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1. INTRODOCTION
Ehc prcsint study aims 2% developing a computer yfo;:zn

for the determinztion of radicactivity in the seccndary loop

and the radicactivity release in the turbine hell. Secondn;y

loop Teleases have not been uniil now -measured technologically

gnd are the consegquence of heat exchanger tube leakage ina

stez= peneratoer. In Germany steanm generato:x leu;astz have already

pecurred in 15T, in muclear pover plants in Obrigheiz, and during

the preparaticn of this study there vcro.loakzges in mclear

| ‘power plant in Biblls and Stade . In the Ginna reacter, in tbe.

g; g United States, massive steam generator leakages occurred , s°©
zuch so that the secondary side relief valves had %o be opened
and radicactivity was released into the environment.

' Thc'procfa:- is tentéd with tbe lid of sengitivity anzlysis
and the infiucnce‘df'the fellowing parazeters cozpared with the
feléase rates : e ; . WS S

"béiniiy léop:;ctivity, gteun generator -

heating Yube leakage , radioactive decey constent, steez

release rafe;.fébé'{ﬁé higﬁ‘piéis&fe sideA:nd'fi5n the feed-

T water deciising.'%éoidﬁe.ﬁmmihificttion, (fof instance, in

I PO e L

the stean generator), elutration rates per steaz peneraioT,

PPN

4 decontanination Iictd:s in thé'élutrttion dezineralizafion plant

as well as phase distribution factore in high end lov préssu:*"

S

are2s.

In ;ddit;oﬁ,'load changes end redicectivity epikes vili be
investigated. During the seneitivity analyeis the {rfluence of
various parameters on velease pathways, so {ar ;ot secognized,
vill be investigated.

It is planned to c2==y out realistic computaticn of the




- : jlnnx leakapge 4in a steam generator. In this ratter speciel
;;tcntion vill.bo paid-to vhat degree the efficielly fix;d raxirum
J-131 fresh steanm concentration shall be adheved to , and elso
vhat going above these velues would mean. In addition, the ;:1:::.:
should be esssessed by exission calculations, In particular,
ve are going to find out vheth'r other nﬁcliﬁcl, in addition

4o iodine-131 ere relevant in seccndary loop Teleases.

The funcftanine capacity of the k-16-signal, especially
' the comnection between t'e response tine and the reactor pover
will also be investigated.

The single fault ° criterion will be applied to 2 coclant-less
disturnance caused by steam generator tube failure. It will de
investigated whether the perturbations which result froo tube
f2iluve were considered in the accidents discessed, and what

| ) were the conseguences of the=. With the 2id of the computer

progran the release of these breakdowns will be calculated.
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Introduction
Voluninous docusentation studies show that secondary

gsystems' of the Geran muclear power planis with pressure wates
reactors are comparable in thelir essential ceé;oncnt parts. See (1),
p.61, &iagran 3 2.8., principal c'reuit dlagren of the ma'n heat
re-oval syste~; (2) diagre> 8, outline; (3), diagras 6, wvater
steaz loop ; (L) especially page 12; (5) etpc;:aliy 5.32 diagza™ 1,
alsd 3,3 or Lj loop instellizticns in principle 2re built ine2
similas way, so that in relcase calEul;tionsfo: the ‘turbine rall in
gene:ral only vary with pass flows anq the varying efficiency of the
elutration demineralization plents are taken into account.

See (6),(7),(8),(9) and (1")“

Ia the investigation of the individuzl compenents, the reseaxcl
way lLased on the standard wozk by Kazl Sehxbder (11).

In the scenaric or models’ development, direct contact with the
managers in addition to the study of the literature was essextial,
and alsc the examination of internal doquae&ts of the mucleax pover
plant at Neckerwesthein as well ts.on-thc7spot inspection and
discussions at tL Duclear power g}znt 1nvcfz£cn:hcin£ela, at
Bidlis 4 and B. v i 3 . ’

is & ;oferencc{w;s cho:gﬁj{fhe npp Bidlis Block iq Sec‘ilz)'p.35)

2lthough in earlier poweTr plants some go:ponznts are not correa-
ponéinziy designed. Biblis 3, however, has the advantage of correspen-
ding to the plants in construction or planned ( constzucticn line 8)
so that the cormputer program developed by us Iis epplicadble to

them.



In the followving pages we deal in detail with the sceraxrio

-

used in the ltudy of the secondary locp of the light water reactors.

In it we discuss the systen-oriented as well 28 the cperational
‘gechnical merginel c.nditions. Then follows a discussion about the
caclide transport in SK determined magnitudes - which are the
troductory parameters important for th; computer progTam.
For ‘the nuclide distribution a mathematical formula 43
deduced for local and muclide specific distribution !;3021.
At the end of this chapter a section vill be devoted for the,

difficulties in infermation obtainement.

2.1. _Scenario of the secondazy loos of light water

12
pressur eacters
1. Oz the one hand, it tust reproduce the zain structure
and function of the secondary loop in 2 sizplified 2nd’
suszarized way, without falsifying or onitiing the essentiel
characteristics of the sysirn in its functional context.”
O i thun hwl(l '

2. The scenario must make the mathematical formulatiocn of

the functional system possible.

The secondary loop scenaxrio is als: the result ol 2 system an2lysis.
It cust contain the essential t:tn:pé} pathvays foT miclides and

especially the release pathways.
NEYY S
2.1.1 Sgructure and function of the preggg;g water reactors

The description of the seconcary loops - elso called {eedwater
gtean loop = is placed at <he outset for the cozpletion of th?
_st:uctu:al explanation and the wey of operaticn of thr nucleaxr

power plant, with pressure water reacticr.



e structure and method of operztion of 2 maclear power plant
with pressure water Teector {s {llusireted by the sizplifled
operation &lagram 2.1.1 . We see there three loops @
1. .Prinry 100D ! vhi'eh {s an essentially closed heat-transf{er
circuit 4in which the heat produced in the reactor co:

1 {g trensferzed by the zain’coclant pusp L from the

veastor pressure vessel 3 via the steaz generator 2

(4% most 2 %o L stean ctn‘c:a‘.orn pez reactor block)
to the seccndary locP. ¢

2. Secopdary loop ¢ tbe feed vater heat-iransfer circuit largely
- correspenlis to  the copvcntioml pover plants.

- The feed water is pumped through it B by the main
feed water pusp into the stean generator, vhere it
is evaporated by the heat from the reactor loop.

The generated stead drives the tusbine insta..n;‘.ion :
consisting of 2 high pressuTe tusbine ai:d three pasa
Jow pressure turbines, and these in tumm drive gener
€. The steaz cxitns {zoa the turbines is condensel
in condenser T ¥ release of its heat to 2 coolant
mdi\.:,n,ad end the loop is cozpleted. Axrrow 10 shiov
that éduring the opention stealn leakages contimuous:
occur through the turbine well :o’ct.

3. Tertiaxy loop ¢ The main he#t-t:a.nsfe: cimeuit is used 4o transie
heat {rom the condenser. Turing this operaticn,
water is pamped by the zmain coclant pusmp througs ¢
condenser which Telease® ebout 2/3 of tae heat pol
{n the reactor core, n be é.*.sc‘.n.:gec‘., as the case
be, directly into 2 civer, int the sea oT ' ,
shrough the cooling towers into the atmesphere.

. .
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Qith Pressure Water Reacter

Chart 2.1.1 Sysbolic Cireuit of a NucleaT Plant’

101-

1. Reasctor cdrd

2 Stean :endraté: -

3 Reactor proigﬁré.fank

L . Primary coolant puzp

§ ' Turbine

6 Generztor

7 Condenser

B Main feecd

vater pusp

9 yaism cocling vater Pu=P

10 Stea= releases {roz the

turbine hall

The generation of electric povweT {ro= heat
occurTs in principle i
The diffeznce cozsisis in the heat

of nucleaT fission.Since during this oper.t}on

uetive isctopes are produced which because of their radiztion could

cause poss

special precautions must be taken to

active materials into

cannot be cq:p&etely elirina

n the same w2y as in other th

injuries, end constitute 2 risk foT

the power plant environzent.

ted even during normal

in nucleex pover plantis

ercal power plants.

pr: duction shrough the process

geverzl hund-ed radio-

living organis=s,

minimize the relezse of :adio—_

Radicactive relepses

undistusbed opezeticn.
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g’ s 3.1.2 Structure and Tusction of the Secondazy Loop
. Structure and functien of the secondery loop exe Tepresented

in a simplified for= in the basic circuit dlagram No.2.1.2

’
' J
. 2 | 1ar’a )
i Lo
* 15 16 13.
g — . .
L o , ,‘}’ _5 Fead water
Reactor heat-transfer stesn circult
circult 7 10
11
CA ‘ 8 E
6§ ~ 07 =} 12 *
- V .
1 Steaxz gtﬁcritor' o R e 10 Cosdenser i :
o T s 11 Discharge for condensor.
¢ Pressuzizer cooling wvater
3 Pressurizer ezergency relief 12 Iilet for condenser;
velve and blow-off valve - cooling water
L, Feed water containex 5.1 ) 13 Turdize
’ § Main feed water .- . = ° © 1l Stea=z bypess equipzent
.6 Emergency feed water systea” "~ 15 Main steex valve d
7 Eydrogen recombination tank 16 Turbine safety regulator velve
Mein condensate {low 17 Btee= safety valve and dlow-olf
-' valve
9 Condenser cooliag sysiez - 18' te2= exipgsicns from the

