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Abstract

In Germany spent nuclear fuel is stored under dndtions in dual purpose casks (DPCs). Until a
final repository will be available, the casks aepkin central and on-site interim storage faeitiln
addition, the transportability of the DPCs at aimget is required. Therefore, quality assurance in
design, fabrication and operation of the DPCs igaitticular importance. The system of quality
assurance measures applied in Germany is presented.

For the legal scope of transport the approval fogate holder is responsible for the determinatbn
guality assurance measures, whereas for legal sobpstorage the storage license holder is
responsible. Hence, for almost the same technigalc two independent regular frameworks have
to be applied. The measures can be categorised/stsnsrelated and design-related and are
independently approved and monitored by the compegrithority BAM and its authorised
inspection experts. The qualification of the apgoilic is reviewed in the context of the design
approval procedure. The qualification of manufa@tand producers is checked and documents are
pre-assessed before the start of manufacture. Metuing inspections are carried out according the
pre-assessed documents. The manufacturing inspectice completed by the inspection before
commissioning. Periodic inspections during operatamsure that the properties specified in the
approval certificate are preserved over packagetiliie. The type and the time interval of periodic
inspections depend on the use of the packager&wport after interim storage a system of specific
tests and inspections is prescribed.

How transportability can be retained over 20 yedmsiterim storage is exemplified by the package
CASTOR® THTR/AVR with SNF inventory of decommissexh gas cooled high temperature
research reactor in Jilich, Germany. The 20 yaarage license ended in 2013, therefore a transport
has to be taken into consideration. The transpegigration includes repair and testing of trunnjons
examination of bolting torque of lid bolts and letadhtness tests of lid systems. A large part ef th
transport preparation has completed. It will beorggm on lessons learned in inspections before
transport and on the current status of transpeggmation.



Introduction

The paper is restricted to quality assurance okage types which require an approval by a

competent authority. In Germany spent nuclear &ral high active waste is packed in casks for

transport and storage. The inspections on theskplwpose casks are integrated in a system of
further quality assurance measures. The objectivibeo quality assurance measures is that series
samples of the packaging are conform to the apprpaekage design.

Legal Basis, Regulations, Guidelines
The requirements on dual purpose casks are mamty fhe field of traffic law. Figure 1 illustrates
the system of regulations.
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Fig. 1 Regulations
The fundamental requirements are defined in thé-kwelwn international regulations [1, 2, 3]. In
Germany the international regulations for the défé modes of transportation are implemented
through the three national regulations GGVSEB [@[zVSee and LuftvVZO. In these national
regulations responsibilities for tasks as desigmayml, quality assurance and quality monitoring ar
defined. In Germany the national regulations aggared and concretized in domestic guidelines.
The guideline R 003 [5] regulates the procedureledign approval. For design approval the BfE
(Bundesamt fur kerntechnische EntsorgungsicherRederal Office for the Safety of Nuclear Waste
Management) is responsible. The BfE is the succassthe BfS (Bundesamt fur Strahlenschutz,
Federal Office for Radiation Protection) in thddief nuclear waste management.
The guideline BAM-GGR 011 [6] describes the necessmiality assurance measures for package
designs requiring competent authority approvalsThiideline is the basis for the inspections of dua
purpose casks.



Responsibilities and Competencies

According BAM-GGR 011 guideline the applicant redpeely the approval certificate holder is

responsible for the determination of quality assoeameasures. The BAM (Bundesanstalt fur
Materialforschung und —prifung, Federal Institute Material Research and Testing) is the
competent authority for approval and monitoringjoélity assurance measures.
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Fig. 2 Responsibilities
BAM authorizes inspection experts for subtasksy thee referred to as T. Currently this group
comprises 15 persons.
A large portion of test steps during fabricatioe aarried out by accepted local inspection experts,
called S. In Germany the VdTUV, a joint body oftiieg service providers, lists inspection experts in
the nuclear field with their qualifications. Modtthe local inspection experts S are from this grou
Currently about 180 persons are listed as accéptatiinspection experts S.

