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Visit of the NRC-Delegation to Germany

on the Topic

Safety Aspects of HTR Technology

for Monday, 23 July to Thursday, 26 July 2001
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Monday 23 July 2001, GRS, Schwertnergasse 1, 50667 Koln

Begin: 10:00 a.m., Room 610

Introductory meeting and overview of German activities related to HTR

• Welcome to GRS

• Information about GRS

(Kersting)

• Mission of the NRC delegation

(NRC representative)

• Overview on the HTR programme in Germany

(ScMning)

• Overview on safety assessment of HTR-Module in Germany

(Nitzki, Vogel)

• Know-how transfer to ESKOM for a PBMR

Safety analysis report HTR-module

Access to the total HTR-know-how, Consultancy work

(Sch6ning, Brinkmann, Kugeler)
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Tuesday, 24 July 2001, FZJ, Research Centre Jlilich,

Institute for Safety Research and Reactor Technology, Building 16.5,

Seminar-Room

Begin: 10:00 a.m.

Main Topic:

Research at FZJ related to HTR

• Welcome to the Research Centre JOlich (EisenbeiG)

• Information on the activities of the Research Centre JOlich

(EisenbeiG)

• Overview of research and development (R & D) at the FZJ related to HTR

technology

(Kugeler)

• Fuel element R&D and industrial production in Germany

(Heit, Froschauer)

• Lunch at Seacasino, Faculty Club, 13.00 h

• Fuel element research and development programme, aspects of irradiation and

post-irradiation examination: establishment of the retention capability limit

temperature of 1600 °C

(POlt, Nabielek, Schenk)

• Nuclear graphite for the HTR - research, development and industrial production

(Haag)

• Heat transfer and fluid flow in a pebble bed

(Scherer)
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Wednesday, 25 July 2001, Research Centre .lulich, FZJ,

Institute for Safety Research and Reactor Technology, Building 16.5,

Seminar-Room

Begin: 10:00 a.m.

Main Topic:

"Operational Experiences of AVR and THTR and Visits of Experimental

Facilities"

• AVR operation experiences, test programs, overview highlights, lessons to be

learnt

(Storch, Marnet, Wahlen, Pohl)

• THTR operation experiences, test programs, overview, highlights, lessons to be

learnt

(Dietrich, I. Kalinowski)

• Core Physics and pebble flow

(H. Kalinowski, Kleine-Tebbe, Barnert)

• Aspects of waste management

(Kugeler)

• Lunch at Seacasino, Faculty Club, 13.00 h

• Visit to intermediate storage facility, 14.15 - 15.30 h

(Halaszovich)

• Short Visit to AVR, 15.30 - 16.00 h

(Storch, Marnet, Wahlen, Pohl)

Optional:

• Visit to experimental hall no. IV: experimental work on Self-Acting Removal of

Decay Heat and Natural Convection in Core with Corrosion, 16.00 - 16.30 h

(Barnert, NieBen, Schroder, Kugeler)

4
C:\TEMP\-0055981.doc



Thursday, 26 .July 2001, GRS, Schwertnergasse 1, 50667 Koln

Begin: 10:00 a.m., Room 611

Main Topic:
Regulatory Aspects and Safety Assessment

• Safety assessment of HTR module

(Helmers, Nitzki, Vogel, Brinkmann)

• Safety assessment (Design and operation) of THTR

(Hofmann)

• Safety issues during licensing of THTR

(Hohmann)

• Rules and standards

• Final discussion

5
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September 25, 2001

MEMORANDUM TO: William D. Travers
Executive Director for Operations

FROM: Ashok C. Thadani, Director /RA/
Office of Nuclear Regulatory Research

SUBJECT: SUMMARY OF THE NRC DELEGATION VISIT TO GERMANY ON
SAFETY ASPECTS OF HIGH-TEMPERATURE GAS-COOLED
REACTOR DESIGN AND TECHNOLOGY

On July 23–26, 2001, a six-member NRC delegation met with German scientists and engineers. 
The purpose of the meetings was to open up channels of communication for follow-up
exchanges of technical information and to improve the Agency’s knowledge and understanding
of advanced high-temperature gas-cooled reactor (HTGR) design and technology.  The visit
was arranged in connection with the NRC staff action plan to expand staff expertise and
understanding of world-wide experience in technology specifically applicable to the Pebble Bed
Modular Reactor (PBMR) and the Gas Turbine-Modular Helium Reactor (GT-MHR).  The
delegation consisted of Stuart Rubin and Donald Carlson, Office of Nuclear Regulatory
Research (RES), Amy Cubbage and Undine Shoop, Office of Nuclear Reactor Regulation
(NRR), Alex Murray, Office of Nuclear Materials Safety and Safeguards (NMSS), and Howard
Faulkner, Office of International Programs (OIP).  Two (2) days were spent in Cologne and 2
days were spent at the Jülich Research Center (formerly the Jülich Nuclear Research Center)
FZJ.  Mr. Edmund Kersting, Head of International Programs, the Company for Reactor Safety
(GRS), organized the visit on behalf of the NRC.

Discussions were held on operating and test experience with pebble bed HTGRs. 
Non-proprietary reports and documents were exchanged, and insights were received on a
broad range of technical topics.  Discussions focused on:  (1) HTGR development in Germany,
(2) the German safety assessment of the HTR-Modul and the Thorium High-Temperature
Reactor (THTR), (3) safety research and development at Jülich Research Center related to
HTGR technology, (4) industrial production and irradiation and post-irradiation testing of pebble
fuel in Germany, (5) HTGR nuclear graphite production and testing, (6) pebble bed heat
transfer and fluid flow, (7) operating experience and lessons learned from the
Arbeitsgemeinschaft Versuchsreaktor (AVR) and the THTR, (8) THTR core physics and pebble
flow, (9) the experimental facilities for pebble-bed passive decay heat removal, air ingress, and
graphite oxidation at the Jülich Research Center, (10) German HTGR codes and standards, 
(11) German transfer of HTGR information to ESKOM for development and safety assessment
of the PBMR design, (12) the AVR spent fuel intermediate storage facility and the hot cells for
irradiated fuel examination, and (13) safety aspects of HTGR spent fuel management.  Many
follow-up documents were requested and international agreements are being planned to
expand NRC's technical understanding of HTGR technology. 
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A list of the German participants and their affiliations is provided in Attachment 1, and a copy of
the full agenda is provided in Attachment 2.  Attachment 3 provides a summary of the
presentations, discussions and observations during the 4-day visit.  Attachment 4 lists the
handouts and other documents that were provided in connection with the various presentations,
discussions, and tours.  Copies are available through the representatives from RES, NRR,
NMSS, and IP who participated in the delegation.  At the present time, the NRC delegation has
not conducted a detailed technical review of the material and, thus, any findings should be
considered as preliminary.

Attachments: 1. List of German Participants
2. Agenda for the Visit to Germany
3. Summary of the Visit to Germany
4. List of Handouts and Documents Provided

cc w/atts.:
C. Paperiello, DEDMRS
W. Kane, DEDR
J. Dunn-Lee, OIP
S. Collins, NRR
M. Virgilio, NMSS
A. Szukiewicz, RES
T. King, RES
M. Mayfield, RES
S. Newberry, RES
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for Monday, 23 July to Thursday, 26 July 2001



2

Attachment 2
Monday 23 July 2001, GRS, Schwertnergasse 1, 50667 Köln
Begin: 10:00 a.m., Room 610

Introductory meeting and overview of German activities related to HTR 

• Welcome to GRS

• Information about GRS 

(Kersting)

• Mission of the NRC delegation 

(NRC representative)

• Overview on the HTR programme in Germany 

(Schöning)

• Overview on safety assessment of HTR-Module in Germany 

(Nitzki)

• Know-how transfer to ESKOM for a PBMR

Safety analysis report HTR-Module

Access to the total HTR-know-how, Consultancy work

(Schöning, Brinkmann, Kugeler)
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Tuesday, 24 July 2001, FZJ, Research Centre Jülich
Begin: 10:00 a.m.

Main Topic: 
Research at FZJ related to HTR 

• Welcome to the Research Centre Jülich (Eisenbeiß)

• Information on the work of the Research Centre Jülich 

(Eisenbeiß)

• Overview of research and development at the FZJ related to HTR technology

(Kugeler)

• Fuel element R & D and industrial production in Germany 

(Heidt)

• Fuel element research and development programme, aspects of irradiation and post-irradiation examination

establishment of the retention capability limit temperature of 1600 °C 

(Pott, Nabielek, Schenk)

• Nuclear graphite for the HTR-research, development and industrial production

(Haag)

• Heat transfer and fluid flow in a pebble bed

(Barnert, Scherer)
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Wednesday, 25 July 2001, Research Centre Jülich
Begin: 10:00 a.m.

Main Topic:

“Operational Experiences of AVR and THTR and Visits of Experimental Facilities”

• AVR operation experiences, test programs, overview highlights, lessons to be learnt

(Storch, Marnet, Wahlen, Pohl)

• THTR operation experiences, test programs, overview, highlights, lessons to be learnt

(Dietrich, I. Kalinowski)

• Core Physics and pebble flow

(H. Kalinowski, Kleine-Tebbe)

• Aspects of waste management 

(Kugeler, Odoj)

• Visit to experimental hall no. IV: experimental work on self-acting removal of decay heat

(Barnert, Nießen, Kugeler)

• Visit to intermediate storage facility

(Storch, Marnet)

Optional: 

• Visit to AVR

(Halaszovich)

• Visit to the Hot Cells

(Duwe, Pott)
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Thursday, 26 July 2001, GRS, Schwertnergasse 1, 50667 Köln
Begin: 10:00 a.m., Room 610

Main Topic: 
Regulatory Aspects and Safety Assessment

• Safety assessment of HTR module 

(Helmers, Nitzki, Vogel, Brinkmann)

• Safety assessment (Design and operation) of THTR

(Hofmann)

• Safety issues during licensing of THTR

(Hohmann)

• Rules and standards

• Final discussion



1Numbers in square brackets refer to the handouts and documents listed in Attachment 4.
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Attachment 3

Summary of July 23–26, 2001, Visit to Germany
On Safety Aspects of High Temperature Gas Cooled Reactor

 Design and Technology

INTRODUCTION

Walter Leder, Managing Director of the Company for Reactor Safety (GRS) welcomed the
NRC delegation.  Mr. Leder gave a short overview of the nuclear power plant situation in
Germany.  He explained the anti-nuclear stance of the Green political party and their influence
in the coalition government.  He noted the Consensus Agreement between the federal
government and the nuclear utilities to phase out nuclear power over the next 20 years.

Mr. Kersting gave an overview of the GRS [1]1.  He explained that GRS is an organization of
technical and scientific experts.  They support the federal government in the areas of nuclear
safety and waste management.  He noted that they have four centers in Germany, each with
different areas of specialization.  Funding of the company is provided as follows: 77% by the
German government, 6% by the European Union and 17% by private contracts.  Currently,
GRS has 480 staff members and an additional 60 persons are associated with the Institute for
Safety Technology, a GRS subsidiary.  Funding for 1999 amounted to $45 million.

Mr. Kersting also gave an overview of the nuclear power plant regulatory system in 
Germany [2].  By law, the supervising regulatory authorities are the individual German states
(Länder) and not the federal government.  However, the state authorities are subject to federal
“supervision” by the Ministry of Environment, Nature Conservation, and Nuclear Safety (BMU). 
The BMU is assisted by the Federal Office for Radiation Protection (BFS) and receives expert
advice from the Reactor Safety Commission (RSK).

Howard Faulkner introduced the delegation and gave a brief presentation on the NRC safety
mission and organization.  Amy Cubbage gave a presentation on current advanced reactor 
initiatives in the U.S., the NRC’s activities in response to these initiatives, including the
establishment of the future licensing organization (FLO), in NRR, the interest of Exelon in the
Pebble Bed Modular Reactor (PBMR) and General Atomics in the GT-MHR and the resultant
pre-application efforts at NRC [3].  Stuart Rubin gave a presentation on the background and
purpose of the NRC visit to Germany.  He discussed the industry’s recent HTGR pre-
application initiatives and some of the challenging design, technology, safety and policy review
issues that these initiatives raised.  He also outlined what we hoped to learn during the visit [4]. 
Finally, Donald Carlson offered some comments in German reflecting on his past affiliation
(1978–83) with the Jülich Nuclear Research Center.  To provide background information for
future discussions, he also presented Mr. Kersting with two documents from the NRC’s past
review activities for the Modular High-Temperature Gas-Cooled Reactor (MHTGR) [5] [6]. 
There were many questions from the German participants about the renewed interest in
nuclear power in 
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the U.S., especially as it related to HTGRs, including the PBMR.  The remainder of the
discussions and presentations held during the visit followed technical areas and are discussed
under the appropriate section headings. 

HIGH-TEMPERATURE REACTOR RESEARCH AT THE JÜLICH RESEARCH CENTER 

Dr. Gerd Eisenbeiss, Director of Energy Programs, Jülich Research Center, welcomed the
NRC delegation and Professor Kurt Kugeler presented an overview of the Center and its past
and ongoing research activities related to high-temperature reactors [7].

The Jülich Nuclear Research Center (Kernforschungsanlage, KFA) was established in 1958
near the city of Jülich by the German state of North-Rhine Westphalia with a central mission of
research and development of high-temperature reactor technology.  Construction on the
15 MWe Arbeitsgemeinschaft-Versuchsreaktor (AVR), the world’s first pebble-bed reactor,
began in 1961 at a location immediately adjacent to the KFA, and power production
commenced in 1967.  The AVR was shut down in 1988 after 21 years of operation as a power
reactor and large scale test facility.  In 1990, the KFA changed its name to Jülich Research
Center (Forschungszentrum Jülich, FZJ) to reflect a decline in emphasis on nuclear reactors.

FZJ now employs 4300 workers, including approximately 1000 student researchers and foreign
guest scientists, and maintains close ties with several universities in the region.  The five main
research areas at FZJ are now Energy, Environment, Life, Information, and Matter.  The
Center’s remaining reactor-related R&D is conducted mainly within the Institute for Safety
Research and Reactor Technology (ISR), one of twelve research institutes that comprise FZJ. 
All reactor-related work in ISR is under the direction of Professor Kugeler, who is also Chair of
Reactor Safety and Technology at the nearby Technical University of Aachen and serves on
the German Reactor Safety Commission (RSK), an advisory body functionally similar to our
Advisory Committee on Reactor Safeguards.  It was noted that in the early 1970's Jülich had
over 600 research staff members working on reactor safety and technology, whereas only
about 60 staff members work in these areas today.

The Jülich Research Center’s research and development on pebble-bed reactors has included
extensive analytical and computational work in addition to tests and experiments involving
large test facilities.  Research and development has focused on the design and testing of
fission-product-retaining fuel elements, high-temperature steel alloys, major reactor plant
components (i.e., compressors, turbines, recuperators, hot gas ducts), and specific
components associated with the use of helium coolant (i.e., bearings, penetrations, seals,
insulations).  Steel alloys were found to require special treatments to avoid helium-induced
concerns, such as fusion at joints.  Methods were also developed to continuously purify the
helium coolant, using molecular sieve and other technologies.  In addition to the AVR,
Germany’s large test facilities have included the EVO helium turbine power plant, the HHV
helium turbine test loop, the EVA-II helium-heated steam reformer, and the KVK test loop for
helium-to-helium intermediate heat exchangers [8].  The SANA test facility for passive decay
heat removal phenomena and the NACOK test facility for reactor air ingress phenomena were
briefly described by Professor Heiko Barnert in preparation for the facility tours described later
in this report.
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In recent years, increasing attention has gone to the study of advanced reactor safety features
that go beyond current high-temperature reactor (HTR) design and technology [9].  These
ongoing R&D efforts fall under the heading of what Professor Kugeler calls "catastrophe-free"
nuclear technology.  Included is the developmental testing of silicon carbide coatings to cover
and seal (i.e., isolate) the graphite surface of pebble fuel elements and graphite reflector
blocks from chemical attack.  If successful, such ceramic coatings would prevent self-
sustaining graphite oxidation in the case of a potential air-ingress event such as might result,
for example, from a postulated large break in the reactor pressure vessel.  Towards eliminating
the possibility of such large vessel breaks, the "catastrophe-free" developmental work further
includes the design and scaled over-pressure testing of burst-protected reactor pressure
vessels made of prestressed steel.  Also under consideration are mitigation features that utilize
sand or other granulates to block the continued ingress of air after a postulated vessel break
and thereby prevent or limit graphite oxidation.

HIGH-TEMPERATURE REACTOR DESIGN ACTIVITY IN GERMANY

Dr. Josef Schöning, General Manager, Company for High Temperature Reactors (HTR), made
a presentation on the historical development of high temperature reactors in Germany from the
vendor's point of view [10].  In the early years both the Brown Boveri Co. (BBC)/ABB and
KWU/Seimens designed and developed HTRs in Germany.  In 1989, they entered into a joint
venture on a 50-50 basis to form HTR GmbH and mutually worked on a number of subsequent
designs until 1993.  At this point, design work stopped because the vendors did not see a
future commercial application of HTRs.

The only two HTRs to operate in Germany were the 15 MWe AVR and the 300 MWe Thorium
High Temperature Reactor (THTR).  Both were designed by BBC.  The AVR was a prototype
that operated successfully for more than 20 years commencing in 1967.  The AVR was used
for significant research and development activities and served as a test bed for developmental
pebble fuel elements with initially BISO and later TRISO coated fuel particles.  The THTR was
a demonstration plant that operated for less than 4 years.  The operating utility decided to
shutdown the plant in 1989 for primarily non-technical reasons which mainly involved
increased estimates of potential financial risks to the owners and operators.  Some significant
changes in going from AVR to THTR included (a) moving the steam generator from above the
reactor core to beside the reactor core, (b) utilizing a prestressed concrete reactor vessel
(PCRV) instead of a double steel reactor vessel, (c) shutdown rods inserted into the pebble
region of the core instead of into graphite “noses” on the radial reflector, (d) some
modifications to the graphite reflector structure, and (d) the addition of a shutdown decay heat
removal system because of the higher power level.  Both reactors used pebble fuel elements. 
Dr. Schöning noted that all German HTRs are intended to have a 3-year test program, 1 year
each for individual components, commissioning, and initial plant operation.  Overall,
government research funding for HTRs was about $1.8 billion, which compares to $2.3 to 3.6
billion for LWRs.  AVR and THTR operating and testing experiences are further discussed in
subsequent sections of the this report.

In addition to the HTRs that operated, a number of additional designs were developed in
Germany to varying degrees.  These designs ranged in power level from 10 MWt to 3000
MWt.  One of the designs featured in the discussions was the HTR-Modul.  The HTR-Modul is
85 MWe, with a design similar to the proposed PBMR except that the HTR-Modul incorporates
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a steam generator in the power conversion system.  This HTR-Modul design was characterized
as having a low power density, active and passive safety features, a reactor protection system,
and a confinement envelope.  Safety features of the HTR-Modul design include a strongly
negative temperature coefficient of reactivity that ensures passive initial shutdown upon loss of
forced cooling, passive decay heat removal through the reactor vessel wall after a loss of
coolant, a primary pressure boundary incorporating the “leak before break” design criterion,
and location of the steam generator and helium cross duct at an elevation below the reactor
core.  For a postulated break of the helium cross duct, the resulting “diving bell” geometry was
said to trap hot helium above the break and thereby delay by several days the onset of air
circulation and graphite oxidation in the core.  For postulated events without active scram, the
core is predicted to passively shut down and then return to critical after a day or two but reach
no more than 1% of full power in the absence of forced helium circulation.

SAFETY ASSESSMENT OF THE HTR-MODUL

Dr. Volker Nitzki, Dr. Gerhard Vogel, and Mr. Helmut Helmers, Head of the Division of Energy
and Systems Technology, Technical Inspection Society (TÜV)-Hannover, discussed the safety
evaluation performed by TÜV for the HTR-Modul design [11] [12].  TÜVs are regional
companies that are engaged in safety assessment and inspections of technical equipment.  In
the nuclear area, they provide technical evaluations to the state regulatory and licensing
authorities.

In 1987, HTR GmbH submitted an application for a site-independent license for the HTR-Modul
design to the Ministry for the Environment in the German state of Lower Saxony. 
TÜV-Hannover performed the safety review of the license application as a technical consultant
to the state licensing authority.  At the time, no technical rules and guidelines were available
for the HTR-Modul design and safety assessment.  The only available regulations were very
specific to the Siemens LWR designs.  The existing rules and guidance (laws and ordinances,
guidelines, technical rules, and publications) were screened for applicability to the HTR-Modul
and concept-specific requirements were added resulting in a comprehensive and consistent
set of design and evaluation criteria applicable to the HTR Modul.  The TÜV assessment of the
HTR-Modul design was based on this set of design and evaluation criteria.  Proposed licensing
basis events were also reviewed for completeness and conservatism.  This included a
screening of LWR events for applicability and expanded to include HTR-Modul specific
scenarios.

During the review, additional technical documents (about 250) were requested and received
from the applicant.  The applicant revised and re-submitted the safety analysis report to
address deficiencies identified by TÜV relative to the technical requirements.  The revision to
the safety analyses resulted in an increase of the fuel design temperature from 1600�C to
1620�C.

In April 1989, as the review was nearing completion, the application was withdrawn for political
reasons.  The TÜV was requested to continue working on the safety assessment under a 
contract to the Federal Ministry for Research and Technology.  In the final safety evaluation,
TÜV concluded that the design of the HTR-Modul could meet the safety requirements imposed
on nuclear facilities in Germany at that time.  Furthermore, their investigations on risk-reducing
measures indicated that the design has inherent safety characteristics that positively affect
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plant behavior beyond the design basis.  The full safety evaluation report is 900 pages.  Two
documents that summarize the evaluation were provided [12] [13]. 

In October 1989, the TÜV safety assessment report was provided to the Reactor Safety
Commission (RSK) for their review.  The RSK stated that the HTR-Modul design has favorable
safety-related characteristics even in the range beyond the design basis, and they concluded
that the design of the HTR-Modul met the safety requirements imposed on nuclear facilities in
Germany at the time [14].

Additional technical information on the discussions of the safety assessment of the HTR Modul
is provided in Appendix A of this attachment.

PEBBLE FUEL ELEMENT RESEARCH, DEVELOPMENT, AND INDUSTRIAL PRODUCTION

Drs. Heit and Froschauer of NUKEM Nuclear GmbH discussed the pebble fuel element
research, development, and industrial production in Germany [15].  Topics covered included
an overview of the progress of HTR fuel R&D, design of the THTR and the HTR-Modul fuel
elements, the process used for manufacturing pebble fuel elements with low-enriched uranium
dioxide TRISO particles, the methods used for characterizing the manufactured fuel,
production experience, and the special quality assurance system and philosophy for
manufacturing German fuel with absolute consistency and the required quality.

Research and development in Germany on HTR coated particle fuel began in 1965 with the
development of the BISO coated particle pebble fuel for the THTR.  R&D work on TRISO
coated particles was initiated shortly thereafter.  The German efforts built upon the earlier
developments of BISO and TRISO coated particles in the United States, the United Kingdom
and Austria, and benefitted from continuing international collaborations.  Fuel technology
development in Germany was divided among three organizations: BBC which was responsible
for fuel element (and reactor) design; NUKEM which was responsible for developing the fuel
manufacturing processes, fuel characterization methods, and the manufacture of test fuel
elements and production fuel; and the Jülich Nuclear Research Center which was responsible
for the fuel irradiation testing and for analyzing and evaluating the test results.

Production of pebble fuel elements for the THTR commenced in the early 1970s and lasted
through the late 1980s.  Fuel development activities for non-German HTRs utilizing prismatic
fuel elements that also incorporated TRISO fuel particles were carried out in the mid-1970s. 
The goal was to take over the fuel production for the General Atomics HTGRs at a fuel
fabrication plant to be built in Germany.  However, this effort was discontinued after a few
years because of the problems that developed at Fort St. Vrain.  Continuing fuel R&D efforts in
Germany were then refocused on optimizing the safety and reliability of pebble fuel element
design and performance.

German pebble fuel element R&D and production activities included many fuel variations:
initially high- and later low-uranium enrichment (for fuel cycle reasons), fuel materials (Th, U,
O, C) and coated particle design (BISO particle and later TRISO particle) and manufacturing
processes.  Many of the fuel element design variations were irradiated in materials test
reactors (MTRs) as well as the AVR at Jülich.  The AVR served as a large-scale (non-materials
test reactor) irradiation facility for the evolving German pebble fuel element designs. 
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Development and irradiation testing on the fuel which was to become the reference low
enriched uranium dioxide (LEU) fuel element design for future German HTRs (e.g., HTR-
Modul) occurred over a period of about 10 years from the late 1970s to the late 1980s.  This
fuel was manufactured and irradiation tested and successfully used as the standard AVR
reload fuel design beginning in the early 1980s until the reactor was permanently shutdown
1988.

Most research and development activities in Germany on HTR fuel ended in the early 1990s. 
However, some limited fuel research and development has continued to the present day.  The
technical knowledge for the HTR pebble fuel that was developed over the years is contained in
German records and documents and in the minds of a handful of German fuel experts and
specialists.  The detailed technical discussions provided by Drs. Heit and Froschauer are
further summarized in Appendix B of this attachment.

PEBBLE FUEL ELEMENT IRRADIATION AND ACCIDENT SIMULATION TESTING

Dr. Heinz Nabielek, Jülich Research Center, discussed pebble fuel element irradiation and
accident simulation testing conducted in Germany [16] [17] [18].  The release of fission
products from TRISO particle pebble fuel elements (or prismatic fuel elements) into the HTR
primary circuit come from three sources: free heavy metal contamination located within fuel
element graphite matrix introduced by the fuel manufacture process; defective TRISO coated
particles from the fuel manufacturing process or from fuel particles that fail due to either the 
environmental effects of irradiation burn-up (or the effects of a postulated accident heatup)
and diffusion through intact TRISO fuel particles.  The sequence of release is 110mAg, 137Cs,
134Cs, 85Kr, 90Sr, 106Ru, 95Zr.

To demonstrate fuel qualification (for in-reactor integrity), the fuel must be (1) manufactured to
precise design and manufacturing specifications, (2) irradiation tested over the full range of
normal in-core operating conditions and environments, and (3) tested for all postulated
off-normal conditions via post-irradiation heatup tests.  The quality of the fuel manufacture with
respect to defective particles and heavy-metal contamination outside the particle coatings is
determined by the destructive burn-leach test of a small sample of manufactured fuel elements
from each lot.  First the graphite matrix and outer pyrolytic carbon layers are oxidized away at
800�C down to the SiC layer which will not fail at this temperature.  The residue particles are
then placed in HNO3 which will leach out all heavy metal not contained within an intact SiC
layer.  The weight of the uranium in solution is then measured.  Since the weight of heavy
metal in a single fuel kernel is well defined, it is possible to determine the (effective) number of
defective particles in a pebble from the weight of the measured heavy metal in solution.  For
German reference HTR LEU UO2 fuel elements, these test results were reported to have met
the manufacturing defect rate specification of 6X10-5. 

Irradiation test results presented for German reference fuel irradiated in an MTR to a burnup of
about 15% fraction of initial heavy metal atoms (FIMA) shows that the release-to-birth fraction
(R/B) of 88Kr (which is an indicator of all gaseous fission products released) in the range of 10-8

to 10-7.  However, for TRISO particle fuel manufactured and irradiation tested worldwide, 88Kr
R/B experience indicates a range of particle defect rate from as low as 10-9 to as high as about 
5X10-3.
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According to Dr. Nabielek, based on irradiation testing for TRISO particle fuel, the failure rates
in an irradiation environment are, in their order of importance:  fuel temperature, burn-up, fast
fluence, power/temperature gradients and transients, and irradiation time.  Models for in-
reactor failure of fuel particles have been developed.  The models involving a pressure vessel
model include the PANAMA and STRESSES codes, while the models based on diffusion
coefficients to determine releases from intact defective and broken particles involve the
FRESCO code.

Dr. Nabielek suggested that further developmental work on HTR fuel performance might be
undertaken.  The areas included: (1) reevaluation of the 110mAg release rates during normal
operation for obtaining a better understanding of the source term associated with 110mAg plate
out on the internal surfaces of a direct cycle HTR such as the PBMR.  Plate out of 110mAg is
considered a significant potential source of worker exposures in a direct cycle HTR; 
(2) determination of the effect of fuel burn-ups greater than 10% FIMA on the irradiation
performance, including the potential for a reduction in the capability of the TRISO fuel particles
to retain fission products up to 1600�C, and (3) development of an improved coated particle
failure model for analyzing the performance of fuel particles under accident conditions over
1600�C. 

Dr. Nabielek also discussed the results of post-irradiation heat-up tests to simulate postulated
fuel heat-up accidents in a helium environment.  The heat-up tests involving a temperature
ramp up and hold for 500 hours on TRISO coated particle fuel shows that the 88Kr R/B fraction
is generally less than 10-6 for 1600�C but increase by a couple of orders of magnitude at
1700�C and 3 to 4 orders of magnitude for tests at 1700�C.  A slight increase in cesium
release (i.e., release fraction increasing from about 10-6 to 10-5) is observed after over 200
hours at 1600�C, but these time periods at high temperature are much longer than those
predicted for analyzed core heatup events in the HTR-Modul design.  At 2100�C, the SiC layer
breaks down well within 100 hours.  It was noted that the accident simulation heatup tests at
1600 to 1800�C can be used in developing and qualifying the computational models for fuel
failure and fission product releases in licensing calculations.  Experiments to determine fission
product release during depressurization heat-up tests up to 1600�C for German reference
TRISO coated particle fuel shows that (a) Cs and Sr are retained in the fuel element, (b) the
most important fission product release is iodine – the amount depending on the number of
failed particles, (c) the number of defective particles (from manufacture) and the number of
additional particles that fail during irradiation and from accidents can only be determined by
experimental methods, and (d) the particle failure fraction depends on the quality of the
particles. 

The following particle failure mechanisms and fission product release effects for German
reference HTR TRISO particle fuel elements were presented: (1) in the range from 1800 to
2500�C the number of particles that fail due to “pressure vessel” failure mechanism increases
with increasing temperature; above 1800�C corrosion of SiC begins to occur and at 2000�C
decomposition of SiC begins to occur; (2) at 1800�C, there is high release fraction for Cs and
at 2500�C there is nearly total release; and (3) at 1800�C the release of Kr (or I) from single
“pressure vessel” particle failures increases because of additional particle failures; and (3) at
2500�C, the diffusion of Kr (or I) occurs through decomposed/destroyed SiC layer and still
intact PyC layers up to 10%.  The implications for core heatup simulation experiments up to
1600�C are that, except for 110mAg, the fission product release is less that 6X10-5 which is from
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the heavy metal contamination during manufacturing.  For heatup up to 1800�C, single
pressure vessel failures and changing of the SiC structure lead to increasing release of Cs, Sr,
and Kr/I, in that order.

HIGH-TEMPERATURE REACTOR NUCLEAR GRADE GRAPHITE

Dr. Gerd Haag, Institute for Safety Research and Reactor Technology, Jülich Research
Center, discussed the subject of nuclear graphite for the HTR, including graphite research and
development and industrial production [19] [20].  The microscopic carbon structure of graphite
components may be viewed at the level of the coke particles, the alignment of crystallites
within the coke particles and the arrangement of individual atoms within the crystallites. 
However, the behavior and material properties of graphite components when exposed to an
irradiation environment can be understood only when investigated at the level of the individual
atoms within the crystallites (i.e., the lattice structure of the carbon atoms).  Neutron irradiation
causes individual atoms in graphite to be knocked out of their latices into interstitial positions
between the latices.  These carbon atom relocations cause the change in dimensions (growth,
shrinkage) in graphite components as well as changes in its material properties.  A single 1-2
MeV neutron can displace on the order of 20,000 carbon atoms in graphite crystallite.  Initially,
shrinkage occurs in an irradiation environment but with increased fast fluence expansion will
occur.  Depending on the isotropy of the graphite the amount of shrinkage in the orthogonal
dimensions under fast fluence can be very similar (isotropic) or fairly different (anisotropic).

The feed source of the coke and the component forming techniques have important influences
on the properties of the various reactor graphite grades.  Cokes can be ordinary pitch cokes or
special pitch cokes.  Forming of graphite components may be achieved by extrusion or by
vibration in molds.  Combinations of these factors can affect (a) the graphite density (the
higher the density the greater the neutron moderation), (b) the graphite tensile strength, and
(c) the degree of anisotropy.  Specific grade designations were established and assigned to
the reactor-grade graphites that were manufactured for the German reactors.  These grades
were based on the sources of coke that existed at the time that the graphite R&D for German
HTR applications were conducted.  Extensive irradiation testing programs were conducted in
Germany for these grades to establish their physical properties for use in design analyses. 
However, the original material sources for these graphites (i.e., grades) may no longer exist.

Dr. Haag provided a number of observations related to nuclear grade graphite: (1) nuclear
grade graphite for permanent core components must be nearly isotropic - but not isostatically
molded, (2) special coke processing and careful vibrational molding yields the best graphite
grades with respect to isotropy, strength, and homogeneity, (3) the expected lifetime of
graphite components has to be based on stress analysis using reliable irradiation data for
material and physical properties, and (4) today none of the formerly widely-tested graphite
grades are still available. 

In view of these observations, Dr. Haag provided a number of recommendations related to
nuclear grade graphite: (1) graphite for the PBMR reflector components should be produced
from material sources on a "best guess" basis using still existing procedures and experience, 
(2) data for stress analyses (e.g., irradiation induced growth strains and stresses, coefficient of
thermal expansion for calculating thermal strains and stresses) should be deduced from the
properties developed for similar materials that were previously tested extensively in the
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German irradiation programs, (3) an international database for graphite should be established
and should be composed of data from the US, UK, Japan, Germany and France, and should
be supported by possible users, and (4) for future HTR projects, development and irradiation
testing of new graphites should resume as soon as possible. 

These observations and recommendations are based on the fact that the mechanisms of
irradiation and crystallite changes and the relationships between crystallite changes and bulk
dimensional changes have not been developed to the point where dimensional and volumetric
changes in reactor graphites can be predicted accurately from pre-irradiation properties or
structural features.

PEBBLE BED REACTOR CORE HEAT TRANSFER AND FLUID FLOW

Dr. Scherer, Jülich Research Center, made a presentation on the heat transfer, fluid flow, and
power feedback modeling techniques used for pebble bed reactors [21].  During normal
operation, all three modes of heat transfer (i.e., conduction, convention, and radiation) are
important for modeling and predicting the pebble-bed core temperature distribution.  For very
fast transients, conduction in and between the coated particles is the most important heat
transfer mechanism.  The conductivity of the pebbles depends on temperature and fast
neutron fluence.  During normal operation, the temperature difference across the pebble is
less than 70�C and the difference between the helium coolant and the pebble surface is less
than 30�C.  These temperature differences are valid for low-power (modular) pebble-bed
reactors operating at 3 MWt/m3 power density.

The heat transfer from the fuel pebbles to the coolant is modeled using Nusselt’s law with input
from experiments.  The heat transfer from pebble to pebble by conduction and radiation is
modeled using an effective conductivity.  The effective conductivity is used in modeling
conduction through the pebbles and from pebble to pebble and assumes that the fuel has
already been irradiated.  The effective conductivity is determined from theoretical principles
and the calculated value has been verified to be in close agreement with experimental results. 
Under conditions of depressurized loss of forced cooling (commonly referred to as a
“conduction cool-down” event), the effective conductivity is a dominant factor that limits the
maximum fuel temperatures.

Coolant fluid flow in a pebble bed reactor core is difficult to model; therefore, a homogeneous
two-dimensional flow model is used.  For steady-state conditions, quasi-steady-state flow is
assumed.For accident conditions involving low pressure, convective heat transfer is ignored
(due to the very low density of helium) and only conduction and radiation heat transfer
mechanisms are modeled.  A statistical determination of the pebble packing arrangement is
used, called a “filling factor.”  The statistically determined filling factor was verified through
experiments.  

During normal operation, forced flow in the HTR core is maintained by a blower.  For modeling
purposes, the pressure drop correlations across the core is obtained from experiments and
incorporated in the code.  Following a loss of forced flow at high pressure, natural convection
will initiate (because helium density is not insignificant).  This will cause the core axial
temperature distribution to shift upwards so that the upper part of the core is at the highest
temperatures.  It was mentioned that the analysis of this loss-of-forced-cooling event needs to
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consider the temperature shift and to determine if the materials in the upper elevations can
accommodate the higher temperatures.  

The power in a pebble-bed reactor is tightly coupled to helium mass flow rate, mainly because
the Doppler effect provides a strong negative feedback via the fuel temperature.  Therefore,
the helium mass flow rate is used as a means of controlling reactor power.  Following a loss of
coolant accident depressurization, this same characteristic will shut down the reactor with
low-power recriticality occurring only after the decay of xenon.  Similarly, a pressurized loss of
forced cooling initiates an earlier recriticality due to the initiation of core cooling by natural
circulation.  

AVR OPERATING EXPERIENCE, TESTING,  AND LESSONS LEARNED

Mr. Peter Pohl and Dr. C. Marnet discussed the experiences gained on the AVR pebble-bed
reactor [22].  The 21-year operation of the AVR provided a very large source of experiences
and test data.  The AVR design involved a double reactor pressure vessel made of steel and
operated at average helium outlet temperatures up to 950�C.  The reactor served as a
large-scale test facility for all development stages of pebble fuel elements.  The AVR fuel
cycling system needed frequent maintenance in the early years but worked well after a series
of improvements.

Among the most significant events at AVR was a leak in the steam generator.  The AVR’s
steam generator was located inside the reactor vessel, above the core.  In 1978, one of the
tubes developed a leak and required isolation.  Water had to be removed from the core areas
and the pebble refueling piping below the bottom of the reactor vessel.  There was, however,
no significant damage to the fuel pebbles and none of them had to be removed from the
reactor.

During the final several years of operation, tests were conducted at AVR to help demonstrate
key safety principles of the HTR-Modul and similar passive modular designs.  Experiments
simultaneously simulating loss of forced cooling and stuck absorber rods demonstrated
passive shutdown without rod insertion.  Recriticality occurred after 1 day and  stabilized at a
very low core power.  The response to a complete loss-of-coolant accident without scram was
also simulated in an experiment with the AVR running at depressurized conditions and at low
power to simulate decay heat.  During AVR decommissioning activities, it was found that
several fuel pebbles had fallen into and lodged in the helium outlet flow slots in the graphite
lower core support structure due to widening of the slots during plant operations.  Documents
further describing the AVR operating experience and testing program results were identified
and will be provided to the NRC staff.

It was reported during the discussions that FZJ is now preparing a report about AVR test
HTA-8, which indicated unpredicted local hot spots in the AVR core.  In that test, approximately
20% of the 200 unfueled melt-wire pebbles that were passed through the AVR core showed
higher-than-expected maximum coolant temperatures (i.e., >1280�C during normal reactor
operations with a nominal average outlet temperature of 950�C).  The report is expected to
provide insights into the implications of these AVR test results with regard to: (a) validating or
correcting the code-predicted maximum fuel operating temperatures in a pebble bed reactor
design and (b) assessing the need for similar tests and measurements for future pebble bed
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reactors.  It was mentioned that once the report is completed by FZJ and approved by
ESKOM,  it will be provided to the NRC staff.

THTR OPERATING EXPERIENCE, TESTING, AND LESSONS LEARNED

The 300 MWe Thorium High Temperature Reactor (THTR) was designed during the late 1960s
and early 1970s as a demonstration plant toward the planned commercialization of large-scale
pebble-bed HTRs in Germany.  The long time span between the start of THTR construction in
1972 and initial power operation in 1986 was necessitated largely by design and analysis
changes for addressing the evolving regulatory requirements related to external events. 
Meanwhile, in the early 1980s, development efforts in Germany started a gradual shift away
from large-scale HTRs toward more inherently safe modular designs with lower power density,
like the  HTR-Modul design of the late 1980s.  This shift parallels the shift in HTGR
development in the United States, from the Fort St. Vrain reactor (and larger HTGR designs
such as the Fulton plant) of the 1970s to the lower power modular HTGR designs of the
mid-1980s to early 1990s, leading up to the GT-MHR design development program. 

Major technical differences between THTR and today’s modular HTR designs include: 
(a) THTR’s prestressed concrete reactor vessel (PCRV) versus the steel reactor vessel needed
in the modular designs to accommodate passive heat removal through the vessel wall during
accidents, (b) THTR’s higher power densities and lower helium temperatures, (c) THTR’s use
of steam generators instead of the helium turbine power conversion systems used by the latest
modular designs, (d) THTR’s larger core diameter, (e) a core height-to-diameter ratio of
approximately 1:1 for THTR versus approximately 3:1 for modular HTGR designs with
reflector-only control and passive heat decay removal through the vessel walls, (f) THTR’s use
of HEU/Th BISO fuel instead of LEU TRISO fuel, and (g) THTR’s use of robust control rods
that were mechanically forced into the pebble bed core versus the use of in-reflector control
rods and shutdown mechanisms in current modular designs.  Despite these differences, THTR
operating, testing, and regulatory experiences have yielded relevant technical information and
lessons worth considering for modular HTR designs.

From the presentations and discussions by Dr. Josef Schöning of Westinghouse Reaktor
GmbH [10], Mr. Guenther Dietrich of Hochtemperatur-Kernkraftwerk GmbH (HKG) [23], and Dr.
Helga Kalinowski [24], formerly of HKG and now with the Federal Office for Radiation
Protection (BfS), the following THTR "teething" experiences are highlighted:

(a) The frequent breakage of fuel pebbles in THTR resulted in no measurable increases in
reactor coolant activity, thus confirming that pebble breakage does not result in
significant damage to the embedded coated fuel particles.

(b) The high incidence of broken pebbles in THTR was caused largely by the forceful
insertion of control rods into the pebble bed core and was reduced by adding small
amounts of ammonia as lubricant.  Broken pebbles exacerbated the occurrence of
pebble bridging at the core outlet and many became jammed in the fuel handling
system.  Very little pebble breakage is expected in modular HTR designs due to the
absence of in-core control rods
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(c) Observed core-bypass helium flows in THTR were nearly three times the predicted
design values; the predicted and observed bypass flows were 7% and 18% of the total
helium flow, respectively.

(d) Fuel pebbles passed significantly faster through the THTR central core region and
significantly slower through the peripheral core region than had been predicted based
on pebble flow experiments in air.

(e) Temperature gradients at the core exit were significantly larger than had been
predicted, due in large part to the incorrectly predicted pebble flow and the resulting
pebble burnup and power profiles.  These gradients led to larger than expected thermal
stresses in the hot gas ducts and breakage of some insulation attachment bolts due to
overstress.

(f) Graphite dust was a greater problem than had been expected and an enhanced
filtering arrangement was established for removing the dust.  One event involving
graphite dust removal resulted in a radiological release off-site within regulatory limits.

(g) After final shutdown, recriticality became a concern during defueling of the THTR core
due to the potential for more reactive fuel from the upper part of the outer core region
to fall inward toward the center of the core, much like sand falls in an hourglass.  This
was resolved by adding absorber pebbles during the defueling process.

Despite the operating problems which occurred over the few years of plant operation, overall
operational performance for the THTR demonstration plant was viewed as a success within the
German nuclear power community.  However, faced with political efforts seeking to shutdown
the AVR and the higher estimated operating costs and potential financial risks that had been
identified, the parties supporting THTR were not willing to continue to operate the plant.  As a
result, the reactor was permanently shutdown in 1989 only 4 years after licensing.  A
decommissioning program has been initiated at the facility.

Documents further describing THTR experiences and lessons learned were identified and will
be acquired by the NRC staff.

THTR CORE PHYSICS AND PEBBLE FLOW

Dr. Helga Kalinowski, currently of Federal Office for Radiation Protection (BfS) and formerly of
HKG Hamm-Uentrop, made a presentation on the pebble flow and physical properties of the
THTR core [24].  The actual core physics and core physics models were not discussed during
this presentation.  

Pebble flow through the core was difficult to model and the actual behavior of the pebble flow
was significantly different than predicted from pebble flow experiments in air.  The initial core
loading pattern produced a temperature profile with a much higher temperature in the center of
the core then at the edge.  This temperature difference caused the fuel pebbles in the center
of the core to move downward much faster in relation to the fuel pebbles at the outer edges
than had been predicted by the experiments.  Therefore, the solution was to load more fresh
fuel in the peripheral core region than in the center in a ratio of 12 pebbles to the outer core for
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every 3 in the inner core.  The pebble flow is a function of local temperatures.  Increased
temperature lowers the coefficient of friction between the sliding pebbles allowing the pebbles
to flow downward more easily.  The resultant pebble flow velocity profile across the core
resembles the flow velocity pattern of sand flowing down through an hourglass.  The pebbles
at the outer edge of the core move more slowly and achieve greater burnup by the time they
reach the core bottom.  This results in the coolant temperatures at the outer edges being lower
due to the lower power production.  This in turn results in relatively higher friction between
pebbles, further slowing the pebble movement.  This temperature effect was not seen in the
scale model tests which were conducted in air at uniform temperature.  

Achieving the optimal pebble flow and loading pattern for the reactor took considerable effort
and needed to be continuously monitored.  The core diameter-to-height ratio of 1:1 of the
THTR was found to promote the increased velocity in the central core region.  The ratio was
changed to 1:3 (long slender core) for the later designs to achieve passive decay heat removal
characteristics and to allow control and shutdown using reflector control elements only.  This
change is also expected to improve pebble flow so that the flow across the core is closer to the
model predictions.  An additional reason why the THTR core did not follow the predicted
behavior is because all the experiments used to develop the predicted behavior used air,
which results in a pebble flow friction coefficient significantly lower than that in helium.  These
differences had a significant impact and rendered the tests unreliable for predicting the actual
core pebble flow and the resulting neutronic behavior.

The optimal (i.e., desired) temperature profile for the THTR was a flat temperature distribution
across the core exit.  A flat temperature is optimal for the gas entering the hot gas duct to the
steam generators because it reduces thermal stresses in the ceramic and metallic materials
that might otherwise be caused by large temperature gradients.  

For pebble refueling management to achieve a flat temperature profile, several principles were
used to calculate the optimum pebble reload pattern.  First, the THTR fuel management
process employed pebble conservation.  For every pebble that was discharged to spent fuel
storage, a fresh pebble was added.  Full-power days were used as a measure of the burnup of
the core and it was discovered that a correlation existed between the number of full-power
days and the number of pebbles that needed to be replaced in the core.  To maintain the
reactivity of the core, additional fresh fuel needed to be added on a daily basis. 

Six refueling parameters were used to determine the optimum pebble reload pattern: pebble
conservation, fuel ratio (inner core to outer core), absorber pebble ratio (inner core to outer
core), configuring the temperature of the core with the previously burned fuel, allocating more
previously burned fuel to the inner core, and allocating the previously used absorber pebbles
to the inner core.  Depending on the state of the core, not all six of the refueling parameters
were strictly maintained, but they proved to be useful starting points when evaluating the core
refueling requirements.  

Because the behavior of the pebble bed core did not follow predictions, the physical properties
of the core had to be periodically confirmed.  The physical properties that must be reviewed
include: temperatures at the core bottom, control rod worth (differential and total), reactivity (in
rod worth equivalence), control rod insertion time, and discharged pebble distribution.
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THTR SAFETY ASSESSMENT

Dr. Knud Hofmann, Head of the Energy and Environmental Division, TÜV-Essen, discussed
the safety assessment of the THTR [25].  When construction began on the THTR in 1971,
technical rules and guidelines for the THTR-specific reactor concept were not in place.  The
German Federal Ministry of the Interior (BMI) established safety criteria in 1977, but these
criteria did not consider the specific characteristics of HTRs.  In 1978, a reactor-specific
interpretation of these criteria was established with the agreement of the Ministry for the
Economy, Trade and Technology of the State of North-Rhine Westphalia (MWMT).  In 1980,
safety criteria for HTRs were developed by TÜV-Essen under contract to the BMI.  These
criteria went into effect during the construction of THTR and provided new and more detailed
requirements relating to external impact, internal impact and radiation protection requirements. 
This resulted in significant modifications to the plant design which led to lengthy construction
delays.

During operation of the THTR, several operational and design problems were observed, but
these issues were not considered to be of high safety significance by operations, design, or
regulatory organizations.  These included breakage of fuel elements caused by the insertion of
the in-core control rods, failure of bolts in the thermal insulation of the hot-gas ducts due to an
elevated temperature gradient at the core exit, difficulties with the fuel handling system that
initially limiting refueling activities to less than 40% power, and larger than anticipated
quantities of graphite dust in the primary system.  Despite these operational and design
problems, the THTR demonstration plant was considered a technical success and was viewed
as generally providing confirmation of the safety and the feasibility of an HTR based on the
pebble bed reactor core concept.

THTR LICENSING SAFETY ISSUES

Mr. Wilfried Hohmann, Ministry for the Economy, Trade and Technology of the State of North
Rhine Westphalia (MWMT), discussed safety issues during the licensing of the THTR from the
perspective of the state regulatory and licensing authority [26].  The MWMT was the authority
responsible for licensing the THTR, and Mr. Hohmann oversaw the licensing process for
THTR. 

An overview of the THTR design and a chronology of the licensing process and operating life
of THTR were provided.  The circumstances surrounding the premature shutdown of THTR
were discussed.  Following the Chernobyl accident, there was political pressure to shut down
the THTR because of negative public perception of graphite reactors.  This reduced
government funding in support of the facility.  As a result, the reactor was permanently
shutdown in 1989 after only 4 years of operation.  A program to decommission the THTR has
commenced.

From Mr. Hohmann’s perspective, the following are the lessons to be learned from the THTR
experience: (1) In-core control rods are “forbidden” in future reactors; (2) There is a need for a
strong confinement structure to protect against external impacts; and (3) The behavior of HTRs
is dynamically slow and this should be considered in technical regulations.  In response to a
question as to HTR safety compared to LWR safety, Mr. Hohmann stated that the HTR has
potential safety advantages as compared to existing LWR design and technology.



15

INTERMEDIATE STORAGE FACILITY TOUR

The delegation was taken on a tour of an intermediate fuel storage facility located on the FZJ
site.  The intermediate storage facility accepts spent fuel and low level waste (LLW) from the
decommissioning activities (i.e., to a SAFESTOR level) at AVR.  The LLW waste is packaged
in drums.  Under a SAFESTOR approach, most large components remain at the reactor
facility.  However, larger pieces removed during decommissioning are sectioned as necessary
to fit into drums.  The majority of the time involved visiting the hot cell area for spent nuclear
fuel handling.  Spent fuel pebbles are received in various containers from AVR and its storage
areas.  The pebbles are repackaged into thin-walled, stainless steel canisters, by gravity or
pneumatic methods.  Each canister holds about 950 pebbles, and has a small free space.  The
canisters are closed by a plug inserted into the recessed top.  Elastomeric o-rings provide the
sealing.  The void space consists of air at atmospheric pressure – no helium backfilling or
pressurization is performed.  A filled canister has a radiation field around 100 R/hr.  Several
canisters were visible through the hot cell windows.

CASTOR-type storage casks are used.  Several casks were being delivered during the visit. 
Remote operations place two canisters – one on top of the other – inside each cask.  An end
closure with two metallic O-ring seals is then inserted.  After bolting, the operators pressurize
the space between the seals with helium, typically to 5–7 bar of pressure (1.01325 bar = 14.72
psia).  Sensors continuously monitor the helium pressure between the seals and alarm on low
pressure (i.e., as indicative of a leak; typically at a pressure of 3 bars).  Filled casks are
vertically oriented in an array that provides adequate spacing for air cooling.  The NRC
delegation viewed the cask storage area.  This consisted of a vault-like building with reinforced
concrete walls (nominally 1.3 m thick) surrounding the cask array.  Approximately 120 casks
were visible containing spent pebbles from the AVR.  The IAEA maintains cameras at various
locations for safeguards purposes.

AVR SITE TOUR

The delegation was driven to the AVR site.  The AVR reactor building is a relatively tall
structure for its power level.  In an adjacent office area, the delegation viewed mockups of the
AVR and graphite blocks and discussed some specific aspects of AVR operations and
decommissioning activities.  One presenter demonstrated the toughness of graphite pebbles
by bouncing one on a hard concrete floor without causing any damage to the pebble.  AVR
rooms and cells have relatively limited access and are small, but there are many penetrations
through the vessel and containment shells.  This requires a considerable amount of effort for
sealing penetrations as part of the SAFESTOR operations.  In particular, the steam generator
consists of multiple, independent tube passes and is located within the pressure vessel, above
the core.  One of the tubes developed a leak in 1978 and required isolation, and water had to
be removed from the core areas.  Inspection of the AVR internals necessitated boring through
the steel shells and inserting a camera.  Significantly, the spacings in the bottom gas
distributor had widened slightly during operations and this had allowed a small number of
pebble fuel elements to fall into the lower gas inlet areas.  These fuel pebbles were found
during decommissioning and cannot be retrieved until major dismantling commences (i.e., in
the future, after the SAFESTOR period).  Graphite dust was noted as a concern for both the
operational and decommissioning phases, and contributed significantly to operator doses
during maintenance activities.  The AVR personnel recommended the use of HEPA filtration
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and appropriate respiratory protection wherever maintenance activities might be performed. 
Online coolant filtration appeared to be limited to that needed to protect the molecular sieves in
the gas purification circuit.

EXPERIMENTAL FACILITY TOUR 

The delegation visited FZJ’s Experimental Hall No. IV where a number of tests and
experiments have been performed on various HTR safety-related structures, systems, and
components.  The experimental facilities in Hall No. IV at the time of the visit were for HTR
passive core cooling phenomena and graphite-air corrosion reactions under simulated accident
conditions in modular pebble-bed reactors.

The SANA test facility uses electrical heaters and an ordered packing of pebbles to investigate
passive core cooling effects (i.e., conductive, radiative, and convective heat transfer) under
pressurized and depressurized accident conditions.  Maximum test temperatures up to 1200�C
have been achieved.  Both graphite pebbles and stone pebbles in air are used to
dimensionally model a range of heat transfer relationships of helium/graphite.  The SANA test
results have been used to validate the analytical models and methods that are used to
calculate fuel temperatures in modular HTRs during pressurized and depressurized loss-of-
forced-cooling accidents.

A large test apparatus called NACOK (Natural Convection in Core with Corrosion) models a
7-meter high vertical cross-section of an HTR-Modul core with graphite pebbles, electric
heaters, and piping arrangements to simulate the reactor vessel and bottom cross gas ducts. 
Both natural circulation and air ingress (corrosion) tests have been conducted.  Maximum
temperatures of 1200�C are achievable [27].  From the NACOK experiments, it was found that
after a depressurization accident caused by a postulated break in the helium cross duct near
the bottom of an HTR-Modul reactor vessel, the “diving bell” geometry will initially limit the rate
of diffusion mixing of outside air and hot helium in the core.  Specifically, the scaled NACOK
test results were reported to indicate an 80-hour “grace period” (i.e., time delay) before the
onset of natural convection flow of air through the HTR-Modul core.  Convection occurs when
the (very low density) helium gas in the vertical “core” region is eventually displaced (via air
diffusion) by the relatively high density air from the outside.  Air entry in the core initiates
sufficient driving force to establish natural convective flows through the system.  In the worst
case, the integrated analysis of an HTR-Modul, a helium primary circuit and an isolated 50,000
cubic meter confinement (i.e., containing air) would result on about 1600 kg of carbon
corroded out of the total of 500,000 kg of carbon in the HTR-Modul design.  Note that this
implies all of the oxygen in the air reacts with carbon, without any equilibrium limitation.  The
delegation requested the technical reports on the NACOK experiments conducted to date.

At the time of the visit, developmental testing had been ongoing on various coatings of
graphite pebbles [28].  The principal coating investigated was silicon carbide.  Tests showed
uncoated graphite pebbles would corrode rapidly in air at elevated temperatures, and kinetic
expressions were developed.  Several silicon carbide coatings and methods were being
investigated with the goal of having essentially no corrosion in air up to the maximum allowable
accident core temperature (i.e., 1600�C).  Extensive measurements have been performed in
Germany on heated beds of uncoated graphite pebbles in flowing air.  For example, results
with pebbles at 900�C indicate graphite corrosion rates of approximately 200 milligrams of
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reacted O2 per cm2 per hour with air flowing at 0.046 meters per second.  The reported
corrosion rates cover a range of air flow velocities and graphite temperatures from 600�C to
1200�C.

HIGH-TEMPERATURE REACTOR CODES AND STANDARDS

Dr. Ivar Kalinowski, Managing Director of the Secretariat of Nuclear Safety Standards
Commission (KTA), provided an overview of activities in Germany related to KTA safety
standards for gas reactor technology [29].  The KTA is comprised of 50 members including
authorities, experts, utilities, and manufacturers.

Dr. Kalinowski explained the hierarchy of German nuclear safety regulations: 

Laws and ordinances – obligatory
BMU guidelines – partially obligatory
Technical rules such as the KTA standards – obligatory and concept-specific.

Dr. Kalinowski provided the delegation with a complete list of the KTA standards including the
HTR safety standards which were established by the KTA subcommittee for HTR standards. 
The HTR safety standards include standards for metallic HTR components, standards for
monitoring radioactivity in HTRs and standards for reactor core design for HTRs including
calculation of the material properties of helium, heat transfer in spherical fuel elements, loss of
pressure through friction in pebble bed cores, thermal-hydraulic analytical models for stationary
and quasi-stationary conditions in pebble bed cores, and systematic and statistical errors in the
thermal-hydraulic core design of the pebble bed reactor. 

Also, the delegation was presented with the most up-to-date set of the KTA standards for
HTRs [30].  These standards were utilized for the regulatory safety review of the HTR-Modul
as a source for identifying potential additional HTR concept-specific safety requirements to
supplement the existing LWR safety requirements.  It is similarly expected that the KTA
standards will provide a useful resource to the staff in establishing regulatory design criteria for
modular HTGRs such as the PBMR and GT-MHR designs.  However, it should be noted that
the KTA subcommittee for HTR standards is not active and the KTA standards for metallic
HTR components were never issued in final form.  The other HTR safety standards were
issued in final form but have not been updated or re-affirmed in the last 10 years.  Dr.
Kalinowski expressed the hope that work on HTR standards development could be resumed
with the support and participation of international user organizations.

SPENT NUCLEAR FUEL AND ASPECTS OF WASTE MANAGEMENT

Dr. Kurt Kugeler provided a short presentation on HTR radioactive waste management aspects
that complemented the visit to the storage facility the day before [31]. 

The irradiation time for fuel pebbles in the reactor averages approximately 3 years.  Germany’s
plans for spent HTR pebbles (from AVR and THTR, and recommended for any future HTRs)
consists of two phases:
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Intermediate storage: this would be for 50–100 years after discharge from the reactor.  During
intermediate storage, the storage approach would be designed and operated to maintain
pebble temperatures below 100�C.

Conditioning for final storage/disposal:  This would be designed to keep the pebble
temperature below 50�C in final storage/disposal.

Curves were presented showing the decay heat versus time curves for HTR-Modul and other
HTR fuels.  For the HTR-Modul design, the approximate values are: years after discharge
(watts/pebble): 1 (0.4), 2 (0.2), 5 (0.08), 10 (0.05).  The intermediate storage approach uses a
can in cask method, with remote operations in cells. 

The canister/cask system accommodates heat loads of up to 800 watts.  For 1900 fuel pebbles
at 1 year after discharge, the heat load was stated as about 760 watts.  Most of the loaded
casks contain fuel over 10 years old, and, thus, typical decay heats are around 60 watts per
cask.  Pebble fuel temperatures were stated to be under 200�C at the beginning of storage
and would be below the 100�C target temperature sometime during intermediate storage;
actual temperature decay curves were not presented.  The accident analysis did not identify
any events resulting in "non-allowable" releases of fission products.  A paper on the cask
approach was provided.

The presentation also discussed final storage (disposal) options.  FZJ has investigated using
interstitial steel balls within the pebbles and silicon carbide filling as methods for increasing the
conductivity and performance of waste disposal packages.  Samples were passed around. 
Box, drum, and pressure-resistant disposal packages have been investigated and have been
analytically shown to meet dose criteria.  Analytical curves also compared the doses from
disposal of the graphite fuel pebble with the same quantities of radionuclides in glass; the fuel
pebble doses were lower.  Some test data indicated a cesium leach rate of 100 Bq/day from a
fuel pebble immersed in simulated groundwater.  Curves were shown comparing fuel pebble
toxicity to the uranium ore.  These implied a time period of around 100,000 years before the
HTR fuel toxicity equaled that of the natural ore.  No specifics were given.  Additional
toxicity/time curves were presented for partition and transmutation.  These displayed a
reduction of the time period to around 1000 years for comparable toxicity to the uranium ore. 
FZJ acknowledged that additional water immersion, leaching testing, and disposal analyses
need to be performed.

From the information presented, the decommissioning program is placing approximately 1900
spent AVR fuel pebbles into two cans, with a total (unshielded) volume of about 0.51 cubic
meters [31].  For the THTR, approximately 2100 spent fuel pebbles are placed into one can
with an unshielded volume of about 0.61 cubic meters [31].  From this experience, it is
estimated that the unshielded packaged volume of spent nuclear fuel elements from reactors
similar to the German HTR designs could potentially correspond to roughly an order of
magnitude increase over that from light water reactors for the same electrical output.

FZJ has initiated decommissioning of the AVR.  Based upon one of the papers, the following
are the non-fuel inventories of radionuclides in the AVR system, as of 1992:
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Cobalt-60 3.2E15 Bq (8.6E4 Ci)
Strontium-90 4.9E13 (1.3E3)
Cesium-137 2.6E13 (7.0E2)
Carbon-14 1.2E13 (3.2E2)
Tritium 1.5E15 (4.1E4)

Note that carbon-14 is the principal long-lived isotope.  The AVR non-fuel graphite amounts to
approximately 500 tonnes.  No estimates for the quantities of graphite involved or anticipated
in other HTR designs, such as the HTR-Modul or the PBMR, were presented.  However, due to
their higher power levels and larger cores, the quantity of graphite is likely to be more than 500
tonnes.  It was also indicated that the German program will most likely dispose of the graphite
material in a subsurface disposal unit.  AVR decommissioning operations will have to address
the small number of pebble fuel elements that fell into and lodged flow slots in the graphite
lower core support structure.  Decommissioning will also have to address potential
contamination from the graphite dust via adequate confinement during dismantling.

TRANSFER OF KNOW-HOW FROM GERMANY TO ESKOM

Josef Schöning, General Manager, HTR-GmbH, Heiko Barnert, Jülich Research Center, and
Helmut Helmers, TÜV-Nord Hannover, gave presentations on commercial agreements
between their respective organizations and ESKOM in the Republic of South Africa (RSA). 
These agreements involve the transfer of HTR design and technology “know-how” from
Germany to ESKOM.

In 1996, a German working group and HTR GmbH signed a memorandum of understanding
(MOU) with ESKOM documenting the intent of the German organizations to support ESKOM’s
development of the Pebble Bed Modular Reactor and to provide ESKOM access to German
HTR know-how.  Later in 1996, HTR GmbH entered into a license agreement with ESKOM to
provide ESKOM with the complete safety analysis report that has been prepared for the
HTR-Modul and to provide ESKOM technical support for the PBMR feasibility study.  In 1999,
HTR GmbH entered into another license agreement with ESKOM to provide ESKOM with
access to HTR technology documents including fuel technology documents filed in the HTR
GmbH archives.  The agreement also provided for technical assistance and specific consulting
work to ESKOM.

In 2000, the Jülich Research Center entered into a license agreement with ESKOM [32].  This
agreement gave ESKOM access to all HTR technical documents at the Jülich Research Center
involving experimental work that supported the design and development of the HTR (e.g., plant
concept, fuel development and behavior, AVR operational experience and test results, reactor
ceramic materials high temperature materials technology, HTR component tests, pebble fuel
proof tests, nuclear waste management).

In early 2001, TÜV-Nord Hannover entered into a contract to provide ESKOM to conduct an
independent review of the safety evaluation prepared by ESKOM for the PBMR in support of
PBMR licensing in the RSA.  Most recently, in June 2001, HTR GmbH entered into a license
agreement with PBMR, Pty, the consortium of companies with an ownership stake in the
PBMR, to provide HTR-Module equipment layout, design and construction drawings, and
design calculations for HTR-Modul components and systems.  The agreement also provided
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for HTR GmbH to provide technical assistance on specific issues such as graphite dust, solid
fission product plate-out, and helium technology issues (e.g., bearings, seals, coatings). 
NUKEM also has a contract with ESKOM to support the design and construction of the
planned Pelindaba fuel fabrication facility in the RSA.

It was mentioned that the agreements with ESKOM are such that ESKOM is not allowed to
give the information that is provided to third parties such as PBMR Pty. (or any members) or
the NRC.  During the visit, the NRC delegation occasionally requested copies of reference
information that was included in these agreements.  Generally, this information was not
provided to the delegation.  It was noted that the Technical University of Aachen, which has
significant R&D experience with HTR technology, is free of any such agreements.

KEY FINDINGS

The NRC delegation considers the technical information obtained during the visit to be an
important step in the development of NRC staff expertise and capabilities with the goal of
conducting effective and efficient safety reviews of HTGRs such as the PBMR and GT-MHR. 
The delegation therefore strongly encourages the technical staff to read in full the technical
documents that were obtained in their respective areas of technical or professional interest to
maximize HTGR technology transfer effectiveness.  At the present time, the NRC delegation
has not performed a detailed technical review of the material, and, thus, all findings should be
considered as preliminary.  The following technical information is viewed by the delegation as
important to the safety or operational assessment of modular HTGRs:

1. The manufacture of high quality fuel that consistently achieves fuel performance within
expectations during irradiation and accident testing requires meticulous adherence to
proven manufacturing equipment, processes and procedures and precise adherence to
established quality measures for all aspects of fuel manufacture.  Exact compliance in
these areas is essential.  Based on Germany’s 25 years of experience with fuel
development and manufacture, a maximum initial defect fraction of 6x10-5 has been
specified.

2. German fuel manufacturing for the HTR-Modul design would use 7–9% enriched
uranium.  More chemicals and flammable materials and more operating processes are
used in producing coated fuel particles and fuel pebbles than in producing pellet-type
fuels for light-water reactors.  New sources of graphitic materials may need to be
identified and qualified.  The higher enrichment level and the small size of the fuel
components (particles and pebbles) may require additional considerations for material
control and accounting (MC&A) and safeguards.  Fuel pebbles in the German HTR
program did not have unique identifiers or labels for quality control and tracking
purposes.

3. The Natural Convection in Core with Corrosion (NACOK) experiments were conducted
at Jülich to assess air ingress into an HTR-Modul reactor for a postulated break in the
lower hot gas duct.  From the experiments it was found that after a depressurization
accident caused by a postulated break in the helium cross duct near the bottom of an
HTR-Modul pressure vessel, the “diving bell” geometry will initially limit diffusion mixing
of outside air with hot helium in the system.  For cases with no additional breaks
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postulated in the pressure boundary above the cross duct, the diving bell geometry was
found to provide a “grace period” (i.e., time delay) before the onset of natural
convection flow of air through the core.  After the grace period, natural circulation of air
through the core begins, subjecting the graphitic materials of the core supports, pebble
fuel elements, and reflector blocks to oxidation-induced corrosion. 

4. Oxidation measurements have been performed in Germany on heated beds of
uncoated graphite pebbles in flowing air.  For example, results with pebbles at 900�C
indicate graphite corrosion rates of approximately 200 milligrams of reacted O2 per
square centimeter per hour with air flowing at 0.046 meters per second.  The reported
corrosion rates cover a range of air flow velocities and graphite temperatures from
600�C to 1200�C, with more limited data up to 1600�C.  Research has shown that
graphite corrosion can be prevented or greatly reduced by coating the graphite
surfaces with silicon carbide.  Work on developing the silicon carbide coating processes
and on irradiation and durability testing of coated pebbles and other coated graphite
structures is ongoing.  The use of coatings on graphitic surfaces was not included the
HTR-Modul design concept and does not appear to be included in the PBMR and GT-
MHR design concepts at this time.

5. Specific grade designations were established and assigned to the reactor graphites
that were formerly manufactured for the German reactors.  These grades were derived
for the specific feed sources of coke that existed at the time that the graphite R&D was
conducted for the German HTGR applications.  Extensive irradiation testing programs
had been conducted in Germany for these grades to establish their material and
physical properties for use in reactor design and analyses.  However, today none of the
formerly widely tested graphite grades is available.  For future HTGR projects,
development and irradiation testing of new graphites will be required.

6. Pebble flow through the THTR core was significantly different than had been predicted
from the scale model tests, which had been conducted in air at uniform temperature. 
The initial core loading pattern produced a temperature profile with much higher
temperatures at the core centerline than at the periphery.  The pebbles near the
peripheral core region moved much more slowly than predicted.  By the time these
outer pebbles reached the bottom of the core, the burnup was greater than predicted. 
This resulted in lower-than-expected local coolant temperatures due to the lower
pebble power from the higher-burnup fuel pebbles.  This in turn resulted in relatively
higher sliding friction between pebbles, further slowing the pebble movement.  The
increased temperature gradient at the core exit produced higher thermal stresses in the
helium cross duct, which led to the failure of some insulation attachment bolts.  The
actual behavior of the pebble flow was difficult to model.  The THTR pebble flow
experience is expected to provide important input to the review of a range of safety and
design analyses which are based on pebble flow behavior.

7. Due to the absence of instrumentation within the pebble bed core, a special test was
conducted at the AVR with melt-wire pebbles.  The test indicated unpredicted local hot
spots.  In the test, approximately 20% of the 200 “melt-wire” pebbles that passed
through the core at full power were found to have experienced maximum coolant
temperatures above 1280�C.  This was well above what had been predicted.  FZJ is
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now preparing a new evaluation and analysis of the AVR melt-wire test results and the
resulting report will be provided to the NRC staff when it is completed.  The report is
expected to provide insights with regard to: (a) validating or correcting the
code-predicted maximum fuel operating temperatures in a pebble bed reactor design,
and (b) assessing the need for similar tests and measurements for future pebble bed
reactors.

8. The German safety analyses and safety evaluations for HTR design basis events
involve a traditional deterministic approach with conservative assumptions.  These
include such aspects as the assumed failure of the first RPS trip signal, consideration
of the worst single failure, and no credit for non-safety related equipment.  Code
calculations utilize conservative inputs for physical and material properties and initial
conditions.  Shutdown decay-heat removal and fission-product retention must be
shown.  Postulated events in each event category are developed based on the design-
specific features and equipment.

9. The safety evaluation of the German HTR-Modul design concluded that the safety
design functions of passive shutdown, passive decay heat removal, fission product
retention within the fuel, and protection of the core against chemical attack (oxidation)
would perform as analyzed.  With regard to the potential for graphite oxidation events,
the safety analysis cited the "leak before break" design criterion in assuming only
individual small breaks (65 mm diameter) in the reactor pressure boundary piping. 
Events resulting in larger amounts of air entering the reactor core were excluded from
the design basis because of the estimated low combined probabilities of the component
failures involved and the time available for mitigative actions.

10. Testing was performed at Jülich to understand the how various steel surfaces are
affected by the lack of oxide film formation in a helium atmosphere.  Without proper
design and surface preparation, some steel joints and bearing surfaces exposed to
helium were found to fuse or self-weld.

11. Significant operating experiences occurred at the THTR.  These included: pebble
breakage (without measurable increases in reactor coolant activity) due to control rod
insertion into the pebble-bed core; core-bypass helium flows nearly three times the
predicted design values; pebble flow patterns significantly different than what had been
predicted; core exit temperature gradients significantly larger than had been predicted
resulting in breakage of a number of insulation attachment bolts; graphite dust
problems greater than had been expected and; shortcomings in the online refueling
system instrumentation and controls used to monitor pebble flow in the refueling
system.  Despite these operating problems, overall operational performance for the
THTR demonstration plant was viewed as a success within the German nuclear power
community.  However, faced with political efforts seeking to shutdown the AVR and the
higher estimated operating costs and potential financial risks that had been identified,
the parties supporting THTR were not willing to continue to operate the plant.  As a
result, the reactor was permanently shutdown in 1989 only 4 years after licensing.  A
decommissioning program has been initiated at the facility.
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12. Decommissioning of the AVR and THTR is based upon a SAFESTOR approach. 
Significant quantities of activated and contaminated non-fuel graphite (containing
carbon-14 and tritium) will likely require disposal at some time.  The AVR had 500
tonnes of non-fuel graphite.  In addition, the design and layout of these plants did not
appear to fully consider the need to minimize radiological exposure of workers during
the decommissioning activities.

13. Spent fuel pebbles from the AVR and THTR are being loaded into metallic casks,
similar in concept to those used in the United States.  Specific power density and
weight of heavy metal are lower; however, the packaged volume of spent fuel elements
from HTRs is potentially higher, by roughly and order of magnitude, than that from light-
water reactors for the same electrical output.  The casks used in Germany do not use
helium backfilling and slight oxidation of the graphite pebbles has been observed due
to the small amount of oxygen in the cask/can system.  The fuel pebbles are not held
by fasteners or springs in the casks and are free to move.

14. Several key German organizations with extensive and expert technical knowledge and
large archives of technical documents on German HTGR design and technology, have
entered into agreements with ESKOM to support ESKOM's design and development of
the PBMR and its licensing in the RSA.  Most of these agreements are with ESKOM
and provide access to extensive research, development, design, testing and operating
data, and safety analyses and safety evaluations of German high-temperature pebble
bed-reactors.  Since these agreements involve direct assistance to ESKOM in support
of PBMR licensing, NRC cooperation with the involved organizations in support of
PBMR pre-application review in these technical areas would likely raise a conflict of
interest for these organizations.  Additionally, since these agreements prohibit ESKOM
or the other involved receiving organizations from providing the information to third
parties, NRC may not be able to obtain the reference technical information through
Exelon until such time that they sign their own separate agreements with the involved
German organizations.  However, some of the German organizations have indicated
that the technical information provided to ESKOM and PBMR could also provided to
NRC under a separate agreement.

CONCLUSIONS

The German nuclear power industry believes they have demonstrated that HTGRs can be
successfully designed, constructed and licensed, and operated with acceptable safety
performance.  German safety and regulatory authorities have concluded that the HTR-Modul
design (a modular pebble bed HTGR similar to the PBMR) would have been able to meet the
safety criteria for licensing in Germany.  Actual operating experience of German HTGRs
suggests that startup problems with new HTGR plant designs can be expected.  German
experiments, tests, safety evaluations, licensing experiences, and subsequent plant operating
experiences have provided important lessons in HTGR design, technology, safety analysis and
regulation.  These lessons should be considered in the NRC’s HTGR pre-application and
licensing review activities.  The information obtained from Germany on the safety aspects of
HTGR design and technology will be extremely beneficial in supporting the NRC’s safety
reviews of new HTGR designs.  
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Appendix A

SAFETY ASSESSMENT OF THE HTR-MODUL

The HTR-Modul is a thermal power plant designed for the cogeneration of electricity and
process steam.  The plant is comprised of two nuclear steam supply systems (modules) in a
common reactor building.  Each module consists of one high- temperature reactor in a steel
pressure vessel, one steam generator in a separate steel pressure vessel, one primary gas
blower joined to the steam generator vessel, and a connecting pressure vessel containing
coaxial hot-gas/cold-gas systems which connects the reactor to the steam generator.  The
capacity of each module is 200 MWt (80 MWe).  The HTR-Modul fuel design was based on the
standard reference low enriched uranium (LEU) fuel element, which is also the reference for
the PBMR fuel design.

The TÜV performed a traditional deterministic assessment of the HTR-Modul design against
the basic safety criteria of shutdown, decay heat removal, and retention of fission products. 
These safety criteria were satisfied in the HTR-Modul design by the following safety features:

S Shutdown: The HTR-Modul design includes two shutdown systems.  The automatic
reflector control rods for reactor control and hot shutdown and the manual small sphere
absorber system (KLAK system) to ensure cold shutdown of the core.  The absorber
spheres were not considered necessary by the designer, but were required as an
independent means of reactor shutdown.  Due to the negative temperature coefficient
of reactivity, the reactor can also be shutdown by turning off the primary coolant blower
thereby interrupting the primary coolant flow.  This inherent safety property of the
reactor was not credited by the designer in the safety analysis report.  The shutdown of
the blower and insertion of the reflector rods are initiated simultaneously by the reactor
protection system.

S Decay Heat Removal:  Decay heat is removed from the core passively by heating up
the surrounding structural components.  Active heat removal is not necessary to avoid
exceeding the fuel design temperature of 1620�C.  During normal operating conditions,
the energy losses from the reactor pressure vessel will heat up the concrete structures,
and the reactor cavity is equipped with a surface cooler to protect these structures. 
Analyses were performed to demonstrate that there is no need for short-term
availability of active decay heat removal.  The design temperatures of the reactor cavity
concrete structures and reactor components will not be exceeded until 15 hours after
shutdown.  

S Retention of Fission Products:  The HTR-Modul design does not include a
pressure-resistant, gas-tight containment.  The confinement, consisting of the reactor
building and its associated ventilation and filter system, was designed to facilitate
activity control.  The design concept of the HTR-Modul is such that fission products will
be nearly completely contained in the fuel elements provided that the fuel design
temperature of 1620�C is not exceeded.  In a loss-of-coolant accident, the fission gas
activity of the coolant and part of the plate-out activity on the primary system surfaces
would be released to the reactor building and to the environment via the ventilation
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stack.  The resulting radiation exposure to the environment was calculated to be far
below the accident dose limits of the German Radiological Protection Ordinance. 

LWR licensing basis events were screened for applicability by the TÜV and HTR-Modul
specific scenarios were added.  As a result, the list of licensing basis events for the HTR-Modul
was revised and enlarged.  The applicant revised the safety analysis report to include the
revised listing.  The following categories of design basis events were analyzed:

S Reactivity Accidents
S Disturbed Heat Removal Without Loss of Coolant
S Disturbed Heat Removal With Loss of Coolant
S Loss-of-Coolant Event
S External Events (does not include aircraft impact and external shock wave) 

The event analysis was also revised by the applicant to address the following basic
assumptions: (1) failure of the first initiation signal to activate the reactor protection system; 
(2) consideration of single failure and system unavailability due to maintenance; and 
(3) non-safety related systems are not credited.  The revision to the safety analyses resulted in
an increase of the fuel design temperature to 1620�C from 1600�C, and resulted in design
changes to the reflector control rod system, the reactor protection system, and the seismic
design of some structure and components. 

Aircraft impact and external shock wave were considered extremely low probability events and
were not classified as design basis events.  “Risk-reducing measures” are provided in the
HTR-Modul design to reduce the risk due to operation of the plant.  The reactor building
(essentially the confinement) and the safety related components in the reactor building were
designed for loads from aircraft impact and external shock wave.  The switch gear and
emergency supply building are assumed to be partially or completely destroyed by the event
which could result in failure of the reactor protection system and emergency power supply
system.  The applicant planned to design the reactor protection system such that the protective
actions would be initiated when necessary due to plant behavior or as a result of damage to
the reactor protection system itself.  In addition to the above described risk-reducing measures,
steps were required to establish an external supply of feedwater for the reactor cavity surface
coolers and a power supply for the emergency control room. 

The safety evaluation of the HTR-Modul design concluded that the safety design functions of
passive shutdown, passive decay heat removal, fission product retention, and protection of the
core against chemical attack (oxidation) would perform as analyzed.  With regard to the
potential for graphite oxidation events, the safety analysis cited the "leak before break" design
criterion in assuming only isolated small breaks (65 mm diameter) in the reactor pressure
boundary piping.  Events resulting in larger amounts of air entering the reactor core were
excluded from the design basis because of the estimated low combined probabilities of the
component failures involved and the time available for mitigative actions.



B-1

Appendix B

PEBBLE FUEL ELEMENT RESEARCH, DEVELOPMENT, AND INDUSTRIAL PRODUCTION

Pebble Fuel Design

The basic concept consists of coated particle fuel.  The center comprises the fuel, as a kernel,
and is surrounded by multiple coatings that protect the fuel and retain the fission products.  

The initial pebble fuel designs of HTR fuel in Germany for the THTR utilized BISO coated fuel
particles based on the BISO fuel designed and manufactured in the US.  This fuel involved
pebbles with a central spherical fueled region consisting of coated particles randomly mixed in
a graphite matrix surrounded by a fuel-free graphite outer shell.  Highly sintered thorium and
uranium oxide (10-to-1 thorium-to-uranium) at 93 % enrichment was initially utilized.  All layers
coating the fuel kernel in the BISO coated particle design involved pyrolytic carbon material.  

The later reference fuel design for the HTR-Modul involves a TRISO particle that was used for
reloads at the end of the AVR operating history.  This fuel is also the reference design for the
Pebble Bed Modular Reactor (PBMR).  The HTR-Modul reference fuel has the same overall
fuel element design as the THTR (i.e., a central 50 mm spherical fueled region consisting of
coated particles randomly distributed in a matrix of graphite and binders surrounded by a 5 mm
fuel-free graphite outer shell).  However the coated fuel particles are of the TRISO particle
design.  The fuel kernel is highly sintered (near theoretical density) UO2 with a uranium
enrichment of 7-9 %.

For TRISO fuel particles the layers and the purpose of each layer was described as follows: 

Inner Buffer Layer: Low density (i.e., ~50% porosity) pyrolytic carbon.  The buffer layer
provides void space for fission product gases, serves to accommodate the irradiation-induced
swelling of the fuel kernel (including fission product recoil) and protects the other layers from
damage due to these effects. 

Inner Layer: High density pyrolytic carbon deposited from an argon/acetylene/propylene gas
mixture.  The inner layer retains most of the fission products; fixes the inner porous buffer
layer;  protects (seals) the next (SiC) layer from chemical attack from fuel kernel fission
products; prevents hydrogen chloride, that is generated during the formation of the SiC layer,
from entering fuel kernel.

Silicon Carbide (SiC) Layer:  The layer is generated from the decomposition of trichloromethyl
silane (CH3SiCl3) upon the fuel particle, in the presence of hydrogen gas.  The SiC layer
serves as the impervious barrier to the escape of gaseous or solid fission products (except
110mAg) from escaping the coated particles; Provides the largest contribution to the mechanical
strength of the particle; and functions as a pressure vessel.  The silicon carbide layer
temperature of formation is important to the effectiveness of the coating (1550�C was
mentioned as an optimum).
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Outer Layer:  High density pyrolytic carbon deposited from an argon/acetylene/propylene gas
mixture.  The outer layer serves to protect the SiC layer from chemical attack from outside the
particle and adds strength to the SiC layer.

Overall the purpose of the coatings is to prevent fission products from escaping the fuel kernel
during fuel manufacture, in-reactor irradiation, and potential accidents.

Pebble Fuel Element Manufacture

The fuel element manufacturing process consists of: UO2 fuel kernel manufacture, coating of
the fuel kernels, and manufacture of fuel elements.

The UO2 fuel kernels, are prepared by a modification of the ammonium diuranate (ADU)
process that uses vibrating nozzles to generate the initial spherical droplets.  The manufacture
of the fuel kernels begins with a uranyl nitrate solution.  The solution is pre-neutralized and
mixed with polyvinyl alcohol (PVA) and tetrahydrofurfyl alcohol.  This forms the feed solution. 
A pump forces the feed solution through small diameter vibrating nozzles.  This is termed
vibrodropping.  The diameter of each droplet (which determines the size of the fuel kernels) is
very precisely controlled and is determined by the nozzle orifice diameter, pressure, and
vibrating frequency.  The free droplets fall through a small gaseous space and then a more
concentrated solution of ammonium hydroxide.  This continues the ADU precipitation reactions
and the uranium/ADU particle assumes the shape of minimum energy – a sphere – as it falls
through the ammonium hydroxide solution.

The ammonium hydroxide solution needs to have adequate height to allow sufficient
conversion to ADU so that the sphere is mechanically stable when it reaches the bottom of the
column or precipitation chamber.  At the bottom of the column, the kernels (also called gel
spheres because of their softness) are allowed to “age” and complete the ADU reactions.  This
forms an ADU kernel of adequate strength for handling.  The ADU spheres are removed,
washed to remove residual chemicals, and dried at moderate temperatures.  A calciner
converts the ADU to uranium oxide (UO2+x), and reduction with hydrogen completes the
conversion to uranium dioxide.  A high temperature sintering step increases the density of the
kernel to near theoretical density.  The fuel kernels are sorted by sieving to ensure 100% meet
the specified size and sphericity.  The finished fuel kernels are measured and classified by
size and roundness within the specified tolerance band.  The reference German fuel for the
AVR design had a sintered fuel kernel mean diameter of 500 µm.  The PBMR fuel is based on
this reference.

Each kernel is coated into a TRISO particle using a fluidized bed coater qualified for a 5 kg
batch (lot) size.  Each coating layer is added via a chemical vapor deposition (CVD) processes
in a sequential layering process.  The CVD process decomposes gaseous species at
temperature in a high surface area medium (the kernels, as the fluidizing bed).  The kernels
act as nucleation sites for the decomposition which grows the various layers.  Each coating is
made from a mixture of a carrier gas (typically Argon) and a coating gas which depends on the
layer involved.  The silicon carbide layer is coated using H2 as the carrier gas and CH3SiCI3 as
the coating gas.  As each layer in turn is added, the particle diameter increases from the 500
µm UO2 kernel size to the 1000 µm diameter of the finished coated particle.  The UO2 fuel
kernels result in limited heavy metal contamination inside the coater and represents the source
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for heavy metal contamination outside the SiC layer in the finished particles.  The Nukem fuel
plant had a particle fuel capacity of approximately 2 MTHM/yr.  Finished particles are then
characterized.  The last step is to provide a 100 µm overcoat of pyrolytic carbon.  The overcoat
provides a protective layer for the finished particles to prevent damage and breakage during
the high-pressure pressing in the graphite matrix in manufacture of the pebbles.

With the standard design, one coater can process five kilograms (U) of fuel batch size and
apply all four coatings in 8–10 hours.  A larger coater has been tested for processing 10 kg (U)
batches in the same 8–10 hour period but has not been licensed for LEU TRISO particle fuel
manufacture based upon German State license (criticality) restrictions.  This 5 kg coater is to
be used for PBMR fuel manufacture.  Safety analyses have shown that the 5 kg/batch coater
can accept up to 10% assay material.  The coaters use argon as the carrier gas for the
pyrolytic carbon layers.  Temperatures of 1200–1600�C are achieved by electrical heaters in
the base and funnel area walls of the coater.  Most of the surfaces in the coating system are
graphite or graphite lined.  The coater also has insulation, cooling water jackets, and
thermocouples around the fluidized bed walls.

The finished TRISO particles are mixed with an approximately 50/50 mixture of graphite
powder and binder material to form the fueled zone of the pebble fuel element.  These are
formed in spherical rubber molds, initially in a pre-molding at low pressure.  The pressure must
be applied isostatically (uniform) to avoid particle failures from nonuniform external pressures. 
(The fuel particles are not strong when subjected to high non-isostatic external pressure.)  The
pre-molded fuel elements are then covered in a fuel free zone of graphite power and pressed
a second time at high pressure (300 bar).  The completed fuel elements are heat treated at up
to 1950�C to remove all volatile material and convert the binder/graphite/fuel particle mass into
a monolith.  This temperature is sufficiently distant from the 2000�C plus at which the SiC layer
would begin to decompose into its constituents.  After the final molding and heat treatment, the
pebbles are machined to the precise diameter and finish.  Finished pebbles are then
characterized.

NUKEM manufacturing experience of TRISO particle pebble fuel elements for the THTR
involved about 1000 batches of kernels, about 4000 batches of coated particles and about 500
lots of finished pebble fuel elements (~1M pebble fuel elements).  Overall yields (input uranium
to uranium in the final fuel pebbles) were greater than 95 % for these products.

Fuel quality is primarily verified by destructive analyses on selected samples from batches. 
Experience has developed a set of procedures and processes requiring verbatim compliance
for generating the fuel with known quality; typical failure numbers of 1X10-4 to 1X10-5 were
cited for defective pebbles, with one or two defective particles per pebble.  This is generally
better than the failure rates found during prior NRC efforts on HTR fuels.

According to Dr. Heit, the key to consistent manufacturing quality and consistency and fuel
performance within expectations during irradiation and accident simulations is the proven
manufacturing equipment and manufacturing process procedures, and a special and detailed
quality assurance program for all aspects of fuel manufacture and fuel produced.  The way to
reproducing the consistent success that was eventually achieved by the German program in
the 1980s must involve a deliberate and meticulous characterization of each aspect of
manufacture in the fuel manufacturing development process and fuel products leading up to
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the proven performance and qualification of the final fuel facility production lines and fuel that
will consistently meet all fuel product specifications.  Exact compliance with the final fuel
manufacturing procedures is essential.  However, Dr. Heit indicated that improvements could
be made with fuel manufacturing process.

Dr. Heit also stated that the irradiation fuel proof testing for the production fuel must be fully
representative of the production fuel that will be made for the HTR plants.  To achieve this
consistency, both the production fuel elements and the fuel elements used for the proof tests
must be manufactured using TRISO particles which are based on a split statistical sample
taken from the same (number of) batches of TRISO particles made by the same fuel
manufacturing lines (e.g., fluidized bed coaters). 

The design drawings for the manufacturing equipment and the manufacturing process
procedures and related documented still exist in Germany, although the manufacturing
equipment itself has been sold to the Chinese for the manufacture of the HTR-10 fuel. 
German organizations also have retained personnel who have knowledge and experience in
the manufacture of TRISO fuel particles and pebble fuel elements. 
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Attachment 4

LIST OF HANDOUTS AND DOCUMENTS PROVIDED

1. Safety Aspects of HTR-Technology, Edmund Kersting, GRS

2. The Regulatory System in Germany, Edmund Kersting, GRS

3. New Reactor Licensing, Amy Cubbage, NRC/NRR

4. Background and Purpose for the NRC Delegation Visit to Germany on the Safety
Aspects of HTGR Technology, Stuart Rubin, NRC/RES

5. NUREG-1338, Draft Preapplication Safety Evaluation Report for the Modular
High-Temperature Gas-Cooled Reactor; P.M. Williams, T.L. King, J.N. Wilson
(NRC/RES), 1989

6. Draft Update of the Draft Preapplication Safety Evaluation Report on the Modular
High-Temperature Gas-Cooled Reactor; J.N. Dohohew (NRC/NRR), Project 672, Vol.1
Accession No. 9601020092, Vol.2 Accession No. 9703180167 (1996)

7. FZ-Jülich brochures: (a) Institute for Safety Research and Reactor Technology (ISR),
(b) Expertise for the Future: Facilities of the Research Center Jülich, (c) High Tech on
Historical Soil, (d) The Future is Our Mission

8. Large Test Facilities in HTR Development, Kurt Kugeler, Jülich Research Center 

9. Concept of Inherently Safe Modular HTR, Kurt Kugeler, Jülich Research Center

10. Overview on the HTR Program in Germany, Josef Schöning, Westinghouse Reactor
GmbH

11. Safety Aspects of HTR Technology, Volker Nitzki, TÜV Hannover

12. Safety Assessment of the Design of the Modular HTR-2 Nuclear Power Plant, TÜV
Hannover, June 1998

13. Concept Licensing Procedure for an HTR-Module Nuclear Power Plant, Brinkmann and
Will, 1990

14. Recommendation of the Reactor Safety Commission on the Safety Concept of a
High-Temperature Modular Power Plant, 250th Meeting of the RSK, January 24, 1990 

15. Pebble Bed Fuel Element Research and Development and Industry Production in
Germany, Heit, Froschauer, NUKEM Nuclear GmbH, Germany 
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16. HTR Fuel Manufacture, Irradiation and Accident Condition Testing, Heinz Nabielek,
Jülich Research Center, Germany 

17. Long Time Experience with the Development of HTR Fuel Elements in Germany, H.
Nickel, H, Nabielek, G. Pott, FZJ; A.W. Mehner, Advanced Nuclear Fuels GmbH,
Duisburg, Germany, International HTR Fuel Seminar, Brussels, Belgium, 2001  

18. Fuel Pebbles Operational Experiences Irradiation and Post-Irradiation Examination, G.
Pott, H. Nabielek

19. Nuclear Graphite for the HTR-Research, Development and Industrial Production,
Institute for Safety Research and Reactor Technology, Jülich Research Center,
Germany, Gerd Haag, FZJ

20. Development of Reactor Graphite, G. Haag, FZJ, et al, Journal of Nuclear Materials,
1990 

21. Heat Transfer, Fluid Flow and Power Feedback in Pebble-Bed Reactors, W. Scherer, 
Jülich Research Center

22. AVR Operational Experience, Overview; Wahlen, Pohl; July 2001

23. THTR Operation Experience, Test Programs, Overview, Highlights, Lessons Learned;
Guenther Dietrich, HKG, Ivar Kalinowski

24. Core Physics and Pebble Flow, Examples from THTR Operation, Helga Kalinowski, BfS
(formerly HKG)

25. THTR 300 Prototype Reactor Safety Assessment; K. Hofmann, W. Tapp

26. High-Temperature-Reactor Technology – Licensing Basis Safety Aspects of the THTR,
W. Hohmann, MWMT-NRW (in German, presented with translator) 

27. NACOK: Natural Convection in Core with Corrosion, Institute for Safety Research and
Reactor Technology (ISR), Jülich Research Center

28. Ceramic Coatings for HTR Graphitic Structures – Tests and Experiments with SiC-
Coated Graphitic Specimens, B. Schroeder et al, Jülich Research Center and
T.U.-Aachen (article)

29. Summary of KTA 3321, Ivar Kalinowski

30. Collection of draft and final KTA Safety Standards pertaining to gas-cooled
high-temperature reactors (most in German, some in English), courtesy of Hubertus
Nickel, Jülich Research Center

31. Waste Management – Spent AVR Fuel Elements, Kurt Kugeler, Jülich Research Center
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32. Appendix: Know-How on Pebble Bed HTR owned by FZJ being of relevance for the
PBMR-Project of ESKOM (FZJ-ISR-RC-5001/2000), Heiko Barnert, Jülich Research
Center

Additional provided documents not explicitly referenced in Attachment 3:

33. THTR-300 Coolant Activity, an Indicator of Fuel Performance, K Rollig

34. TÜV, erstellt für BMI, Sicherheitskriterien für Anlagen zur Energieerzeugung mit
gasgekülten Hochtemperaturreaktoren, Entwurf September 1980 (59 pages)

35. GRS, Gesellschaft für Reaktorsicherheit mbH, Sicherheitsuntersuchungen für
Hochtemperaturreaktoren: Untersuchungen zu ausgewälten risiko-bestimmenden
Ereignisabläufen für den Thorium-Hochtemperatur-Reaktor THTR-300 in Hamm-
Uentrop – Abschlussbericht, GRS-A-1412 (March 1988) ~ 300 pages in German,
Abstract in English, Translation of Title: Safety Studies for High-Temperature Reactors:
Studies of Selected Risk-Determining Event Profiles for the Thorium High-Temperature
Reactor THTR-300 in Hamm-Uentrop – Final Report

36. GRS, Gesellschaft für Reaktorsicherheit mbH, Risikoorientierte Analyse für
Hochtemperaturreaktoren (Phase 1) – Abschlussbericht, GRS-A-1734 (December
1990) ~300 pages in German, Abstract in English, Translation of Title: Risk-Oriented
Analysis for High-Temperature Reactors (Phase 1) – Final Report

37. Gerd Brinkman, et al, Concept Licensing Procedure for an HTR-Module Nuclear Power
Plant, (1990)

38. Bundesanzeiger, 28. April 1990, RSK 250. Sitzung am 24. Januar 1990, Empfehlung
zum Sicherheitskonzept einer Hochtemperatur-Modul-Kraftwerksanlage (also as
English translation: 250th Meeting of the Reactor Safety Commission, January 24,
1990, Recommendation of the Reactor Safety Commission on the Safety Concept of a
High-Temperature Modular Power Plant)

39. G. Dietrich et al, HKG Hamm-Uentrop, Decommissioning of the Thorium High
Temperature Reactor (article)

40. K. Hofmann, TÜV Essen, J.B. Fechner, BMI, Proposed Safety Criteria for
High-Temperature Gas-Cooled Reactors, IAEA-CN-39/26, reprint from Current Nuclear
Power Plant Safety Issues Vol. II, IAEA 1981

41. D. Niephaus et al, FZ-Jülich, Experience with Interim Storage of Spent HTR Fuel
Elements and View to Necessary Measures for Final Disposal (article)

42. W. Stratmann, M. Baechler, Review of Some Aspects of Radiological Interest During
the Establishment of the Safe Enclosure of the THTR-300 Plant (article)

43. C. Marnet, M. Wimmers, U. Birkhold, Decommissioning of the AVR Reactor, Concept
for the Total Dismantling (article)
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44. H. Nickel, H. Nabielek, G. Pott, A.W. Mehner, Long Time Experience with the
Development of HTR Fuel Elements in Germany, HTR-TN International HTR Fuel
Seminar, Brussels, Belgium, February 1–2, 2001

45. V. Kaminski, H. Reutler (Interatom GmbH), Instandhaltung der
Primärkreislaufkomponenten des HTR-Modul (Maintenance of the Primary Circuit
Components of the HTR-Modul), paper from the conference Jahrestagung
Kerntechnik ‘86

46. Sicherheitstechnische Grundlagen für die Katastrophenschutzplannung am THTR-300,
(Safety Technology Fundamentals for Catastrophe Protection Planning on the
THTR-300), KFA Jülich, 1984

47. K. Kugeler, H. Neis, G. Ballensiefen, Fortschritte in der Energietechnik für eine
wirtschaftliche, umweltschonende und schadenbegrenzende Energieversorgung – Prof.
Dr. Rudolf Schulten zum 70. Geburtstag, (Progress in the Energy Technology for an
Economical, Environment-Preserving, and Damage-Limiting Energy Supply – In Honor
of Prof. Dr. Rudolf Schulten upon his 70th Birthday), Forschungszentrum Jülich GmbH,
Institut für Sicherheitsforschung und Reaktortechnik, Monographien des
Forschungszentrums Jülich, Band 8/ 1993
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Tasks, Objectives and Competence of GRS

Central technical and scientific expert organisation for nuclear safety and
waste management in Germany

sk

Assess and improve the safety of technical facilities

ective

Protect man and the environment from the hazards of technology

?1Q.mpetence

Interdisciplinary knowledge

Advanced methods

Qualified data
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Company Locations and Technical Branch Offices

... Moscow Office

9707202



Governing Bodies of GRS

'j'$hareholders· meeting

The shareholders are:

- the Federal Republic of Germany (46.1 %)

- the Free State of Bavaria (3.85%)

- the Land of North Rhine-Westphalia (3.85%)

- the technical inspection agencies (TUVs)
and the Germanischer Lloyd
(3.85 each, together 46.2%).

§upervisory board (12 members)

Chairman: Staatssekretar Rainer Baake

Vice-chairman: Prof. Dr.-Ing. Bruno O. Braun

Managing directors

Prof. Dr. Dr.-Ing. h.c. Adolf Birkhofer

Dr. Walter Leder
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Subsidiaries of GRS

100%

tst;

Gi»S
Institut de
Protection
et de Surete
Nucleaire

50%

9707210



Customers 1999

GRS is exclusively financed through contracts.

Analyses of fundamental nuclear safety issues and ad-hoc
assessments of current issues of power plant operation.

Research and development in the field of nuclear facilities
and waste management, including the final storage of radio
.----~ active waste.

EU/EBRD
6%

Safety analyses and assessments of
nuclear facilities in Germany and
abroad, providing expert advice to

foreign supervisory and
Other licensing authorities.
17%

BMBFI
BMWi
32%

9707207



- mechanical engineering
- electrical engineering
- physics
- nuclear engineering. .
- process engineering
- safety engineering
- civil engineering
- chemistry
- geochemistry
- geophysics
- mathematics
- informatics
- biology
- jurisprudence
- meteorologyOther,

EU/EBRO
,

96 97 98 9995949392929089

60 f:---------j----+--+--f----_____j__~

80 f:---------j------j--",£-..-..+------+-----l-_____j__---l----+--+--+-----j

Volume of Contracts, Customers and Staff
In 1999, contracts to the amount of approx. OM 99 m were awarded to GRS for its scienti
fic and technical work. This work was performed by more than 500 staff members, of

120 which about 350 are scientists
and engineers of such discipli
nes as:

9707215



Number of Staff Over the Years
wnw rrWW1WifiVerrrm .

In 2000, GRS had more
than 480 staff members, of
which about 280 are scien
tists and engineers of such
disciplines as:

- mechanical engineering
- electrical engineering
- physics
- nuclear engineering. .
- process engIneenng
- safety engineering
- civil engineering
- chemistry
- geochemistry
- geophysics
- mathematics
- informatics
- biology
- jurisprudence
- meteorology

9707209



Major Activities
Research and Development

~ii~l'ciC<;;;[)evelopmentand verification of scientific software for the simulation of nuclear
power plant behaviour under accident conditions

~k~c];jJ[)evelopmentof advanced methods for probabilistic risk assessment

';"Cj;Development of simulators for investigations into the behaviour of complex technical
systems and their man-machine interfaces

~l~:!i,Methods for the early diagnosis of mechanical failures
(e.g. vibration analysis, loose-part monitoring)

Development of methods for the assessment of the uncertainties
of computer predictions

;r~~j;; l:fVIethods to assure and assess the quality of safety-relevant software

puter models for the performance assessment of final repositories

xperirnents concerning geological and geo-technical influences final
repository safety

evelopment of advanced safety concepts

lli\~;;~jl[)evelopmentof information and documentation systems
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Major Activities
Analyses, Assessments and Expert Opinions

9902507



Joint R&D Activities of GRS within the German Reactor Safety Research Programme

:

I

~ ~ , ~

,-, .."#h",,"'" "",'," ".. ~""~_,,._..., __ ".",,-.".~ •.._~ ",,,,,,,,,' ,"',',.'" -"-;,, _.,_,,'_"""','. ."fl'-" '~" __"''"'''''''''''_'''''.".;"""",,,,,

Industry
Development and ope
ration-oriented rese
arch for design and

.. optimisation of com
ponents and systems
of reactor plants

MPA, BAM, IzfP
Basic and application
oriented R&D in the
area of component

.. safety and material te
sting

I

I

GRS
Basic and application
oriented R&D as a ba-

;;* sis for sound scienti-
I fie-technical safety
I statements
i Development and
I

supply of codes and
methods for safety
evaluations of
incidents and
accidents
Integral view and
evaluation of R&D
results

Research Centres
Basic and develope- I

mental research for I

particular subjects, e.g. I:

FZK: Severe Accidents 1;*
FZJ: Passive Safety

Systems
FZR: Reactor Dynamics

l..Jni\l'~rsitles; ~

R&D contributions to
resolve individual phe
nomena

9902501
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GRS and its Partners in Western Europe
t 'Xii W'%mrrrw memnm,., '""""'$ ...-'""",,'-~

>~J10
-, \1\.-""

~ ? Finland
United Kingdom ~~.j/ ~~ - Imatran Voima (lVO)
· UK Atomic Energy Authority (AEA Technology) '\ - Finnish Centre for Radiation and Nuclear
Netherlands ? Safety (STUK)
- Kernfysischer Dienst (KfD) t1l:,~';(~~i(~t;;;(;'1;~-SwTeeChdneincal Research Centre of Finland (VTT)

Belgium <) ;~>:c~~~~

· AIB-Vincotte Nuclear (AVN) '7 7A',~l . Swedish Nuclear Power Inspectorate (SKI)
f! r>: I

France v--~~(rJrv" Switzerland
· Institut de Protection et de co r~~-0~~~? " - National Co-operative for the Storage of

Serete Nucleaire (lPSN) \ i Radioactive Waste (NAGRA)
_Agence Nationale pour la \ ~~,~ - Swiss Federal Nuclear Safety Inspectorate

Gestion des Detheis ~ (HSK)
Radioactifs(ANDRA)"'t ~A~ J,,;r) '--5 .: -" -«: /' ? Italy

Spain \;~~~~ ;; ~j:J~,-,,'-C-Agenzia Nazionale per
_Empresa Nacional des ! \~\ )~ la Protezione dell'

Residuos Radioactivos ( ~\-)-\ ' Ambiente (ANPA)
SA (ENRESA) " 6' ~q )'\¢('(f'"'' t>~~ Turkey

• Consejo de Seguridad ~~~ n~'-~ ~~ ~' - TOrkiye Atom Enerjisi
Nuclear (CSN) ''-'-/'J'~>t') ,'c, ,.,<v· <\~ 0) '" '" ' ,""]" Kurumu (TAEK)

9717419



Russia

- Russian Research Centre Kurchatov Institute,
Moscow

- Rosenergoatom (REA)
- Balakovskaya AES
- The Russian State Committee on Nuclear

Safety and Radiation Protection
- Institute for Power Engineering NIKIET
- Experimental Design Bureau Gidropress

(OKB GP), Podolsk
jC:: - Atomenergoproject AEp, Moscow
~

'--v-~\({~ - Russian Academy of Sciences, Nuclear Safety
~ Institute (IBRAE), Moscow

"'1\ - Gosatomnadzor of Russia
- Scientific and Engineering Centre on Nuclear

and Radiation Safety (SEC NRS, expert
organisation of Gosatomnadzor of Russia)

/D

GRS and its Partners in Eastern Europe (1)
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GRS and its Partners in Eastern Europe (2)

Czech Republic
- State Office for

Nuclear Safety
(SONS)

- Nuclear Research
Institute Rez (NRI)

Slovak Republic
- Nuclear Regulatory

Authority of the
Slovak Republic

Hungary
- Hungarian Atomic

Energy Commission
- Atomic Energy

Research Institute
(AERI)

.:S-_r'.i"---.
\
(

~0
-" \,

rl
V

r-r-'"
B \ Iulgaria i (

- Committee on the Use of Atomic Energy for Peaceful Purposes
- BUlgarian Nuclear Safety Authority (BNSA) <:~/I

lithuania
- Lithuanian Nuclear Power

Safety Inspectorate (VATES!)
- Lithuanian Energy Institute (LEI)

? -Nuclear Regulatory Authority
r!J (NRAUI)

L / Ukraine
~I - State Scientific-Technical Centre

( (SSTC, expert organisation of
the NRA Ukraine)

Armenia
i-Ministry of Energy and Fuel,

Department "Armatomenergo"
- Armenian Nuclear Regulatory

Authority

9717421



International Cc-Opemtlon of GRS in the Area of Reactor Safety Research

with a total of 19
countries in

Europe, Asia,
America,

South Africa

Bilateral contracts for
u~age()f GRS·<Qd~~i C

France,
Great Britain,

USA,
Japan,

Republic of Korea

Contracts for ~
~

bilateral co-operation bet- Co

ween

Russia,
Ukraine,

Czech Republic,
Siowak Republic,
Hungary, Bulgaria

Bilateral research projects I,
with CEEC&NIS within the !'

frame of SIC of BMWi

C c, '

Multilateral contracts related
to R&D proiectsofthe

4th ,EU framework, programme

11 EU member
countries

I'
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I
[.

MuItUat~nd .. scientific;technical·
co-operation'within:the frame

.'of OECD~NEA .'

26 member countries in
Europe,

North America,
Asia,

Australia
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Licensing Prerequisites for Nuclear

Power Plants

• Amendment to the act (April 1994)
Additional provision against risks for the general
public to limit consequences of severe accidents
to the site - no need for major offsite emergency
measures (Sec. 7, para. 2, No. 2a AtG)

• A Plant may only be licensed, if the following
requirements are fulfilled

Reliability and qualifications of the applicant (Sec.
7, para. 2, No.1 AtG)
Necessary knowledge of the operating personnel
with respect to safe operation, possible hazards
and protective actions (Sec. 7, para. 2, NO.2 AtG)
Necessary provisions against damage taken by
design and operation according to the state of
science and technology (Sec. 7, para. 2, No.3
AtG)
Necessary financial provisions to cover all legal
obligations for the compensation of damage (Sec.
7, para. 2, NO.4 AtG)
Necessary protection against disturbances or
other 3rd party acts (Sec. 7, para. 2, NO.5 AtG)
Compatibility with overriding public interests, in
particular to protect water, air and soil (Sec. 7,
para. 2, NO.6 AtG)
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The NRC Delegation

Howard Faulkner - Office of International Programs

Stuart Rubin - Advanced Reactors Group, RES

Donald Carlson - Advanced Reactors Group, RES

Amy Cubbage - Future Licensing Organization, NRR

Undine Shoop - Reactor Systems Branch, NRR

Alex Murray - Special Projects Branch, NMSS

Vanice Perin - Special Projects Branch, NMSS (NRC Observer)
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The NRC Delegation

Howard Faulkner ~ Office of International Programs

Stuart Rubin - Advanced Reactors Group, RES

Donald Carlson - Advanced Reactors Group, RES

Amy Cubbage -

Undine Shoop -

Alex Murray -

Vanice Perin -

Future Licensing Organization, NRR

Reactor Systems Branch, NRR

Special Projects Branch, NMSS

Special Projects Branch, NMSS (NRC Observer)



Mission Purpose:

• Meet Leading HTGR Design and Technology Experts in the FRG and Learn of
Their Areas of Special Expertise and Experiences

• Discuss and Obtain Information in the Many HTGR Design and Technology
Areas That Are Important to the PBMR and GT-MHR Safety Review.

."~,,

- .:-,

, .
PebblerrRISO Fuel: Design, Manufacture, Performance, Qualification, etc.

;,,:';,i.'.uJ{-"" ~'"

HTGR Heat Transfer and Fluid Flow Analysis, Methods, Testing, etc.
Pebble Core Ph"Ysics and Nuclear Design Analysis, Methods, Testing, etc.
HTGR Nuclear Graphite, Properties, Behavior, etc.
HTGR Accident Passive Decay Heat Removal Experiments, Analysis, etc.
AVR &THTR Testing, Operating Experiences and Safety Lessons Learned
Ex-Reactor Fuel Cycle Safety, Storage, Transportation
Regulatory & Safety Assessments of FRG HTGRs, Regulations, Codes, etc.

• Obtain FRG Views and Information on the Key HTGR Design and Technology
Safety Issues Which Should be Closely Examined in the PBMR and GT-MHR
Safety Reviews.



New Reactor Licensing

Amy Cubbaqe, NRR
- --.- _... ---
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NRR FUTURE LICENSING ACTIVITIES

• READINESS ASSESSMENT

• EARLY SITE PERMITS

• CONSTRUCTION

• PRE-APPLICATION REVIEWS

• REGULATORY INFRASTRUCTURE

2



FUTURE LICENSING AND INSPECTION
READINESS ASSESSMENT

• Assess Postulated Scenarios, Review Durations, Resources

• Recommendations:

Staffing, Training, Contractor Support
Schedules
Rulemakings & Guidance Documents

• Complete Assessment September 2001
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EARLY SITE PERMITS

• Early Site Permits (ESP)

Allows licensee to "bank" site for 10 - 20 years

• Regulations and Guidance

10 CFR Part 52, Subpart A
Regulatory Guides, SRP, and Environmental SRP

• Current Schedule:

One ESP Application in 2002
Two ESP Applications in 2003
One ESP Application in 2004



CONSTRUCTION

• Construction Inspection Program Re-activation

Develop Guidance for Inspection of Critical Attributes
Initiate Development of Training for Inspection Staff

• Reactivation of Construction Permit (WNP-1)
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PRE-APPLICATION REVIEWS

• AP-1000

Pre-Application Review Ongoing
Application for Design Certification Expected in 2002

• Pebble Bed Modular Reactor

Pre-Application Review Ongoing
Application for Early Site Permit Expected 2002
Application for Combined Operating License Expected 2003

• Gas Turbine - Modular Helium Reactor

Pre-application Expected to Begin September 2001

• International Reactor, Innovative and Secure

Pre-Application Expected to begin in 2002 or later



REGULATORY INFRASTRUCTURE

Current Activities:

• Rulemaking to Update 10 CFR Part 52

• Rulemaking on Alternative Site Reviews 10 CFR Parts 51 and 52

• Rulemaking on 10 CFR Part 51, Tables S3 and 84

• Financial-related regulations

• Proposed rulemaking website:

http://ruleforum.llnl.gov

Future Activities:

• NEI white paper for generic regulatory framework

• NRC approaches for new technologies
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NRC NEW REACTOR LICENSING WEBSITE

http://www.nrc.gov/NRC/REACTOR/FLO/index.htm

Path from www.nrc.gov:

Nuclear Reactors
What's New on this Page
Future Reactor Licensing Activities



PROJECTED SCHEDULE

8 GT-MHR pre-application review

10 Regulatory Infrastructure

9 IRIS pre-application review

2003

Otr 1 aIr 3

2002

Otr 1 Otr 3

Future Licensing and Inspection Readiness Assessment

Task Name

7 PBMR combined license application (without ESP)

2 Early Site Permit - 1st application

5 AP 1000 design certification review

6 PBMR pre-application review

3 Early Site Permit - 2nd and 3rd applications

4 AP 1000 pre-application review - Phase 2

ID

11 Part 52 Rule

12 Clarify/modify environmental related regulations

13 Update regulatory and review guidance

14 New Plant Regulatory Framework

15 Review/clarify/modify financial related regulations
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MEMORANDUM TO:

FROM:

SUBJECT:

May 1, 2001

Chairman Meserve
Commissioner Dicus
Commissioner Diaz
Commissioner McGaffigan
Commissioner Merrifield

William D. Travers IRA! by William F. Kane
Executive Director for Operations

STAFF READINESS FOR FUTURE LICENSING ACTIVITIES

This responds to the staff requirements memorandum (SRM) of February 13, 2001, in which
the Commission directed the staff to "assess its technical, licensing, and inspection capabilities
and identify enhancements, if any, that would be necessary to ensure that the agency can
effectively carry out its responsibilities associated with an early site permit application, a license
application, and the construction of a new nuclear power plan!." In addition, the staff was
directed to "critically assess the regulatory infrastructure supporting both Parts 50 and 52, and
identify where enhancements, if any, are necessary." The Commission further directed the staff
to integrate the tasks identified during this effort with the various related activities that are
underway and provide the Commission with a schedule for completing these tasks, being
thoughtful and judicious in committing resources.

Discussion

In the following discussion of the current activities and plans to address the Commission's
SRM, each office's activities are addressed by topic. A preliminary schedule through 2003 for
the items discussed in this paper is summarized in the attached figure. The Office of Nuclear
Reactor Regulation (NRR) and the Office of Nuclear Regulatory Research (RES) are
establishing organizational changes to prepare for these future licensing activities.

NRR is in the process of establishing the Future Licensing Organization (FLO), which will be
responsible for coordinating the preparations for the review of new applications (Le., early site
permits, design certifications, and combined licenses), and to manage the AP1000

Contacts: Thomas J. Kenyon, NRR, ADIP, FLO
301-415-1120

Joseph M. Sebrosky, NRR, ADIP, FLO
301-41 5-1132
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pre-application review and other activities listed below. FLO's near-term objectives are to
identify (1) the steps that may need to be undertaken by the staff to prepare for licensing
reviews, (2) the necessary resources and technical skills needed to perform these reviews, and
(3) areas for improvements so that the reviews can be completed in a predictable time frame,
based on past experience.

The establishment of FLO is a two-phase process. Initially, approximately 10 NRC staff
members, some of whom have experience with standard and advanced reactor reviews and
environmental reviews, have been temporarily assigned to (1) provide central points of contact
within NRR for matters concerning future licensing efforts, (2) manage certain related initiatives
currently underway (rulemaking activities, AP1000 pre-application review), (3) coordinate efforts
to perform the readiness assessment, and (4) interact with Nuclear Energy Institute (NEI)
working groups (e.q., NEI's siting task group), and other stakeholders. By the end of 2001,
NRR plans to establish an organization that will continue these initial efforts and carry out the
tasks established as a result of the readiness assessment.

RES is leading the staff's efforts with respect to the Department of Energy's (DOE) Generation
IV program and initiatives on non-light-water-reactor (LWR) advanced designs. The goal of
DOE's Generation IV program is to develop nuclear energy systems that would be available for
worldwide deployment by 2030 that would have competitive economics, improved safety,
improved environmental benefits, and enhanced proliferation resistance, The non-LWR
advanced designs include modular high-temperature gas-cooled reactors (HTGRs) such as the
Pebble Bed Modular Reactor (PBMR) being designed and developed in South Africa and the
Gas Turbine-Modular Helium Reactor (GT-MHR) being designed and developed by General
Atomics (GA), RES is in the process of establishing the Advanced Reactors Group (ARG) to
serve as a focal point in RES for interactions with NRR, the Office of Nuclear Material Safety
and Safeguards (NMSS), DOE, reactor designers, and potential applicants on matters related
to advanced reactors, The ARG will be responsible for managing the advanced reactor
technology, Generation IV, and non-LWR pre-application assessment work conducted by RES
with the support of NRR and NMSS, The pre-application assessment work is also expected to
provide input to the readiness assessment for Generation IV non-Lwfts.

The Special Projects Branch in the Fuel Cycle Safety and Safeguards Division will serve as a
central point of contact for coordination and review activities within NMSS, The primary role of
NMSS will be to support future licensing efforts in areas of fuel fabrication, transportation,
safeguards, and waste storage and disposal, with focus on any unique technical or regulatory
issues associated with non-Iight-water-reactor advanced designs and increased enrichment
levels.

Beyond the organizational infrastructure changes described above, a number of specific
activities are already working or planned to begin as described below.

Future Licensing and Inspection Readiness Assessment

An early initiative has been to create the Future Licensing and Inspection Readiness
Assessment (FLlRA) interoffice working group to address the ability of the NRC to support
future application reviews under 10 CFR Parts 50 and 52, Approximately 11 NRC staff
members from NRR, RES, NMSS, Office of Human Resources (HR), and the Office of the
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General Counsel (OGC) will participate part time in the FLiRA working group. This group will
operate under the direction of the director of the FLO.

The working group will provide an assessment of the following matters to the Commission in
September 2001 :

postulated licensing scenarios for the future application reviews, durations of reviews
(linked to milestones), and resource estimates in full time equivalent (FTE) and technical
assistance support

critical skills that must be available within the agency or that can be accessed through
contractual agreements to perform these reviews

necessary interfaces (intra- and inter-office, Advisory Committee on Reactor Safeguards
(ACRS), stakeholders, Commission)

Early Site Permit Group

A group of experienced NRR staff has been identified to assess activities necessary to prepare
for early site permit (ESP) applications (including pre-application inspections). This group will
provide input to the FLiRA working group in a time frame consistent with their assessment
schedule. One of the early issues that has been identified is access to key technical expertise
that may reside within the agency. This access may be limited because of other competing
priority projects (e.g., possible review of a license application for a high-level waste repository)
and therefore, additional resources (including contractor support) may be needed.

In the interim, the staff has developed a scenario for receiving one early site permit in 2002, two
in 2003, and one in 2004. This scenario is based on oral statements by industry
representatives and staff assumptions. In advance of site approval applications, the staff
expects to interact with prospective applicants to ensure that siting information has been
developed with appropriate quality standards and representations of site conditions. This
activity would also involve pre-application inspections of potential sites.

Pre-application and License Reviews

FLO is currently managing the Phase 2 portion of the Westinghouse AP1000 pre-application
effort, in which the staff has been requested to provide feedback that will provide information to
Westinghouse that will assist them in deciding whether to apply for design certification. The
staff plans to issue its recommendation to the Commission on this portion of the review by the
end of calendar year 2001.

A design certification application for the AP1000 is possible in 2002. The AP 1000 assumption
is based on a letter from Westinghouse dated December 12, 2000. Westinghouse stated that it
would be prepared to submit its application in early calendar year 2002, but the date may be
affected by the results of the AP1 000 pre-application review. The preliminary schedule and
rough resource estimates for this effort assume no hearing and minimal re-review of most of
the AP600 design control document, on which the AP1000 design is based.
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In a letter dated December 5, 2000, Exelon Generation Company (Exelon) requested early
interactions with the staff on the feasibility of licensing the PBMR design in the United States.
RES has taken the lead to develop a plan for pre-application activities on the PBMR, which is
described in SECY-01-0070, "Plan for Pre-Application Activities on the Pebble Bed Modular
Reactor (PBMR)," dated April 26, 2001.

Based on discussions at an April 30, 2001, meeting with Exelon, an application for a combined
license for the PBMR is possible in late calendar year 2002. Exelon representatives also
indicated that a design certification application for the PBMR may be submitted late in the
combined license application phase. The staff has assumed that this could occur in 2005.

Westinghouse has recently requested a preliminary meeting with the staff to discuss the IRIS
(International Reactor Innovative and Secure) design and plans for development testing (the
meeting is planned for May 7, 2001, at NRC headquarters). Following this meeting, the staff
should be in a better position to plan for future activities on IRIS. However, in the interim, the
staff is assuming additional pre-application activities in the 2002 and 2003 time frame. A
design certification application for Westinghouse's IRIS design is not expected for several
years.

In a March 22, 2001, letter, General Atomics requested exploratory discussions with NRC on
how to proceed with the licensing of its GT-MHR design. Because these discussions are in the
early stages, the staff does not yet have detailed schedule information; however, based on
statements made by GA representatives, pre-application activities may be requested as early
as 2002.

Some of the pre-application and license reviews discussed in this section will need fuel cycle
infrastructure, licensing, and certification review support. For example, the designs will have to
be assessed for unique technical, environmental, and regulatory activities in the areas of fuel
material enrichment and fabrication; transportation, storage, and safeguards of fresh and spent
fuel; and waste disposal. This fuel cycle support would have to be in place before startup and
operation of the plants.

Regulatory Infrastructure

Rulemaking efforts are currently underway to update 10 CFR Part 52 to address lessons
learned from the experience of certifying three nuclear plant designs and clarify the processes
for future application reviews. In a September 3, 1999, letter, the NRC solicited stakeholder
comments and suggestions on a proposed update to 10 CFR Part 52. The staff received a
response to this solicitation from NElon April 3, 2001. In order to respond to these comments,
the staff intends to delay its target date for the proposed rulemaking in this area from July 2001
to September 2001 to address the issues that were identified. Related rulemakings are also
being planned, one of which is discussed in a December 18, 2000, memorandum to the
Commission. In that memorandum, the staff provided a schedule for rulemaking associated
with alternative site reviews. Additional rulemakings in the environmental area that are being
considered include revisions to Tables S-3 and S-4 of 10 CFR Part 51 to address higher burnup
fuel considerations and non-LWR advanced designs.
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The staff will address the need to update regulatory and review guidance for future licensing
applications, i.e., Standard Review Plans (SRPs), Regulatory Guides, and referenced codes
and standards, and identify where enhancements are needed. The staff will have a better
understanding of the extent of this effort and the necessary schedule and resources after the
FLiRA working group assessment has been completed, although the staff does not expect this
effort to begin until FY 2004.

During the 2001 Regulatory Information Conference, and at a public meeting with the staff on
April 5, 2001, NEI proposed to replace deterministic regulations with risk-informed,
performance-based regulations for future plants, where appropriate. NEI plans to submit a
petition for an advance notice of proposed rulemaking (ANPR) for this initiative in December
2001. The NEI-proposed scope of work for the New Plant Regulatory Framework involves the
actions needed to develop a conceptual framework of regulations, including general design
criteria and general operating criteria. The scope does not include the work needed to develop
and implement the associated infrastructure of design-specific regulatory guides and SRPs that
would be needed to enable implementation of the framework for licensing purposes.

In an April 5, 2001, meeting with the staff, NEI also discussed the need to review issues such
as antitrust reviews, decommissioning funding assurance, and financial qualification need to be
reviewed because of the possibility of nuclear power plants being built as merchant plants. In
addition, NEI suggested that Price-Anderson secondary protection, NRC rules governing
annual fees, and operator staffing should be reviewed. The staff plans to begin preliminary
work on this effort later this year.

The staff also needs to begin development of the regulatory infrastructure with respect to
certain advanced technology assessment. Resources for code development have been
included to provide the NRC with an independent capability to analyze the safety of non-LWR
designs. This work would include code development (thermal-hydraulic, severe accident, fuels)
and related testing to validate the codes. Additional advanced technology assessment in
instrumentation and controls and human factors will begin. These efforts are being conducted
by RES and are expected to begin in FY 2002.

In order to prepare for future applications NRR will reactiviate the construction inspection
program revision effort suspended in 1994. This effort will include review and revisions of
applicable inspection manual chapters and development of the associated inspection guidance
and training for inspection of critical attributes of construction processes and activities.

Coordination and Communication with Stakeholders

The staff intends to communicate with stakeholders to ensure there is a clear understanding of
upcoming activities related to future applications and to solicit stakeholder input. The staff is
currently evaluating which communication tools should be used, and is considering the use of a
public workshop to solicit stakeholder input and the creation of a web site to keep stakeholders
informed of future licensing activities. The staff has had discussions with NEt, which is
establishing four working groups to address current 10 CFR Part 52 licensing matters, early site
permits, financial considerations, and the proposed new plant regulatory framework. NEI is
being encouraged to provide information about new applications to support the staff's readiness
reviews. Public meetings have been held with NEI and are being scheduled in the following
months.
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The staff will be meeting with the ACRS during its June workshop on advanced reactor designs,
and plans to meet with the ACRS as necessary to support this effort. The staff has been
holding technical and scheduling meetings with Westinghouse and Exelon, and will ask these
potential applicants to provide input to support the related assessment activities. DOE has
established the Near-Term Deployment Group to "identify technological and institutional gaps
between the current state of the art and the necessary conditions to deploy new nuclear plants
in the United States before 2010."

Resources

At the time the FY 2002 budget was developed, there was no indication of industry interest in
future licensing activities and essentially no resources were included for these initiatives in the
FY 2002 Budget Estimates and Performance Plan currently under consideration by Congress.
Only recently has the industry shown significant interest in new construction. As a result the
staff has estimated resources necessary to accomplish the activities identified in this
memorandum for fiscal years 2001 and 2002. The staff is confident that it can complete the
effort necessary for FY 2001 within the estimated FY 2001 resources. The estimate for FY
2002 is more uncertain, as the timing and pace of effort will be affected by the scope, timing
and quality of submittals by applicants and industry organizations. In addition, technological or
regulatory issues could arise that affect resource requirements and schedules. The staff will
have a better understanding of resource needs for future licensing activities after the FLiRA
working group completes its assessment.

Agency resources for FY 2001 are expected to be approximately 12 FTE and $270K in
contractor support. These resources are necessary to perform the FLiRA working group
readiness assessment, manage review initiatives currently underway or scheduled to begin
during this period, and implement the PBMR review plan documented in SECY-01-0070. This
effort will be accomplished by reprioritizing work using the planning, budgeting, and
performance management (PBPM) process. Westinghouse and Exelon will be charged fees in
accordance with 10 CFR 170 for NRC resources expended for the AP1000 and PBMR pre
application reviews, respectively.

The FY 2002 preliminary estimate of additional resources needed is approximately $15 - 18
million (including salary and benefits for approximately 50-60 FTE). This estimate is currently
being reviewed and evaluated, in particular the estimated support cost needs. It includes direct
and indirect costs for the program offices to accomplish the efforts described previously in this
paper and supporting office costs such as legal advice, recruitment and retention incentives,
training initiatives, security clearances, space alterations, and additional information technology
equipment and support. The staff is in the process of developing the FY 2003 budget. The FY
2003 resource estimates for the future licensing activities will be included in the budget to be
submitted to the Commission in June 2001.

While there is uncertainty associated with the specific activities that will be proposed by industry
and the schedules on which they will be proposed. the staff is confident that sufficient future
work will occur to warrant some hiring activities at the present time. In order to backfill for the
staff members displaced by the future licensing activities through September 2001, the staff
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plans to begin the process of hiring additional staff. In the unlikely event that all industry
initiatives associated with the licensing of future plants does not occur, the impact of the
additional staff can be accommodated through normal attrition.

Agency Coordination

The Office of the Chief Financial Officer has reviewed this paper for resource implications and
has no objections. The Office of the General Counsel has reviewed this paper and has no legal
objections.

Conclusions:

The staff will be interacting with stakeholders in future review and licensing activities to ensure
that it has a clear understanding of upcoming application plans. The staff will inform the
Commission of the results of its readiness assessment and its recommendations when the
assessment is completed in September 2001. At that time, the staff will recommend
appropriate activities, including refined schedules and resource estimates, that are necessary to
address these recommendations.

Attachment: As stated

cc: SECY
OGC
OPA
OCA
CFO
CIO
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Figure - Estimated Future Licensing Timeline in Calendar Years
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POLICY ISSUE
(Notation Vote)

April 25, 2001 SECY-01-0070

FOR: The Commissioners

FROM: William D.Travers
Executive Director for Operations

SUBJECT: PLAN FOR PREAPPLICATION ACTIVITIES ON THE PEBBLE BED MODULAR
REACTOR (PBMR)

PURPOSE:

To request Commission approval to proceed with preapplication activities on the PBMR.

BACKGROUND:

On November 14,2000, representatives from Exelon Generation Company informally expressed
their desire for early (preapplication) interactions with the staff directed toward establishing the
feasibility of licensing a PBMR in the United States. Exelon indicated that these interactions
would also help them determine the viability of the PBMR project. The PBMR is a modular high
temperature gas-cooled reactor (HTGR) being developed in the Republic of South Africa (RSA).
Subsequently, in a letter dated December 5, 2000, Exelon formally requested such early
interactions (Attachment 1). An initial meeting with Exelon was held on January 31, 2001, at
NRC HQ to discuss the PBMR design and technology and the preapplication plans for the
PBMR. Based upon the initial meeting, Exelon has indicated that it is their desire to have the
preapplication phase completed by July 2002. SUbsequently, the Commission issued a Staff
Requirements Memorandum (SRM), dated February 13, 2001, which requested the staff to
assess its readiness for new nuclear plant construction including the pebble bed reactor. A
response to this SRM addressing the staffs readiness for licensing and the necessary changes
to the licensing process is in preparation and will be forthcoming under separate cover.

CONTACT: Thomas L. King, RES
301-415-5790
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DISCUSSION:

2

Consistent with my memorandum of November 14, 2000, on advanced reactors, RES has taken
the lead (in coordination with NRR and NMSS) to develop a plan for preapplication activities on
the PBMR. This plan is provided as Attachment 2 and it involves technology assessment,
regulatory framework, and regulatory process assessment activities. It is estimated that
approximately 18 months would be required to complete the plan.

