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Sites Northeastern Region, Libya 
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bGeology Department, Faculty of Science, Tobruk University, Libya 
 

  
Abstract: Geotourism represents a special form of tourism that focuses on geology and landscape 
forms. Therefore, we can say that geotourism is connected to sustainable development of some area. 
Geotourism started being popular in some tourists’ circles, e.g. to the tourists who search for new 
adventures and are interested in geological features. Geotourism promotes tourism to ‘geo-sites’ and 
conservation of geodiversity and understanding of earth sciences through appreciation and learning. 
The aim of geotourism is to make visitors aware of, and to gain some understanding of geological 

features that surround them. It has links with adventure tourism, cultural tourism and ecotourism, 
but is not synonymous with any of these forms of tourism. It is about creating a geotourism product 
that protects geoheritage, helps build communities and promotes geological heritage, and works with a 
wide range of different people. Geotourism has an increasingly important contribution to the economy 
by creating jobs for local residents: tour companies, drivers, guides and accommodation providers. 

Geodiversity might be useful as a way of recording diverse features within a given area, but it should 
not be treated as a value-judgement on the significance of individual sites. This paper presents the 
outcomes of a geomorphological investigation carried out along the coast of the north-east Libya 
Latitudes ̊31 '16 "24 and ̊32 '56 "28 North, and Longitudes ̊20 '18 "53 and ̊25 '09 "8 provides a detailed 
classification of the coastline based on the identification and definition of specific coastal 
geomorphotypes. The paper aims to evaluate the different geomorphological landscapes as attractive 
elements of natural geosites. The results of field surveys, supported by photo interpretation, have led 
to the classification of a coastal geomorphological features which outlines the processes and related 
deposits and landforms. This study concluded that the geomorphotypes under consideration are 
representing geosites destination and can be used as geotourism to achieve sustainable development. 
 

Keywords: geomorphotypes; coastal landscapes; geotourism; geosites; Libya. 

Introduction 

Geomorphology is a relatively young science, although its roots are very ancient. Thus,(Chorley et al., 

1946) pointed out that the first recorded observations and interpretations concerning relief and 

topography emerged in ancient Greece, including pioneering ideas on fluvial incision and the 

hydrological cycle (Bauer, 2004). Nevertheless, the consolidation of geomorphology among the 

environmental sciences occurred during the 18th and particularly the 19th centuries, with the practical 

and theoretical work of Hutton (1726-1797; Theory of the Earth), Lyell (1797-1875; Principles of 

Geology), and G. K. Gilbert (1843-1918; Report on the geology of the Henri mountains, and Lake 

Bonneville). Hutton is considered by some geomorphologists to be the founder of modern 

geomorphology (Bauer, 2004). During Hutton's time, nature was an open book ready to be discovered 

and interpreted, and the success of geomorphologists lay in their precise observation of landforms and 

deposits. Most probably they were independent scientists. Geographers and geologists related 

landforms to various structural aspects of the Earth's surface or to ancient cold climatic stages, and 

built the basis for explaining the temporal and spatial aspects of the relief. The classification and 

description of landforms were the basis for an increasingly consistent science.  

Geomorphology and Landscape 

Since the 18th century geomorphologists have tried to explain landforms using various theoretical 

frameworks. Religion has always tried to control the development of science, and to adapt scientific 

advancement to the most conservative biblical ideas of the Earth's development, based on the most 
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restrictive reading of the Bible. This explains the initial success of catastrophism in justifying rapid 

landscape development over short periods of time. Fortunately, the uniformitarianism of Lyell 

represented a rationalization of landscape development (Bauer, 2004), based on the uniformity of laws 

and processes. The most significant idea of Lyell was that "the present is the key of the past" 

(Gutierrez, 2005). This means that the explanation for landforms development rests on geomorphic 

processes occurring at present; in other words, that old landforms can be studied in the light of 

present processes. This consistent idea led to the relatively early development of climatic 

geomorphology, a concept first introduced by (De Martonne, 1913) in the publication Le climate, 

facteur du relief. Surprisingly, the geographical cycle (or erosion cycle) (Davis, 1899) gave secondary 

roles to the spatial and temporal variability of climate, such that relief evolved through stages of youth, 

maturity and old age, providing a simplistic and deterministic view of landscape evolution, the end of 

product of which would be a peneplain (Leopold et al., 1964). For Davis, the identification of certain 

landscape characteristics was sufficient to provide information on past and future landscape 

development. Perhaps this was the reason for the popularity of Davis' geographical cycle and ideas, 

which dominated geographical investigations until the mid-20th. Some authors have stressed, perhaps 

overly, that Davis' ideas were responsible for decades of backwardness in the science of geomorphology 

relative to the environmental sciences (Tricart, 1965),(Tricart, 1978), particularly because of the 

marginalization of climate-driven geomorphic processes (Passarge, 1931). A change in paradigm 

occurred with (Strahler, 1952) and Leopold(Leopold et al., 1964), who gave a marked impetus to 

geomorphology by emphasizing the role of field and laboratory research, physics and mathematics in 

quantitative geomorphology, which was pioneered by the studies of (Horton, 1945)on the morphometry 

of rivers and basins. From theoretical, extremely complex and valuable approaches, some authors 

established simplistic solutions, classifying countries, schools and scientists as geomorphologic ally 

positives, historicist or non-positivist (Capel, 1983). 

Objective of Study 

The main aim of this study is to evaluate the different geomorphological landscapes as attractive 

elements of natural geosites throughout identification and classification the various geomorphological 

features as well as the spatial distribution of coastal landforms. 

Materials and Methods 

1. Location of Study 

According to the previous geological studies, generally Libya can be classified into four major regions 

as following:  

1. Northwestern region 

2. Northcentral region 

3. Southwestern region 

4. Northeastern region 
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This study has been conducted on the geomorphological features of coast line in the northeastern 

region for identification, classification and spatial distribution of coastal landforms, including six 

areas. These areas Wadi Al Khabta at Ras Al Tean, Wadi Abou Al Gomel (Tobruk), Wadi Al Sahl 

(Tobruk), Wadi Al Raheb (Kambout), Wadi Rezq (Al Bordy) and Wadi Al Sawani (Al Bordy). 

The coordinate of this region is represented between Latitudes ̊31 '16 "24 and ̊32 '56 "28 North, and 

Longitudes ̊20 '18 "53 and ̊25 '09 "8 (Figure 1). The lithology of the different rock formation in the 

studied areas are mainly represented by calcareous types e.g. limestone, fossiliferous limestone, 

dolomitic limestone, in addition to other rock types such as sandstone, shale, marl and alluvial 

deposits.  

Fig. 1: Geologic map of the studied areas 

The coastline of the studied areas is dominated by vertical cliffs, indented bays, cliffy coves and inlets 

developed on limestone formations. This work offers a detailed classification of the coastal landscape 

through the classification of coastal geomorphotypes, which are defined by specific topographical, 

lithostructural and geomorphological features. It presents a landforms and deposits derived from 

marine, karst, fluvial and gravitational processes.     

2. Methodology 

The methodology of the study is relaying on the collecting samples of rock formations, field observation 

description. Whereas, selected naturally attractive geosites have been chosen to undergoing this study 

and to evaluated upon their naturally parameters that can be representing as tourism destination. 

Results and Discussion 

1. Lithology and Stratigraphy 

In general, the characterization lithology of the studied area is encountered in a few rock types that 

represented by calcareous fossiliferousrocks, shale, sandy shale and conglomerate (Banerjee, 1980; 

Megerisi, 1980). 

The stratigraphic succession shows some variation from location to another in thickness and extent 

due the variation of depositional environments and depositional factors.  
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The thick sedimentary section exposed especially noticed along the cliffs overlooking the 

Mediterranean Sea are classified into three main stratigraphic formations belonging to Early Tertiary e. 

g. Al Jaghbub Formation, Al Faidiyah Formation and Al Khowaymat Formation. Besides, Quaternary 

deposits were recognized near the foot slopes of the cliffs and inward covering older units. The 

following units were recognized in the field as given below: 

Quaternary 

Alluvium deposits 

Beach and coastal sand dune  

Sabkha sediments 

Eolian deposits 

Tertiary 

Lower-Middle Miocene: Al Jaghbub Formation 

Upper Oligocene-Lower Miocene: Al Faidiyah Formation Upper Eocene-Lower Oligocene: 

Al Khowaymat Formation: The section exposed at Wadi Rezq described as following: (Industrial 

Research Centre, 1977). 

Al Faidiyah Formation: limestone, faint brown to dark yellow, sandy and marly.Lithologically the 

formation is made of alternating limestone, marly limestone and clay beds. The beds are nearly 

horizontal, thin to thin-bedded and highly fossiliferous (Figure 2). It is including the following 

assemblage of macrofauna: Cardiumgallicum, Strombus sp. Worm tubes, Brissoposisfrassi and Tllina 

lacunose 

Al Khowaymat Formation: dolomitic limestone, yellowish white, hard compact, fossiliferous including 

; Globgerina spp., Globorotalia spp. and Nummulites.  

Al Jaghbub Formation: marly limestone, dark yellow and moderately hard (Figure 3). It is including 

the following assemblage of macrofauna: Ostreaverleti, Ostreadigitalina, Cardiumerinaceum and 

Pectencristato. 

 

Fig. 2: The main fossil species in the studied area 
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A-B-C: (Bivalve –Pectin); E-F-G-H: Echinoderms –Clypeaster); D: (Bivalve -Ostrea) 

 
 

 

Fig.3: Fossiliferous limestone with Picten species  

 

2. Structural and geological setting 

The tectonic setting of the studied areas is characterized by highly tectonic structures that 

representing by faulting and folding throughout the different valleys (Locally named Wadies), in 

addition to the cracks fishers and mass wasting. The Industrial Research Centre, 1977 investigated 

these areas and described these structures as general. 

3. The geomorphotypes of coast region 

Generally the Mediterranean region suffered from severe tectonic movements led to the formation of 

different topographic features that represented by different landscapes and structural forms (Said and 

Schembri, 2010). 

The rocky coastline of the studied area can be classified into eleven coastal geomorphotypes, which are 

characterized by peculiar topographical, lithostructural and geomorphological features as following: 

(1) Plunging cliff: vertical or sub-vertical cliff descending into a considerable depth far below low-tide 

level without any development of shore platform or ramp. Figure 4 depicts the different types of cliffs in 

the investigated locations. 
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Fig. 4: Coastal geomorphotypes: plunging cliff; (A) Al Khabta, (B) Abou Al Gomel, (C) Al Sahl, (D) Al 

Raheb, (E) Al Sawani, (F) Rezq. 

(2) Sloping coast: low-lying rocky coast with slope dips ranging between 20°and 45° (Figure 5).  

 

 

 

 

Fig. 5: Coastal geomorphotypes: Sloping coast;  (A) Al Khabta, (B) Abou Al Gomel, (C) Al Sahl, (D) Rezq 
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(3) Shore platform: from horizontal to sub-horizontal rock surface (0°–5°) produced along a shore by 

the action of marine processes (wave erosion, biogeochemical dissolution and other weathering 

processes) and the retreat of a cliff in the intertidal zone (Figure 6). Shore platforms can be observed at 

the intertidal level or 5–10 m above sea level. The latter developed on bedding planes, following their 

slope, they are never submerged but are affected by wave action and marine spray. Usually, a deeply 

carved abrasional notch occurs at mean sea level. 
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Fig. 6: Coastal geomorphotypes: Shore platform; (A) Abou Al Gomel, (B) AL Khabta, (C) Al Sahl, (D) Al 

Raheb, (E) Rezq, (F) Al Sawani. 

 

(4) Screes: this scenery is characterized by extensive slope-failure deposits, which are located between 

coastline and karst plateaus. Landslide accumulations cover the clayey terrains and consist of chaotic 

and heterogeneous blocks moved mainly by extremely slow-moving landslides such as rock spreads 

and block slides (Figure7). 
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Fig. 7: Coastal geomorphotypes: Screes; (A) Abou Al Gomel, (B) Al Sahl, (C) Rezq, (D) Al Sawani 

 

(5) Cliffs: vertical or sub-vertical steep slope descending to the sea with a concave shaped ramp 

(Figure 8). 

 
 

 
 

Fig. 8: Coastal geomorphotypes: Cliffs; A) Abou Al Gomel, (B) Al Sahl 

(6) Pocket beach: sand, gravel or pebble deposits in the inner portions of bays and inlets (Figure 9). 
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Fig. 9: Coastal geomorphotypes: Pocket beach; (A) Al Khabta, (B) Abou Al Gomel, (C) Rezq, (D) Al 

Sawani 

(7) Built-up coast: intensely urbanized coast. The landscape is significantly modified by human activities (Figure 10). 
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Fig. 10: Coastal geomorphotypes: Built-up coast; (A) Al Sawani, Al Bordy port, (B) Al Bordy restore 

While plunging cliffs and sloping coasts are observed in the most investigated locations formed mainly 

of limestone formations. Shore platforms and cliffs have been shaped on the relatively soft limestone 

formation in the examined locations. Screens are observed in all location except Al Sahl, where 

landslides are dominant all over the studied sites. Pocket beaches are commonly found along the main 

bays particularly in Al Sahl, Abou Al Gomel, Rezq and Al Sawani. 

(8) Solidified and loose sand dunes: this rock known as calcherinite, that belonging to Ajdabya 

formation occurs along coast in some of the investigated locations as shown in Figure 11.  

 

 

Fig. 11: (A) Solidified sand dunes; (B) loose sand dunes 

(9) Ripple marks: appear to be regular in some places and in regular in another as shown in Figure 

12. 

(10) Weathering pits: These pits outcrops at rocks exposures on the slops formed by calcareous rocks 

all over the area and usually associated joints and cracks, and also what is called taffonis pits that 

arises due to the solution solubility (Figure 13) 
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Fig. 12: (A) Ripple marks with regular shape (B) irregular shape 

(11) Honey comb: These are holes and small pits are adjacent together, and characterized that small 

sizes comparing with taffonis pits and formed due to chemical processes (Figure13). 

 

Fig. 13: Honey comb 

The geomorphological Features 

1. Structural elements and landforms 

The geomorphological landscape the studied locations strongly influenced by the structural setting of 

the area. The SW-NE-oriented horst-graben system, which has developed in several wadies, controls 

the location of the lowlands (grabens) and headlands (horsts). The main discontinuity is the great 

faults system, which crosses the locations mainly from NE to SW. The great faults system starts on the 

northern coast, at Wadi Al Sahl, Al Khabta, Rezq and Al Sawani, where the throw is up to 100 m 

(Figure 14 (A-G)). The fault plane outcrops for more than 2 km along the coastline with a maximum 

throw of more than 200 m in most cases. 
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Fig. 14: Tectonic landforms: (a) Great fault plane at Wadi Al Sahl extended from east to west direction; 

(b) Great fault plane at Wadi Rezq running from NE-SW; (c) Al Sawani fault plane at Al Bordy coast line 

area; (D, E,F) Abou Al Gomel; (G) Folding and faulting Rezq coast line. 

Pocket beaches are dominant and mainly occur in Al Khabta, Rezq and Al Sawani and are occupied by 

sandy deposits. Also, Marine gorges mainly occur in the most studied locations, commonly associated 

with steep discontinuities enlarged by marine processes (Figure 15 (A)). The coastal scenery is 

characterized by many stacks, arches and sea caves (Figure 15 (B, C, & D). 
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Fig. 15: Coastal features: (A) marine gorge; (B) marine stack; (C) marine cave and pillars; (D) marine 

cave at Al Raheb coralline Limestones at Wadi Al Raheb 

Figure 16 (A -D) show the occurrence of encrusted marine shells and bioforms on the boulders and 

rock beds proves their marine origin.  
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Fig. 16: (A & B) Location of the boulder deposits; (C & D) coast line rock beds at Abou Al Gomel  

2. Karst landforms 

Karst features are well developed on the limestone formations. Sinkholes have been defined according 

to their diameter. All the surveyed sinkholes are characterized by a flat shape and their genesis is 

usually caused by the collapse of cave roofs (Figure 17 (A). However, large coastal caves are rare and 

poorly developed (Figure 17 (B); therefore not all circular bays may be attributed to a collapsed 

sinkhole origin.  

 

 

 

Fig.17: Karst features: (A) collapsed sinkhole; (B) sinkhole originated by collapsed at Wadi Rezq 

3. Gravity-induced landforms and deposits 

Landslides are widespread in all over the studied locations. The geological setting favours the 

development of extensive block slides and rock spreads (Figure 18 (A & B). Rock spreads affect 
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limestone plateaus favoured by vertical discontinuities, whose persistence may exceed 200 m in 

length. The lateral extension of rock masses often evolves into block slides and may be accompanied 

by rockfalls and rock topples. Block sliding can be favoured by moistening of the clay slopes, which are 

also affected by earth flows and earth slides. 

 

 

Fig. 18: Rock spreads and blocks slides: (A) Cliff failure; (B) Growing plant in boulder rock. 

Conclusions 

From the previous study the following conclusions can be drawn: 

1. This paper provides the identification, classification and spatial distribution of the coastal 

landforms of the north-eastern region of Libya. Particular attention has been devoted to the 

representation of coastal features, which are strongly influenced by the tectonic setting and 

the lithological characteristics of outcropping rocks.  

2. The rocky coastline of the studied area can be classified into eleven coastal geomorphotypes, 

which are characterized by peculiar topographical, lithostructural and geomorphological 

features as following: Plunging cliff, Sloping coast, Shore platform, Screes, Cliffs, Pocket 

beach, Built-up coast, Solidified and loose sand dunes, Ripple marks, Weathering pits and 

Honey comb 

3. The geomorphologcal landscape the studied locations strongly influenced by the structural 

setting of the area. The SW-NE-oriented horst-graben system, which has developed in several 

wadies, controls the location of the lowlands (grabens) and headlands (horsts). The main 

discontinuity is the great faults system, which crosses the locations mainly from NE to SW. 

The great faults system starts on the northern coast, at Wadi Al Sahl, Al Khabta, Rezq and Al 

Sawani, where the throw is up to 100 m 

4. Pocket beaches are dominant and mainly occur in Al Khabta, Rezq and Al Sawani and are 

occupied by sandy deposits. Also, Marine gorges mainly occur in the most studied locations, 
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5. Karst features are well developed on the limestone formations. Sinkholes have been defined 

according to their diameter. All the surveyed sinkholes are characterized by a flat shape and 

their genesis is usually caused by the collapse of cave roofs 

6. Landslides are widespread in all over the studied locations due to the gravity action and can 

be described as mass wasting. 

7. The results of field surveys, supported by photo interpretation, have led to the classification of 

a coastal geomorphological features which outlines the processes and related deposits and 

landforms.  

8. The geomorphotypes under consideration are representing geosites destination and can be 

used as geotourism to achieve sustainable development. 
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Abstract: This study considers the design of an electric submersible pumping (ESP) system, an 

analysis of the production system that is used to determine the potential of any well and a discussion 

of a case study of an oil well in Sarir oilfield for ESP design throughout the various parameters. 

Artificial well lifting will become increasingly important in the coming years. A large portion of the 

world's fields are entering their late life production; Sarir field is a mature field, with increasing water 

production and decreasing reservoir pressure. The operator company has used electrical submersible 

pumps (ESPs) to assist struggling wells in order to increase production and extend the life of the field. 

The main objective of this study is determining how to design the most ideal ESP systems that can 

extend the life of the systems, given that the installation cost of ESP is very high. So, the majority of 

this work was done by hand calculations and run in production software approach and Pipesim 

simulation model, which involved manipulating both modeling the subjected wells and a series of 

simple detailed calculations to find the most efficient and optimum ESP equipment. The procedure 

path is titled: designing the ESP pump, motor, cable, and determining surface voltage. According to 

the study's findings, the design of ESP varies depending on various parameters from well to well. 

However, the obtained results exhibit of manual calculation and software approach are close to results 

of Pipesim simulation model. Based on this research, it is possible to conclude that the REDA D800N 

pump is the best submersible pump for Well C-349H-65, with a pump efficiency of approximately 62 

%; from the designing this well can return to produce at desired flow rate 580 STB/Day.  

Keywords: Sarir oilfield, ESP design, software, Pipesim, model, production rate . 

Introduction 

Oil is the most important source of energy on the planet. Crude oil can be extracted either naturally or 

artificially. Because the natural energy in their reservoirs is insufficient, the vast majority of the 

world's oil wells require some kind of artificial lifting mechanism to bring their liquid to the surface. 

Electrical Submerged Pumps are a type of artificial lift that has been used for decades (ESP) [1]. 

Because of the presence of mature reservoirs and high deep wells, as well as the availability of 

produced gas, the artificial lift methods that are widely used in Libya are SRP, gas lift, and ESP, which 

is the cornerstone of this work [2]. In terms of early history, ESP was invented and developed in the 

late 1910s by a Russian named Armais Arutunoff. Arutunoff conducted his initial experiments in the 

Baku oilfields near the Caspian Sea and later founded the Russian Electrical Dynamo of Arutunoff 

(REDA). The first submersible pumping unit was installed in an oil well in 1928 [3, 4], and the concept 

has proven itself throughout the oil-producing world since then. It is currently regarded as an efficient 

and cost-effective method of lifting large volumes of fluids from great depths under a variety of well 

conditions. Since their inception, ESP units have excelled at lifting much higher liquid rates than most 

other types of artificial lift and have found their best application in high-rate onshore and offshore 

applications. High gas production, rapidly changing liquid production rates, viscous crudes, and other 

conditions that were once extremely detrimental to ESP operations are now easily handled by modern 

units. Submersible pumping installations are thought to produce approximately 10% of the world's oil 

supply today [5]. 

 



Ibrahim M. Abou El Leil, Saad Adam & Ashraf M. Zobi 

م 2222 ديسمبر -المجلد الثاني  – السادس والعشرون العدد – والتطبيقية الإنسانية وليد للعلوم بني جامعةمجلة    

 

30 

Problem Statement  

Petroleum production rates sometimes declining with time in several wells, this attributed to different 

factors; one of them is the choice of the suitable ESP for well characteristics, fluid behavior and 

reservoir properties. This study shows the design of an ESP artificial lift system and production 

optimization of a well in Sarir field. Concerning this well, reservoir issues such as pressure depletion 

and high water cut can result in sand formation and subsequent sand production. By having and 

understanding a little bit of well history, it is necessary for production engineer to design the most 

ideal ESP systems that can overcome the production problem and can extend life of the systems as 

installation cost of ESP are very expensive. 

Objectives of Study 

The purpose of this research is to estimate the appropriate design of submersible electric pump (ESP) 

components for oil well. This design will be completed by both running it through production software 

and hand calculations to determine the most efficient and optimal ESP components. We will compare 

the efficiency and number of stages of different types of pumps in the same operation condition by 

using different types of components such as the pump. Based on the results, we can determine the 

appropriate ESP components such as pump, motor, and cable from running different types of 

components from different manufacturers. 

Scope and Limitations of Study 

The scope of this study is limited to the use of a manual method and Pipesim software to optimize 

production by designing an ESP for artificial lift. There are other softwares that can be used to design 

an ESP system, but Pipesim is used for this project due to its availability. The research is being carried 

out in the Sarir fields, and an appropriate ESP will be implemented to increase the well's production 

potential. 

Importance of Study 

The significance of this study in the petroleum industry is that it demonstrates the importance of 

designing ESP for wells as well as the use of artificial lift in maximizing oil production. 

Location of Study 

1. Overview of Sarir Field  

The Sarir or, more specifically, the Sarir "C" field is the largest oil field in Libya, located on the western 

edge of the Calanscio sand sea in the southern portion of the Sirte basin. It is found on the southern 

edge of the Upper Cretaceous-Tertiary Sirte basin, which contains all of Libya's major oil fields and is 

the most prolific oil-producing basin in North Africa. The Sarir "C" field, part of a complex of three 

fields, is 56 kilometers long and 40 kilometers wide, covering approximately 378 kilometers2. To its 

north is the Sarir "L" accumulation, which covers roughly the same area as the Sarir North pool. The 

ultimate recovery from the "C" field is estimated to be 3.8 billion barrels of oil, and the ultimate 

recovery from the "L" field is estimated to be 1.2 billion barrels of oil, ranking them as the 51st and 

201st largest fields in the Carmalt and St.compilation John's 1986 (Lewis and Sanford).  

Figure 1 a map showing the location of Sarir oilfield. 
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Fig. 1: Sarir C-North is lying between C-Main and L-Field [6] 

 

Fig. 2: Map showing the location of Map of GC-1, GC-2, GC-3 and GC-5 [7] 

As a result of this depletion, some form of artificial lift was required in 1980 in order to lift oil from the 

producing interval to the surface and onto stations. The first candidate well for an ESP installation 

was C002-65, which was depleted to 3200 psi in 1983, and was followed by two wells, C-117-65 and 

C-073-65, in 1984. 

Approximately 400 wells are currently producing by ESP, and this method has proven to be very 

successful. Sarir entire output is derived from electrical submersible pumped wells. Many tools can be 

run in the hole to monitor pump efficiency, temperature, motor vibration, current leakage, and other 

parameters.  

Fig. 3: Map showing the location of GC-4 and GC-6 [7] 

 

 

The field production infrastructure consists of a large network of gathering pipes that connect each 

wellhead to the gathering center (GC) that receives the crude oil. Each group of wellheads is linked to a 
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gathering point determined by the distribution of wells over a specific area. Each gathering center 

(GC1, GC2, GC3, GC4, GC5, and GC6) is linked to the GC main via a trunk line (Figures 2 & 3). 

Methodology  

This study's main methodology is concerned with the design of an ESP system using basic hand 

calculations and Pipesim simulation software. This chapter provides brief information about the fields 

used in this study.  

1. Electrical Pump Design  

An ESP installation, like other artificial lift methods, is complicated and varies greatly depending on 

well conditions and the type of fluids to be pumped. Good quality data covering these conditions is 

required to ensure proper installation design. The procedure for sizing submersible pumps and 

designing an entire ESP system is given below: 

1.1. Data Requirements 

The proper design of an ESP installation necessitates knowledge of a wide range of data. The most 

important of these is consistent data on the well's productivity, which allows the desired fluid rate 

from the well to be calculated [5]. Necessary input data can be grouped as given here. 

1. Well physical data 

2. Well performance data 

3. Fluid properties 

4. Surface power supply parameters 

5. Unusual operating conditions 

2. PIPESIM  

PIPESIM is a petroleum engineer and facilities design, operation, and optimization software modeling 

tool. PIPESIM is a tool for production engineers that cover a wide range of applications in the oil and 

gas industry. The software allows for the creation of well models that take into account all variables, 

such as well configuration, fluid characteristics (PVT), multiphase VLP correlations, and various IPR 

models.  

2.1. Basic Theory of PIPESIM  

Fluid properties as a function of pressure and temperature must be predicted in order to accurately 

predict pressure and temperature changes from the reservoir, along the wellbore, and through the flow 

line tubular. The Black Oil PVT model is used in the vast majority of applications. The Black Oil model 

in PIPESIM can be used for a variety of purposes. In black oil fluid modeling, correlation models are 

used to simulate the key PVT fluid properties of the oil/gas/water system.  

These empirical correlations, in contrast to the more rigorous multi-component compositional model 

methods, treat the oil/gas system as a simple two-component system. In relation to stock tank 

conditions, the hydrocarbon is simply treated as a liquid component (if present) and a gas component. 

For most applications, a minimum of production data, oil gravity, gas gravity, solution gas/oil ratio, 

and, if water is present in the system, the water cut are all that is required [8, 9]. 
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PIPESIM is used throughout this work for all calculations regarding setting up of a reliable model and 

building on it a productive ESP lift system [10]. 

2.2. Building a Model 

When modeling a new well in PIPESIM, the first step is to choose a method and fill out a system 

summary, as shown in Figure 4.  

 

Fig. 4: Layout of Pipesim system summary 

Start with entering general data, followed by tubular data, deviation survey, down whole equipment, 

heat transfer, completions, and surface equipment data. Following the entry of the basic data for the 

well model. Second, the artificial lift method can be chosen based on the design requirements. Then, at 

the bottom hole, a well model is built and a Nodal Analysis is performed (At this stage, it is assumed 

that there is no pump in the well) [10]. 

2.3. Pump Selection/Design In selecting and designing the ESP, with the aim to determine the 

following: 

 The number of stages required 

 The pump HP required. 

 Generate a Pump Performance Plot showing the potential operating flow rate range for desired 

frequency. 

Figure 5 depicts the requirements of input data for ESP design. 

3.1 Programing Using Visual Basic Language 

Visual Basic (VB) is a high level and one of the most commonly used programming languages 

developed by Microsoft used for developing computer programs. It is evolved from the earlier DOS 

version called BASIC. BASIC means Beginners' All-purpose Symbolic Instruction Code. The code looks 

a lot like English Language. Over time the community of programmers developed third party 

components. VB is a third-generation event-driven programming language and integrated development 

environment (IDE) for its Component Object Model (COM) programming model first released in 1991. 

VB was derived from BASIC, a user-friendly programming language designed for beginners, and it is a 

programming environment in which a programmer uses a Graphical User Interface (GUI) to choose 

https://en.wikipedia.org/wiki/Third-generation_programming_language
https://en.wikipedia.org/wiki/Event-driven_programming
https://en.wikipedia.org/wiki/Integrated_development_environment
https://en.wikipedia.org/wiki/Integrated_development_environment
https://en.wikipedia.org/wiki/Component_Object_Model
https://en.wikipedia.org/wiki/BASIC
http://searchwindevelopment.techtarget.com/definition/GUI
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and modify preselected sections of code written in the BASIC programming language. Like other 

languages, VB is not case sensitive. 

 

 

 

 

Fig. 5: Input data needs for ESP design 

3.1.1. Visual Studio 2017 Enterprise 

Visual Basic 2017 is the latest version of Visual Basic launched by Microsoft in 2017. Visual Basic 

2017 is bundled together with other Microsoft Programming languages C#, C++, F#, JavaScript, 

Python and other development tools in an integrated development environment called Visual Studio 

Enterprise 2017 Release Candidate. Microsoft has added many new features in Visual Studio 2017 

particularly those features for building mobile applications and gaming as well as web and cloud-

based applications. 

3.1.2. Visual Studio Enterprise 2017 Start Page 

The Visual Studio Enterprise 2017 Start Page as shown in Figure 6. 

Fig. 6: Visual Studio Community 2017 Start Page 

Now click on New Project under Start to launch the New Project window, as shown in Figure 7. 

http://whatis.techtarget.com/definition/BASIC-Beginners-All-purpose-Symbolic-Instruction-Code
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Fig. 7: New Project Window  

Results and Discussion  

If the data is reliable, the design of an ESP system is usually not too difficult. Before beginning the 

design procedure, it must be determined that sufficient well data is available.  

1. ESP Design for Productive Well of Sarir field 

1.1. Input Data and Information 

General Information 

  Location              C-NOTRTH GC-6 

  Field & Lease     Sarir-65 

  Well Name           C-349H-65 

  API Well Reg. #    37.7 

Well and electric submersible pumping system data are presented in the Table 1. 

Table 1: Required data of Well C-349H-65 for reservoir, fluid and desired conditions and mechanical 

data 

Reservoir Data Fluid Data Desired Conditions 

Static Reservoir pressure SBHP 2520 psi 
Current Production 

rate 
180 BFPD 

Desired 

Production rate 

580 

BFPD 

Bubble Point Pressure 520.3 psig Water Cut 0 % Frequency 50 Hz 

Productivity Index 0.5 STB/D/psi Oil Gravity 37.7 API 
Wellhead 

Pressure 
350 psig 

Gas Oil Ratio 112 SCF/STB 
Specific Gravity of 

Water 
1.14 

Pump Setting 

Depth 
6577 ft 

Bottom hole temperature 230℉ Specific Gravity of Gas 0.85   

Perforation Intervals MD 9183-10817 ft Specific Gravity of Oil 0.8363   

Perforation Depth 9175ft Wellhead Pressure 350 psig   

oil volume formation factor (Bo) 1.140 bbl./STB     

water volume formation factor 

(Bw) 
1.040bbl/STB   

  

Datum Depth 8756 ft     

Mechanical Data (Casing Data) 

OD Size (inch) ID Size (inch) Weight lbm/ft Roughness Length, ft 

13.375 12.515 61 0.00065 3185 

9.625 8.835 40 0.00065 8042 

3.5 2.992 9.3 0.00065 6473.6 

 

2. ESP Design by Hand Calculations 
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However, these calculations include the following: 

1. Calculating Producing Pressure and Pump Intake Pressure 

2. Gas, Oil, and Water Calculations 

3. TDH calculations 

4. Calculate minimum pump depth 

5. The Selection of ESP Pump 

6. The Selection of ESP Motor 

7. The Cable Selection  

8. The transformer selection 

The results of hand calculations are presented in Table 2. 

3. Building a Base Model for Well C-349H-65 

The physical model is the first step in modeling any well. Building the physical model, as depicted in 

Figure 8, entails introducing all of the well items from the source to the sink. The reservoir, 

completion, tubing, and well head are the only items modeled in this case.  

 

Fig. 8: Physical Model for C-349H-65 

Pipesim generates a production profile for the hypothetical well based on the input parameters. 

Because the well is weak producing oil, it must be considered uneconomical. (Figure 9) 

Fig. 9: Well C-349H-65 with no artificial lift (weak intersection between IPR and VLP “situation today”) 

 

A full workover is required to implement gas lift or ESP in the well. ESPs are built into the tubing, and 

the well lacks side pockets that would allow wireline installation of gas lift valves. PIPESIM 

simulations, on the other hand, use the current well completion. The model includes the inner and 

outer diameters of casings, tubings, and liners. The inner diameter of restrictions such as the 
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downhole safety valve is also taken into account. The inside roughness of the tubing and casing is 

0.00065 inch. 

3.1.1. Modeling the Well C-349H-65 with ESP 

Selections of equipment start with pump section, a list of pumps matching the design criteria is used 

for choosing the most suitable pump and number of stages is calculated for a given frequency. Pump 

list includes the maximum and minimum recommended rates of the pumps. While selecting the pump 

unit it was desired to find the closest rate at peak efficiency to the theoretical rate. An equipment data 

base is available in the programs’ features. Once the design of the production system completed 

appropriate equipment can be chosen from that data base. The pump design data were entered into 

the Pipesim database using the ESP design conditions, and the Select Pump button was clicked, which 

filtered the pump database for all the pumps that met the design criteria (Figures 10 & 11). The model 

uses these coefficients to calculate pump curves (Figure 12), allowing one to simulate for any 

condition. 

        
Fig. 10: ESP Design input layout                            Fig. 11: ESP input pump selection layout 

3.1.2. ESP Design Using Pipesim Model 

Following are ESP design parameters obtained using Pipesim simulation. 

 

Fig. 12: Well C-349H-65 ESP design parameters obtained using software simulation 

4. ESP Design Using Software approach 
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Characteristic features and properties of ESP design can be determined by using software program as 

mentioned previously, and the results are illustrated in Figures 13 through 15.  

 

Fig. 13: The first step of software program for calculations 

 

Fig. 14: The second step of software program for calculations 

 

Fig. 15: The third step of software program for calculation 

At throughput of production rate, from chart in Figure 16 we can get the pumping head per stage, 

horse power an ESP efficiency (Table 2). 
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Fig. 16: Estimation parameters of ESP design 

Table 2: ESP design results for well C-349-H-65 

Parameters Hand calculations Pipesim model Software approach 

Pump Type  D800N D800N D800N 

Series 400 400 400 

No. Stages  269 262 265 

Efficiency %  62 61.02 63.0 

Horse Power  52 35.60 40.2 

PIP (psi)  420 619 568 

TDH (ft)  6450 5936 6212 

Design Frequency, Hz 50 50 50 

 

The ESP system horse power is the pump horse power plus the gas separator horse power. Since gas 

separator is installed, the system horse power is the pump’s which the sum of horse power of each 

stage. This submersible pump needs 269 numbers of stages. The power required is about 52 hp.   

We notice a high number of required stages (269 stages) in the proposed design, so we need to put 

down two pumps (Tandem Pumps) of the same design, i.e. D800N, to cover the number of required 

stages, a high operating point, and to maintain the pump's longest run life. 

Because the series of down-hole motors are available different in power rating, 

therefore the chosen motor should be with next available power rating higher horsepower than the 

calculated horse power which was considered in selecting the motor. The motor horse power required a 

form hand calculation is 57 HP and as a result the chosen motor power rating is 62.5 (Table 3).   
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Table 3: The proposed motor parameters, selected cable characteristics and desired surface power 

data for well C-349-65 

Motor Parameters Cable Characteristics Desired Surface power 

Manufacturer  REDA Manufacturer  REDA Surface Voltage ,Volts 1090 

Series  562 Type  Redahot Transformer, KVA 68 

Type  S Size  2 Cu Frequency, Hz  50 

Name Plate Power, HP  62.5 Shape  Round   

Name Plate Voltage, 

Volts  
1000 Conductor Type  Solid 

  

Name Plate Current, 

Amps  
36 

Maximum Conductor 

Temperature,  
300 

  

Design Frequency, Hz  50 Voltage Drop  90   

Length 7.1 ft Frequency, Hz  50   

Weight 534 Ibm     

Fluid Velocity, ft/sec  0.2     

Well Fluid Temperature, 

 
230 

    

 
Figure 17 depicts a comparison between some ESP design parameters for the investigated oil well. It is 

obviously from this comparison between hand calculations, Pipesim model and software approach that 

there is no much difference between them, except the pressure intake pump (PIP). Accordingly, the 

sofware approch can be applied for ESP to achieve the requiements of production rates.  

5. Production Performance (Well C-349H-65) 

The wells produce significantly more than in the ESP case and in the base case (no artificial lift). The 

total liquid rate of the well is well within the pump's operating range, between the minimum and best 

efficiency line. This means that there is still plenty of room for more fluid. Figure 18 depicts the 

production point, which is the point at which the VLP and IPR curves intersect. 

 

Fig. 17: A comparative bar chart for ESP design 
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The intersection of IPR and VLP in Figure represents the operating point of 580 STB/day achieved by 

ESP installation. 

 

Fig. 18: Effect of ESP design on inflow and outflow curves (intersection of IPR and VLP) 

Figure 18 shows that, designing ESP have improved VLP curve and it also made improvement in the 

well performance and it made liquid production rate to increase to 580 STB/day. Furthermore, 

designing an ESP can also be applied when the well cannot flow and the reservoir pressure is low. 

Regarding well C-349H, before in Figure 9, it was shown that when the reservoir pressure decreased, 

there was Weak (not desired) flow inside the well, but as it is shown Figure 18 after setting an ESP 

inside the well, the designed ESP provided enough pressure for the well to start to flow. 

Figure 19 shows three different operating frequencies for the designed ESP in order to see how the well 

production performance will respond to those frequencies. 

It is shown in Figure 19, when the operating frequency for the designed ESP increased from 30 to 40 

to 50 and to 60 Hertz, the well performance has also increased, and it will facilitate the achievement of 

the production rate. On the other hand, when the operating frequency was reduced to 40 Hertz, a 

lesser performance was observed in well C-349H-65. 

From all the figures shown above, it is observed that the intersection of 

inflow and outflow satisfy the condition when oil is produced. The intersection of each intake curve 

with the IPR plotted above is to show a comparison of flow rates provided or not provided by ESP 

methods. 

 

Fig. 19: Effect of changing ESP operating frequency Performance Plot 
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Figure 20 present the effect of ESP on oil production performance for well C 349H-65. There is a sharp 

increase in the liquid production as the ESP installed with efficiency of 62 %. Thereafter the liquid 

production starts to stabilize and reaches a maximum rate of approximately 580 BFPD. Currently the 

well is stabilized at production rate of 680 BFPD with 0 % water-cut and 110 GOR (SCF/STB). 

 
Fig. 20: Production performance of Well C-349H-65 

Figure 21 illustrates the production history of well with cumulative oil production in April 2021 was 

estimated at 1.174 MM bbls and without water produced through the life yet, as when the first ESP 

applications were started. It doesn't notice any rise of the water cut was. The new ESP design was 

installed after the well stop to produce (No flow) on June 2021. The design has been developed to 

overcome the production engineering challenges which have been encountered following the 

commencement production from the stage oil field .Using ESP Method as kind of artificial lift will 

contribute in increasing the cumulative of oil to achieve the production to economical rate as show in 

Figure 21.  

 
Fig. 21: Cumulative oil production of Well C-349H-65 
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However, the incremental in oil production has been even as of the date 30/11/2021 that has been 

106.230 Mbbls , and so on the price of Crude oil  as average price recently 60 Dollars ($) (106.230 

*60=6373800 (6.37 MM $ ) that is economically beneficial and  the cumulative of oil production 

increased which is 1.28626 MMbbls. The pump continues to produce until today. 

To summarize, Table 4 provides detailed information for each base case scenario: 

Table 4: Economic base case condition 

Scenario 

Minimum Economic 

Production Rate 

Produced 

Maximum Economic 

Production Rate 

Produced 

Without ESP 110 (oil production)  289 (oil production) 

With ESP  280 stb/d at 2520 psia at 40 Hz with 0 %WC 
860 stb/d at 2520 psia at 

60 Hz with 0 %WC 

 
Looking at the review of each base case scenario, it can be concluded that has giving higher volume of 

oil production, ESP is considered as more economical. However, ESP is an effective method to lift large 

volume of oil. 

 

Conclusion 

To produce to its full potential and have a successful run life, an ESP well must have optimal 

production conditions, which means that ESP down-hole and surface equipment must be properly 

designated and operated. After developing detailed simple calculations, the best design was 

implemented using Pipesim model and software approach.  

The production issue was analyzed and designed an electrical submersible pump (ESP) system that 

addresses the well data and issues. Furthermore, ESP is the best artificial lift method for wells with 

high water cut and pressure depletion. Installing ESP allows for more oil to be recovered in less time, 

improving field economics. Because there are numerous ESP system designs on the market today, we 

must design the most optimum and ideal ESP systems as stated in the study objective from the start. 

ESP is, once again, a dynamic displacement, multistage centrifugal turbine pump connected by a 

short shaft to a downhole electrical motor powered by a cable that extends to the surface. As in the 

production engineer discipline, it is necessary to design the best ESP system possible in order to 

extend the life of ESP components, which are a costly investment for the company. Based on this 

research, it is possible to conclude that the REDA D800N pump is the best submersible pump for Well 

C-349H-65, with a pump efficiency of approximately 62 %; from the designing this well can return to 

produce at desired flow rate 580 STB/Day. 

Recommendations 

The findings of this study are pertinent to the objectives. If we broaden the scope of this work to 

include more parameters, we will be able to study a lot more theories while also gaining more 

knowledge in the artificial lift discipline. Here, I'd like to make a few recommendations to future work 

for this research: 

 Because variable speed drive (VSD) technology was not used during the design procedure for 

ESP applications, the study could be improved by including that option in ESP systems.  
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 Future research on this topic may include progressive cavity pumps, as that artificial lift 

method is available to use in those fields. 

 Conduct a cost-benefit analysis for each ESP component. We can then select the most efficient 

and economical option.  

 ESP design and installation in extreme conditions, such as a gassy well. 
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Abstract: 

 Geothermal energy is a natural heat inside the Earth accumulated in rocks and fluids filling 
rock pores and crevices. As a renewable source of energy and heat, it is an alternative to 
conventional raw materials. Geothermal energy is an important emerging renewable 
technology that has the potential to provide power from a virtually unlimited reserve 
worldwide. Geothermal energy is an increasingly attractive source for renewable energy that 
can be used for power generation, heating/cooling, and a multitude of other direct-use 
applications. Each application will require a distinctive fluid temperature, with power 
generating operations requiring the highest fluid temperatures. Globally, the installed 
geothermal energy capacity has burgeoned from 1,300 MWe in 1975 to more than 10,715 
MWe in 2015.  The rise in geothermal energy is due to a higher global energy demand, 
rising energy prices, new innovative technologies, and the growing need to reduce the 
anthropogenic impact on the environment. Geothermal energy is important since it is 
accessible from anywhere in the world, provides a steady source of thermal power, is easily 
scaled up, and can be switched on/off to follow demand. The main disadvantage of 
extracting geothermal energy from deep resources is the high capital cost needed to drill the 
well(s), in order to access the higher temperature resources. The drilling phase is the most 
significant financial burden on any geothermal investment. It takes on average up to 70% of 
total investment costs, often making a potential investment economically unprofitable. 
Retrofitting abandoned petroleum wells for the purpose of geothermal extraction is a novel 
idea due to the fact that petroleum wells are generally deep enough to access high 
temperature strata. This paper has been carried out on twelve abandoned wells at Nafora oil 
field to look forward for reutilizing them by using subsurface data related to thermal 
characteristics of the produced water. The results of this data revealed that it could be used 
this produced water as a heat source due to their large quantity and higher enthalpy with an 
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average value 243.58ºC that can be used in different applications particularly  electricity 
generation by using flash steam power plant to sustainable development. 

Keywords: Geothermal, renewable energy, abandoned, oil wells, sustainable, resources.

Introduction 

Geothermal energy is one of the most talked about sources of renewable energy in today's 

world. With the correct technology, it has the potential to be regarded as the best source of 

effective, clean and not to mention renewable energy. “Geothermal” energy is basically the 

energy of the earth, stored in it in the form of thermal energy. This thermal energy is 

generated due to the geothermal gradient. So, in order to reduce the costs of building a 

geothermal energy generation plant, the use of abandoned wells in this regard, in order to 

exploit the geothermal gradient of the earth, has been a widely considered idea. After the 

production of petroleum from a reservoir through a well reaches its limit, i.e. no more 

production is possible through the same well, it is decided that the well should be plugged or 

abandoned. This process is done with the minimum costs required and under any 

government regulations [1]. An abandoned well is of no use to the company which owns the 

already exploited oilfield where the said well is present. So, if we can somehow use the fact 

that very deep wells are present at high temperature conditions to our need, then the 

otherwise useless abandoned wells can be used to our advantage. For the generation of 

energy, the abandoned wells are to be "rebooted" before any kind of energy generation can 

be done. After the "rebooted" work is over, a circulating fluid (water) is pumped down to 

produce saturated steam, which rises up the well, and is used to run a turbine placed above 

the ground [2]. 
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There are three types of petroleum wells potentially capable of supplying geothermal energy 

for electric power generation: (a) a producing oil or gas well with a water cut, (b) an oil or 

gas well abandoned because of a high water cut, and (c) a geopressured brine well with 

dissolved gas. This paper considers the basic technical and economic aspects of power 

generations from the second type of wells and presents case of estimating the available 

power capacity of a typical well (or a group of wells) in each of the above categories.  

The power capacity of wells in the first category is determined primarily by the production 

rate and temperature of the produced water, ambient temperature, and conversion efficiency 

of the geothermal power plant. The factors that control the wellhead temperature of the 

produced fluid are: formation temperature, well depth, well diameter and production rate.  

