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Integrated Waste Management Approach WP 1 Review Report — Germany

Executive summary

Two helium-cooled high temperature pebble bed reactors have been built and operated in Germany. The AVR, a 15
MWe experimental reactor at Juelich was shut down in 1988 after 21 years of operation. The 300 MWe prototype
Thorium High Temperature Reactor THTR was operated from 1985 until 1989 in Hamm-Uentrop. Both reactors are
now permanently shut down and are at different stages of decommissioning.

The moderator graphite is an integral part of the spherical fuel elements of AVR and THTR. Until the end of the
seventies a closed fuel cycle concept with reprocessing of the thorium-based spent fuel - similar to the U.S. - was
developed in Germany. It included mechanical disintegration of the fuel elements, incineration of the moderator
graphite, and recovery of the fissile material from the fission products by extraction. In early 1980 the Government
decided to stop R&D on reprocessing mainly due to economical reasons. Since then, the back-end option for the spent
fuel is based upon direct disposal in a deep repository without reprocessing, thus using the special safety features of the
fuel elements, i.e. the coated particle fuel stabilised in a graphite matrix, which is extremely resistant against all
conceivable attacks during storage and geological disposal.

The spent fuel elements were removed from both reactors and are stored in CASTOR-type transport/storage casks in
dry interim storage facilities on-site (at Juelich for the AVR) and at Ahaus (for the THTR) for up to 30 years, until a
deep geological repository will be available.

Graphite and low-purity carbon were used in both reactors for reflector, thermal insulation and shielding purposes,
amounting to 225 Mg (AVR) of ceramic materials in total and about 550 Mg in case of the THTR. A radiochemical
characterisation of the AVR ceramic materials was performed, leading e.g. to carbon-14 levels between 100 kBq/g for
graphite and 9 MBq/g in maximum for low-purity carbon.

There is also a limited amount of graphite (reflectors, thermal columns) with low activation from water-moderated
research and material test reactors in Germany.

A 10 MW research reactor (Merlin type) with two thermal columns was operated at Juelich for 23 years and
decommissioned to greenfield. 11 Mg of irradiated graphite with a medium carbon-14 activity of 71 Bq/g are being
stored at Juelich waiting for disposal.

A 23 MW heavy-water material test reactor (DIDO) was operated at Juelich for 45 years and shut down in 2008. The
irradiated graphite from reflector and thermal columns amounts to 30 Mg. Radiological analyses are in preparation.
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1 Introduction

This chapter describes the graphite waste management challenges for Germany. Nearly twenty
NPPs are in various stages of decommissioning and a further, nearly, forty research reactors
decommissioned or being decommissioned (28 dismantled). It is not clear how many of these
reactors produced noticeable quantities of i-graphite. The chapter largely concentrates on two
helium-cooled pebble bed reactors the AVR, a 15 MWe experimental reactor at Juelich and a
larger (300 MWe) prototype thorium high temperature reactor (THTR) in Hamm —Uentrop.
Both are now permanently shut down and are at different stages of decommissioning.

Pebble bed type reactors present unique i-graphite waste management challenges, additional to

those of the Magnox, UNGG and RBMK type reactors. This is reflected in the i-graphite
characteristics and other considerations such as retrieval and treatment.

2 The legislative and regulatory framework

The interaction of the different authorities and organisations involved in the nuclear licensing

procedure is shown in Figure 1.

Advisary bodies F ederal Ministry Federal Office for
RSk e for the Environment it Fadiation Protection
S5k Nature Conservation and (BfS)
Muclear Safety
/ (BN LI v\
Techhical suppo ather
arganisations federal authorities
fe.g. GRS
Licensing
and supervisory
authority

Feneral public e R Ministry of the Land e ol
ffederal state) authaorities
Technical support Expertsfor
organisations License applicant nan-nuclear
(e.g. TUV) operating organisation topics

Figure 1: Nuclear licensing authorities and organisations’
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The Atomic Energy Act, adopted on 23 December 1959, as amended by the 2002 Act. The
consolidated text of the 2002 Act is reproduced in the Supplement to the OECD Nuclear
Energy Agency's Nuclear Law Bulletin 70. The Atomic Energy Act is the core of national
regulations in Germany. Its primary purpose is to protect life, health and property against the
hazards of nuclear energy and the detrimental effects of ionising radiation, and furthermore, to
provide for compensation for any damage and injuries incurred. According to the amendment
of 2002, another purpose is to phase out the use of nuclear energy for commercial electricity

production.

