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1. Conceptual Layout of the HTR 500

The HTR 500 nuclear power station is a dual-cycle plant with

high-temperature reactor and steam power plant for electrical

power generation, with the additional possibility of process

steam and district heat extraction.

The design of the HTR 500 makes considerable use of the tech-

nology embodied in the THTR 300. The simplifications and opti-

mizations reflected in the HTR 500 design are based on practi-

cal experience with the THTR 300. Thus the transition to com-

mercial high-temperature nuclear power plants means little

risk for utilities and manufacturers. Its main features are:

Integrated design of the primary system components in a

single-cavity concrete pressure vessel.

Use of standardized components and proven materials from

the THTR 300 wherever possible.

Separation of operating and safety systems, leading to

simple design.

Accident control making use of the slow transient cha-

racteristics of the high temperature reactor.

Forecasts show a trend towards power units in the size range

of 400 to 600 MW. The HTR 500 is a well-suited answer, as it

can compete with other nuclear and conventional power plants

of comparable size.

The arrangement of the HTR 500 power plant is shown in Fig. 1.

In the center the reactor confinement building is situated

housing the prestressed concrete reactor vessel including the

primary system, the shutdown facilities, parts of the decay

heat removal system and other safety-relevant components. In

addition the reactor confinement building acts as a protection

against external impacts. •

Fig. 2 shows the prestressed concrete reactor vessel with its

internals: The pebble bed is completely enclosed by the gra-
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phite reflector, resulting in a cylindrical core volume of

about 200 m3. The fuel element spheres are added continuously

from above. Spent fuel elements are discharged from the core

through three discharge pipes without interruption of power

operation.

The helium coolant flows downwards through the reactor core,

being heated from 265°C to 720°C at a pressure of 55 bar. The

energy absorbed by the helium is transferred to six steam

generators through which the primary helium flows in an upward

direction. The circulators assigned to each steam generator

transfer the cooled helium to the cold gas plenum enclosing

all the peripheral areas of the prestressed concrete reactor

vessel. Thus the liner, the liner cooling system, the control

and shutdown rods, and the metal reactor internals are only

exposed to the cold gas.

Control and shutdown of the reactor are accomplished by means

of absorber rods which either drop into boreholes in the side

reflector or are directly inserted into the pebble bed.

Two auxiliary heat-exchangers with their own circulators are

arranged between the steam generators. In the event of failure

of the main heat sink, the decay heat is removed by these two

heat-exchangers via a separate two-loop decay heat removal

system.

The feedwater in the steam generators flows downwards, in

counter-current to the flow of helium. On entering the steam

generators, the feedwater has a temperature of 190°C. The main

steam enters the turbine at 530°C and 180 bars, passing

through the high-pressure and intermediate-pressure sections

before being directed through a water separator for draining

and, finally, expansion to the condenser pressure of 60 mbars

in the low-pressure section.
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Due to the primary coolant's high temperature level, steam

qualities can be achieved with the HTR which correspond to

those usually obtained in fossil-fuelled power plants. Due to

the strict separation of the operating and safety systems, a

conventional steam/feedwater circuit can be used which differs

in no way from that of a conventional power plant.

For a group of German and Swiss Utilities a Preliminary Safety

Report has been recently completed together with design speci-

fications for the major systems and components. A preliminary

risk analysis has been performed, an updating in accordance

with the Safety Report is underway.

2. Conceptual Layout of the HTR-Module

The HTR Module has a thermal power of 200 MW per unit equiva-

lent to 80 Mwe for electricity production in smaller grids.

Moreover it can be utilized for the cogeneration of process

steam or district heat. Electricity and nuclear process heat

can be used directly for the upgrading of coal and steam

reforming of methane.

One to eight modules can be connected to one or more parallel

steam/power conversions systems. This leads to a wide power

range between 80 and 640 MWe with flexible adaptation to the

client's requirements.

