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ABSTRACT

The aim of this thesis is to study the effecl of dust and sand storms
on the microwave links and apply the results of this study to the
microwave link from Agedabia to Jalo between longitude (20.13 10 21.4¢0
N} and latimde (30.45 to 29.10 [F) ,

The first step is the collection of dust and sand samples from seven
sites from Agedabia to Jalo and analyze them to find the chemical
composition and practical size distribution PSD.

The second step is it find the relative permittivity and calculate
the visibility from the wind speed data and the results of step one.

The third step is 10 calculate the attenuation factor and from it find
the attenuation to the wave for the path that has the longest distance in the

region under the study.
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CHAPTER 1

Introduction



1-1 Introduction

The millimeter wave band provides the potential for more services
than all of the lower radio bands together, unfortunately, the shorter the
wavelength the more attenuation will be induced by absorption and
scattering due o rain, dust and sand particles in the radio path, [I the
excess attenuation exceeds the available fade margin, the result is service
interruption and system owage. For frequencies below 10 Giz, the
commeon practice has been that the allowed outage time 1s allocated to
equipment failure and fading. Excess attenuation due to hydrometers and
other particles can be significant below 10 GHz, particularly in tropical
areas. In the mitlimeter wave band, however, the practice was revised to
allow more margins for rain and other effects induced attenuation. to
meet reliability objectives, shorter hops must be used for moderate rain
areas and wet regions, with shorier hops. most of the outage budget can
be allocated to rain attenuation since significant refractive fading i3 less
likely to occur on a short hop. In dry areas, marked by less than 200 mm
of 1otal rainfall per year, (as is the case for some parts of Libya) longer
hops can be operated in the millimeter wave band with acceptable
reliability. however, such areas are subject te frequent sand and dust
storms during which particles of sand and dust may rise high enough
above the ground (o obstruct the radio beam either by attenuating or by
cross polarizating it, Such storms may last for minules or days, reducing

visibilily 10 several kilometers or as little as a few meters.

“In the literature the particles with radii less than 60 micron termed
clay or silt, and the dust used to refer to airborne particles with radii less
than 60 micron. Airborne particles with radii greater than 60 micron
maintain the name sand, these are the definitions used by [1]7, Dust

storms are frequently mislabeled as “sandstorms.” these are two different
]
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phenomena, dust storms usually occur over arable land where there has
been a drought over extended periods, strong winds may raise the fine

surface particles, referred to as dust, as high as one kilometer. The

particle diameters are generally less than 80 pm and may be as small as
10um. Hence, the fall speeds of such particles are such that the dust may

vbscure the sun for extended periods. To be classificd as a dust storm, the
vistbility must be smaller than | km, When the visibility is shorter than

500 m, 1t 15 called a “severe dust storm™ [1] .

Libya with total area around 1.75 million square kilometers most of
it is desert, in a most situation for microwave links at some paris that has
too high dust and sand storms, this nccessitate the finding of the chemical
composition of the dust and sand, then estimation of the atienuation due
1o these storms. There 15 no such a siudy before this that is linked directly

to Libya soil properties so this work will be the first to do so.

1 -2 Geography of Libya

l.ocation: Norlhern Africa, bordering the Mediterranean Sea, between
Egypt and Tunisia

Geographic coordinates: 25 00N, 1700 12

Map references: Africa Area: total: 1,759,540 sg km

border countries: Algeria 982 km, Chad 1,055 km, Egypt 1,150 km,
Niger 354 km, Sudan 383 km, Tunisia 459 km as show in Fig.(1.1}

Coastline: i, 770 km . Maritime claims: territorial sea; 12 NM .
Note; Gulf of Sirte closing line - 32 degrees, 30 minutes north
Climate; Mediterranean along coast; dry, extreme desert interior

Terrain: mostly barren, flat 1o undulating plains, plateaus, depressions

Lilevation extremes: lowest point: Sabkhat Ghuzayyil -47 m



Natural resources: petroleum, natural gas, gypsum
[.and use: arable land: 1%. Permanent pastures: 8% .
Forests and woodland: 8%

Natural hazards: het, dry, dust-laden glibly is a southern wind lasting one
to four days in spring and fall; dust storms, sandstorms

Environment - current issues: desertification; very limited natural fresh
waler resources, the Great Manmade River Project, the largest waler
development scheme in the world, is being built to bring water from large
aquifers under the Sahara to coastal cities .

o
Mediterranean  Sea
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Fig. (1.1} Map of Libya



1-3 Aim of the Thesis:
The main aim of this thesis is summarized in the flowing points:-
» Reviewing the effect of sand and dust storms on microwave hink.

e QGetting the chernical composition of dust and, sand as well as the

equivalent dielectric constant.

¢ (ollccting the metcorological data for two citics in for region off

ths study for last 1en years (Agedabia, Jalo) .

+ Studying the effect of sand and dust storms on microwave link

from Agedabia to Julo cities.

» Computing the attenuation effect of sand and dust storms on  LLOS

at the arca of case study.
1-4 Layout of the Thesis:

This thesis consists of five chapters in addition to the introductory

chapter as follows

» Chapter 2 “Previous Study on the Effect of Sand and Dust
Storms on Microwave Links”, This chapter describes and looks at
literature review on the previous studies done on the effeet of sand

and dust storms on microwave links in neighboring countries

» Chapter 3 “Radio Wave Propagation™ This chapter explains the
general  mtroduction, typical radio  systemy, modulation in
microwave links, frce space propagation, path 10ss measurements,

multi-path fading and diversity measurements.

¢ Chapter 4 “Samples Collection and Meteorological Data® This
chapter includes the gencral introduction, dust and sand data, with

their lab aralysis and results, as well as wind speed data.



s Chapter 3™ Analysis of the Results™ ‘This chapter contains the
analysis of the daia presented in chapter 4 and mainly it founds the
dielectric constant, the probability distribution density and
estimale the visibility from the will find the attenuation to the

microwave signal of the microwave link.

Chapter 6 *Conclusion and Recommendations™ 'This chapter
include the main conclusions of this work and suggest some points as

i future work.



CHAPTER 2

Previous Studies on
the Eftect of Sand
and Dust Storms on

Microwave Links



2-1 Introduction:

This chapter gives the essential bake ground needed for the subject
of this thesis, and looks at previous work done in countries with similar

climate conditions 1o that in Libya.
2-2 Propagation in Dust and Sand:

The propagation of microwave signals in a dusty media (air with
suspended soil particles) find a considerable interest recently; due to

(i} The large development in radio links established in areas where dust

and/or sand storms arc frequently encountered.

(i1) The introduced frequency reuse technique in some of these links.
When the operating frequency above ! GHz echoes from various particles

such as dust, may become significant.

In order to predict the dust dielectric constant from it's minerals
and/or chemical composition values, the following points should be

considered:

I} Chemical and mineral composition of the dust
2) The dielectric constant of each constituent

3) A model for the mixture dielectric constant.

The earth surface is composed of a large number of mincrals
nonhomogeneous mixture form, which means that dust and sand is
expecied to have stmilar composition as that of the parental soil, but it's

percentage may vary.

Several mvestigators studied the elfect of sand and dust on a microwave

signal [2].

The attenuation coefficient due {u] to dust may be expressed by



the formula or the formulation given in [2].
ol ! 1
a=W 3 ko7 | [dBrkm]

A1s the wavelength in meters,

Where :

V is the visibility in kilometers.
W 1s a constant based on the dielectric constants measured in X band,

W=194x107 { for 4% water), W =1.60x107 (for 2% water), and
w=1.15x10" (for 0% water).

“The expression applies to frequencics at or in the vicinity of X band

since the calculation is based on dielectric constants measured in this
band *. [2].

2-3 Previous work in countries with similar climate:

The effects of sand storms on the propagation have been
considered by only few investigators in Sudan , Iraq and Saudi Arabia

this 1s because most of the developed countries do not face this problem,
and they have completely different problem due to rain and snow
2-3-1 Sudan:

En one of his work was carried out by 8. 1. Ghobnal [1] where he
selected four 1owns in Sudan as shown on the map in Fig. (2.1).

‘The measured visibilily at these towns is listed in Table(2-1) . He gave
the statistics of visibility as observed in the four towns. These are the
average of observations made over five years period. The number of

hours is the total time of visibility within the range indicated,



Fig.(2,2})
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over four sites locationed 1n Sudan
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Fig. (2.1) Map of the Sudan Showing Positions of Abu-Hamad, Atbara,
Khartoum and El Obicd

Table(2-1)The Average Number of Hours of Visibility in Four Towns

Visibihty Q- | 100- | 200- | 300- | 400- | 500- | 600- | 700- | BOO- | DOO-
(meter) 10| 200 | 300 | 400 | 500 | 600 | 700 | 8GO { 900 | 1000
Town Hrsfannum
Khartoum | 380 | 5,40 | 6.13 | 727 | 6.75 71 841 | 3.77 | 2.63 | 21.64| Q.79
Abu-Hamad | 0.61 | 452 | 403 | 753 1245 [1516]19.62 1 6.83 [ 1734 | 5.11
ElObied | 237 403 | 622 { 3.77 [ 320 | 4.56 | 2.63 | 0.35 | 13.67| 1.40
Atbara 0791 1591 1.60 | 618 | 3857 675 | 8.76 |10.16; 17,43 ] 4.38
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Fig. (2.2) Conditional Probability against Visibility

The results of Fig. {2.2} show the occurrence of a dust storm with a
visibility smaller than 50 m is approximately 1.3 h on the average during
the year. And the average measured density (p ) of nine samples collected

in Khartoum, is given by p=2.44 x 10° kg/m’,

For visibilities greater than 0.1 km attenuation is less than 0.2 dB
for a path length of 20 km. In general for visibilities betier than 200 m
attenuation 1s neglgible for both linear and circular polarizatien. For
visibilities less than 200 m attenuation increases rapidly with decreasing
visibility. This 18 primanly due 1o the increase in phase difference
between horizontal and vertical polarizations. For visibility of about 5.5m
the phase difference becomes 9% km. For a path of 20 km the angle ¢

becomes 1807 and atlenuation reaches a maximum. [1].



The chemical compositions of typical samples collected in

Khartoum are by weight 62% silicon dioxide, and 38% other metallic

oxitdes including iron and aluminum. The diameters ol most sandstorm
particles are greater than 0.08 mm and are usually beiween 0.15 and 0.3
mm. Sand particles are usually comprised of 92% silicon dioxide by
weight., *The moisture concentration of the soil is 5% at 14, 24, and 37
(GHz, where as the soil moisture concentration of the soil is 2% at 3 and
10.5GHz" |2).

The dielectmic constant of dust collected from central Sudan and
sand collected from northem Sudan were found 10 be different because of
their different chemical compositions and not because of the difference in
grain or particle sizes because of that the attcnuation experienced by a
lincarly polarized wave in dust storms is negligible except for the case of
very severe storms with visibilities of a meter or less. Table (2-2) gives
attenuation in dB/km for the two types of dust considered above for the
different visibilitics. The effects of storms on microwave propagation
were investigaied; it was found that for linear polarization the effect of
dust storms 1s almost negligible except for very dense storms. For circular
polarization, cross polarization can be serious when visibilities fall below
100 m over about 10 km of path, or below 10 m over about | km of path.
this would require extremely severe dust conditions at frequencies around
10 GHz[1].there finding does not agree with the results presented by J.
Goldirsh [2] on the same data were he reported path attenuation of

2.5dB at 5 GMz to i5dB at 20 Gtz as shown in Fig.(2.3) . The peak
path attenuation would reach a level of 22.6 dB at 37 GHz.



Table (2-2) The Attenuation mn dB/km for the Two Types of Dust

Visibility €=523-j0.26 C=6.23-j0.57

(km) ti{dBAm) | o fdHKm) m o {dBAm) | a{dBrkm) m

L0000 | 2.57x107 | 4.80x107 | 0.99997 | 4.10x107 | 8.57x107 | 0.99993
0,500 | 5.27x10™ | 1.03x107 | 099994 | 861x10* | 1.80x107 | 0.99985
0100 | 2052107 | 5.76x107 | 099968 | 4.82x107 | 1.01x107 | 0.99940
0.050 [6.19x107% | 1.21x107 | 099932 | v.o1x10% | 211107 | 0.99873
0010 | 3.46x107 | 6.76x107 | 099621 | 5.66x1072 | 1.18x10" | 0.99292
0005 | 7277107 | 142¢10" | 099206 | 1.09x107 | 2.48<107 | 0.98520

The hacksecatter properties of sand storms had been investigated by

Sharief and others in a couple of publications, full theory and resulied has

been reported [2].

Fatht A lenuation (dH }
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45 e — - - — -
4 Diclectric comstams ‘_,.-"'" |
A : of Table | L ;
..H] w.:n-‘-— s f e i p———
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3% - e e b —
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] =l
) —= v r3 i‘
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3 ’ i
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! ]
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Fig. (2.3) Peak Attenuation Values as a Function of Frequency
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2-3-2 Saudi Arabia

AL Ali [3] presented a procedure for obtaining the optimum hop
length for millimeter wave radio links operating in arid and semi-anid
regions, the procedure is based on long-term meteorological data for
Saudi Arabia, a typical anid land, und a set of actual field mecasurements
from a millimeter-wave radio network, his results were based on a study
of the meteorological data obtained include a 25-year rain and sandstorm
record from 137 recording stations in Saudi Arabia. The study involved
the operatien and monitoring of radio links in the millimeter wave and
infrared parts of the spectrum. Meteorological stations and related test
equipment were also operated and monitored. The experimental system

comprised:

(E} A set of three radio links: two millimeter waves (40 GHz) and one

near infrared (0.88 m) with path distances of 14 km and .75 m.

