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Introduction

The Thoriuh-High-Temperature Reactor THTR 300 1is the prototype power“

plant for a medium-sized pebble bed reactor. The commissioning period up-

to handover of the plant to the user was marked by the fTollowing
milestones which characterize the extensive and time-consuming
commissioning program:

Sept 13, 1983  first criticality
Nov 16, 1985 first synchronization to power grid
Sept 23, 1986 first 100 % power operation

Juni 1, 1987 completion of nuclear +rial operation and
handover of the plant to the user company HKG

Until today the plant was in operation 16 410 h and has generated
2 891 068 MWh. The time availibilty has been 61 % in 19387 and 52 % in
1988.
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Tn2 diagram of the previous operating history is a <pike curve wnich i

characterized Dy freguent power changes and several srolongad plant
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Elec?ﬁq power oufput diagram
,during operating phsse befween
Nov. 16,1985 and Dec. 31, 1988

THTR 300
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The power changes were initially caused by difficulties arising in the
withdrawal of spherical elemenis from the reactor. In the beginning of
the plant operation spheres could be withdrawn only at reduced plant
power, since only with a reduced heliuh mass flow which is partly passed
in countercurrent to the fuel element flow direction for cooling the
fuel element discharge pipe, withdrawal of the spherical elements was
possible. This defect was eliminated during the 1987/88 »pla
inspection. Further downtimes resulted froh jamming of spheres in €
singulizer disk of a helical damaged-spheres separator in the refuelling
system and from the necessity to exchange the casks which collect the
damaged éphericé1 elements. Finally power reduction was repeatedly
‘required in.suhmer 1988 to keep the exhaust air tempera%ure in those
parts of the reactor hall within the permissible limits, which
accommodate the components of the steam/fTeedwater .circuit, e.g. the
steam generator ring rooms. On September 29, 1988 the power piant was
shut down for the scheduled 1988 inspection.

On the occasion of a routine inspection, we inspected - as a
precautionary heasure - a hot gas duct, the duct through which the hot
he]ium passes from the reactor core to the steam generator. The figure
shows an internal view of a hot gas duct with its reétangular passage
through the graphite side reflector. The lower graphite blocks of the
hot gas duct are each Tixed to the respective carbon block by a graphite
dowel. In the outer wall of the side reflector these dowels are
positioned in bore holes penetrating the blocks. The figure shows the
front part of the metallic section of the hot gas duct showing the inner
insulation which consists of metal foil blankets, covered by 30 cm x 30
cm cover plates which are each held down and Tixed by 4 corner bolts and
1 central bolt. After the inspection of the first duct had revealed
damage on some attachment fixtures (central bolts), we decided <o
inspect all the 6 ducts, and it was detected that out of the approx.
2600 bolts 35 bolts hegads had come off. In addition it was detected that
several graphite dowels installed for holding in position the lower

puter blocks of the heot gzs cuct had been displaced,

nt
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The damace has been thorougly analysed and the Tollowing causes have
been determined: The bolt heads failed due to stresses which had
concentrated in the range of the bolt head as a result of differential
thermal expansion of the materials of the meta] foil insulation
consisting of 18 layers and the structure of the attachment fixture
bolts. In addition a reduction in the material ductility as a result of
thermal neutron irradiation in the temperature range above 500 °C was
observed. . -

i | Eﬁfg%é Front part of the hot gas ducl

After thorough analyses we and the plant supplier have jointly come to
the result that further operation of the THTR 300 is justified in spite
of the existing damage.

Since the damage is essentially concentrated on the centra) bolts, the
thermal insulation in the metal part of the hot ges duct is neld down by

the corner bolts zs before. Thus the functional capability of the
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thermal insulation is safély ansured also in the present. situation.: In
case that parts of the insulation were detached afterall, this would be
detected by the operational monitoring of the process parameters mass
Tlow and pressure loss. We have, however, the intention to observe the
situation in future by inspecting the hot gas ducts in shorter
intervals.

Juring the overall operation until shutdown of the power plant on.

September 29, 1988 for the 1983 inspeciion the plant has generated
2 891 068 MWh. For generating this electrical gross output the plant had
to be operated for 423 fyll power days .including the commissioning
periad. " C S )

In the following the main results of the plant operation are preserited.