The HTR Module employs the high-temeprature reactor technology

realized and proven at AVR. The application of steel pressure

vessels makes use of the proven pressure vessel technology of

light water reactors.

Pig. 3 shows a longitudinal section through the HTR Module

with side-by-side arrangement of reactor and steam generator.
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The main features are:

Pebble bed core with TRISO-coated fuel particles

Coolant flow through the core from top to bottom

Maximum fuel temperature even in case of beyond-design

accidents not exceeding 1600°C

Arrangement of the gravity-driven control rods and absor-

ber balls in reflector bore-holes

Integrated arrangement of all primary components in 2

ferritic steel pressure vessels, arranged in parallel

Passive residual heat removal via threefold redundant

cavity coolers (with fire hose connections)

Conventional steam-water cycle.

Fig. 4 shows a section of the reactor building.

Engineering work on the detailed design has reached such an

advanced status that detailed drawings, schemes and stress

analyses etc. have already been elaborated for the main compo-

nents and systems. As far as possible only proven components

will be used.

A licensing procedure for a site independent license permit

has been initiated in 1987. It is expected that the experts

will submit their draft expertises in the middle of 1989 to

the Reactor Safety Committee.

Engineering Details

The purpose of this paper is to provide recent working results

regarding the HTR 500 and HTR-Module in the field of research,

development and engineering.
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3.1 HTR Design Criteria

In the context of the licensing procedure for the THTR 300,

the lack of nuclear rules and guidelines especially applicable

to HTRs was significant. There is, therefore, a need for tech-

nical rules for the wide range of typical HTR-components. In

the research and development project "Design Criteria for

High-Temperature Metallic and Ceramic Components and the

Prestressed Concrete Vessel of future HTR Plants"- carried out

under the sponsorship of the Federal Ministry for Research and

Technology- fundamental principles and basic data were worked

out to establish German Nuclear Safety Standards for the de-

sign of HTR-components, Fig. 5.

The project began in 1984 and the research work was divided

between several working groups and task forces, under partici-

pation of several institutions and companies. The coordination

has been carried out by the Nuclear Research Centre Juelich.

The project has been classified into four sections:

A: Technical safety boundary conditions

B: Metallic structural components

C: Prestressed concrete pressure vessel

D: Graphite structural components

Design criteria are advanced far enough to be the basis for

setting up rules for design and construction of HTR-compo-

nents. Construction and operation experience from gas-cooled

reactors and high-temperature technology proven in conventio-

nal plants have furnished a most significant contribution to

these design criteria and will ensure that the standardization

of rules, which are currently being established, has a solid

practical background.
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3.2 Structure of a Pebble Bed Core

Fig. 6 shows the structure of the HTR 500 core. The core

structure consists of the side reflector, the bottom reflec-

tor, the top reflector and the pebble bed of spherical fuel

elements. For design optimization and verification a series of

tests have been performed with models of various sizes. The

purpose of these experiments is to determine the forces upon

the reflector side wall and the core bottom structure in hori-

zontal and vertical direction due to dead load, pressure of

pebble bed and insertion forces of incore-rods. The test

results have verified the chosen design:

The forces are comparable for both initial and equi-

librium core conditons.

10 insertion procedures without pebble circulation are

sufficient to find out the max. forces.

- The total vertical rod forces amount to 6.480 kN for

max. insertion depth.

The maximum load upon one side reflector block does not

exceed 10 kN.

Core bottom structure loads are low. The maximum forces

upon one block of the first layer do not exceed 25 kN.

In addition to the above experiments various models were te-

sted to verify the seismic safety of the whole structure.

Dynamically the core structure is a many-body structure with

non-linear force-deformation couplings. The integrity of the

side and bottom reflector under seismic loads is kept by

radially orientated spring packs which transfer the loads to

the thermal shield. These spring packs must be stiff against

earthquake, but must allow radial thermal movements of the

core structure under normal operating conditions. Large-scale

models of the side reflector with pebble bed and top reflec-

tor were tested on the "HRB Vibration Test Facility Juelich",

Fig. 7. The results of these tests were compared with those

of analytical methods which were developed in parallel.