As part of the technology assessment activities, the staff would familiarize itself with HTGR
designs, technology, and safety issues generic to any HTGR design and identify NRC scientific
and technology research needs. As part of the regulatory framework and regulatory process
assessment activities, the staff would become familiar with the PBMR design, assess regulatory
requirements applicable to the PBMR and Exelon's proposed approach to licensing, and identify
key licensing issues and regulatory policy issues needing resolution. These activities would build
upon the staffs previous domestic and intemational HTGR and fuel cycle experience and its
advanced light water reactor (ALWR) design and regulatory reviews.

Commission approval is requested to begin the PBMR preapplication activities described in the
plan. With respect to the PBMR, we believe that the plan is consistent with the Commission's
SRM and is responsive to Exelon's request. However, certain activities will be completed later
than Exelon has requested. For example, assuming a start date in late April 2001, completion of
the preapplication activities would more likely be in Fall 2002 instead of July 2002 as requested by
Exelon.

Early interactions with potential applicants are encouraged by and consistent with the
Commission's policy statement on advanced reactors. Because of the active interest in the
PBMR and requests of Exelon, this plan is being forwarded to the Commission in advance of the
broader readiness assessment plans being developed in response to the SRM of February 13,
2001.

RESOURCES:

The activities, schedule, and resource needs are based upon the staffs previous experience with
a pre-application review of a DOE-sponsored modular HTGR conducted in the late 1980s. The
technology assessment, regulatory framework, and regulatory process assessment activities
described in the attached plan would build upon that work and other previous advanced reactor
work.

The U.S. Department of Energy (DOE) also considers an NRC safety and technology
assessment of HTGRs, like the PBMR, as providing fundamental input for evaluating their
advanced reactor program. Accordingly, DOE has recently inquired into the feasibility of NRC
conducting such an assessment and has indicated that they would be willing to fund a portion of
the work. DOE funding would support technology assessment and transfer activities that are
generically applicable to HTGRs, including the PBMR. It is expected that most of the work for
DOE would benefit the staff by developing the understanding, expertise and capabilities it would
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need to conduct future licensing reviews of HTGRs, including the PBMR However, the DOE
funding scope would not include safety and technology assessment work that is applicable only
to the PBMR

It is estimated that the total HTGR technology assessment and transfer activities to be funded by
DOE would be approximately $1.4 million ($800K for contractor support and $600K for 3 FTE).
DOE funding would begin in FY 2001, through a reimbursable agreement between DOE and
NRC, if the Commission approves proceeding with this work. DOE has indicated that it would
make $500K available ($300K for contractor support and $200K for 1 FTE) to initiate the work in
FY 2001. DOE will provide the remainder of the funding totaling $500K for contract support and
$400K for 2 FTE, subject to the availability of funds, in FY 2002.

The non-DOE funded work in support of PBMR preapplication activities in FY 2001 totals 1 FTE
and will be realigned from within RES, NRR, and NMSS resources. The FY 2002 non-DOE
funded work totals $200K and 3 FTE. Although the resources are not planned for in the FY 2002
budqet, resources for FY 2002 and beyond will be addressed during the upcoming FY 2003
planning, bUdgeting, and performance monitoring (PBPM) process by RES, NRR, and NMSS.

Exelon would be assessed fees under 10 CFR Part 170, consistent with the Commission's 1995
fee policy for advanced reactor designs, for NRC's pre-application activities that are specific to
the PBMR Additionally, 10 CFR Part 170 fees would be assessed for the review of any license
application for an HTGR, such as the PBMR

COORDINATION:

The Office of the General Counsel has no legal objection to this paper. The Office of the Chief
Financial Officer has reviewed this paper for resource implications and has no objections.

RECOMMENDATION:

We request that the Commission (1) approve proceeding with preapplication activities on the
PBMR. including the DOE-sponsored HTGR technology assessment and transfer activities,
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described in Attachment 2, and (2) note that a meeting with Exelon has been scheduled for
April 30. 2001.

William D. Travers
Executive Director

for Operations

Attachments: (1) December 5, 2000, Exelon letter
(2) Plan for Preapplication Activities on the PBMR
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Attachment

Document Control Desk
US Nuclear Regulatory Commission
Washington. DC 20555·0001

Attn Mr Wilham Travers

Subject Pebble Bed Modular Reactor Review Requirements

Dear Mr. Travers

As you are aware, Corbin McNeill. the co-CEO of Exelon Corporation. has expressed interest in the
Pebble Bed Modular Reactor (PBMR) technology. Exelon and several partners are currently trying to
oeterrnme the technical, economic. and licensing feasibility of the PBMR design worldwide. inclUding here
In the Uruteo States

The NRCs "Statement of Policy for Regulation of Advanced Nuclear Power Plants" (July B, 1986)
encourages the earnest poss.bte mteracnon between the agency and applicants to provide hcensinq
gUidance In Ime With trus potcy. Exelon and our partners request to formally engage With the NRC Staff
for exploratory o.scuss.ons on how we could most efficiently proceed w~h Iicensmg the PBMR We expect
these drsccss.ons to help us determme if the PBMR is a viable project. in advance of our cec.s.cn to be
taken later We would expect to Identify review assumptions. poucy Issues to be ccnsidered. aoo to
establ.sn an estimate of cost and schedule for preliminary NRC PBMR technology education and review II
IS our mtent that subsequent phases could be idenlif,ed during these initial discussions We would like to
target completion of a first meeting by January 12, 2001.

If you have any questions, please, do not hesitate to contact us.

Ve)' truly yours.

] "7"4a'/7J,.7
VmesA Muntz
Vice President
Nuclear Projects

xc C, A McNeill, Jr.
E F Sproat. III
D. Nicholls (Eskorn)
P, H Readle (BNFl)
J Colvin (NEI)
Honorable B Richardson (DOE)
W D. Magwood (DOE)

EOO --G20000567



Attachment 2

Plan for Preapplication Activities on the PBMR

INTRODUCTION

In a letter dated December 5, 2000, to William Travers, Exelon Generation Co. requested

pre-application interactions with NRC directed toward assessing the viability of licensing a pebble

bed modular reactor (PBMR) in the United States. The PBMR is a modular high-temperature

gas-cooled reactor (HTGR). utilizing helium as the coolant and having online refueling capability,

similar to HTGRs developed in Germany in the 1970s and 1980s. The current design is being

developed in the Republic of South Africa (RSA) where a full-scale prototype PBMR module may

be built and demonstrated. In addition to being a non-light water reactor, the design concept of

the PBMR being developed in the RSA has other features which together are characteristic of

(and unique to) modular high-temperature gas-cooled reactors. These characteristics make the

PBMR approach to protecting public health and safety very different from reactor designs

currently licensed in the United States. Chief among these features are:

passive decay heat removal processes that are to be demonstrated under postulated

accident conditions

coated U02 fuel particles that are designed to contain the fission products and to be

demonstrated at very high (accident) temperatures

low power density (an order of magnitude below that for light water reactors (LWRs)) with

large thermal capacity that are to be demonstrated to provide for slow transient behavior

• no conventional containment bUilding

a significantly reduced emergency planning zone (EPZ)

multi-modular site concept with incremental power generation
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Concurrently, DOE has informally inquired into the feasibility of the NRC staff conducting an

independent assessment of HTGR technology and safety in order to assist in assessing their

advanced reactors program. The proposed assessment (which would be conducted with DOE

funding) would examine the design and the safety basis for HTGRs (includinq the PBMR) from a

generic perspective. The assessment would include DOE support for the development of key

analytical tools and NRC staff expertise in order for the NRC to conduct qualitative and

quantitative safety assessments of HTGR reactors such as the PBMR. It is expected that most

of the work for DOE would benefit the staff by developing the understanding, expertise and

capabilities it would need to conduct a future licensing review of an HTGR, including the PBMR.

The Commission's Policy Statement on Advanced Reactors encourages early interactions on

such advanced designs so as to facilitate the resolution of safety issues early in the design

process. Additionally, many of the Commission's current reactor reputations are specific to

LWRs and, as such, would not be applicable to the PBMR. Likewise, due to the different

technology and approach to safety employed by the PBMR new requirements will be necessary

in some areas. Accordingly, preapplication activities with DOE and Exelon are proposed to

identify key safety and policy issues, propose a path to their resolution and establish a regulatory

framework providing guidance on applicable requirements for the PBMR. It is proposed that

these preapplication activities be structured to include: (1) a preliminary assessment of HTGR

(including PBMR) technology and safety, and (2) a preliminary assessment of the requlatory

framework and requlatory process for the PBMR. These preapplication activities would also help

NRC to be prepared to review the PBMR in a timely fashion, if and when an actual application is

received. The objectives of these activities would be as follows:

HTGR Technology Assessment:

conduct early interactions with DOE on the NRC preliminary technology

assessment scope and content to meet both NRC and DOE needs

familiarize a nucleus of staff with the design and technology of HTGRs and their

approaches to safety

assess analytical tools and establish an independent staff capability to

quantitatively assess the safety performance of HTGRs

identify key generic technology issues with safety implications

identify research needs to address these issues
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PBMR Regulatory Framework and Process

conduct early interactions with Exelon on its PBMR design and technology

conduct early interactions with Exelon on its proposed licensing approach

identify a resolution approach for key PBMR safety and technology issues

• evaluate the applicability of current regulatory criteria to the PBMR

identify and solicit Commission guidance on PBMR policy issues

support ongoing efforts to identify NRC infrastructure, research, and resource needs

to support a PBMR licensing review, and reactor and fuel facility inspections.

HTGR technology issues and areas which are unique to the PBMR being developed in the RSA

(and therefore not included in the scope of the DOE modular HTGR technology assessment

scope) would be assessed directly through interactions with Exelon. These design-specific

assessments will identify key issues with safety, technical and policy implications.

The outcomes of these technology assessment, regulatory framework and regulatory process

assessment activities would be staff familiar with HTGRs, including the PBMR; identification of key

safety and policy issues, and research needs; and preliminary guidance for the staff and potential

applicants sufficient to establish the expectations for licensing. Documentation would include

SECY papers to the Commission for information or for guidance on policy issues, letter reports to

DOE and letters to Exelon providing feedback on technical and process issues (i.e., a

preapplication safety evaluation report on the PBMR design itself would not be written).

PROPOSED PLAN

This paper describes a plan for preapplication activities, which involve technology, safety,

regulatory framework and process assessment activities. These activities are directed toward

HTGR technology transfer and preparing the agency for a possible application to license a HTGR,

such as the PBMR, in the United States consistent with the above objectives. It is based upon

experience in the past with preapplication reviews, includinq an earlier preapplication review of a

DOE-sponsored modular HTGR, and would build upon that previous work. The plan describes

preapplication activities that would be conducted over an approximately 18 month period and

consists of technology assessment and transfer, and regulatory framework and process
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assessment elements described below. The plan also describes conduct of interactions and

documentation and office coordination, resources and schedule.

Technology Assessment and Transfer

familiarization with the design, safety, fuel cycle, and research issues via:

interaction with foreign partners and domestic organizations, including

Exelon, with HTGR design, safety or operating experience

interaction with the RSA regulatory organization

identification of reactor and materials safety and policy issues

technology assessment, infrastructure and contractor support

development and implementation of staff training

Familiarization with Design, SafelY, Fuel Cycle, and Research Issues

Initial staff technology assessment and transfer efforts will be directed toward becoming

familiar with HTGR (including PBMR) design, technology, safety and fuel cycle issues and

research needs. This will be accomplished first through discussions and interactions with

Exelon and others with PBMR and HTGR experience. An initial meeting was held with

Exelon on January 31,2001, at NRC-HQ to discuss the PBMR design, safety issues, and

proposed Exelon schedule and approach for preapplication interactions related to

technology assessment. Additional follow-on meetings will be scheduled on an as-needed

basis to discuss specific topics and issues. In parallel with interactions with Exelon, the

staff will contact others with HTGR and, to the extent possible, PBMR-specific experience to

obtain their insights and views on HTGR and PBMR-specific safety issues and technology.

These contacts are discussed below and include international as well as domestic

organizations.

The NRC has a number of agreements with foreign countries that provide a mechanism to

cooperate on a wide variety of safety matters. Some of our foreign partners have HTGR

experience and some also have currently operating HTGRs (Which utilize Helium coolant

and coated particle fuel designs). Specifically, Germany has had many years experience

with small (-45 MWt) and large (-750 MWt) HTGRs of pebble bed (i.e., coated particle/fuel

sphere) design. Although the German HTGRs are no longer operating, their experience is
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relevant to the PBMR. Japan currently has an operating research HTGR (-30 MWt),

although not of the pebble bed design. It does, however, utilize coated particle fuel and

helium coolant and operates at high temperatures. China has recently begun initial startup

of a small (-10 MWt) pebble bed research HTGR, from which experience should be

obtained. In addition, they are developing a larger (200 MWt) modular pebble bed reactor

design. The United Kingdom operates 14 advanced gas reactors (AGRs). Although they

are different from HTGRs and the PBMR (e.g., the coolant is CO2 and the fuel is not a

coated particle design), they are graphite moderated and some experience may be relevant

to HTGRs includinq the PBMR. Russia has had some HTGR development efforts in the

past and is currently engaged in a joint effort with General Atomics (sponsored by DOE) to

develop a modular HTGR (although not a pebble bed design) for plutonium (Pu) disposition.

In addition, IAEA has some activities (in both the development and safety areas) looking at

the design and safety of the PBMR. The NRC staff would also build upon and utilize their

work in our activities. Finally, we would plan to discuss with the South African regulatory

authorities their views on the PBMR design, safety issues, and research conducted (or to

be conducted) to address the issues. In calendar year 2001, we would intend to arrange

interactions with our international partners to discuss their experience with HTGRs and their

views on safety issues.

Domestically, there remains some HTGR expertise, primarily at Los Alamos National

Laboratory (LANL), Oak Ridge National Laboratory (ORNL) and General Atomics (GA).

Preliminary discussions have been held with LANL and ORNL regarding the feasibility of

drawinq upon their expertise. Relevant experience at the other DOE labs will also be

determined. Access to expertise at GA may be limited because GA is an NRC licensee

and has indicated an interest in having preapplication interactions with NRC on their

modular HTGR design. In addition, for the past several years the Massachusetts Institute

of Technology has had an effort to design a modular pebble bed HTGR. Their experience

will also be sought. Finally, previous NRC experience with earlier generation HTGRs (e.g.,

Ft. St. Vrain and the NRC review of a DOE- sponsored modular HTGR in the late 1980s

and early 1990s) would be utilized to help identify safety and technology issues, research

needs, and approaches to their resolution.

Identification of Safety and Policy Issues
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HTGRs, such as the PBMR, involve characteristics that make their approach to protecting

public health and safety very different from reactor designs currently licensed in the United

States. For example, among the four basic layers of defense-in-depth for ensuring public

health and safety against potential adverse consequences - prevention, protection,

mitigation and emergency planning - modular HTGRs typically result in a shift in emphasis

from mitigation features to highly reliable protection features. That is, HTGRs aim to

achieve high reliability and protection through the use of fuel capable of withstanding high

temperature, simple and passive decay heat removal and reactor shutdown processes as

compared to high reliability through active standby engineered safety systems in LWR

designs. Mitigation is provided through different concepts for fission product containment

and through long response times of the reactor in the event of an accident. These and

other differences between HTGRs and current generation LWRs are expected to lead to a

number of safety, technology and policy issues. Issues such as high temperature

materials performance; the qualification of accident analysis codes and methods; the

qualification and performance of the coated particle/fuel spheres, the siting source terms,

and the range of events that must be considered for design and siting purposes, are

expected to be among the key safety, technology and policy issues that will need to be

assessed.

Technology Assessment. Infrastructure and Contractor Support

Along with the identification of key technology, safety, and policy issues associated with

HTGRs, including the PBMR, the staff will also identify the technology assessment and

infrastructure needs to be ready to review an actual application. This will include needed

in-house and contractor expertise, analytical tools, and the resources to obtain them. It is

expected that the expertise needs will be in areas unique to HTGR technology and include:

• fuel design, fabrication and performance

high-temperature materials performance

helium turbine technology

accident analysis

• HTGR risk analysis
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A complete identification of infrastructure needs is, to some extent, dependent upon the

identification and nature of the safety issues. However, in regard to analytical tools, it is

important for the agency to have an independent capability to verify the plant response to

accidents, particularly those related to loss of coolant, decay heat removal, and reactivity

insertion. Such independent capability is valuable in providing a deeper understanding of

plant behavior under a wide range of off-normal conditions, which can result in insights that

contribute to the quality and thoroughness of the staff review and determine confidence in

information provided by the applicant. Independent analyses have, in the past, led to the

identification of significant advanced reactor safety issues that may otherwise have gone

undetected (e.g., AP-600 fourth stage depressurization valve under-sizing). Currently,

NRC does not maintain any analytical tools, data bases, or activities on HTGRs. The most

recent efforts in this regard were approximately seven years ago when the agency had

under way a preapplication review of a DOE-sponsored modular HTGR (MHTGR) design

in accordance with the Commission's Advanced Reactor Policy Statement.

A draft preapplication safety evaluation on the MHTGR was issued in 1989 for comment

(NUREG-1338); however, although a final NUREG was prepared in the early 1990s, it was

never issued because DOE canceled the program. In developing NUREG-1338, the staff

utilized contractor support and analytical tools from Oak Ridge National Laboratory (ORNL)

and Brookhaven National Laboratory (BNL). Since that time, ORNL has remained active in

the HTGR field and currently supports DOE-sponsored work on HTGRs for Pu disposition.

Accordingly, there is expertise at ORNL (includinq analytical tools) that the agency could

draw upon in the preapplication phase to assist the staff in the identification of issues and

approaches for the preapplication review, as well as familiarizing the staff with the available

analytical tools, their basis, and how to use them. In this regard, ORNL has available the

GRSAC code (a three-dimensional thermal-hydraulic code with point kinetics reactor

physics) that it is using in assisting DOE; this is an improved version of a code used in the

staffs review of the DOE modular HTGR ten years ago. Other expertise and codes are

also available and would be reviewed for applicability and possible use. Any needed

improvements in the analytical tools will be identified and plans developed for their

implementation.

Staff Training
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One outcome of the technology assessment and transfer work would be the development

of a small nucleus of staff familiar with HTGR technology and the unique attributes of the

PBMR such that they can participate and facilitate an actual application review, if and when

an actual application is received. This nucleus would include staff from RES, NRR, and

NMSS.

To help achieve this outcome, development and implementation of a training program will

also be included in the technology assessment and transfer work. The training program

will consist of information on basic HTGR design, technology, safety features, operation,

and experience. Contractor assistance will be used to develop and give the training, which

will be targeted to be available in approximately one year. DOE has indicated that they

would be willing to fund development and conduct of the program for their staff and the

NRC staff.

Regulatory Framework and Process Assessment

approach to licensing

identification of regulatory requirements, safety and policy issues and a proposed

approach for resolution

Approach to Licensing

Exelon has proposed an approach to licensing the PBMR in the United States. The

approach includes buildinq a single module in the United States under the combined

license provision of 10 CFR Part 52 and, based upon that experience and the results of a

test program using a prototype to be built in South Africa, subsequently certifying the

design. Licensing and certification of a PBMR design may raise process questions

regarding issues such as:

with fuel quality an integral part of the safety case, should the fuel fabrication be tied

to the design certification?

is an application required for each module?

is a decommissioning trust fund required for each module?

application of Price-Anderson
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Early interaction to identify and address such issues with Exelon would be part of the plan.

Regulatory Requirements, Safety and Policy Issues

An important output from the preapplication interactions with Exelon will be the identification

of applicable requirements, safety and policy issues. This will involve looking at the

requirements in 10 CFR (and their supporting regulatory guides) and identifying those that

are unique to LWRs (and thus not applicable to the PBMR), as well as looking at the PBMR

design and the technology and safety issues and identifying unique aspects that are not

covered by current requirements.

The interactions with Exelon and our foreign partners, the domestic experience described

above as well as the experience with the Ft. St. Vrain reactor, the review of a DOE

sponsored modular HTGR in the late 1980s, and the ALWR reviews would be utilized in

reviewing the applicability of the requirements and in identifying unique issues associated

with the PBMR.

It is expected that the technology, safety and regulatory assessments will lead to the

identification of certain safety and policy issues that would need to be resolved in order to

proceed with an actual licensing review. It is likely that the issues that stem from the

preapplication activities will include:

how to ensure fuel quality over the life of the plant

acceptability of the use of fuel enrichments greater than 5%

what accidents should the plant be designed for?

containment vs. confinement

an acceptable approach to the source term

control room design and staffing

transportation and on-site spent fuel storage

extent of necessary prototype testing

reduced emergency planning zone.
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Policy issues would be provided to the Commission for guidance. A combination of

traditional engineering and a risk-informed approach to addressing the issues would be

utilized.

It is expected that an approach for resolving such safety and policy issues could be

provided to the Commission in approximately 18 months. As an interim step, a preliminary

set of the key safety and research issues associated with HTGRs including the PBMR

would be provided to the Commission for information in approximately 12 months.

Conduct of Interactions and Documentation

Meetings with DOE and Exelon on specific topics related to HTGR and PBMR design, safety,

technology, regulatory requirements and licensing process issues will be held. Following each

meeting DOE and Exelon will be requested to document the information presented, any additional

information identified by the staff, and their request for NRC feedback. On specific technical

issues, requirements and process issues a response from the Director, RES, or the Executive

Director for Operations, as appropriate, will be sent back to DOE and Exelon via letter.

ACRS/ACNW and stakeholder input will be sought on technical and requirement issues prior to

preparation of the EDO response. An approach for resolving policy issues would be provided to

the Commission for guidance and would include consideration of ACRS/ACNW and stakeholder

input. After Commission quldance is received, it would be provided to DOE/Exelon.

Coordination, Resources and Schedule

The preapplication activities will be a joint RES/NRRlNMSS effort. Although RES will have the

lead, this effort will involve close coordination with and support from NRR and NMSS. The staff

will also interact with ACRS and other stakeholders. Interoffice coordination and responsibilities

will include:

RES Role (overall lead for project)

organize, coordinate, conduct, and document meetings

organize and participate in ACRS presentations and stakeholder workshop

draft SECY papers, letter reports to DOE and letters to Exelon

preliminary identification of issues, research needs, applicable requirements, etc.
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NRR Role (overall lead for process issues related to the actual application)

participate with RES on preparing papers and participate in meetings, giving

presentations and identifying technical issues

concur on correspondence to Exelon, DOE, ACRS, EDO, or the Commission

NMSS Role (overall lead for fuel fabrication, transportation, waste and safeguards issues)

participate with RES on team preparing papers and participate in meetings, giving

presentations, and identifying technical issues

concur on correspondence to Exelon, DOE, ACNW, EDO, or the Commission

involving fuel fabrication, transportation, waste or safeguards issues

OGC Role (overall advice on legal matters)

NRC staff work would focus on the review of applicable requirements and the identification of

important accident scenarios, infrastructure, research, and resource needs. Contractor work

would focus on review of HTGR analytical tools, training, and engineering analysis support.

A preliminary schedule for the activities described above is shown in the attached figure. It is

recognized that this schedule is dependent upon many factors, however, it represents the

approximate time (18 months) necessary to accomplish the preapplication activities.

To accomplish the preapplication activities, it is expected that approximately 7 FTE will be

necessary over the 18 month period. This will include 4 FTE in RES, 2 FTE in NRR and 1 FTE in

NMSS. Also, it is estimated that $1OOOK will be needed over the 18-month period for contractor

support in providing training, reviewing analytical tools and providing calculational assistance to the

staff. DOE funds to cover the technology assessment and transfer activities are estimated to

amount to $800K and 3 FTE over the 18-month period. Exelon would be assessed fees under 10

CFR 170 consistent with the Commission's 1995 fee policy for advanced reactor designs, for

NRC's preapplication activities that are specific to the PBMR.



Preliminary Schedule for

PBMR Preparatory Activities

(in months)

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24

Technology Assessment and Transfer

• Interactions with:

DOE/Exelon _

Domestic
organizations

Assessment of:

Safety and _
research issues • •

> Information SECY on safety and research issues

ACRS ACRS

• Development of Infrastructure:

Analytical tools _

Contractor support__

Staff training _

Regulatory Process and Framework Assessment

• Assessment of:

Exelon proposed
approach to licensing

Applicable
requirements ~

Policy issues ~

and approach
for review Public workshop ACRS

SECY on policy issues
> and approach for review



Requirements: SECY-OI-()()70 - Plan ...on the Pebble Bed Modular Reactor (PBI\IR)

June 19, 2001

httpl/www.nrc.gov/NR C/CO~1~11 SS I0 N/SRI\II200' -0070srmJ

MEMORANDUM TO:

FROM:

SUBJECT:

William D. Travers
Executive Director for Operations

Andrew L. Bates, Acting Secretary fR1V

STAFF REQUIREMENTS - SECY-01-0070 - PLAN FOR
PREAPPLICATION ACTIVITIES ON THE PEBBLE BED
MODULAR REACTOR (PBMR)

The Commission has approved the staff s recommendation to proceed with preapplication
activities on the pebble bed modular reactor (PBMR), including the DOE-sponsored
high-temperature gas-cooled reactor (HTGR) technology assessment and transfer activities,
described in Attachment 2 of SECY-01-0070. The staff should keep the Commission
informed of its progress on preapplication activities and promptly notify the Commission
when policy issues are identified for resolution. The staff should also identi fy issues that the
NRC is not able to resolve without Congressional action, and promptly bring these issues to
the Commission's attention.

Experience with previous design certification reviews has shown that the staff evaluation of
the applicant's testing programs can be a critical issue, particularly if the tests are conducted
outside of the U.S. In light of the unique features of the PBMR and the possibility that
testing could include work outside the U.S., the staff should include review of information
relevant to the planned testing program within the scope of its preapplication activities.

cc: Chairman Meserve
Commissioner Dicus
Commissioner Diaz
Commissioner McGaffigan
Commissioner Merrifield
OGC
CFO
OCA
OIG
OPA
Office Directors, Regions, ACRS, ACNW, ASLBP (via E-Mail)
PDR

07/18/2001 4:40 PI
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Home > Who We Are

Who We Are

The US. Nuclear Regulatory Commiss ion (NRC) is an independent
agency establishe d by the Energy Reorganization Act of 1974 to regulate
civilian use of nuclea r materials. Headed by a five-member Commission,
the NRC has its headquarters in Rockville, Maryland, and four regio nal
offices throug hout the United stales

The NRC's reuul atorv mission covers three main areas:

• Reaclors - Commercial reactors for generating etsctrtc power and
nonpower reactors used for research, testing, and trainin g

• Materials - Use s of nuclear materials in medical, indu strial , and
academic setting s and facilitie s that produce nuclear fue l

• Waste - Transportation, storage, and disposal of nuclea r
malerials and wa sle, and decommissioning of nuclea r facil ilie s
from service

Our Mission

The NRC's mission Is
to regulate the Natton's
civilian use of
byproduct, source, and
special nuclear
material s to ensure
adequate protection of
publi c health and
safety, to promote the
common defense and
security, and to protect
lhe enVironment.



NUREG-133

Draft Preapplication
Safety Evaluation Report for
the Modular High-Temperature
Gas-Cooled Reactor

U.S. Nuclear Regulatory
Commission
Office of Nuclear Regulatory Research

P.M. Williams, T.L. King, J.N. Wilson



UNITED STATES

NUCLEAR REGULATORY COMMISSION
WASHINGTON, D.C. 2OSSs-oo<J1

February 26, 1996

Mr. Donald E. Erb, Acting Project Manager
Office of Nuclear Energy
U.S. Department of Energy
Washington, D.C. 20585

SUBJECT: DRAFT COPY OF PREAPPLICATION SAFETY EVALUATION REPORT (PSER) ON THE
MODULAR HIGH-TEMPERATURE GAS-COOLED REACTOR (MHTGR)

Dear Mr. Erb:

Enclosed is a draft of the final PSER which documents the staff's preapplica
tion review of the MHTGR design. In accordance with your letter of July 17,
1995, the PSER does not contain Applied Technology information and, thus, does
not carry that designation.

The enclosed PSER contains minor revisions to the draft PSER that was submit
ted to you in my letter of June 30, 1995, for a review for Applied Technology
information. The revisions are based on an internal review after the June 30,
1995, letter. The enclosed PSER was submitted to the Commission in
SECY-95-299, "Issuance of the Draft of the Final Preapplication Safety
Evaluation Report (PSER) for the Modular High Temperature Gas-Cooled Reactor
(MHTGR)," on December 19, 1995.

The enclosed PSER is (1) Volume 1, which contains the documentation of the
staff's preapplication review of the MHTGR design and the conclusions of the
staff on the design from this review, and (2) VoluQe 2, which contains the
appendices, without copies of the documents that are referencei in the PSER
and available through the NRC Public Document Room. These documents, which
would be in Appendices C through J of Volume 2, are not essential for the
staff's discussion of MHTGR licensability and policy issues and are, there
fore, not included in the enclosed PSER to reduce its size. These documents
were provided to you in our letter of June 30, 1995, and will be provided in
the final PSER.

Please provide comments to the Nuclear Regulatory Commission (NRC) on the
technical discussions and conclusions in the enclosed PSER within 6 weeks of
the receipt of this letter. These comments will be considered for inclusion
into the PSER before it is submitted to the Commission as the final PSER for
the staff's preapplication review of the MHTGR. Section 4.2.9 of the PSER
states that the Department of Energy (DOE) should provide in its design
approval application for the MHTGR the basis for designating design informa
tion as being required to be withheld from the public. That PSER section
states further that DOE should include in the application an explanation as to
how information designated as Applied Technology falls within'the scope of the
Atomic Energy Act. In your comments, you are also requested to address the
discussion on the Applied Technology designation in Sections 1.8 and 4.2.9 of
the enclosed PSER.



Visit of the NRC Delegation to Germany

SAFETY ASPECTS OF HTR TECHNOLOGY

23 to 26 July 2001

Contributions to be presented by

TUV HannoverlSachsen-Anhalt e.V.

TUV HannoverlSachsen-Anhalt e.V. TOV NORD GRUPPE
Division Energy and Systems Technology Visit of NRC - Contributions by TUV Hannover/Sachsen-Anhalt eV



Topics · 1

Monday, 23 July 2001

Overview on Safety Assessment of the HTR Module in Germany

• The contribution of the TUV to technical safety in Germany

• The role of TUV HannoverlSachsen-Anhalt e.V.

in nuclear technology

• The licensing process for the German HTR-2 NPP

TUV HannoverlSachsen-Anhalt e.V.
Division Energy and Systems Technology Visit of NRC - Contributions by TUV Hannover/Sachsen-Anhalt eV



Topics · 2

Thursday, 26 July 2001

Safety Assessment of the HTR Module in Germany

• The task as defined in the contracts

• Overview of the plant concept

• The methodology applied in safety assessment

of the HTR-2 NPP

• The most important results

..
TUV HannoverlSachsen-Anhalt e.V.
Division Energy and Systems Technology Visit of NRC - Contributions by TOV HannoverlSachsen-Anhalt eV



Origin of TOV in Germany

..
• TUV founded in the second half of nineteenth century

by industrial companies operating steam vessels and engines

• Aim: Reduction of steam vessel and engine failures

• Status: Independent and neutral association;

regionalized structure

Consequence: Enlargement of TUV tasks

Effect: Distinct reduction of steam vessel and engine failures

TUV HannoverlSachsen-Anhalt e.V.
Division Energy and Systems Technology Visit of NRC - The Role of TUV in Technical Safety



TOV today · 1

• The TUV are a service companies engaged in

safety assessment and inspections of technical equipment

• Task: To protect people and the environment from the hazards

caused by erection and operation of technical equipment

• TUV are free from manufacturers', licensees'

and buyers'inter ests; they are independent and

self-governing institutions of trade and industry

TUV HannoverlSachsen-Anhalt e.V.
Division Energy and Systems Technology Visit of NRC - The Role of TUV in Technical Safety

Expertise - Independence - NeutralityStatute:•



ruv HannoverlSachsen-Anhalt e.V.
Division Energy and Systems Technology

• Field of activities:

free market activities <

• Spectrum of activities:

TOV today · 2

ruv are service companies carrying out

¢ sovereign tasks for the authorities

¢ consultation tasks for the authorities

¢ consultation tasks for

industrial companies

¢ Car inspections

¢ Safety of conventional plants

¢ Biotechnology

¢ Environmental protection

¢ Quality management systems

¢ Material investigations

¢ Nuclear safety

Visit of NRC - The Role of TOV in Technical Safety



••
TUV NORD GRUPPE

• TUV NORD GRUPPE:

Merger of TUV HannoverlSachsen-Anhalt e.V. and

TUV Nord e.V.

• Turnover: 800 Million OM per year

• 4000 employees

• Offices in 8 federal states in Germany:

Lower Saxony, Mecklenburg-Vorpommern,

North-Rhine Westphalia, Sachsen-Anhalt, Schleswig-Holstein,

Berlin, Bremen and Hamburg

TUV HannoverlSachsen-Anhalt e.V.
Division Energy and Systems Technology

TOV NORD GRUPPE

Visit of NRC - The Role of TGV In Technical Safety



The Division Energy and Systems Technology

Founded: 1957

Staff today: 170 scientists and engineers with expertise in:

civil engineering, electrical engineering, process

engineering, mechanical engineering, nuclear

physics, chemistry, biology

Organization form: Matrix structure:

4 specialists' departments, 1 project department,

efficient project management, strict separation

of responsibilities, but team work

TOV HannoverlSachsen-Anhalt e.V.
Division Energy and Systems Technology Visit of NRC - The Role ofTOV Hannover/Sachsen-Anhalt eV

in Nuclear Technology



Date:

01/07/2001
ruv HannoverlSachsen-Anhalt e.V.

Division Energy and Systems Technology

TUV NORD GRUPPE

Energy and SystemsET

~IAdministration and Computer Application ~ Technology Quality Management

I I
Dipl.-Ing. Helmers Dr. Plagemann I

Assistant Manager: Dr. Nitzki

I I I I

ETP I Projects ETB I Operation and
ETK I Components and

ETS I Radiation Protection ETR I Nuclear Core Design
Systems Analysis Materials Technology and Waste Management

Dr. Knieper Dipl.-Ing. Junge Dr. Plagemann Dr. Drolieff Dr. Nitzki

Nuclear Power Plants, Matena! Test Reactors

· KKE, KWL, Dipl.-Ing. Liebing
Biblis Dr. Bielinq Systems Analysis Component Safety Activity Release and Reactor Physics and

Dr. Hergem6J1er - - - Radioecology f-- Fluid Dynarn.cs

· KWG Dipl.-Ing Gutheil
Dipl.-Ing. Steinle Dipl-Phys. KrOger Or. PJagemann Dr. Rinkleff Dr Vogel

· KWW Dipl-Ing. Haas

· TRIGA, SUR100, Dr. Herqemouer
FMRB

Power Supply and Strength Analysis Radiation Protection Nuclear Fuel
Nuclear Fuel Cycle - Instrumentation & Control - '-- of Workers -
· BFL DipL-lng. Degener

Dr. Grondey Or, MartensDipl.-Ing. Bode Dr. Borchers· TBLG Dr Rabe

· TBLA Dr Muller
Dr Rabe
Dipf-Inq. Schulz Transportation and Handling Non-Destructive Testing Radiation Protection Radioactive

· SZL Dr. Rabe - - I- Measurements - Waste Management

· SZN/SZS Dr. Muller
Spent fuel casks Dr. Rabe Dlpl-Ing Vollmer Dr. Kruger Dipf-tnq. Mende Dr. Kroger

Dr. Sieling
Wetzel
Dr. Stein

· PKA Dr Muller Services in TUV NORD RONTGEN-
Dipl.-Ing. SChulz

~ Biotechnology - TECHNIK·ALG Dr, Stolpmann

· ZLN Oipl-Ing. Degener Dr, Pohl Dlpl-Ing Kreienfeld

Radioactive Waste Dr, Wehmeier
Manaoement

Non-Nuclear Projects Dr. Stolpmann
Innovative Projects



Main Proiects of the Division

TOV NORD GRUPPE

Visit of NRC - The Role of TUV HannoverlSachsen-Anhalt eV
In Nuclear Technology

• Nuclear Power Plants

¢ Operating NPPs: Grohnde, Emsland, Biblis A and B

¢ Decommissioning: WUrgassen, Lingen

• Fuel Fabrication: Fuel fabrication plant of Fragema/Siemens

at Lingen (former Exxon Plant)

• Spent Fuel Storage: Ahaus, Gorleben, Greifswald and

various On-Site Storage Facilities

• Interim and Final Waste Storage: Gorleben, Greifswald, Konrad

• Compliance of waste properties and acceptance criteria

• Compliance of spent fuel transportation casks and

transportation requirements

• Others, e.g. German HTR-2 Modular Reactor and

Pebble Bed Modular Reactor of ESKOM, South Africa

TUV HannoverlSachsen-Anhalt e.V.
Division Energy and Systems Technology



Main Proiects: Nuclear Power Plants

TUV HannoverlSachsen-Anhalt e.V.
Division Energy and Systems Technology Visit of NRC - The Role of TOV Hannover/Sachsen-Anhalt eV

in Nuclear Technology



Main Proiects: Nuclear Fuel Cycle

ruv HannoverlSachsen-Anhalt e.V.
Division Energy and Systems Technology Visit of NRC - The Role of TUV Hannover/Sachsen-Anhalt eV
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Main Proiects: Decommissioning

TUV HannoverlSachsen-Anhalt e.V. TUv NORD GRUPPE
Division Energy and Systems Technology Visit of NRC - The Role ofTUV HannoverlSachsen-Anhalt eV

in Nuclear Technology



Main Customers

• Ministry for the Environment of Lower Saxony

• Ministry for Trade and Economics of North-Rhine Westphalia

• Hessian Ministry for the Environment

• Ministry for the Environment of Mecklenburg-Vorpommern

• Federal Agency for Radiation Protection

• others, e.g. ESKOM (South Africa)

TOV HannoverlSachsen-Anhalt e.V.
Division Energy and Systems Technology Visit of NRC - The Role of TOV Hannover/Sachsen-Anhalt eV

in Nuclear Technology



Legal Background of TOV Role in Nuclear Technology

• Each nuclear facility

• §7 of Nuclear Energy Act

• Most important prerequisite

to be licensed according to

Nuclear Energy Act

licensing prerequisites

state of science and tech

nology ("state of the art")

• Verification of licensing

prerequisites

• Technical part of verification

external experts may assist

TOV as consultant of the

authorities

TOV NORD GRUPPE

Visit of NRC - The Role of TOV Hannover/Sachsen-Anhalt eV
in Nuclear Technology

..
¢ TUV has complete overview of the technical state of the plant

and licensing and surveillance procedures

..
TUV HannoverlSachsen-Anhalt e.V.
Division Energy and Systems Technology



Tasks of TOV in Nuclear Technology

• Safety assessment preceding erection and operation of

nuclear installations, e.g. NPP, Storage Facility

• Surveillance and safety assessment during operation:

• Decommissioning of nuclear installations, e.g. NPP

ruv HannoverlSachsen-Anhalt e.V.
Division Energy and Systems Technology

<Routine tasks:

¢Special tasks:

o On-site inspections, e.g. recurrent

periodic inspections

o Evaluation of modifications, e.g.

reload patterns

o Surveillance during plant outages

o Evaluation of incidents

o Evaluation of the PSA

Visit of NRC - The Role of TUV HannoverlSachsen-Anhalt eV
in Nuclear Technology



Extent of rOv in Assessment and Surveillance

The following figures are valid for an LWR NPP:

• Safety assessment and inspections preceding

erection and operation: total of ca. 250 man years

• Surveillance and safety assessment during operation:

¢Routine tasks:

¢Special tasks:

total of ca. 20 man years per year

total of ca. 5 man years per year

TUV HannoverlSachsen-Anhalt e.V.
Division Energy and Systems Technology

TOV NORD GRUPPE

Visit of NRC - The Role of TUV Hannover/Sachsen-Anhalt eV
in Nuclear Technology



Steps in NPP Licensing in Germany (Normal Procedure)

Licensing basis: § 7 of the Nuclear Energy Act;

basic requirements to be met by the application

Application: To be submitted to the licensing authorities

by the applicant

Common practice: Licensing in consecutive steps ("partial license")

• concept and buildings

• components and systems

• non-nuclear preoperational tests

• permanent operation license

During operation: Licensee can apply for modifications

of the licensed plant

TUV HannoverlSachsen-Anhalt e.V.
Division Energy and Systems Technology

TOV NORD GRUPPE

Visit of NRC - The Safety Assessment of the HTR-2 NPP



Licensing Procedure for the HTR·2 Modular Reactor

• Licensing basis: § 7a of the Nuclear Energy Act (site

independent license)

• Extent and content of the application (and license)

less than the first partial license in a normal licensing

procedure, but exceeding that of a conceptual license

• Licensee not obliged to make use of the licensing decision

• Validity of license limited to a certain time (previsional license)

TUV HannoverlSachsen-Anhalt e.V.
Division Energy and Systems Technology

TOV NORD G

Visit of NRC - The Safety Assessment of the HTR-2 NPP



• April 1987:

Course of the Licensing Process for the HTR·2 NPP

Application of Siemens/lnteratom for a site
independent license of the German HTR-2 NPP
according to § 7a of the Nuclear Energy Act

• Licensing authority: Ministry of the Environment of Lower Saxony

• Expert organization: TOV Hannover/Sachsen-Anhalt e.V.

• April 1989:

• May 1989:

• October 1989:

Withdrawal of application for political reasons,
termination of the licensing process

Continuation of safety assessment by TOV
Hannover-Sachsen-Anhalt e.V. under contract of
the Federal Ministry for Research and Technology

Delivery of TOV safety assessment report as
input for RSK recommendation (May 1990)

TUV HannoverlSachsen-Anhalt e.V.
Division Energy and Systems Technology

TOV NORD GRUPPE

Visit of NRC - The Safety Assessment of the HTR-2 NPP



Licensing of the German HTR·2 NPP

1 1 1 1

Specialists'meetings

TUV HannoverlSachsen-Anhalt e.V.
Division Energy and Systems Technology Visit of NRC - The Safety Assessment of the HTR-2 NPP
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Role of TOV in the HTR·2 NPP Licensing Process

..
TUV HannoverlSachsen-Anhalt e.V.
Division Energy and Systems Technology

TOV NORD GRUPPE

• Task:

• Applied method:

• Experts'co sts:

• Result:

Safety assessment of concept and design
of the HTR-2 NPP

Interdisciplinary team - matrix structure 
iterative procedure:

q Specialists' meetings in 1987 and
first half of 1988

q Revision of licensing documents and
completed by applicants early in 1989

q Continuation of assessment in 1989

Equivalent to 25 man years

q Complete and consistent review of
an advanced HTR concept

q Safety Assessment Report
q Approval of concept

by Reactor Safety Commission

Visit of NRC - The Safety Assessment of the HTR-2 NPP



• Problem:

• Solution:

HTR-Module-Specific Technical Rules

No technical rules and guidelines for HTR-2 NPP
available for design and safety assessment

¢ Screening of existing technical rules
and guidelines for LWR

¢ "Filtering" of HTR-specific aspects
¢ Consideration of concept-specific features
¢ Consideration of concept-specific

scientific and technical publications

¢ Comprehensive and consistent set of design and
evaluation criteria applicable to the HTR-2 NPP

• Procedure: ¢ Derivation and proposal by the applicants
¢ Verification, modification and approval

by the TUV experts

TUV HannoverlSachsen-Anhalt e.V.
Division Energy and Systems Technology

TOV NORD GRUPPE

Visit of NRC - The Safety Assessment of the HTR-2 NPP



Documentation of the Assessment Results

• Safety Assessment Report: ca. 900 pages, in German

• Summary: Safety Assessment of the Design
of the Modular HTR-2 NPP

TOV Hannover, May 1990

51 pages, in English and German

• Publication: H. Helmers and H. Knieper:

Review of the safety concept of
the HTR 2 reactor plant

Nuclear Engineering and Design
137 (1992) 89-95

ruv HannoverlSachsen-Anhalt e.V. TUV NORD GRUPPE
Division Energy and Systems Technology Visit of NRC - The Safety Assessment of the HTR-2 NPP



Present Involvement in the HTR Field

TUV HannoverlSachsen-Anhalt e.V. contracted by ESKOM

for different tasks in the licensing process of the South African

Pebble Bed Modular Reactor (PBMR):

• Derivation of a safety classification system

and the integrated design process

• Review of Safety Analysis Report, Rev. Db

• To be expected (contract under negociation):
Review of Safety Analysis Report, Rev. 1,
and further QA tasks in the licensing process

TUV HannoverlSachsen-Anhalt e.V.
Division Energy and Systems Technology

TUV NORD GRUPPE

Visit of NRC - The Safety Assessment of the HTR-2 NPP



Know how transfer to ESKOM
for the PBMR

Visit of the NRC-Delegation in Germany
July 23-26, 2001

Dr. Josef Schoning

Westinghouse Reaktor GmbH
Mannheim, Germany

FoI01 _051-E- [07/011 1
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• Partner:

Know How Transfer to ESKOM for the PBMR

Agreements with Eskom / PBMR

o MOU from April 4, 1996

- Eskom
J}

- German Working Group (KT GmbH / Prof. Schulten ,
FZJ)

- HTR GmbH
• Objective: Willingness of the German Partners in principle to

support Eskom in their PBMR Project and to give
access to the German HTR know how

o Agreement from August 8, 1996

• Partner: - Eskom
J}

- HTR GmbH
• Objective: Supply of the SAR of the HTR-Module and support

Eskom's investigation into the feasibility of a HTR

o License Agreement from March 12, 1999

• Partner: - Eskom
J}

- HTR GmbH
• Objective: Access to the HTR Technology related technical

documentation as well for the HTR reactor as for
the HTR Fuel as far as available in the archives.
Technical assistance and consulting services, agreed
on a case by case basis.

FoI01 _051-E· [07/01] 2
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Know How Transfer to ESKOM for the PBMR

o Enabling Agreement for the Provision of
Technical Assistance from June 2001

FoI01_05t ·E· [07/011 3

• Partner:

• Objective:

@ Westinghouse

- PBMR (Pty) ltd

<>-
- Westinghouse Reaktor GmbH

Scope of Technica l Assista nce:
Layout, design , construction and calculations of
reactor components and reactor systems, e.g.

reactor pressure vessel and manifold
Graphite core internals and metallic components
Disassembly equipment
fuel element detection and burn -up measurement
system
Helium fittings
Waste handling system and deco ntamination system
Equipment handling system
Other auxiliary reactor systems
Radiation monitoring system
Reactor protection system and post-event
instrumentation
Distributed control system

Investigations of High Temperature Reactor specific
Subjects, e.g.

Disassembly and maintenance concept
Release of fission products and plate-out of solid
fission products
Impacts caused by graphite dust
Helium specific aspects (sealings, bearings, coating
etc.)

OBNFL



Know How Transfer to ESKOM for the PBMR

Know how-transfer

1. Transfer of .......----1 .1 definition-ESKOM, WER/HTR

documents 1.2 selection-WER/HTR

1.3 explanation, interp retation,WER/HTR

2. Cooperation-- 2.1 Consu ltance-WER/HTR
(derivation, correlation, adoption)

2.2 Support (s ingle tasks)-WER/HTR

FoI01_051 ·E· [07/01] 4
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Overview on the HTR-program

in Germany

Visit of the NRC-Delegation in Germany
July 23-26, 2001

Dr. Josef Schoning

Westinghouse Reaktor GmbH
Mannheim, Germany

FoI01_049-E- [07/0 1J 1
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Overview on the HTR-program in Germany

HTR Development in Germany
from the View Point of the Vendor

o When did we start this technology

o Which status we have reached up to now

o How far is this technology proven and usable
for the PBMR project

o BBC line - AVR, THTR, HTR 500, HTR 100, GHR,
HHT, PNP

o Siemens line - HTR Modul, PNP, Various studies

o Concentration of the HTR development in the
HTR GmbH because of marketing and cost
reasons

o Common reactor line - HTR 500, HTR 100, GHR

o Design and R&D of the main projects
Dokumentl

FOI01_049-E - [071011 2
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Overview on the HTR-program in Germany

HTR Development in Germany

BBR
(LWR)

en
c

. - III
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-Gl
Gl ,~
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Gl ..
~Q.

Various
studies

IA ~""-q -. c _

HTR 1975
- development
- design
- erection
- commissioning

Siemens

HTR line

HTRGmbH
1989
- Marketing
- Koord. proj,
- Koord. work

HTR License
1976

BBe')

HHT
(esp. 670 MWe)

- HTR breeder
- HTR 1160

(GA design)

HRB
HTR 1956
- development
- design
- erection
- commissioning

others

PNP

HTR-Modul
(80MWe)

GHR I
I

10/20 :

HTR·500 I

HTR-Modul I

HTR-500
(55 0MWe)

HTR-l00
(lOOMWe)
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closed HRB 1993 (96) IA 1992_._._._---------_.-._-_._._._._._._-----_._._._---_._..
today

')BBC - ' ABB· - BNFLIWER

HTRGmbH still exists
(new shareholders-WER/FANP)

markt observation
- providing of licensing and consulting contracts

lOlQ37
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Overview on the HTR-program in Germany

Main Design Data

AVR THTR HTR HTR HTR M GHR
500 100

Therm al Power MJ/s 46 750 1390 258 200 10/20

Net electrical power MW 15 296 550 100 80

Mean power density MW/m3 2,6 6 6,56 4,2 3 0,8

Primary gas pressure bar 10,8 39 55 70 70 30

Hot gas temperature DC 850/950 787 700 700 700 450

Co ld gas temperature DC 275 262 260 250 250 250

Main steam pressure bar 72 177 180 190 190

Main steam temperature DC 500 530 530 530 530

FolOI 049~E ~ [07/01] 4
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Overview on the HTR-program in Germany

AVR
General View on the Reactor

Reactor casing ---

- Inner tank

Cooling gas
blower

.________Main valve

-----Siological
shield 1

- - - - - Thermal shield

'm----- - Outer tank

At - - - - - Core

f-- - -'---'--- - - - Main steam line

.. _ Sphere outlet
1lL,?+Ht'··''f·· - pipe

- - I
r

Materials:

Steel 

Graphite WJ
Coal brick~

Rubble from

~naJl~~~nit I II

Support

Lower reflector

Reactor jacket

Upper reflector- -

Graphite cOlumn:i:s:-_-ItI l
for shutdown rods

Upper shield

Feedwater line

FoI01_049 -E- [07/011 5
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Overview on the HTR-program in Germany

Built Plants
Time Schedule

AVR THTR

Start of Planning middle of '57 middle of '60

Order by utility group and start of construction 08/61 06/71

PCRV proof pressure test 09/82

First criticality 08/66 09/83

Functional tests (THTR)

Components and systems ly

Total plant nuclear 0 - 40 % ly

Power production on 40 - 100 % ly

First electricity to the grid 12/67 11/85

100 % power output 12/69 09/86

Handover to the customer 05/69 06/87

Decision for decommissioning End of '89 End of '89

FoI01_049-E- [07/011 6

(Y!) Westinghouse ClBNFL



Overview on the HTR-program in Germany

THTR
Site Layout
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Overview on the HTR-program in Germany

THTR
300 MWe Nuclear Power Plant

Hamm-Uentrop

FoI01_049 -E- [071011 8
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Overview on the HTR-program in Germany

THTR
Longitudinal Section

FoI01_049 -E- [07101J 9
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Overview on the HTR-program in Germany

THTR
Dry Cooling Tower

FOIOI 049-E- [07101 J 10
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Overview on the HTR-program in Germany

THTR
Fuel Handling System
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Overview on the HTR-program in Germany

THTR
Prestressed Concrete Reactor Vessel

••.
,1 .. . ". .. ... .. . -.".... . .. ,. .... .. .. .. ... .. ..

IV'~'" .. " ... .... . ..... . --
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Overview on the HTR-program in Germany

HTR 500
Reactor Pressure Vessel with Internals

Graphite

reflector

Prestressed

concrete
reactor vessel

Main circulator

~~!iifr-Steam

generator
Thermal shield

__ Main

steam line
n..= = m - Feedwater line

I

J=----t--~~---Fuel element

discharge pipe

Auxiliary- - - -;\''''''

circulator

Reactor core - --t\;'C

Aux iliary _--II"\t('0]

heat exchanger

Reflector rod

Incore rod

FoI01_049-E- [0710 1] 13
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Overview on the HTR-program in Germany

HTR SOO
Longitudinal Section

Auxiliary building

Qq Ii . ! !I I I' t i ;!-=; ;-r-_~ -- - - •
• • a M • • • • - . - . • • ~

Valve bUilding

Turbine hall
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Reactor protection

bUTng
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.c=-Fuel storage

building

I 30,0 I 48 ,0 42,S

199,0

66,0
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Overview on the HTR-program in Germany

HTR Modul
Cross Section

CD Pebble Bed

® Pressure V!SH;1

Q) Fud Discharge

@ Boronaled Spheres

<2 Reflecto:- Rod

® fve l loa:S,n\l

(}) Shalll Generator

® Feedwa ter line

® l ive Sleam line
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@ ven teeter
® I<>sulo.Ioo....
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Overview on the HTR-program in Germany

HTR Modul
Cross Section

IJJ
O~9

- - !=t:
I
I
I

I

,
I
I

I

~ r ,

1 Reactor pressure vessel
2 Steam generator vessel
3 Connecting pipe
4 Primary coolant blower

® Westinghouse

5 Primary shielding
6 FuLL protection waLL
7 Liner cooler
8 Reactor building extension

FOI01 _049 ·E· [07/011 16
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Overview on the HTR-program in Germany

GHR10
Gas Cooled Heating Reactor

Coolant
gas blower,

Prestressed
,

concrete vessel

Graphite Shut down rodrefl ector ,
Thermal shield

Core ;
,
• -Liner with
~ heat exchanger

tubes
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Overview on the HTR-program in Germany

GHR10
Heat Flow Diagram

Inside reactor vessel Outside reactor vessel

450°C I I usc ] 120 ·c I

I

Support heater
-- /

/ ,---'" Primary ~ -
({ . )\

circuit L>_ I~terr:nediatel >I I r District heatin
\..'--J. / circuit .
~ 'l .

system

iT\ f7',
~ ~

M 15 bar 8 bar 15 bar

10 kg Is 60 kg Is 40 kg /s

250°C 95°C 60°C

9

® Westinghouse

SOl 097
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Overview on the HTR-program in Germany

GHR10
Longitudinal Section
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Overview on the HTR-program in Germany

R&D Programs Subsidized
by the Government

Project Partners Period Subsidy Total
% Cost*

Mio OM

THTR BBC / HRB
Nukem 64 - 88 95 - 100 - 3200
FZJ (incl. erection)

HHT BBC / HRB
Siemens / IA 69 - 82 60 - 90 - 200
Nukem
FZJ
German industry
Swiss industry

PNP BBC / HRB
Siemens / IA 76 - 92 75 - 90 - 150
Nukem
FZJ
German industry

Others BBC / HRB 82 - 88 50 - 90 - 100
(HTR500 Siemens / IA
HTR100 FZJ
HTR Modul German industry
GHR10) Swiss industry

*in the figures the costs of FZJ and foreign partners are not included
FoI01_049-E- [07101J 20
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Overview on the HTR-program in Germany

Scope and Depth of R&D

Core physics
and hydraulics

Model tests for
extrapolation laws

He-technology
effects

IMaterials >

@ Westinghouse
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Design of
reactor

components

Tests of single
elements

Prototype tests

Acceptance tests

Comm issioning
test

ZOlO35
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Overview on the HTR-program in Germany

The R&D Programs

o materials - high temperature steel, ceramic material,
prestressed concrete
• physicaL and mechanicaL properties e.g. st rength, creep,

fatigue
• fracture mechanics
• irradiation behaviour
• influence of corrosion
• tritium permeation

o elements and components
• fueL eLements
• prestressed pressure vesseL
• ceramic core internaLs
• heat exchanger - steam generator, He/He heat exchanger,

steam reformer
• shut down faciLities - incore rods, reflector rods,

Small Absorber Spheres (SAS)
• fueL handLing system
• gas ducts
• insuLation
• Leak tight penetrations
• vaLves
• Leak tight joints e.g. screw joints, flanges

FoI01_049-E- [07/01] 22
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Overview on the HTR-program in Germany

The R Be D Programs

o He-technology
• friction
• wear
• beari ng
• welding
• coating
• sealing

o pebble bed mechanics - e.g. flow characteristics,
forces, abrasion

o thermo hydraulics - e.g. leakages, bypasses,
• •gas mixing

o fission product behaviour and decontamination

o earth quake behaviour especially of pebble bed
and core internals

o impacts of graphite dust in the primary circuit

o He purification

FOI01_049- E- [071011 23
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Overview on the HTR-program in Germany

Most Significant and Extensive R&D Work

Investigations
experimental

analytical m c s p

Fuel elements X X X X

PCRV X X X X

Ceramic core structure X X X X

He-technology aspects X X X

Core mechanics X X

m = material
c = components
s = model (various scales)
p = prototype

FoI01_049·E· [07/011 24
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CONCEPT LICENSING PROCEDURE FOR AN IITR-MODULE NUCLEAR POWER PLANT

Gerd BRINKMANN

Siemens AG, VB KWU. D~8520 Erlangen, Fed Rep. Germany

and

Michael WILL

l nteratom GmbH, D-5060 Bergisch-Gladbach 1, Fed Rep. Germany

In April 1987 the companies Siemens and Interatom applied in the West German slate of Lower Saxony for a concept
licensing procedure to be initiated for an HTR-Module nuclear power plant. In addition to a safety analysis report, numerous
additional papers were submitted to the authorized experts. In April 1989 proceedings were suspended for political and legal
reasons. By this time both the fire protection report and the plant security concept report had been completed. The safety
concept review was continued by order of the Federal Minister for Research and Technology. The draft safety concept report
was completed in July 1989. The final version was completed at the end of 1989.

1. Introduction: Description of the plant subject to the
licensing procedure

The HTR-Module power plant is a thermal power
plant for the cogeneration of electricity and process

steam (fig. 1). The process steam can be used for a wide
variety of applications in the chemical industry, for
example, or for tertiary oil extraction.

The place of the fossil-fired heat source of conven
tional power plants is taken in the IITR Module by two

Process Steam

High Temperature Reactor 6 Low PressureTurbine 11 MainCondensate Pump
SleamGenerator 7 GearUn" 12 FeedwterTank
PrimaryCircuit Blower 8 Electr.Generator 13 MainFeedwater Pump
High PressureTurbine 9 Process Steam Superheater 14 Cooling Tower
Medium Pressure Turbine 10Condenser 15 MainCooling WaterPump

Fig. 1. HTR-Module power plant for cogeneration of electrical power and process steam.

0029-5493/90/$03.50 © 1990 - Elsevier Science Publishers B.Y. (North-Holland)



294 G. Brinkmann, M. Will / Licensing procedure for an J/TR-Module

nuclear steam supply systems (modular units). Each
modular unit comprises one high-temperature reactor,
one steam generator and one primary gas blower.

The heat liberated by nuclear fission in the HTR is
transported from the reactor through the coaxial duct to
the steam generator by the primary coolant, helium,
which is circulated by the primary gas blower. In the
steam generator, the heat is transferred to the
water/steam conversion system which is designed and
operated as a purely non-nuclear plant.

Auxiliary and supporting systems connected to the
primary system are provided for operation of the reac
tor; furthermore, safety of the reactor is assured by
systems which fulfil the task of keeping loadings on
components and structures within acceptable limits un
der accident conditions and which minimize the impact
of accidents on the operating personnel and the en
vironment. TIle reactor auxiliary systems are installed in
the reactor building and in the reactor auxiliary build
ing.

The cooling loads in the power plant are served by
closed cooling water systems which remove the rejected
heat to service water systems.

Operation of the power plant is controlled and moni
tored from the central control room. Normal operation
is largely automated by means of open- and closed-loop
controls which correct minor deviations from required
sctpoints, In the event of major deviations, automatic
operational limiting controls restore the plant to the
conditions requisite for operation. If trip limits set in
the reactor protection system are reached, the necessary
safety-related counter-measures are automatically ini
tiated.

2. Licensing procedure / safety concept review

The licensing procedure for the concept of the
HTR-Module nuclear power plant was intended to con
firm the licensability of the plant and thus to establish a
solid legal basis for further planning work.

2.J.Basis of licensing procedure

The construction and operation of nuclear power
plants in the Federal Republic of Germany are subject
to national legislation and ordinances such as the Atomic
Energy Act (AtG), Atomic Licensing Procedure Code
(AtYfY), Radiological Protection Ordinance (StriSchV)
and are also governed by engineering rules and regu
lations.

The licensing procedure for power plants is con
ducted in stages. At the first stage an application is
Sll bmi tted for a preli minary ruling on the concept
pursuant to Article 7 of the AtG which would be
preceded by a preliminary positive overall evaluation of
construction of the plant and operation thereof pursuant
to Article 18 of the AtVfV.

If no actual site has bcen selected, the application
for a preliminary ruling is based on Article 7a (basis of
the licensing procedure for the HTR-Module power
plant).

As in the case of an application for the construction
and operation of a nuclear power plant (Article 7) the
requirements of Article 3 of the AtYfV have also to be
satisfied. For a preliminary ruling pursuant to Article
7a of the AtG, emphasis is placed on:
- the Safety Analysis Report,
- supplementary plans, drawings and descriptions, and
- information on measures provided for protection of

the plant against sabotage.

2.2. Time schedule of the licensing procedure / safety con
cept reoicw

In April 1987 an application for a licence on the
conceptual design was docketed by the State of Lower
Saxony (FRG). In May 1987 the licensing authority
nominated experts competent in the various fields of
engineering. 111C main expert was the "Tcchnischer
Ubcrwachungsvercin Norddeutschland (TOY Han
over)", who subcontracted parts of the nuclear steam
supply system and radiological issues to the ..Tech
nischer Uberwachungsverein Rheinland (TOV Co
logne)". The work for the licensing procedure was then
initiated in May 1987 on the basis of the Safety Analy
sis Report. By the end of 1987 about 100 supplementary
reports, including detailed drawings, stress analysis re
ports, reports on seismic design and fuel technology,
had to be submitted. Further additional reports and
other documents (approx. 150) were supplied in 1988.
The submitted Safety Analysis Report was reviewed
and reconsidered in June-August 1988 in the light of
the standpoint of the licensing authority and the experts
and to incorporate changes in system design. The corre
sponding changes to the Safety Analysis Report to take
into account the results achieved in the licensing proce
dure were agreed, the Safety Analysis Report was re
vised and submitted in September 1988. The draft re
view report was completed in mid-1989 (fig. 2).

However, the application for a preliminary ruling on
the concept was withdrawn and the licensing procedure
discontinued by the Lower Saxon Ministry for the En-



G. Brinkmann, M. Will / Licensing procedure for an llTR-Module 295

Fig. 2. Time schedule of the licensing procedure/safety con-
cept reviews.
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vironment in A~rii 198~)~t t~)eg~i-~~e for a non-si'tc
specific licensing procedure in Lower Saxony was ques
tionable.

The order placed with TOV Hanover for the safety
review was therefore cancelled by the Lower Saxon
Ministry for the Environment. By this time the review
had reached an advanced state of progress and great
interest was expressed in the work being completed.
Consequently, TOV Hanover was retained in May 1989
to complete the safety concept review without reference
to a specific licensing procedure as part of a research
and development contract on behalf of the Federal
Minister for Research and Technology (BMFI) and to
document the results. The draft safety review report
then followed in July 1989. The final version was com
pleted in late 1989.

Excepted from this review were the fire protection
concept and aspects of protection against sabotage. The
Lower Saxon Ministry for the Environment placed
orders for separate reviews for these topics.

A review of the fire protection concept was per
fonned by the Civil Engineering Institute (IBMB) of the
University of Brunswick, and a review of the plant

April 87

Mai 87

Sept.. Dec. 87

Febr.88

Sept. 88

Dec. 88

Febr. 89

March 89

April89

May 89

July 89

Sept. 89

Oct. 89

Dec 89

Application tor initiation of concept licensing procedure
pursuant to Art. 7 a of the Atomic Energy Act docketed
with lower Saxon Ministry for the Environment (licensing
authority) on the basis of safety analysis report submitted
by Siemenvtnteeetorn

lower Saxon Ministry for the Environment retains TUV
Hanover to conduct safety review of HTRModule concept

Technical consultations with experts and licensing
authority; approximately 100 technical documents
generated for this purpose

Experts call fer more supplementary technical document'>

Revision of safety analysis report completed: submission
to licensing authority and expert

Start of RSKconsultations (not yet completed)

Report on fire protection concept completed

Report on plant security concept completed

Application for concept licensing procedure withdrawn
by applicant and proceedings suspended by lower Saxon
Ministry for the Environment

Review continued by TUV Hanover on behalf of BMFT

Draft review report submitted by TOV Hanover

Final meeting of RSK Subcommittee for HTRs

Final meeting of RSK Subcommittee for Electrical

fnqineering

Completion of final review report

security concept by the Reactor Safety Association
(GRS). These reports were completed within the scope
of the licensing procedure in February and March 1989.

At the request of the Lower Saxon Ministry for the
Environment, the Reactor Safety Commission (RSK)
started reviewing the concept of the HTR-Module in
late 1988. The concept was presented at numerous
sessions of the RSK subcommittees for HTRs and
electrical engineering. These subcommittees completed
their consultations in September and October 1989.
Pending the completion of discussions by the civil en
gineering subcommittee it is expected that the RSK will
announce its recommendation on the HTR-Module in
spring 1990.

3. Safety analysis report

For light-water reactors the contents of Safety Anal
ysis Reports are governed by a Bulletin of the Federal
Ministry for the Interior (BMI) with the title "Contents
Checklist and Format for a Standard Safety Analysis
Report for Pressurized Water Reactor and Boiling Water
Reactor Nuclear Power Plants" For the HTR-J\-'1odu1e
this "Contents Checklist" was modified to reflect:

the lack of a site,
the application for a preliminary ruling, and

- the new technology.
Fig. 3 shows the contents of the HTR Module Safety

Analysis Report.
Since no decision on an actual site has yet been

made, Section 1 of the Safety Analysis Report contains

Introduction

Table of Contents

111 List of Tables

IV list of Figures

V Abbreviations

VI Codes hom Identification System for Power Plants (KKS)

VII Graphical Symbols used for Mechanical, Electrical and Instrumentation
and Control Equipment

Site

General Design Features of the HTRModule Power Plant

Power Plant

4 Radioactive Materials and Radiological Protection

5 Power Plant Operation

6 Accident Analysis

Quality Assurance

Decommissioning

9 Waste Management Provisions

to Guidelines and Technical Rules

Fig. 3. Contents of the Safety Analysis Report.
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General Design Features of the HTRModule Power Plant

2.1 Introductory Remarks

2.2 Characteristic Safety Features

• Barrier'S against Release of Radioactivity
- Inherent Safety

2.3 Technical Design Features

- Reactor (fuel elements. reactor core, control and shutdown systems)
· Nudear Steam Supply System (pressure vessel unit, primary system

and steam generator isolation)
• Confinement Envelope
• Residual Heat Removal
• Emergency Power Supply
- Reactor Protection System
• Remote Shutdown Station

2.4 Nuclear Classification and Quality Requirements

2.5 Summary of Design Basis Events

2.6 Postulates and Measures for ln-plant Events

2.7 postulates and Measures for External Events

Fig. 4. Contents of Section 2 (SAR).

postulated site conditions to the extent necessary for
evaluation of the concept and for arriving at a positive
preliminary overall evaluation. The postulates made for
this purpose are representative of numerous potential
sites in FRG. Section 2 of the Report contains a colla
tion of general design features of the HTR-Module
power plant on which the application for a preliminary
ruling on the concept pursuant to Article 7a of the AtG
is based. Fig. 4 shows the contents of Section 2 of the
Safety Analysis Report.

Sections 3 to 9 of the Safety Analysis Report contain
descriptions of the power plant and operation thereof in
accordance with the requirements stated in the above
mentioned "Contents Checklist" of the BMI, with mod
ifications specific to the HTR-Module. For purposes
such as providing a basis for a preliminary overall
evaluation, these sections give greater details on the
concept described in Section 2 for postulated, exem
plary conditions of service.

Since the HTR-Module has been designed as a uni
versally usable energy source, detailing of the concept
for actual conditions of service would in essence only
have a bearing on:
- overall layout and non-nuclear structures,
- steam power conversion system, and
- electrical systems (grid connection).
In contrast, actual conditions of service and site condi
tions would hardly affect construction of the reactor
systems such as

reactor core,
- nuclear steam supply system, and
- reactor auxiliary systems,
and, by definition. have no influence on the general
design features described in Section 2.

Section 10, titled "Guidelines and Technical Rules",
gives a survey of the application or adaptation of the
Bulletins of the BMI and of the KTA Safety Standards
to the HTR-Module.

4. Results of reviews

4. I, Fire protection review

In addition to the fire protection concept described
in Section 2.6 of the Safety Analysis Report, a wide
range of, in part. very detailed additional documents
were submitted to the expert, in this case the Civil
Engineering Institute (IBMB) of the University of
Brunswick. The report, completed in February 1989,
approves the fire protection concept. The few require
ments and recommendations can be fulfilled without
problems and have no effect on plant technology and
safety.

4.2. Plant secuTfty concept Rei-iew

The plant security concept-c-the entirety of provi
sions for protection of the plant and operation thereof
against sabotage-was reviewed by the Reactor Safety
Association (GRS). The report, completed in March
1989, approves the concept and concludes that the
inherent features of the HTR-Module warrantless strin
gent security precautions than those taken for LWRs.

4.3. Safety concept review

The main document for the safety concept review by
ruv Hanover was the Safety Analysis Report, above
all Section 2 which describes the general features of the
HTR-Module central to the concept. The opinion of the
expert as given in the Safety Concept Review and also
special features and design principles are given below
following the same breakdown as Section 2 (see fig. 4).

Section 2.2 (SAR): Characteristic Safety Features
- The engineering configuration and nuclear design of

the HTR Module is such that, even in the event of
postulated failure of all active shutdown and residual
heat removal systems, the fuel temperature stabilizes
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at 1620°C. No appreciable release of radioactivity
from the fuel elements occurs below this temperature.

- Active residual heat removal systems which limit the
loadings on components and structures surrounding
the core can fail for several hours without the allowa
ble limits bcing exceeded.

Assessment in report: approved.

Section 2.3 (SAR): Technical Design Features

• Fuel element
Coatings (TRlSO).
Enrichment (8 ± 0.5%).

- 1620°C max. temperature, minimal release through
SiC layer.
Particle failure curve (manufacturing defects:
~ 6 X 10-', irradiation-induced: ~ 2 X 10- 4;

accident-induced: ~ 5 X 10- 4
) .

Assessment in report: approved.
• Reactor core

- By virtue of core design, fuel temperature stays
below l620°C under all accident conditions even
on loss of active residual heat removal.

- Due to uranium content of 7 g per fuel element the
reactivity excursion on water inleak age is less than

on inadvertent withdrawal of all reflector rods.
- Design for unrestricted load cycling between 50

and 100%.
Assessment in report: approved; restriction on part
load operation below 50% and during the running-in
phase (because no analyses submitted for this case):
limits on absorber ball level in storage vessels.

• Shutdown systems
.- Shutdown by absorbers in reflector holes.

Shutdown by 6 rods and 18 absorber ball units.
Location of rod drive mechanisms in RPV.

- Location of all absorber ball unit components
needed for shutdown in RPV.

Assessment in report: design and configuration ap
proved. Reactivity balances for equilibrium core ap
proved but those for running-in phase up to several
months have relatively small margins; consequences:
reactor power might be below of 200 MW at first.

• Pressure vessel urnt
- Consists of reactor pressure vessel, gas duct pres

sure vessel and steam generator pressure vessel
inclusive of valve banks on RPV, nozzles of steam
generator pressure vessel.

- Offset configuration, thus limiting natural circula
tion in the primary system.
Leak before break, assured safety for entire pres
sure vessel uni 1.

Assessment in report: approved after discussion of
dissimilar-metal weld and change of material for
main steam nozzle. Requirement: preservice pressure
test to include RPV nozzles.

• Primary and secondary system isolation
Primary system by two valves in each line of which
only one operated by reactor protection system
(failsafe).

- Secondary system by two valves in each line (fail
safe) both actuated by reactor protection system
whenever reactor is shut down. Consequently, rest
of secondary system outside reactor building has
no functions important to safety.

- Primary system overpressurization protection: two
safety valves; secondary system: one safety valve
backed up by steam generator relief system.

Assessment in report: approved.
• Confinement envelope

- Consisting of reactor building and other features
(secured subatmospheric pressure system, building
pressure relief system, HVAC systems isolation).

- Normal operation: no filtering.
- At overhauls: filtering by exhaust air filtering sys-

tem (aerosols).
During major depressuriz.ation accident (non-iso
lable DN 65 line): unfiltered venting through two
dampers to vent stack.

- Other depressurization accidents: possibility of
filtering by subatmospheric pressure system (iodine
filter).

- Environmental impact of all accidents far below
limits prescribed in Art. 28.3 of the Radiological
Protection Ordinance even without active mea
sures taken or filtering; consequently no contain
ment necessary.

Assessment in report: approved. Requirement: higher
grade exhaust air filtering system.

• Residual heat removal
Provided by secondary system, cavity coolers,
helium purification system.
On loss of active cooling, residual heat removed
from core to cavity coolers solely by thermal con
duction, radiation and natural convection.

- Secured component cooling system, two-train.
With cavity coolers intact and loss of core cooling,
core can run hot for lengthy period of time (15 h)
without design limits for RPV and concrete of
reactor cavity being violated.

- External supply can be connected to cavity coolers
in the event of severe accident conditions.

Assessment in report: approved (see emergency power
supply below for restriction).
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• Emergency power supply
- Two trains served by two diesel generator sets,

started by operational sequencing controls or by
hand.
DC buses (e.g. reactor protection system) battery
buffered for two hours.

- Reactor system can sustain loss of power for at
least fifteen hours (loss of auxiliary power supply,
failure of diesel generator sets) without design
limits being violated.

Assessment in report: approved. Restriction: quality
assurance for diesels must be so strict that the diesel
generators can certainly be started within the
fifteen-hour period.

• Reactor protection system
Few process variables.
Three protective actions always actuated on shut
down (reflector rod drop, blower trip, steam gener
ator isolation); additionally steam generator pres
sure relief on tube failure and primary system
isolation during depressurization accidents.
All actions failsafe.
Station blackout longer than two hours can be
sustained since all protective actions are initiated,
plant is transferred to safe condition, reactor pro
tection system has no further tasks to fulfil.

Assessment in report: approved. Source-range neu
tron flux instrumentation to be of reactor protection
grade.

• Remote shutdown station
- Located in reactor building (designed for aircraft

crash, blast wave).
Power supply by diesels in switchgear building.
On station blackout, single train battery power
supply for fifteen hours, possibility of connecting
up external power supply after that.
Monitoring functions only, except for absorber
ball shutdown system initiation by hand.

Assessment in report: approved

Section 2.4 (SAR): Nuclear Classification and Quality
Requirements

Definition of classification criteria and establishment
of classes for
• pressure-retaining and activity-carrying systems,
• HVAC systems,
• hoists and cranes,
• structural steelwork,
Assignment of systems to classes.
Identification of quality requirements for classes.

Assessment in report: assignment criteria correctly

selected; assignment of systems as correct as possible at
the present status. Final assessment of assignment of
systems and identification of quality requirements can
not be performed until construction licensing proce
dure.

Sectiun 2.5 (SA R): Summary of Design Basis Events
- Listing of representative accidents by analogy with

"Accident Guidelines for Pressurized Water Reac
tors".

Assessment in report: approved. Listing of all design
basis events is complete, delimitation from hypothetical
realm correct.

Section 2.6 (SAR): Postulates and Measures for In-Plant
Events
- Break postulates:

Primary system: one DN 65 connecting line (2A)
Secondary system: main steam or feedwater line (2A)
Steam generator tubes: one tube (2A)

- Concurrent main steam line and steam generator
tube rupture not postulated

Assessment in report: approved. Requirement: lSI of
steam generator tubes

Sect ton 2.7 (SA R) Postulates and Measures for Exter
nal Events
- Building design for earthquake:

- Reactor building
- Reactor building annex
- Swi tchgear building
- Reactor auxiliary building; only sealed concrete

pit and its main load-bearing structures
- Building design for aircraft crash, blast wave:

- Reactor building
- System design for earthquake, aircraft crash,

- Pressure vessel unit
- Steam generator tubes
- Reactor coolant piping as far as isolation valves
- Secondary system inside reactor building
- Remote shutdown station
- Components of reactor protection system inside

reactor building
- Shutdown systems inside reactor pressure vessel
- Cavity coolers

- System design for earthquake:
- Secured closed cooling system
- Secured service water system
- Reactor protection system
- Emergency power systems

Assessment in report: approved.
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Know-how on the Pebble Bed HTR owned by the FZJ
Introduction

The Forschungszentrum Julich GmbH, FZJ, (Research Center Julich) is in its Research
Programme for "Safety Research and Reactor Technology" performing fundamental research
work on safety aspects of innovative future reactor systems. The objective of the work is to
contribute to solutions for the realization of a catastrophe-free nuclear energy technology. The
Amended Atomic Energy Act of Germany requires that, even for events which can be
practically excluded, the consequences remain confined to the plant so that, for example,
evacuation is not necessary. Advanced reactor concepts therefore should satisfy three basic
requirements for all cases of accidents:

- Self-acting limitation of nuclear power and fuel element temperatures,

- self-acting removal of afterheat from the reactor system, and

- self-acting maintenance of fission product barriers, mainly in the fuel element.

The background for this research work is that the Research Centre, Julich, has been the
research leader in the German Development Programme of the Pebble Bed High Temperature
Reactor, HTR, for more than three decades. This Research and Development Work on the
Pebble Bed HTR was done in co-operation with various German industrial companies. It is in
this area of research and development that the Research Centre Julien owns know-how in a
number of fields of the technology of the HTR.

The R&D work was performed in the following institutes of the Research Centre Julich:

Institute for Reactor Development,

Institute for Reactor Components,

Institute for Reactor Materials, including Hot Cells, and

Institute for Nuclear Chemical Technology, as well as

Institute for Nuclear Safety Research

with assistance of Central Institutes of Applied Mathematics, Electronics and Technology.
Over the many years the R&D work was concentrated on the following projects:

Project: "High Temperature Reactor Fuel Cycle" (HTR- Brennstofikreislauf, HBK), with the
Fuel Pebble Mass Test Programme for TIITR fuel (BISO fuel) and TRlSO fuel at
AVR and with the "JUPITER" (= Julich Pilot Plant for the Thorium Extraction
Reprocessing) and its operation demonstration at Research Centre Julich.

Project: "AVR" (AVR = Arbeitsgemeinschaft Versuchsreaktor, Joint Working Group
Experimental Reactor) financed via the Research Centre Julich
with the Mass Test of fuel spheres and the Experimental Program at AVR on a
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large number of topics, e.g. self-acting safety characteristics and operational
behaviour offuel and of the plant.

Project: "THTR-300" (THTR-300 = Thorium High Temperature Reactor 300 Mega Watt.)
with contributions to the technology and the licensing, in particular via fuel

qualification by post irradiation examination work.

Project: "High Temperature Helium Turbine, HHT", with High Temperature Experimental

Turbine Pilot Plant, HHV, 50 MWe input, and its operation demonstration.

Project: "frototype Plant Nuclear Process Heat, PNP" (= Prototypanlage Nukleare

Prozefrwarme) including the processes Hydrogen Gasification ofLignite and Steam
Gasification ofHard Coal for the production of Substitute Natural Gas and
Synthesis Gas, including HTR, design work for high temperature heat production
with temperatures up to 1000 °C and the High Temperature Metallic Materials
Programme.

Project: "Nuclear Long Distance Energy" for the medium distance transportation of high

temperature heat from the HTR via the chemically reacting system C114 + H20 =
3H2 + CO, including the 10 MW scale Pilot Plant EVNADAJvlll:

Project: "High Temperature Reactor MODULE", with fundamental work to the qualification
ofTRISO coated particle fuel and to the licensing of the plant.

Project: "High Temperature Reactor Plants (HTR-Anlagen, HTA)", with R&D contributions
reactor components, primary loop components, safety, including fission product
behaviour, materials development, fuel elements, graphite, and final disposal.

Project: "AVR II" for the demonstration ofHTR process heat application at temperatures of
up to 950°C with the Methane-Steam-Reforming process with a small HTR

Module (not realized).

Project: "AVR-Reconstruction" for the demonstration ofHTR process heat application at
temperature of up to 950°C with the Methan-Steam-Reforming process using 50 %

of the hot helium (950°C) of the operating AVR beside ist electricity production

(not realized).

Project: "Pre-Stressed Cast Steel Vessel Experimental Plant" 2.5 m outer diameter, 3 m outer
height, 60 bar helium pressure for the demonstration of the pre-stressed vessel
technology at Institute of Safety Research and Reactor Technology (former

Institute for Reactor Development) of the Research Centre Ji.ilich.

The above summarizes the R&D work on the Pebble Bed HTR done in the Research Centre

Ji.ilich in a broad overview. Therefore this summary is not complete and special topics may be
addressed later and than be added.

The co-operation between the Research Centre Ji.ilich GmbH and the industrial partners was

ensured via Working Circles with representatives from participating parties.
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List on Topics of Know-how on Pebble Bed HTR Technology owned by the Research
Centre Jiilich

1) Installations

The Research Centre Julich operates a material test reactor, hot cells, intermediate spent fuel
storage facilities, and low active waste storage facilities.

2) Safety and Licensing

The Research Centre owns know-how in the field of safety of nuclear plants due to the
participation ofheads of institutes in the German Reactor Safety Commission and due to
review work, dialogue and work for license authorities and other governmental bodies as well

as the public in general via parties and other similar institutions and by public information
courses. Special know-how has been developed by contributions to the licensing procedures
of the THTR-300, of the HTR-Modul and other HTR projects. Special experiences have been

gained in the project "AVR Reconstruction for Process Heat Applications Demonstration"

with heat in the form of hot helium of 950°C with the result of a positive recommendation for

licensing, given by an Advisory Council, consisting of member of the Reactor Safety
Commission, established by the Federal Minister of the Interior of the Federal Republic of
Germany.

3) HTR Plant Concept Realization

The Research Centre has developed and owns know-how on the development of concepts for
the HTR under the headlines of electricity production via steam cycle, breeding, using the

thorium fuel cycle, high temperature heat production for electricity production using a direct
gas turbine cycle and for process heat applications. A good proof for that was the successful
increasement of the mean outlet temperature of the AVR to 950°C in 1974 and the successful
demonstration of the high efficient product retention capability ofTRlSO fuel for gas turbine

and process heat applications.

4) HTR fuel development and Operational Behaviour

The Research Centre Julich was involved in the development of pebble type fuel elements for

the HTR concept, together with German Industrial Companies, and owns know-how in
particular in the "hot qualification" by post-irradiation examination experimental research and
development work, as well as in the processes of kernel fabrication, and coating of coated

particles. The objective of the respective research and development work was to increase the

retention capability of the coated particles and to be able to operate the fuel fabrication under

remote conditions. The base for the high quality of the fuel pebbles were the fuel mass test

program on BISO fuel for THTR and on TRlSO fuel for advanced applications in the AYR.
Additional know-how was collected by the R&D work for and the operation of the JUPITER

plant (= Julich Pilot Plant for the Thorium extraction reprocessing), intended for reprocessing

ofTHTR fuel, but not long-term applied (political reason)

RESTRICTED-COMMERCIAL Page 26/29



FZJ-ISR-RC-500 lJ2000

5) AVR operational and experimental results

The Research Centre owns the results and the respective know-how of the 21 years of
operation and of the experimental programme performed all that time. Of particular

importance is the know-how from the 21 experimental programs performed in the last 3 years

of operation to finalize the experiments at AVR with international participation. The topics in
that program were:

- Stationary and dynamical reactor physics,

- hot temperature coefficient of the reactivity,

- production of plutonium in selected fuel pebbles,

- loss of coolant accident,

- release of fission products by depressurization (not finished to end of 1988),

- neutron and gamma fields,

- maximum outlet temperature of core,

- combined thermoelement and noise thermometer,

- instruments back fitting, hot gas sampling VAMPYR I, and

- plate-out-loop VAMPYR II; dust production and remobilization,

- selective filtering for tritium,

- tritium measurements,

- gas cleaning by gettering,

- input specific impurities, as well as

- mass tests of fuel elements for THTR for highly enriched TRISO coated (ThU)02-particIe
fuel pebbles, and for low enriched TRISO coated U02-particle fuel pebbles.

6) Reactor Ceramic Materials

The Research Centre Julich has performed Research and Development Work in the field of
ceramic high temperature materials for the production of high temperature heat in the form of

hot helium with temperatures up to I 000 °C as there is the oxide fuel with uranium as well as
thorium, the coatings of the coated particles, that is the pyrolytic carbon layers, and the silicon

carbide layer, as well as buffle layers. In addition there is the core structural high temperature
ceramic material, namely graphite in the various qualities. The base for the developed know
how on that materials was the fact that all post-irradiation examination and hot qualification
research and development work was done in the Research Centre Julich.

7) Reactor High Temperature Metallic Materials

The Research Centre Julien has performed Research and Development Work on high

temperature metallic materials for the application of high temperature heat in the form of high

temperature helium with temperatures up to 950°C Topics were to meet conditions ofHTR

helium, and for a number of metallic materials meeting at the same time additionally process
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gas conditions on the other side of a wall structure. Topics were: helium corrosion, process
gas corrosion, reduction of permeation of hydrogen and tritium, a large number of
experimental proof tests on structural characteristics, as e.g, low cycle fatigue. Examples of
materials are:

XIONiCrAITi3220 (Alloy 800),

NiCr22Mo (Nimonic86),

NiCr22Fe18Mo (Hastelloy X), and

NiCr22Co12Mo (Inconel617), as well as

AC66 for the steam coal gasification process helium heat exchanger.

8} Reactor Components

The Research Centre Julich owns know-how from R&D work on reactor components.
Examples are:

Pebble bed configuration: Pebble flow mechanics, hydrogenamics, natural convection of
gases in pebble beds,

Small absorber sphere systems: Flow behaviour, also inside the pebble bed, with respect to
different limiters.

Heat transfer conditions: As for the pebble bed, and also for different heat exchangers,
produced by the operation of a close to 1:I scale gas loop inclusive circulators,

High temperature insulation material: Fibres and ceramics, including natural convection,
depressurisation effects on insulations with demonstrated limiting pressure transients, e.g. 5
bar Is for PNP and 10 barls for HHT,

Pebble bed and fuel sphere accident simulation: Water ingress and air ingress causing
corrosion

Concrete vessel heat-up accident simulation: Behaviour of the concrete and the included
metallic material as well as the insulation, including cooling water refill procedures,

and so on.

9} Proof Test Experiments

The Research Centre has performed and is still performing proof test experiments in close to
scale 1:1 facilities, to examine the feasibility of a future catastrophe-free nuclear energy
technology, to demonstrate fundamental self-acting safety characteristics of the HTR concept,
to use the experimental results for the validation of computer code systems and to facilitate
future licensing procedures with the experimental proof test results. The proof test facilities
are:

SARA
NACOC
SEAD
GRA.c"ITC

: Self- Acting Removal of Afterheat,
: Natural Convection in the Core with ~orrosion

: Self-Acting Separation of Droplets of Water, and
: Granulate Injection into Core.
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10) Nuclear Waste Management

The Research Centre has performed and is still performing Research Work on Nuclear Waste
Management. The work focuses on

characterizing radioactive wastes,

treatment and storage of radioactive substances, scale I: I experiments,

radiochemical studies on waste partitioning for isotope transmutation, and

development of methods for quality assurance of the wastes to be disposed.

In addition to that know-how has been gained by the licensing of an experimental final
disposal ofHTR spent fuel spheres in a saltmine.
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Requirements on the Safety of Future
Reactors

Modified German Atomic Act

Amendent of the Atomic Energy Act as a further precau
tion against risks to the general public (7th Amendment to
the Atomic Energy Act of 27.07.1994): The amended Ger
man Atomic Energy Act (1) (Art. 7, para. 2a) for future
plants stipulates "that even such events whose occurence is
practically excluded by the precautions to be taken against
damage would not necessitate decisive measures for protec
tion against the damaging effects of ionizing radiation out
side the plant fencing,...". In the substantiation of the bill
for parliamentary discussion, terms from the text of para
graph (2a) are defined in more detail. It is thus postulated
that "accidents with core melt" are controlled and "evacu
ations" are not necessary.

Consequences:

• no evacuations necessary

• no relocations necessary

Requirements:

• Future nuclear energy uses (including waste disposal)
must avoid serious radiological impacts outside the plant.

· Evidence (as integral as possible) must be provided for
the safety behaviour of reactors.



Requirements on the Safety of
Future Reactors

New reactors require a high degree of safety
~ catastrophe-free nuclear technology

Definition:

Catastrophe-free nuclear technology is realized, if the
radioactive fission products in all possible accidents are
retained nearly totally inside the reactor plant.

Consequences for the environment:

• no immediated fatalities

• no evacuation

• no resettlement

Area of Definition:

1. for all accidents due to internal reasons:
(failure of shut down systems, decay heat removal, loss of
coolant, failure of components)

2. for all accidents due to external reasons:
(earthquake, gas cloud explosion, air crash)

3. external accidents beyond class 2. require special consi
deration (sabotage, war, meteorite, extreme earthquake)



Safety requirements of modular HTR
(following the modified German Atomic law from 1994)

inventory =1

fuel element

reactor pressure
vessel

reactor
containment

release
to environment:

< 10-5 of inventory

Retention of fissile material and fission

products inside the nuclear plant:

• no evacuation

• no resettlement

• no earlv fatalities.,

"catastrophe-free nuclear technology"



Requirements on the Safety of Future Reactors
Definition of catastrophe-free nuclear technology
related to the release of fission products (cesium, iodine,
tellurium) from the plant to the environment
(question of resettlement):

90% - 95% fraktile

.-....
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Economic aspects of modular HTR

aspect: Monetary damage caused by severe accidents

10000

1000
I - today LWR-technology

(Prog nos-study based on
____ . ._.G ~!!l:' ~.I'! JJ~Ks~u.C!Y_QR? B)

OJ
C)

co
E
co 100c
>-...
ets-OJ
c: 10
o
:2:

EPR (if reactor
containment

\ stays intact)
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10-a

Catastrophe _______
free Technology
(loss of investment) ~

10-g ) 1~-x--10-710-6
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Probability (1 I a)

• X is a very large number

• scientific work: how large is X?
Where is a limit of consideration?



® Safety Aspects of PBMR

Assumptions on accidents, limits of consideration

total loss of coolant
total failure of active decay

~ heat removal
massive ingress of water to---
prim ary system

~massive ingress of air to
~ primary system

extrem e reactivity accidents
massive failures of reactor
components

_____ aircraft crash
\:..~__- --gas cloud explosion
- earthq uakes
~fire
~ tornados, hurricans

flood

1.

2.

-
~sabotage

_--war impacts
--- extreme earthquakes

- meteorites



Inherent safety
principle explanation:

®
• system ® is safe by engineering;

probability of failure is larger than
zero (but very small)

• system ® is inherently safe;
probability of failure is zero

• possible limitations for solution eli) :
extreme earth quakes, war impacts



Requirements on the safety of future reactors

Intermediate storage of high level radioactive 'waste
from reprocessing as an example of catastrophe free
nuclear technology

cast iron container

cooling system

liquid
solution
in tanks

~
active @
cooling

~
probabilistic
safety concept

fission products
in glassblocks
and cast iron
container

+
selfacting ®
cooling

~
catastrophe
free technology

~ no internal or external reasons for large
fission product release in case ®



Concept of a "catastrophe free"
nuclear reactor

• data: 300 MWth, 250 ~ 700 °C, annular core,

TRISO - fuel, Tf: : 1
x < 1600 °C

• applications: steam cycle, gasturbine,

combined cycle, cogeneration process



Pebble bed fuel and safety characteristics

graphite
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carbideUOr
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• Retention of fission products till 1600 °C proven
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Reactors without core melt
Principles of stability as the conditions
for reactors which never can melt or
be impermissible overheated

self-acting integrity
of fuel elements at
strange media
ingress to the core

self-acting removal
of decay heat out of

--, the reactor without
in permissible heating
up of fuel elements

self-acting
conservations of
integrity and

--, composition of the
reactor core by
mechanical damages
at the primary circuit

self-acting limitation
of nuclear power

--+, and fuel element
temperature on
permissible values

non melting
reactor core
retention of

fission products
in the fuel
elements ____



Selfacting decay heat removal
in modular HTR - concept of PBMR

assumption: total loss of coolant + total loss of active decay
heat removal + total loss of first shut down system

/
I I !

I 1-,
Ilk- I

~ • I

v -
I

max I
-••'~~.'<.'-" .."_.~.",,, -

TFuel
;

I

I-

··I-~tTFuel

time (h)
.. l,

max
TFuel (Oe)

1600

1400

1200

1000

800

600

400

200

oo 20 40 60 80 100 120

• core never can melt

• maximal fuel temperature stays below 1600 C

• most fuel elements stay at much lower temperatures
'7

• fission product release limited to < Itr' inventory



Behaviour of reactors at cooling accidents

1h 10h

- Tme1t
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after 30h - -->

b)

Differences between reactors which need active cooling (a) and
reactors which use the principle of self-acting decay heat removal (b)



Behaviour of reactor at
extreme nuclear transient

assumptions:

loss of all control rods (~k = 1,20/0)

in very short time (1s, 10s)

20
time/s

10

10.05

..-.I..",......

relative power
1 5

2000

P-Po 6000
(0/0)

4000

max. fuel temperature

10 20
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Tfuel 1300
(Oe) 1200

1100

1000

900

800

700 -+-.......---,,.--,----,--,----r--r---o-,-....,

o

~!>!1~~gl!~,!c_e~~

fuel temperatures stay always below 1600°C



Behaviour of reactor systems at
extreme reactivity transients

pet) PIP
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Comparison between the conditions of the fuel of LWR (pellets)
and of pebble-bed fuel HTR (TRISO-coated particles) in the case
of extreme nuclear accidents



Burst protected reactor
pressure vessel

assumptions:
- - - - - - - - - - - -

• reactor pressure vessel is totally pre-stressed by

axial and radial tendons

• overpressure is governed by opening of welding lips

radial
tendons

--*lUi
cast steel

~.... blocks

\,

welding
lip

r-- l.openlnq of welding lip

I.-
,.

r
• essur~ rate: 1/

, dpldt =10 bar/min /

~ \
~
~

consequences:
------------

• vessel cannot burst

• no large openings possible

• depressurisation rate very low

pressure 120
[bar] 100

90

80

70

-- 60
design

pressure 50
40

30

20

10

o
1 2 3 4 5 6 7 8

-~)t [h]
9



Mechanical Stability in HTR
Experimental vessel:(inner diameter: 1,5 m; inner height: 2 m; wall
temp.: 300°C; pressure: 60 bar helium; operation time: 30,000 h).
over pressure test: 120 bar: slow depressurization through leak



Schnitt durch den Reaklor der Tokoyuma-Anlage.
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Air ingress into the primary circuit
assumptions:
------------

• primary system is pre-stressed

• two openings in primary system occur

d
2
t gas out

prestressed
reactor vessel

d1 i air in

0,8

10,7 d2 = diameter of
d2 = 3,0 m

upper leak..... 0,6en opening-OJ 0,5.lI::.........
0,4co

·E 0,3s
0

0,2;:
en

d2 = 0,065 men 0,1co
E 0,0

0,03 0,3 3,0

d1 =diameter of lower leak opening [m]
)

consequences:
------------

• for the case d1= 6,5 cm and d2= 6,5 cm air ingress

rate is very small (~ 4 gels)

• prestressed reactor vessel allows small flow rates only



Control of air ingress

assumption: break of connecting vessel

- - .- - . .
• • • - . - . ~ - I . I. . . • · . ·. . -' .-- . .- -'~ ~.
, · · /granulat, •

. - ~IOO V
;.;, · · - - - . . --. I o~o; ·-. - .-. Stack.. · . ·. - -.· 00 ·- ~g ........ -I . •. . 000 · !-...- 00, · 000

r
""

r ""
, 000 ·, - OOe

- 00
000
00, · . .. r--

0 0,
00

• , .. 00 0 · Firer· - 00. 000 ""00- 000, · . . 00
00 0.

( (
• 00 I· - J 00 0 •- I 00. \ 000, \ \ • 00 \· , 000 \ -· ,

~ J
~. ) ) Jf\.., · .· ,

\

I · , . · . . .. - , .. . · . -· . . . .. - ,

, - , . · , · . . . . " , .. , • . . - - - . . ,
- , .- . . · . . . . . -.

• air content of inner concrete cell is limited

« 5000 m'): limitation of air by selfacting closing

by sand, granulat

• simple intervention: openings on primary circuit

can be closed by foam, sand, because reactor

building is accessable even after a long time

(protection of investment)

..,;

• burn up of graphit limited to less than 100 kgC



Water ingress into the prima-ry circuit

assumptions:
-----------

• total inventory of secondary circuit enters the

helium circuit

Keft

0.0'20 H20 I C (modular ratio.)0.0150.010

_______ • __ 1 • ~ ._~ _

. .: • HTR-MODUL (7g I FE) :
I to
I
I

1.00 .
,. ....... annular core (50% - C-balls)

:: . . /
I ,: : ____

L J
I I I •

0.95 -: ••••• -- :;-~~~~~~••••• - ••••:-.- ••~:- ••• --.

I I
o I I

1.05

50 100 150 200 bar (partial pressure)

consequences:
-------------

• i1Keff tolerable

• corrosion limited

• finally welding lips reduce pressure in RPV



Behaviour of nuclear power plants
in case of extreme earth quakes

site
KFA Julich
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Behaviour of reactor in very
extreme accidents

assumptions:
-----------

• extreme earthquake destroys the reactor building

• reactor is covered completely with building rubble

•
, " ' ...... ... -. -

reactor

building rubble
(insulation)

pressure vessel

-------

- -- -- - -- - - - - -core (maximum)

~ with surface cooler
e e-e vessel 600/0 insulated
- - - - vessel 990/0 insulated

0+--.--r-"'T"-T-r""T"'"'T-r-r-r-r-lr--r-......-,-r-....,....,--r-T""""1"-r-"r--t
o 20 40 60 80 100120140160180200220240

time (h)

500

1000

consequences:
-------------

• maximal fuel temperatures stay below 1600 °C

• total fission product release from fuel elements < 10.5



Technical realisation of modular
HTR-concepts

example: \VAGR (Windscale advanced gas cooled reactor i

in Great Britain

HOT
BOX

(OI\E-

_ FEED WATER

tt~~~T >---JT'--- INLEl

EVAPOI\AlrnOIR~==~~S~W--{BANK:':::

DIAGRID-{L-j'--+-!'----+-'t-JI

• primary circuit characteristic for modular IfTR (gas
flow, coaxial duct, arrangement of steam generator and
circulator, primary enclosure)

• concept of arangernent has been tested successful



Concept of a "catastrophe-free"
nuclear reactor

Experiment to prove the inherent safety in
large scale (1/1 or 1/2)

· .· .
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::::.:.:........
::::........
::::

• demonstration of self-acting decay heat removal

(p =1 bar, p =60 bar)

• air ingress

• movement of control rods in extreme accidents

• behaviour of reactor pressure vessel in case of

overpressure;



Concept of a "catastrophe free"
nuclear reactor

• the fuel never will melt; no super-heating above
1600 °C possible

• the self-acting decay heat removal cannot fail

• the reactor would withstand even large reactivity
transients; temperatures stay below 1600 °C

• the reactor vessel cannot burst: no large air
ingress possible; no deformation of core or
change of composition possible

• large water ingress into the primary circuit
causes no problems

• the reactor building withstands standard outer
impacts

• even against extreme impacts from outside there
are large safety margins

~.Qn~~.qlA~[I.2.~~;,

No non-allowable large fission product release
is possible in case of accidents; requirements of
"catastrophe free" nuclear technology are
fulfilled



Safety Aspects of LWR and HTR
Progress in Safety

LWR

/ / / 7

1/
1/

1/
1/

I 1/
1/

1/
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1/
1/
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/ / / /

HTR

< 1600 °C

prestressed
vessel system

pI 0

1.,.... _

thermal
stability

mechanical
stability

h t 30h

Tf uel •Tmelt = 2850 °C
Tfuel

nuclear
Tmax < 1200 °C

stability

1s t 10s
mH 104m3

2 L\.me-
me

chemical
stability < 10-5

Tfuel Tmelt = 2850 °C

< 10s t
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Concept of a "catastrophe-free"
nuclear reactor

Conclusions

• a nuclear reactor can be designed
without non-allowed high fission
product release even in extreme
accidents

• technologies and the components
for this reactor are well known and
avaible

• the safety behaviour of this reactor
can be tested in large scale

• the concept of "catastrophe-free"
nuclear technology can be realized
for waste disposal too



Large Test Facilities
•In

HTR Development

Kurt Kugeler
Institut fur Sicherheitsforschung und Reaktortechnik (ISR)

Forschungszentrum Ji.iIich
Institute fur Safety Research and Reactor Technology (ISR)

Research Centre Ji.iIich
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Important questions and
work of the development

program for HTR

-fuel elements for high he
lium temperatures, high
burn-up and good fission
product retention

ehigh temperature alloys

-maln components of plants
(compressors, turbines, re
cuperators, hot gas ducts)

-speclflc components in he-
lium (bearing, penetrations,
sealings, insulations)



Large test facilities
Eva - helium turbine

power plant
(50 MWel, 750 °e)

HHV - helium turbine test
loop

(corr. 300 MWel, 850 °C)

EVA-II - helium heated steam
reformer
(10 MW, 950 °C)

KVK - helium test loop for
intermediate heat
exchanger
(10 MW, 950 °C)



Eva

--

1 Low pressure compressor

2 2 Intercooler

3 High pressure compressor

4 Recouperator

10
5 Heater

6 High pressure turbine

7 Low pressure turbine

8 Precooler

8.1 District heat removal section

8.2 Precooler section

8
9 Gear

Regulation bypass10

8.2



H1-1 V

16

15

10

1918

22

2

21 I
20

Legend:

1 TurbOmachinery
2 Synchronized motor 45 MW
3 Start-up motor 4.5 MW
4 Cooling gas compressors
5 Motor for cooling gas

compressors, 6.5 MW
6 Hot-gas duct
7 Bypass
8 Coaxial test section
9 Test section vessel

10 Hot-gas outlet
11 Emergency relief
12 Cooling gas inlet
13 Heater
14 Main cooler
15 Intermediate cooling

water clrcult
16 Cooling water pump
17 Water-air cooler
18 Sealing gas cooler
19 Hot-gas cooler
20 Helium storage
21 Piston-type compressor
22 Vaccum pump
23 Helium purification system



EVA II
-

-
-

I - ,

I I I

w W
Hefun T °C 40 40

T-. =950 "C p bar 41.4 3&5
P = 40 bar rh kg/s 0.619 1.234
rh = 3.8kgJs CH. rel Vol 0.951 0.123
c, = 10 J.fW ~ " 0,039 0.681

CO " 0.096

1 COz " 0.010 0.098

!
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ring
distributor

secondary
helium

central
hot gas tube

helical
tube bundle

hot gas
header

primary
helium

gas mixing
and baffle
element



1. Outlet
secondary helium

2. Inlet
secondary helium

3. Mounting plate
4. Cold gas header
5. Pressure shell
6. Hot gas header
7. Outlet

primary helium
8. Inlet

primary helium
9. Insulation

10. Hot gas riser
11. Mixing equipment
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Conclusions

• more than 3 x 109$ have
been spent in Germany in
the last 40 years to develop
the HTR technology

-the knowledge on HTR is
(still) in the head of a lot of
people

.in our mind it will be an ad
vantage to use this know
how as much as possible
for the PBMR



Forschungszentrum Julich
Institut fUrSicherheitsforschung und Reaktortechnik

NACOK
Natural Cony. in Core with Corrosion

sphere packing
d sphere= 60mm

flow direction

heater

NACOC - Main data:
Max. temp. in experimental channel
Max. temp. in return tube
Max. through-put of air
Total number of thermo-couples
Total number of gas measurement points
Number of points to measure gas velocity
Max. heating power

---- -----~.......--

NACOK

1200 °C
800 °C
17 gls
82
26
2

147 kW



Forschungszentrum JGlichI---------~-
Grace Time Till

Natural Convection Start
Institut fOr Sicherheitsforschun und Reaktortec hnik

grace time produced by

diving bell effekt

iJ.t

L

D

- grace time

- length ofdiffusion (hight)

- coefficient ofdiffusion

a)
Start

b)
Erstes

Gleichgewicht

c)
Konzentrations

profil

- -------- ---

Tretu rn lube = 250°C

4 50 500 550 600

LIt - 20 h measurement NACOC

LIt - 80 h for HTR-Modul, resp. PBMR

temperature in experimental channel in ' C
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Air Ingress
and Corrosion Masses

Institut fOr Sicherheitsforschunq und Reaktortechnik

1. At depressurization accident:
Helium from primary circuit (pushes" air out of confinement.

2. Grace time till natural convection start
(due to diving bell effect): 80 h

3. In Confinement (50 000 m3
) there is max. 16 000 Norm-m3

air mixed with helium.
This air corrodes about 1600 kg C ( of in total 500 000 kg).
If less air, than less corrosion: Accident management
measures.

I confinement

I 10' 10' I 10'
40 1600 16000 V.,.

air Ingress -.. [m3)

-----: -----:--, ~/1 ----
I I cavity I

'" :: t zL:I ::::
barrel I I

4 -l-/--7.'1 I I I, I I

I I

mc

[kg) 1600 10'

t
a;
g
o
u

::
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E
!!
:E
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E
'" I i i

170 5000 50000
Vcomp

volume of compartment -.. - 3
[m I



eoTBSSAG
e NUKEM

Pebble Bed Fuel Element Research
and Development and Industrial

Production in Germany

1. Overall View and Progress of

R&D and Production

2. Design of the THTR-Fuel

Element and the HTR-Module

Fuel Element

3. Manufacturing Process

4. Characterization

5. Production Experience

6. Special Quality Assurance

System and Philosophy

Fro - 2001-07-17 Chart 0 07-01



Overall View and Timely
Progress of R&D and Production

eoTeSSAG
e NUI<UVI

Time Scale : 1965 1970 1980 1990
~

THTR-FE (HEU)
..

• Development _ ............

• Production

Prismatic Fuel

• Development -
Spherical Fuel with different

types of coated particles (HEU and MEU)
• Development -
• Production for AVR-reloads -'-

HTR-Module-FE (LEU)
,

• Development -
• Production for AVR-reloads -

Fro - 2001-07-1 7 Chart 1 07-01



eoTeSSAG
Design of the THTR Fuel Element and e NUI<EM

the HTR-Module Fuel Element

{r I [ ( ! 9' \1(\:J rl
J

MATRIX KERNEL
BUFFER
LAYER

HOI -LAYER

SEALING
LAYERFUELED ZONE

THTR-Fuel Element

Fro - 2001-07-17 Chart 2 07-01



eoTeSSAG
Design of the THTR Fuel Element and
the HTR-Module Fuel Element

e NUKEM

l o cJ <z ~ -( \"

, ,

, I
( ,rf:i.J

c
(\ /r ,

,) I - I //

,) "

, "

(; I l~.r
I , U'J,

BUFFER
LAYER

KERNEL

~ -.
\

INNER PvC-LAYER

SiC-LAYER

OUTER PyC LAYER

MATRIX

FUELED ZONE

HTR-Fuel Element /) I "I I ,
" ~

Fro - 2001-07-17 Chart 3 07-01
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Kernel Manufacture Process Diagram
eoTeSSAG

e NUKFM

Thorium
nitrate

Drying

Fuel Kernel Fabrication

Fro - 2001 -07-17

, ,

Classifying

Reduction

Chart 4 07-01



Kernel Manufacture eoTeSSAG
e NUI<EM

Kernels in the
Precipitating Agent

Fro - 2001-07 -17



Kernel Manufacture

AS VIBRODROPPED

eoTBSSAG
e I\lLlI<I:M

Q
W
0::
W
I
Z
(jj

~
iii
o

CALCINED

Mixed Oxide Kernels after different Stages of Manufacturing

Fro - 2001-07-17 Chart 6 07-01



Coating Process Diagram eoTeSSAG
e NUI<EM

2' 3

j I

Ar, 2 2/ C H

Coating of HTR Fuel Kernels

Fro - 2001-07-17 Chart 7 07-01



Coating Process eoTeSSAG
e NUKF.:M

•

.,fHi---+---- COATING tuse
-+-_ WATER-COOLED

CON'D\ U

,~- INSULATION

'COOLIN« WAlE
RATURE '

EASUREMENT .....-.....:""'~

HEATER
GAS ' , ,
DISTRIBUTO
P ER SUPPLY . "

. ' ' ' \

TUBE I .:.....· ' z,,.----~------,_4l11

Fluidised Bed Reactor
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Fuel Element Manufacturing
Process

HTR-Fuel Element Fabrication

eoTeSSAG
e NUKEM

/

(' ~ ,., ~ f'<- I'

i » I
I ,'9 I)

) .) (

, c.
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Fuel Element Manufacturing Process eoTeSSAG
e I\IUI<!M

Rubber Dies for
F uel Spheres

Fro - 2001-07-17



HTR Fuel Specific Characteristics

Kernels :

• diameter

• roundness

Coated Particles :
• ratio of defect SiC-layers

• diameter

• roundness

• thickness of each layer

• density of each layer

• anisotropy of both dense pyrocarbon layers

eoTeSSAG
e NUKLM

Fro - 2001-07-17 Chart 11 07-01



HTR Fuel Specific Characteristics

Fuel Element:

• heat conductivity of the graphite matrix at 25 °C
and 1000 °C

• ratio of defective SiC-layers (burn-leach test)

• corrosion rate

• crushing strengths

• fuel-free zone thickness

• abrasion rate

eoTeSSAG
e NUKEM

Fro - 2001-07-17 Chart 12 07-01



eoTBSSAG
e NUKlM

THTR-Fuel Element Production Experience

Produced :

Kernels:

Coated particles :

Fuel element:

~ 1000 batches

~ 4000 batches

~ 500 lots

(~ 1.000.000 FE)

Yield :

For each of these products> 95%

Reject:

1 lot of coated particles

1 lot of fuel elements

Safet'(;.

Not a single safety relevant incident

-
J ( 9 )

Fro - 2001-07-17 Chart 13 07-01



eoTBSSAG
e NlJKEf\II

Special Quality Assurance System and Philosophy

l

Development Targets:
• Target product specification
• Provide suitable manufacturing process
• provide suitable components

,Ir

Development Stage 1
Standard-Quality 1

•Development Stage 2
Standard-Quality 2

,•
Samples for

Development Stage X
~

screening test as
Standard-Quality X ~ part of production

Target product specification achieved batches

Fro · 2001·07·17 Chart 14 07·01



Special Quality Assurance
System and Philosophy

eoTBSSAG
e NUKEM

• Target product Specification
achieved, demonstrated by a

Sample for reference
"final" standard-quality -- test as part of the

• essential targets for process and ~

standard quality
components achieved (close to the
future production conditions)

Fro - 2001-07-17



Conclusions
Conclusions of core heatup simulation experlmen

with FE with U02 TRISO particles(small HTR)

1800 - 2500°C

Increasing number of pressure vessel failure

Additional to corrosion of SiC at 1800°C, above
2000°C SiC decomposition

Cs High release already at 1800°C, after heatup
to 2500°C nearly total release

Kr (I) Release at 18000C from single pressure
vessel failures increases because of additional
particle failures and diffusion through already
destroyed SiC layer and still intact PyC layers
up to 10% at 2500°C

1600' C

1800' C

F.p. release (except, Ag 110m) from
<6E-5 free U from manufactoring

Changing of SiC structure only after> 100h

Single pressure vessel failures only
after extreme irradiation conditions

Single pressure vessel failures and
changing of SiC structure lead to increesiru;
t.p. release in the order:

Cs
Sr
Kr/I

Forschungszentrum JDlich GmbH



Ceramographic sectionsthroughU0:lTRISO particles

not heated
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Kr-85 release during heating tests with
spherical fuel elements (9% FIMA)
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F.p. release during depressurization accidents
in small HTR (MODUL)

Experimental data and calculations show Cs, Sr, and other
solid fission products are retained in FE and core

The number of defect particles from manufacturing and failed
particles during irradiation and accident can only be
determined by experimental work

Most important is I release - I release depends on
the _nu_mb~[of faileQJLar.tj~~

There is a high dependence of failure fraction from
particle quality

I.
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Accident simulation tests

._---~--------- ---._-
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Accident simulation at
1600 L111800°C

Licensing procedure of MODUL

• Heating tests with UOz TRISO FE with
high burnup

Particle failure fractions
- Iodine release

• Post heating examinations
Verification of release results
Fission product ..transport
Failure mechanisms

Utilization for licensing and model verification

Table2: The fission products caesium,
strontium and iodine are radiologically
significant because, unlike the noble
fission gases, they can be incorporated
in the human body.

Important fission products

ELEMENT ISOTOPE HALF LIFE

Solid fission products

Caesium Cs 137 30 years
Cs 134 2 years

Strontium Sr 90 29 years

Iodine I 131 8 days

Fission gases

Krypton Kr 85 11 years
Xenon Xe 133 5 days
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Heating tests at 1600-21 oooe

10-7+-- -4-- --1- - +-- -+- --

o 100 200 X>O
Heating time (h)

500
100 200 300

Heating time (h)

400

Krypton release during tests with irradi
ated spherical fuel elements at 1600 to
2100°C.

Caesium release from heated spheres as
a function of heating times up to 500
hours.
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Suggested HTR fuel work, to be discussed:

(i) 110mAg: Re-evaluate release data during normal opera
tions for better source term data base in direct cycle
applications.

(ii) Determine influence of burnup > 10% FIMA on irradia
tion performance, in particular for potential reduction
of 1600°C capability.

(iii) Analyse accident condition performance> 1600°C for
an improved coated particle model.



Idaho National Engineering and Environmental Laboratory
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-Jrradlatlon to near 15 % FIMA
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Burn-leach with spherical fuel
elements:

1. burn graphite and opye at
BOOoe

2. leach with HN03

3. determine U in solution

Diagram shows non-zero free
uranium measurements In the
seventy burn-leach tests from
NUKEM quality control of the AVR 19
(GLE 3) production of 24,600 AVR
fuel elements. This is a destructive
test on 5 FEs per lot from the 14 lots
in this production.

Measured free uranium corresponds
to the contents of an integer number
of coated particles; here zero, one,
two or three out of 16,400 particles in
a sphere.

Theoretical results

with X and additional
defective scatter region

particles of of ± 3 a
mean kernel of kernel

diameter diameter

°

°

°

°

o

Non-zero
burn-leach

measurements
(AVR 19)
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HTR fuel: criteria required for ...

• Manufacture

• Irradiation tests

• Heating tests

~ normal operation conditions

~ off-normal conditions
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Criteria for irradiation testing in order of relevance

1. temperature
2. burnup
3. fluence
4. power/ temperature gradients
5. transients
6. real time
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Coated Particle Modelling

Classical Alternate

Pressure vessel Goodin-Nabielek for 1500-1800°C off-normal
models like PANAMA Geometry + material properties: failure conditions
orSTRESS3 when gas pressure exceeds strenqth

Chemical effects by thinning of Ogawa et al. for 1800-2400°C extreme
coating layers accidents

Set of diffusion coefficients determines ...
FRESCO release from intact, defect and broken

particles



Conclusions
Conclusions of core heatup simulation experlmen

with FE with U02 TRISO particles(small HTR)

1800 - 2500°C

Increasing number of pressure vessel failure

Additional to corrosion of SiC at 1800°C, above
2000°C SiC decomposition

Cs High release already at 1800°C, after heatup
to 2500°C nearly total release

Kr (I) Release at 18000C from single pressure
vessel failures increases because ofadditional
particle failures and diffusion through already
destroyed SiC layer and still intact PyC layers
up to 10% at 2500°C

I

1600· C

1800· C

F.p. release (except, Ag 110m) from
<6E-S free U from manufactoring

Changing of SiC structure only after> 1OOh

Single pressure vessel failures only
after extreme irradiation conditions

Single pressure vessel failures and
changing of SiC structure lead to increeelru;
f.p. release in the order:

Cs
Sr
Kr/I

Forschungszentrum Jiittcn GmbH
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Accident simulation tests
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Accident simulation at
1600 a.. 18000C

Licensing procedure of MODUL

• Heating tests with U02 TRISO FE with
high burnup

Particle failure fractions
- Iodine release

• Post heating examinations
Verification of release results
Fission producttransport
Failure mechanisms

Utilization for licensing and model verification

Table2: The fission·products caesium,
strontium and iodine are radiologically
significant because, unlike the noble
fission gases, they can be incorporated
in the human body.

Important fission products

ELEMENT ISOTOPE HALF LIFE

Solid fission products

Caesium Cs 137 30 years
Cs 134 2 years

Strontium Sr 90 29 years

Iodine I 131 8 days

Fission gases

Krypton Kr 85 11 years
Xenon Xe 133 5 days
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Accident simulation at
1600 .... 1800°C

Licensing procedure of MODUL

• Heating tests with U02 TRISO FE with
high burnup

Particle failure fractions
- Iodine release

• Post heating examinations
Verification of release results
Fission producttransport
Failure mechanisms

Utilization for licensing and model verification

Table2: The fission,products caesium,
strontium and iodine are radiologically
significant because, unlike the noble
fission gases, they can be incorporated
in the human body.

Important fission products

ELEMENT ISOTOPE HALF LIFE

Solid fission products

Caesium Cs 137 30 years
Cs 134 2 years

Strontium Sr 90 29 years

Iodine I 131 8 days

Fission gases

Krypton Kr 85 11 years
Xenon Xe 133 5 days
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Coated Particle Modelling

Classical Alternate

Pressure vessel Goodin-Nabielek for 1500-1800°C off-normal
models like PANAMA Geometry + material properties: failure conditions
orSTRESS3 when gas pressure exceeds strength

Chemical effects by thinning of Ogawa et al. for 1800-2400°C extreme
coating layers accidents

Set of diffusion coefficients determines ...
FRESCO release from intact, defect and broken

particles
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Criteria for irradiation testing in order of relevance

1. temperature
2. burnup
3. fluence
4. power/ temperature gradients
5. transients
6. real time
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<Irradlatlon to near 15 % FIMA

,

10-6

10-8

I
- HFR-P4/1

I

-

-

- 1-
~<~ ••"....

~-:J'"~ ," to
--'

J
y~ I

,

- HFRip4/2

-

-

- I
I r-:>"-~"'-" ......-:::;~ ,

.~
~

- HFR14/3
I

.

- I r,
Il j ),- . : . ~. ~" ~~o.;i '-~~ I ~ j'¢ ••.

--:;~i-~ I
I I ,

1400

~-
~ 1200
::J

e
al .
0. 1000
E
CD
I-

800

I I
I ~ '" I I

r: I

I .JT -
I
I II
J 1

o 100 200 300 400 0 100 200 300 400 0 100 200
IrradIation time (fuU power days)



Forschungszentrum JCllich

Burn-leach with spherical fuel
elements:

1. burn graphite and opye at
aoooe

2. leach with HN03

3. determine U in solution

Diagram shows non-zero free
uranium measurements in the
seventy burn-leach tests from
NUKEM quality control of the AVR 19
(GLE 3) production of 24,600 AVR
fuel elements. This is a destructive
test on 5 FEs per lot from the 14 lots
in this production.

Measured free uranium corresponds
to the contents of an integer number
of coated particles; here zero, one,
two or three out of 16,400 particles in
a sphere.

Theoretical results

with X and additional
defective scatter region

particles of of ± 3 a
mean kernel of kernel

diameter diameter
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HTR fuel: criteria required for ...

• Manufacture

• Irradiation tests

• Heating tests

oE- normal operation conditions

oE- off-normal conditions
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Source terms
for fission products into the primary circuit of an HTR are:

(i) heavy-metal contamination;
(ii) particle defect and/ or failure;
(iii) release from intact particles.

Sequence of release is
110mAg, 137CS, 134CS, 85Kr, 90sr, 106Ru, 95Zr
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Forschungszentrum Jiilich GmbH
FZJ

FUEL PEBBLES OPERATIONAL EXPERIENCES
IRRADIATION ANDPOSTIRRADL-\TION EXAlVlINATION

G.Pott

H.Nabielek

Jiilich, 09.July 01

• Reference fuel ,TRISO coated particles
• Irradiation tests in research reactors
• PIE, heating tests

lPBMR



Executive Statements Summary

1. The design of modem HTRs is based on high qualified fuel. This fuel designed in the

1960s and 1970s had been perfected for steam cycle applications in the 1980s and early

1990s enabling the design of small inherently safe modular H1Rs with self-limiting

temperatures of < 1600 "c.
2. In the past for normal reactor conditions, irradiation testing has been performed in

material test reactors and in the AVR Parameters such as burn up, operating temperature

and fast neutron fluence are varied to assess fuel performance. Continuous monitoring of

released fission gas during irradiation tests gave a direct indication of the integrity of fuel

coatings.

3. In the German program, relevant irradiation tests with more than 2xl05 particles

were performed without a single coated particle failure during irradiation.

Statistically, this result corresponds to a 95% confidence level that the coating

failure fraction is less than 2x10 -5.

4. Postirradiation examinations had been carried out in the FZJ- Hot Cell Laboratories. One

of the most important examination method are the heating tests for simulating accident

conditions in special designed and constructed fumaces.(e.g. KUFA cold finger furnace)

These tests under off-normal conditions has provided fuel performance information as a

function of burn up, fast neutron fluence, heating time and temperature up to 2500 Dc.
5. Kr 85 gas release fractions during accident condition testing up to 1600 °c were low

at <10-6, even at 1800 °c for ~100 h. With >11 % FIMA fuel, release remains at this

low level throughout a 350 h test at 1600 °c . At 1800 °c, 10 -3 release fractions are

reached as a consequence of diffusion through degraded SiC.

6. At 1600 °c the fuel does not suffer irreversible changes and continues to retain all

safety- relevant fission products (e.g. Cs, I, Sr ), Ag 110m diffuses at 1200 - 1600 OC

through intact SiC, but the amount of the generated silver is low.

7. Know how transfer with ESCOM representatives is going on by the author. Additional

experiments should be performed with higher temperatures, longer heating time and with

fuel from accelerated tests to establish the performance margins under accident conditions

of new designed reactors. This means also to irradiate actual fuel produced for the new

ESCOM reactors.

PBMR 2
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IRRADIATION QUALIFICATION OF
HTR FUEL ELEMENTS

• TEST FOR DETERMINATION OF PARTICLE

DEFECT RATES UNDER CONDITIONES
EXCEEDING NORMAL OPERATING
CONDITIONS

800-1200°C

• IRRADIATIONS OF FUEL PARTICLES WITH
KNOWN FAILURE FRACTION

800-1300°C

• TEST FOR DETERMINATION OF BURN UP
INFLUENCES ON DEFECT RATES

1000-1200°C

• FUEL ELEMENT REFERENCE TESTS

-IU:II
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Experiment Specimens Number Irrad. Temp. Burnup Fluence In-pile Release
per of time centre (1025 m-2 RIB

capsule
particles

(efpd) (0C) (% FIMA) E>16 fJ) 85m Kr

HFR·P4 36 small sph. 58800 351 940-1075 9.6-14.9 5.5-8.0 8E-8 - 9E-8

SL·P1 12 small sph. 19600 330 800 8.6-11.3 5.0-6.7 1E-6

HFR·K3 4 fuel sph. 65600 359 920-1220 7.5-10.6 4.0-5.9 1E-7-3E-7

FRJ2·K13 4 fuel sph. 65600 396 1120-1150 7.5-8.0 0.2 2E-9 - 2E-8

FRF2·K15 3 fuel sph. 28800 533 970-1150 14.1-15.3 0.1-0.2 3E-9 - 1E-6

FRJ2·P27 3 compacts 22020 . 232 1080-1320 7.6-8.0 1.3-1.7 . 1E-7 - 1E-5

HFR·K5 4 fuel sph. 58400 359 cycled 6.7-9.1 4.0-5.9 1E-7 - 3E-7
HFR·K6 4 fuel sph. 58400 359 cycled 7.2-9.7 4.0-5.9 1E-7 - 3E-7

-
Parameters and results from irradiation tests with modern V02 TRISO fuel



Post Irradiation Examinations for
HTR Fuel Elements

.

• Neutron Radiogra,phie (Irradiation Device)

• Gamma Scan (Flux D+stribution)

• Examination of Neutron Fluence Monitors

(Fast Fluence, Burn up)

• DismanUing of R.g and Capsules

• Inspection, Photodocumentation

• Dimensional Measurements of Fuel Ball

• Burn up Measurement (Comparison with Calculation)

• Gamma Spectrometrie - Fission Product Distribution

(Fuel element, Components)

• Corrosiontest

• Compressive Strength (generally not necessary)

• Ceramographie I REM

• Accident-Simulation-Tests

(Corrosion, High Temperature >1600°C)

HZ 2/99
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Results of accident simulation tests with irradiated fuel elements containing U02 Triso

Number of
Fast failed

Fuel Bumup Fluence Heating particles Fractional release
Element %FIMA 1025m-2 test rt

E>O.1 MeV

Temp Time manuf. heating 85Kr 90Sr 110mAg 134CS 137CS
(0C) Jt1l

AVR 71122 3.5 0.9 1600 500 no no 4.0E-7 5.3E-6 9.0E-4 6.9E-5 2.0E-5

HFR-K311 7.7 3.9 1600 500 no no 1.8E-6 1.8E-7 2.7E-2 1.3E-4 1.1 E-4

FRJ2-K1312 8.0 0.1 1600 138 no no 6.4E-7 3.3E-7 2.8E-3· 1.0E-4 3.9E-5
(160)

AVR 82120 8.6 2.4 1600 100 no no 1.5E-7 3.8E-6 4.4E-3 1.2E-4 6.2E-5

AVR 8219 8.9 2.5 1600 500 no no 5.3E-7 8.3E-5 1.9E-2 5.9E-4 7.6E-4

AVR 89113 9.1 2.6 1620 • -10 no no 2.0E-7 .rt 8.3E-4 1.3E-5 1.1 E-5

1620 • -10 no 1.3E-9 ••• 1.5E-2 1.6E-6 . 1.4E-6

AVR 85118 9.2 2.6 1620 • -10 no no 1.4E-7 *rt 6.5E-3 1.0E-5 1.3E-5

AVR 90/5 9.2 2.7 1620 • -10 no no 1.9E-7 ..,. 1.1 E-3 7.7E-6 9.0E-6

1620 • -10 no 6.6E-9 ••• 9.0E-4 3.5E-6 3.3E-6

AVR 90/2 9.3 2.7 1620 • -10 1 2 1.0E-4 ... 3.7E-2 5.0E-5 4.6E-5

AVR 90/20 9.8 2.9 1620 • -10 2 3 2.4E-4 ... 7.6E-2 5.6E-6 6.5E-6

AVR 91/31 9.0 2.6 1700 • -10 2 18 1.2E-3 .rt 6.2E-1 3.7E-3 2.4E-3

AVR 74111 6.2 1.6 1700 184.5 1 no 3.0E-5 7.2E-6 4.8E-2 8.4E-5 7.6E-5

FRJ2-K13/4 7.6 ' 0.1 1600 138 no no 3.0E-7 2.0E-8 4.5E-4 5.7E-6 2.5E-6

1800 100 2 7.2E-5 1.4E-3 5.3E-1 9.7E-3 9.9E-3

AVR 88/33 8.5 2.3 1600 . 50 no no 1.0E-7 8.4E-6 1.2E-3 1.1 E-4 1.2E-4

1800 20 -4 1.8E-4 2.3E-4 2.1 E-1 4.4E-4 4.6E-4

AVR 88/15 8.7 2.4 1600 50 no 6.3E-8 ••• 9.1 E-3 8.BE-6 1.2E-5

1800 50 1 -6 2.9E-4 1.1 E-2 8.1 E-1 1.3E-2 1.4E-2

AVR 76118 7.1 1:9 1800 200 no -3 1.2E-4 6.6E-2 6.2E-1 5.3E-2 4.5E-2

AVR 88/41 7.6 2.0 1800 24 no no 2.4E-7 1.2E-4 7.7E-2 1.4E-4 1.5E-4

HFR-K3/3 10.2 6.0 1800 100 no -12 6.5E-4 1.5E-3 6.7E-1 6.4E-2 5.9E-2

* simulating calculated core heatup curve .. out of 16400 particles ••• not measured
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Abstract
The development of spherical fuel elements for HTR-designs in Germany are dis
cussed. Special attention is given to the development, production and characterisa
tion (incl. kernel and coatings) as well as to the irradiation and post irradiation exami
nation of the different coated particle systems. It has been demonstrated in various
irradiation tests which were supplemented by heating tests that for a modular HTR
power plant (with a thermal output of 200 MJ/s) during the specified normal operation
as well as in the case of incidents and even accidents, where the maximum fuel tem
perature will be below 1620°C, the fission product release is very low.
In this context, it must be mentioned that the present coated particle design has not
yet been optimised for the combination of high burn-up and high temperature resis
tance under accident conditions. The TRISO fuel available is a result from fuel devel
opment for large HTRs with gas turbines in a time when the modular concept was
not yet been invented although its capabilities inspired the design of modular
reactors. Thus, there is still a huge potential for improvement of coated particles
especially when plutonium or actinide burning is also taken into account.

