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INTRODUCTION 
The status of the HTR development program in the Federal 
Republic of Germany in 1984 is characterized by the begin
ning of a transition phase from a national program to a 
commercial program. In the last 20 years the HTR techno
logy program was strongly, nearly completely supported by 
the Federal Government and the State Government of North-
Rhine-Westfalia. Funding of the program up to now exceeded 
5 billion DM. 
Within this framework it was possible to establish compe
tent-reactor-system companies, to enable industries to sup
ply HTR- specific components including fuel elements and 
nuclear graphites, to maintain the strong engagement of the 
national centre КFA juelich in general R&D-activities, to 
build and operate the AVR-plant for more than 16 years, to 
erect the demonstration plant THTR-300 now approaching 
completion and to build and operate many efficient test 
facilities. Thereby the HTR technology development achieved 
a stage oii maturity which is not only considered to be most 
advanced, but is also ready now for commercial deployment. 
The transition phase towards commercialization was launched 
more than a year ago by a general program and technology 
reassessment performed by the Federal Government in close 
connection with the State Government of North-Rhine-West-
falia. This was initiated mainly by the high incremental 
costs for the completion of the THTR-plant. But ultimately 
it was not only an effort to consolidate the budget for the 
THTR-costs, it was also a clarification - which was overdue 
- of the positions of the users, the manufacturers and the 
government with regard to the technology deployment, the 
responsibilities for future activities and the necessary ' 
program redirection. It may be considered as a readjustment 
of the program emphasis to the general economic and energy 
situation in the Federal Republic. 



The assessment report which comprised both the fast breeder 
and the HTR development included all major impacts, such as 
history, status, prospects, benefits, industrial aspects, 
and international developments of the technology. One of 
the conclusions was: "The future of the advanced reactor 
systems can no longer be considered with the optimism of 
the early 70-ies, when construction of the prototype plants 
was decided, it also should not be assessed under the im
pression of the political circumstances of the late 70-ies 
which led to the problems and set-backs of nuclear energy 
in general and the advanced systems in particular. Today 
realistic expectations for the future indicate an in
creasing importance of nuclear energy and a significant 
potential for the advanced systems, maybe, however, later 
than originally envisaged." 

The report did not question and again acknowledged the well 
known benefits of the technology. It was conceded that 
especially the prototype projects considerably suffered from 
the political uncertainties in the late 70-ies. 
Ultimately, the completion of the construction of THTR-300 
was recommended on the basis of a compromise between the 
governments, the ultilitiies and manufacturers to cover the 
incremental costs with a relatively increased share to come 
from industry. 
The main arguments were 

the advanced status of erection of the plant 
the willingness of the industry to provide additional 
financial contributions 
the statement of the industry that the upper cost level 
of 4 billion DM for completion of the plant will not be 
exceeded 

- the statement of the reactor industries that after THTR 
completion they will be able to offer commercially 
competitive power plants up to the size of about 500 

• MW(el) 

- Only the completion of the THTR and the continuation of 
the development program will keep the option open for a 
later supply of nuclear process heat. 

The results of this procedure reestablished the political 
support for the continuation of the HTR-program,•provided 
industry will take over the initiative and lead and assume 
responsibilty for the further technology realization in the 
near future. The requirement for industrial responsibility 
is also applied to a later lead project or prototype plant 
for nuclear process heat application. 

These guidelines had, of course, some influence on the ra
tionale of the program and changed emphasis on some program 
elements. The program description is facilitated by di
stinguishing the five major program elements: 
AVR 
THTR-300 
THTR follow-up plant 
Nuclear process heat program 
Fuel cycle activities. 

The main activities and milestones are shown in Fig. 1. 
The AVR-plant, the small 15 MW(el) pebble-bed reactor will 
be operated until the end of '86 when the main objectives 
and goals for the current operation will be achieved. The 
successful operation at very high temperatures and the good 
general condition of the plant motivated КFA Juelich to in
vestigate a further utilization by modification of the 
reactor for a connexion and testing of a steam reformer 
bundle. This system would fit as a first step into plans of 
the KFA, Juelich, for a pilot plant scale technology centre 
for conversion technologies of dirty fossil fuel into 
clean, easy-to-use energy carriers and the production of 
liquid hydrocarbons, e.g. methanol, without environmental 
load. 



FRG-HTR-PROGRAM-ELEMENTS 

1983 1984 1985 1986 

AVR FUEL. TESTING - FURTHER OPERATION? — 
COMPONENT RÉU ABILITY 
• HIGH TEMPERATURE DEMONSTRATION -

PLANT MODIFICATION FOR NPH COMPONENT TESTING? 

SHUT DOWN? 

THTR COMPLETION OF CONSTRUCTION -

BUDGET CONSOLIDATION 
COMPONENT TESTING 

Д 1 . OPERATION LICENSE 
A CORE LOAD., SUBCRIT. EXP. 

Л 2. OPERATION LICENSE 
Л POWER TESTING PLANT HAND OVER 

TO UTILITY 

THTR-
FOLLOW UP 
PLANTS 

USERS (AKR)-PROGRAM 
CONCEPTUAL DESIGN STUDIES 

COMPACT REACTOR SYSTEM 
(CRS;HTR-500) 
MODULAR REACTOR SYSTEM 
(MRS) 

CONCEPT EVALUATION 

LEAD UTILITIES FORMATION 
PROJECT STRATEGY PLAN 

PLANNING CONTRACT 
SITE DEFINITION 

PLANNING PHASE- LICENSING 
PROCEDURE 

NPH 
NHSS ADAPTATION 
R+D-PROGRAM CONTINUATION -

INTRODUCTION STRATEGY 
LEAD PLANT DEFINITION 

COMPONENT DEVELOPMENT PROGRAM -
NFE-P1LOT PLANT OPERATION 

HKV-PILOT PLANT OPERATION • 
WKV-SEMITECHN. PLANT OPERATION WKV-PILOT-PLANT? 

NUCLEAR COAL GASIFICATION REASSESSMENT 

FUEL 
CYCLE 

LEU FUEL MANUFACT. PROCESS DEVELOPMENT-
FUEL IRRADIATION TESTING -

SPENT FUEL TREATMENT R+D -



THTR-300I the demonstration power plant in Hamm/Schmehausen 
is now approaching completion. The budget is consolidated, 
construction work will be completed end of this year, the 
primary system is ready, zero-energy testing has been suc
cessfully performed, further obstacles for the operation 
license cannot be expected, start of power testing is sche
duled for the beginning of 'B5 and surrender to the utility 
HKG end of '85. A trouble free commissioning phase and a 
successful operation at full load are now indispensable 
preconditions for a stronger utility engagement for a suc
cessor plant. 
For the THTR follow up plants conceptual designs have been 
elaborated by the reactor industry. In accordance with the 
general program guidelines this work has already been per
formed as a private initiative under contracts from the 
user group AHR without government involvement. The AHR-As-
sociates are listed in Fig. 2. This group is continuously 
pursuing the HTR development activities in order to analyse 
application possibilities of the HTR within their compa
nies. Due to the present status of technology and to the 
present market conditions successor projects can only be 
steam cycle plants for the supply of electricity and/or 
process steam. 

The BBC/HRB-group has presented a design for a THTR-type 
reactor of the size of 500 MW(el), called HTR-500, which 
adopts proven THTR component and design features as much as 
possible when appropriate. This will allow advantages to be 
taken of the THTR licensing experience. The companies claim 
to achieve at least the same specific electricity generat
ing costs as big standardized PHR. 

Moreover, the same companies have developed a conceptual 
design for a reactor of the size of 100 MW(el). It is an 
enlarged AVR-type reactor with a particularly high safety 
potential. It is also suitable for a double arrangement. 

Vereinigte Elektrizitätswerke Westfalen AG (VEW) 

Consortium HTR of the Oltility/Coal Partners 

Partners : 
Ruhrgas AG 
Ruhrkohle AG 

Hochtemperaturreaktor-Gesellschaft mbH (HRGJ 

Partners : 
HEW 
Hochtemperatur-Planungsgesellschaft (HTP) 
Neckarwerke Esslingen 
NWK, Hamburg 
PREAG, Hannover 
RWE 
STEAG 

Vebakraftwerke (VKR) 

Hochtemperatur-Planungsgesellschaft (HTP) 

Partners: 
Gas-, Elektrizitäts- und Wasserwerke Köln AG 
Stadtwerke Düsseldorf AG 
Stadtwerke Hannover AG 
Stadtwerke Krefeld AG 
Stadtwerke München 
Wuppertaler Stadtwerke AG 

Fig. 2. AHR Shareholders 



The KWU/Interatom-group has presented a system of small 
reactors of a size of about 200 KW(th) each In a modular 
arrangement (MRS). This concept, which aims more at the 
application for process steam and district heating or co-
generation and therefore at other users and markets, also 
utilizes specific safety features of small, low power 
density reactor cores. 

The reactor industry has just handed over design reports 
and cost assessments for the HTR-500 and the MRS to the AHR 
group for analysis and evaluation. Therefore this report 
only contains short descriptions of the reactor designs. 

Responses and further actions of the user group are expect
ed within this year. Utility commitments, lead utility for
mations, time schedules, project financial arrangements" as 
well as orders to the manufacturers for a planning phase 
are now needed, also to justify the continuation of the 
public funded RfiD-program. 

With regard to the nuclear process heat program it has been 
recognized and acknowledged that the technical development . 
tasks and financial expenses as well as the present market 
conditions and demands will postpone the commercial appli
cability of this technology further ahead than expected 
some years ago. However, the program is being continued 
with unreduced efforts. Due to the advanced status of reac
tor design work - there is no doubt that nuclear process 
heat up to 950*C can be supplied by HTR's - the program em
phasis has been shifted from NHS design work to the deve
lopment and testing of heat exchanging components and the 
qualification of respective materials as well as to the 
development of application processes. In particular with 
regard to the nuclear coal gasification processes a reas
sessment study of the process and results achieved up to 

now and on the applicability prospects has been commis
sioned by the Federal Government together with -:e State 
Government of North-Rhine-Westfalia. it will be performed 
by competent engineering and consultant companies which up 
to now have not been involved in the program. This study 
will include the basic engineering and cost assessment for 
a steam gasification pilot plant as well as comparisons 
with conventional, non nuclear conversion processes. 

The nuclear process heat activities now consist of program 
elements of limited interdependence which will, by about 
'86, enable the parties involved to decide on an introduc
tion strategy and to define a lead project plan if and when 
appropriate. 

Fuel cycle activities are being continued for fuel supply 
and spent fuel treatment. 
AVR and THTR-300 are operated with the high enriched ura
nium/thorium (HEU) fuel cycle. Fuel manufacturing process 
development and irradiation testing of the fuel elements 
have been completed. After intermediate storage the spent 
fuel is planned to be disposed of in a final storage, if 
possible without any further treatment in suitable casks. 
This is being prepared by various RSD-efforts. 

For THTR follow up plants the low enriched uranium - with
out thorium - fuel cycle (LEU) will be applied. Fuel manu
facturing processes will have been developed up to produc
tion maturity by the end of '85. Within the frame of the 
irradiation testing program the HTR fuel cycle flexibility 
has been confirmed by the operation of AVR with a mixture 
of HEU and LEU fuel elements. For the spent fuel treatment 
beside final storage the option for reprocessing is kept 
open by further head-end process development. 



The direction of efforts, the time-schedules and mile
stones, the industrial activities .and initiatives now 
satisfy the guidelines and the logic of the program . 

At about the beginning of '86 we shall know about 
the feasibility and perhaps the approval for the 
AVR-modification 

- THTR commissioning and operation experience 
- the utilities' decisions and commitments'for a THTR 

successor plant 
- the decisions for the reactor concept and the reference 

application process for the long range nuclear process 
heat program as a basis for a lead project definition. 