The 1986 Act on Preventive Protection of the Public against Radiation. The text of the Act is
reproduced in the OECD Nuclear Energy Agency's Nuclear Law Bulletin. The Fourth
Implementing Ordinance was adopted on 30 July 1998.

According to the Atomic Energy Act, a license is required for the construction, operation or
any other holding of a stationary installation for the production, treatment, processing or fission
of nuclear fuel or reprocessing irradiated fuel (but no further license for commercial nuclear
power plants will be granted). A license is also required for essentially modifying such an
installation or its operation and for decommissioning. The applicant can only be granted a
license if they meet the individual requirements spelled out by the Atomic Energy Act that
includes as license prerequisites:
o trustworthiness and qualification of the responsible personnel;
o necessary knowledge of the otherwise engaged personnel regarding safe operation of
the installation;
e necessary precautions against damage in the light of the state of the art in science and
technology;
o necessary financial security with respect to legal liability for paying damage
compensation;
e protection against disruptive actions or other interference by third parties; and

» consideration of public interests with respect to environmental impact.

CARBOWASTE D1.1.4 — Germany Issue 1. doc
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The Radiation Protection Ordinance, adopted on 13 October 1976 (repealed and replaced by
the 2001 Radiation Protection Ordinance) regulates in a legally binding way the reporting by
name of the responsible persons for the radiation protection of the licensee, the dose limits of
radiation exposure during operating conditions for the personnel engaged at the plant and for
the general public. Furthermore, it contains planning values for doses from potential exposure
in case of design based accidents of nuclear power plants.

Concerning the safety of nuclear power plants, the Federal Environmental Ministry (BMU) has
the federal competence, whereas the execution of federal laws lies within the responsibility of
the federal states, the Lénder. So the licensing of nuclear installations is carried out by the
Léander, where different ministries are responsible for licensing of construction, operation,
essential modification and decommissioning of nuclear power plants. For technical matters in
the licensing procedure and the supervision of nuclear facilities, the regulatory authorities of
the Lander are supported by independent technical support organizations, in general the nuclear

departments of the Technical Inspection Agencies (TUV).

The actual details and procedure of licensing are specified in the Ordinance concerning the
procedure for licensing nuclear installations, adopted on 18 February 1977, which repealed and
replaced the 1960 Nuclear Installation Ordinance and was last amended in 2001. It deals
specifically with the application procedure, with the submission of supporting documents and
with the participation of the general public. It deals, furthermore, with the assessment of any
environmental impact and with the consideration of other licensing requirements (e.g.

regarding the possible release or discharge of non-radioactive pollutants into air or water).

To preserve the legal uniformity for the entire territory of the Federal Republic of Germany,
the BMU supervises the licensing and supervisory activities of the Lénder authorities (so-called
"federal executive administration"). Supervision by BMU includes the right to issue binding

directives.

2.1 Main national laws and requlations on nuclear power and waste
management
e Atomic Energy Act (Atomgesetz), as amended in 2002.

CARBOWASTE D1.1.4 — Germany Issue 1. doc
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e Precautionary Radiation Protection Act (Strahlenschutzvorsorgegesetz) and its Forth
Implementing Ordinance.

e Radiation Protection Ordinance (Strahlenschutzverordnung)

e Licensing Procedure Ordinance (Atomrechtliche Verfahrensverordnung)

e Financial Security Ordinance (Atomrechtliche Deckungsvorsorge-Verordnung) ,
repealed and replaced by the 1977 Ordinance, adopted on 18 February and last
amended in 2002.

e 1982 Ordinance on Advance Financial Contributions towards construction of Federal
Installations for Safe Containment and Disposal of Radioactive Waste, the 1986
Extension of the Ordinance and its last amendment in 2004.

e 1977 Safety Criteria for Nuclear Power Plants.

e 1995 General Mining Ordinance: applying to underground radioactive waste

repositories.

3 Policy objectives of Decommissioning

3.1 Introduction
As far as concerns the decommissioning of nuclear facilities, Germany has attained a unique

position within Western Europe. It operates a system of statutory regulation, which explicitly

addresses the issues and procedures for the decommissioning phase of a nuclear programme.