Hﬂ@ THTR - Operating experience
THIR 300 .

Safety-relevant conclysions

Operation

Normii ooeration Shujdowns Inspectians
Plant out3ges

Oesion : Radiological proteclion dals
) Shutdowns /

Core dynamicz Oecay neal removal Graghite dus!

Temoerature distribution Shuldown rods Aclivity

Refueting/ Penetration isolation valves Inspection manual

spheres damage

Emergency power supply
Coolant gas activity

Non-aclive impurities
in Ihe coolant gas

Thermodynamics

Measuring methods

The evaluation of the operating data can be subdivided into three
sections:

: >
power operation,
pilant downtimes including shutdown procedures, and

inspectiions.

fFrom all three sections impcriant information has been obtained which

will be discussed in the paragraphs below.
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THTR 200

Comparison of measured and

calculated operating

dztz af 100 % power oufput on February 9, 1988

Thermal power of core and infernals
Circulalor speed .

Helium (low rate

Feedwater flow rate

Mazs flow through reheater

Hot gas lemgperature at 53 inlet
_(oid g:s.remperatur.z -af SG outtet
Main steam lemperature

M3in sieam pressure

Reheat steam temperature

Rehea! steam pressure

Generstor active power

Cooling water temperature

Unit Measured Cafcutated
valve vaive

MW 756 758

min 5407 5380 1

kgss 18,26 1912

t/h 1516 1517

t/h ) we? 1wy

°C 750.3 750

*C Ws3 2663

“C $3¢,2 535

bar {abs) 186.9 1B&,?

*C . $30.6 ' $27

bar (abs} LBS I3 X

Mw BDL',B 3083

*C 26.7 26.5

The design data which had been specified for the THTR power operation
have been confirmed by measurements during operation; This fact is
not evident for a'prototype p1antl It shows that the theoretical
bases for the design of hightemperature reactors are available. From

the point of view of safety engineering the Tollowing aspects are

interesting in this context:

Core Dynamics, Control Behaviour, Power Distribution

The core power output can be controlled at all power levels and under
a1l core conditigns without any problems. Power changes are possibie

in the range
cesirad,

Power chan

uy

vithin the mair ocperztion range.

between ¢0 % and

100 % power output

es are periormed by ramps of 8
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in any stens

% Der minuiz
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The previous operation has, on the one hand, confirmed the cesign
values for the core and the operational and safety procadures and, on
the other hand, it has verified the functional capability of the
control equipment and the components of the primary and secondary
systeﬁl

During power changes the electrical unit output, the main steam
pressure, the main steam temperature and the cold gas temperature are
controlled. The control variables for this purpose are the helium
mass tlow, the position of the reflector rods and the feed water

The control concept especially controls also upset operating
conditions, such as the automatic.power raduction to about 70 % in
the event of failure of one circulator turboset, load rejection to
plant auxiliary power, or turbine scram. Instabilities of the core
behaviour never occur during such control porcedures, nor
fluctuations of the power distributions (e'g' xenon fluctuations).
The Lemperature coefficient of the THIR is negative in all power
ranges. It is between V=12 mN/K and - 4 mN/K. For demonstrating
the negative feed-back, the power and temperature curves were
recorded at a thermal power of several per cent in the course of a
controlled intentional “return to criticality" of the reactor. The
curves showed the expected slow changes of power and temperature thus
confirhﬁng the design calculations. The inherent safety of the THTR
and its “good-natured" control behaviour has thus been verified
experihenta11y.

Temperature Oistribution in the Core

The roqu1rements for the temperature distribution in the core resu1;
from the maximum permissible temperature of the fuel elements as well
as from the maximum perm155101e insertian depth of the incore rods,

which, in turn, results 7rom the rod temperature which must not

exceed the specified design values.

