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NOMENCLATURE

A area

CD discharge coefficient

D diameter (of flow path)

f Fanning friction factor .

H total enthalpy released at break

htc ' heat transfer coefficient

K drag coefficient

L length (of flow path)

MW mass of water

m . mass

n number of connections into the. relevant
compartment

P pressure '

PD pressure difference

R compartment

T temperature

t time

v volume

w velocity

difference

s b

pressure loss coefficient






1. INTRODUCTION

Starting in 1973 in the USA and in 1975 within the frame of
OECD-CSNI* there were performed several Standard Problems in
the field of Emergency Core Cooling (ECC), Loss-of-Coolant
Accident (LOCA). On CSNI full meeting in November 1977 the
Federal Ministry for Research and Technology (BMFT) proposed
to perform a similar exercise in the field of Containment
Responses after a LOCA in a Light Water Reactor and to

sponsor it. The Committee supported the proposal in principle
but felt it necessary to hold a preparatory meeting. It took
place on May 10/11, 1978 at Battelle-Institut, Frankfurt (FRG)
including a visit of the test facility. All experts in the
meeting indicated /2/ that they would recommend to their
organizations to perform - according to the procedures
described in CSNI Report No. 17 /1/ - a Standard Problem based
on a test D15 (performance December 20, 1977) out of a series
of tests conducted at Battelle-Institut and sponsored by BMFT
within the frame of the German Reactor Safety Research Program
(RS 50: Pressure Distribution in Containment). Specification
/3, 4/ was sent from GRS to possible participants in August
1978. The Standard Problem was approved by the CSNI full
meeting in November 1978. After deadline of "blind" German
Standard Problem No. 1 (Containment-Standard-Problem) based on
the same test, experimental results of test D15 were communi-
cated to participants in December 1978 /5, 6, 7/ this Standard

Problem therefore being an "open" one (deadline May 1, 1979).

The technical purpose of the problem is to compare experimental
results of history of pressure, temperature, pressure difference,
and water mass after a steamline rupture within a chain of six:
subsequent compartments (simplified integral test) with the
corresponding results of best-estimate posttest-calculations

from computer codes for three different time intervals.

* Organization for Economic Cooperation and Development-

Committee on the Safety of Nuclear Installations



Finally, in the comparison took part 11 countries with 12
contributions using 11 different computer codes and, partly,
several versions (s. Table 1). Contributions arrived from
April 10 to May 23, 1979 two of them revised thereafter
(arrival of corrected tapes June 11 and July 2, 1979).

The workshop on the results of the Standard Problem was held
at GRS, Garching,/FRG on September 17/18, 1979. Comparison
results and the results of the individual participants were

presented and discussed in detail (see /10, 11/).

Supplementary information to and comments on the draft
comparison report /12/ came from Australia, Belgium, Canada,
Germany, Italy (CNEN/Pisa), Italy (NIRA), the Netherlands,
Sweden, and the United States and are far extendingly con-

sidered in the present final report.

Comments on submitted results and results of parametric studies

(Australia, Germany, Italy (CNEN/Pisa), Italy (NIRA), Sweden,
United Kingdom) are content of the appendix.







TABLE 1:

Participation

Country

(organization)

Contributor

Computer

code

Time
interval

(s)

Australia *
(AAEC)

J. Marshall,
P. Holland

Z0CO V

0 tc 2.5
0 to 50

Belgium
(Tractionel)

E. Stubbe

TRAP~SCO

0to 2.5

TRAP-CON

0 to 50
0 to 1500

Canada
(AECL-EC)

J.E. Dick,
J.D. Lovatt,
D.R. Pendergast

PRESCON

0to 2.5
0 to 50
0 to 1500

Finland
(VIT) -

L.J. Mattila,
H. HolmstrOm

RELAP4/MOD6

0 to 2.5
0 to 50

CONTEMPT-LT/026
(VIT version)

0 to 1500

France
(CEA/EDF)

A. Sdnnet,
A. Mattei/
D. Roy

GRUYER

0 to 2.5
0 to 50
to 1500

F.R.Germany
(GRS)

A. Berning,
G. Mansfeld

[Mrs. G.Hellings,

COFLOW

to 2.5

D. Risse
M. Tiltmann

CONDRU 4

0 to 50
0 to 1500

Italy

(CNEN/Pisa Univ.)

R. Romanacci/
9 authors

>

RELAP4-MOD5 (1)

to 2.5
0 to 50

CONTEMPT LT-026

(Tagami)

to 1500

K4

Viotti,
Hassid,
Chiantore,

Pennese

PACO

0 to 2.5
0 to 50
0 to 1500




TABLE 1 (contd.): Participation

Country Contributor Computer . zime L
(organization) code in sza
Netherlands J.P.A.van den | ZOCO V 0 to2.5
(ECN) Bogaard, (modif.) 0 to 50
A. Woudstra 0 to 1500
Sweden J.E. Marklund | COPTA-5 0 to2.5
(Studsvik) 0 to 50
0 to 1500
United Kingdom W.H.L. Porter | CLAPTRAP II 0 to2.5
(UKAE:A, AEEW) (AEEW-R1108) 0 to 50
CLAPTRAP I 0 to 1500
(AEEW~R965)
United States |[S. Fabic/ BEACON/MOD3 0 to2.5

(USNRC/EG&G)

C.R. Broadus

* As for all participants the results submitted in lay 1979
(deadline) are included in the main part of the report.
They are provided with an asterix because the authors
declared them invalid when results of additional calculations

with revised coating data etc. were performed

August 27,

appendix.

1979). Further explanations are given in the

(data arrival



2. BRIEF DESCRIPTION OF THE PROBLEM

For more details see specification /3, 4/.

2.1. Test facility

The test facility consists of a high pressure system and a
model.containment. The high pressure system consists of a
pressure vessel containing heated water and steam, a‘piping
system connecting the pressure vessel with the location of
rupture, and an auxiliary recirculation loop. In this test the
containment compartments were chain-type arranged (6 subse-
quent compartments, s. figs. 1 and 2). Starting in the rupture
compartment R6 (longitudinal flow) the fluid flows via a
channel with sharp-edged inlet into the first follow-up
compartment R8 (longitudinal flow) and via the sharp-edged
orifice U 78 B (situated on the ceiling at the end of ‘R8) into
compartment R7. After passing R7 (longitudinal flow) the fluid
enters via sharp-edged orifices compartment R4 (transversal
flow), then compartment R5 (longitudinal flow), and finally
the big dome compartment R9 working as a sink.
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2.2 Initial conditions

The measured initial conditions for test D15 before blowdown

were as follows:

initial pressure P

-initial temperature T 285.5 °¢ (averaged)

mass of steam m 126.6 kg

mass of water m 1791.8 kg

Containment

initial atmospheric pressure PO 1.0152 bar
R6 initial temperature o = 10.6 oc )
R8 " 9.8 ¢
R7 8.4 cl (averaged)
9.0 C

RS " 9.0 ¢
RY " = 8.7 °cj
relative humidity 60 % (estimated)

R4 fo)

2.3 Boundary conditions

Boundary conditions for the containment were the mass flow
rate and associated specific enthalpy as function of time

measured at the rupture point:




Mass flow rate and associated specific enthalpy as function of

time

time mass flow rate specific enthalpy
(s) ( kg/s ) ( kI/kg )
0 o) 2773.7
0.01 50.9 2773.7
0.015 70.7 2773.7
'0.065 . 84.6 | 2773.7
0.22 66.0 2763.0
0.32 58.9 2760.0
0.75 ~ 43.0 2761.5
1.2 45.3 : 2754.2
2.8 37.0 2731.8
'2.92 20.9 | 2731.8
3.0 68.9 1251.2
3.1 ~ 58.2 - 1280.6
4.0 59,0 . 1347.9
10.0 : 39.8 1615.7
15.0 30.4 - 1753.2
20.0 26.6 1775.9
25.0 21.2 1948.6
30.0 16.3 2136.5
40.0 10.0 2724.7
50.0 ‘ 6.7 2716 .4
70.0 0 2716.4

Above given values for mass flow rate and specific enthalpy

are evaluated from measurements without any correction. spedific
enthalpy includes kinetic energy %%. The history of both values
shows that up to 2.92 s pure steam is entering the containment.



2.4 Instrumentation

Table 2 shows the designation 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.

