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CONCLUSIONS AND RECOMMENDATIONS

Arising from the result of discussions during the Workshop on OECD-
CSNI Containment Standard Problem (SP) No. 2:
"Waterline Rupture in a Branched Compartment Chain®

the following was agreed upon:

In_general, best-estimate "open" calculations of this more complicated test
are quite satisfactory. - '

Reasons for deviations from experimental resuits are due to

- possible effects of uncertainties of measured input data (e.g. boundary
conditions, coating thickness),
- code handling (e.g. choice of options, input parameters, nodalization),

- simpiified models including unfavourably defined input parameters.
Conclusions:

.= On the average, calculationai bandwidths of "open" results are equal to

those of “blind" results for this and the 1st Containment SP and are. of
‘the same order of magnitude as experimental margins of uncertainty.
Neverthe!ess.a few systema-tic'dev-‘iatibns between experimental and the

- average of calculated data can be observed.

= Relations between chocice of input parameter vaiues and quality of cal-
culated results are difficult to be detected (hardly separable and part-
ly cempensating effects).

- Two Containment SP perfermed on basis of the same facility do not vyet
ailow tc draw guantitative conclusions with respect to the application of
codes con full size plants. Future use of these experiments should take

note of .a leakage of the faciiity of unknown magnitude.




Recommendations

- Iimprovement of measuring technique (e.g. for break mass- and ént-
halpy-flow, water transport, heat transfer mechanism) to reduce future

margins of interpretation of experimental results.

- Extended quantification of the sensitivity of codes tc uncertainties o&f
measured input data. ' '

- ‘_A finer n’od_al'iza‘tib'n of the system for"long term calculations is neces-

" sary to prédict' temperature stratification (e.g. in dome compartment).

- Improvement' of some physical models as for heat transfer, two-phase
‘ flow, water transport ahd thermal non-equilibrium between phases is
desirable. " Some basic laboratory experiments may be required to
accomplish this. R ' -

- Furthér, & "blind" Containment SP based on a water-blowdown test,
praferrably in a large-scaled facility is recommended to perform an
impartant step for extrapolation of findings towards full size facilities.

-  The resuits of the numerical Benchmark activitiy on heat soakage prob-
fems is addressed -in specific to improve treatment of these processes
within containment codes. '
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Atomic Energy of Canada Limited-Engineering Company
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Federal Ministry for Research and Technology
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water separation factor
calculation '
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m mass
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MOD. modified o
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NE Nuciear Energy Agency -
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o.d. outer diameter

OECD Organization for_Economic'Coopera?tion and Development
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PD pressure difference
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FP _dynamic pressure
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PWR P

ressurized Water Reacter




R " radius

Rn compartment, with no.
s coating thickness
spec. ' specific
SP Standard Problem
t time
tp time u‘p to end of biowdowrj
Tn . temperature, with index
TL temperature (slow)
TS temperature (fast)
TW temperature (slow)
Un vent, with no.
UKAEA United Kingdom Atomic Energy Authority
Y specifi_c vofume |
vV voiluirﬁe O
VTT . Valtion Teknillinen Tutkimuskeskus
WM water mass, with index -
WSI water level
N ‘ totai vapour mass
otal air mass
o ~ hte -
o, ‘ wall htc '
§ - coating thickness
AP ' preésure difference
S AT : temperature ‘difference
h—w _ water in mixture flow
C pressure lcss coefficient
A thermal conductivity . :
| éw‘ water carry-over factor = t;‘s‘tr:i,bortable mass of water in node
o] density




1 INTRODUCTION

In September 1979, at the workshop on'the results of OECD-CSNI* Con-
tainment Standard Problem (SP) No. 1 the Federal Republic of Germany
(F.R. Germany) offered experiment CASP2 to be the basis for OECD-
C5NI  Coritainment SP No. 2. Specifications /1, 2/ taken from "blind"
German SP No. 3 (2nd Containment SP), based on the same experiment,
'were distributed. The workshopv part%cipants agr‘eed'to propcse to .CSNI
hlS SP, but as an 'ooen” calculation. On its November 1979 full meeting
'-CSNI cpproved thxs pr‘oposai and Gecelischaft flr Reaktorsacherhelt (GRS)

:greed to act as the lead Drgamzdtnon

- 'As weH as experiment D15 (basis for OECD CCNI Containment SP No. 1)
| experimert CASP2 waS'per'for‘med (September 21, 1978) in the model con-
'ta.nment of Battelle-institut, rrankart‘ FRG, 'and spohsored by the Fe-
- deral ,’I'mstr‘y for Research and Technology (BMFT) within the frame of
the German Reac:.er Safety Research Program (RS 50: Pressure Distribu-
tion in Cen_taihment_). W‘it'h'_’letterr of December 19, 1979 73/ the measured
initial end boundary conditions /4/, mid of April 1980 after deadline of
" the "biind" oroblem the exper‘imentai' results /5, 8/ and mid of July 1980
some additional information. /7, 8/ were communicated to 16 organizations

from 13 countries who originally wished to participate.

In f‘onfrasL to the 1st Containment SP (ste:m blcwdown -simple chain of
ccmoart"wents) the 2nd Containment SP is based on a pr‘essur‘lzed water-
blowdown experiment to further go to dCC‘der‘-t condltlcns more closely
aaorox‘maung those to be. assumed for de<|gn of fulf- pr‘es;ure contain-
menis. in addition, iocating the rupture Wlthlr‘.a relatively small compart-
ment and arranging the comparitments in a branched .chain with asymmet-
- rical fiow paths means that water transport‘will more heavily influence

the resuits.

- The technical purpose of the problem is to compare experimental results
of history of pressure, pressure difference, temperature, and water mass
wlth 1he rr*°scond.ng, results of best-estimate posttest-calcuiations from

computer codes for three differant time intervals.

*Qrganization for Eccnomic Cooperation and Development - Committee on

the Safety of Nuclear |nstajlations




At the first meeting of the CSNI Working Group oh Water  Reactor Con-
tainment Safety (May 1980) the of‘iginal deadline for submitting calculated
results of August 1980 was shifted to November 1, 1980. Finally, in the
compariscn took part 12 organizations representing 11 countries and using
12 different computer codes and, partly, several versions (see table 1).
Except one {June/August 1980) "open' contributions arrived at GRS main-
ly between October 30 and November 14, 1980, further two and one re-
vised in mid of December 1980.

6 international organizations felt it beneficial to "blind" participate in this
SP. These results /9/ were discussed at-an informal meeting held at GF?S,
Garching, in January 1981 aftef the workshop on the results of German
SP Neo. 3 and are included here’ in Appendix 1. A short note /39/ sum-
marizes these discussions.

The workshep on the results of the Standard Problem was Held at GRS,
Garching, FRG on May 25/26, 1981. Comparison results and_the_resul'ts cf
the individual par‘ticipants'wére '_pr’esent‘ed ."afnd di's.cusse'd in detail (_-.se"e.
/41, 4z2/). | |

Suppiementary information to and comments on the draft compérison report
/48/ came from Belgium, Canada, France, ltaly (CNEN/Pisa), !taly (NIRA)

and Sweden and are far extendingiy considered in the present final report.

Special suppiementary information on submitted ‘resulte - as requested at .
‘the workshcp - and resuits of parametric studies {Belgium, France, Italy

(CNEN/Pisa), Sweden) are content of Ab‘pendix- 2.

The scaies used in the comparative plots of this report equal with minor
inevitacle exceptions those used in the comparison report on OECD-CSNI
Containment SP No. 1 /10/. By this a direct comparison of experimental

and calculaticnal results and bandwidths between both SP is possible.




Country Contributor Computer Code Time Interval
(Organization) '
Australia P.G. Holland Z0CO Vv 0.0 - 2.5
(AAEC) J. Marshall 0.0 - 50
A 0.0 - 1000
Beigium E.J. Stubbe TRAP-SCO 0.0 - 2.5
(Tracticnel) , 0.0 - 50
TRAP-CON 0.0 - 1000
Canada W.M. Collins PRESCON-2 0.0 - 2.5
| (AECL-EC; 0.0 - 50
0.0 - 1000
FinTand E. Pekkarinen RELAP4/MOD6 0.0 - 2.5
(VTT)- CONTEMPT-LT/026*i 0.0 - 1000
France A. Sonnet GRUYER 0.0 - 2.5
(CEA/EDF) “A. Mattei/ "
' / F. Herber 0.0 - 50 *
_ ' ' 0.0 - 1000*
F:R. Germany W. Erdmann COFLOW 0.0 - 2.5%
(GR;). _ Mi Tiltmann | 0.0 - 50
- CONDRU 0.0 - 1000
Italy R. Romanacci/ ARIANNA-O 0.0 - 2.5
(CNEN/Pisa Univ.j F. Cassano : _
| AM. Gorlandi 0.0 - %0
M. Marchi CONTEMPT-LT-26 0.0 - 1000
M. Mazzini i
F. Oriolo
italy B. Chiantore . PACO 0.0 - 2.5
(NIRA) R. Monti- - "~
o A. Pennese ~OTO 50 .
_ 0.0 - 1000
Japan K. Namatame -~ RELAP4/MODS 0.0 - 2.5
(JAERT) I. Takeshita ‘ A
. Y. Kukita 0.0 50,.
0.0 - 1000
Netherlands J.P.A. van den Z0C0-V/MOD. 0.0 - 2.5~
(ECN) Bogaar ‘ ~
A. Woudstra 0.0 - 507
. 0.0 - 100C*
Sweden J.E. Marklund COPTA-6 0.0 - 2.5
{Studsvik} 0.0 - 50
. 0.0 - 1000
United Kingdom { W.H.L. Porter CLAPTRAP II 0.0 - 2.5
. (UKAEA, AEEW) : L R 0.0 - 50
N CLAPTRAP. T - 0.0 = 1000

*

"niind” calculation

Table 1:

Participants and Codes

** (YTT version)
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SHORT DESCRIPTION OF THE PROBLEM

More detaiis can be found, among others, in the specification /1, 2/, the
report on the initial and boundary conditions /4/ and on the experimental
results /5, 6/.

2.1 Test Facility

The'test‘facflity essentia!ly consists of a high pressure system, and a
model con.tainrhent. The high pressure system is installed mainly outside
the cbntainment énd'.consists of a pressure vessel, a pipelineswith a
fength of approx. 26 m, and a recirculation system. The pipeline is con-
- nected to the pressure vessel and leads through the containment to the

break compartment.’

Before rupture, the heated water in the pressure vessel and in the piping
is kept at an épp"roxirhately homogeneous temperature by the recirculation
'systém.‘ Thé model containment consists of 6 compartments arranged accor-
ding to figs. 1 and 2. The location of the rupture (baffle plate at a di-
stance of 5 D) is approximately in the middle of the smailest compartment
R4. The fluid branches at the upper part of compartment R4. One portion
flows into';ompar‘tmeht R5 via vent U45 (crifice) and frem there, over a
shert flow path, through the ceiling of the compariment (vent Us9B, ori-
fice) iinto_ the dome of the big ccmpartment R9. The other portion flows
through vent U47 (orifice) into ‘comparr_ment R7 and from there, after flo-
wing '!ohgitudinally through R7, via vent U78B (orifice) at the floor into
compartment R8. Compartment R8 as weil as compartment R6, which is
syhimétrical to it, are open to compartment RS by several hcles in the
walls. During the experiment a smail additional gap formed between rup-

ture compartment R4 and dome ccmpartment R9.
The most important containment dimensions are given in table 2.

The steel surfaces are not coated; the concrete surfaces are provided with

ccating (see table 3).
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Table 2 Dimensions of containment compartments and wvents

in experiment CASP2

Compartment No.

Surface area

Volumé : Concrete

Sum of all campartments

Metal

(m3) (m?) (m?)

R4 (rupture) 13.66 38.63 8.83
RS 41,05 76.08 ©17:23
R6 41,26 90.12 9.58
R7 bko.ko 76.63 15.41
R8 40.53 ' 92.00 6.17
RO 465.00 , 645,82 57.30
-114:.52

641.990 1019.28.

, Compartments . Vent o
Vent No. connected Vent §hape diameter Yent aieg 1)
(mm) geomezrlca;
(m<)
h shafp-edggd
U 45 RQ/ns_ orifice 750 0.442
r,h- sharp-edged . . ,
U f7A R4/R7 orifice 750 0.442
. ‘ sharp-edged cc
59.13 R5/R9 orifice 550 0.238
v - sharp-edged . O
'18 R7 /3 IS j=4 2
U 7¢8B R7/R8 orifice 550 0. 33
R3/R9 1 several holes - 1.933
S {in the walls B
R9/RE ’ - 2.109
R4 /R9 gap”® - max. 0.0292
* see fic 9




Table 3: Coating of the containment concrete walls

To prevent water exchange betwéen the containment atmosphere and the concrete walls, the concrete

surfaces of the RS 50 model containmént.are covered with a coating which consists of the following

layers:

. Lo L% R | T ..
Layer _ Thickness ) Density - " Spec. heat c.| Thermal conductivity
(material)- {mm) -9 (kg/m3) {kJ/kgK) AN (W/mK)
Sealer ‘ - b _ . _
(EP-Tiefensiegel) ‘
Filler for porous spots ' . ' '
(EP-Betonspachtel) variable 1,900 1.4 0.3
Flat coat (filler) ' 'l
(EP-Betonspachtel) 0.5-1 1,900 1% 0.3
Bonding'agent ~0
(2K-Haftvermittler) -~ = - -
Main coat - i .
(faserverstdrkter PC- =0.1 1,100 0.95 c.2
Anstrich) s
Top coat (2x) e . ' .-
(PC-Anstrich) = 2x 0.05 1,100 0.72 0.2

*) The thickness of the individual layers varies, Systematié measurements of the thickness has
not been possible, because a suitable non-destructive measuring method is not available.
The thickness values indicated have been estimated on the basis of samples taken at various
sites. :



2.2 1Initial Conditions

.Initial Conditions Prior to Blowdown

,rd

vessel and Pizinz:
o = 141.0 bar
N
T = 288.3°C (level 2) f
T, = 233.5°C (level 3) pre
T3 = 223.1°C (level C)
T = 285.3°C (level D) >- T
4 - - m
T = 292.°°C (level =)
Te = 286.1°C (level &) )
T8 = 288.1°C (circulating pump)
Tq = 290.8°C (rupture sits) )
5
Tig = 286.6°C (near gats valve) J
mBO = 3995 kg (pressurs vessel) )
My = 315 kg {pipe) j
\O -
Containment:
D = i.0 bar
CO ~ C:o 3
TQ"‘ = 22.5°C
T.c = 23.0°C
RS
T, . = 25.0°C
. RO ‘ . >
TR7 = 24.0°C
T.g = 24.5°C
Tsa = 30.5°C  (centre and dome
Tog, = 25.0°C (annulus)
t_ = 100. % {(relative atmospheric
=} with two ga
the two pip
experimenta
nnomogenecus tem
temperature ran

(mean temperature

P

SR ANKTURG

ssure vassel

289.3°C)

. - *)
pe, dla. 150 mx

initial fluid mass

mean values
of compartments
R4 to RY, volumetric

average for whole

containment: T, = 27
Co -

humidity)

uges of the plant

e encds. Values _

1 instrumentation, -

terature distribution

ge frem 255 to 290°C.

.6°C




2.3 Boundaryv Conditions

The boundary conditions for the containment are the measured mass flow
rates at the measuring point Il (at a distance of about 2.7 m from the
rupture) with the associated specific enthalpy as a function of time (ta-
ble 4).

These mass flow values are determined from the signais of a gamma-den-
sitometer and from the mean value of the measured curves of two drag
bodies. '

The mass flow wvalues measured for the short-term period up to 1.2 s
have been taken without any correction. The measured mass flow values
for the long-term period after 4 s have been corrected by a factor of
abcut 1.2, sc that the time integrai for mass flow rate up to 50 s is. equal
to the discharged mass predicted from an integral mass balance. For the

intermediate pericd from 1.2 to 4 s an interpolation is done.

The specific enthalpy of the fluid is determined by the measurement for
density and temperature (for single-phase flow) respectively pressure
(Tor two-phase flow). ‘
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Table 4 Break mass f£1low and specific enthalpv
- . pJ

D16/CASF2

Time lianss flow Temperature Density Spec. enthalpy
(=) (kz/s) (°c) (kg/m”) (kJ/k)
0 ) 260 795 1134
T 0.00h 52 260 784 1135
G.005 145 » 260 78h 1135
0.028 200 260 784 l S 1135
0.056 200 260 734 1135
0.067 340 260 784 1135
0.08% 335 260 784 1135
0.105 Los 260 784 1135
0.200 368 260 704 1135
0.350 270 283 715 1255
0.400 210 282 640 1260
0.500 205 281 600 1260
0.750 300 272 764 11935
0.850 324 272 764 1195
0.920 374 273 763 1201
1.20 230 281 580 1263
2.00 200 280 530 1267
2.50 180 279 500 267
& .00 165 275 C 430 1261
10.00 145 268.5 310 1266
16.33 130 261 300 1225
23.50 115 252.5 253 1195
24,30 78 250 125 1323
70.00 25 207 20 1737
to, 00 3 156 3 2752
56,00 0 152 2.7 2748
integral mass outflow & 4075 Kg’t,554hg
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2.4 - Instrumentation

Table 5 shows the desighation scheme for the measuring points which also
gives information on object of measurement, measured variable and type of
sensor, positions of the measuring points, and the kind of installation.
Figs. 3 to 8 show the, partly redundant, measuring point positions in each
‘compariment of the containment. '

" The individual ‘values are measured in the following way: .

PS static pressure by piezoelectric transducer directly installed at the

measuring point (fast).

'PL- static ‘préessure by strain gauge: transducer installed outside the con-
_ tzinment {measuring point -connected to transducer by pressure lines)
or. piezeresistive transducer installed inside some containment com-

‘partments (measuring channels 113, 128 and 130) (slow). =

PD  pressure difference by piezoresistive transducer or DMS-basis direct-

ly installed at the measuring point position.

TS temperature by./ Ni/CrNi sheathed thermocoup'le (0.25 mm o.d., fast,
response time in water 15 to 20 ms). '

-

T"

temperature by Ni/CrNi sheathed thermocouplie (1.5 mm o.d., siow).
TW temperature by miniature resistance thermometer (siow).
. WS water jevel by capazitive transducer installed outside.

Out of =z totai of 117 measuring points in the containment about 10 failed

tetaily and 3 partly.
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Table 5 . Designation of measuring points
for instance 9 P S 3 1 8 A ¢ 5 M
or B T S 1 g ¢ G
2 b 5 6 3 10
& o1
+ ) e aa
o M -~
O T 0 n ey o
CE T E® £ R o
9 o0& g o A — P
NN o BRI [ ]
O3 ZJouw 3P - g
own wz _ e 0A g
mE 6w n @ o 0
Q90 080 Cc oo ST g
O E E:>'® &E & n oL
A=Y o '
+ > 1 Qe
- NP ey -
Digit 1: Objiect of measurement
L to 9 Containment compartment number R4 to R9
B Pressure vessel
R. High~pressure pipeline
Dirits 2 to 2: Measured value and tvpe of sensor
LG Density (gamma-ray absorption system)
FD Force on drag body (strain gauges)
PD Pressure differentialV(piezoresistive transducer )
L Static pressure, slow (strain gauge transducer’
or piezoresistive transducer)
PP Dynamic pressure'(piezoresistive‘transducer)

BATTELLE-!INSTITUT EV, FRANKFURT AN MAUN
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Table & (continued)

Ps Static pressure, fast (piezoelectric transducer)
TL Temperature, slow (thermocouple 1 or 1.5 mm 0.D.)
TS Temperature, fast (thermocouple 0.25 mm O.DJ.)

TW Temperature (ohmic thermometer)

WS Water level (capacitive transducer)

Digits & to 9: Positions of measuring points

I.