4urbine ball

Chast 2.1.2 : Zasic cizcuit disgram of the reactor
hest-transfer circuit end the feed watexr stean v

circuit
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~ The funr‘*'* ~f tbc steen and tced vater tystczs is- the transfer

of muclear heat end its thc:nokin.tic t-tnzfo-zxtcon into electzicity.
The importart operationzl elepents are the stean generators, turbine
and electric generatoTs and the eteam condenser.
is we heve already sketched in brief, the fresh stezn generatel
{n the  steam generators leaves the safety tenk through the f{resh stex
piping
tusbine valves to drive the tu:binc gnit. The stean {rom
+his operaticn is condensed in thc condensers, the condorfttc flovw

is collected in thn condensate tank and returned by the main condensate

punps through some preverming steps into the feed water tank, and {rcm

provided vith rellef and safety valves, and flows through the
theve is juépcd by the naig"fecd wvater yu:pi back inio the steam

generaté:. Du:ing £his time the gtean for the p:thrming.of the ¢
condensate is t;ppcd i ;t v;.;ous turbing stages in the way convent

to 21l thcrﬁzl pover plants.
The cornplete technological rcp*esent;ticn of the secondary locp f¢
uithiﬁ thé-c:rcuit di;zrawm $ el '
1. :éuétof heat-tfénifcr circult
2. éain'fced vater systes ;
3. emerséncf-fe;d water systex
L. hidrostn recoaﬁinatioﬁ systen
S..ntcas piping systesm. |

tach of these circuit diagTexms conpcises a2bout 6 - teo 8 DIh L peg

(See German Reactor Sefety Study, Bidliogeph¥ No.15) with sevcral
hundred compenentis.

It is not neaninzf01 for determination of releases from the second
loop te go into great detail about its parts or their technolegi

aspects. As the following sectxo~fhovs, it is possidble to keep The

number of‘components sufifciently small for comprehension (treatment.




Sl e 2.1.3 Developrect of the W oodel

The percanent study seIves the follo\;rm generzl puTpose i
the cu:p.;tation on the basis of the prizary loop radioactivity of
any radio melide as well es of the stean generztor leatage, the
specific radioactivity ¢ ¢ 4¢his muclide, the redicactivity flow
between two coanected sites as well u the relesses resulting frox
them {zom the secondary loop at any tize and at amy place of the
secondary loop.

The following resizicted functien is relevant to the model
developten within the systc. analysis @ .
On the dasis of the primaxy loop activity of any radic ruclide as
well 2s of the stea= genextor in. 2 gtate of equilibrius and for 2
determined operzting ¢ransient, the coopu.tation has to de x:nde:"c—a.ken
of the specific radicastivity of this miclide for zelevant
siies and for releases froa the secontary loop:' = - ' .
Tne task of uodel develcpzent consists in p::se:tins-a-mcd;l‘ \;hich
can exactly s-imulate continucus spue/time distribution of any ndi;
maclide in tbe.seéondary,locp. With regaxd %o tize dist:ibut;on, stealdy -
state activities and in specia.l cases time-dependent +ransient conditicas
rust be taken into consideration . .
With respect to space distrioution 2n _appropriate selection oi‘ sites
in the feed water - stead systen must be made.
Purtrer,it ™t be determingd vbich ragmitudes for the maclide
¢+ransport aTe essential in the secondaxy loop:
Witkin the {eamewozk of codel . velopment ikhe followving muclide
specific and non.nuclide sp {fic dete—ination ::?.gni‘:udes are %tazken at

the staxrt @
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1. méific prisery 1¢9%9 radicactivity 2nd stean generator leakare

-

The specific primasy lo.ép ~sdicactivity is specific to ruclides, the
steaz generator leakages aTe sot. These two ragnitudes go into the radicactivity
computation in a lineas way. The present u:ciml and intitial conditions,
which effect the height, but not the space and time distribution of the
specific muclide activity. '

2. Maes flows and steam enissions

Mass {lows and steas Teleases =Te not specific to muclides. The Tadio

miclides carTied through the stean gcncratbr leakage into the serandaxy
loop ere carried with water or steam; they are distziduted accord.ﬁng to
+he mass {lows of water and sieaxm phases azong other thinss. This is expressed
by the fact, that for each indio raclide, specific activity, thus Bho mzsber

of decays per tive unit and zass unit (most inCi/t) is cozputed in each

& velevant éonsidered site of th+-SK. -

3, Phase distribution faotor alpha or deccntamination factord DF
Factors alpha and DI are gpecfic in muclides and indicate in what
quantity 2 ~2dio zuclide rexaine io the transition phase of .evaperati .
or condensaticn in-a f1vid or in gaseocus _pha...se. Tmus, for instance,
a suclide which is jonized in an evzporation process will rmoétly remain
in"ﬂuid phase, FectcTs 2lpha and IF depend on the cherdcal and physical
properties of the cond:dered muclide, as well as on tecinically indicated

.ugn.i‘.udei of pressure, <experature, steaa buzidity, pE-velurs , ete.

b detailed description of th- magnitudes determining muclide tzazspet

will be found in sections 2.2 2 ©oF 2.5 of the systez analysis.
Since the model developzent is closely connected with -’ ratbematical

for—udaticn, -z+hematical description oF solutiod statezents let

us consider the cozputer s-ogTan here befo-e chapter 3.



5 ~ The following basic physical assunptions deter=ine the mathematical
h treatzent : '
1. The mass conservaticn lav or contimity equaticn applies for ihe
mass {low or =ass current density.
2. In the Sk-Systex (podel) there axe DO other sources for radle
maclides outside the stean pno:'ato: leakages, unn. by the leakage
rate in the stean generater and in the primasy 1o00P cecacentTatien of
sific muclides. -
3. For each s.te in SK the sedicactivity can be estizated I:ox; y
+he technically giver £ass flows by lineax a.*.ffcrcn;cia.:a. equaticn.
The radiocactivity digtridution for all partis flows as the solution
of differ-ntial cc-;u;tion gystems (I=-Systemel. |
The musmber of pla.cu'to be taken into accouct determines dlrectly
" 4he extent of ‘the IE-System and the expenditure for iis solving.

The following places have been selected as indicated above znd will

R

. b Y
be explained shortly (See-diagraz 2.1.3 2nd dizgre= 2.1.L).
115 - desking

2. De - leakprool

3. {resh ste2a

- L. Bigh pressure tuzbine

c. Weter separator o tr2p/ intermediate supecheater -

S b 2050 ' ilban 4.

6. Low pressure turdine

§. BondenseT

8. Bot well -

9. Feed water tank

10. The blow-down flash tenk (elutzation strees-Teliever)

11. Elutration der.ine.:a.liz;‘.ion (elutzat on de:ineraliza.‘:ion)
12. Su=p

13. Atzosphere



Jyith resa=d to)] end 2 ¢

h 4+he steam generators )layfcentrtl role {ze=
+wo points of view : on tpc ope and, the stear generators aTe the
gite in which radio activity is introduced from the primary loop
{nto the SX. 0On the other hand, 2ccording to the element 2ad the
chemical ferm in vhich.it ig found, the increase in the activity
in the fluid phase occuIy in the evaporaticn proécss. Bere the
;:essurc , terperatuTe and the —eridual hur-idity aTe of decisive .
irportance.

| Tris phenbmenoﬁ, which rests on high differences In soiubil*ty
of substances in water or stear, will bde described in ter:ggf the
aforecentioned ptase distrivution, and deccntaminaticn factors.
(See section 2.2 and 2.5 ).

_We proceed fron the assusptlen that 2 steas generator leakage
does mot occur simultaghously in 211 stean . ;sner;to:s. Trms,
in practice sO far the;e have been OnE, at the most two, stean generator
leakages anong the four steam generators 10 be found in the reactor.
Tre goen;:io Tust assuze exactly two site; of stean genexzztiors, ef
which one is intact and the other represents 2 stea= cgne:gto: with ..
heat excranges _tube lezkzages.