Figures 3 to 8 show the measuring point positions in each

compartment 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)

static pressure by strain gauge transducer or piezo-
resistive transducer (on PMS-basis) installed outside
the containment (measuring point connected to transducer
by pressure lines, slow)

pressure difference by piezoresistive transducer on DMS~-
basis directly installed at the measuring point position

temperature by "unencapsulated" Ni/CrNi thermocouple

(30um d., sensitive to mechanical stresses)
temperature by Ni/CrNi thermocouple 0.25 mm o.d., fast)

temperature by Ni/CrNi thermocouple (1 to 1.5 mm o.d.,

slow)
temperature by ohmic thermometer

water level by capacitive transducer installed outside




TABLE 2:

Designation of Measuring Points )

for instance 9 P S 3 1 8 A g 5 M
or B T S 1 g g 2 G 2
i1 2 3 L 5 6 7 8 9 10
“ .
» o o 1
s - ai !
- O T O w e
OE T aW =i e +L
0 06 g oA o
P e N0 4w —~
o3 Joun L3P & 0
ou wg -~ 0 g alg e
G G 0w QA oHdg
20 o0& 0 00O © 0o
OE & » AE & 24 A
o v o P
AT o
+ » 1 o]
- a P s —
"Digit 1: Object of measurement
1 to 9 Containment compartment numbers R1 to R9
] Reactor cavity in containment
B Pressure vessel
L Pipeline of long-term cooling system
P Buffer tank
R High-pressure pipeline
Digits 2 to 3: Measured value and type of sensor
DG Density (gamma ray absorption)
DK Density (capacitative)
FA Force on mockup (piezoelectric)
FD Force on drag body (strain gauges)
FP Force on baffle plate (piezoelectric transducer)
FvV Vertical force on the vessel (strain gauge trans-
ducer)
PD Pressure differential .
PL Static pressure, slow (strain gauge transducer
or piezoresistive transducer)
PP Dynamic pressure (piezoresistive transducer)



TABLE 2 (contd.)

PS Static pressure, fast (piezoeleétric transducer)
TF Temperature ('"unencapsulated'" thermocouple, 30/um)
TL Temperature, slow (thermocouple 1 to 1.5 mm 0.D.)
TS Temperature, fast (thermocouple 0.25 mm 0.D.)

™ Temperature (ohmic thermometer) -

WS Water level (capacitative)

Digits &4 to 9: Positions of measuring points

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

Digit 4 to 7: Height in cm, measured from the vessel floor

Digit 8 + 9: A1 to Ak

. . . Horizontal nozzles

G1 to G2
Upper vertical nozzle
Lower vertical nozzle
Other

II. Designations for containment, buffer tank and pipeline
(digit 1 ngll’ 4" to ||9ll’ ncn’ nph or‘anl):

Digits 4 to 6: . g¢3 to 368 polar angle in angular degrees,

of manhole (= 0%) in clockwise direction

Installed in wall to compartment R1 to RY
On/in outer wall

In intermediate flange

On/in inner wall‘ 

On/in baffle plate

On/in overflow opening

Heat transfer measuring block

On/in steam generator mockup




TABLE 2 (contd.)

Digits 8 + 9: Height iﬂ dm above bottom of the‘containment
compartment in question (in compartments R,
R6, R8 above sump floor, and in the case of
pipelines above the sump floor, compart-

ment R6)

III. Designations in the long-~term cooling system
"(digit 1: "L"):

Characteristic word, for instance: ABLAUF (drain)
ZULAUF (feed line)
SPRUEH (spray system)

Digit 10: Special type of installation
M In spray protection tube
L With pressure measurement line
T In dead-water area

W In wall
- Other



measuring point position.

compartment R4

designation of
measuring points

MUX

TL #9¢9
TL gp1
TL pp2
TL #93
TL #94
TL $85
TL P§P6
TL §87
TL #p8

TS §PP

Vb o b ot o o o

L4 TS ppp 1 3P

leha-Block:

EELLXELEE

13
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13
13
13
13
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I 13 (At

-] e = N DD
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O N~
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MUX=channel no.




test no. D15 measuring point
position - compartment RS
designation of MUX
measuring points
-v‘omsﬂoﬁ — 5 PS 215 A 12 164
AT [N 56 A S o) 5 TS 214 A 12 180
o/ 79;,,0@ ST 025 qs & %) 5 PL 255 A 17 131
707 ¥ ) : 3 [~ :

Yy ’ U258 \ 5 PS 279 I 15 165
4 Flrr E S—tv 5 TS 279 1 12 182
o |de TR 5 PD 278 9 15 150

! . ) A Jiise ,,"\\"
. o / y 5 TS 269 A 12 181

" \o » £ uss8 °
° S ¥ WN\ies YA 5 PS 312 A 11 166
¢ U78A 2R 2
2 o 7 D) / 5 TS 313 A 11 183
+4,01 NU79E o 5 oo"c‘. s
S\_U790" °
> U79 25
5 WS 210
BATTELLE-INSTITUT E.V. - FRANKFURT AM MAIN

Fig. 4: MUX=channel no.
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measuring point

compartment R6
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MUX

TL
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test no. D15 _ measuring point
1 owe posifdon . compartment R7
designation of
measgging points MUX
7 PS 143 A 12 W 173
7 TS 144 A 12 192
s ,:- P Py /7 PD 18” 5 19 w 153
e _ S |7 TS §98 A 12 190
4/ UTSH 53 %o TN
o . o) USsC A
(7K 5A K 7 PS $89 1 15 M 172
YUTSEL e N
[ K7 @ SRR PR X |7 PD $89 9 15 W 155
o /7 7 : 3 7 TS 889 1 18 191
NI °-~R7 . \ ; > [Alphablock:
ANNE = L e 7 TL 999 W 17 ( 131,6) 2
B ] ; 2Jussqy,” 7 TL $#91 W 17 ( 24,5) 3
G . J 7 TL $92 w 17 ( 1&,5) 4
" 3 Ly AUsee % ) ~7 TL #93. W 17 ( 6€&,6) 6
> 2 Wi \£y / 7 TL $94 W 17 (10%,6) 7
° g 3 7 TL 95 w 17 ( 4,0) 8
A /e 7 TL $96 W 17 ( 4q,8) 9
<601 NNUImES ISR ; 7 TL $97 W 17 ( 4,7) 10
. U78 > 7 TL 998 W 17 ( 1,0) | 11
el PSS ~7 PL $66 A 12 L 135
~7 PD P45 8 #p W 154
7 PS 938 A 12 W 171A
7 TS §37 A 12 189
7 WS 212
BATTELLE-INSTITUT E. V. - FRANKFURT AM MAIN

Fig. 6:

MUX=channel no.
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test no.

D15

”

measuring point
position

compartment RS8

manhole +0,9

designation of MUX

measuring

pointsj

PS 153 A
TS 158 A

TS #9989 I

TS £98 A

PD §75 9

} PL £53 A

PS g4ap A
TS P42 A

BATTELLE-INSTITUT E V  FRANKFURT AM MAIN

MUX=channel no.
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test no. D15

measuring point position

compartment RO

'éﬁéi ation of
mgasgging points MUX
™V P98 M 75 41
™ 189 M 75 42
T™W P99 M 52 43
™ 189 M 52 44
™ #g9 M 29 4s
T™W 189 M 29 46
TH PPP M P6 47
- ™ 1808 M P6 48
™ 180 M -9 49
"TW 188 A 52 53
™ 188 A 29 51
TW 188 A #6 52
PL 287 A 16 L 137
PL 163 M 39 L 138
™ 279 A 52 64
TW 279 A 29 63
™ 278 A @6 62
TW 899 A 52 56
™ $99 A 29 57
™ P99 A £6 s8
TW P99 A 52 59
™ PP9 A 29 60
TW 985 A P6 61
‘Alphablocﬁ (new):
9 TL P#39p W 49 ( 3,6) 30
9 TL £31 W 49 ( 2&,5) 31
9 TL 932 W 49 ( 13.2) 32
9 TL P33 W 4p ( 66,6) 33
9 TL @34 w 48 (107,6) 34
9 TL P35 W & ( 1,0) 35
9 TL $36 W 4p ( 49,9) 36
9 TL #37 W 48 ( p,7) 37
9 TL p38 W 4 ( },0) 38
9 TL 939 1 49 (Amp.) 39
3 WS 208
9 WS 214

BATTELLE-INSTITUT E V FRAMKFURT AM MAIN

Fig. 8 MUX:channellno.



2.5 Errorbands of the measurements

2.5.1 of variables

t he

Errorbands

measured in containment

The following table informs about the probable relative total

measuring errors with a statistical accuracy of 96 % (26) in

percent of the measuring range of the variable. In fact, the

given erros are only valid for the time range t£0 that is the

time before start of blowdown. Temperature and pressure

effects on transducers and cables during blowdown are not

regarded. However, temperature and pressure influence being

effective with a certain time delay the given measuring errors

are also approximately valid for the time range t> 0 within

the given measuring time (s. also /4/).

measured
guantity

probable relative total

measuring

time

measuring

error
related to

(s)

measuring
range -

delay time
for mea-
surement

PS

PL

PD

TS

TF

TL

TW
WS (cap.)
WS (U-tube)

2.5 to
1.5 to

10
5

1500
1500
1500
1500

0.2! 5
1500 5

2

bar
bar
bar
°C
°C
°C
°C

15 to 20 ms
some mS
~1 s

~ls

In general above given measuring erros are small and most of

the time within the oscillatory margins of the measured

variables. Therefore experimental errorbands are not shown in

the comparative plots. Measuring erros supplementarily

communicated by Battelle-Institut are almost of the same

order. To improve comparability of experimental errorbands

with the calculational bandwidths the experimental errorbands

are shown in the comparative plots as bars according td scale.




