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1. Introduction

The design of engineered safeguards in reactor technology is mostly based on the
result of analytical calculations using models which are supposed to describe
physical processes assumed to prevail during the operation of involved systems.
The application of simulation models is not self-evident, it requires experience
and skillness in managing input-data and offered options.

2. Definition of a Standard Problem

A Standard Problem circumscribes the task to predict in advance by means of
computer simulation models the course of.a carefully specified experiment carried
out to demonstrate certain technical-physical phenomena. Such tasks exist since
1972 in the field of the simulation of Emergency Core Cooling phenomena within
national or international frame.
Basic requirement for tha specification of a Otandard problem is the existence
of an experimental facility which can be utilized to perform experiments under
controlled and reproducible conditions with a given aim. The aim can either be
to study in detail the behaviour of a complete system (integral systems tests)
or to study separable phenomena (separate effects tests), the latter requiring
the knowledge of relevant operating conditions. Several participants agree to
perform analytical calculations with simulation models available to them and
precalculate the behaviour of various parameters before the data measured during
the experiment are known.

In performing these standard problems the objectives are:
(I) to provide a comparison of best-estimate computer code calculations

with experimental data under controlled conditions;
(II) to contribute to a better engineering understanding of postulated

accident events and their interactions with mitigating systems;
(III) to provide a unique opportunity for code users to verify their

methods of applying codes on the basis of experimental measurements.

As far as code verification or validation are concerned, the standard problem
activity can only be considered as supplementary.

3. Objectives of the Containment Standard Problem

In the Federal Republic of Germany the design of a containment system is
supposed to follow a number of semiemperical rules given in the guidelines
of the Reactor Safety Commission (RSK-Leitlinien) /1/.
As the use of a particular containment simulation code is not addressed within

the guidelines these rules offer sufficient liberty and flexibility to negotiate
calculated results between the designer and the safety evaluation experts of the
licensing authorities, before final design values are accepted. Attention should
P~ given to the fact that these rules are less stringent than those to be followed
in the design of emergency core cooling systems. Containment related rules can
be considered as being more "best-estimate" oriented. Therefore a strong necessity
exists to check calculations performed within this framework of rules and avail-
able codes against the "best-estimate" reality of relevant experiments.
The reevaluation of a large number of experiments showed the sensitivity of the
containment sbnulation to various physical effects, as evident from the table 1.

Paper to be presented at the 7th WRSR Annual Information Meeting
Gaitherburg/ USA, Nov. 5-9, 1979.

I605 044



,..

-2-

The main objective of a standard problem activity with respect to the be-
haviour of a PWR-containment therefore is the question what margin is ob-
tained if calculated results of several code appliers are compared to the
measured reality of a well specified experiment.

4. History of the 1st Containment Standard Problem
In the beginning of 1977 the Federal Ministry of the Interior (BMI) being re-
sponsible for licensing affairs decided to start a German Standard Problem
Activity beginning with a fi st problem on pressure and temperature loads in

This task was based on an experiment planned within aa containment system.
special series of steam blowdown experiments performed by the Battelle-Institute,
Frankfurt, under the research contract RS 50 with the Fed. Ministry for Research
and Technology (BM?r) /2,3/.
The activity mainly involved containment experts from German Technical Super-
visory Organizations (Technische Oberwachungs-Vereine - TUV), from the industry
and two research institutes. US participation was encouraged within the frame
of bilateral agreements existing between the USNRC in the field of regulatory
and research activities and the German BMI and BMPr respectively. From the US
side industry companies, research institutes and the USNRC participated and
contributed valuable results (Table 2 and 2A) . Altogether 20 organizations took
part in the comparison with a variety of 14 computer codes and additional vers-
ions. A workshop to discuss the results of the Standard Problem was held
March 26 and 27, 1979 at GRS. Garching (FRG) .

Test Conditions

MeasuredinitialconditionsfortestDg5withincontainment:
pressure 1.015.10 Pa
average temperature 282.4K(a 9,20C)
relative humidity 60 %

The uncertainty predicting mass flow rate and specific enthalpy at the break in
the primary system with blow-down cddes is not task for the containment standard
problem. To eliminate this uncertainty both variables wer< measured by the drag-
body method and a Y-densitometer (see Figs. 3 and 4) and ti e measured values
are given as boundary conditions for the standard problem calculations.