The power capacity of an abandoned oil well depends on: (a) production rate and 

temperature of the produced water, (b) ambient temperature, (c) conversion efficiency of the 

geothermal power plant, (d) water salinity, (e) gas content in the produced fluid and (f) the 

characteristics of the equipment used to generate power from the produced water. The 

production rates of water from such a well depend on the hydraulic properties of the 

formation, gas content (dissolved as well as free) in the formation water, formation 

temperature and pressure, and well design. It is shown that the well’s productivity could be 

substantially improved by working it over; both pumping and self-flowing the well are 

considered [3].  

Objectives of Study 

The main objectives of this study are: 
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1. Potentiality of retrofitting abandoned oil wells for the purpose of geothermal 

extraction. 

2. Looks forward to reutilizing these abandoned wells by using subsurface data related 

to thermal characteristics of rock sequence. 

3. The needs of power generation sources. 

Location of Study 

This study was performed on twelve abandoned oil wells that denoted by GX1 to GX12 at 

Nafora oilfield (Figure 1). 

 
Fig. 1: A map shows Nafora oilfield [4] 

Literature Review 

The bulk of the research that has been carried out on capturing geothermal energy from 

abandoned petroleum wells has focused on open loop designs. The open loop designs for 

existing petroleum wells seek to repurpose the oil/gas reservoir as a groundwater 

geothermal reservoir. Many countries have supported research and work into retrofitting an 

abandoned petroleum resource with an open loop geothermal design, including: Al, China 

[6], Croatia [7], Hungary [8], New Zealand [9], Poland [10], and the United States [11].  

Nafora oilfield 
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The overwhelming majority of the research that has been done concerning closed loop 

designs retrofitted to abandoned wells has been with u-tube and double pipe heat 

exchangers. There is only one available paper concerning the modeling of a u-tube heat 

exchanger in an abandoned well, and it focuses on the need to model the convective heat 

flow in the porous medium surrounding the borehole [12]. There are only a few published 

papers concerned with the retrofitting of double pipe heat exchangers to existing petroleum 

wells, namely: Kujawa et al. [13], Davis & Michaelides [14]. 

Types and Applications of Geothermal Resources 

There are many different classifications of exploitable geothermal resources with different 

possible applications. The general method for extracting energy from a geothermal system is 

to pump a fluid which has been heated by hot rock to the surface and then to utilize the 

heat energy within that fluid. These can vary widely in chemical composition of hydrothermal 

fluid, amount of fluid present, geothermal gradient of the region, and many other factors. No 

two sites are exactly alike, but many share similar characteristics which are useful for 

classifying them. Among the most important of these are water dominated fields, steam 

dominated fields, and hot dry rock systems. Economic viability is a very important part of 

determining whether or not a geothermal resource is worth developing, and is generally 

measured by the comparative cost of production of a unit of energy against other sources. 

1. Water Dominated Fields 

Water dominated fields are defined by pressure within the fluid reservoir coming mostly from 

liquid water. These fields can exist at both high and low temperatures, though higher 
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temperature fields require high pressure to maintain the liquid phase of the water [15]. There 

are two primary types of water dominated fields; hot water fields and wet steam fields [15]. 

The distinction between these two is that hot water fields have water in a liquid phase as a 

result of low temperature while wet steam fields have water in a liquid phase as a result of 

high pressure. Typically, the reservoirs of hot water fields will contain liquid water at all 

depths due to low temperature and geothermal gradient. Hot water fields are generally only 

considered economically viable if they are near the surface, have low salt content, and have 

high flow rates [15].   

2. Geothermal Power from Co-Produced Oil Field Waters 

Water produced along with the oil or gas from petroleum well is separated and injected 

back. If this water has adequate temperature, it is possible to extract the geothermal energy 

in the produced water and generate electric power before injecting the water. No drilling cost 

would presumably be involved in such a power generation project from co-produced water 

from active oil or gas wells compared to a conventional geothermal project, where the drilling 

cost typically amounts to 30% to 40% of the total capital cost of a project. As such, the 

capital cost for a geothermal project from co-produced water can be significantly lower per 

kilowatt generation capacity than for a conventional geothermal project. The potential power 

capacity of an oil or gas well, or a group of wells, producing with a water-cut would be 

determined primarily by the following variables: 

1. Water production rate from the well or a group of wells; 

2. Temperature of the produced water at the collection point or the outlet of the storage 

tank; 
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3. Water salinity; 

4. Ambient temperature at the site via the temperature of the water; and 

5. Conversion efficiency of the power plant to be used. 

3. Production of Geothermal Water from Abandoned Oil Well 

The power capacity of an abandoned water well depend on: (a) production rate and 

temperature of the produced water, (b) ambient temperature, (c) conversion efficiency of the 

geothermal power plant, (d) water salinity, (e) gas content in the produced fluid,  and (f) the 

characteristics of the equipment used to generate power from the produced water. The 

production rate of water from such a well depends on the hydraulic properties, temperature 

and pressure of the formation, gas content (dissolved as well as free) in formation water, 

and well design. 

4. Steam Dominated Fields 

Steam dominated fields are high temperature high pressure underground reservoirs of steam 

and other gases. Steam dominated fields are generally much higher in temperature than wet 

steam fields. Because of the pressure necessary to maintain this body of steam, an 

impermeable cap rock covering the reservoir is necessary to prevent rapid depressurization 

and loss of the fluid within the reservoir [15, 16].   

5. Hot Dry Rock 

Hot dry rock systems are regions of rock without a usable amount of fluid within them for 

geothermal energy capture by typical methods. Frequently, the lack of a fluid reservoir is a 

result of the rock being impermeable. These systems present the largest source of 
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potentially accessible geothermal energy as they are not limited to fault zones and can be 

found almost anywhere at sufficient depth. The cost of drilling geothermal wells increases 

exponentially with depth, however, meaning that these systems will not always be 

economically viable for energy production [17].   

6. High Temperature Applications 

High temperature geothermal resources are typically used for the generation of electricity. 

This is accomplished through the use of heat and pressure differences between the reservoir 

and the surface to produce mechanical energy which is then used to turn turbines and 

generate electricity. Steam-based electricity generation is the most effective geothermal 

electricity generation method as steam dominated fields tend to contain the most energy per 

unit volume of fluid [15].   

7. Low Temperature Applications 

A geothermal resource is considered low temperature if its temperature is less than 150°C 

[17]. Low temperature geothermal resources are typically used for direct heating in both 

industrial and non-industrial applications. This energy is used in industrial settings for 

increasing the efficiency of refining ore, dehydration of foods, drying of timber, and many 

other applications [17]. The use of geothermal heat pumps can warm houses in the winter, 

cool them in the summer, and provide hot water year round [17]. 

Classification of Geothermal Resources 

Geothermal resources can be sorted into low, intermediate and high enthalpy sources 

according to the average reservoir temperature (Table 1). The classes of resources depicted 
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in Table 1 are divided subjectively according to different authors. The authors cited do not 

reach a consensus on the appropriate temperature ranges to describe each class of 

geothermal resource. In the case of a closed loop geothermal system the corrected 

bottomhole temperature of the borehole is a good estimate of the reservoir temperature, as 

the geothermal reservoir is the surrounding rock mass in this case. 

Table 1: Classification of geothermal resources by temperature  

 
Resource 

 

Muffler & 
Cataldi, 

1978 [18] 

Hochstein, 
1990 [19] 

Benderitter & 
Cormy, 1990 

[20] 

Haenel, 
1988, 

Dickson, 
1990 [21] 

Low enthalpy <90˚C 
 

<125˚C <100˚C ≤150˚C 
Intermediate 

enthalpy 
90-150˚C 125-225˚C 100-200˚C --- 

High enthalpy >150˚C 
 

>225˚C >200˚C >150˚C 

Temperature and enthalpy alone cannot define properly the state of geothermal fluids. 

Despite that fact, geothermal resources are classified as high-enthalpy fields (temperature 

is>150˚C), medium- enthalpy fields (temperature is 90˚C to 150 ˚C) and low-enthalpy fields 

(temperature is< 90˚C) according to their reservoir fluid temperatures (Figure 2) [18, 22, 

23]. 

Geothermal Energy Power Plants 
Geothermal power plants use hydrothermal resources (both water and heat) that come from 

either dry steam or hot water. These hydrothermal resources are accessed by drilling wells 

into the earth and then pumping steam or hot water to the surface. The hot water or steam 

powers a turbine-generator that generates electricity. The three types of geothermal power 
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plants are dry steam, flash steam, and binary cycle [24]. Choice of design is determined by 

the geothermal resource and load demands of the application. Using geothermal energy 

reduces global dependence on fossil fuels and provides continuous baseload electricity. 

Geothermal power plants have the potential to regulate electricity production throughout the 

day from 100 percent operational capacity to only 10 percent depending on the load 

demands which reduces production of unused energy [25]. In 2013, the global geothermal 

capacity was estimated at 11,700 MW [26]. 

Types of Technology  

Several types of geothermal power plants exist.  

1. Dry steam power plants  

The geothermal fluid is high-pressure superheated dry steam at between 180°C and more 

than 350°C that drives the turbine of a Rankine cycle power plant. The resulting cooled 

water is injected back into the geothermal reservoir. 

Dry steam plants use hydrothermal fluids that are primarily steam. The steam goes directly 
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to a turbine, which drives a generator that produces electricity (Figure 4). 

Fig. 2: Classification of geothermal resources Temperature/Enthalpy 

2. Flash steam power plants  

The geothermal fluid is high-pressure wet steam (a mix of water and steam) at a 

temperature above 180°C. The dry saturated steam, separated from the wet steam in one or 

two flash tanks, drives the turbine of a Rankine cycle power plant. 

Flash steam power plants tap into reservoirs of water with temperatures higher than 180°C. 

As it flows, the fluid pressure decreases and some of the hot water boils or "flashes" into 

steam. The steam is then separated at the surface and is used to power a turbine/generator 

unit (Figure 5). 

3. Hydrothermal power plants  

The geothermal fluid is high-pressure water at 125°C to 180°C. To efficiently convert in 

electricity the heat recovered from water at such temperatures, a binary cycle power plant is 

required [27].  

Fig. 3: Dry steam power plant 
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Fig. 4: Flash steam power plant 

 

4. Binary cycle power plants   

Operate on water at lower temperatures of about 105-180°C. These plants use the heat 

from the geothermal water to boil a working fluid, usually an organic compound with a low 

boiling point (Figure 6). 

Geothermal Gradient 

Table 2 was made based on the analyses of foreign experience. The table shows the value 

of the generated power depending on the depth of a well and the amount of the geothermal 

gradient. 

Table 2: Geothermal gradient impact on the output power [29-33] 

Authors 
Power output, 

kW 
Well depth, m 

Geothermal gradient, 
ºC/km 

Kujawa et al. [33] 140 3950 25 
Bu et al. [34] 59.4 4000 38 

Cheng et al. [35] 239 6000 50 
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Noorollahi et al. 
[36] 

133 3861 29.6 
364 4423 31.2 

Wight and Bennett 
[37] 

217 6000 50 

From the Table 2 it is clear that the higher value of the geothermal gradient, the more power 

can be generated, while the value of the depth doesn’t influence so much. 

Using Abandoned Oil Wells for Geothermal Energy Production 

Petroleum wells are abandoned when the oil/gas reservoir becomes unfeasible for petroleum 

extraction, or when a dry hole is drilled. Dry holes refer to drilled wells that contain an 

economically unfeasible amount and/or type of petroleum deposit.   

Retrofitting abandoned petroleum wells for the purpose of geothermal extraction is a novel 

idea due to the fact that petroleum wells are generally deep enough to access high 

temperature strata. The depth of exploratory and developmental wells for crude oil, natural 

gas, and subsequent dry holes drilled in the US from 1949 to 2008 range from 945 to 2560 

meters feet in depth [38]. The US has drilled over 2.5 million petroleum wells since the 

1950’s and has the highest rate of oil and gas drilling in the world [39], therefore the US 

provides a satisfactory illustration of the characteristics of petroleum wells worldwide. 

Both open loop and closed loop geothermal systems can be retrofitted to existing petroleum 

wells. An open loop system will make use of the petroleum reservoir, as long as there are at 

least two wells drilled into the same resource. The groundwater can be stored in the 

abandoned reservoir in order to gain heat from the surrounding rock, before being extracted 



Ibrahim M. Abou El Leil  & Fatema Omar  

 
  م 0200ديسمبر  -المجلد الثاني -العدد السادس والعشرون –مجلة جامعة بني وليد للعلوم الإنسانية والتطبيقية  

 

58 

from existing petroleum well. Closed loop geothermal systems adapted to a single well are 

generally designed to use either a u-tube heat exchanger or a double pipe heat exchanger. 

Conditions Necessary for Using Wells in Oil Fields   

For geothermal purposes the oil field should have: 

1. Suitable wells for extraction of geothermal heat 

2. Stable temperature and constant production rate 

3. Suitable conditions for reinjection of reservoir waters 

4. Potential users of the heat energy nearby 

To determine the above-mentioned geological conditions (stable temperature and 

production) it is necessary to determine: 

1. Structural and stratigraphic conditions of the reservoir and the field (usually well-

known at this stage of production) 

2. Exploitation conditions (types of fluids, water conditions, run of production, fluctuation 

of pressures ) 

3. Geothermal parameters (temperature gradient, reservoir pressure, possibility of 

production) 

4. Hydrological conditions (examination and description of infiltration zone and outcrop 

area of reservoir horizons, direction of fluid migration, fluid chemistry). 

Results and Discussion 

1. Case Study 
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This study was performed on twelve abandoned oil wells at Nafora oilfield as shown in Table 

3. These wells exhibit a variation for their depths, fluid production, pressure, temperature 

and temperature gradient as well as salinity content. 

According to Lindal [28] for the different applications of geothermal fluids as a function of 

their temperature, modified after ORC denotes the Organic Rankine Cycle, the studied wells 

can be used for a wide range of applications because of high temperature sources that 

ranges from 170ºC (Well GX9) and 246ºC (Well GX10) with an average value 214.58ºC 

Table 3). These applications involve conventional electricity generation, electricity generation 

by ORC or Kallina Cycle, heat generation and heat pumps.   

2. Geothermal Resources Classification 

According to the reported authors [18-21] the geothermal resources can be classified by 

temperature into different enthalpy as presented in Table 4. 
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Table 3: Abandoned oil wells at Nafora oilfield 

 

No. 

Abandoned 

oil wells 

Depth 

(ft) 

Pressure 

(psia) 

Fluid 

production, 

Q (bb/d) 

Fluid 

temperature 

( ) 

Temperature 

gradient 

(ºC/100 m) 

Salinity 

(ppm) 

1 GX1 9700 2571 1300 210 3.89 215514 

2 GX2 8990 3053 1500 218 3.75 406012 

3 GX3 8980 3521 1192 245 3.65 306514 

4 GX4 9328 3949 1000 200 3.84 202132 

5 GX5 10250 4690 2619 216 3.91 412415 

6 GX6 9753 4431 1147 232 3.78 331542 

7 GX7 9320 3390 5010 200  3.70 221150 

8 GX8 7120 4380 23774 180 3.66 55800 

9 GX9 8760 3390 8000 170 3.71 60260 

01 GX10 10285 4200 1500 246 3.98 177840 

00 GX11 9900 3095 859 238 3.84 222130 

02 GX12 9276 4012 5000 220 3.76 120000 

 ---- 9305.17 3723.5 4408.15 214.58 3.79 227609 

N2 = 1.70 mol. % CO2 = 20.8 %   , GOR = 500 scf/STB,   Viscosity = 1.08 cp 
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Table 4: Classification of geothermal resources by temperature of investigated wells 

 

No. 

Abandoned 

oil wells 

Fluid 

temperature 

( ) 

Muffler & 

Cataldi, 

1978 

Hochstein, 

1990 

Benderitter & 

Cormy, 1990 

Haenel, 

1988, 

Dickson, 

1990 

1 GX1 210 High 

enthalpy 

Low enthalpy High enthalpy High 

enthalpy 

2 GX2 218 High 

enthalpy 

Low enthalpy High enthalpy High 

enthalpy 

3 GX3 245 High 

enthalpy 

High enthalpy High enthalpy High 

enthalpy 

4 GX4 200 High 

enthalpy 

Low enthalpy Intermediate 

enthalpy 

High 

enthalpy 

5 GX5 216 High 

enthalpy 

Low enthalpy High enthalpy High 

enthalpy 

6 GX6 232 High 

enthalpy 

Intermediate 

enthalpy 

High enthalpy High 

enthalpy 

7 GX7 200  High 

enthalpy 

Low enthalpy Intermediate 

enthalpy 

High 

enthalpy 

8 GX8 180 High 

enthalpy 

Low enthalpy Intermediate 

enthalpy 

High 

enthalpy 

9 GX9 170 High Low enthalpy Intermediate High 
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enthalpy enthalpy enthalpy 

01 GX10 246 High 

enthalpy 

High enthalpy High enthalpy High 

enthalpy 

00 GX11 238 High 

enthalpy 

High enthalpy High enthalpy High 

enthalpy 

02 GX12 220 High 

enthalpy 

Low enthalpy High enthalpy High 

enthalpy 

3. Flash Steam Power Plants  

Tap into reservoirs of water with temperatures higher than 180°C. As it flows, the fluid 

pressure decreases and some of the hot water boils or "flashes" into steam. The steam is 

then separated at the surface and is used to power a turbine/generator unit. Hence the 

average temperature value of the produced water is 214.58ºC the flash steam power plants 

can be used for electricity generation besides the other different applications. 

On the other hand, the output power based on geothermal gradient of studied wells and 

according to the authors [33-37] can be determined as reported in Table 5. 

Table 5: Output power based on geothermal gradient of studied wells 

 

No. 

Abandoned 

oil wells 

Depth 

(ft) 

Temperature 

gradient 

(ºC/100 m) 

Authors 

Kujawa 

et al. 

Bu et 

al. 

Cheng 

et al. 

Noorollahi et 

al. 

Power output, kW 

1 GX1 9700 3.89 140 59.4 --- 364 364 
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2 GX2 8990 3.75 140 --- --- 364 364 

3 GX3 8980 3.65 140 --- --- 364 364 

4 GX4 9328 3.84 140 59.4 --- 364 364 

5 GX5 10250 3.91 140 59.4 --- 364 364 

6 GX6 9753 3.78 140 59.4 --- 364 364 

7 GX7 9320 3.70 140 --- --- 364 364 

8 GX8 7120 3.66 140 --- --- 364 364 

9 GX9 8760 3.71 140 --- --- 364 364 

01 GX10 10285 3.98 140 59.4 --- 364 364 

00 GX11 9900 3.84 140 59.4 --- 364 364 

02 GX12 9276 3.76 140 59.4 --- 364 364 

However, the geothermal gradient of the investigated oil wells throughout the different rock 

formations is illustrated in Figure 13. 
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Fig. 5: shows the geothermal gradient in rock formations 

 

Figure 14 shows the temperature versus depth correlation for some wells. It is obviously that 

is a linear relationship between the two variables.   
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Fig. 6: Temperature versus depth of investigated abandoned wells 

 

Conclusion 

In the light of the previous study the following conclusions could be drawn: 

1. Geothermal energy is a powerful natural resource with the potential to shape the 

future of human society.  

2. It is relatively clean and environmentally friendly when compared to present energy 

sources such as fossil fuels.  
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3. Geothermal resources can be used in a wide variety of applications from melting 

snow on sidewalks to generating electricity.  

4. Geothermal heat pumps are a high-efficiency means of heating and cooling 

buildings.  

5. Geothermal energy still requires a lot of efforts in research, to optimize technology, to 

use new materials and to reduce the investment risk.  

6. Geothermal energy may provide an important contribution to energy efficiency in 

many processes (most of our energy consumption is for heating)  

7. Geothermal energy is very suitable for co-production, co-generation, hybrid systems. 

We need to test and prove it. 

8. The obtained data from the investigated produced water from oil wells indicated high 

temperature source of a wide range (170-246ºC) with an average value 214.58ºC.  

9. According to this temperature, it could be applied in a wide range of uses particularly 

the electricity generation using flash steam power plants.  

10.  Classification of geothermal resources by temperature of investigated wells can be 

classified into low, intermediate and high enthalpy based on different authors.  
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Wanes, Benlama* 
 Physiotherapy Department , Faculty Of Medical Technology/ Bani Waleed University, Libya  

 
 

  
Abstract:Fibromyalgia is a musculoskeletal disease, which can result in chronic pain and it's an 

arthritis-related condition which impairs joints and soft tissues. The most common symptom is pain, 

which is severe and sharp sometimes and dull ache the other time in the form of constant and relentless 

aches all over the body. This study is based on a 45 years old male university professor who is diagnosed 

and suffering from fibromyalgia for the last 2.5 years (Appendix). Symptoms of fibromyalgia started 

gradually and in later stages, he use to feel chronic muscle pain, especially in the neck and back area. 

Other symptoms were muscle spasms, and moderate to severe fatigue, and he used to feel low energy 

during his routine work. Due to fibromyalgia, his daily life, interaction with family and job is badly 

affected and this paper will discuss a bio-psychosocial approach for holistic management of his 

symptoms and improve his quality of life by employing a mantra i.e. Keep calm and forget the pain. 

Keywords: ( Bio-Psychosocial, Chronic Pain, Fibromyalgia, Holistic Management, And Physiotherapy.) 

Introduction 

Pain is a disagreeable sensation that everybody recognizes and feels in life (Cervero 2012)]1[. It’s an 

unpleasant sensory and emotional experience associated with actual or potential tissue damage or 

described in terms of such damage (IASP 2012)]2[. Nay and Featherstonehaugh (2012)]3[ stated that pain 

is emotional, cognitive and physical and further classified it as somatic, visceral, neuropathic, centrally 

generated or peripherally generated and has a protective effect. According to Griensven, Strong and Unruh 

(2014)]4[, many factors are considered in the perception of pain in an individual, such as age, gender, level 

of disability, and social and culture. Considering these statements about pain, it can be understood that 

pain is a complex phenomenon and its management need good knowledge and skills and implication of 

bio-psychosocial approach to read outpatient views and eradicate misinterpretations.  

Fibromyalgia is one of the diseases, which can result in chronic pain and it's an arthritis-related condition 

which impairs joints and soft tissues. The most common symptom is pain, which is severe and sharp 

sometimes and dull aches the other time in the form of constant and relentless aches all over the body 

(Chandler 2011)]5[. Other symptoms are dizziness, fatigue, morning stiffness, mood fluctuations, 

numbness or tingling in hands or feet, irritable bowel syndrome, temporomandibular joint disorder, and 

sleep disturbance which severely affects the quality of life and escalate stress level in fibromyalgia patients 

(Wallace and Wallace 2003)]6[.  

The etiology of fibromyalgia syndrome (FMS) is unknown, but research suggests that improper sleep, 

changes in muscles metabolism due to decreased blood flow and thus low oxygen flow to the muscles can 
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be a reason, peripheral or central sensitization, hormonal and genetic influences and abnormalities in the 

autonomic nervous system could be the possible reasons (Ostalecki and Tamler 2009)]7[.  

There is no diagnostic test for fibromyalgia; however American College of Rheumatology proposed a 

classification criterion in 1990 based on widespread pain and tender points (ACR 2013)]8[. A revised 

version of this diagnostic criterion was published in 2010 which confirms the presence of FMS in a patient 

if he has 11 out of a total of 18 tender points and 2010 ACR criteria were found to be an effective 

diagnostic tool in most of the patients with FM (Hauser and Wolfe 2012 )]9[. However, another study by 

Stahl (2009)]10[ suggests that tender points are not an adequate tool to diagnose fibromyalgia.  

 

Fig. 1:  FM pain area 
Pain Mechanism: 

Persistent or intense nociception in FM patients can lead to transcriptional and translational changes in 

the spinal cord and brain resulting in central sensitization and pain (Staud and Rodriguez 

2006)]12[. Woolf (2011)]13[  explained that central sensitization is a state of CNS which is related to the 

evolution and preservation of chronic pain. Once central sensitization has been established, only minimal 

nociceptive input is required for the maintenance of the chronic pain state. Other factors, including pain-

related negative affect, have been shown to significantly contribute to clinical fibromyalgia pain.  

According to Staud (2006)]12[, the mechanism behind this central sensitization in FM patients is due to 

the hyper-excitability of dorsal horn neurons (DHS) whose primary function is to transmit nociceptive 

stimulus to the brain. As a result, low-intensity input generates a high level of nociceptive stimulus to the 

brain and pain perception. 

Prolonged stimulus from A-δ and C fibers depolarize DHS which leads to the removal of magnesium ions 

from NMDA-gated ion channels followed by an influx of extracellular calcium ions and the production of 

nitric oxide resulting in the diffusion of DHS. According to Latremoliere and Woolf (2009)]14[, nitric oxides 

facilitate the increased release of excitatory amino acids and substance P and make dorsal horn neurons 

hyper-excitable. Due to this reason, any physical activity done by FM patient gets amplified in the spinal 

cord and results in heightened pain perception. Evidence also suggests that stress, depression, poor sleep 
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and interpersonal and environmental factors also contribute to and result in central sensitization in FM 

patients (Hansson 2014)]15[. 

In research by Gosselin et al. (2010)]16[, they suggested that glial cells dorsal horn enhance 

hypersensitivity in chronic pain. In central sensitization, many factors like nitric oxide and substance-P 

result in the activation of glial cells. Once activated, these cells facilitate the release of inflammatory 

cytokines, substance-P, nitric oxide, L-1RA, IL-6 and IL-8, prostaglandins, excitatory amino acids, and 

ATP, which in response, further increase the discharge of excitatory amino acids and substance P from the 

A-δ and C afferents that synapse in the dorsal horn and also enhance the hyper-excitability of the dorsal 

horn neurons. It is affirmed by Gosselin et al. (2010)]16[  that Pro-inflammatory levels of cytokines IL-1RA, 

IL-6 and IL-8 are increased in FM patients supporting the role of glial cells in central sensitization in FM 

patients. Furthermore, many types of muscle abnormalities like ragged red and moth-eaten fibres have 

been seen in FM patients which appear due to repeated micro-trauma and contribute to continuous 

muscle tension and pain and also lead to ischemia that results in central sensitization of pain (Staud 

2011)]17[. 

According to Griensven, Strong and Unruh (2014)]4[, continuous nociceptive stimulus from nociceptive 

specific neurons put an inhibitory impact on wide dynamic range neurons (receives stimulus from 

nociceptive specific neurons and Aβ fibres) and alters the way Aβ fibres transmit the information which 

results in low excitability by nociceptive stimulation. These all changes lead to low threshold stimulus, 

unable to pass through DHS and finally not being felt. Furthermore, prolonged stimulation from Aδ and C 

fibres depolarizes DHS and forces magnesium ions to leave N-methyl-D-aspartate (NMDA), leading to 

calcium influx. Calcium influx results in nitric oxide production which thus leads to irregular liberation of 

substance P. This increased amount of substance P not only results in more and more calcium intrusion 

but also keeps dorsal horn neurons (DHN) hyperactive. Due to continuous calcium intrusion and 

hyperactive DHN, low-intensity stimulation is presumed as high intensity and the body feels too much 

pain even when the stimulus is not painful. When this state is preserved for a long time, it changes into 

central sensitization. Glutamate and substance P also play role in preserving central sensitization by 

lowering down threshold of AMPA and NMDA receptors which leads to hyper-intrusion of calcium ions 

which keep gates open and keep DHN hyper-active. 
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Fig.2 :  Central sensitization 

 

Meeus and Nijs (2007)]18[  confirm the presence of temporal summation or wind-up in FM patients. Wind-

up is a central spinal mechanism in which repetitive noxious stimulation results in a slow temporal 

summation that is experienced in humans as increased pain. During this process, NMDA receptors are 

activated, which results in calcium intrusion which activates nitric oxide release. Nitric oxide in response 

escalates the release of sensory neuropeptides especially substance-P turn from presynaptic neurons, 

therefore contributing to the development of hyperalgesia and maintenance of central sensitization. They 

also confirmed that there is no evidence for peripheral sensitization as the cause of hyperalgesia as there 

is no real tissue damage in FM patients. 

The presence of central sensitization and wind-up phenomena in FM patients is confirmed by various 

researchers like Griensven, Strong and Unruh (2014)]4[, Woolf (2011)]19[, Yunus (2007)]20[, Staud, 

Robinson and Price (2007)]21[. Furthermore, a most recent systematic review by Cagnie et al. (2014)]22[  

also confirms decreased functional connectivity in the descending pain-modulating system and increased 

activity in the pain matrix related to central sensitization in FM patients. Additionally, distress, 

depression, disturbed sleep and social and environmental factors could be converted into pain and central 

sensitization through forced hyperactivity of the sympathetic component of the stress response system 

(Lavin 2012)]23[. 

Management of Mr. B’s Case 

Managing pain, improving sleeping, reducing fatigue, increasing muscular strength, and giving patients 

confidence to deal with all psychological and social issues are the prime aims for my fibromyalgia-affected 

patient. Addressing these issues is critical to avoid further depression and permanent disability. The 

management plan will be pharmacological and non-pharmacological. Furthermore, a mantra i.e. ''Keep 

calm and forget the pain'' will be wielded in the management plan. 

Pharmacological Management: 
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FM patients are advised with pain-killers, opioids, muscle relaxants, sleep medicines and anti-depressants 

depending upon disease severity and present condition of the patient (NHS Choices 2014; Shipley 2014) 

]24,25[ 

Pain Killers: 

Paracetamol is a commonly advised and used pain-killer in FM patients and found to be effective (Shipley 

2014)]25[. NSAIDs are also advised for FM patients but current evidence suggests that NSAIDs are not 

useful in the long-term management of fibromyalgia as it’s not an inflammatory disease (Slim, 

Villademoros and Calandre 2013)]26[. 

Opioids: 

The most commonly prescribed opioid to FM patients is tramadol, however, long-term use of opioids is 

discouraged as it leads to physical dependence and can produce a chronic pain state (NIH 2014)]27[. 

Recent studies like Merchant et al. (2013)]28[, Tripathi, Shah and Sharma (2012)]29[, and Slim, 

Villademoros and Calandre (2013)]26[  recommend that paracetamol with tramadol combination was 

found to be effective in FM patients. 

Anti-depressants and sleep medicines: 

Pregabalin is a well-tolerated drug that remarkably improves sleep for FM patients (Arnold et al. 2014 

)]30[. Patients who used Pregabalin reported less body pain as well (Roth et al. 2012)]31[. As mentioned 

above, stress and depression contribute to and result in central sensitization in FM patients so it should 

be addressed. Antidepressant treatment for fibromyalgia was effective in patients with and without major 

depression, but the functional response was greater in depressed patients (Marsa et al. 2011)]32[.  

 

Non- Pharmacological Management: 

Fibromyalgia is a pathology, which can’t be dealt with by medicines only. It needs a holistic approach by a 

multi-disciplinary team (Griffith and Zarrouf 2008)]33[. Below is the list of research-suggested non-

pharmacologic options which can be utilized in FM patients. 

 

Physiotherapy, exercises and daily life activities: 

Exercise interventions have excellent effects on fatigue and sleep dysfunction in FM patients (Russell et al. 

2014)]34[. Exercise reduces depressive symptoms in FM patients. Patients doing proper exercise training 

achieve the largest antidepressant effects (Herring et al. 2012)]35[. Physiotherapy, aerobic and strength 

training to improve physical fitness and function, reduce fibromyalgia symptoms, and improve quality of 

life in FM patients (Busch et al. 2011)]36[. Furthermore, my patient can be encouraged to take part in his 

favorite sports activities as he will not be bored, and will forget his pain and depression for some time 

which will help in decreasing muscle stiffness and pain. Water-based exercises with intensity and duration 

on patient preferences also have good effects on pain, sleep and fatigue (Hauser et al. 2010)]37[. 

 

Cognitive behavioral therapy (CBT): 

CBT has shown excellent results in managing psycho-social, emotional and behavioral issues in FM 

patients (Slim, Villademoros and Calandre 2013)]26[.  Although CBT doesn’t have direct effects on pain, 
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fatigue and sleep disturbances, it improves depressed mood and helps FM patients to cope with the pain. 

CBT in individuals with FM improves insomnia which, in turn, lowers the intensity of pain (Edinger et al. 

2013)]38[. 

CBT in FM patients includes educating and discussing with the patient about pain, pain mechanism, 

fibromyalgia itself, sleep, diet, exercises and necessary changes that the patient should bring into his 

lifestyle. He should be explained the process for which he is the victim i.e. central sensitization. This will 

help him to recognize that it’s his perception that is causing more fatigue, pain and sleeplessness and will 

help him to cope with it. (Lee et al. 2014)]39[. CBT is talking with the patient about his problems, fears, 

psychosocial issues and giving confidence and knowledge to the patient and making him ready to fight 

with the thing which is more in his thoughts and exists to a very little extent in reality. 

CBT can also be attributed to talking therapy which helps people identify and develop skills to change 

negative thoughts and behaviours and make them enough confident and strong to cope with pain; sleep 

disorder, stress and psycho-social issues. (Koffel, Koffel and Gehrmanc 2014)]40[. 

 

Mind-body therapy / Mindfulness-Based Stress Reduction (MBSR): 

MBSR is an 8-week group program teaching mindfulness meditation and mindful yoga exercises and is 

developed by Jon Kabat-Zinn. (Cash et al. 2014)]41[. MSBR is found to be an effective treatment for a 

variety of psychological problems and is especially effective for reducing anxiety, depression, and stress. It 

improves the ability to cope with the symptoms of fibromyalgia, as well as improving quality of life and 

decreasing pain severity (Thiagarajah et al. 2014)]42[. 

 

Balneotherapy / Spa therapy: 

Balneotherapy or SPA therapy is defined as the treatment of disease by bathing, usually at a SPA resort, 

using hot or cold water rich in minerals, and including also drinking, inhalation, massage through moving 

water, mud-baths, relaxation, or stimulation. (Gutenbrunner et al. 2010)]43[. In a systematic review by 

Terhorst and Schneider (2012)]44[, it was concluded that balneotherapy provides beneficial effects in 

patients with fibromyalgia by increasing blood flow which dissolves and eliminates toxins from the body, 

bringing improved nourishment to stiff fibromyalgic muscles. It also encourages FM patients who can't do 

full weight-bearing exercises on land; can exercise vigorously and comfortably in water (Ablin, Häuser and 

Buskila 2013)]45[. 

 

Massage Therapy: 

According to Sanchez et al. (2011)]46[, massage and myofascial release techniques improve pain and 

quality of life in patients with fibromyalgia. It increases the number of sleep hours and decreases 

substance-P levels which have a significant role in contributing to the development of hyperalgesia and 

maintenance of central sensitization (Field et al. 2002 )]47[. A recent systematic review by Li et al. (2014 

)]48[  confirms that massage therapy with a duration of≥5 weeks has immediate beneficial effects on 

improving pain, anxiety, and depression in FM patients. High-quality evidence for the effectiveness of 

manual therapy in FM patients is concluded by Clar et al. (2014)]49[. 
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Furthermore, deep oscillation vibration massage (Kraft, Kanter and Janik 2013)]50[  and Shiatsu 

massage (Yuan, Berssaneti and Marques 2013 )]51[, Tai-Chi (Raman , Mudedla and Wang 2014)]52[  are 

safe and well tolerated in FM patients and improve pain intensity, pressure pain threshold, sleep quality, 

and quality of life. 

 

Ayurveda Treatment 

             Ayurveda therapy is non-inferior to conventional treatment in patients with severe FM and has significant 

improvements in the Fibromyalgia impact questionnaire (FIQ) (Kessler et al. 2013)]53[. 

 

Craniosacral Therapy (CST): 

It’s a gentle way of working with the body using light therapeutic touch, aiming to release restrictions 

around the spinal cord and brain and subsequently restore body function (Jakel and Hauenschild 2012 

)]54[. CST improves the quality of life of patients with fibromyalgia, reducing their perception of pain and 

fatigue and improving their night rest and mood, with an increase in physical function. 

                 Role And Importance Of Mantra And Its Implication In The Current Case: 

A mantra can be a word, a phrase or a verbal instrument to produce something in one’s mind. When you 

hear something again and again or repeat a rumour, again and again, it can become a reality in your mind 

(Newman 2014)]55[. It’s purely dependent on a mantra user whether to take benefit or damage from it as 

it’s like a fire, which has both destructive and helpful qualities 

As the evidence mentioned above suggests that pain in FM patients is centrally sensitized. Its presence is 

far less than being pictured in FM patients. CBT, educating the patient about FM and pain mechanisms 

along-with goal setting and following a mantra i.e. ''Keep calm and forget the pain'' will help the patient to 

understand the reality. As Newman (2014)]55[  suggested, repeating a mantra, understanding it and 

implementing it can help to wipe out the fake picture of pain in mind, my patient has to understand it. I 

will have face-to-face sittings with him; will listen to his fears, problems, and psycho-social issues, and 

then make a short-term and long-term plan. However, following the mantra i.e. ''Keep calm and forget the 

pain'' exactly supports the pain mechanism behind his pathology. He should remain calm, try to forget the 

pain and busy himself with constructive activities. 

Holistic Management: 

Dealing with FM patient is not a responsibility of a GP or a therapist alone and need a systematic bio-

psychosocial approach and team effort of the interdisciplinary team comprising a medical consultant, 

occupational therapist, physiotherapist and psychologist (Dubin 2014 )]56[. The patient is already in 

much stressful condition and needs confidentiality, respect and polite behavior This will encourage him to 

share his fear and personal problems and social issues with the service provider. Without winning patient 

confidence, every therapy will fail so patient empowerment and patient-centered care are critical to be 

employed in FM patients. Furthermore, a discussion session should be done with the patient’s employer to 

reduce the number of hours they work and cooperate with them to adapt to their current job. Employers 

can be asked to make necessary changes in their office furniture to make patients comfortable and 

services of the occupational therapist should be acquired to design a more comfortable workstation. 
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How to measure progress in FM patients? 

The Fibromyalgia Impact Questionnaire (FIQ) is an assessment and evaluation instrument developed to 

measure FM patient status, progress and outcomes. It let service providers assess the clinical effectiveness 

of interventions being given. It is a self-administered instrument that takes approximately 5 minutes to 

complete and is a valid and reliable scale (Bennett 2005)]57[ 

Fibromyalgia Assessment Status (FAS) index is a valid three-item instrument (pain, fatigue and sleep 

disturbances) that performs at least as well as the FIQ in FM patients, and is simpler to administer and 

score (Iannuccelli et al. 2011)]58[. Furthermore, Fatigue VAS can be utilized as an assessment tool to 

measure improvements in fatigue in FM patients (Crawford et al. 2011 )]59[. 

Conclusion: 

This study has increased the researcher's clinical reasoning, knowledge and skills and will be more 

confident in the management of his patient as a physiotherapist. Generally, the treatment plan for 

fibromyalgia could be combined with a lot of options otherwise the most important point is 

psychosocial factors and   Evidence cited above clearly suggests that the management of FM needs a 

holistic approach, team effort, patient centered care. These steps along with patient empowerment and 

educating him clearly and thoroughly about the pathology and convincing him to implement the 

mantra i.e. ''Keep calm and forget the pain'' will help to decrease pain, and disability and improve 

quality of life. 

Appendix/Case Study 

Mr. B is 45 years old, male university professor, diagnosed with and suffering from fibromyalgia for the 

last 2.5 years. Being a university professor, he had many sleepless nights and long working days during 

his career. Symptoms of fibromyalgia started gradually and in later stages, he use to feel chronic muscle 

pain, especially in the neck and back areas. Other symptoms were muscle spasms, and moderate to severe 

fatigue, and he used to feel low energy during his routine work. His sleep is also disturbed and he feels 

stiffness during his gym work and normal walking and in conditions in which he used to be in the same 

position for longer times i.e. standing during giving lectures and sitting for self-study before lectures etc. 

His pain becomes worse in the winter season and due to increased pain, fatigue, morning stiffness and 

stress, he took many leaves from university in the last 2 years.  

He uses anti-depressants and tramadol for pain relief. He is under immense stress due to his body pains 

which have disturbed his daily routine i.e. job, gym workout, hang-out with family, shopping etc. Sleep 

disturbance notices from the head of the department due to many off days and less interaction with family 

members and staying away from leisure activities are increasing his stress factor day by day. 

Keeping this case study in mind, a pain management strategy will be devised for Mr X in this study, 

focusing on mantra: (Keep calm and forget the pain). 
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ABSTRACT: Grain wheat had been being stored at different storage temperatures for five months in 

order to investigate the effectiveness of temperature and duration on this food in Bani Waleed city. 

The bad storage condition is not significantly proper for a reserve human food. The high rate of 

insects infestation and weight loss is the main problem during storage period. The grain wheat had 

been being stored for 5 months (from 20th of April up to 20th of September) at 20 oC (a room with air 

conditioner), 37 oC (inside a room at ambient conditions) and 55 oC (outside under sun rays with a 

simple cover which is represent the local traditional store). A kilogram had been taken from each 

sample and all samples were weighted every (15, 30, 45, 60,75, 90, 105, 120,135 and 150) days in 

order to calculate number of insects/kg and the weight loss. The data had been analyzed by IBM 

SPSS software version 25 statistics and expressed as mean± standard deviation using Two-way 

ANOVA. The obtained results at the end of storage period demonstrated that weight loss and insects’ 

population were at the highest values of 34% and 348 insect/kg into storage of 37 oC. In addition, the 

weight loss and insects’ population were 23% and 183 insect/kg into storage of 55 oC. However, the 

weight loss and insects’ population were 0.40% and 25 insect/kg into storage of 20 oC. Furthermore, 

the Duncan’s multiple range test analysis exposed that is a significant difference between whole 

samples at different temperatures and time (P-value < 0.05). In conclusion, the lower temperature 

storage is the appropriate method in order to limit insect invasion and post harvested food loss. 

Moreover, the domestic traditional store is not a convenient way for postharvest grain wheat.    

 

Keywords: Grain wheat, different temperature storage, insect population, weight loss 
 

 

INTRODUCTION 

Many foods are very sensitive to storage conditions. Stored product insects may cause a significant 

damage and loss to food in stores (De Groote, et al., 2013) as well as during processing, manufacture 

or transportation (Begum, et al., 2007) (Mullen, et al., 2012) as a result of improper facilities (Oerke, 

1994). Therefore, the inconvenient condition of storage food is a very serious problem. The major 

determinants of storage risk are temperature, and time of storage. Consequently, the high 

environmental temperatures can create satisfactory circumstances that might accelerate insect 

development within the food mass (Vassilakos and Athanassiou, 2013) which results to increase food 

losses. For instance, moisture content is an important factor that influences rice quality such as 

developing fungi which lead to increase the rate of rice deterioration. The harvested maize remained in 

improper stores for about twelve months without industrial insecticide treatment. This improper 

storing condition results to contaminate the maize by insect pest infestation (Alonso-Amelot and 

Avila-Núñez, 2011). Stored produce of agricultural can be attacked by many species of beetle pests 

such as moths and mites which causing quantitative and qualitative losses (Mansour, et al., 2012). 

Furthermore, the shelf life of a food product depends upon the environmental conditions. For 

example, the initial quality of food such as taste, color, texture, nutrition content which includes 
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carbohydrates, fat, minerals, vitamins, potassium, sugar, proteins etc., can be lost as a result of 

storing at ambient temperature and humidity (Baeza, et al., 2007). In addition, a study shown that 

the rate of losing vitamin B (thiamine) in pasta is high at ambient condition fluctuated from 25 to 45 

oC in the storage (Baeza, et al. 2007; Kamman, et al., 1981). These nutrition content which have 

positive impact to the human health may be affected by inconvenient temperature. However, 

deterioration of stored food leads to decrease the nutrition value due to infestation of insects and 

microorganisms which results to be unhealthy food. Therefore, the bad storage conditions cause 

damage and lose to food quality and quantity. On the other hand, the proper storage facilities are very 

important to keep food in safe and it is the main challenge today and, in the future, which reflects a 

good quality food supply (Kaale and Eikevik, 2014). The most important physical factor in food storage 

is the temperature. This determinant drastically provides appropriate conditions that some of species 

such as insects which can attack the reserved foods in the storages. Therefore, the population of these 

pests can be increased inside the food materials which cause to grow the mold. It is generally 

accepted that climatic conditions that lead to physical changes in quality and quantity of commodity 

through the movement of moisture and rising of temperature level. Therefore, the whole food might be 

thoroughly deteriorated. Grain wheat has been selected for experiment run to investigate the changes 

in quality that occurred during storage for about 5 months at average temperature of 22.5 oC. The 

results shown that population of rice weevil (Sitophilus oryzae) which infested the grains increased 

and the growth of storage fungi increased (Fourar-Belaifa, et al., 2010). The grain maize stored for 6 

months in the ambient conditions at about 21oC. The results shown that the grain maize weevil 

(Sitophilus zeamais) has been infested with large numbers weevils from the second month and the 

numbers increased gradually up to 95 weevils over the next months. In addition, the investigation 

showed that the grain damage reached about 80% which depict that the most of food has been 

deteriorated. Similarly, the weight of grain loss increased up to 33% during this period (De Groote, et 

al., 2013). Similarly, grain maize remained for 6 months at 22.5 oC. The maize has been attacked by 

larger grain borer (Prostephanus truncates) and the its population increased sharply till about 31 

weevils and 225 of maize grain weevils (Sitophilus zeamais) after 4 months (De Groote, et al., 2013). 

The maize grain damage has been estimated and the study shown that about 80% of damaged grain. 

Furthermore, the estimation shown that weight loss was about 26% (De Groote, et al., 2013). 

Likewise, grain maize sample were infested in the storage with larger grain borer (Prostephanus 

truncates) and maize grain weevils (Sitophilus zeamais) at ambient storage condition of 26 oC. The 

number of weevils increased dramatically up to 60 weevils during six months. In addition, the 

damaged grains were about 12% (De Groote, et al., 2013). Therefore, the objective of this work study 

is to investigate the effectiveness of temperature and duration on the stored food.   

1 Materials and Methods 

1.1 Source of Grain Wheat 

Domestic fresh grain wheat samples without any apparent physical or organisms damage were 

selected from a Bani Waleed valley for this experiment run. The grain wheat samples were harvested 

at the end of April, 2021. The grain wheat samples were harvested at the last stage of growth which 

were brown and hard. After harvest, the all grain wheat samples were kept in plastic sacks and 

completely prepared to be stored at different locations whereas temperature is the very important 

factor which affects the produce.  
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2.2 Storage conditions  

There were three storage conditions that used for the experiment. The first storage was a room 

contains an air conditioner which was set at 20 oC. The second storage was a room at ambient 

temperature of 37 oC. The third storage was outside under sun rays at average temperature of 55 oC 

with a simple traditional cover such as medium thick linen. Each sample contains 20 kilograms of 

grain wheat. The duration of store started from 20th of April 2021 till 20th of September 2021. In other 

word, the period of storage was 5 months, this period has been chosen to simulate the domestic 

traditional average storage time in this city.  

