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Abstract

In this study, the gamma radiation in a variety of soil samples represents several of
predominant types of geological rock formations appearing in Hebron province was
measured using the high-resolution gamma-ray spectroscopy. The calculated
radiological concentrations were found to range from 2.3-72.8, 1.7-85.4, 16.9-420.7
Bq/kg for **Th, ***U and *K respectively. The corresponding calculated absorbed dose
rates in air outdoors were found to be in the range of 3.6-15 nGy/h, depending on the
geological features. The corresponding effective dose rates per person outdoors were
estimated to be between 15.6 and 51.4 pSv/y, assuming a 20% occupancy factor. The
mean absorbed dose rate in air outdoors amounts to (12.7 + 5.3) nGy h ™', which is by far
below the corresponding world-averaged value of 60 nGy h'. This shows that
inhabitants of the province are subjected to a radiation exposure, which is significantly
lower than the corresponding exposure levels reported worldwide.

Keywords: gamma-ray; radiation; high-resolution; spectroscopy; absorbed dose; granite;
West Bank.

Introduction

The terrestrial background radiation is formed by the process of nucleosynthesis in
stars [1]. Only those radionuclides with half-lives comparable to the age of the earth,
and their decay products, can still be found today on earth, e.g. “’K, and radionuclides
from **U and *Th series. Gamma radiation from these radionuclides represents the
main external source of human body exposure to natural radiation [2-3]. The external
radiation exposure arises mainly from cosmic rays and from terrestrial radionuclides
occurring in all soils. The assigned outdoor absorbed dose rate in air from cosmic
radiation outdoors at sea level is about 30 nGy/h for the Southern hemisphere [3]. The
specific levels due to terrestrial background radiation are related to the types of rock
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from which the soil originates. Therefore, the natural environmental radiation mainly
depends on geological and geographical conditions [1]. Higher radiation levels are
associated with igneous rocks, such as granite, and lower levels with sedimentary rocks.
There are exceptions, however, at some shales and phosphate rocks having relatively
high content of radionuclides [2].

Investigations on terrestrial natural radiation have received particular attention
worldwide and led to extensive surveys in many countries [2-12]. They mainly serve as
a baseline data of natural radioactivity such that man made possible contaminations can
be detected and quantitatively determined. They can further be used to assess public
dose rates and to perform epidemiological studies. The results obtained in each country
can be explained to enrich the world's data bank, which is highly needed for evaluating
worldwide average values of radiometric and dosimetric quantities [4]. Very few, if any,
studies had been made [13]. Such studies indicate that information and extensive data
about gamma radiation are severely limited in the West Bank. No good estimate is
available on the radionuclides species that are present in the West Bank. So the purpose
of the present study was an attempt to have an estimation of gamma radiation and
concentration distributions. It is hoped that this study will help in studying the relation,
if any, between the radionuclide distribution and the soil characteristics. Thus, natural
gamma radiation measurements for most geological rock types appearing in Hebron
province, West Bank (Figure 1) are presented. Finally, an attempt to find a relation
between terrestrial radiation doses in air outdoors and studying dose contributions of
each natural series, 2>°Th and *®U, and *“’K that occur with different concentrations on
rock composition has to be implemented.

Methodology

The soil samples were collected from about ten villages chosen randomly around
Hebron province. The experimental part has been carried out using gamma-ray (y-rays)
spectroscopy at the ministry of Environment. Full description of the experimental setup
and procedures were reported somewhere else [8, 14-17]. Relatively speaking, the
system consists of a high-purity germanium (HPGe) detector (coaxial cylinder of 55 mm
in diameter and 73 mm in length) with an effecincy of 30 %, relative to a 3"x3" Nal(T1)
scintillator [14-16]. The energy spectrum of the emitted y-rays is in the energy range
between 50 keV and 3 MeV. The detector is mounted on a cryostat which is dipped
into a 30-litre Dewar filled with liquid nitrogen. A graded-Z cylindrical shield
consisting of lead, iron, and aluminum with thickness of 5 cm, 1 cm, and 1 cm,
respectively, surrounds the detector. The energy dependent detection efficiency has
been determined using a calibrated **Eu gamma reference source (standard Marinelli
beaker with 85 mm bore diameter), which has an active volume of one liter and an
average density of 1 gm/cm’ [5]. The energy resolution (FWHM) achieved is 1.8 keV at
the 1.33 MeV reference transition of “’Co.

According to the geological features of the Hebron province, samples have been
carefully collected from each type of the geological formations. At each site, several
soil samples were taken from the natural geological rocks. The number of collected soil
samples in each site was based on the number of dominant rock type (granite or not). A
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total of 32 soil samples from fifteen different sites in the province were collected for
gamma radiation investigations (Table 1). The collected soil samples were stored in
plastic bags before gamma radiation measurements. A sub-sample to pass through a 2
mm sieve mesh is taken from each sample and ground. Then, the measured samples
were sealed in standard one liter Marinelli beakers and stored for at least four weeks
before counting in order to allow the in-growth of uranium and thorium decay products
and achievement of equilibrium for **U and **Th with respect to progeny [4]. Each
sample was put into the shielded HPGe detector and measured for 24 hours (a typical
spectrum is shown in Figure 2). Prior to the samples measurement, the environmental
gamma background at the laboratory site has been determined with an empty Marinelli
beaker under identical measurement conditions. It has been later subtracted from the
measured y-ray spectra of each sample.

Figure 1. Map of Hebron province showing the location of the villages and cities under
investigations.
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Figure 2. Typical gamma-ray spectrum.

Results and discussion
Typical gamma-ray spectroscopy is shown in Figure 2. The radiological
concentration in the **Th and **U decay series and in *’K is calculated according to the
following equation [5,12]:
Ng;

A L = s 1
B xtxy, x M, M

where Ag; is the radiological concentration of the detected nuclides (in Bq/kg), and
for a peak at energy E, Ng; is the net peak area (NPA) of a peak at energy E, &g is the
detection efficiency at energy E, t is the counting lifetime, y4 is the number of gamma
per disintegration of this nuclide for a transition energy E, and My is the measured
sample mass in kg. The results of reported activity concentrations obtained for each of
the samples are summarized in Table 1.

Table 1. Natural radioactivity concentrations of ***and K of the 32 different collection
soil sites

No. Soil sites Radiological concentration (Bq/kg)
pEIN R W
1 Dura (1) 11.5 41.6 34.4
2 Dura (2) 324 28 26
3 Asimya 29 15 48
4 As Samu (1) 33.2 27.2 21.6
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No. Soil sites Radiological concentration (Bq/kg)
232Th 238U 40K
5 As Samu (2) 32.7 15.6 86.4
6 Yatta (1) 41.8 13.7 345.8
7 Yatta (2) 56.4 1.7 345
8 Yatta (3) 17.0 6.2 178.1
9 Susyia (1) 14 19 128
10 Susyia (2) 16 13 20.6
11 Karmel 12.1 11.8 21.4
12 Ma'in 13.8 18 16.9
13 Bayt Al-Rush 6.4 21.5 17.4
14 Ragah 15.4 18.8 76.1
15 Munizel 3.9 14.1 127.7
16 Beni Naim (1) 21.3 42.3 420.7
17 Beni Naim (2) 52.4 85.4 280.1
18 Beni Naim (3) 72.8 64.6 240.1
19 As Shuyukh (1) 21.5 13.8 21.1
20 As Shuyukh (2) 28.3 15.8 88.1
21 Si'ir 47.4 16.4 292.1
22 Halhul 8.6 8.2 115.6
23 Bayt Awla 31.4 18.6 178.1
24 Taffuh 4.8 9.4 118.1
25 Idnah 9.8 22.1 53.2
26 Sikkah 6.3 19.1 129.6
27 Duma 8.4 13.1 125.2
28 Az Zahhiriyah 6.4 16.4 146.8
29 Bayt Mirsim 6.0 18.6 112.6
30 Al Majed 2.3 12.4 58.0
31 Karmah 18.4 13.4 64.2
32 Rihiyah 24.3 15.6 34.6
Table 2. Average activity and effective dose rates for >**Th, **U, and “’K.
Series Nuclide | Energy Outdoor dose | Effective outdoor
(MeV) rate (nGy/h) dose rates (uSv/y)
Thorium ZAc 0.911 15.4 15.6
Ui 0.727 11.2
07Ty 0.583 3.6
°’pb 0.238 21.8
Uranium °pb 0.352 8.2 8.9
“UBi 0.609 7.3
Potassium K 1.460 8.7 11.8
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As shown in Table 1, the activity concentrations of **Th vary from 2.3 to 72.8 Bg
kg !, of #*U from 1.7 to 85.4 Bq kg ' and of *K from 16.9 to 420.7 Bq kg '. Of all the
32 samples measured in this study, Yatta and Bani Naim appear to have the highest
concentrations of “*Th, whereas As Samua, Beni Naim (1)-(3) and Dura villages exhibit
the highest concentration of **U. Beni Naim (1) appears to have much higher
concentration of *’K, when compared with the concentrations of all the other samples,
reaching levels up to 420.7 Bq k '. In general, activity concentration of **Th and ***U is
rather low in all the samples measured. The obtained average concentration of ***Th and
28U and “K in the inspected samples were (17.1 £ 3.7), (19.5 £ 4.5), and (134.9 + 25.6)
Bg kg !, respectively. This reveals that the mean concentration levels measured in
Hebron province from naturally occurring radioisotopes are at least by a factor of two
lower than the corresponding values obtained worldwide. Our extracted values, in
general, fall within the range of most reported values from other worldwide areas [7-12,
14-17].

Assuming that the natural radioactive nuclides are uniformly distributed in the
ground, the dose rates, D, at 1 m above the ground surface are calculated by the
following formula [14-16]:

D =C XC e (2)

where Dy js the dose rate measured in nGy/h, Cy is the nuclide concentrations in
Bg/kg and Cr is the conversion factor in nGy. kg/Bq. The dose rates in air outdoors
were calculated from concentrations of nuclides of »*Th and ***U series, and of *’K
using equation (2). In table 2, the results obtained for the dose outdoors and the
corresponding effective dose assessment for the “*Th and **U series, and *’K are
displayed. The extracted values range from 3.6 to 21.8 nGy h™'. According to the more
recent UNSCEAR reports [3-4], the corresponding worldwide average values range from
18 to 93 nGy h™' and typical range variability for measured absorbed dose rates in air
outdoors is from 10 to 200 nGy & ' [5]. The population-weighted values give an average
absorbed dose rate in air outdoors from terrestrial gamma radiation of 60 nGy h .

The annual effective outdoor doses are estimated by making use of UNSCEAR
reports [3-4]. According to this report, 0.7 Sv Gy ' was used for the conversion
coefficient from absorbed dose in air to effective dose received by adults, and 0.2 for the
outdoor occupancy factor [5-8]. Effective dose rate outdoors in units of uSv per year is
calculated by the following formula [12]:

D, =1.23XCp XDy XOp oo (3)

where Dy is the dose rate in uSv/y, Cc is the conversion coefficient and Og is the
occupation factor. The conversion coefficients for Thorium series, uranium series and
potassium are: 0.52813 (NGy. Kg)/(h. Bq), 0.38919, and 0.03861, respectively [5,12]. It
should be noted here that in the UNSCEAR reports, dose rate conversion factors are
taken from Saito and Jacob [12]. The effective dose rates outdoors estimated according
to equation (3) and its value was found to be within the range 9.4 to 15.6 pnSv/y, which is
lower than the assigned international values.
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Conclusions

The powerful high-resolution y—ray spectroscopy was used in studying natural
radioactivity and determining elemental concentrations and dose rates in various rock
types in Hebron province. For the predominant rock types of Hebron province that were
investigated, samples originated from Yatta, Beni Naim appear generally to have higher
radionuclide concentrations, as compared to the rest of places. This might be attributed
to the fact that rock samples taken from these places composed of a combination of
phosphates, carbonates and silicates, and granite type. However, activity and elemental
concentrations of thorium, uranium and potassium in the studied soil samples were
found to be normal. The extracted values are distinctly lower than the corresponding
ones obtained from other countries worldwide and, in general, they all fall within the
range given in the UNSCEAR report [13].

The mean absorbed dose rate in air outdoors amounts to (12.7 + 5.3) nGy b, which
is by far below the corresponding population-weighted (world-averaged) value of 60
nGy h™'. This implies that inhabitants of the province are subjected to a radiation
exposure, which is significantly lower than the corresponding exposure levels reported in
other areas worldwide.

In conclusion, more systematic studies of the West Bank geological formations are
recommended with the objective to create a digital radiological map of West Bank.
Such map should express the exposure levels due to terrestrial gamma radiation, which
mainly depends on the geological features of rocks. On the other hand, additional studies
are also required in order the dose rates and effective dose rates indoors can be
determined. This would provide the possibility to accurately determine the public total
effective dose rates due to natural radioactivity.
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Abstract

The results of Electron Dispersive (EDS) and X-Ray Diffraction (XRD) analysis in
a supersaturated and aged Pb-Sb solid solution are shown. The undertaken analysis
shows that a small scatter exists between the two approaches. The cell parameter
determination has shown a small contraction effect of the solvent cell.

Introduction:

The batteries for electric storage of power used in the rural zones and the Great
South of Algeria are basically in their constitution identical to the electrical automobile
batteries i.e. Lead-Acid type. The principal elements of these batteries are the grids. The
grids are manufactured from lead as major constituent of the alloy and antimony as
solute. These grids are coated in a special paste and are bathing in an electrolyte which is
an acid solution. The alloys which form these grids undergo during their life two
evolutions which determine their durability. The first one is a structural evolution
(internal) due to the constitution of the alloy and the second one is due to the interaction
of the alloy with the corrosive bath (externa+l) in which they are immersed. These two
physical and chemical evolutions are concomitant and contribute to the deterioration of
the material. The characterization of these evolutions is of primary importance in order
to optimise the durability of the batteries.

It is well known that the kinetics and the morphology of any solid phase
transformation are governed by the initial solute content and/or by its supersaturation[1].
Furthermore, the room temperature corresponds to 0.5 T; (T; being the melting
Temperature in Kelvin degrees). Then during their life service, the grids undergo
structure changes due to "ageing-recristallisation" effects[2]. If the solute content of the

© 2006 by Yarmouk University, Irbid, Jordan.
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alloy is beneath the limit value imposed by the solvus line then the ageing causes a
continuous precipitation and a late discontinuous precipitation named "over ageing".
When the solute content is beyond the limit, a coarse lamellar eutectic microstructure is
obtained after ageing [3,4].

In this work the solute concentration of a Pb-Sb alloy is determined through EDS
(Energy Dispersive Spectroscopy) and XRD (X-Ray Diffraction) analysis. For the later
we have used a new approach based on the Direct Comparison Method [5].

Experimental Techniques:

The Pb-Sb alloy samples were cut out from grids of batteries which were provided
by a national commercial company. Parts of the grids were remelted in graphite crucible
and Die cast. The parallelepiped obtained ingots were 60*11%*3 mm’. The re-melting was
performed in order to reset the backward thermal and mechanical history of the alloy.

The alloy in the as cast dendritic and inhomogeneous structure resulting from the
re-melting and cooling were homogenised at 270 'C during 30 minutes. This heat
treatment is followed by a quenching of the ingots into glacial water in order to obtain
the supersaturated state. We carried out the thermal treatments by using a LINO
ELEKTRO THERM furnace.

In order to determine the solute concentration of the alloy, we carried out an Energy
Dispersive Spectroscopy analysis on a Scanning Electron Microscope facility (JEOL
6300 SEM).

In order to refine and compare the results with those obtained via the former
method, an X-Ray Diffraction (XRD) analysis was undertaken (X'PERT PRO, PHILIPS
PANALYTICAL 3040). The Cu K o radiation was used in the interval 26 of 0 - 80 °.
The homogenized and quenched samples were used in a massive form after ageing at the
ambient temperature (natural ageing).

For both analyses, massive samples of the alloy (homogenized and quenched)
analysed after a standard and fine metallographic preparation (polishing with different
Silica papers and finishing with a Diamante paste).

Results And Interpretations:

Figure 1 shows the results of the EDS analysis. The spectrum shows the number of
X-rays collected at each energy. The energy of each X-ray photon is characteristic of the
element which produced it. The EDS microanalysis system collects the X-rays, sorts and
plots them by energy, and automatically identifies and labels the elements responsible
for the peaks in this energy distribution. The EDS data are typically compared with
either known or computer-generated standards to produce a full quantitative analysis
showing the sample composition. The table inserted in figure (1) gives the composition
of the studied alloy within 0.1% relative error.

12
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Figure 1 : Energy Dispersive Spectrum and solvent and solute content values displayed
of a supersaturated Pb-Sb solid solution, water quenched and aged at the ambient
temperature during one week.

In order to confirm the semi quantitative results displayed by the EDS analysis, we
carried out X-Ray Diffraction experiments on the supersaturated and aged Pb-Sb alloy
samples. Figure (2) presents the five characteristics rays of the Pb matrix (FCC) and

some rays associated with the Precipitated (Sb) phase. According to the literature [6-8],

a room temperature (natural) ageing for one week is sufficient for a continuous
precipitation of the beta phase (Sb, rhomboedric structure R 3,,) to occur. Both the rays
of the matrix Pb or precipitated (Sb) have been indexed by a commercial software .
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Figure 2: XRD diagram of a supersaturated Pb-Sb solid solution, water quenched and
aged at the ambient temperature during one week.

We used the “Direct Comparison Method [5] to determine the concentrations of Pb
and Sb of a taken sample of a grid of battery. This method requires knowledge of the
angular positions and the relative diffracted intensities of the solvent phase and the
precipitated beta (Sb) phase. The concentrations of the two phases are given by the
following two relations:

ta o Ry By m
IPb RPb CPb
C,, +Cy =1 @)

Where the parameters R g, and R p,, are given by :

L)[FZP (1+co0s?20.) oo
vt

R = .
( ' (sin’0,cos0),)

1

A3)

In which v ;, F;, P, and e M are respectively the volume of the cell, diffusion,
multiplicity and Debye-Waller temperature factors. By using suitable set of (hkl) planes
that ensure a maximum relative intensity, we have found C g, = 2.53 and C p, = 97.34 %
(weight). This result confirms convincingly the semi quantitative result value given by
the EDS analysis.
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The data displayed by the software (inter reticular distances and corresponding peak
intensity) allows to calculate the crystallographic cell parameter of the supersaturated
and aged Pb-Sb.

solid solution. We used a standard method to refine the calculated cell parameter.
This method is described as the Nelson-Riley [9] method and is based on an
extrapolation function:

Ad_ A®

=— (4)
d tgb

This equation lets predict that the error made on the inter reticular distance d and
hence on the cell parameter a decreases when the Bragg angle reaches a great values (=
90°). This error is compensated by the extrapolation function F(0) of NELSON and
RILEY [9] given by:

1{cos’® cos’®
F(0)=— + 5
©) 2[ sin6 0 j ©

The minimisation of this error is ensured when an extrapolation for F(68)=0 is made.
The refined cell parameter is then deduced for an extrapolation at F(6)=0 of the a vs. C
plot. The cell parameter value found (apps, = 4.9498 A) is slightly lower than the value of
the cell parameter of the pure Pb (ap,s, = 4.9502 A). This contraction is called “Standard
contraction” [10] and has been found to occur in several binary metallic systems [11].
Several models have been proposed to explain this contraction. They are all based on the
consideration of differences of the atomic size between the solvent and the solute, the
valence or the electronegativity. In other words there is a greater attraction between a
solvent and solute atom than between two like atoms, and the mean interatomic distance
is thus decreased. The atomic radii and electronegativity for Pb and Sb are Respectively
1.83 and 1.53 A, 2.33 and 2.05A .We can assume that the cell contraction in this system
is both due to the size effect and to electronegativity.
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Figure 3: Evolution of the cell parameter of the solvent versus the Nelson and Riley
extrapolation function for a supersaturated Pb-Sb solid solution, water quenched and
aged at the ambient temperature during one week.

Chatterjee et al.[12] studied the strain distribution in cold worked Pb-Sb alloys
from X-ray line profile analysis. They deduced cell parameters values using two
different approaches. Their values are different from our results. Whereas their alloy
samples were cold worked and/or cold worked and aged at 200° C for 5 hours. Our
samples were not cold worked.

They found that for two initial concentrations 0.85 and 1.69 Sb % (weight), there is
an expansion of the cell rather than a contraction. The cell parameter varying from 4,951
A t0 4,953 A respectively. Their values lead to a distortion factor n equal to + 0.505%107
(this factor is defined by equation (6) below). These authors found the same evolution
for other Pb based alloys (Pb-Sn [10] and Pb-Bi [13]) in almost the same microstructural
states.

Abd El-Khalek et al[14]. studied the effect of structure transformations on the
stress-strain characteristics of the Pb-3Sb and Pb-3Sb-1Sn %(in weight).They reported a
reduction of the cell parameter during the in situ tensile tests between 200 and 230° C
This reduction was associated with the effect of dissolution of the Sb precipitates in the
matrix by a combination of a thermally activated process and an internal stress
relaxation. Their results corroborate those of Chatterjee et al. [12] on the expansion of
the cell. These differences with our finding primarily and fundamentally seem to be due
to the microstructural states of the samples studied and to the methods of calculation
and refinement of the cell parameters used. Principally, the main effect may arise from
an incorrect exploitation of the broadened and shifted X-ray lines due to the high level of
deformation imposed.
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Various models of the theory of elasticity of continuous mediums (elastic model of
Friedel for example) [15,16]allow to estimate the stored energy and the distortion factor
in the solvent medium resulting from an inclusion of solute atoms. This energy is given
by the relations (3) [16] and (4) [17] below :

R,-R, Y
E=cte (—R ] (6)

A

cte=constant

2 1(Qp-9,)
E= EME(TJ £(C) (7

where Qg - is effective molar volume by atom of the solution, Q, is molar volume
and p the modulus of rigidity of the matrix and f (C) is a linear function of the
concentration C.

Moreover, this energy is considered to be the enthalpy of dissolution which is given
by the equation [16]:

RT

%)
XBs=Cte ¢ (8)
Cte=constant

where XBs is the composition of balance at the temperature T. The value of AHs, is
given by the slope of the plot In (Xg,) vs. 1/T. This procedure leads to value of — 22.3
k.J/mol for Pb-Sb alloys.

The distortion parameter is given by:

1)( da
| 224 9
§ (aj(dcj ®
One of the authors Safi [17] have determined 1 and obtained the value n=-
1.0207 * 10 ® from the curve of the evolution of the PbSb cell parameter a versus C.

Our results are in good agreement with his. The theory of the elasticity of the continuous
mediums gives an estimate of this parameter according to the equation:

n= K£(RLKA)J (10)

R,

Where K is the coefficients of rigidity and given by:
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. (+x) (1)
(&)
KB
o (t+2v)
Where: x——2 (1—2v) (12)

And v the Poisson's ratio of the solvent and Ky is the coefficients of rigidity of the
matrix. Equations (6-9) lead to a value of 1 = - 1.1282*10 ~.This last theory, if it does
not give an exact value of the parameter of distortion, can predict its sign correctly.

In the case of alloy of our interest, obviously, the effect of contraction is well
predicted.

Conclusion:

The EDS chemical analysis and the XRD spectra analysis allowed to determine the
solute Sb content in a supersaturated and aged Pb-Sb solid solution. It has been found
that a small scatter exists between the two approaches. The cell parameter measurement
has shown a small contraction effect of the solvent cell.
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Abstract

Mapping of natural radionuclides from airborne gamma spectrometry suffer from
random ”noise” in the spectra due to short measurement times. This is partly
compensated for by using large volume detectors to improve the counting statistics. One
method of further improving the quality of the measured spectra is to remove from the
spectra a large fraction of this random noise using a special variant of Singular Value
Decomposition: Noise Adjusted Singular Value Decomposition. In 1997-1999 the
natural radionuclides on the Danish Island of Bornholm were mapped using a
combination of the standard 3-Windows-Method and NASVD. The method was found to
improve the data quality significantly and was a valuable tool to locate abnormalities.

Introduction

In the years 1995-1996 the second investigation of the risk of radon in Danish
houses took place [1]. 3019 dosimetry measurements in Danish one-family houses
showed that the recommended limit for indoor radon concentrations in new buildings,
200 Bg/m’®, was exceeded for 4.6% of the houses. This amounted to 65,000 houses for a
population of 5.2 mill people, of which 69% was living in one-family houses. On the
Danish Island of Bornholm the value was exceeded for 16.5% of the houses.

As a consequence of this it was decided to conduct a survey of Denmark with the
aims of finding the high-risk areas. Basically, this was to be done by creating a map of
the abundance of the natural radionuclide uranium. Bornholm was chosen to be surveyed
first and the AGS, Airborne Gammy Spectrometry, mapping was started in 1997. The
survey was discontinued due to weather conditions but finished in 1999.
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The method used for the mapping of Bornholm, The Short-Cut Method, was
developed at The Technical University of Denmark [2, 3]. It is a combination of the
standard 3-Windows Method described by IAEA (Ref. 4) and a spectrum decomposition
method, NASVD, developed by J. Hovgaard in 1997 [5, 6].

NASVD

NASVD sorts a group of measured spectra into a series of different basic spectrum
shapes, spectral components, according to the importance of the shapes. The most
important single spectrum (to represent all spectra in a group of spectra) is the mean
spectrum, s,. This spectrum is first subtracted from all measured spectra, and the second
most important spectrum shape to represent the remains, s, is then calculated etc. In
principle there are as many spectral components as there are channels in the analysis,
however, spectral components of higher order contain only noise. NASVD is based on
the theory of linearity: each measured spectrum can be reconstructed as a linear
combination of the spectral components. NASVD calculates a set of amplitudes
(amounts) for each spectrum, b;;, to be used in the reconstruction. During reconstruction,
noise components are discarded and thus statistical noise is removed. Usually only four
(to six) spectral components are necessary to reconstruct all measured spectra.
Reconstruction is performed according to Equation (1) with r; representing the
reconstructed count rate spectrum for measurement No. j. LT; is the live time for
spectrum No. j, sy is the average spectrum (cps), s;, is spectral component number i
(counts) and b;; is the amplitude of s; to be included in the reconstruction of spectrum
No. j.

rj:s0+(sl.bj,l+szbj,2 +...+ S 'bj,max)/LTj ................................ (1)

max

The spectral components may show both negative and positive full energy peaks.
Figure 1 shows an example of this. The measurements were made with a 4L Nal detector
at 2.2 m above the ground using a 512-channels multichannel analyser.

NASVD produces a negative ***T1 (2615 keV) peak in channel 418, negative peaks
from the uranium decay chain are seen e.g. in the channels 102 (609 keV) and 60 (352
keV) - but in channel 238 (1461 keV) there is a positive potassium signal.

Counts Technical University of Denmark (CGS)
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/
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Figure 1. Spectral component from CGS measurement.

This occurs in spectral component 2 meaning that the independent variation of K
versus U and Th is quite important. A negative value of the by,-amplitude would signify a
low K-concentration and a positive value would mean a higher concentration of K (and
inverse for U and Th).

The 3-Windows Method.

The 3-Windows Method is based on spectrum stripping. The radionuclide X
window contains contributions from other radionuclides in addition to the contribution
from radionuclide X itself. Consider the Figures 2 — 4. Figure 2 shows a potassium
spectrum with the position of the K-window shown. Figure 3 and 4 show spectra for the
uranium and the thorium decay series respectively with window positions shown.

It is seen that both U and Th produce counts in other windows than their own,
whereas K contributes very little to windows covering higher energy intervals. (The
spectra were measured in the laboratory using a 16L Nal detector with a 512-channels
multichannel analyser.)

The Danish AGS system (16L Nal, Exploranium) uses the following windows: K
chns. 238-271, U chns. 290-323 and Th chns. 416-483 for the energy calibration E, =
0.00023 - (chn)® + 5.756* (chn) — 20.64 keV.

Figure 5 shows the stripping schematics. The symbols indicated are the stripping
factors. o, B, and y vary with the survey height in a linear fashion (Figure 6) with a
contribution from the product of the height attenuation coefficient and the equivalent
survey height. Equivalent means that the attenuation from the aircraft hull is added to the
measured height. For the Danish system (Fennec helicopter) this contribution amounts to
30 m air equivalent.

cps AGS 16L Nal(Tl): Potassium cps AGS 16L Nal(T1): The Uranium series
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Figure 2. Potassium spectrum. Figure 3. Uranium series spectrum.
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Figure 4. Thorium series spectrum. Figure 5. Stripping factors.

The 3-windows method is based on solving the three equations (2) with respect to
cx, where cy is the ground concentration of radionuclide X and sy is the sensitivity of
radionuclide X, often presented in the units cps/ppm. For AGS, the sensitivities, sy, also
vary with the survey height and can be represented by an exponential equation including
the height attenuation coefficient, s, and the equivalent height H (Figure 6).

Ne =Sy Cpty-Sy-Cy+  SgeCg

Ny =0 Sy Cp + Sy Cy + 88 Cp 2)
Ny = Sp,Cp +a-S,-Cy +b-sg-cy

Typical values for the Danish system are sy, = 2.83 cps/ppm with gy ops = 0.00743

m’, sy =4.54 cps/ppm with iy ops = 0.00840 m’', and sx = 48.51 cps/% with g obs =
0.00940 m™ [7].