1) Introduction
The HTR utilises an all-ceramic core, a graphite core structure, ceramic-coated parti
cle fuels and complete ceramic fuel elements. The use of refractory core materials
combined with a single phase inert helium coolant allows high coolant temperatures
and results in a number of significant advantages including high thermal efficiency of
the HTR and its inherent safety advantages resulting from the low-power density and
large thermal capacity of the core, the absence of coolant phase changes, and the
prompt negative temperature coefficient. These features ease reactor siting con
straints by reducing both cooling water requirements and the consequences of pos
tulated accidents.
The development of the HTR has proceeded in two directions: a) the pebble bed
concept in the Federal Republic of Germany and Russia (now also in China and
South Africa), and b) the prismatic core in the United States, the United Kingdom,
Japan and, recently with the GT-MHR, also Russia. The fuel elements for the pebble
bed system consist of 60 mm diameter spheres made up a fuel-free carbon outer
zone and an inner-fuelled region with coated particles uniformly dispersed in a
graphitic matrix. The prismatic fuel element consists of a machined hexagonal graph
ite block -750 mm long and 350 mm across flats. Alternate fuel and coolant holes
are drilled in a hexagonal array. Fuel rods, consisting of coated particles bonded in a
close-packed array by a carbonaceous matrix, are stacked in the fuel holes.



accidents remain below 1600°C without active control mechanisms. This modular
design are intended to replace water-cooled reactors for electricity generation and to
provide environment-friendly process heat for application such as heavy oil recovery,
coal gasification and liquefaction, etc.
The German Reactor Safety Commission made in their recommendation in January
1990 e.g. the following statements to the HTR Modular Power Plant Concept devel
oped by Siemens/lnteratom. This system is characterised by the fact that several
standardised nuclear heat production units of 200 MWth output are combined to form
a power plant. The limitation of the reactor power to 200 MW1h and of the mean
power density to 3 MWth/m3 in connection with the core geometry has particular the
following advantages: In the case of a failure of the main heat sink in the HTR Modul,
residual heat removal is effected via passive heat conduction, heat radiation and
natural convection to the surface coolers provided on the outside of the reactor bar
rel. Residual heat removal does not require any forced circulation inside the primary
system. A maximum fuel temperature of 1620 °C is not exceeded, irrespective of
whether residual heat removal remains intact per design intent during an incident or
there is an additional failure of the residual heat removal via the surface coolers. Ad
herence to this maximum fuel element temperature is inherent safety feature of this
reactor concept [1].

The HTR development is still on the way in different countries as it will be shown in
the following:

In Japan has developed the experimental reactor HTTR with a thermal power of 30
MW which became critical in November 1998 and is on its way to full power. The
major specifications of the HTTR are: Prismatic Block Core; Low enriched U02;
TRISO; He pressure: 4 MPa; He inlet/outlet temperature: 395/850 and 950°C; Steel
containment; Heat removallHX and PWC (parallel loaded).

China has built the test reactor HTR-1 o. The HTR-10 with a thermal power of 10 MW
represents the features of modular HTR design, it became critical in the end of the
year 2000. The HTR-10 main design parameters are: Modular HTR with a Pebble
Bed Core; Low enriched fuel with 17 % U-235 U02; TRISO; He pressure: 3 MPa; He
inlet/outlet temperature: 250/300 and 700/900°C. Reactor core and steam generator
are housed in two steel pressure vessel which are side-by-side with a connecting
vessel between.

In South Africa, ESKOM as the national utility sees a nuclear future in the HTR peb
ble bed system. ESKOM successful operates the two unit Koeberg PWR station, but
it does not see LWRs as a solution for the present. Rather, it is putting its technical
and financial resources behind a HTR project which sees as the best approach to
take. The concept design is concentrated on a 100 MWel Pebble Bed Modular Reac
tor (PBMR) with a direct cycle gas turbine.

2) Coated Fuel Particles
Coated particles are in themselves miniature fuel elements on the order of a millime
tre in diameter. A commercial reactor core contains between 109 and 1010 individual
fuel particles. The coatings provide the primary barrier to fission product release. The
very small size of coated particles is an advantage in testing, since statistically sig
nificant numbers of "fuel elements" can be tested. Individual tests typically contain
103 to 105 coated particles. As it will be shown through properly designed fuel devel-
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2.1.1) The uranium-thorium kernel fabrication was mainly based on the sol-gel proc
ess. This process has been developed for the production of the (Th,U)Oz kernel and
the ThOz kernel as well as for the uranium-dioxide kernel fabrication.
Using this specified process a total of approximately 400 kg UOz kernels was suc
cessfully produced for the rnanufacture of all fuel elements scheduled for AVR re
loads [3,4].

2.1.2) For coating of the microspheres the fluidized bed technique is used. The pyro
carbon (PyC) is a unique material that has been central to coated particle develop
ment from the earliest days. Results showed that the structure and irradiation be
haviour of PyC coatings are highly dependent on deposition conditions, which in turn
determine coating properties such as density and crystalline anisotropy. Many activi
ties has been done in this area emphasising the optimisation processes and the de
velopment of improved characterisation techniques, also for the post-irradiation ex
amination of the coated fuel particles and fuel elements [2].
The UOz or the other kernels are batch-wise coated in fluidized bed furnaces. An
inert gas, usually argon, is used for fluidisation. First a porous buffer layer of CzHz is
deposited. This layer supplies a free volume for kernel swelling and fission gas
production during burn-up and protects the following highly dense layers from recoil
atoms. Next a high density inner pyrocarbon layer is deposited from a mixture of
CzHz and C3H6 . The layer SiC deposited from CH3SiCI3, predominantly for retaining
the solid fission products, is brittle and therefore protected finally by an outer highly
dense pyrocarbon layer [3,4].

2.1.3) The production of spherical fuel elements for HTRs consists behind the (i) fuel
kernel casting and the (ii) coating of microspheres of the following steps: (iii) over
coating of particles; (iv) matrix powder preparation; (v) fuel element fabrication, i.e.
pre-moulding of fuel zone, high-pressure isostatic pressing of complete element, ma
chining, and 800/1B50°C heat treatment; and (vi) quality control [3,4].
Table 1 shows the main particle and fuel data with German reference HEU and LEU
particles.

3) Irradiation Testing of Coated Particles, Graphitic Matrix and Spherical Fuel
Elements

The overall objective of the HTR fuel element development program was to qualify
an element which minimises fission product release under normal and transient
conditions for all types of HTR application as well as under accident conditions for
small HTRs with a pebble bed core. Apart from fuel elements, the coated particles,
the graphite matrix and the reflector graphite have been tested in several MTRs like
HFR-Petten, R2-Studsvik, BR2-Mol, SHoe-Grenoble, FRJ2-Julich as well as in the
HTR test reactors AVR and Dragon. Long time tests have been carried out over
more than 20 years with about twelve different spherical fuel element types in the
AVR as a large-scale test bed [7].
A typical irradiation program for testing was directed to (i) "determination of particle
failure rate" under conditions exceeding the demands of the HTR projects with refer
ence to fast f1uence and burn-up to investigate performance margins at irradiation
temperatures (800··1200°C); (ii) "investigation of burn-up influence", irradiation of fuel
in thermal test reactors with low fast neutron fluxes to separate burn-up controlled
effects from neutron-induced effects (800-1300°C); (iii) "reference tests", demonstra
tion of reference fuel elements under condition enveloping the demands on of differ-
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3.3) The irradiation testing of spherical fuel elements in accelerated and long-time
tests was carried out as described above. During irradiation of spherical HTR fuel
elements, important information about fuel performance could be obtained from the
tests in the MTRs as well as from the AVR operation. But all essential properties of
the fuel elements have been controlled mainly in the post-irradiation examinations in
the Hot Cells e.g. (i) dimensional change of fuel elements; (ii) mechanical (crushing)
strength; (iii) corrosion resistance; (iv) fission product behaviour, (v) accident simula
tion heating tests.
The source terms for fission products in the primary circuit of an HTR are:
(i) heavy-metal contamination;
(ii) particle manufacturing defects and in-pile particle failure;
(iii) release from intact particles.
The important isotopes are Cs, Sr, Ag, I, Xe and Kr. From all the available data it can
be pointed out that fission product release from the spherical HTR fuel elements
during normal operation is insignificant. In the German HTR-Modul, for instance, the
calculated release of Cs-137 accumulated during normal operation conditions after
32 operating years is approximately 2.6x1012 Bq (70 Ci). The coolant gas activity of
the AVR after 20 years operating was approximately 5.5x1011 to 1.1x1012 Bq (20-30
Ci) of the noble gases, a few tenths of a MBq of aerosols and non-measurable
amounts of iodine.
In the case of a core heatup accident, higher temperatures lead to enhanced diffu
sion of fission products out of the particle kernel through the TRISO coating and
through the graphite [8,9]. One of the most important diffusion coefficients is that of
caesium in SiC. On the basis of a number of heating experiments, it has been shown
that an increased permeability of the SiC layer for caesium at temperatures of more
than 1600°C. Fig. 6 shows results from fission product experiments in the form of
diffusion coefficients in U02, in pyrocarbon and silicon carbide coating layers, and A3
matrix as a function of temperature.
Summarising it can be pointed out that for the German reference LEU-TRISO fuel
elements the release of solid fission products, e.g. Cs-137 from coated particles into
the fuel element matrix and from there into the reactor core equals to the low release
levels of gaseous fission products [3,7].

4) Heating Tests for Accident Condition Performance
Accident simulation tests have been performed since the mid-seventies whereby the
Research Centre JOlich has concentrated on heating complete spherical fuel ele
ments rather than single particles or small numbers of coated particles. An early ex
perimental program had consisted of heat-up ramp tests with (U,Th)02 BISO fuel up
to 2500°C. This program was followed by work with fuel elements containing
(U,Th)02 TRISO and U02 TRISO particles. Special attention has been given to acci
dent performance testing of the U02TRISO particles for small HTRs [10, 11].
The fission gas release data from spheres during heating tests are shown in Fig. 7.
The measured isotope is Kr-85 which give the same release as Xe-133 and 1-131. As
expected, release increases with heating temperature and duration. All 1600°C re
lease results remain below the level of one particle failure (6x10·5 fraction for 16400
particles). The shape of the release curves can be explained by the following two
phenomena: (i) Deterioration of the SiC layer leads to permeability to fission prod
ucts, but the remaining intact outer pyrocarbon layer delays the release of noble
gases and iodine; (ii) On rare occasions can a burst of gas release be observed
which is due to pressure induced complete coating failure.
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Fig 8) Caesium release from heated
spheres as a function of heating times
up to 500 hours.

Table 1: Design Data for (Th,U)O, TRISO and UO, TRISO Fuel Elements

,-

Design Parameter I HEU LEU I
.-

Coaled Partlcle-s

Kernel Composiucn (Th.U)O, uo,
Kernel Diameter um 500 500
Coaling Layer Thickness ~m 95/40/35/35 95/40/35/35

Coaling Layer Sequence 8uffer /PyC/SiCJPyG 6uff"r/PyC/SiCJPyG

Fuel Element

Heavy Matal Loading g/EJemenl I' (}-12

U 235 Enrichment 93 % 7-13 "·"0

No. Particles per Element 19.000 13.00C>-20.000

Volume Loading 01 Par1icles 13 0·6 lC>-15 %

Operating Requirements

Mean Operating Time d 110C>-1 SOO 700

Max.8urnup MWrll1l-tM 120000 90.000

Max, Fa5! 005e (E -; O! MeV) 102 5 m-" 45 3.3

Max. Fuel Temperature "C 1020 1030

Max. Power/E'ernent kW 2.7 4 I
-----_._.._--
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CERAMIC COATINGS FOR HTR GRAPHITIC STRUCTlJRES 
TESTS AND EXPERIMENTS WITH SIC-COATED GRAPHITIC SPECIMENS

B.Schroeder1
, W.Schenk 2

, Z.Alkan ' , R.Conrad"

I Research Centre Julich, Institute for Safety Research and Reactor Technology
2Research Centre Julich, Hot Cells

'Technical University of Aachen, Institute of Reactor Safety and Technology
"Joint Research Centre, Institute for Advanced Materials, Pcttcn

Abstract

Graphite materials are used in High-Temperature Reactors for fuel elements and core structures.
In thl' A VR and in the THTR it was successfully demonstrated that especially the spherical fuel
elements showed excellent behaviour during normal operation and accident conditions. Improvements
are poxxib!c as pan of effons to achieve catastrophe-free nuclear technology. In case of a massive
ingress of air or steam mto the primary Circuit of an BTR, it is poxsib!«, if no active steps arc taken,
that serious corrosion of graphitic structures can happen.

For corroxron prorccuon it is appropriate to provide these structures with ceramic (SiC) coatings.
These coatings were produced by chemical vapour deposition and slip coating method. 'Ole coated
graphitic specimens, spheres (without nuclear material) and other samples, were tested in many
experiments, such as corrosion, mechanical and irradiation tests. The results of these tests show that
SiC coatings applied to many graphitcs are corrosion-resistant and mechanically safe. The post
irradiation experiments showed for some coated graphitic spheres good corrosion properties at
temperatures in the region of 750°C. For one material the corrosion resistance was even good for
temperatures up to 1400°C( 1600°C).

Furthermore, alternative forms of coated spheres, consisting of screwed half-shells, have already
been tested successfully in corrosion and irradiation experiments.



l.Introduction

In BTR plants graphite materials are used for fuel clements and reflector structures. During the
operation of BTR plants (AVR,THTR) these graphitic structures were extensively tested. Operating
experience was very positive. It was proved that all operating demands (like high temperatures,
neutron doses, mechanical loading) were fulfilled by the graphitic structures. It should be emphasized
that the primary circuit of HTRs is very clean due to the good retention properties of the fuel clements,
especially of the coated particles. Extensive tests proved that these good retention properties for
fission products areValid even for temperatures up to l600cC for several hundred hours. The
development and testing of the spherical fuel elements can therefore be regarded as a complete
success.

Although the above-mentioned properties of the graphitic structures are very good, research into
improvements should continue. One of the HTR-specific accidents (analysed extensively in safety
studies) is the entry of foreign media like air and water into the primary circuit. In design-basis
accidents the corrosion of fuel elements is not critical for reactor safety. In certain cases of
hypothetical accidents like massive air ingress it is possible that the matrix graphite of the fuel
elements will be destroyed by corrosion in such a manner that a release of fission products may be
possible. Up to now a large number of solutions have been considered to prevent such possibilities.
For future nuclear plants new techniques have to he developed which will lead to a transparency of the
technology applied. Therefore it is suggested that the outer surfaces of the graphite fuel elements
should he provided with ceramic coatings.

The application of a ceramic corrosion protection coating is a very attractive solution not only for
fuel clements but for graphItic structures like the bottom and side reflector too.

2.Graphite oxidation

Analyses in the field of graphite oxidation have been made in a large number of cxpcrimontal
tests and theoretical studies. To give an impression of how graphite spheres will be corroded by air,
the results of experimental work in different facilities of the University of Duishurg IEpp 901 , /Roe
941 are presented here.

In these test plants uncoated graphite spheres (without coated particles) of the original size (ncrn
diameter) were placed in silos and streamed by air from bottom to top. These tests were made in a
temperature region from 6000C to l200°C and for 3 different velocities. In hg.l thc measured
corrosion rates of these uncoated graphite spheres are presented. To give an impression of how large
the corrosion protection by SiC coating on graphite spheres can be, the corrosion rate of a coated
sphere is marked by the lower line in Fig.l.

3.Graphite materials

Different graphite qualities were coated with silicon carbide. To ohtain a wide spectrum of
information, nuclear and commercial graphitcs were used.

The nuclear graphite A3-3 is used as the matrix material for fuel elements in high-temperature
reactors. This material is a composition of 64 wt% natural graphite, 16wto/c petroleum coke graphite
and 20 wt% resin hinder. The fuel elements with this material are processed and heat-treated at
temperatures below 20000C. Therefore this matrix material is the only one-which is not fully
graphitized. IJul 821

The nuclear graphite material IG 110 is used for fuel clement blocks in the Japanese H'TI'R plant.
This IG 110 is a fine-grained isotropic graphite, which is fabricated from coke filler with binder on the
basis of coal tar pitch. This graphite is isostatically pressed and fully graphitized (at 2800°C). IJae 911
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The nuclear graphite ASR-I RS was used for reflector blocks in HTR plants. This material is a
pitch coke graphite manufactured according to secondary coke technology; three Impregnations with
coal tar pitch; vibrationally moulded.

The nuclear graphite V 483 was employed for corc-suppornng columns in HTR plants. This
graphiu: is a pitch coke graphIte; fine grain, lugh binder content, isostatically mouldcd.z.lul 87/

The commercial grapilltes are: FU 9512 (FP 379) from Schunk, EK98 and EK 432 from
Ringsdorf and other graphites. These graphites arc electrographites with filler material on the basis of
pitch coke and binder on the basis of coal tar pIlch./Sch, 89/, /Rin 911

4.Production methods for ceramic coatings on graphite surfaces

The SiC coatings on graphite specimens (mainly spheres) were produced by two different
methods CIJ.emical_\'C1llilllIdepositic)[] ( CVD ) and sIiP_cQ~irJg.

4./.Coating methods based all CVD

Chemical vapour deposition methods are well known in chemistry and chemical engineering, so
only a brief description will be provided here.

Chemical vapour deposition produces coaungs from the gas phase. For SiC coatings, the SiC is
deposited from the gas mixture CH3SiCllH, in a temperature range of 1150-1450"C at different
pressure ranges. To obtain a continuous transition of the substrate and the coating rnatcrial, an
appropriate ratio of coating gas (CI CSiCU and reductant (H 2) is necessary as well as a suitable
reaction tempcrature (approx. 1300"C).

Schunk /Sch, 89/ mainly supplied coated graphitic spheres of I'll 9512 and IG-I 10 quality. In the
present case a system with temperatures in the range of 1200"C IS used. The SiC layers produced show
a coating-thickness of SO-ISO urn.

In addition, Schunk /Sch: 89/ provided coated spheres of A3-3 quality. The layers are produced
by the followlIlg steps: J) direct siliconizing of the graphitIC spheres in a silicon steam atmosphere at
temperatures below I600°C. 2) immersion of the spheres III a SiC melt at temperatures up to 15()()°C.

A great deal of interest has been shown also In CVD-SiC in functional gradient materials, whose
composition changes continuously from SiC to C. In this case dense CVD-SiC with a thickness of 200
pm was formed on the graphite substrate and a CVD-SiC/C phase with a thickness of 1-2 mm
containing voids was then formed on top of the first film. In this region, the ratio of SiC to C changes
continuously and by adjusting the orientation of SiC it is possible to control the number of voids.
Finally, a CVD-C film of a thickness of 100-200 u m is formed on top of the other films.

4.2. The slip-coating process

A new method for coating graphitic materials by SiC was developed at the Institute of Reactor
Safety and Technology of the Technical University of Aachen (RWTH). This process consists in
coating graphitic substrates by a slip and after that in a Si infiltration by a high-temperature process.

In a first processing step the uncoated substrate is wetted with a ceramic .~uspensionconsisting of

a-SiC of different grain sizes, ultra-fine-grained graphite powder, organic binder and a solvent. After
complete wetting of the substrate with this SiC slip the solvent evaporates out of the slip during a
drying phase. A solid and a porous layer arise by getting out the sol vent. The shares of binder
polymerize and form a strong fixation between the solid phase of the slip and the surface of the
substrate.

3



In a next step this specimen is put into a Si-contnbution paste inside a furnace at a temperature of

1700°CThe melted Si (-1 410°C) infiltrates the layer and the substrate of the specimen. During
infiltration, the graphite of the outer surface and in the open porosity area at the inner surface, reacts
with silicon to form ~-SiC. At the same time . the silicon component reacts with the carbon
components of the slip coat of ~-SiC until the reaction is terminated. This new formed f)-SiC grows on
the a-SiC grains. The coating thus formed is a good connecting scaffold with the surface of the
substrate. The layer penetrates into the graphite into a depth of nearly 1 mm. The open pores near the
surface are filled withJ)-SiC By this astroug adhesion is obtained.

The SiSiC coatings are produced with thicknesses of 75 to l50ftm Successful coating was
performed for nuclear graphites IG 110, V 483 and /\SR 1 RS. as well as for eJectrographites IG 430,
EK 98 and EK 432 by optimizing coating and siliconizing process performance.

5.Experirnental results with SiC-coated graphites

To characterize the SiC-coatings produced, corrosion and thermal shock tests as well as
ceramographic analyses are carried out. Some of these results have already been presented in former
reports /Nca 97/, IAlk 98/. The new results of corrosion and post-irradiation experiments are
additionally reported here.

The standard tests to check the corrosion resistance of the coated spheres were mainly performed
at a temperature of T=750°C for an experimental period of 24 hours in a natural convection air stream.
The aim of the development is to reach a corrosion rate of R<Cl.l[mgfcm2h I in the air stream for 200
hours in the temperature range from 400-1 GOO°C Corrosion tests in steam were performed in a
temperature range from GOO°C-] OOO°C.Additional1y heated specimen were also shock-tested by
dropping them into cold water. The analyses of these tests give information on the resistance to sudden
changes of temperature of elSiC structures. The following sections present experimental results for
SiC coatings produced by different methods.

S.l.Corrosio/l results for coatings produced by CFD methods

5.1.1 Rcsultsjor SiC-coated full graphite spheres

SiC coatings on graphite spheres by the CVD method have been mainly produced by Schunk
ISch2891. We started with coating of spheres made of the graphite material Fl.J 9512. This material has
a thermal expansion factor which is similar to the SiC expansion factor. The results of the corrosion
tests show very low corrosion rates (RS::O.O I mg/crn'h) for long test periods (S::200h).

Mechanical tests (dropped 10 times from a height of 2m on graphite spheres) were also performed
on these FU 9512 coated spheres. No cracks or damage could be found. Corrosion experiments were
then performed again on these spheres. Once again no damage could be found.

The aim of the development is to reach a corrosion rate of R<O.I [mg/cmh] in air stream for 200
hours in the temperature range from 400-1600°C This must be achieved for nuclear graphite
materials.

SiC-coated spheres made from A3-3 graphite material showed an inadequate corrosion rate.
Therefore we looked for other nuclear graphites to coat.

A very good corrosion-resistant quality was achieved with the IG 110 material, a graphite
material used in Japan for HTR nuclear graphite. Corrosion experiments were performed with coated
spheres of 60 mm diameter. The results were very good (Tab. I ). Even short heat-up times of 3 hours
had no influence on the results.
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5. J.2.Rcsultsj!i/ SiC-coated screwed (hoilowigraphitc spheres

The main aim of our work IS to obtain SiC coatings on A3-3 graphite spheres in the quality
achieved on IG-IIO graphite spheres. Until now the corrosion rate of SiC coating on A3-3-graphite
spheres has not been sufficient. Therefore we tested alternative forms of coated fuel spheres. Five
hollow spheres (d,=60mm, d,>SOmm) made of IG-110 were produced consisting of two hemispheres
screwed together (hg.2). A3-3 spheres (d<SOmrn) without coated particles arc installed inside two
hollow spheres. The other three hollow spheres arc without inner spheres. These screwed spheres were
coated on the outer surface (d,=60mm) with SIC and then tested for corrosion resistance sec Tab.2.
The corrosion-resistant screwed spheres were subsequently irradiated in the HFR Perren.

S.2.Corrosion results for coatings produced by the slip coating process

Tests for the corrosion resistance of the SiSiC-coated graphite qualities were carried out in an air
atmosphere with an air flow velocity of 0.2 rnls at temperatures between 700°C and 1400°C for 24
hours.

The slip-coated samples of different graphite qualitu». showed no measurable corrosion due to
graphite burn-up. The corrosion examinations were carried out at a temperature of 750DC-800"C for
times ranging from 24 hours to 200 hours. At this temperature the graphite corrosion process is due to
pore diffusion of oxygen through possible deJects in the protective coatings. None of the samples
examined at this temperature and times exhibited any measurable mass decrease, so that outstanding
protection of the graphite samples can be concluded.

The reaction rates for slip-coated samples in air are very low for aJi electrographites and nuclear
graphites (WIthout A3-3). For instance the reaction rates for SiC-coated IG I 10 by slip coating have
values in the region of R<:O.O I rng/crnh. These results have already been presented in former reports
IAlk 98/, INea 97/, IMei 96/.

6.Irrradiation and post-irradiation tests

To examine the integrity of different coatings after neutron irradiation, SiC-coated graphite

spheres (d=60mrn+<'lsd were irradiated in HFR Petten. The temperatures and the neutron fluences for
these irradiation tests were chosen in such way that the average operating conditions of an HTR
Modul were covered. The average surface temperature of the coated spheres ranged between 540 and

680°C, the neutron fluence ranged b~tween 1.4 and 1.9SxlO25 m-2 (E>O.1 MeV) Tab.3. Graphite
spheres coated in different ways were supplied for this irradiation test. Three graphite materials were
used for these spheres: IG I 10, V 483 and A3-3. The SiC coatings were produced by the slip-coating
process and CVD. Before irradiation, these coated spheres were tested for corrosion resistance for 50
hours at 750°C. In these corrosion experiments 5 coated spheres showed no mass loss. Only the coated
A3-3 sphere had a small mass loss and was therefore not investigated further.

ti.Llrradiation rig D 247-01

Six coated spheres and one uncoated graphite sphere were loaded in an irradiation capsule in HFR
Perren. This capsule consisted of a stainless containment housing the seven spheres in a graphite
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structure see Fig3. The sample holder was Instrumented with twelve thermocouples, three fluencc
detector sets and two gamma-scan wires ICon 961

The irradiation test was performed in the IIFR Peuen for a period of four cycles or 93.89 full
power days.

6.2.Post-irradiation inspections

The weights of the spheres before and after irradiation are given in Table 4.0nly sphere No.6 is
not taken into consideration, because the coating showed insufficient adhesion. The weight loss of the
uncoated sphere (No. I) is reasonable, because a borehole for temperature measurement was drilled
into the sphere. The visual inspection in the I lOT CELLS in Julich shows that sphere No.2 has two
small points with peel-off. Spheres No. :3 and No.7 have one place which looks different from the
surrounding surface. The other coated spheres have no changes on the surface ICon 96/, IDer 97/.

To answer the question whether the coatlng of the irradiated spheres is damaged or not, we
performed corrosion experiments in the HOT CELLS at Jiilich .

6.3.l'ost-irradiation corrosion experiments

The corrosion experiments with these irradiated spheres were performed in the KORA apparatus
in the HOT CELLS at Julich.

6.3./.Description of the KORA apparatus

The KORA furnace ISch 99/, in which specimens up to spherical fuel clement size can be heated,
IS installed in the gas-tight box of a HOT CELL. The resistance-heated furnace contains two
concentric tubes placed inside each other, which may be made of fused silica, alumina or SiC,
depending on the test temperature. The air first flows into the annular gap between the inner and outer
tube where it is heated before reaching the specimen through an opening at the end of the inner tube
(Fig. 4).

6.3.2. Results of KORA experiments

The KORA apparatus was used to perform temperatures from reactor operation (750°C) to
accident conditions (I 600°C). The heat up followed 200°C/h. During the test an air pressure of about
110 kPa and a flow of 30 ltrlh was reached. In contrast to higher temperatures, there is during the
750°C step no formation of a complete protecting oxide layer hindering SiC corrosion. Five SiC
coated spheres and also one uncoated graphite sphere were tested in the KORA apparatus. The results
of these corrosion tests arc summarized in Tab.5. Two of the five SiC-coated spheres (No.4 and 5) had
no damagebefore and after the first post-irradiation corrosion tests at 750°C. Even the defective SiC
spheres- No.2 and 7- had a significantly smaller corrosion rate at 750°C than the uncoated graphite
sphere. One of the two spheres with no visible defect (No.5) had no weight loss after all three
corrosion tests in air up to 1400°C. During the 16000C-test the inner SiC furnace tube melted.
Therefore the sphere was damaged by this occurrence. There are no indications that this sphere (if not
damaged by the tube) would not pass the 1600"C corrosion test successfully.
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6.4.lrradiatioll rig D 247-02

The performance of the irradi.uion for the second project was successfully completed in 1998
ICON 99/. The irradiation targets of the second project consisted of five screwed SiC-coated graphite
spheres (see 5.1.2 and Tab.2) and three SiC samples each 15 nun in diameter and 16 rnrn in length.
Three of the five screwed spheres were hollow without an inner sphere. The other two spheres had an

inner sphere of d<50mm. The samples were irradiated in the HFR Perren under typical HTR-Module

cond itions between 600 and 770cC up to fast neutron fluence of 1.92 x I ()25 m'" (E>O.I MeV) .The
main operating data, were similar to the first experiment (rig [) 247-(1). A neutron radiograph image.
taken shortly after completion of the irradiation. and the visual inspection after recovery of the
samples showed no damage to the SiC coating.

The irradiated screwed spheres and SiC samples arc now stored in the HOT Cells at Julich. First
measurements showed that the differences between the weights before and after irradiation are very

small IPot 991Tab.6 '
These irradiated coated hollow spheres will also be tested in the KORA facility in the next few

months.

7.Ncw SiC-coated IG-IIO spheres

In order to improve the irradiation behaviour of the !C;-!I 0 coated spheres the coating techniques
were slightly modified for CVD and for the slip-coating process. New coated full IG-J 10 spheres were
produced and corrosion-tested (see Tab.7). These corrosion tested spheres will be prepared for the next
irradiation rig.

S.Summary

In HTR plants graphite materials are used for fuel clements and reflector structures. As part of the
efforts to achieve catastrophe-free nuclear technology it is appropiate to provide these structures with
SIC coatings. These coatings were produced by chemical vapour deposition and slip coating method.
The coated graphitic specimens. spheres (without nuclear material) and other samples. were tested in
many experiments, such as corrosion. mechanical and Irradiation tests. The results of these tests show
that SiC coatings applied to many graphite materials (as electrographites and nuclear graphite IG II 0)
arc corrosion-resi stant and can withstand the required mechanical loads. The post-irradiation
experiments showed for some coated graphitic spheres good corrosion properties at temperatures in
the region of 750°C. For one material the corrosion resistance was even good for temperatures up to
1400"C( I GOODC).

The main aim of our work is to obtain SiC coatings on A3-3 graphite spheres in the quality
achieved on IG-I]() graphitc spheres. Up to now the corrosion rate of SiC coating on A3-3 graphite
spheres has not been sufficient.

Therefore we tested alternative forms of coated fuel spheres. One modification of the present fuel
clement concept is such that the fuel-free graphite zone of the fuel sphere consists of two screwed
half-shells of IG I 10 graphite instead of A3-3. Several experiments have been carried out for the
coating and joining of such pans, A strong joint of the shells and corrosion resistance of the two pans
can also he ensured for this case. Irradiation-damage of the SiC coatings was not observed.

The coating of ful! A3-3 spheres will be continued with different coating ;nethods.
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FigA: KORA resistance furnace

Tables

Tab. 1: Corrosion tests of SiC-coated IG-II () graphitc spheres(60mm) at 75()OC

r---
air streaming, 50 h total time

graphite: IG 110 diameter: 6 cm surface: J 13cn/
sphere no. heat-up time weight change corrosion rate

h
7

nlg mg/cmh
1 3 +1 -0
2 3 -261 0.046
3 3 -13 0.0023
4 3 +1 -0
5 3 +10 +0.002
6 3 -0,7 -0

J 1



Tab.2: IG-l 10 screwed spheres, CVD-coated with SiC (2 with inner sphere, 3 without inner sphere)

*dltferent balance after test

Corrosion tests at 7500C, 50h, air stream
results before irradiation

hollow mass [g] before corrosion mass [g] after diameter
sphere test corrosion test [rnm]
HKMI 200.089 200.088 60.3-60.4
HKM2 ". 198.714 198.707 * 60.3

HKOI 86.730 86.729 60.3-60.4
HK02 86.582 86.584 60.3
HK03 87.338 87341 60.3-60.4

..

Tab.3: Cumulative neutron Ilucncc data and full-power days, and averaged cycle temperature

Id no. Item Sphere no.
I I 2 I 3 I 4 I 5 I 6 I 7

1 Irradiation duration 9389
Full-power days

2 Neutron flucnce E> 1.0 1.39 169 19 19'1 183 1.47
0.1 MeV 102

\ m J

3 Temperatures in "C,
measured by

thermocouples:
cycle 95.08 '153 , 617 650 684 659 670 660
cycle 95.09 523 580 638 674 670 691 672
cycle 95.10 467 534 609 646 644 664 668
cycle 95.11 '138 596 645 672 665 678 652

Tab.4: Weight changes of the irradiated spheres
.

No. Spheres Weight
before irradiation after irradiation difference

[g] [g] [g]
1 A3-3 reference 198.21 197.68 -0.53

2 IG 110 (4) 209.85 209.38 -0.47

3 IG 110 (4) CVD 204.04 203.91 -0.14
4 IG 110 (6) CVD 203.99 203.86 -0.13
5 V483 (2) 207.26 206.91 ., -0.35
6 No. A not investigated
7 IG 110 (1) CVD 205.04 204.84 -0.20
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Tab.S: Results of KOR/\ corrosion tests

c2.Pllc.r.l;: I 2 3 4 5 7

Graphite /\3-3 IG llO IG IIO IG 110 Y 483 IG 110

Manufacturing no SiC CYD CYD CYD
_.~-

Y L,-l~,ilinspec ti.Ql2 surface small intact intact small

afteJjrradlat ion defect hole hole
'. --'

Wciuht loss
-~--~-.--

~hlring tc;st (g)

750°C, 20 h 53.1 2.6 34.3 0 0 9.5

lOOO DC, 20 h - 5.9 - 21.1 0 -

1400 °C, 20 h - 14.0 - - 0 , -

1600°C,20h - - - - * -

*damage of furnace tube and sphere

Tab.o: Weight changes of the irradiated screwed spheres

sphere weight before irradiation [g) weight after irradiation Ig]

HK-M 1 200.09 200. IS
--'._-- .- -- -----.--- -.---- .. - - ---- --"- ~----_..__.----------.- ---'---.--- ---,------ ..-- ---.- - -- .-

HK-M2 I ')/',.72 I 9/',.77
-- -"'--" ----'.-..,- -----J--- •... ~.-~ __X~-'7 8____~~~~ ~= -_... - _. - _ .. -'--- -- ------------

HK-O I 86.n
.-"' ..- -- ----- --- _._.- -----._.,----------,--,--

HK-O:! 86.66 86.67
- -- .~_.__ ._'- .- .-.- i- ---- - - 8734------- --'-_.--.- '._-._---.--- ..- ---_.__.. -

HKOJ 87.43

Tab.7: Results of corrosion experiments at 7S0°C,SOh rcsp. 800°C, 12h in air streaming

ISR
SiC-coated IG 110 graphite spheres (d=60mm)

--- Si-infiltrated + CVD (Schunk) / 7S0°C, 50 h
Sphere Weight [gJ of SiC- Weight [gJ after Am [rng] Diameter [rnm]

coated sphere 50h/750 DC in air approx.
YK Si I 212.356 212.353 -3 60.5-60.6

--- ---- "-,---_.- i---"~--'---.~-'--~~-----c-.~-.--.--I---~._~.~

YK Si 2 211. 682 211.683 +1 GO.4-605
VK Si 4 212.647 212.655 +8 60.50_.-
YK Si 6 211. 173 211. 186 +13 60.4-60.5

RWTJI-Aachen
SiC-coatedlG 110 graphite spheres (cI=60mm) -.

_. slip-coated process I 800°C, 12 h

YK-Trim14 206.30 206.30 0 60.35-60.45
YK-TrimI8 206.85 206.85 0 60.40-60.42
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The substructures of polycrystalline graphite

Extrusion Direction

C-C Distance: 1.42 A ;7

Coke particles Crystallites partially Arranqement of
aligned in a particle carbon atoms

Mean dimension of
crystallites about
500 A

5000x

L----,)

Mean dimension of
particles about
0.3mm

Graphite Body
R.E. Nightingale, Academic Press, 1962
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Radiation Damage in Graphite

o C atoms within the graphite lattice

• Interstitial C atoms after neutron irradiation

Aus E. Fitzer: Graphit a1s Reaktorwerkstoff Haus der Technik, 1967 (?)
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The number of C-atoms in graphite crystallites
displaced by a single 1 to 2 MeV neutron
is of the order of 20 000.
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Irradiation Induced Dimensional Changes
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Influence of Coke and Forming Technique on Important Properties of Reactor Graphites

Grade ATR-2E ASR-1RS ASR-2RS ASR-1RG

Coke Special Ordinary Ordinary Ordinary
Pitch Coke Pitch Coke Pitch Coke Pitch Coke

Sec. Coke T. Sec. Coke T.

Forming Extrusion Vibration Vibration Vibration

App. Density 1.80 1.82 1.87 1.78
(g/cm3)

Tens.Strength par. 12.6 18.3 19.5 13.0
(N/mm 2 ) perp. 12.4 18.3 18.5 11.6

Anisotropy 1.12 1.05 1.02 1.15
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Statements I

• Nuclear graphite for non exchangeable core components must be
nearly isotropic - but not isostatically moulded.

• Special coke processing and careful vibrational moulding yield
the best graphite grades with respect to isotropy, strength, and
homogeneity.

• The expected lifetime of graphitic core components has to be
verified by stress analysis using reliable irradiation data.

• Today, none of the former widely tested graphites is still
available.
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Statements II

• Graphite for the PBMR reflector should be produced on a best
guess basis using still existing procedures and experience.

• Data for stress analysis calculations should be deduced from
similar materials tested in former irradiation programmes.

• Therefore, an international database with data from former
nuclear graphite test programmes (US, UK, Japan, Germany,
France) should be supported by possible users.

• For future HTR projects, development and irradiation testing of
new graphites should be resumed as soon as possible.
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Fig. 6, Irradiation behaviour of ASR-2RS (1981) graphite at
500 0 C in comparison with the reference grade ASR-IRS

(1975).

not too much different from ASR-1RS (1975). This
result is somewhat unexpected; before irradiation, ASR
IRS (1979) exhibits higher density, smaller CTE, and
higher strength compared to the reference graphite but
shows almost the same relative changes during irradia
tion (fig. 5).

The same impression is given by the ASR-2RS data
in fig. 6. Even a second impregnation, yielding a bulk
density as high as 1.87 g/cml, does not affect either the
dimensional or the Young's modulus behaviour signifi
cantly.

If these results can be confirmed and are also valid
at temperatures different from 500 0 C, it could be con
cluded that the irradiation behaviour of graphite can be
easily reproduced from batch to batch if only the same
raw materials are used. Moreover, the irradiation testing
of the graphite ASR-lRG (manufactured with regular
pitch coke) will show if the secondary coke technique is
essential for good irradiation behaviour.

For reactor designers these results may he reassur
ing. However, the question "How can the irradiation
behaviour of reactor graphite be predicted from its
physical properties?" remains as open as it was almost
twenty years ago when G.B. Engle and W.P. Eatherly
emphasized [5]: "The mechanisms of irradiation damage
and crystallite changes and the relationships between
crystallite and bulk dimensional changes have not been
developed to the point where dimensional and volumet
ric changes of reactor graphites can be predicted accu
rately from pre-irradiation properties or structural fea
tures."
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critical stresses occur in the across grain direction when
the extruded ATR-2E material is used, the vibrated
ASR-lRS graphite can be used in the with grain direc
tion, and from fig. 4, it can be seen that the dimensional
changes of ATR-2E across grain and of ASR-lRS with
grain are almost the same.

In HFR Petten, ASR-lRS (1975) graphite has accu
mulated a maximum neutron fluence of about 3 X 10 22

neutronsy'crrr' (EDN) in about 10 years. Its changes of
linear dimensions, Young's modulus, thermal conductiv
ity, and coefficient of thermal expansion (CfE) by
irradiation are known.

In the meantime, other grades (see table 1) have been
developed and the question was raised whether their
more or less different physical properties would lead to
a different irradiation behaviour. However, the irradia
tion testing of all these later produced grades is not yet
complete. Nevertheless, it looks as if their behaviour is
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gramme on the most promising materials, it was neces
sary to get to know the irradiation behaviour of ASR
IRS as soon as possible. Therefore, all candidate
graphites have been irradiated in three steps in HFIR.
After accumulation of 2 X 1022 neutronsy'crrr' (EDN)
(which is equivalent to about one year effective irradia
tion time) significant differences between the candidate
graphites became visible. With regard to its very small
anisotropy and good strength, ASR-1RS graphite was
defined as a reference material for the highly loaded
parts of the reflector.

Later, when the irradiation results from HFR Petten
experiments became available, this decision was COn
firmed. Fig. 4 shows that ATR-2E graphite exhibits
higher maximum shrinkage and higher anisotropy than
ASR-1RS (both leading to higher irradiation induced
stresses), but assumes the original length at a higher
fluence in both directions. However, considerably larger
blocks are manufactured by the vibrational moulding
technique compared to extruding. In all cases where the

5 I \:l 15 20 25 30
Neutron Fluence (1021/cm2 (EON)

Fig. 5. Irradiation behaviour oC ASR-1RS (1979) graphite at
500°C in comparison with the reference grade ASR-1RS

(1975).

30

30

5 10 15 20 25
Neutron Fluence (10 2 1 /cm2 (EON))

5 10 15 20 25
Neutron Fluence (10 2 1 Icm2 lEON))

ASR-IRS (1975)
e with grain
o across graIn

ATR-2E
I1t e i t h graIn
o across grain

k,.,~-->----+----,9;~~-+---->--'-+-

-5
o

ro
C
o

";.;:; -[
c
'":: -3

=

9

ro
C
o
z:; -1
c;

'":: -3
ca

-5
a

9
:-<

~
7

ar= 5c;
ro

.s:
3L)

As the irradiation temperature in HFIR experiments
is calculated before and verified after the irradiation
(monitoring and controlling equipment are not available
during irradiation), in the German research programme
HFIR data are only used to compare the irradiation
behaviour of different graphite grades, whereas design
data are created in the High Flux Reactor (HFR) Petten
at neutron fluences about 4 times smaller, but at well
controlled temperatures. Capsules equipped with ther
mocouples and containing about 90 to 120 specimens
are kept at constant temperature by gas mixture and by
shifting the capsule vertically as fuel is burned and
control rods are raised.

The first batch of ASR-1RS graphite was produced
in 1975 when the graphite grade ATR-2E (made from
special pitch coke) was still under consideration and
had already proven its good irradiation behaviour. To
determine whether using the secondary coke technique
and vibrational moulding is a better way to produce
reactor graphite, and to focus the development pro-

Fig. 4. Irradiation behaviour of extruded ATR-2E graphite at
500 0 C in comparison with the reference grade ASR·I RS

(1975).
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Thus, effort has been concentrated on graphite grade
V483 and several changes of the production technique
have been investigated to improve the baking behaviour
of blocks as large as 0370 x 900 and 370 X 300 x 900
mrrr'.

The irradiation testing has been done primarily in
the HFIR reactor at Oak Ridge, directly comparing all
the concurrent graphites. Therefore, neither temperature
regulation was necessary nor flux effects (if existing)
had to be considered. It turned out that V483 graphite
exhibited faster and higher initial shrinkage due to its
relatively high binder content. After the dimensional
changes reversed, rapid expansion occurred, which obvi
ously would lead to higher stresses in graphitic reactor
components. This was the reason for giving up the V483
material. Being a fine grain graphite its fracture be
haviour is expected to be worse than that of coarse
grain graphites and the relatively high strength was not
high enough to compensate this disadvantage.

3.6. Developing graphite for core support columns

Originally, graphite for core support columns had
been produced with the same mixture V483 as was used
for developing graphite for reflector components. How
ever, the required block dimensions and physical prop
erties were different, and other steps had to be taken to
realize the desired product. With the available press, it
was not easy to achieve the block dimensions of 0155

Table 2
Properties of graphite V483 for core support columns

Property a) Grade

T T2 T5 T6

Ash content (ppm) 240 70 13 32
Density (g/cm) 1.76 1.78 1.78 1.77
CTE (20-500 0 C) ( II) 3.57 3.59 3.83 3.93

(l0-6/K) ( .1 ) 4.01 3.87 4.18 4.48

Anisotropy factor 1.12 1.08 1.09 1.14
Youngs' modulus ( II) 9.5 9.5 11.1 11.3

(k Ny'mrn") ( J.. ) 8.4 9.1 10.7 10.9
Bending strength ( II) 28.6 38.9 51.6 55.3

(N/mm2
) ( .1 ) 25.0 37.7 47.3 51.3

Compressive strength (Ill 59.9 77.8 103 111
(Ny'rnm") ( .1 ) 62.1 79.9

Tensile strength ( III ]7.2 25.0
(N/mm') ( .1 ) :15.5 24.5

Thermal conductivity (II) 143 111 94 86
(W/mK) ( J.. ) ]]4 106 87 79

a j ( II) ~ parallel, ( J.. ) ~ perpendicular to grain orientation.

x 1980 rnnr' after machining and, at the same time, to
get high strength and high corrosion resistance.

The first reasonable result was the graphite grade
V483T; its properties are listed in table 2. However, it
turned out that using still smaller filler grain signifi
cantly improved values for strength could be obtained
and simultaneously, an important reduction in ash con
tent was achieved. This improved grade is referred to as
V483D in table 2.

This stage of development was reached in 1982. In
the meantime, no further pebble-bed reactor has been
built. However, the best way to conserve this knowledge
is to continue developing graphites for future applica
tions and to guarantee long-term availability. This led
the Ringsdorff-Werke to the decision to use other raw
materials, and to find out how to reproduce or even to
improve the properties of graphite for core support.
columns.

The data of grades V483T5 and V483T6 in table 2
show that these efforts have been very successful. The
good bending and compressive strength values of
V483D have again been increased by about 30% (T5)
and 40% (T6) and the ash content has been decreased
by more than a factor of 2 in both grades.

4. Irradiation testing

Irradiation induced stresses resulting from the
Wigner effect are most important for the selection of
graphite for application at high fast neutron fluences.
The graphite lattice is fundamentally damaged in a
reactor environment by collision of high-energy neu
trons with carbon atoms in the lattice. The carbon
atoms are displaced to interstitial positions, leaving,
behind vacant sites in the layer planes. Some of the'
vacancies and interstitial atoms are immediately an
nealed by recombination, but those remaining may con
centrate, depending upon the conditions of neutron
fluence and irradiation temperature, and form larger
clusters.

Since the German HTR concepts are based on unex
changeable reflector components, lifetime fluences are
particularl high ranging from 3 to 4 X 1022 neutrons/
crrr' on the so-called Equivalent-Dido-Nickel (EDN)
scale. Therefore, irradiation testing of HTR core materi
als is done in material test reactors such as the High
Flux Isotope Reactor (HFIR) at Oak Ridge National
Laboratory or the High Flux Reactor (HFR) at Petten
Joint Research Center, where significant neutron
fluences are accumulated at high neutron flux.
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Table 1
Properties of German graphites for the reflector of High Temperature Reactors

Property a) Graphite grade and year of production Improved Demonstration grades

Reference grades ASR-IRS ASR-IRS ASR-2RS ASR-IRG
1979

ASR-IRS ASR-2RS ASR-1RG 1986 1986 1986

1975 1981 1981

Ash content (ppm) 390 40 130 490 640 620 570
Densi ty (gjem') 1.78 1.87 1.79 1.81 1.84 1.88 1.79
Lin. thermo expansion ( II) 4.70 3.92 3.50 4.22 3.62 3.62 3.15

coefficient (10- 6j K ) ( .1. ) 4.87 4.12 3.95 4.42 3.85 3.84 3.72
Anisotropy factor 1.04 1.05 1.13 1.05 1.06 1.06 1.18
Young's modulus ( II) 9.9 10.5 8.7 10.2 10.1 ILl 8.7

(kNjmm2 ) (.1.) 9.2 10.1 7.7 9.8 9.9 10.7 7.6
Bending strength <JI) 26.0 28.5 19.4 26.9 24.7 27.8 16.1

(Njmm2 ) ( .1. ) 23.0 28.2 17.1 26.4 25.8 28.6 15.5
Compress. strength ( II) 67.1 79.8 47.0 66.5 62.5 73.4 39.8

(Njrnrn2 ) ( .1. ) 63.1 80.0 47.8 66.5 64.8 75.7 41.5
Tensile strength <JI) 14.9 19.1 12.0 17.9 17.2 18.8 10.6

(Njmm2
) (.1.) 13.5 18.1 10.9 18.1 17.5 19.6 10.1

Thermal conductivity <JI) 125 146 154 134 155 162 162
(WjrnK) ( .1. ) 125 142 136 130 149 157 141

a) (II) = parallel, ( .1. ) = perpendicular to grain orientation.

highest possible strength is required.
Some parts of the core structure of a pebble-bed

HTR (especially in the so-called HTR-Modul reactor)
are exposed to only small or medium neutron fluences.
For this purpose it has been suggested to use a cheaper
graphite made directly from ordinary pitch coke by
vibrational moulding with only one impregnation. This
material exhibiting higher anisotropy and smaller
strength is called ASR-IRG. Some physical properties
of all reference grades are listed in table 1.

The development of isotropic reactor graphite with
optimized properties raises the problem of how the
properties change from batch to batch or when the
production technique is scaled up. As an example, table
1 shows that the transition from ASR-1RS(1975) pro
duced in laboratory scale, to ASR-IRS(1979) produced
in preproduction scale, resulted in remarkable property
changes. This led to the decision that, at the end of the
development programme, so-called demonstration
batches of all reference grades had to be produced in
production scale, i.e. in the order of 30 to 40 full size
blocks. The question, if the observed variations in some
of the physical properties are significant to the design of
graphitic reactor components, remains upon until the
irradiation testing is done.

3.5. Developing isostatically moulded graphites

Based on the experience that reactor graphites for
core components must be isotropic, the isostatic mould
ing technique has to be taken into account when, in the
early 1970s, graphites made from Gilsonite coke had to
be replaced, At that time, the Ringsdorff-Werke com
pany had a lot of experience with that moulding pro
cess. However, the block dimensions had to be in
creased by a factor of 2 to 3 for reactor purposes and at
that time there was only slight experience of the neutron
irradiation behaviour of isostatically moulded graphite.

These conditions seemed to be somehow contradic
tory since isostatic moulding requires small grain size of
the filler but high binder content. Consequently, the risk
of graphite blocks cracking during the baking process
increases with increasing block size and also a higher
binder content, in general, leads to a decrease of dimen
sional stability under irradiation.

In the first stage, different cokes, for example regular
petroleum coke and pitch coke, had been taken into
consideration which showed that there might be some
preference for petroleum coke. However. this develop
men t has also been influenced by the decision to use
domestic raw materials exclusively.
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Fig. 3. Dimensional behaviour of baked carbon based on
different fillers in the temperature range from 100 to 24000 C.

inert mass of the covering weight. Evacuating the mould
before and during densification improves the final den
si ty and the homogeneity of the product.

The optimization of the vibrational moulding pro
cess had to take several parameters into account: The
best vibration frequency is dependent on the composi
tion of the green mixture and of the height of the block;
the optimum frequency ranges from 20 to 35 cps. The
optimum amplitude increases from 1.5 to 4 rom with
increasing height of the block. Amplitudes below the
optimum lead to smaller densities, higher amplitudes
favour crack formation. The covering weight depends on
the composition of the green mixture, the height and the
height to cross section ratio of the block. The optimum
pressure ranges from 150 to 500 glen? The vibrating
time is less than 1 min.

By carefully tuning the frequency and amplitude, a
stable counterphase oscillation of the vibrating table
and the covering weight is adjusted, which provides
steady progress of compression and good homogeneity
of the blocks.

3.3. Improving the graphitization behaviour
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In the initial stage of the development of isotropic
reactor graphites based on coal tar pitch coke, many
graphite blocks cracked during graphitization. At that
time, experiences concerning the expan.siony' shrinkage
behaviour of carbon materials were limited to aniso
tropic grades (e.g. from the examination of puffing
effect), whereas the behaviour during graphitization of
isotropic carbons based on pitch cokes had not yet been
investigated in detail.

After observing the dimensional behaviour of differ
ent baked carbon grades in a high temperature dilatom
eter from 100 to 2400 0 C, it became clear that carbons
based on petroleum-needle coke behave different from
those based on secondary coke. Fig. 3 shows that these
rna terials behave similarly at temperatures below the
baking temperature of 900" C where they both expand
linearly, but at higher temperatures the secondary coke
carbon reverses its dimensional behaviour, whereas the
needle-coke material continues expanding - slowly from
900 to 1700 0 C and again faster above 1700 0 C. The
pronounced shrinking at temperatures above the baking
temperature was found to be characteristic for carbon
rna terials based on isometric coke and, when combined
with the higher Young's modulus of isotropic graphite,
is believed to cause the poor graphitization behaviour.

Numerous test series have been performed to in
vestigate the influence of various production parame
ters. As can be seen from fig. 3, adding graphite to the

secondary coke filler markedly reduced the shrinkage
during the graphitization process. Another positive in
fluence on the dimensional behaviour has been found
from impregnating and rebaking at higher temperature
[4]. Therefore, to prevent isotropic carbon artifacts from
cracking the following steps have been established:
- adding about 15 to 20% ground graphite of the same

grade to the final mixture (which does not change the
properties of the product),

- increasing the maximum baking temperature from
900 to 1100 0 C (which improves the properties of the
product).

3.4. Reference graphites

A wide range of different graphite grades have been
irradiation tested (see section 4). Finally, the decision
was made in favour of the graphite grade ASR-IRS. Its
smaller anisotropy, larger block sizes and appreciably
higher strength had been decisive.

As there is only one impregnation necessary to
achieve such good properties, it is possible to improve
this graphite again by a second impregnation. This leads
to the grade ASR-2RS to be used in all cases where the
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large block size areas in fig. 1) are almost entirely
protected against fast neutrons by the bottom reflector,
the top reflector and the inner side reflector. Therefore,
the design of these components does not depend on any
irradiation behaviour. The strength requirements de
pend on the special function of the components but
normally are of minor importance compared to the
inner reflector components. However, development and
production of core support blocks with dimensions of
500 X 500 X 2000 mrrr' was a major problem. Because
the temperatures of these components under operation
are particularly high, good chemical purity was neces
sary to achieve low corrosion ra tes.

The Core support columns are also part of the sup
port construction (see fig. 1). They must have very high
strength, in particular as they are exposed to cooling gas
streams of different temperatures leading to thermal
stresses. Core support columns are also in danger of
corrosion and therefore are made from graphite with
small ash conten t.

3. Developing reflector graphite for High Temperature
Reactors

The HTR graphite development programme was
originally based on two main aspects:

Development of new cokes with isotropic structure
and isometric grain made from coal tar pitch to produce
reactor graphite using conventional methods (e.g. for
ming by extrusion).

Development of new methods for the production of
isotropic graphites from commercially available aniso
metric pitch coke.

However, the demand for raw materials for nuclear
purposes has been estimated to be too small to make
every effort to develop new cokes. Actually, there was
only one special pitch coke available to produce the
ATR-2E graphite which exhibited good physical proper
ties and excellent irradiation behaviour without modify
ing the conventional production process. This experi
ence led to the conclusion that the development of new
production techniques using ordinary pitch coke might
be successful.

3.1. Secondary coke technique

Normally, the industry produces graphite from well
graphitizing cokes with a more or less pronounced layer
structure. These cokes fracture parallel to the layer
planes when they are ground, leaving anisometric grains
which may be needle-like in the extreme. Depending on

the pressing technique, anisometric grains can show
preferred orientation, which makes the final product
anisotropic.

The preferred orientation of the grains can be avoided
using a particular preproduction technique [2]: The
precurser coke with 0.12 rom maximum grain size is
mixed with standard coal tar pitch binder using a fast
mixer. Then, the hot mixture is compressed by vibration
moulding (see section 3.2,) yielding large blocks to be
baked at temperatures above 1100 0 C and then ground
to a maximum grain size of 1 mm. Thus, an isotropic
coke aggregate is obtained with high bulk density, excel
lent mechanical properties, low contents of ash and
volatiles, and nearly spherical grains.

This secondary coke is used exactly like conventional
filler; it is mixed with coal tar pitch binder in a fast
mixer, with 20% ground isotropic nuclear graphite ad
ded (see section 3.3.) to improve the baking and graphi
tization behaviour.

3.2. Vibrational moulding

In principle, the preproduct technique can be used in
combination with all forming methods. Nevertheless,
reflector blocks for future High Temperature Reactors
are so large, that forming by moulding or by extrusion
had to be given up for cost reasons and the vibrational
moulding technique [3] has been developed. The
equipment and the procedure are shown in fig. 2. The
vibration moulding machine consists of a vibration ta
ble, a mould, a covering weight with a guide rod and a
vacuum device.

The hot green mixture is poured into the mould
directly from the mixer. Compression of the mixture
results from vertical vibrations of the mould against the

Fig. 2. Schematic diagram of the vibrational moulding process.
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Fig. 1. Vertical section of a pebble-bed HTR (schematic di
agram).

• Low-fluence region 882 Medium-stressed
large blocks

II Core E22J Low-stressed
support columns large blocks

Germany. During the early 1970s it became clear that
only isotropic graphites might be able to meet the needs
of future pebble bed High Temperature Reactors.

The most promising way of manufacturing isotropic
graphites had been based on Gilsonite coke as filler, a
naturally occurring bitumen mined in Utah, USA, which
consists of almost spherical grains. However, for some
reasons the longterrn availability of Gilsonite coke had
to be called into question and the first oil crisis in 1973
led to the decision to use only domestic raw materials
for German reactor graphites.

2. HTR requirements

The German development programme for reactor
graphite is based on the cooperation of the companies
Hochternperatur-Reaktorbau GmbH (HRB) and Gesell
schaft fur Hochtemperaturreaktor-Technik GmbH
(GHT)/lnteratom GmbH as nuclear reactor construct
ing industry, Sigri GmbH and Ringsdorff-Werke GmbH
manufacturing graphite and the Kemforschungsanlage
Jiilich GmbH (KFA).

As an example for future High Temperature Reac
tors, fig. 1 shows schematically the core construction of
a HTR-500 pebble-bed reactor. The different require
ments with respect to neutron fluence, mechanical load,
chemical impact or block size led to different goals of
the graphite development programme.

~ High-fluence region High-stressed
large blocks

2.1. Reflector components

Unexchangeable components for the high- and low
fluence zones are called reflector components. Their
main purpose is to reflect and moderate the neutrons
escaping from the reactor core.

Because the reflecting power depends on the number
of carbon atoms per em', the density of reflector gra
phite should not be less than 1.70 g/cm3

.

With respect to neutron physics, the overall
neutron-capture cross section is required to be smaller
than 5 mbarn. Consequently, the content of neutron-ab
sorbing chemical elements such as Gd, B, Sm, and Eu,
has to be kept small. With respect to corrosion by
impurities from the cooling gas such as °2 , H 20 and
CO2 , catalytically acting chemical elements such as Fe,
Ca, Sr and Ba are importan r. Experience shows that all
this can be summarized by an upper limit for the ash
content of nuclear graphite of about 600 ppm.

For the use of graphite as structural reactor material.
the mechanical stability - primarily the tensile strength
- has turned out to be most important. As a result of
the Wigner effect and of temperature gradients, internal

stresses are created in the components which might be
damaged severely if the stresses exceed the strength.
Therefore, some other physical properties are supposed
to satisfy limiting conditions such as dynamic Young's
modulus not to exceed 12 kN/rnrnZ, thermal conductiv
ity higher than 90 W/m K at room temperature, and
coefficient of linear thermal expansion (CTE) smaller
than 6 X 1O- 6/ K from 20 to 500 0 C.

The anisotropy factor of graphite is defined as the
ratio of the linear thermal expansion coefficients in the
two main crystallographic directions. For the construc
tion of reactor components only isotropic graphites with
anisotropy factors from 1 to 1.05 are stable enough
against fast neutron irradiation damage. A compromise
had to be found between small CTE-values to be
achieved using anisotropic coke and isotropic products
based on coke with high CI'E,

2.2. Core support construction and outer parts of the
reflector

-3raphite components belonging to the core support
construction or to the outer parts of the reflector (see
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The German graphite development programme for High Temperature Reactors has been based on the assumption that
reactor graphite for core components with lifetime fluences of up to 4X 1021 neutrons per cm2 (EDN) at 400 0 C can be
manufactured from regular pitch coke. The use of secondary coke and vibrational moulding techniques have allowed
production of materials with very small anisotropy, high strength, and high purity which are the most important properties of
reactor graphite. A variety of graphite grades has been tested in fast neutron irradiation experiments. The results show that
suitable graphites for modem High Temperature Reactors with spherical fuel elements are available.

1. Introduction

Graphite is an almost perfect reactor material. In
1942, Enrico Fermi already used graphite as moderator
in the first nuclear reactor fashioned by the hand of
man. In the course of nuclear reactor development, the
physical and chemical properties of graphite have been
responsible for many important advances in nuclear
reactor technology.

It is obvious that on the way to modern High Tem
perature Reactors (HTR) providing temperatures of
about 1000 0 C severe technical problems had to be
solved, but in no case was graphite with its good mecha
nical and excellent thermal properties the reason for
these problems. Only the future reactor concepts HTR
500, HTR-100 and to some extent the Modular HTR
make use of graphite in a way that limiting factors have
to be considered. This was the reason for the develop
ment of new isotropic graphites and for irradiation
programmes to investigate the influence of the Wigner
effect (i.e. fast neutron radiation damage in the graphite

• Dedicated to Prof. H. Nickel on the occasion of his 60th
birthday.

crystal structure) on the physical properties of graphite
at very high neutron f1uences.

Most of the nuclear graphites have been produced by
the Acheson process which for several decades had been
used for the production of furnace electrodes (1]: A
coke filler is mixed with thermoplastic hydrocarbon
binder, pressed to form a "green" artifact and then in
two steps is subjected to a more or less complex heat
treatment. The first step consists of the baking process
at temperatures of about 1000 0 C, converting the binder
into almost pure carbon, while in the second step the
baked material is graphitized by electric resistance-heat
ing to a final temperature of 2600 0 C or higher. In some
cases where higher density is required, the porosity
resulting from the raw materials and the baking process
is decreased by impregnation with pitch or tar prior to
graphitization

The fast neutron irradiation behaviour of polycrys
ta!line graphite had been studied for many years in the
frame of the Advanced Gas-cooled Reactor programme
and the OECD Dragon Reactor Project in Britain, the
Experimental Gas-Cooled Reactor (EGCR) program
and the High-Temperature Gas-cooled Reactor (HTGR)
program in the USA and the AVR and THTR Pebble
Bed Reactor programmes in the Federal Republic of

0022-3115/90/$03.50 © 1990 - Elsevier Science Publishers B.V. (North-Holland)
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Forschungszentrum Julich

Institute for Safety Research and Reactor Technology ISR

Heat Transfer Mechanisms

.:. Conduction in Coated Particles
important in extremely fast transients

.:. Conduction inside pebbles
Conductivity depends on temperature
and fast neutron fluence

.:. Transfer from pebbles to coolant
Nusselt's law according to experimental results
KTA-rule

.:. Transfer from pebble to pebble
by radiation and conduction via pebble contacts
effective heat conductivity from theoretical considerations
validated at experimental results

.:. Convective Transport in Coolant
2-dimensional models applied

18.07.01
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Basic Statements on
Heat Transfer in Pebble Beds

.:. Temperature profile in pebbles
leads to temperature differences < 70°C in
normal operation

.:. Temperature jump at pebble
surface
is normally < 30°C

.:. Effective Conduction in Pebble bed
determines the max. fuel temperature in
depressurlzatlon events. Tmax < 1600 °C

.:. Convective Transport in Coolant
plays also a significant role during LOFC events
(natural convection) and determines there the
temperature shift upward and the temperature
loads on metallic components 18.07.01
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Fluid Flow in Pebble Beds

.:. Forced Flow maintained by
blower (steam-cycle) or
turbo-compressor unit (direct eye.)
Pressure drop relations from experiments.
KTA rule .

•:. Natural convection flow
driven by buoyancy forces caused
by temperature distribution in core
Natural convection causes heat transport
from hot to cold areas of the core
if forced convection is not present.

18.07.01
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Basic Statements on
Fluicl Flow in Pebble Beds

.:. Detailed Flow around pebbles
hardly to model
Models assume homogeneus massflow in
2 dimensions. Pressure drop relations from
experiments. KTA rule. Pressure drop is about
0.05 to 0.:1 MPa

.:. Quasi-Steady-State Flow
assumption in normal operation
Inertia forces are small in Helium which justifies
the assurnption for model calculations

.:. Natural convection flow significant
only at elevated pressure
In LOFC situations nat. conv. causes heat transp.
mainly in upward direction and heats up top core
structures. In DLOFC situations nat. conv.
may be neglected 18.07.01
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Basic Statements on
Heat Removal/Power Feedback

.:. Reduced Heat Removal Reduces
Nuclear Power
Strong negative feedback via fuel and graphite
temperature. Easy power control by mass-flow
without significant temperature changes

.:. Loss of coolant performs
Reactor Shut-down
Xenon decay leads to recriticality after long time

.:. Loss of forced cooling initiates
Natural convection flow with earlier
recriticality

Better cooling leads to lower temperature
increase with less subcriticality

18.07.01
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AVRGmbH
Arbeitsgemeinschaft Versuchsreaktor AVR GmbH
AVR =Joint Working Group Experimental Reactor

Short Notice

AVR Operational Experience, Overview

Edgar Wahlen, AVR
Peter Pohl, AVR

Executive Statements Summary

1 History

1956 Engagement of AVR in HTGR from the very beginning

1961 Begin plant construction

1964 First Gore ordered (UCC)

1966 First GOre delivered, First criticality

2 Overall achievements

5 July 2001

2.1 The plant has been operated for 21 years(1967 - 1988). Given the experimental

and first-of-its-kind character of the plant, the achieved time availability with a

record value of 92 % in 1976 is quite remarkable (Fig. 1).

2.2 Starting in 1974, operation at 950°C had a share of nearly 30 %.

2.3 The personnel dose uptake records show significant improvements in the course

of the years due to better components and procedures (lessons learned, Fig. 2).

2.4 Radioactivity release to the atmosphere remained well below licenced levels

(Fig. 3).

3 Fue~

3.1 AVR was the indispensable mass test facility for all development steps of pebble

fuel (Table 1).

32 Pebbles with oxide fuel, and no matter if HEU or LEU, BISO or TRISO coatings,

showed at max. fuel temperatures of> 1300 DC and burnups of partly> 20 % fima

excellent fission product retention (Table 2)
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3.3 In the modern U02, TRISO pebble the fission product release is practically

exclusively determined by the little as-manufactured free uranium outside of the

coatings.

4 Pebble cycling

During plant operation, 2.4 million pebbles were cycled. The cycling system as a

first of its kind needed frequent maintenance but worked well after various

improvements, and accounted for only 3 % of the generator non-availability

(Fig. 4).

5 Water ingress

A water ingress in 1978 due to a steam generator leak did in the end not affect

continued plant operation, and there was no need to replace fuel.

6 Safety demonstrations

6.1 Experiments simultaneously simulating the loss of forced cooling and stuck rods

resulted in a simple shut-down and, with the rods kept withdrawn, In a

recriticality with the reactor stabilizing at a very low core power (Fig. 5).

6.2 A complete loss-of-coolant accident was realistically simulated with the AVR at

depressurized conditions (Fig. 6). A maximum temp. of 1090 °C occurred in the

core center in less than 10 hrs after accident initiation.
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AVR Pebble fuel variety

AVR as mass test bed

Table 1

Pebble structure

• Shell type

]I Pressed type

Fuel design

REV

• (U / Th ) C2 with 5 g Th

]I (U / Th ) O2 with 5 or 109 Th

• Feed / Breed, V02, VC2, UCO, Th02

LEV

]I U02, different enrichments

Coating design

• BISO type

]I TRISO type

• Feed / Breed (TR[SO / BfSO mixed)

37,700

253,000

87,600

129,400

20,300

53,400

202,900

74,300

13,500

Pebbles.doc



AVR Coolant activity

Stationary operation at 950°C

Table 2

Activity concentrations in Bq / m3 and descending order

• Total fission gases 4.6 E 08

]I Tritium 3.7 E 07

III C 14 1.9 E 07

]I J 131 5.2 E 02

III Cs 137 3.0 E 02

]I Sir 90 2.0 E 02

III AgHOm 4.9 E 01

]I Co 60 1.0 E 01

Coolant .doc
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AVR

• 1956

• 1961

• 1964

• 1966

• 1967 to 1988

Plant history

Engagement of AVR in HTGR, from the very beginning

Begin plant construction

First core ordered from Union Carbide

First criticality

In operation as Experimental and Pebble Test Reactor

• Electricity production 1,670 GWh with about 300,000 pebbles.

That means an average production of 6 MWh from each pebble.

Histc



DECOMMISSIONING OF THE AVR REACTOR,
CONCEPT FOR THE TOTAL DISMANTLING

C. MARNET, M. WIMMERS
AVR GmbH, Dusseldorf

U. BIRKHOLD
ISE GmbH

Germany

Abstract

1111111111111 till1111/1111111111111111111111111 11111111

XA9848060

After more than 21 years of operation, the 15 MWe AVR experimental
nuclear power plant with pebble bed high temperature gas-cooled reactor was shut down in
1988. Safestore decommissioning began in 1994. In order to completely dismantle the plant, a
concept for Continued dismantling was developed according to which the plant could be
dismantled in a step-wise procedure. After each step, there is the possibility to transform the
plant into a new stlte of safe enclosure.

The continued dismantling comprises three further steps following
Safestore decommissioning:

1. Dismantling the reactor vessels with internals
2. Dismantling the containment and the auxiliary units
3. Gauging the buildings to radiation limit, release from the validity range of the AtG

(Nuclear Act), and demolition of the buildings

For these steps, various technical prrocedures and concepts were
developed, resulting in a reference concept in which the containment will essentially remain
intact (in-situ concept} Over the top of the outer reactor vessel a disassembling area for
remotely controlled tools will be erected that tightens on that vessel and can move down on
the vessel according to the dismantling progress.

1 Introduction

The 15 MWe experimental nuclear power plant with helium cooled
pebble-bed high temperature reactor of the Arbeitsgemeinschaft Versuchsreaktor Julich
(AVR) GmbH was one of the first nuclear power plants developed in the Federal Republic of
Germany (Fig. 1). In 1987, the dismantling was decided and in 1988, the reactor was defini
tively shut-down after more than 21 years of operation /1/.

17
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Containment

Diameter
Wall thickness
Height
Design pressure

16m
12mm
41.5 m

3 bar

1.2 Existing systems and facilities of the reactor operation

The systems and facilities of the reactor operation, as shown in Table I,
are available to sustain the basic operational functions during the dismantling works, i. e.
control, supply and disposal functions. The operation of these systems takes place in accor
dance with the operating instructions of the existing decommissioning manual
(Stillegungshandbuch SHE).

Table 1: Existing systems and facilities for the dismantling of the AVR plant

Vent systems 1 and 2
Vent systems I and 2 WW
Exhaust air control systems 1 and 2
Liquid waste disposal systems I, 2, 3 and 4
Drain pump system of vessels 21 and 22
Compressed air supply system
Power supply system
Fire water supply system
Radiation monitoring laboratory
Clean rooms
Personnel locks +5 m, +II m and +38 m

1.3 The radiological starting position of the plant

The inventory of radiological activity has been calculated for the year
1992 and is compiled in Table 2 listing the important nuclides.

Table 2: Activity of the principal nuclides of the reactor vessels including internals

Steam Thermal Biological Reactor Ceramic Primary Total
Nuclide generator shield shield I vessels internals loop
Co 60 3.1E+12 1.2E+14 2.0E+09 3.1E+14 2.8E+15 3.2E+15
Sr 90 3.6E+13 l.3E+13 4.9E+13
Cs 137 25E+13 66E+ll 2.6E+13
C 14 1.2E+13 1.2E+13
Tritium 1.5E+15 1.5E+15

Besides the activation products and the activated corrosion products (e.g.
Co 60, Fe 55, Ni 63), there exist dust-bound fission products (Sr 90, Cs 137, Cs 134 etc.) and
partly nuclear fuel fines caused by abrasion

21
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3 Concept and pre-engineering

For the further decommissioning project steps 1 to 3, various technical
procedures and concepts were developed. These studies were aimed at showing feasible ways
to dismantle the AVR plant, emphazising the dismantling of the reactor vessels with internals,
and assess the costs in order of magnitude. On this basis, the AVR GmbH has requested one
consortium to provide the engineering of the disposal and two consortia to provide the pre
engineering of the following concept variants:

• Concept variant 1:
• Concept variant 2:

Dismantling of the reactor with extension of the containment
Dismantling of the reactor without structural alterations of the
containment (In-Situ Concept)

AVR requested that two conditions are to be adhered to during the pre-
engineermg:

• The Two-Barrier-Concept is to be maintained; i. e. the barriers containment and outer
reactor vessel are to be preserved or to be adequately replaced

• The dismantling work in the inner reactor vessel is to be performed under an inert atmos
phere.

3.1 Concept variant 1

The concept variant 1 was investigated by ARGE BABCOCK/STEAG
DETEC and is characterized by the following criteria /2/

• After the dismantling of the roof, the containment will be enlarged (Erweiterter Schutzbe-
halter, ESB)

• Installation of a disassembling area inside the ESB
• Dismantling of the steam generator and disassembling in the disassembling area
• Dismantling and disassembling of the reactor vessels in parallel to the disassembling of the

steam generator
• Use of Master-Slave manipulators

3.2 Concept variant 2

The concept variant 2 was investigated by ARGE NOELL-LENTJES
and shows the following criteria:

• Installation of a disassembling area without enlargement of the containment
• Step by step lifting of the steam generator and disassembling of the tube bundle by use of a

power manipulator
• Installation of a large manipulator with tools to dismantle the reactor vessels
• The dismantling of the steam generator and the reactor vessel are executed sequentially.
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4.2 Technical concept

It is the essential objective to dismantle the AVR plant within the con
straints provided by the regulatory body, the budget and the a.m. protective aims. In order to
ensure this general requirement, the reference concept is based on the following superim
posed engineering requirements which are to be adhered to in any case

4.2.1 Engineering requirements

In-Situ-Concept

The dismantling of the reactor vessel is to be performed without any 
from outside - visible alterations of the reactor building and under keeping the containment. If
need be, the containment inside the reactor building may be altered. These alterations, how
ever, may only be of insignificant nature.

Two-Barrier-Concept

The dismantling of the reactor vessels with internals is to be performed
under the restraints of the Two-Barrier-Concept. 1. e. during the dismantling of the reactor
vessels, the two barriers

• containment and
• outer reactor vessel

are constantly to be maintained by appropriate measures in order to warrant a safe activity
enclosure.

Emission of radioactive materials with exhaust air

The limiting values for the emission of radioactive materials with ex
haust air in safestore decommissioning are also to be adhered to during the dismantling of the
reactor.

Waste treatment
Due to the limited space available, the waste treatment and conditioning

of dismantled parts are to be performed in the Hot Shop. The dismantled parts are thus to be
packed into appropriate containers on location and to be transported to the Hot Shop for fur
ther treatment.

Packing
The packing of the radioactive wastes has to abide to the receiving con

ditions of the possible future disposal site KONRAD. The packing of radioactive materials
has to abide to the receiving conditions of the neighbouring Research Centre (REBEKA
facility) and external waste disposal companies (e.g. Siempelkamp)

Regulations from the safestore decommissioning licence
The design and licensing for the dismantling of components has to con

sider the relevant clauses and regulations of the approval for safestore decommissioning /21.
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For the dismantling of the steam generator and the reactor vessels, the
following facilities shall be installed on the upper level:

• Electric powered Master-Slave-Manipulators (EMSM), carrying capacity approx. 100 kg
• Power manipulator, carrying capacity approx. 100 kg
• Auxiliary manipulator (power manipulator)
• Manipulator support system and bearings for parts up to approx. 1000 kg
• Lifting magnet for dismantled parts
• Disassembling facilities with guiding and mounting devices for milling and sawing tools

used to disassemble the vessel walls and the thermal shield.
• Devices to dismantle the steam generator tubes and the fuel discharge tube
• Facility to transport the dismantled parts between manipulator and polar crane
• Auxiliary disassembling area

The lower level contains the service area with a lock area for removed
materials, tooling machines, tools, supplementary means and persons during interventions and
a measuring area for removed materials. Transportable shielding for interventions is stored at
appropriate locations in the disassembling area.

4.3.3 Dismantling of the steam generator (Fig. 6)

The disassembling of the steam generator is to be performed in the
mounted stage, whereas the load transfer continues to take place via the bracing tubes and the
inner reactor vessel lid. For the disassembling, the central opening for the displacement tube
of the steam generator will be enlarged only to the size necessary to bring in the EMSM. Cut
ting tools used shall be a hydraulic cutter for the vertically oriented steam generator tubes and
a double disk saw for the horizontally oriented steam generator tubes. The cutting of the
steam generator progresses from top to bottom collecting the cut-off tube pieces in a trans
portable bin

The disassembly of the tightly coiled steam generator tubes, equipped
with spacers and bracing tube fixations will have to be demonstrated on a model during the
'design and licensing phase'.

4.3.4 Dismantling of the reactor vessels with internals (Fig. 7, 8)

The dismantling concept provides to dismantle the reactor vessels with
internals successively from top to bottom. In order to dismantle the ceramic internals the
upper vessel domes will only be opened as much as necessary to bring in the manipulators.

The four time lowering of the disassembling area by approx. 3 m each
time permits the disassembling of the cylindrical reactor vessel walls including the biological
shield I moving from the outside to the inside simultaneously to the disassembling and dis
mounting work inside the inner reactor vessel. This permits a flexible way to proceed.
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Fig. 9. Status before containment dismantling

Containment
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After the plant is released from the AtG the demolition of the buildings
and the disposal of recyclable materials takes place according to conventional procedures
under the conventional regulatory body, e.g. Kreislaufwirtschaftsgesetz, BImSchG.

The dismantling of the AVR will end with the compilation and archiving
of the safety documentation and the return of the site to green field.

4.6 Disposal concept

In order to dispose of the waste, different packing variants have been
investigated in view of the final repositories ERAM and KONRAD. The calculation of the
optimised packing volume resulted in a storage volume of approx. 4 700 m3 at the KONRAD
facility. Part of the drums and bins still need type rating for this purpose. Difficulties arise in
particular from the restrictive KONRAD reception conditions for tritium (H-3) and carbon
(C-14)

4.7 Time schedule

The time schedule is shown in Fig. 10 from a today's view point. Under
the assumptions that the application for the dismantling of the reactor vessels can still take
place in 1998 and the permit be granted until the end of 2000, the state of 'Green field' for
the AVR plant may be accomplished in 2011

4.8 Costs

The cost estimates which have been performed during the two pre-engi
neering phases resulted in approx. 250 Mia DM for the dismantling of the A VR plant. The
disposal effort is supposed to be in the same order of magnitude. Thus, for the dismantling of
the A VR plant a total cost of approx. 500 Mia DM is expected (without safestore decommis
sioning).

5 Further proceedings

In July 1997, selected bidders have been invited to tender for the service
package of dismantling the AVR plant containing the continued dismantling steps 1 to 3 and
partial services of the safestore decommissioning phase 2. Objective of the invitation to
tender is to find a qualified general contractor for the engineering and the realisation of the
total dismantling project. The closing date for bid acceptance is set for October 1997. AVR is
confident that the award to perform the engineering services will take place by beginning of
1998

During the first project phase, the final concept will be fixed by the gen
eral contractor in a modified reference concept. This will be detailed in the subsequent design
phase and the documents for the licence application will be generated. The application for the
dismantling of the AVR plant along with the safety analysis report (Sicherheitsbericht), the
final hazards summary report (Sicherheitsbetrachtung), and the environmental compatibility
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report (Bericht zur Umweltvertraglichkeit) shall be filed in autumn 1998. The supplementary
documents (Erlauterungsberichte) shall be filed in 1999 in order to expect the granting of the
licence no later than by the end of 2000.

The second project phase contains essentially the accompaniment of the
licensing process and the detailing of the design including preparation of the specifications
for the facilities needed to dismantle the reactor vessels

The third project phase starts with the granting of the approval to dis
mantle the reactor vessels of the AVR plant and encompasses the production engineering, the
preliminary inspection, the production and the procurement of facilities, the testing of the
remote controlled devices and the execution of the dismantling measures. The dismantling of
the reactor vessels shall in today's view be completed in 2009.

Up to 2001 the already approved dismantling tasks as well as the sup
plements of the 2nd safestore decommissioning phase, still subject to approval, will be exe
cuted. Based on today's time situation, the prerequisites for the dismantling of the reactor
vessels with internals will be in line by approx, 2001.
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1. Introduction

The 15 MWe AVR experimental nuclear power plant is one of
Germany's oldest nuclear instal1ations; construction began in 1959. Its reactor belongs to the
first generation of high temperature gas-cooled reactors (HTGRs) and was among these with
its 21 years of operation certainly the most successful. For design and achievements, former
publications like 111 should be referred to. In this report on decommissioning only some key
items shall shortly be recalled

Core of about 100,000 ball shaped fuel elements (pebble bed) cycled during reactor
operation,
Highest ever reached coolant temperature of 950°C,
Indispensable mass test facility for HTGR fuel development,
First-ever-done experimental simulation of a loss-of-coolant accident 121.

An overview of the reactor design and the site structure IS gIven In

Figures 1 and :2

The plant was finally shut down end of 1988. A licence for Safestore
decommissioning, first applied for in 1986, was granted in March 1994. Since a pebble bed
reactor is never defuelled during reactor operation, defuelling is the major concern in
Safestore decommissioning, and the whole task was separated in a first phase with defuelling
and dismantling outside of the reactor building and a second phase with dismantling and
preparations for the later dormancy period inside the reactor building

The paper looks at the achievements obtained in now three and a half years of decommission
ing activities, the future programme of Safestore decommissioning, and gives an outlook on
the possible continuation of decommissioning towards the green field. The latter is presented
in more detail in an own presentation within this TCM

2. Overall Progress, Achievements, Highlights

Although defuelling is still not terminated, and the second phase of
Safestore decommissioning with major dismantling in the containment could not yet start, the
project has not been lacking considerable progress, summarised in the following

• Since all obstacles and limitations concerning the transfer of the low-enriched part of the
AVR fuel to the neighbouring Julich Research Center could be finally lifted in July 1996
a major progress in defuelling has been achieved. Beginning of August 1997, only 19 %
of the fuel was still left in the reactor.

• The dismantling in the turbine hall is nearly and that outside of the buildings is fully
terminated

• The cooling towers are demolished.

• The helium bottle-battery storage and helium compressors were removed from the ring
buildings in Dec. 1996. This was the first dismantling inside the reactor building and
belonged to the projects that AVR was allowed to advance from the second into the first
(defuelling) phase of Safestore decommissioning because of the delays in defuelling.
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4.2.1 First supplement

The first supplement to Safestore decommissioning, licensed in March
1997, comprises the dismantling of the

fuel handling system,
coolant circulators, and
interspace convection pipe.

The fuel handling system can be divided into 4 main sections:

First-components' wall: It contains vertical-in-line all the components below the fuel
discharge pipe, from the reducer-wheel that closes that pipe down to the scrap collection
bottle.

Pebble distribution wall: It contains the switch wheel as well as pebble valves in all
incoming and off-going pebble pipes. The 5 feeding pipes to the core will be cut and
sealed below their penetration through the outer reactor vessel

Fresh fuel feed system: It comprises components in- and outside of the containment

Spent fuel discharge system: It also comprises components in - and outside of the
containment, including the installations in the ring channel for buffering empty and filled
fuel cans.

The coolant circulators, integrated into the bottom part of the 2 reactor
vessels, will be dismantled including their oil lubrication system. The circulators will be
removed using existing equipment for removal, shielding and transportation

The interspace convection pipe with the in-built water-operated inter
space cooler enabled the natural convection and cooling of the helium in the interspace
between the reactor vessels at power operation. The pipe extends from the top of the outer
reactor vessel, all the way down the containment wall, spreading up at the bottom, and enter
ing the 4 shut-down rod casings at their lower ends.

4.2.2 Second supplement

The second supplement to Safestore decommissioning is in an advanced
planning stadium and the licensing process is about to start. It will address the dismantling of
the helium purification system and the condensation coolers.

The term 'helium purification system' is to understand here in a wider
sense since the central part of the system, the adsorption-material-containing vessels (partly
deep temperature adsorption), are already covered by the original licence under the task item:
removal of operational material The wider sense comprises here all of the helium systems
inside which, in a way, the purification system is central, comprising all pipework, valves
(including their control systems), various compressors, a vacuum pump, vessels and filter
units The multitude of valves and many of the smaller components are grouped in a number
of steel racks on nearly all floors in the containment The goal is to remove these racks as
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Reference Concept

For the remote reactor dismantling the 'in situ' concept has been chosen
in which the containment vessel remains intact and the steam generator has to be cut in situ.
The concept was given preference to the competing 'extension concept' in which the con
tainment vessel would be opened at the top and largely extended to a veritable dismantling
house offering enough space to pull out the steam generator as a whole unit. The key advan
tage of the in situ concept is that it relies on an existing and accepted boundary which should
facilitate and shorten the licensing procedure to a large extend.

The in situ concept has been further detailed and fixed to a reference
concept considering on top of the reactor vessels a ventilation tight dismantling area that
tightens at its bottom on the cylindrical part of the outer reactor vessel. Furthermore, it has to
be designed in a way that it can be moved down on the cylindrical part of the outer vessel
according to the dismantling progress. Thus, a certain pre-determination of the overall
method to be employed has already been made, and any detailed solution has to be based on
this concept.

Design and Licence Planning

A first important step towards Continued dismantling was the decision in
1996 to award a contract for the design and licence planning. The budget for this task has
been secured (about 8 mill. DEM). An ED prequalification for bidding was evaluated in July
1997 and the actual bidding process is in an advanced stage. The task list for the contractor
has been divided into the following items:

(I) Planning of Continued dismantling
(2) Accompaniment of the licensing process
(3) Execution of Continued dismantling
(4) Execution of a distinguished task from Safestore decommissioning

(dismantling the fuel handling system)
(5) Maintenance of the remaining plant

Items (4) and (5) are bound to a transition of AVR personnel to the contractor.

5. Costs

At present, the costs situation of the AVR decommissioning project for
both Safestore decommissioning and Continued dismantling can be summarised as follows:

Spent for waiting period 1989 till 1993
Spent for decommissioning from the beginning
in March 1994 till the end of 1996 ._~

Estimated total for Safestore decommissioning
(inel. supplements)
Estimated costs for Continued dismantling
Public funding for AVR project.
as of 31 Dec. 1996

52

c. 120 mill. DEM
c. 105 mill. DEM

c. 270 mill. DEM

c. 230 mill. DEM
c 670 mill. DEM



UNLOADING OF THE REACTOR CORE AND
SPENT FUEL MANAGEMENT OF THTR 300

s. PLATZER, M. MIELISCH
STEAG Kemenergie GmbH, Essen,
Germany

Abstract
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Following granting of License 7112a on October 22, 1993 and preparatory work, unloading of
the THTR pebble bed reactor core was initiated on December 7, 1993.

Achieving the state 'plant free of nuclear material' was one prerequisite for implementation of
further preparatory activities to establish safe enclosure. To reach this target, it was necessary
to remove approx. 670,000 operating elements (approx. 84% ofwhich were fuel elements).

Basically, unloading of the core was implemented in the same way as removal of the operating
elements during duty operation, however, process engineering modifications to the charging
system were required due to replacement of the primary gas helium with nitrogen and air and
reduced temperature and pressure as compared to duty operation.
During unloading operation, the operating elements were sorted by means of the bum-up
measuring system and were transferred into operating element containers (steel cans), 2,100
elements per container.

Insertion of absorber rods and addition of unirradiated absorber elements ensured clearly
subcritical conditions at any moment during unloading of the core, which was confirmed by the
measured values of neutron flux density.

The residual inventory of fissile material remairung in the reactor pressure vessel after
completion ofcore unloading activities by December 1994 is 0.976 kg and is thus significantly
lower than the required value of2.5 kg.

Due to the limited storage capacities of the plant, it was necessary to ship the fuel element
containers simultaneously with core unloading. In a remote-controlled process, the fuel
element containers were transferred from the spent fuel store to a shielded loading station,
loaded into one transport and storage cask of the CASTOR 1HTRIAVR-type each, which was
then sealed with the primary lid. Following leak testing and definitive sealing by staff working
on a working platform outside of the loading station, the transport and storage casks were
transferred to six-axle purpose-designed railwaywagons and shipped to the Abaus fuel element
interim storage facility (BZA). By April 1995, a total number ofapprox. 620,000 fuel elements
had been transported from THTR to BZA in 57 shipments, on general 6 transport and storage
casks on 2 railway wagons per shipment.

Due to actual bum-up of the TIITR fuel elements falling below the design values (mean bum
up per fuel element container max. 85,000 MWd/t liM) and the long cooling-down period,
dose rates on the casks were very low. Neutron dose rate measurements taken on a loaded
transport and storage cask showed results of< I l1Sv/h at the cask surface.

After loading the cask on the transport wagon a gamma dose rate of 1 - 2 uSv/h at the closed
transport hood and of0.5 IlSv/h in a distance of2 m from the transport wagon was measured.
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2. UNLOADING OF THE REACTOR CORE

The reactor core of the THTR 300 consists of a loose bed of spherical elements. At the
beginning of unloading operation, the core contained approx. 563,000 fuel elements, 76,000
graphite elements and 31,000 absorber elements. These so-called 'operating elements' are
spherical elements with a diameter of 60 mm and consist exclusively or in the main of
graphite. Unirradiated fuel elements of the THTR contain approx. 1 g of highly enriched
uranium (93% U 235) and approx. 10 g of thorium; the absorber elements and graphite
elements used do not contain fuel.

Figure 2 shows diagrammatically the charging system. During duty operation of the plant
(September 1985 to September 1988), it was used for continuous charging of the reactor with
fuel elements. During this period, the fuel elements were recirculated several times and
damaged elements sorted out by the damaged spheres separator.
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FIG. 2. lliTRfuel circulating system

Basically, unloading of the core was implemented in the same way as removal of the
operating elements during duty operation; however, process engineering modifications to the
charging system were required due to replacement of the primary gas helium with nitrogen
and air and reduced temperature and pressure as compared to duty operation.
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Fully inserted absorber rods and addition of a total of approx. 4,200 unirradiated absorber
elements at certain unloading steps ensured clearly subcritical conditions at any moment
during unloading of the core, which was confirmed by the measured values of neutron flux
density.

The development of neutron flux densities during the unloading period is shown in
Figure 4. The decrease corresponds to the radioactive decay of the neutron source (Cf 252
source). When the core surface comes closer to the position of the neutron source, the
decrease accelerates due to influences of geometry. Finally, only the neutron flux density
caused directly by the source remains.
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Images supplied by a video camera that had been brought into the reactor core from time to
time showed that the gradient of the funnel during reactor core discharge was within
expectations.

During the final inspection, some operating elements were removed from the lower part of
the operating element discharge tube and pushed into the containers provided for damaged
fuel elements. Altogether 14 containers for damaged operating elements were filled during the
period from the start of operation of the plant until the end of unloading operation.

After the first amendment to license 7/12a had been issued on February 2, 1995, fuel
elements that might have been filled into 20 containers during the first year of reactor
operation (1985/1986), containing possibly a mix of different types of operating elements,
were sorted out and filled into the containers with damaged fuel elements.
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Due to HKG's very tight schedule for decommissioning, processing of the transport and
storage casks was implemented from the beginning in a multiple-shift operation. Through
introduction of 3-shift operation and 6 days working week and through additional optimizing
measures during transport and cask handling, a weekly processing rate of max. 11 CASTOR
casks was reached.

By April 1995, a total number of approx. 620,000 spent fuel elements had been transported
in 305 CASTOR casks from THTR to BZA in 57 shipments, usually six transport and storage
casks on 2 railway wagons per shipment.

3.2 Exposure of the operating personnel to radiation during cask processing

According to the originally planned burnup and cooling time of the irradiated THTR fuel
elements to be stored in the casks (mean/max. burnup 11.4% / 15% fima, 200 days minimum
cooling time) a surface dose rate of max. 100 uSv/h (from gamma and neutron radiation) at a
37 em shielding thickness of the cask material GGG-40 em had been established in the supply
specification.

Due to the real bumup history of the irradiated THTR fuel elements (reduced burnup and
longer cooling time prior to storage in the transport and storage casks; max. burnup per fuel
element container was approx. 8.8 % fima or 85,000 MW'd/t HM), the dose rate was reduced
by about one decimal exponent to below 10 uSv/h. At a measured maximum surface dose rate
of a loaded unshielded fuel element container of 10,000 mSvlh, this results in a weakening of
the radioactive radiation by a factor of approx. 106.

With max. 100 W, the decay heat of the charged fuel element containers also was
significantly lower than the design parameters.

Figure 6 shows the typical gamma dose rates measured on the loaded transport and storage
cask at various points of a CASTOR cask filled with high-burnup fuel elements.
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FIG. 6. Ambient dose rates on transport and storage casks

149



hot cell

f-~+-~;r.----s~as

FIG. 10: 50to press to crush up to 9 spherical fuel elements
(simulation ofa mechanical pressure of30 MPa)

1,OE+OO

~

:::?- 1,OE-Ol0
~

<U....
..2

1,OE-02
~
OJ Low-enriched uranium
<:: 1,OE-03 fueleleme/0
'f:
OJ

""' 1,OE-04

1,OE-05 +-----+------.,I-----+----~

o 5 10

Bum-up(%FIMA)

15 20

FIG. I I: Fractional failure ofcoated particles after crushing the matrix

failures may largely influence the long-term safety of a repository as far as the containment of
long-lived radionuclides is concerned.

3.2 Behaviour under accidental conditions under the aspect oflong-term safety
No radionuclide release can take place in a dry repository. Only if the radioactive waste

gets into contact with the ground water radionuclides can be transported to the environment.
Salt domes are geologically stable formations, which have been sealed from the ground water
for more than 106 years. Therefore these formations are considered as ideal for final disposal.

However, in different accident scenarios it is assumed, that ground water may penetrate
into the storage field through little crevices in the anhydride layers, which may be part of the
salt dome. This water will form saturated, high corrosive salt brines and after corrosion of the
storage casks the brines will interact with the fuel elements. A large number of experiments to
study the behaviour of HTR fuel elements in such salt brines were performed at the FZ Julich
starting in the late 70'" /5, 6, 7/. A short review of the obtained results is summarised in this
chapter.
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The radionuclide release depends not only on the diffusion of the nuclides through the graphite
matrix. The basic process is the dissolution of the radionuclides in the fuel kernels, which differs for
the fuel matrices VO z or (Th,U)Oz. A release from intact coated particles didn't occur, but the fuel
elements contain between 10-4 and 10.5 defect particles from the production process. This rate
increases by a factor of approximately ten for highly irradiated material. Therefore, the source term
for radionuclide release is mainly influenced by the number of broken coated particles. To investigate
the behaviour of the irradiated fuel, coated particles were collected from irradiated, electrochemically
disintegrated fuel elements. The particles were carefully point-loaded until the coating cracked. The
single kernels were leached with Q-brine in air at 20°C and at 90°C, respectively, and lOOkPa or
13MPa, respectively. The following Fig. 13 and FIG. 14 show the release rates of different
radionuclides from the two fuel matrices /7/.
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FIG. 13: Radionuclide leaching/rom UO, kernel with Q-Brine
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An additional problem of final disposal gas sampling tube

is the production of hydrogen by either
radiolysis of water or corrosion of metals.
This hydrogen may increase the release of
radionuclides to the environment by pressing
contaminated brine out of the repository. A set
of experiments concerning the formation of
hydrogen by radiolysis has recently been
finished /11, 12, 13/.

Different irradiated fuel elements were
exposed to Q-brine under argon or air
atmosphere in a spherical autoclave (FIG. 17).
The gap between autoclave wall and fuel
element had a thickness of I or 2 mrn,
respectively. The experiments were performed
at 22 or 55°C brine temperature. A gas plenum
with a pressure gauge for continuos measuring
was located above the autoclave. Gas samples
were taken with an attachable gas sampling
tube to analyse the gas composition by gas
chromatography and radio gas chromato- FIG 17 S h . I I. : 'P enca autoe ave
graphy.

These experiments had the additional aim to determine the release of 14C in gaseous form of
I'C0 2and solved in the brine. The 14C is mainly formed by an (n,p) reaction of the nitrogen impurities
in the cooling gas helium. The fresh 14C is absorbed at the graphite matrix and due to the high
temperature mounted into the crystal structure of the graphite. This radionuclide is important for the
long-term safety because of its long half-life together with its different chemical behaviour in
comparison to the other, mostly cationic radionuclides. Moreover, it acts as an indicator for the
corrosion of the graphite matrix. Therefore brine in- and outlet were attached to the autoclave. The
brine was replaced in the same time intervals as the gas samples had been taken.

The following diagram (FIG. 18) shows the pressure build-up for the different experimental
conditions.
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4 Conclusions
The back-end of the fuel cycle concept for spent High-Temperature Reactor fuel elements in

Germany is based upon intermediate dry storage in shielded casks in a surface facility followed by
direct disposal in a deep salt repository. Depending on the disposal technique a simple conditioning
may be carried out prior to disposal.

Long-term experiments have proven, that HTR fuel elements can safely be stored in dry casks.
Only trace amounts of volatile or aerosol-bound radionuclides were found to be released during
storage, which represent no risk for the public or the environment. Two facilities to store spent HTR
fuel in dry CASTOR-type casks are being operated in Julich and Ahaus.

Disposal concepts assume the emplacement of spent HTR fuel elements in thick-walled casks
in horizontal drifts, or in thin-walled containers in boreholes. In both cases, the ceramic fuel element
itself represents the main technical barrier against the long-term release of radionuclides, if the waste
disposed off comes into contact with water at all. Leaching experiments have proven that only
extremely low amounts of radionuclides are released from the graphite matrix. The release from the
coated particles is extremely low and results mainly from defect coatings. Defects in the coating are
known to be very low and depend upon type of coating and bum-up. Hence, the fuel elements are
well-suited for disposal in a salt repository.

However, there are some questions left: How stable is the particle coating against mechanical
and chemical impacts in the long-term run? Does a changing pressure during disposal have a major
influence on the release of radionuclides from the graphite matrix? These questions should be further
investigated in order to optimise the concept in terms of safety and economics.
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Abstract

The back-end of the fuel cycle concept for spent High-Temperature Reactor fuel elements in
Germany is based upon intermediate storage in shielded casks in a surface facility followed by direct
disposal in a deep repository. Two storage facilities are in operation, whereas disposal in a salt dome
repository is being designed. R&D results obtained so far support the chosen concept and underline
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 disposal.

1 Introduction

FIG. 1: Sectional view ofa
HTRjUel element
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Based upon a former development at the Forschungszentrum Julich (FZ Julich, Research Centre
Julich), two high-temperature gas cooled and graphite moderated reactors (HTR) had been operated in

. Germany: a) the 15 MWe AVR reactor from 1967 until 1988 in Julich, and b) the 300 MWe Thorium
High Temperature Reactor (THTR 300) from 1985 until 1988 in Harnm-Uentrop. The status of their
decommissioning has been reported in Session I of this conference.

Both reactors have in total produced about I Million of spent
fuel elements during their operating time. The typical fuel element
is a tennis-ball sized sphere from graphite, containing up to twenty
thousand pinhead-sized fuel particles containing oxide or carbide
fuel each. The particles are surrounded by a high-porosity buffer
layer to limit the internal pressure from swelling and gas
production, and coated with a high-density pyrocarbon layer
(BISO) or with a combination of two pyrocarbon layers with a
silicon carbide layer in between (TRISO) to retain radionuclides
(see FIG. I).

The spent fuel management concept for HTR in Germany is
based upon intermediate storage followed by disposal in a deep
rock salt repository without reprocessing.

Techniques for the intermediate dry storage in CASTOR-type
transport/storage casks are available and practised with AVR fuel
in Julich as well as THTR fuel in Ahaus, Experiences are reported
in Session II of this conference.

For disposal, emplacement in horizontal drifts using shielded
casks, or in deep vertical boreholes using simple packaging were
chosen to be the most promising concepts /1/.

This paper summarises the results obtained so far, as well as
R&D still do be done to support intermediate storage and final
disposal of spent HTR fuel. It supplements previous reports, e.g. /2/ through !l3/.

2 R&D work on intermediate storage
Principal goals of the activities on interim storage at FZ Julich are to demonstrate the safety of

dry storage and to provide data for the licensing of corresponding commercial storage facilities.
Complementing the storage of AVR fuel, a research program was initiated to measure the release of
gaseous radioactivity under realistic storage conditions. FIG. 2 shows the equipment in the hot cell of

151



The 'H inventory of a fuel element is mainly generated in the graphite matrix by 'He and 'Li
impurities. The release is controlled by absorption and desorption processes at the grain boundaries of
the graphite and diffusion in tbe grains. The complete JH inventory of a dry storage can amounts to
about 2* 10" Bq.

The I'C inventory is mainly generated by (n-p)-processes of I'N impurities of tbe graphite. The
release of I4C during storage is initiated by corrosion processes of the carbon by contact with air and

- gamma radiation. CO, will be generated. The inventory of 950 fuel elements amounts up to 7*10' Bq.
Only I % can be released, until the oxygen content of a storage can is consumed.

The "Kr inventory is generated by fission and amounts to I*IOJ) Bq in a storage can. The
release mainly depends on the number of defect particles. The specification of the fuel elements
permits a defect rate of 3*10-<, that means a possible release of 3*10' Bq. The extrapolation of the
measurements shows a maximum amount of 1*10'Bq.

FIG. 7: 2 prototype storage casks,
1900 fuel elements (= 2 AVR-cans)
burn-up: 12 - 16%fima

each loaded with

Further measurements were
performed at the two prototype transport
and storage casks (FIG. 7). FIG. 8 and FIG.
9 shows the distribution of gamma- and
neutron dose rate at the surface. Each of the
casks was loaded with two dry storage cans,
filled with 950 fuel elements of the type
GO and GKb with high enriched fuel
(U,Th)O, eacb. The bum-up of the fuel
amounted to 13 - 16 % FIMA. The
measurements were done after different
decay times. One year after discharge
(I990) the main part of the dose rate at the
surface of the 30 ern thick steel wall of the
cask was generated by I"Ce_"'Pr with the
high gamma energy of 1,5 MeV. Fuel
elements with lower burn-up (l2%FIMA in
the outer cans) produced due to the higher
content of "'u more short-lived fission
products like I"Ce. After several years of
decay time, Il'es is the dominating dose rate
source caused by the higher burn-up (16%
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FIG. 8: Gamma dose rate ofAVR storage casks
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Resume

- THTR 300 a prototype reactor

-- THTR 300 the first step to
commercialization of HTR in Germany

-- Availability and outage times typical for
prototype

--- no problems with core

--- design data reached and verified

-- unavailability mainly given by refueling
system

- low coolant gas radioactivity

-- negative temperature coefficient verified

- airborne and waterborne release of
radioactivity well below licensed limits

--- low individual dose rates in operation and
outages

THTR 300
Operation experience
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pebble bed dunng the commissiorung and
the associated fuel sphere damage rate . Th is
fuel sphere damage rate descreased toward s
the end of the power opera tion to 0.6 % of
the discha rged spheres . A further reduct ion
of the dama ge rate could have been expect
ed if the operation had continued and the
shutdown regime had been cha nged accord 
ingly. A connection between coolant gas ac
tivity and sphere rupture could not be found.
The coo lant gas activity is in the expected
range . The damage rate is not safety-rele
vant. In terms of opera tion, HKG has learn 
ed how to handle dama ged fuel spheres.
This was not expected to result in any fur
ther unscheduled outages .

There was also the persistent assumption
that the hot gas chan nel damage identified
durin g the scheduled outage at the end of
1988 ruled out the continued operation of
the reactor. Fig u r e 3 provides a look into
one out of altogether six hot gas channels.
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In this overall pictu re, the THTR occ upies a
respectable position indeed and could cer
tain ly have atta ined availabilities of more
tha n 70 or 80 % if the operation had con
tinued , especially beca use the problems of
the fuel circulating system rest rict ing the
availability during the first years of ope r
at ion could meanwhile be eliminated. The
repa ir of the fuel discharge system should
be mentioned in this co ntext. Furthermore,
the unscheduled shutdowns cou ld be sub
stant ially reduce d throug h optimiza tion of
limit adjus tments and an improved control
response.

Ir was furthermore muuuained that the
opera tion of the plant was
substantia lly hand icapped by
dama ged fuel spheres. Dur
ing the past ope rating period ,
HKG co uld es tablish the co n
nection between rigorous
shutdow ns with a com pac ted

Fig . 3. Hot gas ch ann el.

Fig. 1. Monthly accumulated tot al indiv idual aose .
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Th e: individual dose between 1987 and
L988 is repre sent ed in F igure 1. During
normal operation the exposures remain be
low l O mSv; for inspection and overhaul
outages the values rise to 40 rnSv. In this
context, it must be tak en into account tha t
in the past all overhaul outage s included
repairs or investigations performed at the
open primary circui t. At the end of 1987 ,
flow cross-sec tion were cut at the fuel
sphere disch arge system; at the end of
19 88, investi gation s were performed at all
six hot gas channels. The extremely low
tota Lindividual dose absorbed during these
investiga tions demonstrates the high rete n
tion capaci ty of the fuel elements and the
exce llent shielding effect of the prestressed
concrete.

A position should also be given here on the
critical remarks exp ressed in the media in
recent months with regard [Q the technical
condition of the plant. The operational re
liability of the THTR was called into ques
tion , in other words the availability was
described as being too low.

Fig u r e 2 shows the mean annual load
facto r in the first years of operation for
vario us reactor types. These figures have
been taken from the nuclear enginee ring
journal "AtomwirtschaftlAtorntechnik "
and represent an average for all reactors
world -wide . Th e availabili ty of the gas
cooled reactors is lower than that of the
water reac tors. Th is is certainly because
gas-cooled reactors have not yet seen their
breakthrough on world- wide markets eith
er. However, the ava ilability increases as
the operation of the ind ividual plants con
tinues . Thi s also goes to show that all pla nts
required further de velopment work after
commissioning.
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operating result of the plant would remain
negative until the year 2000. This is mainly
attributable to the high debt servicing
charges in the initial years. After the year
2000, a positive operating result can be ex
pected. Another important conclusion to be
drawn from this diagram is that on the as
sumption of routine operation without any
licensing and political risks the uncalled
liability of OM 450 million provided for in
the RSA would have been adequate.

The blue graph repre sents the respective
financial reserve in the RSA fund. The main
burden of the RSA occurs in the first three
years of operation when high losses were
incurred because the energy avail ability fell
short of the 70 % target.

And this alread y highlights the problem.
The profit and loss account is largely deter
mined by the energy availability and hence
the generated kilowatt hours. High losses
are the immediate result at least in the first
years even if the target of 70 % is only
slightly missed. This predicament is exacer
bated when analysing the external risks
HKG would have been confronted with up
until 1992.

The financial risks for the short-term period
look completely different from the ideal
ized expectations of a long-term operation
over a period of twenty years . For the
period up to 1992, additional risks would
ha ve been in store for the THTR that could
have resulted in extended plant outages and
hence loss of revenue. These risks have
been summarized in Ta b Ie 2. They are
the following:

pick -up hall for the storage of low-level
waste according to section 3 of the Radi 
ation ' Pr6t~cti~ri Ordinance. Furthermore,
the operator had to demonstrate that the
external interim storage of spent fuel ele
ments was secured. As far as the granting of
a continuing permanent operating licence
was concerned, HKG foresa w again licens
ing as well as political problems which
could also have resulted in a plant outage of
one year.

Up to this day, the required proof of waste
management precautions cannot be re
garded as furnished . HKG considered this
to be another outage risk for the plant of
about six months.

J. Precautions for decommissioning

For premature decommissioning, the Risk
Sharing Agreement provides for funds
which have to be reserved and should ,
together with the allocated decommission
ing provisions , be adequate any time to
safely and permanently enclose or dis
mantle the THTR plant. The amount of
funds needed for decommissioning was de
termined by expert opinions prepared by
engineering companies experienced in this
field. lt increased from OM [80 million in
1984 to OM 415 million in 1988 .

All these risks have been evaluated and
would have resulted in the described cumu
lative financial burden for the RSA ( F ig 
u r e 5 ) in the event of continued operation.

Represented in red are the expected
losses arising from normal operation
with 70 % availability.

Yellow is the financing risk through an
outage of about six months to furnish
proof of waste management capacities.

Green stands for the outage risk result
ing from delayed follow-up manufac
ture of fuel elements.

Marked in blue is the loss of HKG in
curred between April 1989 and October
1989 as a result of the financing negoti
ations when the plant had to be kept
ready for start-up all the time.

Of central and decisive importance, how 
ever, are the precautions which have to be
financed for the future decommissioning of
the power station. This expenditure could
not be covered with the existing funds of the
RSA. Since the provisions are allocated
continuously over the expected operating
period of twenty years, the uncovered
amount is of course very high during the
first years . Together with the increased
losses during the initial phase of operation
the risk sum of the RSA therefore turned
out to be far too low. Figure 5 reveals that it
was exceeded in 1988 already.

These problems which HKG recognized
back in April 1987 and indicated to the
government authorities could not be re
solved among the contracting parties of the
RSA. Against this backdrop, the manage
ment felt compelled at the end of 1988 to
lodge as a precaution an application for
decommissioning in accordance with sec-

Fig . 5. Cumulative use 01 iunds fro m the RSA.
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f able 2. Risks for continued operation
external in fluence.

1. Fuel element supply

At the end of 1988, NUKEM stopped the
production of fuel elements. Although the
fuel element production was intended to be
resumed by the Siemens/ABB industrial
group, the smooth transition could not be
guaranteed for the operation of the THTR.
For this reason, HKG had to take into ac
count an outage of the plant for about one
year, especially because also the financing
of a new production facility could not be
settled.

2. The partial operating licence
limited 10 II 00 full-load days and
the waste management precautions

The valid operating licence is limited to
1100 full-load days and would have ex
pired in 1992. This valid operating licence
specifies that at the time of 600 full-load
days HKG has to furnish proof of an avail
able operating licence for the transport

fuel element supply
trans port pick-Up hall
Ahaus intermediate storage tacuuy

- further operating licence
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discharge operation is a time-consum ing
process and will take about 18 months. The
forego ing makes it clear that especia lly the
core unloading is a prot otype task too.

Afte r core unloading the safe enclosure can
be carried out.

F ig u re s I 0 and I I show where the
bound s of the safe enclosure could be
placed acco rding to the prese nt planning .
Since waste management faci lities for
highly active plant componen ts are current
ly not available, the gas purifica tion plant,
the fuel circulating system and the pre
stressed concrete vesse l are to be included
in the safe enclosure. This results in a very
compact arrangement of the safe enclosure
which could perhaps be mon itored with a
sepa rate sma ll ventilation system (red 
rimm ed).

There is no reason to question the technical
feasibili ty of the safe enclosure over a pe
riod of twenty to thirty years and of the
subsequent dismantling of the plan t.

During the work for the safe enclos ure all
data obtained from the THT R are to docu
mented,and new finding s are to be added
by internal inspections, material investiga
tions and the removal of comp0nlints.

Conclusions

Between 1972 and 1986 , the THTR went
thro ugh a difficult and time-consuming
construction phase. A prototype licensing
procedure was conducted. Until today , the
plant could always be adapted to the cur
rent state of the ar t; Th is reflects the in

_ area of safe enclosure

_ gas purification system faciliti es

fuel circula ting system facilities

Fig . 10. Safe enclosure concep t.

the fuel sphere discharge system, a dis
charge funnel will gradually form in the
pebble bed (steps I to 4 in Figu re 9) and the
fresh fuel eleme nts at the outside will roll to
the inside thus enr iching the ce ntre of the
reactor core with fissile material (red/yel
low). Thi s phase of enric hing the core
centre with fissile material has to be math 
ematically exami ned very carefully with
acco mpa nying sphere flow experiments in
order to prevent local criticality. In this case
it is planned to add absorber spheres in
the cent re of the pebbl e bed. The ac tual

decommiss ioning decis ion

Fig . 9. Assu me d /uel sph ere flow behaviour
during core un loading.

Fig . 8. Decommissioning 0/ systems.

time segment

heat removal (liner cooling), gas purifi 
cation system, fuel element discharge fa
cility and ventilation systems. Upon com 
pletion of the safe enclos ure, on ly the venti
lation and monitori ng sys tems will remain
in operation.

On closer inspection, rhe core unloading
turn s out to be a very complex operation.
The pebble-bed core consist s of fresh and
spent fuel elements arranged in layers
( F i g u re 9 ). In order to maintain a bal
anced power de nsity distribution, the fresh
fuel elements (red) are added at the outside
and the spent spheres (yellow) are inside.
Elements of average burn- up are blue.
When the reactor core is being unloaded via

7



Ausgewahlte Themen aus dem Betrieb
des THTR 300

Von R. Baumer

SONDERDRUCK AUS

VGB KRAFTWERKSTECHNIK
MITTEILUNGEN DER VGB TECHNISCHEN VEREINIGUNG DER GROSSKRAFTWERKSBETREIBER E.V.

69. Jahrgang • Heft 2 • Februar 1989 • Seite 158 bis 164



A. Baumer:
Ausqewanl te Themen aus dem Betneb des THTR 300 3

Dieser uns bei Obernahme bekannte Mangel beim Kugelabzug
wurde in der Revision 1 erfo lgreich beseitigt. Diese groBe
Aufgabe hat einen Zeitraum von fast vier Monaten eingenom
men .

Weitere Arbe iten sind auf dem Bild ausgewiesen . So wurde
eine Generatorrevis ion durchgefOhrt, wiede rkehrende PrO
fungen vorgenommen und die Verkleidung der AuBen fassade
instand gesetzt. Nach der Revision 1 folgte von Februar bis
Marz 1988 eine Leistungsperiode, in der die starken Lastab
senkungen am Wochenende nicht mehr notwendig waren ,
aber sehr woh l aufg rund von Warmeverbrauchsmessungen in
versch iedenen Lastbereichen gefahren wurde. Es zeigt sich in
dieser Zeit auc h, daB aufgrund der Schadiqunqsrate der Ku
geln vereinzelt Probleme bei der Handhabung der Kugeln in
den F6rderstrecken entstanden. So wurde in der Revision 2 im
April 1988 eine Kugelverklemmung in der Besch ic kungsanla
ge bese itig t. Eben falls wurden die Beha lter fO r die beschiid ig
ten Betr iebselemen te ausge tauscht, was nur bei abgeschalte
ter Anlage m6 gli ch ist.

In den Mo naten Mai bis Ju ni 1988 war die Anlage kontinu
ierlich am Netz mit Lasteinschrankungen unterschiedlicher
Star ke. Diese Laste inschrankungen hanqen dam it zusammen,
daB in bestimmten Anlaqenraurnen bei hohen AuBen tempera
turen die genehmigten Grenztemperaturen nur eing ehalten
werden kon nten, wenn die Last und damit die zu-Temperatu
ren zurOckgen ommen wurden. Die KOhlanlagen fOr die se Rau
me sind nicht ausreichend dimension ier t und bedOrfen der
Nach rOstung. Auch dieser Mangel war uns bei Obern ahme

bekannt. Abh ilfe 5011 in der nachsten Revision geschaffen wer
den , dann - wenn die ZusatzkOhlanlage atomrechtlich ge
nehm igt ist.

In der Revision 3, die auch noch im Juli 1988 durchgefOhrt
wurde, erfolgte wiederum die Auswechslung eines Behalters
fOr beschad iqte Bet riebse lemente.

Aus diesen stat ist ischen Daten laBt sich erkennen, daB die
Anlage in dem betrachteten Zeit raum wah rend 36 ,5 % der ge
samten Zeit zur Leistungserzeugung nicht zur VerfOgung ge
standen hat. Wahrend weiterer 15,3 % dieser Zeit war die An la
ge zwarverfOgbar, konnte aber nicht mit voll er Leistung gefah
ren werden. Es 5011 nun analysiert werden, aufgrund welcher
technischen Besonderheiten diese NichtverfOgbarkeitszahlen
zustande gekommen sind . Hier gibt B i I d 2 Auskunft.

In Bi ld 2 ist die Reaktorhalle mit dem groBen Spannbetonbe
halter dargestellt, ebenso der Kugelhaufen mi t den 675000
Kugeln, die Ober ein Kugelabzugsrohr abg ezogen werden . Um
den Spannbetonbehalter herum sind die Reakt orhalienbOh
nen angeordnet, und man erkennt weite rh in die im Spannbe
ton ein qehanqt en Damp ferzeuger mit den nach oben vertan
gerten Dampferzeugerringraumen. Links und rechts des Bil
des sind die Ursachen fOr die VerfOgbarkeitseinbuBen ausge
wiesen . Die Auswertung dieser Darstellung fOhrt zu drei
wesentlichen SchluBfolgerungen :

Seit Obernahme der Anlage wurde d ie Nichtvertuqbarkeit
der Anlage maBgebl ich bestimmt durch die Reparatur am
Kugelabzug, An teil 26,S%. Schwierig ke iten bei der Hand-

t
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Wiederkehrende Pru tunqen

Generator-Hauptrevision
und Kurzrevision an den
Hiltsturbosatzen

Verbesserungen im Bere ich
des Kugelabzuges

Verbesserung der AuBen
fassade der Reaktorhalle

Verbesserungs- und
InstandhaltungsmaBnahmen

811dl Elektnsche Leistung (1 . Juni 1987 bis 3 1. Juli 1988).

Wechsel der beiden Bruch
kannen in der Beschickungs
anlage

Beseitigen einer Kugelver
klemmung in Vereinzelner
scheibelWendelschrollab
scheider der Besthickungs
anlage

Wiederkehrende PrOfungen

Wechsel einer Bruchkanne
in der Beschickungsanlage
und Durchtunrunq von
Instandhal tungsmaBnahmen
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BUd 4. THTR-Anlag enraume mit dam wesentlichen Beitrag
zur Personendosisbelastung.

tetet 1. Gesamtzahl der jahrlich durchzufOhrenden wiederkehrenden
Priifungen.
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Bild 6. Entw icklung der Kugelbruchrate nach der Revision 1987.

BUd 5. Verklemm te Kugel und Bruchstiic k beim Durchlauf
dur ch die Vereinzelnerscheibe.

Erkenntnisse ii ber das Kugelfliellen lrn Reaktorkern

Der Kugelhaufenreaktor ist eine Anlage, die ihren Reakti vitats
bedarf durch stiindige Zu fuhr frischer Brennelemen te und
stiindiges Umwiilzen gebrauchter Brennelem ente deckt: Der
Vorte il d iese r Beschickungsstrate gie ist die geringe Uber
schuBreaktiv itiit des Reak tor s, d ie sic h bei de n Sic herhe its
analysen sehr posi t iv auswi rkl. Fii ll t d ie Beschickun gsanlage
allerdings fUr einen Zeitraum von 15 bis 20 Tagen aus, dann
muB der Reakto r in der Leistung reduziert werden und in
wenig en Tagen erl ischt dann die Kettenreaktion ganz. St6run
gen in der Bes ch ickungsanlage haben damit erheblichen Ein
flull auf d ie Betriebsgestaltung de s THTR. Sie sind in der
Vergang enheit vielfach hervorgerufen worden durch beschii 
d ig te Kugeleleme nte . Die Schiiden an den Kugeln sin d in der
Mehrzahl Ob erfliichenschiiden , nur zum gering en Teil er
schein en direkte Our chbruche . In B i I d 5 ist eine abge platz te
Ku ge lsc hale zu seh en, die zu einer Verk lemmung gefuh rt hal.

Der Ver lauf de r Kuqel -Schad iqu nq srat e ist in B i I d 6 da r
gestell t. H ier ist die Schiidigungsrate in Prozent der jew eils
abgezogenen Kugelelemente aufgetragen. 10 % Schad l
gungsrate bedeuten, daB 10 vo n 100 abgezogenen Kug eln auf
grund von Schadan aussortiert worden sin d. Von Januar bls
Juli 1988 ist di e Schiidigung sra te sehr langsam, aber steti g
zuruc kgegang en . Sie l iegt derzeit bei ungefiihr 0,6 %.

Der Verl au f der Kurve wei st imme r w ieder Maxi ma auf . Diese
Maxima ents tehe n immer dann, we nn die Besch ickun g fur
eine lanqere Zeit ausgesetzt wurde, zum Beispiel bei Ab schal 
tungen oder nach Revis ionen.

Cl

Haum e cer Beschlckunqs antaqe
mit einer max. Ortsdosisleistung
von < 0,3 mSv/ h im Arbeitsbereicn

Anzahl der Prufunqen
Anlagen zustand

THTR 300 Konvoi-D WR

beliebi g 3590 1700

Reakto r abgeschaltet und unter Druck 430 25

Reaktor abgeschalte t und drucklos 50 160

Gesamt 4070 1885

In B i I d 4 ist da rges te llt, in we lchen Rau m~ n die wesentlichen
Beitraqe diese r Personend osisbelastung zustan de gekommen
sind.

De r TH TR ist im Schnittbild dargestellt mit der Reaktorhall e
und dem Maschinenhaus. Es sind nur zwe i Raumbereiche, die
einen Beit rag zur Personendos is Iiefern, und zwar die Raurne
der Besch ic kung sanlage unterha lb des Spannbetonbehalters,
in de ne n die abgebrannten Brennelemente ausgeschleus t
we rd en, und die Raume der Gasrein igungsanlage, in den en
das Prirnarpas Helium ge rein igt wird . In den Gasrein ig ungs
anlage n bet raqt d ie ma xima le Ortsdosis lei stun g 0,3 mSv/ h, in
den Raume n der Besch ic ku ngsanlage ist sie klein er als
0,3 mSv/h . Ail e anderen Haum e der Anlage sin d pr akti sch
st rah lu ngsf rei.

Nach dem ersten Betr iebsjahr kan n auc h die Anzahl der wle 
de rkehrenden Prutu nqen genauer ub erb lick t werden .

In Ta fel 1 sind diese Zah len den en eines Konvo ireakt or s
gege nu bergeste ill. 1m Anlagenzustand "belieb ig " ste hen 3500
wiederk ehrende Prutunqen beim THTR; 1700 wiederkehrende
Prut unqen beim Konvoi reak to r gegenuber. Bei abgeschalt e
tem un d unter Druck befindl ichem Reaktor muB der THTR 430
Prutunqen machen und der Kon voireakt or 25. In der Gesamt
he it muB der THTR 2,5mal soviel w iederkehr ende Prufunqen
machen wie der Konvoi-Druckwasserreakt or . Wenn auch die
Auasaqefahiq ke it di eser Zah len im einzelnen einer genaueren
Bewertung unterzogen werden muB, ist hier doch klar zu er
kenn en, daB die vi elen sicherheitstechn ische n Autrustunqen
am THTR wanr end der langen Bauzeit ihren Tribut gefordert
haben. Aufgabe der nachsten Betriebsjah re wird es sein, d ie
Vielzahl der wiede rkeh renden Pru fu nqen zu reduzieren.

-Haume der Gasreinigungsanlage
mit einer max. Ortsdosisleistung
von 0,3 mSv/h im Arbelts berelch
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Bild 10. Trockenkiih/turm - Einze /ansicht der KiihldeJt as.

HeiBgastemperatur i) --
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Bis zum Erre iche n des Gleichgewichtscores in etw a ein bis
zwei Jahren wi rd dieses gean der te Kuge lflieBen einer wei teren
sorqtalt lqen Beobachtung bsdurten .

S,Id 8. B TE-Relbwerte.

Rein igu ngsm og lichkeit en am Trockenkuhlturrn

B i I d 1 0 zeig t l inks die Alumini umverk leidung des Troc ken
kunlturrns, die an einem Stah lnetzgi tter befes t igt ist. Rechts
sind die im Inneren des Turmes aufgestellten Kuhlel ernent e
mit dem Kuhl wasservo r- und -rucklaut auf den fein geripp ten
Rohren fur den Luftd urchtritt zu erkennen. Eine Rein igu ng s
anl age fu r den Turm war im Liefervertrag von 1973 nicht ent
halten. w anreno der Inbetr iebnahmezeit wu rde festg estellt,
daB diese fein ger ippten Rohre durch Pollen flug un d Staub
aufwirbelung sich sehr schnell zuset zten und die Kaltwasser
tem peratur des Hauptku hlwa ssers durc h die sen Effekt urn bis
zu mehr als 3 'C anstieg. Durch das h6h ere Temperaturni veau
des Hauptkuhlwass ers wurde eine Vakuumverschlechteru ng
im Kond ensator erzeugt , die eine elektrische Minderleistung
von etwa 3 MW zur Foig e hatte.

Es wurden versch iedene Rein igungsm ethoden ausprobiert,
die in B i I d 1 1 dargestell t sind. Die erste Rein igung war eine
Han dre ini gung mit Wasserd ruckst rahlgeraten mit einem Spit
zendruck von 80 bar . Die vier hintereinanderliegenden Rip
penro hre wurden zweimal vo n oben gere in igt und einmal von
unten. Mi t dies er Gr undreinigung , die sieben Wochen dauerte,
wurde fur die Abnahmemessung ein nahezu saub erer Turm
erzielt. Die im unteren Teil des Bll des dargestellten Tempera
turabwe ichungen sind Abweich ungen der Kaltwassertempe
ratur von der Ausleg ung stem peratur von 26,5 bei 12 °C Luft 
temperatu r. Die vo rher vorhande ne Erh6hung de r Kaltwasser
temperatur urn 3 °C ging durch die Grundrein igung auf die
Auslegungstemperatur zur uck, was in Blld 11 mit dem Wert
Nu ll dargeste ll t ist. In den nachsten dre i Wochen wurde nich t
gereinigt und der Turm verschmutzte in dieser Zeit seh r
schne ll , so daB wieder eine Kaltwassertemperaturabweichung
von 3 °C zum Ausleg ungswert vorhanden war . Wir entschlos
sen uns daher, eine aut omatische Reinigungsanlage einzu set
zen, die von Kii hlelement zu Kuh lelem ent umgesetzt werden
kann u'nd mit mehreren Dusen das Element bespruht. Gegen
uber der Handreinigung wir d mit h6herem Wasserdurchsatz
gearb eitet. Ein dreiw6chiger Rein igu ngszyklu s tu r jedes Ele
men t laBt die mittlere Temperatu rerh 6h ung der Kaltwasser
temperatur des Hauptkuh lwassers auf 1 °C gegen uber dem
ganzli ch sauberen Turm absinken. Andere Rein igungsverfah
ren wu rden untersucht , aber verworfen.
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Durchschleusen fr ischer Brennelemente in der Kernrru tte
fuhrt zu einem stark unausgeglic henen Temperaturprofil der
HeiBgastem peratur, mit hohe r Innen- und niedriger AuBen
temperatur. Durch das Verlegen der frisc hen Brenneleme nte
auf die Randzone des Co res muB fur einen Au sgleich geso rgt
werden (sie he Bild 9). Aufgetragen lst die HeiBgastem pera tur
im Bod enr eflekt or uber dem Coreradius . Du rch Umstel lun g
der Beschickung konnte die HeiBgastemperaturspi tze inner
halb von drei Wochen von 940 auf 910 'C gesenkt werden.



Hochtemperaturreaktorlinie

THJJI-.300--Erfahrungen mit
einer fortschrittlichen

Technologie
Von R. Baumer, Hamm

Der seit dem 16.11. 85 am Netz befindliche
Thorium-Hochtemperaturreaktor THTR-300
hat als Prototyp die in ihn gestellten Erwartun
gen erfullt und bereits heute wertvolle Erkennt
msse fur die Weiterentwicklung dieser fort
schrittlichen Reaktorlinie erbracht. Seine Auf
gaben waren im wesentlichen, neuartige Kraft
werkskomponenten im gro/3technischen Ein
satz zu erproben, Erkenntnisse zu gewinnen fur
den Bau rein kommerzieller Anlagen sowie den
Nachweis zu liefern, da/3 die technologische
Linie des Hochtemperaturreaktors sich im tag
lichen Kraftwerksbetrieb bewahrt. Ein Weiter
betrieb des THTR-300 kann tiber die jetzigen
Betriebserfahrungen hinaus noch wesentliche
Erkenntnisse liefern. Zu den weiteren Aufga
ben zahlen die Erprobung des Langzeitverhal
tens der prototypischen Komponenten, die
Erweiterung der Kenntnisse zum Kugelflie13en
innerhalb des Kugelbettes und zur Schadi
gungsrate der Kugeln sowie die Entwicklung
von Ausbau- und Reparaturgeraten fur die
innerhalb des Spannbetons liegenden Bauteile.
Zur Erfullung dieser Aufgaben und zur Abdek
kung des finanziellen Risikos ist die finanzielle
Basis fur das Projekt THTR-300 neu zu defi
meren.

1. Partner und Ziele des THTR.Projektes

Bereits damals war klar, daB der Hochtemperaturreaktor
eine bedeutende Innovation auf dem Energieversorgungssek
tor darstellt; daB er einen wichtigen Beitrag zur sicheren
umweltschonenden und wirtschaftlichen Energieversorgung
leisten kann. Ein besonderer Anreiz fiir die Entwicklung dieser
Reaktorlinie war die M6g1ichkeit, mit der hohen Temperatur
des Primarkreislaufes Warrne zur Nutzung fiir chemische Pro
zesse, u. a. zur Kohlevergasung oder zur Streckung von Kohlen
wasserstoffen, auszukoppeln. Ebenso war ein wichtiger Anreiz
die Chance, mit dieser Linie kleine Reaktoren in wirtschaftli
chen Einheiten bauen zu konnen.

GroBtechnische Technologieentwicklungen wie sie zur Ein
fuhrung einer neuen Reaktorlinie notwendig sind, vollziehen
sich nicht kurzfristig, sondern bediirfen einer stetigen Fortfiih
rung von Forschung und Entwicklung, die durch den Bau von
Prototypanlagen begleitet wird. Auf diesem Wege von der For
schung zur kommerziellen Realisierung der Hochtemperatur
technologie stellt der THTR-300 das Bindeglied zwischen dem
IS MWel-Versuchsreaktor AVR und einer spateren rein kom
merziellen Anlage dar.

Projektziele sind daher die Bestiitigung der technologischen
Machbarkeit eines groBen Hochtemperaturreaktors und auch
das Gewinnen von Erfahrungen, die in den Bau einer spatercn
kommerziellen Anlage einflieBen k6nnen. Fiir dieses Projekt
haben von 1971 bis heute Teile einer ganzen Generation von
Ingenieuren ihren Sachverstand eingesetzt. Nachdem der
THTR-300 am 16.11. 85 erstmals Strom in das 6ffentliche Ver
bundnetz lieferte und nachdem am 1.6. 87 nach erfolgreicher
Inbetriebnahme die Ubergabe an den Betreiber erfolgte, kann
aus heutiger Sicht die zielstrebige Arbeit der Ingenieure als ein
groBer Erfolg angesehen werden.

