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Welcome to the 20th Conference of the
Nuclear Societies in Israel

The 20th Conference of the Nuclear Societies in Israel marks a change in our professional
life. In the past, most of the meeting's presentations were in the field of Reactor Physics and
Nuclear Technology. At this point in time, either because Israel has postponed its entry into
the nuclear power era for the next century, or because the use of nuclear energy is declining
all over the world, the number of papers submitted to this conference, in the nuclear energy
field, is relatively small. I have the feeling that our generation is stepping out and no new
generation of reactor physicists or nuclear technologists is stepping in. The main use of
nuclear and ionizing radiation in Israel is for medical applications. This includes medical
physics, nuclear medicine, radiation protection and dosimetry. I am glad to see a relatively
large number of young scientists in the field of nuclear instrumentation.

Although this is the meeting of the Israeli societies, we have quite an international
presence here. We have guests from the U.S., England, France, Sweden, Turkey, Hungary,
Korea and other countries. Let us warmly welcome all these distinguished guests here, who
have honored us by attending our meeting, presenting their work and looking for
collaboration with us. Their attendance lends an air of global, scientific recognition to our tiny
nation. At this meeting, there are 12 guests and invited speakers and 68 submitted papers. We
have divided the presentations of the submitted papers into four groups : Reactor Physics and
Nuclear Technology, Radiation Protection, Nuclear Instrumentation and Radiation
Measurements and Medical Physics and Radiation in Medicine. Our meetings and sessions
will be held in three lecture halls. We have two plenary sessions and two semi-plenary
sessions. I apologize for the fact that you will occasionally have to choose among the parallel
sessions. It would be wonderful if we could listen to all the presentations.

I wish us all a very productive meeting. I hope new conections will be made which will
increase our interdisciplinary activity, and open the door for new collaborations among
ourselves and our honored guests. I would like to thank all of my friends on the organizing
committee and in particular, Dr Louis Tepper for their superlative effort on behalf of this
conference.

GadShani

Conference Chairman
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GENERAL INFORMATION

Location:
The conference will take place at the Hyatt Regeny Dead Sea Hotel ( 5 stars
deluxe hotel) located at the most salty water reservoir in the world.

Registration and Information:
Dan-Knassim Registration Desk will be operating on both days of the conference
from 08:00 to 17:30 and will be located at the "Ein-Midbar" Lobby.

Name Tags:
Your name tag will be in the registration envelope. Please wear it when
participating in sessions and other events.

Sessions Location:
All sessions will take place at the Junior ball room - halls : A, B and C, located
on the first floor. Plenary sessions will take place in Hall B. Please follow up the
congress program with the information about the location of the parallel
sessions.

Exhibition:
The exhibition will take place at the "Atrium" located on the first floor.

Coffee Breaks and Meals:
Meals will be served at the hotel restaurant ("Bazar") Located on the first floor.
Coffee break will take place at the "Atrium" according to the program.

Gala Dinner:
A gala dinner will be held on Monday, December 20,1999 On 19:00 pm.
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LIST OF EXHIBITORS

GOA- Tech Ltd.
23 Einstein St.
Raanana 43272
Israel

DA-MOR - Medical & Scientific Supplies Ltd.
19 Been St.
P.O.B 5803
Herzliya 46456
Israel

NIM-Nuclear Instrumentation Materials Ltd.
Hataasia St. North Industrial Zone
P.O.B. 730
Ashkelon 78107
Israel

ROTEM Industries Ltd.
Temed Industrial Park
P.O.B 9046
Beer-Sheva 84190
Israel

Tal: 972-9-7430840
Fax: 972-9-7430648
E-mail: bfrenkel@netvision.net.il

Tel: 972-9-9543616
Fax: 972-9-9588474

Tal: 972-7-6728154
Fax: 972-7-6754895
E-mail: Nimjtd@hotmail.com

Tal: 972-7-6567064
Fax: 972-7-6567064
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CONFERENCE PROGRAM

Monday, December 20,1999

09:30 -10:15 Opening Session Hall A
Chair: G. Shani

Welcome by:
Gad Shani - Conference Chairman
Ezra Elias - President Israel Nuclear Society
Pat Upson - President European Nuclear Society
Dan Weiner - Israel Electric Corporation
P.E. Juhn - International Atomic Energy Agency
Gideon Frank - Director, Israel Atomic Energy Commission

10:15 -12:30 Plenary Session Hall A
Chair: L. Tepper

10:15 - 11:00 The Nuclear Industry: The Need for a More Open Approach
P. Upson

11:00 -11:45 Proton Therapy
A. Mazal

11:45-12:30 Protection of the Patient in Medical Exposure- The Related IAEA Safety
Guide
/. Turai

12:30-14:00 Lunch

14:00 -15:30 Parallel Sessions

Reactor Physics and Nuclear Technology (1)
Chair: Y. Ronen H a l I A

14:00-14:15 Intercomparison of Fission Rates at the Nist Iron Sphere
R.L. Perel, J.J. Wagschal, Y. Yeivin

14:15-14:30 One Group Transport Calculations Revisited
R.L. Perel, J.J. Wagschal, Y. Yeivin

14:30-14:45 Analyses of Soreq MTR Type Fuel in Storage Pool and Core
Configurations Using Both Monte Carlo AND Diffusion Codes
S. H. Levine, A. Nagler, H. Hirshfeld, M. Bettan

14:45-15:00 Probabilistic Safety Assessment of ITU Triga Mark-II Reactor
O. Kadiroglu, S. Ergun

15:00-15:15 Development of an Eulerian - Lagrangian Model for the Dispersed Flow
Regime During Loca
A. Nagler, J.H. Mahajfy, L.E. Hochreitrer



15:15-15:30 Experimental Investigation of Subcooled Flow Boiling Burnout and Flow
Instability
Y. Aharon, V.Gal, I. Shai
Radiation Protection (1) H 11 R
Chair; T. Schksinger, E.Levinger

14:00 - 14:30 General Assembly of the Israel Health Physics Society

14:30 - 14:45 Abnormal "Contamination: Levels on Garden Appliances.
U. German, S. Levinson, V.Elimelech, O.Pelled, A.Tshuva, Y.Laichter

14:45 - 15:00 Interactive Computerized Based Training, in Radiation Protection at
NRC-Negev.
E. Sberlo, H.Krumbein, D. Ankri, D.Adoram, B.Ben-Schachar, Y.Laichter,
G. Weizer

15:00 — 15:15 Training for Radiation Protection in Interventional Radiology
G.Bartal, M.Sapoval, A.Ben-Shlomo

15:15 - 15:30 Measurements of Radioactive Contamination in Kosovo Battlefields due to
the Use of Depleted Uranium Weapons by Nato Forces
M. Zucchetti
Medical Physics and Radiation in Medicine (1) H II r
Chair: S. Faermann

14:00 - 14:20 The Radiotherapy Dosimetry Audit System in the UK
D. I. Thwaites

14:20 - 14:40 Establishment of an External Audit Group for Radiotherapy in Israel
M. Tatcher, M. Margaliot, S. Faermann.

14:40 -14:55 A Study of the Surface Dose and the Build - Up Region for Photon Beams
of 6 and 10 Mv Linear Accelerators
S. Faermann, N. Qashua

14:55 - 15:10 Setting-Up of a Film Dosimetry System for High Energy Electron Beams
and Development of Computer Programs for Data Processing
N. Schwob, M. Schwob, E. Loewenthal

15:10 - 15:30 Lymphoscintigraphy-Lymph Node Imaging and Detection
MM Melloul

15:30-15:50 Coffee Break

15:50-17:30 Parallel Sessions

Nuclear Instrumentation and Radiation Measurement (1) .
Chair: N.Tal H a "

15:50 - 16:10 Cartogam: a Portable System for Gamma Cartography
C. Leveque, O.Gal

16:10 - 16:30 Ram R-200-A Portable Ruggedized Radiation Monitoring System
U. Wengrowicz, T. Mazor, H.Assido, Y.Kadmon, D.Tirosh, G.Shani

16:30 - 16:50 Pin Diode Detector for Radiation Field Monitoring in a Current Mode
A.Beck, U.Wengrowicz, Y.Kadmon, D.Tirosh, A.Osovizky, E.Vulasky, N.Tal
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16:50-1710 Monitoring System for Improving Radiation Safety Management
A.Osovizky, J.Paran, N.Tal, N.Ankry, B.Ashkenazi, D.Tirosh, UMarziano,
KChisin

17:10-17:30 Neutron Flux Monitoring System
J.Nir, A.Gadovitch, A.Schvartz, Y.Kadmon, I. Magen, J. Ben-Shimol, I.Shvetz,
T.MazorD. Tirosh

Reactor Physics and Nuclear Technology (2) w n t>
Chair: S. Levine

15:50 - 16:07 Ultra Thin Fuel Elements in Nuclear Reactors
Y. Ronen, E. Shwageraus

16:07 - 16:24 A "New Generation " of Nuclear Power Plants - Electric Utility Aspects
D.Marouani, L.Reznik, B.Tavron

16:24 - 16:40 Mixed Thorium-Uranium Dioxide Annular Fuel Burnup
M. Carter

16:40 - 16:55 Implementation of a Quality Assurance Program for the Shivta-Rogem NPP
Site Investigation
S. Tanis, D. Marouani, L. Reznik

16:55- 17:13 Nuclear Fuel - Thermal Hazards Criteria
D. Hasan, Y. Hekhamkin, V. Rosenband, E.Elias, E. Wacholder, A. Gany

17:13 - 17:30 Fuel Rods Quenching with Oxidation and Precursory Cooling
A. Davidy, E. Elias, S. Olek

Radiation Protection (2) nur
Chair: D. Litai, E. Ne'eman H a l 1 C

15:50-16:05 Israeli Public Exposure as a Result of Site Industrial Radiography:
Preliminary Findings
M. Keren, L. Rotenberg

16:05 - 16:20 Limitation on the Concentration of Radioactive Elements in Building
Materials Available in Israel
K. Kovler, G. Haquin, E. Ne 'eman, N. Lavi

16:20 - 16:35 Airflow Patterns in Nuclear Workplace-Computer Simulation and
Qualitative Tests
M. Haim, T. Kravchik, M. Szanto, S. Levinson, Y. Weiss, U. German

16:35 - 16:50 Radio-Isotopes Section, Radiation Safety Division, Ministry of the
Environment, Israel: A General Review and Future Developments
S. Ben-Zion

16:50 - 17:05 ELF Fields and ELF Modulated RF Fields; a Possible Physical Linkage
M Margaliot, R. Hareuveny, R. Ruppin

17:05 - 17:20 Are Cancer Incidence Rates among Present and Past Workers of the
Research Centers of the Atomic Energy Commission Higher than the Rates
among the General Population?
D. Litai

19:00 Gala Dinner
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Tuesday, December 21,1999

08:30 -10:45 Plenary Session

Chair: £. Elias

08:30 - 09:15 ADS and their Function in the Future of Nuclear Power
D. Saphier

09:15 - 10:00 The European Utility Requirement Document (EUR)
B. Roche

10:00 - 10:45 Radiotherapy Dosimetry Protocols for High Energy Photons and Electrons
D. I. Thwaites

10:45-11:00 Coffee Break

11:00-12:40 Parallel Sessions

Invited Speakers presentation
Chair: P. E. Juhn H a l l A

11:00 — 11:35 Current Status and Future Prospects for Nuclear Power
P. E. Juhn

11:35 — 12:10 Reactor Physics Behind the Chernobyl Accident
F. Reisch

12:10 - 12:30 The Developmental Strategy of the Korean Nuclear Power Generation
Technology and the Future Options
K M. Chung

Nuclear Instrumention and Radiation Measurement (2) TT „ _
s~ii • r» A • «• • Hall D

Chair: Z. Alfassi
11:00 - 11:20 Charge Carrier Drift Mobility and Mean Lifetime Evaluation on High

Resistivity MGHB Cd 1-x ZnxTeCrytal Growth
R. Amrami, G. Shani, Y. Hefetz, M. Levy, A. Pansky, N. Wainer

11:20 —11:40 Timing Performance Of Pixellated CdZnTe Detectors
R. Amrami, G. Shani, Y. Hefetz, A. Pansky, N. Wainer

11:40-12:00 PET Properties of Pixellated CdZnTe Detector
R. Amrami, G. Shani, Y. Hefetz, M. Levy, A. Pansky, N. Wainer

12:00 - 12:20 A Novel Architecture for Multichannel Analyzer
E. Marcus, I. Elhanani, J. Nir, M.EHenbogen, Y. Kadmon, D. Tirosh

12:20 - 12:40 Implementation of Pc-Based Geger-Muller Tube Detectors in
Health-Physics and Environmental Radiation Applications
L. S. Zuckier, B.Boardman
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Radiation Protection (3) - Radiation Measurements and
Instrumentation Hall C
Chair: Y. Shamai, U. German

11:00 — 11:15 Calculation of Aerosol Transport Efficiency for the Airborne Radioioine
Monitoring System - "Ris-125"
T. Kravchik, S. Levinson, Y. Mazor, E. Dolev, U. German

11:15- 11:30 Detection Limits of the 125 - 1 Air Sampler-"Ris-125"
/. Belaish, s. levinson, U. German, T. Kravchik

11:30 - 11:45 Limits of Detection for Natural Uranium Measured by Various
Techniques
O. Pelled, U. German, S.Levinson, R. Kol, M. Weinstein, S. Oved, Y.
Laichter

11:45 — 12:00 Improvement of the Absolute Activity Determination Technique of 125-1
in the Thyroid
O. Pelled, U. German, Z. Alfassi

12:00 -12:15 LiF:Mg, Cu, P vs LiF: Mg, Ti : A Comparison of Some Dosimetric
Properties
B. Ben-Shachar, M. Weinstein, U. German

12:15 - 12:30 An Improved Early Warning System for Detecting and Identifying
Airborne Nuclear Fallout
Y. Grof, Y. Shamai, D. Roland

12:40-14:00 Lunch

14:00 -15:30 Parallel Sessions

Invited Speakers presentation „ „
Chair: A. Tsechanski M a l i A

14:00 - 14:30 Cleaning of Radioactive Liquid Waste by a New Biomass Plant
D. Ilzycer, I. Gilath, A.Mey-Marom, Y. Elek, O. Even, H. Zafrir, E. Ted, N.
Cohen

14:30 - 15:00 Advanced Methods and Techniques for Measuring and Surveillance of
Ionizing Radiation Levels at Nuclear Sites
N. Tal, D. Tirosh

15:00-15:30 Challenges of Coincidence Detection with Gamma Camera
Y. Hefetz

Radiation Protection (4) - Radiation Protection in Medical
Imaging Hall B
Chair: A. Ben-Shlomo. G. Bartal

14:00 - 14:15 The Exposure of the Israeli Popolation to Ionizing Radiation Due to
Medical X-Ray Diagnostic Imaging
A. Ben-Shlomo, T. Shlesinger, G. Shani, A. Kushilevsky

14:15 - 14:30 Cost Benefit Optimization of the Israeli Medical Diagnostic X-Ray
Exposure
A. Ben-Shlomo, T. Shlesinger, G. Shani, A. Kushilevsky

13



14:30-14:45 Estimated Radiation Doses to the Israeli Population from Nuclear
Medicine Diagnostic Procedures
J. Weininger, A. Ben-Shlomo, T. Schlesinger, Y. Shamai

14:45 - 15:00 Successful Reduction of an Interventional Radiologist Radiation Exposure
in Rambam Medical Center During the Years 1996-99 - a Study Case
S.Ketner, A. Ofer, A. Engel

15:00-15:15 Patient and Personnel Dose Saving Using Pulse Fluoroscopy in
Interventional Radiology
G. Bartal, I.. Ben-Hasid
Medical Physics and Radiation in Medicine (2) „ _
Chair; M. Tatcher

14:00 - 14:15 Dosimetry of Small Circular Beams of High Energy Photons for
Srereotactic Radiosurgery and Radiotherapy : the Use of Small Ionization
Chambers
A. Mazed, G. Gaboriaud, S. Zefkili, J.C. Rosenwald, S. Boutaudon, D.
Pontvert

14:15 - 14:30 IGO - A Monte Carlo Code for Radiotherapy Planning
M. Goldstein, D. Regev

14:30 - 14:45 Three-Dimensional Treatment Planning in Radiotherapy: Experience with
Prostate Irradiation at Hadassah Hospital
A. J. Wygoda, A. Bivas, L. Rosentur, N. Schwob, M. Schwod, E.
Loewenthal

14:45 - 15:00 EGS4 Simulations for Portal Imaging with a 4 MV X-Ray Unflattened
Beam
Y. Krutman, S. Faermann, A. Tsechanski

15:00 - 15:15 Radiation Qualities of Electron Beams in Clinical Trials
A. Nevehky, A. Glicksman, R. Bar-Deroma, A. Kuten

15:15 - 15:30 Apparent Dose Rate Effect at Low Dose Thermal Neutron Irradiation
B. Laster, G. Shani

15:30-15:50 Coffee Break

15:50-17:20 Parallel Sessions

Reactor Physics and Nuclear Technology (3)
Chair: Y. Yeivin

15:50-16:10 Conversion of Uranium Tetrafluoride at the Uranium Recovery Process
J. Rinat, J. Raz, V, Henzel

16:10 - 16:30 A Seed-Blanket Plutonium- Thorium Symbiosis for the Incineration of
Weapons Grade Plutonium
M. Segev, B. Galperin, M. Todosow

16:30 - 16:50 Optimization of a Multiple Source System for ADS
R. Dagan, C. H. M. Broeders

16:50-17:10 Some Remarks on the Nuclear Force
Y. Ronen
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17:10 - 17:30 Nuclear Physics (Education) on the Web
T. Bar-Noy

Nuclear Instrumentation and Radiation Measurement (3) „ „ D_. . _ _. , xiau t>
Chair; D. Tirosh

15:50 - 16:10 Integration of a Conputerized Radiation Monitoring System Into Robotic
System for 125-1 Process Control
A. Osovizky, J. Paran, N. Ankry, B. Ashkenazi, E. Vulasky, T. Mazor, R
Gihon, E. Dolev, D. Tirosh, N. Tal

16:10 - 16:30 Detection Efficiency of Ge Derectors for Radioactive Cylindrical Samples
Z. B. Alfassi, N. Lavi

16:30 - 16:50 Precise Mapping of a Spatially Distributed Radioactive Source
A. Beck, I. Carets, S. Piestun, E. Sheli, Y. Malamud, S. Berant, Y. Kadmon,
D. Tirosh

16:50 - 17:10 Radioactive Plumes Monitoring Simulator
I. Kapelushnik, M. Sheinfeld, R Avida, Y. Kadmon, M. Ellenbogen, D.
Tirosh

17:10 - 17:30 Mathematical Calculation and Software Simulation of Positron Emitters
Activity Concentration in a Duct
A. Osovizky, J. Paran, E. Vulasky, N. Tal, I. Yaar, S. Jacobi, D. Tirosh, E.
Levental

Radiation Protection (5) - Radiation Dosimetry and Area
Monitoring Hall C
Chair; Y. Laichter, T. Biran

15:50 - 16:10 The Influence of Medical Diagnosis Using Radioisotopes on Occupational
Monitoring of Radiation Workers
R. Kol, O. Pelted, Y. Gilad, A. Canfi, U. German, Y. Laichter, S.
Lantsberg, R. Perez

16:10 - 16:30 InDose - An Internal Dosimetry Code Developed at Soreq
/. Silverman, Y. Shamai, T. Schlesinger, T. Biran

16:30-16:50 The Practical Use of Operational Quantities for the Assesment of
Occupationnal Exposures to External Radiation and for the Demonstration
of Compliance with Dose Limits
T. Schlesinger

16:50 -17:10 Principles of a New TLD Database System
A. Abraham, M. Weinstein, U. German

17:10-17:30 TLD Thermal Neutrons Personal Dosimeters as an Indicator for a Dose of
High Energy Neutron Dose
Y. Grof, O. Even
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THE NUCLEAR INDUSTRY:

THE NEED FOR A MORE OPEN APPROACH

Dr Pat Upson

President, European Nuclear Society

Managing Director, Technical, Urenco Limited

A B S T R A C T

Since the discovery of radiation towards the end of the last century, the nuclear sciences

have bestowed great benefits on society - not least in the field of medicine - and have been

a source of remarkable technological innovation. They have also provoked controversy and

induced fears that continue to touch our lives. In its relatively short history, nuclear energy

has become firmly established as a principal source of electrical power. Today, 434 power

reactors worldwide meet almost 19 percent of global needs, whilst no less than one third of

Europe's power requirements are met by nuclear generation. The accidents at Three Mile

Island in 1979 and, more especially, Chernobyl in 1986, brought construction programmes to

a halt, damaged the industry's credibility and seriously undermined public confidence. The

subsequent discovery of shortcomings in the safety of Soviet designed plants operating in

Eastern Europe led to concerted international initiatives that have produced marked

improvements in safety standards in the region, lasting mechanisms for information

exchange across borders, and a more cohesive and mature industry. From this sound base,

the nuclear energy sector is striving to compete in liberalised energy markets, responding to

the demands of power utilities for advanced technologies embodying new criteria covering

plant performance, safety and cost; meeting ever more stringent standards imposed by

regulatory authorities; seeking to attract the talented young professionals needed to build on

the legacy of the industry's founders. The final and, perhaps, ultimate challenge faced must

be the restoration of public confidence and trust in the technology. Without it, the nuclear

industry is unlikely to be called upon by policy makers to make a significant long-term

contribution to global energy mix.
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A.Mazal u , J.C.Rosenwald1-2, G.Gaboriaud1-2, D.Pontvert1-2, R-Ferrand2, S.Delacroix2, S. Meyroneinc2,
J.L.Habrand", J.J.Mazeron2'4, S.Caneva1-5, J.Schuffs, L-Policastro1-5, A. Kreiner*
1) Institut Curie. 26, rue d'Dlm. 75005. Paris. France (alejandro.mazal@curie.net)
2) Centre de Protonthérapie d'Orsay. Orsay. France
3) Institut Gustave Roussy, Villejuif, France.
4) Hôpital Pitié -Salpétrière, Paris, France.
5) Universidad de San Martin. Argentina.

L Introduction

Protontherapy is one of the most powerful irradiation techniques in conformai radiotherapy nowadays [36|.
The ballistic properties of proton beams with energies ranging between 65 and 250 MeV, the technological
approaches, and the procedures applied for the existing clinical protocols and trials are the basis to achieve higher
doses at the clinical targets, while keeping the dose to surrounding critical organs below the tolerance levels
In this work we present an overview of the status of protontherapy in the world (5,34], as well as the basis, the
tools, the clinical applications and some specific examples from the protonlherapy center in Orsay. France, in
clinical operation since 1991 [8,9,16,26,27,28].
Since 1954, a limited number of facilities, devoted to nuclear physics, have been shared or converted to medical
applications following ideas published by Wilson and others [42]. The first large hospital-based protontherapy
facility in Loma Linda, California [35] begun treatments in 1990, based on the experience of centers having treated
a large number of patients, like Berkeley, Boston and Moscow [4.7,10,15,19,31]. Since then, the medical use of
proton beams has gained a worldwide interest. Around 20 facilities are in operation (for protons and heavy ion
therapy), and more than 25000 patients have been treated [34]. More than 10 hospital-based projects arc under
development, mainly in US and Japan. Two facilities (Chiba and Darmstadt) [18, 25], are following the pioneer
•work of Berkeley with heavy particle therapy, to associate the biological and the physical advantages of these
particles over the «conventional» radiotherapy with photons and electrons having lower "Linear Energy Transfer"
(LET).
The main components of a protontherapy facility are: the accelerator with the complementary systems, the beam
transport system (towards one or more treatment or experimental rooms), the building with shielded areas, the
beam shaping devices, the patient positioning system, the control system and the clinical environment (patient and
medical areas, medical imaging, planning and dosimetry areas,...).

II. Beam production and transport

Accelerators producing proton beams for medical use (energies around 200 to 250 MeV, beam intensities of several
tens or hundreds of nA...) are well known in atomic and nuclear physics. A review of the current accelerators and
projects of new systems for protontherapy, including economic and strategic considerations, has been done by
Schwartz et al [32].
Static accelerators (Van der Graaf. Tandems...) are unable to produce the necessary high energies for clinical
applications, but their beams can provide a large amount of information on biological effects and detector response
in the critical region of low energies. Linear proton accelerators are able to provide an adequate beam, with a
principle similar to the electron accelerators of electrons already widely used in medical applications. Several
proposals have been done to build a proton linear accelerator for medical use[2]. However, with current technology
and considering the cost-performance ratio, it seems that circular accelerators represent a better solution than
linear accelerators. • • , - - . •
Examples of synchrocyclotrons used in protontherapy are the centers of Harvard Uppsala and Orsay, where a large
number of patients have been treated with optimal performances. The disadvantage of the synchrocyclotron are the
size, the complexity of the modulating system (to synchronize the high frequency with the frequency of revolution
of the protons in the accelerating chamber) and the resulting pulsed beam instead of a continuous one. But the
usual frequencies are well adapted to clinical applications. The choice today is done mainly between isochronous
cyclotrons with separate sectors and synchrotrons. The proposed cyclotrons produce a «continuos» beam al a
fixed energy, and are followed by a degrading system with an energy analysis in the transport system (eg. the
Northeast Protontherapy Center in development in Boston, by IBA. Belgium, and Kashiwa, Japan, by Sumitomo).
Negative ions can also be accelerated and a proton beam easily extracted by stripping off the electrons of the ions
with a target once they have reached the desired energy, like in Nice, France.
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The inelastic interactions with the nucleus in the beam line and in the patient itself lead to a significant deflection
or disappearance of incidental protons, with production of neutrons and recoil nuclei as well as activation of the
medium with gamma-ray production. These interactions are at the origin of specific considerations in radiation
protection (staff, patient and public) and is one of the cost limiting factors to develop hospital based protontherapy
facilities in urban areas. Concrete walls larger than 1.5 to 2 m in thickness in critical areas arc the most common
solution used for shielding against neutrons and gamma, as a good compromise between attenuation, mechanical
characteristics and cost. [6.27,33,37], The protons and the secondary particles activate the hardware close to the
beam and have large effects on electronics and imaging devices. Some of them are often handle or reconditioned a
short time after the irradiation, with risk of irradiation and/or toxic incorporation of elements. The activation of air
and of water is also a problem to take into account. The possible contamination of the ground and the water of the
underground must be avoided or maintained within the acceptable limits following international and local
regulations[6].
The elastic interactions with the nucleus (Rutherford scattering) cause a deviation of the incidental proton, with a
negligible change in energy. Only some particles undergo single deviations with large deflections. The multiplicity
of small angle deviations along the proton path is known as "Coulomb multiple scattering" [14}.
The proton beams transported from the extraction of the accelerator to the treatment rooms generally have a small
Gaussian profile. A larger beam size with the required homogeneity for the clinical applications can be obtained by
simple or double passive scattering foils (in practice with high Z materials)[7.22.28], or by sweeping the beam
[7.18.29]. The lateral penumbra at the entrance of the medium is strongly dependent on the characteristics and the
localization of the elements interposed in the beam, as well as on the position of the last collimator of the beam.
In-depth: this penumbra is rather determined by the multiple scattering in the medium.
In the patient, this scattering is much lower than what can be seen with electron beams; proton beams have a very
small «lateral penumbra» so critical organs placed laterally to a target volume can also be «easily» spared. The
inverse dependence of multiple scattering with a power law of the proton energy explains the broadening of a
proton pencil beam in the patient near the end of the range.
Complex heterogeneity of the human body combined with this multiple scattering are at the origin of a beam
degradation in clinical applications [12,38,39], even for large beams.
Additionally, for "small" beams (eg. diameter of several mm) with energies in the order of 100 MeV, the multiple
scattering at the end of the range leads to the disappearance of the Bragg peak as a consequence of a lack of proton
equilibrium: protons scattered from the beam axis are not replaced by protons that should come from a lateral
surround of a "large" beam.

Beam shaping can also be done with "dynamic" approaches [7,18.25.29]. Sweeping a small pencil beam in
position, in energy and in intensity allows control of the dose distribution without using the "passive" components
quoted beforehand (scattering foils, absorber, modulator, colhmators, compensator,...). The sweeping can be done
continuously or point by point, allowing the optimization of dose distribution using a limited number of beams,
without loss of energy, without specific hardware for each beam/patient, and minimizing the problem of radiation
protection of the patient and of personnel. On the other hand, the beam control system and the dosimetry are more
complex. In addition, a limited part of the target volume is irradiated with a high dose rate, giving additional
problems of junctions and risks at the time of possible movements. Different teams have presented the potential
advantage of this approach, but the clinical use is still very limited.

IV. Complementary tools

The clinical use of proton beams is only possible if a full set of precision tools is available for the preparation and
the realization of each treatment.
Five aspects can be mentioned among others as practical examples:
i} The treatment planning software [13,17,24,30.43], based on ray-tracing, pencil beam or MonteCarlo

algorithms to calculate dose distributions superposed on CT images, or dose-volume histograms, and to
prepare all the personal accessories (collimators. compensators) and documentation for patient set-up,

ii) The patient set-up[40]\ present systems are based on documentation from the treatment planning system, the
patient being immobilized with a contention system (masks, frames, byte blocks, foams,...) and placed using
radiological verification and a positioning system having 6 degrees of freedom (chairs, tables, and robotics
approaches) to get an accuracy better than 1 mm and 1°.

iii) The beam dosimetry, using ionization chambers, Faraday cups, calorimeters and semiconductors[7,8,201,
following international protocols [1,41] and participating to international dosimetry intercomparisons between
centers [8) to standardize methods and the results.

19



One example of a supraconductive cyclotron planned to be partially used for clinical applications is AGOR. built
by the Nuclear Physics Institute in Orsay for the Groningen facility in Netherlands.
Synchrotrons produce a beam with variable energy, with the disadvantage of obtaining a pulsed beam of low
frequency. Typical acceleration cycles are between one and three seconds. One example of a synchrotron developed
for protontherapy is that of Loma Linda, in California [35]. Synchrotrons are also the main choice for heavy ion
facilities (Berkeley, Chiba, Darmstadt and projects like TERA. in Italy 12]). These facilities, and the protontherapy
center in Villigen, Switzerland [29], are leading the development of active delivery systems using sweeping
magnets for beam scanning or spot by spot dose deposition in a given target.
New principles are under study for the acceleration and transport of the particles in the range of interest for
therapy. The use of plasma techniques [32], or the transport of the beam by using a magnetic "guide" along a
superconductor can be considered as promising examples whose practical validity remains to be proven.
The capacity of a facility to rapidly restore the operative conditions after a breakdown or maintenance is of
paramount importance for medical applications.

The beam transport system: the cost and the size of accelerators, the multiple users in research programs, the
different requirements for beam transporting, measuring and focusing the beam, as well as the radiation protection
requirements have been at the origin of the existence of several beam lines for a single machine.
For a medical use, the diversity of the clinical targets results in different technical specifications for each
application, therefore to a certain need for specialized lines and rooms. A fast switch of the beam to different rooms
can optimize the use of an installation, as usually the patient set-up time is much larger than the «beam-on» time
for the treatment itself. Consequently, the beam is transported after the extraction towards various rooms. A
particular case of optimization of the beam transport system is the design of compact and isocentric rotating
«gantries»( similar to those in use with linear electron accelerators, allowing the irradiation with multiple
incidences without moving the patient [2.25,29,35]. The size and the cost of these gantries are still one of the
limiting factors of the present development of protontherapy,

III. Interest and limitations of proton beams in clinical applications: the ballistic advantages and the beam
shaping.

The interactions of protons of intermediate energy» with matter are the basis for the ballistic potential of these
beams, in particular because of their characteristic of high ionization at the end of the range and their weak
scattering [7, 31].

The ionization (inelastic interactions with the electrons) given in a biological media by a broad beam of protons of
« intermediate energy », is a combination between the proton flux, limited to a given range, and the increase of the
stopping power near the end of the range, where the protons slow down.
The depth dose curve for protons and heavy charged particles has an entrance « plateau » and a final peak known
as the "Bragg peak ". The entrance to peak ratio varies between 0.2 and 0.3; the dose beyond the peak is practically
zero, giving the possibility of sparing critical organs beyond the target volume. For heavier particles, secondary
products of nuclear interactions give also an important tail after the peak.
The fluctuation in the path length of clinical proton beams (range straggling) broadens the Bragg peak, decreasing
the peak-to-plateau ratio and the high dose gradient beyond the peak.
The native Bragg peak must be adapted for its clinical use. The maximum depth of a target volume determines the
required range, and consequently the energy of the beam. This range is determined by calculations based on a 3D
reconstruction of the patient body from X-ray computed tomography, and beam modeling based on different
algorithms. These calculations have sometimes large uncertainties, mainly in the presence of complex
heterogeneities in the body (bone, air cavities,.,.)[12,38,39], setting limits on the practical use of a proton beam
aimed to stop before affecting a critical organ'.
The original beam range is adapted in practice either by using an "absorber" (with low Z materials like graphite
or water to minimize the scattering), or by a change of the energy produced by the accelerator. A «compensaton>
[7,38] allows obtaining different ranges for each ray inside the beam, adapted to the distal depth of target volume
according to the direction of the ray.
The width of the native peak is in practice too narrow for most of the clinical applications. A solution consists in
accumulate -during the irradiation- a certain number of peaks placed at various depths with a "modulator" [21] to
ensure a homogeneous covering of the target volume. With this approach, the dose at the surface is increased. This
is one of the principal limitations for the use of a simple incidence of a beam of protons in therapy (but most
applications require multiple «ports» or beam directions), and it is also one of the reasons to combine its use with
photon beams that spare the entrance surface before achieving electronic equilibrium in depth.
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iv) Radiobiological studies: in spite of a large dispersion of values [31]. most centers adopted a common RBE
(Relative Biological Effectiveness) value of 1.1 (compared to Co-60). However, several radiobiological and
microdosimetiy studies show an increase in the RBE at the end of the range of the particles.

v) A quality assurance process [26] for the whole procedure to ensure the required precision and reliability-.

V. Clinical Applications

There is an extensive amount of literature about the clinical basis of protontherapy {4.9,10.15,16,19.25,31,36].
The principal application concerns uveal melanomas 14,9,15], Other ophthalmic targets, such as the angiomes. are
also treated with protons with promising results or under clinical trials.
Radioopaque clips are sutured on the sclera, and are used for a radiological verification of the position and the
orientation of the eye at each treatment session using two orthogonal X-rays. The patient, with a contention mask
and a byte block, is seated on a system able to correct the position with a repeatability of tenths of millimeters and
less than 1°. By optimizing the position of the eye and the direction of the gaze, an optimal plan of treatment based
on a single "anterior" beam is adopted using an specific software [13]. A collimator is done for each patient to
adapt the beam shape to each wbeam's eye view» of the target volume. The treatment is carried out in four or five
sessions, delivering doses around 15 Gy "cobalt-equivalent" per session (the usual adopted biological effectiveness
relating to Cobalt is 1.1).
Usual intracranial targets are chordomas and chondrosarcomas of the base of the skull [4,16,25,36]. The
experience is based on facilities having fixed beam lines, there is only a limited and rather recent number of
treatment facilities with isocentric gantries. So the patient positioning and contention system must be able to place
the patient in different positions (on a chair, on a couch,...). Fiducials references in steel, gold or other materials
are surgically implanted on the skull, and used in a similar way as the clips for the eye treatments, or anatomical
landmarks can be used in a similar way. The reproducibility reached between sessions is approximately + 1 mm
and± 1°.
The treatment of brain targets (tumors, arteriovenous malformations AVM, functional surgery...) in a single
session using stereotactic approaches (vradiosurgeryt>) has been at the origin of protontherapy [10,19,23,]. A
relatively large number (between 3 and 10) of small beams (diameters between 5 and 40mm), with non-coplanar
directions are used to concentrate the dose in a small volume. The submillimetric required precision is ensured by
the use of invasive stereotactic frames. At the beginning of these applications, crossed-fired techniques were used:
the beam energy was high enough to pass trough the head of the patient, getting profit only of the small lateral
penumbra of the proton beam, based on the low scattering of protons into the body at the "entrance" plateau. Later,
the native peak and the spread off (modulated) peak were introduced as treatment techniques getting a full profit of
the potential of proton beams. The use of protons for stereotactic radiosurgery is an alternative to other approaches
of similar complexity such as the " Gamma Unit", or with more conventional approaches using linear accelerators.
Other treatments with a high proven or potential benefit include pediatrics cases, prostates, hepatomas, lung,...

VL Economical and functional considerations

The installation of a new center of protontherapy requires a high investment [3], with figures usually larger than
50 MS for a center with an accelerator and three treatment rooms, with two gantries.
The investment necessary for the conversion of an existing center for nuclear physics research towards a medical
facility greatly varies from one center to another (energy changes, beam transport system, shielding, securities,
beam shaping, patient positioning system, dosimetry. medical areas,... ).In the particular case of the Orsay Center,
in France, this initial phase required an investment of the same order that is necessary for the installation of a
modern linear accelerator (approximately $2M in 1991).
These type of "converted" facilities, on the other hand, require a large technical staff and maintenance! 11]. The
existing centers have a capacity between 20 and 280 patients/year, some share their activity with programs of
research in physics. The new dedicated facilities are planned for approximately 1000 to 2000 patients/year. The
number of fractions per patient is strongly dependent of the clinical protocol in use: 1 fraction for the stereotaxic
irradiations, 4-5 fractions for the ophthalmic treatment, at least 10 fractions for a boost of a photon treatment, and
up to nearly 40 fractions for a full proton treatment at high dose. The evaluation of the personnel necessary is
sometimes difficult, in particular when people who share their activities with a research center ensure the
maintenance and the development. The average is 10 patients/year/staff, with a broad dispersion of the values. An
estimate of cost of operation (except staff salaries) for these facilities oscillates between $250 and $400/hour of
operation, but these values are likely to be an underestimation, in particular for installations which share their
activity with other applications, belonging to institutions of research in physics.

21



VTI. Conclusions

There is a worldwide interest in the development of protontherapy as a conformal tool in radiotherapy Whereas
the first facilities were based on research centers in nuclear physics, the current tendency goes towards a
progressive integration within the hospital, with modem equipment developed specifically for this applicauon. For
its inherent ballistic qualities, proton beams can increase the dose to the target volume, lowering the integral dose
delivered to the patient and protecting critical organs. For a certain number of clinical indications, the protons
constitute already the best choice proven by clinical trials. For other indications, the potential benefit of protons
still requires a clinical validation [36], as well as cost-effectiveness studies [3] comparing with alternative
techniques such as conformal approaches with photon beams and, later on, with some still more innovate
techniques, such as the use of heavy ions.
Mutual technological transfer between conformal techniques makes it possible to increase the quality and the
precision of treatments and consolidate the place of protontherapy within the therapeutic arsenal of treatment
against the cancer.
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The Radiation Safety Section of the Agency has recently completed the draft
Safety Guide on "Radiation Protection in Medical Exposures" for submission to
the Publication Committee of the IAEA. The author has served as one of the
scientific secretaries responsible for the preparation and review of this document in
the last two years. The drafts of this IAEA Safety Guide have undergone a detailed
review process by specialists of 14 Member States and the co-sponsoring
organizations, the Pan American Health Organization (PAHO) and the World
Health Organization (WHO). The last draft is the primary source of this paper.

The Safety Guide will be part of the Safety Standards Series. It is addressed to
Regulatory Authorities and other National Institutions to provide them with
guidance at the national level on the practical implementation of Appendix II
(Medical Exposure) of the "International Basic Safety Standards for the Protection
against Ionizing Radiation and for the Safety of Radiation Sources" (BSS) *.

The Safety Guide describes strategies to involve organizations also outside the
regulatory framework, such as professional bodies, whose co-operation is essential
to ensure compliance with the BSS requirements for medical exposures. Examples
which may illustrate this point include the establishment of guidance levels for
diagnostic medical exposures and acceptance testing processes for radiological
equipment, calibration of radiotherapy units, or reporting of medical overexposure.

World-wide, medical exposures represent more than 80% of all artificial ionizing
radiation exposure to the population and around 20% of all radiation exposure,

1 INTERNATIONAL ATOMIC ENERGY AGENCY,: International Basic Safety Standards for
Protection Against Ionising Radiation and for the Safety of Radiation Sources, Jointly sponsored
by the International Labour Organisation, Food and Agriculture Organization, Nuclear Energy
Agency of the Organisation of Economical Co-Operation and Development, World Health
Organisation, FAO/IAEA/ILO/OECD-NEA/WHO; IAEA Safety Series No. 115, Vienna (1996)



from natural and artificial sources. In the industrialized countries, medical
exposures represent around 90% of artificial exposures, but in some developing
countries they may be as low as 10%. The increasing proportion of older people in
industrialized countries and the increasing access of populations in developing
countries to health care services will inevitably lead to greater use of ionizing
radiation for medical purposes. The risks associated with these expected increases
in medical exposures should be outweighed by the benefits, but these benefits will
only be fully achieved if adequate radiation protection is implemented 2 .

The primary aim of radiation protection is to provide an appropriate standard of
protection for humankind against the harmful effects of ionizing radiation, without
unduly limiting the beneficial practices of such exposures. In most situations
arising from the medical uses of radiation, the radiation sources are deliberately
used and are controlled. Such situations are called "practices". Within a practice,
exposures may be "normal" or "potential". A normal exposure is an exposure
which is expected to be received under normal operating conditions of an
installation or use of a source, including possible minor mishaps that can be kept
under control. A potential exposure is an exposure that is not expected to be
delivered with certainty, but that may result from an accident with a source or
following equipment failures or operating errors. Actions intended to reduce or
avert exposure or the likelihood of exposure to sources out of control as a
consequence of an accident are called "interventions".

The basic principles of protection for medical exposures can be summarized as
follows [1]:

• "Medical exposures should be justified by weighing the diagnostic or
therapeutic benefits they produce against the radiation detriment they might
cause, taking into account the benefits and risks of available alternative
techniques that do not involve medical exposure" {BSS, 11.4} (Justification
of a practice)."

• The doses from medical exposures should be the minimum necessary to
achieve the required diagnostic or therapeutic objective" {II.16.(a) ii,
II.17.(a) i, II.18.(a)} (Optimization of protection).

In contrast to occupational and public exposures, medical exposures are deliberate
and doses cannot be reduced indefinitely without compromising the intended
outcome, ensuring that the benefit outweighs the risk. Hence, the principle of dose
limitation, applied in other areas of radiation protection, does not apply to medical
exposures. However, doses received in diagnostic procedures and by

2 UNITED NATIONS SCIENTIFIC COMMITTEE ON THE EFFECTS OF ATOMIC RADIATION,
Sources and Effects of Ionising Radiation, UNSCEAR Report, United Nations, New York (1993)
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"comforters", "carers" and "research volunteers" need to be restricted to optimize
their protection. These restrictions are called "dose constraints". The radiation
dose to comforters and carers of patients is constrained to 5 mSv/yr [1].

Protection of patients is particularly important as many people are exposed to
ionizing radiation from medical practice, and individual doses may be higher than
from any other artificial sources of radiation. The elimination of unnecessary
exposures, those not justified or resulting in doses that are inappropriate (either too
high or too low) for the achievement of the clinical objective, has become an
important task of radiation protection practices.

Medical exposures are prescribed and supervised by medical practitioners, whose
primary task and obligation is providing the most effective health care for the
patient, which will include ensuring the protection of that patient from unnecessary
radiation. Although, regulatory authorities and advisory bodies are responsible for
enforcing the requirements and for providing advice, respectively, this does not
replace the responsibilities of the licensees.

In all organizations, the delegation of function and the associated responsibilities
should be clearly defined and there should also be a clear line of accountability
running right to the top of each organization. Responsibilities should be clearly
delineated for:

• the identification of radiation protection and safety problems under abnormal
operating conditions;

• the recommendation, initiation, or implementation of corrective actions;

• and verification that corrective actions have been implemented.

It is the responsibility of the Licensee to take all reasonable measures to prevent
equipment failure and human errors. This can be achieved by establishing
programmes for adequate quality assurance (QA), calibration, maintenance,
clinical dosimetry and training.
The BSS requires that the Licensee should promptly investigate:

a) "any therapeutic treatment delivered to either the wrong patient or the
wrong tissue, or using the wrong pharmaceutical, or with a dose or dose

fractionation differing substantially from the values prescribed or which
may lead to undue secondary effects ";

b) "any diagnostic exposure substantially greater than intended or resulting in
doses repeatedly and substantially exceeding the established guidance
(reference) levels";

c) "any equipment failure, accident, error, mishap or other unusual
occurrence with the potential for causing a patient exposure significantly
different from that intended" [1 ].
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Licensees should ensure that, "the calibration of sources used for medical
exposure be traceable to a Standards Dosimetry Laboratory" [1]. To meet this
requirement of the BSS, the Regulatory Authority should develop a formal strategy
to calibrate dosimetry systems used to calibrate medical sources. If a country has a
Primary or Secondary Standards Dosimetry Laboratory (PSDL/SSDL) it should be
feasible to have all instruments calibrated at the frequency established by the
Regulatory Authority. If there is no Standards Dosimetry Laboratory (SDL) in the
country, instruments should be sent to the SDL of another country. This option
may be hampered by delays and inefficiencies caused by customs regulations and
offices, import/export formalities, and in packaging and safe transport. These
delays could result in critical or dangerous situations, particularly for radiation
therapy facilities, if dosimetry equipment is unavailable, not calibrated or has not
been re-calibrated in accordance with national regulations.

To overcome this problem, the Regulatory Authority could develop a formal
strategy including: institutional arrangements to facilitate quick import-export for
this purpose, and additional arrangements with the SDL (or an organized network
among several countries for calibration e.g., the IAEA SSDL network), as well as
using provisions for safe packaging.
The Licensees should establish a comprehensive quality assurance (QA)
programme for medical exposures, which should include:

• Procedures to establish the patient's identity prior to any administration of
radiation. (Misadministration is a frequent cause of accidental medical
exposure as will be illustrated with a few case reports in the presentation.)

• Procedures to ensure that medical exposures are in accordance with those
prescribed by a medical practitioner.

The QA of sealed and unsealed sources or devices used for medical exposure
involves their purchase only from manufacturers or distributors approved by the
Regulatory Authority, description of maintenance and service arrangements;
measurement of appropriate activity and identification of all radioactive drugs
prior to administration to each patient and establishment of QA procedures for all
sources (e.g. testing for leakage), equipment or systems (e.g. the treatment
planning systems used in radiotherapy).

The Regulatory Authority should verify in the license application that the
qualification criteria for medical practitioners and other health professionals are
met, according to national regulations. These regulations authorize a particular
practice to specified personnel having received a degree granted by an educational
institution, followed by additional training and experience requirements. The level
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of training requirements will depend on the grade of specialization of each
individual. Basic radiation protection training comprises topics such as: radiation
physics, biological effects, patient dose per examination, techniques for dose
reduction and legal regulations.

Changes that occur in equipment, instrumentation, practice, monitoring methods,
recommendations and regulations make it essential that all individuals involved in
the use of ionising radiation sources receive not just initial, but continuing
education and training. Such training can range from informal interdepartmental
meetings to structured and accredited continuing education programs. Periodical
practice drills, for incidents and accidents, conducted by the licensee can be part of
the training programme.

For those staff who do not meet the minimum required training but are already
involved in the delivery of medical exposures, the Regulatory Authority should
provide for a transition period (normally not greater than 3 years) to meet the
training requirement. The Regulatory Authority should indicate to licensees that
strong enforcement, such as suspension or revocation of the license will occur if
the training requirements are not met in a timely manner. Authorization by the
Regulatory Authority to deliver medical exposures, which is based on radiation
protection and safety proficiency, should not be construed as an authorization to
practice in the appropriate medical speciality, in the absence of appropriate
professional qualifications in that speciality.

As stated in Schedule III. of BSS [1], guidance levels for medical exposure should
be established and used in diagnostic radiology and nuclear medicine in the
process of optimisation. Guidance levels for medical exposure are supplements to
professional judgement and do not provide a dividing line between good and bad
practice. The selected guidance level values should be specific to a country or
region taking into account the medical practice and the performance level of the
diagnostic systems in use.

To establish guidance levels and document typical doses, the Regulatory Authority
should encourage and support professional bodies, such as the radiology and
medical physics organisations, to perform regional or national dose surveys. The
guidance levels should be expressed in terms of quantities that can be easily
measured such as activity per test in nuclear medicine, entrance surface dose per
radiograph, entrance surface dose rate for fluoroscopy or multiple scan average
dose in computed tomography, etc.

All these procedures do aim protection of patient in medical exposure and some of
them will be illustrated in the presentation during the conference.
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INTERC0MPAR1S0N OF FISSION RATES AT THE NIST IRON SPHERE
R.L. Perel, J.J. Wagschal and Y. Yeivin

Racah Institute of Physics, The Hebrew University of Jerusalem, Israel.

Comparing measured responses, in carefully designed simple benchmarks, with their
respective calculated values effects the validation of cross-section evaluations and libraries.
For the validation of iron cross sections that are important in water reactor pressure vessels, a
simple benchmark of a 252Cf source driven 25-cm iron sphere was designed and constructed at
the U.S. National Institute of Standards and Technology (NIST). Energy-leakage-spectrum
measurements at both 1 and 2 meters from the center were performed. Fission-rate-ratio
measurements at 30 cm from the center, employing the NIST back-to-back double-fission
chamber [7], were also performed. Traditionally, the NIST fission-rate-ratio measurements are
very accurate and such measurements in the 252Cf and ISNF standard neutron fields already
serve as integral responses in LEPRICON [2]. So far the only published results of
fission-rate-ratio measurements in the leakage spectrum of the NIST iron sphere are those of
the 237Np/238U ratio [3].

In this work we analyze various calculated fission rates and fission-rate ratios in the
leakage spectrum of the NIST iron sphere benchmark field employing a few modern cross
section libraries and compare the only measured value with the respective calculated values.
We also present and compare the sensitivities of the calculated fission rates and fission-rate
ratios to the s6Fe elastic- and first-level-inelastic-scattering cross sections.

The NIST iron sphere has a 252Cf source at its center, a radius of 25.35 cm, its density is
7.831 grams per cubic cm and its major constituents are 56Fe (7.078 gm/cc) and 54Fe (0.455
gm/cc). The 37Np/238U fission-rate-ratio measurements were performed at 30 cm from the
center* employing the NIST well known back-to-back double fission chambers. We calculated
the 233U, 2 5U, 238U, 237Np and 239Pu fission rates at 30 cm from the source, outside of the iron
sphere, and generated the various fission-rate ratios by taking the pertinent ratios. All
calculations were performed using the MCNP Monte Carlo transport code, employing three
modern evaluated-cross-section libraries: ENDF/B-VI [4], JENDL3.2 [5] and JEF2.2 [6]

The only reaction-rate ratio measurement performed and published to date in the NIST
iron sphere field is the 237Np/238U fission-rate ratio. The calculated values of this fission-rate
ratio, for the three libraries, are given in Table 1 alongside the respective Monte Carlo
statistical uncertainties, indicating the calculations accuracy. The same calculated ratio is also
given for the pure 252Cf field (without transport through iron). The double ratio, namely the
ratio of the fission-rate ratio calculated or measured in the iron sphere field to the respective
ratio in the pure 252Cf field, is given in the bottom row. The corresponding measured
reaction-rate ratios respectively, are 4.1953 and 18.463 and the double ratio, in which the
uncertainty is very small, is 4.4009 ( 0.0141). While the calculated values employing the
ENDF/B-VI library are close to the measured values, there is a substantial disagreement with
values calculated with the other two libraries.

Since the relative differences between the measured and the various calculated
fission-rate-ratio values in the 252Cf field are smaller than 1.5%, while the respective
differences in the NIST iron sphere are as high as 30%, it is clear that the source of the
discrepancy must lie in the transport through the iron sphere, i.e. in the S6Fe cross sections,
and not in the 237Np and 238U fission cross sections. This is clearly demonstrated in Table 2,
which presents a matrix of calculated 237Np/238U fission-rate-ratio values employing separate
different libraries for the transport in the iron sphere and for the fission rates. In each row the
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same cross-section library was used to calculate the neutron field and in each column the same
cross-section library was used for the fission rates. The diagonal values, of course, coincide
with the respective values in Table 1.

Table 1. Calculated Np/ U fission-rate ratios employing different libraries and their
respective statistical uncertainties.

(Compare to the measured double ratio of 4.4009 0.0141)

Field
252cf

Iron sphere
Iron/i:!2Cf

ENDF/B-VI
4.2331
18.583
4.390

JENDL
4.2188
15.329
3.634

JEFF
4.1707
20.000
4.795

Stat. Unc.
0.0003
0.0024
0.0024

Table 2. Calculated 237Np/238U fission-rate ratios employing different libraries.
In each row the same cross-section library was used to calculate the neutron

field and in each column the same library was used for the fission rates.

ENDF/B-VI
JENDL
JEFF

ENDF/B-VI
18.583
14.853
20.027

JENDL
18.841
15.329
20.206

JEFF
18.561
14.802
20.000

2 <=>

is

o.m E(MeV)

Figure 1. The relative sensitivities of the 237Np/23SU fission-rate ratio, at 30 cm from the
center of the NIST iron sphere, to the Fe elastic- and first-level-inelastic-scattering cross

sections
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It can be seen that the response is quite sensitive to the s6Fe cross sections and therefore we
calculated, with our modified MCNP code [7], the sensitivities of the 237Np/238U fission-rate
ratio, at 30 cm from the center of the NIST iron sphere, to the 56Fe elastic- and
first-level-inelastic-scattering cross sections. These relative sensitivities are depicted in Figure
1. Since both numerator and denominator cross-sections have threshold energies, from this
measurement we can not obtain any information on lower energies. Had one of the foils been
a non-threshold reaction, i.e., 233U, 235U or 239Pu fission, then the response would have also
been sensitive to lower-energy cross sections.

Although the238U/235U fission-rate ratio has not been measured in the NIST iron sphere, it
is of interest to analyze it more carefully. The relative sensitivities of the 238U/235U fission-rate
ratio, at 30 cm from the center of the NIST iron sphere, to the 56Fe elastic- and
first-level-inelastic scattering cross sections are depicted in Figure 2. The respective
maximum and minimum of the sensitivities to the elastic- and to the first level
inelastic-scattering cross sections at the energy slightly lower than 1 MeV are due to the 56Fe
first level inelastic-scattering threshold and were elaborated on in Ref. [8]. These extrema
values reflect the fact that the 238U fission-threshold energy is higher than the energy of the
56Fe first excited level and that the thermal-fission cross-section of 235U has a much higher
value than the fission cross section at about 1 MeV. The calculated double fission-rate ratios
with the different libraries are shown in Table 3. Again it is obvious that the big differences
between the diagonal values are mainly due to the 56Fe cross sections. The values change only
very mildly on the same row, i.e., different fission cross sections but same 56Fe cross sections.
The relative difference between the JENDL and ENDF/B-VI calculated values, in this case, is
much more pronounced than in the case of 237Np/238U that was actually measured, and is even
more pronounced for the 237Np/23:>U ratio. The later ratio can be easily obtained by taking the
ratio of the two cases presented here and is the preferred one for cross section validation.

Table 3. Calculated 238U/235U double fission-rate ratios employing different libraries.
In each row the same cross-section library was used to calculate the neutron

field and in each column the same library was used for the fission rates.

ENDF/B-VI
JENDL
JEFF

ENDF/B-VI
0.0715
0.0422
0.0758

JENDL
0.0724
0.0430
0.0768

JEFF
0.0715
0.0422
0.0758

The 237Np/238U fission-rate-ratio values calculated in the NIST iron sphere show that the
JENDL value is smaller than the ENDF/B-VI by close to 20% and the JEFF value is higher
than the ENDF/B-VI value by over 7%. Since the double ratio was determined to a very high
accuracy, due to the cancellation of most of the uncertainty contributions, it is clear that there
must be a problem with the JENDL iron cross sections. A careful check indicates that indeed
the evaluators of JENDL decided to include explicitly resolved resonances only up to 0.250
MeV while the other two libraries have resolved resonances up to 0.850 MeV. As to the JEFF
cross sections, although the double fission ratio is over calculated, compared to the measured
value, by close to 10% this is still consistent with the typical propagated uncertainty due to the
237Np-fission cross section. However, examining the calculated values of the 238U/235U
double-fission-rate ratios, one can come to the conclusion that the JEFF and ENDF/B-VI iron
cross sections are not consistent with each other. The only measured value, the 237Np/238U
double fission-rate-ratio, is consistent with the corresponding ENDF/B-VI calculated value.
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Figure 2. The relative sensitivities of the "3SU/235Ufission-rate ratio, at 30 cm from the
center of the NIST iron sphere, to the
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ONE GROUP TRANSPORT CALCULATIONS REVISITED
R. L. Perel, J. J. Wagschal and Y. Yeivin

Racah Institute of Physics, The Hebrew University of Jerusalem, Israel.

