C4A3S' is around 100 to 150 °C, which
is lower than the temperature of PC clinker. The CO; emissions of CSA
cements are less than the emissions of PC clinker since the production
temperatures are lower and the calcium content is lesser. However, the
required sources for the production of CSA cement such as aluminum
and sulfur are limited on a global level. So, this type of binder can only
take a subsidiary action for replacing the clinker of PC (Schneider et al.,
2011).
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d. Geopolymers

Geopolymer concrete is a type of concrete which does not use any
PC in its manufacture. Instead, the main binder is an alkali activated
aluminosilicate. Geopolymer is a substance that results from the
chemical reaction of a source material that is rich in silica and alumina
with an alkaline solution (McLellan et al., 2011). The chemical reaction of
geopolymers results in tying the minerals to establish molecules that
have a structure similar to that of the molecules which give rock their
strength (Habert et al., 2011). This substance or material is under deep
research and appears to be a greener substitute to PC. It has been
discovered that geopolymer concrete possess fine engineering
characteristics with a significant minimized embodied carbon goes up to
80-90%, which is due to the prevention of calcination from CaCO3 and the
lower furnace temperature of 750°C (Lloyd and Rangan, 2010). On the
other hand, the availability of this material in the market is limited and
needs more time to be spread (Hassan et al., 2019). Also, one of the
limitations for geopolymer is its unpredictable setting time which is
under study (BCA, 2006). In addition to the factors mentioned above, the
cost of geopolymers can be double that of PC (McLellan et al., 2011).

e. Alkali Activated Slag

This type of cement could be considered as another type of
geopolymer and is formed as a result of blending the slag with an alkaline
liquid (commonly sodium silicate is used). The slag is used as the sole
binder and the sodium silicate as an alternative for the usage of water for
hydration. Most of the applications for this type of cement occur in
precast concrete applications where the level of quality control is very
high and it allows for manipulation of the activating process and high
temperature curing if needed (BRE, 2011). The produced concrete can
achieve high strengths with a smaller amount of CO, emission (Duxson
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and Provis, 2008). In addition, one of the weaknesses for this type of
cement is the lack of durability data, in particular for the corrosion of
steel reinforcement (BRE, 2010).

f. Magnesia Based And Magnesium Phosphate Cements

These types of cements have been utilized successfully in housing
projects, and are also capable of providing excellent resistance against fire,
with great reduction in CO. releases when compared with PC. The
application of magnesium carbonate with magnesium silicate hydrates as a
“carbon negative concrete” has also recently drawn the market's attention
(Gartner and Macphee, 2011).

e Precast Concrete

The method of concrete manufacturing could play an important role in
reducing the environmental impact of concrete, in particular the precast
concrete. The environmental benefits of this type of manufacturing could be
achieved in different way, where the quantity of materials required for the
production is less than that for concrete casted in-situ, due to higher quality
control. As a consequence, the amount of concrete waste will be less and easier
for recycling and the embodied energy for concrete transportation will be less.
In the end, the environment for the construction site will be cleaner, quieter
and with lowered carbon emissions (VanGeem, 2006).
e Standardization and Legislation

Different countries in the world are trying to make a progressive move
towards sustainability, in particular developed countries where some
regulations and standards have been issued in order to support their
communities in achieving more sustainable and greener structures in the
future (Boyle, 2005). For example, in the USA a self-governing organization has
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been established called the US Green Building Council (USGBC) which issues
certifications for green (sustainable) buildings through a certification program
named LEED (Leadership in Energy and Environmental Design). LEED managed,
during the period from 1994 to 2006, to make a considerable development
from one specification for new construction to an inclusive system covering all
aspects of construction practice. Also, in other places of the world, there are
similar assessing organizations such as BREEAM in the United Kingdom and

Green Star in Australia (Subramanian, 2007).

In addition, in the UK there are various laws and regulations already in
place to promote the development of sustainability. The following are some
examples of this legislation (IStructE, 1999):

o The Environmental Protection Act 1990 (EPA) requires endorsement from the
Environmental Agency in order to control the different types of emissions to
air, water and land.

o The Clean Air Act 1993 controls emissions to air and the Water Resources
Act 1991 controls emissions to water along with the Water Industry Act
1991.

o The Landfill Tax Order October 1996 is a tax that aims to support the
recycling and waste minimisation process and it is collected when
construction dumps have been transported to landfill.