(i1) Meteorological instrumentation including dust passive collectors, high

volume samplers and a dust particle-size analyzer,

* Predicting attenuation and phase shift caused by sand or dust
storms requires knowledge of pertinent storm paramcters affecting
propagation. Such parameters include particle shape. size distribution,
refractive index, concentration and compasition. A record of all sand and
dust storm cvents which occurred in Saudi Arabin over 20 years from
1968 was obtaincd trom the Meteorological & Environmental Protection
Administration (MEPA). It includes the dates and durations when the
optical visibility was reduced duc 1o storm events. An analysis of
propagation reliability for millimeter wave radio links operating in an arid
climate has been presented. Using the results of actual measuremenis of
cxcess attenuaiion due to rain, sandstorms and fading at 40 GHz in

Riyadh. The results are presented in the form of design charts depicting

14



link reliabifity against fade margin at various hop lengths, The frequency
band from 30 to 70 GHz was covered in 10 GHz increments. Sand
particle sizes of 0.07 and 0.15 mm were considered with moisture
contents of 0%, 5% and 10%. Different design charts were given for
various geographical regions of Saudi Arabia. It is believed that the
analysis will be used by radio engineers designing radio links operating

at Milhimeter wavelengths in an and climate”. [3].
2-3-3 Iraq

Shakir and H.M. Al-Rizzo [4] In their work several windblown and
dust fall samples were collected in the spring, summer and autumn of
1984 at a height of 20 m above the ground surface during severe sand
and dust storms over the city of Baghdad, lraq. The particle-size
distribution (PSD} of the samples was determined using five different
measurement techniques {hydrometer, pipette, sedimentation balance,
optical microscope and coulter counter). The results showed that the
cumulative weight techniques yield almost identical results for all the
samples tested. The mode of the number distribution was found to eccur
at around 2 and 3.5 pwm for the blowing and falling dust samples,
respectively. A computer program was developed to describe the
measured distributions by some analytical functions, It wus found that the
cumulative distributions can be well described by a third degree
polynomiai and log-normal functions for particle diameters ranging from
I to 104 pm. An altenipt has been made to estimate the attenuation ¢ and
phase shift § for a microwave signal for up to 37 GHz utilizing 1he
measured PSD and for different particle moisture contents. [t was
concluded that at 37 Gliz and for 10 m visibility, the upper bound for
and B were 0.7 dB/km and 26.5 degree/km for 20 percent particle

maoisture content



CHAPTER 3

Radio Wave
Propagation



3-1 INTRODUCTION :

A microwave link is the name given to a point-lo-point link using
the propagation of electromagnetic waves at microwave frequencies

through frec space as shown in Figure (3.1). [6] .

Termenal
station

Tarmunal
BtETION

Fig. (3.1} Typical Microwave link

The radio frequencies above 30 M1z, has the iendency to penetrate
the ionosphere making them unsuitable for long distance propagation.
The range ol trequencies from 30 to 300 MHz, are mainly used for line-
of-sight communication. Under many propagation conditions, the loss or
gain of signal due to the atmosphere is uniform across the radio channel
bandwidth; an example is the loss due to extreme rainfall rate or very
strong dust storm. The digital links are 1ypically more resistant to these

types of fades it also gives the (ollowing advantages over analogue links.

» [t removes distortion arising during transmission and gives a better

link quality than that obtained with analogue transmission.

s For signal processing, it is well suited to all types of dula and
information to be transmitted and it uses components designed for
computers, which contribules towards a reduction in the cost of

equipment.

17



When the signal loss imposed by the atmosphere varies across the
frequency band occupied by a radio channel. the channel is said to be

experiencing selective fading other wise it is called flat fading,.
3-2 Tvpical Radio System :

Every radio system consists, in it's simplest of a transmitter, a

I'CCCi"v’{:I' ElI'ld il'l SOITIE CASCS A T{fpﬂﬂtﬁr.
3-2-1 Transmitter:

The two basic transmister categories for digital microwave
transmission are the directly modulated type, which modulates the radio-
frequency carrier with the base band signal (usually without subsequent
amplification), and the indirect heterodyne type, which accepts a
modulated IF signal as input, translates it to RF, and amplifics it to a
power level appropnate for trunsmission, ¢xamples of these are shown in
Figure (3.2).Transmitters of the direct modulation type usually either
amplitude shift key (ASK) or frequency shift key (FSK) the RF
microwave oscillator, or phase shift key (PSK) the output of a microwave
oscillator with a modulator externat to the RF source. The path length
modulator has been used as a PSK modulator. 1t introduces an additional
path length (using diode switches) to achicve a phase shift {e.g., A/2 for
180°,). /4 for 90°, et cetera).

Virtually all modulations may be indirectly generated at IF and
uscd with the heterodyne-type transmitter, but the most widespread [F
modulator applications are in linear transmitters for high capacity digial
radio [5].

3-2-2 Receiver;

Most microwave digital radio receivers arc of the single-

conversion heterodyne type, In receivers which must be of the frequency
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Fig. (3.2) Types of Microwave Transmitters

agile, it may be advantageous to have a second intermediate frequency,

Direct demodulation at RF is feasible, but it has only been used

commercially in a few instances. Block diagrams of three receiver

alternatives are shown in Figure (3.3).

3-2-3 Repeaters:

A microwave digital radio repeater ¢onsists of the equipment to

receive an RF- moedulated signal at one frequency, amplify it, and usually

shift it according to an RF channelization plan to another frequency for

retransmission, in the process, the signal may be shifted to a much lower

imermediate frequency where amplification, space-diversily combining,
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Fig. (3.3} Three Mostly Used Receiver Types

and frequency-domain equalization can be performed economically. It
may then be demodulated, regenerated, and remodulated either at RF or
at [F, with subsequent shifting to the repeater output frequency. As shown

in the block diagram in Figure (3.4), the main parts of a repeater are’
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A helerodyne receiver and beterodyne transmitter with [F

interfaces to the demodulator and modulator, respectively.

* A heterodyne receiver with an IF interface to the demodulator-
regencrator equipment, which in turn interfaces with a directly

modulated transmitter at base band.

» A nonregenerative heterodyne repeater (i.¢., a heterodyne receiver
and @ heterodyne transmitter inierconnected at [F with no

intervening demodulater-regenerator-modulator equipment).
»  An RF nonregenerative repeater without frequency shifting.

The first type is most commonly used in medium and high capacity
systems. The second is ofien used in small capacity systems, and in
systems operating at higher microwave frequencies. The third type is stil!
undergoing many developments, one system allows the shared use of the
protection channel with an analog radio system on the same route, and
lessens the amount of equipment required. The fourth type, the
nonregenerative direct RF repeater 1s essentially a band limited RF
amplifier for each direction of transmission, which has been used in a

number of differcnt applications [5].
3-3 Modulation in microwave links:

The camricr wave in a microwave link suffers a fluctuating
attenuatien of s amplitude during propagation, in additien, some of the

¢lements in the microwave circuits have a non-linear amplitude response,

the amplitude distortion of the camer wave produced by these effects
means that amplitude modulatien is unsuitable for such links, angle

modulation, on the other hand, is almost unaffected by the propagation

conditions or by the non-linear amplitude response of equipment, it also
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Fig. (3.4) Types of Digital Radio Repeaters

provides good protection against noise and most electronic inierference,
which affects only the carricr amplitude, as a result, by fur the largest

number of analogue microwave links use angle modulation for:

l-Transmission of analogue telephone multiplexes with capacities up 1o
2700 channels,

2- Medium- and high-speed telex or data transmission.

22



3- I'ransmission of television video signals.

Digitally modulated microwave links, under normat propagation
conditions, produce an almost perfect quality sinee, the signal can be
more casily regenerated than with analogue modulation for the sume
signal-to-noise ratio, if the propagation conditions deteriorate, however,
signal regeneration is no longer possible with digital modulation as soon
as the signal-to-noise ratio falls below a certain threshold value, where as

11 1s still possible with analogue modulation.
Digitally modulated microwave links are used for :

I- The transmission of digital telephone multiplexes with speeds of up to
140 Mbit/s

2- 1igh-speed transmission of digital data

3- Video phones and encoded television,
2-4 Free-Space Propagation:

The propagation of signals on LOS microwave radic paths is
affected by both the atmosphere and the intervening terrain. The
reference for describing propagation effects is the free-space basic
transmission loss, this is the loss that would occur if the antennas were
replaced by isotropic antennas located in a perfect dielectric,
homogeneous, isotropic and unlimited environment, with the distance
between the antennas being retained. The loss between terminals of such
hypothetical antennas is called the free space basic transmission loss, Ly

and 15 expressed in decibels [5].
I--fbf: 02,45+ 20 lﬂg ﬂ]”lﬁ + 20 lﬂg dkm dB ..., (3 - ”
The trequency fis in gigahertz, d is the path distance in kilometers.

The solution to this equation is presented graphically in Figure (3.5) for



various frequencies and dislance ranges.

In free space, the energy is assumed to propagate from the
transmitting antenna to the receiving antenna along a single ray path
labeled the direct path in Figure (3.1). The effects of terrain features on
propagation condinons are usually related to the geometric position of
these features with respect to the Fresnel zones of the path, an
understanding of them is basic (o considerations of path clearances, for
instance, since about half of the signal energy reaching the receiving
antenna passes through the first Fresnel zone, terrain features that do not
mtrude mto this zone cannot significantly alter the level of the received
signal. The first Fresnel zone is the region of space that contains all of the
iwo-segment paths that have a composite length excecding that of the
dircct path by less than half a wavelength, A2, clearly, the boundary of
the first Fresnel zone is an cllipsoid, higher order Fresnel zoncs arc
defined in a similar manner. thus, the sccond zone contains ali those
points that define two-segment paths for which the length is greater than
the direct path by more than X /2, but less than 2(2 /2), Hence the Fresne!

zones form a nested set of ellipsoidal shells [5].

The Huygens-Fresnel wave theory states that the clectromagnetic
field at a point, 8;, Figure (3.6) is due to the summation of the fields
caused by re-radiation from small incremental areas over a closed surface
about a point source, S, provided S; is the only primary source of
radiation, The field at a constant distance, r|, from S, (a spherical surface)
has the samc phase over the entire surface since the electromagnetic wave
travels a1 a constant speed in all directions in free space. This constant
phase surface is called a wave front. If the distances, ry . from various
points on the wave front to $; are considered, the contributions 1o the

ficld at S; will be seen to be made up of components that add vectorially



in accordance with their relative phase differences. Where the various
values of ry differ by % / 2 (half wavelength), the strongest cancellation
occurs (out of phase addition).Fresnel zones distinguish between the areas

on a closed surtace about S which add and those which cancel [7].
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Fig.(3.5) Free Space Basic Transmission Loss Versus Path Length

Consider a moving point, P, in the region about the terminal
antenna locations 8y and 5, such that the sum of the distances r; and r
from the antennas 1o P is constant, such a point will generate an ellipsoid
with §; and §; as its foci. Defining a set of concentric ellipsoidal shells so
that the sum of the distances r and r; differs by multiples of the half
wavelength (X / 2). The intersection of these ellipsoids with any surface
defines Fresnel zones on the surface, thus, on the surface of the wave
front, a “first” Fresnel zone F! may be defined as bounded by the

intersection with the sum of the straight line segments 1, and r, equal to
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the distance d plus one-half wavelength (3/2) The second Fresnel zone,
F2, is defined by the region where (1) + 1, )is greater than [d + A/ 2] and
less than [d + 2 (3. / 2 )). Thus, Fn is the region where (r, + r; )is greater
than [d+(n-1)&/2] butless than (d+n X/2).

Field components from even Fresnel zones tend to cance! those
from odd zones since the sccond, third, and fourth zones, etc., are

approximately equal in area.

The concept of Fresnel zones is not meaningtul for the “near field” within
short distances of practical antennas. A rule of thumb for determining the
minimum distance dr, at which the zones become meaningful is that dp be
greater than (20% L), where D is the maximum dimension of the antenna
aperture in the same units of iength as X .

A good approximate cquation (valid for almost all microwave

1h

applications) for the outside boundary of the n"™ Fresnel zone radius, R, .

on & surface perpendicular to the propagation path is

1£2
dd,
R, =| n( dtiﬂ;j ] (3-22)
or
%
T =l d 142

R =173 =2

] ( [ I { 7+ cfz) Y (3-2b)

din Km
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[n the first equation (3-2a) all distances and the wavelength must
be in the same units and must be small compared to the distance and
antenna heights involved. r1+r; should not be significantly larger than
d; +d, . In the sccond equation alt distances are in kilomeiers, the
frequency 1s in GHz and the Fresnel zone radius is in meters. 1If R; is the

. . ‘th
radius of the i Fresnel zone, then

R,=RW'* (3-3)

Because the higher numbercd zones tend to be self canceling, they
are not significant for many calculations; however, consideration of the
higher order zoncs 1s helpful in undersianding obstacle diffraction, or the

use of diffraction gratings as passive repeaters.
3-5 Path Loss Measurements:

Path loss tests, if required, are madec by transmitting an un
modulated RF carrier between adjacent repeater sites and measuring the

received power levels over a period of time and in some cases for various
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combinations of antenna elevations. Path loss as a function of time and
antenna height 1s readily determined from such data il transmitter power,

antenna gains, and waveguide losses are known.,

Path loss measurements are not usually necessary on carefully
designed 1.OS radio links, there are paths, however, where it may bhe
advisable 1o make such tests prior to facility construction, if, for example,
antennas of the heavy hom-reflector type are to be used, the antenna
position on the tower cannot easily be changed once the installation is
completed, in such cases height-gain measurements may help in
determining the optimum antenna position. “Measurements are also
recommended on any path where there is a possibility of strong ground
reflections, or on paths where design calculations indicate borderline
conditions of fading margin or Fresnel-zone clearance. These problems
might arise where the choice of suitable siles is limited, or local zoning

restricts tower heights {near airports, as an cxample)'[7].

“Manpower and equipment required for path toss testing make it
an expensive operation, temporary towers are usually required at both
sites as arc some means of moving the antenna quickly from one position
on the tower to another, portable power units will also be needed, in
addition 10 . a stable transmitter and receiver, recording equipment,
transmission lines, and calibration equipment. The tests must be made
over exactly the same path as that intended (or the final installation, and
in rough or heavily wooded terrain it may be nearly impossible to make
mecasurements until the sites have been acquired, ground cleared, and

access roads provided™|7].
3-6 Multi-path Fading:

“Multi-path effects occur in two forms: reflection from the ground

or waler surfaces. and refraction or reflection by in homogeneities in the
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atmosphere, Under some circumstances. the direct ray will be interfered
with by the ground-reflected ray or other multi-path rays, the most severe
fading occurs when there are two effective components of the same order
of magnitude varying in their relative phase. “Measurements made in the
United State show that as many as six signilicant components may cxist

at ong time™ [7].

Multi-path propagation measurements camed out in Japan
“showed that most of the deep fades are caused by destructive
interference between two dominant rays and that the path-length
difference between these rays varies to a considerable extent from path to
path. Maximum path length differences on the order of many
wavelengths can be observed on over sca as well as on overlund

paths”[7].

Very severe fading can occur on over-water paths when the point
of specular reflection falls on the water, if such a path cannot be avoided,
space or frequency diversity may be used to reduce the seventy of the
fading, altematively, fading can be reduced considerably if the
geometrical point of reflection on the water is screened from one or the
olher of the terminals by the terrain, cven il some of the surface ol the

water 15 still visible from both terminals.

Under normal conditions and over moderately rough sea or
iregular terrain, ene expects a portion of the ground-reflected wave to be
scattered out of the propagation path, however, when the atmosphere is
super-refractive and the surface appears concave, the reflected wave is
enhanced by the convergence of the associated rays. The frequency of
occurrence and observation of multi-path lading caused by layering in the
atmosphere is related to the variation of the structure of refractive index

with time; i. ¢. the worst propagation conditions are likely to occur during
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periods of extreme stratification of the atmosphere, On overland paths
and in termperate climates, such conditions normally exist durning the night
and early moming hours of summer days. Reflections from rapid changes
of the refractive index within a height range of several tens of meters

above the surface of the earth can be a source of muiti-path propagation.