One of the simplest approximations of the Boltzmann transport equation is the one-group
isotropic-scattering approximation. Two parameters determine the solutions of the equation
for homogeneous uniform-density problems. These parameters might well be the macroscopic
total cross section, £ and the average collision multiplication, C. By the macroscopic
one-group total cross section £ we mean:

I = NCT = N Jo(E)<p(E)dE. (1)
0

Here N is the uniform number density of the mono-isotopic medium, and a(E) the
energy-dependent microscopic total cross section of the specific nuclide. Evidently, for
poly-isotopic media N<T(E) is substituted by V N J O - ^ E ) - AS for the normalized (average)

neutron spectrum, <p(E), in a sphere for instance it is, needless to say,

|(p(r,E)r2dr

(2)7
JJ<p(r,E)r2drdE
O 0

where <p(r, E) = j i|/(r, u., E)du and i(/(r,n,E) is the proper angular flux of the sphere, i.e. the
converged eigenfunction of the stationary transport equation corresponding to the fundamental
eigenvalue. The average collision multiplication is given by

where the various (one-group) microscopic cross sections should be interpreted as the
appropriate averages of the true, physical, energy-dependent cross sections, similar to the total
cross section of Eq. (1). Needless to emphasize that the first addend in the numerator is the
average of the product: fv(E)af (E)<p(E)dE •

The parameter C is as good a parameter as the more common average fission
multiplication, namely rj = vcrf / aa (where cra = <7f + <rc), as an indicator of the reactivity of a
medium. Just as the latter parameter is associated with the eigenvalue k in the representation
of the stationary transport equation,

£ (4)
where Ss and Sf respectively are the scattering and fission source terms, so is the parameter C
associated with y in

{ [ ] M } (5)
y

For, evidently, just as k ,̂ = r| so y^ = C. We will however, focus upon the (rarely applied)
effective-density factor , defined by the following representation of the transport equation1:

v]-2v} • (6)
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There are several reasons to prefer C to r\. The decisive argument in favour of C is that, in
addition to what it is by definition, it is intimately related to the nonleakage probability P in
the critical sphere. The collision multiplication is, in fact, the inverse of the nonleakage
probability, for evidently the condition for criticality is CP = 1. The relation between SR and P
is essentially a geometric problem. It is clear that P(ZR) is a monotonic increasing function,
P(0)=0 and AimP = l asZR-»«>.

The purpose of the present investigation is to generate the simplistic universal curve, the
C vs. SR curve based on the one-group isotropic-scattering approximation, to compare it to
the same curves based on high-precision calculations of realistic material mixtures, to study
the differences between the two kinds of curves and thus to enhance our understanding of, and
gain some further insight into, the nature of criticality.

The solution of the stationary transport equation in the 5 formulation, Eq. (6), is entirely
independent of the reactivity of a given assembly, provided the change in reactivity is due only
to a change in the density of the assembly. More precisely, if the number density N(x) is
changed to N'=pN(x), then the fundamental flux distribution i|/(x,£2,E) remains the same. Let
us first rewrite Eq. (6) in the form

8Q-Vy = s[v|/]-Sv|/, (7)
where S obviously is Ss + S f , and the right-hand side is the local excess of neutron production

over removal, i.e. the net neutron production. On the left-hand side 8 multiplies the leakage
from the corresponding phase-space volume element. Now, in a critical assembly the leakage
and net production, for every phase-space volume element, just balance, so that 8=1. If the
assembly is, say, supercritical, the net production is greater than the leakage, and the leakage
term is multiplied by 5>1 in order for the flux to satisfy the equation. Assume that we have
solved this equation for a given assembly, and obtained a certain value for S, and a certain flux
\\i. We now multiply both sides of Eq. (7) by a constant factor p. Then, evidently, the
right-hand side of the equation formally becomes the net-source term of an assembly identical
to the given one, except that the density is now N'=pN. On the left-hand side the factor
multiplying the leakage term is now 6'=p8. The very same flux vy, however, still satisfies the
equation, and in particular this flux must also be that of the critical assembly, the assembly of
which the composition and geometry are identical to the given assembly, and the number
density is Ncrit = N/8, which is just what we have set out to prove.

By now it should be quite clear how to generate the desired C vs. ZR curve in a truly
simple manner. For each desired value of C, we solve the equation for the spherical assembly
characterized by Z=l and R=l. Then, if 8 is the resulting value of the eigenvalue, 1/8 is the
critical radius, in mfps, corresponding to the given value of C. As we have already implied,
the curve called for in fact is rather the P(=l/C) vs. ZR, since while C(ZR) is singular at
ZR=0, we have noticed that 0 < P < 1. The curve in Figure 1 represents the results of the
appropriate calculations. Note that, as long as we deal with one group, the y representation is
just as good as the 8 for generating our curve. It is clear that if we solve the y equation, Eq.
(5), with C=l and Z=l, then the resulting value of y is the inverse of the critical C
corresponding to the given R. We should however point out that our curve is by no means
new2'34'5.Yet the 8 formulation of the stationary transport equation is truly unique in that it
very easily applies to our problem even when energy dependent cross sections are considered.
In other words, solving the bare uniform sphere case with a given library of energy-dependent
cross sections, and arbitrary density and radius, results in a critical sphere and its proper
neutron spectrum, from which its corresponding C and Z are derived, so that a point on the C
vs. ZR curve is determined.
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Figure 1. The one-group P(=l/C) vs. ZR curve and points corresponding to realistic (with
energy-dependent cross sections) mixed-material critical spheres. The solid symbols refer to
the properly averaged C and Z, and the empty ones to their corresponding
transport-corrected values.

The universal curve in Figure 1, as indicated earlier, represents the results of
high-precision one-group isotropic-scattering transport calculations of 1/C vs. ZR. The
various individual points in Figure 1 represent the results of accurate multigroup Sn transport
calculations of divers homogeneous critical spheres. These spheres comprise hypothetical
solutions, or rather homogeneous mixtures, of U233, U235 and Pu239 in water as well as various
mixtures of U235 and U238. All calculations were performed with 30 group cross-section sets
generated by the NJOY6 code from ENDF/B-VI7 files and took into account the anisotropic
scattering, by using the first five moments of the scattering transfer matrix. The calculations
used the 8 formulation of the stationary transport equation, which enabled all cross sections to
be averaged over the appropriate critical assembly eigenflux energy spectrum to one-group
cross sections. The solid symbols represent the one-group parameters C and S obtained for
each sphere according to Eqs. (3) and (1). It is obvious that although the solid symbols follow
the general trend of the continuous universal one-group isotropic-scattering curve, most points
deviate from the universal curve. The respective empty symbols represent the results of the
very same multi-group calculations where C and I are the respective transport corrected
one-group values. Now the points fall on, or very close to, the universal curve.

The mixing of the nonfissile U238 or water with the fissile materials U233, U235 and Pu239,
has a two-fold effect. On one hand it reduces the C value of the homogeneous material,
resulting in the need to increase the number of mean free paths to achieve criticality. But on
the other hand it also softens the neutron energy spectrum of the ensuing critical assembly,
which in turn leads to much higher values of S and thus reduces the average mean free path of
the neutrons in the respective critical sphere.

We note that in all cases, for each solid symbol, the respective empty symbol is located to
the left and below the corresponding solid symbol (the two empty squares at 23 and 37 mfp
correspond to solid squares that are outside the range of the figure). Note, for instance, the
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solid square, denoting a Pu239-H2O mixture, at about ten mean free paths, which deviates
from the universal curve. The corresponding transport corrected empty square can be found at
about six mean free paths, and is (almost) on the curve. This is due to the fact that the
transport corrected cross section S, and the transport corrected collision multiplication C. are
obtained by subtracting the same quantity, namely the one-group average of the product of the
scattering cosine and the scattering cross section, from Z and from the numerator and
denominator of C. This results in a higher C value, and thus a lower 1/C value, and a lower
ER value. We also note a striking difference between the U235-U238 mixture results and those
of the water mixture. In the case of the mixtures of the two uranium isotopes, we note that not
only the empty circles, but also their corresponding solid ones fall on the universal curve.

The physical character of a homogeneous critical sphere is reflected by its C value. In the
"realistic" cases presented in the previous section, the value of C decreased from 1.47 for the
case of the bare Pu239 sphere, with a hard neutron spectrum, to 1.0002 for the sphere of a very
dilute mixture of Pu239 and water with a very soft neutron energy spectrum. The C value of the
U235-U238 uranium-mixture spheres dropped from the value corresponding to a bare critical
U235 sphere to lower values determined by the reduction of the relative number of fission
events and the softening of the neutron spectrum via the relative enhancement of the U238

inelastic slowing down process, thus inhibiting the spectrum regeneration mechanism.
In summary, as was demonstrated in Figure 1, when both C and S are the respective,

eigenflux averaged, transport corrected one-group values, all realistic points fall on the
universal one group C vs. 2R graph. Each of these points was calculated without any search,
by a single run. This is due to the attractive property of the density-factor (or 8) representation
of the stationary transport equation that (for any multi-group approximation) the angular flux,
in bare-sphere problems of a given composition, is independent of its reactivity.
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1. Introduction
The core of IRR-1 reactor consists of two types of MTR fuel elements: standard fuel
elements with 23 fuel plates and special fuel elements with 17 fuel plates (to allow for
insertion of Cd-In-Ag control blades).
Spent fuel elements are currently stored in small apart racks,, in the reactor pool.
It is planed to relocate all spent fuel elements in a new spent fuel storage pool (SFSP).
The elements will be surrounded by Cd boxes, which form a compact array that must be
kept subcritical (keff < 0.9) under all possible conditions.
The Monte Carlo code MCNP (1) and the transport/diffusion codes WIMS/
EXTERMINATOR (EXT2) were both employed in the analyses of the reactor core and
the SFSP. The core calculations, besides determining the keff, include the neutron flux
and the power distributions. The purpose of this paper is to describe these analyses and
discuss their results.

2. Spent fuel storage
The fuel elements in the SFSP are each placed inside a Cd box to reduce their reactivity.
The Cd box is effectively 10 cm square, providing significant water between the Cd and
the fuel element. The fuel element is 7.6 cm x 8.0 cm in the x-y plane. The Cd box covers
the axial portion of the fuel element allowing a two-dimensional analysis of the
configuration. The MCNP code incorporates its own cross sections whereas EXT2 has
cross section input performed by WIMS.
The first analysis was performed to determine the difference on keff due to the different
cross sections used in the codes. A large homogeneous core, 70 cm x 70 cm surrounded
by a 20 cm water reflector was analyzed by both methods incorporating the same number
densities in both calculations. The axial dimension in EXT2 employed an axial buckling
0.001802 cm-2 which represents the fuel height in the fuel element plus a reflector savings
= 7.0 cm at both ends. The MNCP calculation is 3D and thus incorporates the axial
dimension explicitly. The flux is zero at the outside boundary.

The results of the keff calculations are as follows:

Code
WIMS/EXT2

MCNP

keff
1.490

1.487 ±.00185; 1.482±.00191
Avg. 1.484
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The MCNP calculation was repeated because of the statistical nature of the results. The
comparison is excellent because the system is large and ideal for diffusion theory.
The second configuration analyzed was an infinite array of homogeneous fuel regions
each surrounded by water to form a 10 cm x 10 cm element without any strong absorber.
The fuel region occupied a square 9. 1 cm x 9.1 cm in the center of the element. The
purpose of this calculation was to compare MCNP with WIMS/EXT2 for a configuration
similar to the unit arrays in the storage pool without any strong absorbers. The results
are:

Code
WIMS/EXT2

MCNP

keff
1.613

1.617 ±0.00142

The calculations agree since there are no strong absorbers in the calculation, and the
regions within the configuration are not severe for diffusion calculations.

The next calculation placed the Cd box (Al clad) around each fuel element as in the
storage pool. The fuel regions remain the same although they are larger than an actual
fuel element. The calculations gave:

Code
WIMS/EXT2

MCNP

keff
1.072

1.032 ±0.00195

The effect of insufficient flux depression in the diffusion calculation is observed with Cd
in the configuration.
The next analysis reduced the fuel region to smaller 8.058 cm x 8.058 cm area to
approach the actual size of the real fuel element. The results for this calculation was:

Code
WIMS/EXT2

MCNP

keff
0.982

0.918 ± 0.00179

The difference between the two methods diverges more as expected and the keff is
reduced.

The last configuration considered was with a fresh 23 fuel plate MTR type fuel element
in the Cd box. The results were:

Code
WIMS/EXT2

MCNP

keff
0.842

0.774 ± 0.00180
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The above calculation homogenized the fuel regions. When a few fuel plates were
explicitly represented in the MCNP calculation, the keff =0.772 ±00192.
Additional calculation showed that as, the fuel plates were explicitly
represented in the calculation, the keff reduced slightly due to the slight
self-shielding effect of the fuel plate. The best value assigned was

keff = 0.77

The thickness of the Cd forming the box is 0.05 cm. Changing the Cd thickness causes a
change in the keff. MCNP calculations give the following results for such changes:

Cd Thickness
0.010 cm
0.020 cm
0.025 cm
0.035 cm
0.050 cm

keff
0.807 ±0.00195

0.779 ± 0.00195
0.774 ± 0.00180
0.768 ± 0.00206
0.761* 0.00177

Thus a Cd thickness of 0.025 cm is sufficient to maintain the SFSP highly
subcritical.

3. IRR-1 core
The same methods have been used to analyze the reactor core.
The Monte Carlo code gives precise results and is used as a benchmark calculation. The
input is time consuming, whereas, the WIMS/EXT2 calculation input is simpler and
provides the normalized powers directly, the results are less exact. The major problem is
obtaining correct cross sections representative of the total fuel element. Hence, a series of
calculations have been performed to minimize such errors by developing supercells based
on MCNP results.

The first calculation compared MCNP with WIMS/EXT2 for an infinite array of the two
types of fuel elements. Each of the fuel elements was placed in a 7.1 cm x 8.1 cm infinite
array, and each element divided into 4 regions for all calculations. The comparisons are
as follows:

Element
23 fuel plate
17 fuel plate

WIMS/EXT2
1.568
1.477

MCNP
1.587 ± 0.00230
1.488 ± 0.00244
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In order to run the full core calculation with EXT2, it was necessary to
perform two WIMS supercell calculations to obtain cross sections for the 23 and 17 plate
fuel assemblies, respectively. The extra region in each supercell was established to give
the same keff as the WIMS/EXT2 in the above table. The WIMS cross sections were
used to perform the same infinite array EXT2 calculations as above, except that the one
set of supercell cross sections covers the full fuel element area.

Calculations of the full core were made with both the MCNP and WIMS/EXT2 codes
with all fresh fuel providing a comparison between the two techniques in keff and power
distribution. The MCNP gave kefr = 1.200 * 0.00430 whereas the WIMS/EXT2 first
calculation gave 1.26. This latter calculation had a 4 x 4 mesh in the fuel elements. When
the mesh size was reduced by having a 5 x 5 mesh, the ken- = 1-23. It was neither
practical nor worthwhile to reduce the mesh size further, because the comparison is quite
good. The normalized power (NP) distribution has been calculated and the calculations
were repeated but with the current burnup of the fuel assemblies represented in the core.
The results of these calculations will be given in the final paper.
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PROBABILISTIC SAFETY ASSESSMENT OF ITU TRIGA MARK-II REACTOR

Sule Ergun' and Osman Kemal Kadiroglu
Nuclear Engineering Department, Hacettepe University, Beytepe Ankara Turkey

The probabilistic safety assessment for Istanbul Technical University (ITU) TRIGA Mark-II reactor is
performed. Qualitative analysis, which includes fault and event trees and quantitative analysis which
includes the collection of data for basic events, determination of minimal cut sets, calculation of
quantitative values of top events, sensitivity analysis and importance measures, uncertainty analysis
and radiation release from fuel elements are considered.

INTRODUCTION

Probabilistic Safety Assessment (PSA) or Probabilistic Risk Assessment (PRA) as called in
the States, is a technique for the safety analysis of nuclear power plants similar to the
deterministic analysis. Unlike to deterministic analysis, where no consideration on the
probabilistic nature of a mitigating fault conditions are given, the probabilistic approach
examines the functions of safety systems and the probability of the events initiating the
accidents leading to a core meltdown.

Probabilistic risk assessment methods were first applied in 1975 by NRC during the Reactor
Safety Study1. Since then probabilistic safety assessment has been used for safety analysis as
a complement to deterministic analysis and required by many licensing authorities throughout
the world.

Probabilistic safety assessment technique is also applied to research reactors2. Based on this
document, the probabilistic safety assessment of two TRIGA reactors one in Vienna3 and one
in Ljubljana4 were performed.

ITU TRIGA Mark-II

ITU TRIGA Mark-II reactor is a standard pulsing research reactor that became critical in
March 11, 1979. It is the 54th TRIGA Reactor around the world. In this probabilistic safety
assessment calculations the reactor tank, reactor core, fuel-moderator elements, fuel element
storage racks and control rods and drives are considered along with the experimental and

* Present address: Pennsylvania State University, Mechanical and Nuclear Engineering Department, College
Park PA USA
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irradiation facilities, namely, pneumatic transfer system, central thimble, beam tubes and
thermal column. The control systems, steady-state mode channels, wide-range logarithmic
power channel, wide range linear power channel, linear power safety channels, fuel
temperature channels and pulse mode operation channels are also analysed in this work. The
reactor water system composed of primary cooling system, nitrogen-16 diffuser, secondary
cooling system, purification system and ventilation system are also investigated.

QUALITATIVE ANALYSIS

For the probabilistic safety assessment of ITU TRIGA Mark-II, two events are chosen as the
top events. Radioactive release into the hall of the reactor building is considered as a
dangerous event for the staff and the students of the institute. The other event, which is
dangerous for the public, is the release of radioactive gases outside the reactor building due to
the failure of the ventilation system. Unlike the general Level I probabilistic safety assessment
analysis of nuclear power plants, in this work, core melt-down is not chosen as the top event
due to large negative temperature and expansion coefficients of TRIGA fuel.

The fault tree for the radioactive release into the hall is composed of gamma release into the
hall, fuel element transfer cask failure, reactivity accidents, release from fuel, release from
sources other than fuel, loss of coolant accident, release from experiments, N16 and Ar41

releases and resin release. Each event in turn is analysed in detail by constructing the fault tree
specific for that particular event. Combining these fault trees the final fault tree for the first
major event is constructed.

Similar analysis is performed for the radioactive gas release outside the reactor building. The
causes for such a release, gas release from the reactor, Ar41 release, due to the fact that there is
no Argon filter in the reactor, and gas release from subsystems are considered.

Also the fault trees for scram failures both manual and automatic controls are constructed
along with the event trees.

QUANTITATIVE ANALYSIS

In this analysis it is assumed that components had failed completely and they are defined as
on-line non-repair components since these components can only be repaired after the reactor
operation. It is also assumed that while the reactor is not operating, the components'
availabilities are 1. It is further assumed that the reactor operates 156 hours annually based on
the operating experience gained by ITU.

PSAPACK V4.35 is used to determine the minimal cut sets, to analyze the importance of
minimal cut sets and to calculate the uncertainty in system unavailability. Data for basic
events like earthquakes, aeroplane crashes and explosions are taken into account. The
probabilistic seismic hazard analysis is performed according to IAEA standards6. Aeroplane
crash probability for ITU campus area, where the reactor is sited, is calculated from data that
is obtained from international and national aviation organisations. Explosions are not
considered important due to the distance of the reactor site to the sea and land routes for oil
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tankers. All basic events that lead to chemical damage of fuel elements were neglected due to
their very low occurrence probability. Nevertheless, it is accepted that salty water could be
discharged to the pool once in a lifetime of the reactor. Similarly, leakages of water from the
beam tubes are not considered probable but leakage from instruments and meters are taken
into account.

Minimal cut sets of the first top event according to unavailabilities up to the third order are
included in the analysis. The failure rate for radiation release into the hall of the reactor is
0.0157 per year when the reactor operates 156 hours in a year. When the reactor operates 208
hours a year, the system unavailability becomes 0.088. The failure rate for radioactive release
outside the reactor building, is calculated to be 0.008 per year when the reactor operates for
156 hours in a year. When the reactor operates 208 hours a year, the system unavailability
becomes 0.03.

Sensitivity analysis and importance measures are also performed. For yearly operation of 156
hours, the uncertainty in the system unavailability becomes 0.012.

CONCLUSIONS

The quantitative analysis showed that the frequency of radioactive release to the reactor hall is
0.0157 per year and is considered high. It is also shown that the coolant leakage from primary
or secondary coolant loops are the most probable failures. Since the components of these
loops are not very reliable and there is no redundancy in ITU TRIGA Mark-II reactor, failures
of such components make the failure rate of the first top event high. The release of radioactive
gases outside the reactor building is very important since there is no Ar41 filter at the reactor.
The frequency of this event is 0.008 per year but in case of a worst case accident scenario the
calculated radiation dose outside the reactor building is always smaller than the permitted
limits.

1 Reactor Safety Study: An Assessment of Accident Risks in Commercial Nuclear Power Plants, NUREG-75/014,
1975
2 Probabilistic Safety Analysis of Research Reactors IAEA TECDOC 400, 1987
3 H.Bock, C. Kirchsteiger, Probabilistic Safety Analysis for the TRIGA Reactor Vienna, Atominstitut der

sterreicheschen niversitaten, 1990
4 M. Osredkar, V. Dimic, M. Dusic, M. Kozuh, D. Vojnovic, PSA for the TRIGA Reactor Ljubljana, Josef Stefan
Institute, Slovenia (Yugoslavia), 1990.
5 G. Caruso, et. ai. PSAPACK A Code for Probabilistic Safety Analysis, Computer Manual Series #6
International Atomic Energy Agency, Vienna, 1995
6 Probabilistic Safety Assessment for Seismic Events, IAEA TECDOC 724, Vienna 1993
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DEVELOPMENT OF AN EULERIAN - LAGRANGIAN MODEL FOR THE
DISPERSED FLOW REGIME DURING LOCA

A. Nagler*. J.H. Mahaffy, L.E. Hochreiter
* Soreq Nuclear Center, Yavne, 81800 Israel

Penn State University, University Park, PA 16802 USA

The Dispersed Flow Film Boiling (DFFB) regime in the reflooding phase during Loss
of Cooling Accident (LOCA) is developed above the froth front, i.e., downstream from the
quench front, as depicted in figure 1. The peak cladding temperature (PCT) develops in this
precursory cooling region and should be meet the requirements of 10CFR50 Appendix K.
This work analyzes the fluid flow and heat transfer at this region that determine the PCT.
Dispersed droplets in the core of the subchannel govern the flow pattern in this region. The
droplets, dragged by a continuous vapor flow, are characterized by high void fraction as well
as mechanical and thermodynamic non-equilibrium. The cladding temperature of the fuel
element is much beyond the Leidenfrost temperature, thus, preventing the droplets from
colliding with the surface. Moreover, due to the high void fraction, coalescence does not
occur other than at the spacer grid locations. The computed low Webber numbers for the
droplets, compared to the threshold criterion for breakup, show that no hydrodynamics
breakup will take place. Breakup will be considered only in the spacer grids. Most of the
droplets have smaller Eo numbers than the spherical criterion; thus, we can assume a
spherical geometry for the droplets.

In the DFFB regime, the heat transfer mechanisms are characterized by interfacial
phenomena between droplets and vapor as well as convection between the fuel cladding and
the vapor. Radiation energy transfer between the fuel pin surfaces and vapor/droplets as well
as between the vapor and droplets, contribute to the droplet evaporation with negligible effect
on the vapor, which is practically transparent.

A two-fluid model is used to describe the flow. The continuous vapor is described in
an Eulerian frame. The droplets, occupying a small volume fraction, do not behave like a
continuum and are analyzed by the Lagrangian approach. Fourteen groups of droplets are
used for numerical representation of a distribution function for the droplets diameter and
velocity. Simplifications of the conservation equations are introduced based on the specific
conditions of the problem. Then, each droplet group is described by the continuity and
momentum equations which are solved in a Lagrangian frame and yield the evaporation rate
and the droplet's group velocity; the energy equation is omitted since the droplets are
assumed to be at a saturation temperature. The vapor field is solved by the continuity and
energy equations, in an Eulerian frame, to extract the velocity and the temperature; the
momentum equation is omitted noting the fact that the pressure is almost constant along the
channel. The velocity is derived from the mass equation.

The computer module solves the non-linear conservation equations using three levels
of iterations. First, the diameter reduction and the velocity of each droplet group are solved
while the entrance conditions of the vapor are set for all the control volumes. The flow quality
and void fraction are extracted from the sum of the total droplets' mass and volume. Later,
the vapor field is solved by Newton method to get the velocity and temperature of the vapor.
The thermodynamic properties are updated at each iteration step. After approaching the
convergence criterion for the vapor velocity, the flow parameters are calculated.

A preliminary test of the code for prediction of the physical characteristics and a
check on the numerical accuracy were carried out by forcing the axial boundary condition of
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heat transfer being equal to the evaporation energy rate. The radiation effect was ignored. The
result shows that the vapor temperature and density remain constant whereas its velocity
increases monotonously. The constant temperature is a manifestation of the conservation of
energy. The velocity increase verifies the mass conservation for constant vapor density with
evaporation. The change of the temperature and density between the entrance and exit is
small.

Experimental data of FLECHT SEASET 161 experiments in run 31504 were used as
entrance conditions: they include the diameter and velocity of droplets' groups as well as the
vapor temperature and velocity. The temperature of the fuel rods along the channel is
introduced as part of the boundary conditions.

The results of the simulation code were compared to the experimental data of the
vapor temperature along the channel. Our parametric study shows that the heat transfer
between the wall and vapor and the vapor quality have the most important effect on the
results. At the current stage, we observe a good agreement between the computed and
experimental vapor temperature profile along the channel, as depicted in figure 2. The
computation was done by tune-up of the above two parameters. The heat transfer coefficient
between the wall and the vapor was computed by the Dittus-Boelter correlation. The
experimental results show a steep increase of the vapor temperature, along the channel, up to
the peak, which is followed by an abrupt decrease of vapor temperature. The correlation was
multiplied by a factor ten in order to reproduce this unexpected behavior. The region of wall
temperature increase is more sensitive to the heat transfer adjustment than the upper part of
the channel, where the wall temperature decreases. The vapor quality was adjusted for good
reproduction of the measured data. An increase in the quality growth is seen at the first spacer
grid of the DFFB region. It can be explained by the break-up of droplets, which increases the
surface area and the evaporation rate. However, a decrease in the quality growth is evident at
the second spacer grid. This is due to the fact that the droplets become small with a lower
tendency to break while colliding with the spacer grids. Furthermore, they are likely to
coalesce due to the deflection of the trajectories to the center. These two parameters which
seem to govern the temperature profile are presently investigated.
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EXPERIMENTAL INVESTIGATION OF SUBCOOLED FLOW
BOILING BURNOUT AND FLOW INSTABILITY

Y. Aharonm , V. Gal (i), I. Shai ra

(1) - NRCN , P.O.B. 9001, Beer - Sheva. Israel
(2) - Bcn-Gurion University of the Negev, Beer - Sheva. Israel

ABSTRACT
The present work deals with two flow boiling
crises, the Departure from Nucleate Boiling
(DNB) to film boiling and the Onset of Flow
Instability (OFI), in a channel in parallel to
other channels of flow system. An experiment
was performed with water flowing in a 8 mm
diameter vertical tube at atmospheric
pressure. Emphasis was put on the effect of
two main parameters, the degree of
subcooling and the flow rate, on the mode of
crisis which take place.

1. INTRUDUCTION
In the last three decades, extensive
experimental and theoretical works have been
performed on Critical Heat Flux (CHF) of
subcooled water flow boiling phenomena.
CHF is a condition in which a small increase
in heat flux leads to abrupt wall overheating,
caused by the transition or Departure From
Nucleate Boiling (DNB) to film boiling.
Much effort was devoted to understand the
phenomena and to develop design correlations
predict (CHF). Since the foregoing studies are
mostly related to nuclear power plants, most
of the existing experimental data, with
subcooled at the channel exit, are at a high
pressure (say 2.5-20.0 Mpa) and so are the
correlations which have been developed. On
the other hand, many other applications such
as research nuclear reactors, emergency
cooling systems in a nuclear power plants,
heat exchangers and microelectronic cooling
modules, are working at significantly lower
pressure (near atmospheric pressure). In case
of such low pressure applications, the
maximum heat flux in the heated channel may
be limited by the Onset of parallel channel
Flow Instability (OFI) which is called also a
flow excursion.

In an unheated channel (q"=0), the flow in
the channel is single phase, and the slop of

pressure-drop vs. flow-rate curve of the
channel (internal pressure drop) is always
positive, as shown in Fig. 1. When a constant
heating rate is supplied to the channel, in a
high flow rate the slop of the curve is
positive, but when the flow rate is reduced,
the internal pressure drop decreased until a
point where the flow in the channel becomes
two phase. In that point, the slop of the
pressure drop curve becomes negative (S
curve).

I

j
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/
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Fig. 1: Pressure-drop vs. flow-rate

The flow excursion was first analyzed by
Ledinegg (1938). The criterion for the
instability was given by

This means that the flow excursion occurs,
when the slope of the curve of the internal
pressure-drop vs. flow-rate becomes smaller
(more negative) than the external
pressure-drop vs. flow-rate curve (or pump
characteristic). For a system containing a
large number of heated flow channels
connected in parallel at the inlet and outlet
plane, the external pressure drop is almost
constant and the minimum point of the S
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curve is the point of the OFI. Whittle and
Forgan (1967) as well as Dougherty et al.
(1990) tried to evaluate experimentally the
minimum point of the S curve of a heated
channel in varying channel geometrys. Other
attempts to correlate the instability have
centered on showing that the onset of nucleate
boiling precedes the OFI. The Saha and Zuber
(1974) correlation for the onset of subcooled
nucleate boiling has been used for this
purpose. Mishima et al. (1985) studied
experimentally the phenomena of CHF inside
a 8 mm round tube at an atmospheric pressure
and low mass velocity up to 1749 kg/m2-s.
They denoted that flow instabilities caused
CHF to decrease substantially, but they did
not observed the difference between OFI and
DNB as two different phenomena .

The purpose of this paper is to present new
experimental data on subcooled flow boiling
in the region in which the OFI and the DNB
are expected to occur, and to define the
thermohydraulic condition in which each
phenomenon takes place.

2. EXPERIMENTAL EQUIPMENT
The test section is made up of 8- mm ID,

stainless steel tube as shown in Fig. 2. The
heated length of the test section is 350 mm
and a copper electrode is silver soldered to
each end of the tube. A thermocouple is
attached to the outside surface of the test
section at the exit zone in order to measure
the wall temperature and to avoid overheating
and burnout. The test section is heated
electrically by a D.C power supply of 20 V
and 4000 A. The water flows inside the tube
and the inlet and outlet temperature of the
water are measured by thermocouples.

"T""

dmu m
CocnHdo

II

Bum
a

Fig. 2: The test section

A schematic picture of the used loop is shown
in Fig. 3. The test loop consist of a water tank,
a centrifugal pump, a bypass, flow control
valves, two orifice flowmeters and a

preheater. The water was circulated by the
pump through the test section and the bypass.
The water flow rate was regulated by two
valves VI and V3. The valve VI was used to
regulate the total flow rate in the loop (test
section and the bypass) and V3 was used to
regulate the flow rate through the test section.
The total flowrate and the flowrate through
the test section were measured by the two
orifice flowmeters. The water from the test
section and the bypass returned back to the
water tank. The exit pressure was always near
atmospheric by keeping the water tank open
to the atmosphere. The pressure drop along
the test section measured with a differential
pressure transducer and the pressure in the
loop was measured with an absolute pressure
transducer installed upstream of the test
section.

Fig. 3: The test loop

3. TEST PROCEDURE
The experimental procedure consists of the

following steps. First, the water in the water
tank was circulated through the preheater in
order to get the required inlet temperature.
When the required temperature was achieved,
the flow rate through the test section was set
to the required value, then the power to the
test section was increased at small increments.
After each increment, the wall temperature
rises and reaches a steady state, than another
increment of power was applied, until OFI or
DNB occurs. Since the wall temperature was
recorded on a strip chart, the occurrence of
burnout was observed from the abrupt
increase in the temperature trace. In case of
OFI, a sudden large decrease in flow rate also
occurs. The CHF was calculated from the
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voltage drop across the test section and the
electrical current, assuming a uniform heat
flux. In most of the runs, the bypass valve V3
was open and a high flow rate flows through
it. Valve VI was regulated so that the flow
through the bypass was 10 times as mach as
that through the test section. Because of high
flow rate through the bypass, the pressure
drop across the test section is almost constant.
Some runs, with the same water flow rate and
inlet temperature were tested when the bypass
valve (VI) was closed. This provides a
comparison between the values of CHF with
and without the bypass. Various tests were
performed for different inlet temperature and
flow rates. All the test points were repeated
few times to watch for reproducibility. During
all runs the following values were monitored
(by digital and/or analog instruments):

- temperature of water and test section in
various points.

- water flow rate.
- electrical current and voltage.

3. RESULTS AND DISCUSSIONS
Each run was terminated when a sudden

increase of wall temperature was observed.
Two different phenomena were noticed, one
mode involved with a sudden decrease of
flow rate simultaneously with the sudden
increase of wall temperature, whereas in the
second mode no such changes in flow rate
were observed when a sudden increase of wall
temperature occurred. Fig. 4 gives the
recorded traces of wall temperature (Tw),
water flow rate (Q) and the current (I) as
function of time. A step change of the current
causes a transient change of wall temperature
while the flow rate is unchanged. Fig. 4 (a)
shows a sudden increase of wall temperature
while the flow rate remains unchanged,
whereas fig. 4 (b) shows also a sudden
increase of wall temperature and a sudden
decrease of flow rate. The two runs of fig. 4
were performed at the same flow rate and a
constant pressure drop but a two different
inlet temperatures.

Fig. 5 shows the overall behavior of the
CHF as function of the mass flow rate, for
three different inlet temperatures. At low flow
rate up to about 5000 kg/m2-s the CHF
increases linearity with mass flow rate, with

the slop increases as the inlet temperature
decrease (solid lines), the mode of CHF is
OFI. At high mass flow rates and low inlet
temperatures (high subcooling), the slop of
CHF vs. mass flow rate is very small with the
value of CHF is around 5.5 MW/m2 (dashed
line), the mode of CHF is DNB. Also can be
seen in fig. 5 that at very low subcooling
(inlet temperature of 70 °C), DNB doesn't
occur.

Fig. 6 presents the CHF as function of the
inlet temperature for mass flow rate of 6220
kg/m2-s. The solid symbols denote the CHF
values for the mode of DNB and the open
symbols are for OFI. For the same flow rate,
four runs made with bypass valve closed.
These are shown in fig. 6 with value of CHF
of about 25% higher than for the conditions
with the bypass valve open (constant pressure
drop).

(a) (b)

Fig. 4: Wall temperature and flow rate tracers
of two typical experiments
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5. NOMENCLATURE
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Fig. 5: CHF vs. mass flow rate, for three
different inlet temperatures.
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Fig. 6: CF£F vs. inlet temperature for mass
flow rate of 6220 kg/m2-s.

4. CONCLUSIONS
The results obtained from the present study

are summarized as follows:
(l)The DNB phenomenon take place ,in case

of constant pressure drop along the heated
channel, when the inlet/outlet subcooling
is very large.

(2)The DNB phenomenon is almost constant
with the mass flow rate and is mach less
sensitive to the inlet temperature in
comparison with the OFI.

(3)The boundary conditions of constant
pressure drop in the test section (open
bypass) reduced the CHF in
about a 25 % in comparison to the case of
no bypass.

- Electrical current.
- Water flow rate.

- Wall temperature.

-Slope of internal pressure drop vs.

mass velocity.

—— -Slope of external pressure drop vs.
\ vb Jot

mass velocity.
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Nuclear Research Center Negev, P.O.B 9001, Beer-Sheva, Israel

1. Introduction
During routine contamination checks we encountered an abnormal high level of Alpha and
Beta emitting radioisotopes on working gloves of employees of the gardening department.
It came out that the source was due to "contamination" levels on steering wheels of some
gardening machines. In order to ensure that no real contamination of these workers was
involved , a series of checks was started to identify the source of the abnormal levels found
during monitoring.

2. Measurements
The issue began by detecting abnormal "contamination" levels on gloves of the gardening
department workers during routine monitoring. A process of checks was started to identify
the problem and find a remedy, if needed :

- The gloves were numbered to facilitate the follow-up and to enable linkage to tests
performed on the steering wheels.

- At the beginning and end of each day the gloves and working tools which were used,
were monitored for Alpha and Beta emitting radionuclides using "RAMMl>

monitors.
- The working areas , including storage rooms, offices, etc. were monitored as well as

stored tools, fertilizer packages, and other items.
- Gamma spectrometry was performed on gloves, steering wheels and fertilizer

samples.

Following is a summary of the results of the various measurements:
• In all rooms and working areas no contamination levels over the limits of detection of

the monitoring detectors were found.
• Fertilizer samples contained various concentrations of naIU , 232Th, 40K, within the

limits of natural occurring concentrations.
• a monitoring of gloves and steering wheels indicated different levels of

"contamination" which varied according to the time of the day. No significant levels
were detected on other garden appliances.

• Spectrometry results of gloves and steering wheels indicated the presence of Radon
daughters. The results varied according to the time of the day.

The monitoring results in the morning and in the afternoon obtained with the a - surface
contamination monitor during a follow-up of 5 days are given in table 1. It can be seen that all
measurements gave background values in the morning hours. The values obtained in the
afternoon for the steering wheels and gloves were approximately similar during the check
period, with somewhat lower values for the gloves.

(1) - Rotem Industries Ltd., P.O.B. 9046 , Beer Sheva , Israel
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Table 1. a monitoring results of steering wheels and gloves (cpm).

Day

1

2

3

4

5

Time

Morning
Afternoon
Morning
Afternoon
Morning
Afternoon
Morning
Afternoon
Morning
Afternoon

Tractor
Steering

wheel
bkg.
800
bkg.
400
bkg.
800
bkg.
800
bkg.
600

Gloves

bk.g.

600
bkg.
400
bkg.
600
bkg.
800
bkg.
400

Lawn mower 1
Steering

wheel
bks.
800
bkg.
400
bkg.
400
bkg.

*

bkg.
600

Gloves

bkg.
400
bkg.
200
bkg.
200
bkg.

-
bkg.
600

Lawn mower 2
Steering

wheel
bkg.
400
bkg.

-
bkg.
400
bkg.
400
bkg.

-

Gloves

bkg.
200
bkg.

-
bkg.
400
bkg.

-
bkg.

-
bk°
*

- background levels
- the steering wheel was disassembled and sent to y spectrometry check.

For comparison, a count rate of the a monitor of about 600 cpm corresponds to a Uranium
surface contamination of about 10'5 (iCi/cm2. This count rate is the same order of magnitude as
the upper limit of contamination for personal garments to Uranium.

We suspected that the "contamination" was most probably due to attracted radon daughters
on the plastic steering wheels, following static charge accumulation by rubbing the plastic
steering wheels by the gloves during the work in the morning. We simulated the process by
rubbing different items for several minutes by the same kind of gloves in a separate and
controlled experiment, and monitoring the accumulated activity as a function of time. The
results are given in fig 1.
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6 0 0 -

4 0 0 -

CL

d
2 0 0 -

0 -

—•— B: 'John-Deere' steering wheel
•» C: Gray PVC
* D: Black Polly-Propylene
• E: Glove (Leather)

12 13 14 15 16 17

Time Of The Day

Fig. 1 . Count rate variation during the day hours.
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The rubbing was performed at noon, and the monitoring began immediately, at fixed time
intervals. The gloves used for rubbing were monitored too. A buildup of activity on the plastic
items can be observed, with a maximum after about two hours and disappearing after several
hours. The readings are of the same order of magnitude as the readings observed for the
steering wheels and gloves at the gardening department. No "contamination" was observed
when rubbing a metal item.

The gamma spectrometry results of one of the steering wheels is given in fig. 2. The
assumption that the activity build-up is a natural process involving radon and its daughters is
validated by the results which indeed indicate only the presence of radon daughters.
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Fig. 2 . Gamma spectrometry results of the steering wheel.

3. Conclusions
• The "contamination" was due to the natural occurring Radon daughters. No other

contamination source was determined.
• The source of the gloves "contamination" is collection on the gloves of radon daughters

which were deposited on the steering wheels.
• The process seems to be due to the generated electrostatic charge when rubbing the

plastic steering wheels with the gloves during the working hours. Radon daughtersare
then attracted to the steering wheels.

• Using a simple cotton cover over the steering wheel eliminated the "contamination"
problem completely.
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INTERACTIVE COMPUTERIZED BASED TRAINING, IN

RADIATION PROTECTION AT NRC-NEGEV

Sberlo. E.. Krumbein, H., Ankri, D., Adoram, D. * , Ben-Shachar, B., Laichter, Y., Weizer, G.
NRC-Negev, P.O.B. 9001, Beer-Sheva, 84190, Israel.
* Centre for Educational Technology, P.O.B. 39513, Tel-Aviv, 61394, Israel.

1. INTRODUCTION.

According to the rules of safety at the working places in Israel (1), all radiation employees
in Israel should receive once a year a refreshing course in several areas of safety. At the
NRC-Negev there are two kinds of radiation employees: the "hot area" employees, who work in
an environment of radioactive materials or radiation machines and the "cold area" employees
(all the other employees in the NRC-Negev).

One of the main goals of the Department of Human Resources Development and Training at
the NRC-Negev was to organize safety refresher courses. All "hot area" employees received a
training program of two days in safety subjects, each year. The "cold area" employees received
the same course, each second year. The former training program included several lectures in
radiation protection, health physics, biological effects of ionizing radiation, etc., as well as some
lectures in industrial safety, first aid, fire fighting, emergency procedures, etc. The safety
refresher courses were given by frontal lectures. There were a lot of disadvantages in these
frontal lectures: The lecturers are employees of the NRCN who had to stop their routine work in
order to lecture; the lecturers had to carry out identical training for each course for a large group
of workers; there was a lack of testing methods or any other certification for the employees.

Recently, seven safety courseware were developed by the NRC-Negev and the CET (Centre
for Educational Technology), in order to perform these safety refresher courses. The courseware
are based on an interactive computerized training including tutorials and quiz. The tutorial is an
interactive course in each subject. The employee gets a simple and clear explanation (including
pictures). After each tutorial there is a quiz which includes 7 American style questions. The first
two courseware are for all the employees, the next 4 courseware for the "hot area" employees,
and the seventh for the "cold area" employees (the seventh is a short summary of the last 4).
Thus, the "hot area" employees have to perform 6 courseware (and 6 quiz) and the "cold area"
employees have 3.

In this paper we will present the methods used to develop and produce this radiation
protection courseware at the NRC-Negev.

2. THE METHOD OF COURSEWARE PREPARATION

The courseware were prepared by a collaboration between the division of safety in the



NRC-Negev responsible for the professional backup, and the Centre for Educational Technology
(CET) - to implement the computer software. The basic principles are:

A-l. The refreshing course is intended for all the spectrum of education (from scientists to
service employees), therefore the courseware have to be simple, but with high accuracy.

A-2. The trainee can pass several times the tutorial (or part of it); on the other side, if he is
familiar with the tutorial, he can pass only the quiz.

A-3. In almost each chapter of the tutorials there is a detailed knowledge (called "enlargement").
The trainee can study this part of the tutorial, if he is interested in h.

A-4. The verbal presentation is performed by a professional actor (Hanan Goldblat) - not by a
scientist.

A-5. All the animations, video films and photo stills are simple and understandable.
A-6. Each courseware has a "reservoir" of at least 20 American style questions, for the quiz,

which are covering all the subjects of the courseware.

The following steps were performed:
A. Assign the subject leaders (administrative organizer of the project, professional

coordinator, specialists for each courseware and computer experts from the CET).
B. Determine the frame of the project, prepare training program which include all the aspects

of radiation protection and health physics, needed for the refresher course.
C. Determine all the subjects in each courseware of nuclear safety and nuclear medicine.
D. The computer expert from the CET and his team are studying the theoretical subjects of

each courseware, and after consulting with the professional coordinator and the specialists,
they are deciding about the frame of the courseware.

E. The draft is distributed to several specialists for evaluation before deciding about the final
scenario.

F. The preparation of the final scenario (including the text of the courseware, animation,
pictures, video film, etc.): was performed by the computer expert from the CET together
with the professional coordinator and the specialists. It took an average of six iterations
between the two authorities to reach the final version.

G. In the next step, the following three teams are working in parallel:
- the team of verbal presentation
- the team of animation
- the video film and photographer team with genuine actors from the NRC-Negev.
H. The professional coordinator has to approve the verbal presentation, animation and all the

pictures and the video films. Correction will be performed, if needed.
I. Integration of all the parts of the courseware is done, including the questions and the

answers of the quiz approved by the professional coordinator.
J. The courseware is finished and has to be approved by highest authority of training

programs in the NRC-Negev.

Each courseware includes the tutorial and the quiz. The quiz includes seven American style
questions chosen randomly (from the file of the questions). In order to pass the quiz it is required
to answer correctly at least 5 of the 7 questions (to have a minimum grade of 70%). The trainee is
introduced to the management program by his identity number and then directed to his refreshing
course (hot or cold area). The management program will keep a file of the grades of each quiz for
every trainer and will produced a certificate of passing the refreshing course. In case of fail (more
than 2 mistakes in one of the quiz), the management program enables the trainee to have the right
answers of every question in the quiz, and the instructor in the class will allow the trainer to have
one more quiz for the same courseware.
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All the seven courseware were prepared by the described steps and were approved. At the
beginning of November 1998, a running test was performed on some tenths of different types
employees by giving them the new refresher course and checking the feedback. In January 1999
the routine refreshing courses began.

In the next sections we present in detail two of the courseware in nuclear safety: the biological
effects of the ionizing radiation and nuclear safety for "cold area" employees.

3. THE BIOLOGICAL EFFECTS OF THE IONIZING RADIATION

This tutorial, named "the radiation and the human body", includes the following five chapters:

A. Introduction.
The ionizing radiation is useful in power plants, in medicine, industry, research,
etc., but it is dangerous for the human body.

B. The exposure policy.
The IAEA established the following three principles for exposure limitation: justification,
limited doses and ALARA. The dose of the employees obtained from external and internal
exposure is limited to as low as possible, much lower than the maximum permitted dose. The
occupational exposure is presented as well, for special cases: children, pregnant women, and
accidental exposure.

C. External and internal exposure.
The external exposure is due to any radioactive source outside the human body. There are
two kinds of external exposure: the penetrating dose and the non-penetrating dose (skin
dose). The internal exposure is due radioactive materials inside the human body.
Physical half life, biological half life and effective half life, are presented.

D. The human body.
The human body is composed of cells. The radiation can ionize the atoms of the cells and the
cell can be damaged. At low doses, the cell usually repairs the damage, but damage to the
DNA can cause an irreversible genetic alteration. If the mechanism of cell division is
damaged, cancer can occur.

E. The effects of radiation.

Radiation damage in the cells is induced by ionizing the molecules of the cells.
There are two kinds of radiation effects: the immediate and the delayed effect. The delayed
effect can appear after several years (e.g. damage in the DNA). The influence of low
radiation dose and high radiation dose on the human body is explained.

4. NUCLEAR SAFETY FOR "COLD AREA" EMPLOYEES

This tutorial, named "radiation protection for cold area" includes the following three
. chapters:

A. Sequence and control.
The main function of the control arrangements is to ensure reasonable safety rules for the

radiation workers, in order to perform their tasks with minimum risk to the environment.
The sequence and control is performed in three levels: for the workers, for the work

environment and for the environment of the NRC. The managers, as well as the workers
themselves, are responsible for the safety.
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Personal dosimetry includes the routine measurement of the external and the internal
exposure of all the employees. The external exposure is measured routinely by the TLD badge;
sometimes the electronic dosimeter is used for the measure of beta rays and photons in the
range of 0-2 mGy. The internal dose is estimated by measuring radioactive isotopes in the
urine or by using the whole body counting.

In the environmental dosimetry, the dose is measured by background badges in different
places and other instruments.

B. Radiation protection.
The three important elements of radiation protection are: distance, shielding and time.
It is well known that the exposure of a radioactive source decreases with the square of the

distance in case of point source, or decreases proportionally with the increase of distance in
case of linear source. Thus, by increasing the distance, the exposure can be reduced
significantly.

Another method of reducing the exposure is by shielding the radioactive sources: the beta
sources are usually shielded by light materials as perspex and the gamma sources by massive
materials like concrete or lead.

The third element of reducing the exposure is the time, e.g. reducing (as much as
possible) the time of exposure to the radiation field.

C. The behavior rules in the working place.
There are some rules of behavior in working areas where radioactive sources or pollution

can be in the environment:

1. To wear personal badge (TLD badge), sometimes an electronic dosimeter is
needed, too.

2. To fit the cloth - overall and special working shoes for the radiation workers,
dressing gown and shoes cover for guests.

3. To keep the rules of entering and exiting from radiation area, especially to
check hands and feet with special counters.

4. Not to eat, drink or smoke in the radiation area.

5. DISCUSSION

A. The training program by courseware is more attractive than the one based on frontal
lectures.

B. Interactive learning would enable the employee to choose his own progress route.

C. Adaptive learning is adjusted to the employee's level and ability to advance at an
individual rate.

D. Possibility of corrective studies and quiz.

E. Certification and follow up.

6. REFERENCES

1. The safety regulations at working places in Israel (ionizing radiation) - 1992.
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Training for Radiation Protection in Interventional Radiology

G. Bartal, MD1, M. Sapoval, MD, PhD2, A. Ben-Shlomo, PhD3

'Director Department of Diagnostic and Interventional Radiology. Hillel Yaffe MC, Hadera
Affiliated with the Rappaport Faculty of Medicine, The Technion, Haifa, Israel

'Service de Radiologie Cardio-vasculaire, Hopital Broussais, Paris, France

Nuclear Research Center, Israel

Progress in radiological equipment has incorporated more powerful x-ray sources into the standard
Fluoroscopy and CT systems. Expanding use of interventional procedures carries extensive use of
fluoroscopy and CT which are both associated with excessive radiation exposure to the patient and
personnel. During cases of Intravenous CT Angiography (IVCTA) and direct IntraArterial CT Angiography
(IACTA), one may substitute a substantial number of diagnostic angiographies.
Basic training in interventional radiology hardly includes some of the fundamentals of radiation protection.

Radiation Protection in Interventional Radiology (RPIR) must be implemented in daily practice and become
an integral part of procedure planning strategy in each and every case. Interventional radiologists must
master all modern imaging modalities in order to choose the most effective, but least hazardous one. In
addition, one must be able to use various imaging techniques (Ruoroscopy, CTA, MRA and US) as a
stand-alone method, as well as combine two techniques or more.
Training programs for fellows: PC-based simulation of procedures and radiation protection. Special
attention should be taken in the training institutions and a basic training in radiation protection is
advised before the trainee is involved in the practical work.
Amendment of techniques for balloon and stent deployment with minimal use of fluoroscopy.
Attention to the differences between radiation protection in cardiovascular and nonvascular radiology
with special measures that must be taken for each one of them (i.e., peripheral angiography vs.
stenting, Endoluminal Aortic Stent Graft, or nonvascular procedures such as biliary or endourological
stenting or biliary intervention).
A special emphasis should be put on the training techniques of Interventional Radiologists, both
beginners and experienced.
Patient dose monitoring by maintaining records of fluoroscopic time is better with non-resettable timer,
but is optional. Use of automated systems that record Dose-Area Product (DAP) or total skin dose are
more reliable. Any new fluoroscopy equipment should integrate a DAP-meter with PC-based automatic
recording of procedural dose per radiologist and cumulative dose par patient. A person in charge of
radiation protection will review on the monthly basis readings of DAP-meter for each radiologist and
take measures if excessive exposures have been used.
Basic principles of radiation protection in Interventional CT will be presented.
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THE RADIOTHERAPY DOSIMETRY AUDIT SYSTEM IN THE UK

D I Thwaites
Department of Oncology Physics, Clinical Oncology, University of Edinburgh,
Western General Hospital, Edinburgh EH4 2XU, Scotland, UK.

Two national radiotherapy dosimetry intercomparisons have been carried out in the UK,
involving all radiotherapy institutes. The first (Thwaites et al, 1992, Phys. Med. Biol. 37, 445)
was concerned with megavoltage photon beams and looked at beam calibration and simple
three-field planned distributions in a geometric phantom. The intercomparisons were carried
out by an independent intercomparison physicist visiting each department in turn and making
measurements with ion chambers, following a fixed protocol. The beam calibration
intercomparison was carried out on every ^Co beam and every MV x-ray beam, whilst the
planned comparisons were carried out on one beam only. The plans included effects of
wedges, oblique incidence and inhomogeneities. The study was unfunded and took a
significant time (1988-1991) to cover the 65 or so centres. It was followed up by a national
electron dosimetry intercomparison (Nisbet and Thwaites, 1996, Phys. Med. Biol. 42, 2393)
which was funded (Department of Health) and which ran from 1994-1996. This audited three
electron beam energies in each centre (depth dose, beam energy, dose calibration) and also
included a follow-up of the original photon beam intercomparison. In general these studies
showed good consistency of dosimetry across the UK centres, with mean (measured/locally
stated) doses being close to unity and standard deviations of the distributions of values being
approx. 1.5 and 1% for photons, 1.8% for electrons for beam calibration and 2.5-3.5% for the
planned multi-beam situations. 97-100% of measurements were within the pre-set 3%
tolerance for beam calibration and around 90% of the measurements within a pre-set 5%
tolerance for planned situations. The studies did highlight some areas where increased on QA
could provide benefits. In particular the photon intercomparison discovered one ^Co unit
miscalibration which led to national recommendations for the implementation of Quality
Systems in radiotherapy departments.

In order to ensure that audit continued after the intercomparisons, one or two regions began
to develop on-going audit exercises in around 1993. These were then merged into a national
audit network to provide a flexible and relatively low-cost system which can evolve with time.
The network comprises eight groups of approx. 8 centres each, in whiuch each centre
participates in audit by peer professionals. The IPEM coordinates this and reviews results and
recommends the minimum audit content. This minimum includes annual visits, checking beam
calibration on at least one unit and using similar multi-beam testing methods as used in the
national intercomparison. In practice a number of groups have developed their systems well
beyond this and these developments are being used as pilot testing to then be disseminated out
into all groups to develop the whole system.
The Scottish+ group, organised from Edinburgh and begun in 1993, carries out annual audits,
but with a hierarchical of tests at different levels of the dosimetry chain, over roughly a
five-year cycle. Thus once every five-years or so basic audits are carried out including
geometrical and mechanical performance of treatment units, chamber and beam calibration,
beam quality and other single field parameters, etc. On subsequent years so far different
'treatment techniques and sites' have been audited using a semi-anatomical phantom, eg
breast, thorax, a number of head-and-neck sites, etc, wherethe centre is asked to plan as they
would for a patient and the delivered doses are measured and compared to expected. As well
as one of these sites/plans, beam calibration audits have been carried out, plus some other are
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of radiotherapy dosimetry has been audited, eg. electron dosimetry, kV dosimetry, and
currently brachytherapy source specification statements and planning. The next planned round
is to audit MLC dosimetry. At each visit some 'procedural audit' is carried out, linked to the
practical audit being done. In this the auditor would look at appropriate procedures,
doscumentation and data and also at QC methods, frequencies, tolerances and records. The
system is developing over time to include more areas and more complex factors, rather than
simply re-audit basic parameters on a repeated basis. The audit system can be called upon by
any centre in the group to provide an independent check on methods and doses when new
equipment is installed, or when major changes in practice are implemented. In addition it can
be used in the event that more complex audit finds a problem which the local department can
not resolve. Therefore the basic checks can be used at appropriate times as necessary.

This interdepartmental radiotherapy dosimetry audit is now well-established in the UK within a
co-operative group network which includes all centres. The underlying objective is to provide
regular independent audit of clinical dosimetry in a cost-effective way and to monitor and
improve quality. National (IPEM) co-ordination ensures consistent standards across the
groups and encouragement of the development of the system.
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ESTABLISHMENT OF AN EXTERNAL AUDIT GROUP
FOR RADIOTHERAPY IN ISRAEL

Morris Tatcher, Consultant, Soreq Nuclear Research Center, Yavneh, Israel
Menachem Margaliot, Soreq Nuclear Research Center, Yavneh, Israel

Sergio Faermann, Soroka Medical Center, Beer-Sheva, Israel

A national external audit group (EAG) was set up in Israel in 1997 in the framework of the
IAEA QA network for radiotherapy dosimetry. The members of the group were drawn from
the Israeli SSDL, the Soreq Nuclear Research Center and the Soroka Medical Center. When
fully operational, the EAG will serve 8 hospitals in which 15 linear accelerators and 4 cobalt
units are installed. The distribution of radiotherapy machines in Israel at the present time is
shown in Table 1.

Before commencement of the project, there had been little working experience with TLD
powder at the Soreq TLD laboratory, which normally works with chips. A batch of TLD 700
powder was ordered and techniques for handling and reading out capsules of the powder were
established for the Harshaw TLD-4000 reader. Preliminary measurements of TLD response
were made using the Soreq Cs-137 irradiator. Loaded capsules were exposed to doses from 50
cGy to 300 cGy. Good linearity and reproducibility were observed over this dose range.

Trial calibrations were then done at a hospital-based Co-60 unit, at a depth of 5 cm in water,
with simultaneous measurements of dose by means of a calibrated Fanner dosemeter. Once
some technical problems were overcome, satisfactory readouts were obtained. The results of a
typical cobalt run are shown in Table 2.

The calibration of the system was checked by sending a set of TLD capsules to the IAEA for
control irradiation at their cobalt facility. The readouts of the returned capsules obtained at the
Soreq laboratory are shown in Table 3. The average deviations between the Soreq and the
IAEA values are less than 2%.

In November 1998, the first TLD dose audit was performed for the four Co-60 treatment
machines in the country. The TLD capsules were mailed to the hospital physicists, who
irradiated them in a water phantom at 5 cm depth and returned them by mail. Upon readout,
the average deviation found between stated and measured doses was less than 1.5% (Table 4).

These results may be compared with recent postal TLD audits performed in the European
radiotherapy dosimetry program (EQUAL-ESTRO) for a range of photon beams in Israeli
hospitals (Reported anonymously in Table 5). Most of the beams are in the smallest deviation
category (less than 3%). However, larger deviations were observed in some cases.