Digits 4 to

Designations for pressure vessels (digit 1: "B"):

Height in cm, measured from the vessel floor

7:
Digits 8 + 9: A1 to AL

IT.
Digits &

~ Digit 7:

_Horizontal nozzles

Gl to G2 .}
H-. Upper vertical nozzle
" U=~ Lower vertical nozzle

- Other

Desigriations for containment and pipeline

. {digit 13 wan to,"9"'or nRn

to 61 ¢¢¢.to 368 polar angle, in angular degrees,
" from manhole (= 0°) in clockwise direction

4 to 9 In wall to compartment,Rﬁ to R9

A On/in outer wall

F In intermediate flange

I On/in inner wall

U On/in overflow opening

W In heat transfer measuring block or disc

LLE-INSTITUT EV. FRANKFURT AM MAIN

[k
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Table § (continued)

Digits 8 + 9: Height in dm above bottom of the containment
compartment in guestion (in compartments R4,
R6 and R8 above sump floor, and in the case of

Pipelines above the sump floor of compartment

R6)
_Digit 15:'  : - Special type of installation
- M lIn.spray'prétection:tube
L At epd of pressure measurement line
T In deadewater‘area | : -
W in‘wall

'~ - ' Other

(v

»
-
-
rr

ELLE-INSTITUT £V, FRANKFURT AN MALTN
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Fig.

Positions of measuring points

Compartment 4

Designaticn of

measuring points channel

L PS 000 A 50 M 104

4 TS 000 M 55 166

4 TS 000 A 23 165

L TS 006 A 13 164

4 TS 000 I 13 163

4 TS 011 I 02 162

4 TL 011 I 00 161

PAlpha-Block :

4 TL 000 W 13 21

4 TL 001 W 13 22

4 TL 002 W 13 23

4L TL 004 W 13 - 25

4 TL 005 W 13 26

L TL 006 W 13 27

4 TL 007 W 13 28

L TL 008 W 13 . 29

\\\\4 PS 006 A 13 M 105
™\ JAlpha- Disk '

-1t TS 356 W 27 167

4 TS 357 W 27 168

354 A 46 L 116

008 A 25 L 114

000 9 21 W 149

0i0 4 1C W 148

350 4 16 W 147

000 A 27 113

354k 9 46 W 150

208

BATTELLE-INSTITUT E. V. » FR

NKFURT AM MAIN
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Positions of measuring points

~Compartment 5

Designation of -
measuring points

channel

107
170

171
127
128

EATTELLE-INSTITUT E. V., - FRANKFURT AM MAIN
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Fig. 5 Positions of measuring pointé
| ' Compartment 7
Designation of . .
measuring points channel
r : .
7 PS 143 A 12 W 111
|7 TS 144 A 12 180
'Alpha-DiSk
7 TS 150 W 12 _ 181
7 TS 151 W 12 182
7 TS 150 1 12 |~ 183
TL 095 A 00 . | ° 179
/7 . 95 O . ) . 7-.
TS O \ 17
-7 TS 089 1 12 176
- ' 4o - 1158
/9 PD 090 7 A1 |
|7 PL 0950 A 11 , 130
|7 PL 047 A 16 L _ _»'129
.7 pPs 38 A 11w 1110
7 TS 38 A 12 175
7 WS 212

BATTELLE-INSTITUT E.V. - FRANKFURT AM MAIN
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- Fig. 6 Positions of measuring points .
‘ ' Compartment 8

Designation of-

] measuring points channel
|
| 8 TL 090 M 00 189
L]
|

8 PS 153 A 21 W 112
8 Ts 158 A 21 190
_—8 TS 090 I 21 188
/8'PL, 053 A 25 L 131
-8 Ts ok2 A 21 186
8 WS ’ 213

BATTELLE INSTI{TUT E. V. ERANKFURT AM MAIN
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Compartment 9

Designation of _ .
measuring points channel!
——9 TW 180 M 75 | 57
9 TW 180 A 52 71
_ "9 TW 180 M 52 56
. 9 TS 180 M 52 194
o 9 TW 180 A 29 | 66
% ‘9 TW 180 M 29 | 55 |
ki A
> 9 TW 180 A 06 1 61
0 9 TW 180 M 06 - 54
9 TW 180 M-9 53
| -9 PL 207 A 16 L. 1135
///,9 TL 235 A 00 195
9 TL 115 A 00 193
9 PL 103 M 39 L| - | 132
::::9 TL 000 M -14 | 191
///,9 TW 270 A 52 72
9 TW 270 A 29 67
5 TW 270 A 06 T 62
9 TW' 090 A 52 70
|9 TW 090 A 29 65
|9 TW 090 A 06 60
9 TW 000 A 52 69 -
:::fg TW 000 A 29 64
-~ 9 TW 005 A 06 .59
| — 9 TL 355 A& 00 1 198
9 TS 090 A 29 192,
Alphablock:
F9 TL 030 W 40 30
9 TL 031 W 40 31
9 TL 032 W 40 32
9 TL 033 W 40 33
9 TL 034 W 40 34
9 TL 035 W 40 35
9 TL 036 W 40 16
9 TL 037 W 40 37
9 TL 038 W 40 38
5 TL 030 I 40 79
3 WS 209
9 WS 214
BATTELLE-INSTITUT E V  FRANKFURT AM MAIN
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Fig. 8 Positions of measuring points -
‘Compartment 6 °

"Designation of. : :
measuring points channel
|
|6 TL 270 .M 00 184
6 TS 270 M 21 18s.
6 PS 270 M 21 M , 109 -
6 ws 211

Dotum: BATTELLE INSTITUT £ V. FRANKEURT AM MAIN




2.5 Consideration of Errcrs

2.5.17 Speciai events in the experiment

- Gap:
As explained in /4/, during the test a relatively small additional vent
(cross section. area = 236 cm2 = biown cut sealing + lasting, plastical
defermation of the plate 2 2.7 % of the cross section areas of both speci-
fied c¢rifices in compartment R4) has formed between compartment R4
and the dome compartmentRQ{ caused by the overpressure in rupture

compartment R4 at the upper cover (steel plate).

Originaily, this gap should not be considered for the caiculattons (see

arguments in /3/).

in May 1920 at the first meeting of the OECD-CSNI Workﬁg Group on
Water Reactor Containment qaﬂsﬂ:y the influence of gap on the results
of SP-calcuiations was dzscussed with the he:p of some prehmmary ccm-
parison plots with the results of "blind" predictions from internaticnal
participants. The participants of the working 'gr'oup agreed that for
the “open® caicuiations this additional gap {see fig. 9) should be ac-
counted for. Therefore the experimentator suggested after examining
the measured results, as a rough approximation a time function of the

gap size as foilows /7/:

30 to 0.15 s : linear increase of gap size from 0 to 252.cm2’
0.75 to 1.5 s : constant gap size of ED ems
1.5 w0 s linear decrease of gap size from 292 cm< o 236 cm?

aver 5 s : constani gap size of 236 cm?2.

However, it results from a relation taken from Hitte | /ﬂ/ (vaultmg.
oY a rectangular piate under surface !oaq{ plate clamped at the back,
supported zt the sides, unfixed at the front) that a plate's maximum
vault of 12 mm can be aiready caused by a differential pressure of

A Nna
0.04 &

r betwesen R4 an'ci'R‘q The experimentai history of the differen-

o

tial pressure indicates that the ‘maximum -gap size of 292 cm2. ummedm
- tely blown out sealing + max.mum vault of the plate) might be alr‘eacy '

reached at 0.0% s and sustained.until approximately 16 s.
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MR

[N

Position ' A ~ - Shape (view from A)

Los _ R
. gap - ap 2
AN = 236 to . -~ steel plate
292 cm2”) \ _ (ceiling of RA)
A . ) ’ . . rm"{ﬁfﬁrs—m}'“*\; ALY LR ATTATEANG B Y00 W W W W Y O e 3 - v b—,iﬁj__
Bk povporamni 3L LA td TSR o A hacimdewd- - B - o R S W s Rl
Ry N N B SR e
.4 900 A a— ST R . N . T e
o "M_“..___.‘.__....'gy,’ . . 9 S\j ? o\ -;'f: { . -0
o | ’ LIE VN ‘ ; T A _ o ..
| oe3850 o L OC | o o ’
n' - . '“ q -7‘__ . . ."1__:_,‘"« - v - 1400 I 2
ol . w\) o i ' A 0'O : . . i B ¢ ‘ :
[ 0. VAN, Y SUSC S o ) : - ; ) - : - : ) .
) & . ] ) o >} . . ' . ) o
7 e _ o
° . of . o . . » . : - . ‘ . ’ e
* ¢ o ° " R 4
o © - Ll
D") R[’ | N PSP . ‘ : : scale 1 : 10
° 17001 T il | : : | ' - o
° G e 3 l o %) 19 mm (236 cm?) without load acting on ceiling of R4
© C 12} o . ) . . - . .
o 1 R -
° . 1, 25 mm (292 cm?) maximum gap (load 30%kN)
“ AN 1 ° o ) ' ' :
>\/ F 5 °r
/ \ - ]
o ' /"7/{ .
—_— | 7 -100
4 : .
o [5) < ©
R 4
0 o & , , _
o ° ° fOSO o ° Tie. 9 : Gap between compartments R4 and R9 after partial
\van - ‘ ' - : '
5 o e : failure of a sealing (measures in mm)

_pz_



Non-insuiation of hibgh“—pr‘essu're pipe:

Especially the bar‘t of the piping inside the containment (appr. 9.5 m;
W 150) leading to the rupture was rot insulated during the test CASP2.
This caused an increase of the containment initial temperatures. The
lowest/highest measured resuits in _thé individual compartments amounted
to:

TR4 = 18.6 /. 26.2 °C
Tpe =21.6 /27.8 °C
.TRY =21.6 / 24.2 °C.
TR8 = 22.0 °C

Trg = 25.2 / 32.8.°C
Tegs™ jS 2 /28.7 °C
T =.26.6 °C

R&

‘Compared tc the mean values given in Chapter__ 2.2 the temperature in
the ih.d_.‘_.viddai .conﬁpar'tme‘ri'ts'r:ah deviate up to appr. £5 K. The question
remains cpen d_f how .chh the structures were heated Ib,y it. ‘
Leakage in the high—pressufe sysfem:

Pro'bably {over. a longer period of time befors the experiment) a small
teak occurred in the high-pressure system inside the containment
(centre of ‘R9). This caused an increase in the relative humidity of
the containment aimosphere tc 100 % and probably alsc a slight con-
dens’a;ioh at the containment wails. in combination with the heat re-
lease frdm the high-pressure pipe'the leak may also have contributed .
to the above-mentioned increase in initial temperatures of the compart-

‘ments, and eventuaily of the walls.

Reduced circuiation:

it is to be assumed that shortly before the biowdown the circuistion
in the high-pressure pipe has been reduced considerabiy. in combina-
tien with the non-insulation this led to a relatively inhomogeneous dis-
tribution of initial temperature along the pipe (differences up to 35K)
and probably to a wverticai stratification of temperature, ioco (at mea-
“ 's'u'rm'g 'poAin,t' | AT = 30K). Therein is certainly caused the appearance
of & distinct. 2nd maximum in the histery cf mass flow at 0.92 s, which
was indicated in relatively good. agreement between both drag .bodies
al measuring point Il. Up to approximately 1 s the mass flow history

depends very sensitively on the distribution of initial temperature.
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2.5.2 Measuring errors and gecmetric deviations
Tabie 6 shows the error bands of the initial conditions. in the contain-
ment and the measured values in it, as well as the geometric deviations

/8/, which were essentially estimated by Battelle-institut.

Table 6: Measuring errors at the test CASP2

teasurand . absolute error - relative error
(range) ' of measured value
+ . + 9.5 2
PCO + 0.005 bar + 0.5 %
: T T s. chap. 2.5.1
oR4 'oR%a . ap :

PL (1 + 4 bar) | #* 0.025 bar

PD (0.5 bar) | + 0.018 bar |

PD {1 bar) .t 0.02 bar

TS 2.5 = +1.4K

T™W + 1.2K

WS {7+ 20 cm)| £ 0.5 cm

T + 345 kg
| "*'\':M.Entegr‘ai + 57 kg £ 1.4%
! \% +1.5%
E 'ccnd £5%

A = 0.8 §

tn additicn tc the errors given in table 6 and the uncertainty concerning
the thickness of the coating of the concrete wails (see table 3) there are

Sther parameters tc the containment calcuidtions which are still uncertain:

thickness of the heat absorbing or heat releasing metal structures, .

density, thermal conductivity, and specific heat capacity of. the con-




]
=4
t

crete coating (acc. to manufacturer: * 10 %),

- density, thermal conductivity, and speciiic heat capacity of the coi
crete (taken from the literature for pure, dry gravelly concrete:
p = 2200 ka/m3, A = 1.28 W/(mK), c = 879 J/(kgKk); because of steel
reinforcement described in /1, 2/: p = 2260 kg/m3, A = 1.73 w/(mK),

960 J/{kgK); stee!l reinforcement beginning 20 to 30 mm coff the

\

surfacej,

- Ggensity, tharma! conductivity, and specific heat capacity of the metasl

structures,

- -temperaturs and other dependencies of transpcrt properties.

in generai, errors of variables measured in containment. are small and most
of the time within the oscillatory margins of the measured variables. There-
fore, in the comparstive piots they are not shown as errorbands bu: oniy

'as bars according to scale to improve compearability of experim .ental errors

uncertainty in caicuiating mass flow

e
rate and specific enthalpy at the break in the primary system with blow-

bl . 4 M b

G
7
-3
3
s
O
Q.
o
w
»
ja]
-
<
©
8]
o
—
(]
m
o}
C
9]
[()]
=
7y

both wvariables are determined
from measurements. For reasons of umfor‘mity-in the boundary conditions,

it was suggested /3/ basing the SP-caicuiations on their nominai values.

in figs. 10, 11, 12 and 12 these values are depictad along with their

dwidths estimated by Batteile-institut. The errors  are lower
than the ones of the -test D15 on which the first Ceontainment-5P was
ased. However, within certain time intervals they are to be described

as realatively high, sspecially in regards toc SP.
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'2.5.3 Effects of deviations from nominal valués

Wifh few ‘excep'tion's the SP participants based the caicuiations on the
nominal vélues listed in chapters 2.1 to 2.3. In this chapter the effecis
of the deviations ‘described in chapters 2.5.1 and 2.5.2 on the calcula-
“tional results shall be considered somewhat more closely. Results concern-
ing these effects are mainly supported by estimates and parameter studies
as far as given by the experimentator (see /6/) and participants of the

SP (Australia, B'elgiur'n, F.R. Germany, Sweden, United Kingdom).

These are supposed to better safeguard and interprete the resuits. Re-
garding the most important deviations, mostly quantitative stdtements
could be Tound. However, the investigations carried out here are to be
- more understood as a starting point, in respect to a more systematic ana-

lysis of other important values.

2.5.3.1 T im e interval 0 to 2.

%)
"

For the time intervai 0 to 2.5 s parameter studies are available:

~ ©on the inﬂ_uencs of the gap (see alsoc chapt. 2.5.1):

"«Vith the é'id of code ZOCO VI, Rattelle-institut determined (see fig. 14
from’ /6/) that for a gap size of 236 cm? = const (t) the calculational
resuits without gab for the feilowing variables are higher in percentage
than the calculationai results with gap (related to pressure built-up,

respectively pressure difference of calculaticnal results with gap):

-::a%cu!ate_d variable Tet maximum v 2nd maximum
qul 2.4% 6.8 %
Poc o 2.2 % 6 %
Y s 1 f

fAPQa-Rg 3.9 % 8.3 %
AP - : 0 2.8 %

~ R4-R5, R4-R7 °
AP, 2.7 % 8.8 %
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s corresponding to neasuring channel , . 2 oy Y o
rh combination B9/91 : (236cm® since t=0)
pg =1bar, Ty=20 °C :

=== without gap R4/R9
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Fig. 14: Model calculations on the influence of gap R4/R9-on preséure build-up
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The maximum pressure differences calculated by th:e computer program
COPTA (Sweden) /34/, neglecting the gap formed between R4 and R9,
increased with 0.01 to-0.05 bar and the pressure in compartment R4 at

2.5 s with approximateiy 0.02 bar.

The calculational results of the SP participants not considering the gap
(F.R. Germany, Netheriands) would have to be systematically decrea-
sec. Different computer codes (differing simplifications) and similér‘
computer codes (differing input assumptions) would very. likely resuit .
in differing outcomes. In comparison to the influence of other errors
(for example the boundary conditions, see below) this systematic in-
fluence, approximately determined in size, is nonetheless to bé des-
cribed as of minor importance. ' ' :

on the influence of the error bandwidths of the boundary condlt'ons

On the basis of the mfor‘matnon in ﬂgs 10 and 12 the expemmentator
also. computed the xnfluerce of the -boundary condltrons error band-
wmths for the lower limit of errors /6/. Hereby - r‘ecelvmg the foilowing
deviations in . percentage (related to pressure built-up or pressure dlf"

ference of the cajculation without gap and nominal values: accordmg 0

table 4)
caiculated variable 1st maximum e 2nd maximum
Py ] ey -12.6°%
. T - ) _ 1.9
BPo 4R | 8.9 s ‘ 14.1

The results of a caiculation with code COFLOW (see /12/) (also for the
lower limit of errors without consideration of gap) for the 2nd maximum
concur favourably with the experimentator's results. For the Tst maxi-
mum the results.are somewhat higher than the ones in the computation -
of BatteHe-_Instntut.
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calculated wvariable - T1st maximum ' 2nd maximum
Pra ' =12.3 % . -14.4 %
APra-rg . -12.8 % -16.0 %
PR9<2'5 s) A : o -12.2 %

A corresponding COFLOW-calculation for the upper limit of error in-
dicates for the 1st maximum higher deviations than for the lower limit
of errcr, caused by the higher upper li.m_its.of error of the spec. ent-
haipy and of the mass .ﬂow at the rupture site between 0 and 0.2 s.

For the 2nd maximum the values are in approximate agreement:

-caicltiated variable Tst maximum .2nd maximum
Pra +23.0 % +15.0 %
AP o4 rg - ,+23'6 % ' +15.3 %
DF?_9<2'5 5) +15.7 %

in figs. 15, 16 and 17 taken from /12/ the influence of the becundary
‘conditions' upper and lower limits _'of error, as it was computéd by

COFLOW, i1s shown for the history of seiected quantities.

“Under the assumpticn “that the measured chves correspond to the
neminal values of the boundary conditions and that the effects of devia-
tions from nominal values on the experiment (with gap). are identical
percentagewise with those of an assumed COFLOW-caiculation (with gap),
in addition arrows related to experiment are drawn to scaie. They indi-
éate in. the order of magnitude' at selected points in time, how much
vhigher/’ fcower the experimental results could have been, if not the no-

minal energy put the upper or lower limits of it had flown in the containment.
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Nonetheless one has to add that by the approach applied above syste—'
matic errors are treated like accidental errors. The share of systematic
errors more or less eludes analysis. Therefore, the _mb’st certainly,
smalier effects on the calculations resulting from accidental errors can-

not be quantitatively censidered.

- on the influence of geometric deviations and of uncertainty concerning

initial temperature of walis:

in a further computation with the boundar‘y conditions' upper limit of
error additional changes were made in light of a high pressure built-
up' in R4 respectively, a high pressure difference between R4 and R9: |
the volumes (-1.5 % in R4, +1.5 % in R9), the structural surfaces (-1 %
in R4, +1 % in R9), orifice cross-sections (-0.5 % in. U45, U47 and US9B,

U78B), and the initial temperatures of wails (+3K in R4, -3K in R9).

The effects of the additional changes on the parameters shown in figs.
"15,',.,-1_6 and 17 .differ hardly from those resulting from the calculation

‘with the 'upper limits of error of boundary conditicns (seée /12/).

The influence of the uncertainty in the concrete coating's thickness is to

o
M

ot

regarded as minor in this time interval (see chepter 2.5.3.2, fig. 18
a .