With respect to0 3 : the fresh giean generated in the stean

geﬁerato:-ia d:i?&";nd di#ifiéutcd in zn extensive Piping systex.
‘The practiice of introducing frech steam into 2 stése is based on
+he consideration that the fresh steea tubes of?;tea: senerato:'
cennret into a gath ring line before its  entIy into the tuxbin~
which will influence the radicactivitly distr_but on. Further, soze
of the alrealy collected fresh steas will be diverted and conveyed -
for the purpcses of pre-heatizg iznto the Sih stage, bypassing thc'

+u=bine, igto +he water separator and into the inte-=edizte gupecheater,



-~

bt

and from there into the feed water tank. Tnis is {zportant because of

i+s feed water degassing device for the release computaticn. A
with respect to L ¢ 5
Thne high pressure tuzbine should be seen as a Te- g
levant site because , on the one band, it censtitutes 2 mass flow distzibution
junction with direct inflow into ihe feed water tank thanks to its
sume-ocus taps which we have indicated, a2d,cn the other hand, it changes
the magnitudec of pressures, texmperature, steax quh‘:y and residual ..

rumidity relevant for the phase distribution factors.

- With respcet to S 3

‘ As with the high pressure tu-bine, so alsc
the vater se,mtoz/and {pternmediate superhealer represent cass flow
branching, whick {nfluences radiocactivity flows over factor 2lpha with
direct inflow into the SW tank. Pressure, temperature and humidity
contents of the fresh stead 2Te a.lso innu.enced bty these cozponents.

with rezexd 40 6 1 see b .. . -

With zesexd to0 7 :
the condenser is“'a'n..-ope:-ationd and safety technical
power plant cozpenest because it fulfills 2 relevant function of heat
rewoval, for instance, dusing a2 rc;ctof "gere=' - oT A turbine"
+r|p-out and operzties through the bypass gtation. Further, it ceastitutes
a linkage of the tertiazy loop with the mzin vater loop.
Condenser leskages decisively influence tubes of the steaz generater.

Fizally, an essential release pathway foT noble gases exits frea SK
through condenser a>soppticn.

Witk respect t0 8

the bot well represests the centrzl point of

the mass flow. “ere the mass flows collect fzcm the 1 elut=ztion (blov-down)



_a;:.i.ntnlization, low prumo tu-bine taps and ccnlenntc, and flow
f£rom the het well into thn feed water tank. In the hot well, the
hydrogen recczbinaticn is in 2ddi4 00 resupplied 2s 2 make up for the
wvater and stean losses.

with respect to 9 :
' L direct release pathway goes through the ,
feed water degessing into the ctzosphere . The feed water taxk in
2ddtion is a mass flow junction point, with 2 direct line to the steaz
generatiors.

Witk respect to 10 ¢

———————————————————————————

-The blow-down {lash tank serves the pressure
and te-derature change of the stean ;eﬁe:abo- wvater to the values
requized fo: tre ‘blow down flash tank xns‘a.lzt;cn. During the depresv-

.:-iza.‘on the uzte' in the ' . steam genezator is genera-ted,

— —— -

which is d.rﬁc.ly convoyed into ‘hc fced water tank, This mass {low

.- -

is decisive in the radioac.;vity ot thc feed vate: taxk and for its

relezse. :-

Cw ——

With respect %o il :

- e e e -

The elu ation de:inerzl;z;‘ion serves to hcld-back

nuclides in 2 cryatalizcd s.ate.

— e ——— " ———

Vith respect to 12 and 13 @

. S s . _ The sucp and atmosphere represent

receiving phases for the watex aod stean.

The model] optimization describugd. 2bove takes into account in ﬁ:ief
the following ma=ginzl conditicns @

- the degree of specificatiorn in she descoiption of the reactor

technigue
- determinant magnitude of the redic muciide 4ranspoztation
- matpeéatical fqr:ﬁx} ion statenent

- problen adopted IV optimization (locaticn, cozpatation, time, etc.)

S, SR LY TN B DR W



2.1.L . _Cocvutation of Badio Muclide Bmissions for the Secondacy

Looo_
The result of the t:cn&ric; developoent is shown in diagra= 2.1.3
As the zass flows are shown, the cczponent relevant for the.
deterzining of mass {lows ma"\?vi.rinx systez ;%o included.
The scenazio of the secondary loop for the cocputer prcgzen is
desived fro= diagram 2.1.3 and shown in dizgres 2.1.L.

It bccq:.?s evident when we cc=pare diagran 2.1.3 and | that the .,
regulation and safety techmical cocponentis such as texsicn Ta.l:es, |
shut-off valves, safety ac.essories are ozitted or sumzarized.
Parallel piping in diagraa 2.1.L is e1ther omitted '- because it
is of no importence for nuclide transport - or summarized.

 Three reluse pathways have a2 specinl izporiance £ the releases

..nto the utmosp‘aere ) two of ‘he:: ta.ke _place not through the veatilation

— - ——

-

chiznney : i s

-

p R Ti':e ra2in leakage point at high pressure poin_‘.s, fron which even in
‘nozzal opent‘ on, emissions are released are indicated by

‘he i‘ollovzng ‘an.cketi I — In:‘l.ifidmlly, the

ez.ission points axe to be unders"bca ..o inclt.de .he following

> ‘conponents : high pressure sunp hole relesse, with its str.nding

‘vent into the ‘¢urbine hall zoef and leakages Iro= various wvatexproofings

and glinds .

2. Dxissicns fro= the feed water deg&ssinz.?o: reascns of water cherdisisy

the feed water must be freed as ruch 28 possidtls f{rom dissclved ceITos: ive
gases such as oXygea 2nd cz=bon dioxide, The gases aTc reldsed
throug!fi'? “Tirwine hall zoof with water stean as the cerTier gas
(without s=oxe cooler/ waste = vapor couda..zer)

In this case it is izmportaent that adout only half of the mass flovs

which are diverted - for the purpose of dexminerzlizatica Iron

.
gtean generators . ° reaches the de..ine-z't"‘:a.tic'a ins.a..ls‘:ion. !
\-r
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a - releases in high pressure area unfiltezed
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¢ - releases during condenser evacustion thr~ugh chimney

Diagra= 2.1.3. Simplified model for -
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Urreadmonsahung HedGeiber § V. releases in steam penerator leakages -
im Sanc § .- o

D- 60 HEIDELBERG

g 3
.




k!.‘ln" vy
"v imartress

<

Y vt

23
N = 7
q— _ - L Y j ] --
S S .00
Places in computer progras . 20 How T
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SWE - Feed water degaesing

K= - condenser evacuation

Diszgram 2.1.L : Model of the Secondaxy loop
. for the Cerfputer Progman
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The othes half of his cass flow Teaches the feed tank Eafiltered.

In cases of steax gexerator leakage, radicactivity goest dizectly
into tbe envircnment th:az.:.a'z this pathway vie the feed wate: degessing
(See diagram 2.1.5.). |

3. Releases froo the condenser ebsorption.

Noble gases under pressure aTre released through the hot vent.

2.1.5. i'beoretical Corperiscn of the Sk Model with the S;cond:.?y

L;og Model of the Tnion of Fnclear Power Flants (Xw0)

At the completicn of the systen n.ni.ly:is we tust brieﬂy'xzxanim

the SZ Model use by the Union of the Juclear Power Flants (EWD).C131.

Trhe theordticel cooparison is inforzative on the cne hand , because

the XwU-Model found 'a:cceptince in the eveluztion of nucl.u.r power -

‘plants within the legal licencizg procedure, on the othex nand, beczuse

tpe comparison illumina®es Ine izportance of the systez a.naiyﬂ:. It it
evident that a'model, in principle, carnot tike the release path\mﬁ’ '

=~ore into c’oﬁl_il_enti_.on%f 21l the relevant gyster magnitudes - in this

case the transpori of -nuc.liderihéludin&.ieluse pathways the derived sodel
cannot corpletely comprehend fragrentary releases. | ' )

Tre KWU diagras fbr the com;pu‘.:ation of radiocactive flows in the
nconch.:y loop is reyrésentid in dizg:"t:'. 2.1.6. |

A detailed corpariscn reveals :

‘s The KWU - Model has no feed v waler tank, but rathexr a condenser,
and hence no feed water deg&sa:’.nb. I‘Ls 2 conseguence 21l olf the Live
stea= goes into the condenser through turbines which rast lead %o,

the overestimetion of those relezses, which exit thr ugh the zoof

" stack and thus in a "contrelled" wvay.