Other strategies for obtaining sustainable concrete can be followed to
supplement the above solutions, as below:

¢ Structures should be designed for cost-effective performance and lifetime

(Swamy, 2001).
< Making a priority in concrete design for durability before strength (Swamy,

2001).

% For harsh environmental conditions, concrete needs to be well protected

and developing a planned routine maintenance schedule (Swamy, 2001).
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L X4

L X4

Increasing the specified characteristic strength of concrete through a
significant reduction in its water/cement ratio using a high-range water-
reducing admixture: This option should enhance the durability and
sustainability characteristics of concrete (Dhir et al., 2000; Dhir et al., 2004;
Dhir et al., 2006).
Using other techniques for concrete production instead of the traditional
one could lead in to noticeable savings in embodied energy and carbon
footprint, such as self-compacted concrete, preplaced aggregate concrete
and roller compacted concrete (Mehta and Monteiro, 2014).
Actions can be taken by the cement industry to lower the carbon footprint
may include the following:
CO2 gas emissions can be captured during cement manufacturing by
techniques that are still considered new but could be achievable in the near
future (for instance, by using pre-combustion or post combustion
technology). Also there are some effective storage places such as saline
aquifers, used up oil and gas reservoirs and coal seams (Bosoaga et al., 2009).
Using the dry process as an alternative for the wet process in order to
reduce embodied energy and carbon emissions (Aitcin and Mindess,
2011).
CONCLUSION AND SUMMARY

In conclusion, sustainability of concrete could be still considered as
a new term in practice, which needs enormous support, in order to be
achieved around the world at satisfied level. Currently, the most priority
of concern is headed to the environmental impact of concrete, and
hopefully in the close future, the economic and social aspects get the same
attention.

Cement and concrete manufacture represents the major
contributor of carbon footprint and energy consumption in the life cycle of
the concrete structure and the application of cement replacement

44



Issue 20 AL-OSTATH  Spring 2021 Part1

materials showed great potential in saving carbon emissions and
exhausted energy. The relationship between carbon liberations and
embodied energy is direct proportional, but at different rates.

The durability is the most complementary part for the sustainability and
mainly the recommended solutions to obtain sustainability goes through
the durability matter, and the main concepts for these solutions can be
summarized in the following:

o Reducing the usage of PC in concrete alone as the cementitious matrix,
by the cement replacing materials, to ensure concrete to be more
durable and less damage to environment.

o Maximizing the recycling process by using the by-products of concrete
such as demolished concrete in recycled aggregates for new
construction, taking in consideration that the required distance for
transporting all types of materials is an important factor, which
contributes significantly to the decision making process for the selection
of materials.
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ANALYSIS OF PRESSURE IN NATURAL FRACTURED FORMATION USING TDS TECHNIQUE
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ABSTRACT

Pressure transient testing is designed to provide the engineer with a
guantitative analysis of the reservoir properties. A transient test is essentially
conducted by creating a pressure disturbance in the reservoir and recording the
pressure response at the wellbore. Pressure transient analysis is a branch of
reservoir engineering. The major purpose of well testing is to determine the ability
of produce reservoir fluids.

Tiab’s Direct Synthesis (TDS) technique is a direct method to interpret
transit well pressure tests without type curve matching. The method uses log-log
Plot of the pressure and pressure derivative versus time to compute reservoir
parameters such as permeability, wellbore storage, skin factor, drainage area,
distance to the boundaries, storage coefficient, and inter-porosity flow parameters
among other. The main objective of the study is to understand the TDS and try to
apply it on Libyan natural fracture Formations; in addition the technique was
compared with conventional Methods (Horner plot).

Two cases are presented in this study to illustrate TDS technique, two cases
from Libyan oil field. Based on the results, the TDS technique will be useful method

for analyzing pressure test.

Keywords: TDS technique, Pressure, Derivative, Fracture.
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INTRODUCTION

TDS technique is a direct method to interpret transient well pressure tests.
This method uses log-log plots of the pressure and pressure derivative versus time
to compute reservoir parameters such as permeability, wellbore storage, skin
factor, half fractured length, drainage area, distance to the boundaries, storage

coefficient and inter-porosity flow parameters among other (Tiab 1995, p 171).