This cognizance will clarify the prospects for a commercial 
deployment of the technology in the Federal Republic and 
will be an excellent decision basis for the governments 
for a further support of the HTR-program. 

HTR-Budget 

1. Expenditures for the HTR program in the Federal Republic 
up to the end of 1983 

mill. DM 
General HTR technology development 
(reactor concepts, processes, fuel cycle) 2.332 

THTR-300, design and construction 
AVR, construction and operation 

2.745 
24 3 

Budget for 1984 (preliminary) 
HTR — technology 

- NHS, components, materials 159 
- coal gasification, long distance energy 46 

. - fuel cycle 31 

AVR operation ie 

THTR construction 648 

II. AVR-PROJECT 

1. Description of the power plant 

The power plant has an electrical power of 15 MW and a 
thermal power of 46 MW. 
The reactor core has a height of 2.47 m and a diameter of 
3 m. It consists of 94,000 spherical fuel elements of 
60 mm diameter each. The core is surrounded by a graphite 
reflector. Two blowers transport the helium coolant through 
the core, where it is heated up to 950'C, and through the 
steam generator. The coolant pressure is 10.9 bars. 
Fuel charge and discharge is performed continuously under 
operation. Therefore no shut-down breaks are necessary for 
fuel element change. 600 fuel elements per day are removed 
from the core by means of the fuel handling system, and in
dividually investigated on their burn-up. About 60 burnt 
fuel elements are separated thereby. The remaining fuel 
elements, about 540, along with 60 fresh elements are fed 
into the core again. 



The power of the reactor is controlled by the through-put 
of the coolant gas. This is possible because of the nega
tive temperature coefficient of the reactivity. The core 
temperature is determined by the position of the neutron 
absorber rods. 

The first fuel element charges contained 1 g of U-235 (93 % 
enriched) and 5 g of Th-232 in particles with a pyrocarbon 
layer (BISO). Since the middle of 1982 low enriched fuel 
in elements, which have an additional silicon carbide coat
ing (TRISO) has been used. 

History of operation 

The power plant has been operated since 1967. In 1974 the 
gas temperature was raised from 850*C to 950*C. Main empha
sis during the first years has been placed on the demon
stration of safety and reliability of the system. In ad
dition, during the following years, experiments were per
formed to study the inherent safety of the pebble-bed 
reactor, and measurements were made which were of funda
mental importance to the layout of future HTRs. Here, in 
particular, the testing of various fuel element types in 
production charges of at least some thousands each must be 
mentioned. Moreover, measurements were performed in test 
loops constructed after start-up to study the release of 
solid fission products from fuel elements and its deposi
tion behaviour on different materials. The chemistry of 
impurities of the primary circuit and their interactions 
with ceramic structures are subjects for intensive in
vestigations, too. 

The availability achieved for the system was injured by 
shut-downs which have to be performed in the frame of the 

test program. A leakage in one of the steam generators in 
1978 caused a long period of disuse which did not result 
from repairing the steam generator, but from removing the 
water from the primary system, as no technical equipment 
had been foreseen for water removal and this had to be in
stalled first. The best availability for a one year period 
was 92 %. The overall availability till the end of 1983 is 
68 «. 

3. Valuation of the concept 

The hitherto operation has shown that it is possible to run 
a coolant outlet temperature of 950 *C with an HTR pebble-
bed reactor. This demonstrates that the HTR can also be 
used as a source of process heat. Beyond that tests have 
proved the inherent safety of the AVR reactor. 

The inherent safety characteristics of HTR have often been 
demonstrated with AVR by simulating disturbances. For that 
purpose the coolant flow was interrupted at full power 
operation by turning off the blowers and closing the gas 
valves, situated between blowers and core. Hereafter the 
reactor shuts itself down immediately. Since not shut-down 
rods were introduced during the experiment, the reactor 
became critical again after about 24 hours and reached a 
power of about 1 % of full load. This power corresponds to 
the amount of heat removed through the ceramic structures 
surrounding the reactor core. 
The moderator temperaturia increased locally during this 
experiment; however, the fuel temperatures did not exceed 
the operation values. 

The continuous load of the core comprises the advantage of 
the possibility of controlling the core reactivity very 



flexibly according to the actual operational requirements 
by increasing or decreasing the speed of loading. It is not 
necessary to load large amounts of surplus reactivity and 
to compensate with control poisons - in contrary to rod and 
block reactors. Because of this and because of the exclu
sive application of ceramic materials in the core, the pa-
rasitary neutron absorptions are lower and the conversion 
rate is higher. An additional advantage of continuous 
loading is the possibility of changing over to another fuel 
type'thsfcqh, rupnlhtca faqhjicwn or without power decrease. 
The only necessity is to adapt the speed of loading to the 
varied content of heavy metal in the fuel balls. At present 
the core of the AVR reactor is being partially changed from 
the original load of high-enriched uranium (93 %) and 
thorium to low-enriched uranium. 

Operation experience 

Several different types of fuel elements of different fuel 
and various coatings have been tested up to now in AVR in 
big charges. 

Summarizing evaluation of the results: 

- Pressed fuel elements with highly enriched (UTh)C2 with 
BISO coating show up a good retention capability for 
fission products up to hot-gas temperatures of 900*C. No 
particle damages arise up to highest burn-ups. At 
higher temperatures mainly strontium is released which 
not only impedes repair works on the primary system, but 
also lowers corrosion resistance of fuel element 
graphite. 

- Pressed fuel elements with highly enriched (ThO)02 and 
BISO coating show up an excellent behaviour without 
particle damage, even at hot-gas temperatures of 950*C. 

In particular all 15,000 fuel elements introduced since 
1974 from the production for THTR-300 confirm all 
results as expected. 

- Special attention is paid to fuel elements with LEU-
TRISO particles that have been tested since 1982. Their 
excellent retention behaviour at hot-gas temperatures up 
to 950*C is confirmed by the presently especially low 
coolant-gas activity. Because of the low burn-up of 
these elements it is still too early to make conclusive 
statements. 

Experience on radiation protection 

It has often been reported on the quite good retention of 
coated particles with regard to solid and gaseous fission 
products up to high burn-ups. Thanks to these circumstances 
good experience has been made with radiation protection. 
Thus, during the first seven years of operation, it was 
quite possible to change components of the fuel handling 
system without auxiliary equipment and without shielding, 
since the contamination in the primary circuit was extrem
ely low. Only after the burn-up of the carbidic fuel ele
ment charges reached very high values and the above men
tioned strontium release occurred, a stronger contami
nation was noticed in the primary circuit. This conta
mination consists essentially of strontium-90. So the 
use of respirators for dismounting and decontaminating 
primary circuit components was necessary. 

The user holds the opinion that the extent and composition 
of this contamination, because of the fuel test character 
of the power plant, is an AVR specific problem and not a 
typical HTR characteristic. 



The annual average radiation dose per person from 1968 un
til 1983 has been 415 mrem. The radiation dose during the 
first 3 years of operation has been relatively high since 
many entries to the containment vessel were necessary under 
radiation exposure. 

It was possible to considerably reduce the number of en
tries by changing the equipment. Since 1978, however, the 
radiation dose is again comparably a little higher, for 
during that time the above mentioned strontium contamina
tion turned out to be of disadvantage for repair-works. The 
value indicated above includes the natural radiation dose. 

Further utilization of AVR 

The operation of AVR is now approved until the end of 1986. 
.The plant provided experience and confidence in the pebble 
bed reactor concept with regard to the continuous reload 
fuelling scheme, high availability and efficiency, high 
component reliability, high safety potential, low environ
mental load and particularly the high temperature poten
tial. The experience has given many impulses for the design 
studies of small reactor concepts, especially regarding 
safety features. 

The main objectives and targets for the current operation 
will be achieved before the end of '86. They comprise com
ponent reliability demonstration, investigations of coolant 
chemistry, plate out and dust behaviour as well as fuel 
testing. About half of the core will be replaced by the new 
reference low enriched - without thorium - fuel elements. 

After '86 the pebble bed HTR demonstration purpose will and-
has to be taken over by the THTR-300 for process heat ap-
plications. 

For the further utilization of AVR, KFA Jülich has proposed 
in '83 a moderate modification of the plant for high tempe
rature process heat systems demonstration. 

The objectives of AVR-modification are: 

1. systems demonstration for high temperature process heat 
applications 

2. nuclear demonstration of refinement of fossile fuels, 
e.g. conversion of coal into synthesis gas or further 
more into energy alcohols 

3. contribution to licensing procedures 

4. investigations for novel energy-systems with approach 
to zero emission. 

The technical concept for this first HTR-process heat ap
plication is shown in Fig. 3. It is intended, to split the 
primary coolant mass flow of the AVR-reactor: One half of 
the mass flow is no longer nourishing the reactor internal 
steam generator, it is extracted and feeds the external 
process heat plant via a hot gas duct. After intensive dis
cussions it was decided to install the process heat plant 
in a separate plant building (16), to be erected close to 
the AVR-reactor-building at the plant site. The process 
heat loop will be fed by a hot gas duct (11) with half of 
the reactor coolant mass flow; after cooling down within 
the heat exchanging plant components (13, 14), the primary 
coolant will be fed back into the reactor circuit by a cold 
gas duct (12). 



The modification is based on the following design 
principles: 

- minimum changes of the configuration of the AVR plant 
free lay out for the high temperature process heat 
loop, i.e. the design is unaffected by the nuclear 
process heat source 

- maximum accessibility to the process heat loop 
far-reaching decoupling of the loop from AVR with 
respect to safety. 

Striving after maximum accessibility is one of the es
sentials of design: The AVR-reactor shall be usable as a 
versatile source of nuclear heat, that means steam refor
ming as the key process for hydrogasification as well as 
steam gasification of hard coal or other techniques of 
novel energy-systems. During the first phase of operation 
after modification the AVR-reactor would be coupled with 
steam reformer in a direct cycle; a second step consists 
of the operation and demonstration of the maturity of an 
intermediate heat exchanger with the option of steam-gasi 
fication of hard coal for example. 

In 1984 a feasibility study is being carried out. The con 
siderations of modification shall be detailed to such an 
extent, that a solid-based decision basis for a realiza
tion can be provided. Therefore the emphasis of work is 
put on safety and licensing conditions, on the evaluation 
of a suitable concept and finally on a compilation of the 
investments. The work so far shows reasonable ways to ful 
fill the licensing criteria. 

AVR High Temperature Process Heat Loco 

1 core 10 Hot gas tube 
2 Steam generator 11Hot gas duct 
3 2 Circulators 12 Cold gas duct 
4 Reactor pressure vessel 13 Reformer 
5 Stages 14 Steam generator 
6 Containment IS Circulator of the loop 

16 Loop building 
17 Conncection . 
18 Hall with crane 
19 Hot cell 
20 Stack 

F i g . 3 : AvR-Process Heat Plant, Cross Section 



III. THTR-300-PROJECT 

1. State of construction 

Primary System 

On August 30, 1983 nuclear commissioning of the reactor was 
initiated according to schedule by loading of the fuel ele
ments and start of the zero energy tests. On September 13, 
1983 the THTR-300 reached a self-sustained nuclear chain 
reaction for the first time (first criticality). 

In raid-November 1983 the assembly of the steam/feedwater 
lines in the annular space for the steam generators was 
completed. On December 3 and 4, 1983 the gas pressure test 
of the steam generators and the steam/feedwater lines in 
the annular space for the steam generators was performed. 
Present activities on the construction site are concentra
ted on the further assembly of the steam/feedwater circuit 
in the turbine building, the instrumentation and control 
system, the ventilation system as well as the gas circuits. 
Start-up of the operation of the helium circulators has 
been initiated. 