2.5.2 Errorbands o f initial and
boundary” €%ndi¥t ion s t o b e
input for containment
calculations

The initial conditions (pressure in containment and tempera-

tures in the diverse compartments) are measured with the high
accuracy as is valid for the containment measurements at zero
time. Relative humidity, less important because of low initial

temperatures in the containment, was estimated.

For pure containment problems the uncertainty in calculating
mass flow rate and specific enthalpy at the break in the
primary system with blowdown codes is atypical. To eliminate
this both variables were measured and determined to be the
boundary conditions for the containment calculations. These
measurements partly have relatively high errors (see figs. 8.1
and 8.2 from /5/). Especially in the regime of two-phase flow
the high differences between test D15 and D10 also indicate
measuring errors which is supported by the fact that the pressure
histories in pressure vessel and at rupture point for both tests
do hardly differ.

The influence of errors of the measured initial and boundary

conditions on containment calculations is discussed in /9/.
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2.6 Variables to be calculated

As stated in /3/ each participant should calculate the
following variables as function of time

for time interval’o to 2.5 s:

pressures in each compartment

2 temperatiures in compartments R4, R7, RS
3 temperatures in compartments R5, R6
5 temperatures in compartment R9
- 13 pressure differences between different compartments

for time interval 0 to 50 s:

2 pressures in each compartment

2 temperatures in compartments R4, R7, RS
3 temperatures in compartments R5, R6

5 temperatures in compartment RS

water masses in each compartment

time interval 0 to 1500 s:

pressure
temperature

water mass
in the containment to be regarded as a single node.
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3 PRESENTATION OF RESULTS
3.1 Listing of important features and input parameters of

the codes used

In table 3 important features, assumptions, and input para-
meters of the codes used by the participants are put together
for the different time intervals. Information was taken from
the reports submitted together with the calculational results.

Calculational results for all three specified time intervals
were submitted from all participants but Australia (not for

0 to 1500 s) and USA (not for 0 to 50 s and 0 to 1500 s).

For the long term range, simulating the containment as one
node, about half of the participants used other computer codes
or other versions than in the short term range calculations
(total of 11 different codes and, partly, several versions).

One code (BEACON, advanced code using 1D/2D-mesh concept) is
able to account for full non-equilibrium, the others being

lumped-parameter codes more or less based on homogeneous models.
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Nodalization (except BEACON with its 1D/2D-mesh concept) was

chosen by the different participants in very different manners:

time interval 0 to 2.5 s (total of 12 participants):
With regard to pressure measurements in the compartments
(see also chapters 3.2 and 3.3) and the licensinc important
pressure differences between the compartments a simulation
one node fér one compartment seems sufficient (6 nodes,
3 participants). With regard to specified temperature his-
tories at different locations in one compartment (especially
differing slopes in the beginning, not so important for
licensing) or pressure waves (appearing especially within
about 0 to 0.2 s, not asked for in this Standard Problem) it
would be desirable to further subdivide most of the com-
partments. This was taken into consideration by USA (178
meshes), F.R. Germany (17 nodes), Canada (10 nodes), and
partly by Belgium (11 nodes, 6 nodes in R6), Netherlands
7 nodes, 2 nodes in R6), Finland (7 nodes, 2 nodes in R4).
While subdividing other compartments thesevparticipants
also took compartment R9 as one node. This seems to be a
godd approximation also with regard to temperature history
in this time interval (no measuring response of the resist-
ance thermometers because of time lag) and saving computer
time. Two participants combined compartments R4 and R5 to
one node to account for the negligible pressure difference
between R4 and R5.

time interval 0 to 50 s (total of 11 participants):

Almost all participants chose the same nodalization as in
the short term range except Belgium and F.R. Germany,

which lumped all compartments into a single node already
during this medium time interval. Simulation of one node
per compartment seems to be suitable also with regard to
far extending temperature equalization within the compart-
ments except big dome compartment R9, where stable tempera-
ture stratification becomes apparent (see also chapters 3.2
and 3.3). '
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- +time interval 0 to 1500 S (total of 10 participants):
All participants 51mulated the whole containment as one
node, as was proposed in the specification of the Standard

Problem.

One of the most dominant mechanisms in this Standard Problem
is heat transfer to the structures. It was considered by all
participants in all three time intervals but handled as differ-
ent as there were different participants. Handling ranged from
analogy between heat and mass transfer, use of Tagami- and/or
Uchida-correlation (well known from licensing calculations) as
well as other correlations, via derived heat transfer coeffi-
cients [input f(t) or const(t)] to consider steam front propa-
gation or to fit some pressure histories, to setting dials for
forced convection heat transfer correlations (RELAP4 versions).
Heat transfer coefficients gained these ways range up to ’
10000 K * during steam flow at the location of rupture. Use
of Tagaml— and/or Uchida-correlation is prevailing for the
long term range, especially. Surface coating of the concrete
walls was partly considered as specified though little infor-
mation was found within the participants' reports originally
submitted. Influence of coating data revised after deadline

of Standard Problem calculations is, as proposed, regarded by
some participants in an additional post-analysis (see. App.).

Two concepts for representing flow resistances for the two types
of flow paths between neighbouring compartments (channel,
sharp-edged orifices) were mainly used: one-dimensional quasi-
steady compressible flow with discharge coefficients between
0.7 and 1.0 or/and - to a smaller extent - one-dimensional
unsteady incompressible flow (Euler or momentum equation) with
friction terms (friction factors or resistance coefficients in
a corresponding magnitude as discharge coefficients). Differ-
ent discharge coefficients respectively resistance coeffi-

cients for channel and orifices were used by four participants.

* Uk up to 48000 K "attributable to water steam release”

(see SINDOC (79)80 in /10/, not communicated orlglnally)



Water transport was considered, to a higher extent only by a
few participants. This parameter could have been only of minor
to negligible influence on the results, at least during the

time period of pure steam flow at the rupture point.

Kinetic energy terms are deemed necessary for more precisely
calculating pressure differences. They were considered in most
of the codes. This seems to be important especially for simu-
lating jet flow from orifice 74 via compartment R4 and short
distance orifice #45 to compartment R5. Experimentally this
results in a negligible pressure difference between R4 and R5.
Also other ways were gone to account for this jet effect:
smaller resistance coefficient for orifice U45, compartments.

R4 and R5 combined to one node as already stated.

Computer times are inasmuch different as different codes, nod-

alizations and computers were used.

It should be mentioned that USA modeled a thermocouple to
demonstrate differences between predicted gas temperature and
measured temperature: especially during gas compression heat
transfer coefficients are low, this resultincg in a time lag of
thermocouple response which is higher than was in general
assumed up to now. Further it should be referenced to the fact
that the calculational results of F.R. Germany using COFLOW

for the time interval 0 to 2.5 s are the same as for the "blind"
German Standard Problem No. 1, based on the same test D15.

3.2 Comments on the experimental results and deductions for

the comparison (see also /5, 6/)

Pressure measurements: The pressure measurements with the

piezoelectric transducers (PS, fast) directly installed at
the measuring point positions partly are without drift only
up to 0.2 s (time interval interesting for investigation

of pressure waves; afterwards especially near the break an
influence of temperature is observed; see also chapter-
2.5.1 table). Therefore, for all time intervals the meas-




urement results of external pressure transducers connected
to the measuring point pesitions«by pressure lines (PL,
slow) are taken for comparison. These are in the time in-
terval O to 2.5 s and 0 to 50 s the measuring points

6 PL 255 A 25 L
8 PL §53 A 25 L
7 PL ¢66 A 12 L
4 PL @¢@p3 A 25 L
5 PL 255 A 17 L
9 PL 207 A 16 L,

in the time interval 0 to 1500 s the measuring point

9 PL 2¢7 A 16 1.

For the same measuring channel differences (see fig. 9) can
appear for different time intervals of data aquisition (dif-

ferent data aquisition systems).

To illustrate pressure steps (time interval 0 to 2.5 s) and
pressure approximation (time interval 0 to 50 s) the pressures
of all compartments are plotted together in one figure each
(figs. 10 and 11).
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Temperature measurements: The measuring point 6 TS 343 A 29
was not connected to the data aguisition system in test D15.
Therefore, the nearest measuring point 6 TS 318 A 21 is

used for comparison.

Within the time interval 0 to 2.5 s the resistance thermome-
ters installed in R9 do not yet give an answer. Therefore,
no comparison with experimental results can be made.

In the time interval 0 to 50 s all temperatures in one com-
partment are almost equal except in R9. Because of this for
each compartment a mean temperature (measuring point approxi-
mately in the middle of the éompartment), in R9 an upper

and a lower temperature of the experiment are compared.
Temperature deviations in one compartment sometimes are as
high as 25 K (see values in parentheses). For comparison

purposes the following measuring points are used:

TS 246 A 21 (25K)
TS @¢90G A 21 (20K)
TS 089 I 18 ( 5K)
TS ¢3¢ M 3¢ (10K)
TS 269 A 12 (15K)
™ @@@ M 75, 9 TW 180 M-9.