%‘H\M Cm b2 mc/&,{g&_ atibin e qc\amuu/m&_'
‘{’L\-‘ SATy&'M\ .Mr.za:p_, . _ﬂ“” A qug/ T o W{ﬁw""bi
a Complle Gmé Asati on

-
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. =% Py Subcormittee O3 Environment, ‘
: 3 erpy and fatural Reosurces
1.” .
Translation (German)
y v e COPUTATIONS oF R‘:L-‘&S.S AND EVALURTION IN 22-2XUOWNS CAUSTD
$Y SURST TUSES IN STZAY GDIERATORS
% Introducticn )
: »
11 ™he bursting of-&= tubes in stcam cenerators pust under certain marginal
¢va/W-"'L
cond:.t' ons be ===k as & preakdown causcd by the loss of coclant.
According to t e nucoer of M:'emdo\ms in stean ce’xcrator:./ue
A7 / ’f(/'f 1(‘( i
. 4 may SETE——— between m.nmal and small breakdowns causcd by the loss of
% : L - dube _ &he
coclunts. As & result of EoESERER breakdownc in stean gencrators/w
seandary Lot 75 10kl o < ¢
Timary cooLants W“ which part is relecsed

in breakdown sequences.

into the envircnment in certa

.8

o/
'uted out thatfo)r/akdos...s w:.n

: In Section 2.‘+ it was pois

' . steam pencrators may elso occur in steam generaters used in the Federzl

' of,
Republic of Germony and must be taken into consideration in === evaluatz%.«.}.

debe brenldedns o steurn Geremiers wil net 0¢u‘5)

The viewpeint that(construct;cns Zng materials Tsed in the rederas

Republic of Germany

longer be maintained.

- ':.
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.

~ 4' . - - .
. e . e ..._.'.,e!,"-'"'-,'.- Fr: ..:
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The KE{ the Robert T. Ginna (U.S.) pressurized water reactor (1)

at the beginning of Februarly 1932 shows’in agreement with our results, that

/
+he breakdown of S5= tubes in stean generators nms‘:./not only Ibc biewed Ko
The

connection with: pursting of the feed water Lre end - Zie,

1ive—steas line, In the case of the Ginna ructox; secancary discharge

e

valves opened a few minutes after the bursting of e tuberin a stemn generate:

v

as a result of vhich =met p&ticactive particles were released it Lhe owvires o7t
Y . : . ,

Sch  releasos,
FOAEY e ey

In order to minimize. ‘the primary s&3a discharge valve

was open dfa few tines -and closed again/ - after it was cpened.for the fifth

t‘.me,the valve failed and rezzined in a “partially opexn" position. Luckdly /

» breakldosny _
33 hours after the ﬁ;e reactor was ‘brought under centrol by a

cold shutdown.

-~

//Pn /// al

After Earrisburg this se===p=l p points again to the weak point caused

by “wvalve failure. "

‘ jfublom sQuenes
In the following chopter Smees Taused by ruptured = tubes in

steam pgenerators will be discussed jualitatively and &= cuantitatively <5

well &
et he application of the concepis of individual errerg (2,3). It shows



A e R -

t\at in acco-d ance with the resulatzons en “ radiation protoct;cn the
/

apniSSem have r-p/;{,,// 'Dcen w”/”(
adnissible Feme cut-off values mé o Frenkdp

’

the.
. 6 . ; "’é ' -
In additicn, there jesbiaaes2 critical discussionomyl"” ol drankis

cameh et .
wéospcicmmes by the Baden Tecanical Control Board (4),
-; . el
\l
6.1 Arp ication of the Individual Zrror Concept in AxcXiexxs Coclan

T —

;;Lo.f:; Accidents Caused by Bussf Tubes in Stens, Generators

' : puclear~
. In the safety regulations for zitmée plants (2) and ®E principles ™

‘the application of sthe individual error criteriea (3) the Federal Ministe

j an mdividaal empr mvs le d.wfmw
- * _ the Interior has established that qp—os’.—ﬁut saewex discharges aft

loss of .coolants. - - @ 7= oo wm
Tk exact /m(:'n; o
Safety Criteria for KAAIS Pla.n‘:sl
Section &4, Criterizy 4.3:
Y Bt hert Aischarpe atier coplit Lesses?

A reliadble and recun 'nnt systea for the -::ergencv cooling (emergenc;

: revlairt)
cooling system) of the rencter cer in osses..hu:;s must be

and_spersic v repard de |
availatle/in such a manner th;'xt -dlz-ﬁa-/si:es -5 locations of

-_ mptur#/péints, working conditions and transients in the reactec

cooling system ¢ .
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Jaﬁ/ rierin
1. +the cmergency cooling systez will s

oanye
== also dunna .-u.nten:}‘cc work ud“ sizultaneous ,p-m-;-gs

of an individual erreor in the systex.

2. the specified cut-off values Twemcrz for ¥ fuel elexents,
. . /

ms'és{kr( core .
= eruiprme.7 and safety ase not exceeded,

—(Au
S (he:*.ca.l reactions be limited to a desree —_ aboolute.y

safe from the technical point of view,

' ' . 5 . : . . T e .. - §
77 [/ ’ F . B b EL e O TMGE -
’ o In the interpretations = the safety criteria {c. ¢==== plants vhich
i . . '-' . . ‘ . s S - . ' ' - " e n . ﬂwg/m
e have the same significance and binding character as the safety c:‘ite:'i,f_/

the application of the individual e:'i-c_:r criterigs is specified as follows

under Peint .(l)l/ﬁ;of stud~ W/‘Jgi;ﬂfz

o S AN, iy .'ra'. ol Ll A
nere indivicdual erpor is consiered to be 2n accidental error which must
A

not be esuzted with an error that occurred 2s a result of the cperztional

' r!—"-/ ermf n Yo saft ndalictions .
reqguirerments or acéditinnal mae®, |.n error

exists if part of the systen 3) of the safety installaticns does not

S S fun:‘.ion.[ prcpcrfy during operaticn. A possible ryesvacT

. .
resulbing 1in, arn .
Ssrer {alse cperation M error in the
.
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safety installations Dust be enuated with an individual error.

G A350OR.
Generally reasons for error musi not be given."
perational

3) The tern"part of the systen" covers all the parts of th\-.—a

P -,—-MM*"'.‘

. —

The e e A F nrraaré, mv'm/nf
unit itself and %sw= supply, adjustoment and auxiliaryyans avign

i ——y 10T X its safe opent:on
1f the breakdown of a ¥= tubde in a steam gengrator is o=t considerec

© Je
a(‘.{e cause of a coolant S=am loss/ we pust recard as an individual ex'ror/

for insta.nce/ the failure of 2 secondary & discharge. valve ( failure to close

after it has t_'oeen._qper_:gd)_.ir; post heat discharges.

- - g

e
There are wems=oR Teasors (fo, :.ns anc: .esult:.ng ef et;t of a two-phose

flou) | ruptured
Lvbes R N =
e in Steam senerators.n/7 avsC, brenldpans <,
: e \ b
éﬂ/‘ {0 \__/

| This secmmsen the followingmmmes breabdecn 5:,1///”6 ‘

‘As 2 result of the bursting of a tube in the steanm gene:ator/an excessive

Jneree s
guantity of primary coolant enters the secondary loop and wageers the pressus
\
there as a renult of which]khe discharge valveﬁ Mf{}ﬂ/ﬂﬁ.

The discharge valve of a defective steam generater breaks dowvn in

e

A pesition of “open" or "partially, open' mmeTmmm (indiv:‘,:%&l frrc:).
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-

- . . e, .
T.is lead to the release of racdicactive substances i?w”’mf

- £ .

. Br-'-akdoxf-n of a #5% tude in a stear genrrator (triggering process)

- Response of the secondary Zama §ischnrse valve of the celective
stean gencrator,

- Brezkdown of the secondarysssme discharge valve in ex a pociticn

of “'open' or "i:urtially open."
28 (Individual e:'ro:')

resnlts f*om the aaphc. tion of the individual error criterizy to the post

é((/ y(ﬁ“}

heat dischrrge in coclant 105505 e the figt tveo 2

[ actxi:)aiiy'happc:‘g'\é-at Ginna. U.S.

L - . breakdedn sequen@ Ceopiial

£ ' ra eV () 2

A ﬁtiled desention of the o-=.-.'s——"r"9 as well 2s the J_f—_:a‘}
A - ¢

oF releases-

M under d1 crent marginal conditions and theirvaluation will

be miven iy Delow:
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6.2. Descrivtion of the mz,m!/“/, f,y,,,,(g
As a result of t/p Abrn.kdown of 10 &= tubes in the stcanm gene:-ato:}

the main coolant ‘nfiltrutes the secondary loop. = approxxoiely 10

seconds Emmmwxweww t0 the npid shutdown of the reactor by signal ‘Nlé;m‘

ar¢d her ;
and {l.ﬁ!i)/misﬂ to the delayed quick shutdown of the tu nb:.ne.

At tis pcint, that is approximately 25 seconds after the beginning

- breaddpen
of the -+-/ the smessscesy. PreS5UTe Ilmesco——meeetwetr N2S m te
sih " ed adidles

LT R ———" 3 CCITEe Wimmcsmsmge Lhe d;sch&.se valve 15——1

, cn‘.’crm
In sccordance with the individual error &==&Xx *'A-*Fvw

u:imznmn
bmmnﬁmm%m the breakdown of the dzsc"arge valve

- - -
-

5 pssrmeh. d{/( /o -
) 5. .S -@s’" "or)en" or "P'—l'tiﬁllyi open " a;ré/'m.