Bund und Land verfolgten die Absicht, die Linie des Hoch
temperaturreaktors aus volkswirtschaftlichen Gesichtspunkten
weiter zu entwickeln. Beide haben aufgrund dieser Zielsetzung
bis heute die wesentlichen finanziellen Mittel zur Realisierung
des Projektes beigetragen. In Abb. 1 sind die bis heute aufge
brachten Finanzmittel aufgeschliisselt.

Das Lieferkansortium wollte aus industrieller Sicht die tech
nische Machbarkeit der Hochtemperaturtechnologie an einer
GroBanlage demonstrieren. Auch das Konsortium THTR
stellte finanzielle Mittel zur Verfugung und fiihrte mit dem
Sachverstand seiner Ingenieure die technischen Detailplanun
gen und Untersuchungen durch.

Die Hochtemperatur-Kernkraftwerk GmbH (HKG) ist Bau
herr und jetziger Betreiber wie atomrechtlicher Inhaber der
AnlageTHTR-300. Sie besteht aus den Gesellschaftern
Gemeinschaftskraftwerk Weser GmbH, Porta Westfalica-Velt
heim 26%
Elektromark Kommunales Elektrizitdtswerk: Mark AG, Hagen

26%
Vereinigte Elektrizitatswerke Westfalen AG, Dortmund 31%
Gemeinschaftswerk Hattingen GmbH, Hattingen 12%
StadtwerkeAachenAG, Aachen 5%

Die Prozente geben die Anteile am Stammkapital (90,0 Mia.
DM)wieder.

2152
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Abb. I: Mittelherkunft fur das Pro 'ekt THTR-300.

Am 29. 10.71 wurde der Liefervertrag fur die Errichtung und
Inbetriebnahme des Kernkraftwerkes THTR-300 unterzeich
net. Partner dieses Vertrages sind das Bundesministerium fur
Forschung und Technologie (BMFT), das Land Nordrhein
Westfalen, die Hochtemperatur·Kernkraftwerk GmbH (HKG)
als Bauherr und Betreiber sowie ein Errichterkonsortium,
bestehend aus den Firmen ASEA Brown, Boveri AG (fruher:
Brown, Boveri & Cie AG), der Hochtemperatur-Reaktorbau
GmbH (HRB), Mannheim und der Firma Nukem GmbH,
Hanau.

Anschrift des Verfassers ;

Dr. R. Haurne r , Hochtemperatur-Kernkraftwerk. GmbH (HKG), Siegenbeck
str. 10.4700 Hamm. 1
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Abb. 2: Entwicklung der Lieferzeit THTR-300.

Die Betreibergesellschaft stellte den Standort fiir den THTR
300 zur Verfiigung. Sie muBte auch die notwendige Leistungsre
serve im Netz zur Verfiigung haben, urn den nicht immer konti
nuierlichen Betrieb einer Prototypanlage im Netz auffangen zu
korinen.

Des weiteren haben es die Gesellschafter iibemommen, die
elektrische Arbeit aus dem THTR-300 zu festgelegten Bedin
gungen zu iibemehmen. Aus heutiger Sicht sind die THTR-300
Strompreise aufgrund der Kostensteigerungen wahrend der
Errichtung derart gestiegen, daB die HKG-Gesellschafter mit
der Ubernahme der Stromabnahmeverpflichtung einen weite
ren erheblichen finanziellen Beitrag fur die Existenz dieser
Anlage leisten.

Die HKG hat sich immer als eine Gesellschaft verstanden,
die die Erfahrungen und Erkenntnisse aus Planung und Errich
tung des Forschungsprojektes THTR-300 allen Partnem aus
Industrie und Elektrizitatswirtschaft auch auf intemationaler
Ebene freiziigig iibermitteln will. Sie hat sich friihzeitig urn den
Status eines Gemeinsamen Europiiischen Unternehmens
bemiiht und hat wahrend der Zeit der Errichtung dafiir Sorge
getragen, daB Lieferfirmen aus dem gesamten europaischen
Raum an dem Bau dieses Projektes beteiligt wurden. So wurde
z. B. die Innenisolierung des Spannbetonbehalters aus GroBbri
tannien geliefert; die Panzerrohre fur die Durchfuhrungen im
Spannbetonbehalter aus Italien; Frankreich war am Dampfer
zeuger beteiligt, ebenso Firmen aus der Schweiz.

Eine weitere Aufgabe, die von der HKG ganz wesentlich mit
gefordert wurde, ist die Schaffung einer Infrastruktur fur die
Fortfiihrung der Hochtemperaturreaktorlinie. Unter Infra
struktur ist hier der Aufbau einer Brennelementversorgung mit
den Fertigungsanlagen fiir kugelformige Brennelemente wie
auch auf die Schaffung von Zwischenlager- und Endlagerrnog
lichkeiten fur abgebrannte Brennelemente zu verstehen. Hier
fur hat sich die HKG in der Vergangenheit finanziell wie auch
offentlich immer wieder engagiert.

Heute nun ist das Projekt THTR-300 in finanzielle Schwierig
keiten geraten, die noch nicht gelost sind. Auf jeden Fall ist es
Zei t, einmal Bilanz zu ziehen.

2. Erfahrungen

2.1. Erfahrungen aus der Errichtung der
Anlage

Zu Bcginn der Errichtungsphase des THTR-300 gab es weder
fiir den Hochtemperaturreaktor spezifische technische Regeln,

noch ein Genehmigungsverfahren, das fur die THTR-spezifi
schen Komponenten durchgefuhrt worden ware. Irn Zuge der
THTR-300-Abwicklung bestand also die Aufgabe darin, die
Anforderungen aus dem und an das Genehmigungsverfahren
neu zu formulieren. Auch hier wird der Forschungs- und Ent
wicklungscharakter des THTR-300 deutlich.

Eine Analyse des Projektablaufes dokumentiert, daf nach
ziigigem Baubeginn bis 1974 dann von 1974 bis 1982die Fertig
stellung der Anlage stagnierte, obwohl mit vollem Personalein
satz auf der Baustelle gearbeitet wurde. Dieser Effekt ist darauf
zuruckzufuhren, daB im Jahre 1974 auf dem Gebiet der Kern
energie die Entwicklung des Technischen Regelwerkes stark
voranschritt. So wurden die BMI-Kriterien festgelegt, wie auch
die RSK-Leitlinien, aile aber bezogen auf den Druckwasserre
aktor. Es wurden Anforderungen gestellt, die Anlagen auszule
gengegen
- Einwirkungen von Aufien: Flugzeugabsturz, Druckwelle,

Erdbeben,Objektschutz;
Einwirkungen von Innen: Beherrschung spontaner Rohrbru
che und Behalterversagen und

- es wurden neue Vorschriften erlassen, wie z. B. Strahlen
schutzverordnungen u.. a. spezielle Regelwerke.
Nachdem im Jahre 1974 der gesamte Baukorper, also der

Rohbau der THTR-300-Anlage bereits fertiggestellt war, muB
ten planerische Anderungen am Gesamtkonzept erfolgen, um
diese neuen Regelwerke in eine vorhandene Baustruktur HTR
gerecht zu integrieren. Dabei wurde mit fortschreitender
Abwicklung die urspriingliche Planung teilweise verlassen, und
der Schwerpunkt der Arbeiten riickte immer mehr in den
Bereich .Forschung und Entwicklung". Dies wird besonders
deutlich, wenn man sich die Terrninabwicklung in Abb. 2 vor
Augen fuhrt. Am 1. 3. 74 hatte das Projekt aufgrund einer
ersten Terminanpassung eine Restlaufzeit von 45 Monaten aus
zuweisen. Durch eine Vielzahl von Terrninverlangerungen
wurde zwischen 1974 und 1982 trotz vollem Einsatz in Planung
und Errichtung durch immer neu auftretende Anforderungen
die Restlaufzeit immer noch im Bereich von 40 Monaten ausge
wiesen. Der vertragliche Ubergabetermin verschob sich vom
1. 3. 77 auf den 1. 6. 87.

Die Arbeiten schritten erst dann ziigig voran, nachdem Pla
nungsrichtlinien fur den THTR-300 erarbeitet wurden, die die
Umsetzung der BMI-Kriterien fur Druckwasserreaktoren fur
den Hochtemperaturreaktor vollzogen. Hierdurch war eine for
male Voraussetzung geschaffen, HTR-gerechte Kriterien im
Genehmigungsverfahren anzuwenden.

Die Anpassung des Projektes THTR-300 an den Stand von
Wissenschaft und Technik und die Anpassung an das im Wan
del befindliche Genehmigungsverfahren fiihrten zu einer
erheblichen Projektkostenstcigerung fur die Anlage (Abb. 3).
Der Zeitraum bis 1979war durch das Anpassen des Projektes an
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Tabelle 1: Herstellerder Prototyp-Komponenten

Brennelemente
Absorberstabe
Geblase
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Spann bctonbehal te r
Bcschickungsan lagc
Gasretnigungsanlagc
Keramische Einbautcn
Trockenkuhlturm
Rohrleitungen des
Wesse rdampfkreisla ufes
Dampferzcuger
Bauteil

980

820

1730
uotvs.osteo
fur Hardware

Mehrkosten
fur Software
Urs;)rErrichtungs
«osre«8BC/HRB

Urspr
Hardware-Kosten

1972 1974 1976 1978 1980 '982 1984

ill Kosten tiir Bautterrenetqenleistunq
uod Erstccre (NUKEM)

Ges,}mlkosten Mio.DM
4000,------------------,--1THTR 4UOO

1i Kosten ror
UIQ~ BBCIHRG-Lelstuwjcn 1200

i

Mio_OM

Abb. 3: Projektkostenentwicklung des THTR-300.

die standig erhohten sicherheitstechnischen Anforderungen
sowie durch die aus dcr Anpassung resultierende stop-and-go
Abwicktung mit einem relativ flachen Verlauf der Kostenkurve
bestimmt. Der uberproportionalc Kostenanstieg ab 1978 ist im
we lichen auf den erhohten Personaleinsatz aufgrund des
gestiegenen Bearbeitungs- und Nachweisumfanges, den Beginn
der Montageaktivitaten sowie auf das Bestreben zuruckzufuh
ren, die entstandenen Terminverzogerungen aufzuholen. Es
mull jedoch beachtet werden, dall die erhohten Projektkosten,
bezogen auf den Lieferumfang des Herstellers, ihre wesentliche
Ursache in der Preisgleitung (60%) und den uberproportional
gestiegenen Ingenieurleistungen hatte.

Der eigentliche prototypische Teil der Anlage THTR-300 ist
der Spannbetonbehalter mit allen seinen Einbauten. Fur die
Errichtung dieses Bauteils haben erhebliche Teile der deut
schen Industrie Entwicklungsarbeit geleistet. Hier konnten
auch die Erfahrungen des Versuchsreaktors AVR nicht voll
zum Tragen kommen, da eine andersartige Technik angewandt
wird; so z. B. fur die Abschaltung des Reaktors mit in den
Kugelhaufen einfahrenden Absorberstaben, so z. B. fur die

EinschlieBung des Prirnarkreis-Heliums mit einem Spann be
tonbehalter, wie auch fur die Stromungsfuhrung des HeiBgases
innerhalb des Spannbetonbehalters selbst. In Tab. 1sind einige
Hersteller von Prototypkomponenten autgezahlt, die beispiel
haft fur die groBe lnnovativkraft der deutschen lndustrie sein
mogen. Nach der Fertigstellung der Anlage IHTR-300 kann
daher guten Gewissens gesagt werden, daB die deutsche Indu
strie Erfahrung in der Herstellung von Prototypkomponenten
fur einen Hochtemperaturreaktor dergestalt gewonnen hat,
daB sie jederzeit in der Lage ware, fur eine Fotgeanlage das
notige Know-how zu liefern.

Aus den Erfahrungen bei Errichtung des THTR-300 konnen
folgende Feststellungen getroffen werden:
1. Die wirtschaftliche Errichtung eines Folge-H'I'R ist nur bei

kalkulierbarer Bauzeit moglich.
2. Eine wesentliche Voraussetzung hierfur sind weitgehend

abgeschlossene Genehmigungsverfahren bei Baubeginn.
Diese Erkenntnisse wurden bei der Planung des HTR-500
berucksichtigt.
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2.2. Erfahrungen aus Inbetriebnahme und
Betrieb

Die Inbetriebnahme des THTR-300 wurde in zwei atom
rechtliche Betriebsgenehmigungen aufgeteilt:

Die erste Teilbetriebsgenehmigung fur die Beladung mit
Betriebselernenten , die Versuche mit sehr niedriger Leistung
(Null-Energie-Versuche) und die Vortrocknung des Prirnar
kreislaufes unter Stickstoffwurde am 19.7.83 erteilt:

Die zweite Teilbetriebsgenehmigung fur den Leistungsver
suchsbetrieb lag am 9.4.85 vor; sie gilt bis zum Erreichen von
1100 Reaktorvollasttagen.

Die Strategie der THTR-Inbetriebnahme war dadurch
gekennzeichnet, daB zum fruhestmoglichen Zeitpunkt parallel
zu den Restmontagen mit der Kernbeladung und den nuklearen
Nullenergieversuchen begonnen wurde. Daraus ergab sich die
Miiglichkeit, die Kernauslegung so fruh wie moglich zu verifi
zieren, die Funktion der Reaktorkomponenten des Prirnar
kreislaufes rechtzeitig zu testen und eventuelle Korrekturen
termingerecht zu veranlassen.

Die nukleare Inbetriebnahme wurde in neun Inbetriebnah
meschritte unterteilt (Abb. 4). Die aufserst sorgfaltig und dem
Charakter des Prototyps und der Forschungsanlage angemes
sene Abwicklung der Inbetriebnahme laBt sich auf sechs Eckda
ten zuruckfuhren. Diese sind:
Beginn 30.8.83
Erste Kritikalitiit 13.9.83
Erstmals Nukleare Leistung 6.9.85
Erste Stromlieferung 16.11.85
Erstmals 100%-Leislung 23.9.86
Uoernahme durch HKG 1.6.87

Die bis-hcute gewonnenen wesentlichen Betriebsergebnisse
nach Bereitstellung von 2891000 MWh elektrischer Arbeit und
16410 h Reaktorbetrieb lassen sich wie folgt zusammenfassen:
Die Zeitausnutzung der Anlage betrug in 1987 61%,

in 1988 52%.
Ais eindeutig positive Ergebnisse lassen sich nennen:

- die Auslegungsleistung von 100% wurde auf Anhieb erreicht.
- die thermodynamischen Prirnarkreislaufdaten haben sich be-

statigt.
- die Personendosisbelastung ist iiuBerst gering.
- Ausbauarbeiten am Prirnarkreis sind trotz schwieriger Zu-

gangsverhaltnisse d urchfuhrbar.

Aile diese Ergebnisse bestarken uns in der Aussage, daB mit
den nunmehr vorliegenden Erfahrungen aus dem THTR-300
ein technischer Anforderungskatalog erstellt werden kann, mit
dem ein Folgereaktor in die entscheidende Planungsphase
gehen konnte.

Ais Beleg fur die obengenannten positiven Betriebsergeb
nisse dient Abb. 5 mit der Darstellung der monatlich akkumu
lierten Gesamtpersonendosis.

Die Ubereinstimrnung der technischen thermodynamischen
Datenvorhersage und die MeBergebnisse aus der-Inbetrieb
nahme zeigt Abb. 6 am Beispiel der Temperaturvcrlaufe fur das
Schnellabfahren aus 60% Leistung.

Neben diesen positiven Betriebserfahrungen wurden in der
bisherigen Betriebszeit des THTR-300 wertvolle Erkenntnisse
gewonnen. Abb. 7 zeigt das Diagramm der elektrischen Lei
stung Yom 1.1. 88 bis 29.9.88, aus dem sich auch die obenge
nannte Zeitverfugbarkeit fur 1988 errechnet. Eine Analyse der
Nichtverfugbarkeitszeitraurne zeigt eindeutig, daB die Ursa
chen uberwiegend im Bereich der Beschickungsanlage und im
Bereich der Handhabung der Kugelelemente zu suchen sind.
Diese Handhabung wird zusiitzlich erschwert durch das Vor
handensein von beschadigten Kugelelementen, die wiihrend
der Zeit der Inbetriebnahrne durch die umfangreichen Fahrver
suche der Kernstabe verursacht wurden. Da die Kugelschadi
gungsrate nicklaufig ist - sie liegt derzeit bei ca. 0,6% der abge
zogenen Kugeln -, ist auch langfristig mit einem Ruckgang der
Schwierigkeiten bei der Kugelhandhabung zu rechnen.

Zur Bewaltigung der Schwierigkeiten bei der Handhabung
der Kugelelemente wurden bis heute verschiedene MaBnahmen
ergriffen:
- Es wurde eine Reparatur am Kugelabzugin unmittelbarer Nahe des

Primarkreises durchgefuhrt, die ein verbessertes Ausschleusen dec
Kugelelemente bei 100% Reaktorleistung und vollem Gasdurchsatz
erm6g1icht.

- Urndie Kugelbeschiidigungen niedrigzu halten, wurden die Kugelbe
lastungen dadurch reduziert, daBdie Einfahrtiefe und die Zahl der
Kernstabe bei IangcrcnAbschaltungen in Abhangigkeit der erforder
lichenAbschaltreaktivitat festgelegtwird. Ebenso wurde das Verfah
ren der NH,-Einspeisung, das eine Schmierwirkungbei der Abschal
tung erzeugt, optirniert.

- Die beschadigten Kugelnwerden langsamaus dem Reaktorkem aus
geschleust.

Die Kugelbeschiidigungen und die Probleme bei der Hand
habung haben keine sicherheitstechnische Bedeutung; die
Kuhlgasaktivitat liegt unverandert im Erwartungsbereich.
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Abb. 7: Diagramm derelektrischen Leistung 1.1.88 bis 29.9.88.

Damit kann auch ein signifikanter Bruch beschichteter Teilchen
ausgeschlossen werden.

Die Zeitnichtverfugbarkeit gegen Ende 1988 wurde
bestimmt durch den Schaden am HeiBgaskanal. In einer Routi
nerevision besichtigte die HKG vorsorglich einen HeiBgaska
nal, der die Stromungsfuhrung des heiBen Heliums vorn Reak
torkem zu den Dampferzeugein ubernimmt. Abb. 8 zeigt einen
Blick in einen HeiBgaskanal mit dem rechteckigen Durchtritt
durch den graphitischen Seitenreflektor. Die unteren Kanal
blocke aus Graphit sind jeweils mit einem Graphitdubel auf den
Kohlesteinblocken fixiert. In der AuBenwand des Seitenreflek
tors sind diese Diibel in Durchgangsbohrungen der Blocke
angeordnet. Weiter ist in Abb. 8 der Anfang des metallischen
Teils des HeiBgaskanals zu sehen mit der Innenisolierung,
bestehend aus metallischen Folienpaketen, 30 em x 30 em
Abdeckflache, die mit jeweils 4 Eckbolzen und 1 Zentralbolzen
fixiert werden. Nachdem bei der ersten Kanalbesichtigung
Schadigungen an den Befestigungsbolzen (Zentralbolzen) fest
gestellt wurden, entschloB sich die HKG, aile sechs Kanale zu
besichtigen und stellte dabei fest, daB von ca. 2600 Bolzen ins
gesamt 35 Bolzenkopfe abgesprengt waren. Es wurde auBer
dem festgestellt, daB die Graphitdiibel zur Fixierung der unte
ren Aufsenkanalblocke ausgehoben waren.

In der Folgezeit bis heute wurde dieser festgestellte Schaden
'gfaltig untersucht und als Schadensursache liegt folgendes

Ergebnis vor:
Die Bolzen haben versagt aufgrund einer Abnahme der

Werkstoffduktilitat infolge der Bestrahlung mit thermischen
Neutronen und im Temperaturbereich groBer 500 "C. Deswei
teren ergaben sich Spannungskonzentrationen im Kopfbereich
der Bolzen durch unterschiedliche Warmeausdehnungsquofi
tienten der Materialien der 18lagigen Metallfolienisolierung
und der Konstruktion der Haltebolzen.

Die HKG kommt nach sorgfaltiger Priifung gemeinsam mit
dem Anlagenlieferer zu der Ansicht, daB ein Weiterbetrieb des

Abb. 8: Blick in einen Heifigaskanal, im Vordergrund Steine des
Graphitaufbaues.

2.3. Erwartete Erfahrungen bei einem
Weiterbetrieb des THTR-300

TIITR-300 mit den vorhandenen Schaden vertretbar ist.
Dadurch, daB sich die Schaden im wesentlichen auf die Zentral
bolzen konzentrieren, wird die Innenisolierung im metallischen
Teil des HeiBgaskanals nach wie vor durch die Eckbolzen gehal
ten. Darnit ist die Funktionsfahigkeit der Innenisolierung auch
jetzt sicher gewahrleistet, Sollte es dennoch zum Ablosen von
Teilen der Isolierung kommen, so laBt sich dieses anhand der
betrieblichen Uberwachung der ProzeBparameter Massen
strom und Druckverlust tiber dem HeiBgaskanal erkennen. Die
HKG wird gleichwohl weiterhin dUTCh kurzere Besichtigungsin
tervalle das Schadensbild beobachten.

Die aus dem bisherigen Betrieb gewonnenen Erkenntnisse
haben schon wesentlich zum gesetzten Forschungsziel des
TIITR-300 beigetragen und wichtige Erkenntnisse fur die Pla
nung einer Folgeanlage liefem konnen.

Ein Weiterbetrieb des TIITR-300 kann tiber die jetzigen
Betriebserfahrungen hinaus noch wesentliche Erkenntnisse lie
fern und damit den Forschungsauftrag sinnvoll abrunden. Ins
besondere erwartet die HKG, daB sich die Kenntnisse zum
KugelflieBen innerhalb des Kugelbettes, die Erkenntnisse zur
Schadigungsrate der Kugeln und die Erkenntnisse uber Aktivi
tatsfreisetzung aus den Kugeln noch sehr stark verbessem und
erharten lassen.

Eine weitere Aufgabe ware die Erprobung des Langzeitver
haltens der prototypischen Komponenten. Der HeiBgaskanal
ist hier nur ein im Augenblick signifikantes Beispiel, aber auch
die anderen Prototypkomponenten, wie Abschaltstabe , Spann
betonbehalter, Graphitaufbau sind hier langfristig von groBem
Interesse.

Eine weitere Aufgabe, die bei einem Weiterbetrieb angegan
gen werden kann, ist die Entwicklung von Ausbau- und Repara
turgeraten fur die innerhalb des Spannbetons liegenden Bau
teile. Der bisherige Betrieb hat gezeigt, daB die Frage der
Zuganglichkeit fur den Betreiber von herausragender Bedeu
tung ist und die Entwicklung von Ausbaugeraten dringend
erforderlich ist. Der Nachweis der Reparaturfreundlichkeit von
Hochtemperaturreaktoren ist nach Meinung der HKG somit
auch Aufgabe eines Prototyps.
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Damit diese Aufgaben jedoch angegangen werden konnen ,
ist die finanzielle Basis fur das Projekt THTR-300 neu zu defi
nieren.

I..'dO.OMr
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Zus atzttsiken
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Abb. 9: Ausstattung des Risikobeteiligungsvertrages.
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Die Hochtemperaturreaktorlinie genieBt derzeit weltweit
erhohte Aufmerksamkeit und wissenschaftliches Interesse.
Zusarnrnenarbeitsvertrage der deutschen Industrie mit der
Sowjetunion und Vertrage mit der Volksrepublik China sind
hier nur ein Gradmesser fur den Aufwind, der die Hochtempe
raturreaktorlinie auf internationalem Gebiet tragt.

Die technologischen M6glichkeiten, die in der Hochtempe
raturreaktorlinie stecken, sind nach wie vor technisch und wis
senschaftlich unbestritten, sei es die Erzeugung von Wasserstoff
oder die Bewaltigung des CO 2-Problems. Die in Studien konzi
pierte Symbiose von nuklearer und fossiler Energie iiber den
Hochtemperaturreaktor ist eine Option fur eine umweltscho
nende Energieversorgung fur die Zukunft. Bei dieser weitge
spannten Zielsetzung ist zu fragen, ob eine neuartige Technolo
gie Bestand haben kann, wenn der Betrieb der weltweit einzi
g~n Referenzanlage aus finanziellen Erwagungen nicht fortge
fuhrt werden kann. Oer THTR-300 war als Bindeglied zwischen
dem A VR und einer kommerziellen Hochtemperaturreaktor
anlage gedacht. Wenn das Bindeglied fehlt, ist ein Bruch in der
technologischen Weiterentwicklung vorprogrammiert.

In der heutigen Oiskussion iiber eine langfristig ausreichende
und umweltschonende Energieversorgung werden hiiufig neue
Technologien unterden Begriffen Solarwasserstoff, Windener
gie, Biomasse uSW. aufgefUhrt.
. Im Vergleich zum Entwicklungsstand dieser Energietrager
ist nut dem THTR die groBtechnische Reife der HTR-Linie
erreicht. Er ist damit den Entwicklungen auf dem Sektor der
sog. Alternativenergien urn Jahrzehnte voraus.

Wir werden unter dern Gesichtspunkt zu entscheiden haben,
ob es sinnvoll ist , diese Entwicklung zu unterbrechen oder abzu
warten, bis andere sie uns liefern konnen,

von 1,1 Mrd. DM zu fordern. Bei der Beurteilung der Erhohung
der Haftsumme muB immer wieder deutlich gemarht werden,
daf es sich hier urn die Abdeckung eines finanziellen Risikos
handelt, das nicht mit Sicherheit eintreten muB. Wurde z. B. der
THTR-300 im Rahmen einer Langfristplanung mit 70,4% Ver
fUgbarkeit betrieben werden konnen , so wurde die Haftsumme
maximal mit 340 Mia. OM beansprucht werden.

Es ist also eindeutig, daB nicht sicherheitstechnische Griinde
diese Aufstockung der Risikobeteiligung notwendig machen,
sondern daB es ausschlieBlich von auBen herangetragene wirt
schaftliche Faktoren sind, die die notwendige Erhohung for
dern.

In Abb. 9 sind die Bestandteile des Risikobeteiligungsvertra
ges und die von den HKG-Gesellschaftern fiir notwendig erach
tete Erh6hung dargestellt.

- Stillstandsrisiko Brennelemententsorgung
In der Betriebsgenehmigung fur den THTR-300 ist nach dem

Erreichen von 600 Vollasttagen, das ware ein Zeitpunkt Anfang
1990, nachzuweisen, daf Zwischenlagerrn6glichkeiten fur
Brennelemente extern gesichert sind und daf weiterhin die
Transportbereitstellungshalle zur Einlagerung von schwach
aktiv-Abfallen auf dem Gelande des THTR-Standortes geneh
migt ist.

Beide Bedingungen sind derzeit noch in Arbeit und nicht ab
geschlossen.

- Stillstandsrisiko Dauerbetriebsgenehmigung
Die derzeitige Betriebsgenehmigung fur den THTR-300

erstreckt sich auf 1100 Vollasttage, d. h. sie lauft Mitte 1992 aus.
Fiir die daran anschlieBende Oauerbetriebsgenehmigung ist ein
Genehmlgungsverfahren noch durchzufuhren. Es ist derzeit
nicht abzusehen, unter welchen Auflagen und Kriterien dieses
Genehmigungsverfahren durchgefuhrt wird. Auf jeden Fall
wird dIe zustandige ~tomrechtlicheGenehmigungsbehorde vor
Ertetlung einer weiterfuhrenden Betriebsgenehmigung eine
detaillierte Sicherheitsprufung wahrscheinlich erwagen.

Diese Urnstande haben die Gesellschafter der HKG veran
laBt, an die Partner des Risikobeteiligungsvertrages heranzu
treten und eine Aufstockung des Vertrages auf die Haftsumme

3. Der Risikobeteiligungsvertrag und die
Abdeckung finanzieller Risiken

Bereits im Jahre 1971 waren sich die Partner des Projektes
THTR-300 daruber im klaren, daf ein von Anfang an kornrner
zieller Betrieb des THTR-300 aufgrund seines Prototypcharak
ters und der mit ihm verfolgten Forschungsziele nicht zu errei
chen ist. Aus diesem Grunde wurde in vielen Verhandlungen
bereits zu Beginn des Projektes ein Risikobeteiligungsvertrag
(RBV) geschlossen, der zur Abdeckung der wirtschaftlichen
Betriebsrisiken und zur Abdeckung der Stillegung der Anlage
eine Haftsurnrne von zum gegenwartigen Zeitpunkt 450 Mia.
DM ausweist. Diese Haftsumme von 450 Mia. DM wurde zu Y,
vom Bund und zu Y, vom Land Nordrhein-Westfalen aufge
bracht. 270 Mia. DM sind fur den Ausgleich von Betriebsverlu
sten reserviert; 180 Mia. DM derzeit fur die Stillegung der An
lage.

Der Vertrag sieht weiter vor, daf wahrend der ersten drei
Jahre die HKG-Gesellschafter 10% der Betriebsverluste tiber
nehmen und 90% aus der Haftsumme des RBV gedeckt wird.
Nach drei Jahren erhoht sich die Verlustubemahme der HKG
Gesellschafter auf 30% . Seit der letzten Anpassung des RB Vim
Jahre 1983 haben sich die Kosten fur die Stillegung (Beseiti
gung) der Anlage gegeniiber den Ansatzen im RBV erhoht. Die
Kosten fur die Beseitigung der Anlage sind von 180 Mia. OM
aus dem derzeitigen RBV auf Basis eines Gutachtens heute auf
ca. 450 Mia. OM angewachsen.

Durch das Auftreten neuer von auBen an das Projekt THTR
300 herangetragener Risiken, die zu Stillstanden fuhren kon
nen, sind die Gesellschafter der HKG der Ansicht, daB die
Haftsumme von 450 Mia. OM nicht ausreichend ist. Aile diese
neuen Risiken haben sich gegen Ende des Jahres 1988 konkreti
siert. Sie sollen im folgenden kurz angerissen werden:

- Stillstandsrisiko Brennelementversorgung
Die derzeit durch Nukem gefertigten Brennelemente fur den

THTR-300 reichen fur eine Betriebszeit bis Ende 1991. Zum
31.12.88 hat die Nukem mit der Produktion von kugelformigen
Brennelementen autgehort. Eine termingerechte AnschluBfer
tigung ist derzeit nicht sichergestellt.

227 atornwirtschaft, Mai 1989
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Elevenm Iriid-mtiooal Confcrence on the HTGR

Dirnitrovgrad, 19 - 20 JIlllfle 19&9

:HTR Cow~issioning and Ooe;at~ng Expe;ienc2

R. S'6umer

Hochtemperatur-KernkraftwerK GmbH, Hamm

•

Introduction

The ihorium-High- Temperature Reactor "riR 300 is the pr-ot otype power

plant for a meaium-sized pebble bed reactor. The commissioning period up

to handover of the plant t o the user was marked by the f oll ow inc

milestones wh i ch characterize the extensive and ;:ime-consuming

commissioning program:

Sept 13, 1983

Nov 16, 1985

Sept 23) 1986

flrst criticality

first synchronization to power grid

firs;: 100 ~ power operation

handover of the plant to the use; compeny HKG

Juni 1, 1987 comoletion of nuclear ooera;:ion and

Until t ccay the plant vas in operation 16 ill0 h ana has generated

2891068 I·n'ih. The time ava i l ib i l t.y has been 61 % in 1927 and 52 % in

1988.
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the plant ooer-a t i on sphe:es cou l d Je wi t hdr awn only e t reduced p i ant

~cwer, since only with a reduced helium mass flow which is partly ~assec

in coum:ercurre!lt to the fuel element flow direction for cooling :,'1e

fuel e1,err;ent discharge pipe, Y'~lt:Jdrawall cf the s oner i ca ) elements ','las

inspec~ ion. Fur t her ccwnt imes

possible. This def 2C: was e l imina t ed during the 1927/88 pi en:

r asu l t so from jamming of Spr:2;-2S in :.1e

singulizer disk of a helical damaged-spheres seDarator in the refue:ling

system and from the necessity t o exchange t he casks wh i ch col Iec t the

damaged soher ic a l ,e1eme!lts. !C.in.any power r eouct ton was r e ocat eo l y

reauired

oar ; s

in summer 1988 to keeo the

the r eact or hall within

exhaust a ir t emoeraeur e i n

the permissible limits,

those

e.g.

steam ge!lerator ring rooms. On SeDtemOer 29, 1988 t he power ol ant 'lias

shu: down for the scheduled :988 ins~ection.

On the occasion 07 a routine inspection, we i ns cected as a

precaut· onary measure - a hot gas duct, the duct through '",hi ch :he hot

helium passes from the r eact or core to t he s t eam generator. The figure

shows a1 internal v i ew of a hot gas duct 'tlith its rectangular passage

through the graphite side reflector. The l ower graphite biock s of :he

hoc gas duct are each fixed to the respective carbon block by a graphite

dowel. Ir: the out er wal ] of the side reflector these dowels are

positioned ill bore holes penetrating the blocks. The figure shows the

front Dart of the me~allic sect jon of the hot gas duct showing the inner

insulation ,,'!hich consists of meta l foil bie nke t s , covered by 30 C::J A 30

em cover plates which are each held down and fixed by 4 corner bolts and

central bo l t . .~f:e; the ins oect i on of t he first duct had rev'22.lec

damage on some attachment fixtures (central bolts), I'!e decided to

inspec: all the 6 ducts, and it was oetected that out of the approx.

2500 bolts 35 bolts h~ads had come off. In addition it was detected tha:

several g:-aohite dov.el s installed for hol d i nc in oos i t icn the 101'Ie r
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The d2. mese has bee;] t hor ouo ly enelysed and :~e fc l l ovrino causes have

be en det errmned: The bait heads ~eiled due :0 st r es s es which had

conc ent r at ed in the range of the bait head as a r esu lt of differential

thermal expansion of the me t er ie Is of the metal f o i l insulction

cons i s t ino of 18 layers end the st:-ucture of the attachment fixture

bolts. In addition a reduction in the materia 1 ductil i ty as a result of

therma 1 rieut r on 'ir r ac i a t i on in :he t emoer at ur e r anqe at ove 500°C was

observed.

L~
iHTR 300

Front port of ihe hot 005 duet!

After thorough analyses we and the plant supplier have jointly come to

the result that further operetion of the THTR 300 is justi~ied in spite

of the existing damage.

Since the a'clilage is essentially ccr.cent r a t r-d on the c ent r e l bo l t s , the

thermal i nsu l at ion in the metal part of the hot 92s duct is held cown by

the corner bolts 2S before. Thus the functional capzb i l i t y of tile



,:;,ermal insu l a t i on IS S212 :~/ 2~,SU:",ea a. :SC i~ t:12 or es ent. S~:J2:iOn. Ul

·:2.52 :h2"'C. ~2.';'"":5 vI t he inSJ:2L~Cn 1...ere Ge:2.c.'"':ea af t er a l l , ~~is 'IiCUla:2

ae:ec:ed jy t ne cce r at i cna i mon i t or in q of the process pcr2iile"C.2:,) mass

~ic'r/ end ores sur e less. :tle hav e , however , ~he i nt ent icn :0 oos erv e the

s~:ua.tion

inte:-vals.

In fu~ure by inspe(ting ~he hot gas duc~s shor~e:

:'uring the cvere l l operation unt i . shut down of the power plant en.

1988 fer the ~988 insoe c t ion t ne pl ant has

2 891 068 i~Wh. For generating this electrical gross out out plant ~aG

to be Joe:-ated for 423 fu l l power days. including t he cormri s s i on i nc

pe:iod.

=n the ~cllcwing the mai~ r~sults of the plant cpe~ation are preserited.

,-.Jor",;;l ooer::dion

Oesion

Lemo er a ror e di s rribo tion

'1etueting/
spber es oam aqe

Ccct an! gas Hliviiy

'von- ..ctiv e impurilie c
in ihe c oct anr g.lS

Shuldo .... n<;;
Plant ::WldOCS.

Sbur uc .... ns /
Deoy ne at r emcv ..{

Pe.netr:olion is ctaticn v atv e s

Emergency pc .... er supply

In:;oection<.::

Rccictcqic al pr c r cc tico dJ:;;

Gnpnit I!: dvs I

Ar tivi r 'f

Inspection m.;nu.ll

The eva lua t ion OT the oper-at inc data can be subdivided into three

sections:

power opera cion,

~121t downt imes inC:lJd~ng shut coun pr oc ecur es ,and
. .
in s ce c t lens.

wi l . be oi scus s e c in til,:: oarag,aphs be low .
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2.1 Desicn Deta end ?owee Joeiation-------------------------------

[}=[~
;~T? 300

Comnar is on of measured and t al cui a t ec op er ar ino
GeT2 cT -IOC C:'c oc w er ourput on February 9, "i?88

2.1.1

I
. 1-

Unit ~t:~~urt:d Catcci ar ec I
vat ...t 'I'll ve

IihermClI po .... er of co- t: ond int er nals MW i 756 ;11
I I

Circvla Ior :;oeeC min .\ I 5£.07 5380 ;1I ;
kS /:;

.,
:. ~.:. 6 ;"9 ,12Heticm flo\-' r a t t: :

Feed ........ t er fio .... r d f e I/h ,S 1,6 151,7

'....as s no .... thrcugl'1 r en!":OJj er ~/h 1!..':'.7 l!...t.,j

hoi gO' l e mo er .. lure 0' SG inl!" ! ·C 750.3 750

( old 9C!s t e moe r a t ur e Jt SG out l e I I ·C 2'- 6.6 71..6)

I .,
f1ClLO s t e am t emoer a tur e

I

53!. .2 5::5

,"1.110 s t e am pr es s or e bar l.b,1 186,9 iB6,7

Reheat s t e am t empcr at ur e

I

·C IJO.6 527

Rebe af s t earn pressure t.r lClbsl , e.s '8 ,

Iicne r a lor acfiv e p c ..... er I M"" JOe.1 JO' .1

Cooling ..... o t e r t emoe r at ur e I ·C 26.7 16.1

The design data which had been specified for the THTR powee operation

have been confirmed by measurements during operation. Th i s fact is

not ev i dent for a prot otype plant. It shows that the theoretical

bases for ;:he design of nightemoerature reactors are available. Fr-om

the point of v i ew of safety engineering the following a s pect s ere

interesting in this context:

COie Dynamics, Canticl Behaviour, Power Distribution

The core power output can be controlled at all power levels and under

ail core ccno i t ions I'lithout any problems. POl-Ier changes ar e possicle

in the r ance ::;et\'ieen "0 % and 100 % power out out i n z ny steps

desiree. G7
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in e cr sv icus OOe;2.L.~Cn :125, on ~he one hano , cJnfir~ed ~he d2s~gn

Vc~U2S fer the core and the operational and safety ~roc2dur2S and
J

en

the :'t~e: hand, i t has verified the f unct i cn a l capability of the

cont ro . ecu ipment and the components of the primary and s ec ondary

sys:'em.

Durirg pcver changes the e l ect r ica l un i t out put , the ma i n steam

press0re, :he ~ain S~2am t2m~erature and t~e (cid gas temoerature ere

cont ro l l ed. The control var i ab l es for this purpose are the he! i urn

mass f l ow , the posicion of the reflector rods and the feed '>'later

quantity.

ihe contra 1 concept especially controls also uos et operating

cond~:ions, s ucn as the automatic cover .r educ t i on to about 70 ~~ in

t he '::'/ent of failure of onecircula:or turbos et , load r e j ect ion :0

pl a nt auxiliary power, or t or o ine scrarn. Instabilities of the core

behaviou;- never occur during such corit r ol porc edures , nor

f l uct.uat i ons o'f the power oi str-ibut ions (e.g. xenon fluctuations).

The temperature coef f i c i ent of the THTR is negative in all power

ranges, It is between T' 12 mN/K and - 4 mN/K. For demonst;-ating

the negative feed-back, the power and temperature curves were

r ec crdec at a thermal power of several per cent in the course of a

cont ro Ti ed intentional "return to criticality" of the reactor. The

curves showed the eX;Jec:ed slow changes of power and temperature thus

conf'rming the design calcula:ions. The inherent safety of the THTR

and its "goed-natu;-ed" contr ol behaviour has thus been verified

expe r iment a lly.

Temperature Distribution in the Core

The~eo,uirements for the temperature distribution in the core result

from t!le maximum p.,er;nissible temperature of the fuel elements as wel l

2S from the max irnurn oermi s s io l e insertion depth of the i nc or e reds,

exce~c tne sDecified d2s~an vJlues.
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The pe~issible ~uel e iernent t eroer a tur es C2..n be obs2:ved wi thout eny

difficulties ~y manoevering the incore rods and the ref'ector rods so

2.5 :0 prevent power ccnc ent r at ion in the 10'IIer core reglon. Another

poss ib i l i t y of indirect control of the permissible temperatures is

obtained by monitoring the hot gas temperature in the bottom

ref: ect or . Ob serva nce of the m2.XlIT1Urn incore r ori t ~ p t emper atur-es is

more difficult. F8i t hi s pu:--pose i t is nec es s ar y "Co pe r f orm design

calculations on tne temoerature and power distribution 1n the core in

parallel with the operat ion , During the running-in oha se these

ois t r ibut i ons cont inous ly :::j~lange. Due to potential uncertainties in

the ca icu l a t eri max imum rod tip temperatures in practice ,conservative

safety margins for the oermissible insertion depth are required. This

sets a limit to the pcssioility of using the incore rods,' Due to high

excess reactivities, wh i ch occur for example af:er orolonged pIant

downtimes, relatively deep inse:-:ion of the incore rods is required

also dur~ng power oper at ion . Ih~s may result in power restrictions

for a 1imited - , rper ioo (appr ox . 2 weeks) to ensure that the maximum

2.1. 3

incore rod tip temperatures are not exceeded.

Refueling and Damage of Spherical ~lements

[Xf~
THlR )00

Fuel circulating system

cer full Dower day

n ' 2 0 fue l

~ adaea

~

620 soherit al r>.\ .
ele~~.nrs cis char oed 1r-!1

- I

Pd~\, ,,, 1
I I ~

i \ ~~
I, j \ '/ j
'-----"' ~'

eiernenrs

Sinr e th~ b~ginning of refu~ling as
a function of burn-up on October 26,1985

248 ass Fuel e[~m~nrs have been added
5 200 Absorber elements have been

add~d

i327 493 Spherical elernent s have been
vit nor avn

?SO 690 SpheriCal ei.emenrs heYE been
dis[hcrg~d
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spne~lca: elements are j/ithdrawn from the reac~or CJre pe~ f~ll =o~/er

day. 520 spheric21 elements ere discharged frcm ~he ci~cui~, :he res:

is r et urned into the r eact or core. The 620 soner ic a l e Iements

withdrawn are replaced by 520 fresh fuel elements.

Up ~o 29.:]9.1983 a total of 1,3 mi 11 ion soher ica l 2! ernent s f rcrn the

C8r2 have been dra~Jn off, from ~his figure 235 000 spherical elements

tak2~ away anc replaced by a corres~ondant nUffiber of fresh spherica:

elemen::s. Essential for the safety of r eact or ocerat ion i s the
...... ""'"" r.... .; ~ V"' .......:, ' ~ - .... h.... r d . ~ d· .C..Jr. '::~~, 1.,-. ,e"uel,ng OT l.. e .reaC'~Qr core 2e':01 ,lOg ,\#0 _,es~lgn. The

soher i cal e l eraent s are added to the core according t o a refuel ing
~ l' ,

C3.iC TJ Jct ec in advance.

The

De

subsequen:

proven :::0

prac:iC2.

pr cc scur s hasThis

refuelingprevi ou sr nsuccess7u.

ca Icu lat ions however , require nevI r efer enc e cat a for

ca lcu I at ico s to actue l measured vaiues. in t hi s aspect the

ca Icu i at i on model can certainly be further 'improved, e.g. by using

measurec values on the flO1'1 behaviour of the sph er ic a l elements and

the mea sur ec burn-uo spect rum of the fuel elements di scharqcd . The

obse,vance of the safety-relevant des~gn data such as excess

reactivity, power distribution and temperat~re d~stribution and,

thus, the guaranty of the rod wort ns does not pose any prob 1ems.

These data are continously ver~fied experimentally and are thus

ensu,ed at any ::~me independent of the calculations.

The oract ic a1 oerf ormanc e of the refuel ing procedur-e met \'iith some

difficulties. They had no safety relevance and were elimin2.tec as W2.S

described ea,l~er. This apolies as well to the unexoected high numoe,

of damaged sher i ca l elements, whi ch \<I'e;2 s or t ed out by the helical

scrao seDarator during w~thdrawal of tile spherical elements from the

r eact or core. Up to the present time 10 casks neve been filled ""ith

aporox. 17.000 damagea spherical elements. The share of oamaged

\.; c. S <2 oc~: 1.:: ~~ l n t:: 2 b;:S i :l;l i n,~ o f the r e f U'21 i ngop er ,=- t ion a nG ~ S

con:-nous~ dr2cieasing. Recen~ly the ra:e reached 0.5 ~.
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Development of sprieres rupture during iHTR operation

I,
zs.rc.es

200

S\-I,P

~oo

i
AS\.,'

600 800 icoo

I

I
. i
i--
I
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A model calculation was perforrned based on :he assumption t hs t t he

damage was me.inly caused by frequent and deep insertion of the incore

rods during the THTR commissioning phase. This assumption has been

confirmed by the agreement with the experlmenta 1 data. Si nee the

damage in most cases only concerns the graphite shell ,n which :::he

fue 1 is embedded, . "I. '-. the cD2~ed fuel particles 'i n the damaged fuel

121 ement s are intact in

products 1 S ensured as

elements l n the r'2ac:::or

their greatest part, retention of the fission

before. The flay/ behaviour of the spherical

core and the insertion of the incore rods is

not impaired by the damaged s pner ica 1 elements. Therefore the damage

of spheres has no safety relevance.

Elimination of the disturbances of the process oes cr ibeo above

requires, hOlvever,:::' a great effort, e.g. the exchange of casks for

damaged s cb er i ca 1 elements requires comol et e depressurizction of the

pr es t r es s eo c cnc r et s :-e~ctor vessel. Therefore it 1S intended - in

pcrticulcr 2lso ~or EconO~lC re2sons "co chance t ne m80C of

manoever;ng :'he incore :-Od5 so that d2.mage of further sDh~;lC2i



evaluation of the mede of spheres rupture and the mechanical

beh av iour of (he pebble bed in order to obtain en exec: ana lysis of

a11. the effects occurr inq .

Coolant Gas Activity In ~he Primary Circuit

'00 .cc

19B81.98/

j .m e r urv e of ~he specific cver all 1- ac rivir y
In the TrlTR 300 coolant gas

I [fj'~
LB~~
i -----'----------------'-:---------.;

I
I

I

I
I

OOH:otin::J nericd (full :l0.... er- dav s 1

The coolant gas activity of the THTR does not exceed the expected

values. The over a r i development of the coolant gas activity is shown

1n the f i qure . As had be en expected, the coolant gas activity

inc"eased dur inc the conrms s ion inc phase wi t h ,ncreaslng r eect cr

power reaching almost constant values at continuous full power

operation. It remains clearly and constantly below the design values.

As for the AVR. the fission product retention capao t l rt y of the fuel

elements has thu~ been confirmed also for the THTK 1n oower

ooeraticn.
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~Jon-R2d4cac:~ve }~pur~t~es 4n ~he Coolant G~s

The iiilpurieies c ont a ine o In the coolant gas, HoD, CO 2 , H
2

and in sorne

rare cases also traces of O2 , '",hich have an oxidizing effect on

graphite, have removed 65 kg of carbon f rom the soherica 1 e l ements

and the graphite internals UP to the prese~t tiiile.

This carbon quantiTy has to be consioered in relaTion to ~he overall

carbon mvent ory of t he core whicn is 728 Tons. The he l rum

pur if i cat ion system of the THTR has been able to CODe \'iith all

concentrations of impurities without any or ob l ems. The pr-imar-y

circuit with rt s : auxiliary syscemsdoes not pose any problems with

regard to chemical and radiochemical parameters.

~ lrncur it ie s In the iHiR 300 Coolant G2S
lHiP. 300

af t er i:"l,ie:c:tion
undis l urbe d of amrncrua

H2 O 1J b;u / v pm ~ 0.5/ < 0,01 < 2/< 0.05

HZ ub ar Ivpm 30 / 0,8 uo '0 ':'000/ up t c 100

[H, p b ar Ivpm / o: u~ '0 '200/ up 10

CO:' lJou/vpm B / 0,2

CO j.Jb4r /vpm 16 / 0,'

..12 ucar /vpm d I ...0.1 up '0 2000/ up Ie 5C

°2 j-lo.:lr/vpm n.n.

" Vb.;;);/vpm n.r...

x-. X, Bq/m) i.N. J .. lO!

)!-! eQ/m J i.N. 5-20 .. 10~

11,( OC;/r.'lJ i.N iDO- )00

In general the impurities in the coolant gas (H 20, H2 , CH". CO 2 , Co

und are la\'/ . During s t eacy-s t at e oper a t i on t hey sum up to

ma x imurn of 30 ube r (= 2vp0i). Only during stcrt-up t h e c cnt ent s o f

hydrogen end n~~rogen iTic)' rise by i'n"-: 3 ce c ay 'JJ:O ~~e ieve i G~- c T'.;\'/

mba r . During shutdo':ln of t he r.eact or arrmon i z is f ed into the c cr e to

reduce the fric~ion fac:cr of the inC8re rods in tile ~ebble bed c~:e.



2.~.6 The~~odynamic ?ar~m2:ers OT :he ?~i~ary System

In add i t i on to the oper e t i ona i date quoted at the beginnilig of t n i s

chapt er , 'Hhich are o i r ec t l y included into t he power c a lcu l at ion , a.

number of additional data are measured to aescr~be the pr1mary

syst em. This has shovm :hat the bypass of t he helium mass f l ow is

higher "Chen expected. It is defined to be being 18 ~ rns t ead of 7 ~)

whic:, had Jeen expect ec . -;-he cor e outlet t emoeret ur e 1·/hic.1 ~'";as

therefore to be higher by. abcut ten pe7'" cent is below the des ~gn

values for fuel e l ement s and graohite internals even at full power

operation, thus it does not pose any problems. In connec:ion with the

damage of the .at t acbmsrrt fixtures of the hot gas duct i nsu l at ion

r sferenc e should ,jriefly be made to anc trier groue of t hsrmccynann c

data of t he pr i.nar y system. Apart from the temperatures, these ar-e

the he l iurn mass f Iows and t he pressure losses of the 5 s t e am

<jen~~rator/circ:ulat:Jr units. These data are continuously r eccr ce o end

eval uat ed in the Ti1TR. In addition, derived values such as e.g. the

pressure loss coefficie:Jts are continuously determined.

These values are observed, on the one hand as mean values of
, ,

a I i the

SlX steam generator/cir:~iator units for detecting uniform c1anges in

all the 5 hot gas ducts anc , on the other hand, they are eva luat ec as

relative dev i a t i ons from t he mean value for determining

charges in i r d i v i cua l hot gas ducts.

Evaluations performed during the latest year of operation have shown

that changes of the above-mentioned oata in the primary system ar e

detectable with an acc~racy of 1 %.
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Pressure losses In

primary system

Time-dependent deviations from mean
pressure losses in rhe pr rrnary system
(mean value of appr ox. 9 dcysl

:::. 1••(1 1. )., . )

~ X z; X X X X X

" 0 c 0 (; 0 e' 0 o'

~ 3 • . . .; 0. . • . , . '

2.1. 7

.0 20.0 '0.0 6{LO eo.c 100.0 ~2J_O ,1,0.0 160.0 180.0 :-::C.O 220.0

1 'Iime !d1

01.01. 1988

These statements show that in addition to the measured values for the

r eactcr core itself also the ther-modynamic data of the primary system

are stable and reproduceable. iher-efore safety-relevant changes which

may occur can be detected safely and early enough. Thus it is

demonstrated that the design has been confirmed and that the

components such as e.g. the helium circulator and the steam gener-ator

have proven their functional capability.

Measuring Methods

Another- condition for safe plant ooer-arion 1S the cor~ect acouisition

and r-eliable processing of all the mecsured values ~eouired for 81ant

safery and plant ope~ation. Tile instrumentation conceDt of the

inclUding the elimination of incore Instr-umentation - and the

-, ten
Ihlr\ -
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pri:c-:ic.:.1 sco i i ca t tcn 07 the me s sur inc fc.cil~ll.leS ;12'12 ~r2\/,='J L.J c:e

nec:essary fer a prcr.ct ype plant, such as fl~x

inst:-umentation, t emperat ur e measurement s of the metal and c er am ic

internals, instrumen~at~on for measurements In the helium circulaters

and steam ge:le-:at:Jrs J s pher es ccurrt in q equ i pment end bur~-uJ

mee.sur enent f ac i i i t y. .ne i nf crme t icn on the plant r2qu~;'"'~d fcr.-

safety reasons has 'leen available at any t~me.

Conclusions from Shutdown Procedures and Plant Oownt~mes
--------------------------------------------------------

Snutdc;n Procedures, Deccy He~t ~emoval Systems

As shown . earl ier in the operational diagram, the THTR1as 'lee:! shut

down relatively frequer.;:ly during the corrrnissioning phase and t he

power operation. Part of the shutaown procedures were scheduled and

maintenance and repair measur'es , especially in-service ins oect ions ,

In addition, especially during the trial operation, the excitation of

the tWO automatic shutdown orocedures was repeatedly triggered by tne

Plant P:otec:tion System: reactor sc-arn (11 x, 4 of them as t est s

during be commissioning phase) or Decay Heat Removal 45 procedure

(20 x) , The causes wer e a too nar r ow adj ustment of the limiting

va l res , (this was e l iminat ed during the cormss ion ino phase),

defect ive instruments, er r cr-s ;10 detail pLa nnin q of r e l eas e logics

and ooerat or er-r ors . The greatest Dan: of the rel eases ylere net

required for safety reasons. In all the shut down procedures ilea:

removal from the core and from the i nt erne ls vias effec:eC ac::ording

to :he design principles. t~inor 4r~egu1arit4es ~n the prJCe~ul·2s ~/ere

never of safety r et eve nc e and '''ere eliminated in the course of the

corrrn~ssioning phase. Exoerience has shown up to nOYI that the decay

hea": r cmoval s ys t erns wb ich are per t iy identical with cper at i onal

sys~ems have a sufficie~t availability. an appropriate process

de si cn , end have crove n their fuctional capability in cr ect i c e . in

CJurse .-..;: ~ \~ -
'-' 1 c . i::::::

- '"' .. - ,....;-, ..:-,
)ilu '.".'-'u'",

ev a lue t ed in sect ions by t ne cont i nucus l y operating long-t.erm
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consurnpt ~O~ l! of the s t eern generators end tne 2.SS0Ci at eo p~ ping

amounts only a few percent. Only some s c l i d par:s which coula be

exchanged, have reached a life time c onsuupt ior 07 about 10 % up:o

now. ~.ssuming 2 "normal" 7urther power operation, :here are no

restric~ions or safety-relevant problems to be ex~ec~ed fTom ~odayls

point of view for a fUithe: long-:erm ope;ct~on.

The coo l cown or or eour e ":-Jeat Removal 5 11 designed :0 come i nt o ac:ion

in the event of major disturbances, or the measures for resumption of

heat removal after a prolonged 'int errupt icn of decay heat removal

(LUNWA) have not come 'irit o action up :0 now, ThereTors i: can be

stated that the previous operating eXDerience does not give rise to

any new safety ~equirements wi~h regard ~o detection of disturbances

and release a nc sequence .of coo l ocwn oroc sou-es . It -i s currently

being inves:iga:ed, whether there is a possibility of simolifying the

exc rt at ion logics of the Plant Pr ot sct ion. System and improving the

sequence of the cooldown procedures. The use of the absorber rods

could be reduced, as will be demons:r2ted in the section below.

Shutdown Systems

The THTR ist equipped with t\'IO independent shut oown systems, the

reflector rods (5 groups of 5 rods each) and the incore rods (7

groups of 5 rods each). Four reflector rod groups reoresent the

shutdown system, the incore rods are inserted for long-term shutdown.

In order to ensure sufficient subcr i t i ca l i t y , it was claimed that

during the running-in phase in the event of reactor scram in addition

to the reflector rods a qr oup of incore rods (group R3E) should be

automatically inserted by the long-stioke pistion drive.

This c l a irn has proven to be unnecessary 2t an early date, since it

has been demonstr2ted dUiing the co~issioning phase on the occasion

of scram :ests T~a~ power ooera:ion that ~~e reac:or IS s:~11

subc;-~t~lcal 38 minut es b v i nser t icn

group and that the r es c t cr r emaine s ubcr i t i ca i ov er the period 0,

xenon bu i l c -uo . This s i t ua t i on is. main~ained even"llOdel' the most
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ccnG~Lior.s def~r.~::ion (st2i"":-UP
, .

prCICr.CeC

s t ancs t i l l , no xericn , ia\~ he1ium te~oeratur~). .n e c l a irn r or

automat ic i ns er t i on of an i ncor e rod grcuo in the event of r eac t cr

sc~am can therefore be el~minated.

For aut ornati c long-term shutdown it was envisaged to insert all the

d2 incore rods to their lower end position. Also for these conditions

it. has been r2~eaterJlY demonstrated that ':~e measures for long-term

shutGown of the reactor need not be appliea to the extent originally

e,lVi saged. E'len with the boundary conditions of maximum excess

reactivity, low he l i um t emperatur-e , long-term subcr i t i ca l ity after

prolonged operation, i .2. wi t h full orot act in ium conversion, is

sufficient to insert d inccre rod groups to a depth about 1 m above

the ower snd 'position. The figure be low snows as an example the

critical rod position after the 1987 Inspection.

iLn~
lr-J~
THTR JOO

Crirical rod position

(T(oa: ca. 110-C, :;nutdo .... n rime: 98 d.~ii: O. 1..3 Nile]

'; ReItcc t cr tad group: 50·/ it hor avn
:) Retler ror rod iJrouo~ fuH,! it hdr a:...n

on January i8, 1988

~7E R3ERl

,
i

it,~,I
"5K'1II
II
II

J 1'20 Si<7I, II
~ I!

II
V

Cr:rical rod posmon
(198; insoechon)

II
'~I
'J

1"

~I
~I RoFli R' 121 R2c

--<CdoYh-..2'..I
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The lonc-:erm shutdown s}'ste~ ~/2S designed too c~n~2~v2tively so t~at

rns er t eo in chat number and depth which is r ecu i r ed for safety

reasons to ensure suf f i c i ent subcr i t i c a " i t y during prolonged pl ant

downtimes. Since the incor e rods neve to be cons i de r e d to be the

cause of the increased rate of damaged spherical elements, is

2.2.3

2.2.4

sxpect eo t hat this measure wil1 result in a marked r eouc t i on of

SDne:es oamage.

From a orocess design aspect t he incore rods and :ne r ef Iect or rods

have proven to be efficient safety systems. The drooping times of :he

reflector rods corresoonded to the design values, tne inse~tion times

and 'ins er t ion depths of t he incore rods' when aut omzt i c a l l y inser:ed

by the long-s~roke p~s~ons hcve ensured subc;i~icai~ty of the ;~ac:or

at any t ime,

Penetra:ion Isolation System

The pene:ration iso12tion system consists of shut-off valves equipped

with diverse drive systems. Each pipe penetrating the PCRV and

carr-y inq pr imary gas IS shut off by these valves to ensure activity

confinement. Each 1 i rie iseauipped with two valves which close in

case of demand upon excitation by the Plant Protection System. In the

course of the THTR operation no disturbances have occur;-ed up to now

which would have requi:-ec -an act ivat ion of the ~ene~r2:~:Jn ~,sojat~on

system. Modifications or backfitting of these ect ive e!!gineered

safety systems has not become necessary as a result of :he previous

operation.

Emergency Power Supply

The only case of emer qenc y power s upp ty occurred in the beginning of

the COi'il,'T1lssioning Jh2se. It \','2.S initicted by the et t emot t o sV/ltch

over ~he elec:~ical feed water pu~p form 2. sup~ly line to 2 ~ed~nd2nt

line wl~hin aoproxiffic~ely 1 second. Th~s resulted in shu~do~!n of :he

.-......... ,J
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supp Iy inq transformer. This o i s truoanc s gave rise to s ev er a 1

modifications of details, optimizations and definitions of process

design. In principle, however, the concept for detection and

activation of the emergency power supply system has been confirmed.

Radiological Protection Data Referring to Plant Personnel

~JKJEj
THTR JOO

Collective dose .1
,

Cotlec tiv e dose of persons who en t er ed
the THTR 300 from 1985 lo M2rch 1S89

352 ner s,

1;\"",.....,1
1985 1986 . 1987 1988

Radiation exposure of the THTR plan personnel is very low. The

r ad i at ion exposure values for the previous operating period are

indicated in the figure. The data demonstrate that the plant concept

wi t h a pres t r es s en concrete r eact or vessel has proven to be

successful.



- 20 -

special disassembly facilities and tools ana oase,vance of the

sequences of 'IO'K planned in det e i l , these activities can be carr-ied

out vlith a 10'1 col l ect i ve as well as single dose. ',Ihen in ,n,oril 2.988

r epa ir work on one of -::he he l ~c2.1 damagej-spile;-es s e car e t or-s of the

fuel circ:Jlat-=,ng s ys t ern nz d to be perf ormed, ~he overall c o i l ec t ive

dose we s 2.7} mSv and the max irnum s inq i e doses ~'ie;e 'less :hc.n 0,:2

mSv. \')12 as sums t ha; sucn f avor ac i e ve iues can be me int e in ed a ~:$O ';in

future.

Graphite Dust:

the

d"j sas semb ly worK. The only effec:s of ~he gr2.ohi-c'2 d~st an

opera:ion 07 sys:ems vler-e noticed in the beginning of
I

1t has bee~ detec:ed In piplng car;ying prim~ry gas and on comDonents

di sass emo led from :he pr imary syst em thi::t surfaces of component s

which ere part of :he helium circ~its and the fuel circulat~on system

are contaminated by r ao i oact i ve graphite dust (mass depos i t i on about

1 mg/cm 2
) . The snec if i c act iv i ty of the dust was ds t arrm ned to "be

2 x 108 Bq/g at a maximum. It is mainly caused by the r ac ionuc l icies

Co-60, Nb/Zr-95, Hf-181 unci Pa 2:3. The ove,ali ouantitiy of g,aphite

dust detected corY-esponds to -cne expected weigth loss of -che

spherica 1 elements during circulc.tian by ebr as ion. Under the asoect

of ,adiologic2.1 protec:ion it does not pose any problems for

:he

commissioning phase, 'Ihen individual mois:ure sensors jn ~he" moisture

mon itor inc s ys t ern of the st eam gene;a~ors f a i l e d. This e our c e of

72.ilure was eliminc.:ed by installing simple dust filter-s upstream the

sensors. l t c an thus be stated that the graphite dust does no t pose

any problems, neithey- with regard :0 operation nor to safe:y.

l~e2.sur'2merits on pipjng carrying primary g2.S have shown that also in

the eve~t of a de~ressuri2ction ac:~dent the graphlte dust does net

C2use ~n inc~e~sed ;ele~s2 of act~vity.
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Ac~iviIJ Re~eas2 \~ith Vent Air

I

II

!

ACTiviry r eleas e Ylirh exhao s r a.r
19 SS

I. Rei.ease 'I' Licensed Release in
I annual lirni] % a f annual
I in 20 volue in Be 'irni! vaiue

qas es !2,504E11]n er r

Aerosols

.cc.ne

rE-Conrrol
area

S,968 E07

'OS'COi:' o '- I

I

3,471 c',2

6,66 Ell. 6,037 0/0

., - EOS 1.4,'- '/0~, I

3,7 cOS ' Q '/0L, •

8,14 c12 42,3 '/10

[ ',I. 2,582 EI0, 7,4 E12 0,36 %

The activity release with vent air measured in 1988 is presented in

the figure. It was no pr-ob l em during power operation to remain be l ow

the low limiting values specified in the THTR 1 ice~,se, because at

that time only minor repair work was performed on componen:s of tne

rrelium.circuit.

To reduce the release of radioactive aerosols to the environment,

i ;e . the r e l eas e of ac t iv i t y carr i ed by qr apb i t e dus t j r i t has oroved

necessary in :he course of t he commissioning phase to provioe all

exhaust paths with filters. This has been done and has proved to be a

successful solution.

Contrary to normal operating conditions, during inspections t he peRij

is cft en depressurized anc open to pei-;=orri1 some 'dork on integrated

comDonen:s. ~ c '.... on 1-
,-' ., "-r' -

under 2. 51 i qb t l y neg2.tive pressure during the per-formance of the

above-mentioned repair worK. For this purpose a small partial
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qU2.n:::~:'j

reie2seo

of the he 1 u.rn .r ver t ory i s ','ri"C r: or ewn Ti:;m ::.~e ?C::V c.:",d

to -h ct;ncspne:e \',1 i:h L:.:le \,!e r.:. c ' 'C
,

i nee :,"'Ie gr2Jtll:e" ,e "

inte~nals still contain tr~tium after depr2ssur~:ation, \'/hich ~n C2se

of rno i s t urs ent er s the g2S phase v i a excnange reactions, t he g2S

mixture withdrawn form the PCRV has :0 be passed through catalysers

and a molecular sieve before it is released to the atmosphere, 3y

t~i s mea sur s ~ s ensured that even in ~he event of c:xTlDle:.e

vent~lat~on of ~~e ?CRV no safety problems will arise.

cXDe~ience ExoecteQ form ~urther Ooeratlon Of the ~HTR-300

/1, f urther ooeration of the THTR-300 is exoected to 7urnish es s errt i e l

know-how in addition to the present operating exper i enc e and would

thus allow to come to a valuable completion of the research contrcct.

It is espec i e l Iy expec:ed by us that i t wi I ] be oos s ib l e to extend

and conf i rm by exper irnent s the know-how on core des i gn, spheres

damage rate, and the activity release from the spheres.

Another objective is the verification of the ,long-term performance of

the prototype c ornnonent s . The hot gas du::: is an example which is

slgni7"-=lcc.nt at the present moment, but also the l onq-t errn behz vi our

of other prototype components such as shutdown rods, PCRV and

graphite internals ~s of great in:e;est~

A furthe~ task which c~uld be pe~sued durina a ~ur~~e~ ODer~:lon of

the THTR is the oevelopmenc of :disassembly and r epa ir 'equipment for

the components installed within the PCRV. The previous operation has

demonstrated that the problem of accessiblity is of utmost imoortance

to the operating company and that the development of o i s as semo ly

equipment is uroent l y r eou ir ed. In our opinion it is enct her t esk of

a prototype to veri fy the easy r ep a irabi 1 i t y of Hi gh- Ter;mera:u;2

Reactors.

For in';I:~2t~ng tne s e t2S~S it is, however", necessary to ob t z i n c. ne\'/

defin~~~on of :he 7~n2ncicl bcsis for the l~iP'-3DO p;ojec~.
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As e?r 1,y as in 1971 tb e par t ners cooperat inq in the iH:R-300 pr oj ec t

had realized that because of the prototype characte: of the THTR-300

and the research objec~ives pursued with this :eactor it would not be

POSS";Ole to achieve a corrme-c i a l cper-at ion of (he plant f r crn the \/2;-}

beginning. r or t hi s r23.S.Jn a risk par t i c i pa t i cn ccnt r act vtzs

negot:iated enc conc l ude o already at the beginnig or the pr oj ec ;

earmarking a liability sum of DM 450 n i l l ion to cover the economic

risks of the plant operat ion and the decomari ss i on inc risks of the

plant: ouer at i on and :he decomnissioning costs. 11'10 thirds of this sum

was "urnished by t he
~. ,ieaeraJ Governme~t and one third :y the Federal

State Government of North Rhine Wes:phalia. OM 270 millien are

reserved for compens at inq losses from plant oper at ion , and 01''1 180

million ar~ pr~sent:y envisaged for decommissioning of the piant.

It is fur-ther stipuleted in the contr act thatdur"ing the first 3

years 10 % of the operat inq deficit is covered by the HKG partners

and 90 % is -:'urnished form the sum guarranteed in the r i s k

particiDaeion contract.

After three years the share assumend by the HKG par:ners increases to

30 %. Since the l at es t .up-dating of .the risk per t ic ipat ion contract

in 1983 the ccst s c.f "dec:ollITIissionina (dismantlement) of the plan have
~ "

increased compared to the costs earmarked in the risk participaeion

cont r ac ; . Based on an exoert opinion t ne costs 01' d i smant l ernent of

the plant , cuct ed at OM 180 million in the existing r i sk

partici~at~cn c:nt~ac~, ha'/e new increased to about OM 650 million.

As a result of new risks aTTec:~ing the THTR-300 project from external

sources, Which might result in plant outages, the HKG partners are of

the 0pin,on that the guaranteed sum of OM 450 million 1S not

sur t vc i ent . All these ileltl risks came up in concrete form late III
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In :he ~ollo\~ing t~ey will be ~riefly charac~er~zed:

Risk 'vI St arids t i l l due :0 Fuel E'i ement Suop ly Pr ob l ems

The fuel elements for the THTR-300 fabricated by NUKEH up to the

pres ent time are
~ _. . .

sur r ic t enr for an operating period unti 1 end ~9Sl.

On De:embe, 1988 ~:UKEM termina~ed :he fabr~cat~an of :he

sphe,iC31 fuel e r ement s . Cont inuat i on of t he fuel ele:nent fabrica::i-Dn

in Due :ime is currently not ensured.

Risk of Stancs t i l l due t o Fuel Element Disposal Problems

l t is claimed in the ooerating license for the TIiTR-300 that it has

to be ~'ven evidence at the end of 500 full power days, this would be

some t ime ear Iy in ~990, chat ext erna l in::ermediete storage

facilities for :he spent fuel elements are available and chat t he

1 icense has been obtained for" the transport pr epar a t ion hall for

stor inc ' Iow-ect iv ity was t e on the TIiTR plant site. Bot h conditions

have not yet been met at the present time.

Ri sk of St a ncs t i l ] due t o P~Jb lems Regc.;ding the Permanent Oper at inq

License

The present operating license for the THTR-300 cover-s 1100 'full power

de ys , i .e . it wi l ] expire in mid 1992. The subsequent oermanent
I

operatlnglicense requires another licensing proc edure . At "::h.e moment

it cannot be predicted which will be the reauirements and cri::eria of

th i s 1 ic ens inp procedure. In any case there is e high probabil ity

that the competent nuclear licensing authority will perform a

detailed safety investigation before granting a license for further

plant oaer z t i on , In vi ew of this s i tua t ion the HI~G par t ner s have

asked the· pertners of the risk perticipation contract to increase :he
r-,

c ont r act ue l emount-guc.ran::eed to 011: l.~ h i i i i on , In evaluc.ting the

increese of the sum guc.rar,teed it has :0 be emphesized t hz t it is

• ,- h
~ 0;- eX2.m: Ie 2: ;:.1:-:, er cper2.:ion

'-'''''.,Iv ...

=..t en

e ve i l ab i i i t y 07 7D.~ ~ '\'i25 co s s ib i e vriihin a long-ter~ program, t ne

sum gU2ranteed would je c~aimed only tJ a maximum of DM 3~J million.
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The evaluation of the operating experience gained from the THTR up to

now cernes to an absolutely positive result. The principal design data

have been confirmed.

The THTR-300 represents the successful connection link. between the 15
. .-

MWel.P,YR .experimental reactor and a future con:rnercial plant. On the

basis of the present know-how obtained from tlie THTR operation

another optimized high-temperature reactor can be designed and

constructed thus reoresenting a further step towards

commercialization of advanced reaccors.

It is evident that the necessity to increase the risk participation

contract does not arise from safety considerations but exclusively

from economi~.factors affecting the THTR from outside.
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1 Introduction

.
To introduce myself: for 7 years I have been working at the THTR plant, starting with

the commissioning till the end of operation. I left shortly after the decision to definitely

shutdown the plant.

I have been involved in the evaluation of physical properties of the THTR-Core, the

comparison of calculated design features and measured effects during the

commissioning phase. And in particular I was involved in refuelling the core, which did

take more attention than expected.

Since this is a long time ago, I do not have nice drawings, but more or less sketches

with handwriting. I apologize for this, but I think the idea is the main point and I take

efforts to present it clearly.

There has been no conclusive evaluation of the pebble flow within the THTR Core.

There have been many experimental evidences on how and why the core moves, but

an evaluation taking into account all the effects is missing. In fact the operation time of

the THTR was too short to have definite evidence. We only had 423 full power days of

load and were far away from the equilibrium core. This is really a disadvantage, for the

pebble flow is the central question of having command over the dynamic core of

moving and flowing contents

So far for the introduction.

There are only 2 items I want to talk about, these are the pebble flow and how to keep

it going from the physical point of view and its connection to the resulting gas

temperatures. I leave out influence on absorber rod values, not touching bypass effects

of core bottom cooling and the rest of core physics.

2 Gas temperatures

1Transparency 11 Reactor vessel and core as model, dmHeldt z 300 kg/sec

D:\TECDO_Rohdaten\Word\SPEECH_THTR_KLDOC



ITransparency 21 Flow lines and core rods, to have an impression

R2 are control rods, exchanged form time to time, to avoid bending because of the

pebble flow. Gas temperatures at the core outlet (mass flow downwards) are measured

by NATE in bottom reflector at symmetric positions ITransparency 31·

The aim for the outlet gas temperature is to have a flat profile. This is best for passing

into the hot gas duct - with cold bypass from below and above than - where the gas

goes through the mixing plate ahead of the steam generator.

It takes some time to really have a "stationary" state (because of Xe and Protactinium)

with also similar rod positions in R2. But the conditions I used are rather stationary and

there were repeated measurements.

A word how to characterize burn-up and core in general: We used AVLT/BVLT

(abgebrannte Vollasttage or burned up full power days, beschickte Vollasttage or

refuelled full power days). A full power day is a good measure for the burn-up of the

core and usually there is a difference between the used power and the necessarily

refilled pebbles. Which doesn't matter if the difference is not so large. It has influence

on rod bending and in particular on the possibility of fast core rod insertion in

emergency shut down. I leave that out.

ITransparency 41 So you see in the upper sketch at 40 % of power that the temperature

profile is bending with increasing burn-up; it gets colder at the side reflector and more

hot at the inside.

Later as we reached 100 % power, the same feature (lower sketch) showed up.

For each power level the rod positions were similar (they depend on the power level

and refuelling), so the change of the temperature profile is a real fact.

3 Refilling and fuel circulation

A short view on the total fuel circulation - in principle ITransparency 51 and the loading

pipes positions on top of the core ITransparency 61.
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The first core was staticly filled with only two mixtures, one in the inner core IC and one

in the outer core AC. We used 1:6 refuelling, reactivity requirements asked for the daily

fresh number 1Transparency 71.

To understand the moving core - bulk material in a silo - we used the channel flow

model with rather straight vertical flow lines ITransparency 8 + ~, the velocity characterized

by the amount of horizontal steps defined by the fixed time interval. 1Transparency 91 is

obviously faster in the outer region than ITransparency 81.

One can define refuelling parameters <Xi using 6 assumptions:

1 volume conservation, numbers of discharges pebbles have to be

replaced with refuelling ratio ~ =pebbles IC/pebbles AC

2 fuel ratio IC/AC

3 absorber ratio IC/AC

4 splitting age T* within the refilled fuel distribution 1Transparency llj

5 more used fuel is only recycled to the IC

6 absorbers are recycled to the IC (temperature reasons)

The resulting <Xi are rather lengthy expressions. The difficulty is, that there is not always

a solution with these six assumptions fixed and one has also to distribute into the core

what is coming out of the core, without interim storage.

Well, we managed that. It was difficult, but by far not the most difficult task.

As I mentioned, the first core was built with only two fuel mixtures. So, being through

first time with the innermost channel should be seen in the discharged fuel elements

and the remaining fuel content.

We had this zero-power reactor to measure the discharged pebbles, where we could

distinguish by the pebble signal what it is and how much fuel remained ttransparency 111.

Being through the first time, one could recalculate the "measured" pebble flow which

turned out to be much higher than designed:
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refuelling ratio ~= 0.83 WB1

0.78 WB2

0.76 WB3

0.76 WB4

~design =0.56

ITransparency 8 + 9 again I.

We than changed the flow model for pre-calculation of reactivity development from

~ = 0.56 to ~ = 0.78.

Later on we could verify - in looking at the discharged pebble distributions - that also

WB 5 - 8 (2nd time arrival of the innermost channel) and WB 9 - 11 moved with

essentially ~ =0.78. In fact this meant that fuel in the outer core is staying there for a

very long time getting rather burned up, which in turn shows up as low integral

temperatures at the core bottom. This was evidently different from the design

calculations with ~ = 0.56, and not the inserted core rods could be taken as

explanation, because than they were only slightly inserted.

Unfortunately the refilling was made - due to decision of the manufacturer of the plant 

with ~ =0.70 and fuel ratio higher to IC than at the beginning. Due to calculations this

was the direction to the equilibrium core. People were convinced, the actual core would

aline with the equilibrium core calculations. But the core did not. At least not than.

In fact this worsened the situation with the bottom temperatures because of the

following fact: the friction coefficient of graphite in He increases with decreasing

temperature I Transparency 12 I. SO, the rather cold temperature at the side reflector

hindered the pebble flow which in turn would increase ~ further and so on. A self

amplifying process.

The desiqn-B rested on many experiments done in models with different scales, 1:6

and 1:2, as far as I remember. But all experiments were done in air and without any

temperature or even temperature profiles. So, something was missed.

It took us as long as WB 16 (May '88) to convince the people to change the fuel ratio,

thus loading more fuel elements to the AC It had the effect of increasing the outer core

temperatures. We finally succeeded to have the effect wanted.

But the decision for decommissioning the plant came soon afterwards (WB 23,

AVLT = 423). And than this same very good idea turned out to be a bit of a problem for
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de-loading the core! If nothing is refilled, the core behaves as an egg-clock. The inner

core flows out and the upper side of the outer core plunges into the inner channel and

makes a rather reactive assembly there.

But I want to mention another experiment we made for the pebble flow, we added a

small amount of fresh absorber at a later time with only minor reactivity effects. With

the zero power reaction we could definitely distinguish these fresh absorber being once

through from others, which we mixed in the first core The amount showing up at the

bottom was a direct function of the integrated channel area on top of the core where we

added the absorber. This was another clear prove for the flow channel model.

Unfortunately, the test was not finished because of the decision for decommissioning.

4 Conclusion

So, what is the point I want to make?

To have a moving assembly, like the core of a pebble bed reactor, one should have a

thorough look at several physical properties from time to time, to confirm that you have

the core you thought. It is not sufficient to believe in model calculations, even if they

pretend to have included all the experiments that are available. There may be aspects

missing, as we have seen. The verification of the core by means of measurements of

the physical properties is absolute essential. It is more essential than in the common

water reactor. (But these water reactors have many other difficulties, a gas cooled

graphite reactor will never have).

Physical properties to be looked at are, beside the temperatures in the core bottom, the

rod values (total and differential), reactivity (in rod equivalents), rod insertion time in

case of core rods and, most important, discharged pebbles distributions including test

charges to measure the pebble flow.
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REVIEW OF SOME ASPECTS OF RADIOLOGICAL INTEREST
DURING THE ESTABLISHMENT OF THE SAFE ENCLOSURE OF
THE THTR 300 PLANT

w. STRATMANN
STEAG Kernenergie GmbH, Essen

M.BACHLER
Noell-KRC Energie- and Umwelttechnik GmbH, Wurzburg

Gennany

Abstract
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XA9848083

One of the first activities with the establishment of the safe enclosure was the disassembly of
the reactor of the bum-up measurement facility. This was a graphite-moderated, air-cooled
reactor with strip-shaped fuel elements made of an aluminium uranium alloy. The reactor
contained 3.9 kg of high-enriched uranium (93% U-235), the thermal power output was 500
W. Because of the highly cramped conditions, the acceptable dose level and the limited
number of fuel stripes, the decommissioning was executed almost exclusively manually. To
reduce the collective dose of the personnel, an extensive training with a 1:1 scale mock-up
was carried out prior to decommissioning. The removed fuel elements were put into special
baskets and were shipped to the interim storage facility BZA in two CASTOR THTRlAVR
casks.

In order to clear place for the installation of components of the new ventilation system and
other systems, the components for high-purity helium compression and storage had to be
dismantled. More than 90% of the metal were unconditionally released as iron scrap.

Extensive measurements bad to be carried out on the dismounting and inspection equipment
which had been mostlyalready in use during the 3 year time of operation. As a result 3 Mg
had to be stored in the remaining controlled area, app. 183 Mg were stored within the
supervised area and app. 49 Mg were released as free ofcontamination.

Due to the high tritium inventory, two containers with barrels. filled with waste could not be
shipped to extemal storage sites and therefore had to be stored in the remaining controlled
area within the envelope of the safe enclosure.

Another interesting aspect of the low contamination level of the THTR 300 plant was the
release of buildings from the restrictions of the Atomic Energy Act and reduction of the
controlled area to a supervised area. Based on statistical methods we were able to prove the
low-level contamination status.with an acceptable amount ofmeasurements.

Finally a new system for monitoring of released radioactivity with the new exhaust air system
was designed and built. Government authorities requested a system with advanced sensibility
for low emissions of tritium and carbon-14. The design especially had to consider the highest
mean time between failures and the lowest mean time to repair possible.
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1. Introduction

This paper is to give a brief review of some aspects of radiological interest during the
establishment of the safe enclosure of the THTR 300 plant operated by the Hochtemperatur
Kemkraftwerk GmbH (HKG). During the establishment of the safe enclosure, the consortium
KSE (Noell-KRC and STEAG Kemenergie) as a general contractor was also responsible for
radiation protection organization and waste management and provided one of the radiological
health and safety officers and alI of the health physics personnel. .

2. Dismantling of the burnup measuring reactor

Loading and unloading of the THTR reactor core was carried out while the bumup of the
pebble-shaped fuel elements was monitored by means of a bumup measuring system. The
main component of this system was the bumup measuring reactor (Solid Moderated Reactor)
in which a reactivity effect is caused by operating elements as they pass through the reactor.
Evaluation of this effect permits determination of the type of element and, in case of fuel
elements, the bumup ofthe element.

Unloading of the THTR reactor core was completed by 28 October 1994 with the
establishment of the state "reactor core free of nuclear fuel". By then, the task of the bumup
measuring reactor was completed so that dismantling of the bumup measuring reactor could
be initiated in order to remove the nuclear fuel contained therein.

2.1. Initial situation

The bumup measuring reactor was a graphite moderated thermal reactor with a rated output
of 500 W, arranged in the reactor hall below the prestressed concrete reactor vessel. The
reactor core (1.0 m . 1.2 m· 1.1 m) consisted of various graphite plates provided with grooves
for accommodation of the 767 strip-shaped fuel clements. The fuel clements have a
rectangular cross-section (15 rum· 1.1 rum) and a length of between 89 and 711 rum. They
contain 93% enriched uranium in a U-AI alloy (20% uranium, 80% aluminum). Total uranium
content of the core was 3.9 kg.

The core was enclosed by a graphite reflector consisting of plates similar to those of the
core. Outside dimensions of the SMR were thus 1.8 m . 2.0 m . 2.0 m. The operating element
guide tube, used to guide the operating elements rolling through the core by gravitation,
passed through the center of the reactor core. The entire reactor composed of graphite plates
was mounted on a steel slab anchored to the floor and was supported by a steel structure
installed around the reactor. Reactor instrumentation, absorber rods and the neutron source
were arranged in twelve vertical drill holes through the reactor core. Figure 1 gives a general
idea of the bumup measuring reactor.

The initial radiological situation was determined by a bumup of approx. 3.1 M'W-b/kg U
after unloading of the THTR reactor core. Overall activity, originating mainly from the fission
products, totaled 2.10 12 Bq/kg U. The measured dose rate in the room of installation of the
SMR ranged from 500 to 800 ~Sv!h as regards gamma radiation and was below 1 uSv/h as
regards neutron radiation. Values ranging from 1.5 to 20 Bq/cm- were determined for non
fixed contamination. When dismantling work was initiated, indoor air activity concentration
was below 40 Bq/m".
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FIG. 1. Installation ofthe burnup measuring reactor

In tenus of technology to be used for dismantling, the initial situation was characterized by
extremely cramped spatial conditions in the SMR room of installation and difficult access to
this room.

2.2. Preparatory activities

Under the given radiological and spatial conditions, a dismantling concept was chosen
which was based on manual dismantling using suitable auxiliary equipment and installations.
Preparatory activities included mainly the installation of a 1:1 mock-up, staff training and
testing of the auxiliary installations.

The mock-up consists of an SMR room of installation and the access area arranged above.
Height of the mock-up totals approx. 7 m.

The mock-up was used to test all equipment and installations designed specifically for
dismantling of the reactor (particularly the mobile shield) both individually and in interaction
and the devices were optimized. .
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Testing of the devices was followed by training of the dismantling personnel. Training
concentrated on

- assembly of the auxiliary installations under the cramped conditions;
- video-monitored handling of the fuel elements and graphite plates by means of auxiliary

equipment;
- handling of the fuel element shielding container (up to storage of the fuel elements in the

THTR 300 fuel element storage facility); ,
- conduct in case of incidents and management of abnormal situations.

The work papers and step sequence plans used for testing and staff training were revised on
the basis of the experience made with the mock-up and provided thus the basis for a
comprehensive set ofwork papers and step sequence plans for dismantling of the SNfR.

2.3. Dismantling of the burnup measuring reactor

The bumup measuring reactor had to be dismantled only to the extent necessary for
removal of the nuclear fuel.

In addition to the equipment and installations that had already been installed at the mock
up during testing, the following preparatory activities had to be developed in the THTR 300
nuclear power plant:

- preparation of the transport path leading up to the SNfR room of installation, including
assembly of the transport means (inclined haulage and hoist);

- provision of a charging aid for the shielding device, reloading into transport and storage
cask transport cages;
installation of an auxiliary ventilation system for the SMR room of installation.

The activities in the THTR 300 plant - from preparation via removal of fuel elements,
loading into shielding device and until transfer to the THTR fuel element storage facility 
were carried out by a staff of approx. ten persons in one shift over 30 work days. The
collective dose for the personnel was only approx. 10% of the maximum value of 200 mSv
stated in the application that had been filed for the licensing procedure under nuclear law, and
approx. 20% ofthe dose expected according to the initial step sequence plans.

The SMR fuel elements were loaded into two transport and storage casks CASTOR
THTR/AVR. Shipping of the two CASTOR casks to the Ahaus fuel element interim storage
facility on 10 March 1995 completed the activities for management of the SMR fuel elements.

3. Some main sources of waste from decommissioning

The wastes arising from the relevant work for the implementation of the safe enclosure and
their destination - except waste containing nuclear fuel - are compiled in figure 2. The
following are some of the main sources which are discussed in detail.
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Works Shipped
Stored In

License Year THTR
Unrestr. Radioact,
Release waste

[Mg) [MgJ [Mg]

7/12a

1994

Defueling of the core 14 I) 16 56 2)

Final inspection

Am.No.1 1995 Disassembly of the 16 5 3) 17
measurementreactor

Am.No.2 Release of the steam- 88 ')
feedwater-circuit

Removal of mlJfllers 168

Am.No.3.4
Sealing components,

62 60Heliumcompressor

1996 Dismount. equipment 64 2 186

7/12b New vent systems 88 s)

Am.No.1
Evaporator plant, 33 6)

Change status rooms
Reconnect vent syst 21 3 10
Remove vent stack 79

1997

Total: T, 730 8) 83 350
1) Pulverized resins from the condensate cleaning system
2) Graphlteand absorberelementswithin the spentfue{ elementstorage
3) Solld organtcwaste
4) Removedpartsare includedcnty.
S) Rubble
6) Evaporator concentrateand mud
1) lnclvdiogwo~ not listedabove.
B} + 1.400 Mg druetural stool and COMponents

+ 44.400 Mg reinforced concrete

FIG. 2. Sources ofwaste during decommissioning

3.1. No-contamination-measnrements for components of the secondary system

With a second amendment to the core unloading license (7/12a), no-contamination
measurements of components in the turbine hall and in the adjacent feedwater tank building
and the disassembly of the steam-feedwater-cycle mufflers on the roof of the reactor hall were
permitted. Only the waste water discharge station in the supervised area of the turbine hall
continued to be subject to measurement after having achieved the state of safe enclosure.

The no-contamination-measurements of components of the steam-feedwater-circuit were
performed at this early stage to enable reuse of these components at any other site.

Theoretical investigations based on measurements with pulverized resins from the
condensate-cleaning system and certain experience from A VR led to the conclusion that the
complete steam water cycle would stay clearly below the threshold value for unconditional
release of iron scrap. The number ofmeasurements to be made was comparatively small. Prior
to granting of the second amendment to license 7/12a, HKG took 10 measurements at
components that were easy to exchange (e.g. valves) and components easy to access ( e.g. low

291



pressure section of turbine above the condenser) to verify the theoretical modeL After
granting the second amendment an additional 20 measurements were carried out together with
the experts. These gamma-spectrometric measurements were partly made in the laboratory
and partly in situ. For the in-situ-measurements, the background level was subtracted and the
calibration factor was calculated for the actual geometry. The detection threshold referring to
Co 60 was 0.006 Bq/cm" (equivalent to 0.001 Bq/g at a minimum thickness of 8mm). The
nuclear supervising authority approved the release of these components on October 20, 1995.

Six non-contamination-measurements of the mufflers were performed under the super
vision of the Technical Inspection Service at two representative mufflers. Approval for
disassembly ofall 6 units and their unconditional release for scrapping was given on July 19,
1995. The total masses of iron scrap arising from these activities are shown in figure 2.

3.2. Disassembly of the high-purity helium compressors

The 4th amendment to license 7112a was issued on October 27, 1995. It permitted the
disassembly of components of the high-purity helium compression and storage system,
aiming to clear space for the installation of components of the new ventilation and activity
monitoring system.

The components to be removed were installed in the supervised area ofthe plant. Thus they
actually had to be non-contaminated. It was known, however, that certain inner surfaces of
pipes had been slightly contaminated due to back streaming gas during plant operation.

Contaminated and non-contaminated piping segments had to be determined. During these
measurements, it was found that the two heavy four-stage helium compressors were slightly
contaminated in their first stages. They were disassembled prior to being subjected to a
thorough investigation. As far as necessary they were decontaminated.

Parts of the system for which no-contamination-measurements were easy, were brought to
closed containers installed outside and stored there until approval by the authorities had been
obtained. Parts for which the state of no-contamination was to difficult to prove, were packed
into 200 I-barrels and stored in the supervised area for the time of safe enclosure.

The final no-contamination measurements for the helium compressors were made in March
1996. More than 90% of the material (approx. 62 Mg) was unconditionally released as iron
scrap.

3.3. Measuring of the dismounting and inspection equipment

The THTR nuclear power plant was equipped with a partly shielded dismounting and
inspection equipment. This equipment was used for work on the fuel circulating system, the
helium purification system, the absorber rods and for the inner inspection of the prestressed
concrete reactor vesseL In parts, this equipment had already been in use and was therefore
contaminated.

Due to the fact that some of the equipment had already been disassembled, the number of
contamination-measurements amounted to several hundred. As a result of the measurements,
the single parts were classified into three groups: parts with a contamination higher than
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5 Bq/cm? were stored within the remaining controlled area; parts with contamination between
5 and 0.5 Bq/cm- were stored in the supervised area of the remaining plant; and parts with a
contamination level below 0.5 Bq/cm? were unconditionally released for scrapping.

As a result, 3 Mg had to be stored in the controlled area, approx. 183 Mg were stored
within the supervised area, and approx. 49 Mg were released as free ofcontamination.

3.4. Waste from external conditioning

In September 1996, two containers with barrels filled with tritium-contaminated waste
were stored within the cover of the safe enclosure. The 16 D350-barrels of high-grade steel
were filled and sealed at the Karlsruhe research center. Due to the high tritium inventory of
the barrels, storage at the final repository Morsleben is not possible today. The tritium
activity amounts to 2.9E+ 12 Bq per Barrel.

4. Downgrading from controlled area to supervised area

With the first amendment to license 7/12b (establishment of the safe enclosure) issued on
July 15, 1996 HKG was allowed to change the status of rooms outside the cover of the safe
enclosure from controlled to supervised area. Therefore it had to be proved that the surface
contamination of the buildings and components did not exceed 5 Bq/cm" and that the dose
rate did not exceed 7.5 ~Sv/h in this area. In addition, HKG demanded that in rooms which
should be accessible without any restrictions to persons who are not occupationally exposed
to radiation, the dose rate should not exceed 2 J.lSv/h.

For a total area of about 12000 m- ( 170 rooms) the fulfillment of the above conditions had
to be proved. The proof was provided in two steps: through the analysis of the history of
operation of the plant and through measuring at representative locations. For regions on the
floor with high probability of contamination, the number of measurements was 1
measurement per 2 rn"; for regions with low probability of contamination and for walls up to a
height of2 m the number of measurements was 1 per 10 m-. For components, the number of
measurements was 1 per m'. Dose rate measurements were done in every room. Spots with
higher dose rates were either decontaminated or shielded. Components that continued to fail
meeting the specifications of the supervised area even after decontamination were dismantled
and stored in the remaining controlled area.

Due to the low-level contamination of the former controlled area the change to a
supervised area was achieved with a relatively small amount of measurements. The total
number of contamination measurements was 2316. Only 87 measurements showed values
higher than 0.5 Bq/cm". All measurements were taken in the presence of members of the
Technical Inspection Service.

5. Release of buildings from the scope of nuclear legislation (AtG)

The first amendment to license 7/12b allowed initiation of measurements for the release of
buildings from the area of application of nuclear legislation. All buildings of the site outside
of the safe enclosed plant were to be released from the restrictions of the Nuclear Energy Act,
that is they were no longer subject to nuclear legislation.
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From the analysis of the history of plant operation the buildings were divided into three
classes:

- AE: slightly contaminated;
- BE: probably not contaminated;
- CE: clearly not contaminated.

All buildings outside the supervised area belonged to class CEo The turbine hall and the
feedwater tank building belonged to class BE just as the health physics laboratory and some
rooms of the access and safety building. Only the waste water disposal duct and parts of the
waste water discharge station in the turbine hall were known to be contaminated and therefore
allocated to class AE.

After thoroughly cleaning the waste water disposal duct of contaminated mud and
dismantling of the contaminated parts of the waste water piping, it was possible to provide
proof of no-contamination. For that proof, it had to be shown that the surface contamination
was below the limits of the German radiation protection ordinance: 0.50 Bq/crn" for most of
the beta/gamma-nuclides and 0.05 Bq/cm" for alpha-nuclides. From experience it was known
that only Co 60, Cs 134, Cs 137 and Sr 90 ( and in special cases H 3) were relevant in most
cases.

Material samples to prove falling below the mass-specific clearence level of 0.1 Bq/g were
taken from the waste water duct and from several sumps in the turbine hall and the feedwater
tank building. In other cases, proof was provided by means of gamma-spectrometric in-situ
measurements.

The number ofcontamination measurements was I per 25 m', however, at least 3 per room,
in order to permit evaluation ofrepresentativeness. Locations with an increased probability of
contamination were chosen as measuring points, such as floor drains, sumps and transport
paths. At the outset, the number of measurements to be taken at certain components was
increased to 1 measurement per 10 m",

All gamma-spectrometric measurements showed values of contamination by Cs 137
exceeding significantly the clearence level. By means of the relations of activities of
Cs I37/Cs 134, it was possible, however, to prove that this contamination was due to the
Chemobyl incident and not due to the THTR 300 operation.

A total of 729 contamination measurements had been carried out. About 30 samples were
tested with the gamma-ray spectrometer and lOin-situ measurements were taken with a
portable gamma-ray spectrometer.

6. Summary

In general, exposure to radiation during all activrties for the establishment of the safe
enclosure was significantly lower than expected. Due to the low level of contamination in the
controlled and supervised areas, it was possible to furnish the radiological proof required for
downgrading ofthe controlled area to the supervised area and for release ofbuildings from the
supervision under nuclear law by means of a relatively small number ofmeasurements.
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THE THTR·300 COOLANT GAS ACTIVITY,
AN INDICATOR OF FUEL PERFORMANCE

1. Introduction

99

K. ROLUG
Hochtemperatur-Reaktorbau GmbH,
Mannheim, Federal Republic of Germany

Abstract

During incommissioning and the following 423 full power days
(fpd) of TRTR opa~ation, the activities of 9 noble fission gas
nuclides in the primary coolant have been measured quaSi
continuously. The radioactive decay times of these nuclides
cover a range of more than 3 orders of ma~itude. The sources
and the mechanisms of the fission gas release can be derived
from the dependence of the steady-state release fractions
(RIB-values) on the half life times t1/2 of the various
nuclides. Thus, the assessment of the fuel performance under
operational conditions is primarily based on the routine
measurements of the coolant gas activity.

During the first 100 fpd of the THTR-operation the slope s of
the curve, RIB-values of noble gas nuclides versus t 1/2 in
double logarithmic scales, was measured to be s • 0.3. This
result is in accordance with the deBi<;rn model, where the
dominant release source is given by the manufacture induced
uranium contamination of the graphitic matrix material. The
relatively low slope-value of 0.3 is caused by the
superposition of the release fractions from two material
components with different diffusion constants.

Within the SUbsequent operation the coolant gas activity
increased by a factor of abput two. However. the max~um did
not exceed 4 , of the design value of the ~R coolant gas
activity. The slOpe S decreased to 0.2. This change can be
explained by the contribution of fission product atoms directly
re<:oiled from the surface of damaged fuel elements into the
coolant. In fact, ~small fraction of the fuel elements have
been mechanically damaged by the frequent insertions of control
rods into the pebble bed core under the specific conditions of
the THTR incommiBsioning proc~dure.

From the measured coolant gas activity data a fraction of
coated particle failures less than 8 10-5 due to external
forcBs was evaluated. In-service failures of particles embedded
in the matrix can be neglected. This evaluation demonstrates
its capability to identify specific fuel failure modes during
operation. In this way, the coolant gas activity can be used as
an indicator of the fuel performance.

The radiation protection scheme of any gas cooled reactor
requires the regular and reliable measurement of the coolant

gas activity during all operational periods. The noble gas
activities, predominantly detected in the coolant, determine

an important source term for the radiological assessment of

the plant during normal and upset conditions. In the case of

the THTR-300, the steady-state noble gas activities in the
coolant together with the iodine concentrations also

constitute the leading sources for the maximum radiological

design accident, the total loss of coolant. For the safety

analysis of this accident the iodine release from the fuel

elements is evaluated by the known relation between iodine and

noble gas release.

Apart from the above safety aspects, the measurement of the

coolant gas activity prOVides also a means to asses the actual

quality of the fuel elements in the core. In particular, inci

pient fuel failures can be identified, so that adequate coun
termeasures can be developed in due time. In this context it

is noteworthy, that the commercial guarantee of the in-service

quality of the THTR fuel elements (burnup guarantee), which
was contracted between the fuel manufacturer and the utility,

was based on a certain value of the coolant gas activity (well

below the design limit). ThUS, the coolant gas activity can be
used as an indicator not only of the fuel performance but also

of potential financial obligations.

At any rate, the reliable interpretation of the coolant gas
activity in relation to the fuel performance necessitates a

sound knowledge of the fuel element material properties and

the fission gas release mechanisms. This will be given in the

following sections in advance of the actual THTR measurements

and their evaluation.
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100 2. THTR Fuel Elements

The THTR fuel elements are designed for the high enriched

thorium / uranium cycle. The inner fuel zone of the spherical

fuel element contains about 38000 (Th,U)02 kernels coated with

pyrocarbon layers (BISO particles). The outer pressure holding
layer of the coated particle is derived from methane at deposi

tion temperatures up to 2100·C (HTI-layer). This extreme

temperature causes a relatively high uranium contamination in

the outer HTI layer. During the final heat treatment of the

integral fuel element at 1950·C part of this uranium migrates

into the surrounding matrix causing a finely dispersed uranium

contamination in the matrix material. This contamination is

the prime source for the fission gas and iodine release from

the fuel elements during normal and accident conditions of the

THTR. The effect of potential manufacture induced coating

defects is negligible compared with the contamination.

20
.9

10

17

16

l~..
IJ

E 12

>, "u
'0•• 9"•rt n

7

Co

S

4

"Z,
CI

-
-
- I-
- n
- L
-
- I-

-
-~

-
.~-

-

-

~
.. L-

- .r-

6

The frequency plot in Fig. 1 summarizes the quality control

data for the uranium contamination of the fuel elements for

the initial THTR core (identical product specification and
manufacture for initial core and reload fuel elements). The
mean value of this most important property amounts to

3.0 . 10-4 with a standard deviation of 7 . 10-5 for the

single value3 (3 measurements per batch, maximum batch size

2000 fuel elements).

The key design data of the THTR fuel elements are given in

Tab. 1.

During operation a small fraction of the coated particles is

expected to fail. Based on irradiation testing of THTR fuel

elements, the in-service failure fraction at the end of the

residence time in the core (fast neutron fluence:

4.5 . 1021 cm-2, E > 0.1 MeV, burnup: 11.5 \ fima) is
estimated to be 2 . 10- 3. These defectives contribute only

< 10 \ to the total fission gas release from the THTR core

"falrlx Conlllmlnalion ('IE-,t)

Distribution of the urdnium contamination data
for the fuel element. of the THTR initial core
(n • 770)

(exception: long-lived Kr 85). Nevertheless, the fission gas

release mechanisms must be known equally well for both, the

matrix contamination and the failed particles, if unexpected

changes of the coolant gas activity are to be explained.

3. Fission Gas Release Models

3.1 Uranium Contamination of Matrix Material

The steady-state fission gas release from THTR fuel elements

is calculated with a model which was derived from in-pile

measured xenon and krypton release data of a series of

irradiation experiments with THTR prototype fuel elements.



Design Dab of spherical THTR Fuel Elements The primary fission products are distributed homogeneously in

both components by direct recoil. The gas atoms diffuse from

the recoil sites to the open porosity of the fuel element.

This volume diffusion in both components is described with

Booth's "equivalent sphere" model yielding equation (1) for
the fractional release of a contamination-born fission gas

nuclide from component m:

Rml B

where Km

Rm

B

Fm

Om

rm
').

- release rate from component m into the open

porosity
- contamination induced birth rate in the

fuel element
- fraction of recoil sites in component m

- diffusion constant of xenon or krypton in

component m
- equivalent sphere radius of component m

- decay constant of a given xenon or krypton

isotope.

( 1)

400

80

30
80

1.0 . 10-3

A3-3
60

46

10.2

0.96

93
3.0 . 10-4

HTI - BISO
(Th, U) 02
9.9g/=3

mm
Illlll

g/FE

g/FE

~

Table 1

Uranium Contamination

of Outer PyC

Kernel Diameter

Porous PyC

Sealing PyC

Outer PyC

Type

Fuel Composition

Kernel Density
Dimensions

U-235 Enricr~ent

Free Uranium Fraction a)

Matrix Material
Outer Diameter

Diameter of Fuel Zone
Thorium Loading
Uranium Loading

Coated Fuel Particle

Fuel Element

WI

a) weight of uranium outside intact coated particles divided by
total uranium loading of the fuel element

This model was successfully submitted to the THTR licencing

procedure. Details of the model are given in Ill, so that only

a qualitative survey is needed here.

The graphitic matrix material of the fuel element is treated

as a two-component system. Component 1 may be attributed to

the graphite grains of the raw material, and component 2 to

the amorphous, non graphitized binder coke between the grains.

The two diffusion processes working in parallel in both compo
nents are followed by gas phase transport trough the open poro

sity of the fuel element into the coolant. This process is

also described by equation (1) where Fm is given by the sum of

the Rm/B-values of both matrix components and rm equals the ra

dius of the fuel element.

The application of this model with optimized material para
meters to the xenon release data measured in THTR irradia

tion experiments (T = 70Q·C, P = 1 bar) is shown in Fig. 2.
The superposition of the contributions from both components

leads to a mean slope of the RIB versus )-curve of -0.33
in double logarithmic scales.
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Fig. 1a Gas re1ease from uranium contam~nation

of ma~rix material

The gas release model for failed fuel particles embedded in

the matrix was developed on the base of an irradiation expe

riment with known contents of artificial defect (Th, U)02

particles (laser drilled coatings). The dependence of

the in-pile measured gas release data on the radioactive de

cay constant and on temperature (780·C - 1100·C) is descri

bed by a quasi three-component system consisting of

3.2 Failed Fuel Particles

The flow pattern of this enlarged model for the release of

contamination induced noble gases is shown in Fig. 3a.

The model /1/ was improved by taking into account the frac

tion of direct recoil atoms which are stopped in the open

porosity of the fuel element. This effects only short-lived

isotopes at high pressures. Under THTR conditions (700·C,
38 bar) the release of xe 137 e.g. is increased by about
20 %.
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The fractional noble gas releases from the two grain compo

nents are treated in the sarne way as for the contamina

tion-born release using equation (1). The retention capabi

lities of the open porosity of the kernel and the porous
layer as well as the eventual delay of the transport

through the coating defects (e.g. hairline cracks) are neg

lected. The release from the failed particles is followed

by the gas phase transport through the open porosity of the
fuel elements.

The birth rates of primary fission products in these compo

nents are calculated with the known relations for the

recoil stopping ranges (Bragg-Kleemann Rule). It is assumed

that the open porosity of the kernel and the buffer layer

is filled with helium at system pressure. In addition to

the direct recoil fraction from the kernel into the buffer

layer (2,8 \ for Xe, 3.7 \ for Kr from 400 ~m kernels) the

manufacture induced uranium contamination of this layer
(3 \) is taken into account.

Calculated krypton release from failed particles
in THTR fuel element's at 700 °C, 38 bar

tween pressures at 1 bar (full lines) and 38 bar (broken
lines). Both models lead to rather similiar mean log
RIB-log tl/2-s1opes. Neither temperatures, nor pres3ures in

fluence these slopes significantly.

The flow scheme of this release model is depicted in Fig. 3b.
Fig. 4 shows the break-down of the release fractions from

failed particles (400 ~m (Th, U) 02 kernels) calculated with
the above model using optimized material parameters for

the krypton isotopes at typical THTR conditions (700·C,
38 bar). At the relatively low temperature of 700·C the diffu

sional release from the kernel grains (activation energy of

the diffusion constant: 310 kJ/mole) is negligible. The

kernel release becomes significant only at temperatures above
1000°C. 4. THTR-300 Coolant Gas Activity

103

In preparation of the following discussion of the THTR

coolant gas activity, in Fig. 5 the mean slopes of the frac
tional release curves versus the radioactive half lives

tl/2 of the various nuclides (from Kr 89 with tl/2 = 190s
up to Xe 133 with tl/2 = 5.3d) in double logarithmic scales
are plotted against temperature. It is distinguished be-

4.1 Measurements

The coolant gas activity of the THTR was continuously moni
tored by ~-counting devices. This measurement enables im

mediate detection of relative changes, but at relatively
high uncertainties of the absolute values. Therefore, the
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From 70 to 150 fpd of operation, the activity increased by

about a factor 3. From 150 to 300 fpd only small changes

occurred. After 300 fpd, a continuous long-term decrease of

the activity was observed.

During the rise of the total gas activity the spectrum of
the different noble gas nuclides in the coolant changed sig

nificantly. The short-lived isotopes increased much steeper

than the isotopes with long half-lives. This tendency is

demonstrated in Fig. 7 showing the measured fractional re

leases in dependence of the half-lives at 90 and 150 fpd to

gether with the original calculation (contamination release

model). The measured log R/B-log-tl/2-s1ope falls from 0.30

at 90 fpd to 0.15 at 150 fpd. All evaluated slope-values

are plotted in Fig. 8 against the operation time. The

somewhat arbitrarily drawn average curve in Fig. 8 is
obviously (negatively) correlated with the development of
the coolant gas activity as shown in Fig. 6.

Slope of log RIB versus log tl12 of the release models
for cont~ination and failed particles (averaged for all
nuclides between tl12 - 190 sand tl/2 - &.3 dl

detailed evaluation was entirely based on the r-spectrome

tric analysis of isolated gas samples. At regular intervals
the activities of 4 krypton and 5 xenon isotopes were mea

sured at power levels from 10 % to 100 % of rated power.

The sum of these activities, covering about 90 \ of the to

tal coolant gas activity, is drawn in Fig. 6 against the

THTR operation time of 423 fpd (full power days at 762

MWth)' For comparison sake, the measurements are related to

the actual thermal reactor power (Bq/MW) and to the rated

mass flow through the gas purification plant (0.15 kg/s).

The load factor of the core and extended shutdown events

(marked by arrows) are also shown in Fig. 6.

Any interpretation of the changing coolant gas activity in
the THTR can only be regarded satisfactory, if the above

tendencies of the slopes are explained consistently.

4.2 Evaluation

From the calculated model results as shown in Fig. 5 it is con

cluded, that increased temperatures and failed particles embed

ded in the matrix cannot explain the observed slope changes.

This conclusion was confirmed by calculations with revised tem

perature distributions and substantial failed particle frac

tions. Furthermore, a sensitivity study of the material parame

ters of the contamination related release model did not pro

vide a realistic explanation. The measured slope decrease

could only be reproduced by complete neglection of the gas
phase transport in the open porosity and an increase of the
diffusion constant in the amorphous component by two orders
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of magnitude. However, there is no physical base for this

fictitious parameter change. Thus, a new release mechanism

had to be postulated.

The background of this model development was the THTR expe

rience that some fuel elements have been damaged by mechani

cal forces from the control rods inserted into the pebble

bed core very frequently under extremely adverse conditions

(high sphere loading density in the core) during incornmis

sioning the THTR. The damaged fuel elements (definition:

local diameter s 57 rom) are sorted out from recirculation

by a special size separator at the core exit. In most of

the damaged spheres the fracture surfaces are restricted to

the fuel free outer shell. However, some of the damaged

fuel elements have fracture surfaces right through the in

ner fuel zone.

It is assumed that a fraction of the coated particles situ

ated within the fracture surfaces are also mechanically

damaged, so that part of their kernel material is exposed
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By comparison with the measured activities at 170 fpd a frac

tional release of 1.4 . 10-6 from the total core was evaluated

for all gas nuclides. Fig. 9 shows the good agreement between

measurement and the enlarged model. The above release fraction

of 1.4 . 10-6 leads to an upper estimation of the fraction of

exposed failed particles of 8 . 10-5 in the core, respectively

5 . 10- 3 of the particles in the damaged fuel elements.

•Half Life (hours) ~~

Measured and calculated release fractions and
log RIB-log tl/2 -slopes at 90 fpd and 150 fpd

to the coolant. Primary fission products are recoiled into

the coolant from these kernels without delay.

Because of the small remaining recoil range in the coolant

of about 3 mm (at 38 bar helium), practically all fission

products recoiled from the exposed kernel surfaces are

stopped in the coolant gas. Thus, an additive release con

tribution is obtained which is independent of the radioac
tive half life.

The given additive release model was substantiated by the

evaluation of the fraction of damaged fuel elements in the cir

culating flow of spheres at the core exit as measured after
the size separator. Fig. 10 shows the development of this frac

tion in dependance of the accumulated number of circulated

spheres. The measured fraction of damaged fuel elements at the
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core exit is positively correlated with the measured coolant

gas activity (marked shutdown events in Fig. 6 and in Fig. 10

for orientation). The steepest rise of the activity in Fig. 6

coincides with the maximum damaged fuel element fraction (bet

ween SWKP and ASW) in Fig. 10. The long-term decline of the

activity is also beginning at the same time as the steady de

cline of the damage fraction (between Rev. 1 and ASP 1). This

correlation proves the presumption that exposed fuel kernels
from mechanically damaged fuel elements caused the changes of

the THTR coolant gas activity .

5. Conclusions

The model guided analysis of the THTR coolant gas activity
enables a comprehensive understanding of the actual status of

the fuel element performance. The unexpected activity changes

are attributed to defective particles in mechanically damaged



1M fuel elements which are exposed to the coolant. Thus, new re
lease mechanisms hitherto not investigated in preceding experi

ments can be revealed by operational measurements.

It should be pointed out, that - inspite of the activity
increase - the measured sum activity in the coolant agreed

with the licenced expected value within a bandwith of ± 20 %

(since 100 fpd). The measured activity amounted only to 4 % of
the licenced design value.

Reference

/1/ K. Rollig: Nuclear Technology 35 (1977) p. 516
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1 Flow behaviour dependence on relevant.parameters

1.1 Preliminary Remarks

1.2 Riling Height of the Core

FigA gives a survey of many experimental investigations, which show the

transition times of first and last ( 99% ) test balls vs. HID - ratio ( 5). In this

figure only experiments were considered, where the core models had a bottom

with simulated cooling gas holes like THTR. This bottom roughness affects the

flow behaviour, as explained in detail in chapter 1.4. The former investigations,

reported in (1) to (4), were performed mainly in models with a bottom with

smooth surface; this explains the differences between the results in FigA and

the earlier investigations just below HID =1.

The values in FigA at HIO - ratios >2 were taken from model experiments wrth

3,4 or 6 outlets in the bottom, and the HID - ratio was calculated in regard of

the region of one outlet by multiplying the filling height H of the model with the

number of outlets. This is a simplification, so these values in FigA should be

considered as an estimation of the influence of HID on the flow behaviour.

The results of an INTERATOM experiment with a 1:6 model of the HTR -
G-

Modul ( HID =3.1, see Fig.4 ) show a more even pebble bed flow than the

values calculated from the multiple outlet experiments. If the Modul model had

a smooth bottom without any roughness caused by cooling gas holes, the

difference can be easily explained, as pointed out above. Otherwise the

calculation of HID from the multiple outlet experiments may be to pessimistic.

The HID - ratio of the PO - core is marked in Fig.4.

,
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2 Mixing of Pebbles between Inner and Outer Zone

2.1 Mixing of Pebbles of the Inner and Outer Zone due to Loading Process

2.2 Mixing of Pebbles of the Inner and Outer Zone by

Interchange during Row

Early experiments, performed in 1970 with the glass pebble model, are shown

in Fig. 13 and 14. The glass pebble model was filled with glass pebbles in an

immersion liquid, which had an index of refraction like glass. So the model

became transparent, and the the flow lines of aluminum test balls give a visual

impression of mixing during flow (1 0).

Fig. 15 gives the result of an experiment in a 1:6 model of the THTR, filled with

graphite pebbles. Colored test balls were introduced into the pebble bed

surface at 11 positions after every step of 2.5 % circulated core volume ( Vc ).

After circulation. so long, that the entire core contained test balls, the core

pebbles were removed layer by layer using a vacuum cleaner and tile test ball

postions were recorded (11).

2.3 Conclusions from the Review of Pebble Mixing

Looking to the experimental results reported in chapter 2.1 and 2.2, the

amount of mixing during loading predominates the mixing during flow.

This must not be so at the PO -r- reactor, because the outer and inner loading

cones have the same height and therefore the possibility of the transition of

fuel elements from one to the other zone will be reduced, compared to THTR

(Fig.17).

The mixing area will depend also on the number of loading tubes in the outer

zane, as shown in Fig.H. The lower the number of outer charging tubes is, the

more the circle between inner and outer zone degenerates to a serpentine,

increasing the mixing. Fig.17 shows the situation in the PO - reactor with 6

and 9 loading tubes outside.



3 Angle of Indination of the Loading Cones in Dependence on relevant

Parameters ( Friction Coefficient, Pebble Density, Dropping Speed)

The first measurements of the Cone inclination dependence on the density of

the pebble material were reported in (1). The cone inclination varied

from 29 0 ( Graphite, Y== 1.6 g/cm ) to 20.5 0 ( Steel, y =: 7.8 glcm ).

Because these experiments were perfonned with a dropping speed near zero,

the results are not representative for reactor conditions, where the dropping

speed will be much higher, according to a height of fall of about 1m.

Further model experiments with more realistic loading conditions, regarding

the dropping speed, are reported in (5) and shown in Fig.18. These

experiments concerned mainly the influence of the friction coeffident, the

material density varied only by a factor of 2. Looking to these experimental

.results, a loading Cone inclination angle of 25° - 26° can be expected.

4 Flow Unes

Fig.15 shows also the flow lines of the THTR In this figure is marked the

vertical part of the flow lines, 40 pebble diameters.

From this measure in Fig.15 the curved part of flow lines near the core bottom

can be calculated to about 35 pebble diameters or 2.10 m.
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Flow lines of Test Bails in the Glass Pebble Model of AVR
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Fig.15 Flow Lines of Test Balls in 1:6 Model of THTR



Fig.17 Geometry of PO - Core with
Two Arrangements of
Loading Tubes
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Hamrn-Uentrop, Germany

DECOMMISSIONING OF THE THORIUM HIGH TEMPERATURE
REACTOR (THTR 300)

Abstract

The prototype Thorium-High-Temperature-Reactor (THTR 300) was
decommissioned using the option of safe enclosure. Decision was made in 1989 and safe
enclosure was reached in February 1997, followed by up to thirty years of operation of the safe
enclosed plant.

I. Introduction
The pebble bed high temperature reactor THTR 300 was shutdown on

01.09.89 after more than 16,000 h in operation. The TI-ITR 300 is a prototype reactor project that
is jointly sponsored by the Federal Republic of Germany, the state North Rhine Westphalia and
the operator Hochtemperatur-Kernkraftwerk GmbH (HKG). The public financiers of this
prototype reactor and the operator could not solve the financial problems for continued operation
of this technically intact plant. The decommissioning decision had not been expected at the time by
the operator. This is why safe enclosure the German term for SAFSTOR turned out to be the only
technical solution for quick decommissioning of the plant, apart from financial reasons and the non
availability of a fina' repository. The plant is intended to be dismantled after about thirty years of
safe enclosure, provided respective funds are available. The decommissioning was done in three
steps that were mostly scheduled one after the other (FIG. I), /1/.

II. Description of the Work

A. SHUTDOWN OPERATION
Step 1 has included the conversion of plant operation from the power mode

to the shutdown regime to keep the operating costs of the plant low until the license required under
the Atomic Energy Act for the core unloading has been granted.

In shutdown operation, the shutdown rods were fully inserted and locked to
prevent withdrawal. Recriticality of the reactor core was thus precluded.

Owing to the long outage period, which started when the reactor was shut
down for the scheduled maintenance on September 29, 1988, forced residual heat removal by
operating systems was not longer required. These systems have been taken out of service by
depressurization, removal of operation media, cutting off the energy supply and by blockage.
These measures also apply to the prestressed-concrete reactor vessel (PCRV) with the primary
system in which the helium was replaced by air/nitrogen.

This lead to a reduction in the number of yearly inservice inspections from
about 4.000 to 2,000. Moreover, savings have been achieved in terms of insurance, plant security,
maintenance and through labor reduction, so that the monthly operating costs of about 9 million
DM in power operation could be decreased to 5 million DM in shutdown operation.

B. CORE UNLOADING
S tcp 2 was the core unloading, according to Section 7 (3) of the Atomic

Energy Act a prerequisite for the establishment of the safe enclosure /2,3/. For the THTR 300 this
meant that about 580,000 irradiated fuel elements, which still were in the reactor core, had to be
unloaded. This could only be done by the complete unloading of the core, including the absorber
and graphite elements that remained there, too. A worldwide first of its kind activity to a pebble
bed reactor (FIG. 2).

9
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FIG. 5 Collective dose from 1985 - 1996, Decommissioning during 1990 - 1996

The respective license was granted after a four years long lasting licensing
proced me in October 1993 (TAB. 1) The unloading itself was executed in a one year period from
Dec. 1993 till Dec. 1994 accompanied and followed by regularly (weekly) fuel transport
campaigns with CASTOR casks to the Ahaus fuel interim storage facility (in total fifty-seven
transports without any rumors as unfortunately on Gorleben-CASTOR transports).

Also the nearly hands-on decommissioning of the small bum-up measuring
reactor, used for distinguishing fuel absorber and graphite elements and monitoring the bum-up
of fuel elements containing 3,6 kg U 235 in form of high enriched U-Al-fuel, took place just after
finishing of core unloading in early 1995.

C. ESTABLISHING THE SAFE ENCLOSURE
Step 3, the establishment of safe enclosure, was started also in 1995 after

applying for in 1994/95 and granting of attachments to the core unloading license in 1995 (TAB
1). The main steps undertaken and finished by a general contractor even in 1995/4/ were

enclosing the prestressed-concrete reactor vessel by cutting and sealing all
approx. 2,000 penetrations (FlG. 3)
sealing all primary circuit system components
establishing of an additional enclosure for those sealed components by using
the existing vented containment as a type of air flow guidance envelope
release of the water-steam-cycle with turbine and generator and the tour
emergency diesel generators from the restrictions of the Atomic Energy Act
preparation work for the establishment of a new ventilation system tailored to
the requirement for the safe enclosure operation.
In April 1996 the first part of the next license (safe enclosure establishment

and pre operational tests) was granted (see also TAB. I) concerning mainly the erection of the new
ventilation and the exhaust air measuring system. That work was finished on schedule in
September 1996.

12



TABLE I. LICENSING, DECOMMISSIONING THTR 300

step application license

Core unloading 19.12.89 22.10.93

Sorting of some operating elements 14.01.94 09.02.95

Closure of PCRY, steam cycle 13.07.94 23.05.95

Closure of wrapper SE 29.06.95 02.10.95

Dismantling the He-purification 04.09.95 27.10.95

Erection of new ventilation 28.06.94/ 26.04.96
0612.95

Establishment of SE 28.0694/ 15.07.96
01.02.96

Operation of safe enclosed plant 14.05.96 21.05.97

TABLE II. OVERALL COST, DECOMMISSIONING THTR FROM 1990-2009

Mio. OM

Waste

Experts

Contractors

Operation 1990 - 2/1997

Operation 3/1997 - 2009

Financing

Total

TABLE III. SOLD EQUIPMENT OF THTR 300

Secondary cycle
- steamturbine
- generator
- auxiliaries

Transformer

4 emergency diesel generator sets

Spare parts, tools etc.

Electrical-, communication-,
radiation monitoring equipment

Tolal

253.0

55.0

112.0

2885

35.0

30.0

773.5

Mia. OM

15.0

4.1

3.0

1.3

1.2

24.6

13



· . . The second but more important part of this license was granted in July 1996,
contaming the main steps for the establishment of safe enclosure and allowing to:

dismantle the liquid waste store and evaporation system, decontamination
shop and the like
adapt the power supply
dismantle contaminated equipment outside safe enclosure that doesn't fulfill
the requirements of this area later concerning contamination limits
adapt the drainage of the building
decommission all other systems that are not needed for operation of safe
enclosure
install new control equipment fitting with the new operation tasks
release all buildings of the site (except the three buildings of the safe enclosed
plant: reactor hall, reactor operating and auxiliary building) from the
restrictions of the Atomic Energy Act.

One important issue of this phase was the conversion of the major part (:::
80%) of the controlled area inside the safe enclosed plant into an "operational supervised" area
with a dose level less than 2pSv, which can be entered for maintenance purposes without health
physics monitoring. This area is the area outside the "envelope of safe enclosure" but inside the
safe enclosed plant (FIG. 4), /4/.

This last but one part of step 3 took approximately eight months for
execution and ended with the THTR 300 in safe enclosure (FIG. 4), comparable with the US
SAFSTOR or the IAEA passive SAFE STORAGE option at end of February 1997.

The last part of Step 3 was given on the way for licensing in May 1996. The applying documents
like final safety analysis report, operating manual for thirty year operations of the safe enclosed
plant and the like were checked by the experts. The license was granted on May 21, 1997.

Results

Work executed since 1990, even core unloading, resulted in yearly collective
doses of personnel less than those in the years of operation (FiG. 5). The highest value during
decommissioning occurred in 1995 due to the hands-on decommissioning of the small bum-up
measuring reactor and the enclosing of the PCRV-penetrations.

Operating personnel could be reduced during step 1 + 2 only from 10 to a 8
men shift. Starting step 3 a further reduction to 5 men was allowed and at the end of second part of
step 3 (safe enclosure established) only one control panel has to be checked by the site guard (24
hours a day). The personnel will then consist of the operator's plant manager plus one engineer
and four additional standby service engineers on a call and contract basis. Necessary inspections
will be done by specialized and certified companies on contract basis.

Then the yearly operating costs are reduced from more than 50 million OM
per year during step 1, step 2 and first and second part of step 3, to 1.5 million OM per year. The
overall costs of the decommissioning (1990 - 2009) sum up to 773.5 million OM and include costs
of fuel transport and storage and also other waste handling and mandatory financing of final
storage and financing of the project during 1990 - 2009 (TAB. If). The design of the THTR 300
that has for the secondary cycle a similar layout as fossil fueled power plants enabled the operator
to sell many of the used components and spare parts to make financing of the decommissioning
easier (TAB. TiT).

Starting into decommissioning of a nuclear power plant without chances of
preplanning causes two to three years additional project execution time, equivalent to
approximately 250 million's OM in the case THTR. This is why latest schedules for
decommissioning up to green field include preplanning phases of up to four years.

14
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Storage of spent HTR-fuel elements

•overview:

I Ireactor time
3 years

!
TFuel < 100°C intermediate time

storage 50...100 years

~
conditioning

~ time
lfinal storageTFuel < 50°C 105 years

• long storage time (-100 years) optimal for
intermediate storage

• ceramic fuel elements resistant in final
storage
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Iatermediate storage of speat
HTR-fuel elements

concept:

air i,n~

storage building
(1,3 m concrete)

cast iron vessel
(w irtlh interna I
cannisters from
austenitic steel)

conclusions:

• fuel temperatures below 200°C

• system protected against outer impact

• there are no accidents caused hv internal or.
external reasons, which result in non- a,F}owabte
release of fission products (Hl'at£Jst rophe-free
nuclea r technology":

• storage time of SU to 100 year... optimal releated to
total costs of spent fuel storage
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c)

Entnahme und Lagerung von abgebrannten AVR-Brennelementen
a) AVR-Entnahmekanne (50 BE)
b) AVR-Trcckenlagerkanne (2.100 BE)
c) Av'R-T/L-Behalter (AVR-Castor; 4.200 BE)
d) Daten eines AVR-Castor-Behalters

315 mm

GGG40
18,25 t

800W
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b)

Inhalt:
Innendurchmesser:
Innenhohe:
Wandstarke
(Mantel):
Wandstarke
(Boden)
Material:
Gewicbt:
Warmeleistung

d)

AVR-Castor-Bebilter:
Bel.adung: 2 AVR-Trocken

lagerkannen
420 BE
570mm
2010 mm
300mm
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1

2100

t
Spharoguf

630mm
1960mm
370m
2

b)

Daten eines
THTR-Castor-Behiilters
Zahl der KannenJ
Behalter:
Fassungsvermogen
einer Kanne:
Innendurchmesser
T/L-BehaJter:
Innenhohe:
Wandstarke:
Decke1:
Gewicht des Behalters:
Material:

a)

TrQnspo.tl~

I fin':! I

• 137Q

/-r++ aa-f'lQ!tcr_

luiotpllt

1-m~~~R~
I
i

•

•

Srhur zplarte

c)

Abo :3 5 Zwischenlagerung abzebrannter THTR-Brenne!emente irn externen'" ~
Zwischenlager
a) TETR-T/L-Behalter (TETR-Castor)
b) Daten des THTR-Castor
c) Deckelkonstruktion des TIITR-CastOf



Ein hinreichend grebes Freigelande umgibt die Lagerhalle und gewahrleistet den ublichen

Zugangsschutz und tragi dam bei, da!3 die Dosisleistung am Anlagenzaun unterhalb verge-

Entsprechende Hilfseinrichtungen zum Positionieren der T/L-Behalter innerhalb der Halle,

G"berwachungselnrichtungen zum Uberprufen der Doppeldeckel sowie Einrichtungen zur

Umgebungsiiberwachung sind wie ublich vorhanden,

200MW
3 MW/m3

0,8
105000 BEla

LEU
TRISO
7gSWBE
8 %
80000 MWdltSM

b)

Zwischenlagerbehilter:
Hohe: 6m
Innendurcbmesser: 1,6 m
Wandstarke: 0,4 m
Gewicbt: 113 t

Werkstoff: SpbaroguJ3
AbscWuBkonzept: 2 Deckel mit

Dichtungen

Brennelement:
Brennsto£fzyklus:
Partikeltyp:
Schwermetallgebalt:
Anfangsanreicherung:
mittl. Abbrand:

Reaktor:
thermo Leistung:
mittlere Leistungs
dichte:
Lastfuktor:
jahrl. BE-Menge:

a
'"a
"' aa

a
co

1
!
I

!

a)
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Zwischenlagerung abgebrannter BrenneJemente beirn MODUL-HTR von
I:j\jlERATONI/SIEMENS
a) Zwischeniagerbehalter
b) Daten von Brennelementen und Zwischenlagerbehiilter

Abb 3 1

schriebener Werte gehalten werden kann (D < 10 !lSv/h).

Zukiinftig evtl. noch niedrigere Werte konnen durch verstarkte Abschirmung oder ein grofie

res Gebaude realisiert werden.



Final storage of spent
HTR - fuel elements

cOAcept:
------_.

