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FOREWORD

The TRANSPORT SAFETY RESEARCH ABSTRACTS is a collection of reports
from Member States of the International Atomic Energy Agency, and other
international organizations on research in progress or just completed in the
area of safe transport of radioactive material.

The main aim of TSRA is to draw attention to work that is about to be
published, thus enabling interested parties to obtain further information
through direct correspondence with the investigators. Information contained
in this issue covers work being undertaken in 6 Member States and contracted
by 1 international organization; it is hoped with succeeding issues that
TSRA will be able to widen this base.

TSRA is modelled after other IAEA publications describing work in
progress in other programme areas, namely, Health Physics Research Abstracts
(No. 14 was published in 1989), Waste Management Research Abstracts (No. 20
was published in 1990), and Nuclear Safety Research Abstracts (No. 2 was
published in 1990).

The TRANSPORT SAFETY RESEARCH ABSTRACTS is sent free of charge, upon
request, to governmental and other institutes as well as to individual
scientists. Requests for copies should be addressed to:

Mrs. M.T.M. Brittinger
Division of Nuclear Safety
International Atomic Energy Agency
P.O. Box 100
A-1400 Vienna, Austria.
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1. INTRODUCTION

The collection of information for this publication was undertaken by
the Secretariat of the International Atomic Energy Agency on the
recommendation of SAGSTRAM, its Standing Advisory Group on the Safe Transport
of Radioactive Material. This is an initial step in a project to establish
and maintain a database on research and development in transport safety. It
is envisioned that through the database a free exchange of information on
research in progress within Member States can be achieved, thus fostering
closer international co-operation and avoiding unnecessary duplication of
work. As for other databases in the transport safety area that are managed
by the Secretariat, it is proposed that this database be maintained on a
personal computer and that periodical reports be published.

This inaugural issue of Transport Safety Research Abstracts contains
34 abstracts reported by 6 Member States and 1 international organization,
which are presented in Part 2.1. Part 2.2 lists recent publications in the
same field from the laboratories contributing abstracts to Part 2.1. Part 3
is a list of reports on recently concluded research followed by brief
descriptions of such work when they have been undertaken in connection with
IAEA co-ordinated research programmes. A future edition of TSRA will report
in Part 3 those projects described in Part 2 of the current document that
will have become completed. As this project develops, it is hoped that Parts
2 and 3 will represent as complete a survey as possible of the type of work
being described.

On submission to the Agency, research abstracts are assigned a number
composed of the Vehicle Registration Identification code for the Member State
submitting the abstract, a hyphen, a two-digit number representing the year
that the abstract is being reported to TSRA, another hyphen, and finally a
two-digit number assigned consecutively. The VRI country codes were selected
to be consistent with other numbering schemes (for example, as in national
competent authority package approval certificates) used internationally in
the transport safety area. For international organizations, acronyms are
used in place of the VRI code. In cases where several institutes are
involved in a project, the abstract is coded only once but appropriate
entries are made in the author index. The abstracts are then indexed by
topic and author.

The topic codes that are used for classifying the abstracts were
patterned after the session titles of the recent 9th International Symposium
on the Packaging and Transportation of Radioactive Materials (PATRAM '89,
Washington DC). This enables items of current interest, for example the
shipment of plutonium by air, to be sufficiently highlighted.

The topic and author indexes point the reader to the abstracts in
Part 2. These are reproduced with only minor editorial changes, and are
arranged in alphabetical order by the code described above, listing first the
abstracts provided by Member States and then those from international
organizations.

It is intended to publish TSRA biennially; the Secretariat will thus
in 1992 invite contributions for the 1993 issue. A copy each of the Research
and Bibliography Data Sheets with which information is collected is presented
at the end of this document.



1 . 1 VRI codes

Country name

Afghanistan
Albania
Algeria
Argentina
Australia
Austria
Bangladesh
Belgium
Brazil
Bulgaria
Canada
Chile
Colombia
Costa Rica
Cuba
Cyprus
Czechoslovakia
Dem. P.R. of Korea
Denmark
Ecuador
Egypt
El Salvador
Ethiopia
Finland
France
Germany
Ghana
Greece
Guatemala
Hungary
Iceland
India
Indonesia
Iran, Islamic Rep.
Iraq
Ireland
Israel
Italy
Jamaica
Japan
Jordan
Kenya

Code

AFG
AL
DZ
RA
AUS
A
BD
B
BR
BG
CDN
RCH
CO
CR
C
CY
CS
KP
DK
EC
ET
ES
ETH
SF
F
D
GH
GR
GCA
H
IS
IND
RI
IR
IRQ
IRL
IL
I
JA
J
HKJ
EAK

Country Name

Korea, Rep. of
Lebanon
Luxembourg
Madagascar
Malaysia
Mali
Mexico
Monaco
Netherlands
New Zealand
Niger
Nigeria
Norway
Pakistan
Paraguay
Peru
Philippines
Poland
Portugal
Romania
Saudi Arabia
Sierra Leone
Singapore
South Africa
Spain
Sri Lanka
Sudan
Sweden
Switzerland
Syrian Arab Rep.
Thailand
Tunisia
Turkey
USSR
United Kingdom
United States of America
Uruguay
Venezuela
Viet Nam
Yugoslavia
Zaire
Zambia

Cod

ROK
RL
L
RM
MAL
RMM
MEX
MC
NL
NZ
RN
WAN
N
PAK
PY
PE
RP
PL
P
R
SA
WAL
SGP
ZA
E
CL
SUD
S
CH
SYR
T
TN
TR
SU
GB
USA
U
YV
VN
YU
ZRE
Z



1.2 List of abstracts

Number code Topic code(s)

CDN-90-01 W

D-90-01 H, J, O

E-90-01

F-90-01

F-90-02

F-90-03

F-90-04

F-90-05

F-90-06

M,

o,

A,

A

B,

L,

I .

R

Q,

o.

H,

N

R.

V

H, Q

J

S

F-90-07

F-90-08

F-90-09

F-90-10

1-90-01

T,

c,

A,

F ,

A,

V , W

K

F

X

F

1-90-02

ROK-90-01

CEC-90-01

CEC-90-02

CEC-90-03

A, F

N, O

R, S

F, K

C, W

Title and Sub-title

RAMTRAN

Properties and safety margins of sealing
systems for transport and storage casks

Containers for organic liquid wastes (liquid
scintillation wastes)

Development of a thermal model for UF6

Safety analysis of UF6 transportation

RADTRAN/INTERTRAN

Analysis of a transport system

Qualification of methods for assessing the
behaviour of shock absorber materials

Development of a large dimension package for
contaminated but not irradiating large
pieces transportation

Transport of radioactive material by air

Technique of stowing packages during
maritime transportation

Development of severity indicators for road,
rail and air transport

Accident/Incident data bases

Development of a model for predicting the
radiological impact resulting from transport
of radioactive material

A study of the revisions in the permitted
activity limits on radioactive contents in
Type A packages

Thermal analysis of spent fuel shipping cask

Analysis of transport system - The
transport of radioactive waste and
contaminated objects. Phase 1

Techniques for securing packages of
radioactive materials during maritime
transport. Phase 1.

The impact of the new IAEA transport
regulations - 1985 Edition - for the safe
transport of radioactive materials on
package design and transport



Number code Topic code(s)

CEC-90-04 B

CEC-90-05 F, K

CEC-90-06 I, R, V

CEC-90-07 F, N, P

CEC-90-08 L, N

CEC-90-09 H, M, N

CEC-90-10 L, N

CEC-90-11 F

CEC-90-12 A, F

CEC-90-13 A, F

Title and Sub-title

Establishment of a catalogue of quality
assurance/control measures for industrial
and Type A packages. Phase 1.

Stowing of packages containing radioactive
materials during their road transportation
with trucks for loads up to 38 tons.
Synthesis report of phases 1,2,3 and 4.

Study of the impact behaviour of packages
containing intermediate level radioactive
waste coming from nuclear installations

Benchmark experiments to stimulate a nuclear
transport flask loading accident with fuel
elements of unequal reactivity

Survey of existing literature in the field
of shock absorbing materials with a view to
subsequent adaptation of plastic deformation
codes. Phase 1.

Research and development programme linked
with the computation on finite elements of
the energy absorbed by various materials
that are integrated into transport
packaging. Phase 2.

Research and development programme relating
to the calculation of a shock absorption
system. Phase 3.

Review of measures taken to improve the
safety of transport of radioactive materials
within member states of the European
Community as a result of the experience
gained in dealing with accidents and
incidents.

Further review, analysis and report on the
radiological consequences resulting from
accidents and incidents involving
radioactive materials during transport in
the period 1975-1986 by and within member
states of the European Community. An
extension to include further information
from member states.

Review, analysis and report on the
radiological consequences resulting from
accidents and incidents involving
radioactive materials during transport in
the period 1975-1986 by and within member
states of the European Community. Phase 2.
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Number code Topic code(s)

CEC-90-14 F, X

CEC-90-15 N, P

CEC-90-16 N, P

CEC-90-17

CEC-90-18

N, P

N, P

CEC-90-19 N, P

Title and Sub-title

Feasibility study on the formation of a
databank of the arrangements within the
European Community for transport accidents
involving radioactive materials. Phase 1.

Study of a criticality accident which could
occur during the handling, transport or
storage of fissile materials in the form of
uranium-oxide powder. Phase 1.

Study of a criticality accident which could
occur during the handling, transport or
storage of fissile materials in the form of
uranium-oxide powder. Phase 4 and executive
report of phases 1, 2, 3 and 4.

Study of the phenomenology cf an accidental
criticality excursion which could occur
during the transport or storage of fissile
materials in the form of a solution.
Phase 1.

Study of the phenomenology of an accidental
criticality excursion which could occur
during the transport or storage of fissile
materials in the form of a solution.
Phase 2.

Study of the phenomenology of an accidental
criticality excursion which could occur
during the transport or storage of fissile
materials in the form of a solution. Phass
4 and executive report of phases 1, 2, 3
and 4.

11



1.3 Topic codes and index

Radiation protection and risk assessment

F-90-02, F-90-03, F-90-09, 1-90-01, 1-90-02,
CEC-90-12, CEC-90-13

B. Quality assurance

F-90-04, CEC-90-04

C. Operations planning

F-90-08, CEC-90-03

D. Transport experiences/exposures

E. International operations experience

F. Non-routine experiences

F-90-09, 1-90-01, 1-90-02, CEC-90-02, CEC-90-05,
CEC-90-07, CEC-90-11, CEC-90-12, CEC-90-13,
CEC-90-14, F-90-10

G. Package content characterization

H. Packagings and system analysis

D-90-01, F-90-02, F-90-04, CEC-90-09

I. Package and systems design

F-90-06, CEC-90-06,

J. Packaging sub-systems

D-90-01, F-90-04

K. Tie-downs/ structural analysis

F-90-08, CEC-90-02, CEC-90-05

L. Impact limiters

F-90-05, CEC-90-08, CEC-90-10
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M. Package materials

E-90-01, CEC-90-09

N. Structural codes and benchmarking

F-90-05, ROK-90-01, CEC-90-07, CEC-90-08, CEC-90-09,
CEC-90-10, CEC-90-15, CEC-90-16, CEC-90-17,
CEC-90-18, CEC-90-19

O. Thermal analysis

D-90-01, F-90-01, F-90-02, ROK-90-01

P. Criticality and shielding

CEC-90-07, CEC-90-15, CEC-90-16, CEC-90-17,
CEC-90-18, CEC-90-19

Q. UF^ packaging issues

F-90-01, F-90-02

R. Waste packagings

E-90-01, F-90-06, CEC-90-01, CEC-90-06

S. Storage transport systems

F-90-06, CEC-90-01

T. Shipment of plutonium by air

F-90-07

U. Spent fuel shipping

V. Package testing

F-90-01, F-90-07, CEC-90-06

W. Regulations

CDN-90-01, F-90-07, CEC-90-03

X. Emergency preparedness and response

F-90-10, CEC-90-14

13



1.4 Author index

This index lists authors and the research projects to which they
contribute.

1.4.1 Institutional authors

Atomic Energy Authority Technology (United Kingdom): CEC-90-01, CEC-90-16,
CEC-90-19

Bundesanstalt f. Materialforschung und Prufung (Germany): CEC-90-04

Central Research Institute of Electric Power Industry CRIEPI (Japan):
F-90-01

Commissariat a l'energie atomique (France): F-90-01, CEC-90-01, CEC-90-02,
CEC-90-10, CEC-90-11, CEC-90-12, CEC-90-16, CEC-90-19

Department of Energy (USA): F-90-01

Martin Marietta Energy Systems Inc. (USA): F-90-01

National Radiological Protection Board (United Kingdom): CEC-90-11,
CEC-90-12

Power Reactor and Nuclear Fuel Development Corporation (Japan): F-90-01,

Science and Technology Agency (Japan): F-90-01

Transnubel (Belgium): CEC-90-01, CEC-90-02, CEC-90-10

1.4.2 Individual authors

Baillo, B. (Spain): E-90-01

Barbry, F. (France): CEC-90-15, CEC-90-17, CEC-90-18

Bickley, A. (United Kingdom): CEC-90-15, CEC-90-17, CEC-90-18

Bisht, J.S. (India): 1-90-01, 1-90-02

Bonhomme, C. (France): CEC-90-15

Brown, M. (United Kingdom): F-90-04

Burbidge, B.L.H. (United Kingdom): CEC-90-07

Burns, W.G. (United Kingdom): CEC-90-17, CEC-90-18

Chevalier, G. (France): CEC-90-05

Davis, D. (United Kingdom): CEC-90-06

Draulans, J. (Belgium): CEC-90-05, CEC-90-10

Fabry, J.P. (Belgium): CEC-90-10
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Franklin, B.M. (United Kingdom): CEC-90-07

Gilles, P. (France): CEC-90-05

Gonzalez, J.L. (Spain): E-90-01

Gonzalez de la Huebra (Spain): E-90-01

Guyette, M. (Belgium): CEC-90-10

Harrison, M.I. (United Kingdom): CEC-90-15, CEC-90-17, CEC-90-18

Hughes, J.S. (United Kingdom): CEC-90-13, CEC-90-14

Jolys, J.C. (France): CEC-90-05

Joseph, D. (Canada): CDN-90-01

Jowett, J. (United Kingdom): CEC-90-06

Rang, H.Y. (Rep. of Korea): ROK-90-01

Kinsella, K. (United Kingdom): CEC-90-06

Kowalewsky, H. (Germany): D-90-01

Lafontaine, I. (Belgium): F-90-05, F-90-06, CEC-90-05, CEC-90-08, CEC-90-09

Lee, H.Y. (Rep. of Korea): ROK-90-01

Libon, H. (Belgium): F-90-04, F-90-05, F-90-06, F-90-09, CEC-90-10

Lombard, J. (France): F-90-03, F-90-04, F-90-07, CEC-90-13

Lund, J.S. (United Kingdom): CEC-90-06

Mather, D. (United Kingdom): CEC-90-15, CEC-90-17, CEC-90-18

Meredith, P. (United Kingdom): CEC-90-06

Moulin, D. (France): F-90-05, F-90-06, CEC-90-09

Nandakumar, A.N. (India): 1-90-01, 1-90-02

Pages, P. (France): F-90-02, F-90-09

Pouard, M. (France): CEC-90-05

Poullot, P. (France): CEC-90-07

Prescott, A. (United Kingdom): CEC-90-07, CEC-90-15, CEC-90-17, CEC-90-18

Ratel, R. (France): CEC-90-17, CEC-90-18

Richel, H. (Belgium): CEC-90-08

Ringot, C. (France): F-90-10, CEC-90-13

Rozain, J.P. (France): CEC-90-15, CEC-90-17, CEC-90-18
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Shaw, K.B. (United Kingdom): F-90-10, CEC-90-13, CEC-90-14

Schneider, K. (Germany): CEC-90-03

Stevenson, J.M. (United Kingdom): CEC-90-07

Tanguy, L. (France): F-90-05, F-90-06, CEC-90-09

Tomachevsky, E. (France): CEC-90-13

Upadhyay, K.C. (India): 1-90-01, I-9C-02

Vidal, J. (Spain): E-90-01

Vivien, J. (France): F-90-06

Walker, P. (United Kingdom): CEC-90-06

Weise, H.P. (Germany): D-90-01

Wells, D.A. (United Kingdom): CEC-90-06

Wenz, R. (Germany): D-90-01
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2. RESEARCH IN PROGRESS

2.1 Abstracts

This part contains the research abstracts submitted by 6 Member
States and 1 international organization. They have been reproduced here with
only minor editorial changes.
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1. Title and sub-title

RAMTRAN

A computer version of IAEA's Safety Series No. 6

CDN-90-01

2. Topic code(s)

W

3. Author(s) or investigator(s)

D. Joseph

4. Abstract

Computer program to show maximum activity levels for any isotope
in order to be packaged within a Type A package or an Excepted
package and to give the regulations and aids to shipping of
radioactive material.