Secondary system 

All major components of the steam/feedwater circuit are 
completed and installed. The condensate purification plant 
has been installed and subjected to a proof test. In the 
reactor hall the assembly of the high-pressure pipes has 
almost been completed; at the present time the small piping 
is being installed and the insulation of the steam/feed
water circuit is being mounted. In the turbine building the 
high-pressure and low-pressure piping is being installed. 

The emergency diesels are installed and the relevant ser
vice systems are being mounted. 

The switchgear systems and the instrumentation and control 
cubicles are being installed in the electrical equipment 
building including the cabling. Currently the equipment is 
being installed in the structurally completed control room 
of the power plant. 

Nuclear licensing procedure 

All the nuclear construction licenses for the THTR-300 
have been granted with the exception of a few supplements. 
The nuclear operating license was split up, in agreement 
with the licensing authorities and experts into two partial 
operating licenses covering the "zero-energy-tests" and the 
"power operation tests including full power operation". 

The first partial operating .license for performing the 
zero-energy tests was granted on July 19, 1983. The zero-
energy tests include loading of the core up to first criti
cality in air atmosphere, complete loading of the core in 
air atmosphere, drying of the primary circuit and cold 
testing of the components of the primary system in nitrogen 
atmosphere as well as reactor physics tests for verifica
tion of the core design and shutdown safety of the reactor 
in air and nitrogen atmospheres. 

The second partial operation license is expected to be 
granted in the second half of 1984. The power plant is 
scheduled for handover to the owner in October 1985. 



Start of nuclear commissioning 

On August 30, 1983 nuclear commissioning of the THTR-300 
was started by loading the reactor with spherical elements. 
On September 13, 1983 the reactor reached a self-sustained 
nuclear chain reaction for the first time (first critica-
lity) after 198,180 spherical elements had been loaded. The 
subsequent complete loading of the reactor core with 
674,200 spherical elements was completed on October 11, 1983. 

The zero-energy tests were performed during and after the 
loading procedure for experimental verification of the li
censed design of the reactor core and for verification of 
the function and effectiveness of the control and shutdown 
rods. The successful completion of the zero-energy tests 
performed in the cold reactor on November 27, 1983 demon
strated the satisfactory performance of the components re
quired for initial loading and the reliability of the 
reactor physics calculation methods applied. 

Structure of the reactor core 

The THTR-300 reactor core consists of a loose bed of about 
675,000 spherical elements of б cm diameter. One fuel 
element contains 0.96 g U-235, 93% enriched, and 10.2 g 
Th-232, in coated particles with mixed oxide kernels. With 
the exception of the initial core, the reactor contains 
fuel elements exclusively. These are continuously added and 
discharged passing through the core six times on an average 
with a mean run time of six months per passage. Thus in its 
equilibrium state the reactor core is composed of a mixture 
of fuel elements of different burn-up states. 

For obtaining in the initial core a state similar to that 
of the equilibrium core, three types of spherical elements 

(SE) are loaded into tne core: fuel elements (FE), graphit 
elements (GE), and absorber elements (AE). . 

As in the case of the equilibrium core, the initial core i 
designed as a two-zone core in the radial direction 
(Fig. 4). The outer zone of the core (D • 80 cm) contains 
more fissile material than the inner zone of the core in 
order to obtain a uniform radial power distribution. 

Table 1 shows the composition of the initial core: 

Type of spherical elements (SE) Number of elements 

Fuel elements (FE) 358,200 ( ->-"53 %) 
Graphite elements (GE) 272,500 ( ̂  40 %) 
Absorber elements (AE) 43,500 ( ~ 7 %) 

Spherical elements (SE) 674 ,200 (^100 %) 

Table 1: 
Mixing ratios 

Inner zone of core (approx. 40 % of SE): 
AE : GE i FE : ~" 1 : 6 : 5 

Outer core (approx. 60 % of SE) 
AE : GE : FE ~ 1 : 6 : 12 

'Facility for initial loading 

To build up the specific configuration of the initial core 
a special loading facility was developed for the initial 
loading of the reactor core, which does not correspond to 
the fuel circulating system designed for continuous refuel 
ling. Using this initial loading facility, the spherical 
elements were loaded into the reactor core from the 48 m 
level platform by gravity (Fig. 5). 



The loading station was equipped with five facilities each 
combined of a cask and a singulizer unit, which were 
mounted on support structures and coupled to the refuelling 
pipe system. Two loading units were provided for fuel 
elements, two for graphite elements, and one for absorber 
elements. 

5. First criticality 

In the first phase of the nuclear commissioning program the 
reactor core was filled with spherical elements to such a 
level as to reach criticality with no absorber, rods inser
ted. 

5.1 Performance of initial loading 

The following actions preceded initial loading (Fig. 6 ) : 

insertion of a guide tube into the fuel element dis
charge pipe to accommodate the auxiliary start-up 
neutron source 

filling of the fuel element discharge pipe and the coni
cal reflector bottom with graphite spheres 

erection of a working platform for installing the ini
tial load equipment 

installation of the central loading pipe, the turnable 
switch and the 15 loading pipes 

- removal of the working platform and discharge of the 
graphite elements down to the upper end of the fuel 
element discharge pipe. 

On August 30, 1983 loading of the reactor core was started, 
using the initial loading facility. The inner and the outer 
core zones were separated by separating sheets up to a cy
lindrical height of 2 m. Loading of the spherical elements 
was effected in so-called loading packages. One loading 
package at a time was introduced into a loading pipe, each 
loading consisting of about 500 spherical elements prepared 
in the mixing ratio designed for the respective core zone. 

.2 Reaching first criticality 

In the course of loading the reactor, it had to be ensured 
at any time that the reactor does not reach uncontrolled 
criticality or supercriticality. This was ensured in the 
THTR-300 using the method of- the inverse counting rate. 

This method makes use of the-fact in a subcrltical assembly 
(ke££ s 1) with a neutron source in the ideal case the in
verse counting rate of a detector is proportional to 
d - * e f f > -

When approaching the critical state ( k e f f • D the inverse 
counting rate 1/Z approaches the value zero. By linear ex
trapolation of the inverse counting rate it was possible at 
any time of the loading procedure to determine the expected 
critical state. 

A Cf-252 source having a source strength of approximately 
230,000 neutrons/s was inserted as an auxiliary start-up 
neutron source in a central position at the core bottom. 
The neutron flux density induced by this neutron source and 
more or less increased by the pebble bed was measured and 
controlled by three high-sensitivity BF 3 detectors located 
in the pebble bed. 



Fig. 7 shows the measured inverse counting rates of the 
three detectors as a function of the number of spherical 
elements loaded. All three curves demonstrate the expected 
convergent shape showing the same critical number of sphe
rical elements in approaching criticality. 

During the loading up to first criticality the incore rods 
were inserted with their tips contacting the surface of the 
pebble bed. Prior to reaching first criticality, a group of 
six reflector rods was partially inserted for controlling 
the reactivity. As schematically shown in Fig. 8, the neu
tron flux rises in the subcritical reactor, as the absorber 

FIG I 4 CONFIGURATION OF 
TWO-ZONE CORE 

FIG. 5 FLOW DIAGRAM OF INITIAL 
LOADING FACILITY 

rods are withdrawn and stabilizes at a higher level after 
termination of the rod movement. If, however, the reactor 
is slightly supercritical, the neutron flux continues to 
rise after termination of the last rod movement. This pro
cedure permitted an exact determination of the moment of 
first criticality of the THTR-300. 

The first self-sustained nuclear chain reaction was reached 
on September 13, 1983 with the loading of 198,180 spherical 
elements. The power generated was in the range of several 
watts and the radioactivity released was so low that al
ready a few hours after shutdown of the first criticality, 
access of the operating personnel to the reactor core was 
possible again without any hazard. 



By treading on the pebble-bed and leveling out the piles, a 
filling factor (volume fraction of spheres) of the reactor 
core of 0.643 was achieved. For this filling factor a cri
tical number of 204,000 spherical elements had been calcu
lated in advance. Thus the difference is about 5,800 ele
ments, which corresponds to a reactivity equivalent of no 
more than 0.4 % — k/k. This close agreement of calculation 
and experiment proves the reliability of the data sets and 
calculation models used. 

Fig. 9 shows the exponential rise of the counting rate in 
the slightly supercritical reactor. In this test the rise 
of the neutron flux was inhibited after about 700 seconds 
by counteraction of the reflector rods resulting in ba
lancing out of the effective multiplication factor at a 
value of 1. 

Zero-energy tests, complete loading 

After having reached first criticality, the effectiveness 
of the reflector rod groups was measured. For this purpose 
the critical state vas first established by means of the 
incore rods with the reflector rods completely withdrawn. 

F I G . 8 SCHEMATIC DIAGRAM OF BRINGING THE REACTOR TO 
C R I T I C A L I T Y . THE ARROWS INDICATE ADDITION OF 
R E A C T I V I T Y 
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The reactivity changes were calculated by the inverse-kine
tic method from the changes of the counting rates during 
rapid insertion of the reflector rods. The reactivity va
lues of the reflector rods determined, by this method were 
in agreement with the calculated values within the accuracy 
of measurement. 

On September 20, 1983 the further loading of the reactor 
core with spherical elements was initiated (Fig. 10 ) . On 
October 11, 1983 the reactor core was completely loaded 
(Fig. 11) . Thus the loading procedure took approximately 
six weeks, as had been envisaged. 

Subsequently the following measurements and tests were per
formed : 

Successful testing of withdrawal and insertion of indi
vidual incore rods using a long-stroke piston drive for 
insertion. 

Establishing the critical state in the completely loaded 
initial core; the rod positions calculated for this 
state coincided with the experimentally determined 
values except for a small difference of approximately 
0.5 % с к/к. 

With these experiments the zero-energy tests in the cold 
reactor were completed. Power test operation will start in 
the second half of 1984. 



IV. THTR follow-up plants 

The commercial deployment of HTR's in the Federal Republic 
will be started with THTR follow-up plants. 

By orders of the user group AHR the reactor company groups 
BBC/HRB and KWU/Interatom have completed conceptual designs 
for HTR's of medium and small size for electricity and/or 
process steam generation: 

BBC/HRB : HTR-500 
KWU/Interatom: Modular reactor system 
Moreover BBC/HRB has developed a small reactor design cal
led HTR-100. 

This design work has been performed by private efforts only 
without government involvement. 

The technical design reports and cost figures from the 
companies as well as licensability assessment by a safety 
expert group which advises the Federal Ministry for the 
Interior have been surrendered to the utilities for eva
luation and as a decision basis. 

As this procedure is now going on, only short design des
criptions are presented in this report. 

IV.1 HTR-500 (BBC/HRB-Design) 

Technical concept of the HTR-500 

The structural elements or component concepts of the THTR, 
which had been developed and licensed according to the 
latest state of science and technology, are being adopted 
for the HTR-500 in their greater part. The experience 

gained during the construction of the THTR is being fully 
utilized and partly results in simplifications and optimi
zations. The plant and safety concepts of the HTR-500 are 
based on a low plant risk which was established by compre
hensive accident analysis as well as in the THTR licensing 
procedure. The experience and the know-how gained in this 
process are used to improve the economics, maintaining a 
high safety standard at the same time. Thus an HTR-specific 
safety design is achieved. 

Due to the system-specific slow accident evolution of the 
HTR, manual measures to be taken by the operating personnel 
are included in the safety concept and taken into conside
ration in the reliability analysis. 

Also repair work on components and systems, which can be 
done because of the long period available, are taken into 
consideration in the reliability analysis for accident 
control. 