2.3 Insects Estimation  

The power of the insects to gnaw may be affected by the size and shape of the mouthparts, and the 

position of the mandibles relative to the axis of the body. For instance, larvae of red flour beetle 

(Tribolium castaneum) have penetrated cellophane and polyethylene bags when sealed in without food. 

Furthermore, such penetration might not result simply from a search for food. Larvae of many stored-

product insects pupate preferentially amongst edible or inedible debris, and chewing at a film creates 

debris. Consequently, the food and products which are sealed by polyethylene bags or cellophane 

could be prone to insect pest infestation during storage or at the processing stage and the products 

are easily infested and after a period of time the numbers of insects increase due to their reproduction 

and the whole materials or food completely becomes physically damaged (Newton, 1988). A kilogram 

of grain wheat had been being taken randomly from each sample per 15 days in order to calculate the 

number of insects that infested the samples prolonged storage period of 5 months.   

2.4 Measurement Weight Loss 

The food weight loss may refer to the vanishing of food which can be calculated as a percentage of 

weight loss. The calculation of weight loss in the sample can be carried out by the differential between 

initial and final weight of grain wheat divided by the initial weight. The following equation can be used 

to estimate the percentage of grain wheat loss (Fregonesi, et al., 2014) and (Alonso-Amelot and Avila-

Núñez, 2011). All samples were weighted per 15 days in order to calculate the weight loss of samples 

prolonged storage period of 5 months.  

    

Weight loss% = (
initial weight−final weight

initial weight
)  x 100     (1)                                                     

 

2.5 Statistical Analysis  

The IBM SPSS software version 25 statistics was used for analyzing obtained samples data. Variance 

analysis (Two-way ANOVA) and Duncan’s multiple range method were utilized to compare any 

significant differences between grain samples. Values were expressed as means ± standard deviations. 

Differences were considered significant at Pvalue < 0.05. All the analyses were carried out in 

triplicates.  

3 Results and discussion 

The effectiveness of duration and storage temperature on postharvest of grain wheat samples was 

drastically revealed after the statistical analysis work.  

3.1 Weight loss  

From the ANOVA runs, it can be noticeable that the effectiveness of the different independent 

variables on the grain wheat weight was very clear. Therefore, the percentage of weight loss at 
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temperature of 20 oC can be negligible. On the other hand, the findings illustrated a remarkable 

weight loss differences at 37 oC compared to the other storage conditions. Figure 1 shows that grain 

weight loss percent significantly increased during storage, so the highest value was about 34% at 37 

oC and 23% at 55 oC. Consequently, ANOVA runs revealed that is a significant difference between 

whole storage conditions as a result of influences of times and temperature as show in Table 1 (P-

value < 0.05). Additionally, Table 2 shows the mean and significant differences between effectiveness 

parameters. Figure 2-4 depict percentage of weight loss of different samples with different storage 

temperatures.    

 

Table 1: Dependent variable: Weight loss, % 

 

 

 

Table 2: Weight loss, %: Mean ±standard deviation and significant differences 
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Fig. 1: Weight loss % at different temperatures 

 
 
 

 
Fig. 2: Weight loss % at 37 oC 

 

 
Fig. 3: Weight loss % at 55 oC 
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Fig. 4: Weight loss % at 20 oC 

 
 

3.2 Insects population 

Similarly, the ANOVA run demonstrated that number of insects per kilogram of grains wheat was 

drastically affected by temperature and time. Figure 5 displays the higher insects’ population in the 

whole storage conditions. The population of insects at room with air conditioner was not significantly 

affected by temperature. However, the population sharply increased at the end of storage period up to 

348 and 183 insects/kg at temperature of 37 oC and 55 oC respectively. Consequently, the Duncan 

multiple mode illustrated that number of insects was a significantly vary by time and temperature in 

all storage (P-value < 0.05) as shown in Table 3. This study is in agreement with previous study that 

conducted by Fourar-Belaifa, et al., (2010) who have shown the population of rice weevil increased 

inside the storage at temperature of 22.5 oC. In addition, Figure 6-8 depict percentage of insects’ 

population per kilogram of grain wheat of different samples with different storage temperatures. 

Moreover, Table 4 depicts the mean value and significant differences between effectiveness 

parameters. 

 

Table 3: Dependent variable: Number of insects/kg 
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Table 4: Number of insects/kg: Mean ±standard deviation and significant differences 

 
 

 

 

Fig. 5: Number of insects of different storages 

 

 

Fig. 6: Number of insects a 55 oC 
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Fig. 7: Number of insects at 37 oC 

 

 

 

Fig. 8: Number of insects a 20 oC 

 

 

4 Conclusion 

This study displayed overall Bani Waleed food such as grain wheat which can be influenced by 

traditional storage condition as seen in the around local markets where the grain wheat susceptible to 

high temperature and sun rays while the cover is not proper. Consequently, the temperature and time 

can sharply effect the food into storage. The weight loss and insect population increase at high 

temperatures. However, low temperature storage is the best condition to keep the food in better 

situation.  

References 
 
1. Alonso-Amelot, M. E., and Avila-Núñez, J. L. (2011). Comparison of seven methods for stored 

cereal losses to insects for their application in rural conditions. Journal of Stored Products 
Research, 47(2), 82-87. 

 
2. Baeza, R., Mielnicki, D., Zamora, M. C., and Chirife, J. (2007). Effect of environmental daily 

temperature fluctuations over one-year storage on the prediction of non-enzymatic browning in 
reduced-moisture foods stored at “ambient” temperature. Food control, 18(12), 1532-1537. 

 
3. Begum, K., Reddy, P. V., Leelaja, B. C., Rajashekar, Y., and Rajendran, S. (2007). Studies on 

insect infestation in chocolates. Journal of Stored Products Research, 43(2), 118-122. 

 



STUDY OF TEMPERATURE AND TIME EFFECT ON STORED GRAIN WHEAT 

 

 
 

م 2222ديسمبر  -المجلد الثاني -العدد السادس والعشرون –مجلة جامعة بني وليد للعلوم الإنسانية والتطبيقية    
 

89 

4. De Groote, H., Kimenju, S. C., Likhayo, P., Kanampiu, F., Tefera, T., and Hellin, J. (2013). 
Effectiveness of hermetic systems in controlling maize storage pests in Kenya. Journal of stored 
products research, 53, 27-36. 

 
5. Fourar-Belaifa, R., Fleurat-Lessard, F., and Bouznad, Z. (2010). A systemic approach of 

qualitative changes in the stored wheat ecosystem: prediction of deterioration risks in unsafe 
storage conditions in relation to relative humidity, infestation by Sitophilus oryzae (L.), and variety 
influence. Julius-Kühn-Archiv, (425), 111. 

 
6. Fregonesi, R. P., Portes, R. D. G., Aguiar, A. D. M., Figueira, L. C., Gonçalves, C. B., Arthur, V., 

and Trindade, M. A. (2014). Irradiated vacuum-packed lamb meat stored under refrigeration: 
Microbiology, physicochemical stability and sensory acceptance. Meat Science, 97(2), 151-155. 

 
7. Kaale, L. D., and Eikevik, T. M. (2014). The development of ice crystals in food products during 

the superchilling process and following storage, a review. Trends in Food Science and 
Technology, 39(2), 91-103. 

 
8. Kamman, J. F., Labuza, T. P., and Warthesen, J. J. (1981). Kinetics of thiamin and riboflavin loss 

in pasta as a function of constant and variable storage conditions. Journal of food science, 46(5), 
1457-1461. 

 
9. Mansour, E. E., Mi, F., Zhang, G., Jiugao, X., Wang, Y., and Kargbo, A. (2012). Effect of 

allylisothiocyanate on Sitophilus oryzae, Tribolium confusum and Plodia interpunctella: Toxicity 
and effect on insect mitochondria. Crop protection, 33, 40-51. 

 

10. Mullen, M. A., Vardeman, J. M., and Bagwell, J. (2012). 12 Insect-Resistant Packaging. Stored 
product protection, 135. 

 
11. Newton, J. (1988). "Insects and packaging - a review." International biodeterioration 24(3): 175-

187. 

 
12. Oerke, E. C. (1994). Estimated crop losses due to pathogens, animal pests and weeds. Crop 

Production and Crop Protection. Elsevier Science Publishing, New York, NY, 535-597. 

 
13. Vassilakos, T. N., and Athanassiou, C. G. (2013). Effect of temperature and relative humidity on 

the efficacy of spinetoram for the control of three stored product beetle species. Journal of Stored 
Products Research, 55, 73-77. 

 

 
 
 
 
 



Effect of Water Salinity on Concrete Strength 

 
م 2222ديسمبر  -المجلد الثاني -العدد السادس والعشرون –مجلة جامعة بني وليد للعلوم الإنسانية والتطبيقية    

 

90 

Effect of Water Salinity on Concrete Strength 
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Abstract: this paper to aim study the effect of mixing concrete with salinity of well water, sea water 
and fresh water on concrete strength. Forty-five (45) concrete cubes were used for testing. The mixing 

ratio for all mixtures was 1:1.68:3.33 and the ratio of water to cement was 0.6. The concrete cubes 
were first immersed in well water (water sample was taken from three different wells), and testing 
during a period of 7,28 and 60 days, respectively. The dissolved salts concentration for the first well 
was 2388 mg/L, and the average compressive resistance of concrete recorded was 19.4 N/mm2, 26 
N/mm2 and 30.1 N/mm2, respectively. For the second well, the dissolved salts concentration was 3114 
mg/L, and the average compressive resistance was 23.9 N/mm2, 35.5 N/mm2 and 36.45 N/mm2, 
respectively. And, the dissolved salts concentration was 3161 mg/L and the average compressive 

resistance was 15.95 N/mm2, 28.4 N/mm2 and 33.05 N/mm2 for the third well. The concrete 
compressive resistance to sea water during the test period was 17.55 N/mm2, 27.15 N/mm2 and 28.1 
N/mm2, respectively. For the reference sample, fresh water, the concrete compressive resistance 
during the same test period was 22.45 N/mm2, 32.9 N/mm2 and 36.73 N/mm2. The results obtained 
for well water and sea water indicated an increase in concrete strength as the age of the concrete 
increased.        

 
Keywords: (well water, sea water, fresh water, concrete cubes, concrete resistance) 

1- Introduction 

Sea water represents about 97% of the total water on earth andonly 3% of usable water [4]. Also, some 

regions of the world will suffer from a shortage of drinking water, according to the United Nations and 

the World Meteorological Organization [5].Libyan coast cities suffer from the scarcity of natural water 

resources because they are located in arid and semi-arid regions [1]. Among these cities is the city of 

Zliten, which has a highly increase in population where they depend on underground water (well 

water) to satisfy their water needs. Due to the increase in population and the growth in agricultural, 

industrial and construction activities, the consumption rate has increased dramatically which led to 

shortage in well water and rise of dissolved salts [2]. The underground water suffers from pollution due 

to the interference of sea water [3]. With the lack of fresh water, it is necessary to look for alternative 

sources of water for use in concrete. Sea water has the characteristic of salinity, whose quantity per 

kilogram is about (3-5 %) [6] due to the amount of chlorides present in the water, which tends to cause 

moisture to persist and flourish on concrete [7]. Also, the researchers in field of concrete construction 

did not seriously study the possibility of using sea water, which can reduce the use of fresh water and 

help to encounter lack of fresh water in regions to accelerate the development of infrastructure 

through the use of building materials. 

2- MATERIALS AND METHODS 

The materials were used to prepare required samples namely; water, cement, coarse aggregate, and 

fine aggregate. All used material were collected from Zliten area.  

2-1 Water 

Water is an essential component of concrete. Water occupies 6-8% of the composition of fresh concrete 

[8]. Combining water with a cementations material forms a cement paste by the process of hydration. 

The used water in this study are: 

2-1-1 Well Water  
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Water was collected and prepared for three wells with high salinity, based on a previous study I 

participated in. Table (1) shows the salinity of well water. 

Table 1: The amount of salt in water wells [2]. 

No. Of well Name of well TDS mg/L 

W1 Gwellat  2388 

W2 Ka’am 3114 

W3 
Al Shaheed 

Hamza 
6131 

 

2-1-2 Sea water 

Earth’s surface is covered by water around 71% in that mostly by oceans. The remaining is land 

consisting of continents, lakes, islands and rivers [4]. The average, sea water in the world's oceans has 

a salinity of about 3.5% (35 g/L) [9]. Most seawater is fairly uniform in chemical composition, and the 

primary chemical constituents of sea water are the ions of chloride, sodium, magnesium, calcium and 

potassium. 

2-1-3 Fresh Water 

Fresh water was used as a reference sample, and it was prepared from Al Mawred desalination plant. 

2-1-4 Water curing  

The water used throughout the curing of concrete in this study for all cubes is river water. 

2-2 Cement 

Cement generally represent 12-14% of concrete weight[8]. The cement was obtained from a local 

factory (Al-borj for cement – Zliten). 

2-3 Coarse aggregate 

The aggregate was supplied from Zliten area. Several tests were done on. Figure (1) shows the grading 

curve of coarse aggregate to ensure that it has good grading according to specifications, ASTM C136 

[10]. Also the  

 

Fig. 1: Grading curve of aggregate(5/10)mm  

 

physical properties of aggregate such as aggregate specific gravity test, water absorption, and Los 

Angeles abrasion test, were performed at Al-Asmarya University, faculty of engineering laboratory, and 

shown in table (2), according to ASTM C127, C131 [11],  ]12]. 
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Table 2: Properties of aggregate observed in laboratory test.                                           

No Description Test Result Range Specification ASTM 

1 specific gravity test 2.667 2.5 – 2.75 C127[11] 

2 water absorption % 2.15 Max = 2.5% C127[11] 

3 Los Angeles Abrasion test % 26.9 Max = 40% C131[12] 

 

 

2-4 Fine aggregate 

Fine aggregate was tested for its physical properties such as specific gravity and water absorption in 

accordance with ASTM C128[13], as shown in table (3). Figures (2) shows the grading curve of fine 

aggregate to ensure that it has good grading according to specifications ASTM C136 [10]. 

 

 

Table 3: Physical properties of fine aggregate. 

No Description Test Result Range Specification ASTM 

1 specific gravity test 2.63 2.5 – 2.75 C128[13] 

2 water absorption % 0.94 Max = 2.5% 
C128[13] 

 
 

 

 

 

Fig. 2: Grading curve of fine aggregate 

 

3- Mix design 

The process of mixing and preparing materials is an important step in concrete mixture. Three types of 

concrete mixes were prepared. All the concrete mixes were produced by same proportion. 

Final mix portions: 
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C     :    FA  :    CA       :   Water 

424  : 712.3 :    1411.9 :   254.4 

1    :  1.68   :    3.31    :    0.60 

 

 

4- Results and Conclusions 

4-1 Slump test 

The slump test conducted for all the batches shows that the slump is in the range of 120 – 150 mm, 

according to BS8500 [14], which is suitable for trench-fill foundations where a high flow is required. 

This is known as a "wet mix".  

                

4-2 Concrete compressive strength 

 The compressive strength test was performed on the concrete cubes, tested at the curing age of 7, 28 

and 60days using the compression testing machine. The cube was placed between the compressive 

plates parallel to the surface and then compressed until failure occurred. The reported results are the 

average of five samples. The obtained results are shown in figure (3).   

 

 

Fig. 3: Comparison of compressive strength for concrete mixes. 

 

)W1,W2 and W3 are three wells salty water respectively and FW, SW are fresh and seawater 

respectively.) 

The following conclusions are conducted from this study: 

1- If we use salt water casting, the concrete has no reduction in the strength. 

2- The strength of concrete increases with time. 

3- Concrete can be made with water from sources other than potable water.  

4- According to slump results, the source of water in mixing concrete doesn’t affect the workability of 

concrete. 

5- Due to water shortages and limited supplies, it is advised that other sources of water can be used to 

mix concrete in order to lessen the strain on potable water. 
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CO2 INJECTION IN A CARBONATE RESERVOIR FOR EOR PROCESS 
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ABSTRACT: CO2 injection is a mode that is used for enhanced oil recovery (EOR). The residual oil 

volume is left in porous media after the secondary recovery method of waterflooding operation which 

can be considered a remarkable and recoverable amount that must be extracted. Therefore, the 

tertiary recovery mode such as CO2 injection may be a reliable method for this mission. A carbonate 

core holder CO2 flooding trial method has been conducted at reservoir condition to investigate the oil 

recovery factor. Consequently, three experiments have run in the laboratory with three CO2 slug sizes 

that have been injected into the carbonate reservoir after conventional secondary recovery. The results 

illustrated that oil flow rate increased after each injected CO2 slug. Firstly, CO2 slug size of 0.25 PV 

injected into reservoir which gained a recovery factor of 58.52 % with incremental recovery of 6.78 % 

over waterflooding process. Secondly, CO2 slug size of 0.5 PV injected after waterflooding, so, the 

recovery factor reached up to 61.88 % and the incremental oil recovery was 8.88 %. Finally, the result 

has shown a significant final oil recovery of 64.49 % and additional recovery factor of 10.75 % when 

the system carried out CO2 slug size injection of 1 PV. This might be attributed to good sweep 

efficiency, capillary force reduction, interfacial tension reduction as well as wettability alteration 

effectiveness. Consequently, the findings demonstrated that CO2 displacement process is a 

remarkable method for EOR project.  

Keywords: CO2 injection, Carbonate reservoir, Oil recovery factor 
 

INTRODUCTION 

The oil pools are candidate for enhanced oil recovery (EOR) technique. Too many methods are 

available for this process such chemical (Honarvar, et. al., 2017; Aluhwal, 2008; Mohr, et. at., 2015; 

Aluhwal, 2019), steam, microbial, etc.  CO2 is considered an effective agent for enhanced oil recovery. 

CO2 single phase flooding mode (Tuzunoglu and Bagci, 2000) substantially enhance oil mainly as a 

result of the following mechanisms (Al-Abri and Amin, 2010): Firstly, CO2 may diffuse into crude oil 

phase and decreases the its viscosity. Secondly, CO2 diffuses into oil phase cause to increase oil 

volume (swelling effectiveness) as well as reduces interfacial tension (IFT) between oil and water (Li 

and yang, 2013; Enayati, 2008). Therefore, the swelling and viscosity reduction are important factors 

which basically induce the oil through porous media to be recovered in which other enhanced oil 

recovery techniques is not applicable. A previous research shown that CO2 can miscible with oil and 

cause swelling, reduce IFT as well as reduce oil viscosity (Badamchi-Zadeh, et al., 2009; Enayati, 

2008; Yazdani and Maini, 2007). The CO2 injection whether secondary or tertiary recovery method has 

received substantial attention in the petroleum industry as a result of its remarkable displacement 

efficiency and relatively not expensive (Stakup, 1978). The main major control mechanisms of CO2 

injection which impact on incremental light as well as heavy oil recovery are swelling effect and oil 

viscosity reduction. This process discovered in 1930s and had a high evolvement level in 1970s. so, 

during thirty yeas production work, CO2 injection became the one of the most important enhanced oil 

recovery techniques for all types of oil (light, medium, heavy). CO2 flooding can prolong production 

period and might increase oil recovery factor up to 25 % of oil initially in place (OIIP) (Yongmao, et. al., 

2004). The previous experience of CO2 flooding operations around oil fields in the world indicted that 
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improved oil recovery by CO2 gas injection might cause ranging extra oil from 7 to 15 % of original oil 

in place (OOIP) (Mathiassen, 2003; Enayati, 2008). Furthermore, previous study illustrated that CO2 

flooding technique may cause formation permeability improvement, solution gas flooding and oil and 

water density change (Enayati, 2008; Yongmao, et. al., 2004). Additionally, this flooding mode may be 

applicable for sandstone and carbonate formation with different properties of hydrocarbon carrying 

zone such as thicknesses and permeabilities. The essential factors limit the CO2 injection are CO2 

availability as well as cost to provide pipelines to bring it to the oil fields (Jessen, et. al., 2001). Several 

Alberta pools were subjected to the CO2 flooding. So, the incremental oil recovery reached up to 13 % 

from the reservoir experience of carbon dioxide injection (Shaw and Bachu 2002; Enayati, 2008). 

Huazhou Li and his colleagues have reported that CO2 flooding may enhanced heavy oil recovery 

where it can swell heavy oil and decrease its viscosity in presence other gases such as C3H8 or n-

C4H10 (Li, et. al., 2013). CO2 pure gas added to brine water flooding to improve oil recovery (Aluhwal, 

et. al., 2017; Fathollahi and Rostami, 2015; Gao, 2015; Aluhwal et. al., 2018). The CO2 utilization for 

EOR methods can be CO2 flooding, CO2 huff and puff, and CO2 – water alternating gas injection 

(WAG) (Zhao et. al., 2021). 

 

1 TRIAL SETUP 

1.1 Materials 

The obtained grain dolomite rock sample from the laboratory originally contains calcium magnesium 

carbonate {Ca Mg (CO3)2} compound. The dolomite sample was packed into the core holder to simulate 

oil carbonate reservoir properties. In addition, the brine water was made from solution of sodium 

chloride (NaCl). The crude oil is available in the laboratory. The 99.99% purity of the analytical grade 

pressurized CO2 gas was used for enhanced oil recovery process.  

 

1.2 FLOODING SYSTEM 

1.2.1 Apparatus 

Injection pump: liquid (dual piston pump, model 12-6) is used to flow the mercury throughout 

stainless steel tubing to the accumulators of crude oil and saline water which are used for core holder 

injection trial at a particular flow injection rate. 

Stainless steel core holder: The used column for injection system is made from grade 316 stainless 

steel with length of 34.5 cm and diameter of 3.8 cm.  

Accumulators: The three accumulators withstand high pressure which one full of crude oil and 

another one full of saline water to saturate the carbonate reservoir core. The last one is full of CO2 

pure gas.  

Backpressure regulator (BPR): The backpressure throughout injection trial regime is dominated by 

backpressure regulator (BPR) which is set up at outlet of the core holder. The backpressure regulator 

(BPR) may hold out high pressure till 4000 psi. Furthermore, all the accessories of fittings, BPR, 

stainless-steel tubes and valves have been purchased from Swagelok company. Figure 1 shows the 

trial set up assembly.  

 

2 TRIAL METHODOLOGY 

The core holder is set in the horizontal level in the oven to simulate oil recovery operations of 

secondary and tertiary recovery method. Initial oil and water saturations were performed firstly. 

Secondly, the water flooding method (secondary recovery) followed by the tertiary recovery method of 
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CO2 injection. Furthermore, the CO2 injection with various slug sizes of 0.25, 0.5 and 1PV were 

injected into the core holder at reservoir pressure, temperature and salinity of 2500 psi, 140 oF and 

35,000 ppm, respectively.  

 

2.1 Column Preparation  

Prior to improve oil recovery, the grain dolomite rock sample of 150 µm size cleaned and dried, the 

fine grain is quietly inserted and pressed into the core holder while the core holder is continuously 

shacked. Moreover, distilled water is poured on the grain from the top side of core holder while the 

vacuum pump is running to pull the water from bottom side of core holder. Additionally, the both core 

holder sides supported by filter cloth of 5 µm size to forbade grain dolomite migration during 

displacement process.     

  

2.2 Porosity and Permeability  

The completely dried core holder is weight, filled with deionized distilled water and weight again, the 

different weight is equal to the space volume between grains. According to this rule, the porosity 

might be determined as next:     

 

Porosity equation estimation as following: 

  

Porosity =
𝐃𝐈𝐖 𝐯𝐨𝐥𝐮𝐦𝐞

𝐁𝐮𝐥𝐤 𝐯𝐨𝐥𝐮𝐦𝐞
               (1) 

The permeability was measured by transport Darcy equation. It is evaluated by the pressure 

difference between inlet and outlet portions of the core holder at various effluent rates. 

 

 

 
Fig. 1: Schematic diagram of injection system 

 
 

𝑄𝜇

𝐴
= 𝐾 

∆P

L
       (2) 

 
Where, Q is flow rate, µ is viscosity, A is area, ΔP is pressure difference and L is length. Consequently, 

𝑄𝜇

𝐴
 is plotted versus 

∆P

L
. The fitted line which passes the origin point is represent the data. 

Consequently, permeability constant of core holder is the slope of the straight line. Porosity and 

permeability data are shown in Table 1.  

 

2.3 Saturation of Reservoir 
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The core holder is completely filled of artificial saline water, the crude oil is injected into the core 

holder in order to set up initial water saturation Swi at high pressure and temperature of 2500 psi and 

60 oC. The column was left to age at reservoir condition for 100 hours. The both valves at inlet and 

outlet portions have been completely shut off prolonged aging time.   

   

Table 1. Fluid and grain rock properties 

Brine water, viscosity, cp 0.70 

38.5o API oil viscosity, cp  2.49  

Grain dolomite, K, md 3221 

Grain dolomite, Ø, % 40 

 

 

3 RESULTS AND DISCUSSION  

The impact of CO2 injection on the oil flow rate was assessed at high pressure, temperature and NaCl 

salinity of 2500 psi, 60 oC and 35,000 ppm, respectively. The procured results shown that there is a 

substantially improving in cumulative oil production as a result of CO2 displacement experiment. So, 

the oil recovery factor shown a remarkable increase during CO2 injection compared to water flooding 

process for all CO2 pore volume injection (Figure 2). Therefore, according to the processing data, the 

CO2 slug size injection of 0.25 PV depicted a remarkable positive change in the recovery factor where 

it reached to 58.52 % with incremental recovery of 6.78 % over waterflooding. Similarly, the CO2 slug 

size of 0.50 PV gained a substantial recovery factor of 61.88 % with incremental recovery of 8.88 %. 

Lastly, the productive of 1 PV CO2 slug size injection illustrated a markedly recovery factor of 64.49 % 

and incremental recovery of 10.75 %. Moreover, the residual oil saturations after each experiment run 

were 32.45 %, 30.34 % and 25.85 % which were left by slug sizes of .25, 0.5 and 1 PV, respectively 

(Table 2). According to this analysis, the good CO2 displacement process which reflects changes in 

rock wettability alteration, reduction of oil viscosity, reduction of interfacial tension (IFT) between oil 

and water, oil swelling, and appropriate CO2 displacement efficiency. CO2 gas can go through small 

pore space. It replaces the trapped oil and cause to oil flow towards production side. Therefore, all 

these parameters cause to reduce residual oil saturation. Figure 3 shows the various oil flow rates for 

all CO2 slug sizes prolonged trials periods.  

Table 2: RF of CO2 inj. at inj. rate of .5 cc/min 
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Fig. 2: CO2 flood in carbonate reservoir 

 

Fig. 3: Oil flow rate during CO2 flood in carbonate reservoir 

 

CONCLUSION 

CO2 injection can replace the trapped oil in the small pore space and displaces the oil towards 

production well. The large CO2 slug size cause to high incremental oil recovery factor. Thus, this 

process shows a good outcome when the amount of CO2 increases inside the rock formation.  
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Abstract: The objective of this study is to examine the deep beam opening behavior of lightweight 
reinforced concrete beams (LWC) with and without web openings, analyzed by the ansys19 software. 
The analysis included five samples of various shapes, a solid deep beam, a deep beam containing two 
square holes with sides length of 80 mm, a deep beam containing two circular holes with a diameter of 
80 mm, a deep beam containing two vertical rectangular holes with dimensions of 140 * 80 mm, and a 
deep beam with two horizontal rectangular holes with dimensions of 80 * 140 mm. And each sample 
was subjected to a single point load. The effect of different gap shapes on the behavior of the sample 
was analyzed and compared. The results indicated that the shapes of the holes greatly affect the 

behavior of the deep beam, as it was found that the deep beams with circular gaps were the closest in 
terms of behavior to the deep solid beams among the four samples, and the deep beams with vertical 
rectangular gaps were the farthest for the behavior of the deep solid beams. 
 
Introduction 

Lightweight foam concrete is a new type of lightweight concrete, as it has the advantages of normal 

density concrete, aerated concrete and self-pressure concrete, by partially replacing the natural weight 

aggregates with polystyrene foam, which leads to reducing the weight of the concrete unit while 

maintaining the required strength. This, in turn, reduces the dead load by 15 to 20% and results in a 

reduction in the size of columns, bases and other bearing elements and reduces the total cost. Deep 

beams are members that are loaded on one side and supported on the opposite face so that pressure 

supports can develop between loads and abutments, and have either pronounced extensions (Ln), in, 

equal to or less than four times the depth of the total member (h). Or have areas of concentrated loads 

(A) within twice the depth of member (D) from the support face. In some facilities, deep beams with 

gaps of various shapes are needed, and these gaps affect the behavior of the deep beams and the basic 

services of the deep beams. In such cases, it is important to know the behavior of these beams and 

their ultimate strength. Many studies have investigated the effect of different gaps shapes on the 

behavior of the cameras, including that: (Nishitha Nair, Kavitha PE ), University of Kerala, India, 

studied the effect of loads on seven different samples of deep beams (Deep beam without hole, deep 

beam with a circular hole one at centre, deep beam with a rectangular hole one at centre, deep beam 

with one circular hole one at side, deep beam with one square hole one at side, Deep beam with 

circular hole at two sides and Deep beam with rectangular hole at two sides) with ansys 14. It was 

found that the maximum tolerance was in the deep beam without hole, and the lowest tolerance was 

in the deep beam with rectangular hole at two sides [2]. Haider M. Alsaeq studied the effect of shapes 

and locations of gaps on the ability of endurance of deep beams. Haidar tested four gaps (circular, 

square, rectangular long sides in the horizontal and long rectangular from the vertical) .When 

investigating the effects of the shape of the gaps and its location on the structural behaviour of the 

hollow reinforced concrete beams, it was concluded that the use of a rectangular gap, long sides in the 

horizontal is considered to be the best among other forms of gaps, but it is often undesirable and does 

not do some purposes required [3]. Khattab Saleem Abdul-Razzaq, Hayder I. Ali and Mais M. 

AbdulKareem studied the effect of aperture shape on deep beams. Experiments were conducted to test 

thirteen deep beams under two point loads with square, circular, horizontal and vertical rectangular 

openings. Two holes were placed, one in each cut period. The creation of square, circular and 
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horizontal and vertical rectangular openings slots reduced the final capacity by about 20.5%, 18.3%, 

24.7% and 31.7%, respectively, compared to the reference solid beam. In general, the opening size was 

found to be inversely proportional to the maximum capacity of the deep beam and the mid-section 

deviation because the reduction of the opening size resulted in less interruption in the compressive 

support connecting the loading and support points [4]. 

EXPERIMTAL PROGRAM 

The pilot study consisted of five simply supported reinforced concrete girders with mesh and no 

openings, and made of lightweight concrete. The packages were tested under the influence of a single 

concentrated payload by applying them to ANSYS19 software. All tested samples have the same 

geometry and the main upper and lower longitudinal reinforcement. The research sample was taken 

from the study (Amr Hassan Zahir, Wael Montaser and Muhammad Ramadan) entitled (An 

experimental study of the behavior of lightweight reinforced concrete deep beams with mesh holes)[1]. 

Geometry of the Deep Beam 

The geometry of the full size beam is 1100mm x 400mm x 80mm. The beam is supported simply by 

providing a plate support on both sides. Single point loads are applied at the center of the beam. The 

concrete grade was 28.9 MPa and yield strength 550 MPa. 

 

 

Figure (1): Reinforcement detail 

Test Specimens 

Table (1) shows samples of deep beams for treatment by research, its dimensions and the dimensions 

of the gaps in it. 

 

 

 

 

 

 

 

 

 



Comparison of opening deep beam shapes under concentrated load 
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Table (1): Typical dimensions of tested beams 

 

Name 

 

shape of specimen 

 

 

 

 

 

BWOH 

 
 

 

 

 

 

BSHmS 

 
 

 

 

 

 

BCmHS 

 
 

 

 

 

 

BRHH 

 
 

 

 

 

 

BRHV 

 

 

Elements used for Modeling:  
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Table (2): shows the characteristics and identifications of the selected ANSYS finite element type 

representative of the main components for all beams. 

Table (2): Characteristics and identifications of the selected ANSYS finite element types representative 

of the main components for all beams. (12) 

 

Beam components Selected from ANSYS library Element characteristics 

Reinforced Concrete Structural 
Solid 

SOLID65 
8-node Brick Element 

(3 Translation DOF per 

node). 

1-Reinforcing bars (main, 
horizontal and vertical stirrups). 

LINK180 
2-node Discrete Element 
(3 Translation DOF per 

node). 

Layered Structural Solid SOLID186 
20-node Brick Element 
(3 Translation DOF per 

node). 

 

RESULTS 

Evolutions of Crack and Load Capacity for RC Deep Beam: 

The appearance of cracks begins when the samples are exposed to excessive loads or to more than 

they can bear, as when increasing loads more the samples reach the final breaking point and that 

varies from one sample to another due to the difference in the shapes of gaps, their dimensions and 

the distance between them. 

First Crack: 

The five samples were subjected to a single point load, and as the load increased, initial cracks 

appeared on the samples. 

And it turned out that the BRHH sample was the one that showed the cracks first between the six 

hollow samples, so it started to crack when exposed to a 36.25 kN load, while the BCmHS was the one 

that showed the first cracks last between the four experimental samples. Where the cracks began 

when exposed to a load of 66 kN. 

The result is closest to the BWOH reference sample that began craving under 92 kN load. 

The following figure shows all the results of the seven samples in terms of the first part: 

 



Comparison of opening deep beam shapes under concentrated load 
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Figure (2): First Crack 

Final load: 

Samples reached collapse position when subjected to excessive loads. In the BWOH reference sample, 

it collapsed upon exposure to a load of 213 kN, the BCmHS sample was closest to the reference 

sample, and collapsed at a load of 205.25 kN, which means it requires a behavior very close to steel, at 

96%. 

The BRHV sample was the furthest in behavior compared to the BWOH reference sample, and 

collapsed at a 110.25 kN load, this indicates that it had only 51% of the power of the reference sample. 

The following figure (3) shows all the results of the five samples in terms of final pregnancy: 

 

 

Figure (3): Ultimate load 

 

 

Cracking Pattern and Mode of Failure: 

The ANSYS program crack pattern records a crack pattern at each load step evolution of crack pattern 

developing for each beam at last loading step. ANSYS program display circles at locations of cracking 

or crushing in concrete elements. Cracking is shown with a circle outline in the plane of the crack, and 
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crushing is shown with an octahedron outline the first crack at an integration point is shown with a 

red circle outline, second crack with green outline, and third crack with a blue outline (ANSYS manual 

version 10.0). 

Table (3) shows the evolution of cracks in the five experimental samples 

 
 

Cracks develop in the sample 

BWOH 

 

BSHmS 

 

BCmHS 

 

BRHH 

 

BRHV 

 
 

Load Deflection Curve: 

The following figure shows the deflection results for the five samples as a result of exposure to different 

loads: 



Comparison of opening deep beam shapes under concentrated load 
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Figure (4): Comparison of load-deflection curve for specimens with different web opining type. 

CONCLUSION 

1- The behaviour of deep hollow beams varies with the shape of the gaps . 

2- Deep beams containing a circular cavity contain the behaviour closest to the solid deep beam. 

3- The deep beam which contains a vertical rectangular cavity has about 51% of the strength of the 

solid deep beam and this indicates its extreme weakness. 

4- The deep hollow beams with a circular cavity are the best between round and square gaps. 

5- The deep hollow beams with a horizontal rectangular bore are best between the horizontal 

rectangular gaps and the vertical rectangular gaps. 

6- Deep beams with a circular cavity are the most flexible of the seven specimens. 

7- The deep beams with a vertical rectangular cavity are the least flexible of the seven specimens. 
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Abstract:  

The development of corrosion management system (CMS) to mange and measure the mitigation of 

corrosion is now standard oilfield good practice, Nevertheless it is not unusual to find that the 

probability of MIC is not adequately addressed , despite the face that Microbiologically Influenced 

Corrosion (MIC) is identified as a corrosion risk. The result is that the mitigation of MIC is not 

measured or assured by the monitoring applied. Comparison of CMS documents illustrates that often 

there is no attempt to apply predictive models to assess the probability of MIC .The lace of a 

predication therefore makes measurement of mitigation impossible and this is often reflected by the 

face that MIC monitoring programmers. Actually measure biocide performance rather than MIC 

mitigation. 

This paper is a review of the chemical treatment of microorganisms and their impact on corrosion 

rates in the oil industries, methods of controlling them, and how to resist them using chemicals or a 

change in the design of transport pipes and tanks to prevent their growth and describes how the 

application of even basic qualitative MIC predictions can greatly improve the management of MIC 

mitigation and raise the profile of of MIC management within the CMS. Furthermore, the paper 

provides guidance as to the key monitoring parameter which are required to provide a meaningful 

statistical measure of MIC mitigation in pipelines transporting a range of oilfield fluids. 

Keywords: (Bacteria , corrosion , Microbiologically , pipelines , seawater ) 

1.Introduction 

Reports of corrosion failures implication bacterial activity – in particular the activity of Sulphate-

reducing Bacteria (SRB) – continue to be published ensuring widespread appreciation that 

Microbiologically Influenced Corrosion (MIC) is a significant risk in oilfield operations [1,2,3]. Once any 

corrosion risk has been identified, controls ,should be applied to mitigate the corrosion mechanism 

and monitoring performed to confirm and measure the extent of the mitigation; I,e. the corrosion risk 

should be managed. 

Despite being identified in many CMS documents , failures due to MIC continue to be reported, 

indicating that the MIC risk is not being effectively mitigated, Although reports vary widely , it not 

unusual to have the incidence of MIC being claimed to result in between 25 – 50 % of all internal 

corrosion events [4] as shown in figures 1` 2 3 .. 

This paper presents an overview of the management of MIC in deferent pipeline systems and discusses 

how a full understanding of the impact of the pipeline environment on microbiological activity is 

required to firstly aid in the prediction MIC and subsequently design a mitigation strategy , implement 

controls and measure performance.  

 

 

 

 

 

 

    Fig.1 Accelerated corrosion of pipeline steel in the presence of Desulfovibrio desulfuricans biofilm 

due to carbon source deprivation in CO2 saturated medium – ScienceDirect sciencedirect.com 

 

 
 

https://www.google.com/url?sa=i&url=https%3A%2F%2Fwww.sciencedirect.com%2Fscience%2Farticle%2Fpii%2FS0928493118340098&psig=AOvVaw2TTdxtwGaaDuc7q-KL4E0z&ust=1666113588438000&source=images&cd=vfe&ved=2ahUKEwiy-IL24uf6AhWXwoUKHcQKDgMQr4kDegQIARAv
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Fig.2 Microbially influenced corrosion—Any progress? –     sciencedirect.com 

Current Common Practice 

Controls to mitigate internal MIC in oilfield pipelines are currently all almost exclusively related to 

minimizing the numbers and/or activity of  Sulphate-Reducing Bacteria (SRB) and to a lesser extent, 

organic Acid Producing Bacteria (APB). It is proposed that the corrosion mechanism for SRB is related 

to sulphide production and for APB the acid pH 

resulting from carbon dioxide and organic acid production . The assumption is therefore that by 

maintaining low population numbers for these bacterial communities the production of hydrogen 

sulphide and organic acid will be minimized and MIC mitigated. A direct means of maintaining low 

numbers of bacteria is to kill any organisms present in the system by the application of biocides and 

therefore where controls are applied the injection of organic biocides is the predominant strategy. 

Determination of the effectiveness of the biocide treatment is most commonly attempted by 

enumerating the numbers of bacteria in samples of fluids collected from pipeline. Unfortunately this 

approach is over simplistic. 

The effective mitigation of MIC is dependant on a wide number of biotic and abiotic factors many of 

wich are specific to pipeline operations pipeline design and the nature of fluids and gases transported 

within the pipeline . Whilst the generic terms SRB and APB are common to all systems it is important 

to be aware that the SRB and APB present in a cold seawater pipeline will be very different from those 

present in a main oil pipeline or a hot 3-phase pipeline . Their response to system changes biocide 

treatments in terms of biocide formulation and injection criteria applied to pipeline transporting very 

different fluids. This approach is fundamentally flawed and this can be demonstrated by a simple 

consideration of even only a few of the key parameters controlling SRB or APB activity in different 

pipeline fluids pH temperature and water chemistry.  

Current Prediction and Monitoring of MIC 

Whilst the exact mechanisms which affect MIC associated with pipeline are still not clearly understood 

there is little argument that the rate and form of MIC is not related to the numbers of planktonic 

bacteria enumerated in synthetic bacterial growth media. However such analyses are by far the most 

commonly used tools employed to attempt to predict and monitor MIC. At best the enumeration of 

planktonic bacteria and the collection of fluid samples provides a qualitive measure only of biocide  

performance and in most cases provides no useful corrosion mitigation  data whatsoever.  

https://www.google.com/url?sa=i&url=https%3A%2F%2Fwww.sciencedirect.com%2Fscience%2Farticle%2Fpii%2FS0010938X19323546&psig=AOvVaw2g4sSnvzZHagf5d7cDyDMS&ust=1666113787478000&source=images&cd=vfe&ved=2ahUKEwigvffU4-f6AhUU9IUKHXHpBSYQr4kDegQIARAt
https://www.google.com/url?sa=i&url=https%3A%2F%2Fwww.sciencedirect.com%2Fscience%2Farticle%2Fpii%2FS0010938X19323546&psig=AOvVaw2g4sSnvzZHagf5d7cDyDMS&ust=1666113787478000&source=images&cd=vfe&ved=2ahUKEwigvffU4-f6AhUU9IUKHXHpBSYQr4kDegQIARAt
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Of far greater importance are the following ; 

 Bacterial activity in biofilms on the pipe walls. 

 water content and water availability. 

 water chemistry . 

 flow velocity. 

Deposition of  solids and scale.  

 Concentration of dissolved gases (CO2& O2). 

 Temperature, and  pH  

For this reason , the MIC model presented by Post[5] places emphasis on deposit formation and 

removal oxygen ingress , flow , velocity , and physicochemical conditions. This was modified by 

Maxwell [6] to include modules for biofilm development activity and its control. 

2. CORROSIVE BIOFILMS  

Corrosion is a surface phenomenon and as such the bacteria involved in MIC must also be associated 

with the surface, in complex community structures collectively known as biofilms [7]. In order to 

control MIC it is essential therefore , to prevent biofilm development or at least minimize the activity of 

corrosion related processes within the biofilm to low levels. 

When a metal surface is exposed in an aqueous environment a conditioning film will develop almost 

instantaneously , followed quickly by bacteria cell. If suitable conditions allow , the cells will multiply 

and the biofilm will grow. Ultimately a multilayered complex mixed bacteria community is produced 

[8]. A wide number of physical , chemical and biological parameters will all impact on biofilm 

development  including; 

 Nature of substratum (mid steel , CRA, etc). 

 Surface roughness and orientation. 

 Flow velocity. 

 Toxicity and stability of substratum . 

heterognet 

 Temperature ,pH , Eh. 

 Solids. 

It can be seen therefore, that biofilm development in oilfield process systems is likely to be 

heterogeneous due to the differing physicochemical conditions , mechanical design , etc, resulting in a 

variety of different environmental niches in different system and even in different parts of the same 

system . Furthermore even where there is consistency in system design and water chemistry , there 

can still be significant variability in biofilm  heterogeneity , both on the macro and micro scale. On an 

apparently uniform surface , the density of bacterial cells and their activity within the biofilm can vary 

greatly within very small distance [9].  

It is beyond the remit of this short paper to discuss in detail the complexity and heterogeneity of 

mature biofilms in oilfield systems. It is appropriate to highlight , however that it is this historic lack of 
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understanding of biofilm growth and activity that contributes greatly to the continued poor monitoring 

ineffective control and an inability to optimize MIC mitigation in the field 

3. CLEANING AND SANTITISING (DISINFECTION) STRATEGY ( REMOVE, KILL OR INACTIVATE) 

Microbiological control in other industries ; e,g. pharmaceutical drinking water, etc, often operates on 

a dual treatment philosophy; clean and sanities . The treatments differentiate between cleaning ( the 

removal of inorganic and organic debris , including bacterial cells) and sanitizing (the killing of bacteria 

cells). While the problems of bacterial growth in these other industries may be more related to human 

health and hygiene issues rather than MIC there remain the common feature that controls are applied 

to minimize bacterial activity in contaminating biofilms. 

In oil field systems there is generally but not exclusively no separate cleaning treatment. 

Where cleaning is applied this may be chemically with surfactants and/or scale dissolvers or 

physically with scrapers and cleaning pigs. In pipelines where the build up of surface attached 

deposits can result in restrictions in flow, several chemical and physical cleaning processes are 

commonly practical. Historically however these treatments were performed independently of bacterial 

control and were , therefore , not evaluated in terms of any antifouling effect or MIC mitigation 

.However , there is increasing anecdotal evidence that such cleaning procedures can provide 

significant benefit in MIC mitigation despite the fact that bacterial killing is not taking place. 

The strategy for oilfield biocide application has historically been based on killing as many and as broad 

a spectrum of bacteria as possible whilst accepting that in an open ended flowing system sterilization 

is impossible . It was generally not highlighted that a disinfection philosophy would require the control 

of only those bacteria involved in MIC ; e,g, the SRB and/or APB .over the last year, however , this has 

been addressed as evidenced by the more recent move towards the application of alternatives to 

biocides; such asnitrite. Nitrite and anthraquinone [10,11,12]. These treatments are applied to achieve 

a total bacterial kill, but all are targeted at minimizing or preventing SRB activity. 

 A review of the strategy for bacterial control in the oil industry compared to to the strategies applied in 

other industrial demonstrates the apparent lack of consideration within oilfield systems for the 

requirement to physically or chemically clean the surfaces . In other industries there is an 

appreciation of the requirement to clean; i,e. remove deposits , apply detergents , mechanically abrade, 

etc. as key prerequisite or synergistic component of an effective antibacterial treatment. This paper 

includes cleaning when discussing the key parameters which must be evaluated and where possible 

controlled in order to effectively mange and mitigate MIC in pipelines transporting different oilfield 

fluids. Such an approach results in redefining the key performance Indicators (KPI,s) associated with 

MIC mitigation as an important first step in the effective management of corrosive biofilms.  

4. MIC IN OIL PIPELINES 

Due to the potential economic and environmental impact of a corrosion failure in an oil export 

pipeline. One might expect that MIC mitigation of such lines would receive significant attention both in 

terms of prediction and preventative treatment. However this is not always the case. Historically , poor 

risk assessments concluded that the probability of MIC was minimal and as a consequence there are 

many oil export pipelines which continue to receive little or no specific bacterial controls. 