3.2 Practical Experience
In Germany, there is at present 20 nuclear reactors in operation. There has however been

relatively little practical experience in the decommissioning of such facilities. This has been
mainly due to the fact that the estimated operating lifetimes of the facilities is 40 years and the
larger reactors were only initially put into operation in the early 1970's. However,
decommissioning experience has been generated as a result of the decommissioning of two

smaller reactors; one at Niederaichbach and the other at Gundremingenz.

3.3 Legal Aspects

The initial legislative enactment dealing with the operation of nuclear facilities did not

envisage the resultant decommissioning problem. Indeed, the Atomic Energy Act (AEA) of

1959 dealt primarily with licensing and operational safety aspects.” However, by virtue of the

CARBOWASTE D1.1.4 — Germany Issue 1. doc
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4th Amendment to the AEA in 1976, the German legislature adopted provisions to deal with
decommissioning license requirements and procedures’. Section 7(3) of the AEA states that
"Decommissioning a facility....and the safe containment of a permanently decommissioned
facility or dismantling of a facility or parts of a facility shall require licenses."

There has been considerable discussion as to the legal effect of the wording of this provision. It
has centred around the issue of whether or not dismantling should or should not follow the
process of self containment. Giving the provision a literal translation, it seems unlikely that the
German legislature intended the provision to be read as a statutory decommissioning sequence.

Clearly, the provision offers alternatives under which decommissioning licenses can be issued.

3.4 Licenses
Licenses under Section 7(3) of the AEA may only be granted if the prerequisite conditions are

fulfilled. The conditions are transplanted from those which relate to the construction and
operation of nuclear facilities in Germany’. Separate licences are required for withdrawal from
service, safe enclosure and dismantling®.

There is considerable discretion enjoyed by the Licensing Authority, with no legal right of the
granting of a decommissioning license. This is probably the reason why no financial provision
pertaining to decommissioning funds is included within the scope of the AEA. It seems
apparent that if the License Authority has a degree of discretion and may impose
supplementary conditions on decommissioning applicants, then it can quite easily, by virtue of
this discretion, ensure that any decommissioning application is adequately funded.

Since 1977, prospective plant operators must take the issue of decommissioning into account in
the initial design phase of the facility. Criterion 2.10 of the Safety Criteria for Nuclear Power
Plants stipulates that a concept for dismantling the facility must be presented during the initial
application for a construction and operating license’. Such requirements are however not
statutory in nature. By virtue of section 19(3) of the AEA.

"Supervision of the nuclear facility's operations shall continue until the radiation from all
facility structures and components fall below permitted levels."

Until this point, the competent authority may issue orders and directions relating to any aspect

of the facility's operations, including decommissioning.

CARBOWASTE D1.1.4 — Germany Issue 1. doc
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4 Compliance with international guidelines and
regulations

As a member state of the European Union (EU), the OECD Nuclear Energy Agency (NEA),
and the International Atomic Energy Agency (IAEA), Germany supports various international
programmes in nuclear safety and nuclear waste management. In direct international co-
operation Germany also supports projects and organisations, for example the licensing and

supervisory authorities, technical support organisations and also research institutes.

5 Decommissioning of nuclear reactors — current
situation
The following tables identify the various reactors and their state of decommissioning.

5.1 1. Nuclear power plants and prototype reactors

Table 1 : NPPs (Power and Prototype reactors) - in decommissioning

Mo, | Hame Abbrev. | Reactor |Power |First In routine | Shut- decommissioning Oparator Location of sie
Type MW, criticality | operation |down date | staried {Decomm.)
SINce
T | Ehelrebeg nay | REA PR |70 ToBE 11 | 1965 o[ 958 0425 Enrglewethe Mard | Fhelnebery (BE)
WWER GmbH (EWH)
Z | Kompakts T ) 2 o010 | 1979 TEat (623 | 19830628 FOrSCNUNGEZANTIM | EQJEGIAT
natrmgekinis Karlsruha GmbH | Leapakishaten (B}
Kemankags (pa.
T [Menmwack WEFR  |[PWRT |57 TmE e Ee | 1968 TEad-E0e (198117 Farchungezanim | Eggereiar:
forschungsraskior (] Karlsruha GmbH | Leapakdshatan (B
ip.a)
T | Cbrignem ] PR = TG G EE | 1960 EOOE-0E 11| S00G-06-2 ENEW Fertiran | OCogneim (6w
SmbH (Enklg