For designing radio relay systems it 1s often necessary 1o predict
the probability of outages due to deep fades for very small percentages of
the time (1. €., on the order of 0.01 percent [or an average hop of about 30
kilometers), 117 dual vertical space diversity or dual [requency diversity is
used and fades on the two sets of equipment are not well correlated,
prediction of the probability of the fade depth must be made for
approximately 0.01 percent of the time. Although diversity aids in
preventing outages caused by interference fading, outage time cannot be
directly equated to depth and frequency of fading of the combined signal
beecause multi-path causes distorlion as well as attenuation. The fading
depth exceeded for a smail percent of the time increases with path length
and increases slightly with frequency. Multi-path fading is also a function
of the terrain near the path, the atmospheric conditions, and the angle of

penetration through the atmosphere.

“Fades due to non-linear refractive index gradients (stratificd
aimospheric luyers) are usually also of the multi-path, phasce interference
type. and can occur even when there are no reflections from terrain, A
combination of ray paths caused by both ground and atmospheric layer
reflections can produce very severe fading. Non-linear refractive index
gradients are most likely to occur during the might, with light winds, clear

skics, and high humidity near the surlface™[7].
3-7 Radio Interference:

Interference from unwanted signals may be classified as either
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external (from other systems or sources) or self~interference (within the
system), the latter type can be controlled by good planning and equipment
design, including route layout, since it is caused by equipment
components within the proposed system, or overreach from adjacent or
remote hinks due to unusual refractive index gradients, as is the case in
the golf of Sirte. External interference (interference from other radio
spectrun users) 15 most economically controllicd in the planning stage by
utilizing distance or terrain blockage for attenuating unwanted signals if

their sources are known.

Overreach is self-inierference caused by signals on the same
frequency reaching one link from another in the same system, The
scarcity of available spectrum space requires that an allocated frequency
be used several times within one LOS system. [f a ducting condition is
present, links using the same frequency may be subject 1o mutual
interference unless a combimation of factors is sufficient to provide

isolalion between afTected sites. Three of these factors are:
|- The way the links along the route are staggered
2- Terrain blockage.

3- Choice of path orientation, with antenna discrimination in the direction

of the unwanted signal.

External interference, between 1 and 40 GHz, may come from any
of several man-made sources such as harmonics from transmitiers below
1 GHz, radar stations, or existing microwave communication systems, the
tools for overcoming extermal mterference are link orientation, distance,
terrain blockage, antenna characteristics and polarization discrimination,
band pass filters, and inter-organization consulting and ccoperation.

“Possible sources of unwanted signals within 100 kilometers of each
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proposed site should be located and plotted on a map. The unwanted
signals should then be investigated for potential interfering fundamental
frequencies and harmonics, transmitter power, and antenna gain and
polarization in the direction of the proposed site. Care must also be
excrcised to assure that the proposcd system will not interfere with

existing radio facilities™[7].

One common source of reflections is the ground. [t tends to be
more of a [actor on paths in rural areas; in urban settings, the ground
reflection path will often be blocked by the clutter of buildings, trees, etc.
In paths over relatively smooth ground or bodies of water, however,
ground reflections can be a major determinant of path loss. For any radio
link, it is worthwhile to look at the path profile and see if the ground
reflection has the potential to be significant. It should also be kept in
mind that the reflection peint is not at the midpeint of the path unless the
aniennas are at the same height and the ground is not sloped in the
reflection region - just (o remember the old maxim from optics that the

angle of incidence equals the angle of reflection.

In a radio path consisting of a direct path plus a ground-reflected
path, the path loss depends on the relative amplitude and phase
refationship of the signals propagated by the two paths. In extreme cases,
where the ground-reflecied path has Fresnel clearance and sufiers little
loss from the reftection itself (or attenuation from trees, etc.) then, its
amplitude may approach that of the direct path, depending on the relative
phase shift of the two paths, we may have an enhancement of up to & dB
over the direct path alone, or cancellation resulting in additional path loss
of 20 dB or more, The ditfcrence in path lengths can be estimated from
the path profile, and then translated into wavelengths to give the phase

relationship. Then we have to account for the reflection itself. The
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amplitude and phase of the reflected wave depend on a number of
variables, including conductivity and permuttivity of the reflecting

surface, frequency, angle of incidence, and polanzation.

“It is difficult 10 summarize the effects of all variables which affect
ground reflections, but a typical case is shown in Fig. (3.7). This
particular figure is for typical ground conditions at 100 MHz, but the
same behavior is seen over a wide range of ground constants and
frequencies. There 1s a large difference in reflection amplitudes between
horizontal and vertical polarization {denoted on the curves with "h" and
"v", respectively), and that vertical polarization in general gives rise to a
much smaller reflected wave. However, the difference is large only for
angles of incidence greater than a few degrees, these angles will only
occur on very short paths, or paths with extraordinarly high antennas.
For typical paths, the angle of incidence tends to be of the order of one
degree or less - for example, for a 10 km path over a smooth earth with
10 m antenna heights, the angle of ineidence of the ground reflection
would only be about 0.11 degrees. In such a case, both polarizations will
give reflection amplitudes near unity (i.e., no reflection loss), perhaps
more surprisingly, there will also be a phase reversal in both cases.
Honzontally-polarized waves always undergo a phase reversal upon
reflection, but for vertically-polarized waves, the phasc change 15 a
function of the angle of incidence and the ground characteristics™ [ 7 ].
The upshot of all this is that for mosi paths in which the ground reflection
is significant (and no other refleciions are present), there will be very
fittle difference in perfermance between horizontal and  vertical
polanzation, for very short paths, horizontal polarization will generally
give rise to a stronger reflection, if it tums out that this causes

cancellation rather than enhancement, switching to vertical polarization
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may provide a solution, in other words, for shorter paths, it 1s usually
worthwhile to try both polarizations to see which works betier (of course,
other factors such as mounting constraints and rejection of other sources

of multi-path and interference also enter into the choice of potarization),
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Figure (3.7} Typical Ground Reflection Parameters

As stated above, for either polarization, as the path gets longer we
approach the case where the ground reflection produces a phase reversal
and very litle attenuation, at the same time, the direct and reflected paths
becoming nearly more equal, the path loss ripples up and down as we
increase the distance, until we reach the point where the path lengths
differ by just one-half wavelength, combined with the 180° phase shift
caused by the ground reflection, this brings the direct and reflected
signals into phase, resulting in an enhancement over the free space path
loss (theoretically 6 dB, but this will seldom be realized in practice),
Thercafter, it's all downhill as the distance is further increased, since

phase differcnce between the two paths approaches in the limit the 180°
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phase shift of the ground reflection. In this region, the received power
follows an inverse fourth-power law as a function of distance instead of
the usual square law (i.c.. 12 dB more aticnuation when we double the
distance, instead of 6 dB}. The distance at which the path loss starts 1o
increase at the fourth-power rate is rcached when the ellipsoid
corresponding 10 the first Fresnel zone just touches the ground. A
reasonably good estimate of this distance can bt calculated from the

equation

where h; and h are the antenna heights above the ground reflection point.
“"Serious  problems  with  ground reflections are most  commonly
encountered with radio links across bodies of water. Spread spectrum
techniques and diversity antenna arrangements usually can't overcome the
problems - the solution lies n sitting the aniennas (e.g., away from the
shore of the body of water) such that the reflected path is cut off by
natural obstacles, while the direct path is unimpaired. In other cases, it
may be possible to adjust the antenna locations so as 10 move the
reflection point to a rough area of land which scatters the signal rather

than creating a strong specular refiection”™[7].
3-8 Other Sources of Reflections:

“The loss of LOS paths may sometimes be affected by weather
conditions, rain , fog and dust (clouds) become a significant source of
attenuation only when we get well into the microwave region, atteniuation
from fog only becomes noticeable {i.e., aitenuation of the order of 1 dB or
more) above 30 Gllz, snow is n this calegory as well, rain attenuation

becomes significant at around 10 Gz, where a heavy rainfall may cause
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additional path loss of the order of 1 dB/km”[7].Sand and dust effects are

the subject of this project and their effect will be investigated for Libya.
3-9 Diversity Measurements

For many years, radios on LOS paths have used diversity signals as
a protection against the effects of multi-path fading, diversity signals are
versions of the transmitted signal that are derived at the receiving site by
a2 separate means. In space diversity, this second signal is obtained froma
second receiving anienna on the same tower: in frequency diversity, it is
obtammcd by transmitting the same signal over a different radio channel.
Diversity improvements can be obtained by switching between the
signals, or alternatively, in the case of space diversity, by combining
them, while digital radios make use of both of these forms of diversity,
they can also beneficially employ other forms of diversity. “Work over
the last few years has established that cither antenna pattern or angle
diversity can be used to reduce the multi-path dispersion and the fade loss
appearing at the receiver. These approaches to diversity are motivated by
the cost benefits that are denved by using 2 second feed in a single
antenna as a means of obtaining angle diversity, or by relicving the
requirements of large antenna separations that have been required for the
application of space diversity in analog systems. Large separations

require tower modifications [3].

“Another form of diversity, that is available to digital but not to
analog, systems, 1s polanization diversity, polarization diversity, {s not
uscd so much as a fading countermeasure, butl as a means of increasing
the carrying capacity of a given radio frequency channel. Digital radios
that use both polarizations effectively double the capacity of a channel

assignment on a link"[5] .



3-9-1 Space Diversity:

“Figure (3.8) shows time-faded-below distributions derived from
an experiment that monitored propagation during a one month period.
The main antenna was a 10 foot (3m) pyramidal Horn reflector antenna;
the diversity antenna was a 3 meter dish located 8.5 m below. Receiver
power in a & Gz channe! was monitored on both at 12 frequencies

equally spaced at 2.2 MHz across the band (24.2 MHz bandwidth)"[5].

All of the distributions in Figure (3.8) were developed from two
curves that represent the single frequency fading on the two antennas,
there is about 50% more fading on the homn than on the dish, such
differences in fade time in a month of observation are neither unusual nor
significant. Immediately below these two distributions is the distribution
of the least faded signal, This is the single frequency fading that would be
observed if the two signals had passed through an 1deal switch. The least-
faded distribution fails off twice as rapidly as the non diversity
distributions for deep fades. The difference (ratio) between this
distribution and the one for the main antenna is denoted as the
improvement factor at that fade level, for instance, the fade time at the 30
dB tevel is 12 times as large for the non diversity signal as for the
diversity signal thus, an FM system with a 30 dB fade margin would
experience 12 times less fading at the critical level by operating with

switched diversity. A widely used formula for this improvement factor is
L=12x10° S () 100 (3-5)

Where : A is the Tade depth (dB), S is the vertical separation of receiving
antennas {m), cenler-to-center (3 £ 8> 15),  fis the frequency (GHz)
(2 <{=<11),dis the path length (km) (24 £d < 70), and V = |G, — G3},

where G, and G; are the gaing of the two antennas [5],
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The In-Band Power Diflerence {IBPD) distribution for the
experimental period is also shown in Figure (3.8), except, that the third
distribution is, in this case, the least dispersive (smallest [BPD). This is
the 1BPD distribution thal would be observed at the output of an ideal
dispersion avoidance switch. Because the BER of a digital radio
correlates well with the occurrence of [BPD, the difference between the
diversity and nen diversity IBPD disiributions can alse be viewed as an
improvement factor. Thus, we see that a system that could withsiand {on
the average) 10 dB of IBPD would have experienced 450 seconds of
outage in a non diversity configuration, but only about 3 seconds with
switched diversity., There are, at present, no agreed formulas for
predicting the dispersion improvement factor, or dispersion occurrence

factor (dispersion ratio) for that matter. However, the dispersion
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improvement factor is often viewed as being inscnsitive to antenna
spacing., except at smaller spacing where some studies that it may
improve [5].

3-9-2 Frequency Diversity:

“Although Irequency diversity protection has been used with FM
systems for many years, there have been few reports of experimental
observations of its potential for improving the performance of digital
radios, this results, in part, from the smaller single-frequency

improvement  factors that are obtained for reasonable frequency

separations, the improvement factor for frequency diversity 1s given by :

= g
S

Where;

{15 the band cenier frequency (GHz) (2 <1< 11)

d is the path length (km) (30 <£d = 70)

{Aff) 1s the relative frequency spacing as a percentage

and A is as defined in (3-3) .

Equation (3-6) can be used for values of (Af/f) up to 5%, it was derived
originally rom propagation measurements that support its use up 1o
values of at least 105, thus, for channels in the 6 Gliz band separated by
60 MHz, the improvement for a 40 km path would be linited to a factor
of about 3 at 30 dB,

3-9-3 Cross-Polarized Channels :

Radio links camrying several channels use both hortzontal and
vertical polarizations, with adjacent channels usually cross-polarized to

minimize interference, Co-channel cross-polarized operation uses both
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polarizations in a given channel bandwidth. One must describe the
transmisston for either a horizontally or vertically polarized signal to a

receiver with the same or crossed polarization.

“"Measurements of this type have been performed; however,
because of the difficulties of presenting the results, they have only been
analyzed from a modeling viewpoint. For an ideal system operating under
ideal conditions, the cross-transfer functions would be zero. That is,
energy transmitted horizontally (vertically) would not reach the receiver
using vertical (hortzontal} polarization. Imperfections in the antennas and
waveguides determine the fower bound on this cross coupled cnergy.
Atmospheric conditions, notably rain and ground reflections, can also
contribute to this cross coupling. Frequency selective fading is the most
complex and variable mechanism for introducing coupling, and this
combination produces the most damaging effect. Most cross-polarization
experiments monitor cross-polarizatien discrimination (XPI3), which for
a given transmitted polarization, is the ratio of the power received on the
same polarization to that received on the cross polarization. In the past,
such measurements were made on a narrow band. or single-frequency
basis; for digital systems, they have also been made on a wideband basis
using the broadband digital signal, the slatistics of such measurements

taken simullaneously™ [5].
3-10 Rain Attenuation:

Rain is one of the most significant atmospheric phenomenon which
can affect the propagation of microwave signals on LOS paths. However,
we do not mean to say that there are no other effects. At frequencies
above 20 GHz, molecular absorption due to water and oxygen can be
important, but the frequency bands allocated to terrestrial microwave

service tend to avoid these absorption hines. Other atmospheric effects,
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such as losses due to sand or dust storms, are usually not considered this

because most of the work was done in areas were there 15 no sand or dust

SIOTME,

“The plots of Figure (3.9 are for spherical rammdrops. Real
raindrops arc somewhat flattened (sometimes canted) from their
interaction with the atmosphere. Because of this flattening, a raindrop
will have a smaller size in the vertical than in the horizontal dimension.
Consequently, the attenuation of a horizontally polarized wave will be

larger than that of a vertically polarized wave”[5].
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The sand and dust suspended particles could have an effect on the
microwave signal, this is what will be studied in this project.
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CHAPTER 4

Samples Collection
and Meteorological
Data



4-1 Introduction

This chapter will be devoted to presenting the metallurgical, the
sand and dust samples collected along with chemical and dimension wise

analysis

Wind storms will make the sand and dust particles be removed
from their places, if it is strong enough the particles will climb as high as
tens of meters and this is dependent on the wind speed and the properties
of the land and the surroundings regions, there has been reports of a dust
as high as 1000 meters, in Libya sudden storms usually happen on a short

notice with wind speed recorded of around 50 km/h,

The wind is a vector quantity with magnitude and direction, it is
standard that the speed of wind be measured at an altitude of ten meters
above the sea level with the direction ol the wind as the direction from
which it is coming not the direction to which it is going .The direction of
the wind is represented by the clock wise direction as represented in

Figure (4.1).