7777/77777/777777
-......... soil

c~'nces:
- - _. - - - - - - - - -

• fl!.lel temperatures below 100°C

• salt tetnperatures not changed

• no accidents from internal or external reasons

which retease non-allowable quantities of

radioactivity to the environment (water ingress

st.. requires some investigation)

• after - 105 years the radiotoxicity is in the

same order as that of fresh fuel
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light weight drum
with backfill option
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Abb.4.2: 400 l-Fafisysteme zur Endlagerung abgebrannter HTR-Brennelemente
a) 400 Liter-Fall; b) GuJ3container
b) druckfester GroBeontainer

•
Volumen des Fasses 400 Liter

~

Zahl der Brennelemen- 1.800

te/FaB

Fafihohe t 115 em

FaBdurchmesser 78 em

FaBgewieht - 500 kg

Warme/Faf " <sow
Aktivitat/Fah i6.10 12 Bq

I

Tab 41 Daten eines Abfallzebindes fur abzebrannte HTR-Brenneiemente
~ -

(Beispiel StahlguJ3)
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• release of radioactive material from the final storage
can happen j ust after a very long time

• the a:m:oftftts of radioactive material are relatively smalll

• only very small higher doses than the normal doses
can be caused on the surface of earth even after extreme
accidents inside the final storage system



Final storage of radioactive waste

Results of leaching experiments on
HTR - fuel elements
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unalloyed, BO°C, pH 7

unalloyed, 90°C, sea water

Cast steel, 90°C, a-lye

unalloyed, 50°C, pH 5, a-lye

Cast steel, 90°C, a-lye, 1 kGy/h

corrosion rates of steel and cast steel in different media
unalloyed, 50°C, pH 10

Cast steel, BO°C, pH 7, ground water

Cast steel, 140°C, pH 7, ground water

0.01 0.1 1 10 100 1000

Rate of corrosion (urn/a )



Filnl3,1 storage of high I,evetl
radioactive waste

Yearly itndividual doses from finall storage

of glass containers in granite

Matural radiation dose in Switzerland

Governmental design value
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time after closure of final storage (years)
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Accident asaumptlon: water flow is higher
by a factor of 100
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Innovatives Konzept zur Endlagerung abgebrannter Kernbrennstoffe
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Radiotoxicity of waste:
direct final storage of spent fuel

elements compared to partitioning
and transmutation
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Plutonium - ways of further hanaling
1

Comparison of disposition options to consume and degrade weapons
plutonium (after General Atomics)
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EXPERIENCE WITH THE INTERIM STORAGE OF
SPENT HTR FUEL ELEMENTS AND A VIEW TO
NECESSARY MEASURES FOR FINAL DISPOSAL

D. NIEPHAUS, S. STORCH, S. HALASZOVICH
Forschungszentrum Julich,
Julich, Germany

Abstract
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In the Federal Republic of Germany the AVR pilot high-temperature reactor was operated successfully
for more than 20 years and theTIffR prototype high-temperature reactor for more than three years The
reactors were shut down for decommissioning at the end of 1988 and the discharge of core inventories
and packaging of the fuel, together with the temporarily stored fuel, for long-term interim storage in
appropriate casks andl facilities was started in 1992 and finished in 1995 for the TIITR and began in
1994 for the AVR and will be completed at the beginning of 1998.
With a view to the long-term interim storage and final disposal of spent H1R fuel from both reactors
many experiments have been carried out to characterize the spent fuel and to learn about its behaviour
and during the operating period of the AVR reactor much experience has been gathered by remote
handling, shipping and temporarily storing fuel packages at different appropriate facilities of the For
schungszentrum Julich GmbH (FZJ). Furthermore, after starting the discharge of the AVR core more
than 200 so-called AVR dry storage canisters (AVR-TLK), each containing 950 spent fuel elements
have been reloaded from an AVR single shipping cask into CASTOR TIITR / AVR shipping and
storage casks in the hot cell facility, which is one part of the waste treatment and storage building of
FZJ, and currently about 100 CASTOR casks, each containing in all 1900 fuel elements, have been
prepared and stored in the AVR interim storage facility (AVR-BL), as another part ofthis building.

1. INTRODUCTION
In the Federal Republic of Germany the AVR pilot high-temperature reactor was operated successfully
for more than 20 years and the TIITR prototype high-temperature reactor for three years. During
operation they were charged with several types of spherical graphite fuel elements, containing different
UfTh mixtures such as coated HEU or LEU fuel particle dispersions. About 300,000 AVR and
620,000 11ITR fuel elements were irradiated during the operating times. TIITR spent fuel was
temporarily stored on site and AVR spent fuel was temporarily stored at different hot cell and pool
facilities ofthe Forschungszentrum Jiilich GmbH (FZJ).

During the long operating period of the AVR reactor a lot of R&D work was carried out by FZJ to
characterize the different types of spent fuel elements for developing interim storage and final disposal
concepts /1, 2, 3/ and as part of this work much experience has been gathered by using spent fuel
elements for experimental set-ups and by handling, shipping and temporarily storing fuel packages at
different appropriate facilities ofFZJ.

At the end of 1988 the reactors were shut down for decommissioning and discharge of core inventories
and packaging of the fuel, together with the temporarily stored fuel for long-term interim storage in
appropriate casks and facilties was started in 1992 and finished in 1995 for the THTR and began in
1994 for the AVR and will be completed at the beginning of 1998.

At the Ahaus facility, 305 casks, each loaded with canisters containing 2100 spent THTR fuel elements
have been managed and stored by the Brennelement-Zwischenlager Ahaus GmbH. At the Jiilich facility
currently 100 CASTOR casks, each loaded with two AVR-TLK containing in all 1900 spent AVR fuel
elements, have been.prepared and stored by FZJ.

2. OVERVIEW OF SPENT AVR FUEL MANAGEMENT
By the end of 1988 about 190,000 spent fuel elements had been discharged during the reactor
operating period and were packaged and shipped to FZJ. After granting the licences according to the
Atomic Energy Act for discharging the core inventory for decommissioning by AVR GmbH and for
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handling and long-term interim storage by FZJ, work began in August 1993 on managing fuel from
core discharging by means of so-called AVR cans (AVR-K), each containing 50 fuel elements, and
from different FZl facilities for fuel reloading from AVR-K into AVR-TLK as well as charging of
CASTOR casks for interim storage in the AVR interim storage facility (AVR-BL).
At that time about 84,000 fuel elements packaged and sealed in AVR-K were stored in the water
cooling facilities of the Hot Cell (HZ) and the Research Reactor (FR) Departments, about 106,000
REU fuel elements enclosed in AVR-TLK were stored in the LZ storage cell of the AZ hot cell
facilities which is one part of the waste treatment and storage building of the Decontamination
Department (DE), and about 110,000 fuel elements were still in the AVR reactor core. The paths of
the AVR fuel elements from the reactor core to the AVR-BL are shown in Figure 1.

1]

BEZcaskchJrging1
discharging cell

AVR-BL interimstoragefacility
(capacity: 154CASTOR casks)

Deconraminauon Department (DE)
(wastetreatment andstoragebuilding)

LZstoragecell
(112 AVR-1LK/106.oooI'E)

AVRsingleshipping cask
(l AVR-1LKI950I'E)

UJJ:1-1r------ shielding andtransfer box
forAVR-1LK

hotcellsfor
canister transfer

and FEreloading

Hot Cd! (HZ) D'pU1ment

HZcoolingfacility
(940 AVR-K 147.000 FE)

Research Reactor (FRJ Departmm.t

FRcoolingfacility
340 AVR-K111.000 I'E)

.Ii
AVRshippingflask
(l AVR-K I SO FE)

AVR pilothigh-temperaturc reactor
AVRcore

(110.000 I'E)

FIG. I: Paths ofthe AVRfuel elementsfrom the AVR reactor to the AVR interim store
(fuel element inventories(FE) in the differentfacilities given by the end of1993)

From August 1993 up to the present time about 91,600 fuel elements have been discharged from the
reactor core, enclosed and shipped by means of AVR-K to HZ and reloaded there into AVR-TLK.
About 65 AVR-TLK have been removed from the LZ and about 50,000 fuel elements enclosed in
AVR-K have been removed from the above-mentioned water cooling facilities and reloaded into
AVR-TLK so that in all 100 CASTOR THTRJAVR casks have been prepared and stored in the AVR
BL.

The delay in AVR core discharging in comparison to initial planing is caused by disturbances and
failures of components from the different facilities and the equipment necessary for discharging the
fuel and handling and reloading fuel packages and additionally, due to ofproblems, which arose at the
beginning of 1995 with the liscensing procedures for LEU fuel handling and reloading in the HZ Hot
Cell Department as well as handling LEU fuel packages in the DE Decontamination Department.

3. AZ HOT CELL FACILITY FOR HANDLING FUEL CANISTERS AND SHIPPING
BAY FOR PREPARING AND ASSEMBLING CASTOR THTR f AVR CASKS

3.1 Preparing of CASTOR casks for charging

Preparing of CASTOR casks for charging is carried out in the shipping bay, which is part of the hot
cell facility (AZ) and which covers the hot cells. Apart from a 50 Mg bridge crane for handling heavy
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loads, whose range of operation covers the whole shipping bay area, a 5 Mg crane is installed above
the the so-called mounting area for handling CASTOR lids (FIG. 2).

Preparation of the sealing systems of casks, i.e. visual inspection, cleaning and if necessary, manual
refurbishing ofsealing groove surfaces of lids, sealing surfaces of casks as well as of the metallic gas
kets, is carried out by means of the lid tilting device and the assembly station, which are installed in
the mounting area. Positioning of casks onto the flat-bed cargo trailer, which is part of the assembly
station, is carried out by means ofthe 50 Mg bridge crane.
After inspection and refurbishing work the metallic gaskets are fixed in the sealing grooves, the cask
is closed with the primary lid and shipped into the BEZ cask charging I discharging cell.

FIG. 2: View onto the assembly station with a CASTOR caskpositioned on the flat-bed cargo trailer

bot cell fadUrv

shippingbay (\'H) and
hOlcells(AZ)_
casl<charg;"lI I discha'9'n9 cell (BEZ).
SlocagEl celllorwaste paooges (LZt
.-ercell loreaste pacsaqes IFS).
wasta PI'XessM1g cell(VAl)

~.30m

i,
I
r~--~--'--~------

FIG. 3: Simplified ground plan of the AZ hot cell facility
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3.2 Charging of CASTOR casks in the BEZ hot cell

Before remote charging of two AVR-TLK and closing of a CASTOR THTRJAVR shipping and stor
age cask, AVR-TLK must be shipped and discharged from the AVR single shipping cask or trans
ferred from the LZ storage cell and lowered into lay-down positions in the BEZ cask charging / dis
charging cell of the AZ hot cell facility, which is accessible from the shipping hall by means of the so
called BEZ shielding gate (FIG. 3) . For remote handling of waste drums and heavy loads of up to 4
Mg a power manipulator with drum tongs and a hook is installed in the BEZ (FIG. 4).

For handling of AVR-TLK a special pintle grapple and for handling "the CASTOR primary lid a
coupling link can be attached to the hook. Furthermore, the manipulator is equipped with a laser posi
tioning system for accurate lifting and lowering of the CASTOR primary lid.

During the entire handling, charging and closing procedure the CASTOR cask remains on the flat-bed
cargo trailer, which is equipped with a removable scaffold framing the cask and enabling access to the
top of the cask. After the primary lid is in place, the low radiation level allows opening of the BEZ
shielding gate for radiation protection measures and for preliminary tightening of primary lid's screws
and for shipping the cask back to the assembly station in the shipping bay

FlG. 4: Remote charging ofa CASTOR cask in the BEZ cask charging / discharging cell

3.3 Assembling and leak testing procedures

After the CASTOR cask has been transferred back to the assembly station the assembling and leak
testing procedures are as follows:

• tightening of the primary lid's screws
• evacuation ofthe cask and replacement of the withdrawn gas by an Ar /He-gas mixture
• He leak testing of the primary sealing system
• inserting the secondary lid
• tightening of the secondary lid's screws
• evacuation of the space between the lids and pressurizing the space with He gas
• He leak testing of the secondary scaling system
• mounting and He leak testing of a pressure gauge
• covering the top with the protective lid
• mounting the VACOSS seal on the protective lid
• removal of the scaffold and shipment to the AVR-BL interim storage facility
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4. THE AVR-BL INTERIM STORAGE HALL
The AVR-BL interim storage facility has been built and licensed according to the Atomic Energy Act
(§6 AtG) for the interim storage of spent AVR fuel elements which have been irradiated during the
operating period of the AVR pilot reactor and which have to be enclosed in CASTOR THTRJAVR
shipping and storage casks. Lay-out of the storage area will serve for the interim storage of 154 casks,
which are stacked alternately on one and two levels (FIG. 5 and 6)
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FIG .5: Scheme ofthe arrangement ofCASTOR casks in the AVR-BL interim storage facility as
another part ofthe waste treatment and storage building

FlG.6: View into the AVR-BL storage hall
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5. SAFETY CONCEPT FOR INTERIM STORAGE
The safety concept for the interim storage of AVR spent fuel elements is based, in particular, on
design requirements for CASTOR THTRJAVR shipping and storage casks as a tight enclosure so that
any undue release of radionuclides is excluded both in normal operation and under conceivable
accident conditions. According to design, the sealing function of both lid sealing systems is monitored
during storage so that any deterioration or failure of a sealing barrier is detected and repair measures
for restoring the two-barrier system can be carried out in the AZ hot cell facilities.

Within the Atomic Energy Act licensing procedures (§6 AtG) for the: AVR and the BZA interim
storage facility a leakage rate of L $; 10-7 mbar x 1/ s for each lid sealing sytem of the CASTOR casks
is required.

Apart from the results obtained on the basis of long-term experiments with comparable lid sealing set
ups by FZJ /4, 5/ and other institutions /6, 7, 8/, which confirm the good long-term behaviour of such
sealing systems with respect to the design requirements, confirmation of the required and specified
tight enclosure of the spent fuel canisters has also been provided by the experience gathered from
loading and preparing more than 400 CASTOR THTRJAVR transport and storage casks at the Jiilich
and Ahaus sites.

6. VIEW TO NECESSARY MEASURES FOR FINAL DISPOSAL

According to the plans of the Bundesamt fiir Strahlenschutz (BfS), solid and solidified radioactive
waste forms, but in particular those with marked decay heat generation shall be disposed of in a final
repository in a salt dome formation /9/. Heat-generating waste includes spent HTR fuel elements which
are not to be reprocessed.

By the end of 1992 R&D work in establishing a final disposal concept for HTR fuel was focused on
small 400~1 fuel packages to be emplaced in 300-m deep boreholes in the final repository still to be
constructed and then ultimately confined. Most of the work was discontinued at the end of 1992 110,
11,12/.

The BfS subsequently gave preference to a final disposal concept for HTR fuel oriented along the lines
of the direct disposal concept for irradiated LWR fuel elements, which is based on packaging the fuel
in so-called POLLUX shipping and final disposal casks /l3/.

Due to the fact that the design features, radioactive inventories and long-term behaviour of LWR fuel is
completely different from those of HTR fuel further studies on the suitability of the CASTOR
THTRJAVR cask to establish an adequate final disposal concept for HTR fuel have been currently
initiated and will be carried out by Forschungszentrurn Jiilich GmbH in cooperation with Gesellschaft
fur NukIear-Behiilter mbH (GNB).

7. CONCLUSIONS
At the present time handling, reloading and packaging of fuel elements from AVR reactor core
discharge, in addition to handling and reloading of some thousand fuel cans (AVR-K) and some
hundred fuel canisters (AVR-TLK) in different facilities of FZJ as preparatory steps for charging
CASTOR casks, has been conducted in a safe manner according to the requirements of the Radiation
Protection Ordinance (StrlSchV).

Extensive cold testing of the equipment, training of the personnel responsible for charging and gas
tight closure of the CASTOR casks before starting hot operation and feedback of experience in
addition the experience gathered by charging 100 CASTOR casks, has led to safe routine handling
without the occurence ofnon-normal events.
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Rod drop with reactivity gain

Core densification

Boron-loss by earthquake
____ -_ 'Yd1c:~(

Burn out of poison in'structural materials

Uncontrolled cooling of the core

Temperature increase of the reflector

Error in excess reactivity

ATWS

Changes of reflector geometry

Burn out of reacitivity control devices

Modular HTR-2 NPP, Reactor Physics

ruv HannoverlSachsen-Anhalt e.V.
Division Energy and Systems Technology

no

yes

yes (no)

no yes

(no) yes

yes no

no yes

yes yes

no (yes)

(no) yes

yes yes

no yes

yes yes
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Inherent

Rules

BMI-Kriterium 3.2

RSK LL, 3.2

DIN 25405

KTA 3101.2

IAEA Safety Standards

IAEA Safety Guides

HTR-Design-Filterand Addi
tional Aspects of HTR-Design

• Negative Temperatur

Coefficient

• Negative. Power-Coefficient

• Accidental Reactivity Increase
limited so thatthe reactor can
be shut down and tempera
ture of the fuel elements
remaining below a specified
value

Temperature Coefficient of the fuel: Negative

Temperature Coefficient of the fuel-graphite: Slightly
negative, a small positive value at Xenon-maximum

Temperature Coefficient of the reflector: Slightly positive

=> Inherent Safety confirmed

Modular HTR-2 NPP, Reactor Physics

TOV HannoverlSachsen-Anhalt e.V.
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Search for possibilities
reactivity

• Core densification by earthquake

• Water ingress into the core

• Uncontrolled withdraw of reflector rods

Earthquake

I

p

-+--------------j..~ Time

p

Water ingress

Water density

p

Uncontrolled withdraw
or reflector rods

----!""'~-------------I..~ Time/depth

Modular HTR-2 NPP, Reactor Physics
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Search for possibilities of
reactivity

• Change of reflector geometrie

• Uncontrolled cooling of the core

• Rod drop

p

Change of reflector geometry

Time

p

Uncontrolled cooling

Time

p
Rod drop

Time

Modular HTR-2 NPP, Reactor Physics

TOV HannoverlSachsen-Anhalt e.V.
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Power

Characterized bythree

• Axial formfactor

• Radial formfactor

• Peaking factor for fresh fuel element

"

-J..--L---------------i.~. ff ,8

Axial

Radial

I

ff~

Core
Height

Core Radiuj.

Peaking factor
r
I
I
I1 --,----
I

Cycles

Modular HTR-2 NPP, Reactor Physics
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Powe

During operation the power densitydistri

in a proper shape by:

• Reactor Physics calculation,

• Measuring the depth of the reflector rods and

adjusting the rods to the same depth,

• Measuring the height of the columns of the small

sphere shutdown system and by adjusting them to

the same height.

The power density distribution is controlled by the 3 x 4

neutron flux instrumentation outside the RPV.

An indirect control of the axial shape is given by

measuring the helium-inlet and -outlet temperatures.

Under safety aspects the power density distribution is

important as start condition for accident analysis.

Modular HTR-2 NPP, Reactor Physics

TOV HannoverlSachsen-Anhalt e.V.
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Accident Analy~is

Rules for
BWR, PWR,
Fuel Handling

BMI

RSK

KTA

IAEA SG-50-D1

HTR-Filter
Additional Aspects
of HTR-Design

TOV HannoverlSachsen-Anhalt e.V.
Division Energy and Systems Technology
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Time Power Action Max. Fuel
[sec] [%] Temperature

0 105 -- 880°C

(12 120 Scram
(Power)

90 -- 200 Scram -- 950°C
(Coolant
Temperature)

120 <10

3700 Decay Heat -- 1050 °C

-- some Decay Heat -- 1240 °C
hours

Acciden

Reactivity Accident

Uncontrolled withdraw of reflector rods

Conditions:

• Conservative integral power, only area cooler system
• Skipping of first reactor protection limit

Result:

Fuel temperature well below limit: 1620 °C, also for different
starting conditions like zero power, partial power.

Modular HTR-2 NPP, Reactor Physics
--~~-~--~~---~~----~--
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Loss of

Starting conditions:

Reactor power 105 % (I

Inlet temperature 280 °C(near

Outlet temperature 750°C (near protection

2. Scram limit (~f ~(-20%/m;1
Leak of 65 mm 0

Calculation

Programs TAC 20 (TOV) and THERMIX

Detailed 2-dinn model with evaluation of the main
(1 a-value):

Decay heat ± 2,8 %
Local power density ± 5 %

Fuel heat conductivity + 1,15 W/m·K

Effective core heat conductivity ± 5 %
\\,},f.

,
'<

Results for maximum fuel temperature (incl. 2 o-tolerance)

THERMIX

1608°C

TAC2D

1625°C

limit

1620°C

(-1 % of the core> 1500 °C)

Modular HTR-2 NPP, Reactor Physics

ruv HannoverlSachsen-Anhalt e.V.
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Accident Analysis

Loss of Coolant Accident

Additional temperature results (THERMIX)

Position Maximum Design limits
temperature

Reflector rods 880 DC 650 DC

Core container wall 500 DC 500 DC

Core container bottom 380 DC 500 DC

RPV wall 360 DC 500 DC

RPV bottom 350 DC 500 DC

Outlet temperature 750 DC 900 DC

The high temperatures of the reflector rods do not affect the

conceptual design, because:

The mechanical integrity of the rods can perhaps be
approved by additional experiments,

The shutdown safety is not affected by a loss of the rods
during temperature increase,

The rods can be changed.

Modular HTR-2 NPP, Reactor Physics
~~- ~--------
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Filter for and Additional Aspects of
HTR-Desi/gn (ShlltdoWh Safely)

Event, Effect PWR HTR

Rod ejection yes no

Uncontrolled rod withdraw yes yes

Boron dilution yes no

Water ingress yes (no) ,oo4J~c.

Uncontrolled fuel addition no yes

Collapsing of holes in the core no yes

Loss of Collant Accident yes yes

Loss of Flow Event yes (no)

Rod drop with reactivity gain no yes

Core densification (no) yes

Boron-loss by earthquake yes no

Burn out of poison in structural materials no yes

Uncontrolled cooling of the core yes yes

Temperature increase of the reflector no (yes)

Error in excess reactivity (no) yes

ATWS yes yes

Changes of reflector geometry no yes

Burn out of reacitivity control devices yes yes

Modular HTR-2 NPP, Reactor Physics

TUV HannoverlSachsen-Anhalt e.V.
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Visit of NRC - Contributions by TOV Hannover/Sachsen-Anhalt eV

Topics · 2

Thursday, 26 July 2001

Safety Assessment of the HTR Module in Germany

• The task as defined in the contracts

• Overview of the plant concept

• The methodology applied in safety assessment

of the HTR-2 NPP

• The most important results

TUV HannoverlSachsen-Anhalt e.V.
Division Energy and Systems Technology
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Visit of NRC - The Safety Assessment of the HTR-2 NPP

19891988

Licensing of the German HTR·2 NPP
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Safety assessment

1
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• Site-independent application for a preliminary license:

The Tasks as Defined in the Contracts · 1

Two different and consecutive steps in safety assessment

of the HTR-2 NPP:

Visit of NRC - The Tasks as Defined in the Contracts

¢ Task carried out for the Ministry of Environmental Protection

in the federal state Lower Saxony

¢ Compliance of the HTR-2 NPP concept with the requirements

of applicable laws, ordinances and technical rules

¢ Documentation of the safety assessment results in a

Safety Assessment Report as a technical basis

for the license to be granted

TOV HannoverlSachsen-Anhalt e.V.
Division Energy and Systems Technology



The Tasks as Defined in the Contracts · 2

• Compilation of the safety assessment results without reference

to a licensing procedure

¢ Task carried out for the Federal Ministry

for Research and Technology

¢ Compliance of the HTR-2 NPP concept with

the requirements for nuclear facilities in Germany

¢ Definition of topics where further

development steps might become necessary

¢ Documentation of the results in a report

TUV NORD G

Visit of NRC - The Tasks as Defined in the Contracts
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The Tasks as Defined in the Contracts · 3

Aim of the second step: To ensure that future development steps will

be carried out under consideration of the respective regulations for

nuclear safety in Germany

Visit of NRC - The Tasks as Defined in the Contracts

• Consequence: The final report does not contain (formalized)

proposals for licensing restrictions as usually

in a safety assessment report prepared

in a licensing procedure

• Instead, a number of (unformalized) recommendations

is given concerning deficiencies with respect to

the applicable laws,ordi nances and rules

TUV HannoverlSachsen-Anhalt e.V.
Division Energy and Systems Technology



Applicability of Nuclear Safety Regulations for the HTR ·2

Visit of NRC - The Methodology in Safety Assessment of the HTR-2 NPP

TOV NORD G

PartlyObHgatory

ruv HannoverlSachsen-Anhalt e.V.
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Derivation of Assessment Criteria

"Filtering and enrichment" process typical for prototype plants:

• Scanning of existing rules for HTR-2 NPP relevance

¢ Reduction of the existing requirements to those

relevant for the HTR-2 NPP

¢ If applicable, consideration of concept-specific

or intrinsic requirements

• Scanning of HTR-specific publications

¢ If applicable, consideration of

HTR-specific published data

¢ Comprehensive and consistent set of design and
evaluation criteria applicable to the HTR-2 NPP

TUV HannoverlSachsen-Anhalt e.V.
Division Energy and Systems Technology Visit of NRC - The Methodology in Safety Assessment of the HTR-2 NPP



Design Basis of the HTR·2 NPP

Reactor concept characterized by limitation of

fuel temperatures such that even in case of

failure of all active cooling systems and

the loss of coolant event no considerable

release of radioactive fission products from

the fuel elements will take place

TOV HannoverlSachsen-Anhalt e.V.
Division Energy and Systems Technology Visit of NRC - Overview of the Plant Concept
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The Pressure Vessel Unit of the HTR·2 NPP

TOV NORD G
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Visit of NRC - Overview of the Plant Concept
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• Two-circuit high temperature gas-cooled reactor:

¢ Primary circuit with helium as coolant

¢ Secondary circuit with steam turbine to generate power

• Modular HTR-2 NPP consisting of two reactors

• Power rating: 200 MW th; low power density

TUV NORD G

Visit of NRC - Overview of the Plant Concept

• Primary circuit and steam generator of secondary circuit

housed in the Pressure Vessel Unit (PVU)

Design Features · 1

TUV HannoverlSachsen-Anhalt e.V.
Division Energy and Systems Technology



Design Features · 2

• Fuel elements

¢ Spherical shape, diameter 60 mm

¢ Graphitic matrix

¢ Fuel kernels in TRISO particles

¢ Fuel design temperature: 1620 °C

• Reactor core:

¢ Tall and slim geometry

¢ 2 independent shut-down systems: reflection rods

and small spheres

¢ Core components: metallic, graphitic and carbon materials

¢ 360,000 fuel elements

Visit of NRC - Overview of the Plant Concept

TUV HannoverlSachsen-Anhalt e.V.
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• Activity retention

¢ TRISO particles intact below fuel design temperature

¢ Pressurized boundary (PVU and other components)

¢ Fuel design temperature not exceeded during

normal operation and after design basis events

Design Features · 3

• Decay heat transfer

¢ No active system required for short-term cooling

after shut-down

¢ Decay heat removal passively via heat-up of core

and area surface coolers outside RPV

¢ Fuel design temperature not exceeded

¢ Surface cooler to protect the reactor cavity

rOY NORD G

Visit of NRC - Overview of the Plant Concept

..
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Design Features · 4

• Safety enclosure/confinement

¢ No safety containment comparable to that of an LWR

¢ Safety confinement designed for

• controlled and filtered activity release

during normal operation

• controlled and filtered activity release

during and after small pipe break (<D < 10 mm)

• controlled and filtered activity release

including unfiltered pressure relief of the building

during and after large pipe break (<D < 65 mm)

ruv Hannover/Sachsen-Anhalt e.V.
Division Energy and Systems Technology Visit of NRC - Overview of the Plant Concept
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Visit of NRC - The Most Important Results of the Safety Assessment

Design Basis Events

Listing of design basis events submitted by the applicants:

• Assessment criteria: Guideline §28.3 of the

Radiation Protection Ordinance, modified

under consideration of HTR-2-specific aspects

• Result: Revision and enlargement of the

design basis event catalogue

• Action by the applicants: Inclusion of revised listing

into the revised Safety Analysis Report

..
TUV HannoverlSachsen-Anhalt e.V.
Division Energy and Systems Technology
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Basic Assumptions of the Event Analysis · 1

Action by the applicants: Revision of the initially submitted

event analysis in the revised Safety Analysis Report

Basic assumptions of the event analysis needed to be modified in

the event analysis, e.g.:

Visit of NRC - The Most Important Results of the Safety Assessment

• Failure of the first criterion to activate the reactor

protection system

• Consideration of a single failure and repair fault in systems

crucial for event management

• Non-consideration of non-safety-related systems

in the event analysis

ruv HannoverlSachsen-Anhalt e.V.
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Effect of revision of the event analysis:

Basic Assumptions of the Event Analysis · 2

Visit of NRC - The Most Important Results of the Safety Assessment

• Introduction of additional safety measures, e.g. control rod

insertion limitation and additional criteria to activate

the reactor protection system

• Modification of limiting safety-relevant data, e.g. increase

of the fuel element design temperature from 1600 to 1620 °C

• Additional analyses to demonstrate the acceptability

of the revised design

..
TUV HannoverlSachsen-Anhalt e.V.
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Shut-Down Margin

Requirement introduced by TUV: Shut-down in all operation modes

to a core temperature below 50°C

Results of safety assessment:

• Necessary measures: insertion limitation of the control

rod system and filling height limitation of the

small spheres shut-down system

• Necessity of an initial start-up measuring programme

causing a modification of the loading strategy

TUV HannoverlSachsen-Anhalt e.V.
Division Energy and Systems Technology Visit of NRC - The Most Important Results of the Safety Assessment



Reactivity Events

Confirmation by TOV that withdrawal of all reflector rods with

maximum speed during full load operation is the relevant

design basis reactivity event

Results of safety assessment:

• Power limitation to a maximum of 105% of the

rated reactor power necessary

• Precautions against an unintended blower start at high

helium temperatures

• Further investigations concerning the compaction of the

pebble bed due to an earthquake

TUV HannoverlSachsen-Anhalt e.V.
Division Energy and Systems Technology Visit of NRC - The Most Important Results of the Safety Assessment



Disturbed Heat Removal Without Loss of Coolant · 1

Analysis of the applicants: Failure of the external mains feed

simultanuously to loss of auxiliary power due to failure of the

emergency power generation system for the cases:

• Short-term loss of auxiliary power « 2 hours)

• Medium-term loss of auxiliary power « 15 hours)

• Long-term loss of auxiliary power (> 15 hours);

not included into basic design by the applicants

Visit of NRC - The Most Important Results of the Safety Assessment

ruv HannoverlSachsen-Anhalt e.V.
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Disturbed Heat Removal Without Loss of Coolant · 2

Results of safety assessment:

• Confirmation that no limiting data (e.g. fuel temperature,

radiation exposition) exceeded for low- and

medium-term loss of auxiliary power

• Exclusion of long-term loss of auxiliary power from

basic design only acceptable, if adequate QA measures

foreseen ensuring a short-term repair of the

emergency power system

TUV HannoverlSachsen-Anhalt e.V.
Division Energy and Systems Technology Visit of NRC - The Most Important Results of the Safety Assessment



Loss-of-Coolant Events - 1

Analysis of loss-of-coolant PRIMARY and SECONDARY loss-of

coolant events with respect to:

• Maximum temperature of fuel and components

• Resulting loads, e.g. differential pressure loads

on the reactor building or graphite corrosion

• Radiation exposition

Design basis for PRIMARY COOLANT COMPONENTS:

• Exclusion of a failure of the pressure vessel (basic safety)

• Rupture of a large connection pipe (<1> < 65 mm)

• Rupture of a small connection pipe

• Rupture of pipes with primary coolant outside

the reactor building

TUV HannoverlSachsen-Anhalt e.V.
Division Energy and Systems Technology Visit of NRC - The Most Important Results of the Safety Assessment



Loss-ol-Coolant Events - 2

Results of safety assessment for PRIMARY loss-of coolant events:

• Break exclusion confirmed on the basis of fracture

mechanical analyses, but investigation programme

and inset probes necessary to determine the

neutron-induced embrittlement of the RPV

• Main steam nozzle: Mixed welding seam to be shifted

from the high-temperature area

• Modification of the thermal insulation of the RPV necessary

• Filtering concept for medium size ruptures to be modified

• Confirmation that the rupture of a large pipe covers the

consequences of all postulated ruptures

• Fuel design temperature not exceeded

• Radiation exposition limits not exceeded

..
TUV HannoverlSachsen-Anhalt e.V. TUV NORD G
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Loss-of-Coolant Events - 3

Visit of NRC - The Most Important Results of the Safety Assessment

Results of safety assessment of SECONDARY loss-of-coolant events:

• Modification of the main steam lock-off system to ensure

pressure values within the reactor building

below limiting values

• Differential pressure values close to the rupture position

higher than the design value; to be considered

in building design (not concept-relevant)

• Ingress of water into the primary circuit:

¢ Leakage quantity restricted to 600 kg

¢ High-quality initiation of countermeasures required

¢ Reactivity gain within acceptable limits

¢ Corrosion attack on fuel elements

within acceptable limits

TOV HannoverlSachsen-Anhalt e.V.
Division Energy and Systems Technology



Visit of NRC - The Most Important Results of the Safety Assessment

External Events

Results of safety assessment:

• Seismic design of some components and structures

needed to be improved

• Probabilistic method to determine the seismic

data acceptable

• Aircraft impact and shock after a detonation not

to be considered as design basis events due to

their low frequency to occur

• Plant design suitable to confirm the precaution of

sufficient risk-reducing measures for events

beyond design basis

..
TUV HannoverlSachsen-Anhalt e.V.
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Summary

• Consequent and consistent plant concept

characterized by pronounced features of inherent safety

• There is no doubt that with respect to safety a license

could h~ve heen granted

Visit of NRC - The Most Important Results of the Safety Assessment

• Concept is suitable to meet the requirements

of the design basis as well as the regulatory requirements

• Proposals of the TUV for further investigations or

modifications of the detail design are not concept-relevant,

instead they confirm the logical consistency of the basic

safety concept of the HTR-2 NPP

TUV HannoverlSachsen-Anhalt e.V.
Division Energy and Systems Technology
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Certified according to DIN EN ISO 9001

TUV NORD GRUPPE

Hanover, June 1998

Safety Assessment of the Design
of the Modular HTR-2 Nuclear Power Plant

- Summary-

May 1990

Translated from "TOV Hannover. HTR-2-Modul-Kraftwerksanlage •

Sicherheitstechnische Konzeptbeurteilung • Kurzfassung • Mai 1990"

The task documented in this report was carried out on behalf of
the Federal Ministry for Research and Technology and assigned to

the identification no. 03 TVH 201. The responsibility for its con
tents is with TOV Hannover eV.
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1 Introduction
1.1 Extent and Course of the Task

- 3-

In April 1987 the Siemens and Interatom companies applied for a provisional decision
according to § 7a of the German Nuclear Energy Act concerning the design of a modular
HTR-2 Nuclear Power Plant for combined generation of electrical power and process
steam or heat for district heating, respectively. The application was submitted to the Min
istry for the Environment of the German state of Lower Saxony.

TOV Hannover/Sachsen-Anhalt eV. (at that time TOV Hannover eV) was contracted by
the aforementioned ministry to assess the safety of the modular HTR-2 NPP in the li
censing procedure. TOV Rheinland eV. was subcontracted for specific tasks by TOV
Hannover/Sachsen-Anhalt eV..

The basis of our first preliminary investigations was the applicants' safety analysis report
dating from April 1987, which they had submitted to the licensing authorities as adden
dum to the application. During a sequence of specialists' meetings taking place in the
second half of the year 1987 and in the first half of the year 1988 we substantiated our
request for further, more detailed reports concerning the design of the modular HTR-2
NPP and we proposed several modifications of the safety concept to be carried out by
the applicants.

As a result of our proposals and requests the applicants modified the HTR-2 design and
submitted further technical reports for our safety assessment. Additionally, the safety
analysis report /1/ was revised. The task to update and complete the documents was
finished early in 1989.

In April 1989 the application for a previsional decision was withdrawn; the licensing pro
cedure was terminated by the Ministry of the Environment and the contract with TOV
Hannover/Sachsen-Anhalt eV. was cancelled.

At that time the task to assess the safety of the modular HTR-2 NPP was in an incom
plete, but largely advanced state. For this reason TOV Hannover/Sachsen-Anhalt eV.
offered to the Federal Ministry for Research and Technology to perform an assessment
of the HTR-2 NPP safety concept - in this case not related to a licensing procedure - and
to evaluate, if this concept complied with the general safety requirements on nuclear in
stallations in Germany and which conceptual features should be modified. This task
aimed at ensuring that possible future research and development activities were com
patible with the German safety standards concerning nuclear facilities.

TOV Hannover/Sachsen-Anhalt e.V. was entrusted with this task and submitted its safety
assessment report /2/ of roughly 900 pages in October 1989. In the following we summa

OPBZ8028
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rize the relevant results of the aforementioned report and we demonstrate by several
examples, which modifications of the NPP design methodology resulted from the safety
assessment. (Remark for comprehension: Although the tasks for the Lower Saxony Min
istry of the Environment and the Federal Ministry for Research and Technology differ
markedly as the second task does not fall within the scope of a licensing procedure, we
consistenly use the term "applicants" for the Siemens and Interatom companies in this
report to avoid possible misunderstandings.)

1.2 Assessment Criteria and Design Basis Requirements

The German Nuclear Energy Act 13/ and the Radiological Protection Ordinance /4/ form a
general legal basis for planning, construction, operation, and decommissioning as well as
supply and waste management of nuclear facilities and thus define the framework for
safety assessment of these installations. They are not restricted to specific plant con
cepts and technical construction details. The requirements imposed by the Nuclear En
ergy Act and the Radiological Protection Ordinance have to be met under any circum
stances.

The legal basis is supplemented by a series of technical rules and guidelines, which
largely relate to technical concepts and which had been elaborated continuously accom

panying progress of nuclear technology. They aim at defining the state of the art and
shall enable the manufacturer of a nuclear plant as well as the expert to apply uniform

evaluation criteria in their tasks. Most of the rules and guidelines apply to LWRs. Thus
the German rules and guidelines in nuclear technology mainly relate to the physical and

technological features of LWRs and especially to those of pressurized water reactors,
which are characterized by a nuclear core design with high power density. For this rea
son the rules and guidelines cannot be transferred to reactor concepts differing substan

tially from the LWR without modification.

Gas-cooled high temperature reactors are characterized by pronounced features of in
herent safety against reactivity transients and disturbed heat removal. This applies espe
cially to units with low power and low power density in the reactor core. Thus it would

have been inadequate to transfer the unmodified requirements on LWRs to the modular
HTR-2 NPP, particularly as in the latter case a reactor concept had been developed by
consequent exploitation of low-power HTR safety characteristics, which even in the case
of failure of all active cooling systems and in the loss-of-coolant accident will limit the fuel

temperature in such a way that no relevant release of radioactive fission products will
occur. This property reaches far beyond technologically realized standards, which implies
that even the rudimentarily existing German rules and guidelines for HTRs had to be
adapted before applying them to the modular HTR-2 NPP.
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Therefore we applied in our assessment of the HTR-2 safety concept - apart from the
concept-independent legal basis - the technical rules and guidelines only to such an ex
tent as they are compatible with the concept itself. In our report to the Federal Ministry
for Research and Technology we have justified in detail our procedure to deviate from
technical rules and guidelines, when necessary. It was, however, beyond the scope of
our task to perform a complete assessment of the applicability of all rules and guidelines
in nuclear technology to the modular HTR-2 NPP design.

According to the Nuclear Energy Act the protective measures against damage from nu
clear energy have to comply with the state of science and technology. This means for a
prototype plant that additionally to the modified technical rules and guidelines the current
state of research and development must be taken into consideration. For this reason we
referred extensively to results presented in publications.

1.3 Assumed Site Characteristics

The conceptual design of the modular HTR-2 NPP was developed without referring to a
concrete site of the planned NPP. For this reason site characteristics were assumed in
such a way that they are representative for a large number of potential sites. Site
independent characteristics, referring e.g. to aircraft impact, were assumed according to
the applicable technical rules and guidelines.

In our safety assessment we verified the site characteristics given by the applicants in
their safety analysis report only with respect to completeness and conclusiveness. Fur
ther we verified if the chosen procedures to generate the site characteristics complied
with the applicable German rules. We mainly paid attention to those characteristics,
which could affect conceptual design and operation of the plant according to our general
experience with nuclear facilities.

The result of our evaluation was that the assumed site characteristics, given by the appli
cants in their safety analysis report, take into account all relevant loads and design re
quirements to be imposed on nuclear facilities site-independently and cover to a large
extent the properties of potential sites. As, on the other hand, the assumptions cannot
replace all realistic characteristics, it will be necessary to evaluate a concrete site for the
modular HTR-2 NPP for its suitability and compatibility with plant design. Therefore we
have to state that the results of our safety assessment are valid only for those sites,
which are compatible to the assumed site properties. As an example we based our
evaluation of the emergency power supply concept on reliability data, which are typical
for Germany.
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The nuclear core design of the modular HTR-2 NPP is such that even in the case of an
assumed long-term failure of all active installations for heat removal and a simultaneous
failure of the scram system the fuel temperature will not exceed its acceptable maximum
value (fuel design temperature), which amounts to 1620 DC. This inherent safety feature
is mainly caused by the large difference between fuel temperature under normal opera
tion conditions and fuel design temperature, which will cause an intrinsic shut-down of
the reactor, as well as the low power density of the reactor core in conjunction with its
slim geometry and the design of the surrounding structural components, which will en
able passive heat removal from the core.

The aforementioned scenario is a hypothetic combination of two different incidents and
extends beyond desiqn basis assumptions. It demonstrates, however, the inherent safety
features of the modular HTR-2 NPP, which form the basis of its safety concept and
which have to be taken into account in our safety assessment. In the following we will
deal with the question, how the dominant protective requirements to grant the necessary
safety of nuclear power plants - i.e. the required shut-down safety margin, decay heat
removal and retention of radioactive substances - are met by the modular HTR-2 NPP,
which is characterized by its inherent safety features.

Shut-down Safety

Due to its design the reactor core can be shut down already by insertion of neutron ab
sorbers in vertical openings of the side reflector. There are two different measures, which
are called the "first" and "second shut-down system".

The first shut-down system consists of the reflector rod system. According to the safety
analysis report this system is designed in such a way that it will shut down the reactor
sufficiently fast and keep it in the state "hot, below criticality" both from normal operation
conditions and in design basis accidents. The system design takes into account the as
sumed failure of the most reactivity-efficient reflector rod. For thermal decoupling of the
reactor and the stearn generator as a prerequisite to keep the reactor in the state "hot,
below criticality" the primary circuit blower must be shut off, too, i.e. both the first shut
down system and the primary circuit blower are shut down automatically and simultane
ously by the reactor protection system. Due to its task to keep the reactor in the state
"hot, below criticality" the first shut-down system is also called "hot shut-down system".

The second shut-down system consists of the small-sphere shut-down system. This sys
tem is designed such that it will shut down the reactor from normal operation in those
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cases, which do not require fast reactivity changes, and keep it continuously below criti
cality at 50°C, the lowest operation temperature. The small-sphere shut-down system is
also called "cold shut-down system". This system will be initiated by manual action and
not automatically.

According to the aforementioned inherent safety properties of the reactor, it can also be
shut down by interrupting the primary coolant flow, which means the primary coolant
blower is turned off. This action would not cause an immediate interruption of heat gen
eration; however, as a result of disturbed heat transfer to the secondary circuit the core
temperature will rise and the reactor will stabilize below criticality on a higher temperature
level due to the negative temperature coefficient of the reactivity. The applicants did not
take into account this effect in their shut-down concept, as shut-down of the blower and
insertion of the reflector rods are always initiated simultaneously.

Decay Heat Removal

Due to the intrinsic property of the modular HTR-2 reactor to remove the decay heat after
shut-down passively by heating up the surrounding structural components, there is no
need to integrate the coolant circuits, especially the secondary circuit, into the safety
concept, as the fuel temperature will be below fuel design temperature under any cir
cumstances. Thus the main protective task of the active coolant systems is to limit the
temperature of the concrete structures surrounding the reactor core and of the reactor
pressure vessel including its components to acceptable values.

This protective task is valid for the concrete structures also under normal operation con
ditions, as the heat due to energy losses of the reactor pressure vessel will heat up the
reactor cavity. For this reason the reactor cavity is equipped with a surface cooler. The
supporting components of the reactor pressure vessel and the socket integrated into the
vessel bottom to join the fuel removal pipe are cooled separately. If heat transfer to the
main heat removal system is interrupted, the surface cooler will be active to prevent ex
cess temperatures due to decay heat after shut-down of the reactor.

The applicants have performed analyses to demonstrate that there is no need for short
term availability of the active cooling systems, as the design temperatures of the reactor
cavity concrete structures will only be exceeded after 15 hours.

Retention of Radioactive Substances

The spherical fuel elements of the modular HTR-2 NPP contain the fuel in multiply
coated particles (TRISO-particles), which are embedded into a graphite matrix. Due to
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these features the fission products - which form the bulk of all radionuclides in the reactor
core - will be enclosed nearly completely, provided that the fuel design temperature is not
exceeded. Thus the intrinsic limitation of the fuel temperature and of mechanical loads to
values below design limits due to its inherent safety features is one of the basic proper
ties of the modular HTR-2 NPP.

The radioactive substances released to the coolant originate either from only few defec
tive coated particles or from fission or activation of uranium traces in the graphite matrix
of the fuel elements. It has been demonstrated successfully both by experiments and by
operation experience that under the given circumstances the resulting coolant activity in
the primary circuit will be very low.

In a loss-of-coolant accident the fission gas activity of the coolant and part of the plate
out activity on the primary circuit surfaces would be released to the reactor building and
via the ventilation stack to the environment. According to different analyses the resulting
radiation exposure in the environment would be far below the accident dose limits laid
down in the German Radiological Protection Ordinance. For this reason the design of the
modular HTR-2 NPP does not include a gastight containment.

2.2 Technical Design

In this section we give exemplary results of our safety assessment, which refer to impor
tant components and systems of the modular HTR-2 NPP. For our summary we have
selected those systems and components as well as those results, which are relevant for
the design of the modular HTR-2 NPP and its operational and accident behaviour. The
complete and consistent results of our investigations are compiled in our safety assess
ment report of the modular HTR-2 reactor design.

2.2.1 Nuclear Steam Generation System

The modular HTR-2 NPP consists of two reactors, each of which being designed for a
thermal power of 200 MW. For this reason two independent nuclear steam generation
systems are foreseen, which to a certain extent are connected to common auxiliary sys
tems.

Each steam generation system has the task to transfer the heat generated by fission in
the reactor core to the feedwater-steam circuit in the steam generator. The coolant in the
primary system is highly purified helium. Under normal operation conditions the heat
transport occurs by forced convection, where the coolant flow is maintained by the pri
mary circuit blower. If the blower is turned off, the decay heat will be removed from the
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core by radiation and natural convection via the reactor pressure vessel to external cool
ing systems (surface cooler).

The nuclear steam generation system consists of the following main components:

- reactor pressure vessel (RPV) including core, core components and shut-down sys

tems,
- connecting pressure vessel including the hot gas duct,
- steam generator pressure vessel including its components, the primary circuit blower

and the blower isolation valve.

These three main components form a common pressure vessel unit. The pipes to adjoin
ing systems are connected to sockets and are led out of the primary cell by means of
wall passages. All valves in these pipes are arranged outside the primary cell. This ap
plies to the primary circuit isolation valves, too. The steam generator pressure vessel is

shifted to a lower level with reference to the reactor pressure vessel and arranged at the
side of the latter. Thus the hot gas duct will be very short. Due to the low positioning of
the heat sink as compared to the heat source, any interruption of forced convection will
be followed by only poor natural convection. This complies with the intention that the de

cay heat shall only be removed from the RPV walls to the surface cooler.

the effects of incidents caused by failures in the secondary circuit, especially water in
gress into the primary circuit, are limited distinctively by arrangement and design of the
primary circuit components. The feedwater and steam pipings are arranged on a com

paratively low level and decoupled from the RPV. Thus a direct contact of the reactor
core with water in its liquid state can be excluded for all relevant design basis accidents;
only a contact to a helium/steam mixture has to be taken into consideration. All investiga
tions concerning fuel element and material corrosion can be based on this boundary
condition.

The arrangement of the primary circuit components in the modular HTR-2 NPP is advan
tageous for operational reasons and especially for safety aspects. On the other hand the
primary circuit design as a basis-safe pressure vessel unit means high requirements on

design, construction, materials, weldings and the support concept of the components.

Fuel Elements

The reactor core consists of about 360,000 spherical fuel elements, which are arranged
within the ceramic and metallic core components in the form of a pebble bed. The
spheres have an outer diameter of 60 mm. The fuel is embedded within an inner zone of
the spheres (50 mm 0) and enclosed in particles consisting of the fuel-containing kernels
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(0.5 mm 0), which are surrounded by several pyrolytically deposited carbon layers and a
layer of silicon carbide (SiC). These coated fuel particles are distributed evenly within a

graphite matrix.

The task of the spherical fuel elements is to generate heat by fission of the nuclear fuel.
Loads resulting from handling, operation and possible accidents and affecting both the
fuel elements and the adjoining components have to be limited in such a way that the
dominant protective requirements can be met. For this reason the fuel elements have to
be designed such that the

- fission gas release will be limited to acceptable values,
- strength of the spherical fuel elements will be sufficient,
- fuel element corrosion will range within acceptable limits,
- dimensional stability will be sufficient.

In their documents the applicants have described the planned fabrication methods of the
fuel elements for the modular HTR-2 NPP and indicated, which quality assurance meth
ods are foreseen to grant an even and sufficiently high quality level in fuel manufacture.

The existing manufacture and operation data concerning the foreseen fuel type are
mainly based on the experience made with the AVR reactor. Additional extensive experi
ence with different fabrication steps stems from the manufacture of THTR reactor fuel
elements. Furthermore fuel elements and fuel samples were manufactured for a great
number of irradiation experiments in material test reactors.

Ensuring the product properties - especially fission product retention - is of conceptual
importance in safety assessment of the modular HTR-2 NPP. According to our opinion
the applicants have demonstrated successfully by referring to extensive manufacturing
experience made with fuel elements and fuel samples for irradiation experiments and the
AVR reactor that fuel elements with properties required for the modular HTR-2 NPP can
be manufactured. We further expect that the quality assurance system and the corre
spondig manufacture and inspection methods are suitable for transition to a large pro
duction scale and thus ensure the required fuel properties.

For our results concerning fission gas release from the fuel please refer to section 4.2.

Core Components

The relevant construction feature of the ceramical core components consisting of either
graphite or carbon material is to divide the structure into single blocks, as has been dem
onstrated succesfully in the high temperature reactors AVR and THTR. The metallic core
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core components form a support structure and are designed to bear the loads due to
normal operation and under accident conditions. The ceramic core components, which
form the upper, side and bottom reflectors, are made from graphite materials and will
due to their neutron-physical properties reflect the neutrons escaping from the core to the
pebble bed again. The outer part of the reflector will be made from carbon material,
which has a lower heat conductivity as compared to graphite and thus will protect the
adjoining metallic components against excessive temperature loads. The bottom layer
and the neighbouring layer of the side reflector contain boron as a neutron absorber to
reduce the neutron irradiation of the reactor pressure vessel, the metallic core compo
nents and the hot gas duct.

In our safety assessment we have verified by performing design calculations that ther
mally induced displacements of the core structure components will not affect shape and
dimensions of the core enclosure and of the openings for the control rods and shut-down
eqipment as well as for the coolant gas flow.

Shut-down Systems

In section 2.1 we have already described the shut-down concept. In the following we will
summarize the results of our evaluation concerning both shut-down systems of the
modular HTR-2 NPP with respect to their construction and functional safety.

According to the shut-down concept of the modular HTR-2 NPP the reflector rod system
is the first shut-down system and serves - in conjunction with the simultaneous blower
shut-down - as a scram system, which is designed to reduce the reactor power from
normal power operation and under design basis accident conditions and to keep it in the
state "hot, below criticality" as long as necessary, even if the most efficient reflector rod
has failed.

Apart from this safety-related task the reflector rods are designed for reactivity control of
the reactor under power operation conditions.

The reflector rod system corresponds in its relevant properties to that of the THTR reac
tor. It consists of six reflector rods and their drive and control units. The reflector rods are
suspended by connecting them to their drives by chains and are moved up and down in
the openings of the side reflector. The six control rod drives are arranged above the the
so-called thermal upper shielding within the reactor pressure vessel.

The rod insertion limitation shall ensure the shut-down reactivity required to scram the
reactor by the reflector rods at any time and from all operational modes.
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The strength design of the reflector rod components and of their drives must be compati
ble with the loads to be expected, and their operational behaviour has to be verified ex
perimentally and by evaluation of operation experience made with comparable systems
to ensure an undisturbed and highly reliable shut-down behaviour of the reflector rods,
even after long-term operation.

For this purpose the applicants have planned an evaluation of already performed proto
type experiments with THTR-specific components as well as experiments to be carried
out with a prototype specific for the modular HTR-2 NPP. In our view the foreseen ex
periments, inspections and calculations will be suitable to demonstrate that the detailed
design and construction will meet all requirements of the KTA-rules to be applied to the
first shut-down system.

The initiation concept of the scram system has been realized in comparable nuclear
power plants and has proved to be reliable.

The small-sphere shut-down system is the second shut-down system and shall shut
down the reactor from normal operation in those cases, which do not require fast reactiv
ity changes, and keep it continuously below criticality at 50°C, the lowest operation tem
perature. In case of a scram it will in conjunction with the reflector rod system keep the
reactor in the long-term state "cold, below criticality". Apart from this safety-related task
the small-sphere shut-down system is involved in reactivity control of certain normal op
eration modes.

The small-sphere shut-down system contains 18 units, which are independent from each
other. One unit consists of the following main components:

- Storage container with container lock and cyclone separator,
- removal container,
- transportation pipe and transportation gas return pipe,
- small-sphere shut-down elements.

Shut-down of the reactor is achieved by dropping the neutron-absorbing small-sphere
elements from the storage containers into openings (oblong holes) in the side reflector.

The design of the small-sphere shut-down system planned by the applicants is new. Ac
cording to the state of science and technology the functional safety of shut-down installa
tions, which have a safety-related task, has to be demonstrated. The relevant basis for
such a demonstration will be a suitability test carried out with a prototype unit of the
newly developed shut-down system, if the applicant cannot refer to positive operation
experience.
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The safety function of the small-sphere shut-down system requires to open reliably the
trail for the spheres to drop from the storage containers into the oblong holes in the side
reflector. Opening the trail is achieved by opening the container lock, which is designed
in a very simple way and consists of only few movable parts. The relevant requirements
on the function of the container lock are:

- Reliable opening,
- suppression of arching during sphere discharge,
- discharge of partial lots without damage to the spheres due to closing the lock.

We expect that these requirements can be met by the design planned by the applicants
and that the necessary functional safety of the container lock can be demonstrated suc
cessfully by the foreseen suitability tests.

As the small-sphere shut-down system is safety-relevant apart from its importance in
normal operation, a level limitation of the sphere columns in the oblong openings in the
side reflector, correlated to the level indication of the storage containers, is required to
ensure the necessary shut-down reactivity.

The small-sphere shut-down system shall be initiated by manual operation. This design
feature complies with the results of the accident analysis.

Pressure Vessel Unit

The pressurized walls of the pressure vessel unit will be made from the heat-resistant,
fine-grained and heat-treatable steel 20 MnMoNi 55. This material has been qualified for
operation in nuclear facilities at temperatures up to 375°C and is suitable for the planned
application range.

Nevertheless, additional investigations are required to gain material data relevant for ma
terial embrittlement due to neutron irradiation in the temperature range of about 250°C,
the foreseen operation temperature of the HTR-2 reactor pressure vessel. These investi
gations shall be performed within an irradiation program preceding operation and simu
lating long operation times. The aim of this program is to gain a relation between the
relevant material data and neutron f1uence at temperatures typical for the HTR. Addition
ally the applicants are planning to compare irradiation results at low and high neutron flux
densities to demonstrate that simulating long operation times by high neutron f1uence
densities will lead to conservative results. The applicants will carry out material tests of
the samples after irradiation to verify the shift of the brittle fracture transition temperature,
upon which the fracture-mechanical design analyses have been based. If a higher value
results as compared to design calculations, further fracture-mechanical samples will be
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irradiated. To verify the progress of embrittlement due to neutron irradiation, material

samples stemming from the original material of the reactor pressure vessel will be irradi

ated during operation of the modular HTR-2 NPP. As for plant-specific reasons these

irradiation investigations cannot be carried out applying a lead factor, the sample number
and the discharge frequency will be increased as compared to the requirements of the

KTA-rules to predict reliably the expected increase of irradiation embrittlement between

two discharge steps. The planned positions of the sample holders close to the reactor

pressure vessel wall will ensure that temperatures and f1uences at the sample locations

are representative for the vessel material.

The pressure vessel unit is designed for the assumed failure of the largest pipe (65 mm

0) joined to the vessel, l.e. the occurence of larger leaks is not postulated. This assump

tion determining the design of the modular HTR-2 NPP is justified by the applicants by
referring to the planned design and surveillance measures that will exclude a failure of

the pressure vessel unit during the lifetime of the plant. In their opinion especially the

- high ductility of the material,

- stress limitation by meeting the requirements of the KTA-rules,

- monitoring of possible flaws in the components after manufacture and after each op-

eration cycle

justify the exclusion of fractures penetrating the vessel walls. Thus they exclude leakages

for any wall area of the pressure vessel unit. Additionally the applicants carried out frac
ture-mechanical investigations of the pressure vessel unit to justify the exclusion of frac

tures.

According to our assessment the applied methods to justify the exclusion of cracks are
suitable. We have verified the results of the applicants' investigations by performing in

dependent calculations with our computer codes. In our opinion the applicants' reasons

to exclude fractures of the pressure vessel unit are well-founded. This result is supported

by the fact that the area of fracture, which can be determined by assuming a very long

duration of operation extending the lifetime of the plant, but can be excluded to occur

during its lifetime, will be below the area of fracture represented by the pipe with a diame

ter of 65 mm joined to the vessel. The fracture length occurring on the basis of these
assumptions will be far below the critical fracture length, i.e, critical failure can be ex
cluded.

Based on our evaluation of component experiments, which aimed at demonstrating safe
operational behaviour of the welding between ferritic and Incoloy materials at operation
temperature of 530 DC, and our crack propagation calculations we came to the result that

for the designed socket of the steam duct located at the steam generator we cannot con
firm the exclusion of fractures.
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Therefore the applicants have redesigned the socket of the steam duct avoiding conse
quently weldings between ferritic and Incoloy materials in this area characterized by de
sign temperatures above 350 "C.

The measures taken in redesigning are suitable to minimize the loads on the compo
nents of the socket, especially by avoiding stress effects due to inhibited thermal expan
sion of the different materials at temperatures above 350 °C. The stress calculations per
formed by the applicants for the most important operational modes covering the loads to
be expected meet the requirements to be imposed on fracture mechanical calculations.
We have verified these caculations by performing independent calculations with our
computer codes and found that for the design lifetime of the plant the occurence of leak
ages and fractures can be excluded, as even the propagation of large initiating flaws will
be reduced both in depth and longitudinal directions to such an extent that no wall
penetrating fracture will occur.

Further investigations on fracture propagation demonstrate that only after operation in
tervals extending by far the design lifetime of the plant the occurence of a leakage be
comes possible. However, this will not induce a rupture of the socket of the steam duct.
The possible maximum leakage cross-sections - not to be expected during the lifetime of
the plant - has been determined in a sufficiently conservative manner and is covered with
respect to its consequences by the design leakage cross-section. The design leakage
between the primary and secondary circuit is the double-sided rupture of a steam gen
erator heating tube. According to our safety assessment this assumption is justifiable,
taking into account design, materials and planned quality assurance measures during
fabrication.

In our opinion a failure of the steam generator heating tubes in the course of an assumed
rupture of the feedwater or steam ducts has not to be postulated, as the heating tubes
are designed for the loads from these events. We further agree with the applicants that
the double-sided rupture of a heating tube has not to be postulated to occur simultane
ously to the rupture of the steam duct, as only reduced pre-damaging of the HTR heating
tubes as compared to the LWR will occur due to the effect of the precautionary meas
ures in water chemistry; further the foreseen moisture measurement equipment will be
able to identify very small leakages already. However, in contrast to the applicants we
see the need for regular operational non-destructive tests to verify the state of the heat
ing tubes during operation.

The design to support the pressure vessel unit provides both for bearing the operational
and accident loads and for facilitating uninhibited heat extension. The support compo
nents will be designed such that on the one hand the pressure vessel unit will keep its
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position in the building under the influence of outer forces and on the other hand they will
not inhibit radial and axial displacements due to temperature expansion.

In our view the planned design to support the pressure vessel unit is suitable to bear all
loads in horizontal and vertical direction resulting from the weight of the vessel unit as
well as from operation and accidents. It further facilitates a mostly uninhibited extension
of the pressure vessel unit due to temperature influence. For this purpose the applicants
will provide the plant with proven and reliable sliding bearings, which are characterized by
a careful finish of the sliding surfaces and well-adapted selection of the lubricant, thus
avoiding an unacceptable restraint. Further the planned arrangement of guide units on
the different support levels will facilitate the vessels to displace as required and to avoid
unacceptable compulsive forces in those areas, where they could become relevant.

We have assessed the need to regularly inspect the support components during opera
tion referring to their safety relevance. In our view regular operational visual inspections
combined with surface inspections and gauging will be necessary, whereas the appli
cants plan to inspect the shock absorbers only.

It is the aim of the visual inspections to verify the unrestrained moveability of the support
components and the shock absorbers as well as the absence of any deformation, dam
age or corrosion effect. Gauging will be applied to verify the adjusted cold and warm
clearances to avoid unacceptable restraints in displacing the pressure vessel unit during
operation. Surface inspections, as dye penetrant and magnetic particle tests, will be ap
plied, if surface damage is to be assumed.

2.2.2 Secured Intermediate Cooling System Including the Surface Cooler

Exclusively the following coolant systems of the modular HTR-2 NPP are designed for
safety-related tasks:

- the secured intermediate cooling system including the surface cooler and
- the secured service cooling water system.

Both systems together form a two-train redundant sequence of coolant systems. The
secured coolant system is connected to the

- surface cooler,
- support of the pressure vessel unit,
- socket in the reactor vessel bottom (fuel element discharge pipe),
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which shall remove the radiation and convection heat originating from the unisolated part
of the reactor pressure vessel, the support of the pressure vessel unit and the fuel ele
ment discharge pipe to protect the concrete structure against excess temperatures.

Furthermore the surface cooler shall maintain decay heat removal after failure of the

main heat sink to protect not only the concrete structure against excess temperatures,
but also the reactor components, especially the reactor pressure vessel. This must be

achieved after external events, too.

Due to the inherent safety properties of the modular HTR-2 NPP active heat removal is
not required to keep fuel temperatures below fuel design temperature, but to limit the
temperatures of the reactor pressure vessel and of the concrete structures forming the

primary cavity. With respect to plant design active heat removal may be interrupted for

15 hours.

Our safety assessment has confirmed the design criteria applied for the active cooling
systems. Thus we judge the operation modes of the active cooling systems to be ade
quate and to comply with the applicable safety requirements.

The surface cooler will be arranged about 10 cm above the inner wall of the reactor cav
ity; its distance to the reactor pressure vessel will be about 1.5 m. It consists of eight
bolted sections, which will be suspended in a way that no compulsive forces due to heat
extension will occur. The sections will consist of vertical tubes, which are connected by

welded bars. The tubes are assigned in an alternating pattern either to redundance 1 and
2 of the secured intermediate cooling system or to the nuclear intermediate cooling sys
tem. According to its assignment each cooling tube is connected in its lower part to one

out of three headers.

The surface cooler of the modular HTR-2 NPP has to remove about 400 kW during nor
mal operation and about 850 kW after failure of the main heat sink. Each of the three

planned cooling trains is designed for the aforementioned requirements.

The coolant flow and reflux can be interrupted by valves arranged within the reactor
building. Between the components to be cooled and the isolation valves connecting

sockets for fire hoses are foreseen.

The secured intermediate cooling system has to fulfil its safety-related task also during
maintenance and simultaneous occurence of a single failure. This means for the two
train redundant system that it must be acceptable to interrupt decay heat removal for a
sufficiently long time and to finish the maintenance activities before limiting design values
are exceeded.
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The modular HTR-2 NPP is characterized by the necessary inherent safety-related fea
tures required for the aforementioned procedure; according to our safety assessment
active heat removal is not required to avoid excess temperatures above fuel design tem
perature and cooling of the concrete structures as well as of the reactor components can

be interrupted for 1~i hours without damage. Thus a twofold redundant system will be
sufficient, provided that both redundant trains will not fail due to the same cause. We
have taken into account the latter requirement by investigating the mutual interaction

between both trains.

After failure of the intermediate cooling systems the system pressure can rise from 5 bar
to approximately 20 bar within 15 hours due to heat-up of the surface cooler. Under

these circumstances a damage of the surface cooler encompassing both redundant
trains of the cooling system due to an assumed failure of one of the surface cooler head
ers cannot be excluded completely.

In our view this combination of events has an extremely low probability to occur, as the
surface cooler includinq its headers will be designed for at least 40 bar and thus distinctly
above system pressure in the discussed incident. Furthermore the initiating incident 

simultaneous failure of all intermediate cooling trains - is classified as a design basis ac
cident having a very low probability to occur.

2.2.3 Safety Enclosure

The safety concept of the modular HTR-2 NPP does not provide for a pressure-resistant
and gastight containment to enclose released radioactive nuclides. Instead, the planned
safety enclosure shall facilitate activity control in accidents accompanied by radioactivity
discharge to the environment and serves to minimize the radiation exposure. The safety
enclosure consists of

- the reactor buildinq,

- the installations fOI" building relief and ventilation system isolation,
- a subatmospheric pressure ventilation and filter system.

This design provides for separate procedures to meet the dominant protective require
ment. For this reason the applicants have designed the safety enclosure referring to two
different assumed courses of event, which are described in the following.

During a primary circuit leakage with a cross-sectional area corresponding to a meas
urement pipe having a maximum diameter of 10 mm, no excess pressure within the
reactor building as compared to the environment will build up. The accident will be indi
cated by the room activity monitoring system. The applicants are planning to ventilate the
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building by the subatmospheric pressure ventilation system equipped with aerosol and
activated charcoal filters.

In the case of a postulated rupture of a pipe (0 65 mm), which is joined to the primary
circuit and cannot be closed, an excess pressure will build up in the reactor building. To

reduce pressure the primary coolant will be lead to the environment via relief channels
and the ventilation stack. Under normal operation conditions the relief channels are iso

lated from the ventilation stack by ventilation valves, which open at a pressure of 1.1 bar
and close automatically after pressure balance will have been established. Additionally
each relief channel is equipped with an isolation valve, which is open under normal op
eration conditions and will be closed by manual initiation after a pressure relief accident,
if the automatic relief valve does not close. Thus a controlled air flow within the reactor
building can be maintained by means of the subatmospheric pressure ventilation system.
The applicants are planning to operate this ventilation system and its filter equipment

also during heat-up of the reactor core after the rupture of a 65-mm-pipe to minimize
radioactivity discharge to the environment.

For justification of the safety enclosure concept the applicants state that due to the fa
vourable activity retention properties of the fuel, core and reactor design as well as utili
zation of helium as coolant no specific requirements concerning the safety enclosure
appear to be necessary. They emphasize that the results of their radiation exposure
calculations demonstrate that even an unfiltered ventilation of the reactor building during
core heat-up after rupture of a 65-mm-pipe will not cause excess doses above the dose
limits according to § 28 sec. 3 of the Radiological Protection Ordinance.

We agree to the applicants that the design of the safety enclosure should take into ac

count the favourable safety properties of small high temperature reactors. The most im
portant safety feature in assessing the safety enclosure of the modular HTR-2 NPP is the
low activity release from the fuel under normal operation conditions and during accidents.

With reference to the results of our safety assessment we confirm that the radiation ex
posure in the environment after accidents with radioactivity discharge to the environment
will be below the dose limits according to § 28 sec. 3 of the Radiological Protection Ordi
nance, even if the effect of the planned filters is not taken into account. Thus it can be
justified to abandon a pressure-resistant containment; therefore, filtering of the activity
released during core heat-up will only be important with respect to the minimization prin
ciple of the Radiological Protection Ordinance.

The reactor building is designed for the pressure loads accompanying the postulated
events. The rate of flow of the subatmospheric pressure ventilation system is designed to

maintain the required depression as compared to the environment after pressure balance
has been established, taking into account the specified reactor building leakage. As a
prerequisite to minimize the radiation exposure in the environment by controlled activity
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discharge pressure relief must occur reliably in accidents with excess pressures in the
reactor building. Otherwise the activity would be discharged near the ground passing
through building leakages in such an event. According to present design the pressure
relief valves will open in all accidents causing a pressure of at least 1.1 bar in the reactor
building. However, in our view pressure discharge acciddents due to medium-size leak
ages appear to be possible, where pressure in the building will be below the initiation limit
of the relief valves. For this reason we see the necessity to analyse this class of incidents
in system detail planning and to demonstrate which measures will be taken to prevent

radioactivity discharge near the ground.

2.2.4 Electrical Installations

Under normal operation conditions the electrical installations of the modular HTR-2 NPP
have to supply the electrical equipment of the systems as well as the instrumentation and
control devices with power and to lead the electrical power generated by the plant to the
high voltage grid.

In the course of accidents the electrical installations have to supply the safety installa
tions with power required for accident management. For this reason the electrical equip
ment of the safety installations is connected to the emergency power supply system,
which consists of two separated trains as the cooling systems. Apart from this the appli
cants are planning a further one-train emergency power supply system in the emergency
control room of the reactor building.

The components connected to the emergency power supply system will be supplied with

power predominantly by the auxiliary power system of the plant. After failure of the auxil

iary power system two emergency diesel engines, each of them assigned to one train,
are available for power supply. Each of the diesel engines is designed to supply the elec
trical components required for accident managment with power.

The design of the emergency power supply of the modular HTR-2 NPP complies with the
requirement that after failure of the auxiliary power supply and simultaneous non
availability of both emergency diesel engines the plant must be kept within its design lim

its for up to 15 hours. The safety-relevant instrumentation and control equipment and the
control room will de supplied with power by the batteries of the 220-V-DC system for up
to 2 hours. The measuring devices and other electrical components connected to the

emergency control room will be supplied by the 24-V battery installed in the emergency
control room for up to 15 hours.

The applicants classify an even longer grid failure and simultaneous non-availability of
both diesel engines as a hypothetic event due to its low probability to occur. However,
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they will equip the plant with an external connection for power supply of the emergency
control room to reduce the remaining risk in this event beyond design basis.

Accident management for at least 15 hours to keep the plant within its design limits in the
case of a complete failure of all active safety installations - even neglecting possible
power supply by the emergency diesel engines - will be sufficient to cover the longest
breakdown durations of the public grid.

In our view this safety property of the modular HTR-2 NPP is the relevant feature to jus
tify an emergency power supply consisting of only two diesel engines. From a determinis
tic point of view a two-train emergency power supply would be considered to fail taking
into account the single failure criterion and a potential repair fault. With respect to the
well-known breakdown durations typical for the public grid the aforementioned combina
tion of events is not safety-relevant for the modular HTR-2 NPP due to its response to
power supply failures.

In our opinion, however, an estimated very low probability of incidents with grid failure
times of more than 15 hours does not justify to consider them as exclusively hypothetical
events. From a probabilistic point of view we conclude that the emergency power supply
must be available with sufficient reliability not later than 15 hours after begin of the event
to ensure compatibility with overall plant design. This means for the diesel engines and
other required equipment that their reliability required for accident management is not
determined by the need for an immediate availability, but that they can be repaired or
taken into operation within a relatively large time interval. As a prerequisite to proceed as
described, we see, however, the need to observe the relevant quality assurance re
quirements of the KTA-rules in planning and inspecting the emergency diesel engines
and the emergency power distribution gear.

If the aforementioned aspects are considered sufficiently and correctly, we will agree that
the long-term failure of the emergency power supply due to the simultaneous occurence
of the incidents "grid failure" and "long-term unavailability of the emergency power sup
ply" can be classified as a hypothetical event.

2.2.5 Reactor Protection System and Emergency Control Room

The control room is located in the switch gear and emergency supply building and con
tains the operation, information and signaling equipment required for operation and sur
veillance of the plant. After failure of the control room surveillance of the plant will be
monitored in the emergency control room located in the reactor building, which is de
signed for all external incidents. In the emergency control room all data are signaled and
recorded, which characterize the safety state of the plant and provide the information
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required for the necessary steps in accident management. Further radiological and me

teorological data are signaled to indicate a possible radioactivity discharge to the envi

ronment and to determine the activity propagation conditions.

The emergency control room can be entered through a separate external entrance, if

access from the switch gear and emergency supply building is impossible.

Apart from the small-sphere shut-down system no further system can be initiated from

the emergency control room. If the control room is not available, the need for possible

manual actions can be recognized evaluating the data signaled in the emergency control

room. The necessary actions can be initiated locally by means of control devices.

The emergency control room including the measurement equipment is supplied with
electrical power by a one-train emergency power grid. To ensure the required power

supply after a possible failure of the emergency power supply the emergency control

room is equipped with a battery designed for operation up to 15 hours. After this time

interval power supply can be maintained by a mobile emergency power generator using a

planned cable connection, until grid power supply is reestablished. It is assumed that the
mobile emergency power generator can be supplied by an external organization as the

fire brigade.

The initiation of the small-sphere shut-down system being the only active measure to be

carried out from the emergency control room results from the safety concept of the

modular HTR-2 NPP: Due to the inherent safety features of the reactor automatic actions

are not required for accident management, after the reactor protection measures have

been initiated at the beginning of the incident. Even after an external event destroying the

switch gear and emergency supply building partly or completely the initiation of the small

sphere shut-down system is not required for immediate accident management, but for

transition of the reactor from the state "hot, below criticality" to the long-term safe state
"cold, below criticality".

Although according to the present status of design further actions initiated in the emer
gency control room are not required, we will not exclude the need for such actions

emerging in the course of detailed planning. These possible necesseties would not affect

the overall concept.

The reactor protection system is part of the instrumentation equipment and belongs to
the safety system of a reactor; it is designed to initiate automatic actions in the course of

accidents. These actions shall ensure that the dominant protective requirements defined
in the safety criteria for nuclear power plants are met and that the plant will be kept within

its design limits, until manual actions will facilitate long-term accident management. For

the modular HTR-2 NPP this overall task reduces to initiate the planned protective ac
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tions only once after the accident has been detected. Active measures aiming at system
control during the course of accident, e.g. to ensure decay heat removal or to perform
level control in coolant vessels, are not required.

Within its task the reactor protection system has to determine specific safety data. to link
safety parameters deduced from these data and to develop initiation signals, which have
priority over any other control signal. The accident-specific data, the initiation criteria
based on them and the initiation signals developed by the reactor protection system are
based on the results of accident analyses.

The reactor protection system determines the safety data

- neutron flux,
- hot gas temperature,
- cold gas temperature,
- moisture content in the primary circuit,
- pressure in the primary circuit,
- pressure in the secondary circuit,
- primary coolant flow,
- feed water flow,
- steam flow.

They are applied either directly or after linking them in calculation circuits to gain safety
parameters, from which initiation criteria are developed after well-defined limits have
been exceeded.

All initiation criteria will trigger the following protective actions:

- Insertion of the reflector rods,
- shut-off of the primary circuit blower,
- isolation of the steam generator.

Further protective actions depending on kind and course of accident are

- primary circuit isolation,
- steam generator relief.

The steam generator relief valves are closed without being triggered by the reactor pro
tection system after pressure balance has established between primary and secondary
circuit.
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Normally the accidents are detected by determining at least two physically diversified

safety data. If only one of them is available, the KTA-rules require the initiation level to be
designed more sophisticatedly. The applicants are planning such a design for detection

of steam generator heating tube leakages and steam duct ruptures.

The planned redundant arrangement, the local separation and the constructional details

of the equipment to initiate protective actions will ensure sufficiently that even in the case
of failure-initiating incidents within the plant or system as well as external events the nec
essary protective actions to control an accident will be initiated reliably.

The constructional details of the reactor protection equipment and the local separation of
redundant components to turn off the primary circuit blower and to insert the reflector
rods are of dominant importance with respect to possible partial damage of the switch
gear and emergency supply building due to aircraft impact or external shock wave. In our
view the planned design - characterized by multiple initiation and initiation-directed failure
behaviour of the logic: module of the reactor protection system as well as of the switching

equipment - is suitable to ensure the required initiation safety even in the case of partial
damage of the switch gear and emergency supply building.

The three-train reactor protection system is connected to the two-train power supply sys

tem. This means that already the simultaneous occurence of a single failure-initiating
incident and an accidental failure can interrupt the power supply of the complete reactor
protection system. Due to the initiation-directed failure behaviour of the reactor protection
system all reactor protection actions will be initiated, i.e. the reactor will be shut down
safely.

2.2.6 Buildings

In our safety assessment of the buildings for the modular HTR-2 NPP we have verified, if
the safety requirements are met, which are defined e.g. in the safety criteria for nuclear
power plants and the RSK-guidelines and exceed those valid for conventional buildings.
Specific requirements apply to buildings, which are necessary either - e.g. due to their
constructional design, shielding or barriers - directly or - e.g. due to installation and load
design of safety-relevant systems - indirectly

- to shut down the reactor safely and to keep it in the shut-down state,
- to remove the decay heat and
- to ensure safe enclosure and shielding of the radioactive inventory.

The following buildings are classified as safety-relevant:
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- Reactor building (UJA),
- reactor building annex (UJH),
- reactor auxiliary building (UKA),
- switch gear and emergency supply building,
- secured cooling cells (URB),
- cable tunnels from UBR to UJA.
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We have verified, if these buildings are designed sufficiently to bear the loads resulting
from normal operation of the modular HTR-2 NPP and from accidents.

Based on our safety assessment we have recommended inter alia that the ventilation
stack to be erected on the reactor auxiliary building should be designed for seismic
loads, provided that subsequent damaging of the latter building endangering its stability
required for accident management cannot be excluded. We have already discussed our
results concerning the reactor building as part of the safety enclosure elsewhere.

Further we have verified, if the arrangement of the buildings described in the safety
analysis report is such that damage can be excluded due to mutual impact, e.g. caused
by assumed failure of high-energy components, as turbine or vessels with high energy
content, or due to fragments resulting from collapsing buildings during an earthquake.
The planned arrangement of the buildings will meet the aforementioned requirement.
However, the effect of possible mutual impact will have to be verified again, if the exem
plary arrangement of the buildings described in the safety analysis report is modified.
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3 Accident Analysis
3.1 Spectrum of Incidents
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According to § 7 sec. 2 of the German Nuclear Energy Act the necessary precautions
against damage from construction and operation of nuclear facilities have to be taken

with respect to the state of science and technology. Especially the activity discharge to
the environment must not cause radiation doses exceeding the dose limits given in § 28

sec. 3 of the Radioloqical Protection Ordinance.

To demonstrate that this licensing prerequisite is met the applicants have elaborated a
compilation of the HTR modular reactor specific design basis accidents by applying ana
logically the basic principles of the so-called "Accident Guidelines" /5/ developed for
pressurized water reactors. According to the procedures defined in the accident guide
lines they have analysed those accidents relevant for the plant, developed design re
quirements based on the results of the analyses concerning buildings, components and

systems and defined radiologically relevant accidents to be analysed with reference to
the dose limits given in § 28 sec. 3 of the Radiological Protection Ordinance.

They further have evaluated accidents beyond design basis to illustrate the inherent
safety margins of the plant for this class of incidents and to demonstrate that risk

reducing measures have been taken to the required extent.

Due to our safety assessment the applicants have modified and completed their original
accident compilation, taking into account these modifications in their revised safety

analysis report. In our view the present compilation is complete and defines the design
basis of the modular HTR-2 NPP with respect to the German Nuclear Energy Act and the
presently common licensing procedures accurately and to the necessary extent.

3.2 Analysis of Accident Progress

Apart from verifying the completeness of the accident-initiating incidents analysed by the
applicants we assessed accident progress for the different incidents and evaluated the
consequences resulting from the analyses.

In our assessment we applied the deterministic requirements defined in the applicable
rules and guidelines or adapted to the features of the modular HTR-2 NPPP, respec
tively. Therefore the originally submitted accident analysis had to be revised.

In their review the applicants have based their accident analysis on the usual unfavour
able assumptions typical for nuclear licensing. These assumptions are e.g.
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- postulated failure of the first initiating criterion for the reactor protection system,
- unfavourable initial conditions in the system under consideration,
- single failure and - when applicable - non-availability due to maintenance of the sys-

tems required for accident management,
- neglecting operational systems for immediate accident management.

This modified procedure caused the applicants to provide for additional safety installa
tions, e.g. a limitation of rod insertion, and additional initiation criteria for the reactor pro
tection system, e.g. the maximum steam temperature, as well as to modify safety
relevant limits, e.g. fuel design temperature. Consequently, the applicants had to revise
existing analyses or to submit new ones.

In the following sections we will summmarize some important results of the accident
analyses.

3.2.1 Reactivity Accidents

The applicants have investigated reactivity accidents initiated during normal operation of
the equilibrium core and performed parameter variations to analyse the influence of un
favourable operation modes. They have taken into account accident-aggravating single
failures, as e.g. erroneous start-up of the primary circuit blower and maloperation of the
small-sphere shut-down system.

Our investigations concerning first reactor core, zero power operation and the start-up
incident as well as malfunction of single reflector rods confirm that the accident "with
drawal of all reflector rods at maximum rate during full power operation of the equilibrium
core" is to be considered as a covering design basis accident.

In this accident reactor scram required to limit the maximum temperatures of the pres
sure vessel unit is initiated by two physically different criteria. The reactor will be shut
down safely despite the postulated failure of the first initiating criterion, even under the
aggravating assumption that one reflector rod will not drop. Temperature design limits will
not be exceeded; unacceptable power excursions will not occur.

Apart from the effects of absorber withdrawal we have analysed the reactivity-influencing
incidents

- erroneous start-up of the primary circuit blower,
- incident-induced reduction of the cold-gas temperature,
- water leakages to the primary circuit,
- densification of the pebble bed due to earthquakes.
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Also in these cases our results confirm that the possible effects are covered by the de
sign basis accident investigated by the applicants. However, in our safety assessment
report we have made some hints and given several recommendations concerning differ
ent limiting conditions to be established, as e.g. maximum power limitation to 105 % of
rated power and avoidance of an unplanned start-up ot the primary circuit blower at high
coolant gas temperatures, which will result in the reactor state "hot, below criticality" and
simultaneous removal of the decay heat via the surface cooler. We further have pointed
out in our report that additional investigations are required concerning the earthquake
induced densification of the pebble bed, where transfer of experiments carried out for the
THTR reactor to the modular HTR-2 NPP is of special interest. The HTR-module core
differs from the experimental set-up of the THTR model with respect to core geometry
and construction of the core components; this can amplify the induced oscillations and
prolong their duration, the resulting effect has to be investigated both analytically and
experimentally.

3.2.2 Disturbed Heat Removal Without Coolant Loss

Disturbed heat removal without coolant loss will be caused by the incidents

- interruption of primary coolant flow,
- disturbed steam removal,
- disturbed feed water supply,
- failure of auxiliary power supply.

These incidents will cause deviations of thermodynamic parameters from their normal
operation values. The deviations will be indicated by the limitation eqipment and reactor
protection system, which will initiate the necessary protective actions.

We want to point out that the applicants have based the HTR modul design on the as
sumption that electrical power supply will fail totally in these incidents, i.e. external grid
supply and auxiliary power supply will fail and emergency power supply will not be avail
able. These assumptions deviate markedly from presently common procedures in nu
clear licensing.

The applicants distinguish the following scenarios:

- Short-term failure of the auxiliary power supply system
(less than or up to :2 hours),

- medium-term failure of the auxiliary power system
(less than or up to '15 hours),
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- long-term failure of the auxiliary power supply system
(more than 15 hours).
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In the case of short-term failure the plant is shut down as in normal operation by means
of the main heat sink after power supply from the grid has been reestablished. Design
limits will not be violated.

During a medium-term failure the plant is in a safe state, i.e. the reflector rods are in
serted, the primary circuit blower is turned off and the steam generator is isolated. Two
hours after the initiating incident the control room is not available as its power supply is
interrupted. Due to the initiation-directed failure behaviour of the reactor protection sys
tem the primary circuit is locked and the steam generator is relieved. During core heat-up
the primary circuit safety valve can open. After auxiliary power supply has been reestab
lished within 15 hours after the initiating incident the surface cooler can be operated
again and the plant is shut down.

This incident was analysed extensively. The results indicate that locally the temperature
of the primary cavity concrete in the reactor building is at its design limit of 150°C after
15 hours. Within this time interval the maximum temperature of the reactor pressure
vessel amounts to 310°C; that of the surface cooler reaches 220 "C, i.e. it can be oper
ated after reestablishing power supply. The maximum fuel temperature does not depend
on operation of the surface cooler, it will be below 1200 °C.

Our results indicate that even a complete failure of the surface cooler with the reactor
kept in its pressurized state for 15 hours will not cause unacceptable loads of the reactor
pressure vessel including its components, of the reactor building and of the surface
cooler. The radiation exposure in the environment due to discharge of primary coolant
will be far below the dose limits according to § 28 sec. 3 of the Radiological Protection
Ordinance.

The applicants do not take into account the complete failure of power supply for more
than 15 hours in their design basis analyses. In our view this can only be accepted with
respect to the two-train design of the emergency power supply, if a short-term repair of at
least one emergency power generator can be performed reliably. We have defined the
respective requirements in our safety assessment report, including a demand for ade
quate quality assurance measures.
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3.2.3 Loss-of-Coolant Accidents
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In the following we distinguish between ruptures and leakages in the primary and secon
dary circuits as well as ruptures of steam generator heating tubes with special emphasis

on their effects concerning

- maximum fuel anel component temperatures,
- loads, e.g. differential pressure loads on the reactor building,
- radiation exposure.

As ruptures are excluded for the pressure vessel unit itself primary ruptures are to be
assumed only for pipes connected to the pressure vessel unit. These pipes have either a
maximum diameter of 65 mm or the potential leakage areas are reduced to a corre
sponding cross-section by constructional measures as in the case of the fuel element

discharge pipe.

The rupture exclusion for the pressure vessel unit can be ensured largely by observing
the principles defined in the frame specification "Base Safety" /6/, which have been ap
plied successfully in light water reactor technology. In our view additional measures are
required with respect to the high-temperature materials and their weldings close to the
steam duct socket and to material embrittlement due to neutron irradiation at compara
tively low operation temperatures. In our safety assessment report we have accounted
for the need of an operation-preceeding investigation program and of operation
accompanying irradiation samples. We confirm on the basis of our fracture-mechanical
analyses that ruptures of the pressure vessel unit can be excluded. However, a construc
tional modification of the steam pipe socket turned out to be necessary, as a planned
welding between two different materials was identified as critical and therefore was
shifted from the high-temperature area. Thus we confirm the applicants' rupture assump
tions for the pressure vessel unit (see sec. 2.2.1).

Primary ruptures and leakages must be analysed in different groups:

- Ruptures of large connecting pipes,
- ruptures of small pipes or small leakages, respectively,
- ruptures or leakages of primary coolant containing pipes outside the reactor building.

The double-sided rupture of the largest connecting pipe with a diameter of 65 mm con
taining primary coolant, which cannot be closed due to its position close to the reactor
pressure vessel, proved to cover the effects of all other possible primary ruptures.

We have verified by iindependently performed calculations taking into account unfavour
able initial conditions and both systematic and statistical uncertainties of the relevant pa
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rameters that the acceptable maximum fuel temperature will not be exceeded, i.e. the
fuel temperature will be below design limit.

Further our calculations indicated that the isolation in the lower part of the reactor pres
sure vessel must be modified to avoid excess temperatures above design limit taking into
account uncertainties of the temperature-influencing parameters. The design tempera
ture of the reflector rods amounting to 650 °C will be exceeded markedly, although this
will not affect their function and integrity. We consider this result not to be relevant for the

overall design.

The radiation exposure in the environment caused by the pressure relief accident - even
taking into account the subsequent core heat-up and a postulated failure of the filtering

system - is far below the dose limits according to § 28 sec. 3 of the Radiological Protec
tion Ordinance.

In our safety assessment report we have defined requirements concerning the automatic
filtering of the activity discharges due to small leakages and we have justified in detail the
need for further investigations concerning medium-size leakages, which will increase the
pressure inside the building to values below the initiation level of the pressure relief
valves. Again, these results are not relevant for the overall design.

As a result of our investigations concerning secondary ruptures and leakages, e.g. rup
tures of the feed water or steam ducts, the concept to interrupt steam removal had to be
modified to keep the pressure inside the reactor building for a two-module plant within

the planned design limits. We have calculated independently from the applicants pres
sure increases for each of two rupture positions covering all possible primary and secon
dary ruptures. Our results confirm the design excess pressure of the reactor building
amounting to 0.3 bar. However, this value is valid for the reactor hall and the largest part

of the reactor building outer walls only. Parts of the building close to the rupture location
will be charged with distinctly higher differential pressures, which have to be taken into
account as special loads and combined with other loads in static design.

Our analyses of water leakages into the primary circuit due to steam generator heating
tube leakages indicated that design and operational measures will ensure that the leak
age size will be limited to the cross section of a single heating pipe. Thus we confirm the

water inventory of 600 kg to be conservative, which the applicants have determined to
penetrate into the primary circuit. The initiation of protective actions by only a single ini
tiation criterion developed from the moisture measurement can be accepted, if that part
of the reactor protection system relevant for this c1asss of incidents will be designed so
phisticatedly according to the KTA-rules. Further we have investigated the influence of
steam ingressed into the primary circuit on reactivity behaviour of the core and corrosion
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of the fuel elements accompanied by formation of water gas. Based on our results we

confirm that safety-relevant limiting values are not exceeded.

3.2.4 External Events

We have investigated the influence of external events on safety of the modular HTR-2
NPP according to the usual methodology in nuclear licensing. Based on our results we
have demanded that the extent of plant components and buildings designed for earth
quake had to be enlarged. The applicants are planning to generate the basic seismic
load assumptions by means of a new, empiric-statistical method, which aims at deducing

the seismic-structural design data from a probabilistic analysis of seismic hazard. We
have verified that the planned procedure is a consistent method providing realistic seis
mic load data. However, we have recommended that for a concrete site of the modular
HTR-2 NPP the seismic structural design data should be generated additionally by

means of the proven deterministic method.

Our analysis of further natural external events did not result in any requirements to mod

ify plant design.

3.3 Risk-Reducing Measures

The events "aircraft impact" and "external shock wave" are characterized by an ex
tremely low probability to occur. For this reason their possible effects are not classified

as design basis accidents in the accident guideline for pressurized water reactors. Thus
the design characteristics to be met for these events aim at reducing the risk due to
operation of the plant

According to present plant design the reactor building and safety-relevant components
and systems within this building shall be designed for loads from aircraft impact and an
external shock wave. In compliance with the RSK guideline /6/ the loads due to an air
craft impact are assumed to be independent from the site.

The design of the reactor building and the safety-relevant components and systems for
an external shock wave is based on the standard pressure-time graph given in the BMI
guideline for design of nuclear power plants against shock waves from chemical reac
tions /7/. If due to site-specific features, e.g. industrial plants in close neighbourhood,
shock waves inducing higher loads appear to be possible, design will be based on a site
specific pressure-time graph of the shock wave.
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An aircraft impact as well as a shock wave will destruct partially or completely the switch
gear and emergency supply building. This can affect the function of the reactor protection
system and emergency power supply system to such an extent that both systems will
fail.

The applicants are planning to design the reactor protection system such that the protec
tive actions

- insertion of the reflector rods,
- turn-off of the primary circuit blower,
- isolation of the secondary circuit,
- isolation of the primary circuit,
- steam generator relief

will be initiated when necessary due to plant behaviour or as a result of damage to the
reactor protection system itself.

Surveillance of the plant and long-term control of subcriticality will be performed in the
emergency control room, which is located in the reactor building designed for the afore
mentioned events. The emergency control room is unrestrictedly accessible and has a
separate external entrance.

The emergency control room is equipped with a battery-supported one-train emergency
supply system to ensure its function and to supply peripheric systems with power (venti
lation, lighting and communication systems). The battery is designed for operation up to
15 hours. After this time interval power supply will be maintained by a mobile energy
supply engine using a special cable connection until grid power supply will be reestab
lished; the energy supply engine will be provided by the fire brigade or another institution.
When necessary, two sections of the surface cooler can be operated by connecting them
to fire hoses joined externally to the intermediate cooling system.

The possible interruption of decay heat removal for at least 15 hours in conjunction with
the independent emergency power supply of the emergency control room grant a suffi
cient time interval to perform measures to reestablish heat removal by means of the sur
face cooler.

Thus we confirm on the basis of our design review that the extent of risk-reducing meas
ures for the modular HTR-2 NPP by protecting it against civilization-induced external
events and by providing steps to establish an external feedwater supply of the surface
coolers as well as power supply of the emergency control room meets the applicable re
quirements and takes into account the plant-specific properties sufficiently.
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4 Radioactive Substances and Radiation Protection Measures
4.1 Radiation Protection and Radiation Exposure of the Personnel
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The assessment of plant design with respect to radiation protection of the personnel shall

ensure that planning measures have been taken

- to avoid any unnecessary radiation exposure and contamination and
- to keep any unavoidable radiation exposure or contamination not only below the limi-

ting values given in the Radiological Protection Ordinance, but as low as possible

according to the requirements of the Radiological Protection Ordinance.

There will be different radiation sources in the modular HTR-2 NPP: The prompt nuclear

radiation and the predomimnant part of fission product radiation stem from the nuclear
processes in the reactor core. The y-radiation due to electron capture and the activated
nuclides will also be qenerated by neutron radiation outside the reactor core. Finally, ac
tivated nuclides and a small part of the fission products can be transported by the coolant
to systems and components adjoined to the primary circle.

We have verified, if the applicants have taken into account the relevant radiation sources
in plant design and if the source terms can be applied to generate realistic radiation fields
and levels to be expected in the plant. Based on our results we confirm that the appli

cants' methodology is suitable to generate the required data and the information given in
the safety analysis report and further design documents is consistent and complete.

The radiation field of the reactor core will be shielded in axial and radial direction by dif
ferent components, which as a whole form a sandwiched structure. The inner layer will
mainly consist of the graphite of the fuel elements, the borated carbon material parts and

the reactor pressure vessel. The outer layers will be made from concrete and form the

biological shield. Apart from the reactor core especially the following components and
systems have to be shielded due to their activity inventory:

- Fuel handling equipment,
- helium purification plant,
- liquid waste treatment equipment,
- storage facility for radioactive waste.

The basic material of all shielding walls is concrete. Further shielding materials are steel
and lead, e.g. for shielded doors or local shieldings, as well as special concrete at all

places, where due to lack of space standard concrete would be insufficient as shielding
material.
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The modular HTR-2 NPP does not diiffer from other nuclear power plants with respect to
the basic design principles of shielding. The planned shielding concept and the radiologi
cal protection measures described in the following are suitable to protect the personnel
against the hazards of radioactive radiation according to the state of science and tech
nology. If local measurements indicate the need for additional shielding measures, the
space to install further shielding equipment appears to be sufficient. The applicants have
to plan the radiation shielding measures in detail within constructional design of buildings
and components.

Apart from the shielding concept further measures are planned to protect the personnel
of the modular HTR-2 NPP against the hazards of radioactive radiation:

- Separation of nuclear and conventional components and systems,
- separation of high- and low-active components in nuclear systems,
- separation of individual high-active components with respect to maintenance and re-

pair,
- local separation of components, valves and operating stations on the one hand and of

internal passages for the personnel on the other hand.

The planned arrangement of rooms and components will contribute extensively to reduce
the radiation exposure of the personnel. Examples are:

- Both modular reactors will be erected separately in primary cavities,
- the pumps of the secured intermediate cooling system will be arranged in different

rooms of the reactor building annex and will be shielded,
- the containers for concentrated liquid waste will be erected in separate, shielded

rooms of the reactor auxiliary building.

The concept to mutually shield activity-containing components will be realized to a large
extent in the controlled area. This does not apply to both waste water vessels, which will
be arranged in a common room. We recommend to arrange these components in sepa
rate rooms.

According to the classification system of radiological protection areas described in the
safety analysis report the reactor building and the predominant part of the reactor auxil
iary building are part of the controlled area.

The rooms containing the steam generator and the reactor pressure vessel are inacces
sible.

The applicants are intending to classify the rooms within the controlled area with respect
to local dose rates. The upper limits of the individual classes roughly differ by a factor of

OPBZ8028



TUV HannoverlSachsen-Anhalt e.V.
Division Energy and Systems Technology - 36-

ten. This classification system shall facilitate accessibility even to areas with high local
dose rates by keeping the dose rates along the access passages at low values. Thus all
rooms within the reactor building apart from the primary cavities will be accessible during

operation.

As a result of the radiological protection measures planned by the applicants the dose
rates outside the controlled area will be below dose limits applicable to operational sur

veillance areas and outside the power plant area below those for non-operational surveil
lance areas.

We agree to the planned concept to install distinguished radiation protection areas and to
classify the rooms within the controlled area according to local dose rates; during future
datail planning the different rooms can be assigned to radiological room classes. When
necessary, further constructional measures to improve shielding will be possible. Our

independently carried out calculations confirm the assignment of the operational and
non-operational surveillance areas performed by the applicants. In our view there will be
no need to install a non-operational surveillance area, if the plant area is separated from
the neighbouring areas in an appropriate manner, i.e. the distance to the plant fence is
sufficiently large.

In additionally submitted documents the applicants have described in detail several im

portant maintenance activities and regular periodic inspections to demonstrate how the

requirements of the quideline on precautionary measures in radiation protection /8/ will
be met: The applicants are planning to apply special tools or measures to reduce the
required time for maintenance or repair of primary circuit components or others in adjoin
ing systems, e.g.

camera assistance in preparing reactor pressure vessel inspections and preceding
automized ultrasonic testing,

- application of easy-to-detach isolations,
- stud tensioning device for reactor pressure vessel closure head,
- mobile shielded working platform above the upper thermal shield.

The basic requirements concerning precautionary protective measures for regular peri
odic inspections as well as for maintenance and repair especially of the reactor pressure
vessel are met by the intended measures. However, the detailed planning of the working
procedures accompanying future design and construction steps must be based on a
break-down of the collective doses with respect to separate contributions to individual
doses and a detailed description of the working sequence taking into account local dose
rates.
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4.2 Discharge of Radioactive Substances During Normal Operation and
Radiation Exposure in the Environment

The applicants have described the processes, the applied calculation models and the
extent of activity release from the fuel elements to the primary coolant in the safety

analysis report. Several phenomena contribute to activity release to the coolant:

- Activity release from intact particles,
- activity release from particles damaged during manufacture,

- activity release due to radiation-induced damage,
- activity release due to contamination of the graphite matrix.

The intact coatings of the particles will form an efficient barrier against activity release,
i.e. intact particles will not contribute relevantly to release rates.

However, during manufacture sporadic damaging of single particles cannot be excluded
completely, i.e. the relevant barriers for activity retention will not be effective. In these

cases the activation and fission products will migrate from their origin in the fuel grain to
the grain boundaries by diffusion, followed by grain boundary diffusion to the graphite
matrix and finally to the fuel element surface.

Release of gaseous fission products will only be retarded by the slow diffusion process in
the fuel grain. Grain boundary diffusion and diffusion in the graphite matrix are relatively
fast processes. Diffusion of non-volatile fission and activation products both in the fuel
kernels and in the graphite matrix is a relatively slow process with the effect to retard re
lease of these nuclides and thus to reduce the release rates especially of the short-lived
isotopes. Design calculations are based on an assumed part of defect particles (ex
pected value), which doubles that verified in specific investigations.

In principle, additional particle defects, induced e.g by burn-up, fast neutron fluence or
temperature loads, can occur during operation of the fuel elements in the reactor core.
The applicants have deduced the expected part of irradiation-induced particle defects
from irradiation experiments. Design is based on a defect rate assumed conservatively to
be higher than the experimental results by a factor of ten.

The natural graphite contained in matrix graphite contains inter alia traces of uranium
stemming from natural contamination. Thus, apart from activation of further contami
nants, fission of uranium will occur to a minor extent in the graphite matrix outside the

kernels. The resulting fission and activation products can migrate through the graphite
matrix to the fuel element surface by means of the aforementioned transportation

mechanism. The applicants are combining the inventories of uranium due to matrix con
tamination and to fabrication-induced particle defects to a so-called "free uranium inven

OPBZ8028



TOV HannoverlSachsen-Anhalt e.V.
Division Energy and Systems Technology - 38-

tory" to specify the acceptable maximum uranium content in the matrix and to calculate
the release rates. The design value for the fabrication-induced particle defects includes

the uranium contamination of the graphite matrix.

In the following we summarize the results of our evaluation concerning the release rates

calculated by the applicants:

- The break-down of the source terms into fabrication-induced and irradiation-induced

particle defects as well as into matrix contamination and the different release models
deduced from these mechanisms appear to be reasonable,

- the physical models applied in the calculations describe the relevant transportation

phenomena of fission and activation products and take into account the state of scien

ce and technology,
- the input data, e.g. particle defect rates, diffusion coefficients and other material data,

appear to be sufficiently conservative for the calculations,
- the nuclide vector has been determined with respect to the radiologically relevant iso

topes.

Our calculations of the activity inventory based on conservatively estimated release rates
indicate for some nuclides distinctly lower release rates as compared to the applicants'

results, whereas we confirm the release rates calculated for the remaining nuclides. Thus
we expect that the release rates calculated by the applicants will cover those to be ex
pected during normal operation.

The radioactive nuclides released to the coolant or generated there by activation, respec
tively, are transported by the coolant from the core to the primary circuit. In normal op
eration a quasi-steady-state coolant activity will result, which can be calculated perform
ing a balance of all source and loss terms.

We have already dealt with the most relevant source term due to activity release from the
fuel elements. To a minor extent aerosole nuclides stemming from radioactive decay of

the short-lived noble 9ases contribute to the coolant activity, too.

The relevant loss terms are governed by radioactive decay, the filtering effect of the he
lium purification system and losses via primary circuit leakages. Additionally plate-out of
radionuclides on the inner surface of the primary circuit will reduce the aerosole activity in
the coolant.

In our safety assessment we have verified the design data of the primary coolant activity
given by the applicants and performed some independent calculations. The nuclide
specific results are listed in our safety assessment report and confirm the design data.

OPBZ8028



TOV HannoverlSachsen-Anhalt e.V.
Division Energy and Systems Technology - 39-

Further we have determined and evaluated the activity inventories in the auxiliary sys
tems, e.g. in the helium purification system, starting from the primary coolant activity.
The results have been presented in our safety assessment report. In the following we are
giving some comments concerning the possibility to operate the secondary circuit in an
"unclosed" mode, i.e. to use part of the steam for process purposes.

The applicants have applied for a tritium concentration in the process steam, which
meets the requirements of § 4 sec. 2 of the Radiological Protection Ordinance. In con
junction with attachment III sec. 2 of the Radiological Protection Ordinance radioactive
substances can be applied provided that their specific activity is less than 100 Bq/g.

As the applicants are planning to use process steam outside the power plant and thus
outside the surveillance area, the condensate of the process steam must be reusable
without any restriction. If in future licensing steps no annual limit for the yearly discharge
of tritium with process steam is established, the requirements of § 46 sec. 4 will have to
be met, according to which process steam condensate can only be drained off to public
sewers or rivers, lakes, and canals, if the waste water activity is not greater than 1.25
times the value given in attachment IV, tab. IV 1, column 6 of the Radiological Protection
Ordinance.

If the use of condensate as drinking water cannot be excluded, the acceptable maximum
tritium uptake per year according to § 46 will be exceeded slightly on the basis of the
planned tritium concentration. This aspect has to be clarified before the corresponding
licence is issued.

The applicants are planning to verify by sampling that the discharges to the process
steam are kept below the limits given in the licence. If sampling is sufficient or a continu
ous surveillance is required, depends on the planned use of the process steam and has
to be decided during future licensing steps.

For verification of the room activity concentrations in the reactor cavities we have investi
gated the mechanisms

- activation of the air close to the reactor pressure vessel,
- activation of the metallic surfaces of the reactor pressure vessel and the surface coo-

lers,
- primary coolant leakages.

We confirm the applicants' data on these mechanisms to be conservative.

Further we have verified the activity discharges during normal operation of the modular
HTR-2 NPP, based on the acitivity concentrations in systems and rooms, and listed the
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results in our safety assessment report. Our nuclide-specific results refer to discharges

with

- exhaust air from the ventilation stack and the turbine building,
- waste water from the liquid waste treatment system and from secondary circuit leaka-

ges as well as
- solid radioactive waste, as e.g. spent fuel or normal operational waste.

These discharges of radioactive substances will cause a radiation exposure in the envi
ronment, which must not exceed the dose limits according to § 45 of the Radiological
Protection Ordinance. In licensing this radiation exposure has to be calculated with re

spect to the most unfavourable receiving points taking into account all relevant exposure
pathways and including the food chains. The administrative guideline on the applicaton of
§ 45 of the Radioloqical Protection Ordinance /9/ contains calculational models and pa

rameters to determine the radiation exposure.

According to this guideline the human radiation exposure is defined as the radiation ex
posure of a member of the critical population group and is caused by external irradiation,
i.e. the contribution due to externally effective radiation sources, and internal irradiation,
i.e. the contribution clue to incorporated radionuclides. A member of the critical popula
tion group is a person, who is exposed to the maximum radiation exposure due to one or
more exposure pathways at the most unfavourable receiving point. The radiation expo
sure shall be determined on the basis of realistic habits to be assumed for part of the
population. Extreme habits, e.g. in food consumption, shall not be considered. The most

unfavourable receiving point is that location in the environment of the modular HTR-2
NPP, which due to the distribution of radionuclides discharged to the environment will
experience the highest radiation exposure. It is assumed that the consumed food is pro
duced at the location characterized by the highest food contamination in the respective
area.

In the safety analysis report and in additional documents the applicants have described
their calculations and listed the results of the radiation exposure of adults and infants due
to radioactive effluents from the modular HTR-2 NPP with the exhaust air and waste wa

ter. Their calculations are based on the discharge data submitted in their application and
on the procedures defined in the aforementioned guideline, taking into account all expo
sure pathways and conservative transfer data.

We have determined in an analogous procedure the radiation exposure caused by radio
active effluents from the modular HTR-2 NPP with the exhaust air and waste water and
applied the calculational models and data given in the guideline on the applicaton of § 45
of the Radiological Protection Ordinance. Whenever necessary, i.e. in cases lacking site

specific data, e.g. rneteoroloqical data, we have used the same data as the applicants,
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which are listed in the safety analysis report. Before applying these data, we have veri
fied, if they are realistic and can be taken as representative for a possible site.

Our calculation of the radiation exposure is based on the discharge data determined in
our safety assessment instead of the activity discharge data the applicants have applied
for. Thus our results of the radiation exposure are below those of the applicants. How
ever, we confirm that the radiation exposure due to radioactive effluents both with the
exhaust air and waste water will be distinctly below the dose limits according to § 45 of
the Radiological Protection Ordinance.

We have compiled the radiation exposure determined by us in relation to the dose limits
according to § 45 of the Radiological Protection Ordinance in tables 4-1 and 4-2. Devia
tions from the results of our safety assessment report (October 1989) are caused by a
recent review of the Radiological Protection Ordinance and the calculational procedures.
However, these deviations are of minor importance only.

The results are distinctly below the dose limits according to § 45 of the Radiological Pro
tection Ordinance. However, for a concrete site the additional radiation exposure due to
other nuclear facilities or handling of radioactive substances has to be taken into ac
count. As a concrete site for a modular HTR-2 NPP has not been proposed these contri
butions to radiation exposure are not considered in the aforementioned tables.

After a concrete site has been chosen, it might become necessary to modify the obtained
data, as site-specific features can influence the calculated radiation exposure, as e.g. the
flow conditions of the run-off water, meteorological, orographic or settlement conditions
in the environment of the plant as well as specific food consumption habits of the popula
tion. Thus the calculation of the radiation exposure to be expected under normal opera
tion conditions has to be repeated once more after a site has been determined.

As by now the calculated dose rates are distinctly below the dose limits according to § 45
of the Radiological Protection Ordinance, we expect the dose rates of a concrete site to
be within these limits.

The radiation exposure due to direct radiation from the plant is negligible as compared to
that due to radioactive effluents with the exhaust air or waste water. Thus it is distinctly
below the dose limit according to § 44 of the Radiological Protection Ordinance.
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Annual dose in l'SV

Tissue Adults Infants Dose limit

§45 RPO

Bladder 27 47 900

Breast 28 48 900

Upper large intestine 27 47 900

Lower large intestine 27 47 900

Small intestine 27 47 900

Brain 28 48 900

Skin 29 48 1800

Testes 28 47 300

Bone surfaces 28 48 1800

Liver 28 47 900

Lung 28 47 900

Stomach 28 47 900

Spleen 28 47 900

Adrenals 27 47 900

Kidneys 28 47 900

Ovaries 27 47 300

Pancreas 27 47 900

Red bone marrow 28 47 300

Thyroid 28 49 900

Thymus 28 47 900

Uterus 27 47 300

Effective dose equivalent 28 47 300

Table 4-1:
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Annual dose in J.1SV

Tissue Adults Infants Dose limit

§45 RPO

Bladder 0.9 0.3 900

Breast 0.8 0.3 900

Upper large intestine 1.0 0.3 900

Lower large intestine 1.0 0.3 900

Small intestine 1.0 0.3 900

Brain 0.8 0.3 900

Skin 0.7 0.4 1800

Testes 0.9 0.3 300

Bone surfaces 0.9 0.3 1800

Liver 1.0 03 900

Lung 0.9 0.3 900

Stomach 0.9 0.3 900

Spleen 0.9 0.3 900

Adrenals 1.0 0.3 900

Kidneys 0.9 0.3 900

Ovaries 0.9 0.3 300

Pancreas 0.9 0.3 900

Red bone marrow 0.9 0.3 300

Thyroid 1.0 0.5 900

Thymus 0.8 0.3 900

Uterus 0.9 0.3 300

Effective dose equivalent 1.0 0.3 300

Table 4-2:
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Ordinance. Thus the required protective measures against the effects of accidents have
been taken by the applicants according to the state of the art.

Accident doses in llSV

Accident Gastro-
Total

Bone Liver Thyroid Kidney Lung intesti- Skin
body

nal

tract

Rupture of pipe (0 65 mm)
57 12 16 58 11 11 15 7.3

Pressure relief phase

Core heat-up (version 1)
0.7 0.7 0.7 120 0.7 0.7 3.4 0.5

0-34 h not considered

Core heat-up (version 2)
4.1 4.0 4.0 730 4.0 4.4 24 2.8

time intervals 0-34 h, 34-42 h etc.

Rupture of measuring pipe 1.0 1.0 10 21 1.0 1.1 2.4 1.6

Rupture steam generator heating
1.4 0.9 0.9 90 08 0.9 2.8 0.6

tube, close to preheater part

Rupture steam generator heating
1.7 1.2 1.1 75 1.0 1.0 2.5 0.8

tube, close to superheater part

Rupture of pipe in helium
2.1 7.1 7.1 9.3 7.1 7.1 7.3 2.0

purification plant

Leakage of waste water
57 50 46 45 45 42 46 41

evaporator

Earthquake reactor auxiliary
240 510 490 550 490 490 500 170

building

Core heat-up (version 2)
2.4 2.4 2.4 1200 2.4 2.6 25 0.4

- Distance: 2 km -

Dose limits § 28 sec. 3 300000 150000 50000 150000 150000 150000 150000 300000

Table 4-3:
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Accident doses in !,Sv

Accident Gastro-
Total

Bone Liver Thyroid Kidney Lung intesti- Skin
body

nal

tract

Rupture of pipe (0 65 mm)
56 9.5 13 280 8.0 7.6 8.1 7.3

Pressure relief phase

Core heat-up (version 1)
2.2 2.6 1.6 760 1.0 1.6 0.6 0.5

0-34 h not considered

Core heat-up (version 2)
14 17 9.9 4700 6.1 9.9 3.8 2.8

time intervals 0-34 h, 34-42 h etc.

Rupture of measuring pipe 1.3 1.5 1.2 120 1.2 1.2 1.1 1.6

Rupture steam generator heating
25 2.3 1.5 560 1.1 1.5 0.8 0.6

tube, close to preheater part

Rupture steam generator heating
2.6 2.4 1.6 450 1.2 15 1.0 0.8

tube, close to superheater part

Rupture of pipe in helium
1.5 3.6 3.5 16 3.5 3.5 3.5 2.0

purification plant

Leakage of waste water
57 51 45 45 44 42 48 41

evaporator

Earthquake reactor auxiliary
230 300 280 600 280 280 280 170

building

Core heat-up (version 2)
19 2.2 13 8100 5.8 13 1.5 0.4

- Distance: 2 km-

Dose limits § 28 sec. 3 300000 150000 50000 150000 150000 150000 150000 300000

Table 4-4:
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TOV Hannover eV has performed an independent safety assessment concerning the
design of a high temperature reactor plant with two modular reactors to generate simul
taneously electrical power and process steam or heat for district heating, respectively.

The assessment was based on the evaluation criteria to be applied in licensing of nuclear
facilities in Germany, as e.g. the KTA-rules, and on publications representing the present
state of research in high temperature reactor technology. Exceptional design features
due to the new concept of the modular high temperature reactor have been dealt with in

detail and their safety relevance has been assessed.

The applicants have demonstrated successfully that the radiation exposure in the envi
ronment caused by the discharge of radioactive substances from the modular HTR-2

NPP during normal operation is far below the dose limits according to § 45 of the Radio
logical Protection Ordinance and that the measures for radiation protection of the per

sonnel have been planned adequately.

An important prerequisite for our assessment was to elaborate a complete and represen
tative catalogue of design basis accidents analogously to the accident guideline for pres
surized water reactors. This task inter alia facilitated to distinguish between design basis

accidents and accidents beyond design basis.

Based on the design documents prepared in 1989 by the Siemens AG/lnteratom GmbH

project team an extensive accident analysis was performed and design requirements
were developed for all components and systems. We further verified if the planned de
sign of the buildings, systems and components as well as the operation modes of the
plant will meet these requirements. These investigations were performed considering the
conservative assumptions typical for licensing procedures of nuclear facilities.

A further result of the accident analysis was the identification of radiologically representa
tive accidents and a successful verification that after these accidents the dose limits
given in § 28 sec. 3 of the Radiological Protection Ordinance are not exceeded and that

the necessary protective measures against the hazards of nuclear technology have been
planned according to the state of the art.

Based on our safety assessment we confirm that the design of the modular HTR-2 NPP
meets the safety requirements to be imposed on nuclear facilities in Germany. Our
safety assessment report summarizes the design requirements as "conditions" to be met
in future detailed desiqn.
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Our investigations on risk-reducing measures indicate that the modular HTR-2 NPP has
pronounced inherent safety properties, which govern the plant behaviour in incidents be
yond design basis.
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After discontinuation of the preliminary decision procedure in the Federal State of Lower Saxony (Federal Republic of
Germany) the review of the safety concept of the HTR 2 module reactor plant was carried out by 'rtrv Hannover e.V.
(Technical Inspection Agency of Hanover) within the framework of a research and development order awarded by the
Federal Ministry of Research and Technology (Bundesminister fur Forschung und Technologic). In the course of the
evaluation, modifications to the plant concept have proved to be necessary which have been included in the revised planning
documents. So additional safety facilities, such as control rod insertion limitation, additional release criteria for reactor
protection, such as maximum mainsteam temperature, had to be included in the concept and limiting safety values, such as
the maximum permissible fuel element temperature, had to be changed. As a summary it can be stated that the concept of
the HTR 2 module plant meets all the severe requirements applicable in the Federal Republic of Germany and additionally
the inherent safety characteristics provide enhanced safety margins. Another aim of our evaluation was to check where
safety-related further developments might be necessary. According to this aspect our report of October 1989 contains a
multitude of proposals and relevant information.

1. Definition and course of the evaluation

In April 1987 Siemens AG and Interatom GmbH
filed an application with the Ministry of Environmental
Protection (Ministerium fur Urnweltschutz) of Lower
Saxony in compliance with section 7a of the Atomic
Energy Act [1] for the submittal of a preliminary con
cept decision for an HTR 2 module reactor plant for
combined generation of electrical energy and process
steam, resp. district heating.

Shortly after the Technische Uberwachungs-Verein
Hannover e.V. was entrusted with the review of the
safety concept within the framework of the licensing
procedure through the Minist ry of Environmental Pro
tection of Lower Saxony. .ruv Rheinland e.Y. was
participated by means of a subcontracting order.

In a series of technical discussions which took place
during the second half of 1937 we requested further
documents apart from the Safety Analysis Report sub-

Correspondence to: Mr. H. Helmers, Technischer Uberwach
ungs-Verein Hannover c.V., Am TUV I, W-3000 Hannover
81, Germany.

mitted as an application document, and a number of
modifications to the safety requirements were dis
cussed and substantiated.

Due to these proposals and the discussions which
took place during the first half of 1988, the system
planner revised the concept of the plant, and submit
ted supplementary technical documents. The Safety
Analysis Report [2] was revised as well. The most
important documents were available at the beginning
of 1989.

In April 1989 the application for a preliminary
decision of the concept was withdrawn, the licensing
procedure was discontinued by the Ministry of Envi
ronmental Protection, and the order to TUY Hannover
was shelved.

The work to be carried out for the review of the
safety concept had already progressed a great deal at
this point in time. Therefore, TUY Hanover offered
the Federal Ministry for Research and Technology
(EMFT) to prepare an evaluation of the safety concept
without reference to a licensing procedure, and to
draw up whether the concept of the HTR module is in
compliance with the requirements for nuclear facilities
applicable in the Federal Republic of Germany, and to

0029-5493/92/$05.00 © 1992 Elsevier Science Publishers B.Y. All rights reserved
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establish where further developments might be neces
sary. This project is to safeguard that future research
and development work on the HTR module is carried
out on the basis of the requirements for nuclear safety
to be adhered to in the Federal Republic of Germany.

Within the framework of the order awarded by the
Federal Ministry for Research and Technology the
report of approx. 900 pages on the review of the safety
concept of the HTR 2 module reactor plant was ren
dered and presented under the date of October 1989
[3].

The following chapters will repeat the most essen
tial statements of this report. Some examples will be
used to demonstrate which modifications of the plant
concept, and which proof to be furnished, result from
that report.

2. Basis of evaluation and design requirements

The Atomic Energy Act and the Radiation Protec
tion Ordinance [4] in the Federal Republic of Germany
are the fundamental legal basis for planning, construc
tion, operation, and shutdown as well as supply and
disposal of nuclear facilities, and thus lay down also
the framework for the safety review. They do not relate
to plant concepts and detailed technical solutions. The
requirements demanded have to be met at any rate.

Below statutory determinations there are a number
of guide-lines and regulations which already have a
strong reference to technical concepts, and which have
been worked out parallel to the development of nu
clear technology in order to support a standardization
of the evaluation criteria, and to document the state of
.he technology. These criteria mainly refer to light
water reactors. Thus, the standards on nuclear facili
ties are largely characterised by the physical properties
and plant features of the light-water reactors, and here
especially by pressurized water reactors with a core
design for high power density, which may not be trans
ferred directly to other reactor concepts [e.g. 5].

Gas-cooled high-temperature reactors stand out es
pecially for the distinctive characteristics of inherent
safety against reactivity accidents and failures of the
heat removal system. This fact is all the more true for
small power output per reactor unit, and for low power
density in the reactor core. Therefore, it would be
inappropriate to transfer the requirements stipulated
in the technical standards for light-water reactors to
the HTR module without reflection, all the more as
the safety characteristics of a gas-cooled high-tempera
ture reactor with small power density were consistently

used to develop a reactor concept with the aim of
limiting the fuel element temperatures even. in case of
failure of all active cooling systems and the loss of
coolant to such an extent that no considerable release
of radioactive fission products from the fuel elements
takes place. Such a requirement exceeds the standards
set up to now. With respect to the applicability of the
standards on nuclear facilities this fact means that even
existing provisions for high-temperature reactors [e.g.
6J have to be adapted and transferred to the conditions
of the HTR module reactor.

Apart from the acts and statutory instruments to be
adhered to without respect to the concept, we have
used the existing regulations and guide-lines for our
concept review only to the extent we considered them
applicable for the HTR module concept. On the basis
of the specific safety features of the HTR module we
have substantiated every deviation in our report. How
ever, it was not the purpose of our project to check and
graduate the applicability of all standards on nuclear
facilities to the HTR module concept within the frame
work of the review of the safety concept.

The precautionary measures against damage ac
cording to the state of the art demanded by the Atomic
Energy Act can only be safeguarded by additional
recourse to the present state of research in case of a
pilot plant with a novel design concept. Therefore, we
have included corresponding publications in our con
siderations to a large extent.

3. Assumptions on the location

The concept planning of the HTR 2 module reactor
plant was carried out independent of the site. Thus,
the plant planner has set the design assumptions on
the site features in such a way that they are applicable
for a large group of potential sites, provided assump
tions independent of the site must not be taken into
consideration to comply with the rules and guide-lines.

For this reason, we have evaluated the data on the
site features mentioned in the Safety Analysis Report
only with respect to completeness and consistency in
our analysis, and have checked whether the chosen
procedures to determine the site data are in compli
ance with the standards on nuclear facilities in the
Federal Republic of Germany. In doing so, we have
only taken those features into consideration which
according to our experience in assessing other nuclear
plants could have an influence on the concept of the
HTR module.
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4.3 Radiation Exposure after Accidents

- 44-

The spectrum of light water reactor accidents to be analyzed radiologically is defined in

the accident guideline. According to this guideline the accident analyses have to be
based on sufficiently conservative assumptions, calculational models and input parame
ters to describe the cours of the accident, radioactivity discharge to the environment and

propagation of radioactive substances.

Due to the different properties of a pressurized water reactor and the modular HTR-2
NPP the design basis accidents ot these plants differ substantially (see sec. 3.1). We
have verified by applying the accident guideline for light water reactors analogously, if in
their analysis the applicants have selected representative accidents covering the radio

logical consequences of similarly occurring events. The applicants have examined the

following scenarios:

- Leakage of a pipe between reactor pressure vessel and primary circuit isolation valve,
- leakage of a measurement pipe containing primary coolant,
- failure of a steam generator heating tube followed by long-term failure of water sepa-

ration and primary circuit pressure control.

These analyses mainly aim at demonstrating that after release of radioactive substances
to the reactor building the radiation exposure in the environment will be limited suffi
ciently.

Further the applicants have investigated as accidents with activity discharge outside the
reactor building the

- failure of the largest pipe containing primary coolant outside the reactor building ac
companied by isolation of the primary circuit,

- leakage of a vessel containing contaminated water.

The reactor auxiliary building is not designed for loads from an earthquake. For this rea
son

- component leakages of the helium purification system and of the evaporator con
centrate vessel

have been investigated by the applicants, too.

In our safety assessment we have restricted ourselves to the accidents examined by the
applicants, as these events are radiologically representative for the events to be consid
ered and cover their radiological effects. In all other events less activity will be discharged
OPBZ8028
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to the environment, whereas the nuclide composition and the activity discharge mecha
nisms essentially remain unchanged.

We have verified the correctness of the applicants' results, the relevant input parameters,
the applied calculational models and the assumed release and discharge conditions by
performing independent calculations. In our safety assessment report we have described
in detail deviations in our assumptions and calculations and justified them, and we have
listed the nuclide-specific quantities of activity discharge. These data served as a basis to
calculate the radiation exposure due to accidents.

In § 28 sec. 3 of the Radiological Protection Ordinance the dose limits in the environment
of a nuclear facility are defined, which have to be observed in planning structural or tech
nical protective measures against the radiological consequences of design basis acci
dents ("design basis planning limits"). In sec. 4 of the 8MI guideline for assessment of
the design of nuclear power plants with a pressurized water reactor according to § 28
sec. 3 of the Radiological Protection Ordinance /10/ calculational models and input data
are recommended to determine the radiation exposure. These models take into account
the following exposure models:

- External radiation exposure due to l3-irradiation from the exhaust air (l3-submersion),
- external radiation exposure due to y-irradiation from the exhaust air (y-submersion),
- external radiation exposure due to y-irradiation from radionuclides deposited on the

ground (y-ground surface radiation),
- internal radiation exposure due to radionuclides inhaled by respiration (inhalation),
- internal radiation exposure due to radionuclides ingested with contaminated food (in-

gestion).

The calculational models and input data are not PWR-specific. Thus they can be applied
unrestrictedly to activity discharges during an accident from the modular HTR-2 NPP. For
this reason we have calculated the radiation exposure due to accidents based on the
calculational models and radioecological parameters given in the aforementioned guide
line; as a site for this plant has not yet been defined, we did not apply site-specific data.
After a concrete site has been selected it has to be verified, if the applied input data still
are applicable or if additional, site-specific parameters and exposure pathways have to
be taken into account.

In tables 4-3 and 4-4 the results of our calculations of the radiation exposure after acci
dents are summarized and compared to the dose limits applicable in planning. We did
not recalculate our results with respect to recent modifications of the Radiological Protec
tion Ordinance. as these modifications are of minor influence. Our calculations confirm
the magnitude of the data given by the applicants in the safety analysis report. They are
distinctly below the dose limits according to § 28 sec. 3 of the Radiological Protection

OPBZ8028
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According to our opinion the data on these fields
contained in the Safety Analysis Report take all load
assumptions and design requirements into considera
tion, which are applicable in the Federal Republic of
Germany independent of the site [e.g. 7], resp. which
could arise from the conditions at many potential sites.
As, however, the assumptions do not cover the entire
potential range of site features, it will definitely be
necessary, after selection of a definite site, to check
whether the real site features are taken into considera
tion sufficiently by the design of the plant. Therefore,
our statements on the technical design of the reactor
system are given with the provison that a definite site
does not produce any deviating marginal conditions.
Thus, in assessing the concept of the emergency power
supply, for example, we have assumed a reliability of
the external current supply as given in the Federal
Republic of Germany.

4. Accident analysis

4.1. Range of accidents

In compliance with section 7 subsection 2 of the
Atomic Energy Act precautionary measures against
damage from erection and operation of the plant have
to be taken for nuclear facilities according to the state
of the art and knowledge of science. It has to be
safeguarded especially that in case of activity discharge
after an accident the planning guide-lines in compli
ance with section 28 subsection 3 of the Radiation
Protection Ordinance are not exceeded.

To furnish the evidence for these licensing require
ments the plant planner has drawn up a list of all
design accidents, which have been taken as a basis for
the design of the HTR module, in analogous applica
tion of the principles of the so-called "accident guide
lines" for nuclear power plants with pressurized water
reactors [8]. In doing so, the plant planner followed the
line of action of the accident guide-lines and investi
gated incidents which are decisive for the design of
plant parts, and has derived design requirements for
buildings, components, and systems from the analysis
on the one hand, and on t.ie other hand he defined
radiologically representative incidents which he anal
ysed to prove the adherence to the emergency refer
ence levels of section 28 subsection 3 of the Radiation
Protection Ordinance.

Furthermore, the plant planner has commented on
hypothetical incidents to cemonstrate the available

safety reserves of the plant and to prove that risk-re
ducing measures have been taken to a sufficient extent
beyond the scope of construction as well.'

Due to our review, revisions and extensions to the
originally presented accident catalogue were necessary
which have been included in the revised version of the
Safety Analysis Report. According to our opinion the
list on hand now is complete and defines the design
scope of the HTR 2 module reactor plant adequately
and in the necessary scope in compliance with the
requirements of the Atomic Energy Act and the appli
cable proceedings in nuclear licensing procedures.

Risk-reducing measures have been taken to a suffi
cient extent by protecting the plant against civilisa
tion-related external events, and by providing the pos
sibility of external supply of the surface coolers and the
external power supply to the emergency control unit
under consideration of the special design features of
the HTR module.

4.2. Analysis of the course of accidents

Apart from checking the accident-related incidents
analysed by the plant planner for completeness, the
task of our review was also to check and evaluate the
analysis of the course of accidents and the statements
on the effects resulting thereof.

In doing so we have taken the requirements to be
adhered to in compliance with the applicable and
transferable rules and guide-lines as a basis, resp. we
adapted them to the conditions of the HTR module.
This procedure revealed the necessity to revise the
originally presented accident analysis.

Unfavourable marginal conditions, for example, had
to be taken as a basis for the analyses, as is usual for
establishing proof in nuclear licensing procedures, such
as
- the assumed failure of the first criterion for the

release of the reactor protection system,
- the consideration of an unfavourable initial s.tate of

the system under scrutiny,
- the consideration of a single failure and of a poten

tial repair fault in the system crucial for the control
of the accident, and

- the non-consideration of the available systems which
are not concidered to be safety-related for immedi
ate accident control.
The consequence of this procedure was that addi

tional safety facilities, such as control rod insertion
limitation, additional release criteria for reactor pro
tection, such as maximum mainstearn temperature, had
to be included in the concept on the one hand, on the
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other hand limiting safety-values, such as the maximum
permissible fuel element temperature, had to be
changed, and thus additional proof had to be furnished
on their permissibility.

The following paragraphs will briefly deal with some
essential results of the revised accident analyses,

4.2.1. Shut-down margin
The temperature-dependent reactivity behaviour of

high-temperature reactors causes automatic shut-down
at high temperatures through the negative temperature
coefficient, whereas it is difficult to provide the neces
sary shut-down reactivity by means of absorbers lo
cated in the side reflectors in case of low temperatures.
Therefore, we have placed special attention to this
aspect in our investigations of the shut-down system
and reactivity accidents.

To safeguard shut-down in all operating modes to
below a core temperature of 50°C we requested a
limitation of the control rod insertion depth and of the
filling height for the pebble shutdown system (KLAK),
and we have pointed out to the necessity of an initial
start-up measuring programme and a thus combined
modification of the loading strategy.

4.2.2. Reactivity accidents
The plant planner has investigated reactivity acci

dents for the equilibrium core in normal operation of
the plant, and has determined the influence of un
favourable operating conditions by means of parameter
studies.

Accident-aggravating individual faults on active sys
tem parts, such as a faulty acceleration of the blower,
and mis-operation of the pebble shut-down system,
have been assumed in this case.

Our investigations into the first reactor core, part
load operation, zero-load operation, and start-up acci
dents as well as investigations into the mistravelling of
single absorber rods have confirmed that the course of
accident "withdrawal of all reflector rods with maxi
mum speed at full load and equilibrium core" de
scribed in the Safety Analysis Report can be consid
ered a covering design basis accident.

