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Introduction

For the shipment of nortrirradisted PWR mixed oxide (MOX) fud assemblies from the fabrication fa-
dlity to the power plant, the new ANF-18/MOX transport sysem has been desgned on the bass of the
recently developed ANF18 shipping container for norHrradialed Uranium fud assemblies [1]. The
ANF18/MOX trangport sysem fully meats the reguirements of the IAEA Safety Standard Series
No. TS-R-1 (ST-1, Revised) [2] for the transportation by road, rail and sea.

The ANF18/MOX transport system has a capecity of two PWR fud assemblies of type 15x15, 16x16
and 18x18 with a maximum Pufiss content of 7 %. All rdevant safety andyses have been performed
and it is expected that the container will go into sarvices during the course of 2002. The safety analy-
ses take credit from tests and cdculation results of the ANF-18 shipping container for Uranium fud
assemblies. The dlowable number will be“N” = 2 with regard to criticality safety index (CSl = 25).

Safety Requirements

The ANF18/MOX trangport system will be licensed as a Type B (M) package for fissle radioactive
materids according to the IAEA requirements [2] and the corresponding internationd regulations
ADR, RID and IMDG-Code.

The man safety requirements for the transport of MOX fuel assemblies are to ensure thet the contain-
ment sysem is cgpable to withsand effects arisng from norma conditions of trangport and accidentd
conditions without loosng its tightness and to prevent configurations of the fud assemblies which will
result in an unacceptable Ky vauein criticdity safety.

Since the containment system is provided in the present case by the fud rods it has to be demonstrated

that the rods will reman legk tight under norma conditions of trangport and accidentd conditions.
Concerning criticdity safety, the main aspect is to prevent unacceptable widening of the fuel rod array.

ANF-18/MOX Trangport System
The ANR18/MOX transport sysem with a totad gross weight of 7.7 tons and the main dimensons of

6002 mm x 1485 mm x 1050 mm ocondds of an outer protective packeging and an inner
ANF18/MOX cortainer (Fig. 1).

The outer protective packaging which provides additionad protection agang mechanicd and thermd



impacts under accident conditions for the inner container and additiond shidding condsts of a rigid
rectangular ged box with 8 mm wal thickness which is dosad on top by a lid fixed with 30 screws.
The ded box is dad indde with a lees a 30 mm thick layer of soruce wood. In addition, the outer
protective packaging is equipped on the indde with shock absorbing sructures mede of basa wood
which limit the impacts resulting from accidenta conditions.
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Fig. 1 ANF-18/MOX Transport System: Outer Protective Packaging and Inner ANF-18/MOX
Container

The inner ANF-18/MOX container (Fig. 2) condsts of a two-section enclosure (base and cover) and a
rigid fud assembly support (cradle), complete with L-shgped doors to protect the fud assemblies
againg the effects of accidents. The cradle is suspended in the base by means of rubber shock absorb-
es The cover and base are bolted together. The design of the inner ANF-18/MOX container is essen-
tidly based on the desgn of the ANF18 contaner with additiond materid congderaions due to the
higher temperatures in case of the MOX fudl.

The inner ANF-18/MOX contaner can be loaded with two PWR fud assamblies of type 15x15,
16x16, and 18x18. Differences in the fud assembly length can be compensated by front adagpters. In
cae of the 15x15 fud assemblies which have a smdler cross section than the other asembly types, the
L-shaped angle doors are adjusted to these dimensons. A more dealed description of the ANF18
cortainer isgivenin [1].

Transport and Handling

Two packages of the ANF18/MOX trangport system can be stacked on one another and trangported in
the German security vehide owned by the Nudear Cago + Sevice GmbH company. Load securing
within the security vehicle is provided by means of holding frames with are screwed to welded plates
on the outside of the protective packaging.

At the power plant the package is unloaded from the security vehide and after opening of the outer
protective packaging only the inner ANF-18/MOX container is trandferred to the containment area of
the power plant. Therefore, the load ataching points of the inner ANF-18/MOX container are designed
in accordance with the German KTA standard 3905 [3] for increased requirements.



Because the inner ANF18/MOX container is nearly identicadl to the ANF-18 shipping container, the
reector operaior has the primary advantege that the handling is very much the same for both container
types and therefore the reector personnd are dready familiar with the handling procedures and no ak

ditiond ingdlations or handling equipment is required.
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Fig. 2 ANF-18 Shipping Container

IAEA Testsand Results

M echanical tests
Concerning the mechanica aspects, safety andyses of the behavior of the package and the fud rods
under normd conditions of trangport and accidentd conditions is mosly based on andyticd cdcula-
tions and tests performed with the ANF-18 shipping container.