B-l
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The good-natured behaviour of the pebble bed under dynamic

excitation has been confirmed. Due to the granular structure

of the statistical pebble bed, high damping occurs during

seismic excitation, which is, however, reduced with in-

creasing depth of the pebble bed because of restriction of

movement. It is possible to describe the seismic behaviour of

the pebble bed core analytically.

The one- and two-dimensional test configurations of the top

reflector were used to analyse resonance and lumping effects.

The experimental results were verified by the computer codes.

The experimental investigations of the side reflector are

underway. The results show a very good-natured behaviour

under the impact of horizontal vibrations. The system is

stable under seismic load. Small, rigid-body motions of

single side reflector blocks were detected, but they did not

cause any global ovalization of the complete ring structure.

First Finite Element calculations with contact and friction

between the blocks show a close agreement with the experimen-

tal results.

The results of both test series shall be used in the design

of the HTR-Module as well.

3.3 Design and Test of High Temperature Components

In addition to the steam generator experience at the AVR and

THTR tests have been performed at the Interatom KVK Test

Facility. These tests have been extended up to temperatures

of 950°C for chemical processes:

D-Tube He/He Heat Exchanger 10 MW

Helix He/He Heat Exchanger 10 MW

B-l
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Hot Header for He/He Heat Exchanger with original

dimensions

Auxiliary cooler for decay heat removal

Primary Hot Gas Duct, Compensator and Bend

Secondary Hot Gas Duct, Compensator and Bend

Secondary Hot Gas Valves

The 10 MW U-tube heat exchanger and hot gas duct results will

be discussed in more detail in the following.

10 MW U-Tube Heat Exchanger

Pig, 8 shows the test unit. The heat exchanger tubes are bent

to a U-shape. Primary helium flows along the tubes outside in

a countercurrent arrangement, secondary helium flows inside

the tubes. The hot header is positioned in the upper part of

the heat exchanger, resulting in a rather short central tube.

The cold gas header is separated from the support plate and

is suspended by springs.

Pour phases of tests have been performed from 1985 to 1986

with a total testing time of about 4700 h, 1560 hours at

temperatures > 950°C. The test results are as follows:

Steady-state operation at 40 - 100 % with 950°C on the

primary side and 900°C on the secondary side (Fig. 9).

There is a good agreement between the design and the

test data, particularly in the hot region of the U-tube

bundle. Due to a helium bypass flow the design and test

values differ in the cold region. • •

Non-steady state tests were successfully performed/ such

as:

Tenfold startup and shutdown of the heat exchanger at

a transient level of + ,1 K/min over a temperature

range of 750°C.
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. Cutoff of flow through the IHX at 25 % load over

1,5 h. No measurable convection resulted.

Fifty thermal cycles at 7 K/min and a temperature

rise of 300°C.

Simulation of disturbed primary inlet temperature

between + 10 K/min and - 50 K/min for a max. tempera-

ture difference of 200°C.

The inspection of the U-tube heat exchanger showed the

essential components, such as tubes, hot header and

insulation to be in good condition. Only the sheet metal

envelope of the tube sections exhibited signs of leakage

close to the bend region. But this envelope is only

installed for testing and will not exist in the full-

scale heat exchanger.

The bearing forces for the load transfer system of the

cold header and the bundle are within the range of the

calculated values.

The measured vibrations did not result in any noteworthy

loading of the heat exchanger tubes.

Successful tests showed leak tightness between the pri-

mary and secondary side of the IHX.

Test of the Helicoil He/He Heat Exchanger and of the Hot

Header in the KVK Test Facility showed favourable resultsJas

w e l l . . . *.-,•..;-.• . > . . .• ;• •• : • - ;

Primary Hot Gas Duct

Fig. 10 shows; the test section of the coaxial primary hot gas

duct with fiber, insulation. The gas liner- consists, of gra-

phite and Carbon Fiber Composite. Adjustable supporting ele-

ments -fix the gas liner radially and axially.