The results of our experiments and the good agreement with the IAEA control irradiations
indicate that a viable methodology for national TLD radiotherapy dose audits has been
achieved. Implementation of an ongoing program of measurements should play an important
role in improving and maintaining the accuracy of radiotherapy dosimetry in Israel.

Readout procedures are being refined and the first TLD run for 6 MV x-rays is in progress.
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Table 1. Megavottage radiotherapy machine inventory - Israel, June 1999

Institution
Assuta
Beilinson
Beilinson
Beilinson
Hadassah
Hadassah
Hadassah
Hadassah
Ichilov
Ichilov
Italian Hospital
Rambam
Rambam
Rambam
Sheba
Sheba
Sheba
Soroka
Soroka

Location
Tel-Aviv
Petah Tikvah
Petah Tikvah
Petah Tikvah
Jerusalem
Jerusalem
Jerusalem
Jerusalem
Tel-Aviv
Tel-Aviv
Haifa
Haifa
Haifa
Haifa
Tel-Hashomer
Tel-Hashomer
Tel-Hashomer
Beer-Sheba
Beer-Sheba

Machine
AEC Theratron 780
Varian Clinac 600 C(1)
Varian Clinac 600 C (2)
Varian Clinac 1800
Varian Clinac 1800
Varian Clinac 600 C
Varian Clinac 2300C
Varian Clinac 6X
Philips SL 75/14
ATCC9
AEC Theratron 780
Varian Clinac 1800
Varian Clinac 6/100
Varian Clinac 600 C
Varian Clinac 600 C
Varian Clinac 2100C
AEC Theratron 780
Varian Clinac 18
Varian Clinac 600 C

Beam(s)
Cobalt

6X
6X

6X, 18X; 20E
6X, 18X; 16E

6X
6X, 18X;20E

6X
8X; 14 E
Cobalt
Cobalt

6X, 18X; 20E
6X
6X
6X

6X, 15X; 18E
Cobalt

10X; 18E
6X

(X = x-ray beam; E = electron beam)

Table 2. Cobalt calibration run

Capsule No.

1
2
3
4
5
6

average

Dose (cGy)

background
51.3
51.3
103.2
103.2
200.8

TLD 4000
reading (nC)

54
4080
4360
8290
8027
16350

TLD 700 powder
calibration factor

nC/(mg*cGy)
-

1.618
1.620
1.590
1.630
1.633

1.618+0.015
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Table 3. IAEA cobalt control irradiation, 1998

IAEA dose (cGy)
125

155

187

211

Capsule No.
1

2

3

average
1

2

3

average
1

2

3

average
1

2

3

average

Measured dose (cGy)
126

127

124

125.7+1.5
153

152

152
152.3+0.6

190

184

185

186.3+3.2
208

209

212

209.7+2.1

Deviation (%)
0.8

1.6

-0.8
0.6

-1.3
-1.9
-1.9
-1.8
1.6

-1.6
-1.1
-0.4

-1.4
-0.9
0.5

-0.6

Table 4. TLD postal audit of cobalt machine output
First run, November 1998

Hospital

A

B

C

D

Capsule
No.

1

2

3

average
1

2

3

average
1

2

3

average
1

2

3

average

Reported
dose (cGy)

200

200

200

200

200

200

200

200

200

200

200

200

198.8
198.8
198.8
198.8

Measured
dose (cGy)

197.2
195.7
198.0
197+1
201.2
202.3
200.9

201.5+0.6
197.8
196.6
198.1

197.5+0.6
197.3
196.5
199.4

197.3+1.2

Deviation
(%)
-1.4
-2.2
-1.0
-1.4
0.6

1.2

0.4

0.7

-1.1
-1.7
-0.9
-0.9
-0.8
-1.1
0.3

0.8
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Table 5. Audits of Israeli radiotherapy centers by EQUAL - ESTRO

Measurements of 14 beams (Cobalt, 6 MV and 18 MV) from 6 departments

Distribution by deviation levels

Dosimetric data

Reference Beam Output
Percentage Depth Dose
Beam Output Variation

Open Beams
Wedged Beams

Wedge Transmission Factor

Deviation levels

<±3%

12
12

8
8
8

>+3% and
<+5%

2
1

5
1
3

>+5% and
<+10%

-
-

-
1
-

> ±10%

-
-

-
-
-

beams not
evaluated

-
1

1
4
3
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A STUDY OF THE SURFACE DOSE AND THE BUILD-UP REGION FOR
PHOTON BEAMS OF 6 AND 10 MV LINEAR ACCELERATORS

Sergio Faermann and N.Qashua - The Soroka University Medical Center, Institute of
Oncology, P.O.Box 151, Beer-Sheva 84101, Israel

Although the skin sparing effect represents one of the major advantages of the use of
megavoltage photon beams, it's well known that the dose to the skin can be
significant, depending on the clinical set-up. A great portion of this dose comes from
contaminant electrons arising from the head of the machine (collimator and beam
modifying devices). Knowledge of the skin dose and the build-up region is important
for treatments close to the skin, for different clinical set-ups and for checking the
predictions of the different treatment planning systems. High skin doses can cause
desquamation, erythema, fibrosis, necrosis and epilation.
Because skin doses and the build-up region can change significantly with different
accessories in the path of the beam (like block trays (BT), wedge filters (WF),
multileaf collimators (MLC)), even for 2 similar linear accelerators, it was decided to
start a systematic study of the skin dose and build-up region for 6 MV and 10 MV
linear accelerators under different clinical set-ups. Many authors had recently
reinvestigated the problem of skin dose contamination l'2.
The dosimetry study was performed using a Markus parallel plate ion chamber Model
NE 2534, coupled to a Keithley electrometer model 35614; polystyrene plates of
different equivalent water thickness (Nucl. Assoc.) were used. Due to its relative large
plate separation (2mm) compared with the ideal extrapolation chamber, overresponse
corrections for the surface readings of the Markus chambers were done by the use of
Mellemberg's correction factors3. Two linear accelerators (Varian Clinac 18 and
Clinac 600C) with 10 and 6 MV photon beams, respectively, were investigated.. All
the readings were taken with the normal negative bias polarity (less than 1 %
difference between positive and negative polarity). The build-up curves, normalized
to the build-up maximum and extended till 7.5 cm depth, were measured as function
of the field size (FS)( without and with block tray, without and with physical wedge
filters), for SAD=100 cm.
A comparison of measured surface doses for 6 and 10 MV photon beams, as function
of field size, without block tray, is shown in Figure 1. The surface dose for the higher
energy (10 MV) is lower than for the 6MV accelerator, as expected, except for FS
greater than 20x20 cm2, where the trend seems to reverse. By inserting the block tray,
the surface dose significantly increases. For example, for an FS of 15x15 cm2, for
6MV, it increases from 16.8% to 21.8%(almost 30%), and for 10 MV, it goes from
16% to 20%(25% increase). The depth of maximum dose didn't change significantly
for 6 and 10 MV, with block tray, till an FS of 20x20cm2.
The influence of the physical wedges is shown in Figure 2. for a wedge angle of 45°.
The surface dose decreases significantly with the insertion of physical wedges. When
using both block trays and wedges, the surface dose can increase by as much as 50%,
as compared to wedges alone.
The evaluation of the skin doses when using MLC's and Enhanced Dynamic Wedges
(EDW) is our next step, and complementary dosimetry with TLD's and more refined
dosimetry with extrapolation ion chambers and building a semi-empirical model to
calculate the surface doses for the different clinical situations, are being planned.
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SETTING-UP OF A FILM DOSIMETRY SYSTEM FOR HIGH ENERGY
ELECTRON BEAMS AND DEVELOPMENT OF COMPUTER PROGRAMS FOR
DATA PROCESSING.

N.Schwob. M.Schwob, E.Loewenthal °. Sharet Institute of Oncology - Radiotherapy
Unit, Hadassah University Hospital, POB 1200, Jerusalem 91120, Israel.

Introduction:
Film dosimetry has the advantage over other dosimetry methods, of having a high
spatial resolution and a fast two dimensional data acquisition. We have set up a
system using a film digitizer with its associated software, dedicated to radiosurgery
and we have developed data processing programs in Visual Basic for Excel. Data
acquisition is not limited to water equivalent media: correction factors can be
provided in the data processing procedure.

Methods & computer programs:
We did dose measurements for electron beams of a Varian CL-1800 linear accelerator,
with ready pack X-Omat-V verification films (Kodak). The films were set in a
polystyrene phantom.
Digitizer and computers connections: We wrote a script file on TELNET in order to
get the file of the digitized image from the digitizer computer, using FTP, in a first
step and in a second step to translate it from binary format to text format, using an
other program also written by us. This text file can then be transfered to the PC.
(Figure no-1).
System Calibration program: This procedure draws the Sensitometric Curve (S.C)
using films irradiated with different Monitor Units (M.U) settings and looks for the
linear region of the curve. Since most film dosimetry applications are relative
measurements, there is no need for absolute calibration and we use Optical Density as
function of M.U. instead of dose. This makes clinical film dosimetry simpler. Our
results with 9 MeV & 16 MeV electron beams show the energy independence of the
S.C and of the linear domain, as described in literature. (Figure no-2)
Percent Depth Dose (PDD) calculation program: This procedure generates a table of
values and a graph of the PDD in water. The data is acquired by setting the film
parallel to the beam axis in the polystyrene phantom. The data processing includes the
required corrections for non water equivalent medium. Our results are close to data
measured with diodes in water within 2-3 % or 1 mm. (Figure no-3)
Relative measurements program: This procedure compares the dose to one or more
films in a particular set-up to a reference field. Possible applications: Field Size
Dependence, Inverse Square Law Ratio. We have got good results, showing
differences of less than 6 % for 9 MeV electrons and less than 3% for 16 MeV,
compared with data measured using an ion chamber.

Conclusion: By setting up and developing this film dosimetry system we enabled
data acquisition that was not possible by point to point standard measurements. Our
results prove the system feasibility and its good accuracy. Further efforts should be
made to permit profiles and isodoses measurements and extension of the method to
photon beams and brachytherapy sources.

0 Deceased.

69



Figure No. J

Sensitometric Curves for 9 MeV & 16 MeV
Electrons.

0.6

0.5 -f

£ 0.4

"5 0.3 •'-
o

. Equation of the L.R for 9 MeV
y = 0.0028X + 0.03O4

R* = 0.9991

• Equation of the L.R. for 16 MeV I
• y = 0.0029X + 0.02 I
! R2 = 0.9967 I

N.O.D 9MeV
• Linear Domain 9MeV

—s—N.O.D16MeV
x Linear Domain 16MeV

Linear Regression 9 MeV
• - - • Linear Regression 16 MeV

100 150

Monitor Units

200

PDD-curves for 9 MeV electrons:

•o
0.

Diode & Film data.
~i

..... i... _..
Diode & Water Data

PDD from Film after
processing
Out of Linear Domain
Data
PDD Before processing

5 10 15 20 25 30 35 40 45 50 55 60 65 70
Depth (mm)

Figure No.3

70



IL0006716

LYMPHOSCINTIGRAPHY-LYMPH NODE IMAGING AND DETECTION

Moshe M. Mclloul Department of Nuclear Medicine ,Rabln Medical center ,GoIda campus, Sacklcr
medical school Tel-Aviv university, Tel-Aviv, Israel.

SUMMARY

Lyinphoscintigraphy is a well known study first described by Kinmonth in 1952 [1],

Almost avery lymphatic region was demonstrated over the years.

The study did not gained enough popularity and was performed in few medical centers.

Lymphoscintigraphy is a routine study in our department for over 20 years.

The main indications for the study in our department were for tumor staging , evaluation of

Drainage ptitlems mainly in cutaneous melanoma and for the evaluation of patients v,iih

Limbs lymphocdema.

The study regained popularity in recent years with the concept of the sentinel lymph node and

The possibility for infra-operative detection of lymph nodes by gamma probes.

In the lasi year we have used this technique in 54 palienis,32 patients with breast cancer

20 patients with cutaneous melanoma, and two patients with Merckel's tumor.

The sentinel node's were identified in 50 patients (92.G%), The sentinel nodes were positive in 16

patients (29.6%), negative in 38 patients (70.4%).

lo 6 patients mctastascs were found in more than one node, no slap metastoses were found.

This new technique of sentinel node detection was found to be highly accurate with a good

Correlation to the pathological findings.

In our medical center this technique become a pan of the routine surgical management in selected

patients with increasing interest in various other pathologies.

For correspondence contact: Moshc M Mclloul MD, Department of nuclear medicine, Rabin medical
center. Golda campus K.K.T.. St. 7 Pciah Tikva Israel. Plume #:972 3 9372475 Fax #; 972 3 9372001

E-mail: mmellou'wibm.net
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CARTOGAM: A PORTABLE SYSTEM FOR GAMMA CARTOGRAPHY

C. LEVCQUE; O. GAL", Martial HUVER'
'EURISYS MESURES - 4 avenue ties Frenes - 78067 St QUENTIN YVELINES CEDEX - FRANCE
" CEA SACLA Y - 91191 GIF-SUR-YVETTE CEDEX

Abstract: The CARTOGAM system has been specially designed for measurements and control of gamma rays during
dismantling and/or maintenance of nuclear sites.
It performs real time and accurate diagnosis on localisation of radionuclides, thus reducing time of radiation exposure for
personnel in accordance with ALARA principles.

CARTOGAM main technical characteristics:

0 Perfect superimposition of both visible and gamma
images (no parallax error)

O Energy range: < 60 keV to 1.3 MeV

• Sensitivity @ 660 keV: 0.4 uGy in 600 seconds
for a point source

• Field width: 30° or 50°

• Spacial resolution: From 1° to 2.5°

• Weight of the head: 16 kg.

microchanne! plate
cholccalhode / phospnor

CAKTOCAM basic configuration

scinlillator imensifief

Other characteristics:

• Portable and easy-to-use system

Remote control and command up to 250 m

Real time acquisition and display of images

Ergonomic and smart man-machine interface

Decontaminable detection head

Detection head capability to be operated within
hot cells

Compatible with telemanipulators

Optional interface with a 3D cartography system
or a gamma hand-held spectroscopy system.

Applications:

CAKTOGAM operating within a contaminated site

Source localization in waste removal activities

Monitoring of decontamination activities

Remote survey of radiological conditions

Evaluation of shielding?

Intervention during outage of nuclear
power reactors

Weapon control

Cost effective sorting of nuclear wastes

Reduced exposure with improved job planning
(according to the ALARA principle). Superimposiiion oj visible (B&W) and gamma (color) images
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RAM R-200 - A PORTABLE RUGGEDIZED RADIATION MONITORING SYSTEM

U. Wengrowicz (U>, T. Mazor (1), H. Assido (1), Y. Kadmon ( l ) , D. Tirosh (1) and G. Shani (2 )

(1) Nuclear Research Center-Negev, P.O.Box. 9001, Beer Sheva 84190, Israel
(2) Ben-Gurion University of the Negev, P.O.Box. 653, Beer Sheva 84105, Israel

Abstract

RAM R-200, a new generation of ruggedized portable radiation-monitoring systems, is
presented. The system which is a result of interdisciplinary research, was developed at the
NRCN in collaboration with Ben-Gurion University. It consists of RAM R-200 - a portable
radiation meter, and a variety of external probes for wide range gamma radiation fields and
beta-gamma contamination detection and measurement. The meter or each one of the external
probes can be used as a portable system or a stand-alone radiation measurement station. All
the system's components were specially designed to meet severe environmental conditions.

RAM R-200 Meter Description

The RAM R-200 is a portable gamma meter designed for measuring wide range gamma
radiation fields. It is lightweight (approx. 500 g.), in small dimensions (80 x 35 x 130 mm),
with emphasis on ease of operation and ergonomic structure.

The RAM R-200 meter contains an internal detector for gamma fields measurements which
covers a wide dynamic range of 0.1 p.Sv fcf' to 1 Sv rf'. The meter includes two energy
compensated GM tubes, high-voltage regulated power supply1'1, signal processing electronics
and embedded microprocessor circuitry with dedicated software for data processing and
display. A microprocessor-controlled auto ranging switch determines the appropriate GM tube
to be used according to the dose rate. Additional functions include accumulated dose
measurement, malfunction detection and appropriate alarm, auto recognition of external
probes and three serial RS-232 communications channels. The RAM R-200 supports the
logging of dose-rate measurements into its internal battery backed-up memory. The logged
data includes location (provided by an external GPS or a Bar-Code reader) and acquisition
time.

The sophisticated software enables smooth analog and digital display and fast response when
abrupt changes in the dose rate measurements occurs. The meter readout is displayed on a
large easy to read custom designed Liquid Crystal Display.

The RAM R-200 meter concurrently measures and analyzes radiation fields from both internal
and external probes. This feature enables dose-accumulated and dose-rate alarms from the
internal detector, also while the instrument measurements are performed with an external
probe, thus improving the operator's safety.

A dedicated integrated circuitry was designed and implemented in order to achieve very low
power consumption, yielding prolonged system operability, over 100 hours, using a standard
9V Alkaline battery. The RAM R-200 probes can be operated using the RAM R-200 meter or
by direct connection to a PC computer via the serial port. Testability and calibration of the
meter and the external probes are performed directly from a PC computer. This concept for
testability significantly simplifies maintenance and operation.
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External Probes

The RAM R-200 system includes three external probes: RG-40 for high range gamma field
covering a dose rate range of 1 mSv h""' to 100 Sv h " ' , RG-12 and RG-10 end-window GM
probes for beta/gamma contamination detection and measurement. Similar to the meter, these
probes are designed to withstand vibrations, shocks and extreme temperature conditions.

All RAM R-200 external probes include an internal microcontroller circuitry, self regulated
power supply for the internal electronics, high voltage power supply and GM output signal
processing electronics. The external probe microcontroller performs data processing, enables
RS-232 serial communication and executes a continual built in test for detection of
malfunction conditions to increase reliability and easy maintenance.

After connecting the external probes to the meter, the latter performs automatic probe
identification. No further calibration or operator's action is required.

System Tests

The RAM R-200 meter and the RG-40 probe were tested over a wide range of gamma fields.
The intrinsic error of the whole effective measurement range was less than ±10%. The results
meet international standard IEC1017-1 and ANSI N42 dose rate linearity response
requirements for gamma radiation ratemeters. Energy and angular response are being tested.

Figures 1 and 2 show the RAM R-200 meter's internal detector measurement accuracy, from
1 |iSv to 1 Sv/h. Adequate dose rate response from 1 |iSv to 10 mSv/h was obtained with the
low range GM tube[2]. The high range GM tubeI2] test also shows adequate dose rate response
from 500 nSv/h to 1 Sv/h. The meter's software enables a wide range of gamma radiation
measurements from dose rate near background to 1 Sv/h, by selecting the appropriate GM
without operator intervention. Dead time and calibration corrections are performed
continuously by the meter's or external probes' microcontroller.
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Figure 1: RAM R-200 Meter - Low Range GM Dose Rate Linearity
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The RG-40 dose rate linearity response was tested over a large range of gamma fields, from
1 mSv/h to more than 100 Sv/h. This probe operates in a similar way to the RAM R-200
meter by using two GM tubes. The lower range GM^3' measures from 1 mSv/h to 10 Sv/h. The
higher range GM tube'3' measures from 10 mSv/h to a dose rate higher than 100 Sv/h. GM
selection switching is performed by the RG-40 microcontroller according to the probe
software.
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Figure 4: RG-40 Probe - High Range GM Dose Rate Linearity

Conclusion

The RAM R-200 is a reliable, easy to use detection and measurement system for gamma dose
rate and beta-gamma surface contamination. Special accessories were developed such as an
extended length telescopic rod which includes a fast connection housing for the meter and an
external probe. Using the telescopic rod enables reading of hard to reach areas or
measurement of high activity sources where a safety distance must be kept between the survey
points and the operator.

The rugged construction of all the RAM R-200 system components are specially designed to
meet severe environmental conditions. The system simplicity of operation and small
dimensions makes its ideal for medical applications, nuclear plants routine tests or stand alone
measurement stations.

Tests results and calibration curves are shown in figures 1 to 4. As one can see, the response is
linear over a wide range. Dead time effects are seen at dose rates higher than 100 mSv/h with
the internal probe, and higher than 10 Sv/h with the RG-40 probe.
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PIN DIODE DETECTOR FOR RADIATION FIELD MONITORING IN A
CURRENT MODE

A. Beck(1). U. Wengrowicz(1), Y. Kadmon(1), and D. Tirosh(l)

(1) Nuclear Research Center-Negev, P.O.Box 9001, Beer Sheva 84190, Israel
A. Osovizkv(2), E. Vulasky<2) and N. Tal(2)

(2)ROTEM Industries Ltd., P.O.Box 9046, Beer-Sheva 84190, Israel

1. Introduction

This paper presents calculations and tests made for a detector based on a bare PIN diode and a
PIN diode coupled to a plastic scintillator. These configurations have a variety of applications
in radiation field monitoring. For example, the Positron Emission Tomography (PET)
technology which becomes an established diagnostic imaging modality. FIour-18 is one of the
major isotopes being used by PET imaging. The PET method utilizes short half life p +

radioisotopes which, by annihilation, produce a pair of high energy photons (511 keV).
Fluoro-deoxyglucose (FDG) producers are required to meet federal regulations and licensing
requirements. Some of the regulations are related to the production in chemistry modules
regarding measuring the Start Of Synthesis (SOS) activity and verifying the process
repeatability. Locating a radiation detector based on PIN diode inside the chemistry modules
is suitable for this purpose. The dimensions of a PIN diode based detector can be small, with
expected linearity over several scale decades.

2. Approximated Calculation of Current Yield Vs. Radiation Field

In order to evaluate the expected current yield as a function of the radiation field, we avoided
time consuming Monte Carlo and instead, short cuts were applied, based on several
parameterizations and approximations. Following the steps bellow, calculation is made for a
lR/h field of 137Cs source with Ê  = 662 keV. The detector is composed of a PIN diode with a
thickness of 300 u,m and an area of lcm2, coupled to a cubic plastic scintillator with a volume
of lcm3, housed in an Aluminum case.

2.1 The gamma flux
The relation between the activity of a point-like source and the field at a distance of 1 meter is
approximated by:

A = F/(2 10'°E) (1)

Where A is the activity in dps, F is the field in R/h and E is the gamma energy in MeV. To
evaluate the flux N in units of [cm"2sec"1] this activity is further divided by 4TC1002 cm2. Using
the above relations we obtain N=8.2 105 [cm'2sec"'j.

2.2 The average energy of the recoiled electron
Based on Compton interaction, the average energy of the scattered electron, Tavg, is
approximated by half of its maximum energy, Tmm, given by:

Tavg « 1/2 Tmax = (hv) / (mo c2 + 2hv) = 238 keV (2)
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Where hv is the gamma energy in keV and moC2 is the electron mass in keV. We further
verify that this amount of energy will be fully deposited inside the silicon. To this end, we use
the following empirical expression'l].

d= 0.412 Tavs
[121 •00954Lnfrav6)1 p(Si) = 240um (3)

Where p(Si) is the silicon density. Indeed we found d to be less than the silicon depth,
therefore, Tavg is restricted to the silicon volume.

2.3 The interaction probability in Silicon
The direct interaction probability of gamma in the silicon, Psi, is calculated by:

P S i = l - e - ^ E ) d (4)

Where n(E) is the attenuation coefficient of gamma at 662 keV in silicon, and d is the silicon
depth. Using n(E)=0.18cm"' and d=300um we obtain PSi = 5.4 10'3.

2.4 Evaluation of the current from direct interaction
We will estimate the direct interaction of gamma in the silicon. This can be evaluated by the
following expression:

Idirec. = NAPsiTavge/s (5)

Here, N is the gamma flux calculated in eq. (1), A is the diode area, e is the electron charge
taken as 1.6 10'19 Coulon and s is the energy needed to generate electron-hole pair in silicon,
which is 3.6 eV. Ps, and Tavg were evaluated in eq. (4) and eq. (2) respectively. Substituting
these values in the eq. (5) we obtain Idirect = 47 pA /R/h .

2.5 Evaluation of the current based on Hamamatsu specifications
The efficiency quoted by Hamamatsu catalog'2' for the diode is £dio<fe= 9 10'7 Amp/lx. Given
the transformation coefficient from lx'1 to watts which is 5 10"6 [Watt cm"2 lx"1], the expected
current from the direct interaction is:

Idirect = Ediode N A PSi Tavg e /(5 10"6) = 31 pA/Ml (6)

This result is comparable to the current estimation in sec. 2.4 .

2.6 The contribution from the plastic scintillator
In the configuration where a plastic scintillator is attached to the diode, the scintillator
contribution to the total current is approximated by:

Iscin= N A PPI Tavg e En SR(X) (7)

Where N, A, Tavg and e were introduced in sec. 2.4 . The probability for interaction in the
plastic, Ppi, is given in sec. 2.3, using the product of the plastic attenuation coefficient with its
depth n(E)d = 0.1. The energy conversion efficiency of the plastic, Spi, is -0.04 and SR(V) is
the spectral diode response to the scintillator light which is -0.4 . Substituting these values in
eq. (7) we obtained Iscin= 50 pA /R/h.

2.7 Interactions in the aluminum case
Recoil electrons resulted from the Compton scattering in the aluminum case are detected with
high efficiency in the diode. To quantify it, we will calculate the effective depth in the
aluminum in which scattered electrons manage to escape towards the diode. This depth is
given in eq. (3) by replacing p(Si) with p(Al), we find d=200um. The probability for
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interaction in the aluminum, PAI, is given by eq. (4), while substituting the product of n(E) of
the aluminum with d which is calculated above, we get PAI=4 10"3. Finally, the probability PAI
replaces PSJ in eq. (5) to evaluate the contribution of the interactions in the aluminum case to
the current yield. We use also a factor of 0.5 as an estimate to the ratio forward/backward
scattering with respect to the diode. We obtain IcaSc= 35 pA/R/h.

2.8 Total current yield
The total current depends on the detector unit configuration. The detector unit was protected
in aluminum case against soft X-ray reflections. When using a diode coupled to a scintillator,
the aluminum case contribution is neglected due to the low energy conversion efficiency of
the scintillator. However, the aluminum case contribution must be taken into account while
evaluating the current yield of the bare diode. For the total current of the diode with the
plastic scintillator we obtain Itot=97 pA/R/h based on sec. 2.4 and 2.6, where according to sec.
2.5 and 2.6 we found Itot=81 pA /R/h.
For the bare diode we found Itot

=82 pA/R/h based on sec. 2.4 and 2.7, where according to sec.
2.4 and 2.7 we obtained I,ot=66 pA/R/h.

3. The Experimental Set-up

The experimental set-up includes the detector unit and its supported electronics. The detector
unit is composed of Hamamatsu PIN Diode S3590 and a plastic scintillator, with a
wavelength output of- 530nm. This unit is housed in an aluminum case. An electronic board,
based on an electrometer amplifier and v/f converter'3', is used to give an output voltage,
which is proportional to the diode current, see Figure 1

OFFSET & GAIN
CONTROL

PIN
DIODE

I

-SV, -25V
POWER SUPPLY

Figure 1 - Block diagram of the electronic board

4. Results

The first configuration to be tested is the PIN diode with the plastic scintillator in an
aluminum case. The results are summarized in Figure 2 which shows the measured current
yield vs. the field. A good linearity is obtained over a range of four decades. The lower
detection limit is below 0.1 R/h where the thermal noise becomes dominant. The last measured
point is 800R/h which is constrained by the calibration source.
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Figure 2 - Photo-diode response to radiation field

We then repeat the above measurement for the bare diode in the Aluminum case. The current
yield was consistently by 10% lower than in the first measurement with the plastic scintillator.
Another test was made in order to examine the detector stability in temperature. The detector
unit measured two fixed field strengths while we varied the temperature from 26°C to 46°C,
see Table 1. The detector current yield is reduced by 6.5% over a 20°C range.

1
2
3
4

Temperature
[°C]

26
37
45
46

Radiation Field
|"mR/hl

608
590
580
570

7550
7500
7320
7150

Table 1- Detector stability in temperature range of 26°C to 46°C

5. Summary

By removing the amplification factors of the electrometer we extract the net current in the
diode to be 40 pA/R/h for the diode with the plastic scintillator and 36 pA/R/h for the bare
diode. These results are comparable to the approximations given in sec. 2.8. Both
measurements, with and without the scintillator, show better agreement with the calculation
using also Hamamatsu specifications (sec. 2.5) than the prediction based on theory sole (sec.
2.4). Although the theoretical approximations are higher than the measurement, they manage
to predict properly the ratio between the currents with and without the scintillator.
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MONITORING SYSTEM FOR IMPROVING RADIATION SAFETY MANAGEMENT
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Abstract

Medi SMARTS (Medical Survey Mapping Automatic Radiation Tracing System), a gamma
radiation monitoring system, was installed in a nuclear medicine department. In this paper the
evaluation of the system's ability to improve radiation safety management is presented. The
system is based on a state of the art software that continuously collects on line radiation
measurements for display, analysis and logging. Radiation is measured by GM tubes; the
signal is transferred to a data processing unit and then via an RS-485 communication line to a
computer. The system automatically identifies the detector type and its calibration factor, thus
providing compatibility, maintainability and versatility when changing detectors.

Radiation levels are displayed on the nuclear medicine department map at six locations. The
system has been operating continuously for more than one year, documenting abnormal
events caused by routine operation or failure incidents. In cases where abnormal working
conditions were encountered, an alarm message was sent automatically to the supervisor via
his tele-pager.

An interesting issue observed during the system evaluation, was the inability to distinguish
between high radiation levels caused by proper routine operation and those caused by safety
failure incidents. The solution included examination of two parameters, radiation levels as
well as their duration period. A careful analysis of the historical data, applying the
appropriated combined parameters determined for each location, verified that such a system
can identify abnormal events, provide alarms to warn in case of incidents and improve
standard operating procedures.

System description

The Medi SMARTS system is based on three main components: Detector, Data Processing
Unit (DPU) - the meter, and computer software. The system, installed in the nuclear medicine
department, consists of six detectors placed in the following locations: Hot lab, injection
room, waiting room, gamma camera room, stress test room and PET camera room, as shown
in Figure 1. The system measures and collects radiation data continuously from all six
locations. High sensitive GM detectors or Pancake detectors continuously monitor the
radiation. Measurement results are transferred on-line, from the monitoring channel via an
RS-485 communication network to a PC work station for on-line display and documentation.

The daily dose of about 600 mCi (Tc-99m ) is prepared in the hot lab. The total dose is
divided into smaller personal doses of about 20 to 30mCi (see Table 1). The doses are then
transferred into the injection room and injected to patients. The patients are referred to the
waiting room before being taken to the gamma camera room for imaging. The patient's doses
for the PET camera are delivered by a pneumatic system, from the cyclotron area directly to
the PET room.
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Figure 1. Hadassah Ein Karem Nuclear Medicine Department

Table 1. Radioisotopes Characteristics

Isotope

Ga-67

Tc-99m
Tl-201
Xe-133
Se-75

1-131

Abundance
f%l
20
36
89
92
36
60
85
81

Half-life

3.3 days

6 hours
73 hours
5 hours

3.3 days

8 days

Dose typical
activity fmCi]

8

20-=-30
3

5-=- 15

5

Energy
[keV]

184
93
140

81
136
280
364

Results

The system has been running continuously documenting radiation levels. During the
department's routine operation, the radiation level exceeded background level in the following
cases: In the hot. lab, when the daily dose was taken from the generator into a shielded
working station and when a personal dose activity (syringe) was taken to measurement. In the
injection room during the injection time, until the patient was taken to the waiting room.
Although failure events can involve less activity than that of a syringe dose, the failure events
can be separated from routine operations by careful analysis of time histories in each
monitored area. Examples of these events and their surrounding time are shown in graphs 1 to
7. A summary of the abnormal events is given in Table 2.

Useful alarm levels could be set to identify most of the anomalies by differentiating between
long term and short term increases in radiation background, due to routine operations. Alarms
can be displayed on the meter, are used to warn personnel, and may be logged in a history file
for analyzing standard isotope handling procedures and for training personnel.

82



Table 2 Abnormal Events

Location
Hot lab

Hot lab

Hot lab

Hot lab

Injection
room

Waiting
room
Stress

test room

Start
26.9.97
0430

25..9 97
08:00

13 10.97
17:00

15 6 98
08:00

12 2 98
16 20
b 1 98
17 20
7 9 98
08 49

Stop
26 9.97
0900

25.9.97
12 00

14.10 97
12:00

15 6 98
11:50

12 2.98
17 10
6 1 98
17 25
7 9,98
10 35

Event Description
A new Tl source was supplied and left during the
nieht out of the lab, near the door.
A source was left out of the shielded container. Its
decay can be noticed while the high peaks
represent routine activity in the lab..
Abnormal background in the lab
A source was left out of its shielded container..
Contaminated saline was deposited in the regular
trash can...
Abnormal radiation level for about one hour A
syringe was left uncovered after injection.
An injected patient approached the secretary's
desk for about five minutes
Abnormal background, decay of the intensity can
be observed.

Graph #
1

3

4

5

6

7

MK, - o i
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Graph 1. Hot lab
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Graph 2. Hot lab

Dune I list Womrapll Reset I Bint IDT L»at4hiii]r»

4-0

i.fr

NOV13 97
D71725

In? f?WHBBJIWBS

Km/UK
03:1125

Graph 3. Hot lab
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Graph 4. Hot lab
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Discussion

Distinguishing between high radiation levels caused by department routine proper operation
and those caused by safety failure incidents was a main problem The solution employed
consisted of radiation levels examination as well as the duration period, see Table 3~ A careful
analysis of the historical data, applying the combined parameters, verified that such a system
could identify abnormal events, provide alarms to warn in case of incidents, and improve
standard operating procedures. Such a solution should decrease the number of false alarms
and increase the personnel attention to alarms

Table 3. Alarm thresholds for each one of the locations

Location

Waiting room
Stress test room
Hot lab

Injection room
Gamma camera room
PET camera room

Immediate
Alarm [mR/h!

0 5
4
10

0.3
7

Dela>
mR/h

0.2
0..8

1

03
0.1
1

Alarm
minutes

5
10
15

10
7

20

Background Radiation levels measured
at normal working conditions
0 - 0.2 mR/h
0-0 .1 mR/h
0 r- 0 2 mR/h with speaks of 1 mR/h for about
2 mm duration during production
0 - 0.2 mR/h
0-0 ,1 mR/h
0 - 0 1 mR/h with background of 0.2 mR/h
for about 3 hours duration camera calibration

Conclusion

The Medi SMARTS system proved itself to be a useful tool in hospital nuclear medicine
departments for monitoring radiation safety procedures, training personnel, provide historical
data for documentation and improving routine operations

The ability to filter and determine a fault condition from the general abnormal conditions by
using an event duration time limit, enables the department inspector to respond only to the
fault condition and to educate the personnel to respond to DPU alarm messages
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NEUTRON FLUX MONITORING SYSTEM

J. Nir, A. Gabovitch, A. Schvartz, Y. Kadmon, I. Magen, J. Ben-Shimol, I. Shvetz, T. Mazor and
D. Tirosh
Nuclear Research Center - Negev, P.O.Box 9001, Beer-Sheva 84190, Israel

Abstract
A new system for monitoring a nuclear reactor's power and its doubling time was developed. The
system utilizes neutron flux detectors placed at the vicinity of the reactor, and generates alarms
and emergency shutdown whenever the neutron flux is too high or changes are too rapid. In
addition, the system transfers information to the reactor power control system and to the data
loggers.
Using of modern precision electronics techniques assisted in reducing the number of
electromechanical parts, thus increasing the system reliability.

The system structure
The system includes eight independent measurement channels of three different types:

1. Alarm and Shutdown Channels - Four units are operated. Automatic reactor's shutdown
occurs whenever two or more units support the shutdown. Each unit uses a Boron lined
compensated ionization chamber detector. The unit contains a current amplifier with
automatic range-switching that enables measuring of ionization current in the range of 10'11 to
10"3A.

2. Power Control Channels - Two units are operated. The measured value is compared to a
setpoint value in order to generate an error signal. The Error signal from a selected unit is
used for the reactor's power control. The other unit votes for the reactor's shutdown. The same
detector and current amplifier as in the Alarm and Shutdown Channels are utilized, but ranges
are switched manually.

3. Low Level Channels - Two units are operated. Each unit uses a fission chamber detector. The
unit's input stage measures the pulse rate. These units are used while the reactor is in a very
low activity level.

Alarm and Shutdown Channel Structure
Each one of the units is housed in an independent rack and has a separate ac/dc power supply and
processing unit. The channel block diagram is shown in Figure 1.

Design Highlights

1. A modern Sigma-Delta Analog to Digital Converter1'1 is used. The converter has inherent
high resolution, excellent linearity, programmable gain, programmable filter and is self
calibrated.

2. The input amplifier contains relays for gain control. Relying on the Sigma-Delta Analog to
Digital converter properties, the number of relays used was reduced to two instead of six in
comparable designs.
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3. The instrument has isolated analog and relay outputs to avoid ground loops.

4. A Built-in-Test circuit measures supply voltages and different dynamic voltages in the unit. A
failure signal is generated whenever abnormal conditions are detected. The exact failure cause
appears on the LCD display.

5. Whenever a CPU failure occurs, the Watch-dog circuit activates an alarm signal.

6. Doubling time calculation. The doubling time is defined by:

Where:

Td - doubling time
/ - time
P - reactor's power
Po - reactor's power at t=0

Td is then derived to be:

(1) p=i

'dt log?

The log value is numerically calculated from the reading. The history of the last log values is
stored in memory. Every forty milliseconds the difference between present log value and a value
measured one second before is calculated and taken as derivative of log value.

Detector

A

Ionization

current

Gain control

Analog to
Digital

Converter

High voltage
power supply

Outputs

Figure 1. Block Diagram of the Alarm and Shutdown Channel
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Design considerations

Prevention of miss-alarms
The Neutron Flux Monitoring System main design consideration was to prevent any possibility
that the system should fail to activate an automatic shutdown when needed. A Failure Mode and
Effect Analysis (FMEA) has been performed and indicated that any failure in the system would
not prevent an automatic shutdown. A failure shall generate an alarm signal, and a combination
of two or more failures may cause a shutdown.

Failure mode
Power failure

Analog outputs failure

Processor failure

Local effect
Output relays are
de-energized
Built In Test circuit detects
failure.
Watch-dog circuit releases
output relays.

End effect
Channel vote for shutdown

Channel vote for shutdown

Channel vote for shutdown

Redundancy
Each of the eight measurement channels is independent from the other channels. Each channel
has its own detector, electronics, and may obtain the power supply from a different power source.

Reliability
Design efforts where made to minimize the use of components that are considered less reliable by
their nature. Digital calibration replaced most trimming potentiometers. Precision electronics
enabled us to minimize the number of relays. Only two gain-switch relays were used in the wide
range input amplifier instead of six relays in comparable designs.

Summary
The Neutron Flux Monitoring System has been developed. A prototype design was tested at the
NRCN's nuclear reactor and proved full functionality, high accuracy and reliability.

Reference

[1] W. Kester, J. Bryant, J. Buxton, High Resolution Signal Conditioning ADCs, Practical
Analog Design Techniques, Section 3, Analog Devices, 1995
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ULTRA THIN FUEL ELEMENTS IN NUCLEAR REACTORS

Y. Ronen and E. Shwageraus

Department of Nuclear Engineering
Ben-Gurion University, Beer-Sheva

There is a growing interest (1'8) in using 242mAm as a nuclear fuel. The advantages of
242mAm as a nuclear fuel derive from the fact that 242mAm has the highest thermal fission
cross section. The thermal capture cross section is relatively low and the number of
neutrons per thermal fission is high. These nuclear properties make it possible to obtain
nuclear criticality with ultra thin fuel elements. The possibility of having ultra thin fuel
elements enables the use of these fission products directly, without the necessity of
converting their energy to heat, as is done in conventional reactors. There are three
options of using such highly energetic and highly ionized fission products:

a. Using the fission products themselves for ionic propulsion.
b. Using the fission products in an MHD generator, in order to obtain electricity

directly.
c. Using the fission products to heat a gas up to a high temperature for propulsion

purposes.
In this work we are not dealing with a specific reactor design, but only calculating

the minima! fuel elements' thickness and the energy of the fission products emerging
from these fuel elements.

Our reactor is composed of an ultra thin fuel element and a BeO moderator on both
sides, a unit cell is composed from 242mAm fuel and 20 cm of BeO as the moderator on
both sides of the fuel element. The geometry is an infinite slab one.

The criticality (k* = 1) calculations were performed with the one-dimensional unit
cell calculation code BOXER (9). The neutron spectrum was calculated in 70 energy
groups and transport calculations were performed in 36 energy groups. The results
obtained are ultra thin fuel elements of 2.5 u (2.5 x 10"6 m). In a more practical design, a
working volume must be introduced. As a result, we will have two layers of fuel, each
about 1.25 u (1.25 x 10"6 m). With such a thin fuel, many of these fission products can
reach the working zone.
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A "New Generation" of Nuclear Power Plants- Electric Utility Aspects

D. Marouani, L. Reznik, B. Tavron
Israel Electric Corporation

A 50% increase in worldwide energy consumption in the next 20 years is
anticipated, due to the global population growth and to higher standards
of living. Meeting these energy demands with the fossil energy sources
such as coal, gas and oil may lead to atmospheric accumulation of
greenhouse gases, resulting in global warming of several degrees with
catastrophic climatic consequences. Implementation of various energy
conservation measures may bring only insignificant reduction in demand
levels. Hopes that the renewable energy sources (such as hydroelectric,
solar, wind power, biomass and geothermal) may supply the growth in the
demand - are unrealistic. Only nuclear power (providing already 16% of
world electricity) may meet all the energy demand growth with negligible
greenhouse emission.

Therefore, a comeback of momentum in the worldwide construction of
nuclear power plants is anticipated for the next decade.

Mechanisms for providing electric utilities with economic incentives of
turning to nuclear power may include penalties such as "greenhouse tax"
per kilowatt produced as well as various subsidy schemes provided by
national and international bodies.

It is also anticipated that various government and national public
information and education resources would be used in overcoming the
present public fear and misunderstanding of nuclear power. This would
permit utilities to concentrate efforts on fast construction and safe,
reliable and cost-effective utilization of nuclear power plants.

We would like to address in our presentation various desirable features of
possible future NPP designs. As an old Chinese proverb says - "It is
difficult to predict, especially for the future". We suppose that the most
probable candidates for "the 21 Century Reactor" will be in the range of
design modifications of light water reactors (both of the pressurized and
the boiling types), the pressurized heavy water reactor and the high
temperature gas reactor. Relative merits of these designs will be discussed
mainly in regard to various electric utility aspects.
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MIXED THORIUM-URANIUM DIOXIDE ANNULAR FUEL BURNUP

MarcCaner

Soreq Nuclear Research Center, Yavne 81800, Israel

In this work we investigate the use of annular fuel pellets in thorium-uranium reactors and
their neutronics behavior as a function of burnup. The annular pellet has the advantage of
maximum and average fuel temperatures lower than those of the standard pellet Also, it provides
additional volume for the fission product gases. It exhibits a smaller pellet clad interaction effect
because of smaller internal pressures - a requirement for high burnup regimes. These advantages
have been noted for uranium dioxide fuels; they should apply more so to thorium dioxide which is
a more stable compound, from a metallurgical point of view.

Because of new political realities, the nuclear establishment faces the following challenges:

• A need to find means of burning weapons-grade phitonium. The purpose is to decrease the Pu
stockpile while at the same time extracting its useful energy.

• A need to decouple the nuclear industry from military weapon materials productioa The
purpose is to permit the development of the world nuclear industry without fear of
proliferation. This consideration applies to research reactors also.

• A need to increase fuel burnup. The purpose is to obtain more energy per fuel mass while
producing less burnt fuel to be disposed of.

These needs bring back to the foreground technologies once tried or investigated and later
abandoned. One such technology is the thorium reactor. The Radkowsky Thorium Power
Corporation is engaged actively in the development of the TI1O2 blanket - UO2 seed assembly
concept [1]. Seed blanket fuel assemblies are being planned for Russian W E R and Western PWR
reactors. The experimental basis for this development is the Shippingport LWBR, which operated
in a seed - blanket configuration from 1977 until 1983. Since detailed parameters of the seed -
blanket PWR fuel have not been published in the open literature, we will examine a different
configuration: the mixed ThO2 - UO2 fuel in a standard PWR 1 7 x 1 7 assembly, as defined by
Herring et aL [2,3]. The uranium enrichment is slightly below 20 %, which is the accepted
non-proliferation region upper limit. Another such technology is the annular fuel pellet, which was
investigated in the 1980's for UO2 fuel rods [4].

The purpose of this work is to call attention to the advantages of using annular fuel pins
(particularly ThO2 pins) for high burnup fueL Also, it is a further demonstration of a calculation
technique that is gaining acceptance: the use of Monte Carlo criticality codes coupled with
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depletion codes. There is the additional context of renewed engineering interest in thorium reactors
and high burnup fuels.

We did SCALE-4.3 [5] criticality calculations of mixed ThCb - UO2 PWR fuel assemblies
for extended burnup. We considered an annular cell with 9% of the central fuel removed and the
same fuel pellet outside diameter as the standard celL This choice is based on previous work [4 J
and on our desire to avoid too many degrees in freedom in our cakulatioa

For benchmarking purposes, we used the Monte Carlo code MCNP-4B [6]. The use of this
code allowed an exact treatment of annular pellet resonance absorption self-shielding and
resonance overlap. We used the continuous energy ENDF/B-V library for consistency with
SCALE-4.3 (although the ENDF/B-VI library was available also).

The calculation method consisted in obtaining actinide and fission product number
densities as functions of assembly burnup, by means of a 1-D transport calculation combined with
a 0-D burnup calculation (XSDRNPM and ORIGEN-S in SCALE-4.3 module SAS2H). These
number densities were then used in a 3-D Monte Carlo code (KENO V.a in SCALE-4.3 module
CS AS25) to obtain ko from two-dimensional- symmetry "snapshots".

We used the 44-group ENDF/B-V library for the burnup calculations and the 23 8-group
ENDF/B-V library for the KENO V.a Monte Carlo calculations. A previous thermal analysis of
uranium dioxide annular fuel pins in 17 x 17 PWR assemblies [4 ] showed a 17.4% decrease in
average fuel temperature relative to a standard pin. We adopted this value in our calculations. We
neglected the change in thermal characteristics due to the presence of thorium dioxide. The power
per assembly was kept constant, for the comparison between the different types of pins.

The following parameters were evaluated and compared between postulated mixed
TI1O2-UO2 standard and annular (9 % void fraction) fuel assemblies, as functions of burnup:

• The infinite multiplication factor (k*,) - in the annular fuel it is higher, due to two effects: 1) a
higher water-to-metal ratio; and 2) a Doppler coefficient effect contribution due to a lower
average fuel temperature. The difference is 20 mk for fresh fuel and decreases to 3 mk at 70
MWD/kg ihm (ihm = initial heavy metal). See Figure 1.

• The uranium and phrtonium isotopic compositions - when replacing standard fuel by annular
fuel assemblies, the most noticeable changes in the bumup-dependent number densities are the
decreases in B SU (-6%), ^ (-3%) and ^ 'Pu (-6%) at end-of-life.

The fuel temperature coefficient of reactivity - it was found to be about the same in our case.

The overall conversion ratio is defined here as the number of B 3U, ^ ^ a , ^ 'Pu and 24lPu nuclei
produced, divided by the number of ^ ^ nuclei destroyed. The protacrinium-233 is included
since it decays to uranium-233 with a half-life of 27 days. We obtained a conversion ratio of
0.39 for standard fuel and 0.37 for annular fuel at 70 MWD/kg ihm. The annular fuel
conversion ratio is 0.43 at 35 MWD/kg ihm. For comparison, the actual PWR conversion ratios
at 35 MWD/kg ihm lie between 0.5 and 0.6.

This work was performed while on sabbatical leave at the University of Florida,
Gainesville, Florida, USA [7].
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Implementation of a Quality Assurance Program

for the Shivta-Rogem NPP Site Investigation
S. Tanis, D. Marouani, L. Reznik,

Israel Electric Corporation

A seismo-geological site investigation project for a Nuclear Power Plan (NPP)
is being conducted at the Shivta site, in the Northern Negev. The present
phase of the project is concentrated at the "Shivta-Rogem" location at close
vicinity to the former Shivta center of investigation.

A Quality Assurance Program of the project is implemented within the
framework of the Israel Atomic Energy Commission Licensing Division
Guidelines.

The Quality Assurance Program is based on the ISO standards and complies
with the International Atomic Energy Agency Nuclear Safety Standards
related to Quality Assurance in siting (Safety Guide Q9, 1996). The Program
is developed according to the ISO 10005 standard which allows application of
all the basic requirements for quality system elements to the specific
requirements of the project.

The major steps for implementation of the Program are: establishment of the
organizational structure of the project, procedures, processes, resources
needed, and the preparation of Product Files with their respective Quality
Plans.

The Shivta-Rogem site investigation project was subdivided into various
activities. For several of them, Product Files were prepared. Each Product
File includes the procedures for data acquisition, data analysis and
interpretation, the documents related to task planning and performance, and
the Quality Plan.

The Quality Plan identifies the individuals responsible for preparation,
verification and review of the documents to be produced during the activity as
well as the corresponding inspection points.

The presentation includes examples of some product files that were prepared
and implemented during the project.

Dr. S. Tanis is the IEC Quality Assurance Manager
Mr.D. Marouani is the IEC NPP Site Licensing Project Manager
Dr. L. Reznik is the IEC Nuclear Engineering Department Manager
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NUCLEAR FUEL - THERMAL HAZARDS CRITERIA

D. Hasan, Y. Nekhamkin, V. Rosenband, E. Elias, E. Wacholder and A. Gany
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Introduction

Nuclear fuel rods can under certain conditions undergo runaway oxidation reactions in which
the heat of oxidation exceeds the rate of cooling. Criteria for runaway conditions in water
cooled reactor cores, during hypothetical uncovery accident conditions, are derived for a
scenario involving constant and transient core level phases followed by a reflooding phase.
Using the criteria hereby suggested, one can estimate whether the situation is safe or leading
to a runaway reaction, if steps can still be carried out to alleviate the situation, and how to
mitigate the results.

The criteria are derived in terms of identifiable process variables, which are important in
specific cases typically considered for Light-Water Reactors (LWRs). The model exrends the
thermal stability theory, first formulated by Semenov [1] as a model for thermal explosions.
This theory demonstrated the principles of thermal ignition phenomenon in a quantitative way
assuming that the temperature of the reacting system is constant and uniform across the whole
volume of the system, and the walls of the system and the external temperature are both the
same. The Semenov model is usable as long as there is no temperature gradient within the
reacting mass.

In the present model the heat balance within the system leads to comparison of heat
production, whether nuclear decay heat or chemical metal oxidation, and a heat loss due to
Newton's law of cooling at the surface. Radiative heat losses can also be considered. Thus the
model deviates somewhat from the Semenov theory which, in its original form, offers a
method for calculating the critical temperature occurring when the heat loss and the heat gain
curves are tangent to each other. At that temperature both the produced and lost heats and their
derivatives are equal.

Present Methodology

The Semenov theory has been modified along the same principles used by Khaikin [2]. The
effect of reactant concentration is taken into account through the availability of the oxidized
metal. Hence, this approach does not directly consider steam-starvation situations in which the
oxidation reaction is limited by oxidant unavailability.

A quasi-steady-state (QSS) situation is considered, which may precede a transient phase. It is
noted that a true steady-state is not applicable to the present scenario because of the time
varying power source due to nuclear decay heat. Moreover, though the water level in the core
remains constant when the evaporating water is replenished by the amount fed at the bottom
of the core, a thermal balance is not necessarily maintained. Therefore, the QSS is sometimes
referred to as a steady water level phase.

A dimensionless safety parameter, w, is defined which accounts for the operational variables
and physical characteristics of the fuel channel. It is found that as long as the value of co does
not exceed a constant critical value, aa, no thermal runaway is predicted. When co exceeds
©cr, the thermal imbalance eventually brings about a runaway chemical reaction, unless the
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QSS situation in the mass balance is changed by initiating a bottom reflood. This then
becomes a transient core level case, which can be used as a measure to control, if possible, the
consequences.

During the transient reflooding phase the ratio of mass flow rates after and before the start of
the transient, X, is a new criterion by which the existence of thermal runaway may be
predicted. A locus of critical values, ^ r , has been calculated by the present model. This
suggests a decision path based on the critical parameters cocr and Xcr for the QSS and the
transient situations, as applicable.

For experimental comparison, we refer to the experimental facility QUENCH [3]. This set-up
was built to investigate the hydrogen source term that results from water injection into an
uncovered core of a LWR. The interpretation of these tests was supported by mathematical
modeling using an improved version of RELAP5, which includes a new transition boiling
model [4,5], simulation of the mechanical behavior of the oxidized Zircaloy claddings,
mechanical effects, and hydrogen pick-up and release of Zircaloy claddings oxidizing under
steam atmosphere [6].

It should be noted that while the QUENCH facility work focuses on understanding the
consequences of rod oxidation, the present work attempts to derive guidelines for assuring
safe operation. Using the criteria hereby suggested, an estimate can be carried out, whether the
situation is leading to a runaway reaction, and if steps can still be carried out to alleviate the
situation, and how to mitigate the results.

Scenario Definition

The data used in the numerical calculations are for a typical AP600 LWR, assumed to have
operated at full power. The rod-clad ignition is evaluated within its core environmental
conditions.

At time to a reactor scram is assumed to occur while core flow still remains steady at a
constant value. Then, a sudden drop in core flow occurs (e.g., from an initial value of 104 kg/s
down to 102 kg/s). In the following QSS period the two-phase and single-phase core levels
remain constant because the evaporated amount is compensated by core bottom feed. At this
period the relative two-phase level is po.

Later, if required for safety, bottom reflood is initiated, and is defined by a flow increase factor
X (e.g., by threefold increase to 3xlO2 kg/s). Exposure of the upper part of the core results in a
continuous rise in clad surface temperature. Mainly the metal surface temperatures determine
the rates of the metal-steam reaction at the different periods.

A simplified analysis for the QSS period is described in Nekhamkin et a]. [7,8] along with the
geometry definition of the problem. This analysis identifies the variables affecting the metal
surface temperature history, and the reaction rates. The criterion for a runaway oxidation
reaction has been identified for the uncovered core region, in terms of the ratio between total
heat production (nuclear and chemical), and heat removal to water vapor. The analysis was
extended to cover the transient period.

Under no steam-starvation conditions, supply of more water is mainly contributing to heat
removal and ignition suppression, rather than to enhancing ignition by way of oxidizer supply.
Also, the generated fluxes of heat are so intense, that any time delays in the transfer of nuclear
heat generated in the fuel rods to the surrounding water are insignificant.
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Conclusions

In a partially uncovered LWR core, three major regions are identified. Water entering at the
bottom of core is single-phase liquid. On top of it, a two-phase (gas-liquid) layer starts. The
top region consists of single-phase water vapor. Results for the QSS and for the transient
cases will be presented.

A set of dimensionless criteria is suggested as a tool for assuring safety during abnormal
conditions. In the QSS period a criterion, cocr. is defined which accounts for the operational
parameters and physical characteristics of the fuel channel. It is shown that runaway oxidation
reaction will occur when cocr > 2.45. During the transient period, dependency of the core
behavior on parameters such as the ratio between the reflood rate to the QSS flow rate, k, has
been quantified.
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During a loss-of-coolant-accident in LWR fuel rods may be temporarily exposed thus
reaching high temperature levels. The injection of cold water into the core, while providing
the necessary cooling to prevent melting may also generate steam inducing exothermal
oxidation of the cladding. A number of high temperature quenching experiments [1] have
demonstrated that during the early phase of the quenching process, the rate of hydrogen
generation increased markedly and the surface temperatures rose rapidly. These effects are
believed to result from thermal stresses breaking up the oxide layer on the zircalloy cladding,
thus exposing the inner surface to oxidizing atmosphere. Steam reacts exothermally with the
metallic components of the newly formed surface causing temporarily local temperature
escalation.

The main objective of this study is to develop and assess a one-dimensional time-dependent
rewetting model to address the problem of quenching of hot surfaces undergoing exothermic
oxidation reactions. Addressing a time-dependent problem is an important aspect of the work
since it is believed that the progression of a quench-front along a hot oxidizing surface is an
unsteady process. Several studies dealing with time-dependent rewetting problems have been
published, e.g. [2]-[5], but none considers oxidation reactions downstream of the
quench-front. The main difficulty in solving time-dependent rewetting problems stems from
the fact that either the quench-front velocity or the quench-front positions constitute a
time-dependent eigenvalue of the problem.

The model is applied to describe the interrelated processes of cooling and exothermic
steam-metal reactions at the vapor zirconium-cladding interface during quenching of
degraded fuel rods. A constant heat transfer coefficient is assumed upstream of the quenching
front whereas the combined effect of oxidation and post dry-out cooling is described by
prescribing a heat flux distribution of general form downstream. The model is solved
analytically via a Green's function approach to yield the quenching velocity history.
Numerical results compare favorably with published experimental data. The effect of heat
distribution along the surface is studied parametrically.