MIC prediction  

Within  a crude oil transportation pipeline a key parameter in determining the probability of MIC is 

water .Without water in the pipeline there will be no bacterial growth or activity. It is not possible to 

guarantee crude which is completely water free . However the idea that crude oil pipelines with less 

than 0.5 water will be at only minimal risk of MIC is erroneous. 
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Even at very low percentage of residual water in the export crude there is often the opportunity for 

water to settle out in low spots and low flow conditions. Over time therefore given the correct flow 

conditions the pipeline acts as a separator and ultimately significant volumes of water can become 

entrained within the line if adequate water removal pigs are not run. Control of contaminating water 

therefore , should be considered as key within the MIC mitigation strategy for oil lines. This allows the 

inclusion of parameters such as pigging, flow velocity and crude drying as components within MIC 

mitigation management. 

    Nevertheless whilst the role  of free water in MIC and other corrosion mechanisms is not disputed a 

predictive model for MIC cannot rely on water control alone. If the metal surface remains oil wet due to 

wax deposition smearing of hydrocarbon deposits by the pig, etc. then this could have a very 

significant effect on the probability of MIC in crude oil pipelines. Thus the application of any 

qualitative modelling prediction would is not seen to provide any benefit. Rather than have no models 

however any attempt to apply even a semi-quantitative prediction tool should be supported. 

Fluid Chemistry 

Subsequent to water control the chemistry of the contaminating water should be considered Sulphate 

is required if an SRB corrosion risk is to develop. Low buffering capacity of the water is an important 

factor if APB corrosion mechanisms are considered. However neither of these parameters can be 

considered simplistically in terms of high and low concentrations of any particular molecule. For 

example the rate of sulphate reduction is unlikely to be affected by sulphate concentration until the 

concentration is below 10-20 mg/l. Above this concentration the rate of sulphate reduction and the 

concentration of sulphate generated are almost completely independent of sulphate concentration. 

Despite this fact semi-quantitative predictions for SRB mediate MIC appear to relate an increasing 

probability of MIC with increased sulphates concentration.  

Biocide Treatment  

The application of effective biocide treatments to oil pipelines is often poorly planned. 

The biocide treatment can only effectively mitigate MIC if: 

1. It reaches the targeted settled water and   achieves a concentration bactericidal to the 

problematic organism in that water 

2. bacterial activity in the water would has resulted in MIC . In most case biocide addition is 

based on the concentration of   biocide in the fluids and does not consider the partitioning 

characteristics of biocide into the oil phase, It is important to determine therefore where the 

water is within the pipeline and the most appropriate chemistry to allow the biocide to be 

transported to that point. Currently in many cases the biocide selection is based solely on its 

ability to kill bacteria with no reference to partitioning and stability characteristics   . 

Batch biocide treatments are most commonly applied with a dose ( concentration and exposure time) of 

biocide determined in a laboratory test and applied with a frequency to suit a calendar regulated regime 

,I,e weekly , monthly quarterly . In order to apply an effective biocide treatment however a completely 

different strategy is required. The biocide dose needs to be determined base upon the ability of the biocide 

to effectively control a bacterial biofilm  generated in the field. Secondly the frequency of the treatments 

needs to be determined considering the rate of water accumulation in the pipeline the persistency of the 

chemical at the points where the water is settling and the reinfection and regrowth rates of the surviving 

bacteria between biocide batches. 

Biological Condition of Source Water 

In some cases a KPI on the numbers of plancktonic SRB has been employed to accept or reject the 

fluids entering the pipeline system the strategy being that if the numbers of plancktonic SRP entering 

the system are maintained at low levels then this will retard the SRB activity in the system and thus 

mitigate MIC . A typically quoted KPI for such strategies is <100 SRB per ml. Consider however a 
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system pumping 10,000 Bbls fluid per day with a water content of 0.5 % . The numbers of planktonic 

SRB entering the system would be approximately 8.0x10 6 SRB cells per day. This in itself represents 

a very modest number of cells and when compared to the fact that an active biofilm can easily contain 

10 6 SRB cells per cm2 , it is demonstrable that the numbers of SRB introduced into the system 

whether higher or lower than the KPI – are irrelevant with regard to MIC mitigation once the system is 

contaminated.                          

    5. MIC IN SEAWATER PIPELINES 

Within a seawater pipeline the strategy formic management is very different to that described above for 

oil pipelines. Whilst water is still essential for corrosion its presence in the line is unavoidable and 

therefore water control would not be part of the strategy. 

Furthermore there are a number of other factors which simplify the consideration of MIC in seawater 

injection system allowing perhaps the best opportunity to demonstrate the successful application of an 

MIC management strategy. These are; 

1-Single aqueous phase only. 

2-Commonality of water chemistry at numerous locations. 

3-Commonality in system design. 

4-Limited number of corrosion mechanisms. 

 A major drawback however is the lack of any correlation between SRB growth and activity and 

pitting corrosion rates. It is well documented in some systems that even in the presence of high 

numbers of SRB and the significant development of sulphidic biofilms that MIC pitting may not be 

encountered. Such observations highlight the role of deposits [13] and residual dissolved oxygen in 

stimulating MIC attack[14]. 

MIC Prediction 

The Posts and Maxwell models can be applied directly to seawater systems the corrosion rate constant 

applied by Posts being based on seawater injection system case histories. 

Given that the system is properly designed and operating within specification it could be argued that 

MIC is the predominate corrosion risk in a seawater injection which if nothing else , should highlight 

the requirement to optimize MIC management in these systems. 

Seawater Chemistry  

Whilst the inorganic chemistry of seawater may vary slightly in different parts of the world it is 

unlikely – except in extreme cases – that this would significantly affect the probability of MIC from 

location to location . Even gross changes to seawater chemistry may have little effect . This is 

exemplified by the application of sulphate removal as a means of scale control  . In this process the 

sulphate concentration of seawater may be decrease from 2,700 mg/l to as low 25-100 mg/l. Whilst in 

a stagnant system this would limit the concentration of sulphide generated in a flowing system 

sulphide reduction activity would continue as sulphate was continuously supplied sulphide 

accumulation as iron sulphide at the metal surface would not be expected to significantly impacted 

even by this significant decrease in sulphate concentration. 

Biocide Treatment 

The application of boicide should in theory provide an effective means of bacterial control given that 

seawater presents an environment with supposed limited nutritional value . However the oil industry 
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record for mitigating MIC in seawater injection system is poor with many case histories of significant 

MIC pitting due to the activity of SRB being repeatedly reported over the past 40 years. 

This lack of success can be related to many issues but it is certainly the case that the very large scale 

of seawater injection operation dictates that whilst concentration of nutrient are low the mass of 

nutrient throughput is very large . Furthermore the application biocides with treatment based on 

laboratory planktonic kill data and inappropriate batch frequencies have resulted in boicide treatment 

strategies which are not capable of achieving the required goal. 

MIC Mitigation  

Published reports and case histories of effective MIC mitigation are rare . There are several reports of 

bacterial numbers being significantly decreased by the application of more rigorous biocide treatments 

but this is almost never correlated and calibrated with improved corrosion inhibition . Where MIC 

mitigation has been reported the systems have complied with one or more of the following; 

 Relatively small ( ≤70,000 BPD ) system [15]. 

 Continuous biocide [16]. 

 Continuous nitrate.[17] 

 Cleaning pigs employed [18]. 

The success in smaller water injection systems may simply be down to simplified logistic which 

allowed almost 100% availability of planned biocide treatment and an assurance that biocide soaks 

were performed during every planned shut-down. 

In the large systems however biofilm and MIC control only by batch biocide treatments has proven 

extremely difficult . There are a number of case histories where once biofilm control had been lost it 

was proven impossible to cost effectively regain control . However as stated previously there is no 

evidence that MIC rates correlate with SRB or APB numbers and therefore whilst biofilm control might 

have been lost there was no evidence at what stage MIC was stimulated if at all. 

One of the strategies which has been reported as successful is to re-inject a low residual chlorine 

downstream of the deaerator as an effective means of preventing biofilm development . The may not be 

application in all systems due to the additional general corrosion which can be encountered due to the 

presence of residual chlorine in a mild steel pipeline.  

In the Norwegian sector of the North Sea several fields have replaced traditional batch biocide 

treatment with continues nitrate treatment. The addition of nitrate is well documented as a means of 

remediating sulphide systems and preventing further sulphate reduction activity. Statoil have reported 

a complete shift in bacterial activity in their water injection systems fro sulphate – reduction to nitrate 

reduction coupled with the removal of iron sulphide scales and an approximately three-fold decrease 

in corrosion rates following the introduction of continuous nitrate injection in the Norwegian North Sea 

fields [20]. 

Of very significant interest  is the anecdotal of the significant impact of pigging in mitigating MIC . It 

has been reported that MIC mitigation was achieved by what was shown to be a sub-optimal biocide 

strategy in terms of minimizing sessile SRB numbers, when combined with cleaning pigs , even if these 

were run only infrequently [18]. The models for MIC in water pipelines place far more significance on 

the regularity of pigging than on the biocide treatment when predicting MIC mitigation. 

One further very important parameter in the mitigation of MIC in seawater lines is oxygen control. It 

has been that the addition of even small concentration of dissolved oxygen into a system containing 

sulphide films can result in significantly aggravated pitting [14] . It is proposed that this is due to the 
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oxidation of parts of the iron sulphide film to elemental sulphur. Once again the models gives far more 

weighting to the presence of even small concentration of oxygen to stimulate MIC than they give to 

mitigating MIC with biocide treatment 

Biological Conditions of Source water 

In a  seawater system the source water (open seawater) will provide approximately only one viable SRB 

cell per liter to the bulk phase . However in many seawater injection systems the deaeration tower acts 

as a large biological reactor  and it is not uncommon to find SRB numbers of 10 per ml in the injection 

 water exiting the tower . In a typical system injecting 10,000 BPD, this is equivalent to adding 1.6x10 

11  SRB to the bulk phase each day or 1.1x10 8 SRB per minute. Presenting the situation in this 

manner clearly demonstrates that a typical KPI of ≤10 SRB per ml for a water injection system does 

not assure minimal SRB activity as it actually allows for a contribution to the biofilm of 100 million 

SRB per minute. 

6. MIC IN 3-PHASE PIPELINES 

If the mitigation of MIC in oil pipelines with low water and seawater pipelines with 100% water proves 

difficult than the management of MIC in 3-phase- pipelines presents perhaps our greatest challenge. 

MIC Prediction 

Whilst the 3-phase system is more complicated than both the seawater and oil pipeline systems the 

application of the models previously mentioned does allow some screening of predicted corrosion rates 

due to the extremes of temperature , pH, flow velocity and total dissolved salts which can be 

encountered . Furthermore controls may be predominantly applied for other corrosive conditions such 

as CO2 and H2S due to their potential severity. The application of corrosion inhibitors and/or 

sulphide scavengers may have a secondary controlling effect on MIC.  

Thus despite the completely it is probable that the potential for MIC in 3-phase pipelines may have be 

indirectly considered in more detail than for the other two pipeline systems previously discussed whilst 

the overall corrosion risk assessment is being performed.  

Fluid Chemistry 

The physicochemical environment in the water phase associated with 3-pipelines can vary significantly 

from field to field and even from well to well . In the worst case therefore each flow line will have to 

have a strategy developed specifically for that environment and this strategy will need to change as 

transported fluids change in water chemistry and solids content. 

Once again water control is not generally an option and there will be parts of the line which will be 

almost continuously water wet. Furthermore the inorganic chemistry of produced water can vary 

significantly affecting the biology within the system and therefore varying the probability of MIC with 

location and time. 

Biocide Treatment  

The application of effective biocide treatments proves very difficult particularly where the situation is 

further complicated by the formation of inorganic scales ( sulphate and carbonate or organic deposits 

and the continuous injection of potentially biostatic dependent on formulation and concentration , 

corrosion inhibitors . Determining the corrosion mechanism in such systems can also be very 

complicated and leads to frequent reporting of the cause of corrosion being MIC or Under Deposit 

Corrosion. 
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As mentioned previously MIC mitigation often becomes confused with other reasons for bacterial 

control. This can result in biocide being applied for no economic benefit   Commonly repeated errors 

include: 

 Treating the system with biocide despite acceptable corrosion rates being confirmed. 

 Applying very occasional treatment ( ie one every three months ) as just in case control. 

 Monitoring for bacteria but using an inappropriate media (wrong TDS) or incubation temperature. 

Biological Condition of Source Water 

In a 3-phase pipeline carrying fluids directly or indirectly from a producing wells the biology of the 

system is the most complex of the three pipeline systems discussed in the paper. 

The water associated with oil production can be formation water aquifer water or mixture of these  

with injection water . Each water source will have its own original microbiological populations 

including bacteria and archaea ( the term which combines these two different microbial life forms is 

Procaryotes). Which of these prokaryotes provide the source of sulphide producing organisms which 

might be predominant in MIC activity is an extremely complex problem to resolve. As a consequence 

many chose to ignore the complexity and continue to monitor for only sulphate –reducing bacteria 

(SRB) whereas strictly speaking if we hope to resolve MIC in 3-phase pipelines we should be studying 

sulphate reducing bacteria (SRB) and other prokaryotes capable of producing sulphide (or other 

corrosive environments) within the pipeline . 

As the prokaryotes in the pipeline may be the result of microbiological activity within the oil reservoir it 

is often and possible to provide any control to their introduction into the system . This makes 

controlling their activity very difficult without to continuous treatment either into the well or directly 

downstream of the wellhead.  

7.MIC MITIGATION MONITORING 

Historically most attempts at MIC mitigation monitoring presented specifications for biocide efficacy 

determination based on limiting on limiting planktonic bacteria numbers to below set target limits. 

Whilst this strategy may be appropriate for bacterial control in a closed or batch process system it is 

not appropriate for continuous process systems as pipelines. 

MIC Prediction 

In order to prevent MIC it is essential to control sessile bacteria in biofilms together with other key 

parameters associated with MIC stimulation. However most corrosion management system do not have 

a philosophy of corrosion prevention but of corrosion mitigation . In order to mitigate MIC it is 

necessary to predict a corrosion rate against which any mitigation measures can be monitored . 

Currently there is a distinct lack of MIC prediction models. In part this is due to a reluctance within 

the industry to accept the introduction of qualitative MIC models despite the fact that discussion 

continues as to whether the commonly applied  CO2 corrosion prediction model are quantitative or 

qualitative. 

As stated earlier the application of even a simple qualitative model for MIC is an essential first step in 

any MIC mitigation strategy . 

Decision Trees 

Decision trees are required to test the sensitively of model parameters exerting the greatest effect on 

MIC mitigation under different conditions. This will allow the greatest emphasis to be placed upon the 

most effective mitigation measure for that particular system . Within the decision tree it is important to 

include only those parameters that can be measured or predicted by modelling.  
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Implementation  

Once the strategy has been developed from the model and decision trees this needs to be implemented. 

KPI `s are required to mange and measure the extent to which the strategy to being implemented. 

Typically KPI`s are required for application of controls biocide treatment, pig runs, removal, etc. as per 

any standard corrosion mitigation programmed. 

Monitoring  

It is key to a successful monitoring program is to monitor only those parameters where the data can be 

used either directly or indirectly to measure MIC mitigation. Pitting corrosion rates frequency of pitting 

etc, can be considered as direct analyses which could be used to measure MIC mitigation. Continuous 

on line measurement of temperature or pH and weekly counts on planktonic SRB is not uncommon 

but unless tied to an MIC prediction in some way this data serves to provide no useful purpose other 

than a comfort factor that something is being done.  

Review and Learned for management  

A continuous review of any management system is required to ensure that the effectiveness of the 

system is maintained. This must include a clear history of lessons learned and this is of particular 

relevance to MIC mitigation. This is no doubt that controls are being attempted and will continues to 

be applied with treatment regimes and strategies which have failed in similar systems at other 

locations. Particularly where this is the case with seawater pipelines where the transported fluids are 

very similar over a wide range of location a lessons learned database would help to fast track the 

strategy for MIC control in new projects. 

It widely recognized that maintaining a new system in clean condition to mitigate MIC is far more 

easily managed than remediating a system already contaminated with biofilms and exhibiting MIC 

pitting corrosion. [16]. 

Due to the problems involved in remediating dirty systems novel approaches were undertaken 

resulting in the development of nitrate treatments which are now widely practiced by several operators 

for MIC and SRB control in water injection systems. As yet however the industry has not developed a 

set of guidelines aimed at preventing the need to implement remediation treatment within the 

projected life of a water handling facility.  

8. CONCLUSION 

 Improved control of the development of corrosive biofilms and mitigation of MIC can be achieved by 

the application of a managed MIC mitigation strategy. This is particularly the case if MIC management 

is practiced from start –up in new systems. 

The strategy require a modeled prediction of MIC which pays due cognizance to microbial kinetics 

system design and those operational parameters which exert the greatest effect on pitting corrosion 

rates. 

The strategy should be reviewed on an ongoing basis using properly interpreted data from a 

specifically designed routine monitoring program. 

 The monitoring program should include only those a biotic  and biotic analyses which are practical 

and which are activity employed in measuring MIC mitigation and reports should demonstrate 

measurement by KPI`s. 

 A remediation strategy will required very different treatments and controls in comparison to a 

mitigation strategy. 
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Abstract: To reduce energy consumption and protect the environment, warm asphalt has been used 
widely in recent years. In this paper, Brookfield rotational viscometer test and dynamic mechanical 
analysis method are employed to investigate the effect of a kind of commercial wax named RH on the 
properties of two types of asphalt namely 60/70 and 80/100. It can be found that this kind of wax can 
increase the value of softening point, decrease complex modulus, and anti-rutting factor and increase 
the value of the penetration and the phase angle. The RH-modified asphalt has a lower viscosity, 
compared with the original sample. 
 
Keywords: (WMA additive, Rheological property, Dynamic shear rheometer, Complex modulus, 

Rutting resistance factor) 

Introduction 

Asphalt is a pavement material that is brittle and hard in cold environments and soft at elevated 

temperatures. It has been historically employed as the most popular paving material for roadways [1]. 

Asphalt has been used in road construction and in many other applications for a long time. It can be 

produced from crude oils or found in nature as natural asphalt. The wax contained in crude oils will is 

still retained in the asphalt when the asphalt is produced through the distillation method. The wax 

may be the type of paraffin wax or microcrystalline wax. The presence of waxes in bitumen was usually 

considered detrimental to the performance of asphalt pavement, like increased sensitivity to cracking 

or rutting resistance in asphalt concrete pavements [2, 3]. 

This was mostly based on assumption that the melting of waxes at high temperatures reduced the 

asphalt mixture’s resistance to rutting and that the crystallization of wax at low temperatures 

contributed to mixture cracking. It is also considered that the wax in asphalt will lead to physical 

hardening and poor binder adhesion to aggregate. However, from the literature review, it can be found 

that many studies have been done to evaluate the effect of wax as an additive to improve the 

performance of asphalt mixture, and it also can be found that the effects of waxes on asphalt quality 

and mixture performance are reported different. With the wax additive, the viscosity of asphalt is 

decreased at high temperatures (above approximately 80 ℃), which improve the flow properties of 

asphalt. 

The greatest benefit of this kind of effect is that the mixing temperature of the asphalt is reduced, and 

energy consumption and emissions are also reduced. Another benefit of using wax additive in asphalt 

is that the construction period can be extended; it has significant meaning in the cold region [3]. 

Paving the way for new technology. RH-WMA goes head-to-head with hot mix asphalt, steadily gaining 

acceptance throughout the asphalt paving industry. Over the last 5 years, numerous field validation 

trials of RH-WMA were established all over the world by private industry and road agencies. The 
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successful outcome of these field trials using RH-WMA suggests that WMA using RH-WMA may 

eventually be considered as a standard specification option for all pavement classes once contractors 

and asset owners gain confidence in the long-term performance of RH-WMA. In this paper, the effect of 

RH WMA, on the viscoelastic properties of asphalt is investigated.  

WMA is an exciting development in asphalt technology, allowing the production and placement of 

asphalt paving at cooler temperatures than HMA. Compared with HMA, WMA technology can 

significantly reduce mixing temperatures of asphalt mixture by 20°C to 30°C [4]. Asphalt pavements 

make up an overwhelming majority of paved roads in the world.  

The predominant technology for constructing these pavements is hot-mix asphalt (HMA), and it is 

currently the largest end-use of energy in most developed countries. HMA has been traditionally 

produced at a discharge temperature between 140°C and 180°C, resulting in high-energy (fuel) costs 

and the production of greenhouse gases. With growing environmental concerns and ever-increasing 

budgetary constraints, the use of Warm-Mix asphalt (WMA) is on the rise since it addresses both 

issues.  

WMA allows the producers of asphalt pavement material to lower the temperatures at which the 

material is mixed and placed on the road. Reductions of 30 to 50°C have been documented. Such 

drastic reductions have the obvious benefits of cutting fuel consumption and decreasing the 

production of greenhouse gases. Engineering and construction benefits include better compaction of 

pavements; the ability to pave at lower temperatures, extending the paving season; and the potential to 

be able to recycle at higher rates. [5, 6]. Figure 1 shows the other advantages of the technology of 

warm mix asphalt.  

RH-WMA is a unique, cost-effective, and environmentally friendly asphalt additive that eases the 

mixing process by reducing viscosity and enhancing flow. RH-WMA is a polyethylene wax-based 

asphalt binder additive produced from cross-linked polyethylene. It is designed to reduce the viscosity 

of asphalt binder at high temperatures while strengthening the asphalt crystalline structure at low 

temperatures.  Unique Advantages of RH-WMA contains most of the benefits of Warm-Mix Technology 

in the industry; including a reduction in production temperature without compromising pavement 

performance.   

Reduce Operating Cost Reduce Harmful Emissions 
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Fig. 1: Advantages of the technology of warm mix asphalt 

 

RH-WMA can be used for all traditional hot-mix applications. With additional advantages identifiable 

with RH-WMA, it has been used in such demanding applications such as interstate highways, 

airfields, tunnels, and residential areas.  

The RH-WMA additive would either reduce the viscosity of the binder or allow better workability of the 

mix at lower binder content. For this case, the optimum asphalt content of WMA is slightly lower than 

the optimum asphalt content for HMA. The Workability Index can be used effectively to assess the 

influence of production temperature [7]. Durability is one of the most important properties of a Hot 

Mix Asphalt (HMA). A key factor affecting the durability of asphalt pavements is moisture damage [8]. 

Moisture damage of an asphalt mixture generally called stripping potential is among the most 

important distresses of asphaltic pavements [9]. 

Cold region Asphalt pavement using rubber asphalt or stiffer binder: difficulty in compaction due to 

thin surface layer. Heavy traffic road that requires paving with WMA technology. Pavement 

construction under strict environmental controls. Reduced aging of asphalt during production to 

increase the service life of pavement and Pavement containing recycled asphalt pavement (RAP). 

Moisture damage, occurring in several forms, can cause deterioration of asphalt pavements leading to 

a shortened service life of the pavement. Water or water vapour can affect the asphalt mixtures 

through the general `theory' of water susceptibility (sensitivity) behaviour loss of adhesion (bond) 

between the aggregate surface and the asphalt cement; loss of cohesion softening and reduction in 

strength and stiffness of the asphalt mixtures; and/or fracture of individual aggregate particles with 

freezing. Keeping the moisture out or at least controlling the degree of moisture in the asphalt to avoid 

critical levels of saturation is a fundamental requirement. Design air voids and compacted density 

(insitu air voids) are important factors in the permeability of the asphalt mix. Grading and nominal 

size can also be contributing factors. Asphalt is rarely completely waterproof so some level of moisture 

is inevitable [10]. 

Materials and methods 

Two types of neat asphalt binders namely: AC 60/70 and AC 80/100 are used in this study. The basic 

properties of binders are shown in Table (1). 
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Table 1: The test results of neat asphalt. 

Test properties Unit 
Test results 

60/70 80/100 

Rotational viscosity @ 135℃ (Pa.s) 0.513 0.425 

𝐺∗ sin 𝛿 ⁄  @ 64℃ (kPa) 1.726 1.486 

Penetration (25℃, 5s , 100g )  0.1 mm 64 81 

Softening point ℃ 47 44 

Ductility at 25°C 5 cm/min cm ˃ 100 ˃ 100 

𝐺∗ sin 𝛿 ⁄ @ 64℃ (kPa) 3.262 2.830 

 

RH is selected as a wax additive in this paper. RH, as a WMA additive, is a kind of white powder 

developed in China. RH forms a homogeneous solution with the base binder on stirring, and produces 

a marked reduction in the binder’s viscosity. Figure 2 shows the RH-WMA that exists in the form of 

small white particles.  

 
Fig. 2: RH-WMA as Additive for WMA 

 

A Brookfield Rotational Viscometer (RV) test was used to measure the flow of binder to provide some 

assurance that it is fluidic enough when pumped and mixed in mixing plants and to determine the 

mixing and compaction temperatures. A Brookfield rotational viscometer is used to evaluate the effect 

of different temperatures on the viscosity after mixed with RH WMA.  

Figure 3 shows the Brookfield RV that was used to determine the viscosity of the binder samples with 

and without RH-WMA. In this test, the temperature sweep was applied from 100°C to 170°C for PG 64 

binder, at 10°C increments. For all the viscosity tests, 10 grams of asphalt binder sample was tested 

using spindle number 21. Three readings were taken for each test and the mean value was chosen as 

the final result. 

 
 

Fig. 3: Brookfield Rotational Viscometer 
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Figure 4 shows the DSR machine used to characterize the viscous and elastic properties of the asphalt 

binder samples by measuring the complex shear modulus (G*) and the phase angle (δ). 

 
Fig. 4: DSR Equipment and Its Components 

 

To estimate the rheological characterizations of the material, the dynamic mechanical analysis method 

is employed. The research of the Strategic Highway Research Program (SHRP) by the US suggests 

using complex modulus (G^*) and phase angle (δ) as the index of properties related to the performance 

of the asphalt on roads. Rheological measurements of the bitumen are performed with temperature 

sweeps using a Dynamic Shear Rheometer. The tests are carried out at 46–82 °C, and involved 

subjecting the bitumen of 1 mm thick in a pair of parallel plates of 25 mm diameter to alternating 

shear stress at a frequency of 1.59 Hz and measuring the resulting shear strain [11]. 

Results and discussion 

The Brookfield rotational viscometer is used to study the viscosity properties of the binder AC 60/70 

and AC 80/100 without/with RH WMA at different temperatures, both kinds of asphalt (AC 60/70 and 

AC 80/100) are usually used in the construction of roads. By this method, the viscosity properties of 

asphalt mixed with 2%, 3%, 4%, and 5% RH WMA by weight are evaluated under different 

temperatures. In this section, the viscosity characteristics of asphalt modified with RH are measured 

with Brookfield rotational viscometer when the test temperature is higher than 100 °C this step is to 

evaluate the workability of the asphalt mixture. The test results at temperatures 135℃ and 165℃ are 

shown in Figure 5 and Figure 6. 

 

Fig. 5: The curve of viscosity–temperature for Bitumen AC 60/70 
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Fig. 6: The curve of viscosity–temperature for Bitumen AC 80/100 

 

Analyzing Fig. 3 a and b it can be found that as to the two binders AC 60/70 and AC 80/100 

without/with RH WMA, the viscosity decreases with temperature increasing, and when the 

temperature is higher than 135°C, RH modified asphalt has a lower viscosity, comparing with the 

original sample. It also can be found in Fig. 3 and 4 that the viscosity-temperature curve of the original 

asphalt is a nearly linear relationship, however, after mixing with RH, the relationship between 

viscosity and temperature is changed at about 135 °C, and after 135°C, the viscosity of RH modified 

asphalt is decreased significantly. When the temperature is higher than the entropy melting point, RH 

exists in asphalt as a liquid, which decreases the viscosity of asphalt. It means that RH-modified 

asphalt has better workability at low temperatures compared with neat asphalt. 

The season that is suitable for asphalt pavement construction is short in cold regions (because the 

temperature is too low to construct). The properties of RH-modified asphalt make it possible to 

construct at relatively low temperatures, which means that the pavement construction period can be 

extended, which is meaningful for construction in cold regions. The mixing and compacting 

temperature can be determined by the viscosity-temperature curve of binders, 170 ± 20 centipoises 

and 280 ± 30 centipoise corresponding mixing temperature and compacting temperature, respectively 

[12]. The results are shown in Table (2) and Table (3). 

From Tables 2 and 3, it can be found that after mixing with 2% RH, the mixing temperature and 

compacting temperature are decreased by about 5°C, compared with the original samples. These 

results indicate that the RH can decrease the construction temperature efficiently. However, this 

conclusion is just drawn from the viscosity-temperature curve, for some materials, such as polymer-

modified asphalt, the mixing temperature and compacting temperature determined with the same 

method are not suitable. 

Table 2: Construction Temperatures of bitumen AC 60/70 decided by viscosity–temperature curve. 

Type of Bitumen AC 60/70 

% RH WMA 0% 2% 3% 4% 5% 

Mix Temp. ℃ @ Viscosity = 0.17 Pa.s 160 155 155 150 150 

Compaction Temp. ℃ @ Viscosity = 0.28 Pa.s 150 145 145 140 135 
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Table 3: Construction Temperatures of bitumen AC 80/100 decided by viscosity–temperature curve. 

Type of Bitumen AC 80/100 

% RH WMA 0% 2% 3% 4% 5% 

Mix Temp. ℃ @ Viscosity = 0.17 Pa.s 155 150 150 145 145 

Compaction Temp. ℃ @ Viscosity = 0.28 Pa.s 145 140 135 135 135 
 

To study the rheological properties of the binder after mixing with RH, a DSR test is carried out. From 

the DSR test, complex modulus (G*), phase angle (δ), and anti-rutting factor (G*/sin δ) can be 

obtained. The phase angle measured the degree of viscosity of the bitumen; the complex modulus 

values and anti-rutting factor reflect the ability of rutting resistance. For materials of the same 

complex modulus value, the one, which has a higher phase angle value, will be more susceptible to 

viscous deformation and the higher complex modulus values and anti-rutting factor will have a better 

rutting resistance. The DSR test results are shown in Figures 6, 7, and 8. 

 
 

Fig. 6: The complex modulus of asphalt. 

 

Figures 5 – 6 and 7 show the results of the temperature sweeps by the dynamic shear rheometer on 

the binders over the temperature range (46 – 82 °C) at the frequency of 1.59 Hz. They present the 

rheological behavior in graphic form for the RH-modified asphalt and original sample, respectively. In 

general, the original samples had relatively the highest complex modulus value and anti-rutting factor 

over the full temperature range. 

   

Fig. 7: The phase angles of asphalt. 
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Fig. 8: The anti-rutting factor of asphalt. 

 

From Figures 5 – 6 and 7 it can be found that with the content of RH increasing, the complex modulus 

and anti-rutting factor values decreased and the phase angles value increased. low binder complex 

modulus, together with high viscous deformation makes the asphalt pavement have low rutting 

resistance ability. These test results show that RH cannot improve the rutting resistance ability and 

decrease the temperature sensibility.  

Conclusions 

Based on the tests and analysis presented herein, the conclusions of the study are summarized as 

follows:  

(1) RH additive can increase the value of softening point and increase the value of the penetration. 

These properties are beneficial for improving asphalt pavement rutting resistance ability. When the 

content of the RH additive is higher than 4%, the increased rate of penetration and the increment rate 

of softening point becomes slow. 

(2) It is found from Brookfield rotational viscometer test that the viscosity decreases with temperature 

increase.  

(3) RH additive can decrease the value of complex modulus, and anti-rutting factor under the 

temperature range (46 - 82°C). It means that RH cannot improve the temperature sensibility of 

asphalt. That is beneficial for improving asphalt pavement rutting resistance ability. 
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Abstract: QSAR can assist in the quick and low-cost identification of new corrosion inhibitor 

compounds. Early research revealed a connection between a molecule's quantum parameters and 

inhibition efficiency (IE). A possible nonlinear equation between experimental inhibition efficiencies 

(IEexp) of corrosion inhibitors and some quantum parameters was sought for some Triazole derivatives 

in previous study. This work aims to compare nonlinear model from previous study and artificial 

neural network (ANN) used in this study to predict inhibition efficiency. The investigation shows that 

ANN is more efficient and accurate than nonlinear model to predict inhibition efficiencies, where 

correlation coefficient R (between IEexp and predicted inhibition efficiency (IEpred)) increased from 0.95 

to 0.99 and mean square error decreased from 4.0×10-3 to 6.1×10-5respectively. 

Keywords: (QSAR, neural network, corrosion inhibitors, Triazole, modelling, Quantum study)  

Introduction 

   Pipelines are crucial pieces of machinery that are used to move gases and liquids over large 

distances. In the oil industry, corrosion occurs through procedures including acid cleaning, pickling, 

and etching, which calls for the use of corrosion inhibitors. The majority of pickling inhibitors are 

harmful substances. Due to increased global environmental awareness and new environmental 

protection requirements, these compounds must be replaced with more environmentally acceptable 

inhibitors. Inhibitors of mild steel corrosion in hydrochloric acid that are non-toxic, like Triazole 

derivatives, are the focus of this article. Triazole derivatives are among the various heterocyclic 

chemicals explored as corrosion inhibitors since they are regarded to be environmentally acceptable. 

Additionally, they are very thermally stable substances that are simple to synthesize, effective at low 

doses, and inexpensive. For this reason, the main methods for assessing the ability to block and 

adsorb are electrochemical technique and quantum chemical analysis [1-3]. 

    Numerous approaches, including theoretical and experimental ones, have been used to study the 

inhibition efficiency of corrosion inhibitors. For instance, the most popular experimental techniques for 

evaluating the effectiveness of inhibition are electrochemical impedance spectroscopy (EIS), 

potentiodynamic polarization, and weight losses methodology. They are pricy and time-consuming. 

Theoretical techniques have overcome all of these challenges [1-3]. Most popular technique is QSAR. 

     Regression models is a set of statistical procedures for estimating the relationships (linear or 

nonlinear equations) between a dependent variable and one or more independent variables, that are 

utilized in the fields of chemical engineering and biological sciences are known as quantitative 

structure–activity relationship models (QSAR) [4]. 

  Artificial neural networks (ANNs) have become effective tools for modeling links between quantum 

chemical parameters and IE. It is not always feasible to deal with many corrosion problems by the use 

of traditional analysis such as nonlinear repression technique. The limitations of traditional methods 

such multiple linear relationships, partial least squares, and principal component analysis are 

overcome by the capability of ANN techniques to describe nonlinear relationships [5]. 
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    The Triazole compounds that were employed in this work are depicted in Table 1 and Fig. 1 together 

with their chemical formulas, nomenclature, and structural details. Experimental research has shown 

these chemicals to be effective in inhibiting corrosion, with efficiencies ranging from 73 to 98.5% [4]. 

    In previous work [4], the nonlinear technique was used to IE. Artificial neural networks (ANNs) were 

used in this study in an effort to forecast IE.   At the end of this research, a comparison between 

nonlinear method and the application of ANN for predicting inhibition efficiency was made. 

 

Fig. 1: Chemical structure of Triazole derivatives 

 

Details of calculation methods 

    Quantum chemical computations were used to examine the molecular structures of the chosen 

inhibitors. All quantum calculations carried out in the Windows environment with of Material Studio 

5.5 using AM1 semi-empirical method. Utilizing the default software parameters, all inhibitors were 

fully optimized geometrically without any limitations [6]. 

    By the end of the quantum calculations, all calculated quantum parameters are tabulated in Excel 

file. A table with 20 rows and 10 columns was obtained. Each raw corresponds to a certain inhibitor 

(from inhbitor1 to inhibitor 20) as shown if Fig.2. The columns correspond to quantum parameters: 

respectively inhibition efficiency IE, (energy of highest occupied molecular orbital (EHOMO), energy of 

lowest unoccupied molecular orbital (ELUMO), Total dipole (µ), surface area of molecule (SA), Energy 

gap (ΔE), Adsorption energy(Eads), temperature (T), inhibitors concentration (Ci), and Log of the 

partition coefficient (AlogP)) [7]. After organization of quantum parameters in Excel file, these data are 

easily accessed by Matlab Software.  
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Fig. 2: A screenshot of tabulated quantum parameters in Excel file 

 

    The excel file was called using xlsread command to load all parameters into Matlab workspace. The 

quantum parameters table is then presented to artificial neural networks using nftool command to 

prepare them for prediction of inhibition efficiency [8]. 

 

Table 1: Names, nomenclature and molecular properties of studied trizole derivatives 

Full name Nomenclature Chemical formula Net mol. mass 

5,3-di(3-tolyl)-4-amino-1,2,4-triazoles 3-DTAT C16 H16 N4 264.332 

5,3-di(2-tolyl)-4-amino-1,2,4-triazoles 2-DTAT C16 H16 N4 264.332 

5,3-di(4-tolyl)-4-amino-1,2,4-triazoles 4-DTAT C16 H16 N4 264.332 

3-aminophenyl-4-phenyl-5-mercapto-1,2,4-
triazole 

APMT C14 H12 N4 S 268.338 

3,5-bis(4-methoxyphenyl)-4-amino-1,2,4-

triazole 
4-MAT C16 H16 N4 O2 296.330 

4-amino-5-methyl-4H-1,2,4-triazole-3thiol AMTT C3 H6 N4 S 130.169 

4-salicylideneamino-3-methyl-1,2,4-triazole-5-
thione 

SAMTT C10 H10 N4 O S 234.277 

4-(2,4-dihydroxybenzylideneamino)-3-methyl-
1H-1,2,4-triazole-5(4H)-thione 

DBAMTT C10 H10 N4 O2 S 250.276 

5-decylsulfanyl-1,2,4-triazole TR10(2b) C12 H23 N3 S 241.397 

5-octylsulfanyl-1,2,4-triazole TR8(2a) C10 H19 N3 S 213.343 

4-Amino-5-phenyl-4H-1,2,4-triazole-3-thiol APTT C8 H8 N4 S 192.240 

3,5-bis(3,4-dimethoxyphenyl)-4-amino-1,2,4-
triazole 

3,4-MAT C18 H20 N4 O4 356.382 

(4-(4-methoxybenzylideneamino)-4H-1,2,4-
triazole-3,5-diyl)dimethanol 

MATD C12 H14 N4 O3 262.269 

(4-(4-hydroxybenzylideneamino)-4H-1,2,4-
triazole-3,5-diyl)dimethanol 

HATD C11 H12 N4 O3 248.242 
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(4-(3,4-dimethoxybenzylideneamino)-4H-1,2,4-
triazole-3,5-diyl)dimethanol 

DMATD C13 H16 N4 O4 292.295 

4-salicylideneamino-3-phenyl-5-mercapto-
1,2,4-triazole 

SAPMT C15 H12 N4 O S 296.348 

1-(2″-nitrobenzyl)methenylideneamino- 

2-mercapto-5-(1-(1′,2′,4′-triazol)) methenyl-
1,3,4-triazole 

NMTT C14 H12 N6 O2 S 328.350 

1-(2″-methoxybenzyl)methenylideneamino-2-
mercapto-5-(1′-(1′,2′,4′-triazol)) methenyl-1,3,4-

triazole 

MMTT C15 H15 N5 O S 313.379 

furfuraldine 3,5-diamino-1,2,4-triazole FTA C12 H9 N5 O2 255.237 

Vanilidine 3,5-diamino-1,2,4-triazole VTA C18 H17 N5 O4 367.365 

 

By default, nftool splits the table into three parts: 15% of the data are used for testing, 15% of the data 

are used for validation, and 70% of the data are used for training as shown in Fig.3. The algorithm 

modifies the network parameters throughout the course of 1000 epochs during the learning phase. 

The mean square error between the computed IEcalc and IEexp is calculated during a time. Different 

training algorithms were tested. The points should ideally go closer to the identify line. The regression 

factor provides a quantitative evaluation of the overall performance.  Also, the number of neurons in 

the hidden layer is one of ANN's most important characteristics. The network won't be able to model 

the complex data and the fit won't be good if there aren't enough neurons used.in this work, a small 

number of hidden layer (10 layer) was employed due to the size of data is large. The Schematically 

structure of the proposed ANN with 9 inputs (EHOMO, ELUM, µ, SA, ΔE, Eads, T, Ci, and AlogP) and 1 

output IEcalc is shown in Fig.4 [9-13]. 

 

Fig. 3: splitting data into training, validation and tested data 
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Fig. 4: ANN architecture with 9 input and one output 

 

A statistical relationship between two variables is referred to as a correlation coefficient. There are a 

number of different kinds of correlation coefficients, but all of them will always fall between -1 and 1, 

where the strongest possible agreement is very close to 1. The linear relationship's strength and 

direction are measured by the Pearson product-moment correlation coefficient (R2). A measure of how 

well and closely of two variables are related is the correlation coefficient (R) [4]. 

Results and discussion 

The experimental data of inhibition efficacy (Electrochemical impedance spectroscopy (EIS)) were 

collected from references. This study used AM1 semi-empirical method and QSAR techniques. The 

compounds in Fig. 1 were subjected to semi-empirical quantum chemical computations, with the 

results shown in Table 2 [14]. 

    Values for a few quantum chemical characteristics for molecules of Triazole derivatives are listed in 

Table 2. The HOMO and LUMO energies and how they are distributed across molecules have a crucial 

role in determining reactivity. The capacity of a molecule to give an electron is often linked to EHOMO, 

whereas the ability to receive an electron is linked to ELUMO. As a result, the adsorption process is 

facilitated by larger values of EHOMO and lower values of ELUMO. The results of Table 1 show, the 

estimated values of EHOMO and ELUMO are not similar to the measured values of IEexp, and the measured 

quantum chemical parameters altered erratically with IEexp inhibition. This suggested that the 

inhibitors might not be either the acceptor or the giver of the electrons [15-17]. 

     Additionally, there must be a strong link between quantum parameters and corrosion inhibitor 

activity in order to derive reliable productivity assumptions. However, none of these parameters and 

inhibition efficiencies have a clear link. thus the need for new technique is necessary.  In previous 

work, Lukovits non-linear model was employed to perform QSAR. In this study, The QSAR of the 

studied molecules in Fig. 1 as inhibitors for metal in HCl medium was performed using ANN [19-20]. 

Between IEexp and IEcalc, a strong correlation coefficient R2 of 0.985 has been obtained. In Table. 3, 

the calculated IEcalc and R2 values for each approach are provided. In Fig. 4, the values of IEcalc and 

IEexp for the derivatives of triazoles are plotted. A comparison between calculated and experimental 

values using nonlinear model and ANN is shown in Figure 4. Figures 5 showed a very high correlation 

coefficient of ANN than nonlinear model. This illustrates the close relationship between experimental 

and predicted values. The suggested ANN model is stable and predicative, as shown by the strong R2 

according to statistical parameters [21-23]. 
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Fig. 5:  IEcalc obtained by nonlinear method and ANN at different concentrations of compounds Triazole 

derivatives 

 

 

Fig.6: Correlation between IEexp and IEcalc using nonlinear method and ANN 
 

Conclusion  

After the theoretical tests, it was discovered that the Triazole derivatives' inhibitory efficiency could be 

predicted using quantum parameters. The investigation shows that ANN is more efficient and accurate 

than nonlinear model, where correlation coefficient is higher and mean square error is lower. When 

corrosion measuring devices are not accessible, the ANN might be used to determine predict inhibition 

efficiency of Triazole derivatives. However, the inhibitory efficiency might be obtained when the 

quantum parameters are included in the ANN. ANN has higher correlation coefficients than nonlinear 

model from previous work, which indicate that the model's strength is good and that IEcalc and IEexp are 

extremely close to one another. Following this comparative study, we concluded that ANN is the most 

appropriate algorithm for this kind of problems.  

 

Table 3. IEexp obtained using EIS of Triazole compounds and IEcalc obtained by the proposed 

equations and ANN method.

 IEcalc 

 R   0.974 0.992 Error=( IEexp- IEcalc)2 

 R2   0.949 0.985 
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 Compound Ci (M) IEexp AM1 ANN AM1 ANN 

1 3-DTAT 5.00E-04 0.921 0.923 0.929 4.0E-06 6.7E-05 

2 2-DTAT 5.00E-04 0.883 0.886 0.880 9.0E-06 1.1E-05 

3 4-DTAT 5.00E-04 0.957 0.929 0.950 7.8E-04 4.9E-05 

4 APMT 9.32E-05 0.834 0.850 0.834 2.6E-04 7.3E-08 

5 4-MAT 4.00E-04 0.980 0.955 0.977 6.3E-04 8.1E-06 

6 AMTT 7.00E-04 0.730 0.727 0.733 9.0E-06 7.5E-06 

7 SAMTT 7.00E-04 0.930 0.935 0.937 2.5E-05 5.3E-05 

8 DBAMTT 7.00E-04 0.940 0.926 0.930 2.0E-04 9.4E-05 

9 TR10(2b) 1.00E-06 0.820 0.806 0.824 2.0E-04 1.8E-05 

10 TR8(2a) 1.00E-06 0.800 0.813 0.799 1.7E-04 1.0E-06 

11 APTT 8.00E-04 0.918 0.915 0.916 9.0E-06 6.2E-06 

12 3,4-MAT 1.00E-04 0.985 0.966 0.960 3.6E-04 6.5E-04 

13 MATD 1.53E-03 0.911 0.923 0.905 1.4E-04 3.9E-05 

14 HATD 1.61E-03 0.882 0.895 0.882 1.7E-04 3.5E-08 

15 DMATD 1.37E-03 0.938 0.944 0.939 3.6E-05 5.0E-07 

16 SAPMT 1.69E-03 0.956 0.948 0.958 6.4E-05 5.4E-06 

17 NMTT 1.00E-03 0.896 0.881 0.895 2.3E-04 8.4E-07 

18 MMTT 1.00E-03 0.901 0.915 0.915 2.0E-04 2.1E-04 

19 FTA 3.00E-04 0.901 0.900 0.902 1.0E-06 8.6E-07 

20 VTA 3.00E-04 0.930 0.953 0.931 5.3E-04 1.3E-06 

    mean squared error 4.0E-03 6.1E-05 
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Effect of salinity on seed germination and seedling growth of bread 
wheat 

Amar Omran Alshmam 

Crops Department, College of Agriculture/University of Tripoli, Libya 
 

  
Abstract: At the Crop Physiology Lab, Faculty of Agriculture, University of Tripoli, Libya. (February 
2022), Salinity effects were evaluated on seed germination and seedling growth bread wheat (Triticum 
aestivum L.) variety Utique. The seeds were grown in Petri dishes to five levels of electrical conductivity 
(Ec) 0, 2.5, 5, 7.5, and 10 ds/m, with three replicates. The data for the water uptake percentage, 
germination percentage, shoot length (cm), root length (cm), dry weight of root (g) and dry weight of 
shoot (g) was measured eight days after germination. The experimental statistical analysis was 
performed using one-way ANOVA (P<0.05). Based on the ANOVA results, a DUNCAN test was 
performed to compare means. 
The results show that the water uptake by seeds has a direct relationship with increases in NaCl 

levels. Where the highest water uptake level was recorded at low concentrations of NaCl. By increasing 
NaCl concentration, seed germination is delayed and decreased. Increasing NaCl concentrations 
adversely affected shoot length and root length and also, adversely affected shoot dry weight and root 
dry weight.  
Probably, it was the delay in germination was mainly due to higher Na+ accumulation in the seeds 
rather than osmotic stress in bread wheat. 
 
