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Report from the Advisory Group Meeting on the "Optimal Use of
Accelerator Based Neutron Generators", held at the IAEA
Headquarters 13-16/10 1998

1. Introduction

During the past 20-25 years the Agency has provided a number of laboratories in the
developing member states with neutron generators. These neutron generators were
originally supplied mainly for the purpose of neutron activation analysis. In order to
promote the optimal use of these machines a meeting was held in Vienna in November
1996. This resulted in the issue of a technical document with the title: "A Manual for
Upgrading and Troubleshooting of Neutron Generators", (1AEA-TECDOC-913). The
present meeting is a follow-up to that meeting.

2. Current status of 14 MeV neutron generators in the world

The Agency has helped to support the establishment of some 25 neutron generator
laboratories throughout the world. It is estimated that in at least 15 cases the generator
itself has been supplied through the IAEA, for in the following cases.

East Asia:
Thailand, Indonesia, Myanmar, Bangladesh

Africa:
Morocco, Zambia, Algeria, Nigeria, Egypt, Sudan.
South America:
Peru, Cuba, Brazil, Bolivia
Europe:
Hungary, Bulgaria, Albania, Bulgaria
Middle East:
Lebanon

Present Situation
About 10 machines are known to be in operation and about six of these are actively in
use. These are used mainly for teaching and research. It is proposed that a
questionnaire be circulated to these laboratories to establish the precise present status
of these installations.

Additional Active Laboratories
Neutron generators are in active use in a number of other countries, to give one
example, in Japan the Oktavian laboratory at Osaka University has an extensive
programme covering the acquisition of nuclear data as well as a number of
technological applications. Many laboratories in developing countries have active
programmes in teaching and research. For example the Chiang Mai University in
Thailand has published over twenty papers based on the use of their neutron generator.
In Indonesia more than 22 undergraduate and post-graduate theses have been
produced. The neutron generator in Morocco is also actively being used for research
and post-graduate education. The neutron generator in Peru was actively used for
routine analysis for industry, particularly for the determination of nitrogen and
phosphorus in foodstuffs, until a major breakdown in 1991. In the IAEA sponsored
conferences on Nuclear Data for Science and Technology, held every three years, there
have been significant contributions from more than five neutron generator laboratories



from developing countries. There are several reasons why some neutron generators are
not fully utilized. These include lack of infrastructure, such as an appropriate shielded
building and loss of adequately trained technical and academic personnel. Much of the
equipment is relatively old and there is also a serious lack of spare parts. In a few cases
there is a critical lack of locally available knowledge and experience in the field of
accelerator technology.

3. Review of current research activities and applications

Most of the routine applications of 14 MeV neutron generators in industry use sealed
tube systems. Many drift tube neutron generators in research laboratories are also used
for routine analyses.

3.1 Research Activities
3.1.1 14 Me V generators

Nuclear structure and nuclear reaction studies
Acquisition of nuclear data
Radiation effects
Radiation damage of semi-conductors, single event problem
Fast neutron radiography
Transportable thermal neutron radiography
Assessment of enriched uranium
Applications in nuclear safeguards
Neutron activation analysis of N, O, Mg, Si, Al, P, Fe, Cr
Analysis of light elements by the detection of neutron-induced prompt
radiation (gamma, inelastically scattered neutrons or charged particles).
Determination of quality of meat in vivo
Assay of Ca, Na and N in human beings in vivo
Use of nano-second pulsed techniques for prompt gamma-analysis
Use of micro-second pulsed techniques for bore-hole logging
Fusion related studies, radiation damage
Contraband materials and explosives
Location and imaging of elements by the associated particle method
with a spatial resolution of lcm.
Analysis of geological samples (Bulk analysis and assay)
Fast neutron back-scattering analysis, for carbon, nitrogen and oxygen
On-line analysis in the cement industry
On-line analysis of coal

3.1.2 Other accelerator-based neutron sources
Contraband detection
Resonance neutron radiography
Accelerator-based boron neutron capture therapy
Pulsed beam prompt-gamma rays for contraband using for example a
tandem accelerator based neutron source.
Use of isomeric states for on-line analysis
Determination of hydrogen concentration and depth profiles
Neutron therapy and dosimetry
Transmutation of nuclear waste
Nondestructive and non-intrusive analysis of chemical content inside
abandoned ammunition



Detection of land-mines

3.2 Routine Applications
3.2.1 14 Me V generators

Bore-hole logging in oil exploration
Bore-hole logging in geophysics
Determination of oxygen in metals
Determination of silicon and aluminium in geological samples (in
Nigeria)
Determination of phosphorus and nitrogen in cereals (in Peru)
Determination of quality of foodstuffs and of meat in vivo.
Development of human resources in nuclear science and technology.

