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1. DMLOIK!CTION.* *

q.6
The prac$nt study aims at developing a computer program

.

,

i '

for the determination of radioactivity in the seconda7- loop
.

i
Secondaryt

and the radioactivity release in the turbine hall.%

'

1
loop relen.ses have n'ot been until nov neasured technologically ,

1j
. heat exchanger tube leakage in a

-

i and are the consequene.e of
'

'

i
*

In Germany steam generator leahagea have already
.

stes= cenerator.*

i

1 . occurred in 19'[1, in nuclear power plants in Obrighain, and dur ng
t

1
,

the preparation of this study there were leakages in nuclear
] '

the.
, power plant in Biblis and Stade . In the Ginna reactor, in

massive steam generator leakages occurred , soo.

-#- United States,

' such so that the se'condary side relief valves had to be opened
'

. .

an6 radioactivity was released into the environment.:
'

.

The prog $a:- is' tenth 6'viththeaidofsensitivityanalysis-

i
4 . ~

'f, .

and th'e fidlu'ence' of the 'fc11ovind paranete s comp'. red with the
' . .- .. .

-

;-

... .

. . . - . .
, . . . '

|| selease raf.es'i
. . .- . , ''

|_
' - p ina$y loop'ac41vity, 'steem geheratoi

~

~^

he'ating tube le~aEa.ge ' , iadioa[tive deca.y'~consteht', steam
'

.
-

. . . .- .
-i

.

.

side and fr m the feed-1

release" rat ~e's fr6h~the 'high ' pre'ssure
} . . ..

. . . . . . . . . . .

(|~ vater dega'asin's, fe'sidue humidification,. (for 'instanc'e,' fn'
. . "

~

|;
the stea$ ge'nerator), elutrati,on, rates per. steam generater, *.

1t

| .
decontamination.fadtors .in th 'elutration decineralicadon plant

.. .

'
'

s
. *

J

as well as phase dist$1bution factors in high and lov"pressur-
,-

'

7 ..-

[] .
.

|j areas.

jl In addits on, load changes and radicactivity spikes' vill be. -
-

I '-

.. --

investigated. I)uring the sensitivity analysis the innuence of1 I
,

telease Pathways, so far not recognized,, 3
~

[ various parameters oni
!
,

i vill be investigated.
' -

of the
. It is, planned to ca_.i out realistic computation

.,-
.

9
,

\.

. /



.

* ' plant leakage in a st am generatsr. In this rattcr~epecial ,

: .. *4 5. -

*
.

j: . . .
attention will be paid %o what degree the officially fixed nazirum

s

i
J-131 fresh steam concentration shall be adhered to , and alsoj

i

what going above these values would mean. In addition, the releases
j ,

-

} should be assessed by emission calculations.,In particular, .

\
.

; we ai.e going to find out wheth r other nuclides, in addition
- -

,

,

1

I
to iodine-131 are relevant in secondary loop releases.

, .

'

! The functioning t,apacity 'of the N-16-signal, especially .

!
the connection between tre response ti.?e and the reactor po,ver

.
.

1
i . .

' will also be investigated.--

The sin 6 e fault criterion vill be applied to a coolant-loss,

: 1
2

caused by stean generator tube failure. It will bedisturnance
,

investigated whether the perturbations which result fron tube
,

failure vere considered in the accidents discussed, and what, ,,

',

j
I1 were the consequences of the=. Vith the aid of tha computer .-

, . _

4

.t
program the release of. these breakdowns vill be calculated.

.

> :
-
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Introductirn ,
,' ' " ' '

. .

Volucinous docunentation studies show that secondarya
-

<

1

I syster.s* of the German nucle,ar power plants with pressure water
.

reactors are co7 arable in their essentia.1 cogonent parts. See (1), ,j
.s

j 3 61, diagran 3 2.8. , principal, c'rcuit diagras of the na'.n he'at
. , -

,

3
-

removal systes; (2) diagran 8, outline; (3), diagran 6, waterI - .

}
.

$
stea= loop.; (1:) especially page 12; (5) esper.1211y p.32 diacra= 1,
- .

also'3,3 or h; loop install:tions in principle are' built in a
~

j, similar way, so that in relt.tse calculationsfor the turbine hall in
-

general only vary with nass flows and the varying efficiency of the;_
'

-_-
i clutration decineralization plants r.re taken into account.

.

-

i See (6),(7),(8),(9) and (10).~

.

In the investigation of the individual components, the research
:

is

van 8.as.d on the standard work by Karl.SchrBder (11). ,

F*

j .

i In the scenario or nodels development; dii:*ct conta.ct with theI 1

'

, . /

|j nanagers in addition to,the study of th literature va.s essential,*

. .

and also the examination ,of internal docunents .cf the miclear powerj
'

- .

^

plant at Neckervestheir. as well as .on-the-spot inspection and
:

|j
3 discussions at th nuclear power' plant in Grafenrheinfeld, at--

3
- -

.

!$ 31blis 1 and 3. . . . 3

.) As A reference [va.s chosen [ e.npp 31blis.31ock 3' See,(12)'p.36|| '

1 in earlier power plants. seine co=ponents are not corres-'' although
| .p

pendinhly designed. Biblis 3..however, has the advantage of correspo,n-|1 ~

.]

I
. ding to the plants in const::uction or planned ( construction line 8):}

|; so that the'cenputer progra:t developed by us is applicable to
. . ..

.. ,
,

* * them.
- .

.

-
.

s
.

. .
**

. ..

-

*
- - < . _ . _ _ _ _ . _ . . . _ . . _ . _ . _ _ , _ , _ _- _
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.

In the following pages va deal in detail with the s,cezario ,

.
,,

i' ' ' ,/ - :'

.
'

used I.n the study of t5e secondary loep of the light water reactors. i
>

.

In it we discuss the system-oriented as well as the operational
,

technical marginal c.:nditions. The'n follows ,a discussion about the
'

-

*

nuclide transpo1t in 5% deterr.ined nagnitudes - which are the
.

. .

-
introductory paraseters'important for the computer program. .

For'the nuclide distribut' ion a nathe. atical for:n:la is*

. o
deduced for local and nuclide specific distribution fators. ,

At the end of this chapter a section v'111 be devoted for th{;,
'

.

difficulties in information obtainement.
Sennario of the secondary loot of list water.

2.1.

- pressur eters

j..

1. On the one hand, it must reproduce ,the r.ain st::ucture

function of the secondary loop in 'a simplified and'and,

'

su==arized way, without falsifying or o:nitting the essential
*

characteristics of the system in its functional conte:dl;.' *'

Lk M. s% h w sk.

The scenario must r.ake the mathenatical-for=alation of
..

2.

the functional system possible.'
~

b
The secondary loop scenario is als: the result of a syst'em analysis.

U must contain the essential transpot pathways for nuclides and ,

It e
i

-
*

.

especially the release pathways.. ' '
i; ' t D A- .

Structure and function of the tressury water reactors1
2.1.1 ''

. ..

Tne description of the secondary loops - also~ called feedvater
.

.

- is placed at the outset for the co=pletion of the
.

stea:n loop'

st:uctural explanation and the way of operation of 'hr. nuclear'

.

power plant, with pressure water reactor.
.

.

*
'

.
,

!

9

*g

.
,

..

e G

.
- - - - - ,,, s t ~,,,-.,a,,.,--------.-n,-,,n-,,,_,---,-.,_,.,c._,- _ _ - , . . , - , - ,_--.n . - n--., n, ..
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The structue and cath:d of cperation cf a rntelear, power plant
. ._ ~

h 4 '

the simplified: .-

with pressure water re:.ctor is illurtntsd by
.

'*~
.

operation diag:sm 2.1.1. Ve see there three loops :~

.

which is an essentially closed heat-transfer.

1. Prirary loop

circuit in which the heat produced in the reactor cc:'

.1 is transferred' by the main coolant punp h from the
'

b reactor pressure vessel 3 via the staan generator 2
' .

.

Y (it most 2 to L steam Cenerators per reactor block)
' *

I *

4 to the secondary loop.
4

feed water heat-transfer circuit largely<

2. Secondary loop : thf
-

1 corresponds to the conventional power plants.-
* -
,

The feed water is pumped throuEh it h by the main
,

. .

feed water yLp into the steam generator, where it
.

is evaporated by the, heat from the reactor loop.
'

The generated stean d=ives the turbine instblation .'
.,

t ,

'

consisting of a high pressure turbine and "three para'1
,

''

.

low pressure turbines, and these in tu=n drive gene
.

-

6. The steam exiting from the turbines is condensed~,
. -

*

in condense: */ ty reles.se of its heat to a coolant
,

,a

j nediu,m,ad and the. loop is co:pleted. A= rov 10 sbos
.

.. ..

that during the operation stealnleakages " continuous:
,

;

, ,

occur through the turbine vs11 ro,cf.
4

-

,

! The main heat-transfer circuit is used to transfe
-

.

3 Tertiary loop :..

|
.

heat from the condenser. kring this operation,.
.

1 through t-1'

.

water is y= ped by the Ain coolant pe=p ~||

!!
condenser which release = about 2/3 of tse heat prod .!a '

'
f

|$
-

.

in the reactor core, to be discharged, as the case] '
.

.

9

be, directly into a river,, into the sea or .

through the cooling tovers into the atnesphere.

.- .
. *

. - . .,.

'
*

. .

9

, - - . . , ,_,._%. _ .. _ . . . . . _ . . _ . _ . - . . . , , . , , , , , m_. ..._m , , _ _ _ , . . .,,,---.._,,__.____.-_m.__,..,.m.+~w. .._ _ _ . , . . . - _ , , - . . . __
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Syob:lic Circuit of a Nuc1 car Plant-
,

s .: .' . ,'
Chart 2.'1.1 i' '' .

with Pressure Vater Reactor
' !v. .

> . .
,_ _

.* . . . .
.

.

10gl

.
* . , .

, \-
-

,
.(

fr_
'

.g 4, ]]
4

..>.

,

,

DT , O._,) ,- g ' . 36 '
-

-

. .
' .

,

L j.

f'
i< '.

.
' t -;

t r.
1

,,
.

1

; .

- ;
=J ' ..e,

.~ e i.-- ._
.

- ,g*
.

.

.

- *
. .

J,
.. . . . .

. .
' '

[ tL 7,,

-
-

.

. - .g-
- ---

: _. .- - --

_ _ _
- r. : - -

- -

1 .- .
-

_-i
- :_- .-

- _ _- _ _ .. _ _ _ : _ _-
-- ------ .---.

; . _ . _ _ _ . . _-
,

.
.

.

: _ __ _._ . .

|
., . .

. .

.; - 6 Generator,

. .

! 1. Reactor core
.

. ''

! ..

7 Condenser
.. ~ .

-
. . ' .

i Stesh ge'nerator ', ' - .-
2

*

... .. .
B, Main feed water pump

. -

i- ........,
. '.