*Staff Member, Faculty of Engineering, University of Tripoli, Libya
**Staff Member, Faculty of Engineering, University of Tripoli, Libya

***Staff Member College of Engineering Technology, Janzour

In this paper, the TDS technique has been used to determine the average reservoir
pressure for a closed and circular double-porosity system which is produced by a
vertical oil well. For this purpose, two new analytical solutions involving the inter-
porosity flow parameter, A and the storativity coefficient w, under pseudo steady-
state conditions are presented. Model one involves the reservoir drainage area
including several shape factors, and model two is obtained from a straight forward
algebraically manipulation which leads to an easier solution which does not
include the drainage area. The proposed technique was successfully tested by
solving a field example and compared to conventional method.

METHODOLOGY

The pressure data was analysed by TDS technique using Excel software.
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TDS Technique

Engler and Tiab 1996, developed direct synthesis method to analyse pressure
transient tests in dual porosity formation without using type curve matching. They
used analytical and empirical correlations to calculate the naturally fractured
Formation parameters (Engler et.al, 1996, p153). Djebbar 2003, discussed the
analytical solutions of wells in dual porosity formations with a vertical fracture.
The direct synthesis method offers many advantages in analysing pressure
transient tests (Tiab 1995 & Engler et.al 1996).

TDS Technique Procedure:-

In this paper, TDS technique uses to analyse pressure test data as
following;
The following steps are presented with greater detail in the next cases.
Step 1- Determine the wellbore storage coefficient using equation (1).
qBAt
" 24AP

(1)

Step 2- Calculate fracture permeability: The fracture permeability, Kf can be
determined using early or late time infinite acting radial flow lines (only one of the

two derivative segments needs to be observed) equation(2) is used for the

calculation .
L 70.6qpB
h(t*AP’),

(2)
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Step 3- Relative storativity: The ratio between minimum and radial pressure
derivative values can be used in equation (3) to calculate (w).

' , 2
w=0.15866 % +0.54653 (t*AP )min
(t*AP") (t*AP"),

T

(3)

Step 4- The inter-porosity flow parameter: The inter-porosity flow parameter can
be also obtained from the characteristic times as illustrated in equation (4).

2
223792 (bemrg [ m[lj
k Aty ®
(4)
Step 5- Skin factor: The skin factor can be calculated from the early or late time

radial flow pressure and pressure derivative data by using equations(5) or

equation (6).

S=0.5 ( APr,j —In Lﬂzl +7.43
(t*AP") 1 dupc,ry ©

(5)

or

S=0.5 [ APr,] —h{ ktr221j+7.43
(t*AP") 2 dpc,r, ®

(6)
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Where r1 is any point on the early horizontal radial flow line and rz is any point on
the late horizontal radial flow line.

Calculate Additional pressure drop due to skin by using equation (7)
APg =2*(t*AP’). S

(7)

Step 6- Average Reservoir Pressure: To Determining the Average Reservoir

Pressure for Naturally Fractured Formation using the equation (8).

— t*AP’ 2 (1-m)?
P:Pi—141‘2q“B ( Dpss i e |3, 2 (-0)
kh AP —(t*AP) r, ) 4 LA

(8)

Dietz shape factor is introduced in the equation (8). Recall that Ca for a

circular drainage area is equal to 31.62 and this Equation for different Dietz shape
factor Ca (Djebbar, 2003).

kh Py —(t#AP) r, | 4 LA

w

— t* AP’ 2 (1-w)?
P=Pi—141'2q”B[A (% AP) }{ln(r_eJ_erO.wWCArw(l ©)

(9)

Ca in Equation (9) can be approximated by the analytical solution presented by
equation (10):
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-1
©0.001055k t AP
C, = 2.24258A exp pss s
Iy, (I)Hct A (t*AP )pss

(10)

Calculate the Flow Efficiency FE using equation (11)

PP —APg
P-P,
(11)

Calculate Productivity index Plactual as illustrated in equation (12) and Pliheoretical iS

FE

calculated as showed in equation (13)

q
PIac al ==
tual P _ow
(12)
7.08%10 kh
PItheoretical = 3
uB{ln[re} —+S}
Ty 4
(13)
CASE STUDY

This work contains two cases of different data sources; data collected from
two wells (Libyan Qil Fields) [5] .
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Case 1- Well (X-31)

Well X-31, which is located in Zenad Ghani-field, the well was tested on
August 4, 2001. Relevant information concerning well X-31 reservoir and fluid is

given in Table (1).