Classification of Package Components
The extent of the necessary quality assurance mesadapends on the safety relevance of a package
component. The guideline BAM-GGR 011 defines thyesles.

grade 1
components, which ensure directly the safety objectives

(e.g. cask body, primary-, secondary lid, trunnions, associated bolts)

grade 2

components, which ensure indirectly the safety objectives
(e.g. shock absorber, heat conductors, closing plate over neutron
absorber plate)

safety relevance,
requirements on quality assura

grade 3
all other components

(e.g. positioning bolts, test plug, fusible plug, type plate)

Fig. 3 Component Classification



In grade 1 are classified those components whicurendirectly the safety objectives (shielding,
containment of radioactive content, integrity, mnetion of criticality). Grade 1 also includes load
attachment points of the package. Components aoegzaensure indirectly the safety objectives. All
other components are of grade 3. This classifinatan be restricted on sections, features or
manufacturing phases of a component, but the higdadsty relevance of a component is decisive
for the component classification. The classificatgrade of each component is defined in the parts
list of the package. The quality assurance effartdases with safety relevance.

Quality Assurance Measures

The following figure illustrates the system of gtialassurance measures. The elements of the
system are chronologically arranged. The qualitguece measures can be classified in
system-related and design-related measures.
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Fig. 4 Quality Assurance Measures
The qualification of the applicant is reviewed e tcontext of the design approval procedure. Before
manufacturing starts the qualification of the maatidirer of packaging and the producers of package
components is checked and documents are pre-adsdéaeufacturing inspections are carried out
according the pre-assessed documents. The manufigctinspections are completed by the
inspection before commissioning. Periodic inspeiouring operation ensure that the properties
specified in the approval certificate are presemeer package life time.
Below the elements of the system of quality assteaneasures are described in detail.

Qualification of Applicant
The applicant must have an established and impledenuality management system in order to
ensure the placed requirements for design, conginjananufacturing, operation and maintenance




of RAM packages. The QMS is reviewed by BAM as pafrtthe design approval procedure.
Subsequently the QMS is reviewed in three yearesydr after justified occasion. Typically the
check is in form of quality audits.

Qualification of Manufacturer and Producers

The manufacturer of the packaging and the produmfegsade 1 and grade 2 components must have
an appropriate QMS to guaranty the required prodpality. In particular sufficient human
resources and an adequate infrastructure must dalale. The qualification of manufacturer and
producers is checked by BAM or T prior to manufaciy and is reassessed in three year cycles. In
recertification quality audits findings from prodiss monitoring are considered if necessary.

Pre-assessment of Documents

All documents which ensure the relevant packaggutes in the context of manufacturing are
verified and approved by BAM respectively T befstart of production. The fabrication and test
sequence plans are the essential documents. Tleeyequired for manufacturing of packages,
components of grade 1 and 2 and for possible repa@sures. The participation of inspection
experts T and S is specified in the plans. The assessment of documents is of particular
importance because the course of production mang@nd inspections is set.

Manufacturing Inspection

Manufacturing and inspection are carried out in plamce with the pre-assessed documents.
Production and testing follow the approved fabraratand test sequence plans. The plans must be
filled out timely. For deviations in manufacturiagprocedure is defined. Deviations on grade 1 and
grade 2 components must be reported to BAM. Measumggrade 1 and grade 2 components require
the acceptance of BAM before the measures areedaort. WWhenever criticality safety or shielding
may be influenced a BfE statement is required. rAtthe completion of a component the filled out
fabrication and test sequence plan and associatadtkents are checked.