Tests -on?the.primary hot gas duct under normal operating -

conditionsifeave;been completed. Pig.-. 11 gives a comparison of

B-l
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test results and design data. As a significant result, the

heat loss from the hot to the cold side was substantially

lower than calculated.

Typical temperature profiles of the cold support tube, of the

pressure vessel tube and of the hot gas liner are shown in

the upper part of the figure. The bandwidth of the temperatu-

re distribution is included. While the maximum bandwidth is

16°C at the gas liner, values of not more than 5°C were mea-

sured at the pressure vessel and support tube.

Tests with coaxial bends as well as with coaxial compensators

led to similar results. The mechanical behaviour of the com-

ponents proved to be excellent, including results of more

than 1500 mechanical load cycles on the compensator.

3.4 Helium Circulators with Active Magnetic Bearings

In modern plant concepts for high-temperature reactors the

helium circulators are arranged in vertical position.

The magnetic bearings for these circulators will be contri-

bute to the desired simplification and the high availability

of the HTR. By the introduction of this technology it is pos-

sible to abandon the complicated and expensive facilities for

lubricant supply of conventional circulators.

Fig. 12 shows an cross section of the prototype circulator

with active magnetic bearings. It is representative for all

types of circulators envisaged for the different HTR con-

cepts. In designing and testing the prototype circulator, the

overall scope of requirements is met by fulfilling the most

stringent individual requirements. Construction of the

prototype circulator will be started in mid-1989.
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A precondition for the use of active magnetic bearings is the

installation of catcher bearings to avoid unintended contact

between rotor and static machine parts with the magnets de-

energized. In view of the size and weight of the circulator

shafts to be controlled, ABB has analysed and experimentally

verified the design and construction of the catcher bearings

in an anticipated R & D program.

Fig. 13 shows the catcher bearing test stand which is simul-

taneously used to demonstrate the suitability of the magnetic

bearings. The catcher bearings are roller bearings of special

design, which are capable of withstanding more than 60 drops

with grease film lubrication. The dry-lubricated variant,

which can withstand more than 10 drops from max. circulator

speed of 6000 rpm, also meets the requirements of the reac-

tor. According to the time-schedule the principal experiments

are to be completed in 1993.

3.5 Steel Fiber Concrete in the HTR 500 PCRV

Steel fiber concrete is a type of concrete to which steel

fibers are added to improve its characteristics. Normally

steel fibers of 0.2 to 1.0 mm dia and 10 to 80 mm length are

added. Addition of steel fibers does not replace the pre-

stressing tendons but permits to reduce or even completely

abandon the mild reinforcement.

For economic reasons it should be tried to obtain a short

construction period of the PCRV. Since the duration of the

construction period is essentially determined by the instal-

lation of the mild reinforcement, the use of steel fibers

allows to reduce the construction period. It is therefore

envisaged to use steel fiber concrete without or with mild

reinforcement only in selected areas for the approx. 60 cm

thick shell around the liner. In addition it is intended to
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use steel fiber concrete for the full height of the stand

pipe region of the vessel head. Thus it will be possible to

do without reinforcement rods whose installation is time-

consuming because of the lack of space, Fig. 2.

A further incentive for using steel fiber concrete is the

increase of the vessel safety. The guaranteed tensile

strength and especially the toughness of this material result

in an increase of the safety of the structural elements.

Within a research project a suitable steel fiber concrete has

being developed on the basis of the type of concrete used for

HTRs. The program includes the material development, testing

and calculation.

3.6 Dissimilar Weld Joints for Steam Pipes

The high temperature section of the steam generator including

the header uses the material Incoloy 800. For the live steam

pipes a ferritic material is used. Steam generators and life

steam pipes are connected via dissimilar weld joints. Fig.14.