Fig. 12 shows an overall site plan of the HTR-500 power 
plant showing the étrangement of the different buildings. 
In the center of the power station you see the reactor con
tainment building which safely encloses the PCRV with the 
primary circuit, shutdown facilities, parts of the decay 
heat removal system, and safety-related components of the 
reactor auxiliary systems against external impacts. The 
components carrying activity are located in the reactor 
containment building. 



1 Electrical equipment building 6 
2 Emergency diesel building 7 
3 Reactor containment building 8 
4 Reactor service building 9,10 
5 Access and security building 

Turbine building 
Valve building 
Cooling tower (plant cooling water) 
Cooling tower (Cooling water) 

FIG. 12. 
Layout of HTR 500 

Overall Plant 

Fig. 13 shows a longitudinal section of the overall plant. 
The engine building is connected to the reactor containment 
building at its front face. The reactor service building is 
located directly adjacent to the reactor containment buil
ding. 
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Fig. 14 and 15 show sections of the prestressed concrete 
reactor vessel with internals. The helium flows downward 
through the reactor core so that the in-core rods and re
flector rods as well as the metal internals are cooled by 
the cold gas flow. The fuel elements are loaded with low-
enriched uranium and pass through the reactor core only 
once (OTTO fuelling). They are unloaded via four discharge 
pipes. The increase in power as compared to the THTR 300 is-
achieved by increasing the number of primary loops from 6 
to 8 according to a modular system and by a small increase 
in power per loop. The use of standardized structural ele
ments results in a simplification of the nuclear law li
censing procedure and in a reduction of the design, con
struction, snd commissioning efforts. 

The following structural elements have been standardized: 

- components of the prestressed concrete reactor vessel 
- steam generators 

circulators 
- shut-down facilities 

ceramic blocks of the core structure 
fuel elements. 

As in the THTR-300, the reactor pressure vessel is designed 
as a prestressed concrete reactor vessel with one large ca
vity accommodating the complete primary system. 

The integrated design is now as before the optimum design, 
from safety as well as operational aspects. The use of a 
prestressed concrete reactor vessel saves extensive shield
ing measures and in-service inspections which are required 
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1 Core 
2 Steam generator 
3 Heat exchanger for decay heat removal 
4 Prestressed concrete reactor vessel 
5 Helium purification system 
6 Refueling station 
7 Control rod storage 
8 Main steam lines 
9 Feed water lines 
10 Main steam lines 
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11 Feed water lines 
12 Reactor containment building crane 
13 Air circulating system 
14 Ventilation system 
15 Fresh fuel elements storag« 
16 Hot workshop 
17 Spent fuel elements filling station 
18 Waste water treatment 
19 Turbine building overhead crane 
20 Turbine 

21 Generator 
22 Condenser 
23 Condensate pump 
24 Intercooler for decay heat removal 
25 Reactor service building 
26 PCRV о 
27 Reactor containment building, inner dia. 
28 Reactor containment building, outer dia. 
29 Valve building 
30 Turbine building 

FIG. 13. Longitudinal Section of 
Overall plant 
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Cooling water outlet Fuel element discharge pipe 

FIG.14. HTR 500 MWe 
Reactor Pressure Vessel with Internals 

FIG. 15. HTR 5 0 0 MWe 
Reactor Pressure Vessel with Internals 



for steel pressure vessels. Thus this design contributes to 
high availability and economics. 

The eight counter-current steam generators - in helicoil 
design as in the THTR-300 - are located in the annular 
space between the thermal shield and the inner wall of the 
prestressed concrete reactor vessel. In view of a simple 
design and a favourable operating and accident behaviour 
the steam generators were designed without re-heating. 

Each steam generator has its own circulator. The design 
principle of the circulators corresponds to that of the 
THTR circulator, they are, however, mounted on active mag
netic bearings and in the vertical position. 

The helium flows downward through the reactor core so that 
the in-core and reflector rods as well as the metal inter
nals are cooled by the cold gas flow. The fuel elements are 
loaded with low-enriched uranium and pass through the 
reactor core only once (OTTO fuelling). The main design 
data of the HTR-500 are summarized in Table 2. 

Thermal core power 1 250 MW 
Net electrical output 500 MW 
Efficiency 40 % 
Average load factor 80 % 
Mean core power density 6.0 MW m' 
Primary gas pressure 50 bar 
Hot gas temperature 700 *C 
Cold gas temperature 260 *C 
Main steam pressure, turbine inlet 180 bar 
Mean steam temperature, turbine inlet 525 *C 
Feed water temperature 190 *C 
Condenser pressure 0.06 bar 

Table 2: HTR-500 Main Design Data 

It is possible to apply the basic concept of the HTR-500 
also for lower power outputs. A unit with 300 MW(el) for 
instance needs only 6 primary loops as the THTR-300 reac
tor. The smaller core needs one fuel element discharge 
pipe only. 

Safety design 

In contrast to the THTR, the HTR-500 is equipped with a 
separate two-loop decay heat removal system so that the 
main cooling loops do not have a safety function. For this 
reason the main cooling loops are designed in the same way 
as for a conventional power plant, which is very important 
from the economic point of view. 

In case of failure of the main cooling loops or in the 
event of accidents which would result in excessive impacts 
on their components, the decay heat removal system comes 
into action. For all accidents one decay heat removal 
system is sufficient for removing the decay heat from the 
core. 

Total failure of the decay heat removal system is permitted 
over a period of 5 to 10 hours without resulting in safety-
relevant damage. Subsequent restart of the decay heat remo
val system is possible within this time. 

During this relatively long permitted failure period, the 
required measures can be taken to restore the decay heat 
removal by manual control. In this way simultaneous occur
rence of single failure and repair case can be controlled 
by the 2 x 100 % decay heat removal systems. 

An analysis on the total failure of the decay heat removal 
system shows that the consequences of such a failure do not 
represent a dominating contribution to the overall risk of 
the plant. 



The shutdown concept is designed analogically to the THTR 
concept, consisting of reflector and incore rods. 

Reactor scram is effected automatically by the reflector 
rods. 

For long-terra shutdown the incore rods are inserted by hand 
to their full depth. This is possible because, for reacti
vity reasons, insertion of the incore rods is necessary on
ly after about 10 hours after shutdown by reflector rods. 

The activity release concept is as follows: 

As in the THTR - the primary system and its components are 
located in a burst-safe prestressed concrete reactor vessel. 

The prestressed concrete reactor vessel and the components 
carrying radioactive gas are integrated in a reactor con
tainment which is designed against external impacts only, 
e.g. airplane crash. The reactor containment does not con
tain a liner. 

Operational and accidental primary gas leakages up to a 
leak size of about 2 cm 2 are controlled by filter systems 
and exhausted to the environment over a vent stack. 

The occurrence of major leakages is extremely improbable. 
The maximum leak cross section is limited by structural 
measures to 33 cm 2 - as in the THTR. Thus only a slow es
cape of the coolant is possible; the time until pressure 
equilisation is about 1 1/2 hours. In such a case the coo
lant gas is directed immediately into the vent stack at the 
beginning. When the leak rate becomes smaller the pressure 
relief system of the reactor containment is closed again 
and the gas is discharged via the exhaust filter system. 

Due to the low content of activity in the coolant gas the 
environmental load remains below the limits of the Radia
tion Protection Act, even in the event of such an accident, 
because of the short-term and only low overpressure in the 
reactor containment during the depressurization procedure 
and the low coolant gas activity, only minor activity 
amounts are released near to ground level. 

The safety concept of the HTR-500 is in agreement with the 
draft of HTR-specific rules and guidelines established by 
the TÜV-Arbeitsgemeinschaft Kerntechnik West in November 
1980. 

Based on these results, a report on the technical concept 
has been submitted to an advisory board of the Federal 
Ministry of the Interior, which has been invoked to perform 
a first evaluation of the HTR-500 safety concept and li
censability. This board had already been involved in the 
HTR- 900, the PNP and the HHT projects and is composed of 
members of the reactor safety committee, the TUV, and the 
licensing authorities. A positive evaluation of the li
censability of the HTR-500 concept has been given. 

Costs and Economics 

The consequent use of HTR-specific safety characteristics 
as well as an optimization of the design of the components 
and circuits leads to the result that the HTR-500, in spite 
of its lower power level as compared to the 1230 MW(el) 
convoy pressurized water reactor of the present design, has 
only slightly higher specific plant costs and nearly the 
same electricity generating costs in concurrence with sub
stantially lower capital costs. 



When applying the HTR-500 for electricity and process steam 
generation, in contrast to the PWR the HTR can also supply 
high-tension steam. Furthermore the HTR-500 presents clear 
cost advantages as compared to hard-coal fired power plants. 

.2 HTR-100 (BBC/HRB—Design) 

The concept of the small HTR reactor is based on the con
cept of the AVR 15 MW(el) experimental power plant. 

The concept of the HTR-100 is characterized by the integra
ted arrangement of all primary system components in a steel 
reactor pressure vessel, upward helium flow through the 
core to the steam generator located above the core, and 
control and shutdown of the core by reflector rods and 
small absorber spherules in channels of the reflector butt
resses (Fig. 16). Table 4 gives the main design data of the 
nuclear heat generating system. 

During normal operation the thermal power is transferred to 
the secondary loop by three loops of steam generators and 
circulators. Decay heat removal is also ensured by these 
three loops at a high safety level. In the hypothetical 
event of a total failure of the primary and secondary heat 
sinks, decay heat removal is mainly effected by radiation 
and conduction of the heat from the reactor vessel to an 
external concrete cooling system located within the safety 
containment. 

The reactor core, the shutdown system, the steam generators 
and the circulators are integrated in the reactor pressure 
vessel. 

The reactor core is operating at a mean power density of 
4.2 MW(th)/m3. Continuous reshuffling of the spheres gua
rantees a high and uniform burn-up. 
The core is vertically arranged on a star-shaped support 
structure resting on the core barrel periphery. The side 
reflector is laterally supported by the thermal shield. 

The reflector rods are used for control and reactor scram. 
For long-term shutdown small absorber spherules are addi
tionally filled in vertical holes in the buttresses. 

One steam generator with three sections is supported at the 
core barrel periphery of the upper pressure vessel ring. 
The circulators are located outside the reactor vessel and 
are flanged at the top of the pressure vessel. 

The reactor core consists of a loose bed of approx. 330,000 
spherical elements contained in a graphite cylinder approx. 
3.5 m in diameter and about 8.7 m in height. 
Only 50 % of the spherical elements are fuel elements, the 
remainder are graphite elements. Four buttresses (1 x 0.4 m) 
of graphite contain vertical holes for the shutdown system. 
The bottom reflector is conically shaped with an inclination 
of 30* and ends in four discharge pipes each of 500 mm dia
meter. Fuelling and reshuffling of the elements is effected 
continuously. The elements are introduced through 5 pipes 
allowing the build-up of a two-zone reactor core. After 
passage through the discharge pipes they are pneumatically 
transported to the measuring device. Based on the results 
from burn-up measurement a data processing system decides 
upon the further residence of each sphere. The sphere is 
either recirculated into the reactor core or, in case of 
sufficient burn-up, forwarded to the discharge facility. 



The maximum fuel temperature of a fuel element is approx. 
1200 *C. 
The ехсезз reactivity of the equilibrium core allows load-
following between 50 and 100 % load in the equilibrium 
cycle. 

The cavity holding the spherical fuel elements is formed 
by the ceramic internals, the bottom reflector, the side 
reflector and the top reflector. The reflector acts as 
reflector and shielding. 

The bottom reflector is composed of individual horizontally 
separated graphite columns arranged on a metal support 
structure. The conical bottom surfaces of the core open up 
into four element discharge pipes. 

