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CURRENT RESULTS OF RADIOACTIVE SOURCE TERM ANALYSES
FOR MELT DOWN SEQUENCES IN KWU-TYPE PWR's

K. Hassmann, M, Fischer

|
Kraftwerk Union AGC, P.O.Box 3220,
D-8520 Erlangen, F.R.G
P Hosemann, H. Bunz
Karlsruhe, Nuclear Research Center,
P.O.Box 3640, D-7500 Karlsruhe, F.R.G
ABSTRACT
Core melt accidents in nuclear power plants are analysed
to ccecur with an extremely low probability. In spite of .
this fact the public interest concentrates on the radio-
active material which may be released during these highly
improbable hypothetical events, Therefore, the objective
of the ReD-work sponsored by tne Federal Ministry of
Hesearch and Technology focus on the development of the
analytical basis for radioact - irce term predictions.
it s tt purpose f this paper - on the basis of 1300 Mue
kWl type PWH's - t summarize and t compare the results
f yrrent analyses performed in the Federal Republic
f GCermany .
ACCIDENT SEQUENCE
INTRODUCTION
With a view f the considerations t be mads
The investigations into core meltdowns conducted for more paper,it is appropriate to present first a review
ten year in the Federal Republic of Germany (FRG) currently ’ jown sequence. In general, two cases can be Jist
been concentrated on the source term for risk dominant | typical ex . mples the low pressure and the h:igt
fent sequences, T ijetermine the radicactive fission product which with respect to the radloactive source te
s to the environment, thermohydraulics and thermodynamics t te the enveloping bounds for all other mel!
eeded as well as comprehensive computations to evaluate the |
sol and 1odine fractions and their physical and cheamical
vior. Additionally, single protlems - such as the pressure ! Low Pressure Path
I beyond that the steel shell rails durirg pressuriza-
as well as the flow pathes of the gases within the reactor | After a large leak as initiating event
14ing before and after containment failure - influence the ceeds at low pressure in the primary system. |
i1ts and therefore have to be identified. Recent analyses this category, the sequence will be descrit
formed currently demonstrate that the consequences of jouble-ended break f the hot main coolant
t downs had been cqnserably overestimated in previous failure of the low pressure emergency re
t9ie studies such as the German Risk Study /7 1 /. The above the operation changes from the feed t the i
stement 18 based not the least on thne particular features mode. As a nsequence of this hypothesis tt '
the containment and the entire buillding with respect to the reactor pressure vessel floodea wup ! the
retention of radicactivity. A typical German containment line level starts 20 minutes after blow-d
shown in Fig. 1., the water level after 0.6 h has dropped dowr
of the core followed by fallure of the core b

after another 1.2 h.




The interaction of core melt with the foundation concrete
irts immediately after failure of the reactor pressure vessel
4t 1.9 h after blow-down. Evagoration of the Sump-water

tarts after about eight hours, immediately after the concrete
“1elding in the reactor cavity is penetrated which, initially,
“Ps the sump separate from the melt. The long-term build-up
! pressure in the contalnment is determined by the evaporation
the sump-water. With the containment isolated - which
“hibits only the design leakage of 0.25 Vol%/d - this gives
rive to a pressure build-up in the long run.

High Pressure Path

Contrary to the low pressure path, this sequence is
‘aracterized by events taking place at high pressure in the
mary system. If, after an emergency power case additionally
whole set of redundant Diesel #=nerators fails, no
tricity supply is available. In that case, the decay heat
initially removed from the core Lo the sSteam generators
fn, on the secondary side, evaporale their water inventory
til after about 1.5 h all steam generators are getting dry.
» results in a pressure and temperature rise in the primary
reuit onto the set point of the pressurizer pressure relief
ives.

’

Closing and upening cycles of the pressure relief valves
repeated uniil the dropping water level has rendered bare
rts of the core in the reactor pressure vessel. The core is
‘her heated and later there will be indications of melting.
‘he reactor pressure vessel fails due to contact of molten
“rial with the RPV,substantial energy and mass transport
' ikes place from the primary system into the containment.
Uepressurization upon failure of the reactor pressure vessel
followed by flooding of the molten material and of the still
molten core parts slumped on Lhe concrete foundation through
‘umulator water. Depending on whether the liquid and soliaq
re parts are coolable or not coolable in water, the water
ciporates at a slightly faster or slower rate. For both, the
<~ and the high pressure cases Table 1 compares the most
rtant results of the sequence analyses. The lowest three
s contain important information which is needed to value
fission product release rates presented in the following
tions.