3' Heactor p'ressu:de tank
s:

3

) 9 Faih cooling water pump
' '-

. .

14. Primary coolant puinp'i
:

10 Steam releases from the-
*

j ~. .... .
* -

t 5 % rbine turbine hall
}

*

' ~ ;-'

.

.

. .
.

-

fror. heat in nuclear pcver plants'

s .

The ceneration of: electric power> lants.i

occurrs in principle in the same way as in other the::t.a1 power p1 -

i
The' difference censists in. the heat pr: duction through the process

* ,

-

J
l hund ed radio-.-

$
.

of nuclear fission.Since during this oper tten severa-f
radiation could

netive isotopes are produced which because of their
3

.a
'4

i s,

il . . injuries, and constitute a risk for living organ s
!

~

"

cause poss
l minielze the release of radio ,,

' '

,

!! special precautions must be taken to
'

.-

Radioactive releases
active caterials into the power plant environ =ent.

, :,a
.

.

1 undisturbed operstien.
cannot be cer.pIetely elir-inated even during no: a

'

>
. :.

*- .,. e

- ye, . , - - - . . - . . . _ , . . . . - - . _ - , , , , . ---r. - _ . , _ , . - - .- ----.--,.-,.--.c .
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2.1.2 Structure and Function of the Sacondary hop. .

;'4 '. f - .
.

Structure and function of the secondary 1 cop are re; esented I
.

.
. .

*
. i>

I~

in a simplified form,in the basic circuit diagram No.2.1.2
.

*

.

m y 7
-

I gga . .
-

-
.

n T
'

A !
i/ *

; 17 ;- . .

' 'I
.

e v --

. v-
- -

u
15 . % 13. '

"A .

Ov " -Fead vate:
.

*

' I'"* cinuit-
-

Reactor heat-transfer
-

-

Jgcircu.it b .
.

..,
.

.
lI.

.

. .O. .
$ 9 e. |.. 12

-

i
-

-

7 9 . .
- .,6 m,.

. .

,

, -. . .'*
.

. -.
4

_
. . . . . . .

-
..

. .. .: ,.. .
_

,
,

,

b ._.,.._.{....< , ...
* .. .. ..

-

-
-.

.

; ..:-- -
. . . . . . .

..
..

i .. .: . . . . .. ..

10 Condensor -

1 Steam pnerator
- 11 Dischar p 'for condennor.;

- ., ,;j -
- . . cooling water,

,, , .
,

1. Pressurizer
)

-

.
-

;- :. .

| 3 Pressurizer emerpncy relief
.

12 Ihlet for condenser;
*

valve and blow-off . valve . r cooling water-p -
..

]
.. . -

.

~

f h Feed water; container ..;- - 13 Turb'ine~
-

.

-

1, t
a . ::. : ' . 1h. Steam'hypass.equipmen't

5 Main feed water'
- ,

'

;> .o '

} 6 E=erpncy feed wate9 system - - 15 Main stea= valve
- ..

:.
16 Tc:bine sarety reguiat'e'r valve

-

1
L 7 .Eydrogen recombination .ta.:*

.

9

j 8 Ma.in condensate -flow
17 8 tees safety valve and blev-off

,,
'

.- Talve,

|] Condensor cooling system - 18' Stea= e=.issions f. rom the
-

') 9
turbine hall

, . . -

! . . .-

k
l

Chart 2.1.2 : 2asic circuit diagram or the reactor '
-'

heat-transfer circuit and the feed water steam
'
'

.

circuit
.

.
. *
. .

' . , .-
.

'
. ,.

, ,
. *
.

.

, , .._.,_.__,_,,m, i,_.__..-_...m. _ _ , . . , . . , , _ . , . . - _ . . , . . . . _ , , , , . . _ _ - _ . _ _ _ , , , . , _ _ _ - , , _ . . , , , , . . . _ . _ . . _ . _ . _ _ , , , , , ._
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-

. . *.
- - . .

the transfer
. The fune.'6.n af tha etcam and foed water ryst::ss is-

. .. . ., .. ,

- . . .
.,

- ,

of nuclear beat' and its thermokinetic transfor=ation into electiicity.
. .

,
'

'

The ir:portant operational slements are the staan generators, turbine

electric generators and the steam condenser..

and .

As we hr.ve already sketched in bilef, the fresh staan generated
'

in the steam honorators leaves the safety tank through the fresh stes:
i

.

novs through the
provided with relief and sa.fety valves, andpiping

turbine valves to drive the turbine unit.' The stean from
,

this operation is condensed in' the condensers, the condec ate nod

| i- ~
is collected in the condensate tank and returned by the rain condensate

. .

pceps th:fough some prewar =ing steps into the feed water tank, and frem
-

.

!
'

. ..

is pu5 ped by' the rain ' feed vater pe:pr back into the steam8
..

;
'these e

.d
generater. Dx:ing t}.is time the stead for the 'prevarming of the

-
*

t
' condensate' is tapped .' at various turbire stages in the way convent

i ..
.*

.I .
. ...

-
.

. ''
.. . -

: to all'ther a1 power plants..

...n .

}
- The compidte techno16gi'esil irepresentatics of thp secondary loop fc

- .i .
.

.

.- .d * .. .

1 . within the circuit diagrams : .
.

. ".. . .1. .. . ..

' ''' '

' 1. re'actoh heat-thdnsfe:6 ciihesit '
~ '-

' * -
i

- . .

' ', .
. . "' .

2. main feed wate'r's'yste:n .

1 . . *

'
I

. .- .
. .

3. emergency feed water system
^ ,

.

1:.' hydrogen recombination systen
A -

..

a. 5. steam piping system.e
I

Each of th'ese circuit diagra=s comprises about 6 -. to 8 DIN li pap
-

a .

. .|

(See Gerr.an Beactor Safety St$dy, 31bliographi No.15) with several
j
;;

l
1 h.:ndred components.

.

>.

[.
'

.. ~

It is not meaning ul for deter =ination of releases from the secondD f. .

loop to go into great detail about its parts or their technologi

Asthefollowingsectionfhows,itispossibletokeepthe~
aspects.

' number of,ce=pon'ents suf f feiently small for comprehension (treatment',
.. ,

in a scenario.*

.



__

2.13 Levelow nt ef th7 werkine nodel'
' *

.. .

*
. ,

.. i . , ,

. . .
.

The pe==anent study- serves the following pneral ye.rprse :
.

"

. ,

the co=putation on the basis of the pri=ary loop radioactivity of

any radio nuclide as well as of the staan enerator leahap, the
!radioactivity of this nuclide, the radioactivity flow
Ispecific
i

' etween two connected sites as well as the releases resulting f:cab
- _.

them free the secondary loop at any tine and at t.mf place of the
.

secondary loop.

~ The following restricted functten is relevant to the node 1
.

,

|
-

. . developnent within the syste.i analy. sis :
,.

'

i -

On the b' asis of the primary loop activity of any radio nuclide asm_ .

well a.s of the.stea= pne::ator in.a state of equilibrinn and for a"

|
dete==ined operr. ting. trans:i.ent, the.cenpc.tation has'to be' unde:Eaken

of. the specific radioaativity of;this nuclide --for relevant
.

| - "'

?.
- - --

sites and for releases fron..the 'secondaty. loop;:
. ..~

-. "
"
>

The task of uodel developnent .consis,ts. in 3:ssenting.a-nodel'which '
-

1 -* '

o'
-

can exactly s,ieulate. continuous space / tine distribution of any radio4

!
nuclide in the. secondary. loop. With regard to tine distribution, steady -

state activii;ies.and d.n special cases tine-dependent transient condities:
' -
'
-

4 -
rust be taken into consideration .

4

. .
~

With respect to: space distribution'an .cypropriate . selection of sites1 *

d
stean'systen =ust be made.,i

in the feed vater -
It
''

|i d=ucli eru: t be dete==ine.d which =agnitudes fer.the
.

-

4 Furtker,itL
.: _ .

transport are essential in the seconda.y loop 49

] .
' Vithin the framework of nodel d.velopment the following nuclide,,

|j
>;

- specific and non nuclide spesific dete==ination magnitudes are taken at-

' ,

,,

;

the start :
e .

|" <
S

|

l- ,
.

' .
-

.
.

.

r-- -- % % # , , - - , , --..%.. , wm:4e---- - - - - - - , ,->~w,.y , ,- - - -- --ra - --wwv-v-w-- - --w- -w w-9 t'w-



*
.

1. Specific trims.rv leet radicactivity and et 2am remerater ic<aha.n.
*

** 9*

. . ...

The specific primary lo$p radioactivity is specific to =uclides, tho'..
-

steam generator leakages are not. These two magnitudes go into the radioactivity

The present narginal and intitial conditions,
.

.

- computation in a linear way.
-

which affect the height, but not the space and ti=e distribution of the
.

- specific nuclide'activ1ty.'

.

2. Mass flows and steam emissions
-

,

Idss flows and steam releases srs.not specific to nuclides. The " radio
r . *

nuclides carried through the steam generater leakage into the serudary
f

I

|
,

! .

. . loop are carried with water or staan; they are distributed according to
.-

This is expressedi
the n, ass flows of water and ste'am-phases a=o:c other thinrs.

by the fact, that for each w.dio. nuclide, specific activity, thus the nu=ber'
i
1

of decays per time unit and = ass u=it (rest inci/t) is co=puted in each
.

as relevant , &==sidered site of-the-SK. - - : .,
,,, ,,

3

3. Phase distribution facter alpha or decent =~4.ation factorF DF
!

-

Y
~ Factors . alpha and,M are. specfic. in,nuclides and indicate in what.

.
,

c ,

l
i

quantity a radio =aclide:re=ains in,the transition phas.e of.evaperatics
,

-

::
i .

or condensation,in.a fluid.or $.n gaseous , phase., Thus, for instance,;
!

which.is ionized in as. evaporation process will ecstly remain
1

.

<

j ~ a nuclide

irh., fluid phase. Factors alpha and DF depend on the cher.ical and physical
j

properties of the coni:dered nuclide,..as well as on technically indicatedlj ,

pH-values , .etc.
3 =ag=itudes of pressure,'te=perature, stean hunidity,3 .

3
1 deta.iled description of th magnitudes determining =aclide tra: sport

~

'

will be found in sections 2.2 a ci 2.5 'of the system shalysis.?

cathe=atical.

Since the nedel develop =ent is closely connected with -
]
;) ' ferrulation, =athe=atical description or solutio:1 state =ents let"

. .i
-

-us consider the co= pater program here before chapter 3j
3
1

#
.

e
a

e
* e..

e

, , - .- . , -y -. - - . , *._,.-,w - - . - - - , . - - m . . - - . - - , , - - - - - . - - - . . . , ,,m--- wv -y, - - ,. m, .-. . - -- . - - - -,-.--



' * . .Th3 fc11cving basic physical assumpticas determine the mather.atical
. . .