4 s). On the somewhat uncertain parameters given in -chapter 2.5.2 the
following might have a not at a‘i!_neg!ig}bleiinﬂuer‘mce on containment vari-
abies in this time interval, namely the thickness of metal 'étruc'tures, the
transpbrt g rbper‘ties of "’the concrete céating, and a higher‘v error in con-

densaticn surface areas.
4

.2 . Time interval 0 to 50 s
For the time intervai 0 to 50 s parameter studies are available:

- on the influence of the boundary conditions' error bandwidths, inciu-

ding gecmetric deviations and uncertainty in the structures' initial. tem-.

he history of containment pressure (after appr. 16 s pressure com-

v
o
3
15}
o
—
[e]

n in the whole containment) 'méi‘niy ‘depends on 'the total ent-

nalpy flown in and the heat transfer to the structures .(high .surface
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area/ volume ratic of = 1.8 in model containment, = 0.4 in an operating
reactor). Compared to a postcalculation with nominal values -and-a mean
coating thickness of contrete of s = 0.95 mm (= reference calculation),

another postcalculation was realized with increasing - the break mass flow

of +1.4 %, with an associated specific enthalpy according to the upper

limit (on the average = +4.5 %), and the initial temperature of the struc-
tures of +3K. Similarly the structural sur‘faceS'Werje decreased -1 % és
well as the containment volumes -1.5 9 These systematic changes were
to be c=xpected to cause a hlGh contamment pressure. The result can
V.be seen m flCl 18 from /12/. Maxnmum containment pressure is appr.
0.39 bar or reiated to the pressure built- up of the reference calcula-
'Lson appr. 12.2 hlgher‘

- on the mﬂuence of a devratlon in the lmtnal temper'ature of the struc-
Lures '

In /128/ among others two bostcalculations can be found only differing
in‘i,‘n‘it_éai. témperatures (23 °C and 12 °C). Maximum containment pres-
sure 'is apor. .O.T bar higher in the calculation with higher temperature.
This resuit is in accor‘dancé with .3 parameter study' on steam-blowdown
experiments D‘iQ and D15 /13/ (AT = 11K » AP'maX ~ 0.1 bar). With a
possible deviation of #5K at the maximum, resp. of #4K on the average
during experiment CASP2 (see chapter 2.5.1)-'one can .anticipate that
only  from this the"max‘imum centzinment pressure can deviate by appr.
f+0 05 bar resp. appr. 0. 04, bar.. Since the heat penetration of the
<trL.ctur‘e< is probably less than maximum, the dewatnon will more like-

_1\/ be ciose to ;he lower limit.

= on the influence of uncertainty in the thickness of coating:

ig. 18 alsc shows the results of COFLOW-postcalcuiations considering

uncertainty in the thickness of concrete coating (see tabie 3). The
ication of the lower resp. upper limit (s = ¢.7 mm resp. s = 1.2 mm)
as supplied by Battelle-institut results in well perceptibie deviations
from the reference calculaticn in the amount of -0.15 bar, resp. +0.08
‘bar {concerning the maximum pressure) or rejated to the pressure built-

up in the reference calculation -4.7 %, resp. +2.4 %

in fig. 18 the above-mentioned influences on the maximum pressure in the

containment {with the exception of initial temperature) are drawn as ar-
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rows to scale under the assumption that the computed deviations are valid
percentagewise for the experimental resuits. Parameter studies concerning
the .influence of coating thickness have also been conducted by Australia;
by reducihg the ccating thickness cf 1.2 mm by 25 % the maximum pres-
sL-re of the dome compartment RS was reduced by 1.3 %. The gap certain-
iy dces not play an impcrtant rcle in the overall pressure built-up. Ad-
ditional cases worth examining in this time interval may be: |

- corresponding maximum lower iimit for containment pressure,
- & higher deviation in structural surfaces,

- separate' consideration of the bouhdar‘y conditions' error bandwidths

and geometric deviations,
- - _deviations in the transport properties of the concrete coating,
- deviatiens in the transport properties of concrete,

- deviations in the thickness of metal structures.

‘Concerning the manner of maximum error consideration the statements for
time interval 0 to 2.5 s should alsc be pointed to in this time intervai

-~
-~

(G to 50 s).
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2.6 Variables to be Calculated

As stated in /2/,  corresponding to distinct measuring point position's,

each SP participant  should best-estimate post-calculate the

variables as function of time;

for time intervel 0 to 2.5 s:

- 1 .pressure in each compartment

- 7 pressure differences between different compartments -
- 3 temperatures each in compartiments R4, R5, R7

- 2 temperatures each in compartments R8, RY

- 1 temperature in compartment R6

-t
O
-3
ot

time interval 0 to 50 s:

= T pressure each in compartments R4, R5, R7, RS ‘
- 1 temperature each in compartments R4, R5, R7, R, R6
- 2 temperatures in compartment R9

for time intervai 0 to 1000 s:

-~ Dressure in compartment R9
- 2 temperatures in compartment R9.

- water mass in the whole containment.

following



3 PRESENTATION OF RESULTS

3.1 Comments on the Experimental Results and Deducticns for the

Comparison

In /8/ some explanations are given with regard to minor changes with some
specified measuring points and to measuring errors for a few speciﬁéd
parameters. Also the measured resuits are - as far as possible -depicted
in the scaies used here and in Lhe comparison report te the first Contain-
ment-SP. Tr‘ereoy a direct compamson between both Containment-SP is
possibie on what concerns error bandwidths of measurements and, espeCIal—
iy, béndwidths of caﬁi'culations. In chapter 3.3 this will be treated $n some-

what more detail.

The pressures .measured in all compartments for time interva! 0 to 50 s
are jointly shown in fig. 19 for the purpose of visualizing extensive pres- .
sure equalization in the ccnizsinment after about 5 s. The diagram also de-
monstrates that in view of total pressure built-up in the containment iden-
.thai scaies for both Containment SP can be used without any loss of in-
formation even if the pressure range 1.0 to 2.0 bar (corresponding to 0

to about 5 s} is omitted.
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= between R7 and
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3.2 Selection of Important Variables

As stated in the specificaticn a number of variables was to be calculated.
For assessment of the results it seems necessary only to consider impor-
tant variables. All variables additionally wanted become important, espec-
ially when deviations are to be analysed more exactly and more individu-
aily. In the feilowing a brief argumentation for seiection made (mostly in
parentheses) is given. Fluid temperatures instead of wall temperatures.

not measured in this test, give an approximate indication on the temper‘a-‘
ture lcads the wails are exposed to.
Time interval 0 tc 2.5 s

Pressure: 1 pressure each (pressure differences within a compartment are
negligibiy small)

- in .rupture compartment R4 (compartment with the high'est"pr‘essur‘e

buiit-up)

- in ﬁrst fovlow up comoamment RS (hsghest out one oretsur‘e bullt Lp

after flowing from R4 through orifice 045y

- in dome compartment RS (energy sink with slowest and time-delayed
pressure built-up)

Pressure difference:

Detwpen R4 and R9" (highest pressure d'iffer‘ence)'

-

- bpt\xe n R4 and R5 (outfiow from ruptdr‘e compartment R4)

- between RS and R7 (information about influenice of d;"fere’ 't heat trans--
ter and different water c.—_r'r'y over cn ‘pressure bubt-up at different

cutfiow conditions)

- between RE ana RG ( ouﬁ‘ow upwards after short flow path)

RS,

23 (Odl.f' ow downwards after !ong flow path)

. Temperature: Because of differences expected inside the compartments.

- 2 temperaturas in rupture compartment R4 (highest temperature load)

- 2 temperatures in compartment.RS {(highest but one ‘temperature, iong.
dead end) '

temperatures in ccmpartment R7 {short dead end)

1
-




- 2 temperatures in compartment R8 .(half a dead end)
- 1 temperature each in compartments R6 and R9 (slowest, approx. the

same temperature built-up)

—_

Time interva!l 0 to 50 s:

Pressure: Within this interval the maximum pressure in the whole contaih-
ment and pressure equalization between ali compartments occur. The follo-

wing pressures are selected as the most important variables:
- in rupture compartment R4 and

- in dome compartment R9.

Temperature: Within this interval the maximum temperatures and exten-
sive temperature eqgualization occur in each compartment except in R9.

The fcliowing -temper‘atures are selected as -thelmost -.impo'r'tant‘ variables:
= in rupture éompartrﬁent R4 (similar _in R.S, R7) |

- ‘ih. compariﬁ*.ent R8 - : h |

'~ in dead end compartment R6

- 2 temperatures in dome compartment R9 (beginning of the temperature
stratificaticn) . '

Time intervai 0 to 1000 s:
Accerding to specification pressure-, temperature- (represented by R9j,

and water mass. history in the whoie containment during the cooling-down
e. R '

phas

3.3 Listing of Important Features and input Parameteérs of the Codes iised

abie 7 combines for various time intervals important features and assump-
ticns of computer programs used by individuai participants. This was pos-

ible as far as they could be taken from short reports and letters (12 par-

—~

Calculation resuits for all 3 specified time intervais were 'submitted by
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Table 7°: lmportant features ond input parameters of codes
A= surface area m, =air mass V= volume AT = temperature difference “we T ::(iltiélje{}zll:[_“Ulf)l‘lcfgam
Cp = discharge coefficient fly = Vapour mass aF = pressure difference wp = water separation factor node quality
£, = bicetic encrgy n = number of orifices’ ¢ = pressuce loss coefficient T0 = initial temperature :
o = total enthalpy R = coinpartment (,‘w = water carry-over factors= Fy = hater mass_flow
hte = heat transfer coefficient t = time ) total mass flow
. = mass of Lo . )
water in n, = water in mixture flow
node
Computer Time Homber of Water Orifice Flow Heat Transfer to Structures Computer | Compu- . _
Country Code Interval Nodes Transport ) correlation acc. to...... coating MPUEET | tor Other Rémarks
(s) Concgpt Coefficients [hte g/ (K thickness - fime(s)
b lia o 2 A concr. 7
Australia | 20C0 V 0-2.5 6 £ =0 compressible flow CD -1 Henderson and Marchello filler 70.2
0-50 . W ?l mm 1BH 370/ 1306 )
- . 0.6 surface o=
0-1000 | 4(Rd,R5,R7:1 f0a-5,4-7.0% Surface, 3031 15100 | gapsize=264 cm
R6-+RB+R9=1) p5-9,7-8" " =0.2 mm
Belgi TRAP-SCO 0-2.5 6 oy d Fauske submt flow [oq.5 4.7- no
Tgium 5 WC pénds model (1. ¢ ﬂsentr ex- C4 5,47 1_150 (spec. enthalpy 34.5 )
on time pansion the vapour . = : apsize=
(see lghapt phase,incoapr. fHow 05-9,7-8, (1)n;t)ut7r§guced by I8M 370/ 9ap 292 em”
350 1f. the 11q. phase) 8-9,6-9,4-9 0 7.5%) 3031 :
0-50 break flow ’ 0.2 : .
TRAP-CON 1 B . L . . 0.2 mm condensation film
0-1000 . flashing Tagami-Uchida 25 & thickness £ fmm
. . 0t z =0.5 i 51 - i
Canada PRESCON-2 | 0-2.5 -5 4_70 Sjone dimensional mo coc cveer | 12 gapsize = 292 cnl
6 2 "7h meatum equation, 2.85 1300 0.2 m 170
_1 s . . I 2
0-50 Forest bw=L [hom. flow model 175° 20
_____ __ 0 - 505 : 1300 - 1.7
0-1000 1 - 50- 1000s: Uchida: )
Finland |RELAP4/MCSDS 0-2.5 S =0 compres. single G.7.q-5,72-81) 40 xDittus-Bulter gapsize = F(t) (see
W stream flow with 7—815—9, (liquid forced convec- Ex # O chapt. 3.5)
J(R4,R5,R7:2; momentum f1ux . 077 tion) see fig. 20 CDC CYBER | 90 lcomplete separation
K6,R8,R9:1) 897" 170 of phases in each con-
g 6:2'81 tvo] volume{toth phases
0.7 mm \ave same teniperatures)
NTEMGT R all structures; yool region and
CO'%E'&“ T-L1/ | 0-1000 ! 0-2.5s :lin. incr. 1BM 370/ 264 Igaseous'glregio:w
(M(‘;D ) . . . ) from 45.4-10000 168 may have different
’ 205{838 ‘BUPO? temperatinres
50- s:lichida
0-2.5 [5(it4,R5,R7,R8 ~ steady state adiaba- [Cjy=F(mass gas gapsize =f(t
1,R6+RY:1) £, tic flow;isentropic quality)>1 : IBM 168 80 E =0 (t)
o = i cxpansion;no(ﬂ-fct]onjc T =75} - ECOTRA. (see App.2) E =0
France: GRUYER 0-37 {4(R4,R5,R7:13Wwa-64-7 "~fhom. frozen model - . Dﬂ 5‘D4 770 : : : )
: ) RoTREFRI: 1) 0 9.0 25 C Co5-9Cpa-g71- 1 ’ "bhnd" alculation’
w7 -9-0.75 . 0.7 mm I18M30-33 .
0-1000 1 ~ N — t<h0s: 1390 55055 hics - [_)\=O.5('f) T G
=1, 5 AT f vy e W/(H!KH . TU 24°C
. \r.a":mex . 11 "81ind" calculation
walls; 11.31050 (0Y)
: my
and Uchida f. colder
i walls , ,
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Talde 7 (continued)

between rooms;quasi-

RA(1500),R5(1500,2%100),

without gap "blind"

-6b-

CITIE Y COFLGY =2.5  B3RE,R5,R7:3 ; ;
Burmany crLe 02 zﬁs I statignary compr.ori-te . y ¢ "2 R7(1500,2X100) ,f. rest caleul. f.German SP 3
ko kY 1; n, = 0 1 fl\%l(;)flo\‘;(l10|1l.,u‘lithout D 'DilliC'(bnlw) (100)3f.steel and concrete 140 EI(:O T ;ZOOC
5 y] . - N . 3 o
- Con 1\ vithin reom:one- di- (Jobson) const(t):f.atn(10) 0.95 ma
0-50 SiRdLNG k7[R T mensionaldinstatiin- e L g g Tagami-Uchida
T leamiiRe1; | s o [cowbrflon with t%’,‘]:Tf:ff}-gés(i_ (htcioncrete = htcsteel) AHDAHL 630 g =0
ATH. :1) v friction prés;ihle) htcmax = 1200 : 470Y/5 T0=12°C(5015d)200C(a1r
' T =200C(salid zoC(aiy;
CONDRU 0-1000 1 0-34s : Tagami X 6 260 0934Is%£:;r;ggij(a]n
- — - 345 - 1000s : Uchida 0.70 mm nonequilibriun
htcmax=8000(steel) 34-1000 s ther
htepax=3200{concrete) 1000 s - thermodyn.
| . equilibrium
taly ARIAHNA-O | 0-2.5 |4(RO,R5,R7:1f . _ ¢ 204 .
1% 3] . > . ai P
(CQTN, 50 Re+R84+RY: 1) W Moody-Model €p=0.6 see fig.21 0. 25mm gapsize = F(t)
Pisa) (1=0,32 |igm 370, | 2569
| CONTEMPT LT/ © [2(R4+R5+R7 11 _ - . e ‘as above up to 40 s then W/mK) 158
026 | 0-1000 |pesrasro:1) | Gw = O [ideal gas orifice 198.decr.to 20 at t=1000s{ . - 2460
S : flow model . ] " )
Italy - PACO . 0-2.5 6 a5 1=9.7 Tin.incr. to-10000 f.R4,
Y - et -5,4- R5, R7, R8 : )
(NIRA) ISaerEIn . C e B e 370, | 170
. — - ’w5-9. n isentropic f]ow p =l fucnida £. Rs, Rro 168 gapsize =.292 cm?
-5 7 -8,8-8 _ mKme 750 e
(8 2)
N 2510 up to 50s then
=107 .
0-1000 i 1Uchida . 54
Ja; RELAP4/MODS | 0-2.5 6 . 5.8
Japan ELAP4/HODS ;(Rq e r =2.85 ZOOQ FACOM 16.89 gapsize = 240 cm?
. 2 R5+R7: = M-200 complete ph -
0-59  |=L%0* Cy=1.0 1700 complete phase se
RE+RE+RI 1) D ) 70.50 paration is. assumed
0-1000 . 205.29
:3; ¢ (R4N0.0lone dimensional -
Hotnerlands| Z0C0 V(KOD.) | 0-2.5 [1L(RA :3; 5 on ; i without gap _
( ) R5.R7,R8:2; | f. rest..|oteady state incompr Cp= 1 : 292 | "blind" calculation
e e ) e &kl flow Henderson and Marchello | 1.2mm  |CVBER-175 | ,o0o | E, = 0
, 0-1000 P - — - 12492 {"blind" calculation
Sweden COPTA-6 0-2.5 6 . F.,0-5,4-7 |steady state compr. C - 0.88 f.RA,R5,R7,RE8:0-505:10000 1 0.95 mm |CYBER 172 | 124 gapsize = F(t)
— > 2 |orifice flow 0™ 50-70 s:1in.decr.to 1590 coc '
0-50  [A(R1,R5,R7: 15 4-9,7-8 t>70 s:Uchida; f.R6,R9: , flash coeff..
RE+RB+RO: 1) -1. 102505 : 3 x Uchida 725 | T = 2790 Tesh
. 150 - 1000"s : Uchida
0-1000 1 - - - : . 136
3. Y o 3 3} -l . 0‘25 ht T—-g§ ): .. A . 0 .4
:J!]}:l,;;m CLAPTRAP 11 | 0-2.5 6 6 003 |nomogencous, siip,  y0,6-0.2F, ¢ (6Pyzp)
~1ng 0-50 6 = ‘adiabatic flow but ZSOQ;addicompgpen% %g@ 0.8 mm 4-70 gapsize = 236 cm?
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The partic‘ipant's nodalized in many different ways:

In time mtervdl 0 to 2.5 s the containment was snmuiated by 4 to 13
zones. In relation to measured pressure in the compartments and
pressure differehces between the compartments a subdivision bf the con-
tainment into 5 to 6 zones (8 participants) seems to be sufficient. A
more detziled subdivision into 9 to 13 zones appears to be more suit-
abie feor better describing 'energeticlco'nd'itions, processes of water
transport and also their influence on pressure distribution: 14 tempe-
ratures with widely differing. measur'ng results ‘have to be calculated,

iongitudinal and short flow paths, dead ends, outflows upwards, down-

‘wards and sideways (Germany: 13 ‘nodes, Netherlands: 11 nodes, Fin-

Iand:‘g nodes).

In time interval 0 to 50 s the mocdel containment was subdivided into
1 to 11 zones. ' ' '
One participant (Belgium) simulated the whole containment by one zéne.

This procedure appears tc be accaptablc in view of tne pressure bullf-

‘up_ after about 5 s. when an almost corrplete precsure equa!xzatnon haS_.

tuKen piate. However, the zone temperature should strictly simulate
the average temperature in the dome compartment RS and the resuits
from other participants and the experimental resuits demonstrate even
in this refatively long time interval, that the tempera'tu‘r‘e histories vary
strongly in the different compartments, so that a different influence. of

incividual " compartments cn totai pressurs built-up is to be expected.

Therefore a mecré ‘detailed subdivision ¢f the containment aiso in this

time interval is recommendable (4.to 6 zones: 8 participants, 11 zones:

1 pc.r‘hcxpaq*) in this re.;pe;t it ‘appears suiiable cn the one hand to
simuiate compartment R9 with 3 zones (becai;se of the developing‘ tem-
peratures stratifiéation), but on the other hand it is aiso nossibie to
partly iump together compartments near the rupture site (beczuse cf

their extensive teﬁ“per‘ ture equalization).

in time interval 0 to 1000 s most of the participants modelled the con-

tainment as a bmg node, except Australia (4 noq’es), ftaly/CNEN-Pisa

pecially, in view of the temperature stratification measured in dome

o
‘cempartment . R9 it is to question, whether the cooling process in the

containment - so essential for this time intervai - could be better des-




cribed in the éalcmations. “This could be done by a subdivision into
several zones (e.g.: compartments near rupture-site, dome of com-
partment RS, centre and annq!us of RS9 + compartment R6 verticaliy),

though thus certainly the costs of computation would increase.