315° 360°

225°
o0°

150

135°

Fig. (4.1)Standard Wind Directions Reference
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4-2 ‘The Data of Dust and Sand Storms:

The collage meteorological data obtained for a period of 14-years
{from 1990 up to the end of 2003 ) from two recording stations near to
the path of the first part of the great man made river | this is to find the
speed and direction of the wind for that arca as in tables (4-1) and (4-2)
[8]. In these tables the first number stands for the direction from which
the wind 15 coming, while the second stands for the speed in knot
( f knot= 1.85 kni/h).

In this thesis sand and dust samples were collected from seven
places {stations) along the microwave link as shown in Table (4-3). The
first is Agedabia which is near the Mediterranean sea (in the golf of Sirte)
but has a climate as that for the desert besides, the high humidity, the
second is Jalo, which is deep in the desert (about 250 km to the sought of
the sea side), also we used five other sites, four of them located between
Agedabia and Julo and the fifth one in Sericr decp in the desert and the
fifih is (o the cast of Jalo Fig. (4.2).

[n Agcdabia the fastest storm reached a speed of 38 knots and it
was recorded at three times on the years 1996(Apr.), 1997(Apr) and
2000({Dec). In Jalo the fastest storm reached a speed of 42 knots and it
was recoded on May. 1994, From Table (4-1) and Table {4-2) we notice
that the biggest storms are over the period from Feb. to May, and then it
peaks again in Dec. The recorded data lacks information about the
visibility we failed to find any recorded data relating 10 the Libyan arca
however we did measure the visibility of the dust storm which happened
on 24/2/2006 when this study 1s In progress, it was found 100m at a wind
speed of 30 Knots, and it will be used to estimate the visibility based on

the assumption that the visibility 1s inversely proportional to the wind
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speed assuming no other affecting factor or all other factors stay the
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Table (4-1) Wind Speed for Agedabia

TAXIMUM WIND SPEED (Knots)

TATION NAME & NO. : AGEDABLA 62055

'ERIOD:  (1990-2043) LAT. 30-43 N LON, 20-1¢ E ELV. 70 M
EAR JAN FER. MAR AFPR MAY JUM, Jin, AL SEP L] g 8 N DEAL;
1994) 120027 | 330:20 | 180420 | 330v20 | 9020 | 170020 | 350:20 | 330720 | 350020 | O90VIE | O6Qv23 | 30042y
1991 MHVZ1 | D22 | OOGWI2 | 330024 | 1G0T | 340419 | M0a0 | 35N20 | 33vls | dae2] | 03013 | 330V
1992 S | 30w | 11oe3d | 160/23 | O35 | 100918 | 33Qe20 | 330022 | 330¥20 | 16Q19 | 3MMI4 | 160720
1993 2703 ) Os0AT | XMMRE2 | AXOAE | TIOFIE | J00CIE | 3OOS2D | da0dK L0220 | 17nddo | 120008 | 33fa
1554 YuE23 oo | A5K1E | 140725 | 300722 | 330017 | 33WRD | 330722 | A30FE | M2y | 2004015 | 3R
1995 2TREZ | 330AS | TR | 220422 ) 1EDV20| TIOALE | 3A001g | d3oed) IGO0 | de0v1E | 120418 | 2TVLS
15046 TAW2T | 270625 | d3026 | 350038 | 160023 | 0wy | 330022 | 360020 1EOVI0 | 160020 | 330720 | 320425
1T 028 | Ap0e30 | 1EO2G | 3OKNAG | O30 § 60023 | 30de24 | 33023 | 330e22 | 1BOCLS | 162D ] 3O3R
'1'3'"5‘3 10020 | 020020 | 2026 | 18DR2T | 33025 | 360720 [ 360021 | 360418 1 33GN22 | 3G0/22 | 30KK20 | IB02S
150 [20¢20 | 120¢23 | TRVZE | 16028 | 3300200 | 350720 [ 360020 [ 360020 | 360N | 3G0AR ) Ow0a2s | 33002
AL [O0e20 | 35K | 36025 | 3G0/A8 | 180725 | 350728 | 36022 | 6di22 80520 (602 | 360426 | JolIE
] [BOVZ5 | 310¥30 | 360v20 | 270723 | 350030 | 350020 | 364023 | 360420 PROSZO | 360018 | 130620 | 270422
2002 dov20 | 350¢2E | JGONIE § 3a0edE | 180026 | 350k ) 3635 | 36OV | 09023 | MAOWI8 | 320622 | MKKIE
JTTE] 1620 | 3627 | 100030 1 15025 | 350025 ) 150022 | QX200 | 260020 | 360¢22 | 360¢14 | 320020 | 150025
Table {4-2) Wind Speed for Jalo
TAXIMUM WIND SPEED (Knots)
TATION NAME & NO.: JALO 62161
ERIOD: (1990-2003) LAT. 29-02 N LON. 21- E ELY. 60 M
EAR JAN FEH. MaR AR MAY JUIN, J1UL AlG SEP QCT. KOV I3EC
[gun | M2l | 27040 | 6T 290625 | 33020 [ Ieofw | 36O)s ) M ld | 260005 | 20odle | 140025 | 28Ty
T 2004018 | 300022 | 120925 1802 | 320723 [ 3504012 | X412 | Jalvi2 | 1915 | 30K IE { 140413 251}
1992 | 2816 | 280720 | 280430 IEOVZE | 21019 | 140408 | 3SOY1T | ASO¢00 | A30TS | 160493 | 31022 | 170¢20
1993 | 290412 | 25020 | 320k23 oasle | 220:29 | 33OFIS | 3A0VIe | 32061 | 1S0AT | 12008 1704 | 2RO E
1994 1 270¢20 | do0edn | 33022 1209 | 30042 | 33016 | 330012 | 33IS | 23040 | Aaoet2 | RS | 2ei1s
1995 | 20015 | 340020 | L7030 220 JHE0 ] FMEITY | 340 | IBOALA k20 | TE0V20 | 1918 | B | &
1506 | 19w | 270638 | 350720 [B30 | 120520 | 3018 | X42d | 360720 | 180620 | A3QY LB | 19018 | 270420
1997 | 320¢18 | 350625 | 360730 M3 | INWLE | 3s0v20 | Ja0¥dd | 270020 | Je0r20 | 350025 | IBOVZS | ZEOY24
1995 | 220018 | 290015 | 19430 TRV20 | 350623 | 350620 | M50020 | 360016 | 200007 | 190F20 | LTOEI0 | 36020
7999 | 290020 | 270725 | 170020 | 170027 | 320r25 | 35019 | 360720 | 36015 | 35070 [ 360120 | 170720 | 330720
T000 | SA0TE | 210720 | 270435 | 330735 | 150035 | 350722 | 350720 | 360/20 | 170023 | 16020 | 330¢16 | 180720
2001 | Z70023 | 3325 | IRU28 | IBINZT | R332 | 35015 | IGONAN | L0720 | 2419 | ISWIK | A0WES | 27030
2002 L 0523 | 3owdd | 300:27 1G5 | Jo2y | J3WIE | 320020 [ 360408 | 1B | Yow|s | 170G | 290020
2000 | 200120 | 300/ [ 26036 | 1530 | 330726 | 35020 | 3610 | 350716 | 10020 | 35014 | J6WI0 | 2I0E
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4-3 The Microwave link from Agedabia to Jalo :
- The microwave link is an analog system and it is operating at a
tfrequency of 3 GHz.

- This link has six stations from Agedabia (Station 1) to Jalo .

o Station 2 to the south of station 1 (Agedabia) about 20 Km with

tower height of 82 m.

e Station 3 diverge from station 2 about 55 Km and the height of

the tower 92 m.

» Station 4 diverge from station 3 about 55 Km and the height of

the tower 92 m.

» Station 5 diverge from station 4 about 45 Km and the height of

the tower 82 m.

o Station 6{Qjala) diverge from station 2 about 55 Km and the

height oi the tower 92 m.

We collected the sand and dust samples from four sites and collect the

sand samples from Serier, Jalo and Agedabia.

The dust samples are required to be collected at a height of 2m, and know

such place available from which we could have collected the dust.
4-4 Samples of Dust and Sand:

The samples were collected in the spring of 2006, the dust was
collected from a height of 2m from the surface of carth (above the roofs
of the stations) ,but the sand collected from that laying on objects on
surface of the ground of the stations, The samples were collected from the

sites are given in Table (4-3) along with the collection dates.
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Table (4-3) Place and Type of Sample

S. No. Type Region of samples Data
} Sand Serter { after Jalo about 150Km to south ) | 29/03/2006
2 Sand Jalo city 29/03/2006
3 sand Agedabia station 16/)5/2006
4 Sand Station 2 16/05/2006
5 Dust Station 2 16/05/2006
b Sand Station 3 16/05/2006
7 Dust Station 3 16/05/2006
8 Sand Station 4 16/05/2006
0 Dust Station 4 16/05/2006
10 Sand Station 3 16/05/2006
11 Dust Station 5 16/05/2006

The given samples are the resuls of accumulation over a period of
time but the rate of accumulation is not known to use, there 1 no way to
know it , and it is not easy 1o predict. To collect data on a stormy day one
has 1o prepare a collecting object and have it ready and move to the storm
site on a short notice, these storms happen on a short notice and do not
last long, we believe (hat what we did in collecting the data 1s the best
under the Libyan conditions and can be considered as a start for a full

scale project.
4-5 Analysis of the samples:

The analysis of these samples were done in two laboratorics , one in
the Libvan fron and Steel Company {LISCQ) in Misurata, and the sccond
in the Libyan Petrolewm Mstitute in Tripoli, These are the only two places
that have an equipments that is capable to carry some of the analysis we
were looking for which mainly the chemical composition, the PSD, the
conductivity, the density, ration of the major to minor axis and the

permecability. We managed only to have, the chemical composition
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analysis, the particle size distribution, the density and the conductivity.
We hopped to be able to find the relative permuittivity and relative
permeability of the compound from direct measurements we could not so
we will agsume relative permeability one and cstimale the pemmittivity
using e¢mpirical equation and pernutivity of the constituents of the

compound of each sample.
4-5-1 Libyan Iron and Steel Company Analysis:
[- Chemical Composition:

‘The chemical composition analysis was carried out on samples
from the sand of Sener and Jalo (samples 1 and 2), with the results
presented in Table {(4-4) and able {4-5) respectively. From the two tables
we sec that more than 87% silicon oxide with the metal oxides not more
than 4.8%.

The chemical composition of other samples as determined by the
Libyan Iron and Steel Company laboratory are given in Tables (4-6) &
(4-7)and (4-8}, 1t is worth noticing that the results in Tables (4-6) &(4-7)
and (4-8) shows that samples do not have the following metal oxides in
their composition {TiQy , ZrQ; , P;Os , MnO } , again these samples are
mainly made from silicon oxide, for samples 2,3,10 but a big drop in the
silicon oxide percentage on samples 4,5,6. The four samples have a close
pereentage of the other main metal oxide. Tables {4-7) and (4-8) shows
also the practical size distribution (PSD) with the diameter of the particles

raging front Jess than 0.15mm to 1.2mm.
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Table {4-4) Libyan lron and Steel Analysis/ sample (1)

Sample Sand "Sarir'" —  No "01" - 29/03/2006
Oxide Muass Y Element Mass %
S102 90.30 S 4222
Al203 4,15 Al 2.20
CaCO3 1,68 Ca 1.20
Kl 1.62 K .85
NaCl b.15 Na {.58
MgCO3 0.752 Mg 0.453
S03 0.489 SX 0.196
Fe2(3 0.363 Fe 0.254
Ti02 0.0835 Ti 0.030]
P2035 0.0711 Px 0.031

Table {4-5} Libyan [ron and Steel Analysis/ sample (2)

No"02" -

Sample Sand "Jalo" — 29/03/20006
Oxide Mass % Element Mass %
S102 37.99 51 41.14
Al203 4.83 Al 2.57
CaC(O3 3.50 Ca 2.50
KCl 1.818 K 0.852
MgCO3 0.709 Mg (0.428
Fe203 0.708 Fe 0.495
NaCl (1.8564 Na 0.340
TiQ2 0.241] T1 0.145
ZrO2 .221 Zr 0.164
P205 0711 Px 0.031
Ml (3.0203 wn 0.0157

Table (4-6) Libyan [ron and Steel Analysis / four samples

Sample No. | 510, CaO Me(O | FelOy | AlLO,
4 0691 | 22.40 1.03 4.43 2.15
5 31.48 | 48.80 1.63 4,20 1.638
4] 58.07 | 33.68 .18 4.02 1,00
10 01,10 } 4.17 0.20 3.10 1.50




1[- Particle- Size Distribution (PSD) ;

From the analysis for the PSD of two samples (Samples 2 and 3).

Sample number 2 has 51% (by weight ) of it with diameter less than
0.15mm , while sample number 3 has 56% of it with diameter equat 1o
0.15mm .Tables {(4-7) and (4-8) .