.

** *
.

* . . .

*

trestr.ent :..
*

i
1. The mass conservation law or continuity equation applies for the

.
-

L

f
,

mass flow or = ass current density. I
,

l 2. In the Sk-Systen (rodel) there are no 6ther sources for radio 1

I I

i

melides ou'tside the staan gene:[ator leakages, given by the leakage
j

loop cencentration of )
rate in the steam generator and in the prinary

.

cific nuclides. ,

can be estinated from ,e

For each site in SK the radioactivityt
o

3

the technically given cass flows by linear differentini equation.
s

*

The radioactivity distribution for all parts flows as the solution,

3

of differ ntial equation systems CIS-Systems 3.*
- '

The nunber of places to be taken into account ' deter.ines directly
'

the exterit of"the'IE-sy'ste= and the 'erpenditure' for its solving.!
~

~

l
The folloviiig places"have b'ees selicted as indicated above..and vill,

I
be explained. shortly (See-dia6ran 2.13 and diagran 2.1. :).-

.f +

,
.

1.IE - leaking
.i .. ..

'

! ,

2. De - leakproof, , ,. , , . , ,

4 , ,

.| '

-
- 3. FD , fresh,stema .. _ , ,

,- , _ . ,
-

.
.

I) h. High pressure.ye.=bine , .. , ..
..

'

4
5. Water separator o= trap / inte::5ediate,sure:heate: .

.-

'

.- - .- .

I
6. I,ow. pressure turbine

?.j -

: .
-

:; 5. Sondense
,

j
,

8. Hot well - ,

.
,

.. *

9. Teed water tank'l
10. The blev-down flash tank (elutration stress-reliever)l .

-

11. Elutration de:.ineralization (elutrat on de-J.neralization)
;j -

- ,

.: .

..*
i 12. Su=p

13. At osphere
. . , *

e .

.

## ,e. . og . e
-

. . - . . , . - _ , , , _ . _ , , , _ , . , ___ . - , , _ . . . _ _ . - . . . . . _ , . . . , _ . . , , . _ , . - _ _ _ _ _ - - . . _ _ - - _ , , , . . . . . _ . , _ . _ . . , - - _ , . , _ . , _ . , . _



. .

,

.

-
I n. ,.

. .Vith rerard to 1 and 2 * iL
*

~

thesteamgeneratorsplayfcentralrolefran
,,

, -
.
'

s
on the one band, the steam generators are thetwo points of view : i

|..

. |site in which radio activity is introduced from the prinary loop
.

..

On the other hand, according to the elenent and the1

into the SK.
;
_

chemical-fczn in which it is found, the increase in the activity~

'

in the fluid phase occurg in the evaporatien process. Hare the
)

,
__

pressur ,- tenpe ature and the residual hu. idity are of decisive .
.

5

~-
*

r _
. . . ,

irportance.

This phen'omenon, which rests on hid. differ *nces in so ubility
'_

-

of substances in water or stean, vill be described in terns'of the
. . .

1

aforenentioned phase distribution.and decontamination factors.
-

? - -

(Seesection2.2and25-). ..

t leahage
,, Ve proceed from..the assurption that a stean genera or,

. -

j ; generators. Thus,'
does not occur si= alt @ously in all steani

j '

_ in practice so far the;e have.b,een one, at the most- two, .stea:L generator-

]
-

reactor.
leakages among the four steam generators to be found in the.!

**

The seenario nust.as.s.u.me exactly two sites of stean generators, cf
,

.

,
. . .

1, which one is intact and the other represents a stea= cenerator with . . ,
.. ,

.

-
.

-

I
' .

.. .

.

heat exchanges tube leakaSes.1

i
.

Vith resteet to 3 :

.
*

ti;e fresh steam generated in the stean
. ..

1 .
generator is dried and distributed in an extensive, piping system. .

.:.... ..~ .
. ..

a '

.

fresh stean into a stage is based on-

; The practice of . introducing &

the consideration that the fresh steam tubes offstea= generator
,

.i
I2

before its entry into.the turbinc
|3 connect into a gath ring line
-

(i ~ vhich will influence the radioactivity distribut'en. Further,
sore

.

of the already collected fresh steam will be diverted rnd conveyed .~

!i
pre-heating into the 5th stase, bypassing thefor the purpcses of

turbine, i:;to the water separator and into the internediate supe: heater,
.

* .
.

_

_ _ - - _ - . - - - - - _ . - - - - _ . . - . . - - - - . - _ . . - - - . - - . _ - , , - - - - - _ .



. .

and from then into the fccd vatar tank. Tnis is i=portant b:cause cf ,

. ' . .. , .
,.

. .

its feed water degassing d vice for the relsase ec=putrtien. f
'

- ~

.

.

- Vith resseet to 14 :
.

.

Fne hi5h pressure turbine should be seen as a re-

levant site because , on the one hand, it ec=stitutes a mass now distributic:

junction with direct inflow into the feed water tank thanks to its

.

==merous taps which we have indicated, and on the other hand, it changesj

the r.agnitudes of pressures, temperature, steam gaadity.and resitaal
.

.

.

hum 4dity relevant for the phase distribution factors. ,,.

- With resteet to 5 :

' .

As with the high pressure turbi:)e, so also! '

,

k the water separator /and intermediate superheater represent mass now'

|
branching, which innuences radioactivity novs over factor alpha withI

-

!-
s

direct inflow into the SV tar,.k. Pressure, , temperature and hc=idity
. .

:
i

centents of the fresh steam are also i=nuenced by these ce=ponen's.
e

,

e' Vith regard to 6 : see la , , , ,

. . . . . ,
~ ,,,

''

- -
*'

.
' ' - -

'Vit'h re ard Hio 7 ':-
.

* .
.

the cc'ndenser 'is 5n-operational and safety tech =ical
~

7

",-

power plant co=ponest 'b'ecause it -fulfill's a relevant function' 'of heatj
' ~ reacter "sc'rs=" - or'a' turbine''i removal, for ' instance, &aring a- -

.

tr'ip out'and ope:ates througE 'th'e bypass stat' ion. 7trther,- it constitutes'
'

l
fit

linkage of the tertiary loop vith the r.a.in water loop.|t
:n ~

a] .

7 Condenser leakages decisivel'y inffuence tub'es of' the stean generater.
,

.

I.

\
f /

Firum17y, an essential release pathway for noble ga.ses exits from SE.i I
.

j (,

i h' condenser absopption.
N

|i throu6
n - Vith resteet to 8 : .

1'- ,

the hot vell represents the central point of

the mass now. ''ere the r. ass flows collect frem the 1 elutration (blow down)|I
'

* .

.

. * -
,

e .

, _ . - - , - - - - , . . - - , , - .-.,.-------,,w-, w----r, -..-..,,,,,-m,w-, ,-n-------.-- . - - , --w -

..-,.rm.-.-r, ,. - - - , . . ,,



-4 e

4:=in ralization, itv precacro turbine . taps 'and cenAensate, and nov. ,.
* *'.- .:

.*- . ..

' from the hot vell ints''the fe:S vater tank. In,the hot well, the

hydrogen reco=bination is in additton resupplied as a sakhp for the
'

.

water and staan losses.
j - .

4
*

| Vith resteet to 9 :
.

A di' rect release pathway goes through the .
.

:
feed water degassing into the etnosphere . The feed. vater tank in

addition is a mass flov junction point, with.a direct line to the staan
i
:
. generators.

. . . .

' ..

|

i. .' Vith restoct to 10 :
: - -The blev,down flash tank serves the presrare
.'

:
and tenberature change of. the steam. generator water"to the values

'

required for the' blow down flash tank indtallation. Iuring the
depre.su -

.

3..izati the wate- in the . stean generator is Eenera ted,
'

, _

. . .-- - ..

which is diroctly conveyed .into the feed' vater tank. This = ass nov
'

;
'

-( .. . . . . . _ . . . . . . . . . . . . . _ . . . . . .

s . is decisiye in .the radioactivity of the. feed w,ater tank and for its
- .

4
t . - - - ..- . - . . _ - . . . . . . . . _ .
.

- el'ea.s e . '., s'

. - . - . . ... .. .. .

$ Vith-respect to 11_: .. . . - - ,,
-

,

4 -..-.-.--.....1....__
The elutration de=ineraliiittien serves to hold-back :,

c1 . . . . . .

J -

___nuclides.in a cr.ystalized state.
__ . . . ..

.

. . . ~ . . - . - . _ .

O
~ -

-

] Vith respect to 12 and 13 : -

. _ _ . .

,
'

. . . - . . . . ..
- _The su:p. and atmosphere represent

'
-

.i

re'ceiving phases for the water and stean.
(s The modell. opti=ization describ.:(above takes into account in brief
-

q

l the following rrginal conditions :
4

j; .

- the deg:ge of specification in the descriptien of the reactor
l.j

- -

technique .

- dete=inant cagnitude of the $adionuclidetransportation
i

- r.athe:atical for:Mtion statenent -

-
- v .

)
- probles adopted IDV opti=i:stica (locatien, cc .=tation, time, etc.

.

.
.

L.
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.
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.,jt.1.h . Cr:tratation of Radin P: elide Nasie .s for the Secondarv
.

"-

.. Loop
.. .

The result of the scenario development is shown in ding:sn 2.1 3
.

As the r. ass flows are shown, the ce=ponent relevant for the,
.

b &'
- .

dete.+he of mass flows and(viring system gz'e included.

The scenario of the seconda./ loop for the co=pcter 7:cgran is
-*

"

~

derived fro: diagran 2.13 and shown in dias:sn 2.1.h.
,

f,
It beco=es evident when we ec= pare dia6:am 2.13 and k that the ,

....

f regulation and safety technical co=ponents such as tension va1Ys,.a.

shut-off valves, sa.fety ac.asseries are o=itted or su==arized.*

L-

. Parallel piping' in diagran 2.1.h is eItha: o=itted tecause it
.

- ,

,

is of no importance for =nelide transport - or s.:= arized.
*

-

,

Three release pathways .have.a.specini importance for the releases
,

. . . . ....

. . - - .-

into the at=_esphere , two o.f. th.em .t.a.k.e. place not through the ventilation
.

. .. .

.,. . . . .

. .... ... . . ..._.
chimney :

.
,

- -
.

. _ .

1. The main. leakage point at high pressure points, from which even in,,

-

. .

~

no:=al operation, enissions are relea. sed are indicated by
.' '; . . c-'

.. .. ,. #..

- the-following brackets Ie "I Indifidually, the
._

~. . ... . . . .

emission points are to be understood to. include the following
.

,

' components : high pressure sunp hole :beiease, with 'its standing ,,

vent into the turbine" hall roof and leakages f c= various waterproofings
. .. . . .

4 r
U

^

-
.