5. Name and mailing address of organization doing the

the work

Don Joseph
P.O. Box 2695, Stn. D
Ottawa. Ontario. Canada Ff 1P W 7

7. Associated organizations)

Atomic Energy Control Board

8. Sponsoring organization

9. Duration of
program:
From April/1987
To Nov. /199O

10. State of advancement
Research planned
Research in progress

_x_ Prelim, reports available

6. Descriptors or
key words

11. References of recent publications in same field issued from this

laboratory
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\. Title and subtitle

Properties and Safety Margins of Sealing Systems
for Transport and Storage Casks

D-9O-O1

2. Topic code(s)

H, J, 0

3. Author/s or investigator/s

WEISE, Hans-Peter, KOWALEWSKY, Helmut, WENZ, Reinhard

4. Abstract
Study of elastomeric seals-

Measurement of gas permeation through ccnmon sealing materials as a function of
temperature.
Evaluation of permeation coefficients, diffusion coefficients, gas solubilities and
activation energies for diffusion and permeation.
Effect of gamma radiation on sealing properties. Diffusion and permeation coefficients
as a function of gamma ray dose.
Study fo the failure of elastomer seals at high temperatures.
Behaviour of elastomeric sealing systems at low temperatures. Determination of failure
temperature. Measurement of compression set data. Study of the leakage rate as a
function of temperature.

I. Study of metal seals:
Performance tests under static load
Sealing properties of metal seals under periodic load
Effect of transient load variations on the gas leakage rate

- Assessment of safety margins

5. Name and mailing address of organization
doing the work

Bundesanstalt fur Materialforscbung und
-prlifung (BAM) Berlin, Fachgruppe 6.3
Unter den Eichen 87
D-]000 Berlin 45, FRG

7. Associated organizations)

8. Sponsoring Organization(S) Federal ministery
of environmental protection and reactor safety
of the Federal Republic of Germany

Duration of
program
From 1.7. /19 88
To 31.12. /19 90

10. State of advancement
Research planned

_x_ Research in progress
_x_ Preliminary reports

available

6. Descriptors or key
words

Sealing systems, ela-
stomeric seals, metal
seals, gas permeation
diffusion, high tem-
perature behaviour,
low temperature be-
haviour, effect of
gamma radiation, gas
leakage rate, effect
of static and dynamic
load.

] . References of recent publications in same field issued from
this laboratory
Weise, H.-P., Kowalewsky, H., Wenz, R., Wolk, Th.
Performance Testing of Elastic Metal Seals under Static and Dynamic
Load.
Proceedings of PATRAM '89, June 17 - 36, 1989, Washington, DC, USA
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1. Title and sub-title

Containers for organic liquid wastes
(liquid scintillation wastes)

E-90-01

2. Topic code(s)

M, R

3. Author(Q) or inves t iga tor (s )

B. Baillo (ENRESA)
J.L. Gonzalez (ENRESA)

Gonzalez de Huebra (C1EMAT)
J. Vidal (CSIC, Barcelona)

4. Abstract
A research and development project was undertaken in order to select suitable materials for the
construction of containers to be used during the collection, transport and tenporary storage of
organic liquid wastes. Up to this date different containers and materials have been analyzed
with the following results:
Polyethylene - Rejected because of leakage through the structural lattice of thy material
Fluorinated polyethylene - Rejected because of fluorinated surface being attacked by the

nitrile-acetate conpound
Epoxy coated brass - Rejected because of welding zones being attacked
tainless steel 304 - Rejected because of attack produced by hypochlorite aqueous solution

stratified at the bottom of the container
Aluminium alloy ASTM-6181 coated by fluoropoliireric conpounds (XYLAN) _ After testing several

conpounds (trade name), the best performance was achieved by the XYLAN 8110 coat.
Results are quite satisfactory so far.
rrial samples were tested at temperature of 40°C and 25 1. containers (a.c.) using different
nixtures of liquids sinulating the real composition of liquid scintillation wastes. A leaktight
losure is achieved by means of a viton (fluoroelastomer) gasket. Tests are evisaged to
:ontinue, in order to confirm the long term confinement capacity of the containers.

5. Name and mailing address of organization doing the
the work

ENRESA,
Emilio Vargas, 7
28043 Madrid

7. Associated organizations)
CIEMAT/CSIC

8. Sponsoring organization

ENRESA

9. Duration of
program:
From June /19 88
To /19

10. State of advancement
Research planned

xx Research in progress
xx Prelim, reports available

6. Descriptors or
key words

-SCINTILLATION LIQUID

-HYPOCHLORITE AQUEOUS
SOLUTION

-ALUMINIUM ALLOY
ASTM-6181

-HiUOBOPOLIMERIC
OCMPOUND

11. References of recent publications in same field issued from this
laboratory
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1. Title and subtitle

DEVELOPMENT OF A THERMAL MODEL FOR UF6

F-90-01

2. Topic code (s)

0, Q, V

3. Author/3 or investigator/a
France : CEA
Japan : STA - PNC - CRIEPI
USA : DOE - MARTIN MARIETTA

4. Abstract

IAEA has initiated a particular action for developping a UFg
transportation regulation taking into account the chemical risk
of this product. As the behaviour of UFg during fire is not. well
known, a pluriannual project (TENERIFE) has been planned in order
to work out a thermal model for UFg.
So as to be representative of actual conditions of transport (12 tons
of UFg in a 48 Y) this model will be based on different tests
involving 4 tons of UFg. Those tests will be performed in CEA
permises at Cadarache.
The study will be performed jointly with Japanese (PNC) and
American (DOE) authorities with the collaboration of CRIEPI and
MARTIN MARIETTA for obtaining an internationally agreed model.
This program is planned from 1991 to 1993. A Draft proposal has
been sent to US and Japanese authorities for approval.

s. Name and mailing address of organization
doing the work
- CEA/IPSN/DAS/SAET B.P. n* 6
92265 Fontenay aus Roses

7. Associated organization (s)
CRIEPI (Japan) MARTIN MARIETTA (USA)

8. Sponsoring organization (s)

9. Duration of
program
From
TO /1993

10. state of advancement
X Research planned

Research in progress
Preliminary reports
available

6. Descriptors or key
words

UF6

Thermal model

11. References of recent publications in same field issues from
this laboratory
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1. Title and subtitle

SAFETY ANALYSIS OF UF6 TRANSPORTATION

F-9O-O2

2. Topic code (s)

A, H, 0, Q

3. Author/3 or investigator/s

P. PAGES - CEPN

Abstract

Studies on the safety of UFg transportation by road or rail have
been carried out in France for many years.
Current developments concern on the one hand the impact of the use of
reprocessed Uranium, on the other hand the safety of sea transpor-
tation.
As concerns the reprocessed UFg, the presence of different isotopes
fractions and of fission products is now taken into account, leading to a
reassessment of accident and routine impacts.
For UFg sea transportation, a particular study on the occurrence
probability and severity of fires on ships is being carried out.

5. Name and mailing address of organization
doing the work
- CEPN B.P. n* 48

F 92265 Fontenay aux Roses

7. Associated organization (s)
Bureau VERITAS

8. Sponsoring organization (s)
CEA/IPSN/DAS

9. Duration of
program
Prom 1.01/1990
To 31.12/1990

10. State of advancement
Research planned

X Research in progress
Preliminary reports
available

6. Descriptors or kny
words

UF 6

Reprocessed UFg
sea transportation

11. References of recent publications in same field issues from
this laboratory
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Title and subtitle

RADTRAN/INTERTRAN

F-90-03

2. Topic code (s)

3. Author/s or investigator/s

J. LOMBARD CEA/IPSN

4. Abstract

This research is conducted within the IAEA Coordinated Research
Program on the Development of PSA Techniques related to the Safe
Transport of Radioactive Materials.
In 1990 the main French contribution to this CRP will be the
development of an atmospheric dispersion model using either DOURY
or PASQUILL weather typing shemes.
The aim of this addendum is to make comparisons with results obtained
so far with INTERTRAN/RADTRAN 4 and to provide additional input para-
meters such as the release height.

S. Name and mailing address of organization
doing the work
- CEA/IPSN/DAS/SAET B.P. n' 6

F 92265 Fontenay aux Roses

7. Associated organization (s)
CEPN

8. Sponsoring organization (s)

9. Duration of
program
From 1.01/1990
To 31.12/1990

10. state of advancement
Research planned

X Research in progress
Preliminary reports
available

6. Descriptors or key
words

INTERTRAN/RADTRAN
Dispersion model
DOURY/PASQUILL

11. References of recent publications in same field issues from
this laboratory
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1. Title and subtitle

ANALYSIS OF A TRANSPORT SYSTEM

F-90-04

2. Topic code (s)

B, H, J

3. Author/s or investigator/s
CEA : J. LOMBARD IPSN/DAS
TNB : H. LIBON
SRD : M. BROWN

4. Abstract

Regulation of radioactive materials transportation rests essentially
on tl e packaging. In fact it is necessary to take into account all the
stages constituting the "transport system".
The aim of this study is to analyse the components of a transport
system and their interactions under normal and accidental conditions,
bringing out possible causes and effects of failure or incorrect
functioning of each of their component elements and estimating the
impact on overall safety. A refined analysis will be carried out,
subsystem by subsystem, in order to identify the parameters which
make the most important contribution to safety. The study is intended
to identify technical and organisational responses and in due course
to define an overall Quality Assurance policy and possible concomitant
regulations.

5. Name and mailing address of organization
doing the work

- CEA/IPSN/DAS BP n* 6 F 92265 Fontenay aux Roses
- TRANSNUBEL - Rue du Champ de Mars 25 B1050

Bruxelles
- SRD - Warrington, Cheshire WA3 4NE, England

7. Associated organization (s)
CEPN

8. Sponsoring organization (s)
CEC

9. Duration of
program
From /1990
To /1992.

10. State of advancement
X Research planned

Research in progress
Preliminary reports
available

6. Descriptors or key
words

Transport system
Normal conditions
Accidental conditions
Quality Assurance

11. References of recent publications in same field issues from
this laboratory
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1. Title and subtitle

QUALIFICATION OF METHODS FOR ASSESSING THE
BEHAVIOUR OF SHOCK ABSORBER MATERIALS

F-9O-O5

2. Topic code (s)

L. N

3. Author/s or investigator/s
CEA : L. TANGUY - D. MOULIN
TNB : H. LIBON - I. LAFONTAINE

4. Abstract

The aim of this study is to set up and validate finite elements methods
so as to assess the behaviour of type B packages submitted to the tests
described in the IAEA regulation for various shock absorber materials.
Once qualified, these methods will later be recognized as a proof of
good package resistance to the IAEA test;s.
In a first step, the study only concerned materials which constitutive
rules are well known (i. e. ferrous or non ferrous metals).
Two calculation methods are foreseen in this study. The first one
being developped by Transnubel and University of Liege, the second one
by CEA/IPSN.

5. Name and mailing address of organization
doing the work

- CEA/IPSN/DAS - BP n*6 F 922 65 Fontenay aux Roses
- TRANSNUBEL - Rue du Champ de Mars 25

B 1050 Bruxelles

7. Associated organization
University of Liege

(s)

8. Sponsoring organization
CEC

(s)

9. Duration of
program
From /1988
TO /1991

10. State of advancement
Research planned

X Research in progress
X Preliminary reports

available

6. Descriptors or key
words

shock absorber
materials
Finite elements
methods

11. References of recent publications ia same field issues from
this laboratory
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1. Title and subtitle

DEVELOPMENT OF A LARGE DIMENSION PACKAGE FOR
CONTAMINATED BUT NOT IRRADIATING LARGE PIECES
TRANSPORTATION

r-90-06

2. Topic code (3}

I, E, S

Author/s or investigator/s
CEA : L. TANGUY - D. MOULIN - J. VIVIEN
TNB : I. LAFONTAIBE - H. LIBON

4. Abstract

After several operating years it is necessary to fully or partially
dismantle research and development laboratories, isotope of fuel
manufacturing plants, reprocessing plants... Some of these equipments
(glove box, vent pipes, filters...) have too big dimensions to be put
in existing type A or B packages.
Henceforth their transportation has to be made under special authoriza-
tions. In most cases, radiation resulting from beta gamma contamination
and/or activation of structural elements are low and do not require
thick shieldings.
Alpha beta activity of these equipments can reach 2000 curies.
The study aims at setting up a large dimension package for alpha waste
or large pieces originating from dismantling transportation with a safety
equivalent to a type B package.

5. Name \al mailing address of organization
doing tb*> work

- CEA/IPSN/DAS - BP n"6 F 92265 Fontenay aux Roses
- TRANSNUBEL - Rue du Champ de Mars 25

B 1050 Bruxelles

7. Associated organization (a)

8. Sponsoring organization (s)
CEC

9. Duration of
program
From
TO

10. State of advancement
Research planned

X Research in progress
X Preliminary reports

available

6. Descriptors or key
words

Large dimension
package
Large contaminated
pieces

XI. References of recent publications in same field issues from
this laboratory
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1. Title and subtitle

TRANSPORT OF RADIOACTIVE MATERIAL BY AIR

F-90-07

2. Topic code {si

T, V, W

3. Author/a or investigator/3

J. LOMBARD CEA/IPSN (France)

4. Abstract

France is thoroughly involved in the preparation of the net. IAEA
regulation of the safe transport of radioactive materials by air.
Within this framework various researches are conducted concerning
mainly the definition of test series or testing principles required
for an Air Qualified Package (type C) as well as acceptance criteria
required after each test.
Various tests are being performed in order to check the behaviour
of medical or industrial sources following a 1 hour, 800° fire or a
85 ms" 1 impact.

5. Name and mailing address of organization
doing the work
- CEA/IPSM/DAS/SAET B.P. n" 6

92265 Fontenay aus Roses

7. Associated organization (s)
Laboratoire National d'Essais

8. Sponsoring organization (s)

9. Duration of
program
From /19
To /19
Continuous program

10. State of advancement
Research planned

X Research in progress
Preliminary reports
available

6. Descriptors or key
words

Air Qualified Package
IAEA regulation
impact test
fire test

11. References of recent publications in same field issues from
this laboratory

Devillers C. et al. "A regulatory approach to the safe transport
of Plutonium by air - PATRAM 89 - Washington 1989.
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1. Title and subtitle

TECHNIQUE OF STOWING PACKAGES DURING
MARITIME TRANSPORTATION

F-9O-O8

2. Topic code (s)

C, K

3. Author/s or investigator/s

C. RINGOT CEA/IPSN (France)
H. LIBON TRANSNUBEL (Belgique)

4. Abstract

The aim of the study is to define a code of good practice for stowing
radioactive materials packages during maritime transportation.
Various packages stowed in container, MAFI platform, on hold, bridge...
will be envisaged as well as different types of boats (Ro/Ro, ferry,
cargo...) in order to cover the present main radioactive traffic :
UF6, U ore, coldfuel, spent fuel, sources...
This study involves three main steps : 1) Collection of data concerning
the different types of packages, stowings and boats - 2) Assessment of
eventual collisions in order to define possible packages impacts -
3) Establishment of a code of good practice.
The study, sponsored by CEC, is conducted jointly with French and
Belgian teams.

5. Name and mailing address of organization
doing the work
- CEA/IPSN/DAS/SAET B.P. n° 6

F 92265 Fontenay aux Roses
- TRANSNUBEL - Rue du Champ de Mars 25

B 1050 Bruxelles

7. Associated organization (s)
Bureau VERITAS

8. Sponsoring organization (s)
CEC

9. Duration of
program
From 06./1988
TO 12./1991

10. State of advancement
Research planned

X Research in progress
Preliminary reports
available

6. Descriptors or key
words

SEA
STOWING
CODE OF GOOD PRACTICE

11. References of recent publications in same field issues from
this laboratory
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1. Title and subtitle

DEVELOPMENT OF SEVERITY INDICATORS FOR ROAD,
RAIL AND AIR TRANSPORT.