Two physically different release criteria are used to
start off the reactor scram system necessary to limit the
maximum temperatures of the pressure vessel during
the covered accident investigated. Even if the first
release fails the reactor will be shut down safely, also
under the assumption that one reflector rod docs not

drop in. Temperature limiting values are not exceeded
in the process. Impermissible reactor excursions do not
occur.

Apart from the effects caused by the withdrawal of
the absorber rods we have examined the reactivity-ef
fective incidents of
- faulty acceleration of the blower,
- accident-related lowering of the cold-gas tempera-

ture,
- ingress of water into the primary circuit, and
- compaction of the pebble bed in case of earth-

quakes.
In these cases as well we can confirm that the

effects arc covered by the design basis accident. In our
report we have, however, listed in detail and substanti
ated some notes and proposals with respect to marginal
conditions to be covered, such as power limitation to a
maximum of 105% of the rated reactor power and
prevention of an unintentional blower start at high
helium temperatures as occur with shut-down hot reac
tor and decay heat removal by the surface cooler. At
this point statement is also made that we consider
further investigations necessary in the field of com
paction of the pebble bed caused by earthquakes under
consideration of the transfer conditions of the TIITR
tests to the situation of the HTR module core. With
respect to the core geometry and the construction of
the internal core parts the HTR module core differs
from the THTR test model which can cause increased
vibrations and extended vibration periods, which have
to be analytically, resp. experimentally safeguarded fur
ther.

4.2.3. Disturbances in heat removal without loss of
coolant

Disturbances in heat removal without loss of coolant
are caused be the following incidents
- interruption of the primary coolant circuit,
- disturbances in the main steam removal system,
- disturbances in the feedwater supply system, and
- loss of auxiliary power.

Caused by these failures deviations of the thermo
dynamic states from the normal operating conditions
occur. By the limitation and reactor protection facili
ties becoming active these deviations are recognized
and the necessary protecting actions are initiated.

At this point it is essential to emphasize that con
trary to the usual practice at present the total loss of
electrical energy, i.e. the failure of the external mains
feed as well as the loss of auxiliary power in the
absence of emergency energy generation in the HTR
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module has been taken into consideration in the con
cept plan as a design basis case.

The plant planner differentiates between the follow
ing cases:
- short-term loss of auxiliary power

(less or equal 2 hours),
- longer-term loss of auxiliary power

(less or equal 15 hours), and
- long-term loss of auxiliary power

(more than 15 hours).
In case of short-term los, the plant is shut down via

the main heat sink after return of the mains. Design
limits are not reached.

In case of longer-term loss the plant is in a safe
condition, i.e. the reflector rods have dropped in; the
blower has been switched off, and the steam generator
is isolated. After two hours the control room is no
longer supplied with energy, and is thus inoperative.
Due to the initiation orientated failure response of the
reactor protection system the primary circuit is locked
off and the steam generation relief is released. In the
course of the core heat-up phase the safety valve of the
primary circuit can react. After return of the auxiliary
power within 15 hours, the surface cooler is started up
again and the plant is shut down.

Extensive analyses have been carried out for this
case. These analyses have revealed that in limited
areas of the reactor building the design temperature of
the primary cell concrete of 150°C is reached after 15
hours. During this period of time the maximum tem
perature of the reactor pressure vessel rises to 310°C;
the surface cooler reaches 220°C, and thus remains
operational. The maximum temperature of the fuel
elements is independent of the function of the surface
cooler and stays below I,200c C.

In summarizing it can be stated that even in case of
a complete failure of the surface cooler and a reactor
under pressure during a period of 15 hours no imper
missible loads occur on the reactor pressure vessel
inclusive of its internal parts, the containment, and the
surface cooler itself. The exposition of radiation into
the surrounding environment caused by removal of
primary coolant, when the safety valve reacts, remains
far below the emergency reference levels stipulated in
section 28 subsection 3 of the Radiation Protection
Ordinance.

The long-term, total loss of any kind of energy
supply for more than 15 hours has not been assumed
by the plant planner for the design range. According to
our opinion, the planned two-tier design of the emer
gency energy generation system is only permissible, if a
short-term repair of at least one emergency energy

generation facility is possible. Our report determines
the necessary requirements and demands quality-assur
mg measures.

4.2.4. Loss-of-coolant accidents
Below. the loss-of-coolant accidents are subdivided

into primary and secondary ruptures and leakages as
well as damage on the steam generator. The effects are
investigated with respect to
- maximum temperatures of fuel elements and com

ponents,
- load effects, such as differential pressure loads of

the reactor building, and
- radiological loads.

Due to the fact that a break of the pressure vessel is
excluded, primary ruptures are only assumed to occur
in the joining pipes to the pressure vessel. These pipes
have a maximum diameter of 65 mm, resp. in case of
the rupture of the withdrawal pipe of the fuel elements
the construction is limited to this diameter.

The fact that a break of the pressure vessel can be
excluded is safeguarded basically according to the prin
ciples determined in the specification of basic safety,
and proven in LWR technology. In our opinion addi
tional safety measures are necessary due to neutron-in
duced embrittlement at low operating temperatures,
and for the heat-resistant materials and their weld
joints in the area of the main steam nozzle. For the
determination of the neutron-induced embrittlement
we have demanded a preliminary investigation pro
gramme and inset probes.

The substantiation of a break exclusion has been
safeguarded in addition by fracturemechanical analyses
within the framework of our review. The analyses re
vealed that in the area of the main steam nozzle a
eonstructive modification was necessary whereby a
mixed-seam connection recognized as being critical has
been taken out of the high-temperature area. Thus, the
break assumptions for the pressure vessel made by the
plant planner can be confirmed by us.

Analytically the primary ruptures and leakages have
to be differentiated as follows:
- rupture of a large connection pipe,
- rupture of a small pipe, resp, small leaks, and
- ruptures or leaks on pipes carrying primary coolants

outside the reactor containment.
The non-lockable double-ended rupture of the

largest connection pipe carrying primary coolant with a
rated diameter of 65 mm directly at the reactor pres
sure vessel can be considered typical for all other
primary ruptures according to these analyses.
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For this accident the adherence to the maximum
permissible temperatures of the fuel elements has been
checked by independent comparative calculations un
der consideration of unfavourable initial conditions
and uncertainties in the evaluation of influencing pa
rameters to be considered partly systematically, partly
statistically. Hence, the temperatures of the fuel cle
ments remain within permissible limits.

Our calculations have also revealed that the insula
tion of the outer section of the reactor pressure vessel
has to be improved so that an adherence to the design
temperature can be shown there as well even under
consideration of uncertainties in the establishment of
initial parameters. The design temperature of the re
flector rods stated at 650°C is exceeded considerably.
As this fact, however, does not jeopardize the function,
and the integrity is not endangered, this matter is not
relevant to the concept according to our opinion.

The exposition of the environment to radiation
caused by the depressurization accident remains far
below the emergency reference levels stipulated in
section 28 subsection 3 of the Radiation Protection
Ordinance, even when taking the consequential core
heat-up phase and the assumed failure of the available
filtering system into consideration.

For smaller leakages we have set forth and substan
tiated in our report the requirements for automatic
change-over to a filtering system, and the examinations
on the effects of medium-sized leaks which lead to an
increase in pressure below the set release pressure of
the relief valves. However, these aspects are not rele
vant to the concept.

Our investigations into secondary ruptures and
leakages as well as into the rupture of feedwater or
main steam pipes revealed the necessity of changing
the concept for the main steam lock-off system in order
to keep the increase in pressure inside the reactor
building within the limits of the concept for a two-mod
ule plant as well. The increase in pressure has been
detected by us independently of the design calculations
for two typical primary and secondary ruptures each.
Therefore, we can confirm the value of 0.3 bar quoted
for the excessive design pressure of the reactor build
ing. However, we have to modify the statement as this
value refers to the pressure in the reactor hall and to
most of the surface of the outside walls of the reactor
building. Areas near the rupture are in parts subjected
to considerably higher differential pressures which have
to be taken into consideration as special loads together
with other types of load in the design of the statics.

With respect to thc ingress of water into the pri
mary circuit as a consequence of leakages in the steam

generator heating tube our analyses revealed that due
to the design and operational measures a leakage re
mains restricted to the diameter of a single heating
tube. The water amount of 600 kg flowing into the
primary circuit conservatively assessed by the plant
planner can thus be confirmed. The initiation of safety
actions by only one release criterion to detect moisture
can be accepted with a correspondingly high-quality
execution within the mcaning of KTA-Standard 3501
[9], as is applicable, by thc way, for the recognition of a
main-steam pipe rupture. The effects of the water
steam on the reactivity behaviour in the reactor core
and the corrosion of the fuel elements with the apper
taining formation of water gas have been examined,
and we can confirm that limiting values unacceptable
for safety are not reached.

4.2.5. External events
The approaches and methods applicable for licens

ing procedures have also been used to examine exter
nal events with the aim of detecting a potential influ
ence on the plant safety. As a result we have de
manded the design of some additional plant parts to
withstand the effects of earthquakes. The plant plan
ner has the intention of working out the seismic load
assumption to be taken as a basis according to a new
procedure by means of an empirical-statistical method
of determining seismic ratings on the basis of a probal
istic analysis of earthquake threats [10,11]. We have
checked this method, and have come to the opinion
that this procedure is a consistent method to realisti
cally determine earthquake loads. However, for a real
case we have recommended the use of the traditional
method of determining the seismic data relevant for
the specific site, in addition.

The analysis of other natural events has not caused
any concept-relevant demands. Due to their low fre
quency of occurrence the incidents "aircraft crash" and
"blast wave" do not belong to the design basis acci
dents. Within the framework of our concept review we
have convinced ourselves that against these incidents
the planned design scope of buildings and other plant
parts as well as the potential external supply of the
surface cooler and emergency power supply in addition
provide sufficient precautions in the sense of risk-re
ducing measures.

5. Incidents beyond design

It was not the subject matter of our order to com
ment on the hypothetical incidents examined by the
plant planner.
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Within the framework of our review of the risk-re
ducing measures we have, however, convinced our
selves that the inherent safety measures of the HTR
module become apparent to a high degree in the
examination of such incidents.
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THTR 300 MWe Prototype Reactor - Safety Assessment

1. Main design features

• primary circuit

Essen, 16.07.2001

- reactor core

coolant

- control and shut down systems

- reactor pressure vessel

• secondary circuit

• beginning of construction

• commissioning

• beginning of decommissioning

pebble bed consisting of 675000 spherical fuel

elements with a diameter of 6 cm (0,96 g high

enriched uranium 235 and 10,2 g thorium 232)

helium at a pressure of 39 bar is heated from

250°C to 750 °C and transported by means of

six circulators

for power control and reactor scram

36 absorber rods are inserted or dropped in by

effect of gravity into borings in the side reflector

(reflector rods), for long term shut down

42 absorber rods with pneumatic drives are in

serted directly into the pebble bed (incore rods)

pre-stressed concrete reactor vessel with a

wall-thickness of 5 m, a diameter of 25 m and a

height of 29 m using a steel liner.

largely conventional type with steam

feedwater-circuit at a maximum of 535°C

1971

16. Nov. 1985 (first electricity generation)

1. Sept. 1989

2. Experience during construction and licensing

A main problem when beginning construction in 1971 was the missing of reliable

technical rules and guidelines for the THTR-specific components and for the THTR

specific reactor concept. Therefore the necessary rules and guidelines had to be de

veloped by project accompanying programmes.
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The BMI1 Safety Criteria for nuclear power plants did not come into force until 1977.

They were valid for all reactor types, specially for the light water reactor, but they did

not take into consideration the specific characteristics of an HTR. For the THTR 300

therefore in 1978 the so called "THTR-planning basis" (THTR-Planungsgrundlagen)

were established, which got the agreement of the responsible licensing authority

MWMT2 in 1978. These planning bases were a reactor specific interpretation of the

German BMI-Safety criteria from 1977. The safety criteria for HTR, which were de

veloped under contract of BMI by RWTUV, made the technical requirements on the

HTR more precise in 1980.

In consequence some new or more detailed requirements came into force during the

construction phase of the THTR:

- external impact (e. g. aircraft crash, pressure wave, earthquake)

- internal impact (e. g. pipe whipping, pressure vessel damage)

- new radiation protection requirements (e. g. reduction of the radiation exposure of

the personnel).

1 BMI - German Federal Ministry of the Interior (the responsibility for nuclear safety was later changed to the
Federal Ministry for Environmental Protection)

2 MWMT - Ministry for Economy. Trade and Technology of the State of North Rhine Westphalia
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3. Operational history

The electric power output during the operation time of the THTR 300 reached a total

of 2.891.068 MWh. The plant was in operation over 16.410 h and had a time

utilization factor of 61 %.

The time history shows a lot of power changes and several prolonged plant shut

down times (see fig.):
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Fig. THTR 300, electric power output during operating
phase between 16 Nov 1985 and 31 Dec 1988.

These plant shut times had different causes, which are explained in section 5.

Experiences during construction and licensing have been detailed in 111 to 131.
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4. Main positive experiences

There were a lot of positive experiences from the early phase of the commissioning

tests to the actual operation phase:

• The first criticality was reached with a load of 198.180 spherical elements.

That means a deviation of only 4.500 elements from the design value and showed

a good correspondence between theoretical calculations and real loading.

• All reactivity measurements during the commissioning phases with thedifferent

core cooling media air, nitrogen and helium have confirmed the precalculations.

• There were no problems with the core power control in any level between 40 and

100 % power.

• The two independent shutdown systems (reflector rods and incore rods) ensured

sufficient subcriticality in all cases, in the short-term shut down as well as in the

long-term shut down.

• The two shut down procedures, which were planned for the THTR 300, were

repeatedly triggered by the plant protection system. Experience showed that the

systems had sufficient availability and functional capability.

(For the reasons of the multitude of unplanned triggering see 5.)

• The design data of the primary and secondary system could be confirmed during

operation e.g.:

- The special THTR-components such as the fuel, reflector and incore rods,

helium circulators, steam generators and the concrete reactor pressure vessel

and even the dry cooling tower were tested in a nuclear plant with full success.

- The in service inspection of primary components could be performed at low

radiation exposure of the plant personnel.

- The radiation of the plant personnel was generally at low values.

- The spherical fuel elements showed the planned good retaining of the fission

products, although some of the elements were broken into pieces caused by

the insert of the incore control rods. But this was never a problem of increased

radiation.
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5. Main incidents and problems

The operation of the THTR 300 showed some incidents and problems:

• Difficulties with the refuelling system, because the withdrawal of the spherical fuel

elements was only possible with reduced helium-mass-flow; this problem was

solved in 1987 by a complex repair operation (Further openings were cut by

means of spark erosion in the region of the flow cross section near the singularizer

disc. That was only possible under the depressurised primary circuit.)

• Damage of spherical fuel elements caused by frequent and deep insertion of the

incore control rods during the commissioning phase; the share of damaged ele

ments in the total amount of the withdrawn elements decreased from 1,5 % in the

beginning to 0,6 % towards the later periods of operation.

Due to the higher share of damaged elements the casks for broken elements had

to be changed earlier than planned.

• Damage of some bolts (35 of 2.600 bolts) of the thermal insulation in the hot-gas

ducts 1,which were discovered during the routine inspection in 1988. The analysis

of this event by RWTUV showed, that the insulation was still sufficiently safe fixed;

and furthermore there were enough possibilities and means to detect a loosening

of the metallic insulation by the operational monitoring.

• The measurements of the primary system data showed that the core outlet tem

perature was locally higher and lead locally to higher fuel element temperatures,

which however remained below the design values of the fuels and the other

materials. It may have been caused by a higher bypass of the helium mass flow

than expected.

• Graphite dust mass in the primary circuit was higher than expected. This was

found during in service inspection. The reasons for this could not been cleared

during the operation time.

1 This construction is specific to the THTR design inside the prestressed pressure vessel
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6. Overall performance and safety features

In the above sections of this report, we explained, that the THTR has fully reached its

operational target and confirmed the feasibility and safe operability of a high tempe

rature reactor (HTR) based on the pebble bed principle.

In detail:

• the performance for full power operation was demonstrated;

• the principle of continuous reactor refuelling with new elements without operation

interruption was demonstrated;

• the inherent safety characteristics of the reactor were proven;

• it was shown that the maintenance and the in service inspection of this type of re

actor was possible under low radiation conditions for the personnel and the sur

roundings.

The relatively long time from the beginning of construction in 1971 until the first elec

tric power generation in 1985 was caused by:

• the prototype character of the THTR 300,

• the requirements of the German law ("Atomgesetz") to bring the technical concept

up to the status of science and technology and

• the missing HTR-specific rules, which still had to be created.

Some of the technical requirements, which had great consequences on the plant

concept and therefore on the time schedule of the plant construction are as follows:

• the redundance of decay heat removal system

• constructional requirements due to earthquake load (particularly the additional

consideration of a vertical component of the earthquake)

• external impact particularly aircraft crash

• internal impact due to a conventional pressure vessel damage

• assumption of pipe fractures up to 2 F-breaks and their consideration in the

course of plant construction

• experimental proof of leak before break concept in order to minimize the number

of safety mechanisms against pipe whipping

• optimise the accessibility for plant maintenance (e. g. in service inspections)
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The main difficulties due to the prototype character of the reactor are discussed

above. They hade a great contribution to the delays during construction, commis

sioning and operation.

After the discovery of the damages of some insulation bolts of the hot-gas-ducts in

1988 extensive investigations were done by the constructor and by the independent

expert - RWTUV. The result was - also confirmed by the authority -, that there were

no technical objections against further operation.

There were no technical and safety reasons for finishing the operation in 1989. The

reasons were financial and economical considerations.

/1/ Baumer, R.; Kalinowski, I.: Construction and operating experience with the

300-MW THTR Nuclear Power Plant. Nuclear Engineering and Design 121

(1990) 155-166

/2/ Kahlert, W.; Glahe, E.: Erste Betriebserfahrungen des THTR 300 und

Folgerungen der Zukunft. VGB-Kraftwerkstechnik, 66 (1986) 11, 1021-1028.

/3/ Barnert, H.; Haag, G.; Kugeler, K. & Scherer, W.: Die Entwicklung des

Hochtemperaturreaktors - Zum Tode von Prof. Dr. rer. nat. Dr. Ing. E.h.

Rudolf Schulten. atw 41 (1996) 8/9, 552-556.



Reprint from

"CURRENT
NUCLEAR POWER PLANT

SAFETY ISSUES"

VOL. II

INTERNATIONAL ATOMIC ENERGY AGENCY

VIENNA. J981



IAEA-CN-39/26

PROPOSED SAFETY CRITERIA FOR
HIGH-TEMPERATURE
GAS-COOLED REACTORS

K. HOFMANN
TOV-Arbeitsgemeinschaft Kerntechnik West,
Essen

J.B. FECHNER
Federal Ministry of the Interior,
Bonn,
Federal Republic of Germany

Abstract

PROPOSED SAFETY CRITERIA FOR HIGH-TEMPERATURE GAS-COOLED REACTORS.
Several countries have carried out programmes for the development of the High-Tempera

ture Gas-Cooled Reactor (HTGR). However, until now little work has been done in developing
criteria and guides for HTGRs. In the Federal Republic of Germany (FRG), nuclear power
plants have to meet the "Safety Criteria for Nuclear Power Plants". They were mainly
established for Light-Water Reactors (LWRs). They also have to be applied to other reactor
types, indirectly however when plant specific systems are considered. For developing safety

criteria for HTGRs in the FRG the German safety criteria have been taken as a basis while
considering proposed foreign regulations for HTGRs. The safety criteria have been divided
into three different groups, each of which has been treated in a different way: the safety
criteria which refer to inspections and testability, shutdown systems, reactor coolant boundary,

residual-heat-removal systems and containment design have been essentially revised because of
the properties and inherent safety characteristics of an HTGR power system; another group
would have been applicable to LWRs and HTGRs without modifications but was improved
and completed following experience with nuclear power plants and work in establishing
standards; the third group was found to be independent of the reactor system and it is
proposed without modifications for HTGRs. This group is formed of criteria referring to
basic plant safety principles, radiation exposure of the environment, external influences,
fire and explosions, plant security, escape routes and communications, decommissioning and
ventilation systems. At present a draft of safety criteria for HTG Rs is being discussed with
the different groups participating in the licensing process. Because of its general character
the IAEA standard "Design for Safety of Nuclear Power Plants, A Code of Practice" is

applicable to HTGRs without the need for much interpretation; in the case of "Emergency
Core Cooling" analogous requirements in the HTGR design are to be met.

I. INTRODUCTION

Several countries have carried out-programmes for the development of High
Temperature Gas-Cooled Reactors (HTGRs). In the USA and the Federal

287
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Republic of Germany two experimental power stations with HTGRs have been
operated successfully: Peach Bottom No.1 with an electric output of 40 MW

and the reactor of the Arbeitsgerneinschaft Versuchsreaktor (A VR-Reactor)

with 15 MW. In the USA, the Fort St. Vrain (FSV) power plant with prismatic
fuel elements and an electric au tput of 330 MW is already in operation, and in
the FRG the Thorium-High-Temperature-Reactor THTR-300 with 300 MW and

a pebble bed reactor core is still under construction. More units are in the design

phase.
Until now, little work has been done in developing safety criteria and guides

for HTG Rs. In the FRG, nuclear power plants have to meet the "Safety Criteria

for Nuclear Power Plants" [I]. Although they were established for Light-Water

Reactors (LWRs) in the first place, they also apply to other reactor types. Such

guides may be applied indirectly when considering plant-specific systems of the

other reactor types. In order to avoid interpretations of Ref. [I] in further HTGR

projects which will not always lead to solutions tailored to the HTGR, the
Federal Ministry of the Interior suggested that separate safety criteria defining

design principles for HTGRs be developed [2]. These will facilitate the safety

assessment of these plants during the licensing procedure and serve as a planning

objective for the vendor.

2. STARTING POINT FOR DEVELOPING HTGR SAFETY CRITERIA

A search for safety criteria and guides specific to HTGR power plants shows

the following results: most activities in developing criteria and guides have been
undertaken in the USA. The following are the most important ones:

A draft of "Nuclear Safety Criteria for the Design of Stationary Gas

Cooled Reactor Plants" with supplements prepared by the American

Nuclear Society [3]

An analysis showing whether the Regulatory Guides are applica ble

to HTGRs

Revision of the "General Design Criteria for Nuclear Power Plants"

presented in Appendix A of Part 50, Title 10, Code of Federal

Regulations, for the application to HTGRs (draft) [4].

In the FRG, within the standards of the Kerritechnischer Ausschuf (KTA)

the KTA 3102 [5] "Core Design of HTGRs" is being developed.

The Safety Criteria for Nuclear Power Plants [I] issued by the Federal

Ministry of the Interior of the FRG have been taken as a basis for establishing

Safety Criteria for High-Temperature Gas-Cooled Reactors [2].
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to retain as close as possible the basic concept of the safety criteria [ I],

to revise the safety criteria [I] with consideration of inherent HTGR
safety characteristics, experience gained during the THTR-300 licensing
process, experience from HTGR plant operation and safety criteria already
proposed,

to revise plant non-specific safety criteria with respect to the need of
modifications due to experience with LWR-plant operation and standards,

to keep the safety criteria for HTGRs so general that they can be applied
to different HTGR concepts such as pebble bed or prismatic core or
process heat application.

According to these principles, the safety criteria [ 1] have been divided into
three different groups:

criteria which have to be revised for an application to the HTGR because
of being too LWR-specific,

plant non-specific criteria which could be improved or completed because
of licensing or operating experience,

plant non-specific criteria not needing any modification because of their
general applicability.

These groups will be treated subsequently.

3. CRITERIA WITH HTGR-SPECIFIC MODIFICATIONS

The first group comprises the following proposals for HTGR safety criteria:

No. 2.2 1

No.3.1
No. 3.2
No. 3.3
No. 3.4

Testability

Reactor core design

Coupling characteristics of the reactor core
Internals of the pressure-bearing vessel
Systems for control and shutdown of the reactor

1 The numbers refer to Ref. Pl.
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No. 4.1
No. 4.2
No. 4.3

No. 5.1
No. 5.2

No. 8.1
No. 8.2

HOFMANN and FECHNER

Reactor coolant boundary
Design basis of the reactor coolan t boundary

Pressure-bearing vessel

Residual heat removal after operation
Residual heat removal after accidents

Nuclear reactor containment
Containment design basis

As these include HTGR characteristics they will be discussed in some detail.

3.1. Testability

Fundamentally, the safety criteria require that all parts of a nuclear power
plant shall be so constructed and arranged that they can be tested and inspected
to an extent corresponding with their significance for safety. However, in the
HTGR design, there are components of high importance to safety with limited
accessibility, e.g. the liner as a part of the reactor coolant boundary and some
graphite structures in the pressure bearing vessel. Therefore special measures
shall be taken for these components to compensate for the disadvantages of
limited accessibility, e.g.:

Additional safety margins in the design

Special material properties, e.g, purity

Fabrication quality
Design of systems and components, e.g. redundant structures

Limiting and controlling of operational parameters

Periodic replacement of components.

As a result of these measures, a fault-free condition or function of compo
nents must be maintained or the consequences of failures must be limited, in

order to assure safe shu tdown of the reactor, residual heat removal and limitation
of any radioactive release below acceptable limits under all operational and
accident conditions.

3.2. Core design and systems for control and shutdown of the reactor

Similarly to LWRs, two independent and diverse reactivity control systems
are required. One of these shall be capable of shutting down the reactor from all

operational and accident conditions for a sufficient period; the second shall be
capable of maintaining cold shutdown for unlimited time. A single failure which

may result in a failure of control elements shall not impair the system from
fulfilling its safety function.
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The following inherent safety characteristics of the HTGR:
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graphite structure with a high heat capacity, thermal conductivity and
phase stability,

phase stability of the coolant helium,

fuel element not sensitive to overheating,

negative temperature coefficient of reactivity,

should be considered when specifying requirements for shutting down the reactor.
Therefore, a design is acceptable in which hot shutdown conditions are

provided by increasing the average core temperature. This has been verified
experimentally with the AVR-high-temperature reactor power plant by turning
off the helium circulators without moving the control rods. This results in a
reduction of the coolant flow and an increase of the core temperature. These
means are now the usual shutdown procedure for this reactor [6].

In HTGR safety criteria it is proposed that inherent safety characteristics of
the nuclear reactor may be taken into account to reduce shutdown system
hardware.

HTGR-specific operation and accident conditions must be considered in core
and shutdown system layouts, e.g. water ingress from a damaged heat exchanger
into the reactor core which may result in an increased neu tron multiplication
factor.

The influence of the HTGR characteristics on the remaining core design
criteria (3.1---3.3) of Ref. [I] is of minor importance.

3.3. Reactor coolant boundary and pressure-bearing vessel

In the case of LWRs, the reactor coolant pressure boundary including the
pressure vessel consists entirely of metallic components; therefore one criterion
in Ref. [I] proved sufficient for this system. According to HTGR design it is
preferable to specify requirements for the metallic components which represent
the enclosure of the reactor coolant and for the pressure-bearing vessel separately.

In detail, the reactor coolant boundary consists of:

the leak tight liner of the pressure bearing vessel,

penetrations through the vessel including their closures,

reactor coolant piping including the first isolation valves,

isolation lines including the first isolation valves,
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pipelines penetrating the vessel and interfacing with the reactor coolant
at their outer surface (e.g. heat exchangers in the primary circuit).

In addition to general requirements for design, testing, materials and
leakage monitoring instrumentation, HTGR-specific features are to be considered:
The penetrations of the pressure-bearing vessel must be secured against outward
forces, and consequences of closure failure must be mitigated by limiting the
blowdown flow area, e.g. by provision of flow restrictors.

In current HTGR design, a prestressed concrete pressure vessel bears the
pressure of the primary circuit in the liner region and together with the liner
provides for the safe enclosure of the radioactive substances. Apart from general
design requirements, the following special safety requirements have to be
considered:

To provide a thermal protection of the vessel if necessary, e.g. an isolation
or a heat removal system

To consider additional pressure and temperature loads by possible liner
leakage of the reactor coolan t

To withstand loads induced from pressure waves, airplane crashes and
earthquakes

To achieve a sufficient safety margin for the stress limit of the pressure
bearing vessel in all relevant accident conditions.

3.4. Residual-heat-removal systems

Reliable residual-heat-removal systems are required for operational and
accident conditions. However, the accident residual-heat-removal system can be
used for residual-heat removal in normal operation, if it is adequately designed,
e.g. with respect to reliability. This may be essential for process heat application
of the HTGR because the heat sink for normal operation might not be suitable
for all residual-heat-removal conditions.

The following features have to be considered when establishing requirements
for the accident residual heat removal system:

No total loss of coolant occurs in an HTGR system so that a minimum
helium pressure remains in the primary circuit.

Ingress of foreign media, e.g. water, air into the primary circuit or
chemical reactions may occur.

Inherent safety characteristics should be considered, e.g. the properties
of graphite and the fuel element.
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The accident residual-heat-removal system is required to be reliable and
redundant. It has to fulfil its safety-related functions even in maintenance
during operation with simultaneous occurrence of an additional single failure.
An emergency residual-heat-removal system with special requirements, e.g.
core flooding, is not necessary.

The proposals for the design requirements include the following aspects:
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Ingress of foreign media, e.g. water, into the primary circuit or chemical
reactions has to be considered in some accidents

The residual-heat-removal systems for normal operation and accidents
may possess common components, if the reliability and the requirements
for maintenance of the accident system are not negatively inlluenced
and the quality of these components is adequate

If inherent characteristics can assure residual-heat removal or storage after
accidents so that design limits are not exceeded, hardware requirements
can be softened, e.g. the requirement for meeting the single-failure
criterion with respect to the residual-heat-removal system during its
maintenance can be suspended for an adequate time period.

A three-hours interruption of residual-heat removal has been investigated
theoretically for the THTR-300 power plant [7]. According to this, the structure
of the core is preserved in order that the residual-heat removal can be resumed by
the active systems after three hours and that the reactor can be brought into a
safe state without exceeding radiological limits at all times.

3.5. Nuclear reactor containment

For HTGRs which are at present in the design phase, a concrete containment
with an inner liner is planned. The following containment criteria are proposed:

No. 8.1
No. 8.2
No. 8.3
No. 8.4

Nuclear reactor containment
Containment design basis
Leakage tests of the containment
Con tainmen t penetra tions

The requirements of the last two are not HTGR-specific.
In the design requirements of the containment the option to have a high

pressure containment rather than a controlled vented containment is left open.
It has been explicitlystated that during external events

the containment shall remain both leaktight and structurally intact. if it
cannot be shown that the requirements of the Radiation Protection
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Ordinance [8] with respect to radioactive releases are adhered to as a

result of accident or operational leakage from a non-leaktight structure,

or
- the containment need remain only structurally intact, if it can be shown

that even without leak tightness the requirements of the Radiation

Protection Ordinance are met.

To prevent damage of the containment or the safety systems from possible

inner explosions, it is required that the formation of potentially combustible gas

mixtures or the consequences of the reaction of these mixtures to the containment

are to be limited during potential accidents in order that the fulfilment of the

containment function be maintained.
This requirement has to be considered especially for process heat application

of the HTGR.
It is required that the containment and the safety systems in the containment

be designed to withstand ambient accident conditions. e.g. the tempera tures arising.

Therefore, a system for heat removal from the containmen t does not seem to be

necessary if the interior of the containment is designed adequately and is not

explicitly required in HTGR criteria.

4. CRITERIA APPLICABLE TO LWRs AND HTGRs

This group of safety criteria in principle could be applied to LWRs and

HTGRs without modifications but could be improved in some aspects following

experience gained with nuclear power plants and during establishing standards,
e.g. the KTA-Standards. The group comprises the following criteria:

No. 2.12

No. 2.4
No. 2.5

NO.6.1
No. 6.2
No. 6.3
No. 6.4

No. 7.1

No. 8.3
No. 8.4
No. 8.5

Quality assurance

Radiation exposure in the plant

Working conditions

Reactor protection system

Accident instrumentation
Operational instrumentation

Control room and emergency control station

Electrical power supply

Leakage tests of the containment

Containment penetrations

Liquid contaminant barrier

2 The numbers refer to Ref. [2J.
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No. 10.2
No. 10.3
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Radiation protection monitoring
Activity monitoring in exhaust air and waste water
Environmental monitoring
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No. II.I Handling and storage of nuclear fuel and other radioactive
su bstances.

Examples of modifications are as follows.
Within criterion 2.4 it is explicitly required that provision be made in

advance that maintenance operations of inspection, periodic tests, repair or
replacement of components can be performed in accordance with the require
ments of the Radiation Protection Ordinance [8]. These provisions may cover
transport equipment, storage facilities, shielding and the corresponding space.

A separation into two parts and separate specifications of the accident
instrumentation, namely the accident event and accident consequence
instrumentation is proposed within criterion 6.2, "Accident instrumentation".

A criterion not previously included in the Safety Criteria of Nuclear Power
Plants [ I] was added to provide a barrier against release of radioactive liquids in
the plant buildings for building and ground-water protection (Criterion 8.5

"Liquid contaminant barrier"). Such a barrier is to be provided inside the
building and should allow for easy decontamination.

5. COMMON CRITERIA

Because of their general nature, the following safety criteria of Ref. [I] were
found to need no modifications:

No. 1.1

No. 2.3

No. 2.6
No. 2.7
No. 2.8
No. 2.9

No. 2.10

No. 9.1

Basic principles of the safety precautions

Radiation exposure of the environment
Effects from ex ternal even ts
Protection against fire and explosions
Access control, off-limit areas
Escape rou tes and means of communication
Decommissioning of nuclear power plants

Yen tilation and air filtration systems.

6. APPLICABILITY OF THE IAEA STANDARD "DESIGN FOR SAFETY OF
NUCLEAR POWER PLANTS, A CODE OF PRACTICE" TO HTGRs

On the international level, the Code of Practice "Design for Safety of
Nuclear Power Plants" [9] published within the IAEA Safety Standards
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corresponds to the national "Safety Criteria for Nuclear Power Plants" [1]. The
discussion whether this is applicable to HTGRs without detailed interpretation
can be restricted to the five parts of section 3, because the other parts of the
standard are citing fundamental protection objectives or, as already discussed
above, contain requirements that are not plant-specific.

6.1. Provision for in-service testing, maintenance, repair, inspection and
monitoring (Section 2.9 of Ref. [9])

In principle, here measures are required for in-service testing, maintenance,
repair, inspection and monitoring of the functional capability of components.
As described above, for some of the HTGR components there is restricted
accessibility. In section 2.9 of [9] this restricted accessibility is taken into
account by requiring "adequate safety precautions" to compensate for potential
undiscovered failures. These adequate measures should especially be considered
in the case of HTGRs as described and particularly emphasized in the corresponding
German criterion 2.2 "Testability".

6.2. Reactor core (Section 4 of Ref. [9 j)

The criteria for core and fuel design and reactor control and shutdown
system layout are kept sufficiently general so that they can be applied also to
HTGR power plants. In the Gennan proposal for a shutdown criterion we
emphasized inherent safety characteristics by which hardware measures for the
shu tdown systems may be simplified.

6.3. Reactor coolant system (Section 6 of Ref. [9])

Section 6 of Ref. [9J comprises design requirements for the residual-heat
removal systems and for the reactor-coolant boundary including the pressure
vessel. The requiremen ts for the reactor-coolan t boundary are general, so that
they can be applied to HTGRs as well. However, for criteria more specific to
HTG Rs, it is better to differentiate between the enclosure of the coolant and
the pressure-bearing vessel as discussed above.

Section 6.6 of Ref. [9] "Emergency core cooling" is LWR-specific in essential
aspects so that interpretations for the application to HTGRs are necessary. Thus,

section 6.6 requires an emergency-core-cooling system for the case of the loss-of
coolant accident in order to comply with the design value of the cladding tempera
ture of the fuel elements. Since a total loss of coolant does not occur in HTGRs,
we think it is useful to establish the criterion considering all accident conditions
including the depressurization accident. This system can also be used for the
residual-heat removal in normal operaticn, provided it is adequately designed.
The requirements for this system have been discussed in section 3.4.
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Within the requirements of section 8.1 of Ref. [9] "Purpose of containment
system" it is possible to have a vented or a hermetically scaled containment
depending on other means of limiting the release of radioactive substances.
These features arc consistent with the requirements for an HTGR-containment
within section 3 of this paper. Effects of potential HTGR-specific energy sources
on the containment structure, e.g. from reactions of air with graphite or the
formation of combustible gases, are included within section 8.2 of Ref. [9]
"Containment structure strength". Our opinion is that the requirements of the
Code of Practice cover the HTGR containment requirements as well.

7. STATE OF HTGR CRITERIA DEVELOPIYIENT

A draft of Safety Criteria for High-Temperature Reactors [2J has been
established in the FRG. At the moment this draft version is being discussed
with the different groups participating in the licensing process.
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DISCUSSION

OJ.A. TIAINEN: In developing your safety criteria for high-temperature
gas-cooled reactors did you take the closed-cycle gas-turbine system into account?

K. HOFMANN: Yes, we wanted to establish criteria of a basic character
applicable to different HTGR systems, e.g. pebble bed core, block fuel core, or
HTGRs for process heat application.

J. DECKERS: The Ministry of the Interior has issued special safety guide
lines requiring high toughness, low stresses, and meticulous fabrication and testing
for the pipework, pressure vessels, etc. of the auxiliary systems of light-water
reactors in the Federal Republic of Germany. This constitutes the so-called
"basic safety" framework. Is it intended to develop similar requirements which
take into account the high temperature in the reactor and the use of special
materials for high temperatures?

K. HOFMANN: In my opinion it is too early to establish specifications for
"basic safety" with respect to HTGRs because of the high temperatures involved
and the special operating conditions. For instance, before we can think about
the process-heat application of HTGRs we must first develop special materials.
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Hochtemperaturreaktor-Technologie.
Genehmigungsentscheidende Sicherheitsaspekte beim THTR;

8esuch einer US NRC-Delegatio!l vom 23. his 26.7.2001
im FZ JU1ich und hei der GRS Kb1n

1. THTR, verfahrens-/sicherheitstechnisch wesentliche Konstruk
tionsmerkmale

- 7,weikroi:;an'Laqe
iPrirnarkrei:,: Hel i urn : Sekundiirkrci:-i: \'}as:ier/ni-1rnpf)

- P o a k t.o rk e rn (Ku q o Lh a u f e n ; mit hochanCJcreichortern Brennstoff
iU/Th-Oxide,. CJ3 U 23~)) in Par t. i k o lr; mi t. kerarnisclH'r Hidl c
in C;rafit-Kuqc1n. die a b h a rioi.q VOIll l\bbr,lfld mehr-fach umlJE'
\'ii.iLL:t. im K'?Ul urnq('[aqert und :ichlieL\lich ClU:iq(~c-~chloust vlPr
den

Brennstofffreie GrafiL- und
(Leistungsprofilabf1achung.
Ol)er~;chussreakti vi t a t )

Bur-Kugeln im ~irllallfbetripb

Kompe!lsatiorl von geringer

KUhlgas strbmL von oben nach urlterl durch den Rcaktorkerrl

- BrcrlnstoffwecllSel unter Last

- ReaktorabschaltsysLeme (Stabsysterne)

Reflektorstabe (84C), 1. Abschaltsystern. in f r.e i-e Bohrungen
des Grafitreflektors einfahrencl

Kernstabe (B'IC). 2. Abschal t s ys t.ern , clirekt i n den Kern ein
t auche nd, 11Ti t NH3-Einspei SUI1C] zur l-1incierung der Reibkrafte

ursprllnglic:h zusatz1ic:h ein BFJ-Abschaltssystem (Notabschalt
s ys t em)
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- Spannbetonreaktor(lruckbeh~lter mit innenliegenden Spann
kabeln, axial uncl in Umfangsrichtung vorgespannt

- Wasser/Dampf-Kreislauf mit einfacher ZwischenOberhitzung
(lIe .i ()damp [/ Tu rbo-C;ene r a to r sa t z ) , Zwis chenlibe r h i t Zfc, r
im Gleitdruckbetrieb

6 Helium/W~~ser-W~rmetallscher (Dampferzeuger/Gebl~se

Einheiten) in Kaverne des Reaktordruckbeh~lters einqesetzt
(";0 qenannte inteqrierte BauvJ(~ise)

elekLri,;c:h anqetriebene lleliUIn-GebLcise

je 2 Dampferzeuqer/Gebljse-Einheiten [Or die Notktihlunq
vorqewjhlL, 2 separate und rjumlich qetrennte Notktihlstr~nqe

- Trockene RtickkUhlurlq (Seilnetz-KUhlturm) im Normalbetrieb
(bE'stiIllmungsqem~I)en BeLrieb)

Nasse ROckklihlung ObeL Zellen-KUhler nach Arlforderung der
Rea k tor<3chne llabscha 1 tung (Rca k t.o r ria oh k uh 1 IHlCj}

2. Genehmigungsverfahren - Chronologie

12.01.1970

2().11.lCUO

03.05.1971

13.01.]'J/9

]9.07.19f\3

13.09.1983

09.04.1985

16.11.19f35

Antrag auf Genehmigung zur Errichtung und zum
Betrieb

Er:<"jrtcrunqstcnnin in Urin a , '197 Einwpnder

1. Teilgenehmigung zur Errichtung (1. TEG)

I. Klaqe vor Gericht (qeqen Genehmlgung des Ge
bjudes flir Sl)eisewasserbeh~lter lind Anfahrent
spanner)

1. Inbetrlebnahmcgenehmigung (Nullenergiever
suche)

1. Kritikalitat (198 180 BE)

1. Betriebsgenehmigung (Leistungsversuchsbetrieb)

Erste Stromlipferunq ins bffentliche Netz
(Synchrorlisatioll mit Verbundnetz)

23.09.1986 _Erstmals Vollleistung (750 MJ/s, 300 MW)

29.09.1988 PlanmjI)ige All()erbetriebnahme zwecks Revision



27.10.1988
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Feststellung von Schaden an Befestigungselementen
der HeiBgaskanalisolierung; von ca. 2600 Bolzen
sind 33 Zentralbolzenkbpfe abgesprengt

26.04.1989 Nach
tung

umfassender sicherheitstechnischer Auswer

Anlage anfahrbereit ;:::,/11 -L_ C -'L'; (,PC'/('r(C'-j'-___ 1/ j I 0-1j ,1 , J L I __)

15.08.1989 Beschluss der Landesregierung zur geordneten Ab-

wicklung bei .:"of~.::t~~_~: e~dg~~!.~ger ~.t:i111egtJ~~L_

26.09.1989 Antrag auf Sti111egung

seit 10.1997 Anlage im so genannten Sicheren Einschluss fDr
ca. 30 Jahre --------- - ------

JCL t:_- ;;':'lcl.E)/JU-If

3. Sicherhei tstechnisch wesentliche Auslegungsfragen im Geneh
migungsverfahren

3.1 5tabiler [,eistuIlgsbetrieb, sichere Reaktorabschallung

Ein :,olches Sysl€'m war f u r den Fall des Versaqens cinc;s qrof.'>en
Teils dCI Kcrnstjbe, denen 1971 noeh die Funkli"n des 1. Ab
sehal tc;yc;lcm:c; zugelolie",en Vlar, al:~ ~). Abcichal t:;ystem z u r 1 anq
tri s t Lqr.n Ab:;chaILunq des drucklosen [{eakLclL"i vouJe:;"heIl; .Ii o
I<etlektor:3Uibe solllen in erster Ljn i e d o r l{eaktorlcistunqsre
qelunq dicnen (vql. Elcsdwid Ne7/I). 19131 v..r ro n dutch Analy
s('n und jo;;"lx'rimenl.e die t u r e r t ordorti ch qehaltcnen Pes,-,rvr-on
in d o r Abschaltsicherheil nachgt'wicsen, sodas:; von d"1 Instal
lation cine:., Notabschi1ltsY:3tcmc; Abstand qenOll1I11l'n welden konn
le.

Mit dem Reflektorstabsystenl wurde die Schnellabschaltung
c111 r chqe CUhI' r. H i o r zu 1011\ r do n Ij C r UDPen de r S \('11':' r urq s Lccchni seh
in 6 Gruppen 7_U je 6 SLiiben zU::iilnllnengefassten Rf~[lektorsUibe

in der o b e r e n Endstellung f u r clie Abschal tunc) berei 1gehal ten.
Die ubri q en beiden Reflektorstabqruppen wu r d e n mi t: zu r be
trieblichen I,cistungsregelung herangezogen. Bei einer Schne11
abschaltung fielen diese 5tjbe jedGch ebenfalls auf die volle
Tiefe ein, wurden aber in ihrer Wirksamkeil bei der kernphysi
kalisellell Auslegung nicht berticksichtigt, cia illEe_jeweilige
Ausgangsstellung vom Betriebszllstand des Reaktors abh~ngig

w.i r . Bei einer SchnellabschallulHj i m (;leichqe\vicht~~core reich
len nach den Analysen die Reflektor'stiibe in del Reqel allein
au s , urn clenJ{.eaktor f u r mehr a l s eine Stuncle urn mindestens 0,5
Nile unterkritisch zu halten. Nach clen Vorschriftell betreffend
den Automatisierungsgrad des Reaktorschutzsystems (KTA 3501)
musste del' Reaktor fUr mindestens eine halbe Stundc durch au-



tomatische Scha1tmaBnahmen in cinen slcheren Zustand gehracht
und gehalten werclell.

l1it dem Corestabsystem \-Jlln]e di.e LanCjzeitabschaltllng dllrchge
fUhrt. Daneben wurdell die CorestjlJe aueh fUr die betriebliche
Rege1ung ven-Jenclet. ,Je n a..h 1\ufqabens1:eJlllng wu r do n die Stabe
durch den Kur zhub- oder den Lln(JhuLlkn IbpnanL r ieb bel-Iegt. Der
KurzhubanLrieb wurde ZUl heLriebJichen Leistungsregelung und
zur KOlnpensatioll langfrisLiger ReakLiviLaLsanclerungen cles Re
aktorkerns benutzL. vJar n,lch eineL ,;dlIle11ahsehalLung eine
Lancp:eitabschaltung o r t o rdo r ji ch , I-Iulden die Core~3tjbe mit dem
La n q h ulrko l b o n a n Lr ieb ube r lli3ncLltlsU,,;unq in den Kern nachgefah
ren. Ginq der Schne11ahsclLl1Lunq o i n :;tiir~L:111 vo r au s , der zum
Einsatz der NotkUhlung I u h rte , \-l\Iule je nach ,jUirfallart der
t.a nqhuba n t r i r-b .iurh .iu t.om.r t i sch ilhel da:; Fe,"ktorschutz~3ystem

ausgelc"ist.

Die Corestabe a11ein waren selhst bei 1\IJsfa11 des reaktivi
tatswirksamsten stabes in der LaCje, den ReakLor fUr beliebiq
lalHje ;l,eiten unci c1ie n i orl t i o s to i rn Sy:;tem mciqliche T'omp o ra t.u r
a us allen BeLriebs7.u:c;L/lllcl,'n heldus hei k011:3erva\-ivel Bi 1a11z urn
mindes Len s I,? N j 1(, un t e r k r i t i .: (.h 7. U h .il ten.

3.2 Ausreichende Nac:hkOhlllnq de:_; ahqf-'schillteten rzeaktol~i

"3.2.1 Beherrschunq del il11ldqenint.enlPn ::Ulrf,'il\r,; (Fohrroir.lCL
im I-Jas::icr- Dampf/Krei:;lauE, ,:prc)(lhnlchversaqen 'Jon I\ehcil
tern, Folqo:';ch/iclen clllrch f1illllpf:;t ro hl k r a f to l ?

Etl-Ia ab l1ille cler 7(1,"1 ,Jahre I-IIHde ,dlqernein vio l ub o r c1ie
Vermeiclllnq spr(jcl('~n V('r~-;iJ(jenS vo n drllckheaufschlagLen KUlllpone11
ten d i n k u t Lo r t. Die Erqebnis:c;c fiihr\ell 7.U Fo r do r un q o n ]L1Clr
we i t e re r Rec!unclanz, r a um Li r-ho r 'lto n n u n q redunclanLer Sicher
heitssysteme, l\olrraw3sehlaqsicherunqen oder lokaler Verbunke
rung. Ln abe s onctr-ro der I"Jasser /Damp [-Kreis 1au f war h i o r vo n be-
~-t t=+=0r> ~;~; ~_~11_1:-{1'-=-)~' P _.:..:tT~c::t-('ll(' (?It-''_J:_~- ~,,::-c,ll,c>n :~:)ei-~::;f'>\'./::""1(-:;~--~ect.'0-

h a l t e r s zwei k lo ine ro Behalter I u r erforclc;rliclr qeha1ten unci
die beiden Anfahrentspanner verbunkert. Die vier Behjlter wur
den abseits von den iibriqen Nachw;,irllleabfuhrkomponenten in ei
nem separaten Gebaude angrenzencl an das Masclrinenlldlls errich
tet. Ausgerecllnet qeqen diese eindcutiq sicherheitstechnisehe
Verbesserung richtete sich nach 9 Jahrell clie erste Klaqe im
Genehmiqungsverfahren vor Gericht. Oie Klage h1teb in 2. In
stanz ohne Erfolg.

FUr clen THTR kam hi n z u , class t u r den vJasser/Dampf-Kreislauf
nu r be s ch r an-k-t. auf vlerkstoffe aus der Leicht\;/asserreaktor
Technologie zurUckgegriffen werdell konnte; gleich\-lohJ laqen
hinreichend Erfahrungen mit qeeigneten Werkstoffen aus dem Be
trieb fortscllrittlicher Kollle-Kraftwerke vor, die jedoch naell
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aus der Verfahrenstechnik flir L\~R abgeleiteten Regeln qualifi
ziert werden mussten.

3.3 Einschluss radioaktiver Stoffe

3.3.1 Das der ersten Teilerrichtungsgenehmigung 7.U Gruncle
liegencle Sicherheitskonzept?

In Alliehnunq an clie bekannte LWR-Sicherheitsphilosophie wurde
1971 clem THTR a ls "GrbBter ill1zunehmfcnder Unfall (GaUl" zu
C;runcle cJel egt:

Totaler Verlust cles Primjrklihlgilses (lurch Bruch einer primjr
gasflihrenclen llohrleitunq VOIl 65 ~n Ourchmesser und clas qleich
zeitiqe Versagen der SicherheitsatJsperrarmatur. Die Oosis an
c1er unqUnstigsten Stelle in der Umgebung betrllCj llnter Anwen
c111nq c1amaliqer Rechenvorschriften < 1,50 mSv « 150 mrem)
(vql . Bescheicl Nr. 7/1).

Von (Lieser Allsleqllnqsphilosophic? \-llIrdeLn den folgenclen .Iah r e n
ent~;prechencl clem Fortschritt in den Sicherheitsbetrac:htllngen
mr-l i r unci mehr Abstancl qenommen unci die ::;ystemau;:;lcqunq c1urch
F: rqebni :;,ie a us: Zuver I ici:os i Cj k e i t S11n ter suchunqen (-' r q a n z t unci ver
toi n o rr. :;olchf' Erqebni:ise haben sLchinsbesclndere auf die
J\U;:i] equnCJ cler Ilach\-liirrneahfuhr- unci Not,;t romver,.; UJ\lIHjSsysteme
ausqewirkt.

3.3.2 j<:ein Containment)

Naeh den I,) r u I.f,'rqebn i :3 s en z u c1en Aus\-; i r kU!H]en an Laqrc'n in Lerne r
;;tijrLiLle war ein Containment zur EinhaJtunq von qesetzlichen
:;trahlensehut:~'Jrenz\'lertennieht erforderLich; zunehmend ver
schjrfte fulforderungen zum Schutze gegen ~inWLrk\11lqen von au~

Ben hjttel) sieh in einigen Fjllen leichter bei Vorhanclensein
c.i r, f-) ::~ (~)rl l- c~p rC",:'h (' nd ~ u :::~:G:? 1. eq t (~n C:nn ta i llInPrJ t (-:~ e r f u ! 1~n t ~:::l s.s en .

Der geforderte Schutz Wllrde (111rch MaBnahmen zur rallmlictlen
Trennunq redu:ldanter :3icherheitssysteme, z u s a t z I i che Gebaude
(z.B. Geballde fUr Speisewasserbehjlter und Anfilhrentspanner 

GE:3A) ,;0\,,1e dureh lokale Vo r hun k o r n n q von Si eherhei tssystemen
erreicht.

3.3.3 Spannbetonreaktordruckbehjlter ohIle ;;icherheitsventil?

Diy Oberprtifunq aller anzunehmenden StorUllle .i m Hi.nblick auf
den rua x i rna l scn. Behalterinnendruek .im Rahmen einer ZuverUis
sigkeitsanalyse flir die Dampferzellgerabsperrarmaturen hat er
geben, dass der sieh einstellende Stbrfalldruck in jeclem cler
untersuchten FaIle unter dem Prijfdruck des Behjlters (46 bar)
laC! (vql. Bescheid Nr. 7/:)).
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Es wurde auch der hypothetisctle fall des Versagells aller
frischdampf-Systemrohrleitllngen eines der insgesamt 6 Dampfer~

zeuger mit gleichzeitigem Versagen der automatischell I,okali
sierung des undichten Dampferzeugers Uber die feuctltemessung
und unbegrenztem Einstrcirnen von Dampf bzw . \'Jasser in den
Spannbetondruckbehalter untersuc:ht. Ilierbei orgab sleh, d a s s
die GreIlztragfahigkeit des Rehalters noch bei weitern nicht er
reicht wird lind der rnaxirnale Druck im Dehalter i n f o Lq e Konclen
sation des einstr6menclen Dampfes urn ca. 40% ller Differenz zwi
schen dem Betriebsdruck und clern Orlick irn nacllgewiesenen Grenz
zustancl cler Linerintegritat unter cleln Druck im Grenzzustalld
cfer Linerintegritat bleibt. Auf oi n ~;icherhc;ltsventil konnte
somit verzichtet werden (vgl. Rescheid Nr. 7/8c).

3.4 Beherrscllung der Einwirkungell von auBerl (insbesondere
F.xplosionsdruckwe lIe und Flugzeucjabsturz u. a. ) ?

Von clen verscharften An f o r do ruuu o n zum ~~ctlUtze yegen Einl-lir
kungen von aufs o n waren ab 1'li t te der 70er .Ja h ro a l Lo n o u o n
Ke r n k r a f t we r ko betroffen. FUt das Hersteller-Konsortium des
THTR w i r k t e sich erschwerend ClUS, das"> diese AnforderulHjCn
noc:h nac:htraglich in einern v o r ,Jahren (jeplanten Projekt re a l j >

siert werden mussten. Olme Rea 1 i sierunCj cler verseh~irften l\n~

forderunqen ware wohl die Betriebsqenehmiqunq in Fraqe qe
stellt qewo:3en; im F'aLl o oi n o r Klaqe h.t t.t.e die CenehlTliqunCj vor
GeriC'ht wohl kaurn Destand o r 1 LlI1CjL. !1aGnahmen rnus s t.c n in:>beson~

d o r e zur ,~tabilisierunq del fZerlktorhalle und z u r raumlichen
TrennunCj der in der fZeaktorhalle b?:VI. 1m Maschinenhalls hefind
lichen Reaktorabsc:halt~ hzVl. N~lchwarmeab[utlrsysterno yetroffen
werden. Die Notstromvec>orqunCj:';sysLeme wu rdo n entrnaschL (kein
"Hosenbein") und o r wo i r.or t (von 3 auf 11 x 1.00'6 der er[onjerli~

chen I.eistunq) sowie durchgjngiq raumlich qetrennt. Die BUhnen
der Reaktorhalle wurclen im Verbund mit dem Spallnbetonbehjlter
zur Sicherunq der Halle CjeCjen Torsion infolqe Fluqzeugabsturz
'.l]f ?i n(::-, P,-=jhTrlenst~1:~.t7P ;ll~::--)CJ~)~~t~:i Ct l1nd an Clf?ll Lic~L_-:.n_en des

SpannbetonhehAlters arretiert.

Anforderunqen zum Schutze cJeqen l\uswi rkunqen lnfolge Erdbeben
waren seit der 1.TEG bekannt; auf Grund verfeinerter Berech
nungsverfahren mussten im Eirlzelfall zusAtzliche MaBllahrnen er
qriffen werden.

3.5 Beherrschung cles Eillzelfehler-Kriteriums?

Die Erfullul*j- dieser Anforderunq hat z u ei n e r ErVieiterung der
Reclundanz in Teilen der Sic:herheitssysterne und zu ihrer Entrna
schung qefuhrt (z.B. bei den NotkUhlsystemen und der Notstrom
versorqunq). Der l\ufwancl fUr Reqelung und Steuerunq ist trotz
clem beachtlich geblielJen, da die Nachw~rme stets Uber Dampfer-



7

zeuger/Gebljse-Sinlleiten abgeftihrt werden musste (1 Einheit
bei Reaktor lInter BetriebsdrlJck, 2 Einheiten bei Reaktor
drucklos) .

4. AbschlieBende Bemerkungen/Feststellungen

Ober den HTE 1st viel theoret isierl unc! geschrieben wo r d e n ,
clennoch k.un. ('I nu r schwer ZUIl1 ZUCJ unc! nur wenige hahen ei nen
qehaut.

Vom l\VE ZUIl1 THTP W,1r ein qrofler :3clnill. Der Auf wa n d fiir steu
erunq une! Fc'qe1unq heim THTE Ivar beachtlich.

Die Forclerunq IlilCh sinnqemiif)er l\IlwendunCJ von a u s d e r L\~I\-

Ver La h ro n s Lnc.Ln i.k abcje1ei teten ;;icherhei tskri terien wa r ein
wei tes Fe 1d. F:s sine! IlTR-verfahrensspezi fische Technische Re
ge1n er forderl .i r-h , die liinCJcre Belriebsccrfahrunqen vorallsset
zen.
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Der Auslegungswert fUr deo hersleUungsbedingteo Partilel
brueh beruclsiebtigt aucb deo Urangebalt der GraphJlmatrix
[Naturur.n. berslelluogsbedingte )(onlamina!ion). Dieser
l'rangeball wird auf eineo Anteil von 7 . ]0-7 am Gesamlin
venlar ao Uran·235 des Arennelemeoles begrenzt.

der Dampferzeuger mit Aufwartsverdarnpfung in einem sepe
raten Stah ldruckbebalter.
das Cehlase zur Umwiilzung des Heliurns. am Dampfereeu
gerbehalter angeflanscht.
der Verbindungsdruckbehalter mil koaxialer He~l
gas fl.Ihru ng.

Der Reaktordruckbehalter und der Dampferzeuger je einer Ein
beit befinden sich in einer unterteilteo Stahlbetonzelle.
Die Hauptdaten de. nuklearen WiinDeerzaugungsyatelIlJ des
HTR·ModuJ mit Dampferzeuger sind:

Thermische Leisrung MJI. 200
MiIU"", Leislungsdichte des Reaktorkerns Mj/. m' 3.0

Heliumdurchsatz, primAr lsIa 85
Prj millkre..druck bar 60
Eintrittstemperatur Realtor • C ca.. 250
Austnttstemperarur Rubor • C 700
Friscbdampfdruck bar 100
Frischdampftemperatur • C 530
Dampfmenge kg/a 77
Speisewasserternperatur • C ca. 170
Reaktordruckbebiiller, Verbindungscirud:behAlter und Dampfer
zeugerdruckbehalter sind hlnsichrlich ihrer Abmessungen,
Wand,tarken. Abstutzungen sowie Betriebs- und Auslogungsda
ten Ip. T) mit dan IComponenten modemer Leichtwauerrealto
ren vergleichbsr. Eine Ausnehme bildet der Frischdampfstutzen
am Dampferzeuger, cia der Frischdampfzustand dem voo Hoch
temperaturreaktoren bzw. wnventiooeUeo DampflJaftwerken
entsprichl.
Z.Z Brennelemenl
Das der Auslegung des HTR·Moduls zugrunds gelegte kugel17lr
mige Brennelernent entspricht dem im Projekt .Hochlem~tur
realtor·Brennstoff.Kreislauf (HBK)" entwiekeheo Element. Ea
hat einen Durchmesser von 6 em. Die innere Kugelzone von 5 em
Durcbmesser enthAJI den Breonsloff (7 g niedrig BDtl"reicl:",.tr.
Uran [u::u) pro Brennelement. Anreicherung 8.0 +1- 0.5%) In
Form beschiehteter BreonstoffteiJehen. Die 5 mm dtcke iu!ere
Kugelzone isl brennstoffrei. Der UO,·Breonsloff in Form ,phlri
scher TeiJcben von 500 ,..m Durchmesoer ist von einer 108. TRI
SO·Bescblcbtung (Pyrolohlensloff undSiJiziumcarhid) wo
seblossen. Diese beschichtelen Brennsloffteilcheo mil einem lu
Beren Durchmesser von 9Z0 lilll sind in dem auf BasiJI einer
GraplUlIDatrix gepreJ>len Brennelemenl eingebelteL
Die .Spaltproduktfreaelzung &us diesen Brennelemenlen bt
beim vorgelegten Konzepl sehr gering. Dies wurde durcb zahlrel
ehe Beslrahlungsvenuche und ergiinzende Ausheiztesu &Il II.
suahlten Brennelemenlen nachgewiesen. Aus diesen Experi
menlen lassen sich fo\gende Freiselzungsmechalli.meo lmnpe
raturgesluft ableilen:

bis <:4.1 ZOO'C Freisetzung allein ala

Empfehlung der ReaJctor-5icherheitskommUsioo
auf ihrer 250. Sitzung a.m 24. Januar 1990

Em pfeb1ung
nun Sicberbeiukonupl einer

Hochtemperatur-Mod ul-Krsftwerh«nlage
lnh&IUA.t--.klll

1 Einleitung
2 Nukleare s warmeerzeuguugssystem
2.1 Primar-s vstem
2.2 Brennelement
2.3 Ahsch alteinrichtungen und geektcrregetucg
2.4 Reaktor-sc hutzsys tem
2.5 Elektri scbe Energieversorgung
26 Nacb w artneabfuhrs vstern
2.7 Akllvitat.seinschJu£l,'
2.6 Notsreuerstelle
3 Auslegung und Qualitatssicherung der druckfuhrendeu metalliscb eu

Komponenten des Primarayatems ond des SeJ.undiLrmulauh
3.1 Pr,rnlI'uouLaul
32 Lagerung des Reaktordruckbebaltere und des Dempferzeugers
3.3 Sekundarkrei sleuf
4 Aualegung der Cebaude
5 Beherrsc hung 'von Auslegung.ss!~rfiUlen und euslegungs ubersc hrei-

tenden Ereigrusahlaufen
5.1 Ausle-gUDKsstorfille
5.2 Auslegungs uber-schreiteude Ereign.isebl aufe
5.3 Einwir kungen V0n au Sen
6 Strahlenf'xposition des Per-sonals
7 Zuvammenfas suug

1 Einleitung
Das HTR·Modul·Kraftwerlslonzepl der ProjeltgemelILsebaft
Siemens AG - Interatom GmbH ist dadurch gekennzeiehnet.
dal> standardisierte nukleare warmeerzeugungseinheuen von
ZOO MJIs lbermiseber Leistung ZLI Kraftwerken zusammenge
schaltet werden konnen. Die HTR·Modu!·Kra!twerLs.anJage ist
zur kombinierten Erzeugung von elektrischer Energie und Pro
zef-dampf oder Feruwarme geeignet.
Die RSK bat aus Anlaf; einer im Land Niedersaebsen beantragten
Geoebmigung nach § 7a AtG zur Erteilung eines standortunab
hangigen Konzeprvorbescheides fill eine HTR·ModuJ·Kraft·
werksanlage die fur elnen KonzeplVorbescheid relevanlen si
eberbellstechniseh.en Fragen beraten. Der Beratung sodren bis
ber ubliche Standorteigenscbaften zugrundegeleg1 werden. Die
Prl.lfung davon abweiebender Stanclorte. z. B. an lnduslriestand
orten oder in Ballungsgebielen. bl ..ibl einer Bel1llung in einem
Verf ahren oach Vorliegen eines Anlrags fUr einen konkreten
Slandort vorbeballen. Das Genehmigungsverfahren iJlt im April
1989 eingeslelll worden. Die Ko=,plbegulachlung wurde wei·
lergeruhrt. Die RSK hal bei ihren Beralungen das Gutachten des
nJv Hannover (Entwurl. Stand 8189) berueksichtigt. Spilere
ErgilnzuDgen sind bei den weilerell Beratungen der RSK einge·
flossen. Der BMU hal die RSK gebelen. eine Empfehlung zum
Sieherheitskonzepl abzugeben. Di" RSK stellt fesl. daA diese
Empfehlung eine spalero Ileralung 'lind Empip"'"n~ im Rahmen
eines Genehm.igungsverfahrens fur ein kon.lrotes Propt niehl
ersetzt.

Z Nukleareo Woinneeruugungayw'lem
Z.l Primarsystem
Die HTR·ModuJ·Kraftwerlsanlage bestebt aus Z oulJearen
Z·Krei,·Dampferzeugungssystemen von je ZOO MJIs thermiseber
Leistung. D,e belden Moduleinbeiteo befinden Sleh in eloem
gemein.samen Realtorgebaude
Die Sntemelemente des nullearen Wanneerzeuguogssvslems
ZUf Eneuguog YOO Hochtemperator·Frischdampf bzw Prozel>·
lampf Hnd:
- Der Realtor in eioem StahldruclbebaJler. Kl.Iblung des Cores

durcb Helium von obeo naeb w)ten stromend. spharlsebe
Brennelemente mit 15 Durchlaufen durch das Core Ah~

schalteinncbtungen im ReOektor fiJt 6 Abseballstabe~ zor
He,GabscbaJtung und Reselun8 und 18 Kleinlugel·Absorber·
sys!eme ZUI L.a.ngzeltabschaltung.

. ber<tellungsbedingtem
Partikelbruch

. besuahlungsbe<lingtem
Partikelbruch

AwJesuns-werte (Ant~ileJ

6 . ]O-s

1 . ]0-4 (bel mittJ. Abbr:>nd
des ModuJcores)

2 . 10-4 [bei Zielabbrand
eines Brennelemeoles)
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- Oberbalb (8 J 200° C

[inselzender. noch sehr geringer Transport der metallischen
Spaltprodukte 8US intakten Partikeln
- Oberbalb des Bereiches von 1600 0 C - 1650° C
Einsetzende Spallpro<:lull·Korro6ion der SiC·Schicbt

Nach Ansicht der RSK ist die sicherheilslechnische Auslegung
des HTR·Modul gepragt durcb die gennge Aktiv it atsfre isetzuug
aus den BrenoeJemeoten wahrend des bestirnmungsgcrnaf-en
Betriebes und bei Storfallen.

Der Herstellar bat die Auslegung des Reaktors dUTCb die Wahl
dec niedrigen Leistung und Le istungsdichte sowie e iner guusti
gcn Coregeometrie konservativ auf eine Begrenzung dec maxima
len Brennstofftemperalur auf 1620° C abgeslimmt. Wahrend des
NonnaIbelrieba erreichen we Brennelemenle nur eine Maximal
lemperatur von ca. 850° C.

[he R5K gebt auf Grund von Analysen des Instituts fiiI Nukleare
Sicherbeltsforschung (ISF) der KFA [ulich davon 8US. daf> bei
Storfallen und sogar bei Unlallen nur bei wenigen Prozent der
Bre~nelemenreeine Temperatur von 13000 C fur eine Zeit von
werugen Tagen uberschritten wird, wobei der Auslegung-wert
von 1620° C nicht erreicht wird. Quelltermanalysen des ISF
",,'S"n. dal> nur eine geringe Iodmenge in den Primarkreis frei
/leselzl wird. die fasl au sschlieSl ich 8US dem bereits zu Storfall
beginn au&rhalb intakter Partikeln vorhandenen Jnventar
stammI; da ein effel1iver Transportrnecbanismus in die Umge
bung fehlt. verbleibt das Jod weitgebend irn Primarlre is. Aua
Parlileln diffundiertes CAsium und Strontium wirO nahezu voH
stJindig am Coregrnphil zurUclgehalten.
2.3 Ahschalleinrichtungen und Reaklorregelung
Zur Reaklorregelung und zur Hei.BabschaJtung des Kerns dienen
6 Reflektorstabe, deren AusfUhrung im wesentJichen der THTR·
Konslnlltion entspricht. Bei Hei&bschaltung wird die eJellri·
sche Versorgung des RefleltorstabantriebsmotoI> unterbrochen.
wodurch <jer Slab unter Schwerhaft in seine tiefste SteUung (1
m DOter Kemmilte) einfallt.
/)as J(]einkugel·AhlOrbe""yolem (lCLAJ(-5y.1em) sIeHl die J(aJt·
abschaltung des Kerns sicher. [he 18 KLAJ(·Bebalter sind ober·
halh des thermibchen Ded.enschildes angeordnet. Zur Ausli>
sung wirO die Versorgung eines Hallemagnelen unterbrochen.
wodurch sich der BehalterveI>chluf> unter Schwerhaft Mmel
und die J(]einkuge]·Ahsorber Irei in Reflektorbohrungen eioIal·
len. AJs Behalterverschluf> dienl ein sogenannter Slauverschluf\.
der. ohne Kugelbruch zu erzeugen. auch die Eingabe von Teil·
mangen ermOglicht.
Minels einer pneumaruchen F6rdereinrichtung l6nnen we At>
sori>er dosiert wieder in die Vorralllbehalter zurUclgefiihrt wer·
den. in denen Mel\einrichtungen den FiiUsland lontrollieren.
Schaltelemenle und F6rdereinrichtungen sind auf\erhalb des Re
al.lordrucl.hehaltars angeordnet und auch bei Real.torbelrieb zu·
gJinglich.
ler Real.torlern ist fiiI einen unei.ngeschrankten La.twechselbe·
.neb zwischen 100% und 50% NennJeistung aU>gelegt. Der daiur
erforderliche Reak1ivilalsbedarf betragt1,2% t> k. Der Gleichge·
wichtskem hat eine maximale Ubel1lChuf\real.tivitat von 7.8%
t> 1 in kaltem unvergiftetem Zustand. Die Ahschalleinrichlun·
gen (Reflektorsliibe und lCLAJ(-5yslem) gewabrleisten unter Be
riidsichtigung eines Einzelfehlers eine Abschaltreahivilal von
mindestens lOA??!> t> k. Der GesamltemperaturloefrJ,Zienl der Re
aktivilal ist immer negativ.
Bei SchneIJahschallUD/l fallen aHe Reflel10n;tiihe in ihre liefsle
Position im SeilenreOel1or. und der primar· und selundiirseitige
Massenstrum wird durch Ahschaltung des Gebllises und Schlie·
l\en aller selrundiirseitigen Ahsperrarmaluren unlerbrochen.
Die RSK ist der Ansicht. dal> We fiiI den HTR-Modul vorgesehe·
nen Ahschalleinrichtungen, We Reaktorregelung und das Real.·
lorsc.hutzsystem (s. 2.4) gtUDlUiitzhch in der Lage sind d,e Sl·
c.herlJeilstechnischen Aufgaben zu erf1lllen.
Die zur Hei&hschaltung dienenden ReDellorsliibe baben bei
Ausfall eines Stahes eine minimale Wirksamleil von 2.6% t> l.
Dieser Real.tiviliilsbetrag reichl aus. den Real.lor selbsl im un·
giinstigslen Reaktiviliilss16rfa11 (Slabausfahren. Wasserein·
brnch) sieher unterkrilisch zu machen.
Durch die SchnelJ.b5chaltung wirO der Real.tor in ernen heif\
unterlrilischen Zusland gebrachl. der grol\ere thermiscbe Bean·
spruchungen an den Komponenlen verhindert nod im ubriglln
ein 5ciJnelJes Wiederanfahren errnOglicht.

Zur Langzeilabschaltung ist die Betat igung des Kleinkugel-Ab
sorbersystems \KLAK) vorgesehen. Eine Langzeitebschaltung
ans Sicherheltsgrunden ist fruhestens nach einigen Tagen erfor
derhch .. Die Auslo,..,ng des KLAK·Systems nach dem Rube
strornprrnzrp stellt eine sehr zuverlAssige Einrichtung dar.
Die RSK slellt fest, dal> die Wlruam1r.eil dar RefiellDnt.Abe und
des KLAK·Syslems ausre icht. den Reaktor sicher in einen unter
kritischen Zu stand zu uberfuhren und darin zu halten. Ell zu
satzhches inh arentes Merkmal des HTR·Moduls ist .... dd der
Reaktor bei unlersteUtem Ausfall der Ahschalteinrichtungen al
lew durch die Geblaseahschaltung von selbst zunachst unterkri
tisch wild. Uingerfrislig stellt sich ein niedriges Leislungsniveau
von 0.5% der Anfangsleistung ein, hei dem sich der Reaktor bei
eiDem gegenuber dem hestimmungsgema£en Belrieb hoheren
Temperaturniveau der Brennelemente. &her weit unler 1600° C
stabilisiert.
2.4 Reaktorschutzsystem
Jade Moduleinheil besitzt ihr eigenes, nur ihr ~etesRe
aktorschutzsystem. Eine Ruckkopplung bzw. BooinIlu.ssung an
derer Moduleinheiten ist darnit ausgeschlossen. Die Autonomie
des Real.torschutzsyslems beg:innt auf der Mef\werterfassungs·
ebene und bleibt bis zur Ansteuerung der akuven Sicherheits
einncbtungen erbalten. Bei SI6rflillen wird nUT die betroffene
ModuJeinheil abgescha1tet und nur an dieser werden evtl. weite·
re erforderlicbe Schutzaktionen eingeleitet, StOrfilJe. die sich
aur beide Moduleinheiten auswirk.en. werden von jedem Real·
lorschutzsystem seperat erlennl.
Die zur Oberwachung erforderlichen ProzeBvariahlen I...,n
sich auf 8 Me£grol\en zuruclf1ihren:

Neutronenfluf>
Reaktor austri Itstem pe ralur
Reakloreiomllslemperatur
Feucble im Primarsystem
Druck im Primarsyslem
Druck im Selundarsystem
Massendurchsau im PrunAn<ystem
Speisewas5erdurchsau

Die Mel\werterf~sung und der iibrige Anslogteil des Realtor·
schutzsystems lSI grundsAlzJich dreifach redundant aufgebaul.
1m anschliel\enden LogilleiJ erfolgt die logische Wertung der
8US den Mef\grol\en abgeJeiteten Anregemlerien und we Bil·
dung der AuslosesignaJe zur Ansleuerung der Schutzaltionen:

Einfall der Reaktorstabe
AbscbaJten des Primarlreislaufgebla.ses
Ahsperren des Dampferzeugers
DampferzeugerenUaslung (bei FeuchtdetektionJ
PrtmArmlsabschluf\ [bel DrudentIastuDg)

Die Ansleuerung erfolgt nach dem Ruhestromprinzip. D~ ge
samle Reaktorscbulzsystem ist Jail safe" eusgelegt. Ole erforder'
lichen SlelJenergien sind an den sleuemden Komponenlen ~e

spelChert. Kacb der Auslosung hal der ReakloI>chutz leIDe
Funklion mehr zu erfullen.
Die RSK erwartet auch ftiT die Realisierung des Realtorschutzsy·
siems fur den HTR·ModuJ keine prinzipi;lJen S~hwieri)(leilen.
da es ewerseits ganz nach dem .fall safe ·Prinzip ~ufgebaul lsI
und sicb andererseils die gesamte Me8wertaufbereltung und 10'
glSche Verkniipfung der Sicherheilsvariablen auf.cUe .Dei LWR·
Anlagen be"cahrte Techna des nach den R5K·Le,UlDlen gefor·
derten Reaktorschutzsystems slUtzt.
2 5 Elektrische Energieversorgung
DIe gemeUl.SaIlle Eigenbedarfsanlage del' !1TR.Modu].J<raft.
werksanJage mit 2 ModuJeinhellen ist zwelStranB'g aufgebaut.
S,e kann von einem Bloclgenerator oder aus gem Netz versorgt
werden Die Anbindung an das Nelz erfolgt uber elDen Haupt·
aetzanschlu£ und einen ReservenetzanschJuf>. Dutch die Zuord·
nung der Moduleinheiten zu den Eigenbedarfsschienen wir<.I si·
cbergesleHt. daS der Ausfall einer Schlene nUT zum Ausfall eIDer
Modulelnhell fuhren kann.
Slcberheilstechniscb "ichtige Verbraucher sind an das fiiI beide
MlJduleinhellen gemeinsame zweistrangige Nolstromsvslem.an·
gescblossen Jeder Notstromstrang verfUg! uber eIDe elgeee . "b

selnotstromerzeugungsanlage und kann die Mindestversorgung
fur beide Module gewahrleisten.
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Die Gleichspannungsversorgung erfolgt pro Strang aus einem
Cle ic hrichter mit parallelgeschalteler 220·V·Battene und nacho
geschaltelen Glelchspannwlgswandlern zur Versorgung der 24·
V-Verbrauche-.

Die 220,V-Batterien sind nLT eine zweisrundige Entladung be
messen. Be; einer Unterschreitung der zulassigen Spannung
werden aile 24-V,Verbraucber (betrieblicbe und sicherheitsrele
vante Le ittechrnk ] aulomatiscb abgescbaltel und damit aucb die
Schulzaktionen ausgelost.
Fill die Not.;teuersteUe ist eine einstrangige Energieversorgung
mit einer eigenen 24·V·Batterie vorbanden. Diese Batterie ist fur
eine Entladungszan von 15 Stunden ausgelegt.
Das Notslromsyslem wird nacb dem derzeiugen Planungsstand
nicht durchgehend als Sicberbeitssystem qualifiziert. Dies en I·
spricht dem Sicherbeilskonzepl der Gesamtanlage. das einen
TotalausfalJ der elektrischen Energieversorgung - und damit
aucb der KiihJung - fur eine Dauer voa his zu 15 Stunden ohne
Ubersc hreirung von Auslegungswerten zuJii£L
Ole RSK hat ke ine Bedenken gegen das Konzept der elektrischen
Energieversorgung. Sie geht dabei davon aus. dall durch entspre
cbende Au.slegung und qual ilatssicbernde Ma£nahmeo Ausfall
dauem uber 15 Stunden vermieden werdeo. Bei einem Ausfall
der belriebtichen und sicherheitsrelevanten Leittechnik kann
die Anlage von der NotsteuerstelJe ausrsichend uberwacht wer
den.

2.6 Nachwarmeabfuhrsyslem
1m beslimmungsgemiillen Betrieh und bei Storfallen wird der
WasserlDampO(reislauf auch zur Nachwanneabfuhr eiogeselzt.
Steht d,eser Dlcbt zur Verfugung. erfolgt belm HTR·ModuJ dIe
l"acbwarmeahfuhr uber Wiinneleitung. Warmestrahlung sowle
uber Naturlonveklion pasSIV an die aul\erbalb de, Realtor·
druckbebiillers angeordneten Flacbenkuhler. Eine maJomale
Brennelemenltemperatur von 1620' C wird sowohl bei allen
SlorfallereigDlssen mit auslegungsgemiil\er Nachwiirmeabfuhr
aJs auch bel zusalz.hchem A.usfali der Nacbwarmeabfuhr uber
die Flachenl-uhJer Dichl ubeTScbrillen. Die Einhaltung dieser
ma>timaJen Brenoelemenltemperatur i.<t ein lnhiirentes Sicher·
beltsrnerlunaJ dieses Realtorlonz.epts.

Der Flacbenkuhler umgibt den Realtordruckbebalter in der Re
aklorzelle im Bereicb des Kems in einem Abstand von ca. 1,5 m
Er ist ven der Belonwand der zene installiert Der F1iicbenkubler
dienl dem Scbutz der Betonstrukturen vor unzulassig boben
Temperaturen. Daneben stellt er im Normalbelrieb die Warme
senke flu die aus dem Reaklor gelangende Verlustwarme dar. Be.
NlchlverftJgbarkeil des Hauptkubl"'stems begreDZ1 der Flacben·
kuhler dIe Temperaturen der Realtorstrukturen, insbesondere
des Realtordruckbebalters. auf die Auslegungstemperaturen.
Oer Flacbenkuhler jeder Moduleinheit ist dreistriingig aufge
baut, wobei die Redundanz dadurch erreicbl wird, da£ jeweiJs
drel nebeneinander liegende KuhlrobLTe je einem separaten KUhl·
heislauf zugeordnel sLDd. Zwel Strange des FliicbenXtihlers wer·
den uber das zweistranglge nOlstromgesicberte Zwiscbenkuhl·
wassers\Stem gespeisl. der drille Strang vom betrieblicben Zwi·
schenkuhJsvstem. Zur Versorgung der Flachenkiihler mIl. Kuhl·
wasser nach Flugz.eugabsturz lind E>tplosionsdruckwelle slDd un
Reaktorgebaude SchlaucbanscbHisse fiu eine e"'eroe Einspel'
sung in das gesicherte Zwischenkllhlsystem vorgeseben.
Die RSK LSt der Ansicbl. da£ die wannelechruscbe Auslegung
des Flacbenkuhlsystems ausn,icbend isl. Die RSK gebt davon
aus. da£ das Fliicbenkuhlsystem mit seinem dreistrangigen Auf·
bau und der schaltungsmiil\ig einIacben Ausfllhrung ausrei·
cbend zu\erlassig ausgebildet werden lann. urn d,e Warmeab
fuhr bei Slbrfillien sicberzustellen.
2.7 Akti\itatseinschluf>
Das HTR·Modulkonzept venichtel auf einen gasdichlen Sicber·
heitseinscblull. Es bernhl darauf, da£ der zuverlasSige EinschlU£
der radioaktiven Spaltprodulte in den Brennelemenlen so ga.
will"leiste! isl. dall die l'mgebllngsbelastungen bel alien Siorfill·
len ualerhillb zulassiger Grenzwerte bleiben.
Der Auslegungsdrud des Prirn.>rlreLSeS und der Ansprechdruck
des Drudentlastllngssvsterns wurden so gewahlt. daJI der dUTCb
Ausfall der HauptwamJesenke resuluerende Drudanstieg nicbl
zum Ansprecb'f'n des DruckentJastUDjlSsystems fUhrt. Ersl ein
grol\er \\'assereinbrucb fuhrt i'angfrisug zum Ansprecben des
Druckentlastungssvstems, wenn sowohJ die Druclregelung ills
aucb der Wasserabscbeider in def GasreiniguDjlSanlage versa·
gen. Das Drudentlastungssystem besleht .us zwel parallel ange·
ordnelen Strangen mit AbblasevenWen. die auf gestaffeJte An·
sprechdriicke eingestelJt werden. Zur Begrenzung der an die

Umgebung abgegebenen Spaltprodukte sowie zur Minimierung
.ier Heliumverluste Wild bei Abs inkan des Drucls auf einen
Wert unter 60 bar dBS Druckentlastungssystem wieder geschlos-

!I sen

II
DBS Reakrorgebaude stelJt lain klasstsches Volldruck-Contam.

.
rnent dar. sondern dient bei Storfallen der gene/ten Aktivitats.
fuhrung. Ole Modul-Kraftwerksanlage besitzt daber einen Druck
entlastungskanal. der aus der fur beide Moduleinheiten gerneia-
sarnen Reastorhalle in den Kamin einmundet. Die Primarraume
einer Modulemheit sind aul\erdem untereinander dUTCb Offnun
gen verbunden, urn einen rnoghchst rascben Druckausgleicb zu
erreicben Nach Erreichen des Ausgleichsdruck.s von 1 bar
schiIef>en die DrudentlastungskJappen selbsttatig und eine ge
ricbtete Luftfuhrung im Gebaude wird wieder hergestallt. DIe
Entlastungskanale sind aul\erdem mil je einer fernbedienbar
schliel\enden Klappe versehen.
Die Raume im Reaktorgebsude sind Iuftungatechnisch rut ge
ziehen Abgabe radioakuver Spaltprodukte ausgalegt. Primar
kreis leck agen bis zu einer Leckgr6£e von 2 em' (bairn AtriA
einer Me&Jeilung ON 10 oder dem Ansprechen des kJeinen Si
cherheitsvennls des Druckentlastungssysterns] lonnen vom Luf
tungssvstern aufgefangen und gefiltert werden.
Die RSK hal keine sicberbeilstechDis.chen Bedenken gegen d...
Konzept des Aktivitatseinschlusses. Dieses ist geeignet, die Ein
haltung der Vorschriften der Strahlenschutzverordnung fitr den
besummungsgemajen Betrieb und fitr AusleguDgS$t6rfille zu
gewahrleisten.

2.8 NOlsteuerstelle

Fur die 2 Moduleinbeilen ist eine Notsteuerstelle vorgeseben.
Sie wird fill folgende FaIle benbtigt:

Ausfilll der Warte

langfristiger Eigenbedarfsausfali und AusfaU der Notstrom.
diesel

E>tplosionsdrudweUe

FlugzeugabstUlTZ

Die Notsleuerslelle ist mil folgenden Einricbtungen ausgeslaltet:
Storfal)instrumenlierung

- Auslosung des AbschaJtsystems KLAJ<
- Kommunilalionseinricbtungen

Die NolsteuersteUe bal eine Notstromhallerie fitr 15 StundeD
und einen Anschlufl zur Noteinspeisung von eleltrischer Ener·
gie nach 15 Stunden. Die NotsteueTSleUe isl einstringig aufge
baut. Dies ist nacb Ansicbt des AntrBgstelleN ausreichend in
Verbindung mit der _fail safe-·Ausfuhrung der Realtorscbutzal.·
tionen und des AhscbaJtsystems KLAJ<. In den oben genannlen
Fallen ;st die Nachwiirmeabfuhr durcb eine externe Bespeisung
uber Scblaucbanscblusse gewahr!eistel.

Die RSK bal die Ausfubrung der NotsteuersleUe berateD. Sie ist
der Ansicbl. da£ fur die vO'llesehene AufgabensteUung der Not
steuerstelle. die beim HTR·ModuJ ledigJich Oberwacbungsfunk
tioneo und die von Hand auszuJosende Langzeitahscbaltung
(KlAJ(,Syslem) in "fail~afe-·AusfUhrung vOTSiehl. eine einstriin
gige Aushlh.rung ausreicbend isl. Auf der GrundJage des derzeiti
gen Planungsstandes isl nicht erkennhar. daJI weilere Slene
rungsfunktionen erforderlicb werden lonnten.

3 Auslegung und Qualililsaicbenmg der clrucl<fiIhrenden me
talliscbeD Kompooenlen des Priminywtems und des Seknndlr
kreis Iauf.

31 Auslegung und Qualiliitssicberung des Prim~heislaufs

Die DruckbebilJtereinheil bestebt aus dem Realtor- und dem
Dampfeneuger·DruckbebiiJler sowie dem Verbindungsdrudbe
baller. Die zylindrischen Teile der Sehalter sind BUS geschmie
delen Ringen be'llesteJIt. die dUTCh SchweiJInAhle mileinander
verbunden sind. Der RealtordruckhebiiJter isl dmcb einen Be
h.iiJterdeckel verschlossen. der nach DemontaBe dan YOUell Be
biilterquerschnitl freigibl.

Fur die ScbmiedeleiJe der Druckbehalter ist der Werlsloff 20
MoMoNi 55 vorgeseben. Dieser auch fitr die Herstellung von
ReaktordruckbebaJtero. Dampferzeugern und Rohrleitunsen
von Leicbtwasserrealtoren varweodele SLahl zeichnel sich ins·
besondere dUTCb seine bohe Zahigleit nod dUTCh die Schweillsi
cberbeit bei der Fertigung aus. Die Erfahrungen irn Leichtwasser
reaklorbau zeigen. da£ die Schwei!>nAhte mit Hille von Ultra
schall sieber prufbar sind.
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Durch die Hei!>gasfUhrung irn Reaktordruckbehalter [EinschluJl
des Realtorkerns in einem Kernbehalterj, Verb indungsdruckbe
halter und Dampferzeugerdruclbebalter und die Mallnahmen
zur Warrnedarrunung zwischen der HeiBgas. und der Kaltgassei·
te W1J'd nach Ansicht des Antragslellers sichergestellt, dail die
Druckbehalterwande nicht mil Heiilgas beaufschlagt werden
konne n Unter dieser Vorausserzung konnen die Auslr-gungs
rnerkmale von LWR·DrucU>ehdltern auf die des HTR·Moduls
uoertr agen werden Zwischen Kerribe halter und Reaktor druck
hehalter besteht e me lose aufgelagerte Schiebeverbindung Lek
kagen zwischen der KaltFasselte und der Heiligasseite sind
durch die Druck verhaltnis se Yom Kaltgas rum Helf,ga~ gerichtet.

Die Spez ifikanon und Awdegung der Druckbebaltere inheit ba
s ieren auf dem anerkannten Sicherheitskonzapt fur Leichtwas
serreaktoren. Aufgrund der vergieichbaren technischen Basis
wird fur die Druclbehaltereinheit des HTR·Moduls das Konzept
der Basissicherhelt erfUIII und durch wiederkehrsnde Prufungen
abges ichert. Der Prischdampfstutzen gehort bis rum AnschluB
der PmchdampOeitun8 ZUI Druckbehaltere inheit. Er wird eben
falls so ausgeJegt. daB e in Bruchausschlu£ angesetzt werden
kann.

Fill die Bauteile und Komponenten der Druckbehaltereinheit
werden die Anforderungen der KTA 3201. Teile 1 bis 4 im we
sentlichen erli:illt. Spezielle Spannungsanalvsen wurden fur
Planschverbindungen am Reaktordruckbehalter liDd am Dampf·
erzeugerdruclbehalter und den Boden·ZylinderanschluJlam Re·
altordruckbehalter durchgefUhrt. Dabei wurden dJe Methoden
Stufenkorpc-methode und Schalentheorie angewandl. Verstar'
kungen bei Stutzenlonstrultionen wurden \'orrugsweise an den
Druckbebaltern vorgenornmen.

Zum Zwed wiederkehrender Profung mussen lsolierungen enl·
fernt werden. Fur die PriJfUng selbst werden die entsprechenden
Vorkehrungen (z. B. ManlpuL:ltorsysteme fUr LJltras<:halJprufUn'
gen) von der Leicbtwasserrealtortechnik iibernommen.

Beziiglicb wiederkehrender PrUfUngen ist fill den R.eaktordruck·
bebalter und den Dampferzeuger·DruckbehaJler ein 4jahriger
PnlfungszylJus vorgesehen. wobei die Scbwei£nahte der Druck·
behaltereinheit voUvolumetrisch gepruft werden. Wiederbo
lungsdrudprufUngen slOd systembedingl nur mil Gas maglich.
wobei der PrUfdrud durch die gullige Regel fur Gasdruclprii'
fungen auf das I.I·fache des Auslegungsdruds bes<:hrWt ist.
Die Erstdrudpriifung wird mit Wasser b;eim 1,3·fachen Ausle·
gungsdruck durcbgefUhrt. Vor WiededlolungsdrudprufUngen
wird eine Ullraschall·WiederhoJungspriifung durchgefuhrt. Stel·
len. an denen Befunde vorliegen. werden nach der Wiederbo
lungsdrudpriifung erneul einer UltraschaU·PrUfung unterzo
gen Am Sekundarkreis werden Wiederholungsdruckprllfungen
mit Wasser durchgefUhrt.

Zur Betriebsuberwachung hinsichtlich der Werkstaffe hat der
Antragsteller ausgefUhrt. dJi£ vOJ'l'ilende Bestrahlungsproben
nicht moglich sind. Slat! dessen ist vorgesehen, die Werkstaff·
veranderungen wahrend der Lebensdauer der Anlage durcb Ex·
perimenle nachzuvollziehen und hegleitend dJe jeweils neuesle
Lil£ratur in Betracht zu zlehell. Zusatzlicb werden dano mitlau·
fende Bestrahlungsproben eingesetzl und von Zeil Z1l Zait unter'
suchl.

Bruchrnecbanische Unlersuchungen wunlen durchgefiihrt. die
zeigen. daB ein Bruchausschluil der Druckbehallereinheit ange·
setzl werden kann. Es wurde aul'>erdem gereigt, daB das Leck·
vor·Bruch·Krilerium eingehalten wird.

Die RSK sieht die Ubertragung der in den RSK·Leitlinien fiiI
Druckwasserrealtoren und in der KTA·Regel 3201 feslgelegten
Grundsatze fur die Sicherbeit gegen Vel>agen druckfuhrender
Komponenten und die Beschranlung der Annahmen von Led·
graben auf den Querschrull von Anschlu£leitungen (ON 651 aJs
gerechtfertlgt an. Ole Anforderungen des Abschnitts 4.1 der
RSK·Leitlinien fur Druckwasserrealtoren liDter Berucksichli·
gung der Rahrnenspezilikation Basissicherbeit. der KTA·Regel
3201 und des irn Vorbericht ZUI KTA·Regel 3221 feslgehaJtenen
Grundlagenrnaterials fiiI Einsatzlemperaturen oberhalb 400· C
kannen hinsichtJich der Werkstoffe. wer Verarbeitung. der kon·
struktlven Gestaltung. der Spannungsbegrenzung. der Ermu·
dungssicherbeit und der wiederkehrenden Priifungen im we
sentlichen erfUllt werden.

Die Ausbildung des unteren Bodeus irn Reaktordruckbebalter
mit Bodenverstarkungsring und Kalatte entsprichl dem unteren
Boden irn RealtordrucU>eballer von Siedewasserrealtoren lllJt
Pumpenstutzen. Daher sind entsprechende Nacbweise iJber dJe
Spannungsbegrenzung zu fubren.

Wicbllg ist ein recblzeitiges Erkennen von wesentlichen Uber
schreilungen der Auslegungstemperatur in einzelnen Bereicben
der druckf11hrenden Urnschiiebung. Zum Teil konnen hierzu die
vorn Anlagenkonzept her gegebenen Moglichkeiten der Feststel·
lung von Lee~agen zwischen den Kreislaufen genutzt werden.
Daruber hinaus kann durch betriebliche Messungen eine Kon
trolle des durclJ die Kuhimittelfuhrung bewirkten Wanneschulz'
es erlolgen.
3.2 Lagerung des Reaktordruckbehalters und des Dampferzeu
gers

Die Lagerung des Reaktordruckbehalters und des versetzl ange
ordnelen Dampferzeugerdruckbehalters erfolgt auf 3 Abstl.Jlz·
ebenen Auf der unteren Abstutzebene ist der Dampferzeuger
druckbehalter, auf der mittleren Ebene beide Behalter und auf
der oberen Ebene der Reaktordruckbehalter gelagerl, wobei un
ter schiedliche Konstruktionen in Verbindung mit Gleitlagem
und Siofsbremsen zur Anwendung kommen. KrAfte aus Einwir
kungen von auf\en wurden berucksichtigt.
Erfahrungen aus den USA. wo es bei Leichtwasserreaktoren zur
Versprodung von Lagern kam, sind dern Antragsteller bekannt.
Er schliebt eine Versprodung der Snitzkonstruktion beun HTR·
ModuJ aus, da die NeutronenIluenz fur einen solchen Effekt zu
gering sei,
Die R.SK hat k~Jue Bedenken gegen die Legenmg des Reaktor
druclbehalters und des Dampferzeugers. Sie st:Ut jedoch fesl.
da£ der zuved.ssigen ErhaltuDg der FunktlOnsfahigkelt der Be
haJterauflagerung wegan der starren Verbindung..zwischen Real
lordruckbehliller und Dampferzeugerdruc.khehaJter eiDe.graB.
Bedeutung zukomml. Betriebliche Wartung. Reparaturmoglich
keit liDd wiederkehrende Pn:ifung sind daber erforderlich.
33 Sekundl\rheislauf
Pill den Sekundlirkreislauf inDeYhalb des ReaktorgebAudes hat
der AntragsteUer eine Auslegung gemAlI konventionellen Antor
deruDFen mil kerntochnisc.hen Zusatzanforderungen vorgese
ben. OJe Zusatzanforderungen beziehen sich auf die Sekundar
kreisarmaturen. d. diese ZUID Absperren des Dampferzeugers
benatigt und yom Reaktol1lChulz angesteuert werden.
Aul'>erbalb des RealrorgebAudes wird der Sekundark:reislauf nUT
nach konventioneJlen Rqjeln ausgelegt. Dies wird damit begnin
del dM. dar Sekund!rbeislauf keiDe sicherheitstechnische Be
de~tung bat. da die Nachwlirme imIner tiber den dreistrangigen
PIiichenkil.hler abgefuhrt werden lann.
Zum Schulz gagen Einwirkungen von Bruchsrucken, die beim
Vers8g"n von Sekundarkreiskomponenten [z. B. Turbine. BeMI·
ter) auhreteo k6nnen. wird der nulJeare Teil d~ Kr-aftwerkes so
angeordnet bzw. 8usgelegt. daB hine unzula.ss18"n EinWlrkun·
gen auftrelen k6nnen.
Die wiederkehrenden Pnifungen des Sekundark:reisJaufs au£.er·
halb des Reaktorgebiiudes werden entsprechend den ublichen
konvenlion~i!,>n Anforderungen durchgefiihrt. 1m Realtorge
baude -.mrden zusAtzlich wiederlehfl'nde Pn'ifungen entspre
chend kerntechruschen Anforderungen durchgefiihrt.
Die RSK ist der Meinung. daB die .vorgesehene konve~tloneUe
Auslegung des Sekundlirkreislaufs un Grundsalz al.zepti~~wer·
den kann, dJi£ aber fUr Komponenten mIt hohem Ene':!Pemhall
hiibere Anforderungen ZU stellen sind. Beziiglicb der Wieder~eh
renden Priifungen hAlt sie eine genaue Darlegung der DurchfUhr
barkeit unteY dem Gesichtspunkt der Z\lIlii.IWichleil fUr erf6r
derlich. Unler der VoraussetzuDg entsproc'hender Herstellerqua·
Iitat liDd betrieblicber OberwacbungsmaBnahmen 1st es nach
Ansichl der RSK gerochtfertigt. untersteUte. Dam\?ferzeugerlek
kagen • uf dJe GroBe eines HeLZrOhrquerschni tu zu t>egrenzen.

• A~ der Geblode
Die Anslegung der Gab.ude der HTR·Modul·Kraftwerkswage
entspricht dem SicherheitskoDZept der GesamlanJage. Die Em·
wirlungen

Erdbeben
- chemische Explosion
- Flugzeugabsturz
sind fUr das Konzept des Schulzes gegen Einwirhrngen von
aul\en bestimrnend. Aui'>er dJesen werden die EinWlrkungen

Blitz
Wind.Shrrm
Schnee. Regen. Hagel
Hochwasser, Niedrigwasser

Gerahrliche Gase
beruclsicbtigt.
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Er.tsprechend dern Sicherheitskonzept der Anlage isl our fur das
Real.torgeoaude erne Auslegung gegen Druckwellen aus c he mi
schen Exploslonen und Fhigzeugabsturz zusatzhch zur Ausle
gung geRen die ubrigen der vorstehend geoannten Einwirkungen
von aufsen vorgesebeo.

Die RSK bat keine Bedenken bezuzlich der Baubarkeit der Anla
ge und die Erfu llber keit der AnforJerungen bezllglicb der Ausle
gung gegen Einwirkungen von au£\en Die Anhiodung des Reak
torbJIsanle8engebaudes an das Reaktorgebaude sollte nacb An
sicbt der RSK optillllert werden, insbesondere im Hinblick auf
die Orundwasserabdichtung und die Auslegung gegen Erdbeben.
SoUten industrienahe Standorte gewahlt werdeo, muBte gepruft
werden. ob Lastfalle ru unterslellen sind, die uber die bisher
unter-s t el lten hiriausgehen. Ebenso konnen die Bem",;suogserd
beben er s t nech Auswahl eines Standortes festge legt werden.
Dies gilt auch fill eine Slellungnahme zum Baugrund.

5 Bd>erncbung rea "'uslegtmgs&tonalleo und IIUJI~

llbenchreileodeo EreigDiubl~ufeo

5.1 Auslegungsstorfalle
Die fur die HTR-ModuJ-Kraftwerksanlage mit Dempferzeuger be
trachreten Auslegungsstorfalle Sind so Iestgelegt, daB sie bezug
lich ihres Schadensausrnalses und ihrer Umgebungsbelastung
ebded..enden Charakter haben.
Die Auslegungsstorfalle sind unter deo folgenden Kategorien zu
sammengefafst:

Reakti vi tatsstorfalle
SIOnillgen am Hauptwarmeiibertragungssystem
Primarseitige Brucbe
Sel:.undarseitige Bruche
Auslall der Stromversorgung
Siorungen an Hilis- und Nebeoanlegen

naturbedingte Einwirl:.ungen von atillen
Zus.'ilz.ltch wurden AnVS-StorfiUle untersuchl
Da5 \"orgehen des Antragstellers bezilglicb der Storfallanalysen
lehnl sich an die Praxis bei Leicbtwasserrealtoren an, Er gebt
von 4 Sicherheitsebenen aus, wobei die heiden ersten Ebeoen
dem !'o"orroalbetrieb und den Be~,;ebsstorungenzugeordnet sind_
OJe 3. Ehene 1Stden SlorfaiJen und ihrer Beberrschung und die 4.
£bene der Restrisikominderung bei seltenen Einwirl.unRen von
aube.n und bypotheti5<:hen Ereignisablaufen in der An.Iage ruge
ordnet.

Die Auslegungsst6rfille werden in Anlehnung an die Sl6rfalJeit
liillen des BMJ fUr DmGwa,ssen-elU'orep. eingeleiJt.
Zum Real:.torgebaude fUhrt der Antragsteller aus, daB er ein
dructlestes Realtorgebaude aus HTR-5pezifischen Grunden
nichl fill erforderlicb balt. Beim Drucl:.entlaslungsstorfalllSl d,e
Ahivit.il5ableilung gering, weiJ die KuhJgasaktivitat im beshm
mungsgem.llien Betrieb gering ist und bei diesem SlorfalJ dIe

lntep;ritat der Spaltproduklbarriere, der Brennef';mente, erballen
blelbl EIne relevanle Akti\-;lalsfrelSetrung in das Realtorgebilu
de konnle ersl oach elner physil:ahsch nlchl mbiIJichen unzuJas
slgen Aufbelzung des ReaktorkEtms erfolgen. Daher genug! nach
Ansicbl des Antragstellers ein ReaklorgebaudQ mit gezielter
Luflfuhrung (.\'eoted confinemenl"I Er belont, daB bei adlen
Pllmarheisledagestorfadlen bis bLD rum Druckentlestungsstbr
fall die Planungsrichtwerte des § 28 Abs. 3 StrlSchV aucb obne
FIIlerung eingchadlen werden, :lur Mmirnierung der Ableitung
isl cine Filteruog des enlweicbcnden Primargases in der spalen
Phase elDes DrudentJastungsslbrfalJs vorgeseben. Ersl zu die
sem Zeitpunl.t ist ein langsamer und geriogfugiger Anstieg der
PrimarhelsaktJvitill infolRe KemBufheirung nach Druckentle
stung zu en-vanen

Beim AusfalJ des Dampferzeugers "cird das Geblase abgeschal
let. Eine Gefahrdung des Darnpferzeugers durch beil\e Gaostro
mung 1St ausgescblossen, da die Komponentenanordnung und
Gasfuhrung beim HTR-ModuJ so gestaltet sind, daB eine Natur
konvektlOn innerhadb des primiU'en Kreisleufsystems, die ru ei
ner Schadigung der metallischen Bp",iche flJhren konnle, ver
hinder1 wird.

Zur Frage der WarmeBbfuhr hat der Alltragsteller folgende Mog
lichl.eilen genannl'

~ci Funktion des Pnmarkrei.slaufgeblases und des Dampfer
zeugers

uber die Turbine
uber Kuhler im An- und Abfahrsyslem
uber den Kondensator

bei Ausfall des Gebleses
- uber Flachenkubler (3 x }(J()%!

- uber die Gesrein~age
Die GasreinigungsanJage ist s-suacgig ausgele!!" wobel ein
Strang mit einem Wasserabscheider ausgestattet LBt, der ,Primlr
zur Entfernung von Feucbte aus dem Primarkreis bel einer
Darnpferzeugerleckage dient. Dieser Strang kana aber auch zu
Nachwarmeabfuhr herengezogen werden.
Die RSK bet keine Bedsnken beziiglieh der VollstAndigleil und
der Beherrschung der Storfalle.
Sie hat auch keine Bedsnken gegen do. Konzept des Reaktorge
bauda, aus dem bei einem Druckentlastunpst6rfall Primarga.
bi.s rum Druckausgleich ilber den KAmin in di_e Umgebung sbg...
geben wird. Sie stellt rum Druckentlastungsstorfall fest, daf> eine
Filterung des ausstromenden PrimArgases lur, Einbaltung der
Planungsrichtwer1e nacb § 28 Abs. 3 StrlScbV nicht erforderltch
ist. FUr einen begranzten Einsstzbereich un besummungsgems
£en Betrieb und bei \:.Jeinen Led.st6rfllllen is! eine gefilterte
Ableitung vorgesehen.
Die RSK het die Frage behandelt, ob ein F'rischdarnpOeitung&
~n'ch in Kombination mit Heizrohrversagen unterstellt werden
mu£>, Sie ist der Meinung, daE diese Kombination nicht zu unter
stellen ist, de die Heizrohre gegen die Bela'lungen, bei einem
Frischdampfleitungsbruch ausgelegt sind und bereits kleinste
Leckagen detektiert werden.
Die vom Antragsteller vorgenommene sinngemal\e Obertragung
der in den Leitlinien fur DWR spezifuierten Auslegungsstorfalle
auf die Verbaltnisse des HRT-ModuJ bal ru emer Auswahl von
Auslegungsslorfallen geflJhr1, die reprasenlaliv und vollstilndi!l
sind; probabiJisliscbe Anadysen deo lnslJluts fur. NuiJeare SI
cberheilslorschung (ISF) der KFA Juhch lassen elOe Grenu zu
bypolbelischen Ereiglllsketlen bei ca, 10-6fReaktorbetr,ebs,ahr
erwarteo.
5 2 Auslegu ngsube:sc hreilende EreigJillableufe

Die hypothelJscben Erelgntsablilufe hal der AntragsleUer in ei
nem gesonder1en Berichl au£erhadb des Sicherbeitsbericbles be
handel!.
Das lSF hat elgene l"nlersuchungen zu bypolhelischen (ausle
gungsubcrsehITllendenl Ereignisablaufen durcbgeflJhr1 und den
fjeflchl des ALtragslellers zum .Verhalten des HTR-Moduls bei
b\"jJolheltscheo ErelgDlsablaufen" gepruft. Es faBl die Ergebnisse
seIDer Gberprduog Wle folgl zusammeo:

O,e \om AnlldRstelJer unlersucble~ Ereignisl:etten sind er\:.Jar
lermal\en exemplaflseb ausgewilblt fur die Problemheise

Ausfall aku\er \\'ermeabfuhrsysteme. einschlieBlich des Fl.
chenk uhls \stems,
Reak Iivii alsz ufuhr,
Versageo \"on Scram·Aktionen.
Wassereinbruebe nacb Leeks im Dampferzeuger.
Luf, ';npr, 'h ~ach Leeks am Primiirkreis mil Drucl:.entJa
slung;

sie sind aU5gencblel auf die Moglichkeitvon SchedenserejgIDs
sen, die zu grol\eren Frel5etz.ungen radlOaitiVjlr Stoffe fUhren
k6nnten,
Die Anadvsen des ISf lim weseotJiehen die Aktualisieruna des
jUl-Spez-iJerichts 260: Zum Storfallverbalten des HTR-Moduls)
bestiiligen. da£ die Ereignisl:.elten entsprechend der ZielsetZUll8
und mit Blie\:. auf die wichtigsten Sreoarien und Freisetzungs
pfade yom Antragsleller richtig ausgewahlt sind.
Sie sollten alJerdings durch SunaTien nach Dampferzeuger-Lock
erganzt werden, Wle

m6~iche Wasser-lWasserdampfeinbruche aus dem zweiteo
MoauJ wegen der verbundenen Sekundarl:.reislAufe
Freisetzung radioaktiver Stoffe liber die Frischdampf- oder
Entlastungsleitung in die Umgebung nach Versagen von Ab
sperrorganen.

Zur Frage mOj(]icher Wasser--tWasserdampfeinbriiehe eua dem
Nachbarrnoduf bei einem Dampferzeuge.r--Leclst6rfall weist der
AntragsteUer darauf lun, dall eine dampfseiUge Absperrung des
betroffenen Dampferzeugers durch zwei Armaturen und eine
Rucl:schlagklappe epolg!,
Erelgniskelteo mil Dampferzeuger-Led: und F'reisetzung radio
altiver Stoffe uber die Frischdampf- und EntJastungsleitung
nacb Versegen von Absperrorganen .ind Mch Ansicht des 1Sf'
wegen relalJv gro£er Freisetzungswerte unter den auslegungs
uberschreileDdcn Ereignisablaufen risikodominant. F'rei8etzua
Beo mil groE.en Koosequenz.en sind aber ouch dafUr oiehl zu
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erwarten. da im wesentl ichen nur die auf dem Oampferzeuger
abgelagerte Akllvltat freigesetzt werden konnte und keine Brenn
clemente- bzw. PartikelschAden induziert wUrden.

Ole Behandlung der durrh die hypothelischen Eretgnisketten
ausgelosten pb ysikalischen Vorgange durch den Anlragsleller
dedt sich mit der durch das ISF; die Ergebnisse sind plausibel
und vergleichbar Das gilt insbesondere rill die BehandJung des
Ausfalls der Core·Zwangskuhlung hinsichtlich maximaler Tern.
peraturan und SpaltproduktrUd.haJtung der Breonelemeote
ebenso fur die Behandlung rnoghcher Folgen eines Gehlasewei:
terlaufs

For den Totalausfall der Kuhlsysterne eimchliefllich des FlA
chenluhJers e-rgebeo die neueren Rechnungen des ISF, die die
WarmeblDdung durch Betonwasserverdarnpfung berucksichti
gen. eine maximal- Reaktordrudbehaller-Temperatur von ca.
500° C Diese wlirde oach ca 1 Woche erreicht uod ruod 100° C
u.ber tier Auslegungslemperatur liegeo: eine Gefahrdung durch
Versagen des Behalter-s rst dabei nicht gegeben.
Die Aufheizrat» ist bei Ausfall des Flacherauhlsystems so ge
ring. daB nach 15 h erne Betontemperatur von 150° C (Ausle
gungslemperaturj erreicht wird. Weiterh in ist die Moglichkeit
vorgesehen. durch erne exlerne Emspeisu ng uber Schleuchan
schlusse das f1achenk_ubJstSlem mit Kuhlwasser zu vsrsorgen.

so daf unabhangig Yom Zustand der EnergieversotguDj! und des
Nebenkuhlwassersyslems eine Nachwarmeabfuhr moglich lSI

Die ISF·Modellierung

aj zum Austrag slaubgebundener Aktivitat.

b) zur Ablosung auf dem Dampferzauger abgelagerter ,\klintat
durcb Wasserdampf und

c) zur Freisetzung von Jod au. dem geringem Anleil (,",usle
gungswert 1.5 . 10-<) bereils defeller Coaled Particles mIolge
des ElOwlrlens von Was",rdampf (Brenmloff-DxidallOo)

willde ru boheren Frei"'lzungswerten fill casium und Jod fuh·
ren. Zur Verbesserung des Kenntnisstandes sind Forscbungs·
und EntwickJungsarbeilen erforderlich.

Zusammeofassend beslaligeo die Arbeilen des ISF die "",,sen Iii·
chen Aussagen des Antragstellers zum Verhalten des HTR·Mc>
duJ .• bei auslegungsuberschreitenden Ereignisablaufen. Die ge
nannteo Uoterschiede slellen das vorgelegte Anlageo- und 51
cherbei15lonzepl nicbl in Frage und sind kein Anlai> fUr
Konzeptanderungen.

Die RSK schlieBt sich der Beurteilung der auslegungsube"chrei
lenden EreignlSse durch dIU (SF an und slelll zu den bypotbeti·
schen Ereignisablaufeo zu..ammenfassend fesl:

Der Realtor behll.1t seine Standfestigkeil und Inlegl'ltal
Das ReallUrgebaude bebAlI seine Standsicherbelt und dje
Struklur der auJ>eren HUlle wird nicbl zerstort.

Das Aktivilatsinventar des Reallors wird nur in eioem sol·
chen Mal'. freigesew, d.af\ die Strahlendosis im Bereich der
Planungsrichlwerte des § 28 Abs_ 3 StrlSch V bJelbl.

5.3 EIDwirl:.ungen von au&n

Die Anlage wird gagen folgende Einwirrungen von auBen ausge
legt:

Erdbeben

Blitz
Wind,Stunn

Schnee, Regen, Hagel

Hochwasser, Niedrigwasser
Cefalu Jlche Case.

AuBerdem werden Scbulzmaflnahmen zur Mindenmg des Risi
los aus Flugzeugabslurz und Druckwellen aus externen cheIni
.chen Explosionen gerroffen.
Anlagenteile, die notwendis sind, urn bei Slorungeo in der Anla
ge durrh Erdbeben die Schutzziele

AbschaJtung und langfristise Unlerlcritikll.1itiil,
- Nacbwiirmeabfuhr,

- Begrenzung der Aktiv1t.3lsfreisatzung

sicberzustellen, "i:.1 der Erdbeberik.Jasse (zugeordnet uod wer
den gegen Erdbeben ausgelegt.
Oas Reaklorgebaude und die sicherheitslechnisch rei evan len
Anlagenteile Innerhalb des Gebaude' werden gegen die Bela
slungeo aus Flugzeugabsturz uod ExplosionsdrudweJIen ausge
legt. Die auBereo Wande und das Dach des Reoktorgebaudes

sind so be messen. daB ein Vollschutz gegen Flugzeugabsturz
erreicbl wird. Die lnnenstruktur ist e ntkoppelt von der AuBen
struk tur und aur uber die Fundamentplatte mit der Aul><>nslruk·
lur verbundeo. Dadurch wird gewahrleistet. dall die am Auftreff
ort des Flugzeuges induzierten Erscbutrerungen nur abge
sr.hwac ht auf die Innenstruktur ubertragen werden. was zu einer
wesenthchen Reduzrerung der Eiagenantwortspektren. vor al
lern lID bochfrequenlen Bereich. fuhrt.
Die RSK ist der Ans icht. daB die MaBnahmen zum Schutz der
Anlage gegen Einwukuugen von aullen den zu stellenden Anfor
derungen entsprechen und ohne Sch wierigkeiten realisiert wer
den konnen.

6 Strahlenexpositioa des PenooaJ.
Die Betriebserfahrungen mil gasgekuhlten Realtoreo haben ge·
zeigt dall die Vorschriften der Strahlenschutzverordnuog bezug
licb Strahlenexpositioo des Personals obne Schwieriglr.eilen ein
gehalten werdeo koonen.
In Anbetracht der guten Zuganglichkeit kana nach Ansichl der
RSK bei sorgfaltiger Planuog der lnstandhaltungsarbeiten eine
aiedrige Strahlenexposnion des Personals erwartel werden.

7 Zuummenf&Jn1113
Das HTR·Modul-Krahwerl:.sl:.onzept der Projektgemelnscbaft
Siemeos AG-Interatom GmbH isl dadurcb gekennzeicbnet, dal)
rnehrere standardisierte n,;J<!e:.Je Wdnneerzeugungseinbeiten
von 200 Mj/s thermischer Leistung zu Kraftwerlen zusammenge
schaltet werden.
Die Begreoruog der Reaktorleistung auf 200 M]ls und der mittle
ren Leislungsdichte auf 3 Mj/s - m' in Verbindung mit der Core
geometrie wirll sicb insbesondere in folgender Hinsichl vorteil
baft aus:

Zurn einen wird die Brenmloffiempentur in allen SIOrfAllen
derart begrenzt, daB die Planungsrichtwerte des § 28 Abs. 3
der StrlSchV auch obne Filtenmg der ggf. aus dem Reallorge·
baude eotwelchenden Gase aus PrimAr- oder Se~undMkrel$
loclagen eingeballen werden. Zum anderen l60nen einIache
und bereits erprobte Komponenlen und Sysleme fUr das
HTR-ModuJ verwendel werden.
Beim HTR·ModuJ erfolgt bei einem A...falJ der Hauptwtnn&
seale <lie Nachwlirmeabfuhr liber Wirmeleilung. Wtnn&
strabJung oowie liber Nalurl:.onveltioo pasaiv an die aufler
balb des Realtorbeba.lters a.ngeordnelan F1achenlllbJer. Zur
Nachwlirmeabfuhr ist lein Zwangsumlauf Innerhalh des Pri
mArsystem.s erforderlfcb. Dar Betrieb des flAchenkil.hlen
dienl dem Scbutz von AnJagenleilen. £in" maximale Brenn
elementlemperalur von 1620· C wird oowohl bei allen StOr
falJereigni"en mit auslegungsgemlkr Nachw4rmeahfuhr
als such bel rusUzJichem Au.fall de.- Nachw4rmeabfuhr
fiber <lie F1achenlubler nichl Obenchritten. Die ElnhalluIl8
dieser maximalen Breonelementlemper-atur 1st ein lnharen
les Sicherheiumerlunal <lieses R~al:torion.zepta.

Die RSK bal keine 'lcherhelt.te<:hnhcben Bedenlen gegen des
Konzept des Al:.tivilitseilllChluues, da dieses auch oboe Gas
dicbtbeil dea Reallorgeb.§ude. prinzipleU geelgnel 1st, die Ein
haltung der Vors<:hriften der StrabJenschnlzVerordnung fUr den
beslimmungsgemAJ\.en Betrieb und fill AwlegungSitOrfAlle zu
gewahrleislen.
Die Wirksamkeit der Renellorslabe und des KLAJ(-Systems
reichl aus, den Realtor sicher in einen unlerkritischen ZllJtand
zu uberfUhren und darin zu hallen. Ein zusAtzliches inbarentllll
Merlunal des HTR·Moduls isl es, daB der Reaktor bei unle... lell
lem Ausfall der Abschalleinrichlungen alJein durch die Geblbe
abschaltung von selbst zunlichst unledritisch wird. LAngerfri
stig slellt sicb ein niedriges Leislungsniveau von a,s,*, dec An
fangsleistung ein, bei dem der R~altor sich be; einem gege~uber
dem bestimmungsgernaBen Belneb hOheren TemperalurnJveau
der Brennelemente, aber weit unter 1500° C slabilisierl.
Beim ;.. usfa!! des Darnpferzeugers wird das Geblase abgeschal·
leI Eine Gdahrdung des Dampferzeugers durch heil'.e Gasstr6
mung ist ~usgescbJossen, da die Komponeotenanordnung und
Gasfuhrung beim HTR-Modul so gestaltet sind, da£' eioe Nalw:
xoovektioo innerhaJb des prirnaren Krelslauf~yslems,d,. zu e,
ner Schiidigung der melallischen Benllche h.ihren l6onle, ver
biodert wud
Die RSK slellt fesl. dall die Grundsatze fUr die Sicherbeit gegen
\'orsagen druckfuhreoder Komponenten des Primarkreises er·
fuJlt werdeo korwen.



Bunde~anzei~er

Fur den Tot al ausfall der Kuhl svste rne einschliel\lich des Fla
chenkuh lers ergeben die neu ere n Rechnungen des ISF eine rna
xim ale ReaktordruckbebaJter.Temperatur von ca. 500' C. Diese
wtude nacb ca. 1 Wache erre icht und rund 100' C uber der
Auslegungsleillperatur liegen: eine Cefahrdung durch Versagen
des Beh alt ers i st dabei nicht gegeben. Ole Arbeiten des ISF besta
ligen die wesentlicben Aussagcu des Antragstellers zurn Verhal
len des HTR-Moduls be, aus legungsuberschreitenden Ereignis
ablaufen.

Die RSK scbliel\t sich der Beurtetlung der auslegungsuberschrei·
tenden Ereignisse durch das ISF an und slelll zu den hypotheu
schen Ereignisablaufen zu.sammenfassend fest:

Der Reek tor behalt seine Srandfestigkeu und lntegritat.
Das Reaktorgebaude behalt seine Standsicberbeit und die
Struktur der f1u£eren Hulle wird nicht zerstort.
Das Aktivitatsinventar des Reaktors wird nur in einem sol
eben Mal> freigesetzt. dal> die Strahlendosis im Bereicb der
Planungsricblwerte des § 28 Abs. J StrlScbV bleibt.

Die RSK stellt zusammeoiassend fesl. dab das Konzept des HTR·
Moduls dem Stand yon Wlssenschah und Techrnk entspricht
und auch im ausfegungsubersc hrei'r-ndcn Bereich sicherheits
techn rscb g1.1nstige Eigenscbaften bes itzt Sie kornrnt ru der Aus
sage. dal> das Konzept der HTR.ModuJ-Anlage geeigoet ist. die
sicberbeitstecbniscben Genehmigungsynraussetzungen in der
Bundesrepublik Deutschland zu erfullen.
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KTA-Dok.-Nr. 3221/93/1
(Marz 1993)

Einfiihrung zum Regelvorhaben

KTA 3221 "Metallische HTR-Komponenten"

In der Technik und besonders in der Kerntechnik besteht die Not
wendigkeit, die in Forschungs- und Entwicklungsprogrammen gewon
nenen Ergebnisse und Erfahrungen zu bewerten und in Verfahrensvor
schriften, Berechnungsmethoden und Regeln urnzusetzen. Die Bearbei
tung der damit verbundenen Aufgaben erfordert eine mrihovo Ll o Ab
stimmungs- und Formulierungsarbeit. Dennoch wurden die Ergebnisse,
die in HTR-Forschungsprogrammen und im Zusammenhang mit dem Bau
des THTR 300 erzielt wurden, zusammengefaBt, urn die erbrachten
wissenschaftlichen und ingenieurmaBigen Hochleistungen einer brei
teren Anwendung nutzbar zu machen. Daruber hinaus haben die Ergeb
nisse fur Anlagen mit hochtemperaturbeaufschlagten Komponenten
richtungsweisende Bedeutung.

In dem Arbeitsgremium KTA 3221 wurden die vorliegenden Fakten und
Resultate in Vorschriften umgesetzt, die es dem Ingenieur ermogli
chen sollen, hochtemperaturbeaufschlagte Komponenten zu entwerfen,
zu bauen und zu betreiben.

Zwei Aspekte waren bei der Erstellung der Regel texte zu KTA 3221
"Metallische HTR-Komponenten" von besonderer Bedeutung:

- Festste11en des gesicherten Standes der Wissenschaft und der
technischen Erfahrungen;

- Formulierung technisch akzeptierter Empfehl ungen und Vorschrif
ten in einer solchen Form, daB die Abwicklung bei der Errichtung
von Anlagen mit hohen Arbei tstemperaturen fur aile Diszip1inen
transparent und uberschaubar ist.

Gerade der letzte Aspekt ist fur die Reaktortechnik von zentraler
Bedeutung (wie aus den Verzogerungen beim Bau und des Genehmi
gungsverfahrens des THTR 300 deutlich erkannt werden muBte), wah
rend der erste Aspekt seine Bedeutung weit tiber die Reaktortechnik
hinausgehend hat.
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Fur die vielfaltigen HTR-typischen Komponenten mit Arbeitstempera
turen von Raumtemperatur bis 100QoC konnte zur Formulierung des
KTA-Regeltextes auf die Ergebnisse umfangreicher Programme und
Vorhaben zuruckgegriffen werden, wie

- Werkstoffprogramme der Projekte PNP und HHT/ll

- Baubeglei tende Werkstoff- und komponentenbezogene Programme fur
den THTR/21

- Sonderforschungsprogramm des BMI/31

- Verbundforschungsprogramm des BMFT/41

- Aktivitaten in USA und Japan.

Die Erarbeitung der Storfalltopologie des HTR und die Risikostudie
151 diente den deutlich herauszustellenden HTR-spezifischen si
cherheitstechnischen Merkmalen.

So wurden vor Erstellung der KTA-Regel die sicherheitstechnischen
Vorgaben formuliert und in ein HTR-Integritatskonzept uberfuhrt
16/, das sich an den besonderen Eigenschaften des HTR orientiert.
Dabei kommt der Rolle der bis zu Temperaturen bis oberhalb 140QoC
stabilen kugelformigen Brennelernente eine besondere Bedeutung zu.
Das Konzept gewahrleistet den sicheren AktivitatseinschluB fur die
Gesamtanlage. Die jeweiligen Kornponenten wurden hierbei gemaB ih
rer Funktion bewertet und nach folgendem Schema eingeteilt:

1. HTR-Komponenten mit Barriere- und Ruckhaltefunktion

- Brennelemente

- Reaktordruckbehalter

- Reaktorschutzgebaude

2. HTR-Komponenten, bei deren Versagen die Barrierefunktionen be
eintrachtigt werden

- Reaktoreinbauten

- Abschaltsysteme

- Kuhlsysteme fur Nachwarmeabfuhr

3. HTR-Komponenten, bei deren Versagen es zurn Eindringen von
Fremdmedien in den Primarkreislauf komrnt

- warmetauschende Kornponenten.
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Ihre s icherhei tstechnische Bedeutung wurde an die radiologische
Auswirkung gekoppelt, die bei einem Versagen einer Komponente fur
die Umgebung und das Betriebspersonal in der Anlage entsteht. Zur
Ermittlung der Auswirkungen sind Storfallanalysen heranzuziehen.
Die sicherheitstechnische Einordnung der Komponenten ist dann
gemaB Tabelle 1 vorzunehmen.

Sischerheits
klassen SK

SK 1

SK 2a

SK 2b

SK 3

SK 4

I
Bedeutung des einerVersagens Komponente
aufgrund der Sicherheitsanalyse fur

umgebungsschutz Arbeitsschutz

Dosen uberschreiten Dosen uberschreiten
Grenzwerte nach Grenzwerte nach
§ 28.3 StrlSchV § 50.2 StrlSchV

Dosen erreichen Dosen erreichen
Grenzwerte nach Grenzwerte nach
§ 28.3 StrlSchV § 50.2 StrlSchV

Dosen uberschreiten Dosen uberschreiten
Grenzwerte nach Grenzwerte nach
§ 45 StrlSchV § 49 StrlSchV

Dosen erreichen Dosen erreichen
Grenzwerte nach Genzwerte nach
s 45 StrlSchV § 49 StrlSchV

keine keine
"-"

Tabelle 1: Sicherheitsklassen fUr Komponenten

Die Erorterung erfolgte fur typische Komponenten an damaligen Pro
jekten, die in der Anlage zu dieser Einfuhrung beschrieben werden.
Dabei erfolgte stets ein Abwagen der Aussagen von KTA 3201 und
KTA 3211 fur LWR und der Vorgehensweise gemaB TRD-Vorschriften und
AD-Merkblattern. Die Bearbeitung der hier besprochenen Regel
KTA 3221 "Metallische HTR-Komponenten" in Teilen entspricht der
Vorgehensweise wie bei KTA 3201 und KTA 3211:

KTA 3221.1 Met:allische HTR-Komponenten;
Tei1 1: Herstellung von Werkstoffen und Erzeugnis

formen

KTA 3221.2

KTA 3221.3

KT.l\ 3221.4

Teil 2: Auslegung, Konstruktion und Berechnung

Tei1 3: Herstellung von Komponenten

Tell 4: Betriebliche Uberwachung und wiederkehrende
Prufung
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Teil 5: zusatzliche Anforderungen fur Reaktordruck
behal ter aus Stahl von HTR, die nach
KTA 3201 ausgelegt und gefertigt werden.

Fur die Regeln KTA 3221.1 und KTA 3221.2 liegen nun Regeltextent
wlirfe vor, die irn Arbeitsgrernium ausflihrlich erortert wurden.
KTA 3221.3 hat den Status eines noch nicht irn Detail abgestimmten
Vorentwurfs. Nach Abbruch der HTR-Entwicklung in der Bundesrepu
blik Deutschland reichen die Erfahrungen rni t der Inbetriebnahme
vorn THTR und der Betrieb des Versuchsreaktors AVR nicht aus, re
alitatsbezogene Vorschriften flir die Regel KTA 3221.4 zu erarbei
ten. Flir KTA 3221.5 fehl t nach Einstellung der Forschungsarbei ten
geeignetes Grundlagenmaterial zur Bewertung HTR-spezifischer
Einwirkungen auf den Behalterwerkstoff. Es handelt sich dabei urn

HTR-typische Neutronenbestrahlung sowie urn Storfallternperaturen,
die liber den Ternperaturbereich von KTA 3201 hinausgehen.

Die besondere Bedeutung von KTA 3221.1 fur andere Hochternperatur
anlagen liegt in den ausflihrlichen Werkstoffdatenblattern, deren
Informationsgehalt weit vertiefender ist als libliche VDTtiv-B1atter
oder DIN-Normen.

Die wesentliche Bedeutung der Vo r s chLaqe fur die Dirnensionierung,
die Auslegung und die rechnerischen Nachweise liegt in der grund
satzlichen differenzierten Bewertung von lastkontrollierten Span
nungen (prirnare Spannungen) und von dehnungskontrollierten Span
nungen (sekundare Spannungen, i. a. thermisch bedingt). Diese Re
gel rnacht einen deutlichen Schritt von "Design by rules" zum
"Design by analysis" hin. Eine Bewertung inelastischer Effekte an
hand von werkstoffspezifischen Ternperatur-Zeit-Grenzkurven vermit
tel t wertvolle Hinweise fur Kornponenten in Energieanlagen. Glei
ches gilt fur die Bewertung des Einflusses der tiberlagerung von
Ermlidungs- und Kriechbeanspruchung flir die z u La s s i.qe Betriebsdauer
von Kornponenten ohne und mit unterstell ten Fehlern. Die Beurtei
lungen von Kriechbeulen und Kriechratcheting hat irn konventionel
len Regelwerk keine Parallele und kann diesbezliglich als rich
tungsweisend gelten.

Die rechnerische Beurteilung des rnechanischen Verhal tens konnte
nicht, wie bei KTA 3201.2, kornponentweise geflihrt werden. Hier
rnuBte eine rnehr grundsatzliche Verfahrensweise eingeschlagen wer
den.