O U = 9 0 O

In the big dome compartment R9 in the long term range a
stable temperature stratification is established. For this
reason in the time interval 0 to 1500 s an upper (9 TW @@@M 75)
and a lower (9 TW 180 M-9) measured temperature is used

in the comparison, though a therefrom averaéed temperature

is only partly representative for a mean temperature of the
whole containmant (partly higher temperatures in preceding
compartments R6 to R5).

To illustrate the advance of the steam front (time interval

0 to 2.5 s) and the far extending temperature equalization in
the compartments (time interval 0 to 50 s) all temperatures of
all compartments are plotted together in one figure each
(figs. 12 and 13).
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Measurements of pressure differences: The specified pres-
sure difference between R5 and R6 was not measured directly.
So the difference of the absolute pressure (5 PL 255 A 17 L
minus 6 PL 255 A 25 L) is used for comparison. Instead of
the specified measuring point 6 PD 189 8 13 W the measuring
point 6 PD 323 8 1§ L was connected to the data acquisition
system in test D15. Because of this measuring point being
defective the difference of the absolute pressures (6 PL
255 A 25 L minus 8 PL @53 A 25 L) is taken for comparison.
A comparison between the directly measured pressure differ-
ence between R6 and R9 (measuring point 6 PD 284 9 27 W) .
and the difference of the absolute pressures (6 PL 255 A 25L
minus 9 PL 207 A 16 L) is represented in fig. 14 and shows

- representative for other differences the good agreement

between the two measurement techniques.

Water masses: For the reason of the water levels in the
different compartments - manually read or capdcitively meas-
ured - being only evaluable after end of blowdown (appr.

70 s), a comparison of calculated water masses can only be

made in the time interval 0 to 50 s.
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3.3 Selection of important variables

As stated in the specification a number of variables was to be
calculated. For‘evaluation of the results it seems necessary
only to consider important variables. All variables additionally
wanted become important, especially when deviations are to be
analysed more exactly and more individually. This should be
done by each participant himself with the aid of the experi-
mental data in /5, 6/. In the following a brief argumentation
for selection made (mostly in parentheses) is given. Fluid
temperatures instead of wall temperatures not measured in this
test give an approximate indication on the temperature stresses
the walls are exposed to.

Time interval 0 to 2.5 s:

Pressure: 1 pressure in each compartment (pressure differences
within a compartment are negligibly small, see e.g. fig 15

for the first follow-up compartment R8), so for

rupture compartment R6 (compartment with the highest

pressure built-up)

first follow-up compartment R8 (pressure built-up highest

but one after flow through channel connecting R6 to R8)

dome cbmpartment R9 (energy sink with slowest and time-

delayed pressure built-up)
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Temperature: Because of expected differences inside one

compartment

- 3 temperatures in the rupture compartment R6 (highest

temperature stress, differing initial slopes)

- 2 temperatures in the first follow-up compartment R3
(temperature built-up highest but one)

- 2 temperatures in compartment R4 with transversal flow
(differences between upper and lower part)

because of no measuring response seen from slow resistance
thermometers and more or less homogeneous air compression is

expected

- 1 temperature in dome compartment R9 (slowest temperature

built-up)
Pressure difference:
between R6 and R9 (highest pressure difference)

between R6 and R8 (information on flow resistance of over-
flow channel)

between R8 and R9 {(information on flow resistances of all

follow-up orifices)

between R4 and R5 (flow resistance of orifice U45 following

in short distance on orifice U 47)




|
Time interval 0 to 50 s:
Pressure: During this interval maximum pressure in the whole
containment and pressure equalization between all compartments
are to be expected. As important variables the same pressures
as in interval 0 to 2.5 s are selected, so pressure
~ in rupture compartment R6
- in first follow-up compartment R8

- in dome compartment R9

Temperature: During this interval maximum temperatures and far
extending temperature equalization (see fig. 16 for compartment
R8) are to be expected in each compartment except R9. Important
variables selected are one temperature

- in rupture compartment R6

- in first follow-up compartment RS

- in dome compartment R9

Water mass: History of water mass in all 6 compartments as

specified (information on water transport)
Time interval 0 to 1500 s:
According to specification pressure, temperature, and water

mass history in the whole containment during the cooling down

phase.
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3.4 Comparison of selected variables

For comparison purpose the calculated results of the
participants were taken from submitted punched cards (5
participants) and magnetic tapes (7 participants). During data
transfer for plotting it became apparent that two participants
either had to complete (June 11, 1979) or replace (July 2, 1979)
their tapes submitted. Other complications for data processing
partly came from not following the specified order of variables,
incorrect statements for record lenght and/or blocksize of
magnetic tapes by some participants as well as from differences

between tape or card data, plots and listings.

3.4.1 T ime interval 0 t o 2 .5 [

Comparing calculated with experimental results it can be

seen that for some variables deviations calculated by .
Canada (Uchida-correlation with small htc) and UK are
partly greater than the diverging results of other partici-
pants. These being ten one can speak of a more or less
statistical "bandwidth of calculations". Though differences
in quality can be observed within this "bandwidth" no attempt
shall be undertaken to differenciate perhaps in the sense of

a ranking of participants'results.

In the following the different variables shall be regarded
individually according to the order of selection (see

chapter 3.3). ot 8
- Pressure in rupture compartment R6 (figs. 17A, 17B):

Pressure built-up is predicted within - 0.02 to + 0.21 bar
supposed to the different assumptions of the participants for
heat transfer. Related to a measured maximum pressure
increase of (1.53 minus 1.02) bar this means a bandwidth of

-4 % to + 41 % for these post-calculated results (experimental

errorband = 4%1). Disregarding results of Canada and UK this



- 46 -~

bandwidth diminishes tb -4 % to +24 % what is neérly the same as
for "blind" precalculations of German participants in German
Standard Problem No. 1. The higher the assumed or calculated
heat transfer rates to the structures (highly turbulent steam

condensation in this period, long compartments, great ratio

of surface area to volume) are the better seems the approach

of calculated to experimental results.
Pressure in first follow-up compartment R8 (figs. 18A, 18B):

Nearly the same is valid for R8 as for R6. (-0.04 bar to
+0.14 bar corresponding to -8 % to + 30 % for maximum

pressure, experimental errorband i5 ).

Pressure in dome compartment R9 (figs. 197, 19B):

Pressure increase is over- and underpredicted by an amount
of + 0.11 bar to - 0.14 bar at the maximum. This means + 35%
to -45 % related to a pressure incrase at the end of the
time interval of 0.31 bar (experimental errorband Iy %).
These relatively high deviations are insofar more engraving
as this compartment is the biggest of the chain (450 m® of
a total of 630 m®). After all this means either too little
or too much energy release from or vice versa energy |
transport to R9. Eventually less or more energy from
preceding compartments is to transport via the overflow
vents (smaller or higher mass flow rates). General over-
prediction of pressures (e.g. in R6 and R8), despite of
partly high heat transfer rates, indicate to use higher
discharge coefficients respectively iower pressure loss

coefficients than applied in general.
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Comparisons of all temperature histories to be calculated
in one compartment can only be made for participants sub-
dividing corresponding compartments (5 participants in R6,
3 participants in R8 and R4). Main comparison for the
majority of participants simulating a compartment as a node
is made with the response of a thermocouple installed in

the middle of the compartments.

Temperatures in the rupture compartment R6 (figs. 20A, 20B,
21, 22):

The closer to the rupture point thermocouples are (6TF 211
A21 - 6TS 246 A21 - 6TS318 A21) the earlier one observes
steep temperature increase caused by steam flow (flat
increase means compression of air; pistonlike steam front

propagation).

Participants' calculations follow these gradients except

for the thermocouple far away from rupture point (6TS 318 A21).
Calculated results of Belgium with a 6-node-simulation

for R6 agree well with the experimental results also for
this thermocouple. Some participants calculate superheated
conditions in the early stages of this period while
thermocouples show saturated conditions despite of injection’
of superheated vapour. Highest measured temperature of about
383K (saturation temperature corresponding to measured
pressure) is calculated by all participants within a

margin of + 6K to - 5K (related to a temperature increase

of 383K minus 273 K + 5 % to - 4.5 %, experimental error-
band % 1.5 %) . Higher underprediction for 6TS 318 A21 may
result from comparing calculated temperature for the

more distant corner thermocouple (6TS 343 A29) with thermo-
couple 6TS 318 A21. '

Temperatures in first follow-up compartment R8 (figs. 23A,
23B, 24): '

Arrival of steam front in this compartment is less marked.

Experimental temperature histories show inhomogenities
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(temperature oscillations). With exception of a higher
underprediction of USA bﬁ?ticipgﬁ%s in general more under-

predict these temperatures (+ 5K to - 13K at the maximum).
Temperatures in compartment R4 (figs. 24A, 24B, 25) :

It is surprising that measured temperature closer to orifice
flow at the outer wall (4 TS ¢Pp A 5¢) is lower than that
more distant in the middle of compartment R4. This and the
highly oscillatory history indicate equalizing flows within
this compartment passed more transversally. This can hardly
be simulated therefore the calculated results showing‘wide

.divergence.
Temperatures in dome compartment R9 (figs. 27A, 27B):

Only comparison of calculated results for one measuring
point nearest to the orifice is made because there is no
response of the resistance thermometers during this time
interval and all participants but one do not subdivide R9.
Spread of calculated results is high and high or low
results in general correspond to higher overpredictions
or higher underpredictions in calculated pressure history
in R9 (figs. 19aA, 19B).