Keywords: Salinity, NaCl, Germination, water uptake, Bread wheat.

Introduction 

The Food and Agriculture Organization (FAO, 2009) indicated that the world population is envisaged to 

increase by 34 % in 2050 reaching about 9.1 billion, thus necessitating 70 % more food production. 

Meeting the nutritional requirements of the growing population remains a challenging task as climate 

changes threaten the sustainability and productivity of agricultural production systems (Hussain et 

al., 2014). Plants experience various abiotic stresses in the field. Modern agriculture also faces several 

abiotic stresses, such as sub-optimal levels of salinity, drought, chilling and temperature, as major 

constraints affecting crop yields (Saud et al. 2013). According to Wang et al., (2001), more than a 50 % 

reduction in the average yield of major crops has been attributed to abiotic stresses. 

Plants use many strategies in response to abiotic stress, which ultimately improves plant growth and 

productivity in stressful environments. These phenomena include changes in morphological and 

developmental patterns (growth plasticity), also, physiological and biochemical processes against 

several stresses (Saud et al. 2014). The plant can try to escape or survive under stressful conditions 

that can reduce its growth so that the plant can concentrate its resources on stress resistance (Skirycz 

and Inze´ 2010). 

In the world, soil salinity has adversely affected about 30 % of the irrigated, this represents about 6 % 

of the total land area (Chaves et al. 2009), which leads to a resultant monetary loss of 12 billion 

dollars (USD) in agricultural production (Shabala, 2013). According to FAO (2005), soil salinity is one 

of the major stressors affecting more than 831 million hectares of agricultural land worldwide. 

Salinity is one of the most important abiotic stresses limiting crop production in dry and semi-dry 

regions, where soil salt content is naturally high and precipitation can be insufficient for leaching 

(Saboora and Kiarostami., 2006). 

Increased incidence of salinity on arable lands suggests the need for a better understanding of the 

plant tolerance mechanisms in order to sustain crop productivity by modulating growth conditions to 

the best possible extent. Where under soil salinity, the plants have been inhibition of growth and 
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development, and reduction in photosynthesis, respiration and protein synthesis in sensitive species 

(Mustafa et al. 2014; Hussain et al. 2013). 

Wheat (Triticum aestivum L.) is the staple food for more than 35% of the world's population (Jing and 

Chang., 2003). Wheat grain yield is depressed, by environmental stresses such as drought, heat, low 

temperatures, low fertility (especially nitrogen) and soil salinity (Mehmet et al., 2006). As with other 

crops, seed germination and wheat seedling growth have been negatively affected by drought 

(Passioura, 1988) and salinity stresses (Hampson and Simpson, 1990). According to Mehmet et al., 

(2006), any effect that drought might have should be most considerable under salt-stressed conditions 

because salinity can affect germination and seedling growth either by creating an osmotic pressure 

(OP) that prevents water uptake or by toxic effects of sodium and chloride ions on the germinating 

seed. The salt accumulation in soils affects plant growth to different degrees (Bernstein, 1975). 

However, in the same saline environment, different plant species may exhibit different growth 

responses (Mehmet et al., 2006). 

Many studies are reported that several plants are sensitive to high salinity during germination and the 

seedling stage (Ghoulam and Fares., 2001). The source of the sensitivity to salinity is not fully 

understood. Where some researchers have indicated that the main reason for germination failure was 

the inhibition of seed water uptake due to a high salt concentration (Mehmet et al., 2006), whereas 

others have suggested that germination was affected by salt toxicity (Mehmet et al., 2006; Khajeh-

Hosseini et al., 2003). 

Wheat is cultivated over a wide range of environments, because of wide adaptation to diverse 

environmental conditions. It is a moderately salt-tolerant crop (Moud and Maghsoudi 2008; Saboora 

and Kiarostami., 2006). 

The main goal of this study was to determine the effects of salinity on water uptake, seed germination, 

and seedling growth by seeds of bread wheat during germination at various concentrations of NaCl. 

1. Materials and Methods 

1.1. Seed Source  

Seeds of bread wheat (Triticum aestivum L.) variety Utique was used for this study. The seeds were 

obtained from the Ministry of Agriculture. Before cultivation, seeds were sterilized in 1% sodium 

hypochlorite solution for 3 min, and then were rinsed with sterilized water and air-dried. 

1.2. Preparation of NaCl solutions 

The solutions were prepared based on methods by (Rhoades, et. al., 1992) with electrical conductivity 

(Ec) of 0 (as control), 2.5, 5, 7.5 and 10 ds/m. 

1.3. Water uptake 

Water uptake was recorded at 12 hours after planting. The water uptake percentage was calculated by 

the formula given below (Rahman et. al., 2008).  

Water uptake % = (W2 –W1/W1)100 

Where: 

W1 = Initial weight of seed 

W2 = Weight of seed after absorbing water in a particular time. 

1.4. Germination test 

The experiment was carried out in three replicates where 10 seeds were separately germinated on two 

sheets of Whatman No.1 filter paper placed in 9-cm diameter Petri dishes. Priority, 10 ml of the 

respective test solution was poured into every dish. The papers were altered once every 2 days to 
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prevent salt accumulation (Rehman et al., 1996). The plates were incubated at 25 ± 2°C in darkness 

for 8 days (Rhoades, et. al., 1992). Germination percentages were recorded every 24 h for 4 days. Mean 

germination was calculated to assess the germination rate (Ellis and Roberts, 1980). 

The data for the shoot length (cm), root length (cm), dry weight of root (g) and dry weight of shoot (g) 

was measured eight days after germination. Dry weights were measured after drying at 70°C for 48 h 

in an oven. 

 

1.5. Data analysis 

Statistical analysis was performed using one-way ANOVA  (for P<0.05). Based on the ANOVA results, a 

DUNCAN test to compare the averages, and test for significant differences among treatments by the 

GenStat program (Release; 19.3.0.9425; VSN International, Nottingham, UK). In the figures, different 

letters (a,b,c,...) between the columns express significant differences. 

2. Results 

2.1.  Water uptake  

A direct relationship was observed between water uptake by seeds and an increase in NaCl 

concentration (P = 0.002)(Figure 1). When NaCl concentration increases the water uptake ability 

decrease in comparison to the control. Maximum water uptake was recorded in (0, 2.5) NaCl 

concentration, where no significant effect between these concentrations. 

 

Figure 1: The effect of the different levels of NaCl concentration on water uptake by wheat seeds 

 

2.2.  Seeds germination (%) 

The effect of increasing NaCl levels on germination percentage after 96 hours (final germination) is 

shown in (Figure 2). Results showed by increasing NaCl concentration, germination is delayed and 

decreased germination (P<.001). The maximum germination percentage was observed in the control 

compared with other levels of NaCl concentrations. 
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Figure 2: The effect of the different levels of NaCl concentration on seeds of wheat germination (%) 

 

2.3.  Shoot length (cm) 

The mean of shoot length varied between 11.87 and 15.74 cm at various NaCl concentrations. The 

longest shoot length was observed in the control. Also, by increasing NaCl concentrations, the shoot 

length decreased. Results showed that the shoot growth was more affected by NaCl levels 

(P<.001)(Figure 3). 

 

Figure 3: The effect of the different levels of NaCl concentration on shoot length (cm) of wheat 

 

2.4.  Root length (cm) 

The mean root length varied between 9.39 and 12.31 cm in different NaCl concentrations. As was 

expected, the control (0 ds/m) and the highest (10 ds/m) NaCl concentration had the longest and 

shortest root length (12.31 cm & 9.39 cm) respectively. Generally, root length decreased as NaCl 

concentration increased significantly (P<.001)(Figure 4). 

 

Figure 4: The effect of the different levels of NaCl concentration on root length (cm) of wheat 
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2.5.  Shoot dry weight (mg/plant) 

Increasing NaCl concentrations adversely affected significantly (P<.001)(Figure 5), shoot dry weight 

(mg/plant). Where the weight decreased with the increase in NaCl concentration. The control and the 

highest NaCl concentration had the longest and shortest shoot dry weight (0.128 mg/plant & 0.101 

mg/plant) respectively. 

 

Figure 5: The effect of the different levels of NaCl concentration on shoot dry weight (mg/plant) of 

wheat 

2.6.  Root dry weight (mg/plant) 

Higher NaCl concentrations resulted in a significant reduction in root dry weight (P<.001)(Figure 6). 

The results showed that the control and the highest NaCl concentration had the longest and shortest 

root dry weight (0.121 & 0.092 mg/plant) respectively. 

 

Figure 6: The effect of the different levels of NaCl concentration on root dry weight (mg/plant) of wheat 

 

3. Discussion  

This research was carried out to observe the effects of salinity on the germination and seedling growth 

of bread wheat. The maximum germination percentages were 100 % with control (0 sd/m). The results 

showed that by increasing NaCl concentrations, germination the delayed and decreased. Increasing 

salinity concentrations often cause osmotic and/or specific toxicity which may reduce germination 

percentage (Saboora and Kiarostami., 2006). A slight decrease in water uptake was observed by 

increasing NaCl levels. The osmotic barrier due to NaCl level affected water uptake and mean 

germination time but not final germination, this result was similar to the result of (Mehmet et al., 

2006). Also, NaCl affected seed germination by creating an external osmotic potential preventing water 
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uptake. However, a number of studies have demonstrated that water uptake in plants is significantly 

reduced under salt or water stress conditions (Mehmet et al., 2006; Moud and Maghsoudi, 2008; 

Saboora and Kiarostami., 2006). 

Root and shoot length decreased by increasing NaCl concentration. This result is similar to those 

reported by (Saboora and Kiarostami., 2006). As NaCl concentration increased, it antagonistically 

affected shoot and root dry weight. The reduction of dry weights relatively depended on the shoot or 

root lengths. Also, the wheat shoots were more severely affected by increasing NaCl concentrations 

than the roots.  

In conclusion, it seems that the delay in seed germination was related more to Na+ accumulation in 

seeds rather than lower water uptake in wheat. Therefore, it is necessary to know the NaCl 

concentration in the shoots and roots in order to estimate the reasons for the delay in germination. 
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Abstract: during operation processes, industrial rotating machines revolve at variable speed under 
different loads. Under such operating conditions a heat would be generated within the internal 
components. Yet, temperature may increase within the machines when a fault is developing inside 
them. Therefore, the temperature of machines can be used effectively to monitor the condition of 
industrial equipment. This comparative study investigates the use of a novel wireless temperature 

node and compares the results obtained by wired measurement one. Both nodes are used to monitor 
the condition a gearbox transmission system under different operating circumstances. That is, the 
wireless temperature node was fabricated with a novel feature in that it is supplied by a thermoelectric 
generator module. The module is mounted on the gearbox without the need of using a wired power 
source or the requirement for recharging, or changing, batteries. Data collected by the node is 
transferred via a Low Energy Bluetooth and received by CC2540. The collected data is then analysed 
using a portable monitoring device, such as a PC. Results obtained show that the system can provides 
reliable monitoring information about the temperature of the monitored gearboxes. Experiments 
performed demonstrate an outstanding performance of the proposed system which make it suitable for 
wireless and wired condition monitoring purposes. 

 
Keywords: (energy harvesting, wireless sensor networks, condition monitoring, temperature) 

Introduction 

Maintenance has become increasingly important to the industrial automated manufacturing 

processes. Meanwhile, the investment on maintenance has grown quickly with the increasing 

complexity of machines. Temperature monitoring is one of the most commonly and enormously known 

monitoring techniques used in the industrial machines. It is widely utilized for mechanical and electric 

machines. It also provides useful monitoring information about the condition of the components in 

machines. The gearbox is one of the most important components in the manufacturing. The 

maintenance cost for the gearbox is very high compared to other high failure rate components such as 

electric and hydraulic systems. With high and variable rotating speed under time varying load 

conditions, this bringing great challenges to the monitoring the conditions of gearboxes [1-3]. Cost 

performance is another factor that should be taken in to account in gearbox condition monitoring. 

Temperature is an important health indicator of mechanical equipment such as gearboxes [4, 5]. 

Thermoelectric modules are significant alternative to heat engines in the harvesting of waste heat. 

Precisely, temperature difference is used in thermoelectric systems based on micro converters 

exploiting Seebeck effects which are widely known as thermoelectric generators (TEGs). Many 

applications have been used with TEGs such as structural health monitoring applications [6-9].  

The wireless sensor networks (WSN) are becoming widely adopted for many applications including 

complicated tasks like building energy management. However, one major concern for WSN technology 

is the short lifetime and high maintenance cost due to the limited battery energy. As lower power 

products have been used in WSN, energy harvesting technologies, due to their own characteristics, 

attract more and more attention in this area. Therefore, one of the solutions is to harvest ambient 

energy, which is then rectified to power the WSN [10,11]. 
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Nowadays, smartphones employ major market of mobile phones than traditional cell phones. 

Smartphones with the development of wireless transmission technology, the researches on health 

management, telecommunication and monitoring of physiological signals have been important topics 

[12,13]. 

There are number of wireless protocols which can be utilised to establish a wireless sensor networks 

(WSN). Protocols like WiFi-HaLow, Bluetooth low energy (BLE), ZigBee and Thread are more suitable 

for long-term non-critical CM battery powered nodes due to inherent merits like low cost, self-

organising network, and low power consumption. WirelessHART and ISA100.11a provide more reliable 

and robust performance but their solutions are usually more expensive, thus they are more suitable 

for strict industrial control applications [12].  

It is particularly suitable for those devices that need transfer small quantity of data and within 

relatively short range such as medical instruments, health management devices and remote 

controllers. BLE technology can remove the inconvenience of wired transmission and eliminate the 

disadvantage of high power consumption in ordinary wireless transmission. In addition, more and 

more smartphones gain support for BLE, the possibilities of using the technology for new types of 

applications increase. In addition, WSN node appropriated for using in ultra-low power consumption 

and energy harvesting support has been developed for the purposes of environmental monitoring [11]-

[14,15] 

System Design 

The block diagram of TEG powered sensor node is shown in Fig. 1, which includes a thermal energy 

harvester a DC-DC converter for boosting the voltage, a wireless sensor node for measuring 

temperature and transmitting data and received data by USB module, then monitored using portable 

monitoring devices, such as PC or smartphone. They will be introduced separately in the following four 

sub sections. 

 

Fig. 1: Block diagram of TEG power sensor node 

A. Thermal Energy Harvesting Generator Design 
The thermal design is shown in Fig. 2; which consists of: TEG thermal insulation material, a heat sink, 

and two pieces of thin aluminium; the aluminium plates have been chosen due to the large thermal 

conductivity. One piece is to work as a heat collector for hot side, while the other one acts as a heat 

spreader for cold side. The design was built by using a commercially available TE module CP85438 

[20]. The TEG is sandwiched between the two pieces of aluminium. Note that, some thermal insulation 

materials are stuffed between the two pieces of aluminium plates to reduce the heat transmission 

through the air flow from hot side to the cold side. A thermal insulating material, (thermal heat sink 

transfer double side adhesive) is designed to maintain temperature difference between hot and cold 

sides of TEG. Also, another insulation material is designed to surround the TEG module. It has been 
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worked in the thermal design to isolate the heat source from the heat sink. This is due to the fact that 

the heat source is close to the heat sink, so that is to reduce the heat transfer capability of the heat 

sink. 

The heat sink plays an important role in the thermal energy harvester to maintain a temperature 

difference by radiating the heat on the code side of the TEG module efficiently to the surrounding air. 

Here a medium size heat sink with thermal resistance of 1.5 °C /W has been used. 

 

 

Fig. 2: Structure of the TEG Design 

B. Wireless Temperature Node 
To measure gearbox temperature, an integrated wireless sensor node named Sensor Tag is employed. 

As shown in Fig. 3, this compact sensor node integrates 10 low-power MEMS sensors and a two core 

BLE microcontroller CC2650 [21]. Two temperature sensors are available on the node with one for 

measuring object temperature and other for ambient temperature. Another benefit of this module is 

that its programs are open source, which enables to customize the data acquisition and embed 

intelligent signal processing algorithms on it.  

The sensor Tag is specially designed for low power consumption applications and can be supplied by a 

coin battery [22,23]. Here, the coin battery is not used; instead the sensor tag is powered by the energy 

harvested from waste heat in order to avoid the inconvenience of changing the batteries during the 

lifetime of the system. 

 

Fig. 3,  Sensor tag CC2650K 

C.USB Module 

The The CC2540 USB evaluation module kit as shown in Fig. 4 contains one Bluetooth low energy 

USB dongle. The dongle can be used to enable Bluetooth low energy on our PC. The CC2540 combines 

an excellent RF transceiver with an industry- standard enhanced 8051 MCU, in system programmable 

flash memory and 8KB RAM. It is selected on the USB because it suitable for system where very low 
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power consumption is required. It also very low power sleep modes are available and low cost 

[16],[20,21]. 

 

Fig. 4: The USB module. 

The Experimental work 
A. Performance Analysis on Gearbox 
To evaluate the system to power up sensor node for condition monitoring, it is into a gearbox as shown 

in Fig. 5. The gearbox of test rig consists of three main parts: 15 KW three phase AC induction motor, 

two gearboxes connected back to back via flexible coupling and DC motor working as load. Therefore, 

to simulate a variable loads and variable speed operating conditions of common industrial machine the 

tests were carried out based on changing the AC motor speed while a fixed load applied. The test is 

designed to evaluate the transfer efficiency of the TE module [17-19]. 

 

Fig. 5: The Test Rig 

The TEG module is attached into the body of the gearbox by clamping it properly on vertical position 

as shown in Fig. 6. The body heat of the gearbox will be collected by the TEG module and converted to 

electricity to power the sensor tag. Meanwhile the working condition of the TEG module is monitored 

by an external data acquisition system to evaluate its performance. The monitoring parameter 

includes: temperature on the hot and cold side of the TEG module, open circuit voltage of the TEG 

module and its current over a 1 Ω resistor. Note that, the open circuit voltage and current are 

measured alternatively by using a relay. The time interval for these measurements is set as 6s. 

 

Fig. 6: The module TEG attached the gearbox a) picture of the module with gearbox, b) illustrated the 
development clamp in sold model 

file:///C:/pc/AppData/Local/Samieh/Documents/PhD/My%20reports/Papers/ICTS%202019/ICTS%202019.docx%23_ENREF_21
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Results and Discussion 

To evaluate the performance of the TEG module, set of comparison tests using Gearbox Test Rig were 

performed. Particularly, healthy gearbox operation condition and abnormal operation, i.e. low oil level 

with 40% tooth breakage as shown in Fig. 7. The AC motor is operated for one hour at the full speed 

(100% speed) under 70% of the full load. The readings from TEG module, including temperature, open 

circuit voltage and power over 1Ω resistor, are obtained by a data acquisition system and stored on a 

portable PC for further analysis. Fig. 8 represents the TEG module related readings during two sets of 

different test cases. 

 

 

Fig. 7: Tooth breakage 

It can be seen that both the hot side temperature Th and cold side Tc of the TEG module under 

abnormal operation is higher than those of the healthy gearbox. This is reasonable since more heat is 

generated when gearbox under abnormal operation conditions. A temperature difference ∆T of around 

12°C is maintained between the hot and cold sides. The ∆T of the abnormal operation case is higher 

than that of the healthy case, as indicated in Fig. 8 (a,b,c). 

An open circuit ranging from 140 mV to 175 mV is generated from the TEG module, represented in 

Fig. 8 (d), which is sufficient for the input voltage requirement of the DC/DC booster circuit. By 

measuring the voltage of 1 Ω resistor, the power consumption for this resistor, shown in Fig. 8 (e), 

indicates the power output capability of the TEG module ranging from 2mW to 5mV. It can be seen 

that the power consumed under abnormal operation case is higher than that of the healthy operation, 

as clear from Fig. 8 (e). 
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Fig. 8: TEG module related readings, including temperature, open circuit voltage and power over 1Ω 
resistor 

Apart from temperature difference on its two sides, the power output capability of the TEG is also 

affected by the Seebeck coefficient, which is influenced by the temperature. Due to this phenomenon of 

the material, the internal resistance of the TEG module also changes with the temperature. By using 

the open circuit voltage and current over 1 Ω resistor, the equivalent resistance for the TEG module is 

computed and represented in Fig. 8 (f). A resistance difference of about 0.1 Ω can be observed for these 

two speed conditions. The results show that the resistance of the abnormal operation test is a bit 

higher than that of the health condition. This indicates that the internal resistance of the TEG module 

drops with the increase of the temperature. 

WSN node described in this paper is designed for use in the field conditions to monitor industrial 

parameters as represented in Fig. 9. A super-capacitor is utilized as the main power source of WSN 

node. That is when there is no energy harvesting or if it is not sufficient for the continuous operation, 

the super capacitor would then supply the node. It also accumulates energy for a relative long time 

and then provides power to the sensor node for short period; during which signal is collected and 

transmitted to the central device. More details about the analysis and application of super-capacitor in 

WSN can be found in [25]. 

 

Fig. 9: The test system 

 

By running the gearbox at 100% speed for two hours, the super capacitor can be fully charged, 

particularly is up to about 5.2V. By connecting the sensor tag to a DC-DC converter, the sensor 

information on the sensor tag CC2650 can be transferred via the Bluetooth low energy, and received 

By USB module CC2540. Signals are then monitored and analyzed using portable monitoring devices 

such as a PC as shown in Fig. 9.  

The acquired signals from both TEG and wired sensor are represented in Fig10. 

Where Fig. 10 (a) represents the results of temperature measurements obtained from the thermal 

designed system TEG. It shows changes of the rig gearbox temperature during the run. As clear from 

the figure, it represents a smooth and uninterrupted data. While Fig 10 (b) shows the wired signal 

without filtering. Both signals are superimposed in Fig. 10 (c) for better comparison and visualization. 

Though small differences in the two signals due to the noise from the wired signal, yet the difference is 

still acceptable for condition monitoring and diagnosis. Reasonably, TEG wireless system can provide 

accurate results with less noise and lower power requirements. It can be used effectively for gearbox 

monitoring by efficiently using energy harvesting technique.   



Badradin Elforjani, Samieh Abusaad, Dr Fung, Dr A Ball 

 
م2222ديسمبر  -المجلد الثاني -العدد السادس والعشرون  –مجلة جامعة بني وليد للعلوم الإنسانية والتطبيقية    1501

Conclusion  

Dependent about the experimental investigation results, it is viable to harvest thermo energy of a 

machine to power up the wireless temperature node and use to monitor the heath and performance of 

the machine. Also the comparison study of thermal energy harvesting system has shown a slight 

different in the data of the different measurement, which leads following conclusion remarks: 

 Thermoelectric generator (TEG) has been employed as the energy harvesting source to power up the 

wireless sensor node for condition monitoring. It can convert the widely available waste heat from 

machines to electrical energy. Meanwhile, its conversion efficiency is not high.  

 Bluetooth Low Energy is employed as the wireless transmission protocol due to its low power 

consumption and it’s widely availability on current portable smart phones and tablets. Third, the new 

generation low power consumption SOC CC2650 is selected on the sensor node because it integrates 

one processor for data acquisition and signal processing and also a specific processor for BLE 

communication. 

 

   

Fig. 10 (a): Results from the thermal design system                    Fig. 10 (b): Results from wired signal 

 

 

 

Fig. 10 (c): Comparison results between wired signal and TEG system 
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Abstract: In this paper, A cubic B-spline collocation method is proposed to solve one dimensional 
anomalous sub-diffusion equation. The fractional derivative is estimated by using right shifted 

Grünwald-Letnikov formula of order . Numerical results are presented to confirm the 

feasibility and validity of this scheme. 

 
Keywords: A Cubic B-spline collocation method, anomalous sub-diffusion equation, Grünwald-

Letnikov formula. 

Introduction 

Paper must Diffusion equations are partial differential equations which model the diffusion and 
thermodynamic phenomena and describe the spread of particles (ions, molecules, etc.) diffusion not 

described by normal diffusion in the long time limit has become known as anomalous (unnatural) [1]. 
Fractional partial differential equations can be thought as generalizations of classical partial 
differential equations, which can give a better description of the complex phenomena such as signal 
processing, systems identification, control and non-Brownian motion [2] or so called levy motion which 
is a generalization of Brownian motion [3]. A comprehensive background on this topic can be found in 
books by [4] and [5]. 

In this article, a numerical scheme is constructed to obtain approximate solutions of the one-
dimensional anomalous sub-diffusion equation. The Grünwald-Letnikov formula is applied to treat the 
fractional temporal derivative, while the cubic B-spline (CBS) is used to discretize the spatial 
derivative. 
Consider the following model of anomalous sub-diffusion equation: 
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where    , u x t  is a concentration of a quantity such as mass, energy, etc., D is the diffusion coefficient 

(or diffusivity), f, 1g , 2g  and 3g  are known functions. /u t
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where (.)  is the Gamma function and 0 t T  . The above derivative is related to the Riemann-

Liouville fractional integral, which is defined as  
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Definition 1.2 The right-shifted Grünwald-Letnikov formula of function f with respect to independent 

variable t is defined as [7]   
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 are the coefficients of the power series of the generating function 
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    and are also the coefficients of the two-point backward difference approximation of 

the first order derivative. The generating function  with  can be written as a power 

series of the form 
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Cubic B-spline functions 

First, we introduce a uniform grid of mesh points  ,
i n

x t  with ,  0,1, ,
i

x ih i M    and 

,  0,1, ,
n

t n n N    , where M and N are positive integers, 1 /h M  is the spatial step size in the x 

direction and /  T N   is the time step size in the t direction. The notations 
n

iu  and 
n

if  are used for 

the exact values of u and f at the points  ,
i n

x t . An approximation U to the exact solution u can be 

expressed in terms of the cubic B-spline collocation approach as [8] 
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x  are represented in Table 1. 
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2i

x


 
1i

x


 
i

x  
1i

x


 
2i

x


 

 
i

B x  
'
( )

i
B x  

0 
 

0 

1/6 
 

1/2h 

4/6 
 

0 

1/6 
 
-1/2h 

0 
 

0 

''
( )

i
B x  0 1/h2 -2/h2 1/h2 0 

 

The set of B-spline functions       
1 0

,  , , 
M

B x B x B x


  is defined over [ , ]a b . Therefore, an approximation 

solution 
n

iu  at the point  ,
i n

x t over the subinterval  
1

,
i i

x x


 is given as 

 
1

j i 1
 

i
n n

i j j
u C B x



 
                                                                      (10) 

where 1, 2, , 1i M   . The approximated values of u and 
2 2

/u x   are computed in term of the 

control points 
n

jC  as: 

 1 1

1
4

6

n n n n

i i i i
u C C C

 
                                                                (11) 

and 

 
2

1 12 2

1
2

n

n n n

i i i

i

u
C C C

x h
 


  


                                              (12) 

 

Cubic B-spline collocation method for solving anomalous sub-diffusion equation  

In this section, the CBS collocation method is constructed for anomalous sub-diffusion equation. The 

time fractional term of equation (1) is treated by using right shifted Grünwald-Letnikov formula (7) 

while its second spatial derivatives is replaced by applying the approximation formula (12), taking into 

the consideration that the estimation of truncation errors of this scheme are neglected. We set 

2

2 2k 0

1
,    1, 2, , 1, 

n

n
n k n

k i i

i

D u
u f i M

h x













    


                  (13)                   

1, 2, ,n N                                                      
Substitute equation (11) and (12) into equation (1), yields 

   0 1 1 1 1k 1
4 4

n
n n n n k n k n k

i i i k i i i
C C C C C C

 
 

  

   
                                                        

    1 1
6 2 6 ,    1, 2, , 1,

n n n n

i i i i
r C C C f i M




 
                    (14) 

 

1, 2, ,n N                                                 

where 
2/r D h  is the fractional diffusion number. Simplifying the above equation, we obtain 

 

     0 1 0 0 1
6 4 3 6

n n n

i i i
r C r C r C

  
  

 
                                                        

    1 1k 1
6 4 ,    1, 2, , 1,

n
n n k n k n k

i k i i i
f C C C i M

 
 

  

 
           

 

1, 2, ,n N                                                (15) 

The system in (15) has M-1 linear equations involving M+1 unknowns. The two additional equations 
can be obtained from the boundary conditions of equation (1).  
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Since the equation (10) is assumed to be an approximate solution for anomalous sub-diffusion 
equation (1) then from the boundary conditions (3) we can write 

     
2

1 1
'

0 2 2j 1 j 1

0

,   0,

n

n n n

j j j j

u
u C B x g t C B x

x
 


   


                              (16) 

     
2

1 1
'

3 2j 1 j 1
,   0.

n

M M
n n n

M j j j jM M

M

u
u C B x g t C B x

x

 

   


   


                           (17) 

Hence, this will lead to the following linear system of (M+1) equations and (M+1) unknowns: 

1, 2, ,,     1,2, , 1,  n
n NAC b i M                                 (18) 

where 0 1[ ,  , , ]n n n T

M

n CC C C  . The matrix  A   in (18) is defined as 

 

0 0 0

0 0 0

6     4( 3 )    6    

 

           

    

2                 1                   

                                         

                     6  

            

   4( 3 )    6

  

    

A

r r r

r r r

  

  

  

  

  

 





( 1) ( 1)
                                     1                2

M M  

 
 
 
 
 
 
 
 

 

The matrix A  is tri-diagonally strictly dominant and guaranteed that the solution of the system is 

unique. 

The vector b  for 1, 2, ,n N  is in the form 

 

 

 

1 0 1 2
k 1

2 3 2 1
k 1

1 2 1
k 1

6 4

6 4

6 4

n
n n k n k n k

k

n
n n k n k n k

M k M M M

n
n n k n k n k

M k M M M

f C C C

f C C C

f C C C
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Note that, the value of the coefficients  
0 1

, ...,,n k n k n k

M
C C C

  
 for  1,2,...,k N  are given from the initial 

value, at time level n. After calculating the coefficients  ( 0,1,..., ,n

i
C i M  and 1, 2,..., )i N the 

approximate values  ( 1, 2,..., 1,n

i
u i M   and 1,2,..., )i N  is determined by using the formula (10) to 

finally obtain the CBS approximation. 

 

Numerical Experiments  

In this section, the proposed scheme will be tested to confirm the performance and the effectiveness of 
the present scheme. The numerical results are carried out using Mathematica wolfram 8. 
 
Example 1. Let us consider the equation from reference [9] 
 

   
 

     
2

2

2

,  
2

Γ 3

, ,
  , 0, 1  0, ,

2
x

x
u x t u x t

x t T
t x

e t
t e










 
   

 
                                     (19) 

with the initial condition 

          , 0  0,      0,1 ,u x x                                                                                         (20) 
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and the boundary conditions 

     2 2  0,    ,      1,    ,     0,   ,u t t u t et t T                                                             (21) 

The exact solution of equation (19)-(21) is  

  2  ,    .xu x t t e                                                                                              (22) 

We choose 0.5.   The numerical scheme discussed in this paper for solving the above example is 

implemented and its solution is compared with the exact solution. The computational results of 

Example 1 are illustrated in Table 2 along with the relative errors at 
5

6.25 10 ,t


 
5

1.25 10


   and 

0.1.h   

Table 2: Relative errors of the scheme at 
5

6.25 10 ,t


 
5

1.25 10


   and 0.1.h   

x       Approx. soln. Exact soln. Errors 

0.1 
0.2 
0.3 
0.4 

0.5 
0.6 
0.7 
0.8 

0.9 

4.50256E-9 

5.19015E-9 
5.79088E-9 
6.41295E-9 

7.08946E-9 
7.83142E-9 
8.63749E-9 

9.47852E-9 
1.02425E-8 

4.31707E-9 

4.77110E-9 
5.27289E-9 
5.82744E-9 

6.44032E-9 
7.11765E-9 
7.86622E-9 

8.69352E-9 
9.60782E-9 

4.29649E-2 

8.78295E-2 
9.82365E-2 
1.00475E-1 

1.00793E-1 
1.00282E-1 
9.80476E-2 

9.02977E-2 
6.60633E-2 

 

The comparison between the results of the CBS collocation method and the exact solution is plotted in 

Fig. 1 at  
5

6.25 10 ,t


   
5

1.25 10


   and 0.1.h   

 

Fig. 1: Comparison between the results of CBS collocation method and exact solution at 

5
6.25 10 ,t


 

5
1.25 10


   and 0.1.h   

 

From Fig. 1, we can observe that the numerical solutions of the CBS collocation method are close to 

the exact solutions. In Fig.2 the relative errors of the numerical CBS collocation method are presented 

at 
5

6.25 10 ,t


 
5

1.25 10


   and 0.1.h   
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Fig. 2: The relative errors of the scheme at 
5

6.25 10 ,t


 
5

1.25 10


   and 0.1.h   

 

Conclusion  

In this paper, a numerical scheme based on CBS was presented for solving anomalous sub-diffusion 
equation. The time fractional derivative was estimated via Grünwald-Letnikov formula while the spatial 
derivative was utilized using the CBS approximation. The proposed algorithm was tested by a 
numerical example, which showed that the scheme is admissible, straightforward and produced 

reasonable results. 
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Abstract:. 

  This paper studies a resonant pressure sensor whose elementary sensing component is 

the polysiloxane circular diaphragm, and the final sensing component is the graphene 

beam resonator attached to the polysiloxane circular diaphragm. The relationship between 

the fundamental natural frequency of the beam resonator and the measured pressure is 

calculated. As the beam is located at different positions of the upper plane of the 

polysiloxane circular diaphragm along its radial direction is a simulation, analyzed, and 

investigated. Some significant results are obtained. . Based on the differential output 

frequencies, a set of optimum parameters of the proposed Pressure Sensor is determined. 

The performed pressure range is 0~10Kpa. Keywords: polysiloxanee , beam, pressure; 

graphene; Frequency. 

 

Introduction  

Microelectromechanical systems are systems that consist of small-scale electrical and mechanical 

components for specific purposes. MEMS were translated into systems with mechanical and 

electrical components but have extended their boundaries to include optical, radio-frequency, and 

Micro devices [1]. 

 The resonant sensor is based on a special sensing structure, which is operating at its resonating 

state. And the measured quantities can be detected by using the resonant frequency (or the natural 

frequency), phase shift, or amplitude of the vibrating output signal for the sensing component [2]. 

resonant pressure sensors have been widely used in the automotive industry, medical instrument, 

aerospace, and military fields due to their high accuracy, long-term stability, direct digital output 

(without A/D conversion), low hysteretic, and high repeatability[3]. 

Polysiloxane is composed of atoms arranged in a diamond structure with a cubic symmetry. 

Although Polysiloxane has a tendency to cleave along crystallographic planes because of the bulk 

defects in the crystal, it is a mechanical material with high strength [4]. 

Graphene is a one-atom-thick layer of carbon atoms arranged in a hexagonal lattice. Graphene is 

the thinnest material known to man at one atom thick, and also incredibly strong - about 200 

times stronger than steel. On top of that, graphene is an excellent conductor of heat and 

electricity[5]. 

Sensors are devices used to measure physical or chemical states. They deliver a signal that can be 

received by a machine or person. As a rule, the measurements (the reactions of the sensor element 

to the states to be measured) are converted into electrical or optical signals and, namely, 

increasingly into digital signals. Optical glass fibers are gaining growing importance in the 

transmission of signals [6]. 

 Circular diaphragm sensors are one of the more sophisticated elementary sensing components of 

Polysiloxane microstructure resonant sensors when compared to square diaphragm sensors. The 

following are its main benefits: stress concentration on the useful ring sensing area, adjustable stress 

distribution design, simpler attainment of a differential measurement scheme to boost sensitivity and 

minimize some disturbances, such as temperature, etc. This paper's goal is to demonstrate a 

sophisticated Polysiloxane resonant pressure sensor model created using the finite element technique 



Modelling and simulation of Polysiloxane diaphragm pressure sensor whit grapheme beam 

م2222ديسمبر  -المجلد الثاني -العدد السادس والعشرون –مجلة جامعة بني وليد للعلوم الإنسانية والتطبيقية     

 

159 

(FEM). The link between the output frequency and the applied pressure is simulated and calculated 

using the model [7]. 

 

SENSOR STRUCTURE AND OPERATING PRINCIPLE 

Fig. 1 shows the structure of a Pressure sensor. The preliminary sensing unit is a polysiloxane circular 

diaphragm. The pressure being measured acts perpendicularly on the lower plane of the circular 

diaphragm and yields circumferential and radial stresses. The final sensing unit is a graphene beam 

attached to the upper plane of the circular diaphragm. The thickness of the diaphragm H should be 

much greater than the Thickness of the beam h. 

 

Fig.1 sensing structure of the pressure sensor 

Based on the structural characteristics, the beam's axial direction is subjected to an appropriate 

beginning stress that is equal to the radial stress of the circular diaphragm at the same location. The 

natural frequency of the graphene beam varies with the radial stress on the upper plane of the 

polysiloxane circular diaphragm because the primary vibration of the beam occurs along its normal 

direction (direction of the beam's thickness) and the initial stress is applied along the axial direction of 

the beam (direction of the beam's length). Therefore, the change in the beam's inherent frequency will 

be used to determine the applied pressure. 
 

STRESSES ON THE UPPER PLANE OF POLYSILOXANE CIRCULAR DIAPHRAGM 

The circular diaphragm loaded by pressure at its center has the following differential equation: [8]. 

𝑑

𝑑𝑟
= [

1

𝑟

𝑑

𝑑𝑟
(𝑟

𝑑𝑤

𝑑𝑟
)] =

𝐺

𝜆
                           (1) 

 

𝜆 =
𝐸𝐻3

12(1−𝜇2)
 ,  𝐺 =

𝑟𝑃

2
 

Where:- 

P - the applied Pressure (P 0 ). 

Λ- the flexural rigidity of the diaphragm.  

W-the normal displacement of the circular diaphragm.  

E-The Young’s modulus. 

 -the Poisson ratio of the sensing structure. 

G = the shearing force at the circumference of radius r of the diaphragm. 

The boundary conditions at the inner and outer edges of the circular diaphragm are as follows 

{     
𝑟 = 𝑅1                   

𝑑𝑤

𝑑𝑟
= 0

           𝑟 = 𝑅2              𝑤
𝑑𝑤

𝑑𝑟
= 0         

                        (2) 

Where:- 
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 r - radial coordinate of the circular diaphragm in polar. 

From Eqs. (1) and (2), the normal displacement of the circular diaphragm W can be obtained. Then the 

radial stress  rr  and circumferential stress  r  of the circular diaphragm can be obtained as 

follows [8]. 
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  𝑅 =
𝑟

𝑅2
    , 𝐾 =

𝑅1

𝑅2
 

 

ANALYTICAL ANALYSIS AND SIMULATION OF GRAPHENE BEAM 

 

Z

W

u

S
z

0
L

 
 

Fig.2 The model of graphene beam 

 

Fig. 2 shows the mathematical model of the beam. The axial and normal vibrating displacements 

u(s,z,t) and w(s,t) of the beam at an arbitrary point in Cartesian coordinates can be written as[9]. 

 

 

 
 d

, , cos
d

( , ) ( ) cos

w s
u s z t z t

s

w s t w s t






 


 

                                 (4) 

Where:- 

s, z - the axial and normal coordinates of the beam in Cartesian coordinates. 

 [rad/s]  - the natural frequency. 

 sw   - Corresponding vibrating shape along the axial direction of the beam. 

 

Then the finite element equation is as follows 

 2 0 K M a
                                        

(5) 

Where:- 

K- assembly stiffness Matrix. 

M- assembly Mass Matrix 
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a - the assembly nodal vector, consisting of all aj. 

For the actual structural features of Fig.2, the boundary conditions of the beam are as follows 

s w s w s

s L w s w s

  

  





0 0

0

: ( ) ( )

: ( ) ( )

'

'
                     (6) 

Eq.(5) is the FEM model for the microstructure polysiloxane resonant Pressure sensor shown in Fig. 1. 

From Eqs. (5) and (6) the natural frequencies and their corresponding vibrating shapes can be 

obtained. 

SENSOR PRESSURE DETECTION CIRCUIT SYSTEM 

 

The pickup signals is very weak and lost in the loud background noise because the size of the 

resonant beam and vibration amplitude is so small [9]. A detection circuit system is created based on 

the lock-in amplify principle to extract the weak vibrating signal. It carries out tests for the pressure 

sensor's characteristics. The circuit system's block diagram is shown in Figure 3. 

 

Fig.3. The block diagram of the detection circuit system 

CALCULATION AND DISCUSSION 

In this paper, the main investigations are the varying laws of the Pressure-frequency relationship for 

the graphene beam resonator as the thickness H, inner radius R1 for the polysiloxane circular 

diaphragm and the corresponding lengths of the graphene beam L are varied. In order to get some 

generalized results of the pressure -frequency relationship for the graphene beam resonator, some 

related parameters are selected as follows: 

The Reference value for the outer radius of the circular diaphragm is R2= 4×10-3m. Reference values 

for the width and thickness of the beam are b 51010  m and 
5101 h m.  

 

INVESTIGATION OF THE FREQUENCY–PRESSURE RELATIONSHIP 

Define )(Pf , )0(f  the basic natural frequency of the beam for pressure P and for pressure; 0P ; 

f )0()( fPf   as the variation of the basic natural frequency of the beam within  P,0 and                                  

 )0(/)]0()([ ffPf   ]%[  as the relative variation or the sensitivity of the basic natural 

frequency for the beam within  P,0 the interval. 

LOCATION OF BEAM ON THE UPPER PLANE OF THE CIRCULAR DIAPHRAGM   
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Fig.4 the upper plane of the polysiloxane circular diaphragm 

 

The frequency changes of the two graphene beams are opposite, one is positive, and the other is 

negative. Therefore, the differential output scheme can be realized, and the measured Pressure can be 

determined by the frequency difference between beam 2 and beam 1.  

 The distance R2-R1-2L (fig 4) between beam2 and beam1 could not be selected as too small compared 

with the length of the beam L. On the other hand, in order to make use of the effective annular sensing 

area of the polysiloxane circular diaphragm, the distance R2-R1-2Lcould not be selected too big. In this 

paper, the relationship for R2,R1, and L is selected as 

R2-R1=2.3L                 (7) 

In such a case, the length of the beam L is dependent on the inner radius of the polysiloxane circular 

diaphragm R1. 

Table1 gives the beam’s relationships between frequency and measured Pressure within       0-10Kpa, 

as the beam is located at different positions.  

Table2 gives the frequency variation and sensitivity of the beam corresponding to Table  

Table 1: The frequency of graphene beam within 10KPa 

Pressure 

M Pa 

Location of the beam 

1.4 ,2.47 2.21,3.2 2.98,4 

0.0 645.714 645.714 645.714 

1 661.484 639.799 615.276 

2 684.188 641.532 591.674 

3 706.198 643.241 567.126 

4 727.472 644.834 541.448 

5 748.148 646.483 514.426 

6 768.272 647.997 486.004 

7 787.787 649.452 456.074 

8 806.933 650.914 423.938 

9 825.499 652.300 389.409 

10 856.479 665.719 364.604 
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Table 2: The variation frequency and sensitivity of graphene beam within 10K pa 

 

 

 

 

From the Tables, some results can be obtained as follows:  

As the beam is located at different positions of the upper plane of the diaphragm along its radial 

direction, the sensitivity of the beam resonator is different. 

 The best location for the beam resonator is at the inner edge and the outer edge for the circular 

diaphragm, where the beam’s sensitivity reaches the biggest.  

The beam resonator is defined as beam1 as it is located at the outer edge, and defined as beam2 as the 

beam located at the inner edge. 

 

THE THICKNESS OF THE POLYSILOXANE CIRCULAR DIAPHRAGM 

The thickness of the polysiloxane circular diaphragm H should be much greater than the Thickness of 

the graphene beam h., fig. 5 shows the relationships between the frequency of beam1 and the pressure 

for the different thicknesses of the diaphragm H. Fig. 6 shows the relationships between the frequency 

of beam2 and the pressure for the different thicknesses of the diaphragm H. 

 

 

Fig. 5:The relationships between the frequency of  beam1 and the pressure 

Position 1.4 ,2.47 2.21,3.2 2.98,4 

Sensitivity 32.6 % 3.1 % -43.5 % 

Variation(kHz) 210.765 20.005 -281.110 
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Fig.6: The relationships between the frequency of beam2 and the pressure 

 

Table 3: The variation frequency (kHz) of Beam1 and Beam2 

H 

(×10-4m) 

(R1× 10-5m, L×10-4m ) 

Beam1 Beam2 

(1.35,1.06) (1.4,1.04) (1.35,1.06) (1.4,1.04) 

1.3 -503.261 -472.812 275710 281.228 

1.4 -381.451 -365.721 251.842 246.003 

1.5 -302.217 -294.789 206.508 206.236 

1.6 -251.103 -245.781 189.463 185.125 

1.7 -219.493 -213.681 167.530 165.372 

 

Table 4:The Sensitivity of Beam1 and Beam2 

 

 

 

 

 

 

 

 

 

 

 

 

 

H 

(×10-4m) 

(R1× 10-5m, L×10-4m ) 

Beam1 Beam2 

(1.35,1.06) (1.4,1.04) (1.35,1.06) (1.4,1.04) 

1.3 -70.7 % -69.5 % 40.3 % 39.7 % 

1.4 -55.2 % -51.9 % 37.4 % 34.8 % 

1.5 -45.5 % -43.7 % 31.3 % 28.9 % 

1.6 -37.9 % -36.6 % 26.3 % 26.2 % 

1.7 -32.6 % -30.1 % 25.2 % 24.5 % 
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From the tables and figures, we can get the following results:  

The relative frequency variation (sensitivity) is increased as the thickness of the polysiloxane circular 

diaphragm H decreases for beam1 and beam2. 

The relative frequency variation (sensitivity) is increased as the inner radius of the polysiloxane 

circular diaphragm R1 decreases or the length of the beam increases for beam1 and beam2. 

DESIGN AND OPTIMIZED PARAMETERS FOR PRESSURE SENSOR 
 

Based on the differential output scheme of the Pressure Sensor and some related criteria, a set of 

appropriate parameters for the sensing structure of the sensor is determined for measuring the 

Pressure within 0-10 K Pa. 