73« 8 Bl ™ A - ‘ 5y SgwneC
asswe {urttor scenarios are established feor the conti jed-.—-m of
brenkdenns . A | a ' As a rcs‘ult of the -_ﬂ-

——mcewen J 131 ,’5 chesen &s guiding nuclide.

&eedors radie esirblihed.
e trunsient and spiking G=seees the interpretatien acrv“y WAS TEEETSETL

between 25 and 100 4

-

st sallislment of the Marginal Conditdons AT p--‘cable to All Scenarics

'w/ﬂ;; £

mdyd "z
- Only the r&{b::v:.tv selease during the first 30 minutes after the e

g e audcil/ consdovd Lo b subaenént reles
. - (‘n(s-co'n*uted. This oc-zod o< tinme is not conse:vatwe SiNC e AmaTE
. . . ol Foy

“-a . -

S— ‘ r
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About 1 minute alter the beginr.:‘.ng' of the accident (it may differ

e OCCUT .

according to the scemarios) the main coolant puzps are shut off by the signal
npressurizer water level ¢ =in". Since the signal "prizary pressure < zin"
has responded (?7) the flow in*s the loop degins through “he safety feed-in
. Aave berrr
numps. 1n tAis cor.nccnnn/or.ly two (out of four) feed-in pumps msw= consicer :C,
» m!
T is is not 2nsolutely «w conservative asd z;tion/ cince after comsideration
wErests

'of the 3 or 4 high pressure feed-in pumps the main coclant Reakage oS

in the seondary part of the defective steam senerator.

= During the rirst 25 seconds after the 'b ianing of the accident

/
relenses

Stens CEmmme——s {I0D +re high-pressure part of 1 kg/sec and &= the Teed

L = o art
water degusificat on of 0.5 kg/s2C wmmm assumecd.

: ok
"'\‘q - For the purpose of determining thesactivity discharge through the

into Ak ennren mint™

discharge ﬁ? valves immcsmareecrarme OnlY the primary coolant cuantity

discharged from the cdischv r;e valve of the defective steam generator Aa;. }”/L

oneicered.
During the first enk d1F)
- dg——ITE 20 secords after the beginning of the -/-Lgﬂ/

1 . . ~ 79C
I the mssidacr avarage primary csolant leekage inte 7’, secondary loop (feamces



Cadatvh oot sk 3% .0l s Labiads. oo bl

il o

=-7-,_.-

following *o be called primary coolant lea.ka::e),g approximctely 310 kg/sec.

The primarly coolant leakage F@; to 280 kg/sec Iroz 20' to 25 secons
Rleryprds Ug leakapc ﬂw{z..xs mq ﬂ’fb’/-'ly Zs Lie scerasit.

Farrinal Ceaditions a- Scenzrio 1

15
A spiking factor of 23 Prr d 1314,- assumed,
]
/

O - 25 sec after the beginning of the - vosalidsun
- averzze recidual moisture in the steam penerzior 30%
25 - 300 sec after the begirning of the breakdown

- average rgsi:iua.l ':ois‘.'u_re in the stezn generator 2073

/

- prizary coolnflea.\uge dropped from 280 kg/sec to &0 kg/sec

pelensC .
- auiemm—mr cf Stean from the dofective discharge valve (in “par-

- ond IS It
tially .open"po.'g_iti_o:;) of the stean generzior asmcess

rzlease . '
= tubes (called steam e —— ‘below) is on' the.av. rage 120 kg/sec

300 - 1000 sec after the ‘pepinning of the breakcown
- average resipcuad moisture in the steam generator )
~ ~ .

dr,
primary coolar.}t leakage uaé and e ZVET2LES Loyg/sec

rzleass dr
- stean .—M and ==, averares 20 kg/sec
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+/%
Marpivel Conditions & Scenaric 3

«
- .

A spiking facter of 50 for J 131 e assumed.

0 - 25 sec after - beginning of breukdown

average resicual moisture in stean genmerator 30%

25 - 100 sec after toginning of breakdown 20%

avirage r-sidual coisture in s tcan generater 0%

_primary coolant _leakage drops from 280 kg/sec to 140 kg/sec -

 rekense

average stean empeeswn 150 kg/sec

. - e—— . — PRp———

- - i D S

1 800 sec after begirning of breaRdewn

t.- Y-

averare residual moicture in stean 5ene:ator:l¢€t'

-.. >:;y-

primary cooclunt leakage drops and avera-es 70 xg/sec

b —

relust

steam eessmeen Qrops and averases 50 kg/sec

'

-
' Marpginal Conditions &&= Scenaric 3

g N
iy,
A spiking factor of 100" for J 131 u's-z assuned.

0 - 25 sec after beginning of breakdown

- average residuzl meisture in steaz genmerator 3003

3

e«
25 -1 SOOﬁtcr beginning of breakdown
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B o

- averd-~e resicual moisture in steam generator 20%

- primcry coolant deakage drops and averages 140 kg/sec

= . .
- 3t.m.-'é-‘:'-ig averages 150 k;/sti /
rea = )

in

1% would be duirabie to examine [the above and acditional scenariocs

Jf Vel d '; ' o~
s:;-(/.{rtncr studies and possibly with the aid of measuring .rograms.
;u(lf(n//b

In t-is connect’ on/:.t would be especmlly important 10 eowssd®wme how many

the J(ﬂ(fm‘lf'
<= tubes in Sical EGIESirramges. (with discharge valve Tesmses in '

el oun.

% position would have to brealidosm to bring about a m===axg accident in the

/ﬂ{( (4‘ e
_In such a case a portion of the -core ecui;racnt mght be released dcswmo

/
; relenses
as 2 result of which the ewmges in the aboveﬁe'atxondd scenarios would ¥

. - - —
- i — - —-— e -

mltiplé/.

:ﬂ/y&{'rn st el ses” e i
6. 3 roamiresr. 0f the J 13)<Sx=—=spmc and Their Evalufation

; *( with Program SEXZM L
radiz ;‘ A j(‘ s )

The ,KE:/:‘.vit 2 relenses were calculated funder the pacginal conditicr

indicated,
relen ses 4/(45(,
In the following %able €.3.1., the ceweecens an the cacommecs Tabe:

!

i //7
during the individual psriods have been described g=m Scenarioc 2 ( to be

/eﬂ.ﬂ'; ) o
as an exanple). The eatme—ews rcler to the periods indicated.
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A & > Table 6.3.1 g-ejv’x_?"s or wmewerea. rates SI the
broakdown according to Seemario 2.
The scurce sirength reproeents,as

v e —e o -==-indicated, -the product -of time-dependent

primary concentratien and time-dependent
- - leakage rate. .
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/ ) Delensy
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l.ol
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: A sec e
L /s $ as & resls .
IT=0 Table €.3.1 ‘_b:_{?.”s or a./:i-in ies( 0L tne breakcewn

according to Scenario 2. As indicated the
source sirength represents the prodac.

of time-dependent primary cecncentraticn

and time-dependent leakage Tate.



. releases
in tyc following table the J 131 e=——wwe=> of the individual Scenarios

dusing the first 30 minutes alter the beginning of the hreakdown have been
listed.
1n addition, the inhalation cose (enly J 131) for adults and the thyroid

gland of unbern cnildren (fetvses) have deen indiented under briukdown condi=

tions.
rcakdown f J-131 _ Inhz ion Dose for 1
scen rios Ll 72135, dose for fetal thyroid °
in 30 min 3 adults ¢res) gland ¢rem)
Scenario 1 185 . 12 - :m - 20
1 = : o R s : : ;
Xﬁ;ccnario 2 830 ' 54 10 - 1,100
Scenario 3 14400 gko. 2500 - 19800
i .
l oinle 6.3.1 Wki¥ha fron J-131in (C1) and inhalaticn
{ dose grem)
i Breakdown limit: 15 ¢remy. . - . : ‘
| Breakdown seeaes: burst - sube in stean generator gnd
i disch:.rge valve preakdown in '‘open" oFf vpartially opez"
t positica. ¢
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The tabdle shows +hat olready ;ﬁ/ halation the breakdown 1imit of

has beon/ °
15 rem for unbern children (fetuses) %zeedcd in 211 cases and for

. aéults in scenarios 2 and 3.

In scenarich 2 the 1izit for adulis exceeds around Inctor 3,6 and in

scenarion J P‘!X)(. fuctor 0.

r/-\ . released puclid €5
| The load of all other oust ﬁ be arided to the above.

; Ve ’fb(((d(f( VA3 L
I 16/
: Cm— {rom the ? ﬂ" . that in the evenz"of such breskiowns

/
/ - ‘/ll( 0}’ [#{{ é
the consu:p‘:iomof_‘food {fom the contamincted regions &% ve :rol..b ~ai£

.\jhe' authorities. ‘ ] " ]
; only : R A pbaserd il
lismese J 131 woS calculated.