Processes cof water -transport have a decisive influence on conditions in
the short-term. intervai. They are generaily described in an very simpli-
‘fied way, i.e. water carry-over factor ?JW is input under .the assumption
of a slip free flow. This parameter, mostiy constant in time, often valid
~for ail rooms, is between 0 and 1. | |

‘According to definition (see nomenclature) for example iw = 0.5 = const(t)
in conjunction with the homogeneous mcdel means that with increasing time
and a correspondingly’ rising portion of water in-the rupture compartment
‘a. steadiiy inc’re'ési_ng ‘amount of water is tr‘anspcrt_ed off the rupture com-
parftmer‘.'t'. ‘Ho\ﬁ'evér‘,‘ this amount will increase as well as decrease on the
basis ‘of existent'_ﬂow conditions according to the course of the pr‘essure'
differences to’ thevneighb‘qum'ng compartments (two ‘maxima). The inclusion
of a time-function for water cérry-over factor into the caiculatiqns, which
' wouid be necessary as a matter of p'ri ciple, can certainly be r‘egarded as
a solution. It is very well possibie tc obtain such a time-function from
post-zalcuiations for cone facility under the particular flow conditions of
one tesi. However, it seems to be very difﬂcu'it'to find a function in so
. general terms -of physics that it could be. transferred to conditicns at
ancther faciiity or the reactor. A first step towards an improvement cer-
tainly is a definition of the portion of water .nw‘ in the mixture flow, and of
a water separation factor ch (see nomenciatur‘;). These parameters could
have a thance of being described in more general terms, if experiments
with a suitable measuring technique have been performed (density measure-
ice vents). Sup'posedi\/, and as it‘has tc some extent been used
with a time-function for §  (see chapter €.2.4in /8/), n

w

n
wiil’ be substantiaily more independent on time than éﬂ,, In a further step
it witl not be possibie to avoid the inciusion of slip into the considera-

tions. Hopefully, these compiicated processes will then still be described

in a simplified but essentialiy physicai manner. A certain indication for
water transport conditions during this experiment :are the sump tempera- -

‘tures and sump water masses measured in the individual compartments
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Orifice flow is mostly described in a'simplifie'd rﬁanner‘."E.g. most of the

participants apply one-d'im'ens'ional, quasi-steady, compressible flow with-
out slip and discharge coefficients between 0.6 and 1.2. As far as can be
drawn frem the participants' information the high portion of two-phase
acceleration losses{= momentum losses) within pressure differences is not

accounted for or very indirectly (correction for mass flow).

Heat transfer to structures is treated very differently: with various dif-

fering relations respectlvely with input data, constant or some function of

time:

- time interval 0 to 2.5 s:

The heat transfer coefficients of the participants are within 1300 and
15000 W/(m2K) for the rupture'cqmpartment, in part reduced for near
break, flown through comp‘a'rtments {within 1300 and 14000 W/(VmZK)]
and dead ends as well as off break corﬁpartrﬁents [partly _ébou't 100 W,/
(m2KY]. Assuming an isenthaipic expansion of the fluid discharging at
the rupture-site, ‘e.g.  near -zero ti'mé, \)épour‘ 'quality: is between 0.3
and 0.4, which is equivalent to a void fraction of large" than 0.99 under
existing pressure conditions. Therefore, it can be supposed that for
the short time interval heat tr‘an<fer‘ conditions near the ruoture site
are existent in a water-blowdown test, as in a steam biowdown. From
this high heat transfer coefficients in an order of 10 W/'(mZK\ for more
or- less dropiet condensat,on seem to be closer to I"Eallty Cn a reduced ,
fevel these consnder‘atlons are alsc valid for compartment parts near th

rupture and flown throuah by the flu:d “while in the rest of com_par‘t-
ments and dead ends with a high portion of '_ineri_gas (air), heat trans-

fer is substantiaily lower.

- in time intervals 0 to 50 s and Olt'o 100C s the highly empirical Tagami/
Uchida correlaticn, well-known from ‘ICE“SH"g, is applied most frequent-
fv, partly with multloner‘s between 3 and 6. As far as found the maxi-
mum htc values in thece time intervais are within (500) 1200 and 10000

(22200) W/(m2K).

With three exceptions [Beigium, Canada: 0.2 mm, ltaly (CNEN/Pisa)::

0.25 mm] values for the thickness of concrete coating are used which aré

within the possible timits of 0.7 mm and 7.2 mm from table 3. Quantitative

infermation on different assumptions can be found in chapters 2.5.3.1 and

tn
(,u
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In general, computation times are short. Kinetic energy is considered by

two participants.

W

.4 Suppiementary. Information of individual Participants

tn this chapter information beyvond the scope of table 7 is given from the
brief repcris of the participants. In particuiar, reference to the pertinent
literature con the programs used and essential characteristics of modifica-
tions are to be briefly described.

Austraiia /15/: Code ZOCO V /16/ was used for all three time intervais:
In -addition, a calculation with code ZOCO VI /17/ for time interval 0 to
1000 s was submitied. The results agree iess closely with the measure-
ments.But this code has ‘the merit cf operating considerably faster than

-ZOCC V.

Mass  fiow between compartments is caiculated in.codes ZOCO V and

Z0CG Vi by an analyticai/empirical methed involving the expression

4P/,
y :’/Vs

where P. is- the pressurs in the source compartment i and v. is the mean

i .
fluid specific veolume for compartment i.

The effect of the water carry-cver factor on . the calculated pressures is

studied by taking a consiant value of 0.85 for all compartments. The

maximum pressure in dome compartment increases with ZOCO V by 3.7 %,

comparad 1o the reference calculation (gw: o).

Belgium /18/: The essentiais of the computer codes TRAP-3CO and TRAP-
CCN .can be found in /19/.

= Venti path simulation:

For the flow. paths close tc the rupture cempartment additional friz-
‘ticn and inertia have..been introduced; for the other wvent paths, a
discharge coefficient of unity was used (see table 7). '
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The water carry-over fraction is defined as:

water flow gqualitv’ A
wC homogeneous upstream node quality

With heip of a common multiplier the water carry-over fraction can vary

as a function of time:

0 toc 0.3 s: ch | _ = 1; ch : . = 0.5
4-5, 4-7, 4-9 .~ 5-9, 7-8, 8-9, 6-9
0.3 t0 1.2 st ‘ ‘.ch ' linear- decrease from 1 to 0.5
' . 4-5, 4-7, 4-9 ' : . .
we : linear decrease from 0.5 to 0.25
5-9, 7-8, -8-9, 6-9
1.2 t0 2.5 s Cooe N ='0.5
T 4-5, 4-7, 4-9 K
ﬁwc . = 0.25
5-9, 7-8, 8-9, 6-9
Heai transfer '_coefﬁcient:
The Tagami-Uchida correlation was Used: .
: : ‘ ol 0.5
a rrela : = { ‘mz2¢°
Tagami correlation hT,stee! has gt/tp) [W/mzeC]
h_ . =0.77 (/v-t 308
max P’
hT,concr‘eté - 34 hT,steei
wherein: V = 842 m3: total containment volume

tb = 23.5 s: end of water blowdown
E'=10 GJ: avbo'u't twice energy content liberated in

the containment

Uchida cerrelation: .- h, = 5.678 (2+50x) [w/m2°C]

_ tcta! varnour mass
tota! air meass

7 .

and conly the main coat and the top coat have been accounted for and

simulated by z singie ccat iayer with the thickness 0.2 mm.



-  Sensitivity studies:

Fer the short term, parametric studies were performed o test the sen-

sibility of such paramefers as:

1. Water entrainment: This influenced the pressure difference from
‘ compartments R4 and R7 to the other compartments. The sign of

the pressure difference R7-RS is influenced by the coptions chosen.

2. Erergy reduction of break flow: This iowers the absoiute pressure
much tine differential pressures.

For the long term, the influence of other parameters is illustr‘alted as

foilows 'by varying only one parameter from the reference case:

Reference caicuiation: P = 4,032 bar (+2 8 o)
TJotal paint thickness: ' 'Pmax = 4.245 bar‘ \*‘O %)

1
(6 =1 mm, A =0.2727 W/m, °C) 4 . _ S
Evaluation models for‘ mteqmty _ Pmax = 4.325 bar (+12.7 %)

(E=5 GJ, ¢ 1 mm)

The used program PRESCON-2 /20/ is based on the assump-
tion of a thermodynamic eguilibrium- mixtire of air and two phase water
i.e. commeon temperature). The mixture is homogeneousiyv distributed .

[

throughout. the node. The equilibrium temperature is equal tc the satura-

e

ion temperature corresponding to the partial pressure of the steam.

Finlend /21/: Codes RELAP4/MODCG for time intervai, g to 5 s and
CONTEMPT-LT /026 - (VTT version) for time interval 0 to 1000 s are applied

o

The heat transfer coefficients in different compartments are given in fig. 21
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France /22, 22a (for "blind" résults 0 to 50 s and 0 to 1000 s)/:

The homegeneous frczen model in code GRUYER /22/ is chosen. The as--

sumpticns specific te this model are as foilocws:

- No transfer of mass from cne phase to another.

= No heat transfer between the liquid and the gaseous phase.

- Averezge velocity of the different phases is the same. '
The &ir and the steam are at the same temperature and are an ideal
mixture éf perfect gases undergoing an isentropic expansion.

The Kkinetic energy of the emulsion comes entirely from the expansion
of the gasecus phase. - ‘

The gap between compartments R4 and RS is considered and the time-func-

tion of the gap size is as follows:
0 to 8.15 s: $.02392 x 1/0.15 (m2)
.15 to 1.5 s 0.0292 (m2)
1.5 t0 2.5 s: §6.0292 - (0.0056 (1-1.5)3/3.5 (m2)

Cermany /23/: The COFLOW program /24/ enabies the user to compute

short time as well as long time relations with the regard to stream rates
as well as the heat transfer to soiid structures and the heat cenduction
within them. The main festures of the computer mode! are given below

in key-words:

- Tihe thermedynamic conditions within esach rnode are either the state

of saturation or superheated steam.

- The energy and continuity equation include the components air, steam

2y

and depending on the thermodynamic conditions, alsc water.

- Velocity terms in the mementum eguation can be considersd.

he heat transfer to soiid siructu can be consigered as weil as the

5
D
4]

hezt conduction within them.

—

he CONDRYU code /23/ is used for calcuiating long term pressure and
temperature histories in tuil pressure centainments {2-zones-model). Either

thermcdynamic equilibrium or norequilibrium can be assumed.




3500 —
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italy '(CNE'N/Pis‘a) /25/: For the short an‘d' the medium term. calculation
codes ARIANNA-0 /26/ is used which is based on COMPARE code. Ther-

modynramic =quilibrium and a stagnant homogenecus mixture of steam, air

and water are assumed in each node. The heat transfer coefficients in

different compartments are given in fig. 21 (for details see App. 2).
For the long term.calculation code CONTEMPT-LT 28 /27/ is app.xed

ltaly (NIRA) /23/: Code PACQ /29/ is used. Fer the shor't and medium

erm caiculations the liquid water is assumed at equmbmurn condltlons in

t

-

Il compartments. In the long term caicufation the liquid water is assumed

o

t eguilibrium until the end of blowdewn ;- then separation frem the air

- Steam mixture is assuymed.

o
o+

A medium term calculation has been _perfcr‘medv” using <onstant htc

{10 kw/m2°C}) in ali compartments untii the end of blowdown:

Referencé calculation P 4.4 bar

.max

Constant hic = 10 kw/m2eC P = 4.04 bar.
max ) :

Two :ong term caiculations have. also been pertormed using constant hic

(1 kw/m2°C} and assuming:

—
9V)

the liquid water at equitibrium conditions throughout the iransient

D) no eguihomum of the liquid water throughout the transient.

The results are as follows:

Reference calculation : P = 4.28 bar
. max
Constant h = 10 kW/mz°C
a) = 4.03 bar
max
= 4,36 bar.
max

ne analysis is performed by the use of RELAP4/MODS /31/.

Code modification is not made except the constant wvalue of fluid/struc-
ture heat transfer. coefficient is,gi\..fen_-to the code instead of seiecting the

bulit-in heat transfer. correlations.
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Netheriands /32/: Modified ZO'C'O-V code /33/ is used. It is assumed that

water, steam and air are in homogeneous thermal hydraulic equilibrium’

with each other.

Sweden /34/: COPTA-6 code /35/ ailows choice between seven different

models. In the most elaborate models each room is assumed to consist of
a liquid phase and a gas pnase (or atmosphere). The liquid phase, which
may coriain bubbles of air and steam, resides on the compartment floor

(sump). The atmosphere consists of a homogeneocus mixture of air and

steam and possibly aisc water droplets. The liquid phase and the atmos-

chere may have different temperatures.

The liquid phase and the atmosphere interact in two ways:

- mass exchenge by water drcps falling down, steam boiling off and air

rising (normally oniy BWR-pool).

- heat exchange through surface heat transfer.

in the simpler models thermodynamic equilibrium is assumed throughout
the - om. '

, ‘ - ) . . . - 4 a
in the CASP2 runs, for the bicwdoewn pericd (0-30 s), 10" W/mZ+K) has

teen used for the heat transfer coefficient o in the high-flow compart-

‘mients {R4, RS; R7 and R8). This vaiue corresponds tc the order of mag-

nitude used by most participants in CASP1. For the low-flow compart-

ments {R6 and RS) a parameter study was conducted, using Uchida vai-
ves times some factor. For the medium-time case computer runs with «
egual te Uchida values times 1, 2, and 3 were made. Using factor 2 gave

¢8)

significantly better fit to the experimentazi data while the increased

improvemsen

(93]
<
o3}
wn

for factor fairly smali. Therefore it was considered

t
nel worthwnile tc step up further with the factor. The value o=3-Uchida

vas then chosen for the low-flow compartments (R6 and R9) in the short-

7/

0
]

nd medium-time cases. The results are as foilows:

Reference calculations: © P__ = 4.26 bar
maXx

hitec = 2 x Uchida: P = 4.34 bar’
max

htc = Uchida: p = 4.51 bar.
max




United Kingdom /36/: The caiculations are done with CLAPTRAP | /37/ for
time interval 0 to 1000 s -cnd CLAPTRAD it /38/ for time 'mtervais 0 to

2.5 s and 0 tc B0 s.

3.5 Comparison of Selected Variabiles

The celcuiated data used for compariscn in chapters 3.5 and 3.6 were tak-
en from the tapes (8 participants) and punched carts (3 participants) sub-
‘mitted. They are identical to the participants' plot data. Mosi of the par-
ticipants used the recommehdedfor‘fnats,' scaiés and dimensions for plots,
tapes (cards) and lists, which faciiitated the preparation and checking of

comparstive picts.

Differences are ceriainly to be noted comparmg the results of the par‘tl"l'
pants. These differences may arise2 from handling the procrams or fro
the guality of the models used in the. programs.. However, in the ToHowmg
no evaiuation as to a ranki.r}g shail be made. The .o;!owmg sections .cqm‘-
prise a selection of important guantities charactsristic of the processes
ta

king place in the containment.

W
[#2]
-
o
n
oot

ting of important characteristic guantities

in this and the foliowing 's ections some observat:ons mcde in t'h'é 'c'-ouﬁe“
of this evaiuation shall be pointed out curmc discussion of the m«...v:d—
ual variables. Prior to consideration of the individual comparative plots,
a short outiine on the resuits of the Standard Problem is given by nu-
-merically comparing scme important characteristic quantities from the ex

periment and the participants' caiculations in table 3. The following sym-

oeis mean:

934 - pressure in rupture compartment R4
Pog - pressure in dome compartment RS9
APR4_D‘9 - pressure clffererce between R4 and RS9
L\‘_-.DQJ_RS - pressure dlffcr‘erce between Rd and .\5
P - maximum pressure in containment.

=3
Y
X



. Time Interval
, Time Interval 0 -2.55s _ 0 - 50 s
A "4 ] Pro | MPraro BPpaps P max
Country Computer Code 1st Max. | 2nd Max. |£=2.5s| Ist Max. | 2nd Max. Ist Max. | 2nd Max.
P{bar)-ts P(bak)mt(s) P(bar)l%bar)~t(s) P(bar)-t(s)|P(bar)-t(s)P(bar)-t(s) P(bar)-t(s)
Australia | Z0OCO V I[1.46] 0.35([1.64] 1.10 | 1.63 {[0.39] 0.30|[0.35] 1.00 [0.12] 0.15{0.11 0.95{4.16 37.5
Belgium ( TRAP-sco |1.67 0.35/1.81 0.95 | 1.68|0.61 0.30]0.53 0.95([0.33] 0.15/0.23 0.95} - - =
, | TRAP-CON - -1 - - - - - - -] - - [4.03 33
Canada PRESCON-2 ~|1.57 0.351.80 1.05 | 1.64 |0.49 0.30 0.51 1.00(0.20 0.15|0.18 0.95]|4.04 37.0
Finland RELAP4MOD6 | 1.56 0.391.80 1.05 | 1.61}0.49 0.35(0.55 1.00 f0.22° 0.15/0.18 0.95 - -
CONTEMPT- | - -1 - - - - - |- - - - - - {(4.29) (40.0)
- | LT/026 (VTT) S T | - : o .
France GRUYER 1.58 .35 1.83 1.05| 1.66|0.50 0.30[0.55 1.00 |0.22 0.15]0.19 0.95 [3.81x 33.5*% T
. ; X B A - ' i : . ‘
Germany. COFLOY 11,617 0:35 1.90% 1.10%] [1.69% 0.55* 0.350.63* 1.00%|0.25% 0.15% 0.19% 0.957 4.02  35.5°
Italy | ARTANNA-Q - | 1.59 0.3% 1.84 1.00.| 1.66|0.52 0.35/0.58 0.95710.24 0.15 [ 0.19 0.95| 3.95 35.0
(CNEN/Pisa) _ _ _ _ s - , , .
Italy | PACO 163 0.381.91 1.00| 1.68]0.56 0.30]0.63 1.00 [0.24 .0.15|0.28 0.95|[4.46] 38.5
(NIRA) | | o | A
Japan RELAPA/MODS | 1.50 0.3501.76 1.15 | 1.61|0.44 0.35/0.49 1.05]0.16 0.10[0.02] 0.90}4.00 36.5
Netherlands* | Z0CO V(MOD.) :1.52 0.35[1.74 1.10 | 1.63 | D.41 0.35 0.40 1.00|0.14 0.10/0.14 0.95|4.14 36.0
Sweden COPTA-6 7766] 0.35/1.99] 1.00 | 1.61 (10.65] 0.30|[0.76] 1.0 0.32 0.20{0.31] 0.95{4.29 35.5
United CcLAPTRAP 1T 11.53 0.35/1.83 1.05 | [1.56]{0.47 0.35]0.58 1.00|0.21 0.150.17 0.95)4.00 .34.0
Kingdom ' L 4 . :
Experiment. D16/CASP? 1.63 0.35/1.81 0.97 | 1.55|0.59 0.30|0.62 1.0 |0.33 0.170.23 1.02}3.95 33.0
t Error | - t0.025  |%0.025 t0.025 *0.02 . | 10.02 t0.018 | t0.018 0.025
Influence of Gap* 0.03  1-0.061  [+0.01| -0.02" -0.036 0.0 -0.007 -
Table 8: Important characteristic variaq$g§ - ' 1f} ‘ ‘ - [ Extreme
' : ’ R ‘ . * "blind" calculation -
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Table 9: Mean values, bandwidths and deviations of importi.ut characteristic

variables

" i ;
o , o Time Int 1
- Time Interval 0 - 2.5 s e n ?”Vﬁ
\/l&r"iﬂb]ﬁ‘é ,.<__,.,,.."..{3A, et et e e g e P PR ,[-\mPu O AP~——-— - 0 -50 S'-‘ )
R4 R9 R4-R9 R4S p
R e s rsems et s . [ e e maXx
Ist Max.|2nd Max. | t=2.5s |1st Max. | 2nd Max.|1st Max.|2nd flax. S
Mean value (a1l participants) in bar 1.58 | 1.82 1.64 | 051 0.55 0.22 0.18 4.10
, ' . + 0.11 [+ 0.17 n.N5 |+ 0.14- L.+ 0.21 |+ 0.11 |+ 0.13 +0.36
Spread bandwidth in bar c L B A _ . . _
round mean value } f// 0.12 0.18 ‘ 0.08 . - 0.12 0.20 : 0.10 0.16 , 0.29
(all particjpantg)f"\\ related to + 19% + 21% + 3% +27% | + 38% |+ 50% + 72% + 12k
' mean value - 21% - 22% - 13% - 24% - - 36%. - 45% - 89% -9
Mean value (all participantst . . ST R - ’ -
without extreme) [ in bar 1.58 1.82 1.64 0.50 | 0.55 | 0.22 0.19 4.09
Spread bandwidth y in bar +0.09 |+0.09 |+0.04 |+0.11 | +0.08 [+0.10 |+ 0.09 +0.20
round mean value { _ .-~ - 0.08 "}~ 0.08 - 0.03 |- 0.09 - 0.15 n.08 |- 0.08 -0.14
(?l; DEEY‘UEWDaNtS [~ related to + 169 |+ 114 v 6% + 229 |+ 15% |+ 45% |+ 47% ¥ 6%
without extreme) /. mean value - 147 |- 10% 59 -18% | -2rw -36%  |-d42% | -8k
Experiment in bar 1.63 1.81 1.55 | 0.59° 0.62 0.33 | 0.23 3.95
L i + 0. +0.03 |t + 002 |t + + : +
Exp. error bandwidth :7//;212i2d ‘o ; 0.03 |I 0.03 £-0.03 -; 0.02 ; 0.02 _VO.OZ ; 0.02 ; 0.03.
. RN . 4 ) P . + 9 - o t 9 + o o + o
experin. 5% | 4% £ 5% L 3% 3% t 6k T ?/ £ 1%
Deviation mean value fo  4p pap C0.05 l+0.01 |+0.09 |~0.00 |-007 [-0.11 |-0.05 [ +0.15
calculation result (all ) , . _ .
participants) to exp. “<related . _ 89 + 17 + 16% - 15% - 11% = 33% - 22% T+ 5%
to exp. ' N : ' ‘
Max. abs. deviation f. N ,
calculation result (a]1%'//,1n bar 0.20 0.21 0.17 0.22 0.29 0.23 0.23 Q.54
participants) to exp. ¢ ~_related to :
- eXp. error S Texp.- 33% 27% 33% 39% 48% 74% 110% 18%
‘ exp. error R