Table 1: Formation data of Well (X-31)

Formation thickness, h 89 ft
Formation porosity, ¢ 31.9%
Total system compressibility, Ct 1.85E-5
Oil Production rate, qo 1630 STB/D
Wellbore radius, rw 0.411 ft
Oil formation volume factor, B, | 1.668 bbl/STB
Oil viscosity, He 0.390 cp
Drainage radius, re 2000 ft

Step -1. Construct a log-log plot of pressure and pressure derivative vs. time as
shown in Figure (1). The pressure data and derivative are shown in Appendix

(Table A-1).
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1,000.00
< APpss
/ v
100.00
o
;‘ Radial
3 (t*AP’), '\ flow line
<
10.00 -/
(t*AP) min
tmin
t
1.00 / e
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At

Figure 1: Pressure and Pressure Derivative vs. Time.

Step -2: Draw a horizontal line through the radial flow horizontal line as shown in
Figure (1), read the value of the pressure derivative, (t*AP’) r, and estimate

permeability by using eq. (2)

e 70.6%1630%0.39%1.668
89%14.175

=59.33md

Step -3: The storativity coefficient, w, can be obtained using either the coordinates
of minimum pressure derivative, minimum point, t min, (t*AP’) min by using eq.
(3)

2
®=0.15866 10.845 +0.54653 10.845 =0.441296
14.175 14.175

58



Issue 20 AL-OSTATH  Spring 2021 Part1

Step -4: The inter-porosity flow parameter, A can be easily estimated from the
tmin by using eq. (4)

3792(0.319%1.85E —5)%0.39+0.4112
59.33%1.75

1

X - -
0.441296

{(0.441296) ln( ﬂ: 5.13674E -6

Step -5: Read the pressure value, AP, at any convenient time, tr1, during the first
radial flow regime or tr,, during the second radial flow regime and compute skin
factor by using eq. (5)

s=05 (2423 1, >9.33%14 L )1743]=5085
14.175 0.319%0.39%1.85E —5%0.411> 0.441296

Calculation pressure drop due to skin effect by using eq. (7):

APy =2%14.175%5.085 =144.393 psi

Step -6: Take any point convenient on the late pseudosteady-state flow regime
and read the time, pressure and pressure derivative: tpss, APpss and (t*AP)yss and

calculate the average reservoir pressure using eq. (8)

13:1701_141.2*1630*0.39*1.668 16.5
59.33%89 378.69-16.5

{ (2000) 3 0.1987%31.62%0.411% (1-0.441296)*
x| In ——+

4 5.1367E-6*1.23E7

=2090.16psi
0.411
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Step -7: Flow Efficiency Calculation by using eq. (11)

~2090.16 -1701-144.393
2090.16-1701

FE =0.627=62.7%

Step -8: Productivity Index Calculations:

» Actual Productivity Index Calculation by using eq. (12)

1630

P et = — 4.188 bpd /psi
wewal = (5090.16-1701) perp

» Theoretical Productivity Index Calculations by using eq. (13):

7.08%107>%59.33%89

0.39%1.668* | In 2000 —é+5.085
0411) 4

PItheoretical = = 4481bpd/p81

Case 2- Well (X-80)
Well X-80, which is located in Zenad Ghani-field, the well was tested on
February 5, 2004. Relevant information concerning well X-80 reservoir and fluid is

given in Table (2).
Table 2: General information of Well (X-80)

Formation thickness, h 51 ft
Formation porosity, © 30.09%
Total system compressibility, Ct | 1.86E-5 psi-1
Oil Production rate, qo 1039 STB/D
Wellbore radius, rw 0.354 ft
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Oil formation volume factor, Bo 1.556
bbl/STB

Oil viscosity, o 0.38 ¢cp

Drainage radius, re 2000 ft

Step (1): Construct a log-log plot of pressure and pressure derivative vs. time, see

Figure (2). The pressure data and derivative are shown in Appendix (Table A-2).

AP \ / AP,

100 / Radial
flow
(t*AP),
10 \

1 (t*AP’) \

0.01 0.1 1 10 100 1000
At

1000

AA

AP & AP'

Figure 2: Pressure and Pressure Derivative vs Time.