 

Outer radius R2 4×10-3m 

Inner radius R1 
1. 35 ×10-3m 

Thickness H 1.4×10-4m 

Length of beam L 
1.06x10-4m 

Width of beam b 10x10-5m 

Thickness oh beam h 1x10-5m 

frequency range for beam 1 (645.714-364.604)khz 

frequency range for beam 2 (645.714-856.479)khz 

 

CONCLUSIONS 

The modelling and simulation for a Pressure Sensor are carried out in this paper. The elementary 

sensing component of the Pressure Sensor is the Polysiloxane circular diaphragm, and its final 

sensing component is the graphene beam resonator which is attached to the Polysiloxane circular 

diaphragm. The sensitivity of the basic natural frequency to measure Pressure for the beam resonator 

will be increased as the thickness of the circular diaphragm H being decreased, or the inner radius of 

the circular diaphragm R1 is decreased, as the outer radius keeping constant, or the length of the 

graphene beam being increased. It is the best selection for a pair of beams (beam 1 and beam 2) to be 

located at the outer and inner edges of the circular diaphragm, respectively. 
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Abstract: Measles is classified as contagious and fatal disease in both developing and poor countries. 
In developing countries, the number of deaths reaches more than 100.000 each year. After decade of 
successful vaccination for measles in 2000, US declared that the eliminated of measles. As result, the 
heath care and the public have never seen any measles states. Unfortunately, measles came back in 

US in 2019 with more than 1000 confirmed cases. To give our assisting in diagnosing measles, we 
studied a color image from the Measles Rash patient’s skin in an aim to create a computer or phone 
application in future and then we identified the token image by using matlab simulation codes. Our 
method shows better contract enhancement and the clear visual image of low contrast measles images 
has been achieved.  

 
Keywords: (Medical imaging, Measles Rash, Digital Image Processing, Image Enhancement, Contrast 

Images) 

Introduction 

Several medical imaging forms have been applied for enhancing such as eyes, bones, heart, and 

brain...etc[1]. Therefore, our focus in this research is enhancing Measles Rash images for its negative 

effect. Here, brief information about why we choosing this disease will be noted. Measles is strong viral 

reparatory illness [2] [3]. It is serious contagion disease [7]. Measles Rash illness symptom starts in 

appearing three to five days after high fever, running nose, water eyes and cough. These symptom 

seems mimic other illnesses such as normal flu, but afret three to five days symptoms begin, Measles 

rash appears as a flat dray red spots which it starts from the up of the head until down to the feet. 

These symptoms can be dangerous for chiders more than adults. Measles is very danger contagion 

diseases that end to death before starting measles vaccination program [7]. Globally, Measels cases 

increased with more than 500,000 confirmed cases of measles and an estimated of 140,000 cases 

resulted in death [8]. The World Health Organization comes to terms that people can be protected by 

giving the vaccine to reduce the harmful of measles [3].  

 The purpose of this research is reducing the infection of measles by preventing patients of spreading 

of measles disease among of people.Our objective is processing Measles Rash images which are 

received from the patients because the received  images may not have a good quality. Measles Rash 

images should have high end of contrast because it is a small spots on a skin as shown in fig.1. 

 

Fig. 1: Image of Measles’s Rash [6]  
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Method 

The proposed method as show in the block diagram fig.2 was processing the given measles rash color 

image by histogram algorithm techniques after two steps. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 2: Image of Measles’s Rash patient and it’s histogram 

 

First step, the measles rash color image was resized to make sure that the image has the same 

number of rows and columns.  

Second step, the measles rash color image has been converted from Red, black and blue (RGB) system 

to hue, saturation, and value (HSV) system for  appearing  image color under light. Now, measles rash 

resized and converted image passed by three histogram algorithms techniques which are H, HE and 

AHE in order. 

Generally, histogram defined as a graphical representation of the image which has X and Y axis 

.Where X axis represents the gray level of brightness to darkness and Y axis represents the pixels’ 

number. 

1- Histogram 

 Fig.2 shows Measles’s rash image as revised from the patient and its histogram. The histogram 

provides clear information regarding the contrast of the image in darkness side. However, we cannot 

get any information from the patient’s image about the disease as we supposed to see.  

Resize the image 

Convert from RGB to HSV image 

Applying H algorithm  

 

Appling HE algorithm 

Appling AHE algorithm 

Output image 

Convert from HSV to RGB image 

Input image 
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Fig. 3: Image of Measles’s Rash patient and it’s histogram 

 

2- Histogram Equalization 

To increase the contrast in the image, HE has been used. HE spread the intensity values. Also, HE 

stretch out rang of intensity image [4] [5]. HE technique changed the distribution of pixel values and 

compress the dynamic range of image, thus the image archived increasing in its contrast as shown in 

Fig 3. 

 

Fig. 4: Measles’s Rash patient image and it’s HE 

 

3- Adaptive Histogram Equalization  

AHE differs from the previous histogram in way that AHE computes several histograms, each identical 

to a distinct part of the image. After that the parts can be used to redistribute the lightness pixels of 

the image. Therefore, the local contrast and enhancing the details of the edges in each region of the 

image. 



Atigah A. Karnaf 

م2222ديسمبر  -المجلد الثاني -العدد السادس والعشرون  –مجلة جامعة بني وليد للعلوم الإنسانية والتطبيقية     

 م

 

170 

    
 Fig. 5: Image of Measles’s Rash patient and it’s AHE  

 

Results and Discussion  

In this paper, we have identified the harmful of Measles Rash disease. We noted that vaccinations are 

very crucial in protecting people specially children against preventable disease. We worked on medical 

image processing enhancement be effective to against spread the disease among people. The 

simulation was perform based on MATLAB2013a.Our implantation of contrasting the image by 

histogram algorithm technique gave an excellent result. Several of image enhancement techniques and 

algorithms such as resize, convert, Histogram (H), Histogram Equalization (HE), and Adaptive 

Histogram Equalization (AHE) were proposed to get a good contrast, and the function of H was giving 

information of colour level and clarifies the contrast of the image form brightness or darkness as 

shown in fig 3. After that, HE stretch and spread the intensity of the image to increase the contrast as 

shown in fig 4. Additionally, AHE used to redistribute the lightness pixels of the image and clarify the 

local edges of the image. The specific goal was improve the image contract. AHE is very effective at 

enhancing contrast of Measles rash image as shown in fig 5.  

Conclusion 

  Our result of enhance the measles rash image as shown in fig 6 were privilege schussed. The figure 

shows that the small red tiny spots are very clear on the patient’s face. So the doctors noted his 

prescription according to the output image and other indication. The aim of this research was help 

medical care to uses more and more technology to save human life. We get our objective from this 

paper and we are looking for create a computer and phone application to could serve as a powerful tool 

in the diagnosis of the measles disease.      

          

Fig. 6: Image of Measles’s Rash patient image before and after enhancement  
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Abstract: This study explores the outcome of using marble powder in the production of self-
compacting concrete (SCC) by partial replacement of cement. Waste marble was collected from local 
workshops and crushed to small particle sizes then sieved on 75 microns. A percentage of cement of 5, 
10 and 15 % was replaced by marble power at w/c ratio of 0.5, 0.55 and 0.6. Super-plasticizer was 
employed for all mixes with addition of sand and coarse aggregate. Fresh concrete workability then 
measured and compressive strength of self-compacting concrete was determined at 7 and 28 days, 
finally permeability of 28 days hardened concrete was tested. The results indicated that marble 
powder can be used as partial replacement of cement in self-compacting concrete with good concrete 
properties 

 
Keywords: marble powder, super plasticizer, self-compacting concrete, compressive strength.

Introduction 

Self-compacting concrete (SCC) is produced by engagement super plasticizers in concrete, the resulted 

high flow concrete sometimes called flowing concrete Neville, (1995), Due to the wide use of SCC in 

construction is essential to produce high quantity of cement which impacts on the environment by gas 

emission. And bad effect on land. Due to the large amount of waste materials like marble waste which 

become an issue in many countries, for example as what happened in the EU. The European 

parliament and the European union  (2018) decided that waste management should be improved and 

transformed into sustainable material management. They felt the problem of waste material, especially 

on the environment and human health which should be protected, at the same time the Union decided 

to reduce the dependency on the imported resources, according to that, EU published a legislation 

report to reuse waste materials in the industry. The Partial replacement of cement by some waste 

materials like marble dust or glass powder is beneficial as that helps in reducing the waste material 

and minimizes gas emission from cement production, Ganaw et al.( 2016). Marble powder was also 

employed in concrete as a mineral additive and resulted in good concrete mechanical properties as 

reported by Belouadah et. al.(2014) . Moreover, Khatib and others (2012) replaced cement by waste 

material powder and reported that concrete slump increases by powder increase with high strength at 

10% replacement. Ural and Yaksi (2020) were employed waste marble particles to road construction 

with other materials and reported that the result is suitable as a base material according to the 

Technical Specifications of Turkish Highways. Ganaw et al. (2018) also replaced a part of cement by 

marble powder and proved that concrete strength was satisfied to many applications. Gulmez (2021) 

was employed waste marble powder and waste steel pieces to concrete and reported that flexural 

strength of concrete was improved until the powder percentage of 10%. Consequently, the use of waste 

materials like marble powder can be added to concrete to improve its properties and reducing the 

quantities of waste materials. 

2. Used Materials 

Ordinary Portland cement from Elmergib factory- Alkhums was used in concrete production 

with Blain fineness of 2950 cm2/gm and its initial and final setting times are satisfying to BS 

EN 196 – 3 (1995).  

Water used in all mixes was taken from the school of engineering water network. It is suitable 

in the production of concrete. Fine aggregate used was imported from Zliten quarries. It was 
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clean and its gradation satisfied the requirements of British standard BS 812:1992. Coarse 

aggregate was imported from local quarry in Alkhums with max aggregate size of 14 mm. 

Specific gravity and absorption of aggregate were 2.58 and 0.023 respectively.  

All used marble in the research was collected from local marble workshops. Waste marble was 

collected and crushed in los angles drum machine, then sieved to pass 75 micron. After that 

all sample was collected and mixed again with the mixer for homogeneity. The material then 

kept in containers to the time of mixing. Marble powder Blaine surface area was 3500 

cm2/gm.  Super plasticizer (Sika-Viscocrete) for SCC was used at 1% for all mixes. 

 

3- Methodology 

Concrete mix was first produced at w/c ratios of 0.45, 0.50 and 0.55 without any addition of 

marble powder, then cement was replaced by marble powder of 5%, 10% and 15% at the same 

w/c ratios and constant quantity of sand and coarse aggregate and 1% superplasticizer (SP) . 

Fresh concrete was mixed by the mixer and its workability was measured by the slump flow 

test according to the EFNARC 2002. Fresh concrete was casted in 150mm cubic moulds. After 

24 hours concrete samples then removed from their forms and put in water for 7 and 28 days 

for permeability and compressive strength tests. 

 

4. Discussion of test results 

4.1 SCC workability  

  Figure 1 shows the relation between fresh SCC seepage and w/c ratio at different marble 

powder contents. It is clear that concrete seepage decreases with the increase of marble 

powder content for the same water content. Percentage of 15% marble dust at w/c ratio of 

0.45 resulted in the lowest value of diameter of 655 mm and this still in the requirements of 

self-compacting concrete specifications EFNARC 2002 with (650 mm to 800mm) diameter. 

 

 

Fig. 1 Concrete seepage at different w/c ratios 

 

4.2 Compressive strength of concrete 

Figures 2 and 3 show the relation between hardened concrete compressive strength and w/c ratio at 7 

and 28 days respectively for different marble powder contents. SCC compressive strength decreases 

with the increase in w/c ratio at both ages. Although both graphs show that as the powder content 
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increases the strength decreases for all w/c ratios. It is well observed that compressive strength 

decreases with the increase in powder content for both ages with good strength especially at 28 days. 

Figures also show that as the w/c ratio increases the strength of concrete decreases due to the gel 

voids increase in hardened state. 

 

Fig. 2 Compressive strength vs w/c ratio  at 7 days 

 

 

Figure 3 Compressive strength vs w/c ratio  at 28 days 

 

 

 

 

4.3 Water permeability depth 

Figures 4 shows the relation between permeability depth in concrete and w/c ratio for different marble 

powder contents. It is very important to notice that water permeability depth decreases with the 

increase in marble powder content at all w/ ratios. From the relations it can be also noticed that 
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permeability increases with the increase in w/c ratios for all samples. This result can be very useful 

when durability of SCC for durability is necessary. 

 

 

Fig. 4 Water permeability vs w/c ratio 

 

 

5. Conclusions  

From the investigation, it can be concluded that; 

1- SCC with satisfied workability can be reached by the use of super plasticizer and a part of 

cement replaced by marble powder during concrete production.  

2- Satisfied compressive strength was obtained even when replacement percentage reached 15% 

and production.   

3- It is very useful to get lower permeability especially when durability is important and this was 

achieved by cement  replacement by marble powder.  

 

As a result, the replacement of cement by part of waste marble powder cement will minimize the 

cost of concrete production and results in low gas emission during cement production and protect 

the land from pollution. 
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Abstract 

Quantum chemical calculations were performed on 19 thio compounds using semi-empirical method PM6 

within program package of Material Studio 5.5. The effect of molecular structure on the corrosion 

inhibition efficiency was investigated using the quantum chemical calculations. The electronic properties 

such as highest occupied molecular orbital (HOMO), lowest unoccupied molecular orbital (LUMO) energy 

levels, (LUMO – HOMO) energy gap, dipole moment (λ) and fraction of electron transfer (∆N) were 

calculated and discussed.  

 

Keywords: PM6, Corrosion Inhibition, Quantum Chemical Parameter 

 

Introduction 

Corrosion is the destructive attack of metal or alloy chemically or electrochemically against its 

environment which leads to loss of useful properties of materials. The protection of metals against 

corrosion can be achieved by adding inhibitors in small concentrations to its environment [1]. Corrosion 

inhibitors are either synthesized from cheap raw materials or are chosen from organic compounds 

containing electronegative functional groups and pelectrons, triple or conjugated double bonds. The 

presence of heteroatoms (such as sulfur, oxygen, nitrogen) as well as aromatic rings in organic 

compounds facilitates the adsorption of the inhibitor on the metal surface in which the initial mechanism 

for the corrosion inhibition of the metal [2]. Some organic compounds are found to be effective corrosion 

inhibitors for many metals and alloys. It has been commonly recognized that organic inhibitor usually 

promotes formation of a chelate on the metal surface, which includes the transfer of electrons from the 

organic compounds to metal, forming coordinate covalent bond during such chemical adsorption process 

[3-5]. Some thio compounds are found to be good inhibitors for mild steel in acid [6-8]. Recently, 

theoretical chemical calculations have been used, such as quantum chemical calculations, to explain the 

mechanism of corrosion inhibition [9]. Quantum chemical calculations are proven to be a very powerful 

tool to understand the inhibition mechanism [10]. 

      The present study is aimed to determine the relationships between molecular structures of 19 thio 

(sulfur) containing compounds namely: 6-thioguanine (TG) [5], 2,6-dithiopurine (DTP) [13], 4-amino-5-

phenyl-4H-1, 2, 4-trizole-3-thiol (APTT) [6], N′-(3,4-dihydroxybenzylidene)-3-{[8-(trifluoromethyl)quinolin-

4-yl]thio}propanohydrazide (DHBTPH) [7], 3-{[8-(trifluoromethyl)quinolin-4-yl]thio}-N'-(2,3,4-

trihydroxybenzylidene)propane hydrazide (TQTHBH) [8], 5-(1H-1,2,4-triazole-1-alkyl)-1,3,4-oxadiazole-2-

thiol (TAOT) [9], N-[4-(diethylamino)benzylidine]-3-{[8-(trifluoromethyl)quinolin-4-yl]thio}propane 

hydrazide) (DEQTPH) [10], Quinolin-5-ylmethylene-3-{[8-(trifluoromethyl)quinolin-4-yl]thio} 
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propanohydrazide (QMQTPH) [11], 3,5-bis(4-methylthiophenyl)-4H-1,2,4-triazole (4-MTHT) [12], N-(2-Thio 

benzimidazolyl methyl) isatin-3-isonicotinoyl hydrazone (TBIH) [13], thiourea (TU) [22], thioacetamide 

(TAcA) [22], 4,4-dimethyloxazolidine-2-thione (DMT) [23], N-methylthiocarbamide (N-MTU) [22], 

tetramethylthiocarbamide (TMTU) [22], 2-imidazolidinethione (ETU) [22], thiobenzamide (TBA) [22], N-

ethylthiocarbamide (N-ETU) [22] and Schiff base furoin thiosemicarbazone (FTSC) [24] and their inhibition 

efficiencies. The selected thio compounds were previously reported as corrosion inhibitors for mild steel in 

1.0 M HCl solution at 30C. Through the method of quantum chemical calculations, the structural 

parameters, such as the frontier molecular orbital (MO) energy HOMO (highest occupied molecular 

orbital) and LUMO (lowest unoccupied molecular orbital) and the fraction of electrons (N) transfer from 

inhibitors to metal surface were calculated and correlated with corrosion inhibition efficiencies. The 

molecular structures for the selected thio compounds are shown in Figure 1. 

  
Fig.1. Molecular structure of studied molecules 

 

 

Method of calculations 

The quantum chemical calculations were performed using the VAMP 10.0 in Materials Studio 5.5 

software. Parametric Method (PM6), semi-empirical method was employed to obtain the quantum 

chemical parameters and to optimize the molecule geometry. Complete geometry optimization of the 

molecules was carried out at ab initio level RHF (Restricted Hartree Fock theory) and SCF mode (self-

consistent field). This basis set is known to provide accurate geometries and electronic properties for wide 

range of organic compounds. The optimization was repeated until minimum energy reached. The following 

quantum chemical indices were calculated: the energy of the highest occupied molecular orbital (EHOMO), 
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the energy of the lowest unoccupied molecular orbital (ELUMO), dipole moment (λ), Mulliken atomic charges 

and number of transferred electrons (N). 

The numbers of transferred electrons (N) were calculated based on the following quantum chemical 

method [15]: 

∆N =
(XFe − Xinh)

[2(ηFe + ηinh)]
                                                             (1) 

Where XFe  and Xinh  denote the absolute electronegativity of mild steel and the inhibitor molecule, 

respectively; ηFe  and ηinh  denote the absolute hardness of mild steel and the inhibitor molecule, 

respectively. These quantities are related to electron affinity (A) and ionization potential (I). 

Xinh =
I + A

2
                                                                             (2) 

ηinh =
I − A

2
                                                                              (3) 

I and A are related in turn to EHOMO and ELUMO via 

I = −EHOMO 

A = −ELUMO 

The fraction of electrons transferred (N) from inhibitor to the mild steel molecule was also calculated 

using a theoretical XFe and ηFevalues for mild steel of 7 eV/mol and 0 eV/mol, respectively [16]. 

Results and Discussion 

Quantum chemical calculations 

The optimized molecule structure of the selected thio molecules are shown in Figure 2. 

The calculated quantum parameters of the HOMO, LUMO and dipole moment for selected thio 

compounds were presented in Table 1. 

Frontier orbital theory is useful in predicting adsorption centers of the inhibitor molecules responsible for 

the interaction with surface metal atoms [17]. The terms involving the frontier molecular orbital could 

provide dominative contribution, because of the inverse dependence of stabilization energy on orbital 

energy difference. Studies by Fang and Li [3] have suggested that excellent corrosion inhibitors are 

usually those organic compounds which not only offer electrons to the unoccupied orbital of the metal but 

also accept the free electrons from the metal. 

It can be seen from Table 1 that the obtained quantum chemical parameters changed irregularly with 

inhibition efficiency. The inhibition efficiency is misrelated with neither the changes of the EHOMO and 

ELUMO, which suggested that the inhibitors were perhaps neither the acceptor nor the donor of the 

electrons. This indicates there was no electron transferring in the interaction between the inhibitor 

molecules and the metal surface. Thus, the interactions are probably physical adsorption, and the 

interactions between the inhibitors and the metal surface might be ascribed to the hyper conjugation 

interactions-π stacking [18]. The frontier molecule orbital density distributions of thio compounds were 

presented in Figure 2. 
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Fig. 2. The frontier molecule orbital density distributions of thio compounds: (A) HOMO and (B) LUMO. 
  

As seen from the figure, the populations of the HOMO and LUMO focused around the sulfur and nitrogen 

atoms. The condition of physical adsorption is the presence of both electrically charged surface of the 

metal and charged species in the bulk of the solution; the presence of a metal having vacant low-energy 

electron orbital and of an inhibitor with molecules having relatively loosely bound electrons or heteroatom 

with lone pair electrons. Thus in the HCl acid medium, thio compounds may be protonated 

predominantly affecting the nitrogen atoms [18]. Thus, they become cations, existing in equilibrium with 

the corresponding molecular form. The protonated thio compounds, however, could be attached to the 

mild steel surface by means of electrostatic interaction between Cl- and protonated thio compound since 

the mild steel surface has positive charges in the acid medium [19]. This could further be explained based 

on the assumption that in the presence of Cl- would attach to positively charged surface. When thio 
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compound adsorbs on the steel surface, electrostatic interaction takes place by partial transference of 

electrons from the polar atom (S and N atoms and the delocalized π electrons around the heterocyclic 

rings) of thio compound to the metal surface. In addition to electrostatic interaction (physisorption) of thio 

compound molecules on the mild steel surface, molecular adsorption may also play a role in the 

adsorption process. Thus the adsorption of thio compounds on the mild steel surface in HCl may be 

achieved by the interaction between iron atoms and heteroatom of sulfur. The electronic configuration of 

iron is [Ar]4s23d6, 3d orbital is not fully filled with electrons. The unfilled orbital of iron could bond with 

the highest occupied molecular orbital (HOMO) [20] of thio compound, while the filled 4s orbital of the 

former could interact with the lowest unoccupied molecular orbital (LUMO) of the latter.  

 
Table 1. Molecular properties of the optimize thio compounds using PM6. 

Compound 
Inhibitor 

conc.  

(mM) 

EHOMO 

(eV) 

ELUMO 

(eV) 

ELUMO – 
EHOMO   

(eV) 

λ N IEexp% 

TU 0.4 -8.69 0.234 -8.924 5.622 0.311 48.6 

DMT 4 -8.726 0.164 -8.89 7.121 0.306 82.5 

TBA 10 -8.686 -0.989 -7.697 4.779 0.281 97 

N-ETU 10 -8.504 0.355 -8.859 6.43 0.330 95 

TMTU 10 -8.282 0.181 -8.463 5.201 0.349 95 

ETU 10 -8.601 0.179 -8.78 6.329 0.318 92 

N-MTU 10 -8.541 0.342 -8.883 6.798 0.327 92 

TAcA 10 -8.643 -0.126 -8.517 5.044 0.307 67 

FTSC 3 -8.712 -1.002 -7.71 7.14 0.278 97.7 

TG 1 -8.888 -0.778 -8.11 3.155 0.267 77.9 

DTP 1 -9.063 -1.196 -7.867 1.524 0.238 85.9 

TQTHBH 1.1 -9.332 -1.489 -7.843 2.851 0.203 88.9 

TAOT 1 -9.967 -1.308 -8.659 4.085 0.157 89.1 

TBIH 1.1 -9.187 -1.476 -7.711 1.062 0.216 98.04 

QMQTPH 0.5 -9.337 -1.473 -7.864 4.312 0.203 93.1 

APTT 0.4 -8.993 -0.683 -8.31 5.547 0.260 86.1 

DHBTPH 1.15 -9.12 -1.477 -7.643 2.7 0.223 88.4 

DEQTPH 1.05 -8.365 -1.542 -6.823 3.746 0.300 91.8 

4-MTHT 0.5 -8.459 -0.883 -7.576 5.128 0.307 96.8 

 

 

Mulliken charge and adsorption mechanism 

The Mulliken charge distributions of the inhibitors are presented in Figure 3. It can be readily observed 

that sulphur, nitrogen atoms and the some carbons atoms have higher charge densities. The regions of 

highest electron density are generally the sites to which electrophiles attacked [34]. Therefore S, N and C 

atoms were the active centre, which have the strongest ability of bonding to the metal surface. On the 

other hand, HOMO (Figure 2A) was mainly distributed on the area containing sulphur and nitrogen 

atoms. Thus, this area is probably the primary site of the bonding. It was found that the studied 

inhibitors apart from existing in the cationic form which can interact with mild steel surface by 
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electrostatic attraction. This interaction with the mild steel surface using a number of active centres is 

forming a good protective layer on the mild steel surface. The inhibition of acid corrosion by such organic 

cations is strongly influenced by the nature and charge of the metal surface. 

 
Fig. 3. Mulliken charges of thio molecules. 

 

 

Conclusion 

The relationships between inhibition efficiency of mild steel in 1M hydrochloric acid and the energy of the 

highest occupied molecular orbital (EHOMO), the energy of the lowest unoccupied molecular orbital (ELUMO), 

energy gap (ELUMO  EHOMO), dipole moment (λ), Mulliken atomic charges and number of transferred 

electrons (N) of the thio compounds were calculated using the PM6-SCF method. Quantum chemical 

calculations have shown that apart from thio molecules adsorbing as cationic species on the mild steel 

surface, the adsorption of the molecule is take place through S atoms. The locations containing S and N 

atoms with high electron density is the most possible site for bonding the mild steel surface through 

electron donations to the metal surface.  
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Abstract: This paper presents results from experimental studies on the Thermal stability and 

mechanical properties of alkaline-activated mortars, which that prepared by alkaline 

solution activating POFA.The compressive strength test and characterization, employing 
XRD and, FESEM were conducted on geopolymer mortar specimens at ambient temperature 
and after exposure to elevated temperatures from 200℃ - 1000°C. Results from these tests 

show that geopolymer mortar exhibits higher temperature-induced degradation in 

compressive strength and body  at1000°C. the mixture of POFA experienced no thermal 
cracks, its deformation occurred at 1000℃ which resulted in extensive shape changes. 

measure the compressive strength of the exposed alkaline-activated mortars. The relative 

residual compressive load for the mixture (a) decreased from 77% to 40% after exposure to 

temperatures from 200°C to 800°C 

 
Keywords: POFA; Compressive strength ; Thermal stability ; XRD ; FESEM

Introduction 

Geopolymer or alkaline activated is a type of new cement, and a new environment-friendly inorganic 

binder, obtained by alkaline solution activating aluminosilicate source material (such as POFA, fly ash,  

and slag), has attracted significant interest in recent years as a practical alternative to Portland 

cement [1–4]. Issues related with the utilization of conventional supplementary materials such as (FA),  

slag (GGBFS),  (SF), etc. are due to restricted accessibility locally and higher transport costs imported 

from somewhere else [5-7]. Palm oil produces plenteous waste squander in Malaysia. The palm oil 

industry produces about 80% of squandered materials such as product fruit bunches and shells which 

make genuine issues for the environment [8]. This agricultural squander   has been utilized as a 

substitute for fuel [9].  to turn on generators for electrical energy technology in palm oil mills. After the 

burning process, the closing residues are both dumped into the soil or left in open land. This waste 

fabric leads to environmental air pollution and contaminates groundwater [10]. and exchange the  

normal composition of the soil. Moreover, the addendum of waste as a supplementary material in 

concrete or mortar reduces the compressive power as a result of decreasing the concentration of 

portlandite due to the dilution effect [11 –13]. The effect of thermal stability on geopolymer mortar from 

properties of physical, chemical, and morphology change of minerals, and their influence on 

compressive strength development is a motivation for this study. some researchers incorporated fly 

ash,  slag, and metakaolin in concretes at ratios of 10% and 20% in the form of either cement added or 

replaced without affecting the cement content and concrete samples to which they are exposed to 200, 

400, 600, and 800 ℃ for 3 hours. The results indicated that FA concretes exhibited the highest relative 

strength at temperatures of 600 and 800℃. On the other hand, the neat MK system showed a much 

higher residual strength upon cooling from 1000°C to room temperature, indicating that the extent of 

glass formation from the geopolymer gel at 1000°C is reduced by the incorporation of Ca into the gel, 

which occurs as a consequence of the formation of C-S-H type gel that coexisted with the 
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aluminosilicate geopolymer gel [14]. Ranjbar et al. (2014a [15] reported low thermal stability of 

mixtures of POFA/FA-based geopolymer mortar when this mixture is exposed to above 300 ℃. 

However, in the case of the increased content of fly ash, the results revealed an increase in the high-

temperature thermal stability in strength rather than increasing in POFA content (decreased 

compressive strength) in the mixtures investigated. This was linked to the beginning of pore formation 

upon exposure to elevated temperature. This finding is basically due to the combustible compounds 

such as carbon in the untreated POFA which decomposed in the vicinity of 500°C. The objective of this 

research is to investigate the effect of thermal stability on physical properties, chemical composition, 

morphology, and their influences on the compressive strength development of geopolymer mortar. The 

resulting of geopolymer  were extensively characterized, employing XRD and, FESEM  

2. Materials and methods 

2.1 Materials 

2.1.1 Palm oil fuel ash 

Palm oil fuel ash (POFA) was obtained from United Oil Palm Industry in the state of Penang, Malaysia. 

The first step involves drying the ashes within an oven for 24 h at 105°C to take out the POFA's 

inherent moisture since the POFA was placed outside the mill.  POFA was thereafter sieved through 

300 mesh to take out coarser particles of partially burnt ashes from fibers and palm kernel shells, 

following the work of Elbasir et al. (2017). Then the POFA was grounded into particles of size 10 μm by 

utilizing a ball mill fitted with 150 steel balls that rotate about 180 rpm for 8 hours. The unburnt 

carbon was then removed by heating the grounded POFA in a furnace at 550 °C for 90 minutes. The 

resulting POFA was specified as treated t-POFA. Fine POFA, designated as f-POFA, was fabricated by 

grounding the t-POFA for an additional 8 hours to enhance its fineness. Then, the f-POFA was 

grounded another 8 hours to obtain u-POFA (ultrafine POFA) with an average particle size of 1.1 μm.  

2.1.2 Aggregates 

Total fine aggregates content of 100 percent river sand along with properties of 1.85 fineness modulus 

as well as specific gravity 2.62 under saturated and surface dry (SSD) conditions. The ratio of sand to 

raw materials (FA, u-POFA, and GBFS) was maintained at 1.5. 

2.1.3. Alkaline activator 

10 M concentration NaOH and sodium silicate with initial silica modulus 2.2 (Ms = SiO2/Na2O) were 

utilized to synthesize the alkali activators for the purpose of mortar mixtures). This contains sodium 

silicate with sodium hydroxide 10 M. 

2.2 Design and preparation 

Delay time before heat application had no adverse effect on compressive strength development. In 

addition to this, a longer delay time is required to provide ample time during the manufacturing 

process. In this study, selected single binders fabricated from POFA mixtures for thermal stability 

analyses were chosen from the base material (POFA) (as shown in Table 1). 
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Table 1: Mix proportions for thermal stability 

Type of Mix 
materials 

(kg) m3 

Sand Na2SiO3 NaOH Water Added water 

(kg)/m3 (kg)/ m3 (kg)/ m3 (kg)/ m3 (kg) 

POFA 856 1280 293 40 80 60 

 

2.2.1 Test Procedure 

To examine the significant effect of the single binder of (POFA) on thermal stability as shon fig (1),The 

alkali-activated mortar specimens from the mixture were exposed to various elevated temperatures. 

The testing procedure was the same as previous researchers [14]. Specimens were cured at ambient 

temperature for 28 days, prior to exposure at various elevated temperatures (from 200°C to 1000°C) in 

increments of 200°C at a heating rate of 10 °C/min. The specimens were placed inside the electrical 

furnace, as shown in Figure (1). As soon as the target temperature was attained, it was maintained for 

an additional 1 hour before the furnace was shut down to allow the specimens in the furnace to cool 

down to room temperature. 

 

 

 

 

 

 

 

Fig 1: Samples placed inside the electrical furnace after heating 

 

2.2.2 Specimen Analysis  

The compressive strengths after cooling were determined according to ASTM C109/C109M (ASTM, 

1999a) test [16]. The residual compressive strength was measured in triplicate samples. The behaviour 

of the hardened geopolymer mortar mixtures after exposure to different thermal loads was evaluated 

quantitatively by measuring the retained residual compressive strengths after the heat exposure. 

Detailed XRD and physical appearance analysis were undertaken to observe the effects of high 

temperatures on specimens exposed at 1000°C. From the XRD analysis, only the specimen with the 

highest thermal stability was investigated for their phases, physical, and microstructure changes (from 

ambient temperature to 1000°C) using FESEM. To further confirm the results of XRD analysis and 

microstructure changes. 

3. Results and discussion 

3.1  Visual observation 

The main visual observation of the selected hardened mortars before and after exposure to elevated 

temperatures is shown in Figure (2). The specimens (a - d) before exposure to elevated temperatures 

reveal that at ambient temperature all mixtures have a dark grey colour. However, after being exposed 

to elevated temperatures from 200℃ - 1000°C, all mixtures changed from grey to light sand and light 

pink. Although mixture (a) contained u-POFA experienced no thermal cracks, its deformation occurred 

at 1000℃ which resulted in an extensive shape changes. 
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Figure 2 : Photographs of hardened single alkali activated mortars containing u-POFA Ther1, before and after being 

exposed to elevated temperature of (A) 28℃,  (B) 200℃  (C) 400℃  (D) 600℃  (E) 800℃  (F)1000℃ 

 

3.2. Compressive strength (CS)  

Figure 3. and Figure 4. show the residual compressive strength results of single alkaline-activated 

mortars containing u-POFA at 28 days (as the reference) and after being exposed to elevated 

temperatures ranging from 200°C to 1000°C with an increment of 200°C. Figures 3 and 4 reveal that 

the strength of all alkaline activated u-POFA-based mortar steadily decreased as temperature 

increased from 200°C to 1000°C. On the other hand, for the specimens of alkaline activated u-POFA 

mortar after being exposed to 1000°C, the deformation in the form of sharp swelling was indicated. As 

shown in sample F given in Figure 2 , there is a change in the specimen’s size and shape, which made 

it impossible to measure the compressive strength of the exposed alkaline activated mortars. The 

relative residual compressive load for the mixtures decreased from 77% to 40% after exposure to 

temperatures from 200°C to 800°C, respectively   

 

 

 

 

 

 

 

 

 

Fig 3: Residual compressive load of alkaline  activated mortars 

 

 

 

 

 

 

 

Fig 4: Relative residual compressive load alkaline activated mortars 
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3.3 Mineralogical analysis 

X-ray diffraction tests were performed to identify the phases of the geopolymer mortar specimens.As 

shown in Figure 5, the XRD patterns have similar crystalline phases for mixture Ther1 made from u-

POFA at 28 days and being exposed to elevated temperatures of 200℃ to 400℃. It should be noted 

that the calcite phases remained. After exposure to 600℃, no calcite phase was retained in the 

structure. While, the quartz and jadeite phases remained the same after exposure to 800℃, however, 

after exposure to 1000℃ no calcite phase was retained in the structure. The new phase was identified 

as nepheline with chemical formula NaAl(SiO4). Nepheline starts to form at high temperatures (800℃) 

from the decomposition of amorphous aluminosilicates [17]. The collapse of the tetrahedral framework 

at about 800°C, just before melting (about 1000°C), may explain the higher rate of expansion observed 

with nepheline). 
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(A) At  ambient teperature 

(B) post-heating at 200 ℃

(C) post-heating at 400℃

(D) post-heating at 600℃

(E) post-heating at 800℃

(F) post-heating at 1000℃

Q

Q

Q

Q

Q
Q

Q

C J Q Q Q Q Q Q Q

J Q Q Q Q Q Q Q

C QJ Q Q Q Q Q

J J Q Q Q Q Q Q

J N Q Q Q Q Q

N N Q Q Q Q Q

Q- Quartz, C - Calciet ,
J-J adeite, N- nepheline

C

 

Fig 5: XRD diffractograms  of u-POFA based alkali activated mortar before and after being  exposed to elevated 

temperature of  (A) 28°C (B) 200°C (C) 400°C (D) 600°C (E) 800°C (F)1000°C 

 

3.4 Field emission scanning electron microscopy analysis 

The FESEM microscopy images of the  alkali activated mortar mixtures which are prepare it from 

POFA waste before and after exposure to elevated temperature are shown in Fig 6. The specimens 

demonstrated the effects of high temperatures up to 1000℃. The FESEM micrographs (exposure 

temperatures from 200°C to 1000°C) for the specimens of POFA The selection of the mixture was 

based on physical appearance, relative residual compressive strength, and XRD analyses. The 

micrographs showed that when exposed to elevated temperatures from 200°C to 600°C (Fig 6), the 

cracks observed on the surface were wide and larger. Similarly, the number of pores also increased. 

However, when heated at 800°C, a number of microcracks appeared besides the uniformly dispersed 

pores with similar diameters (Duxson et al., 2006). The microstructure of POFA  samples before and 

after heating is characterized by the presence of unreacted materials in POFA  samples embedded in 

the reaction product of geopolymerization of the POFA. As shown in Fig 5 , the results of XRD analysis 

of the reaction product indicate the formation of C–S–H gel with a low Ca content along with 

geopolymer-type gel (N–A–S–H), as observed previously by [18].  Heating from 600℃ to 1000°C has 

formed some pores also decreased the compressive load significantly. Martin et al. (2015) [15] reported 

that it disappeared at 800℃, giving way to nepheline (NaAlSiO4).  
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Figure 6: FESEM for mixture of u-POFA based alkali activated mortar before and after being exposed to elevated 

temperature of 200 C to 1000 C 

 

Conclusion  

In this research, the effect of Thermal stability and mechanical properties of alkaline-activated 

mortars, which that prepared from, Waste of palm oil full ashes. The change in the compressive 

strength was also investigated. Based on the results, the following conclusion can be drawn: 

1. The main finding of the strength of all alkaline activated  POFA-based mortar steadily decreased as 

temperature increased from 200°C to 1000°C.  

2.  After being exposed to 1000°C, the deformation in the form of sharp swelling was indicated. As 

shown in sample F given in Figure 2 , there is a change in the specimen’s size and shape, which made 

it impossible to measure the compressive strength of the exposed alkaline activated mortars. 

3. The relative residual compressive load for the mixtures decreased from 77% to 40% after exposure 

to temperatures from 200°C to 800° 
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Abstract: The production of oil through reservoirs generally run through series of production stages. It 
can be classified as primary, secondary and tertiary (enhanced oil) recovery techniques.  In the EOR 
stage, several processes and technologies are used to increase or uphold recovery from existing fields. 
These processes often involve the injection of fluid(s) and most recently microbes into a reservoir. 
Therefore, maintaining and increasing oil production from existing fields require proper selection, 
design, and implementation of EOR methods. One of the most used method for quick screening of the 

different EOR techniques is considering the successful previous experiences from the methods that 
have been applied in other fields. In this paper, an EOR screening tool has been designed using visual 
basic studio based on the recently reported EOR projects over the world. The developed tool, which is 
named " EOR Azzaytuna Analysis", is applied for one of the partially depleted reservoir that is located 
in Al-Zenad Farrud oil reservoir in Libya. The obtained results from "EOR Azzaytuna Analysis" have 
been compared to the obtained ones from the most common EOR screening tool known as EORgui. 
Both results were in-agreement and concluded that immiscible and CO2 injection method, are the 
most viable options for the selected field understudy. 
 
Keywords: (Enhanced Oil Recovery, Oil Reservoir, Screening Criteria, Screening Tool) 

Introduction 

The production of oil and gas from hydrocarbon fields are generally divided into three stages. In the 

initial stage, the production occurs naturally, whereas, the next stage when the reservoir pressure is 

not enough for supporting the production from the formations, other techniques such as water 

flooding and gas injection are applied. Generally, water flooding is the main driving mechanism for 

maintaining reservoir pressure because of availability and low cost of injection fluid. However, oil 

recovery using this flooding process is not high enough [1]. In the tertiary recovery stage, commonly 

known as enhanced oil recovery (EOR), it is possible to recover almost 30-60% of the field’s original oil 

in place (OOIP) which is high compared to primary and secondary recovery methods where recovery 

factor is equal to 20-40% [2]. Despite that the main goal of EOR is to mobilize the remaining oil after 

primary recovery, no single process can be considered an optimal oil recovery from every reservoir. In 

addition, every well has to be treated differently according to the nature of that well. Therefore, 

screening must be carried on to determine which EOR method is the best and most efficient to be used 

on the selected well. Data of the well such as petro-physical, chemical, geological, environmental and 

fluid properties (density and viscosity which are dependent on temperature) must be taken into 

consideration and this will be the criteria of the screening process. Selecting the suitable EOR method 

by screening the reservoir and fluid properties can ultimately reduce the risk by eliminating 

inefficiencies.  

Problem of Statement 

Al-Zenad Farrud oil reservoir is located in the western Sirte Basin of Libya. Solution gas drive was 

considered to be the predominant mechanism for the primary depletion. Recent data indicate the 

partially depletion of the reservoir which suggests the use of any suitable EOR methods.  

Study objectives 
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In continuation of our study regarding the development of a new tool for screening criteria.  The tool, 

which is known as "EOR Azzaytuna Analysis", was designed using visual basic studio and the 

database is based on the successful previously reported EOR projects. The tool will be used for Al-

Zenad Farrud as a screening criteria of EOR techniques according to the data provided. The 

applicability of using this tool will be tested and the obtained results will be compared with the results 

obtained from the commercially well known tool named EORgui. The output data for both tools will be 

highlighted.  

Methods 

The methodology used in this paper include 

1- The EOR Azzaytuna Analysis tool has been programmed according to the reported method in 

Azzaytuna University circles [3]. 

2- The data required for the Al-Zenad Farrud oil reservoir have been collected.  

3- Input data has been proceeded as requested from the EOR Azzaytuna Analysis tool. 

4- Screening criteria for Al-Zenad Farrud oil reservoir has been processed using the developed tool. 

5- The same data of Al-Zenad Farrud oil reservoir have been acquired using the "EORgui" for 

comparison purposes. 

6- The results of both tools have to carefully be further analyzed. 

Data of Studied Reservoir 

The data of Al-Zenad Farrud oil Reservoir is gathered and tabulated as shown in Table 1. 

Table 1: Input data for the screening 

Value Reservoir and fluid properties 

38.57 API gravity 

0.61 Oil viscosity (cP) 

180 ˚F Temperature 

72.93 Permeability (md) 

Carbonate Formation 

0.724 Oil saturation (%) 

C1-C7% Oil composition 

>20 Reservoir thickness (ft) 

6170 Reservoir depth (ft) 

Development of EOR Azzaytuna Analysis tool 

Previously, the selection of the most applicable technique for EOR method was achieved manually 

using SPE format. This format is based on field experience and project execution worldwide. Therefore, 

this format was the beginning of all tools regarding the EOR screening. The format consists of five 

plots which are the viscosity plot, the permeability plot, the depth plot, the plot of reservoir pressure 

vs. oil viscosity and the plot of reservoir depth vs. viscosity, and the oil gravity range for EOR methods. 

Recently, several techniques have been designed for EOR screening [4,5]. In common of these tools, a 

user can screen oil fields directly and quantify incremental production for potentially applicable EOR 

techniques. 
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EOR Azzaytuna Analysis is a tool, which was developed using C++. The routine of the tool taking into 

consideration the already published screening criteria by Taber et al. in 1997 [6,7]. It is based on the 

EOR screening criteria, which were updated by A. Aladasani and B. Bai [8]. In this tool, the user can 

quickly screen an oil field in order to determine which EOR method(s) is/are more suitable to be 

applied. Eight methods of EOR are available using nine reservoir and oil properties, such as API 

gravity, viscosity, hydrocarbon composition, thickness, permeability, and oil saturation, type of the 

reservoir formation, thickness, depth and temperature, resulting in the most suitable EOR method for 

each oil field [9]. EOR Azzaytuna Analysis is designed and developed in order to make the selection of 

EOR methods easier and faster. A simple flow chart of the tool is described in Fig 1. 

 

 

 

Fig. 1: Flow chart of EOR Azzaytuna Analysis 

 

The database has been designed according to the successful previous experiences from the methods 

that have been applied in other fields. Gravity, as an example of the entry code for the eight EOR 

methods are shown in Fig. 2. The overall matching percentage for the selected EOR method is then 

calculated according to the following equation :-  

𝑃(𝑥) =
𝑥 + 𝑦 + 𝑧

# 𝑜𝑓 𝐸𝑂𝑅 𝑚𝑒𝑡ℎ𝑜𝑑𝑠
∗ 100%   

Where P(x) = overall matching percentage for the selected EOR method 

    x = the amount of matching properties 

    y = the amount of mismatching properties 

   z = the amount of neglected properties  (not critical entry) 
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Fig. 2: Coding of the Gravity 

The database entry into the tool are shown in Fig. 3.  

 

Fig. 3: Database of EOR Azzaytuuna Analysis  

 

Application of EOR Azzaytuna Analysis  

It should be noticed that the database in the EOR Azzaytuna Analysis contains input as screening 

criteria by (Al-adasani and Bai, 2010). After entering the acquired information data, the tool was 

performed and the results were extracted as shown in Fig. 4. 

 

 Fig. 4: Quick and database screening using EOR Azzaytuna  Analysis 
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It can be seen that the ratio of matching each EOR methods were represented as a percentage of 

entered data of Al-Zenad Farrud oil Reservoir to the database of the reported ones. It is clear that the 

highest percentage was for Immiscible and Carbon Dioxide methods with (100%). The Nitrogen and 

Hydrocarbon and Polymer methods are (89%). The Combustion and Polymer-ASP methods with (67%), 

whereas the Steam method shows the least ratio percentage of (44%). 

For clarity purposes, the  tool is performed in a color coded mode. A dark green color in the codes 

represents the match conditions. However, the white color, means value is neglected (not critical). The 

red color means it does not meet the conditions of the table. The results for the two methods 

(Immiscible and Carbon Dioxide) show four codes in dark green. Since there are no red codes for the 

two methods, they considered the best applicable EOR methods. The second choice is the methods 

Polymer and Hydrocarbon, Nitrogen where each method has one red code. In methods of Combustion 

and Polymer-ASP, the software shows three red codes. Lastly, a Steam method is not recommended 

due to more codes in red. 

EORgui screening Tool: 

EORgui tool [10] has been used to select the optimum EOR method for Al-Zenad Farrud oil reservoir. 

Fig. 5 graphically represents the recommended methods. The screening shows immiscible gas to be the 

most suitable EOR method for " Al-Zenad Farrud oil reservoir" with a high percentage matching of 

83%. The ability to applying Carbon dioxide Miscibility flooding for this field is about 78%. The SP/ASP 

and Combustion methods are ranked next with a matching of 73% and 67%, respectively. Nitrogen 

and hydrocarbon flooding are not strongly recommended for this case as they are ranked last. 

 

Fig. 5: Quick screening using EORgui  
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Fig. 6 shows the database and the obtained screening results of Al-Zenad Farrud oil reservoir using 

EORgui. 

 

Fig. 6: Database screening using EORgui 

Comparative analysis for the case study 

-The obtained results, as the best applicable EOR methods, from both tools (EORgui and EOR 

Azzaytuna analysis) are shown in Table 2. 