F-90-09

2. Topic code (s)

A, F

3. Author/s ox investigator/s

P. PAGES - CEPN

4. Abstract

This study is based on the analysis of national (for road and rail)
or international (for air) accident data bases.
In a first step, the probability distribution of various .severity
indicators will be analysed for each accident reported. Both thermal
and mechanical (impact, crush, puncture...) constraints will be assessed
French road and rail results will then be compared with those obtained
by similar studies performed by other countries (UK, Germany, USA) in
order to obtain a consistent set of parameters for use" in PRAs.
The safety margin in accordance with IAEA test criteria (crush, fire...
tests) required for the different packages will be determined from this
analysis.

5. Name and mailing address of organization
doing the work

CEPN - B.P. n' 48
F - 92260 Fontenay aux Roses

7. Associated organization (s)

8. Sponsoring organization (s)
CEA/IPSN/DAS

9. Duration of
program
From 1.01./1990
To 31.12./1990

10. State of advancement
Research planned

X Research in progress
Preliminary reports
available

6. Descriptors or key
words

Accidentology
Accident data bases
Severity indicators

11. References of recent publications in same field issues from
this laboratory
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1. Title and subtitle

- ACCIDENT/INCIDENT DATA BASES

F-90-10

2. Topic code (s)

F, X

3. Author/a or investigator/s

C. RINGOT CEA/IPSN (France)
K. SHAW NRPB (United Kingdom)

4. Abstract

In relation with the IAEA data base on accident/incident involving
radioactive materials during transport (EVTRAM), two studies are
carried out for the CEC jointly with the UK National Radiological
Protection Board.
The first one examines the available information on events that
occurred with the European Community Member States during the years
1975-1986. First results have been issued in 1989.
The second one analyses the counter-measures taken following such
events in order to determine suitable actions and examine the
lessons learnt from each countermeasure for improving the safety
of radioactive materials transportation.

5. Name and mailing address of organization
doing the work
- CEA/IPSN/DAS/SAET B.P. n* 6

92265 Fontenay aus Roses
- NRPB - Chilton, Didcot, OX11 ORQ, UK

7. Associated organization (s)

8. Sponsoring organization (s) CEC

9. Duration of
program
From 1.06./199Q
To 1.1Q./199Q

10. state of advancement
Research planned

X_ Research in progress
Preliminary reports
available

6. Descriptors or key
words

Ace ident/inc ident
EVTRAM
Countermeasures

11. References of recent publications in same field issues from
this laboratory

CEA, NRPB Review analysis and report on the radiological consequences
resulting from accident and incidents involving radioactive materials
during transport in the period 1975-86 - October 1989.
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1. Title and sub-title

Development of a model for predicting the
radiological impact resulting from transport
of radioactive material

1-90-01

2. Topic code(s)

A, F

3. Author(s) or investigator(s)

NANDAKUMAR, A.N., BISHT, J.S., UPADHYAY, K.C.

4. Abstract.

Radiological consequences of postulated accidents are assessed. The study
includes assessment of the radiological consequences of a vehicle containing
many Type A packages meeting with an accident under urban environments.
The accidents are postulated in a graded fashion, on the basis of available
data relating not only to the frequency of the accidents but also their
severity.

In order to obtain tangible1 results specific shipments are considered.
They include high activity Cobalt-60 sources used in irradiators and
spent fuel. The conditions under which these shipments are actually
transported is being considered first. It is then proposed to introduce
shortcomings in the transport conditions in a graded fashion and assess
the consequences. The results thus accumulated enable the development of
a model for the assessment of the radiological consequences. This model
may be used for predicting the potential consequences for a given set of
shipment data.

5. Name and mailing address of organization doing the

the work

Head, DRP
BARC, Bombay 400 085
India

7. Associated organization(s)

8. Sponsoring organization

IAEA

9. Duration of
program:
From Nov /1989
To Oct /1991

10. State of advancement
Research planned

xx Research in progress
Prelim, reports available

6. Descriptors or
key words

Transport

Package

Type A

Shipment

11. References of recent publications in same field issued from this
laboratory
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1. Title and sub-title

A study of the revisions in the permitted
activity limits on radioactive contents in
Type A packages

1-90-02

2. Topic code(s)

A, F

3. Author(s) or investigator(6)

BISHT, J.S., NANDAKUMAR, A.N., UPADHYAY, K.C.

4. Abstract

The limits on the activity of radioactive materials in Type A
packages has undergone several revisions since the first edition of the
IAEA Regulations for Safe Transport of Radioactive Material in 1961.
The activity was limited in terms of the physical form of the radioactive
material in the 1973 Edition of the IAEA Regulations.

Th" postulated raedian accident formed the basis for the derivation
of A values. In the current edition (1985), however, the median
accident postulate is retained in a slightly modified form and the ALI
values are taken as reference instead of the earlier MPAI values. The
consequences of the various revisions are being evaluated under
specified postulated accident conditions. The results of this study
would help in considering the radiological consequences in future
revisions.

5. Name and mailing address of organization doing the
the work

Head, DRP, BARC
Bombay 400 085
India

7. Associated organization(s)

8. Sponsoring organization

9. Duration of
program:
From Mar /1990
To Feb /1992

10. State of advancement
301 Research planned

Research in progress
Prelim, reports available

6. Descriptors or
key words

Transport

Package

Type A

Al

A2

Median accident

11. References of recent publications in same field issued from this
laboratory
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1. Title and sub-title

Thermal Analysis of Spent Fuel Shipping Cask

ROK-90-01

2. Topic code(s)

N, 0

3. Author(s) or investigator(s)

H.Y. Kang and H.Y. Lee

4. Abstract

A thermal analysis of shipping cask has been carried out since
1989. The cask which has a lead/resin shield and dry cavity
contains 4 PWR fuel assemblies with 38,000 MWD/MTU burnup and
3 year cooling time. The thermal analysis under normal transport
and hypothetical fire conditions are performed by using the
HEATING-5 program.

5. Name and mailing address of organization doing the
the work

H.Y. Kang
P.O. Box 7, Daeduk-Danji,
Daejeon, Korea

7. Associated organization(s)

Korean Atomic. Energy Research Institute

8. Sponsoring organization
MOST

9. Duration of
program:
From 3 /19 90
To 12 /19 90

10. State of advancement
Research planned

xx Research in progress
Prelim, reports available

6. Descriptors or
key words

Cask

Thermal analysis

11. References of recent publications in same field issued from this
laboratory
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1. Title and subtitle
Analysis of a transport system.
The transport of radioactive waste and contaminated
objects.
Phase 1.

CEC-90-01

2. Topic codeCs)

R, S

3. Author/s or investigator/s

t<. Abstract

5. Name and mailing address of organization doing the
work

- CEA - IPSN, B.P. 6
F - 92260 FONTENAY-AUX-ROSES

- TRANSNUBEL, Rue du Champ de Mars, 25
B - 1050 BRUXELLES

- AEA TECHNOLOGY, SRD, Wigshane lane, Culcheth
UK - WARRINGTON WA3 4NE

7. Associated organization(s)

8. Sponsoring organization(s)

Commission of the European Communities, Brussels

Directorate General for Energy.

9. Duration of 10. State of advancement
program - Research planned
From 01/0^1990 - WecsatWWtoxtaxpCixatgiXiXSSf:
To 01/10M9 91 - Mcriia^xiXf^ixt^Xa^i^a^WX

6. Descriptors or key

words.

10. References of recent publications in same field issued from this laboratory.
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1. Title and subtitle

Techniques for securing packages of radioactive

materials during maritime transport.

Phase 1.

CEC-90-02

2. Topic code(s)

F, K

3. Author/s or investigator/s

J. DRAULANS, I. LAFONTAINE (TRANSNUBEl)
C. RINGOT, G. CHEVALIER, E.G. TOMACHEVSKI CCEA)

4. Abstract
The accident (August 25th 1984 - Northsea) of the Mont Louis cargo which
transported uranium-hexafluoride, alarmed a large number of European competent
authorities, directly or indirectly concerned in the accident.
The C.E.C. sponsored in 1986-1987 a preliminary research, mainly a bibliographic
data collection, to obtain a first view on the problem. However, the purpose
is to realize, by further work, a code of good practice for stowing, accidental
conditions taken into consideration.
The research-work was carried out jointly by CEA-IP5N and by TRANSNUBEL.
The work performed in the scope of these tasks includes :
- data collection concerning the acceleration to be considered during normal

and accidental conditions and concerning safe areas in the ship to be
reserved for the stowing of packages containing radioactive materials.

- data collection concerning accident statistics. Lloyd's Register of
Shipping has supplied the bacic information needed to select reference
ship-accident scenarios as a basis for further work.

The collected data supply the necessary basis for further tasks : a theoritical
approach of the problem and the necessary tests in order to increase the
safety of stowing packages on board of a =hip.

5. Name and mailing address of organization doing the
work

- TRANSNUBEL, rue du Champ de Mars, 25
B - 1050 Bruxelles

- CEA - IPSN, B.P. 6
F - 92260 FONTENAY-AUX-ROSES

7. Associated organization(s)

8. Sponsoring organization(s)

Commission of the European Communities, Brussels

Directorate General for Energy

9. Duration of 10. State of advancement
program - RaracetatKotoxixkadxixacatxx
From 18/07/1986 - R«*«a«<xlxxi<KX|iK«gK«ss
To 01/10/1987 - Final report available

EUR 12031 FR, Hf, 1989

6. Descriptors or key

words.

10. References of recent publications in same field issued from this laboratory.
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1. Title and subtitle
The impact of the new IAEA transport regulations
- 1985 Edition - for the safe transport of radioactive
materials on package design and transport.

CEC-90-03

2. Topic code(s)

C, W

3. Author/s or investigator/s

K. SCHNEIDER

4. Abstract

In April 1985 the 1985 Edition of the IAEA Safety Series N°6, Regulations for
the Safe Transport of Radioactive Materials, was issued. This is a completely
revised Edition which shall come into force internationally in the late
eighties. This Edition will supersede the 1973 (As Amended, 1979) Edition.

A paragraph by paragraph comparison is carried through, followed by a consi-
deration on the impact on general requirements for packaging and transport.

A detailed estimate on packaging design and transport is performed for typical

products of the nuclear fuel cycle.

The major practical consequences likely to be encountered are presented.

5. Name and mailing address of organization doing the

work

TRANSNUKLEAR, Postfach 110030

D-6450 HANAU 11

7. Associated organization(s)

8. Sponsoring organization(s)
Commission of the European Communities, Brussels
Directorate General for Energy.

9. Duration of 10. State of advancement

program - nas^wtoxpfcaWrtactfx

From 26/08/1985 - ReieewtxahxxixvKjprxiigoesifix

To 01/10/1986 - Finai. report available

EUR 12049, EN, Mf, 1989.

6. Descriptors or key

words.

10. References of recent publications in same field issued from this laboratory.
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1. Title and subtitle
Establishment of a catalogue of quality assurance/
control measures for industrial and type A packages.
Phase 1.

CEC-90-04

2. Topic code(s)

B

3. Author/s or investigator/s

A. Abstract

5. Name and mailing address of organization doing the
work

Bundesanstalt fur Materialforschung und Priifung - BAM -
Unter den Eichen 87
D - 1000 BERLIN 45

7. Associated organization(s)

Amersham International PLC (UK)

8. Sponsoring organization(s)
Commission of the European Communities, Brussels
Directorate Ger.-ral for Energy.

9. Duration of 10. State of advancement
program - Waawauxafoxpitafnfrtwtf.c
From 01/10/19 88 - StoGtfSjnciKHanx̂ pJrXKpr****
To 01/12/1989 - Final report available

6. Descriptors or key

words.

10. References of recent publications in same field issued from this laboratory.
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1. Title and subtitle
Stowing of packages containing radioactive materials
during their road transportation with trucks for loads
up to 38 tons.
Synthesis report of phases 1, 2, 3 and 4.

CEC-90-05

2. Topic code(s)

F, K

3. Author/s or investigator/s
J. DRAULANS, I. LAFONTAINE (TRANSNUBEL)
J.C. JOLYS (LABORATOIRE OE L'uTAC)
P. GILLES, G. CHEVALIER, M. POUARD (CEA)

4 . A b s t r a c t . . . , •, u i
This study includes four phases, the first one being a compilation of available
standards as well as regulatory prescriptions and directives on stowing, issued
by various national and international organizations or eventually prescribed
by competent authorities.
The second phase of the study was performed with the aim to search generated
forces resulting from road vehicle deceleration in accidental conditions.
The third phase is related to the development of a mathematical model to be
applied under the hereabove mentioned accidental conditions. This programme
must allow to verify the behaviour of the stowing of packages carried out
according to the standard <2g - 1g - 1g> in function of deceleration forces
generated during a front end impact with a 50 km/h speed, the involved package
weighing 1.3 tons.
The fourth phase of the study is related to experiments with the aim to verify
the results obtained from a mathematical model of accident and to collect
experimental values allowing to work out a code of good practice for the
stowing of radioactive materials packages having a maximum weight of about 20
tons.
A number of & tests has been performed with two types of packagings : lower
(Cogema, IL-37 package) and higher (CEA, MECGE package) centre of gravity in
front end and side on impacts.

5. Name and mailing address of organization doing the
work

- TRANSNUBEL, rue du Champ de Mars, 25
B - 1050 Bruxelles

- UNION TECHNIQUE DE L1AUTOMOBILE ET DU CYCLE - UTAC
F - 91310 Montlhery

- CEA - IPSN, B.P.6
F - 92260 Fontenay-aux-Roses

7. Associated organization(s)

8. Sponsoring organization(s)
Commission of the European Communities, Brussels
Directorate General for Energy.

9. Duration of 10. State of advancement
program -xR«S««RK(stxRk««R««t
From 01/08/19 81 -xR«s«aR«bcxi(i*x|SKfflgK«SK
To 30/10'1985 - Final report available

EUR 10731, EN, f'if, 1986
(Synthesis report)

6. Descriptors or key

words-

10. References of recent publications in same field issued from this laboratory.
EUR 8057, EN, Mf, 1982 (Phase 1) EUR 9195, EN, FR, Mf, 1984 (Phase 3)
EUR 9103, FR, Mf, 1985 (Phase 2) EUR 10348, FR, Mf, 1985 (Phase 4)
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1. Title and subtitle

Study of the impact behaviour of packages containing

intermediate level radioactive waste coming from

nuclear installations.

CEC-9O-O6

2. Topic code(s)

I, R, V

3. Author/s or investigator/s

D. DAVIS, J.S. LUND, P. MEREDITH, P. WALKER, D.A. WELLS (AEE-Winfrith)

J. JOWETT, K. KIN3ELLA (AEA-SRD)

A. Abstract
The report describes primarily an experimental study into the benefits, for
impact resistance, to be gained by incorporating a welded lid into the design
of the cement filled drum type of intermediate level waste package. Tests on
Packages which were not provided with a lid showed that matrix material began
to be expelled from drop heights of about 16m. This damage threshold was
similar for packages composed of both high and low strength matrix. Above
the damage threshold, however, the rate of increase of expelled mass with drop
height was greater for the packages filled with a low strenght matrix. Similar
tests were conducted with specimens to which a lid had been attached by welding.
Even from the greatest drop height (28m) only one package showed a significant
amount of drum tearing but even then little matrix was lost. The benefits of
incorporating a welded U d into package design were thus clearly established.

Simple calculations were performed to predict the local deformations and
deceleration/time histories of the packages. By optimisation of the impact
resistive stress used in the computer model, final knowckback areas were pre-
dicted to an accuracy of 30%. The average deceleration predicted for four
of the six tests for which deceleration histories were available were also
within 30% of measured values.