Step (2): Draw a horizontal line through the radial flow horizontal line as shown in
Figure (2), read the value of the pressure derivative, (t*AP’) r, and estimate
permeability by using eq. (2)

_70.6%1039%0.38%1.556
51%11.992

k

=70.936 md
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Step (3): The storativity coefficient, w, can be obtained using either the
coordinates of minimum pressure derivative, minimum point, tmin, (t*AP’) min by
using eq. (3):

0.45
11.992

0.45
11.992

2
c0=0.15866( J+0.54653( J =0.0067233

Step (4): The inter-porosity flow parameter, A can be easily estimated from the t
min by using eq. (4)

3792 (0.3009%1.86E —5)*0.38%0.354>
70.93%0.62

A

(0.00672) h{ ! j =7.736E-7
0.00672

Step (5): Read the pressure value, APy, at any convenient time, tr1, during the first
radial flow regime or tr,, during the second radial flow regime and compute skin

factor by using eq. (5)

S=05 (154'5j—ln( 70938 . ! j+7.43 = -3.0833
11.992 0.3009+0.38 #1.86E — 5 % 0.354% 0.00672

Calculation pressure drop due to skin effect by using eq. (7):

APg =2#11.992 * (—3.0833) = —74 psi

Step (6): Take any point convenient on the late pseudosteady- state flow regime
and read the time, pressure and pressure derivative: tpss, APpss and (t*AP),ss and

calculate the average reservoir pressure by using eq. (8)
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P=1701—

141.2+1039%0.38*%1.556 10.53
70.93%51 184.94-10.53

y 1n( 2000 ) 3 0.1987+31.62%0.354" (1-0.00672)"
0.354) 4 7.736E - 7+1.23E7

}: 2057.21 psi

Step (7): Flow Efficiency Calculations by using eq. (11).

_2057.21-1860—(-74)
2057.21-1860

FE =1.375=137.52%

Step (8): Productivity Index Calculations:
» Actual Productivity Index Calculation by using eq. (12):

1039

Pl el = ————————=5.2741 bpd / psi
2ol (2057 —1860) perp

» Theoretical Productivity Index Calculations by using eq. (13):

7.08%1073%70.93%51

2000

PI
0.38%1.556* | In —§+(—3.0833)
0.354) 4

=9.01bpd/psi

theoretical —

COMPARISON OF THE RESULTS:

Comparison of the results of TDS technique and company results is shown in
Tables (3 and 4).

Table 3: Comparison of the results of case 1 Well (X-31)

parameter TDS Company results
K, md 59.33 53.71
S 5.085 5.42
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APsin, Psi 144.393 154.45
w 0.4412 -
A 5.136E-7 -
P, Psi 2090.16 2070

Table 4: Comparison of the results of case 1 Well (X-80)

parameter TDS Company results
K, md 70.936 73.11
S -3.0833 -0.42
APskin, psi -74 -9.69
w 0.00672 -
A 7.73E-7 -
P, Psi 2057.21 2025

CONCLUSIONS

e Based onthe results; the TDS has been showed to be easy to use technique
for well pressure analysis.

e The TDS is an effective and direct technique for calculating the reservoir
and fracture properties, especially average reservoir pressure in closed
naturally fractured Formation when the late regime is observed.

e The TDS method showed accurate results compared to company software

matching results.
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Appendix (A)
Table: (A-1) Build-up Test Data (Pressure vs. Time) of Well: X-31 (2001) for the Test
Interpretation Analysis by TDS:

Shut-in Time Pressure Pressure
At Pws AP AP’
(hrs) (psia) (Psia) (Psia)
0.00 1,701.47 0.00 -
0.25 1,866.17 | 164.70 130.845
0.50 1,963.16 | 261.69 128.79
0.75 1,994.96 | 293.49 68.13
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1.00 2,008.58 | 307.11 43.32
1.25 2,016.62 | 315.15 33.7
1.50 2,022.60 | 320.59 27.72
1.75 2,025.86 | 324.39 23.73
2.00 2,028.84 | 327.37 21.52
2.25 2,031.24 | 329.77 19.17
2.50 2,033.10 | 331.63 17.5
2.75 2,034.74 | 333.27 15.95
3.00 2,036.00 | 334.53 13.2
3.50 2,038.04 | 336.57 12.32
4.00 2,039.52 | 338.05 11.16
4.50 2,040.83 | 339.36 10.845
5.00 2,041.93 | 340.46 11.2
5.50 2,043.07 | 341.60 11.825
6.00 2,044.08 | 342.61 12.18
6.50 2,045.10 | 343.63 13.65
7.00 2,046.18 | 344.71 15.47
7.50 2,047.31 | 345.84 15.225
8.00 2,048.21 | 346.74 15.12
8.50 2,049.20 | 347.73 15.215
9.00 2,050.00 | 348.53 14.13
9.50 2,050.77 | 349.30 14.25
10.00 2,051.50 | 350.03 14.33333333