The side reflector, whose design is adopted from the THTR, 
is composed of an inner and.an outer cylindrical wall with 
the graphite blocks arranged.in block columns and ring lay
ers. At the outside the side reflector is supported by the 
thermal side shield, in the inner section of the cylindri
cal wall vertical holes are provided for the reflector rods. 
Four buttresses composed of reflector blocks, arranged at 
90* angles, are equipped with channels for small absorber 
spherules and protrude into the pebble bed. 

The three circulators arranged above the reactor pressure 
vessel, convey the coolant into the cold-gas plenum. 
They are driven by three-phase asynchronous motors. Each 
circulator is equipped with a shut-off valve on its intake 
side. The rotor, the drive motor with its cooler and the 
shut-off valve form a unit. 

The heat generated in the reactor core is transferred to 
the secondary circuit by one steam generator divided in 

three sections connected in parallel. The helical-type 
steam generator located above the core is designed for 
downnill boiling. 

The feed water inlets and main steam outlets are located 
laterally at the upper cold end of the stsam generator. The 
lines penetrate the reactor pressure vessel horizontally 
immediately above the steam generator. 

in normal operating conditions the reactor core is cooled 
by an upward coolant flow entering the bottom part at a 
temperature of ca. 260*C and a pressure of 70 bar. 

Core dimensions, power density, and coolant flow density 
are chosen so as to avoid lifting of the spherical elements 
due to excessive core pressure drop. The hot gas leaves the 
core at a temperature of about 730 to 750*C, passes through 
the top reflector and mixes with the different bypass flows 
to a steam generator inlet temperature of 700*C. After 
transferring the heat to the three secondary loops, the 
coolant gas enters the circulators at a temperature of 
250'C. 
In normal operating conditions, three sections of the steam 
generator, each being connected directly to a circulator, 
transfer roughly 260 MW to the secondary steam cycle. 

In case of a reactor shutdown the residual heat of the core 
and the decay heat are transferred to the steam cycle in 
the same way as in normal operating conditions. With the 
reactor pressurized, one steam generator/circulator unit is 
sufficient for cooling the system, i.e. there is a 3 x 100% 
redundancy of the decay heat removal system, whereas for 
the depressurized reactor two units are required, i.e. 
3 x 50%. 



Since the steam generator serves as a decay heat removal 
system, minimum flow conditions have to be observed in 
order to cool down the steam generator smoothly. These 
procedures have been well examined for the THTR prototype 
reactor ensuring that the plant is not exposed to undue 
transients. 

The 3 x 100% capacity of the decay heat removal systems 
ensure that in all circumstances the primary circuit as 
well as the 3teel vessel are cooled with a high reliabili
ty, yielding a negligible risk of total failure of the 
decay heat'removal systems. 

Even in the hypothetical case of total failure of the decay 
heat removal system the decay heat could be removed solely 
by radiation and convection to the external concrete cooling 
system, which operates inherently safe by natural convection. 

Thermal power of the reactor 256 MW 
Thermal efficiency 38 to 39 % 
Mean core power density 4.2 MW/m 3 

Uranium content per fuel element 16 g 
Mean initial enrichment 10.2 % 
Mean burn-up 95.000 MWd/t 
Helium pressure 70 bar 
Helium temperatures at steam generator 700/253 •c 
Steam conditions at SG outlet 190/530 bar/* 

Table Л s НТЯ-100 Main Design Data 
FIG. 16 Reactor Pressure Vessel with Internals 



IV.3 HTR-Hodule (KWU/Interatora-Design) 
1. Design features 

The main boundary condition for the development of the 
HTR-Module concept was the demand for minimizing the tech
nical and commercial risks in planning, construction and 
operation of an HTR-plant. 
Therefore the design features are based upon the well esta
blished technologies and the operational experience of LWRs 
and of the AVR with special attention to a simple safety 
technology, wide flexibility for application and high 
availability. 

The basis of the HTR-Module concept is the combination of 
small standardized plant units, the so-called modules, to 
form plants of a wide range of thermal ratings. 

Characteristically, a module has a power rating of 200 MJ/s 
(Table 5). 

For reasons of economics and demand, overall plant capaci
ties appear to be limited at a maximum of 1600 MJ/s. 

An HTR-Module consists of the following system elements: 

the pebble-bed reactor with a thermal output of 200 MJ/s 
at an average power density of 3 MW/m 3. Its control and 
shutdown elements move vertically within the side re
flector and it is equipped with facilities for fuel ele
ment handling. Helium flows downwards through the core, 

- the steel pressure vessel containing the reactor, 
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the steel pressure vessel containing the steam generator 
as heat transfer component. 

- the coaxial gas ducts between reactor pressure vessel 
and the steel pressure vessel of the heat transfer 
component, 

- the primary circuit helium blower which is attached to 
the steel pressure vessel of the heat transfer 
component, 

- the primary cells, two adjacent concrete cavities in the 
reactor building, separated from each other by a con
crete wall. They house the reactor and the heat transfer 
system and act as confinement, 

- the cavity cooling system to control the wall tempera
ture of the reactor cavity. It also serves as an 
emergency cooling system. 

Fig. 17 shows the section of the primary system with steam 
generator as heat transfer component; 

The arrangement of the reactor and heat-transfer components 
in separate steel vessels facilitates their accessability 
for inspection, repair and disassembly, leading both to a 
higher availability and a higher degree of safety. 

The principle of coaxial gas ducting, by which cold gas at 
higher pressure encloses all sections filled with hot gas, 
ensures that the reactor pressure vessel will never be sub
jected to.any impermissible temperature loads. The pressure 
vessels are designed and manufactured in accordance with 
LWR criteria. Cavity coolers are arranged around the reac
tor pressure vessel to maintain the concrete walls of the 
reactor cell at design temperatures during power operation. 
They are of triple redundancy and connected to the emer
gency power supply system. 



The required diversity of the shut-down system is achieved 
by absorber rods and absorber spherules, which are posi
tioned above the side reflector. They can be entered under 
gravity into vertical bores, when necessary. There are no 
core-rods; the high, slim geometry of the core renders them 
superfluous. The fuel elements are circulated repeatedly 
through the core until they have reached a target burn-up 
of approximately 80,000 MWd/t HM. 

The operational concept 

The separate HTR-Modules of a multi-module plant may be 
operated almost independently both from each other and from 
tha user. Each module can be shut down and started up indi
vidually and - having reached operating conditions - be 
connected again to the overall plant system. Thus, even in 
the case of single-module outage, operation of the plant 
may be continued at a reduced power level. 

In normal operation the thermal power of each module of the 
nuclear plant automatically follows the load on the user 
side within the range of 100 % - 50 % - 100 %, without any 
limitations with regard to load cycle frequency. A multi-
module plant has a wider part-load range, as entire modules 
can be taken out of operation. 

For hot shut-down, the reflector rods are used to maintain 
the reactor in a cold, sub-critical condition, the absorber 
spherules of the secondary shut-down system are inserted 
into the respective bores in the side reflector. 



The safety concept 

The HTR-Hodule is a system which combines the general HTR-
specific safety properties with the particular safety ad
vantages of small reactors. Its limited size, the low power 
density and the slim core design yield an extraordinary de
gree of passive safety. 

Attesting the licensability of the module concept, an 
advisory committee of the German Licensing Authorities 
stated in an expertise that owing to its safety charac
teristics г, simplified and streamlined licensing proce
dure may be anticipated. 

Safety analysis has been carried out on a great number of 
postulated reactivity accidents, failures of the main 
transfer system, primary and secondary pipe ruptures and on 
the radiological consequences of severe accidents. 

In response ev^n to fast changes of the primary circuit 
heat balance, the temperature-transients of the HTR are 
extremely slow owing to the high heat-capacity of core and 
other graphite structures. Thus, even on the assumption of 
extreme hypothetical accidents, ample time remains for 
engineered safeguards to react or for taking emergency 
measures to prevent or limit any potential damage to reac
tor components. 

A fuel temperature of 1600*C was not exceeded in any of the 
accident combinations analysed (Fig. 18). Above this tempe
rature fission product release due to fuel particle failure 
can no longer be excluded. Even for such an extremely hypo
thetical situation as the depressurization of the primary 
system in combination with a large water ingress and subse
quent heating-up of the core, it could be demonstrated 
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under conservative assumptions that the dose rates in the 
environment of the reactor remain distinctly below the 
accident dose rate limits specified by the German Radiation 
Protection Regulations. 

As a consequence, the shut-down and decay heat removal 
systems as well as the confinement have to meet much less 
stringent safety requirements. This leads to considerable 
simplifications in manufacturing and installation, in in-
•service inspection and in the proofs to be submitted in the 
Nuclear Licensing Procedure. 
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Under normal shut-down conditions decay heat is removed by 
the main heat transfer systems. However, only the operatio
nal aspects need be considered in their design, since even 
in case of their failure, decay heat removal from the core 
to the environment will take place simply by natural con
vection, radiation and heat-conduction through the steel 
pressure vessel and the cavity coolers. 

Another marked simplification is the use of only one 
standard shut-down procedure for any type of disturbance, 
to bring the reactor into a hot sub-critical condition. 
Also the concept of pressuretight containment may be 
abandoned in favour of the simpler confinement without any 
risks to the environment. 

It could be demonstrated for a multiple-module plant that 
no safety problems will arise in connection with start-up 
or shut-down of individual modules. The reactor building is 
designed to withstand external events, in accordance with 
the usual licensing regulations. 

Applications for the HTR-Module with steam generator 

One very important field of application of HTR-Modules is 
the supply of process steam to medium or large industrial 
complexes. The HTR is the only type of nuclear reactor sys
tem, with the aid of which it is possible to generate all 
steam conditions usually needed in the process industries. 
The possibility of the combined generation of process steam 
and electrical power contributes towards diminishing the 
dependence upon the external grid. Together with the 
flexible power-rating, high availability and environmental 
advantages of the HTR-Module this will certainly make a de
cision easier to replace fossil fuelled steam generators by 
nuclear heated ones. 

The flexibility in the choice of power-ratings and the ex
cellent safety characteristics enable urban utilities to 
build and operate their own nuclear plants for district 
heating and electrical power supply even in the vicinity of 
towns. Not only can they choose the exact plant capacity 
adequate for an existing demand, but they also have the 
possibility of adjusting it to an increaseed demand at a 
later stage, by adding the necessary number of new modules. 

The very high thermodynamic efficiency of such dual pur
pose plants makes for high economic viability. 

Thermal power 200 MW 
Core diameter 3.0 m 
Core height 9.6 m 
Mean power density 3.0 MW/m3 

Helium temperatures (inlet/outlet) 250/700 •с 
System pressure 60 bar 
Number of control rods 6 
Number of absorber ball systems 18 
Loading scheme Reshuffling/15 times 
Heavy metal loading of fuel element 7 g 
Enrichment 7.8 % 
Burn-up 80,000 MWd/l 
Fuel incore time 1,020 days 

Table 5: Main data for the modular HTR core 



Nuclear process heat program 
Introduction 

The Nuclear Process Heat Program alms from the beginning in 
1972 at the direct utilization o£ nuclear heat up to 950*C 
for coal gasification and steam reforming processes. 

Fig. 19 shows the main fields of possible applications in 
which the HTR may enter into the market in the future. It 
is evident that the HTR permits optimum adaptation to coal 
gasification plants, because these processes will play a 
key role in future energy systems. 

Beside these applications a non polluting/emission free 
energy supply concept on the basis of "chemically bound 
energy transport", more popular known as "ADAM/EVA"-concept 
has been worked out. 

All these processes will play their part in the attempt to 
lower the environmental itspact of the use of "dirty energy 
carriers" and to improve the overall efficiency as well as 
economics in the use of energy. 