ANALYSIS

The model solves the time-dependent heat conduction equation in a plate, which is subjected
to an arbitrary heat flux distribution on its surface. Figure 1, shows schematically the process
of top quenching of a single nuclear fuel rod and the notation used in this analysis. The model
is applicable to both top and bottom flooding configurations. The fuel cladding is assumed to
be insulated on its inner side facing the fuel pellets. In the analysis the outer surface is divided
into two parts: a "wet" side - upstream of the quench front, where intensive cooling takes
place and a "dry" side - downstream of the quench front, where relatively poor cooling exists.
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Figure I Schematic of top quenching of a single fuel rod

The mathematical formulation of the model in dimensionless variables takes the following
form:

Wet side:

St dx2 dx

6>M.(JC,O) = 0, 0 W ( -« ,O = 0, 0w(O,t) = 1

Dry side:

(1)

(2)

(3)

(4)

where 0, is the initial dry-side wall temperature, and length and time are scaled with respect

to•JkS/h and (pcpS)/h, respectively. The wet side heat transfer coefficient is denoted by

h, 8 is the cladding thickness and p,cp,k are its density, specific heat at constant pressure

and thermal conductivity, respectively. The dimensionless temperature, quenching velocity
and heat flux, respectively, are then defined by:

0 =
T -T
T -T

, P = -
IkhlS

,Q = KTO-Tsal) (5)
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with u and q denoting the dimensional quenching velocity and dry side heat flux, respectively.
The dimensional rewetting and saturation temperatures are designated by To and Tsal.
respectively.

An approximate solution of the problem defined in (l)-(4) is outlined in [6, 7] and will not be
repeated here. The model is based on splitting the solution into a steady-state part with
non-homogeneous boundary conditions and a transient part with homogeneous boundary
conditions as suggested in [8]. The solution results in a transcendental equation whose
solution yields the dimensionless quench front velocity as a function of time. A solution can
be obtained for any arbitrary heat flux distribution in the dry zone.

RESULTS AND DISCUSSION

A general heat flux function is postulated to account for the heat of oxidation and convection,
conduction and radiation between the wall and the mixture of water vapor and droplets

downstream of the quenching front: Q(x)=Qoe~ax cos(bx). The parameter QQ can be
positive or negative. A positive heat flux describes precursory cooling ahead of the
quench-front, while negative heat flux represents heating by oxidation at some distance from
the quench-front.

10000

-0.08 -0.06 -0.04 -0.02 0-0.1

Figure 2: Time to reach steady state as a function of QQ (6\ = 9)

It is generally shown that depending on the heat flux distribution in the dry zone, the
quench-front velocity may decelerate or accelerate before reaching a steady value. The model
predicts transient velocities before approaching steady state in cases, which are impossible to
predict otherwise, such as the case of intense heat production due to oxidation near the
quenching front. Figure 2 shows typical results for the dimensionless time required for the
quench-front to attain a steady-state value when QQ < 0 . Expressing some of the results in
dimensional form it is shown that for 6\ = 9, i.e., initial temperature 1360 °C and QQ = -0.01
the dimensionless time required to reach steady-state is about 2000 which corresponds to
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about 6 min. This indicates clearly the importance of transient solution to understand the
problem of quenching of oxidizing fuel rods.
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Abstract: In order to minimize accident possibilities due to Site Industrial
Radiography [1], Radiation Safety Division (RSD) of The Ministry of The
Environment ordered users of this technology to report their work program in
advance. Thus, inspection may be executed by RSD during filming. This work
presents results of sample inspections done by RSD during 1997. Accumulated
exposure for the public was maximum 23 u,Sv, compared to maximum allowed dose
of 300 u.Sv/a (1000 uSv/a[2] constrained by 0.3) allowed to the public.

1. General:
Site Industrial Radiography is a common and widely used practice using high activity
Radioactive sources. Thus, possibility for accidents causing high exposure for the
public is feasible.
Radiation Safety Division (RSD) of The Ministry of The Environment is responsible
for protection of .the Israeli public from Radiation risks. The division issues licenses
to users of Radioactive sources. Gne of the conditions given to Industrial Radiography
companies is to inform in advance before any site activity. This enables the RSD to
execute inspections while work is in process.
Industrial Radiography is a practice used in Israel by several companies. They posses
about 25 sources including 21 sources of 19?Ir, maximum activity of 2.6 TBq (70 Ci).
2 sources of 75Se, maximum activity of 3.7 TBq (100 Ci) and 2 sources of 60Co,
maximumactivityofl.il TBq (30 Ci).
Information given to RSD includes time, place, endurance and source type and
activity. (Att.l).
During 1997, 1850 activities were registered, about 9% were in urban areas
and 73% were in industrial areas were members of the public stay. Other activities
were in sparse areas. (Fig.l). 76% of the activities were at daytime. Thus most of our
inspections were at daytime and in urban and industrial areas. (Fig.2).

2. Exposure calculation:
Usually, during Site Radiography two Radiation fields exist: high dose field for very
short time, while the source travels from it's shielding to filming point and back. The
other, while filming, for longer time and lower radiation rate. We considered radiation
field intensity, time and geometry . (Att.2).

3. Safety Factor:
According to BSS-115 [2], Maximum annual exposure allowed for the public is 1.0
mSv from all practices. This value, constrained for a single practice by a factor of 0.3,
gives 0.3 mSv/a, or about one third of the limit. We adopted this figure as a "Safety
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Factor 3". It means that when planning the activity, the Radiography team should
prepare the means that maximum accumulated dose for the public would not be
greater than 0.3 mSv. if the special activity is going to be used 40 hours a week. 52
weeks a vear. (Although we deal with public exposure, we used actual working hours
figures).
In order to maximize safety, the safety factor 3 was adopted for activities in sparse
areas. In populated areas we adopted safety factors of 5 and 10, which means that
calculations should consider 0.2 mSv/a or 0.1 mSv/a maximum yearly accumulated
exposure.
The figures we use in this paper are after multiplying the real dose by the safety
factor. Thus, the real radiation fields and doses were much lower.

4. Findings:
Maximum average accumulated dose for the public during 1st year of sample
inspection was found to be 23 p. Sv. (Fig.3), which is only 7.5% of the maximum
exposure allowed - 300 uSv/a (1000 uSv/a[2] constrained by 0.3)
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[1]: Accidents in Industrial Radiography and Lessons To Be Learned, Working
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Protection, ICRP publication 60, Pergamon Press, 1990.
[4]: Radiation Safety in Industrial Radiography, Working Material. IAEA, Vienna,
1997.
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Attachment 1
Announcement on Radiography Filming

Chief Radiation Safety Officer
Ministry of The Environment
Radiation Safety Division

Companv Workine Place Endurance Repeating?

Time of Beginning
Date:
Hour:

Technicians Names
1.
2.
3.

Source & Activity
1.
2.

Other Equipment
1.
2.

How To Arrive:

Remarks:

RSO's Signature^

Attachment 2

Parameters and Exposure Calculations

1. The source used for Radiography filming was
2. The monitoring and personal dosimeters used were:
3. Time of every filming: . No. Filmings :
4. Time of source travel from shielding and back
5. Distance from public area. .
6. The work was repeated times.
7. Maximum Radiation rates on end of public area:

a. While source travel: .
B. While filming: .

8. Accumulated dose:
a. While source travel: .
B. While filming: .

activity

9. Overall accumulated dose: .
10.Safety factor: .
11.Overall accumulated dose multiplied by safety factore:
12.11 compared to annual maximum aloud dose(BSS-115):

13.Remarks and comments of inspector:
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OR, ACTIVITIES

14% AGRICOLTU^°SPARSE

INDUSTRIAL

73%

DAY & NIGHT ACTIVITIES RATIO
NIGHT ACTIVITIES

ACTIVITIES

EXPOSURE & DISTANCE

10 13 16 19 22 25 28 31 34

•EXPOSURE
• DISTANCE

AVERAGE

INSPECTION

105



IL0006729
LIMITATION ON THE CONCENTRATION OF RADIOACTIVE ELEMENTS IN

BUILDING MATERIALS AVAILABLE IN ISRAEL

K. Kovler1, G. Haquin2'3, E. Ne'eman2 and N. Lavi2

1 National Building Research Institute, Faculty of Civil Engineering, Technion - Israel Institute
of Technology, Haifa 32000, Israel
2 Institute for Environmental Research, Sackier Medical School, Tel Aviv University, Tel Aviv
69978, Israel
3 Soreq Nuclear Research Center, Yavne 81800, Israel (Present address)

ABSTRACT
Most building materials contain naturally occurring radioactive elements the most important

of which are 40K and the members of two natural radioactive series, which can be represented
by the isotopes B2Th and 226Ra. The presence of these radioisotopes in the building materials
causes external exposure to the people that live in the house. 226Ra can also enhance the
concentration of 222Rn and of its daughters in the house. Concentrations of natural
radionuclides (226Ra, 232Th, 40K) in the samples of building products, building binders, in
lightweight aggregates, normal-weight aggregates and in industrial by-products used in
construction industry of Israel were determined by gamma-ray spectrometer with a
Ge-detector. A methodology was introduced to regulate the use of building materials that
cause increase in indoor radiation exposure.

INTRODUCTION
Most individuals spend 80% of their time indoors and natural radioactivity in building

materials is a source of indoor radiation exposure [1, 2]. Indoors-elevated dose rates may arise
from high activities of radionuclides in building materials.

Building materials contain naturally occurring radioactive elements, as 40K and the members
of two natural radioactive series, which can be represented by the isotopes 226Raand 232Th. The
presence of these radioisotopes in the building materials causes external exposure to the people
that live in the house. 226Ra and 232Th could also enhance the concentration of the inert gases
of 222Rn and 220Rn and of their daughters in the house. The above mentioned radionuclides
contribute to the external exposure, while the inhalation of 222Rn, 220Rn and their short lived
progeny lead to internal exposure of the respiratory tract to alpha particles [3, 4],

To minimize the exposure of the population to ionizing radiation, there is a need to control
and to limit the content of radioactive materials in dwellings.

Building materials with high concentration of naturally occurring radioactive materials
(NORM) have been used in several countries. In some cases these are materials of natural
origin (i.e. granite or alum shale concrete), and in other cases they are by-products from
different industries (by-product gypsum, waste rock from mining etc.).

Local authorities can limit the use of building materials that cause a significant increase in
radiation exposure due to higher levels of indoor radon, and external gamma exposure.
According to international recommendations quoted in the Basic Safety Series No 115 from
the IAEA, the use building materials containing enhanced concentrations of NORM could be
controlled and restricted under the application of the radiation safety standards. As a practical
consequence the use of natural origin and industrial by-products in building materials should be
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treated as a practice, therefore must be justified, optimized and dose limited. The Radiation
Safety Division of the Israeli Ministry of the Environment after the justification and
optimization of this practice proposed to limit the dose to the general public to 0.3 mSv/y for
the practice. Assuming an average current exposure of 0.4 mSv/y, the public exposure from
building materials will not exceed 0.7 mSv/y including internal and external exposure
Following this criteria a methodology, which links activity concentration of the material and
annual exposure doses, was proposed by Soreq Nuclear Research Center (NRC) in 1996 [5]

The activity concentrations must fulfill the following expression:

150 185 3500

This criterion assumes an annual dose limit of 0.7 mSv and includes the dose due to external
exposure from gamma-emitters and an average internal exposure due to radon emanation from
the building material, although an action level for radon gas concentration already exists in
dwellings (regardless the source of the radon either from ground or building materials). The
expression (1) was calculated using default values for the material density p = 1500 kg/m"\ wall
thickness d = 0.24 m and Israeli typical ventilation rate, occupancy etc.; for different values of
the above mentioned properties the coefficients of expression (1) will change accordingly.

MATERIALS AND METHODS
Concentrations of natural radionuclides 226Ra, 232Th and 40K were determined in samples

from the different groups of building materials (see Table 1). The samples of building products
and aggregates were crushed and milled until the fineness of mesh No. 100 (0.15 mm). All the
samples were dried at 105°C for 24 hours before testing. Constant sample volumes of 200 cnv
in sealed cylindrical polyethylene containers of 69-mm diameter and 53.5-mm height were
measured after 30 days, to achieve secular equilibrium of the 226Ra progeny.

The building materials samples were measured on top of the laboratory HPGe detector
(Canberra) of 25.6% relative efficiency and 1.76 keV energy resolution. The gamma-ray
detection efficiency of this detector was calibrated by a mixed radionuclide gamma-ray
standard reference solution consisting of uranium reference ores (CANMET; Energy, Mines
and Resources Canada) with sodium carbonate. These reference materials were certified for
226Ra and the recommended values are within 2% of the predicted, assuming secular
equilibrium in the 238U decay series and by a solution of potassium carbonate (for the 1460.832
keV, 10.67% emission probability gamma-rays of 40K). All calibrands had identical geometries
of the samples and very close densities.

RESULTS AND DISCUSSION
Specific radioactivity concentrations of 226Ra, 232Th and 40K, measured in the building

materials chosen for the study, are shown in Table 1.
Lightweight aggregates showed higher activity concentration, therefore not every

lightweight aggregate meets the proposed norms. For example, tuff aggregate, which is of
volcanic origin, like basalt stone, but with a porous structure, has two times more radium
equivalent concentration than its basalt "brother". The most problematic is the use of pumice
and artificial lightweight aggregates made of coal fly ash. It has to be emphasized that
aggregates made of fly ash are nor industrially produced in Israel, neither imported from other
countries. Regarding the pumice aggregate the majority of which is nowadays imported from
Greek island Yali, it is used only in the production of lightweight blocks having the lower
radioactivity coefficient than that of raw aggregate. The last recommendations of Israeli
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Ministry of Environment permit using pumice aggregate for the production of lightweight wall
blocks in dwelling construction.

Table I. Specific radioactivity of 226Ra, 232Th, 40K in building materials available in Israel
Building materials

Building
products

Building
binders

Light-
weight
aggregates

Normal-
weight
aggregates

Industrial
by-products

Pumice block (made with Portland
cement grade 300)
Pumice block (made with Portland
cement grade 250)
Aerated concrete block
Coal fly ash block
Ordinary light-weight concrete block
Ordinary normal-weight concrete with
coal fly ash as part of sand
Ordinary normal-weight concrete
Ceramics (Italy)
Ceramics (Israel)
Portland cement grade 300
Portland cement grade 250
Gypsum plaster
"LECA" (Norwegian product, made of
expanded clay)
Experimental aggregate (Israeli
product, made of coal fly ash)
Pumice aggregate (Greek product)
Tuff
Dolomite coarse aggregate
Limestone coaaggregate
Basalt coarse aggregate
Limestone sand
Gravel
Quartz sand
Coal fly ash
Oil shale ash
Phosphogypsum

Specific radioactivity (Bq/kg)
2 2 6Ra

42.9

60.2

9.5
146.5
24.5
24.9

18.1
242.9
45.7
48.2
66.3
10.5
66.1

61.2

53.2
33.1
28.0
18.3
12.0
12.1
15.0
3.1

202.0
246.3
747.0

2 3 2 T h

47.7

65.5

6.2
9.3
8.2

11.8

5.2
76.1
48.2
19.6
39.2

5.9
58.3

55.1

65.9
41.1

3.1
7.4

13.7
4.1
3.0
3.7

62.9
17.3
14.4

4 0 R

870.1

801.1

96.5
107.3
73.5
63.9

51.3
1131.0
776.3
139.6
138.1
51.4

1149.0

1015.0

1155.0
534.3
33.6
77.1

308.5
51.1
50.4
90.9

377.7
181.7
63.1

Coal fly ash alone is problematic from the radionuclides content point of view. However,
this by-product is used now in local building industry mostly in two applications: as an addition
to Portland cement in the amount not exceeding 10% (according to the Israeli Standard No. 1)
and as a substitution of fine fractions of sand in normal-weight concrete production. In both
these cases the use of coal fly ash increases the radioactivity coefficient insignificantly, because
the total content of fly ash in such concrete mixes usually does not exceed 150-200 kg/m3. The
use of coal ash (both fly and bottom) in the production of light-weight aggregates, where the
specific radioactivity is expected to be significantly elevated because ash constituent becomes
dominant, should be investigated separately, taking into account the real contribution of radon
emission as well. The problem of emanation and exhalation of radon from normal-weight
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concrete enriched with coal fly ash as part of sand was investigated by a group of Soreq NRC
[6]. For other building materials further investigations must be performed.

The radioactivity coefficient of both Italian and Israeli building ceramics is relatively high.
At the same time, the total mass of these products in dwellings is small, in comparison with
other elements of the building skeleton: walls, floors and foundations. Obviously, the
contribution of this building material into the total radiation dose should be also evaluated from
the point of view of geometry and mass of related structural elements in the given type of
building. These factors should be taken into account in the future regulations of the allowable
radioactivity level in dwellings as well as radon exhalation from the product.

Finally, the topmost value of radioactivity coefficient was obtained for phosphogypsum. As
the last laboratory investigations show, it is technically possible to produce environmentally
friendly phosphogypsum from phosphate rock [7], however such processes should be
evaluated economically and proved on the industrial scale. In the meantime the elevated
radioactivity level of phosphogypsum does not allow its direct utilization in construction.

CONCLUSIONS
Samples of typical raw materials, industrial by-products and building products and their

components were collected from different productive quarries and building factories in Israel
Concentrations of natural radionuclides (226Ra, 232Th, 40K) in the samples of building products,
building binders, lightweight aggregates, normal-weight aggregates and industrial by-products
were determined using gamma-ray spectrometer based on Ge-detector.

The results of the present study can help to create a primary database on radionuclides
content in typical building materials available in Israel, to calculate expected radioactivity levels
in the material, composition of which is known, and to prepare the national standard on the
radioactivity of building materials.
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Introduction

Concentration of airborne radioactive materials inside a room can vary widely from
one location to another, sometimes by orders of magnitude even for locations that are
relatively close. Inappropriately placed samplers can give misleading results and, therefore,
the location of air samplers is important.

Proper placement of samplers cannot be determined simply by observing the position
of room air supply and exhaust vents. Airflow studies, such as the release of smoke aerosols,
should be used. The significance of airflow pattern studies depends on the purpose of
sampling - for estimating worker intakes, warning of high concentrations, defining airborne
radioactive areas, testing for confinement of sealed radioactive materials, etc.

When sampling air in rooms with complex airflow patterns, it may be useful to use
qualitative airflow studies with smoke tubes, smoke candles or isostatic bubbles. The "U.S.
Nuclear Regulatory Commission - Regulatory Guide 8.25" [1], suggests that an airflow study
should be conducted after any changes at work area, including changes in the setup of work
areas, ventilation system changes, etc.

The present work presents an airflow patterns study conducted in a typical room using
two methods: a computer simulation and a qualitative test using a smoke tube.

Computer Simulation Model

A laboratory room was chosen to check the air flow patterns. The overall dimensions
of the room were 3.6x6.0x4.0 m. It contains two rows of containers, represented by
rectangular prisms of 0.6x3.7x1.5 m, and a pumping unit of 0.6x0.5x1.5 m. The ventilation air
supply and exhaust vents are placed near a door, which is generally closed, at a 3.0 m height
(Fig. 2).

The following assumptions, concerning the air flow, were made in the present model:

• The flow inside the room is steady state and incompressible.
• The flow regime is laminar (in future simulation turbulent models will be considered).
• The interaction of momentum between the particles and the air is negligible.
• The aerosol flow is dilute.

• The aerosols (dispersed phase) follow the air path (carrier phase) with the same velocity.
• The material properties are constant.
• The body force, of the dispersed aerosols, is negligible.

The governing equations of the air flow were the Navier-Stokes equations,
conservation of mass and momentum.
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The boundary conditions concerning the velocity components were:

Ux(inlet) = 0.325 m/s
Uy(inlet) = 0.563 m/s
U2(inlet) = 0.0
Ux(on the walls) = Uy(on the walls) = U2(on the walls) = 0

The equations were solved numerically using a commercial finite element CFD code,
FIDAP 8.01 .The 3-dimensional model consists of 54440, 8 mode, elements with 50270 nodal
points. Fig. 1 presents the resulting flow field for a 1 m height cut-off plane through the room.
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Fig 1: Computer simulated flow field for a cut-offplane through the room at a 1 m height.
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Qualitative Smoke Test Results

Qualitative smoke tests were conducted inside the room using a "KUPO Inc." smoke
tube (D5050 fog machine). Smoke was released at elevation of 1 -2 meters and its path was
recorded on worksheet drawings of the room.

Fig. 2 presents the smoke test results inside the room at a 1 m height. Air flows
between the two containers' rows in the direction of the closed door. According to the flow
pattern, the appropriate location of an air sampler is near the door, as marked in figure 2.

Air flow velocity was measured at 4 locations inside the room at lm height, as marked
in figure 2 (in circles). The velocities were 0.10-0.11 m/s at all 4 points.
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Fig. 2 - Smoke test results inside the room at a 1 m height.
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Discussion

The comparison between the computer simulation and the smoke test results showed
good agreement with respect to the general direction of the airflow path at a 1 m height. Both
evaluations indicated small values of air velocities, although the test values at the 4 locations
measured inside the room (0.10-0.11 m/s) were somewhat higher than the computed values
(0.05-0.08 m/s).

The computer simulated flow field was more detailed and showed some small airflow
vortices inside the room. These were not observed in the smoke test since they were too small
and because of the visibility limitations which characterize smoke tests.

Summary and Conclusions

An airflow patterns comparison study between a computer simulation and a qualitative
test using smoke tube was conducted. The computed and the measured paths of the airflow
were in good agreement - at a 1 m height the flow path between the two containers' rows is in
the direction of the closed door. Both the computer simulation and the smoke test show that
the appropriate location of an air sampler, for the chamber geometry checked, is near the
door.

The results of this paper show the applicability of the computer simulation to predict
airflow patterns in nuclear workplace and to decide on the appropriate location of air
samplers. In future studies, a comparison will be conducted between the computer simulation
and smoke tests for rooms with more complex geometrical structure. In these studies turbulent
airflow will be considered in the simulation model.
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1. A general review
The section of radio-isotopes in the MOE, is responsible for preventing environmental
hazards from radio-isotopes "from cradle to grave". The management and the
supervision of radioactive materials, includes about 350 institutes in Israel. We are
dealing with the implementation and the enforcement of the environmental regulations
and safety standards, and licensing for each institution and installation. Among our
tasks are the following: Follow-up of the import, transportation & distribution, usage
& storage and disposal of radio-isotopes, as well as legislation, risk-assessments,
inspection,, and "education".
We are also participating in committees / working groups discussing specific topics:
Radioactive stores, Low RW disposal, Y2K, GIS, penalties charging, transportation
and more.

2. Future developments will favor on-line systems for data management.
A). We are developing revolutionary methods and technologies to follow-up the

import and distribution of materials in the state of Israel ,by means of EDI
and smart cards. Data messages concerning the flow of the materials will be
electronically communicated ,and automatically checked with the permits' details.
It will provide a framework for knowledge management, and decision support
(supervision and enforcement).

B). We are installing our self Web site, which will serve the public, with links to some
important information centers. We shall improve our service to the public and help
ourselves (On-Line information system interactive retrieval,answering queries).
Access to information will be easy and natural.

C). We intend to change the system of typing data from forms, into a smart system ,
using OCR and optical scanning, and saving the information as files.
All kinds of forms (requests for licenses , supervision reports, etc.), will be written
in standard forms, and will be sophistically decoded .
This system will improve our efficiency , the required information will be
accessible, and we shall be able to produce periodic evaluation reports of the
radiation safety level of institutions, as well as to simply update our database.
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ELF fields and ELF modulated RF fields; a possible physical linkage

Menachem Margaliot, Ronen Hareuveny and Raffi Ruppin
The Soreq Nuclear Research Center. Yavneh 81800, ISRAEL

Abstract:
Various effects of ELF exposure on tissue have been demonstrated, (i.e.: Calcium ion
efflux from brain tissue). Similar effects have been reported for RF exposure, when it
is amplitude-modulated in the ELF range.
In the following we propose a mechanism (based on the phenomenon of radiation
pressure) which might explain the similarity in effects of pure ELF and ELF
modulated RF fields. We present a computation according to which the forces acting
on the Ca~* ions in both cases are of the same order of magnitude. We however do not
attempt here to explain the effect itself, the explanation of which is still lacking.

Introduction:
Bawin and coworkers [Bawin 1975, Bawin 1976] were the first to report an
enhancement in the Ca""" ion efflux from brain tissue exposed to ELF modulated RF
and to pure ELF electric fields.
Following that pioneering work, more research was conducted in this direction.
Blackman and co-workers [Blackman 1982] confirmed the existence of the effect
when avian brain tissue was exposed to ELF (15-16 Hz) electric fields.
In other experiments of the same group, [Blackman 1979, 1985, 1989] the existence
of a similar effect was demonstrated for RF fields amplitude modulated at the same
(and some higher) ELF frequencies. It was noted that the effect was dependent on
the ELF modulation frequency, and not on RF carrier frequency.
The basic physical interactions of electromagnetic radiation with matter depend on the
photon energy or wavelength; namely, on the carrier frequency. Consequently, the
appearance of an effect dependent on a modulation frequency deserves an explanation
in physical terms. It should be remembered that the power spectrum of an ELF
sinusoidal modulation of a RF wave consists of two frequencies only - two RF waves,
whh a frequency difference equal to the ELF. The ELF frequency in itself does not
appear in the power spectrum, and thus a direct ELF component does not exist in the
modulated RF wave.
The work below attempts to explain the modulation linkage, using radiation pressure
as a rectification mechanism that produces an ELF signal from the modulated RF
wave.
Radiation pressure:
Electromagnetic radiation impinging on an absorbing or reflecting body produces a
pressure in the radiation propagation direction. The origin of this pressure is a
momentum transfer from the wave or photons to the matter.
Classically, the origin of radiation pressure is the Lorentz force: in the far field, the
propagation direction, the electric field and the magnetic field are all mutually
perpendicular. Thus when an EM wave impinges on matter, the charge carriers (in our
case - mainly ions in tissue water) move under the electric component of the EM
wave, in a direction perpendicular to the propagation direction. This motion is in itself
perpendicular to the magnetic component of the EM field, and thus a force (the
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Lorentz force) acts on the charges in a direction perpendicular to both the electric and
magnetic fields, namely- in the wave propagation direction.
It is interesting to note that this force acts always in the forward (wave propagation)
direction regardless of the actual momentary phase of the RF field. The value of
radiation pressure is thus dependent on the absolute values of the electric and
magnetic fields rather than on their momentary phased values.
However, when the RF radiation is amplitude modulated, the absolute values of the
electric and magnetic fields fluctuate and the radiation pressure is consequently
fluctuating too, at the modulation frequency.
These fluctuations in the force applied to the charges imply periodic (in our case -
ELF) changes in the forward motion of the charges within the irradiated matter -
similar to those produced by the action of pure ELF electric fields.
Estimation of the radiation pressure:
It is interesting to compare the actual force acting on the charge carriers in direct ELF
fields and in ELF modulated RF fields. The computation presented in the following is
a step in this direction. It is however inaccurate, as the data regarding the tissue
properties (various ion concentrations, conductivity, SAR in exposure experiments
etc.) are available in terms of ranges only. (Where applicable, we use mid-range
values). The result can thus be regarded as an order-of-magnitude computation only,
but it is sufficient for the purpose of linking the effects of pure ELF and ELF
modulated RF.
The force produced on the charges by radiation pressure can be estimated as given
below:
The Lorentz force is given [Polkand Postow 1996] by
1) . F = QVXB
Q being the charge, V its velocity and B the magnetic flux density .
B is linked to the magnetic field H (which constitutes the magnetic component of the
M field) by:
2) B = ] i H
With p - the magnetic susceptibility of the medium. (In this case - brain tissue, with
\i very near to that of vacuum, namely; 1.
The quantity Q V is essentially the current density J induced in tissue by the electric
component of the EM field.
The size of this current density can be estimated from the specific absorption rate of
EM energy in the tissue (SAR in W/kg units) as follows:
The SAR is given by [Polk and Postow 1996] as:
3) SAR (W/kg) = J2/pS
With S- the conductivity of the irradiated medium (Siemens/m) and p- the density of
the material (for tissue- p -1000 kg/m3).
S is taken here to be ~ 1 S/m [Polk and Postow 1996] and the SAR is a measurable
(or computable) quantity for any given experimental conditions. J can thus be
expressed by
4) J = {Sp*SAR J0-5

As stated above, J represents the QV term in the Lorentz equation above and hence:
5) F = JiiH
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Where F is the radiation pressure acting on the moving charges in tissue, yi as above,
and H — the magnetic component of the EM field.
We will assume here for simplicity, the far-field Poynting relation between the
electric and magnetic components of the EM field and the EM power density. Thus
the magnetic field is given [Polk and Postow 1996] by:
6) H= {P/llOn}os

with H — the magnetic component of the EM field (in A/m), and P- the power density
in (W/m2).
Thus we have from eq 5 above that the radiation-pressure force acting on the charges
is:
7) F={pPS*SAR/120 7t}0-5

This force acts, of course, on the charge carriers only. Since we are concerned here
with Ca ions only, we assume here that the Ca44" efflux will be dependent on the force
applied to the Ca'1'1" ion concentration alone. This concentration can be assumed to be
equal to the total soluble Ca content in brain tissue which is estimated to be in the
range 10-100 nM [Nicholls 1996]. We will use for the present computation the
mid-range value, namely; 55nM. The approximate total amount of free charge in brain
tissue (based on the major ions present in this type of tissue) is estimated (P188) to be
between 0.4 -1 M. We will again use here the mid-range value, namely; 0.7 M.
It thus appears that the Ca"*"1" concentration represents ~1.6 X10'7 of the total charge,
and hence ~ 1.6 XI0'7 of the total radiation pressure is applied to the Ca4"1' ions.
Applying Eq. 7 above we find the force acting on the Ca4"* in a unit volume to be:
Using the above relation, we can estimate the force applied by the radiation pressure,
to a unit of Ca charge (in the form of CA4"1' ions):
8) F(Ca++)={pPS*SAR/120 7i}°-5/C
With C - the Ca4"* ion concentration.
In one of the experiments in which ELF modulation of an RF field was reported
[Adey 1982] the SAR was estimated to be 0.29 W/kg, while the power density was
estimated to be -15 W/m2

We take here this value of-0.3 W/kg as typical for this kind of effects.
The resulting force on a unit charge of CA4"* can thus be calculated using eq 8 above,
and the Ca4"1" ion concentration which is ~10 C/m3 (assuming the 55 nM concentration
taken above as a representative value): F(Ca++)= 5.2 x 10"* N/C.

It is interesting to compare this force to the force applied to the charge carries, when
the exposure consists of pure ELF in the original Blackman (B182) experiment.
In the last case, the reported values of the external electric field under which the
effect appeared were in the E= 6 V/m range (one of the field values in which the
enhancement of the Ca4"* efflux was detected).
The corresponding internal electric field in brain tissue (which is the actual field
acting on the charges in our case) was estimated by Blackman et. Al [blackman 1985]
to be 0.5 x 10'8 weaker. Using this reduction factor, it appears that the actual electric
field acting on a charge unit under these fields is thus 6 * 0.5 x 10"* = 3 x 10"8 N/C.
The two force values: the direct internal electric force under pure ELF, and the
Lorentz force under ELF modulated RF, appear thus to be of the same order of
magnitude. This might serve as an indication that the Ca4"* efflux is due to the forces
acting on the Ca"*4 ions alone.
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We thus propose to regard the two phenomena - increase in Ca""" ion efflux under
ELF exposure and ELF modulated RF exposure, as essentially the same.
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ARE CANCER INCIDENCE RATES AMONG PRESENT AND PAST WORKERS
OF THE RESEACH CENTERS OF THE ATOMIC ENERGY COMMISSION

HIGHER THAN THE RATES AMONG THE GENERAL POPULATION?

D. Litai

ABSTRACT

Cancer incidence rates among the workers of the AEC and its retirees have
increased several fold in the last decade compared to the rates experienced in
previous ones. This has brought about a wave of claims for compensation with
negative repercussions in the media about the state of radiation safety in the
nuclear research centers in the country. The Nuclear Research Center - Negev,
being, generally closed to public and media visits, has taken the brunt of this
criticism. Consequently, the question spelled out in the title has caused much
concern and deserves to be discussed and explained. The purpose of this paper
is to review what we know in this context and to show that the observed
morbidity rates, worrying as they may be, are entirely natural, and, by and large,
unrelated to the occupational exposures of the workers.

It is well known that cancer incidence rates in the population rise steeply with
age, especially over 50. As both research centers are approaching the age of 40,
it is clear that a very large fraction of the workers and all retirees have passed
this age and many are already in their 60's and even 70' s. It is a well established
fact that close to 40% of the population in this country (and many others as well)'
develop some type of cancer during their lifetime and close to a half of these
succumb to it. As most of those cancers occur after the age of 50, this explains
the increased rates alluded to above.

Notably, numerous research centers around the globe have reached similar
ages in the last decade and experience similar increases in morbidity, that have
caused understandable concern and the initiation of epidemiological studies
intended to identify the health effects of extended exposures to low doses, if
any. Such studies have been carried out in several countries and followed,
altogether, about 100,000 workers through 40 years. The studies showed no
excess of cancer mortality among workers compared to the general population
(adjusted for age, sex, etc.). A similar study conducted in this country by the
Ministry of Health for the workers of the AEC yielded comparable results.

This review paper presents some statistical data about cancer morbidity in
Israel and in other countries and comparative summaries of the results of the
principal epidemiological studies that have been mentioned above.
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Introduction

The Development of nuclear power reactors has slowed down considerably following the Three Mile

Island accident in the US, and came to a standstill in most countries after the Chernobyl accident in

Russia. This, in spite of the otherwise excellent safety and economic record of nuclear power plants in

the west. The major reason is the public concern about safety of these plants and the disposal of the

nuclear waste, which is considered by the public to be the most dangerous, produced by any industrial

enterprise. The introduction of accelerators, or rather accelerator driven systems, the ADS, is intended

to provide a partial response to the above concerns.

ADS subcritical reactors are claimed to be much safer, as no criticality accident, i.e. Chernobyl type

accident is possible. The ADS system can be designed to be an excellent incinerator of high level

nuclear waste - ATW (Accelerator Transmutation of Waste), particularly for the long living higher

actinides and fission products. Thus, reducing the waste life time from 105 years to a manageable few

hundred years, and reducing its quantity by an order of magnitude. The past decade has seen an

increased level of activity in these two areas.

In addition to safe energy production and incineration, the ADS without a subcritical system can be an

excellent source of neutrons capable to replace the dwindling availability of research reactors, and to

permit the continuation of research with thermal and cold neutrons. There is an increasing demand for

high neutron fluxes in solid state physics, chemistry and biology, and in particular for cold neutron

fluxes. Fig 1 shows the age distribution of available research reactors and demonstrates the problem '''.

There is a need for a replacement of the traditional source of neutrons. Building a new research reactor

is unacceptable in most countries and there is an increasing interest in ADS, which do not use of fissile

material. Accelerators can produce only charged particles, and therefore a secondary reaction is needed

to produce neutrons. There are numerous reactions by which neutrons can be produced |2'. At low

bombarding energies the most efficient reactions are the Beryllium striping reactions (see fig 2 from

Ref 2), such as Be(p,xn), Be(d,xn) and others. However, at energies higher than —100 MeV, spallation

reactions with high Z materials become more efficient (fig.2), and at lGeV a 10-fold yield can be

observed. Thus all ADS system, use the spallation reaction as means to produce neutrons.
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Fig 1: Age distribution of operating research reactors. (IAEA 1997)
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Fig. 2: Neutron yields and deposited heat in Spallation and Be stripping reactions121.

Status of the ADS

Most developed countries today maintain some level of activity in the field of ADS development. All

three areas indicated above, i.e. energy production, waste transmutation and neutron sources are being

pursued. The US is active in all three areas. It has an ambitious program on waste transmutation (see

for example Venery - ref. 3), Los Alamos taking the leading roll in this area. The US also has an

ambitious program to develop a 5 MW National Spallation Neutron Source in Oak-Ridge, the NSNS,

which will produce high fluxes of cold and thermal neutrons for a host of scattering experiments. In
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Europe the Energy amplifier concept invented by C. Rubia (6), is being pursued for energy production

in Italy, Spain and France. Several programs deal in incineration of actinides (see the many projects

described in the various ADT conferences) and significant funding will be provided for this activity in

the Fifth Research Framework of the European community. The largest European project is the ESS -

European Spallation Source, in which a 5 MW high-energy spallation source will be constructed<7).

A particular case being the Myrrha project <8) in Belgium, where a new ADS research reactor is

proposed having a fast and a thermal zone, in replacement of their aging BR2 rector. A 350 MeV 2mA

cyclotron will drive this facility. Initially this was proposed as a materials test reactor, but its range of

applications was expanded to cover waste transmutation and isotope production. In Korea a project

known as HYPER[9] for waste transmutation and energy production is active since 1992 based on a

proposed lGeV 20mA linear accelerator. Japan has also a very ambitious pulsed neutron source

"Neutron Science Project" to be executed in several stages during the next decade.

ADS for Power Production

The major advocate for using ADS in energy production is C. Rubia of CERN, with the concept of the

"Energy Amplifier" (6). The concept was initially designed to provide a "very safe" reactor based on a

neutron source driven by a high power cyclotron and a subcritical reactor. The "amplification" is the

result of the subcritical system, ktH=0.95->0.98, multiplying the invested energy by a factor of

K/(l-kcir). The reactor is a novel concept of a led cooled fast reactor. The major safety argument with

this concept is that in a subcritical reactor no sustained chain reaction is possible unless an external

neutron source is provided, and that the accelerator can be shut down instantly in case of a power

excursion, thus resulting in the immediate reactor shutdown. This concept never became too popular as

an energy-producing reactor, and is now abandoned in favor of transmutation concepts (combined with

energy production).

ADS for Waste Incineration ATW

This application seems today as the most promising application of the ADS. The basic principle of this

concept is demonstrated in figure 3, from ref 3. The concept is based on a proton accelerator (linac or

cyclotron), transferring its proton beam into a led or led bismuth target. The proposed subcritical core

configuration is also cooled by led, thus maintaining basically a fast spectrum configuration. The fast

spectrum is more favorable for the destruction of higher actinides than thermal spectra. The actinides

are loaded in the fuel matrix, and transformed into short living isotopes. The energy produced is

removed by heat exchangers, located in the upper part of the reactor. This energy is then transmitted to

steam generators and to turbines to produce electricity. The led coolant has several major advantages. It

has very good heat transfer capabilities, a very high boiling point, and provides a negative temperature

and void coefficients. It is also an inert material, and will not react with water in case of a leak. The

electricity is produced at a high efficiency due to the higher operating temperatures, however, about

10% of it is needed for the operation of the accelerator.
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Accelerator Drive (Subcriticality) enables versatile
and effective Nuclear Waste Destruction
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Figure 3: The LANL ADS concept fort waste transmutation, from ref 3.

The ATW, if it becomes operational, can destroy 99.9% of the actinides and the long living isotopes of

Tc and I. This will eliminate the concern of their releases to ground water and environment, and

eliminate the major long-term raditoxicity. The raditoxicity of the treated waste after 300 years will

became the same as that of untreated waste after 100000 years.

ADS for Research

Spallation neutron sources are currently being designed at a great expense, by the large technological

powers, the US, Japan and the European union,. The need for neutrons continues to be of paramount

importance in physics, biology and material sciences. Of particular interest are cold neutrons. As can

be observed from fig 4 these neutrons have wavelengths similar to atomic spacing, thus providing

structural information over many orders of magnitude, permitting to make measurements over

distances ranging from the wavefunction of the hydrogen atom to macromolecuies of complex

biological substances, and thus study various materials of interest.

The present leader in experimental ADS is PSl'10', its cold neutron source is in ever increasing demand.

The neutrons emanating from the cryogenic moderator have a very low energy spectral distribution. By

using a single crystal difractometer specific energies can be selected and used for experiments as
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desired. The cold neutrons can be transported over relatively large distances by using recently

developed guide tubes with special reflective coating.

The number of applications of thermal and cold neutrons is too numerous to mention. An excellent

review for the various intended application for the ESS are presented in Vol. II, of the ESS technical

report '7). Some of the most important future applications of cold neutrons are in biology and

biotechnology, structure of new materials in particular polymers and metals, magnetic materials, study

of various transport phenomena, condensed matter, and engineering applications using neutron

tomography.
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Fig 4: Neutron energy, wavelength and potential applications.

The Challenges.

Cost is obviously a major factor in building an implementing an ADS. Linacs are very expensive and

high current cyclotrons were not yet constructed. However, the experience gained at PSI and CERN led

to the conclusion that cyclotrons at high energies and currents of 10 mA can be built at a relatively low

cost. Another challenge is the led cooled reactor, which seems to be the best choice for the ADS. There

is some experience with led-bismuth cooled reactors in the Russian submarines, but no such

experience exist in the west and will have to be developed. Many questions of material compatibility

with led coolant are still open. The computational tools needed for the design of these systems are not

yet fully developed, and the coupling between the high energy physics part of the neutron source and

the low energy conventional neutronics, as well as the coupling with the thermal hydraulics, needs to

be further developed and verified.
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Conclusions.
The ADS is a timely development to overcome some of the difficulties facing the use of nuclear power

today. Its successful deployment, and the resulting major reduction of nuclear waste, can pave the way

for renewed acceptance of nuclear power as a viable energy alternative.

References

1. Nuclear Research Reactors in the World, December 1997 Edition, (Reference Data Series No
3) (ISBN-92-0-100298-X (January 1998).

2. G.A. Bartholomew, "Neutron Sources, Future Plans and Possibilities", Inst. Phys. Conf. Ser.
No. 64, (1983) Section 9

3. F. Venery, N. Li, M. Williamson, M. Houts, G. Lawrence, "Disposition of Nuclear Waste
Using Subcritical Accelerator-Driven Systems: Technology Choices and Implementation
Scenario", 6lh Int. Conf. On Nuclear Engineering, ICONE-6 (1978).

4. "National Spallation Neutron Source - The NSNS Collaboration", NSNS/CDR-I, Oak Ridge
National Laboratory (1997)

5. T.M. Stammbach, "High intensity Problems Revisited or Cyclotron Operation beyond Limits",
15th Int. Conf. On Cyclotrons and their Applications, Caen, (1988).

6. C. Rubia, "A High Gain Energy Amplifier Operated with Fast Neutrons", Int. Conf. On
Accelerator -Driven Transmutation, Technologies and Applications, 8 (1995)

7. D. Kjems, and the ESS council,"ESS - A Next Generation Neutron source for Europe".
Volumes 1, II, and HI. The ESS Feasibility Study, ISBN 0902376500; WEB:
http://www.risoe.dk.ess. Riso National Laboratory, Roskilde, Denmark (1997)

8. H. Ait Abderrahim, et. Al. "Achievable Transmutation Rates for TRUs and LLFPs in Myrrha",
SCK-CEN, Mol, Belgium (1999)

9. W.S. Park, C.K. Park, "Accelerator System Research in KAERI", Korea Atomic Energy
Research Institute, Taejeon, (1999)

10. F. Atchison, et. Al. "The D2 Cold Neutron Source for SINQ" in Advanced Neutron Sources,
Proc.OfICANSX,(1997)

125



IL0006734
THE EUROPEAN UTILITY REQUIREMENT DOCUMENT (EUR)

II. ROCHE
Vice President

Engineering and Services Division
Electricite de France - Pole Industrie

CAP AMPERE
1 place Pleyel 93282 SAINT DENIS CEDEX France

SUMMARY

The major European electricity producers work on a common requirement
document for future LWR plants since 1992. They aim at requirements acceptable
together by the owners, the public and the authorities. Thus the designers can
develop standard LWR designs acceptable everywhere in Europe and the utilities
can open their consultations to vendors on common bases. Such a standardisation
promotes an improvement of generation costs and of safety: public and
authorities acceptance should be improved as well; significant savings are
expected in development and construction costs.

Since the early stages of the project, the EUR group has grown significantly. It
now includes utilities from nine European countries. Utilities from two other
European countries are joining the group. Specific cooperation agreements are
also in progress with a few extra-European partners.

I. A SHORT STORY

Even if today's prospects look rather dull, the major European electricity producers want to
keep the nuclear option open, that is to be able to build new nuclear power plants when the
economic interest or the necessity re-appear. As the conditions for construction (market
organisation, licensing requirements, design objectives, etc.) will not be the ones existing up
to the beginning of the 90s, the utilities and the vendors have set up various action plans to
support the development of future nuclear plant designs. These new designs must meet several
targets : to be acceptable by the regulatory bodies, attractive to the public and profitable for
the electricity producer. Producing a common European Utility Requirement (EUR) document
that sets out the requested targets is one of the basic tasks for this renewal.

In late '91, five of the major European electricity producers set up an organisation to develop
the EUR document which includes 4 volumes. Up to that time, development, design and
licensing had been performed on a national basis with little interaction between countries.
Their primary objective was to produce a common set of requirements that could be endorsed
by the major European electricity producers and that would provide clear guidance to the
designers.
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The first issue of the volumes 1 and 2 dedicated to generic LWR nuclear islands' requirements
was released in 1994. The EUR utilities first revised the volumes 1 and 2 considering both the
comments received during the review of the first issue and internal requests to address new-
topics. In 1995, revision B of the volumes 1 and 2 was released, which is still being reviewed
by the licensing and regulatory authorities.

A volume 4 dedicated to the power generation plant was worked out in parallel. The first state
(revision A) has been dispatched for review to the main utilities and vendors in November
1996. Many comments have been received which are still being discussed in prospect to a
revision B.

Since the first release of volumes 1 & 2, the EUR organisation has kept growing. In parallel,
the main LWR vendors have developed advanced designs for the European market, with
reference to the EUR document. The EUR organisation has come to agreements with some of
these vendors to produce a volume 3 of the EUR document that specifically addresses these
new designs.

Volume 2 has been kept stabilised as long as the review by the safety authorities has not
produced clear conclusions and the assessments of compliance of the first parts of volume 3
have not been produced. Meanwhile, other works are in progress by the EUR organisation to
broaden the scope, to improve the requirements, to clarify the existing texts and to stabilise
the background policies, paving the way to a revision C.

2. THE PROMOTERS

The EUR promoters are a group of organisations that represent the major western Europe
electricity producers committed to keeping the nuclear option open in Europe. Started with
five partners in 1992, the group now includes 10 utilities :

• British Energy/Nuclear Electric from UK,
• Tractebel from Belgium,
• Electricite de France from France,
• KEMA Nederland BV from the Netherlands,
• Agrupacion electrica para el desarrollo tecnologico nuclear (DTN aie) from Spain,
• Vereinigung Deutscher Elektrizitatwerke (VDEW) from Germany,
• ENEL SpA from Italy,
• Vattenfal/FKA from Sweden,
• FORTUM-IVO from Finland,
• Unteraussschuss Kernenergie der Veberlandwerke (UAK) from Switzerland.

In 1998, Rosenergoatem from Russia has been welcomed as associated member and will
become full member in a near future.
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3. MAJOR OBJECTIVES OF EUR

The EUR document develops requirements addressed to the LWR plant designers and
vendors. It is basically a tool for promoting the harmonisation of the most important plant
features which were often too country-specific.

The main items considered in this convergence process are the safety approaches, targets,
criteria and assessment methods, the standardised environmental design conditions and design
methods, the performance targets, the design features of the main systems and equipment, and
-at a lower level- the equipment specifications and standards.

Significant benefits are expected in two fields:

• Better competitiveness vs. alternate electricity generation means. The standardisation offers
the possibilities of larger series and thus low prices for components.

• Improved public and authorities' acceptance, thus allowing an easier licensability of a
design developed following EUR. In that direction, a long effort has been undertaken to
improve safety features and to deal with severe accidents.

The major objectives of the EUR organisation are derived from these targets. These objectives
are the foundation of the requirements developed in the EUR document:

• giving the producers means for controlling construction costs through standardisation,
simplification, series ordering and consideration of maintenance at the design stage ;

• establishing a common specification valid in an area large enough so as to allow the
vendors to develop standard designs ;

• establishing stable market conditions for a broader competition between suppliers ;

• making sure that acceptable operation and fuel cycle, costs can be achieved, even in an

upset economic environment;

• prescribing ambitious-but achievable-availability and lifetime targets ;

• harmonising safety related requirements: common safety targets, common safety
approaches and common technical solutions to safety problems ;

• setting "good neighbour" requirements like low impact for environment , reduction of
emergency planning, consideration of decommissioning at the design stage ...

On these bases, the main vendors are developing a number of standard designs :

• which could be built in many countries with minimum adaptations ;

• which show acceptable economic prospects ;
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• which actually meet the needs of the customers.

4. STRUCTURE OF THE DOCUMENT

The EUR document is structured into four volumes :

» Volume 1 Main policies and top tier requirements : it defines the major design objectives
and it presents the main policies that are implemented in the EUR document.

• Volume 2 Generic nuclear island requirements : it contains all the generic requirements and
preferences of the EUR utilities for the nuclear island.

• Volume 3 Specific nuclear island requirements : it is divided into a number of subsets.
Each subset is dedicated to a specific design that could be offered on European market and
that is of interest to the participating utilities. A subset includes a description of the design
and an analysis of compliance vs. the generic requirements of Volume 2. It may also
include design dependent requirements.

• Volume 4 Power generation plant requirements : it contains the generic requirements
related to the power generation plant.

current structure of the EUR document

volume 1 • vblufne 2
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Figure 1: Structure of the EUR document

The whole document includes about forty chapters that deal with specific topics.

5. ORGANISATION AND CONTROL OF THE PRODUCTION PROCESS

As the EUR document is customer oriented, the whole process has to be driven by the utilities
that will be the final users. The texts of the EUR document are written by electricity producers
involved in EUR. A joint organisation has been set up for the development and the review of
the document, which has been kept very decentralised thanks to e-mail.
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All the other nuclear business actors that may have an influence in Europe (other electricity
producers, vendors to the European market, safety authorities and administrations,
international nuclear organisations) have been asked to review the document at the successive
stages of its development: the vendors and the utilities first, then the safety authorities.

Beyond Europe, dialogue has been also established with the major vendors and utilities to aim
at world-wide consistency of the design approaches. For instance, in depth analysis of the
differences between EUR and the American EPRI/URD (Utility Requirement Document)
have been worked out. Nevertheless, the final content of the document is kept under control
by the EUR promoters only.

Figure 1 : Control of the production process

6. CURRENT PROGRAMME OF WORK
CONSOLIDATING THE EUR DOCUMENT

The EUR utilities are continuing the development of the EUR document. The scope of the
document is being broadened- more topics and more designs addressed- while its bases are
strengthened. The key points are as follows :

6.1. Volumes 1 & 2 : generic requirements for nuclear islands

6.1.1. Discussing volumes 1 & 2 with the regulatory and licensing bodies

In Europe, the power to license a nuclear facility is a national prerogative. Dialogues with all
safety authorities have been initiated in 1997 about the EUR document. Even if no generic
licensing process can be targeted today at European Community level, the objective is to
establish common ground between the EUR utilities and their safety authorities, so that the
national safety requirements come closer to each other which prepares some harmonization of
safety rules through Europe. A background objective is to make a standard plant developed
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according to EUR in one of the EUR countries licensable in another one, without major
design change. The national licensing and regulatory bodies of the EUR countries have agreed
to review the main chapters of Rev B of volumes 1 and 2 in a co-ordinated way. So far
common positions have not been achieved on all topics. The first results show that no
fundamental safety objective proposed in the EUR document has been called into question by
the safety authorities. Nevertheless there are a lot of comments that will need in depth
discussions by the EUR topical working groups, so as to clarify the initial text or even to
propose changes to some requirements. This discussion round is foreseen to last till the end of
'99.

6.1.2. Establishing the bases for a revision C of the volumes 1 &2

During the production of the different subsets of volume 3, the generic EUR requirements are
tested at detail level vs. real designs. Thus a number of requests for further investigation,
clarification and proposals for changes have appeared about important requirements. The
discussion with the safety authorities is bringing a number of requests and proposals as well.
Other external factors may lead the EUR parties to reconsider other important requirements,
such as the grid requirements ad the I&C requirements. The EUR organisation has been busy
with the clarification and investigation works in 1998 and 1999. The proposals for evolution
related to volumes 1 and 2 should be reconciled by the end of 2000 when the major
contributions are available. The revision of the chapters of volumes 1 and 2 should begin by
the end of 1999. The result may be available during year 2000, considering the complex
discussion and review process necessary to come to a consensus on all items.

6.2. Volume 3 : specific designs

Beyond the sets of generic requirements of volumes 1 and 2, the EUR promoters are
producing subsets of specific requirements for selected LWR designs that may be offered on
the European market. Brought together, they will make up volume 3 of the EUR document. A
subset includes a description of the design and an analysis of compliance vs. the generic
requirements of Volume 2. It may also include design dependent requirements. A subset of
volume 3 is produced with contribution of the corresponding vendors.
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Beyond those three designs, a couple of other advanced LWR projects will be included into
volume 3. Preliminary compliance assessments have been undertaken by some EUR utilities
on other projects. The two next subsets of Volume 3 will be dedicated to SWR 100 (1000
MW BWR with passive safety features developed by SIEMENS) and to an European version
of ABWR ((1300 MW BWR developed by GENERAL ELECTRIC). These two subsets may
be released by the end of 2000.

6.3. Volume 4 : generic requirements for power generation plants

Revision A of the volume 4 has been reviewed by the utilities and the vendors in 1997.
Numerous comments have been produced which have been processed and reviewed by the
EUR organisation. Each comment has been dealt with individually and a position has been
proposed. From these positions vs. the external comments and from other internal works, a
revision B is being produced that should be released at the beginning of 2000.

6.4. Discussion with the organisations outside EUR

As long as Volumes 1 and 2 of the EUR document are discussed with the safety authorities,
they are stabilised as Rev. B. The EUR promoters want to keep active links with all the other
utilities that consider nuclear power an acceptable option world-wide. A specific structure has
been set up for that : the EUR international utility advisory committee. This is to make sure
that the ideas being discussed for future versions of EUR are actually in the global
mainstream. This may also work the other way round : bringing fresh ideas to the EUR
organisation. A step farther in the same way, the EUR organisation has concluded specific
agreements with other utilities to support them to produce their own set of requirements.

On the vendor side, there is of course a living dialogue with the vendors involved in volume 3.
In the frame of development of their own projects, other vendors discuss the level of
compliance of their designs with EUR utilities.

Beyond these discussions, the EUR document is more and more used as a yardstick by various
organisations to assess proposed designs. Even if the EUR document is not yet finalised, it is
well fitted to this use since the requirements of the volumes 1,2 and 4 are really generic. They
are valid for any kind of LWR plants and are not specific of any design or of any vendor. The
EUR utilities have provided support to most of the users.

7. CONCLUSION

When the first tasks were launched at the beginning of 1992, the EUR document was a rather
distant target for five European utilities looking for keeping an access to nuclear power
generation open. Since that time it has become a reality. The scope of the document has been
extended. The base of the major policies are being strengthened. The momentum looks now
sufficient to produce an extensive revision of the whole text by the end of year 2000, even if
the growth of the EUR group makes consensus more difficult.

Thus the renovated EUR document can be used as a reference for the LWR plants that may be
ordered beyond the tum of the century in Europe and it will represent a good basis for
harmonisation in Europe. Then remains the most difficult task : to really start the construction
of an advanced reactor in Europe !
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Figure 2 : Contents of volume 3 of the EUR document

The works on the first subset, dedicated to EPR (large evolutionary PWR developed by NPI,
Framatome and Siemens), started in 1996. The detailed analysis of compliance has followed
the progress of the project. No fundamental deviation has been identified during the analysis.
Of course there are a few differences, but the EPR design actually meets the major EUR
objectives. The whole set (plant description, analysis of compliance and specific
requirements) will be ready for release by the end of 1999, when it includes the results of the
Basic Design Optimisation Phase.

Two other subsets were launched in 1997 :

• A set dedicated to ABB's BWR 90 (1300 MW evolutionary BWR developed by ABB
Atom). An in-depth analysis of compliance was possible on this project because it was
offered a few years ago and it has been developed at detail level. Since the project was
developed before the EUR document, one can find differences in the analysis of
compliance. Meanwhile ABB performed design evolution studies -known as BWR 90+-
that deal with the most recent utility and safety authority requirements. BWR 90+ actually
meets the EUR safety requirements where differences were identified for BWR 90.' The
whole BWR 90/90+ set (plant description, analysis of compliance and specific
requirements) has been released during Summer 1999.