Wrnobs - (100m —H)

a=0.236 +0.00049 -H STh = STh(100) "€

Ry,obs - (100m — H)

B=0.371+0.00065 -H Su =Svuqoo) "€

BK,obs - (100m — H)

v =0.727 + 0.00069 - H Sk =SK(oo) "€

Figure 6. Height dependency of stripping factors and sensitivities.
The Short-Cut Method.

Instead of reconstructing all spectra, a time consuming process, it is possible to use
the 3-windows-method directly on the spectral components, treating the components as
if they were real measured spectra.

This means that instead of operating on a single spectrum and solving three
equations with three unknowns according to Eq. (2) one has a set of equations of the
type; one set for each spectral component.

The concentrations, in Eq. (2) named c, resulting from this procedure will not be
ground level concentrations. Instead each spectral component is assigned a certain
radionuclide content. For each radionuclide the contributions from all spectral
components must be added to produce the ground level concentrations. Using the
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symbol ey ; to represent the content of radionuclide X in the spectral component s; and
substituting the spectrum window count rate symbol r with the symbol u to indicate
spectral component window count rates, and finally organising all stripping factors and
sensitivities in one single matrix, M, one gets the following equation:

U=ME (3) where
Uy —Upm Ui Uom Usg Usp - Sy assy  besg
_ _ and vy —| . .
U=luy,—u,y Uy Uy Uy Uy M=|a-sp, Sy &Sk
Ugg —Upg Uk Uyg Uz Ugx - Bsp vesy Sk

Since NASVD includes the background in the mean spectrum, s, the background
count rates uy, 1, etc. must be subtracted before the matrix calculations are done. Solving
Eq. (3) with repect to E, gives:

The radionuclide contents, ex; may be either positive or negative (please confer
Figure 1).

To obtain the physical concentrations at ground level the radionuclide contents in
each spectral component must be multiplied with the amplitude value corresponding to
each spectral component. Again, the content of radionuclide X in the mean spectrum,
€o.x, 1s based on count rates whereas the contents in the other spectral components are
based on counts. The physical concentration (e.g. ppm or Bq/kg) of radionuclide X in
measurement No. j then becomes, Eq. (5):

kj,x = eo’x"' (el,x‘bj)l + e2)x‘bj,2 +...+ emax,x'bj,max) / LT] ,,,,,,,,,,,,,, (5)

The Bornholm Survey.

The measurements were made with a Fennec helicopter with an average survey
height (actual) of 82 m, a line spacing of 200 m and a sampling frequency of 1 s (real
time). The equipment used was a 16L Nal detector of the Exploranium type connected to
a 512-channels multichannel analyser positioned inside the aircraft, Figure 7. The
background was measured above sea level one to three times a day and was found to
change on a daily basis. Figure 8, shows two background spectra, one from 1997 and
1999. The differences are partly caused by a change of the helicopter interior partly by
weather conditions. The count rates in the Th- and K-windows vary much less than in
the U-window. This emphasises the importance of proper background correction. (The
background is in general 20% or more of a measured spectrum.)
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Cps Background Bornholm 1997 and 1999
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Figure 7. Equipment (F. Andersen, Figure 8. Background measurements 1997 and 1999.
DEMA).

The spectral components resulting from the NASVD processing of the Bornholm
data set are shown in the figures 9 to 13. Spectral component s; very much resembles the
mean spectrum, sy. Figure 11, shows a strong, positive potassium signal with weak
negative uranium and thorium signals. An additional benefit from NASVD processing is
a “free” check of the data quality. A spectrum shape like the one shown in Figure 12,
spectral component s;, immediately tells that the energy calibration of the system has not
been constant during the survey.

Spectral component s, (mean spectrum) Spectral component s;
7Cops Bornholm Counts Bornholm
200

50 1 —s0
0 150
40 H 100
30
20 50
13 - ‘ | | 0

0 100 200 300 400 Chn. 500 -50
Figure 9. Mean spectrum, s,. Figure 10. Spectral component s;.

This s-shaped component is usually referred to as a spectrum drift component. The
later this component occurs, i.e. the higher the number of the component in which it
occurs, the better are the data. If the standard 3-Windows Method is applied per
automation there is a risk that the full energy peaks may be partly outside the window. -
Even non-mobile measurement systems making repetitive measurements will show this
component that will occur as early as component number s, or s,, depending on whether
or not environmental radon changes have taken place. Figure 12 shows this to some
extent. The uranium full energy peak around channel 307 is almost non-existent, but the
609 keV peak from *'*Bi around channel 110, radon daughter, is easily observed.
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Figure 11. Spectral component s,. Figure 12. Spectral component s;.
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Figure 12. Spectral component s,. Figure 13. Spectral components s¢ and s-.

Spectral component s still shows features that resemble a spectrum, but spectral
component s; almost only contains noise. When reconstructing the measurements
according to Eq. (1) or using the short-cut method, the spectral components s, sg etc. are
not included. The statistical noise is in this way removed from the data.

Survey results.

Some results from the survey will be presented here. Figure 14 shows the uranium
map of the island. The colour scale range from 0 to 4 ppm eU. eU means that
equilibrium in the uranium decay chain has been assumed. The highest concentrations
are found around the brook Leséen between Kalby and Streby where alum shale is
found (492800, 6101400), at the Renne granite quarry (482500, 6107500), Ekkodalen —
a cleft - (492500, 6107500) and at the NV corner of the island, where the Vang granite
quarry is located and where the rocks at Hammeren protrude the surface, i.e. free granite
areas. Dueodde, the sandy beach at the SE corner of the island, contains very little
radioactivity at all.

During the data processing some unknown features came up. The most surprising
were found in the area around Hundshale, Kalby, and Sose. The figures 15 to 17 show
the radionuclide contents in the soil for this area. (The colour scale for uranium is the
same as presented in Figure 14.)
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Figure 16. Potassium map. Figure 17b. Uranium map. Extra spectra.
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The concentration of uranium around Hundshale was very high compared to the
average concentration. This was verified from Ge(Li) measurements on soil samples and
dose rate measurements. The soil sample concentrations were approx. K 1.9 %, Th 6.6
ppm, and U 4.0 ppm on the average. Around Sose the soil sample concentrations of K
were approx. 2.5%, Th 10 ppm, and U 2.6 ppm. That the concentrations should be that
high was not seen on the first map produced. It was therefore decided to try something
new.

When data are NASVD processed, NASVD sorts the information in order of
descending importance. A small area of land that has special features will be given low
priority due to only a few measurements made on that site. The more measurements of
the same type one has, the more important they become. With this in mind the spectra
measured in that area were doubled and added to the original data series that was then re-
processed. The results are shown as the figures 15 to 17. Figure 17a shows the uranium
map of the original data and Figure 17b shows the uranium map due to addition of extra
spectra. Adding extra spectra in this way could be thought of as illegal data
manipulation. However, the new results were found to fit better with the real soil
concentrations found from the soil samples and the dose rate measurements. The
standard 3-Windows Method could never have obtained this. Here, addition of extra
measurements (repetition of the same measurements) would only lead to extra results
that were exactly the same. The combination of the two methods has proved to be a good
idea.

Other applications of NASVD.

Here, only the short-cut method for mapping of natural radionuclides has been
described. However NASVD has also been used for mapping of '*’Cs fall-out in Sweden
(RESUMED99, [8]), in Scotland (ECCOMAGS, [9]), and it was the only applicable tool
for the mapping of the very low level '*’Cs fall-out in Latvia with equivalent ground
level concentrations down to 0.5 kBg/m* [10, 11]. This use of NASVD eliminates the
need for "*’Cs stripping factors.

It has also proved to be a valuable tool in the search for orphan sources at the
Nordic Nuclear Safety Research exercise, Barents Rescue, in 2001 [12, 13]. NASVD is
able to detect sources either by immediate identification by full energy peaks or by
scattered radiation only, see Figure 18 that shows the downward scatter from a '*’Cs
point source.
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Figure 18. NASVD spectral component: source
identification from scattered radiation only.

NASVD is today used at the Danish Early Warning Stations (permanent monitoring
stations) to distinguish between natural variations (i.e. radon) and possible variations
caused by manmade disturbances; the latter with a detection level down to 5-8% above
local natural average dose rate [14].

The latest use (in progress) is the use of NASVD in the fitting of CGS (Carborne
Gamma Spectrometry) spectra measured in city areas. The method, Fitting with Spectral
Components (FSC) uses a set of basic spectra previously produced to fit new
measurements [15].

Conclusions.

NASVD has proved itself a valuable tool in the processing of gamma spectrometry
data and can be recommended especially to users familiar with the 3-Windows-Method.
NASVD gives immediate information of existing variations in the ratios between the
natural radionuclides and — combined with GPS data - locations of special soil
compositions of interest are identified fast. Also NASVD is a very efficient tool in the
search for shielded sources that can only be identified by multiple-scattered photons.

Users of gamma spectrometry on topics not related to mapping may still benefit
from an NASVD processing of measured data; e. g. changes in the concentration of
radon daughters in the air will be detected by NASVD even from measurements from
stationary spectrometry systems and the early or late occurrence of a spectrum drift
component will give valuable information of the quality of the measured data.
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Abstract

Water samples from mountain springs, streams and river systems in the Western
Himalaya were collected and analysed in the laboratory for uranium and radon contents.
It was observed that Himalayan river system is conspicuous by its high dissolved
uranium and radium concentrations. Water samples contained from 0.89 to 63.40 ppb of
uranium from 34 to 364 Bq/1 of radon. The radon emanation in soil was measured by
track-etch method, emanometry, and alpha-logger techniques. Daily and long-term
variation of radon was monitored in some U-mineralised zones of Himachal Pradesh and
Uttranchal States with high uranium content in soil. There is a need to undertake
epidemiological study correlating cancer risk with high uranium and radon values in
environment.

Introduction

The measurement of uranium and radon in environment, in general, and in the
Himalayan ecosystem, in particular, is of special interest to mankind. It has long been
known that radon is a causative agent of lung cancer, when present in high
concentrations, as observed in uranium mines[1,2]. The health hazard of radon is
principally due to its short-lived daughters: *"*Po, '*Bi and *'*Po. During recent years,
several reports have demonstrated the ever-increasing interest in monitoring radon in
indoor environment of dwellings all over the world [3-7].

Geochemical investigations for uranium deposits are based on the ability of
uranium and its disintegration products, radium and radon, to dissolve in water and
migrate together in Himalayan rivers and streams. One of the conspicuous
characteristics of the Himalayan river system is its high dissolved uranium
concentration, ~2 ug/1, compared to the global average of 0.3 pg/1 in river waters. The
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Ganges and Brahmaputra, together, transport about 1,000 tonnes of dissolved uranium:
the estuaries of the Bay of Bengal annually [8,9]. Radon estimation in soil-gas, ground
water and atmosphere is an established technique in uranium exploration[10, 11],
environmental hazard assessment[12,13] and more recently in earthquake prediction [14-
17]. *Rn is a long-lived isotope out of the three radon isotopes and is thus more mobile
in natural environment than other elements in the uranium series. It is used as an
effective tracer in understanding geophysical processes that induce fluid motion in the
ground. Prolonged exposure to radon and its daughter products may account for an
increasing incidence of lung cancer among the mine workers. Because of its importance
in human life, it is of considerable interest to measure radon in air, soil and water for
uranium exploration, environmental pollution and earthquake prediction in the Western
Himalaya.

Uranium/Radon Measurement Techniques
Uranium estimation in soil

There are various methods of uranium estimation , viz., gamma-ray spectrometry,
mass spectrometry, laser flourimetry, autoradiography, neutron activation analysis and
fission track-etch technique. The latter one was used in our sample analysis due its
simplicity and lower detection limit. Soil samples were collected from bore holes and
dried in oven at 150°C for .2 hr. Fifty mg of soil sample was mixed thoroughly with
100mg of methyl cellulose powder used as a binder and the mixture was pressed into a
pellet, about 1.3 cm diameter and o.1 cm thickness, using a hand press. Lexan
polycarbonate discs of the same diameter were pressed against both sides of each pellet.
The capsule was got irradiated in CIRUS reactor at BARC, Mumbai using a thermal
neutron fluence of 10° n/em®. After irradiation, Lexan discs were etched in 6.25 NaOH
solution at 70°C for 40 min. Fission track density was measured using a Carl Zeiss
binocular microscope with a calibrated eye-piece graticule. The comparison between
track densities on the Lexan discs surrounding the soil pellets and dosimeter glass pellet
gives the average value of uranium content by the relation [18,19].

Uranium estimation in water

The experimental procedure for uranium estimation in water is based on fission
track technique [18,20,21]. A known volume of water (two drops = 0.04 cm®) of each
sample was allowed to evaporate on Lexan plastic discs (1.3 cm diameter) in an air-tight
enclosure. Non-volatile constituents of water were left over the discs in the form of a
thin film/scale. The discs were packed in an aluminium capsule and sent for irradiation
as the case of soil samples. After irradiation, Lexan discs were etched and the total
number of fission fragment tracks counted. The detection limit of this method is 0.01
ppb, with a precision of 5-10%. The uranium content in water was determined using the
following formula[21]:

Where T= Total number of tracks counted over the disc.
M= Atomic weight of uranium (238).
V-Volume of water drop (0.04 cm?).

NA = Avogadro number (6.023x10%).
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G = Geometry factor which is taken as unity.

E = Etching efficiency factor for Lean Plastic.

o = Fission cross-section for 2*U (4.2x10%* cm?).
¢ = Thermal neutron fluence (5x10" n/cm?).

Radon estimation in soil

Both track-etch technique and radon emanometry were used to estimate radon
concentration in soil-gas. In track-etch method, radon-thoron discriminator (Fig. 1),
with cellulose nitrate (LR-115 II) film as track recorder, was used [22]. The
discriminator was kept in the auger hole 60 cm deep for a period of 4 weeks. After
retrieval, the detector film was etched in 2.5 N NaOH solution at 60°C for 2 hr. Track
density was measured by Carl Zeiss binocular microscope and radon was estimated by
using calibration factor [23] of 1 teaK/MM*/HR=82.5X10° Bq/m’.

Hoil-Gas I_I Adr Pum Ige,tec,tm, Electronic
Probe ’_I u P cmtﬂlatmn Counter
| urut
Power
Supply

Fig.1: Block Diagram of close-circuit technique for radon emanometry

In radon emanometry, the auger holes, each 60 cm in depth and 6 cm diameter,
were left covered for 24 hr. the soil-gas probe was fixed in the auger hole and connected
to an alpha-detector in a close-circuit (Fig. 2). The soil-gas was circulated through ZnS
(Ag) coated chamber for 15 min till the radon forms a uniform mixture withy the air.
The detector was then isolated and radon alpha counts were recorded after 4 hr when
equilibrium was established between radon and its daughters. The alpha counts were
converted to radon activity in Bg/m’ using the calibration factor [23].

Rubber Pump

Plastic Detector

Conical Flask Reagent Bottle

Fig. 2: Apparatus for radon estimation in water
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Radon estimation in water

The apparatus designed for the estimation of radon in running tap or well water was
discarded and the discrete sampling method (Fig.3) was adopted for convenience.
Hundred ml of each sample was collected in radon-tight reagent bottles of one litre
capacity and connected to a conical flask through a hand-operated rubber pump and a
glass bulb containing Ca CL2 to absorb moisture. LR-115 type II detector foils were
kept suspended in the conical flask for 15 days. The radon gas was transferred from the
reagent bottle to the flask by bubbling water and sucking the gas with the help of the
rubber pump. This closecircuit technique is quite effective in radon estimation in dry or
wet air. The detector foils were etched in 2.5 N NaOH solution at 60°C for 2 hr and
scanned under Olympus microscope at a magnification of 600X. Track density was
converted to radon concentration in Bq/m® with a precision of 5-10%.

Radon estimation in indoor air

The sources of radon inside the dwellings are mainly soil beneath and the building
materials used in the construction For environmental survey, both the track-etch method
and the electronic counters have been used. Plastic foils, LR-115 type II, 2 cm? each,
were fixed on the glass slide with the help of scotch tape and suspended from the roofs
of dwellings. After an exposure of one month, the detector foils were removed and
etched in the laboratory. The measured track density was converted to radon
concentration in indoor air by using a calibraion factor[23]. The electronic alpha-
counter using pulse-ionisation chamber is found to be most suitable for radon estimation
in environment. We have used Alpha-Guard PQ 2000 (Genitron Co., Germany) which is
portable, direct reading and with a detection limit of 1 Bq/m’. It has the advantage of
measuring radon along with meteorological parameters in indoor environment, viz.,
temperature, pressure and humidity. Hence, it is possible to study radon correlation with
meteorological variables during different seasons of the year. Alpha-Guard can be used
to measure both instantaneous and integrated values of radon concentration inside the
indoor air of dwellings. We have used to cross-check our radon results using this
sensitive and rugged instrument.

Results And Discussion

The uranium and radon concentrations in soil samples collected from different
geological areas of Himachal Pradesh in the lower Siwaliks of Western Himalaya are
summarized in Table.l1. There are extreme variations of radon and uranium contents
even at the same site suggesting disequilibrium in the radioactive uranium series.
Maximum values of radon are recorded in Chhinjra, Samurakala and Rameda areas of
Himachal Pradesh which are identified for uranium mineralisation[24, 25]. These results
are corroborated by the gamma activity and in-situ uranium content in the soil of this
area. This clearly indicates that radon can be used favourably for the exploration of
uranium ore. Radon anomaly is also recorded in Kasol which is, however, not
correlatable with uranium content in the soil. Generally, the track-etch method yields
higher radon values compared to emanometry because of its integrating nature of
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measurement. Radon and uranium anomalies identified in water samples collected from
rivers, streams and thermal springs of Western Himalaya are reported in Table 2. The
highest value of uranium content (63.40£0.40 ppb) is observed in Maldeota area which
is related to uranium mineralisation of Mussoorie syncline[26] with uranium content as
high as 612 ppb in phosphorite samples. The Kasol hot spring also records high uranium
content of 37.40+0.41 ppb and the highest radon concentration of 364.45+30.34 Bg/m’.
The uranium contents in water samples of mountain springs falling into river Ganga
show anomalous values which may be explained due to Pokhri-Tunji mineralisation[27].
It is obvious that radon and uranium anomalies reported in Table 2 are related to
uranium mineralisation in the area through which the water channels flow.

Table 1. Radon and uranium concentration in soils of different geological areas.

Place Radon concentration (Bq/1) Uranium concentration
(ppm)
Emanometry Track-etch method Track-etch method
Minimum Maximum Minimum Maximum Minimum Maximum
Himachal Pradesh
Chinnjra 4.44+0.37 567.98+0.37 9.26£7.77 92.87£6.66 6.6210.42 86.93+1.75
Samurkala  2.22+0.37 53.65+2.59 3.331£0.37 151.33£7.77 2.85+0.24 116.14£3.19
Kasol 7.77£0.74  3468.01£304.51 23.68+1.85 4385.61£377.77  5.50£0.32 12.89+0.55
Rameda 6.29+0.74 803.64+1.11 101.01£7.77  3201.24491.76 1.85+0.11 117.94£2.76

Table 2. Radon and uranium anomalies identified in water samples of Western
Himalaya.

Sample location | Area Radon content Uranium Remarks
Bg/m’ content (ppb)
Shat-Chhinjra Kulu 323.01427.75 8.02+0.07 Related to Shat-Chhinjra

and Kasol mineralisation
(Narayan Das et al., 2979)

Kasol (Hot Kullu 364.45+30.34 37.40+0.41 Related to Shat —Chhinjra

spring) and Kasol mineralisation
(Narayan Das et al., 1979)

Maldeota Dehradun 323.01+22.94 63.40+0.40 Related to mineralisation of

Mussoorie Sysncline
(Saraswat et al., 1970)

Paritibba Dehradun 203.504+23.31 26.47+0.41 Related to mineralisation of
Mussoorie Sysncline
(Saraswat et al., 1970)

Jungle Chitti Garhwal 207.20+22.20 12.64£0.14

Nand Paryag Garhwal 159.10+£22.20 33.40+0.30 Related to Polhri-Tunji
Mineralisation (Dar, 1964)

Nangal (Choe) Siwalik 223.11+19.24 21.08+0.24
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Water samples were collected from streams and channels of river Ganga from
Badrinath to Hardwar and analysed in the laboratory for uranium and radon activity.
The results are presented in Table 3. The highest uranium content in Ganga Water is
reported near Rishikesh and Hardwar, where the river enters the plains. No correlation
seems to exist between uranium content and radon activity reported in water samples.
Similar results are reported by Sarin et al.[9] about the uranium content in the river
Ganga and its tributaries. Minimum uranium content of 0.89+0.02 ppb is determined at
Dev Prayag, the junction of Bhagirathi and Alaknanda. However, the radon content is
estimated to be 224.22+21.83 Bg/m® which is highest for Ganga water. High radon
values may be due to radium separated from uranium and precipitating for a long time
on the walls of fractured rocks[28].

Table 3. Uranium and radon contents in water channels of river Ganga.

Sample Location | No. of samples | Uranium contents Radon content
studied (ppb) (Bg/m®)
Badrinath 2 3.9540.07 65.12+11.84
Ram Dungi 2 2.39+0.05 187.96£15.91
Karan Prayag 2 3.5620.07 133.94425.16
Rudr Prayag 2 4.81+0.05 166.87£18.50
Dev Prayag 1 0.8940.02 224.22421.83
Rishi Kesh 2 8.00£0.09 128.39£16.65
Hardwar 2 7.79+0.09 47.73£11.10

The radon concentration values in indoor environment are depicted in Table 4. A
comparison can be made between radon values recorded in the houses of Amritsar (non-
uraniferrous area) with those recorded in the houses of Rameda, Rawatgaon and
Samurkala villages situated in the uraniferrous zones of H.P. state. These values are
recorded under different environmental conditions and provide a wide range of variation
due to ventilation, wind direction, weather conditions etc. Maximum radon concentration
is found in indoor air of houses in Rameda area which is an order of magnitude higher
than the value recorded in Amritsar[29]. High radon values are also recorded in the
dwellings of Rawatgaon and Samurkala which may be due to presence of radioactive
building materials (boulders etc.) used in the construction of houses or due to seepage of
radon-rich soil-gas from the basement. The indoor radon values are found to be
correlated with outdoor radon values only for the well-ventilated rooms. In general,
anomalously high radon values in the houses of Rameda, Rawatgaon and Samurkala in
H.P. state are beyond the intervention level (200-600 Bg/m’) recommended by the
International Commission on Radiological Protection[30], and are a cause of serious
concern for the general population living in these villages. The annual effective dose
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received by the village population in Rameda is 22.56 mSv (safety limit 10 mSv)[32]
and the lifetime fatality risk calculated on the basis of [31] is 11.28x 10™ on the average.
Hence, there is a need for undertaking epidemiological health hazard to general
population living in the uranium-mineralised zones of Western Himalaya.

Table 4. Radon concentration in indoor enviroment.

Place Radon concentration (Bg/m®)
Minimum Maximum
Amritsar 36.26+4.07 303.40+11.84
Rameda 1031.93£78.44 2413.514+217.19
Rawatgaon 348.17+£33.67 1208.79+£92.87
Samurkala* 442.00£0.00 1254.00£0.00

* Singh, J. (1995)

Table 5. Radon and uranium contents in water samples of Western Himalaya.

Sample location No. of Radon contents (Bg/m’) Regional Uranium contents (ppb) Regional
samples threshold threshold
Minimum Maximum (Bg/m®) Minimum  Maximum (ppb)
Kulu 25 64.38 364.45 231.62 0.89 37.40 5.62
Kangra 30 34.04 202.76 172.05 0.20 2.31 2.70
Punjab Siwaliks 33 105.82 223.11 197.21 0.42 21.08 5.86
Garhwal 19 47.73 345.21 212.75 0.89 33.40 8.01
Dehradun 13 130.24 323.01 190.55 241 63.40 8.72

Table 6. Radon concentration in Thermal/Natural Springs of Uttaranchal State.

Name of Place Source Radon Conc. (Bg/l)
Suryakund, Yamunotri Thermal Spring 0.8+0.3
Gangnani Thermal Spring 2.610.5
Netala, Gangnani Natural Spring 1.1+£0.3
Gauri Kund, Kedar Nath Thermal Spring 4.4+0.7
Kund (on way to Kedar Nath) | Natural Spring 2.6£0.5
Rudraprayag Natural Spring 3.140.6
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Regional threshold values and uranium concentration in water samples collected
from springs, streams and rivers of Western Himalaya are listed in Table 5 along with
the minimum and maximum values. Regional threshold for uranium in the Ganga river
basin (Garhwal, Dehradun) is found to be higher than Beas and Satluj river basins (Kulu,
Kangra and Punjab Siwaliks). Scintillometry technique was used to collect radon data
(Table 6) of some thermal/natural springs of Uttaranchal State. The values are found to
be surprisingly low with variation from 0.8+0.3 to 4.4+0.7 Bq/l.
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Abstract

This paper concentrated on studying the advantages of using polymer modified
bitumen (PMB), in producing polymer modified asphalt (PMA), as an asphaltic concrete
membrane facing with variable thicknesses for rockfill dams to prevent seepage. The
major types of asphalt modification tested here, were elastomers, like SBR and SBS with
their high elastic recovery, and plastomers, like EVA, PE and PPA, with their higher
plastic deformation to take the final shape of the rockifll dam facing. It was found in this
study that EVA2 (Ethylene Vinyl Acetate) PMA with 5 cm thickness was the best
modified asphalt membrane facing for seepage prevention in rockfill dams.

Introduction:

Asphalt concrete membrane placed for rockfill dam seepage prevention is generally
better than Portland cement reinforced concrete membrane due to settlement
requirements (Sealing of Dams and Barrages)[1]. Asphalt concrete is more flexible than
Portland cement concrete. Also, polymer modified asphalt concrete (PMA) is expected
to be more flexible than regular hot mix asphalt (HMA) due to the regular increase in the
elastic recovery when using elastomers in modified bitumen, and a positive increase in
plasticity when using plastomers. The seepage prevention advantages of the flexibility
and plasticity were investigated in this study.

The elastomer or plastomer criteria are very important to control the anticipated
cracking effects in the impervious membrane due to rockfill dam settlements. Such
settlement has two major stages. The first major settlement is due to weight of the
rockfill during construction. Because of such settlement, the intended impervious
membranes should not be implemented before finishing all other rockfill construction
operations. The other major settlement in rockfill dam is from the thrust of the water
load during the reservoir filling process, (USBR)[2]. If the impervious membrane is
placed after the completion of the rockfill dam, the second settlement is more dangerous
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to the facing membrane, if it is not flexible enough or properly plastic enough to
withstand cracking stresses.

The impervious membrane or impervious core for a rockfill dam is very essential for
water storage purposes[3]. Regularly the rockfill lifts whether they are 1 m in thickness
or less for small rockfill dams, or (10 m) in thickness or more, for large rockfill dams,
they are essentially permeable. Actually, high permeability is desirable in rockfill dams
to enhance the drainage processes, in order to avoid excessive pore pressure in any
locality inside the dam [4]. It is desirable to avoid having large unfilled voids between
the interlocking angular fragments, because such large voids could enhance excessive
unanticipated settlement in later stages which harm the implemented impervious facing
layer, if it is not designed with proper flexibility which favor modified asphaltic concrete
membrane [5].

The major types of the used polymer for the bitumen modification are the following:

= Elastomers: Their main property is their higher resistance to permanent
deformation, since they have higher elastic recovery than the regular HMA
concrete. Also the elastomers like SBS have high resistance to fatigue and
cracking. The well-known examples of the elastomers are SBR and SBS for
polymer modified bitumen (PMB) production (Table 1).

Table 1 Rock fill Seepage Prevention Systems in this study

1. WSC Without Surface facing and without clay core (control no.1).
2. WCC With Clay Core only (control no.2).

3. AWMI Asphalt Without Modification (3 cm thickness).
4. AWM?2 Asphalt Without Modification (5cm thickness).

S. SBS1 Styrene Butadiene Styrene PMA (3 cm thickness).
6. SBS2 Styrene Butadiene Styrene PMA (5 cm thickness).
7. SBR1 Styrene Butadiene Rubber PMA (3 cm thickness).
8. SBR2 Styrene Butadiene Rubber PMA (5 c¢m thickness).
9. EVALI Ethylene Vinyl Acetate PMA (3 cm thickness).
10. EVA2 Ethylene Vinyl Acetate PMA (5 cm thickness).
11. PE Polyethylene PMA (5 cm thickness).

12 APP Atactic polypropylenes PMA (5 cm thickness).

= Plastomers: They do not have the same elastic recovery of the elastomers, but
they have higher plastic deformation which make them conform more with the
regular dam settlement and unusual differential settlement due to foundation
failures or earthquake deformation. The well-known plastomers are EVA, PE
and PPA for (PMB) production (Table 1).