HOLSTH N ibd ddih -
(03S5) FWNIL

bl AN
| I

1 ]

AN

3ONSHS

GNEINI A

HONGD

W98

* G KHISM

[ 12E9peS13t * dX3

(M L13)ONVEYONY3 dX3

H oO+4Ax0O®

T

0-gee

T

~
o

T

0°€

FAHATEHETAHWST T

T T
(>4)

C ELE

(ST 1S31-F7T13L186) T°0ON W3I1d0dd OYUUONGLS HZMZZ_GHZOU INSJ-0240




_57...

O INFNLEHEAANOD NI AHOLSTH IHNIBH3dA3L. 902 " 914
(03s) JANIL
{EA c' e 0'e Bl Qi Al el 01 B'0 Q0 ' 0 c'0 0’0

| | L ! [ L | | | | | | ] | 4 | i i I i | 1 I 1 1 N
d |
S3UYLS GILINN @ \To |

WOOONIZ GILINN ©

NIOIS  x &

SN HIHIN @ 1S

(UEIN) ATLI + ! .0
{USId/NI0) ATHLL w} ;
(1209keS1g! "dxd  © L
(ML17)ONVBNONY3 dX3 T ; w
' w {
W o |
4 c t
71 S
_.... 3 i
i ez
il e
4l ofT],
i pol
e m\ - D
oy %
IR i B!
e
- [

o

&

~ W

o

NN

O

o

INSO-0240

(S1Q 1S3IL-F113L188) T 0N W3T180Hd QUEBONGLS INGWNTELINOD




- 58 -

(035) AWNIL .
- : 0'0

P'e AN 0'c 8’1 2 1 AN )* X
i | | i | 1 | ] ] ! | | | 1 |

SALULS G3LINN
SONG HHLN
ANGNET)

HONGD

PN1OT3E

{iegl 24191 " dx3

(X L'L3)ONVBYONY3 dX3

— 00+Ax$
~

T

e
1

T

0" ESE

~
B e
H

t
t
¢
LR
]
—_—— e —— fw | F o 1
T e, e, e ¥« PO
St P B R e e et e S T T RN
e s e e e e e e e e e e R B e A e e R R L T T St e, m e - - O .
—t ——— v
————— \ [
- —— Ve o
—~ L
haa TN / (W]
Sy \
—~— _ vl
fl‘lll!nT\l.r.l.\. 1
\ b
-

0'ceg 0°€eLe

—
0o°gl€E

0 ¢cgg

FAHO L HEH AW

AN
(N
i
=

()

0" egec

ES
w
o

(STd 1S31-JT1E1L188) 170N W318048d QUEONSLS INIWNTHLINOD  INSO-0030




- 59 -

O INIWNIHGANOD NI AHOLSTH 3dnlgdadhdl ¢ "9l
(03S) 3WIL

b'e c'a 0’z B'1 A vﬂ 1

| | | | | i l | | I ] | I | | ! h ] | H |

S3YIS O3LINN
SONG THIHL N
AN 3I

BNED

WO 1938
(I2E8IESLS) " dX3

(M L1 35)ONVENONYT dX3

— 0O0+4xO

(610 1S3L-37131L188) 10N W3TE0Hd QY-UANSLS INIWNTELINOD INS3-0330

Nm ! 01 B8°0 a0 0 c'0 0°0

" o-€ee

AN | AT

0°ESE

0 €LE

N

Eoves

)




od  INJWLHHANOD N SO1LSTH JHNIBdddWNdl VEZ * ¢
(03S) FWIL

bl g1
1 |

ANDHE3D

JONGH A

NGNI A

HONGD

W11973A

* Y]l KJylsnd

( 1200808181 ° dX3

(M L1 3)ONVEHONYT dX3

FoO+axO®

0°€ESE 0"€EE
FAHO T HHTFANT

()

0"ELE

(S10 1531-FT1T1E118d) 170N W3'1804d Q48ONYLS INGWNIBINOD INSO-0330




- 61

B INIWNIHGANOD NT AHOLSTH IdNibdddWdl  8€¢ " 914
(23S) FWIL

ke c'e 0'< 8'1 a1 VM~ Nm_ 01 8'0 o0 b0 c'0 0'0

| ] ] 1 I | | | i | | ] l A ] ! I | ] | | |

SAUHLS GILINN
WOJONIA QZLINN
NAAIMS
SAHHHLIN
(BdIN) ATWLI
(USId/NFE ATHLI
(126080818} " dX3

(% L1 7)ONVEIO0NY3 dX3

< OO+<4Ax0O®

_———-
o~
-——

(S1Q 1S3L-FT131L158) 170N W3180dd QdB0NELS INSWNITELINOD INS3-09030

0°€ee

0" €SE
AN AL

0" EBE 0" €€

O 4

(>




62

e [ _ e e ! ! ] _ | | _ _ _ | £ S ! N
o
1)
o
. V%)&ﬁ:ﬂﬂl
E)L AL \W
s\\ 71 n
S3LEIS Q3ILIND @ ra £ L5
AN+ " 73 o
Yluie) D s\ S
(IZ21919) "dyd o \ e B
(ML17)ONVEHONNI dXa T (\k.._
I S, w
-~ oo feme = ET - !.l
e e v . — te
e e KT et e = T e 7 \
e e T e o e e e , ) i L
7 / M
et ' o b 7
- ;) T
e - o 1.
» - .;_\../ _.\.; H.H
- -~ - i{s.\ HH
l.\ ﬁu , —
T ST A s B
- Ja - G
Pt A i
e \ SPawslT e
. e - .>.f..... (;:.;tr)/ \\ \fr\c ....‘.-| .
el :
B N A SV )J\\ Vot e H ) 7
e e i~
- fn....)\!:ﬁ.‘mﬂ. W ,/\ .‘..‘....,:, 1.
D gk 4/\J ............ et -
o paeeeeennen ]
)
1§19
-
o
FN
-
o

(S10Q 1S3L-FT14L18d) T°0ON W31804d UEEaNSLS  INFWNTHLINOD

INSO-0U040




_63_



U
(03S) IWIL
P el

<

(QSP000S 1Y) * dX3
(%L1 3)ONVENONY3 dX3

= OO0+ xO®

i [
0rgge

T

I

0 €SS

AN HHEAGE

T

(910 1631-F1713118d) T°0ON W3180Hd QYEONGLS INSWNIBINOD INSO-0230




_65_

b INAWLIHEdWOO NI AHOLSTH Fdnigd3dNdl 85S¢ 91 4
HUMWVMZHF .

b A 0'Z 81 3 bl Al 01 80 2'0 0 2o 0’0
1 l ! ! ! ] i ! ! L | ! ! | ] I | ! ! l L ! 1

SILHLS QILIND
WOTOMTA Q3LINT

NIEMS

SONG AL

(GdIN) A RILI
(HSId/NIAND) AHILI

- 10SH0D0S L1 * X3

(M L'L5)ONVEYONYT dX3

H CO+ax0O®

0 €L

(S1d 1S31L-F 1131168 T 0N W3180dd QYUONGLS INGANIELINOD INSO-0030

0"ELE 0"€EsE 0°gce

0" EBE

0°EiY

TN 1 HHTAWT |

()



=0
(035) JWIL
bl 21

1 1

0"€SE 0-€€e
J9N18-d3dWNE L

()

0" ELE

S3ldls Q3LINN
AMENEED
Q=M1 4

{0ENQCOS L) * X3

(ML'13)ONYBYONNT dX3

(S10 1S531-3T1410188) 170N W31H0dd QUHONGLS INJWNTHINOD INSO-03030




_67_



JULSTH 28N1gdddWdl VLZ " 914
(035) dWIL

4 AR

0-gee

0°€SE
FHHN THH AT

(>)

0" €ELE

ANBAY3D

JINUH S

ONGINT A

HOONED

W197138

* W] KIS
(SLWOOOMLE) * X3

(A _..2 ONV8Y0¥Y3 dX3

(ST LS31-J7131168) 170N W3180Hd QYYANYLS INFWNIELNOD INSO-0030




- 69 -

Ed ININLHEdWOD NI AZOLSTH 3dniBdddhNdl 84¢ "O14

(03S) 3L
Pe A4 0°c 81 a b A 01 B'O 20 b0 2'0 0°0
| _ ] i ! ! ] | i ] ] I | } | | | | I 1 ! | { N
~J
w
T OV P ————
= 2 SR = I N I e - )
e ense e Sl B
e AT T T . e e ——— o
L = -
ot
_—
=)
(T
W
8=
ofr
X
-1
i
of
o 7
b (1) N
<t
S3LHIS JILINN @ ~
WOOONIN d3LINY - O
NIOIME % o
SONURIZHLIN v W
(GHIN) ALl + i
{(USId/N3ND) ATWL] O
- [SZWOOOMLE) "dX3 © |
(M 3)ONVEYO¥Y3 dX3 T
) N
- W
o
(S10 1S3L-FT13L1EE) 170N WIT80Hd QYJONGLS INFWNIELINOD INSO-0030




Pressure difference between compartments R6é and R9
(figs. 28A, 28B):

The maximum of the highest pressure difference at all
occurring between compartments was calculated within a range
of -0.06 bar (=12 %) and +0.13 bar (26 %) partly at
different moments. Not including, in this case, the

slightly higher deviations of Canada and UK (choice of
higher resistance or discharge coefficients) this bandwidth
diminishes to - 0.06 bar (-12%) and + 0.04 bar (+ 8 %) (in
German SP + 4 % and + 20 %). The more time is increasing

the more calculational results, in general, overpredict .
experimental results and partly diverge. Results of Belgium ~
Italy (NIRA) and Sweden show overall best agreement with
experimental data. Belgium's result is insofar interesting
as compartment pressures especially in R9 are somewhat over-

predicted thus indicating that the assumptions for heat

transfer (here relatively small htc) are partly filtered

out with regard to pressure differences.