;Eg_
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Reference values are the pressure buiit-gp vaiues since 0 s (1.0 bar) for
pressures and the values of differential pressures themselves. The results
of the '"bling" calcuiations of Germany {(COFLOW) and the Netherlands,
net considering the gap, might be reduced/increasad by the influence of

gap. in table 8§ the approximate small amount of it (see chapter 2.5.3.1)

s added but not considered in table 9.

in time interval 0 to 2.5 s, for exampie, not only the initial maxima of
pressure in the rupture compartment R4 but also the aifferences in pres-
sure between the: compartments_occur; which are important for safety-
reiated design of thickness of inner walis. The caiculation results ob-
tained by Australia with the computer code ZOCO V more frequently are
the lower bound, whije the results computed by CCPTA-6 (Sweden) more

frequently are the upper bound of the field of. calculations and with a

‘certain distance off the results of the other participants. The participants

predicted the time for the first and second maximum, with any exception,

closely to the experimental data.

in time intervai 0 to 50 s, the maximum pressure occurs, which is impor-
tant for the structural design of the sheil of a containment. The resu'ts
caicu.sted with computer program PACO (ltaly, NIRA) and to a somewiat

vinor degree the resuits of COPTA-S.(Sweden)' and CONTEMPT-LT/ 026

s

n
1000 s} are to a higher amount distant. from the experimental result and
the results of the other participants. Disrégéﬁdihg thes-e'exce'p‘tioﬁ_s the
maximum pressure in containment [3.87 to 4.16 bar; exp. result: (3.95 +

0.03) barj and also the moment of its occurrence {33.2 to 37.5 s; exp.

-
403
wn
¢
o
(5]
w
[%2]

s) are quite well post-caicuiated.

in tabie 9 some mean values and spread bandwidths of the calculational

‘5
1
n
&
=
w
I
3

e compared to the experimental results and their error band-

widths as well as deviatiens between calculational and experimental re-

- Mean vaiues of resuits of ail participants and these of all participants
withcut extremes hardly differ. '
- Spread bandwidths of calculational results diminish Considekably when--

the extremes are hct included. .




- Compared to experimental values, the mean values of the computation
results are systematically below (by -0.05 to -0.11 bar or by -3 ic
-33 %) in the case of the 1st maximum more than in the case of the

“2nd maximum,

e
(+16 %) is to be rated higher than deviations in other compartments,

ce RS is the largest compartment of the containment (485 m3 of ali-
together €40 m3 in volume, resp. 700 m2 of altogether 1130 m2 in struc-
tural surface area).

- Mean vaiues for the computed maximum pressure in the containment are
about 0.09 resp. 0.15 bar higher than the experimental result (exp.
error: *0.03 bar) which indicates that the participants have tried to

“comservatively" approach the experimental result:

~.=. Maximum absolute deviations of computation results (all participants)

- {0.54 bar, resp. 18 %) and especially- for selec-

A =P v B
fOr maximum pressuy

w .

ted parameter

0

-

re
in the interval 0 tc 2.5 s (0.17 tc 0.29 bar, resp. 27

-

) are reiatively high.

Y
o0

- With these considerations, however, it has to be noted in accordance
with chapter 2.5.3, that deviations from nominal values can considera-

ciyv influence comoutation results.

-

.2 Time intervai Q to 2.5 s

(5}
w

ecause of the high number of SP participants, for each variable two com-
parative plots (A and B) have been made. Throughout, in each of the two
‘piots,. the resuits of the individual participants and the experiment are’

1 with the same symbol and the same type of line to facilitate their
finding out in the different variables' picts. in the case of a lower nodaii-
sation than tnat correspending, é.g. -to-the number of temperature measu-
ring pcints to be caiculatéd, those values were taken which the partici-

pants wished to 'see assigned to  the 'measuring point. This way mean

values are in part compared o local measurem=nts.




Not oniy individual characteristic quantities at specified times are impor-

tant for evaluating the results but also the history of these and other

variables. heremre, in this and the foliowing two sections the selected

variables and their behaviour within the different time intervals, are to

03

€ investigated in somewhat more detail.

In view of the pretlem being more reaiistic compared to the first Contain-

“ment-SP. ocne may very well call the participants' predictions for this SP

as quite weil in comparison to the experﬁmeht. As has been analysed for

“some quantities in table 8 aisc histories of the resuits of Australia (com-

pther' code ZOCO V) and of Sweden (computer code VCOPTA-S)' shew some-

‘what higher deviations for some values during certain time pericds, com-

pared o those of most of ,t'he' participants. With the same program zZOCC V

but medified l=C'\I (Ne therianGs: computed ' in the .mean smaller deviations

“fro m tne cx,)er"ment But on the whole, it seems JUST.ITied to look upen

the résults of c!” parur.pants as lying within a statistica | scatter field.

Now .a few. remarks shall be made on the different variables in the order

cf their s ‘eCthﬂ

- FPyrs=ssure in rupture compariment R4 (figs. 22A, 22B8):

The experimenta! histor\/ is basically similar to that of the break mass
flow and beoth its maxima. It shows the expected rapid- pressure rise in
'tx;_e small cunoartmen* and a tvpe of pnateau after the second maximum
because of me mu,r‘easrng _nfnuence of previcus events and the smaii.

~decease cof the reak mass flow.

in tne éompariscn it is to be noted that only Relgium (with a water
carry-over factor dependent on time) predicted the first and second
maximum qguite weli while the difference between the first and second
maximum in the resuits of ail other participants except Australia is
higher than in the ekpe‘riment (calculational results: from 0.22 +to
G.3 har with a mean value of 0.25 bar; experimental ~ssult: 0.18 bar).
Thiz difference is mainiy caused by using_ a constant independent on

time feor the water carry-cver facter in the calcuiations (see chapter




Fer illustration the following table is given:

Country Computer Ccde Water Transport Difference in
Short Term
Pressure Maxima

(bar)

. L -

Austrziia ZOCO V 0.18

Finland . RELAP4/MODS 0.24

F.R. Germany. |COFLOW 0.25 <

italy (CNEN/ - )

Pisa) ARIANNA-O Swm Y 0 0.25
Japan . | RELAP/MODS ' 2 0.25
Netheriands ZOCO V (MOD.) 0.01 0.22
United Kingdom | CLAPTRAP i ; 0.03 G.30

. - !
Canada - | PRESCON-2 £.7 0.5 . 0.23
ftaiy (NIRA)  |PACO £ = 0.7 0.28
France GRUYER ) i 1.0 0.25
Sweden COPTA-6 T Y a0 6.30
[
Selgiun TRAP-5CO C = 1.0 0.14
B (0 £0.3 5
LWC = L\JO.:)

P(0.3/M.25)

i
txperiment DIS/CASP2 ? { 6.18

;

it is recognizable that there is no indication of a distinct value for the

(e}

water carry-over factor QV, = const. between 0 and 1.0 which results in

befter an agreement of caiculaticnal with experimenta! vaiues.
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A further reasonb for the difference between analytical and experimental
maxima difference is that the nominal values given for mass flow and sbe-
cific enthalpy at the break within 0.1 s, i.e. that the decisive energy in-
put.wi‘thin this period cf time, might be tco low (see the sharp pressure
rise with & crack at apprex. 0.03 s, follcwed by an approximation to the

caliculational results, - which are relatively close together for 0.1 s). A

“higher enthalpy supply (corresponding to about the area of the triangle

between the experimental and the calculational course) has more influence
on the first maximum than on the second cne and thereafter: the initial
excess of pressure is increasingly egualized by an increased flow from
complar‘tment R4, i.e. it is more and more distributed throughout the
other ccmpartmenfs of the containment. [t is to be assumed (see chapter
2.5.1) that the temperature of a shert portion of the pipe behind the rup-
ture site was initially above 260 °oC (used for deter‘mirzinc.the. specific ent-
hialpy; see aisé fig. 6.1 in /6/). Furthermore, tne mass fiow at the br ak .
cannct be exactly measured at measuring pomt b - which is iocated ata

distance cf 2.5 m off the break - within appr‘ox. the first 0.17 s. An addi-.

tiona'i__ indication of the. above is. prowded by the difference beLween mea-
suring points 1! and | within t is time period. There is a further uncer-
tdinty due to the fact that one thermocourle of measuring point 11 was not

working and the measurements of the other can be relatively inaccurate

(short instaliation from design reasons, .insuiatién towards pipe wall?,

measurement at the non-insulated bottom part of the pipe). Ancther

reason for the cnf‘er‘er‘cas between ca"‘":attons and mﬁasurod results could

be t_'h'e 'obiique ﬂow towards vents 045 and LJ‘+7 In the experiment falsi-
fied msasurements from the bent Pitot-tubes in the orifices were noted;
since the maximum permissible flow angie of 15° was obvicusly éexceeded

(see page 112 in /5/).. This means not only-a reduction in cross -section

Cr
C
4t
[\H]
o
&
w
o8
(1]

crease of e.g. the discharge coefficient by ‘increased con-

Sv this the systematic underestimation around the first pressure maximum

—~
()
X
(@]
D

o
=+

’_f
(]

v
jo1]
-3

ticipants) may a!so be explained.

ure obtained by Austrah is lower than the measured

ssu
data un to ‘about 2.s u.auser* e. g by neglectmg ‘water tra nsport,, but

‘the pressure history approaches - expemmental ‘résults more and more. After

aboutl 1 s the results of Germén\/, Sweden and also taly (NIRA) are reia-

tively higher than the experimental results.




No definite connection is ascertainabie between \)alu:es for mput para-~
meters and the quaiity of the results; this is due to the fact that the rele-
vant input parameters cannoct be separated and may nave a'compensatihg
effect on the results (for exampie, for low pressure in the rupture com-
partment EUW»‘«, a CDT). A more detailed investigation is left to the SP
s in which certainly also differential pressures and tempera-

—

particinan

turess shouid be taken into account.

- Pressure in first foliow-up compartment R5 (figs. 23A; 23B):

he experimentai pressure history is in good agreement with fhe cne
f R7 In the ot'r‘er sequence of compartments. in comparison t’\ the
pressure history in R4 this one is somewhat leveied and delaved in

time. due ic flowing to and away from the orifices.

What has aiready been said concerning the maxima for compartment R4

is alsc true. The considerations for the initial phase in R4 are not

(‘\
a
7
[
-3
{l
.
-

e results of most participants concur avourdbly with the
axperiment and the ;pread range of the co mpufdt.on results is -aimost
identica! with the cne in compartment R4.

Ay

- Pressure in dome compartment R9 (figs. 244, 24B):

m
C
3
0}
)

in the largest compartment of the containment, pre ses slcwiv

r
and time-daiayed similer to \.or*: anmcnt< RS an.d R3.

A Nezrly dver the wh *e tlme interval ali-participants e_xcep‘f~ United King-
dom tend o overestimate the pressur‘é built-up. On the-one hand this
could be due to the fact that the énergy input .mo the compartment i

' dis*haraé fflClenLC may be too high) or that he .2t release

‘rom the cocmpartment is too low (fow heat transfer coefficients).
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Pressure difference between compartments R4 and R9 (figs. 25A, 25B):

What is said for the pressure hlstory in R4 appl-es corr'espondmgly to
this experimental course The effect of mass flow maxima can be more
clearly seen in comparison. The maximum pressure difference within
the containment is 0.62 bar. Australia and Netherlands underpredicted,
while Sweden overpredicted this variable. The other participants' re-
suits are much cicser to the me dsured data and are - except around
the first maximum - within in a narrow band partly within the mea-
sured error range. [taly (NIRA), italy (CNEN/Pisa) and Germany cal-
cuiated the whole ‘course best. (although ‘hey overpredlctnd the pres-

sure in compartments R4 and R9), Belgvum up to the an maximum.

Pressure difference between compartments R4 and RS (figs. 26A, 26B):

The experimental behaviour of the pressure difference over the vent of
compartment R4 is the same as for the 'pressure difference R4-R9, but

i

somewhat {ess pronounced.

The scatter range of the resuits obtained by the participants ‘is rela-
tively smail, except around the 1st maximum. The results of Japan
deviate from the experiment consideralby, i.e. they are surprisingly

fow.

Pressure difference between c'vmpammerws R5 ar‘d R7 (figs. 27A, 278):

This pressure dif ference between both the i st ﬂ,llow up compartments“
axpresses differences in fiow condi hcw; (RS/R )

- short/long flow path

- upward/downward outflow

- iong/short dead end space.

The experimental results are neafly 0 up to appr. 1 s, then they are
som:zwhat positive. Cbviously the effects due to different heat release
(in R7 > in RS by earlier air -washing) and different water transport
{frem R7 > from RS) compensated for each other. The smail difference_

frem 1 s on could be explained by overflow of the sump water Trom R7

w RE.
Most of the computer cedes pre.dict siightly higher pressdres in com--
partment R7 than in R5, while the experimentai r‘eSL‘ltc show an opoo-

site trend. However, the aqreofreﬁt cetween the calculations and the



measured data may be regarded as quite good (see also exp. error).
Also considerably differing heat transfer coefficients (see e.g. Finland
and Germany in tabie 7) and orifice fiow coefficients have only a minor

~effect on the resuits.

Pressure difference between' compartments R5 and RY respectively com-
partments R7 and RS (figs. 28A, 288 and 23A, 29B): '

in spite of different conditicns of outfiow - upwards and downwards
-visible differences only occur after 1 s, the pressure difference be-

tWeen RS and RS being somewhat higher than between R7 and RS8.

In both cases the results obtained by the participants show a similar

spread range around the experimental results.
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Temperatures in‘ rupture compartment R4 (figs. 30A, 30B and 31A, 318):

At the bottom as well ‘as in the middle of the compartment temperature

breaks can be observed, whnch indicate the passage of large air bales

- what cannot be described by the programs. The steep rise to satura-

tion temp‘erature in the lower region (= rapid propagation of the steam-
water-mixture) is calculated within a re!atively smalt bandwidth dis- -
regarding 2 respectively 1 exception.

The calculational results of Germany are considerably lower than the
experimental data, althcugh compartment R4 is simulated by 3 nodes
(hindered washing-out ‘of air?). Results of Sweden correspond to. the
higher pressure calculated for R4. -

Temperatures in compartment R5 (figs. 32A, 32B and 33A, 33B):

The nearer the measuring point to vent 045,. the sooner it is reached ,
by the steam front (sharp rise delayed .bv 0.1 s). The rear part of.
the compartment not directly ﬂown through is reached later by the _
steam front (0.3 s) Thus temperature behavuour shows that there is a’

large portion of air which is not washed out (slow rfse with breaks)

The results of participants who do not subdivide the compartment are
approximately in the middle bétween both experimental curves. -Partij-
cipants using a finer nodalisation (Finland, Germany, ‘Netherlands) cal-
culate the temperature behaviour near the vent very well, however,
their results for the rear part of the compartment fall consnderably be—‘
low the experimental results (percentage of air too high?). It is ob-

vious that no program describes. the propagatlon of the steam front
correctly. '

Temperatures in compartment R7 (figs. 34A, 34B and 35A, 358):

In compartment. R7 in which the flow is malnly Iongltudmal the dead.
end effect is Iess pronounced. ‘ B

Except in the initial phase (steam front) there is a good agreement be-.

tween calculationai and experlmental results
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Temperatures in compartment RS (figs. 36A, 36B and 37A, 37B):

The arrival of a steam front can hardly be detected. Temperature rises
slowly near the vent of R7, but faster than in the rest of the dead

end space (additional temperature breaks caused by air bales).

The results obtained by the participants differ widely especially with
respect to the dead end space and fall mainly above the experimental
resuits.

Temperature in dome compartment R9 (figs. 38A, 38R):

_The measurmg pomt located within the inner cylinder at appr. the
level of vent (598 shows the washing of air bales containing little

steam quality after a sltght temperature rise until 0.7 s due to com-
pression.

The calculatlonal results of the partnmpants WIth one node for R9 show :
a gaod agreement with the experlmental results while the ot_her_partl-
' cipants overpredicted this temperature ’

Temperature in compartment R6 (ﬁgs. 39A, 39B):

The air in compartment R6 is obviojusly,only compressed.

The participants, except Umted Kingdom, predlcted the temperature m L
compartment R6 hlgher than the experimental one. The results remam
in a wide spreadband. The results of ‘Australia, Canada' Italy (NIRA),
Japan and United ngdom are close to the experlment (all with 8-node
snmu:atlon of the whole containment, i.e. 1 node for. R6).
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3.5.3 Time interval 0 to 50 s

The calculated results for this time interval relatively good agree with the
experimental results except 1 or 3 higher overestimations of the importasnt
total pressure behaviour.. Because of the 1-zone simulation of the contain-
ment already in this time interval the results of Belgium are only cdmpvared
with the experimental results of big dome compartment RS, which approéch
mean values for the whole containment still at best. In the comparative
plots for pressure and temperature in compartment R9 (figs. 41A and 44A)

the results of Finland (1-zone snmulatton) are included, although they are
obtained for time interval 0 to 1000 s.

In the following selected variables are considered in more detail:

Pr‘essur‘e in rupture compartment R4 (figs. 40A, 40B) and in dome com-
partment RS (figs. 41A, 41B):

_After more or less pressure equalization 'in the containment after
approx. 4 s the experimental pressure behaviour in the individual com-
partments differs only slightly. At 33 s a maximum pressure occurs

(3.95 bar) which is relevant to containment design.

As explained in chapter 3.1, the same scales as in the compa‘r‘iéon re-

port for the 1st Containment-SP are applied for the purpose of directly.

comparing within this report. With regard to total pressure his‘tory', :
which is to be ,cbnsidered Here, it should hardly be disadvantageous to

omit pressure range 1.0 to 2.0 bar.

The results of the majority of participants are within a spr‘ead bénd,
which can be regarded as relatively narrow compared to the influence
of several possible deviations from nominal values (see chapter 2.5.3.2).
Except France, the participants overestimated these variables, parti-
cularly NIRA (ltaly). About 6 participants are close to the experi-
ment, however, two -or three of them consider only an essentlally thin-
ner coating than is given m table 3 as a minimum.