Inspection before Commissioning

To guarantee the compliance with the design spatiin the assembled package is tested before
commissioning. The lid system is tested for legktiniess and the load attachment points are load
tested. Finally the manufacturing documents of plagkage are checked for completeness and
accurateness. After the successful final checkackage and documentation the package type plate
is stamped with the stamp of the authorized inspeexpert and the date of next periodic inspection
The authorized inspection expert confirms the tesillinspection before commissioning by a
certificate. The certificate is send to the BAM dhd approval certificate holder.




Periodic Inspections

Objective of periodic inspections is that the pmtips specified in the approval certificate are
preserved during operation. The test plan for giriinspections is assessed by BAM within the
design approval procedure.

The type and the time interval of periodic inspatsi depend on the use of the package. If the sask i
used for transport only it is completely accessditer unloading. In this case the periodic insjpect

after 3 respectively 6 years or 15 respectivelytr@dsports covers all essential components and
sections. If the cask is used for interim storagesinot completely accessible. The periodic
inspections during interim storage and before pariscover the sections accessible from the outside
ensure the leak-tightness according to the spatifics and where appropriate provide
measurements which allow drawing conclusions atfmustate of inaccessible sections indirectly.
Deviations found in the context of maintenance eriquic inspections are treated in the same
manner as deviations found in the context of martufang. The authorized inspection expert
confirms the result of a periodic inspection byedificate.

Summary of Quality Assurance Measures

The applicant respectively the approval certifidadéder is responsible for the determination of the
quality assurance measures. The measures are ity approved and monitored by the
competent authority BAM and its authorized inspmtiexperts T. The inspection and the production
monitoring of safety relevant package componentpelgsormed by independent experts. During
operation the package properties are verified bgna@f periodic inspections.

Experience on Transportability after Long-term Inte rim storage
Experience is reported using the example of thespart and storage cask of type CASTOR
THTR/AVR.

Fig. 5: THTR/AVR Fuel and CASTOR® THTR/AVR casks at FZJ

Cask, Content and History
The package type belongs to the CASTG&nily. The cask has a monolithic ductile cashibmdy.
A double lid closure system with metallic seals gr&manent pressure monitoring in storage




configuration provide two independent tightnessribes. For handling two pairs of trunnions are
mounted to the body by bolts. Steel sheeted, waledl impact limiters at bottom and lid side of
cask protect the cask in transport configuratione Thaximum transport mass is about 32 metric
tons.

The CASTOR THTR/AVR is used for long-term interim storagefoél from two decommissioned
German gas cooled high temperature pebble-bedorsadthe inventory consists of 2 stainless steel
cans, each filled with up to 2110 sphere shapeldeleenents of 60 mm diameter. The fuel elements
contain Uranium und Thorium fuel compounds and @ated by a graphite shell. They do not
induce appreciable decay heat to the cask.

305 casks containing fuel assemblies from the tinorhigh temperature reactor THTR-300 at
Hamm-Uentrop are stored in the storage facilityated at Ahaus (TBL-A). 152 casks have been
loadedwith fuel elements from theesearch reactor AVR at Jilich between 1993 an@.ZDikese casks are
stored actually in an air-conditioned hall on theaaof the research centre Julich (FZJ). The legdtrtess of
the casks is permanently observed by pressure onmgtof the space between the primary and secgridar
The 10 year transport approval certificate is validil January 2017. The extension of the apprawah
progress.

‘ ©FZJ

Fig. 6: Cask with Impact limiters on Transport Fram e
The interim storage facility at FZJ was operatedeldaon a storage license under 86 of AtG [7]
awarded by BfS in June 17, 1993. The license waisdd to June 30, 2013. Actually an order of the
atomic energy authority in the German federal skitedrhein-Westfalen (MWEIMH) is the legal
basis of the storage. In the context of this orther MWEIMH demanded the evacuation of the
storage facility on July 2, 2014. At present thapproaches are pursued: (1) continuation of storage
in Julich, (2) transport in the USA or (3) trandpiar the storage facility at Ahaus (TBL-A). For the
first option a storage license is required. Inlibensing procedure a geological survey considering
earthquake must be completed. The second optiogaappossible because the fuel originates from
the USA and the draft of an environmental assestofeithe U.S. Department of Energy [11] from
January 2016 comes to positive results. HoweverehQaired transport license and export license
was not requested until now [10]. Regarding thedtloiption can be stated that the BfS awarded a
storage license for the 152 casks in the storagédityaTBL-A on July 21, 2016, but a transport



license is pending.
Independently from the finally chosen option thengportability of the casks shall be ensured.