‘Table (4-7) Libyan Iron and Steel Analysis/ sample (2)

Sample No. | 810, AlOy CaCO; | MeCO; | KCI NaCl | Fe; (5
2 84.69 | 6.89 2.83 1.07 2.12 2.15 (454

Sample No. | 1.2mm | 0.85mm | 0.6mm | C.4mm | 0.15mm | <0.15 | SUM
2 200g |23g 10.6g [282¢ [446.5¢ [515.3g [ 10049
Y .20 (2,23 1.05 2.81 44.43 51.28 | 100.00

Table {4-8) Libyan Iron and Steel Anatysis/ sample (3)

Sample No. | Si0, AlOy CaCh | MgCO; | KCI NaCl Feyy
3 | 38.93 | 6.07 49.54 | 1.46 1.43 1.02 1,29

Sample No. | 1.2mm [ 0.85mm [ 0.6mm | 0.4mm {0.15mm [<0.15 [SUM
3 1.9 24.6¢ 95.5g | 1579g [604.8¢ | 180.0g | 1064.7
% 0.18 2.31 8.97 14.83 56.80 16.91 | 100.00

111- Density and Conductivity:

‘The conductivity and density results for six samples are shown in the
following table

Table (4-9) Libyan Iron and Steel Analysis

Sample No. | Desnsity (g/em”) | Conductivity (ms)
2 1.49 240
5 1,53 797
6 1.11 6.54
7 1.62 1660
8 1.72 80
9 1.57 505
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4-5-2 Libyan Petroleum Institute Analysis:
1- chemical compaosition and Conductivity:

[n the Libyan Petroleum [nstitute the analysis for five samples
where conducted but the laboratory results came out as scparate elements
and only on¢ in oxide form Table (4-10) . In the nature these clements
exist i their oxide not separate form.

Table {4-1{) Libyan Petroleum Institute

Sample || 5it3(%) {| Ca™ (%) [| Mp™ (%) || Na"(ppm) || K'(ppm) || Clippm) |§ Fe{ppm) || Conductivity
Ma, (pmhosfiem)

2 J[os3m ) ros2 o092 [ 37 | 45 ||_z || 1685.2 || 169 (23.4) ]

9 ] 83.673 ][ 3.820 | nznﬂ[‘ 31 1f G 6890.6 | 195.1233) ]

8 |l 90.525 || 3.047 | 0.158 25 )1 23 ][ 16644 ][ 24.3(23.2) |

o |[57.067 [ 2815 | 1913 ) 35 || 1 [ 16 | 918.05 [ 333(23.2)

5| 5280 j| 3060 j tosl J 55 3 10 ] 101 [ 87726 |[ 260(23.0)

A quick look to the results given the previous 1ables we sce that
there is a big difference between them and there is ne way for use to find
which center 15 accurate so we will work with the average of the two The

same difference occurs when we consider the particle size distribution .

iI- Particle- Size Distribution (PSD) :

In the particle size distribution analysis, samples were analyzed

and the results given in Tahics (4-11) to (4-135).
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Table (4-11) PSD of sample (2)

Sampled2) weaght: 156.6 g |sand sampie )
Screen opening {um)|Weight ()| Cumulative weight (g) | Weight % | Cumulative weight %
850 336 338 2.14559387 214559347
500 13.1 16.57 A 43550447 1058109834
425 27 .52 44 09 17.5734355 2815453384
355 14.41 58.5 920178799 3735632104
300 19.33 77.83 12.3435504 48 69987229
212 31.65 105 .43 206210724 &9 91060026
180 81 118 58 581088M 75 72158365
150 9.88 128.58 8. 37292485 82 0045083
125 T.81 136.37 4 98722861 87.081 73691
80 12.64 149.01 30715198 9515325671
75 336 152.37 2.145583a7 o7 Xa8B5057
32 d1 158 47 261813538 99.91698595
25 ] 158.47 1] 9991698595

58.3295 FL-ML

35.32% of the sample is between (21 2-4235 pm) which is fine lower 10
medium lower sand

Y

N ... [lin

2

|

| u][ |

5 G T 8

g 10

o Weight (g) o Caamuiative weight %

"

12 13
C.W. (%)

Fig. (4.3} Graph Between the Weight and Radii of Sample (2)
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Table (4-12) PSD of sampie (9)

Sample{2) weight: 58 g ( dust sample |

Screen operting (m)|Weight (g)] Cumulative weight (g) | Weight % [ Cumulative weight %
850 ¢ 0 0 0
600 0 0 0 0
425 0.1 0.1 017241379 0172413793
355 0.28 0.38 0.48275682)  0.655172414
300 0.1 .39 0.01724138] 0672413783
212 6.31 6.7 10.8793103 1155172414
180 324 9.04 5 5862068 17.13793103
150 553 15.47 9.53448276 26.57241379
125 14.1 29.57 24.3103448 50.98275062
9% 15.32 44.59 26.4137931 77.39655172
75 4.31 49.2 743103448 84 82758621
a2 6.68 55.88 11.5172414 96.34482759
25 08 56.48 1.03448276 |  97.37931034

50.72414 VF

SD.72% of the sample is between (90-125 pm) which is very fine

grained sand

Fig. (4.4) Graph Betwcen the Weight and Radii of Sample (9)




Table (4-13) PSD of sample (8)

Sample|2) weight: 264.2 g

i sand sample)

Screen opening (m)|Weight (g)] Cumulative weight (g) | Weight % | Curmdative weight %
850 1 1 0.37850114 0.37650114
800 273 3.23 0.84405753 1.222558672
425 20.56 23.79 778188335  9.004542018
355 262 49.99 9.91672075] 1892127177
300 52 46 102.45 198561606 |  38.77744134
212 102.11 204.56 286487509  77.42819228
180 20.52 22508 7.7668433 85.19303556
150 21.44 248 52 5.11508435|  93.30809993
125 973 256 25 3.68281605| 9699091588
%0 B.71 262.96 2.53974262 #9.5306586
75 1.06 264 02 0.4012112 99.5318638
3z 0.52 264 54 0.19682059 1001286904
25 0 264 54 o 100.1286904

6842185 FU-M

68 42% of the samplé 5 betwoen (212-355 pm) which is fine upper to
medium grained sand

5 i) 7 8

0 Weight (g} 0 Curmutstive Weight %

M 12 13
CW. (%)

Fig. (4.5) Graph Between the Weight and Radii of Sample (8)
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Table (4-14) PSD of sample (6)

Sample{2) weight: 311.3 g { sand sampie )

Screen opening {1:m)|Wieight (g)| Curnulative weight (g) | Weight % | Cumutative weight % |
850 6.07 6.07 1.94988757 1.94988757
600 42 91 48 38 13.7841211 15.73401883
425 28.38 T1.M g 1101811 24 B4420174
355 21.26 104.5 8.756882621 33 80102795
300 0,26 134 .85 0.72052682 4332155477
2 5817 193.03 18.6B81548 6200770961
180 2aM 216.04 7.39158368 89 39929129
150 20.29 236.33 6.51782345 TS 712175
125 10.43 248.76 3. 35046579 7026758774
90 5.93 25269 1.90491487 81.17250241
75 1.3 25394 04176036 81.58010801
2 3g2 257.81 122711211 /2 81721912
25 51.25 30%.06 154632168 g9 804 3588

7396723 FL-CL

73 98% of the sample is between {150-800 pm) which is line lower 1o

coarse lower sand

Vg8

100

5 a 7 8

9 10

o Wegght (gm} @ Cummulative Weight %

"M 12

Fig. (4.6) Graph Between the Weight and Radii of Sample (6)




Table (4-15) PSD of sample (5)

Samphe{2) weight: 53.6 g { dust sxmplhs )
Screen opening (un}|Weight {g)j Cumulative weight {(g) | Weight % | Cumulative weighl %
850 1] o 0 o
600 0 0 0 D
425 0.18 018 03358208 0_33580896
355 0.1 0.29 0.20522388 0.541044 776
300 0.22 0.51 041044776 0.951492537
212 1 151 1 86587184 2817184179
180 078 229 1_ 45522388 4 27238808
150 1.73 4.02 322761184 1.5
125 324 7.26 604477612 13.544770812
90 1654 242 31 6044778 45 14925373
5 8.71 29 18.25 61.30925373
32 19.55 52.48 36.4738306 5787313423
25 1.15 53.81 2.14552239 100.0185587

B4 .32% of the sample is between (3290 pm} which is st 1o very

fine sand

3 4

- owzin APy —_J

5 i} 7

M m "]l

|nwﬂ(m £ Curmitative Weight %

12 13
C.W. (%)

Fig. (4.7) Graph Between the Weight and Radii of Sampie (5)

The results presented i this chapter are given in Appendix A “preture

copy” we will analysis these results in the following chapter.
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CHAPTER 5

Analysis of the
Results



5-1 Introduction:

[n this chapter resulis presented n chapter four will be analyzed,
by finding the complex relative permitiivily, the visibility, the dust and
sand particle dimensions from these data one can estimate the different

¢ffects on the microwaves signal like the attenuation and scattering
5-2 Calculation of the Dielectric Constant for the Component:

From the values of the dielectric constant for the pure component,
we can calculate the diclectric constant of the composite component by

using the Looyenga equation as given by [9].

Where:

€, is the complex dielectric consiant of the mixture.

€, i1s the complex dielectric constant of the i" substance.

V; is the relative volume of the i sample from the volume of the total

sample.

Using the results presented in Tables (4-4}&(4-3)&(4-6)&(4-8)
and (4-9} which represent the results obtained from laboratory of the
Libyan Iron and Steel Company in Misurata in equation (5-1) with the
diclectric constant of cach substance as given in [1], and using program
(1} in Appendix (B) , the dielectric constant of each sample is given in
Tables (5-1a,b) , {5-2ab) . {5-3a,b) , (5-4) . (5-5a,b) , (5-6) and (5-7)

respectively .

Table {5-1a) From LISCO Analysis of Sample No. |

Compound 4 e V €y
S103 4.43-10.04 0.9030 1.481-10.0045
AlLO, 12.66-j1.31 0.0415 0.0968-j0.0033
Fe, 0, 16.58-)0.93 0.00363 0.0093-j0.0002

CaCO;, 5.01-j0.08 0.0168 0.0287-0.0002
MgCO; 5.03-10.17 0.00752 0.0129-j0.0001
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From the last column in Table {3-la) and equation (5-1) the complex
diclectric constant of the mixture is. €, = 4.3367-j0.0659

In the previous table we ignored {( KC1, NaCl , SOz | TiQ; P,0s)
due to the lack of information about their diefeetric constants (the
volume of the 1gnored items totals to 0.0275 out of normalized volume of
one). Having we normalized Table (5-ta) by considering the sample

made up of only five items we get the results presented in Table (5-1b}.

Table {5-1b) Results of (5-1a) afier normalization

Compound € +je" \i €7y
510, 4.43-10.04 {19285 1.5228-).004627
AlLO; 12.66-71.31 0.04267 0.09953-1.0033%
Fe, O, 16.58-j0.93 0.00373 0.0096-10.00021
CaCO; 5.01-10.08 0.0172 0.0294-j0.00021
MgCO, 5.03-0.17 0.007733 (0.0133-j0.0001

From the last column in Table (5-1b) and eguation (5-1) the complex
diclectric constant of the mixture is . €, = 4.6939-j0.0718

The two tesults give percentage error in the real part is 7.649%

and the percentage error in the imaginary part is 8.2% .

Table (5-2a) From LISCQ Analysis of Sample No. 2

Compound € +ic" \s €-v
Si0; 4.43-10.04 0.8799 1.44510.0043
ALO; 12.66-j1 31 0.0485 0.1132-j0.0039
Fe,0, 16.58-)0.93 | 0.00708 0.0181-10.0003
CaCo, 5.01-0.08 0.0350 0.0599.j0.0003
Mg(CO, 5.03-j6.17 (.00709 0.0121-j0.0001

From the last column in Table (5-2a) and equation (5-1) the complex
dielectric constant of the mixture is . €,=4.3328- j0.071
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In the previons table we again ignered ( KCl, NaCl TiO; ,P;0;
210y , MnO ) due to the lack of information about their dielectric
constants ,( the volume of the ignored items totals to 0.0224 out of the
normalized volume of one). Have we normalized Tuble (5-2a) by
considering the sample made up of only five items we get the following

table.

Table (5-2b) Results of (3-2a) after Normalization

Compound €+ V €y
S0, 4.43-j0.04 0.90006 1.4782-10.0044
Al 12.66-)1.31 0.0496 0.1158-10.00307
Fe, 0, 16.58-j0.93 0.007242 0.0185-j0.0003
CaCO; 5.01-j0.08 0.03580 (.061-j0.00031
MeCQ, 5.03-j0.17 0.0072525 0.0124-50.000!

From the last column in Table (5-2a) und equation (5-1) the complex
diclectric constant of the mixture is . €, = 4,7914 - jiL.0697

The percentage error in the real part is 9.6% , and the percentage

error in the imaginary part is 1.87%

Table (5-3a) From LISCO Analysis of Sample No. 3

Compound £+ Vv € "y
Si0; 4.43-j0.04 0.3893 0.6394-j0.0019
Al Qs 12.66-)1.31 0.0607 0.1416-j0.0049
Fe Oy 16.58-j0.93 0.0129 0.0329-j0.0006
CaCO; 5.01-j0.08 0.4954 0.8477-j0.0045
MgC, 5.03-j00.17 0.0146 (2.0250-j0.0003

From the last column in Table (5-3a) and equation (5-1) the complex
diclectric constant of the mixture is . €, =4.7974- j0.1041

In the previous table we again ignored ( KCI, NaCl) due to the lack
of information about their dielectric constants ,the volume of the ignored
items totals 10 0.0271 . Have we normalized table (5-3a) by considering

the sample made up of only five items we get the following table.
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Table (5-3b) Results of (5-3a) after Normalization

Compound €' +je" v €y
S10; 4.43-10.04 0.4001 0.6572-10.0020
ALO, 12.66-j1.31 0.0624 0.1456-0.0050
Fe 0, 10.58-10.93 0.0133 0.0338-10.0006
CaCO; 5.01-0.08 05007 0.8713-j0.0046
MgCO, 5.03-0.17 0.0150 .0257-10.0003

From the last column in Table (5-3b) and equation (5-1) the complex
dielectric constant of the mixture is . €, = 3.2093-j0.1127

The percentage error in the real part is 7.9%, and the percentage

error in the imaginary part is 7.63% . This error can be considered small.

Table (5-4) From LISCO Analysis of Sample No. 4

Compound e+ " v €y
Si0, 4.43-10.04 0.6691 1.0989-j0.0033
CaCO3 5.03-10.17 0.2240 0.3833-)0.0020 |
MgCO; 16.58-j0.93 0.0108 (.0185-j0.0002
Fe,O; $501-0.08 0.0443 0.1130-j0.0021
AlLOy 12.66-11.31 0.0215 0.0502-j0.0017

From the last column in Table (5-4) and cquation (5-1) the complex

dielectric constant of the mixture is . €, = 4.6062-j0.078

With the laboratory results we reccived a note that the previous

sample contained high carbon with major part of it, got burned during the

analysis, this could explain the big drop in the volume of the five main

COnstituents.