To verify the integrity concept for such joints the r&d pro-

gram MINERVA has been initiated. MINERVA is part of the pro-

ject for the verification of the integrity of the water/steam

circuit of high-temperature reactor plants for the designed

lifetime.

MINERVA is designed for a testing time of 20.000 h. The expe-

riment started in January 1987. The impact on the dissimilar

weld in the intersection between life steam header and life

steam piping is characterized by peak stresses due to diffe-

rent coefficients of thermal expansion of the materials.

These peak stresses are reduced during holding times at ser-
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vice temperature by relaxation. The main deformation is shif-

ted to the heat-affected zone of the ferritic material,

Fig. 15.

The analytical determination of accumulated creep, damage and

crack growth in dissimilar metal weld joints during plant

operation is verified by experiments with specimens and com-

ponent tests under test conditions simulating plant operati-

on. In addition, the non-destructive experimental methods are

evaluated with respect to their accuracy in service application,

3.7 Computer Codes for Core Layout

For the layout and analysis of pebble bed cores concerning

neutron physics and thermal hydraulics a family of computer

codes is available. Those codes have been validated with the

results obtained from KAHTER, AVR and THTR.

As an example the code family MOCCA for neutron physics used

at HRB and the Paul Scherrer Institute will be presented

below. Similar codes are available at Interatom (Code ZIRKUS)

and KFA (Code VSOP).

The nuclear design calculations for HTRs are performed using

the Modulear Core CAlculation System MOCCA in combination with

existing code systems or stand-alone programs. Examples for

the last two categories are the 3-dimensional Finite Element

Code DIFGEN and the 1- and 2-dimensional Transport Codes ANISN

and DOT IV.3. The code systems are applicable for HTR's using

the thorium/uranium cycle with high enriched uranium or the

uranium cycle with low enriched uranium.

Fig. 16 presents the generation of the nuclear working libra-

ries for use in the MOCCA System. At present the transition is

made from the ENDF/B4 (Evaluated Nuclear Data File B Version

4) based working libraries to libraries based on JEF-1

B-l
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(Joint European File Version 1). These data libraries are

validated by comparing calculational results with experimental

and operational experience gained with the experimental

facilities KAHTER and the HTRs AVR and THTR. Additional

experiments will be performed with the critical facility

PROTEUS.

Fig. 17 gives a simplified overview of the MOCCA system. The

modules of the MOCCA system may be combined in a highly flex-

ible way by the DRIVER routine SPIDER. The modules are com-

municating with each other only via standard interface files.

These standard interface files are produced by an input pro-

cessor or the modules themselves. The most important modules

are:

- SPAX: Cross section generating code using zero-dimensio-

nal diffusion theory. In the resolved resonance

region mixtures of different fuel and absorber

elements with grain structure may be homogenized by

use of an equivalence principle.

- QDEIS: Two-dimensional diffusion program with Scherer-

Gerwin treatment of the large void above the pebble

bed.

- MOSTE: Program for calculating the temperature distribu-

tion using two-dimensional gas kinetics, an empiri-

cal pressure loss equation and one dimensional heat

conduction.

- MALAGA: A code performing the depletion calculation.

- COLA: A code which models the fuel circulation with and

without: recirculation of spherical elements.

For special three dimensional problems the COMMIX/STINT pro-

gram codes are available at Interatom. For thermal hydraulic

calculations all HTR partners use codes on the basis of the

THERMIX program.
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3.8 Status of Fuel Element Testing

The qualification of fuel elements for future HTR-plants

comprises the tasks:

- Establishing of advanced manufacturing processes and

quality control methods,

Irradiation testing of representative fuel elements,

Accident simulation testing of irradiated fuel elements.

Spherical fuel elements with D02~TRIS0-partides have been

irradiated in several test reactors and in the AVR. The AVR

was loaded with large quantities of production fuel elements

(approx. 50 000), which is a sound statistical basis for the

evaluations.