Auch wenn in der Bundesrepublik Deutschland die Entwicklungsarbei
ten flir HTR-Anlagen eingestellt wurden und die Kerntechnik im all
gerneinen sehr stark hinterfragt wird, war es sinnvoll, die werk
stoff- und kornponentenbezogenen Regeln zu formulieren. So bietet
sich anderen Arbei tskreisen, die sich mit technischen Regeln fur
Hochternperarturkornponenten bes cha f t i.qen die Chance 1 ohne eigene 1

ausfuhrliche Auswertung auf die Ergebnisse der rnehr als 10-jahri
gen Forschungs- und Entwicklungsarbeiten fur Metallische HTR-Kom
ponenten zuruckzugreifen.
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Anlage

zur Einflihrung zum Regelvorhaben
KTA 3221 "Metallische HTR-Komponenten"

1 Darstellung der Thematik (Problemstellung)

Es ist festzustellen, daB in den vorhandenen Regelwerken bisher
keine geschlossene Darstellung von Regelaussagen fur die Auslegung
und Herstellung von metallischen Komponenten fur Hochtemperaturre
aktoren besteht.

Die fur den THTR-300 im Hamm-Uentrop erstellten Spezifikationen
bauen im wesentlichen auf den Anforderungen der TRD, der AD-Merk
blii.tter und des ASME-Codes Sect. III und dem Code N 47 auf. Die
bei Errichtung und Betrieb des gasgekuhlten Hochtemperaturreaktors
THTR-300 gemachten Erfahrungen wurden bei der Erarbeitung des Vor
berichts sowie bei den Regelentwurfsvorschlii.gen berucksichtigt.
AuBerdem liegen bereits Ergebnisse aus den Forschungsvorhaben

SR 191: "Erarbeitung von Grundlagen zu einem Regelwerk uber die
Auslegung von HTR-Komponenten fur Anwendungstemperaturen
oberhalb 800°C" (gefordert durch BMI) und

"Auslegungskri terien fur hochtemperaturbelastete metal
lische und keramische Komponenten sowie des Spannbeton
Reaktordruckbehii.lters zukunftiger HTR-Anlagen" (gefor
dert durch BMFT) sowie

SR 418: "Beitrag zur Absicherung gegen unz u La s s i.qe
warmgehender Komponenten unter uberlagerten
und l'rimarspannungen" (gefordert durch BMU)

Verformung
Sekundar-

vor, die in vo1lem umfang fur den Vorbericht und die Bearbei tung
der Regelentwurfsvorschlage herangezogen worden.

2 Typische Komponenten

Zur Darstellung der Thematik der zu erarbeitenden Regel werden
nachfolgend typische Komponenten von den damals geplanten Projek
ten beschrieben, die in den Anwendungsbereich der Regel fallen.

2.1 Kurzbeschreibung des HTR 500 (Primarkreislauf)

Der Reaktordruckbehalter des HTR 500 ist, wie beim THTR-300, als
Spannbetonbehalter in GroBkavernenbauweise ausgefuhrt. In ihm ist
der gesamte Primarkreislauf integriert. Die Hauptwarmesenke bilden
6 Gegenstrorn-Dampferzeuger in Helix-Bauweise. Jedern Darnpferzeuger
ist eine Geblase zugeordnet.

Das Kilhlmittel Helium durchstrornt den aus den Brennelementkugeln
gebildeten Reaktorkern von aben nach unten, steigt in den Dampfer
zeugern zu den Geblasen hoch und wird von dort in den Kaltgassam
rnelraurn zuruckgeleitet.
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Die Nachwarmeabfuhr erfolgt liber die Dampferzeuger oder liber zu
satz1iche Nachwarmeabfuhrsysteme mit wassergeklih1ten Warmetau
schern und elektrisch betriebenen Geb1asen, die ebenfa11s im
Reaktordruckbeha1ter integriert sind.

A1s Auslegungsdaten flir Warmetauscher sind vorgesehen:

a) Dampferzeuger

He-Eintrit:tstemperatur 700 °c
He-Austri t:tstemperatur 260 °c
Primarsystemdruck 55 bar
Speisewassertemperatur 190 °c
Frischdampftemperatur 530 °C
Frischdampfdruck 190 bar

b) Hi1fswarmetauscher

He-Eintrittstemperatur 700 °c
He-Austrittstemperatur 260 °c
Primarsystemdruck 55 bar
Wassereintrittstemperatur 60 °C
Wasseraustrittstemperatur 180 °c
Sekundarsystem 35 bar

2.2 Kurzbeschreibung des HTR-Modu1s (Primarkreislauf)

Eine weitere Variante ist das Konzept des HTR-Modu1s, bei dem der
Druckbeha1ter aus Stahl in einem Reaktorgebaude untergebracht ist.

Das HTR-Modulkonzept ist dadurch gekennzeichnet, daB standard i
sierte nuk1eare Warmeerzeugungseinheiten von 200 MJ/s thermischer
Leistung zu Kraftwerken zusammengescha1tet werden kennen, die den
Bereich von 200 bis 1600 MJ/s thermischer Leistung liberspannen.

Die Elemente zur Erzeugung von Hochtemperatur-Frischdampf bzw.
ProzeBdampf sind:

der Reaktor in einem S'ta h.Ldr u c k b e h.aLter mit einer thermi
schen Leistung von 200 MJ/s, Klihlung des Cores durch Helium
von oben nach unten stromend, s phar i s crien Brennelementen,
Abschalt- und Regeleinrichtungen im Reflektor zur HeiBab
scha1tung und Rege1ung und Kleinkugel-Absorbersystemen zur
Langzeitabschaltung,

der Dampferzeuger mit AUfwartsverdampfung in einem Stahl
druckbehalter,

das Geblase zur Umwe Lz urrq des Heliums, am Dampferzeugerbe
halter angeflanscht,

Ve r b i ndunq s behe I ter zwi s c a en Kern und Dampferzeuger mit ko
axialer HeiBgas-IKaltgasfuhrung.

Als Auslegungsdaten fur die Gesamtanlage flir die Stromerzeugung
sind vorgesehen:

He-Eintrittstemperatur
He-Austrittstemperatur
Primarkreisdruck

700
250

60
°c
bar



- .) -

Frischdampfdruck am DE-Austritt max.
Frischdampftemperatur an DE-Austritt max.
Speisewassereintrittstemperatur max.

190 bar
530°C
200 °C

2.3 Anwendung eines HTR fur die Bereitstellung von ProzeBwarme

Mi t den beiden beschriebenen HTR-Konzepten konrien auch die Ziele
des PNP-Projektes zur Erzeugung nuklearer ProzeBwarrne verfolgt
werden. Wesentliche Komponenten sind hierbei der Roh.rerrspaLtofen
und der Heliurn/Heliurn-Warrnetauscher.

2.3.1 Heliurn/Heliurn-Warmetauscher (He/He-WT)

Aufgabe des He/He-WT ist die Auskopplung der Hochtemperaturwarme
aus dem Primarkreis, urn uoer einen Zwischenkreislauf (Sekundar
kreislauf) die Vergaser der Wasserdampf-Kohlevergasungs-Anlage
(WKV) bzw. je nach Projekt, andere chemische Prozesse mit der
erforderlichen ProzeBwarme zu versorgen.

Fur die Aus1egung des He/He-WT, der je nach Projekt z , B. als
Helex-Warmetauscher (Einfach- oder Tandemausfuhrung) oder als u
Rohr-Warmetauscher ausgefuhrt werden kann, sind folgende
Richtwerte anzusetzen:

He-Eeintrittstemperatur He/He-WT (Primarkreis)
He-Austrittstemperatur He/He-WT (Sekundarkreis)
He-Eintrittstemperatur (Zwischenkreislauf)
He-Austrittstemperatur (Zwischenkreislauf)
Primarseitiger Druck
Sekundarseitiger Druck

2.3.2 Rohrenspaltofen

950°C
300 °C
220 - 260°C
900 °C
39 - 40 bar
41 - 43 bar

Aufgabe des Rohrenspaltofens (RSO) ist unter Ausnutzung der Hoch
temperaturwarme, die direkt aus dem Primarkreis ausgekoppe1t oder
uber Zwischenkreislaufe zugefuhrt wird, Methan aus der hydrieren
den Kohlevergasung (HKV) oder Erdgas zu Synthesegas zu spal ten.
Dieses so gewonnene Spaltgas kann zurn Beispiel zur Herstellung von
Methanol oder Wasserstoff eingesetzt, zu Hydriergas fur die HKV
aufbereitet oder als Energietransportmediurn in Fernenergiesystemen
(NFE) verwendet werden.

In Abhangigkeit von den HTR-Konzepten sind fur die Auslegung des
Rohrenspaltofens folgende Richtwerte anzusetzen:

He-Eintrittstemperatur RSO
He-Austrittstemperatur RSO
Methan + H20-Gemisch (Eintrittstemperatur)
Reformiertes Gas (H2 + CO) (Austrittstemperatur)
Primarseitiger Druck
Sekundarseitiger Druck

900 - 950 °C
640 - 700°C
330 °C
420 - 460°C

39 - 40 bar
41 - 43 bar
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Anderungsvorschlage sind innerhalb einer Frist von drei Monaten, beginnend

bei der Geschaftsstelle des Kerntechnischen Ausschusses im Bundesamt fUr Strahlenschutz
(HfS), Postfach 100149, 3320 Salzgitter , einzureichen.
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SchweiBzusatze und -hilfsstoffe
Anforderungen an den Hersteller
Vorprlifung and Dokumentation .
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Prufung und Nachweis der Guteeigenschaften
Nachbesserung und Reparaturen
Werkstoffkenndaten flir die Berechnung

Begriffe .2
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3.8

Oer Kerntechnische AusschuB ( KTA ) beabsichtigt, eine kerntechnische Regel des aben angegebenen
Themas au f z u s t.cLjen , De r- Entwurf dieser Regel wi r-d hiermit der Offentlichkeit zur Prlifung und
Stell ungnahme vorge legt., dami t er erforderlichenfalls verbessert we r-de n k arm . Es wird darauf
hingewiesen, daB die endgliltige Fassung der Regel von dem vorliegenden Entwurf abweichen kann.
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Grundlagen .

4
4.1
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4.3
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4.5
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Diese Passung wurde in der Ookumentationsunterlage urn die Beschlusse der 47. RTA-Sitzung
am 15.06.1993 erganzt.
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hingewiesen, daB die endgliltige Fassung der Regel von dem vorliegenden Entwurf abweichen kann.
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Allgemeine Anforderungen
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Diese Fassung wurde in der Dokumentatonsunterlage urn die Beschlusse der 47. KTA-Sitzung
am 15.06.1993 erganzt.
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VORENTWURF

Der Kerntechnische AUS8ChLill (KTA) beabsichtigt, eine kerntechnische Regel des aben angegebenen Themas
aufzustellen. Der Entwurf dieser Regel wird hiermit der 5ffentlichkeit zur Prlifung und Stellungnahme
vorgelegt, damit er erforderlichenfalls verbessert werden kann. E5 wird darauf hingewiesen, daB die
endgiiltige j'e s aunq der Req e L von dem vorliegenden Entwurf abweichen kann.

Anderungsvorschlage sind ~Lnnerhalb einer Frist von drei Monaten, beginnend
am

bei der Gesch~ftsstelle df~S Kerntechnischen AusschuEses 1m Bundesamt fur Strahlenschutz (BfS),
postfach 10 01 49, 3320 Salzgitter 1, einzureichen.

Entwurf

Inhalt

Grundlagen

1 Anwendungsbereich

2 Begriffe

3 Anforderungen an den Hersteller
3.1 Allgemeines
3.2 Uberprlifung der Vorau6setzungen fur die Fertigung

und Priifung
3.3 Uberprilfung des Qualit~tssicherung8sY8tem8

4 Vorpriifung und OUAlitatsdokumentation
4.1 Allgemeines
4.2 Kurzzeichen
4.3 Vorprilfung
4.4 Qualitatsdokumentation

5. Organisatorische und personelle Voraussetzungen
fur die Durchflihrung von SchweiBarbeiten und
zerstorungsfreien Prufungen

6. SchweiBen
6.1 Arbeitstechnische Gr-u ncaa t z e
6.2 Voraussetzungen zum SchweiBen
6.3 Anforderungen an SchweiBzustande und Hilfs6toffe
6.4 Vorberei tung der FU<;;ienflanken
6.5 Durchflihrung der SChweifiarbeiten
6.6 Nachbesserungen und Reparaturen
6.7 SChweiBprotokoll
6.8 Anforderungen an d Le Quali tat von SchweiJ)ungen

7 Urnformen von Bauteilen
7.1 Allgemeine Anforderungen
7.2 Kaltumformen
7.3 Warrnurnformen
7.4, [lber-pr-u t unq des Um f or-mver-f ah.r ens bei Rohren
7.5 Prufung umgeformter Teile
7. 6 Protoko 11 tiber das Umf o r-men
7.7 Prufbeteiligung
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XeraDi8che Einbauten in HTR-ReaktordruckbehAltern

Vorb<merkung

Der Kerntechnische AUBBChufi KTA) beabsichtigt, eine kerntechnische Regel des eben angegebenen
Them.as aufzustellen. Der Entwurf dieser Regel wird hiermit der dffentlichkeit z ur- Priifung und
Stellungnahme vorgeleg1:, darnit er erforderlichenfalls verbeBsert werden kann. Es wird daraui
hingewiesen, daB die endgiiltige Fassung der Regel von clem vorliegenden Entwurf abweichen kann.

Anderungevorschltige sind innerhalb einer Frist von drei Monaten, beginnend

am

bei der Geschaftsstelle des Kerntechnischen Ausschusses
schutz(BfS),Postfach 100149, 3320 Salzgitter, einzureichen.
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Werkstoffe
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Werkstoffprufung

Bauteilherstellung
Allgemeines
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Diese FasBung wurde in der Dokumentationsunterlage urn die BeschlusBe der 47. KTA-Sitzung
am 15.06.1993 erCjanzt.
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THTR Commissioning and Operating Experience

R. Baumer

1. Kalinowski

Hochtemperatur-Kernkraftwerk GmbH, Hamm

1. Introduction

Ihe Thorium-High- Temperature Reactor THTR 300 is the prototype power

plant for a medium-sized pebble bed reactor. The commissioning period up

to handover of the plant to the user was marked by the following

mi lestones which characterize the extensive and time-consuming

commissioning program:

Sept 13, 1983

Nov 16, 1985

Sept 23, 1986

Juni I, 1987

first criticality

first synchronization to power grid

first 100 %power operation

completion of nuclear trial operation and

handover of the plant to the user company HKG

Until today the plant was in operation 16 410 h and has generated

2891068 MvJh. The time availibilty has been 61 % in 1987 and 52 % in

1988.

The diagram of the previous operatin9 history is a spike curve which is

characterized by frequent power changes and several prolonged plant

downtimes.
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THTR 300

Electric power output diagram
during oper ating phase between
Nov. 16,1985 and Dec. 31, 1988
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The power changes were initially caused by difficulties arlslng in the

withdrawal of spherical elements from the reactor. In the beginning of

the plant operation spheres could be withdrawn only at reduced plant

power, since only with a reduced helium mass flow which is partly passed

in countercurrent to the fuel element flow direct ion for cool ing the

fuel element discharge p-ipe, withdrawal of the spherical elements was

possible. This defect was eliminated during the 1987/88 plant

inspection. Further downtimes resulted from jamming of spheres in the

singulizer disk of a helical damaged-spheres separator in the refuelling

system and from the necessity to exchange the casks which collect the

damaged spherical elements. Finally power reduction was repeatedly

required in summer 1988 to keep the exhaust a ir temperature in triose

parts of the reactor hall within the permissible 1imits, which

accommodate the components of the s t eam/feedwat er circuit, e.g. the

s t eam generator ring rooms. On September 29,1988 the power plant was

shut down for ttle scheduled 1988 inspection.

On the occasion of a routine inspection, we inspected as a

precautionary measure - a hot gas duct, the duct through which the hot

helium passes from the reactor core to the stearn generator. The figure

shows ani nterna 1 view of a hot gas duct 'Hi th its rectangular passage

through the graphite side reflector. ThE' lower graphite blocks of the

hot gas duct are each fixed to the respective carbon block by a graphite

dowel. In the outer wa l l of the side reflector these dowels are

positioned in bore holes penetrating the blocks. The figure shows the

front part of the metallic section of the hot gas duct shOWing the inner

insulation which consists of metal foil blankets, covered by 30 ern x 30

ern cover plates which are each held down and fixed by 4 corner bolts and

1 central bolt. After the inspection of the first duct had revealed

damage on some attachment fixtures (central bolts), we decided to

inspect all the 6 ducts, and it was detected that out of the approx.

2600 bolts 35 bolts heads had corne off. In addition it was detected that

several graphite dowels installed for holding in position the lower

outer blocks of the hot gas duct had been displaced.
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The damage has been thorougly analysed and the following causes have
been determined: The bolt heads failed due to stresses which had

concentrated in the range of the bolt head as a result of differential

thermal expansion of the materials of the metal foil insulation

cons i st ing of 18 Iayers and the structure of the attachment fi xture

bolts. In addition a reduction in the material ductility as a result of

thermal neutron irradiation in the temperature range above 500°C was

observed.

After thorough analyses we and the plant supplier have jointly come to

the result that further operation of the THTR 300 is justified in spite

of the existing damage.

Since the damage is essentially concentrated on the central bolts, the

thermal insulation in the metal part of the hot gas duct is held down by

the corner bolts as before. Thus the functional capability of the
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thermal insulation is safely ensured also in the present situation. In

case that parts of the insulation were detached afterall, this would be

detected by the operational monitoring of the process parameters mass

flow and pressure loss. We have, howevsr , the intention to observe the

situation in future by inspecting the hot gas ducts in shorter

intervals.

During the overall operation until shutdown of the power plant on

September 29, 1988 for the 1988 inspection the plant has generated

2 891 068 MWh. For generating this electrical gross output the plant had

to be operated for 423 full power days including the commissioning

period.

In the following the main results of the plant operation are presented.

Ac tivit y

Radioto qic al

'nsp ecticn

Graphite dust
Shut JOWl'S /

Ue r av r.c a t removal

i~~_~} d~_~,.,,:~

29_ r:!._~L!!liL~

THTR - Operating experience

~~('f\;el!n::j/

S[jhp,~('<; damage

Lcmper at or e dis tribution

"o oi an! '~ZJS activity

Oper ation

THTR 300

Ncn-ar tiv e impurities.
In the coolant gas

"ber rnodynamir s

The evaluation of the operating data can be subdivided into three

sect i on s :

power operation,

plant downtimes including shutdown procedures, and

inspections.

From all three sections important information has been obtained which

will be discussed in the paragraphs below.
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2. Evaluation of Operatina Experience
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The design data which had been specified for the THTR power operation

have been confirmed by measurements during operation. This fact is

not evident for a prototype plant. It shows that the theoretical

bases for the design of hightemperature reactors are available. From

the point of view of safety engineering the following aspects are

interesting in this context:

2.1.1 Core Dynamics, Control Behaviour, Power Distribution

The core power output can be controlled at all power levels and under

all core conditions without any problems. Power changes are possible

in the range between 40 % and 100 ~~ power output in any steps

desired. Power changes are performed by ramps of 8 % per minute

within the main operation range.
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The previous operation has, on the one hand, confirmed the design

values fer the core and the operational and safety procedures and, on

the other hand, it has verified the functional capabil ity of the

control equipment and the components of the primary and secondary

system.

During power changes the electrical unit output, the main steam

pressure, the main steam temperature and the cold gas temperature are

controlled. The control variables for this purpose are the helium

mass flow, the position of the reflector rods and the feed water

quantity.

The control concept especially controls also upset operating

conditions, such as the automatic power reduction to about 70 % in

the event of failure of one circulator turboset, load rejection to

plant auxiliary power, or turbine scram. Instabilities of the core

behaviour never occur during such control porcedures, nor

fluctuations of the power distributions (e.g. xenon fluctuations).

The temperature coefficient of the THTR i s negative in all power

ranges. It is between 7' 12 mN/K and - 4 mN/K. For demonstrating

the negative feed-back, the power and temperature curves were

recorded at a thermal power of several per cent in the course of a

controlled intentional "return to criticality" of the reactor. The

curves showed the expected slow changes of power and temperature thus

confirming the design calculations. The inherent safety of the THTR

and its "good-natured" control behaviour has thus been verified

experimenta lly.

Temperature Distribution in the Core

The requirements for the temperature distribution in the core result

from the maximum permissible temperature of the fuel elements as well

as from the maximum permissible insertion depth of the incore rods,

which, 'in turn, results from the rod temperature which must not

exceed the specified design values.
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The permissible fuel element temperatures can be observed without any

difficulties by manoevering the incore rods and the reflector rods so

as to prevent power concentration in the lower core region. Another

possibility of indirect control of the permissible temperatures is

obtained by monitoring the hot gas temperature in the bottom

reflector. Observance of the maximum incore rod tip temperatures is

more difficult. For this purpose it is necessary to perform design

calculations on the temperature and power distribution in the core in

parallel with the operation. Duririq the running-in phase these

distributions continously change. Due to potential uncertainties in

the calculated maximum rod tip temperatures in practice conservative

safety margins for the permissible insertion depth are required. This

sets a limit to the possibility of using the incore rods. Due to high

excess reactivities, which occur for example after prolonged plant

downtimes, relatively deep insertion of the incore rods is required

also during power operation. This may result in power restrictions

for a 1imited period (approx. 2 week s ) to ensure that the maximum

incore rod tip temperatures are not exceeded.

2.1.3 Refueling and Damage of Spherical Elements

Fuel circulating system
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250 690 Spherical elements have been
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A special characteristic of the THTR is continuous refueling. 3707

spherical elements are withdrawn from the reactor core per full power

day. 620 spherical elements are discharged from the circuit, the rest

is returned into the reactor core. The 620 spherical elements

withdrawn are replaced by 620 fresh fuel elements.

Up to 29.09.1988 a total of 1,3 million spherical elements from the

core have been drawn off, from this figure 235 000 spherical elements

taken away and replaced by a correspondant number of fresh spherical

elements. Essential for the safety of reactor operation is the

correct, i .c • refueling of the reactor core according to design. The

spherical elements are added to the core according to a refueling

strategy calculated in advance. This procedure has proven to be

successful 1n previous refueling practice. The subsequent

calculations will, hoy/ever, require new reference data for

calculations to actual measured values. In this aspect the

calculation model can certainly be further improved, e .u. by using

measured values on t he flow behaviour of the spherical elements and

the measured burn-up spectrum of the fuel elements discharged. The

observance of the safety-relevant design data such as excess

reactivity, power distribution and temperature distribution and,

thus, the guaranty of the rod worths does not pose any problems.

These data are continously verified exper irnenta l l y and are thus

ensured at any time independent of the calculations.

The pract i ca 1 performance of the refue 1in g procedure met with some
difficulties. They had no safety relevance and were eliminated as was

described earlier. This applies as well to the unexpected high number

of damaged sherical elements, which were sorted out by the helical

scrap separator during withdrawal of the spherical elements from the

reactor core. Up to the present time 10 casks have been filled with

approx. 17.000 damaged spherical elements. The share of damaged

spherical elements in the total amout of spherical elements withdrawn

was about 1.5 % in the beginning of the refueling operation and is

continously drecreasing. Recently the rate reached 0.6 %.
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II model calculation was performed based on the assumption that the

damage was mainly caused by frequent and deep insertion of the incore

rods during the THTR commissioning phase. This assumption has been

confirmed by the agreement with the experimental data. Since the

damage in most cases only concerns the graphite shell in which the

fuel is embedded, i .e . the coated fuel particles in the damaged fuel

elements are intact in their greatest part, retention of the fission

products 1S ensured as before. The flow behaviour of the spherical

clements in the reactor core and the insertion of the incore rods is

not impaired by the damaged spherical elements. Therefore the damage

of spheres has no safety relevance.

Elimination of the disturbances of the process described above

requires, however, a great effort, e.g. the exchange of casks for

damaged spherical elements requires complete depressurization of the

prestressed concrete reactor vessel. Therefore it is intended - in

particular also for economic reasons to change the mode of

manoevering the incore rods so that damage of further spherical
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elements is reduced to a minimum, R + E work is carried out for an

evaluation of the mode of

behaviour of the pebble bed

all the effects occurring.

spheres rupture and the mechanical

in order to obtain an exact analysis of

2.1. 4 Coolant Gas Activity in the Primary Circuit
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The coolant gas activity of the THTR does not exceed the expected

values. The overall development of the coolant gas activity is shown

in the figure. As had been expected, the coolant gas activity

increased during the commissioning phase with increasing reactor

power reaching almost constant values at continuous full power
operation. It remains clearly and constantly below the design values.

As for the AVR j the fission product retention capability of the fuel

elements has thus been confirmed also for the THTR in power

operation.
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2.1.5 Non-Radioactive Impurities in the Coolant Gas

The impurities contained in the coolant gas. H20. CO 2 , H2 and in some

rare cases also traces of O2 , which have an oxidizing effect on

graphite, have removed 65 kg of carbon from the spherical elements

and the graphite internals up to the present time.

This carbon quantity has to be considered in relation to the overall

carbon inventory of the core which is 728 tons. The helium

purification system of the THTR has been able to cope with all

concentrations of impurities without any problems. The primary

circuit with its auxil iary systems does not pose any problems with

regard to chemical and radiochemical parameters.
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In general the impurities in the coolant gas (H 2 0 , Hz, CH 4, CO 2 • Co

und N2 ) are low. During steady-state operation they sum up to a

maximum of 80 ubar (= 2vpm). Only during start-up the contents of

hydrogen and nitrogen may rise by NH 3 decay up to the level of a few

mbar. During shutdown of the reactor ammonia is fed into the core to

reduce the friction factor of the incore rods in the pebble bed core.
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Thermodynamic Parameters of the Primary System

In addition to the operational data quoted at the beginning of this

chapter, which are directly included into the power calculation, a

number of additional data are measured to describe the primary

system. This has shown that the bypass of the helium mass flow is

higher than expected. It is defined to be being 18 % instead of 7 ~&,

which had been expected. The core outl et temperature which has

therefore to be higher by about ten per cent is below the design

values for fuel elements and graphite internals even at full power

operation, thus it does not pose any problems. In connection with the

damage of the attachment fixtures of the hot gas duct insulation

reference shoul d br i efly be made to another group of thermodynamic

data of the primary system. Apart from the temperatures, these are

the helium mass flows and the pressure losses of the 6 steam

generator/circuliltor units. These datil are continuously recorded and

evaluated in the TIITR. In addition, derived va lues such as e.g. the

pressure loss coefficients are continuollsly determined.

These values are observed, on the one hand as mean values of all the

six steam generator/circulator units for detecting uniform changes in

all the 6 hot gas ducts and, on the other hand, they are eVilluated as

relative deviations from the mean value for determining irregular

changes in individual hot gas ducts.

Evaluations performed during the latest year of operation have shown

that changes of the above-mentioned data in the primary system are

detectable with an accuracy of 1 %.
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These statements show that in addition to the measured values for the

reactor core itself also the thermodynamic data of the primary system

are stable and reproduceable. Therefore safety-relevant changes which

may OCCJr can be detected safely and early enough. Thus it is

demonstrated that the design has been confirmed and that the

components such as e.g. the helium circulator and the steam generator

have proven their functional capability.

2.1. 7 Measuring Methods

Another condition for safe plant operation is the correct acquisition
and reliable processing of all the measured values required for plant

safety and plant operation. The instrumentation concept of the THTR 

including the elimination of incore instrumentation - and the
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practical application of the measuring facilities have proved to be

efficient. This applies also to the special measuring facilities

necessary for a prototype plant, such as neutron flux

instrumentation, temperature measurements of the metal and ceramic

internals, instrumentation for measurements in the helium circulators

and steam generators, spheres counting equipment and burn-up

measurement facility. The information on the plant required for

safety reasons has been available at any time.

Conclusions from Shutdown Procedures and Plant Downtimes-------_ .._----------------------------------------------

Shutdown Procedures, Decay fleat Removal Systems

As shown earlier in the operational diagram, the THTR has been shut

down relatively frequently during the commissioning phase and the

power operation. Part of the shutdown procedures were scheduled and

maintenance and repair measures, especially in-service inspections.

In addition, especially during the trial operation, the excitation of

the two automatic shutdown procedures was repeatedly triggered by the

Plant Prot ect i on System: reactor scram (11 x , 4 of them as tests

during the commissioning phase) or Decay Heat Removal 45 procedure

(20 x). The causes were a too narrow adjustment of the 1imiting

values, (this vias eliminated during the comissioning phase),

defective instruments, errors in detail planning of release logics

and operator errors. The greatest part of the rel eases were not

required for safety reasons. In all the shutdown procedures heat

removal from the core and from the internals was effected according

to the design principles. Minor irregularities in the procedures were

never of safety relevance and were el iminated in the course of the

commissioning phase. Experience has shown up to now that the decay

heat removal systems which are partly identical wi t h operational

systems have a sufficient availability, an appropriate process

design, and have proven their fuctional capability in practice. In

the course of the overall operating period including the shutdown

procedures severa I hundred measuring data are being recorded and

evaluated in sections by the continuously operating long-term

recordirg program of the process computer system. The "service 1ife
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consumption" of the steam generators and the associated piping

amounts only a few percent. Only some solid parts wh i ch could be

exchanged, have reached a life time consumption of about 10 % up to

now. Assuming a "normal" further power operation, there are no

restrictions or safety-relevant problems to be expected from today's

point of view for a further long-term operation.

The cooldown procedure "Heat Removal 5" designed to come into action

in the event of major disturbances, or the measures for resumption of

heat removal after a prolonged interruption of decay heat removal

(LUNWA) have not come into action up to now, Therefore it can be

stated that the previous operating experience does not give rise to

any new safety requirements with regard to detection of disturbances

and release and sequence of cooldown procedures. It is currently

being investigated, whether there is a possibility of simplifying the

excitation logics of the Plant Protection System and improving the

sequence of the cooldown procedures. The use of the absorber rods

could be reduced, as will be demonstrated in the section below.

Shutdown Systems

The THTR ist equipped with two independent shutdown systems, the

reflector rods (6 groups of 6 rods each) and the incore rods (7

groups of 6 rods each). Four' reflector rod groups represent the

shutdown system, the incore rods are inserted for long-term shutdown.

In order to ensure sufficient subcriticality, it was claimed that

during the running-in phase in the event of reactor scram in addition

to the reflector rods a group of incore rods (group R3E) should be

automatically inserted by the long-stroke pistion drive.

This claim has proven to be unnecessary at an early date, since it
has been demonstrated during the commissioning phase on the occasion

of scram tests from power operation that the reactor is still

subcritical after 30 minutes by insertion of the reflector rod

shutdown groups alone without additional insertion of the incore rod

group ancl that the reactor remaine subcrit ica lover the period of

xenon build-up. This situation is maintained even under the most
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adverse conditions by definition

standstill, no xenon, low helium

automatic insertion of an incore rod

scram can therefore be eliminated.

(start-up

temperature) .

group in the

after prolonged

The claim for

event of reactor

For automatic long-term shutdown it was envisaged to insert all the

42 incore rods to their lower end position. Also for these conditions

it has been repeatedly demonstrated that the measures for long-term

shutdown of the reactor need not be applied to the extent originally

envisaged. Even with the boundary conditions of maximum excess

reactivity, low helium temperature, long-term subcriticality after

prolonged operation,i.e. with full protactinium conversion, it is

sufficient to insert 4 incore rod groups to a depth about 1 m above

the Iower end position. The figure below shows as an example the

critical rod position after the 1987 Inspection.
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The long-term shutdown system was designed too conservatively so that

it is overdimensioned. For this reason the incore rods are only

inserted in that number and depth which is required for safety

reasons to ensure sufficient subcriticality during prolonged plant

downtimes. Since the incore rods have to be considered to be the

cause of the increased rate of damaged spherical elements, it is

expected that this measure will result in a marked reduction of

spheres damage.

From a process design aspect the incore rods and the reflector rods

have proven to be efficient safety systems. The dropping times of the

reflector rods corresponded to the design values, the insertion times

and insertion depths of the incore rods when automatically inserted

by the long-stroke pistons have ensured subcriticality of the reactor

at any time.

Penetration Isolation System

The penetration isolation system consists of shut-off valves equipped

with diverse drive systems. Each pipe penetrating the PCRV and

carrying primary gas is shut off by these valves to ensure activity

confinement. Each line is equipped with two valves which close in

case of demand upon excitation by the Plant Protection System. In the

course of the THTR operation no disturbances have occurred up to now

which would have required an activation of the penetration isolation

system. Modifications or backfitting of these active engineered

safety systems has not become necessary as a result of the previous

operation.

Emergency Power Supply

The only case of emergency power supply occurred in the beginning of

the comn i ss i oninq phase. It was initiated by the attempt to switch

over the electrical feed water pump form a supply line to a redundant

line within approximately 1 second. This resulted in shutdown of the
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supplying transformer. This distrubance gave rise to several

modifications of details; optimizations and definitions of process

design. In principle, however, the concept for detection and

activation of the emergency power supply system has been confirmed.

2,3

2.3.1 Radiological Protection Data Referring to Plant Personnel

CollectivE dose of persons who e!ltered
the THTR 300 from 1985 to MMch 1989
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Radiation exposure of the THTR plan personnel is very low. The

radiation exposure values for the previous operating period are

indicated in the figure. The data demonstrate that the plant concept

with a prestress en concrete reactor vessel has proven to be

successfu 1.
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This fact applies also to the conditions prevailing in the event of

maintenance or repair work on components of the primary. By using

special disassembly facilities and tools and observance of the

sequences of work planned in detail, these activities can be carried
out with a low collective as well as single dose. When in April 1988

repair work on one of the helical damaged-spheres separators of the

fuel c ircu l at inq system had to be performed, the overall collective

dose was 2.71 mSv and the maximum single doses were less than 0.2

mSv. We assume that such favorable values can be maintained also in

future.

Graphite Dust

It has been detected on piping carrying primary gas and on components

disassembled from the primary system that surfaces of components

which are part of the helium circuits and the fuel circulation system

are contaminated by radioactive graphite dust (mass deposition about

1 mg/cm 2
) . The specific activity of the dust was determined to be

2 x 108 Bq/g at a maximum. It is mainly caused by the radionuclides

Co-60, Nb/Zr-95, Hf-181 und Pa 233. The overall quantitiy of graphite

dust detected corresponds to the expected weigth loss of the

spherical elements during circulation by abrasion. Under the aspect

of radiological protection it does not pose any problems for

disassembly work. The only effects of the graphite dust on the

operation of systems were noticed in the beginning of the

commissioning phase, when individual moisture sensors in the moisture

monitoring system of the steam generators failed. This source of

failure was eliminated by installing simple dust filters upstream the

sensors. It can thus be stated that the graphite dust does not pose

any problems, neither with regard to operation nor to safety.

Measurements on plplng carrying primary gas have shown that also in

the event of a depressurization accident the graphite dust does not

cause an increased release of activity.
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2.3.3 Activity Release with Vent Air
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Licensed
annual limit
value in B------- "t-------

Release

_________ i~ _

Inert gases 2,50 1,Ell

Aerosols 8,968 E07 3,7 E08 2/,,2 %

Iodine 1,086 E07 3,7 E08 2,9 DID

H3-Control 3,1,71E12 8,14 E12 42,8 DID
area

C14 2,682 El0 1 7,4 E12 0,36 DID
------------- ~_.__ ... _ ....•. -- ----------- --- --- .-----

----

The activity release with vent air measured in 1988 is presented in

the figure. It was no problem during power operation to remain below

the low limiting values specified in the THTR 1i ccnse , because at

that time only minor repair work was performed on components of the

helium circuit.

To reduce the release of radioactive aerosols to the environment,
i.e. the release of activity carried by graphite dust, it has proved

necessary in the course of the commissioning phase to provide all

exhaust paths with filters. This has been done and has proved to be a

successful solution.

Contrary to normal operating conditions, during inspections the PCRV

is often depressurized and open to perform some work on integrated

components. To maintain a specified flow direction, the PCRV is kept

under a slightly negative pressure during the performance of the

above-mentioned repair work. For this purpose a small partial
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quantity of the hel ium inventory is withdrawn from the PCRV and

released to the atmosphere with the vent air. Since the graphite

internals still contain tritium after depressurization, which in case

of moisture enters the gas phase via exchange reactions, the gas

mixture withdrawn form the PCRV has to be passed through catalysers

and a molecular sieve before it is released to the atmosphere. By

this measure it is ensured that even in the event of complete

ventilation of the PCRV no safety problems will arise.

3. Experience Expected form Further Operation of the THTR-300

A further operation of the THTR-300 is expected to furnish essential

know-how in addition to the present operating experience and would

thus allow to come to a valuable completion of the research contract.

It is especially expected by us that it will be possible to extend

and confirm by experiments the know-how on core design, spheres

damage rate, and the activity release from the spheres.

Another objective is the verification of the long-term performance of

the prototype components. The hot gas duct is an exampl e whi ch is

significant at the present moment, but also the long-term behaviour

of other prototype components such as shutdown rods, PCRV and

graphite internals is of great interest.

A further task which could be persued during a further operation of

the THTR is the development of disassembly and repair equipment for

the components installed within the PCRV. The previous operation has

demonstrated that the problem of accessiblity is of utmost importance

to the operating company and that the development of disassembly

equipment is urgently required. In our opinion it is another task of

a prototype to verify the easy repairability of High-Temperature

Reactors.

For initiating these tasks it is, however, necessary to obtain a new

definition of the financial basis for the THTR-300 project.
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4. The Risk_Participation Contract and

Covering of Financial Risks

As early as in 1971 the partners cooperating in the THTR-300 project

had realized that because of the prototype character of the THTR-300

and the research objectives pursued with this reactor it would not be

possible to achieve a commercial operation of the plant from the very

beginning. For this reason a risk participation contract was

negotiated and concluded already at the beginnig of the project

earmarking a liability sum of OM 450 million to cover the economic

risks of the plant operation and the decommissioning risks of the

plant operation and the decommissioning costs. Two thirds of this sum

was furnished by the Federal Government and one third by the Federal

State Government of North Rhine Westphalia. OM 270 million are

reserved for compensating losses from plant operation, and OM 180

million are presently envisaged for decommissioning of the plant.

It is further stipulated in the contract that during the first 3

years 10 % of the operating deficit is covered by the HKG partners

and 90 % is furnished form the sum guarrantecd in the risk

participation contract.

After three years the share assumend by the HKG partners increases to
30 %. Since the latest up-dating of the risk participation contract

in 1983 the costs of decommissioning (dismantlement) of the plan have

increased compared to the costs earmarked in the risk participation

contract. Based on an expert opinion the costs of dismantlement of

the plant, quoted at OM 180 mill ion in the existing risk

participation contract, have now increased to about OM 450 million.

As a result of new risks affecting the THTR-300 project from external
sources, which might result in plant outages, the HKG partners are of

the opinion that the guaranteed sum of OM 450 million is not
sufficient. All these new risks came up in concrete form late in

1988.
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In the following they will be briefly characterized:

Risk of Standstill due to Fuel Element Supply Problems

The fuel elements for the THTR-300 fabricated by NUKEM up to the

present time are sufficient for an operating period until end 1991.

On December 31, 1988 NUKEM terminated the fabrication of the

spherical fuel elements. Continuation of the fuel element fabrication

in due time is currently not ensured.

Risk of Standstill due to Fuel Element Disposal Problems

It is claimed in the operating license for the THTR-300 that it has

to be given evidence at the end of 600 full power days, this would be

some time early in 1990, that external intermediate storage

facilities for the spent fuel elements are available and that the

1icense has been obtained for the transport preparation hall for

storing low-activity waste on the THTR plant site. Both conditions

have not yet been met at the present time.

Risk of Standstill due to Problems Regarding the Permanent Operating

License

The present operating license for the THTR-300 covers 1100 full power

days, i .e . it will expire in mid 1992. The subsequent permanent

operating license requires another licensing procedure. At the moment

it cannot be predicted which will be the requirements and criteria of

this 1icensing procedure. In any case there is a high probability

that the competent nuclear licensing authority will perform a

detailed safety investigation before granting a 1icense for further

plant oper-at ion . In view of this situation the HKG partners have

asked the partners of the risk participation contract to increase the

contractual amount guaranteed to OM 1.1 billion. In evaluating the

increasE of the sum guaranteed it has to be emphasized that it is

intended to cover a financial risk which must not occur with

certainty. If for example a further operation of the THTR-300 at an

availability of 70.4 % was possible within a long-term program, the

sum guaranteed would be claimed only to a maximum of OM 340 million.
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i\mount of the I'isk
par riclpa t ion-con tr act

1100

1,000

500 450

amount
1983

required
amount
foday

additiona!
new rrs k s

liability Slim for
de commis s ionlng
ris k s

re quir erne.u s for
operauon

The figure shows the individual items of the risk participation

contract and the increase considered necessary by the HKG partners.

5. Summary

The evaluation of the operating experience gained from the THTR up to

now comes to an absolutely positive result. The principal design data

have been confirmed.

The THTR-300 represents the successful connection link between the 15
MW el AVR experimental reactor and a future commercial plant. On the

basis of the present know-how obtained from the THTR operation

another optimized high-temperature reactor can be designed and

constructed thus representing a further step towards
commercialization of advanced reactors.

It is evident that the necessity to increase the risk participation

contract does not arise from safety considerations but exclusively

from economic factors affecting the THTR from outside.
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1. \jorLemerkulJ.3.

Der Bundesminister des Innern beauftragte 1) dIe

TOVAroe1tsgemeinschatt Kerntechnik West lID Unter~uf-

trag ~ber Ole Gesellschaft tilr Renktorsicherh8it (GR5)

;nbli, e i nr- n u r s r e n Lnt wu r f z u ~,Lc:herhclt:~kllterlen fu i

rJ<1sg"kuhlte flochtemI-'eri1turre;:;ktQren (HTR) unter Hitac

belt der GRS zU erstel1en.

Entsprechend der Beauftragung wurderl als Grund1age und

G1lederungsvorsc:hlag die SicnerheitskrltprlPn fur

Kern~,raft'tlerke v o rn 21.10.1977 herangezogpn. Die 1::JJt

W~JL te z u Clen e l_flZC-:lncn Kr i r.e r ipn \vurden .im Sj nnp von

GrunCLsatzen al.1.qcrncln gchalten~ UnvPranaeLt wu r dr-n nip

Kr i t.c r i cn ] .1, 2.3, 2.6 bi s 2.10 unci Y.l citlernommen.

r", ondet~CIl Ste11en wu r c c n Lr q an z unq o n vorcJenommcn. z um

BeLSiJlel wu r o e elf) KrJterlurn "Br.u Li c hc :icn\lLz'Jorkeh-

r u n q e n ZUI' Ruc:-:naltuny r ad i o ak t i v e i ;_JLofte ll (Krl.terlum

0_ '») r o r rr.n Li r-r t. UL1<,:'r(JPorclnet wu r o e oas !':apl te L

"E:lnu>ltehleckonzept" aurgenomrner;. Als 'l'e x t. wurde 01(,

InterpretatIon zu ocn SicherheltskriterJen fUr Kcrn-

k r e t twc r k r- , "Einzclfehlerkonzept - Grundsatze r u r d i e
> ,

Anl.Jendung (ies EI'1Zelfehlerkflteriums - "L) \jr-,ernom-

men unter StrelchlJng der FuBnote 4 und Anderung des

Punk tes (2).

1) Schrclu(:11 (i"s !:',MI an eDe GRS vow 21. ok tobc r 1977,
Gcsch.-Z. kS 16-513 301/3;
SchccJoen ocr GHS an die TIJV-ARGE Kcrntechnlk West
~om 10. NOvemb~r 1971, Az.: gu/hos;
Schreioen c o r GkS an o i e TU'1-I\RGE Korn t.e c h n i k West
·;o[C, 16. Fcbruar 1918. A/.,.: gu-rH/tJ140l

~) ciekanntffidcnung des BMl VOffi 26. Oktober 1978
G~1B L i 9 7 8, 6 J 1
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FJr Clnen Erstentwult, der Jm ~uvemher 1978 ~em Auf

traggeber vorg81egt wucde, crtu1gte dle Bcarhcltung

aer Krlterien 2.h blS 2.10 lInd 10.3 burch Sdchverst~n-

dlge dcc GRS, ale der Kriterlcn 2.1 bis 2.S und 9.1

durch Sachverst~ndlge des TDV-Rheinland. die iibrigen

Krlcerlen wuroen von Sdchverst~ndlgen des RWTt~ bCfir

beitet. Kommentarc und Besrjndungen zu elnzeluen Kri

t er i c n , ll i nwe i s c ZU zlJsatz_l_lchen Ge,;lchtspunkt_E'Il 1l,ICl

das Ergebn15 einer Llteraturrecherche nach 1n- uud

ausJanolschen Regeln und Rlcht1inlen, die auf gasge

k~nltc Hochcemperatulreaktoren angewendet werden kdn

nen, SIno 1m Entwurt November 1979 3) aUfgefUhrt.

Der v o r Li o q e ndc Kriterienentwurf eutstand ,Jus 3) ,krch

Einarbclten von Stel1lJngrlahmen, die del BundesmInlster

dES Inncrn von OEm Lilloel,JusschuR fUr AtolnkerIlencrgle,

ap~ Dcutschen Gewerk5chattsbund, dec ReaktorSlcher-

he 1 t s kommi e.s: 101-" Gem Ingen I J2L1r hLiro Zerna/Schnellen-·

Dacn. der VerelnlYllng der GroBkesselbctrelbpr, aerr

Zentra1v~[bsnd dcr e~ektrctechn15chpn Industr1c sowle

aet T~V-Leltstelle Kerntechnik elngeho1t hat.

Der Krlterienentwurf enth~lt Glunds~tze t0r ale 51-

c~prlleltstecnn15CheGAnioroerungen, dJP der Auslegung

VOn Hernkrattwer:':en mi r !lochtemperaturreLlktoren zu-

q r ur.o r- z u It:gen s i no , F'ii r andere Ani aq e n z u r Enercjle

e r z euqunq mit Hochtemperaturreaktoren (z , B. Anlagen

ZlJr ProzeBw~rmeeLzeugung) gelten dIe Kriteri~n in oen

nlchtanlagenspezltiscnen Foroerungen ohn~ Einschr~n-

k u n q e n , HI anlaLjenspcz i f i s c he n For oerun<jen 5 i nr.qernan .

j) 1·Dv Arb~ltSgerneln5ch0it ~e(ncecnnlk WesI
Slcherh(C 1 tskr 1 ter len fur gLlsg;okd:l te Hocote rrpe r a
t.u r r e ak loren
EnLwurf November 1979
E'Osen. 2_ Novelnber 1975J
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Erkenntn u;sen

Einwirkunge n VOn au0en 1)

Brand- und ExplosionS5Chu!z

Zugangskontrolle, abzusperrende Be

reiche 1)

Fll1chtwege u n o Kommun i k a t.j on s mi t t.e;

S . 1 . 1)'r.l 1egllnq uno Besel tun']

I )

KeitcrlUI1'.3.1
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RGckkopp1ungsEigenschatten aes ReBktor

keens

Einbauten aes drucktragenden 8eh~lters

Systeme zur Steuerung und Abscha1tung

des Kernreaktors

l) Olese KClterlen wucdcn aus den 5icherheitskriteclen fUr
Kecnkrafcwerke vom 21.10.1977 (verabschledet 1m L~ngeraus

schue £~( Atornkernenergie am 12. Oktober 1977) unver~nde[t

ubc-rnommEn.
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1. Ableltung r3uioaktlver Stoffe

Ole Abgabe tlUssiger. aerosolti)rmlger odor gastdr-

ITllgP[ [~aio3kt~iver Stofie ~us aer Anlage dU[ tlicr

t~r vo~ges~tlenen Wegen_

(1) Getrlel.lsyo!'jange. t u r o i c o ie f\nlaye be-I

tunktlon'3li-ihlgern Zusrand ,lee 5ystcll1e

(ungc",ti)rte: ZusL.,mLi) b e s t r rnru r. u n o geeu;net

ill netrleLSYOI.CI:cinge, d i e bel Fehlfun,:tion v or:

Anli:tgclCeLiEn o d e r Sy::;temeD ('cJpsLfq-ter ZU"

stana) ~bla~Ecn. soweit nlPtDel Olner ~ort-

t LihcUI]q 'ics betr iei:,es S ich e r hc 1 t s I.pchlilsche

GrGnde nlcnt pntgegenstehen (anomaler B2

trlebJ;

11 ) 1 n s tan u hal tun rJ SV0 r I; itn '] e ( Ins pe k t ] Dn , 1') :, C -

tunq.

J. E i n z e Uclile r

1 nstand::,cL:ung)

1 )

1 )

Eln Elozelieh.cr 1St el~ Fehler. der uurch Cil] el~-

L.cll\f--':~ ~rei(;rll:--; hC(\lorger'<..1fen ,... i r o , ein~;chliefJJ r c r,

Ocr o u r c n o en Fcr-::",r en LS tehcnuen I-'olgeteh ] cr.

Z~~J AnW~rlduJ1~ des ElnLelte~11er5 inner11~lb 6er
Krltericn sletle Kaplte~ "Elozelfenlerkonzept".
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4. freisetzung r~dloaktiver Stoffe

Das Entweichen radloaktlver Stoffe dUS den vorge

s e h e n o n Urus ch l ie[Jungen in die Anli:lge odcrin ciie

Umgebung.

S. Grpnzwert

Grenz ....-e r t e lDI Sinne c i e s e r Kr i t e z Le n s i nc die]0ni

gen Werte der Zustandsgr6Ben von Anlagen~eilen,

Systemen ooer dar}n enchaltenen Medien, bel 6erer:

Einhaltung eln Versagen slcherheltstechnisch wl~h

tlller Elnrichtungen mIt angemes5er,em Slcherheitsan

5tano dusgeschlossen ist.

6. Inhar en te s i c he r n e 1 tsger ich tete .Eigerlscha ften

Inharente .sicherheitsgerichtete Eigellsc:haften ''In''J'

Reaktocanlage sInd salche, riic aufgrund naturge-

s e t z Li c nc r Zusammenhanc;e auch ohne Elngrelf':;>n (]es

Slcherheltssysteffi5 St6rungcJJ, StBrf~lle od2r lJnt~l

Ie entwedcr verhindern oder Jeren AU5wlrKllngeJl ver
. . 1 ' 2)zogern, ml aern oder oegrpnzen,

7. ProzeOverlable

Die ProzeBvarlciOle 1St elne unmittelbar 1m Proze8

meBbare physlkalische GrbBe.

L} Bel,SpH:le fijr i nn ar c n r.e s i c he r nei t aqe r i ch t e t e
]:;lgenSCfldtten sind:
- Phasenst5blllt~t des KUtllmittels lielium.
- negativer Temperaturkoeffiz1ent der Reaktivi-

tat,
- W~rmeleistungs-, W~rmespelcherungselgenschaften

und thermlsche Stablllt~t cier Gri:lphiteinbauten.
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Ilas U0aktorschuLzsystem ist ein System, aas dIe

Werte uer t~[ die Sicherheit der Reaktoranlayc una

Urnq e b u n q w,,"senLlici1cn Pr o z efsv a r .i ab l e n z u r Er tas

SLIng von St6rtjllen Gberwacht, verarbeltet und

Sc hut z a J( L ion en i1us I b ,; l, U III o e n Zu ,5 L OJ n CJ de r ke a fe-

loranlage In slcherell Grenzen zu halten.

') . heuundanz

VorhanaCnSCln von mehr funktionsbereiten techOl-

s C i1 e Ii i"1 1 t l e 1 n , cd s z u r E r t uLI u n g ,j e r v 0 I' cJ e '" e i]<' n e 1 ]

Funktion notwenolg 1st.

Lu . SIC h c' r he Its c;Ys t t' If!

Ua~ Sicilerlleltssysteln i~t ale GcsamLhelt aller

1::11H 1cl'1tungen .. iner HeqktoranJ age, dle dIe Au l q a!».

h;lL"211, aie P.nla']L' vor un z u Las s i cr.n BI02.nSprllCr,1Jr)(J,~r:

zu schUtzcn unl] bei auEtretenden St5rf~llen derpn

Auswickungen aut da5 BeLrieb5personal, ale Anlag~

und Ole Umgebung 111 vorgegebenen Grenzen ZlJ halLen.

II. Stortall

Erelgnlsablauf, bei dcssen Eintretcn der Betrieb

de[ Anlage oder die T~Ligkeit aus 51cherheitstech'·

nischen Grunden nlcht fortgetUhrt werden kann und

fUr oen die Anlage 8lJsgelegt 1st odee f~( den bei

der T~tlqkel( vorsorglich Schutzvorkehrungen vor

gesehen sind.

AN:RWTOV E55EN FB 1.0 VON:05341 885905 5. 10
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ruvIS·Pnjj<jfundla<jen, Ker ntcrnll ik

liT.'1 (;s I,," 1III F\ f S VI I]

Er sot z fur $,:,(" .... j
• I) .~.

--_.-~--------
Nur h.'f dill Sactwer s tanctiqen riP! TUV h~~SIIITHT1T -- Nar-hdr uck rur.h t 'JwH,ltln u

LL. UnlalL :n

Er eign i s aoLau t, Ocr f u r e i ne oder mehr er C' f'F'r sonel1

Sine die Grenzwprlr ~bo[steiyende 5trahlcnexpOSl

tion 0(;(:( Ln k o r po r a t. j o n r ac ic ak t j v e-r Stofie z u r

Paige haben kann, SQWElt er nicht zu den St~~rih_l-

Le n z a n I t .

,} lJi)crrl00llnen dUS dec Vcrorrinung ~iber den Schutz vor

::;(:':~~;cj011 durct'l i o n i a j c r o no c- Strahlen (Stt-ahlen~~chutz

v cr o r o n u uq - StrlSchV) VO];1 13. Oktober 1976
(tol;BL I (lcJ79l 2905), AnlagE I
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rUVIS.PrLJfgrundlagen: Keln te r lur i k r. 4. /.

Fac,slJng

2- • j

JII den Krlterlcn

~.2: Nacllw~rme~biuhr n~ch St6rL~11en,

C,.l: Hedkt-C!eschutz:':--;'y'stem,

/.1: E1ektrische bnergieversorgung des

~lcherheitssystems

wlrd d~e Annahme ell1es Elnzelfehlers getoroerl_

(l) tlC' HI Lin z fc'1 i c 111 L' r 11 a Ii ci t; 1 res S 1ch umel n e n z. II f a I

1Ig'c'n, n i c h t dIs Fo1gc n e s zu betrachtende"n ;'.I1l:or

r'C"[ungc;ialJs illl bestlDl0l1lnqsgem::.lrlen Bert'lel, o o e r

l,el :~tor fallc-n au t t r o t.ono o n lind v o r f:lntl i r.r. UC5

,\nLOIC!(::lungsli311" n i r.u r. oE'kannten z u s a tz Lichr n

Cell!,'r i r: den Sicherhpits0inr i c ht un q e n , l-:lJl FeilI'·"
~ . 1 )

ll('gl Val", wenn cin systerncc11 bel Sicher-

IICl tselnr ichtunycn seine FIlnktloli hei An f o r o o r un o

n i ch r o r f ii l l t; , Elne bet, lE'blich )!Iocjlich€ Fc h lt.r->

(jlC'I1()PCj, d i e Plllen j,'ehle( in (len SJcherllelt:c,~in

r lclilUIlLjCn ZUl FolCjl' hat, 1St e r n e m Elnzel f e nl '~'l

9 1 e i c h Z U ~~ c t:L !.'" n •

c. r LI 11 <J L' 1 \j r ci ,e, (J U Il t e [ s t e 11 t p n Fe h 1e r mus 5 e n 1 m

t j' LWI I3C<jC1LL "~';ystcmteil" umlnfJt a l Le 'relic u c r
FunkllUnSell1llclt SclL~t uno del' ZU i h r r-r slcl~er-

h o i t n t.cc iui i s.c h richtlycn Fu n k t r o n notwel10ll~eP u nrl
- ygts. auch rcJundanten - Versorgunys-, Stell
und hillselnrlclltungcn.
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~,'I 117 III 1.'\: ~ I rH fl;~,ll1 .g,~S~lnS

ll)VISP(\lfurundl~qell: K,~rlit',,-h n i.k

l('P - (~S t,,_· I m J) rs

~---_.,---------------
Nur tur uio si'lch"'II;I~t~lndi!)el"\dtlf TUV besurnrnt - Nac hdrurk nichl qesvarr c i

( ';) D 1 , ' 1\ 1\ r, d h llJ cdc:; to1 n z cit I' h J. [.~ (1:; 1 Ii Z C' I [ ,. I, l c r k 0 n -

;:<-' fJ t ! 1 ". t c· r: I d.,' L C r 111 i n 1 S t 1 S C 11«; K 0 I J 7. e r'\ t L: I (I I ce

Auslpqung (lC[ SlchprhcltseInrichtungpn In Kp[!)

kr-,-jLt"'lerk{~n~ ~ic' d ie n t ne!.}[:::-n andcLen Vcrf2.hren und

~l~fjn~hnlen, w10 2_D. dIe [)(OlJdbilisLischp A)lalys(~

(~.1I'JL·rl;e,S';]'J':1·1t:.ancdycJ·i lind Ole !JuaIIc:,its';Jc\-,,-'-

D.L ~-, s 1 c~ ~ It.! r l~ L r 1 lJ 1 1 U! 1q u' '.', r i 11"1 J e \\1 E::' i 1 .L(J e n 1:< L 1.- t. c: ~_ 1 U Iri'

(jcturdertefl ~-)y:::;tcliltufl;'-,tion aer sen;::HJnc·:=:::n >-;lCnet

lit-l t. '-;("'1nr ich tUr)lJen rll:_1~-~J Ol-:;(1e Indnsr)!- uchnohrrl(:: Cl(:r

Ei 'u u r: (i;Jfl .: c·n ljevJjhc 1 ~) S Lr=" t \·Jf:::" L dc' n f C11c Z U 1 Ab-

Ut'L'klJ:lq L,JC·~, (~C-'nl~--;I,) £:::1 [1/,\_,,1 ti._·tlll~'rk'_)n7.ept t rn Jf~\cii::-~lli

'j"I' (IrILOLc!t.'rLln'l'-,l':"! J ~'u ur;t'c'rstC'llenden Ll'l,~elrel':-

1 I 0 ;~ U ~...::. d t:~ I 1 I _J ~ .,' r 1. U t ,j p...: r lIe h :=:' 1. n d _

(j"I:,JI'If1!_l,'TI j-.l;lrl(_·LJt~rlcJPn rri t HJ.i J:e p r o oar.r I I:=·Ll--

~_,clll_-'[ !\r!aJY~~i._'n v..'crUCfl Olt.' mc.(jlicher"l l·'('h,jf;( (iurch

1.'1" .'Iu:c,t,,'dlr .i r.c n uc~ hompol1encen f,[rafJt.

J} 1,-' 1 r: "< C' 1 i .: f ';11-=,-, ~ \<.;' t:,\ r CJ f-~ n cJ r 'J n d s ::i t is 1 .i r.: h ::; 0 VI 0 h 1 b 0 1 a h: -

Ltv·,n "IS ,\lICl b,·i PdSS1VPII :OystE:·mtcilell unler-

.'; !: e- I i L •

L" u r FJ , \ ~, ~~; 1 v t> ~) ~....' ::J cern t, e i 1 ~ 1. :.=: l (j a s Ve r '= Giq e It i Jl H ;::d-1nv~· t-r

(J I' ~_' l. 1 n z ~ 1 L l? j-1 1 (~ r l: ()n i:>_' p t (:.; d..J n n n 1 c h t z U U (1 t p r oS r. e 1 -

1.. {, I I r \.J l,' n f) n {.1 {_'Il (J e '\,..' i E:: sen '"..') r r.), d c r) :?-. 1 e C=:J eye IJ c! 1 0? b (, i

"i [·'n lur :~t(· ZU u n t o re t e i l e ndc n flnic'[(JeI unq',iii,l-

l"n l'i1dAllnc-ll /-lJ C'l\...;arcenCJen t:h:.~an~;p!-uchunc;t:'(; :.Jr:Ler

I ) C I ~j C' K ~...:~ i {_' h t -I "---111 n (-j (1(.:' r .1 In BeL l- i P. b s 7. (' 1 t [ d \_1 m v u r her

',i'l:t,IL[I'('(~ \/f·~·:·111dc[ ullqj,~n (jj-~l '~...(:ck~~toi tel(J\-::"?n~;ch':::iftPI'l

lill L ~IUSle ichl'll(1t:·r; SlL:hcrhe 1 tszusCr-', j ~jl:jCI1 .::~u:=,~-:;f~'lE'q L

:·;1 no, CIU~ elnt~~nl 1 ur 0(:'1") V(~r\"enQlinl'J~~:i'.¥E'(:~k qeelgne

t,~" Vierksto! J g'2icrtigt wet-den l:nd \Intel' '::'lner UIIl

las<;enucn QU~11l~C5S1clferung hergestellt, nlon

tlert, f'Lflc:htCt, geiJr·jft IHlli bctriplx'n werc]f'll, '~.(j

ll,-~IJ elne au:=;r clchcncie Zuver la(:;::_~l;jkel t geslchcr t

1 st.
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TUVIS P,"fqrurllJlil(len: l\c'rntcchn i k

ill I

Fas'$.ung

IJi-f.' illf~rl,cJ drl~'.lJwcnd(;rl!j.~'n r--'illHn.Jhmen u n r.l ri i r- ~-:)i-

1-'

chpch('llstl-'cllnl'cchen Bedeutun(J (o r j e n t r e r t am

::-)cj-13Clet)C,Zlu5m(~IJ bel un t c rs.Lr Ll t.e m Versaqe1i) dcr Si-

I~he r he: i tSf'] n [ i c-h tungen fes t z u Lcqon ,

( ~I) H i.i '_; :;ell;: 11 l be 11 e r r s c hun y e in e 5 z U U [1 t f' r ~, t f' 11end en

i\!"i L (-.I 1· lj o r u n (J :-; 1 d) 1 :'., me h r ere cJe· r 1;-1 o p n e 1 n (j cJ rl {~l :~: CJ C.' -

n ZI Il rt t. L' [1 F r 1 t f~ r· 1 eng e f 0 r d l? r L('. rl S Y s t em e (J.1 e 1 c h z elL i 'J

o cic ,- .r u C I , L C 1 tIl C h n n c h e 1 nan Ii e ( 111 reF u n r': t l CJII C r -

t i.i I L<c' n, 5 (, l~; t o iJ S AU t t ret e n e l II e.s F 1 n z p Lt e h Le r s

[1:11 \; 11:..:' S,ummp del Syst'r.'me T12lch l'-1angabe del Gr unci-·-

,- j k L '.J L: C; 1U ( !- ':-.: ''1'- .'~, t C ITI~, d a s 9 1 c: l C :-) z e 1 t i 9 e i\ U r t 1- l:' tell

I.'lrl'.~~ l.:ln::!.cl1.chJL-'LS dn ,~ktlv('n S'J.st~~·ffitc'lic'n zu

IJflt"l,"lf'll"I1, L'C'l 'JlelChzcltL'jem Instanclsctzunq.c;-

l a l J Jedoch «rs t n2c!l eltH':m Zeitraunl v o n 100 Stun-

AN:RWTOV E55EN FB 1,0 VON:05341 885905



2.-' II i IJ 1 1.,: 2 I FAx {J ~ :1·1 1 .~ ,~ 5 9 Ii S

TUVIS Prutg,undlafJ"1I' Kern tC'.-:hn i k

](T.\-I;S I,,-'Jill r.rs
/\ 11 _ ,!

VI J.~

ErSt=llz tur Sene r"ssung r ils~un~J

(") [·'!.If Je(jC';-~ deL 1)) dE'1l Slchc-(hclt,~krlte[ie[i L,.2, '.J.
uneJ 7_1 gelorderten Systeme 1st das Autt[~tcn ei

nBS ~lfl2plfehlcrs aueh w~hrend Instandhaltungsvor

'J iH1tJ ' . n :' U II !l t f> r s t e 11en. Di f' :~ q 'i I.t n j C' h t f III l r i >

~t-J('ktJ(H';'~'n f vJt~nn o ie _FunktionsbetelL~;chattd(~s Cli?

tL o t IC'rlL'n ~;'i·-~tt--.?lliti?ll-s i.rn Anto[dF~run~istall r ecrt t

7(' -j ~ itJ \-,' iCC1CL t-le:,!- qcstc: 11 t \;Jcrcicn i-\ ,-:=;nn-o

;'''i.1L I.jl~-l- 1n~_.tii.l)Clset~unC] 1St unverzutJ1ich n o c h cit:~

Scjl~iC}('[l;::'0Ckt-:·nrluny 'ZU beqinnen.

1 11.'; t ,.;1-\ dt-j ,3l r.un tJS ,:) C bE? i tf-~ n ,)D L c'ci unci.;In ten S lC:: h p r -

(\ r. 1 r :sc- 1 n r 1 l..;n L I) n LJ C n 1 ~-, ~ atJ r c' II i~j ae t e r d a~) j e vJ elL 1 9 e

.L)y~.tcrr n i rn t !un~~t.iCjns:.).=,rt=~lt 1St, SIne o hne beson T

(h' I:" ~_' I '~l-':' I n!-? F lJ n l-, t ion t~~ r ~:; c t zen L:. e <) J C' r 5. e 1 1'1 r ' Fun k

r. 1 C'l'~: l (, I (_' t t~~ en,=; f r~ iibe r tl ij :::.'~; I '3 mCi CflC nci I~ t·'lal3 n a hm« Il

(»: L _ ;\1-, c~ c~, ,; 1 tun q , Le i stu n '! :~ rn i n G e run q) n u 1- Z u 1 ,~; ,; -

t. ,'n , I .:::c; f-. L n z cl L cl J lc r k on i: e lJ t. e r i lJ 11 t L ~; t, ;.1 lJ CJ \, e n n

~UI\l;r't,)t:...:m ',,~l] l~J-'J~.:,;.i(jC' ln~~taIldhdlt.un~:.:::;z('iten ~lr,qc:,h.-:l1

t I'll \_.1 r: r l.; C II ~ U 1 r=-- Tri; p,,~ k t i o n.:..~ i n t. C 1:- 'if 0 11 e :~; U~.,; 1 e d 1 e

l.Jllf\I' ll/~' Ufl(JCl C' r"l,:"ilJnd[lmen :Llll.~·t~3~~,iljen vJa,r tL;n{J~:" u nc:

1 n. l ,J 1'1 (J .. (0. ~J ~,; II n y :::; z e J LC· rl ( Zell ar) ~~ c h ,::] d·?: n s e f. k ('! n nun q

L 1 -: i\ l) :~, c il] l1lj II C r 1 n r, t ,:"c fl d :.:~, I.? t 7:U IHJ) S L n cj un L f_' eVe r

wendlJny dt:'l lUf dIe ']enannt("n ree}undanten ~~Yc;tcrn",

our l'r,g,~ tu}, [te'I' LuveC la,;sl.qkel tsan2Jlysen ':',u tes tZll

leyC'l1, cldJi (li{~, 'Luverlassit]kclt(:-n ulcSer ~~-:,.'c,t.ernc

lJ II Lei; U J <:- I 11 S 1_ a n CJt-, d 1 t \l n gsa r r, cit: co n n 1 c h t U I; tt~ r (1 1 C·

Z U ) :, t ;:lr f ;,1 11, C' her r s c 1,u n LJ e r £ 0 r de r 1 i C' ben Z \l",f P r 1 a,:;

~.J 1 'J k c 1. t f,? n t j C l- d b i~j P set ;?, t ....' e r den .

23-()7-(J 1 13: 25 AN:RWTDV E55EN FE 1.(J VOIJ: (J5341 885905 5. 15



~~\ 11- III ]:\:21 FH 11~:).jl S·~';flll",

HJVIS PrUI'lrundl,)qen. t~[,Tnt,pchnik

E1',\ GS 1'~1111 BfS

Spite 1.S

hi ~~ t. lei ~ ci ~~ U l. :..~ Z C' 1 t .1 q (~ r J t 1 .: L '-l II (j ~~, L' t ::-': ~j n q ~ n lJ T due h t CJ ri::::-

z U', cJ L:L 1 1CIi (: t\ u 1 l r e len C' 1n (. s L l n Zelf l: III e r S cr n ::iy'

Gel KULZ(-~ deL 11"lslandsctzungsClCluer ol~ Zllve[la~:;

slqKelt UC[ I,ctr~chtetcn Slcherneitselnrichtunq

Ilhill '~'esf>ntllcll heri'lbceset'Ct w i r o .

i b:~ F lJ I c;t-~ L' ,=:1 UU I.? u n d IJ'e 1 1e \i 0 11 Ce t ~i u U C'nUll a r U r P":15 S 1 v e

'l r : : r.' I:JC'.':; ~lch0rhelt~_~L-lc'h~-ll tel c 1St eln \/erS'::1yen iff!

HahnH~[) C1e~ l'::ln~'.CltehleLkunzf-_~pt'::; n i c nr. ZU unter-

('rl_,(C)cht ·.....:'2rucn.

( ~/ j /\ r~i _i U(; n i Il t (! r n t: ::-~ t. () 1 La110 U 1] t] r:: 1 n W l C k u nyc n von

.:::JU! C;l SJTld {](unCl£;2itzllCr-j qlelchzus~.:~t:!.en~ DrJ.bel l::;t

lllt.ts,..J3hrsc!leinllCI'iKelL ('",Ie 2.13. Flugzcug,=tbstIJrz

U[lU ExploSlollc,llrUckI-JE·j 1,,') r s.t cJas qleic[·12P.ltl<'1·~

{I,d t.. c·tt'n o i n c r L i n z e Lr e hl.c c s, n i c h t z u untr,rstel-

len; ~uch elll gLclchzeltlgcr instanrlsetzungsfalJ

Wi J l'll;ht p,)sluliert.

~rtu[dcrt 'lIe Beherrschung elner dcrarllqen jllBe

['-"1 Eln·.-.!l1'kung d i o Pu nk t r o n von SlcheCf)eltsein

rlchtungen ehec als nach einer ~elt von 30 Mlnu

tel'. so 1St eln Elnzeltehler In den aktiven Sy
5~~mleilen zu Ilntcrstellen. Rei der Betracntung

Del Langzelt-Nactlk0hlphase 1st naChzuwelSen. oaG

ectorderllchenfalls an llen f~r Ole LangzeltNach

ki,irllphiise t,enbllgten Slcnet'heltsellH i o h t u n q e n

t ,',·en tze i tg InstandsetzungsffidBnahmen aurcllge t iin r t.

wecu2n konnen_
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J'. P. rn ~,'.{-' c])T1 i kruv IS·Pru'(jfund I;]Ilen:, ..

ET:\-- CS lH'llll Hf S
;\ '1.:l

',:11,

FaSSIJII~1

-------------------------------,_._- -----

(8) Fenler illfol')e rJers.,lb,;,n Ur s a c hr- an .i.e h r c-r e n 2U

C'inLllluer r e o un o an t e n 5ystemteilen u n d AusleclIlngs-

Le hl c r wpruen durch [ldS EHlzclfehlcrkoI)zept ni c h t.

~byedockt. }'ehler dieser Art m~ssen durch gCPlync

te MaAnahmen verrulcden werden, Wle z.R.
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fUVlS Prufqruudlaqen: I:ernteclmik
K'LI-GS l,,'dm Hl'S

A -1.?
~1j ill

E".3t2 fur Seite Fassunq S~itp. 1 I 9 _fJ --~

Misclltl i t to 1 b i s 11

Abschnltt .1

Kr1terium 1.1: Grunds~tze dec Slcherheitsvorsorye

l) i C Iu l J LtIj C' muh so 0 esc h d f fen s e 1nund ::J 0 b C' t r 1. o Lj f: n

\""L"r(jl~'n, ci-:Jl) ci i e l-<.eaktoranldfje ]Cderzelt. 1m bE--slim-

~~cl-lal Lf'L unci in 3bgeschal tetem Zu~;tand ~lchal ten. aic

NJchw~rm~ abgclUhrt und dle Slrahlenexposition des

f)Cr(;()11JJ_~ Ur1{j der Ulngebung ullter Heachtung des Stan0CS

von Wissenschalt und Technlk auch unterhalb derjenigen

UosL;qll>tlZWerte so qerlng wle II1 i5g1 1Ch (Jehalten weru,~n

k '::Hl n . d J. c d u t. C h o i t? V0 r s c h r i f t I? n de:=-, At 0 m(-je S f: t. 2. C ~_~ l.~, r: (~

(JI:'L ,luj,qcul1a ~ie5 Atoffi(jesetzF"':':--j ccldssenen F:ec:ht~··~veror-o-

r1Url(]Cn i05tges~tzt SlllO. DIe hlcrzu nbC[) deln 5t0110 VU!1

~-.lorqc l;-~t nach tol':3enden Gt-unGsatzen v c r z u no hrr.cn :

Lh'[ o r s t c uno vurrClnglge Crundsatz ""1[.1 (JPDlldet

durcll no h e AnLocuerungen an (lie AUL~le(jIJng n nrl d i o

Uljdlll~t del Anlage 50w10 an die QualltlKation

(c'"chkunde unuLuverlZissJ9r:e1t:) des PetsonLlL~. lie

Slctlerileitselilricht~ngeneln mbgllchst st6(f~11

l[~ler und umweltvert(~glichec Eetrieb der Anlage

(IEW~hrlelstet sein_ iu diesem Zweck sInd sicher-

h c i r s t o r o o r nck. Auslegungs-, Fertlgungs-' u rid l3e

t[iebsgrunds~tzc dnzuwendcn. InSbesondere sind zu

verwlrkllchcn:

DccUcksichllgung dusrelchender Sicherheitszu

SCillage bel d o r Auslegung Oet: Systeme und ,'\n13

c]enteilc;
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TUVIS·Priifgrundlagell: Kprntechn ik
](T\ (,5 '>1'1111 nrs

r'\ 4 _ ?
1./1 'I ~

E:rSi'ltZ [iir Selte Fassunq Soite 1 s rassurll) g. B3

v j' r wf~ n ci u n!..j i1 L; t' r ~) r iitt c: r \'.,i f~ r k _L~ t (I tic;

lrbL""1UI1;11t~u[lq,-,LreunLlljchkeltvon Sy~;teml'n uno

j\ n 1 cl q .:. n L I' 1 1(' nun tel bps [} 11rl ere r (j p rue k s 1 Ch t ~ g LI n 9

der St[ahlen~xposition ocs Personals;

~fgonOll)jsct}e M3~ndhmen al! den ArLeitspljtzen;

UnIL~j:~senU;c' IJLI=dltjt~"':lcherung bel Ferligun':'J,

J:.~ r c i.c h t U I"i I~j II rf (1 1jet C 1 e b ;

uurc:ht"llLfl1!)y V(J(1 Wl.CDCr kehri~r-Iden f-1rlltunqen in

,=j[J lj C' Hi C' L~, ::-, e n e fTl U Jll I ,) r, q ;

r; 1 C t \ I~-' t e (j LJ c·r W ,:J C hun q (J t::r Be· t r 1 e b ~ l us t. ~~1 n d t~ ;

I\. U L -~ c~ 1 C h n U fJlJ r A:J :_; We r t 1Jn gun d '3 i c h E' r l-lt=" its be Z 0 r..Je n t-

Vt:'r\'JC'[LLJny v o n Hetrl.chse:ctn(jrllngen.

:L U ~,t ;_~ 1 ~ (J t,') c: I ; I L r f: t I? n _ Z u r [1E..' h eft s r: hun'] ale s era n 0 III d -

L 1_: ',1 J .J I ) Lj u n u - u Ll ~-, r '",,' ,J C;b Ll n 9 \} () r ': u., e hen _ U i e~) e S V s t C·l!'ie

::,lD(j ='U ,)u:.,:,ulcc3L'n/ dar:!! ~)L~~'L-t~i11e L-il~, FoLI]C v o n

cJ n !) Jll LJ 1C' 11 lJe t ( 1 (·1) :::--; L U :::J tan den Ill] L au;; r e i. c n ~ n a e r Zu vcr

L ::i' , 1 'J •.C 1 t
t )

1 J An n.c r k U II cJ '''' LI [ l'ie LllOQ~'; :
',' \.J l t)LJ(~ r p r iJ i U[iC] ,~H---, r J"~J sCJew'oCjf.'n he 1 t des S i c hc r t)e its ko n 7:e ptE-:=:'
~J 1. [H} - in": 1 l~:~ n z u n C) d (; r Ge.s iJ [1'. t 1)(> u r t '::? l 1. U (l 9 cJ e LSi c her he 1. tee r
I\CI"';. ,_'1,t:j C ,.1 U i 'J L t.:nc ue t-f: L mIn i ~=; T~, 1 sch~.::' r l\i['~ l-hocien ~ Q ie Z uv er 1 as s i (j-

kelt"" ::.LciJl~'rhellstC'(;ljnlsch w r c bt i qrr Sysleme u n o Anlagen-
l"~le ITiJt~ .I i l Lr- DrOL2JtJlll~,llscher r'letho,jen ',:u bestlmmen,
',Ov..~(·l:"" l~j1.C:'.'_;C'.'~; fidel'": dt~J1l :::it.and von \-\j'is::::Jenschatt unci Technik
nllt CleL ,_·t'I[j(cJr![llc:I~I('J1 CenLJU1'dkeit f.IOqllch 1St.

AN:RWTOV ESSEN FB 1.9 VON:Q5341 885905 S.02
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I UVIS Prufgrundlagcn: Kern t.e chn ik
]('L\ - I~S t,,'·1111 I:J t' S

PI. 4.2

Lrsatz fc'I' Seite Fassung Seite1 ')

- - Nur Iur diu $,)cnventandiael1 der TUV bastirnmt - Nachdruck nir ht qas rar rat -

zu r Llc·hcolfschunq von ~;t<Jrl2lLlell Z,1l t ro Lt e n .
.. . 1) . h

sInd .1u,:rC',H:h,,·nd v uv e r La s s i q e technlsc e

HIPr r i..r

si-

ChClhc~tseinrlchtungenvo[ZUSellen. Diese Slctler

IIClts,"UHLchtungcn sind so ouszulegen, OLl{) s i « daCo

Pecsunal und die Hev61kc[ung vor den Auswirkunyen

vO' St6rf~11pn ~ch~tzell. Uazu sind folgende AU5-

1 e'~u ntj sy t u ntJ~:;a.lze an Zu\OienOE::' n:

von 'l'cilsystcllll:,n, r aurn l t c hc Trennung r e du no an t e r

'I'C llSys tenK'.

cClcjl'~rh('ltf:'=iCLi.e:hteles Systernverhalt",n t,el Fehl

l"nktion VOIl 'l'Pllsysteo10n Geier Anlagpntellen;

he1 t,~t\IIlk t i o nr- n ,

D,ll ULJ c' r Iii 11 '=-"1 U S ~:~ 1 neil n d n \~P~~ m!? s son E:m Um t 2i n q' v f) t: .s 0 r ij

J lell urganj .. dL()r l:;chc' u n c t.cr.rmi ac n« i~'t2.()rl"jt-J1T,t";'n in>

[well" l t i u n cl dUller!'l"lb .rc r !lnL1QC z u r Fc,;t'~leJ lunq

u nc: l-~lnCiflmnlLlny von UniCl11iol(J(-:'11 vo rz u s et.e n .

23-{'l7-t91 13:32 AN:RWTDV ESSEN FE 1.0 VON:05341 885905 5.03
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TlJV IS-Prufgr undiaqen:

Ersatz fur Suite

F:\:I 0;'5.3·11 S8;;rIU.)

]{e.cnlechn i k

f assunq Suite 20 f-<J~slJng

'''-1 ill

- NUl lur cfie $dLhVilBt.::lndiI:l6f1 dor Tl)V bustimmt - Nachdr ur.k rile-hI ue smn e t _

Kr r t.r.r r um _.l: OUdlltiit,,';lChlc'cunq

l'lCJnurl'~' l':L/.c-uqung, ,,:rh,-,Lt[llig uno Naclll-ielS der Qualltat

:Clnd III lIlt Ull(j LJrnL:ll1C; enLstJr:echend der slcllerhcltstt.'Cfllll

~~cllcn B'~dcut[j[IC; clef Systemc unci "nLiqenteile duz ch techlll

::.::,(;hi0. urJd o rq on i z.u t o r i s ch. t-!l,dr~,nahmcn :"'-1) ~)lcheLn. Diesc~ \"...IU2

t u i ~J -. rr , U 1 C-" \ 1 ,=-1 C h (Je In ~; t':l n Ij von I~ i s ~:>:~ n ~; c hat t, U n d Tee !-\ n i k d t=' I-~

h(·;r_..lflr.iCfC'T"l FtCO(clc((I1SSen der Slcher'flp.it in del KerntEchnl~

dnIJ0mE~:y;_:ell ~ incl.

r:llJ,'_,l_:I~I_'r1 Ijc(i'~l1tLln\] v o r i n r e r In:Jc:tr-.lebndhrne UIlCi Ut1I)\~(:-n

i r: L'_'q>"Jl~l~ll.jJl.i~J{~n :/,Ql.tL1LJst~~lld0n 1n u ior c i c hc no e m lirntnri q qe-

I r u L t U n (J fJC\., a L t I' t \.,CL cJcI I f~ i) nne II. Wen n an 11n 1 a q e n tell e 1'1 t.' -

'JL1JIi':Jijl<J wl"rJt'[kl~IIII'I]CjC Plijlun'~dl J1;.,ch nun StarJU Clef Tec h-

n it: I'llCIll In rlc-rn Iu : Cl1C L:rkennunq ctv,,'al.ger l"L3n~pl ~rfOl--

Ljl .. r ! icJler, Unl1.)(llj JucchqetiJht-t \"Jerc1ell k on n o n I ~~,() ;:;ind t i.ii

d 1 I.!L:: r h ~j J tun'~ LJ c·S {! 1 n vJ a II d ire i f::; n 6 U J t 21n des 0 d p r d E.! r (? 1. n W ,:j n (1 -

I; ~ .i o n tu n k t i.on de5 l\n1 aqclltf~iJ~; flC ondere !-'lafjnahmcn "LU
1 )

.L) I.U t] jC~..:.cr) IofIdUI)dll[lll_'f) k;-_1onen tjehor f--'j1:

JIJ':;1t7.1 ichl' Slch c'rhejt<::cuschLiyt, bel tier Ans]e'Jung,
;>(~\~';()"Idett.:. !\n1.ordeLunqc'D dn Cjl(=:' \tJerkstof£f~, wie

l-(C' i n h o 1 ts o r dd usw _ f

- i"~ctiYLln~~4udllt~L,

konstrllktlvc GE~taltL;n~l, z.a~ redllnd2nte Struktu(l~n,

heqrcn;'.ung uno Kontcolle der l3etriebsparameter,
geplanter Austausch VOrl Komponenten.

23-07-(J113::32 AN:RWTDV ES5EN FB 1.(J Vorl: (JS2.41 885905 5.04
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I UVIS ·Pruf'lruJldla'leJl: J(e rn Lcc;!ln i k

1J] iJ.)

Er!i:itl fur $p.lte Fassunq Seite 21 FaWJI1(J '! . K C,

Nur t ur' die S~chver~t5tid;Oflndar TUV beatirrunt - Nac-hdrlH:~k nieht qestct tat -

U i c- I'"(J Lq('11 t:'t~'L11g~l) n o c h ZU L1I1CCL stellelhJel i"·L-jn~J(~ 1

rllll.~-;:-;(·!1 :-;(} h('~~chr~lnk:l vlerCl.t:'ll, (Jd!j n i o H.eDkt.oronld(]e

aur.l: L,·i Jen un t.e r Olesen UlIIst:lndE'[) in l:J"tr3cht zu

zl,·IH·nd,·n l::~t'llJnl,;~;en siciler ;:}bg,~schaltet lind in allge

~('[la.lt(_'tCJll ZU~-,tCliHj qc'halten v..,}etden kdnn 1 d1(.' t'Jdc::rl\-Jt~[lllC

dl)iJClL~'ltt urli,l (lIe I\l)!.c'ltunq ouer o i no et~v.31(jG' FCt:I

!.::'l_·t:,,:un'~ t'ddjui.)ktlVL\L ;.)lofte u n t.o r bE~,=:-:chtun(J cfL>f l~c',](:.ln

vun l;;l;,~(·n';LII.3tl LlnU 'l'echTl i k auciJ u n t c r n a j l: u e r LlIqc-

r;r 1 l I:' r 1 I Jill 2. J: S t, r 3 h Len e x p 0 sit Ion i n de r Umq e b u n 9

'LUll ~-)\ 11lJt~:-. or- r Um(-J<"(.ung vo r den AUS\,llrkuI)'Jen d e r l ... n l o

y'-' fl'.ll L~ '"1 l.' yo'~:; r l r 1 t! 1 :~; t>~ t L:.; C 1 II f (I :3 f3 211 e S 1 c.n ~ r he its t c: c h -

n 1 c; ell '-I 1 " h t, 19 en i-; n L 2.cj C n t (' 1 L(' 0,0 ,) \l5l) e 1 e (J t s 1 n d 1In d

~ll_il 111 !. i norr; solch,_:>n 7.u~Land bcf.inden unci yehcltf..:.'n

wcr Clt'l',

(lUI ,__']1 lllrckt:;L[dhJunq c')US d e r Anlage s ow i s .rU)leltU\]~-J

U I 1<1 C' t \,2! J IJ (' Y L Eo 1set 7: LJn CJ r ad i 0 a k t. 1 V Eo r S to f t (' u n t e r 13 c 

J (:: i ,_U 11 q d I~:.i ~~ t iJ n Ue s v o n ~~ 1.sse n s c h aft u n cl Te c h n J f. ci Uc h

untedulb del zligelassenen werle so ger In.~ wie mo q Li c l .

IJUl ,:11 L (' n WIt <J. L: u (j H,~;e III 6wee k rn ii ssenUL E' S C J\n 1 u9 e 1'1 -

t. f' 1 .I ,,, c.; o be s c h ,-j t ten Ll n (j q p 9 P II E 1 n w i r k LJ n 9 eng t~ s c h Li t z t

Sf-in I (],,-1]) ~-;) (::' i m t)c-stlmrnullg-,--~gcJ1\~i{3cn Bet! 1C-1) und be·l

SrOLicl]j,:,f) ihrc ';1c:heLhelte~tcchn15chellAufgaben ert!,l

Jt~n k(J!lnL'n.

All,.. l\III~(JL'nteile, Ulc- r acr i o ck t i v o Sto t r s enthalten

OilC'r (~ntllCll t e n k o n n e n , IIIlissen so beschaffen r (,n':Jeo[(l~

n,·,- lIr10 ;:lllCjLschlrmt seln, dun cile SlrahlenE'xpositlon

'lUll PCl'sonen bf'i allen irn llestlmmungsgelllaRcn Betr leb

l::J Lu[ (jcr llchen 'l'8tlqkel ten LJntc'r BeachtlJtlg cler Fegeln

23-()7-01 13: 0:' AN:RW'ruv E55EN FB 1.0 VON:Q534I 885905 5.05



rUVIS-Pmfgr ur idl aqen: Ke rn t.crtmJ k

I(TA-I~S 1",111I HfS

A '1.2

i:,1] i)(j

Er satz fur Seite Fassung Sei te

I .J': ,-,<: ""1 i '''_' I t. ,. (1 'J I' r 1 n'i vJ 1 <Co muCj] 1chi st. :J. u rEt f ii 1 _.

l u ri.j ui,,';c~; Lrundsi)tzcs roilssen (lie AnJa'JenteJle i n s t.c 

:~ u n u c (,' ,~H i chi 1i ~. L ,ejJ) [J tJ a J l un 9 s [ r c u n d 1 i c h be::', C hilt ten u 11d

f\ I 1 r. /\ II 1 Ll I~ l ..' r \ L (= 1 1 t~ ~--,I [ l ci 9 run Ii -'3 2. t z 1 i (:h s u ;~ u 9 est a 1 t. E' n ,

LInn L;illj-,.Juucbr=:iten [H:..:"i Er~3.ut.L:, InstdrlUset-

rJ U L c:- h q c: 1. L j-l r t \..: -,: r (j ~ ~l k c) nne n. 1-1 i e r t ur
L )

r-. .. llj 11,~J hJl1.__~ n c; 1 nn v o r,-~ u s ehe n

('r[order-

/\ 1- t..: l t, ~:. d l.l l c] ;:J h l~ n. !\ r bel t s p 1 ~i t ::: c, Ar rJ C' 1 t S U109 c nun q, t; r

(Jell .Or(I:ll-;l~,dtlon U~lU Arbf-?lt._~;mltteJ r n d o r Pl.nl;.i.qe .sl-~-Hl

111'1 L C~ t- Ur: r I J L - K:::, 1 L 11 t 1 I':~, u r, rJ 9 E::' 5 ) c h.? I t C I e r yon om 1 S c h e ( L J~

t -) J U 'J I::' ~, l: oj 1 len IUdI '1 :~-=. 1 C' (1 J C V 0 r au S :3e t z u n. II

I iJl i'l,-, slcli,_'r 11(~lt:~tu~hl1iscrl optimales Vcrhalten cJet

J) LI1~~:~C' L'-'1~1)'Tl.~lilnlc_'rJ k,_)riI1"I-1 i~. j!.. ~,C1Jl:

f \ I J .: Lid II ~_. J 11 r 1 C· I j l u n '-.j C' (1 f

'rr .~:I(l~;l)ur t c. 1nr lchtUJ1CJC'rJ 1

: ,_lql:'C(;ilil ichtungc-n,
I\!.) ~-=, t, \;:::1 1 c· iii 1.- 1 ell t u rt (OJ e n (
ij[)e, "'dC' i: U I', 'J';e 111 r .i eli tu 11'1r3n ,

i\ll S C j-, 1 r Jlt Il n q U 11 d cj ern 0 tINe n 01 9 c P 1 a t z d a Z LI •

23-Q7-'Ql 13:33 AN:RWT0V ESSEN FE 1.Q VON: QS3'1-1 88SYOS S.05
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IOVIS-PrtitgrlJndlagen: Kerntechnik

ErS<JtL fur Seite F..ssunq Seite 2:3

A 4.2

Fassunq 9.83

~ N\,.Jr fiJf diA Sachverar and.qert dar rov besurnrnt -- Nachdruck rucht pestat ret -

".r i ic r I\HI 2.b: LJ.nl-l!rkungen v o n auncn

1\ I I c II II L CJ lJ l' n t l' l ] (, G 1 (' e r lor d c [ J 1 C 1'\ ~3 1 T1 d, d C' n l\ e L Il rei] k

to[- ';lL'hpr d.bzuschZllten, ihn in a.bgescll,~)ltc.,t(-,1l1 Zustan("t

.: 1-.1 11 .::iJ Lc·n , u i eNdCfn-.<::i r me d h z u t II h r en 0 d e r C 1.nee t w'a 1. 9 e

1.'\ L')'.'_ LC·.lJrlY [;:}dloakl,vcr Stofte ZLl 'Jerhlnd",rn, rnu s z.e n

(\ ,_Ill "j(' l C~:Jt. .~(. I tt UIH1 S lch In L·incm solchen i:ustano

I )(, Jill' l r. II U r: G '3 r~'1i <J I t: co JI w C r den, d a13 s i e 1 h res l c her 

IlI_'lt:',;',JC!Jfll:.;ct,cn Au r q ab o n 03lJci, bel n n t.o rbc o i nq t e n Ein

..:ILkI.Jnl-_H~l.l, ~-=.;owelt ole jon oetracht z u z i e h e n s r r.d , '-N'lC

L.r d Ld_ l d_ n , L r d L U t : -, c h r S· t u rill, II 0 c h W d sse L I ~-; t 1.1 r 11~ flu t, .c:; u-

',,) J « rue P J j I c. ~ ] t~' n Lin w i j- k u n g e 11 v 0 11 b i 0 loy 1 S C f'H~ n Ur <J aLl s men

(, n. \i')ll(''-~;cIJ\J;~lrme, l"luschelb~:'y../uch~ In Kuhl'wCisserlel

tur',cj '[1) (iller ~_;()ll~·:ll<l\ l:lnwirkunqr~n v o n ,3ullpn w i e ::ltur

lr'I.I,'I,r1.JIII,(':\ Dr 1 ~ IJ'( L·luq:l0uqdo.sLurz, Clli'v,.... i r k uno e n v o n

t.! ,', L ,--I: l f j let 1[, '-j I 11'1 :...~ 0 t~' :..::' .: n d ere c·y 1-' Los i CJtl S I j h i '~ C' n ::::' tot Len

Ut'I(1 L"'~.'l \~:;ch~--=..cl(::-n I cr Lljllcn k.~)rJII(,~n _ Der ::.\llslt::gun~~ dlf.-S 1
:""' (

P.I-lld'---!':":-ill,.t..:iLc ~jJn(] /.lJ"JIunde 7.11 le\j~n:

I. (i L I J '''~' C J L:,; 1 U I q e'n c; c h we [ ~; t t, 11 n cI t u r be ,J i n q L e Il L l nvJ 1 r -

k,llll~_!(.rl odf,:'c SUl',stlgen Eln'""irKunyen von 3UI.:lC'O( ci i c

1)~ll,'11 dell\ StdneJ von Wlsscnschaft uncl 'l'cchnlk an clem

I"" L [ 'c L 1 E' n den c,La riel 0 r t; be r uc k s i c tl t i CJ t we L den n: li sse n ;

r.u[lil,in,Jll'Jll"n Di('[-;(erer naturbedingter F.lnw.lrkungen

od,.:[ ,;un:;LllJcl Lin~!J.(kulll.jCn von 03uf\ell WlC Kombi n a

L 1 (Jl 1C tt U 1 C ~'J (~ r L l n '"" irk II n (J en 111 1 t :-:) t. () ( f i~ 11 e f1 f so \.t..r e 1 t

U.::l:; IjJ('lC[1Z(:iLIC~lC Eint.l('Le\l aut Gr::-U[lU deL ~'~ah[-

: '._he ll)11Chk21L Ulid des S(;hddC"n:"~;dusrnanes in Bctracht

ljC'~',CI(.JI.'rl WC'Lc1(~ll (\)lJ(~, R

J) 1 V ~_; Ike '-I n bar c=: 7. u k. i_'ll·' L t ) '0e to: n t '...-1 1 C k I \1 n q G E r F1 q e (i, s c h a.f -

C'_ll <1'_':', StanciorlFC:; mull I"eruck',icht.l(jt w,~rd'~n,

I ,. r;<,



fUVIS Pflifgrundlagen: Kcrntechnik A 4.2

1- r satz fiir Seite F3S5Uflg Fassung 9.83

L'~ :~, L 11(1 (J Ie' ('[ Lo rctc r 1 iCrl(:-n MdOno.hrnen ZUt Vf-:chutU(l'J von

LJ 1- ;~i ["I u 1,'11 'j Il ( i L')\.P 1 0 !_~l U n e n 1 tl de r i\ n 1 (l Ll e z u t [ c t f en _ Die

";JCrl l, 1-llr'll~ltr-'l.~J-lnj~-;L'rl ''''lchtJ.qcn l\nl,lgcnteil(: lI1[j~-~scn ;::;0

I ,l :"; c i 'c. I l ell LJ [J <l iJ 11 'J fe' U r d net S t' i n , d a fJ clH' E r I u i rLJIV)

1 J J L' C ( r; U [ (J aLi c!n d u r c h 8 ran 0 e un li Ex P 1 0 oSion (,n r. .i. c h t V {::' r.

hi n ,""1 '_" r \>I .L I: U .

!~!~ C 1 '111 ' " t ,". I" j n [ 1 C h tun 9 e n Z II L [1- ii h z e i t i CJ f' n ELk e 11nun 'J un d

U·C i< ;:j I;IP l. u tl 'J I/O n he and E'n u nd Exp 10.s ion sg e f a h r en mils sen

".j '.1 r t-i ,-1n d 1.__ rJ ~ I:::" 1 ~l _ :::; 1 c ml] S S, f-::O n :::J") b (-' S c h a f L f' nUll d g e 5 1 ,= n c· [ L

:~ t ~ Ii-I, I. J ,_1 I~. "; J crt 11. f' L i h r c r s e i t ~ he i S l b r. nr: lJF n u n d ~J ct. j

1,:',_[-1 ,JI'l 1..11"1(-':) (jdcr bel f'r....:tI1.bedt.~nulJq di~: FU!ikLlons

L "I, 1 '"' l. (. 1 I ;"c; l' ri<~ r II C 1 t :c; t C' C n n isc h W 1 C h t 19 (' 1 i\ Il 1 dyen l,e' 1 I e

'J 1- ( 1 I l, l_' III Il J ',.1 J J '_, u n t to' r BeL u ( k S i. C h t i ij U. n 9 v 0 11 c1 t; r c' n R l:? dun

f'~ [I r I ' r L ~ 1 PI .: _ d _ 'l,u q (..1 [) <]s k 0 r'J I. r 0 11e, Cit) z US fA! r r end cDc r eo i c.' 11 f.'

lJ'~J:-~ J! ::':,,-.Ji1ltt~ AI-lla~~eny~1;)n(1'2 IJnd z;u~,atzlich Aj-)lal~E:'nr)~

r. (~l '- j'I~-' 1 n(Jt~'l hcjlb u n« aunerhcJlb dcs5eJ ben ~ (1 ie b(~~:;on-

I, 1( , (:- :-! l i j \..1 t. Z LH2 (1 t1 r 1 t i y ~; l n c1, In li s ~,e n q e 9 ende n :~ u t ( 1 t L

U11 L' c l \J 'J L! r 'j 'C" ", 1 C lJcrt S C 1 tl. In!' Zu g 2m q e z u ci i e '~ (; Ii De-

L '_'1 i,li('ll JIlllSS011 ~::;u c.lnyE::'r lchtct- sein, dal) einc lu(~ken

j();:>c' i):'.I:'J \d,~!(_ nLlt1(] ,j'l..::'s PE~t"sunen- und Gijter:verkehl-:;

c) u r (_. i -I ! 1:_1 r lit') a r 1 ~~ t ~
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A 4.2

f'rS3tT fur Selle Fassullg Seite 25 FaSSUT1!j 9 . 83

- Nur fur die Sachvgr'Hjndi~~nder ruv LJe'S-tirnmi - Nachdruck rucht ~"-':itat({'t -

K~lt~rium 2.g; ~luchtwege und Konlmunlkatlonsmittel

!Jle' i\nL1CjC mu[e. or n Lach e , d c u tLic h uno cJaueCllaft ge

kc-nn:co lCtJU:'t<" u n d au s f a l l s r chc r belcLJchtete rll1c11tweqc

L', 11111:':."11 11('C-J'J",·t.-, rI}Llcme1nrlChll)f1'J,:;n U1111 KOJ1lJ1lUnLka-

tl01-J:.~rnlLtt'1 v o rh a n d en :-3elf1, o u r c h dle a I Lo r: In oe r l\n-

L,jl; (. loll i \¥'(~':_;c·n(1c"n Pl~ r soncn von mi no c s t,:~n s e 1 nc r ze rl t rc>

I (> n c; t, I 1c· d U:3 [\ J1 ',J e i s 11n 9 en 111 I (j tl S Vcr h <3 1 t C fl l-, e L :; t IIJ: •

t:_1Jlc'11 ~_j(_'(Jeben 'd~rdL'n k c nu e n .

U ll_~ !ljl {i l~ Sic lll"r-he i t dce>s bes L lmWUn(Jsgemanen Be-

t r I' I,'" 'I],C' B"llcr r sC]lung von ;:-tC:Jr t aI Le n u nd o a r iib e r

/llll,-:IU:, .ru.n LIPl u nv orh e r s e t.b o r r-u Erei,]nisabl:i!uien ~~r

L<Jl d'-'r lei,,· t~Of1lmUnlt"cJtLon r n n cr !lalb o e r linl age unci

n d(~ II oJ \[ d '_' r h :.1 1 tJ In U n J~' d (' r z. e 1 l- {; , .w' ~j [1 L 1 e i s let ;.J (:) in.

lit," (\ld,_,'I" lTIIlf1 so l)C'c,chaffen o;cin, daIJ s i e un t o r Elll

hed ~,IJll'J del StrLlhlC'l1':,cl1utzbe::;tillllnungen stillgelegt

v,'I_'rdr._ll k,:ilJn. l·;in Kon2ept fiir elt)F.' 13eseitiqun9 n ac h del

("-""Jl-il t 1'1"11 stLllcgunq Lintel binhaltung d,'r :;tratILen

:"'. j I U L ;'.Il'._:; t. L nunu n lJ (' 11 lIluLI LIn Ve [1 au i de r P lanu n 9 u ri d de r

lei r telt tU11':J <Jt't.- !\nla'Jc e r 5tell t werden.



--_.~------- --_._-

rUYI$-Prufgrllndlilgel1: I<ern rechnik

Ersatz fur Suite

Ab~,ch[J j t. t j

I<cllerlum -1.1: Heaktorkernaus1egung

1, 4 _ 2

26 Fnssunq 9.83

Del h,-'Lif,turf:c-tll IflUll h t r.r. i c r.r f a c h 5elIles Aufl)i:tus u n d

~".·lnl_·l l.ckc;tun(J"ent~llcklunq '0'.(1 ausge1cqt n n o herge

c-.tC·ll' i iu Zusammenw i r k e r: m i l den lilJr i q e n S', -
J

bertle'" unri flir :ilorfa11e jewelJs spezilizlerten

L t- e J I Z ',J' it «: U (- I P, K t 1 V 1 t ;:i t s t rei s e t z u n 9 au S cl e t1 I',r ell n e 1e

11:e J-, t. 'c, :-1 IJ n o rJ e [ IJe 1 a::; tun 9 sicne the Its tee h n 1 S c h w ; Ch t 1 -

CJI..'i i'ql I~J(Jenrf-;-'lle un(i ~~ysterr(e, In~;l)esondeLC' dc<:-~ KE'Ln-

,C::IJtl),--':U~; 111':'_1 (-jec Kerrlcjnt),~iut('n, im Hinblick a u f Ab~

- r: I, ., [ L

,..:(~. r (1,_-' I" .

Ul!d t'uh LlJ,JCl:elt des PeaktOl:kerns E:lng",L,-,ltell

l:.,_' 1 UC~[ l\usic(jUIl':J lll-=OS EeLlr'.to(kernsist von den fii r oen

lC,,-iC'I]c.. l"c'Lrdc[Jt"Lell 1\LJs1egullCjstall unglinstigsl"n Le~-

~:; L l.J11<'_)~'ll I ctll_-t:'vcr tc- i I urrcj rn , h'aLmespelcher ung~:,- unci

V';_i'-JlIC·tl .~jn~--:por tvo ro anq o n :-~;owie Last- oc]cc 8c"lL:-:lstungs

'/U(,:;(';;( h i rh t o n o o r (\nJatje .su s z uu e he n .

\~P 1 t e r h In "lnu l)~ 1 uer Fes t Le q u n o der ALJsJec]lIr)(.]'5dat.en

::'>lChCrll(:ltS:=uc;ch1a(Je zu berLickslchtlgen, die' [lie Feh-

lel verwer){-ieter D~ten, l~echenmodelle oder MeSSUJ1gen

S"RS~~ TtC~O IVd tC:CI TU. !U CZ



~:\ 117 III 1:,: :11 FH 1J,,:ql ,~.':,)nlJ')

ruvis Prllf'lllllllllagen: Kerntechnik

1\1.1-(;'; helm Bt'S

A 1 "

Lr satz tur Selle Fassung Scite

l!cilktorkerns

Occ Hpaktorkern mufl 0',0 3u'iC)elegt seHI, (\.'11', au r q rurrd

1 nh ar ell t c r Hlickk o pp l u n q s e 1qen~:cha ften L0 1 S tunC] s o x k u r -

:310ncn/ die r"lCr-t rlu rr.h in lJetrdcht 2U ziehende Re2tk~

llvlt~Lsallstlege ergeben, sowelL ~bgefangen werden,

dalJ t m ZUS,'lnlfllL'nwirf:eri mi t anderen .inh are n te n Llgen

co 'J' ,j 1 L'~ nun d J elliS 1 c her he 1 t. s '3 y s L e In co 1 C her h ':' 1 t ,; Leeh

nisei] 11(',JeutS':Hne schc:iden .im Rc ak t o r , am A~,tivit~its-

"jn:~<:hluIJ u rio i m KUlilmittcJI;reis13uf n i c n t. e i n t r e t e n .

Lh'] Ii c r 1\U C,; 1e 9 U[HJ 1 ''0lin5 II e son (j ere d a 1 Ut '; ell: CJ e z u t r a

"';r,lI. (1,,[\ o c r P1()llIpL,' Antell des TemperaLuII,oefrJZlen

U'IJ del H('uf:tlV]t~\t i n: hestlrtll1luncr;gemal3cn Hetricb u n d

UL'1 Cc,tur t2illf'rI h i n r rr c l.cr.o neCj,3tlv l~'i::'_

j-) 1(> Li 11L)C1U t.~n d~s r.t r u c k t.r 2l1jenClen Beh:-11 tCt,<; mu ss e r :::'.D

I--,,'sc:hat Len unO .=Jr"lyf:ocd.net se in f dar) irn l,est 1 mmun,ssqE:-

111iiLC'1l l:iL'trid) o i e ]0\oJClls spez1fizlel ten C[ enZ\-ierLc

1 ,i L f h [C' Uf:" ] ,) stu II y II 1 C h t il b ereh r i t ten v:e r d elL 0 iJ r Ub Gr

hl[luU~ lnU~~cn dlL Elnnnuten so beschaft~n Seln, daB

wjrnl(' 1")(' (11e ,~j( 11Pre LinschlH'fJung des keaktorkLihl

m i t ro t c lJcwiihrleisteL sind_

AN:RWT0V ESSEN FE 1.0 VOO:05341 885905 5, 1 1



I UVIS·PrLJfgnll)dlagen: Kelll Lcchni k

KT\ (,S I,," I \lI fI 1'S VII ~

Er>3tz fur Seite r assunn Scire I) . (-~ 3

l-, r L L (. r 1 U ;-1"1 Sy~;1 ("'IlIC' z u r Sl

(ii'", K" r 1\ r c- i.l k Lor

lit run q
1 )

~. 1 11d so Cl U _to; -.:: U 1e q en, 0 LJh ,) 11elm IJl' .c; t_ ) m III \ 1n <J:":' -

rd t~" IrI ~ f ~ L' 11 .U t~ t ric bun u lJl' J S t o r 1 2 1 1 C' 11 .(~l U trr e t f~ 11rl e J1 L e-

(lle:.::;(..! 1:,:.1L1;-· )(\VC'J!~·~ '=;pezlt1z~E:·(tf-~n c;r(-inzwt:=:,{Le ItJ.! d)e

1-\ (-, ,:J~: I u r l r ' ] ,"J {j f-:' lJr~l d F"' n 1n Bet r ,J c h t Z u ',;.': 1 C'h t~\ r(Q C lJ 1 ( ,:1n

1·:"~IV,\.]V It':ll:.;tlut) IJTIlJ !:<PiJktlvlt;rt,;:;rampe v on reaktlvl

,:.l\_~--:~ (~u(\r-nd(:l": t;inr Jchtl)ngson sind so Zl1 hcqrenzl'll T calJ

l I '_ ll, ' ~ \.

1_ l u r : ,- 1 1 • . L Ll C 1 r',C' II ~ l'j t) e t. :~, C l} r (? .L t C· ! 1 (i elL U 1 .. L C l'j t (-

',1 ric! (jll \ l I J \! t . I i 2 ::..; ~~. 1 q t t..' 2; t q c:· ':--:', L f-.' 1 J tun (--: ~: 0 i .i (? lJr e r1z t

i~\'//_ I t C,J(~lJrcL U1C j:[ LuI) Unt] C1(>1 fldchtC)lqcncjf~n l\uf\ji:)

l:1 I: n n J c: i I t bee- 1 r) LC >1 c h t 1 (.j t ....r i rd.

Ull--, [\',J',-,-' ql1r:',-J Ul_'l f\i,!~:l_.·LnitSY·sl(::'nle h o t. i rn H-ln:)ll( k i1i)l

"Z',.1 C'f l.uJyen_

I) L 1. rl '- \ 1j r ~i .: 1 ~, i ('! lUIH;

lll(')(JllctlC'll !\u~tLJIJ

t r leI.) ~J t [ d t'i S I £..'---11 t t~' n

dl~5es KrlLerlums 1m Hlnblick aut upn
dl:~s erster'l Abschalts'ystE'ms b(~:j bc
1St vorgesencn.

AN:RWTDV E55EN FE 1.0 VON:~5341 885905



~:\ IIi IJ I 1:;::\1 IV; 11:-':\,11 S8S111L-'

ILJVIS Prlifqrundl:l,len: Xl'rlltcc'C[111 il:

(-'a,sung Seite 2 ,-)

IliJ'" !.'(';Le .".b~ichaltsystem mun fur .s i c h a Ll.e i n t n

~(.[ IJ~lge S~1n, UGn Kernreaktor ~us oem bestiln-

111\1 nq C~(J" miu,' n Ill' t r 1 e n be [':HIS u n o be i co til [ r ali en

cIUI;I) 1'('1 f\lJslall 'Jon reaktivlL3t'c',vlrk,;amC',ten l\ulll~

l)
L_"'_J 11 C ' 11 t 1-:' n 1 fl t:," 1 n P r. CIu r c l. d l12 .s t b L f CJ 1 L (--:.:1 n ,) 1 Y s e

i ,'- q ( LJ n 11e ten Zf' 1 r un t E' r k r L t 1 '; c I', z U ITi3 C h e [) un G ,C',O

Lr-I II '-J c' ;; u hal ten, Cl 31\ Ole jew C ~ Ls s pe Z 1 f 1 Z 1 e r ten

r";renz"er t.r- llCL l\tcdk toc i'lnlage 11 ich t ubcr '~chr 1 t ten

'''') I..1 ,j, n . 1)1 C' "' u In Zpitpun k t oc r I" b ~; c hal t LJn q ,-, u t z u -

~ J C I (1(:-1'-' n (-j e l\ b s c:h ,,1 1 t r 0 (] k t i v j t:j, t i ;--; 1 so :L u i) E III C"sse n ,

Li.~I, u i «. I';lnhdltunc] cc r JeCiells spezlilzlcrlen

l; r " il 'I. ""c' r t c' d u r en cJ1 e .ru tom iJ tIS Ch co 1 n g E' I e i t e t P Ii

IK't I\J_'-~1.al l veil; r e ak ri v i t~lt~~,..Ji[ kScimslen j(OlllpOnerJ~

l {. (1 ] :-~ L z u be r II c~ k ~~ 1 c: h t 1 q e n I S (I w'elL -> r :.j U L C h e 1.n p.

'.::-inzC:' lnc ~tbrun(Jirn Abschalcs':/::::.tem v o ru r :-~ac'ht \;'Cr-

ell"1 k .i n n . C,' J L~t wer'L1gstt·ns e in Steuefele~ment al:-.

1 lel] l v or f l_:i~~Lilr dnzunehrnen _ n.,:~ 1 o e r phvs r ka l isc:hell

Au'; I,-'quny <: ] no ausrclchende :;lchcriICl LSZIE3Cll] iJqe

z u l, p r 1.1 c k ';) ] C II t l'JP n •

I. en I} t ,] Uc h t n 1c h t be L- Uc k sic h t l'~ t Zu we Lci" n , vi e Ii n

I"..'J,'" fdJscliZiltsY,oterne ein~;chli'2fjlict1 UL'I '\nrcgunl;

ijIJ(:!"j cJa~:; l<cdktorschutzs'lstj~m, insbesondere [~lin-

kelt [Inll des Zeltve(haltens gleichwercIY Slnu.

::: )
f\l>lspie 1 tirr Kc mpo n e n t.u : SLeuerelement

:->3-(J7.-t11 13: 35 AN:Rwrov ESSEN FB 1.t1 VON:85341 B859t15 S. l~,



TUVIS Pr ufqr unrilauen Kern t e chn i l:

EI san hi, $eitf: FasSLJng Seiw io F' as", n']

(2) Zwe i tc s I\bschal t.s y s t c m:

D~5 zwelte Abschalt5yst~m 1st von oem ersten Ab-

s ch a l t svs t em unabhangii] und k o n s t r uk Li v vc r s cb i e

nen~rtlg duszut~nren. Es rnuB f~r sich

allelII in der Ldg~ seln, den Kernrcaktor aus Jeoeffi

No rma Lbe t r i e b s ZlJ;C;t and h e r au s un t c r k r Lt i.sch z u

machell und lhn In dpm fUr die keaktivitjtsbllanz

1I,,,;iinst.igsten Zustand, del u n t.e r den In Bot.r z.c h t.

z u Z i eh en d e n (JmstOnci.en i rn ~)ystem magI i c h i s t , be

112;)19 lan'lo unle[r;r~t15ch Z\l halten. Dabei i s r i rn

~b~0sctlaltPtcn ZU5tdnd cine ausreLchende Ah~~ch~lt

"'2kt i v i t.o t I-;ahretl,J o e r Kc rn l ebe n s c oue r un t e r IJs-

ucj.(~=--~ichtlqllny vnrJ :'.-;icheLhei.tsznschlZiqen bei o e r

I' I ; y S l ',; ell i~; c Iw n td is 1e y u n c; Z u q e w;c, h r 1 pic> t p n ,

.: t. .J. 'J L t:. p ,-, ZII S tan c1 te. e 1 i e b ] 9 LC<f) 'J E' un t e r :< r 1 t i s C h 2 IJ h d 1

L'c'n, 'C'O l:;t o e r fur Cllese IILJtrjahe z u s a r.z Li c n zurn er

seCl1 Abschaltsystem ben6tigte Tell des zwelten Ab

:';L"'dl Lsystems a u : o i> aabei in Betracht Zll zJehend'c'n

~;t:or tcillbc,uingunycn au s z u Le q en . In (llesem Fall gelten

I',n~lctltllch des AusfaJJs von Abschaltelementen aie

!\Uc;llJIHunrJen des Punktcs (1) f u r die Gesamthelt o e r

, h 1 1)L!l__ notl(Jtc~ll P.DSC .3 t:;ysteme

J I ...
,:,"~'fl "'i:"l~q,\;,C ,'je[ JL:;\1Clll'Jen Scortullbeolngungen 1St
1(~5l_zul'~y(:r~f ()b ei11 1'eil des zweiten Abschaltsystems
~jUC0nlLJ.r:isci-j .:J.ngeregt werd(."n rrlue:l.

23-87-01 13: 35 AN:RWTi,V ESSEN FB 1.0 VON:QS341 885905



:':.', Iii III 1.'\"31 LL\ n.~.311 .~.'1:;i-III:3 1\1'1- (,:3 l:'e1uj B f s- -
I UVIS Pr utqr lIndl'''JPn:

Ers.<Jlz tiir S.€ltt~

Kerlltcc:lJnik

FasSlIWI Sp.it~ :-; 1

1. /l __J

Inh~[ente 51cherheltsgerichtele Eigenschaften kbnrlcn

bel dec ALJslegllng der l\bschal tsysteme in dem lJmfang

<:lIs !':rsatz Eih anlagentechnische Ma[Jnahmen d i e ne n , wie

ihce wirks~mkeit naehgewiesen wird.

v~pnll dIe Abschal tsysterne g';,me insame Kompo n e n ten rn i t

aem System zur Steuerung des Kernreaktors haben, 1St

51cherzustellen, dan weder cine Funktion des Steue

CUrJq:"5ystems noeh eln FehIer i m Steuerungssystem da,=,

beS[lmmungsgern~Be Funktionieren dec Abschaltsysteme

23-Q7-~1 13:3b AN:RWTUV ESSEN FE 1.Q VON:Q5:341 385905 S. 15



ruvis Pruf qr undlaqen. Kern lechn 1k , ')r J "I _ .....

,:11 '

E,,,,tz fllr Selle Fassung Seite :3 2

v u I ."; U . ; r: II t~ n .

(;ru(ILls;~ltzllr~h na t dlese- fJ.bhan9ig v orn ge\rJar~lt8n Ania-

z u uu.t a:~sen:

rJ 1. ,__. (1]', .. h t. e n cii:-" t-1 t? Inbran l L 1 n e l) (:1too? t: Cl r U c k t L d 9 end e n

d11' U"J[l_'ll1 i.llltunl=1f~n ciurcil CJf_~n o r u c k tr o qr n(jen Beh;jltcr:

too' lr,'_,l_~[l j leJ:1Jc~h i h r c. r i\1)schllj~:~c.. , (:lie D1Cht~ ooer:

U 1- d I J<... t r J S e L II r ll\. t 1 en) LJ L f::'r n r- l: IIIC n T

- -r Lc.' j"",_,I;turkuillmittc'l lijllretlCkn ~:Ullr !PltuWclC'n, 01j'

Cl-l'_' ~)r)(.:rrllIC(Jlf_~nLc·ltun9(-=-n pin.sc.~hlll~f31ich der etSLerl

!\ LJ ~ pC" l r d r j"lla t LJ r ,

- {]11--.: E,,)tlr.l~ltunyeri, die ~--='l(:h l_nr~et~n,~ltJ d e r oicLtendcn

~·'j(·I~-ILjc(-jll l n, I indp.n und von ,=;uIJpl1 mit f\.'~dktor\(i"~hJ!nittf-:::l

!'-lCl':]",iJl), blC' ;-cum l\n-schlul; an (len Ui2halleraoscnl,l!)

23-E17-EJl 13:35 AN:RWT0V E55EN FB 1.0 VON:05341 885905 5, 16



~:~I liT [11 \:1::\1 FH [lc,:JJJ 8.'; ,'fJll.'

rU v IS PrtJf~rtJndla~ell Ke-r n t.o elm] k
l.T__\- CS ])(,1 ill nrs :)! J-;-

frs.ln fur Selle Fassung , . '.'

K[lL,~rlljn 4.2; Alj~;le':lullq::.grundla(jell lier Elnsc:£"lH'JJu",q

ups Reaktork~tllmJtLe15

IJle" 1.1[E;C:hlicnung des j·:eaktorklihlrnittels !nuB mit hln'

.: 1 L- t l l .11 \v J h ( e rpj d c~ s l) cst j_ mmu n () S lJe Inalj e jl U E" t r i e u c: S U l) d

l.H __ 1 ~) t t.) 1- l ;;;11.-: 11 d. U j L l e L f:-:n U r-n TIla x i m31 en Be 12 s l u n tJ en

, , r ;, n u h ~, 1 t II n d d 1 eeL [0 r de r 11 e h '" lJl Ch t h ci t be S 1 t.z t .

/111(. KOnl:,o(wnten [IC'l tlnschL1Pl\ung Sind k o n s tr uk t i v :cO

~u '-;t ,;l.JltCfl, dalJ ,ite erfoIeierl1chen c r s t.u.a l i qc n PlU'

l[;[I'J'~n L"~'l o e r llt'rstelluny oder am Au r s t.eLlu nq s o r t

1I::"'d~1 Ilh . i n c . Hindc';t.cons d10 Kornponenten cler 1:.in-

'-;._ 11 : r; I) Lj \ II='. Ul e d r' U C ~ L t ClYc n 0 e f' u n k t 10n h D i) e n I .s i n d

kon::~l~rl1LLiv ~;o /.1.1 (Jc"_slolLell( (Jail ai o gem~"":lB Kr:Jteril1rTl

!)UI I'jl \I'-Je"! ~:5:";\-1--::_'1 1:"';,_II-ll r :':',,~Jch~1f'rechtc~ f'c)(mqC:l)unq I

.'C i J1,...,r L ~~ iJ II q ri : : 1..1 cJ C\J '--.:' lu: [1 t:_'n t C111 ~~ hl~-n_- mE' b("h CJll.O lu nq mu{:\ ,~~ II

..d I (·n 'it,~J l o n elE'r Lil,schl1,'Dulltj lin tJ'·5tl[f.[llUnc;~;gCjnaljpll

11"J\,~"n ti l o iLc u . DIP Durchdrlnqullqen des o r uc.k t.r a qen o c n

llc·tlaltcr: sJrld gegen AusLrelben ~\j slchern. Sind nach

(lC'IIi ~~LJrJd v o n ~oJlsc-:;en5Cb~"l[t unci Tpchnlk SChaden an dt::'n

f\~)~_~ch 1\J~Jsc~n Zll unt.er."stellen 1 so 1St o or zulas:;:;iye

';L,)[ t~IL1,1~,,'rjlngtl' rn.ix r ma l e Leckqucrscl1111tt z o spezifl

.: 1 p Co n : Ii Lc [j e '.1 r C 11 L U n 'el aut (J 1 e sen I,'e r tis t d u r c h

del 1'.III'cll1iC(\U[1'-j Inussen ~;O ausgeleyt weroc'n, ,jalJ "Ill

y,JII'J (JCI~ l-'ullk t i on c t al. J cjke 1 t s i cb e r h e i, t.c;techn lsch

AnlagentclJe tGhrcn k6nl1te. ausgescillossen

Wl'rU0n kann. ~s sind ~in(lchtunqcn fur cine Dberwa-

chuny dwt etwdlge Leckagen BUS ber ElnschlieBung des

KOhlmittels w~hrend des Betrjebc5 vorzusehen_

23-tJ7'(J1 13:36 AN;RWTDV E55EN FB 1.0 VON:(JS341 885905 :c . 1 "7



1UVIS Pruf qrundlaqcn: KC'J:!lteehni}:

---~------- --------- --~-- -----
Suite \ 4

.-, L LC'1 1 LJlll 4.3: Ur uek Lr agend"l 11c1~1;-11 ter lJi vlJryespann

LC- r Ko n s t r ul. L I OIl

Arl i.Jen ~rll('ktra(JQnden lieh~lter In vorgespanntct Kon

~-::;tru;'-.tic>n \N'Plden [ol(.Jenci2 /\ntocderunCjen yQ5te11t:

(lJ LJCI Uc'LjltJ:r 1St.so dU_~i7,l11c~]E'nr (idU die nrurk

L(:~ge)1de t"ul)ktlon im oe~timrnung5genl~(3el1 Betrlel)

t; Ii ci l) e i, S t 0 r t 2i 11ens i c l i Co L' 9 e ~~ t ~ 11 t 15 t .

i\kLJ')iLr~t: f:'111:=-;chLuU rjllfCh die> r~onlponel)t(-~n (Ie!

L',I'ISL:'llllC-;I,un'-J C)C~; l{.-~.'---iktc>lkl)hll~tttel;~ (,::;if'hc r<r 1

t. l'lUII] 4.1) in Vf:r-t1 1 11d u ll Lj mit (lcff! druCr:lfdljPccien

1~,;'hJ. Lt e r \Jl~\-j,_jhr:: t Lile i o t .

(.1 I 1i r__'\ druc~k.tr-Zl(J(-:,rlue her-,6J t er ist Vc)J LlllZl.'lll~;~;S lqcn

'l'/! [1'IP(-~ r a t_UL- rH' zin ~-; pr u ch u riq c·n z L1 ~,ch\i t zen ~ ]),j 7: U 1 S t

1---' rI.o r deL 1 i c hen t a J 1:.:; e 1 n all. S r ~ 1 C hen d e r w2it II', ~~ -

_',chlltz v o r z u r.oho r, r de,L3scll h'ir-ksaJ!1l-.eit zu uber

-i ) [h'C o r uc k t.r '~CJ'~nde 13eilalt'~l lc;t durch "'1n(: Be

lriebslnstrumentlerong aut dle Elnhaltung 51-

Ch(:-f he 1 t~;tJ~chn i~ch bedeutsam(::( l\uslE:gLln~~SY.lerte

z u ljl)erwachen.

lid!') bei 1l1()tJllchen r~uhln-litcellerki;Jgf-='n crur c i: den

Ll110( dl(~ o[~lcktla8ende Funktiol1 des Bei1~lti~(5

nlcllt gei~h[det wird.

AN:RWT~V ESSEN FE 1.0
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~.r~ (Ii (II 1.)::S -I FA:\: lL-:;:i-11 8·~;.5nn.)

IIIVIS Priifqrundlaqen: ]~CTIll8c:lmik

F-asSUrJ4

(G) u.' i ciPL 1\u~:;1 '>JUIl'J des (j luck t r a'Jcnucn Be hj] t,': r s:

5ln(j i noc z r e r t e BelasLungcrl .:IUS Eu,wiri'.ungcn VOIi

dullcn (Dcuckwelle, F1U'p:eugabstulz, l\usle

'::IUIl'~';- uno Slcherhe~tscrdbehC'n) z u berucksichti-

{J 1.-; 11 -

(7) El.Tl (JhPlSchCE:iten elfj!' TL,}l;j±dhigkeltsgrcnze (iL'~~

d(uckt[d'JE:'ndcn Behalter;c. rnuD rn i t. 3usrclchen,jerr.

';l,~;\c[lwIL~;,~lJ,-,talld aus.gcschlossen werden. ll i e rz u

lc:t zllsatzlich 7.U dell An Lo r d e t u n q e n (1) b i s (b)

,k r c; r e f1 r t I a oj i ~J!1 .i 9 k E' i t s rl a c h wei s. f li r cl e n rj r u c: k

tr;:"Jenur']) L,-h"l1ter z u erl)(ltHjen.
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III 1:1« I
Hr:~

---------------
Lr sat z flir Seite

-~----~---

Fassur"J C) _ :.-;

{'.bschnLtt ~1---_.._--~~ ..

1"'.1" i LeI: i u m ~,_1: Nr:-1Chl.-,3rmedbfunr i m l)e::..,t .lmlnunq:-;gCfli:iBf:,n

Be Lr 1 eb

L J. j"i .: U \! t~' r 1 ;'J S ;::;; i (_; c~ s < y~; t I":'> m m1 t. a u ~ r e l C h e 1:1 a e r Re d L n U d n .:

;-~_ur :~~jcn\:J":lrme<:ltJLlltlr irn bp,~;timmungsl3enl~{13en BpLlle~; iliul1

r,lr"lh.~lt,UIlrJ dec t i i r den bestimmuIlqsgcma:Jen Bett If:;b

.t\U~l\~)ijfll_:ntC'11 (J( r Fi.·lt"\ i 'JZ1~-;lutl(Un~;, Get Ab.sc.:JlhJ t u nq , del

Llr':-~'_~J!ll_l_'[_',lln~ (_:1..'.-" :<'c'f.-I.kLorki.2!\lmitt(:ls UI"ld {Ie:=; Slr;;-Jer

j : I 1 t ;\' 1 I I ~ t_~ h j U ==:~; I.

U I 10 d. J.J ~-:: I j c~ 1 (} q r. 1 ::; r _

tGlj.J1J:c~1(:':';c·r1(j(~I( LrC-]l]tlL:=.:;;en uno (jPl:l in BetL-,Icht :':'OJII-

j~ 1 '.'
I )

LU-:::-

L I' l (J 1 l U .~' J ;:JS l :.1f1 W U (' r '.~; 1 C l-l(: L II L' 1 t _s tee h n l-.s c h ....., 1 C h '::. 19 e [':

/ ~ r1 1 ,:-JlJ 1-':- r: t C'L 1 e, (1 1 e 2 U t \N' e 1 t c· r c n13 e h (' r L S c: nun 9 d L' C ~ t cOJ r -

L J I)}/.= {~r t?n~ .....re r t o S r n o un te r ber i.ick~. lcb t i9un{~ de L

J('weil~ prwarteten ~iDtrittsh~\jfigkeit dec St6rfj],le
zu s[,ezitlzleren.
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Er sat z flit Seite

I\T·\-t~S lwlm BfS

sene FilSSU ("j

/1 ~ I

No' fur die S~{;hv~r~t;')f'.d\q,·t\der TUV be snmm t - N.Jchdruck riicb t t1~~Trtllft

oas System muB auch w~hrerld Jr15tandhaltunysvorg~ngen

bei yle~chzeitigern Auftreten elnpS Elnzclfehlecs

Seine R~cherheltstechnischeAufgJbe PI fGll~n ~~nnen

(v e rq Lc i c h c due, Elnzeltetllerkonzept) _ K,"nn a u f q r u n o
~:,"("~f'._ Ii (-r'Jl.r /['j..'t.-"..~/'2 leI-

Inh;c,et>Me-r\!-£igCllscnatten de'" Heaktor: s ci i o Nachwarm,,-

d.btuhr l::ingere ~ei t u n t.e i b r oc h c n 'W~'r del'l 1 o n n e t-jdC1

~~pezitlZlerte Grenzwerte Gbersctlrltten werden, so

b r au c n t wah end Instanasetzung IJnCl v;,'Crtung, Ole In-

Jlerhalb dleser zeit abgeschlosser) werden~ uas Allf

cecten eines Elnzeltehlers ~lcht unterstcllt werUen.

