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Abstract: This research involves geotechnical and radiometric studies for third manufacturing area -6™ October -
Egypt. The studied area is mainly composed of sand enriched soil cover the rock with large thickness. Laboratory
tests were performed on representative soil and rock samples to determine their physical, mechanical and chemical
characteristics such as: Grain size distribution, specific gravity, free swell and chemical analysis, and uranium and
thorium concentration of rocks and soils that increase in localized areas hosting these radionuclides. One hundred
and forty-three sediment samples from 18 boreholes (137 samples friable sand, and 6 samples mudstone which
passed from sieve No (200) have been taken at a depth from 1 to 15 m. Grain size parameters are Uniformity
Coefticient (Cu) and Curvature Coefficient (Cc) used as principles classification of soil. Uniformity coefficient (C,)
is range from (3.7mm) to (6.5mm) with an average (5.1mm) and Curvature Coefficient (Cc) is range from (3.46mm)
to (5.86mm) with an average (4.66mm). Grain size parameters indicate well-graded soil, and that from the
standpoint of classification engineering geology. While free swell test are range between 30 to 120% with an
average (75%), and specific gravity range from 2.46 to 3.70 with an average 3.08. The geotechnical studies include
direct shear test for each test, the relationship between the shear stress and horizontal displacement and the
relationship between horizontal displacement and vertical displacement are plotted to determine the shear stress(t),
and normal stress(c) at failure (defined as peak stress). Then, the shear stress and normal stress at failure are plotted
for each of the three tests to determine the slope (effective friction angle, @) and intercept (effective cohesion, c)
from the best linear fit of the data. The effective friction angle (®) is range from 21 to 45. Radiometric studies
including gamma-ray logging and quantitative uranium and thorium analyses are carried out in order to give an idea
about the distribution of uranium and thorium in the drilled rocks. Uranium unlimited detected (ULD), while
thorium is range from 2ppm to 7ppm at different depths from 0 to 15m.
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1. Introduction and Geologic Setting destruction of the Paleotethys and the opening of the
The 6™ of October City is one of the new cities in Neotethys. The north Western Desert forms part of the
Egypt. The area is approximately 10.16 km® and 160 to African plate. At present it is characterized by having a

200 m. above sea level. The geological studies of Six narrow continental shelf which is bound by a steep
October City show that, several times by the sea continental slope representing a major fault separating
"Tethys". This old geologic sea probably began to form the continental crust from the continental (Fig.2).
in the pre - Cambrian era and is considered the Ground material is formed mainly of yellowish to
antecedent of the Mediterranean sea. It has always reddish brown calcareous slightly cemented sand. The
encroached upon the land of Egypt from the north. This observed binding materials are carbonates, iron oxides,
means that Egypt's past land - sea distribution has not sometimes salt and gypsum. Unconformities in these
always been the same as it is today. The proof is the formations between many stages and of all magnitudes
great quantity of sea shells spread over the surface of are found. This could be due to the turbulence in the
the City. sedimentation process according to the varying
The sedimentary column is thick. In the Abu movement of water courses. Figure 1 shows the

Gharadig basin it reaches between 8 and 9 km, while to different sedimentation in the vicinity of the city that
the north it may reach 3 to 6 km. The complicated leads to the great difference in the soil distribution

structure and the great thickness of the sedimentary within the city. In general, the surface sediments in the
column, when compared with the areas to the south, studied area are loose to very loose mixture of sand,
justify the use of the terms stable and unstable shelves. gravel silt.

The eastern Mediterranean basin evolved as a result of 2. Sedimentological Investigation

plate motions responding to the opening of the Atlantic
Ocean starting from the Jurassic and resulting in the
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The sedimentological studies in this work include
two main parts: grain size analysis and mineralogical
composition with digenesis.
2.1-Grain Size Analysis

Grain size analysis used for different purposes,
such as textural, description, testing and the behavior of
sediment during transportation, deposition and to
interpret the depositional environments under which
these sediments were deposited and evaluation of soil
for engineering use.

Histogram is the simple type of the graphical
representation. It is constructed by plotting the weight
percentage of the particle size with grade size. The
constructed histogram (Fig.3) indicate that the grain
size of a third manufacturing area of October city are
generally bimodal with the exception of only (8)
samples which show unimodal and (3) samples are
trimodal characteristics.

