g

b (" i ’> |
/.’/ . 1 |
‘ g P"' i I,.‘_,-..\‘-—m- ‘npvdohw-‘obmﬂbv‘oh \’/ —— \,/ " \9’ o \?/ Cotomss ?/ /‘@ :

PRl ] {il i




XS AN O DS EXS XSS AXH
L, W et G- —c— e e e o B - ~<om— ‘5%‘ Ité i 4 b4
SE 0 S, ¥ ST L O ST ¢ ST ST W ST, P ST O (S5 2V ST = W ST 8 ST S ST S ST e A

e ] e ] i
@ ASUNET

Al

M
&
- o
e

o

Slaglea
iy

-

.....
Bt e
oa

3

o S |
@ ASUNET

vy
adl
e

L
alad




\-Q»MPW.»_)@(.“)@(_”—)@(_‘O— =

ity Saaly (g SN (3

Lo

it

by Lol ad Al Balal) ()f aulind) Al s
it Al (90 cisel B DY) o1 o

i | o el | A
@ ASUNET

Qiua.:

4 &
DL 0 Iy ADEY) 038 Jadal

%ot =¥+ O dgad Ayl Agsia Y010 (e Bl dage
To be Kept away from Dust in Dry Cool place of
15-25- ¢ and relative humidity 20-40%

@

)

=

e O oyl W o

@




A==

et ] e
@ ASUNET
o

—— W—-‘OW—-

-

O

E: —:o%—-o-—ﬁ—-oh—m—c‘ﬁ‘c n-vqo)—-
/ > X 7

e’




O

2 -

a . 7
7 Nt

e )

pP—

—
e

N

&=
O e

—_— p— =
O - -
S
X -

—

=
——

7

O —

-4

—_

N

N
—_——

—-—

==
4




ENVIRONMENTAL AND MODELLING STUDIES INVOLVING

RADIOACTIVE WASTES DISPOSAL

A THESIS
SUBMITTED IN PARTIAL FULFILMENT
FOR THE DEGREE OF

' IMASTER OF SCIENCE

gs78.

TAREK MOHAMED SELIME EL-ZAKLA
HO'EI‘ LABORATORY CENTRE
ATOMICi ENERGY AUTHORITY, A. R. E.

 CAIRO- EGYPT.
| TO
DEPARTMENT OF PHYSICS SCIENCE
INSTITUTE OF ENVIRONMENTAL
STUDIES AND RESEARCH
AIN SHAMS UNIVERSITY
(CAIRO)

1994



'}']—\’Kdrrﬁ\m&)h'ﬁ’n" Lt .ba'r:)frrh"mm\:ﬁ\ftd.t Af\:

,,\

o Sl s
N‘;—\M'Jcn':‘m':-n

G S
i

ate
= Yo

LN 'y .
W ¥ € P o Y

R L LN
R I O P TE

Mo ste, At
DIV

by ot
YA Y Ty DY

P

ST

A

F S K
P P

F ol
r-

lﬁ"!l’ﬂlﬂlfﬂ'lmmﬂﬂilllllﬂrTuml'n TEHHTHHTIE mh'lluHII|1l||llmIIInIlIIﬂ'II'Il'IIIlT:uiT"

¥ [ o

(ML‘ ¥
L:/ -r(/(‘)

yaigm
L’L‘:Z - Yz\e‘s ENE 33\4
é&l\ ASIEIENEL /2
§0 i hm:_a .

?uu_uuu_u_umun HLA A B o

;}-
Al
1033
2

sl
e

“1) 4

Hi:::-".'.';:;(::f-.;:f. R L It TP

.l ¥

Iw r.‘a?" Ww'sq'txr' Jl' la;r .J‘ qv__ \‘ # l{,’ -lw 'u“'J""\?? ‘» & ”'1 e J,_

¥



ACKNOWLEDGEMENT



ACKNOWLEDGEMENT

The author is grateful to Prof. Dr. El-Sayed Mahmoud,
professor at physics department, Faculty of Science, Ain Shams
University for suggesting the problem, his active supervision and
stimulating discussions. Deep thanks to Prof. Dr. Abd-Alla M.
Ibrahim, professor of Zoology, Faculty of Science, Ain Shams

Universgity for his‘help.

The author is also grateful to Dr. Khalid Sakr, Radiation
Protection Department-Hot Laboratory Center for the unlimited help,
valuable guidance and providing all the facilities needed for this

work.

The author wishes to express his deepest thanks to prof. Dr.
M. B. Hafez deputy chairman of Hot Laboratory and Waste Management
Center for his kind supervision and valuable guidance which brought

this work to accomplishment.

Thanks are also to all members and colleagues in radiation
protection department, Hot Laboratory Center for their kind help

and sympathy.