3 |GLnaemmingans | RREA | BV 0 TRE08 14 | 1967 TOrrO-1E | 1960528 FernkTans ek GuUPrEmmngEn
Gundremmingan B¥)
GmbH

% [Vermmcheatmiuan- | VAR EWR i) w0118 | 1962 TEE11-05 | 1960506 VAK Fani [y
wark Kahl

T | GrelEwald 1 (pay  RGR T [ PWRT (440 Tereizas | 1974 TEA0T2 18 | 106506 o0 Enarglewerhe Mord | LUbmin ()
Liilt & has newer WWER GmbH (B
raached crificallty,
but Is aksa part of
tha plant (win
bliochz)

B |Gl e (pay [RGHE  [PWRT [ 440 (SR KT TEat-0E 14 | 19550600 Enargiewerhe Mard | LUbmin ()

WWER GmibH (EWH)
T | GlelEwald s (pay RGeS |PWR! | 440 e 1006 | 1978 TEA0-(E-28 | 19850600 Enarglewerhe Mo | LUDMIn ()
WWER GmbH (EWH)
0 |Geltawaldd pay  [RGR4 |PWR/ |40 T K TEa- (e 0z | 19550650 Errglewerke Mord | Lubmin (A7)
WWER GmEH (EWHI
T |Grelwalds pa)  |KGRE  |PWR/ | 440 TERE G 26 |- TEae 1100 | 19850600 Enarglewerhe Mo | LUDMI ()
WWER GmbH (EW )
bl — ELL
12 | Lingen FWL BN T TEmE oAl | 1968 Torr01-08 [1965 1121 Rernikrans etk Ling=n | Lingen (Hi)
1983-03-20 (SE) GmibH subskiary of
FWE Power A
15 [Stace ] PR e TerEoiaE |12 EME1114 | SOnE e E.CH Ramraft Htada )
Smi

14 | ArbelEgemenachan | AVA HTR 15 1mE-08-26 | 1960 TEE1Em | 1960300 EW A GbH Jalkh (FFW)
Versuchsreakior {subeldlary of BN
Joilch {p.a) GmbH)

T8 | Thorlumhachr THTR-a00 | HTA Ei EEE0e13 | 1967 T FET R g HKG Hamms L&t
termperahurreakior 19871001 (SE) HEW)
ip.a.)

16 |'Wilngassan EWW BEWR 670 1871-10-22 (1975 1954-08-26 [ 1997-04-14 E.CH Karrkram ‘Wilrngassan (NEW)

GmbH
- = = = I——
17 | Malhesim-Karlizh EME PR 1902 1006-03-01 [ 1967 19880000 | 2004-07-18 PWE Power AG Maniraim-Fadich

(p-a.) finance by public authorities
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Table 2 : NPPs (power and prototype reactors) completely dismantled or released
from regulatory control

Me. | Name Abbrev. |Reactor |Power |first in routing | Shut decommissioning Operator Location of sie
type MW, criticality |operation |down date | staried | finalised [Decomm.)
since
1 Halssdampfraaklin | HOR HOR (Hat |25 1868-10-14 [ 1570 1971-04-20 | 1983-02-16 | 1908-10-15 | Forschungszentum | GroBwalzheim (EY)
Srosas ez halm ateam complately dizmantied Karlzrure &mbH
ip.a) raackr
2 | Madarakzhbach KEM CRA ¢ 106 1672-12-17 [ 1972 1674-07-31 [1975-10-21 | 19850817 | Farschungszantum | Mederakchbach {7
{p.a) D complately dismantied Karlsruhe GmbH
LETES
sl

Table 3 : Research reactors being shutdown without decommissioning licence

JHo. [Hame Abbrev. Reactor type; First Drate of Application for O L ion of site
Powiar mm shut-down decommissioni
—— —— —
1 Forschurgsraakion FRKM Poaoltpe ! MTR; 1957-10-21 2000-07-28 19881214 Tachnkche Garching (B
KAInzhen 4 MW Linkvars it Manchan
— — —— ——————————
2 [€][els] FR.2 Tark-type ' 0w 1862-11-14 | 200E-D5-02 2007-04-27 Forachungszantum  [Jolkzh (MEW)
22 MW h Jilkzh SmbH
— —————
E] Forechungsraakior FR2 Poak-type ! MTR; 1E63-0-16 | 1993-01-28 Ramark: FRG-2 [ETE Geasthacht (5H)
Gesashache2 15 MYy Applicaton for shut down and Farschungezaninim
shut down partially desmantied. | Geesthacht GmbH
1995-01-17 Formal
Lizenca fr shut | decommissioning ks
down and partial | rot possible, & the
diemanting pood I8 In common
LA With FRCG-1.
——