Cumulative curves were carried out by plotting
the total weight percentage of particle size against the
phi units on the probability paper.

From the cumulative curves, the values of 5,
$16, $25, 50, ¢75, $84, and $95 were obtained and
the grain size parameters were calculated according to
the formulas of (Folk and ward (1957), the results are
shown in table (1) these parameters are discussed as
follows :

The values of mean size for the sediments of the
third manufacturing area of (1.87 ¢) with an average of
(1.5 ¢) falling in the "medium sand" grade, the graphic
standard deviation values are range from (1.24 ¢)
poorly sorted to (1.86 ¢) poorly sorted with an average
(1.55 ) falling in the poorly sorted. From Table (1) the
values of inclusive skewness are range from (-0.005
(symmetrical) to (0.18 ¢) (fine skewed) with an
average (0.08 ¢) the studied samples are fine to
symmetrical skewed.

1 —

/

« Bore hole

Fig. 1: Location map of the study area.
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Tahle 1:Grain size data of the studied samples at third industrial zone of Octokber City,

KG 084 | 0.73 | 082 [ 104 | 1.00 [ 1.05 | 1.10 | 086 | 110 | 096 | 094 [ 1.008 | 099 | 1.012 | 094 | 1.09
Textures SK 008 | 003 | 043 [ 002 | 012 [ 008 | 003 | 013 | 006 | -095 | 0.4 | 017 | 014 | 0.09 | 0.0 | 0.4
parameters ol 158 | 178 | 184 | 162 | 157 | 149 | 147 | 159 | 141 | 124 | 152 | 148 | 159 160 | 165 | 157
Mz 124 | 134 | 167 | 171 | 136 | 150 | 170 | 1.53 | 139 | 113 | 176 | 168 | 127 | 127 | 165 | 1.36
950 2.0 15 15 16 14 16 13 13 10 3.0 14 17 14 15 16 16
340 2.9 33 338 33 2.8 2.9 32 33 238 24 | 345 3.0 29 238 33 238
Grainsi 75® 25 2. 29 2. 24 25 2. 2. 235 1.9 2.8 26 24 24 238 24
e'rf:nil'lz:s 500 134 | 156 | 148 | 172 | 128 | 148 | 1.69 | 142 | 138 | 123 | 1.60 | 156 | 119 | 125 | 154 | 128
P 25 P 0.2 0.00 | 03 072 | 03 0.5 0.75 0.4 05 03 072 | 062 | 025 | 019 | 045 | 028
160 045 | 09 | 073 | 01 02 | 019 | 035 | 01 | 012 | 02 | 032 | 02 02 | 025 | 000 | 0.19
3 18 | -185 | 09 | 12 | 09 | 065 | 07 | -15 | 075 | 11 | 05 | 04 | 09 | -11 | 08 | 087
>0.074 691 | 1023 | 1342 | 11.95 | 855 | 946 | 842 | 731 | 491 | 205 | 792 | 1237 | 796 | 844 | 1055 | 11.10
0.125-0.074 804 | 865 | 1132 | 571 | 604 | 425 | 861 | 1238 | 509 | 296 | 13.01 | 449 | 631 | 453 | 881 | 3.4
Weight % 0.25-0.125 1851 | 22.34 | 16.70 | 24.75 | 18.14 | 21.30 | 23.94 | 1640 | 1930 | 17.10 | 17.54 | 2218 | 17.06 | 19.12 | 2045 | 16.22
of‘;r‘fcﬁo; 0.5-0.25 24.83 | 19.50 | 16.13 | 2539 | 23.32 | 25.11 | 29.61 | 23.97 | 31.56 | 34.58 | 27.61 | 24.95 | 22.65 | 2353 | 21.40 | 26.30
105 1935 | 14.18 | 22.16 | 1639 | 25.02 | 22.97 | 2001 | 22.68 | 23.17 | 2235 | 23.77 | 28.00 | 2523 | 23.22 | 22.04 | 24.84
21 1115 | 10.02 | 1593 | 808 | 1431 | 10.88 | 794 | 842 | 11.80 | 1274 | 7.54 | 749 | 1629 | 1543 | 13.02 | 13.27
42 1082 | 14.60 | 382 | 641 | 347 | 198 | 3.14 | 845 | 256 | 549 | 146 | 032 | 384 | 487 | 264 | 375
Sample No. [ 12 21 22 31 32 41 12 51 52 61 62 71 72 81 82