-and glands. :
., ,

\ 2. E=issions f c= the feed va.ter degassing.For rer.sens of water chenistry
'

' '

. .

g

the feed water ccst be freed as cach z.s possible f cm dissolved cc resive
G

f ^; cas'es 'ach as cr/ gen and canbon dioxide. The 6 aces are re1Vseds

.

through 'bbine hall roof with vater steam as the carrier gas .-

(withoutsmo%ccooler/vaste
vaporcondeuser)

-.

In this, case it is i=portant that.about only half of the cass flows
!,

which are diverted " fc the puipose of de=ineralizatics from,

.

stean generators . reaches the de:inerakli:stien installation.
.,

!
.

. .vl
.

.- . . - . , . :- _ . - - . _ _ . - . - - . _ --___-- : . --_.
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Placesincomputerprogram. . . ,
' ,

.?

'3$ot'well. '

1 IE - leakiKg - # .

' Iced water tank2 De - leakproof . . , ' 9
.. .__ .

.

. 10 The blow- doyn flash tank .

,'. 3 E - fresh,rsteam (elutratien stress-rel$srer
I; Highpressuretubbine...' . 11 Elutration demineralization~

5 Nater separator or trap /
.

,._ , . _

intermediate superheater
12 Susp

6 Lov pressure turbine.,
- --

*

13 Atmosphere .

*[ Condenser

.

S',5 - Feed water decassing
-'

,
~ ~

EE - condenser evacuation
.

Model of the Seconda./ loopDiagra.m. 2.1.14 :
for the Cc:2;.:ter Program*

.
. .

.

*

.
h
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. . '1 *: Sten: generator -
} 2 ' Stress relief of the elutration de=ineraliza. tion
1 3 Cooler of the erutrition de=ineralization .

..

L Cleaning e-| ten of the elutration desineralization
; - 5 Hot tell' ..

6 condenser!) -

LI - J7- Feed' vater t~ank
~

- -.

.

|f 8 Helease pathway : feed water degassing*

' ihta th'e atmosphere* -
,

4
-
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Leakage in theIturbine hal).9;, .
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.
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x[{(U,} Blow-off throuch ~*.1 .

ventilation,

,

$aI*t{
*

- . ,

the safety 4 -
-s

b, f valve ,g' |8 .g1
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Turbine . .g 9- installation * . y condenser |#
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'
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og Radioactivity concentration.
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.

. .
The other half cf this mass fity re' aches the feed tank tsfiltered, !..- . . . . .

,

In cases of staan generator leakage, radioactivity goest directly. .

!-

into the environment throndi this pathway via the feed water degassi=gI

f !-

|
'

I,

(Seediagran2.15.). , ~

3. Releases from the condenser abserotion?
i

"

Noble ~ Esses under pressure are released through the hot ' vent.

2.15. Theoretical Co:-earisen of the Sk Model vitb the s'econdary.
-

I$on Model of the 1Tnion of Nuclear Power Plants (IW)
- .

( . '
.

|
At the completion of tb6 systsim analysis we =ust briefly',,whol

.

the SE Model use by the Union of the Nuclear Power Plants (IWU).t133.
*

6

f *

The theor6tical comparison is infor=ative on the one hand , becauseI .

3. .
-

., . .

. .

the~ZWU-Mo' del found'ac6eptance"in the evaluation of nuclaar power -j
1j

] ' plants within.the legal licencing procedure, en the other hand, because

the comparison,illuminat.es tne .i=portance of the system analysis. It is#
.

l evident that a~model,' in principle, cannot t5ke the release ~ pathways '
4

f all ,the relevant System. magnitude.s _- in.thisrore,into~co$igeration..
,

. . . . . . ....
~

.. .

i -
case the transport of.nuclides-16cluding., release pathways the derived = ode 2

' . .-. .
~-

6
. . .. . ..

cannot co. pletely comprehend fragmentary releases. - -;

, - ..

T1 e XVU ,diagra= for the computa. tion of radioactive flows in the
.; '.

'

'

I secondary- loop is represented in dizEran 2.1.6. ,

l?
.

U
1 detailed comparison reveals :

3
The KW - Model has no feed up water tank, but rather a, condenser,A 1.*

.

-
1.

- ,

and hence no feed water degassing. As a censequence all of the live
-

t

)
><

f
staan goes into the condenser through turbines which cust lead to.

the overestiestion of those releases, which ex.it thr ugh the. roof

!i .
stactandthus in a " centro 11ed" way.;.. ~ "

,

.

(.

d b *

M lh .4% h[ |q

-;G m eewt h A OwWy h wten w
/,

v

r c y 'g h ce s d.pt % .

. .. . ,

,

|
-

. .
..

, - , . - - . , . - . , . -...,,c.,,- - , , - . . . ,,, ,-

- . - . . ~ , . - . . ,.,__,,_.-,,__~,..,.---,------..w. .
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f% - . Energy and Naturni Reosurces
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.b- Translation (German) -,
-

1

i
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CGGUTATICHS .0F RELEASES AND EVALUl? ION IN 33.:facogy3 cAg33gt 6.
3Y SURST TU3ES IN STE!J4 ongpaTogs

-

I
5

.:;
Introduction' ..

|
- - ,

.,

- tubes in steam cenerntors must under certain marginal
'. ..:.

.

)
~ The bursting of.4c:|:

~,'
|4

s

evahat-bl-
conditions be

*=ar as a breakdown caused by the loss of coolant.$ *

4 .;g .
.

.

--

- breakdowns in steam generators we> -

Accordin5 to t'e nuieber of ~ .
'

;-',

d/ikers.-fyff tween =inimal and. s=all breakdowns caused by the loss of
-

i

LL bey may C ._
.

~ . . . //g-*

7
.

~p'V}&.

As a result of W breakdown: in steam gene.-stors c4-_'
-c''

*~'

:.~ /
|i coolants.

.2

ecMdary bth 5YnG|luled$ ,g
-- which part is relecsedi

. . .. . Q . -
y 1 mary coo.t. ants _ c h':

- .

,-

into the environment in certain breakdown sequences.
- .

()
.
~ -g is

- . . . ..

In Section 2.4 it was pointed out that creakdowns % n.c

j
.

.

M .
. , _ . , . .- d in the Federal

.
-

steam geno. ators may also occur in steam generators use:1
<

-

-
.

4
..

luatic.-

Republic of Germany and must be taken into considera*.icn in sett eva
.

4
.

*
Ede } red /r/nt hsim.rpra'neferS 14W M!soI

Feders
The viewpoint that constructicas nno maGFials used in the

'

.

i
2 .

. . . . ' - -~ can no. .
w..

. 24, r .=. . -
.

'

. Republic of Germany &
.

'l ,

s

.
,. . i.

lon6er be maintained. '.YLy. .f.AR
.

.
-*-'-

W. ~~ W ' :$ : . .4.
-

~
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leaf ,
he Robert 7. Ginna (U.S.) pressurised water reactor (1)

.

T
at tThe-

at the beS nnin5 of Februa.'y 1982 shows in agreenent with enr results that
.

i j

the breakdown of R tubes in stea= generators =ust not only beyiewed
.

:'k* , Dursting of the feed water 876, and } dt.*.

connection with.-
.

.

..

. ,

.,
live, steam line, In the case of the Ginna reactor / secondarf

discharge .

''s--
.

Nc.
' valve) opened a few minutes after .the, bursting of M tubtris.m ster.m generate:

- . <
.

as a result of which saurc piticactive particles were released 4;6 8eravffcspjeffl.
"

. .
.

9 M - relu SP;j' - ' ., the primary h discharg,e valve
*

-

- * In order to minimize.F= ,
9

?

| was open d a.few , times -and closed 'agai - .after-it. .was opened.for. the. fifth.

-

..
f

-
- - -

Luckily /.time the. valve.. failed.and renained in a " pas,tially open" posit, ion.
- -

.

1 .}re.dlen
-

] 33 hours after the ' the' reactor was -brou5ht under control by a1
.

~
.

;'.

. .

't --,
,k

-

cold shutdown.
'

. ~ . .
'

- -: - - .-

!i
2
..; s

//rnEjestz-'

' =t points again to-the weak point . caused]
~ ?2[' Af ter F.arrisburg/

this.=-
-

.

[ by " valve failure."
Jtecl! Join inyvwesn

|*
-

L! 'In the fo11owin5 chepter - ' m , caused by ruptured sst tubes in ,

|< . . .. .
.

steam generators will be discussed,-ualitatively and cze cuantitatively y
.-

n
O

It shows
application of the concepts of individual errorg (2,3).

. ._

.

. .
:- - - - - - .

.
.

4,-

1 d,. .k.-

-



'u*
- . . , . '

?* ' ' ' . .
'

., ,
.

+-*

.. ' w- - .,
- ,n-

'.E.' .}.-:
- .

*- . .

_ *

- that in accordance with ths re5ulations en e radiation protecttcn the
/

/
hT&$$ito have cons}hl;:& been ocre ktl k } & f'

. ade.insible b--.._ . -M, cut-of f values

-
N eF .S!Vd N3 ' / 4re d /t*

In addition, there judalame--a critical discussion 4 :
' ' ---

.

.

cani-J d *
-

h by the Baden Technical Control Board (4).
\.:

- '
.

._, 4-

' 6.1 Application of the Individual F.rror Concept in #:=-Ns Coolen--
. ..

ss Accidents Causs'6b$sh - Tubes in Sten /r; Generstors~

c

.
. nuc.UJ~

In the safety re5ulat' ons .for ='t* . plants (2) and %;rinciples 'fi.

,

.

,

.

E
~

.
;

[ the:applict. tion o' fit.he individual error critsrid.1 (3 ths Federal Ministe
.

i ~? en 4/k*dul ernr arsite n.w.edW
^

-

the . Interior has, established.that Kpost. neat =m = sci discharges aft*

[
-

:
,

. . ,

-a

''t~ ~ : -
--

.~

loss |of.. coolants .
t: .

l

~

S eXad orcedsty |f:
'

' *

.
.

GAM ., . :.
,

Safety criteria for'AcA6g Plants, .
'

4

I

.Se.ction 4, Criterien: 4.): -
' -

.

" Lt kt sis:4 pRer ces/ sat 4-ms: ..

A reliabic and 'redun'nnt systen for the ener5ency cooling (energene,

1̂
. rociant

cooling systen) of the reacter core in osses -~ pg riust be~~

+nk $*tA|5) $ Q ffy r Q$c -*
. ~

locations of,

avaiialle/in such a =nnner that A (eme sizes
a

55Ek.ruptur p6ints, working conditions and transients in the reacto

% .

I cooll.US s7 stem
. * '*< .

.
. .

,

-- - - - . - - - - - - . - , , -
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.

*
.. . '

.faR/'- e/enGIm
=

7
1. the emergency cooling'syste: (ill - ,

-

l J_- ,_._ i -
2 - ' - .