5. Name and mailing address of organization doing the
work

- Atomic Energy Establishment (AEE)
UK - Winfrith, Dorchester Dorset DT2 SDH

- Atomic Energy Authority (AEA), SRD
UK - Culcheth, Warrington WA3 4NE

7. Associated organizationCs)

8. Sponsoring organization(s)
Commission of the European Communities, Brussels
Directorate general for Energy

9. Duration of 10. State of advancement

program - RejigeKKfexpia«R8Bix

From 10/08/19 85 - RKjj««KRhxxRxl9K88Kess

To 01/10/1986 - Final report available

EUR 12050 EN, Mf, 1989

6. Descriptors or key

words-

10. References of recent publications in same field issued from this laboratory.
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1. Title and subtitle
Benchmark experiments to simulate a nuclear transport
flask loading accident with fuel elements of unequal
reactivity.

CEC-9O-O7

2. Topic code(s)

F, N, P

3. Author/s or investigator/s
J.M. STEVENSON, B.M. FRANKLIN, B.L.H. BURBIDGE (AEE-Winfrith)
A. PRESCOTT (AEA-SRD)
C. POUl LOT (CEA)

4. Abstract
A series of measurements have been completed in the DIMPLE facility at AEE
Winfrith, to simulate a transport flask loading error. The experiments were
designed with the aim of testing current calculational methods in extreme
accident configurations. The programme was based on a 20 compartment boron-
steel skip used inside a steel container for pond storage of irradiated fuel
from the UK AGR's and this in turn is placed inside a lead-lined steel flask
for fuel transport. Prior to the critical experiments a comprehensive range of
sub-critical benchmarks had been established using the skip. The reference
loading for the sub-critical studies and the accident simulation had identical
arrays of 3% enriched uranium oxide pins loaded into each cf the 20 skip
compartments. To simulate a gross loading error, a cluster of 7% enriched
uranium oxide pins replaced the lower enrichment pins in one of the compartments
firstly in one of those at the centre and then in one at the edge. The
experiments established the critical water heights in each configuration and, to
provide valuable diagnostic data, measurements were also made of the U235 and
U238 fission rate and the U238 capture rate distributions in each case.
The assemblies, the results of the measurements and their comparison with
predictions using the M0NK6.3 and MORET Monte Carlo codes and the deterministic
LWRWIMS-TWOTRAN code are given.

5. Name and mailing address of organization doing the
work

- Atomic Energy Establishment (AEE)
UK - Winfrith, Dorchester Dorset DT2 SDH

- Atomic Energy Authority (AEA),SRD
UK - Culcheth, Warrington WA3 ANE

- CEA - IPSN, B.P. 6
F - 92260 Fontenay-aux-Roses

7. Associated organization(s)

8. Sponsoring organizatioh(s)
Commission of the European Communities, Brussels
Directorate General for Energy

9. Duration of 10. State of advancement
program - R«8eaK«sHx|»isa««e«
From 15/08/1985 - R«geaK*Nx*eix|SK««Jt<«KIS
To 01/10/1986 - Final report available

EUR 12048, EN, Mf, 1989
EUR 12048, EN, Mf, 1989

6. Descriptors or key

words.

10. References of recent publications in same field issued from this laboratory.
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1. Title and subti tie

Survey of existing literature in the field of shock-

absorbing materials with a view to subsequent adaptatior

of plastic deformation codes.

Phase 1.

CEC-90-08

2. Topic code(s)

L, N

3. Author/s or investIgator/s

J. DRAULANS, J.P. FABRY, I. LAFONTAINE, H. RICHEL, M. GUYETTE (TRANSNUBEL).

A. Abstract : The initial phase of research work (CEC contract) made it possible/
first of all, to draw up an inventory of the available data relating to the
various materials likely to be used as shock absorbers and then to evaluate the
resolving power of computer programmes for dynamic finite element calculations.
The purpose of that research was to facilitate the design of transport structures
through the adaptation of codes for calculating deformation by incorporating in
them mechanical characteristics relevant to the main shock absorbing materials.
Three codes had been selected : EURDYN, PLEXUS and SAMCEF, respectively developec
at the JRC-Ispra (I), CEA-DEMT (F) and at the University of Liege (B). For code
evaluation, a schematic container model dropping from a height of 9 m along the
direction of its cylinder axis on an unyielded flat surface has been considered
tc serve as a benchmark for the evaluation of plastic deformation.
The study revealed that few dynamic data relating to these materials were
available. It also transpired that the three codes used for calculating a
simple structure dropping from a height of 9m are, in certain cases,
unsuitable for solving the problems covered by such a study.

5. Name and mailing address of organization doing the
work

TRANSNUBEL,
Rue du Champ de Mars, 25
B - 1050 BRUXELLES

7. Associated organization(s) : University of Liege (B)

Pisa (I), JRC Ispra U ) and CEA - Saclay (F).

8. Sponsoring organization(s)

Commission of the European Communities, Brussels,

Directorate General forEnergy.

9. Duration of 10. State of advancement
program ~x>fttH?lKK*tHy JpOtfttfHEPtK

From 12.09/19 83 -xxteeegrattxfrtoptxxft'Wty

To 30.10/19 84 - Final report available

EUR 10107, EN, Mf, 1985

6. Descriptors or key

words.

10. References of recent publications in same field issued from this laboratory.
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1. Title and subtitle

Research and development programme linked with the
computation on finite elements of the energy absorbed
by various materials that are integrated into transport
packaging.
Phase 2.

CEC-90-09

2. Topic code(s)

H, M, N

'•. Author/s or invest iqciior/:;

H. LIBON, I. LAFONTAINE (TRANSNUBEL)
L. TANGUY, D. MOULIN (CEA)

A. Abstract

The second phase of research pointed up the advantage to be gained from
performing finite element dynamic calculations; such calculations would be
used in the case of a packaging constructed of a stiff material (cast iron)
and dropping from a height of 1 metre onto a punch, demonstrating the
considerable amount of energy absorbed by the punch, which to some extent
becomes the shock absorbing element. The calculation also revealed the
areas suffering the greatest stresses, the deformation mechanisms and the
energy absorption in the structure.

With these results, it was possible to achieve more detailed characterization
of the material which, taking account of its dynamic strenght, can be used to
determine more accurately the actual behaviour of energy absorption in the
material, with the exception of the thermal aspect.

Two codes were used : FINELDYN derived from FINELG and PLEXUS.

Furthermore, finite element calculations performed for thick plates of aluminium
alloy subjected to the action of a punchalso enabled the strenght and charac-
teristics of that material as a shock absorber to be determined.

5. Name and mailing address of organization doing the
work

- TRANSNUBEL, Rue du Champ de Mars, 25
B - 1050 Bruxelles

- CEA - IPSN, B.P. 6,
F - 92260 Fontenay-aux-Roses

7. Associated organization(s)

8. Sponsoring organization(s)

Commission of the European Communities, Brussels
Directorate General for Energy

9. Duration of
program

From 27/07/19 88
T o 01/10/1989

10. State of advancement

~ Final report available
to be published in
EURATOM collection in
1990^

6. Descriptors or key

words.

10. References of recent publications in same field issued from this laboratory.
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1. Title and subtitle

Research and Development programme relating to the
calculation of a shock absorption system.
Phase 3.

CEC-90-10

2. Topic code(s)

L, N

i. Author/s or investigator/s

'*. Abstract

5. Name and mailing address of organization doing the
work

- TRANSNUBEL, Rue du Champ de Mars, 25
B - 1050 Bruxelles

- CEA - IPSN, B.P. 6
F - 92260 Fontenay-aux-Roses

7. Associated organization(s)

8. Sponsoring organization(s)

Commission of the European Communities, Brussels

Directorate General for Energie.

9. Duration of 10. State of advancement
program - Research planned
From 01/08/1990 -xBssfca^ftxfcrtxptt^rtxss
To 01/10/1991 -^Wltfx^fJ^^W^rf^F?

6. Descriptors or key

words.

10. References of recent publications in sane field issued from this laboratory.
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1. Title and subtitle

Review of measures taken to improve the safety of trans-

port of radioactive materials within the member states

of the European Community as a result of the experience

gained in dealing with accidents and incidents.

CEC-90-11

?. Topic code(s)

F

3. Author/s or investigator/s

A. Abstract

5. Name and mailing address of organization doing the
work

- NRPB, Chilton,Didcot
UK - OXFORDSHIRE OX 110RQ

- CEA-IPSN, B.P. 6
F - 92260 FO.'UENAY-AUX-ROSES

7. Associated organization(s)

8. Sponsoring organization(s)
Commission of the European Communities, Brussels
Directorate General for Energy.

9. Duration of 10. State of advancement
program - Research planned
From U1/U8 /19 90 ~ 6k«X«*R«btxi«Xxls«R«a««SS
To 01/10 /1991 " KiMaHxK#ptifi*»x»*»*liSti\<&

6. Descriptors or key

words.

10. References of recent publications in same field issued from this laboratory.
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1. Title and subtitle

Further review, analysis and report on the radiological
consequences resulting from accidents and incidents
involving radioactive materials during transport in the
period 1975-1986 by and within member states of the
European Community. An extension to include further
inf orni31 ion f ro/n member stfti"**** -

CEC-90-12

2. Topic code(s)

A, F

3. Author/s or investigator/s

. Abstract

5. Name and mailing address of organization doing the

work

- NRPB, Chilton, Didcot,
UK - OXFORDSHIRE 0X11 ORQ

- CEA-IPSN, B.P.6
F - 9226U FONTENAY-AUX-ROSES

7. Associated organization(s)

8. Sponsoring organization(s)
Commission of the European Communities, Brussels
Directorate General for Energy.

9. Duration of
program
From 01/08/1990
To 01/10/1991

10. State of advancement
- Research planned

6. Descriptors or key

ucrds.

10. References of recent publications in same field issued from this laboratory.
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1. Title and subtitle
Review, analysis and report on the radiological conse-
quences resulting from accidents and incidents involving
radioactive materials during transport in the period
1975-1986 by and within member States of the European
Community.
Phase 2.

CEC-90-13

2. Topic code(s)

A, F

5. Author/s or investIqator/s
J.S. HUGHES, K.B. SHAW (NRPB)
J. LOMBARD, C. RINGOT, E. TOMACHEVSKY (CEA)

4. Abstract

Radioactive materials are routinely transported throughout the countries of the
European Community, by all modes of transport. Occasionally, accidents and
incidents have occured at various stages of transport operations and the purpose
of this study was to examine the available information on events that occured
within the countries of the E.C. during the years 1975 to 1986.
The information was gathered from the Competent Authorities of the Member States
and from other organisations, using a questionnaire. Most of the detailed
information came from the two countries carrying out the study : U.K.and France.
The information gathered covered many different types of event involving a wide
range of materials. It is concluded that under - reporting is a major source
of uncertainty in the results. Therefore, care should be used in comparisons
between the results for different types of transport operations, since accidents
and incidents involving certain types of transport are more fully reported than
others. The authors stress the need for improved reporting and recording
procedures.
No evidence was found of any major health consequences resulting from the
accidents and incidents studied. However, there were instances of high doses
received by workers, mainly as a result of inadequate preparation of packages
prior to dispatch. These events indicate the need to maintain high standards of
quality assurance at all stages of the transport operations.

5. Name and mailing address of organization doing the
work

- NRPB, ChiUon, Didcot,
UK - OXFORDSHIRE OX 11 ORQ

- CEA-IPSN, B.P. 6
F - 9226U HONTEI\iAY-AUX-ROSES

7. Associated organization(s)

8. Sponsoring organization(s)

Commission of the European Communities, Brussels
Directorate General for Energy

9. Duration of
program
From 15/09/1988
To 30/11/1989

10. State of advancement

Final report available
to be published in
EURATOM collection in
1990.

6. Descriptors or key

words.

10. References of recent publications in same field issued from this laboratory.
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1. Title and subtitle
Feasibility study on the formation of a databank of
the arrangements within the European Community for
transport accidents involving radioactive materials.
Phase 1.

CEC-90-14

2. Topic codc(s)

F, X

3. Author/s or investigator/s

J.S. HUGHES, K.B. SHAW (NRPB)

4. Abstract
The purpose of the study is to examine the possibility of constructing a data-
bank of all the emergency arrangements that have been established in each of
the EC countries for dealing with transport emergencies involving radioactive
materials. The databank should be particularly useful following an accident
close to a national border or in the event of an accident in one country which
involves a shipment from another. The secting up of such a databank might
also assist in the development of the emergency arrangements in some countries.

The study examines the requirements for the formation of a databank of emergency

arrangements and finds that :

- the formation of a databank of emergency arrangements is feasible,
- the databank could be operated more efficiently if it were held centrally on

a computer-based system and made accessible through the telephone network,
- the usefulness of the databank would be enhanced by the inclusion of infor-

mation on non-radiological hazards,
- the database would be of practical value in achieving compliance with the

European Agreement concerning the International Carriage of Dangerous Goods
by Road (ADR), which requires the formulation of emergency plans for
shipments of radioactive materials by road.

5. Name and mailing address of organization doing the
work

- National Radiological Protection Board - NRPB -
Chilton, Didcot,
UK - OXFORDSHIRE, 0X11 ORQ

7. Associated organization(s)

8. Sponsoring organization(s)
Commission of the European Communities, Brussels
Directorate General for Energy

9. Duration of 10. State of advancement
program - XS5»a»Xhxp:t»KKi8ldx
From 18/07/1986 - RBSsaXKhxx»x|D>r»gK»ssx

To 01/09/1987 - final report available
EUR 12051 EN, Mf, 1989

6. Descriptors or key

words.

10. References of recent publications in same field issued from this laboratory.
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1. Title and subtitle

Study of a criticality accident which could occur

during the handling, transport or storage of fissile

materials in the form of uranium - oxide powder.

Phase 1.

CEC-90-15

2. Topic code(s)

N, P

3. Author/s or investigator/s

J.P. ROZAIN, F. BAR8RY, C. BONHOMME (CEA)
A. BICKLEY, M.I. HARRISON, D. MATHER, A. PRESCOTT (AEA)

4. Abstract
The document summarises the work accomplished jointly by the AEA/SRD and the
CEA/IPSN/SRSC during the first phase of the CEC contract on the phenomenology of
a criticality accident during the transport or storage of fissile materials in
the form of uranium oxide.
The likelihood of such an accident occurring in a laboratory isconsrdered to
be very remote; however the CEA have developed the experimental programme
necessary to understand this phenomena. With regard to the penetration of water
through the uranium powder, it is considered essential to carry out experiments
in large scale models of at least several hundred kilograms of depleted uranium
oxide. To study the shutdown feedback mechanisms, due to the increase in
temperature of the system, an instrumented capsule allowing transfer of the
nuclear heat has been developed for the SILENE Reactor.
THE AEA/SRO have adapted the computer code POWDER to model a criticality accideit
in wetted U02 powder. Refinements have been made to improve the reliability
of the POWDER code. The method of solving the heat transfer problems has been
revised and the code extended to allow a model of boiling to be introduced.
Using the POWDER code a number of calculations have been made using different
reactivity steps, ranging from one to four dollars.

5. Name and mailing address of organization doing the
work

- CEA - IPSN, Centre d'Etudes de Valduc
F - 21120 IS-SUR-TILLE

- AEA Technology, SRD, Wigshaw Lane,Culcheth
UK - Warrington WA3 4NE

7. Associated organization(s)

8. Sponsoring organization(s)
Commission of the European Communities - Brussels
Directorate General for Energy

9. Duration of 10. State of advancement
program - R«s«aKabfXfxkzm«ct
From 18/07/1986 - R«x«a(Kahtxi(ixxpi«atgK«**
To U1/1&'I987 ~ Final report available

6. Descriptors or key

words.

10. References of recent publications in same field issued from this laboratory.
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1. Title and subtitle
Study of a criticality accident which could occur
during the handling, transport or storage of fissile
materials in the form of uranium - oxide powder.
Phase A and executive report of phases 1, 2, 3 and A.

CEC-90-16

2. Topic codeCs)

N, P

3- Author/s or investigator/s

A. Abstract

5. Name and mailing address of organization doing the
work

- CEA - IPSN, Centre d'Etudes de Valduc
F - ?1120 IS-SUR-TILLE

- AEA Technology, SRD, Wigshaw lane, Culcheth
UK - WARRINGTON WA3 ANE

7. Associated organization(s)

8. Sponsoring organizatiori(s)
Commission of the European Communities, Brussels
Directorate General for Energy.

9. Duration of 10. State of advancement

program - Research planned

From 01/08/19 90 - R«S««R<XIXXXIXXRR«8R«SS

To 01/10/1991 - fctoxa:kx*6C|2M(Kt($<x2N<3;fci(a1'fte<x

6. Descriptors or key

words.