Temperature in. rupture compartment R4 and in compartment R8'(fiigs;
42A, 42B and 43A, 43B):

After initially smalier deviations the temperatures in compartments. R4
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and R8 are essentially at safuration to the measured pressure, just iike
in compartments R5 and R7. '

For compartment R4 the participants' results are cfose to the measuring
results (+1OK/-1K with an experimental error bandwidth of +1.4K/-2.5K),
especially those of Italy (CNEN/Pisa) and France. The agreement be-
tween the ZOCO V (Australia), PRESCON-2 (Canada), PACO (Italy/
NIRA) and CLAPTRAP |] (U.K.) calculations (6-node simulafion of the
cohtainment, i.e. one node for R8) and the measured data for compart-
ment R8 may be regarded as very satisfactory, while the other parti-
cipants except Netherlands (l'umping R6, RS and R9Y) underestimate this

temperature after 2 s even if the pressure histroy is calculated well.

Temperature in dome compartment RY (figs. 44A, 44B):

At the measuring points to be compufed in compartment R9 temperature’
rises somewhat d_iffer‘ently and. slowly caused by the high fr;act_ion of
air. After appr. 25 s a temperature $t~raf¢jficatiqn starts' to develop. At .
50 s the temperature i'n“th‘e» lower 'part of the inner cylinder.is about

20K 'less than at the dome's ceiling.

The participants' results are considerably higher than the experimental
results, especially in the phase of,temper‘ature incré.ase_. Temper"atur‘e
differences present in the experiment cannot be included into the com-
putations, if e.g. compar‘tr’hent R9_is only_s,imylalted by one node. |

Temperature in dead end éompartment R6 '(figs. 45A, 45B):

After appr. 4 s the measuring point situated in the centre ._Of the com-
partment indicates higher oscillations in temperature what can be attri-
buted to equalization streams With,differ‘ent steam/air composition. This
temperature corresponds to those in the lower part of the inner cylin-
~der of compartment RY, but is on the average somewhat higher.. . B

Partly, the deviations .of the participants' results from the measured

temperature history are.considerable. The PACO (1taly/NIRA) calcula-
tions are in the mean close to e_xperﬁmehtal ~data. Higher underestima-
tions can be observed frohw the results of ~thé other .participan'ts Who
‘also simulate R6 by one node. |
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3.5.4 Time interval 0 to 1000 <

For this time interval Australia submitted two calculations "with compute-
codes ZOCO V and ZOCO VI. The results of ZOCO V are only included in
comparison plots because for each organization only one calculation shall
be take: and the results of ZOCO V are considerably better than those of
ZOCO VI. A few remarks shall be made on the individual results as foilows:

- Pressure history in containment (flgs 46A, 468)"

After a maximum the pressure in the containment falis slownng down
_continuously due to coollng of the atmosphere

. With the exception of France and United Kingdom, pressure maximum is

overpredicted by the participants.  After pressure maxumum calcuiatio- -
nal results on the average agree in course of the cooling process, out:
are mainly. hlgher than' exper;mental results. ThlS systematlc deviation
can be explained by the influence of a possible leakage of the model
‘contamment on; the total pressure built-up in . the’ long term interval..
Since there are no measured data available on the real leak tightness
of the containment all calculations could not take this into account.
The results of Germany come closest to the experlment It may be in-
teresting to quantify the mfluence of the uncertalnty of data of the
concrete coating actlng more and more as heat conductive resistance
(see also fig.-18)..

- 'TemperatUre in containment (ﬁgs “47A, 47B):

Pressure decrease 'is caused by heat transfer from the containment at-
mosphere to the concrete walls. Temperature stratlflcatlon in the large
dome compartment, which has started in time interval 0 to 50 s, is in-
creasnng After about 250 s it has fully developed Both of the depic-
- ted measuring points in R9 (bottom of inner cylinder, dome at the 'top)
indicate a continuous, homogeneous cooling-down (constant difference
of about 40K). Temperatures are the same at the same level in the
annulus of R9 as'in compartments R6 and R8, while in compartments

R4 RS and R7 temperature level is always somewhat higher.



Considering these substantial differences in temperature ;A subdivi-
sion of the containment, for mstance in 3 or 4. zones, seems to be more
suitable than the 1-zone simulation. For a 1-zone simulation calculatio-
nal results, as a matter of fact, should have to be compared with a
temperature averaged volumetrically over the containment volume. Cor-
responding to the different pressure histories, temperatures obtained
by the participants decrease and are on the average slightly above the
middle of the two experrmental curves. The temperature max1mum in
compartment R9 has been computed too early, but wnthln a narrow ran-
ge of 9K.

History of water mass in containment (figs. 48A, 48R):

The conSIderable dlscrepancy between experlment and the narrow . ran-
ge of calculational results (corrected curve of Canada in App. 2) is
'Amalnly caused by the fact, that even after a- longer time a substantial
.- amount of condensed water is Stl“ adherlng to ‘the walls. It would re-
sult in a mean thlckness of condensed film of about 0.85 mm (300 s)
and 0.55 mm (1000 s), if we assume the dlfference between the mean
value of the computed water mass and the measured sump-water to be
-homogeneously' distributed on the total structural surface. Regarded as
a pure heat cond-uctive‘ resistance, this film [(O 8 to 1.3)- 10 m2K /W]
is ‘not at all negllglble compared to the concrete coating -

[(3 7 to 4. 3) 10 ‘m2K/W].
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3.6 Comparison of Remaining Specified Variables

The presentation of these variables is meant to facilitate the individual
participant carrying out detailed analysis of possible deviations. Corres-
ponding figures can be found in the preliminary comparison report /40/.




3.7
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—

[#3]

(93}
:

Measured Results of Non-specified Variables

Alpha-bicck-measurements:

In corder to determine long-term heat transfer, a so-called alpha-block
was installed, each in the lower part of rupture cempartment R4 and

in the upper part of RY's annulus /6/.

Alpha-disk measuraments

So-called alpha-disks were installed in rupture compartment R4 (at the
lower part; and in follow-up compartment R7 (mean compariment height’

at U78B) for the purpose of determining short-term heat transfer.

Sump iemperature and sump'water' mass:

As menticned in chapter 3.3, the measured sump temperatures. in con-

nection with masses of sump water provide an indicaticn for water

-t
~
o]
23
’(‘)
O
"3

rt cenditicns {carry-over, separation). High sump temperature
in :cates that sump water contains a largar portion of hot water‘,"carr'
ric: over respectively separated, and low surhp temperatiure (see es-
pecially dead end compartment R& at 300 s: 60 kg with 32 °C) shows

that the share of water resulting -rom condensation at t"\e colder

1]

tructures predominates. However, it is difficult - to easily quantify

v iranspert from the mass of sump water at e.g. 300 s (first
avcilable measuring point). Particulary this results from unknoWn'his-
tory of the condensed water added to the sump and relatively unknown
temperature history of the condensate. In addition, conditions in the

various compartments of the containment are very different.

From a reiatively jarge constant mass of sump water ({905 kg at 300 s)
2t high sump temperature in R4 it can be concluded that the suAmp
¢ essantially originated from the rupture-site, respectively that
condensation in the smail compartment was low. in cempartment RS
(outflow upwards, sump temperature somewhat below compartmant tem-
perature} water carried-over, and after 20 s some condensate, may

nave come to the bottem ( abeut 550 kg at 300 s). Probabily the waizr

tment R7 (room temperature ccmpariment temperature) -sepa-
ratea during the long flow path, was washed into compariment R8
across the edge of wvent U73B [3 cm{?) above bottom]. A relativiesy

high sump temperature in compartment RS already existing at the ‘end




of blewdown confirms this, yet, al's'o demonstr‘ates:thaf a some 'cr:ild'er‘-
condensz : is mixed in (at 300 s in R7: 10 kg; in R8: 430 kg). In
the centre of RS only condensate of low temperature can be found {at
300 s: 170 kg with 32 °C), which ailows to conclude that no water was
carried over upwards via vent US9B. It is surprising (gap?) that
-hotter water apparently «rrived in the annulus of RS (relatively high
sump terﬁperature of 55 to 80 °C and sump water mass of 760 kg at
300 s).

It is evident that a considerable amount of water was transported from
the rupture compartment to other compartments. Ther-efofe, e.g. the
assumption of a zero carry-over surely contradicts the experimental
resuits. The reason for this substantial difference between caIcU|ations
and experiment obviously' originates from the descripticn of the process
itself and from compénsation with other assumptiohs. It s’eem's. necessary
to ‘improve, possiblyfh quantity, the description of the real conditions
by way of suitable measurements,.for instance, in project. HDR.

Static and dynamic measurements of pressure at the vents:

Because of thé centraction a determination of the vent mass fiox-v 'frCm
these measurem=nts is as uncertain as corresponding results from codes.
From the measurements of the Pitot-tubes at (J598 (flow ‘upwar'ds) and
U 788 (flow downwards) cne can 'possibiy. cbserve a short term reduc-
ticn .n dynamic. pressure by a smaller _z;mouht of .water carry-over and,

- consequently,; lower acceieraticn losses from the water dropiets.




3.8 Comparison with the Results of OECD-CSNI Containment Standard
Problem No. 1 '

(basis of the 2nd Containment SP, performed on September
21, 1979) and test D15 (basis of the 1st Containment SP, performed on
December 20, 1977) both were conducted in mcdel containment of Battelie-

n project RS 50 of BMFT. In both cases best-estimate post-
caiculations were rerformed (submittals due to May 1, 1979 resp. Novem-
ber 1, 1:;80). 12 organizations participated in the 1st and the end Contein-
ment SP with 12 different'computer codes and, partly, several modifica-

tiens.

Therefore scme comparisons are made possible between the 1st Contain-
ment SP and this 2nd Containment SP. In the following they are shortly
reported. ' ’ A '

The compartment scheme in test CASP2 {branched chain asymmetric in re-
B} is different from ithe one in test D15

chain-type arrangement of 6 subsequan: compartments, see fig. 49A).
t

Ne rupture is initiated in test D15 at the end of comp artment R6 (= 41 m3),

in test CASPZ in the midd!'s of the small compartment R4 (2 14 m3). in
he vents wer: - sinly. arifices. D!menqon uf c-.n'cv:, fiow 1o

nd fro wvents as well as t"%o"ch compartmen_ts are largely different for
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3.8.2 Boundary conditions

Contrary to the initial conditions ‘(e.g. small difference between the mean

values of initial temperature in the containment: for test D15: 8.9 °C; for

o

a
est CASP2: 27.6 °C) the'boundary conditicns of the two tests differ essen-
tially. '

Figures 50A, 30B and 51A, 51B show in direct comparison the histories of
the break mass flow rate wfth the associated error bands. The maximum
mass fiow rate into the contamment in the vapour blowdown test D15 is
equel o abocut 85 kg/s, while the two -maxima in-the water blowdown test
CASPZ are at 405 kg/s (0.705 s) and 374 kg/s (0.92 s). in the short time
interval the error bands of the two tests are approximately equal. In the
long time interval they are in test CASP2 (end of blowdown at 50 s) only
half of those in test D15 (end of b!ov(/dowf at 70 s).

The histories of specific enthalpy of break mass flo- with the asscciated
error Sands for both tests and different tirﬁe intervals are compared in
figs. 24, 523 and 53A, 53B. in test D15 up to about 3 s vapour (high

pecific enthaipy of 2750 kd/kg) flows from the break into the containment,

~then untii 40 s water-vapour- *mmur‘e (minimum spec. enthaipy 1240 kd/kg)

and finaliy again pure vapcur. In ‘the watar biowdown test CASP2 up to

- about 23 s saturated water raspectively two-phase mixture with low guali-

ty (mean value of spec. enthalpy 1250 kJ/kg), after that two-phase mix-
rom about 40 s -on pure vapour (spec: enthalpy 2730 Ki/kg)'

flows intc the containment.

The errcer band in test D15 is smail in the short time interval. in test
CASPZ up to 0.3 s it is greater (for example +9 %/-2.2 % of measured
value). However, during the tw phase Ticw the =zrror band in both cases
is cf the same order.

Seasid

es the mass fiown in [at blowdown end: 2075 kg (CASP2}, 1310 kg
2153] the amount and histo Y of the total energy up to a certam moment
“iswn i have a considerable influence on the pressure bUllL"‘ The figs.

24 and =5 show the great dmerpncea betweeﬁ waLer and vapour blOWuDWn

The rauo of the total cntha,,,y flown in fcr tests CASP2 and D15 is e c_ual;

to aboul 2.2 at time 2.5 s and ut:out 2.4 at the maximum pressure in zon-.
tzinment {33 s and 40 s).
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3.8.3 Comparison of important characteristic variables

in the following, resuits'for“ mportant characteristic variables of the two
SP are directly compared. The results of participants, who calculated the
experiment with essential higher deviation than the majority of partici-

pants, and the smali experimental error bands [£(0.02 + 0.03) bar] are not

~

considered. Reiztive values for pressure are related to the pressure buiit-
up of the experiment, and for the differential pressures to.the experimen-

tal values.

- Tima interval § to 2.5 s:

For test D13 the maximum pressure in the. rupture compartrnént R6
(ex;:s.' vaiue: 1.53 bar) was calculatéed by the participants within a
margin of 0.12 bar.(22.6 %) and wntn a maximum deviation of +0.0S bar
(17.9 %). The corresponding values for test CASD? are { ’Pnd maximf

in rupturs compartment R4, eS(p. value: 1.87 bar): 0.25 i bar (30.59 %,

+3.18 bar(22.2 %) (see figs. 56A and 3€B).

Whiie the experimental curve for the prascure history in the large dome
compartment RY Tor test D15 is approximately in the middle of the cal-
I.

r

3
<

o]

culational bandwidth, the ssures increase for te t CAS is m

overpred‘iczed {ﬁgs . 5

w,

[¥1]

A an d ‘: B‘ More details at the time 2.5 s

aiven in the following table:.




The next table gives the results for the maximum of the highest differ-
ential pressure (figs. 58A and 58R) and feor the maximum of the differ-
entiai pressure between the rupture compartment and the 1st follow-up

~compartment (figs. 59A and 59B).

Variable D15 CASP?2

AP~ o /AP A 480 07 " -
R5-RY or R6-R8 or 0.49,/0.27 bar 0.62/0.33 bar
R4-RS exp. R4-R5 exp.

caicuiationat ¢.09/¢.12 bar 0.28/0.27 bar

bandwidth 18 %/44 9 45 %/64

maximum deviation , -0.05/-0.12 bar 0.27/-0.21 bar

{calcuiation-experiment) =10 %/ % -424 %/-84 %
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- Time interval 0 to 50 s:

The measured maximum pressure in test CASP2 (3.55 bar) is co-nsider- :
ably har er than in test D15 (2.08 bar) . The ratio of the. maximum ,i\r‘ec-
sure bulit=up CASP2 : D15 amounis. to 2.7. it is som_ew,hat higher than
the ratic of the totzl enthalpy flown intc the containment up to the res-
pective maximum pressure (2.4), because the heat abscrption of the

concrete wells in test D15 is greater than in test CASPZ. This may be

[}

aused by the longser time period up to maximum prassure (D15: 40 s;

el 4

U)

P2: 33 s), the slightly higher surface area/volume-ratio (D15: 1.93;
CASP 2: i.//) and the lower initial temperatur‘e of the structures (D15:
0

CAS

w
L8]
ro

at least 13.2 °C) in test D1

()1

The maximum pressure for test D15 is calculated by the participants
within a margin of 0.58 bar (54 % of measured pressure built—up) The

ticns amcunt to +0.49 bar (45 %) and -0.0S bar ( =18 %)
scatter band of calculations for test CASP2 is equal to

e
0.48 bar {18 %). The maximum deviations amount to +0.234 bar (12°%)

Thase wvalues and the histories of the most important variabies indicate
that the scatter bandwidths of the calculations respectively the maximum

deviations petween caicuiations and experiment at Containment-SP

r'}
ct
9]
1%
I\
]
[N

{water blowdown, single branched chain) on the average are of the same
he 1st Containment-SP (vapour blowdown, single chdm},‘
n

Thnis positive resuit is certainly caused by the exgerie roem the Tst
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4 ABSTRACT AND CONCLUSIONS

While the reiatively simple test D15 (steam- btow*own, CImple chain of com-

partments) was taken as a basis for the 1st Containment-5P, conditicns of

test CASP2 {water blowdown, branched chain) at this 2nd Containment-SP

have bLeen closer to Design Basis /.ccident Conditions of a PWR. Aim of

test CASPZ was to invastigate histories of pressures, pressure differences,
eak

temperatures and water masses in & model containment after bre of a
er

ine. Because of the small rupture compartment and the arrangement
of compartments in a branched chain it is evident, that water transport

had an increasad infiuence on thé resuiis:

12 organizations from 11 countries have participated in this sacond CSNI-
Containment Standard Problem. 12 different codes and additional code modi-
ficzlions were used to anaiyse hroc\,s:es within modei containment. The
calcuiations were to be periormed with the nominai, mezsu od i'ni-tia! and

beundary conditions on best-estimate basis as an “open' international SP.

Errors for variables measured in co: ntainment are as a rule small an d mostly
withir the osciliatory margins of the measu values, Boundary conditions
determined from measurements and inpu. for the SP-calcuiations have
smeiler errcr bands in this test than in test D15. In view of the consider-
able influence on variables to be caicuiated for the containn ient, error bands
are siiii ralztively high T‘cr‘.ce‘rta‘ir},'tm per!od:. As zlready discussad at
nt-

-SP the relatad measursment . tecn-

Cuantitative results concerning the effects of possible deviations from no-
minal values were found for some ‘impor'-tant inout data. The reiatively high

amouni of nfluence o caiculational results will be reduced on the cne hand
wher e more or less unkncown sysiasmatic errors could be separated, but
will be increaszd on the other hand when regarding all statistical arrors.

Assuming nearly compensation means that thess effects are about as high

=
Iy
0
0
3
n
W
i
=
n

25 the scziier bandwidths of the caiculatis

The bandwidths of the cpen resuits ars on the average eauzl the. Band-
widths of the blind results and ’

o
Reiates to the mere difficuit pr biem in comoari



ment-SP and the possible effects of uncertainties of input data the agres-
ment between calculations and experiment can generally be considered sz

auite SdtleaC lory.

Because of the effects of uncertzinties of input data quantitative siate-
ments render more difficult. However, some observations shail be summar-

ized partly in repestition of the conciusicns for 1st Containment SP:

in general the results of the participants are within a “-:a!cuiationa!
error pand’. The mean values of the calculational results for the pres-

n part systematically from the experiment (-0.05
to +0.0S bar). Fgr‘ the pressure differences betwe: s compartments, the

calculational resuits from the experi-

- Time ¢ to 20 s:
[TV [ i~ R S STy ] i RSO Py
Wit Thrzs  ax ;tmns the DEPUCIDaENTs gredicied the maximum oressire

inment within & smail bandwidth between 3.871 and 4.6 bar
t

.02 bar; exp. resuli
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Some important phy< cal phenomena were described in connecticn with
simplified mocdels by different input parameters. partly defined disad-
vantageousiy (water +Lranspcrt:' for exémple water carry-over factors
from G tc 1; heat transfer: for example heat transfer coefficients from
1300 to 15 000 \'J/(mZK) in the rupture compartment, from 100 to
2000 w/ (m2K) in dome compartmem. during the short time interval;
crifice flow: for example discharge cceificient from 0.6 to 1.2). It is
difficult 1o detect a ccnnectioh _betweén input parah\.eter and guelity of
the resuits, because thé different infiuences are hardly separable and

'have to a certaih"degree a corzz;v. sdtmg 2ffect on _m,.cancuiauondi re-
‘sults. It sesms t0o° be advisable to improve the physical simulation of
these- phenomena (’e.g.A based on tests with defined test conditions and
imbroved instrumentation). ‘ '

Friction-~ ahd"ac_céieration¥icsses of th e two-pha s flow are often taken
*".*a account by cénstant'tcmpr‘essébie or _mcomohe sible discharge coef-
ficients. Thus, in coennecticn with the usual ...;:e_scripticn of watsr frans-

S cous

1éous models momentum ‘nsses wers des cribed by a ma s

It is to be assumed that <ubd|\/1510ﬂ of wails iad an influence on the
calculationai resuits. in ordar to examine this -
o)

the CESNI Benchm: 'k Problem on containment ¢

the experience from the first Containment-5SP an
individual code user and deveicper about the previous similar tests in

an
the same model contzinment.