Table 4 : Research reactors — in decommissioning

JHo. [Hame Abbrev. Reactor type; First Diate of Decommissioning | Operator Lacation of site
oo criticality _Jshutdown __fstaried
— - —————— —
1 =UR Barin SUR-B homagenicls (S} 1862-07-26 [2007-10-15 200e-12-01 {Dal) Tachnkcha Berlin {BE}
SLIR-100 ; LinkvarsitEt Berlin,
1,007 MWy, Irestiut Tar
Ererglatachnk,
Fachgebist
Kernachnlk
— ————— ——————
2 Forechungsraakbr-2 | FR-2 Tark-type ¢ Dl 186 1-0-07 (19311221 19e5-07-0 {Dal) | Forschungszentum | Eggenstain-Lecpokshaten
44 b 19861120 (SE) Karlaruhe GmbH W
E] Forechungsraakior RN Poaktype 1872-08-23 19212416 19e2-05-20 (Dal) | [Halmholz Zanbum | ObsarschisiBhaim (BY)
Meuharbarg TRIGA MARK-II; 1904-05-24 (SE) Manchan —
1 M Davtsches
Forschungszaninim
T Gasunhelt und
Lirmwalt {GmbH)
— —— — —
4 |Forschurgs- urd FMRE Poaktps/ MTR;  [19657-10-09 19951219 2001-02-02 (Cal) | | Phissikalzch- Braunschwek) (NI
Massreakin 1 MW 2005-07-22 {mkasad |Tachnische
Braurschwalg from resgulaiony Buncksaretalt
conlrol excapl intarim
shorage
— - —— —
a Rrezandormer RFR Tark-type WWR- N1S57-12-18 | 1999 -05-27 1992-01-20 {Dal) Wereln fr Faossendor (5N
Forechungsraakior S 10 MW Kermbrschungs-
technik und Aﬂﬂk

DeL Decommissioning licence
DiL Dismantling licence
SE Facility in safe enclosure
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Table 5: Research reactors completely dismantled or released from regulatory control