.-



The permissible Tuel element temperatures can be observed without any
difiiculties by manoevering the incore rods and the reflector rods so
as to prevent power concentration in the lower core region. Another
possibility of indirect control of the permissible temperatures is
obtained by ﬁonitoring the hot gas temperature 1in the bottom
reflector. Observance of the maximum 4incore rod tip tehperatures is

more diTTicult. For this purpose it is necessary to pervorm design
.calculations on the temperature and power distribution in the core in

parallel with the operation. During ‘the running-in phase these
distributions continously change; Due .to potential uncertainties in
the calculated maximum rod tip temperatures in practice conservative
safety hargins'for the permissible insertion depth are required. This
sets a limit to the pdssibi1ity of using the incore rods.' Due to high
excess reactivities; which occur for example after prolonged pltant
downtiﬁes, relatively deep insertion of the incore rods is required
@also during power operation. This may result in power restrictions
for a limited period (approx. 2 Wweeks) te ensure that the maximum
incore rod tip teﬁperatures are not exceededi '

Refueling and Damage of Spherical Elements

HIE

Fuel circulzating system
THIR 300

Since the beginning of refuefing as
3 function of burn-up on October 26, 1985

620 fuel eiements
sdded

per full power day
268055 Fuet elements have beesn added
5200 Absorber elements have been

620 spherical /\‘ . added
d

elements discharge .
: 1327 493 Spherical elements have been

~ withdrawn
\ K - 250 690 Spherical elements have been
\/ Gischarged
} 3707 spherica!
eiemenic wifndrzwn

L2 W
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A special characieristic of the THTR is continuous refueling. 3707
spherical elements are withdrawn from the reactor core per full powver
day; 620 spherical elements are discharged from the circuit, the rest
is returned into the reactor corel The 620 spherical elements
withdrawn are replaced by 620 fresh fuel elements.

Up to 29.09.1988 a total of 1,3 million spherical elements from the
core have been drawn off, from this figure 235 000 spherical e!emeﬁ%s
taken away and replaced by a correspondant number of fresh sphericai
elements. Essential for the safety of reactor operation 1is the
correct, ie. éefue]ing of the reactor core according to design. The
spherical elements are added to the core according to-a refueling
strategy calculated in advance. This procedure has proven to be
successtul in  previous refueling practicel The subseguent
‘calculations will, . however, require new reference data for
calculations to actual measured values. In <this aspect <the
- calculation model can certéin]y be further improved, efg: by using
measured values on the flow behaviour of the spherical elements and.
the measured burn-up spectruﬁ of the fuel elements discharged; The
observance of the safety-relevant design data such as excess
reactivity, power distribution and temperature distribution and,
thus, the guaranty of the rod worths does not pose any problems.
These data are continously verified experimentally and are thus
ensured at any time independent of the calcuiations:

The practical performance of the refueling procedure met with some
difficulties. They had no safety relevancz and were eliminated as was
described earlier. This applies as well to the unexpected high number
of damaged sherical elements, which were sorted out by the helical
scrap separator during withdrawal of the spherical elements from the
reactor core. Up to the present time 10 casks have been filled with
approx; 17.000 damaged spherical elements. The share of damaged
spherical elements in the total amout of spherical elements withdravn

was abcut 1.5 ¢ in the beginning of the refueling operation and 1s

\ S

continousiy drecrzasing, Recently the rate resached 0.6 %.
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[‘% Development of spheres rupture during THTR operation
THIR 300
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A model ca]cu]ation was pnfforhed based on the assumption that the
damage was maznTy caused by frequent and deop 1nsert1on of the incore
rods during the THTR commissioning phase. This assumptvon has been
confirmed by the agreement with the experimental data. Since the
dahage in most cases only concerns the graphite shell in which the
Yuel is embedded, i.e: the coated fuel particles in the damaged fuel
elements are intact in their greatest part, retention of the fission
products is ensured as beforel The flow behaviour of the spherical
e]ehents in the reactor core and the insertion of the incore rods is
not impaired by the damaged spherical elements. Therefore the damage
of spheres has no safety relevance.

Elimination of the disturbances of the process described above
requires, Howeveré’a great effort, elg. the exchange of casks for
damaged sphericzl elements requires complete depressurization of the
presiressed concrete reacior vesse]l Therefore it is intended - in
particular also 7or economic reasons - to change the mode of
manoevering the incore rods so that damage of further spherical

)
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elements is reduced to a minimum, R + E work is carried out Tor an
evaluation of the mode of spheres rupture and the mechanical
behaviour of the pebble bed in order to obtain an exact ana]ys1s of
all the effects occurrwng