Even after this 2nd Containment-S& it is difficult to draw. qucnut;u\,-

cenciusions with r‘espe:t to the achiesvable accuracy of oredicticns of

ther; "‘—ﬂundf‘vnc effects’ within a real full pressure containment. Es-
pecially, it seems to be beneficial to perform a further Containment-&?P

Sasad on a water biowdown test in the large-scale HOR -facility and

Slanned within + @ Car man P-activity for mid &7 1882,
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D. L. Nguyen, GRS .
W. Winkler, GRS
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On occasion of the Workshop for the discussion of the results of the first
'CSNI-Conta’nment Standard Problem held in September 1979 the Federal
Repubhc of Germany offered the second Containment Standard Problem
experiment to serve also as a basxs for the 2nd CSNI-Containment Stand-
ard Problem. Several participants decided to submit within short deadlines
"blind" predictions based on given technical boundary conditions of the
experiment. - Officially the 2nd CSNi-Containment Standard Problem is
~considered to be an "open" SP. The complete experimental data report
.has'been distributed in April 1980. The deadline for submission of "open"
predictioné was set for November 1, 1980. The workshop to discuss the

-results of the 2nd CSNI Containment SP is: env:saged May 1981.

in order to'shorten‘the time for participants, which submitted "blind"
‘analytic‘al results, an informal occasion 'has been established to discuss
these cortmbutlons in December 1980%*. The following paper is a rough
compllatlon of a con‘parlson of "blind" contributions submitted before the
v release of the complete experlmental data reports. This paper W|H not re-
place the prellmmary comparlson report to be produced before the CSNI-
workshop planned for May 1981. it merely serves as a discussion basis

for the forthcoming informal meeting.

November 1980

* (shifted to January 1981)



1. PARTICIPATION

Table 1 lists the countries, insﬁtufions, and main contributors which sub-
mitted "blind" predictions based on the Specification-Report /1/ and some

additional information distributed with a letter, dated Dec. 19, 1979

(Winkler/wvo). 6 institutions made use of 7 different computer codes to

study the problem within the requested 3 characteristic time intervals.
Table 2 gives more detailed information about main assumptions (nodalisa-
tions, choice of governing parameters for flow resistance, water tr"anspor't,
and heat transfer processes to .be- selected by the code user), the avail-

able computer and necessary computation time to perform calculations.

/1/ G. Hellings, German Standard Problem No. 3
(2nd Containment Standard .Pr'.dblem):-
Water Line Rupture in a Branched Compartment Chain,
Specification by GRS, ‘Augusf_ 1979




Country Contributor Computer Code Time Interval
(Organization) (s)
Belgium TRAP-SC@ 0 - 2.5
(Tractionel) E.I. Stubbe 0 - 50
TRAP-CON
‘ 0 - 1000
Finland H. Holmstrom, RELAP4/MOD6 0 - 2.5
(VTT) E. Pekkarinen
CONTEMPT-LT/026 0 - 1000
France A. Mattei, 0 - 2.5
_ : A. Sonnet/ GRUYER _
(cEA/E0F) o Ry o 0 - 0
0 - 1000
Netherlands J.P.A. van den Z0C0 Vv 0 - 2.5
Bogaard, ‘ .
(ECN) A.QWOudstra (mod1f.) 0 - 50
0 - 1000
United Kingdom CLAPTRAP 11 0 - 25
(UKAEA, AEEW) W.H.L. Porter | 0 - 50
CLAPTRAP T 0 - 1000
United States E.RFagigédus BEACON/MOD3 0 - 2.5
(USNRC/EG&G) T : : S
Table 1 : Particfpants and Cddes




Tablo 'g_i

Important features and input.paranieters of codes

temperéturezdifference

A= 'surface arca LY air mass’ V = volume AT =
Cb = discharup coelficient m, = vapour mass. ap = pressure difference c, = water carry-over fraction
[ = kinelic enct h = nuaber of orifices ¢ = pressure loss coefficient " E = energy into containment
o= ‘total aithalpy R compartment g, = ‘water carry-over factor, To = initial. temperature
hte = heat transfur coefficient t £ time cavry over coeff1c1@nt (Fvance)
COUNTRY COMPUTER  |TINE NUMBER OF | WATER ORIFICE FLOM HEAT TRANSFER T0 STRUCTURES COMPUTER [COMPUTER|  OTHER
CODE lNIE?VAL - HODES TRANSPORT | concept coefficients orrelat&on acc. to coating TIME (s REMARKS
s _ o
{hte: W(m thickness
=0.5
0-2.5 . C”: 7=0 g| Fauske critical - ) no : C
-2. w7-8 77| flow model, fric- specific e param. stud. for:
TRAP-SC@ 6 =0.5( tionless flow S P ntha]py ’ water entrainm.,
w69 : . . . input reduced by 56
£, rests without inertial Ch=1.0 0 to 7.5%) energy reduct.
¢ =0.2 effects . -
BELGIUM ' - A
A -1BM370/
. 3031 g .
t< 23.5s: Tagami, 2 stratified regions
TRAP-Cp 0-50 . E=2xreal energy “|of equal temperature;
-CPN —_ - htc =0.4 htc 0.2 - flashing fraction at
0-1000 ppsonerete ! break 90% = 10% of
] .5s: Uchida 216 released fluid to sump;
htc 5 .6 fparam. stud. for:
max, steelv— 2400 flashing, coating 1 i,
htc = 1300
: compréssible single| . '
B(RS,R7:2; stream flow with | S4-7,4-5°C-8 RS § e B T e 66
R4,R6,R8, mom. flux; ° homo- 2.8 40xDi ttus-Bolter £ £0
RELAP4/MOD 6} 0-2 i 1) no geneous - equilibriun ©7-8,5-970-8 liqu. forc. conv.) k .
2.5 I(R4,R5,R7:2 model f. predicting| tg-g72-77 ,g?;%gggoégﬁéggooééqg, _ e complete separa-
R6,RB,RI: 1) critical. flow; cg 62.81 Cheag 0,R9:90, CYBER 170 tion of phases with
rev. calc. ¢ from Idel‘chik fsCD-U 6 R ’ same temperatures
Finland - 0.7 mm : :
:f.R9:Uchida - f. rest:’ complete sépara—
gggTEMPT-LT/ 0-25s: ?5.4+}oooo 1BM370/ tion of phases with
_ 0-1000 n - - - n. ner. 168 276 | different tempera-
(mod. ) : 25-50s :10000 tures P
SO-IOQOS:Uchida




Igguiz(continucd)

Fua-5:0.5
5(&3 ¥3'1 twa-720.5 : 3
0-2.5 o L
R61RI:1) b5-920.2¢ steady state-adia- Cpasbpa-y = 1.2
£48-9=0.25{batic’ flowisen- | Cpg gCp, o = 1.1
£,7-8=0,75| tropic expansion, | ¢ ' = 1.05 ECOTRA
W/=8=U. 79 b5 fFriction and graf “0D8-9 ; : _—
: vity; hon, frozen ' c . Lz k
. . {5w4-5=0.5 |model pa-sbpi-7 T : .
: : : v U 0.7 mm
France GRUYER 7 4(M,R2,R‘{:l £y4-7<0.5 Cp5-9 = 1.1 [ x=0.6(t)|1BH30-33
0-37 |R6+RB+RI:T) £,5-9-0.25 Co7-g .1 N/(mKH
£,7.9°0.75
£<50s : 1300
t>50s :htc=1.5(aT) ' “and 1 T = 24°C
0-1000 1 P - ~ Uchida foH warmer wallss 0
: 11.3+454( V)f.colder
mA walls
0-2.5 gw(R4A) onedimensional Cp =1 )
11(R4 i3 =0.01 steady state 9% E =0
R5,R7,R8 :2 | f. rest: incompr. flow Henderson and . . 26 k
Netherlands] 70C0 v 0-50 |PR6,RY )} E0-5 . : Marchello L2 am - CYBER-175 27
(mod. )
0-1000 1 - - - 2492
-t U4
128 A
htc= AP
0-2.5 _ i) n{. V2/3 " 3180 £.. #0
CLAPTRAP 11 6 sz 0.03 homogeneous , slip, CD =1 but > 150;add.component (0-705) kin
_ 0-50 adiabatic flow f. R4 1.62 from
- -7 1OH, " B
United htc=5.48x10 -(Vﬁf) 0. 8mm 4-70 SP
Kingdom .
t<45s : hte = 8571 660
CLAPTRAP | 0-1000 1 - - —_— t>45s : htc = 100
United 136 2D-cells 1D-mest . Formlosses _ u?oe[ developmental
BEACON/MOD 3} 0-2.5 . yes -meshes,oritices | forn : . analogy between 0 . . checkout,
t : es R
States ?%stsgsons - (6 §S:;va1ent Flow heat and mass transfer I CbC-176 | 7200 Eyin0

£ = transggrtgble
W total

-mass of water in node

_ vater flow quality

gl

w ~ homog.

upstream node quality




2. CHARACTERISTIC FEATURES OF THE EXPERIMENT

The initial conditions and the technical boundary condition "mass- and

ehthalpy-flow” are given in tables 3 and 4. Figs. 1 and 2 give the break-

mass flow in [kg/s] with associated error bands as given by the Battelle-
Institute while Figs. 3 and 4 show the corresponding information on the |
épecifjc enthalpy of the diécharged fluid. Specific feature is the occurance
of two subsequent peaks in the flow discharge rates observed at ~0.1 and

~0.9 sec.

Additionally a gap between compartments R4 and R9 has been fbrmed
whvich was not specified before thé test. A rough sketch of the_gap is
given in Fig. 5. In order to preserve a common comparison basis a recom-~
mendation was given to éH participants in the "blind" exercise, to dis~

r‘egard the formation of the gap and perform calculations according the

" specified flow scheme.

:Furtﬂhe'r'more some'pr‘eheati'ng occurred within' the center and the dome due

to a émaf! ieakage before the _specified'test started leading to some devia-

‘tions in the initiai ‘canditions of the containment as indicated in tabl'e' 5.

GRS has performed some COFLOW-calculations i'hdica_ting the effects of

uncertainties "associated with some boundary conditions on the results of .

_calculations. Fig. 6 shows the calculated pressure built-up for compért-‘ y

rhent'.'R4'_fo‘r nominal 'e'né'r‘gy discharge rates (curvé A) together" with the
results based on the upper bound of uncertainties in eher"gy discharge

(curve B) and the lower bound (curve C). Additicnalty the two pressure

Vpeaks are illustrated by arrows indic’éting the estimated inftuence of the. .

unspecified gap on the measured pressure built-ub'. Had the gap not
existed the first and second beak might have been raised corresponding

to the magnitude of these arrows based on the measured curve with gap.

© Fig. 7 shows the corresponding results for a selected pressure difference

(R4-R9) 'while Fig. 8 indicates that short term calculations for nominal
conditions, for upper, and lower bound of energy discharge rates over-

predict the pressure increase within the main compartment RO.

Similar studies have been made for the _-tvi'rhe. interval 0-50 sec. For this

pericd of the experiment the main uncertainties are associated with the




heat soakage by structures coated with paintings 6f vériable properties
and are additionally associated with initial condAitio'ns of the containment
atmosphere. More details can be found in /2/. Fig. 9. gives a selevctedA
resutt of a parametric study indicating the effect of'éoating thickness
(+ = upper bound of M = mass flow, H = enthalpy, T = initial temperature;

- = lower bound of V = volume, AW = surface area).

2/ W.- Erdmann, ' _
Fehlerbetrachtungen zum Standard-Problem-Versuch CASP2,
GRS-A-617 (Juni 1981) ‘



Table 3: Initial Conditions Prior to Blowdown

Pressure Vessel and Piping:

P, = 141.0 bar .
T, = 288.3°C (level &) '
T, = 288.5°C (level B)‘ pressure vessel
T, = 293.71°C (level C) } (mean temperature:
-T4 = 293.3°C {level D) : Tm = 289.3°C)
Tg - = -292.3°C (level E)
Te = 286.1°C (level F) ) e
Tq = 288.1°C. (circulating punp)
Tq = 299.8°C (rupture site) } pipe, dia. 150 mm*)
TfO =  286.6°C (near gate valve)
Tap =-_3995 kg (pressure vessel) } initial fluid mass
) = 315 kg (pipe)
Containment:
Peo = 1.0 ba;
Tpg = . 23.5°C. )
Trs = 23.0°C mean yalues
- Tgre = 26.0°C : _ of compartments
Tro = ,24.0°C r R4 to RY9, volumetric
TR8 = 24.5°C average for whole
Trg = '30.5°C (centre and dome) - containment: TCO=.27.6°C
TRoa . ° 25.0°C (annulus) J
fr = WOQ % {relative atmospheric humidity).

*) These wvalues were obtained with two gauges of the plant
instrumentation located at the two pipe ends. Values
measured with the standard experimental instrumentation,
however, indicate an inhomogeneous temperature distribution
in the pipe within the temperature range from 255 to 290°C.

BATTELLE-INSTIT FRANKTURT AM MAIN




Table 4 : Bredk mass flow and specific enthalpy
D16 /CASP2
Time Mass flow Temperature Density Spec. enthalpy
(s) (kg/s) (°c) (kg/m3) (k3 /kg)
0 0 260 795 1134
0.004 52 _ 260 784 - 1135
0.005 145 : . 260 . 78h 1135 .
0.028 200 , 260 784 1135
0.056 200 260. 78k 1135
0.067 340 ‘ 260 784 . 1135 .
0.086 335 . 260 .. 784 1135
0.105 . ko5 . : 260 . 784 1135
0.200 368 260 . - 78& - 1135
0.350 270 ‘283 715 . 1255
0.400 210 282 - 64O 1260
0.500 . 205 - | 281 - 600 .',1,f"' 1260
0.750 300 272 264 1195
0.850 324 | 272 764 1195
0.920 374 , 273 763 1201
1,20 230 - - 281 580 . 1263
2.0 | 200 . - 280 . 530 1267
- 2.50 180 279 - 500 1267
‘s.00 . 165- 275 ~ 430 1261
10.00 - 145 ' 268.,5 310 1266
16.33 130 . 126i . 300 1225
23,50 115 2525 255 1195
| 24.30 78 250 . 125 . 1323
30.00 25 . 207 20 1737
%0, 00 : 3 | 156 - 3 2752
1 s0.00 0 : 152 2.7 2748

integral mass outflow : 4075 kg-i 55 kg.
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Table 5: Initial temperatures in containment

Noninsulation of and some leakage from the high pressure pipe within the
containment caused some preheating of the containment. The lowest/highest

measured temperatures within the compartments were:

TR'4 = 18,6/26,2°C
Tee = 21,6/27,8°C
Tay = 21,6/24,2°C
 Trg = 22,0°C
i Thg = 25,2/32,9°C
Trg, = 18,2/29,7°C
T = 26,6°C

R6
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3. RESULTS OF THE PARTICIPANTS

Téble 6 summarizes the main resvults'of some important characteristic pa-
rameters obtained for the time intervals.0-2.5 s and 0-50 s. Calculated
pressure built-up in compartment R4 (where the énergy dischar‘gé oc-
curred), for the main compartment RO, and pressure differences R4-R9
and R4-R5 in the vicinity of the energy discharge are listed with respéct
to its absolute maximum. Additionally the time of maximum is compared
with the corr‘es'ponding experimental observation. The error-band of the
.mea's‘uremehts‘ and the possible effect of the unspecified gap are given as

well.

>

More details can be found in the following figures. Figs. 10-15 represent
plots of all results obtained for pressure built-up versus time within the
4speciyfied [<) compartments R4, R5, R6, R7, R8 and R9. Figs. 10 and 11
indicate in magnitudeé the possible effect of the gap on the measured
pressure-maxima if the gap had not existed. The magnitude of the esti-
. mated general er‘_r"br'bénds of the pressure measurements 25 mbar is indi-

cated as magnitude on each ptot.



Time Inténya]

Time Interval 0 - 2.5 S
Computer ' 0-50s
Country Code Pra ' Prg APpy_pg APpa-Rrs Pmax
Ist Max. ond Max. | t=2.5s|1st. Max. | 2nd Max. |lst Max. 2nd Max. ,
P(bar)t(s)| P(bar)t(s) | P(bar)|P(bar)t(s) | P(bar)t(s)|P(bar)t(s) | P(bar)t(s) ] P(bar) t(s)
- { TRAP-SCP {1.54 0.35} 1.76 1.05}1.68 |0.46 0.35|0.48 0.95/0.18 0.15]|0.16 0.95 - -
Belgium 11 trap-covn |- - | - - | - - - - - - - |- - 1377 335
. "RELAP4/MOD6f1.50 0.47| 1.74 1.15|1.62 |0.42 0.35 '0.47 1.05/0.14 '0.10{0.02 0.95{ - - -
Finland 11 conrempr- |- - B e e e < (N
LT/026 ' ' '

sy

Finland* | RELAP4/MOD6!1.60 0.35} 1.88 1.10)1.61 [0.54 0.35 0.63 1.00]0.25 0.15)0.20 0.95 - -

France GRUYER 1.53 0.35| 1.76 1.05|1.63 |0.45 0.35]0.49 1.00/0.16 .0.15]0.20 0.95}3.81 ~33.5

—

Nether- Z0Co V .52 0.35{1.74 1.10]1.63 |0.41 0.35|0.40 1.00{0.14 0.10]0.14 0.9514.14 36.0

lands (modif.)

United
Kingdon CLAPTRAP 11

—

.62 0.35)2.02 1.10|[1.53 {0.57 0.35|0.80 1.00{0.29 0.15|0.19 0.95]4.20 37.5

| gg;izg BEACON/MOD3 |1.76 0.35|2.01 1.00|2.02 {0.62 0.30|0.59 0.95{0.35 0.15]0.37 0.95} - -

Experiment D16/CASP2 {1.63 0.35] 1.81 0.97 1.55 10.59 0.3 |0.62 1.0]0.33 0.17}0.23 1.02 |3.95 33.0
{+ Error - |+0.025 $0.025 +0.025(40.02 . +0.02 +0.018 | +0.018 +0.025
1+ Inf]uénce of Gap = p0.03 +0.061 -0.01 {+0.02 .... '+O;Q36 +0.0 +0.007 -

Table 6 : Important characteristic variabTes B o *Vca1cu1ation.revised March_20,i980

Lz -
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F.'iigsA.'iG'v?_Z. give e; combar‘ison of measured pr‘essur‘e—différ‘ences between
associated compartments and c,or‘rjespdnding' calculated results of the
participants. The magnitude of the pos'sible gap influence on the maximum
values of measured pressure differences (if the gap had-not_ occurred) is
indicated in Figs. 16, 17, 18 and 19. Possible er‘r'or‘A bands of pressure
differences measurements are given by the Battelle-institute td be of a

magnitude of +18 mbar as given on the plots.
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Figs. 23-36 give‘ a variety of comparisons of measured temperature-time-

histories with corresponding calculated curves for the time interval 0-2.5 s
for all 6 compartments. As temperature distribution within. cbmpartménts-is
quite heterogeneous compared to measured pressure distributions within
each compartment care must be given when measured and calculated tempe-
ratures are compared. The results of calculations strongly depend on the

applied nodalisation scheme.
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Figs. 37-40 show for the time interval 0-50 s a comparison between
measured pressure-time histories within compartments R4, R5, R7 and R9
and the results of the calculations of the participants. Note that the
ordinate of ail plots start at 2.0 bar (suppressing the initial part of the
pressurisation}! This method has been chosen to fac.ilitate the compariscn

of achievable overail accuracy of calculations for the 2nd Containment-SP

with the result of the 1st Containment-SP. .