10. References of recent publications in same field issued from this laboratory.
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1. Title and subti t le
Study of the phenomenology of an accidental critica-
lity excursion which could occur during the transport
or storage of fissile materials in the form of a
solut ion.
Phase 1.

CEC-90-17

2. Topic code(s)

N, P

5. Author/s or invostigator/s

F. BARBRY, R. RATEL, J.P- ROZAIN (CEA)
A. BICKLEY, W.G. BURNS, M.I. HARRISON, D. MATHER, A. PRESCOTT (AEA)

4 . Abst r >u t
The report summarises the work accomplished jointly by the AEA/SRO and the
CEA/IPSN/SRSC in the first phase of the CEC contract on the phenomenology
of a criticality accident during the transport or storage of fissile materials
as a solution.
The CEA have carried out two experiments in the SILENE reactor, to study the
power excursions caused by injecting reactivities not exceeding the prompt
critical state, in addition, instrumented capsules containing fissile materials
have been developed and operated in SILENE, to understand the mechanisms of
radiolytic gas formation. The qualitative and quantitative analysis of gas
were made and a correlation between the amount of gas and the number of fissions
produced was found.
The AEA have concentrated on validating the CRITEX Code against the SILENE
experiments; the two first power excursion experiments have been mode 11eo in
CKITEX. This work, together with the radiolytic gas formation studies,has resulted
in further refinements to the models used in the CRITEX Code. Neutronic
calculations to enable the SILENE experiments to be modelled in CRITEX have
been completed; a study of the k-effective versus solution height for the
calibration of the SILENE reactor by a deterministic method has also been
completed.

5. Name and mailing address of organization doing the

work

- CEA - IPSN, Centre d'Etudes de Valduc

F - 21120 IS-SUR-TILLE

- AEA Technology, SRD, Wigshaw Lane, Culcneth

UK - HARRINGTON WA3 ANE

7. Associated organization(s)

8. Sponsoring organizationCs)

Commission of the European Communities, Brussels

Directorate General for Energy

9. Duration of 10. State of advancement
program - R«s««R«hxakaRW«fltx
From 18/07/1986 - >Reseaoob<xbo<spoci9oesQ<x
To 01/10/1987 - Final report available

6. Descriptors or key

words.

10. References of recent publications in same field issued from this laboratory.
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1. Title and subtitle

Study of the phenomenology of an accidental criticality
excursion which could occur during the transport or
storage of fissile materials in the form of a solution.
Phase 2.

CEC-90-18

2. Topic code(s)

N, P

.5. Auttior/s or i nvps t igator/s

F. BARBRY, R. RATEL, J.P. ROZAIN (CEA)
A. BICKLEY, W.G. BURNS, M.I. HARRISON, D. MATHER, A. PRESTCOTT (AEA)

4. Abstract

The report summarises the work done jointly by the AEA/SRD and CEA/IPSN/SRSC
in the framework of the second phase of the CEC contract regarding the phenome-
nology of a criticality accident during the transport or storage of fissile
materials in the form of a solution.

On the experimental side, the CEA have carried out two runs using the SILENE
reactor in which the reactivity insertions (3.5 and 6.8 dollars) were designed
to bring the fissile solution near to and to attain respectively its boiling
point. In addition three complementary experiments have been done studying the
formation of radiolytic gas in capsules containing fissile solutions of U0-,
(N03)-, and U0? F? in order to find the influence of the following :

- concentration of fissile solution,

- nature of the fissile solution and its initial state (pre-irradiated or

pressurised).

The AEA/SRD on its side has continued with the improvements and validation of the
CRITEX code using the SILENE experiments. Neutronic calculations for the SILENE
experimental configuration have been made in order to be able to model the
experiments. Measurements obtained for the formation of radiolytic gas (volume,
analyg-i<= nf thp gap are the object moreover of analysis at Harwell.

5. Name and mailing address of organization doing the
work

- CEA - IPSN, Centre d'Etudes de Valduc
F - 21120 IS-SUR-TILLE

- AEA Technology, SRD, Wigshaw Lane, Culcheth
UK - HARRINGTON WA3 ANE

7. Associated organization(s)

8. Sponsoring organization(s)

Commission of the European Communities, Brussels

Directorate General for Energy.

9. Duration of
program

From 13/10/1987

To 01/10/19B8

10. State of advancement

~ Final report available

6. Descriptors or key

words.

10. References of recent publications in same field issued from this laboratory.
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1. Title and subtitle

Study of the phenomenology of an accidental, critical!ty

excursion which could occur during the transport or

storage of fissile materials in the form of a solution.

Phase 4 and executive report of phases 1, 2, 3 and 4.

CEC-90-19

2. Topi c code(s)

N, P

3. Author/s or investigator/s

4. Abstract

5. Name and mailing address of organization doing the
work

- CEA - IPSN, Centre d'Etudes de Valduc
F - 21120 IS-SUR-TILLE

- AEA Technology, SRD, Wigshaw Lane, Culcheth,
UK - WARRINGTON WA3 4NE

7. Associated organization(s)

8. Sponsoring organization(s)

Commission of the European Communities, Brussels

Oirectorage General for Energy.

9. Duration of 10. State of advancement
program - Research planned
From 01/08/1990 - R«s«aK«hxx«xpK»gx«88X
To 01/10/1991 - fcisafcxRKRftKjgxflyaxfcalBfcRX

6. Descriptors or key

words.

10. References of recent publications in same field issued from this laboratory.
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2.2 List of recent publications given in the abstracts

Following is a list of recent publications in the same field from the
laboratories contributing abstracts to Part 2.1.

DEVILLERS, C , et al., "A Regulatory Approach to the Safe Transport of
Plutonium by Air" (Proc. 9th International Symposium on the Packaging and
Transportation of Radioactive Materials, PATRAM '89, Washington DC, (1989),
Vol. Ill, U.S. Department of Energy (199C), 1278-1290.

WEISE, H.P., et al., "The Performance Testing of Elastic Metal Seals under
Static and Dynamic Load" (Proc. 9th International Symposium on the Packaging
and Transportation of Radioactive Materials, PATRAM '89, Washington DC,
(1989), Vol. I, U.S. Department of Energy (1990), 357-364.
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3. RECENTLY CONCLUDED RESEARCH

Following is a list of reports, articles, etc. in the area of
transport safety that were published recently. Those marked with an asterisk
were undertaken within the framework of co-ordinated research programmes of
the IAEA; for these, a brief description or the conclusions of the reports
are provided after the list.

3.1 List of recently concluded research

* BIAGGIO, A.L., LOPEZ VIETRI, J.R., "Evaluation of Requirements for
the Transport of UF^", IAEA Co-ordinated Research Programme on
Radiation Protection Implications of Transport Accidents involving
Radioactive Materials, Buenos Aires (June 1990).

* BIAGGIO, A.L., LOPEZ VIETRI, J.R., "Evaluation of Requirements for
Uranium Hexafluoride Transport. Report on Activities in 1986"
PATRAM '86. Packaging and Transportation oi Radioactive Materials"
(Proc. Symp. Davos, June 1986), STI/PUB/718, International Atomic
Energy Agency, Vienna, 1987.

* BURGESS, M.H., "The Effects of Fires on Type B Packages", IAEA Co-
ordinated Research Programme on Radiological Protection Implications
on Transport Accidents involving Radioactive Materials, Tokyo,
September 1987.

* --, "The Benefits of Immobilising Wastes", ibid.

* CENTRAL RESEARCH INSTITUTE OF ELECTRIC POWER INDUSTRY, "Safety
Allowance of Transport Container for UF<c, in Fire Accident and Sink
Accident into the Sea", IAEA Co-ordinated Research Programme on the
Radiological Protection Implications of Transport Accidents involving
Radioactive Materials, Tokyo, September 1987.

CHEVALIER, G., et al., "Programme to Develop a Large Transport
Container for Transportation of Large Pieces of Contaminated
Equipment and of Medium Level Waste", Plenum Press, Stratford upon
Avon, (1989) 416.

* FINLEY, N.C., et al., "An Analysis of the Risks and Consequences of
Accidents Involving Shipments of Multiple Type A Radioactive Material
Packages", SAND88-1915, Sandia National Laboratories, Albuquerque,
USA (August 1988) .

* FINLEY, N.C., et al., "The Risks and Consequences from the Transport
of Low Specific Activity Materials by Truck", (Proc. 9th
International Symposium on the Packaging and Transportation of
Radioactive Materials, PATRAM '89, Washington DC, 1989), Vol. 2, U.S.
Department of Energy (1990), 1035 - 1042.

GELDER, R., "Radiological Impact of the Normal Transport of
Radioactive Materials by Air", NRPB-M219, National Radiological
Protection Board, Oxon, United Kingdom (March 1990) 28.
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HART, J.D., "Effects of Fires on Type B Packages", IAEA Co-ordinated
Research Programme on the Radiological Protection Implications of
Transport Accidents involving Radioactive Materials, Tokyo, September
1987.

HASEGAWA, M., et al., "Thermal Analysis on a 48Y Type UF6 Package"
Contract No. 4651/CF, IAEA Co-ordinated Research Programme on
Radiation Protection Implications of Transport Accidents involving
Radioactive Materials, Buenos Aires (June 1990).

HOLT, G., "The Benefits of Immobilised Wastes", IAEA Co-ordinated
Research Programme on the Radiological Protection Implications of
Transport Accidents involving Radioactive Materials, Tokyo, September
1987.

HUGHES, J.S., "Radiation Exposure of the UK Population - 1988
Review", NRPB-R227, National Radiological Protection Board, Oxon,
(March 1989) 98.

INTERNATIONAL ATOMIC ENERGY AGENCY, "Packaging and Transportation of
Radioactive Materials. PATRAM '86", (Proc. Symp., 2 vols, Davos,
June 1986), STI/PUB/718, IAEA, Vienna (1987).

LAWRENCE, B.E., VAN DER VOOREN, A., "Doses to Road Transport Workers
from Radioactive Materials", INFO-0297, Atomic Energy Control Board,
Ottawa, Canada, (December 1988).

LOMBARD, J., SHAW, K., "Review, Analysis and Report on the
Radiological Consequences resulting from Accidents and Incidents
involving Radioactive Materials during Transport in the Period 1975-
1986 by and within Member States of the European Communities", EUR
12768 EN, Commission of the European Communities, Brussels (1990).

MAIRS, J.H., "Multiple Type A Transport Package Accidents", IAEA Co-
ordinated Research Programme on the Radiological Protection
Implications of Transport Accidents involving Radioactive Materials,
Tokyo, September 1987.

MARUOKA, K., et al., "Evaluations on Heat Transfer and Fireproof
Characteristics of a Dry-Type Spent Fuel Transport Cask" Contract No.
4651.1 IAEA Co-ordinated Research Programme on the Radiation
Protection Implications of Transport Implications involving
Radioactive Materials, Buenos Aires (June 1990).

NITSCHE, F., "Investigations of the Thermal Behaviour of Type B
Packagings for Radioactive Materials in Real Fire", Contract No.
4370/CF under the IAEA Co-ordinated Research Programme on the
Radiological Implications of Transport Accidents involving
Radioactive Materials, Tokyo (September 1987).

NITSCHE, F., WEISS, M., "Heat Transfer Investigations for the
Temperature Prediction of Packages in Real Fire", Contract No.
5358/RB, IAEA Co-ordinated Research Programme on the Radiation
Protection Implications of Transport Accidents involving Radioactive
Materials, Buenos Aires (June 1990).

OSTMEVER, R.M., et al., "The Potential Consequences and Risks of
Highway Accidents Involving Gamma-Emitting Low Specific Activity
(LSA) Waste", SAND87-2808, Sandia National Laboratories, Albuquerque,
USA (August 1988).
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RINGOT,C. et al., "Technique of Stowing Packages containing
Radioactive Materials during Maritime Transportation", Plenum Press,
Stratford upon Avon, (1989) 416.

RINGOT, C , et al., "Risk Assessment and Management for
Transportation of Hazardous Material" (Proc. Symp. NUSTEC), Tokyo,
(1987).

RINGOT, C , et al., "Synthesis Report of the Studies Undertaken in
France involving Type A and Type B Packages and Packages containing
Uranium Hexafluoride", Contract No. 4613, IAEA Co-ordinated Research
Programme on the Radiological Implications of Transport Accidents
Involving Radioactive materials, Tokyo (September 1987).

RINGOT, C , et al., "Thermal Behaviour of UF6 Packages", Contract No.
4613, IAEA Co-ordinated Research Programme on the Radiation
Protection Implications of Transport Accidents Involving Radioactive
Materials", Buenos Aires (June 1990).

— , "Air Transport of Radioactive Materials", ibid.

SAUNDERS, G.A., "Absorbent Material for Type A Radioactive Materials
Packaging containing Liquids", INFO-0341, Atomic Energy Control
Board, Ottawa, Canada (November 1989).

SHAW, K.B., et al., "Air and Sea Transport", Radiological Protection
Bulletin, No. 106, (October 1989).

SHAW, K.B., et al., "Review of the Radiological Consequences
Resulting from Accidents and Incidents Involving the Trasport of
Radioactive Materials in the UK from 1964 to 1988", NRPB-M206,
National Radiological Protection, Oxon, United Kingdom, (March 1990)31.

SHIOMI, S., et al., "Demonstration Test for the Soundness of Spent
Fuel Transport Cask under the Severer Condition", Contract No.
4651/CF, IAEA Co-ordinated Research Programme on the Radiological
Protection Implications of Transport Accidents involving Radioactive
Materials, Tokyo (September 1987).

SINGH, D., SUNDARA RAO, I.S., "A Review of Transport Incidents
Involving Radioactive Material in India", International Journal of
Radioactive Materials Transport, 1, No. 1 (1990) 1-4.

SUZUKI, M., et al., "An Experimental and Analytical Study on Heat
Transfer Characteristics of a UF6-filled Vessel", IAEA Co-ordinated
Research Programme on the Radiological Implications of Transport
Accidents involving Radioactive Materials, Tokyo, September 1987.

TANAKA, T. et al., "Physical and Chemical Characteristics of UF$
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3.2 Description of recently concluded work undertaken in connection with
IAEA Co-ordinated Research Programmes

These are arranged alphabetically by author. Salient portions of
the respective reports are quoted, with only minor editorial corrections.
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"Evaluation of Requirements for the Transport of UF^"

BIAGGIO, A.L., LOPEZ VIETRI, J.R.

IAEA Co-ord. Research Programme on Radiation Protection Implications
of Transport Accidents involving Radioactive Materials

Buenos Aires, June 1990

Conclusions:

(a) The new text of the document containing recommendations for the safe
transport of uranium hexafluoride, soon to be published by the
International Atomic Energy Agency, constitutes a fundamental step
forward which will help raise the safety level for control of the
chemical risks posed by this substance during transport and, since
these are functional criteria, there will be no difficulty in
implementing them on a universal scale.

(b) Certain details of the document are still susceptible of improvement
and, with this in mind, we hope to develop filling criteria which are
compatible with the existing criteria but are based on the weighing
procedures used in practice to monitor filling, and to produce
explanatory material on this topic.

<c) Uranium hexafluoride cannot be adequately characterized using the
tests specified in the United Nations Recommendations on the
Transport of Dangerous Goods. On the one hand, the test would be
performable but its results would not enable one to evaluate the
toxicity of UF^; and on the other, if the test is performed in the
absence of water it is not representative of the corrosive risk to be
expected in real accidents.

Note 1: Even though additional experiments on laboratory animals had been
planned, it is thought, with some justification, that the results of
those tests would not alter the general conclusions reached and
outlined in (c) above and they were therefore suspended.

Note 2: Photographs showing the results obtained in the tests on animals
indicate clear evidence of necrosis in the animal whose skin was
moistened before solid UF^ was brought into contact with it.
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"Evaluation of Requirements for Uranium Haxafluoride Transport"
"Report of Activities in 1986"

BIAGGIO, A.L., LOfEZ VIETRI, J.R.