Table {5-5a} From LISCO Analysis of Sample No. 5

Compound C +je" l % "y
Si0, 4.43-j0.04 0.3148 0.5170-j0.0016
CaCO, 5.01-j0.08 0.4886 0.8361-j0.0044
MgCO, 5.03-j0.17 0.0163 0.0279-j0.0003
Fe,0; 16.58-70.93 0.0420 0.1071-0.0020
AlLO, 12.66-j1.31 0.0168 0.0392-j0.0013
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From the last column in Table (5-5a) and equation (5-1) the complex
diclectric constant of the mixture is . €, =3.5626-j0.0677

The votume of the ignored components of the sample totals to
0.1215 which has a percentage of 13.83 % .Again if we consider the

sumple to be made of only the lve items

Table {5-5b) Results of (5-3a) after Normalization

Compound € +je v €y
S10;, 4.43-10.04 (0.3383 0.5885-10.0018
CaC(y 5.03-0.17 0.5561 {.9516-.j0.0051
MeCO, 16.58-0.93 0.0185 0.0317-0.0004
Fe.0, 5.01-30.08 0.0478 0.1219-g0.0023
Al O, 12.66-j1.31 0.0191 0.0446-j0.0015

From the last column in Table (5-5b) and cquation {5-1) the complex
dielectric constant of the mixiure is . €, =5.252-j0.1006

This gives an error of 32.166% in the real part and 32.703% in the
imaginary part. The average of the two approaches is 4.4073-j0.08415

Table (5-6) From LISCO Analysis of Sample No. 6

Compound €' +jc" \s C°v
Si0, 4.43-10.04 0.5807 0.9537-10.0029
CaCO; 5.010.08 0.3368 0.5763-j0.003 1
MgCO; 5.03-0.17 00118 0,0202-j0.0002
Fe.O, 16.58-j0.93 0.0402 0.1025-j0.0019
ALO; 12.66-11.31 0.0100 | 0.0233-{C.0008

From the last column in Table {5-6) and equation (5-1) the complex
dielectric constant of the mixture is . €, = 4.7074-j0.0750

Table (5-7) From LISCO Analysis of Sample N, 10

Compound ' +jC" v €y
Si0 4.43-50.04 0.9110 1.4962-j0.0043
CaCO, 5.01-j0.08 0.0417 0.0714-j0.0004
MeCO, 5.03-10.17 0.0020 0.0034-10.0000
Fe, () 16.58-]0.93 0.0310 0.0791-j0.0015
AL, 12.66-j1.31 0.0150 0.0350-)0.0012
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From the last column in Table (5-7) and equation (5-1) the complex
diclectric constant of the mixture is . €, =4.7847-j0.0647

The value of dietectric constant of all samples for results in Libyan
Iron and Steel Company from Tables (5-1a), (5-2a), (5-3a), (5-4), (5-5a),
[5-0), (5-7), as given by

‘Table (3-8) Results from LISCO

Sample No. | Type Cm
| Sand | 4.3367-)0.0659
2 Sand | 4.332850.0710
3 Sand | 4.7974-0.1041
4 Sand | 4.6062-0.0780
3 Dust | 3.5626-)0.0677
6 Sand | 4.7073-10.0750
10 Sand | 4.7847-10.0647

The normalized value of dielectric constant from Tables (5-1b), (3-
2h), (5-3b), (5-5b), as given in Table {5-9):

Table (5-9) Results when the sample is normalized

Sample No. | Type Cp
l Sand | 4.6939-10.0718
2 Sand | 4.7914-j0.0697
3 Sand | 5.2093-0.1127
3 | Dust | 5.252-j0.1006

Analysis of samples obtained (rom the Libyan Petroleum
Institute gave the constituents not in compound form i.e. not as oxides but
as scparate elements, this does not reflect the actual components so we
will not use 1t to find the attenuation constant and their results will be

used to find the PSD .
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From the pervious tables the foflowing remarks, can be pointed out

» The percentage of silicon oxide in the samples increases as we

move south ( far from the sea side )

o The percentage of Aluminum oxide in the samples increases as

we move north { towards the sea side )

¢ The percentage of Ferro-oxide in the samples reaches it's heights

value at the mid section and decreases in both directions of it.

¢ The average of dielectic constant from Table (5-8) equal to

4.4468-j0.0752.

o The avcrage of dielectric constant from Table (5-9) equal to
4.9871-)0.0887.

* The average of the dielectric constant from the two approaches is

€, =4.71965-j0.08195 and this could be used as the effective

dielectric constant for the studied area of Libya.
5-3 Calculation of the probability from PSD analysis:

From the results presented wn Tables (4-11) 10 (4-15).The

dismibution probability can be obtained as given in the following tables
(5-10a) 10 (5-10¢e} respectively

Table (3-10u) PSD [or Sample (2) from the Libyan Petreleum Institute

Particle Diameter {(um) Probahility
850-600) 0.105811
425-355 026771522
300-212 03255428
180-150 01218281
125-90 0.1305875
75-25 0.04763728
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Table (5-10b) PSD for Sample (9) from the Libyan Petroleum [nstitute

Particle Diameter {m) Probability
B50-600 0.0000
426.355 0.00655172
300-212 0.1089655
180-150 0.1512069
12590 0.5072414
75.25 0.1998276

Table (5-10¢) PSD for Sample (8} from the Libyan Petroleum Institute

Particle Diameter (pm} Probability
850600 0.01222559
425-355 0.1768871
300-212 0.5850492
180-150 0.1580191
125-00 0.06222553
73-23 0.00558032

Table {(5-10d) PSD for Sample (6} from the Libyan Petroleum Institute

Particle Diameter {pm) Probability
B25()-600 0.1573402
425-358 0.4786701
300-212 0.2840668
180-150 0.1390941
125-5() 0.05255381
75-25 0.1810733

Table (5-10¢} PSD for Sample (5} from the Libyan Petroteum Institute

Particle Diameter (pm) Probability
§50-GU0 0.0000
425-355 0.0541045
360-212 002276119
18()-150 0.04682835
125-90) 0.3764925
75-25 0.548694

1 The results of Tables (4-7), (4-8) , {5-10a to 5-10e) are plotted in
Figures (5-1a ) and (5-1b} . The plotting are gencrated by a computer
programs {2) and (3) in appendix (B},
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Fig. (5.1a) PSD Curves from Libyan Iron and Steel Company

Welght ig)

Fig. (5.1b} PSD Curves from Libyan Petroleum Institute
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* From Tables (4-7) and (4-8) the biggest quantily (percentage ) has

a radius of 150 micro meter

*» For the five samples presented in Tables (4-11) to (4-15) the
highest quantity (percentage) for sand samples has radius of 212

micro meter while that for the dust samples was 90 micrometer.

* 30 based on that (he sample can be classified as sand if it has
radius 150 micrometer and higher. If the PSD is lower than 150

micrometer it is named as dust.
5.4 Estimating the visibility from meteorological data;

Meteerological dala recorded for Libya lacks any information
about the visibility, so we decided to estimate it by considering it
inversely proportional to the wind speed, to find the constant of
proportionality we depended on the visibility value that we personally
measured during the storm that happened on 24-02-2006 which we

measured it as 100 m at speed of 30 knots,

Visibility = ——onst8nt (5-2)
Speed
e — (53)
0= e (5-4)
K = 3000
Vi= 32?0 ----------------- (5-5)
Where:

¥, 1s the visibility in meters,

S 15 the wind speed in knots.
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Using the data provided to us by the metrelogical center in Tripoli

for the wind speed data for fourteen years we were able to estimate the

visibility for the sites of concern for the months that has the highest wind,

Table (5-11a) The Visibility in Agedabia

Year DEL. JAN. FEB. MAR, APR. MAY.
S o4 S V 5 V S Vv S vV S \d
1990 129 1103.4 127 | 1111 [20 | 130 20 1150 20 | 150 20 1130
1991 |24 | 125 21 [ 1428 |22 | 1363 |32 937 124 125 27 [ 11141
1992 | 20 | 150) 15 | 200 200 [ 150 34 | 882 |23 | 1304 |35 | 857
1993 |16 | 187.5 [ 13 12307 |17 [ 1764 [22 11363 |18 |166.6 |18 | 166.6
1994 120 | 130 23 11304 |20 | 150 18 |166.6 |25 | 120 22 11363
1995 |13 | 200 23 11304 |15 | 200 20 | 150 22 11363 |20 [ 150
1996 |25 | 120 27 |11 |25 g 120 |26 [ 1153 |38 |789 |25 120
1997 |38 | 78.9 |28 | 1071 30 | 100 |26 [ 1153 J30 (100 30 | 100
1998 |25 [ 120 20 1150 20 [ 150 |26 [ 1153 127 01110 |25 | 120
1999 122 1363 (20 | 130 23 [ 1304 |30 | 100 28 | 107.1 | 200 | 150
20000 118 160,60 )20 | 150 20 | 150 |25 [ 120 38 | 789 |25 120
2000 122 11363 |25 | 120 30 | 100 |20 | 150 23 [ 1304 L3 |100
2002 |18 | 166.6 |20 | 150 28 [107.1 [28 [107.1 |35 | B57 |26 [1153
2003 |25 [ 120 20 | 150 27 [111.1 |30 | 1)) 25 | 120 25 | 120
Table (3-11b) The Visibility in Jzalo
Year DEC. JAN. FER, MAR. APR. MAY,
5 Y S vV S hd 5 pd S Vv 5 Y
1990 119 | 157.8 |21 | 1428 116 J187.5 |17 [ 1764 125 | 120 20 | 150
1991 123 [ 1304 |18 | 1666 |22 [ 1363 |25 {120 24 [ 125 25 1120
1992 |20 | 150 16 | I87.5 (20 | 150 30 | 100 28 | 107.1 |19 | 157.8
1993 [ 18 | 166.6 {12 | 250 20 | 150 23 11304 |18 | 166.6 |29 | 103.4
1994 115 | 204} 30 [ 100 20 1150 22 11363 |29 [ 1034 142 |71.4
1995 |18 | lo6.6 |15 | 200 20 | 150 30 | 100 2] | 142.8 |20 | 150
1996 120 | 150 20 [ 150 38 [78.9 (20 ]150 30 1100 20 | 150
1997 |24 | 125 18 | 1666 |25 (120 3G | 100 33 1909 |18 | 166.6
1998 |20 [ 150 18 | 166.6 |18 | 106.6 | 30 | 100 20 | 150 25 1120
1999 [ 20 | 15) 20 1150 25 1120 20 [ 150 27 11110 |25 [ 120
20000 124|150 1§ [ 166.6 [ 20 | 150 25 [ 120 35 | 85.7 |35 | 857
2001 |30 ] 100 25 1120 25 | 120 |28 j107.0 J27 j111.0 |32 | 937
2002 |20 | 150 22 11363 |24 | 125 27 [111.% |25 120 27 11111
2003 118 | 16066 |20 [ 150 32 1937 |26 [ 1153 130 [ 100 26 [ 1153
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The visibility for the six months during which the storms peak can
be calculated vsing the data presented in Tables (4-1) und (4-2), and using
program {4) in Appendix (B), the visibility for these months are shown in
Tables (5-1ta) and (5-11b) respectively from which we see that the
lowest visibility was around 71.4 meter and it occurred on May 1994 |
instead of using the visibility on a monthly basis we believe that working
with the average visibility over the six months period along with the
average speed is much better. This 1s as il we were using a fitting to the
data before using i, the average speed along with the average visibility is
given in Table (5-12) with this approach the minimum average visibility
in Jalo was 108.65 meter and the minimum average visibility in Agedabia

was 100.2] meter

Table (5-12) Average of Visibility in Jalo and Agedabia

Yeur Jualo Agedabia
Averape Average
Stk) | V(m) | Stk | Vim)
1990 1196 |15575 |206 | 13575
1991 |228 |13305 |25 122,31
1992 221 [14206 |245 |134.05
1993 |20 161.16 | 1723 | 177.35
1994 | 253 |12685 |213 | 14229
1995 |z08 | 15156 |49 | 161.11
1996 245 (12081 |276 | 11088
1997 {245 |12818 |302 | 100.21
1998 |28 |1422 23.8 | 127.73
1999 228 | 13351 |238 | 12896
2000 | 255 | 12633 |243 | 13091
2001 |27 |10885 |25 122.78
2002 |241 [12558 |258 |121.96
2003 2523 |12348 |253 |120.18
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5-5  Estimating the Wave Attenuation :

For dust, the imaginary part of the dielectric constant is very
dependent on the hygroscopic water content of the sample this can be
concluded from the variations of the dielectric constant with humidity of
the sample. Attenuation depends on the shape of the scattering particles
and their orientation relative to the wave polarization, and the altenuation
due to scattering is small and may be neglected and this is based on our
finding of small radius of the suspended particles. Microscopic
investigation revealed that the average axes ratios for the best fit ellipsoid

are 11 0.75:(0.75).[ 5 ] with the biggest dimensions as the PSD,
In this study. two methods for caleulating the attenuation are used:
5-5-1 Method (1):-
The optical visibility V (in kilometers) and the optical attenuation
per Kilometer u, are related by the simple relation [3]
V=15« (5-0)

For spherical particles of effective radius a, (meters), and the complex
relative permiltivity of the particles (€ =¢ ‘+1g"), the attenuation

coefficient (e ) can be found from [3]:

1894, 3¢

o= . T e (5-7
VoAdg v 246" J

Where 4 is the wavelength (in meters)

From average values of dielectric constant given in Tables (5-8)
and (5-9) and the average visibility from table (5-12) , at a frequency of
3Ghz with the effective radius equals 0.000075 m from the PSD data, the
attenuation coeflicient can be calculate using equation (3-7). and using

program {3) m Appendix (B) ,with the results given in Table (5-13}, and
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drawn in Fig .(3.2). This table gives an average attenuation of 0.00566
(dB/km) which is too small to effect over the microwave link under

consideration even for the longest hop distance . .

‘Table (3-13)The Vaiue of Attenuation Using Method (1)

Attenuation {dB)

Visibility(km)

Attenuation(dB/km)

7.5

E5

[+

=
Lh

4.5

4
0

0.10021

0.0071

0.10865

0.0066

0.11088

0.0064

0.12018

0.0059

0.12231

0.0058

.12348

0.0058

0.12773

0.0056

(0.14221

(.0050

0.16111

0.0044

0.17735

0.0040

i

i

i

1

o1

.12

0.13

0.14
Visthility (km)

015 018

0.17

Fig. (5.2) The Relation Between Attenuation and Visibility



3.5.2 Method (2) :-

In this section we will use exactly the same ¢xpression obtained by
Ghobrial {1] using an analysis based on the work of Maxwell Garnett.
Equation (5-8) used to determine the attenuation when a wave of known
polanzation propagates (through a storm.

246ve" x10°

a=— 7T dBm 5-8
(e +2) +£°)4 C-9)

When v is the relative volume occupied by dust particles in a storm is

obtained from

Where C and y are constants that depend on the distance from the peint of
origin of the storm, type of soil and climatic conditions at the origin. The
following values are believed to be applicable to conditions in Sudan and

the same in Libya:
C=23X107, y=1.07.