Coolant Gas Activity in the Primary Circuit

T f th u f
s | e on Ecoi?aeﬁ‘r”cga?m YAy
285, 1986 ] 1387 | 1988 'y
:- | I | . =
Il J~."' % \ /" ﬂ i, WT TV |z
sl i ﬁﬂ”m m m i l." \H A -
S T I R
:: . : o - « Ret. power a :
33 . Soec. - attivity -
b g <
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: }i/y' YA AW
i 1 /
2 ._JAU,l
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s L i : A i L

Operating geriod { full gower days|

The coolant gas activity of the THTR does not exceed the expected
values. The overall development of the coolant gas activity is shown
in the figure. As had been expected, the coolant gas activity
increased during the comﬁissioning phase with increasing reactor
power reaching almost constant values at continuous full power
operation; t remains clearly and constantly below the desiagn values.
As for the AVR, the fission product retention capability of the fuel
elements has thu been confirmed also for the THTR in power

operztion.
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Non-Radicactive Impurities in the Coolant Gas

The iﬁpurities contained in the coolant gas, H,0, CO0,, H, and in some
rare cases also Lraces of 0,, which have an ox1d121ng effect on
graphite, have removed 65 kg of carbon from Lhe spherical elements
and the graphite internals up to the present time.

- -

This carbon quantity has to be considered in relation to the overal]
ca'bon inventory of the .core which is 728 tons. The helium
purification system of the THTR has beén able to cope with all
concent'ation§ of impurities without any prob?ehs The prwmary
circuit with its- aux11wary sysLems does not pose any problems with
regard to chemical and radiochemical’ parame*ers

tallNIG Impuyrities in the THTR 300- Coolant Gas
THIR 300 ' i
) after injection
undislurbed = of ammonia
Hy0 pbar/vpm £ 05/< 0,01 ’ T« 2/<00S
Hy pbar/vpm 30/ 08 up te LDO0/ up o WO
CHy, Abar/vom . L/ 03 up lo 206/ up to S
€0, - pbar/vom A 8 /02
4] pbar/vpm 6 /7 04 )
Ny ubar/vpm <h /<0 up te 2000/ up to SO
0, ubar/veom an
Ar pbar/vpm n.n
Ke, Xe Bg/m3 iN. EERI
N Bq/md iN. 5-20w10% ]
e Bgs/m3 iN 00 - 300
Aerosole  Bq/m? IN. e
T wessem | e up 1o 3800 up to 160

In general ‘the impurities in the coolant gas (H,0, H,, CHQ, €0,
und N.) are low. During steady-state operation they sum up to &
maximum ot 80 ubar (= 2vpm). Only during stari-yp the contents of
hydrogen znd nitrogen may rise by NH, decey up to the Tevel of & Tew
mbar. During shutdown of the reactor ammonia is fed inio the core 1o
reduce the friction factor of the incore rods in the pebbie Led core.

Py

i
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Thermodynamic Parzmeters of the Primary Svstem

In addition to the operatiocnal data quoted at the beginning of this
chapter, which are directly included into the power calculation, a
number of additional data are measured to_  describe the primary
system. This has shown that the bypass of the helium mass flow is
higher than expectedl It is defined to be being 18 % instead of 7 %
which had been expecied. The core outlet temperature which ‘has’
therefore to be ‘higher by.about ten per cent is below the design
values for fuel'elements'and graphite internals even at full power
operation, thus it does not pose any problems. In connection with the
damage of the .a%taéhment fixtures of the hot gas duc% insulation
reference should br1ef1y be made to another group of thermodynamic
data of the pr1mary system. Apart from the temperatures,_ these are
the helium mass flows and the prassure losses of the § stzam
generator/circulator units. These data are continuously recorded and
evaluated in the THTR. In addition, derived values such as e. g the
pressure loss coefficients are continuously determined.

These values are observed, on the one hand as mean values of all the
six steam generator/circulator units for detecting unifaorm changes in
ail the 6 hot gas ducts and, on the other hand, they are evaluated as
relative deviations from the mean value for determining irregular

changes in individual hot gas ducts.