; ,

. i

der #Not6
.m:mbe niso during =aintenice work and@ si=ultaneous ,,, - ,

4.

'-

.

of an individual error in the systen.
.

.

2. the specified cut-off values ;,__ . for & fuel elements /_

1

,

. .

Ins 6 ( M l*tprs. }c,, .
- ,

=-- - = . h . CA eenipme'4 and safety ame not exceeded.

1h-
. .

3. (che=ical reactions be limited to a degree suG2D absolutely
- . ...

'

safe from the technical point of view. - -

e . .
..

.

.
- --

. . ......: - -
.

plants whichP' In the interpretations .tn. the zafety criteria for , ='
.,

.

,. . . . . . . . . . .. . . . . . .
:. .. . . .- . ..

~

have the same si nificance and binding character as the safety criteri ,.J #- '' 5'

, .*;y
. .

. ..
-

s.- ..

. . .
. . . . . ...

.

the~ application. of the individual erior criteric is specified as follows'

: .

- . . ..

'

IN~ under Point (1hb$k $!Ah Ver}dinis
: .

i ::.. . . : g '. : ....::..i -
- .

"':he individual ercer is consiered to be'an accidental error which cust'

4
| .

..
,

.

. not be ecuated with as error that occurred as a result of the operational
?

}a & .us/ ph AllcGonS./An error- f''
.

recuirements or additional W - - ~ .. _ -_ _ r. An error
,

/\
e.,

exists if par,t of the system of the safety installations does not
>

1 . -
,

.

--=i "''
2^ - functiorg properfy during operatien. A possible W'

'

I' ...

-- fI W1, am(k.W
d-cm error in the' "Jasme false operation "' =-

-

N . . . . . . . . - . .
. .

,

, ,.

. e6 *

..
- . . . . .

g
. r,** . *

*
-. ._., _ - .--
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7. -f.V
- . .

$.
~

. :'p - .e. n
-

-

.. r ;

2'
1safety installati,ons :::ust be equated with an individual error.'

!:
I

4n MS//htIf .

.

Generally reasons for (_-H error must not t,6 given."
-

t
.

. operational
The term"part of the systen" covers all the parts of th b h

*
~

3)
'~ ~ Qas4 |f mrr6&crf, re/sw/sth

-
.- _. ._. " ~ ~ ''m:

unit itself and 4pe supply, adjustnent and aunnaryYnssa.uang..
'

.

; - :

C ' N .:-- _.., lor 2aK its safe operation , .

-

.

If the breakdown of a gut tube in a steam generator is *ealen considerecl
.

-

fp loss we must regard as an individual errorj
- .he cause of a coolant iinse:

~

the failure .of' a secondary ath discharge. valve ( failure to close.

for instance /
*

. ~
-

.

after it has been.o. pen.e.d) in post. heat discharges.' .

.*

.
- - - . . . . .. ...

.

fM . A s'

..
There are' % .reasop,s {foz.instane sulting ,effect of a twc,-phase-

'
, ,

.
. ,

.
.

/
, .

; ,c _ . '_, ' ruptured
|

flow) - U % ~_ _m r_' .~ :S -
-' *

'
'

-

.. . .,

s . '
.

'

:. *

f' .'' .g(yfc5 .

y '

j - 1-- .': in stean generators.n7st Gus'/ml//fg/zg ! .

,

.

l- d s f .

This % the followin5'88"'*R5* In'n/elpag Sefp////2 |
t

-
,

,
4

'As a result of the bursting ~of a tube in the stear. generator an excessive
,.

.

j\

| ;-
!i Iorsft.9*$

ouantity- of prinary coolant enters the secondary loop and
;--- M the pressur'

.

\

there as a renuit of which he discharge valvej h/rfg/vlS.
.

\'
-

The discharge valve of a defective steam generator bre ks down in!

i

&
" - g position of' "open" or " partially, open" w ; 1- 9 (indivif error).

: -.
.

.

_ _ . _ . . _ _ _ _ _ . _ _
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Ti:is lend to the relehse of radioactive substances i:& & ein'In:opiraf .
,

.
' .

r%.

'

- .
.

..

.

.
=- - . _: _

' - +
.

lbr) tral %rn &pmtdY~~ -- =

- Sr.zakdown of a Rtube in a stear generator (triggering process)
, *

- . .

- Response of the secondary:sElih discharge valve of the defective
-

. .

1

T. ~ steam generator,.

p.'

- Breakdown of the. secondary e discharse valve in suc a po:iticai

j -

.

.
..- .

: . ..

of "open" or " partially open."
.

(Individus.1 errer)-'

\ .- .:e -'
-

,
.,

results from the applict tion of the individual error criteric.;;. to the post
,,

t .

: ?
* ' - ' ' . itcpVtk'

$
'

.' '

heat disch:rge in coolant losses;z- ' ; the fip two. . - - .w. --
j i,

-
.

. *
t ..

- -

' \ . .
. . . ..

-- .
.

.
.

g||2. actugr 11y"happe. d at Ginns, U.S.'

' ytre . ., - ' '}g.gpdttfn .refpmie; as well as the .mp| & t.$' * c
A .etiled <!cscnptien of the - . ' -====.

;
'

__

3 4
. :_ ' ' ;

'

sf n/cM - ' '' *; - enlun' tion will----- under different marginal conditions and their{e
,

; .

| )
| 1i 4 .

.-.

3 ' ' below; .

i be giv'en '- " ' ' - ''

t .

't
.

i

.-
4

.,
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t

.

-

** .

e

9a

i

9
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6.2. Deserdetien of the emee=4 Lap /cyg fy g,c4~

. .

.

As a result of th breakdown of 10 mm. tubes in the stocm Gene:ator/

j This leads _after)
the main cool: t f nfiltrntes the secondcry loop. approxpely10

,

.

seconds immetser=ust to the rapid shutdown of the reactor ipr signal 'N16hmax''

.
_..;. .

' -
- f4YmgJfx,y

~ _to the delayed quick shutdown of the turpbine.-

and A> seconds--_. F v
_

.

,

M At t'is peint, that is approximately 25 seconds after the begir.ning'

j
.. .

4

.

. 'k M M , to
-

? e-
. .

th ;-pressure w - -. - . has &,.

of the ,v _ _e
. /. - -

'

fdh * ' ~ ' '- ' S/jhYb'W|M-
_

;-- _ a degree the discharSe valve,''

. .
.::

.
- - *

.
- -

.. .... .

critorica.
.

a

,

In accordance with the individuni error M-;-
#.

-4--
-

- d; + - -

.-
. .. . .

. .

'

. .. . .. - . .

... . ,- .---. -
,

I bzmzMmacz:.q:== itis =x=t .M=?:r="--- the br.eakdown of the discharge valve
t

: . . -. . . . :--

2.ts -_ . open" or " partis 11y, open '! jg///us ,"' * '

p 'G_ .- ,

/ :
.

. . . .

a k. - .

.
-- - *

,.

j .Emmest furtier scenarios are established fer the cont %ed- of'

.

.

; . .
. . .

.As a result of thej fa.J/rcgfg . j o
J 131 ye,r chosen as Guiding nuclide. i- +--".2

1 w
..: .

. .
. . .-:

. -
> .. ._ '

Sebt5 * Tad!c nJ.sHk/r/
j w transient and spiking h the interpretation activity was Wt

/.
, .

/

between'25 and 100 i .

]rstablishment of the Marginal Condit6ons Appligeable to All Scenarios*

.

y''N c#di,

Vra/ '- Only the activity release during the first 30 minutes after t..e e.

'

cons.' ct/ h .s d_g + :t''' rrle:d, 4tt|dtA . '
was comm2ted. This period of. time is notf. onservative since '-y

-
/\

.
..

. . -
- .. .

. *

. "a .
.

-| L.
, | ' -

' . ~ -
'

.:
r .

- - . -
-3-,__

__ _ ._. _ _ , ,
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nsay . .
'

.imisses occur.
- .

.

About 1 minute r.fter the beginning'of the accident (it may differ . ;
-

'

.- |

acco-din 5 to the scenarios) the main coolant pu ps are shut off by the si5nal |t
-

Since the signal "princ:7 pressure < sin"" pressurizer water level ( cin".

h the safety feed-in
has responded g?g the flow in+o the loop begins throu5j

/ /yvc br/>
,

,

.-

considered.In this connectinn only two (out of four) feed-in pumps an==pumps.

T'is is not absolutely.a conservative ass'=ptien since after considerationen
j

W ]/rarS5
,of the 3 or 4 high pressu e feed-i.n pu=ps the ca,n coolant teakage ====== s

. .

-

/

in the seendary part of the defective steam gene ster.'

.

Ih:fing the first 25 seconds af ter the be' sinning of the accident /
. .

:
-

.
-

1TkttR$ the feed.s fron'the hiS -pressure part of 1 kg/see and ds=:hsteam _ 1

- R r<,.

:ater degusificat ~en of 0 5 kg/sec e as=umed.
.

*

r

rs|?
.

d - For the pu pose of detemining the activity discharge through the
*

/t

sn b O WNitin mf N
'

only the primary coolant quantity
discharge g valves H ---.

. -
- -

,

' discharged from the dischorse valve of'the defective stecs generator / ras /rrfg,
.

t

.

'

- considered. *

pjgg ///y.

During the fitst 20 secords after the beginning of the W**

h +ts

|1 OC

the " ~ avtrage pri=ary coolanIleekage into %e second:ry loop (f- - r
-

-- .

.

#-

.

-, , - -,, -- ,,- -,.-. , .r- ---- - -- .,,-e..- --
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following to be c=11ed pri.az/ coolant leakage). M approxi=ately 310 kg/sec.,

j

:! d179s-
|3 Theprimarlycoolantleakageayamape.to250kgseefrom20pto75secent
|j
j

.

M r s 4:. kaaje p d t;& f f q xag 'y s .4, ,,,, ,;,,a

I Mnrr;inal Conditions der Scenario 1
1 #

. .
, . . ,p

-{ A spiking factor of 25 fer J 131 = assumed. -

-

i
3 i.

j-.

1
,

D r * **l*0 - 25 sec after the beginning,of the
.

,

4-
1

*
,

a erage, residual, moisture. in the steam generator- 3CTj
.

v
.

i

.25 - 300 sec.af ter the beginnin5 of the . breakdown . . .

. . .

;

.avernge re.sLdual hoistu.re in the. steco generator 20%
.

. , -
' .

, .- .
.

. ,..-
.

.

'd.rimaG c. col,and~1eaka'ge, dropped .from 280 kgsee to So kg/ sic
-

~

,

?

>< leaseh cf steaq from .the defective ;discht.rge valve (in " par- .}
.

-s

1 ' onA lts J w :r &
l a- - '-m 'ra
f

tially..open"positio:3) of the steam. generator
.