Table: (A-2) Build-up Test Data (Pressure vs. Time) of Well: X-80 (2004) for the
Test Interpretation Analysis by TDS:

Shut-in Time Pressure Pressure Deravitive
At Pus AP AP’
(hrs) (psia) (Psia) (Psia)
0 1860.737 0
0.025 1921.061 60.324 44.5835
0.05 1949.904 89.167 43.199
0.075 1964.26 103.523 33.1695
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0.1 1972.017 | 111.28 25.054
0.125 1976.787 | 116.05 20.0325
0.15 1980.03 | 119.293 17.052
0.175 1982.471 | 121.734 15.1725
0.2 1984.365 | 123.628 13.92
0.225 1985.951 | 125.214 13.581
0.25 1987.383 | 126.646 12.71
0.275 1988.493 | 127.756 11.5775
0.3 1989.488 | 128.751 11.052
0.325 1990.335 | 129.598 10.66
0.35 1991.128 | 130.391 10.199
0.375 1991.792 | 131.055 9.945
0.4 1992.454 | 131.717 9.344
0.425 1992.96 | 132.223 8.823
0.45 1993.492 | 132.755 8.352
0.475 1993.888 | 133.151 8.759
0.5 1994.414 | 133.677 8.38
0.6 1995.983 | 135.246 8.391
0.7 1997.211 | 136.474 7.826
0.8 1998.219 | 137.482 7.304
0.9 1999.037 138.3 6.4755
1 1999.658 | 138.921 6.075
11 2000.252 | 139.515 5.6705
1.2 2000.689 | 139.952 5.19
1.3 2001.117 | 140.38 5.3755
1.4 2001.516 | 140.779 4.774
1.5 2001.799 | 141.062 4.68
1.6 2002.14 | 141.403 4.496
1.7 2002.361 | 141.624 3.6975
1.8 2002.575 | 141.838 4.068
1.9 2002.813 | 142.076 3.6005
2 2002.954 | 142.217 3.12
2.05 2003.047 | 14231 2.46
2.1 2003.074 | 142.337 1.659
2.15 2003.126 | 142.389 2.795
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2.2 2003.204 | 142.467 1.474
2.25 2003.193 | 142.456 0.45
2.35 2003.234 | 142.497 0.799
2.4 2003.244 | 142.507 3.192
2.45 2003.367 | 142.63 8.97925
3 2005.443 | 144.706 9.657142857
3.5 2006.747 | 146.01 9.0195
4 2008.02 | 147.283 9.744
4.5 2009.183 | 148.446 10.098
5 2010.264 | 149.527 10.37
5.5 2011.257 | 150.52 9.8725
6 2012.059 | 151.322 10.272
6.5 2012.969 | 152.232 11.0045
7 2013.752 | 153.015 11.011
7.5 2014.542 | 153.805 11.625
8 2015.302 | 154.565 11.992
8.5 2016.041 | 155.304 12.3845
9 2016.759 | 156.022 12.672
9.5 2017.449 | 156.712 12.3975
10 2018.064 | 157.327 11.54
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Structural Characterization of Gamma Irradiated xCeO,- (50 - x) PbO-50B,0;

Glasses

*Fawzeya M. Gharghar

Abstract

Lead borate glasses containing increasing amount of cerium oxide are subjected
to high doses of ionizing radiation. In order to obtain information about the effect of
irradiation on such a glass matrix, FTIR and SEM spectroscopic studies were measured
before and after the exposure. The experimental results indicated that, the impact of
radiation on the glass network was greatly dependent on to the amount of CeO, replaced
by PbO. It was observed that irradiation induced a permanent variation in the structural
properties appeared through the change in the intensity of both boron triangular and
tetrahedral absorption spectra. The addition of cerium atoms (less than 15 mol %) into
borate glasses has been shown a slightly affect by gamma irradiation indicating the
stability of network forming units. The abundance amount of PbO showed superior
shielding behavior toward the effect of successive gamma. While at higher CeO,
content, the samples show obvious changes in their absorption bands attributed to both
triangular and tetrahedral borate units. Moreover, SEM was also carried out and
revealed a significant dependent composition and observed new structural features

under irradiation.

Keyword: Lead Borate, Glass structure, Irradiation, Shielding.