In order to compare successfully different types of modifiers, special attention was
given to the type of the polymer modifier, the percentage of the modifier, the mixing type
and timing, the virgin bitumen grade (60/70 or 80/100) penetration, and the temperature
of the mixing process. Such comparisons for hydraulic stuctures concentrate on water
seepage prevention efficiency.

This research comprises a series of high quality polymer modified binders, where
the polymer type and polymer dosage are selected to tailor the required water seepage

44



Seepage Prevention in Rockfill Dams using Modified Asphalt Concrete Membrane Facings

barrier to the hydraulic structure conditions that prevail at the project site (ICOLD
Bulletin 114) [6]. Selecting the proper approach to ensure that the polymer bitumen is
properly selected and used. Using state of the art of modified bituminous binder and
mixtures is actually a must for proper design and usage of modifiers as additive to have
excellent durability and high resistance to oxidation and other environmentally induced
distresses like water stripping .

Hot mix and cold mix asphalt, with and without polymer modification has been
used extensively for water proofing systems, soil erosion control, canal sealants and
lining, for dike systems. The (HMA) has been used for water barriers in revetments, levee
mattresses, sewage lagoons, oxidation ponds, reservoirs and permeable dams, like
rockfill and composite dams [7]. On the other hand, the modified asphalt is not a
common practice in hydraulic structures and has not gained enough attention and
research in these respects.

Durability of hydraulic Asphaltic concrete is a critical characteristic of asphaltic
concrete for pavement and hydraulic structures. It reflects the ability of the mixture to
resist weathering from air, water, and solar radiation. Mixture durability is normally
determined by evaluating mix properties before and after environmental conditions which
are applied on the (HMA) layer. Testing and field performance have shown the
importance of low water permeability as the key property of durable mixture. High
bitumen content, low air voids, and dense aggregate gradation all contribute to low
mixture permeability in pavements and hydraulic structures linings and facings [7].

Compaction of HMA for hydraulic structures is the process of densifying the
(HMA) while it is in a hot, pliable state, to pack the aggregate particles together and to
remove as much of the air voids as possible. Compaction gives the mix strength, and it
seals the surface from the ingress of water, and gives a smooth durable surface. During
compaction of (HMA), the asphalt concrete coated aggregate particles are pressed
together, whereby air voids are reduced, and mix density increases. The squeezing of the
(HMA) increases their surface contact and interparticle friction resulting in higher mix
stability, and in stronger impermeable layer of asphalt behind the paver, whereby the mat
of laid asphalt has (15-20%) of air void. The task of the rollers is to reduce the void
content to (4-6%) for dense- graded mix. At that level the voids are mostly not
interconnected and the detrimental effects of air oxidation and water stripping are mostly
avoided. Air voids level below 2% has to be avoided to allow for thermal expansion
without causing flushing and mix instability. This study reached Air Voids percentage of
2.2%, which is comparatively very low level.

Methods:
Steps of PMB Modification:

Polymer modification is done through the mechanical — chemical process of
dispersion of the fine melted polymer into the complex continuous phase of the bitumen
through the following major steps :

o Virgin bitumen is analyzed for pretreatment to set the proper balance between the
asphaltenes and the maltenes , specially the percentage of the aromatics which are
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important factors in the compatible blend of the bitumen with the polymer to make
the PMA effective enough to prevent seepage for a prolonged period. Virgin
bitumen with (80/100) grade with no more than 12% asphaltenes was used in all
experiments [8].

o Adding several dosages of the powder polymer to the virgin bitumen at
temperatures between 170 — 190, with high shear mechanical mill mixing in the
Arab Italian PMB modification company south of Amman to ensure the proper
stable blend of PMB before being mixed with the aggregates to form the required
dense PMA. The chosen dose for elastomers is 4.5% and 5.5% for plastomers
(Table 1).

o The curing process of the blend is done regularly through a paddling system to
complete the regular bondage between the polymer molecules and the heated
bitumen. The final compatible blend is completed in this stage. The chosen range of
mixing temperature with the aggregates is (175- 180 C°).

o PMB making , curing ,and mixing with the aggregates to produce PMA requires
higher temperatures than the conventional HMA mix to first complete the blending,
then to complete the aggregates coating process. The higher temperature
requirements are due to the PMB higher viscosity, because of the bigger molecular
weight of the PMB blend after the modification process (Canadian- SHRP) [9].

The polymer modifiers in the tested samples are meant to improve their properties.
They act as viscosity enhancer and to increase the softening point of the (HMA) to resist
high temperature on the final hydraulic barrier product. Also, they improve the
weathering properties of the placed layers which increase the service life of the mixes in
harsh conditions at the rock fill facing. They increase the bondage between the (PMB)
and the aggregates to decrease the harmful effects of water stripping [10].

Due to the regularly strong interlocking of the edges of the rock fragments, the
upstream and downstream slopes could be as steep as 0.75 H: 1.0 V, when using thick
zones of pure rock fill in a rubble masonry fashion of filling. Natural rock fill slopes
taking the natural angle of repose of dumped rock are in the range of 1.0 to 1.4H: 1.0V
[2, 5]. On the other hand, to facilitate construction of the upstream impervious facing ,
the upstream slope has to be closer to (2H:1V). In this experimental study in the
laboratory with the 3cm and 5cm thicknesses as given in table 1 the 2H: 1V slope was
chosen with the upstream faces of the model rock fill dams which were constructed
moderately convex , in order that the settlement of the fill will tend to close rather to
open the thermal and the cold joint cracks.

Fig 1, 2, and 3 are typical figures of the twelve rock fill dams of the experimental
models in the lab using clay core or PMA membrane facings. The typical aggregate
gradation for dense (PMA) samples used for rock fill dam facing in this study is
presented in Table 2. On the other hand, dense PMA either with elastomers or plastomers
has not gained enough attention and research for hydraulic structures, like the road and
airport pavements. The duration of experiment for all samples is 32 weeks as presented in
appendix A of the data.
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Table (2) Typical Aggregate Gradation for (PMA) Samples used for Rock Fill Dam

Facing in this study
Sieve Size Range of percentages
19.0 mm 95-100
12.5 mm 79-94
9.5 mm 63-78
No. 4= 4.75 mm 41- 59
No. 8 = 2.36 mm 25-40
No. 16 = 1.19 mm 21-24
No.30= 0.59 mm 15-21
No. 50 = 0.297 mm 9-16
No. 100 = 0.149 mm 5-12
No. 200 = 0.074 mm 3-6

Fig (1) Rockfill Dam using clay core
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Fig. 2 Rockfill Dam with 3 (m PMA facing)

Fig. 3 Rockfill Dam with Scm PMA Facing

Note: Diagrams are not to scale

Slope in lab =2H: 1V
Top width in lab=0.25 m
Base width in lab=2.25m
Height of dam = 0.5 m
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Discussion

Rubberized asphalt, or asphalt modified with rubber materials, has been in use with
a good degree of success for more than three decades in pavement and roof water
proofing. Experiments have been done on natural and synthetic polymer of all types,
origins, shapes, sizes, and dosages. The definition of the polymer structure with its
relatively large cohesive molecules makes hair, natural rubber, diamond, and sulphur as
natural polymers . In reality bitumen itself as a thermoplastic is partly polymer. On the
other hand the synthetic polymers of elastomers and plastomers are numerous and their
number is increasing continuously and branching faster than their applications, but their
usage for roofs and roads is more than their usage in reservoir lining and rock fill facing
[10].

Bitumen is complex mixtures which can be subdivided into groups of molecules
with common chemical structures. The polar aromatics are responsible for the Visco-
elastic properties of the bitumen at ambient temperature due to the association of the
polar molecules which leads to large structures and in some cases even to three-
dimensional networks. The degree to which this association takes place depends on the
temperature, molecular weight distribution, the concentration of the polar aromatics and
on the solvency power of the saturates and aromatics in the maltenes phase [9].

When a thermoplastic polymer (elastomer, or plastomer) is in contact with
bitumen, all the bitumen interact with the polymer except the asphaltenes. Therefore,
addition of the polymer with a molecular weight similar to or greater than that of the
asphaltene disturbs the phase equilibrium of the bitumen, causing competition between
the polymer and the asphaltenes for the solvency power of aromatics [11] . Depending
upon the available solvency power of the aromatics, the asphltenes competing for
solvency, and the added polymer type, a compatible mix of PMB would be produced to
ensure a dependable PMB for the rock fill facing.

Careful balancing of the aromatic content and the aromaticity in relation to
polymer content is necessary in order to produce a bitumen-polymer blend which is
stable, and in which the polymer is present as continuous phase to the maximum extent
possible, in order to achieve the maximum possible benefit from the polymer, to have
compatible stable blendes of PMB before being mixed with the aggregates for the
(HMA) rock fill facing membranes.

Bitumen/ polymer compatibility stable mixture (blend) on hot storage without
stirring or agitation to such an extent that phase separation does not occur to any
appreciable extent, and that the properties of the modified bitumen are not significantly
changed. The compatible blend has a smooth, homogenous, sponge like structure, and
continuous system, while the incompatible blend is coarse with apparent discontinuities.
The appearance and the performance of the compatible and incompatible blends were
taken closely into consideration in this study by using the compatible stable (PMB)
blends and discarding the incompatible blends.

The importance of compatibility appears in shorter blending times, lower viscosity,
longer storage stability, better elasticity, improved durability, and longer fatigue life.
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Storage stability of modified asphalt blends is not important where blends are used after
mixture without storage. Compatibility is significant when blends are required to be
stored for as extended periods of time, such as over a weekend or during a holiday
period during the implementation of rock fill dam surfacing. The effects of instability in
storage can be lessened by the use of continuous stirring or recirculation to maintain the
homogeneity of the mixture. There is much evidence to indicate that fully compatible
systems achieve the optimum performance and make the best use of the polymer present
in terms of elasticity, fatigue resistance and aging, and consequently prevent seepage
through rockfill dams for a long or time [10].

Bitumen chemical compositions (constitution) is subject to periodic small
variations because crude oil even from a single well is subject to natural variations [11].
For blends using polymers which are only semi- compatible, this variation may have a
large impact on final properties even though the bitumen properties like penetration, and
softening point remain constant. Variable final products have variable flexibility and
conformity of the rock fill facing.

Analysis of results
Analysis of the descriptive statistics:

The mean of the weekly seepage data, as a representative of the most expected
value of the water seepage in the rockfill dam, is the highest as expected for (WSC) with
an average = 61.8 (Liter/ weak). The next average = 24.6 liter / week for (WCC). The
lowest average of the water seepage are for EVA1=2.0 and EVA2 = 0.98. The asphaltic
facing of rockfill dam is better than having a dam with a clay core (WCC) Table 3.
Mostly, the modified asphalt facing is better than the conventional asphalt facing except
for the results of the thick regular asphalt facing compared with the thin (SBRI) facing.
The clay core (WCC) has over 60% seepage improvement over the rockfill which is
without core or surface facing (WSC). On the other hand, the elastomers like (SBS2)
have five times improvement over the clay core of seepage prevention. Mostly plastomer
like(EVA) and (APP) are better than elastomers like (SBS) and (SBR) for comparable
thicknesses. Actually the EVA2 is more than four times as good as (SBS), and more than
five times as good as (SBR). In the plastomer class (EVA) in both thicknesses is better
than (PE) and (APP) for seepage prevention effectiveness. Some of the elastomers like
(SBR1) and (SBR2) are comparable with the (HMA) asphalt without modification
(AWM1) and (AWM32). Such comparison makes this type of modification of (SBR) not
effective enough to justify the usage of such (PMB). (Table 3) presents the descriptive
statistics of the twelve samples using the SPSS statistical package.
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Temporal Seepage From Rock fill Dam Using ( PMA ) Membranes

Appendix A — Data

(L/Week)
Week wsc wee awm Awm2 Sbs1 Sbs2 Sbrl Sbr2 Eval Eva2 app pe

1 71.0 22.0 6.0 4.0 3.5 1.5 4.5 3.5 2.5 1.5 3.5 2.5
2 70.0 21.5 6.0 5.0 2.5 2.0 4.0 3.0 3.5 1.0 4.5 3.0
3 71.0 22.0 5.5 3.5 3.0 2.5 4.5 3.5 2.0 1.5 3.5 2.5
4 69.0 20.5 6.0 4.0 3.5 3.0 5.5 4.5 2.5 1.0 4.0 3.0
5 66.0 21.0 5.5 3.5 4.0 3.5 5.0 3.5 2.5 1.5 3.5 2.5
6 67.0 21.0 6.0 4.0 4.5 3.0 5.5 4.5 2.5 1.0 4.0 2.5
7 65.0 20.5 7.0 3.5 3.5 3.5 5.5 4.0 2.0 1.5 3.5 3.0
8 64.0 21.0 6.5 4.0 4.0 3.0 6.5 4.5 2.5 1.0 3.5 33
9 62.0 20.5 8.0 5.0 4.5 3.5 6.0 5.0 3.5 1.0 4.0 3.0
10 62.5 22.0 9.0 5.5 4.0 3.5 6.5 5.5 2.5 1.5 4.5 3.5
11 63.0 21.0 8.5 6.0 5.0 4.0 7.5 5.0 2.0 1.0 4.5 3.0
12 61.0 23.0 9.0 5.5 5.5 4.5 7.0 5.5 2.5 1.5 5.0 3.5
13 60.0 22.5 10.0 6.0 5.0 4.5 8.0 6.5 2.0 1.0 5.0 3.5
14 61.0 24.0 10.0 5.5 5.5 5.5 7.5 5.5 2.5 1.5 5.5 4.0
15 60.0 25.0 9.5 5.5 5.0 4.5 8.5 5.0 2.0 1.0 5.0 4.0
16 58.0 24.5 11.0 6.0 6.0 5.0 8.0 5.5 2.5 1.5 5.5 4.5
17 59.0 25.0 10.5 6.5 6.5 4.5 8.5 6.5 2.0 1.0 5.5 4.5
18 60.0 26.0 12.0 7.0 6.0 5.0 9.0 6.0 2.5 1.0 5.0 4.0
19 59.0 25.0 12.5 6.5 6.5 5.0 9.5 5.5 1.5 5. 5.0 4.5
20 60.5 26.5 13.0 6.0 7.0 5.5 9.5 6.0 2.0 5. 5.5 4.5
21 60.0 27.0 12.5 7.0 7.5 5.0 10.5 6.0 2.5 5. 6.5 4.5
22 59.0 26.5 13.0 6.5 8.0 5.0 10.0 6.5 1.5 1.0 5.5 5.0
23 58.5 26.0 13.5 7.0 8.5 5.5 10.5 7.5 2.0 6.5 4.5
24 58.5 27.5 13.0 7.5 9.0 5.0 11.5 6.5 1.5 5. 5.5 5.0
25 59.0 28.0 14.0 8.0 8.0 5.5 10.5 6.0 1.5 1.0 6.5 5.0
26 58.0 27.0 13.5 7.5 9.5 5.5 11.0 6.5 1.0 5. 6.0 5.0
27 59.0 27.5 13.0 8.5 10.0 5.0 11.5 7.5 1.5 1.0 6.0 4.5
28 60.5 29.0 14.0 8.0 10.5 5.5 12.5 6.5 1.0 . 6.5 5.0
29 60.0 28.5 13.5 8.5 11.0 5.5 11.5 7.5 1.5 1.0 7.5 5.0
30 58.0 29.0 13.5 8.5 10.5 6.0 12.0 7.0 1.0 5. 6.0 4.5
31 59.0 28.5 13.0 8.5 11.5 6.5 12.5 7.5 1.0 1.0 7.5 5.0
32 59.0 28.0 13.5 8.5 12.0 6.0 12.0 7.0 1.5 0.5 6.5 5.0

51




Tarawneh

Table 3 Descriptive Statistics (Liter / week )

WSC WCC AWMI AWM2 SBS1 SBS2
Mean 61.797 24.594 10.359 6.141 6.594 4.469
Median 60.000 25.000 10.750 6.000 6.000 5.000
Mode 59.0 21.0 13.0 8.5 35 5.0
Std. deviation | 3.980 2.961 3.038 1.652 2.758 1.237
Skewness 1.268 -0.028 -0.385 -0.099 0.463 -0.686
Kurtosis 0.447. -1.532 -1.434 -1.100 -0.973 -0.243
SBR1 SBR2 EVALI EVA2 APP PE
Mean 8.516 5.641 2.031 0.984 5.203 3.963
Median 8.500 5.750 2.000 1.000 5.250 4.250
Mode 5.5 6.5 2.5 1.0 5.5 4.5
Std. deviation | 2.644 1.284 0.647 0.370 1.163 0.902
Skewness -0.094 -0.370 | 0.259 0.050 0.127 -0.347
Kurtosis -1.275 -0.687 024. -1.096 -0.742 1.366-

Correlation analysis of results:

Apparently, the highest correlation is (0.956) between (AWM?2) and(PE). They are
conventional( HMA) compared with a plastomer polymer modified asphalt. The lowest
absolute correlation is (0.474) between (EVA2) and (EVA1). (EVA2) was the best
choice, but it is not correlated enough with itself when using different thicknesses. This
result proves that the thicknesses of the (PMA) layer is a crucial parameter in any
rockfill water seepage prevention system. The second lowest absolute correlation is
(0.496) between (WSC) and (EVAL). As expected (WSC) is negatively correlated with
most of the seepage prevention techniques. Its highest negative correlation (-0.90) is
with (EVA2) which proves that (WSC) is the worst technique, and (EVAZ2) is the best
technique for rockfill facing to enhance seepage prevention. Also (EVA1) and (EVA2)
being the best two choices have the highest numbers of negative correlation with other
techniques of regular (HMA), plastomers, or elastomers. Table 4 Present the
correlation results produced by the SPSS statistical Package, using Appendix A — Data
of temporal seepage from Rock fill Dam using (PMA) Membranes.
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Correlations between seepage prevention technique Table 4

WSC_| WCC |AWM1 [AWM2 | SBS1 | SBS2 | SBR1 | SBR2 | EVA1 | EVA2 | APP | PE
WSC 1.000 |-731 | -.875 | -.790 | -.732 | -.900 | -.835 | -.857 | .548 | .496 |-.745 | -.853
wcC -731 [1.000 | 932 | 919 | 921 ] 846 | .943 | 822 | -751 | -610 [.901 [ .922
AwWM1 | -875 [ 932 [ 1.000 | .930 | .888 | 913 | .955 | .898 | -.704 | -.655 [.894 | .956
AWM2 | -790 [ 919 | 930 [1.000 | 926 | 846 | .945 | .895 | -683 | -616 [.921 | .889
SBS1 -732 [ 921 888 | .926 [1.000 | 856 | .958 | .884 | -784 | -623 [.894 | .871
SBS2 -900 | 846 | 913 | .846 | .856 [1.000 | .907 | .876 | -684 | -530 |.868 | .882
SBR1 -835 | 943 | 955 | 945 | .958 | .907 [ 1.000 | .914 | -792 | -.692 [.898 | .929
SBR2 -857 | 822 | 898 | .895 | .884 | .876 | .914 [1.000 | -.666 | -.555 [.871 | .853
EVAT 548 [-751 | -704 | -.683 | -.784 | -684 | -.792 | -.666 [1.000 | .474 [.620 | -.695
EVA2 496 [-610 | -655 | -.616 | -.623 | -530 | -.692 | -555 | .474 | 1.000 [536 | -.606
APP -745 | 901 | 894 | 921 | 894 | 868 | .898 | .871 | -.620 [ -536 [1.00 | .894
PE -853 | 922 | 956 | 889 | .871 | .882 | .929 | .853 | -695 | -.606 |.894 | 1.000

Trend Analysis:

The trends of water seepage of (WSC), the worst choice, and of (EVA1) and
(EVA2) the best choices, are decreasing, which means that their effectiveness is
increasing with time (Appendix- B, Fig.1, Fig.9 and Fig.10). This apparently paradoxical
result is explainable if we visualize the fact that (WSC) is getting some sedimentation
within the voids of the compacted rockfill which improves the seepage prevention. In the
first 16 weeks the seepage decreased from 71 to 58, then until the end of the 32 weeks,
the seepage of (WSC) fluctuates around that number. In this case the sedimentation in
the rockfill voids improves the seepage experiment for around 15% in (WSC). On the
other hand, both of the elastomers (EVAl) and (EVA2) have some improvement
throughout the 32 weeks of the experiment. The temporal improvements of both are
double the effectiveness of the seepage prevention at the beginning of the experiment.
The reason for such positive change could be the conformity of (EVA) with the surface
beneath it. Its plasticity makes it flow in between the surface rocks of the rockfill dam.
Such positive flow continues until the 26 weeks for (EVA1) but mostly stops before the
end of 20 weeks. On the other hand all the other techniques have positive trend in their
loss of seepage prevention effectiveness. The highest loss is for (WCC) and (AWMI1)(
Appendix-B,Fig.3). But the rate of effectiveness loss for both is around 30%. (SBS1)
and (SBR2) (Appendix- B, Fig.5, Fig.7) have high effectiveness loss but the rate of
effectiveness loss for both is almost four times the initial seepage. Such high decrease of
layer’s ability to prevent seepage could be due to microscopic cracking which enhances
seepage (Appendix- B, Fig. 1-12).
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Conclusion

Asphalt concrete (HMA) membrane facing has been in use for decades for rockfill
dams, and polymer modified bitumen (PMB) has been in use extensively for water
proofing in buildings and other engineering works. This study experimented with using
several types of polymer modifications of asphalt for membrane facing of several
samples of Lab. rockfill dams. It used two control samples, one without any seepage
prevention technique, and a second with clay core only. The major types of polymer
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modification were two: elastomers and plastomers. It was found that the asphaltic
membrane in general is better than the clay core. Also, the modified asphaltic membrane
using (PMA) is better than using the regular asphalt. On the other hand, the plastomers
due to their plasticity are better than the elastomers in seepage prevention facing
membrane in rockfill dams. Finally the EVA2 with 5 cm thickness was the best of all for
the seepage control purposes in this study.
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Abstract

In-order to constrain the Pan-African tectonic evolution, a Late Proterozoic Saramuj
Conglomerate, which crops out at the eastern margin of the southern Dead Sea, was
studied with regard to its fracture pattern. The Saramuj Formation is considered as
molasse sediments deposited in an intermontane basin. It is dissected intensively by
fractures along some of them several types of late tectonic dykes and dyke swarms were
intruded.

The fracture pattern shows three major trends. The NNE-SSW (15°) is the dominant
one followed by the NW-SE and E-W trends. The dykes show a dominant NE (N20-
30°E) direction, almost sub-parallel with the Dead Sea Transform (DST). In general, the
fractures along which the dykes were formed, probably developed by extension normal
to the fracture direction. Accordingly, dykes indicate NW-SE extension. This
observation is consistent with the late Pan-African stress pattern observed at a regional
scale.

Keywords: Pan-Afriacn evolution, Saramuj Formation, Late Proterozoic, Dead Sea
Transform (DST).

Introduction

The Proterozoic basement of Jordan, known as Agaba-Araba Complexes [15] are
exposed along the eastern margin of Wadi Araba Rift Valley beneath flat-lying
Phanerozoic sedimentary rocks (Fig. 1). These complexes represent the northernmost
part of the Arabian-Nubian Shield, cratonized during the Pan-African orogeny in
Neoproterozoic times and consist of magmatic, metamorphic, and volcano-sedimentary
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sequences e.g. [4, 13, 10]. The later stages of the orogenic and cratonization processes in
the Arabian-Nubian Shield were dominated, at least locally, by extensional tectonics,
which led to the formation of grabens, pull apart basins and intramontane basins [16].
Saramuj Conglomerate were deposited in one of these basins. Hence, it is studied here
with regard to fractures and late-tectonic dykes, in order to further constrain the latest
stages of the Pan-African tectonic evolution.

Intermontane basin and Saramuj Conglomerate

Sedimentation of the Saramuj Formation in these basins is broadly synchronous
with widespread late tectonic plutonism that was followed by postorogenic (anorogenic)
magmatism, uplift and rapid erosion between 620-550 Ma ago [9, 13, 15]. The basins
were filled gradually with volcano-sedimentary molasse sequences between 600-595 Ma
ago [12]. Remnants of these sequences are present as the Saramuj Conglomerate [6]
along the eastern margin of Wadi Araba-Dead Sea Rift Valley close to the south-eastern
margin of the Dead Sea (Fig. 1). A similar and coeval lithofacies as the Saramuj
Formation is found farther south, in the area of Wadi Abu-Burqa, 75 km north of Aqaba.
There, the Saramuj Conglomerate is overlain by a 250 m thick volcano-sedimentary
succession, the Haiyalat volcano-clastic Siltstone. These two formations (Saramuj
Conglomerate and Haiyalat Formation) are established as the Safi group [14]. Saramuj
Formation was deposited as tectonically controlled alluvial fan, [2]. Whereas, Haiyalat
volcano-clastic Siltstone was deposited in lacustrine environment, in deep lakes or in a
moderately deep sea [11, 16].

/ Faults
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cover

Proterzaic
*** hasement
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Fig. 1: Map shows the location of the study area and distribution of exposed Pan-African
basement (Aqaba and Araba Complexes) at the eastern margin of Wadi Araba
and Dead Sea In Jordan, modified after Al-Tamimi, 1992.

Locally, clastic sedimentation of the Safi Group is followed by magmatic phases,
represented by the Aheimer volcanic suite and the Feinan granite suite. Additionally,
dyking took place e.g. [12]. According to geochemical analyses of the dyke rocks, the
magmatism was related to rift-extension along a major late Proterozoic fracture zone.
These geochemical results support the hypothesis that Dead Sea Transform, or the
almost parallel Quwaira line, was a major rift boundary or zone of extension during the
deposition and emplacement of the Araba-Complex e. g. [19, 7, 17].

In the study area, the outcrops of Saramuj Formation occupy an elongated strip
extending over an area of 12 km® in NNE direction. This area, located about 61 km
southwest of Karak city and bounded by the coordinates 35° 30' - 35° 32' E and 31° 02' -
31° 07' N (Fig. 1). The area is bordered by Wadi Saramuj in the south that extends for
about 9 km in E-W direction and Wadi Ayon El-Ghazlan in north. Numerous deep dry
Wadis dissect the area, draining westward to Wadi Araba and Dead Sea. The Saramuj
Formation possesses a thickness of about 300 m [16]. No contact with the underlying
Proterozoic basement is exposed. The conglomerate beds of the formation consist of
well to very well rounded, but poorly sorted clasts of metamorphic, granitic, rhyolitic,
and volcanic rocks imbedded in an arkosic-sandy matrix [2]. The clast supported
conglomerate beds are intercalated with well-layered and poorly sorted fine to medium
sized pebbly sandstone [16]. Colors vary between pale pink, brown and rarely green,
especially adjacent to bodies of igneous rocks, possibly due to deuteric alteration of
pyrogenic minerals (chloritization and epidotization) during induration and low-grade
metamorphism [2].

Structures

The Saramuj Conglomerate beds are almost flat lying and intensively deformed,
they exhibit clear and numerous signs of brittle deformation such as joints and other
fracture types. The fracture pattern was studied both in the field and on aerial
photographs. Field measurements at 25 stations revealed local variations in directional
distribution of fractures but showed also common trends. The fracture pattern of the
Saramuj Conglomerate shows mainly 3 to 5 fracture directions, E-W, N-S, NNE- SSW,
NW-SE and NE-SW. The E-W and/or N-S directions are dominant in most places.The
measurements in the southern part of the study area reveal that E-W trending fractures
are more abundant (Fig. 2A).
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Fig. 2: Lineation map as interpreted from aerial photographs. Rose diagrams (10° class
interval) for fractures measured in Saramuj Conglomerate. A: close to the
southern margin of the area (close to an E-W trending fault); N=50. B: close to
the west margin towards to the Dead Sea Transform; N=192.

—

In the northern part of the exposures E-W-, N-S- and NNE-SSW trending fractures
are more frequent towards the west, close to the Dead Sea Transform (Fig. 2B). The N-S
direction are almost related, to normal faults, which displace sedimentary rocks
successively down towards the west.

A " lineation map" of the fracture pattern was constructed from aerial photographs
(Fig. 2). A rose diagram taken from the lineation map restricted only to the exposures of
Saramuj Conglomerate (Fig. 3) (i.e. without the structural lineations in the overlaying
Phanerozoic rocks shows that there are three major trends only. The dominant one is
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NNE-SSW (15°) followed by the NW-SE and E-W trends. The NW-SE striking
lineations represent the directions of the most of the main Wadis that cut the beds of the
Saramuj Formation (e. g Wadi Al-Maghas). Thus field measurements are comparable to
the fracture patterns interpreted from the aerial photographs.

Dykes

Dykes are variable in composition and can be subdivided into basalt, andesite,
trachyandesite, lamprophyre and rhyolite [1, 12]. They are distributed along the whole
study area in different directions, as single dykes and dyke swarms. The dykes cross-cut
the Saramuj Conglomerate beneath the sub-Cambrian peneplain surface and postdate all
the granitoids of the Aqaba-Araba Complexes. They don’t cut the overlaying Cambrian
sandstones. This observation suggests that the dykes are all of Neoproterozoic age. The
dyke thiknesses ranging between 2 to 15 m, but most of them do not exceed 4m.