Tahle 1: Continue
KG 092 | 0985 | 004 | 1.035 | 108 | 0977 | 077 [ 0929 | 069 [ 0937 | 095 106 | 083 104 | 096 101
Textures SK 013 | 009 | 008 | 0068 | 008 | 0117 | 008 | 0018 | (oo | 0159 | 008 | 0091 | 018 | 0135 | 010 | 0079
parameters ol 153 157 144 149 145 178 1.63 142 1.36 162 1.63 152 164 143 1.60 156
Mz 114 1.87 1.67 125 139 1.68 .17 133 1.85 1.84 138 1.40 143 143 129 1.45
950 13 47 44 40 13 47 12 39 18 1.6 15 14 39 3.9 14 15
340 238 33 32 27 2.8 345 3.0 2.85 3.9 345 3.0 285 33 2.9 238 29
— 75® 22 2.8 2.8 22 24 2.8 25 245 3.6 2.8 2.6 245 26 235 25 25
e:i‘:nil‘lz:s 50D 114 178 162 123 137 152 130 143 187 1.66 135 136 115 131 125 143
P 25® 0.19 0.7 0.75 03 045 | 042 | 0.00 04 043 0.6 035 04 02 043 02 039
160 0.35 03 029 0.2 0.00 0.1 0.8 0.2 0.3 025 | 025 | 000 | -0.26 0.1 0.2 0.1
3 14 0.5 0.5 1.0 038 11 18 1.5 12 | 048 | 12 0.9 0.9 08 | 095 | 088
>0074 | 616 | 1257 | 741 526 | 654 | 1355 | 646 | 490 | 1350 | 13.64 | 854 | 780 | 484 | 538 | 738 | 9.19
%10275‘" 555 | 724 | 987 | 618 | su6 | 578 | 925 | 627 | 2990 | 582 | 762 | 574 | 1761 | 921 657 | 621
025
Weight%of | 0125 | 1690 | 2542 | 2460 | 1278 | 19.14 | 1930 | 1728 | 2156 | 442 | 2426 | 1887 | 1880 | 644 | 1521 | 1768 | 2012
fraction 0.5-
o 2473 | 21.99 | 21.58 | 27.36 | 2930 | 2217 | 2456 | 3024 | 1630 | 17.13 | 2295 | 27.17 | 2500 | 2052 | 2238 | 24.84
105 | 2346 | 24.12 | 27.68 | 2457 | 23.40 | 2052 | 18.010 | 1933 | 1698 | 2925 | 22.10 | 23.65 | 2648 | 2739 | 22.26 | 22.48
21 1463 | 739 | 724 | 1420 | 12.03 | 11.80 | 1116 | 7.90 | 1291 | 798 | 1415 | 1234 | 1546 | 196 | 1641 | 12.89
42 791 1.04 139 | 474 | 290 | 504 | 1337 | 972 | 51 077 | 529 | 383 | 401 250 | 391 341
Sample No. 91 92 10-1 102 11-1 112 | 121 122 13-1 32 | 141 142 | 151 152 | 161 162
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Fig.2: Geological map of 6™ October City (after Conco Coral, 1987).
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Fig.3: Histograms showing the particle size distribution of (samples No.1-1 to 8-1) at study area.
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Fig. 4: Cumulative curves (phi) of the studied samples (No. 1-1 to 8-1)
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Fig. 5: Bivariant plot of standard deviation (Si) vs. mean size (Mz) of studied samples (diagram after Moiola and
Weiser, 1968).
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Fig.6: Bivariant plot of standard deviation (Si) vs. skewness (Sk) of studied samples (diagram after Friedman, 1967).

Kurtosis ranges between 0.69 ¢ (platy kurtic) to
1.10 ¢ (mesokurtic) with an average 0.89 ¢ proving
(platykurtic). The studied samples are platykurtic to
mesokurtic.

2.2- Bivariant Relations:

The relationships between the various grain-size
parameters have long been used to determine the
depositional environment of sands (e.g. Freidman,
1967 and Moiola and Weiser, 1968).

These relationships were determined for the
studied sand samples to identify their environment of
deposition.