Table 2: The best applicable EOR methods 

Suitable EOR methods Screening tool 

-Immiscible method (83%). 

EORgui -Carbon dioxide_CO2 

Miscibility flooding (78%). 

-Immiscible method (100%). 
EOR Azzaytuna 

Analysis 
-Carbon dioxide_CO2 

Miscibility flooding (100%). 

 

It is clear that the suitable EOR methods based on the screening results for Al-Zenad Farrud oil 

reservoirs are: the immiscible and the CO2 injection. However, the use of enhanced oil recovery 

techniques will not be initiated unless they have an economic return. This result considering the 

application of CO2 in enhanced oil recovery and because it is a preferred technology for reducing 

carbon dioxide emissions into the atmosphere. 

Conclusions 

The use of EOR Azzaytuna Analysis as a newly developed tool for EOR screening makes it faster than 

just using a time consuming manual screening method. The results through "Al-Zenad Farrud oil 

reservoir" showed that the developed tool has the capability to do selection of suitable EOR based on 
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the data provided. The recommended EOR methods are both immiscible and carbon dioxide flooding. 

The obtained results was in agreement with the results obtained using EORgui as a screening tool. 

Recommendations 

The following recommendations could be taken into account 

1. The results of applying any EOR methods do not start to appear quickly, as years may pass before 

judging the success or failure of the technology used. Therefore, the risk factor is high, whether 

technically, environmentally or economically. This means that frequent update of these developments 

is an important step of this tool. 

2. Another analysis methods, such as the calculation of recovery factor, economical analysis 

calculations, the most cost effective method, cost of facilities and equipment and the availability of the 

injected fluid have to be implemented as a package in this tool. 
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Abstract 

Nowadays, environmental law has become strict on health such as a decrease in pollution and the 

economy. Thus, the pollution is a result of the emptying of different organic and inorganic substances 

into the environment traditional methods such as chemical sedimentation, carbon adsorption, ion 

exchange, evaporations, and membrane processes are found to be influential in wastewater treatment. 

Currently, biological treatments have acquired popularity to remove toxic and other harmful materials. 

The aim of this search is to make an overview including the performance of each technique in the 

treatment of wastewater. Moreover, this research aims to study the possibility of using treated wastewater 

sewage water station for irrigation. Also, this paper concentrated on the currently developed and newly 

applicable different treatments operated for the disposal of heavy metals from industrial wastewater. 

 

Keywords: Volumatic Properties, Superpave Mix Design, Stiffness, Soft Clay, Aging Method  

 

1. INTRODUCTION 

Actually, the world’s chemical industries face massive Environmental regulatory demanding situations in 

handling their wastewater effluents [1]. Crini, G & Lichtfouse found that [2], during the last 30 years, 

environmental problems about the biological contaminations and chemicals of water have become the 

main worry for society, public authorities, and the industry. Even though it appears to be that, the 

present knowledge about the environmental effect and public health risks connected with wastewater 

irrigation over the world [3]. On the other hand, the systematic processing of wastewaters started in the 

late 1800s and early 1900s. Also, for the last two centuries, wastewater treatment has continuously been 

progressing to meet strict disposal standards [4]. Newly, wastewater is increasingly used and confirmed 

as a strategy for preservation. However, there is a directory of increased spread of parasitic infections 

among agriculture workers exposed to irrigate with raw wastewater Negativity Environmental impact 

might outcome from long-term wastewater implementation. Moreover, emphasis is placed on future 

research priorities and procedure that must be taken for reducing public health risks and environmental 

pollution. Based on the study of Siebe C & Cifuentes, urban sewage and wastewater disposal is the main 

concern in our society [5]. In many countries, land clearing is an increasing practice, since river pollution 

is prevented. Wastewater represent also an importance irrigation resource and nutrient supply in 

agricultural production. Furthermore, Abou-Seeda et,l [6] found that, the requirement to identify their 

contents prior utilizing them in irrigation process due to some have high concentrations of some elements 

beyond its natural limits in some cases they cause pollution. In terms of wastewater treatment, the 

increasing volumes of waste being created would not be an issue if waste was looked as a managed 

properly and resource [7]. In recent years, domestic solid waste is the most complex solid waste stream 

[8], as opposed to more homogeneous waste streams resulting from agricultural activities. Otherwise, 
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environmental laws have become strict toward the economy, health, and decreased pollution [9]. 

Therefore, the pollution is an outcome of the discharge of different organic and inorganic materials into 

the environment. Nonetheless, Ye, Xin, et al. found that, the ways of wastewater treatment were first 

developed in response to the different circumstances used by the evacuation of wastewater to the 

environment and concern for public health [10]. According to the study of Alshammari, M. S [11], 

reported that, the population of the world has been grown and it has never been more primary to 

maintain water supplies to our maximum range capacity and to make sure that the water at our removal 

is clean and free from pollutants. The disposal of such contaminants in wastewater is one of the major 

targets in waste management. However, El-Khateeb, Mohamed A., et al, reported that, the extent of 

methods applied for the treatment of different sorts of waste treatment technologies is expensive [12]. 

Meanwhile, wastewater treatment could be utilized to irrigate the trees, which applies to save soils from 

corrosion and sand dunes settlement [13]. In general, through the operation of wastewater treatment, 

main specific and quantitative changes happen in the allocation of the bacterial population. It is 

commonly supposed that treatment determines a marked decrease in the bacterial numbers, inclusive the 

overall numbers of resistant bacteria [14]. Based on the study of Wang, Y., Fenner, K., & Helbling, D. E 

[15], the wastewater has been specified as a key source of micropollutants and their disposal residues a 

key challenge for treatment operation. 

2. USING WASTEWATER TREATMENT IN IRRIGATION 

Water is one of the most important materials on the earth. Therefore, all plants and animals have to get 

water to survive [16]. Also, the water covers about 71% of the Earth’s Surface, and only 2.5% of the 

Earth’s Water is fresh water. On the other hand, the important of water for life cannot be denied [17]. 

Thus, one of the most public ways for that is the reuse of treated sewage and agricultural drains. 

Moreover, processing procedures to fulfil the desired quality of sewage effluent for irrigation contain 

primary treatment, secondary treatment, oxidation, denitrification, phosphate precipitation, filtration, 

lime precipitation, ammonia volatilization, disinfection, and soil-aquifer treatment [18]. Therefore, most of 

the researchers emphasize its different nature and content rely on their sources. On the other hand, poor 

quality water is applying for irrigation purposes in the dry and semi-dry areas [19]. Also, sewage water is 

a very high proportion of this poor-quality water and may be an importance source of water that might be 

utilized for irrigating agricultural crops. For instance, the content of salts is an importance index to be 

considered when utilizing this water for irrigation [20]. In addition, sewage irrigation has possible benefits 

of meeting the water requirements, the sewage irrigation can be messed up to harm the soil health [21]. 

According to Fejgin A & Shalhevet, the use of sewage effluents for irrigating agricultural land is a 

worldwide practice [22]. Rattan, R. K., et al, stated that the particularly common in developing countries, 

where water treatment cost is high. However, there is a gradual rejection vailability of fresh water for 

irrigation in India [23]. Friedel, J. K., et al, stated that there is a powerful possibility of agriculture and 

economic benefits of wastewater irrigation [24]. Therefore, in the long-term pollutants can be slowly 

introduced and accumulated in the soils and cause a potential risk to soil quality and productivity. 

Masto, Reginald Ebhin, et al,[25] reported that the impacts of sewage water irrigation on soil physical and 

chemical parameters have been studied in more detail. Furthermore, the irrigation fields of some 

countries have been used for 100 years. Thus, their soils fundamentally contain heavy metals in the 

topmost layer [26]. Nowadays, because of the constraint in the availability of fresh water for irrigation, 
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wastewater particularly sewage water is being utilized for irrigation of cultivation fields [27]. Moreover, 

Gregory, [28]. A reported that the reuse of wastewater for agriculture irrigation purposes decreases the 

amount of water that requirements to be removed from water resources. Also, it might be the potential 

solution to decrease the freshwater demand for zero water to avoided the pollution load in the receiving 

sources.  

3. HEAVY METALS 

Heavy metals present in wastewater do not appear to affect soil so far, because of their low availability. 

Due to the accumulation of heavy metals in soils, increasing the quantities of mobile metal fractions 

instantly can be easy to transport [29]. On the other hand, ways of treating industrial wastewater 

containing heavy metals often include technologies for a decrease of toxicity for meeting technology-based 

treatment standards. Moreover, heavy metals have contaminated many sites in industrial countries and 

affect risks to ecosystems [30]. Following techniques have been applied by different researchers for the 

disposal of heavy metals. In the same way, physical separation techniques are firstly applicable to 

particulate forms of metals, discrete particles.  Meanwhile, heavy metal pollution has become today the 

most serious environmental problems. Hence, the treatment of heavy metals is of special concern because 

of their insistence in environmental. Recently, different ways for heavy metal disposal from wastewater 

have been widely found. Consequently, the traditional chemical operates for removing heavy metals from 

wastewater include processes such as, flotation, chemical precipitation, ion exchange, and adsorption 

[31].  

4. SEWAGE TREATMENT 

The important of sewage water treatment plant to provide a certain degree of treatment for wastewater 

before it is used in agriculture or landscape irrigation or aquaculture [32]. Therefore, the main objective of 

wastewater treatment is generally to allow human effluents to be disposed of without endangering human 

health or causing unacceptable harm to the natural environment. Moreover, there are some sources of 

wastewater such as human waste, washing water, rainfall collected on roofs, and highway drainage [33]. 

Generally, sewage contains all the water used from a household that is utilized for washing and toilet 

wastes [34]. Hence, wastewater is especially water and contains little particle matter, probably only 

0.03%. Thus, in big cities, the solid fraction of wastewater can overall more than 1000 tons of solid 

material per day. Nevertheless, water is considered the most important for every human being but 

nowadays, it is becoming polluted because of the increased level of pollution. The waste treatment plant is 

known as the best alternative that cleans the water in an effective way [35]. Likewise, the best portion of 

applying this wastewater is that has the capability to remove the harmful contaminants and smells from 

the water [36]. However, wastewater treatment is the operation of removing contaminants from 

wastewater and household sewage [37]. Also, it includes physical-chemical, and biological processes to 

remove chemical and biological contaminants. Naidoo, S., & Olaniran, A. O. [38] reported that the topical 

of wastewater treatment is to make a disposable effluent without causing harm to the surrounding 

environment and prevent pollution. Wastewater contains more than 99% of water and is a mixture of 

domestic and industrial waste. Sewage is produced by residential, institutional, commercial, and 

industrial enterprises. Sewage treatment is the process of removing contaminants from sewage, mainly 

from domestic sewage [39]. It includes physical, chemical, and biological processes to remove these 
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pollutants and produce environmentally treated wastewater. Figure 1 present simple flow diagram of 

sewage treatment.  

 
Fig 1: Simple flow diagram of sewage treatment

The primary treatment might include sand, which the velocity of the coming wastewater is modified to 

allow the adjustment of sand, grit, stones, and broken glass. Thus, these coarse solids are removed 

because they might harm the pumps and other equipment. The influent in sewage water passes during a 

bar screen to remove all large objects such as rags, cans, sticks, and plastic packets carried in the sewage 

stream. After that, bar screens of varying sizes might be utilized to improved solids disposal as shown in 

Figure 1. The main purpose of treatment is to dispose of contaminants from waste water [40]. It also 

contains chemical, and biological processes to remove the pollutants. Accordingly, the wastewater 

treatment is divided into three stages: pretreatment, primary, secondary and tertiary treatment. The term 

sewage treatment plant is often replaced nowadays by the term sewage treatment plant. Sewage 

treatment is mainly divided into three stages: preliminary treatment or pretreatment, primary treatment, 

and secondary treatment [41]. Sewage water treatment generally includes three stages, as described 

below:  

5. PRIMARY SEWAGE TREATMENT 

Pretreatment removes materials that can be easily collected from raw sewage before they damage or clog 

the pumps and sewage lines to pretreatment filters litters, tree limbs, leaves, and branches [42]. It 

includes the physical processes of sifting, cutting, degeneration, and sedimentation [43]. The settled and 

floating material is removed and the remaining liquid may be discharged or subjected to secondary 

treatment. Figure 2 shows the steps of primary sewage treatment.  
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Fig 2: The steps of primary sewage treatment 

5.1      Bar Screening  

The influent sewage passes through a strip screen to remove all large objects such as, can, chafing, 

sticks, and plastic bags as shown in Table 1 [44]. This is most commonly used with a mechanically 

automated strip screen in modern plants serving large populations, while in smaller or less modern 

plants, a manual screen may be used [45].

 

Table 1: Types of the treatment process 

No 
Type of 

treatment 

Type of 

treatment unit 
Name of the unit 

Type of impurities 

removed 

1 
Physical 

treatment 

Physical Screen 
Large suspended and 

floating matter 

Physical Grit chamber Grit 

Physical Clarifiers 
Silt, sand and other 

heavier matter 

2 
Chemical 

treatment 
Chemical 

Chemical 

reactors 
Dissolved chemicals 

3 
Biological 

treatment 
Biological 

Trickling filters 

Activated sludge 

plant 

Rotating 

Biological 

contactors 

Digesters 

Dissolved organic 

chemical 
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5.2    Secondary Treatment 

This method removes the soluble organic matter that escapes from primary treatment [46]. It also 

removes more suspended solids and suspended biological materials. Likewise, it may also require a 

separation process to remove the microorganisms from the treated water before it is discharge [47]. 

Secondary sewage treatment, which is mostly biological, is designed to remove most of this organic matter 

and reduce the biochemical oxygen demand as shown in Figure 3. In this process, the wastewater 

undergoes vigorous aeration to encourage the growth of aerobic bacteria and other microorganisms that 

oxidize the dissolved organic matter into carbon dioxide and water [48]. Two common secondary 

treatments are active sludge systems and drip filters as displayed in Figure 3.  

 
Fig 3: Secondary wastewater treatment  

 

5.3     Tertiary Sewage Treatment 

The objective of this operation is to provide a final treatment stage to raise the effluent quality prior it is 

discharged to the receiving environmental such as: sea, river, lake, ground. More than one tertiary 

treatment process may be used at any treatment plan as exhibited in Figure 4 [49].  

 
Fig 4: Tertiary Process of wastewater Treatment 
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6. Conclusion 

Organic and inorganic substances released into the environmental as a result of household, agricultural 

and industrial aquatic activities lead to organic and inorganic pollution. Regular primary and secondary 

treatment of this wastewaters has been introduced in an increasing number of places, in order to get rid 

of easily sedimentary matter and oxidize the organic matter available in wastewater. Pollution is caused 

by different organic and inorganic substances into the environmental. Furthermore, pollution sources 

include household, agricultural and industrial waters. Traditional techniques such as chemical 

precipitation, carbon adsorption, ion exchange, evaporations and membrane operate have been found to 

be effective in treatment of waste and wastewater.  From the literature, it is showed that the new ways of 

wastewater treatment are due to microalgae and they are prone to be efficient in decreasing toxic 

components. It is noted that the traditional techniques are not efficient in decreasing toxic, heavy metals, 

nitrogen, phosphorous.  
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Abstract This work proposes a three phase statistical distribution network state estimation 
algorithm formulated on weighted least mean squares method (WLMS) to calculate the 
network voltage magnitude at each node on the network. The state estimation method used in 
this work is based on the methods used on transmission network. To overcome the lack of 

real time measurements which normally exist on 11kV distribution network, this work uses 

historical data acquired from billing system authority to make the state estimator observable. 
 

Key words: DSE distribution state estimation algorithm, Distribution 

Network Topology. 

1. Introduction, 

The primary purpose of an electric distribution system is to meet the customer’s demands for 

energy after receiving the bulk electrical energy from transmission or sub- transmission 

substation. There are basically two major types of distribution substations: primary 

substation and customer substation. The primary substation serves as a load center and the 

customer substation interfaces to the low voltage (LV) network. Customer substation is 

referred to a distribution room normally provided by the customer. The distribution room can 

accommodate a number of HV switchgear panel and the transformer to enable LV connection 

to the customer incoming switchboard. Depending on the geographical location, the 

distribution network can be in the form of overhead lines or underground cables. Cables are 

commonly used in urban areas and overhead lines are adopted for rural areas.  Distribution 

networks start from distribution substations to the service entrance of the electricity 

consumers, including distribution substations, primary feeders, distribution transformers, 

and secondary systems [1-2]. The existing distribution networks can only serve the 

requirements and standards of past decades and are not able to meet renewed duties and 

upcoming challenges. Distribution systems and loads will be subject to dramatic changes over 

the next 20 to 50 years. To name a few of the changes, we can mention customers’ expected 

services, the reliability level of the system, the characteristic of the new loads, marginal costs, 

and existing numerous DG generators also future distribution system heading toward central 

controlling and these need load and distributed generation information.  

In the modern energy management System (EMS) State estimation (SE) program processes a 

set of raw measurement data and provides a real-time load flow solution which is the basis of 

the advanced functions for system security monitoring and control. 

Real time control of the distribution system requires an estimate of the system state. In the 

past most distribution system was not monitored, therefore, there was no need for SE. To 

achieve real time monitoring on some existing distribution system are considered to be costly 

and more capital were needed. In order to reduce these customers cost on real-time 
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monitoring historical consumption data from billing system were used instead. These data are 

then fed to load flow calculation technique. Under this condition, distribution system load 

flow program is often used for planning , such as in computing system losses of distribution 

feeder configuration for system losses reduction, various technique have been proposed to 

obtain distribution system load flow solution [3-6] . State estimation (SE) program processes a 

set of raw measurement data and provide real-time load flow solution .The SE was formulated 

as a equality constrained weighted least squared problem. A distribution system SE that uses 

a minimum number of remote measurement was presented in [7]. In literature, the expertise 

and trends related to some of the main aspects of DSE algorithms are analyzed. For example, 

the authors of [8] review the requirements of state estimation and the differences between 

state estimation in transmission and distribution systems. Furthermore, in [9], the authors 

focus on model-based and forecast aided DSSE algorithms, while in [10]. SE is based on the 

mathematical relations between the system state variable (e,g. bus voltage magnitudes and 

angles),and the measurement. Various technique have been used to obtain an SE solution, 

number of studies [11-12] provide surveys on SE algorithms. 

 . An iterative procedure based on load flow was used to obtain the distribution system SE. 

These paper introduce distribution state estimation (DSE) to calculate distribution system 

state..  

 2. Development of State Estimator Algorithm  

The main part of the state estimation technique is the algorithm used to solve weighted least 

square which derived in the following equation [13] 
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Where z is the )1( m measurement vector, )(xjf  is the )1( m  vector of nonlinear functions, x

is the )12( n  true state vector, mN is the number of measurement, n is the number of buses 

and )
2

1( j represents measurement reciprocal variance. 

This equation is to find the best network state variable. The function used in state estimator 

is nonlinear. Therefore, an iterative method is introduced; the Newton iterative method is 

used to find state variable value to minimize the least square error. In this research an state 

estimator algorithm was developed in C language. 

Once the network topology and all the different measurement are introduced, the state 

estimator algorithm will automatically start finding solution. Fig.1 shows flow chart of that 

algorithm. At the start, from the topology the algorithm will find the network admittance to be 

used to calculate power flow equations [13] shown below.  
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The equations of represent active and reactive power are that used in the algorithm to form 

the Jacobean matrix. Also, the Jacobean can include the voltage measurements derivative. 

The algorithm also builds the ][R  matrix which represents the measurement weighting 

matrix. After all parts of equation 1 were formed, with the initial value the algorithm will start 

finding solution.  

In order to start the iterative process and initial value for each of the state variables is 

required. 1 p.u voltages is selected and 0.000001 rad for the angle. Using the initial value of 

 x ,  H  and  a  are calculated. Then the value of  x  is obtained using equation 3. 

Adding this value to  x , the state variables are updated: 

      xxx                                       (3) 

The next iteration is started beginning with   x  the new initial value of the state variables. If 

x is small enough, the algorithm will stop, and if not it will go for another loop until it 

converge. Sometime this kind of algorithm will never give solution or it can’t converge due to 

that the gain matrix is singular which it’s determinant is zero.  

Start
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Fig. 1: Flow chart of state estimator algorithm 
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1.1 State Estimator Requirements 

The state estimator required a number of information in order to estimate the system 

variables or give an output. Figure 3 shows all the possible input information in blocks and 

the possible output of the state estimator. For more details the state estimator has been 

divided into an input and output block as follows; 

1.1.1 State Estimator Input 

The state estimator needs input information in order to give output results. The input 

information as shown in fig. 2 includes measurements, weighting of these measurement and 

topology of the network used. The measurements divided into real time measurements, 

pseudo measurements and virtual measurements. 

 

Real time

measurements

Pseudo & Virtual

measurements

Measurement

Weighting

Network 

Topology

 

 

Voltages

Angles 

Input

Output

State

Estimator

 

Fig. 2: State estimator blocks 

I) Real Time Measurement 

The real time measurements are very essential to the state estimator in order to predict 

system solution similar that of load flow solution. The real time measurements can be voltage 

magnitude, power flow or current measurement. These measurements are very important to 

state estimator algorithm. Usually, these measurements are expected to be accurate or having 

less error. In distribution network because of expenditure control to make the system 

competitive using for example voltage meter with high accuracy [15] its price increases 

dramatically. It is found that maximum accuracy of voltage measurement at reasonable price 

is around %5.0 . The accuracy of an 11 kV voltage measurement should be between 1 and

%2 . In these research to study the influence of distributed generator measuring the active 

and reactive power were highly needed to achieve good state estimator results so they given 

high accuracy same as that of real time. Acquiring the DG power is a little bit more difficult to 

obtain due to location of DGs in distribution system, so remote terminal unit connected 

through communication is needed. The general practice assumed the accuracy of the DGs 

power meters should be around %3 . 

II) Pseudo Measurements  
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The pseudo measurements are historic data used to replace the shortage of real time 

measurements which are required by state estimator. The pseudo measurement can be 

extracted, for example, through monthly billing data, monthly peak loading, the transformer’s 

peak load analysis and existing diversified load curves. Because this data has big probability 

of lack of accuracy so it is given low degree of accuracy than the real time measurements. 

III) Virtual Measurements 

 Some of network buses have no load connected to them, therefore the value of active and 

reactive power (P,Q) consumption in those buses is zero. These virtual measurements act like 

perfect measurement and very valuable for the distribution state estimator.  It assumed 

extremely perfect. As the weighting in the state estimator used the reciprocal variance and if 

the error is introduced zero that will give numerical problem to the state estimator, it will 

collapse. So, it assumed the variance is very small but not zero. 

IV) Weighting of Measurements 

In this research state estimator all the measurements, pseudo measurements and virtual 

measurements are assumed to follow normal distribution. Due to the limited availability of 

real-time data, load demand estimates are used as pseudo measurements. This in 

conjunction with the weighted-least squares formulation implies that load demands are 

normally distributed. The normal or Gaussian distribution function is determined by the 

mean of the data and the standard deviation of the data. If the data has small standard 

deviation it is more accurate. Fig.3 shows the function of normal distribution function where 

99.73% of the curve area was shadowed. The 99.73% is representing that the data has high 

level of confidence which means that the deviation between the boundary of the interval and 

the mean value is three times the standard deviation. From the normal distribution function 

and the standard deviation measurement accuracy can be found using equation 2 as follow: 

If the accuracy of a measurement is for example 0
04 , it can be assumed that the %73.99  of 

the time the measurement will be inside those given accuracy limits. This assumption allows 

writing the standard deviation of the distribution using the following equation: 

                      
100

3
accuracy

mean   

Exponential   

         𝜎 = 𝑚𝑒𝑎𝑛
𝑎𝑐𝑐𝑢𝑟𝑎𝑐𝑦

300
                                 (4) 

Where   is the standard deviation and the mean of the measurement or the estimated load of 

the pseudo-measurement. 

For the given example of a measurement of %4  accuracy and if the measured magnitude is 

0.95 p.u. the standard deviation will be: 

                                            up.01266.0
300

4
95.0   
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Fig.3: Function of normal distribution [13] 

 

IIV) Network Topology 

It is important to define the network for the state estimator in order to calculate line flow and 

the power consumption at each busbar. The network topology can be represented in the state 

estimator by line impedance, number of buses and number of branches and the sending end 

and the receiving end of the branches. Also, the load connected to each busbar. 

1.1.2  State Estimation Jacobean            

In power system each node has its related differential equation need to be determined to build 

the system Jacobean [13-16]. The Jacobean is the important part in solving load flow and 

state estimation problem. It is the matrix forming all differential equation of measurement 

functions such as active and reactive power measurements of all nodes in relation of state 

variables which normally means both bus voltage and angles. In order to estimate both 

voltage and angle magnitudes, the angle at one of the N buses of the system should be taken 

as a reference for all other angles, which leaves 1N angles and N magnitudes to be 

calculated by the following equation. 
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 It is unlike the square Jacobean of Newton Raphson in load flow, it is always has )12( N  

columns and a larger number mN of rows. Each row of xH corresponds uniquely to one of the 

measured quantities indicated in the network.   The general form of xH  matrix is: 

Value of the 

measurement 
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the Jacobean matrix is called information matrix and each element in the matrix )(xH  can be 

expressed through mathematical derivation by taking the differential of the equation for each 

measurement with respect to state variables, bus voltage angle   and magnitude V . The 

matrix )(xH  is arranged so that each row represents the derivative of the active power with 

respect to a particular busbar voltage and angle. First column of that row is representing 

derivative of active power in relation of voltage and second column is representing active 

power derivative in relation with angle and so on for all busbars. The same was repeated in 

second row where the derivative of reactive power with respect to voltage and angle is taking 

place. This continues to all busbars where each busbar should have two rows in the 

Jacobean. 

If the voltage measurement is introduced in the state estimation the last rows will include the 

derivative value of the voltage at that busbar, see the C program in appendix (A). 

The transpose of )(xH  is )(x
T

H  and is equal to: 
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1.1.3 DSE Validation and Sensitivity Studies on Part of Morton Park  

The validation and sensitivity studies were carried out on part of Morton park network shown 

in fig.5 This network is an 11 kV network with 60 buses distributed into six feeders. Appendix 

A and B presents line, bus parameters and load consumption.This network has 120 power 

measurements; same data accuracy which was used in previous case of generic network. The 

real voltage measurements were connected at slack bus and bus number 47 where the DG is 

connected.  
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Fig.5: Single line diagram of A 60 nodes of Morton Park network [17] 

Fig.6 shows the result of the voltage calculated by the developed C code to each node of the 

part of Morton Park network 

 

Fig.6: Part of Morton Park node voltage 

 

- DSE Validation study on Part of Morton Park  

The result of the state estimation using the developed C code shows similar result to 

Powerworld load flow package. The state estimation code converges to a result close to the 

load flow result which was carried out by the Powerworld simulation package. Fig. 7 and fig. 8 

show the state estimation results against the Power world result with and without Distributed 

generator. 
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Fig.7: Estimated bus voltage Powerworld results without DG 

 

Fig.8: Estimated bus voltage Powerworld results with DG 

- Morton Park Network Current and Power Flow Estimation  

The developed algorithm also can be used to calculate the Estimated flow of both active and 

reactive power and flow of current at all branches of the network as shown the following 

figures respectively.   

 

Fig.9: Estimated active power flow of 60 bus network 
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Fig.9 shows active power of Morton branches. This figure shows that most of power flow has 

positive direction accept the branch influenced by DG they have negative direction and this 

indicates power injection from DG side. 

 

Fig.10: Reactive power flow of 60 bus network 

Fig.10 show that directions of reactive power are all positive which means all load and 

generation are consuming reactive power.  

 

Fig.11 Estimated branch current of 60 bus network 

 

Fig.11 shows the magnitude of branch current of the Morton Park network with one DG 

connected at bus 47. 

1.3 DSE sensitivity study on Morton Park Network 

The results presented in this section investigated several parameters affecting the voltage 
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- Influence of number of voltage measurements on DSE 

In this study all the pseudo measurements of 60 were given the accuracy of %25 and virtual 

measurements were given very high accuracy of 
11

101


  and the voltage real time 

measurements were given accuracy of %1 . In this study the number of real time 

measurements will increased and all other measurements will stay with fixed accuracy. The 

state estimation results presented in fig.12 show that bus voltage’s uncertainty has increased 

as the number of real time measurements increasing. 

 

Fig.12: Influence of number real measurement on uncertainty 

- Accuracy of the Pseudo Measurements 

In this study busbar voltage uncertainty has been checked when all  pseudo measurements 

were given different accuracy ( ,25 %,50 %75 , %100 , %125 , %150 , %175 , %200 ). The 

state estimation results presented in fig.13 show that busbar voltage uncertainty has decreased when 

pseudo measurements accuracy has decreased. 

 

Fig.13: Influence of load accuracy on voltage uncertainty 
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This work presented a three-phase algorithm to determine electric network variables for a 

distribution system which based on DSE technique. It uses active and reactive power 

acquired from billing system which used as pseudo measurement to obtain an estimation of 

real-time system states. Results for the proposed distribution system SE is discussed and 

there validation was compared and almost show full agreement. The study has carried out the 

influence of changing the accuracy by giving some high accuracy to some location to 

reassemble real-time measurement.  Also the developed algorithm can calculate line current 

and a flow of power through all branches of the network which provide away for monitoring 

and protection. The result gained from the algorithm will facilitate heading toward complete 

automation and monitoring to any distribution network without causing any change to it’s 

infra structure. 
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Appendix A 

 Morton Park Lines and Buses Parameters 

 

Branch 

    No. 

  Branch  

L. Resistance (pu) L. Inductance (pu)  L. Cap. (pu)  From   To 

1 1 31 0.7782 0.2684 0 

2 1 18 0.141 0.0724 0 

3 1 46 0.1435 0.0476 0 

4 1 6 0.1007 0.0439 0 

5 1 5 0.0085 0.0035 0 

6 1 10 0.1349 0.0627 0 

7 2 3 0.1209 0.0278 0 

8 4 2 0.0616 0.0268 0 

9 5 4 0.2016 0.0992 0 

10 6 7 0.0767 0.045 0 

11 7 8 0.1048 0.0612 0 

12 8 9 0.108 0.0222 0 

13 10 11 0.1763 0.0784 0 

14 11 12 0.1811 0.0628 0 

15 12 13 0.0785 0.0272 0 

16 13 14 0.47 0.1285 0 

17 14 15 0.132 0.0328 0 

18 15 17 0.6037 0.1282 0 

19 15 16 1.4219 0.1161 0 

20 18 19 0.1185 0.0486 0 

21 19 20 0.0902 0.0496 0 

22 20 22 0.1695 0.0958 0 

23 20 21 0.0314 0.0268 0 

24 21 23 0.0595 0.0137 0 

25 23 24 0.6292 0.2022 0 

26 24 28 0.6229 0.2135 0 

27 24 25 0.9646 0.3309 0 

28 25 27 1.0514 0.3605 0 

29 25 26 1.2303 0.4219 0 

30 28 29 1.4529 0.4935 0 

31 29 30 0.8663 0.2921 0 

32 31 32 0.4676 0.2446 0 
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33 32 33 0.2669 0.3231 0 

34 33 38 0.3605 0.1484 0 

35 33 34 0.9755 0.3346 0 

36 34 35 0.0035 0.0014 0 

37 35 37 1.4758 0.1272 0 

38 35 36 0.6213 0.0621 0 

39 38 39 1.6864 0.1678 0 

40 39 40 0.5393 0.0454 0 

41 40 41 0.9985 0.0873 0 

42 41 42 0.9483 0.0794 0 

43 42 43 0.9978 0.0834 0 

44 43 44 1.3631 0.5068 0 

45 44 45 0.0934 0.032 0 

46 46 48 0.4783 0.1618 0 

47 46 47 0.737 1.0936 0 

48 48 49 0.5125 0.3818 0 

49 49 50 1.2433 0.9109 0 

50 50 53 2.563 0.211 0 

51 50 51 3.092 0.6508 0 

52 51 52 0.8221 0.2819 0 

53 53 54 0.7919 0.0665 0 

54 54 55 2.3917 0.1964 0 

55 55 56 2.4871 0.2063 0 

56 56 57 1.5092 0.1241 0 

57 57 58 0.4802 0.0392 0 

58 58 59 0.9473 0.0774 0 

59 59 60 0.4144 0.1347 0 
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Appendix B 

Morton Park Load Consumption and Generation 

 

Bus No. Load Active Power (MW) Load Reactive Power (kVar) 

1 -11.12016 -4.88432 

2 0.43478 0.14291 

3 0.14165 0.04656 

4 0.46433 0.15262 

5 0.09953 0.03271 

6 0.21832 0.07176 

7 0.40043 0.13162 

8 0.43801 0.14397 

9 0.19214 0.06315 

10 0.28978 0.09525 

11 0.60676 0.19943 

12 0.46628 0.15326 

13 0.7155 0.23517 

14 0.3294 0.10827 

15 0.18533 0.06091 

16 0.0895 0.02942 

17 1.40804 0.4628 

18 0.44352 0.14578 

19 0.33995 0.11174 

20 0.82021 0.26959 

21 0.25133 0.08261 

22 1.6385 0.53855 

23 0.50512 0.16602 

24 0.02751 0.00904 

25 0.07904 0.02598 

26 0.07942 0.0261 

27 0.07891 0.02594 

28 0.02571 0.00845 

29 0.11386 0.03742 

30 0.08571 0.02817 

31 0.02955 0.00971 

32 0.07283 0.02394 

33 0.02847 0.00936 
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34 0.31349 0.10304 

35 0.11706 0.03848 

36 0.40573 0.13336 

37 0.30954 0.10174 

38 0.29158 0.09584 

39 0.21561 0.07087 

40 0.15984 0.05254 

41 0.11306 0.03716 

42 0.08422 0.02768 

43 0.09478 0.03115 

44 0.04968 0.01633 

45 0.03135 0.0103 

46 0.15097 0.04962 

47 -3.47 1.34 

48 0.09423 0.03097 

49 0.03641 0.01197 

50 0.26742 0.0879 

51 0.11449 0.03763 

52 0.05039 0.01656 

53 0.10096 0.03318 

54 0.08687 0.02855 

55 0.15872 0.05217 

56 0.11064 0.03637 

57 0.10723 0.03525 

58 0.13834 0.04547 

59 0.04198 0.0138 

60 0.11615 0.03818 
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The phenomenon of corona and its effect on the transient wave in 

the transmission line 
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Abstract: Corona effect has been considered as a source of substantial loss due to High Voltage AC 

Transmission lines. This paper presents a comprehensive account of development of a mathematical 

model for the Corona Effect which is designed based on the Peek’s equation. The scope of this work is 

determining the corona power losses dependent on conductor’s diameters. The simulation is 

completed using the corona model for 220 kV overhead transmission lines which were developed by 

Matlab/toolbox (release 2010). The corona effects analysed in high voltage transmission lines, and 

factors of decreasing the corona losses have been identified. Factors such as increasing the diameter 

of conductors those lead to increase the critical disruptive voltage. The paper describes the analytical 

approach, computational tools and simulations models. 

 

Keywords: (Power Losses, Transmission Line, Electric Field, Corona Models, Critical Disruptive 
Voltage)  
 

Introduction 
       In transmission lines, corona effect causes power loss, audible noise, electromagnetic interference, 

purple glow, ozone production, etc. Hence to minimize this negative effects, conductor surface 

condition, size, distance to ground and other conductors have to be considered when planning and 

construction of overhead power lines . In transmission of electricity ac voltages are used to transmit 

electric power because of their efficiency against dc voltage. The basic difference between ac and dc 

coronas in the periodic change in direction of the applied field under ac, and its effect on the residual 

space charge left over from the discharge during preceding half-cycles. In a ac corona tracheal pulses, 

negative glow and positive glow and streamer coronas can be observed. This study investigates the 

effect of ac corona on different type and size of conductors. In order to obtain an ideal corona cage is 

built. Tests are performed on aluminium, copper and steel conductors. For each bare conductor, the 

corona inception voltage, extinction voltage and currents at this voltage levels are reported. Moreover, 

corona power loss is calculated by using common experimental formulas. This work also provides a 

discussion of corona and induced current effects associated with operation of the proposed high-

voltage transmission lines. These effects include audible noise, radio, television, computer monitor 

interference, gaseous effluents, fuel ignition, and interference with cardiac pacemakers. Since these 

effects are common to all transmission lines, they have also been investigated generally application. 

These effects have been assumed to be negligible or non- existent. Due to that, they don’t have 

significant influence on the outcomes and mitigation measures are not required. 

 

I. Corona in transmission line 

     The phenomenon of corona plays an important role in the design of an overhead transmission line. 

Therefore, it's profitable to consider the following terms much used in the analysis of corona effects. 

 

II. Critical disruptive voltage: 

If one-phase transmission line as shown in Fig(1). Let r assume that a represents the radius of each 

conductor and d is distance between the conductors such that d >> r.  In this single-phase 

transmission line, let consider q is the charge per unit length on one of the conductors and hence – q 

on the other. If the operating voltage is U, the potential of conductor A with respect to neutral plane N 

will be U/2 and that of conductor B will be - U/2.  
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Fig( 1) 1-phase transmission line 

 

The electric field intensity at P due to the both line charge will be represented as follows: 

 

 
 

The potential different between the conductors can be writing by the following formula : 

 

 
Since r is very small as compared to d,  d −r =d . Substituting for q from the above equation  

 

 
Where U' is the line to neutral voltage of the system. 

     Critical disruptive voltage can be simply defined as the voltage at which complete disruption of 

dielectric occurs. This voltage corresponds to the gradient at the surface equal to the breakdown 

strength of air. This dielectric strength is denoted by go and is equal to 30kV / cm peak at NPT i.e., 

25Co and 760 mm OF Hg. At any other temperature and pressure 

  

 Where is the air density correction factor and is as following: 

 
Therefore, the critical disruptive voltage is given by: 

 
For high voltage transmission line the ACSR conductors are used. The cross-section of such 

conductors a series of arcs of circles each of much smaller diameter then the conductor as a whole. 

The potential gradient for such conductor will be greater than for the equivalent smooth conductor. 

The irregularities on the surface are increased further because of the deposition of dust and dirt on its 

surface and the breakdown voltage is further reduced. Average value for the ration of breakdown 

voltage for such conductor between a smooth conductor lines and 0.85, and is denoted by mo. The 

final expression for the critical disruptive voltage after taking into account the surface of the conductor 

is given by: 
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mo =1 for polished conductor   (smooth conductor). 

      =0.98→0.92 for dirty conductor. 

      =0.87→0.80 for stranded conductor. 

 

III. Corona loss 

      In high voltage transmission line when the applied voltage exceeds a critical disruptive value, the 

thin layer of air around the transmission line ionizes. This ions result in space charges which move 

round the conductor. To remain the charges in the motion required the energy derived from the supply 

system. In order to maintain the flow of energy over the conductor it is necessary to supply this 

additional loss from the supply system. This additional power is referred to as corona loss. Peek’s has 

been previously studied the effect of various parameters on the corona loss and he deduced an 

empirical relation: 

  

Where 

P    =  corona power loss. 

f     =  supply frequency . 

δ    =   air density factors . 

Up =   Phase- neutral voltage. 

Uo =   disruptive voltage ( r. m .s) per phase. 

 r  =    radius of the conductor (cm). 

 d  =   spacing (or equivalent spacing) between conductor (cm). 

 

In overhead transmission line the following factors affect corona los: 

(i) electrical factors.  

(ii) atmospheric factors and. 

(iii) factors connected with the conductors. 

i. Electrical factors: 

Referring to the equation (9) it can be notified that the corona loss is a function of frequency. Thus 

higher values for both or the frequencies of supply and the losses due to corona. This means that dc. 

corona loss is less as compared with a.c. corona loss. This is because during the corona phenomenon 

of a.c. the value or always produces third harmonics and hence frequency is not exactly 50 Hz but it 

also contains a third harmonic component. 

ii. Atmospheric Factors: 

Atmospheric factors consist in air density and weather condition. Air density affects the generation of 

corona sources as demonstrated by Peek empirical equation (9). From this equation the losses are a 

function of air density correction factor ∂. The lower value of ∂ causes higher loss, because it appears 

directly in the denominator of the equation and indirectly in the value of critical disruptive voltage 

[2,3,11]. 

 
 

For the lower value of δ, losses will be higher, because the lower value of  will have the lower value of 

U0 and hence higher value of , where U is the operating voltage in kV. During the bad 

weather conditions such as rain, snow and hailstorm will diminish the critical disruptive voltage and 

hence increase the corona loss. These is due to the fact that rain droplets on the transmission line 

conductors can be viewed as sharp edges which enhances the electric field and therefore reduces the 

corona disruptive voltage and hence increase the corona power loss. Corona generation increases 

whenever moisture accumulates on the conductor. Conductor current, if it heats the conductor, will be 

discouraged the formation of water drops during fog and during high humidity. However, it has little 

effect during heavy rain and snow. Corona loss observations in the operating lines during the hoarfrost 
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have shown that the highest corona losses occur when hoarfrost accumulates on a cold conductor, 

during the night time hours, when load currents are not sufficient to warm the conductors enough to 

melt the hoarfrost [1,3]. Wind speed has been found to have a very small effect on corona generation 

unless the wind is blowing particles onto conductors. 

 

iii. Factor connected with conductors:  

   This factor can be divided into three categories: 

1- Conductor surface conditions. 

2- Conductor diameter. 

3-  Number of conductors. 

   The conductors are exposed to atmospheric conditions; the surface would have dirt.    

Deposited on it which will lower the disruptive voltage and increase corona loss. Audible noise is 

primarily a foul-weather phenomenon therefore conductor-surface conditions are only important 

inasmuch as they influence water drop formation. From the equation (9) for corona loss, it can be 

observed that the conductor size appears in two places, it’s worth mentioning that the other parts of 

equation (9) are assumed to be constant, so: 

 

                      

Equation (12) shows that the first losses are proportional to the square root of the diameter of the 

conductor, if the diameter of conductor is large, then the loss will also be large. Secondly, since U0 is 

approximately directly proportional to the diameter of the conductor, hence the large size of the 

conductor leads to the critical disruptive voltage has to be large and hence the difference between the 

operate and critical disruptive voltage will be small. Number of conductors is an input into the 

calculation of the electric field at the surface of conductors. For operating voltage 200 kV and above it, 

is found that one conductor per phase gives large corona loss and hence large radio interference (RI) 

level which interferes with the communication lines which are normally run parallel with the power 

lines. Most research has shown that the RI does not increase with the number of conductors for a 

fixed conductor diameter[3,4]. 

 

The higher the corona losses in the power transmission lines with one conductor is solved with by 

using two or more than two conductors per phase or as they are known as bundling of conductors. By 

bundling the conductors the self geometric mean distance (GMD) of the conductors is increased 

thereby; the critical disruptive voltage is increased and hence corona loss is reduced [1,7,9]. 

 

To reducing corona loss can be used following 

methods: 

 large diameter of conductors.  

 hallows conductors. 

  bundled conductors. 

With the aim to reduce the corona power losses, have been made experiments and research how 

affects have the larger diameter and bundled conductors. 

If conductor radius is larger, surface field intensity is less and hence corona losses are lower. For the 

same current carrying capacity, an ACSR conductor has larger radius, therefore the transmission lines 

with ACSR conductors have lower corona loss. Also, for bundled conductors lines effective radius is 

larger and hence corona loss is less. 

    Corona losses do not generally play an important role in the overall design of transmission lines. 

With most computer programs that evaluate only the cost of resistive losses in overhead transmission 

lines. But, there are conditions where corona losses may influence the economic choice of conductors, 

and compact lines may be one of those conditions. The cost of transmission line conductors, usually 

expressed in terms of an annualized cost, is made up of the annualized cost of capital investment and 

the annual cost of energy losses incurred during the operation of the line. The capital cost is almost 

directly proportional to the conductor cross-section, or to d2, where d is the conductor diameter. In the 

absence of corona on conductors, the energy losses consist mainly of the resistive or I2R losses, where 

I is the load current flowing through the line, and R is resistance of the conductor. Insulator leakage 
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losses are generally negligible compared to the resistive losses. The economic choice of conductors, for 

a given transmission voltage and load current, involves minimizing the total annualized cost of 

conductors over the expected life of the line. Since the capital losses decreases with d, there is an 

optimum value of d for which the total cost attains a minimum [6,7,8]. In Figure(2), curve 1 shows the 

variation of the total cost as a function of conductor diameter d. Minimum total cost is obtained for an 

optimum conductor diameter d1. For conductor sizes either lower or higher than d1, the total cost will 

be higher. The increase in total cost may become important for lower load currents and/or higher 

energy costs [5,10,11]. 

 
Fig(2)  Economic choice of conductors 

 

In the presence of corona on conductors, the mean annual corona losses should be added to the 

resistive losses to determine the annualized the energy losses. As in the case of resistive losses, corona 

losses decrease as d increases. This is illustrated by curve 2 of Figure 2, which differs from curve 1 at 

lower values of d and merges asymptotically with curve 1 for the increased value of d. The minimum 

total cost of curve 2 occurs at a slightly larger diameter d2. With the increasing cost of energy, studies 

carried out in several countries have shown that it is important to take into account the cost of corona 

losses in the economic choice of conductors particularly for lightly loaded or compact transmission 

lines in the range of 220–400 kV, lines in traversing regions of high altitude or of extreme pollution, 

and also for normally loaded lines at voltages above 750 kV [3,5,11]. 
 

A. Modeling Of Corona Effect  

      Since the project is studying the Corona effects in AC transmission lines, the most reliable 

mathematical equation to simulate the losses is the famous Peek’s equation. Peek studied the corona 

effects and all factors that contribute to all noticeable changes along the transmission lines. An 

extended empirical peek’s equation is presented to compare all variables [7,10] 

 

P is the Corona power loss in kw/km , f  is the system frequency, δ is the air density factor, r is the 

radius of the conductor in cm, d is the distance of two parallel conductors, Up is the applied voltage 

(line to neutral ) in KV and Uo is the disruptive voltage of the Corona[2,9,10].  

B. Matlab Simulink Model 

       To study all calculations and all factors manipulation, Matlab tool Simulink is used. Simulink is 

an easy tool to monitor the output change with respect to each element adjustment. A scope will be 

put on the output to plot it clearly with all changes.  