Based on field measurements, A rose diagram represents major trend of the dykes,
was constructed from 34 representative dyke-directions and types.

The dykes show a dominant NNE-SSW trend, almost subparallel to the Dead Sea
Transform and follwed by NE-SW direction (Fig. 4). The E-W trend is less frequent,
whereas the N-S and NW-SE directions are subordinate.

\

(Fig. 3) (Fig. 4)

Fig. 3: Lineation directions as interpreted from aerial photographs compiled from the
area covered by Saramuj Formation (see Fig. 2). Direction rose as on Fig. 2,
N=667.

Fig. 4: Direction of Late Pan-African dykes, Direction rose as on Fig. 2, N=34.
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Disscussion and Conclusion

The most distinct fault structure in SW-Jordan is the western transform boundary of
the Arabian plate known as the Dead Sea Transform fault system. This regional fault is
part of the Cainozoic trans-continental East-African-Red Sea-Dead Sea rift system. The
rocks in the area are affected by the tectonics and evolutions of this rift system. In
general, the principal fault directions in the field can be related to this major system of
the Arabian Shield. The principal faults and structures were formed during the
Cainozoic, predominantly during the Neogene. However, some of these structures may
be rejuvenated along old deep seated structures in the basement rocks (Saramuj
Conglomerate and dykes) which are exposed in the rift valley to the south of the Dead
Sea. Based on radiometric age determination, the development of Saramuj Conglomerate
and dykes in study area took place between 600 and 595 Ma [12].

These rocks were formed and deformed prior to the deposition of the
unconformably overlying Palacozoic sandstone sequence, known as Ram Group [16].
The rocks of the Saramuj Formation are strongly affected by different fault systems that
were generated by numerous tectonogenetic phases from the Proterozoic to the
Cainozoic, and it is only locally possible to distinguish Pan-African from post-Pan-
African fractures. However, the measured dykes cut only the beds of the Saramuj
Conglomerate and do not cut the Cambrian sandstones of Ram group. Therefore, the age
of the dykes is relatively well defined and their directions can be used to interpret the
orientation of the late Pan-African stress field.

The fractures along which the dykes were formed were probably developed by
extension normal to the fracture direction. Consequently, the NE-SW trending dykes
indicate NW-SE extension. Such an observation is consistent with the late Pan-African
stress pattern observed at a regional scale. For example, in Sinai or in the northern part
of the Eastern Desert of Egypt, similar dykes directions are cited and probable NW-SE
extension have occurred [5, 8, 18]. Therefore, it can be concluded that the Pan-African
orogenic activity in the northernmost part of the Arabian-Nubian Shield ended with
widespread molasse-type sedimentation of Saramuj Conglomerate and regional-scale
extension in a NW-SE direction, accompanied by the intrusion of NE-SW and NNE-
SSW oriented dykes. It has been suggested that these directions has been reactivated
during the Phanerozoic and persisted as a zone of structural weakness from Pan-African
times to the present day e. g. [3, 7, 17, 18].

In the study area, the observed NNE-SSW and NE-SW trending fractures and dykes
are both subparallel with the present Dead Sea Transform and may indeed be interpreted
as Pan-African structural elements that were reactivated during the Cainozoic tectonic
evolution.
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Abstract

Measuring the surface roughness is considered to be an important problem in
mechanical engineering literatures. Recently, different optical methods have been
developed to classify the surface roughness based on measuring the intensity of the light
reflected from the surface using a laser beam. In this paper, we use some statistical
techniques to study this important phenomenon such as the variogram and the median-
polish variogram. This approach allows us to set a tentative roughness scale using a non-
contact laser technique and applying some statistical methods suitable for this kind of
data set. We analyze the surface roughness of eleven different subjects with roughness
factor ranging from 0.1-18.0 um and we develop a parametric model based on the
variogram results of these eleven surfaces.

Key Words: Correlated data, Median-Polish, Optical technique, Stationary process,
Surface roughness, Variogram.

Introduction and Notation

In the mechanical and industrial world, the roughness of certain metal surfaces is
considered to be a vital parameter among the list of constraints and conditions that are
usually need to be supervised and controlled. In this paper, we discuss the application of
some well-known statistical methodologies motivated by statistical data-driven
techniques to measure the roughness of a given surface without the direct physical
contact of it. Measuring the surface roughness can be achieved either by using the direct
contact with the tested object or by using a non-contacting optical technique.

Metal surfaces differ according to their roughness starting from the smooth surface
reaching the rough one. Monitoring the roughness is considered to be a major check
point in different substantial manufacturing processes, also it is required to maintain
certain level of surface smoothness to be approved for any further manufacturing
activities. In the mechanical and industrial engineering literature, there have been a
numerous papers and books that include different classical methods to measure the
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roughness of these surfaces and classify them accordingly [1-4]. One of the most
common methods used in measuring the surface roughness is the mechanical
profilometer. However, a major pitfall of this method is the possibility of damaging the
surface because of the direct contact with the surface [5-6]. On the other hand, optical
methods avoid the direct contact with the surface and depend only on the coherent light
reflected from the targeted surface. The literature has shown that optical methods are
sensitive and efficient tools used to measure the surface roughness [7-9], moreover
numerical and statistical techniques have been used to evaluate the tear and wear of the
of metal surface [3,4,10]. Compared to the physical methods, we may describe the
optical methods as quick, cheap and give us the privilege of analyzing the same surface
many times without causing any harm or losing the tested surface. In this paper, we
consider standard surfaces with known roughness factors that have been measured by a
standard method. The surface roughness factors of the experimental objects in this study
are: 0.1,0.2,04, 0.8, 1.1,2.2,3.2,4.5, 9.0, 12.5, 18.0 um, where the smallest roughness
factor represents the smoothest surface while the highest factor corresponds to the
roughest surface.

The analysis is based on an optical technique where a coherent light such as a laser
beam is directed to the surface, which allows the light to reflect in all directions and with
different intensities based on the smoothness of each surface. The scattered light is
captured and photographed by a highly sensitive camera where the image is a collection
of dark and gray areas depending on the roughness of that surface. Consequently, the
image of that certain object will be recorded and then converted into a matrix of numbers
using another software where these numbers represent the intensity of the light reflected
from the surface. The matrix will have a dimension of 512x 512 pixels or even

1024 x 1024 pixels in some of the highly sensitive cameras; moreover these numbers
will vary between 0 and 255 based on the roughness of the each spot of the surface.
Statistically, we intend to study the surface roughness of those eleven metal specimens
and develop different models that provide a good estimate of those surfaces.
Consequently, we expect this methodology to be generalized to unknown surfaces in
order to detect and categorize their roughness. Nonparametric as well as parametric
statistical methods are considered as common and useful techniques that could explain
some possible roughness patterns using the surface data matrix.

The organization of this paper is as follows. In section 2, we discuss the application
of the variogram (ordinary and robust) as well as the median-polish variogram in this
setup. In section 3, we analyze some real surface data and study their roughness using
some statistical techniques.

Spatial Statistics Analysis

One of the most efficient statistical techniques to analyze correlated data sets such
as geostatistical data, environmental data, and surface images is the typical spatial
statistics where every single observation is related to the adjacent one. As a result to this
kind of data behavior, it is expected to detect some variation and correlation among the
data in different directions. The methodology in this paper is based on the assumption of
stationary process [11] where the process is assumed to be in a state of "statistical
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equilibrium". However, it is important to point out that in mechanical and industrial
engineering, a metal surface is expected to be homogenous (in shape, roughness, ...
etc.). On the other hand, modeling the spatial dependence is usually characterized by
using different techniques such as the variogram, covariogram and the correlogram.

Statistically, we say that a process Z(t) is stationary if E(Z(t+h)—Z(t)) =0, and
Var(Z(t+h)—Z(t)) =2y(h), for allh >0, where E(Z)and Var(Z)are the
expected value and the variance of the variable Z, respectively. Consequently, the
variogram is defined to be the quantity 2y (/) [12,13] which represents the variation
between all the realizations of the process Z(¢) within a fixed distance 4. Spatial
statistics, autocorrelation and the variogram in particular have received an extensive
attention in the literature [14-18]. Given a stationary process Z(f), we define the
covariance function and the autocorrelation function as o(Z,s) = cov(Z(2),Z(s))
and p(h) = corr(Z(t), Z(s)) respectively, where h=t-s. Notice that > = o (¢,1) is
the variance of the process Z(#) and the autocorrelation function is related to covariance
o(t+h,t)
o(t,t)
y(h)

viewed as p(h)=1—-—>=. There are many different methods proposed in the
O

function via p(h) = for h>0. Hence, the autocorrelation function can be

literature to give an estimate of the variogram ¥ (/) . However, we intend to adopt three

of the most common used and important methods used in the literature for the sake of
variogram estimation. First of all, we consider the classical variogram estimate [12] that
has been presented as follows

—1 2
| N(h)h%)(z(t,-)—z(;,)) e (1)

where N (/) is the set of all pairs with Euclidean distances & =1, —¢, and | N(h)| is

27(h) =

the number of distinct pairs in N(/) and z(¢,),z(¢;) are the observed values at the

locations Ny respectively. As a modification to the classical type of variogram

estimate, we intend to use and compare the performance of the robust variogram
estimate [19] that mainly reduces the effect of the outliers that may exist in the data set
without removing any specific observation. Moreover, the robust variogram estimator is

expected to ease the distribution's skewness of the classical estimate of 2 (/). Hence,
the robust variogram estimator is

4

Kk Do) =2t | e @)

27(h) =
W= TN &
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where k = [N ()| and N(h) is defined in (1). On the other hand,
0.457| N(h)|+0.494

the median-polish variogram estimate [16,20,21] has been discussed in the literature and

we expect to get better results for such type of methods. The variogram in this case is

given by:

27(h) ! D (P e (75 E R, 3)

NG| S

where N(h) is defined in (1) and 7(Z,),7(¢,) are the residuals observed values at the

locations #;,7; respectively. The residuals are obtained by removing the median effect

of the rows and columns of the data matrix.
Data Analysis

As mentioned earlier, we consider 11 different surfaces with roughness factor
ranging from 0.1 up to 18.0 um and we apply different kinds of variograms to these
surfaces in order to detect the patterns (if exist) and compare all surfaces via their
variograms and consequently their roughness parameter. Starting with a simple study,
we consider the robust variogram as well as the median-polish variogram and we
compare the behavior of these methodologies for the metal surface when roughness
factor equal to 1.1 um. We apply the laser experiment on the same surface three different
times and the variograms corresponding to these pictures are shown in Figure 1.

Table 1: Statistical description of the two variogram estimates (robust and median-
polished) for the surface with roughness factor 1.1 pm.

Variogram type Robust Median Polish
Minimum 2814 2924
Median 365.4 302.8
Mean 363.7 299.9
Maximum 387.0 307.1
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Figure 1: The robust and median-polish variograms of three different pictures for the
1.1um surface (Solid: Robust; Dotted: Median-polish).

Figure 1 clearly shows that all the three different graphical analysis are comparable
and seem identical, however it has been shown in the literature that the effect of the
median is prominent and the median-polish process is one of the best choices. The
variogram estimate (classical and robust) has a monotone typical trend behavior and the
variation retains the steadily increasing pattern as the distance increases. However, as a
result of trimming the effect of the median from the original data set, the median-polish
variogram, almost, maintains the same level of variation and stabilizes quickly as we
increase the distance (/1 ). Moreover, Table 1 gives a simple statistical analysis regarding
the robust and median-polish variograms. The box and whiskers plot for the variogram
estimate values corresponding to the median-polish as well as the robust technique is
illustrated in Figure 2. For the rest of this paper, we discuss the median-polish variogram
for its resistance to the outliers as well as the effect of trends in such type of data.

71



Al-Rawwash

[}

& i
= ;
ow '
o

H
[o)

= @

m ol
o

] m &

E o E i

E = E i

m « ] i

0 " o | IS S—
o
i &)
i o

7] ;

o i

ol i

; o
H =
H o
g =
(8]
[a]
Median-P olish Robust

Figure 2: The box plot for the robust and the median-polish variograms estimates of the
metal surface with roughness factor 1.1pm.
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Figure 3: The median-polish variogram of all surfaces (The lowest line corresponds to
the smoothest surface and the highest one corresponds to the roughest surface).

Figure 3 shows all the median-polish variograms correspond to each one of the
eleven metal surfaces in the study. It is clear that the variation among the data increases
as long as we increase the roughness factor, where each line in Figure 3 represent one
surface. The information in Table 2 and Figure 3 give us the intuition to fit a parametric
model for the variation via the variogram values.

Table 2: Statistical summary of the median-polish variogram estimates of all eleven
surfaces.

Roughness factor 0.1 |02 |04 [0.8 (1.1 |22 |32 |45 [9.0 [12.0 |18.0

Variogram’s mean 163 [ 184 246 [263 |300 [322 |395 [450 |510 [561 |[605

Variogram’s median | 163 | 186 |248 [265 [303 [324 |399 456 |520 |573 |622

Hence, we regress the roughness factors on the medians (means) of all median-
polish variograms of the eleven specimen surfaces. The relationship between the
roughness factors and the medians of these variograms could be fitted using a quadratic
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related pattern or an exponential type model, hence we suggest the adoption of the
models listed in Table 3.

Table 3: Parameter estimates and the coefficient of determination of some suggested
models.

Model R’ Adjusted R’
Y =0.0387™ /100 98.35% 98.18%
Y =0.644+0.0367¢" " 98.04% 97.82%
Y =4.727+17.367M +6.803M * 98.62% 98.25%
Y =4.727+17.2841+6.944 1 98.38% 97.92%

where Y is the surface roughness factor while M and p are the median and mean of
each median-polish variogram, respectively. The models in Table 3 are highly
significant because of the noticeable coefficient of determination value. These models
explain almost 98% of the variation in the roughness factor values. This is a good
indication for us to notice the strong relation between the variogram (its median and
mean in particular) and the roughness factor of the metal surface. This allows us to
predict the surface roughness factor using such models based on the variogram
methodology. Moreover, the results regarding the models adequacy show that all p-
values correspond to the models and parameters listed in Table 3 are close to zero. It is
important to point out that all the computational and graphical aspects in this paper are
carried out using the statistical package S-Plus. On the other hand, there are many
statistical packages that may provide similar results.
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Abstract

Let T(t),0<t<o0, be a one parameter C-semigroup of bounded linear
operators on a Banach space X with generator 4. The object of this paper is to study
whether a C-semigroup, 7'(¢), 0 <t < 00, is an ideal of Cohen (p,q)-nuclear operators.
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Introduction :

Let X be the dual of the Banach space X, L(.X) be the space of all bounded
linear operators from X into X and for 7' € L(X), ”T ” denote the operator norm of 7.

A sequence (xl. ) with values in a normed space X is called weakly p-summable if

the sequence (<xi ,x*>) belongs to [? for all x" e X’. This space is a normed space
with the norm

1

sl (S} ) |

l

sup{ le- , x*>

*

X

<lp<oo, 1< p<on.

£,((x))=

I
8

R
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A sequence (xl.) is called strongly p-summable if Z<xi,xi*> < oo for all
i=1

+% =1. This space is a normed space with the norm

| gp«x;))gl}m. n

sequences (xl.* ) el (X)),

For 1< p,g <o, an operator 7 € L(X) is called Cohen (p,q)-nuclear
operator if there exists 4 > 0 such that

o, (%)< 2e,((x,)

for all finite sequences {xl s Xgpeeen X, } cX. Welet N, (X)) denote the set of all
Cohen (p,q)-nuclear operators. The (p,g)-nuclear norm for 7' e N, . (X) is defined as
lnf{ﬁu : (1) holds } and is denoted by ”T”N(p,q). It is known [1],[5], that Np,q (X)

is an ideal of operators in L(X) and ” . ”N(p ,) is an ideal norm on N, ,(X) and for

any Te N, (X). |7 <|r]

Np.g)©

A one parameter family 7'(¢), ¢ €[0,9), of bounded linear operators from X into
X is called a one parameter C-semigroup of operators on X if: (i) 7(0) = C and (ii)
CT(s+t)=T(s)T(¢t) forall s,t in [0,00), where C is an injective bounded linear
operator on X. A C-semigroup,7T'(t), is called strongly continuous, if

lim 7(t)x = Cx for every x e X. A C-semigroup 7'(t) for which there exist
t—0"

constants M >0 and @ € R (the set of real numbers) such that ”T (t)” < Me™ is

called an exponentially bounded C-semigroup. The linear operator A defined by:

D(A) = {x eX: C'lim 10X exists}

t—>0" t
_ . T)x - C
Ax=C 1 lim TOx-Cx
t—>0* t
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for x € D(A) is called the generator of the C-semigroup 7°(¢) with domain D(A).
The resolvent set of 4, denoted by 0(A), is the set of all A € C ( the set of complex

numbers), such that the operator R(A, A4) = (A — A)™" exists. The operator R(A1, A)
is called the resolvent operator of 4. It is known that for an exponentially bounded C-
semigroup, the set D(A) is dense in Range(C), 4 is a closed operator and the resolvent

operator R(A, A)is a bounded operator for A € p(A) (see[3]). We refer to [2] and
[3] for excellent monographs on C-semigroups.

The object of this paper is to study whether a C-semigroup is an ideal of

N, (X).

Pazy [10], studied the problem for c()-semigroups and the case of the ideal of
compact operators, K(X) < L(X) for any Banach space X. Khalil and Deeb, [7], and
Sharif, [13], studied the problem for the ideal of Schatten Classes C,(H) < L(H),

where H is a Hilbert space.

Throughout this paper the dual of a Banach space X is denoted by X " and
B,(X) is the open unit ball of X. For x” € X and x e X, the value of x" at x is
denoted by <x* 5 x> . The set of real numbers will be denoted by R and the set of natural
numbers will denoted by N.

C-semigroups and Cohen (p,q)-nuclear operators.

Let X be a Banach space and 7'(¢) be a strongly continuous exponentially bounded

C-semigroup on X with generator 4. Assume that Range(C) is dense in X. Thus by
Theorem 2.4 in [3], D(A) is dense in X.

<& for some & > 0.

Lemma 1.1. Let 7, € N, (X) for which Sup”Tn ”N(p’q)
n

If lim7, x =Tx forall xe X, then T e N, (X) and ”T”N(p’q) <&

n—>x0

Proof. Let (Tn) be a sequence in N, (X) such that Sljp| T,

< & for
N(p.q) 5

some &>0 and lim7,x=7x for al xe X . Then for all finite sequences

n—>x0

(xl, xz,...,xm) and all 7 € N we have:

o, (T, D=7, 2 ()
<&e,((x).

T

n
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Since llm7 x =Tx forall x e X , we get:

o, (70 =0, (lim7, (x))

n—>00

=lim o, ((Tn ('xi )))

n—>0

<&z,((x,)).
This implies that 7 e N, (X) and ”T”N(p,q) <&

Lemma 1.2. Let 7(¢) be an exponentially bounded strongly continuous C-
semigroup of bounded linear operators on X with generator 4. If 7(¢£) e N, (X)) for

all >0 and "T(t)”N(p’q) <¢ in (0,5) for some & >0, then for 0 < a < &, the

operator G, : X > X, G x= CJ.e_}“ST(S)de, for any xe X, belongs to
0

l—e ™™

v <A

Proof. Since 7(t) e N, ,(X) forall >0 and ”T(t)”N(p’q) <& in (0,8) for

N, (X) and |

Ga

some & >0, it follows that for all ne€ N, the operators G, defined by

n —ﬂtkCT(
_ ae t)X
Gan'x - Z n is in N, (X) and
k=1

an

n

_ Z ae’ﬁ“’kCT(tk)
N(p.g9) n
k=1 N(p.9)

H an

-At
< i ae "k HCH HT(tk)HN(p,q)

- n
k=1

Aty

<3 e
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r At l_e_M
<efelfear=gd =
0

where, ﬁk;nlﬁ <t < kT”’.

Since T(s) is strongly continuous, the operators G, converges strongly to the

a

operator  G,. By Lemma 1.1 the operator G,eN, (X) and

l—e
6.l <l =2

Lemma 1.3. Let 7(¢) be a strongly continuous C-semigroup of bounded linear
operators on X. If 7'(¢)) € N, ,(X) for some 75 >0, then CT(¢) e N, (X) for

all > 1.
Proof. Suppose T'(¢,) € N, (X) for some £, > 0. Then,
CT(t) = CT(t—tO +10) = T(t—to)T(to).
Thus CT(¢1)e N, (X) forall # > £, because N, (X) isanidealin L(X).[

Now, we proof one of the main results of this paper.

Theorem 1.4. Let 7(¢)be an exponentially bounded strongly continuous C-
semigroup of bounded linear operators on X with generator 4. If T(t) e N v (X) and

T(¢) <& forallzin (0,¢&), for some € >0, then C*°R(A,A) e N (X)
N(p.q) Psq

for all A€ p(A) and for A >w >0,

£>0.

Proof. Let xe X and A e p(4), A€ R, A > w> 0. Then by Theorem 3.3
of [3], we have :

CZR(/LA)H < s for some
N(pg) A-0

CR(A, A)x = R(A, A)Cx = J.e_ﬂsT(s)x ds.
0

For t e (0,6‘) and A > @> 0, define:
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R(A, A)x = CTei‘T(s)x ds
= ]Ee_b'CT(s —t+t)xds
= ]EelsT(t)T(s —t)xds
‘

= T(t)Teﬂ"‘T(s —t)xds.

Since N, (X) isanidealin L(X), T(t)e N, ,(X) for t e (O,E) and the
operator P defined by P(x) = J.e_bT (s —t)xds is a bounded linear operator in
t

L(X) for A>w, it follows that the operators R,(A,4)e N, (X) for

AeR, A>w>0and te (0,8). Further more, since 7'(¢) is an exponentially
bounded C-semigroup, for A > @ and ¢ e (0,8) we get:

- ° —AS s M -
B2 A, =TOPL,,, <[, P< 8 o perras = M2 o

t

Since T'(t) e N, ,(X) and ”T(l‘)”N(p’q) <¢ forte (O,é‘), by Lemma 1.2 the
operator R (1, 4)— C*R(A, A),

(R, (4. 4)— C*R(A, A))x = —Cje-ﬂsr(s)xds

is in N, ,(X) and

1 _ e*ﬂt

A

R(A-CR(AA| <]
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1_ e—/lt
A
. . 2
N, ,(X) is a Banach space it follows that C*R(4,4) e N, ,(X) for A > @ >0

and

=0 and

Since. R, (4,4)e N, (X) for te (0,8), tlirg} f”C”

chR(/l, A)HN( -

p-9)

lim R, (A, A)

t—0"

N(p.q)

= lim|| R, (4, 4)|
t—0"

N(p.q)

< lim M o = ;fw .

t—>0" A-w
The resolvent identity
C2R(u, A) = C*R(A, A) + (A — @)C>R(A, A)R(11, A)
implies that C*R(u, A) e N, (X) forall e p(A).

Theorem 1.5. Let 7(¢)be an exponentially bounded strongly continuous C-
semigroup of bounded linear operators on X with generator 4. If R(4,4) e N, (X)

for all Aep(A4) and ”R(A’A)”N(p,q) < ﬂ,lfa) for A>®, then

T(t)e N, (X) and ”T(t)”N(p’q) <& fort in (0,8) for some & > 0. Further
CT(t)e N, (X) forall £>0.

Proof. Let e p(A), A>®>0 and x € D(A). Then
IAR(A, AT ()x — T (t)x]| = AR(A, AT (1)«
=|R(A, A) AT (t)x|
<[[Rz, 4 |47 0)x]

<[RC ] sy [AT 1)

<

ﬂfwwrmw.
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Taking the limitas 4 — o0, we get ,l1im AR(A, A)T(t)x =T (t)x . But D(A)is
dense in X. Therefore }im AR(A, A)T(t)x =T (t)x forall xe X .

Since R(A,4)e N, (X) and T(¢) e L(X) for all >0, it follows that
AR(A, A)T(t) e N, ,(X) andso

2
PR AT iy ARAA] s 10 2 —lrol.

Consequently, since 7'(¢) is exponentially bounded there exists ¥ >0 and & > 0

such that ||/1R(Z,A)T(t)” Nipg)S }/}Lﬁ for all ¢ e (0,8) and A > ® . Lemma
-

BA

1.1 implies that T(f) e N, (X) for fe (0,8) and ”T(t)” Np)S 7 SUP 7
p)

-

A
”T (t)” Np.)S 7 SUP ﬂﬂ
Ry

CT(t)e N, (X) forall £>0.0

A
Further, since {—:/1 >w>0 is a bounded set, it follows that

for te(O,é‘). Lemma 1.3 then implies that

Theorem 1.6. Let 7'(¢)be an exponentially bounded strongly continuous C-
semigroup on X with generator 4. If T(¢)e N, (X) for all £>0 and

T e L'((0, t,), N, (X)) for some £, >0, then C’R(1,A) e N, (X) for all

Ae p(A), andfor A >w >0,

C2R(/1, A)H is bounded.
N(p.q)

Proof. Since T e L'((0, ¢,), N, (X)) thenfor 0 <t <tg

N ¢ N
[Ny, ds = [Ty, d +[ [Ty, ds < .
0 0 t
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t
Ths, [ [T(s)],.,, d5 < for all f<fy and so
0

t
lim [ |T(s)],,, ds =0
0

t—0"

For 0<t<t, and A e p(A4), A > >0, define:

R (A, A)x = CTe_bT(s)x ds
= T(I)Tei‘T(s —t)xds.

Since 7(f) e N, ,(X) and the operator P, P(x)= J.e_MT(S —t)xds is a
t

bounded operator in L(X) for A > >0, it follows that R,(4,4)e N, (X)

and

Rt (2’9 A) - CZR(Z’ A)HN(P,‘I) B

Cle™T(s)ds
0

N(p.q)

t
<[ I, s
0

noting that sup e M <1, Consequently, lim‘
s€(0,) t—0"

R.(A,A4) - CzR(/l,A)HN(p’q) =0

Since N, (X)) is a Banach space, it follows that C’R(A,A) e N, (X) for
AeR, A>w>0, and

HCZR(/L A)H N(p.q) -

Cle™T(s)ds
0

N(p.q)

0 (n+1)t

Z C je’ﬂ“T(s) ds

n=0 nt,

N(p.q)

85



Al-Sharif

® (n+D)1y
= ZT(ntO) J.e_MT(s—ntO)dS
"= "o N(p.9)
') ty
= z T'(nt, )I e e T (s)ds
n=0 0 N(p.q)

ty

Z ”T(”to )”e_nﬂto J.e_ﬂs ”T(S)”N(p,q) ds
n=0

0

IA

n=|

i1
< Mjle_ls ||T(s)||N(p’q) ds 2e”“”°e_"h"
0

1y
M j e
0

P65 3
n=0

Iy
< mﬁ%wje_ﬂs ||T(s)||N(p,q) ds ,
0

11 11
noting that for large A el <1 and j.e%' "T(s)”N(p,q) ds < jl"T(S)”N(p,q) ds for
0 0

all n>1 and all A>w. Since T eL'((0,4,),N, (X)) it follows that
HCZR(/I, A)H is bounded for 4 > @ > 0.
N(p.q)

Now, let 4 be any element in p(A). Then from the resolvent identity we have:

C?R(u, A) = C’R(A, A) + (1 — @)C>R(A, AR(u, A)

for any A€ p(A4). Thus, if Aep(A)and A>w, we get
C’R(u,A)e N, (X). Hence C*R(u,A)€ N, (X) forall ue p(A).0]
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Differentiable C-semigroups and N,  (.X).

Let X be a Banach space and 7T(f)be a differentiable strongly continuous

exponentially bounded C-semigroup on X with generator 4. Assume that Range(C) is
dense in X. Thus by Theorem 2.4 in [3], D(A) is dense in X.

Definition 2.1. Let 7(¢) be an exponentially bounded strongly continuous C-
semigroup on a Banach space X. The C-semigroup 7°(¢) is called differentiable for
t >t if for every x € X, t = T(¢)x is differentiable for ¢ > tp. T(¢) is called
differentiable if it is differentiable for ¢ > 0.

Remark 2.2 .

(a) Since T() is strongly continuous for x € X and s > ¢, we have:

lim 7(s)Cx = im T ()T (s — )x = T() im T(s - £)x = T(¢)Cx

But Range(C) is dense in X by assumption it follows that lim 7°(s)x = 7'(¢)x for
s>t
all x € X. Similarly for s <?.

(b) Since T(t)is differentiable then, ¢ —> T(¢)x is differentiable for > 0.
Therefore T(¢) € D(A) and T (t)x = AT(¢)x for every x€ X and t>0.
Since 4 is a closed operator and 7'(¢) is bounded, AT(¢) is closed . For ¢ >0,
AT(t) is defined on all of X and therefore by the closed graph Theorem it is a
bounded linear operator.