IAEA Co-ord. Research Program on Radiological Protection Implications
of Transport Accidents involving Radioactive Materials

Tokyo, September 1987

Preliminary Conclusions:

1. If the avoidance of non-stochastic effects in the event of persons'
being accidentally exposed to releases of uranium hexafluoride is
accepted as a principle, chemical aspects will always dominate the
radiological ones, even when highly enriched uranium is involved.

2. If it is intended to make the transport safety levels for chemical
hazards equivalent to those set for substances which pose a
significant radiological danger, it will be necessary to use Type B
packages when the mass of uranium hexafluoride exceeds a few
kilograms. Also, if significant accidental releases are possible in
transit storage areas, it will be necessary to use the same type of
package for smaller masses as well.

3. The requirements currently in force do not stipulate explicitly what
requirements are expected in the event of transport incidents or
accidents for such phenomena as impact or fire. Nor can requirements
specifying the materials, dimensions, fabrication process, etc.
characteristic of one country be easily extrapolated for use in other
countries. For example, when an "equivalent steel" is selected or
specified in the national scheme, it is not clear which "equivalent"
properties are to be taken into account. These may differ
significantly, as is shown below:

(a) Equivalent in terms of compatibility with the radioactive
contents;

(b) Equivalent in terms of weldability;
(c) Equivalent in terms of behaviour in the event of impact;
(d) Equivalent in terms of tensile or compressive strength;
(e) Equivalent in terms of behaviour in the event of elastic,

elastoplastic or plastic deformation.

4. If it is intended to have a set of universal requirements for the
design, construction and operation of packages for the transport of
UF6, the basis of these requirements should be performance standards.

5. Present practice requires the use of Type B packages when this is not
specifically required by the IAEA Regulations. This requirement may
be implicit in design provisions to prevent criticality accidents,
but it does not necessarily apply in all cases. In addition, studies
should be made of the behaviour of a system comprising a punctured
tank penetrated by water in order to determine precisely whether it
is in fact possible for UF^ + HjO system in a tank with holds or
major ruptures to develop in such a way as to give rise to critical
systems and, if so, in what circumstances this would occur.
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"The Effects of Fires on Type B Packages"

BURGESS, M.H.

IAEA Co-ord. Research Programme on Radiological Protection Implications
of Transport Accidents involving Radioactive Materials

Tokyo, September 1987

A pool fire test facility has been constructed at Winfrith. It is
capable of performing liquid petroleum fuelled fire tests, to the
specification of the Transport Regulations, on the largest flasks. The
available fuel area is 9.5 m x 6.5 m. Several commissioning test fires have
been completed, mainly to investigate various designs of wind break. These
15 minute tests have also been used to develop instrumentation and to collect
data relating to the flame properties.

Heat flux metres (HFM) and directional flame thermocouples (DFT),
have been tested with a hollow steel drum simulating a transport package.
The results obtained are still being analysed but two interim conclusions can
be reported. The effects of flames on unprotected, mineral-insulated
thermocouple cables are acceptably small with 3 mm diameter cable but have
errors of up to 100cC at 1.5 mm diameter. Smaller diameter cables will
suffer even larger errors from electrical resistance breakdown at high
temperature.

The DFTs demonstrate widely varying heat fluxed at the same position,
depending on the direction of view. As might be expected, the inward facing
DFT recorded with much higher temperatures than that outward facing, and a
bare thermocouple an intermediate temperature. Typical temperatures were
850°C, 200°C and 650°C, respectively. The relationship might change with a
cooler object within the fire, so tests are planned with a massive package.
The results highlight the uncertainty inherent in using bare thermocouples to
measure local flame temperature.

The fire test facility provides a means of testing transport packages
to the prescription of the IAEA Regulations and beyond. It will be used for
commercial contracts and to measure the basic parameters of flame heat
transfer thus providing a better understanding of the processes enabling
better computer modelling to be achieved.
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"The Benefits of Immobilising Wastes"

BURGESS, M.H.

IAEA Co-ord. Research Programme on Radiological Protection Implications
of Transport Accidents involving Radioactive Materials

Tokyo, September 1987

The Winfrith Drop-Test Facility has been used to investigate the
impact resistance of a cement-filled drum simulating an intermediate level
waste package. Drop heights of up to 28 m were used with a flat target. The
drum design varied in lid design (welded or absent) and strength of internal
matrix material. The tests varied the orientation of the package at impact.
Simple calculations were used to predict local deformations and
decelration/time histories of the packages. Measurements of expelled matrix
mass were recorded.

The results of this joint Winfrith/SRD contribution have been
submitted to the CEC who have part-funded this programme. The consideration
of an expert working party is awaited before full publication as a CdC
document.
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"Safety Allowance of Transport Container for UF$ in
Fire Accident and Sink Accident into the Sea"

CENTRAL RESEARCH INSTITUTE OF ELECTRIC POWER INDUSTRY

IAEA Co-ord. Research Programme on the Radiological Protection Implications
of Transport Accidents involving Radioactive Materials

Tokyo, September 1987

Safety allowance under the severe fire condition
Conclusion

1. If the temperature at initial state is 38°C, the temperature of UF$
reaches the design temperature of the cylinder {121.1°C) after about
810 minutes from when the environment temperature reaches 800°C.

2. When the temperature of UF̂ , reaches 121.1°C, the temperature of the
valve is also 121.1°C. Therefore it seems that no leakage of UF$
from the valve happens before the hydraulic breaking of the cylinder.
At this moment, liquid level is above the valve, so temperature of
valve agrees with that of UF6.

3. Phenolic foam has carbonized after 4 hours from the start point.
Temperature distribution along the hoop direction is uniform.

4. It is clear that liquid level of UF5 has influence on the temperature
of the outer surface opf the cylinder in 0° direction. In 90° and
180° directions, small temperature difference is recognized.

5. The history of the volume change of UF$ is shown. Extreme increase
of the volume happens through the phase change. And it shows that
UFfc occupies about 95% of the cylinder volume at the design
temperature of the cylinder.

Pressure resistance capability of 30B cylinder
Conclusions

1. If pressure is below 20 kg/cm2 G, the cylinder is inside the elastic
range. So containment of valve is kept.

2. If pressure exceeds 60 kg/cm2 G, the cylinder buckles and residual
deformation is detected. At this point the integrity of containment
of the cylinder and valve is kept.

3. The evaluation equation of ASME is useful for the estimate of a
buckling of an object similar to 30B cylinder.
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"An Analysis of the Risks and Consequences of Accidents
Involving Shipments of Multiple Type A Radioactive Material Packages"

FINLEY, N.C., et al.

IAEA Co-ord. Research Programme on the Radiological Protection Implications
of Transport Accidents involving Radioactive Materials

Tokyo, September 1987

Conclusion

Comparing the results of the RADTRAN III calculations with a
normalized set of results from NUREG 0170, both for incident-free transport
and vehicular accident cases, the calculated consequences in the current
analysis are lower. Even for the High-Activity Shipment, the total expected
population dose from either incident-free transport or vehicular accidents is
small, and smaller than that estimated in NUREG 0170.

The results of the simulation in which parameters were varied
randomly and independently indicate that, regardless of the input values
assumed, the maximum total population dose from the High Activity Shipment
and the simultaneous occurrence of the least conservative value for each
input parameter might be as high as 300 person-rem for a single shipment.
The values for either one of the other shipments (DOT Exemption or Common
Carrier) would be significantly lower.

The potential average individual radiation doses from accidents
involving multiple Type A package shipments are comparable to the increase in
the normal background radiation dose of 0.09 rem/person/year (90 mrem) that
an individual would receive by moving from sea level to 5,000 ft elevation.
The maximum dose to an individual {one very near the accident scene) for the
High Activity Shipment would be approximately 0.3 rein (300 inrerr.) in a maximum
severity accident. This is within the individual dose guidelines outlined by
NCRP (0.5 rem).

Even at the high levels postulated for multiple package shipments
under DOT controlled exemptions, the potential risks to the public in terms
of expected population dose in the current analysis are below those already
found to be acceptable in NUREG 0170.
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"The Risks and Consequences from the Transport of
Low Specific Activity Materials by Truck"

FINLEY, N.C., et al.
IAEA Co-ordinated Research Programme on the Radiation Protection Implications

of Transport Accidents involving Radioactive Materials
Buenos Aires, June 1990

Conclusion:

1. The quantity of gamma-emitting radionuclides in a shipment is limited
•by current shipping requirements and practices to levels below the current
regulatory limit. Most shipments of LSA material will contain less than
1,000 Ci of gamma-emitting radionuclides, even in the extreme.

2. Dose-rate restrictions for unshielded LSA containers reduce the
maximum number of curies transported and the average specific activity per
shipment. For a large LSA waste liner, the dose-rate restriction of 1 rem/hr
at 3 m could reduce the maximum specific activity permitted by nearly an
order of magnitude from the current regulatory level. The dose-rate
restriction of 1 rem/hr at 1 m could further reduce the maximum activity of
five. Both restrictions would increase the total number of shipments.

3. Even with the conservative assumptions regarding release and the
conservative models used to estimate dose, external radiation doses to an
individual as a result of an accident involving a shipment of HRL-LSA
material at the current regulatory limit would likely be less than a few tens
of rem. Using more realistic assumptions about radionuclide releases, the
maximum individual doses for HRL-LSA waste are unlikely to exceed a few rem.
The maximum individual external doses from LSA waste for which activities are
limited by either of the alternative dose-rate restrictions are likely to be
within current radiation exposure guidelines.

4. The population dose tor external exposure to a spill is likely to be
less than a few hundred person-rem for material shipped at the regulatory
limit. The external population doses for resins restricted by package dose-
rate are likely to be less than a few tens of rem.

5. Potential population doses from inhalation of aerosolized
radionuclides could be greater than the direct gamma dose from a spill.
However, because aerosolized radionuclides would be highly dispersed, maximum
individual doses for people in areas downwind of the accident site are likely
to be substantially less than the maximum external doses at the site. This
results from the original concern regarding the inhalation hazard for LSA
materials which led to setting the permitted specific activity levels at
relatively low values.

Based on the analyses reported, current LSA limitations are
sufficient to prevent excessive external radiation exposure to an individual
following a severe transportation accident. Package dose-rate restrictions
would provide a higher level of confidence that external radiation doses are
unlikely to be excessive, but these restrictions could have a substantial
adverse impact on shipping practices and costs for transportation of LSA
material. In addition to dose-rate restrictions, other options for changes
in the handling of LSA materials such as limiting the Al and the quantity in
package have been proposed. As with the dose-rate restrictions, the "cost"
of implementing other options would be either to increase the total number of
LSA shipments or increase the overall cost of packaging and transporting the
materials.
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"Effects of Fires on Type B Packages"

HART, J.D.

IAEA Co-ord. Research Programme on the Radiological Protection Implications
of Transport Accidents involving Radioactive Materials

Tokyo, September 1987

The CEGB pursues a policy of continuous development so that when new
investments are contemplated the benefits can be maximised. In regard to
Type B transport packages new design concepts are being explored and
assessment techniques developed for normal transport and accident conditions.

One specific development relates to the assessment of thermal
distributions which arise in thick walled packages during prolonged exposure
to fire conditions. Computer modelling techniques have been developed
starting from simplistic 2D representations and then progressing to 3D
representations where the lid and body components are separately assessed and
finally 3D representations of combined lid/bolt/body geometries. Comparisons
have indicated that sufficient accuracy can be obtained with considerable
cost savings using separate 3D representations.

Another more general development involves the pre-despatch testing of
elastomer seals and the transfer of particulate aerosols across seals.
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"Thermal Analysis on a 48Y Type UF(, Package"

HASEGAWA, M.

IAEA Co-ordinated Research Programme on Radiation Protection Implications
of Transport Accidents involving Radioactive Materials

Buenos Aires, June 1990

Abstract

Experimental and analytical studies were carried out aiming at a
better understanding of thermal behaviour of uranium hexafluorido in
cylinders. The experimental study includes the measurement for thermal
conductivity of solid and liquid uranium hexafluoride as well as tUe thermal
test for a bare vessel filled with about 110 kg of uranium hexafluoride.

The thermal conductivity of solid and liquid uranium hexafluoride was
measured by steady and non-steady methods and was found to be in fairly good
agreement with the values estimated by Weber's empirical law. The thermal
test was conducted to observe the phase changes of inner hexafluoride as a
function of time and location as well as the apparent heat transfer
coefficient between the cylinder material and inner uranium hexafluoride.

Based on both the observation of this thermal test and the
experimental determination of thermal conductivity, a two-dimensional
analysis is carried out to complete liquefaction of uranium hexafluoride in
the test cylinder by using a PHOENICS code which takes into direct account
fluid flow effect.
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"The Benefits of Immobilised Wastes"

HOLT, G.

IAEA Co-ord. Research Programme on the Radiological Protection Implications
of Transport Accidents involving Radioactive Materials

Tokyo, September 1987

It is the policy of the UK nuclear industry that intermediate level
radioactive wastes be converted to a solid, monolithic and stable form in
preparation for final geological disposal. This is achieved by conditioning
the waste in, for example, a cement based matrix. There are a large number
of different waste streams ranging from homogeneous forms such as sludges to
heterogeneous forms such as small redundant plant items, that will be treated
in this way. Each will produce a solidified waste block with unique physical
properties.

The waste is to be conditioned where possible within a drum of
nominally 500 litre capacity. It will be necessary to use a number of
different drum designs each reflecting the particular waste conditioning
process used. For example, sludges will be mixed into the matrix using a
paddle whereas solids will be flooded with grout.

The drum filled with solidified waste will be the final disposal
package and must be transported from the waste producer site to the waste
repository safely and without unacceptable damage. The drums will be
transported four at a time within a self-shielded re-usable transport
container which will be designed to type "B" standards. The transport
package therefore consists of the transport container, the drums and the
waste blocks with each component performing a role such that the combination
will satisfy the design and regulatory requirements.

The general conclusions of the impact work to date are that drums
containing solidified wastes are robust and capable of large deformations
without rupture of the drum skin, that the waste blocks within the drums
remain reasonably intact with limited loose debris being produced and that
predictive computer models can be developed *>hich correlate reasonably with
actual drop tesi. performance.

Preliminary work has been undertaken on the thermal performance of
conditioned waste, drums and transport containers to assess the potential for
release of activity in both gaseous and particulate form.

The above work will be an input into the consideration of whether or
not the transport container lid joint must be sealed. If sealing is not
required this will greatly reduce the design complexity of the transport
container.
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"Multiple Type A Transport Package Accidents"

MAIRS, J.H.

IAEA Co-ord. Research Programme on the Radiological Protection Implications
of Transport Accidents involving Radioactive Materials

Tokyo, September 1987

There is, in principle, no restriction to a large number of Type A
packages being transported on a single conveyance. Each package possibly
containing a quantity of radioactive material that may approach the activity
limit for a Type A package. Briefly, the aims of this study are to examine
the extent to which such movements occur, to assess the potential
radiological impact of major accidents involving many packages and to
determine whether there is a need to restrict the number of Type A packages
in a conveyance.

An examination of a database of accidents and incidents occurring
during the transport of radioactive materials in the UK between the years
1964 and 1984 has shown that there have been very few events involving
multiple Type A package loads. To examine the extent to which large numbers
of Type A packages are transported on a single conveyance in the UK, data
supplied by the major producers and carriers of multiple package consignments
were analysed. It was found that only a very small percentage of Type A
packages contain amounts of dispersible activity that approach Aj limits. In
1982 the NRPB developed an accident assessment capability for atmospheric
releases which has been successfully applied to postulated releases during
the transport of radioactive materials and has been chosen for application in
this study.

The preliminary results are reassuring, indicating that there should
be no undue alarm regarding accidents involving consignments of large numbers
of Type A packages in a single conveyance.
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"Evaluations on Heat Transfer and Fireproof Characteristics
of a Dry-Type Spent Fuel Transport Cask"

MARUOKA, K., et al.

IAEA Co-ordinated Research Programme on the Radiation Protection Implications
of Transport Implications involving Radioactive Materials

Buenos Aires, June 1990

To transport spent fuel, a wet-type transport cask which uses water
as a cooling medium and dry-type transport cask which uses a gas cooling
medium are employed. Regarding the dry-type transport cask, particularly
with respect to the behaviour of drop test, it is possible to verify its
safety according to the results of demonstration tests which have so far been
carried out on wet-type transport casks. With regard to temperatures in each
part of the cask of heat transfer test and thermal test, however, no
demonstration data are available because the method od heat removal is
different.