/
" mr tais r- son-the jnh=lztion dose of the

‘- - A

1f ingestion loads were weiczem: be much higheT.

includedlthe ¢ose valu's would

~

\ ‘ “. - ) ._ i s i
Calcu&ht:on of the Breakdown Dose
The jnhalstion dose D under brenkdown conditions is calculated as
fo1lows:
DSA.X.VQD/(Zi
with A = relexsed radicactive nuclide Auantity (i3
% = short-time propafaticn factor ts/nBJ
v, = breathing rate (mB/Ci;
/ . . .
D/3i= innalation factor cren/Ciy
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The following valuss were used:

lw
- The relcased J 131 ct:.vi‘.;es i‘or ine mdivzdua.l scenzrios are

lizted in Table 6.3.1

5 a volue of leO'b' (s/=

« The Techaical Control Board Zannover indicates
" \\ . y
: ‘ » pefeas

S ax/a cdistance of 150 'm rs /e shoTt-tinme prop;r,ation {2 :or for

;ﬂ ¢
rrom the emc—mmsee: (6). In t is connection the upvard pressure of the m/
fetivity cloud caused b¥ the amremm———e tities ol supe

At were Sipwll pessty M

hca:ed stcax:z{'has already been tnken mto consideration.

As

- I-,inhalo:.ion rate the value for sdults of 20 n’/d (2 2,31 .10'1':3/
RS T s o e [ T e

was obtained frem (7)e . ’

p/sp - Arr, p
ﬂl,k,L
- ,--a the name source cnesime the employed inhalaticn dose factor

t’ne.thyroid 5imd W 131) of 1,4 . Zl.O6 ren/Ci. £

Jor
As exhaustively explained by Steinhilber-Schwab and Franke (8)/‘.he s
. a
thyroid gland oo mews TCPTCSENLs +he “most unfaverzble <« of acticn

via the load path.

In Toble 6.3.2/ +he ratio between the fetal thyroid gland and the refe:

value according to (7) hes been represented.

Accordingly, the fetal 2l thyroid gl land dose i{niche:- +han the refercnce

arpund fautel 26 2o 2/
_—M
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f ] Dose facter IInhnlztien ose in Jod 131  relative thyroid
] (24T 1879) rate ' air concentr gland dose, adul
i (in mu/pCis tions of 1 pCi/: (8MI) =1
: . ; 9in mres/d) :
Addlts 1k x1070 | 200776 2.8 x 1072
‘. 3 .
Chiliren. = 1.2 x 10'2 2 e°/8 2.4 % 10 0'8?
i ﬁ (4n positiod
of rest
: (13 23) |
‘ . . R oy sy R |
' l 4 n}/d 7.2:% 10.2 2.6 i
‘ i f
¢ . (in activity !
g | 1CRP 23) L i
Fetuses ' J 131 concen= | %7&3/6‘. 7:3 10.zbi_q1
! tration in | in eesy -
i fetal thyreid | activity 4.5 . 1.9 ...... ..2.',6..2.36
! gland 2 - 12 | ICRP 23) |
' timesof that .
| of adults
. according to | r .
-1 BMT (1979) - b ,
' 436 /8 1.0 x 10" bis 3.5 -2
i .y (in incrcas{d A ' .
: activity 6 x 10 '
H ICRP
|
IT=U Table 6.3.2. Cemnarison of the J = 131 Ln"ation dose of

Irstitute for
Tnergy und Iavis

rennental Research

Iz Sand

l6900 Keidelburg

adults,

small children and fetuses

. (accomding to Lit. (8))
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Concludingly it may bc'mid that in view of the coclmnt loss breakdown

i anA 4w
amsmme (27plic tion of the individual ersor griterigpm the breakdown Zrzinsion
has
1imits may be incressed many iinmes over; in adults/ the lizit Sa alre cy A"M
focter 43) 44
exceeded by/tive inaLiiilion of J=131 .M . .

* In “he Sreakdown described: burst hot pipe in stean zen_erator (trirgerins

eveat), fuilure of the dizc@:c valve in "open" position (indiviuvdal ervor)

| Core melbdedl - foading Lo
also necidents coused LY nueacsmmomn :—-4—: we considers ly higher

radlic . 2
releuse (eeovities must net de excluded.,

. . o _ _ gequrart '
'} p) Special -imporisnce. shoild be piven 4o this Oemeeess of . treakdowny in Juture

lode o,

cbaa-vations of risks.. In. addision,.the bro kdown must be conzideret wags

weme law .
interpresntion brekdown in x/authorizatinn procedures.

) ml‘l'ﬂ V,"q/
. gor Inniiinus in $his dreckdosn is sde=tess that che Ceolivily =aSriaemmec
; I G . ﬁ/ 24!5//!:
! steam peneriiion A discharge vulve i3 relezsed into the envire' =% /

e g

211 safesy barriors (sce Tuble 6.3.2.)



Reactor
: thermal

9
‘ . o S'< Feed watol
steam cyc.:

1. Reactor ‘pressure ccatuhcé Se .

live-stean line

2, Steznm gencrator . €. Foud woter line &
3, Safety container ... 7. Dischurge valves (Live stexs -
F y M d e
4, Reinforced concrete ::h::y.tv:i;::s:n i
'. cesing - _ o Activity
'; - - - - ST ST -
= e - radl
7= Table 6.3.2. Release of @ctivity ‘-//
Institute “or bvpas:ing all safety barriers
ey ey . qwlArC ry
Znergy ané Zaviron= . . ] o of br?nkdov.a: rcakdown
pental Research . Sl 9_1‘ ==> tubes in stean generator-
Im S:nd 5 Ixhaust valve in “open" pesition

6900 Heidelberg .
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A G amanlie Drealidarn -
E.4. - e . ried cut by the
Baden Technicel Control Board
% o ds
Tn tse examinztion 'Release of &ctivities in T Atozic Plants

Breakdowns with LWVR (meaning of ebbreviation wiknowny Via the Exhzust Path
Vithin the F-amework of a Guideline %o petrmimnsy Paragr ph 3, Article 23

(as ‘¢f December 14, 1979)" the Baden E=c pical Control Board licewise consic

rekeases Y b hail

breaxdowns vi .h ucordary .———- T _oof of --—-w-e-).

-
B
-

oz ¢tis pursc

, 7
the K@ II (Philippsburg, Badm) ir.stallat*on now u.nder consm*ct;onp/ rved

-

for the examinationm of the KWU-pressurized water line.

From ‘he lu of the brcp}tdownsgiscussed in the above exa:r.inn.t:’.on

tin greafts '
twg breckdowns are di'cusaed in cu.l' in connection with the abovementioz

exanination. T,h7are:_
1. Brealidown of & live-stran line cutside of the safety cont teiner ==

coiheiding with the breakdown of 10 == tubes in the stean generator.

——

2. Ersakdown in the feed watler system outside of the safely centaine.
ceinciding with the breakdown of a &= tube in the stean pgenerator.

Ne yypeei:: hAr He :
I WL PP cd Wrewew +he K\U prograns modified by

the Baden Technical Control Board and the system analysis tased on thez.
=

.
Tor thés reascn the correciness of “the calculation prograns end co-puter
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plots with regard to the algoritha mo also the system analysis must be

assumed 2 priori.
e | Seqt
of<gR breakdowns

con_sidcrnion pay be iven to the e

4 Lintart
as (criteria ate concerned - ;a.rtﬁcumly

re to-'._"'v-'i'

Toerefod

only P — ol o far

ecial attention should alsoc be given b

reledn®
ot relen 525

B
Lo raki - :
: ﬁ,\é{'gﬁtv # producticny M ¢ k. ‘

£ g live-stxx?

Sp

1ine putsicde of the

- Bursting ¢

§.4.1. Sreakdown 1
g e :
: & -
tainer coinciding with the breakdown of 10 et tuses i3

Pfﬂy con
‘ e

—T

| .
E - the steas penncrutors
trol Bgard conp\;f.cs.the —— guantity of activity

g -——

The Tuechnical ‘f:on
reaidown in the 1ive-ste

-

e .
PERLEEE r_clensed smwe 30 minutes es a result of 2 ®
tubes) in the stean generator at

r -

i

1ine coinciding githvthg!‘:rnkdovm (10 =
7' the begi_nning of the _b_rnk@om in the iivg-s‘:em line 'le.a%a:ge. :.ne./su.bsqqgen‘

" ‘{’(i/'ﬂ( A[L '
or via the ———————

oot S ah

yia tne discharge valvcs’ot the stean rene:at
+ively since only' e breakec

an—
p—
/ The breakd ©om M conservat
LA . e aK
of 10 B tubes in the gteam generator has oeen assumec. Altogethey mOT®
in a stean gencrator. Acco:d*‘.r? to our

sran 4,000 U-shaped 3= tubes 5=

Bndins " {rxﬁi,‘c?/ ~
.—o&" g2 (11 Drearaovwn of at leass 20 == «ubes shou

1¢ be assu:.ed‘*p-'—

w;_
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- wnl s dmtiln o inthinih e

L AN

releas€ .
The samsesew. results Irom the primary cooling water releas>d into the

environment ans its specific activity.