The average measured density of the six samples collected in Libya from
Table (4-9) is 1.5067 gm/cm’,

Then :

[.5265%x 107
V= 37107

MY o (5-10)

The auenuation of the circularly polarized wave is brought about by
two mechanisms,

* Absorption of energy in the propagation medium.

¢ Change in polarization,



All of the parameters of equation (5-8) are defined in the previous
section application of which results in the attenuation values as presented
in Table (3-14) and Figure {(4.3) by using program (6) in Appendix (B)
The average of the attenuation is 0.00628 db/km. This is almost as that
tound using method (1) (0.00566 db/km)

Table {5-14) The Value of Attenuation Method (2)

Visibility(km) | Atienuation{dB/km)
0.10021 0.0080
(. 10865 (.0073
0.11088 0.0072
0.12018 0.0066
0.12231] 0.0063
0.12348 0.0064
0.12773 0.0062
0.14221 0.0035
(.16111 .0048
0.17735 0.0043

o,
un
¥
'

I

Attenuation {dB/km)
o
H
|

[ ]
oh
/ o
: : _
I

4 i | [ i
0.1 an 0.12 0.13 014 0.15 Q.16 017 .18
Visibility {km)

Fig. (5.3) The Relation Between Attenuation and Visibility
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CHAPTER 6

Conclusions and
Recommendations



6-1 Conclusions:

From the samples that we collected using the standard approach

used by panniers and analyzed in the best two laboratories in the

country one can draw the following remarks:

The two laboratorics give close results for some samples while
they give differing results for some others when they use

different approach.

From the sand sample results we found that the percentage of

silicon oxide in the sample increases as one moves south.

‘The main metals in samples are Aluminum oxide and ferrite
oxide they have percentage that average to about 7 %. One can
notice that : Ferrite oxide has it’s highest percentage at the
middle region of arca studied and it decreases s as one moves
in both directions of it, Aluminum oxide has it’s lowest
percentage at thc middie region of area studied and it

increases as one moves in both directions of it

The studied area has wind storms that peaks during the months
from Dec. through May with the fastest recorded storm in Jalo
with a speed of 42 knots and lowered the visibility to 71.4

meters.

The average relative dielectric constant for the sclected area of
Libya found to be €, =4.71965-j0.08195 and this resuits in an
atrenuation ceelficient which averaged to 0.00597db/km \

while that for the north of Sudan is 0.0097db/km [2], the

difference is expected due to the difference in the constituents.

76



» The attenuation to signal of the Great man made river that
results from the dust and storms is negligible, this is based on
the average attenuation per unit length and the maxirmum
distance between stations which is 55 km (total attenuation
0.328 dB).

* Based on the PSD analysis we classified the samples as dust if
the diameter is equal to or less than 150 micro meters and the
samples can be considered as sand if the diameter is greater

than 150 micro meters.

* The value of the dielectric constant found is at a frequency of
3 GHz we expect the attenuation to increuses as the frequency
increascs this is becausc as the frequency increase the
wavelcngth decreases results in an increase of the electrical

dimension of the suspended particles
6-2 Recommendations;

* In this study we did not study the scattering effect because we
were unable to find the exact dimensions of the particles, so a
continuation to this work could be execuled to study

scattering.

* An expenmental study should be conducted by designing ,and
building a special microwave link that monitor the effect of

storms over a couple of years

* The results of this study should not be drawn for all of Libya ,
but it is valid for the studied area and any similar part only |
for other parts that is not similar like Sabha { Wadi Shatty )
were fertite and other metals  exits with high percentage a

parallel study should be conducted.
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Appendix (A)



MAXIMUM WIND SPEED
STATION NAME & NO. ;
(1956-2003}

PERIDD :
YEAR

1950
1991
18892
19493
15964
1995
1954
1947
1995
1999
2000
2001
2002
2003

JAN
120727
300721
08015
V003
230720
27023
140:27
330728
300720
120020
160720
180r25
350720
A80K20

FEB.
320
Ol
2020
080T
17020
3315
2025
360430
20420
124723
350020
3oz
J60/28
8027

Knoia

AGEDABIA E2055

LAT, 0 43N
MAR,

1BO2D
o0 2
11034
IMK22
15048
180720
028
18026
120426
180730
325
3020
38028
180730

APR.
KXk
A30/24
180/23
33018
140525
220722
35028
300/30
180727
160728
360738
270r23
240715
18025

LOMN. 20 10E ELVY

MAY
09020
18027
09035
110414
80422
180120
180625
080730
320425
20420
180125
35020
18026
50425

JUN
170020
3019
160418
I00A
3317
118
G2l
36023
38020
A5020
sy
As0r20
230723
150722

80

JUL
35020
o0
3020
doezz
320s20
Isv1g
M2
SG50/24
360:21
Borxg
30022
B0z
W0/25
030/20

LOF M

ALG.
3019
3%0rH0
a30/22
340118
30522
o2
340720
33023
Je0a
38020
38022
020
8025
W20

SEP.
350720
330M15
3320
180v20
330418
350720
180720
ez
30422
350420
180020
184720
=0 g
36022

bl 71 DA e et 1 paia
PEFCLIEL P,
[2003-1956) . & pi

OCT,

0913
M0z
160419
1HH20
20022
aome
1BQr20
180425
J80/22
eona
160120
08
240118
3614

NOV.
060723
[ HAT ]
J3G14
120418
200015
120418
330720
180720
SO0
oS
350724
180020
2022
320420

DEC.
30029
30524
160:20
316
3N 20
2T 5
I225
310438
180725
22
E e L]
2722
300418
180025



MAXIMUM WIND SPEED
STATION MAME & NO), :
(18955-2003}

PERIOD

YEAR
1540
1987
1842
1933
1o
1955
1885
1957
1588
1939
2000
20Mm
2002
2002

JAM
30023
ZHMIB
2804118
290012
230
220015
180520
12018
2200158
290:20
31018
27025
230022
20020

FEB
276
T2
2A0v20
23020
290020
340520
270138
JL0M2E
2504148
27025
21020
J30i2s
A2
a3z

Knols
JALL,

62161

LAT. 25-0¢ N

MAR

60T
120725
28030
12023
130722
1¥0430
J50720
8030
199735
1-?ﬁl':

27025
180:28
0027
26025

APR
290125
18024
18024
kI TRE-
120709
272
18030
3-11:'-’33
170520
17027
33003z
180027
160425
150035

LON. 21-34 E

MAY
23020
32025
30ng
220129
DaZ
240720
120020
33018
35025
320025
150135
330432
3BT
23025

JUM
160019
35002
12018
Jani1s
iiens
33017
350418
15020
3020
350014
sz
KETaly L
5078
IE00

81

ELV. 60 M

JUL.
A80I1S
lagfig
15031
kST )
EX
&2
340020
HDEs
350720
36020
350520
Ja0r20
Y3020
023

ALG
3014
l-1a10 ey
A1
320013
33015
1815
36020
2720
K- T )
J5Q1S
36020
1802
b s
3506

SEP,
26015
15915
a30M4
V80N T
010
17020
180020
350020
200017
350720
TR
22015
18O
020

OCT.
20018
36058
150113
1200
iz
1520
33018
35025
20
Joar2o
180020
150418
iy}
150114

R Tt T T W iy

o 2 Al

MOV,
405
1415
22
17a1s
IanE
180038
18014
180/25
VIO
17020
Xitng
30025
TR0
5070

(2003-1355) ; i <

DEC
280015
280123
17020
27018
260455
1808
270020
250,24
aeQe20
o
180720
27010
24020
v



AL-XRF/Iniguant Analysis Report

QUALTTY COWTROL DEPRRATMENT T5.19
TESTS & ANALYSIS SECTION

CAXRP U JOBNJOR . 515
Fample ident = Sand - 0}

MgCo3 D.752

503 1.49948
Fel03 0.363
Ta02 0.0835
205 0.0711

Known: DiriuentsSample = 0,500

5tdEer |

0.00%8 |

Dilusnt = B2O3

ARL-YAF/UniQuant Analymsis Xeport

StdErc

n.14
0.05
0.09
L.0B2
n.062

0.022
L.cod
0.035
4.0040
Q.0025%

QUALITY CONTREOL DEPARTHMENT T3.19
TESTS & ANALYITS SECTLON

T RE Y UOd TOBNIOB 610
Sample ident = Sand - 01

AlZe3 4.85
Caco3 3. 50
KCl 1.918

T1d2 .24l
T2 0.221
P2ChH ¢.0711
Mno a.97203
503 0.0133

Known: Diluent/Sampla =~ o,500

Stdirr )

=]
+
I

k =

Fe

' Na
1 Ti

Zr
Px

Mn
Sx

Diluent = B2OQ

82

0.o02k

9.0014
G.0011



Ja; alyzl gaaall )93lly @ilpaslll apd 5ll

Fe;0y | NaCl | XCI | ACO, | CaCO; | ALOy [ Si0; | Lmd ol
0454 rlll 212 .07 183 6.89 B4 .69 3
Eppal | <O 15 | O.15mm | 0.40mon | 6.60mm | 0.85non | 1.2mm _sd.g'_.-.l' fJ ) 4
1004.90 | 515.30g | 44650 | 28.20g 10.60g 2.30g 1.00g 3
100,00 51.28 4441 2.81 1,05 0.23 0.10 Ta
Fey0y | NaCl | KCI | MgCO; | CaCOy | ALO, | si0, | Cad d,
1.29 .02 1.41 1.46 43 54 6.07 3803 4
Eswd| =015 | 0.15mm | 0.A40mon | 0.60mm | 0.85mm | 1.2non | Cad o
lied 70 L 180.00g | 604.80g | 15790 05 Sng 24.60g t.20g 4
L0 0 16.91 56 B0 1-1.E3 207 131 018 LA




Al a3 | (guall B | SjO, | CaO | MgO | Fe,0; | ALO;
4 32.24% [66.91] 22,40 | 1.08 | 443 | 2.15
5 18.10% [3148[ 4886 | 1.63 | 4.20 | 1.68
6 22.67% | 58.07[ 33.68 | 1.18 | 4.02 | 1.00
10 1.72% | 9100 417 | 020 | 3.10 | 1.50
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Conductivity Density Al ab

(ms) (g/c mj)

240 1.49 2
797 1.53 5
6.54 1.11 6
1660 1.62 7

90 1.72 8
565 1.57 9
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h
Documiest No. LEI-LAR-OBL-02

TEST REPORT

. Libyan Patroleum Institule

Issuad by
Date of Issus 1 1170772008
Test Report No  : 0D1ZAL20/06
Custemer
Address

Date sampls received
Sample identifcation
Woark order No

Sample condition upan receiving
Tesling date

Customer requested date
Testing venya
Tamparature

Relative Humidity
Sampling procedura used
Sampling date

Tesl Mathod

Tesling cutcome
Measurement uncertainty

Opinion and interprotations

Tl wpals

Dl Sl azals
. GB/OB/ 2006

: Sang

D DTONL20/06

. Physically is in good condition

1 210772006

T NiA

: IL20 {Analytical Chemistry

L MNEA,

TNAA

: Done by Client

T NI

: ASTM method

» Compliance with the requirgrent
s NfA

HiA

Fage Faj2

il s ore G0 Tl oo JETINEL P AR e 0 JATANT T AEVARHILTY S RN e 7, A b bl

50



DAY 48k 1 A i
e Docwment No. EPLLAB-GG413
Issued by : Libyan Petrolaum Institute
Date of Issue 1172006
Tesl Report No  : O012/IL20:06
Tabla 1:-
Sample
) Ca* Mg | Na*ipp Ct | Conductivity
No. Sioz (%) K{ppm)
(%) (%) m) {ppm) | (umhosicm)
1 95.373 1042 0.0926 ar 4.5 o2 16323 .4)
2 83873 3820 0206 Kb 3] 63 185.1(23.3)
3 o0 525 2.047 0.158 T 2.5 23 24.3{23.2)
4 57.067 2815 1.813 3.5 1 16 33.3{23.2)
[ 5.280 3.060 1.991 L 10 101 260{23.0

gnatory

nErd of report....

Mote! 1. Test report shall not be re-proguced mxcept in full, without written approval of the Yabaratory
2. Reaules related enly to the 3Tem tested

Papz 2efl

in il e . e Fll L ARTEY 4 LAUWON some b dRFOTTP T AR AT T e A3 o m 7 & LS e D T
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‘A
B8 A5 ¢ e

— Y TP Dorxment N LP-LAB Ofd 4

TEST REPORT

Issued by . Libyan Petroleum Instituta

Data of Issue D807 2006

Test Report No  : DO77/1L18 /2006

Customaer : Al-Tahadi Liniversity
Address D Sert: P.OBDX BT
Cate sample receivad 210407 £ 2006
Sample identification rosoil
Wark order Ne D 06 IL1B 7 2006
Sample condition upon receiving : Good Condition
Testing date 16407 # 2006
Customar requested date !