*

1

.
. r?lcase*

siit tubes,,(called steam @.below) is .on the.av. rage 120 kg/see,

1
1
4

) 300 - 1800 see after th'e-beginning.of the breakdown''

"j
average resiedual moisture in the steam generator 5%

3
. -

v

N b5i
/ Lok /see5

f.. primsry coolar.[t leakaSe ''r.f cnd averagey
-

v,,

}

1
rrleng depS

steam -~- - 5 r. d- cnd haverages 20 kg/sec
4,

- -

.
-

.

*
1 g

4

-,.

- - - , . ~ , - -- .
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Marniwa Conditions siiir Scenario 3

A seihing factor of .30 for J 131 = g
'

. i .

== assumed.
- Q .

-
.

- .

. be5 nning of breakdowniO - 23 see after .

average residual moisture in steam generator 30%-
--

.

.

;'

23 - 100 see after begine.in5 of breakdown 20%
.

..

'

| - - average r sidual coisture in a team generator 20,'4
l a.

. . . .., ..... .

;
,,

I . primary.. coolant leakage drops from 280 kg/see to IM kg/sec -... ,
,

. .
.

.

nks,

[ aterage steam emeyssen 150 kg/sec
.

-

4_ .- . - - - . .. ..- - ---- .u
..-..-- ... -- ,_[ .

'

I 100 - 1 800 see after begir.ning of breaXdown ,

9 . .
-

r .

. _ . .-
. .

.- .. .-

vern,6e iesidual moitture in steam generator:1Offo

'.
* - na

. . .

.

. . . . %. 00
'

., -
~

'l .
. '

" p'rimary coolunt leakage drops .cnd avera es'.,70..kg/seco

.- -
g

.; ":'' ' ---a ~
. - .

.|
. g

j . . .s. team iussanse-s drops and averages 50 kg/sec
-

) a
3 //2--

. Marninal Cenditions.5De Scenario 3
~4 '

*

'' %
- A spiking factor of 100'.for J 131 =JS

2 *

=s. assu=ed.
;. ,

-s.
O - 23 see after beginning of breakdown .

|! - ..

h .

5- a erase residual moisture in steam generator 30 .v
:
.

Jer
23 - 1 800 after beginning of breakdom

.. --
.

. ,

' .

m , - e a - . , - --n,. - - - - - - -.<.--,,-na-,,-n,.nn.- .a,-,--e--------n-- ,,. ---,n, r. --,.--,-,-,r--.- . , , . . - - - - - - - ,-
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averd.~,e residua.1 moisture in steem generator 2CS-

t
*

. .|

prin:ry coolar.t heakage drops and averages 140 kg/seej -

r >!
- steam. M4sse averages 150 kg/sec

- .

3 in M tailg
' '

/ It would be desirab$e to exainine the above and additional scenarios'

f by nms / . ..

- desssaf :urtner studies and possibly with the aid of measuring-)rograms.
.

!
'

~ wtrrinNt'

In t'is cent.ect'en it vould be especially important to G 'L how many-
* -

/- .

.
i

I Be j winehr~
- Siin tubes in steam 1wr ' y (with discharge valve W in ''c'

.

-.
Re(6/cA%,.

-

I '
position would have to brealdown- to bring about a AM accident in the

' |rt& 4e en'
' [n such. a . case a portion.of the -core ecuip=cnt =ight-be released W

-

. . , , /.

rzl<osc
as a result of which the r D in the aboyenentiendd scenarios would 4,

'' -

. . . . . . . . :. . ... : = . .... - - . - . - -

\
-

\ multiplan@. -
.

<
-

.

-,

:
-

,
_

. '
, ~'

g -----g/pQ-
|.

-
.

. - - -

6.3 %gy;g.-of the J 131 h and Their Evalutatics
! .'

tvith Progran SDC4'

,

relenseswerecalculatedhderthecarginciconditier., l' The . tivit
.

indicated.*

|-

Tr|fe $fS rkAK-
In the following Table 6.3 1.i the = - ' 7 an ! the C - _= rater

| . .

. .
/

..

//)

during the individual periods have been d'escribed sar Scenario 2 ( to be

rz|enkJ
as an exceple). The W ' . = refer to the periods indicated.

p .

g
e e

.
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rt{tASC$
table the J 131 h of the individual.9eenarios

~ .

In the fo11oviDS /
dinding the first 30 minutes after the beginning of the breakdown have been

d

listed. .

In addition, the inhalation dose (only J 131) for adults and the thyroid'

,- ..

i

5 and of unborn children (fetuses) have.bcen indiented under br,:akdown cond -!
_4

1

6- .i .

t tions.'

i
1

Dose fori .
.

'

Inh @ ion fetal thyroidJ-131m -,

Breakdown dose for'-^@/drg glcnd trem)
.

cce:i rios
- ' '

''

adults tren)in 30 min .

' ,

. . .

-

. - ..

23012 31 -.

_1
,,

'

scenario 1 185 . -
-

- -

.- ..
.

t ;
. .

1,100 -

140t -

54-.;

830i scenario 2 . .. =

I
.

';
19800

.

940. .'
2400 -

.,
.

- -

i Scenario 3 14400 ... . . . .

, - - ;..
.

l.,
-

,

,i i py_.- ' rom J'131'in (Ci) ind iithalation:
.

. ~

'I
'T$ble 6.31

!
!

I; dose trem3
I

| 3reakdown limit: 15 cregs t5bb'id sNa:n generator ndi a
!! !

Breakilown MN#: burst
! |. disch:irSe valve breakdown in "open"'or " partially open" . .

.

-*

1 position. -
- -

t

d -m~

*

-\ .

' . .

* *

*. $

.

8

i.

. .

4
. .

..

-- ,-, n.-. - _ , , , _ , . - - . . .. , -, -_.
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helation the breakdown li=it "of
9

The tabic shows that already

% ' ~.

e ceeded in all cases and for! 13 rem for unborn children (fetusch)*

-; -

'
i ~

j. adults in scenarios 2 and 3
.

In scenarien 2 the litit fer adults exceeds a ound f..ctor 3 6 and in
-

.

/ ...

''
-'

scenarion 3 -rcund -f actor 60.
.

retene.L 'pudhrS

The lond of all other
- - ,

sust ti be aided to the above.
k
3 ;

i !
-

I h 1il Prorer/ett sypa;6*cA., _w. that in the even[of such breakdowns
'

i

: 2 _

= 4 from the . ,

MYl Cir jd Uld ' by
x

/)k
/ *b.'f ad ellh>

k | the consu=ption-of " food ifom the contaminated regions c::st(ce pro u
} .- ..

,! .
. . .

.
-

.

9:- - the' authorities.
.

' .

JJbts d '
- ..

.. ' ' '' *

*on1yn M J 131 was calcula:ed.-

k /; For this renson th'e inhalation dose of the.
.

~

I .' - 4,

h higher.
}

r

If ingestion leads were included the dose valuns would .M be cuc.
.

a
.

i
, . . . .

.,

#
\ ~. - . . .

\ Calcufkt'on of the 3reakdown Dose _ ,
. . .

. -
. . . . . . . ..

Tlie inhahtie'n' dose D under brenkdown conditions is calculated as
l *

.

1

:5 follows: -

1

J
D = A . X . V . D/Qi$

'l

1

Cia:
A = released radioactive nuclide quantity I

,

4.-
- ._

* - withi '

,. 3
X = nhort-time prepar;ation factor ts/m a:I

'

:
~

V,= breathing rate gm3/Ci) -
.

.

re:-/ Cia
..

f D/Qi= inhahtien factor c
'

*

n _
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:! The following valu.es were used: >
.

-{.
! WlI*

The released J 131 etivities for the individual scenarios are! - .
.

'.]', . .

-
'

't

~j. li ted in Table 6 3 1 ,

,

- .

5.

(s/c.

The Technical Centrol Board F.annover indicates a value of 2x10.
-

-

.-
. .. re&asof .

~~ \
') . ' w a)'a distance of 150 m es)eame: short-time propa.qation fa'ter for faee==
.(| ~; .

,

.

the upward pressure of the ed
.

< . . . . /4 /kt/4,

In t'is connection /
l.-'" . (6).from the ,j-
;

-

- . -- 1' _1.~ . . large .c,ua tities of supe''

'Ectivity cloud caused by the .1~

4},durrc &*owlbers$|| telefd
,

-

heated steam has alrency been taken into consideration.
.{ .. . . . . ..

. .. -r

) tas.inhal$ ion rate the value for adults of 20 'c /d ($ 2,31.10 m# :b 3 /

. .! . - : y. ..
: : . . . . .- -

A. .,
.. .

. .

*

3.. was.obtained from (7). :- :
] .

, :... . .:- - - ..
>

.

OND <Gro,'/4tl
W the name source

the e= ployed inhalstien dose factor3

3 e
J, - -

-
.

. . - .- .

-

1
.

. . .. -.

6 -

ren/Ci. ./J for the thyroid gland (J 131) of 1,4 .10 . . .. ..

. , , .
. . . ,

-) .
,

_ .

the Ek

I }'.4
As exhaustively explained by Steinhilber-Schwab and 'Franke (8)/

j

. , . . . , .. ,.
(

. s ,

j. a rr.1,
-

1 .y w represents the "most unfavorable & of action
-

, -

G end ,
lthyroidi

-

4 ,

,J
via the load path.q

l'
.

, a'

'

O 's. ',
~ In T:ble 6.3 2,the ratio between the fetal thyroid gland and the refer.

;
-.

>

s' .

value according to (7) has been represanted.4_
"

- -
Accordins;1y, the fetal thyroid gland dose i higher than the reference

.

n&g/fabl'.I.h 6 N* ..
- -

~wm --
_

-
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Dose factor 'Inhalstion pose in Jod 131 relative thyroid]* gland dose, adulta
*

'/
.

(BMI 1979) rate in air concentra$ (BMI) = 1
-

tions of 1 pCi/u! .

!, (in mredpci) -

! j | 91n arevd) .

'

1-
e

j -

U 20 m /6 2.h x 10
-

3
1.I x 10 '

Ad41ts, . '

l -2 0.83
.

, "
I'

2 m /6 ' 2.4 x 10
1.2 x 10-2-1 Children. . . . -

I (in positior
-

of rest,
-

(ICRP 23)i -
.

. . -.

', .... I
.

l' !
- - ..- ..

' 2*6.

7 2ix 10'2-
;co ,

i 3*

' ~1 6'm /d !
~

-
- .

i ;
-

#||
- ICRP 23)

i
"

.- !
.

..
..

: (in activit) . ~
. .~

' ! ' ' . . . . . -. *
.

. ' , ,
. -

|
-

2Im/d 7 5 x 10-2fg, ",. . . . . . , -
., . ..

3. ' '"

| J 131 coneen I ''

A htuses ~l ' ' " 2.6 - 16 -

M'! tration'in (in easy 4.5 x 10"
..