The present status of the irradiation experiments is shown in

Fig. 18. It is demonstrated that the max. fast fluence/burnup

of discharged HTR 500 and HTR-Module elements are well

covered by the irradiation tests. In all these experiments no

inservice failure of coated particles has been observed.

Accident simulation tests at elevated temperatures with irra-

diated fuel elements provided important data for safety and

risk analyses. Isothermal heating at temperatures up to

2100°C and ramp tests up to 2500°C (50 K/h) verified the

retention capability of TRISO fuel under extreme thermal

conditions.

Fig. 19 shows the measured release of the noble gas

krypton-85 during thermal heating, which is also representa-

tive for the radiologically more important nuclide

iodine-131. At 1600°C the heating time can be extended to

500 h without a measurable increase of noble gas or iodine

release. The measured cesium-137 release is given in Fig. 20.

Cesium release exceeded in all cases the krypton rate because

of the diffusion through the coating.
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The conclusions of the accident simulation tests are:

During all design basis accidents (T < 1600°C) the in-

tegrity of the TRISO coated particles is maintained.

In hypothetical events (frequency < 10~7/a) the majority

of the fuel retains the fission products to a large

extent.

* * *

Summing up, we can say that the HTR 500 and the HTR Module

are good candidates for nuclear energy production and for

chemical processes. The development of the HTR reactor allows

to start the construction in the 90s. It is, therefore, a

special challenge to convince the decision-makers to use the

advantages which the high-temperature reactor system can

offer.

The R & D work has been sponsored by the BMFT, MWMT and the

Swiss Government. Mayor contributions are made by KFA and the

Paul Scherrer Institute.
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HTR 500 - Nuclear Power Station
Longitudinal Section nm

Spent fuel building Reactor building Turbine hall
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HTR 500
Reactor Pressure Vessel with Internals

Steel fibre concrete

Incore rod

Reflector rod-

Auxiliary

heat exchanger

Reactor core

Auxiliary-
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Main circulator

Main
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-Fuel element
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Primary Circuit of an HTR - Module
nm

0 9400 mm 1 Pebble Bed
2 Pressure Vessel
3 Fuel Discharge
4 Small Absorber Balls
5 Reflector Rod
6 Fuel Loading
7 Steam Generator: Pipe Assembly
8 Outer Shroud
9 Feed Line

10 Live Steam Line
11 Blower
12 Hot Gas Duct
13 Surface Cooler
14 Insulation
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HTR - Module
Section through Reactor Building nm

Reactor

Steam Generator

89.14-4

B-l



Research Program " HTR Design Criteria " 1 \

SECTION A
Technical saftey
boundary conditions!

Protection goals

SECTION B
Metallic
components

Material
assessment

SECTION C
Prestressed
Concrete
pressure vessel

Prestressed
concrete
structure

SECTION D
Graphite structural
components

Material properties
non-irradiated

Safety principles Manufacture and
inspection

Liner system Material properties
irradiated

Integrity concept Physical and
mechanical data

Vessel closures Corrosion

Life fraction rules Heat insulation
system

Loads and stress
levels

Stress categories,
failure modes

Calculation analysis

Dimensioning,
stress analysis

Construction
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Core Structure of a High-Temperature Reactor Ait
n i K
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2-D-Ring Model of the
Side Reflector with Pebble Bed n • i\
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10 MW He/He U-Tube heat Exchanger ii 11\

Secondary
Outlet

Secondary
Inlet

24980

Support Plate

Central Duct

Cold Gas Header

Outer Annulus

Pressure Vessel

Hot Header

Row Rate

Temperature
Pressure

Diff. Pressure

Power

Operational

Primary

3,0 kg/s
950/293 °C

39,9 bar

0,5 bar

10,1 I

Data

Secondary

2,9 kg/s
900/220 °C

43,5 bar

1,0 bar

Number of tubes

Tube Dimension

Tube Material

Vessel Material

Structure Material

180

0 20 x 20

2.4663
(Nicrofer 5520 Co)