Using a 100-ton class transport cask heat transfer test and thermal
test were conducted to evaluate the heat transfer and thermal characteristics
of the dry-type transport cask. Furthermore, by simulating the results of
these tests, efforts were made to establish adequate methods for heat
transfer and thermal analyses on the dry-type transport cask.

From the results of the studies, methods for heat transfer and
fireproof analyses under advanced heat transfer boundary conditions were
successfully established with respect to the dry-type transport cask which is
characterized by heat transfer within the cavity.
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"Investigations of the Thermal Behaviour of Type B Packagings
for Radioactive Materials in Real Fire"

NITSCHE, F.

IAEA Co-ord. Research Programme on the Radiological Implications
of Transport Accidents involving Radioactive Materials

Tokyo, September 1987

For the determination of the thermal behaviour of transport

packagings in an open real fire the heat transfer from fire to the packaging

has to be investigated and modelled as the decisive process. For this

purpose, systematic experimental and theoretical investigations in open fire

are performed by means of a simplified steel model container. Flame and

container temperatures are measured using various methods and simplified

effective parameters for modelling heat transfer in real fire are derived by

comparison with calculations.

At the first working stage, investigations were made using a clean

unfinned model container. From the results obtained the following

conclusions can be drawn:

When carrying out experimental thermal tests in open fire, great

temporal and local variations of fire temperatures occur and a

reduction of flame thickness with increasing height. To ensure a

fire fully engulfing the container, a fire ground area of not less

than 3 x 3 m2 should be chosen and the edge of the fire pool should

project not less than 1.50 m beyond the outermost, dimension of the

transport packaging.

The measurement of container wall temperatures with caulked

thermocouples passed through the fire results m considerable

systematic measuring errors which increasF with increasing number of

tests. With the correction method descri:ed in this report these

errors can be eliminated.

For the 3 x 3 m2 fire, under the given experimental conditions the

mean temperature of the real fire TF can be determined by measuring

the flame temperature with thermocouples in the immediate vicinity of

the container surface.

By comparative calculations with the computer, the effective heat

transfer parameters in real fire could be derived, for which good

agreement of the measured and calculated container wall temperatures

was obtained.

For our concrete test conditions the following parameters were found:

a) mean fire temperature: TF (mean value of flame temperatures measured

in vicinity of container)

b) tnê n flame emissivity coefficient: ef = 0.9

c) mean emissivity coefficient of container surface: ec = 0.6

d) convective heat transfer coefficient: OQ - ?5 W/m2K

By means of these effective heat transfer parameters the effect of the real

fire environment on the thermal behaviour of the model container can be

modelled in a simple way and with sufficient accuracy.

In the second working stage the systematic investigations are

continued in order to confirm the results of heat transfer obtained in real

fire at the finned model container and to extend as well as generalize them

as far as possible.
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"Heat Transfer Investigations for
the Temperature Prediction of Packages in Real Fire"

NITSCHE, F., WEISS, M.

IAEA Co-ordinated Research Programme on the Radiation Protection Implications
of Transport Accidents involving Radioactive Materials

Buenos Aires, June 1990

The conclusions of the previous study were further developed, and in
addition:

- The determination of the container surface absorptivity in a real
fire is a significant problem for realistic heat transfer modelling,
because it depends on package surface state, material, design,
temperature and fire conditions and therefore varies during the
fire's duration. It was found that sooting of package surfaces
during the fire test has to be taken into account for realistic
temperature prediction. For the concrete test conditions a high
soot-burn off temperature of 600°C was obtained, resulting in a
reduction of the heat flux from the flames to the package.

Further studies are necessary to check the applicability of this soot
layer model to original package designs. Especially the soot-burn off
temperature has to be determined for typical surface materials used in
package designs. This found phenomena can have a significant effect on heat
transfer in a real open fire.
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"The Potential Consequences and Risks of Highway Accidents
Involving Gamma-Emitting Low Specific Activity (LSA) Waste"

OSTMEYER, R.M., et al.

IAEA Co-ord. Research Programme on the Radiological Implications
of Transport Accidents involving Radioactive Materials

Tokyo, September 1987

The conclusions and observations from these analyses include the
following:

1. The quantity of gamma-emitting radionuciides in a shipment is limited
by current shipping requirements and practices. Most shipments of
LSA material will contain less than 1,000 Ci of gamma-emitting
radionuciides, even in the extreme.

2. Dose-rate restrictions for unshielded LSA containers reduce the
maximum number of curies transported and the average specific
activity levels per shipment. For a large LSA waste liner, the dose-
rate restriction of 1 rem/hr at 3 m could reduce the maximum specific
activity by nearly an order of magnitude from the regulatory level.
The dose-rate restriction of 1 rem/hr at 1 m could further reduce the
maximum activity level by a factor of five and increase the total
number of shipments.

3. The package dose-rate restriction of 1 rem/hr at 3 m would impact
about 4% of the current LSA waste shipments (i.e., about 250
shipments per year). However, because of the extent to which the LSA
would need to be diluted and/or divided into available Type B
shipping containers to be shipped in the LSA classification, the
restriction could create hundreds to more than a thousand additional
shipments per year. The 1 rem/hr at 1 m restriction would impact
about 23% of all HRL-LSA shipments and could create thousands of
additional shipments per year.

4. Even with the conservative assumptions regarding the release and the
conservative models used to estimate dose, external radiation doses
to an individual for an accident involving a shipment of LSA material
at the current regulatory limit are likely to be less than a few tens
of rem. Under more realistic assumptions about radionuclide
releases, the maximum individual doses for HRL-LSA waste are unlikely
to exceed a few rem. The maximum individual external doses from LSA
waste for which activities are limited by the dose-rate restrictions
of 1 rem/hr at 1 m and 1 rem/hr at 3 m are likely to be within
current radiation exposure guidelines.

5. At the very worst, the population dose for external exposure to a
spill is likely to be less than a few hundred person-rem for material
shipped at the regulatory limit. The external population doses for
the resin restricted by package dose-rate are likely to be less than
a few tens of person-rem.

6. The potential population dose for aerosolized radionuciides could be
greater than the direct gamma dose from a spill. However, because
aerosolized radionuciides would be highly dispersed, maximum
individual doses for people in areas downwind of the accident site
are likely to be substantially less than the maximum external doses
at the site.
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7. Direct accident costs are generally independent of the specific
activity level of the LSA material. They are dependent on the waste
form and extent of material dispersed during the accident, and are
not affected by curie reductions. For the scenario considered in
this report, cleanup costs could be in the order of tens to hundreds
of thousands of dollars. These costs are consistent with those for
spills of less hazardous radioactive materials (e.g., yellow cake).

8. The costs for an accident involving an aerosol release could be high,
depending on the magnitude of the release and the accident location.
For spent resin at the regulatory limit, costs could be in the order
of tens of millions of dollars. These costs would result principally
from decontamination.

9. The traffic congestion for an accident leading to the release of a
sizeable quantity of radioactive material could be in the order of
hundreds of thousands of vehicle-hours. However, temporary road
closures are a common occurrence (e.g., for other types of
transportation accidents, natural occurrences such as weather, and
road construction). Therefore, although the estimates of traffic
congestion in this report are sizeable, these estimates are not
necessarily inconsistent with similar incidents that occur on a
regular basis.
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"Synthesis Report of the Studies Undertaken in France
involving Type A and Type B Packages and Packages

containing Uranium Hexafluoride

RINGOT, C., et al.

IAEA Co-ord. Research Programme on the Radiological Implications
of Transport Accidents Involving Radioactive Materials

Tokyo, September 1987

Type A package behaviour - case of n Type A packages
Conclusion

This study has a clear result. It demonstrates the low level of the
risk associated with the transportation of medical sources under the tunnel,
both from a probabilistic and a "worst case" viewpoint. However the use of a
traditional cost benefit approach is not possible because there are only
advantages, when dealing with the mathematical expectation of the cost and
benefits, in releasing the limits. Due to the difficulty with that objective
criterion, other criteria of more subjective nature have been examined.

The limit above which important decontamination work would have to be
undertaken after a very serious accident was found to be a criterion of
interest. This is due to the economic impact, but especially to the
potential effect on the public opinion of a long shut-down of the tunnel
attributable to a radioactive material incident. It would lead to choosing a
value of about 130 Ci of Tc at the time the truck crosses the tunnel (60 Ci
of "nominal" activity). Although it clearly appears that the last figure
relies on a subjective judgment, and that the final decision should carefully
weigh these subjective factors, this study illustrated how a quantitative
assessment and a formal approach prove useful when dealing with decisional
problems of that kind.

Behaviour of the ORIS Industrie technetium generator "ELUMATIC III" package
under accidental conditions
Conclusion

The experience acquired on the behaviour of the ELUMATIC III packages
has enabled setting up a table which gives the computed figures of the
stresses undergone during an accident with respect to the damage to the
package.

Behaviour of Type B packages - the case of plutonium air transport
Conclusion

A first approach of the test efficiency can be made here assuming
three kinds of packages. Two packages being strictly on the qualification
standard basis, with no safety margin, and therefore reflecting the level of
safety associated with the test specification, and a realistic package, with
a threshold failure at 80 m/s (a conservative figure for the FS 47) can be
compared on the basis of a given traffic: 1800 kg - 6000 km - 1 year,
involving twelve flights.

Additional hypotheses had to be adopted, i.e., than a realistic
release was of about 5%, half of it can be considered as respirable. Also
two hypotheses on ground hardness were compared A (10% of hard soils on the
route) and B (50% of hard soil on the route). It can be shown that the
actual packages have a probability of opening which is between 2.5 to 5 times
lower than a new reduction factor between 1.4 and 2.5. Looking at the
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mathematical expectation of the release (7.5 kg for the total cargo when all
containers are opened), the ratios are the same as above, but the absolute
difference has also a meaning. Moving from actual packages to NUREG packages
represent a gain of 0.04 g for the expected yearly release.

Although there are still many hypotheses to check, it clearly appears
that probabilistic safety analysis provides a new and fruitful insight on
this regulatory question. It is thus possible to base the decision on the
initial risk level and the expected benefits, and eventually to compare this
option to other risk reduction or risk mitigation measures (for example
improving emergency response).

The packaging and transport of uranium hexafluoride
Conclusion

The total mass of the 48Y container filled with UF^ under normal
conditions is 14,860 kg; thus the drop height prescribed by IAEA-TECDOC-423
is 0.60 metres.

Under these conditions, a drop at an angle and impact to the right of
the cap leads to valve shearing with the standard cap, while the former
remains intact with the new model cap.

Only those containers equipped with the new model cap will thus be
acceptable, in accordance with the recommendations of IAEA-TECDOC-423.
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"Thermal Behaviour of UFj Packages"

RINGOT, C., et al.

IAEA Co-ordinated Research Programme on the Radiation Protection Implications
of Transport Accidents Involving Radioactive Materials

Buenos Aires, June 1990

General

Calculation models which aim to determine the rupture time for a 48Y
container (12 tonnes of UF̂ , which is universally used for transporting
natural UF5) during its exposure to a hydrocarbon fuel air fire, have been
developed in France and in other countries. They have been partly validated
as existing tests (USA and Japan) have been carried out only with smaller
containers (with a maximum of about 100 kg of UF^) and at insufficiently high
temperatures (400°C).

Some uncertainties remain (lack of knowledge of heat transfers
between the container wall and UF^ in particular) and the rupture times thus
calculated vary between 22 and 50 minutes as a function of the model used.

As the resistance to fire of a 48Y UF6 container cannot be warranted
from calculations, it is proposed to perform additional thermal tests in
France, with technical and financial collaboration by foreign participants.
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"Air Transport of Radioactive Materials"

RINGOT, C., et al.

IAEA Co-ordinated Research Programme on the Radiation Protection Implications
of Transport Accidents Involving Radioactive Materials

Buenos Aires, June 1990

The second main subject of study in France concerns the transport by
air. France is particularly involved because the air mode is one of the
options for transporting to Japan that plutonium that has issued from the
reprocessing of the Japanese fuel elements in the Hague. Thus many studies
were performed in recent years:
- studies relating to the conditions likely to be encountered in

aircraft accidents
- studies relating to the acceptance criteria in accident conditions

which may be proposed for packages transported by air (radioactive
release, biological shielding), and to the exemption limits for the
contents.

Some technical reports have been done on:

1. Air accidentology
Conclusion

When establishing the safety standards for the qualifications of
package for air transport, one should aim at encompassing a fraction of
foreseeable aircraft accidents similar to the one corresponding to land
transport when using current multi-modal standards, which gives a max.
proposed threshold value of 90 m/s for the air impact test.

2. Contamination risk
Conclusion

If we restrict ourselves to the health problem, it seems possible to
accept a release of approximately lOOg. In this case, no immediate effects
would be observed except in urban areas. However, persons involved in the
emergency action and unaware of the danger are still at considerable risk,
although this bears little relationship to the quantity released. The
criteria associated with the ease of intervention are considerably more
restrictive. If emergency action is to be effective and rapid, approximately
10 g would be a maximum. If the implementation of more extensive resources
is considered acceptable, 100 g constitute a second threshold. These
criteria are relatively convergent. A release in excess of one kilogramme is
not acceptable from any point of view, unless perhaps that of the collective
dose. Around 1 g, it seems that there is a high degree of probability of the
problems being resolved. If the risk of prolonged emergency action is
accepted, 100 g can be accepted. If not, 10 g is a more reasonable limit.

It should, however be remembered that in an urban area difficulties
could arise below these limits, but the probability of such an accident is
100 times less. This notion of tolerable release is, in any case, associated
with the fact that the probability of the accident has already been reduced
to a very low level. If this release is to be associated with destructive
test characteristic stresses, it is obvious that the packages will be able to
resist very high levels of stress without loss of confinement.

3. Irradiation risk
Conclusion

Preliminary tests show that it is certainly possible to design
without much difficulty any dispersible material for air transport.
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"Demonstration Test for the Soundness of Spent Fuel Transport Cask
under the Severer Condition

SHIOMI, S., et al.

IAEA Co-ord. Research Programme on the Radiological Protection Implications
of Transport Accidents involving Radioactive Materials

Tokyo, September 1987

Remarks: Drop test

The acceleration and strain measured at each point of the cask in the
12m drop test are shown along with the results of the 30cm and 9m drop tests.
Though the acceleration of the 12m vertical drop test is slightly larger than
that of the 9m vertical drop test, the difference is not significant.

While the acceleration of the 12m horizontal drop test is also
slightly larger than that of the 9m horizontal drop test, the strain value
measured in the 12m horizontal drop test is 2 - 4 times as large as that of
the Sm horizontal drop test. The difference of the strain values is
considered due to the dropping directions; tranion direction for the 9m drop
test and shock absorber contact direction for the 12m drop test.

As the strain values detected in the both drop tests are much smaller
than the criteria established in regulations, the cask can be considered to
hold enough soundness.

The sealing tests conducted before and after the drop tests provided
enough evidence for the containment capability of the cask. The strain
detected at the cap clamping bolts are illustrated in a figure which shows
that the cask kept containment during the impact.

Remarks: Fire test

As the maximum temperature of the lead part (melting temperature:
327°C) and the O-ring part (maximum operational temperature: 250°C) are
316°C and 230°C respectively, and the maximum cavity pressure (design
pressure: 60 Kg/cm2G) is 42 Kg/cm2G under such severe environment as 800°C
90 minute fire test, the soundness of the cask is well proved.

The containment of the casks is confirmed by the sealing tests
conducted before and after the fire test.

The maximum temperature of cask parts detected in the 800°C 90-
minutes fire tests is 2O°-3O°C higher than than of the 800°C 30 minutes test.

The environmental temperature of the 800°C 90 minute fire test was
10°C, which was lower than 38°C defined in the IAEA transport regulations
standard.

Therefore the simulation analysis of 800°C 90 minutes fire test under
the environmental temperature of 38°C with the effect of solar radiation was
conducted. The cask have been approved to have enough soundness by using the
result of it.
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"An Experimental Study on Heat Transfer of a UF6-filled Vessel

SUZUKI, M., et a l .