/
"~ In its cooputations /t_he Technical Control Board proceeds frem a T lezse

. : : wdit
Of Prinmary Dr———— coolant of 161.63 kg with a ‘specific(TTiivity of

21.6 Ci/t with a Jod-13l-share of Q.92 Ci/t.

i
i
1

L

" Both specifications must be challenged. s

1. The  primary cooclant release of appro Yq)ely 200{<; ic too lovim

b'/. facior an
. - 27 as it =g e rcca.lculn‘..ed from the Techniczl Centrol Scard's

In e AdFesi '
own data and escumptions. (@& correction of the un.cnab.;e ass*.ap.wns about

the == residval moisture in the steaw generator has not been nade.

2, the specific activity of the primary coclant of 21.6 Ci/t indicrtcd
4 : - ) arink.
b the Technicnllcon‘.rol" Board is mew=st too low 2t least & facter L.6

in masdwsss gverage spikes. and 19.3 in maximal spikes.

'I’hn specific activity of the primary cocling water may alreacy bo

- — e ———
- - o

excoeded over short periods in normal oprration as a result of load changes

(sm211 transients). This spiking effect crows with the size of the transients.
/ - : N

&m&;rrw.m
A Daxizo) eesscge—s of the interpretation activities is, therefore, %o be

expected particularly in = assuned breakdovn conditions with large

/ : adAden O]

sp:.n.ng facters mast oe.-—z‘ﬁ to the

-~

.
v pressure tranzients. Therefcre, the
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A interpretation activities (see Section 2.3.1.2.).
In acfition 6o the wuamemy spike critc:-ion' censideration must be give:

r to the fact that == ek Tables 3.22 and 3.25 of the chhnical Control Bear

; , Ao mt sreclud
waich all computitions of the activity release reler, relevant zuc

T g—— aesumpeiseim 204 that the dats semoewsmeew alwzys exclude =S trit

activities.

ien with the bi‘gakdo\m discussed here - breakdown 8 in the

the

live-steam line coinciding with bursting of & tubes in the stean generst

In connect

o anA Ve
it is su:;scstcdh that we exanine herc this breakdown wemkEms additional

5 ' oreakdown of .2 disch rpe valve in “open' or "partially. open” pesitien in
agroenent with the individual error gcriterizn. - PRI T
By doing sc,we wonld have.to consicer the breakdown of the &% tube

as an error resulting from the bursting of the live-stean line. In this

' : ‘ TCen '
: - breakdown signiricmély higher g-« may be expected as a result of ¢t

.bre&kdown of t ¢ discharge valve.

§.4.2. Breakdcun 2- Breukdown ifi the Teed Yater System Coinciding ®

-

the Sregkdown of a & Tube in the Stean Genera'tor

After the breakdown of the feed water line at the lowest point of

- -

< " . .
its contents emptics together with the live-stea=

ehe feed water system
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porticn into the roof of the &?‘M" fa! (altepether 730 t) during vhich

- . '$
time part of it evaporizes (apprz 170 tons ) and released into the environment

A\
“urhipe 4
via the roof of ‘.heﬂf‘"-!'{',"—‘i’

ok 2 " inEidrnittss Hvdine
88 kg of water with primery activity The feeder viz the eSfEpes
Jall

w=mos Simp System. Sk Accoriing to the Technical Control Bo:rd, these 88 kg

i
|
|
|
’.
|

10 Fildmbes with the live steanm
: er
== tube leakage &@ the feed water container via the condensyeSs Qy tne

time the turbine is shut down (30 sec). - ‘
In tris connection the following moy be stated: J

- . 4 '
1.. The sewsasccoesmenz breakdown secuence contains a few &&= stcnserviative

assumptions:

Epsd » ’ o T

Only one mm single &= .fube breakdown hes been assuned.

Blrendy ot tse Ostel)  —  gomg LI _
sl P 2 <. tubes - /the response pressure of the discharge

valves (B6 bar for KiP II) would be exceeded and a sigrificas? additional

e [m}(

Etemman woulc result (see breakdown 1 - breakdown of the live stezm lire).

As dezcribed in Sectien 2.4. 2 sudden wreakdown of ==X tubes iz the

&5, neh —

v i-'-..:.:nm,in p::tic:la.-, S XEY.
stean penerator must be e - ' — - ;

v - —— 4
-

/ wusy VT
! in trunsien's subject to breakdowns. In a'diticn, wes= weame? 2552T€ L

L
not 2all pE= tube leakanes occus in one steam generator. v ‘
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ation of the aciivity release is contradictorye.

2. The comput

oF - -
2.1 It is assumed that 88 kg Svemises primal§ water are released through

part of it evaporizes together

the feed water leakage and that 4

with the 170 t :md’srchmd through +he roof.
‘ [\

88 kg must be ¢~.u.11v

1f we proceed from ¢ae as".:np:.ion that the
. A

totel water lealiage, 20.5

: « o
distridbuted Eowaiesm the 730 t of the

; of
yg primary water wo x’d ‘wrc to cva'ﬁ'uo with it, In this connection,
. Rk =l te e «
A : " oF 170¢
3% Deen correctly

1 v
it is a'ssumed aﬁ cvaro"‘ unon nua}‘ ity

: ' cbmputcd. The Technical Control Soard did not take into conciderstl

e"z.ate ‘or this pnr.ary cor ....nt auatity of 2t leust

& ¢

+he activity ad

WNM"I!
2.1 Ci in average and 8.5 Ci m e SDiKES.
. Tﬁ/t.t'
2.2. The fornula used for the cemputation of the live-steam gctivity

1
1c1cn.. Tre formula does not

in opc ..\‘*ﬂml 1ea.k:.ges is not sull

le‘
consider the Ceivity retumn fiow from the feed water contuiner

into the stcam generator ( 2s shown in Chepter k- seq{étivity

PR relos . ¢
analysis.= this eeson®s flow is primarily for the-live stcam concen

sion).

Alo‘ " .
Teple 3.22 show discrepancies =R tho:

2.3 The c:wzt*eswd;cated in



o . between
values TE»e calculated from the formula indicated. A coupu‘@'n g the
"r»cc ific ﬂucuido activity

live steam values with the @ata in Table }.23 s

in stean gencrTAtor water" indicates that the Tec‘:mca.l Control Bocrg, B
Ao Frsis 2% congistant?

s sy the curTent status pf science and technirue, sloyec axcescivel
aminatica factors which results in an gn srevelusiion e:

|* - high gsemmswt decont

)/\\\ L he —emeEI== rp,m 5@ . .
| \ .$‘e7wfm' :/’
M botn

i Concludingly it rgi pe stated that the (o

i o 7

: e:_waples exa..-.ned = “not conservitive in pany peints wnich leads to an undeT

relenses . , | :
This a;nplies/ in pcticule: to the number of

evaluation of the PO
Izt L 2
Tl G—— activities.

+ubes in 3te2n generators and the pfimm
-
If the n‘bovementio:ed {actors are taken .nto conszdera.* ion the preakiown 1i

e o

may be excceded bY J-131.
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(1) Newsweek, Fezruary g, 1982 “azain a Nuclear Hishep."

PP L3:

; Nucleor
(2) - Announcexent af Safety Criteria for =< Plants of October 2, 1977.

RS16 - 513301-1/9
Wudeors

rety Criteria for #==m=c Plants,

Feceril Minister of the Interior =

(3) Interpretotions of the S a
" N

Y
é the Hinister of the Inter or .of Octoner 26, 1578

Aﬁncunccsent

, = Cetoer 26, 1970818 - Y SO P

——— e QW
(4) Techrical Contral Bourd Racen: wactivity Release 15 whesic Plant

«th within the Tramework of 2 Guidelir

- Misheps with LR via the Txhaust Pr

4o PuaragTarh 3 article 23 StrlSchV" as of Decemher 14, 157%
. A e  Guadiers
7 ' (5) - The Bffects of Sericus Acriden*s in Regenetation Plants and P
!
=
% _ 'Pl;;_n‘.s.. e
¢ Sa‘ety of the

ical Cpnt'rol Boprd Hannover, An O§inion about th

et L e
Grohnde Ase==< Plant, SOG 1, '"Radiation Exposition Through S=—mees

with the Dxmnat trom the Grohnde Atoms< Plant

(6} Techn

of Radicactive. Particles

FEannover, November 1977,

’

in S pecial Test Points,"
e
+icn Basis for == Raciz

(7) The Minister of the InterioT, wGegeral Computa

o -
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Samasiieen in Radicactive Lleakages with the Bxh ust and in Burface

Waters," Joint qou.—nal 197%.
(8) 3. Steinhilber-Schwadb, 2. Frarke, IFZU - Institute for Inergy and

Ehvironzertal Research, Eeidelberg, Inc.