By taking the already described HTR-concepts (CRS, MRS) for 
electricity and process steam generation as prsrunning ba
sic systems, the main efforts to realize the above mention
ed goals, must be undertaken in the fields of: 

- adaptation of the NHSS-concepts to the higher gas outlet 
temperatures and operation behaviour of chemical plants 

- material development and qualification 
- component development and testing 
- R&D on specific safety questions (such as process gas 

explosions) 

process development 
. hydrogasification (HKV) 

steam gasification (WKV) 
reforraing/methanatlon process (NFE). 

These topics form a system of program elements that will be 
worked upon in the next two or three years. In this period 
a redirection and concentration of the program will be 
performed according to the perspectives of the market, 
users engagement and possibilities of technical feasibi
lity. 

This strategy aims at a near-commercial introduction of 
nuclear process heat plants on a profound technical basis 
and reduced risks. 

A brief description of the technical status of the above 
mentioned program elements will be given in the following. 



HTR: High-temperature reactor 

WKV: Steam gasification 

HKV: Hydrogasificalion 
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V.l NHSS concept adaptation 

V.l.l Compact reactor systee 

The design of nuclear process heat (NPH) plants on the ba
sis of THTR-300 and HTR-500 proposed by BBC/HRB is charac
terized by the following main features: 

- prestressed concrete reactor pressure vessel (PCRV) with 
a single large cavity 

- intermediate loops for all gasification processes 
- intermediate helium/helium heat exchangers (IHX) in 

tandem type design 
- concrete reactor containment without liner. 

Fig. 20 shows a cross section of a 1000 MW(th) NPH-plant 
with its internals. The reactor pressure vessel is designed 
as prestressed concrete reactor vessel with one large cavi
ty. A smaller design with 500 MW(th) power rating follows 
the same design principles. 

All primary system components are integrated in the PCRV. 
The helium/helium heat exchanger cavities are covered by 
closures designed as prestressed concrete plugs. Prestres-
sing of the PCRV in the vertical direction is effected by 
individual tendons, the circumferential prestressing by a 
wire winding system. 

As a consequence of the compact design, and in order to re
duce the problems in the high-temperature range, the IHX is 
subdivided into a high-temperature heat exchanger and a 
low-temperature heat exchanger (tandem design). Thus sepa
rate removal of the high-temperature heat exchanger is pos
sible. The separation temperature was selected so that in 



the low-temperature section wall temperatures not higher 
than 700*C will arise. Thus this section remains within the 
temperature range of conventional high-temperature alloys. 

It is intended to use the same basic concept with inter
mediate heat exchangers for all application purposes such 
as steam gasification, hydrogasification and steam refor
ming processes. This leads to the follwing advantages: 

separate and independent design and construction of 
nuclear heat supply system and gas generating plant 
conventional testing, construction and operation of the 
steam reformer-/gasification processes 
no ingress of process gas or water into the primary 
sys tern 
facilitation for measures to reduce tritium contami
nation of the product gas 
adaptation to the number of optimized process lines by 
combining or dividing the secondary helium flow. 

For this type of NPH-reactor the IHX represents the main 
new component to be developed. The other components and 
systems such as reactor internals, shut-down systems, 
reactor auxiliary and service systems can be identically 
adopted from the HTR-500. Thus the development effort can 
be limited on the high-temperature metal components and the 
gasification processes as already pointed out. By using the 
experience and concept simplifications gained in the 
development of the HTR-500, the design and plant costs can 
be minimized. 
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V.l.2 Hodular'reactor systems (MRS) 

The HTR-Module was designed by the KWU-group as a universal 
high temperature heat source. Its performance and design 
are, to a great extent, independent of its use for the ge
neration of electrical power and process steam or for the 
production of process heat and coal gasification respecti
vely. Of course, this does not exclude the fact that pro
cess-related requirements, which for example inevitably 
arise in the case of a plant for the production of process 
heat, must be taken into consideration when designing the 
MRS. 

It is therefore evident that a reactor core, which is de
signed for a gas outlet temperature of 950*C, operates at 
higher fuel element temperatures than an identical reactor, 
which only requires a gas outlet temperature of 700*C. 
Nevertheless, when designing a modular HTR core, the funda
mental rule is to limit the local, maximum fuel element 
accident temperature to 1600*C for all conceivable acci
dents. The core power has therefore been reduced to prevent 
this maximum permissible fuel element temperature from be
ing exceeded in the event of an increase in the gas outlet 
temperature. The reactor power is therefore specified as 
being 200 MW for a outlet temperature of 700*C, while it is 
reduced to 170 MW for a gas outlet temperature of 950'C. 

The pressure in the primary loop is also dependent on.the 
process-related application of the heat source. Although 
high primary loop pressures have a favourable effect on the 
operating and accident behaviour of the reactor, it is, ne
vertheless, desirable to have relatively low pressure in 
the gasifier, for example in a process heat plant for steam 

gasification. As the primary, secondary and tertiary pres
sures should be more or less the same to meet the demand 
for low component loads, a compromise is made between these 
opposing requirements, by choosing a primary pressure level 
of 40-50 bar. 

As the material exploitation in the steam reformer and 
He/He intermediate heat exchanger is already very high at 
reactor outlet temperatures of 950*C, additional loads 
resulting from hot or cold gas strands must be excluded 
wherever possible in the case of these components. Larger 
radial temperature differences are no longer acceptable 
here. For this reason, it is necessary to change over to 
two-zone refuelling of the core, as this permits a more 
even radial temperature distribution. 

According to the respective application, specific boundary 
conditions result for the arrangement of the components. 
Thus, due to the demand for routine exchange of catalyst, 
the blower is located at the bottom of the pressure vessel 
in the case of a plant for the hydrogasification of coal 
using a steam reformer. 

The different plant behaviour, e.g. in the case of decay 
heat removal, is largely compensated for by a suitable con
structive design of the heat exchanging components. 

Fig. 21 shows the primary loop arrangement and the gas duct 
for the HTR-Module with steam reformer and integrated steam 
generator, Fig. 22 for the module with He/He intermediate 
heat exchanger optionally in U-pipe-compact or in helical 
construction. 
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V.1.3 Small HTR for NPH 

For requested plant sizes with net outputs between 100 and 
200 MW BBC/HRB have concepts under development on the basis 
of the proven AVR-Technique. Fig. 23 shows a cross section 
for such a reactor concept that might be used for process 
heat applications. The basic reactor system is nearly the 
same as already described under Chapt. IV.2 for cogenera-
tion purposes. 

According to the chosen processes, for example steam re
forming and hydro- or steam gasification of coal, such a 
basic system could be coupled with the adequate heat trans
fer components on top of the reactor. These components are 
largely identical to the IHX and steam reformer bundle un
der development. 

In contrary to the module design, this concept permits na
tural convection in the operational flow direction for the 
decay heat removal, as far as the reactor system is under 
pressure. In the hypothetical "loss of coolant and cooling" 
case the decay heat would also be transfered through the 
surface of the reactor vessel without surmounting a maximum 
temperature of about 1600*C in the fuel and thus limiting 
the radiological impact to the environment to a tolerable 
level. 

With respect to the power and redundancy of power supply 
needed, this reactor system can also be combined (:o a 
multiple unit arrangement such as a twin station for 
example. 
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V.2 Status of the component development 
By comparison of the steam cycle plant-design and the NPH-
concepts it can be seen that the main new components for 
the NPH-applications to be developed are: 

- the intermediate helium/heliura-heat exchanger (IHX) 
- the steam reformer bundle 
- hot gas ducts and 
- hot gas valves for the secondary cycle. 

Two large-scale test facilities are available for testing 
the components to be discussed here: 
The methane reforming plant EVA II in the Nuclear Research 
Center Juelich (see V.3.1) and the Component Testing 
Facility (KVK) at INTERATOM in Bergisch Gladbach. 

The KVK is currently operated as a single-loop facility. 
The necessary heat is introduced into the loop via a natu
ral-gas-fired and an electric helium heater. It is dis
charged via a steam generator. A part of the steam is used 
to preheat the helium. This regenerative circuit results in 
a considerable reduction of the energy consumption. 

In the initial test phase, which is underway at present, it 
is planned to concentrate mainly on tests for the hot gas 
ducts, the hot gas valves and on the component test of the 
"hot header" of the He/He heat exchangers. 

In order to test the two types of 10 MW heat exchangers, 
the KVK will be converted to a double-loop facility to 
simulate the primary and secondary system of a NPH-reactor. 

The fabrication of both variants of IHX began in 1982 and 
has been performed without any problems up to now. They 
will be delivered in 198S and 1986 respectively for test 
purposes. 

With reference to the heat exchangers, the "hot header" is 
the most critical component with regard to its loads. In 
contrast to the two complete heat exchangers, which, as mo
dular systems, need only to be subjected to a functional 
test, it appears necessary to subject the hot'header on an 
original scale to a simulated life test including extreme 
loads due to accidents. On the basis of the available ex
perience with large scale plants, it was concluded that an 
operating time of 3000 hours is adequate for a heat ex
changer test. The test object for the "hot header" was de
livered in November 1983 (Fig. 24) and has been installed 
in the KVK. The tests in the KVK were started in February 
1984 and are still underway. 

Production of the S MW test component of the steam reformer 
is on schedule, delivery is planned for the end of 1984. 
The planning of the instrumentation for the test component 
was coordinated with the Nuclear District Heating (NFE) 
project. Work on the major problem, the spacers for the 
reforming tubes, has led to a new solution: each reforming 
tube will be surrounded by a cladding tube as flow guidance 
and mechanical holding device. 

For the primary hot gas ducts there are two variants under 
discussion: 
- a graphite-or carbon fibre reinforced carbon (CFC) -

tube with fibre insulation and 
- a coverplate concept also using CFC as basis material 

together with fibre insulation. 

A graphite tube as a liner has been tested in the high 
pressure channel of КFA Jülich to determine the effective 
coefficients of thermal conductivity and was subsequently 
installed in the ADI-loop of HRB for long-term tests at 
operating temperature. These test started recently. 



F I G . 24 HOT HEADER FOR HE/HE-HEAT EXCHANGER 

Two constructions with metallic liner, both having the same 
basic concept, are available for. the secondary loop. The 
tests on the behaviour of the hot gas duct in a horizontal 
position were completed after 2900 operating hours in KVK. 
The results for the temperature distribution a n d heat los
ses are very positive. The test in a vertical position com
menced in September 1983. At present work is centred on the 
constructive and analytical- examination of the design of 
further subcomponents of the primary and secondary hot gas 
ducts, such as bends, compensators and T-pieces. 

Initially two variants were investigated for the hot gas 
valve, a ball valve and an axial valve. But, since the end 
of 1981, work has only been concentrated on the latter. As 
far as the constructive design is concerned, the test ob
ject has been prepared for the component test. The complete 
manufacturing documents have been submitted and the preli
minary examination has been completed. Manufacture of the 
sub-component has almost been finished. It will be deli
vered and installed in May of this year. 

A scaled-down version of the axial valve, which has been 
adapted to suit the KVK, is part of the operating equipment 
of the KVK. Testing of this valve has already supplied 
valuable results. 

The above mentioned component development is accompanied by 
a comprehensive material program for the development and 
qualification of metallic and ceramic high temperature ma
terials. An additional program is underway to establish 
HTR-specific design codes as licensing base for future 
HTR-plants. 



.3.1 NFE 

Nuclear long distance energy 
(Kernforschungsanlage Juelich/Rheinische Braunkohlenwerke) 

The RbD-work on the special aspects of the EVA/ADAM system 
is summarized in the project "NUKLEARE FERNENERGIE" (NFE), 
where the most important stages of the two energy conver
sion processes are theoretically analyzed and experimental
ly investigated 

A decisive experimental step before building a first nuc
lear plant is the 10 MW test and demonstration facility on 
a technical scale called EVA II/ADAM II pilot plant. 