5. Comparison of Results (see also /4/)
As indicated in Fig. 2 several variables according to certain measurement posit-
ions were to be calculated (e.g. pressure and several temperatures in each com-
partment, pressure differences between compartments) for three typical time in-
tervals. Out of these variables a selection was made from the viewpoint of im-
portance of the variables with regard to licensing aspects. In some of the follow-
ing comparative figures single curves not included in the shaded area are shcyn.
They represent the results of individual participants calculating essentially
larger deviations from the experiment than the majority of participants in-
cluded in tne shaded areas.
While German participants and USNRC/EG&G with BEACON contributed - according to
the objectives of the Standard Problem activity - best-estimate (BE) calculations,
most of the US participants made calculations with licensing assumptions. In the
following tables and figures these results are marked with an "A" .

_6 . Conclusions and Recommendations

The results of participants in the first Containment Standard Problem have shown
that mainly lumped-parameter models were applied to analyse pressure differences
as well as the total pressure built-up within the model-cantainment. Using these
models most of the participants were able to predict the simplified test with
reasonable accuracy. Howe"er, the margins of analytical predictions were larger
than corresponding experimental errorbands.
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Great influence on the analytical results was found arising from the very
different ways of handling energy exchance between fluid and structures.
It seems desirable to replace dial-pcrameters by physical models (e.g. incor-
poration of heat transfer correlations dependant on thermo-fluid-dynamic pro-
perties of the fluid into the codes.)Another reason for deviations between cal-
culated and measured values is thought to originate from the relatively large
errorband of the measured mass- and energy-release rates from the pressure
vessel into the model-containment during certain periods of the experiment
(given as input functions). Margins of calculations based on licensing assumpt-
ions are often larger than those of BE-calculations.
However, it is considered too early to draw quantitative conclusions from the
result of a single Standard Problem with respect to the achievable accuracy of
the prediction of thermofluiddynamic effects within a real full pressure con-
tainment. It seems necessary to continue with " blind" Standard Problems to
better quantify tendencies seen here. Therefore, at the moment a second
Containment Standard Problem is running. To obtain conditions closer to design
assumptions for containments the basis for comparison will be pressurized water
blowdown test emphasizing more the influence of phase separation effects. This
test was recently performed within the same model-containment with a slightly
changed arrangement of compartments. In 1981 a Containment Standard Problem in
the large-scaled HDR-facility is planned.
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TABLE 1

Sensitivity of Containment Simulation to
Various Physical Effects

Sensitivity of

compartment pressurization max. pressure on
(pressure differences) (total contain-

ment (Problem)

depending on relation to important in
actual number of compart- combination with Nodalizationments (should be chosen in- heat transfer
dependent of experiment assumptions

important in specific flow separation and/
close to the rupture for small or entrainment for
mixture blowdown each junction

important, but influenced dependent on heat transfer from
by non-condensable gas material of atmosphere to
con tent structures structures

considerable in case of small if integral variation of mass and
mixture blowdown correction for the energy addition within

total blowdown the error bands of
possible measurements
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Table 2 -

Time interval
Participant Cornputer code (s)

TW Baden CC'"TE:"M- LT2 2 0- M O

TW aayern LR Aow0 v 4.5
ORUCTVO v-30

wl 5GUr pu -~,"1

TW Hannover Zoc0 VI 0-2,5
0-50
0-15v;

TW Nordlautsch- ICCO V o-2.5
l a a.d

1W Rte 11.Iand ;0CO VI modif. 0- 2.,5
0-50
0457J

85R COMFARE modif. c-2.5
U-5V
o- N

FW'J DDIFT2 c.2 . 5

c-s .sune cca.2 -

C-IO
u->d
0-1b3

GRS
~

COF1/JW 0-2.5
c-SO
0-1500

Ch5 Cor40RU VI 0-1500

USNAC/EG&G BEACC:;/ MOD.' A 0-2.5

Table 2A

Time interval
Participant Computer code (s)

USNRC/EC&G CONTEMPT 4/ MOD 2 0-2. 5
0-50
0-1500

Brcwn/ Root COMPARE 0-50

Ebasco REL\P4/ MODS 0-2.5

0-80

Fluor Power RELAP-emf 095) 0-1t, *

0-50

0-2.5
Gibbs/Ilill RELAP3/ MOD 36 0-75

S tone / Webs t e r THREED.REV11 LEVO 1 0-2.5

Dechel * COPDA 0-?.5

Burns / Roe * PEAK 0-2.5

Comb. Eng. DDIFF1 (7) 0-2.5*

LAS L * CCMPARE 0-2.5

NUS Corp. CCMPARE 0-2.5*

* Results for D10

1605 048



.

m

g_ ;
^ . .

. ,. ,.. . -,

O . .
, , . . ..

o ..v. . .v .. .. . ..m a - - * .- .-.