No. |Mame Abbrev. Reactor type; Power |First Shut- Decommissioning Oparator Location of site
critical down date | started | finalised
— e——
1 |Schnelle Nulksnangks- SHEA K homagenious |55 19651215 [1985-11-01 | 19850603 (DL | Forschungszantrum | Eggenstain-
Anardnung 1 0E-033 Mt 1987-05-06 Earsruhs GmbH Laopalidshatkn (EW)
2 |Schnslle Lintamkritecha SLIAK Fastaub-critzal 1964-11-20 [1978-12-07 Forachungszeniium | Eggenstain-
Arardnung assambly; st of Karsrue GmbH Laopoldshakn (EW)
0 MWy opsraticn
3 |SchnallThermischer STARK Arganalk 1963-01-11  [March 1976 1976 (Dal) | Forschungszanitum | Eggenstain-
Argonaulreakion modfied Argonaut 1977 Kasiue GrbH Laopoldshakn (EW)
raacior;
1 OE-065 MMy
1 [|SUR Kansuhe SURKA  [homogenous (57 T06e- -7 |Septanbe | 199 11-25 (DaL) | Fofschungezaniium | Eggenstent
SUR-106; 19496 1998-06-25 Kansrune GmbH Laopoldenakn (Bw)
1 OE-07 MWn
5 |TRIGA Heldalbarg | TRIGA HD | | Poak-typsa 1966-02-26 [1977-0-21 [ 1980-06-20 (Cal) Caulsches Haldalbern (BW)
TRKSA MARE-; 1980-12-11 {2E) Krebsforschungs-
025 MV, 20050116 (DIL) | zentrurm
SO0E-12-13
& JTRIGA Heldalbarg 11 TRIGA HD 1| | Pooktpsa ' TRIGA 197 8-0e-28 [1999-11-20 (20040812 {Dal) | Caulzches Haldalberg (BW)
MARE-I; 200E-12-12 Frebsiorschungs
025 BN Ih Zefitrum
- = ——— m— -
T JAEG-Mulenergaraakion, TEA Tank-tps-typa 1967-06-22 (1872 191-08-28 (D&l | Krattwark Linlcn A | Kanstain {BY)
Thermiszh- Kritische rarmisch critical 19e1-12-21
Arardnung assambly
1 OE-0id MWy,
2 JAEG-Fmaakior PR-10 Argonak; 1961-01-27 1576 1978-07-27 (Dal) | Eraftwark Linicn A | Karstain (BY)
1 8E-014 My 167 80252
9 |Slemens Algonaul Feskbr | [SAR ATgonaLk; 1050 06-20 [1086-10-21 | 1962-08-20 (DIL) | Tachnlsche Garching (27)
1 OE-0i3 M,y 19008-02-50 Linksersitat Manchen
10 |Slemens Lintarkitscha LA Sut-crical azsambly; 1988-06-11 [1562 1968-10-21 {Dal) | Tachnlachea Garching (EY)
Anardnureg 0 MW Slart of 19ge-0e-28 {DIL) | Linksersltat KOnchen
(5104 was par ol SUR-M0nchan) aperaton 1998-03-20
11 |SUR Mandhen SUR-M TRmagenous (5 SUR- | 1920028 |1081-08-10 | 1982-08-28 (DIL) | Tachnische Garching B}
100; 1988-02-20 Linkeersitat Manchen
N Al —— = —
12 |Beailinar Expanmentar- Raaktar |EER | hamaganicus (L) L- 1968-07-24 | Sumimer 197 402-15 {rewccation of | Halmholz Zanimm Barlin (BE}
s4iLy; 1672 the oparation lenca) | | Bedin or Matarlalien
005 MY g 197 4-04-23 und Erangie
12 |5UR Bramen SLIR-HEB homaoganious {3/ 19671010 |1992-06-17 | 1997-06-05 {Dal) Hochechule Eremen | Bremen (HE)
2LIR-100; 1988-07-27 (DIL) |
1 0E-07 Mty Karch 2000
14 |SLIR Hamburg SUR-HH [ hamaganious (S5 1965-01-15 | Augustl 962 [1993-03-31 (Dal) | Fachhozhschul Hamburg [HH)
SLIR-100 Diasamber 1993 Hamkbarg
1 0E-07 LM'..
15 |Forschungs eakior FRF 1 hamaganious (L) 1968-01-10 [1968-03-19 | 1970 (DIL) | Johann-Wallgang- | Frarkmrt {HE)
Frankfurt-1 L-54iLy; 200611020 Gosthe- Linkversitt
005 M h
16 [Forschungsreakior FRF-2 Poaktypa | mediied no eibcalllly [ne cperation | 1982-10-25 (DIL) | JohannWollgang- | Frarkirt (HE)
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Worldwide there have been six Material Test Reactors of the DIDO Class®:
e HIFAR (High Flux Australian Reactor), Australia, Shut-Down: 30. January 2007

e Forschungsreaktor Jiilich 2 (FRJ-2) am Forschungszentrum Jiilich, Shut-Down: 2. Mai
2006

e DR-3 im Risoe-Forschungszentrum, Danmark, Shut-Down: 26. November 1999

e PLUTO, Atomic Energy Research Establishment (AERE), Great Britain, Shut-Down:
1990

e DIDO, Atomic Energy Research Establishment (AERE), Great Britain, Shut-Down:
1990

e DMTR (Dounreay Materials Test Reactor), Dounreay Nuclear Power Development
Establishment, Great Britain, Shut-Down: 1969

The FRJ-2 is a reactor of the DIDO type and is thus moderated and cooled by heavy water
(D,0) contained in a closed tank. It was put into operation by Forschungszentrum Jiilich
GmbH in November 1962 with a power of 10 MW. The power was first increased to 15 MW in
1967 by exhausting available reserves and then to 23 MW in 1972 after appropriate
modification and upgrading. Thirty horizontal tubes penetrate through the concrete shielding
and the graphite reflector. Eight of these beam tubes and one through tube lead into the
maximum or near maximum thermal neutron flux of 2 x 10'* cm?s-1. These tubes are almost
exclusively used for neutron scattering experiments as far as spatial conditions permit. In
addition, there are more than thirty vertical tubes, some of them containing facilities used for
special (fuel and structural material) and standard (isotope production and neutron activation

analysis) irradiations.