Pressure difference between compartments R6 and R8 (figs.
29A, 29B):

This pressure difference essentially informing on the
quality of assumptions for flow losses of the channel was
calculated within a small bandwidth in the order of the
experimental errorband (except UK). A few participants
more or less underpredict the maximum. On the average
over the wholé time interval calculated results of Finland,
Germany (oscillations with lower frequency than in the
beginning of the experiment), Italy (CNEN/Pisa) and

Italy (NIRA) best coincide with experimental results.
Lacking or contradictory information on concept or
coefficients for channel flow does not enable to find out
the best method.
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Pressure difference between compartments R8 and R9
(figs. 30A, 30B): R

The sum of the pressure differences across all overflow
vents following the channel (4 sharp-edged orifices) is
more or less overpredicted by the participants (+ 10 %

to + 48 % at the maximum the corresponding values of
"blind" German Standard Problem being + 27 % to + 52 %).

It seems that flow coefficients differ with respect to main
direction of inlet and outlet flow. Regarding the whole
history of this pressure difference Belgium's and Sweden's
results fit best the experimental results. To further
analyse deviations each participant should look at the
pressure difference of each orifice. By doing so one may
find out which orifice to what an amount is contributing

to the deviation.

Pressure difference between compartments R4 and R5 (figs.
31A, 31B)

As an example for this further analysing orifice U 45

(D = 0.75 m) shall be taken. This orifice differs from
other overflow openings insofar as it is following orifice
U 47 (D = 0.75 m) in a short distance of 1.4 m. As
measurement results also indicate the core of the flow of
orifice U 47 passes orifice U 45 without touching its
edge and thus generating only a negligible pressure
difference. 7 of a total of 12 participants take into
account this jet effect though in different manners: by
considering kinetic energy and/or momentum loss in the
codes, by choosing higher discharge respectively lower
pressure loss coefficients than for other orifices, and

py combining compartments R4 and R5 to a single node.
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3.4.2 T ime interval

9 participants subdivide the containment. Already in this
time interval Belgium and Germany are simulating the
containment as one node. Therefore, in addition, these
calculated results are included for comparison of the pressure
history in the big dome compartment R9.

Following the selected variables will be regarded more

individually.

Pressure in rupture compartment R6 (figs. 32A, 32B), in
first follow-up-compartment R8 (figs. 33A, 33B), and in
dome compartment R9 (figs. 344, 34B):

With exception of the time period 0 to 4 s experimental
pressure histories in the individual compartments do
hardly differ and show a maximum especially important for
design of a containment (2.06 bar at about 40 s).

This maximum is calculated by the participants within a
range of 1.98 bar to 2.57 bar. This means

‘e

- 0.08 to + 0.51
2.06 minus 1.02

= -8 % to + 49 %

(corresponding values for German Standard Problem:
+ 13 % to + 38 %) related to the pressure increase

zero time.

An essential reason for this great bandwidth of 57 % may be
found from the different assumptions for heat transfer to

the structures. Australia* within the whole time interval
(using derived htc), Belgium (using Tagami/Uchida-correlation

but inserting twice the actual energy input to match the

peak pressure) and Germany (using a time function for htc)

at the maximum fit best the experimental results. Canada

* see footnote on page 5 and App.
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(using Uchida-correlation), Finland (using a dial of 40 to
some heat transfer‘éorféiationﬂgﬁcorporated in the REALP4-
version applied), and Italy-NIRA (using htc=2100 W/ (m?K) up
to 70 s, then Uchida-correlation) a little more overpredict

the peak pressure than other participants.

In connection with this it should be mentioned that, on the
other hand, deviations between calculations and experiment
can also be attributed to questionable energy release data
for test D15 (high errorband for certain time ranges of the
test, see figs, 8.1 and 8.2 from /5/). There are inexplicable
differences in comparison with other tests (e.g. D10) showing
only small differences for pressure history in the pressure

vessel.

Also the moment of maximum pressure is partly calculated with

less accuracy values ranging from 37 s to 50 s.
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Temperature in rupture compartment R6 (figs. 35A, 35B):

It may be deduced from measured temperature histories at
other measuring point positions. in R6 and in other
compartments that a dead flow region was formed at this
measuring point position. After cooling down and warming
up at 46 s this region seems to be replaced by hotter

steam.

On the average calculations are within a small band of up

to 10 K (experimental errorband 1.7 K).

Temperature in first follow-up compartment R8 (figs. 36A,
36B):

Nearly the same calculational bandwidth as for R6 is

valid here.
Temperature in dome compartment R9 (figs. 37A, 37B):

For this compartment it is difficult to attach locally
measured temperatures (upper and lower limit are shown)
to an integral mean value calculated by the codes. For
the reason of the temperature maximum in this compartment
not yet being reached it seems less important whether, in

general, the temperature of the upper measuring point

position is overpredicted in the beginning and then under-

predicted.
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History of water mass in compartments R4 (figs. 38A, 38B),
R5 (figs. 39A, 39B), R6 (figs. 40A, 40B), R7 (figs. 41A,
41B), R8 (figs. 42A, 42B), and R9 (figs. 43A, 43B):

The widespread calculated results for history of water mass
especially in R6é and R9 give a hint that, in general,
condensation and water carry-over problems are not yet
solved in a reasonable manner. However, from above-

mentioned reasons these calculated results cannot be

compared to experimental results. Therefore no qualification

can be made. To gain an approximate qualitative idea water

masses measured at 1500 s are indicated on the plots.-

The mass of water curves of Sweden contain an error (see

App.).
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3.4.3 T ime interwval 1500

Pressure history in containment (figs. 44A, 44B):

While few participants overpredict peak pressure to a higher
amount, some participants underpredict the pressure decrease
of the earlier stages of the cooling-down process. At the
end of the time interval all participants more or less
overpredict the pressure history thus indicating that the
cooling-down process is in reality proceeding faster than
calculated (higher heat absorption of the concrete walls

and probably heat removal to the surroundings).
Temperature history' in containment (figs. 45A, 45B):

It is difficult to attach integral calculational results to
a measured value. Temperature maximum in compartment R9
occurring in this time interval is found nearly exactly

(3 participants) or slightly overpredicted by most of the
participants.

History of water mass in containment (figs. 46A, 46B):

For the whole time interval the experimental sum of water
masses is considerably lower than the predicted results of most
of the participants. This is mainly attributed to the fact
that - even at the end of the time interval - a considerable
portion of condensed water is still attached to the walls.
Generally good agreement of the final value of the

calculated results indicates that the time integral of the

released mass flow rate at the rupture is calculated

correctly. Three participants (Belgium® with the assumption
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of the 10 % of released_watef agd'steam directly going to
sump, Canada+ assuming water flashing in source node with
removal of unflashed liquid, Italy—CNEN/Pisad'-+ and Italy-

NIRA+++) considerably underpredict history of water mass.

* The data submitted was actually the mass of yvapour

(see App.)
* See App.
*** The submitted data represented the water mass instantly
removed from the containment atmosphere instead of the

total mass of condensed water (see App.).
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3.4.4 Listing o f mos t important

characteristic variables

Supplementary to the comparative plots table 4 gives numerical
values of some important characteristic variables from
experiment and post-test calculations of Standard Problem

participants.