*Staff member, faculty of education Bin Ghesheer, Tripoli University, Libya.
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° Introduction

The properties of glasses are usually very sensitive under the ionizing
radiation [1-5] such as gamma rays. The most important effect of ionizing
radiations is considered with creation of both free electrons and holes which can
recombine or become trapped at impurity sites. The generation of color centers is
found to be mainly responsible for inducing the irradiation damaging in the glass
network.

In recent years, lead and associated glasses are interesting [6—12] due to
their resistance properties against ionized radiation. In particular, the high density
of lead makes it a good candidate to provide a radiation protection with lowest
hazards.

Moreover, glasses containing rare—earth nuclei [13-18] received much
attractive attention because they possess a variety of attractive properties. Borate
glasses containing CeO, exhibit many interesting advantages, optical, electrical,
magnetic and other technologically desirable properties. Furthermore, these
glasses are also appropriate material against radiation—exposed environments.
Cerium ions have a potential trap to defects induced by irradiation. One of the
important properties of cerium oxide [19-23] comes from the inter—conversion
between Ce*" and Ce?* oxidation states. Cerium has a strong capability to change
its oxidation states due to accepting or releasing electrons under the irradiation
conditions. Such a reaction occurred in the glass matrix can avoid the formation
of color center defects and degrades radiation damaging in glass network.

Because of such technological demand, these glasses have long been the
subject of many structural studies. Collectively, the available information regarding

CeO,-based glasses [16, 22, 24, 25] have indicated that, the presence of cerium
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oxide into glass matrices is not considered as a glass former by itself. CeO, can
either act as a glass—former and or modify the borate network depending upon its
low and high content. CeO, ions can induce real structural changes within borate
matrix by forming strong BO4 units and/or build its own tetrahedral units which
consequently increases the degree of network connectivity. This is accompanied
by the formation of Ce-O-Ce and B—O-B linkages and mixed of cerium boron
bridging bonds. In addition, it was expected that, the addition of cerium ions to
borate network tend to decreases the fraction of BO,4 groups. This can be referred
to the ability of CeO, to build its own former species instead of the formation of
boron tetrahedral units.

We should maintained that, the influences of CeO, concentration on the
studied glasses have been described in the previous work [24]. Thus, we are
mainly aiming, in this work, to investigate the structural properties variation
generated from the interaction with ionizing radiation with varying chemical
composition of the glasses. Comparison between the spectra before and after
irradiation was carried out using FTIR and SEM techniques to identify both cerium

oxide role inside the irradiated borate network and to test the irradiation—induced

defects.
° Experimental procedure
= Sample preparation

The studied system is borate glasses of 50 mol% containing CeO, and PbO with
the formula of XCeO,.(50-x).PbO-50B,03 with 0 < x< 50 mol%. Table (1) presents
the selected glass compositions of cerium and lead oxides. The samples were
prepared by the normal melting method, the desired amount of the chemical

compounds: cerium oxide (CeO,) lead oxide (PbO), and boric acid (H;BO3) were
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well mixed together to obtain a fine powder. The batch mixture was then transferred
to a crucible and fused in an electric furnace. The melting process was carried out
at different temperatures ranging between 800°C and 1480°C depending on the
glass compositions. The melt was stirred several times to ensure a complete
homogenization.

Table]: Chemical compositions of cerium and lead oxides in the prepared samples.

CeO, (mol %) PbO (mol %)
15 35

20 30

25 25

30 20

35 15

40 10

45 5

= Irradiation Procedure

Gamma irradiation was performed at National Institute for Radiation Research
and Technology, Cairo, Egypt. Irradiation tests were carried out at room
temperature using a Fricke dosimeter with a ®°Co gamma cell (2000Ci) as gamma
ray source. The samples were irradiated for sufficiently long enough to achieve the
overall dose equaled 45 Mrad. The temperature of the irradiated samples was kept
low at 0°C until they used to eliminate thermally induced effects.
= Fourier Transform Infrared Spectra (FTIR)

FTIR spectra of powdered glasses were obtained in the wavenumber range

of 400 to 4000 cm-! using a Fourier transform IR spectrometer (Mattson 5000, Fine
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Measurements Laboratory, Mansura University, Egypt) with a resolution of 2cm-L.
Each sample was mixed with KBr by the ratio 1:100 in weight and then subjected
to a pressure of load of 5 tons/cm2 to produce a homogeneous pellet.