...- _
. .c ~ ~.m 7 - '.

.

N. .

~
~.m - R9 .

% 6 -

22!b: -

d.W s -

l.. - -

,- .]

'

. .

*
. I -

'
. .f .

+
. U

.
-Go- 4 : Rs :

4 -
.

-
-

.. .

.

'- (R7). -

3 -

- '. . -
.

'

: i
- '

.- - -

...., ,

2 - - R4 '- ,

.- ' -

,'. ,
--- O- -)- -O _ _.__ i +.7. _. -

*

.. :'. R6 .
~2 .

. . .. .-.

.

_. __- -
-

'
' '

(RB).

-
'

/.0 - '
'

I ~

.
.

.. .. . .

-

$ ' . -

-1 -Q ' ' '. g.,

tn ,

'
. _. . ,, , ,.

, ..
o -2 - -

, ,
. ,,

A r ' ,
. -. . . .s.o , -. . --3 - - -

- -
-

. - *
.

0/360
284*

FIG.1 CROSS SECTION OF BATTELLE MODEL CONTAINMENT



.

.

x
R9 g

.

: : ;

R7 . . i . .

.' x"
. ,. . .- . ,

, ,.
- . ,x . .

R4 R5
; ;

. Location %
" "

l l x X of rupture x.,

. .
. . .

_

R8 R6' '

Measurement positions: x Pressure
Temperature

|| Pressure dif ference

FIG 2 SCHEME OF THE COMPARTMENT CHAIN AND
ASSOCIATED FLOW PATHS

1605 050

%



.

/

93 * /
M

*

80 - *1 f.
1*

\ y
*

7g - .

\.e-
.* 5

+ ,, ,
3 '\' * 9 7 y '} f RELAf rvE ERROR OF ACTUAL
X vi L 6(ASURED VALUE

*
. ( 195 % CONFIDENCE LIMif)Y$0 .

'' k %~ 5 ?
ss 4 i'!E R-

' gyg '* . , I % <
"

Q,,,,

40 < y 't t" p
'

*
6

M . a s.', 3
ERROR BAND \$

n- . .

i 'b. ..

20 -
'

s..-

f if f4
ne i

*
"

10 - ,.

x. h s.
0 &, . , , , , ,

0 1 2 3 10 20 30 40 50 LO 70

TIME (S)

FIG.3 EXPERIMENT D15, MASS FLOW RATE WITH ERROR BAND

3000 ,

$
-- _ - . . $.

.
____

y. ,

'J

E ,/8
E i 7 2s
Q 2000

gj g?'

b . /// ERROR B AND>

$ / ps: 'T ~

6 i 3Q ~ -'

9 RELATIVE E RROR CF ACTUAL / / ff( g$ MEASURED WALUE

g tes% CONFIDENCE LIM 3) # *

*m 1000

* .: ,

0 1 2 3 10 20 30 40 50 60 70

FIG. 4 EXPERIMENT D15,SPECIF'C ENTHALPY
WITH ERROR BAND

700RORBNll 1605 oSi



.

2- - EnPERIMENTAL RESULY

.
{ EnP EnRcueANo i!22 m burl

N. _
N

* -

o -
N

-

*

2* -
a.% -

'8 > . . ,

'JI ETED:e.%f w$i43*T%',G23MfffM.:M M<k>.
e-w%%.qw~-

@ [_ &jf .f.'7*ME[p_ d..-.
.

M
.

'"' - W ?r't:,- ;,? & . .:4.' W
= ,j

f

f|
a. e

"

-

| ,

N l

[/
~

-

O
w I I I I I 1 I T 3 3 I 3 5 3 3 3 3 I I I 3 I 8

0.0 02 0 .4 06 0.8 1.0 1.2 1.4 1.6 1.8 2.0 2.2 2.4
TIME ( S 1

FIG. 5 PRESSURE HISTORY IN COMPARTMENT R6

* - - EXPERIMEN'AL RESULT

_
[ EXP ERRCRBAND l! 22 m bor)

~
N _

-

N -
w

_= * 1$ ' 6
-

g s ,c. w :0:ww ~,, ~w ..

Ie. ;,AMhb . ':N N .$ h,If .
- .w ;y.e. -n w&qEb a.Q + v. +M N ~h M M.%p ;v' ~ ,

M
- .s~ ~z

- ,f , . tE :iG*: G^

a:. a
m aw

^# ^ * **r,_^*,^^^_.v'^,",_--y,

.
e '

J "

~

_
./

~

-

O

,,,.,,.>>,iiiii,,,,,,,,,
0.0 0 .2 0.4 0.6 0.8 1.0 1.2 1.4 1.6 1.8 2 .0 2.2 2.4

TIME (S)
FIG. 5A PRESSURE HISTORY IN COMPARTMENT R6

P00RORGNAL 1605 052

.