Theorem 2.3. Let 7(f)be a differentiable strongly continuous exponentially
bounded C-semigroup on X with generator A. If there exists A, € p(A4)such that

R(4y,A)e N, (X), then T(t) e N, (X) forall £>0.

t
Proof. Let A, e p(A4) and Ay =0.Define B(t)x = J-T(S)xds. Then
0
B(t) e L(X) and

t
AB(t)x = A[ T(s)xds =T(t)x—Cx = (T(t)- C)x
0
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forall x € X, (Lemma 2.7,[3]). Hence
—AB(t)x =(0— A)B(t)x =(C-T(¢))x.
So B(t)x = R(0, A)(C —T(¢t))x forall x € X. Thus
B(t) = R(0, A)(C —T(2)). But R(0,4)e N, ,(X). So B(f) e N, ,(X) forall
t>0.

Since T'(¢) is strongly continuous, it follows that for x € D(A), B (f)x exists
and

B'(t)x — lim B(t+h)x—B(t)x
h—0 h

= tim n(B(+L)x—B(1)x)
n—»0

= lim nlR(O, AC -7+ 1))~ RO, H(C-T(0))x)

n—>0

= lim nR(0, A)(T(t)x T+ %)x) .

n—»>0
Define D, (1)x = nR(O, AT (0)x ~ Tt + L)) Since RO, 4) < N, (X,

it follows that D, (f) e N, ,(X) forall >0 andall n e N. But by Remark 2.2(a)
Al d t
B (t)x = EJT(S)xds =T(t)x.
0

Consequently, since 7'(¢)is differentiable, then limn(T O)x—T(t +’—11)x)= ~T (t)x,
n—0

and

T(H)x = lim D,(f)x = —R(0, AT (1)x.

n—»©

Since D(A) is dense in X, it follows that T'(¢) e N, ,(X) . Furthermore, for all
t > 0 one has:

”T(t)”N(p,q) = H_ R(O’ A)T'(t)u < ”R(O’A)”N(p,q)HT‘(t)H )

N(p.q)
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Since T'(f) is a bounded operator, Remark 2.2(b), it follows that
||T(t)||N(p,q) <©

For Ay # 0, define S(¢) = e ™ T(t). Then, if 4 is the generator of T(¢), then

A — A, is the generator of e_ﬂotT(l‘). Soif A, € p(A), then 0 e p(A—A,). Thus
if R(4),4)eN,, (X) then, R(0,4—7,)e N, (X) and by the above result
S()e N, (X) . Hence T(f)e N, (X).0

dgeilt O hitly C goidt o padl ol
oyl 49y

Y- SN P
@l Bugaaall iball alyigedl Go C g sl G 80y 4 Jias T(2), 0 <7 <00, (<l
wd 058 Lalyo M Gl i ciagy - A Hrall alite wge @ld X Ly slas e walgll bl
Aol CasS(p,g) whyizall aldlis ual C il o T(2), 0 <7 <00, 5,030
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Abstract

Let n be a positive Integer. Let £” 4 (x) be the shifted E-spline. Forany ¢ € R,

we prove that the cardinal interpolation problem for £",(x) is always correct. This

problem is an extended result of the corresponding problems of E-spline [2]; of B-
splines [5], [6]; and of the shifted B-splines [4]. Unlike the proofs in [2], [5] and [6], we
use some computer calculations and we assume A to be bounded.

AMS class: 41A05, 41A63.

Keywords: shifted E-splines, cardinal interpolation, Symmetric Exponential Box
Splines.

Introduction

The symmetric exponential box splines (E-splines) and their properties were
introduced and studied by T. N. T. Goodman and A. A. Ta’ani in [2]. To set the

notations, let X, = {x,,...,x,} and A ={4,,...,4,} be two finite sequences of real
numbers. We say that A is symmetric if and only if - A is a rearrangement of 4. The
centered exponential box spline £, (x), defined via (1.3) below, is called symmetric if
and only if A is symmetric. For anyax € R, let E"o(x) = E (x+ ) denote the
shift of £, (x) by .

In a recent paper [7], the author investigated the cardinal interpolation problem
(CIP) for the symmetric E-spline E" 4 (x), with the case when 7 is odd, and he has

proved the result in case @ € [0,7]. In this paper, we’ll investigate the same problem

for any positive integer n. Unlike the proof in [7], we have proved the result in case

© 2006 by Yarmouk University, Irbid, Jordan.
* Dept. of Mathematics, Mu’tah University, Karak, Jordan.
** Dept. of Mathematics, Jordan University of Science and Technology, Irbid, Jordan
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a € [—m,0]. Our result is a generalization of the corresponding problems: of E-splines
as in [2]; of B-splines as in [5] and [6], and of shifted B-splines as in [4]. Unlike the
proofs in [2], [5], and [6], we use some computer calculations in (2.12) and (2.16), and

we assume A to be bounded.

Let ¢ be a function with compact support. The (CIP) with ¢ is said to be correct
if for each bounded real valued function f'on R, there exists a unique bounded sequence

{a,:je€Z} such that the cardinal interpolant s, (.) = Zajﬂﬁ(.—j) agrees

with fon Z, ie, s ,(j)=f(), j € Z. In[1], the authors show that the (CIP) with ¢ is

ijx

correct if and only if the discrete Fourier transform z¢( e, x e R, of ¢ does not

jezZ
vanish. Since E"4(x) is also a function with compact support, then the (CIP) for

E"4(x) is correct if and only if the function:

Poa®) =D E" 0())e" , X ERAER, oottt (1.1)

jezZ

does not vanish. By applying the Poisson summation formula (see [3], page 129) to (1.1)
we obtain:

P®=) E. Qrj-x)

= EQm+x)e T XERAER, e (1.2)

jez
where E, (x) denotes the Fourier transform of E, (x), which is given by the following
equation:

n e%(/lj-#ixx,) _ e—%(ﬂj-%—ixxj)

E,(x) = e 1.3
® 1/:! /1].+ixxj (13)

For further details about £ (x) and its properties see [2]. From (1.2), (1.3) and the

definition of A, the functions £, (x) and p, ,(X) have the following symmetries:
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E (X)) = E (7X) 5 oottt (1.4)

e (FX) = Dy (X) o (1.5)

The main result.

In this section we shall prove the main results in this paper. To do so, more
notations are needed. Let X, contain 1 with multiplicity n. Suppose that A includes r
zero elements, and P:={A;, € A: 4, > 0}. Then, n=2|P|+r, where |P] is the number
of positive terms in the sequence (A : ). Therefore, under these conditions and by the
definition of A and (1.3) we get:

By _ e"% e%(ﬁm) B e—%(ﬁm) e%(—ﬁwr) _e—%(—ﬂﬂx)

B = < FIT I

ix Yy P +ix - [ +ix

sin(%) . e’ +e’ —2cos(x)
:[ - ] H [ 2 2 ]
(%) BeP B +x

Thus,

Eeng+x) =z ]| (e/ +e” —2cos(2mx)).

peP

(~1)’ sin(zx) 1 1
[ T .ZQP[ T | — @.1)

The following lemma will be used in the sequel. For the proof see [7].

Lemma (2.1): (a). Let

o, :::[ x—1 ]r H ,82+(1—X)2

- | - ],xeR,jeZ,
X+ ) 27BeP ﬂ2+(x+])2

and assume that the set P is bounded by B, i.e., | 4, [< B, j=1,..n. Let n=r+2|P|

be a positive integer greater than 2. If 0, < 1, then
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o,(x)<| 22

(b). Letv be the positive number such that 0 < v < % . Letx € [0,%]. Then

. . . v+(1-x)* o .
i). Iffis a function defined by (v, x) = ——— 5, thenfis increasing function
v+(j—x)
with respect to v and decreasing with respect to x for all j > 1.
v+(1-x)°

ii). If the above function f'is defined by: f(v,x) = -, then fis an

v+(j+Xx)
increasing function with respect to v and has its maximum atx = 0 forall j >1.
The main result of this paper is given by the following theorem.
Theorem (2.1). Assume that X, contains 1 with multiplicity n. Also assume that A is
bounded by 7, ie., | A, [S7,i=1,...n. Ifnisapositive integer greater than 2, then

the (CIP) for E" 4 (x) is always correct forany & € R .

Proof. Since p, , (x) is periodic of period 277, it is sufficient to show that

Do (x)# Oand forall x €[—7,7]and forall @ € R. From (1.2), p,, ,(x) being

nonvanishing is equivalent to:

P, () = Y EQa(x +j)e ™ #0,x e[‘%,%],aeR, ......... 2.2)

jezZ
Since p, (x) is periodic of period 277 with respect tocx, then by (1.4), (1.5),

(2.1) and the fact that 7" H (e’ +e” —2cos(27x)) >0, (2.2) is equivalent to:

peP
G,(x) = Z e”ng (x)#0,x e [0,%],0{ E[-m, 7], oo (2.3)
where, |
_ (=D’ sin(m) 4 1
g, (x) =] Tex ] .ZQP[ yarTed | R 2.4)

Therefore, it is sufficient to prove that one of the following equations is true:
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R,(x) = ;g ;(x)cos(a))

= ZZ:Gj’a(x);tO,x E[O,%],ae[—ﬂ,ﬂ], ............................. 2.5)
1, (x) =1;gj(X)Sin(0!j)

=Y, ®,,()#0xe [o,%],a €[~ 7] s oo 2.6)

which are the real and the imaginary parts of G, (X) respectively. We present the proof
in five steps. In each step we shall assume that x € [O,%] and we shall repeatedly

use the following facts.

18D lg; ) 1g () ISg;(x)],xe [0,%],1 20

18511 &)X €0, V1,7 <0 @.7)

Stepl. & = —7 . In this step we prove that (2.5) is true. In particular, R, (x)>0.
Since G, , (x) = (-1)'g ; (), two cases are considered.

Casel. If r iseven, then G, ,(x) = 0 when is even, and G , (x) < 0 when; is

odd. Exactly as it was done in [2] in the derivation of (4.10), we can see from (2.5) and
(2.7) that:

Gy )+ Gy ()G, () +G sy, ()20 ,x€[0, 1], /20 e,
| sz,a ()| -] G—l—Zj,a () =] G2j+1,a ()] G—z-zj,a )],jz20 ... (2.8)
Hence R, (x) =0 in(2.5). The strict inequality in (2.8) holds for the case when

j=0 and arbitrary x €[0, %] . Therefore, (2.5) is true, which give the result for this
case.

Case2. If r is odd, then Gj,a (x)=20if j >0 and Gj’a (x)<0if j<-1.
Therefore, by (2.5) and (2.7) we have:
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G,,(0)+G ,,,(x)=20,;20.

j-la

Since G, (x)+G_,(x) >0 for ,x [0, %], then R, (x) > 0in (2.5), and

so case (2) is proved.

For o = 7t , the proof is exactly the same as that in step 1.

Step2. ae(-x,” %) . Two cases are considered.

Case 1. If ris odd, then from (2.4) and (2.6) we have:
®,,(x)>0,x¢ (0,%] Land D, (x)>0,x ¢ (0,%].
By (2.7) we show that

DD, (x)>0,x € (O,%] ........................................................................ (2.9)

Jj#l

Now, we show that the positive term @ _,  (x),x € (O,%] dominates the sum in

(2.9). Asin[1], we show that the sum in (2.9) when divided by the dominant term, is
less than one. This is equivalent to proving that:

N q) i, (x)
[:= ,Zl | A_W ) l<1,x e (0, 12] ......................................... (2.10)
By (2.4), (2.6), (2.10), Lemma (2.1), and the fact that:
) e T @.11)
sin(@)
We have:
N sin(a) N sin(—y)
I = o.(x + o_.(x)| ———=
IRl RISy

S A=) p e B0 g
S Uiy T B Uy Tee

~.

025+(-x) ¢ . & ¢ 025+(-x) o
; [ 025+(x+/) [ ,ZL; [ 025+(x —j ) I

J

IN

0
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> .1.25 ). Z 1.25 o
< — [y + = P
2l e g I
SOSTB2502 KL, ettt eeees (2.12)

where 0 ;(x) is defined as in lemma (2.1.a). Thus, from (2.10) and (2.12),

1
I,(x)>0,xe (0,5], because of dominate term®_, ,(x) >0, x e (0,%]. And
ifx=0 then R, (x) := G, (x) > 0. Therefore, the result of this case follows.

Case 2. If ris even, then
@, (x)>0, ®,_(x)<0 xe(oy] 2.13)
et , @, , s /o] .

As in Case 1 of this step, we show that the terms @, , (x),®_, , (x) dominate the

sum in (2.9) . Now, we can write the sum in (2.9) in the form:

YD () =D () {1+ Z

jezZ

—1,0( j=2 -La

g (sin(a) [ 1-2) ]
g.(x)

- &) (x) sm(og)
]Z;, 2 () sin(a) L, (%) xe(O /] ..... (2.14)

Where,

l_g_j(y
F_,-,a(x) L gj(x)[ sin(¢j) ]

1-8i (% L sin(&)

Notice that the first two terms in (2.14) do not vanish. Then it is sufficient to show
the last term in (2.14) is positive. First, we estimate I’ I (x). By (2.11) and the fact
that:

[x_—l I T1 ﬂz+(1—x)2<[ J=x v T B +(-x)’

x+1 2nfeP ﬁ2+(1+X)2 - j+x 2nfeP ﬁ +('x+.])
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xe(O/]]eN, ..................................................................................... (2.15)

we have ‘Fj o (x )‘ < J . Therefore by (2.4), (2.11), Lemma (2.1) and the hypothesis of

theorem (2.1) we have:

=g .() = g;(x)
-y 2L >1- . ‘
DTS LAk Yy 2

\Y

—_

|
.MS

o,;(x).j
[ B +(1-x)’ F.j
= ,B2+(x+j)2

[ 0.25+(1-x)° ]2
o Loosyryy 1

= 125 2 .
-2, | 025+ ) [

j=2

v [\

—_ —_

| |
DMs LD

Y

1=289125150 oo (2.16)
Forx=0, R,(0) = G,,(0)>0. Consequently, the proof of this case is

complete.

T
For € (5, 7r), the proof is similar to that in case 2 of step 2.

T . .. .
Step3. a=——. For j==x1,¥34+5,...., G, (0)=0. Soitis sufficient to
2 J>
show that (2.5) is correct. We consider two cases.

Case 1. If ris even, then by (2.4), g; (x)=0,jeZ. Following the derivation of

(2.8) , we can see that:

Giya )+ G o4 (4G () +G oy, ()20, x€[0, ],/ 20 e,

| G0 (%) |- Gt (x) 2| Gyjina (%) |- G ija (x¥)[,/ 20 ...(2.15)
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1
The strict inequality in (2.14) holds, for j = Oand arbitrary x € [0,5]. Hence

R, (x)>0 in(2.5), and so the result of this case is proved.

Case 2. Ifris odd, then by (2.4) and (2.5) we have:
g; (x)=0, sz’a x)= (—l)j 8ru (x)=0, j=0.L2,...

g.,,(0<0, G, (x)=(-1V g, (x)20, j=123,..
Therefore, by (2.4) and an estimate similar to (2.7) we have
Gyra()+Gyin (X)) 20, j=012,..

Gy )+ Gy y, (x) 20, j=123,..

Since G, (x) + G, , (x) > 0 for x=0, the strict inequality in (2.5) holds. Hence,

the proof of this case is complete.

T
For a = 5 the proof is exactly the same to that in Step 3.
Step4. o € (—3,0) . The proof of this step is similar to that in case 1 of Step (2).

T . .
For o € (0,5) , the proof is similar to that in Step (4).

For more details of the proof when 7 is odd, see [7].

Step 5. « = 0. In this case, the problem is reduced to the corresponding problem by
E (x) which has been done in [2].

Also the result of this theorem may be true for some values of the bounded
condition of A greater than 77 (see lemma (2.1)).

Remarks

@). If =0, ie., A is a zero sequence then the problem is reduced to the
corresponding problem of shifted B-spline, which was considered in [4] for

1
|a < —.
2
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If A is a zero sequence and & = 0, then the problem is reduced to I.J schoenberg
cardinal interpolation of B-spline, see [5] and [6].

If o = 0, then the problem becomes a special case of the corresponding problem of
E-pline, because of the bound condition on A .

SO FEY Aawlgy JLeSouwll 9 5l Wi
a1 ALt Al
by me\.l.l\..\..mhg%ghhl\ J..JLE‘;LE

uadle

Sl Cgen il 1 Az l5e Sl puad G151 By BT (X)) 0Sy anh sue 0 oS

sas

Ul sda . € R < slil i) (o il 1 il gy JLaSin¥] 5 slat¥) il das

sl i€ dailsr ¢ [2] AlLatall Tend) SU|EY) Ll sy €idalls L opliadl Jiluall pyoss
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Abstract

The necessary and sufficient conditions for an arbitrary almost Hermitian manifold
to be a parakéhlerian or a c— parakdhlerian manifold are established. Some examples of
non—Kéhlerian parakdhlerian and c— parakdhlerian manifolds are given.
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Introduction

The famous American mathematician Alfred Gray noted that the identities the
Riemannian curvature tensor of almost Hermitian manifolds satisfies are very important
for the study of the geometry of such manifolds. In accordance with this fact, some
classes of almost Hermitian manifolds were distinguished [8]. The following identities
characterize these classes:

Rl (R(X,Y)Z,T)=(R(X,Y)JZ,JT);

R2. (R(X,Y)Z,T)=(RJX, JY)Z,JT)+(RX, Y)JZ,T)+(R(JX,Y)Z, JT);
R3. (R(X,Y)Z,T)=(R(JX, JY)JZ,JT).

A. Gray has proved that

RIc R2c R3

and all Kdhlerian manifolds belong to the R1—class [8]. The manifolds of the R1—class
have been widely studied by many authors, and they were usually called parakdhlerian
manifolds [16] or f~spaces [17]. The subject of study of the present paper includes
besides the parakdhlerian manifolds the so—called c—parakdhlerian manifolds, that are the

© 2006 by Yarmouk University, Irbid, Jordan.
* Department of mathematics , Al al-Bayt University, Mafraq, Jordan
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almost Hermitian manifolds whose Weyl tensor (or the tensor of conformal curvature)
satisfies to a similar identity:

(W(X,Y)Z,T)=(W(X,Y)JZ,JT).

We remark that the study of such types of almost Hermitian manifolds is closely
connected with diverse sections of modern Riemannian and Hermitian geometry.
Without going into details of such an extensive subject, we note the applications of the
obtained in this direction results in the theory of submanifolds of Riemannian manifolds
(see, for example [9],[13],[14]). On the other hand, it is evident that the study of
parakdhlerian manifolds and c—parakédhlerian manifolds in correlation with classical
work in Riemannian geometry and in tensor analysis [15].

Preliminaries

We consider an almost Hermitian manifold, i.e. a 2n—dimensional manifold, having
a Riemannian metric g = <-, > and an almost complex structure J. Besides the following

condition must hold

(JX,JY)=(X.,Y), VX, YeNWM™),

where N(M *") is the module of smooth vector fields on M*" [11]. All manifolds,

tensor fields and similar objects are assumed to be of the class C”. The tensor of
Riemannian curvature, the Ricci tensor and the Weyl tensor are denoted by R, ric, and
W, respectively. We recall [15] that the components of the Weyl tensor are connected
with the components of R, ric and g by the relation

W (gjkgil _gj[gik)’

ikl

- R K
(n-1)(n-2)

where K is the scalar curvature of M*". Here and further the indices i, j, k, / range from 1
to 2n.

1 . . . .
ijkl + n_2 (”Cikg,'/ +”cﬂgik _”Ci/g,'k _”C,'kgu)"'

The setting of an almost Hermitian structure on a manifold is equivalent to the
setting of a G—structure, where G is the unitary group U(n) [1]. Its elements are the
frames adapted to the structure (A—frames). It is reasonable to consider the most
important tensor written in an A—frame. This corresponds to the problems of the study of
almost Hermitian manifolds. V. Kirichenko, who worked out such a method [11], has
introduced the notion of the tensor spectrum.

The spectra of the tensors, determining the almost Hermitian structure on a
manifold, look as follows [5]:

b

Dg,=0, g,=9,, gugz5aa g&[;:O;

2)Jp=ist, Ji=0, Ji=0, Ji=-i5".
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(Here and further the indices a, b, ¢, d, h range from 1 to n, and we set a=a+n,
i=+-1).

We recall that the fundamental (or Kéhlerian) form of an almost Hermitian
manifold is determined by

F(X,Y)=(X,JY), X, YeRX(M™).

The spectrum of the fundamental form of an almost Hermitian manifold looks as
follows [7]:

F,=0, F,=ié,, F.=-i5,, F,=0.

Thus, the matrices of the Riemannian metric, of the almost complex structure J and
of the fundamental form F of an almost Hermitian manifold in an A—frame will be
written down as follows:

0 ]”;(J’ﬁ: I 9 :
]n 0 J 0 ‘—l]n

0 | i,
—z'[n\ 0

(gl(j):

F, )=
(£
where 7, is the identity matrix.

The main result

Let V be the Levi—Civita connection of the metric g of an almost Hermitian
manifold {M g J } We recall [15] that the curvature operator

R: NM")XRM>)xN(M ") = R(M ™)
is determined by
RX,Y)Z=V ,V,Z-V,V,Z-V 2

Definition. The tensor of Riemannian curvature of an almost Hermitian manifold is
called the quadri—covariant tensor determined by

R(XlaXzaXs’X4):<m(X3’X4)X2aX1>5 X, XX, X, ET,,(MZH)-

Considering the tensor of Riemannian curvature as a quadri-linear mapping
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T,(M*")xT,(M*")xT,(M™)xT,(M*") = (-0;+0) ,

we mark out its properties [12]:

DR(X,, X,,X,,X,)=—R(X,, X,, X;, X,);

2)R(X,, X,,X,,X,)=—R(X,, X,, X,, X,);

HRX,X,, X;, X)+R(X,, X,, X,, X,))+R(X,, X,, X,, X;)=0; (1
YHRX,X,, X, X,)=R(X,,X,, X, X)),

X, X,,X,,X, eTp(MZ").

Theorem 1. An almost Hermitian manifold is parakdhlerian if and only if

Ryi=Ryy=R,; = 0.

abcd

Proof

1. Let {M g J } be a parakdhlerian manifold. Then for arbitrary vector fields
X,Y,Z, T eR(M?™) the following identity is fulfilled

(R(X,Z,T)=(R(X,Y)JZ,JT).
According to the definition, we have
R(X,Y,Z,TY=R(X,Y,JZ,JT).
Hence,
X"YjZ"T’(R(gl.,g/,gk,g,)—R(gl.,gj,.]gk,Jg,))z 0.
Taking into account that the indices i, j, k, / range from 1 to 2n, we obtain
XY'zZT! (Roped + Rapea) + X'y'zere (Ripea + Ripea) +
+XYPZTR, 4R, VXY Z T (Ryey — Rupea) +
FXVZTI R, R, )+ XYZT (R, + Ry )+
+ XY Z T (Rypey — Riped) + XY Z°T* (R, , —R

abed ) +
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TS ayhyemi
+X Y Z T (Raééd_Ral;éd)+X Y Z T (Ralgcd_R )+

abed

aybrrémd ayhzémd
+XY'ZT'(R,..+R )+ XY'ZT"(R, —R. )+

abéd )

aybrremd aybrémd
+ XY Z°T (R&Eu? _Raéa?)"'X Y°'Z'r (R&ba? +R&b&3)+

aybpimd aybzérd
+ XY ZT R, + R, )+ XY ZT (R, +R 0.

ahed) =
Knowing that the eight types of the written in an 4—frame components of Rl.jk,

completely determine the tensor of the Riemannian curvature [15], by using the property
of the linear independence, we conclude that this identity holds if and only if

Rade = 0’ Rdde = 0’ Ral;cd = 0’ Rabéa? = 0’
0 R,.=0, R..=0 R&Ea} =0. )

abed abéd abéd

In view of the properties of the tensor of Riemannian curvature (1), we can simplify
this interstitial result. That is why the equalities (2) are equivalent to the following
conditions:

Ripea = Rivea = Ry, =0. 3)
2. Conversely, let (3) be fulfilled. Let us consider the condition
dbed 0’
or
R(GX,5Y,0Z,0T)=0, X,Y,Z,TeRX(M™),

where the operator & and & are determined by
o —l(id—iJ) o _l(id+iJ)
2 ’ 2 '
Considering the identity
1
ER(XH’JX, Y+iJY,Z-iJZ,T—-iJT)=0,

as a result we have

R(X,Y,Z,T)+R(JX,JY,JZ,JT)+R(JX,Y,JZ,T)+ R(X, JY, JZ,T) +
+R(JX,Y,Z,JT)+R(X,JY,Z,JT)-R(X,Y,JZ,JT) - R(JX, JY,Z,T)+
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+i[R(JX,Y,Z,T)+R(X,JY,Z,T)-R(X,Y,JZ,T)-R(X,Y, Z,JT)—
—R(X,JY,JZ,JT)—R(JX,Y,JZ,JT)+ R(JX,JY,JZ,T)+ R(JX,JY, Z,JT)]=0.

It is evident that from this fact it follows that
R(X,Y,Z,T)+R(JX,JY,JZ,JT)+R(UJX,Y,JZ,T)+ R(X, JY,JZ,T)+ @
+R(UJX,Y,Z,JT)+R(X,JY,Z,JT)-R(X,Y, JZ,JT) - R(JX,JY, Z,T) = 0. (4)
As the conditions
R,,=R,.=0
are equivalent to the following identities [3]
R(X,Y,Z,T)=R(JX,JY,JZ, JT);
R(X,Y,Z,T)=R(X,Y,JZ,JT)+R(X,JY,JZ,T)+R(JX,Y,JZ,T),

that is why from (4) it follows that
2R(X,Y,Z,T)-2R(JX,JY,Z,T)+2R(JX,Y,JZ,T)+2R(JX,Y,Z,JT)=0,

or

R(X,Y,Z,T)=R(JX,JY,Z,T)-R(JX,Y,JZ,T)-R(JX,Y, Z,JT). (5)

Obtaining from (4)
R(X,Y,Z,T)=R(JX,JY,Z,T)+R(JX,Y,JZ,T)+R(JX,Y,Z,JT),

and adding (5) and (6), we get (6)

R(X,Y,Z,T)=R(JX,JY,Z,T),
that is equivalent to
(RXNZ,T)=(R(X,Y)JZ,JT).
Theorem I1. An almost Hermitian manifold is c—parakdhlerian if and only if

Werca =Wipea = W,;;;Cd =0.

The proof of this Theorem is completely the same that of the Theorem I. It is
sufficient to substitute in the first proof letter R to letter W. Of course, this is explained
by the fact that the Weyl tensor has similar properties with the tensor of Riemannian
curvature [15].
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Some examples of parakéhlerian and c— parakéhlerian manifolds

In conclusion we give some new examples of parakédhlerian and c—parakéhlerian
manifolds. In [5] the Riemannian curvature tensor spectrum of six—dimensional
Hermitian (general-type) submanifolds of Cayley algebra is computed. We have
obtained such results:

R R

dbed = R&l;cd - O’

_ e
Riu = ZEZ-TLU
4

abed —

()

where {T k;/) } are components of the configuration tensor (in A. Gray’s notation [7], or

Euler curvature tensor [6]). Throughout, we assume that now the indices a, b, ¢, d, h
range from 1 to 3, the index ¢ ranges from 7 to 8, and we set a=a +3.

By force of Theorem I and (7) we state

Proposition 1. Every six—dimensional (general-type) Hermitian submanifold of
Cayley algebra is a parakdhlerian manifold.

This fact (proved in [3] in a different way) is interesting since it gives a set of
parakéhlerian but non Kéhlerian manifolds. Up to now only a few examples of non—
Kéhlerian parakdhlerian manifolds were known. There are many examples of non—
Kéhlerian Hermitian six—dimensional submanifolds of Cayley algebra in [2], [10], [12].
Now, we know that by force of Proposition 1 they are parakéhlerian manifolds.

Let us use the Weyl tensor spectrum of six—dimensional special Hermitian
submanifolds of Cayley algebra [5]:

Wesea =Wipea =05
1 oo Sb o Sa oo b o Sa K ba
Wi =7 D IITNS + 2 5Tl =Y ThT6! = Y TS, +%5cd'
0 0 ? ?

As from K =0 it follows [4] that

we obtain for six—dimensional special Hermitian submanifolds of Cayley algebra of zero
scalar curvature

=W, =0. )

abed VV:il;cd -

w

abcd

By force of Theorem II and (9) we have:
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Proposition 2. Every six—dimensional SH—submanifold of Cayley algebra of zero
scalar curvature is a c— parakdhlerian manifold.

C b (0 GLyals ddg gl dls Addl Sldadl adade Jg>

9oL g Jailiae 5 ol gal 9gene daal

oadle
almost g o bl saatial 4a3Mly &g padl boyddl GUall paliiul Eall lia
pudy is C- parakhlerian sl Parakahlerian gl Go clph asis 5SS elliy Hermition
oSi o il C- parakahlerian s Parakahlerian g sl G cldall sasial Wi Jan Hlaldl
il 858950
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Saturation Theorem in Simultaneous Approximation by
Micchelli Combination of Bernstein Polynomials
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Abstract
The present paper is a continuation of the work in [1,2]. Here we have discussed
the saturation result in simultaneous approximation by the iterative combination of
Bernstein polynomials, which is introduced by Micchelli [4].