The infrared absorbance measurements were immediately carried out at room
temperature after preparing the powder of glass samples. The spectra were
corrected for the background and the dark current noises using two point baseline
corrections. Furthermore, the spectra were then normalized by making the
absorption of every spectrum varying from zero to one reported in arbitrary units.
= Scanning Electron Microscope (SEM)

SEM was performed at Scanning Electron Microscope unit, Mansoura
University, using a JEOL-JSM-6510 LV Model with a working accelerating voltage
of 25kV and an increasing size image up to 300.000X. The surface of the samples
has been covered with a thin layer of gold before SEM measurement to withstand
the environment inside the microscope.

¢ Results and discussion

Figure (1) represents FTIR absorption spectra of CeO,~PbO-B,03 obtained
and irradiated samples. Under the effect of irradiation, there is no remarkable
change is observed in the band intensities of low-CeO, samples (Ce0,<35 mol
%). This observation indicates that, glass network exhibits a high rate of shielding
effect towards successive irradiation due to the majority of lead oxide which act as

a protective wall against gamma rays in the borate network.
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Figure 1: FTIR absorption spectra of xCe0,.(50-x)PbO.50B,0; samples at different
CeO, content: a— As—prepared, and b— Exposed to gamma irradiation.

On other hand, samples contain cerium oxide more than ~35 mol% CeO,
exhibit a noticeable influence with irradiation. It is obvious as shown from this figure
that the broad band located at ~1300 cm™! which assigned to the asymmetric
stretching vibration of B-O in BOj; group increases with increasing CeO,
concentration. This increase induces a significate reduction in the intensity band
located in the range of 800-1200 cm-! attributed to the stretching vibration mode
of B-O-B and Ce—O-Ce tetrahedral structural units.

Its assumed that, irradiation is able to break the borate network connectivity
and weaken its structure by destroying some local bonds appearing in back
conversion of the main tetrahedral groups to other borate units containing non

bridging bonds. In such a case, asymmetric and lose BOj structural units are
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gradually increased accompanied by decreasing in both tetrahedral boron and
cerium units.

The fraction of four (CeO4+BO4) coordinated units (By4) is calculated
according to the deconvolution method [26, 27]. The value of B, is estimating from
the area under the absorption envelopes in the IR spectra. It is defined as the ratio
of the peak area related to all four coordinated units such as BO4 and CeO4 units
to the peak areas of total units (BO3+BO4+CeO4). Figure (2) illustrates an

example for the obtained deconvolution analysis.

1000 1500

Figure 2: DE convoluted FTIR spectrum for an obtained result.

Figure (3) reveals B, fraction of the tetrahedral units (BO4 & CeO4)
estimated from FTIR spectra .As it can be notable, B, decreases significantly with

the increasing in cerium oxide content until reaching a minimum value at CeO,
=45mol%.
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The obvious reduction in B, fraction of the studied glasses after being subjecting
to a gamma dose can be attributed to the high increase in the peak intensity
attributed to the threefold coordinated B-O bonds as well as the sharp decreasing

in intensity band composed of both cerium and borate tetrahedral units.
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Figure3: Comparison of B, fraction of xXCeO,.(50-x)PbO.50B,0; glasses before and after

irradiation as function of CeO, content.

The influence of irradiation is already checked in the previous work [28] by
conventional SEM micrographs for sample of 20 mol% CeO, content as shown in
figure (4). The surface morphology appeared to be smooth in the as—prepared
sample, while rough and anisotropic shape are the characteristic features of the
surface in the irradiated sample. This difference is a clear sign, of the defect

agglomeration and displays the creation of Nano—precipitates during irradiation.
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50 nm

e

Figure 4: SEM image of 20 mol % CeO,: a— As—prepared, and b- Irradiated samples
[28]
° Summary
The purpose of this work was to throw more light on changes induced by irradiation
in the structural and physical properties. Irradiation had a remarkable influence on
the glass structure through creation of several types of defects, bonds damaging,

and formation of aggregates.
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The pronounced changes observed in FTIR spectra are related to the
structural features in the local bonding configuration. Irradiation affects FTIR spectra
by changing the intensities of both triangular and tetrahedral bands upon breaking
the environment connectivity and the formation of NBOs. The degree of disorder
was abruptly increased under the influence of irradiation with increase CeO,
concentration at the expense of PbO. On other hand, presence of higher content
of PbO was responsible for the high resistance towards irradiation damaging as
evidenced with glasses containing low content of CeO,.

SEM studies also confirmed the structural changes induced under the
influence of gamma ray irradiation. The results showed the presence of a new
environment consist of nano—percipitates attributed to the defects created in the
glass network.
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