Nomenclature is:

pmaxRG. = maximum pressure in R6
APpaxr6-R9™ maximum pressure difference between R6 and R9
| . = maximum pressure in containment

max
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4. CONCLUSIONS AND RECOMMENDATIONS

The results of the participants in the first CSNI-Containment
Standard Problem show that mainly lumped-parameter models were
applied to analyse on best-estimate basis pressure differences
as well as the total pressure built-up within the model
containment. With these models most of the participants were
able to post-calculate the simplified test (simple chain of 6
compartments, initial period of pure steam inlet flow to
largely eliminate phase separation phenomena) with reasonable
accuracy. However, the margins of analytical calculations were
in general larger than the errorbands associated with the

measurements of corresponding variables:
- Time interval 0 to 2.5 s:

In general the results of the participants are within a
"calculational errorband”. Maximum deviations from expe-
riment for pressure calculations range from - 45 % (big
dome compartment) to + 41 % (rupture compartment) related
to pressure increase (experimental errorband appr. M %).
Calculated pressure differences between éompartments
important for safety-related design of thickness of inner
walls show different margins (experimental errorband appr.
Isg %) : For the highest pressure difference deviations are
within - 12 % and + 26 %, for other compartment combinations
partly within the experimental errorband or within + 10 %

and + 48 % (maximum of highest pressure difference but one).
- Time interval 0 to 50 s:

The peak pressure important for structural design of the
shell of a containment was calculated within the margins

of - 8 $ and + 49 % (corresponding experimental error z 2%).

It is a little bit surprising that on the average the bandwidth
of these post-calculations is not lower than for "blind"

German Containment Standard Problem No. 1 based on the same
test.
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A total of 11 different codes and in addition versions of

them were applied. Especially for the long term range partic-

ipants often used codes or versions of codes different from

those in the short and medium time interval. At least at the

moment results from conventional lumped-parameter models

show in general about the same quality than those from the

advanced 2D-concept.

Nodalization used by participants according to lumped-parameter

approximation was chosen differently. Considering variables

important for licensing one can say

that for time interval 0 to 2.5 s a simulation of one node
for one compartment seems to be sufficient with regard to

pressure built-up and pressure differences,

that for time interval 0 to 50 s the same nodalization is
adequate also with regard to temperature equalization in

all compartments but big dome compartment.

The greatest influence oh the analytical results is found

arising from the very different ways of handling energy

exchange between fluid and structures:

During the short term period with steam inlet flow (high
heat transfer by highly turbulent condensation at the walls
of the relatively long compartments) heat transfer coeffi-
cients up to 10000 W/ (m?K) for compartments near the

break were calculated or taken as input parameter partly
derived to match pressure histories. The higher heat j
transfer coefficients are the better seems the agreement

between measured and experimental pressure histories.

According to specification coating of concrete surfaces was
relatively thin. Data revised after deadline of calculations
(especially thicker coating) seem to have an influence on
the calculational results the amount of it was partly dis-

cussed on the workshop based on additional analyses of the



participants (see /11/ and App.).

Unfortunately, additional measurements for determination
of heat transfer coefficients to the structures can hardly

be evaluated in this time interval since especially coating

thickness of "x-blocks" is not well known. Physical
properties of the structures are known from literature
only within a greater scatter.

In the medium and the long term range empirical Tagami-

. and/or Uchida-correlation well known from licensing pro-
cedures was used in different ways by several participants.
Partly heat transfer coefficient history was input para-
meter derived from the experimenf. These and other assumptions
mainly contribute to a high bandwidth of calculational

results for peak pressure.

Handling of flow resistances between compartments was very dif-
-ferent, too. Mainly two concepts were applied: one-dimensional
quasisteady compressible flow and one-dimensional unsteady in-
compressible flow. Discharge coefficents ranged from 0.7 to 1.0
or pressure loss coefficients from 1.9 to 0.35. It is difficult
to draw general conclusions on best concept or best coeffi-
cients for the individual overflow vents. Magnitude of dis-
charge coefficients respectively pressure loss coefficients
may be different for different direction of inlet and outlet

flow.

Water carry-over to a higher amount was assumed by only few

participants though in this case at least during steam inlet

flow this phenomenon can only be of minor importance.

Another reason for deviations between calculated and measured
values is thought to originate from relatively large error-
bands of measured mass- and energy-release rates from the
pressure vessel into the model containment (given input data)
during certain periods of the experiment. It is difficult to
quantify this influence on containment variables. Especially

for this it seems highly desirable to improve instrumentation.
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Regarding all these aspects it is to recommend to thouroughly
study the reasons for the marglns of the calculational
results. This task being individual and beyond the scope of
this report should be done by each participant for his own
after exchange of experiences on the workshop (see App.). General
conclusions from relating gquality of calculations to important
features and input parameters of the codes (e.g. nodalization,
heat transfer, discharge or pressure loss coefficients, water
carry-over) can hardly be drawn since the individual influence
often cannot be separated (compensation). It seems desirable
to replace the variety of free parameters by physical models
(e.g. incorporation of heat transfer correlations depending
on thermodynémic and flow properties of the fluid in most of
the codes) and to base licensing procedure on best-estimate

calculations with safety factors on the results.

It seems too early to draw quantitative conclusions from a
single Standard Problem with respect to the achievable
accuracy of predictions of thermo-fluiddynamic effects

within a real full pressure containment. From this reason it
is further to recommend to perform more Containment Standard
Problems. From the practical point of view these should lead
closer to conditions anticipated for containment design.
Following this it is a good opportunity to "blind" participate
in 2nd German Containment Standard Problem the basis being a
test CASP2 in the same model containment. Test CASP2Z2 is a
pressurized water blowdown in a slightly chanéed arrangement
of,compaftments compared to 1st Containment Standard Problem
in order to obtain conditions as new ("virgin") as possible
and as similar as possible to licensing conditions. In 1981 a
Containment Standard Problem in the large-scale HDR-facility

is planned.
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Appendix

Following a suggestion on the workshop and in a GRS-letter
(Nov. 29, 1979) the participants Australia, Canada, Germany,
Italy (CNEN/Pisa), Italy (NIRA), Sweden and United Kingdom
sent comments on their submitted results (evaluated in the
main part of the report) and partly results of parametrie or

sensitivity studies. They are in above-mentioned order

content of the appendix.







Jan. 14, 1980

REVISED ANALYSIS OF CASP 1 USING ZOCO V

J. Marshall and P.G. Holland, AAEC, Australia

The analysis of CASP 1 by the code ZOCO V was completely revised following
receipt of the new data on surface coatings for the concrete walls. The
original analysis had assumed no surface coatings and had a condensation heat
transfer coefficient transient which had been derived to give fit to the
measured pressure transient in the first compartment, R6. While incorporating
the new data we found that the original modelling of the concrete walls as fed
into the code was too simple and should be improved. The code permits walls to
be divided into layers of prescribed thickness for the purpose of calculating
the heat transfer and temperature distribution within them. After some trials
it was found that if the surface 18 mm of the walls were divided into six
layers of thicknesses'graded from 1 to 10 mm then the calculated temperature
gradient became reasonably continuous, and remained so over the whole period.
Further subdivision had only minor effect on the calculated compartment
pressure and temperature transients.

It was thought of interest to run the code, with the new surface data and
wall description, using the inbuilt calculation of condensation heat transfer
coefficient. This is based on the Henderson and Marchello correlation, which
modifies the Nusselt falling film analysis by a function depending on the mole
fraction of non-condensable gas at the wall surface. Use of Z20CO V in this
way, i.e. as a predictive calculation with no tuned parameters, is described in
the report SINDOC(79) 90 distributed at the Workshop at Garching in September
1979. Some of the results are reproduced here in a form compatible with the
Comparison Report. Only the 50 second runs are shown; the 2.5 second
calculations had the same parameters and so are contained within the longer runs.

Calculations of the pressure transients for compartments R6 and R8 are
given in figures 1 and 2. 1In both cases the rise predicted in the first surge
is about 20 kPé high at 2.5 seconds. The subsequent transient is then reason-
ably close to the measured values, except for a continuing rise which peaked at-
about 50 seconds rather than at 40 seconds as measured. The pressure transient
calculated for compartment R9, figure 3, is quite close to the experimental
results over the whole of the first 40 seconds.

The calculated temperature transient for compartment R6, figure 4, does
not fit the measured transient chosen in the Comparison Report which first rose
and then fell to a minimum at about 17 seconds. The other temperatures
measured in this compartment do not exhibit this effect and would be much
closer to the Z0CO prediction. The calculation for compartment 8, figure 5,
is quite close to the measured transient over the whole period. For.compart—

ment 9, figure 6, the most notable discrepancy is that, in common with most



other codes, ZOCO V did not calculate the time delay at the beginning of the
transient, which is a feature in both measured temperatures.

There are difficulties in predicting the flow between compartments,
particularly in the values of the three components, water, steam and air.

Z0CO 5 permits arbitrary choice only in the proportion of water and in a dis-
charge coefficient affecting the total flow (chosen as 1 in the present
analysis). The proportions of steam and air are determined by the mean mass
fractions calculated for the bulk fluid in each éompartment. However, it is
possible that the air is actually pushed ahead of the steam and that complete
mixing does not begin until the later stages of the transient. Such an effect
would perhaps explain the time delay in the measured temperatures for compart-
ment R9, relative to the pressure rise. This is the last compartment in the
chain and accumulates air from the whole system, so that the pressure would
rise from this source without appreciable effect.on the temperature.