• Another set dedicated to EPP (1000 MW PWR with passive safety features developed by
Westinghouse, Ansaldo and other European partners). Most of the analysis of compliance
vs. Volume 2 has been worked out in 1998 and is now available. The depth and the scope
of the analysis of compliance correspond to the stage of development of the project at the
end of phase Ha. Since the reference specification for the EPP project is the EUR
document, there is obviously a good level of compliance. The whole EPP set (plant
description, analysis of compliance and specific requirements) should be released around
the end of 1999, including the most recent developments of the project (phase Ha).
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Dosimetry consistency, standards and protocols
One vital requirement in radiotherapy is to ensure as closely as possible consistency in
determination of dose between different centres and at different times, both within a given
country and internationally, because the comparison and transfer of clinical experience and
the evaluation of clinical trials is dependent on common statements of dose delivered. In
addition at each local centre it is vital that the absorbed dose calibration of each beam is
carried out to exacting and consistent standards, as this is the fundamental measurement upon
which the quality of all treatments on that machine depend throughout its clinical lifetime.
The systems in place to ensure consistency in dosimetry differ in the details from country to
country, but all depend on the same basic considerations:
- the use of ion chambers of similar design and similar construction materials,
- traceable calibrations of these chambers to an accredited primary or secondary standard

dosimetry laboratory (SDL) in terms of some agreed relevant dosimetric quantity,
- dose statements in terms of absorbed dose to a common material, water,
- the application of an appropriate recommended national or international dosimetry

protocol (or code of practice) which ensures commonality in the method of use of the
calibrated ion chamber, the radiotherapy treatment beam calibration conditions and any
data required to convert the ion chamber reading to absorbed dose to water, and

- strict quality control on each step in this process.
At the SDL the dosimetric quantity or quantities established in the standards and used as the
calibration quantities vary depending on the facilities and the current dosimetric approaches
and are therefore intrinsically linked to the protocols available. As the basis of dosimetry for
high energy photon and electron beams, the quantities in use in various SDL around the world
include exposure, air kerma, dose-to-air (all for ^Co) and also increasingly dose-to-water for
60Co or, in the NPL in the UK for a range of photon qualities up to 19 MV and a similar range
of electron beam energies. Typically where PSDLs can compare their realisation of
standards, ie at ^Co, agreement is within a few tenths of a per cent, eg. within approx 0.3%
for air kerma and within approx. 0.5% for absorbed-dose-to-water. Specific radiotherapy
dosimetry protocols have been produced to link to the different types of dosimetry standard
provision. Between the different national or international protocols there are small
differences which can provide further variations in the final outcome of determined dose.
The aim here is to compare some widely used protocols for high energy photons and electrons
in terms of methodology, data involved, practical use, and outcome. The main protocols
considered are the existing codes of practice of the UK (IPSM/IPEM(B) photons 1990,
electrons 1996), the IAEA (1987 and 1997) and toalesser extent the AAPM(1983,1994).
These are all based on exposure or air-kerma calibrations, with the exception of the 1990 UK
photon protocol which was the first to be based on a direct absorbed-dose-to-water
calibration. Following this approach a new generation of protocols has begun appearing very
recently (eg AAPM 1999, IAEA 1999, IPEM (UK) electrons 1999) and the moves to this new
basis for radiotherapy dosimetry which is expected to become universal in the near future are
also discussed.
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Beam quality specification
The first step in a dosimetry protocol is to specify the beam quality, as this quantity is
required in the selection of the calibration factors and any correction data needed to covert
reading to dose. For megavoltage photon beams the most common specifier is the so-called
Quality Index, the TPR 20/10, in a 10 x 10 field. However there are other specifiers in use.
The very recent AAPM (1999) protocol has introduced the DD(10)x, ie. the 100 cm fsd depth
dose at 10 cm deep in a standard 10 x 10 beam but excluding any effect from contamination
electrons. In general the choice of specifier and its simplification of various spectrum beams
introduces less than approx. 0.25% uncertainty into dose for lower energy beams and less than
approx. 0.5% for higher energy beams.
For electron beams, the usual energy specifier required in dosimetry protocols is Eo, which is
based on a measurement of R50 in a suitably large field. The methods of selecting the
appropriate depth from ionisation or depth dose curves and the conversion to energy vary in
different protocols. Recent protocols have simply used R» as the specifier, which is simpler.
These differences introduce uncertainties of no more than 1% into the final dose values
measured at the reference depth for typical clinical electron beam energies.

Protocol Methodology
Most current protocols are based on air-kerma calibration, including the IAEA codes, the UK
electron code and the AAPM codes. They typically convert this to ND,aLr, a calibration factor
to absorbed-dose-to-air in the chamber cavity, requiring the product of air calibration
corrections, k;. The next step is to use the calibrated chamber to take a measurement in a
phantom and in the user's (hospital) beam. Whatever the protocol for any practical ion
chamber measurement the chamber/electrometer reading requires various corrections for the
so-called influence quantities, temperature, pressure, recombination, polarity, humidity.
Bragg-Gray cavity theory is then used to convert the measurement into absorbed dose to
water. This requires Sw^, stopping power ratios, water-to-air, and the product of chamber
phantom corrections, pi, (eg wall material, central electrode material, fluence and
displacement corrections) for that particular beam quality.
The UK (1990) photon protocol is different, being based on the provision of direct
absorbed-dose-to-water calibration factors, ND,W, for a range of photon beam qualities
including ^Co and from 4-19 MV x-ray beams at the recommended depths of beam
calibration and originating from the NPL (UK PSDL) graphite calorimeter standard. This
makes for a very simple application, as the absorbed dose to water in the user beam is simply
the product of the corrected chamber reading and the appropriate calibration factor for that
beam quality. The EPEM and the NPL are currently pilot testing a similar protocol for
electron beams based on a graphite calorimeter electron dosimetry standard.
Recently other protocols have followed this approach (eg DIN 1997, IAEA 1999, AAPM
1999). However as their calibrations have currently to be restricted to 60Co the methodology
is to use an ND,W for Co and then to correct to other modalities and qualities using kq factors,
which are essentially ratios (user beam/calibration beam) of the product of Sw,̂  and the
appropriate p; factors. The perceived advantages of moving to absorbed-dose to-water based
protocols are:
- reduced uncertainties; individual chamber differences are inherently included in the

calibration factors, whereas air-kerma based protocols assume that all chambers of the
same type have exactly the same correction factors. These uncertainties can be approx.
0.5% for NE 2571,2561,2611 graphite-walled chambers and greater for some other
designs. The newer approach only requires ratios of quantities, for which the uncertainties
are significantly less than for the absolute quantities. In addition if calibration factors are
directly available over the range of beam qualities required, as in the UK service, then the
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possible chamber variations with beam quality are also inherently included. Typically the
estimated uncertainties are reduced from approx. 2-3% for absorbed dose determined
using an air-kerma based approach to 1-1.5% for the No, w approach.

- using absorbed-dose-to-water provides a more robust system of primary standards, as the
different PSDLs have different independent methods of determining that quantity.
Agreement is within approx. 0.5% between the different systems in Co beams.

- the formalism and practical use is much simpler, reducing the probability of error and
increasing the consistency in clinical use. It may be noted that the most recent dosimetry
intercomparisons (1997) between all 65 UK centres have shown standard deviations of
1% at the level of beam calibration. In part this is expected to be due to the controlled
approach to dosimetry that the well-established direct absorbed-dose-to-water protocol
produces.

Practical application of protocols
The practical requirements embodied in different dosimetry protocols for clinical high energy
photon and electron beams can be compared, eg. phantom requirements, beam calibration
depths, chamber positioning, etc., as well as the recommended influence corrections to the
readings. The different calibration methodologies and correction data, where appropriate, can
then also be compared. For most modern protocols in current use (eg UK, IAEA, AAPM,
etc.) there is agreement between them on the dose determined when using a graphite-walled
cylindrical chamber (eg NE 2571,2561,2611) in a water phantom for photon beams and for
those electron beams where such a chamber is acceptable (greater than approx. 10 MeV).
However for other chamber types or materials and for other phantom materials there can be
significantly greater discrepancies. This is particularly true for electron beam dosimetry using
prallel-plate chambers and non-water phantoms, as frequently required for lower-energy
electron beams.
The recent, or still in draft, NDw protocols can be compared to the UK (1990) protocol and to
the air-kerma based protocols that they will replace. In general it is expected mat they will
change the reported doses under beam calibration conditions by less than approx. 1% for
photon beams and less than approx. 2% for electron beams, using standard chambers and
phantoms. However the overall uncertainties are reduced using this approach and also the
consistency of dosimetry will be improved between different modality and quality beams and
also in situations where less standard conditions and instrumentation are utilised.

Conclusions
Current modern protocols agree reasonably well in the most standard conditions, less so
where different situations are involved. The current moves towards dosimetry protocols
based on absorbed-dose-to-water calibrations are expected to improve consistency further and
to reduce overall uncertainties by a factor approaching 2 as compared to air-kerma based
protocols. It is expected that within a relatively short time all radiotherapy dosimetry
protocols will be based on this approach.
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Abstract

In the past 50 years, nuclear power has grown from a new scientific development to
become a major part of the energy mix in over 30 countries. In 1998, 434 power reactors
worldwide produced 2294 billion kWh of electricity, slightly up on 1997 output. Sixteen
countries relied on nuclear power for 25 percent or more of their electricity. Accumulated
operating experience for nuclear power plants reached over 9,000 reactor-years. In 1998,36
nuclear power plants were under construction: 14 in Eastern Europe, 12 in the Fat East; 7 in
the Middle East and South Asia, 2 in Latin America, 1 in Western Europe (France).

Global energy demand is projected to more than double, while electricity demand will
be more than triple, by the year 2050 due to industrialization, economic development and
increases in world population. In particular, the energy demand in developing countries, is
projected to increase two to three fold in the next thirty years, while electricity demand will
grow three to four fold.

Nuclear power produces practically no greenhouse gas (GHG) emissions. In 1998,
electricity generated by nuclear reactors resulted in the avoidance of about 8% of global
carbon emissions compared to fossil fuel generation. While there are many hopes for other
'clean' energy sources, at present, there are no other economically viable, minimal GHG
options for large scale, base load power generation, than nuclear power and hydro power.
According to projections by the World Energy Council, even with substantial research support
and subsidies, renewable resources other than hydropower (currently 1% of global energy
production) will grow to no more than 3% to 6% by the year 2020.

The worldwide increases in reactor availability factors and moves to rationalization,
standardization, modular construction, higher fuel bumup and simplification of designs will
result in greater efficiency and lower cost.

While nuclear power currently produces 16.3 percent of the world's electricity, the
IAEA expects that nuclear power will provide about 13% of the world's electricity 2010, and
9 to 12% by 2020. Although the percentage of the world's electricity produced by nuclear
power is predicted to decrease, the actual amount of nuclear generated electricity will most
likely increase. IAEA estimates that nuclear power will produce between 2500 and 2900
billion kWh annually in the year 2010, and between 3200 and 3900 billion kWh in the year
2020. It is anticipated that most of the world's increase in nuclear capacity will be in Asia
and Eastern Europe, for the time being.
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As the global energy market is expanding, nuclear energy has the potential to increase
market share in electricity generation, and also by diversification into non-electric end-uses of
energy. Investment in research and development is key to achieving greater efficiency,
greater confidence in safety and non-proliferation and meeting new market demand. The
challenges to nuclear power require scientific and technical research not only to improve
current nuclear reactors and fuel cycle technology but also to develop new innovative
proliferation-resistant reactors and fuel cycle technology, new reactor designs with higher
efficiency, lower cost and improved safety and such technology development as actinides
transmutation for proper management of nuclear waste. International collaboration to these
ends helps make maximum use of scarce research funds and makes best use of international
nuclear research infrastructure. The IAEA is preparing to play a central role in establishing
and co-ordinating international efforts in this respect.

Potable water production using nuclear energy is being considered by many countries as
a feasible approach to contribute meeting their freshwater needs. The development of small
and medium sized reactors are also important for the developing countries where electricity"
grid size is relatively small. The IAEA is also giving high priority to disseminate relevant
information in these fields and assists its Member States in co-ordinating these activities.
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There are some fourteen Chernobyl type of power reactors (-1000 MWe) in
operation at five different sites in Eastern Europe. In Russia; in St. Petersburg (4), in
Smolensk (3), and in Kursk (4) in the Ukraine in Chernobyl (1) and in Lithuania in Ignalina
(2). The oldest one is west of St. Petersburg and the most powerful one is in Ignalina. The
reactors at St. Petersburg and in Lithuania are near to the Baltic sea.

An intricate reactor construction was the most important cause of the accident.
There were other reasons too; human error, politics and economics.

A nuclear power reactor of Chernobyl type, RBMK is made up of uranium rods
- enriched with a few percent of the fissionable U235 and the rest of the material is of the
non fissionable U238 - placed in some 1600 vertical cooling channels surrounded by graphite
blocks forming a 7 meter height 12meter diameter cylinder. The uranium fuel in the channels
is cooled under 70 bars pressure of a mixture of boiling water and steam which is piped into
four steam drums. From there, the steam is conveyed to the turbines and the water is pumped
into the bottom of the cooling channels.

Neutrons with a speed of corresponding to 2MeV are produced in the U235 at the
fission process and are slowed down to the speed corresponding to 0.02 eV in the graphite.
Some of them are absorbed in the water and others are absorbed in the uranium there they
split other U^' nuclei. When water is replaced by steam, fewer neutrons are absorbed in the
coolant and more reach the fuel. The reactor power will increase. Reactors which increase
their power when steam replaces water have a positive void coefficient. When the power
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increases the fuel becomes hotter and in that the non fissionable but neutron absorbing U2jS.
U238 captures more neutrons at higher temperatures. The fuel's ability to absorb more
neutrons without causing more fission at increasing temperature is characterized with the
fuel's temperature coefficient, also called the fuel's Doppler coefficient. The fuel's
temperature coefficient is always negative, the more negative the stronger dampening effect
on power increase. Generally, the fuel's negative temperature coefficient has a stabilizing
effect. During normal operation the power is regulated with neutron absorbing rods - control
rods - which are lowered into the core from above.

The accident was preceded first by decreased and then increased reactor power.
An unsuitable axial neutron flux distribution with an extremely accentuated peak at the lower
part of the core as the result. The operating personal was unaware of this, due to deficient
reactor instrumentation and training.

To study the plant's response to the loss of grid connection, an experiment was
planned. As a preparation of the experiment the cold feed water to the steam drums was .
throttled. The suction lines of the main circulation pumps became filled with water which
was almost at saturation temperature and therefore contained air bubbles. Cavitation started at
the pumps. The experiment began with the disconnection of the plant from the external
electrical power supply. The pumps' motors were supplied from the plant's retarding
generator with declining voltage and frequency. The pumps' discharge pressure became
degraded and the water flow to the channels decreased, the steam content in the channel
increased dramatically. Possible leakage in the pipes below the reactor contributed to the
increase of the steam content in the channels. The increased steam content in the reactor
caused an avalanche like power increase. The mechanically maneuvered control rods could
not break the runaway reactor. The fuel's temperature coefficient was not negative enough to
be able to hinder the power increase. The temperature coefficient's absolute value is
decreasing with increasing fuel temperature, therefore its damping effect is diminished at
elevated fuel temperatures.
Du to the dramatically fast power increase the center of the fuel melted and partially
evaporated, while the outer parts whose surface was in contact with the coolant remained
solid. When the fuel reached melting temperature the power input continued and was used to
supply the melting energy without increasing the fuel temperature similarly when the fuel
temperature reached the vaporization temperature the increasing power input was used to
vaporize the fuel without increasing temperature, in both cases no increased dampening effect
was available from the fuel temperature coefficient. Du to the internal gas pressure the fuel
exploded. Also chemical explosions has taken place. Steam explosion when the hot fuel and
the burning graphite came in contact with the cooling water. Hydrogen was formed when the
temperature of the fuel's zirconium cladding exceeded twelve hundred degree Celsius,
hydrogen was produced also due to radiolyses. Also the hydrogen exploded at high
temperature. The evaporated fuel was thermally lifted to some kilometers height, there it
became condensed and formed particles. The particles were spread by the wind and landed
with the rain also in far away countries. A great number of fuel fragments fall on the roof of
the reactor building and into the surrounding environment. The core melt and debris is still
remaining in the remnants of the reactor.



Since the accident the void coefficient was decreased by increasing the U235

enrichment of the fuel, the reactor instrumentation was improved, the speed of the control
rods was increased and the knowledge of the personal concerning this type of reactor
enhanced.

In the near future stability monitors should be introduced and the absolute value
of the fuel temperature coefficient increased by introducing fuel rods with smaller diameter
to increase the surface are/to mass ratio of the fuel.

To avoid the devastating international consequences of an other accident
everything in the framework of reasonable costs should be accomplished as soon as
possible.
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The Republic of Korea started its program on nuclear energy
development in the late 1950s. The first power generation reactor started
producing commercial electricity in 1978. In 1983, Korea started its long-
term project on the standardized nuclear power plant design (KSNP). At
the present, nuclear energy provides almost 40% of the total electricity
generation in the Republic of Korea. The technology transfer program
and technological self-reliance initiative of the Korean nuclear power
generation community have been successfully executed to the point that
Korea is now capable of exporting her nuclear power generation
capabilities and sharing her know-how and developmental experience
with other developed and developing nations, which need nuclear power
generation in order to secure energy supply for sustainable development.

This presentation reviews the development strategy of the Korean
nuclear power generation during the past 30 years and the technological
options for of the Korean nuclear power generation program. The
successful execution of the first phase of the design standardization
facilitated technological self-reliance. However, there are outstanding
technological issues to be resolved and managed properly. The safety of
operating nuclear power reactors and associated fuel cycle facilities
demands the highest technical quality and management attention. Korea
has no site for the interim or permanent waste repositories yet. In order to
continue the nuclear power generation program and applications of
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radioactivity, it is absolutely essential to establish a credible and firm
program for radioactive waste management. As shown in the first phase,
the standardization program enhances the competitiveness and reliability
of nuclear power generation. The Korean nuclear generating group must
have an innovative technological plan for the second phase work of the
standardization program of nuclear power plant design. The Korean
nuclear program does not have a 'closed' fuel cycle service. Before too
long, The Korean planners should establish a long-term plan for the
closed nuclear fuel cycle. The public demands an absolute safeguard
system for sensitive nuclear materials and facilities. The TMI accident,
Chernobyl accident, Tokaimura accidents, and leakage of heavy water
from CANDU reactors showed us that the current nuclear technologies
can be improved and furthermore we should take proactive actions in
order to make the current nuclear power generation system fully
acceptable to the public.

This paper describes some of technological options, which should
get high priority attention by the Korean scientific and technological
community. In the area of nuclear safety, we should look into human
factors engineering in connection with operation and maintenance of
nuclear systems. We should incorporate preventive measures to avoid
simple mistakes, which can be made by the operating and maintenance
staff due to the lack of relevant scientific knowledge. Korea should
participate in every opportunity for international and regional waste
repository schemes proposed by national, bilateral, regional and
international bodies. For a long-term option, we propose a practical
proliferation-resistant, low inventory of radioactive materials, inherently
safe, self-sustaining integral reactor system. The system is designated as
the AMBIDEXTER nuclear reactor complex.

The Korean nuclear scientific and engineering community
recognizes its responsibility in making the necessary initiatives and
investment to improve the current nuclear technology and would like to
cooperate with international partners in carrying out the research and
development work.
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1. Introduction
Cdj.xZnxTe has attracted much attention as a new material for high-resolution

room-temperature y-ray detectors. CdZnTe (CZT) is a promising material in a
variety of fields, including nuclear medicine and astronomy. A CZT detector can
operate at room temperature due to its large bandgap, and being free of polarization
effects found in CdTe. It has been reported that the addition ofZn led to an
improvement of crystalline quality and to decrease in dark current compared to CdTe.
The crystal growth process must be refined to reduce cost and increase the yield of
large volume spectroscopic crystals. High Pressure Bridgman (HPB) grown crystals
have high resistivities about 10" Cl—cm and the benefit of low structural defects. Yet
the yield of HPB is low. It has been reported that a version of
modified-horizontal-Bridgman the Moving Gradient Horizontal Bridgman (MGHB)
technique was used to grow the CZT crystals by IMARAD. The MGHB can produce
low defect crystals of larger dimensions. It is well established that the main challenge
in growing high resistivity CZT materials is to improve the charge carrier transport
properties. The CZT semiconductor spectrometer charge carriers most important
transport properties are the drift mobility and the mean lifetime. The
electrons drift mobility (j^J and mean lifetime (re) can be obtained by irradiating well
collimaled y-rays through the crystal cross section negative contact and using the
Time -Of-Flight (TOF) technique. Similarly in principle, irradiation of
well-collimated y-rays beam through the crystal positive contact can yield the hole
drift mobility (jik) and mean lifetime (zh). However, in practice the signal produced
from irradiating the positive contact does not yield measurable signals due to the low
jik Th product. This work presents MGHB CZT evaluated crystal charge carrier
transport properties. Evaluation of the hole transport properties, by spectrum
measurement together with Monte-Carlo simulation we done. Higher CZT crystal
hole transport properties then reported in the literature were found.

2. Charge collection theory
Evaluation of crystal parameters can be done by utilizing detection characteristics,
using low energy gamma rays or a particles on one side (- or -) of the detector, and
allowing one carrier species to drift along the detector thickness (d) to the other
contact under the electric field z = V/d. The transit time tr, can be measured
by the width of the current pulse i(t) or from the rise time of charge waveforms 0(t).
The carrier speed is then v = d.tr, the mobility (ju) is /j = vs. Therefore
H =d/fl'/r) (Eq.L), where Vis the bias voltage. Consider a photon with an initial
energy EPh, absorbed at depth coordinate, x,. The charge produced is
eNo - Eph co, where cois the ionization energy per pair production, e is an
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electron charge, and No is the number of carrier pairs produced. In case of negative
biased and irradiation through the negative contact, the collected charge expected, is
given by the Hecht equation:

k(l- exp( -±-)
A,

where d is the detector thickness, Xe and Xh are the average drift lengths of electrons
and holes respectively (Ae = re /4 E, Ah = n Hh E). When x, - 0 (photon interact on
the cathode) the Hecht equation is:

,M, (0) = ̂ p - -X.fi- exp( - j - ) )

(Eq.3.)

Substituting the electron drift lengths in the Hecht equation, the collected charge
equation will be:

Q ,fO) = C-u -T -V. (l-exp( ))
' ' '" fi. x .\'

(Eq.4.)

where Vi,m is the cathode bias and C is a constant fC = No e/cF). The electron
mobility-lifetime product can be evaluated by the measurement of charge collection
dependence upon bias voltage by radiating gamma ray to the crystal cross section
cathode. The holes contribution to the charge collection is neglect able. Once the
electron mobility-lifetime product determined using Eq. I. ze can be found.

3. Charge collection simulation
The hole drift mobility audits mean lifetime were found by Monte-Carlo computer

simulation. Radiation interaction in the detector was simulated. Depth distribution of
incident gamma photon was generated. The depth distribution is exponential
decreasing according to the gamma energy interaction length in CZT. No charge
carriers were produced at the interaction point. Electron drift mobility and mean
lifetime were set as inputs. First guesses values for the hole drift mobility and mean
lifetime were assumed. The input for the simulation calculations included the
dynamics of generation of charge carrier by the gamma ray interaction in the
detector medium, the drift due to the applied electric field and trapping of these
charge carriers, and the charge induced on the contacts by these charge carriers. A
CZT measured spectrum with equal crystal dimension and working condition served
as a reference spectrum. The output simulated spectra with the hole drift mobility and
mean lifetime different guesses were compared to the measured one. New values were
established through Chi-square calculation for better results. The simulation stopped
when the calculation Chi-square reached a low pre-determined value.
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4. Experimental system
The basic experimental set up is shown in Fig. I. The measurements were performed
with Cd0.9Zn0.iTe crystal detectors. Their specification were: 4x4 pixels of 2x2 mm2,
with a 0.5 mm distance between pixels and crystal thickness of 4 mm fabricated by
"IMARAD". The testing setup was used to measure photon-induced signals from a
detector. Pulses from a charge-sensitive pre-amplifier EG&G Ortec J42A was fed
into spectroscopy amplifiers model EG&G Ortec 671 (Gain=500, Integration-
-time=500 nsec) and into a digitizing oscilloscope Hp 5451OA, connected to a PC
workstation. The spectroscopy amplifier output was fed into a Multichannel Analyzer
(MCA) EG&G Ortec model Trump-2K connected to another PC workstation. This
configuration enabled simultaneous signals and energy spectrum analysis.

bating axis
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Digital
oscilloscope

Multichannel
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PC work-
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Fig. I. Schematic diagram of the electronic chain.

5. Results
CZT electron mobility-lifetime product has been determined by the charge collection
efficiency. A typical measured and fitted curve is shown in Fig. 2.

D

—=— measured

-•- • - Bcst_fit
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Fig.2. Electron charge collection efficiency vs. bias voltage measured and fitted results.
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A best fit to the measured electron mobility-lifetime was found as
fiT = 0.0035+0.0002 cm"'/I'. The electron drift mobility was measured and calculated
using the TOF technique. A typical CZT electron drift mobility spread over 20 pixels
is shown in Fig. 3.
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o =20.13

If
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Fig.S. Electron drift mobility spread in 20pixels measured by the TOF technique.

The mean electron drift mobility is 1179+20.13 cm'/V/sec. The electron lifetime was
found from the mobility-lifetime product to be 2.8+0.3 jjsec. CZT hole drift mobility
and mean lifetime have been determined by Monte-Carlo simulation of the measured
spectrums. A typical Co3' spectrum measured and simulated for CZTMGHB crystal
is shown in Fig. 4. (A). A typical Co5' spectrum measured and simulated for CZTHPB
crystal is shown in Fig. 4. (B)

Counts
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Optimal fM, = 350 an:/V/sec
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Fig. 4. (A) Simulated and measured spectrum of Co5 on one pixel MGHB CZT crystal 4 mm thickness bias voltage 500 V and 0.5
{isec integration time. (B) Simulated and measured spectrum of Co* on pixellated HPB CZT crystal
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A typical spread ofMGHB CZT hole drift mobility and mean lifetime in 20 pixels are
shown in Fig. 5. (A) and (B) respectively.

200 250 * » 350 400 '

Holednft mobility [cm'cV/sec]

(A)
Fig.5. (A) Hole drift mobility spread in 20 pixels extract from Monte-Carlo simulation on measured spectrums. (B) Hole mean
lifetime spread in 20 pixels extract from Monte-Carlo simulation on measured spectrums.

The mean hole drift mobility is found to be 295±60 cm2/V/sec. And the hole mean
lifetime value is 0.72±0.15 fjsec.

5. Discussion
This work presents a methodology for evaluation of electron and hole drift mobility
and mean lifetime based on TOF, gamma-ray spectroscopy measurements and charge
collection Monte-Carlo simulation. The charge collection simulation is partiadarly
useful for determination of the hole charge transport parameters, since radiation
through the electrons collective contact of gamma-ray or a particle often yield no
results. Its become useful especially for thick crystals (a few millimeters) were the
holes have to drift through whole the crystal thickness. The MGHB CZT 10% Zn,
electron drift mobility and mean life time evaluated values are similar to the value
blow for HPB CZT, //«, a 1250 cm2/V/sec, re«/ jusec (IMARAD's evaluate figures are
Hh *1200 cm-zV/sec, rh *2.8 jusec). The IMARADMGHB CZT 10% Zn, hole drift
mobility and mean life time evaluated figures are much higher then the published
ones fjn xl20 cm2,Y/sec, rn &0.1 /jsec {IMARAD's values are /un &300 cm2/V/sec,
rh »0.7 /jsec).
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I. Introduction
Recently introduced nuclear medicine cameras in which Positron Emission
Tomography (PET) and the traditional Single Photon Emission Computerized
Tomography (SPECT), are combined opened new horizon for the nuclear medicine

field These systems applying Nal(Tl) scintillation detectors are very well tested and
available for some time in the medical imaging field.
However the traditional Nal(Tl) cameras, optimized for low energy radiation
imaging, suffer some severe limitations. The relatively low density (3.67 g/cm3) of
Nal(Tl) limits the sensitivity. By incarcerating the NalfTl) thickness, the spatial
resolution decreases. The long decay time (230 nsec) of the light emitted in Nal(Tl)
restricts the use of coincidence technique , as well as the count rate. In recent years
CdZnTe (CZT) detectors are studied for the purpose of SPECT nuclear medical
radiation imaging in the form of pixellated and microstrip detectors. CZT detector
can served as a good candidate for replacing Nal(Tl) for PET and SPECT imaging
due to their relatively high stopping power (density = (6.0 g/cm3), high Z(48,30,52))
and their high count rate capability. Unfortunately there are several difficulties in
PET application due to the difficulty in manufacturing thick crystals, registration of
the full energy deposited in several pixels and their timing capabilities. The latter is
due to large ballistic signal variation induced. This variation is caused by the pulse
shape, which is composed of two main components, the electron and the hole. The
electrons travel about ten times faster than the holes. A photon absorbed near the
cathode plane will cause a large and fast signal induced by the electron and a small
and slow signal induced due to the holes. Photons absorbed near the anode plane will
induce the opposite signals. The distribution of photon absorption depth in the crystal
causes signal splits over a number of pixels, due to the well-known 'small pixel effect'.
The different pulses slope, together with the electronic noise, cause serious difficulties
in implementing a coincidence circuit. The present work examines in a direct way, the
timing limitations, in measuring coincidence events in CZT pixellated detectors. A
solution to the time jitter is proposed.

2. Experimental system
To mvid the need of a complicated electronic timing systems, we haw developed a
system enabling processing off-line algorithms of the CZT ballistic signals.
This method allowed implementing various 'electronic' circuits.
Several types of readout from various combinations of electrodes were implemented.
The basic scheme was as follow:
The timing performance was tested with two crystals Cdo.9Zno.1Te detectors. Their
dimensions were 4x4 pixels of 2x2 mm', with a 0.5 mm distance between pixels and
crystal thickness of 4 mm, fabricated by 'Imarad'. The testing setup was used to
measure dual photon induced signals from two detectors in coincidence. Pulses from
tH'o pre-amplifiers EG&G Ortec 142A charge-sensitive, were fed into two fast delay
line amplifiers model Ortec 460 (Gain=IO,integ. time=40nsec) and then split into a
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digitizing oscilloscope Hp 54510A, channels 1 and 2 and into two Single Channel
Analyzers (SCA) Ortec 552. The system is shown in Fig. I. The SCAs provided logic
pulses, lead into a Time to Amplitude Converter (TAC).
The TAC provided an accurate and stable trigger signal for the digitizing
oscilloscope. This configuration enabled us to have simultaneous signals even
thought their respective SCA logical pulses were hundreds qfnano seconds apart.
Channel 1 and 2 SCAs discriminators levels were higher then the noise level in order
to select true signals. We developed software for data acquisition for the hp digitizing
oscilloscope control and to install the signals from the digitizing oscilloscope into a
PC hard disc. A detailed analysis of the onset of the respective pulses was done
off-line by a dedicated software on a PC workstation. Software was written also for
data analysis (rise time, coincidence timing correlation mode).

_i_ r-,.̂  r~~-

Fig. 1. Schematic diagram of the electronic chain for the coincidence timing correlation.

The Pre-amplifiers were connected to various electrodes as shown in Fig. 2.

Fig. 2. (a) Time correlation between two
pixels from ftvo different crystals.

Fig.2.(b) Time correlation between two
cathodes from two different crystals.

Fig.2.(c) Time correlation between the
cathode and one of the crystal pixels.

r. : i i *~ •"•

Fig.2.(d) Time correlation between two
cathode and the pixels sum.

r-H

Fig.2.(e) Time correlation between the sum of pixels from two different crystals
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3. Results
The following timing circuits were implemented:
A. Coincidence measurements from two parallel pixels.
Typical coincidence pulses measured simultaneously from two parallel pixels of
different crystals are shown in Fig. 3. One can clearly observes the wide range of
signal slopes and between the coincidence couple.

i gsals from tw o pix e h Cdnd&n;* agnailfiom

V

Fig.3. Two sets of coincidence signal pair from two parallel pixels of 4 mm Cdo.pZnalTe . The pixel
area is •/ mm2, irradiated by photons from a Ge68 point source. Operation voltage is 800 V.

Observing the pulse shape, we can identify serious difficulties in carrying a simple,
fast (few nsec) and high efficiency coincidence measurements. When an electric field
is applied to a semiconductor exposed to radiation, the electron-hole pairs are
separated and drift in opposite directions. This induces a signal, whose amplitude is
proportional to the induced charge. For an accurate energy measurement, it is
required that all charge carriers will reach their respective electrodes, or at least will
transfer a significant portion of their charge to the electrode. It should be noted that
the inducted signal is a continuos process resulting from the motion of the free
charges, and terminates when the charges reach the collecting electrodes. The main
difficulty is the small pixel effect. The induced signal is divided between several pixels
according to the photon absorption depth. The number of pixels that receive the
inducted signal, changes in a continuous process following the free charge drifting
motion. The induced charge division also terminates when the charges reach the
collecting electrodes. The distributions of the time jitter between the 'start' time and
the coincidence pulse are shown in Fig.4(a) and (b), in which (a) is for all energy
events and (b) is only the highest 10% energy pulses. The start time of each channel
was measured offline by the constant fraction software. The FWHM decreased from
71 nsec to 40 nsec at the cost of loosing 90% of the events.
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/•Vg. 4. (a) and (b) are the distribution of the events time difference between two pixels - channel 1 and 2
for all events measured (a), and the 10% highest pulse coupled pulses. The pixel area is 4 mm'
irradiated from Ge68 point source. Operation voltage is 800 V.

B. Coincidence measurements of two parallel pixels sum.
Typical coincidence of sum pulses measured simultaneously from two-parallel 16
pixels of two different crystals is shown in Fig. 5.

Cdnddence agnalsfromtffopiXBk sun

Fig.5. Coincidence of sum signals from two parallel 16 pixels (4x4) of 4 mm Cd0.9Zn0.iTe. The pixel
area is 4 mm', irradiated by a Ge63 point source.
Operation voltage is 800 V
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The distribution of the start time difference between both channels is shown in Fig. 6.
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Fig.6. The distribution of the time difference between two 16 pixels sums form two identical crystals -
channel 1 and 2 for all events (energies) measured photons from Ge68 point source. Operation voltage
is 800 V.

The time jitter between the 'start' correlation time pulses yielded a FWHM of
5.1 nsecfor all energies. From this test we can learn about the best way to implement
coincidence circuit for CZT.

4. Discussion
The present work attempted to find a way of implementing high efficiency, fast, and
simple coincidence circuit for pixellated CZT detectors. A distribution of the time
jitter between the coincidence 'start' time events from two parallel pixels, provided a
FWHM of 84[nsec] for all energy pulses and 40 nsec when only the highest 10%
energy pulses are considered. The Charge carrier mobility-lifetime product in CZT
produces timing jitter. The pulse slope changes with the charge collection efficiency
depending on the photon interaction depth. In practice, using this kind of crystal, the
main reason for the time jitter is the well-known small pixel effect. We can learn this
by using the same crystal and changing the read-out setup. The time jitter distribution
between the coincidence start time pulses from the cathodes yielded a FWHM of 17
nsecfor all energies. The cathode can be looked at as a large pixel all over the
crystal. That prevents the small pixel effect, in that case the FWHM went down by the
factor of 5. This is emphasized in the timing correlation measurements between the
cathode and one of the 16 pixels. The same crystal yielded a FWHM of 24 nsec. Better
results were obtained when the coincidence timing correlation was made between two
16 pixels sums. A distribution of the time jitter between the coincidence 'start' time
pulses from the pixels sum, yielded a FWHM of 5 nsecfor all energies. The signals
received from the cathode were followed by noise, this noise originated from the high
voltage supply connection and the effective capacity between the crystal and the
pre-amplifier. The noise contribution to the time jitter inscribed in the timing
correlation measurements between the cathode and the 16 pixels sum, in the same
crystal that yielded a FWHM of 7.3 [nsec]. The cathode noise can be filtered, but it
would complicate the circuit. Some difficulties were observed in the Implementation
of a coincidence circuit wish the cathode read-out.

'Corresponding author. E-mail address: roniamrami@elgertis.com
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1. Introduction
Compared with other medical imaging techniques such as x-ray Computed
Tomography (CT) and Magnetic Resonance Imaging (MRI), Nuclear Medical
Imaging (NMI) has continued to suffer from inferior image quality, which is the result
of limitation imposed by mechanical collimation, necessary to form an image with
single-photon emitters. This basic limitation can be overcome, to a large degree by
using positron-emitting radiotracers and detecting the two photons which are emitted
following positron annihilation. High atomic numbers semiconductors and wide
band-gaps, such as CdTe, CdZnTe (CZT) andHgh, are potential gamma-ray
detectors, operating at room-temperature, with high detection efficiency. CZT
semiconductor detectors are known for their high count-rate capabilities (high
density) and their improved energy and spatial resolution. On the other hand, these
detectors have some limitations regarding timing and charge collection efficiency.
The CZT rise-time is composed of two components: electrons and holes
induced-charge-collection. Since the holes are much slower than the electrons and
since there is an equal absorption-probability at all depths and energies of the order
ofSHKeV, the rise-time and the timing signal vary dramatically. This slope is mostly
influenced by the 'small pixel effect'. This effect is related to the amount of charge
collected. The charge, caused by radiation, is induced over an area of several pixels
(the number of pixels depends on the depth of photon absorption). Therefore, a
different slope will be obtained (in the pulse shape) for different charge collected.
Slimming over a few pixels overcomes this problem. Unfortunately, the more pixels
added measure, the more noise introduced to the total signal. Organic and inorganic
scintillators like Nal(Tl) can serve as good timing referensfor measuring timing
performance because of the independence of the signal structure on interaction depth.
The present work examines the timing properties of pixellated CdZnTe detectors,
using the NaI(Tl) inorganic scintillators as time referens. Pixel summing optimum
solution has been established.

2. Experimental system
The timing performance was tested with CdQ.9Zno.i Te crystal detectors andNal(Tl)
scintillator attached to a Photo-Multiplier-Tube (PMT) . The CZT specification was
5x4 pixels of 2x2 mm2, with a 0.5 mm distance between pixels. The crystal thicbiess
was 5 mm, it was fabricated by IMARA D. The testing setup was used to measure dual
photon induced signals from two detectors in coincidence. CZT pulses from a EG&G
Ortec 142A charge-sensitive pre-amplifier were fed into a fast delay line amplifiers
Ortec model 460 (Gain=10,integ. time=40nsec) and then split into a digitizing
oscilloscope Hp 54510A, channel number 2 and into two Single Channel Analyzer
(SCA) Ortec 552. Pulses from the NaI(Tl)+PMT were split into a digitizing
oscilloscope Hp 54510A, channels 1 and into two Single Channel Analyzer (SCA)
Ortec 552. The system is shown in Fig. 1. The SCA s provided logic pulses, fed into a
Time to Amplitude Converter (TAC). The TAC provided an accurate and stable
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trigger signal for the digitizing oscilloscope. This configuration enabled us to have
simultaneous signals even thought their respective SCA logical pulses were hundreds
ofnano seconds apart. Both SCAs discrimination levels were higher then the noise
level in order to select true signals. We were developed software for data acquisition
to control the hp digitizing oscilloscope and to install the signals from the digitizing
oscilloscope into a PC hard disc. A detailed analysis of the onset of the respective
pulses was done off-line by a dedicated software on a PC workstation. Software was
written for data analysis (rise time and coincidence timing correlation mode).

Fig.l. Schematic diagram of the electronic chain for the coincidence timing correlation.

Example of summation over nine center CZT pixels in coincidence mode with
NaI(Tl)-PMT is shown in Fig. 2.

L»:,i

Fig.2. Coincidence setup of 3x3 center anode-pixels and NaI(T/)+P.\fT.

During each set of measurements, the voltage applied to the CZT and other external
conditions were held constant, so that the only parameters changed were the CZT
connector-position and the number of cells that were connected. This way changes in
timing performances were due to changes in the position andor number of cells
connected to the coincidence circuit.
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3. Results
A typical start time distribution between (a) single center CZT pixel and
NaI(Tl)+PMT(b) CZT nine center pixels sum and Nal(Tl)+PMT are shown in Fig.3.
(a) and (b).

«k

Counts

(a) ;
'•

m
Counts

(b) ; I
I
1
1

•1
-200 -ISO -100 -SO 0 50 100 ISO 200 --0 ' l s -!0 -* ° - I0 !5 -°

Timefnsec] Time [nsec]

Fig.3. The distribution of the time start difference between (a) single center pixel and Nal(TI)+PMT (b) nine
sum center pixels andNaI(Tl)+PMT

Typical 'start' time jitter resolution difference between nine (3x3) pixel sum in the
crystal center and nine (3x3) pixels crystal edge is shown in Table. I.

crystal position
Nine pixel crystal center cell sum
Nine pixel crystal edge cell sum

FWHMfnsec]
4.2
7.J

FWTMfnsec]
10.8
19.3

Table. 1. Time jitter resolution difference between nine center and edge pixel sum

Typical FWHM 'start' time jitter resolution between CZT summed center pixels and
Nal(Tl) +PMT is shown in Fig. 4.
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Fig. 4.
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CZT pixels summing amount [pixels]

'Start' time jitter resolution between summed pixels andNaI(Tl)-i+PMT

It is observed, from Fig. 4. that detection from a single cell in the CZT detector gave
the worst jitter time resolution. The best jitter time resolution obtained when nine
(3x3 pixels) were summed.
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4. Discussion and conclusion
This work examines the properties ofCdZnTe pixellated detectors, in terms of

coincidence-timing performances. Through this review it can be see that one of the
strongest effects over the CdZnTe timing - is the amount of charge collected, or in
other words, the influence of the 'small pixel effect'. Fig.5 gives a simple illustration
of this mechanism:

I- | I
tmM™K» CATHODE»«««»»»»»~~«««»~»»»»»«»<.

( I AX-ibsorptiwi depth
+ -y

\\ p depth

piielated ABODE -<Slt_ **»«»» s m ^ ^ a m a ***** pixetated ANODE »•»•

the areTol induced charge the arepof induced charge

Fig. 5. 'Small pixel effect' illustration

This effect is highly noticed when measuring coincidence signals from a single pixel,
positioned either at the center or the CdZnTe-detector edge. The CZT coincidence
jitter time with the Nal(Tl) +PMT FWHM value varies from a minimum of 4 [nsj ">
up to 84 fnsj. Variations in FWHM, as mentioned, are due to the number of
CdZnTe-pixels connected and their position. The more pixel added to the pixels sum,
the more dark current added to the total signal. The dark current (system noise)
increases the jitter time resolution. A trade-off between the 'small pixel effect' and the
dark current noise was found as nine (3x3) pixel sum. Signals from the pixels at the
crystal edge have more noise deriving from surface currents. The current source is
mainly from the broken crystallographic structure. The edge current increases the
system noise increasing in time jitter resolution.
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A NOVEL ARCHITECTURE FOR MULTICHANNEL ANALYZER

E. Marcus, I. Elhanani, J. Nir, M. Ellenbogen, Y. Kadmon, and D. Tirosh
Nuclear Research Center - Negev, P.O.Box. 9001, Beer-Sheva 84190, Israel

Abstract

A novel digital approach to real-time, high-throughput, low-cost Multichannel Analyzer
(MCA) for radiation spectroscopy is being presented.
The MCA input is a shaped nuclear pulse sampled at a high rate, using an Analog-to-Digital
Converter (ADC) chip. The digital samples are analyzed by a state-of-the-art Field
Programmable Gate Array (FPGA). A customized algorithm is utilized to estimate the peak of
the pulse, to reject pile-up and to eliminate processing dead time. The valid pulses estimated
peaks are transferred to a microcontroller system that creates the histogram and controls the
Human Machine Interface (HMI).

Introduction

The improvements in analog-to-digital converters that become faster and more accurate, along
with the appearance of programmable logic integrated circuits, motivated us to research a
novel technique for MCA implementation. This technique is based purely on digital circuits,
and solves many of the problems existing in the traditional MCA.

MCA Architecture

The MCA is built of the following components: A 12-bit high sampling rate
Analog-to-Digital Converter (ADC) which can sample as much as 48 Msample/sec, a Field
Programmable Gate Array (FPGA), an embedded microcontroller, clock generator, keypad,
LCD and memory. The FPGA is programmed by a "set-up memory" on each power on. Once
the FPGA is programmed, it becomes a sophisticated hardware device that performs complex
logic operations.

Analog Signal
ADC

12
FPGA

Setup
Memory

Digital Data

Timing
&

Control

Clock
Generator MICROCONTROLLER

10

Memory LCD Keypad

Fig. 1: Block diagram of the MCA
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Simplified Theory of Operation

The analog signal at the input of the MCA is continuously sampled by the ADC with the
effective resolution of 10 bits per sample. The clock generator that stimulates the ADC, is the
same clock that drives the FPGA and microcontroller. The FPGA receives the samples
directly from the ADC and performs real-time peak detection algorithm. The digital word that
represents the estimated peak of the input pulse is transferred to the microcontroller. The
microcontroller creates a histogram, performs a sliding scale averaging to correct channel
width irregularities, and displays the histogram on the LCD. The user can start/stop the
measurement at any time.

Peak Detection Algorithm

The FPGA performs peak detection in the following way:
First, each digital word received form the ADC is compared to a threshold value. If the value
of the word is lower than threshold the word is ignored; if the word is higher than threshold,
peak detection mechanism starts. The words from the ADC are transferred via a low pass
filter, and compared one to another; the word with the higher value is stored as the current
peak. The mechanism stops when the value of a word is lower than threshold; the current
peak is stored as a peak and transferred to the microcontroller.

Pileup Rejection Algorithm

Our pileup rejection algorithm relies on the fact that the input analog signal width is constant,
as well as the sampling rate. The number of samples between two crossings of threshold gives
us a quite good estimation of the signal width:

When:
W = Estimated width of the pulse.
T = Time between 2 samples (T=l/f when f is the sampling rate).
n = Number of samples between 2 crossings of threshold.

If the pulse width is more than 20% of the standard, the peak is rejected. The following figure
describes the different kinds of signals.

standard pileup

Fig. 2: Input signals - standard and pileup.
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Dead Time Elimination

In traditional MCA systems an analog circuit performs the peak detection and then the analog
peak is converted to a digital word. While the MCA is busy with the conversion, this means
dead time, in which no new input signals can be treated. Due to the digital peak detection in
our MCA, the analog signal conversion is performed continuously, without causing any dead
time.

Conclusion

A novel architecture of a fully digital, high-throughput MCA, using digital peak detection that
eliminates dead time and allows pileup rejection, has been presented. Faster ADC and FPGA
devices will improve resolution and enhance the ability to capture shorter pulses without the
need of algorithms modification.
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IMPLEMENTATION OF PC-BASED GEIGER-MULLER TUBE DETECTORS IN
HEALTH-PHYSICS AND ENVIRONMENTAL RADIATION APPLICATIONS.
Lionel S. Zuckier1 and Bryan Boardman2. Albert Einstein College of Medicine1,
Bronx, NY, USA 10461 and Aware Electronics2, Wilmington, DE, USA 19807

Widespread dissemination of powerful desktop computers and the concurrent
evolution of computer "interconnectivity" have afforded new options in the
health-physics and environmental radiation fields, hi this paper we will describe our
experience with a PC-based Geiger-Miiller (GM) detector and its implementation in
both health-physics and environmental-monitoring applications. Because the PC
serves as such a highly developed yet flexible platform, it lends itself to novel
applications of monitoring technology, some of which will be considered.

DETECTOR

We utilized a small, commercially available GM tube-based radiation detector
(RM-60, Aware Electronics Corp, Wilmington, DE) that interfaces with the serial port
of IBM-compatible personal computers (PCs). This detector contains a
halogen-quenched self-regenerating stainless steel GM tube with mica window,
calibrated with B7Cs by the manufacturer to an accuracy of within 5%. The energy
response is relatively flat for photons with energies of 200 keV or greater. Output may
be displayed as cpm or as urad/hr, using an adjustable calibration factor.

PC AND SOFTWARE

While RM-60 detectors interface with all standard IBM-compatible computers, for
the purpose of our measurements, we have used either of 2 models of commercially
available miniature palmtop computers (models 200LX or 1000CX, Hewlett-Packard
Co., Corvallis, OR). These miniature computers emulate 8088 architecture, and run
MS DOS v. 5.0. Standard software provided with the detector (AW-SRAD, Aware
Electronics Corp.) was used to control acquisition, display and data storage. Based on
the software, counting rates as high as 32,715 cpm, corresponding to an exposure rate
of approximately 3.12 mrem/hour, could be accommodated.

CONNECTIVITY

For purposes of remote polling, the palmtop computer was connected to a standard
telephone line using a low-power type II PCMCIA modem. A variety of
modem-equipped IBM-compatible computers (including palmtop, laptop and desktop
models) were used as base stations to remotely retrieve, capture and display the
radiation data using communications software created for this purpose (AW-FETCH,
Aware Electronics Corp.). This software, optimized for use with the RM-60 and
palmtop, incorporates CRC error correction and password protection features to ensure
reliability and security of the data. The remote computer can also be instructed by the
base to mark the last point in the AW-SRAD data file, thereby allowing it to be
specially highlighted when subsequently viewed.
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CHARACTERIZATION AND VALIDATION

We have characterized the detector and computer to determine suitability for these
applications. To evaluate the count rate linearity of the RM-60 palmtop system, a 15
mCi source of ""Tc was advanced toward the RM-60 detector until the
software-determined count rate maximum of 32,765 cpm was reached. The activity
was then decayed at this position over the course of 4 days, as serial 1-minute
acquisitions were obtained (fig. 1). Measured counting rates were compared to
theoretical values, based on extrapolating the background-corrected counting rate at 24

hours to earlier and later time
points. Maximal counting rates
were decreased by
approximately 5% compared to
the derived theoretical values.
Because the GM detector does
not discriminate photon energy,
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this measure of dead time, as a
function of counting rate, is
applicable to other
radionuclides, including 131I.
At clinically relevant counting
rates of 9000 cpm expected
when measuring a 150 mCi
dose of U1I located 2 meters
from the patient, dead-time
losses would be <2%.

Measurement of a 59 mCi source of I31I located 10 meters from the detector resulted
in an exposure rate of 146 nR/hour, 12.4% higher than that expected based on the
exposure rate constant for I31I of 2.16 rad x cm2/mCi x hr. This moderate discrepancy
can be ascribed to nonideal broad-beam geometry and buildup of radiation.

PATIENT MONITORING

In our protocol, the RM-60 detector was positioned opposite the midportion of the
patient's bed at a distance of approximately 2 meters. To enable the patient to make
and receive phone calls normally, the modem was connected to the telephone line
using a "Y" connector and the palmtop computer was set to answer incoming phone
calls only after the fourth ring.

131
Serial 1-minute acquisitions were initiated. Immediately after administration of the
I, and at least twice daily thereafter, the patient was contacted by telephone and

requested to lie centered in bed for 3 minutes in a relatively standardized position,
ignoring subsequent phone calls within this period. After 2 minutes, the base computer
dialed the patient's telephone number, which was automatically answered by the
remote palmtop computer. Preassigned passwords were exchanged, and the last data
point before contact was specially marked within the remote file, indicating orientation
of the patient in a standardized position (i.e. centered in bed). The base computer then
updated its AW-SRAD data file, appending new data, and the telephone connection
was terminated.
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The whole body burden of l3lI was calculated from the continuous radiation levels
using proportionality of the initial reading with the amount of activity administered.
The use of count ratios negates any concerns regarding geometry of the measurements
and obviates the need to use a calibration factor. Residual 13lI, as a function of time,
was displayed in semilogarithmic format on the base computer using specialized
graphics software designed for RM-60 files (AW-GRAPH, Aware Electronics Corp),
or standard spreadsheet grapliing functions. As an example, fig. 2 demonstrates a
tracing from a 52 year-old man who had recent subtotal thyroidectomy performed for

resection of papillary
carcinoma with evidence of
local lymph node
involvement, but no distal
metastases. A dose of 108
mCi of l3lI was administered
for ablation and therapy on
an inpatient basis, and
remote monitoring was
performed. On a
semilogarithmic plot, the
continuous tracing of the
count-rate describes a double
parallel , line appearance.
Corresponding amounts of

retained 13II are noted on the right y-axis, based on proportionality to the initial count
rate. The upper line overlaps the standardized points (squares) and corresponds to the
patient in bed, whereas the lower line corresponds to periods when the patient was
seated in a chair located slightly further away from the detector. The remote data
indicated that it was permissible to discharge the patient home after 48 hours, which
was confirmed by daily independent measurements by the radiation safety officer using
a handheld GM probe.

ENVIRONMENTAL MEASUREMENTS

We have extended our concept of remote monitoring to include a demonstration
site for radiation monitoring of the environment, with data retrieved remotely and
thereafter posted for viewing on the www. We placed an RM60 detector adjacent to an
external office window, tethered by 25 feet of cable to an HP lOOOcx palmtop
computer which was in-lurn connected to a telephone line by PCMCIA modem.
One-minute acquisitions were initiated and stored on hard disk. For the purpose of the
present demonstration, interval data were uploaded to base computer once daily over
standard telephone lines. This data was then transferred by ftp protocol from the base
computer to a server where displayed in various formats on a www page
(www.aw-el.com/nvc~) (figures 3 and 4).
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SUMMARY

Relying on the spread of personal computers and their interconnectivity, it has
become feasible to. interface low-cost GM-detectors to PC platforms, allowing
continuous monitoring of remote sites with ease of data transfer and display. In the
case of patient monitoring, advantages include decreased personnel exposure and ease
of monitoring. An accurate and objective "hard-copy" of radioactivity measurement, is
useful for documentation, and the continuous data lends itself to graphical and
dosimetric analyses.

With respect to environmental monitoring, data may be nearly-instantaneously
retrieved over great distances and displayed in a highly accessible manner. While not
in routine use on our demonstration site, we are developing a method of transferring
data from an internet-connected PC by ftp to the base computer, avoiding specific
telephone toll charges, and allowing more-frequent central transfer of data. This would
enable a radiation-monitoring network to be established at nominal cost, independent
of distances involved.

Lionel S. Zuckier, M.D.
zuckier@aecom.yu.edu
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CALCULATION OF AEROSOL TRANSPORT
EFFICIENCY FOR THE AIRBORNE RADIOIODINE MONITORING

SYSTEM - "RIS-125"

T. Kravchik. S. Levinson, Y. Mazor, E. Dolev, U. German
Nuclear Research Center Negev, P.O.B 9001 Beer-Sheva, Israel

Introduction

Radioactive iodine is a typical fission product in nuclear power reactors. Of the many
iodine isotopes that can be generated in nuclear reactors only four are considered as
radiobiologically significant. These are: I25I (T1/2=60d), I31I (Tl/2=8d), I33I (Ym=2lh) and
135I (Ti/2=7h) [1]. The chemical forms that have been identified in heavy water reactors are
I2 (elemental), organic iodides (CH3I), Inorganic iodides (HOI, HI) and Lil. Radioiodine is,
generally, released as a gas but can be adsorbed on air particulates to form radioiodine
contained aerosols. Therefore, its monitoring has to include both gas and aerosol sampling.

A new monitoring system, RIS (Radioactive Iodine Sampler), has been developed at
the NRCN to monitor radioactive iodine (gas and aerosol) on-line in workplaces [2]. This
system samples radioiodine at a 60 L/min rate through a transport line connected to a filter
holder. The filter consists of a cartridge containing activated charcoal with TED A for iodine
gas adsorption with a membrane for aerosols' retention in front of it. The radioiodine filter
cartridge (F&J product code: TE2C) has a diameter of 2'/4 inch and height of 1 inch . The gas
adsorbent is coconut shell carbon type activated charcoal with 5% (by weight) TEDA
impregnation and has 30x50 mesh size.

This paper presents the aerosols' sampling characteristics of the RIS system, including
their transport in the sampling line and filter holder. The adsorption of iodine gas on the
transport system components is negligible.

Aerosol Transport System Characteristics

The aerosol collection system was optimized for minimal deposition on the transport
system components. The aerosol transport and collection system is schematically shown on
Fig. 1. The air is directed at a 60 L/min flow rate through a polished stainless steal pipe
(1 inch diameter, including a 1 m vertical pipe and a 90° bend) towards a chamber in front of
the filter. From here, the air flows through the filter cartridge, where aerosols are collected
and counted by the detector. The chamber creates a uniform air flow and an homogeneous
aerosol collection on the filter cartridge surface. The detector assembly and the filter housing
are mounted in a 50 mm thick cylindrical lead structure with copper lining. The filter is
pressed against the detector chamber to force the air flow to pass through the filter. Static
charge effects were minimized by using a grounded stainless steel tube. The filter cartridge
holder was also made of the same material.

The "U.S. Nuclear Regulatory Commission - Regulatory Guide 8.25"[3] has
recommended that the transmission of particles with an aerodynamic diameter of 10 urn
through sampling lines should be at least 50%. Since the RIS system is intended for sampling
respirable aerosols, the line's geometric dimensions were selected to achieve a minimum
efficiency of 50% for these aerosols. The chamber's dimensions were chosen to achieve the
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"DEPOSITION 2.0" code. The main assumption, which is regularly used in fluid dynamics,
was that in the case of air flow in a non-circular cross section, the diameter equals to the
hydraulic equivalent diameter (which equals to 4 times the cross sectional area devided by the
perimeter length of the cross section).

1.
The aerosol transport system, which was determined, includes:

a circular tube (through which the air enters the system) with the following parts:
a. 1 m length vertical tube with a 22.9 mm diameter.
b. 90° tube bend with a 22.9 mm diameter.
c. 0.07 m length horizontal tube with 22.9 mm diameter.

2. a filter chamber with the following parts:
a. 90° tube bend with a 22.4 mm diameter and 60 L/min flow rate (flow entrance

into the filter chamber).
b. 90° tube bend with a 9 mm diameter (hydraulic diameter of a rectangular cross

section) and half the flow rate at the spacing around the detector.
c. 90° tube bend with a 12 mm diameter (hydraulic diameter of a circular annulus)

and the flow rate between the detector and the chamber's inner wall.
Inside the filter chamber the air flow separates into two parts, according to the flow

space: one part flows through parts a, b and c while the second one flows between the detector
and the chamber's inner wall with assumingly no aerosol's deposition. The two flow parts are
then united and enter the filter cartridge.

Fig. 2 presents the aerosol transport efficiency in the RJS system as a function of the
aerosol aerodynamic diameter as calculated by the "DEPOSITION 2.0" code.
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Fie. 2 - Aerosol transport efficiency of the RIS transport system
as a function of the aerosol aerodynamic diameter.
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highest aerosol transport efficiency, on one hand, and the shortest distance between the
detector and the filter cartridge (for lower detection limit), on the other hand.

The sampling line bend was designed with a curvature radius 5 times greater than the
inner line diameter, in order to minimize aerosol inertial deposition. The sampling line and
filter cartridge are easily removed from the system for decontamination and cleaning.

transport line

filter chamber

Fig. 1 - The RIS transport and collection system.