Following dructurd dynamic invedigations usng the DYNA-3D FEM code [4] to identify and sb-
dantiate the “mogt damaging posgtion” required by the IAEA regulations for the drop tests, a 9 m drop
test with the ANF-18 prototype container was performed a the test dte of the Federd Ingtitute for Ma-
terids Research and Testing (BAM) in Lehre, Germany. As the most severe drop orientetion, espe-
dgdly for the fud assamblies a drop onto the side wal with a longitudind indination of 15° was per-
formed (Fig. 3).

The 9 m drop test was followed by two drop tests onto the bar on the pre-damaged side wal and the
bottom of the ANF18. The drops were performed with an indination of 25° and 20, respectively.

For these tests, the ANF-18 prototype contaner wes loaded with two dummy assamblies (one 16x16
and one 18x18 rod aray) which were identicd to the sandard fuel assemblies with the exception of
the pdlets (uranium dioxide was subgtituted with leed).

After these tests, the ANF-18 prototype container and the dummy assemblies were inspected for dam-
ages The prototype container exhibited locd deformations a the point of impact from the 9 m drop
test and locd deformations at the side wal and penetrations a the bottom caused by the drop tests onto



the bar. The dummy rods and the spacers of the dummy assemblies exhibited some deformation but
pacer drips were not fractured (Fig. 4). The cross sectiond area of the dummy assemblies was not
enlarged. The lesk tightness of the dummy rods was verified by drilling holes into al dadding tubes of
the pre-pressurized rods.
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Fig. 3 9mDrop Test with the ANF-18 Container Fig. 4 Dummy Assembly of Type 18x18,
Deformation at the Sap Down End

Drop tests onto the bar were conducted with a 1:2 scded modd of the outer protective packaging. The
packaging wal was not penetrated during the horizontal impact. With a longitudind indlination of 25°
as the most severe drop orientation, the packaging wal was only partly penetrated by the bar. The
plate representing the boundary of the inner container was not affected (Fig. 5).

Teaking into account the additiond protection supplied by the outer protective packeging with its addi-
tiona basa wood shock absorbers and its ability to prevent damages from the bar drop test (Fig. 5) it is
ensured that the fud rods will reman legk tight after the mechanica tests for accidentd conditions and
no widening of the fuel rod array will occur which would cause criticaity concerns.

Thermal tests
To evduate the temperaure digribution within the ANF18/MOX trangport sysem under norma con-

ditions of trangport a heating test was performed with a shortened modd of the outer and inner packag-
ing loaded with two dummy assemblies The dummy assemblies were equipped with a heating applica-
tor to smulaie the heat rae of the MOX fud assemblies. With the gpplied heat rate (conserveively
representing a heat rae of 1100 W per origind MOX fud asserbly), a maximum temperaiure of
190° C of the fud rods was evauated taking into account an ambient temperature of 38 C with insula-
tion. Results showed that no unacceptable temperatures occurred for the container meterials.
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Fig. 5 Mode of the Outer Protective Packaging, Results from 1 m Oblique Drop Test onto the Bar

Following the heating tes for norma conditions of trangport, a themda test according to the IAEA
requirements was performed with the modd a the fire tex facility of the BAM in Lehre. A circular
disc was cut out of the Sde wal of the outer protective packaging as a result of the oblique drop test
onto the bar (see ds0 Fig. 5). Before the thermd test the modd was heated up until the dummy rods

reached the temperatures evduated for norma conditions of trangport. Figure 6 shows the test segment
after the thermd test.

Fig. 6 Test Segment of the Outer Protective Packaging After the Thermal Test



Ingpection after the therma test showed no sSgnificant mechanical damage of the ANF18/MOX trans-
port sysem besdes the fact that the wood dadding of the outer protective packaging was partly
chared and the rubber round bearings suspending the cradle of the inner container were sheared off.
The maximum temperature of the dummy rods was messured as 213° C. The cradle, L-shaped doors
and dummy rods exhibited no visud damage. A tightness check of the dummy rods demondrated thet
they remained lesk tight.

Criticality Safety

Criticdity safety was demondrated for the ANF18/MOX trangport sysem using the program sysdem
SCALE44 a [5] and taking into account the IAEA reguirements [2] with a conservative modd which
assumes that the outer protective packaging is not present and conservaive assumptions concerning
the deformation of the inner container geometry and the widening of the fue rod array the results show
that even for amaximum Pu-fiss content of 10 % the design limit of Ket £ 0.95 isfully met.
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