Evaluations performed during the latest year of operation have shown
that changes of the above-mentioned data in the primary system are

o

detectable with an accuracy of 1 %.
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Pressure losses in
200 primary system

s

Time-dependent deviations from mean
pressure losses in the primary system
{(mean vslue of approx. 9 days)
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These statehents show that in addition to the measured values for the
reactér core itself also the therhodynaﬁic data of the prihary system
are stable and reproduceab]e; Therefore safety-relevant changes which
may occur can be detected safely and early enoughl Thus it is
demonstrated that the design has been confirmed and that the
components such as e.gl the helium circulator and the steam generator
have proven their functiona) capabiiityl

Measuring Methods

Another condition for safe plant operation is the correct acquisition
and reliable processing of all the measured values required for plant
safety and plant operation. The instrumentation concept of the THIR -

including the elimination of incore instrumentation - and the

L
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practical applicaticn of the measuring facilities have proved to be
efficient; This 2pplies also to the special measuring facilitieg
necessary Tor a prototype plant, such as neutron flux
instrumentation, temperature :ﬁeasurements of the metal and ceramic
internals, instrumentation for heasurements in the helium circulators
and steam generators, spheres counting equipment and burn-up

measurement Tfacility. The information on the plant requirsd for.

safety reasons has been available at any time,

..____.__..—__-__—__—_—-_—.._--..--.__—-_-_—--—-——_—_---_--...-.-

Shui,:da;n Procedures, Decay Heat Resﬁova] Systems

As shovjn.ear'li.er in the operational diagrarﬁ, the THTR has been shut
down relatively frequently du’rin'g the comﬁ"issioniing phase and the
power operation. Part of the shutdown procedures were scheduled and
maintenance and repair measures, especially in-éervice inspections.
In addition; especially during the trial operation; the excitation of
the tv;o autorﬁatic shutdown procedures was repeatedly triggered by the
Plant Protection System: reactor scram (11 x, 4 of them as testis
during the corﬁﬁissioning phase) or Decay Heat Removal 45 procedure
(20 x). The causes were a too narrow adjustﬁlent of the limiting
values, (this was eliminated during the comissioning phase),
defective instrurﬁents, errors in detail planning of release logics
and operator errors'. The greatest part of the releases were not
required for safety reasons'. In all the shutdown procedures hezt
removal frofn the core and from the internals was effected according
to the design principles. Minor irregularities in the procedures wersa
never of safety relevance and were eﬁrhinated in the course of the
comrﬁissioning phase'. Experience has shown up %o now that the decay
heat removal sy§terﬁs which are partly identical with operational
systems have a;sufficient availability, an appropriate process
gesign, and have proven their fuctional capability in practice. In
the course oFf the overall cperating period including the shutdown
procedures saveral hundred measuring data are being recorded andg
evaluated in sections by the continuously operating long-term
recording pregram of the process computsr system; The "service life

-
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consuﬁption" of the steam generators and the zssociazted piping
amounts only a few percent. On]y sode sclid parts which could be
exchanged have reached a life time consumption of about 10 ¢ up to
now. Assumﬁng a "norma]“ further power operation, there are no
restrictions or safety-relevant problems to be expected froh today's
point of view for a further 1ong-terﬁ operatione

The cooldown procedure “"Heat Removal 5" designed to cohe into action
in the event of ﬁajor disturbances, or the measures for resumpt1on ot
heat removal after a prolonged 1nterrupu1on of decay heat removal
(LUNWA) have not come into action up to now. Therefores it can be
stated th“* the previous operating experience does noi give rise to

any new safety requirements with regard to detection of disturbances

-and release and. sequence .of cooldown procedures. It -is currently

being investigated, whether there is a possibility of sihp]ifying the
excitation logics of the Plant Protection Systeﬁ and - improving the
sequence of the coo]down procedures. The use of the absorber rods
could be reduced as will be demonstrated in the section beiowl

Shutdown Systeﬁs

The THTR ist equipped with two independent shutdown systems, the
reflector rods. (6 groups of 6 rods each) and the incore rods (7
groups of 6 rods each); Four reflector rod groups represent the
shutdoﬁn systeﬁ, the incore rods are inserted for long-term shutdown.
In order to ensure sufficient subcriticality, it was claimed that
during the running-in phase in the event of reactor scraﬁ in addition
to the reflector rods a group of incore rods (aroup R3E) should be
autohatica]]y inserted by the long-stroke pisiion drive;

This claim has praven to be unnecessary at an early date, since it
has been demonstr ated durwno the commissioning phase on the occasion