Results of Aerosol Transport Efficiency Calculation

The aerosol transport efficiency through the RIS transport line and filer chamber to the
filter cartridge was calculated using the "DEPOSITION 2.0" code, a PC-based software
program which was developed at the Texas A&M University [4], and was recommended by
the "U.S. Nuclear Regulatory Commission - Regulatory Guide 8.25" for aerosol transport
efficiency calculations at the workplace. The code is based on several theoretical and
empirical submodels which take into consideration the various aerosol deposition mechanisms
at the system transport lines (gravitational settling, diffusional deposition, turbulent inertial
deposition in straight tubes and inertial deposition in bends). Since the filter chamber is
characterized by an irregular design it was necessary to make some assumptions concerning
the chamber geometry (diameter, length, etc.) in order to enable the calculation using the
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Discussion and Summary

The aerosol transport efficiency through the RIS transport line and filer chamber was
calculated using the "DEPOSITION 2.0" code. Since the filter chamber is characterized by an
irregular design it was necessary to make some assumptions concerning the chamber
geometrical characteristics in order to enable the calculation using the code.

The code calculations show that aerosols with aerodynamic diameter of 4.0 urn will be
transported through the RIS transport system with an efficiency of nearly 80%. This diameter
is the respirable aerosols median aerodynamic diameter [5].

ICRP has recommended default AMAD (Activity Median Aerodynamic Diameter) of
5 urn for workers in nuclear workplace [6]. This is supported by recent researches which
show that in nuclear facilities, aerosols have a size distribution that is characterized by an
AMAD of around 5 um [7]. The calculations show that aerosols with aerodynamic diameter
of 5 Jim will be transported through the RIS transport system with an efficiency of about 70%.
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DETECTION LIMITS OF THE I25I AIR SAMPLER - "RIS-125".

I.Belaish, S.Levinson, U.German, T. Kravchik
Nuclear Research Center Negev, P.O.B 9001, Beer-Sheva. Israel

1. INTRODUCTION

A system for '25I monitoring in air (RIS-125) was designed and manufactured at NRCN. The
main features of the system are described elsewhere (1'2). The system can monitor 125I air
contamination in gaseous and aerosol forms. An air monitoring system should have a fast
response and the lowest available Minimum Detectable Activity (MDA). The present work
presents the characteristic MDA values of the system.

2. THE DETECTION EFFICIENCY

The total efficiency (r|) of the system includes the detection efficiency of the counting
assembly (r)l) and the transport efficiency, which accounts for the deposition or absorption
loses between the inlet and the filter (r|2). r\ is defined as :

The transport efficiency for gases was checked experimentally and was found to be : r|2=l.

The detection efficiency of the counting system (r\ 1) was measured using a point source and an
activated charcoal cassette (with 5% TED A impregnation) for several detector-cassette
distances. The point source had an activity of about 700 dpm. The cassette source had an
activity of about 10,000dpm. The sources were calibrated at the Radiation Counting and
Spectrometry Laboratory at NRCN. The detection efficiency values for different source
detector distances are shown in table 1.

Table 1- Source detection efficiencies for 1 2 5 I .

Cassette
absolute

efficiency (%)

3.5
2.9
2.3

Point source
absolute

efficiency (%)

20
16.7
12

Cassette relative
efficiency

(%)

100
84.4
66

Point source
relative efficiency

(%)

100
83.3
60

Detector-filter
or

Detector-cassette
distance (mm)

5
10
15
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3. THE DETECTION LIMITS FOR GAS MONITORING

The method of calculating the minimum detectable activity (MDA) is based upon the ANSI
13.30 standard(3). The MDA as a function of time is expressed as :

2) MDA= [4.65*Sy(n 1 *T)] + (3/T] 1 *T)

Where Sb represents the background standard deviation, r\ represents the total efficiency of the
system (for gases r| = T]l) and T is the counting time. The expression is correct for equal
counting times of the background and of the sample. The term (3/r)l*T) is usually ignored
when the system is not a low background system. The distribution of the background counting
is assumed to be a Gaussian distribution and therefore we can calculate Sb from the
background count rate (R) according to :

3) Sb
2=R*T.

We define the quantity DAC Fraction - XDAC ( where DAC are the values given in ICRP 30
orICRP54 ) a s :

4) XDAC = Activity Concentration in Air(uCi/m3) / DAC (uCi/m3)

The activity that was collected on the filter (supposing 100% filter- cassette efficiency for
aerosols or gases collection) after sampling for a time T at a flow rate of 0.06 mVmin is given
by:

5) A = XDAC * DAC * (0.06 * T) * r)2

From (2) and (5) we can express the Minimum Detectable DAC Fraction as :

6) XD A C m i n= (4.65*Rl/2)/(DAC*r,*0.06*T3/2)

Based on the definition of the DAC , we can evaluate the corresponding exposure from the
connection :

7) 2000 DAC*h => 5000 mrem

The values of XDACmin and the corresponding exposures that characterize the RIS-125
system were evaluated for different background count rates and for distances of 5mm and
10mm between the detector and the cassette filter. The results are given in table 2 for a
counting time of 10 min.
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Table 2 - Detection limits for detector-cassette distances of 5 mm and 10 mm (T=10 mini.

5 mm

5 mm

10 mm

10 mm

10,000
cpm

137E-3

57E-3

163E-3

68E-3

1000 cpm

43.5E-3

18.1E-3

51.7E-3

21.5E-3

100 cpm

13.7E-3

5.7E-3

16.4E-3

6.8E-3

10 cpm

4.3E-3

1.8E-3

5.2E-3

2.2E-3

4 cpm

2.7E-3

1.1E-3

3.3E-3

1.4E-3

•* background

• detection limit

^DACmin

Exposure (mrem)

^DACmin

Exposure (mrem)

4. THE DETECTION LIMITS FOR AEROSOLS MONITORING

The same procedure can be adapted for aerosols monitoring. The overall efficiency in this case
includes also T)2 - the transport efficiency. T)2 was evaluated theoretically using the
"Deposition" code (4), and for 5um aerosol diameters the values of 43% and 70% for 5mm
and 10 mm detector-cassette distances were found. The results of the detection limits for this
case are given in table 3 for a counting time of 10 min.

Table 3-Detection limits for detector-cassette distances of 5 mm and 10 mm (T=10 mini-
Sum diameter aerosols.

5 mm

5 mm

10 mm

10 mm

10,000 cpm

272E-3

113E-3

204E-3

85E-3

1000 cpm

86.1E-3

35.8E-3

64.5E-3

26.9E-3

100 cpm

27.2E-3

11.3E-3

20.4E-3

8.5E-3

10 cpm

8.6E-3

3.6E-3

6.5E-3

2.7E-3

4 cpm

5.4E-3

2.3E-3

4.1E-3

1.7E-3

•* background
I detection limit

^DACmin

Exposure (mrem)

-^DACmin

Exposure (mrem)

5. THE BACKGROUND

The typical background count rate of the shielded RIS-125 system is 4 ± 2 cpm.
For a flow rate of 0.06 m /̂min and assuming a >25i gas concentration in air of 1 DAC. the
count rate change is evaluated to be about 145 cpm/min. during continuous sampling. The
background contribution for this case is therefore negligible.

The most common radioisotope in the environment is Unat- The detection efficiency for Unat
was checked using a 2" diameter source and was found to be 0.014 cpm/dpm. For the flow
rate of 0.06 m3/min and assuming an Unat concentration in air of 1 DAC, the count rate
addition is evaluated to be about 0.03 cpm/min. Thus, even for relatively high Unat

concentrations in air, the detection limit will practically not be affected.
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6. SUMMARY

The detection limits of RIS-125 for 125I in the form of gas and 5u.m aerosols were evaluated.
The evaluation was performed as a function of the background count rates for two
detector-cassette distances : 5 mm and 10 mm. By increasing the distance, the detection
efficiency decreases, but the transport efficiency increases. As a compromise between the need
to detect 12SI in the form of gas and aerosols, a detector-filter distance of 10 mm was chosen.
The detection limits are low and are not significantly affected even by high Unat
concentrations in the background.
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LIMITS OF DETECTION FOR NATURAL URANIUM
MEASURED BY VARIOUS TECHNIQUES.

O.Pelled. U.German, S.Levinson, R.KoL M.Weinstein, S.Oved. Y. Laichter
Nuclear Research Center Negev, P.O.B 9001, Beer-Sheva, Israel

1. Introduction

The detection of uranium related to health physics applications requires low detection
limits. This work compares the Minimum Detectable Activity (MDA) and the measuring
range of several detection methods for Natural Uranium. The examined systems were:
ROTEM-portable proportional alpha monitor , ROTEM-portable Geiger pancake beta
monitor , Packard Liquid Scintillation System (LSC), Nal(Tl) and Ge
y spectrometry systems, and LIF-Laser Induced Fluorescence system. For all the portable
and the y spectrometry systems the counting of the uranium samples is performed directly
(non-destructive evaluation). For the LSC and LIF, the samples were first dissolved in
HNO3, and then a small volume of the solution was counted .

2. Materials and Methods

Filters from air samplers and smear tests containing various quantities of natural uranium
were measured by the different methods. First, the non destructive methods were
employed, then the samples were dissolved in 50 cc. of HNO3.
All systems were first tested for linearity and overflow, and the efficiencies were
determined using calibrated samples. Following, is a short description of the methods used.

• Direct counting with portable a and p monitors
In this methods we used a proportional detector for a counting and a Geiger detector
for P counting. The counting time was chosen 100 sec according to the instrument's
options. The advantage of this technique is that the sample is counted directly without
the need of special chemical treatment and without destroying it. The monitors are
portable and very simple to operate.

• y spectrometry
We employed y spectrometry with a Nal(Tl) 3" scintillator detector and with a high
resolution GeLi detector with a relative efficiency of 23% . Typical counting times of
2400 sec for the Nal(Tl) detector and 9000 sec for the GeLi detector were used. The
advantage of this technique is that the sample is counted directly without the need of
special chemical treatment and without destroying it. Also, Uranium can be
characterized by its spectral lines.

• LSC - Liquid Scintillation Counting
A LSC Packard Tricarb system was used to determine the activity of the samples.
When using this technique, the sample must be first dissolved. A small volume of the
solution is mixed with a liquid scintillator, and the a and p particles from Uranium
are stopped in the scintilator producing a light signal. Therefore, a high efficiency is
expected. The counting time was 600 sec.
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LIF-Laser Induced Fluorescence
This system measures routinely low quantities of uranium in urine samples.
The sample must be first dissolved and then a small amount of solution is mixed with
a fluorescent inducing material. The system requires unquenched samples with a well
defined pH.

3. Results

The results of our tests, showing the range of the Uranium quantities which can be
measured and the MDA's of the different methods are summarized in fig. 1. All methods
except the LIF are adequate to measure samples containing over O.lg Natural Uranium.
The MDA's were evaluated according to the background (3CT) and efficiency values for
each system, except for the LIF which was determined according to samples of known
Uranium activity. The systems were checked for the actual samples. The MDA values are
noted on the left side for each method (in ugr/sample units).

330 GeLi-9000s

900 NaI(TlV?400s

20 ._ Tri.Carb-.60Qs..

44 portable B counter - 100s

portable q counter - 100s

0.05 LIF 1,

0.01 0.1 1 10 100

ugr/sample

1000 10000 100000

samDle dissolved in nitric acid

whole samDle

• >

Fig 1: The range and MDA's of different systems for Natural Uranium detection.

The results indicate that the lowest MDA was obtained using the LIF, and the highest using
the Nal(Tl) detector.
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4. Discussion and Conclusions.

• The most sensitive method for measuring uranium content is the LIF. It has a detection
limit of 0.05ug/sampIe, but its measuring range is limited to lug/sample. The sample
must be first dissolved (in HNO3) and the pH must be carefully adjusted to 7.
operations which involve significant laboratory work. This method is adequate for
handling only a limited number of samples for which very low MDA's are required.

• The portable counters (a and p) are very convenient and have relatively low MDA's
(especially the portable a counter because of its low background). However, because
of self absorption in the samples and the geometry dependence, the accuracy of these
systems is limited.

• The y spectrometry methods are convenient because no sample preparation is needed
and there is practically no self absorption (for small samples as filters or smears) but
the limit of detection for typical counting times is very high relative to the other
methods. The MDA can be improved by increasing the counting times.

• The LSC method has a low MDA and the samples can be counted automatically. The
main drawback is the need to dissolve the uranium which adds additional laboratory
work, but when considerable amount of samples are to be evaluated, it seems that this
method is to be preferred. The MDA can be improved by increasing the counting
time.
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IMPROVEMENT OF THE ABSOLUTE ACTIVITY
OVATION TECHNIQ
IN THE THYROID.

DETERMINATION TECHNIQUE OF 125I

O.Pelled, U.German, Z.Alfassi*
Nuclear Research Center Negev, P.O.B 9001, Beer-Sheva, Israel

* Ben Gurion University of the Negev, Beer-Sheva, Israel

1. Introduction

A method for absolute determination of the activity of a 125I source based on the
counting rate values-of the 27 keV photons and the 54 keV coincidence photo-peak is
given in the literature (1). We had shown in previous works (2,3), that this method,
within certain limitations, diminishes the geometry dependence of the activity
determination for I25I sources and for measuring the uptake of 125I in human thyroid.
In the present work we present a further improvement of the accuracy of the
absolute determination method.

2. The Method

The absolute determination method is based on the counting rate values of
the27 keV photons and the coincidence photon peak at 54keV . It is based on the
principle that if a radionuclide emits two photons in coincidence, a measurement of
its disintegration rate in the photopeak and in the sum-peak can determinate it's
absolute activity.
When using this method, parameters such as thyroid geometry, self absorption or
thyroid position relative to the detector seem to have a minor influence on the
accuracy of the activity evaluation. However, when the coincidence rate is very
low, the application of this method is limited because of the poor counting statistics
in the coincidence peak.
If Nl is the net counting rate (cps) in the Region Of Interest (ROI) of the 27keV
photons and N2 the net coincidence rate (cps) in the ROI of 54keV, the source
activity N (in Ci) can be determined by using the equation (1):

N=
4*^2*3.7*10'°

In previous works (2,3) we have found that when using this method, there is an
underestimation of the source activity calculation as a function of increasing
geometrical parameters such as the distance between the source and the detector,
the source dimensions and the thickness of the absorber between the detector and
the source. We estimated that one of the factors which determine the accuracy of
the method is the precision of the separation between the 27 keV and 54 keV
peaks. When using scintillation detectors there is an overlapping between the
peaks, and the original ROI integration method may induce errors.
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To check this assumption, we operated the deconvohition method to extract the
peak areas from the multiplet peak. The spectrum analysis was performed by using
the INTER WINNER nuclear spectroscopy software (Eurisys Measures Ltd.).

An example showing the spectrum and the deconvolution is given in fig. 1.
The spectrum was measured by a 2mm thick x 3" diameter Nal(Tl) detector.

Fig. 1:1-125 spectrum deconvolution.

3. Results

Our previous results have shown that the distance between the source and the
detector is the parameter that has the greatest influence on the accuracy of the
absolute method. We used the absolute determination method to evaluate the I25I
content in a 8.5 cc bottle placed at different distances from a 2mm thick 3"NaI(Tl)
detector , calculating the counts in each peak by the ROI and the deconvolution
methods. The evaluation accuracy is expressed by the ratio between N ( the
activity calculated by the absolute method) and No (the actual activity).

Fig.2 shows the ratio N/No as a function of the distance between the detector and
the source when the counts in the 27 keV and 54 keV peaks was determined by the
ROI method. There is only a small geometry dependence up to about 4 cm., but the
accuracy at greater distances deteriorates rapidly, and at the distance of 8 cm. a
deviation of more than 20% can be observed.

Fig. 3 shows the ratio N/No as a function of the distance between the detector and
the source when the counts in the peaks were determined by unfolding the
spectrum. It can be seen that up to a distance of 10 cm., the results are accurate
within the range of about 8%.
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Fig.2: Ratio N/No as a function of the distance between the detector and the
source- ROI method.
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Fig.3: Ratio N/No as a function of the distance between the detector and the
source- deconvolution method.
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4. Conclusions

By employing the deconvolution method to calculate the 27 keV and 54 keV peak
areas, the accuracy of determination of the I25I activity by the absolute method is
significantly improved, compared to the standard ROI method. For a volume
source of 8.5 cc (close to the approximate average volume of the thyroid), the
activity determination accuracy is within 8% for detector-source distances of up to
at least 10 cm., This greatly simplifies the process of 125I uptake evaluation, as the
position of the gland, and the exact position of the detector become less critical.

This conclusion is relevant if a low resolution detector (mostly a scintillator) is
employed for thyroid uptake determination, as it is mostly the case because of their
high efficiency and low cost. If a high resolution detector is employed for gamma
spectrometry, the 27 keV and 54 keV peaks will be separated and the area
determination can be performed directly.
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LiF:Mg, Cu, P vs LiF:Mg, Ti: A COMPARISON OF
SOME DOSIMETRIC PROPERTIES

Ben-Shachar. B.. Weinstein, M. and German, U.
NRC-Negev, P.O.B. 9001, Beer-Sheva, 84190, Israel.

1. INTRODUCTION

The most widely used technique in radiation dosimetry is thermo luminescence
(TL), which makes use of materials, commonly divided into two groups:

(a) tissue equivalent phosphors, which generally exhibit low
sensitivity to ionizing radiation, e.g. LIF:Mg, Ti, Li2B^O7 with Cu
or Mn as impurities or Be2O3 with different impurities.

(b) phosphors with high sensitivity but poor equivalence to organic
tissue, e.g. CaF2 with Mn, Dy or Tm as impurities or CaSO4 with
Mn or Tm as impurities.

For a TL dosimeter used in personnel or environmental dosimetry, both
tissue-equivalence and high sensitivity are required.

Lithium fluoride doped with magnesium and titanium, known commercially as
TLD-100 (Harshaw), is still the most commonly used radiation dosimeter. It has
become popular because of several properties, such as tissue equivalence, relative low
fading, adequate sensitivity for personnel dosimetry and the possibility to
manufacture the material with acceptable reproducibility.

The LiF;Cu, Mg, P phosphor has several important advantages compared to
LiF:Mg, Ti. The extended range of linearity, lack of supralinearity and the more
nearly ideal tissue equivalence response to low energy photons gives a significant
advantage in clinical dosimetry. The higher sensitivity, improved signal to noise ratio,
and shorter monitoring periods lead to greatly improved performance in
environmental dosimetry. The ultra low relative TL response to neutrons is another
important advantage in mixed field neutron/gamma dosimetry.

The LiF:Mg, Cu, P does suffer from several of the disadvantages associated with
TLD-100, especially its complex glow curve, and its greater sensitivity than TLD-100
to heating procedures. A comparison of some main properties of the two phosphors is
presented in this work.

2. GLOW CURVE, ANNEALING AND HEATING PROFILES.

In this section we present the glow curve of the LiF:Mg, Cu, P compared to that of
LiF:Ti, Mg, and different proposed annealing and heating profiles. The most popular
LiF:Mg, Cu, P phosphor is the GR-200 (produced in China or by Bicron/Harshaw);
another phosphor is the MCP-N (produced in Poland).

The LiF:Mg, Ti (TLD-100) has a complicated glow curve, including about 10
glow peaks, vastly overlapping (see figure 1). The first five peaks are received when
the phosphor is heated to a temperature of 250-300°C. Peaks 6 and 7 are received at
high doses of electromagnetic irradiation or neutrons. Peaks 8, 9 and 10 are received
when the phosphor is heated to higher temperatures (up to 400°C). The main peak
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(and the most important for dosimetric applications) is the peak 5, overlapping with
peak 4 (and with other peaks as well, e.g. 3, 6 and 7).

>-
Z

9-

8-

7-

6-

TLD-IOO

"lOO 150 200 250 300 350 400 450

TEMPERATURE °C

Figure 1. Glow Curve of TLD-IOO

The LiF:Mg, Cu, P has a glow curve which is more simple, but its shape is
strongly influenced by the annealing and heating profiles. It exhibits five temperature
peaks at temperatures 90, 120, 180, 220 and 275°C (NIE90). Peak no. 4 is the
dosimetric peak and peak no. 5 is the high temperature peak.

Mostly, a pre-heat to 140°C is performed, and a reading up to 240°C. Oster and
Horowitz (OST93) described an improved method of annealing/reading the GR-200
chips: pre-irradiation annealing at 240°C/10min and reading at a heating rate of
2.5°C/s up to 240 - 270°C. An example of the resulting glow curve of LiF:Mg, Cu, P
including CGCD analysis is presented in figure 2.

300 400 500
Temperature (K)

600

Fig 2. Glow curve of LiF:Cu, Mg, P irradiated with 0.4 Gy 60Co gamma rays at
room temperature (OST 93).
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Delgado et al. (DEL95) used a heating rate of 6°C/s up to 250°C followed by a 10s
heating at this temperature. This temperature profile permitted work to be done using
only reader annealing in a dose range of two orders of magnitude, for ultralow doses.

3. THE LOSS IN SENSITIVITY AND THE RESIDUAL DOSE

The main drawback of the LiF:Mg, Cu, P phosphor is the well- documented
transformation and loss in sensitivity of the material when annealed at temperatures
above approximately 240°C. The manufacturer's recommendations have been to
pre-irradiate and anneal the material at 240°C for approximately 10 s. These
recommendations have been widely accepted. Unfortunately, the presence of a high
temperature peak extending in temperature to approximately 270°C - 300°C leads to a
significant residual signal (HOR93A) - approximately 5%-10% of the first readout
dosimetry signal when the material is read at 240°C for 12 s. By comparison, the total
residual signal of TLD-100, read at 300°C, is no more than a few-tenths of per cent,
and this has led to the widespread use of "unannealed" TLD-100 in personal
dosimetry. Considerable effort has been invested in the development of a
LiF:Mg, Cu, P material without the high temperature structure (and consequently with
a greatly reduced residual signal following 240°C readout).

The issue of reproducibility was handled by Oster and Horowitz (OST93). The
results of the response of GR-200 chips during 40 successive re-use cycles at different
temperatures, as well as the total residual signal as a function of number of readouts,
clearly illustrate that the GR-200 chips can be read at temperatures as high as 270°C
without any significant loss in sensitivity. Readout at 270°C for 12 s reduces the total
residual signal (HOR93B) to an acceptable level of 0.6%, over an order of magnitude
improvement over readout at 240°C. The residual signal becomes comparable to the
residual signal of TLD-100, thus GR-200 can be used, in "unannealed" form, without
any high temperature pre-irradiation annealing between readouts.

4. LINEARITY.

The LiF:Mg, Ti, as well as the LiF:Mg, Cu, P are linear in their dose response at
the low dose levels. The supralinearity of TLD-100 above a gamma dose level of
approximately 1 Gy and its non-universality and dependence on a great number of
experimental and radiation field parameters has been documented in many works
(HOR84). The linearity behaviour is considerably simplified in LiF:Mg, Cu, P where
the dose response is known to be linear up to a dose level of approximately 10 Gy
(GON95).

5. ENERGY DEPENDENCE.

Even though the Zeff of LiF:Mg,Ti and LiF:Mg,Cu,P are essentially identical, their
relative response to X rays below about 100 keV is significantly different. In
TLD-100, peaks (4+5) are known to over-respond at low energy X rays (i.e. the
relative response is greater than that predicted by the mass energy absorption
coefficients, approximately 1.4 instead of 1.3 at 30 keV). Peak 7 has an even greater
over-response (as high as 2 instead of 1.3 at 30 keV). In the LiF:Mg,Cu,P the energy
dependence is less pronounced and more stable (HOR93B). The material
under-responds to low energy X rays: the relative TL response at 30 keV is
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approximately 0.9, and at 100 keV is approximately 0.8, instead of 1.4 as in TLD-100.
LiF:Mg,Cu,P is thus closer by approximately a factor of two to tissue equivalence
than LiF:Mg,Ti for this energy range.

6. CONCLUSIONS.

The LiF:Cu, Mg, P phosphor has several important advantages compared to
LiF:Mg, Ti - higher sensitivity, extended range of linearity, lack of supralinearity and
more nearly ideal tissue equivalence response to low energy photons. The
LiF:Mg, Cu, P does suffer from several disadvantages, especially its complex glow
curve and its greater sensitivity than TLD-100 to annealing procedures.

The main dosimetric peak of LiF:Mg, Cu, P is peak no. 4 (at about 220°C). This
peak can be separated from the low temperature peaks of the glow curve by using the
CGCD technique. It is very important to perform an optimal annealing and heating
profile, otherwise an irreversible loss in sensitivity and changes in the glow curve
will occure, which leads to high residual dose.

The linearity behaviour is considerably simplified in LiF:Mg, Cu, P where the
dose response is known to be linear up to a dose level of approximately 10 Gy, while
TLD-100 has supralinear effects above a gamma dose level of approximately I Gy.

The energy dependence of LLF:Mg, Cu, P is less pronounced and more stable.
Not as TLD-100,this material under-responds to low energy X rays (up to 100 kev)
and is closer by approximately a factor of two to tissue equivalence than LiF:Mg,Ti
for this energy range.
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An Improved Early Warning System for Detecting and

Identifying Airborne Nuclear Fallout

Y.Grof ,Y. Shamai and D. Roland

Soreq, NRC, Yavne, ISRAEL, 81800

Purpose

To develop an improved early warning system for detecting and identifying

airborne nuclear fallout.

Method

A method was developed for statistical analysis of the signals from a counting

system for early detection of airborne nuclear fallout.

The system is based on a Geiger-Muller counter coupled to a simple PC. The

detector is facing a filter through which air is pumped with a rate of 30 m3/h.

The counting rate is recorded continuously and it's behavior with time is

studied and analyzed by a specific statistical method, explained below. The

system we developed is using .the counting rate data from the GM counter

and the statistical -module is eliminating from the count vs. time spectra all the

"background" data, so the net spectra caused by the actual contamination

becomes visible.

By using this method we can lower our alarm threshold and response time by

1-2 orders of magnitude relative to existing alarm systems. The statistical

method we use is called "seasonal decomposition" and it belongs to the "time

series" group. This method enables to differentiation between components, in

the counts vs time spectra.
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1. Seasonal component. This is a relative short cycle, e.g. the daily radon

levels.

2. Trend component. This is a long (yearly) trend component, a whole year.

3. Cycling component. This is a long term and not always regular

component.

4. Random component. This is the net data after subtracting all the other

confounding data. The contamination will appear here.

Results and conclusions

We tried our system by operating it in actual field measurements and

artificially adding certain number of counts to the raw counting data in a

chosen part of the "raw count spectra", and then applying our analyzing

program.

The system was able to detect a short "event" equal to an apparent rise in

the gamma background level of the order of 1 to 2 |iR/h over an average

natural background rate of the order of 15 nR/h.

Figures 1 and 2 below are an example of using the statistical system to get a

clear indication of a contaminating situation. This sample is artificially

manipulated, but, real data from the counter is giving similar results.
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fig1. The data before analyzing. The arrow indicates the actual place where

counts were artificially added.
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Fig2. The net "count spectra" after applying the statistical analyzer.
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Cleaning of radioactive liquid waste by a new biomass plant

D. Uzycer, I. Gilath, A. Mey-Marom, Y. Elek, O. Even and H. Zafrir,
Soreq Nuclear Research Center, Yavne 81800, Israel

Tel. 972 - 8 - 9434134 Fax 972 - 8 -9434403
E. Tel Or and N. Cohen,

The Hebrew University of Jerusalem, Faculty of Agriculture, Rehovot, Israel
Tel. 972 - 8 - 9481262 Fax 972 - 8 -9467763

I - Introduction
Metapure biomass is a low cost patented material based on a dried plant (Azolla).
It binds and concentrates various metal ions from water over a broad range of
concentration (ppm to below ppt) and pH (2-12.5). Filtering system based on
Metapure can be used for the remediation of industrial waste water and especially
for the nuclear industry for the removal of radionuclides from liquid waste. After
its use, it can be easily incinerated at low temperature (350 - 500°C) to
radionuclides enriched ashes, reducing the waste for disposal up to 1/10, without
any loss of the accumulated radioactive isotopes.
Metapure biomass has low affinity for Na ions, while retaining its binding
properties for other metal ions, and was proved to be quite efficient in brine
solutions.
Laboratory experiments, have shown the Metapure efficiency for the removal of
radioisotope traces from high hardness tap water and from brine solution.
The removal of Co-60 by Metapure from waste water was tested on site at the
Comanche Peak power station (USA). A small scale filtering system for Co-60
removal from high alkaline waste water, is now in operation at Soreq Nuclear
Research Center.

II - Removal of radio-isotopes from the IRR1 (first Israel research reactor)
cooling water at Soreq TSRC

Radionuclides present in the IRR1 pool water are mainly activation and fission
products at very low concentrations, much below ppt. A volume of 50 liters of the
IRR1 pool water was passed through a laboratory column containing 5 g Metapure.
The activity of 200 ml pool water sample and of the Metapure column at the end of
the experiment, were analyzed using a HPGe gamma radiation detector (Table 1).

Table 1: Analysis of the reactor pool water sample and of the Metapure filter.

Radionuclides

Ba-La-140
Ag-llOm
Cs-137
Co-60

Co-58
Zn-65
Ce-144
Mn-54

200 cc pool water
activity (nCi)

0.051
0.01
ND

0.132 (6 10-* ppt)
0.042
0.021

0.003 (4.5 lO'6 ppt)
0.007

5 g MetaPure column
activity (nCi)

7.4
0.866
0.457

33

9.4
4.9

0.109
1.7

% uptake

58
34.8

100

89.6
93.2
14.5
97.2

*ND: not detected
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The yield of removal for Co, Zn and Mn is close to 100% which shows the ability
of the biomass to remove elements from water at concentration much below ppt.

Ill - Uptake of fission products from high hardness water
The efficiency of Metapure to clean up radioactive isotopes at very low
concentration in tap water, was evaluated. Fission products were produced by
neutrons irradiation of 0.4 mg U-235 (purchased from Isotope Products Lab.,
Burbank, USA), at the Soreq NRC reactor and then diluted in tap water. The tap
water at Soreq NRC contains around 70 ppm Ca, 15 ppm Mg, 30 ppm Na and 2
ppm K. One liter of the tap water solution, containing the radioactive isotopes
traces, was pumped through a 5 g Metapure column.
The activity of the isotopes in the input solution and in the output solution from the
Metapure column, was measured on 200 ml samples, using a HPGe detector.
The concentrations of the fission products were calculated, using the specific
activity of the isotope, and were found by 9 order of magnitude lower than the
ionic composition of the tap water. The removal efficiency for most of the
radioisotopes is close to 100% (Table 2).

Table 2: Clean up of fission products isotopes at very low concentration in tap water

Isotope
Nd-147
Ce-141

Ru-103
Ba-140
Zr-95
Nb-95

La-140

Input solution (ppt)
1.0 10-4

3.1 10-3

4.9 10-3

1.5 10-3
8.0 10-3
2.3 10-3

5.5 10-4

Output solution (ppt)
ND

5.410-5 ~~1

1.7 10-3
ND

1.7 10-4

4.5 10-5

1.5 10-6

Removal %
100%
98%

64%
100%
97.9%
98%

99.7%

•ND: not detected

IV - Incineration of Metapure
Metapure being of plant origin can be incinerated at low temperature from 350°C
up to 500°C to metal enriched ashes. At 350°C, the material weight is already
reduced by a factor of 10. Some of the Metapure filters, used for the removal of
fission products from tap water, were incinerated at 500°C. The isotopes activities
were measured before and after the incineration. An example presented in Table 3,
shows that all the radioisotopes were recovered without any loss.

Table 3: Incineration of Metapure filter at 500 °C

Isotopes

Ce-144
Ce-141
Ru-103
Ba-140
La-140

Filter activity before
incineration (nCi)

2.7 ±0.2
29.0 ±0.8
8.7 ±0.5
4.8 ±0.3

17.0 + 2

Ashes activity after
incineration (nCi)

2.8 + 0.2
29.5 ±0.8
9.4 ±0.5
4.9 ±0.3

19.9±2
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V - Decontamination of Cs-134 in high salinity solutions
High content of sodium salt, are often found in liquid radioactive wastes of the
nuclear industry. One liter of a solution containing 2 ppb Cs-134 and 20g/l NaCl
(comparable to sea water) was pumped through a 10 g Metapure column at 4
ml/min flow rate. The cesium concentration is by six orders of magnitude lower
than the sodium concentration. The Cs-134 removal was 66%. Five grams
Metapure columns were also tested with solutions containing NaNC>3 from 17 g/1
up to 187 g/1 and 2 ppb of Cs-134. The uptake of Cs decreases linearly with
increasing NaNC>3 concentration.

VI - Removal of radioactive isotopes from highly alkaline effluents
Radioactive isotopes at very low concentrations in the Soreq reactor cooling water,
are removed by passing the water through a mixed bed ion exchange resins. The
product of the resins regeneration is a highly alkaline effluent, at pH about 12.5,
containing mainly fission products and Co-60 at concentration much below ppt
(10-5-10"3 ppt). The decontamination of these effluents was tested in laboratory
using Metapure. The biomass, was resistant above expectations to the harsh
alkaline feed.
The laboratory results were used to design and operate a Metapure filtering system
to remediate the effluents from Co-60, at the level of the Israel Health Ministry
regulation (> 2nCi/l).
The Metapure filtering unit is a small scale two columns system. Each column is
made of two segments of 20 cm diameter and 63 cm length each. One column was
filled with activated carbon and the other column was filled with 3.6 kg of
Metapure. The effluent was pumped through the system at a flow rate of 0.2 m^/h.
The activity of the feed and of the output solutions were monitored for each 0.5 m^
as can be seen in Table 4.

Table 4: Removal of Co-60 by small scale Metapure filtering system at Soreq NRC.

Batch

0.5 m3

Co-60 input
nCi/lit.

5.7
5.5
5.4
4.3
3.5
3.6
3.2

Co-60 output
nCi/lit.

0.7
0.7
0.6
0.7
0.6
1.0
0.8

Yield

87 %
87%
89%
83%
82%
72%
73%

The operation of the pilot filtering system is achieving its goal, reducing the Co-60
content below the Health Ministry regulation.

VII - Testing of Co-60 removal from radioactive waste water at Comanche Peak
power station (Glen Rose - Texas)

The purpose of the test was to check the ability of Metapure to clean real aqueous
nuclear wastes from radionuclides, mainly cobalt-60.
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The water is containing radioisotopes at low concentrations (fission and activation
products) and is treated for the removal of these radioisotopes, by a commercial
decontamination system.
A Metapure column was installed in parallel to the decontamination system using
bypasses and the flow rate was downscaled accordingly to the dimensions of the
Metapure column to match the system flow rate. Water samples were taken from
the output of the system columns and from the testing column simultaneously and
measured in the counting laboratory.

InDut Co-60: 9.6 10"6 uCi/cc

Carbon: 9.6
Metapure: Co-60 ND

j Zeolite: 3.6 1Q-6

I Resin: 5.3 lQ-7nCi/cc

1 Resin: 4.6 IP'7 nCi/cc

i
I Resin: 4.6 10'7 nCi/cc

i
Zeolite: Not detected

The results show that Metapure has better polishing capablity than zeolite and resin
for Co-60.

Vlll - Conclusions
The efficiency of Metapure to decontaminate fission products and heavy metal
radioactive trace elements from nuclear waste waters was demonstrated. The first
small scale pilot system for Co-60 removal from high alkaline effluents, is
successfully operating at Sore NRC. The test carried out at the Comanche Peak
power station has shown that Metapure removed efficiently Co-60 from waste
water. Incineration of the biomass reduces considerably the volume for waste
disposal.
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ADVANCED METHODS AND TECHNIQUES FOR MEASURING AND
SURVEILLANCE OF IONIZING RADIATION LEVELS AT NUCLEAR SITES

Naftali Tal(l) and Danny Tirosh(2)

U)ROTEM Industries Ltd., P.O.Box 9046, Beer-Sheva 84190, Israel
(2) Nuclear Research Center - Negev, P.O.Box 9001, Beer-Sheva 84190, Israel

During the last 12 years significant improvements in the measuring and surveillance of
ionizing radiation have been seen, even though the nature of the radiation and the risk
involved has not changed significantly within this period of time.

1. The Electronic Dosimeter

In the late 80's the Electronic Dosimeter (ED), shown in Fig. 1, was introduced to the nuclear
industry. This ED together with advanced electronics, computers and networking has changed
the way HP (Health Physics) technicians monitor the workers and working environment.

Fig. 1: Electronic Dosimeters (ED's)

1.1. ED Advantages

1.1.1. Immediate information - Both the worker and the HP technician have immediate
information on the worker's exposure at all times.
Alarm thresholds for both, accumulated dose and rate, can be easily set. These alarms have
both audible and visual annunciators, which notify the radiation workers and HP technicians.

1.1.2. The use of AC (access control) systems together with the ED provide a powerful tool to
retrieve the worker dose exposure and follow up and maintain the exposure to be below the
accepted limits. Another big advantage here is that it reduces the amount of RP (Radiation
Protection) interaction needed to process each worker into the RCA (Radiation/Contamination
Area). This enables the RP organization to allocate its resources more efficiently.
The accumulated information can help to compare the actual exposure with the planned one in
order to improve future planning. The implementation of computerized AC systems has made
the radiation workers much more aware of their dose exposure.

1.1.3. Teledosimetry - The introduction of teledosimetery (wireless dosimeters) in the early
90's gave HP personnel a very powerful tool to monitor the workers on-line. The telemetry
system is based on the ED plus, a small transmitter that transmits the ED data to a remote PC
station.
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The transmitter is small and light enough to be carried on the worker's belt or even attached to
the ED. It transmits in low power to reduce the risk of interference with other equipment in
the plant. This remote on-line monitoring technique is most important when the workers are
subjected to very high radiation fields. Another advantage is that it enables a single HP
technician to control the exposure of several worker groups at different locations, without
being exposed to ionizing radiation himself/herself (ALARA - As Low As Reasonably
Achievable).

Fig 2: Teledosimeter (Wireless dosimeter)

Teledosimetry is a way to maximize the ALARA concept by allowing the worker to proceed
with his task without the constant interruption of checking his own dosimeter. This is
especially important when workers are dressed in several layers of protective clothing or are
working in an underwater environment. The main idea is to increase the efficiency of the HP
technician and workers, and at the same time reducing overall exposure.

1.2 ED Dose of Record

During the mid 90's the improved reliability and accuracy of the ED's persuaded some users
to believe that they would be able to use the ED as the "dose of record" to replace the
TLD's/Film badges. However, the general impression now is that ED's still require
improvements in durability, R.F. protection and environmental ruggedness in order to be
considered for the "dose of record". ED's still need to prove their dependability over the next
few years before they can replace TLD's/Film badges. Also ANSI 13.27 will not have a ballot
until January 2000. This standard is first needed in order for the electronic dosimeter to make
advancements in replacing TLD's. This will leave the users a choice for the monitoring type
for their sites. The other factor effecting this decision is the redundancy issue. Most HP
personnel prefer to have two devices in case of failure.

1.3. Area Monitoring

In addition to monitoring workers the ED and telemetry, together with the improvements in
PC and computer networking, has expanded its uses to include on-line area monitoring (a
mini-RMS system). One example is monitoring high dose rates in piping during transfers or
chemistry procedures. HP personnel know when to flush the pipes without sending an HP
technician to survey the area. ED's are also used for historical data gathering to enhance
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ALARA planning. In this application, the ED's are placed at critical data gathering points
during important evolutions. This data helps to improve operation of the plant.
The collected data gives HP personnel an idea of which areas to apply shielding and which
areas to declare as "access excluded" in subsequent ISls (In Service Inspection). As for the
two graphs: Graph 1 shows the historical data gathered during a 10-year core barrel ISI.
Graph 2 shows shutdown data as derived from a shutdown system piping dose rates. This data
has two important implications for health physics personnel. It allows them to "rate" the
performance of each shutdown, so that they have a better idea of what to expect for dose rates
in the different areas of the plant, and from this data they have also learned how to perform
better shutdowns so that the migration and deposition of corrosion products is minimized.

Past Shutdown Dose Rate Comparison U2R6 - U2R7 - U2R8

AD Dos* Rita Mauund Ihrni U* In-Strrict Low Pnsnn Saf«y
Injection Pump Rooms

Ttar ittrr SlMitowa (ki d

U2R6

Graph l.Post Shutdown Dose Rate Comparison

140' NW Reactor Cavity Area Dose Rates During Initial Core Barrel
Movement U1R8 • U2R7 - U3R7

(Dose Rates are One Minute Averages as measured with a DMC-100)

800

Time in Minutes

Graph 2. Dose Rates During Initial Core Barrel Movement

195



2. Workers Video Surveillance

Recent trends in the Nuclear Industry emphasize extensive use of cameras as part of their
control monitoring facility. Plants typically place upwards of 20 cameras in the containment
and other areas during an outage. This aids both in monitoring work as well as in job briefing.
It has also provided a way to record work activities for future job planning and workers
training.

3. Computerized Mapping

Currently most of the radiological surveys done in the US Nuclear Power Plants are
handwritten. The trend, however, is moving towards computerized surveys. In some cases, the
users are using regular survey meters and entering the data manually into the computers. In
other more advanced cases, smart meters with data logging capabilities and location scanners
are used, and in the most advanced cases wireless transmitters are attached to the smart
meters.

Using these meters and advanced software packages, users can now create survey maps
on-line simultaneously as data is acquired in the field.
The main goal of this type of program is to achieve an overall higher quality of surveys,
achieve more reliable data storage (archives) and increase technician efficiency.

Fig 3: A wireless survey meter with data logging capabilities

Computerized mapping advantages:

1. Creation of high quality, uniform survey maps.
2. Instant and easy historical data retrieval and storage.
3. Radiation trending and "hot spot" point analysis.
4. Touchscreen access to workers for on the spot self-briefing.
5. Paper-less reporting and summary environment.
6. Easily accessible radiological data.
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Fig 4: A typical computerized survey map

4. Networking and Shared Database

Now that all the information is available in electronics media, the next step is to integrate the
separate packages into one comprehensive system and share the data among potential users.
Software products, which are network based, and encompass all aspects relating to the HP
tasks of nuclear power plants are presently emerging.

Fig 5: Networking and Shared Database
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5. In conclusion

The implementation of the computerized Access Control systems and the availability of the
radiation levels data make the radiation worker much more aware of his personnel dose
exposure.

The following graph represents the amount of radiation exposure for an American nuclear
plant from the year 1994 to 1998. We can conclude that the overall downward trend is not due
to lower radiation levels, which in many cases are constant or even higher from one year to
the next, but due more to growing technologies which enable more accurate and on-line
methods of reading exposure levels and reacting to them in real time.
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Fig 6: Outage Radiation Exposure
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The Exposure of the Israeli Popolation to Ionizing Radiation due to
Medical X-Rav Diagnostic Imaging

A. Ben-Shlomo1, T. Shlesinger', G. Shani2, A. Kushiievsky2-3

The utilization of devices emitting ionizing radiation for medical diagnostic and

therapeutic purposes is classified into 3 categories:

a. Radio-therapy procedures for the treatment of malignant and benign tumors.

b. Nuclear medicine procedures using radio-pharmaceuticals that are

introduced into the patient's body for diagnostic and therapeutic purposes.

c. Diagnostic and therapeutic x-ray imaging procedures. This group includes

conventional radiography, conventional fluoroscopy, cardiac catheterization,

angiography, CT, mammography, dental, and fluoroscopy operation

procedures.

A preliminary survey (1) was carried out on 3 major Israeli hospitals in order to assess

the extent of the Israeli exposure to diagnostic medical x-rays (the 3rd category) and to

assess the collective risk in this relation, based on ICRP-60 (2).

The findings of this research are as follows:

1. The annual collective dose of the Israeli population to x-ray medical imaging

procedures (excluding radio-therapy) is of the order of 7,500 Man-Sv.

2. Diagnostic x-ray forms the largest source of exposure of the Israeli public to

ionizing radiation, emitted from any single natural or artificial radiation

sources.

3. The number of x-ray examinations per 1,000 Israeli persons per year is close

to the average in the group of countries classified by UNSCEAR 1993 as

countries with accessible radiological means (an average of 700 examinations

in the range of 320-1,290 per 1,000 persons per year) (3).

4. The average annual medical x-ray effective dose per person in Israel was found

to be 1.24 mSv, 24% more than the average in the above countries which is 1

mSv per person per year.

1 Soreq NRC, Yavne, Israel
2 Ben Gurion University, Beer-Sheva, Israel
JDeceased
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5. The largest contributors to the medical x-ray exposure were CT, conventional

radiography, conventional fluoroscopy and cardiac catheterization procedures,

as demonstrated in table A.

Procedure

CT
Conventional Radiography
Conventional Fluoroscopy
Cardiac Catheterization
Angiography
Dental
Operations with Fluoroscopy
Mammography
Total

Annual No. of
Examinations

468,000
3,342,000
195,000
25,000
12,500

1,995,000
21,500
150,000

6,209,000

Collective
Dose

(Men-Sv)
2,995
1,914
1,889
499
80
25
25
20

7,445

Collective
Dose
(%)
40.2
25.7
25.4
6.7
1.1
0.3
0.3
0.2
100

Table A: Distribution of medical x-ray examinations and the collective dose due
to medical imaging in Israel (for 1997).

Conventional Radiography
25.7%

Conventional Ruoroscopy
25.4%

Anglography
1.1%

Cardiac
6.7%

Mammography
0.2%

Fluoroscopy operations
0.3%

Fig A: The distribution of the Israeli X-Ray collective effective dose (1997).
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6. The differences in the effective dose per procedure between hospitals were

found to be up to a factor in the range of 1.6-6.5 for the same examinations.

7. Based on the ICRP-60 linear risk assessments (2), the extent of the annual risk

arising from the medical x-ray collective dose in Israel has been found to be

the potential addition of 567 cancer cases per year, 244 of which to be fatal,

and a potential additional birth of 3-4 children with severe genetic damage per

year. This assessment take into account the differential risk and the collective

dose according to the age distribution in the Israeli exposed population, and

excludes patients with chronic diseases.

8. Based on the collected data, the status of the diagnostic radiology radiation

protection of the patient in Israel, and similar assessments made in the U.K, we

conclude that it is possible and worthwhile to reduce the collective dose of

radiation received from medical diagnostic x-rays in Israel to about half of it's

present value. This reduction can even lead to improvement of the image

quality (the health implications of this are obvious).
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Cost Benefit Optimization of the Israeli Medical Diagnostic
X-Ray Exposure

A. Ben-Shlomo1, T. Shlesinger1, G. Shani2, A. Kushilevsky % 3

Diagnostic and therapeutic radiology is playing a major role in modern medicine. A

preliminary survey was carried out during 1997 on 3 major Israeli hospitals in order to

assess the extent of exposure of the population to medical x-rays (1). The survey has

found that the annual collective dose of the Israeli population to x-ray medical

imaging procedures (excluding radio-therapy) is about 7,500 Man-Sv. The results of

the survey were analyzed in order to:

1. Carry out a cost-benefit optimization procedure related to the means that

should be used to reduce the exposure of the Israeli patients under x-ray

procedures.

2. Establish a set of practical recommendations to reduce the x-ray radiation

exposure of patients and to increase the image quality.

3. Establish a number of basic rules to be utilized by health policy makers in

Israel.

Based on the ICRP-60 linear model risk assessments (2), the extent of the annual risk

arising from the 7,500 Man-Sv medical x-ray collective dose in Israel has been found

to be the potential addition of 567 cancer cases per year, 244 of which to be fatal, and

a potential additional birth of 3-4 children with severe genetic damage per year. This

assessment take into account the differential risk and the collective dose according to

the age distribution in the Israeli exposed population, and excludes patients with

chronic diseases.

The costs for medical treatments of the Israeli cancer patients has been assessed (for

the latest available 1994 data) as 7% of the Israeli health care expenditure (5% in

Sweden, 6% in France, 7% in UK, and 10% in USA). The Israeli health care

expenditure at that year was 8.9% of the Israeli GNP, I.E. $6.5 billion (3). According

to that assessment, the costs for the medical treatments of the Israeli cancer patients

1 SoreqNRC, Yavne, Israel
2 Ben Gurion University, Beer-Sheva, Israel
3Deceased
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during 1994 assess as $455 million. The number of new cancer patients at that year

was 14,796, and by dividing the annual cancer cost by the number of the annual new

patients gives an average Israeli cancer medical treatments life-time cost of $30,000

per average patient.

The potential annual cost to the Israeli health-care system due to the potential risk

caused by medical x-ray examinations (567 annual cancers) has been estimated to

reach $17.5 million. The direct cost of the Israeli health insurance bodies in the

health care expenditure was about 54%. According to that, it could be estimate that

the direct cost of the Israeli health insurance bodies due to every new single cancer

case (for life-time health care expenditure) is about $16,000 which is about half the

cost of the cancer treatment estimated above. It is economical to reduce the

population unnecessary exposure to medical x-rays.

Based on the collected survey data, the diagnostic radiology radiation protection of

the patient status in Israel, and similar assessments made in the U.K, (4) we conclude

that it is possible to reduce the medical diagnostic x-rays collective dose in Israel to

about half of it's present value. This reduction can even lead to improvement of the

image quality (the health implications of this improvement are obvious).

15 different actions were check for their ability to reduce the Israeli medical imaging

collective dose. Each action got a score according to it's abilities to reduce the

radiation exposure, to improve image quality and to minimize the implementation

cost of the method.

Cost benefit analysis shows that the 9 following actions (in order of preference) are

financial worthwhile to the Israeli health insurance bodies in purpose to reduce the

radiation exposure and improve image quality:

a. Reduction of unnecessary examinations that are not clinically justified.

b. Establishment of Israeli guidance levels for medical exposures.

c. Purchasing every new grid with carbon fiber materials.

d. Publishing national guidance notes and recommendations by the Ministry of

Health, related to the technical aspects and the recommended procedures for

the reduction of the diagnostic dose and improvement of the image quality.
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e. Replacing as soon as possible the intensifying screens in the photographic

cassettes by rare earth screens.

f. Establishment of quality assurance programs for the radiological process.

g. Establishment of quality control programs for x-ray instruments.

h. Purchasing all new cassette with carbon fiber cover only.

i. Training all personnel who involved in operation of x-ray instruments

(including students) in the radiation protection of the patient.

The cost-benefit analysis point out that it will be worthwhile for the health insurance

bodies to adopt the above 9 methods and to invest $3.4 million in the first year (and

less then that in the following years) to reduce the annual medical imaging radiation

dose by 50% of it's present value (i.e., reduction of the unnecessary radiation dose).

This investment is expected to save a potential annual cost of $8.3 million to the

different Israeli health insurance bodies.

According to this study, it is worthwhile for the Israeli health bodies to spend

1,000 $/Man-Sv to reduce x-ray diagnostic radiation dose to adult patients (with

improvement of the image quality as a by-product), and about 5,000 $/Man-Sv to

reduce the x-ray radiation dose in pediatric radiology.

The overall benefit to be achieved by implementing the above recommendations on

the base of the above cost benefit analysis will be:

a. Prevention of 270 potential cancers per year, 116 of them fatal.

b. Prevention of about 2 potential births with severe genetic damage per year.

c. Prevention of emotional and psychological suffering from patients and their

families (the cost of suffer was not quantified).

d. Prevention of health cost from patients and their families (e.g., illness,

reduction of the life expectation, lose of life, etc.). This form of cost was not

quantified.

e. Prevention of a potential annual cost of $ 8.3 million to the Israeli health

insurance bodies.

f. Saving of expenditures related to the prevention of a potential reduction of

GNP, national insurance payments, and reduction of the health ministry cost

in the overall national health expenses.
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g. Preventing of a potential future income loss to patients and their families.

h. Potential improvement of the radiological image quality. This study

assumes that the benefit of the image quality improvement is generally of

the same order of magnitude as the benefit of the collective dose reduction.

The above assessment of the economic impact of x-ray diagnostic dose reduction is

conservative. This assessment takes into account only the potential direct Israeli

health expenditure. Different assessments, considering other parameters such as the

value of life, loss of productivity, loss of future income to the patient and his/her

family, cost of the cancer mortality related to the average cost of mortality, etc., may

point to an economic impact of up to 20-25 times higher.
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Estimated Radiation Doses to the Israeli Population from
Nuclear Medicine Diagnostic Procedures

Jolie Weininger, Avi Ben-Shlomo, Tuvia Schlesinger, Yair Shamai
Radiation Safety Division, Soreq NRC

Abstract

Nuclear medicine diagnostic procedures were analyzed with the purpose of estimating
their contribution to the individual and collective radiation doses to the Israeli
population. An annual average of thirty nuclear medicine diagnostic procedures
per 1,000 population were performed in Israel around the year 1998. The estimated
mean effective dose per procedure due to nuclear medicine was 10.9 mSv and the
annual collective effective dose resulting from these procedures ~ 2,000 man-Sv or
0.3 mSv per capita. The level of radiation doses to the Israeli population resulting
from nuclear medicine diagnostic is mainly due to the relatively high number of
procedures per capita and to the frequent use of high activity, especially Tl-201, for
cardiology imaging procedures.

Introduction

Radionuclides are used in nuclear medicine in a variety of diagnostic procedures.
The knowledge of the radiation dose received by the patient is essential to the
evaluation of the risks versus the benefits of any procedure. The aim of the present
study was to evaluate the radiation dose to the Israeli population due to nuclear
medicine procedures around the year 1998. Our results were compared with radiation
doses from nuclear medicine diagnostic procedures reported by UNSCEAR 1993', the
latest available reference, and with radiation doses resulting from diagnostic radiology
procedures in Israel, as previously reported by our group2.

Radiation dose levels in nuclear medicine

For evaluating radiation dose levels the effective dose concept was used.
The effective dose to which patients are exposed depends on the radiopharmaceutical
used, the injected activity per procedure and the number of examinations performed.
No relevant centralized data necessary for radiation dose calculations from nuclear
medicine procedures are available for the Israeli population. Our estimates are derived
from extrapolating actual data collected from 13 out of more than thirty functioning
nuclear medicine and/or nuclear cardiology services and from information available
about amounts of radiopharmaceuticals purchased in Israel. An up to 25% error in all
our estimates should be taken into account.
Average doses per procedure as injected in Israeli specialized services and the corres-
ponding calculated effective doses for different procedures in nuclear medicine, based
on the conversion tables presented in ICRP publication 533, are shown in Table 1.
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Table 1
Effective doses from Nuclear Medicine diagnostic procedures in Israel 1998

Procedure

Bone
Liver/spleen
Biliary
Cardiac function
Myocardium

Lung
Kidney
Inflammation

Radiopharmaceutical

Tc-99m MDP
Tc-99m CaNaPhy
Tc-99m DIPA
Tc-99m RBC-PYP
TI-201
Tc-99m MIBI
Tc-99m M M
Tc-99m DTPA
Ga-67

mCi/proc

22.5
5

7.5
23.5
3.25
25
4
7
7

MBq/proc

832.5
185

277.5
869.5
120.25

925
148
259
259

Effective doseJ

mSv/MBq

8.E-03
1.E-02
2.E-02
9.E-03
2.E-01
1.E-02*
1.E-02
6.E-03
1.E-01

Effective dose
mSv per

procedure

6.7
2.6
6.7
7.4

27.7
8.0
1.8
1.6

31.1

However, within the limits of recommended activities administered, many of the
procedures listed are performed with appreciably different injected activities,
depending on the clinic, in addition to specific patient and imaging protocol
characteristics' variation. As shown in the table, there is a wide variation of effective
radiation doses involved in nuclear medicine procedures: from less than 10 mSv for
Tc-99m imaging to about 30 mSv for procedures using Ga-67 and Tl-201.
In addition, there is also variation of effective doses between different procedures
using Tc-99m labeled radiopharmaceuticals: from less than 2 mSv for kidney and
lung imaging up to around 8 mSv for nuclear cardiology procedures.
As a result of an annual total of 180,000 nuclear medicine procedures, a collective
effective dose of 2,000 man-Sv was calculated, from which the contribution of the
22.5% procedures using Tl-201 is 56%, whereas that of the 41.4% bone imaging
studies using Tc-99m MDP is only 24.8% (Table 2).

Table 2
Collective effective doses from Nuclear Medicine procedures in Israel 1998

Radiopharmaceutical

Tl-201
Ga-67
Tc-99m MDP
Tc-99m DTPA
Tc-99m MAA
Tc-99m CaNaPhy
Tc-99m RBC-PYP
Tc-99m DIPA
Tc-99m MIBI
Other exam

Total

No.
procedures

per year

40500
5000

74500
10500
7000
6800
8000
1200
10000
16500

180,000

% of total
procedures

22.5
2.8

41.4
5.8
3.9
3.8
4.4
0.7
5.6
9.2

Collective
effective dose

(man-Sv)

1120.2
155.4.
496.2
17.1
12.5
17.6
59.1
8.0
80.0
33.0

2,000

Contribution to
collective effective

dose(%)

56.0
7.8

24.8
0.9
0.6
0.9
3.0
0.4
4.0
1.6
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Our radiation dose estimates resulting from nuclear medicine diagnostic procedures,
compared to the latest available reference (UNSCEAR 19931), are presented in
Table 3.

Table 3
Nuclear medicine procedure characteristics

Number of procedures
per 1,000 population*
Average effective dose
per procedure (mSv)
Average effective dose
Per capita (mSv)

UNSCEAR1

(1985-90)

16.4

5.7

0.094

ISRAEL
(1998)

30

10.9

0.33

* Population of Israel around 1998: -6,000,000

Dose levels in diagnostic procedures in Israel

Only about 3% of the Israeli population is referred yearly to nuclear medicine
departments. The corresponding percentage is much higher for diagnostic radiology,
i.e. imaging with X-ray procedures. Consequently, although the average effective
dose per nuclear medicine procedure is higher than that for diagnostic radiology,
the effective dose per capita and, hence, the collective effective dose as a result of
nuclear medicine procedures as a whole, is much smaller in comparison with
diagnostic radiology examinations (Table 4).