3.2.2 Other Accelerator-hased neutron sources
Neutron therapy: established treatment protocols for patients are in use
at various centers.
Spallation neutron sources are used in routine investigations of material
structures using inelastic scattering and neutron diffraction.

4. Recent Technical Advances

Sealed tubes neutron generators
Development of long life-time tubes (thousands of hours)
Short pulse length
Miniature tubes

RFQ Linacs as Neutron Sources
High yield through higher energy protons and deuterons at high currents.

Electron linacs for photoneutron production
High current DC machines

High yield through higher energy protons and deuterons at high currents.
Heavy ions for production of monoenergetic neutrons

Target Development
Windowless gas targets

High current cyclotrons
High yield through higher energy protons and deuterons at high currents.

Use of spallation sources
New applications in biology, material science and nuclear waste transmutation

5. Emerging Trends

New Methods of Measurement
Depth profiling of hydrogen by backscattering and proton recoil
Imaging using resonance neutron radiography
Imaging using the associated particle method
Development of the associated particle method for D(d,n) neutrons
Pulse-height response spectrometry for neutron spectrum measurements
Biological applications of the multiple foil activation technique (in neutron
dosimetry)
Directional proton recoil neutron spectrometry



Applications
Use of spallation neutrons for structural biology and materials research.
Fast neutron radiotherapy enhanced with BNCT
Non-destructive analysis of large (extended) samples
Development of sealed-tubes for on-line and in-situ analysis - new applications
Development of sealed-tubes for on-line and in-situ analysis - replacement of
isotopic sources
Gem stone enhancement by accelerator-based neutron-induced radiation
damage

6. Recommendations

1. It is recommended that a comprehensive survey be undertaken to establish the
current status of all the neutron generator laboratories that have been assisted by
Technical Cooperation programmes.

• This could be done through a questionnaire or through a scientific mission of
the IAEA.

2. Better communication is needed on neutron generator applications, operation,
repair, and spare parts.

• One of the ways that this could be done is through an Internet based News
Group such as is operated by SNEAP (The Society of North Eastern
Accelerator Physicists)

• The existing list of suppliers of neutron generator components (TECDOC
913) should be updated and the information included on the Internet Site of
the Physics Section.

3. It is recommended that the Agency should actively support a Conference,
Symposium or TCM on the applications of neutrons in research and industry. The
IAEA should encourage the participation of delegates from developing countries
in such a conference and provide relevant information to potential industrial users.

4. It is recommended that CRP's should be initiated on the following topics.

• The detection of contraband and explosives using accelerator based neutron
sources.

• The use and development of accelerator-based neutron radiography
particularly for the examination of aging airframes in developing countries.

• The use of multiple foil activation technique for neutron radiation dosimetry
in human organs

5. The Agency should assist in the acquisition and utilisation of Monte Carlo
transport codes, such as MCNP4B, for the optimisation of experimental design
and in shielding.

6. Some of the present neutron generator installations that are not operating
effectively can be brought into operation by performing adequate service. It is
therefore recommended that expert missions should be undertaken in selected
cases to provide critical technical assistance. Mechanisms should be explored for
facilitating the acquisition of important and increasingly expensive spares, such as
tritium targets.



7. In view of the emergence of new accelerator-based neutron source technologies, it
is recommended that the Agency prepare a technical document on the optimum
use of these technologies.



Advisory Group Meeting on

The Optimal Use of Accelerator Based Neutron Generators

13-16 October 1998
IAEA Headquarters, Room C0249

TENTATIVE AGENDA

Tuesday, 13 October 1998

09:00 - 09:30 Registration
09:30 - 10:30 Opening of the Meeting

Announcements
Discussion of the agenda
Selection of Chairman
Approval of the Agenda

10:30-11:00 Coffee break
11:00 - 12:30 Individual Presentations

Dr. T. Szlaricskai
Dr. T. Vilaithong

12:30 - 14:00 Lunch Break
14:00 - 15:30 Individual Presentations

Dr. Darsono
Dr. J. Watterson

15:30-16:00 Coffee break
16:00 - 16:45 Individual Presentation

Dr. J. Csikai
16:45 - 18:00 Discussion, Research and Applications

Current Status and Emerging Trends
18:00 - 19:30 Reception

Wednesday, 14 October 1998

09:00 - 10:30 Individual Presentations
Dr. S. Jonah
Dr. E. Montoya

10:30-11:00 Coffee break
11:00 - 12:30 Individual Presentations and Discussion

Dr. D. Cosutla
Dr. P.A. Tulle

12:30 - 14:00 Lunch Break
14:00 - 15:30 Discussion, Technical Developments

Current Status and Emerging Trends
15:30 - 16.00 Coffee break
16:00 - 17:30 Discussion, Cont.