—
—

7'

rt

of scram tests from power operation that the reacior is s
subcritical avier 20 minutes by inseriion of the rsflectior rod
shutdown groups alone without additional inseriion of the incore roc
group and that the reactor remaine subcritical over the period of

xenon build-up. This situation is.maintzined evenseader the mosi



adverse conditions by definition (start-up  after pro1on§ed
standstill, no xenon, TJow helium temperature}. The claim Tor
automaLIC insertion of an incore rod group in the event of reactor
scram can therefore be e]xmxnated

For automatic Tong-terﬁ shutdown it was envisaged to insert all the
42 incore rods to their lower end position; Alsa for these conditions
shutdown or the reacior need not be applied to the extent or1g1na1]y
env1saged Even with the boundary conditions of maximum excess
reactivity, ]ow he11um temperature, long-term subcriticality after
prolonged opefat1on i.e. with full protactiniuﬁ conversion, it fis
sufficient to insert 4 1ncore rod groups to a depth about 1 m above
the lower end ‘position. The figure below shows as an examp]e the
¢critical rod position after the 1987 Inspect1on.

e
h—m Crifical rod position

THTR 300

Critical rod position on January 18, 1988
(1987 inspection)

(Teure® €3. 110°C, chutdown lime: 98 d.Ze: ¢a. .3 Nll:)
¥ 1 Retlecior rod group: 80 %4 wvithdrawa
S Reilector rod group: fully withdrawn

RIF1
RL (2} RIF Rl RZE R

" —_— --‘L__- NN __&;_.goo_er_end
! %{M%\?p\&é pasition -
i !

Lower end
- R
¢ posilion

120 SKT

(1 Lower ene
prsition of
retiecier rea

it has been repeatedly dehonstrated that the measures for long- term
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The Tong-term shutdown system was designed too Cﬂnsarvatuvely so thet
it 1is overdimensioned. For this reason the incore rods ére only
inserted in <hat number and depth which is reg uired for satety
reasons to ensure sufficient subcriticality during prolonged plant
downtimes. Since the incore rods have to be considered to be the
cause of the increased rate of damaged spherical elements, it is
expecied that this measure will result in a marked reduction of
spheres damage. -

From a process design aspect the incore rods and the ref1ec+or rods
have proven to be efficient safety systems. The dropping L1mes of the
reflec¢tor rods Corresponded to the design values, the insertion times
and insertion depths of the incore rods- when automatically inserted
by the long-s:roke pistons have ensured subcwi iticality of the reactor
at any time.

Penetration Isolation System

The penetration isolztion sysuem consists of shut-off valves equipped
with diverse drive systems. Each pipe penetr ating the PCRY and
carrying primary 9as is shut off by these valves to ensure activity
confinement. Each line is ‘equipped with two valves which close 1in
Case of demand upon excitation by the Plant Protection System. In the

course of the THTR operation no disturbances have occurred up to now

which wouid have reguired an activation of the penstrztion iso1ation
system. Modifications or backfitting of these active engineered
safefy systems has not become necessary as a resuit of the previous
operation.

Emergency Power Supply

The only ‘case of em°r0°ncy power supply occurred in the beginning of
the commissioning phase. It Was initiated by the attempt to switch
over the electrica) feed water pump Torm 2 supply line to a redundant
T

Tine within approximez tely 1 second. This resulted in shutdown of the
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supplying transformer. This distrubance gave rise to sevéral
ﬁodifications of details, optimizations and definitjons of process
designl In principle, however, the concept for detection and
activation of the emergency power supply system has been confirmed;

Inspections

THTR 300

IHIK\E 4; CAolle:ﬁve ‘dose

Coltective dose of persons.who entered
the THTR 300 from 1985 fo March 1989
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Radiation exposuré of the THTR plan personnel is very 1low. The
radiation exposure values for the previous operating period are
indicated in the figure. The data demonstrate that the plant concept

with & prestressen concrete reactor vessel has proven to be
successful,
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ThiS tact applies also to the conditions prevailing in the event of
maintenance or repair work on components o7 the primary. By using
special disassembly facilities and tools and observance of the
sequences of work planned in detail, these activities can be carried
out with a low collective as well as single dose. When in April 1988
repair work on one of the helical damaged-spheres separators of the
fuel circulating system had to be performed, the overall coliective

dese was 2.71 mSv and the maximum single doses were less than 02 -

mSv. We assume that such Tavoratle values can be maintzined also in
future.