Transport Preparation

A successful inspection before transport is thegop@site for the relocation of the 152 casks.

The inspection is carried out on the basis of agpestion plan, test specifications and work
instructions. The documents are approved by BAM #@r@dmain inspection steps are kept under
surveillance of the authorized expert of BAM.

As a preparation for the relocation of the caskglifitations at the load attachment points were
performed. The trunnions were disassembled, checkedmate coated to achieve resistance against
moisture or replaced by new stainless steel trurmitnstead of the foreseen surface crack tesfing o
the disassembled trunnion bolts the operator ot#sis decided to renew all bolts. The reassembled
load attachment points were checked by a loaduteder 1,5-fold operating load. The work and the
tests on the 608 load attachment points startddlyn2012 and were successfully finished in March
2015.

©FZJ

Fig. 7: Leak-tightness Test and Testing of Trunnion s
For the helium leak-tightness tests a program wgreea to reduce the exposure dose of the
inspection personal as well as the inspection effon a minimum of 31 casks (20% of the 152
casks) all metallic gaskets of the tightness bacf®sen for the transport must be leak-tightness
tested without deviation. For the leak-tightnesisteof the large metallic seals of the primary and
secondary lid a minimum sample size of 16 cask%o(hOthe 152 casks) is defined. Nevertheless all
small gaskets of the tightness barrier choserm®triansport must be leak-tightness tested.
In the period from January 2012 to December 20&B-tgjhtness tests were carried out. Overall 33
primary lid systems were completely tested and 22ary lids systems were simplified tested. All
55 corresponding secondary lid systems were reddsdmwith new seals and checked. On the basis
of the number of successful leak-tightness testsdmaining casks may be tested simplified.
Regrettably there is no comparability between #@seiits of the leak-tightness tests of the primaty |
seals after loading with the results after intestorage. The outer elastomeric seals have been



exposed to 6 bar helium in the monitored volumevben the lids for the storage time. This induces
a high background level in the helium leak-tighthéests, even after preparation by vacuum
pumping for several days. Nevertheless, it is apoitant result that the test sensitivity was

sufficient to demonstrate the clear fulfillment thie transport requirements for each investigated
cask.

Moreover all surfaces of the cask and its compaentluding the sealing surfaces of the

disassembled lids were visually checked, the bjmadition of the lids was measured and the bolting
torque of the bolts of the disassembled 33 printids/was examined. No deviations were detected
in the tests. Bolts and threaded holes were cheek#dd gauges. One threaded hole had to be
repaired by helicoil.

The pressure monitoring system did not record aeyteuntil now.

Status

The intermediate results of the examinations shitwaf there is no relevant influence of up to
20 years storage time on the cask condition. Orb#ses of the positive inspection results, the good
condition of the casks and the optimal storage itimmd the BAM agreed to an extension of the
expiration date of inspection test steps: The ugliof test steps at the lid system and at thentiams
and trunnion bolts was adjusted to the validityhaf trunnion load test to consistently 6 years.
Currently the transport preparation is suspendedill be continued after the upgrade of a crane
system which is required for the handling of theksa

Conclusion

Experience in inspections of various cask typesvshihat the properties specified in the approval
certificate are met with high reliability at commiigning and during operation.

Using the example of CASTOR® THTR/AVR with AVR invi®ry it was demonstrated that the
transportability was retained after 20 years cérimh storage.
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