2.2. a- Mean Size Versus Standard Deviation

Moiola and Weiser (1968) applied the relationship
between standard deviation (cl) and mean size (Mz) to
discriminate between river and beach sand. The
plotting of the studied sand samples on their diagram
(Fig. 5) reveals that the samples lie in the river field.
2.2. b-Standard Deviation Versus

The relationship between standard deviation (cl)
and skewness (Sk) was applied by Friedman (1967) to
differentiate between river and beach environments
(Fig.6). Applying the same relationship for the studied
samples shows that all of the samples fall in the river
field. From relationships between different grain size
parameters, we can conclude that the study area
deposited in river environment.

3. Geotechnical Studies

In the present work the laboratory tests on sands
and sand with gravels are sieves analysis, specific
gravity, free swell, direct shear test and chemical
analysis.
3.1-Grain Size Distribution Curve

The cumulative percentage quantities finer than
certain sizes (e.g. passing a given size sieve mesh) are

38

determined by weighing. Points are then plotted of %
finer (passing) against log size. A smooth S-shaped
curve drawn through these points is called a grading
curve. The position and shape of the grading curve
determines the soil class. Geometrical grading
characteristics can be determined also from the grading
curve.

From the particle size distribution curve, the
values of D10, D25, D30, D50, D60, D75 and D90
were obtained and the mathematical values were
calculated according to the formulas of Hazen (1892).
The most common procedure based on numerical
values is known as Allen Hazen's method. On the basis
of a great number of tests with filter sands, Hazen
(1892) found that the permeability of these sands in a
loose state depends on two quantities that he called the
effective size and the uniformity coefficient. The
effective size is the diameter Dy, that corresponds to P
= 10% on the grain-size diagram. In other words, 10%
of the particles are finer and 90% coarser than the
effective size. The uniformity coefficient C, is equal to
Dgo/ Dyp. Wherein is the grain size corresponding to P
= 60%. A third characteristic of the grain-size
distribution, useful in the classification of soils are the
coefficient of curvature Cc. defined as D*3p/Dyo Dgo. The
results are shown in table (2) these parameters are
discussed as follows:

The effective diameter values shown in table (2) It
ranges from (0.14mm) to (0.24mm) with an average of
(0.19mm),while the values of uniformity coefficient are
range from (3.7mm) to (6.5mm) with an average
(5.lmm),and the values of curvature coefficient are
range from (3.46mm) to (5.86mm) with an average
(4.66mm). These values indicate the soil is well-graded
soil.
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The distribution in Table (2) has a D50 from
(0.5mm) to (0.8mm) with an average (0.65mm), the
values of kurtosis coefficient are range from (0.14mm)
to (0.31mm) with an average (0.22mm), and the values
of sorting coefficient are range from (1.88mm) to
(3.16mm) with an average (2.52mm). The sorting
coefficient is not frequently used as a parameter by
geotechnical engineers, and the values of skewness
coefficient are range from (0.16mm) to (0.51mm) with
an average (0.33mm).
3.2-Specific Gravity (Gs)

The specific gravity (Gs) is the ratio of the weight of
the soil solids to the weight of water of equal volume
Table (3) gives the calculated values of specific gravity
of the third industrial zone of the October city, its value
range from 2.46 to 2.71 with an average 2.59.

3.3-Free Swell Test

The free swell test is one of the simplest
identifying testes for recognizing the soil expansively.
From table 4 the free swell values are range between 30
to 120% with an average (75%).
3.4-Degree of Aggressive for Soil

The chemical analysis, in its simplest sense, is
mainly used to determine the degree of aggressive of
soils. By determine the organic, sulphate and chloride
salts content. The water extraction method can be used
for the sulphate, chloride, and Py values. These values
are occasionally required to confirm the degree of
aggressive for soil.

From Table (5) the studied samples at third
industrial zone of October City according to So3
classified as non-aggressive soil, as (4-1,6-1,7-1,15-1
and 16-1) while some samples as (1-1,3-1,5-1,8-1,10-
1,11-1 and 14-1) classified as moderately aggressive
soil and samples (2-1,9-1,12-1 and 13-1) are classified
as aggressive soil. The PH values indicate all of the

samples are non aggressive soil, while Cl values
indicate the most of the samples are non aggressive
except sample (10-1) is moderately aggressive.
3.5-Direct Shear Test

A direct shear test is a laboratory or field test used
by geotechnical engineers to measure the shear strength
properties of soil or rock material, or of discontinuities
in soil or rock masses. The direct shear test values
shown in table (6).