The cooresponding comparisons of measured with calculated temperature

curves for the time interval 0-50 s are shown in the Figs. 41-46.
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Long term pressure- and temperature-time histories of this experiment are

. of interest with respect to- fluid-structure heat exchange processes in

particular. The results of calculations compared to the measured pressure

.are shown in Fig. 47. For the time interval 0-1000 s one should keep in

mind that the leak tightness of the model containment at elevated pressures
is not good, probably. amplifying the pressure decay in the first 300-400 s.
Fig. 48 shows two temperature measurements in comparison. with calculated
temerature curves. Note the considerabie differences in both measured
curves! Finally bredictions of Water‘, masses vérsué time were réques.ted
from the analysi'sts to -be compared with rcugh héasurements taken at 5
disfinct times during the expérime_ht. The results are compared in Fig. 49,
where a large experimental error b'and_associate‘d with this type ofAmeas-

urc.aents is indicated.
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. APPENDIX 2

cllowing a suggestion on the workshcop the participants
S s

Belgium, France, Italy (CNEN/Pi

a} and Sweden sent
uprplementary informaticon on their submitted results
AN -
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{subdivisicn of walls, heat transfer ients, heat
£

i
ric studies

|-t

ux to walls) and partly res

e
icient phencmena).
e

f the appendix.
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he TIRIAPCON code simulates all contalument subcompartmants as 1
egicn and the sump as a second region which is not in thermo-
vnamic equilibrium with the atmosphere reglon.

e sump coll:cts hot water from different sources :

s e e TR | M 3 vy o N FYav1 A
flashing injects part of tne oreaxiiuld

cnoensate éraining from the cold walls,

illustrate the pressure and temperature transient for

e thickness set at 0.25 mm, assuming that this is the

av repartition of .all liguid in the containment which
5 aliowed con the cold walls, and any excess liquid‘dréiné in the
UmD .

he

b
b
¥
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e
i
D
b
3
D
3
it

h
(0]
o
-
i
0]
}.v
fie]
}_J
9}

1id inventcry in the

able. i =zpecifies the spatial mesh sizes for the containment heat
ig. ¢ illustrates the pressure. evc ation of the containment

illustrates the temperature evolution of the containnment

verage temperature) and the sump water.

ted time-lead fo

=

the containment temperature 1S

1

cause< by the 1 wvolune representation of the containmeni, wnhile

n r2ality, he dome compartment is located at tne end of the

-~ . Ca . e
of comparxtmen

s. While pressure propagates ¥
a

ot

sound, the tempe

2]

ature. howevex has

e tomperature stratification recorded at later time cannot

curse, bhe reproduced by a 1 mode simulation of - the containment
tmoson2re.
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‘s high, as no heat sinks

wera simulate

Fix. 3 illustratas ths evolution of the hean trancsfexr coefficlient
nsing the TAGANLI-USHIDA correlations (E = 10 GJ).

d for the sump.

Fig. <+ illustratses the coldwall heat £lux and the !
from containment atmosphere to the sump by cond .
Tig 5 illustrates the repartibtion of the fluid in the containme:

o
COmCTa figure shows also the licgu'd
inven at condensate film " nicknesses.

»

Conola ons <oncerning this varticular exexcise

ccmolete transient is guestionable, 1t nonetheless reproduces
the pressure profile guite well over a range of 1000 8 (fig 1j.
Tre pressur: péa“ depends als. :trongly .on such parameters as
o charxacteristics, bréakf; ; £flashing, etc...

t
o3
0]
(t
©

Sux

[¢s}

cmboera

ct
0]
~

sphere, and sump wWa

the sump water

. This param=ter howevex. 1s not so relevant

2
oy structural integrity evaluvation.

1. Parametric studies on condensate draining did nct affect the
seak pmressure wvery much for this test, but affect the depres-
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France (CEA)

The heat transfer correlation (H) usad ia short term and medium term calcula-

for coated concrete.

ow the correlation va

[ap)
-
)
<
1]
)
-
™
“
(0%}
“
I
“
Wy
oy

gas and surface 1s

2 ncr=as

T 3 < 5 5
\ S I 0

The heat Tlux is nevertheless smaller for concrete than for steel {Cuyrve
§ T

arises at a positive power.

KINETIC ENERZY
in each subcomportment the mixture is considered to be in ecuilibrium znd in
Lo static condition. So the last colomn of table 7 in {2} should be modified (Ek = G.).
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Heat cornducting system " nb 6
g

steel within compartment R7

: : 2
Area : 8.64 m
Internal contact air - water mixture of compartment R7

Internal heat transfer coefficient ECOTRA CORRELATION

External contact air - water mikture of compariment R7

‘Externdl hezat trans

-ty

er coetficient - ECOTRA CORRELAIION

" Description of successive layers

0. to 2.5
Tayér nb nature thickness (m) “number of nodes
1. o stee] 0.01435 R 30
0..to_50._s
iayer nd . nature thickness (@) number of nodes

1 steel 0.01435 _ 10




Heat conducting systenm nb

Name
Area

Ints

Exte

Exte

rnal

“Internal

rnal

rnal

contact’
heat transfer coefficient
contact

neat transfer coefficient

- Description of successive layer

air -

7

concrete within compartment R2

91.67 m2

water mixture of compartment

R8 (0 -2.5)
B9 éO-—SO.l
ECOTRA CORRELATION

10°C

1073 y/ml.oc

0.101

0. to 2.5 s
_]ayer nb nature ‘thickness (m) number of nodes
N coating 0.7 1073 2
2 _concrete 6 x 1073 34
-3 concrete 0.119 11
0. o 30, s
layer nb  npature ~ thickness (m). nuwber of nodes
1 coating 0.7 1073 2
2 concrete 0.024 34
3. concrete 11




Heat conduciing System no
Mama |
Area

Internal contact:
~Internal geat transfer coafficient
External contac
External

heat transfar coefficient

Description of successive layers

0. %o 2.5 s
Tayer nb nature thicknass (m)
1 steel 10.01618
0. t0 50.s
]ayér nh " nature

1 stes] -

8
steel within compartment R8

2.869 m2

cair - water mixture of compartment

R8 (0.

thickness (m)

0.01518 -

R8 (0. to 2.5)

‘R3 (0. to 50.)
ECOTRA-CORRELATION

air -~ water

mixture of compartmsnt -
to 2.5) . ng (0. to 50.)
ECOTRA CORRELATION -

number of nodss

30

- number of nodes

‘10



Heat conducting systenm

Nam

(0

“Area

Internal contact

Internal heat transfer

~h

nb -9
concrete within compartment R9
' 2
645.82 m )

air - water mixture of compartment R9

icient . ECOTRA CORRELATION

External contact 10°C
. ) _3 2 &
External heat transfer coefficient B . 107 W/m=.°C
Description of successive layers
0. to 2.5s
layer nb nature thickness (@) number of ncdes
'ﬁAl ~ coating 0.7 1073 A 2
-7
2 concrete 6 x 10~ . 34
3 " concrete 0.119 11
Q0. to 50._s
“layer.nb. .. nature thicknass (m) . number of nodes
o , : . ’ -3 :
1 coating 0.7 10 2
2 -~ concrete 0.024 34
3 concrete

0.101 11



Heat conducting systen nb 10

Name . ' steel within compartment P9

Area | _ A 30.54 m2

'Intérnai contact _ ‘ “air - water mixture_of compartment R9
Internal heat transfer coefficient _ ECOTRA CORRELATION

Extarnzl contact' air - viater mixture of cbmpartment R9

Extarnal heat transfer coefiicient A ECOTRA CORRELATION

layar nb nature thickness (m) number of nodes ,
1 _ 5 o

stee] . - 0.01353 - 30

- 0.01353 : N 10

. layer:nb nature thickness (m) °  number of nodss :
1 steel - , ' ' .



Heat conducting system nb . 11

concrete within compartment RS
' ' : . 2
Area _ 80.12 m

air - water mixture of compartmant. RS

Internal heat transfer coefficient . - ECOTRA CORRELATION
External contact - . 10°C:

. . - P - S =3 2 .
External heat transfer coefficient , 10 ¥ W/m=.°C

Description of successive ayers

layer nb nature thickness (m) . number of nodes
— — —
1 coating 0.7 10 2
. .-, . . " . —Q
2 concrete 6 x 10 - 34
3 . concrete 0.119 11 )
0._to 50. s
.'.YQyér.nb < nature.  thickness {m) number of nodes
- | 3
1 -coating 6.7 lO‘ o 2
2 concrete - 0.024 3

3 concrete 0.101 . 11




Heat conducting systam nb o 12

Nane . 4 steel witﬁﬁn cbmpa?tment Rg

Arsa _ ' , L .2.97 ma

Tntérnal contact air - water mixture of compaftm'=? R
Internal heat transfer coefficient ECOTRA CORRELATION

External contact : - Cair - water mixture of ‘compartment R9

ot

External heat transfer coefficient - : ECOTRA CORRELATION

Descripticn of successive layers

layer nb . nature “thicknass (m)' number 0f node
1 steel 0017 - g
0. to 50.:s
“Tayer pb - naturé" thickness (m) number of nodes
1 steel - 0.017- . 10




5.2 - 0. to 1000. s

Feat cerducting systen nb ' 1

internal cencrete

Area . | 2 2

(o)

7-

i

Internal contact calr - water mixture within containment

Internal heat transfer coefficient 1300 w/m2.°c (0. to 50. s)
' Uchida (after S0. s) -
External contact ' air - water mixture within containmant
External heat transfer cosfficient 1300 H/m°.°C (0. to 50.°s)
: Uchida (after 50. s)
Description of successive layers ' )
Tayer nb nature - thickness (m) number of nodes
. -3

1 coating 0.7 x 10 2

2 concrete - 0.075 : 15

3 concrete 0.17 11

4 ~ concrete - 0.075 T 15

5 concrete 0.7 % 10” ' 2




. Heat conducting sSystem . . nb
Name

Area

" Internal contact

Internal heat transfer coetficient

-
{
i

External contact

rl

External heat transfer cdeffi

Description of successive ]ayer>

2

walls, dome, floor

418.74 1’

air - water mixture within containpment

1300 H/m°.°C (0. to 50. s) |
Uchida (aftar 50. s)

9°¢C

3 u/m?.eg

number of nodes -

layer o natura ' thicknes
1 coating - 0.7 x 1073
2 concrete . 0 0. 16 -
3 concrete : O 29
Heat cond”cb.ng SJQtem - ‘nb
Name

Aera
Internal contact

Internal heat transfer coefficient

External contact

External heat transfer coefficient

Description of successive layers

layer nb. ~ nature

{hickness (m)

1 stee] ' - 0.00

40

3
internal steel

56.38" mzﬁ

air - wator mixture within containment

1300 W/m?,°C (0. to 50. s)
1.5 (a3 (after 50, 5y

air - water mixture within containment

1300 W/m°.°C (0. to 50. s)
1.5 (aT)Y3 (after s0. 5

number of nodes

(82



Italy (CNEN/Pisa)

‘Amendments to our Report on CASP2 /25/:

- a new version of pages 5 and 9 of the Repor£ with
modifications to -the considérations about the choice
of heat transfer coefficients 'in short and medium

term calculations;"

-~ the final version of table A1.2 (page 51 of the Report)
~ with the indication of mesh used for the different
- heat slabsj . '

- a new Addendum, which presents the work we made on.

the light»éf Edward's benchmark problém.



3. MODELLING

3.1 - Short and medium term calculations

The experimental facility (Fig.I) has been subdivided into
4 control volumes (Fig.II).

The volumes R9,R6 and RS have been joined toghether. In fact,
R6 can be considered as an appendix of R9 compartment (R6 is con-

~nected only with R9 ; besides, the flow area between R9 and RS

is about four times grea;ef than that beﬁween R7 and RS.
33 heat structures witn slab geometry have been modelled as
specified below (Fig. II).
- 16 steel structures;
- 13 concrete structures w1th coatlng,
- 4 alumlnum structures.

The gap between.R4 and R9 ha: been taken into accont as a_

t1me dependent junction area.

The values of the most important parameters are summarized in

Appendix 1. o ,
The loss coefficients at the jurnictions were obtained frou
Idel'chik formulas/7/ _ N
An energy dependent correlatlon has been used follow1ng an_'
approach similar to that of J. Marshall /./ ,for heat transfer

coefficient for R4,R5 and R7 volumes (Whlch are dlrectly interested
by the blow down).

The correlation is based on the proportionality between heat

transfer coefficient and blow down energy rate (Fig.III); that is:

Ho . : , : )
H= — E ' _ (1)
Eo

As reference value of the heat transfer coefficient the value

Ho = W/m °K at the khee of the blcw dewn flow-rate (24 sec) has been




chosen, because the initial turbolent phase is finishing and
conditions are settling. Obviously £o 1is the blow-down power

inlet at the same time.

Regarding the heat transfer coefficient in compartment RS,

the value about blow-down end (30 sec) has been evaluated on the

basis of air/steam ratio. A linear trend has been assumed in the

previous time interval, according to the increasing of the steam

ratio (Fig.III) and a behaviour similar to that in the up-stream

- compartments after 30 seconds.

3.2 - Long term calculation

The containment is modelled with two nodes containing all
 'tHe heat structures (Fig. IV). _
' The first node consists of R4, RSland §7 voiumés (the R4-R7.
~and R4-R5 flow areas are twice greater than the R5-R9 and R7-
R9 ones). _ |

The flow area between the two nodes is a- penetration"}leakg
ge (1deal gas flow through- or1f1ce)
 ;Up to the end of blow downﬂ(éO'sec)'the same héat transfer -
cdefficients-as.in the short and medium tefm calculations have
been used. After this nériod turbulence diminisheé’and free
convection prevalls, w1th a lower heat transfer' so, for both
volumes, a value of 20 ?/m“°K at 1000 sec has been adopted. A

llnear behaviour has been a<sumed in the tﬂme 1nterva1 40- 1000
'sec (Fig. v). | '



MATERIAL |  COARSE MESH IMPROVED MESH
- ‘ (m) - © (m)

Coating 2.5 . 1074 2.5 . 107°
Concrete - 35.0 -'10_3 5+6 lO_f
Steel | 1.5 . 107> 0.8 . 10°
Alluminium 1.5 - 1077 0.8 10_’3

Table Al.2 Interval lenghts used in the finite
_ difference talculations for the heat

conduction structures.




" ADDENDUM 3

' PARAMETRIC ANALYSIS OF HEAT TRANSFER PHENOMENA




A3.1 Introduction

On the basis of the e\perlence achlewed taking part to the
"CSNI NUCLEAR BEVCHWARR PROBLEM ON COVTAIVMEVL CODES™, a new set
of calculations has been executed for CASP2 with an improved mesh
for the heat slabs (Table Al.2)

.Both.medium and long term transient have been analized.

- The results show that we should acquire more knowledce about
the 1nfluence of heat transfer coefficient and coating. thermal

characteristics on the thermohydraulic transient inside the con-

“tainment system.

~A3.2 Calculations by ARIANNA Code

. In Calculatlons with improved mesh the heat transferred
from a compartment to the related structures is reduced if compa-
red with the results obtained in coarse mesh calculations. So
temperatures and pressures in the containment are overestimated
in<comparisbn with the experimental data and this difference in-
Creases With the time; an example is shown in Fig. AD3.1 case b)
~for the préssure behaviour in R4 compartment,calculated by ARIAN-
NA Code. |

To have again a good matching of the experimental data (Fig.
AD3.1 case c), the heat transfer coefficients were increased by

about 25% in comparison with the cases a) and b) (see Fig.AD3.2)

A3.5 Calculations by CONTEMPT LT-26 Code

The long term transient was calculated by CONTEMPT Code,
usi?g as input data the same heat transfer coefficient {(Fig.AD3.2
case c) and aléo-the same mesh of -the last ARIANNA calculation.

The results show first an overestimation of the pressure peak
(Fig. ADS.S case c), but after 400 sec they agree to the experimen-

tal data very satisfactorily.



The difference between the peak Values calculated by ARIAN-
NA and CONTEMPT Codés is due to the different thermohydraulic
models: in ARIANNA Code an homogeneous volume is assumed,while
CONTEMPT Code adopts a two phase model. More precisely, 1in this
last case each node includes a vapor region and a liquid region;
evaporation, condensation and pool boiling process are mode}led.

As a result, more energy remains in the vapor region than

in the homogeneous mixture case.

The homogeneous model simulates well thé physical phanomené
in the compartmenté in the short and medium term transient; due
to the strong turbolent flow of blow-down. After the blow-down
phase the initial turbolence decreases and the separétion bet&een
the liquid and thetvapor region (CONTEMPT model) approximates bet-
ter the real situation. v _ | _ _. |

.0On the basis of the above said experience, some attempts have
been made to improve the agreement with the experimental data‘and
also to understand bétter the influence of the various parameters
on the phenomena with the aim of establishing a strategy for the
choice of values of these parameters.

The most significant results can be seen in Fig. AD3.3 céseé
“d) and e).
4 In case d) the heat transfer coefficient h in the first hode
is proportional to the blow-down energy till 24 sec (at that time
the blow-down energy decreases abruptly) while after 50 sec h ‘is

given by Uchida correlation; also the values of the heat transfer

coefficient at 24 and 50 sec are calculated by Uchida correlations’ ‘-

{ hO = '1600 W/m2°K at 24 sec and h1='6OO W/m2°K at 50 sec) and a
linear behaviour has been assumed between 24 and 50 sec(Fig.AD3.2
case d). _

In the external compartment, h has been calculated by the.
Uchida cofrelation, after the blow-down phase (t > 50 Setj,
while a linear increase has been assumed during the blow4dpwn'pha-
se, starting from the value of 20 W/m2°K'at 0 sec (s<e Flg.AD3.4

case dj.



All the other parameters (thickness and thermal conductivity
of the coating,mesh, ecc) are the same as in the previous case.
‘ In case e), we use heat transfer coefficients similar to
(x)

i ' case d) , but the coating thickness has been ioiplicated; all

i the other input data are the same as in the previous case.

As shown in Fig. AD3.3, in case d) the pressure peak is esti-
mated well, owing to the increasing of heat transfer in the exter-
nal compartment, WhiCh compensates the effect of CONTEMPT phase

separation mbdel; later the pressure drops down: the expérimental

curve.

In case e), the pressure peak is little overestimated, due to
the effect of coating thiékness,'but from 100 secs on the agreement:

with the experimental data is ‘quite satisfactorily.

(x) In the external compartment the Uchida correlation has been

used also in the interval 0-50 secs (see Fig. AD3.4 case e)
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‘Sweden (Stﬁdsvik)

OECD-CSNI Containment Standard Problem No. 2

Supplementary information for the comparison report for the
runs made in Sweden with COPTA-6. The program does not

~print all those data,; so some have been estimated manually.

1. Meshsizes_(mm)

Coating: 0.95/3=0.32 (3 nodes for 0.95 mm) .

- Concrete: 0.076, 0.114, 0.171, 0.257, 0.386 etc.

o _ (17 nodés.for'TSO_mm,“increasing with factor 1.5)
Steel, typically: 0.29, 0.43, 0.65, 0.97, 1.46, 2.19

. (6 nodes. for 6 mm, increasing with factor 1.5)

For the concrete the modesizes

- Time'(s). " . 50s case . !. 1000s case

1 ' ' 34.1 o 28.6

2 35.7 | - 29.8

5 32.0 : f ' 27.7

10 b 28.3 ; 25.4
20 . 24.2 § 22.1
50 14,0 : 13.4
100 , ; I 8.1
200 ‘ ‘ 4.8
500 { 1.9
1000 . ; 0.74

The dlfference between the 50s case and the 1000s case is

due to two factors

“a) 4-room model in 50s case, 1-room model in 1000s -case

b) higher heat transfer to dome compartment in 50s case




Time (s) ! coated concrete metal Steel, 6mm

1 28.9 140-300 . 250

2 24 .1 66-300 . 250

5 20.5 . 21-295 170

10 19.8 11-286 85,

20 18.7 - 5-295 32
50 13.1
100 7.0
200 4.4
500 1.8
1000 0.7

Comment: The heat soakagé into steel depends on several

factors:

‘a) Thickness

b) Temperature and heat transfer at back side

c) Modelling (e.g. meshsizes)

This makes listing of heat flux +o metal less meaningful"

rafter some 10 seconds.

Time(s) Concrete - " Steel _
R4 R9 ' R4 i RO

1 48.9 2.6 560 130

2 - 30.7 8.1 440 | 210

5 24.6 13.2 345 170
10 - 22.6 16.4 . 317 95