1.6368 (WB 36)

1.7380
(10CrMo910)

1.6311
(20 MnMoNi 55)

1.5415
(15 Mo 3)

Insulation

Hot Gas Central Duct

Mixing Device

89.14-8
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Comparison of Design and Test Data of the
U-Tube Helium Heat Exchanger nm

t
s
a
a>

1000

800

600

400

200

(Calculation
est

10 15 20 25 30
Tube Length [m]

TEMPERATURE PROFILE OF THE U-TUBE HEAT EXCHANGER

Load 100%

Temperature

• Inlet
• Outlet

Pressure

Pressure Drop

Mass Flow Rate

Helium Velocity

[°C]

[bar]

[bar]

[kg/s]

[m/s]

Overall Heat Transfer
Coefficient [W/m2 K]
Heat Transfer [MW]

Primary Side

Design Test

950
293

39,9

0,50

3,0

17,6

Design
446

10,24

950
306

40,0

0,40

2,97

17,5

Secondary

Design

220
900

43,6

1,0

2,9

45,6

Test
442
9,53

Side

Test

217
894

43,3

0,86

2,71

42,6

89.14-9
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Primary Hot Gas Duct with
Graphite Liner and Rbre Insulation

if

8000

Cross-section

16

A - A
Detail B

Axial support element
—-~—~—

^ AI2O3

Operational Data

Pressure vessel
Support structure
Insulation
Liner Detail C
Displacement body Radial support element

Hot gas
Row rate:
Temperature:
Pressure:
Velocity:

side
3kg/s
950 °C
40 bar
20m/s

Cold gas side
3kg/s
293 °C
39 bar
8,5 m/s

Dimensions and Material

Displacement body: a 660 x 4
Liner: a 880 x 50/30 u. 10
Support structure: a 1020 x 25
Pressure vessel: a 1130 x 25

1.4876 (incoloy 800 H)
Graphite/CFC
1.5415 (15 Mo 3)
1.5415 (15 Mo 3)
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r°
Primary Hot Gas Duct with Graphit Liner and
Rbre Insulation

n I

970

960

950

940

Hot Gas Liner

L_—. —<

320

-Graphite CFC-

Temperature

• Hot Gas

• Cold Gas

Mass Flow Rate

Pressure

Helium Velocity

• Hot Gas

• Cold Gas
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Cross Section of the Prototype
Circulator MALVE I 1111\

Top

Bottom
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Retainer bearing test facility with
active magnetic bearings
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Location of the Dissimilar Weld n 11\

Service data

Primary circuit 'Secondary circuit

medium : helium
temperature: 700 °C
pressure : 5 MPa

water steam
535 °C
19 MPa

Dissimilar weid

Life steam pipe - * - Turbine

Feed water pipe —* Preheater
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Structure of the Program niil

Dissimilar weld
X 20 CrMoV 121/X 10 NiCrAUi 32 20

I
Fundamental tests

Component test
MINERVA

1 1B

Service loading
constitutive laws

ct 1°
Tests with
complex loading

h *

Calculation 1
complex loading tests 1

Surveillance
concept

G

Verification of
life time
integrity

J

Calculation for
component tests

Code case
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Code Systems for HTR Nuclear Core Design n in

Data Source File

Data Processing System

Working Libraries for

Various Application Areas

Modular Code System

for Core Design
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MOCCA
Modular Core Calculation System

INPUT MODULES OUTPUT

CROSS SECTIONS

Module: SPAX

DIFFUSION

Module: QUEIS

TEMPERATURE

Module: MOSTE

DEPLETION

Module: MALAGA

FUEL CIRCULATION

Module: COLA
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Irradiation Experience with TRISO - Particles
for HTR - Fuel Elements mil
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Kr - 85 Release from Fuel Elements with UO2

TRISO Particles
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Cs -137 Release from Fuel Elements with UO2

TRISO Particles
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