Table 4
Radiation doses from diagnostic procedures in Israel 1998

Procedures/year
Effective dose/procedure (mSv)
Effective dose/capita (mSv)
Collective effective dose (man-Sv)

X-rays*2

4,200,000
1.77
1.24
7420

Nuclear Medicine
180,000

10.9
0.33
2000

* Not counting dental radiography

Discussion

Despite quite small radiation risks involved in diagnostic nuclear medicine and
radiology 5, the specific radiation dose received by the patient must be known and
considered when evaluating the risks versus the benefits of any procedure.
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Our group recently reported radiation doses resulting from diagnostic radiology
procedures in Israel2. As a continuation, the aim of the present work is estimating the
radiation dose to the Israeli population resulting from nuclear medicine procedures.
Our estimates are derived from averaging and extrapolating data collected for each
one of the relevant parameters, i.e. radiopharmaceuticals used, injected radioactivity
and the number of examinations performed, around the yearl998. It should be also
noted, that within the limits of recommended values, the administered radioactivity to
the patient is quite different from hospital to hospital. According to our calculations,
the contribution of the nuclear medicine procedures to the collective effective dose to
the Israeli population (~ 6,000,000) is about 2,000 man-Sv. This value is relatively
high if taking into account that it results from 30 procedures per 1,000 population, as
compared to respective 7,445 man-Sv from 700 procedures per 1,000 population, for
diagnostic radiology procedures. Consequently, the average effective dose per capita,
as calculated by us, was O.33mSv. This value is also high as compared to 0.094 mSv
per capita, published by UNSCEAR 19931 for countries of health care Level I, i.e.
countries with wide accessibility to diagnostic procedures, for the 1985-1990 period.
As already mentioned before, no more recent centralized data are available. By
comparing data from such relatively distant periods, it does not seem surprising for us
to find such discrepancies. During the nineties the mean number of nuclear medicine
procedures per capita, generally, increased. In addition, for more accurate diagnostic
information, especially since widely using SPECT imaging, the injected radioactivity
per procedure was augmented, in particular for cardiology procedures using Tl-2016.

Conclusion

The number of nuclear medicine diagnostic procedures in Israel is relatively high.
The effective dose per capita, is also high, mainly due to the frequent high activity
nuclear cardiology procedures, especially those using high amounts of Tl-201.
Hence, the radiation dose to the Israeli population resulting from nuclear medicine
procedures is high, however, still at the low radiation risk level.
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Successful Reduction of an Interventions! Radiologist
Radiation Exposure in Rambam Medical Center During the
Years 1996-99 - a Study Case.

S.Ketner, A.Ofer, A.Engel.
Interventional Radiology, Rambam Medical Center,
Haifa, Israel

Purpose
The purpose of this study was to describe the means undertaken to reduce the
occupational exposure of an interventional radiologist during the years 1996-1999.

Materials and Methods.
Radiation exposure is a major problem in interventional radiology today.
In our hospital the measurement of radiation exposure is made by a qualified
dosemetry service using TLD badges of finger, head and chest. Each interventional
radiologist is protected by a 0.35mm lead apron, 0.5mm lead thyroid shield and
0.75mm lead equivalent eyeglasses. The current allowed annual occupational doses in
Israel are 5-rem for whole body exposure, 15rem for thyroid and eyes, and 50rem for
extremities exposure.

In February 1998 a 21-rem finger exposure for Dr A. was reported. This brought the
last 12 month cumulative dose to 50.7 rem, which is above the extremities allowed
dose. A few radiation exposure reduction steps were taken: a complete check of the
angiographic equipment, increased use of collimation, decreased use of hand
injections and magnifications and regular use of radiation protection devices.
In March 1999 a new angiographic machine (Siemens multistar) was installed.

We compared the radiation exposure before and after these steps. The radiation
exposure data were obtained from the regular dosemetry service reports. We chose to
look at 2 typical interventional radiology procedures: percutaneous nephrostomy
(PCN), which we considered as a high exposure procedure for the radiologist and a
transfemoral aortography (TFA), which we considered as a low exposure procedure
for the radiologist (table 1.) These were obtained from the hospital database and
were correlated with the accumulated radiation exposure for each year from 1996
to!999(table2).
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Results

TABLE lino, of procedures

T.F.A
P.C.N

1996
150
30

1997
175
30

1998
190
55

1999 est.
180
75

TABLE 2 Exposures in mrem

1996
1997
1998
1999 est.

HEAD
2785
4872
3955
5100

CHEST
^66
288
338
150

FINGERS
30330
50700
13117
14200

Analyzing the data and obtaining graphs 1-4 shows that:
The head dose is stable and relatively low during 1996- 1999.
The chest dose is relatively low, with a reduction of 50% in 1999.
The last two years finger exposures decreased by almost 70%.

Conclusions
The steady increase in the number of procedures was accompanied by relative
stability of head exposure and decrease of finger and chest exposures by almost 70%
and 50% respectively. This exposure reduction was achieved by improvements in
simple work habits and meticulous use of all the ordinary protection devices.

A further effort must be done to continue the reduction of doses by learning and
applying the new technical possibilities of the modern equipment and improving the
quality assurance program.
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Patient and Personnel Dose Saving Using Pulse Fluoroscopy in Interventional
Radiology
G. Banal. I. Ben-Hasid
Department of Diagnostic Imaging, Hillel Yaffe MC, Hadera, Israel
Affiliated with the Rappaport Facility of Medicine, The Technion. Haifa. Israel

PURPOSE: Modern digital imaging equipment comprises an optional pulse
fluoroscopy. We evaluate patient Effective Dose (ED) in pulse and continuous modes
of fluoroscopy in order to reduce patient exposure and to overcome the difficulties in
standardization of complex angiographic procedures.
MATERIALS AND METHODS: A range of the body phantom areas was irradiated
as in complex interventional angiographic procedures. 4,800 exposures of tissue
equivalent anthropomorphic Alderson-Rando phantom were measured in various
fluoroscopy modes. We used a Keithley Dosimeter / kVp Readout + kVp Divider, a
Victoreen Digital Survey meter 660 and a Gamex RMI Dose Area Product (DAP)
meter. The readings in continuous and various pulse modes (3.3, 6.5 and 12Hz)
obtained from Philips MULTI DIAGNOST 3 multipurpose angiography system were
compared in typically used field sizes and projections.
RESULTS: We found dependency of patient ED on fluoroscopy pulse rate.
Acceleration of fluoroscopy pulse rate from 3.3Hz to 6.5Hz increases the ED readings
by 29.6% and from 6.5Hz to 12Hz by an additional 27%. Shifting from a pulse rate of
I2Hz to continuous fluoroscopy mode is followed by only a 5.9% increase in ED.
Direct transition from continuous fluoroscopy to the pulse rate of 3.3Hz is consistent
with considerable reduction in ED readings, by 51%. Enlargement of the field size is
followed by moderate increase in ED (10.2-12.3%). Oblique projections are in
accordance with automatic increase of the field size (by 13.3%) and increase of ED
readings (by 10.5%), which show a total consequent reduction in ED (by 2.8%).
Increase of X-ray rube-to-tabletop distance gives a reduction of patient ED by 6 to
13.5%.
CONCLUSIONS: Pulse fluoroscopy reduces patient Effective Dose. We found that
gradual decrease in pulse rate allows respective decrease in ED. Minimal pulse rate of
3.3Hz compared to continuous mode of fluoroscopy is in concordance with substantial
reduction of ED, by 51%. Combination of additional measures (reduced field size,
oblique projections and increased X-ray rube-to-tabletop distance) decrease the ED
readings by 28-30%.
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Dosimetry of small circular beams of high energy photons for stereotactic radiosurgery
and radiotherapy: the use of small ionization chambers.
A.Mazal. G.Gaboriaud, S.Zefkili. J.C.Rosenwald. S.Boutaudon. D.Pontvert
Institut Curie. 26, rue d'Ulra. 75005. Paris. France. (atejandro.mazal@curie.net)

L Introduction
The irradiation of small targets in the brain in a single fraction (radiosurgery) or with a fractionated approach
(stereotactic radiosurgery) with small beams of photons requires specific conditions to measure and to model
the dosimetric data needed for treatment planning.
In this woTk, we present the method and materials adopted in our institution since 1988 to perform the
dosimetry of high energy (6-23) circular photon beams with diameters ranging from 10 to 40 mm at the
isocenter of linear accelerators, and its evolution as new dosimetric material became commercially available, in
particular ionization chambers of small dimensions. We want to answer the following questions:
Which are the minimal basic data needed to model small circular beams of high energy photons?
Can we extrapolate or convert data from "conventional" data of larger beams?
Which are the detectors well adapted for these kind of measurements and for which range of beam sizes?

U Methods and materials
Measurements and treatments have been performed in our institution on a linear accelerator Saturnc25
(CGR-MeV, Buc, France) at 23 MV , quality index 0.787, [1,2] and, more recently, a 15 MV beam from a
Satume41 has been prepared for the same kind of treatments. Different materials and methods have been tested
previously in a inter-institutional work [3,4,5] at energies ranging from 6 to 25 MV.
Non-divergent additional collimators made of lead into brass cylinders have been built in our institution [6,7],
defining circular beams with diameters of 10 to 40 mm at isocenter (distance source-isocenter 100 cm). The
base of the additional collimators is at 28 cm from isocenter. The transmission of the collimation system,
including a pre-collimation, is about 0.5 % of the dose at the central axis for a 23 MV beam.
The first series of measurements have been performed using a small ion chamber prototype (ORIS MN606)
cilindrical with 0.01 cc, length and diameter of about 4 mm, and compared with other detector systems; ion
chambers of larger dimensions (Therados RK.83O5, 0.12 cc, diameter 7 mm , length 25 nun; Nuclear
Enterprises Type 2577 volume 0.2 cc and type 2571 volume 0.6 cc), semiconductors (Therados typeA),
thermoluminiscent detectors (LiF powder PTL717, CEC) read with a Saphymo LDT22, and radiological films
(Agfa Gevaert Structurix D2, Kodak industrexM and Kodak X-OmatV), read on two densitometers (Macbeth
Quantalog and Wellhofer). Most of the measurements with ion chambers have been performed with the main
axis of the chamber parallel to the beam axis. The evaluation of some effects like the directional response, the
position of the effective point of measurements, the stem irradiation and the detector response to a non-uniform
electronic flux have been presented elsewhere [8].

In order to understand the basic phenomena involved in our measurements, we perform theoretical calculations
using convolution models developed by Mackie et al [9,10] from Monte Carlo kernels, getting the total and the
primary dose for the simulated situations. Our results have been presented elsewhere [11].
Later on, additional measurements in the frame of quality controls of beam data, and to perform the treatments
in another linear accelerator, have been performed using medium and small ion chambers (Wellhofer IC15,
with 0.13 cc, 6 mm length and diam; and IC4, with 0.03 cc, and nearly 4 mm as length and diam.) in an
automatic water phantom (Wellhofer WP700) having autocentering functions when measuring lateral profiles
at different depths.
The basic dosimetric data requested for clinical applications were determined by a home-made software
DOsimetrie des MIni-FAisceaux "Do-Mi-Fa Stereo" [1] included in the Isis Treatment Planning System
(Technologie Diffusion, France): Tissue-Phantom Ratios (or depth dose curves), Lateral Profiles and Field
Dimension Factor.

J. Results
The basic set of data adopted for treatment planning calculations at 23 MV is presented in fig. 1
(Tissue-Phantom Ratios), fig.2 (lateral profiles at a given depth of 8 cm in tissue ), and fig.3 (Field Dimension
Factor, FDF, at a given depth of 8 cm in tissue), including some measurements with other detectors.
Fig. 4 shows the depth of the maximum for different beam sizes at different energies.
Fig. 5 shows the gradient at different levels in the lateral profiles.
Fig. 6 shows the total and the primary' dose in a lateral profile for 4 MV beams of 10 an 40 mm diameter.
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T. Discussion and conclusions
Our preliminan' stud)' [1-8,11] showed that the lack of electronic equilibrium was the origin of most of the
macroscopic characteristics of the small beams of high energy photons: the field dimension factor has a strong
variation, very different than what could be extrapolated from large fields; the depth of maximum increases
with beam size (opposite as for large fields) and the conversion from Depth Doses to Tissue-Phantom Ratios
should be done including the effect of changes of beam size with depth, as in the original Burns' formula [12]
and not with a simple relation of square of distances. The most critical factor is the Field Dimension Factor
(FDF), and small ion chambers were the best detector to perform the measurements. But these detectors were
only prototypes, so rare. In consequence, the use of different detectors were recommended to analyze the
accuracy of the results. But most of them has specific problems: large chambers loose part of the signal, giving
lower values of the FDF, and have a low resolution , while diodes establish an artificial electronic equilibrium
around the detector, giving a response higher than the real one under non-equilibrium conditions.
More recent measurements confirm these approaches as a solution to perform dosimetric measurements in
small beams of high energy photons: small commercial ion chambers are well adapted nowadays to measure
beam data for diameters as low as 10 mm. In all the cases the beam profile (that can also be easily measured by
film dosimetry) must be used to evaluate (and eventually to correct) the accuracy of the ion chamber
measurement.
Small chambers have the problem of a lower signal, giving in many cases more noisy data. In addition, some
effects that are hidden for "large" chambers can be important for the small ones, like the stem effect. The
solution of using the chamber with its main axis parallel to the beam axis can again provide an "elegant"
solution to this problem.
The use of automatic phantoms allows a direct verification of the centering of the detector, and a fast data
acquisition at different depths. But indeed, profiles at different depths can be easily calculated by linear
projection of a profile at a single depth. The minimal set of experimental data can be limited to one Field
Dimension Factor at a given depth, and a pair of curves for each additional collimator (one in depth and one
profile).
Most of these conclusions and proposed solutions have been recently tested and adopted by other teams [13]
and included in national [14] and international references [IS] from tasks groups in small fields dosimetry.
They can also be useful for measurements of data sets used to calculate dose distributions in Treatment
Planning Systems for complex fields.
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IGO - A MONTE CARLO CODE FOR RADIOTHERAPY PLANNING

M. Goldstein and D. Regev
Physics Department

Nuclear Research Center - Negev
P. O. Box 9001, Beer-Sheva, Israel

1. Abstract
The goal of radiation therapy is to deliver a lethal dose to the tumor, while
minimizing the dose to normal tissues and vital organs. To carry out this task, it is
critical to calculate correctly the 3-D dose delivered. Monte Carlo (MC) transport
methods (especially the Adjoint Monte Carlo (AMC)) have the "potential to provide
more accurate predictions of the 3-D dose the currently used methods. IGO is a Monte
Carlo code derived from the general Monte Carlo Program - MCNP, tailored
specifically for calculating the effects of radiation therapy. This paper describes the
IGO transport code, the PIGO interface and some preliminary results.

2. Introduction
In the last two decades, radiation therapy (especially using photons) has established
itself as a common procedure in cancer treatment'1'. The main concern in the use of
radiation treatment is to provide the tumor with the required dose and to avoid damage
to vital organs and healthy tissues. The main goal of this planning is to determine a set
of beams (directions, intensities, profiles, energy spectrum and application sites) that
maximizes the dose in each point of the tumor, without affecting the surrounding
healthy tissues and especially the vital organs. The set of beams is planned for each
patient individually. Solution of the photon transport equation for radiation planning
is a difficult and time consuming task. Therefore, the prevailing method of planning is
based on semi-empirical 3-D dose calculations [SE3D](1). The planning method itself
is based on iterative trial and error procedure. As a result, the determined beam
configuration is not accurate enough. In some cases it may lead to under-dose or
over-dose and possible to irreversible damage.
Lately, a new method a 3 > , based on the Adjoint Monte Carlo (AMC), has been
proposed to overcome these disadvantages:
First, an adjoint transport calculation is performed starting from the tumor volume,
and the adjoint photon flux <l>7-(r,Q.,E) on an external surface of the patient's body is
calculated as a function of position, direction and energy.
Second, since we also want to minimize the radiation effect on vital organs, an
additional similar adjoint flux computation is performed, starting this time from the
vital organs. The resulting adjoint flux, <$>v(r,Q,E) is compared with the tumor's
adjoint flux - <&j-(r,£l,E) for the selection of the best set of beams for a particular
patient, that is choosing an external source such that the volumetric dose of the tumor
is maximized while the volumetric dose of the vital organs is minimized.
Detailed applications of the proposed method were analyzed with a MCNP(4) model of
a human body that includes major organs and sensitive tissues such as endocrinical
glands (Fig. 1). The human model was designed by using only one and
two-dimensional surface for allowing reasonable Monte Carlo computation time. In
the application presented herein the target is a 5 cm. diameter spherical tumor in the
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liver and the vital organ was chosen to be the spine. Two adjoint angular fluxes, over
a spherical surface of 120 cm. radius centered at the tumor were calculated, one for
the tumor (4>f (r,£>,£)) and one for the spine (<Iv(r,Q,£)).
The ratio of the volumetric doses received by the tumor and the spine from beam
sources in the radial direction is plotted in Fig. 2 as a function of latitude - 0 (0 to 180
degrees) and longitude ¥ (0 to 360 degrees). The beam source was chosen to have a
flat gamma spectrum between 0.3 to 20 MeV and a homogeneous distribution within a
conus with an opening angle of 2 degrees only. It was assumed that the beam source is
perfectly collimated, i.e. no source photons outside the above described conus. The
ratio of the volumetric doses exhibits one high (2040) and two lower (1332, 1226)
ratios at (6=95, ¥=99); (0=95, ¥=317); (0=55, ¥=298) respectively.

Adult Male Phantom
(major organs and bones)

Figl: MCNP model of a human
phantom

Fig 2: The ratio of the doses received by the
tumor and the spine

3. IGO a Monte Carlo Program for Radiotherapy Planning
MCNP is a generalized Monte Carlo transport code capable of simulating coupled
neutron-photon-electron problems through 3-D heterogeneous geometry systems. It
can solve the forward and the adjoint transport equation. It is widely used in nuclear
reactor analysis as well as in medical dosimetry. A major drawback in the MC based
treatment planning system, is the amount of time it takes to obtain significant results.
Results of simulation described in the open literature<S), as well as our own results,
indicate that the computation time is a function of several factors including the beam's
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energy, material composition and especially the voxel size. Usually, the computation
time grows exponentially with the number of voxels in the system.

The computation time needed for a MC based radiotherapy treatment planning is
several hundred hours. To make the MC based methodology practical, a reduction of
at last two orders of magnitude in the computation time is needed. This can be
achieved by reducing drastically the number of voxels in the geometric configuration
and by increasing the efficiency of the MC program.
During the last two years a version of the MCNP, called IGO, especially tailored for
the radiotherapy treatment planning was developed. The main properties of the IGO
code are as follows:
1. The geometry is described by a regular rectangular mesh instead of a general

geometry lattice. As a result the computation time for the previously defined
sample problem was reduced by a factor of 2 in comparison to the original code.

2. The tracking algorithm is using the full transport kernel sampling instead of the
truncated kernel sampling. As a result, the transport kernel is sampled at each
collision site instead at each surface crossing and the computation time is reduced
by a factor of 3.

3. The only quantity computed by IGO is the dose in the cells defined by the regular
rectangular mesh instead of many different tallies in general lattice elements. As a
result the computation time is educed by the factor of 2.

4. Using the adjoint flux (importance function) values computed during the selection
of the best set of photon beams for a particular patient, the phase space of the
problem can be divided into regions having different "importance parameters".
Most of the forward MC computation time is spent in following the photons
moving through the most important regions, while neglecting the photons in other,
less important regions. As a result, a significant reduction in the computation time
(factor of 3) is achieved.

5. The IGO code was parallelized using the master-slave approach and the PVM(6)

message passing library. The current parallel version of IGO distribute the tasks
equally between the processors at the beginning of the calculation. The efficiency
of the parallel computation (on a homogeneous computer) was approximately 0.9.
Therefore, using a parallel computer with N (N<32) similar processors, the
reduction in computation time (speedup) is given by 0.9*N. In conclusion the IGO
code is 36 faster than the original code on a single-processor and as much as 32*N
faster on a homogeneous parallel computer with N (N<32) processors.

4. PIGO, a "(CT, MRI) to IGO" interface
To allow MC calculations on real data, PIGO, a friendly interface is now under
development. This interface will automatically prepare the input for IGO from the CT
or MRI data. Since the MC computation time grows exponentially with the number of
voxels, a significant reduction in the number of voxels describing the patient
morphology may lead to a significant reduction in the MC computation time. A
significant reduction in the number of voxels can be achieved by using different
segmentation tools such as semi-automated contouring, region growing and
semi-manual erosion techniques. All those techniques are time consuming and
continuous human intervention is needed during the segmentation procedure.
Currently we investigate the efficiency of an image decomposition technique'7' to
reduce the number of pixels in the 2D slices of CT data illustrating the morphology of
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a patient with a pancreas carcinoma. The result of the image decomposition is the
description of homogeneous regions by a smaller number of bigger pixels which vary
in size. Preliminary results (see Fig 3.) show that a 2D CT image can be represented
by larger pixels of different size, while the number of larger pixels is approximately
one order of magnitude smaller than the number of pixels in the original image.

(a) (b)
Fig 3: A CT slice through the abdomen of a patient with a pancreas carcinoma:

(a) original picture (512*512 pixels) and (b) "compressed" picture (33,800
pixels of different sizes

5. Conclusions
The efficiency of the image decomposition technique should be investigated for
different types of CT or MRI data. In addition, the possibility of direct 3D image
decomposition should also be investigated.
To allow for a meaningful comparison of the MC based methodology and the current
planning method, the spatial profile and the energy spectrum of the photon beams
must be determined. The spatial profile and the energy spectrum of the photon beams
can be calculated by MC simulations of the electrons transport through the target,
generation of the bremstrahlung photons and by following the photons through the
collimators to the detectors located in the water phantom. The computed doses should
be compared with the measured doses.
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Six years ago, we implemented in our department three-dimensional (3D) conformal
radiotherapy treatment planning (RTP) and dose delivery. This technique has been designed to
deliver prescribed radiation doses to localized tumors with high precision, while effectively
excluding the surrounding normal tissues, thus allowing tumor dose escalation.
The 3D treatment planning process is significantly different from the 2D, and is much more
than a multi-planar 2D planning technique. Four major functions need to be carried out by any
3D treatment planning system:
- anatomic display
- beam design
- dose calculation and display
- plan analysis
Since prostate cancer is a very common cancer, and since it has been demonstrated that there
is a strong, statistically significant relationship between total dose and local recurrence
(improvement in tumor control depends on the ability to deliver precision high dose radiation
without increasing treatment related toxicity), we implemented in our clinic a conformal six
field technique for prostate treatment, allowing an increase in dose delivered to prostate from
70.2 Gy to 75.6 Gy, and later to 81.0 Gy.
The planning process consists of several steps:
- immobilization of the patient
- performance of a CT scan
- in the RTP system:

. transfer of the CT images into the system

. outlining of the structures

. positioning of the beams and block/MLC design

. dose calculation and display

. plan evaluation with DVH plot
The implementation of 3D treatment techniques requires a close connection between
physicists and technicians, and increased quality assurance physics checks of the machines.
Even after the learning period, 3D treatment of the prostate require more physician, physicist
and technician time than 2D, but from the dosimetric perspective of sparing normal tissues, it
is clearly superior to traditional techniques.
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1 INTRODUCTION

Portal image is defined as any patient image taken with the treatment unit beam. It is an essential
tool for accurate and reproducible routine radiotherapy. However, in the MeV photon energy range,
the mass attenuation coefficients for bone and soft tissue are nearly the same ( the main interaction
process is Compton ) resulting in the very low contrast observed in portal images. Several techniques
to improve the porta! imaging quality have been suggested, among them: reducing the energy of
the x-ray spectrum and/or emphasizing the response of the detector to the low energy part of the
photon spectrum. Amols et al.[l] estimate the relative contrast values of portal films as 1.36 at 4
MV, 1.00 at 6 MV, 0.46 at 10 MV, and 0.27 at 15 MV. According to the authors, such a steep
reduction of contrast with energy is caused by two factors: 1) the Compton effect decreases with
two-thirds power of photon energy, and 2) the Compton scattering angle decreases with an increase
of photon energy. Purdy et al.[2] have achieved significant improvement in portal films for a Varian
Clinac 20 linear accelerator ( 18 MV photon beam ) by developing a separate port film mode which
utilizes the 6 MeV electron beam, with an x-ray flattenning filter retracted but with the x-ray target
left in place.

A low energy unflattened beam for portal film option was installed and is now routinely used at the
Clinac 18 linear accelerator of the Soroka Medical Center. The nominal accelerating potential of the
low energy portal beam option was determined to be 4 MV in accordance with our computations
and experimental results [3J. Regardless of the photon energy, the quality of a portal image obtained
will depend strongly upon the film and screen used.

In a previous work a different aproach was investigated, [4], It is well known that the main contributor
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to absorption of the low-energy photons ( after removing the flattening filter ) is self-absorption by
the thick target through the photoelectric effect. Therefore, it was proposed to lower the thickness
of the portal imaging target to the minimum required to get the maximum low-energy photon fluence
on the exit side of the target so that predominantly photoelectric absorption is reduced. As a result of
EGS4 [5], [6], Monte Carlo calculations, it was concluded that the maximum photon fluence for a 4
MeV electron beam is obtained with a 1.5 mm thick Cu target. This value is approximately five times
less than the thickness of the Cu target routinely used for bremsstrahlung production in radiotherapy.
A 1.5 mm thick Cu target was installed in the carrousel assembly in close proximity to the exit
window outside the vacuum space of the accelerator guide, and used as an experimental external
target. Portal films were taken with an anthropomorphic phantom. To emphasize the low-energy
response of the new thin-target approach a Kodak MinR mammographic film and mammographic
cassette combination was used, with a 9 mm thick perspex electron filter. The thin target approach
with conjunction with the MIN-R film-cassette combination provides considerable improvement in
contrast and in resolution of portal images.

In the present work we investigate by means of the EGS4 ( Electron Gamma Shower v4.0 ) [5] Monte
Carlo code if the therapeutic target ( which is relatively "thick" ) of a Clinacl8 produces enough
low-energy photons ( < 150 keV ) to produce a high quality portal imaging.

2 Monte Carlo calculations

To estimate the relative contribution of the low-energy photons to the total photon spectrum on
the exit side of a thick target we have carried out Monte Carlo calculations of coupled electron
photon transport by means of the EGS4 code [5] with the electron transport enhanced by use of
the PRESTA algorithm [6],[7]. The following parameters were used for the simulations: low-energy
cutoffs of 0.521 MeVfor electrons (EGS4 parameters AE and ECUT)and <0.010 MeVfor photons (AP
and PCUT). The Monte Carlo simulations made use of the code EXAMIN to tabulate basic electron
and photon data as well the code FLURZ to calculate the fluence of electrons and photons in a
cylindrical geometry. The input parameters included are: electron beam energy of 4 and 10 MeV
and Cu target thicknesses from 0.25 mm to 9.0 mm in steps of 0.25 mm. The following results were
sought:

• Transmission photon and electron fluence spectra

• The ratio of integrated photon fluence, i.e.

J0
EdE'%(E')

j*°~dE'%{E') l '

where: E' is the photon energy, $-,(£') is the differential photon fluence, E is the upper-energy limit
for those photons which were considered to contribute to image quality and £ m a l is the maximum
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energy of the X-ray spectrum.

In order to be able to calculate the relative contribution of the low-energy photons, the thickness of
the x-ray producing target has to be estimated. It should be pointed out that the exact data about
target thickness are proprietary information of the accelerator manufacturer and as a such it cannot
easily be obtained. For the purpose of this work we have assumed the target to be copper. We have
carried out an EGS4 Monte Carlo simulation of a 10 MeV monoenergetic electron beam normally
incident along the axis of 10 cm diameter cylindrical plates of copper, of varying thickness. The 10
MeV value was chosen because it is the single x-ray treatment mode available for our Clinacl8 and
therefore the target design ( specifically its thickness ) was mainly based on this parameter.

3 Results and Discussions

Fig. 1 presents the results of this calculation. As can be seen, a 7.0 mm thick Cu-target reduces the
initial total electron fluence ( dashed line ) by a factor of approximately 120. The value of target
thickness found here matches very well a range value of 6.9 mm ( 10 MeV electrons in Cu ) cited
from ICRU Report 39 [8] based on data on stopping powers for electrons and positrons applying the
continuous slowing down approximation technique.

After obtaining the approximate value of the Cu-target thickness (~ 7.0 mm) we can proceed with
the calculations for a 4 MeV electron beam used by us for portal imaging with the same Cu-target.
Fig.2 represents the same data as in Fig.l, but calculated for a 4 MeV electron beam. It is seen
that the maximum photon fluence on the downstream side of the Cu-plate is obtained at 1.5 mm
thickness, and that at 7.0 mm we still have approximately 40 % of the maximum photon fluence. For
comparison, the 10 MeV therapeutic beam has its maximum photon fluence at 4.0 mm, and at 7.0
mm has approximately 75 % of the maximum photon fluence. To estimate the low-energy part of
the photon spectra emitted from a thick Cu-target, we present Fig.3. It gives an integrated photon
fluence ratio versus upper energy limit for photons exiting a Cu slab for a 4 MeV monoenergetic
electron beam. As can be seen from Fig.3, the integrated photon fluence ratio for a 7.0 mm thick
Cu slab at an energy of 150 keV is 8.1 %. Fig.3 shows also that the integrated photon fluence
for a 1.5 mm-thick Cu target is 25 % at 150 keV ( upper curve ). This results in excellent quality
portal images in our external thin-target approach experiments performed with a mammographic
film-screen combination [4], Despite the fact that the integrated photon fluence ratio as calculated
here for a thick therapeutic target ( 7.0 mm of Cu ) is 8.1 %, it still is of the same order of
magnitude.
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4 Conclusions

EGS4 Monte Carlo analysis of the coupled electron and photon transport of a dedicated system for
portal imaging based on a 4 MV unflattened X-ray beam, an existing therapeutic All-Cu-target of
7 mm thick Cu target assumed to be similar to a Clinacl8 linear accelerator has been carried out.
As a result of this analysis it is shown that of the entire photon fluence produced, 8.1 %, is the
low-energy diagnostic ( up to 150 keV ) fraction, which can be used for producing high quality portal
images.

High quality image is very important for treatment techniques which precise alignment, like frac-
tionated stereotactic radiotherapy, conformal therapy and intensity modulated radiotherapy. We are
experimentally investigating the possibility of using the thick therapeutic target in conjunction with
a mammographic film-screen-cassette combination for improving the quality of portal radiographs
in routine radiotherapy. Further investigation of this system is under development for application in
prostate 3-D conformal therapy, [9], for image quality assurance and dosimetry by means of a portal
image processing program [10].
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Figure 1: Simulation: 10 Mev normally incident electron beam on the axis of cylindrical plates of varying
thicknesses, 10 cm in diameter. Total photon and electron fluences on the downstream side of the plate are
depicted.

10 MeV e- beam normally incident on a Cu plate

10"

0>

u

I 10
LL

<u

,-6

10~7

alLphotons
all_electrons

•»

0.0 2.0 4.0 6.0
Thickness (mm)

8.0 10.0

230



Figure 2: Simulation: 4 MeV normally incident electron beam on the axis of cylindrical plates of varying
thicknesses, 10 cm in diameter. Total photon and electron fluences on the downstream side of the plate are
depicted
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Figure 3: Integrated photon fluence ratio as a function of low-energy exiting a Cu disk for a 4MeV electron
beam.

8)
u

I
o
a
• oa>
£

Cu Target

10"
Energy (MeV)

232



IL0006761

RADIATION QUALITIES OF ELECTRON BEAMS IN CLINICAL TRIALS
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Introduction: The nominal energy of an electron beam is the energy displayed on the
accelerator console when selecting the beam for treatment. This parameter is supplied by the
manufacturer and has little significance for dosimetric purposes. However, it is used widely in
clinical practice for the description of electron beams, including prescription of the electron
energy in radiotherapy clinical trials.

Purpose: To check whether the nominal energy is a sufficient parameter to characterize
clinical penetration capabilities of the electron beam.

Methods and Materials: Institutions, which participate in cooperative clinical trials involving
radiotherapy, are required to have the basic parameters characterizing the treatment beams
checked by a dosimetry laboratory. The verified dosimetry data are transmitted to the quality
assurance offices that review the charts of protocol patients. The Quality Assurance
Radiotherapy Center (QARC) has information for more than 1,000 radiotherapy machines
located in USA and abroad, which were checked by the Radiological Physics Center (RPC).
278 accelerators have electron beams with the nominal energies varying from 4 MeV to 25
MeV. For each energy RPC supplied information on the depth of maximum dose (Dmax) and
the depth of 80% of the maximum dose (D80). Most institutions supplied their own dosimetric
data including the depth of 50% of the maximum dose (D50). Based on these data the range,
mean and standard deviation were determined for Dmax and D80 for electron beams with the
same nominal energy. The dependence of Dmax and D80 on D50 for the most representative
energies (6 MeV, 9 MeV and 12 MeV) was checked.

Results: Significant differences in values of Dmax and D80 for electron beams with the same
nominal energy were observed. The range of variations in Dmax for electron beams with the
nominal energies 6 MeV, 9 MeV and 12 MeV was 0.8*1.6 cm, 1.2*3.0 cm and 1.5*3.1 cm
respectively. D80, which represents the therapeutic range of the beam, varied in the range
1.6*2.2 cm for 6 MeV, 2.5*3.4 cm for 9 MeV and 3.7*4.6 cm for 12 MeV. The dependence
of Dmax and D80 on D50 is very weak and cannot account for the existing differences.

Conclusions: The differences in Dmax, D80 and D50, which reflect the differences in the
depth-dose distribution for nominally the same electron beams, have clinical significance and
therefore the choice of an electron beam for treatment should be made on the basis of the
depth-dose data for each specific accelerator. These results support the proposal made by the
International Electrotechnical Commission that the 80% dose level could serve as a measure of
penetrating quality of an electron beam.
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In research aimed at the development of a new method for cancer treatment, V79
Chinese hamster cells were irradiated with thermal neutrons. In this developing
method, an element that has a high probability for neutron absorption followed by
emission of secondary radiation, or a high probability for emission of secondary
radiation through another process is introduced into tumor cells,. Following the cell
irradiation, survival is investigated. Generally in the experiments carried out at the
Brookhaven Medical Research Reactor (BMRR) cells are irradiated with thermal
neutrons for different lengths of time at a reactor power of 1 megawatt (MW). The
dose to the different groups of cells is signified by the irradiation time in minutes, and
the product of MW times minutes is regarded as the dose to each particular cell group.
Cells, pre-incubated with and without a particular element that generates secondary
radiations, are irradiate. Comparison of the different survival curves is used to
measure the effect of the secondary radiation on the cells. Each experiment includes a
control curve that assures the integrity of the system.

It was of interest to study the effect of different dose rates on cell survival to see if
any biological advantage would accrue from thermal neutron delivery at low dose
rates as has been shown for X-rays. To accomplish a change in dose rate, the reactor
power had to be changed. Therefore, the experiment was carried out at reactor
powers of 250 kW, 500 kW and 1 MW. To deliver the same total dose of radiation
using different reactor powers, the length of the irradiation had to vary accordingly to
achieve comparable doses inMWxMin. Results of these experiments showed that
at the lowest dose rate delivered over a short period of time, a much lower dose of
neutrons was required to the same level of biological effect as at higher dose rates. A
typical cell survival curve is shown in figure 1. It can be seen that at the reactor
powers of 1 MW and 500 kW, a much higher dose must be delivered to achieve the
same level of biological effect than was necessary for cells irradiated at a reactor
power of 250 kW.

In Figure 2, cell survival is shown after irradiation at the 250 kW power level. Here,
there was no variation in reactor power, however, the cells were irradiated for
different lengths of time; that is, they received different total doses. The radiation
delivered over the shortest period of time was more effective.

A third experiment was carried out in which the same total dose was delivered to the
cells at different reactor powers; however, for the 250 kW power level, an additional
dose point was added. That is, a longer irradiation time was used to evaluate the slope
of the line. Results are shown in Figure 3. Here it can be observed that a transition
takes place from the steep initial low dose-rate slope to a higher survival level,
producing a biphasic curve.
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The experiments were carried out several times, all with similar results. However, no
concrete explanation for the phenomena observed has been forthcoming. Our current
thoughts lead us to suspect that initially, long-lived free radicals are produced. The
cells subsequently respond to these free radicals by overproducing enzymes, such as
catalase, which is known to resolve free radicals. Although radiation can inactivate
different enzymes in dilute aqueous solutions, the G value for inactivation of catalase
is 0.009 molecules per 100 eV of energy deposited in the solution. This G value is
significantly lower than that of many other enzymes.

At high dose rates the cell reacts immediately to both the direct and indirect action of
radiation which influences the initial slope. The cellular response to the radiation
insult might be through the synthesis of a protein that would protect against the
physical impact of the hits. However, at low dose rates given over short time intervals
and where fewer insults occur initially, the mechanism that signals for protection does
not become operable. Once the mechanism is operable, the slope of the low dose rate
neutron curve shifts to the right, meeting the slope of the high dose rate curve at the
point where the curve becomes linear, and the damage reflects mainly the direct
action of radiation.
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CONVERSION OF URANIUM TETRAFLUORIDE

AT THE URANIUM RECOVERY PROCESS

Jacob Rinat(U2), Jaime Raz(1), Victor Henzel(1)

(1) Israel Atomic Energy Commission , Nuclear Research Center - Negev ,
P.O.Box 9001,Beer-Sheva 84190 , ISRAEL

(2) Ben Gurion University of the Negev, Chemical Engineering Department,
P.O.Box 653, Beer-Sheva 84105 , ISRAEL

At uranium processing plants there is often an accumulation of uranium tetrafluoride.
As a result of long-time storage that UF4 absorbed moisture from the air and became
unfit for use in the metallic uranium production process. Many times, that UF4 is also
contaminated by various impurities. Therefore, it is essential to use a conversion
process to recover that damaged UF4 in a way it will be possible to produce uranium
metal again. Several methods for UF4 conversion are presented. The recommended
method is the use of potassium hydroxide as the main reagent for the process. This
method has been successfully implemented at the NRCN. When uranium tetrafluoride
is unusable as "Green Salt" , conversion process of the UF4to a soluble compounds is
necessary in order to recover the uranium metal. Several methods are described at the
literature [1-3] for the purification of UF4 and the recovery of uranium. A well-known
process presents the conversion of UF4 to UO2 by hydrolysis with steam [4]. This
reaction is the opposite reaction to the hydrofluorination process of UO2. Some other
patents specify the possibility to dehydrate the UF4 hydrate. Mathur[7] presents
another way for direct conversion of UF4 to UO2 .By consideration of the different
methods , a simple process of UF4 conversion to UO2 has been implemented
successfully at the uranium process facility in the NRCN. The main reactions of this
process are:
MAIN REACTION: UF4 + 4KOH - • UO2.2H2O + 4KF
SECONDARY REACTION: Al+3 + F" -> A1F+2

The secondary reaction is used for the creation of a stable fluoride ionic complex by
the use of a salting agent.
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A SEED-BLANKET PLUTONIUM-THORIUM s x MBIOSIS
FOR THE INCINERATION OF WEAPONS GRADE PLUTONIUM

M.Segev, Ben Gurion University of the Negev, Beer-Sheva, Israel.
A. Galperin, Ben Gurion University of the Negev, Beer-Sheva, Israel.

MTodosow, Brookhaven National Laboratory, N. Y., USA.

A PWR fuel cycle is proposed, with the purpose of eliminating weapons grade
plutonium and degrading such plutonium to a proliferation resistance level. This RTPI
(Radkowsky Thorium-fuel Pu Incinerator) cycle is based on retrofitability of core and
assemblies to a Westinghouse type PWR. However the assembly is a seed-blanket
unit in which the seed, fueled with a Pu/Zr alloy in a high moderator/fuel volume
ratio, is supercritical, driving the subcritical blanket, loaded mainly with ThO2,
generating and burning in-situ U233. Blankets are loaded once every six years. Seed
undergo the usual three-batch management, one third of all seeds replaced every year.
The core generates about 1100 MWe.
Equilibrium conditions are established almost from the second seeds loading. For
such conditions the annual average of the disposed (namely core loaded) plutonium is
1210 Kg. Of these, 722 Kg are entirely eliminated and the remainder 488 Kg are
discharged with a high percentage of even mass isotopes, namely degraded from the
point of view of weapons fabrication. The number of spontaneous fissions per second
in a gram of this degraded plutonium is about 500, a value representing a considerable
proliferation resistance.
At the end of a six years of core residence the blankets discharge contains 780 Kg of
U233 (including the Pa233) and 36 Kg of U235. However, these fissile isotopes
constitute only 17% of the total uranium discharged since the blankets are loaded with
a relatively large amount of U238. This 17% enrichment of mostly U233 represents
the same criticality as 20% of U235 enrichment, hence the discharged uranium poses
no proliferation hazard.
The control of the RTPI core seems to be as feasible as that of a PWR: the RTPI
control variables, namely the moderator temperature coefficient, the reactivity per
ppm soluble boron, and the control rods reactivity worth, are about the equal to those
of a PWR.
The RTPI stockpile ingestion toxicity is, over a period often million years, about the
same as the counterpart toxicities of a regular, or MOX, PWR.
Compared with known PWR-MOX variants, the RTPI is a highly more potent
incinerator of weapons grade plutonium. Per 1000 MWe of power the RTPI and the
PWR-MOX each disposes of about 1000 Kg of Pu. However while the MOX core
eliminates only 260 Kg, the RTPI core eliminates 600 Kg; and the 400 Kg of RTPI
discharge Pu are considerably more degraded than the 740 Kg of the MOX discharge
Pu.
Although the RTPI core and assemblies are retrofitable to those of a PWR, there are a
number of features unique to the RTPI core and cycle, in comparison with the PWR
core and cycle.
One - The assembly hosts 17X17 pin positions of which the central 11x11 constitute
the plutonium bearing seed. The remaining 168 pin positions constitute the thorium
bearing blanket. A water gap of 2 mm width separates between the seed and the
blanket. This type of assembly is also known as an SBU, a Seed Blanket Unit. The
SBU geometry allows for the separate seed and blanket fuel managements. The seeds
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are three-batch managed with a checkerboard pattern for the fresh and twice burned,
and with once burned seeds in the core periphery. The blankets reside six years in
core to allow the slow buildup of U233 to take effect such that the blanket share in the
core power can be set a t about 44%.
Two - The moderator/fuel volume ratio in the seed is 3.14. This high value is chosen
for a twofold reason: to maximize the seed criticality, hence its driving power vs., the
blanket, and to augment the effective thermal cross section of the control rods to
counter the competition by Pu239 absorption (which is considerably higher than that
of U235 in a PWR assembly), thus maintaining a sufficiently high control rod worth.
The high moderator/fuel ratio is realized by utilizing annular thin fuel pins. In the
blanket both the pins and the moderator/fuel ratio are of regular values.
Three - While the seed power density (watts/cc) is only slightly higher than that of a
PWR, the specific power (MW/T) is considerably higher, namely 180 MW/T. This is
due to the relatively small amount of heavy metal in the seed. In three years of core
residence the seed fuel will acquire an average of 160T GWd/T. An oxide fuel will
not endure such an exposure, but the Pu/Zr alloy will.
Four - The Pu/Zr seed alloy will not sustain a temperature higher than about 500C.
The annual seed pins are designed to enable a relatively flat radial temperature profile,
hence a compliance with the 500C limit.
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Optimization of a multiple source system for ADS
R. Pagan1. C. H. M. Breeders2

Forschungzentrurn Karlsruhe
-Technik und Umwelt-
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2 Institut fur Kern und Energietechnik

Postfach 3640. D-76021 Karlsruhe

The original design of an Accelerator Driven System - ADS [1] with one central source
has several problems that are not easily resolved. One of the problems is the power peak-
ing factor of such a system, which is high compared to conventional core designs. It seems
that techniques for coping with high power peaking factor, by means of flow constraints,
cannot ensure safe operation of such a system, and considerable overheating of the near
centered fuel pins cannot be excluded. Other difficulties are concerned with the accelera-
tor performance and the target. A lot of effort is invested today in upgrading the existing
accelerator beam energy and intensity which at the moment is 600 MeV and 1.5 mA at the
advanced PSI facility. At the same time efforts are made to reduce the number of "trips"
of the accelerator system to a significantly lower level. Furthermore, the objective of a
compact cyclotron imposes some technical constraints which in the end effect limit the
achievable beam intensity and energy. An additional aspect of concern is the local heat
generation produced by the spallation source. It seems that the heat removal capability
by the lead coolant is lower than needed by the benchmark ADS designs, even if forced
cooling is considered.

The above mentioned issues concerning the feasibility of a one central source configu-
ration for an ADS led to a new concept [2] in which multiple sources are employed. Such
a design should in principle overcome most of the limitations related to the central source
configuration. The total beam intensity needed is to comply with the accelerator best
current output performance. Since the accelerator beam is split into several subbeams.
the heat produced by each target is correspondingly lower and thus can be removed by
the coolant, in a safer manner. The thermal peak factor for the new multibeam concept
is also expected to decrease significantly, in comparison with the central source design.

The adaptation of CITATION [3] code to ADS simulation enabled a basic study of the
new concept of multiple sources systems. At first three main characterizing options were
analyzed [2,4]. A central source configuration . a three and a six multiple sources con-
figuration. Results reconfirmed the_ very high peak factor_of the central source option
and ruled out the six beams options due to the enhanced neutron leakage (in addition
to the mechanical complexity of having six beam tubes entering the core region). The
study emphasizes the importance of spatial effects when sources are introduced within the
core. The spatial flux distribution of each configuration tested was shown to have crucial
impact on the main design parameters of an ADS. Therefore a more detailed optimization
is essential.

This work deals with an optimization of the most feasible multiple sources systems for
ADS which appear to be the three or two sources configuration. The reliability of CI-
TATION code enabled a detailed analysis in accordance with the updated status of the
accelerator performances. A total of five configuration were analyzed. The difference
between them is the placement of the beam targets within the core. The locations of the
sources for each option are listed below and are connected to the core design of Figure
1. This plot shows one example (option 4 below) of the five possibilities examined in this
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study. It should be noticed that any location of a source is always surrounded by a lead
coolant ring (six subassemblies). All the simulations are done with a fresh fuel core load
(thorium enriched with U233). The five options are:

1. two sources located at subassemblies No. 38 and 50.
2. two sources located at subassemblies No. 20 and 29.
3. two sources located at subassemblies No. 44 and 56.
4. three sources located at subassemblies No. 42 and 50 and 58.
5. three sources located at subassemblies No. 20 and 26 and 32.

The performed analysis was aimed to deal with the high priority topics which include: 1.
Total and single source strength 2. Heat removal from the target 3. Thermal peak factor
4. Criticality losses (gains) 5. Technological considerations
The criticalities of the different configurations are obtained directly as eigenvalues of the
source free solution. When a source is activated the former method is not applicable,
so the criticality is defined as the ratio between neutron production over neutron losses
in the entire core. In addition, changes in criticalities are introduced by altering the
enrichment of U233 within the thorium fuel matrix. Figure 2 points out the differences
between the evaluated configurations related to the source strength and subsequently the
heat removal capability. All the curves are compared to a reference single centered source
and assume implicitly the same output power level from the core. The range of Ke!! axis
span the 0.9 — 1 interval. Figure 2 shows the total source strength of each of the multiple
sources systems considered. The best configuration is the three sources system requiring
the lowest individual beam intensity (as it needs only about 15% more total beam power
than the reference central source case). The best two sources configuration lies only about
5% above the best three sources configuration, which is not a significant difference. The
major disadvantage of the 2 sources system is that each of the sources must have the
strength of at least 60% of the compared single central source system whereas for the
three beams option the single source strength is only around 38%. This of course affects
also the heat generated and consequently reduces significantly the amount of heat to be
removed from the target window. Yet the smaller mechanical complexity is in favor of
the two beams systems.

The peak factor aspect is plotted in Figure 3. The values presented are based on the
maximum power density over the average power density. The calculated maximum power
density depends on the number of subregions (defined by the user) for each subassembly.
In this work the subassemblies were divided into 4 regions.
The results shown in Figure 3 can be divided into two zones: above and below Kejf w 0.97.
Below Kcjj « 0.97, the three" beams "option exhibits an expected increasing peak factor,
but for higher criticalities this effect is reduced due to the enhanced influence of the core
fission material. Furthermore, in this higher A'e// range the peak factors of all the two
and three beam options are all close together within an interval of 10% at the most. This
value is sufficiently small from a thermohydraulic point of view. In the lower criticality
range it is seen that the two sources options curves exhibit a sharp slope of the peak fac-
tor. It thus appears, only the three beams systems could be practical for transmutational
ADS. The peak factor of the central source configuration is also presented. It is seen that
in this case the flux shape is strongly dependent on the source up to very high criticalities
levels, and as a result the peak factor is much more higher in comparison with the other
configurations.
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A very important parameter which influences the safety of the system, as well as its
operational mode, is the criticality of the core, and in particular its dependency on the lo-
cation of each source. The spatial effects of the sources are demonstrated in Figure 4. All
the curves in Figure 4 are in comparison with the criticality of a reference source free core
(the values of the X axis). The center source has the largest positive multiplicity factor
(neutron production over neutron losses). For the core configurations considered it is seen
that for those options, where the sources are closer to the center, there is an additional
gain in the multiplicity factor, and therefore possess preferable safety features. In those
systems the effect of positive reactivity feedback leads to a reduced multiplicity increase,
in comparison to the same source free configuration, so that the system is more stable.
The same effect occurs when negative reactivities are introduced. In those cases the mul-
tiplicity decreases by a lesser amount, and again the core transient mode is smoothed
due to less pronounced feedback effects. In case of a severe accident, shutting down the
source will introduce an additional negative reactivity (namely the positive multiplicity
difference) ramp, increasing the inherent safety features of such configurations (see also

W).
Regarding operational aspects, the configurations in Figure 4, which exhibits an increase
in the multiplicity (M). are preferable. In ADS the power is linearly proportional to the
intensity of the source and is inversely dependent on (1 — M). So the fact, that the
actual multiplicity is higher for certain options means that the same reactor power can
be achieved with a less intense source. On the other hand, if the accelerator beam is
unchanged, there will be an additional gain in the output core power.

From the current study it is concluded that the peak factor is not a crucial issue for
optimizing a three or two sources core. The peak factor is the same within a range of
10% whereas for the central source option, the peak factor is almost doubled and there-
fore not recommended. The preferable option between those tested seems to be mainly
dependent on the accelerator and target performances. New developments in the removal
of the heat from the target, in parallel to the establishment of high intensity sustainable
beams will allow the use of a two beams system which may reduce the technological effort
considerably. Yet the three sources options exhibit the most realistic characteristic for
transmutation at relatively low criticalities. In addition, as only fresh fuel was simulated
in this work, it is necessary to analyze the core behavior during its life time and reevaluate
the impact of the source location on the multiplicity of the system and its spatial power
distribution during the burn-up phase.
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SOME REMARKS ON THE NUCLEAR FORCE

Yigal Ronen

Departement of Nuclear Engineering
Ben-Gurion University, Beer-Sheva, Israel

A nuclear force between two nucleons (disregarding the non-central forces) is
represented by(1):

V=VR(r) + Vo(r)ai • o2 + VT(r)t! • x2 + V,n(r)ai • a2 ti • x2 (1)
where Wl a = s and a is the Pauli spin matrix, and s is the spin. The i-spins of the
nucleons are xi and x2.

When the spins are in opposite directions, we have the singlet state and <TI • a2 =
- 3 , and when they are parallel, we have the singlet state and Gt - <r2 = 1. When pairs of
neutrons and/or protons are considered, the i-spin is in a triplet state and Ti • T2 = 1 and
the nuclear force is only spin dependent. In such a case, the spins of the neutrons and/or
the protons are in the singlet state. The fact that even-even nuclei are more stable than
other nuclei and that these nuclei have nuclear spin J = 0 is an experimental indication
of the singlet state of each pair of nucleons on the same nuclear level.

However, the facts that even-even nuclei are more stable (the pairing effect) that
J = 0, mean that in the pairing energy effect, the nuclear spin J is important, not only the
spin s. Perhaps we should replace the vector o in Eq.(l) by the vector J for nucleons
with I * 0 (angular momentum). On the other hand, nuclei with a pair of neutrons or
protons at a high J level do not show higher stability than those nucleons which are at
low J level. This difficulty might be overcome if the constants in Eq.(l) were L (angular
momentum) dependent.

Let us now consider the deuteron. It can be in a xi • x2 - -3 and cri • o2 = 1 state,
which is the T = 0 3Sj state. This state is stable and the potential V is estimated (2) to be
-35 MeV. The second state with xi • x2 = 1 and d • o2 = -3 is the T = I ]S0 state. This
state is not stable and V is estimated(2) at -15 MeV.

Using Eq.(I) these two states are:
T = 0,3S, VA = VR(r) + Vo(r)-3V,(r)-3VOT(r) (2)
T=l , 'So VB = VR(r)-3Vo(r) + V,(r)-3Vm(r). (3)
Thus,
V A -V B = -35+ 15=4V a-4V t = -20 (4)
and
V,-VCT=5MeV. (5)
The fact that VT > Vn explains why the stable state of the deuteron is the T = 0,3Si

state.
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NUCLEAR PHYSICS (EDUC ATION) ON THE WEB
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The Web has long became an important source of information for researchers and educators.
In the present paper we will shed some light on its main resources: Newsgroups, Mailing lists,
Catalogs, Research- and Education-oriented Web-sites, and (Java) simulations.

1. Newsgroups.
Newsgroups are one way that a group of people, interested in a certain subject can discuss it
electronically. More information about Newsgroups, including the difference between them
and mailing lists, can be found in reference 1. The Hebrew reader can find this information in
the catalog of Physics Teachers, [2]. These two references also give easy ways to find
Newsgroups and mailing lists for different subjects. The most recommended way is to use the
commercial site of Tile [3]. Some relevant Newsgroups are listed in Table 1, and an example
of the statistics of one such group is shown in Table 2. Some Newsgroups have a file of FAQ
(Frequently Asked Questions) which summarizes the questions and answers in the Newsgroup.
An example of FAQ's [from 4] is shown in Table 3.
Table 1: Some Physics Education Newsgroups
sci.edu - The science of education,
sci.physics - Physical laws, properties, etc.
sci.physics.fiision - Info on fusion,
sci.physics.plasma - Plasma Science &

Technology community exchange.

Table 2. Statistics of sci.edu
Actual readers of this group: 24000
Average number of messages per day: 7
Kilobytes per day: 10k
% of sites who receive this group: 75%
Crossposting: 40%

Table 3: Some nuclear physics FAQ's
Below Absolute Zero - What Does Negative Temperature Mean?
How to Change Nuclear Decay Rates
Have physical constants changed with time?
Does Antimatter Fall Up or Down?
The Solar Neutrino Problem
What is the Mass of a Photon?
Can the Human Eye Detect a Single Photon?

2. Mailing lists.
Ways of finding relevant Mailing lists can be found in references 1-3. A list of nuclear physics
related mailing lists is given in Table 4.
Table 4: Mailing lists related to nuclear physics
FUSION
MODELING
NTWFORUM
PHYSHARE
PHYS-L
PHYSICS
PHYSLRNR
WEBPHYSICS
WKSPHYS

- Fusion - Redistribution of sci.physics.fusion
- Physics Modeling Workshop
- New Technologies in Physics Education
- Sharing resources for high school physics
- Forum for Physics Teachers
- Physics Discussion
- PHYSICS LEARNING RESEARCH LIST
- Physics WWW List
- WORKSHOP PHYSICS LIST
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The most recommended list for physics teachers is PHYSHARE. One can subscribe to any list
(and get all the mail in his private e-mail-box), or just read the archives of the list. To get ail
the mail of PHYSHARE in a certain month XX of the year 1999, send the command: "get
PHYSHARE log99XX" to the address: listserv@lists.psu.edu. The nuclear physics subjects of
PHYSHARE discussed in 1999 are shown in Table 5.
Table 5: Nuclear Physics in PHYSHARE
05 Jan: Members' Webpages Directory.
20 Jan: Brainstorm Request - game to

teach stellar nuclear fusion.
22 Jan: Good questions, tough answers

(nuclear forces, binding energy).
23 Jan: E=mc2.
25 Jan: physics computer games.
09 Feb: new element???
16 Feb: American J. of Physics On-line.
02 Mar: Textbook check-list (nuclear).
24 Mar: BEC explanation.

-1999
05 Apr: Uncertainty principle.
19 Apr: Momentum (nucl. accelerators).
20 Apr: taking apart smoke detectors.
11 May: Missing radioactive equipment.
18 May: Energy?
01 Jun: Famous Physicist websites.
14 Jun: Heavy water.
12 Jul: Neutron/Proton pair.
14 Jul: Determining age by C14.
15 Jul: Nucl Phys Educational Web-Sites.

In order to get a feel of how quickly a question is answered, lets follow-up the mail
concerning the question of Determining age by C14. Within a day and a half of posting, 13
letters were sent from people in 4 countries. These letters came from people in high-schools,
colleges, universities and commercial companies. The local time of the participants was 7 am
to after midnight. The answer that emerged from the discussion is summarized in Table 6.
Table 6: Determining age by C14
Question
The answer

range and
accuracy
assumptions
(challenging
the method)

How exactly do we determine the age (of fossils) by C14?
C14 has a half life of 5730 years. C12 is stable.
In the atmosphere, while decaying, C14 is also constantly created (via
interaction of cosmic ray secondary neutrons with N14), so that the ratio
C14/C12 is constant.
While alive, plants incorporate atmospheric CO2 during photosynthesis, and
living creatures absorb it by breathing and eating carbon containing plants, so
the ratio C14/C12 is also constant in live cells.
Once dead, the absorption of C14 stops, and the C14 decay accounts for the
decrease in the C14/C12 ratio.
up to 10^12 half lives, i.e.: 60,000^-70,000 years.
Accuracy is greatest up to 10,000 years.
The following things are constant for the last 100,000 years:
- the amount of N14 in the atmosphere,
- the amount of cosmic rays,
- the amount of C12 (so the ratio C14/C12 is constant)

3. Catalogs.
Catalogs are Websites that specializes in a certain subjects, usually just giving links to other
sites. An example is the catalog of the AAPT (American Association of Physics Teachers) [5].
The Hebrew reader will find special interest in the catalogs of the Weizmann institute [2],
Hebrew U. [6] and CET [7], which give some information in Hebrew about the linked sites.