EVA II is the designation for a bundle of up to 30 reform
ing tubes heated by helium of 40 bars and 950 *C. The power 
is transferred to the helium by an electrical heater. In 
this pilot plant, the behaviour of a complete reforming 
tube bundle and some components in connection with it are 
being tested in a closed helium circuit under various con
ditions. 

In the methanator ADAM II the synthesis gas produced in the 
steam reformer is converted to methane again and the heat 
transported by the thermochemical cycle is released at 
650*C. 

The complete facility EVA II/ADAM II has been constructed 
by Lurgi Kohle and Mineralöltechnik GmbH, Frankfurt. 

In the following the facility EVA II is described. The he
lium circuit represents a complete primary loop of an HTR 
for process heat application. The core is simulated by an 
electrical heater with a maximum power input of 10 MW. 

The helium is heated in the electrical heater up to 950*C. 
After passing the hot gas.duct the heat is transferred suc
cessively primarily to the steam reformer tubes where the 
helium is cooled down to 650*C and then to the steam gene
rator for process steam production where the helium is 
cooled down to 350*C. An integrated circulator transports 
the helium back to the electrical heater by following a 
coaxial flow principle. 

As process gas a mixture of methane and steam enters the 
steam reformer. By means of the endothermic conversion to 
syntheses gas it absorbs the heat transferred from the 
helium. 

The steam reformer bundle, tested in EVA II consists of 30 
tubes. The tube dimensions correspond to those in the con
ventional technique with a length of 11 m and an internal 
diameter of 100 mm. 

Further characteristics of the steam reformer bundle tested 
up to now are: 

test of 4 different alloys for the reformer tubes 
Raschig-ring catylyst as conventionally applied 
reformer tubes with internal return pipes 
baffles (disc-and-doughnuts) to intensify the helium 
heat transfer. 

The steam generator is an induced-single-circulation 
boiler. Electrical heater, steam reformer and steam 
generator are linked toyether by coaxial hot gas ducts. The 
thermal insulation separating the hot and cold helium flows 
is made of carbon bricks. On both sides the insulation is 
covered by a metallic liner, just the colder outside liner 
is gastight. 



The tasks for the plant EVA II/ADAM II are as follows: 

tests of the heat transport by a therrao-chemical cycle 
tests of a complete helium loop equivalent to that of a 
nuclear process heat plant 

- tests of steam reformer bundles in a representative size 
and design 

- functional tests of a steam generator under HTR -
conditions 
investigation of operational behaviour on normal ope
ration, partial load and break-down conditions 

- description of the operating characteristics by mathe
matical models. 

The main tasks of the investigations in EVA II do not aim 
primarily at the life time of the components but at ope
ration characteristics and behaviour in a wide range of 
different process parameters. The main parameters have been 
changed between the following limits: 

electrical power input 3.8 - 11 MW 
helium mass flow rate 1 - 4 kg/s 
helium pressure 15 - .40 bar 
helium temperature 800 - 950 •c 
methane mass flow rate 0.18 - 0.66 kg/s. 

All test runs of the facility EVA II in connexion with ADAM 
II could be performed successfully. In the course of the 
test program the following tasks have been worked out ad-
ditionally: 

- change of catalyst by vacuum extraction 
- replacement of a single reforming tube 

without removal of the whole bundle 
disassembling and reinstallation of the 
steam reforming bundle. 

In total the helium system has been operated for 7,800 
hours. The complete EVA/ADAM heat transport cycle reached 
5,660 hours. During this time 6.8 x 10 4 GJ heat have been 
released from ADAM II at 650'C. This heat was used for the 
most part for district heating purposes. 

.3.2 HKV 

Hydrogasification of lignite 
(Rheinische Braunkohlenwerke) 

In the Federal Republic of Germany approx. 11 billion ton
nes of coal equivalent (tee) brown coal can be mined econo
mically. These minable brown.coal reserves, comparable with 
Iran's oil reserves, form a mainstay of Germany's present 
and future energy supply. Yielding an annual output of ap
prox. 120 million tonnes this coal is mined by the Rhei
nische Braunkohlenwerke AG (Rheinbraun) in opencast mine 
operations. 85 % of this output is used for power genera
tion in base-load power plants meeting about 25 % of West 
öermany's power requirements. Since it can be expected that 
today's major fossil energy sources, viz. oil and natural 
gas, will run short and become even more expensive in the 
long run, Rheinbraun is developing processes with the aim 
of opening up markets to brown coal in addition to power 
generation where presently oil and natural gas are the main 
suppliers. 

In terms of long-term market potentials the production o£ 
SNG promises particular advantages. Therefore, Rheinbraun 
is developing coal hydrogasification using a pressurized 
fluidized-bed process. This development is done within the 
framework of the project referred to briefly as "Prototyp-
anlage Nukleare Prozeßwärme" (PNP) and receives substantial 



financial support from the Federal Ministry of Research 
and Technology and the State of North-Rhine-Westfalia. 

The process is based on the conversion of coal with hy
drogen into raw gas which has a high content of methane, 
i.e. the main component of natural gas. Since this reaction 
is an exothermal one it proves to be most favourable to use 
a fluidized-bed gasifier ensuring a reliable temperature 
control. The hydrogen required for this process can be pro
vided in two ways: 

One way is the conversion of residual char obtained during 
coal hydrogasification with oxygen, and steam, e.g. using 
the High-Temperature Winkler process (HTW) which the 
Rheinische Braunkohlenwerke has further developed on the 
basis of the pressureless Winkler process. 

Another way is the partial conversion of methane produced 
during hydrogasification with steam in a steam reformer 
using a nickel-containing catalyst. The heat required for 
this endothermal reaction is provided by a high temperature 
nuclear reactor (HTR). The residual char from hydrogasifi-
cation occurs as a by-product which is particularly suit
able as a low-sulphur fuel for use in power plants and 
in the industrial heat market. 

From 1976 to September 1982 a semi-technical test plant 
for hydrogasification of coal was operated for approx. 
27,000 hours with more than 12,000 hours under gasification 
conditions. During that time approx. 1,800 tonnes of dry 
brown coal were processed. The longest continuous operating 
period under gasification conditions was 780 hours during 
which approx. 85 tonnes of dry brown coal were gasified. 
Carbon conversion rates of up to 82 % and methane contents 
of up to 48 % vol in the dry raw gas (free of N 2) were 
obtained. 

In the course of the scale-up to commercial coal gasifi
cation plants a pilot plant was erected as the last in
termediate step prior to industrial scale-up of the pro
cess. Compared with the semi-technical test plant this 
plant has a 25 fold scale-up gasification unit and com
prises additional plant components, e.g. the total raw 
gas treatment required in tho process for the production 
of SNG meeting the market requirements. 

The test data obtained from the semi-technical plant made 
it possible to begin the basic engineering and licensing 

FIG. 25 
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procedure for the pilot plant on the 01.07.1977. Detail 
engineering was started on the 01.08.1978. 

The first contracts for the pilot plant were awarded in 
mid-1979. Construction began in September 1979 on the site 
of the Union Rheinische Braunkohlen Kraftstoff AG in Wesse
ling. The construction phase was completed in 1982. 

During the second half of 1982, performance tests were car
ried out on completed parts of the plant, parallel to the 
constuction work; the complete plant was commissioned in 
May 1983, 

Pig. 25 shows a view and Fig. 26 a simplified flow scheme 
of the HKV pilot plant, which at present consists of the 
following units: coal preparation, gasification, amisol 
scrubbing and cryogenic gas separation. A test plant for 
waste disposal is under construction and this will be 
tested as the 5th unit in the ,\utumn of 1984. 

The pilot plant is designed for a maximum operating pres
sure of 120 bar; at this pressure, the maximum coal feed is 
approx. 10 tonnes per hour of dry brown coal with a re
sidual moisture content of 2 %; at this rate of coal feed, 
a maximum methane production of approx. 8,000 ra3 per hour 
is expected. 

The test program includes 18 operating phases with a total 
of 52 test settings. An average test period of 3 days was 
taken for each setting. During this period, stationary 
operating conditions were to be set to produce useful test 
results. 

The effect of the following test parameters is under in
vestigation in this program: 

- coal throughput from 4 to 10 t/h (wf) 
- gasification pressure from 65 to 120 bar 
- gasification temperature from 850 to 950"C 
- fluidized bed height from 400 to 600 cm 

ash content of the feed coal from approx. 4 to 15 % 
by wt.. 

The tests are intended to determine the effects of the 
considerable increase in the scale-up of the gasifier 
compared to the semi-technical test plant. A further 
step is to optimise the process, including use of the 



greater flexibility of the gasifier, with regard to the 
fluidized bed height, coal throughput and gasifier pres
sure. In addition, test of auxiliary components, in 
particular raw gas treatment as wall as gas separation 
and its connection with tha gasifier, is an important 
development target for the entire coal hydrogasification 
process. 

From May 1983 up to March 1984, 8 test runs were carried 
out. During gasification with brown coal, the gas treat
ment units were always in operation. 

The most successful continuous test-run to date was 
performed between the end of January and the end of 
February 1984. In 756 hours, at a gasifier pressure of 
80 and 95 bar, a throughput of almost 4,000 tonnes of 
dry brown coal was achieved and approx. 1.8 million ra3 

(рТР) of CH^ produced. Problems with the coal feeding 
systems were solved by specific measures. 

Despite a scaling-up factor of 25 compared with the 
semi-technical plant, the pilot plant achieved a very 
high level of availability during the first year of 
operation. 

A first comparsion of the pilot plant results with cor
responding data of the semi-technical plant was quite 
satisfactory. 

V.3.3 W K V 

Steam gasification of hard coal 
(Bergbau-Forschung) 

Within the cooperation of Bergbau-Forschung GmbH {BF), 
Rheinische Braunkohlenwerke AG, and German companies of HTR 
research and industry, BF develops the process for steam 
gasification of coal where nuclear heat from the HTR is to 
be used directly as process heat. In view of the almost 
double specific gas yield compared with conventional gasi
fication this approach promises three major advantages: 

- saving of available coal reserves, 
- reduction of coal specific emissions, 
- lower gas production coats compared with those of 

conventional gasification. 

The flowsheet on Fig. 27 shows the HTR connected to the 
gasification plant. Helium is used as heat carrier in the 
primary HTR circuit and heated up to 950"C. The heat is 
transferred via a heat exchanger to a secondary circuit 
which also uses helium as operating medium. The heat from 
the secondary circuit helium will then be cr-tipled into the 
gas generator as well as into steam generation and super
heating. The gasifier was designed as a horizontal, elonga
ted fluidized bed reactor into which heat is transferred 
via metallic heat exchanger tubes immersed into the bed. 
The pressure in the helium loops and in the gasifier atmo
sphere is the same, around 40 bars. The coal to be gasified 
is fed in at one end, moves through the vessel as gasifi
cation with steam takes place, and at the other end the 
residue with its high ash content is drawn off. 



The key problems to be solved for the new gas generator 
type Include materials and design questions, and working 
out of relevant operating data by laboratory and pilot 
plant tests. 
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F I G , 2 8 SEMI-TECHNICAL STEAM GASIFICATION TEST-PLANT 

Technical scale experiments started with the semi-technical 
test plant which was commissioned in 1976 (Fig. 28 ) . The 
gas generator is a cut-out version of the full-scale gene
rator. The fluidized bed itself has a cross-section of 
close to 1 m^ and can be operated up to height of 4 m. The 
helium in this plant is heated electrically. The plant has 
run about 24,500 hours in hot operation including 12,600 
hours of gasification with daily reaction rates of up to 
6.4 t/day of carbon. 