The sub blocks involved in the design are represented in Fig.3.The sub block has realization of all the 

factors on which the corona effect depends upon through Peeks equation. 
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Fig (3):Computational Schematic of Corona Model 

 

  

 
Fig (4): subsystem the air density correction factor 

 

 

C. Radius Of Conductor Effect On Corona 

       Could be hallow cable or steel core cable which is relative to radius Conductor Radius is 

considered to be the most valuable factor in evaluating Corona and also the key point in 

commercially and economically designing the transmission system. Beside the material of the cable 

and type, a bigger radius leads to bigger surface area and less field intensity. As a result, Designers 

tend to be very careful in choosing the size of the cable (sometimes the type because it).  
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Table(1) corona and disruptive voltage value when Radius of Conductor changes 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig (5): Corona Losses at 220 KV.conductor radius 

 

D. Conductor Distance  

        Another important factor would be the distance of the parallel conductors as they tend to affect 

each other through electrostatic energy or electromagnetic energy. As a result, more energy will be 

given to surface electrons that will knockout more air ions and produce more loss. We took the case of 

220kv system with 0.84 cm radius cable and increase the distance gradually and the result is shown 

in figure 6. And as expected, the corona losses decrease as the distance increases and almost 

disappear when the distance reaches 10.90 meter. Changing the distance between conductors is done 

through the transmission lines poles, because their structures define the distances among all lines. 

Table(2) corona and disruptive voltage value when Radius of Conductor changes 

D (m) Critical disruptive voltage (kv) Corona loss (kw/km/Ø) 

10.4 126.2 0.003561 

10.5 126.4 0.002247 

10.6 126.5 0.001247 

10.7 126.7 0.000547 

10.8 1.26.9 0.0001352 

10.9 127 1.059e-9 

11 127.2 0.0001301 

R (cm) Critical disruptive voltage kv/ph Corona loss (kw/km/Ø) 

0.76 116.5 0.5256 

0.77 117.8 0.4042 

0.78 119.2 0.2983 

0.79 120.5 0.2081 

0.80 121.8 0.1337 

0.81 123.1 0.07576 

0.82 124.4 0.03372 

0.83 125.7 0.008469 

0.84 127.00 1.059e-9 
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Fig (6): Corona Losses at 220 KV Line vs. distance between conductors 

 

E. Irregularity Factor: is a factor that loses its properties over time in the beginning dose note 

significantly affect the loss power but when a surface reaches the roughness state most of the 

transferred power is lost in the loss of the corona.   

  

Table(3) Corona and disruptive voltage value when Irregularity factor changes 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Fig (7): Corona Losses at 220 KV Line vs. Irregularity factor conductor 

 

F. Temperature  

         Temperature factor plays a small role in corona loss and also it is something that practically 

cannot be changed. However the figure (8) shown below will examine the influence of changing 

temperature range, 4 to 48Co degrees Celsius. 

Power loss kw/km Critical disruptive voltage kv/ph Mo 

1.059e-009 127.00 1 

0.0324 124.5 0.98 

0.1296 121.9 0.90 

0.2915 119.4 0.90 

0.5183 116.9 0.92 

0.8098 114.3 0.90 

1.166 111.8 0.88 

1.587 109.2 0.80 

2.073 106.7 0.80 

2.624 104.2 0.82 



The phenomenon of corona and its effect on the transient wave in the transmission line 

م2222ديسمبر  -المجلد الثاني -العدد السادس والعشرون  –مجلة جامعة بني وليد للعلوم الإنسانية والتطبيقية     231 

      Due to the weather effect in corona loss, in fair weather the factor will be considered 1 that will 

lead to normal disruptive voltage value. On the other hand, since humidity, rain and snow weather 

affects the corona power loss directly which could lower Uo to as low as 80%. This is natural factor and 

unpredictable, so for designers worst condition with bad weather is considered. 

Table(4) corona value when temperature changes 

Temperature (Co) Critical disruptive voltage (kv) Corona loss (kw/km/Ø) 

48 117.9 0.4478 

45 119 0.3418 

42 120.2 0.2493 

39 121.3 0.1707 

36 122.5 0.1064 

33 123.7 0.06585 

30 124.9 0.02243 

28 125.8 0.00813 

25 127.00 1.059e-9 

22 128.3 0.008284 

19 129.6 0.03349 

16 131 0.07614 

13 132.3 0.1368 

10 133.7 0.216 

7 135.2 0.3144 

4 136.6 0.4326 

 
Fig (8):  Corona Losses at 230 KV vs. Temperature 

 

G. Types Of Conductors 

      Transport line 220kv extends in Libya from the middle of several areas where temperatures vary 

from region to region, in the following tables the best designs for the 220kv transmission line contain 

the lowest corona losses according to temperature change from 44Co to 7Co, these designed in terms of 

diameter of the conductor and the distance between the conductor can match the specifications of the 

transmission line  previously established in Libya , if we did not get exact parameters for this line, but 

these designs were carefully selected. So we can know value the corona loss and that by the 

temperatures and diameter of the conductor and the distance any blasé in Libya. 
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Fig (9): distribution of transmission lines 220kv and 400kv in Libya 

Conclusion 

       Various factors affecting corona loss play a vital role in the prevention of corona. Among those 

factors some are natural and some are equip mental factors in which we cannot fully control the 

natural causes but we can take certain measures. All model results were in line with theory 

expectations with regards to each factor effect on corona loss. Peek’s equation based model has proven 

to be affect to all variables studied in this work and the reliability is high when inputting reasonable 

values for all. 

        In the temperate atmosphere (25 Co and 760mmhg), the best measurements in line with the 

design of the 220 kv transmission line are (D=1090cm and R=0.84cm). when the transmission line is 

detected in high-temperature areas, the distance between the conductor must be increased as showing 

in types of conductors. Corona power can be acceptable to a certain level but yet it should always be 

considered while designing the transmission system beside resistive power loss calculations.  

        Moreover, economical study has to be on estimating the optimal parameters for all the system to 

utilize best reliable delivered power with least cost as this is the deal goal from engineering perspective. 

Full awareness of corona effects should be passed on to all industries dealing with power energy 

transmission. Yet, the corona phenomenon brings a great usage to some applications and further 

researches and studies should focus on this field. 
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Abstract: Under specific circumstances, the natural radioactive 226Ra, 232Th, and 40K materials can 

reach dangerous radiological levels. As a result, research on the levels of natural radioactivity in soil is 

required to estimate the dose to the population, analyze the health risks, and establish a baseline for 

potential future changes brought on by human activity. 

Hyper-pure germanium (HPGe) gamma ray spectrometry was utilized to examine three sites in Bani 

Waleed, Libya, in order to determine the radiological health risks, excess lifetime cancer risks, and 

Effective Dose to Different Body Organs (Dorgan) associated with the use of the soil. Nine samples 

were collected from each of the three sites (Tagrafeet, Sakia, and City Center) at a depth of ten cm, 

measured and use an HPGe detector, and the results were compared to the global permissible value. 

The excess lifetime cancer total, both indoor and outdoor average values were lower than the world 

permissible value, and the results of all different body organs were below the accepted international 

limits of 1.0 mSv-1, indicating that the radiation levels in the study area are safe and do not pose a 

health risk to the local population. The results of this research could serve as significant radiometric 

baseline data for upcoming epidemiological investigation and prosecution and environmental 

monitoring programs. 

Keywords: Bani Waleed, Tagrafeet, Sakia, City Centre, HPGe.

1.0 Introduction 

Background radiation that comes from both natural and man-made sources is exposed to humans. 

Commonly, natural radioactive elements of both terrestrial and cosmic origin account for 85% of a 

person's annual total radiation dose [1], [2]. According. A person has a higher risk of developing cancer 

the more radiation they receive. There is no level below which we can say an exposure does not pose a 

risk to life, and the cancer may not manifest itself for many years (typically 10 to 40 years) after the 

radiation dose is received [3]. 

Because these substances emit radiation as a result of the breakdown of natural radionuclides and 

contribute to the total absorbed dose through ingestion, inhalation, and external irradiation, the study 

of the radioactive components in soil is a key component in understanding the behavior of radioactivity 

in the ecosystem [4] The researchers, who have led the surveys across the world are therefore very 

interested in measurements of natural radioactivity in soils and radiation doses. [5],[6]. 

There  have been  many  surveys  to  determine  the background levels of radionuclides in soils   which 

have been turned out to calculate the absorbed dose in air [7]. 

This paper presents the indoor and outdoor the annual effective dose equivalent rate (AEDE) and the 

excess lifetime cancer risk (ELCR)  and Effective Dose to Different Body Organs (Dorgan) for the 

occupationally exposed and non-occupationally exposed living within Bani Waleed City. 

0.2 Supplementary Materials And Methods 

0.2  Research area 
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City of Bani Waleed located at170 kilometres south of Tripoli, at 14 00 50" E and 31 45 43" N, and 

about 837 feet above sea level as shown in Fig 1. The city has a population of about 100,000. The 

structural geology of the area mainly sedimentary rocks with minor metamorphic and igneous rocks 

distributed at the surface It is famous by olive trees, which extends along the valley. The city is 

characterized by a semidesert climate, where the temperature in summer reaches 45 degrees Celsius 

and drops to about 15 degrees Celsius in winter. The city of Bani Waleed was subjected to two wars in 

2011 and 2012, which caused complete destruction to some places, including the three sites as shown 

in Fig. (1a, 1b and 1c) that are investigated in this study.  

 

 
Fig. 1: Bani Waleed Location 

 
 

 
Fig. 1a: Tagrafeet location 

 
 

 Bani Waleed 
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Fig. 1b: City Centre location. 

 
Fig. 1c: Sakia Camp. 

2.2  Sample Collection and Preparation 

Nine samples were taken from the three different sites, and the soil samples were determined by using 

a portable Global Positioning System (GPS). The samples were taken 10 cm below the surface, placed 

in coded polythene bags, and sent to the Environmental Studies radiation laboratory at Alexandria 

University's Institute of Graduate Studies and Research (IGSR), where a high gamma spectrometry 

(HPG) detector was employed to evaluate the radionuclide activity concentration. The samples were air 

dried then, weighed using an electronic balance, and thereafter drained in a 110 °C oven. The samples 

were reduced to a fine powder and sieved through a mesh with just a 2 mm pore size. The 226Ra and 

232Th short-lived daughter radionuclides were then properly sealed and stored for a month to achieve 

secular equilibrium with their long-lived parent radionuclides. 

 

2.3 Gamma-ray spectra measurements.  

The γ -ray spectra of the soil samples were evaluated using a high purity vertical HPGe detector (p-type 

with a relative efficiency of 25% and peak to Compton ratio of 54:1). The detector's energy resolution 

(FWHM) for the 1332 keV 60Co γ-ray line source was 1.9 keV. The Genie-2000 analysis software, 

version 3.0, was used with the detector in conjunction with the Canberra data acquisition system to 

perform peak area determination, background subtraction, as well as γ-ray energy and radionuclide 

identification. A lead cylinder measuring 10 cm in thickness that was internally lined with a copper 

cylinder measuring 2 mm in thickness served as a shield for the HPGe detector. For counting during 

an accumulation time of 14400s, the Sample containers were placed one at a time on top of the 

detector (just below the shield). For back scattering and background radiation, all measurements were 
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adjusted. Based on the energy of its γ-ray line, which is 1460.8 keV, the activity of 40K has been 

calculated. The specific activity of 232Th has been calculated using γ-ray lines of energies 338.4 keV 

and the 911.2 from 228Ac, the 727.3 keV from 212Bi, and the 583.2 keV from 208Tl decay products. The 

activities of the decay products 214Pb and 214Bi were taken to represent 226Ra using the γ-ray lines of 

energies 295.2 keV and 351.9 keV from 214P [8]. The γ-ray spectra of the samples were measured at 

The Environmental studies. Department, Institute of Graduate studies and Research, Alexandria 

University, Egypt. 

 

3.0 Calculations of activities, hazard indices and dose parameters 

The activity concentrations of 226Ra for 238U, 232Th, and 40K radionuclides were represented in the 

calculations in this section by the symbols ARa, ATh, and AK, respectively. 

3.1. activity concentration (A) in (Bq kg-1) 

For the radionuclides 226Ra, 343Th, and 40K, the          activity concentration Ai of any taken γ-ray line 

to represent this parameter has been calculated using the relation [9]. 

 

Where Ci is the net peak area of the γ-ray line at energy E after subtracting the background, (E) is the 

detector efficiency of such a γ-ray line, t is the measurement time in seconds, and m is the sample 

mass in kg. For 226Ra, 232Th, and 40K, the globally recognized criteria of A are 35, 30, and 400 Bqkg-1, 

respectively. 

 

3.2 Annual effective dose equivalent (AEDE) 

With an outdoor occupancy factor of 0.2 and an indoor occupancy factor of 0.8, the conversion factor 

(0.7 SvGy-1) from absorbed dose rate in air in nGyh-1 to effective dose rate in mSvyr-1 is used to 

estimate the AEDE. The following equation was used to determine the AEDE (Indoor and Outdoor) . 

[2]. 

 

 

 

These metrics assess the likelihood of both stochastic and deterministic effects in irradiated people. 

The annual effective dose equivalent should not exceed 0.48 mSvyr-1, and the total annual effective 

dose equivalent (indoors and outdoors) should not exceed        1 mSvyr-1 [2].  

3.3 Excess Lifetime Cancer Risk (ELCR):  

As a result, the in-situ measurement processing can determine the corresponding annual equivalent 

dose, taking into account both the exposure level and the risk of developing cancer in the future. [10[, 

[11], [12]. used the mathematical relationship represented by the following equation to calculate the 

ELCR rate in mSvy-1. 
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Where RF is the risk factor (Sv), or the likelihood of dying from cancer per Sievert, and DL is the 

average life expectancy (70 years) for the general population, the [13]. Used RF = 0.05 for stochastic 

effects.  

Therefore, we use the equations (5, 6) below to            evaluate the Indoor and Outdoor ELCR. 

 

 

 3.4 Effective Dose to Different Body Organs 

      (Dorgan). 

The effective dose to the organ (Dorgan) is a measure of the amount of radiation absorbed by the various 

organs and tissues of the body.  

Equation (7) is used to calculate the (Dorgan)  of the body due to inhalation [10]. 

 

F is the conversion factor of organ dose from air dose, and AEDEM is the mean annual effective dose 

equivalent (indoor and outdoor). The F values for the lungs, ovaries, bone marrow, testes, kidney, liver, 

and entire body, according to [14]. are 0.64, 0.58, 0.69, 0.82, 0.62, 0.46, and 0.68. 

4.0 Result and Discussion: 

The sampling points shown in the table (1)) below were utilized to determine the activity 

concentrations of the three naturally occurring radionuclides 226Ra, 232Th, and 40K in the soil 

throughout the study area. The activity concentration values of 226Ra varied from 22.01 ±0.085 to 

86.53 ±0.155 Bqkg-1, with an overall mean value of 50.46 ±0.118 Bqkg-1 exceeding the permissible 

world value of 35 Bqkg-1 while the activity concentration values of 232Th ranged from 11.46 ±0.056 to 

61.84 ±0.131 Bqkg-1 and the mean average value is 31.72. The 40K ranged between 381 ±0.325 and 

707.4 Bqkg-1, with an overall average value of 477.92 ±0.364 Bqkg-1. Samples from B2 in City Centre 

had the highest average concentration of 40K, while B3 in City Centre had the lowest value. 

The annual effective dose equivalent (AEDE) were calculated for the three sites in Bani Waleed City 

and found that the values ranges from 0.028, 0.112 and 0.140 mSvy-1 to 0.118, 0.474 and 0.592 

mSvy-1  for AEDEout, AEDEin and AEDET respectively. The mean values are 0.077, 0.310 and 0.387 

mSvy-1 respectively, All the average values are lower than that of the world average of (1.0 mSvy-1). 

Tables (2)), shows the ELCR for the three zones, a comparison with the global average as shown in 

Fig.2. The outdoor ELCR ranges from 0.10 x 10-3 to 0.41 x 10-3, with a mean of 0.0725 x10-3, which is 

below the global average of 0.29 x 10-3 [11]. According to a summary of the ELCR (Table (2)), the indoor 

ELCR ranges from 0.30 x 10-3 to 1.66 x 10-3 with a mean value of 0.27 x 10-3 as shown in Fig.3. These 

low excess lifetime cancer risk levels imply that there is a low likelihood that residents will develop 

cancer.. The total excess life cancer risk (ELCRT) was also calculated using equation (4) and the results 

were displayed in Table (2)) and Fig.4. The ELCRT ranged from 0.49 x 10-3 to 0.207 x 10-3 with a mean 
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value of 1.35 x 10-3, exceeding the global average of 0.29 x 10-3. With an average range of 0.95 10-3, 

the safe range for ELCR is between 0.70 ×10-3 and 1.33 10-3. [15], [16]. 

 

Table 1. The Radioactivity Concentrations of 226Ra, 228AC and 40K (BqKg-1) in the Soil Samples from 

three Locations in the City of Bani Waleed 

Sites Sample No. 226Ra 228AC 40K 

Tagrafeet  

A1 34.32  ± 0.097 29.23  ± 0.090 570.3  ± 0.398 

A2 40.39 ± 0.105 21.63  ± 0.077 511.4  ± 0.376 

A3 62.49  ± 0.131 37.90  ± 0.102 408.2  ± 0.336 

City Center  

B1 30.46  ± 0.091 11.46  ± 0.056 51.99  ± 0.120 

B2 59.16  ± 0.128 61.84 ± 0.131 707.4  ± 0.443 

B3 45.51 ± 0.112 19.95 ± 0.074 381.2  ± 0.325 

Sakia  

C1 69.3  ± 0.138 29.54  ± 0.090 480.9  ± 0.365 

C2 26.01  ± 0.085 40.84  ± 0.106 640.7  ± 0.421 

C3 86.53  ± 0.155 33.11 ± 0.095 549.2  ± 0.390 

Min 
26.01  ± 

0.085 
11.46  ± 0.056 381.2  ± 0.325 

Max 
86.53  ± 

0.155 
61.84 ± 0.131 707.4  ± 0.443 

Mean Value 50.46 ± 0.118 31.72 ± 0.093 477.92 ± 0.364 

World average value 35 30 400 

 

 

Table 2. The absorbed dose rate (DR), the outdoor (AEDEout) and indoor (AEDEin) annual effective dose 

equivalent, the total effective dose equivalent( AEDET), the  total excess life cancer risk  (ELCR), 

indoor (ELCRin)  and outdoor  (ELCRout)  for the soil samples collected  from Bani Walleed city –Libya. 

Sites Sampl
e ID 

DR 
(nGYh

1) 

AEDEout 

(mSvy-1) 
AEDEin 

(mSvy-1) 
AEDET 

(mSvy-1) 
ELCRin  
mSv yr-

1 

ELCR out 
mSv yr-1 

ELCR  
mSv yr-1 

Tagrafee

t  

A1 58.53 0.072 0.287 0.359 0.00100 0.00025 0.00126 

A2 53.56 0.066 0.263 0.329 0.00092 0.00023 0.00115 

A3 69.33 0.085 0.340 0.425 0.00119 0.00030 0.00149 

City 

Center  

B1 22.83 0.028 0.112 0.140 0.00039 0.00010 0.00049 

B2 96.62 0.118 0.474 0.592 0.00166 0.00041 0.00207 

B3 49.03 0.060 0.241 0.301 0.00084 0.00021 0.00105 

Sakia  

C1 69.83 0.086 0.343 0.429 0.00120 0.00030 0.00150 

C2 65.69 0.081 0.322 0.403 0.00113 0.00028 0.00141 

C3 82.48 0.101 0.405 0.506 0.00142 0.00035 0.00177 

Min 22.83 0.028 0.112 0.140 0.00039 0.00010 0.00049 

Max 96.62 0.118 0.474 0.592 0.00166 0.00041 0.00207 

Mean value  63.09 0.077 0.310 0.387 0.00027 0.000072

5 

0.00135 

World av. value 60 0.07 0.50 1.0   0.29 × 
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10-3 

 

 

 
Fig. 2: Excess Lifetime Cancer Risk Outdoor (ELCRout) in the Study Area. 

 
Fig. 3: Excess Lifetime Cancer Risk Indoor (ELCRin) in the Study Area. 

 

 
Fig. 4: Total Excess Lifetime Cancer Risk (ELCRT) in the Study Area. 

 

 

Table (3)) show the estimated Dorgan values for radiation exposure and inhalation in the lungs, ovaries, 

bone marrow, testes, kidney, liver, and entire body in the selected area. Fig.5 shows the variation of 

Dorgan to the different organs. These results are all below the tolerable international limits of 1.0 mSv-1, 
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indicating that the radiation levels in the study area do not pose a health risk. [10], [17], [18]. The 

results show that the whole body have the highest sensitivity to radiation (0.46) while the liver have 

the lowest sensitivity to radiation, respectively (0.141). 

 

Table 2. Mean Annual Effective Dose Equivalent (AEDEm) and Effective Dose rate (Dorgan )  to different body organs and 

tissues in the study area. 

Sites AEDEm 

(mSvy-1) 
Lung

s 
Ovarie

s 
Bone 

marrow 
Teste

s 
Kidney Liver Whole 

Body 

Tagrafeet 
Camp 

0. 371 
0.23

7 
0.215 0.256 0.304 0.230 

0.17
0 

0.252 

City Center 
Camp 

0.344 
0.22

0 
0.200 0.238 0.282 0.213 

0.15
8 

0.234 

Sakia Camp 0.445 
0.28

5 
0.258 0.307 0.365 0.276 

0.20
5 

0.303 

Mean value 0.387 
0.19

6 
0.178 0.212 0.252 0.190 

0.14
1 

0.46 

World Mean 
value 

1.0 0.64 0.58 0.69 0.82 0.62 0.46 0.68 

 
 
 
 

 
 

Fig. 5: Effective Dose Rate (Dorgan ) to Different Body 

  Organs and Tissues in the Study Area. 

 

5.0     Conclusion sand recommendation 

Nine soil samples from three sites in Bani Waleed have been analyzed using hyper-pure germanium 

(HPGe) γ-ray spectrometry. The values of activity concentration of 226Ra, 232Th and 40K were excess of 

the permissible Global value 35, 30 and 400 mSvyr-1 respectively, and The AEDET, (outdoor and 

indoor) equivalent dose rate results were all below the 1.0 mSv  yr-1. The values of the total excess Life 

Cancer Risk ELCRT, (outdoor and indoor) for the three zones were comparison with the global average 

and are below the world permissible value.  

The Dorgan values for radiation exposure and inhalation in the lungs, ovaries, bone marrow, testes, 

kidney, liver, and entire body in the selected area are all below the tolerable international limits of 1.0 

mSv. 
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Which further indicates that the radiation levels of the studied area do not pose immediate health 

effect on residents of the city. 

 

 

Abbreviations 

HPGe 

226Ra 

232Th 

40K 

FWHM 

Γ-Ray 

mSvGy-1 

nGyh-1 

DR 

AEDET 

AEDEin 

AEDEOut 

 

AEDEM 

ELCRT 

ELCRIN 

ELCROUT 

Highper-Pure Germanium 

Radium 226 

Thorium 232 

Potassium 40 

Full width high measurement 

Gamma Ray 

Mill Sievert Gray per year 

Nano gray per hour 

Dose Rate 

Total Annul effective dose Equivalent 

Annul effective dose Equivalent indoor 

Annul effective dose Equivalent  

outdoor. 

Mean Annul effective dose Equivalent 

Total Excess Life Cancer Risk. 

Excess Life Cancer Risk indoor. 

Excess Life Cancer Risk outdoor 
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Abstract: The continuity of electric energy and its availability provision at an appropriate price is a 
measure of the country’s progress, and the electric power system, which consists of generation units 
and networks for the transmission and distribution of electric power, requires enormous efforts and 
large and diverse equipment in order to deliver the electric current to the consumer in a correct and 

continuous manner. The electrical power system, including its components, such as generators, 
transformers, overhead transmission lines, and cables for transmitting and distributing electrical 
power, is exposed to some malfunctions that may cause the system to stop working due to a 
malfunction or damage to one of the elements of this system and consequently a power outage if the 
necessary preventive measures are not taken, and accordingly This paper presents a study on the 

differential protection of electrical transformers This is due to the importance of transformers in 
raising and lowering the voltage in the electrical power system and transferring power over very long 
distances from its generation sites to its utilization sites. where has been made Conducting of a 
simulation through the work of transformers and the causes that lead to malfunctions in these 
transformers, to arrive at the appropriate protection method for these transformers based on the study 
of the problems that caused these malfunctions. 

 
Keywords: (power system, transmission lines, differential protection) 

Introduction: 

The electrical transformer is considered the most widespread and common element of the electrical 

network in its forms, sizes and functions. The electrical network contains dozens of generators, but it 

contains tens of thousands of transformers. Of course, only cables and overhead lines compete with it 

in this wide spread within the electrical power system, but the diversity in shapes, sizes and functions 

Electrical transformers are considered the most important among the elements of electrical power 

systems, and the electrical transformer is a very important part in the electrical circuit, and without it, 

the following vital purposes would not have been achieved: 

- Transferring electrical power in huge quantities over very long distances from the sites of its 

generation to the areas of utilization on high electrical voltages.[1] 

- Distributing electrical power over areas to benefit from it with appropriate efforts for the purposes of 

using it in homes and factories, and aligning any electrical device regardless of the effort it works 

with.[2] 

Therefore, in this paper focused on how to protect electrical transformers using differential protection 

devices, as they are among the most important devices used in the electrical network, due to their 

sensitivity, reliability, selectivity and speed. 

And Due to the problems that electrical transformers are exposed to as a result of lightning strikes, 

trees, birds and others, which leads to malfunctions on the transformers or an increase in currents 

and transient voltages, and electrical transformers are considered among the most important elements 

in the electrical network, so protecting these transformers is one of the basics of Electric power to 

ensure the continuity of the transmission of electric power without permanent interruption that affects 

consumers directly. 

In this paper, a differential protection was designed on the electrical transformer and this protection 

was tested by placing faults inside the area in which the transformer is located (the area to be 
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protected) and outside the area, and since we noticed that this protection works when the fault is in 

the area to be protected and does not work if the fault is outside it. 

 

differential protection: 

The use of surge relays does not meet all the necessary protective conditions in the electrical power 

system.[3-10] 

We have noticed that the separation time always increases towards the source regardless of the 

gradient method used, and this in turn may pose a danger to the generation stations as well as to the 

transfer stations in addition to the direct impact on the balance of the network Therefore the method 

of unit protection or differential protection is used to protect Generators, transformers, engines and 

bus bar.[4] 

 

- fault type and their effects: 

In order to design a suitable protection system for voltage transformers, it is necessary to be aware of 

most of the errors that the transformer is exposed to.[6-8] 

1. An external short (ground) on the ends of the high voltage coil cables. 

2. An external short (between two sides) on the ends of the cables connecting the high voltage coils. 

3. An internal short (ground) on one of the high voltage coils. 

4. An internal short (between two faces) in the direction of high voltage. 

5. A short circuit between the windings of the high voltage coil. 

6. An external fault (ground) on the ends of one of the cables connecting the low voltage coils. 

7- An external short (between two sides) on the ends of the cables for connecting the low voltage coils. 

8. An internal short (ground) on one of the low voltage windings. 

9. An internal short (between two sides) of the low voltage coils. 

10. A short circuit between the windings of the low voltage coil. 

 11. Ground floor near the generator. 

12. A palace between two faces. 

 

Classification of faults: 

Malfunctions are often classified as: 

according to the number of phases affected by the fault The  may be: 

- single line to ground. 

- Double lines to ground. 

- Three lines. 

- Two lines touching together Phase to Phase. 

-Three lines to ground.[5] 

 

THE RESULTS AND DISCUSSIONS: 

Protection of electrical transformers using differential protection:- 

The following figure shows how to protect electrical transformers using differential protection. 
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Fig (1) How to protect electrical transformers using differential protection 

 

 

Fig (2) Internal logic Circuit 

 

 

 

 

 

case1: In the case of no failure on the transmission line: 
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Fig (3) Stabilization of currents in the system (before the transformer). 

 

 

Fig (4): The currents are stable in the system (after the transformer) and the relay is not working 

 

 

Fig (5) Stabilization of voltages in the system (before the transformer) 
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Fig (6) Stabilization of voltages in the system (after the transformer). 

 

case2: In the case of a failure on the transmission line: 

 When a malfunction occurs on the transmission line, the places where the malfunction occurs can be 

as follows: - 

1- The beginning of the transmission line and outside the protected area. 

-2 Inside the protected area, i.e. next to the voltage transformer. 

3- The end of the transmission line and outside the protected area. 

- If we assume that there are faults in each of the previous cases on the transmission line, let us see 

what will happen to the currents and voltages before and after the transformer, and what can happen 

to the relay when the fault is inside or outside the protected area. 

- In the case of the fault occurring at the beginning of the transmission line and outside the protected 

area, knowing that the fault could be one of the following types of faults:  

 - Single line to ground (S-L-G). 

- Line To Line (L-L). 

- Double Line To Ground (D-L-G). 

- Three Line To Ground (T-L-G).[9] 

it's worth mentioning that There are other types of malfunctions, but the aforementioned are the 

mostly need types in comparison with other types. 

case3: In the case of a fault type (S-L-G) at the beginning of the transmission line and outside the 

protected area. 

 

Fig (7) Waves of currents (before the transformer) and the type of fault (S-L-G). 
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Fig (8) Waves of currents (after the transformer), the signal of the relay (not working) and the type of fault (S-L-G). 

 

case4: In the case of a fault type (L-L) at the beginning of the transmission line and outside the 

protected area.  

 

 

 

Fig (9) Waves of currents (before the transformer) and the type of fault (L-L). 

 

 

Fig (10) Waves of currents (after the transformer), the signal of the relay (not working) and the type of fault (L-L). 
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case5: In the case of a fault type (D-L-G) at the beginning of the transmission line and outside the 

protected area. 

 

Fig (11) Waves currents (before transformer) and fault type (D-L-G) 

 

 

Fig (12) Waves of currents (after the transformer), relay signal and fault type (D-L-G). 

 

Case6: In the case of a fault type (T-L-G) at the beginning of the transmission line and outside the 

protected area. 

 

Fig (13) current waves (before transformer) and fault type (T-L-G). 
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Fig (14) current waves (after the transformer), the signal of the relay (not working) and the type of fault (T-L-G). 

case7: If the fault occurs inside the protected area. 

 

 

Fig (15) The occurrence of a disconnection on the system due to a malfunction. 

 

 

Fig (16) The occurrence of a disconnection on the system due to the work of the relay. 
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- Likewise, if the fault type was changed at (FauLt-2) to other types 

A- Line to Line. 

B- Double Line to Ground. 

C- Three Line to Ground.[7] 

we will notice that the relay responds to all types of faults. 

 

Case8: In the case of a fault occurring at the end of the transmission line and outside the protected 

area. 

A- Assuming the fault type is (S-L-G): 

 

 

Fig (17) The current waves (after the transformer), the signal of the relay (not working) and the type of fault (S-L-G) 

 

 

Fig (18) current waves (before the transformer) and the type of fault (S-L-G). 

 

B-  In the case of a fault type (L-L):  
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Fig (19) Waves of currents (after the transformer), the signal of the relay (not working) and the type of fault (L-L). 

 

 

Fig (20) current waves (before transformer) and fault type (L-L). 

 

 

C - Assuming the occurrence of the fault type (D-L-G): 

 

Fig (21) Waves of currents (after the transformer) and the signal of the relay (not working) and the type of fault (D-L-

G). 
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Fig (22) Waves of currents (before the transformer) and the type of fault (D-L-G). 

 

 

D- In the case of a fault type (T-L-G): 

 

Fig (23) oscillation of the current waves (after the transformer) and the relay does not work and the fault type is (T-

L-G). 

 

 

Fig (24) Oscillation of current waves (before the transformer) and the type of fault (T-L-G). 
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Conclusion:  

A Matlab simulation of an  electric transformer was presented in this work a shown in the results this 

simulation has been tested for many cases and for all cases it gave satisfactory results and Through 

the study, it became clear that the protection of electrical transformers within an integrated system is 

of importance, which affects the safety of these transformers and the efficiency of their work in the 

long run, so that they are not affected by the malfunctions of neighboring devices within the system. 

 And Through practical application, it was found that to reach the goal of protecting transformers, 

moreover are needed structure of the system to implement the transformer protection design without 

changing the basic course of the system, where attention must be paid to the design plan of the 

protection system to match the capacity of the internal system. 
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Abstract Maintenance planning is one of the topics worthy of attention and study due to its 

importance and its connection to the production processes of the factory, given that the means of 

production are exposed to machines and equipment in the factory to a number of problems that 

reduce their production and efficiency and losses as a result of stopping work in production lines and 

frequent breakdowns that occur in the factory due to delay in preventive maintenance procedures or 

poor operation and negligence, so it has become necessary that these problems that hinder the 

production process in the factory .Maintenance work, in its modern scientific concept, relies on 

planning methods to ensure that these activities are implemented to the fullest, at the lowest cost, and 

in the shortest possible time. The problem of this research revolves around how the embarrassing path 

style is used to reduce the time required for maintenance and maintenance work (Textile machines) to 

improve the production process. Through studying the research, it is possible to reach the weaknesses 

of planning maintenance work in the factory and from them in particular by applying scientific 

methods in planning and scheduling maintenance work and benefiting from them and suggesting the 

best method, as well as the best method for planning maintenance work in the factory will be 

proposed, with the aim of reducing the time necessary For maintenance that includes lower costs. 

 
Keywords: (critical path style, maintenance planning, maintenance workshops, preventive 

maintenance) 

Introduction 

Industrial institutions have invested in the construction of factories and production units in recent 

years, implemented the development strategies formulated by these institutions, and completed the 

procurement and installation phase of these factory equipment and started construction. It will 

continue to operate throughout the planned production period. We clarify that the time factor for 

maintaining this equipment is very important to avoid all kinds of serious losses due to the 

interruption of production line work, because this matter requires scientific planning methods, 

especially operations research methods to achieve the shortest possible time for plant equipment 

maintenance , and as already mentioned from the front, it is necessary to accompany the modern 

planning of the modern factory, the method of scientific development and complexity, so the method 

(critical path) is adopted. This method requires less maintenance time. From this perspective, it is 

necessary for the remaining agencies to deal with these constraints and variables in the maintenance 

process in order to achieve their goals and effectively use the resources and opportunities available to 

them without breaking cost and time permitting. The process of planning and maintaining a project 

involves the following three factors: time (time), financial resources (cost), and human resources 

(workers), so the supervisor (decision-making) must combine these three combinations to ensure the 



Salem Milad Abdel Hamid Embayaa, Omar Ahmed Mohamed Addbeebb,  

Walid Emhammed Ghaithc, Meshaal Suliman Almuktard 

م2222ديسمبر  -المجلد الثاني -العدد السادس والعشرون  –مجلة جامعة بني وليد للعلوم الإنسانية والتطبيقية     256 

success of maintenance at the lowest possible cost. Network planning method (Bert, critical path), an 

advanced scientific method for planning and organizing projects in the form of a network, reflecting the 

temporal and logical sequence of implementing project operations and activities and their 

interdependencies. It is also an effective organizational tool to control the progress of work and carry 

out work according to planned procedures, identification of procedures and scheduling of resources 

1. Experimental Procedure  

Maintenance work with its scientific and modern concept depends on planning methods to ensure full 

implementation at the lowest cost and time. And based on the data obtained from the factory, using 

the critical path method is the most appropriate way to plan the maintenance work of the factory 

according to the type and size of the errors that the machines face the factory. In order to plan the 

biannual preventive maintenance, the most important machines (fabric), were selected. One of the 

main lines of the mill (Spinning and Fabrics Department), consisting of (16), has been selected. A 

machine has been chosen as a model for scheduling semi-annual preventive maintenance [where the 

machine is maintained twice a year by taking the machine out of service for a period of 3 days (8 hours 

per day). Its purpose is to prepare a maintenance plan based on the manufacturer's specifications and 

the scope of the maintenance needs of the machine, on the basis of data received from the production 

department of the factory, and on the basis of the nature and extent of the failures to which the 

production machine is subjected, in order to provide the shortest possible completion of repair work 

time and to achieve accurate scheduling, he uses the critical path method as one of the scientific 

methods for planning maintenance work for the machine under study. For the purpose of applying the 

critical path style, the basic works (activities) for the maintenance of the machine must be determined 

in study with the logical sequence of it and the conditions for precedence, which can be clarified in the 

table (1), which shows the regular time for each activity, which depends on the basis of practical 

viewing. 

Table1: The regular time for each activity that can be adopted to plan the maintenance process 

Daily Activity Weekly  Activity Monthly Activity Quarterly Activity 
Half yearly   

Activity 

Activi

ty 
Symb

ol 

Activity 

implementa
tion time 
(MIN)   

Activi

ty 
Symb

ol 

Activity 

implementa
tion time 
(MIN)   

Activi

ty 
Symb

ol 

Activity 

implementa
tion time 
(MIN)   

Activi

ty 
Symb

ol 

Activity 

implementa
tion time 

(MIN) 

Activi

ty 
Symb

ol 

Activity 

implementa
tion time 
(MIN)   

A 5 D 03 H 03 K 03 O 55 

B 55 E 03 I 03 L 03 P 03 

C 55 F 03 J 03 M 55 Q 03 

  G 20   N 60 R 30 

                S 03 

                T 55 

        U 180 

                V 503 

 

For the purpose of implementing the critical path style, basic activities must be represented with a 

network that shows the sequence of these activities, which can be adopted to plan maintenance work 

as shown in the figure (1). 
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Fig. 1: Win QSP Program 

1.1 Solve the problem using the program (WIN QSB) 

Based on the study of the problem and to reach accurate results in calculating the times for the 

activities and determining the critical path and its time, the program (WIN QSB) was used, which 

contains a package of ready-made programs, one of which is a program for network diagrams (CPM-

PERT), which was used in planning maintenance operations. After opening the program window and 

entering the data of the basic works (activities) for maintaining the machine under study shown in 

(Table 2), which shows the activities code, previous activities and the usual time. The time calculations 

for the activities were obtained as shown in Table (3), and the critical path and its time were 

determined as shown in Table (4). 

 

Table2: symbols of activities, previous activities, and the usual time 

Normal time Immediate predecessor (list 
number/name, separated by ',') 

Activity name Activity number 

5  A 5 

55 A B 0 

55 A C 0 

03 B,C D 5 

03 D E 5 

03 D F 6 

03 E,F G 7 

03 G H 8 

03 G I 9 

03 H,I J 53 

03 J K 55 

03 J L 50 

55 K,L M 50 

63 K,L N 55 

55 M,N O 55 

03 M,N P 56 

03 O,P Q 57 

03 O,P R 58 

03 Q,R S 59 

55 Q,R T 03 

583 S,T U 05 

503 U V 00 
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Table3: Calculating times for activities 

Slack 

(LS-
ES) 

Latest 

finish 

Latest 

star 

Earliest 

finish 

Earliest 

start 

Activity 

Time 

On Critical 

Path 

Activit

y 
name 

53-30-0350 

35:09:35 

3 5 3 5 3 5 5 A 5 

3 03 5 03 5 55 55 B 0 

3 03 5 03 5 55 55 C 0 

3 53 03 53 03 03 03 D 5 

3 83 53 83 53 03 03 E 5 

53 83 63 73 53 03 03 F 6 

3 533 83 533 83 03 03 G 7 

3 503 533 503 533 03 03 H 8 

53 503 553 503 533 03 03 I 9 

3 563 503 563 503 03 03 J 53 

3 593 563 593 563 03 03 K 55 

3 593 563 593 563 03 03 L 50 

55 053 005 035 593 55 55 M 50 

3 053 593 053 593 63 63 N 55 

3 095 053 095 053 55 55 O 55 

55 095 065 083 053 03 03 P 56 

3 005 095 005 095 03 03 Q 57 

3 005 095 005 095 03 03 R 58 

55 073 053 055 005 03 03 S 59 

3 073 005 073 005 55 55 T 03 

3 553 073 553 073 583 583 U 05 

3 673 553 673 553 503 503 V 00 

         

  minutes 673 - Time completion project  

   8 - Paths Critical numb
er of 

 

 

Table3: Determine the critical path and its time 

CP8 CP7 CP6 CP5 CP4 CP3 CP2 CP1 53-35-0350  

A A A A A A A A 5 

C C C C B B B B 0 

D D D D D D D D 0 

E E E E E E E E 5 

G G G G G G G G 5 

H H H H H H H H 6 

J J J J J J J J 7 

L L K K L L K K 8 

N N N N N N N N 9 

O O O O O O O O 53 

R Q R Q R Q R Q 55 

T T T T T T T T 50 

U U U U U U U U 50 

V V V V V V V V 55 

         

673 673 673 673 673 673 673 673 Completion Time 

 

Conclusion  

We review the most important conclusions reached by this study, depending on the theoretical side 

and the applied side: 

1. Through the study and practical application of the critical path method for planning maintenance 

work in the factory, it was found that it is possible to reduce the time taken to perform 

maintenance work on the machine from (24 hours - 11.17 hours) and thus increase production in 

the factory. 
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2. The study provided a scientific example of the effectiveness of the critical path method as one of 

the scientific methods for planning maintenance work in the factory. 

3.  Despite the good results obtained through the application of the critical path method for planning 

maintenance work in the factory, it remains very sensitive to the accuracy of the information and 

data provided by the factory. 

4. Non-application of scientific methods in planning maintenance in the factory has led to an 

increase in the time spent on preventive maintenance, and thus an increase in costs. 

5. The study that was carried out reinforced the hypothesis, which was adopted in the methodology 

of the study, which states that (there is a weakness in the efficiency of planning maintenance work 

in the factory, including through the application of scientific methods in planning and scheduling 

maintenance work, making use of it, and suggesting the best method) 
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(CASE STUDY) 
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Abstract: In this study the problem of cracks appearing in walls especially around door openings and 

windows was addressed Which takes approximately a slope at an angle (45*) and the door and window 

openings are the weakest part of the wall we also sometimes notice the appearance of horizontal 

cracks above the windows lintels which are caused by the impact Thermal  the appearance of cracks 

in buildings leads to distortion of the general appearance of the walls whether from the inside or 

outside it also leads to the leakage of rain water through it and the emergence of this problem is due 

to many some of the reasons are related to the method of implementation and some are related to the 

type of bricks used in construction work the other is due to the seasonal change in temperature and 

humidity in addition to the misuse of opening operations and the lock for doors and windows and 

therefore the dimensions of the windows compared to the dimensions of the wall it was also discussed 

the steps that can be taken to avoid the appearance of cracks some of which are related to in proper 

materials and structural issues-foundation and soil movement and the method of implementation for 

walls windowsills and doors. 

 
Keywords: cracks, walls, building, horizontal cracks.

Introduction 

Cracks around doors and windows in construction are one of the common aesthetic defects when refer 

to aesthetic is because in most cases these cracks are not caused by major structural damage cracks 

are the presence of faults or breakage of building materials mainly caused by uneven internal stress or 

stress concentration [1] it is necessary to ensure the safety durability and serviceability of the 

buildings [4-6]. 

Crack can be classified as either structural cracks or non-structural cracks depending on the way of 

internal stress failure of the building material. Structural defects consist of complete or incomplete 

separation within a single element or between continuous element of construction or a line along 

which a material is broken into parts [2-5]. Non –structural cracks develop due to the inducement of 

initial stresses in building materials and their depth is less only a few mm they exist on the surface 

only [3]. The cracks around the doors and windows openings are attributed to various effects ranging 

from humidity and temperature fluctuations poor construction in proper materials and structural 

issues –foundation and soil movement. To evaluate this problem required to visit one of the houses as 

case study. 

Problem statement: 

Due to the prevalence of cracks around the opening s of doors and windows in many new and old 

buildings implementation for importance the topic requires us to prepare a study to find out the 

reasons of this problem in the study targeted residential building in the city of Bani Walid it has been 

implemented for more than thirty years and it has helped me. 

The owner of this building that he suffers from the problem of cracks the openings of doors and 

windows which it appeared in the building shortly after the completion of the finishing work for the 

building and despite an operation maintenance of the building and its attempt to hide these cracks 

but they reappeared without knowing the reasons for this problem and accordingly  I made a field visit 
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as case study to the building concerned with the study and it was written down notes and information 

that can help us to determine the reasons that lead to the emergence of this problem which is next: 

1- The building has been implemented since 1993 

2- The building was executed without re-structuring plans. 

3- There's no soil investigation tests. 

4- The building was executed without engineering supervision. 

5- The wall was built from hollow cement blocks. 

6- The dimensions of the window openings (1×1.2 meters) and the dimensions of the doors 

(1.0×2.10 meters)   

7- Most of the width dimensions of the walls with window openings (4.50 meters)  

8- The building was maintained after twenty years of its implementation. 

9- The building has inclined cracks approximately at an angle (45) above the door and window 

openings it is wider at the corner of the door and window and becomes smaller when it moves 

up as shown in the figures (1,2,3,4). And cracks down the openings windows and horizontal 

cracks above the lintel of the window openings as shown in the figures (1,2,3,4) 

10- There's diagonal cracks in the outer and inner walls. 

11- The building still in good condition structurally (there's no cracks in the main structural 

elements) . 

 

 

Fig. 1: shows cracks at the bottom of the window 

 

Fig. 2: shows the cracks at the top of the window 
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Fig. 3: shows the cracks at the top of the window 

 

Fig. 4: shows cracks at the bottom of the window 

 

Fig. 5: shows the method of supporting the walls with an iron grid of diameter (Ø 10mm) 

  Causes of cracks around the doors and windows openings: 

1-  The lintel is implemented structurally incorrectly as the lintel based on small distances it 

may not exceed 20 cm 

2- The subsidence of the foundations leads to the appearance of such cracks  

3- Poor implementation as sometimes construction operations are not carried out in 

accordance with the technical requirements in addition sometimes twice the cement 

mortar. 

4- Poor quality of bricks used in construction work as they are not made in most brick 

factories all types of testing are required to determine the quality of the product. 

5- The dimensions of the window openings compared to the dimensions of the wall 

sometimes the window openings are large compared to the dimensions of the wall which to 

leads to the weakness of the wall. 

6- The seasonal change in temperature and humidity has a significant impact on the walls as 

this results in stress leads to the appearance of cracks in the walls. 
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7- Doors and windows are elements that produce constant movement and impacts when 

opening and closing in many occasions slamming doors that cause a lot of vibrations 

these vibrations or shocks create tensions in the plaster or surface coatings. 

8- This type of cracks caused by differential settlements in the ground is something that 

cannot be avoided after construction is done. 

Recommendations:  
1- Recommended to execute reinforce concert frame around the doors and windows 

openings to resist appearance cracks at the angles. 
2- The walls must be constructed by using good quality of blocks according the 

specifications. 
3- The walls must be placed steel mish each three layers of blocks according the picture 

(5) to be resist the temperature change and humidity and shear force. 
4- Lintel must be supported of each side of windows or door opening at least 40 cm to 

support the weakest part of the door and window. 
5- Recommended to cast the lintels in situ and the thickness of lintels maximum of (20 

cm – 1/8 width of opening). 
6- Must be used skills labors for masonry work.  
7- Must be done the steel or plastic mesh in the area around the cracks during the 

plaster work.  
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