For each test, the relationship between the shear
stress and horizontal displacement and the relationship
between horizontal displacement and vertical
displacement are plotted to determine the shear stress
and normal stress at failure (defined as peak stress).
Then, the shear stress and normal stress at failure are
plotted for each of the three tests to determine the slope
(effective friction angle, @) and intercept (effective
cohesion, c) from the best linear fit of the data.
3.6-Clay Mineral Composition

Mineralogical studies of x-ray diffraction analysis
of collected samples reveal that, the sediments are
consisting of montmorillonite, kaolinite and illite.
3.6.1-Montmorillonite

It is the most common mineral of the
montmorillonite group, which has important Base
Exchange properties, is built up of 3 layer units
comprising two silicon layer separated by an aluminum
layer. Some aluminum usually replaced by magnesium
or iron, and small amounts of sodium or calcium are
then attached, as ions lying between the three layer
units or around the edges of the minute crystals, the
layers are held together by weak Van der Waals forces
and exchangeable ons. Water can easily enter the bond
and separate the layers in montmorillonite, causing
swelling. The montmorillonite is the most predominant
in the studied samples.

Table 2: Grain size data of the studied samples.

cC 483 | 387 | 361 | 560 | 494 | 500 | 519 | 429 [ 542 | 462 | 541 | 542 | 482 | 444 | 426 | 586
C.U 5290 | 5.00 65 46 56 500 | 400 | 500 | 46 375 37 56 538 55 53 6.06

S.C 017 | 012 0.1 019 | 016 02 023 | 016 | 024 | 028 | 023 0.2 0.6 | 018 | 0.16 02

K.C 015 | 5.2- | 027 | 018 | 025 | 023 | 02l | 016 | 022 | 017 | 017 | 029 | 024 | 020 | 022 | 022

SK 075 | 082 | 019 | 063 | 074 | 065 | 043 | 057 | 073 | 102 | 032 | 056 | 072 | 075 | 062 | 0.3

Mathematical D0 18 0.00 31 300 | 3.1 25 200 | 4.00 25 35 2.00 19 32 36 300 | 3.00
values D75 17 2.00 18 13 18 14 1.00 15 14 1.6 0.85 13 B 17 5 16
D60 0.9 0.85 | 091 | 069 | 091 0.8 068 | 085 | 084 0.9 063 | 079 | 100 | 1.00 | 085 | 091

D50 065 | 058 0.6 051 0.7 0.6 053 | 065 | 065 0.7 0.53 0.6 0.75 0.7 0.6 0.7

D30 037 | 028 | 023 | 029 | 036 | 032 03 031 | 041 0.5 0.29 03 041 04 029 04

D25 029 | 024 | 048 | 025 | 029 | 028 | 023 | 025 | 034 | 045 0.2 0.26 03 031 | 025 | 032

D10 017 | 017 | 004 | 015 | 016 | 016 | 017 | 017 | 018 | 024 | 017 | 014 | 017 | 018 | 016 | 0.15

>0.074 691 | 1023 | 1342 | 11.95 | 855 | 946 | 842 | 731 | 491 | 205 | 7.92 | 1237 | 796 | 844 | 1055 | 1110

%_'0272' 804 | 865 | 1132 | 571 | 604 | 425 | 861 | 1238 | 509 | 296 | 13.01 | 449 | 631 | 453 | 881 | 3.14

Weight % of 81235 1851 | 2234 | 1670 | 2475 | 18.14 | 2130 | 23.94 | 1640 | 1930 | 17.10 | 17.54 | 2218 | 17.06 | 19.12 | 2045 | 16.22
(Lesian 05025 | 2483 | 1950 | 16.13 | 2539 | 23.32 | 25.11 | 29.61 | 23.97 | 31.56 | 34.58 | 27.61 | 24.95 | 22.65 | 2353 | 21.40 | 2630
1-0.5 1935 | 14.18 | 22.16 | 1639 | 25.02 | 22.97 | 20.01 | 22.68 | 23.17 | 2235 | 23.77 | 28.00 | 2523 | 23.22 | 22.04 | 24.84