Due to the fact in the long term in Germany only baking 
types of coal are available for gasification, a technical 
solution had to be found to the problem of feeding such 
coal. Therefore the method of jet-feeding was advanced to 
the state where agglomeration of the feed coal can be pre
vented. Finely ground caking, coal is injected pneumatical
ly into the bottom of the fluidized bed. Here, it is quick 
ly mixed with the partly gasified char particles whereby 
agglomeration is suppressed. The liberated volatiles -
especially the tar - are completely transformed on the way 
upward through the fluidized bed so that no tar has been 
found in the raw gas. 

On the basis of laboratory tests a number of runs has been 
performed in the semi-technical plant with potash and othe 
catalytic substances to accelerate the rate of reaction. 
For this the catylist has been fed along with the coal in 
dry mixture into the gasifier by means of the injection 
feeder. A doping with 2 or 3 % K2CO3 to coal has a relati
vely modest effect. However, if 4 % potash is added a stee 
increase of reaction rate by a factor of about 20 can be 
achieved. 

The technical feasibilty of the the nuclear gasification 
concept is dependent on the availability of metallic ma
terial for the heat exchanger tubes in the gasifier. 



. Fuel cycle activities 
Mixed thoriura/uranium oxide of 93 S uranium enrichment had 
been the reference for the pebble-bed type High Temperature 
Gas-Cooled Reactors (HTR) in the Federal Republic of 
Germany until 1979 and the 15 MW(el) experimental power 
plant AVR uses, and the 300 MW(el) prototype HTR plant 
THTR, will use this type of fuel accordingly. 

In 1979, however, non-proliferation aspects, difficulties 
envisaged with the longterm supply of high enriched uranium 
plus the aspects of utilizing the existing PUREX technology 
for the recovery of uranium and plutonium from spent HTR 
fuel led to a change to Low Enriched Uranium (LEU) fuel. 
Follow-on reactors will be fueled with uranium oxide with 
initial enrichment of around 10 %. 

The activities concentrate on the development of processes 
and equipment for LEU fuel manufacture and on the qualifi
cation of U0 2 fuel. Back-End fuel cycle activities comprise 
work on interim storage, reprocessing and terminal storage 
of discharged HTR fuel. The limited amount of spent fuel 
from the THTR, plus that from the AVR plant (about 3.5 mil
lion pebbles by 2005), will be put to terminal storage. 
For LE'J fuel of follow-on plants both options are kept 
open, i.e. reprocessing or terminal storage. R&D work fol
lows this strategy with programs on both lines in parallel. 

R&D work on fuel fabrication and performance 

Fuel fabrication 
The LEU reference particle consists of a 500 pm diameter 
U0 2 kernel with TRISO coating containing a 35 um thick si
licon carbide interlayer. The key problem in the fuel deve
lopment is optimum retention of gaseous and solid fission 
products. This requires low defect rates during the manu

facture of particles and spherical fuel elements. Two im
portant defect mechanisms have been identified 

- particles having extremely odd shapes cannot withstand 
the pressure applied during moulding even with optimum 
overcoating 

- adjacent particles experience high local stresses during 
moulding when insufficient overcoating is applied. 

To achieve the target defect fraction several classifica
tion steps for kernels, coated particles and overcoated 
particles are used. With these techniques the fabrication 
particle defect fraction has been reduced below the design 
value of 60 x 10~ 6. 
Progress has also been made in fuel process development; 
new components were designed for continuous fabrication, 
and interfaces between different process steps were im
proved. Further work concentrates on the final specifi
cation of all process steps, increase of coating batch 
sizes, recycling of reagents, and waste treatment. 

Fuel irradiation testing 

The first set of irradiation tests with low-enrAched U0 2 

TRISO particles has been completed. The release of short
lived fission gases remained at low enough levels to demon
strate that no particle had failed in ail tests comprising 
more than 10^ particles. 
The goal of the development is to show that irradiation in
duced particle failure fraction remains below 2 x 1 0 - 4 

during normal operation and that'the coatings remain reten
tive of metallic fission products. 
The evaluation of all irradiation and postirradiation data 
from the previous set of experiments with high-enriched 
(Th,U)02 fuels has been completed. 



Here, the necessary data have been established for predic
tion of particle failure and fission product release. 
To supply fuel specific data for safety studies new fur
naces have been built which simulate core heat-up events. 
In one furnace irradiated fuel is heated with the tempe
rature increasing up to 2500*C. The on-line measurement of 
Kr 85 indicates the extent of coating failure-which - for 
loose TRISO particles - increases from 1 % at 2000*C.to 
80 % at 2500*C. In another type of furnace the fuel is an
nealed at constant temperature, e.g. at 1600*C and 1800*C, 
for prologned periods. 

R&D work on spent fuel treatment 

During 15 years of operation with the Experimental Power 
Plant (AVR) much experience has been accumulated on spent 
fuel handling. More than 125,000 fuel elements, mostly of 
the HEU-mixed oxide and mixed carbide fuel type, in a wide 
range of burn-up states, have been discharged from the 
reactor into small stainless steel canisters with a capa
city of 50 fuel elements each. PIE of fuel elements from 
random & specific samples together with their operational 
history have yielded an invaluable data base on spent fuel 
characteristics to which the results from fuel irradiation 
tests may be added. 

Interim storage of spent fuel elements 

The small canisters with fuel elements discharged from the 
AVR have been received and stacked in a pool facility at 
KFA since 1973, canister seals are replaced at 4 year in
tervals. The maximum capacity of this storage facility is 
65,000 fuel elements, but was increased by adding space for 
28,500 fuel elements in another pool facility at KFA. Since 
then all past or present planning for interim storage of 

spent HTR fuel elements concentrates on dry facilities with 
air cooling systems to take into account the relatively 
small decay heat production per volume unit. 

Operation of the AVR required an increase in storage capa
city for spent fuel. Therefore at KFA a first dry storage 
facility for 72,000 fuel elements of 2 years minimum 
cooling time was built and has been operating since the end 
of 1981. Utilizing an existing concrete shielded cell it 
houses the fuel in stainless steel canisters of 1000 ele
ment maximum capacity in a close-packed array by means of a 
metal rack comprising vertical tubes with a surrounding 
frame. A monitoring program shows that H3 and Kr 85 release 
from this facility which is now loaded up to 80 « is still 
negligible (H3 S 1 mCi/d; Kr 85 SS 4 mCi/d, the effective 
detection limits). 

Planning for further capacity increase, as required from 
1986 onwards, has started and is based on the transport/ 
storage cask concept. An appropriate 2 yr demonstration and 
measuring program on two prototype.casks loaded with 1950 
spent AVR elements each contained in two canisters started 
in 1982. Results have verified the design with regard to 
radiation, activity containment and heat dissipation. 

For the interim storage of spent THTR fuel the transport/ 
storage cask technique was adopted, too, with one cask 
housing one of the existing and licensed THTR spent fuel 
canisters. 

Reprocessing 

The reprocessing option for spent LEU fuel includes pre
paration of heavy metal ash by burning off the graphite 
in oxygen, dissolution and solvent extraction according to 



the PUREX-processing scheme followed by the standard LWR 
refabrication process. Because of know-how available from 
LWR for the latter steps the effort has concentrated on the 
head-end consisting of fuel element crushing followed by 
single step fluidized-bed burning. 

Cold pilot scale tests with both (Th,U)02 and U0 2 fuel have 
been performed at КFA and GA Technologies in the modified 
head-end of the JUPITER facility and the GA pilot plant. 
They confirmed that the fluidized-bed burning process can 
treat various HTR fuel types and exhibits a large flexi
bility. 

The JUPITER tests with (Th,U)02 BISO and TRISO-coated fuel 
have confirmed the trouble free performance of the upgraded 
facility for this fuel. In a 110 hours demonstration run 
with 3000 (Th,U)02-BISO-fuel spheres a burning rate up to 
6.2 kg graphite ("30 fuel elements per hour) has been 
reached, thus exceeding the original design value by a 
factor of 2. The product contained less than 0.1 % carbon 
and no fines accumulation has been observed. 

A demonstration run with (Th,U)02-TRISO-fuel spheres has 
shown equally good facility performance. 2600 fuel elements 
were processed in 60 hours with a burn rate exceeding 8 kg 
carbon per hour. The product contained less than 0.1 % С 
and less than 0.15 % SiC. 
Also U0 2 TRISO fuel processing in demonstration runs with a 
total of 376 kg carbon burned (i.e. nearly 2000 fuel ele
ments equivalent) brought good results. The burn-rate has 
been further increased to 9,4 kg carbon per hour. The 
product discharged during operation contained less than 1 % 
carbon. 

The experiment in the GA pilot plant on the 20 cm burner 
comprising about 500 kg of FRG U0 2 TRISO fuel has simultan
eously confirmed the suitability of the one-step burning 
process. The results show that at burn rates up to 7 kg 
carbon per hour steady state operation is possible in both 
carbon lean and carbon rich mode. The product contained 
practically no carbon. 

Supporting data for "hot" tests on a pilot scale are going 
to be provided by hot laboratory tests with about 250 irra
diated spheres of the AVR-6 reload (BISO coated LEU fuel) 
in КFA laboratory equipment. Laboratory reprocessing of ir
radiated Ft. St. Vrain block type fuel will follow about a 
year later. Prior to this exercise some data will come from 
burn-back experiments with DRAGON fuel at UKAEA Winfrith. 

Final Storage 

The reference concept for spent fuel treatment for AVR and 
THTR is final storage in the national repository. The pre
sent reference concept for THTR fuel is based on final 
storage containers developed for LWR fuel but, for economic 
reasons, other techniques are being analyzed and will be 
further developed. One of the more promising concepts is 
based on the present reference design for heat generating 
waste from reprocessing: fuel element hulls and slurry from 
the feed solution step. This technique comprises canister 
storage in sealed boreholes of 300 m depth. With components 
for this concept being designed and tested a field demon
stration test is under preparation and this will involve a 
limited number of spent AVR fuel discharged in 1981. The 
test will be carried out in the ASSE salt-mine and last 
about 5 years from the beginning of 1987. 



The necessary data base for licensing any of the final stor
age concepts will involve specific information of longterm 
fuel characteristics and behaviour. Results from experiments 
on corrosion effects and fission product and ^'-emitter 
release from the fuel under normal storage conditions and in 
presence of brine solutions are required. Orientation tests 
in a relevant q-solution started in 1981/82 on a total of 38 
high burnup AVR fuel elements, 24 of which were deliberately 
crushed. Cesium and strontium (BISO carbide fuel) represen
ted the main activity in the brine. Fractions of up to 3 x 
10~5 of the total Cs inventory were found in q-solution 
after 2 years at 40'C or 90*C on intact, 4 x 10~ 4 on crushed 
fuel elements. 

An expanded second program phase has started on fuel ele
ments more fully characterized for fission product distri
bution and is rendering more systematic results on a varie
ty of fuels including LEU elements with TRISO coated fuel. 
This program also looks for corrosion effects-and the re
lease of^-emitters into the brine. In the tests finished 
so far no corrosion effects could be detected. 

Fuel cycle strategy 

For the spent HEU-thorium fuel from AVR and THTR final dis
posal is definitely planned. 

Planning for the future (Fig. 29) involves: THTR follow-on 
plant(s) will be designed for LEU fuel. The spent fuel will 
be put to interim storage with the decision pending to 
either 
- allocate the fuel elements for final disposal 

or 
- keep the elements for reprocessing. Reprocessed uranium 

and plutonium will be fed into LWR or FBR. 

Later HTR plants will be designed for uranium fuel but 
would also allow uranium/thorium fuel to be used. Fuel 
cycle planning will be the same as for the THTR follow-on 
plants. 
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