IAEA Co-ord. Research Programme on the Radiological Implications
of Transport Accidents involving Radioactive Materials

Tokyo, September 1987

Abstract

Thermal tests for a bare, UF^-filled vessel were conducted at Tokai
Works, PNC in August 1987 for a better understanding of heat transfer
phenomena in a UF$ cylinder. The equipment for thermal tests consists of a
270 mm dia. 1400 mm long and 30 mm thick carbon steel (STPT38) test cylinder
and measuring sensors. The test cylinder had a valve on its end plate to
imitate an actual UF£ cylinder and was filled with 100 kg of UF5, which
amounted to 95% in volume of the test cylinder when the temperature of inner
UF6 reached 120°C. The equipment was controlled by a PID controller in the
temperature range from 80°C to 400°C on the heater surface and was equipped
with a capacitance manometer to measure the inner pressure of the test
cylinder and 28 conventional seathed thermocouples to measure temperatures at
various parts of the equipment. From the experimental results, such heat
transfer properties as gap conductance between the cylinder wall and UF^ and
the apparent thermal conductivity of solid and liquid UF6 were derived.

Summary

1. The thermal test of a UF6-filled vessel gave us interesting
information, some of which we didn't expect before this test.

2. Analytical work is underway to simulate the thermal test by using a
2-dimensional computaton code.

3. Further experimental and analytical work will be made for the safety
assessment of a 48Y cylinder under fire.
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"Physical and Chemical Characteristics of UF^
released into the Air and Water"

TANAKA, T., et al.

IAEA Co-ordinated Research Programme on Radiation Protection Implications
of Transport Accidents involving Radioactive Materials

Buenos Aires, June 1990

Introduction:

Aiming at a better understanding of physical and chemical properties
of uranium hexafluoride released into the air and water, we have carried out
experimental assessment since the Mont Louis accident in August 1984. This
report describes the experiments on the reactivity of solid uranium
hexafluoride with sea water and the behaviour of gaseous uranium hexafluoride
released into the air.

Summary:

Neither explosive reaction nor significant inner pressure increase
was observed when solid UF6 was overspread with sea water. The
reaction of solid UF5 with sea water proceeded rather slowly, because
the reaction was considered to be controlled by the diffusion of
water through thick reaction product layer of UO2F2.

Temperature increase was also small and the inner temperature would
not exceed 100°C by the reaction of solid uranium hexafluoride with
sea water.

The reaction of solid UF^ with sea water was not affected by the
pressure in the range from 0 to 3 kg/cm2G.

The corrosion rate of cylinder material was quite low if HF acid was
produced by the reaction of UF^ with sea water.

ft light white smoke produced in the release of UF^ under 100 Torr
into the air included HF but little uranium compounds.

The particle size distribution in the aerosol produced by releasing
UFfc into the air was investigated. Small aerosol ranging from 0.018
to 0.1 micro meters in particle size was found to be associated HF
molecules, while the particle sizes of UO2F2 aerosol were distributed
around 0.24 and 0.32 micrometers under the relative humidities of 20%
and 50%, respectively.
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"Estimation of Radiation Level and safety Assessment of
a Low-Level Radioactive Waste Shipping Vessel"

UEKI, K., NAMITO, Y.

IAEA Co-ordinated Research Programme on the Radiation Protection Implications
of Transport Accidents involving Radioactive Materials

Buenos Aires, June 1990

Introduction:

A low-level radioactive waste shipping vessel in which as much as
3000 radwaste drums were loaded was supposed in the study and the gamma-ray
dose rate distributions in the shipping vessel were estimated by using the
Monte Carlo coupling code system MORSE-CG/ RADWASTE-VESSEL. The calculated
results from the MORSE-CG/ RADWASTE-VESSEL code system were compared with
other calculations by the point kernel codes, SPAN, QADCG, QAD-CG.GP and QAD-
CG with the attenuation cross sections. After comparison with each
calculation, satisfactory agreement was obtained except a few dose points.

Comparison with other codes:

Comparison of the calculated gamma-ray dose rates at the 14 dose
points by the Monte Carlo code system with other codes of the SPAN, QAD-CG,
QAD-CG.GP and QAD-CG with attenuation cross section is summarized. The
calculated dose rates on the hatch covers of the vessel (i.e., dose points 6-
12) agree fairly well in each code. However, there are large discrepancies
in each calculated value in the accommodation areas (i.e., dose points 1-3)
and also at the bow (i.e., dose points 14 and 15). The differences or the
discrepancies may be due to the calculational method or the modeling of the
vessel. However, we have no experimental or measured data for the
radioactive waste shipping vessel. Therefore, we cannot decide whichever
code is better or more suitable to the calculation.

As a conclusion, we observed some differences or discrepancies in
each calculated dose rate at a point; however, the codes employed in this
study can be used to calculate the dose rate distributions in the radioactive
waste shipping vessel and the results may be reasonable.
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"Increasing Neutron Dose Rate Levels due to Damage of
Resin Field in Spent Fuel Shipping Casks"

UEKI, K., NAMITO, Y.

IAEA Co-ord. Research Programme on the Radiological Protection Implications
of Transport Accidents involving Radioactive Materials

Tokyo, September 1987

Integral shielding experiments and Monte Carlo calculations of spent-
fuel shipping casks were carried out to evaluate a magnitude of increasing
neutron dose rate levels due to damage of resin shield employed in the
prototype wet cask and the TC-12A dry-cask. The measurement of neutron dose
rates with a Cf-252 source were performed not only with a cask as designed
but also with one having lost its resin shield of the prototype cask, by the
fire test required by the IAEA Transport Safety Regulations.

On the other hand, the measurements were carried out only as designed
the TN-12A dry-cask, meanwhile the Monte Carlo calculations were performed
with both as designed and with one having lost its resin shield.

The measured neutron dose rates are compared with the results of
Monte Carlo calculations using the next-event surface crossing (NESX)
estimation. Increasing neutron dose rate levels due to damage of the resin
shield was evaluated through the comparison of neutron dose rates between the
casks as designed and the ones having lost with its resin. Neutron shielding
efficiency was introduced as a ratio of the dose rate for the resin undamaged
cask with that in the resin damaged one.

A neutron shielding efficiency of the 10-cm thick resin shield in the
TN-12A dry-cask was a factor of 23 for the spent-fuel source, based on the
Monte Carlo-NESX calculations. Accordingly, neutron dose rate level is to
increase by a factor of 23 when the 10-cm thick resin shield is completely
damaged by some accident, around the cask. That is, when the neutron dose
rate is 10 tnrem/h at 1 m distance from the TN-12A integrity cask, due to
having lost with its resin shield of 10 cm thick, the maximum neutron dose
rate is estimated to be as much as 230 mrem/h at the same distance.

A 10-cm thick resin shield of the prototype wet-cask was found to
have a neutron shielding efficiency by a factor of 12 for the californium
source of 50 cm in radius and 50 cm high, based on the experiments. The
difference of the shielding efficiency between the TN-12A cask with the long
spent-fuel neutron-source and the prototype cask with the short Cf-252 source
is attributable to the different penetration length of neutrons entering a
detector located on each cask surface.
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"Impact Behaviour of 500 Litre Intermediate Level Waste Drums
Physical Properties of Representative Waste Forms"

UNITED KINGDOM NIREX LTD.

IAEA Co-ordinated Research Programme on the Radiation Protection Implications
of Transport Accidents involving Radioactive Materials

Buenos Aires, June 1990

Introduction:

The purpose of the experimental work reported here was to derive
fundamental data relating to the mechanical behaviour of the chosen waste
forms. This data is being used in support of wider studies being carried out
as part of an overall programme of work to generate data and develop an
understanding of the impact behaviour of immobilised Intermediate Level Waste
when encapsulated in 500 litre drums.

Conclusions:

Drums of cement paste, immobilised ion exchange resin, magnox swarf
and magnox sludge were cast under comparable conditions and at the same time
as drums used for the impact behaviour studies. When the contents had cured,
test specimens were prepared by coring the matrices in the drums.

For all four matrices a series of simple static and non-destructive
tests were carried out to determine the basic mechanical properties of the
matrices. For the two homogeneous simulated waste forms, (cement paste and
tnagnox sludge), more sophisticated triaxial testing and high strain rate
testing has also been conducted.

With a few exceptions, the conventional testing of all the matrices
and the investigation of the triaxial behaviour of the cement paste and the
magnox sludge yielded results that are consistent with expectations.

The results obtained from the Split Hopkinson Bar experiments are
less straightforward and it is more difficult to be categoric about their
value. Had all the samples failed in the same manner even at the lower
strength values, it could have been stated with some confidence that the
expected strength enhancement with increased rates of strain was being
observed. However, the subsequent dramatic increase in strength with a
marginal increase in strain rate was unexpected and has not been
satisfactorily explained.
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"Impact Behaviour of 500 Litre Intermediate Level Waste Drums
Fundamentals of Impact Behaviour"

UNITED KINGDOM NIREX LTD.

IAEA Co-ordinated Research Programme on the Radiation Protection Implications
of Transport Accidents involving Radioactive Materials

Buenos Aires, June 1990

Introduction:

The work described in this report was carried out as part of an
overall programme of work to investigate the impact behaviour of intermediate
level waste encapsulated in 500 litre drums. The 500 litre drums will be the
principal container for conditioned intermediate level waste. It provides an
efficient method of allowing handling transport and storage of the waste form
and provides a containment barrier against release of radioactive material.
In order to estimate the effectiveness of the drum as a containment barrier
it is necessary to be able to estimate potential releases from the drum under
impact conditions. The objective of this work is to determine the robustness
of the filled drum so that the best means of providing impact resistance and
containment can be determined.

Conclusions:

1. Sheet metal drums of immobilised ILW can be very robust, and capable
of large deformations before rupture of the drum skin occurs,

2. Sufficient experimental data has been obtained and analysed to enable
the impact performance of drums to be calculated from the measured
mechanical properties of immobilised waste forms. Techniques of
analysis include simple hand calculations, more complex computer-
assisted calculations, and sophisticated finite element techniques.

3. It was found that reduction of the flow stress of the contents with
increasing knockback, had a significant effect on the impact
performance of drums, especially in the bottom edge attitude, where
the imposed deformations are large. This could be caused by a
combination of breakup of the matrix, and reduction in confinement.

4. Finite element analysis of the axis horizontal and axis vertical
attitudes has been carried out. Qualitatively the results were very
good. Quantitative discrepancies were observed, due to aspects of
behaviour of the matrix not modelled. When these aspects are
understood and allowed for, the agreement can be much improved.

5. The 1/4 scale tests revealed a scale effect, the size of which was
consistent with Weinbull's theory. When this effect is correctly
accounted for the 1/4 scale results are seen to be in good agreement
with the full size results.
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"Impact Behaviour of 500 Litre Intermediate Level Waste Drums
Behaviour of the Waste Matrix"

UNITED KINGDOM NIREX LTD.

IAEA Co-ordinated Research Programme on the Radiation Protection Implications
of Transport Accidents involving Radioactive Materials

Buenos Aires, June 1990

Introduction:

This work continues that previously reported on the impact behaviour
of encapsulated waste forms. In that work a number of 500 litre drums
containing different simulated immobilised waste forms were drop tested in
various attitudes and from different heights. In all the drop tests except
one the drums remained intact and did not permit release of contents. One
drum developed a narrow split, and approximately 10 grams of contents (cement
grout) were ejected. Because the other drums had not been breached, they
were very suitable for investigating the particle size distribution of the
contents, all of which were retained.

This report covers two aspects of the breakup of the contents within
500 litre drums when subjected to impact. Firstly high energy x-ray
examination of the drums was carried out, in order to locate internal failure
planes and cracks. Secondly the drums were stripped and the quantity of
material in size ranges down to less than 1 micron was measured.

Conclusions:

1. The high energy x-ray examination technique provided useful
information on failure planes within the matrix, to supplement the
drop test results. Cracking detected on the Dow Polyner and sludge
drums was also observed visually when the drum skin was removed.

2. The drum contents were largely intact after the drop tests. It seems
likely from impact considerations alone that containment standards
can be assured even if a drum develops a split while undergoing
Regulatory compliance testing. Further work is necessary to confirm
this, however.

3. The results can be used to address the consequences of an impact in
which a drum was breached.

87



"Impact Behaviour of 500 Litre Intermediate Level Waste Drums
Drum Design and Waste Matrix Impact Performance Tests

UNITED KINGDOM NIREX LTD.

IAEA Co-ordinated Research Programme on the Radiation Protection Implications
of Transport Accidents involving Radioactive Materials

Buenos Aires, June 1990

Introduction:

This work continues and extends the previously reported programme of
studies on the impact behaviour of drums of immobilised ILW.

Conclusions:

1. The drum test series has increased the knowledge of the impact
performance of 500 litre ILW drums. Simple calculations used to
assess the impact performance of ILW are useful in identifying
possible failure modes.

2. The predictions of the preliminary calculations were borne out well
in the case of Drum Designs B and C, but not so well in the case of
Drum Design A. The tests have shown that punching of stiff flanges,
etc. into the drum skin (known to occur in drums with strong contents
and less ductile drums material) does not occur in Drum Design A.

3. Stainless steel drums (grade 316L) are resistant to failure in an
impact test. The ductility of stainless steel allows the drum skin
to stretch and buckle without splitting. Drums constructed with mild
(grade 43) steel are more liable to splitting. If carbon steel is
used to fabricate drums the steel should have a high ductility.

4. The lid/body interface is the part of the drum most likely to fail in
an impe.'Jt. A welded lid is less likely to fail than a bolted lid.

5. Drum Designs A, B and D are likely to meet the Nirex specification
for the 10 metre drop test. While no 500 litre design of Drum Design
C is currently available, tests on the current 400 litre version show
that a 500 litre drum of similar design is also likely to meet the 10
metre specification.

6. For a given wasteform, the surface area of the debris generated per
unit energy for a 500 litre drum test is constant, i.e., Rittingers
law is applicable. This result may be used to interpolate and
extrapolate the test results to other conditions. For small scale
specimens the surface area generated per unit energy is greater than
that for the 500 litre specimens. Small scale impact tests therefore
could be used to calculate an upper bound on the breakup of a given
wasteform.

7. The particle size distribution of the debris in the drum generated by
an impact can be approximated by simple formulae only over a limited
particle size range. The usefulness of these formulae, therefore, is
limited.
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Appendix 1

RESEARCH DATA SHEET

REDTRAM - The IAEA's Database on Research and Development

in the area of Safe Transport of Radioactive Material
Transport Safety Research Abstracts

1. Title and sub-title

3. Author(s) or investigator(s)

4. Abstract

5. Name and mailing address of organization doing the
the work

7. Associated organization(s)

8. Sponsoring organization

9. Duration of
program:
From /19_
To /19

10. State of advancement
Research planned
Research in progress
Prelim, reports available

6. Descriptors or
key words

11. Recent publications in same field issued from this laboratory
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INSTRUCTIONS:

1. These titles could be different from official ones for defining most
accurately to TSRA's users the study involved.

2. Please leave blank.

3. Family name(s), IN CAPITALS, followed by first name(s).

4. 200 words or less.

5. Include postal code.

6. Existing thesaurus (i.e., INIS) or appropriate descriptors and key
words.

7. and 8. If relevant for scientific purposes.

9. State only month and year

10. Tick relevant item.

11. State in the following order: Author's name(s), title, journal
title, collation [physical extent of piece of literature including
volume number, issue number and pagination (in case of a single
document, number of pages)].

NOTA BENE:

Information typed on this form will be directly reproduced in the
TSRA bulletin without modifications.

The character type must be adaptable to a 50% reduction adopted in
the final presentation for publication.

Attachments will not be accepted.
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Appendix 2

BIBLIOGRAPHY DATA SHEET

REDTRAM - The IAEA's Database on Research and Development

in the area of Safe Transport of Radioactive Material

Transport Safety Research Abstracts

1. a. Author/s (Last name, Initial/s)

b. Editor/s (Last name, Initial/s)

2. Title (If the item is a database, please include acronym)

3. a. For books and reports

Edition number
Conference or symposium proceedings?

Title of conference/symposium

Name of town and year of meeting

Report number
Name of originating institution

Name of publisher
Place of publication
Year of publication
Number of pages

b. For articles

Title of journal

Volume number in Arabic numerals
Issue number
Year of publication
First page number of article (and last, if known)

Note: Please leave those spaces blank for which no information is
available.
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