In conformity with the results reported in' the German Risk
¢ on Nuclear Power Plants it can be assumed that in much
than 90 % of all conceivable cases the containment {s tight
"¢ onset of an accident (except for the design leakage to
nsidered) and that it, remains tight until overpressure
ure. Therefore, the calculations presented in the paper
entrate on this scenario.

|
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Table ' MESATS OF WELT DOWF QU

THERMODYNAMICS IN THE CONTAINMENT
AND IN ADJACENT VOLUMES

The calculations have been performed with the

code WAVCC / 2 / which has been developed in order t
the thermodynamics and the distribution of gases and
constituents within a subdivided buillding. Based upos
features illustrated in Fig. 2, an equation system
of separate mass- and energy-balances for the stte
atmosphere and sump of each zone is set-up. Furlthero
additional balances for the mass of each component m
Solved to determine the actual gas distribution. All
thermodynamic states of the atmospheric steam are .
covered Dy the same equation-system. Since the condi!
side different zores are strongly dependent from eac
all the zone-specific eguations have to be combined t
@ coupled non-linear differential equation system.

Fig. 3 1llustrates the overall reactor building
the flow paths which have to be considered in core me.
tions of reiease category 6 sequences (containment int
in the first couple of days until overpressurization
steel shell). Fission products approaching the annulu
released to the environment through the air extracti
System via the stack - or - at slight overpressure oo |
tions - via leakages through penetrations in the outern
concrete structure. After containment failure the pre:-
in the annulus increases beyond the 0.1 bar limit The N
large leak with an area of 12 m® which ha® been iagent .. 1
be the weakest point fails resulting in a pressure eq 4l
between the annulus and the auxiliary building. During ti.
blow-dowr procedure the pressure in the auxiliary buil finx

increases ut to the 0.05 bar level lnttlatxng failure ot
connection to the environment and to the turbine hall
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out that, obviously, by far the nighest
le mass are non-radicactive elements
isotops. For the low pressure case (LPC) as a reralt of the
. 2» aeroscl source the airborne mass decreases by rore than
. ye orders of magnitude within five days through aerasol-
. ssical removal mechanisms. Al the time of containment failure
.y those substances can still be released at the miiisum
.oh continue to be airborme. Starting with a less “=nse
~rosol atmosphere th removal in the nigh pressure s +~quence
4PC) is slower and iA the long term period equals the situa-
n in the LPC. At the time of overpressurization of the
stainment which is not shown in Fig. 5 even higher asroscl
rcentrations are calculated for the HPC.

ihould be pointec
;at of airborne partic

Fig. 6 shows the integral particle mass transported to
ne emvironment via all open connections as calculated on the
. is of the flow paths illustrated in B3
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Compared with the small leak cases the results indicate
,tout a factor of 2 higher releases for the 300 cm? leak. As a
nasequence of the shorter time interval until containment
‘ vilure and of the higher amount of aercsol still ailrborne a
ightly larger mass will be released to the environment in
~ HPC. It also can be concluded that failure of the filters
pessimistically assumed is more sensitive in the HPC.

Iodine

The iodine behavi
R or within the containmen!
volumes has been calculated using tre fcdine m :: ™

The main features of the model
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Table 1 PR CIDE DL R ASST i

. :h:se assumptions are based on the actual knowledge
s xtremely complex sclence and represent the . mm vs

:=r§:: opinion of experts in the FRG and abroad. Neverth:
P ant assumptions which usually include some ol«s;:;‘;

n

r:;gr::gal experimental verification. The numbers whi~ h

v i shou:: ;hls paper will change i1n the future anda rr»f
€ taken as a preliminary orientation. o

rie ;n:;gsgu:h:otz:gi 6 representing the aeroscl release
- al i1odine releases to the :
. environm t
;::t;?:t::: the h:’h pressure case (HPC). Becdu;e c'qt::
as we as the only small differe ) h
nces in thn
::i:ulattd results the influence of the different ¢ Ll-lj
= t::er:gatz onrt?: iodine behavior 13 not presentet i
s o e NAUA calculations, lar :
er 1o04in
releases - at the end in the one/two ordet"a of w‘ tude y"
have been analysed for the HPC. e
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