- j fetal thyroid activity . . . . . _ .. , , . , , ,

"'~-

ICRP 23)
-

' jcland2-12
> times %fthat

,

.; . ' I of adults ^ -''

k '*
.

? -| according to ' ;
-

[ dBMI(1979)
. .

- ~

3 1.0 x 10 bis 3 3 '21
-}:36 m /d

. .

, ' '
,''

'' '
' .

' (in increased *

|
, ~~ -- . "

activity' 6 x 10''

: . ' * . *
-

i
. i . " . ICRP
b

.

- .i
f). g,,

n .
. .

t r * .

A. .
-

t . . . . . - . . . . .
'1

- ,
...

: .

,1
.

, _ .

4,
,

Ccer.arison of the J - 131 inpatica dose ofge
- .

.

Table 6.3 2.2 '

IFIU adults, ses11 children and fetuses,j
le Institute for . (accordin5 to Lit. (5))
.} . Energy and Invi. , ,

Q ronmental Research
Im Sand

-

;

i 6900 Heidelberg
r; .

a
V -

-
i:

. . .. ,
- -

.; - ...
- ..

,
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Concludingly it may be|said that in view of the coolnnt loss breakdown
.

And. .ftw
'

\
e- applic tien of the individual errer s:riterio,q. the breakdom se=ir.:len

- .
. .

b
' li=its may be increated =cny ti=es over; in adults .the linit Se aire dy /eq

>
,

,

Ghr4)a 4 ^ -

cxceededby/ Tide inh:u.az:.on of J-1317
-

- %,

"-

1
.

' In'the brenkdown described: burst het pipe in st' ens genjrator (tri,,geringi ,

.

I
'

. event), failure of the dice ;e valve. in."open" position (inctiviude.1 error)*

.
,

/p d kr do(cre vlel!"|Chl - ,
niso uccidents c used by nummia'sszummusema :x==sencammic. considern' ly higher

TNIIC
s

release [IlEn/vities =unt not be'. excluded. -
. . . .

.
.

.

- .
*

.fer m it-

f- ) ., [ Special.i=portonce. sher.17.- b,e niven:to this.% of.breakdownyis futureb . .

3
.

- lok
obse-y=tiens. of . risks.. .In: addition,.lheibye .k/.own :nist. be cennie!ered -mas: s

- -
.

. ,

..

g!w|t |aM ''

inte.-pretation.bre kdown in autheri= tion procedures
|

.
.

ds/ip f*q,.

Eac Inniilinus in this- bre. kdos. is W that the cetivity 7 '.,j
i.;

}y $4SSin-
*

h. spit' .

! ,I stens generation g discherse valve is.reler. sed. into the envireW' '
.

. .

.. ,

:11 z!dety barriers.(see Table 6.3 2.) .

, ,

.

,
# .

.
'

*- - ..
9

s
.

*
.. . . .

.

.

.
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7eed wste;s-*-1 e. "Si *4 . g aP ' * * j "u
-

- F - steam cyc.e*< ^a

'E ****- - .

/ 4 / N8 /
'

I. *g
I. *

p Reactor 2 - ,3
*.

L

g,+..:themn1 *g c. , .3
l-

.

c.icle 4 x .
.

9. . , .

0
'

brhu,,wgM -
, -

'

i "
mm.r_.uk,w.. ij KVmin*hWM?'.* =7ku-- .

Roactd!'pressufe echtaine$ 5. 2.ive-stea.m line
-

i

1.
6* Ie96 veter line

-

.
.

2. Ste=m generator . .

Dischstrge valves (Live ste..m -~ '
' ~

Safety..'codQnc~. ~ . 7 ,*

safety val'ves and disch:rce, --

3;

4. Reinforced concrete exhaust valves). :
; -

~-
- o Ac'tivity

- -'-
. :-

cening- - .
- .. .

.- .
.

. --
- - . -,

. . . ' . .. ,
. .-

. . . . ..,. . .
.

.

.

rdt
Table 6.3'.2. Release.cf activity eel!Ei// '

' ''

u.:cJ
byg"s:ing 1 safety barriers-'

; Institute for L . "'*'.of brcxkdown: Breakdown ~
~

' og g tubes in steam generator-Ic.ergy sad Environ- . . , , , ,
-

.hsuct valve in "open" po'sitionmental Reser.rch a
,

Im Sand 5 7,' . .

* * * *

6900 Heidelbers , , , ..r. e. - . . -
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.

. e
* ,

. g

. .,

.

.

4
%
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,
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e

e
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.

.

- . . . .
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A 6||}'n| f>AmbN1r aS f& $r&D)pfn ffjJgg,'
. . . . -

Carried out by the-

6.4. , CJ ~
--

;7 -,

3sden Technical Control Board
,

'

<$ A/,'

In 4sejr examination " Release of dties in Emmmminde==s Atomic Plants,

!(
.

-

.

-

Via the Exhr.ust Path| 3reakdowns with LV?. gneaning of abbrevintion u.0:nown)'

.

f -

Vithin the Framework .of a Guideline to w. -
g Paragr:ph 3, Article 25.

I -

.

. .

(as ci December 14, 1979)" the Enden Tec nical Control Board li.<ewise consid.

W.. . , ,

.
TknVS ' r oof of ;64'st ,{nfl,...._.). For t/is purpe

,, braakdogns with secendary .e4e=====i
.

-

1, .
.

..

4<
-

erved
- '

f the YJ.? II (Philippsburg, Baden) installation now under construction
.

. ..

a . . , ..

-.
.

.

.. for the examinationg ,of the DM-pressuriced water line.. .

.

,,
,

j . . . .
.

.

. . . . . . . . . . .
.. - .

}. From the list of the breakdowns discussed in the above exc=ination*: .:
Il T .. . . . . ,: .. - ; .- ,. , ,

t
inteestinh yuke .

.

.,
'

)
'

breckdowns are,,dincu,ssed in oc,tailf in connee. tion with, the abovementicatw .
. .. .. ,

.;
,

-
, .

,
.

.

5
' exn=ination. The'are: .

.

.
- /. .. :i

,
. , -. .

-- ,

BreaMown ,of. a, live-st:;ap line outside of the safety container @~ 1.
-:-. .

.
.

.

... .

coiheiding with, the breakdown.of 10 SEla tubes in the steam generator., ,

- ,
.

, ,

-

3 Breakdown in the feed water system outsid'e of the safety centaine:d 2.
*

~

4
]4

tube in the stea= cenerator.1 coinciding with the breakdown,of a at:
Lj

No pjp, $.N - jf, g .

_

-- t + review the DM programs nodified by
.

-- - - -- '

. :! M existed - ,,_

-

s .

J

the Baden. Technical Control Board and the systen analysis based on the=.7

I "
>

1
--

Tor this rear $n the correctness of-the eniculation programs and cor.puter-

.j.- .
.

.
.

. , - '



. .
_ . .

-
.

.. ..
-

.

2.. *
-

_. . . . . . . -.
.. .,

)f the system analysis must be

-

plots.with regard to the algorithm nni also -

. .
.

assumed a priori. Jcptm
@ breakdowns

..

Therefef, consideration may be given to the%
.

. flal~ati .

b . particularly_

s far as criteria are concerned-

--

only k .-.-- 4 a *

_i.

Special attention should also be given b.,re to ..
-

,

Tr|nknf t.elesg ,

-

. W togh
.

.

, . .

. .

dAbt *
~ -

vity & productienj; . ,
,.

. ...
: ide of the

Bhrsting of a live-stexm line outs
.-

.

- 6. 4.1. 3reakdown 1
. . . .

,

;
.

.
. . . -

- ? tubes in,

patet/ container coinciding with the breakdown of 10c-
,

. .
,

.

,
!

h .

..

.the sttic: nenorator. .- ; . .: '. ' . ~ . - - ..
*.

. > ...
t i ity

t*
-

Control Board computes the 7.ct:ccri cuantity of act v
.

( n.

}} The Technical .: c p.G . . .
,

- . .,

sult of a' breaXdown in the liva-ste:b
- .. +

.
.

.dpi

-- * - > r.eleased amme 3. 0 minute, s es a re
. . ...

. . . ..
s . .

N.
.. .

) in the steam generator at
' ._

,
- .

'
line coinciding w.ith the breakdoen (10 m tubes

:-g ' :. -' ?. -

'

-

. . .~ m - . .

subsecuent
live-stea=.line lec$ age en - - -

:. .
-

c.: . .:
7 the beginnin5 of the breakdown ih the JrdkLil,

-

h . ;*

ator via the .- _.i

vla the discharge valves of the steam nenera . *

i breakdc

3, chosen conserv.itively since only a
*

-- kaaa

The breakd':enn hapa* eene1
Altogethe. more.

has been assumed.
j. of 10 Nf. tubes in'the steam generator- ._ .

|.| team generator. Accordirgtoour
- -

than 4,000 U-shaped m tubesa s in a s
, -

.i

QJjpg |n btvH|Cwya.. own of at lennt 20 my tubes should be assumedp
-~

,

|- 3_
.-

- .
. .

'

N-
-

_
U n _"_ _ -_ 1M.

%
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The .aco:smime. results from the primary coolins water releas:d into the'

.

environment n:vi its specific activity.
.

/
Initsce=putations|theTechniccicontrolBoard,proceedsfrom.arlease

'

'

f . mdit-
- .

. of priman C ,,
-_.c coolant of 191.63 kg with a ' specific activity of

.
'

-
.

21.6 Ci/t with a Jod-131-share of 0.92 Ci/t.
.

.~,.
,

Soth specificat: ens must be challenged.
'

.

.

.ely 200 (g is too low sg
1. The prinary coolant release of appro-

. 3;, . w27 as .it.:sig:.be recalculated.from the Technien1 Control Soard's
- - o,

.r--
7

I
I in a14X&

own data and ass =ptions. [A correction of. ,the untenable,assu=ptions about
-

.,
.

' the Q residual moisture in the steam generator has not been made.
3

.
'

P

the specific activity 'of the, primary, coolant of 21.6 Ci/t indientedi
2,*

t .

armt4i ~ -

b the Technical Control Board is anes-est' too., low at least is; f, acto,r 4 6'

j
.

.
. . .. .

'.

(
in mh sverage . spikes.nnd.19 3 in ma;cimal spikes.. .

-
..

'
* -

-
. .

.

This specific ac.tivity of the primary coolin5. wat' .r may already bee
. . - .-

.;y
:

j exceeded over short periods in normal opy"ation as a result of load changes
.

3
.

. . . . ..
.,

~-
..

(small transients). This spiking effee,t_ grows with the size of the transients.
.

*f

' i,
-.

.
. -*;.. . '

4twSftcw|cA% of the interpretation activities is, therefore, t'o be
*

.
'

,

A maxi =al -'
3

i

! d breakdown conditions with largeexpected particulcrly in s:s as:r 4 n/dedG
'

f 9 to thespiking factors must be == 1---r
Therefore, th'e 4' ;- .1 .r *- 2-

,

_- ,

pressure tran..ients.~
,

t* .