Thursday, 15 October 1998

09:00 - 10:30 Drafting of the technical document
10:30-11:00 Coffee break
11:00 - 12:30 Drafting of the technical document
12:30 - 14:00 Lunch Break
14:00 - 15:30 Discussion of the draft report, report editing
15:30-16:00 Coffee break
16:00 - 17:30 Discussion of the draft report, report editing

Friday, 16 October 1998

09:00 - Finalising the meeting report
Final considerations
Closing of the meeting



Department of Research & Isotopes RI)
Division of Physical & Chemical Sciences (RIPC)

Issue No. 2
1998-10-14

NOTIFICATION OF AN AGENCY-SPONSORED MEETING

Title of meeting:

Dates of meeting:

Place of meeting:

Advisory Group Meeting on Optimal Use of Accelerator-Based Neutron Generators (Fl.AG-1011)

13-16 October 1998 Scientific Secretary: U. Rosengard (A2373, x21753)

IAEA HQ, Room C0249 Secretary: L. Uyaan (A2374, x21754)
Telephone extension 26395 (internally)

2600 - 26395 (externally)

PARTICIPANTS ADDRESS ABROAD ADDRESS IN VIENNA PERIOD

Dr. DARSONO

Dr. S.A. JONAH

Yogyakarta Nuclear Research Centre
Atomic Energy Commission
Yogyakarta
INDONESIA
Phone: +62-274-515435
Fax: +62-274-561824
email: ppny@indo.net id

CERT
Ahmadu Bello University
PMB 1014
Zaria
NIGERIA
Phone: +234-69-50397
Fax: +234-69-32780 or 62-235048
email: jonah@abu.edu.ng

Hotel Capri
phone: 2148404

13-16 October

13-16 October



PARTICIPANTS ADDRESS ABROAD ADDRESS IN VIENNA PERIOD

Dr. E. MONTOYA

Dr. T. SZTARICSKAI

Dr. P.A. TULLE

Dr. T. VILAITHONG

Instituto Peruano de Energia Nuclear
Av. Canada No. 1470
Lima 41
PERU
Phone: +51-1-4885050
Fax: +51-1-4885224
email: ehmr@ipencn.gob.pe

Inst. of Experimental Physics
Kossuth University
Debrecen
HUNGARY
Phone: +36-52-415222
Fax: +36-52-315087
email: sztari@figris.klte.hu

SODERN Co.
20, Avenue Descartes
BP23
F-94451 Limeil-Brevannes Cedex
FRANCE
Phone: +33-1-45957096
Fax: 33-1-45957177
email: sodern@francenet.fr

Fast Neutron Research Facility
Dept. of Physics
Chiang Mai University
Chiang Mai 50200
THAILAND
Phone: +66-53-943379
Fax: +66-53-222776
email: thirapat@istrd.cmu.ac.th

Hotel Capri
phone: 2148404

13-16 October

13-16 October

Hotel Capri
phone: 2148404

13-16 October

Hotel Capri
phone: 2148404

13-16 October



PARTICIPANTS ADDRESS ABROAD ADDRESS IN VIENNA PERIOD

Dr. J. Watterson

Mr. D. COSSUTTA
(OBSERVER)

Prof.G.J. CSIKAI
(OBSERVER)

D.D. SOOD

S. FAZINIC

U. ROSENGARD

Schonland Research Centre
Physics Department
University of Witwatersrand
Private Bag 3
Johannesburg
SOUTH AFRICA
Phone: +27-11-7163140
Fax: +27-11-3392144
email: watterson@src. wits, acza

c/o Multivolt Ltd
26 Loppets Rd
Crawley, Sussex
UK
Phone: +44-293-522630
Fax: +44-273-747100

Institute of Experimental Physics
Pf. 105
H-4001Debrecen
HUNGARY
Phone: +36-52-415222
Fax: +36-52-315087

email: csikai@falcon.atomki.hu

Director, RIPC

Physics Section, RIPC

Physics Section

Hotel Stadt Briinn
Tel.: (+ 43 1) 214 63 22

Room A2302, x21700

Room A2310, x 21706

Room A2373, x21753

13-16 October

13-16 October

13-16 October

13-16 October

13-16 October

16 October

agl011-par.doc