*,. -EXPERWENTAL RESULI
} ExP tutCRBAl Di2 27 rn bor)N

.

a.
N

O. .
N

.

"
a~,

fo
=
U *. .
a-
Ew

"*..
~

y
. m.m

a-
-~ ~ ~ 9.wsG' '' *giC,y$2wbN

-

_l
'

-
- . g gf.$

o & u-r?4 -

0.0 O!2 o|4 o'.6 05s g'.0 ' d2 3' 4 1 '.6 g.8 y'.0 2 '2 ' 2 '4' ' ' ' ' ' ' ' 1 , '

ilMEIS)

FIG. 6 PRESSURE HISTORY IN 00ME COMPARTMENT R9

**- - EXPCRIMENTAL RESULT
N

EXP ERRyBAND (!!2 rn bari
.

N-
N

.

O. .
N

.

O. .
2~
f
'9

.

CH
$~
N
w
E = .

A~ .c.+~.'.-'

. ,,_,, ,./ ~ < -
-

s--"'
"

--

, - "
,.

_
_

* ' ~ ~
_-

, ' ' ' ' ' ' i i , ' r . . ' - r;- up ,
0.0 0.2 0.4 0'.6 0 .8 1. 0 1.2 1.4 3.6 1.g gg .2 _q

nuetss

FIG. 6A PRESSURE HISTORY IN DOME COMPARTMENT R9

1 sos oss
P00Roggyq



"

M -

-

*3

O

~

, s _.. : h
'

# - - ~~ ' 't4@g5 ;p ., . ., e s .g,,,,..,.-
- ~ rmm.~

_t

.o -

;

LM

b "

E
A *

== E XPERIME NTAL RE SULT
Y Z csp [RkOGUAND|f10,nbe,)

.

~

Y-
-

O

i O!8 !!0 !!? !!4
' ' ' ' ' '

0'0 02 04 06 16 18 2.0 2.2 7.4
TIMEIS)

FIG.7 HISTORY OF PRESSURE DIFFERENCE R6-R9

~. -

|-
.

*i .

. ...u - W y, v v ,f.M. rg, -v< . .' .' * *~~ 'H" %. Q?*Wh.k. , '|= .,v'M. . ' ~. i .~
+ - < 3.gf - ..

.. ..

.< W- . .~ - ' ' . , *
- gp :1 . . ~h'8f. s.e ig. | Y *,. :+ 7 ;;*.? i 6N. tf*fsgiY h4.) _.

L:

M & k,N;.Q.''.o.e- ~r . w.67,Q~.,~.%-~ Qv,.e. '.n? ';~~? M;|~
- '

,. wP '_ yv3y;i.* - -3.-y Yg
e4

,,, . //j ~G y. *.s.n. y &Y,.tra ,.

v.C q.,4, e .- . g_ . , ~ ,o
7 N__

( %. __-n
- , --w

.

_~~ -A
fd f
.

YO -

U -t .
E 9a
m -

M
, == EXPERIMENTAL RESULT

L e
2 t, n o ur m ,i$ . ..,i

~

Y'

o

2'. 4' ' ' ' ' , , , , , , , , . i . = '

'd . , ' 0'.2 04 0 '.c 0 '.80 l.0 1.2 1.4 1.6 18 2.0 2.2

FIG.7A HISTORY OF PRESSURE DIFFERENCE R6-R9

'



**
.

.

=a
o

.

9
o

Q
L N *.
; c' ~. ,

_ N u W)y-- W f"*12MN h 49.+^'" h*
-

oc

32*
gi '
!

w,, = EXPERIMENTAL RESULT
C 1 EXP ERRORBAND |! 2 2 m ber)

-

" . .
?

.

, , , , , , , , i , , i . . i i i i i i i i i i ~

7 0.0 0.2 0.4 0.6 0.8 10 1.2 1.4 1.6 1.8 2.0 22 2 .4

TIME I S )

FIG. 8 HISTORY OF PRESSURE DIFFERENCE R6 -R8

~.
.

-

"9 .
o

"

.

~? )
o

k '

g
' '

'_]
'

] ~ ' ~ __-:"_"

_
- :- --

_

m -

m _

"r . - EXPERINENTAL RESULT
T j E xP ERRORB AND ( * 2 2 m bor)

.

~ . .
?