The reactor is in shut-down conditions with graphite reflector still in place. The definite grade
of the graphite is not known. It is either ARS or AMC or AMT from Siemens Plania. All
activation data is based on calculations. Sampling of the graphite is in preparation.

Figure 2 shows the Cross section through the FRJ-2 reflector assembly with an indication of

related temperatures and neutron fluxes.
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Figure 2 : Cross Section of FRJ-2

6 Graphite characteristics

The information reported in table 6 is specific for the DIDO material test reactor at Juelich. In
addition to graphite characteristics for both virgin and irradiated reactor environmental
conditions are also identified.
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Table 6 : Material test reactor FRJ-2 Germany

Reactor Type | MTR (DIDO - FRJ-2)

Number of reactors to be decommissioned 1 in Germany

Total quantity of Graphite 30 Mg

Quantity of graphite in reflector 26 Mg

Quantity of Graphite in Thermal Column 4 Mg

Years of operation 1962 -2006

Operational Temperatures (Coolant) 54 - 64°C

Temperature of Reflector 65 — 210°C (Gamma Heating)

Type of Coolant / Atmosphere D,0

Atmosphere of Reflector Helium

Atmosphere of Thermal Column Air

Graphite characteristics/properties Un-irradiated irradiated

Origin/supplier Siemens Plania, XXXXXXXXXXXX
Griesheim, Germany

Grade ARS/AMC/AMT ? XXXXXXXXXXXXXX

Type XXXXXXXXXXXXXX

Neutron dose XXXXXXXXXXXX

Density 1,6 -1,7

Impurities and concentration (ppm) 1800

Gas permeability

Open pore volume 24-28%

Closed pore volume

Hardness

Radioactivity to include "*C, *°Cl and ®Co XXXXXXX 8.2E10 Bq (after 15

levels a)

-Cl4 7.5E10

- Co60 7.2E+9

7 Graphite retrieval objectives
According to current German regulations the contaminated/activated graphite from dismantling

will have to be treated as low- or intermediate —level waste with negligible heat production.

At present, cutting of large-sized material and packaging with or without immobilisation in
containers suitable for final disposal represents the basic management mode for irradiated
graphite. Alternative methods aiming at the reduction of radionuclide content (e.g. tritium for
operating and carbon-14 for long term safety) are presently being investigated. However, the

irradiated graphite management option most appropriate under plant as well as site specific
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aspects, taking into account economical, ecological and safety criteria, has not yet been

identified.

8 References

! www.nea.fr/html/general/profiles/germany.html

? Niederaichbach was a 100 MWe pressure tube reactor which was decommissioned after only
18 days of operation. It only achieved a 40% yield of its rated power and was retracted from
service due to being technically inadequate in the face of advancing technology.
Gundremingen was a 250 MWe reactor which was partially decommissioned in the late 1970's.
Once again, technical inadequacy forced the Gundremingen reactor out of service and full
decommissioning will commence at the start of the new century.

3 Act on the Peaceful Utilisation and the Protection Against its Hazards (AEA) 1959, as
amended, December 21 1992, BGBI I p.814.

* BGBI1p.2573

> Supra note 76, at sec. 7(2) No.1-No.6. They require the applicant to ensure the reliability and
responsibility of the appropriate personnel; the necessary knowledge of the personnel in
relation to safe operation, safety measures and possible hazards; the necessary precautions in
the light of state of the art to prevent damage arising from decommissioning; financial security
to cover all legal liability; necessary protection from interference from 3rd parties; and
compatibility with public interests and in particular to protect the environment

% European Commission Report - A review of the situation of decommissioning of nuclear
installations in Europe, EUR 17622 EN, European Communities 1997.

7 Safety Criteria for Nuclear Power Plants, October 1977, Bundesanzeiger, No.206. Other
relevant enactments include, the Model Rules for the Use of the State Collecting Facilities for
the Radioactive Wastes in the FRG (1981) and the Decommissioning Guide (Draft, February
1995).

¥ Wikipedia
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