Introduction
Following [1,2], for f € C[0,1] was studied direct and inverse theorems in

simultaneous approximation by the iterative combination of Bernstein polynomials B,
introduced by Michhelli [4] as:

an T, (fw)x)=lr- (-8, J(rw Zkl IU B, (f(u).x)

r=1

-3 [ ]IW (v.0)8; ((ev)dv,

r . . . ..
where B, is the rth iterative (super position ) of the operator B, and

w, (x, U) = ZHZ(ZJ x* (l - x)n_k 5[1) - Sj , 5(t) being the Dirac-delta function.

k=0
In the present paper, we establish a saturation result in simultaneous approximation
by using the iterative combinations of these operators defined in (1.1).

Auxiliary Result
Throughout this paper we assume that 0 <a, <a, <a, <b, <b, <b, <1.

The norm ” ” is the sup-norm on C[a,b], the space of continuous functions on

Cla,b]

[a,b]. Let N denote the set of natural numbers, N * the set of nonnegative integers.

© 2006 by Yarmouk University, Irbid, Jordan.
* Department of Mathematics, College of Education — Omran, Sana'a University, Sana'a, Republic of Yemen.
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By <a,b> (= (O,l) denote an open interval containing the closed interval
[a,b] and C, denote the set of continuous functions on (0,1) having a compact

support and Cé{ be the subset of C, of k-times continuously differentiable
function.

Theorem 2.1 [1]. Let f € C[0,1] and k, p € N.1f f "7 exist at some point
X € (0,1), then

2k+p

@.1) lgrpwnk[Tn(f(f,x)—f(”)(x)]: ZQ(j,k,p,x)f(")(x),
and

e limnt L0, (f.%)- f 7 ()= 0.

where Q( J,k, p,x) are certain polynomials in X . Further, if f (ZEP) exists and is

continuous on <a, b>, then (2.1-2.2) holds uniformly in [a,b].

Theorem 2.2 [1]. Let p<g<2k+p, feC[0,]] and ' exists and be

continuous on <a,b>. Then
R U VSEN AL

where C, = C, (k,p), C, = Cz(k,p,f) and a)(f(q),5) denotes the modulus of
continuity of f? on (a,b).

< max(Cln'(q"’)/za)(f(‘”,n’”z),Czn_(k”)),

Theorem 2.3 [2]. Let 0<a <2 and f € C[0,1]. Then in the following
statements the implications (i ) = (ii ) & (iii ) = (iv) hold:
() £ existson [a,,b, | and Tn(’i)(f,.)—f(p)‘c[a W= O(n_“k/z);

i) /W) e Liz(a, k;a,,b,);
(i) (a) f(m+p) exists and belong to Lip(ak —-m;a, ,bz) for m<ak<m+1,
m=0,12,---,2k—1;
(b) f(m+p) exists and belong to Lip” (1; a, ,bz) for ak=m+1,
m=0,1---2k—-2;

i |12 (r)- 1", =0,

(j[“s’bs]
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where Liz(ct,k;a,,b,) denotes the class of continuous functions on [a,,b,] for
which a)2k(f,h;a2b2)SMhak with some M > (0. Note that LiZ(O{,l;az,bz)

reduces to the Zygmund class Lip” (a, a,,b, ) .

Lemma 24 [3]. Let O0<a<b<l. 1If fe([0,]l] and geC, with
supp g < (a,b), then

s <[T2(,f) (f.k,)-T" (f,k,-)], g()>‘ < K”f”cm,l] ’

where K is a constant independent of f* and 7, and <h, g> = jh(t)g(t)dt.
0

Main Result
In this section, we shall prove our main result.

Theorem 3.1 (Saturation Theorem). Let f € C[0,1] and k,me N’ and pe N.
Then, in the following statements, the implications (i ) = (ii ) = (iii ) and
(iv)= (v)= (vi) hold:

@  f" existson[a,,b, |and n*"

()7, =o);

Clay.b]

@ frV) e AC[a,,b,] and [P e L [a,,b,];

k+1

(iii) n

()" =o);

Clay,bs]

k+1

= 0(1);

(iv) f7 existson[a,,b, |and n

T(r,)- ]

Clay.b]

2k+p+2

v feC™ " ayb,] and 3 0(j.k, p,x) U (x)=0. xelayb,].
Jj=p
where Q( Jj.k, p, x) are the polynomials occurring in (2.1);

. = 0(1), where the space A.C.[a,b] is defined

T (f.)- 1)
as the class of absolutely continuous functions over [a,b] and O(l) and 0(1)—
terms are with respect to # where n — 0.

(vi) n

Clas,by]
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Proof. If (l) holds, following the proof of Theorem 2.3, it is clear that f ) s
continuous on [al,bl]. Also, (l):> (ii) of Theorem 2.3, the derivative f (2krp1)
exists and is continuous on (a b ) . Let
a,<a; <a, <a, andb, <b, <b <b,. Then, we can choose a function [~
with supp 1~ < (a,,b,) such that f*(x)= f(x) on [a,h'] and that £~ is
2k + p +1 times continuously differentiable on (al ,b, ) By Theorem 2.1 and (i ) we
have

Tn(,i)(f*a-)_f*(p)‘

(3.1) ] = Ofn*) |

Let C, [al,bl] denote the set of continuous functions g on (0,1) with

supp g < [al ,b, ] Then C, [a1 ,bl] is a Banach space with the norm

3.2) ||q||= max |q(x)|.

xe[al ?bl]

Also, let C; (a;,b;) denote the space of infinitely differentiable

functions g on (0,1) with supp g < (a; ,b, ) Then there holds

(7, (2. %)~ g(x)), g(x))| < Mq] .

It follows that for a p- times continuously differentiable function

33 n

q. and suppgq, [al,bl] and forany g € C (a;,b; ), by (3.3) we get

(12((q..)- 4" (). () = n* (T, (. )~ 9. (x)). 7 ()

<M,

(3.4) n'

q.| »

for all 7 sufficiently large, where the constant A/, is independent of 7 and ¢, .

Since f~ is continuous on (al,bl), there exists a sequence { fa} such that

erCék“”z(al,bl) and that as o —oo, f — f° in the sup-norm
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”” on [a,,b,]. Then, forany g € Cy (al,bl) and each function f, , by Theorem
2.1 we get

69 tm o (10700 20D 10 S0 Gk )

n—0

2k+p+2

where Q;k ipi2 (D) = z [0 ( Jk, p, X)Dj denotes the differential operator adjoint
j 1
+p+
to Q2k+p+2 z ] k p.x
Jj=p

From (3.1) it is clear that there exists a sequence {n g } of natural numbers such that

6o tim (T ("x)= 10 (x). g(x)) = (h(x). g(x) .

9
forevery g € Cy (a2 ,b, ) where h e L [a;,b;] is a fixed function.

By Lemma 2.4, we have

(10r = foox)-(r = £.)"(0). ()
Thus, combining (3.5 —3.7) we get

<f*(x)’Q;k+p+2 (D) g> = (17131<fa (x)’Q;k+p+2 (D)g> = <h(x),g(x)>.

k+1

(3.7) hm n, <M,

Hence,

(3.8 Q2k+p+2 (D)f* = h(x) ’

as a generalized functions.

Since Q(2k +p+2,k,p, x) # 0, we can write (3.8) as a first order linear differential
equation for f*(Zk”M), it follows that f"***?*) e A.C.[a;,b}] and also that
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e e [a;,b;]. From this (ii) is immediate, since [a,,b,]C [a},b;]

and [ coincides with f on [a,,b,].
Also, (ii ) = (iii ) is immediate from Theorem 2.2.

To prove (iv) = (v), assuming (iv) and proceeding as in the proof of (i ) = (ii ), we
obtain

Osiipia (D)™ =0, from which (v) is clear.

Finally, (v) = (vi ) follows from Theorem 2.1.

This completes the proof of the Saturation theorem.
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Abstract

In this paper, we study the mapping properties of singular integral operators on
product spaces with kernels which belong to block spaces and are supported by
subvarieties. Our results are essential improvements and extensions of some known
results on singular integrals.
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Results and Discussion

Throughout this paper, we let &' denote &/ | & | for & € R" \ {0} and P’ denote the
exponent conjugate to P, that is 1/ p+1/p"=1.Let n,m =2 Suppose that
S N_l( ‘N = n or m) is the unit sphere of R" equipped with the normalized
Lebesgue measure do =do(x ') .Let K 0 (,) be the singular kernel on

R" x R" givenby Kg (u,v) = Q' ,V)h(lu|,|v ) [u [ v[™,

where /1(:,") is a measurable functionon R* x R*,Q e L' (S""'xS"") and
satisfies

[y Q@ )dow)=[..Qv,)dow)=0. (L.D)

Let d #0 and Hd be the class of all functions ¢ . (0, OO) —> R which are

smooth and satisfy the following growth conditions:

© 2006 by Yarmouk University, Irbid, Jordan.
* Department of Mathematics, Yarmouk University, Irbid-Jordan, husseink@yu.edu.jo;
hamadneh2004@hotmail.com.
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[p)I<Ct?, g O)I<Ce,  CT < P =Ce (1.2)

for 1€ (0, OO) , where Cl ) C2 ’ C3 and C 4 are positive constants independent of
L. For §(-) € H, .y()eH, forsome d,,d, # 0 ameasurable function /1 on

R"XR" andan Q satisfying (1.1), we define the singular integral operator

T

*
¢, Q.n and its maximal truncated singular integral operator T ¢, Q0 on

Rn XRm by

Ty anf (6o3)=pv [ o e (6 =g sy =p (v W VK o (v dudy (1.3)
and
T gy (.3)= Sup0| [t = Dy =l WK e ey | (1.4)

For the sake of simplicity, we denote T¢’U/,Q7h =1L, and quﬁ,w,Qh :th if
d)=w()=t.
For 7/>1 let A}, (R+ X R+) denote the set of all measurable functions /2 on

R+ X RJr such that

R.R,>0

R, R, Uy
sup ((Rle)lj j |h(z,s)|7dzdsJ < 0.
0 0

It is easy to verify that
L*(R"xR")CA,(R"xR")c A, (R"xR")
forany ¥ < f and the inclusions are proper.

%
The L boundedness of the operators 7’ o, and 1, o, under various conditions on

Q and h has been investigated by many authors [3, 5, 8, 9] For example, R. Fefferman
and E. Stein proved in [9]that T o, and T .5 are bounded on L’ (R n+m) for
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I< p <0if () satisfies certain Lipschitz conditions. Subsequently, the

L’ (1 <p< OO) boundedness of 7’ o, Was established under weaker conditions on

Q , first in Duoandikoetxea [5] for Qel’ (S xS m_l) with ¢ > 1 and then in
0 _ _
Fan-Guo-Pan [6] for Qe Uq>1 B; b (Sn "'x S 1) which contains

U g>1 L (S "1 S m_l) as a proper subspace, where B;o’“ represents a block space
(for p =2 it was proved by Jiang and Lu in [10]). In the meantime, under these
weaker conditions on {2 , the question regarding the L’ boundedness of 1T ;; ; was left
open by the above authors. Recently, Al-Qassem and Pan [3] established the

p *
L (1 <p< OO) boundedness of a more general class of operators than 7 | o, and

T;J for {2 belongs to Béo’l) (S"_1 X Sm_l) . The appearance of the functions # in the
kernel was also allowed in [5] (y=2), [10] (y =00), [6] (y=2) and [3] 1<y <o0).

We point out, in the one parameter case, the study of the L” boundedness of such
*

kind of operators 1 Y and T py.an Was initiated by Fan-Pan in [7] and

subsequently by Al-Hasan- Fan in [1] and by Al-Qassem- Al-Salman in [2]. More
precisely, Fan and Pan obtained the following result:

Theorem A [7]. Assume that Qe H](Sn_])(The 1-Hardy space on the unit
sphere in the sense of Coifman and Weiss[4]) with

J. g1 Q(x)dO'(X) =0andhisa measurable function on R and satisfying

; %
sup| R [[n(o) dt | <o (1.5)
0

R>0
for some ) > l.For ¢() € Hd for some d + O, let T(¢) be the singular
integral operator defined by

0wyl

n

Tf () =pv.f pof @ =g(fu]) u") (1.6)

lu

Then there exists a positive constant C psuch that
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Ir©r| <c, @l gl 1,

forall P satisfying |1/ p—1/2|<min{l/2,1/y"Yand f € L' (R").

Some years later, Al-Qassem and Al-Salman in [2] studied the L boundedness of
(¢

T ) and its corresponding maximal truncated singular integral operator T (o) given
by

* Q /h
Tf ey =sup [ .f (=4 (u) u')Mdu

uf . (1.7)
u

In fact, the following are the main results in [2].

Theorem B. Let T (#) be given by (1.6). Suppose that Q belongs to the block space
Béo’o)(Sn_l) for some ( > 1 with J‘SHQ(X)dG(X) =0 and h satisfies (1.5)

for some Y > L. Then there exists a positive constant Cp such that

211, <<l

for all p satisfying |1/ p—1/2|<min{l/2,1/y"} and f € L' (R").
Theorem C. Let T(¢)* be given by (1.7). Suppose that hel” (R+ ) and

Oc B;o’O)(S"_I)for some q > 1 with J.SH Q(x)do(x)=0. Then there

exists a positive constant C, such that

T 1, = ¢,
for 1< p<oo andeLp(Rn).

In view of the above results in the one-parameter setting and the results in [3] in the two-

parameter setting, a question arises naturally. Does the L” boundedness of the operators
* .. 0,1 1 i}
T¢,y/,_0,h and T¢,u/,.o,h hold under the conditions €2 € B; ) (Sn x S and

h EA;, (R+ XR+) for some ¢,y > 272
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We shall obtain an answer to this question in the affirmative as described in the
following theorems.

Theorem 1.1. Let 1 ey be given by (1.3). Suppose that

Qe B{;O’l)(Sn_1 XSm_l)satisﬁes (1.1) for some ¢ >1 and h € Ay(R+ X R+)

for some Y > L. Then there exists a positive constant Cp >0 such that

Lo, <C, 11, w8

for any fELp(Rn XRm)with 1< p<oo.

Theorem 1.2. Let 1 ;W’ o be given by (1.4). Suppose that

Qe B(;O’l)(Sni1 X Smil) satisfies (1.1)  for some q> 1 and
h(t,s)=h, () h,(s) with h,() € L"(R" ) for j=1,2. Then for 1< p <oo

there exists a positive constant Cp such that

50, <C,IF |, foranys eL?®R"xR™). (1.9)

We point out that Theorems 1.1-1.2 extend and improve the corresponding results
in [6] and [9]. The paper is organized as follows. A few lemmas will be recalled or
proved in Section 2. The proof of Theorems 1.1 and 1.2 can be found in Section 3.

Throughout this paper, the letter C will denote a positive constant that may vary at
each occurrence but independent of the essential variables.

Definitions and lemmas

The block spaces originated in the work of M.H. Taibleson and G. Weiss on the
convergence of the Fourier series (see[18]) in connection with the developments of the
real Hardy spaces. Below we shall recall the definition of block spaces on

S " S m_l. For further background information about the theory of spaces

generated by blocks and its applications to harmonic analysis one can consult the
book[12].

The special class of block spaces B;o’u) (S'H X Smi]) (for u >—1land g > 1) was

introduced by Jiang and Lu in the study of singular integral operators on product
domains [10].
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Definition 1.2. 4 g¢- block on S"" xS"" isan LY(1 < g < o) function b(x,y)
that satisfies

() supp (D) < I i) [|b %

L <[

b

n—1 m—1 . .
whereH denotes the product measure on S x 8", and I is an interval on

S xS™ ! e,

I:{x'eS”_1 :‘x'—x(')

<ﬂ}

<a}>< {y’e Sy = vy

-1 -1
for some a,ﬂ>0,x(') eS" and y;) eS".

Definition 2.2. The block space Bq(o'u) = qu’u) (Sni] X SW]) is defined by

O,u) _ 1,0n-1 m—1y . _ o
B =iQeL (8" xS ).Q—ZlCﬂb
H=

wMtgo’u)({Cu} <%0,

where each C s is a complex number; each b# is a g-block supported on an interval 1 P

on S™xS8"" u>-1and

MO (€ ,))= g\cﬂ\{u log®“* (‘1#’1‘) } @.1)

Definition 2.3. Ler U € NU{O} and Iﬂbe an interval on S"7 X S"™ with
1 -1 0 ko et
‘Iﬂ‘<e . Also, let 0, :log‘lﬂ‘ , @, =2" and Bk,ﬂ:[coﬂ,a)y+ ) For

7 1 -1 -1
suitable functions @(-) and Y (-) defined on R" and b# el (Sn xS ) we
define the sequence of measures iakjg :k,].EZ} and its corresponding

sJsYu

*
maximal operator O 5, by
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J-Ranm fdak’j’[;y = jf(¢(]u‘)u',wﬂv‘)v') K[;H(u,v) dudv ;

B xB/.’y

k.,

b

%

_ — ~ %

O'b”(t)—ksgp Jk,j,by‘ f
,J€Z

where o, I is defined in the same way as ij’g , but with hb# replaced by
, o Pu

u

b,

. The Fourier transform of O i is defined by
o Pu

b,

S5, (671)= I o b (u,v) dvdu.

BkY#xB/’ﬂ

By tracking the constants in the proof of the lemma give in ([5], page 189) we have the
following.

Lemma 2.4 ([5]). Let {Vk,j} be a sequence of Borel measures on R"xR™. Suppose

that for some ¢ >1and A >0

sup v £ || < AlA],
k,jeZ g

holds for every f in [P (R™ xR™). Then the following vector- valued inequality

. ) 12 12
Z’Vk,f % = Aksﬁ v kZ‘gk,j
po

k,je Je

)l

2.2)

holds for ‘l/p() - 1/2‘ = 1/(2Q) and for arbitrary functions {gk‘j} on R"xR™.

The following result was proved by Al-Qassem and Pan in [3] which is a generalization
of a theorem due to J. Duoandikoetxea in [5].

Lemma 2.5 ([3]). Ler L: R" — R® and Q:R™ — R® be linear transformations.

Let {O-k, Ix k,jeZ } be a sequence of Borel measures on R™ xR™ . Suppose that for
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some a=22,b>22, a,,C>0,B>1land p, € (2,00) the following hold for
k,jeZ, (5,7]) € R" x R" and arbitrary functions {gk’j} on R"xR™:

L2 Wi
(1)l61(&.m) | < CB2(P[(&) | B (b2 0 () | 8.
1/2 1/2

. 2 ) 2
(i1) Z‘Gk,j*gk,j‘ <CB Z‘gk,j‘
k,jeZ k,jeZ
Po Po

Then for p(') < p < P, there exists a positive constant C p such that

Y. o | < ¢, Bf] ; 2.3)
k,jeZ »

12
(Z‘% *f 2] < C, BY[f] ; (2.4)
k,j,eZ

p
hold forall f in L” (R" xR™). The constant C , is independent of B and the
linear transformations L and Q .
Lemma 2.6. Let y1e N U {O},q >1,he A},(RJr x R™) for some 1 <y <2 and
() e Hd. W) e Hdzfor some di,d, #0. Let bﬂ be a functions on S xS

bu

Vg 1 1
< ‘Iﬂ‘ for some interval ]# on 8" xS" with
q

satisfying (i ) ‘
1,

<e ; (i) Hb” H <1 and (iii) bﬂ satisfies the vanishing conditions in (1.1) with
1

Q replaced by bﬂ . Then there exist constants C and awith 0 < & < 1/ q " such
that

6, (&m)| < co;

(2.5)
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J 6, (5,77)‘ < Co, ‘Cokdlf‘ ‘wjdzﬂ‘ (2.6)

holds for all k, ] € Z , where = l'l’lf{l‘a,fa } The constant C is independent
ofk,j,,u,g and 1].

Proof. We shall prove our estimates only for ¢ 1s d 5 > 0, because the proof for the

other cases d | or d2 <0 is essentially the same. First, by (ii) it is easy to verify that
(2.5) holds. Next, by Holder's inequality and a simple change of variables, we have
o o Vy

f f‘Lk](r S)‘;/ drds 5
1 1

drds)""
\ S 577\ UB 5 s’ :SS]

where

Ly j09)= [ g € ARSI (1 oo

Now,

[9 ]+1 [6? ]+1 2" w2

.[B y drds S J‘ J‘ \h( )‘7 drds
v=1 i=1 wfz vl kil
< CO;,

where [X] denotes the greatest integer not exceeding Xx. Since 1< y < 2 and

‘Lk,j(r,s) <1, we get

1

w, 0 '
v

<C z f ﬂLk](r S)‘Z drds
11

&,.,5, (&)

By Schwarz inequality, we have
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L9 < o[ 4B, o) dorty

[ (] sos b e 4H N dotydot | dot),

Therefore,

A 1)

6,5, (£m)<COx
(J- g (J. g0, (X3, (u,y)H (t,x u)do(x)d o )) do(y )) ' , @7
where

H(u,x,u)= fe—iqﬁ(wﬁr)é-(x—u)a]’/_”.
1

By using integration by parts and the conditions on ¢, we obtain

‘H(,u,x,u) ‘ <Co, ‘(wﬁdl )5.()( - u)‘_1

which when combined with the trivial estimate ‘H (,U >, X, U ) ‘ <Céo u gives

l-a

\H (e, x,u) | =|H (e, x,u) |© | H (e, x0) |

<Cay a)fld1 (x—u) “ 92'“)
and since Qy > 1 we get
‘H (£, ,u) ‘SCH/,a)Z @, - E(x —u) ‘_a, (2.8)

for any o with 0 < aq’ <1. Thus, by (2.7)-(2.8) and Holder's inequality, we get
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—
x

< COLwy, | Eak

&k,j,lzl (":E’ 77)

(ISml J. Sm—lXSn—l ILI

< cezaﬂ

iy
“dodo()

L

—aq’ q'y
allrs (jsm-lxsn-l|xl—ul| da(x)da(u)) ,

where x= (xq,...,x,)and u =(uy,...,u, ). Since the last integral is finite, by
condition (i) we obtain

§a)kd ‘

2 _a
2 “qy kd,| 7
Sy i, (&) ‘ co, W sw," 2.9)
By combining (2.9) with the trivial estimate (2.5) we get
2 ked
S, 5, (6:11) ‘<C9 ‘5‘0 [ (2.10)
Similarly, we get
A 2 jd 7%;1
S i, (5,77)‘ <C@, ‘na)ﬂ 2| T (2.11)

To get the other estimates, we use the cancellation properties of bﬂ (,) to get

O’\-k,j’];# (§> 77) <

14

a)ﬂ
J‘Sn—lxsmfl j j

1 1

e_i(]j

‘b (x, y)‘ ‘h(a) r,ols )‘—da(y)da(x)

Hence,

‘OA'k,j,gﬂ (5577)

which when combined with the trivial estimate (2.5), we get

2| g, kd,| d
SCH#‘@)# l‘a) t,
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b
&k,j,l;y (5,77) ‘ SC@; ‘l);(()/lidl ‘}/'19;! . 2.12)

Similarly, we get

(2.13)

S, (6511) \<C92\’7‘0’d2

By combining (2.5), (2.10)-(2.11) and (2.12)-(2.13), we get (2.6). This competes the
proof of the lemma.

Lemma 2.7. Let ,ueNu{O},q>1,heA7 (R* xR™) for some y > I and

¢() IS IT‘Ia,l ,(//(-) IS ]‘[d2 forsome d,,d, # (. Let bﬂ be a function on S"' x §"
. . A7 _l/q' . n-1 m-1 .
satisfying (l) by < ‘ly‘ for some interval ]ﬂ onS" xS with
q

‘[y‘ <e';and (il)Hg”H] <. Thenfor f € P(R"xR")and 1< p< oo,

there exists a positive constant C p Which is independent of 9,, such that

Proof. By (1.5) we may assume that 1< Y < 2. Without loss of generality we may

assume that gﬂ >0 and h20.Let D € S(Rn) and ¥ € S(Rm) be two
Schwartz functions such that @(g): ] for ‘ 65‘ < 1 and Qs(g) =() for
2

o: (f) H <C GZHfH (2.14)

M

|§| =1, ‘i’(n) =1for |77| S%and ¥ (n7)=0 for ‘77‘ > |. Define

Cﬁk (r)= cﬁ(a)ﬁd’x), Cﬁj (v)= CD( ’dzy) and the sequence of measures {Zk’j}
by

A (Em)=6, 5 (6n)-D, ()6, ,; (0.7)~
¥i(n)6,5 (6.0)+ D, (¢ ) i(1)6,5, (0,0).

By (2.15) and Lemma 2.6 and its proof we get

(2.15)
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4 (24
70,

o (Em)|SCO e 7wt

Let

2.16)

1/2
g(f)x.y)= [ >k * £y \2] A ()x) = ksupzuﬂk, Gy
»J €

k,jeZ

. d
and M & denote the classical Hardy-Littlewood maximal function on R”. so by
(2.15) we have

0L )< +C (M @i, ) (07 o))+

2.17)
((ian eM,.) (ofr (x,y)))+cej (M, ®M . )f (x,7)
and
K ) <20 )42 (M, ®id,. ) (007 () )+
2.18)
20 ((idR,, eM,.) (off (x,y)))+2cej (M, ®M . )f (rop)
where
() _ ) -
AT f3) = splolh *reeti=12

o)) 5 1) =L e, [y = (V) \Kb (u,v)dud,

o) = s a0 K ey
Now,
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o) 5 * 16
< Co, j B, I g ‘f(x,y —w(s)v) ‘ BOW (s) da(v)%,
where

~ d ~ ~
o ()= 5, |h(r,s)|7rand by, (V= [ ‘b ﬂ(u,v)‘ do(u).
Sn—l

It is easy to verify that ho, . satisfies (1.5) with

.

T . . -1 .
and bo, u 1s a function on S™ with

%
~ e dS /
iy (5) Tj <Co

~

b, 1

) < ‘I‘_l/q' and‘

(s E‘WHL‘(S"“> B

Then by following the proof of the L" boundedness of the corresponding maximal

function in the one-parameter setting in [2 ] , we get

ngj,)*(f )Hp <C,0,|f |, for1<p <o andf € L"(R"xR™). (2.19)
Similarly, we get
o ()| <Gl for1<p < andf <L ROXRD. ooy

By (2.16) and Plancheral's theorem we obtain
le I, <cazlr],- (221)

By the L’ boundedness of the Hardy-Littlewood maximal function, (2.18) and (2.19)-
(2.21) we get

|2, <celrl, .
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With C independent of by(-,-). Applying Lemma 2.4 (for q=2,p,=4) in

2
ﬁ“k,j” < Cey, we get

conjunction with the trivial estimate

) 1/2 1/2
( Z ‘/lk,j *gk,j‘ J <C, 0. [ z ‘gk,,-z‘] , (2.23)
k.jez » k.jez »
By (2.16) and Lemma 2.5 we get
4
e, <C, 621, for p e 2.4)- a2

By the L’ boundedness of the Hardy-Littlewood maximal function, (2.19)-(2.20) and
(2.24), we get

|2 0], <celr], for p e(g,4] .

holds for some positive constant Cp independent of 0 .. - Repeating the process used

4
for (2.22) again with ¢ = 3 Py = 8, we obtain

8
e, <€, 63, or p e[ 3.8 -

Since the argument can continue as many as one needs, we eventually have

le )l =C,6:1f |, for pe.0). (2.27)

Thus, by (2.17) we conclude that

HO';N(f)Hp <C,6|f H,, for 1< p <. (2.28)
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Since

oo )| <c,elr |, (229)

holds trivially. This completes the proof of the lemma.

Lemma 2.8. Let € N U {O} and ¢ (.) e H; forsomed # 0. Define the

maximal function M s by

Mof(0)=swp| 5 F(x=d()

Then for f el” (Rn) and 1 < p <00, there exists a positive constant Cp which is

independent of 0 1 such that

My <c,o.1,.

A proof of this lemma can be obtained by using similar arguments as the proof of
Lemmas 2.6 and 2.7. We omit the details.

3 Proof of main results

Proof of Theorem 1.1. Assume that (2 € Bq(o’l) (S""'x 8™ for some q>1 and
satisfies (1.1). Thus €2 can be written as Q = Z Cﬂbﬂ, where C), € C,b,, isaq-

p=1

block supported on an interval 1 4 on S s™ ! and Mflo’l) ({C P })< oo, To each

block function b, (-,-), let b 4 (*,*) be a function defined by

b(x,y)=b,(x.y)= [ yb,(uy)do(u)
- j b (xv)do(v)+ j oo by(uy)do(u)do(v).
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Let D= {,u eN: ‘]ﬂ‘ < e‘l} and let Z;O =Q- ZC#];M. Then it is easy to verify
wneD

that, for all i € Dy {O}, b u satisfies the following:

j b )dow) = j b, (Vdo(v)=0; 3.1

Hf%Hq < " (32)

b = G (3.3)

Q = Y Cp, (3.4)
1eDU{0}

. . -1 -1 . -2 . ..
where IO is an interval on S XS™  with ‘I 0‘ =e " and C is a positive
constant independent of 4. Without loss of generality we may assume that

heAy(R+><R+) for some 1 < ¥ < 2. Thus

a2 L0
where
T,(f)(x,»)= p.v.j R XR" f(x - ¢Qu|)u',y — I//(M)V')Kgy (u,v) dudv.