21 1115 | 10.02 | 1593 | 808 | 1431 | 10.88 | 794 | 842 | 11.80 | 12.74 | 7.54 | 749 | 1629 | 1543 | 13.02 | 13.27

42 1082 | 14.60 | 382 | 641 | 347 | 198 | 3.14 | 845 | 256 | 549 | 146 | 032 | 384 | 487 | 264 | 375

SETE N 1-1 12 21 22 31 32 4-1 42 51 52 6-1 6-2 7-1 72 8-1 82
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Table 2: Continue

cC 414 | 538 | 437 | 435 | 535 | 535 | 458 | 526 | 346 | 500 | 457 [ 522 | 455 [ 511 | 433 | 500
CU 6.1 49 | 45 52 47 5.7 53 42 | 500 | 57 52 47 55 49 55 53
sC 018 | 016 | 019 | 020 | 023 | 016 | 045 | 022 [ 010 | 016 | 017 | 021 | 043 | 025 | 012 | 018
KC 020 | 029 | 030 | 022 | 02l | 021 | 47 | 012 | 021 | 031 | 019 | 020 | 024 | 022 | 023 | 02l
SK 083 | 057 | 059 | 083 | 080 | 062 | 085 | 083 | 054 | 061 | 065 | 073 | 057 | 073 | 058 | 068
Mathematical D90 400 | 200 | 19 32 29 31| 000 | 49 35 | 200 | 35 | 300 | 34 25 35 | 3.00
values D75 19 13 13 17 15 15 | 200 | 15 16 14 16 15 18 14 18 15
D60 1 | 069 [ 078 [ 099 | 085 | 08 | 097 | 08 0.7 08 09 | 085 | 100 | 089 | 100 | 085
D30 08 05 | 055 | 071 | 065 | 06 07 | 061 | 05 [ 052 | 068 | 065 | 075 | 069 | 071 | o061
D30 041 | 026 | 029 | 041 | 04l | 03 | 040 | 04 | 017 | 028 | 035 | 04 | 041 | 04l | 039 | 034
D25 035 | 022 | 025 | 035 | 035 | 025 | 03 | 034 | 017 | 023 | 028 | 032 | 024 | 036 | 023 | 028
DI0 018 | 014 | 017 | 009 | 018 | 014 | 048 | 019 | 014 | 014 | 017 | 018 | 0.8 | 018 | 018 | 0.6
>0074_| 616 | 1257 | 741 | 526 | 654 | 1355 | 646 | 490 | 1350 | 13.64 | 854 | 780 | 484 | 538 | 738 | 9.19
%102754 555 | 724 | 987 | 618 | 516 | 578 | 925 | 627 | 2090 | 582 | 762 | 574 | 1761 | 921 | 657 | 621
Weight % of 81225 1690 | 2542 | 2460 | 17.78 | 19.14 | 1930 | 17.28 | 21.56 | 442 | 2426 | 1887 | 1880 | 644 | 1521 | 17.68 | 20.12
Sastion 05025 | 2473 | 21.99 | 21.58 | 27.36 | 2930 | 22.17 | 24.56 | 3024 | 1630 | 17.13 | 2295 | 27.17 | 25.00 | 2952 | 22.38 | 2484
105 2346 | 24.12 | 27.68 | 2457 | 2340 | 2052 | 18.10 | 19.33 | 1698 | 2925 | 22.10 | 23.65 | 2648 | 27.39 | 2206 | 22.48
21 1463 | 739 | 724 | 1420 | 1203 | 11.80 | 11.16 | 790 | 1291 | 7.98 | 1415 | 1234 | 1546 | 196 | 1641 | 12.89
42 791 | 104 | 139 | 474 | 290 | 504 | 1337 | 972 | 571 | 077 | 529 | 383 | 401 | 250 | 391 | 341
Sample No. o1 92 | 101 | 102 | -1 | 112 | 120 | 122 | 131 | 132 | 141 | 142 | 151 | 152 | 161 | 162
Table 3: Specific gravity of the studied samples.
SAMPLE NO. SPECIFIC GRAVITY (G /CC) SAMPLE NO. SPECIFIC GRAVITY (G /CC)
1-1 2.70 9-1 2.53
1-2 2.63 9-2 2.46
2-1 2.57 10-1 2.59
2-2 2.46 10-2 2.47
3-1 2.56 11-1 2.57
3-2 2.48 11-2 2.50
4-1 2.53 12-1 2.63
4-2 2.60 12-2 2.50
5-1 2.56 13-1 2.71
5-2 2.60 13-2 2.60
6-1 247 14-1 2.59
6-2 2.56 14-2 2.47
7-1 2.55 15-1 2.56
7-2 2.53 15-2 2.50
8-1 2.51 16-1 2.50
8-2 2.52 16-2 2.50
Table 4: Free swell of the studied samples.
SAMPLE NO. FREE SWELL (%) SAMPLE NO. FREE SWELL (%)
1-1 100 9-1 60
1-2 80 9-2 90
2-1 70 10-1 100
2-2 90 10-2 70
3-1 50 11-1 60
3-2 40 11-2 70
4-1 110 12-1 90
4-2 60 12-2 110
5-1 30 13-1 30
5-2 50 13-2 30
6-1 120 14-1 60
6-2 80 14-2 40
7-1 60 15-1 50
7-2 50 15-2 60
8-1 100 16-1 70
8-2 40 16-2 30
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3.6.2. Kaolinite:

Kaolinite, Al2 Si205 (OH) 4 is composed of a
single tetrahedral and a single alumina octahedral sheet
combined in units, the kaolinite mineral is formed
staking the layer of 7A° thick one above the other with
base of the silica sheet bonding to hydroxyls of the
gibbsite sheet by hydrogen bond, the kaolinite sheets
are difficult to dislodge.

Kaolinite is generally formed in warm moist
regions as a residual weathering product or sometimes
by hydrothermal alteration of other aluminosilicates.

Kaolinite is the second mineral of abundance in the
studied clay samples.

3.6.3- Illite

[llite is characterized by a series of weak broad
peaks of lines 9.9A°, 4.44A° and 3.35A° that are not
appreciable affected by glycolation or heat treatment. It
is similar in many respects to white mica, but has less
potassium and more water in its composition. It has a
much lower Base Exchange capacity than
montmorillonite. Illite consists of repeated layers of
one alumina sheet sandwiched by two silicate sheets.

Table 5: Guiding values for some aggressive elements and factors determining aggressive degrees of the soil in third industrial
zone of October City.

coglc MG/L. 503 DEGREE OF
AMPLE NO. AGGRESSIVE
S 0 TDS (mg/h meq/1 mg/1 meq/l mg/1 PH GGRESS
1-1 234 0.465 16.500 2919 0.14 3.9 M. Agg.
2-1 1032 2222 78.780 12.708 0.61 8.75 Agg.
3.1 843 4248 150.600 3.378 0.40 8.65 M. Agg.
4-1 1772 0.528 18.700 2.055 0.098 9.00 Non agg.
5-1 318.0 2.734 96.900 2.257 0.10 8.83 M. Agg.
6-1 1612 0.697 24.700 1.705 0.08 9.00 Non agg.
7-1 130.3 0.550 19.490 1.390 0.06 8.95 Non agg.
8-1 485.1 0.674 23.900 6.298 0.30 3.8 M. Agg.
9-1 2081.2 0.908 32.200 28.553 137 8.5 Agg.
10-1 1294.3 18.083 641.000 3.355 0.16 8.79 M. Agg.
11-1 3122 2.756 97.700 2.129 0.10 3.78 M. Agg.
12-1 861.6 0.759 26.900 11.508 0.55 3.78 Agg.
13-1 1726.8 2.923 103.600 21.919 1.05 8.5 Agg.
14-1 298 0.985 34.900 3.371 0.16 8.75 M. Agg.
15-1 185.7 1.088 38.570 1.722 0.08 3.83 Non agg.
16-1 48.0 0.158 5.600 0.547 0.03 3.88 Non agg.
Table 6: Shear box data of the studied samples.
Normal load Shear load Normal Stress (c) Shear Stress(t) -
Sample No. (Kg) (Kg) (Kg/em?) (Kg/em?) Friction Angle (D)
5 0.27 0.185 0.01
10 0.68 0.370 0.025
171 15 1.08 0.555 0.04 28
5 0.34 0.185 0.01
10 0.40 0.370 0.015
17-2 15 0.62 0.555 0.02 21
5 0.36 0.185 0.01
10 0.54 0.370 0.02
181 15 0.81 0.555 0.03 26
5 0.26 0.185 0.009
10 0.37 0.370 0.014
18-2 15 0.57 0.555 0.02 34
5 0.18 0.185 0.006
10 0.21 0.370 0.008
6-2 15 0.42 0.555 0.01 4
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Table 7: Averages of annual effective radiation dose from natural sources (ICRP, 2004)