The condensation heat transfer coefficient transients calculated are shown
in figure 7. These arise from the inbuilt correlation in which the main arbit-
rary uncertainty is in the choice of length value for the Nusselt calculation.
This is an obvious possibility for tuning, but for the present work we decided
to use the height of each compartment in order to preserve fully the predictive
feature of the calculations. The coefficient is, of course, very insensitive
to the value of this length but as the correlation was originally derived from
tests on small pipes it is of interest to determine its performance on a system
with large plain surfaces. The heat transfer calculated appears to be too low
over the first few seconds, resulting in high pressure values, but appears to
be reasonable in the longer term. The low values perhaps occurred because the
correlation is intended for low fluid velocities, and also because the fraction
of non-condensable gas actually at the surfaces might have been much lower
during this period than that calculated for the bulk fluid.

Results from calculations of fhe water mass transients are shown in figure
8 and predict that most of the water stays in compartment 6. This arises
because the water carryover factor chosen was only 0.01l. High values of this
parameter tended to result in negative water mass values for some part of the

transient and changes up to 0.5 gave only minor effect on the calculated

pressure transients.

The code was also run with the specified surface coatings replaced by
concrete layers having the same thickness. In this case the calculated trans-
ients were very similar in shape to those with the specified coatings but the
pressure rise was lower oJér the whole transient, being about 30 kPa less at

50 seconds.
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Belgium

(Tractionel)

Dr. E. J. Stubbe sent a post analysis report (Post analysis of
the Battelle-Frankfurt test D15 using the codes TRAP, 27.9.79)
to OECD-NEA. This report contains a correction for mass
inventory (fig. 3), parametric studies on the influence of
the paint and the results of an evaluation model analysis and
was distributed along with SINDOC (79)164 of Oct. 22, 1979.






Canada
(AECL)

With letter of December 20, 1979 Mr. J. E. Dick communicated
that AECL has revised its report of April 1979 distributed at
the workshop (SINDOC (79)89 in /10/). "Changes consist
primarily of scaling corrections to the predicted curves in
Fig. 3-10 and two footnotes pointing out minor errors. One of
the erros involved submission of the incorrect data of the
mass of water in containment from 0-1500 seconds", which is
plotted in Fig. 46A. The text of the corresponding footnote

on page 12 of the revised report is:

"As the result of an error, the data submitted for mass of
liquid and plotted in Fig. 46A was actually the mass of vapour.
The code logic which removes unflashed liquid from the source
node is bypassed when the flow into containment ceases, in
order to prevent removal of subsequently condensed liquid.
Consequently the mass of vapour plus condensed liquid.becomes

essentially constant after flow stops."

The final report (revision of December 1979, 27 pages) was sub-
mitted along with above-mentioned letter and should be avail-
able from AECL.






Gesellschaft fur Reaktorsicherheit (GRS) mbH

Germany

OECD-CSNI CONTAINMENT
STANDARD PROBLEM NO.1

Discussion of the Results
Obtained with COFLOW for
the Time Period 0 - 2.5'.s

Submitted by
. G. Hellings

Gesellschaft fiir Reaktdrsicherheit (GRS) mbH
Dezember 1979 '

Forschungsgeldande - 8046 Garching - Telefon (089) 32091 - Telex 5215110 grsm d



Calculations with the containment code COFLOW for the experi-

ment D15 of the German research program RS50 have already been
performed within the frame of the "blind" German Containment
Standard Problem No.1. The correspondence between measured
values and those predicted in the calculations was good.
Therefore, for the short-term period, the same COFLOW cal-
culation was presented in the OECD-CSNI Containment Standard
Problem No.1.

The input data for this calculation as far as they were not
given by the specification were chosen according to the results
of the analysis of other experiments similar to experiment D15.
Heat transfer coefficients during the short-term period were
assumed to be large for compartments near the break due to
condensation of steam. The consideration of flow velocities

led to a good description of pressure in compartment R4 and
pressure difference between compartments R4 and R5. Neglecting
the flow velocities would lead to a higher pressure in compart-
ment R4 (as can be seen in fig.1) but has no visible effect on
the pressure in the other compartments.

The influence of the coating of the concrete walls during the
short-term period was examined in a parametric study. Fig.2
shows the pressure in the break compartment R6 for different
thicknesses of the coating when large heat transfer coefficients

were assumed.

Some other parameter variations were performed which indicated
that the correspondence between theoretical and experimental
results can be improved a little by usiné larger discharge

" coefficients for the orifices U47 and #145. This assumption seems
plausible because the flow through compartment R4 occured with
a relatively high velocity like a "jet". The influence of these
two discharge coefficients can be seen in fig.3 and 4 showing

the pressures in the compartments R6 and R7 which were affected




most by this variation. However, the larger discharge coeffi-
cients are specifically for the experiment D15 and have not
yet been confirmed, so that no precipitate conclusions should
be drawn from this parametric study. There might be a lot of
other reasons for the small deviations between measured values
and those calculated first because there are still some
uncertainties on the analytical side as well as on the ex-
perimental side which have to be investigated in future. The
main analytical problems are to get more information about
heat transfer and flow resistances to confirm the coefficients
used in the Standard Problem and about water transport between
the compartment which could be neglected in the Standard
Problem. The experimental efforts should be to improve
measurement techniques and their accuracy especially for
measuring mass flow rates and special effects (e.g. heat

transfer coefficients).
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Italy
(CNEN/Pisa)

With letter of Sep. 27, 1979 Dr. M. Mazzini and Dr. F. Oriolo
of Pisa University communicated that their submitted data in
fig. 46B were related to vapor mass and not to water mass

(see corrected graph below).
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corrected version of fig.
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#-NIRA. Italy Dec. 18, 1979 1.

APPENDIX

GENERAL

The purpose of the participation to the standard problem was

twofold : first, to verify the overall conservatism of the cal-<
culations performed for safety analysis purposes in the licensing proce-
dure; second,to compare the PACO Code results aginst appropriate expe-
rimental data. -8
The first scope was easily achieved by performirg the calculation with

the well known assumptions for heat transfer coefficients and discharge
coefficients at the junctions : the calculated pressures were larger than
the experimental ones by more than 50%.

This so high copservatism is felt to be due also to the particular contain-
ment system lay-out and scale.

For the second scope, it was decided not to introduce any modification
into the code itself, but to modify only input data, in order to check

the code as it is, and to verify its overall ability to predict the pres-
sure and temperature tranSLents correctly, prOV1ded correct boundary con-
ditlons are assumed, in spite of the phlSlcal complex1ty of the problem.
The major assumptions refer to heae transfer coeff1c1ent, dicharge coeffi-

cient, nodalization and are reportes in table 3 of the text.






- GT@]HM 2.

DISCUSSION QF RESULTS

The main remarks on the comparison of the experimental and calculated

transients are reported in the following.

a) A 1arge HTC was required in order to obtain pressure and tempera-
ture tran51ents similar -to the experrmental ones. However, consi-
derlng the partlcular geometry of the system, ln which the air-
steam mixture flows in turbulent flow along the walls of fairly
long compartments so that a drop—wlse cordensatlon can be expec-.

ted, the coefficient seenms reasonable. .

b) The largest dlscrepanc1es between calculated and exoerlmental
tran51ents in the short and medlum term are predlcted in room n °s.
It 1s eVLdent from tne experlmentar results that quite different
temperature dlstrlbutﬂons exist in thlS comoartment, thus indica-
ting large stratification:and non—homogenelty in the compartment

itself These effects cannot be accounted for by the code.

c) . Effectsxof spatlal non—equlllbrlum are ev1dent in all rooms; they
are probably enhanced by the particular geometry of the compartments
and by their connectlon in series. _

The code assumes equlllbrlum in the rooms. t-also has the capability

to model a flow in the connectlons havrng dlfferent characteristics

w1th rlspect to those of the flu1d in the donor roocm(pistoning
effect). However it was chosen not to use thls optlon to avoid

1ntroduc1ng addltronal arbltrarltles and uncertalntles in the

calculation.'







WATER MASS

In flg. 1, the calculated mass hold-up in the contalnment is reported
for the long term transient the results are Very close to the ones
calculated by other partec1pants.

Due to an error in the punched cards these data were not submitted

with the other results of the calculation.
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STUDSVIK ENERGITEKNIK AB, Sweden Oct. 10, 1979
J.E. Marklund

Comment on mass of water (0-50 s)

Due to an error in the interface routine producing the tables,
the mass of water given in the submitted tables for the time
interval 36.5 - 50 s in the 0-50 s case are too high with

the following amounts:

Compartment Error =
R4 0.228 kg
R5 1.672 kg
R6 1.400 kg
R7 1.600 kg
R8 1.400 kg
R9 43.000 kg

The amounts are negligible except for the compartment R9 (see

below revised fig. 43B).
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United Kingdom
(UKAEA, AEEW)

Comment of Mr. W. H. L. Porter (Dec. 10, 1979)

I have three conclusions from my work:

1) that over the first 2.5 seconds the enthalpy and the

main outflow mass well have been overestimated,

2) that I surprisingly get a much better fit when using
an orifice coefficient of unity in the vents between

compartments,

3) that in the particular experiment the carry over and slip
in the vents does not significantly alter the pressure

and temperature results in the individual compartments.