By (3.1)-(3.3) and Lemmas 2.4-2.7 we get

. )H,, = kZZ o5 | <C.alrl, (3.6)
»J € P

and hence by (2.1), (3.5) and (3.6) we get (1.8).

Proof of Theorem 1.2. We argue as in the proof of Theorem B in [3]. We only give a
sketch of the proof. By (3.4), we have.

Fovas), < X o] Ir.o))],- (3.7
Do)
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where
T.(f)= S”IZOU ey R (7) T A LN O

We notice that the proof of Theorem 1.2 is finished if we can show that

\WVH C7¢WW (3.8)

To this end let ToOO (Rn XRm) be the subspace of Cgo (Rn X Rm) generated by

functions of the form ¢®l//, where ¢ S C((;O (Rn) andl// S CSO (Rm) Now,

for any &,,&,> 0, there exist integers K, J€Z such that
1 i +1

fl <g < a)k+ and a),LJl <& < ol Hence we have for

7
f el (R"xR")
T:f(x,y)ST*’pf(x,y)+||h2||wT1’!f(x,y)+||h1||wT2’pf(x,y)+0';‘f(x,y),(3.9)

where

T f (x,3) =
sup U fiu >wk’u>w,-}f(x—¢(|u|)u',y—t//(]VDV’)KI; (u,v)dudv),
S0P bl o ;,

N f(x,y) =

b ! !
50D [ <ol o 05~ ity =y () 25 s
. . <M {u
o o
and
T ,uf(x’y) =

sup J‘{a)‘Sv<wk”}Ln >a)’ f(x (Iu|)u Y- W(M)V) /1 (Iu|)dVdu
590 ool
»JE V
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First, by Lemmas 2.6-2.8 and invoking Theorem 22 from [3] along with the arguments
in [3], we get

, SCPQj Hf Hp forl<o and f € L°(R" xR™). (3.10)
For T] , Wwe have
Ty f (. 0)SC | M, (S, f (x,N0)do(v) G
Smfl
where

' RS
Sgv81(x) =sup I gl(x—¢Qu‘)u’)Mh1QM‘)du

keZ ‘“‘%"; ‘u

and

j+1
w!

M, g (y)= sup I g2 (v - t//(t)V)I—
JjE

;z

By following the proof of Theorem 4 in [2] we get that for [ < P < 90 there exist
ﬂp S (0,]) and Cp > () such that

ol %),

L'(s"

<C,0,

12
L”(R™) (3.12)

HS¢,Vg1 |g1 LP (R")

forall g, € L”(R" ). By using Lemma 2.8 and (3.11)-(3.12) we have

. Hp <C,0.lr|, (3.13)
for < p<ooand [ € LP(R" X R'”), Similarly,

“Tﬂf H —C 0, ”f ” (3.14)
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for /< p<o0 and f € L"(R” xR”’). Therefore, by (3.9)-(3.10) and (3.13)-
(3.14) and Lemma 2.7 we get (3.8). This completes the proof of Theorem 1.2.
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Abstract

Security of MMD(Multi-Media Data) for any computer system application is vital
and crucial since data is transferred via networks. Since Multimedia Data (MMD)
encapsulates all types of data from structured text (fields and lines) through free text
(pages, books ...etc.) to images (still and moving) to sound and all of them nowadays are
digital. In this paper, a cryptography system is provided. It is based on the integration of
two well-known algorithms, the public-key and the data encryption standard. The new
integrated cryptography system incorporates a number of public and private keys. A new
approach for generating secure keys is also adapted. This approach ensures high
reliability secrecy. It also handles encrypted information efficiently such that attempts to
break the coded messages will eventually fail. In addition, the new system extends the
mapping character set by handling multilingual messages. Finally, some results of our
experiments are presented.

Key words: RSA Algorithm, DES Algorithm, Cryptograph, Triple DES, Multimedia
Data

Introduction

The growths of the Internet and electronic commerce have brought to the forefront
the issue of privacy in electronic communication. Larges volumes of personal and
sensitive information are electronically transmitted and stored every day. Firms and
individuals would like seeing their messages sent to another firm or individual without
being intercepted and/or read without their knowledge or consent. Tools to ensure the
privacy and confidentiality of paper-based communication have existed for a long time
[11]. Similar tools exist in the electronic communications arena.

Encryption is one of the methods used frequently for making a communication
private. Anyone wanting to send a private message to another user encrypts (enciphers)
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the message before transmitting it. Only the intended recipient knows how to correctly
decrypt (decipher) the message. Anyone who was "eavesdropping" on the
communication would only see the encrypted message. Because they would not know
how to decrypt it successfully, the message would make no sense to them. As such,
privacy can be ensured in electronic communication.

The threat of intercepting and decoding data during its transfer across network
channels has increased as the knowledge of networks and protocols has become obvious
and more widespread. Methods for controlling the safety and integrity of information
become essential. Cryptography is the promise that provides secrecy for data and
messages sent over channels where listening and information interception are possible.
Cryptography aims to protect MMD transmitted over the high-speed electronic media or
stored in computer systems. Cryptograph provides a number of objectives including
[1,9].

Secrecy (Privacy): which is the protection of data from unauthorized disclosure.

Authenticity (Integrity): which is the protection of data from unauthorized
modification.

Tempering(Active Wiretapping): Which a deliberate message modification or
injection of false messages.

Security: Resistance of the algorithm to cryptanalysis, soundness of its mathematical
basis, randomness of the algorithm output, and relative security compared with
other candidates.

Cost: Licensing requirements, computational speed and efficiency on various platforms,
and memory requirements Speed of the algorithm on a variety of platforms, based
on 128, 192 and 256 bit keys.

Algorithm and Implementation Characteristics: flexibility, suitability to hardware
and software, and the simplicity (or complexity) of the algorithm.

This article aims to outline the design of a cryptographic system that is based on a
finite-machine M with a 5-tuple (P, D, R, E,, Dy) where, P = a plaintext message space,
it is a language dependent, D = a cipher text message space. This space may belong to
{PUQ} where Qcould be any set from the ASCII code or the null set A. R = a key
space. E; = a family of enciphering mapping i.e. Ey : P — D, where ke‘R.

The fifth component of the finite-machine is Dy which is the family of deciphering
mapping i.e. Dy : D — P, where k €R.This machine structure is illustrated in Fig. 1. A
cryptosystem must satisfy three conditions:

1) The encryption and decryption transformation or mapping must be efficient for all
keys,

2) The system must be easy to use, and
3) The security of the system must only depend on the secrecy of the keys and not on the

secrecy of the algorithms themselves.
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Most conventional (classical) crypto-systems are one-key systems (symmetric)
where encryption and decryption keys are easily determined from each other. The DES
(Data Encryption Standard) is one of them. When both communicating parties are
mutually trustable the one-key system is excellent for the secrecy and authenticity of
their communications.

The Public-Key Algorithm: The public-key algorithm is a two-key crypto-systems
(asymmetric), the encryption and decryption keys differ in such a way that at least one
key is computationally infeasible to determine from other. This approach is known as
public-key system where each user has two keys; one is a public key and the other is a
private key. By this way, any two users may communicate with each other knowing only
other's public key. Two examples of Public-Key algorithm are SSL (Secure Socket
Layer) and S-HTTP ( Secure Hypertext Transportation Protocol).

When two users A and B, for example, would like to communicate and A knows
B's public key transformation Eg. A can transmit a message P to B in secrecy by
sending the cipher text C= Eg(P). B will decrypt C using his own private
transformation Dy getting Dg(C) = Dp(Eg(P)) but authenticity, in this case, is not
observed. When B uses A's public transformation E, to compute EA(C) = EA(DA(P)) =
P then authentication is observed but secrecy is not. In order to satisfy both secrecy
and authenticity the following requirements must be satisfied [1,9]:

Secrecy Authenticity Secrecy and Authenticity
E o:P—>D Da: P-D Ea: PP

Dy: D—P E,:D—P Da: PP

DA(Ea(P)) =P EA(Da(P)) =P DA(EA(P))=P

EA(Da(P)) =P

Each party applies two sets of transformations, so if A sends a message P to B
then:

1) Applies A's private transformation Dy,
2) Decrypts the result from 1 using B's public encryption transformation Eg, and
3) Transmits the doubly transformed message C = Eg( DA(P)) to B.

To decrypt the received message B must apply the rules: B's private decryption
transformation Dy,

Apply A's public transformation E, such that
EA(Dg(C)) = EA( Dp(Eg( Da(P)))) = EA( Da(P)) =P

To create the public key Kp, the modulus n is the product of two large positive
prime numbers p and q such that n = pq, and ®(n) = (p-1)(g-1).

The enciphering and deciphering functions are:
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C =P°mod n, where ¢ and n are keys to the enciphering
and
P = C%mod n , where d is different exponent from e
d is computed such that mod (d x e, @ (n)) = 1.
function Findd (phi, S : integer): integer;

Var

i:integer;

found : boolean;
begin

i:= 1; found:= false;

while not found do

if ((i* S) mod phi = 1) and IsPrime(i)
then begin found:= true; Findd:= i end

else inc(i,2)
end; { Findd)

The essential point is to keep both p and q secret such that the product of p and q
is sufficiently large. To reduce time complexity and to ensure no overflow
occurrences, due to large exponent, we adopt two properties from modular arithmetic:

xy mod z = [ (x mod z) * (y mod z)] mod z, and

x¥ mod z=(x mod z)’ mod z

The first property can be implemented without any problems; the second one is
implemented as follows:

function Key ( x, y, z : integer): integer;
var
r,1: integer;
begin
r=1;
for i:=1 to y do r:=r* x mod z;
Key =r

end;
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Fig. 2: A two-key cryptosystem
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Fig. 3: Feistel principle
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The complexity of this algorithm is bounded by n and it can easily be reduced to
O(log (n))[7.10]. The security of RSA depends largely on the choice of a large n that is
the product of two large primes. Usually n is more than 128 bits so factoring n is
computational infeasible for most choices of n [3].

The Data Encryption Standard: The DES algorithm works on fixed-sized blocks
of data. When a message m of length i is sent, it will first be split into n blocks where
each block comprising of 64 bits. The DES uses a unique 56-bit key to encrypt each
block into 64-bit of cipher text. The DES comprises of 19 distinct steps [7.8]. The first
and the last two steps are transposition ciphering. The rest steps are substitutions
mechanisms using different sub-keys automatically computed. Both sender and receiver
use the same encryption and decryption key. The DES algorithm is the most widely used
encryption algorithm in the world. For many years, and among many people, "secret
code making" and DES have been synonymous. And despite the recent coup by the
Electronic Frontier Foundation in creating an expensive machine to crack DES-
encrypted messages, DES will live on in government and banking for years to come
through a life- extending version called "triple-DES.".

Algorithm Design: DES is based on the Feistel principle, which iterates the same
basic step in a number of rounds The input to round I is divided into two halves, Li and
Ri, and the output is computed as shown in Fig. 3.

L =R;
Ri+1 = Li &) F(Ki, R,)

Where F is some nonlinear function and Ki is the subkey for that round, see Fig. 2.
The same circuit can compute the inverse of this operation:
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Ri=L;y
Li = Ri+l (‘B F(Ki, Li+l)

DES has 16 of such rounds. Each round uses a different 48-bit sub key K;, derived
from the 56-bit DES key. The input to the first round is processed by an initial
permutation, IP, the output of the last round by the inverse permutation IP-1. a sketch of
complete DES rounds is given in Fig. 4. As mentioned earlier, the DES system uses a
number with 56 binary digits to encode information, a value equal to approximately 72
quadrillion. So, to crack the code, a hacker must guess which of 72 quadrillion values
was used to encrypt the message.

Triple-DES: Triple-DES is just DES with two 56-bit keys applied. Given a
plaintext message, the first key is used to DES-encrypt the message. The second key is
used to DES-decrypt the encrypted message. (Since the second key is not the right key,
this decryption just scrambles the data further.) The twice-scrambled message is then
encrypted again with the first key to yield the final cipher text. This three-step procedure
is called triple-DES. Triple-DES is just DES done three times with two keys used in a
particular order. (Triple-DES can also be done with three separate keys instead of only
two. In either case the resultant key space is about 2*112). For some time it has been
common practice to protect information with triple-DES instead of DES. This means that
the input data is, in effect, encrypted three times. There are a variety of ways of doing
this; the ANSI X9.52 standard Defines triple-DES encryption with keys k;, k, k3 as [5.6].

C = Ei3(Dia(Exi (M),

where Ey and Dy denote DES encryption and DES decryption, respectively, with the
key k. This mode of encryption is sometimes referred to as DES-EDE. Another variant is
DES-EEE, which consists of three consecutive encryptions. There are three keying
options defined in ANSI X9.52 for DES-EDE [5,6]:

o The three keys ki, k; and k; are independent.

e [ and k; are independent, but k; = k.

o Ki=hy=r.

The third option makes triple-DES backward compatible with DES.

The Integrated System: The integrated system uses two keys p and q and a third
special private key S,, where A stands for sender. This approach ensures to transform a
function of the form f(m, p, q, Sp) where m is the text to be enciphered. This function is
transformed into f(C, p, q, Sa) where C is the secret text. To enhance secrecy a new key
is generated with a property that its length (L) satisfies the condition 64 bits < L < 128
bits. This extension of key length makes it more likely unique and more difficult for
someone to break the text.[8] Let us call this key the Dyy. When Dy, is applied on
function into f(C, p, q, SA) using the mechanisms of DES, a transformation function of
the form into f(C', p, q, D) is produced. Fig. 5 illustrates the transformation
mechanism. Performing the inverse operation requires the application of the Dy, on
f( C', p, q, Dyey) to transform it into f( C, p, g, Sa). The user must apply his own private
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key on the above function to decrypt the ciphered text C. In other words, use the function
f( m, p, q, Sg). The integrated approach overcomes the drawbacks of the public-key and
the DES algorithms. It also enhances security and makes text harder to break.[4]

Discussions

There are a number of techniques are used to attack encryption algorithms in order
to break the code and understand the structure of keys used. The techniques used are
factoring and timing attacks. So many hackers have been trying to find efficient ways to
factor large numbers, so far without great success; we can assume that RSA and DES
algorithms are safe from attack for a typical key N of length 1024 bits in length [12]. The
best-known factoring techniques are still very slow. For example, a 512-bit RSA
challenge number was factored using 292 workstations and high-speed computers in
1999 but the factoring process took 35.7 CPU-years to accomplish [12].

The second technique used for attacking encrypted messages is the timing attacks in
which attackers precisely measure the amount of time required and analyze the timing
variation. The attacker can recover the private key one bit at a time until the entire
exponent is known. The probability of breaking the encrypted messages using the new
approach is almost zero because the new approach was made more secure against
factoring and time attacking by increasing the key length to 2048 bits instead of 1024.
The new approach integrates two modified encryption algorithms. The job of attackers
becomes more complicated because of doubling the key space by using Arabic character
and English character spaces.

Experiments

We have applied the proposed system on a number of files contained English texts
and Arabic text. Once the system is called a dialogue box asks users to identify whether
want an encryption process or decryption one and a password should be provided
between 8 characters and 16 characters in Arabic or English or mixed. Below are two
examples using English language and the second one using Arabic language.
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Example 1: This example shows a long plain message of English language. Only one
paragraph of the message is displayed below.

My biggest project so far and the world's biggest stuff up is the Cradle of Humankind World
Heritage project for which I was subcontracted to do the public participation. A friend asked
me to join her consortium and later asked me to do all of the consultation work for R500-
000-000 as the other chap pulled out. Lo and behold if she does not come and cry on my
shoulder one night about the and then dropping off a contract with half the amount budgeted

for my work two days later! Psychopath, incompetent, nuts? Well, I have been doing the
best that I can and got fantastic results in the communities. I certainly reached the pinnacle
of my career when I was standing under a tree one Sunday afternoon, with an umbrella over
the flip chart - it was drizzling, speaking to a bunch of black people sitting on stones around
me. Most demanding and exhausting I'll have you know but quite satisfying and fulfilling
engaging on this level.

Part of the encrypted message is displayed below:

s ° Tt swhay O
(Xieelc r! ¢a s&3lts e sCANA HEFE) TZuwsd w o+,

e Chas

at*c*R¥SY menl i3 (Es
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Example 2: This example shows a plain paragraph of a message in Arabic language as
follows.

Lalll ol il cls gods adat) Jiof 5 U
Slibrs s b paladl a1 SA31 e SIS0 8yl0f welun JolSe sl by ) dulyull Cags
s e watiag £Li¥) jlads Laa Cmslad gLl ¥ Bhd s . Lgads 3,al) alojline

LlaiaYl .Y oty Loo bl jlade Ge il pasy cnli  ala) ha slaicl Al bl
istiedl yi bl Giad Oo3ag

Part of the encrypted message is outlined below.

bo mM/ 23N [ SYEO 3T

oSL ¥ Vi o 2G & 2:as-bUf! By»hé SebiSs AF B3ARE ObYE+ 1, sY8e% 57
1

@b3A V]en_ b

I 1| 5QaRt _|3%57M187Z &$SGfluxgg ») e~" £27> 7. spm ] LQs)

qFre @jy{ bzZiag@, ¥
o7 g Eloest oeH <7 | TFJ{ 1%s81gc®°s sy) ®@pe 11 ,h JuBx?
S]F 2Vax <f'"+L>a |Yill 6Ey u’ ( 1i¢ulile Ts™=®2 .16
390>G{HEa0> 284 . job+a P N gael@ O LoL 6%7 s\wse ¢ <T@ vh
9 9Fgk
&Y 177%3uWctI8U>™RD’ e QfAeS .
WEMOSSS® IS NZoHEvE “a¥ | e~s"! ¥ 66s... Pbe¥ XN=kqgciitie’M g1'h ULAX éJ

Conclusions

Our paper described a method of converting a plain text into a structure of secret
writing. The paper outlined the new approach of perfect secrecy. It aims to preventing
intruder and listener from guessing a key or looking for words describing actions. The
two known algorithms, the Public-Key and the DES were outlined. An improvement
of key generation is described. A number of experiments has been performed. Results
show that the system is viable and it is applicable for multilingual messages.
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bilugl! 5aualio DU padd SLSLSu pslail B> dungia

sl A s sl e

uadle

SlLdl sda O da palas soun ikt psala bl (oY Ll aaate Slily oof

oaill Gre bl g sl JS fots laibusl) Suaate ULl O Gun s upalal) SIS JYS (o S
L)) Headl A G e Sy alabs) all paill A Gheals Jsds) solanedl ssasall
O JoolSall (e o pudiis allas £0) sda 0935 el ¥ LelSy ciguadl I (A aall g

s bmall SUL) Lads ol alall plsiall Al Loag Tas Gisyts Copolls

Lipph ity LSy Lolalls Lolall miilaall (o s yaall JolSiall apuall sl 1ia au

iloslaall Jolats dalle Loolaie) b L yew Ligyhll s Gauds Ll Ll ilie aplstl Sagun
sl ols o5 e 89)e DLl Juan 8,adad) Jibasll 51,580 S slas o Guay 8L 850l
Llgll b cadl da oy, dalids alily Jile) po dlolaty daliiall S50,ll desane pusy dpuadl

ol sahill JolSall wpaal) alaill i e Lol le il
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Abstract

This paper analyzes the trend of air pollutants caused by vehicles exhaust emissions
in Irbid directorate, including carbon monoxide, carbon dioxide and hydrocarbons. The
statistical modeling developed and studied based on one thousand gasoline vehicles were
tested for emissions and compared with the Jordanian emissions standards.

Two regression models were developed. The statistical results showed that there is
no statistical evidence for the effect of the maintenance on the trend of emission levels;
this is due to the lack of experience and techniques among the Jordanian vehicles
technicians. However, there is a good relationship between average emission and vehicle
characteristics such as fuel type, engine fuel supply system and engine size. These
relationships recommended in using modern vehicles new technology such as injection
fuel supply system, and using clean fuel such as super gasoline. Moreover, the drivers
should keep the catalytic converter.

Keywords: Vehicles exhaust emissions, Air Pollution, Jordanian emissions
standards and Regression analysis.

Introduction:

Vehicle emissions affect human health and the environment and are the primary
cause of air pollution in many urban areas. Health effects associated with air pollution
include respiratory effects, ranging in severity from cough, chest congestion, asthma, to
chronic illness and possibly death in susceptible people (ACVEN 1997) [1].

Two major pollutants emitted from gasoline cars, carbon monoxide (CO) and
hydrocarbons (HC). Other emissions are carbon dioxide (CO,) and oxygen (O,).Carbon
monoxide is a colorless, odorless, toxic gas produced by the incomplete combustion of
organic compounds. The primary health effect of carbon monoxide is to reduce the
oxygen carrying capacity of the blood. In ambient concentrations, CO can affect the

© 2006 by Yarmouk University, Irbid, Jordan.
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functions of the brain, lungs, heart and ability to exercise, all of which are sensitive to
blood oxygen content (World Health Organization — WHO, 2003) [2]. Exposure to high
CO levels is also associated with low birth weights in infants. The other emission is
hydrocarbons (HC), which results when unburned or partially burned fuel is emitted
from the engine as exhaust, and also when fuel evaporates directly into the atmosphere.
HC includes many toxic compounds that cause cancer and other adverse health effects
(Environmental Protection Agency — EPA, 2003)[3].

In recent years, the number of vehicles in Jordan has been increasing sharply, with
much of the growth taking place in cities. Air quality monitoring in Jordan is limited
especially in high traffic areas. As a result, serious problems are beginning to emerge. It
is essential that the quality of our air should not continue to deteriorate, and preferably
should be improved. Accordingly, this study will concentrate on measuring the harmful
air pollutants that emitted from exhaust gases of motor vehicles in Irbid directorate. The
carbon monoxide is measured by percentage (%CO), carbon dioxide is measured also by
percentage (%CO,) and hydrocarbons is measured by part per million (HC - ppm). In the
present study we will develop emission models of CO, CO,, and HC based on vehicle
characteristics (VC) such as model year, manufacturer, fuel type, engine capacity, engine
fuel supply system (injection/ or carburetor), periodic maintenance and test results.
Moreover, we will investigate the relationship between exhausted gases emissions
(EGE) and vehicle characteristics (VC).

This paper sets the groundwork for a procedure that can be used to selectively target
those vehicles most likely to be pollution violators. May be used as a basis for
developing a tool to predict on-road emissions based on vehicle characteristics.

Methodology:

An idle emissions test measure pollutant concentrations in the tailpipe exhaust of a
stationary vehicle with no transient vehicle operation and no engine load. The exhausted
gases measured by using computerized exhaust gas analyzer (CEGA) (Figure 1), which
available at the department of vehicles licensing (DVL) and the private qualified centers
(PQQC) in Irbid. The sample was taken from two certified vehicle test stations in Irbid
directorate. The first station was (Visa Techno-test gas analyzer model Visa-4012,
manufactured by Techno-test Company - Italy). The second station was (Sun gas
analyzer model Sun-SMP 4000, manufactured by Sun electric company - UK)
(Figure 1).

The CEGA is a device for sensing the amount of air pollutants, including carbon
monoxide, carbon dioxide and hydrocarbons, in the exhaust emissions of a gasoline
motor at idle speed. Idle testing is not used for NOx emissions testing since NOx are
infinite / low during idle (Joselito et. al 2001) [4].

The data set included in DVL and PQC emission test results collected during the
period of May 2003 - October 2003 with a total of 1000 vehicles. The data provided by
the CEGA included tested vehicle characteristics such as model year (1965 — 2003),
vehicle manufacturer, fuel type, date and time of tests, emission results and as well as
engine specification (engine size and engine fuel supply system).
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Figure (1): Computerized exhaust gas analyzer (CEGA).

Relationships between pollutants and vehicle characteristics

Emissions and characteristics data have been used to analyze pollution regulations
and the possibility of implementing an environmental vehicle characterization. White
(1982) [5] and Kahn (1996)[6] use cross-section data to investigate the evolution of
manufacturers' compliance with pollution regulation in the United States. Under a
different approach, Claudio and Ronaldo (2000) [7] use emissions and characteristics to
study the possibility of implementing vehicle characteristics in Brazil. We build upon
these previous studies in order to analyze both the evolution of compliance to the new
regulation and the current relationship between characteristics and emissions for the
Jordanian fleet.

Frequency distributions

Frequency distributions of major emissions from large numbers of vehicles are high
skewed (see Figure 2). The majority of vehicles have relatively low emissions, while a
relatively small number of malfunctioning vehicles have extremely high emissions. The
normal probability plots of the raw data as shown in Figure (3) indicate that the
distribution is significantly deviated from normality for the three pollutants. To
overcome this difficulty, analysts have typically used the forms of the Log-normal and
gamma distributions to model vehicle emissions data (Stephens 1994[8], Zhang et al.
1994[9]; Fomunung, et. al. 2000[10] and Wenzel, et. al 2000[11]).
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Figure (3): Normal P — P plots for different pollutants

Moreover, pollutant emission trend will be studied according to fuel type and
engine size, therefore we perform Kolmogorov-Smirnove test of normality among these
characteristics (see Table (1) and Table (2), the results also showed that the distribution
of the characteristic categories are also deviated from normality.
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Table (1): Kolmogorov-Smirnove tests of normality among fuel type

Fuel Type -Kc?lmogorov-Smirnov.
| Statistic df Sig.
CO2 Normal .104 775 .000
Super .168 211 .000
HC  Normal 221 775 .000
Super 233 211 .000
CO  Normal 152 775 .000
Super 227 211 .000

Table (2): Kolmogorov-Smirnove tests of normality among Vehicle engine size

Kolmogorov-Smirnov
CAP_CAT Statistic df Sig.
CO2 Small 123 470 .000
Medium 127 442 .000
Large .106 88 .016
HC Small .247 470 .000
Medium 222 442 .000
Large .254 88 .000
Cco Small 178 470 .000
Medium .167 442 .000
Large .168 88 .000

The Model

We assume that automobile i has a production function for pollution emissions
represented by:

E = f(MY,C)+e¢, (1)

where, E is the pollutant emissions from gasoline vehicles, namely; carbon
monoxide (CO), carbon dioxide (CO,) and hydrocarbons (HC). The independent
variables are MY, (MY: is a vehicle model year and C; is a vector of characteristics
which includes, among others, injection / carburetor system, test results, maintenance,
engine size (capacity) and fuel type. Based on equation (1) two different regression
models are developed.

The first regression model aims to analyze the relationships between the vehicle
characteristics in Jordan. The emission compliance process is analyzed by fuel type
(normal, super, and unleaded) and engine size (small, medium and large). However,
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since only few vehicles models (14 vehicles) were using unleaded fuel we eliminate
these cars from our database, on this basis we ended up with 986 observations. Hence,
controlling for model year (MY), maintenance, and engine fuel supply system (I/C); the
experimental data were transformed to natural logarithm, then ordinary least square
(OLS) were used in our analysis since such techniques do not require an assumption
regarding the distribution of the underlying population. The first regression model can be
expressed in a simple version as follows:

4
Ln(E,) = Constant + b, * Maintenance+ b, * system+ Zb
=1

by Fresult; +&; (2)

where, E;: pollutant emissions, Maintenance: number of times that the car is sent for
usual maintenance every year, resultj is a dummy variable takes 1 if the vehicle pass
(Jordanian emission standards- see Table 3) in the maintenance inspection and 0 if it
fails — this variable used as a proxy for the model year, and system: dummy variable
taking the value 1 if the engine fuel car based on injection system and 0 if this system is
carburetor.

Table (3): Jordanian standards of vehicles emissions.
CO, CO HC
Minimum ( 10%) | Maximum (5%) | Maximum (600 ppm)

The second regression equation aims at analyzing the current relationship between
emissions and characteristics in Jordan fleet. We use 1995-2003 test data (most modern
brand vehicles). The analysis is undertaken for the three pollutants using a simplified
version of equation (1) is given by:

Ln(E,) = Constant +b, * Maintenancet b, * Systenb, * FuelType+ b, * size+ &,(3)

where, E;: pollutant emissions, Maintenance: number of times that car send for
usual maintenance every year, System: dummy variable taking the value 1 if the engine
fuel car based on injection system and 0 if this system is carburetor, Fuel Type: dummy
Variable: 0-normal, 1-super, Results: dummy variable with 0:fail and 1: pass. Size
represents the engine size.

Result and Discussions

Due to small number and unequal distribution of observations across time, the
observation classified into 4 equally time period intervals (of width 10 years) based on
model year (1965-2003). Following Kahn (1996)[6] using a cross-section regression to
analyze the relationship between emissions and characteristics.