"Load Paths and S\_u.ccted Ixamrles," lecture at the Rudioecolog’zm"

Symposiun of the Stucdy Group for EZavirchmental Issues, Inc. ané the

v

Tederal Pudlic Fealth Office, University of Stuttgart, Octoder b’p:’.;'zt

15 and 16, 298%e . - ioon 3 . otan e Lomsieoeh
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9. CONCLUDING RDHARKS

/r' 1 :
7.1 Consennmcnﬁgrcm the Results of the Study

o _
The ecSmmief- CODputations < -ational leakages in stead generater
bla

Lube : .
md;%‘eakdoms ShETuvess in stead generators ghow that the ....u',y e

concentrations represent central input :.w:'wcter.f '

In crder to© :nininize in normal ope ation t,‘e risks connected with an

[ : [.,, /'4/: ' ' o é"lﬁ'é/;
¢ increase of the pnmry”' ac .:.v:\.ties/wo propose to e x;l.nd.,.g:p—‘

4 - . .. - - » . . . . .. kl,‘ ‘;
4" the primary circuit the "uctor protect;vc -yste:: by W

ki~ L (yr ;c of coninvessly_msnrhin :
measuring dcvice /ihe I'xc tavaty concen .-:.tmns of scme g:iding nucl(ides.

dergury. _
After exceeding a{f";mt ,the seactor should shut of{ automa-

(1) Ose..ek and others present 2 special

tically (see Lit. (5) and (1). In

P rae - sqmEn s "

a/- spectrometer with which the fission produc‘.*.nty of the prisary coclant

Corl - - S 4
e yoome measured (m{//wn/s/7 1

' : }}Jﬁ) ‘ aftes : *

CESTRXTE
burt
Wtubes in the ====% 5eneratorrcx:.-:ir.a..ta
* rekass

secc“dary empmaie—s have SO for been entirely

show that the corrasponding

underevaluated $ . .
‘f ) X - 1
. 40 _

by 4 R 75/
: —— the individual erTer criterizn ®& a burst
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29% _ :

e-ator an additional breakdown of the secondary discharge

tube in a steam [en

valve in an "opex" or “purtially open" posi'tion is taken into consiceratioa,

PRPa——

the computations show an tfansgressior of the breakdown limit through inhn.lutio:‘.:

e ——
—

— P

already for Jod-131 by the facter 60 in the case of adults.

’._—“" o P
to the sistment made in the "Serman Stucdy of Risie"

. These results relate

controllec

nerator itself is succioxier

(3):

" A leak in the pressure holder or the stean ge

b - ~ " corlart '
ak in the primarly ecesia== line."

i R R e e v P > ,\ : .
Twis sta“epent docs not apply W to the breakdown cescribed

by the safety s-_ystims just as a le

-e ~ i » ok
-

above which in hﬁ;}upplicct‘.on of the individ?a.l error systw/we propose to

include as an interpretttion breekdown in the series of the breakdowns to

be concidered within the framevork of a guideline to Paragraph 3, Article 28

of the StrSchV since a spontamecus breakdown of@ tudbes in the stean ;enera-

' e ' M g #rishap
tor may not be excluced even without large transients (see the ﬁ se—

at GINNA, U.S . &n Fedruary 1982).

In connectinn with SeeeSSmetEacue=l burst #= tube mqs‘.nm gener tor
- ;
and brakdown of the secondary discharge valve inh“open

core melddeu i v
a - accident as a result of =% coolunt loss/ cannot de excluded.
. / g . -

" position amxe—=X
.

. —



. " womerd
This would r ult in the release opra.rt of the nuclear :”—y via the

'

seconéary discharge valve, === effect &= may have on the environzent has

alroady been exanined by the Insitute for Reactor Safety (1rs) (2).

In order to minimize the catas‘rophic conseruencu of such a breakdown

anr/'n &

R ¥ (the term “breaidown” has been purposely c'osen since thc‘mnowm Zme——

.

B results from +he applicatien of thc_indi.vi:}uql e-ror criteripn.te

the EeeaxeRIIIX coolanthlos's bru.kdc_wns) we propose == bu_ileﬁl A

/ -
J f conu;.ment for the nurnou of prtvn‘mg corrcnondzrz rclcases .-on +he secor

/ lﬁ; d”"[’”
' ry discharce va.lve frcm w the cnv‘.ronmc:'c. In this connection /vc

i
i! é-f: (msfrvr/,ﬂl

also wish to mention, of a subterranean safety tunnel through

vi
wiich the exhousf valyes e, release stean (4).

enucnces should be drawn {rom- the results

.. o- -

In addjtion, the follovwing cons

of the study: |

- The air conditieng Ei_/he switch plant for the centrel roca, etc.

.
-

retsis air mumidity (ca. 160 kg/h) frem the auxiliary steam systen. The

—
- e

auxiliary steam sysiem, however, will in accordance with the operutional

Je : - o
condition of the power plant’\supplied either h; the high pressure tap

“he auxiliary steam generatoer
3 '

systez, the & live steam system . or ===



b frmer 6n

in the event of a =X tube

This should be chanped i=meiintely since

: . 1£b0é'ﬂthZﬂﬁ01
m in the steam senerator the CoiVItY T im0 the livestean is

Y sten.

distributed over the air conditicning systez.

of¢ limit of the N-16 ﬁgml should be coupled to the reactor

" The shut-of
A a5 an/lﬂff( <
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M might be undervaluated.
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| T contuuous/

. might occurt.

L - T Torbire Aall releasts
- WM sheulé be
' I >
case/q sepeated cscsracr=xs Cillereness
£ [”l{‘rb
that 4‘/7'(/

nm,'{c h"-

{ by measuring instruments.

As long os this is not the

ne?cwaw 4v

N el T measurerments of ciammene 2nd immission
. . 1 "



o el S S W e eablen S

-

- ; g’

st pe unmeasured N

in in Obrigheiln weomsewv-—et excluded since ismescrmmweresx activity
ST rglc:'.ou Day Occure
q’ (, Za'i/;rr/l_lf)"
7-2. - : - C'ﬂ to 7.
(1) Osectek, D.J. Coztes, R.A., Jetmson, L.C., Killian, E.VW., King, J.Je,
. "The Pover Burst ?aci.l’,ty FTission Product Detection Systea."
N&C 1:51}:=~utgtiqq_ﬁcvieg-Q;oup lieeting July 1879 .
(2) ‘the riects of Serious Accié.enu“i.n.wu's ané AXM's. Reprint and
i " pphr, o S
. Interpretation of ¢wo confidential studies by. the Institute for
Reactor Shfcf} of Auru~t and November 1976.
33U January 1577 -- r 2 & e T
(3) Association for Reactor Safety,
a '
WGerman Study of Risk <% Atozic Phnts',." Tc'c').mi-c‘ai Velune 7;
Pace 36, Technical Control Board ?_qblishj.ng_'ﬂquse, Rhineland 1980
(4) Acesson, B.X., Bc.r@nm, S.G.ﬂ.,‘ 'Sa;:efors. K.I-.,» wP-Cave = A New .
Corcept for Underground Righ-level luclenr Waste gﬁ Repository,
Subsuriace Space, Nockstore 80, Volume 2, Pergamon Press, 1580.
(5) Jakobi, 5. Tr dowsky, ¥. Monitoring of Casings in Tuel Ilements of

Nucleas Reactors, KiK 1452, Octobter 1971. g I

.....




TR [* 2. The EWU Model does not assuce any elutration dermineralization

. release, and ‘hence suppresses 'uuﬂtul radiocastivity coniibuting
o dizpct unfiltered release throurh the roof of the turbine rell.
) 3. The ZWU Model assu'eS th~t the only direct release pathway s
_/-—7 by a Blov-off through the sefety valve. Tt does not take into
account releases fro= the high pressur« part of the secondary loop.
p-1-34 uzu:gpt'[om lead to 2 considerable understiaztion of the dizect and

unfiltered releases through the roof stack in nermal operaticz (2o Blow-off).

L. Tre diagrsas suggests leskages into”the tuxbine hall (with
the exception of the blow-off through the safety valvn)._h;mmn\’
to this is the assumption =made on the completely false prenisses in

S—

The text that 2lthough fodine-131 is released through the Todk-of the

turbine hall ( asd ac well as through the sevag), the W-16-scras limits

b iho concentration of iodine -131 in-live.stean %o ...._values decFeed by the

Federal Minister for the Interior. This pol nt will be furter discussed

R — . ———

in the chapter on the steax generator leakages.'

— ——————
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— gdee aey L
: \ Ve caa driefly say, thot the KU Model zust lead to a strong

i' unde:nt'u.i{i.o:n of rezl »e* releases. Ny vy
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