- __g,

. .

.. : -

"1,3 .
,- .

_
.- /- ~

interpretation ac'tivities (see Section 2 3 1.2.).
.

'

.

In ac'r'ition to the W3 spike criterien eensideration cust be give:j

7,)o/
to the fact that 3 inc Tables 3 22 and 3 23 of the Technical Control 3em*

/*

doatinc W~
'

.

all relevant sueuWh all co=puta-ions of the activity release refer, w
.

~

~b .
and that the data always exclude grr trit

,

. . -

-
..

., .

'

setivities.'
--

,

4 ,. . , . ,
-

,

In conn.ecti.e.n.wi.th. the br.eakdown discussed here. .brealdown st in the
.

; - ;' '. ~

.

&
live-steam line coinciding with bursting of e tubes in the, steam generatc. '

.

. .. // ,

.2: y Q.-
.

,

it is sur:gestedk that we examine here this breakdown e jadditional.
m.-- ,

9,g .;.
.-< .

breakdown of.a dischnrge valve;iry "open',' or:." partially.open" position in.
.
[ -

!
. '

- -'. -
agreement with .t)3e individual..er, or criterir/L.-- . . . - .;

'

$ ' '., By doing se we would have to consider tiie breay.down of the c=E tube
/

i In this.

as an, error resulting fpom the bursting.of the live-steam line.
a -

l rcleswS\: breakdown significa.dly higher O-c esy be expected as a. result of t
-

1 .

i .' .

\
-

,

|I breakdown of t c dische.rSe valve. .

. -

|{
I .-
:

6.4.2. 3rcakdo m 2- Breakdown i:1 the Feed Vater System Coinciding 51>

|
|1 .. . - .
:> - ~ ._

the 3reskdown of a EA Tube in the Steam Generator _
.

C1
* '

'

;

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

the feed water nystem*it,s contents 4=ptics together with the live-stean
.c

/
.- .

, ,

_ O - -

- .



_ _

.. .

.

...
. . ..

2C
'

- . .

. . .-

p ) '

' 4 din Ml (altogether 730 t) during which
' -

portion into the roof of the
6

*S
time part of it evaporizes (appr:: 170 tons ) and releases ( into the environment

h
4r)Im* ht|~

i.

via the roof of theffy.:. _. [
.

-

_

i
.

*

r Adhe: M;b nfg+he feeder via the %
.

*
-

83 k5 of water with primary activity w
. --.

.

.

-

/ intl4asus, su=p system. Si-e-According to the. Technical Control Bo:rd these 88 kg
s '. /

'

jnIIll M with the live steam er~
,,

' p tubo leakage 3:t% the feed water container via the condenspear by' tne
,

f. -

.

-
. .

,

time the turbine is shut down (30 sec). --

-
. ..: .

. In this connection the following m:y be stated:
- .:-.

..n . . ..- -
.

ud
1.. TM m.-.- -- .-- , ' phe breakdown sequence contains a few diit genservative

' .. .i_'.:..-
!

-

. . .; .
-.

.

assumptions. .

-

.? .. ._ . . . :. , y . . . .- . ... . .

Only one i '_. .._ .._ "-b single .te;t .' tube breakdown has been assumed.
.

.

~ ' ' ' ' ' '

4.b $e b5 Y bffb k{p-Q'
- r- -- the response pressure of the discharge.

.'j 9 ' 2 e t, tubes"

-

: .
_.

valves (86 bar for KTJ II) would be exceeded and a signif,iceff additional

Nh
uculd result (see breakdown 1 - breakdown of the live steam line)..

Q.

p .

If As described in Section 2.4. a sudden breakdown of $::t tubes in the
/

1
C and ax".am in particular, ity*+vx

] f- . ,g

A steam generster must be r - "h % --9 C ;.,..-_._l_ A : H --**'n
.

,

].. . .
-

-
.

,
. -

.

c=_ _. ._. ... I_L... the breakdown of at least 10y tube - - e.;:~c= - ;-

$
-

u
.;
-

In additien, we '
f F O fcWj:i

! .| MVs
. ~ t'- . assume t:

a .' in transien's subject to breakdowns.
-

'
|t

s 'I\. / ... / ,.- .e
not all t=i.'t b'e leakares occur in one stess generator.

-
.

'

-
,

|'.
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% rv. .<- .. . .
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.

The computation of the activity release is contradictory.
* .

. 2. . . .

of-
It is as:cmed that 88 kg W primah water are reles. sed through-

2.1
-

.

the feed water leaka5e and that 4part of it evaporizes together
.. . .

.

..
.

8 h'the roof.
.

with the 170 t and released throu5 .r-
- q- .

.... ..

' '
If we proceed from +ne a$:mption that the 68 kg must be equally

,

;

6i . ,
.

..

distributed W.44cm the 730 t of the total water leahege, 20.5Ober'-

. . . . . .

. -

:

/ In this connection,
hg pri=ary water would have to evapSize with it.

s

.

... - . R a= wot
.....

q. . .
.-

, -.
.. . . . -

.
. , l

-

it is assumed Eliarw cvaporization qumity nas ocen correct y
.

At - _<
A

- .
.

. ..
-- .

- ,

.. -
_ .

The Technical Control Soard did not take into concidereti
._ ..; _ .

,

.y .
comeuted.

*
'

' .
.

l~ - .

... ' -:. ...-.:
..

*

., .

,; cary coelant quart.ity of at Ivest-
*

the activity adequate for this y -

, , , - . ,. .-

- . .. . - .. ..

m a,,, m . -.

2.1 Ci in average and $.5 ci in e spikes.
,

. ,

o .
-

I
-

.- rs/|c
! . ;'

'

2.2. The t'omula used for the cc=putation of the live-steam

.

.

. ....

coivity

$
*'

, .

:
'

-

Tr.e fo=ula does not1
in ope utinnal leskuges is not sufficient.

-

q- .
- .,.

h$ -

.

. . .
-

etivity return flov from the feed water containerrdo's
-

-

consider the
'

i .

[Akivity
into the stcam Generator .( .as shown in Chapter 4 - se

u
V.s

,. .

a . concen
analysis .- this emer,c. flow is primarily for the-live steam

YU*$ . '

; .. - __
'

. .

'

s .

tion).
|

ral.'e in Tcble 3 22 show discrepancies .n t.
. oo:

2 3 The ctivities indicated| .
'

.

w - " - . _ _ , "4 4 --__
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i
.
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*

.. . . '
... -* .. -

.. ...
.

.

- .between
.

indicated. A co=parp Atheda. ~

values - calculated from the formula". specific nucidide a tivity
.

c

WP , "" 4ea=9%,

live steam values with the data in Tabic 3 23
. .

-

'

lBord,g 4.
-

in steam cencrator water" indicates that the Technical ControNS. con ++ctentiv)ployed excectivel. w

d technicue,
A !stfis ;?,'' "'E the current status af science an

.

.

^
-

lts in an-unt jreycluation of
,

t .;s . " high d- **ct deconta=inaties factors which resu.

F -

! .
-- '

|a-g, -
' '

. ,
-

= je/ rase . -

-

h;]).$ Se7/1 W.T ef
jy.

.the ,

" M both,

cown-
it my be stated that the ore

-
4

.. . . - .::

|d Concludingly/
. . . .:...c..

in many points which leads to an under' ,1 ,

.q,. em

u)y examples examined ime not conservntive-

in particular to the nunber of
*

.

' - ;.F . . '
.

. .

1..- M|M49
'. evaluation of the -- '-

"'his applies / .'-
3

'g.p d the pri= cry sim6-e activities.
Jrct"' ' ~;t tubes in steam generators an

.
..

.

E
i

ideration the bre.akdown l" ..

.

If the abovementioned f ctors are taken into cons
> -

.

1.'
I'~ , .
vs- *

1.i may be execeded by J-131.
-

'

. ~

1; .

:< .

A .

-

!. .
,
,

.

1 .

\,

s
!l -

'i .

)
|-

.
- -

~fi .. . .D

|i
.

.
-

..
.

.

. G

$ .

*
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' '

t _ ..
|

_

|
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.
i

pt w/j
*

consenuances Crom the Results of the study-

71*
'

stional leakages in steam generator'-. computation p*

The - -

&..
..

and;h*eakdowns^'- -
'as in steam generators show that the] ri=ary amongtsa

.

! $t - .*

br _

. .
' ..

concentrations represent central input p rameterf,
; -

-7 -
'

i
.

-
..

f In crrier to minimize in nor=n1 ope stidn tge risks connected with an
i

?

# .:- .

$6.
. . - ..

fit

9 (A
J ... activities |we propose to expand W

_ -.

, increase of the primary- .' . . . . - .

-

Nossfp -. - - .. ..

. , . ~ , . .. -, .

i K protective system byp
w-

__
N. .

)
-

./p the prime.ry circuit the reacto
~

' *'

(tU]nemb mbit$thh
} -

ff$/k'hYSe the ,ctiv d y concentrations of scoe gaiding nucl(ides.
'

*

. . -
. - . = --

*

i . censuring devi e .. </ip : .-:.,..-
. . - - . _ ;.

urka,ts the reactor should shut off automa-
..

t
. nit L - -:
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tube in a s cam ncncrator an additional breakdown of the secondary discharge'
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' the con:putath.ons show an t)ansgressier of the breakdown limit through inhalation
- --. ~ .

, ,.

, , ,

-

. . . .

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

. . .
. _ _ .

,_

. These results reinte to 'the sistment made in the "Ber=an Study of Risb."
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f' 2. The IW Model does not assu=2 any clutration d::r.in:ralizatica*

.e. .-
*

; release, and'hence suppresses essential radioactivity cont.itutinc
.

q~

tt> a dirget untilte. ed release throuch the roof of the tu-bine Fall.~
-

*

I
' 3. The r@ Model assuse,$ th-t the only direct release pathway is

.

# by a blow-off through the safety valve. It doe's not take into -

account releases fron the high p essurs part of the seconda:7 loop. .

.-

3oth asm:.rpt(ons lead to a considerable understiantion of the direct and

unfiltered relsases through the roof stack in nor=al operatio= (no blow-off).-

!
,

la. The diagras, suggests leakages into"the turbine hall (with
.'

' ~ the exception of the blow-off throu6hthesafetyvalves)..lg._entradiction
.

.,, ....

to this is the assumption made on the completely false prenisses in.'
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the text that although iodine-131 is released through 'the rokof the
___
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turbine hall ( and as well'__as.through the sewage), "the' W-16-scran limits
__ _ .

. - - -
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r. __.. the concentration of iodine -131 in.11ve.stean ,t_o 5.1.:. values dece eed by the
' ,..

Federal Minister for the Interior. This point vill be furter discussed'
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in the chapter on the stean generator leakases.*-
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