Graphite Dust

It has been detected on piping carrying primary gas and on components
disassembled froﬁ the. primary system that surfaces of components
which are part of the helium Circuits and the fuel circulation system
are contaminated by radicactive graphite dust (mass deposition about
1 mg/cm?®). The specific activity of the dust was determined *o be

2 X 108 Ba/g at a maximum. It is mair’y caused by the radionuclides .

Co-60, Nb/Zr-95, Hf-181 und Pa 233. The overall quantitiy of graphite
dust detected corresponds o <‘he expected weigth loss of the
spherical elements during circuletion by abrasion. Under the aspect
of radiological protection it does not pose any problems for
dfsassamb1y work. The only effects of the graphite dust on the
ogera;ion. of systems were noticed in the beginning of the
cdmmissiohing phase, when individual moisture sensors in the moisture
monitoring system of the steam generators fai]ed; This source of
failure was eliminated by installing simple dust filters upstream the
sensors. It can thus be stated that the graphite dust does not pose
any problems, neither with regard to operation nor *p satety.

Measurements on Piping carrying primary gas have shown that also in

the event of a depressurization accident the graphite dust does not

cause an increzsed releass p7 activity.

By S
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Activity Release with Vent Air

m . Activity release

THIR 300

Acfivity release with exhaust air
1988

Release | Licensad Release in
annual limit| % of annual

Inert gases{2,504E1| 666E1L | 6037%

Aerosols 8,968E07| 3,7 E08 262

Jodine 1086E07] 3.7 £08 29 %

H3-Control |3.471€12| 8i4E12 | 428 %
area . :

C1b 2.682E10| 7.4 E12 036 %

The activity release with vent air measured in 1988 is presented in
the figure. It was no prob]eﬁx during power operation to remain below
the 1ow hm1t1ng values specified in the THTR license, because at
that ume only minor repair work was perrormed on components of the
nehum.cwcmt. f
To reduce the release of radioactive aerosols tao the envircnment,
i.e'. the release of activity carried by graphite dust;-it has proved
necessary in the course of the corﬁﬁissioning phase to provide all
exhaust paths with fi’lters.. This has been done and has proved to be &
successful solution.

A .
Contrary to normal operating conditions, during inspections the PCRY
is often depressurized and open to pnrforrﬁ some work on integrat
components'. To maintain a specified {low diracticn, the PCRY is kept
under a slightly negative pressure during the periormance of the
above-mentioned repair work. For this purpose a small partial
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quantity of the helium inventory is withdrawn from the PCRV end
released to the atmosphere with the vent air. Since the grzphite
interna]s still contain tritium after deprsssur17ct1on which in case
of moisture enters the 9as phase via exchange react ions, the gas
mixture withdrawn form the PCRY has to be passed through catalysers
and a mo]ecular sieve before it is released to the atﬁosphere. By
this heasure it is ensured that even in the event of complete
ventilztion of the PCRV no safety problems will arise.

Experience Expected form Further Qoeration of *he THTR-300

A further operation of the THTR-300 is °xbec+°d to furnish essential
know-how in addition.to the present operat1ng experience and would
thus 21low to come to a valuable completion of the research contracu.
It is especially expected by us that it wili be possible o extend
and confirm by experiments the know- how on core design, spheres

damaoe rate, and the activity release from the spheres,

Another objective is the veritication of the dong-term pe*formance of
the prototype comoonents. The hot gas duct is an examp]e which is
significant at the present momenu, but also the Iong-herm behaviour
of other prototype components such as shutdown rods; PCRV and
araphite internals is of great Interest.