_

, , , , , , i i , i i i i i i i i i i e i i i i i

' 0.0 0.2 34 0.6 0.8 1.0 1.2 1.4 1. 6 1.8 2. 0 22 2 .4

TIME { S)

FIG.8A HISTORY OF PRESSURE DIFFERENCE R6-R8

P00R OR2/d 1605 055



40

M [KPERIMENTAL RESULTem

> c u R u ,,,o , , ,, , ,,

*. .
M

e.

m

=

7.
J~ .*g

44J
% N. w*

%

-

*

"

- f> w>:- . ;
.

~
' , ' , ' , ' , '

0.0 10 0 20 0 30.0 40 4 50 0
TIFIE is)

IG.9 paySSURE HISTORY In oopE COMPARTHENT 99

at . RWENTAL REgy

n u? .
m

..

.

.
"NBANO ( * 2 i m bor t e

Wp ~sup m A Q gIb:
m Q

%:egti; A& *

-wyf..fYY$','.'h2h{Afh.h!<
'' i

^~* > lif
w.~.<$u&+; N w f M u...

-

i ..e a

-:- y. ,,x-.

.-n. #,e
y- m -m1~

~
.

. v
*gV.a, r a-g

,

}; ,

' ' '

C?- ds. ,

s
.~

a -

-

g3 ,,.

f*f.'.,' '

%

. , ' ' ,

6

- ~
' r ' , ' u ' u '

0.0 10.0 20.0 30.0 40.0 $0.0
TIME g g ;

G.9A PRESSURE HISTORY In cope COMPARTHENT Rg

fhQ} Q56
i



.

-

" . ,
O.

-

~ ~

~-*-s 6 $ f, ' '
'

- J=WvYd?EM"'gE
- ~ . ,

" '% M'~w
, - -

<a- ,

.

G
B
N

-hJ
EXPERINENTAL RESULT D 15E, ~

I ExP F RWORG AND( ! 16 m bor )j
PRECALCULATIONS FOR D10

.

.

C.

Y
, , , , , , , , ,,,,. iii,, .. -

0.0 0.2 04 0.6 0.8 1.0 12 1.4 1.6 1.8 2.0 2.2 2.4

TIME (S)
FIG.10 HISTORY OF PRESSURE DIFFERENCE R6-R9

_

a$ $Y - . -
Y~h $$''A j' ism'-:- - Q

'#'s;+cg,hwW= ny,Q&wteq>[tygye.- w- amga.,*r MV:t t(U 9 T g M f S P, w */ # R p % T C T &.:n c .;;f 't d ,! ?;; f *.
'~

p e

w sw
. r.

- worm ~ . * ~

(@.W Q'g -
.

3.o,.

A _ __ W den w ff. * ?* N.w %f, f. gM.h%$$ 3g'i
' ~

_ ,
--

-

.'d(~ _ % w.i?~
__

_ j %- - - - ~
e.w.

g_ ,
ss-

_

<%
ag ,

b ~

tr

W
? -

- EXPCRIMENTAL RESRT D 15)- EXP ERROF SAND (! 18 m bor)I*

PRECALCULAfl0NS FOR 010

Ye e

5 5 5 4 I I I I I 5 3 I I I I 3 I I I i | | | |

0.0 0.2 0.4 0. 6 0.8 1.0 1.2 1.4 1.6 1.8 2.0 2.2 2.4

TIME (S)
FIG.10 A HISTORY OF PRESSURE DIFFERENCE R6-R9

P00R DshEt 1605 057



D
~

C:3 -

:::cs
.

Q - EXPERIMENTAL RESULT DIO
y ]- 1 EXR EW ORBAND ( * 22 m barl
m

"""""'"
PRECALCULATIONS FOR D10WD -

-
~5m
& o> e~
r--

- -

$
,s ". .
.o m

-

tu
-

n:
o
v) a? -

?
' - '

~ ' " ' '
--

."seff. g- L
'

t f3j;pdW!%y:.M. ~ ts44.N&EdW -
- - -

3q ~

. ..-!,$t@p t
- -w- *~" - * " '

'

. ,,. w ,>* ~ e-~~~~'
~ ,

'Y
< < , :yae #'*.. .c - *

' * ' ~

", -

g,'g. f.?M-
-

g:
, ..

m . r. : -

m .
-

_

o
4"

CN i i i i i i i i i i i i i i i i ,
0.0 4.0 8 .0 12.0 16 0 20.0 24 ,0 28 4 32.0 36.0 40.0 44.0 48 0o

tn TIME (S )
FIG.11 PRESSURE HISTORY IN DOME COMPARTMENT R9g

tn
CD

.

O