'CONTENTS



CONTENTS

CHAPTER PAGE
%— TN RODUC L IO . . . . .ttt i e it ittt et e, (1)
1- Properties of ﬁhe Immobilized Waste Forms....... (3}
2~ Radiation Protection Objectives ................ (4)
3- EXPOSUre SCeNAariOS. . ...ttt reenansonnns (5).
4- Radionuclide Release and Transport
Mechanisms ............ ...ttt ninneeneanenns (6)
5- Operational Phase...........ouiriiinuennnennns (6)
6- Post-Operational Phase..........c.oeiiueenurnnnas {(7)
7- Transport of Radionuclides in Groundwater....... (8)
8- Types of Groundwater Assessments................ (9)
8.1 Geologic isolation of high-level waste...... (9)
8.2 Shallow 1and burial.............oeeeeeeon.., (10)
8.3 Uranium mining and milling.................. (10)\
8.4 Nuclear power plant accidents............. .. (11)
9- Types of Groundwater Models.........ocviiiian.. (11)
| 9.1 Groundwater models for low-level waste...... {11)
9.2 Gfoundwater models for high-level
waste repositories....... ... iy (13)
9.2.1 far-field performance ................. (13)
9.2.2 near-field performance................ (13)
10—‘Equations for Groundwater Flow and
Radiocactivity Transport.........c.ucieeenenenn. L. {14)



10.1 Groundwater flow...................... ... (14)

10.2 Mass transport........ e (19}
10.3 Chain decay of radicnuclides............... (20)
ll-Parameters for Transport and Flow Equations..... (22)

11.1 Dispersion and diffuéion in porous media... (22)
11.1.1 molecular diffusion................ (22)
11.1.2 dispersion...........c..iiiiuina... (23)
11.1.3 porosity and effective porosity.... (25)

11.1.4 Aadsorption and retardation

coefficients................. ... ... (25)

12- Main EXPOSUTYe £O Mall. ..t viveem e it eanee e, (26)

12.1 Assessment of exposure doses.............. {33)

OBJECT OF THE WORK............. S (36)
 II- EXPERIMENTAL AND PROCEDURES. . ...........ooeeeeeeo... (38)
1- Laboratory Safety Precautions................... (38)

2= MaLETLialsS. o\ vtet vttt e e (38)

3= BQUIPMENES . ot vttt et et e e et e (38)

3.1 Gamma SPeCLIOSCORY « v v v v et vttt et et e (38)

3.2 Analytical balance..........c.uuviurnnennnnn. {39)

3-3 Oven............. B T P {39)

3-4 COmMPUE BT . . o ittt it e et e e {39)

4- Experimental ProCeduUres. .........c..uuuiunmnnenn.. {39)

4.1 Radiation shielding studies.................. (39)

4.2 Determination of‘penetration and dispersion

time of water through soil................... (42)

ii



ITI- RESULTS.............. e e e e (44)

3.1 Determination of the Attenuation Factof
for Some Metals......... e B T {45)

3.2 Determination of the Attenuation Factor

ko b= Lo s 1 U {54}
3.3 Soil Characteristic. ... ... .. ... (55)
3.4 Sieving AnalySiS. .. vttt i e (58)

3.5 Determination of The Attenuation Factor

FOr The SOil. ... ..ot (62)
3.6 Determination of The Penetration Time of

Water Through Soil Samples..................... (79)

3.7 Determination of The Dispersion Time of

Water Through Soil Samples.............. e (87)
4- Proposed Mathematical Program................... (905
4.1 Computer Code.......vovvrvrnnnn. e (97)
CONCLUSTION . . . ittt it e ettt et it et ettt eeaennn (115)
REFERENCE. . . . ... .. it {120)
SUMMA R Y . . e e e e, (130

iii



CHAPTER I

INTRODUCTION



INTRODUCTION

The demand for ehergy is continually growing, Edth in fhe
developed and the developing countries. Traditional sources of
energy such as oil and gas will probably be exhausted within a few
decades. The new sources, nuclear energy, is the most significant

single reliable source available for closing the energy gap.

One of the major issues associated with nuclear power is the
long term management of radiocactive waste for the protection of
man. Radiocactive materials that are no longer useful to.man become
wastes that must be kept isolated from the human environment as
long as potentially harmful levels of radiocactivity exist. The
radioactivity and thus the radiotoxicity of these wastes decay'to
lower levels with time, at rates depending upon the half-lives of
the sepicific radionuclides and their daughter products. For most
radionuclides of importance waste disposal, the half-lives vary
from about one year to thousands of years or more. Thus radiation
protection of man is needed for 1long time period, to limit
radionuclide release into the human environment to levels that are

compatible with requirements of radiation protection.

There are many categories of waste *), these may be defined by
the concentration, the radioactivity and radiotoxicity levels, the
physical form and the half-lives of the radionuclides involved.

These wastes may have to be immobilized and packaged in different