Correlation between pollutant emissions and vehicle characteristics

Correlation coefficients were computed among pollutants and vehicle
characteristics for all model vehicles from 1965 to 2003. The result of the correlation
analyses is presented in Table (4) for 21 different relationships, which show that 16
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among 21 correlations were statistically significant, 8 are positively correlated and were
greater than or equal to 0.068 and 8 are negatively correlated and were less than or equal
to —0.042 . More specifically, the correlation coefficient among pollutants indicate that,
there is strong but negative relationships between Co2 and HC (-0.536) and between
CO2 and CO (-0.623), while there is moderate correlation between HC and CO. The
relationships between the pollutants and the vehicle characteristics suggested that, for
CO2, to have significant positive correlation with maintenance, System and fuel type,
but it has significant but negative correlation with engine size. However, for the other
pollutants; HC and CO, they have similar trend in the relationships with the vehicle
characteristics, which is negative significant correlations with maintenance, System and
fuel type, but there is no statistical correlation with the fuel type. Scatter plots in Figure
(4) gives a rich descriptive picture of these relationships.

Table (4): Correlation coefficients among pollutant and vehicle characteristics

CO2 HC CO  Maintenance[System I/C|Fuel Type Engine Size
CcOo2 1.000 -.536* -.623* .104* .291% .204* -.069*
HC -.536*1 1.000 .265* -.100* -.149* -.154* -.004
CO -.623* .265*1  1.000 -.042 -.300* -131% .060
Maintenanct .104* -.100* -.042 1.000 .068* .194* .047
System I/C 291* -.149* -.300* .068* 1.000 .256* .033
Fuel Type .204* -.154* -131* .194* .256*1 1.000 .186*
Engine Size -.069* -.004 .060 .047 .033 .186* 1.000

**.Correlation is significant at the 0.01 level (2-tailed).

*.Correlation is significant at the 0.05 level (2-tailed).
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Figure (4): Scatter plot matrix among the pollutant and the vehicle characteristics
Emission trends by fuel type

Increasing CO, levels and divergence in emission levels of HC and CO among fuel
type can be observed in Table (5). By 1975, the emission levels of HC and CO from
normal gasoline cars exceeded those from super gasoline cars. However, the emission
levels of CO, in super gasoline cars exceeded those from normal gasoline cars (see
Figure 5). Both fuel types reduced the average emission of HC and CO with modern
vehicles, it can be noted that, for normal fuel, the average emissions of HC and CO in
1965-1974 were 1075.58ppm and 4.16% respectively. By 1995-2003, the average
emissions of HC and CO are reduced by 583.67ppm and 1.45%, respectively. The
average emissions of HC and CO for super gasoline fuel in 1975-1984 were 530.74ppm
and 3.9%, respectively. These emission reduced by 1995-2003 by 275.08ppm for HC
and by 2.4% for CO. These difference may be explained by the fact that, the modern
vehicles start to use new technology, such as injection fuel system or the drivers are
maintain their vehicles very frequently and they don't remove catalytic converter.
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Figure (5): Mean changes in “fuel type* variable on regulated emissions

Table (5): Evolution of average emission levels of vehicles by fuel type

Fuel Type
Normal Super
Year Mean Std. Deviation Mean Std. Deviation
1965-1974 CO2 8.552 2.235
HC 1075.58 747.10
CO 4.1642 3.6502
1975-1984 CO2 9.649 2.325 10.485 2.183
HC 608.28 504.67 530.74 409.09
CO 4.2424 2.9488 3.9089 3.2734
1985-1994 CO2 10.862 2.160 11.692 2.065
HC 508.13 522.72 358.80 336.27
CO 2.6658 2.7074 2.1005 2.2941
1995-2003 CO2 10.953 2.534 12.313 1.692
HC 491.91 549.42 255.66 96.60
CO 2.7161 2.9770 1.5547 1.9653

In order to analyze this compliance, we estimate separate regressions for each fuel
type and for the three emissions, based on equation (2). The regression results are
presented in Table (6).
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Table (6): OLS estimates of vehicle emissions by fuel type.

Fuel Type Normal Super
Emissions Ln(CO2) | Ln(HC) | Ln(CO) Ln(CO2) | Ln(HC) | Ln(CO)
Constant 2102 6.825" 0.435 2212 6.296" 1.554"
(0.011) (0.219) (0.592) (0.032) (0.098) (0.687)
Maintenance 0.009 0.157 0.516 0.009 -0.051" 0.019
(0.004) (0.242) (0.451) (0.006) (0.018) (0.088)
System I/C 0.041" -0.143" -0.104 0.06" -0.095 -0.945
(0.012) (0.129) 0.277) (0.031) (0.0931) (0.593)
Results(65-74) 0.483 -1.775" 0.113 ok ok ok
(0.23) 0.727) (1.962)
Results(75-84) 0.369" -0.684™ -0.586" 0.281" -0.683" -0.976
(0.036) (0.100) (0.007) 0.011) (0.258) (0.661)
Results(85-94) 0.334"™ -0.748" -0.788" 0.368" -0.767" -0.844"
((0.016) (0.049) 0.117) (0.037) (0.1011) (0.240)
Results(95-03) 0.441" -0.868" -1.36" 0.362" -0.227 -1.072"
(0.035) (0.085) (0.216) (0.033) (0.115) (0.390)
Adjusted-R’ 0.521 0.301 0.208 0.507 0.401 0.213

Note: standard errors in parentheses; *Statistically significant at 5%; * Statistically significant at
1%; *** Data are not available

Except for CO, the characteristics perform quite well in explaining the variance of
emissions. For both fuel types, dummy variable Results almost significant for all
emissions for models after 1975; with negative regression coefficients (or correlations
see Table.7) for HC, CO and positive for CO,. This implies that vehicles adopted cleaner
technologies which decrease the average emissions in statistically significant manner.
On the other hand, there is no statistical evidence for the effect of the maintenance on the
trend of emission levels.

Table (7): Correlation coefficients of vehicle emissions by fuel type.

Fuel Type Normal Super

Emissions Ln(CO2) ‘ Ln(HC) | Ln(CO) Ln(CO2) Ln(HC) Ln(CO)
Maintenance 0.069 0.063 0.004 0.070 -0.161 0.110
System I/C 0.225" -0.231" -0.241" 0.228" -0.160™ -0.154
Results(65-74) 0.571 -0.633° 0.004 o ok ok
Results(75-84) 0.656™ -0.506™ -0.233" 0.579™ -0.602™ -0.343
Results(85-94) 0.699™ -0.591™ -0.332" 0.680" -0.537" -0.286"
Results(95-03) 0.720™ -0.660"™ -0.470" 0.815" -0.204 -0.311°

Note: “Statistically significant at 5%; = Statistically significant at 1%; *** Data are not available
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Figure (6) contain plots of the standardized residuals against the standardized
predicted values for Normal fuel and Super fuel, respectively. There are no suggestions
in any of these plots that symmetric deviations from the fitted response plan are
presented.

Emission trends by engine size

The vehicles classified to be small corresponded to 1500cc engine size, medium
engine size is higher than 1500cc and lower than 2500cc and large engine size is higher
than 2500cc. Divergence of HC and CO levels and increasing of CO, among vehicles
size is presented in Figure (7) and evolution of average emission levels in Table (8). It
can be note that, for small engine size vehicles the average emission of HC and CO
during the period 1975-1984 was 646.77ppm and 4.31%, respectively. Since then, they
present greatest reduction. Small engine size vehicles reduced average emissions of HC
by 134.81ppm and reduced average emission of CO by 1.7% from 1985-1994. More HC
and CO emission reduction presented with modern vehicles, the average emission of HC
reduced by 208.1ppm while the average emissions of CO reduced by 1.9% from 1995 to
2003. Also, HC and CO emissions from small cars by 1995 exceeds medium and large
engine size cars, may this indication based on the fact that most of the people in Jordan
prefer to own small engine size cars. These results confirm the same results by Claudio
and Ronaldo (2000) [7]. Large engine size vehicles in Jordan were among the cleanest
models in 1995-2003; average emissions of HC and CO reduced more than small and
medium engine size vehicles.
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Figure (7): Mean changes in “engine size” variable on regulated emissions
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Table (8): Evolution of average emission levels of vehicles by vehicles size.

Small Medium Large
Year Mean [Std. Deviation| Mean [Std. Deviation| Mean [Std. Deviation
1965-1974 CO2 8.713 2.471 8.067 1.607
HC 986.33 827.40 | 1343.33 433.80
CcO 5.5078 3.1932 .1333 4.163E-02
1975-1984 CO2 9.393 2.248 9.760 2.238 10.008 2.590
HC 646.77 545.87 586.07 476.64 593.22 504.19
CO 4.3129 2.9952 4.4951 2.9578 3.3635 2.9445
1985-1994 CO2 10.943 2.229 11.275 1.994 10.756 2.538
HC 511.96 539.54 414.35 396.80 510.54 548.32
(e]6) 2.5997 2.7195 2.3200 2.4154 3.0959 2.9853
1995-2003 CO2 11.371 2.504 11.520 2.311 11.551 2.581
HC 438.67 532.02 399.35 406.50 236.86 82.80
CcO 2.4171 2.6845 2.2576 2.8683 1.2671 1.8571

For better description, we undertake regression estimates of emission with respect
to vehicles size. Regression results are presented in Table (9).

Table (9): OLS estimates of vehicle emissions by engine size vehicles.

Vehicles size Small Medium Large
Emissi Ln(CO2) | Ln(HC) | Ln(CO) Ln(CO2) | Ln(HC) | Ln(CO) Ln(CO2) | Ln(HC) | Ln(CO)
Constant 2117 6.501"" 1.114™ 2.099" 6.512" 1.44™ 2.101" 5.748" -0.264
(0.016) (0.043) (0.104) (0.016) (0.050) 0.112) (0.052) (0.201) (1.499)
Maintenance 0.008 -0.039° 0.011 0.008 -0.031 -0.079° 0.0679 0.096 -0.0195
(0.006) (0.015) (0.037) (0.005) 0.017) (0.039) (0.028) (0.109) (0.813)
System 1/C 0.022 -0.114 -0.448™ 0.053™ -0.204™ -0.643™ -0.019 -0.096 0.772
(0.018) (0.049) (0.118) 0.017) (0.054) 0.122) (0.099) (0.229) (0.595)
Results(65-74) B Hak ok 0.484 -1.63 -0.95 0.433 -1.273 -0.785
(0.262) (0.824) 0.972) (0.230) (0.753) (0.582)
Results(75-84) 0.382™ -0.599™ -0.718 0.349™ -0.619™ -0.644™ 0.338" -1.001"" -0.513
(0.068) (0.235) (0.554) (0.042) (0.0120) (0.240) (0.084) (0.205) (0.465)
Results(85-94) 0351 -0.721" -0.839™ 0.336™ -0.802" -0.748" 0.313" -0.801" -0.682
(0.021) (0.059) (0.140) (0.021) (0.073) 0.171) 0.079) (0.182) (0.474)
Results(95-03) 0.456™ -0.822" -1.2137 0.403" -0.755™ -1.468" 0.369" 0.579 -0.851
(0.038) (0.099) (0.251) (0.040) (0.112) (0.269 (0.070) (0.272) (2.024)
Adjusted-R’ 0.522 0.367 0.175 0.549 0.383 0.215 0.905 0.434 0.09

Note: standard errors in parentheses; “Statistically significant at 5%; ~ Statistically significant at
seksk .
1%;  Data are not available

It can be noted that, except for CO, the characteristics perform quite well in
explaining the variance of emissions. For all engine sizes, dummy variable results are
significant for all emissions with negative regression coefficients for HC, CO and
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positive for CO,. Medium engine size cars are statistically significant in average
emission levels of HC and CO for all characteristics almost. This means there is
significant reduction for the emission levels by medium engine sized cars. These results
are confirmed also by the correlation coefficient analysis as represented in Table (10).

Table (10): Correlation coefficients of vehicle emissions by vehicles engine size.

Vebhicles size Small Medium Large

Emissi Ln(CO2) Ln(HC) Ln(CO) Ln(CO2) Ln(HC) ‘ Ln(CO) Ln(CO2) Ln(HC) Ln(CO)
Maintenance 0.087 -0.126™ 0.012 0.136™ -0.1407 -0.142" 0.192 -0.188 0.028
System I/C 0.231 -0.243™ -0.258™ 0.284” -0.290™ -0.321" 0.399” -0.312 0.064
Results(65-74) ok ok ok 0.599 -0.632 -0.387 0.422 -0.357 -0.206
Results(75-84) 0.746™ -0.456™ -0.277 0.657"" -0.477" -0.275" 0.587" -0.654" -0.178
Results(85-94) 0.699™ -0.582" -0.377" 0.734™" -0.589™ -0.287" 0.574" -0.627" -0.195
Results(95-03) 0.754™" -0.634" -0.427" 0.733" -0.6117 -0.520" 0919 -0.664 -0.291

Note: “Statistically significant at 5%; ** Statistically significant at 1%; * Data are not available

Moreover, Figure (8) contains plots of the standardized residuals against the
standardized predicted values for small, medium and large engine sizes, respectively.
There are no suggestions in any of these plots that symmetric deviations from the fitted
response plan are presented.

Emission trends of modern vehicles (1995-2003)

The final analysis concern with the modern cars and their relationships with
emission levels based on equation (3). The results of this analysis represented in Table

(11).
Table (11): OLS estimates and correlation coefficients for modern vehicles
(1995-2003).
Emissions Ln(CO2) | Ln(HC) | Ln(CO) Correlation

Constant 2.308" 63" 0.825™ Ln(CO2) Ln(HC) Ln(CO)
(0.058) (0.13) (0.303)

Maintenance 0.019 -0.0302 -0.095 0.197" -0.189™  -0.159"
(0.013) (0.028) (0.066)

System I/C 0.029 -0.38" -0.172 0.113 -0.316™ -0.113
(0.045) (0.1) (0.234)

Fuel Type 0.117" -0.320™ -0.426 0.287" -0.357" 0217
(0.035) (0.079) (0.186)

Engine Size 0.0116 -0.069 -0.271" -0.050 -0.168"  -0.137"
(0.031) 0.07) (0.164)

Adjusted-R* 0.307 0.437 0.265

Note: standard errors in parentheses; "Statistically significant at 5%; ~ Statistically significant
at 1%;
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Figure (8) Standardized residual plots against standardized predicted values by engine size.
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The pattern of emission vehicles characteristics changed considerably from 1995 to
2003. The regression results show that; after controlling maintenance, engine fuel supply
system (I/C), gasoline type, and engine size; emissions HC and CO tends to decreases
while CO, increases by these characteristics. However, emissions (HC and CO) are
decreases and CO, increases by gasoline type, engine fuel supply system and engine size
more than frequently maintenance. This relationships support the fact that modern
technology is very important, which means; the drivers should keep the catalytic
converter, and they better to use injection fuel suppliers and clean fuel such as supper
fuel. Moreover, all bivariate correlations between the pollutants (HC and CO) and the
vehicle characteristics were negative, as expected, while CO2 had positive correlation
with the vehicle characteristics but not with the fuel type. Lastly, there is no apparent
pattern to conclude the scatter plot (see Figure .9) that would make us conclude the
assumptions have been violated
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Figure (9): Scatter plot depicting the relationship between predicted and residual
emissions

Concluding Remarks

The regression analyses showed that the emission control technologies in the
modern vehicles are main factors should be used in order to reduce the average
emissions that produced from the vehicles gas exhaust in Jordan. Most of the drivers
were removing the catalytic converter from their vehicles, for that; the emission levels in
the old vehicles are very high comparing to the modern one. On the other hand, the
vehicles that use super gasoline showed a good trend in saving the air to be clean.
Moreover, the vehicles with injection fuel supplier decrease the average emissions more
than the carburetor fuel supplier. It appears that large vehicles with injection fuel
supplier decreased the average emissions more than small or medium engine size
vehicles. Lastly, the frequently maintenance of the vehicles has small effect on the
emission levels; this results may be because of the vehicle technicians have weak
experiences and they need more training.
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Abstract

The results are presented from a clay analysis from the 786-m thick sequence of late
Cretaceous—carly Tertiary deposits in the midwestern part of Arabian Shield (Saudi
Arabia).

X-Ray diffraction studies indicate a variety of clay minerals including kaolinite,
smectite, chlorite, irregularly mixed-layer smectite—illite, regularly mixed-layer smectite-
chlorite (corrensite), sepiolite and palygorskite in the clay fraction (<2mp) of the

studied sedimentary formations.

Kaolinite is formed by the weathering of the Arabian Shield rocks rich in feldspars
and micas under warm-temperate to subtropical, humid conditions. Semctite, illite,
smectite- illite mixed-layer and vermiculite would have been formed by the alteration of
feldspars, micas and chlorite derived from the Arabian Shield rocks, and of the volcanic
debris created by the volcanic activity related to Red Sea Rift system.The presence of
corrensite, cholrite and sepiolite is related to the weathering of the Tertiary basalt flows
overlying the Haddat Ash-Sham sediments. Mg ions necessary for the conversion of 2:1
semctite to C-S were mainly released during the weathering of the basaltic rocks.
Palygorskite may have been formed under arid to semi-arid climatic conditions by the
transformation of the magnesian silicate minerals to palygorskite.

Key Words- Arabian Shield, Clay, Corrensite, early Tertiary, Kaolinite, late Cretaceous,
Molasse, Palygorskite, Saudi Arabia, Smectite.

Introduction

The Maastrichtian to Eocene-Oligocene sediments in the midwestern part of
Arabian Shield (Saudi Arabia) consist of a large proportion of detrital materials
including sandstone, mudstone, shale and siltstone (Fig. 1). They are overlain by Tertiary
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lava flows of basalt rocks and rest through an erosive surface of non-conformity on the
Precambrian rocks.

The detailed stratigraphy, petrography, paleontology and paleoenvironments of the
sedimentary sequences in question have been previously described by [1,15-
16,20,22,33]. On the basis of mutual field relationships and fossil contents, these studies
indicate that the sedimentary sequences occur in three sedimentary formations, from
oldest to youngest: Haddat Ash-Sham Formation—Usfan Formation—Shumaysi
Formation (Fig. 2). The major parts of these sedimentary formations were deposited in
alternate fluvio-lacustrine environmental settings as molasse deposits. Shallow water
nearshore lake deposition , however, prevailed in the middle and upper parts of Haddat
Ash-Sham and Shumaysi Formations [33].The regional distribution of the Usfan
fossiliferous limestone north east of Jeddah [16] to believe that a large gulf of
Mediterranean sea waters has extended southward from the Gulf of Suez to reach as near
as the latitude of Jeddah (22 N) at Usfan . He attributed the deposition of this carbonate

unit to the regional late Cretaceous(Maestrichtian) transgression .

The three studied formations contain unusually high amounts of shale and
mudstone with a content ranging from 16% to 20% of their total thickness. The variety
of the source rocks of these fine-grained sediments may provide an excellent example of
the variety of their clay minerals. The main aims of this paper are to describe the
widespread occurrence of the clays, and to determine the type, distribution and origin of
the clay minerals in the upper Cretaceous—lower Tertiary molasse deposits in the western
part of the Arabian Shield.

Methodology

Out of 189 collected samples from the three studied formations, a total of 35 clayey
sandstone, mudstone and shale samples (Fig. 2) were selected for X-ray analysis. These
samples were dried at 60 °C for 24 hours; and during their disaggregating coarse
materials including gravels, coarse organic fibers and shells were removed by hand.
Sand fraction was separated from mud fraction (<63um) by the wet sieving; and the
pipette method was used for the separation of clay fraction (<2um) from the silt
fraction[9]. The clay fraction was treated by the acetic acid and H,O, for the dissolving
of carbonates and removal of organic matter, respectively. Oriented carbonate—free
specimens were prepared by allowing few drops from the clay fraction (<2pum)
suspension to dry at room temperature on three slides for twenty hours. One slide was
left untreated, the second was ethylene glaucolated at about 60 °C overnight and third
slide was heated to 550 °C. The XRD analysis were performed at King Abdul Aziz
University by using the Philips automated diffractmeter(PW1820) with Cu-Ka radiation
operating at 35Kv/20mA. Samples were scanned as untreated, ethylene glycolated (EG)
and heated to 550 °C from 2-16°20 at scanning speed of 1°/min. For a distinction
between kaolinite and chlorite the untreated samples scanned between 24-26°20 at a
scanning speed of 1/4° /min.[10].
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The identification of clay minerals in the clay size (<2um) of the collected sediment
samples is based on the first basal reflection (001) according to [5,21,29,32]. The
relative abundance of clay minerals was determined on account of the height and width
of the basal reflection [4,25].The irregularly mixed-layer smectite-illite are measured by
the intensity of untreated (001) reflection which lies between 14 fand 10 A.

Results

The identified clay minerals arranged according to their decreasing abundance in
the clay fraction (< 2mp) of the examined samples from the three studied formations are

kaolinite, smectite, chlorite, irregularly mixed-layer smectite-illite, regularly mixed-layer
smectite-chlorite (corrensite), sepiolite and palygorskite (Table 1 and Figs.3-7).

Kaolinite forms by far the most abundant clay mineral, which is present in most
examined samples. All other recorded clay minerals show significant differences within
each formation and between formations themselves. Clay mineral assemblge is more or
less uniformly distributed in the Shumaysi clay fraction . kaolinite is the more abundant
clay mineral in the most examined samples from the Shumaysi Formation , where it is
replaced by smectite in the upper most part of this formation (Table 1). The clay mineral
association in the Haddat Ash-Sham Formation is generally characterized by the
presence of regularly stratified chloride-semectite (corrensite), vermiculite and sepiolite
clay minerals (Tablel)

The occurrence of palygorskite is restriced to the upper part of Al-Hijr sequence
(upper Usfan Formation). It forms the major clay mineral in the clay fraction of the
paper —like shale (Fig.6)

Discussion
Kaolinite

There are various evidences in the literature indicating that kaolinite is formed by
lateritic weathering and intensive desilication of parent volcanic rocks under warm
temperate to subtropical, humid conditions. [3,7,19,23,30,31]. These conditions seem to
have prevailed during the deposition of the studied formations as indicated by the
laterites of Tertiary age locally attaining more than 20m in thickness in Asir Province in
the southern part of the Arabian Shield of Saudi Arabia [24] . Laterites locally attaining
more than 20 m thickness were protected against erosion as they are capped by late
Tertiary volcanic sheets of basalt .

In the examined sandstone samples collected from the studied formations , a
variable amounts of kaolinite matrix were recorded in the form of vermicules [33].
Vermicular kaolinite may be formed by the weathering of mica [2,8,13,27] or of feldspar
weathering [14,17]. This may suggest that kaolinite would had been formed by tropical
weathering of igneous and metamorphic rocks rich in feldspars and micas in the source
area (i.e. Arabian Shield ) and transported as detrial mineral to the basins of deposition
of the studied formations .
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Illite, smectite and vermiculite:

Smectite can form by the alteration of volcanic glass, feldspar, micas, various Fe-
Mg silicates and silicification of detrital physils whereas vermiculite would form by the
weathering of micas and chlorite [31]. Illite is formed by the continental weathering of
feldspars, micas and possible volcanics; and by the conversion of smectite to I/S[31].
Generally ,semictite would form in the more arid environments; and vermiculites in the
more humid environments and alternate wetting and drying of high layer-charge
semectite in the presence of potassium source (K-feldspar) can result in the formation of
mixed-layer I/S [28,31].

Given the high amount of feldspar , mica and chlorite in the source rocks of the
studied formations (Arabian Shield) and the paleoclimatic and the paleotopographic
conditions (the uplifting of the basement rocks landmass), a pedogenic origin of smectite
, illite , semictite —illite mixed —layer and vermiculite cannot be excluded.

The predominance of smectite in the upper most part of the Shumaysi Formation as
major clay mineral replacing the kaolinite may be explained as a result of the alteration
of a volcanic ash bed in this part of the section. [1,20] have recorded the presence of the
volcanic ash bed in the upper most part of the Shumaysi Formation

Chlorite and chlorite-smectite mixed-layer (corrensite):

The regular interstratified layers of C-S generally known as corrensite is restricted
to the lower and middle parts of the Haddat Ash-Sham Formation. It has been identified
by the superlattice peak at 29A which shifts to 31.5A when treated with ethylene glycol
and 23A when heated to 550 °C (Fig.5).

Interstratified C-S generally occurs as an intermediate products of the smectite to
chlorite transformations. A discontinuous decrease in proportion of smectite in C-S, with
steps at smectite, rich C-S, corrensite and chlorite rich C-S, during the smectite to
chlorite transformation has been observed in hydrothermal system and diagenetic
environments [11,12,26]. Depending upon the geochemical environment, there are
possible pathways by which corrensite may form; however, most workers agree that a
high Mg**/H" ratio favor the formation of corrensite and chlorite [26]. C-S and corrensite
are widespread in basalts where they have formed both by weathering and by
hydrothermal activity. They have been found in metamorphosed limestone, basalts,
volcanic detritus, adjacent to dikes which intrude shales and underlying basalt flows
[31].

The Haddat Ash-Sham Formations rests uncomformably on the Precambrian
basement rocks and overlying by Tertiary lava flows of basalt rocks. This sequence,
therefore, favored the formation of corrensite and chlorite by the weathering of basalt
flows overlying the clastic sediments of the Haddat Ash-Sham Formation. The
mobilized Mg ions during the weathering of basalt may have converted the 2:1 semctite
to C-S. Another likely source for Mg is the detrital mafic minerals derived from the
Precambrian basement rocks. However, the clay-sized chlorite in both Usfan and
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Shumaysi Formations may be derived from the weathering of the metamorphic rocks of
the relatively elevated Precambrian basement complex neighboring the Red Sea.

Sepiolite and palygorskite:

Sepiolite most commonly crystallizes from Si and Mg rich solutions and is
commonly associated with carbonate and phosphate rocks ; in contrast to sepiolite,
palygorskite contains an appreciable amount of Al [31]. Since both sepiolite and
palygorskite are easily chemically weathered and show a delicate fiber texture, it is
unlikely that they would be detrital. However, they do form in alkaline soils and lakes

[7].

Though numerous studies of arid soils from Saudi Arabia indicate that inherited and
eolian palygorskite are common, several investigations indicate much of the palygorskite
is pedogenic. [6] found that in eastern Saudi Arabia palygorskite was presented in saline
sabkha soils, whereas[18] found that palygorskite in soils formed on a variety of source
rocks in the Wadi Ar-Rimah, central Saudi Arabia. In both areas the palygorskite is
associated with smectite and the authors belive that when palygorskite is being formed ,
smectite is dissolving and vice versa . The presence of the palygorskite in the clay
fraction of the upper part of the Al-Hijr sequence ( upper Usfan Formation ) , where it is
directly underlain by the gypsiferous shale may indicate that palygorskite would had
been formed under semi-arid or seasonably arid climatic conditions . Smectite has been
recognized in considerable amounts in the all analyzed clay samples of Al-Hijr sequence
except sample no . HR 15, where it is replaced by palygroskite ( Table 1 ) which may
suggest that palygorskite has probably been formed by the alteration of former clays (i.e.
smectite)

Sepiolite is recorded in association with corrensite in the lower part of Haddat Ash-
Sham Formation .This may suggest that sepiolite have the same origin as corrensite , and
it would had been formed as a consitituent of basaltic soils during the weathering of
basalt rocks overlying the Haddat Ash-Sham sediments .

Conclusions

The wide variety of rocks in the Arabian Shield basement complex, and the
variation of climatic conditions in the upper Cretaceous-lower Tertiary time produced
different types of clay minerals during the deposition of Haddat Ash-Sham,Usfan and
Shumaysi Formations .

During the humid tropical to subtropical climatic conditions kaolinite were formed
by the weathering of igneous and metamorphic rocks rich in feldspars and micas.Warm
dry climates with an alternation of dry and wet conditions had resulted in the formation
of semectite , illite ,mixed-layer I/S and vermiculite by the weathering of feldspar , mica
and the Fe-Mg silicates.Nevertheless , the alteration of volcanic ash in the upper part of
Shumaysi Formation is probably responsible for the presence of semectite

Corrensite , sepiolite and partly chlorite were probably fromed by the weathering
of Tertiary basalt flows , which may be the source of Mg ions necessary for the
precipitation of these minerals. Palygorskite is probably of pedogenic origin where it had
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been formed by the alteration of semectite under semi-arid or seasonably arid climatic
conditions.

Table 1. Relative distribution of clay minerals in the Shumaysi (S), Haddat Ash-Sham
(H) and Usfan (U) Formations as well as in Al-Hijr (HR) sequence.
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The Estimate Cost of Primary Tillage using different Plows

Under different Plowing Depths

Al Azab, T. And Abu Sirhan, A.

Abstract

The study was carried out to determine the cost of primary tillage using three
plow types, namely: moldboard plow (Im wide); disk plow (1m wide); and chisel plow
(2m wide) at three plowing depths, namely: shallow (10-15) cm; medium (15-20) cm;

and deep (25-30) cm. Results indicated that the cost of tillage when using moldboard and

disk plow increased by 198% to 221% than chisel plow. It also increased by increasing

the plowing depth. Deep plowing required about 43% to 48% more in the cost, and about
10% to 20% more for medium plowing than shallow plowing depth.

Keywords: Tillage cost, moldboard plow, disk plow, chisel plow, plowing depth.
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