Source

Average Annual Effective Dose (mSv)

Typical Range (mSv)

1) External exposure:
Cosmic rays
Terrestrial gamma rays

0.4
0.5

0.3-1.0°
0.3-0.6 °

2)Internal exposure:
Inhalation (mainly radon)
Ingestion

1.2
0.3

0.2-10°
0.2-0.8 ¢

Total

2.4

1-10

a: Range from sea level to high ground elevation.

b: Depending on radionuclide composition of soil and building materials.
¢: Depending on indoor accumulation of radon gas.

d: Depending on radionuclide composition of foods and drinking water.
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4. Radioactivity

Exposures can also vary as a result of human
activities and practices. In particular, the building
materials of houses and the design of ventilation
systems strongly control levels of radiation.
Consequently, the averages of radiation doses are
usually different depending on the source and type of
radiation (Table 7).

The average global exposure doesn't specify to
any one alone since there is a wide distribution of
exposures from each source. Consequently, the
effective doses share in various ways at each location;
depend essentially on the specific concentration of
radionuclides in the environment and in the body, the
latitude and altitude of the location.

For the measured samples whether it can be
useful in the commercial field so the area may be
utilized, so turned into a working area then the limits
for the working areas are listed below.

The occupational exposure of any worker shall
be so controlled that the following limits be not
exceeded. An effective dose of 20 mSv per year
averaged over five consecutive years. An effective
dose of 50 mSv in any single year. An equivalent dose
to the lens eye of 150 mSv in a year, and an equivalent
dose to the extremities (hand and feet) or the skin of
500 mSv in a year. (ICRP.2004, Radioprotection,
2010).

For non-workers (i.e. individuals doesn’t related
to radiation by any mean) the annual limit is 1 mSv/y.

Table 8: Radioactivity of samples at 0.0 level of third
industrial zone of October City.

Sample eU | eTh | eRa Annual dose
No. ppm | ppm | ppm | K% (mSvly)
1-1 ULD 4 4 1.89 0.0984
5-1 ULD 3 4 1.72 0.0740
8-1 ULD 4 3 1.82 0.0740
12-1 ULD 2 4 1.6 0.0980
17-1 ULD 5 3 1.82 0.0988

Table 9: Radioactivity of samples at -5.0 m depth.

Sample eU eTh | eRa Annual dose
No. ppm | ppm | ppm | K% (mSvly)
2-2 ULD 6 3 1.82 0.0977
6-2 ULD 4 4 1.75 0.0888
10-2 ULD | ULD 3 1.77 0.0798
13-2 ULD | ULD 1 1.69 0.0930
18-2 ULD 4 3 1.75 0.0871

Table 10: Radioactivity of samples at -10.0 m.

Sample eU eTh | eRa Annual dose
No. ppm | ppm | ppm | K% (mSvly)
3-2 ULD 6 3 1.82 0.0977
7-1 ULD 4 4 1.75 0.0888
9-2 ULD | ULD 3 1.77 0.0798
11-1 ULD | ULD 1 1.69 0.0930
12-3 ULD 4 3 1.75 0.0871
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Table 11: Radioactivity of samples at -15.0 m depth.
Sample eU eTh | eRa dose Annual

No. ppm | ppm | ppm | K% (mSvly)

6-3 ULD 3 2 1.85 0.0834

9-1 ULD 3 4 1.79 0.0912
13-1 ULD 2 4 1.79 0.0856
17-3 ULD | ULD | 2 1.73 0.0922
18-1 ULD | ULD 3 1.72 0.0889

In the end from the sedimentological,

geotechnical and radiometric studies show that, the
soil of a third industrial zone of October City is
suitable for direct foundation above them, because
they have a high foundation strength. So, it is
recommended here to build a lot of buildings.
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