;"r,cITlCliliCdlenelnbruc L ltl den Re ak ro r kern ChPflllScl-,f'

r:e3kLloneIl u n c, ir.r o Auswlrkufiqpn.so bf::'qrt~nzt /J

'"Jerden, dan Ole funk lion c:::C'~ Sy~)terr:s u n o CiT1GCrC"r .s 1

c r e rhe i t e t e c hn i a ch e r Elnrlcl,tungcn n i c h t, u n z u i a s. sa q

jee~lltrdchtl~t WlrU,

)) b~grer\zung z.B. durch 1emperaLurabsenkullg

23-<:)7 Ql 13::37 AN:RWTOV E55EN FB l·Q VON:Q5341 B859Q~ ::;,21



TUVISPr"f'lrufldl:lgen: K",j~ntechn i k

Ersatz fur Se rte Fassuflg

,L'~' - 1I ~ ] t.:::

Luli ; ;,,/~l.1~111 C:·lrlL._·,_I_~'=-l,;:·n w'c:[d~!n r ·,-.'t'nn

I)

kdnn r

r. r 1 P lJ S ,5 Y ~:, t c' ;11~; i (l n e r h ,=-~ 1 [-, e i n f:.- r Cl lc.l1 end c r:

L ; i Ii •. ', 1 ;; l r 1 L L '--1 t::' 1,.,' 2J tl r 1 Co 1 :?, t e t lst,

1'",111 ~'l I:n Lt-_'r~; rc i l pnucn beu ltl(JulllJen

1 m in1 '0'.J n:::; t 1 q ~-::; t (:'!l

j)
u n n rJCl j,DZUq

C' l f1 C c S 1 C' ri'~' r t'fe 1 Ls LlLJL_~ C h 1 b'] es 'l o III ~:,(J be [Ce' t-] n(:, tE:' n In u c ~~

L)rul-.:l-IC,i WI_~:.rC(?n, ()tl[i(~ (Jar~ Sr('1,lfl2.1e[t-~-.::' Gren:;:wcrt~p

i.)11 (_~ ( ~~ c I: t 1 t r_ ,_:, \h't! r u 1_ ;-'1 I :=~ 0 k 0 nne r: d i f-" seE 1 4~~ C"[; ~=; l I'. L;. I L C rJ

tJ~] OCl ll,usleguny j---.ies N21chw6cmed~\i UhI ~':~yst~-:"j;l~_; i-)ei-,jc:k-

~) ) 1 If. ~j n I;) lj n::::, L 1 (J :::; t (' [1 1::' alL i: U u n t e I 5 tell e n Ci e Deu 1 (1l] u r: sen ~~ 1 n 0

£_13.:
mlniJllal ZU llntcrSt_e.Llen0e Nac:hw~rm~J

HI.=.tX:lrnal ~,_~L->t-:"zitizi€Ltc L~ckr~ltc' a~s OE'lfi

:=, i c nr- r i'~C'l tselnsch luu I

verstjrkter W~rmeUbe[gang In Ule St[U~turell-

23-87--81 13::38 AN:RWTDV ESSEN FB 1.8 VON:OS341 885905 5.22



ill 1:1: :11 F,I\ (lC,:iIJ ·~·q;-'0(l.-'

I UVIS I'n,f'jrUlldIJ'ICII

SPite
---..__._----------------------~----

/'\tJ:lchnltt t)

Krit.<"LIUm b.l; Heaktorscbutz,-,ystcm

Ole Anlage muG rult elnem
1)

ZUVL!r iassigen Rei!k tor

s C IHl t rc; y'-' t e In a II s 9 e r ii s t c t s (' in, c1 as 02 .i F: r r C 1 C 1'] en 1 to C) t 

':jCLegli~r l~erte flit PrQZeflV2ll i aoLe n 5chutz"ktionen a~E,-

1 (. ~ t. _

:;tillWfLJltunysvorgangen bel q Le i cnz e i t i qon Auftret.cn

c 1 n '" '" i·. 1 n z elf e h 1 e rs 1 m Sj' S t e m c; c i n C S 1 C her tK- 1 l s t. c c h n 1 

s cnc Au LgarJc er iii l Lon k ann. Von Hanel oo o r o u r cl1 (11e

[)( t.r lci.,llche Steuerung uno Ht"Jelung ge'JpbeJIP 13efpnlr~

o i. r f c n n o t.wo n o i q « Schutzakti()n~n ·",,,,ocr becintri"icht]gen

D G::C. 1(( '" k L o r ':'c n u r. Z S Ys tell! 1" t ,; 0 co II S Z u 1 e 9 r; nun d a LJ t Z Ll 

b,cuen, cL'l!) es ale c u rc h d i e ~;li:)r ta Ll an a l.v s c q, !:Ctelltel,

A~torJ0~Lln0en crtiilil.

l'Ge 1~'(leS ZIJ beherLschenae Er:elgnis soll(~r) g(Ulld~~rz

i i cn nll(lljesten~-~ Z',~Jel AnrC(3ekL .i t o r ieTi 2UI' Ver ll.-iCJUIHJ

stehen. Als Anregekr,tCtlen sollen verscnlcaene Pru-

11 III S 1'\1 L t. e I z u r ..uv e r lass igCrJ Ausll'LJung dES Reak lor
s c n o t.z s v st.ems so I Le n vorzugsweise dngewenciet wc:rd"'r-I:
- [eduncante huslc'gun(3 von K o.np o n e n t e ri , Baugruppen unci I.)[l

L(::- (~3'J :~~ temen I r a un I .i c h 9 P. tr enn te Ins t 2111 at .i On I:::' n t spr I~C- i.~ nd
d C'Tn II. l L k lH1 (J S r.~ Eo rei c h m0 9 .1 i .: he I v C'r s a q c·n ~, all S 1 0 5 end c: r E r 0 i S
r i 1 .c:. S E:: ,

~'~llle[ o(i~~ Aust~lle ~ol.lten wcitc~;tgcn(~nd S(~lbsLme1oend

::.:,(; In I

- Ve~wenaunLJ van Ge[~ten untersChlcdlichcr Baua(l
lUIVe[Sltat.S~'rinzip)r

Anpassung der KornpOllenten an dIe mbgllchen L~gebcngsb(Qin

CJungen.
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It 1 J:i·.'l J

TUV IS· Prllfqr un dkjqe n.

ErS:JtL tur Selte

h(~rnt.l~c:hJijh.

Seite ilU

----------~_.-

- ~,JLlr hJI OIl;)' S,iCh\1fH'ldl1{fl(~"n dar TlJ'../ be-:';lirnm1 _ f'Jachdrvd nir.ht ~o:'~r:I,IPl

P. '1. L

(.)
7. \.1,'e i. - An r t': g e ~~ f 1. l € l 1.~~TI n l c:h l, zu

f'll.ulle'n, Leo mull ehe t'leIJwertertac;sung del' a L'le i n h e r

anCJf'cogcnen l-'rozel,v,~r i ab t e n i m Vf3chdltnic; z u r FI",n\-Jer:

cluLyebaut bzw. ausgelegt seln.

d,:~:,s J~f-~~dk t.i)r'....c"r-illt ?~y''3tr·n\s (j{j( t~'l) IJr unOS~jtz 11 ch n lch t

t u r 'r'unkt i o n o n i rn kall1ftCn dec F~O;=:-'.:.J~~to-.~ fPiJell:nq v c r ''(l',~·IlC~·-.'t

'",:e.T_-Gcn_ /\\J~-~nct:·lmPII :=;inC! nut:" zul:jS.':;:-:.lg, Hcnn ~--::le autrJr:ln(l

oe~ t,_~(~llni:::::-..chc'n L)'Jt='nbLt des }(cakLor-schu r_7.s y s t C Ju :::; ()(iet

uud Eegelsysternf' 2rforderl1ch ~;lno,

UTid .....'C·lil1 i rn 1\.3.hwC·lJ del' StOr.fi.Jlldll<"-lly::=·c nacI-l<Jt:'..N'lt;SCn

~;JU((lC, Ci,~~lJ, ,:.l(-:[ y(;ml2 in:~ame [\ust.=:l.lJ ocr r/ler)k,'1n~ilt:~ fur

stenl a~s St6[tall behcrtscht wlrd_

-") l\ls Ha[Jnai-'l1le" ,,:unl no n c r we i t~l']C[1 I\U[~J2',ll o o c r z u r h(il-,er
werLly~n ~uslegung soller) vorzugswelse 3Ilgewendet wer0en:
- Ve(wen(.j~jny 'Jon Ger~ten ur'lterschi0dlicher Hallart

(Ul'.,'I:'C; J t a r i. p r i n z ip) ,
- (;[enzt)01~stuIlgspc~fungen, PrU[zyklen.

AN:RWTUV ESSEN FB 1.0 VON:0534L B85905



:Iljl

n I\j IS Priltqru ndla'lf"': Yern h~ r h n Lk

Fas5ung Sl-:~ite I) '_j

"
•. ·'r.

f-a~:,;u fl,C; q. {;

Kr v t.er i urn 11.1: H'::J,nclhi::"LJUnq U[)O L,jqCrul",] v o n l<crn

brennstoffen lind sonsLlycn [~(llO-

aktlven Stoff En

lr , l'jCr i\nlacJe Jni.isse~J Einr i c n t.unqr n v o r h a n o c r. ::::.Cln 1 die

~~lr:t-; ('~J_ch£'t(:. HZindllat)Un(J uno L\~gerU()g oer f<,(~(nLjlenllr

I) 1 (, ~; i' ! ~ 11 J ric: 1'1 tun y C I I III U~:-i sen SO!)esc h aft en, :~ n c~ c () r (J n ~ L

~,j n G {~~ J i J l~ ~~ c I'j 1 r mL ~; e 1 n f () 8B e 1 n r::lit 1 k ali t. :':1 t s s t (~) r t d 1 J

Lnu <'J-(';(; unzul'ds~~9C: Str-ahJent='r:pOSltlon oc,~~, P~rs()naLS

UJlU i r: (~(;[ Urr,gebl1ng 2usgesclllossen wet o e n ,

J-, 1 I: L U ,) l. ;j 1 :} s s i qeft cis e t 7.un 9 r ao 1 0 cJ. k t. 1 ~J C' r b 1. G L i r- d \1 S

[_,\.,.~ i.r .. n ,I. t i.::' n K~ r n br en II~; to t ten 'w ~inr ~ n 0 tier li cln'~J lli-~l-)Un,~

'~':)''oN'J(' {j'l~ den H2JnllhaLJun(j~::;pinClc;hLungen i ru t)e3.tlmmt1n l] S -

11'_:llkc: I L 'Jon LeCKaYf~~1 b e s t c ht , sind ZlJ u o r-r wa c n e n .

LJlC t:JI,r-lchlungcn z u r L'lgecung oestrahJ~_eI KpLnoIenn

stolle nlG~S€n ~iber auscelcilcnoe Lage[~apazlt~L veri~

q j'_' n . 'd e i. CH:;r: F t::'S t. 'L e g ur.q o e r L Ll.9 e r k apaz 1 C~ t :...::, 1 n (:I C2

[UCKSlchtlgen. £5 ist sicherzustellen, oa~ OlP NilCh

h':;r aiC' "us cien Layet'-'lnllchtungen H,i lJe::,liITili1U;lCjsgemi"Ji1C(:

bpLlleD und [>eL St6rlallen zuverl~5S1S abgel~hrl Wlra.

LJ 1 C' ] ,c n 1 ~I E'n I, 0 In po r,I" n ten 0 e I He :I 1 LJ mr c 1 n LCo1 Un 9 s 3 n 1 age ,-; inc:

rl ,.~ch d ell A~l s 1f.'(J u ng S~i r u ndl i'ig e n del E J-n seh 1 i PIC,' u no oc~ s

h:eak tor k ii h 1mi tte is aLl5zulecien (v e r 910 i crie K( iter ic n

i~.~) r o cre n vers,:J(jf::n zu u n z u l a s s i q o n radio.Logischen

Auswlrkungen t0hrt.
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~:, Oi 01 13:.1\ F\:\ OS:JlI 8~S,'1I5

TUVISPrufqrulldlagell: Fe r nt.r.rr-n l k

Ersatz fur Seite Fassung

',f] ',:,

L~j [ioU: ~~{_'r-I tile [-'C[:~.i)ll(::,ll('n, o iqo n i s a r o r iscllt?n u n d drj[Jd

r at 1 IJ f-' n Vn I d U 5~; C l z. u n ij C I) 9 e·] p b (~n ;=; e in fum i: .i n C: ;:) t r Z-dl -

1 t~· n ~;C~-lll t .: li l-H' r \\' ach U 0(:=1 o e r (jml;;~bunSJ 1 m be s t .i rnmunq sq c

",jDen be t.: lell, r.». I StilL" £:31 Ifc'1l und linf;;11efJ im c r for ~

(j(!fl i ... _Ilt·ll Ulllt,dllq llinrf:'lcht?lld

1.j I,';.'-j 1 IJ d u r ( II L {j h r t? t J L U ~ i~:", n C' r1

schnell, (len~U lind zuver

i ';'f~h~, Kt 1 tel' i u m 6. J) .

~)C 1 n:

( j) L, J Ii r i c h t. \1n ~l (, I-j IJ u d '--~ C' r .3 t.l_'· >: u r' He s t i Hl!11 U Il q von D 0 :~~ 1 ,:-": •

Utl;. L::, J P l:--.,LIJf)t;, l\K t i v i. tjt:=;t~l)n/.cnt.[ a t i on u nr: Ut)(,[-

r L ~>\I-': h (: n k (1 n t l~-ml 1 () c-l t ion .s r::H...·' ll._" 7: U r 1:: (::, S t. 1 mrnII n y ~/ CJrI

~~~I~;! Ldc"n '.-.,LihLc'nc Cle3 LJi:::,stimmungsqcm;-jIJen BeLl- ieL):~;;

(~~) l-:lr'lrlcjltunLjen u no (;F~r,=Jte 'ZUr f;;rr.11rtlllrll] DC:'1 t..:LtUI

c.l L' ( 1 1 i. _ )1r-n j r j j {) r iu d 1: J I) n i_1 l.. \_ r U L G 0 .. f} n, l ~~, t i 'or .1 t :s t

kl.lT'J'.-:cn tl ,(--~t l l_Jn!._"IJ I UL1Cr t l~i("ilC:,nr~ont .nn: n a t i o n e n unu

>~tjf-l.. ll)i.'[l jji-_i f\LfW)r:llqell YrelsetzUnt.it~n r a.i i o r.kr iv o r

~-J L c. 1 C ;

( \ I I" I III 1, Ii! UTliJi_';l ,] 1

cill,' vu i Lh'?::llIlllliLlll'j

1_' l I u r 1, j C' L J i C f! ~ J :-j d

~"lC:::~:C~\LJ-lt~ )11C' tr.o r l)loq i.L_;C!I(:'l· r.l,~~j L en,

(ler Au~brt~ltullg~~verh~ltl)15SP

(vql. h(lLt=.·Clum b. J).
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:::.r\ (17 til 1.'1:.3! F.~_\ (1;;.3-11 ,~8.3n(l:)

TLl Vl S P"ifgrundlagen: Kern tech nik

Fr-;;'l? fur .seile Fassung

',c" til' 11 U nu 9 o r a te te clJn 1'> che n vD r au ',;se t z u riq en 9 eg e br- r.

seln, llr~ 1m eriorderlichen Umf~f)g Art, Menge lJl)(l Krlfl-

Z l_' I L r {~~ L 1 0 II (j e r rn 1 t U e r Foe t 1 u t, t tin (j d € III Ab'vl a~; S c·laD 7. L]

l.,_ len(j C n I-.J d .1 U ,j ~ t ) \} f:' rJ S tot [c it 1 nee i c: h e Ii (\ q E.'J I a u u [1 (j

L' r I l'; l (\ (, I 1 1.c! '11-:'" n t ':::1.1 )~; L) L' q ten zen z u k 0 nne n _ I 1l :~:; LJ c· :":", {J [I c; r> 1 -

mu:,' ,_'f1 1.1 [ t"lc'sL'-' L1111 i c h tun q-. n vorrlilndcfl ~CJ-[I, m i t

(],'lll'n I", 1ll6Clllch Ic;t, UIE' f\bll~JtU1l9 unci l'I"l:;,"tZUrl':1

:j!_ I.' ! I d 1 r : l-;lJ J '-: ) L I~ n C;' n ciell,' 1 \_' J ~; c: t 7. U II q flu s -: 1. J I'· I U ,-.1

l(;":I:l~J c lInd ;:jt:ru:~'IClOl1.;_>ilrni,]c_'( r.~:1dJOdhti\-'f;_':r 5';tcltL(, r.'(·

u 11f. ; j - 1:-- q i. ',; t r 1 C \' t:' n I '-=: c' cJ '::-1 [Jj (:: I II P Po (=- r t:.'C } I n U fl 'J '. J ! . !

~: ), ~ 11 i_ 1 1 11 ,': (.. 1'1 r'/;,'_':.', I~ 1 n t 1 rh t: \j~1 gc 11 cln l';] t_' Z e .i 9 t. \-.'P L (If'·> 1J. :..:-. J_ or'

n1\1 ~;':-;i·n I. 11 cJt" t. hi ':A 1· L f: [f,:,' tJ 1 ::; t [ 1 e r ~ ...'J C r (1 e llS '=i .....; 1 t::'

I )
Otlt.'[ [lL':"JI~"ll~LlqL l ...'crden kbnn,.:.n_

l )

"J II c:

j\lJll \~.l·~C 11 :::.ull
l =, D:1 '_' ,- 1 01U I) L

in j\Lly}/:::ll_llung

s c i r. .

von dell l~egeln Kl'A
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TUVIS-P,ufcjfUndlalJen: Kr- rn techIl5 k A .1.2

----------_.-.._----------~.
Lrsatz fur Seite Fassunq Scite 'i G

- NUl lii..- lilt.! Sarh\ol",rHdUdiJ,llln der I UV tw:Himmt -- N.JChcjruck ructu 'JEUlllllOt -

l~)} Eil-lrii~I-\tLlrlL~jf-:>1l zur C'-'l('Ssunq von Pc'rsonl:'llcjU::"')e'il ",(JVy'LC

de-, Kc n t am i n a r r o r- von Per:SDllen und Gegcnst:-'mJEn,

(G) lJ c:C 1 'J 11l.'t e l.abol pi t1 r I eh t Ilng e n Z II r Jlu::, W(" I t un':] LU,U

l\T1,JLys,- ruot o nk t r v or Probell_

Llrl(lC[JtuIHjl~n '_~lrl(1 In der v·iartc' o o o r in ~::-'lnenl ~'l'~-1rlen

L I. ' L-J C:' tl r a U III I: U r p g 1 ~; t. Lie len, III U0 sen v o r 0 r t 1=:J n 9 e z C 1 ql

t L ,IlJ t
1 )

\.-.-"(' r d~-' n k o r.n C' 11 • Oas Dbprschreiten des Ge-

r ,-J l"l r 1-' n rnto. 1 d ~ W(' r t c ~; II II cJ del Au S f a 1.1 des Gi2 r :':r t e :3 S l n (j v (i [

J! LJ.I. ;,Ll, ,_,y"11 ',;ull 11i Abwi'lChun<j von dC', KeeJel K'l'!'. 1')01
(·,Jdul,( ",C-1T1_
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n IIi" III J.1::1I F,'\1 IIS,),11 Si;S~IIIS

J UVI$f'nif'JI"ndlauen: Kc:rnteclmH:

li'I\-(;.'; l>"_,lm I-lf.';

lr~<Jtz fur Seit~ Fassung

In Ut'":I t.nlage rnli"-.:;:-:-;cn .t i r- pc('":--;onellen, o rq a n i s a t or o >

:,'~I".'II, ru urn: 1CI1':'11 un o appara ti von Vorau?,:c;ctLungpn gP

l-Jcht_'rl ~_.I_ln ~ urn eillf~ ~;tranlelir;chutzijbt~rWdcllunc; t n UCr

'JiIU lWI LnLJlJen r iu "r[OIelerlidlcn UJillanq h r n r eic h o uo

'-I L'n .iu u n (] :~ LJv o r I j s ~:-:;; ItJ Z U (JC' ',J a. h r tel s ten _

]C l~;tLJngf"n,

t -- J i I r L~:; 1 {-"~":; L f~' L III r 1 c-h ~: un 1)(. n z u : l-le:; 5 u n (j de [ Ku n :;:--: t-· n L r ~

Ul;('L\...rd'~~hunlj :r.:UH\ ;-~chutze von Pcrsunen o d e r z u r

I i: J j : .: l_' 1 l- 1 ~l '-:.' n )=: II ll] e c k \1n g f:; t 1.*/.J. 1 l-je r f rei Cj C' 5 e t. .: tel r 2l ~

'.i J 1<1 k l 1 \j C r :; t I) t r (0 n (1 t c) co n C1 I q i s t ,

(I J u r l " I '.' i.e I.<: l: 1 n r lei t tun 'le' [, L II r Hc ~; Sun ':J <J c r Ko [I ;':e I" t [ d -

l {:·11 r l~l(] 1 tJ a k t 1 V C' r S t 0 i L 0 in 1< r C' i.s l,:j u f C' r. , 1 n (j p n c n

,. 1 n (" '.'n t "; l 'r (,C iH~ [, (11.: LJ tH' r \·1 ac IIIt n L] Zit [ f r li h 7. f' i tr 9 ,., n

1-: n l .J '.' l k u n g "L w a 1 Lj(' r t r C 19 c- ,~c t z t e [ [a ri 1 0 d k t 1 V t' r

~,tGlie 110tw~I1al~ ist,

(~) Lfl.-j'Jh,:-jr.-e l'-lengC(~~l_e zur r:rmltLlung vein l)rts(]osl:':::}-·

I ~__. 1 S L:.1 n l_~ en 5 (J '..... i~: K 0 n z e 11L r ali 0 n en u r. c..l l\ r t r Q (j loa ~~ -

t1v"r StoLLe In Lult und Wasser,
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IIIV IS·p, ,If'l' undlaqen: 1\e Lll to chn i k

F<Jssung

LJl I ut turlqst(·C'rlr-ll~~c·l-lf?n An l uo o n mu vs.c-r. ~(l L:iLl:--,(jf_'J(~CJt

U 11 (] 1:'(-., C II cd 1 C'lJ U 1\ U nil t den E 19(' n s c h ,'11. tell de r i..i hI is c' n

i\nlclli' IlLeIle'3o ill)~l'stimmt seln, U,ll1 r rn hest.lnlInUr1gsge

III :J b C' 11 l, ( . j L 1 I' [) U n d h piS t c! r L;-d len (! i C 1'1 1 C [ t li [" J e h' '.' 1 1 c,

"J:.:. /.ljld:~_:~J(j ~_;tJc'~':lJ1Zlerten v.,'erte t"lir 01(' HC:lurnlllitzu

'~l.,.;llil, UIIU tiu ule' l-,ul.eltunLj ooe r etwdlge Ftelse~"IH"J

r,J.{-:lr,,_~LlIV'-'[ ~)tuJL,.:=' nicht Ijbe(.L~crl(itL(~n 1... 'C(Cl(-·n k(")[-lnC:'ll_

',;11111:1 L'-I"l,,(),.'!] 'e,]lJU tn yeelgl1",LCr Wel"e ITlJt For llllltclI1

JdqCri "Ill k o n.o i rr crc n , so dan die- .stra)llC'nc').,.po~_;ic-,-on

\J'()jl ]' 1"1 ',t.JliL'n lnnct-llcJ.1L) unu dl)ncr:ba lb (lCr An l<...~FJE' u r: LeI

L".~~jCJILIJ]ljj eel k0y(':'ln von wi s s r-o s oh.i t t lint) Technlk aUt h

L,['lt'~l LdliJ o r-r '::Ul,C' 1 aSSenen INE'rte so ger 111g WIP mi-iLJIICh

:,OWC 1 t iJ J Lun;"'"l.ldt i on rDdlOcJkt..LVPl Stotle in ue[

1,,11 hi .t. i nun t c: 1,~.~IUnlt-J sn qroC) l:\/prCien k':':i1:n, 00(:, Jei-:f::') I ~

.: u 1 cJ t , ~ 1 q .: l-" .' 1 l 1 Z ll-' r t. (:' hi e r L e ij b c~ r ;, c;h r 1 t LeI I ......' t-'. r l-j en,

.llll~~··1 11 ,Ile' zuq('!l(~>'t'lqt-'n Iljitun~J.stL·chnl:=.~chcn l\nlaqen

I I I It.' t J . U I I 1 1 I t r: r ~J I 1 1 ~l (.j (_" n V C t L lj y C fl. f: 1 riP .::)r : hal tun g net

I u ' lLI~(l·:t('·(:I)fll_, ....:I'I'---'ll F\n1a'd,::-n ")CJ, UI-=dJ (ile Ali l u l t; n u i r m

-: \ L 1 ~j.:...;:-:, 1 lJ u n II ~~) () (l C·:; 1_: rI i] L 1 ens e 1.n I (J c'j [~ :.J i e II n t e t .....'1 en

) I- "" s: l .1 ] 'i ,. ) ILl n '; " L :el, ,_. d 1 n 9 U 11q C n CJe 11 E r 1 or cle r 11 C [J e nAb 

~".ljl.,'lr.ll..'Jt'.JlI tjdr-I~n~ ZUl llberpt-U1Urhj lhres ~~l1st2n(it:'s

lllli,;c;cn (]1<.' or t o r ue r I r c ncn b1l1r lchtungen vnrhanoen sr- i n .
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~ :1 II" 111 1:\::1 I FV: 11,;:q 1 ss ."(iii ."

TI lVIS P,iJfgrundL1g,"n: l<cl'n te(~hn i k

I(TA-CS I>dm BJ'S

fl. .] •. J

Fassunq Seite

}\j)~_,,,_ I'~n 1 L L ~_~

l<,ll"lUIlII Ij.1, LuttungstechnJ.sche Anlagen

j Ie j',nl.~JqC' mUJ) \~LlC'l zuvcrlassigf::> lLjftun1Jstechnl~-t_~_'he

r\(11,_JlJ~_'1 iL~1 Lol(Jcnuc l~~ijun:e v e r f iiqe n :

1. J-\~l',JJllC~, 1 n l1i~n~n 5 m bestin1111UTl~J~~.gEJn~J(:,~=:n hctr iel-=.. OUf-r

dCl 1,.JUJlt1uit hi:iJIi"l'e Ak t i v i tat aL,~

1 u r ~:,-JU 1 o ru k Lr o « und HaCllorluklldg(:::.:ni sc he f be-L

(1\ .. nL'n rl i i: I n korpo r a t. r o n ~J( t:J1ZWer t b e s L i rnmc no

I•• ru.J 1 V 2/ ,ual tc S

:. ~ Lilld :1 I) /\h~,_

(J 1 .1 nun 'j ',' 1 n Ij e 11 all c-r1 \, P r den;

ItJ '; I ~irJd{-' ,Jndcr ~_~ n i cb r. c In~Jchcjl t(-~n ~-,lercJ~n k o n n e n ,

lJ I" r } r1 (~ C 1~J (: I 1 :'-"~ 1 C I ; e r h p 1 t '; tee ~l n 1 .s c::- h v: i C [1 tl (_j C /1. n 1 L1 -

tJ' :-It~'llt~ OJ) t Lu Lt.kii h I u no L::iuc.:h bel Star t-:.:'illen 3rbcl

lc: jl:U~:"'~5i_l1;

) - 1<CHi n-~2, l n c1 e n c· rl d i > L u f t clu r c:) i-~ i n 1 n e r t q as e r .S e t z t

l~-:'[ T Duef ] n Ucnen aus Grunden Qe~ Ar b e i t s s c nu t z e r

tJ",;t i rnrnro HaUlllluttzu.stiinde eingehdltCrJ "'lerOEI1 mli~;-

23-07-01 13:43 AN:RWTOV E5SEN FE 1.Q VON:8S341 88S90S



r U V IS-Prufgrund laqen:

[rXitz h" Se,te
---------

Fassunq r J~SUJl!J 9. r: .~

r' t 1 L '. I I U III ;-i _ ~): lJ~:J \1 1 1 •. 11 C' 2)c h U t 7 'J U L Kc: h r II rllJ (, n :~ l.l J

l-:ljc,~li,-jlLUTl9 r~j(1,oal,ti'l('l :-;tOllc'

. i. q k 1_' 1 t I· 11 ..Jn L '.J 11 C' n k C:"J n n C' n, s J.- n dinn ens C 1 tis 011 t C 1.ncr

lL.~-:-;:')'J"I_lt:"ljlCiltpn S[Jerre zu V~'r~L'nen, SO Clu.L) L1Jt-:"sc

1· j t]_L" J "1{<~~ 1 1,'_'fl r U 1(-; :::.lJ _ he llll I,jer :3Qql~n "Jon l,en~iJ t_('r n

1\.J11~1 ,1.1' \}1>t-""',,:-Ji]C'rl (i(,t 111lien1iegcnden Sperce iJci ,'::)L(~'r

')1; lll[jl._ll UUt'r [}~·i ~il~I)[·t:(~f}J:::lnW'l[kunqc'J) n i r i . t

LJ 1 ~ : , ;; I. l I I I () ~~ '-~ (' n \...'.::: t (..1 t=_' nun d 1 5 I. Ie: C .1 n S 1 C tl e L h c· .L t :::-=. r: l n -

~t;ll~!', IJl: :llnnl-' vo n !\t-ltcclIJm tl.1 v o r Jran o c n , ~_;C) :-,lnn

,1.J J L l ! I" 2)(_f', II L Z '.1 U r P', I"' n run 9 (-' n v (J t z use h 1-:::' n I cl 1 C rJ 1 n;~ 1 c 1] t -

L '.:' 11 _

'·;.JI .'.J I 11(·1 ~t t. l.JIln1j Uo=:t anU,-juC-rnd(--'n F'u n k t Lon s t ~l'J ilJI<f-:>] t

IJ jl:·,/'t U,)I.Jl i_'J 11_" ~-:1ln{J hel oe r r.c L lchtuns :':LJsLlt7:} 11-:::(<=:'

(jU,J: I .(L:.:.1C~1(·[r"{Jt~ !YJdl::\flahmen tu r Bi:~U;=lrt.T Wetk_C;lottp

CJrr. I I l c ( :c L (' J J '-' n cJ t'l Lor u e r 11 C]l ( V (; r <]1 e 1 c h e Kr 1 t c r i 11111

:23-07-G[ 13:42 AN:RWTDV ESSEN FB t.G VON:05341 8B5905



~:) II 1111_1::\1 fen 110,:111 S-SC,:Hlo,

IlJVIS Prufqr uridlaqeu: Ke r n t.e chn L}( A :j. L_

Frsatz lur Seire Selle _~-1

u nd KabcldurchiuhrulIcJcn IIlUh c.uch

u ri t rr Jt6rtClllbedil1gten UmgebuIlgsbedingungen unc1 Sti)[~

j;~LIL(J LCJ,:e-J",stcn qcwahrle:lstet Self i ,

L ,J I },;

\1 I. J fl r.i t r I•• ~: a r LC .) U ~~ l.i f) e t wac 11 t. \-,J C r; den k o n tl e r, _ L:. i e 1\C' C1 u n

v Coo" r : ,u r '-j U n~} l 0 r t:::::; (~ t zen.

L j rn.: ,11 L'_, r C· 1 Che ndc r (~:iuIII] l.chc 1'1' cnn UT1(] l'::~ t e r r 0 r ciE: r 1 i C'h •

J (~,(] I~' /\.LJ S l-Ji:~ r r a r IT',.:1 t U r ':=' ln0 L Hedu f1{jan zy:c uppe rr.u h [lj 1 i c't

~-J l ]I_lfl .Ill UC"l IJfJI-1t:. ~_;ein, den Abschluf3 (JEf t-J~~'trefrCI10'~1J

l\uhr Le' i tung ZlJ yc\,;Ji:ibr leisten.

L'LI' ,,\,-)~il--"C'I:l-~lrn\,:}lurerl ml~s~cr; auc h be) Slijrfdllt)f~(ilnqteJl

UlTl'_V-bU1i'ISl::,eU LlllJulllJen u n d Star t"LLtolgeld(;tC'-n i h r c s i>

<"'iH_'J. III 1 l~ '-, t i >c l : rl i'-_~cill_' !-l,u[g,:ibc c r fullt~n.

:;Cllj'-'iI·:,'n, LuLLLlil1Jsk l eppe n u nr: Ulchtkastell ~;i[1lJ auf

U', Cr ii n 11 c- fl ch' e, S t r d Ii 1c n c;c hu t z c s '~r f CJ r de r 1 J C h ,

111" I.cckd'-)Cn kOlltruLLlcrt ablulelten.
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:::1 II ~ 111 11::, I FA:\ IL-.11J~ ,':-.011.-'

rUV ISI-'rlltgrllndlilyen: Kor n teehn i k

KLI-CC, Iwlm nt's

E r-sat z fur Seite Seitr: 50

'.J 11 "r IUIIi '1.4: LJurCh1iihrungen oo rc h den SlchcL

I) L' 1 L sci n.s c~ [11 u f-:.

j( u Ii r i ',' 1 t II n yL' rI, oj 1,' Ij enS 1 Cher he 1 t S Ie: 1n s c h ] \J r, d lJ L C h ,1 r HI

Y'_"IJ \JI;(J t r: Vefl-)lnULJlI;~ mi t u e m Kuh Lrni t to I OClc'r d}S Bi.-'-

;,1 .Lr r c t l () J ',Jet L,ln:-;chJ l{'[:.Ullg CH:?:--l nC(-L~:torKu.j-; !rnlt!E--~l~~ III

Li ( > r I J t j r \1 I 1'J m r t U l m Ku h J m.i t t (~1 ~,t ph en, ~: o 1,-) 1 (' R_o r-] r J p .1 t II n

W L' t I J (J j 1_' l J C n ;-:-, 1 C 1\ c--' ( h t~ i t 5, l," l n ~.; c ~-l 1 U {~ (J U L cIt CJ r 1 (1 l] e II 1.1 n ci 1 II

'v't rLJIJ)U'~n(J mi t ocr Jnnellatmo~)phaIe dc:s Slcher,-he'] t s c i u

·,,_liJusc;/·c· ·;t.cflcn, ruu z se n 'Jrunuc;;}lzllCll ZWCI !lbspcrri,n~

HI,,<t:.uL-t_'r-l ~'l.~\!)(;rl_ U<J.VU!l l_,--:t e i o c Ar ma t u r lnnerhoLL IlTHJ

(-' J fll c.JU I) t ,' r ;-] Zi-L L 1 n C! i: [ [\J2h e (J (-' '~; S 1 C he r hE' it :-; e ~ n ~-=. C rll L s:~ p~:.

\_;, - r L I' r J .-',L<:,:",,, t:' 1 .: l_" ! 1 1--': r L.e t L e f 1 C fl d [' II Po he 1 (> i t U 11Y II ('I t '.....' (' n

(1 1 '--1 1 :-,: [ U [ , ( J II 1 e :.:.:; 1 C j : ~~' r h C· L t :;~ tee h n J :; C 11 C' Fun k l i ()n n p :

:.:. r . 11, " l I 1t 1 t ~-' t: 1 n~;, '. .h Lu '=" S c:-:) n i c h t bee 1 n t r i,lC 11 t. 1 () t w ; r d "

!';CJI,[ lL'1 LL1](jf\n, dlC~ uen :::'·)icht.:'rht~lL~;c~inschlu(~ ()utchdr i rv-

(~, 1'1 lIJ i,,; (J ~ • 11 U _ .. • ~ I 1 c: [l t z u Z 11 () r cl n f> n S 1 n o , rnij sse J I In 1 Il (Je

L { . 11 ~, \_ 1;1 I ..j \.J i 'J P L I i ,'I J. 1...1 (] e S S 1 C 111~ r i i e 1 t ~ e 1 1I:3 C h I u ~; '~ (' ~:) I 1 C'

(~\.·rlu/ i\tI',~)c'rL~~(n,:-~tur h.-=.ben. Dll=' i\ll.51~·yung cC'c l":-<-:;1:-'0) 1

L1CllidtUI {']l LlriU 0 1_'1 D(:..'tc~.ttt:-,·nUf'n k(J!irleitungen (Jl;:; z u i

,-,U!'",) ')1 ["".L-.t'r L ,_II lI~atlJr rnUl) I1llnue:c;tens der l,u,c.legung

u 1_::"; ~.) lei; '---.:' 1- t ,I, (: 1 t ~-:,' f-~ 1 n ~~ (: hI u s:=' c·sen t ~3 ,PL' t~' Ch ~ n ~

',:; , : I I I" J \ ,; 11Y S (1 u rei l 1 I.J j i r II n ~; F' n C1U r c h (J e n ~~ i c h p r h C' 1 t:':j P l n -

~-; L 111. U I " nI i J .c~ ~.; 1='n tJ c· II S C' .L t~) e n II, 11S .L C' q u n 9 ~-~ ,3 n t CJ tOe 1 I J n 9 C II Y E.'n t.}

',J ,-'11, U I " L L. r 1I (' 11 :-; 1 c ltc' r' i) f' L t s ,e.III S C tJ1 \l Jj L; E 1 b s t Cj t' 1 t. en.

i)J I_'~,JI ['('.1 rjr-':'[U!'lJJ ;~ll t cnt:.iprt::chend fl,:r KatJc:JLJL:.t--i_:ht'Lih-

LUI) 'J~' I) .

23"fJ7-fJ113:·12 AN:RWTllV ESSEN FE 1.fJ von:NS341 HS~9fJS ::; . ::'.1



C:I 11- III I:): :ll FYI 11,;:qJ 88,Snli5

'['(IVIS Pruf'Jrundlag"n: Fernt-pchni k
1\1':\ cs helm Bfs

Fassunq ~;eite 4')

Die iu r (lIe bc~h~_-'frschuny vOn StL)(tallc'jl Il.::th't2'nC11C](-'n

L 1 n 1- 1 L']'] r 1I I 1<J P n 1 nne r 1', ill b o c s ,': i. C [-I e r he i t.s €' 1 n s: c n Lu sse ~,

S 1no "u L S t o cia 11 ben 1r.q tc Umgc[)url 9 sb e o U1lllJnq en uno

SlorL,,1 I tolgelasten auszulegen.

D,'r "lche[helt:"t'ln~iChlufjmun so aU5gelc(~t I1nd bcsct-:Clr

t \_ fl '~~' L rr t ci a fj b Eo i 0 erE r .s t p r Ll tun 9 e in e Dr: u c:~ F'r ij tun 9

i,('em 1'[lji,jruC~ Ulld elr'1e n i cl.r no i t s.pr lir unq beim r,u',:!e

q u ) ! '-I,-,- () Ue r t'r ij 1 (j r Uci: u u r c h get ii n r. t we r (1 en k c1f: n •

'WI I' ') I (If IJck Lii r Lll(' e r s t.n.o l i q e Iir uck pr u tnn o JIlIJ[)

y: lITlI1'.,jl.Lll(.'h IJ1~ll(~:h (jC'Hl l\uslegungsctr'uck :-=;ellj; Ot=(

f-'Lulu,-,I',', kann nde!l 1"Jct(jgdbe ope, technlscl;en I'oozeplc;'

\, l' 'll'-_- k,' h L ,-"ode f-' r u t u n qe n rnu S5 ell be 1 :C,O Lcrie n Dr ue k (~ll

dlICL'1;I,I.\LUhrt \vc·((_~C'n k o nn c n, [)el dencn eln ,--lusteichen·

0('1 l\.uck~chluI3 aut die Lo c k r a t e bel. den i\u~;,lequn<Jsi)e-

(Ill "J U Ii Lj '" n ITi() q 1 H:hIS t . F (} lis di e 5 p n i c h t. IIi j t n e III lJ [ U C "

d ~-, r C':-:c; t Iii. ~1 11 9 e n P r ii tun J~ eft 0 1 q e n lis t L'C 1 (1 e I e r s 1::: ma ~

J 1 (--11_. [1 P J i_Oj t u n S L U ve r 9 1 e i c h:=; z we c~ k (' n die L!:? c k rat e be i In

11Il IlU wledcr-kchrenden Pru Lunq c n vorgeschenen Dr u c k

~ ~ \ 1 l. ;-; ~J n ( .h JlI t~ n .
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TUVIS Prufqr undlaucn:

Er>3tZ fur Sene Fassunq Seile ,j E;

hi i re rt um f·:./

riC' 1 tc,l' inschluS5L'S

L:" I ,~; 1 ( II C' Che' its co r n S c:h 1 u f3 1" tel n ,; c h II (> r\ II ell iill c' r

IJ U I ( 'I \J "'1, U rJI J' rI, ,~, C I-I 1"ll 5 C n U Ii cJ H >1 f S E' in ric h L Jl n (~;(' r, ., u -

l.J (-=: 1 r, 1 I . ,- .: l-'u n k t Ion 7. u r 8 e her r L') c h II n ~l v 0 11 ~~ t (j r 1 ~-:i 1 I •.=: n

[lyn[-j;lIi:--=;c~t-~P(j lJnd t hr~'lnli:_;C[10rJ [',c]Z:1::..::tunqE'1l lJ:-1 b,:~':=:,L r rn

munlj' qC;ll~',J)cn !Jeer r rL ~,O'"..rlC he 1 ~-::;t()r t~--i l Lo n ~=:;(}';JI~' 1 L

L l' <:(111 1 ',,-I, I' ti J\ t: L q a I) C' (, r t () r d p r 1 u: h 1 st. Dlc r S 1 Ch C' r !J C' J t

f'lrl:l-111u!~ rnu.: t,el I:in\-Ji(kun(~cn von c\III'Icn sc i n» l n t e

Ll ( ......' L\: i r L: l"; •

il L Cll:'rl S 1 cllP[ he i t~,L' ~L n~-;ch J Ll1l
1 I.c', t

l U (_ k .. J ( • i i t l' 1u n q v () i i :-:: t l-:J r [:~l T ,~. n Ini t r- : n 1-;' n. '-=J. U :~~ r el. c h r-n u f~:" n

(J 1 e.' /~L: ::..;\.: ~ r. k 11nl~p n d (-" r l-~e a k t 1 on e}:pl O~3 ion sf j h 19'.-' r C Cl ..

'~\_\fliL'_:,,--:llj_ (:~ut de n ~'lchi?rheitselnschlur.~ ~;ind b(:'l StC:fl

t'_Ji
i ll-'n ";()\·/c'it :::~ll t:)(o_'-;chrankcll, dah die Lr Lu ILu n o cJC':L

.~l{_,rj\::,(jll->1 L:'3tl~chnl.c:;chp(l Autyabe (Je~ Slchefhcit~-,.ein-

,C~(' j' II lj:=~~:'e - tJCvl F~i-\r .J e 1 S t e t 1)1(: i b t .

~ ) IOll1 ill, L UTl'~11 l_l.~l!J uCl

l:t..:., 1 10~ i 1H"; i r-I" ,J j-j(J 'Jon
S.Lchc·toeitsclnSC!l.lLJB selne Inteqc 1
,jlli.1iJn l-H=:~'Elhren mug, LJctlGutpt:

.-'IC'lll- \:1\,1 !1,tl_,J.-'l!llql<'·lt ,11";::, oL;lL~11erheltseinscl!111~-:.se~-~ :~;lnu

,,:1-1 Ji_'\·',_:":r ((o";'~ot{,::l t v.'(':n" ,..:.1t'r Nachwci5-:, ciaJ',! al:=..~ Fi.:.)l(J';:-! ,.1'2:=.

I r',,,'1'1111:-,~~('~--, ul,lt"l bC'T"I.ll:'r:~~icjJti9unl-j lJctriebll,cher Lpck,=:tq('j'l

illl' L~l··i .lllllTlllllqf.:'1l der ~;tt-L1ill;~1l5Chutzvet-or~dnun,,-j f(l(

.',t(lLl:-~:l(, ('l(]~~,----:..h'-llti..:'n \-"I_'[ue':)t nut: u n t e r oer VCj(aus'-;c·t~~,~I..Jr-"-j

(l~'I l)ll._hLh("lt c(l~)racj)1 h:('~tciCn ko n n .

r,~ L ' d 11~' 'l'L c-lY L i:i:11 Cj ~'J: i t ([2 S ~) i c rl C t l-lC: 1 t ~~; e inseLl us s e 5 b 1- due h t
,_:c'w::Jlll!c"i~;tC't~ :~u \....'(~rcJl?n, .....r-n n (jer NClcI)weis gelingt, U:::ln
:_~ 11 [_: 11 () l j n (~, U 1 cUi c h t ~-i e "I t- U L C· B E2 S t J rTlInun 9 end (~ r
bt(3n10nsch~ltzvC~O[dnurlg eingehalten weeden.
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ILIVIS Priifqrundlagcn: KcrntccllIlik /l .;

~assung Seite 47

kr r r or r um t1.l: Sl'::herhelt::;pinschlurj d8S K,'(n

r o ak t.o r s 1)

I) 1 C- 1\ II J ,J q e rn u 1:1 CO i n enS i C tl C' r '-J F~ 1 t:~ e l n s chI. u I ~ be S l t- z e r i ,

(1,,[ :;L'l[l, SlcIIcrhc1L.c,lechnlsC'[H! l\uff]dbe .i m l~Jcstlr'-l

[illln'J:',;'Jl:[liiJije:n 8e:tlleb und I)Cl Stijr jjll,'n PI f u Ll.on kanr!.

lJl~r ~)il;I\,-'[hL'it~_;Cln~3chJllj~ mur: LnJ Zl\SarnTTienw~Lkc'n mi t o e r

L 1n s chi ]." r~ u n q d I' c~ Kij n 1mit t" 1 s ( S 1 e n e KLit Q r i u m tj. 1 )

u [[CI Iv C 1 t " ( en XI j c k hal t e tJa r ric r e n f ,i L r u d ) 0 a k. t 1" e ~c, t Co i i v..

L LI_' L 11i:~LI\.llj~(~Ulj(.::l (ll:::-::; F<caktnrkllhln1lttel~: (sJ.,-,hc· LI-I

t .c C I U 11; ,j. l) Ili U I j LIn c;H, 11 e r he its e 1 n s c rJ 1 U [j u n t ,~ I q " b 1 •. .: l: t

seln. AIle andelcn Anlagentelle. dip raUlodkt1ve Stol

L (c 'Ii t h .i I tell. 111 Uc; 5 P \l e iJe n f ct11 ~; 1 n tl e r h a l L o es Sic i I Ie' l

h c' 1 t ~~ i~' ) r l ~--~ C h 1 u s ~~ c untergebracht werden. SOWPlt all

l()cdeIUll~,.;n det Stratllcnscbutzverordnunq n icn r. ou r c.n

nuere' l~CL'lqnete [clallnahmen e r LuLlt. werden.

t:.s JIIU\j (~~n 2UVC[ l~s~:;lgE'r unci zu r Er [(~; i c hu nr: (leS

", i: i :u t z / I c' 1,' S d U .'; r C 1 C h r> nas C II Ii e 11erAb ,; c h 1 u fj (j e r [11_, r c h -

Cln~

t) ",UI11 ::lLh'-',h'_lt',;Cl(lSc111uil z:,ilden del,':; Hauwerk, ~;cl-deLJsen.

IILlClILl'iti(ll(l'jpn u no (or f o ro o r Li c hr-nt a Li r, Hllfssysten;r:: z u r
Kllc,krl~il t u n q uno Filterung clw,31gcr Leckaqen aus dem
SlcherheltsclnschluB.

2:3-07-01 13:41
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Ersatz Fir Selte Fassunq

K r 1 t" C 1 U 111 7. 1: L 1 e k t r i s c Ii (' r:: n e r LJ 1 E"V e r ;:; 0 1 qn n q ,1e s

F\j [ rt 1 Ie' C 1 pi( t C) 'c;c:h,~ EnC'c 9 .i e v e r so r gun<:J 0('5 Sichf'r: h PI Le-,

systems n,~ssen Llnspelsem6g1icllkeiten ailS zwel Netzan

:~L·I,l'.jc:';en, clU~; <.I,>m Hauptql"neratOt lind bpi c1ercn l\U;5-

1 ,-J u :: l_') n em i-:-, u t oJ. r k p n J Z U v e r 1. :3 S ~:~ i g I~ nun d r p ci u n (] r:::iJ) len

L111? ZLJv~(l:~ss:iqk~it del plektc i;3chcn Ener-\1JPVer::-;o(t]Urllj

1':1'_11') .re r ~uvl:_'rltl~~:--il'~Jk0lt (~nt.~:::;prechen, d i c t u r diE:' Z1,.l

tel 1 ~ r l~J I"l 1 aye n v CJ L han cie n .se 1 n • ~:; 0 J dO J U chI,-...'ah Len d 1 n

~~~ r ,.-j r1(L) u 1 l LJ (HJ ...; I) 0 r 9 .3 n q e n L e 1 r...;'ll=- i C :"j ~ t-' .i t 1 9 e TTl Aut t [' c: t P rl

e 1 n ~ l :-; F I. n .: e 1 f t'" . I 1_ c· (~, e 1 n e '~i c her h pit .L~ teeh n is .: h ·::-i U .: -

LCIC;l,_'('(JC' NUCSl_LOJT;Vl.:'rSorguIH] 'jpl.'ii:3hr18i5tet i s r. (ver

S~ 1 p .L c L (' U ,J .: E i n ~~ r~' 1 [ Ci h 1 ~~ r' K 0 n t. e p t ) .

U11_ I<L"Junu,-.:j(l'~ (ic,t- Not;:~t~_(Ofl1:;tr/ing(" rn i t. NotstI~.::HnC:LZe\.li..jc·r

U Il (j V C' r t c' i. 1 e L .) n 1 L-F-I c' n mu U del 1=:c dun d d n z de r HI.'i S chi n E-. n -

LC(J'rl n 1 SC(~ (·n Sy s t I'me e II t; ':~ pr c c h c n .

0('1 Elnvi.irkung('rl vo ri aUr)~~_'n TilUe d i o Funktlon~ftihllJkelt

c'lrJt.:'L '.J\.~.;tc'icll(~r.c:.en lq1~al-~ ope ft::uunddnten No t.r.r roiu-

st[~nge ~u(ch [~\JmllCn~ Trcnnunq oder t~duliche schutz

f1\ db n Cth n:j~ (1 ~J C i,;i ah r 1 e L s t e t (v t2 r 9 1 e 1 c 11 e (i a s E 1 n z f' 1 f e- h l e [ 

:'.on;:(·l~t) una o i e :,,(,tsL[c,wJersorqlJng auclt hllJl-elChend

li.intJI.. .ni r c h L.lus~-e:lchcnC1~-::' K:L2ftstOL[-l,lOrr2~te t:nd :=;ich~L(:

V [: L b r ,_:" n n LJn g 5 1u £ t. a Ii ::, aug u n 9 s i c-her 9 cst f? 11 t s e In.

Un l ..t_'ll) C '_'C Ill) n y ~ l(),L;C:" rJ Da u c·r LJ(.:l t r 1 eb de [' t~o ts t t: OHl0 r :.~ '.:.' ug 01

zUl~~;slgen Zcj_t oe~ NolstroIllbellart aIl~erweit.ig ged~~ckt

'..Jcroen kdnn.

AN:RWTDV E55EN FE 1.G VOfJ: O~-:::3.41 B35905 5.27
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r UVIS Prutqrundlauen: KernLedln.i k 1\ 4 •.

Fr,;atL 11Ir Seite Fassllng Seite
,_ rl

;:' - c.

Ule Srhaltwarte und dle Notsteuerstelle Jn~ssen SO von

C'lIldn,jer r a um l t c h q e t r e n n t. s e i n , vo n e i n ar-rre r unabhan

919 mlt Energie versorgt werden und derart gcgpn Ein

w1 ( k u n 9e n von J unengesch ii t z t. Se in, dan S 1 C n Ie II t

glelc~zcltig alJ8er Funktion gesetzt werden k6nnen.

Ole ~cnaILwa[te 1st so anzuordnen, zu yestaltcn, ab-

LU'c:chicmpn, zu helu[ten u n cl mit Nc t s t r crn zu v c r c o r q e n •

<laO 0, lch (las Per s on e l auch b e i Stor fallen, (11e von oer

\~arlc au s beherrscht lind ub e r w ac h t; werden nni s s e n , i n

<ler SclJ':'dtwa[te a u t h a Lt e n , SIC verlassen u n d betret.::n

kar.ri . Di05e l\ntorderllngen c;elten sinngemcti:, fur die

Nut :'i t '= u e r s L L' 11 P •



T UV IS·Pnif<JrunJI~gen:

F r satz fur Seite F.15Sung Seitp ,1 ,1 r <)SSUWI

v On '::(tJ~,}e n 9 c :..:.~ch ij t 2 ten t\.n l':Jge nbe r 'c;ich ~- I no ::: U::.l ;:i t z I 1,::...:1.

eJ l,~ f\ n Z e 19 E::' nun (j i\ u t z e 1 c h n U rJ cJ e n (I e ( ~~ t {) r i jJ 1 1 r 0 ] q (, 1 J \

S l ( U [J\ t.· n r~ 1 (.' run y v 0 r z u-: e ho n, o i >-:: n,J. c h e 1 n o r E 1 n vJ 1 l. Y. U Ti q

V u 11 '.1 U I leo r .. U C L r i ij I 1 Ll n 'l de r cl n ell eSt 0 r r. ill Ito] y l' 1 n

"t.cullwnLletung 'J"st£] Lten AUJLjiih,> tJcni:itlqt IoI,.'r':WI1.

;-<.rlt-{-~(11111l b.·~. ~chalt-v,,'arte und Not,:,-;teuE'(stclle

dlf I\nldg~ i ru b,,=,~tlmnll1rl[~SCJ(!m3[:;en bctrlec, ~-;lCtlt-:[ Lie

cc Ji 1_'(~Jl 'I-IefcJerJ kiJnfl u no 'Jon cit:-,( LiDS f"121BnafdlI2I1 1:(-

q L 1 j J c r: wf~ 1- cl e n k l~) J1 n l~' n, U III 5 l. e 1 n c 1 n e fn s 1 C h t~ r e- n :i. u-

~,t;:JIU ~I_J n.~.'.lt~~ll OC1(~L ~;le L rr ~l(ler-l ~olchen '':::11 jtJ,'rfii!"l-

r r. I I ,

i \ v.,' i J l_" L L ~ j i u n Ll V 0 Il ~) t. (~l L;j 11 s: n .=- r t (",[ (::f~ r 1 1 C hen :::--, t c'u {-,' r li II (; !

:IILJt'Jn.::Jh!llt>rt UrJiJ :":'-:I_.hLJll_I'.3rJillungc'lI lTd'l~sen Yi:un;J ~~ti.llcj'l

-. (I r ~ .: v.' r :-;c tl allv.' '-jr t. t=:- ~ lJ .: I] C) r IJ t-:> n 0 .tuue n \./~ r c f,~ 11 k ij 11n 1:: TJ •

l ' ,
J, 'c-: 1.tsp,s:n [)e 1 ) in (j C [

unt.t'~r ur,rucK.,:,:·.ic·llt.l.J~ll(lg cl e r St.ort ..:tllbedlnguIl<':Jc'll C"lnzu-

~ 'uI..:.' r fj l' L C rI t,~ LJ ~ n r 21 U Ill(: , l,J 1 P Z _ G ~ F~a Ii 9 i e [ \1 f~: r t f-' 1 J c J~ OeJ C L

I-:.Jc\;~.l,(,'\r"lkcaum, mUll UC'I .K~akto[ s t crie r cbg(?~;cllalLet

l;nl] n,Jchljt:>kufll t SOI,..'le ner duges(.:riu:lt.cte ?,u,~tJrlt~ und

tCc crtorderlichcn ~t~!l)e( u n n Ut,er'w[lchun(]~-=.clnr i e.h t u r.

tjc·n :':';.lihJ In elnEr Not::..;teuer.stel1e unterzuuriJj(jerl.

1) Alo 'iE'lt::;t---Jdnne weraen o e r z c r tt q 0,5 Stunden a.ls 2H1':::leIllc:=,~'>L?n

LlnfjeSe~It:.·n _
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II.JVIS Priifgfundlagen: VcernLf?chnik

Lf~aT7 fur Serte Fassung

---------~~----~.--
- Nur fut din SElChVRf5lfinJi!lpn der rUV be'ilirnml - Nachdruck nicH geq3ltet ~

t" r.i r»: C;llC'(ll'rLlr}l~l der :~;L{)rtalLir)::::tl-u_ment_L(rUJ1~J i r .

,:; L 0 L L d Il d Ld ,HI r 1 n ,; t r U III e n t. 1(: r U II Y [In d S tor t d 11 t 0 JJ] CC 1 n

strumcnth"-Ul)'] vor;cu",elicn. Line Vermascoung i r t, Z[lJ.;;"~,

sl9·

in e ~, t i~ r L 5] LclU J aut i n c; r.r UIn p n LIe run 9 1 c; t C,O ,J U '; Z u J e r; c r, ,

d ,JI', '~J 1 E' :(.lJ[ F t' S t s Lt: i 1 u n q C J nee, S Lor £ d 11 clb 1 d U f s ,~LJ ;c>j f~ 

w~hlLcn Syt~ln- llll(i honlpOt)entenoaterl t~r ein~ spaLcre

/vu J I<. 1 a r urr (~ (1(:' r U L :.:J <JcLe Ul1l1 (le r Be 1 CiS t Lng e [j 'vi ~:ib r e JIQ cie-'

C, t 6r rn I 1 '~; UlJ «: r sicn f ! 1 c hun (1 u .) u e r bat t o o k U ill E' n t1 e r t

Wl'[U·.rJ.

1,' I j r [1 1 C ~~ r.(j r I ,) I ] cd) 1 ~) u 1 ins t r U HI C n t 1 e [ un 9 SIn Cl r ~G u n n ~ n t f--'

1: I II I I .: j 1 t U 11'J (, 1-1 /. U r ~< C '-;:l 1.. S t t~ l e r u n 9 d U S g e 1,-; ~1 ~-l 1 t~ c' r S J' S t, ,,~ rn-

u no L(Jj1if~-''--lnE::'ntt'tl(I~~1t_(lrl in (Jet hartC'· O(.1I_:::r In ~Idtt~":-'lfncl~,c-n

r;_~uml_:.n VC\r~:u~;c'tlC'n~ U1P NjchLVf_'[ i~jybdrk~lt o t n o r r~{JJTIP()

IIC"[J'__ l_ cJt.:'1 ~Jt;~r t a I I ~-~bl~ut.1..n:::::;L(uTTl,:=,nticcuIlg dl--:i.( 1 ui c nt

(J.:JZU r uhr rn , dLlh Uli~ HeglstclC:L,Jng vt:>rh1nGerL w i r o ,

C'lrll'~~ IJnt,-l.ll:...:'; r ii r CllC~ I3C'IJrt.:::c i l u n q clr:~t hnlacJt=:Jl~:i_r_-_-}I(·r

Ii ': 1 L (lC'j VVlrk~i.lHlkcit ces S1ch(-~rhc' I t_ssys terns lJnu r u r

l\rll,:~lqc l.'l~ h i n '/:.u NOttdJJschutLllldJ)nahrnen n o t.we n o i q

u v ir li1:';~[(J [JTIL) CllL':re i crieno yenau anc;<?ze lCJr

~~uw iY [ill e r LO[(Wr llchen Um t an o ookument lee t ',oicrclen_

lilt' },nZPlCJ'-' u no J\UiZClchr,ung ]cucr· 1'lcllgrc'>ue 0121 :,tijr

talllolgelnsL(Umentlerung muB 11) oer Schaltwarte der

An~10(JP e r to Lqr.n , In einem 'Jegen t:inw1rkunge n

AN:RWTuV ESSEN FB 1.U VON:U5341 0859U5 5.25



lUVIS Prutqr undlaqcn: 1';("1'[1 I.c'chn i k

E:r~.llz fur Sene I assunq

• •

k r r ro rj um b~2: Liettlet-jS!lihrun tJs

[VIC" Lo e c j TIll eh tu ng en

LJl':' [If,ld')'· mull LinrJchtunyt:>n z u r Dfotriebcetiih[Uflg

[::C: teue' 'H1'J UIlC Feglc'lung), lm(>(ylaCflung lind ~le I r t u n q

h ,}c)C~ n I .- I 1 t? .i In t, est i mmun q s q l-' (fl {-in t~ n B~ t r i (:- b j ~uc r z e L t

(-=- i (J e I) r d 11 U ~l i:? ~ '::1 e;n;j fj e 8 e t Lie b s r U[-j run (j Un d c: inc n .'~ u ;2', -

r e lch E'1J(1(~n t~it>e r r) i j (:1\ ijbe r G'2Il he t r 10tJS z u s t and oe r I\n

1,:~yE..:' (-~L 11\c)t_1llche11.

/\ l I r: I! I: t."· l II co 1 L . , t l_ C I)11 i ::=; c h '.-l i c li l 1 q Cn Z '.J S L a r1 d s Y L h Ben

, ; 1 n d l.l U I r: h lJ (~e lLJ net (, E 1 n ( i C (j tun q (' n L u r 1_'q i ~-__; t r i '.:' r (' 11 ~

U I',' '-", I 1 ',!I)[ I_\ll:'..:.t(!chlll~,~ch(~ het-jUncJ;=].llZ l:~r Ln (1[:..."( H('qcl 1 n

UI [) ;'~~I-lfi(---.:ht_Uljq(-'I'1 ::--::tll- BctI iCI)stuI1runq, l'JJJL'[TddChGnl~ uno

- t 7. U ~ r:' t L c'n .

r.,:"~. ftlt.j ~-~:.: I".::' n (~c t ,=-~L r c-' I) frl f' 1 d {:"c~ 1 fl Lie I-j t llll~] t~ tl \.' 01 l~ Cirl C~(~ n c; (- 1 n

t'::' 1 \~. (ojI~· r ,J 11 ' ~ \_ r I.: 1Jq C· II () l 'j nl:::' ttl C~ ~_; S L U CJ t Lln jJC' S 1 c l U ::~ c:I~O Ii 1=' n

c,Ler: t_'lfH \/,-~;:'n,lrHjCriJfltJ o e r :--)lchprhf>it erqpt,C'!l ko nn t o ,

[ C ( . f I ~: .: s: l t: I IJ ,::1. rJ z. C 1 q C ['1 •

L~:, 1:::[ ('ll-Ie' ;_)t()[Ld.lllnstruHlcntlf;L1Hl(j v o r z u s e h e n , o i e

lolIJ1.'(!,._,I.' LI.JJ\-.;lc?ml.!lrlj~ l\ntor(J(~run(J{~'n (--:( cullen mur~:

~,1(' III 1I 1\ VOL

t~· L f) t u I I J [ j ~ a 1

w ,~h r e ndun U ;l Ci C h e i. n c ];1 ~; t b rid L 1 (:1 U e r

e 1 n f> n i:J u ~; r e 1 c h e 11den ij i)e r IJ11 c f; u h C' r dell

de tc lch:~::us tunc] er m6ylj chen UrJcl aIle den An 12qenzu

~c l d 11 d ;j '-'::: era e 1he rJ ci p n weS '" Ii tIL Chen 0 & ten .:; 01')1 i' cl 1e

'-",:lei L~i.i.~Le[1 '~'.>1:::::·tter(13t-en anLeii.jcn un:.1 l.hC p lJok'.lE\ent,-,

tiOll In Uer zeltl1chen pClnenfolge yew~hrlelstcn.

:=,ll::' mUI', f-?ln,-=:- P"b~chzltZ1.Jnq deC !-'\us,.·JlrkLlnl](·n .Jut :;'\le

l:m'J<..:IJLlllq Crl;;liq1IClJc·n (c,leIIC 3'clCh l\r 1 tl'r lum 10, L) .

U ) e I': 1 n t 1 Cr, t u 11 g end e r S tor t c) 11 ins t ( u men t 1e r u It g SIn a

~ll 011-1~ unterbLec-hungsloS0 NotstrolnveCSQcgunq ~f1ZU

~:;chllel~€n .



2\ fiT III l:\::J I H': fl5:q J S!:,)~\l15

TUVISrnlf'lrundlagen: )\12 r Il t e chn i.k

[~T:\ - (~S In Jill 1\r .<::j

F~'S1Hlg S"ite 4 1 r a$~U nq

z u r Ml'llwerter lLlssllnLj und SlgnLllverarlJeituncJ l)e,;itzen;

V'-'l Kl1iif'l ur.q s .v t.c l Ls-n o ii r ten u i « j,['dundanz unCi iluslbse

',: I C l re;' r 11 c J t. fie ~j S j<; L C filS n i (; II t V I , ( ~ c h 1 c crt t f: r n •
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The Chernobj'L A.cci cl ent

April \ 2(0 I 198~ (Saiurda~)

AtV1.23.40 a.m. the head of the unit crew gave the order to
extraordinary shutdown of the unit But as a result of the above
mentioned number of reasons in parallel with the flaw of the control
rods contributed significantly to the reactivity, the reactor power
increased hundred times witbout any control. f ,

It caused the abrupt increase of the temperature up to 60000C and
pressure up to SOOatm, segregation of the fuel. and heat explosion,
which damaged the reactor and part of the plant building involving the
escape of radioactive substances to the atmosphere. Tbus, according to
the reports ofdifferent witness woo were outside of the forth unit, since
about 1.24 a.m, two explosions rang out, the burning pieces and
~par~ Dow up upon the unit Half of them feU down on the shelter of
the turbme hall and caused the fire.
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of the unit finally caused the accident. As a result of a series of
violating the operating conditions by the staff of the fourth unit (only the
number of the most dangerous mistakes reached six) the reactor was
put into its most unstable state and its emergency protecting system
intended for extraordinary terminating of the reaction had failed. As
for the authors of the project, they hadn't considered the special
measures for prevention of the accident having such number of
deliberate violations, because such situation was accepted as unlikely.
The available flaws of emergency protecting system should be
mentioned also.

So how did the events run during carrying out the test (slide
N6)? According to the program the test should be carried out at the
newer level 700-1no MW (beat), because the continuous work at the
iOlVer level is forbidden because of arising instability in reactor's

work.
In the 25lh of April at 1.00 a.m, (slide N6, position NI) the stall

began to decrease the power from the rating (3200MW) and at l.05
p.m. (slide N6, position N2) its ratio reached 1600 roW. Aft.erthat the
turbo-generator N7 was turned off. At 2.00 p.m, according to the
program of the test the emergency cooling system was turned off. Soon
the controller from the "Kievenergo" sent a ban for further decreasing
of the power because of the demands for electric energy, which was
canceled nine hours after (slide N6, position N3).

As power decreased again at 0.28 a.m. on the 26th of April il was
'demanded to change over tre regulating regime of the reactor. But, as
a result of the operator's mistake, the power's level drastically
decreased to 30MW (slide N6, position N4). In such situation the

135 ' ton or neutrons i heaccumulation of xenon WIth strong absorption 0 neutrons In I

core takes place. This results in the so-called poisoning of the reactor
ending the decrease of reactivity (the ability to the chain reaction).
According 10 the instrucuons, in this situation the reactor should be
shut down and it meant cessation of the test. The staff didn't go to it and
decided to increase the power.

At 1.00 a.m. it had been gained to keep the power at the level of
200MW instead of necessary 700-I000MW (slide N6, position N5).
As a result of removing the control rods for compensation of the
poisoning the so-called efficient margin otreactrvity providing the
ability of the safe shutdown of the reactor became much lower than
acceptable. In other words, the reactor became badly controlled, and
its acceleration ability (increasing the power out of control) became
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much more than the ability of the control rod system to muffle the
reactor. In spite of all contra-indications, the staff decided to carry out
the test.

According to the instructions at L03 a.m, and 1.07 a.m, the two
alternate main circulation pumps were turned on in addition to six
working ones (slide N6, position N6). Aller that the reactor run
unstable. under these conditions the staff disabled the safety systems
in order to keep the reactor operating. After a number of change
overs they gained to keep stable processes in the reactor and decided
to start the test. At 1.23.04 a.m, the stop valves of the turbo-generator
N8 were closed, and the steam supply of the turbine was stopped
(slide N6, position N7). In spite of the instructions, the stuff blocked
the emergency systems with turning off both turbines in the hope of
repeating the test with turning off the turbo-generator as miglt be
required.

As four pumps linked to the feeding bus-bar of the turbo
generator N8 began to retard revolutions, a flowofwater in the reactor
reduced and the boiling enhanced. In so far as the RMBK reactor has
the positive steam reactivity coefficient (the more steam, the higher
reactivity), the reactor power began to increase slowly since 1.23.30
a.m, (slide N6, position N8).

At 1.23.40 a.m. the head of the unit crew gave the order to
extraordinary shutdown of the unit But as a result of the above
mentioned number of reasons in parallel with the flaw of the control
rods contributed significantly to tbe reactivity, the reactor power
increased hundred times withoutany control (slide N6, position N9).
It caused the abrupt increase of the temperature up to 60000C and
pressure up to 5OOatm, segregation of the fuel and heat explosion,
which damaged the reactor and part of the plant building involvingthe
escape of radioactive substances to the atmosphere. 'Thus, according to
the reports of different witness whowere outside of tbe forth unit, since
about 1.24 a.m, two explosions rang out, the burning pieces and
sparks flow up upon the unit Half of them fell down on the shelter of
the turbine hall and caused the fire.

TIlE MEASURES TO MITIGATE TIlE ACCIDENT'S
CONSEQUENCES

TIle first major problem after the accident was fire control. As a
result of explosion in tbe reactor (slide N7) and emission of the
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Sicherheitstechnische Grundlagen
fur die Katastrophenschutzplanung
am THTR·300
Dr. Josef Fassbender,
Institut fOr Nukleare Sicherheitsforschung
der Kernforschungsanlage JOlich GmbH

Schwere Reaktorunfiille, bei denen Le
ben, Gesundheit und Eigentum der Mit·
burger ernsthaft in Mitleidenschaft ge·
zogen werden, sind als so extrem un
wahrscheinlich anzusehen, daB sie nach
den MaBstiiben der praktischen Ver
nunft auszuschlieBen sind. Wegen der
vielfachen Absicherung aller slcher
heitstechnisch wichtigen Funktionen
des Reaktors muBten so viele Kompo
nenten und auch die Betriebsmann·
schaft unabhiingig voneinander versa
gen, daB mit derartigen Unfiillen allen
falls einmal in einer Million bis zehn
Millionen Betriebsjahren zu rechnen
ist. Die Betriebserfahrungen mit mehr
als 300 Kernkraftwerken in aller Welt,
die bislang zusammen tiber 3 000 Be
triebsjahre erbracht haben, bestiitigen
diese Auflassung. Bislang ist noch kein
Kernkraftwerksunfall aufgetreten, der
nachweisbare gesundheitliche Foigen
fUr die umwohnende Bevolkerunq ver
ursacht hatte. Dies gilt auch fUr den Un
fall in Harrisburg im Jahre 1979. Der ei
gentliche Reaktor wurde zwar schwer
beschiidigt, die Bevolkerung war aber
keinen nennenswerten Strahlendosen
ausgesetzt.

Trotzdem ist fUr Kernkraftwerke - wie
fUr aile groBtechnischen Anlagen - ei·
ne Katastrophenschutzplanung vorzuse
hen, die Vorsorge auch fUr den extrem
unwahrscheinlichen Fall treflen soli. Die
zu planenden SchutzmaBnahmen und
die Abgrenzung der Zonen, in denen sie
vorzusehen sind, richten sich nach den
"Rahmenempfehlungen fUr den Kata
strophenschutz in der Umgebung kern
technischer Anlagen''') (Tab. 1), die der
Bundesminister des Innern veroffent
licht hat. Diese Empfehlungen beruck
sichtigen allerdings nicht die unter
schiedlichen LeistungsgroBen der ver
schiedenen Kernkraftwerke; d.h., die da
rin empfohlenen maximalen Radien fUr
die einzelnen Schutzzonen sind so be
messen, daB sie auch fUr moderne Kern
kraftwerke mit Leichtwasserreaktoren
bis zu Leistungen von 1 300 MWelsicher
ausreichen. Fur den mit 300 MWel we
sentlich leistungsschwiicheren THTR
300, der auBerdem gegenuber den
Leichtwasserreaktoren andere slcher
heitstechnische Eigenschaften besitzt,
ist es nicht erforderlich, ohne niihere
Prufunq die empfohlenen Maximalwer·
te der Planung zugrunde zu legen. Des-

halb wurde versucht, die bei einem tln
fall zu erwartende Strahlenbelastung
der Bevolkerung in der Umgebung des
Kernkraftwerkes zu ermitteln, um die zu
planenden NotfalimaBnahmen daran
ausrichten zu konnen,

Die Ergebnisse der Untersuchungen,
die im Auftrag des Ministers fUr Arbeit,
Gesundheit und Soziales vom Institut
fiir Nukleare Sicherheitsforschung der
Kernforschungsanlage Jiillch ausqe
fUhrt wurden, sind in dem Bericht Jill
Spez-257 "Ermittlung von Strahlendo
sen in der Umgebung des THTR·300 in
folge eines angenommenen Coreauf·
heizunfalls" ausfUhrlich dargestellt. Der
vorliegende Artikel gibt eine allqernein
verstiindliche verkurzte Fassung der
wichtigsten Resultate wieder. Einzelhei·
ten konnen in dem oben zilierten Jill
Spez-Bericht nachgelesen werden.

*) lm folgenden als .Rahmenernptehlunqen"
zitiert.

Dar THTR·300
Der THTR-300 gehorl zu den Hochlem
peraturreakloren (HTR), die - anders
als Leichtwasserreakloren (LWR) -

Tabelle 1: Vom Bundesminister des Innern empfohlene Dosis-Richlwerte fOr das Einleiten akuter NotfallmaBnahmen
(aus: .Rahrnenernpfehlunpen")

Empfohlene Dosis·Richlwerte tiir das Einleiten akuter
NoUalimaBnahmen bei storfallbedinqter Beslrahlung

Ganzkorperbestrahlung von auBen und durch Inhalation

Gefahr- Ganzkbrperdosis Empfohlene Notfallmal3nahmen
dungs- be! Aufenthalt

Verbleibenklasse trn Freien 1 Raurnunq
im Haus

I bis 25 rem zweckmaBig nein

II 25-100 rem erforderlich zweckmaBig

III Ober 100 rem erforderlich erforderl ich
bis zur
Haumunq

1 Die angegebenen Dosiswerte resultieren aus einer Exposition im Freien
bei einer Aufenthaltsdauer von einigen Stunden bis zu einigen Tagen
unabhanqiq von Alter oder Geschlecht. Evtl. geringere Wirkungen bei
Teilabschirmung des K6rpers oder lanqerer zeitlicher Verteilung der
Strahlenbelastung sind auBer Acht gelassen.

Beslrahlung der Schllddnise durch Inhalation
von Radiojod und Radiolellur

Schild- Empfohlene NotfalimaBnahmen
Gefahr- drusen-
dungs- dosis nach

Verbleiben Jodid-klasse Aufenthalt Raumunq
irn Freien! im Haus tabletten

bis zweck- entbehr- nein
25 rem maBig Iich

II 25- erforder- zweck- entbehr-
500 rem Iich maBig bei lich

100 rem;
bei Ober
100 rem
erforderl.

111 Ober ertorder- erforder- zweck-
500 rem lich bis lich auch maBig

zur Rau- bei Hau- bis
mung mung 1000 rem;

bei Ober
1000 rem
erforder-
lich



chen Verlauf nehmen. In der Regel wer
den siedurch das Reaktorsicherheitssy
stem und durch geeignete MaBnahmen
der Operateure aufgefangen, ohne daB
es zu irgendwelchen unerwOnschten
Foigen kame. Wenn jedoch in unwahr
scheinlichen Ausnahrnetallen mehrere
Sicherheitseinrichtungen und die Ope
rateure versagen sollten, kann slch ei
ne storunq zu einem Storfall (ohne Per
sonenschaden) oder zu einem Unfall
(rnoqllcherweise mit Personenschaden)
entwickeln. Sofern mit dem Auftreten
eines bestimmten stortaus after als et
wa einmal in 10000 bis 100000 Jahren
gerechnet werden muB, ist die Anlage
dagegen auszulegen, d.h. im Genehmi
gungsverfahren ist nachzuweisen, daB
die Auswirkungen solcher Stortalle auf
die Umgebung unter vorgeschriebenen,
sehr niedrigen Grenzwerten bleiben, bei
denen Personenschaden sicher vermie
den werden. Zu den Stortallen, gegen
die beim THTR-300 Vorsorge getroffen
ist, gehoren auch Erdbeben, Flugzeug
absturz und Brand. Bel noch selteneren
Vorfallen wird gefordert, daB das da
durch verursachte Risiko so gering wie
rnoqlich gehalten wird: Personenscha-

digen Temperaturen nicht erreicht wer
den konnen, Der bis zu sehr hohen
Temperaturen wirksame EinschluB der
Spaltprodukte in den Brennstoffparli
keln halt das KOhlgas sauber, so daB
bei Undichtigkeiten entweichendes He
lium nur geringfOgig radioaktiv verun
reinigt ist und keine Gefahr tur die Um
gebung darstellt. Die enorme Graphit
masse des Beaktorkerns, die gewaltige
Warmemengen speichern kann, ver
langsamt aile Temperaturwechselvor
gange, so daB bei Storunpen reichlich
Zeit tur GegenmaBnahmen in der Anla
ge und - falls erforderlich - auch in
der Umgebung bleibt. Das daraus resu 1
tierende ausgesprochen "gutmOtige"
Verhalten gasgekOhlter Reaktoren bei
Betriebsstorungen ist durch lanojahrt
ge Betriebserfahrungen mit Versuchs
und Prototyp-Reaktoren voll bestatiqt
worden.

Bild 1: Oas Brennelement des THTR·300 besteht sus einer Inneren Graphitkugel von 5 em Durchmes-
ser, die rund 35000 Brennstofl·
partikel enthalt, und einer da
mit unlcsbar verbundenen Gra
phitauBenschale. Die etwa 1mm
graBen Brennstoffpartikel ent·
halten eioen Kern yon uran- und
Thoriumdioxid, umgeben von
mehreren Graphitschichten, die
die Spaltprodukte sicher eln
schlie6en.

Angenommener Unfallablauf
Betriebsstorungen in Kernkraftwerken
konnen [e nach Ursache und zufalliqern
Versagen von Sicherheitseinrichtungen
und Personal einen sehr unterschiedli-

warrne auf einem hohen Temperaturni
veau erzeugen konnen. Dies wird durch
eine Reihe technischer Besonderheiten
erreicht, die den HTR qrundsatzllch
vorn LWR unterscheiden.

Ais Spa/tstoff dient beim THTR-300 ein
Gemisch von Uran- und Thoriumdioxid
in Form mohnkorngroBer Partikel. Jede
Partikel ist von mehreren Graphit
Schichten umhOllt, die wie winzige
Druckkessel aile bei der Kernspaltung
entstehenden Spaltprodukte zuruckhal
ten. Mehr als 35000 solcher Partikel
werden, mit Graphitpulver vermengt, zu
einer Kugel verpreBt, die mit einer
brennstofffreien Graphitschicht umge
ben und bei hohen Temperaturen gesin
tert wird, Die fertige, tennisbaligroBe
Kugel stellt dann das eigentliche Brenn
element des THTR-300 dar (Bild 1).

Uber 650 000 Brennelementkugeln, die
von einem aus Graphitblocken aufge
bauten ReaktorgefaB aufgenommen
werden, bilden den Reaktorkern des Ku
gelhaufen-Reaktors THTR-300 (Bild 2).

Zum Abtransport der bei der Kernspal
tung entstehenden Warme durchstrornt
den Reaktorkern das KOhlgas Helium,
das von Geblasen urnqewalzt wird. In
Dampferzeugern wird seine Warme zur
Erzeugung hochgespannten, heiBen
Dampfes genutzt, der schlieBlich die
Turbine und den Generator zur Elektri
zitatserzeugung treibt.

Reaktorkern, Geblase und Dampfer
zeuger bilden den Primerkreisieut, der
von einer gasdichten Stahlhaut, dem
sog. Liner, umschlossen wird. Der rela
tiv dOnnwandige Liner ubertraqt den
Druck des KOhlgases auf einen dick
wandigen Spannbetonbehalter, der
gleichzeitig die Strahlung des Reaktor
kerns auf einen unqefahrlichen Wert
reduziert.

Durch den Aufbau des Kerns aus hoch
schmelzenden keramischen Materialien
besitzt der THTR-300 eine hohe .Jnha
rente" Sicherheit. Darunter sind gleich
sam angeborene Sicherheitseigenschaf
ten zu verstehen, die auch ohne Auslo
sung akliver Sicherheitseinrichtungen
standiq wirksam sind. Ein Schmelzen
des Reaktorkerns ist schon deshalb
ausgeschlossen, weil die dazu notwen-
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Bild 2: Schematischer Querschnitt durch den THTR-300. Das Bild enthalt nur die fur den Ablauf des Unfalls wichtigen Komponenten.

- Freisetzungspfad bei dem angenommenen Kernaufheizunfall.
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den sind jedoch nicht vollig auszu
schlieBen.

Die Getahrdung der Umgebung geht
beim THTR-300 wie bei allen Kernkraft
werken von den Spaltprodukten aus,
die bei der Kernspaltung unvermeidlich
entstehen und im Reaktorkern gespei
chert werden. Beim THTR-300 sind sio
im Normalbetrieb durch mehrere kera
mische und metallische UmhOllungen
sicher eingeschlossen, die aile ver
sagen mOBten, damit Spaltprodukte in
die Umgebung gelangen konnten. Eine
denkbare Ursache fOr die Freisetzung
von Spaltprodukten aus dem Reaktor
kern ware der totale und langandauern
de Ausfall der ReaktorkOhlung, der eine
Uberhitzung des Reaktorkerns zur Foige
hatte. Je nach Verlauf konnte es dann
zu einem Kernaufheizst6rfal/ oder -unfal/
kommen.

Fallt die normale KOhlung des Reaktor
kerns aus, so schaltet sich der Reaktor
automatisch abo Dadurch wird die Kern
spaltung im Reaktorkern und die damit
verbundene Warmeproduktion sofort
unterbrochen. Weil aber die Spaltpro
dukte durch ihren radioakfiven Zerfall
nach wie vor Warme erzeugen, geht die
Warmeproduktion des Reaktors nicht
sofort auf Null zurOck, sondern zu
nachst nur auf einige Prozent der Nenn
leistung; sie nimmt dann im Verlauf von
Tagen und Wochen immer weiter abo
Bei einem Ausfall der betrieblichen
KOhlung wird deshalb automatisch ei
ne Notkohlung eingeschaltet, die im
stande ist, diese Zertallswarme abzu
fOhren. Sollte auch die NotkOhlung voll
standip versagen, so heizt sich der Re
aktorkern durch die Zertallswarrne auf.
Die Aufheizung wird dadurch beqrenzt,
daB einerseits infolge der steigenden
Temperaturen immer mehr Warme zur
Heaktorobertlache abflieBt, anderer
seits aber die Warmeproduktion stan
dig zurockgeht. SchlieBlich Oberwiegt
nach einigen Tagen die Warmeablei
tung die Warmeproduktion, und die
Temperaturen sinken wieder.

Der Reaktorkern des THTR-300 kann ei
nen solchen TemperaturOberschlag oh
ne mechanische Schaden Oberstehen,
weil er ganz aus keramischen Materia
lien - Uran- bzw. Thoriumdioxid und

4

Graphit - aufgebaut ist, die ihre Fe
stigkeit erst bei sehr hohen Temperatu
ren - 2800 bzw. 3600 °C - verlieren.
Die gewaltige Masse des Graphits, die
hochgeheizt werden muB, sorgt auBer
dem dator, daB aile Vorqanqe sehr
lang sam ablaufen, so daB viel Zeit tor
GegenmaBnahmen verbleibt. Trotzdem
kann es unter Urnstanden zu einer par
liellen Freisetzunq von Radioaktivitat
kommen - etwa ein Promille der im
Reaktorkern gespeicherten Spaltpro
dukte -, die zu einer Umgebungsbela
stung tohrt. Ursache ist einmal, daB die
keramische Urnhullunq des Spaltstoffs
mit steigender Temperatur beginnt, tor
bestimmte Spaltprodukte (Casiurn,
Strontium) durchlassiq zu werden. 1m
Innern des Reaktorkerns erreichen die
Temperaturen vorObergehend Werte,
bei denen dieser ProzeB schon Bedeu
tung erlangt. Die Freisetzung hart auf,
sobald sich der Reaktorkern wieder ab
kOhlt. Bei noch hoheren Temperaturen,
die erst nach einigen Tagen in eng be
grenzten Bereichen des Reaktorkerns
auftreten konnen, bricht auBerdem ein
bestimmter Prozentsatz der kerami
schen UmhOllungen der Brennstoffpar
tikel, so daB auch noch andere SpaIt
produkte (vornehmlich Jod) freigesetzt
werden konnen.

Die aus dem Brennstoff austretenden
Spaltprodukte verbleiben zunachst im
geschlossenen Prirnarkrcislauf des
Reaktors; zum groBten Teil lagern sie
sich in den kalteren Bereichen des Re
aktorkerns und des Primarkreislaufs
wieder abo Zu einem nennenswerten
Austrag von Spaltprodukten kommt es
nur dann, wenn durch ein kleines Leek
im Prirnarkrclstauf standio ein Gas
strom entweicht, der die freigesetzten
Spaltprodukte aus dem Reaktor mit
tohrt. FOr die Berechnung der Unfallfol
gen wurde deshalb unterstellt, daB der
Primarkrcislauf des Reaktors zunachst
intakt bleibt. Mit steigender Tempera
tur steigt auch der Druck im Primar
kreislauf, bis schlieBlich nach etwa
acht Stunden der Ansprechdruck eines
Sicherheitsventils erreicht wird. Es wird
angenommen, daB dieses Ventil ver
sagt und nicht wieder schlieBt, so daB
ein standiqer KOhlgasstrom die aus
dem Reaktorkern freigesetzten Spalt-

produkte in die Umgebung transpor
tiert, wobei der groBte Teil wiederum in
den kalteren Bereichen des Reaktors
zurOckgehalten wird. Nach etwa zwei
Tagen ist der KOhlgasdruck auf Atmo
spharendruck abgesunken; die Spalt
produktemission ist damit praktisch
beendet.
Ein derartiger Unfall ist sehr unwahr
scheinlich, weil viele Sicherheitsein
richtungen und auch das Betriebsper
sonal versagen rnufsten, darnit es uber
haupt dazu kommt. Ausfallen mOBten
z.B. das betriebliche KOhlsystem und
die NotkOhlsysteme, oder die externen
Stromversorgungen und die Notstrom
diesel, zusatzlich auBerdem die Einrich
tungen zum Absenken des KOhlgas
drucks: das Sicherheitsventil mOBte in
Offenstellung versagen. Dabei muB auch
noch unterstellt werden, daB Repara
turversuche trotz der zur Vertogung ste
henden Zeit von mehreren Stunden er
folglos bleiben.
Es ist deshalb sehr viel wahrscheinli
cher, daB die an und tor sich schon
sehr unwahrscheinlichen Kernaufheiz
storfalle einen anderen und milderen
Verlauf nehmen. Zum Beispiel kann bei
einem Rohrbruch im Prirnarkreislauf
das KOhlgas erheblich schneller ent
weichen als in dem oben untersuchten
Unfall. Die Auswirkungen solcher Kern
aufheizstorfalle liegen aber unter de
nen des oben beschriebenen Unfalls,
weil das KOhlgas schon ausqestromt
ist, bevor eine starkere Freisetzung von
Spaltprodukten aus dem Reaktorkern
in Gang kommt.

Die Auswirkungen eines Unfails auf die
Umgebung des Kernkraftwerkes han
gen in hohem MaBe davon ab, wie sich
die freigesetzten Spaltprodukte aus
breiten. Dies wird im wesentlichen
durch die Wilterungsbedingungen be
stimmt, die zur Zeit des Unfalls gerade
herrschen. Regen z.B. wascht einen
Teil der Spaltprodukte aus der Abgas
fahne aus, so daB lokal hohere Strahlen
dosen auftreten konnen, als wenn bei
slOrmischem Welter die freigesetzten
Spaltprodukte Obereine grOBereHache
verteilt werden. FOr die Rechnung wer
den sehr ungOnstige Welterverhaltnisse
angenommen, die nur selten - weniger
als 20 Stunden im Jahr - auftreten.



Die Direktstrahlung des untallqescha
digten Reaktors spielt nur in der aller
nachsten Umgebung des Reaktors in
nerhalb des Kernkraftwerksqelandes
eine Rolle. Die mehrere Meter dicken
Wande des Spannbetonbehalters bie
ten einen ausgezeichneten Schutz vor
der Strahlung des Reaktorkerns: ihre
Zerstorunq durch einen Reaktorunfall
- auch durch Erdbeben oder Flugzeug
absturz - ist ausgeschlossen.

Einwirkung radioaktiver
Stoffe auf den Menschen
Radioaktive Stolte - dazu zahlen auch
die Spaltprodukte - konnen in vielfa
cher Weise auf den Menschen elnwir
ken, wenn sie durch einen Unfall aus ei
nem Kernkraftwerk freigesetzt werden.
Dies hanqt einmal mit der unterschied
lichen Natur der Strahlung zusammen,
die von radioaktiven Stoffen ausge
sandt wird. a-Strehlen haben nur eine
sehr kurze Reichweite; ein Blatt Papier
halt sie schon vollstandiq zurOck. Sie
entfalten ihre schadiqende Wirkung nur
dann, wenn die Substanzen, die (X

Strahlen aussenden, in den Korper ge
langen·fJ-Strahlen (identisch mit schnel
len Elektronen) durchdringen je nach
Energie einige Millimeter bis mehrere
Zentimeter menschliches Gewebe. Sie
wirken sowohl von auBen als auch von
innen auf den Korper ein. y-Strahlen
schliel3lich (identisch mit .harter" Hont
genstrahlung) verrnoqen auch dicke Ma
terieschichten zu durchdringen. Ihre
Reichweite in Lull kann mehrere hun
dert Meter betragen.

Die meisten Spaltprodukte, die bei dem
unterstellten Reaktorunfall des THTR
300 freigesetzt werden k6nnten, erntt
tieren 13- und y-Strahlen, wahrend (X

Strahlen in diesem Zusammenhang
keine Rolle spielen.

Die chemische Natur der Spaltprodukte
hat fOr ihre biologische Wirksamkeit

Bild 3: Schitddrusendosf s, verursacht durch In
halation von Jod und Tellur bei angenommenem
Kernaufheizunfall des THTR·300. Verzehrverbot
spates tens acht Stunden nach Unfallbeginn.
(rem: MaBeinheit fur die relative biologische Wir
kungsdosis, gultig fur aile Strahlenarten)

Kraftwerks
gelande

Gefahrdungsklasse III
- Raumunq zweckmalsiq,

ab 1 000 rem erforderlich

Gefahrdungsklasse II
- Verbleiben im Haus erforderlich
- Raurnunp entbehrlich
- Jodtabletten bel Ober 100 rem erforderlich

Erwachsene

Getahrdungsklasse I
- Hausaufenthalt zweckmabiq
- keine Haurnunq

Abstand [km J

10
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ebenfalls groBe Bedeutung. Radioaktive
Ede/gase (Xenon, Krypton) gehen keine
chemischen Verbindungen ein und la
gem sich auch nicht abo Sie wirken
hauptsachhch durch die weitreichende
y-Strah/ung aus der Gasfahne, die nach
einem Reaktorunfall aus dem Kamin
entweichl. Der betroffene Mensch ist
gleichsam in diese radioaktive Wolke
eingetaucht; die dadurch bewirkte Strah
lendosis wird deshalb auch als Sub
mersionsdosis bezeichnel. Aus den vor
hin genannten Grunden tragen aber die
Edelgase bel Hcaktorunfallcn nur we
nig zur gesamten Unfalldosis bel.

Von den flOchtigen (d.h. bel h6heren
Temperaturen gasf6rmigen) Spa/tpro
dukten kommt dem Jod herausragende
Bedeutung zu, weil es in der SchilddrU
se gespeichert wird. Es kann entweder
mit der Nahrung, vor allem der Milch,
aufgenommen oder auch eingeatmet
werden. Die durch eingeatmete Spa It
produkte verursachte Oasis heiBt /nha
/ationsdosis.

Die metallischen Spaltprodukte (Ca
sium, Strontium) treten meist als Aero
sole (Iuftgetragene staubf6rmige Parti
kel) in Erscheinung. Sie werden von der
Gasfahne ein Stuck weit mitgefUhrt
und sinken dann je nach Witterungsver
haltnissen truher oder spater zu Boden.
Dart verursachen sie die sog. Boden
strah/ung, die meist der Submersions
dosis zugeschlagen wird, weil sie sehr
ahnlich wirkl. Wegen der Langlebigkeit
einiger metallischerSpaltprodukte kann
die Bodenstrahlung unter Urnstanden
sehr lange zur auBeren Strahlenbela
stung beitragen (Langzeitdosis).

Auf dem Boden abgelagerte Spaltpro
dukte k6nnen auch von den Pflanzen
aufgenommen und in das pflanzliche
Gewebe eingebaut werden. Handelt es
sich um Nahrungsmittel (z.B. GemUse),
so gelangen sie durch Verzehr in das
K6rperinnere und werden ubor den Ver-

BUd 4: Hypothetische Schilddri..isendosis, ver
ursacht durch den Verzehr kontaminierter Nah
rungsmittel innerhalb der ersten 24 Stunden
nach Beginn der Jodfreisetzung bei dem anqe
nommenen Kernaufheizunfall des THTR-300,
wenn ein Verzehrverbot nicht schon 8 Stunden,
sondern erst 32 Stunden nach Unfallbeginn aus
gesprochen wurde.

6
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dauungsprozeB tells ins Gewebe, tells
in die Knochen eingebaut. Die durch
die innere Bestrahlung verursachte tn
gestionsdosis ist insofern besonders
wichtig, weil man sie nicht mehr durch
Ortswechsel und nur in begrenztem
MaBe durch andere MaBnahmen beein
flussen kann, sobald die Spaltprodukte
vern Korper aufgenommen ("inkorpo·
riert") worden sind. Dies giit auch fur
die durch Einatmung aufgenommenen
Aerosolparlikel, die zur lnhalationsdo
sis beitragen.

Je nach Unfallverlauf und Wilterung
tragen die verschiedenen Belestunqs
pfade - Submersion, Inhalation und
Ingestion - in unterschiedlicher Weise
zur Strahienbelastung bel. Die Schutz
maBnahmen - Verbleib in qeschlosse
nen Gebauden, Verzehrverbot, Evakuie·
rung - rnussen sich nach der relativen
Bedeutung der einzelnen Belastung,,·
pfade richten.

Die Hohe der Strahlendosen, die die be
troffenen Anwohner empfangen, hanqt
natOrlich auch von der Einwirkungszeit
abo 1m vorliegenden Fall wurde tur die
Berechnung der Strahlendosen anqe
nom men, daB die Anwohner sieben Ta·
ge lang ungeschOtzt der Strahlung von
auBen (Luf t, Boden) ausgesetzt sind.
Die durch Inhalation und Ingestion ver·
ursachte innere Bestrahlung wurde hin
gegen Ober die Verweilzeit der inkorpo
rierten radioaktiven Substanzen im Kor
per, maximal Ober einen Zeitraum von
50 Jahren, berocksichligt, weil inkorpo
rierte Radioaktivitat nur schwer wieder
aus dem Korpor zu enlfernen ist.

Zur Beurteilung der gesundheitlichen
Foigen einer Strahlenbeiastung werden
qewohnlich die Dosen herangezogen,
denen der gesamte Kerper und einige
radioiogisch besonders wichtige Orqa
ne ausgesetzt waren, unabhanqiq da
von, auf welchen Belastungspfad sie
zurOckzufOhren sind. Neben der Genz
korperdosis interessiert vor allem die
SchilddrOsendosis. FOrdiese beiden Do
sen geben die "Rahmenempfehlungen"
Richtwerte an, die eine Festlegung von

Bild 5: Ganzkorperdosis bei dem anqenomme
nen Kernaufheizunfall des THTR·300. (Hauptbei
trag verursacht durch Inhalation von Strontium)
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drei Gefahrdunqsklassen ermbglichen
(Tab. 1). FOr jede Gotahrdunqsklasse
werden bestimmte NotfallmaBnahmen
empfohlen, so daB die Berechnung der
zu erwartenden Dosen eine sinnvolle
Planung der NotfallmaBnahmen er
laubt (vgl. AusfUhrungen Seite 1).

Auswirkungen des
angenommenen Reaktor
unfalls THTR·300
auf die Umgebung
Bei dem angenommenen Reaktorunfall
werden wahrond der ersten acht Stun
den nach Unfallbeginn keinerlei Spalt
produkte in die Umgebung emittiert,
weil erst dann der Pnrnarkrclslauf durch
Ansprechen eines Sicherheitsventils
gebffnet wird. Zunachst werden haupt
sachlich Edelgase und etwas Jod frei
gesetzt, die aus schadhaften Brenn
stoffpartikeln stammen. Erst nach mehr
als 30 Stunden ist die Temperatur im
Reaktorkern so weit gestiegen, daB
auch Casium emilliert wird. Strontium
erscheint erst nach uber 50 Stunden,
kurz bevor der Emissionsvorgang durch
die einsetzende AbkOhlung des Reak
torkerns praktisch beendet wird.

Die Strahlendosen, die diese Emissio
nen radioaktiver Stoffe verursachen
wurdan, sind unter sinngemaBer An
wendung der Rechenvorschriften fur
die Berechnung der Individualdosen
nach Auslequnqsstorfallen ermillelt
worden. Die .Rahmenernpfehlunqen"
berOcksichtigen bei der Festlegung der
NotfallmaBnahmen nur die Ganzkbrper
bestrahlung von auBen und durch Inha
lation sowie die durch Inhalation verur
sachte SchilddrOsendosis. Dieses Vor
gehen entspricht der Zielsetzung der
NotfallmaBnahmen, narnlich der Ab
wendung unmittelbarer Gefahren nach
einem Reaktorunfall. Um festzustellen,
wie weit im vorliegenden Fall auch
MaBnahmen zur Verhinderung des Ver
zehrs radioaktiv kontaminierter Nah
rungsmittel tur den Notfallschutz von
Bedeutung sein kbnnten, wurden auch

Bild 6; Knochendosis bei dem angenommenen
Kernaufheizunfall des THTR-300. (Hauptbeitrag
verursacht durch Inhalation von Strontium)
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die Ober den Belastungspfad "Inge
stion" verursachten Strahlendosen be
stimmt.

Die Berechnungen der Ganzkorper-,
SchilddrOsen- und Knochendosen zei
gen, daB der Verzehr radioaktiv konta
minierter Nahrungsmittel entscheiden
den EinfiuB auf die Hohe der Dosen
hat, wenn nicht ein Verzehrverbot spa
testens nach dem Beginn der Freiset
zung - acht Stunden nach Unfallbe
ginn - ausgesprochen wird.

Die Schilddrilsendosis (Bild 3) bleibt
Oberall unter der Grenze der Getahr
dungsklasse I, wenn innerhalb von acht
Stunden nach Unfallbeginn ein Verzehr
verbot ausgesprochen wird. Die Schild
drusendosis ruhrt dann hauptsachllch
von der Inhalation von flOchtigem Jod
her.

WOrde ein Verzehrverbot allerdings erst
nach 32 Stunden (24 Stunden nach
Emissionsbeginn) wirksam, so wurden
die oberen Grenzwerte der Gefahrdunqs
klasse II tur Kleinkinder innerhalb eines
Umkreises von etwa 5 km und tur Er
wachsene unmittelbar am Kraftwerks
zaun Oberschritten (Bild 4).

Hauptursache fOrdiese Dosisbelastung
ist der Verzehr der Milch von KOhen,die
in diesem Bereich geweidet haben.

Die .Hahrncncmptehlunqen'' des BMI
gehen allerdings davon aus, daB keine
Ingestion (Aufnahme radioaktiver Sub
stanzen mit der Nahrung) stattfindet,
sondern grOnden ihre Empfehlungen
ausschlieBlich auf die Inhalationsdo
sis, weil als selbstverstandllch voraus
gesetzt wird, daB bei einem Reaktarun
fall sofort ein Verzehrverbot erlassen
wird. In diesem Fall waren keine beson
deren GegenmaBnahmen erforderlich;
lediglich ein Verbleiben im Haus wird
als zweckmaBig angesehen (Bild 3).

Die Gsnzkoroerdosts (Bild 5)wird haupt
sachlich durch innere Bestrahlung ver-

ursacht, die von inhaliertem Strontium
herrOhrt. Die ausere Bestrahlung durch
die Bodenstrahlung spielt nur eine un
tergeordnete Rolle, da vorausgesetzt
wird, daB innerhalb von sieben Tagen
GegenmaBnahmen ergriffen werden,
falls sie erforderlich sein sollten. Die
Dosiswerte liegen weit unter dem Grenz
wert der Getahrdunqsklasse I; Haus
aufenthalt ist eventuell zweckrnafsiq,
aber nicht erforderlich.

Die Knochendosis (Bild 6) ist ebenso
wie die Ganzkorperdosis im wesentli
chen auf die Inhalation von Strontium
zuruckzutuhren. Die .Rahmenernpfeh
lungen" enthalten keine Hinweise auf
die Knochendosis. Die Dosiswerte er
scheinen jedoch unbedenklich, wenn
man sie im Verhaltnis zur Ganzkorper
dosis sieht und dabei den Oblichen
Faktor 6 berOcksichtigt.

Eine anschauliche Vorstellung von den
gesundheitlichen Auswirkungen der zu
erwartenden Strahlendosen kann man
gewinnen, wenn man sie in Beziehung
setzt zu der Dosis, die jeder Mensch
durch die nalOrliche radioaktive Strah
lung unvermeidlich erhalt. Ein Ver
gleich zeigt, daB die Ganzkorper-Unfall
dosis in einem Kilometer Abstand vom
Kernkraftwerk etwa dem Zehnfachen,
in fOnf Kilometer Abstand etwa dem
Doppelten der Jahresdosis aus naturli
chen Ursachen entspricht.

Zusammenfassung
Die Untersuchungen haben gezeigt,daB
auch bei extrem unwahrscheinlichen
Untallen die Dosisbelastungen auBer
halb des Kraftwerksgelandes die obe
ren Grenzwerte der niedrigsten Gefahr
dungsklasse der .Rahmenernptehlun
gen" nicht Oberschreiten. Die dart auf
gefOhrten NotfallmaBnahmen sind des
halb nur in eingeschranktem Umfang
erfarderlich. Insbesondere mOssen tur

die Radien der einzelnen Schutzzonen
nicht die in den .Rahmenempfehlun
gen" genannten Maximalwerte zugrun
de gelegt werden; um den Schutzzweck
zu erreichen, genOgen wesentlich klei
nere Radien. Es ist jedoch erforderlich,
Vorkehrungen zu treffen, daB spate
stens acht Stunden nach Unfallbeginn
der Verzehr von Nahrungsmitteln, die
kontaminiert sein konnten, untersagt
wird.

SchluBbemerkung
Bei der Umsetzung der errechneten
Strahlenbelastungen in konkrete Not
falimaBnahmen sollte berOcksichtigt
werden, daB die Rechnungen von sehr
pessimistischen Annahmen ausgehen
und die Rechenverfahren selbst zum
Teil erhebliche Sicherheitszuschlaqe
enthalten. So treten z.B. die atrnospha
rischen Verhaltnlsse, die den Ausbrei
tungsrechnungen zugrunde liegen, nur
in 0,2 Prozent aller Faile auf; bei allen
anderen Wetterlagen ergeben sich gon
stigere Resultate. Die Schutzwirkung
von Gebauden wird ebenfalls vollig au
Ber acht gelassen. Obwohl schon der
normaIe Aufenthalt in einem Haus die
Dosis um einen Faktor 3... 10 reduziert,
wird fOr die Rechnung unterstellt, daB
sich aile betroffenen Personen sieben
Tage lang standiq im Freien aufhalten.

Die angegebenen Strahlenbelastungen
sind daher als eine Art oberer Grenz
werte anzusehen, die nur in extrem sel
tenen Fallen (Eintrittshaufigkeit fOr die
sen Reaktorunfall mit ungOnstiger Wet
terlage kleiner als einmal in 100 Millio
nen Jahren) erreicht werden. Die tat
sachlich auftretenden Strahlendosen
dOrften unter den hier angegebenen
Werten liegen. Ausreichend Zeit fOr das
Erkennen der Unfallsituation und die
Einleitung adaquater NotfallmaBnah
men steht wegen des langsamen Unfall
ablaufes in jedem Fall zur VerfOgung.
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Status of the pebble bed modular reactor'

D. R. Nicholls

Eskom, South Africa

Eskom is the South African state electricity utility, with
an installed capacity of38397 MW at the end of 1996
(some 98% of all national generating assets). It
is largely coal-based with a small proportion (5%)
nuclear. As part ofEskom 's long-term planning process,
investigations have been made into new power genera
tion options. On reconsidering the nuclear option,
Eskom identified two key issues: cost and public accept
ance. It was considered that both ofthese were driven by
the safety issues related to potential accidents and the
only way to obtain competitive costs with nuclear power
was to remove the potential (however remote) for
accidents with significant off-site consequences. The
only reactor type that was seen to meet this safety
standard was the pebble bed modular reactor (PBMR).
This paper discusses the PBMR project history, plant
performance and design, its benefits, safety features,
and current status. It concludes that the PBMR will
provide South Africa with a competitive option for
coastal generation and, internationally, it will be highly
competitive with virtually all other generation options.

Introduction

Eskom is the South African state electricity utility,
with an installed capacity of 38397 MW at the end of
1996 (some 98% of all national generating assets). It is
largely coal-based with a small proportion (5%)
nuclear. The current nuclear station (Koeberg) has
two pressurized water reactor (PWR) units of
965 MW (gross). Koeberg is at Cape Town, some
1400 km from the nearest coal-fired station. Koe
berg's units were commissioned in 1984/5. The
overall cost of utility operations in 1996 was
2·1 cents/kWh (US). This includes all generation,
transmission and distribution costs.

As part of Eskom's long-term planning process,
investigations have been made into new power gen
eration options. The option of further light-water
reactors (LWRs) was investigated extensively in the

*This paper was first presented at the fourth BNES/BNIF Nuclear
Congress, 1-2 December 1999, Royal Lancaster Hotel, London.

late 1980s and rejected due to the cost penalty com
pared with Eskom's coal-fired options. The average
price of coal delivered to Eskom's station is in the
order of $7·50/t.

In 1993 Eskom reconsidered the nuclear option
(specifically for load centres away from coal fields)
and again discounted LWRs. Further investigation
was done and two key nuclear issues were identified:
cost and public acceptance. It was considered that
both of these were driven by the safety issues related
to potential accidents and that the only way to obtain
competitive costs with nuclear power was to remove
the potential (however remote) for accidents with
significant off-site consequences.

The only reactor type that was seen to meet this
safety standard was the small high-temperature
reactor (HTR), using coated particle fuel. This design
was then investigated in much greater detail and the
pebble bed modular reactor (PBMR) concept design
was undertaken. The reason for the level of detail in
the concept design was to ensure that the safety
arguments were valid and that the costing could be
effectivelydone.

The key requirements for such a programme are
seen to be

(a) adequate technology level in the local industry
(b) large enough utility to provide backing for the

project
(c) non-prescriptive licensing regime
(d) cost structure for power generation that excludes

current technology.

All these are seen to be met in the South African
situation, with Eskom being well placed both in terms
of its size and its legal position.

Background

The technological features used in the PBMR are
based on the experience gained in a number of projects
leading to a high degree of confidence in the basis of
the design. The technologies derived from each project
differ but in all cases are fundamentally based on
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extensive research of materials, components, fuel,
core, and overall plant technology. Specific examples
include the neutronic design of the 265 MWe PBMR
reference proposal based on the HTR-MODUL
(200 MWe) and HTR-lOO (250 MWe) designs by
Siemens/Interatom and BBCjHRB respectively. This
concept refers to well-proven technology demon
strated by the operational histories of the AVR
experimental reactor in Julich and the THTR demon
stration plant in Uentrop-Schmehausen.

The current cost of relevant technology projects
worldwide totals billions of US$. Furthermore, the
licensing of the HTR-MODUL reactor design in 1987
for commercial operation in Germany demonstrates
that the key technologies have been mastered.

As stated earlier, the fundamental concept of the
Eskom design is aimed to achieve a plant that has no
physical process, however unlikely, that could cause a
significant radiation-induced hazard outside the site
boundary. This is principally achieved in the PBMR
by demonstrating that the integrated heat loss from
the reactor vesselexceeds the decay heat production in
the post-accident condition and that the peak tem
perature reached in the core during the transient is
below the demonstrated fuel degradation point and
far below the temperature at which the physical
structure is affected. The prospect of a 'core melt'
scenario is therefore zero. Heat removal from the
vessel is achieved by passive means.

Present issues

Perceived nuclear risk

It is possible to build a nuclear power station which
meets the necessary technical (and licensing) require
ments and demonstrates a level of safety far above
other industries which still do not have public accept
ance. In many ways it is the issue of public acceptance
that has been the 'Achilles' heel' of the current
generation of nuclear plant. This is based on two
perceived problems: disposal of waste and accidents.
The waste problem has been technically addressed in
terms of feasibility but will need to be 'seen' to be
implemented. The reason that the final waste reposi
tories for spent fuel have not yet been fully established
is down to economics. It is reasonably cheap to store
spent fuel at power stations and the longer the spent
fuel is stored the less decay heat generated and there
fore the lower the cost of the final repository. The
actual risk from such repositories has been shown by
Swissand Swedish work to be extremely low but, until
the first operational repository is in place, the percep
tion of a high-risk activity will remain.

The issue of accidents also must be seen to have
been solved. The classic question is 'Can the nuclear
plant have an accident which could affect the public?'
The answer for the current generation of plants is
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'Yes, but it is such a remote possibility that .. .'. The
only part of this answer that is heard is the first word;
the rest is only limited mitigation! To be acceptable,
the answer must be 'No'. There must be no physically
credible event which can cause off-site actions to be
required.

Costs

The costs of the current generation of nuclear
power plant increased significantly (in real terms)
between 1970 and 1990. This was not due to specific
design changes but the increased cost of 'safety', as
expressed by QA requirements, design controls, per
sonnel training, etc. The changes in the physical
design in this period were not significant (in cost
terms), but it was the surrounding infrastructure that
caused the cost increases. These cost increases moved
the nuclear option from being one of the cheapest
options for the first world in 1970 to one of the most
expensive in 1990, as the real cost of fossil generation
fell. These cost increases are linked to the perceived
risk concern noted previously. The problem therefore
is that as long as the potential for accidents exists, the
costs will always have an upward pressure.

This overall situation led to the position today,
where the public believes that nuclear power is more
expensive than fossil fuels by its very nature-the
opposite of the position in 1970.

PBMR project history

As stated earlier, the PBMR project was launched
as part of Eskom's integrated electricity planning
supply side working group activities. The initial work
in 1993 was due to a request to review potential
nuclear options. During this review the possibility of
a small, inherently safe reactor based upon German
high-temperature reactors was identified. The funding
was initially small but grew as the potential economic
benefits were increasingly confirmed by the work
being done. Throughout the project the targets set
were to be competitive on cost with the large Eskom
mine-mouth coal-fired power stations, without limita
tions on siting.

The concept design and costing studies showed that
the technology being adopted for the base-line design
has been adequately demonstrated to avoid funda
mental technical risks. This is supported by tech
nology contracts with the original commercial
developers in Germany (Siemens and ABB) through
their subsidiary (HTR GmbH) as well as the related
research institute (KFA in Jiilich). To support other
key technology areas there has been detailed involve
ment of overseas suppliers.

There have been over ten independent reviews of
the technical and commercial aspects, both those
funded by the project and those requested by potential
joint venture partners. The only two specific concerns
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Benefits

the turbo-machinery and heat exchangers in a power
conversion unit.

In light of this extensive work the project has been
analysed from three perspectives to gauge its value to
the country, the utility and the investor. These are
discussed in the following subsections.

National benefits

In studying the PBMR, Eskom established a
scenario (called the base case) to allow analysis. The
project has been subjected to an input-output analy
sis, based upon this base case model for construction
of the units only (without the development and fuel
projects). The model assumed ten units/year for local
construction and 20 units/year for export. The South
African content of the local plant is 81% and 50% for
export plant. These content values are based upon the
plant equipment breakdown and a realistic assessment
of current local manufacturing capability.

265MW
117MW
114MW
20MW

0-100% nominal
10 MW/min

100%
30 days per 72 months

40 years
On-load

80
~$100 million/module

~$4/MWh

24 months
400m

PerformanceDescription

Thermal power
Maximum generated power
Maximum distributed power
Minimum power (high efficiency)
Continuous stable power range
Ramp rate (0-100 MW)
Load rejection without trip
General overhauls
Plant life
Fuel movement
Staff level for ten-unit site
Capital cost
Fuel cost
Construction period
Emergency planning zone

Table 1. Plant performance figuresraised were over the back-end fuel cycle costs (by the
International Atomic Energy Agency (IAEA) expert
on nuclear costing) and the performance of the re
cuperator. In the case of the back-end fuel cycle costs
the figures for the PBMR are based on the agreed
rationale for Koeberg. The current cost of disposal is
less than 1% of the fuel cost and therefore even a large
(factor of 10) increase would not significantly increase
the levelized cost of power. In the case of the re
cuperator, the concern is principally over the com
pactness of the design and this has been addressed by
doubling the available volume for the recuperator.
This has not had a significant impact on the overall
costs. During the period of these reviews the available
core power was increased, by changes to the fuelling
regime, from 226 to 265 MW, while increasing the
available margins (i.e. lowering the peak fuel tempera
ture during loss of cooling events). At the same time
the reflector structure was made substantially simpler.

These reviews have included a market survey for
this class of plant covering 19 countries in depth. This
market research indicated a substantially larger over
seas market than used for the economic evaluations.
This is because of the strong cost advantage of this
design over other options where very cheap coal is not
available.

The IAEA has been formally requested by the
South African government to investigate and advise
on the technical and economic feasibility, safety and
proliferation aspects of the PBMR. This study is
already in progress and several meetings have taken
place in South Africa and at the IAEA. It is expected
that the final report to the South African government
will be made early in the year 2000, and that this will
enable the government to make a decision on the
matter.

Plant performance

The plant performance figures are shown in Table 1.
The dynamic performance of the design has been
validated by use of an engineering simulator that has
been developed.

Plant design

The aim of this paper is not to explain the reactor
design in detail; however, the overall plant layout is
shown diagrammatically in Fig. 1. The process cycle
used is a standard Brayton cycle with closed-circuit
water-cooled inter-cooler and pre-cooler. Separate
turbo-compressors and power turbine are used. This
separation simplifies the design and qualification
process while compressor bypass valves are used for
short-term control. All the bearings in the cycle are of
the magnetic type which avoids any contaminants in
the helium circuit and limits maintenance. The reactor
systems are placed inside a reactor pressure vessel and

Reactor

Turbo-compressors

Fig. 1. Overall plant layout

Powercontrol
system

( )

( )

233



Nicholls

Table 2. Effect ofproject on South African economy

Description Local Export Total

Permanent jobs created 92710 111836 204546
GDP/year (1998, million rands) 7734 10597 18331
BOP/year (1998, million rands) -791 6488 5697

The choice of 20 units/year for export was based
upon an assessment of the world market undertaken
for Eskom and would equate to a 2% share of the
overall world power market or (over the 20 years
considered) approximately 14% of the replacement
market for current nuclear plants. The ten units/year
for the local market was based on the long-term
Eskom growth trend of 3·53% (1980-93), which
equates to 1500 MW/year on a 41 000 MW base.
This equates to the long-term medium to high growth
assumptions of Eskom. In both of these cases (local
and export) the impact is on a linear basis, that is, the
impact of one unit/year for the local market is 10% of
the impact of ten units/year. This evaluation can
therefore be scaled to match any assumption basis.
To retain the local content, however, there must be an
adequate production level (at least five to ten units per
year) to maintain the full economies of scale.

This analysis showed that when the project had
matured (approximately ten years) the effect on the
South African economy from the local and export
market was as shown in Table 2.

Utility benefits

The PBMR studies were initiated to meet a future
need for distributed generation at a cost competitive
to Eskom's current coal generation. The advantages
of the PBMR over any other identified options are as
follows

(a) distributed generation
(b) short construction period
(c) small unit size
(d) excellent load-following
(e) low environmental impact
(f) competitive economics.

The key impacts of the PBMR option on Eskom's
expansion planning would therefore be to

(a) allow for the construction of multi-unit power
stations near to coastal load centres and therefore
limit the need for extensive transmission system
strengthening

(b) reduce the uncertainty, risks and therefore the
costs associated with the current long-term plan
ning requirements

(c) reduce Eskom's exposure to negative environ
mental claims, such as CO 2 emissions and use of
high veld water resources

(d) improve quality of supply at remote locations
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(e.g. Eastern Cape) without the need for new line
compensation equipment

(e) provide an economic mitigation strategy for
greenhouse gas reductions.

In terms of economics it is of note that the develop
ment cost of the PBMR is some 2·5% of the capital
cost of a 4000 MW coal-fired station, or the interest
on a three-month total project delay.

Investor benefits

As stated earlier, the project was started solely on
the basis of the utility requirements. It is, however,
clear that the economic advantages of the PBMR
would not be limited to the South African grid.
Unlike Eskom's other low-cost options (coal and
hydro), the PBMR costs are virtually independent of
location. The base load costs of about US 1-43 cents/
kWh (based on 6% discount and a 40-year life and
including 6% profit on construction and 20% on fuel)
is extremely low compared to overseas costs (average
cost in China is US 3 cents/k.Wh, in Japan is
US 9 cents/kWh). There should therefore be an exten
sive export possibility, particularly as the safety stand
ards being applied to the PBMR design are stricter
than those applied to other modern Western nuclear
stations.

Following the work in 1997, an analysis of the
project investment returns was undertaken (assuming
it captured ±2% of the world market for new power
plant). This analysis assumed that an owner's generat
ing cost of US 1·6 cents/kwh would be attractive and
result in a base case where the internal rate of return
on invested equity and loan capital over a 25-year
period is over 25% real. Beyond the first module no
sales to Eskom are included in this analysis and no
external gearing is assumed. Analysis showed that the
result was not highly sensitive to the start-up cost but
was sensitive to the gearing of the construction period
after the first unit.

On this basis the project can be seen to be a viable
and attractive investment opportunity. It should be
noted that the project can exploit specific competitive
advantages that South Africa can offer

(a) adequate technology level in the local industry
(b) large enough utility to provide backing for the

project
(c) non-prescriptive nuclear licensing regime
(d) cost structure for power generation that imposes a

strong cost cap



(e) utility having good public image and credibility.

The competitive edge of the PBMR over potential
suppliers of similar technology will be maintained due
to the initial time lead (which must be protected)
combined with an ongoing active product develop
ment and enhancement programme funded from
revenue. This is included in the current financial
model as 4% of total turnover.

Safety comparison

As was explained previously, the design was aimed
to achieve a 'catastrophe-free' design, irrespective of
probability. In support of this, a study into the risks of
the PBMR compared to other nuclear activities was
established. It should be noted that the risk from other
industrial activities exceeds that of the highest nuclear
risk by a substantial margin. Under these analyses a
PBMR could, for all sensible purposes, be considered
to be a normal industrial plant, in terms of siting and
emergency planning. Table 3 illustrates the low risk
posed by a PBMR.

Current status

Overview

The PBMR programme has achieved the following
milestones

(a) application for nuclear licence of the design from
the South African regulator (Council for Nuclear
Safety (CNS»

(b) initiation of environmental impact assessment
process to allow approval of the first site

(c) establishment of single programme team (of over
80 full-time staff) outside the utility head office

(d) finalization of concept design
(e) prequalification of key suppliers
if) negotiations with potential joint-venture partners

Table 3. Risk index

Index Description

Status ofthe pebble bed modular reactor

(g) initiation of tender process for detail design of
long lead items.

This is intended, when combined with public and
stakeholder consultations, to enable the decision on
the potential construction of the first reactor to be
taken in due course. This would include full consid
eration of the development, construction and costs,
design parameters and the site location.

Licensing

The South African licensing system is based on a
fundamentally probabilistic basis, with the require
ment to meet international standards. This has been
the case since the beginning of the South African
nuclear power programme in the early 1970s. The
process requires that any nuclear activity (including
the design process) shall be covered by the CNS.

In light of this, and the need to establish the design
rules for the PBMR, Eskom has formally applied for a
licence for the PBMR design. The application has
started a programme aimed to achieve the initial
'licensability' statement on the PBMR by the first
quarter of 2000. This will include the safety criteria
that the plant must meet, the general and specific
design criteria, the event list, the classification
systems, and a review of the design basis. These
activities are under way with the involvement of
international consultants (both to support the CNS
and Eskom).

Environmental impact assessment (EIA)

Under South African legislation there is a require
ment for a full EIA for any new power plant. In light
of this, Eskom has started the process and has called
for potential suppliers to submit their capabilities. A
formal inquiry to the qualified suppliers will be issued
shortly. As part of the EIA process there will be a
number of coastal sites considered, as well as the
overall societal impact as to the value of the PBMR
project (to allow for the 'no go' option). The decision

37* Public] risk due to accidents, including a 'Chernobyl' at a PWRt
35 Occupational risk due to normal operation at a PWR

6·1 Public risk due to normal operation of reprocessing plant
I-S Public risk due to normal operation of a PWR'II
1-4 Public risk due to normal operation of an APWRII
0·4 Public risk due to accidents, including a 'Chernobyl' at an APWR
O'2 Occupational risk due to normal operation of reprocessing plant

< 0·1 Public risk due to accidents, including the most severe, at a PBMR

*For example a risk index of 37 means a dose ofO' 37 manSv/TWh.
t The public risk is for members of the public living within 1000 km of the installation.
t The PWR chosen is one of those at Tricastin. It is typical of modern reactors.
'II The public risk due to normal operation is the environmental risk.
II The advanced PWR (APWR) chosen is Sizewell B. It incorporates additional safety
features compared with the PWR.
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has now been taken to consider only the existing
Koeberg site for the first unit.

Engineering

The concept design is now largely complete, with
the basic design process under way. Those areas of the
plant which are not covered in significant detail are
those which are standard 'off-the-shelf' equipment
and do not contribute significantly to the cost (e.g.
the air compressor system), but even in these cases a
performance specification has been generated.

The load-following capability has been a very
specific feature of the work to date. There is an
engineering simulator (based on a G2 platform)
which has been developed to allow non-real-time
dynamic analysis. There are two other system analysis
tools being used in the cycle development and these
are FLOWNET and a MATHCAD-based model.
While these tools are sufficient to handle the concept
and basic design phases, they are not seen to be
appropriate for the detail design phase and a new
engineering simulator is under development with a
view to being in service by the middle of 1999.

Another key area has been the maintenance analy
sis. There has been extensive work on the maintain
ability of the design, and all components are classified
by their life expectancy and difficulty of repair. This
leads to some components having very easy access
(e.g. the bypass and interrupt valves) which can be
maintained without breaching the helium circuit, and
some which can be changed, but only in the same
manner as the changing of steam generators on a
PWR (e.g. the recuperator). This analysis has
allowed the maintenance cycles and removal routes
to be established (along with, for example, their
impact on building design and crane requirements).

In particular areas there are test rigs under con
struction. These are required to demonstrate very
specific features which would be valuable to include
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in the design. These are separate from the inquiry
documents now being issued for the detail design and
manufacture of long lead components. (Note: the
manufacture option in these contracts would only be
exercised once the commitment to the first unit has
been made.)

Fuel manufacture

The manufacture of fuel is a key element of the
PBMR programme, and the quantities required
exceed any previous high-temperature gas-cooled
reactor (HTGR) project. Therefore, while there are
facilities to construct HTGR fuel on a small scale
currently in the world (in Japan and China, for
example) the PBMR requires a new fuel manufactur
ing facility. The present intention is to construct it at
the South African Atomic Energy Corporation (AEC)
site, in the complex that built the fuel for Koeberg.
This project has identified the layout for such a line (to
initially manufacture 1-4million spheres/year) and the
equipment specifications. Discussions are now being
held with vendors for the equipment. In terms of the
actual fuel technology, Eskom has involved a number
of suppliers and potential suppliers in various ways
(such as partnership agreement, commercial contract,
or in some cases negotiations are still under way). In
the meantime the AEC, under Eskom contract, has
started laboratory work. This work is to support the
external technology that is being obtained.

Conclusion

The PBMR has a number of advantages over other
potential power sources. In South Africa it will
provide the country with a competitive option for
coastal generation. Internationally, it will be highly
competitive with virtually all other generation
options.
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Abstract:

The HTR-MODUL is a system which incorporates the advantageous

safety characteristics of the HTR reactor design. A comparison

with the conventional HTR concept with regard to shut down,

decay-heat removal and safety barrier systems shows that they

become much less important if not totally unnecessary for the

HTR-.'10DUL design, from. the viewpoint of safety. This higher

level of inherent safety is due mainly to the reduced reactor

size and power density as well as a special geometric design.

The result is a maximum possible accident temperature of

16000 C under which the integrity of the fission-product barrier

remains.

Ext~rnally generated load cases - the two main load cases to

be considered in Ge~any, earthquake and aircraft impact 

already constitute a significant proportion of the safety risk

for conventional reactor designs. The greatly reduced internally

generated safety risks associated with the HTR-HODUL result in

these externally generated load cases becoming dominant and very

important with regard to any overall risk reduction.

The system's integrity with regard to safety under any eventuality

is totally assured so long as the geometry which ensures passive

heat removal is maintained. A single failure in the outer con

fin~ment does not in itself constitute a safety risk. Only several

further failures of a specific nature, involving the pressurized

primary system, could cause safety related problems. The main

aims of any design appertaining to earthquake or aircraft-impact

loads must be therefore to maintain a geometry which allows passive

cooling and ensures the integrity of the pressurized primary

system. These aims are most effectively reached by a special

reactor bUilding design which attempts to isolate the reactor

compon~nts from the externally generated loads.
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A design concept for the building will be analysed& This

design maintains a high degree ,of reactor component

isolation, which protects the components from aircraft

induced vibrations, while still retaining an overall stiffness

high enough to negate magnification of the important low fre

quency seismic loads.

1. Introduction

Within the last years reactor development has tended to the

increase of power output per reactor unit o

As far as HT-reactorsare concerned the advantages of the high

temperature level was not sufficient to promote the construction

of a high power plant~

One of the raajor reasons is that during the development technical

difficulties became apparent: with growing power output the

inherent physical properties of HTRs become less and less effective

with respect to controlling accidents so that active safety systems

have to be introduced.

In a situation characterized by growing political opposition

to the establishment of nuclear plants it could be attractive to

reach high power output by connecting smaller units in series

that means modular technology. We may assume that by preserving

the inherent safety characteristics of the low power HTRs simple

construction techniques become possible and as a consequence

uncomplicated licensing and calculable erection time will be

regained.
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2. The Modular Unit

To reduce the costs for development the operating AVR-pebble

bed reactor is used as a basis.

The principal point with regard to safety is the criterion that

under all circumstances with meaningful occurrence rates the

core temperature will not exceed 1600° C. So the fission product

barrier within the pebbles will be retained.

For keeping under this temperature limit neither an active heat

sink within the primary system nor an active shut down device

should be necessary.

The resulting modular unit is shown in figure 1:

The reactor and primary heat sink have a joint steel pressure

vessel. The gas exchange takes place beneath the pebble bed. In

the case of break-down of the primary heat sink v radiation and

convection is sufficient for a surface cooler to facilitate the

necessary heat transfer, even if the shut down device fails or

a depressurisation accident occurs. The dimensions of the core

are controlled with respect to the diameter and power density

by the 16000 C - temperature limit and with respect to the height

by pressure loss and power density distribution. So the power of

a modular unit is limited to approximately 170 - 200 ~lW depending

on the use ( e.g. steam generation, process heat production).

From the safety point of view, severe problems can only be caused

by extreme damage of the part of the pressure vessel that

belongs to the reactor or by the failure of the surface cooler.

For a detailed description of the HTR-Modul concept you are kindly

asked to look for REUTLER I LOHNERT : "The Modular HTR ", to be

published in NUCLEAR TECHNOLOGY.
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3. Some Aspects of the Design Against External

Events (EE)

As mentioned above it is necessary to ensure the integrity

of the following components in the case of EE:

integrity and stability of the reactor

pressure vessel,

the operational ability of the surface

cooler.

Such calculations are standard practice. It is not necessary

to ensure that the ceramic structures remain in a good condition

because neither gas conduction nor shut down ability is asked

for after or during extreme external events.

On the other hand it 1s a result of the high level of safe

operation of a modular plant that EE gain importance with regard

to any overall risk reduction. It is worthwhile to think about

the minimization of EE-risk.

This could be important for the present with regard to plant

location and also for the future with respect to plant numbers.

Under the assumption that the site is known the starting point

for a EE-risk ninimization is obviously the design of the

reactor building. It can be taken for a maxim that it is better

to reduce the component loads due to external events by a

special building design than to design against higher loads

in case of conventional building.
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4. Proposal for a HTR-Modul Reactor Building

Nuclear plants that are to be built within the FRG must be

designed for the external events earthquake and aircraft

impact. The typical German' site is characterized by:

low to middle values of soil

shear modulus G: 9 ~ 107~ G" 2,5 • 108 N/m2

maximum ground acceleration b o b -e 3 m/'sec2
0-

impulse I of the aircraft: I = 4 • 106 N. sec

In addition we assume a plant with four modular units. The

fundamental configuration can be seen from figure 2. Due to

functional reasons this configuration should not be altered.

The reactor building consists of an outer region that is the

aircraft impact penetration barrier and an inner region which

contains the components, in particular the primary cells. The

reactor hall remains unprotected against aircraft impact. The

roof of the penetration barrier contains openings above the

reactors and primary heat sinks which are closed by concrete

plugs during normal operation (see fig. 3).

If soft to middle soils are assumed a rigid building shows the

best effects with regard to component loads due to:

high damping values due to energy radiation;

there is no magnification of the floor acceler

ations for frequencies higher than 8 Hz.

Independent of soil properties the aircraft impact induces

significant accelerations in the higher frequency range if rigid

couplings exist between impact point and component location.
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Figure 4 shows the typical situation the component designer

has to take into account in the case of a "conventional"

reactor building. So what is needed is a bUilding that reacts

monolithically with respect to the earthquake and nevertheless

weakens vibrations of higher frequencies decisively on their

way to the component locations.

The building concept resulting from these considerations is

shown schematically on figure 5: the penetration barrier is·

constructed as a box with.in which is contained the free standing

inner region. The roof of the penetration barrier is partly

supported by springs on the walls of the primary cells. This

leads to a reduction of the roof thickness from unfavourable

6 m to approximately 3 m without loss of decoupling in the

higher frequency range. For the roof support approximately

70 spring packs with spring constants of 2 x 10 7 N/m would be

required. With a sufficiently rigid penetration barrier and

inner region the whole building reacts monolithically during an

earthquake as the assumed solI acceleration of 3 m/sec2does not

cause lifting of the inner region.

It remains to show the effectiveness of decoupling in the case

of aircraft impact. The results of two typical computations

are presented:

vertical impact on the middle of the

penetration barrier roof~ figure 6 shows

the roof displacement which reaches a
-2maximum value of approximately 4 • 10 m.

The displacement of the inner region

attains a value of about 2 • 10-3 m (see fig.7)

vertical impact on the middle of the longer

wall of penetration barrier: figure 8 shows

the floor response spectrum for a point on

the penetration barrier, figure 9 that of an

inner region point. The high frequencies are

significantly filtered out.
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5~ Conclusion

The high operational safety of a HTR-Modul can be supplemented

with respect to external events by an adapted reactor building_

The design of the bUilding results in a decoupling of components

from aircraft impact induced vibrations while still providing

the advantage of monolithical behaviour in the case of an
earthquake.
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