A “urther task which could be pe"sund during a further operition of
the THTR is the deve]opmenL of d1sassem01y and repair "equipment for
the components installed within the PCRY. The p*evwous operation has
demons;ra;ed that the prob]em of. accessiblity is of utmos; importance
to the operating company and that the development of disassemdbly
equipment is urgently requ1red. In our opinion it is another task of
a8 proiotype to verify the easy repairability of High-Temperature
Reactorslv~

For initiating these tasks it is, however, necessary to obizin & new

detinition of the Financia) besis for the THTR-300 project

- -



The Risk Participation Contrac: and

Covering of Financial Risks

As early as in 1971 the partners Cooperating in the THTR-300 project
had realized that because of the prototype character of the THTR-300
and the research ob3ec;1ves pursued with this reactor it wou]d not be
possible to achieve a conmerc1a1 operat1on af the plant from the very

beginning. For this reason a risk participation contract was:

negot1ated and concluded already at the beginnig of the prOJec-
earmarkxng a liability sum of OM 450 million to cover the economic
risks of the plant operat1on and the decomm1ss1on1na risks of Lhe
plant opération and the decomn1ss1on1ng costs. Two thirds of uh1s sum
- was furnished by the Federal Government and one third by the Federal
State Governhent of North Rhine Westphalia. OM 270 million are
reserved for compensating losses from plant operation, and DM 180
million are presently envisaged for decommissioning of the p]anu

It is further stipulated in the contract that .during the first 3
- years 10 % of the operating deficit‘is covered by the HKG partners
“and 90 % is furnished form the sum guarranteed in the risk
participation contract.

After three years the share assumend by the HKG partners increases %o
30 %. Since the 1atest up-datwng of the risk participation contract
in 1983 the cos:s af defonm1ss1on1ng (dwsmant1ement) of the plan have
1ncreased comoarcd to the costs. earma"ked in the risk part1c1pauwon
contract Based on an expert opinion the costs of dismantlement of
the plant, aquoted at OM 180 million in the existing risk
participation contract, have now increased to about OM 450 million.

As a result of new risks affecting the THTR-300 project from external
sources, thch might result in plant outages; the HKG partners are of
the opinion that :%he guaranteed sum of OM 450 million is not
sutTicient. A1l these new risks came up in concrete form late in

1928,
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In the following they will be briefly characterized:
Risk of Standstill due to Fuel Element Supply Problems
The fuel elements for the THTR-300 fabricated by NUKEM up to »he

present time are sufficient for an operat1ng period until end 1991
On December 31, 1988 NUKEM termxna;ed the fabrication of the

spherical fuel elements. Continuation of the fuel element fabrication-

in due time is currently not ensured,
Risk of Standstill due to Fuel Element Disposal Problems

It is claimed in the operating license for the THTR- 300 that it has
to be g’ven evidence at the end of 600 full power days, this would be
some time early in 1990, <hat external intermediate - storage
facilities for the spent fuel elements are availabie and that the
license has been obtained for the transport preparation hall for
storing” Tow-activity waste on the THTR plant site. Both condit<ons
have not yet been met at the present tiﬁe.

Risk of Standstill due %o Probiems Regarding the Permanent Operating
License

The present operating license for the THTR-300 covers ilOO’fu]l power
days, i.e' it Qi]] expire in mid 1992 The subsequent permanen»
operating ‘Ticense requires another licensing procedure At the moment
it cannot be predicted which will be the requirements and criteria of
this licensing procedure; In any case there is a high probabi]ity
that the coﬁpetent nuclear licensing authority will perform a
detailed safety investigation before granting a license for further
plant ooeration' In view of this situation the HKG partiners have
asked the- par;ners of the risk part1c1pabvon contract to increase the
contractual amount guaranteed to DM l.l 01111on. In evaluzting the
increase of the sum guaranteed it has to be emphesized that it is
intended ¢ cover & financiel risk which must not occur with
RTR-300 zt an

availability of 70.4 % was possidble within a long-term program, the

!

certainty. 1Y for example a2 further operation of the

sum guaranteed would be claimed only to a maximum of OM 340 miliion.
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The rxgure shows the individual 1tems of the risk part1c1patlon
contract and the increase cons1dered neﬁessary by the HKG partners.
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The evaluation of the operating experience gained from the THTR up to.
now comes to an absolutely positive result. The principal design data
have been confirmed.

The THTR-300 represents the success.u1 conneftwon Tink. between the 15
M AVR experimental reactor and a future comnerc1a1 p]ant On the
b351s of the present know how obtained from the THTR operation
anather opt1m1zed high- temperature reactor can be designed and
constructed thus representing a further step towards
cohﬁercialization of advanced reactors.

It is_ evident that the necessity to increase the risk participation
contract does not arise from safety considerations but exclusively
from econom1c factors affecting the THTR from outs1de. -

&