4. Research-oriented web-sites.
Some research-oriented web-sites are listed in Table 7.
Table 7: Some Research-oriented nuclear physics web-sites.
Int'l Nuclear Safety Program (DoE) [8]
The Isotope Project (LBNL) [9]
The Lund/LBNL Nuclear Data Search f 10]
Nucl Sci References Retrieval System [11]
Software Resources in Nucl Phys [12]
The WWW Virtual library: Nucl Phys |"13]
XCOM: Photon Cross Sections [14]

Info about Soviet-designed power plants.
Nuclear structure and radioactive decay data.
Access to the table of isotopes Handbook.
Low & intermediate energy phys publications
Data acquisition and analysis in nucl phys.
Links to major nucl phys research facilities
Scattering, photoelectric abs, pair production...

5. Education- oriented web-sites.
Such websites are maintained by universities, companies, organizations etc. see Table 8
Table 8: Some Education-oriented nuclear physics web-sites.
[15] Physical Science

Resource Center
[16] Atomic Alchemy

[3 7] ABC's Nuclear
Science

[18] Table of the Nuclides

[19] Contemporary
Physics Education
Project (CPEP)

[20] General Atomics
Fusion Group
Educational
Home Page

[21] UBC Physics lecture
demonstrations

A project of the AAPT. Includes a resource center, curriculum,
demos & activities, evaluation instruments, etc.
A team of high-school students created an interactive and
educational site for the ThinkQuest contest. Explains concepts
like the atom, nuclear fission, and fusion. Utilizes quizzes, Java
applets and animations.
Provided by the Nuclear Science Education Committee of the
LBNL. Covers topics like antimatter, nuclear structure, fusion,
fission and radioactivity. Many simple experiments appropriate
for high school are also available.
An on-line Table of the Nuclides including cross-section
information.
An organization o teachers, educators and physicist, producing
and distributing wall charts, web features and classroom
activities. The on-line features include "The Particle Adventure'
and 'Fusion... Physics of Fundamental Energy Sources'.
An example of an educational site created by an R&D company,
includes 'An explanation of just what high temperature fusion is',
teacher resources and (a great) fusion slide show (67 slides).

A collection of thousands of lecture demonstrations. The nuclear
physics subjects include: accelerators, electron diffraction, fission
& fusion, photons, radioactivity and much more.

6. Physlets fPhysics Java Applets').
Many sites hold Physlets, which are simulations that can be used on-line, without the need to
download or buy the software. A very comprehensive site is the one at Mississippi State
University [22], A list of Physlets is given in Table 9.
Table 9: A list of physlets from MSSTATE Java mirror.
Photoelectric effect
Absorption and emission of radiation by an atom.
Atomic emission.
Natural radioactive series.

248



Some Home pages are shown in the next picture1

REFERENCES (Addresses)
Institute/project

1. Indiana University
2. Physics teachers' Catalog
3. Tile Company
4. FAQ of a Newsgroup
5. AAPT
6. Snunit - Hebrew U.
7. Cent, of Edu. Technology
8. Int'l Nuclear Safety Program
9. The Isotope Project (LBNL)
10. The Lund/LBNL Nuclear Data
11. Nucl Sci References Retrieval
12. Software Resources- Nucl Phys
13. Virtual library: Nucl Phys
14. XCOM: Photon Cross Sections
15. Physical Science Resource Cen
16. Atomic Alchemy
17. ABC's Nuclear Science
18. Table of the Nuclides
19. Contemporary Physics

Education Project (CPEP)
20. General Atomic Fusion Group
21. UBC Physics lecture demos
22. MSSTATE Java mirror

Address of Web Site
http://sckb.ucssc.indiana.edu:80/kb/menu/major.html
http://stwi.weizmann.ac.il/G-Phys/Bernd/welcome.htm
http://www.tile.net
http://math.ucr.edu/home/baez/physics/faq.html
http://www.aapt.org
http:// navat.snunit.kl2i!
http:// cet.ac.il
http://insp.pnl.gov
http://isotopes.lbl.gov/isotopes
http: //nucleardata. nuclear. lu. se/nucleardata/toi
http://www.nndc.bnl.gov/nndc/nsr/nsrintro.htm]
http://www.scri.fsu.edu/~drago/srin.html
http://www.raft.riken.go.jp/rart/np/nplab.html
http://physics.nist.gov/PhysRefData/Xcom
http://www.psrc-online.org/index.html
http://library.advanced.Org/l 7940
http://user88.lbl.gov/NSD docs/abc/home2.html
http://www.dne.bnl.gov/CoN/index.html
http://pdg.Ibl.gov/cpep.hlml

http://FusionEd.gat.com/
http://www.mip.berkeley.edu/physics
http://webphysics.ph.msstate.edii/javaniirror
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Introduction

An 125I quantity indication system is introduced. I25I is a radioisotope commonly used in
nuclear medicine departments. This radioisotope emits y photons with energy of about 30keV,
with half-life of 60 days. Low energy and long life-time enable to produce 125I by large
quantities due to the relatively easy transportation possibilities, enabling radiation safety and
long distribution distance.
A unique customized quality control monitoring system was developed by Rotem Industries
for a pharmaceutical company. The quality control check is performed on each 125I vial by
measuring its activity with the micro-controller based radiation meter that also determines
whether to accept or reject a vial. The meter stores the radioactivity results for documentation
and for average processing, in order to indicate the activity filling trend. This trend can be
used for a closed feedback loop in order to control and improve the vials filling during
production.

System description

The quality control monitoring system was integrated into the I25I automatic production line.
The system consists of three main components:
- Sensitive scintillation probe with a thin Nal (Tl) crystal and photomultiplier tube'1'.
- Radiation meter, micro-controller based121.
- PC with special software.
The production line was designed to manufacture about 500 doses (vials) per hour. The final
products are vials of an organic solution marked with 125I. The manufactured I25I activity is
checked, and according to the solution concentration the desired amount (in ml) of radioactive
solution is inserted into the vial.
The monitoring system controls the production line robot. The robot places each vial in a
fixed geometric position in front of the detector. Once a vial is positioned the meter starts a
counting for a period of three seconds. A special shielded detector cover was designed to
eliminate background level fluctuations caused by the position and amount of vials in the
production line. The counting result is averaged and the total counts per second (cps) are
calculated. The measured cps are multiplied by a factor in order to convert them to activity
dose units in mCi. The factor was determined by calibration using prepared solutions with
known activity. The mathematical model for calculation of such a factor is not simple because
of the 125I low energy and the solution high self absorption. Two activity values (thresholds)
were stored in the meter. If the measured value is within the limits, the vial will be approved,
otherwise it will be rejected by commanding the robot. The radiation meter saves the dose
measured activity data and transfers it via an RS-232 communication line to a collection
software on a PC. Data transmission can be set to be online according to a preset time
interval, or it can be set to offline mode where the stored measured data is transferred to a
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P.C. according to the user's initial request. Each vial's data and status are saved and can be
automatically transferred into an Excel spread sheet for further analysis.
An optional feature of the data collection is to analyze the activity trend in order to control the
vial filling by a feedback loop. See Figures 1 and 2.

Robot places vial
Meter starts counting

r

Counting for 3 seconds
Results processing

Approval or rejection

r

Radiation meter commands
the robot whether to qualify

or disqualify the dose

Transfer the dose activity
measured data to the

collection software for saving,
reporting and analysis

Figure 1 - Production process block diagram

Interface
RAM DA-2000 - ROBOT

Data transmission
On line/Off line

Rotem's RMV software a —k-

Figure 2 - System schematic description
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Calculations and calibration results

The system specifications determine a confidence level of 99% for doses activity in the range
of 2-3 mCi within integration time of 3 seconds. Basic calculations were made to determine
the best geometric configuration in order to maximize the number of counts for the statistic
calculation, and still avoid detector saturation in case of malfunction where high dose (up to 5
mCi) is measured.
Equation 1 determines the minimal distance (X in cm) between the measured dose and the
detector. The maximum number of counts per second for a 5 mCi measured solution was set
to 30000 cps in order to avoid saturation.

(1)

Number of Geometric
I disintegrations efficiency PM-10

Detector

II25dose
activity up to

5mCi

Where:

N - Max. detector counts [cps], (30000)

A - Activity [Bq], (5*10-3*3.7*1010)

E - Abundance, (1.44)

S - Detector surface [cm2], (rc*2.52)

X - Distance between detector and vial [cm]

The calculated value for X using equation (1) is:

X=118cm

The minimal distance X (118 cm) is too long for the production line configuration. For this
reason an iron shield was added to expose the detector only from the upper part of the vial.
This configuration enables high sensitivity for the liquid level. An experiment was made in
order to determine the conversion factor to activity units (mCi) and detector linearity. The
linearity was tested in the dose quantity range of 4.0 to 4.8 ml (see graph on Figure 3). For
each check point three vials were measured. The values for each point were averaged and the
results are shown on Table 1.

Table 1 - Linearity check results

Solution volume
[mil

4
4.3
4.5
4.8

Average Reading
[counts per 3 sec]

62611
65153
66733
68888

Three standard
deviations

751
766
775
787
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Figure 3 - Detector readings Vs. I25I solution volume

Summary

An 125I quantity indication system was integrated into an automatic production line. The
computerized radiation measurement system was successfully tested showing its capability to
determine whether the measured dose activity is within the permitted range. The system
interface to the computer enables documentation of each vial activity dose. The handshake
interface with the robot control and provide primary quality ensurance in the production line.
The processed data can be used as a feedback to the vials feeling station in order to improve
the filling accuracy and reduce the number of rejected vials on the measurement station.
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Abstract

In order to calculate the efficiency of a cylindrical sample, it can be divided into disks

parallel to the face of the detector and the activities of all disks can be integrated

according to their distance from the detector face.

Two factors lead to the decreasing contribution of the disk as it's distance from the

detector face increases, i.e. the absorption of the gamma photons in the sample and the

decrease of the angle of the detector with increase of the distance.

As a first step the dependence of the efficiency for a radioactive disk was studies in order

to eliminate the absorption factor and single out the geometric one. It was found

experimentally that high volume Ge detectors can be taken as an average effective plate

detector with an efficiency function.

•, 2

80 • no
© S = 2
w (h + ho)

Where e is the fraction of emitted photons causing a photo peak signal in the detector and

h is effective plate depth, which assume that all the detector is concentrated the distance

of the disk from the detector cap. So and ho are linearization parameters, where ho is

called the in an effective plate in a distance ho from the detector. So is the efficiency of a

thin disk on the detector cap (h=0). The effective depth ho is changing very little with the
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energy, in contrast to the findings for a point source, however it increases with the disk

radius.

It can be shown that for photons with energy above ~ 200 keV the geometric factor is much

larger than the absorption factor. Thus a reasonable approximation for cylindrical samples

will be to ignore completely the absorption phenomenon and assume decrease of the disk

efficiency only due to increasing h. Integration of equation 1 leads for a cylinder of height h

to the equation.

So ho
0

It was shown experimentally that equation \^J is applicable for y energies from 40 to 2600

keV.

Using the radial dependence for a radioactive disk on the detector cap.

0 So = a(l-PR2)

It can be shown that the optimal radius of a cylinder for measurement of a volume V is given

by the equation:
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Introduction

Spatial distribution measurement of radioactive sources is a routine task in the nuclear
industry. The precision of each measurement depends upon the specific application. However,
the technological edge of this precision is motivated by the production of standards for
calibration. Within this definition, the most demanding field is the calibration of standards for
medical equipment. In this paper, a semi-empirical method for controlling the measurement
precision is demonstrated, using a relatively simple laboratory apparatus.
The spatial distribution of the source radioactivity is measured as part of the quality assurance
tests, during the production of flood sources. These sources are further used in calibration of
medical gamma cameras. A typical flood source is a 40 x 60 cm2 plate with an activity of 10
mCi (or more) of 57Co isotope. The measurement set-up is based on a single Nal(Tl)
scintillator with a photomultiplier tube, moving on an XY table which scans the flood source.
In this application the source is required to have a uniform activity distribution over its
surface.

Source Production and Measurement Apparatus

The 57Co isotope is mixed with epoxy resin and caste between two parallel plates. The
hardened epoxy is then removed from its mold and encased in thin aluminum or plastic
sheets. Without its cover, the source is 7 mm thick with fluctuations of the order of 0.02 mm.
Flood sources are produced in two geometries, circular and rectangular.
The measurement apparatus is composed of a detector unit and an XY table. The detector unit
includes a l"xl.5" Nal(Tl) scintillator, with a Photo Multiplier Tube (PMT) housed in a
Pb-Cu shielding with a 10 mm dia. collimator. The collimator width, length and the distance
between its face and the plan of measurement define the actual unit cell. The PMT is
connected through a preamplifier to an amplifier. The detector is mounted on the XY table,
which is connected to a Programmable Logic Controller (PLC) unit controlled by a standard
PC. The energy resolution with this set-up at the 57Co emitting lines (122 keV and 136 keV) is
9%, which is wide enough to merge the two lines into a single peak. With a discriminator unit
an ROI (Region Of Interest) is defined around the 57Co peak and the TTL output is then
recorded by the PC.

Measurement Procedure

The source area is fully scanned on the XY table with small overlap between the unit cells.
The time window for the unit cell is determined, based on the required precision and the flood
source activity. However, when the total measurement time became of the order of several
days for a single flood source, other parameters which are directly related to the measurement
time have to be considered. For example, the collimator cross-section area defining the
statistic for a unit cell. The energy window also influences the time measurement, tight
(loose) ROI will decrease (increase) the counts.
When the measurement time of a single source exceeds 24 hours, the natural decay of the
57Co (half lifetime of 270.9 days) has to be considered. This will contribute a systematic
effect of the order of tenth percents to the uniformity test. However, such an effect can be
easily corrected by software manipulation.
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Set-up Optimization

There are several free parameters in the measurement apparatus such as: the collimator
diameter, its length, its different materials and their thickness, the distance between the
collimator window and the flood source, etc. Each of the proposed configuration can be easily
checked quantitatively with a point-like source. A typical problem for a spatially distributed
source is the reflection inside and outside the collimator. For example, the unit cell in the
flood source is by three orders of magnitude less than the whole source area. Therefore, small
reflection effect originated far from the collimator can be summed up to give a 20% - 30%
contribution to the ROI, hence damaging the distribution measurement. Such reflections will
cause an artificial edge effect which strongly depends on the source geometry. The spectra
from a unit cell on the 57Co flood source is shown in Figure 1. The peak is the mixture of the
122 keV and 136 keV lines, with the background reflections.

Figure 1: Spectra of Unit Cell in Co Fiood Source

60 80
^Channel

100 120

In order to quantify the reflection problem and the deterioration it causes to the uniformity
test (or activity distribution in general), heavy time consuming Monte Carlo simulations can
be carried out. In contrast, a fast semi-empirical procedure can be applied with qualitative and
quantitative output as described below.
A point-like source of 57Co is placed in the measurement plane. The source contribution to the
ROI is recorded as a function of its lateral distance from the collimator. This empirical
function is used as an input to a computer program, which simulates an ideal uniform flood
source. This source is built as a superposition of many virtual point-like sources, distributed
as is expected from the specific flood source geometry. The precision of such a correction
procedure is controlled by the number of experimental points used to describe the functional
dependence of the ROI content with the lateral distance on the measurement plan. Figure 2
shows the dependence of the spectra obtained from a point-like source as a function of its
lateral distance from the collimator window.

The simulated ideal uniform flood source is used to evaluate the measurement apparatus. Two
parameters are defined to quantify the flatness of the measurement, the variability and the
integrated uniformity. The variability is the variance normalized by the average value cr/<N>.
The integrated uniformity given by (Nmax-Nmjn)/(Nmax+Nmjn), where Nmax (Nmin) is the
maximum (minimum) counts per unit cell.
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In Table 1 are listed the values of these simulated parameters as a function of the distance
from the edge which was excluded from the measurement. In a simple flood source geometry
such as circular or rectangular, this simulation will provide maximum counts at the center of
the source and minimum at the edge or at the rectangle corners. These effects are
demonstrated in Table 1 where the uniformity is improved as larger margins are excluded.

The simulated ideal flood source is aimed to optimize the spatial distribution measurement
set-up. Moreover, based on the final configuration, the simulation offers a tool to correct the
measurement of the real flood sources, to obtain their true spatial distribution.

Table 1- Uniformity Vs. Margins Excluded from Measurements

Distance from Edge
[cm]

0
1
2
3
4
5

Measured Area
(%)
100
91.2
82.8
74.8
67.2
60

Variability o7<N>
(%)

9
0.3
0.07
0.04
0.02
0.009

Integral Uniformity
(%)
35 ;
9.5
0.2
0.1
0.07
0.03

Summary

A systematic method to design and quantify the spatial distribution measurement of a
radioactive source is presented. This technique was implemented at the NRCN radio-isotope
laboratory to perform a quality assurance test for flood sources, used to calibrate medical
gamma cameras.
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I. Kapelushnik, M. Sheinfeld, R. Avida, Y. Kadmon, M. Ellenbogen, and D. Tirosh.
Nuclear Research Center - Negev, P.O.Box. 9001, Beer-Sheva 84190, Israel

Abstract

The Airborne Radiation Monitoring System (ARMS) monitors air or ground radioactive
contamination. The contamination source can be a radioactive plume or an area contaminated
with radionuclides. The system is based on two major parts, an airborne unit carried by a
helicopter and a ground station carried by a truck. The system enables real time measurement
and analysis of radioactive plumes as well as post flight processing.
The Radioactive Plumes Monitoring Simulator purpose is to create a virtual space where the
trained operators experience full radiation field conditions, without real radiation hazard. The
ARMS is based on a flying platform and hence the simulator allows a significant reduction of
flight time costs.

Main features

The simulation process begins by a computerized generation of virtual radiation plumes.
These plumes are stored on the hard disk, and loaded in real-time for the simulation. The
generated data is a basis for practicing ARMS failures simulation in high radiation conditions
and populated areas, letting the user experience and handle such situations. The simulator
requires no changes in the airborne system hardware and software, except for few additional
cables.

Overview

The simulation starts by creating a radioactive space according to a pre-generated
contamination plume in addition to environmental parameters such as wind speed and
direction, inversion altitude, pollution dispersion time, etc. Due to the computer memory
limitations, the model can not use unlimited estimation grid at the plume vicinity. This
enforces a limited grid density for the radiation estimation.

^ r
Figure 1 - Schematic description of distances needed for radiation estimation

The radiation estimation for points between grid lines is demonstrated in Figure 1.
Where:
R - distance between c and d.
The radiation level at point c is less than the radiation measured at point d.
The radiation at any point between these two end points is then calculated as follows:

a
(1)

(r - b)
Where:
F - estimated radiation.
r - distance between point c and the estimated point.
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a, b - are given by:

(2) a-cR2 d - . d c
(c - df

~\2

b=R
d - , d c ;

The simulator is also capable of simulating the helicopter movement by generating GPS
(Global Positioning System) data. Route parameters are supplied similarly to the commands
given to the helicopter's pilot in a real flight. The simulated flight speed is determined by the
operator. Crossing a given distance at a given velocity will take the same time as in real flight.
The simulator enables to train real time decisions such as escaping high radiation locations or
dealing with other extreme hazard conditions.
The simulator program continuously changes the radiation data according to the airborne unit
location. Concurrently, the helicopter site coordinates are sent once per second according to
the GPS protocol. The altitude simulation data is added to a random error as shown
Figure 2.

A *

in

real altitude •

Figure 2 - Schematic description of altitude error range

Where:
real altitude - true simulated altitude according to the helicopter route.
a - maximum random change allowed.

Uniform random distribution was chosen to calculate the error as follows:

(3)

Where:

P(x) - probability of x.
Calculating the new height is simply done by adding x to the given real height.

The horizontal X-Y location remains without an error but the course has a slight change. For
example, instead of a strait line with azimuth 50 degrees there will be a new azimuth with
uniform random error. Cosmic radiation was also added to the estimated radiation using
Gaussian distribution as given in the following formula:

(4)
2 < J

,'2 n a2
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Where:
G(x) - is the Gauss distribution probability of x.
oo- is the standard deviation of the cosmic radiation,
u - is the cosmic radiation expectation.

The energy spectrum histogram is loaded from a previously prepared file. It is then
transformed into analog pulse amplitudes and scrambled to create an effect of realistic energy
spectrum created by real detectors. The analog pulses are generated using a computer
controlled DAC (Digital Analog Converter). A scheme of the simulator program is shown in
Figure 3.

Checking Airobome
Unit position

Sending energy

spectrum (according

to the user prompt)

Estimating radiation

according to the

position

Sending radiation data

Sending position data

(only if we waited 1

second from last position

update)

Calculating new
position according to

the route

Figure 3 - Program operation schematic description

The simulation starts by generation of the radioactive plume. The radiation is estimated using
the helicopter location relatively to the plume and both the radiation and location data are sent
to the airborne unit.
At the next step, the errors are added to all the simulated data and the energy spectrum is
transferred to the airborne unit, followed by reassessment of the airborne unit position. The
process repeats itself indefinitely until the user quits the program.
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Figure 4 depicts the connection between the simulator and the airborne system. Data from the
simulator is transferred to the airborne system using dedicated cables (detectors, control,
spectrum and computer serial cables). These cables enable to take control over the data flow
in order to handle all of the parameters required by the airborne unit. The spectrum is sent
directly to the airborne computer.
The GPS and the altitude meter data is transferred to the airborne unit computer via RS-232
multi-channel serial communication connector. The pulser and the data lines (digital I/O) are
transferred to a local display unit which analyses and sends the information to the airborne
unit computer.

Locjl Display Unit

Figure.4 - Schematic description of the system

Summary .

The simulator main goal is to enable the ARMS health physics operators a training virtual
environment. Contaminated areas or plumes are generated in the virtual space in order to
experience the operator with real contamination monitoring. The simulator was developed
with minimal changes in order to give the operator the same surrounding conditions as in a
real ARMS monitoring. A prototype was built and tested successfully.
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Introduction
The Positron Emission Tomography (PET) method utilizes short half life (3+ radioisotopes
that are produced in a cyclotron site special for this purpose.
The local radioactivity handling regulations in Israel, based on the International Atomic
Energy Agency regulations, limit the activity concentration of radioactive isotopes in released
air from hot zones, such as cyclotron vaults and production labs. For each radioactive isotope
a Derived Air Concentration (DAC) limit has been set.
A typical cyclotron site includes two main ventilation systems that need to be monitored: One
from the cyclotron vault and the other from the hot cells located at the hot lab. The
manufactured isotopes are P+ emitters: 18F, UC, I3N and 15O. These radioisotopes emit a
positron which produces, by annihilation, a pair of y photons in opposite directions, with
energy of 511 keV. The radioisotopes half life is between 2 and 110 minutes. The activity of a
single production batch can reach a value of up to 2000 mCi.
In this paper a simple method of calculating the conversion factor, from measured cps of a 2"
cubic Nal(Tl) scintillation detector to activity concentration value in [Bq/m3], will be shown.
This method can substitute the full calculations using MCNP program"1.

Positrons Mean Free Path (MFP) Estimation

The y ray flux in the duct is a function of the positrons range before annihilation. In order to
determine the positrons Mean Free Path (MFP), equations (1) and (2)'3' were utilized. The I8F
and "C emitted positrons energy spectra are depicted in Figure 1 and the calculated results are
summarized in Table 1.

(1) r = 0.412 . E " " - 0 0 9 5 4 l n E )

( 2 ) X = r / p
Where:
r - Positron range [gr/cm2]
E - Photon Energy [MeV]
X - Positron mean free path [cm]
p - Material density taken as 0.0013 and 2.702 [gr/cm!] for air and aluminum respectively.

Table 1 - Calculated positrons MFP in air and in aluminum (Al.) for I8F and H C

Isotope

i s F

"C

Maximum
positron energy

[MeV]
0.633
0.960

Average positron
energy [MeV]

0.249
0.385

Maximum range

[gr/cm2]
0.226
0.391

Air
[cm]
170
300

AI.
[cm]
0.084
0.145

Average range

[gr/cm2l
0.059
0.112

Air
[cml
43
86

AI.
[cm]
0.022
0.035
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Figure 1 - I8F and n C positron energy spectrum

Based on the positrons MFP, the assumption is that part of the positrons should be stopped by
air and some by the duct aluminum walls. A fraction of annihilated positrons versus range in
air plot for 18F and for "C is illustrated in Figure 2.

10 20 30 40 50 60 70
Range in air (cm)

Figure 2 - Fraction of annihilated positrons versus range in air for' 8F and ' ' C

Conversion factor calculation
Looking at Table 1 and Figure 2 it is obvious that about 30% to 60% of the positrons are
annihilated in air, and the rest are stopped on the inner side of the duct aluminum walls. In
order to make a reliable estimation of the conversion factors, calculations for two boundary
cases were performed:

-A long positron MFP assumption, all the positrons are assumed to pass through the air, and
then stopped by the duct aluminum walls.

- A short positron MFP assumption, the positrons would be stopped immediately in the air,
annihilation points are scattered according to the volume concentration of "C and 18F
isotopes.

The conversion factor from cps to activity concentration in the detector (F), has been
calculated for both cases by a formula which takes into account the geometric and shielding
configuration set by the duct, the detector dimensions, the detector efficiency for 511 keV
photons, and the attenuation due to the absorbing in the aluminum. By calculating these two
boundary cases, it is not necessary to make full calculations of the positrons transport in the
duct.
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Lone Positron MFP Assumption
The computation geometry for this case is depicted in Figure 3. The duct walls are made of
3mm aluminum. Only the duct part close to the detector is used for the calculations, since the
influence of the rest of the duct is minor. The detector was placed at a distance of 12cm from
the duct wall. The radiation source was taken as 511 keV photons distributed uniformly on the
inner part of the duct walls. The uniform surface activity density (AA) is then derived from the
given volume activity in the duct (Av) using equation (3). The probability of a photon
generated on the duct inner surface to scintillate in the detector (P) is calculated in equation
(4). The equation is related to the given geometry configuration (see Figure 3), the detector
efficiency (r\), and the duct's walls attenuation for 511 keV photons.

Collimated Detector

X=30c

Figure 3 - Geometric configuration for the long MFT assumption

(3) A A = V - A V / A

(4) P ~ ( '

Where:
Ay- Activity concentration

o4

in

a

volume

dy
•y^z2)

[DAC]

* ' " a
i i4 * ((Y/25+X1 +z2) "~

0 04 a- ((d+X) +y +z )

A - Duct surface [m2] (0.6)
V - Duct volume [m3] (0.045)
AA - Specific area activity [photon/m2]
P - The probability of a photon generated on the duct surface to scintillate in the detector

[cps«m2/photon]
S - Symmetry factor (4)
a - Detector surface [m2] (0.0025)
L - Attenuation factor caused by a 3 mm aluminum thick (0.93)
r\ - Nal(Tl) detector efficiency for 5llkeV photons (0.4)
d - Distance between the detector and the duct [m] (0.12)
X - Duct height [m] (0.3)
Y - Duct width [m] (0.3)
Z - Duct length [m] (0.5)
Values for geometrical and efficiency parameters in the configuration are listed in brackets,
next to the parameters definition. The use of these values in equation (4) gives the P = 6«10~4

[mVphoton] value for the conversion factor in this case. The total conversion factor F in the
detector can be calculated using equation (5), in this case F = 9*10"5 [m3].
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(5) F = P * V * I / A
Where:
I - Number of photons generated per one positron annihilation [photons per disintegration] (2)
F- Conversion factor from cps to DAC
The detector count rate (R) can be calculated by using this F value on equation (6).

(6) R = Av*F
Using the DAC values set for 1SF = 106 Bq/m3 and "C = 107 Bq/m3 [4) [5), the detector count
rates determining the threshold levels for the above isotopes is: R = 90 cps and R = 900 cps
respectively.

Short Positron MFP Assumption
In this case the assumption is that all the positrons are stopped in the air inside the duct .
Equation (7) determines the conversion efficiency function between the source photon and the
detector readings.

X Y/2 2/2 .

(7) P=T?LSlj i j . , 2 , -.dxdydz

The result for the total conversion factor is F = 8*1O"5 fm3]. Using equation (6) with this F
value, gives R = 80 [cps] and 800 [cps] for 18F and ' 'C respectively.

MCNP Calculations
In order to confirm this estimations an additional calculations were made using MCNP'1'
software for both cases, the long and the short positron MFP. This software uses the Monte
Carlo method'2^ to calculate the detector response to a given 511 keV energy source. The
calculation results for the long MFP case are depicted in Figure 4. The calculation output is
the spectrum generated in the detector by one photon in the source. The probability of a
photon generated in the duct to scintillate in the detector (P) can be found by integration over
the spectrum in the photo-peak energy range of 350 to 560 keV. The total probability is
F = 8±1 * lO^fm2]. This value is close to the value calculated using equation (4).

0.0 0.1 0.2 0.3 0.4

Energy (keV)
0.5 0.6

Figure 4 - MCNP calculated spectrum in a 2" Nal detector
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Results & Conclusions

1) The conversion factors calculated for the two boundary cases are close:
FA = 9* 10"5 [m3] - when the positrons are stopped by the duct aluminum walls.
FB = 8*10"5 [m3] - when the positrons are stopped by air.
This result implies that the difference in the annihilation position on the duct walls in the
long positron MFP assumption, and in the homogeneously scattered in the duct volume in
the short positron MFP assumption, is not crucial to the detection efficiency calculation
and to the determination of the conversion factor.

2) The conversion factors calculated by both methods, the approximate geometrical estimation
and the Monte Carlo simulation for both boundary cases are close.

3) A 2" x 2" x 2" Nal(Tl) scintillation detector can be used for measuring activity
concentration level of one DAC.

4) For measuring activity concentration levels lower than 106 [Bq/m^], it is recommended to
improve the detector efficiency by inserting the detector into the duct.

5) Maximum allowed reading from the detector during FDG production and C-l 1 production
is about 80 cps and 810 cps respectively.
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S. Lantsberg* and R. Perez*.
Nuclear Research Center Negev, POB 9001, Beer-Sheva, Israel

*Soroka Medical Center, Beer-Sheva, Israel

General

Radiation workers are routinely monitored for the detection of internal contamination by
direct measurement of the body using a Whole Body Counting system (W.B.C.) and
analysis of excreta. In some cases excreta monitoring is based on urine gamma
spectrometry.
Medical procedures involving any radionuclide administration may interfere with these
monitoring procedures by giving "False Positive" results and increasing detection limits.
The isotopes commonly used in medicine and their possible interferences with
occupational exposures are shown in Table 1.

Isotope

""Tl

"Tc
"Mo

"Co
5 S C o
1 J ' l

Physical
half life

3.04 d

12.2 d

6 hours

2.75 d

270 d

71 d

8 d

Main
gamma
energies

(keV)

71,80,135,167

439,520

141

740,778

122,137

511,811

360

Interfering
energy
range (keV)

11 - 167

11 - 439

141

740 - 778

122 - 137

511 - 811

360

Maximum
diagnostic
activity

2mCi

Impurity

5mCi

Impurity

1 nCi

1 uCi

5mCi

Whole Body
Counting

Isotope

Uranium

Uranium

Uranium

ly'Cs

Uranium

U7Cs

1J'Cs

The
energy
detected
range
(keV) .
60-90

60 - 90

60 - 90

662

6 0 - 9 0

662

662

Table 1. The main isotopes used in medical diagnosis and their possible
interferences.

Our objective was to determine the influence of radio isotopes administered to patients for
medical reasons, on the detection of occupational exposures to radionuclides. The
residues of the isotopes in the body, may erroneously be interpreted as internal
contamination and translated to internal exposures, when measurements take place a long
time after administration, and there is no possibility to identify the medical isotope.
Measurements performed a short period after administration may enable the
identification of the medical isotope but increase the detection limits.
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Methodology
Patients reporting having had a medical procedure involving radioisotopes, were
monitored as soon as possible by the Whole Body Counter, equipped with two phoswitch
detectors, placed in a low background room at the NRC -Negev.
Concomitantly, frequent urine samples were collected and measured in a low background
laboratory, using a gamma spectrometer equipped with a Nal(Tl) detector. The
monitoring was continued as long as the radioisotopes were detectable. (This is the usual
procedure for routine urine measurements).
Several samples were measured with a high efficiency and a high resolution HPGe
detector. This method enabled the identification of the precise content of the medical
isotopes, including impurities, administered to the patients.
Evaluation of the exposure dose that could be attributed to the Worker was evaluated
using ICRP 78 (1997).

Results

Following are some preliminary results:
Whole Body Counting measurements:
Seven patients who had a myocardial perfosion imaging using 201Tl, four after 99mTc
imaging and one after a Schilling Test involving the ingestion of 57Co, are now under a
follow-up for nearly one year. 99mTc was detectable for several days. 20lTl was still
detectable after four weeks and 2O2T1 took 3 months to decrease below the detection limit.
The concentration of the 2O2T1 impurity was evaluated to be 0.62% of total activity, on
injection day. 57Co is still detectable more than 10 months post ingestion.The
interference of some commonly used radioisotopes in medicine, with the detection of
occupational internal exposure is listed in table 2.

Case
number

1
2
2
2

3
4

5

Time post
administration
(days)

30
24
52
61

7
5

6
300

Radioisotope

Type

mn 202TI
201-pi <!l>i-T-i

2U1-T-1 205-T-I

™"Tc
wm T c

nil

"Co

Measured
activity
nCi

496 ±2
464 ±2
23.8±0.6

7.1±0.5

10718 ±7
2772 ± 4

11269 ±9

False
natural
uranium
activity
nCi

2192 ±5
2571 ±2

30.9±l
9.2±1

41223 ±19

2457±5

lS.htl.5

False "7Cs
activity
nCi

47.3±0.8
43± 0.8
3.0 ±0.5

* 1.9±0.5
878 ±3

1481±4

* 1.6±0.5

Table 2: The interference of medical radioisotopes with the detection of occupational
exposure to natural uranium and Cs.
* This is the common level of 137Cs found among the general population
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An evaluation of the internal dose that could be attributed to a worker, based on two
examples from table 2, gives the following results: 9 nCi of insoluble natural uranium
measured in the lungs 30 day after inhalation is translated to 3.8 rem (Committed
Effective Dose). 878 nCi of 137Cs in the whole body, 7 days after inhalation, is translated
to 52 mrem (Committed Effective Dose).
In fig. 1 an example of the low energy spectrum received during a WBC check of an
employee is given. The employee has undergone a 201Tl myocardial perfusion test. The
contribution of Tl (201 and 202) to the Region Of Interest
(ROI) 60-90 keV, which is characteristic to uranium, can be clearly seen.

Help rile Cale Setup Options
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Offset: 8
Adc: Add
Display: 512
Overlap: Off
Chn: SZ4
Cti: 2

n

I
Preset: 608 Elapsed: 688

Filanane: b:\tlT8565.np"

Real: 688 | _ - ^ sa iaa

F9-I4»nt Ffi-Load F7-Sav» Elo-BOI

Fig.l: The energy spectrum of Tl (201 and 202) in a Whole Body Counter, in the low
energy region.

In fig. 2 an example of the a high energy spectrum received during the same WBC check
is given. The contribution of Tl to the Region Of Interest around 660 keV, which is
characteristic to l37Cs, can be clearly seen.

Help Til* S»tup Oytlaos Mo*l*

Id: T1-2B1
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Display:
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Preset:

Filename
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b: Ml78565. spn
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88:33:01 an Mas 11. 1999
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Fig.2: The energy spectrum of 202Tl in a Whole Body Counter, in the high energy region.
It should be emphasized that the contribution of radioisotopes administered for medical
purposes is present not only in WBC checks, but in urine samples as well.
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A follow up of 2O1T1 and 2021Tl in urine was continued for 50 days post injection.
The results are depicted in Fig. 3. 201Tl was detectable for 25 days while the impurity,
202Tl was still detectable 45 days post injection.

1E-3-

1E-4-

1E-5-

1E-6-

1E-7-

•

• TI-201
• TI-202

MDA TI-201

MDATI-202 .

10 15 20 25 30 35

time after injection (days)

40 45

Figure 3: The excretion of 2OIT1 and ZO2T1 in urine, following a myocardial perfusion
imaging, and the detection limits for both isotopes.

Discussion and conclusions
The radiation protection regulations of radiation workers, dictate predetermined regime
of routine monitoring for internal exposures. The monitoring is based mainly on whole
body counting and analyses of excreta. The whole body counting and some of the excreta
measurements are based on gamma spectrometry.
It was clearly shown in the present work, that the use of medical radioisotopes, severely
interfere with the detection of occupational radioisotopes.
Figures 1 and 2, clearly demonstrate the interference of 2OIT1 and 2O2T1 in the whole body
counting measurements, with the detection of natural uranium and 137Cs.
When the level of the medical isotope is low, there is a difficulty to identify it by gamma
spectrometry, and the results may be erroneously interpreted as occupational exposures,
even as high as the annual limit.
In those cases when there is still a possibility to identify the medical isotope, the
interference takes place in the elevation of detection limits and thus prevent the proper
occupational monitoring. The most common medical procedure involved 20lTl imaging.
It is important to emphasize that the main long term interference here was from 2O2T1,
which was an impurity of 0.62% only, in 2OIT1 injected for the medical procedure. A
special case was the follow up of an employee who received 57Co in a Schilling test. Due
to relatively long physical and biological half life, its interference with the detection of
natural uranium in whole body counting, lasts for nearly one year and is still present.
We conclude that the interpretation of results obtained during individual occupational
monitoring based on gamma spectrometry using Nal(Tl) detectors, must be cautious. It is
recommended that every radiation worker, should report as soon as possible every
medical procedure involving radioisotopes. During the period of the interference
alternative methods, for instance, chemical analyses or the use of HPGe detectors, should
be implemented.
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InDose - An Internal Dosimetry Code Developed at
Soreq

I. Silverman, Y. Shamai, T. Schlesinger, T. Biran
Soreq - Nuclear Research Center

Yavne 81800, Israel

1 Introduction

Estimation of doses to people exposed to ionizing radiation due to inhalation or ingestion
of radio-active materials is often based on calculations of the activity in the tissues of the
body and in excreta following a given intake. Comparison between these calculations and
laboratory measurements of the activity in excreta or in tissues of the body enables estima-
tion of the amount of radioactive material which entered the body and hence the expected
committed doses.

These calculations are based on a set of models recommended by the ICRP that describe
the paths of the radioisotope in the body and provide the equations to calculate their transfer
rates within the body and out of it.

During the last decade the ICRP made major revisions in its recommendations regarding
protection from ionizing radiation and in particular it recommended the use of new models
for estimating doses due to inhalation and ingestion of radioisotope. Among the new models
are that of the new respiratory tract (RT) presented in ICRP publication no. 66 and the
biokinetic models for various radioisotopes which have been presented in publications 56 to
71. All the new models have been developed to enable dose estimation for the general public,
including children. They are based on physiological processes in order to enable adjustment
for age, gender, and physical condition.

In a previous paper [4] we presented a new Internal Dosimetry code developed at Soreq
(InDose) to enable making assessments based on these new models. Up to now, only the
new RT model has been applied for dose estimations in generally available PC package
codes (e.g., LUDEP-2 and Genmod), while the new biokinetic models have not. Recently,
ICRP presented publication 78 [2] - which is a replacement of publication 54 - in which it
gives monitoring data recalculated with the new biokinetic models. However, the data are
only for acute or constant value chronic intakes. It employs the standard 5 /im particles in
cases of intake by inhalation.

2 The implementation of the new biokinetic models

In order to enable dose estimations using these new biokinetic models as well as the old ones,
we developed a new internal dosimetry code (InDose). The code is written in FORTRAN90
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Figure 1: Schematic structure of InDose code

and uses the ICRP-66 RT model and the ICRP-30 GI tract model as well as the new and old
biokinetic models. For each calculation, the code employs the RT and the GI tract models
along with the relevant biokinetic model, depending on the element or compound. In case
of an element or compound which has several biokinetic models, the user has an option to
indicate to the code which model to use.

The full InDose code is planed to have three parts (see fig. 1): 1) the main part presented
in [3] includes the uptake and systemic models and is used to calculate the activities in the
body tissues and excretion as a function of time for a given intake. 2) An optimization
module to automatically estimate the intake for which the calculated retention function best
fit a given set of measurements from a specific exposure case. 3) A module to calculate the
dose due to the estimated intake. Currently, the code is able to perform only it's main task
(part 1) while the other two has to be done externally using other tools. In the future we
would like to add these modules in order to provide a complete solution for the people in the
field.

The code has been written in such a way that the user is able to change any of the param-
eters of any of the models without recompiling the code. All the parameters are given in well
annotated parameter files that the user may change and the code reads during invocation. As
a default, these files contain the values listed in the relevant ICRP publications.

3 Results from the 3rd EIE-IDA

The code has been used to assess intake for scenarios provided in the 3rd European Intercom-
parison Exercise on Internal Dose Assessment (EIE-IDA), [1]. Most of these cases where
based on real data and the quality of the assessment could be evaluated only by comparing
to assessments done by other groups using other codes or methods.

Case 3 in this intercomparison is, however, synthetic. Table 1 compares our assessment,
average value of all provided assessments and the real intake for the 30 days monitoring
interval case. Three assessed values are given. One is based on urinary data alone, one on
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Assessment method

Urine data
Thyroid data
Best estimate

Total intake
True

109

InDose

211
118
118

1996 intake
True

68

InDose

159(135)
94(79)
94(79)

Average for all
participants

114
76.6
73.2

Table 1: Assessed intake for case 3 of the 3rd EEE-IDA. Comparison of assessment using
InDose, average of all participant assessments and true intake (the values in the parenthesis
are excluding the second intake that we assumed to be on 2/1/96 while it really has been on
22/12/95)

thyroid data and the last is the best estimate based on both sets of measurements. We assumed
the thyroid data to be the most accurate and took the estimation based on it alone as the best
estimate. Other participants used some averaged value. As can be seen, our assessment is in
very good agreement with the real total intake. For the 1996 intake we are about 50% higher
but that is because we assume the second intake to be on 2/1/96 while it really has been 10
days earlier. Excluding this intake, as shown in parenthesis, the 96 intake is also in good
agreement with the real intake and the average value for all participants. Figure 2 compares
the activity in urine as given by our best assessment with the data provided with the exercise
and calculations based on the true intake. Whenever we had to assume additional exposure
in order to get a fit, but did not have an indication on the probable date of intake, we used
the standard methodology of assuming a single intake at the middle of the period between
two successive measurements. Hence, we did not find the double exposure between the 9th
and 10th data points at around day 300. However, the relative activities for urine and thyroid
at 21/11/97 indicates that an exposure happened just a few days before these measurements
has been taken. We assumed it to be three days before the samples have been taken. As can
be seen we have been able to quite accurately locate the date of this exposure. The overall
agreement is also very good. In this case of multiple exposures, estimation of the intake
values was a long process of trail and error. A mathematical optimization algorithm capable
of performing the process automatically will be very useful.

4 Conclusions

The new biokinetic models proposed by ICRP, together with the new respiratory tract model,
have been implemented in a new code called InDose for internal dosimetry developed at
Soreq - NRC. The new code has been tested extensively to verify the accuracy of its results.
The verification procedure was divided into three parts: 1) verification of the implementation
of each model, 2) verification of th integrity of the whole code, and 3) usability test. The first
two parts consisted of comparing results obtained with InDose to published results for the
same cases. For example ICRP-78 monitoring data. The last part consisted of participating
in the 3rd EDB-IDA and assessing some of the scenarios provided in this exercise.

It has been found that there is very good agreement between the results of InDose and
published data. Except for one case where one of our assumptions was wrong, all our as-
sessments for the 3rd EIE-IDA where very close to the average value of all the relevant
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Figure 2: Assessment of 125I intake using monitoring data. Comparison of assessed intake,
using InDose, and true intake

assessments presented at the exercise.
InDose is already adequate for assessing intake and estimating doses due to intake of

radioisotope. The usability of the code can be improved by adding the two planed modules
which are still missing. These modules are the optimization module that would provide
automatic estimation of intake using measurements and a module to calculate doses.

In order to ease the usage of InDose by personnel with little training, an UGI (User
Graphic Interface) should be developed for InDose.
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The Practical use of Operational Quantities for the
Assesment of Occupationnal

Exposures to External Radiation and for the Demonstration
Of Compliance with Dose Limits

Tuvia schlesinger
Soreq NRC

The dose limitations set by the ICRP and the international Basic Safety
Standards - are primary limits expressed in terms of the equivalent dose to
specific body organs and of the ettective dose.

These quantities are subject to restrictions concerning their measurability.
They are also not suitable as calibrating quantities for radiation dosemetrs
and other measuring devices.

To help in the design and classification of working areas and to enable
demonstration of compliane with the dose limits, the ICRU in cooperation with
the ICRP introduced secondary quantities called Openational Quantities.
These quntities were defined seperatety for area monitoring and for personal
monitoring.

Two major operational quantities were introduced for area monitoring.

1) The ambient dose equivaleut Hx(d) suitable for strongly pernentrating
radiation.

2) The durectional dose equivalent H'(d) suitable for weakly penetrating
radiation.

For personal monitoning the personal dose equivalent Hp(d) was introduced.

The operational quantities are defined as the dose eqvivalent that wouid be
produced in specific locations in the ICRU sphere by a radiation field fulfilling
certain conditions, d indicates the depth (in mm), on the radius of the ICRU
sphere.
In this presentation the operational quantities will be introduced, the
background for their develoment reviewed and explained and their practical
use in the calibration of area monitors and personal dosemeters will be
discussed.
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PRINCIPLES OF A NEW TLD DATABASE SYSTEM

A. Abraham. M. Weinstein. U. German
Nuclear Research Center Negev, POB 9001, Beer-Sheva, Israel

1. Introduction

The personnel exposures to ionizing radiation at the NRC-Negev are evaluated et the
Dosimetry Laboratory. The Laboratory operates an independent database system
based on a combination of "Open Access" and "Paradox" data processors. It has many
limitations and is not as efficient as modern systems are. This, and the Y2K constraint
concerning the "Open Access" data processor originated the project of designing and
operating a new and modern database system for the NRCN dosimetry laboratory.

The System was designed to handle the output files from TLD-Readers, analyze the
readings, calculate exposures and manage the dosimetry files which contain the
detailed penetrating and skin doses. In addition, the system manages the attribution of
TLD cards and exposures to employees.

The system provides a fully automated database containing all the machine readings
and calculated exposures of workers with a minimal interference of the system
operators. The system reads the TLD-Reader files automatically, calculates the
exposures of each TLD-Card and assigns these exposures to the employee who carries
it. Records are produced which are sorted according to the date, and they form the
personnel dosimetry database.

The system was written for a single "HARSHAW 6600 TLD-Reader" but can be
easily adjusted to work with different kinds of TLD-Readers. There is no limit to the
capacity of workers and cards records, and it can be adjusted to different kinds of
calculation procedures. The system is a Client / Server application where the server
side is written with "MICROSOFT SQL SERVER" and "MICROSOFT ACCESS
97" is on the client side.

2. General principles

The database consists of two sections: The TCI section (TLD Cards Information) and
the El Section (Employees Information). The two sections are connected by an
attribution system, the CEAS (Cards - Employees Attribution System). The TCI
section is built of four layers (Cards layer, Readings Layer, Calculating Layer and the
Cards Exposure Layer) which are interconnected. The El section is build of two layers
(Employees Lists and the Employees Exposures Layer). The Employees Exposure
Layer combines the information from the Employees List and the Cards Exposures
Layer of the TCI Section to the CEAS, which assigns each TLD-Card to an employee.
The schematic structure of the system is given in fig 1.
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Fig 1. - Schematic structure of the system

2.1. The TCI section

The basic layer of the TLD-Cards Information section is the Cards Layer, which
manages the inventory of the TLD-Cards known to the system. In addition, this layer
accumulates the specific information of each TLD-Card and its crystals. The main
information stored in this layer is the card number, last reading, last calibration date,
the number of readings of each TLD-Card, the maximal reading of each crystal and
the cumulative readings values.

The Reading Layer is the second layer of the TCI section and it updates the Cards
Layer data. In this layer the system keeps the readings received from the TLD Reader
after translating the binary code. The data stored in this layer contains card number,
reading date, reading type, reading values, and reader-id code of each reading.

The Third layer of the TCI section is the Calculation Layer. This layer is the
mathematical layer of the system. The input to the Calculation Layer is the data stored
in the Reading Layer and the output of this layer is the calculated exposures of the
TLD Cards which are stored and managed in the forth layer, the Cards Exposure
Layer.

The Card Exposures Layer contains all the calculated exposures of the TLD cards
sorted by their reading date and time. For each TLD card which was read, the system
holds the following data: card number, reading date and time, penetrating dose and
non-penetrating dose. -

All the procedures in the TCI section are fully automated with no interference of the
operator. The operator can determine the type of trigger, which starts the process of
the handling. There are three kinds of triggers available:

• manual trigger - the operator starts the procedure manually.
• date/time trigger or fixed frequency trigger - the system starts the procedure

automatically on certain days of the month or after a fixed number of days since
the last operation.

• "file exists" trigger - the system starts the procedure automatically each time
there is data in the input folders.
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2.2. The El section

This section is automatically updated after each ending of the operations in the Card
Exposure Layer of the TCI section. By employing the cards assignment list of the
CEAS and the data in the Card Exposure Layer, the system builds the Employees
exposure new database records information and adds the new data to the employees
Exposure Layer.

After every automatic procedure the system builds a table of all the errors
encountered in the process and the system operator will have to check all these errors
and handle them manually. In addition to the automated procedure, the operator can
make changes or add exposures to employees manually according to authorizing
constraints. For each manual change the system operator must give a textual
explanation for the change and identify himself. The system will record all the steps
of the manual procedures for legal and reliability reasons.

3. Principals Of Operation

The system operates in a fully automatic mode. There are only three manual
procedures : Cards Layer management, Employees List management and the Cards
Employees Attribution. In these procedures the operator enters the system through a
user interface that gives him the access to add or update personal data of employees,
add or update information to the list of TLD-Cards, assign a new card or change a
card attribution.

The Database consists only of basic records (readings and their translation to doses),
and there is no multiplicity of data. All information which can be deduced from the
basic data is calculated on-line during queries or reports preparation. Quality
Assurance checks are implemented in the procedures.

The outputs of the system are flexible and give the operator a variety of ways to
present the data in each layer of its two sections. The system operator can build his
own queries and textual or graphic reports on each query. There are two main built in
reports:

• A "Full Exposures Report" which includes all the employees in the
organization. For each employee the last period's exposures, the last yearly
exposures and the whole life exposures for penetrating and skin doses are
presented.

• A "Statistical Report" which displays the distribution of the employee's
exposures in a variety of dimensions and in versatile groups. The "Statistical
Report" can be presented as a textual report or as a histogram gTaph.

4. Summary

A versatile automatic database system was designed, which handles all the
components of the personal exposures of NRCN. The system is in the stage of checks
and will run parallel to the present system until year's end. From 01/01/2000 it will
be the only operational system of the NRCN Dosimetry Laboratory.
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TLD Thermal Neutrons Personal Dosimeters as an
Indicator for a Dose of High Energy Neutron Dose.

Y.grof, O. even
SOREQ, NRC

The detection of neutrons, both fast and thermal, is a well known problem in the

world. The TLD for measuring neutrons is very sensitive to thermal neutrons, while

for energetic neutrons its response is very weak. In the other hand, the CR-39 is very

good for measuring high energy neutrons, and not thermal ones.

This situation made the solution that we use now in Israel, using both, the tld 600/700

and the CR-39, to cover the hole rang of energies.

The most widely used system in the world for measuring high energy neutrons is the

"albedo dosimeter". Those badges use the albedo affect - neutrons scattered from the

body. In this process, the neutrons loose their energy, so they arrive at the dosimeter

at a lower energy. The albedo dosimeter uses some slowing down materials to slow

down the neutrons scattered from the body, and a set of several chips inside the

dosimeter, which are very sensitive to thermal neutrons, to produce a reasonable pulse

which can be used after calibration, for the estimation of the dose from the high

energy neutrons. These contain several chips, and the calibration depends on the

spectrum. CR-39 does not exhibit this problem, but is rather expensive since its

readout is labor intensive.

We report here about an experiment in which we show that a signal is always present

from the single TLD 600 chip, which is not adequate for dosimetry due to energy

dependence, but it can be used as a trigger for the development and readout of the

XR-39
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MEASUREMENTS OF RADIOACTIVE CONTAMINATION
IN KOSOVO BATTLEFIELDS

DUE TO THE USE OF DEPLETED URANIUM WEAPONS BY NATO FORCES

Massimo Zucchetti

Dipartimento di Energetica, Politecnico di Torino
Corso Duca degli Abruzzi, 24-10129 Torino (Italy)'

During the last war in the Balkan area (Kosovo-Serbia War, spring-summer 1999), NATO
forces admitted the use of weapons containing Depleted Uranium (DU). In particular, 30 mm
bullets being fired by A-10 anti-tank aircraft and probably all Tomahawk Cruise missiles in
this action contain depleted uranium.

The development of these radioactive weapons is based on the fact that uranium (atomic mass
238) is much denser than lead (atomic mass 207), and therefore its kinetic energy is sufficient
to penetrate tank armour or concrete buildings more effectively than lead, prior to detonation.
The design of the bullet is to incorporate a long thin cylinder of DU housed in a plastic sheath
or "sabot". This means in turn that the very small leading edge of the bullet pierces with
maximum impact. The same principle is used in Tomahawk Cruise missiles, with the aim of
piercing concrete obstructions rather than metal.
DU's ability to self-sharpen as it penetrates armor is the primary reason why DU is a more
potent weapon than alternate tungsten munitions, which tend to mushroom upon impact.
Fragments and uranium oxides are generated when DU rounds strike an armoured target.
When DU bombs detonate, uranium oxide is formed in particulates of between 0.5 and 5
microns. These can be windborne several hundred miles or suspended electrostatically in the
atmosphere.
The size of the particles varies greatly; larger fragments can be easily observed, while very
fine particles are smaller than dust and can be inhaled and taken into the lungs. Whether large
enough to see, or too small to be observed, DU particles and oxides contained in the body are
all subject to various degrees of solubilization—they dissolve in bodily fluids, which act as a
solvent
Once dissolved in the blood, about 90% of the uranium present will be excreted by the kidney
in urine within 24-48 hours. The 10% of DU in blood that is not excreted is retained by the
body, and can deposit in bones, lungs, liver, kidney, fat and muscle. Insoluble uranium
oxides, if inhaled, can remain in the lungs for years, where they are slowly taken into the
blood and then excreted in urine.

Toxicity of DU is both of chemical and radiological type.

Concerning chemical toxicity, although heavy metals are not attracted to single biological
compounds, they are known to have toxic effects on specific organs in the body. Previous
research has demonstrated that the organ that is most susceptible to damage from high doses
of uranium is the kidney. The uranyl-carbonate complexes decompose in the acidic urine in
the kidney. This reaction forms the basis for the primary health effects of concern from
uranium. The effects on the kidney from uranium resemble the toxic effects caused by other
heavy metals, such as lead or cadmium.
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Concerning DU radiotoxicity, U-238 is a long-lived alpha-emitter, with a weak emission of
beta and gamma rays. External exposure hazards mainly regard military personnel using tanks
with DU shields, while it is negligible in other occasions. The most important pathways for
DU exposure are therefore in case of ingestion or inhalation.

Personnel in or near (less than approximately SO meters) an armoured vehicle at the time these
vehicles were struck by depleted uranium munitions could receive significant internal DU
exposures (i.e. those in excess of allowable standards). On the other hand, army officials
believe that DU protective methods can be ignored during battle and other life threatening
situations because DU-related health risks are greatly outweighed by the risks of combat. This
is not the case, however, for the exposure of public due to DU contamination.

The DU bullets were used in the Gulf War, and some 1 million of them still lie in the deserts
of that region. No precise data are available, however it appears that, subsequently, the
incidence of leukaemias, cancer, and birth defects have risen sharply in that area. This could
be a consequence also of the ensuing environmental radiation. The amount of DU scattered
around the Gulf war zone is given as 350 tonnes, but including the nose cones of Cruise
missiles and helicopter rotors, the figure is nearer 750 tonnes. This is 27 TBequerels of
radioactivity. The same happened in Bosnia where DU was also employed.
Exact data about the amount of DU weapons used in the Kosovo-Serbia war are lacking at the
moment.

Some 80,000 US Gulf War veterans now suffer from the so-called Gulf War syndrome.
However, it seems very questionable whether this syndrome could be due to DU internal
radiation exposure.

This paper wants to assess the use of DU weapons in the Kosovo-Serbia war by an
experimental determination of DU concentration in samples taken in Kosovo battlefields.

Ground samples have been taken in several Kosovo battlefields: in particular, locations near
destroyed and burnt tanks have been selected, together with locations like destroyed bunkers
and bombarded Serbian military quarters.
Practically all battlefields are now completely open to public access: in most cases, people
live very close to these locations, and in some cases children use these battlefields as a
playground.
Samples have been brought to Italy and then analysed by means of both radiation and
radiochemical techniques in order to assess the presence of DU.

The sampling procedure and locations, together with the first results of the analysis, are
described in the paper.
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