Testing venua
Temperature

Relative Humidity
Sampling procedure used
Sampling date

Test Mathod

D IL18 {AAS L ICP - OES)

C1EB G = 2004

1 56 - 56 %AH

: Sample taken by customer gn-site

f

: Wel Ash

Testing autcame 1 Compliance with the requirement
Measuremant uncerainty TN
Oplnion and interpratations Hefer (Table1);

Page | of 2

infinet Ipilibya.org s Sl oo ARIOI 14 42020 e = 1« SRI0022-277 SHIGHT1- 23 s 251 RTINS MR TI I S S



Dumrmmcwl g, 1.F1-1.A B804 10

lssued by » Libyan Petrdleurn Insiinate

Data of lssue S16 £ 07 1 2006

Test Report Mo T DOFY FIL18 £ 2006

Table 1:-

Sample NO Fo ppam

1 16852
2 6A90 5
3 1664 4
4 §18.06
5 arr2 b

End of report___

Abdulgader Elmethnani

g

i

Approved Signatory

note: L. Tust report shall mat Be re-produced ascepr in Full, =icheut wricoen approval of the 1aborarary
1. Rusults relited anly 0 Che 10 L4049

Fage 1ol 2

i s Ity e g e B 3 SRAHIN ] ININIZ0  ponm 2y ¢ ARMAIEE- 2T REZGRT 12T o idns 64T )bt ASTeh F35 T e ol Sl e
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m&wf Ldil hita
ClSall g il & pan 5 )
Ll Sle panall Ldeais
St pos ol 42 para

_(&ﬂ) L'F..L‘L"J'l iﬂ.ﬂh
sl g a2 Aben alt et
{(Sieve analysis) 4laidl Jiasl -

(Porosity & Permeability) 4aliilt 5 doalewd) cisias -2
.(Chemical compaosition) A cag 24 -3

il e & dmew daae  maldl cliadl s
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Sample(1) weight: 156.6 g

Scresn opening {pm) W{egi?ht Cumulative weight (g | Weight % | Cumulative weight %
aso 3.36 3.36 214359387 2.14558387
GO0 13.21 16.57 8.43550447 10.58109834
425 27.52 44 09 17.5734355 2815453384
355 14.41 535 9.2017R759 37.35632184
200 19.32 77.83 12.3435504 45.69487229
212 31.65 109.48 20210728 £9.91060026
180 8.1 118.58 58109834 73.72158365
150 5,95 128.56 B.37292465 B82.0845083
125 7.81 136.37 4 98722861 B7.08173691
50 12,64 149.01 B.0715198 95 15325671
5 3.36 152 .37 2.14555387 97 29885057
3z 4.1 156.47 2 61813538 99.91688595
25 0 186.47 g 8591690595

£9.32% of the sample is batween [212-425 pum) which is fine lower 1o
593283 FU-ML medium Ipwer sand
120
100 | - - ~ C L ———— e
.
80 } RN I D
60 - ant I S I Socs I S s 1 |
] |
40 — —— — - p— — I+~
20 —1 - —41—{14d 1-- - —{ —
e [0 HHEBIREL Al
1 2 3 5 G 7 a a 10 11 12 13
a YWeight {g) 0 Comulalive weighl %

21




Sample{2)

weight: 58g
Screen opening Waight Cumulative weight . Cumulative waighl
Waeighl
(um) (g) (o) eight % %
850 0 0 0 0
600 1] 0 0 Q
425 01 0.1 | 0.17241375 0172413792
335 (.28 038 0.48275862 0655172414
300 0. 0.35 0.01724138 0672413753
212 8.1 8.7 108793103 11.55172414
180 3,24 594 5.5862068 17.13783103
150 5.53 15.47 9.53448278 26.67241279
125 14.1 79,57 24 3103445 50198275862
50 1532 44 B9 26413794 739655172
75 4.31 49,2 7 43103448 84 82758621
32 6.68 55 B8R 11.5172414 0f,34482755
25 0.6 5G.48 1.0344B276 97.37931034
50.72% of 1he sample is between (30-125 pm} which is very fine
5072414 VF grained sand
120
100 - - T
[ - - "Im_ _
B0 - e | ] =
40 |- —— —— S T 4T -
20— — J__H )
ﬂ AT AR
1T 2 3 4 5 6 7 B 9 10 1 12 13
O Weight {gm) D Curnutative Weight %

o2




Sample{d)

weight: 264.2g
Screen opening Weight | Cumulalive weighl ; Cumulalive weight
Weigh

() (a} (g) sont % %

850 1 1 037850114 037850114
G00 223 3.23 0.84405753 1. 222658672
425 20.56 23.79 7.78188335 85.004542018
as5 26.2 45.99 0916726875 18 82127177
JH} 52 .46 10245 19.8561596 38.77744134
212 102.11 204.56 38.6487508 7742615228
180 20.52 225.08 7. 7668433 85.19303558
150 21.44 246.52 B.11506425 3. 30806493
125 9.73 255,25 3. BA281605 9.95051508
o0 6.71 262.96 2 535974262 49.5306586
[ 1.06 264.02 04012112 §9.9318G38
32 0.52 264,54 0.19682059 1001286204
25 ] 264.54 1] 103, 1286204

. B8.42% of the sample is between (212-355 pm) which is fine upper lo
6842165  FUM 1 edium grainad sand
120
100 F—- -T- — -
i CTETETT T

80 - - 1—- — - {1—=] |- |

680 }— Nl 1— 15— 11—

40 - | = 1= 1= - |—] |-+
o - T il L" |

1 3 5 il 7 8 g no 1 2 13
O Weight (g B Cumulative Weight %
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Sample{d} welght: 311.3g
Screen opening Weight | Cumulative weight . Cumulative weight
(um) (@) (6} Weight % %
850 6.07 8.47 1.94488757 1.94088757
00 42.91 4898 13.7841311 1573401862
425 28.36 7.\ 2. 11018M 2484420174
355 2726 104.8 8.75682621 33.60102795
300 30,28 134.88 0. 72052682 4332155477
212 5817 193.03 18 6861548 62 00770961
180 23 216,04 7.389158.68 £59.399293249
120 20.29 236233 5.51 7828458 7581712175
125 10.43 246,75 3. 25046579 7026758754
B0 593 252 69 1.90451487 B1.17250241
I 1.3 253,99 04176036 B81.59010801
32 .82 257 .81 1.22711211 82 81721812
25 51.25 309.06 164632188 98, 28043588
73.96723  FL-CL 73.96% of the sample is between (150-800 um} which is fina lower Lo

coarse lowet sand

120

100

g0

et ——. o —

———— . m

K

1L

5

6

7

8

g 0 1"

o Weight {gm) O Curmulative Weight %

12 13

04




Sample(5)

weight:53.6¢
Screen opening Weight Cumulative weight Cumulalive weight

(prm) (g} {g) Weight % %

850 0 q 0 D

B00 0 0 O 0

425 0.18 0,18 0.3358200 0, 335820806
355 0,11 0.25 3.20522388 0.541044776
300 0.22 .51 041044776 0951492537
212 1 1.51 1.8656V 164 2817164179
180 0.78 2.29 1.45522388 4. 27238806
150 1.73 4,02 322761194 7.5

125 3.24 7.28 g8.04477612 1354477612
80 16.94 24 2 31.6044776 4514525373
75 8.71 J32.81 16.25 61,39925273
32 16.55 o2 46 36.4738806 07 87313432
25 1.15 53.61 214552230 100.01B8567

8432836 SLT-VF

84.32% of the sample is between {32-80 pm} which is silt to very
fina sand

120

100

80

&0

40 F

20

1 2 3 4 5 6 T 8 8 10 1 12 1
meight{gm] D Curestative Weight %

05



Approximate values of porosity hydraulic conductivity for various
aquifers (from Domenico and Schwarz, 1990, Physical and Chemiceal
Hydrogeology, John Wiley & Sons, New York,

Sample | Grain size range Porosity (%) | Hydraulic Conductivity (ft/'sec)

No- felassification)

1 (90-125 um) very |W——=53% |[g0x 107 - 60x 10"
fine grained sand

2 {90-125 ym) very | #6——53% {1 60x 10 - 6.0x 107
fine grained sand

3 (212-355 pm) fine | 34 61% [3.0x10° - 6.0x10°
upper to medium
grained sand

n (150-600 um) fine | 34 61% {3.0x 107 - 60x10°
fower to coarse
fower sand

5 (32-90 pm) silt to | 34 61% 3.0 107 - 60x10°
very fine sand

Characteristics affecting Hydraulic conductivity and Porosity
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Appendix (B)



Bt Program (1):

¥ This Program for Calculate the Dielectric Constant

¥ S5=5i02 , A = Al203 , F = Fe202 ,C = CaCQ3 , M = MgCo3
('S=8102 , A=Al203 , F=Fe201 ,(C=CaCO03 , M=MgCO3']}

X= input {'what the name of element "S5,A,F,C,M"=',1'5');

= gym{'5"');
- S}’m{1ﬂ'}|,‘
sym{'Fr};
= gym('C");
= sym('M");

Z o in
n

if X == 8§
V91 = inpuc{'V=");
Si=4.43-0.04t;
Sa8i*{1/3);
Diel =5+Vv1
elae if X == A
V2 = input{'Va'};
Al=l2 . 68-1.2311;
A=Al {1/13};
Diel=A*V2
else if X ==
V3 = input {('v="'1};
Fex16 ., 58-0.931;
FaFe" (1/3};
Diel=F*V3
glse if X ==
Vd = input{'V='};
Ca=5.01-0.081i;
CaCa™{1/3);
Diel=C*V4
else if X == M
V5 = input{'vVa');
Mg=5.03-0.171;

MaMg™ (1/3};
Diel=M#*y5
else
{'Sorry; this element not presents')
end
end
end
end
end
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Run Program:

<<(igl
ans=
5=8i02 , A=AI203 |, F=Fe203 C=CaCQ03 , M=mMgCO3

what the nama of element "S, A F,C.M™=5
Vv=0.903

diel=

1.4831 - 0.0045i

<«<diel

ans=

5=8i02 , A=AI203 , F=Fe203 .C=Cal03 , M=MgCO3
what the name of element "S A F,C M™=N

ans=

Sorry; this element not presents
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B2 Program (2):

% This Program for Particle-Size Distribution Cumulative
¥ ( analysis samples from factory of steel i1rcon )

ye[.10 .15 .4 .6 .85 1.2];

®#1l=[51.28 44.43 2.81 1.05 0,221 27
¥2=[14.91 56.8 14.82 B8.97 2.31 .18];
plot (y,.x1)

hold on

grid

plot {y,x2,'r')

¥label ('Particle Diameter [(mm)')
ylabel (‘Weight (g}')

Run Program:

60 5 s 1 1 —"
: : ; ; — .
. ——s.2
8
% 2L S S i i i -
ar H
10+ \
—
3 . ~. . i
0 i i-‘-‘_hh'“"}' i ‘_-‘_-___-"""“——:._1
0 0.2 0.4 0.5 .8 1 1.2 14
Particle Digmeter {mm} .
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B3 Program (3):

% This program for Particle-Size Distriburion Cumulative
% | analysia gpamples from Center of petroleum study )

yY=[850 600 425 355 300 212 180 150 125 90 75 32 25];
Xl=[2.356 13.21 27.52 14.41 19.33 31.65 5.1 9.98 7.B1 12.84
3.36 4.1 0.0];

%1l =x1/1.566;

gl=sumixl) ;

8l=81/13;

¥2 =[0.0 0.0 0.1 0.28 2.01 5.731 3.24 5.53 14.1 15.32 4.31
&.68 0.6];
x22 = x2/0.58;

X3 =[1 2.23 20.85 26.2 52.46 102.11 20.52 21.44 9.73 6.71
1.06 0.52 0.0]);
®33=x3/2.642;

X4 =[6.07 42.91 B2.35 27.26 J0.26 S5B.17 23.01 20.25 10.43
5.93 1.3 3.82 0.25];
xd4=x4/3.113;

x5={0.0 0.0 0.18 0.11 0.22 1.0 0.78 1.73 3.24 16.94 8.71
19.55 1.15];
x55=x5/0.536;

plot {v,x11);

hold on

grid

plot (y,x22,'r');

plat (v, x33, 'm!'};

plot {y,x44,'c'};

plot (y,x55,'G'};

®label {'Particle Diameter {um) ')
ylabel{'Weight (g)')
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Run Program:

40

Weight {g)

0 200 300 400 500 600 700 800 600
Particle Diamalar {pm}
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B4 Program {4):

% This Program for Calculate the Visibility
¥ (from Maximum wind speed in station in Jalo and Agedabia)

['How many the number of wind speed input'}
N= input ('Ne='};
K = 3000 ;
{'Input the max. wind speead’)
for T = 1:N
A{1,T) = input ['S = '};

end

for T = 1:H
S(Ty=a{1,T);
E=S(T) ;
VI(T) = (K/B};:

end

8{T)=5{T}
V(T)=VI(T)
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Run Program:

How many the number of wind speed input
N=14

ans =
Input the max. wind speed
§=19
S=23
S=20
S=18
S=15
5=18
5=20
5=X
5=210
S=20
S=20
S=30
$=20
S=18

S -
18 20 30 20 20 20 24 20 18 15 I8 20 23 19

V=

Columns 1 through 9

125.0000 150.0000 166.6667 2000000 166.6667 150.0000 130.4348 157.8047
150.0000

Columns 10 through 14

166.6667 15¢.0000 100.0000 150.0000 150.0000
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BS Program (5):

% This Pregram Calculate the Attenuation Coefficient
¥ {(Method 1)

{'Input the Frequency (Ghz)'")
F= input ('F= '}y
{*Input the dielectric constant ')
al=input ('absl= '};
aZz=input {'abg2= '};
(*Input the number of Visibility input'}
N = input {'N= ');
{'Input the Visibilicy {km)')
for T = 1:N
ClL,T) = input {('¥ = '};
end
L=3/{F*10) :
e =0.000075;
Ae=e/L;
Kl={{al+2)"2)+a2"2;
K2=3*a2;
E=K2/K1:
for T = 1:N
W= C{1,T});
M=189/W;
A{l,T)=M*rhe~K;
VITY=C[1,T);
ALE(T) = A(1,T);

x{Ti=V(T);
YI(T}=ALL (T} ;
end

VITI=VI(T) ;
Att {T)=Att (T)

plot (x.y)

hold on

grid

xlabel{'Visibilicy (km)')
ylabel ('Attenuation (dB)')
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Run Program:

Input the Frequency {Ghz)

Fa 3

ans =

Input the dielectric constant

absl= 4.9871
abhs2= 0.08195

ans =
Input the number of Visibilicy input
N= 10

ans =

Input the Visibility {km)

10021
.10865
.110848
.12018
12231
.12348
12773
13221
L1611l
17735

L B N
LI |
DOoOO00ooOo0O0D0 0o

ALt =
Columns @ chrough &

0.0071 0.0066 0.00&64 0.0055
0.0058

Columns 7 through 10

0.0056 0.0050 0.0044 0.0040
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Attenuation (dB)

7.5

Visibihty {km}
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B6 Program (6):

% This Program for Cal¢ulate the Attenuation (Method 2)
% D= the path length in the atorm {(Km){1,5,10,20 Km)

% L= wavelength in 10Ghz {(3cm}

% Vv = vigibilty {(Em}

D= input {'D')
5L = input{'L")
{'Input the Frequency (Ghz}')
F= input [('F= '}
('Input the dielectric constant ')
al=input {'absl= '});
a2=input ('abs2= '};
{'Input the number of ¥Wigibility input'})
N = input{'N= '};
{'Input the Visibility (km)'}
for T = 1:N
C{1,T) = input {('V = '};
end
L=3/(F*10}
A2=(({(al+2]"2)+ a2”2)*L
for T = 1:NM
W=0{1,T);
V1=W"1.07
v=(1.5265E-8)/V1
Al={2.46*v*32}*10ES

A{l, Ty=A1/22

VIT)=C({1,T};
Art (T} = A(1,T};

X(Ti=VI(T);
y{T)=ACE(T);
and

VT =VI(T) ;:
Att {T)=ALE {T)

plot (x,y}
hold on
grid

xlabel {'Visibility (km}'])
ylabel {'Attenuation (dB)'}
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Run Program:

Input the Frequency {Ghz}
F=13

ans =

[nput the dicleeine censtant

absl= 171965
abs2= 008195

ans =
Input the number of Visibility input
N=10
n_rls -
Input the Visibility (kin)
V=010021
V =0.10865
V=0.11088
V=01X18
V=012231
V=0.12348
V=0.12773
YV =0.14221
V=0.16111
V=0.17735
A=
Columns | through &
0.0080 0.0073 0.0072 00066 (0.0065 0.0064
Columns 7 through 10

0.0062 0.0055 0.0048 0.0043
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Attenuation [dB)
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